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GEOTHERMAL RECONNAISSANCE IN T H E  C E N T R A L  GARIBALDI BELT, BRITISH COLUMBIA 

P r o j e c t s  730067,  770001 

J.G. S o u t h e r  
Cord i l le ran  Geology  Division, Vancouver 

S o u t h e r .  J .C. .  G e o t h e r m a l  r e c o n n a i s s a n c e  in t h e  c e n t r a l  Car iba ld i  Belt ,  Bri t ish C o l u m b i a ;  
C u r r e n t  R e s e a r c h .  P a r t  A, Geologica l  S u r v e y  of C a n s d a ,  P a p e r  8 0 - l A ,  p.1-11, 1980. 

Abstract 

T h e  c e n t r a l  p a r t  of t h e  C e n o z o i c  Gar iba ld i  Belt  inc ludes  s e v e n  v o l c a n i c  c o m p l e x e s  t h a t  
e x t e n d  s o u t h  f r o m  Meager  Mountain.  T h e y  h a v e  e r u p t e d  l n v a s  ranging  in c o m p o s i t i o n  f r o m  
a u q i t e ,  ol ivine b a s a l t  th rough h y p e r s t h e n e  a n d e s i t e  nncl d a c i t e ,  t o  b i o t i t e  r h y o d a c i t e .  Many of 
t h e  c e n t r e s  a r e  c h a r a c t e r i z e d  by subglac ia l ,  i c e - c o n t a c t  f e a t u r e s  brit p r e g l a c i a l  a n d  pos tg lac ia l  
p h a s e s  a r e  a l s o  p r e s e n t .  T h e  nor th-nor th \ves te r ly  t r e n d  of t h e  b e l t  r e f l e c t s  young s t r u c t u r e s  in 
t h e  under ly ing  ~Mesozoic t o  T e r t i a r y  p l u t o n i c  a n d  m e t a m o r p h i c  r o c k s  of t h e  C o a s t  P lu tonic  
C o m p l e x .  H y d r o t h e r m a l  a l t e r a t i o n  as.sociated wi th  t h e s e  s t r u c t u r e s  p l ~ c s  t h e  d i scovery  of 
t h e r m a l  spr ings  n e a r  [Mt. C a y l e y  s u g g e s t  t h a t  r e s e r v o i r s  of res idua l  h e a t ,  s i m i l a r  t o  those  being 
d e v e l o p e d  a t  ~ M e a g e r  Mountain,  m a y  a l s o  b e  p r e s e n t  in t h e  c e n t r a l  Car iba ld i  Belt .  

In t roduc t ion  

T h e  C e n o z o i c  G a r i b a l d i  vo lcan ic  b e l t  is a c o n t i n u a t i o n  
of t h e  High C a s c a d e s  of t h e  w e s t e r n  Uni ted  S t a t e s .  It 
e x t e n d s  f r o m  Mount Gar iba ld i ,  ~t t h e  head  of Howe Sound,  
n o r t h w a r d  f o r  120  k m  t o  1,Aeager Mounta in  n e a r  t h e  h r a d  of 
Li l looe t  River ,  a reg ion  under la in  by Mesozoic  t o  T e r t i a r y  
g r a n i t i c  and m e t a m o r p h i c  r o c k s  of t h e  C o a s t  P lu tonic  
Complex .  T h e  volcanic  b e l t  inc ludes  a t  l eas t  t \ v e l v e  
c o m p l e x e s  which  r a n g e  in c o m p o s i t i o n  f r o m  high-alumina 
b a s a l t  t o  r h y o l i t e  and  in s t r u c t u r e  f o r m  i so la ted  single f l o w s  
t o  c o m p l e x  m u l t i p l e  d o m e s ,  s t r a t o v o l c ~ n o e s ,  c l u s t e r s  of 
pyroc las t ic  cones ,  spines,  t u y a s  and  o t h e r  subglac ia l  fo rms .  
Much of t h e  a c t i v i t y  o c c u r r e d  dur ing  t h e  P l e i s t o c e n e  but  t h e  
o l d e s t  s t a g e s  a r e  Iknown t o  g o  b a c k  a t  l eas t  t o  P l i o c e n e  t i m e ,  
and  t h e  most  r e c e n t  a c t i v i t y ,  e r u p t i o n  of t h e  B r ~ d g e  River  a s h  
f r o m  l i leager Mounta in ,  o c c u r r e d  a b o u t  2400 y e a r s  a g o  
( N a s m i t h  e t  al., 1967;  R e a d ,  1978). 

T h e  possibi l i ty of a n  a c t i v e  g e o t h e r m a l  s y s t e m  r e l a t e d  
t o  Gar iba ld i  g r o u p  volcanoes  w a s  recognized  a s  e a r l y  a s  1973  
(Nevin  e t  al., 1975; S o u t h e r ,  1975; Le\vis and  Souther ,  1978) 
when  b o t h  t h e  Geologica l  S u r v e y  and Bri t ish Columbia  Hydro  
a n d  P o w e r  Author i ty  independent ly  began  r e c o n n a i s s a n c e  
programs.  Mount Gar iba ld i  i tself  a n d  t h e  c l u s t e r  of c e n t r e s  
t h a t  surround i t  lie wi th in  G a r i b a l d i  Provinc ia l  P a r k  a n d  a r e  
t h u s  exc luded  f r o m  d i r e c t  g e o t h e r m a l  explora t ion .  However ,  
t h i s  p a r t  of t h e  be l t  h a s  r e c e i v e d  t h e  mos t  in tense  g e o l o g i c ~ t l ,  
p e t r o g r a p h i c  and  c h e m i c a l  s tudy  (Mathews ,  1958; 
G r e e n ,  1977) a n d  thus  p r o v i d e s  a usefu l  model  o f  t h e  s t y l e  and  
s e t t i n g  of vo lcan ism in t h e  b e l t  a s  a whole.  T h e  rnain f o c u s  of 
g e o t h e r m a l  e x p l o r a t i o n  h a s  b e e n  a t  Meager  Mountain w h e r e  
in 1978 t h e  Energy ,  Mines  a n d  R e s o u r c e s  a n d  B.C. Hydro 
p r o g r a m s  w e r e  combined  i n t o  a unif ied,  joint ven ture .  Dur ing  
t h e  e a r l y  y e a r s  of t h e  program geologica l  mapping  
(Read ,  1978), w a t e r  g e o c h e m i s t r y  and  g e o t h e r  m o m e t r y  
( H a m m e r s t r o m  a n d  Brown, 19771, se l f -po ten t ia l ,  r e s i s t ~ v i t y  
(Shore,  1978) and  m a g n e t o t e l l u r i c  (Ngoc,  1976) s u r v e y s  
c o n f i r m e d  t h e  possibi l i ty of anomalous ly  high s u b s u r f a c e  
t e m p e r a t u r e s .  Subsequent ly  m o r e  d e t a i l e d  res i s t iv i ty  s t u d i e s  
a n d  shallow dr i l l ing  h a v e  def ined  t w o  t h e r m a l  r e s e r v o i r s  e a c h  
w i t h  t e m p e r a t u r e s  known t o  b e  a b o v e  1 0 0 ° C  a t  l ess  t h a n  
500 m below t h e  s u r f a c e .  Dri l l ing in 1979  e n c o u n t e r e d  w a t e r  
a t  1 4 0 ° C  a t  a d e p t h  of less  t h a n  150 m. T h e  threshold  
t e m p e r a t u r e  f o r  p roduct ion  of s t e a m  a t  t u r b i n e  p r e s s u r e  is 
150°C,  t h u s  t h e  possibi l i ty of power  g e n e r a t i o n  a t  b leager  
Mountain a p p e a r s  t o  b e  good enough t o  w a r r a n t  t h e  dri l l ing of 
a d e e p  (t 1200 m) t e s t  well. 

\C i th  Meager  Mountian approaching  t h e  f ina l  exploration 
s t a g e ,  t h i s  s tudy  w a s  i n i t i a t e d  t o  e x a m i n e  t h e  p o t e n t i a l  of 
o t h e r  young volcanic  c e n t r e s  t h a t  l i e  b e t w e e n  Gar iba ld i  P a r k  
and  Meager  i\Aountain. L i t t l e  work h a s  b e e n  d o n e  on  th i s  
c e n t r a l  p a r t  of t h e  be l t  which i n c l u d e s  a t  l eas t  s e v e n  young 
volcanic  piles. This  pre l iminary  r e p o r t  is b a s e d  on  t v ~ o  il:eeks' 
f i e ld  work a n d  a c u r s o r y  e x a m i n a t i o n  of o n e  o r  t w o  th in  
s e c t i o n s  f r o m  e a c h  of  t h e  p i les  v i s i ted .  F u r t h e r  work,  
including d e t a i l e d  s u r f a c e  mapping,  hydrological ,  geochemic;l l  
a n d  i s o t o p e  s tud ies ,  is p lanned  f o r  t h e  s u m m e r  of 1980. 

T h e  s e v e n  c o m p l e x e s  d e s c r ~ b e d  h e r e  (Fig. 1.1) lie in a 
nor th-south  be l t  a long  t h e  ice-covered  he ight  of land b e t w e e n  
C h e a k a m u s  a n d  Squamish  R i v e r  val leys.  Logging r o a d s  
p r o v i d e  a c c e s s  t o  wi th in  a f e w  k i l o m e t r e s  of m o s t  of t h e  
c e n t r e s ,  bu t  e x t r e m e  1oc;ll re l ie f  a n d  prec ip i tous  s lopes  on t h e  
vo lcan ics  e d i f i c e s  t h e m s e l v e s  p o s e  s e v e r e  restrictions on  
f u t u r e  explora t ion  and  deve lopment .  

B a s e m e n t  R o c k s  

T h e  geologica l  m a p  of P e m b e r t o n  a r e a  
(\Woodsworth, 1977) shows t h e  e n t i r e  c e n t r a l  Gar iba ld i  Bel t  t o  
b e  under la in  by p lu tonic  rocks ,  mainly q u a r t z  d i o r i t e  of 
unknown age. No a t t e m p t  w a s  m a d e ,  dur ing  t h e  p r e s e n t  
s t u d y ,  t o  f u r t h e r  subdiv ide  t h e s e  r o c k s  e x c e p t  in t h e  vicini ty 
of Mt. C a y l e y  (Fig. 1.2). T h e r e ,  t h e  b a s e m e n t  r o c k s  c a n  b e  
grouped  i n t o  t h r e e  d i s t ~ n c t  assemblages .  T h e  o ldes t  (un i t  1 )  
c o m p r i s e s  a l a r g e  pendant  of m e t a s e d i m e n t s  including q u a r t z  
m i c a  sch is t ,  g r e e n s t o n e ,  a m p h i b o l i t e  gne iss  a n d  c r y s t a l l i n e  
l imes tone .  T h e  l a t t e r  is in tense ly  d e f o r m e d  b u t  p rovides  a 
usefu l  hor izon  m a r k e r  t h a t  c a n  b e  t r a c e d  a round t h e  c r e s t s  of 
near-isoclinal ,  e a s t - w e s t  t rending  folds. 

T h e  m e t a s e d i m e n t s  a r e  c lose ly  a s s o c i a t e d  w i t h  a n d  
a p p e a r  t o  b e  g r a d a t i o n a l  w i t h  a hornblende- r ich  c o m p l e x  
( u n i t  2 )  of q u a r t z  d ior i te ,  d i o r i t e  a n d  minor amphibol i te .  
T h e s e  r o c k s  a r e  c o m m o n l y  f o l i a t e d ,  c o n t a i n  n u m e r o u s  m a f i c  
inclusions and  d y k e  s w a r m s ,  a n d  local ly h a v e  d i s t i n c t  gne iss ic  
layer ing .  C o n t a c t s  b e t w e e n  uni t  2 a n d  hornblende ,  b i o t i t e  
g r a n o d i o r i t e  (un i t  3) a r e  sharp.  T h e  g r a n o d i o r i t e  JS a 
r e l a t i v e l y  un i form,  poorly fo l ia ted ,  medium-gra ined  rock  t h a t  
under l ies  much of t h e  n o r t h e r n  p a r t  of t h e  vo lcan ic  bel t .  I t  is 
c u t  by a l a r g e  pluton (un i t  4) of c l e a n ,  pinkish w h i t e ,  c o a r s e -  
t o  medium-gra ined  q u a r t z  monzoni te .  



The only basement structures that appear to be related 
to  the volcanic belt are north-northwesterly trending, gouge- 
f i l led fractures. These are best developed near Mount 
Cayley, where they are associated with hydrothermal 
alteration, but fractures having similar orientation were 
noted south of Mount Fee and between Mount Cayley and 
Cauldron Dome. 

Mount Fee Complex 

Mount Fee (Fig. 1.2) is a narrow elliptical spine of 
rhyodacite about 1.0 kilometre long and 0.25 kilometre across 
at its widest point. The massive, sparsely jointed rock forms 
a series of near-vertical towers that rise 100 to  150 m above 
the ridge itself. Most of the summit ridge is a denuded neck 
of intrusive, pale grey porphyritic rhyodacite wi th abundant 
randomly oriented phenocrysts of glassy feldspar and sparse 

tiny books of biotite. The mantle of pyroclastics that must 
once have enclosed it has been completely stripped away 
except for a small remnant on the western side and along the 
northern end where the l ip of the conduit is exposed in cross- 
section. Contacts are nearly vertical. Along them the 
granltic wall rock has been shattered and granulated for 
several feet and the adjacent rhyodacite is quenched to  a 
narrow (40-50 cm) selvage of granular, porphyritic glass. 

A t  i ts northern end the intrusive spine wedges out and 
appears to cut a coarse, blocky tuff-breccia which, in  turn, is 
overlain by thick flows. The extrusive rock is similar to that 
of the central spine except for slightly greater oxidation 
which gives it a faint purplish cast that contrasts with the 
nearly white rock of the neck itself. The root-zone of these 
flows is well exposed on the headwall of a small cirque on 
the east side of the summit ridge. On the southern spur of 
the cirque massive rhyodacite of the central spine extends 
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down to the glacier ice, whereas basement quart/- diorite, 
exposed on the north spur to w.ithin 30 m of the ridge crest, 
must be the northern r im of the main conduit. It is overlain 
successively by 2 t o  4 m of angular colluvium comprising 
blocks of basement rocks only; about 2 m of brown, altered 
lapill i and ash; and 5 to 6 m of punky breccia comprising dark 
angular chunks of rhyodacite in a pale grey, lightly welded 
matrix. The breccia is overlain by columnar-jointed, purplish 
grey, rhyodacite lava flows. These extend eastward into the 
head of Brandywine Creek, dropping f rom an elevation of 
2225 m on the ridge to 945 m in less than 2 km. They are 
confined to a single, steep-sided ridge which, from the 
pattern of jointing, appears to comprise a single cooling unit 
about 150 m thick, plus two or three much thinner flows near 
the base. On the south side of this ridge the lava is underlain 
by and interlayered with steep, northerly dipping beds of 
coarse blocky breccia similar to the basal breccia on the 
northern r im of the summit ridge. Both are probably part of 
a steep-sided pyroclast lc cone which formed during the in i t ia l  
stages of activity and later acted as a barrier that diverted 
the massive effusion of viscous lava into a channel around the 
north edge of the cone. Intrusion of the central spine of 
viscous rhyodacite appears to have been the culminating 
event in the Mount Fee activity. It cuts the early-formed 
breccia and was probably initially completely enclosed by it. 
Pelean spines may have projected above the pyroclastic pile 
during intrusion of the neck but none are preserved. The 
existing towers and spires are erosional remnants bounded by 
joint planes. The absence of quench features as well as the 
absence of a t i l l  layer under the Mount Fee flows, suggest 
that they are preglacial. A relatively old age is also 
consistent with the nearly complete denudation of the central 
spine. 

Ember Ridge Complex 

Five small patches of medium grey, aphanitic to 
vitreous, hornblende-bearing basalt outcrop on the ridge south 
of Mount Fee. Each is characterized by an unique colloform 
surface, resulting from the overlapping and interfingering of 
large steeply inclined bulbous cooling units (Fig. 1.3). 
Individual flows, up to  60 m thick, are separated by deep 
furrows which locally well out into small el l ipt ical glass-lined 
caverns. Jointing, though extremely complex, is approxi- 
mately normal t o  the bulbous flow surfaces defined by the 
furrows. The columns are uniformly small, frorr~ 7 t o  20 cm 
across, and tend toward three-dimensional polygonal forms 
typical of quenched lavas (Fig. 1.4). The similarity in 
lithology and structure suggests that the flve piles are 
approximately coeval and that they originated f rom a 
common source at depth. However, they are believed to have 
issued f rom separate vents. The activity almost certainly 
occurred during a period of extensive ice cover causing the 

Figure 1.1. Location map showing the distribution of  rapidly quenched lava to pile up In the form of steep-sided 
Cenozoic volcanic rocks in the central Garibaldi Belt. exogenous domes directly over the vents. 
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T h e  l a r g e s t  of t h e  t h r e e  d o m e s  is exposed  through a 
v e r t i c a l  d i s t a n c e  of a b o u t  300  m a t  t h e  head  of Brandywine  
C r e e k .  It r e s t s  on  complexly  fo lded  c r y s t a l l i n e  l i m e s t o n e  and 
a m p h i b o l i t e  gneiss  (un i t  l )  which  is in tense ly  f r a c t u r e d ,  
s i l i c i f ied  a n d  p y r i t i z e d  a l o n g  a p r o m i n e n t  e a s t - w e s t  z o n e  
para l le l  t o  t h e  s o u t h e r n  c o n t a c t  of t h e  t r u n c a t e d  d o m e .  
F r a c t u r e s  in t h e  d e e p e r  p a r t  of th i s  z o n e  a r e  mainly f i l led 
w i t h  c o l l o f o r m  s i l i ca  and  minor  c a l c i t e ,  and  t h e  a d j a c e n t  rock  
is b l e a c h e d  and  pyr i t i zed .  Higher  in t h e  z o n e  t h e  p e r c e n t d g e  
of open ,  ca lc i te - l ined  f r a c t u r e s  i n c r e a s e s  and s i l i ca  is less  
a b u n d a n t .  N e a r  t h e  t o p  of t h e  r i d g e  t h e  old pre-volcanic 
s u r f a c e  is exposed  b e n e a t h  f l o w s  t h a t  s p r e a d  la te ra l ly  f r o m  
t h e  t o p  of t h e  dome.  T h e r e  t h e  upward  e x t e n s i o n  of t h e  
f r a c t u r e  s y s t e m  is expressed  as s u b v e r t i c a l  so lu t ion  c h a n n e l s  
in t h e  m a r b l e .  T h e s e  a r e  f r o m  a f e w  c e n t i m e t r e s  t o  m o r e  
t h a n  3 0  c m  a c r o s s  and c a n  be  t r a c e d  o n e  or  t w o  m e t r e s  below 
t h e  old s u r f a c e .  If t h i s  kars t - l ike  topography is  a s u r f a c e  
express ion  of t h e  d e e p e r  f r a c t u r e s ,  t h e n  t h e  hydrotherrr lal  
s y s t e m  t h a t  f o r m e d  t h e m  m u s t  h a v e  b e e n  a c t i v e  i m m e d i a t e l y  
pr ior  t o  a n d  possibly a f t e r  e r u p t i o n  of t h e  a d j a c e n t  dome.  It 
seerrls p r o b a b l e  t h a t  t h e  h e d t  s o u r c e  dr iv ing  t h e  h y d r o t h e r m a l  
s y s t e m  was, in f a c t ,  t h e  r is ing co lumn of b a s a l t  t h a t  
e v e n t u a l l y  e r u p t e d  t o  f o r m  t h e  dome. 

Mount C a y l e y  Complex 

Mount C a y l e y ,  t h e  l a r g e s t  vo lcano  in t h e  c e n t r a l  
Gar iba ld i  be l t ,  is  a c o m p o s i t e  pi le  f o r m e d  dur ing  a t  l e a s t  
t h r e e  dist inc-t  s t a g e s  of a c t i v i t y .  

Mount  C a y l e y  S t a g e  

T h e  e a r l i e s t  o r  Mount C a y l e y  s t a g e ,  p roduced  a 
c o m p o s i t e  p ~ l e  of porphyr i t i c  d a c i t e  f lows,  t e p h r a  and  
b r e c c i a .  T h e  lower  un i t  (No. 9 )  c o m p r i s e s  a t h i c k  south-  
w e s t e r l y  dipping prism of f lo\vs and t e p h r a  c u t  by numerous  
d y k e s  and  sills. T h e  rock  h a s  u n d e r g o n e  varying d e g r e e s  of 
h y d r o t h e r m a l  a l t e r a t i o n  which  i m p a r t  a l igh t  yel low, o c h r e  or 
r e d  co lour  t o  mos t  o u t c r o p s  (Fig.  1.5). O n  t h e  n o r t h w e s t  s ide  
of Turbid C r e e k  t h e  b a s a l  f low of t h i s  unit. is s e p a r a t e d  f r o m  
u n a l t e r e d  b a s e m e n t  g r a n o d i o r i t e  by a b o u t  2 5  m of well-  
indura ted ,  u n s t r a t i f i e d  fossi l  col luvium. C l a s t s  in t h e  lower  
1 5  m of t h i s  depos i t  a r e  der ived  e n t i r e l y  f r o m  b a s e m e n t  and  
inc lude  subrounded boulders  u p  t o  o n e  m e t r e  across .  Most  of 
t h e  closely packed  c l a s t s  a r e  5 t o  20 c m  a c r o s s ,  subrounded  t o  
angular ,  and  randomly  o r i e n t e d .  T h e  s p a r s e  m a t r i x  c o m p r i s e s  
sand-s ized  rock  f r a g m e n t s  r a t h e r  t h a n  c l a y  o r  s i l t ,  s i g g e s t i n g  
t h a t  t h e  depos i t  is not  of g lac ia l  o r ig in  b u t  r a t h e r  a m i x t u r e  
of t a lus ,  o u t w a s h  a n d  s l ide  d e b r i s  t h a t  m a n t l e d  t h e  w e s t e r n -  
s loping,  p revolcanic  s u r f a c e .  T h e  f i r s t  vo lcan ic  c l a s t s ,  s m a l l  
c h i p s  of w h i t e  a l t e r e d  rhyol i te ,  a p p e a r  a b o u t  10 m f r o m  t h e  
t o p  of t h e  depos i t .  T h e s e  i n c r e a s e  in s i z e  a n d  n u m b e r  
upward ,  g rad ing  i n t o  a vo lcan ic  b r e c c i a  compr is ing  a n g u l a r  
c h l p s  and  c l a s t s  of w h i t e  t o  reddlsh brown l a y e r e d  rhyoli te .  
T h e  basa l  f low, a t h i c k  p a l e  g r e y  d a c i t e  f l e c k e d  w i t h  rus ty  
a l t e r a t i o n  spots ,  r e s t s  d i r e c t l y  o n  t h e  b l e a c h e d  upper  s u r f a c e  
of t h i s  b recc ia .  No g lass  or c o l o n n a d e  1s deve loped  a long  i t s  
bdse.  

T h e  a l t e r e d  r o c k s  of un i t  9 a r e  over la in  by m a s s i v e  
f l o w s  of f r e s h  porphyr i t i c  (plagioclase,  hypers thene ,  
hornblende)  d a c i t e  (un i t  10) which  f o r m s  t h e  upper 5 0 0  m of 
Wizard P e a k  (Fig. 1.5). Individual cool ing  uni t s  a r e  up t o  
150  m t h i c k  a n d  d i p  s t e e p l y  s o u t h e a s t  a w a y  f r o m  Mount 
C a y l e y  (Fig. 1.6). T h e  n a r r o w  s e r r a t e d  r idge  of Mount C a y l e y  
i tself  is a n  in t rus ive  sp ine  of s imi la r  porphyr i t i c  d a c i t e  
(un i t  11) which  c u t s  p y r o c l a s t i c  d e p o s i t s  of un i t  9 (Fig.  1.7). 
T h e  near ly  v e r t i c a l  contacts a r e  well  exposed  a long  t h e  
e a s t e r n  and n o r t h e r n  f a c e s  of t h e  s u m m i t  r idge,  w h e r e  t h e  
p y r o c l a s t i c  b e d s  h a v e  e i t h e r  b e e n  t r u n c a t e d  o r  m o r e  
c o m m o n l y  t i l t e d  up to c o n f o r m  w i t h  t h e  i n t r u s i v e  c o n t a c t  
(Fig. 1.8). T h e  p y r o c l a s t i c s  a r e  s ta ined  red  for  a b o u t  50  c m  

a l o n g  t h e  c o n t a c t  and t h e  a d j a c e n t  r h y o d a c i t e  is q u e n c h e d  t o  
b lack  v l t reous  glass. A t  s e v e r a l  p l a c e s  t h e  enc los ing  
p y r o c l a s t i c s  h a v e  f a l l e n  a w a y  f r o m  t h e  in t rus ive  c o n t a c t  
revedl ing  a s m o o t h  convex  v i t r e o u s  s u r f a c e  w i t h  prominent  
hor izonta l  c r e n u l a t i o n s  f r o m  3 t o  4 c m  a c r o s s  (Fig. 1.9). T h e  
q u e n c h e d  zone ,  which v a r i e s  f r o m  I t o  3 m  th ick ,  is 
characterized by c o n c e n t r i c  f r a c t u r e s  p a r a l l e l  t o  t h e  convex  
o u t e r  s u r f a c e .  T h e s e  a r e  f r o m  1 0  t o  30  c m  a p a r t  and  g ~ v e  t h e  
o u t c r o p  d l a y e r e d  a s p e c t  resembl ing  t h e  skin of a g i a n t  onion. 
Well-developed r e c t a n g u l a r  joints h a v e  f o r m e d  wi th in  e a c h  
l a y e r  normal  t o  its bounding s u r f a c e s .  Intrusion of th i s  s p i n e  
of d a c i t e  is be l ieved  t o  b e  t h e  c u l m i n a t i n g  e v e n t  of t h e  Mount 
C a y l e y  s t a g e  of a c t i v i t y .  

Vulcan's T h u m b  Sta.ge 

Vulcan's T h u m b  is t h e  l a r g e s t  in a c l u s t e r  of s lender  
p innac les  t h a t  r i s e  f r o m  t h e  p r e c i p i t o u s  s u m m i t  r i d g e  of 
P y r o c l a s t i c  P e a k  (Fig. 1.5). It is a r e m n a n t  of v e n t  b r e c c l a  
d e p o s i t e d  in  t h e  upper  p a r t  of a c o m p o s i t e  vo lcano  t h a t  w a s  
super imposed  on  t h e  s t e e p  s o u t h w e s t e r n  f lank  of  t h e  o lder  
Mount C a y l e y  e d i f i c e  dur ing  t h e  Vulcan's  T h u m b  s t a g e  of 
a c t i v i t y .  Mass ive  l a v a s  and  blocky, a g g l u t i n a t e d  b r e c c i a s  of 
porphyr i t i c  (p lag ioc lase ,  h y p e r s t h e n e ,  hornblende ,  b i o t i t e )  
d a c i t e  (un i t  13) f o r m  m o s t  of t h e  lower  and c e n t r a l  p a r t  of 
t h e  pile. Mass ive  cool ing  units ,  u p  t o  130 m t h i c k  c l i n g  
precar ious ly  t o  60' s l o p e s  on  t h e  n o r t h w e s t  s ide  of t h e  peak ,  
w h e r e a s  near ly  v e r t i c a l  f lu ted  c l i f f s  on t h e  s o u t h e a s t ,  Turbid 
C r e e k ,  s i d e  t r u n c a t e  b o t h  f l o w s  and  b r e c c i a s  in t h e  c e n t r a l  
condui t  region of t h e  volcano.  T h e r e  t h e  b a s e  of t h e  Vulcan's 
T h u m b  pile  r e s t s  on a s t e e p  w e s t e r l y  dipping s u r f a c e  t h a t  
t r u n c a t e s  o lder ,  ivlount C a y l e y  s t a g e  depos i t s ,  a n d  l a p s  o n t o  
t h e  old b a s e m e n t  s u r f a c e .  

T h e  c e n t r a l  p i le  of Vulcan's T h u m b  l a v a s  and  b r e c c i a  is  
over la in  and  f l a n k e d  by p a t c h e s  of unconsol ida ted ,  bedded  
t e p h r a  (un i t  12). T h e s e  a r e  be l ieved  t o  b e  r e m n a n t s  of a o n c e  
e x t e n s i v e  t e p h r a  c o n e  t h a t  f o r m e r l y  m a n t l e d  m o s t  of t h e  
Vulcan's T h u m b  e d i f i c e  a n d  t h e  sur rounding  o lder  rocks. An 
130 m th ick  s e c t i o n  of blocky tuf f  b r e c c i a  in t h e  saddle  
b e t w e e n  Mount C a y l e y  and  Wizard P e a k  l a p s  unconformably  
a g a i n s t  t h e s e  t w o  o lder  p i les  and  g r a d e s  i n t o  a g g l u t i n a t e d ,  
poorly s t r a t i f i e d  b r e c c i a  on  t h e  s u m m i t  of P y r o c l a s t i c  Peak .  
It c o n s i s t s  of a n g u l a r  b locks  of porphyr i t i c ,  b io t i t e -bear ing  
d a c i t e  up t o  5 0  c m  a c r o s s ,  suspended  in  a near ly  w h i t e  m a t r i x  
of lapilli and  ash.  Bedding,  d u e  mainly t o  size-sort ing,  is  
p r o m i n e n t  b o t h  in  t h e  s u m m i t  r idge  d e p o s i t s  a n d  in a m u c h  
l a r g e r  r e m n a n t  on  t h e  e a s t  s i d e  of Turb id  C r e e k  w h e r e  a t  
l eas t  600  m of a l t e r n a t e l y  c o a r s e  a n d  f i n e  t e p h r a  f o r m s  
s t e e p ,  u n s t a b l e  slopes.  

Rapid e ros ion  in upper Turbid C r e e k  h a s  c u t  th rough t h e  
vo lcan ic  pi le  a n d  e x c a v a t e d  a 3 0 0  m d e e p  c a n y o n  i n t o  t h e  
under ly ing  b a s e m e n t  rocks. Within t h i s  c a n y o n  t h r e e  c u p o l a s  
a n d  s e v e r a l  s m a l l e r  t a b u l a r  bodies of b io t i t e -bear ing  
p o r p h y r i t i c  d a c i t e  (un i t  14) a r e  exposed.  C o n t a c t s  w i t h  t h e  
b a s e m e n t  r o c k s  a r e  sharp ,  p lanar  o r  b roadly  c o n v e x  s u r f a c e s  
a long  which t h e  b a s e m e n t  gne iss  and  g r a n o d i o r i t e  a r e  
in tense ly  f r a c t u r e d  or  g r a n u l a t e d  over  a w i d t h  of 5 t o  1 5  c m  
a n d  t h e  a d j a c e n t  d a c i t e  is  q u e n c h e d  to b l a c k  v i t r e o u s  glass.  
T h e  v i t reous  s e l v a g e  v a r i e s  f r o m  a f e w  c e n t i m e t r e s  t o  m o r e  
t h a n  a m e t r e  t h i c k  and ,  l ike t h e  o u t e r  skin of t h e  Mount 
C a y l e y  sp i re ,  i t s  s m o o t h  glassy s u r f a c e  is  r ibbed  w i t h  
subhor izonta l  c renula t ions .  T h e  p r e s e n c e  of b i o t i t e  in t h e s e  
subvolcanic  in t rus ions  s u g g e s t s  t h a t  t h e y  a r e  r e l a t e d  t o  t h e  
b io t i t e -bear ing ,  Vulcan's T h u m b  dac i te .  

Shovelnose  S t a g e  

T w o  smal l  d o m e s  ( u n i t  16) e a c h  sl ightly m o r e  t h a n  half 
a k i l o m e t r e  in d i a m e t e r ,  a r e  exposed  in t h e  upper  p a r t  of 
Shovelnose  val ley,  a n d  r e l a t e d  f l o w s  (un i t  15) e x t e n d  down 
Shovelnose  C r e e k  alrnost  t o  Squamish  River.  





Figure 1.9 

T h e  m o r e  n o r t h e r l y  d o m e  is a s teep-s ided  s y m m e t r i c a l  
e x o g e n o u s  mass  of porphyr i t i c  (p lag ioc lase ,  h y p e r s t h e n e ,  
b i o t i t e )  d a c i t e .  A prominent  c o l o n n a d e  is deve loped  in 
q u e n c h e d  d a c i t e  a long  t h e  s o u t h e r n  b a s e  of t h e  dome. I t  r e s t s  
o n  blocky,  bedded  t e p h r a  which  in t u r n  is s e p a r a t e d  f r o m  
b a s e m e n t  d i o r i t e  by up t o  12 m of boulder t i l l  compr is ing  only 
b a s e m e n t  c las t s .  

T h e  s e c o n d  dome,  a n  endogenous  m a s s  of s imi la r  d a c i t e ,  
h a s  b e e n  d i s s e c t e d  by Shovelnose  C r e e k ,  revea l ing  c o m p l e x  
t i e r s  of rad ia t ing ,  s m a l l  d i a m e t e r ,  c o l u m n s  t h r o u g h o u t  t h e  
e n t i r e  400  m high c l i f f s  o n  i t s  e a s t e r n  side.  Most  of t h e  
r e m a i n i n g  m a s s  of t h e  d o m e  is i n t r u s i v e  in to ,  a n d  q u e n c h e d  
a g a i n s t ,  t e p h r a  d e p o s i t s  of un i t  12. However ,  i t s  missing 
e a s t e r n  s ide  may h a v e  b r e a c h e d  t h e  s u r f a c e  dur ing  i t s  
e m p l a c e m e n t .  T h e  a g e  re la t ionsh ip  of t h i s  d o m e  t o  f l o w s  of 
s i m i l a r  c o m p o s i t i o n  ( u n i t  15) in Shovelnose  C r e e k  is n o t  
known. It s e e m s  p r o b a b l e  t h a t  t h e  e r u p t i v e  e v e n t  b e g a n  w i t h  
e f f u s i o n  of t h e  f l o w s  and  c u l m i n a t e d  w i t h  e m p l a c e m e n t  of 
t h e  dome. 

T h e r m a l  Spr ings  

T w o  groups  of t h e r m a l  spr ings  w e r e  d i scovered  wi th in  
t h e  Mount C a y l e y  c o m p l e x .  A g r o u p  of t h r e e  spr ings  a n d  
n u m e r o u s  s e e p s  in upper Turbid C r e e k  a r e  a s s o c i a t e d  w i t h  
c u p o l a s  of Vulcan's T h u m b  d a c i t e .  In f a c t ,  e a c h  of t h e  t h r e e  
m a j o r  spr ings  i s sue  f r o m  f r a c t u r e s  in t h e  c o n t a c t  z o n e s  of 
cupolas .  N u m e r o u s  addi t iona l  co ld  s e e p s  issue f r o m  hydro-  
t h e r m a l l y  a l te red , .  gouge-fi l led f r a c t u r e s  in t h e  sur rounding  
b a s e m e n t  rock.  r h e s e  f r a c t u r e s ,  which  c o n s i s t e n t l y  t r e n d  
b e t w e e n  150" a n d  180°, a r e  a b u n d a n t  in u p p e r  Turb id  C r e e k  
but  a r e  less  c o m m o n  e l sewhere .  They  a r e  probably d u e  t o  
expans ion  of t h e  roof - rocks  a b o v e  in t rus ive  m a s s e s  of d a c i t e .  
T h e  g r o u p  of t w o  spr ings  a n d  a s s o c i a t e d  s e e p s  in Shovelnose  
C r e e k  i ssue  f r o m  b a s e m e n t  r o c k s  n e a r  t h e  s o u t h e r n  i n t r u s i v e  
m a r g i n  of t h e  Shovelnosc  endogenous  dome.  

E a c h  of t h e  m a i n  t h e r m a l  spr ings  h a s  buil t  e x t e n s i v e  
t u f a  a n d  s i n t e r  depos i t s ,  w h e r e a s  t h e  co ld  s e e p s  a r e  
p r e c i p i t a t i n g  br igh t  r e d  f e r r u g i n o u s  o c h r e .  P r e l i m i n a r y  
t e m p e r a t u r e  m e a s u r e m e n t s  i n d i c a t e  a r a n g e  f r o m  a b o u t  18 'C 
t o  40°C. W a t e r  s a m p l e s  f o r  major  a n d  minor  e l e m e n t  
c h e m i s t r y ,  i s o t o p e  s t u d y  a n d  g e o t h e r m o m e t r y  h a v e  b e e n  
c o l l e c t e d  a n d  a r e  be ing  p r o c e s s e d  by t h e  Universi ty of 
W a t e r l o o  hydrology labora tory .  

Detail o f  quenched selvage o f  the .Mount 
Cayley intrusive spine showing horizontal 
crenulations. Surface t o  right of hammer is 
the actual vitreous s lr face of  the intrusion 
from which the enclosing pyroclastic 
deposits have fallen away. 

P a l i  Dome Complex 

T h e  s o u r c e  a r e a  of t h e  Pali  D o m e  f l o w s  is a l m o s t  
c o m p l e t e l y  i c e  c o v e r e d .  However ,  i t s  morphology a n d  t h e  
d o m i n a n c e  of l ava  f l o w s  r a t h e r  t h a n  p y r o c l a s t i c  d e p o s i t s  in 
i so la ted  n u n a t a k s  s u g g e s t s  t h a t  it is a c o m p o s i t e  l a v a  dome.  
P e r i p h e r a l  lobes of lava on b o t h  t h e  e a s t  and w e s t  s i d e s  r e s t  
d i r e c t l y  on  b a s e m e n t ,  e x c e p t  for  o n e  l a r g e  lobe  o n  t h e  
s o u t h w e s t e r n  c o r n e r  which  o v e r l a p s  Mount C a y  ley t e p h r a  and  
f lows.  T h e  proximal  por t ion  of m o s t  f l o w s  a p p e a r s  t o  b e  
subaer ia l .  L a r g e  d i a m e t e r  c o l u m n s  f o r m  well deve loped  
v e r t i c a l  c o l o n n a d e s  which a r e  under la in  by s c o r i a c e o u s ,  
ox id ized  f l o w  b r e c c i a .  In c o n t r a s t  t h e  d i s ta l  f l o w s  a r e  c l e a r l y  
q u e n c h e d .  C o l u m n s  d e c r e a s e  in d i a m e t e r  t o  less  t h a n  3 0  c m  
a n d  a r e  c o m m o n l y  e i t h e r  hor izonta l  o r  f o r m  f a n t a s t i c  
r a d i a t i n g  masses .  Most  f l o w s  t e r m i n a t e  in n e a r l y  v e r t i c a l ,  
i c e - c o n t a c t  c l i f f s  f r o m  100 t o  200  m high (Fig. 1.10). T h e  
bounding c l i f f s  on  t h e  s o u t h e a s t e r n  s i d e  of t h e  p i le  a r e  
f lanked  by o v e r  7 0  m of g r a n u l a r  g lass  which m u s t  h a v e  
spa l led  off t h e  a d v a n c i n g  f low f r o n t  and  a c c u m u l a t e d  in  t h e  
m o a t  b e t w e e n  l a v a  and  ice .  

T h e  Pali  D o m e  l a v a  is a coarse ly  porphyr i t i c  
(p lag ioc lase ,  h y p e r s t h e n e ,  ? hornblende)  a n d e s i t e .  

C a u l d r o n  D o m e  C o m p l e x  

T h e  e d i f i c e  of C a u l d r o n  D o m e  (Fig. 1.11) is a near ly  
f l a t - t o p p e d  e l l i p t i c a l  p i le  of t h i c k  porphyr i t i c  a n d e s i t e  f lows.  
It h a s  t h e  c lass ica l  f o r m  of a t u y a ,  bu t  if t h e  s t e e p  bounding 
c l i f f s  o r i g i n a t e d  a s  i c e - c o n t a c t  m a r g i n s  subsequent  e ros ion  
h a s  r e m o v e d  al l  d i r e c t  e v i d e n c e  of quenching.  T i e r s  of th ick ,  
n e a r l y  v e r t i c a l ,  c o l u m n s  a r e  s e p a r a t e d  by oxid ized  s c o r i a  a n d  
n o  g lass  w a s  found in or a d j a c e n t  t o  t h e  pile. 

T w o  very  t h i c k  (100 t o  130 m) complexly  jointed l a v a  
f l o w s  e x t e n d  2 k m  s o u t h w e s t  f r o m  t h e  bounding c l i f f s  of t h e  
m a i n  pile. T h e i r  s u r f a c e  is 3 0 0  m be low t h e  f l a t - t o p p e d  
s u m m i t  of C a u l d r o n  Dome,  y e t  b o t h  a r e  iden t ica l ,  c o a r s e l y  
porphyr i t i c ,  p lag ioc lase ,  o r t h o p y r o x e n e  a n d e s i t e .  It s e e m s  
l ikely t h a t  C a u l d r o n  D o m e  i tself  f o r m e d  as a subglac ia l  p i l e  
and  t h a t  t h e  lower  f l o w s  w e r e  d i r e c t e d  i n t o  a m e l t w a t e r  
c h a n n e l  t h a t  b r e a c h e d  t h e  enc los ing  b a r r i e r  of i c e  dur ing  t h e  
l a t t e r  s t a g e s  of a c t i v i t y .  



Figure 1.10 

Complexly jointed,  ice-contac t  te rminus  of 
andes i te  f low lobe on the  southeas t  side of 
Pali Dome. Note well-defined colonnade a t  
base  of 125 m cliffs.  C reek  canyon in f ron t  
of f low exposes 70 m of granular  glass.  
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Flat-topped e d ~ f l c e  of Cauldron Dome, 
-7 

probably a s tbglac la l  tuya .  I 
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Slag Hill Complex Geo the rma l  Po ten t i a l  

The s t ruc tu re  of t h e  Slag Hill pile resembles  t h a t  of 
Ember Ridge. Black, glassy,  augite-bearing,  basa l t ic  andes i te  
lava  f o r m s  steep-sided, bulbous masses  wi th  complex, small  
d i ame te r ,  curved and radiating columns. In thin sec t ion  t h e  
rock is seen t o  comprise  over 50 per cen t  brown glass. It is 
obviously a quenched, subglacial  pile, but except  for a small  
f lat-topped bluff a t  t he  e x t r e m e  upper (southern) end of t h e  
pile, i t  lacks t h e  classical  t uya  form.  The pile res ts  directly 
on a s t e e p  nor thwester ly  sloping basement  surface.  Outf low 
channels  probably developed on this slope shortly a f t e r  t h e  
erupt ion  s t a r t ed ,  thus only a small amount  of lava was  
initially ice-ponded t o  for m t h e  flat-topped bluff in t h e  
source  area .  Most of it was channeled,  along wi th  me l twa te r ,  
i n to  subglacial  cave rns  where  i t  was  quenched and solidified 
in to  i ts  present  bulbous forms. 

Crucible  Dome Complex 

Crucible  Dome is a nearly c i rcular  f lat-topped pile of 
porphyrit ic (plagioclase,  hypersthene) andesite.  Its lower 
c o n t a c t  is complete ly  obscured by t a lu s  and i t s  original o u t e r  
margins have  been grea t ly  modified by erosion. The f l a t  
upper su r f ace  is a cl inkery red scoria s t rewn with bomb-like 
chunks  of vesicular oxidized lava. It is probably a modified 
tuya  on which t h e  upper f lows a t  leas t  were  subaerial. 

Until d a t e s  have  been obtained on samples  col lec ted  for  
radiometr ic  dating,  t h e  r e l a t i ve  ages  of various c e n t r e s  in t h e  
cen t r a l  Garibaldi  be l t  c a n  only be  es t imated.  Two samples, 
believed t o  be  f r o m  t h e  Slag Hill complex gave  ages  of 0.3 
and 0.7 Ma but the i r  s t ra t igraphic  position within t h e  pile is 
not  known (Green,  1977; erroneously repor ted  a s  Mount 
Cay  ley ages). The widespread presence  of subglacial  
s t ruc tu re s  sL;ggests t h a t  some  act iv i ty  in t h e  cen t r a l  be l t  was  
roughly coeval  with t h a t  of Mount Caribaldi ,  0.1 t o  1.3 Ma ,  
whereas  relatively advanced erosion of Mount F e e  indica tes  a 
somewhat  older age. 

The predominance of ac id  t o  in termedia te ,  and hence  
re la t ive ly  viscous magma favours t h e  emplacemen t  of 
subvolcanic intrusions. Indeed t h e  recognition of endogenous 
domes  and cupolas in t h e  deeply dissected Mount Cayley pile 
conf i rms the i r  presence.  Thus, both t h e  a g e  and s ty le  of 
ac t iv i ty  a r e  such t h a t  a reservoir  of residual heat  might 
logically be  expec ted  somewhere  beneath  t h e  cen t r a l  volcanic 
belt. This is strongly suppor ted  by t h e  presence  of t he rma l  
springs associa ted  with t h e  domes  and cupolas  of Mount 
Cayley. 

The similari ty be tween Mount Cayley and pa r t s  of t h e  
Meager Mountain complex is striking. T h e  lithology, age ,  
in ternal  s t ruc tu re ,  morphology and  proximity t o  t he rma l  





springs is remarkably similar.  Moreover,  t h e  northerly t o  
nor thwester ly  t rend of t h e  volcanic belt  be tween Mount 
Cayley  and Meager Mountain is r e f l ec t ed  by anisotropy of 
resist ivity a t  Meager Mountian, by t h e  or ienta t ion  of 
e l l ip t ica l  intrusive spines on Mount Cayley and Mount Fee ,  
and by t h e  hydrothermally a l t e r ed  basement  f r ac tu re s  in 
upper Turbid Creek.  The  possibility t h a t  this trend r e f l ec t s  a 
fundamenta l  s t r u c t u r e  re la ted  t o  t h e  young the rma l  history of 
t h e  region should be  investigated fur ther .  It would seem 
reasonable t h a t  geothermal  exploration,  present ly  focused on 
Meager Mountain, should be  extended south in to  t h e  cen t r a l  
Car ibald i  belt. 

Geological  Hazards  

Any engineering development in t h e  mountains must 
t a k e  in to  account  t h e  risk of landslides, f lash floods and 
avalanches,  but in young volcanic t e r r ane ,  where  poorly 
consolidated and intensely f r ac tu red  flows and tephra  a r e  
much less s t ab l e  than comparable  slopes on compe ten t  rock, 
t h e  need for  caut ion  is paramount .  The overs teepened slopes 
of t h e  Mount Cayley  complex, part icularly on t h e  Turbid 
Creek  side,  a r e  swept  by r epea t ed  small  rock-avalanches 
during t h e  summer  and mixed, rock and snow avalanches  in 
t h e  winter.  This ma te r i a l  accumula t e s  in t h e  narrow canyons  
and  is periodically flushed ou t  during t i m e s  of flood or by 
ca t a s t roph ic  debris f lows t h a t  may be  t r iggered by a single 
violent s torm,  a temporary  ups t ream blockage or a 
s t ra tegica l ly  placed rock o r  ice  fall. Debris-flow deposi t s  up 
t o  15  m thick (unit 17) f i l l  much of lower Turbid Creek  valley 
and f an  o u t  t o  fo rm a benchland in Squamish River valley. 
There  they support  a growth of m a t u r e  fo re s t ,  indicating t h a t  
f lash floods and debris f lows descending lower Turbid Creek  
for  t h e  las t  100 t o  200 years  have  not overflowed t h e  
10 m-deep U-shaped channel  t h a t  has been c u t  in to  t he  old 
deposits. However,  a much younger slide above t h e  
600 m - e l e v a t ~ o n  has swept  away t h e  fores t  and buried 30 t o  
45  cm-diameter  logs under a s  much a s  10  m of debris. The 
a r e a  a f f ec t ed  by th is  younger slide is def ined by prominent 
t r iml ines  t h a t  extend high above t h e  present level of debr is  
(Fig. 1.12). The event  was  probably t r iggered by a mixed rock 
and snow ava lanche  f r o m  s teep,  t eph ra  c l i f fs  on t h e  southeas t  
s ide  of Turbid Creek. Older valley fill was  remobilized and 
added t o  t h e  volume of t h e  flow which s t r ipped away all bu t  a 
f e w  pa t ches  of m a t u r e  fores t .  The  present  morphology of t h e  
sl ide a r e a  sugges ts  t h a t  t h e  init ial ,  c a t a s t roph ic  event ,  was  
followed by success ive  small  sl ides t h a t  locally s t r ipped t h e  
older debris-flow deposits  down t o  bedrock. The remaining 
debris s tands  a s  sinuous steep-sided r idges  and mounds f rom 8 
t o  15 m high. Large  buried logs which projec t  f rom these  
banks show no evidence  of decay  and only t h e  ou te r  few 
c e n t i m e t r e s  have  been bleached by groundwater action.  

In addit ion t o  t hese  deposits  of older slide debris, both 
upper Turbid Creek  and t h e  unnamed c reek  nor thwest  of 
Pyroclas t ic  Peak conta in  l a rge  volumes of uns table  young fill. 
The susceptibil i ty of this ma te r i a l  t o  sliding was  ac tual ly  
observed on August 17, 1979 when a ser ies  of tor rent ia l  
thunders torms passed over t h e  Mount Cayley  area .  Count less  
smal l  debris f lows (Fig. 1.13) were  in i t ia ted  on t h e  s t e e p  
upper ta lus  slopes. These  s t a r t ed  a s  small  slumps on s t e e p  
water -sa tura ted  slopes of f ine  ta lus  and granular ash-rich 
colluvium. O n c e  s t a r t ed  they  rapidly gained momentum and 
size,  rushing down t h e  slope a s  a slurry of mud and suspended 
blocks conta ined by marginal  l evees  and a mobile, c r e scen t -  
shaped terminal  ridge. The  presence  of th is  te rminal  r idge  of 
blocks s eems  t o  play a key ro le  in t h e  mobility of t h e  flow. 
By containing t h e  fluidized slurry of wa te r  and f ine  particles,  
debris on t h e  slope in f ront  of t h e  flow is l i terally pushed 
as ide  by t h e  weight and momentum of t h e  advancing terminal  
r idge ra ther  t han  overridden by t h e  more  fluid cen t r a l  portion 
of t h e  flow. In this way t h e  terminal  r idge  is maintained by 

Figure 1.13: Small debris flow started by torrential rain on 
August 1 7 ,  1979. Multiple small flows from this slope 
coalesced to  trigger a large debris flow that ran for nearly 
one kilometre down the creekbed northwest of Pyroclastic 
Peak. 

continuous addit ion of new mater ia l  a t  i ts  advancing f ront  
and simultaneous dispersal  of debris f rom i t s  edges  t o  form 
t h e  l a t e r a l  levees. Thus, t h e  levee-bounded channel le f t  by 
t h e s e  flows was  never occupied by a continuous s t r e a m  of 
debris but  r a the r  by a relatively smal l  volume of f luidized 
slurry t rapped behind an  advancing barr ier  of larger blocks. 

Af t e r  running for  severa l  hundred me t r e s ,  most of t h e s e  
small  f lows e i the r  branched o u t  in to  severa l  d is t r ibutary  
lobes, each  too  small  t o  sustain fu r the r  movement ,  or t h e  
cen t r a l  mass of f luidized debris spilled over  t h e  terminal  
r idge and dispersed on t h e  slope below t h e  flow. However,  
severa l  of t hese  small  f lows coalesced in t h e  creek nor thwest  
of Pyroclas t ic  Peak and tr iggered a l a rge  debris flow t h a t  ran 
for nearly one k i lometre .  This was  visi ted two days a f t e r  t h e  
s to rm a t  which t i m e  sharp-crested levees  of blocks and silt up 
t o  one  m e t r e  high bounded a smooth,  U-shaped channel up t o  
3 m across.  This was  lined with a gelatinous layer of mud, 
which a t  t h e  sl ightest  d is turbance  slumped in to  a small  
s t r e a m  of fluidized debris. At  severa l  p l aces  along t h e  course  
of this flow loose ma te r i a l  had been stripped f r o m  t h e  s t e e p  
walls of t h e  c r eek  canyon and carr ied  away by t h e  flow. A t  
one  point a s lab  of talus,  1.5 m thick,  100 m long and 20 m 
high, was  s t r ipped t o  bedrock leaving t h e  upper pa r t  of t h e  
t runca t ed  ta lus  cone  hanging precariously t o  smooth  grani t ic  
ou tc rop  2 0  m above  t h e  c r eek  bed. 

The t h r e a t  of a l a rge  debris flow in Turbid Creek  is 
posed by t h e  format ion of a small lake in t h e  saddle between 
Pyroclas t ic  Peak and Mount Cayley  (Fig. 1.6). The saddle is 
underlain by m o r e  than 100 m of unconsolidated,  blocky 



tephra and the lake is ponded on this material between a 
small receding glacier on the northwestern side and the sharp 
crest of the ridge. Outflow from the lake, estimated at 250 
to  300 L per minute, spills over the narrow l ip of the ridge 
and cascades down a 70" to  80" slope into upper Turbid 
Creek. Despite i ts small size the lake is considered to pose a 
serious hazard. Not only is it ponded on unconsolidated 
material, i t  is also perched over 500 m vertically above 
deposits of unstable debris that f i l l  the steep tributary 
canyons of Turbid Creek. I f  the present barrier should fa i l  
the resulting flood of water would probably trigger a series of 
progressive slides that could coalesce into a major debris flow 
comparable with those that formed the extensive debris 
deposits preserved in the lower part of Turbid Creek valley. 
The possibility of draining the lake should be considered i f  
any extended work is undertaken in the Turbid Creek valley. 
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Abstract 

A wide (up t o  2 km)  and long (40 Icm) beach-ridge plain is actively evolving on the northeast 
coast (ivlclntryre Bay) of  the Queen Charlotte Islands. The coast is anomalous for British Columbia in 
that the beaches are wide and sandy; an extensive dune system is present (dunes up t o  10 m in height); 
and the shore is prograding at about 0.4 m/a. The source of  the deposited sediment appears t o  be 
of fshore,  and the net movement of sediment onshore may be a result of  recent uplift  which has raised 
an of fshore platform. This platform provides source material and modifies normal physical processes 
(such as shoaling wave characteristics) that move material landward. 

Introduction zones. Hydraulic model s tudies  (Bell and Boston, 1962; 

Graham Island is t h e  m o r e  northerly of t h e  two major 
islands which fo rm t h e  Queen C h a r l o t t e  lsland Croup  
(Fig. 2.1). Much of t h e  Graham Island coas t  is irregular and 
rocky, similar t o  most  of t h e  coas t  in British Columbia. 
However, t h e  nor theas tern  corner  is a broad, roughly 
tr iangular,  sedimentary  plain ( t he  Argonaut Plain; Fig. 2.1) 
which supplies abundant ma te r i a l  t o  t h e  nearshore  system. 
The shallow nearshore  (< 20 m depth)  is mostly sand covered 
and gradients  a r e  low (Fig. 2.2). Beaches a r e  wide, composed 
of sand and gravel,  and excep t  for a f ew  rock outcrops,  a r e  
continuous for more  than 120 km (Clague and Bornhold, 
in prep.). An extens ive  dune sys tem has  developed landward 
o f  t h e  beaches,  and f luc tuat ing  sea  levels during t h e  Holocene 
(Fladmark,  1974; Clague,  1975; Alley and Thomson, 1978) 
have  distributed r ecen t  sediments  over a wide band along t h e  
present  coas t .  

The Mclntyre Bay coas t l ine  represents  t h e  larges t  
s egmen t  of prograding coas t l ine  in British Columbia and for  
t h a t  reason is of unique geological  in teres t .  The sou rce  of 
t h e  acc re t ing  sed imen t  is unclear a s  a r e  t h e  paths  of 
s ed imen t  movemen t  and t h e  sa l ient  t r anspor t  mechanism. 
In terac t ive  e f f e c t s  be tween r e c e n t  t ec ton ic  ac t iv i ty  (uplif t)  
and sediment- t ranspor t  processes a r e  a l so  uncertain.  S tudies  
a r e  underway of ( I )  t h e  r e c e n t  s e a  level changes  and  
Holocene shoreline progradation ra tes ,  (2) t h e  nearshore  
s ed imen t  distr ibution in Mclntyre  Bay, (3)  t h e  c i rcula t ion  in 
t h e  bay, and (4) t h e  paths  of nearshore  s ed imen t  movement .  
This paper  repor ts  preliminary resul ts  f rom these  studies.  

Physical  Processes  

The Queen Char lo t t e  Islands a r e  character ized  by a 
strongly seasonal wind pa t t e rn  with modera t e  nor thwester l ies  
common in summer  and f r equen t  southeas ter ly  gales  
predominating in winter.  

Waves a r e  predominantly locally gene ra t ed  and thus 
follow a similar pa t t e rn  t o  t h e  seasonal wind variation.  The 
sou theas t e r s  dr ive  a s t rong south  t o  north longshore dr i f t  
along t h e  e a s t  coas t  of Graham Island; t h e  modera t e  summer  
nor thwester l ies  combine  with Pac i f i c  swell  t o  produce a t  
present  a n e t  ea s t e r ly  d r i f t  along t h e  Mclntyre  Bay shore.  
However,  ea s t e r ly  components  during both t h e  summer  and 
winter  may cause  d r i f t  reversa ls  on  t h e  nor th  coas t ;  t h a t  is, 
d r i f t  f rom e a s t  t o  west.  

Tides, which a r e  mixed semidiurnal ( range 5-7 m), may 
also b e  impor t an t  in t ranspor t ing  sediment ,  especially when 
re inforced by s t rong winds blowing over  t h e  shallow nearshore  

Bell, 1 9 6 3 )  show t h a t  t h e  t i de  floods strongly t o  t h e  e a s t  
through Mclntyre Bay and t h a t  t h e  ebb  t i de  is much weaker,  
thus  producing a n e t  ea s t e r ly  coas t a l  boundary current .  The 
model resul ts  a lso  sugges t  t h a t  along t h e  e a s t  coas t  a n e t  
souther ly  t ida l  cu r r en t  may exist .  

R e c e n t  S e a  Level Changes  

Sea  level d a t a  fo r  t h e  Queen CFar lo t t e  Islands a r e  
summarized in Clague (1975) and a r e  being refined f rom 
additional collections t aken  during 1978 (Clague,  personal 
communication).  Impor tant  f ea tu re s  of t h e  r e c e n t  s e a  level 
changes  are:  ( I )  a possible postglacial  minimum of 20-30 m 
below present  s ea  level prior t o  11000 B.P. (Fladmark,  1974), 
( 2 )  a rapid rise t o  a postglacial  maximum near  13 m above 
present  s ea  level around 9000 B.P., (3) an  apparent ly  long 
still-stand near  12 m above present  s ea  level unti l  a t  l e a s t  
4500 B.P. (Alley and Thomson, 1978) and (4) a gradual 
emergence  f rom 4500 B.P. t o  present.  

The l a t t e r  two even t s  have had t h e  most significant 
e f f e c t  on r e c e n t  coas t a l  morphology. The high s e a  level s tand 
near  12 m produced a prominent  mar ine  sca rp  along much of 
t h e  nor th  c o a s t  of Craham Island (Fig. 2.3). As t h e  shoreline 
emerged  t h e  sys tem changed f rom dominantly erosional t o  a 
dominantly accre t ionary ,  a s  shown by t h e  presence  of a wide 
(up t o  2 km) beach-ridge plain fronting t h e  s c a r p  (Fig. 2.3). 

a. Location map of  the Queen Charlotte Islands 
b.  Craham Island and the Argonaut Plain (lined) 

Figure 2.1 

' Pac i f i c  Geoscience  Cen t r e ,  Sidney, B.C. 



Figure 2.2. Bathyrnetric map of northeastern Craharn Island, showing locations o f  beach profiles. 

Geomorphic Description 

There  a r e  two distinct segments  t o  t h e  Argonaut Plain 
shoreline, t h e  east-facing shore extending f rom Cape  Ball 
northward t o  Rose Spit (48 km) and t h e  north-facing segment  
between Rose Spit and Masset Inlet (40 km). The two 
segmen t s  a r e  geomorphically dissimilar. The e a s t  coas t  is 
generally eroding. Large  sea  cliffs a r e  cu t  into uncon- 
solidated Ple is tocene mater ia l  a t  C a p e  Ball (60 m high) and 
Eagle Hill (30 m high), and f a r the r  north,  smaller c l i f fs  a r e  
c u t  in to  dunes and old recurved spits. Erosion of t h e  coas t  has 
continued throughout t h e  Holocene leaving a very wide, 
shallow offshore  platform (Fig. 2.2). Only t h e  most  northerly 
sect ion of th is  coas t ,  near  Rose Spit, is  accretionary. Most of 
t h e  northern portion of t h e  shoreline is f ronted by one o r  two  
offshore  bars. The in ter t idal  zone is narrow (generally less 
than 50  m) excep t  where  offshore  ba r s  a t t a c h  obliquely t o  t h e  
beaches (Fig. 2.4). On t h e  backshore, an  extensive  sys tem of 
blow-out o r  parabolic dunes (Bird, 1969) is developed with 
ver t ica l  relief ove r  10 m (Fig. 2.4). 

In contras t ,  t h e  nor th  coas t  along McIntyre Bay is 
rapidly accre t ing,  has a wide intertidal zone (generally 
g r e a t e r  than 200 m) and lacks offshore  bars. Dunes a r e  
primarily t h e  f o r e  dune type  and because of t h e  progradation, 
have produced an  extensive  Holocene beach-ridge plain. A 
well-defined abondoned marine  sca rp  occurs  behind t h e  
beach-ridge plain. 

Quaternary  History 

Field studies undertaken in 1978 and 1979 have provided 
additional information on shoreline progradation, t h e  
nearshore sediment  distribution and sediment  t ranspor t  paths. 
Detailed analysis of airphotos combined with t h e  field 
information has helped define t h e  r ecen t  geomorphic history. 

Prior t o  5000 B.P., during higher sea  level s tands  
(10 t o  13 m), a prominent mar ine  scarp  was c u t  into uncon- 
solidated sediments.  A typical sect ion of local sediments  near 
Masset consists of: a thick (> 1500 m) marinelnonmarine 
fossiliferous sandstone, t h e  Skonun Formation, which lies a t  
and below sea  level ( two rock outcrops occur along t h e  coast);  
7 m of st iff  clayey sandy sil t  overlying t h e  Skonun Formation; 
4 m of finely crossbedded outwash sands; and capping t h e  
sequence, 2-5 m of cobbly till. This sequence appears  t o  be 
widespread on t h e  Argonaut Plain; t h e  lower sil t  unit probably 
co r re l a t e s  with Sutherland Brown's (1968, p. 32) "stony marine  
till" observed near  Cape  Ball. Observation dives in McIntyre 
Bay indicate  t h a t  much of t h e  bot tom (inside t h e  10 m depth 
contour  and wes t  of Yakan Point) is boulder covered; a t  one  
dive s i t e  a cobbly boulder lag  res ted  on a clay s i l t  outcrop. 
The observations suggest t h a t  a t  leas t  t h e  sil t  unit  extends  2 
t o  3 km seaward of t h e  abandoned marine  scarp. The cobble 
boulder mater ia l  is  apparently ice-drop mater ia l  derived f rom 
t h e  'marine till'. 

Coas t a l  Evolution 

During t h e  high s e a  level stand, mater ia l  eroded f rom 
t h e  cliff f a c e  was  moved t o  t h e  e a s t  t o  form a n  older set of 
recurved spi ts  e a s t  of Tow Hill (Fig. 2.4); mater ia l  may also 
have accumulated near  t h e  mouth of Masset Inlet  a s  
in ter t idal  bars. The coarses t  sediment,  cobbles and boulders 
would likely have formed a transgressive lag deposit, possibly 
t h e  lag  identified during t h e  scuba dives. 

Emergence began about  5000 B.P. and has continued t o  
present.  Since the  emergence  began, a wide beach-ridge plain 
has evolved. The a t t a c h m e n t  angle and or ienta t ion of t h e  
older beach ridges (old foredune ridges) suggests t h a t  initially 
longshore t ranspor t  was westerly,  west  of Yakan Point and 



eas ter ly  e a s t  of Tow Hill. The dr i f t  divergence indicates  t h a t  
sediment  was  supplied e i the r  f rom offshore  o r  f rom local 
s t r eam runoff. A large inlet  shoal a t  t h e  present  location of 
Masset and Haida and similar t o  t h e  present  drying bank e a s t  
of Masset Inlet (Fig. 2.2) emerged a s  a small  island. 

Subtle changes in beach-ridge or ienta t ion and s i ze  
def ine  a number of beach-ridge 'packages' (Fig. 2.4) which 
r e f l ec t  temporary  reversals in dr i f t  direction o r  fluctuations 
in sediment  supply a s  t h e  shoreline evolved. Discontinuous 
uplift (causing re la t ive  sea  Jevel fluctuations) could also be  a 
fac tor ,  and in general it is difficult  t o  sepa ra t e  t h e  e f f e c t s  of 
progradation and uplift. The nearly comple te  aeolian cover 
which averages  about  2 m thick on t h e  beach-ridge plain 
indicates t h a t  t h e  beach-ridge plain is a n e t  sediment  sink, 
i.e. an  accre t ionary  f e a t u r e  a s  opposed t o  just an  uplifted 
platform. A p r o f ~ l e  across t h e  ridges (Fig. 2.5) indicates t h e  
general elevation changes, t h e  thickness of aeolian deposits 
and t h e  mar ine  l imit  (as determined by augering). The 
landward break-in-slope ( I 1  m) is t h e  edge  of t h e  colluvial 
deposits f rom t h e  abandoned scarp.  Seaward of that ,  
elevations gradually dec rease  with t h e  landwardmost dune 
c r e s t  a t  I I m and t h e  present ac t ive  foredune c r e s t  a t  6.8 m. 
The re l ic t  beach sediments  a r e  distinguished f rom t h e  dune 
mater ia l  by changes in sorting and in s i ze  of t h e  sand f rac t ion 
o r  by t h e  presence of well-rounded pebbles and shells. The 
marine  l imi t  also dips seaward f rom a maximum elevation 
around 7 m (hole 11) t o  a local maximum a t  5 m near  t h e  
present foredune (hole 18). Definition of t h e  mar ine  l imit  
landward of auger hole 10 becomes problematic because of 
interfingering with colluvium. ~ l t h o u g h  Sangan Creek appears  
t o  sepa ra t e  two beach-ridge 'packages', t h e  gradual slope of 
t h e  beach deposits suggests t h a t  t h e  emergence  has  been 
relatively uniform. Shell pavements  were  encountered in 
holes 1, 16, 17, 18 a t  elevations f rom 4 t o  5 m; shells were  
absent  from o the r  holes presumably because of leaching. In 
t renches  and auger  holes dug in t h e  ac t ive  beach, these  
pebble/shell pavements  usually formed a t  or  slightly above 
t h e  high wa te r  elevation (approximately 2.5 t o  3.5 m). The 
presence of shell  pavements  between 4 and 5 m near  t h e  
ac t ive  beach may be  re la ted  t o  relatively r e c e n t  high wa te r  
s torm even t s  (HHWL is 3.7 m)  but also could suggest r ecen t  
and substantial  uplift. Additional radiocarbon da te s  of 
col lec ted shell mater ia l  should clarify t h e  amount  of r ecen t  
uplift. The problem i l lus t ra tes  t h e  complexity of 
reconstructing s e a  level changes  in a macrot idal  region. 

A shell d a t e  (CSC-28 15) of 930 r 60 B.P. f rom an  old 
beach ridge (Clague, personal communication) gives a mean 

progradation r a t e  of 0.4 m/a  for  t h e  cen t r a l  sec t ion of this 
coas t  (see  Fig. 2.3). If o n e  assumes t h a t  t h e  re l ic t  scarp,  
which lies 1.5 km inland of t h e  a c t i v e  beach, was  abandoned 
about 5000 B.P. (Alley and Thomson, 19781, a mean 
progradation r a t e  of 0.3 m/a a t  t h e  s a m e  s i t e  results.  The 
ag reemen t  between t h e  two es t ima tes  suggests a relatively 
uniform progradation ra te .  

Sediment  Sources 

Since t h e  beach-ridge plain represents  a significant 
sediment  sink t o  the  coas ta l  sys tem,  a sizeable sediment  
source  is required; t h a t  source  is not readily apparent.  
Possible sources  a r e  ( I )  sediment  moved f rom t h e  e a s t  coas t ,  
westward around Rose Spit, (2) mater ia l  introduced by local 
c reek  runoff, (3) re l ic t  of fshore  sand deposits moving onshore 
or  (4)  sediment  deposited on t h e  Masset Inlet ebb-tidal del ta  
and subsequently moved eas tward and onshore. 

There  is no evidence for  t he  f i r s t  a l ternat ive;  i t  is 
unlikely t h a t  sediment  moves f rom Rose Spit westward. The 
longshore dr i f t  is dominantly t o  t h e  e a s t  and t idal  cu r ren t s  
also show a ne t  eas ter ly  component.  

Local creek discharge obviously contr ibutes  some 
mater ia l  t o  the  beaches and during t h e  early phases of uplift, 
may have contr ibuted a significant proportion of t h e  
accumulated sediment.  A t  present  however, suspended and 
bed load contributions a r e  small, in p a r t  due  t o  t h e  heavy 
fores t  and peat  cover.  

Seabed dr i f ter  studies show t h a t  a mechanism exis ts  for  
moving offshore sands onshore. Fi f ty- three  (of 100) bottom 
d r i f t e r s  dropped a t  two  s i t e s  in February (1979) were  
recovered onshore between March and May (Fig. 2.6). The  
recoveries indicate  t h a t  not  only can s e d i m e n t  b e  moved 
onshore but also significantly alongshore, one d r i f t e r  having 
moved 20 km eas tward and severa l  having moved 16 km 
westward. Sand offshore is abundant a s  indicated by offshore  
sediment  samples (Fig. 2.7) and could conceivably be  t h e  
source  of onshore material .  The boulder cobble lags noted 
during t h e  dives indicates t h a t  t h e  clayey sandy s i l t  matr ix  of 
t h e  'marine till '  (Sutherland Brown, 1968) has gone some-  
where,  presumably onshore. Eventually, however, a s  t h e  lag 
cover  becomes more  complete  (100% coverage was noted on 
one  of the  dives) t h e  supply would be expected t o  gradually 
diminish. The meager  d a t a  available suggest  however a 
cons tan t  o r  increasing progradation r a t e ,  i.e., a relatively 
continuous supply. 

Figure 2.3. 

Vertical airphoto showing the abandoned 
marine scarp and the beach-ridge plain 

8 
5 near the mouth o f  Sangan Creek. The .' ', , location of  the dated shell sample + 

0 1 . , 
(CSC-2815) 1s shown (BC 5630 195). 
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Figure 2.5. A survey line and section across the beach-ridge plain, 2.5 km east of the mouth o f  
Sangan Creek (see Fig. 2.3 for location). 

R E C O V E R Y  

O 0  L O C A T I O N  

O n e  addi t iona l  s o u r c e  m a y  b e  m a t e r i a l  f r o m  t h e  Masse t  
I n l e t  ebb- t ida l  d e l t a .  Twenty-s ix  (of 50) b o t t o m  d r i f t e r s  
d r o p p e d  on  t h e  ebb- t ida l  d e l t a  r e a c h e d  s h o r e  (Fig. 2.6); t h u s  a 
m e c h a n i s m  a p p a r e n t l y  e x i s t s  f o r  moving m a t e r i a l  f r o m  t h e  
d e l t a  to t h e  shore .  This  s e d i m e n t  s o u r c e  i s  l ikely t o  b e  
cont inuous ly  r e n e w e d  .and is unlikely t o  b e  d imin ished  by t h e  
f o r m a t i o n  of l ag  deposits .  

A c o m b i n a t i o n  of t h e  l a t t e r  t w o  s o u r c e s  a p p e a r s  t o  b e  
t h e  m o s t  l ikely supply of t h e  sand  being depos i ted  onshore.  
T h e  s e d i m e n t  i s  known t o  b e  a v a i l a b l e  a n d  eas i ly  moved  a n d  
t h e r e  i s  e v i d e n c e  t h a t  a t r a n s p o r t  m e c h a n i s m  exis t .  T h e  
o c c u r r e n c e  of boulder  and  c o b b l e  lags c l e a r l y  i n d i c a t e s  t h a t  
l a r g e  a m o u n t s  of f i n e s  h a v e  a l r e a d y  b e e n  e roded .  F u r t h e r  
ana lys i s  of m i n e r a l  s u i t e s  a n d  s e d i m e n t  t e x t u r e  f r o m  o f f s h o r e  
a n d  o n s h o r e  s a m p l e s  should he lp  d e f i n e  t h e  source .  

A c t i v e  Beach Processes 

In a n  a t t e m p t  t o  d e f i n e  t h e  seasona l  var iab i l i ty  ( such  a s  
c l a s s i c  "win te r - summer"  b e a c h  c y c l e s )  t e n  b e a c h  prof i les  

w e r e  e s t a b l i s h e d  b e t w e e n  Masse t  Inlet  a n d  R o s e  Spi t  
(Fig. 2.2). P r o f i l e s  w e r e  s u r v e y e d  in Augus t  (1978), F e b r u a r y  
(1979) a n d  J u l y  (1979). T o t a l  v o l u m e t r i c  c h a n g e s  w e r e  s m a l l  
a n d  no  s y s t e m a t i c  p a t t e r n  w a s  a p p a r e n t .  Most  p rof i les  showed 
n o  c h a n g e  o r  s l igh t  erosion.  I t  is  n o t a b l e  h o w e v e r  t h a t  a l l  
p rof i les  w e r e  s t a b l e  o r  a c c r e t i o n a r y  b e t w e e n  F e b r u a r y  a n d  
Ju ly  (1979),  sugges t ing  s o m e  seasona l i ty  in t h e  b e a c h  changes .  
Only  t w o  prof i les  showed a n e t  a c c r e t i o n  dur ing  t h e  s t u d y  
period. 

Addi t iona l  P r o b l e m s  

S e v e r a l  geo logica l  a n d  o c e a n o g r a p h i c  p r o b l e m s  w a r r a n t  
f u r t h e r  cons idera t ion  b e f o r e  t h e  c o n c e p t u a l  e v o l u t i o n  of t h e  
c o a s t  c a n  be  cons idered  c o m p l e t e .  T h e s e  p r o b l e m s  include:  ( a )  
t h e  u l t i m a t e  d e s t i n a t i o n  of t h e  v e r y  l a r g e  a m o u n t  of s e d i m e n t  
e r o d e d  f r o m  t h e  east c o a s t ,  t r a n s p o r t e c ~  n o r t h  a n d  presumably  
l o s t  o f f shore ;  (b) t h e  a c t u a l  t r a n s p o r t  m e c h a n i s m  f o r  moving  
t h e  sand  onshore ,  probably a c o m b i n a t i o n  of shoa l ing  w a v e s  
a n d  t ides ;  (c )  t h e  c a u s e  of beach- r idge  "packages", possibly 
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Figure 2.7. Sediment distribution in Mclntyre Bay based on f ie ld  descriptions of g r a b  samples  (sample grid shown by 
black dots). Scuba dive s i t e s  shown by open circles.  A t  dive s i t e s  where boulders were noted,  t he  c i rc les  a r e  crossed. 

t h e  result  of d r i f t  reversals,  supply fluctuations o r  s e a  level References  
fluctuations; and (d) t h e  presence of a very distinct t r e e  line 
along t h e  Mclntyre Bay coast.  In f ron t  of this line is a wide Alley, N.F. and Thomson, B. 

1978: Queen Char lo t t e  Islands, a spec t s  of environment (generally g rea te r  than 50 m) aeolian apron where  dune ridges geology; British Columbia Ministry of 
a r e  indistinct and which is a lmost  totally devoid of t r ees  or Environment, Resource  Analysis Branch, shrubs. The apron is morphologically dissimilar t o  older Bulletin no. 2, p. 64. portions of t h e  beach-ridge plain. One  possible explanation 
isupported by auger hole; through t h e  deposit) i s ' t h a t  t h e  Bell, W.H. 
accumulation of driftwood, largely a result  of r ecen t  logging, 1963: Surface  cu r ren t  s tudies  in t h e  Heca te  model; 
is an  e f f ec t ive  sediment  t r ap  and has c r e a t e d  an  anomalously Fisheries Research Board, M.S. Repor t  Series 
high progradation r a t e  within t h e  las t  f ew decades.  (Oceanography and Limnology), no. 159, p. 27. 

Summary 

The nor theas t  coas t  of Graham Island, Queen Char lo t t e  
Islands, is a dynamic, rapidly evolving coas ta l  system. Recen t  
uplift and oceanographic processes have produced a large  
progradational (regressive) beach-ridge plain along t h e  
r\/lcIntyre Bay shoreline. Progradation r a t e s  along t h e  
narrower p a r t  of t h e  plain a r e  on t h e  order  of 0.3 t o  0.4 m/yr. 
The sediment  source  appears  t o  be  offshore.  Material  is 
t ranspor ted  onshore by some  combination of shoaling waves, 
t ides  and wind-driven currents.  The t ranspor t  mechanism 
which is a key t o  understanding t h e  evolution of t h e  coas ta l  
system, is only poorly understood a t  present.  
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Abstract 

The Mantling Zone consists of a basal quartzite, an overlying unit of pelitic, psammitic and 
calc-silicate gneiss with one or more quartzites, a thin white marble and rare carbonatite lenses 
which together comprise a shelf sequence, and an upper thick unit of psammitic and some pelitic 
gneiss. The top o f  the uppermost quartzite defines the base of the upper unit. Subdivision of the shelf 
sequence into units based on the continuity of quartzite layers permits stratigraphic correlation of 
units of the Mantling Zone between Thor-Odin and Frenchman Cap "domes". The shelf sequence 
probably correlates with the Belt-Purcell Supergroup and the overlying psammitic unit with the 
Horsethief Creek Group. 

Of the three phases of penetrative deformation affecting the Shuswap Metamorphic Complex. 
the first two produced isoclinal, reclined to  recumbent folds. The first phase probably consists o f  
northerly trending folds with anticlines verging eastward. The second phase has a curvilinear fold axis 
lying in a southwesterly dipping axial plane. These two phases produced simple to  complexly deformed 
structures more akin to  nappes than domes and Thor-Odin and Pinnacle Peaks are accordingly 
renamed nappes. Because probably the same basal quartzite layer forms the base o f  the Mantling 
Zone in Thor-Odin and Frenchman Cap, significant diapiric movement of the Core Zone into the 
Mantling Zone is unlikely. Extensive development of pegrnatite and leucogranitic intrusions west of 
Frenchman Cap and northwest of Thor-Odin indicates that thermal culminations associated with the 
highest grade of metamorphism do not necessarily coincide with extensive areas of core gneiss. The 
nappe structure, lack of diapirism, and noncoincidence of thermal culminations with extensive areas 
o f  core gneiss do not support a gneiss dome concept. 

The Columbia River fault zone bounds the Shuswap Metamorphic Complex on the east, forms 
the base of klippen lying on the complex, and may bound the complex on the west. The fault zone 
records a long history of movement from the mid-Jurassic t o  Early Cretaceous de'collement between 
complex and cover to  fracturing and the development of clay gouge along the eastern side of the 
complex in the Tertiary. 

Introduction 

Three months were devoted mainly to unravelling the 
stratigraphy and structure of the strat i f ied metamorphic 
rocks between the Core Zones of Thor-Odin and Frenchman 
Cap "domes" in  the Shuswap Metamorphic Complex. This 
work is a continuation of earlier work (Read, 1979a and 
1979b) and supplements the published work of Reesor (1973) 
and unpublished investigations of Craig (1966) and Hi11 (1975). 
A week was spent south of the Jordan River area 
(Fyles, 1970) wi th R.L. Brown resolving problems in  strati- 
graphic correlations between Thor-Odin and Frenchman Cap 
"domes". Southeast of Revelstoke, further work better 
defined the distribution of amphibolite in the south end of 
Clachnacudainn Salient. West of Pinnacle Peaks "dome", a 
brief examination substantiated the fault (Jones, 1959) 
separating moderate- to high-grade metamorphic rocks of the 
"dome" from low-grade Upper Paleozoic to  Lower Mesozoic 
rocks southwest of the "dome". 

Two major faults delimit three tectonic elements which 
underlie the map area in  part. From west to  east, the 
Columbia River fault zone separates the Shuswap 
Metamorphic Complex to  the west from the Kootenay Arc 
and Clachnacudainn Salient to the east. East of Revelstoke, 
Standfast Creek slide sets Clachnacudainn Salient against 
Kootenay Arc. West of Upper Arrow Lake, klippen composed 
of low-grade Lower Mesozoic rocks l ie on the complex, and 
farther west these rocks are faulted against the western edge 
of the complex (Fig. 3.3). 

Stratigraphy o f  the Shuswap Metamorphic Complex 

Schist and gneiss of the Shuswap Metamorphic Complex 
are divided into Core Zone and overlying, autochthonous 
Mantling Zone. The base of the lowest persistent quartzite 
( Q I )  defines the contact between the Core and Mantling 
zones (Fig. 3.3). Within the map area, a few thousand metres 
of strat i f ied rocks of the amphibolite facies form Thor-Odin 
and the southern flank of Frenchman Cap "domes". The rocks 
are predominantly metasedimentary, l ie mainly in the 
sill imanite zone, and, on the western and southern sides of 
Thor-Odin, contain abundant quartz-feldspar pegmatites and 
leucogranitic sills and dykes. Stratigraphic facing of the 
succession depends upon sedimentary structures measured in  
a few localities (Fig. 3.2). 

With an increase in  mica and feldspar, the basal 
quartzite (QI )  passes downward into biotite-muscovite 
paragneiss of the Core Zone. Deeper in  the Core Zone, 
hornblende becomes characteristic, and sill imanite and garnet 
are absent. Extensive areas of Core Zone gneiss outcrop in 
the centres of Thor-Odin and Frenchman Cap "domes" 
(Reesor, 1970), but this summer's work outlined areas on the 
flanks of the "domes" (Fig. 3.1) and substantiated Hoy and 
McMillan0s (1979) suggestion that unit 10 a t  tl ie south end of 
the Jordan River area (Fyles, 1970) is gneiss of the Core 
Zone, and unit 9 is the basal quartzite. The remaining 
stratigraphic correlations are more complicated than those 
suggested by Hoy and McMillan and need further work. 
Quartz monzonite gneiss with feldspar augen forms sills up t o  
10 km long in the paragneiss. 

'consulting Geologist; Geotex Consultants Ltd., 1000-100 W. Pender St., Vancouver, B.C., V6B 1R8. 19 
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Q = undifferentiated 
Q1 = basal quartzite 
Q2 = second quartzite 
Q3 = quartzite in Pinnacle Peaks "dome" 

Figure 3.3. Distribution of  quartzite and 
marble ( M )  units on the southeastern side of 
the Shuswap Metamorphic Complex, 
amphibolite ( A )  in the Clachnacudainn 
Salient, and klippen of  the Rossland and 
Slocan groups lying on the southern edge of 
the complex. 



A muscovite- and tourmaline-bearing qua r t z i t e  (Q11 f r o m  a shelf sequence  of peli t ic,  psammit ic  and ca lcareous  
over l ies  paragneiss of t h e  Core  Zone and locally, a s  in Kirkup sediments  with thiclc qua r t z i t e  and thin l imestone  layers 
Creek ,  t h e  orthogneiss. The  basal  q u a r t z i t e  ranges  in which envelops t h e  Core  Zone t o  a n  overlying thick 
thickness f rom 30 m t o  a s  much a s  500 m on Mount Begbie or succession of p sammi te  and some  pel i te  devoid of q u a r t z i t e  
a t  t h e  head of Crazy  Creek.  Variations in thickness a r e  and l imestone.  
probably mainly of sedimentary  r a the r  than t ec ton ic  origin. 

Overlying t h e  basal qua r t z i t e  is a unit of heterogeneous,  
metasedimentary  schist  and gneiss. Bioti te-quartz-feldspar 
paragneiss,  locally wi th  ga rne t  andtor  si l l imanite,  and  
diopside-biotite-bearing calc-si l icate gneiss with some impure  
marble  predominate .  Thin q u a r t z i t e  layers (Q2), he re  and 
t h e r e  up t o  100 m thick,  a I- t o  2 m-thick whi te  marble  (M11 
and r a r e  lenses of ca rbona t i t e  (C)  a r e  minor components  of 
major s t ra t igraphic  impor tance .  Horizontal  f ac i e s  changes  
among  t h e  psammitic,  peli t ic,  and ca lc-s i l ica te  gneisses 
resul t  in a lenticular and in ter f inger ing distribution. Only t h e  
qua r t z i t e  and whi te  marble  form relatively continuous 
horizons. The t o p  of t h e  basal  q u a r t z i t e  def ines  t h e  lower 
c o n t a c t  of t h e  unit overlying t h e  basal  qua r t z i t e ,  and t h e  t o p  
of t h e  second, or in places uppermost qua r t z i t e ,  def ines  t h e  
t o p  of t h e  unit. Typical s t ra t igraphic  columns in Figure 3.2 
show t h a t  within 30 m above  t h e  basal  q u a r t z i t e  is a 10- t o  
30 m-thick,  whi te  calc-si l icate gneiss with ca lc i te ,  diopside 
and bioti te.  One  hundred t o  two  hundred m e t r e s  above  t h e  
base  is a 2- t o  15  m-thick wh i t e  calc-si l icate gneiss wi th  a 
1 m t o  locally 5 m-thick whi te  marble.  On Boulder Mountain 
ca rbona t i t e  lenses a r e  spatially associa ted  wi th  t h e  marble. 
One  or more  q u a r t z i t e  layers  f rom 5 t o  100 m thick l ie up t o  
200 m above t h e  whi te  marble.  Although for  t ec ton ic  or 
sedimentary  reasons t h e  qua r t z i t e s  a r e  not continuous, 
suff ic ient  continuity allows t h e  t o p  of t h e  uppermost  
qua r t z i t e  t o  def ine  t h e  t op  of t h e  unit. Throughout t h e  
m a p  a rea ,  t h e  t op  of t h e  unit is close to,  but not necessari ly 
a t  t h e  s a m e  s t ra t igraphic  level. Above t h e  uppermost  
qua r t z i t e  a r e  up t o  300 m of grey-green, diopside-bearing, 
ca lc-s i l ica te  gneiss or g rey  garnet i ferous  mica  schist  such a s  
t h a t  exposed near  t h e  peak of Mount MacPherson. 

In Wap Creek  west  of Victor Creek  faul t ,  qua r t z i t e  
layers  up  t o  200 m thick,  which a r e  interbedded with bioti te-  
si l l imanite-garnet paragneiss,  lie near  t h e  base of a n  upright 
sec t ion  more  than 1500 m thick.  Near t h e  head of South Pass 
Creek,  a f e w  thin ca rbona t i t e  lenses l ie c lose  t o  t h e  
uppermost  th in  qua r t z i t e .  Above t h e  qua r t z i t e  i s  a th ick  
sequence  of b io t i te  t sil l imanite i ga rne t  paragneiss 
(Fig. 3.5) hosting abundant pegmat i te ,  a laski te ,  amphiboli te 
and fo l ia ted  grani t ic  sills. This sec t ion  conta ins  t h e  t rans i t ion  

Figure 3.4. 

A down-plunge view of a second phase 
anticline on the west ridge of Mount Tilley 
shows the upper limb and hinge outlined by a 
thin-bedded calc-silicate gneiss which 
overlies the basal quartzite exposed in 
massive c l i f f s .  

Stra t igraphy of Clachnacudainn Salient 

Read (1979a, 1979b), following Thompson (1978) showed 
only one  amphibol i te  (A) in t h e  south  end of Clachnacudainn 
Salient.  Fur ther  work indica tes  a second amphiboli te 10 t o  
50 m thick is s t ruc tura l ly  300 m beneath  t h a t  shown by 
Thompson. 

Folding 

Polyphase, noncoaxial  deformat ion pervades t h e  
Shuswap Metamorphic  Complex and produces t h e  so-called 
gneiss "domes" which c h a r a c t e r i z e  t h e  ea s t e rn  pa r t  of t h e  
complex. The f i rs t  two phases a r e  isoclinal. Evidence fo r  t h e  
f i r s t  phase  r e s t s  on mesoscopic s t ruc tu re s  folded around 
macroscopic  folds, such a s  Figure3.4,  which Reesor 
(1973; personal communicat ion ,  1978) mistook a s  f i r s t  phase,  
and t h e  outcrop distribution of qua r t z i t e ,  par t icular ly  on the  
west  flank of Thor-Odin, which is  compat ib le  with northerly 
trendin): folds. Scant d a t a  suggest  t h a t  f irst-phase folds 
t r end  northerly and ant ic l ines  ve rge  t o  t h e  eas t .  This phase is 
responsible fo r  t h e  largely eroded recumbent  ant ic l ine  which 
over l ies  t h e  preserved syncline of Mantling Zone between 
Frenchman C a p  and Thor-Odin (Fig. 3.1). 

Second-phase fo lds  usually ob l i t e r a t e  ear l ie r  mesoscopic 
s t ruc tures .  Their  fold axis is curvil inear but lies in a 
southwester ly  dipping axial  plane foliation.  Nor theas t  of 
Thor-Odin, second-phase fo lds  plunge southeas ter ly ,  nor th  of 
t h e  "dome" they  t r end  eas ter ly  and a r e  f l a t ,  and nor thwest  of 
t h e  "dome" they  plunge southwesterly.  The fo lds  a r e  isoclinal 
and recumbent  t o  reclined. 

A northwest-trending, third-phase fo ld  s t a r t s  north of 
t h e  Trans-Canada Highway near  Clanwillian, c rosses  t h e  
lower pa r t  of Begbie Creek  and plunges southeas ter ly  be fo re  
t runcat ion  by t h e  Columbia River f au l t  zone.  The fold 
exposes  gneiss of t h e  Core  Zone on Trans-Canada Highway 
and basa l  q u a r t z i t e  in Begbie Creek ,  and i t  folds down t h e  
inver ted  l imb of t h e  largely eroded first-phase ant ic l ine  so 
t h a t  i t  outcrops  on t h e  west bank of Columbia River 
(Fig. 3.1). 



Figure 3.5. On the Trans Canada Highway 0.4  k m  west of 
Victor Lake, a roadcut o f  biotite-hornblende paragneiss with 
quartz-feldspar augen is typical o f  rocks in the second 
sillimanite zone. 

Figure 3.6. 

On the east side o f  Columbia River 8.3 k m  
southeast of  the bridge across the 
nlecillewaet River, a roadside quarry 
exposes mylonite and gently eastward 
dipping gouge zones up to  2 m thick. The 
person stands on a gouge zone which seeps 
water. 

A broad arching postdates  all phases of penetra t ive  
folding and probably t h e  mid-Jurassic t o  Early Cretaceous  
movement  of t h e  Columbia River faul t  zone. 

St ructura l  analysis indicates t h a t  gneiss of t h e  Core  
Zone probably overlay t h e  a r e a  between Thor-Odin and 
Frenchman C a p  but has  s ince  been eroded t o  yield an  
apparent  s t ructura l  depression between two apparent  domes 
(FIR.  3.1). At t h e  north end of Thor-Odin, large-scale 
superposed folds control t h e  outcrop distribution of co re  
gneiss. These folds form an isoclinal, complexly deformed 
nappe centred by c o r e  gneiss. In t h e  southern par t  of Thor- 
Odin (Reesor and Moore, 19711, mantling gneiss is infolded 
in to  c o r e  gneiss in isoclinal, upright t o  recumbent  folds, such 
a s  Gladsheim Lake and Mount Skade infolds, and Pingston fold 
and i t s  northern continuation towards Mount Hall 
(Read,  1979b). In Pinnacles Peak t h e  dominant s t ruc tu re  is an 
east-trending, open t o  t ight  ant i form verging northwards. 
Thor-Odin and Pinnacle Peaks a r e  geometrically more  akin t o  
simple t o  complexly deformed nappes than domes and have 
accordingly been renamed Thor-Odin nappe and Pinnacle 
Peaks nappe. 

Although s t ra t igraphic  correlations between Frenchman 
Cap  and Thor-Odin nappe a r e  incomplete,  t h e  basal qua r t z i t e  
surrounding t h e  co re  gneiss of both is probably t h e  s a m e  
layer.  If, a s  Reesor (1970, p. 80) suggested, t h e  Core  Zone 
moved "as a diapiric unit re la t ive  t o  t h e  mantling gneisses", 
then in Frenchman Cap  and Thor-Odin t h e  Core  Zone stopped 
a t  precisely t h e  same  s t ra t igraphic  level. Such coincidence 
seems unlikely and negates  t h e  concept  of significant 
diapirism of t h e  Core  Zone. Fur thermore ,  Reesor (1970, p. 73) 
described t h e  "gneiss dome" a s  "related t o  culminations of 
large  north-verging east-west folds and coincident 
culminations in t h e  the rma l  structure".  In t h e  northern 
half of Thor-Odin and throughout Frenchman C a p  
(R.L. Brown, personal communication, 1979), t h e  highest 
g rade  of metamorphism and extensive development of 
pegmat i t e  and leucogranitic intrusions lie west of t h e  Core  
Zone and a r e  not coincident with it. 



Faul t ing  

In Vernon east-half ,  m a p  a rea ,  t h e  Columbia River f au l t  
zone  bounds t h e  Shuswap Metamorphic  Complex on t h e  eas t ,  
f o r m s  t h e  base  of klippen lying on t h e  complex, and may  
bound t h e  complex on t h e  west.  The f au l t  zone  has a long 
movement-history f r o m  mid-Jurassic t o  Early Cretaceous ,  
when development of mylonite and f au l t  breccia  records  
ddcollement be tween complex and cover ,  t o  t h e  Ter t iary  
when f rac tur ing  of mylonite and breccia and development of 
c lay  gouge record movement  along t h e  e a s t  side of t h e  
complex (Fig. 3.6) and beneath  t h e  klippen. On t h e  western  
edge  of t h e  complex, blastomylonite and metamorphosed 
monomict ic  breccia  form an undisturbed zone 15 t o  60 m 
thick which dips westerly a t  40 t o  60 degrees.  The zone 
represents  e i ther  a metamorphosed f au l t  or a metamorphosed 
angular unconformity cut t ing  previously deformed and 
metamorphosed rocks. The change f rom Upper Triassic rocks 
of t he  chlor i te  zone  in t he  hanging wall of t h e  zone t o  ga rne t  
or s taurol i te  zone  rocks of Pinnacle Peaks  nappe in t h e  
footwall ,  and t h e  d i f ference  in s t ruc tu ra l  t r ends  and f ab r i c  of 
t h e  rocks across  t h e  zone  a r e  more  easily explained by a f au l t  
t han  by an  unconformity.  In addition, t h e  probable f au l t  cu t s  
off a d is t inc t ive  marble  (M) (Fig. 3.3) in t h e  s t ra t igraphy of 
Pinnacle Peaks  Nappe and may  t runca t e  a layer of 
volcanic las t ic  rocks in t h e  cover.  

In t h e  nor th  par t  of t h e  m a p  a rea ,  3 s e t  of north- 
nor thwest  striking, subver t ica l  faul ts  l ies along and e a s t  of 
Victor Creek  (Jones  1959). Oblique-slip d isplacements  a r e  in 
t h e  order of 300 m or less excep t  for t h e  main s t rand along 
Victor Creek,  Englishman Creek,  and t h e  headwaters  of 
Shuswap River where  movement  is unsolved but must exceed 
300 m. Mylonite and healed faul t  breccia  def ine  t h e  faul ts ,  
and Ter t iary  (?) dykes in t rude  them.  

St ra t igraphic  Corre la t ion  

A few sedimentary  s t ruc tu re s  indica te  t h a t  t h e  assumed 
upright s t ra t igraphic  order in Read (1979a, 1979b) is correc t .  
In t h e  Mantling Zone, t h e  lower heterogeneous  shelf-  
succession with qua r t z i t e s  passes upward in to  a thick 
monotonous sequence  of p sammi te  and some  pelite. The 
l a t t e r  sequence  ex t ends  northward along t h e  western  side of 
Frenchman C a p  a s  unit  E (Wheeler, 1965). It l ies above a 
ddcol lement  described by Brown (personal communicat ion ,  
1979) and  nor theas t  of Frenchman C a p  i t  joins t h e  Horsethief 
Creek  Group (Wheeler1965,  p .9 ;  Brown, personal 
communicat ion ,  1979). In Vernon east-half  m a p  a rea ,  no 
ddcol lement  s epa ra t e s  t h e  shelf f rom t h e  overlying sequence  
a s  i t  does  t o  t h e  north,  and t h e  a r e a  provides addit ional 
support  t o  t h e  corre la t ion  of units  of t h e  Mantling Zone, up  t o  
t h e  uppermost qua r t z i t e ,  wi th  t h e  Belt-Purcell  Supergroup a s  
suggested by Read (1979a and 1979b) and Brown and Psutka  
(1979). 
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Abst ract  

Thick sequences  of Lower and Middle Jurassic andesi t ic  volcanic roclcs f lank Bowser Basin in the  
ln termontane Belt of north-central  British Columbia.  D i s t i n c t i v ~  Early Jurassic volcanics in the 
northern p a r t  of t he  region have been d a t e d  by the  Rb-Sr whole-rock method a t  191 9 and 
189 t 13  Ma. Presumed corre la t ive  rocks on the  nor theas tern  f lank of the  basin (Toodoggone 
volcanics) have given Rb-Sr isochrons of 185 ? 5 and 185 ? 3 Ma and K-Ar d a t e s  of 182 ? 8, 179 t 8 
and 189 f 6 .Ma. Approximately coeval grani t ic  rocks give K-Ar d a t e s  ranging f rom 181 t o  207 Ma. 
Initial " ~ r / ' ~ S r  ra t ios  (0.7036 to  0.7043) a re  like those of modern andesit ic volcanic a r c  suites.  

D u r ~ n g  the past ten years geological reconnaissance 
mapping has shown t h e  distribution of Lower and Middle 
Jurassic v o l c a n ~ c  rocks on the  flanks of Bowser Basin, a large  
successor basin in t h e  Intermontane Belt of north-central  
British Columbia (see  Fig. 4.1; Souther,  1972; Tipper and 
Richards, 1976; Richards, 1975; Gabrielse, 1976, 1979; 
L.R. Erdman, 1978). Meagre d a t a  suggest t h a t  t h e  present  
distribution of these  volcanics a ~ p r o x i m a t e s  t h e  locii of . . 
major erupt ive  cen t r e s  during Early and Middle Jurassic t ime. 
Oweegee Dome within t h e  northwestern pa r t  of t h e  basin 
includes s t r a t a  of pre-Permian(?) t o  L a t e  Jurassic age  with 
l i t t le,  if any, Jurassic volcanic rock (Monger, 1977). Lower 
and Middle Jurassic rocks along the  nor theas tern  flank 
of t h e  basin a r e  predominantly volcanic whereas coeval  
s t r a t a  far ther  southwest a r e  predominantly sedimentary 
(Tipper, 1976; personal communication, 1977). It appears,  
therefore ,  t h a t  Early and Middle Jurassic volcanism (and 
re la ted  plutonism) was  a major f ac to r  in t h e  t ec ton ic  
development of t h e  Bowser Basin. Rela t ive  to  o ther  regional 
t ec ton ic  e l emen t s  Jurassic volcanism was concentra ted  along 
Stikine and Skeena arches,  t h e  eas t  side of t h e  Coast  Plutonic 
Complex and the  west  side of t h e  Omineca Crystall ine Belt. 

Volcanic Rocks 

In the  northern par t  of Bowser Basin flanking volcanic 
t e r r anes  include abundant and distinctive maroon, grey and 
green weathering, well-layered andesi te  with lesser amounts  
of basalt ,  dac i t e  and rhyolite. The rocks include vesicular 
flows, agglomerate ,  tuff and epic las t ic  sandstone. 
Spherulitic and f low-banded rhyolite, which weathers  f rom 
c r e a m  t o  rusty brown and occurs a s  lenses or domes, is a 
relatively minor but conspicuous lithology within sequences  
dated paleontologically a s  Early Jurassic. Thicknesses of t he  
volcanics commonly exceed 500 m. Unconformably overlying 
t h e  Lower Jurassic volcanics along t h e  northern margin of 
Bowser Basin a r e  in tercala ted  andesit ic volcanics, commonly 
weathering pastel  shades of purple, and fine grained to  
conglomeratic sedimentary rocks. Vesicular lava is most  
abundant but  tuff and agglomerate  a r e  common. The 
sedimentary s t r a t a  contain abundant c las ts  derived f rom t h e  
l a t e  Paleozoic Cache  Creek Group to  the  north. Locally, 
s t r a t a  believed corre la t ive  with those noted above contain a 
rich Middle Bajocian (lower Middle Jurassic) fauna. The 
Jurassic volcanic rocks have been a f f ec t ed  by regional lower 
greenschist  fac ies  metamorphism with common development 
of albite,  epidote,  chlor i te  and calc i te .  

Plutonic Xocks 

Stocks and batholiths of biotite-hornblende granodiorite 
t o  qua r t z  ri~onzonite a r e  spatially re la ted  t o  t h e  Lower 
Jurassic volcanic roclts and a r e  believed to  be genetically 
related to  them.  Less cer ta in  is t h e  relationship between 
Bajocian(?) volcanic rocks and pink weathering hornblende- 
bioti te qua r t z  monzonite plutons t h a t  have given K-Ar ages  
ranging f rom 159 to  171 Ma. 

Five di f ferent  sui tes  of Lower Jurassic igneous rocks 
from the  northern per imeter  of t h e  Bowser Basin have been 
selected for Rb, Sr, and Sr isotopic composition. Four were  
analyzed entirely a t  t h e  University of British Columbia, and 
one jointly a t  U.B.C. and the  Geological Survey of Canada in 
Ot t awa  (Table 4.1). 

Rb-Sr Age Determinations 

Erdman (1978) studied t h e  petrology, chemis t ry ,  and 
geochronometry of t h ree  volcanic sui tes  f rom t h e  north end 
of t h e  Bowser Basin. From t h a t  study t w o  accep tab le  Rb-Sr 
isochrons were  obtained. The third sui te  was  a l tered,  perhaps 
younger (Middle Jurassic) and thus is not included In thls 
report .  On t h e  basis of s t ructure ,  lithology, and s t ra t igraphic  
continuity,  correlation of roclts between the  two a reas  with 
Lower Jurassic isochrons seems cer ta in .  In t h e  southern 
locality mar ine  fine grained c las t ic  sedimentary rocks form a 
member about  15 m thick within the  volcanics. Fossils 
include Weyla sp. and belemnoids dated a s  Early Jurassic by 
H.LV. Tipper (personal communication, 1978). Sedimentary 
rocks have not been noted in the  northern locality (near  
Mount Sis ter  Mary), b u t  about  5 km fa r the r  north volcanic- 
bearing sedimentary  s t r a t a  a r e  abundantly fossiliferous. 
There,  ammoni tes  indicate  a lower Toarcian age. No middle 
o r  upper Toarcian rocks have been recognized in t h e  northern 
Bowser Basin region. The most  a c c u r a t e  Rb-Sr whole rock 
isochron, obtained on samples f rom near  Mount Sis ter  Mary, 
is 191 k 9 Ma (Fig. 4.2, 4.3). The a g e  obtained f rom t h e  
southern locality, although not a s  accurate ,  is 189 ? 13 Ma 
(Fig. 4.4). 

Nathan Green provided a sui te  of volcanic and grani t ic  
rocks of presumably Early Jurassic a g e  (Toodoggone volcanics 
of Car t e r ,  1972) f rom near Oxide Peak. Eight of these  
samples  def ine  an  isochron of 185 * 5 Ma (Fig. 4.5). Two of 
t h e  volcanics l ie distinctly above t h e  isochron and were  not  

'Cordilleran Geology Division, Vancouver. 
'Precambrian Division, Ot tawa.  
'Depar tment  of Geological Sciences, Univeristy of British Columbia, Vancouver. 
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methods. See Figure 4.1 for legend. 
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Table 4.1 

Sample  da ta  for Rb  and Sr analyses and Sr isotopic composition 

Sample Number Latitude Longitude P P ~  Sr p p m R b  8 7 S r / 8 6 ~ r  

A: Mount Sister Mary 
191 f 9 Ma with initial 8 7 S r / 8 6 ~ r  0.7036 ? 0.0001 

GAE 11 9B 58 "00'53" 129"05'17" 782 20.6 .703Y 

GAE l l 8 B  58"00'47" 129"05'54" 1183 42.0 .7038 

GAE l J 7C 58 "00'32" 1 29°06'30" 772 55.2 .7042 

SPHERY 58O00'26" 129"03'27" 284 89.7  .706 1 

B: South 01 Mount Sister Mar Y I59 + 13 Ma with initial S r I s 6 ~ r  = 0.7043 t 0.0001 

GAE 124B 57'41'34" 129"05'14" 403 22.3  ,7046 

GAE 121B 57'41'14" 129"05'29" 476 47.5 ,7053 

GAE 124 57O41'32" 129"O5'2Ou 168 21.6  ,7053 

GAE 125 57O41'37" 129"05'05" 216 82 .7  ,7076 

FLOW RHY 57°42'24" 129"04'56" 157 106.0 .7093 

C: Oxide Peak 
185 + 5 Ma with initial 8 7 S r / 8 6 ~ r  I 0.704 1 f 0.0001 

57O20'23" 127°19'45" 336 

57'20'23" 127"19'45" 316 

57"2011 1" 127O19'27" 369 

57O 14'23" 127"50'35" 57 1 

57'19'52'' 127" 17'14" 515 

57O28'39" 127"23'33" 237 

57"28'36" 127"23'5OU 258 

57"28'37" 127'23'59" 380 

57'28' 127'23' 495 

57O28' 127"24' 334 
p-- P 

D: Southwest of Sustut Peak 
185 !. 3 lMa with initial " ~ r / ~ " r  0.7040 t 0.0001 

M75-205:\ 56"33'OOu 126"48'00" 552 

bl75-207D 56"33'00" 126"50'00" 258 

Wn-101-75A 56"3Ot3O" 126"46'15" 60.97 

\Vn-101-75C 56"30'30" 126"46'15" 56.50 

Wn-101-75D 56O3O13O" 126"46'15" 74.70 

\Vn-101-75H 56"30'30" 126"46'15" 56.28 

Wn-101-751 56'30'30" 126"46'15" 60.59 

Wn-101-75K' 56 "30'30" 126-46'1 5" 63.47 

~ 

E: Southeast of Telegraph Creek 
180 i 109 Ma with jn i t~al  87Sr /86Sr  : 0.7039 f 0.0005 

At U.B.C. Rb and Sr concentrations were determined by replicate analyses of pressed powder 
pellets using X-ray fluorescence. U.S. Geological Survey rock standards were  used for c'llibration; 
mass absorption coefficients were obtained from MO K a Compton scat ter ing measurements.  
RbISr ratios have a precision of 2% ( l  U) and concentrations a precision of 5?A ((1 U). Sr isotopic 
composition was measured on unspiked samples prepared using standard ion exchange techniques. The 
mass spect rometer  (60' sector,  30 cm radius, solid source) is of U.S. National Bureau of Standards 
design, modified by H. Faul. Data aquisition is di itized and automated using a NOVA computer.  
Experimental da t a  have been normalized t o  a 86Sr1'8Sr ra t io  of 0.1 194 and adjusted s o  t ha t  the  NBS 
standard SrCOs (5RM987) gives a 87Sr l a6Sr  ra t io  of 0.71022 + 0.0002 and the  Eimer and Amend Sr a 
ra t lo  of 0.70800 t 0.0002. The precision of a sin le 8 7 5 r / B 6 S r  ra t io  is 0.00013 (1  a). Rb-Sr da t e s  a r e  K based on a R b  decay constant of 1.42 s 10-"a- . The regressions a r e  calculated ar rording t o  the 
t echn~que  of York (1967, 1969). Much of the  ana ly t~ca l  work was done by Krista Scott .  Ana ly t~ca l  
procedures in use a t  the Geological Survey laboratory in Ot tawa were described by \Vanless and 
Loveridge (1972). 
X 

5ample not used for isochron calculation. 



Figure 4.5. Rb/Sr whole rock isochron for  volcanics near 
Oxide Peak. 

Figure 4.3. Rb/Sr whole rock isochron for  volcanics near 
Mount Sister Mary. 

Figure 4 . 4 .  Rb/Sr whole rock isochron for volcanics south of 
Mount Sister Mary. 

used in its calculation. This type of discordance is 
expectable in any volcanic suite that has been altered in the 
presence of sea water (as observed in the Nicola volcanics by 
Preto e t  al., in press). 

J.W.H. Monger provided samples of Hazelton Group 
volcanics from southwest of Sustut Peak of both University 
of British Columbia and Geological Survey of Canada 
laboratories for Sr isotopic analyses. The samples 

Figure 4.6. Rb/Sr whole rock isochron for volcanics 
southwest of Sustut Peak. 

representing rocks tentatively correlated with the Telkwa 
Formation (Richards, 1975) give an isochron of 185 t 3 Ma 
(Fig. 4.6). In the type area the Telkwa Formation is of 
Sinemurian to  earliest Pliensbachian age (Tipper and 
Richards, 1976). 

Schmitt (1977) analyzed a sample suite from a pluton a t  
the southwest end of the Klastline plateau on the northwest 
margin of the Bowser Basin. A precise isochron date  was 
unattainable because of limited range in Rb/Sr ratio. The 
result obtained, 180 + 109 Ma, is fortuitously close to  our 
other isochron dates. 

Cann and Codwin (in press) report Rb-Sr whole rock and 
mineral (predominantly biotite) isochron dates  for granitic 
rocks on the Kemess property of 190 + 9 and 191 + 4 Ma, 
respectively (see Fig. 4.2). 



In i t i a l  8 7 S r / 8 6 ~ r  R a t i o s  

T h e  d i f f e r e n t  whole-rock Rb-Sr i sochrons  discussed 
a b o v e  g i v e  in i t i a l  r a t i o s  of 0.7036 + 0.0001, 0.7043 + 0.0001, 
0.7041 + 0.0001, 0.7040 + 0.0001, 0.7039 + 0.0005 a n d  
0.7042 2 0.0001, respec t ive ly .  T h e s e  a r e  t y p i c a l  of  t h e  
v a l u e s  f o r  m o d e r n  v o l c a n i c  a r c s  ( F a u r e  a n d  Powell ,  1972) 
w h e r e  t h e  m a n t l e  s o u r c e  reg ion  i s  d o m i n a n t  b u t  t h e  m a g m a -  
g e n e s i s  s y s t e m  i s  s l ightly c o n t a m i n a t e d  w i t h  m o r e  rad iogenic  
c r u s t a l  Sr. 

K-Ar A g e  D e t e r m i n a t i o n s  

Volcanic rocks,  mainly wel l - layered  a n d e s i t e  a n d  d a c i t e  
c h a r a c t e r i z e d  by f r e e  q u a r t z ,  under l ie  s e d i m e n t a r y  s t r a t a  of  
tl7e S u s t u t  Group  a long  t h e  n o r t h e a s t  marg in  of Bowser Basin. 
T h r e e  s a m p l e s  of hornblende  a n a l y z e d  f r o m  t h e  vo lcanics  
h a v e  g iven  a g e s  of 182  + 8 ,  179 ? 8 and  189 + 6 Mz 
(Table  4.2). T h e  volcanics  under l ie  r o c k s  c o n t a i n i n g  Bajocian 
fossi ls  and a r e  l i thological ly iden t ica l  t o  t h o s e  d a t e d  by t h e  
Rb-Sr m e t h o d  t o  t h e  n o r t h w e s t .  

G r a n o d i o r i t e  and q u a r t z  m o n z o n i t e  p lu tons  of s imi la r  
c h e m i s t r y  t o  t h e  Early J u r a s s i c  vo lcan ics  a n d  spa t ia l ly  
r e l a t e d  t o  t h e m  o c c u r  a long  t h e  n o r t h e a s t  marg in  of S u s t u t  
Basin. Ages  o b t a i n e d  by t h e  K-Ar m e t h o d  on  hornblende  a n d  
b i o t i t e  a r e :  181 -C 13, IS2 ? 13, 186 + 8,  190 t 8,  189 ? 7 
and  200  ? 9 Ma. T h e  l a s t  t w o  a r e  f r o m  t h e  s a m e  s a m p l e  and  
r e p r e s e n t  a g e s  d e r i v e d  f r o m  b i o t i t e  a n d  hornblende ,  
respec t ive ly .  R e l a t e d  t o  t h e s e  a r e  hornblende  K-Ar d a t e s  of 
2 0 2 + 6  and  207  ? 7 M a  and b i o t i t e  K-Ar d a t e  of 
182  ? 6 Ma f o r  g r a n i t i c  r o c k s  on  t h e  K e m e s s  p r o p e r t y  ( C a n n  
a n d  Godwin,  in press). 

T w o  g r a n i t i c  s t o c k s  in t h e  a r e a  n e a r  S u s t u t  P e a k  h a v e  
yielded I<-Ar a g e s  of l 9 3  + I1 and  191 + 6 Ma on  
hornblendes  and 183  t 7 and  180 + 7 Ma on  a hornblende- 
b i o t i t e  p a i r  (Church ,  1974, 1975). 

A hornblende  K-Ar d a t e  of 200 Ma w a s  provided for  
S c h m i t t  (1977) f o r  a s imi la r  pluton on  t h e  n o r t h w e s t e r n  
marg in  of t h e  Bowser Basin. 

T a b l e  4.2 

S a m p l e  Number  I 
Volcanic r o c k s  

G S C  76-77 

GSC 78-24 

C a r t e r ,  1972 

G r a n i t i c  rocks  

G S C  76-74 

G S C  76-75 (b io t i t e )  

G S C  76-76 

G S C  78-21 

G S C  77-88 

G S C  77-88 

S c h m i t t ,  1977 

C h u r c h ,  1975 (Asi tka)  

C h u r c h ,  1975 (b io t i t e )  

C h u r c h ,  1974 (Day) 

C h u r c h ,  1975  ( P a t )  

Radiogenic  

S a m p l e  d a t a  f o r  K and  A r  ana lyses*  o n  hornblende  and  b i o t i t e  

A t  U.B.C. K is d e t e r m i n e d  by K r i s t a  S c o t t  in d u p l i c a t e  by a t o m i c  absorp t ion  using 
a T e c h t r o n  AA4 s p e c t r o p h o t o m e t e r  and  Ar  by J.E. H a r a k a l  by i s o t o p e  di lut ion using a n  
AEI MS - I 0  mass  s p e c t r o m e t e r  and high pur i ty  3 B ~ r  s p i k e  (Whi te  e t  al., 1967). 
A n a l y t i c a l  p r o c e d u r e s  used by. t h e  GSC l a b o r a t o r y  in O t t a w a  a r e  ou t l ined  in t h e  
Geologica l  Survey's  p a p e r s  o n  A g e  D e t e r m i n a t i o n s  a n d  Geologica l  Studies.  E r r o r s  a r e  f o r  
t w o  s t a n d a r d  devia t ions .  T h e  c o n s t a n t s  used a r e :  

L a t i t u d e  

I ' 'K = 0.01 167 a t o m  p e r  c e n t  l 
X 

S a m p l e  n u m b e r s  w i t h  t h e  pref ix  G S C  w e r e  a n a l y z e d  at t h e  Geologica l  Survey  of C a n a d a  
l a b o r a t o r y  in O t t a w a .  All o t h e r s  w e r e  a n a l y z e d  a t  Univers i ty  of Bri t ish C o l u m b i a  w i t h  
t h e  e x c e p t i o n  of S a m p l e  C h u r c h ,  1974 (Day) a n a l y z e d  by G e o c h r o n  Labora tor ies .  

Longi tude  K% A ~ " / K ' ~  



Summary 

Lower Jurass ic  volcanic rocks near t h e  northern 
and nor theas tern  margins of Bowser Basin have  given ages  by 
Rb-Sr and K-Ar methods  ranging f rom 179 t o  191 Ma. Ages  
on spatially re la ted  g ran i t i c  plutons support  t h e  content ion  
t h a t  they a r e  essentially coeval  with t h e  volcanic rocks, bu t  
some  may be  a t t r i bu t ab le  t o  ear l ie r  igneous ac t iv i ty  during 
deposit ion of Hazelton volcanic rocks along t h e  ea s t e rn  and 
southern  p a r t s  of t h e  Bowser Basin (Tipper and 
Richards,  1976). 
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Klippen of Devono-Mississippian (?) and younger rocks of  oceanic type overlie typical 
miogeoclinal strata in northeastern Cry Lake map area. Their age of  emplacement appears to  have 
been during Late Jurassic or Early Cretaceous t ime.  

Introduction Stratigraphy 

The largest of the presumed allochthonous masses 
comprises most of the Sylvester Group (Gabrielse, 1979). 
Excluded are the autochthonous black shales, commonly 
pyritic, that have been mapped as the basal unit. Farther 
north, in McDame map area the black shale is overlain by 
chert-pebble conglomerate and chert arenite also interpreted 
as autochthonous. Conodonts from the shale indicate a Late 
Devonian, late Frasnian or Famennian age (B.E.B. Cameron, 
personal communication, 1978). 

Overlying the shale in Cry Lake map area is an 
intensely folded sequence of well-bedded chert. South of 
Major Hart River the unit occurs in folds with flat-lying axial 
planes and amplitudes of a few metres to tens of metres 
(Fig. 5.1). Great differences in thickness and character of 

For many years it has been recognized that two 
contrasting assemblages of rocks in Cassiar Mountains 
presented a major problem in paleogeographic interpretation. 
A miogeoclinal assemblage comprising clastic and carbonate 
strata of Late Proterozoic to Late Devonian age clearly 
represents a depositional environment along the western 
margin of the North American craton. On the other hand, an 
overlying assemblage of chert, limestone, shale, basic 
volcanics and ultramafic rocks is of oceanic aspect and 
represents an environment of deposition with no apparent 
close relationship to the craton. Field work in 1979 supports 
the concept that most of the Devonian to  Permian volcanic 
and related rocks in northeastern Cry Lake map area are 
allochthonous. 

L ' .  ;c*. 
., , . 

Figure 5.1. Folded chert south o f  Major Hart River. Exposure is about 15 m high. 
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s t r a t a  b e n e a t h  t h e  c h e r t  s u g g e s t  t h a t  i t  o c c u r s  d i r e c t l y  a b o v e  
t h e  s o l e  of  a t h r u s t  p la te .  T h e  u p p e r  p a r t  of t h e  S y l v e s t e r  
G r o u p  includes th ick  u n i t s  of bas ic  vo lcan ics  and a n u m b e r  of 
a lp ine- type  u l t r a m a f i c  bodies. 

T w o  s m a l l  kl ippen,  o n e  underlying t h e  peak  of  a 
mounta in  c e n t r e d  on  128"17'30"W, 58°45'30"N and  t h e  o t h e r  
a t  128O14'W, 58°44'30"N w e r e  m a p p e d  in 1979. T h e  f o r m e r ,  
compr is ing  wel l - layered  t u f f ,  in p a r t  possibly myloni t ic ,  
minor sandy l i m e s t o n e  in b e d s  t o  7 m th ick  and fe ldspar -  
q u a r t z  porphyry dykes ,  r e s t s  o n  o r  a g a i n s t  s t r a t a  of t h e  
K e c h i k a  and  A t a n  groups.  T h e  l a t t e r ,  possibly 150 m long a n d  
100 m wide ,  r e s t s  on  c a r b o n a t e s  of t h e  A t a n  and  K e c h i k a  
groups.  It c o n s i s t s  of  poorly bedded  t o  well-bedded b lack ,  
nodular  c h e r t y  a rg i l l i t e .  

A th i rd  probable  k l ippe  o u t c r o p s  n o r t h  of t h e  big bend 
of  Turnaga in  R i v e r  n o r t h e a s t  of t h e  m o u t h  of  T h r e e  F o r k s  
C r e e k  (Gabr ie l se ,  1979). T h e r e ,  a u t o c h t h o n o u s  r o c k s  of  
Middle and  L a t e  Devonian a g e  a r e  a p p a r e n t l y  s t r u c t u r a l l y  
over la in  by b r e c c ~ a  conta in ing  c l a s t s  of l i m e s t o n e  and  
s t rongly  pyr i t i zed  a c i d  vo lcan ics  in t u r n  over la in  by b a s i c  
volcanics.  

S t r u c t u r e  

S tudy  of s t r u c t u r a l  s t y l e  in t h e  S y l v e s t e r  G r o u p  r e q u i r e s  
m u c h  f u r t h e r  work.  T h e  lower,  a u t o c h t h o n o u s  s t r a t a  h a v e  
b e e n  involved in w e s t e r l y  verg ing  fo ld ing  a n d  t h r u s t i n g  
fol lowed by n o r t h e a s t e r l y  d i r e c t e d  t h r u s t  fau l t ing  (Gabr ie l se  
a n d  Mansy, 1978). I t  is  n o t  c l e a r  t h a t  t h e  upper  p a r t  of t h e  

G r o u p  h a s  u n d e r g o n e  t h e  s a m e  t w o  d e f o r m a t i o n s .  
N o r t h e a s t e r l y  d i r e c t e d  t h r u s t s  a r e  e v i d e n t  a n d  locally i t  
s e e m s  a s  if t h e  e a r l i e r  f o r m e d  s o u t h w e s t e r l y  verg ing  
s t r u c t u r e s  h a v e  b e e n  t r u n c a t e d  a long  t h e  s o l e  of t h e  
a l loch thon .  

T h e  kl ippe a t  128"17'30"1V, 58°45'30"N is  in tense ly  
d e f o r m e d  a n d  is  c h a r a c t e r i z e d  by a f l a t  fo l ia t ion  a long  which  
or ig ina l  l ayer ing  h a s  b e e n  t ransposed .  T h e  s t r u c t u r e  i s  
s imi la r  t o  t h a t  involving c h e r t  a t  t h e  b a s e  of t h e  m a j o r  
a l loch thon  t o  t h e  nor thwes t .  

S t r u c t u r a l  s t y l e  in t h e  miogeoc l ina l  s t r a t a  in  
n o r t h e a s t e r n  C r y  L a k e  m a p  a r e a  i s  fa i r ly  wel l  known. 
D o m i n a n t  s t r u c t u r e s  a r e  s o u t h w e s t e r l y  verg ing  fo lds  a n d  
a s s o c i a t e d  t h r u s t  f a u l t s  (Fig. 5.2). F la t - ly ing  f a u l t s  t h a t  h a v e  
p l a c e d  nappes  of younger  s t r a t a  on  o lder  a r e  par t icu la r ly  
c o m m o n  in t h e  Turnaga in  River  a r e a  (Fig. 5.3). Only n e a r  
Major H a r t  R i v e r  a r e  t h e  l a t e r  e a s t e r l y  d i r e c t e d  t h r u s t  f a u l t s  
c l e a r l y  def ined .  
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Abstract 

Radiometric ages on the oldest phase o f  the Hotailuh Batholith and on cobbles in basal 
conglomerate nonconformably overlying the batholith indicate that emplacement and unroofing o f  the 
oldest phase took place in Late Triassic t ime .  On the basis o f  regional correlations with rocks in 
,McConnell Creek and Tulsequah map areas the distinctive mar.oon-weathering volcanics north and 
east of  Hotailuh Batholith are thought to  be Early Jurassic and possibly Late Triassic. 

Introduction i r regular ,  equigranular hornblende gabbro  and bio t i te -  

-The purpose of the  1979 season was t o  examine t h r e e  hornblende monzodiorite.  Instrusive relationships indica te  
outlying sa te l l i t ic  stoc]ts north and west  of t h e  Hotailuh t h a t  t h e  equigranular monzodiorite in t rudes  t h e  gabbro  and 

Batholith, t o  establish a s t ra t igraphy in volcanic and t h a t  both lithologies a r e  intruded by thin, irregular 
sedimentary  rocks  along t h e  nor thern  margin o f  t h e  bathol i th  hornblende-bioti te syeni te  dykes. Along i t s  ea s t e rn  margin 

to elucidate some of t h e  s t ruc tu re  in the nongranitoid a l l  phases of t h e  Pallen Creek  Stock intrude locally-pillowed 

rocks. Field work was  carr ied  ou t  with t h e  aid of  he l icopter  aug i t e  porphyry volcanics or sha l e  and s i l t s tone  underlying 
support  provided by t h e  Opera t ion  Dease  base  on t h e  Tanzil la t h e  \'olcanics- The c o n t a c t  is not  exposed along t h e  wes t e rn  

~ i ~ ~ ~ .  T ~ ~ ~ ~ ~ , ~ ~  identification of fossils was made  by margin of  t h e  bathol i th  and t h e  southern  margin of t h e  s tock  

Dr. H.W. Tipper. is  poorly exposed. Discordant hornblende-bioti te potassium- 
argon ages  of  161 Ma (hornblende) and 141 Ma (bio t i te )  have  
been determined for  t h e  megacryst-bearing phase of t h e  

Pallen Creek  and Tanzil la Stocks  Pallen Creek  Stock (H. Cabrielse,  personal 

The Pallen Creek and Tanzil la s tocks  underlie a r e a s  of Communication, 1979). 

17.8 k m 2  and 2.3 k m 2  respectively,  ea s t  of t h e  Tanzil la The Tanzil la Stock is located  I1 km eas t -southeas t  of 
River in t h e  southeas tern  corner  of Dease Lake map a r e a  t h e  abandoned se t t l emen t  of Cariboo Meadows and 19 km 
(104 J). The Pallen Creek  Stock was  f i r s t  discovered by nor th-nor theas t  of t h e  conf luence  of t h e  Tanzil la and Stikine 
mineral  exploration companies and i t s  ea s t e rn ,  nor thern  and rivers.  It consists of a massive,  homogeneous, f resh ,  
western  c o n t a c t s  l a t e r  ver i f ied  by o f f i c e r s  of t h e  Geological  melanocra t ic  hornblende-biotite qua r t z  monzodiorite, 
Survey of ~ a n a d a  (H. Gabrielse,  personal communicat ion ,  monzodiorite and dior i te  with sphene,  euhedra l  f resh  b io t i t e  
1979). The Tanzil la Stock is outl ined on t h e  preliminary and a d is t inc t ive  slabby outcrop appea rance  due  t o  ver t ica l  
geological  map  of Dease  Lake (Gabrielse and Souther,  1962). and horizontal  joints. This jointing pa t t e rn  is visible on 
Both g ran i t i c  bodies a r e  character ized  by ae romagne t i c  highs a i rphotos  of t h e  body a s  a s e t  of nor theas t -  and southeas t -  
(Geological  Survey of Canada, 1978b). t rending l ineaments.  The monzodiorite-quartz monzodiorite 

The Pallen Creek stock underlies the headwaters of is intruded a t  o n e  locali ty by a s tockwork of syeni t ic  dykes. 
Pallen Creek  4 km wes t  and southwest  of peak 6256 f ee t  and Con tac t s  a r e  apparent ly  only well exposed a t  one  locali ty,  
23.5 km nor theas t  of t he  conf luence  of t h e  Tanzil la and along t h e  nor thern  margin of t h e  s tock ,  where  tough, massive 
Stikine rivers. A dist inctive,  homogeneous and massive, pink aug i t e -~ lag ioc l a se  porphyry volcanics(?) appear  t o  be  
potassium-feldspar megacryst-bearing,  bioti te-hornblende hornfelsed adjacent  t o  t h e  con tac t .  No radiometr ic  ages  
monzodiorite t o  q u a r t z  monzodiorite f o r m s  most of t h e  have Yet been determined f rom t h e  ~ a n z i l l a  Stock. 
stock. Near i t s  nor theas t  end is a small  exposure of Lithologies, intrusive relationships, 

radiometr ic  ages  and ae romagne t i c  
130°00' 

A 2013m s ignatures  of t h e  Pallen Creek and Tanzil la 
2086m@ s tocks  suggest  they may be  co r r e l a t i ve  with 

A G l a c i a l  ~ m .  t h e  Three  Sis ters  Plutons (maf ic ,  qua r t z  
monzodiorite-monzodiorite and potassic '. marginal  phases) of t h e  Hotailuh Batholi th 
descr ibed in ea r l i e r  papers  ' \ 

\ (Anderson, 1978, 1979). 
1) 1893 m 

Section in volcanics ond sedirnents of 
Jurassic (?) a g e .  

00 Section in volcanics and sed~ments of  
Triassic a g e  

Thrust faul t :  k n o w n .  arrurned 

Figure 6.1 

Locations o f  stratigraphic sections 
measured in Upper Triassic and Lower 
Jurassic rocks on north side of Hotailuh 
Batholith (contact indicated by dashed line). 

'Ca r l e ton  University, O t t awa ,  Ontario.  3 7 
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Hornblende-plagioclase porphyry, p lag ioc lasv porphyry, 
nionzodlori te dykes 

\ 'es icu lar  andes i t i c  lava (VESICULAR TO AJiYG9ALOIDAL 
A1;3ESITIC FLOWS) 

1 Aug i te  porphyry. aug i te-p lag ioc lase porphyry (COMPLETELY 
CHLORITIZED PYROXENE(?) PORPHYRY) 

m Aug. t e  porphyry, augl t e -p l ag ioc l ase  porphyry dykes 

Coarse "bladed" p l ag ioc l ase  porphyry (MAROON TO GREY, 1 MEDIUM-GRAINLD PLAGIOCLASL PORPHYRY) 

Aphani t l c  o r  nonporphyri  t i c  andesi t u  

: ' o l can~c  g r i t ,  greywacke, c r y s t a l  t u f f  . .  .... 
S i l t s t one ,  sha le  

- - W  - 

A l t e r n a t i n g  s i l t s t o n e  o r  shale and sandstone - . - . - . - 
Sandy carbonate; s i l t y  carbonate 

Volcanic b recc ia :  A. Predominantly l a p i l l i - s i z e d  
c h e r t  o r  r h y o l i t e  fragments; B. He te ro l i  t h i c  
fragments of r h y o l i t e ,  grey p l ag ioc l ase  porphyry, 
dark grey andes i te  (P r e f e r s  t o  p u r p l i s h  f i n e -  
arained vo l can i c )  (HETE90LITHIC. GRCY TO MAROON 
~LAGIOCLASE P O R P H Y R ~  FRAGi4tNTS IN MAROON FINE 
GRAINED GROUNOMASS) 

lo m .,I Volcanic conslomerate: A. Mono l i t h i c  wh i t e  t o  r;rey $ 1  g V  r h y o l i t e  f ra i r rcnts ;  B,  l i e t e r o l i t h i c  fragments; G g i t e -  
p lag ioc lase porphyry, dark grey andes i te  (P re fe r s  
t o  pu rp l i sh ,  f ine-gra ined vo l can i c )  (HETEROLITHIC, 
GREY '0 MAROON. LOCALLY VESICULAR OR AMYGDALOIDAL. 
PLAGIOCLASE PORPHYRY FRAGWENTS I:! MAROON, FINE-GRAINED 
GROUNDMASS) 

1 Cake H i l l  P lu ton ( 2 1 7 .  219.  221, 227 Ma) 

1. Cap i t a l i zed  exp lanat ion i n  parentheses re fe r s  t o  symbols 
used i n  the Lower Jurass ic  ( ? )  sec t i on  (F igure 6 . 3 ) .  

Snowdrift Creek  Stock 

The Snowdrift Creek Stock is exposed a s  numerous 
large outcrops,  separa ted by large  a reas  of cover,  within and 
along Snowdrift  Creek,  3 t o  5 km nor th  of Horn Mountain and 
Glacial Mountain. If t hese  outcrops a r e  corre la t ive ,  t h e  
s tock has  an  a r e a  of approximately 67  km2.  The main 
outcrop a reas  a r e  seen on t h e  preliminary and revised Cry 
Lake map a reas  (Gabrielse,  1962, 1979). In two main 
exposures examined, t he  s tock consists of faintly t o  
moderate ly  foliated,  slightly heterogeneous (uncommon, 
small, rounded, f ine  grained dior i t ic  inclusions and e longate  
schlieren), f resh  biotite-hornblende qua r t z  rnonzodiorite. It 
clearly intrudes,  includes and metamorphoses augi te  porphyry 
and arkosic(?) sediments  a t  one location and may intrude, 
a l t e r  and deform argil l i tes of probable Pliensbachian age  
along i t s  western  margin (Gabrielse, personal communication, 
1977). A preliminary potassium-argon a g e  on biot i te  f rom 
t h e  Snowdrift Creek  Stock gives an  a g e  of 147 ? 5 M a  
(R.K. Wanless, wri t ten  communication, 1978). 

Features  such a s  i t s  euhedral hornblende, g rea t e r  
qua r t z  content ,  more  common sphene, less common inclusions 
and negat ive  aeromagnet ic  anomaly (Geological Survey of 
Canada, 1978a) distinguish t h e  Snowdrift Creek Stock f rom 
t h e  lithologically similar qua r t z  monzodiorite-monzodiorite 
phase of t h e  Three Sisters Plutons of t h e  Hotailuh Batholith. 

B A S E  
NOT EXPOSED 

1 100 METRES 

Figure 6.3. Stratigraphic column for  Upper Triassic and/or 
Lower Jurassic maroon-weathering volcanics. 

The Snowdrift  Creek Stock great ly  resembles  t h e  McBride 
River Pluton in lithology and distribution re la t ive  t o  the  main 
batholith.  

St ra t igraphy and St ruc tu re  

The bes t  exposures of sect ions  through t h e  Triassic and 
Jurassic volcanir and sedimentary  rocks around t h e  Hotailuh 
Batholith occur  along i t s  northern margin where these  rocks 
dip uniformally off t he  batholith a t  35  t o  45 degrees.  I t  was 
reported by Anderson in 1978 t h a t  along th is  northern margin 
volcanic and sedimentary  rocks of probable Triassic a g e  
nonconformably overlie t h e  C a k e  Hill Pluton and a t  t h e  
con tac t  contain cobbles and boulders of this pluton. Monger 
and Thorstad (1978) briefly described the  Triassic and 
Jurassic volcanics around t h e  Hotailuh Batholith. Insufficient 
t i m e  prevented deta i led  mapping of the  volcanics and 
sediments.  Representa t ive  sect ions  through t h e  Triassic 
sediments  and volcanics and Lower Jurassic(?) maroon 
volcanics and sediments  a r e  presented, however, in 
Figures 6.2 and 6.3, respectively.  The location of these  
sect ions  is given in Figure 6.1. 

The exposed bases of t h e  Triassic sect ions  generally 
consist  of heterol i th ic  volcanic breccias  and conglomerates  
with minor t o  significant thicknesses of interbedded 
greywacke, areni te ,  si l tstone, and shale. Locally, recessive,  
10-15m-thick, moderately to  thinly bedded greywacke and 
sil tstone units a l t e rna te  with t h e  res is tant ,  massive 
volcaniclastic units. These sedimentary  units a r e  commo'nly 
scoured and convolutely bedded a t  thei r  c o n t a c t  with t h e  
base of a thick volcaniclastic unit. Volcanic breccias  and 
volcanic conglomerates  a r e  generally poorly sor ted ,  massive, 
matrix-supported, medium to  coarse  and dark green t o  grey. 
The f r agmen t s  a r e  predominantly volcanic and may range in 
s i ze  f rom 0.5 t o  60 cm. The exception is t h e  large  
concentra t ion of rounded grani t ic  cobbles and boulders of 
C a k e  Hill Pluton found a t  t h e  base of t h e  Triassic par t  of 



sect ion 5. Hornblende f rom these  cobbles has been dated a t  
227 i 14 Ma by the  K-Ar method (R.K. Wanless, wt i t ten  
communication, 1979). In some units, f r agmen t s  may be 
angular or rounded. Except for monolithic volcanir 
conglomerates  containing whitish, pyritiferous, locally flow- 
layered rhyolit ic f ragments ,  generally t h e  f r agmen t s  a r e  dark 
grey t o  green feldspar porphyries bes t  distinguished on 
weathered surfaces.  Vesicular and (or) amygdaloidal lava 
f r agmen t s  appear in volcaniclastic units near the  base of 
major flow units, a r e  useful for local correlation of 
volcaniclastic units and indicate derivation from a nearby 
source. The groundmass for many of t h e  units is dark  grey, 
f ine  grained and apparently volcanic or reworked volcanic 
rock. One especially useful volcaniclastic unit is t h e  wh i t r  
rhyolite-fragment breccia-conglomerate.  This is a 
heteroli thic unit of bimodal fragment-size consisting of small 
( I  c m )  angular t o  squarish, white,  uncommonly flow-layered 
and porphyritic (rounded qua r t z  and plagioclase phenocrysts), 
pyritiferous, f ine  grained rhyolit ic f r agmen t s  and larger 
(10-25 cm), rounded, light grey (uncommonly with a brownish 
weathering(?) rind), medium- t o  coarse-grained, "bladedU- 
plagioclase-porphyry f ragments .  The thickness of this unit 
changes dramat ica l ly ,  thickening to  t h e  west from 5 m in 
section 5 t o  a t  leas t  120-200 m In sections 3 and 4. Its 
distinctive lithology (especially t h e  "bladedW-plagioclase- 
porphyry f ragments)  and position re la t ive  to  tenta t ively  
da ted  sediments  makes  i t  a useful marker  horizon. 

Augite porphyry, hornblende-plagioclase-porphyry 
syenite (of t h e  last  pulse of Three Sisters Plutons' ac t iv i ty)  
and minor massive andesite dykes intrude the  Triassic 
sect ions  and produce a f r ac tu re  c leavage in the  distinctive 
white-rhyolite-fragment breccia-conglomerate parallel  t o  
dyke contacts .  

The flows generally a r e  massive, thick and res t r ic ted  t o  
the  top of t h e  measured sections. Augite porphyry or 
"bladed" plagioclase porphyry a r e  the  predominant flow 
lithologies. In section 2, f ragments  of augi te  porphyry a r e  
found within an  augi te  porphyry groundmass. Locally, a s  in 
sect ion 5, t h e  "bladed" plagioclase porphyry is pillowed and 
down dip  these  pillows appear  t o  be  broken and in tercala ted  
with green coa r se  greywacke. 

The age  of the  Triassic par t  of sect ions  I through 5 is 
fairly well known. Cobbles in the  basal par t  of section 5 a r e  
dated a t  227 + 14 Ma and give a maximum age  for  t h e  
sect ions  s ince  similar granitic-cobble-bearing, volcanic 
conglomerates  a r e  seen nonconformably overlying t h e  Cake  
Hill Pluton. Fossil locali t ies in section 4 and above t h e  thrus t  
faul t  in section 2 contain a similar ammoni te  genus which 
indicates a Late  Triassic age.  This is t he  basis for t h e  
correlation between sections 2 and 3. A minimum age  is 
suggested near  t h e  location of sect ion I where  t h e  volcanics 
a r e  intruded by qua r t z  syenite of t h e  potassic marginal phase 
da ted  a t  164 ? 5 Ma (bioti te) and 169 i: I1 Ma (hornblende) 
(R.K. Wanless, wri t ten  communication, 1978). 

At the  base of t h r e e  sections,  nonconformably overlying 
the  Cake  Hill Pluton, a r e  thin sedimentary  units of Toarcian 
age. These units consist  of clean, buff qua r t z i t e  t o  quar tzo-  
feldspathic a ren i t e  and in tercala ted  black shale  and minor 
rusty t an  micrite.  A r ecen t  study by Henderson (1978) on 
fauna f rom t h e  lower fossil locality shown in section 2 
indicates an  Early Toarcian age  for t h a t  locality. Tenta t ive  
identification of a t  leas t  f ive ammoni te  genera  and Weyla 
pelecypods from the  fossil locality in section 5 establishes 
t h e  a g e  of t h a t  unit a s  Toarcian (H.W. Tipper, personal 
communication, 1979). The corre la t ion between t h e  basal 
sedimentary  unit of sect ion 4 and t h e  Toarcian unit of 
section 5 is based on lithological similarity.  

The Lower Jurassic(?) sect ion (Fig. 6.3) d i f fers  f rom t h e  
Triassic sections in t h a t  volcaniclastics a r e  much subordinate 
t o  flows and t h e  flows a r e  more  commonly vesicular or  
amygdaloidal in t h e  Lower Jurassic(?) section. The most 
distinctive field cr i ter ion for  t h e  Lower Jurassic volcanics is 

thei r  reddish to  maroon groundmass. This is caused by 
oxidation of t h e  f ine-  t o  medium-grained magnet i te  
phenocrysts in many 01 the  flows t o  hemat i t e  and consequent 
reddish staining of all  or par t  of t h e  groundmass. Individual 
flows may be  distinguished with difficulty by t h e  
concentra t ion and s i ze  of t h e  fine- t o  medium-grained 
plagioclase phenocrysts, rarely by groundmass t e x t u r e  and by 
varying res is tance  to  weathering. Fragments  in t h e  
volcaniclastics a r e  rounded t o  angular,  poorly sor ted ,  from 1 
t o  45 cm across and consist  of plagioclase porphyry similar t o  
flows above and below t h e  volcaniclastic units. The matr ix  is 
f ine grained, maroon and tuffareous(?).  No fossils were  
collected f rom this sect ion and i t s  designated Early 
Jurassic(?) a g e  is based on lithological similarit ies t o  Lower 
Jurassic volcanics in the  Tulsequah map a r e a  (J.W.H. Monger 
and H.W. Tipper, personal communication, 1979) and 
correlation with the  Telkwa Formation of t h e  Hazelton Group 
(Monger and Thorstad, 1978). 

.\ southerly d i rec ted thrus t  along pa r t  of t h e  northern 
margin of t h e  Hotailuh Batholith brings Upper Triassic 
volcanics and sediments  over Toarcian calcareous sediments  
and l imestones (Fig. 6.1, and sect ions  2, 4 and 5 of Fig. 6.2). 
Li t t le  d e f o r m a t ~ o n  in the  Toarcian sediments is seen excep t  
for a well developed f r ac tu re  in shale  beds beneath  t h e  thrus t  
fault .  The presence of near-to-source f ragments ,  such a s  t h e  
very large C a k e  Hill Pluton boulders in t h e  basal pa r t  and 
f ragi le  vesicular or amygdaloidal lava f ragments  in the  
middle par t  of t he  thrus ted Upper Triassic section, indicates 
t h a t  t he  section has not been thrus t  very far.  Locally, small- 
scale,  northerly d i rec ted reverse  faul ts  also occur in t h e  
thrus t  p l a t e  of Upper Triassic volcanics. Near sect ion 1, 
intrusion of t h e  potassic marginal phase of t h e  Three Sisters 
Plutons has warped, block-faulted and drag-folded the  
sediments  of t h e  Lower Triassic section. 
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Abstract 

During t h e  1979 f ie ld  season th i r t een  Working Group members  s tudied f ive  s t ra t igraphic  
sect ions  in t h e  west-central  Mackenzie Mountains, a n d  se l ec t ed  a t en ta t ive  boundary in t e rv i l  within 
map unit 12 of the  Sekwi Mountain map  a r e a  in o rde r  t o  focus  Canadian research. Map unit 1 2  is  p a r t  
of a th ick  succession of l a t e  Precambrian and  ear ly  Lower Cambrian in terbedded shale, s i l t s tone and 
quar tz i te ,  t h e  upper portion of which is mainly da ted  by the  use of t r a c e  fossils. The overlying l a t e  
Lower Cambrian succession was  also inspected. These s t r a t a  belong t o  the  Sekwi Formation, and 
consist  of platform carbonates  t o  the  eas t  and  la tera l ly  equivalent slope and basin deposits t o  t h e  
west. Trilobites a r e  t h e  principal fossils used in corre la t ing these  younger s t r a t a .  

Introduction The overlying map unit 9 is a thick ( + l 0 0 0  m) 

During t h e  summer  of 1979 t h e  Working Group 
(IUGS-IGCP Project  29) inspected boundary s t r a t a  and fossils 
in t w o  areas ,  ea s t e rn  Newfoundland and t h e  Mackenzie 
Mountains. Because some  members  visited but one of t h e  t w o  
areas ,  t he re  was  only a partial  overlap of personnel on t h e  
two  excursions. Members on t h e  Mackenzie t r ip  were  a s  
follows: J.D. Aitken (Canada),  S. Conway Morris (U.K.), 
J.W. Cowie (U.K.), M. Fedonkin (USSR), T.P. Fle tcher  (U.K.), 
W.H. F r i t z  (Canada),  H.J. Hofmann (Canada),  J.L. Kirschvink 
(U.S.A.), C.A. Nelson (U.S.A.), A. Yu. Rozanov (USSR), 
V.E. Savitsky (USSR), B.W. Webby (Australia),  and 
Xing Yusheng (People's Republic of China). Aitken and F r i t z  
a c t e d  a s  hosts and guides, and early scheduling and planning 
was accomplished by the  Working Croup's leader J.W. Cowie 
and sec re t a ry  A. Yu. Rozanov. The t r ip  took place  between 
July 31 and August 9, 1979, and was based a t  a field c a m p  on 
June  Lake, west -centra l  Mackenzie Mountains, Northwest 
Territories.  The camps i t e  was a shor t  d is tance  e a s t  of c e n t r e  
on t h e  Sekwi Mountain map shee t  (105 P), t he  geology of 
which was published by S.L. Blusson in 1971. The numbered 
map uni ts  referred t o  in the  following t e x t  and figures a r e  
informal format ions  e r e c t e d  by Blusson for  use  on his 
geological map. 

succession of d a r k  shale  and s i l t s tone with interbedded 
qua r t z i t e  a t  t h e  top. Blusson (1971, map and p. 9) showed 
map  unit  9 t o  be  older than map  unit  l o b  on his map legend, 
and in t h e  t e x t  he has described map unit  9 a s  a unit  t h a t  
"...coarsens upward, containing more  sil ty and sandy bands in 
t h e  upper par t ,  grading conformably in to  overlying qua r t z i t e s  
of unit  10". By his mapping of map  unit 12 di rec t ly  over  map 
unit  9 a t  t h e  s i t e  of sect ion 38, Blusson has implied t h a t  a n  
unconformity exis ts  a t  t he  con tac t  between t h e  two. 
Observations by the  Working Group s t rengthen this inter- 
pretation, a s  no t r a c e  fossils were  seen in map unit  9,  but 
they were  noted t o  appear  abruptly in the  lowest s i l t s tone 
interbeds of map unit 12. In Figure 7.3 the  mentioned 
unconformity is shown a s  passing westward under map 
units l o b  and I I in accordance with the  relationships implied 
by Blusson's map and text .  In describing map unit I I Blusson 
(1971, p. 9 )  s ta ted ,  "Thinning and eventual  disappearance t o  
t h e  north i s  apparently primary a s  t h e  upper c o n t a c t  is  
conformable  with overlying qua r t z i t e s  of unit  12". A second 
in terpre ta t ion was  expressed by J.D. Aitken (personal 
communication),  who s t a t e d  t h a t  his cu r ren t  investigations 
have led him t o  believe t h a t  map  unit  11 has a lso  been 
removed by erosion a t  sec t ion 38, and t h a t  t h e  s a m e  
unconformity is present  between map  uni ts  I I and 12 a t  

L a t e  Precambrian and Early Lower Carnbrian sect ions  37 and 33. 

A planned inspection of the  t i l l i te-bearing Rapi tan  
Group was cancelled due t o  bad weather.  L a t e  Precambrian 
glacial  deposits continue t o  be of i n t e re s t  t o  the  Working 
Group a s  a r e fe rence  horizon below the  boundary, and repor ts  
of a low s t ra t igraphic  occurrence  in t h e  Mackenzie Mountains 
re inforces  a growing belief t h a t  considerable t i m e  passed 
a f t e r  one o r  more  l a t e  Precambrian glacial  even t s  and 
deposition of t h e  boundary s t r a t a .  Between t h e  Mackenzie 
t i l l i te  (map  unit  6 o r  Shezal Formation) and t h e  oldes t  
Precambrian s t r a t a  inspected a r e  s i l t s tone and shale  assigned 
t o  map unit  7 (Twitya Formation) which Eisbacher (1978, 
p. 12) found to  be  400 m t o  900 m thick in nearby sections. 

The oldest  s t r a t a  examined belong t o  map unit 8 
(corre la ted  with Keele Formation) in sect ion 38 
(Fig. 7.1, 7.3). Abundant carbonate  c las ts  and interbedded 
s i l t s tone in this map unit were  in terpre ted by many members  5 
a s  belonging t o  a second, young ti l l i te.  Although similar 
c l a s t s  have been reported in unit 8 and equivalent s t r a t a  
elsewhere (Blusson, 1971; Eisbacher, 1978) without mention of 
a glacial  origin, i t  was  suggested by t h e  Working Group t h a t  F i w e  7.1. Index m a p  showing sect ions  inspected by 
these  s t r a t a  be  studied fu r the r  in order  t o  resolve t h e  "second members of working croup (solid circles) and other published 
t i l l i te" controversy. Lower Cambrian sect ions  (open eircles). Fo r  description of 

some  sect ions  a n d  r e fe rences  t o  o the r s  s e e  F r i t z  (1979). 
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Figure 7.3. Stratigraphic sections showing late Precarnbrian and early Lower Carnbrian strata. Heavy dashed line adjacent 
t o  sections locates strata studied by Working Group. Sections are located in Figure 7.1. See Figure 7.2 for legend. 
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S t r a t a  belonging t o  m a p  uni t  l o b  w e r e  i n s p e c t e d  a t  
bas inward  s e c t i o n s  3 3  and  37. T h e s e  s t r a t a  a r e  composed  
a l m o s t  exc lus ive ly  of d a r k  s h a l e  a n d  s i l t s t o n e  a t  s e c t l o n  3 3  
a n d  of a s i m i l a r  s h a l e  a n d  s i l t s t o n e  wi th  minor i n t e r b e d d e d  
q u a r t z i t e  plus a p r o m i n e n t  d o l o m ~ t e  subuni t  a t  s e c t l o n  37. 
S m a l l  ( I  t o  1.5 m m  wide) t r a i l s  a r e  s c a t t e r e d  th roughout  t h e  
u p p e r  p a r t  of m a p  uni t  l o b ,  a n d  s p a r s e  l a r g e r  bu t  s inrple t rd i l s  
a r e  a l s o  presen t .  S p h e r e s  4 m m  in d i a m e t e r  a n d  " z e b r a  
s t r ipes"  t h a t  a n g l e  a c r o s s  bedding  (cf .  Newlandia  f r o n d o s a  
Walcot t )  w e r e  i n s p e c t e d  in t h e  d o l o m i t e  subuni t  a t  s e c t i o n  37,  
b u t  t h e  s i g n i f i c a n c e  o r  e v e n  o r g a n i c  origin of t h e  t w o  t y p e s  of 
s t r u c t u r e s  r e m a i n s  u n c e r t a i n .  A single,  l a r g e  E d i a c a r a - t y p e  
foss i l  (cf .  Inkrylovia sp.) w a s  found  in loca l  f l o a t  4 0  m a b o v e  
t h e  d o l o m i t e  subuni t  (GSC loc. 9691 1) in  t h e  s a m e  sec t ion .  

Over ly ing  n lap  u n i t  IOb a t  s e c t i o n s  3 3  a n d  3 7  i s  m d p  
u n i t  I I ,  a d o l o r ~ ~ i t e  u n i t  t h a t  c h a n g e s  co lour  a n d  bedding 
rap id ly  o v e r  a s h o r t  l a t e r a l  d i s tance .  A t  s e c t i o n  3 7  t h e  m a p  
u n i t  i s  th ick  bedded  a t  s e c t i o n  3 3  i t  i s  th in  t o  t h i c k  bedded ,  
in te r f  i n g e r s  w i t h  l imes tone ,  a n d  t h e  u p p e r m o s t  b e d s  f o r m  
l a r g e  (3  r r l  high) rr~ounds.  I t  w a s  r e p o r t e d  t h a t  a s a m p l e  f r o m  
m a p  u n i t  l 1  t a k e n  1 2  k m  s o u t h  (Fig.  7.1, s e c t i o n  35) of 
s e c t i o n  3 3  produced  she l l  microfoss i l s  cons is t ing  of  
P r o t o h e r t t i n a  c f .  ?. a n a b a r i c a ,  a n  u n d e t e r m i n e d  d o m e  
s h a p e d  f o r m ,  a n d  a n  u n d e t e r m i n e d  m u l t i l a y c r e d  f o r m  
(7. C o n w a y  Morris ,  persona l  communica t ion) .  

Brief  excur i sons  w e r e  m a d e  o v e r  t h e  l o w e r  p a r t  of m a p  
u n i t  1 2  a.t sec t ions  3 7  a n d  38, b u t  t h e  rilain i n t e r e s t  w a s  
f o c u s e d  o n  s e c t i o n  33. H e r e  m a p  unl t  12 has  a n  a b u n d a n c e  
and  wide  v e r t i c a l  d i s t r ibu t ion  of t r a c e  fossi ls  t h a t  e n a b l e d  
m e m b e r s  t o  a g r e e  o n  a t e n t a t i v e  leve l  f o r  t h e  P r e c d m b r i a n -  
C s m b r i a n  boundary.  T h e  s e l e c t e d  i n t e r v a l  l i es  350 m t o  
370  m a b o v e  t h e  b a s e  of m a p  uni t  12 (15-35 m a b o v e  b a s e  of 
s t r a t i g r a p h i c  un i t  3, S e c t i o n  33, F r i t z ,  1979). T h e  i n t e r v a l  
l i es  wi th in  a un i form success ion  of i n t e r b e d d e d  sha le ,  
s i l t s t o n e  a n d  q u a r t z i t e  t h d t  inc ludes  sparse ,  th in  c a r b o n a t e  
beds.  S t r a t a  of th i s  l i thology e x t e n d  f r o m  t h e  b a s e  of t h c  
rrlap u n i t  t o  a leve l  well  a b o v e  t h e  rrriddle. In a n d  be low t h e  
boundary  i n t e r v a l  a r e  t r a c e  f o s s ~ l s  cons is t ing  of t r a i l s  I t o  
1.5 m m  wide ,  P l a n o l i t e s  SD., a n d  r a r e  t r a c e s  w i t h  para l le l  
g rooves .  Within t h e  in te rv 'a l ' and  a b o v e  a r e  t h e  t r a c e  foss i l s  
G y r o l i t h e s  polonicus,  Didyrnaulichnus sp. and P h y c o d e s  sp., 
w h e r e a s  s l igh t ly  a b o v e  t h e  i n t e r v a l  1s T r e p t i c h n u s  sp. Thick 
bedded  q u a r t z i t e  d o m i n a t e s  t h e  upper  p a r t  of m a p  uni t  12, 

Figure 7.4. View looking northeast at section 33. Base of  
Selcwi Formation is at "a", base of map unit 13 is at "b", base 
of thick bedded quartzite in map unit 12 is at "c", base of 
map unit l 2  is at "d", base of map unit l 1  is at "et'. 
(GSC 203474) 

b u t  thin s i l t s t o n e  i n t e r b e d s  d r e  p r e s e n t  which c o n t a l n  t h e  
t r d c e  fossi ls  Didyrnaulichnus sp., P h y c o d e s  pedurn, P l a n o l i t e s  
sp., N e o n o r i t e s  sp., T r e p t i c h n u s  sp., a n d  var ious  e s c a p e  
s t r u c t u r e s .  Long, nar row sponge-l ike s t r u c t u r e s  w e r e  
c o l l e c t e d  a t  t w o  horizons (GSC locs.  96912,  96913) a n d  a 
hyoli thid w a s  c o l l e c t e d  wi th  t h e  sponges(?) a t  t h e  h igher  
10cdli ty.  

Map uni t  13, t h e  h ighes t  in a predominant ly  c l a s t i c  
success ion ,  is composed  of d a r k  s i l t s t o n e  a n d  i n t e r b e d d e d  
v e r y  f i n e  g r ~ i n e d  q u a r t z i t e .  T h e  t r a c e  fossi ls  B e r g a u e r i a  sp., 
Te ich ichnus  sp., Rusophycus  sp., and  Scol ic ia  sp. a r e  presen t .  
T h r e e  t h i n  (5  rnm) phosphat ic  beds  l o c a t e d  6-6.3 m be low t h e  
t o p  of t h e  m d p  u n i t  c o n t a i n  C h a n c o r e l l a  sp., hyoll thids,  
b rsch iopods ,  a n d  Volborthel la(?)  sp. M a p  u n i t  1 3  w a s  s a m p l e d  
by A i t k e n  a n d  F r i t z  d t  7 m i n t e r v a l s  f o r  a c r i t a r c h s  in 1977,  
a n d  only  o n e  c o l l e c t i o n  f r o m  n e a r  t h e  t o p  c o n t a i n e d  
s p e c i m e n s  a d e q u a t e l y  p r e s e r v e d  f o r  c l o s r  d e t e r m i n a t i o n .  
This  s a m p l e  c o n t a i n s  f o r m s  known f r o m  t h e  L o w e r  C a m b r i a n  
Holrnia a n d  P r o t o l e n u s  Zones  as unders tood  f r o m  t h e  Acado-  
B a l t i c  Faunal  P r o v i n c e  (persona l  c o m m u n i c a t i o n ,  
M. Vangucstaine) .  Sampl ing  d o n e  at t h e  s a m e  t i m e  in m a p  
u n i t s  12, 9, a n d  in t h e  middle  a n d  u p p e r  Kapi tan  yielded only 
u n s a t i s f a c t o r y  m a t e r i a l .  

L a t e  L o w e r  C a m b r i a n  

S t r a t a  of t h i s  a g e  h a v e  b e e n  ass igned  t o  t h e  Sekwi 
F o r m a t i o n  (Handf ie ld ,  l968),  a f o r m a t i o n  t h a t  c h a n g e s  
l a t e r a l l y  f r o m  p l a t f o r m  c a r b o n a t e s  in t h e  east t o  s l o p e  a n d  
basin d e p o s i t s  of s i l t s t o n e  a n d  p l a t y  l i m e s t o n e  t o  t h e  w e s t  
(Fig. 7.2). As a whole,  t h e s e  l a t e  L o w e r  C a m b r i a n  s t r a t a  
c o n t a i n  f a r  m o r e  c a r b o n a t e  t h a n  d o  t h e  l a t e  P r e c a m b r i a n  a n d  
e a r l y  L o w e r  C a m b r i a n  rocks.  This  v e r t i c a l  c h a n g e ,  f r o m  
c a r b o n a t e  poor ( l a t e  P r e c a m b r i a n  t o  e a r l y  L o w e r  C a m b r i a n )  
t o  c a r b o n ~ t e  r ich  ( l a t e  Lower  C a m b r i a n )  t a k e s  p l a c e  a t  t h e  
b a s e  of t h e  Seltwi F o r m a t i o n  a n d  is a c c o m p a n i e d  by a major  
c h a n g e  in t h e  fossils. Below, t r a c e  fossi ls  a r e  well  p reserved ,  
a b u n d a n t ,  and  shelly fossi ls  a r e  v e r y  r a r c .  Above,  t r a c e  
foss i l s  a r e  l e s s  d iagnos t ic  ( o f t e n  d e s t r o y e d  by b io turba t ion)  
a n d  she l ly  fossi ls  a r e  b o t h  a b u n d a n t  and  d iverse .  

A t  s e c t i o n  3 3  t h e  shelly fossi ls  in t h e  Sekwi  F o r m a t i o n  
a r e  r e p r e s e n t a t i v e  of t h e  N o r t h  A m e r i c a n  F a u n a l  Province .  
T h e  o c c u r r e n c e s  a n d  r a n g e s  of g e n e r a  such  a s  Parafa l lo tasp is ,  
Nevadel la ,  Frernonte l la ,  Wanner ia ,  P r o l i o s t r a c u s ,  S a l t e r e l l a ,  
dnd Olene l lus  w e r e  c h e c k e d  a g a i n s t  a d e t a i l e d  r a n g e  c h a r t  
( F r i t z ,  1972) compi led  f r o m  a s e c t i o n  (F ig .  7.1, s e c t i o n  10) 
5 k m  n o r t h  of s e c t i o n  33. Of p a r t i c u l a r  i n t e r e s t  a t  s e c t i o n  3 3  
w a s  t h e  boundary b e t w e e n  t h e  F a l l o t a s p i s  Zone  and  t h e  
N e v a d e l l a  Zone. This  boundary r e p r e s e n t s  o n e  of t h e  b e s t  
t i m e  l ines  in t h e  L o w e r  C a m b r i a n  and  has  b e e n  c o r r e l a t e d  
( F r i t z ,  1972) w i t h  t h e  b a s e  of t h e  C a l l a v i a  Z o n e  in England,  
t h e  boundary b e t w e e n  Z o n e s  4 a n d  5 in Morocco,  a n d  t h e  
boundary  b e t w e e n  t h c  K e n y a d a  a n d  A t d a b a n  Hor izons  in 
S iber ia .  Working G r o u p  m e m b e r s  found  P a r a f a l l o t a s p i s  sp., 
Helc ione l l ida  sp., a n d  P a l a g i e l l a  sp. be low t h e  boundary  a n d  
K e e l e a s p i s  sp., iqevade l la  sp., a n d  Holmie l la  sp. above.  

Sekwi  s t r d t a  d e p o s i t e d  u n d e r  s l o p e  a n d  basin condi t ions  
w e r e  s e e n  a t  s e c t i o n s  2 4  a n d  25-7. :It s e c t i o n  24 i t  w a s  n o t e d  
t h a t  J u d o m i a ,  a Siber ian  index foss i l  f o r  t h e  u p p e r  Adaban  
a n d  unt i l  now be l ieved  t o  b e  r a r e  in N o r t h  A m e r i c a ,  
d o m i n a t e s  t h e  s l o p e  deposits .  T h e s e  d e p o s i t s  a r e  t h e  l a t e r a l  
e q u i v a l e n t  of t h e  N e v a d e l l a  Z o n e  d e p o s i t s  in t h e  c a r b o n a t e  
p l a t f o r m  fac ies .  P l a t f o r m  e d g e  a n d  high s lope  d e p o s i t s  at 
s e c t i o n s  24 a n d  25-7 c o n t a i n  a b u n d a n t  a r c h a e o c y a t h i d s ,  -1 d e m o n s t r a t i n g  t h e  a f f i n i t y  of t h e s e  a n i m a l s  f o r  t h e s e  t w o  
m a r g i n a l  envi ronments .  Diverse  a n d  unusual  f o r m s  a r e  a l s o  
p r e s e n t  h e r e ,  such  a s  t h e  a rchaeocya th id(?)  Tabulaconus  sp., 
a n d  t h e  t r i l o b i t e s  Bradyfa l lo tasp is  sp. a n d  Sekwiasp is  sp. 
S t r a t a  belonging t o  t h e  basinal  f a c i e s  w e r e  e x a m i n e d  at 
s e c t i o n  25-7, and  h e r e  t h e  d e e p e r  w a t e r  t r i l o b i t e s  P a g e t i d e s  
sp., E k w i p a g e t i a  sp., Yukonides  sp. a n d  S e r r o d i s c u s  sp. w e r e  
c o l l e c t e d .  



Magnetostratigraphy 

The number and location of samples  taken by 
J.L. Kirschvink a r e  a s  follows: 18 samples,  map  unit 8, 
sect ion 38; 5 samples,  map unit  11, sect ion 33; 8 s a m p l ~ s ,  
map unit 11, sect ion 37; 14  samples across  Fallotaspis- 
Nevadella Zone boundary, sect ion 33; 16 samples across F.-N. 
Zone boundary, sect ion 24; 12  samples within Nevadella Zone, 
sect ion 24. Objectives a r e  t o  de te rmine  t h e  polarity position 
a t  numerous s t ra t igraphic  levels, t o  deterrrline t h e  presence 
o r  absence of a polarity reversal  ac ross  t h e  F.-N. Zone 
boundary a t  two di f ferent  sections,  and t o  demons t r a t e  e i ther  
a re tent ion or loss of polarity direction in s t r a t a  t h a t  have 
been consolidated on an unstable slope and were  shortly 
the rea f t e r  ro t a t ed  by slumping into t h e  basin. 

Conclusions and Recommendations 

A t en ta t ive  boundary interval has been delineated by 
the  Working Group and is recommended for fur ther  boundary 
studies. Within this interval t r a c e  fossils change f rom small  
forms accompanied by sparse  larger  but s imple  forms t o  
abundant and complex forms. The interval is located 350 m 
t o  370 m above t h e  base of map unit  12 in sect ion 33. Map 
unit I I ,  which changes lithology laterally and has produced a 
small  shelly microfauna, should be sampled for more  fossils, 
and the  thin carbonate  interbeds extending upsection and 
across  t h e  boundary interval should also be sampled. The 
Sekwi Formation, with i t s  diversity of faunas  and depositional 
environments,  should be  brought t o  t h e  a t t en t ion  of o the r  
working groups t h a t  will be  studying intra-Cambrian 
correlation. 

Standing f r o m  lef t ,  T.P. Fle tcher ,  H.J. Hofmann, 
V.E. Savitsky, W.H. Fr i tz ,  S. Conway Morris, 
P.W. Webby. 

Sit t ing f rom lef t ,  Xing Yusheng, J .L.  Kirschvink, 
J.W. Cowie,  A. Yu. Rozanov, iM. Fedonkin. 

Members no t  shown a r e  J.D. Aitken and  
C.A. Nelson. 

Figure 7.5 Members of Precambrian-Cambrian 
Boundary Working Croup a t  June Lake, 
.Wackenzie /Mountains, Northwest Territories,  
August 9, 1979. 
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Abstract 

Frenchman Cap dome is underlain by an  Aphebian sialic basement upon which r e s t s  a p la t form 
fac ie s  of c las t ic  and calcareous  metasedirnents.  These autochthonous cover  rocks lie beneath a 
de'collement t h a t  s epa ra t e s  them from overlying allochthonous s t r a t a .  The de'collernent wraps around 
the  northern end of t h e  dome  and has  been observed on the  western f lank a s  well a s  t o  the  eas t  where 
it coincides with the  Columbia River f au l t .  

Deformation and metamorphism of autochthonous and allochthonous cover may be r e l a t ed  to  
the  closing of a marginal basin t h a t  lay between Shuswap Terrane and the  cra tonic  margin of North 
America.  /Movement on the  de'collement and Colurnbia River f a u l t  out las ted  Middle Jurassic 
metamorphism. In the  Columbia River valley c lay  gouge zones  indicate eas ter ly  d isplacement  of 
allochthonous cover  rocks re la t ive  t o  basement and autochthonous cover  of Frenchman C a p  dome.  
Most recent  movements  probably occurred in the  Ter t iary  and may  be r e l a t ed  to  a t ime  of crus ta l  
extension. 

Introduction of Thor-Odin and Valhalla (Reesor,  1965; Reesor  and Froese. 

Frenchman Cap dome (Fig. 8.1) was initially mapped on 1969; Reesor and Moore, 1971;. ~ e a d ,  1979; Brown and 

a scale  of 1:253 440 by Wheeler (1965) and severa l  deta i led  Read, 1979). 

s tudies  have been repor ted  recently (Fyles, 1970; McMillan, Work this past  year has  demonstra ted  t h a t  t h e  simple 
1973; Psutka, 1978; H ~ Y ,  1979; ' H ~ Y  and McMillan, 1979; breakdown into s t ra t igraphic  units proposed for  t h e  eas t e rn  
Brown and Psutka,  1979). f lank of t h e  dome by Brown and Psutka (1979) is compl icated 

A s t ra t igraphic  succession in par t  of t he  autochthonous by f ac i e s  changes. Rocks overlying t h e  basal qua r t z i t e  a r e  
cover  rocks of t h e  dome  was f i rs t  established by Psutka usually ca lcs i l ica tes  and these  metasediments  contain a 
(1978) and extended along the  eas tern  and northern margins distinctive thin whi te  marble  (known t o  some  a s  t h e  "virgin 
by Brown and Psutka (1979); a similar succession for  t h e  marble"). This marble  (unit 4m, Fig. 8.2) t o  t h e  northwest 
western and southern margins has been proposed by Hoy and and west is locally associated with a strata-bound ca rbona t i t e  
McMillan (1979). (unit 4CT) recognized in the  Perry  River a r e a  bv McMillan 

These results together  with new mapping by t h e  author  
have been compiled and a regional s t ra t igraphy for  t h e  cover  
succession is presented in Figure 8.2. The following 
discussion considers s t ructura l  e lements ,  geometry  and 
t ec ton ic  se t t ing of Frenchman C a p  dome. 

St ructura l  Elements  

Core  Gneiss 

The feldspar augen gneiss cha rac te r i zes  t h e  deepest  
exposed levels of t h e  dome; i t  is  overlain by paragneiss 
composed of semipelite,  psammite,  and amphibolite. The 
con tac t  is generally gradational and no intrusive relationships 
have been observed. 

Four locali t ies spread along t h e  eas tern  s ide  of t h e  
dome in the  paragneisses and f ive  within t h e  augen gneiss 
have been sampled and radiometrically dated by t h e  Rb-Sr 
whole rock method. All locali t ies f rom both augen gneiss and 
paragneiss give an  Aphebian a g e  (2.10 * 0.09 Ga, Armstrong 
and Brown, in preparation). 

The internal s t ruc tu re  and stratigraphy of the  co re  
gneiss is only poorly understood; detailed mapping will g e t  
underway this summer. 

Autochthonous Cover 

Aphebian gneisses of the  dome a r e  overlain by an 
autochthonous cover  composed primarily of c las t ics  and 
carbonates.  Basal qua r t z i t e  res ts  with apparent  s t ructura l  
conformity upon the  basement  gneisses and has  been t r aced  
with minor breaks around the  flanks of the  dome  (Brown and 
Psutka, 1979; Hoy and McMillan, 1979). The autochthonous 
succession extends  southwards and outcrops about  the  domes 

(1973) and ~ < k l i l l a n  and ~ o o r e  (1974). The marble- 
ca rbona t i t e  bearing horizon is locally host for sulphide 
mineralization (Fyles, 1970; Hiiy, 1979). Pers is tence  of t h e  
marble  (unit  4m) around the  dome, and i t s  recc, :tion t o  t h e  
south in Thor-Odin a r e a  (P.B. Read, personal communication, 
1978) demonstra tes  t h a t  unit 4 may be  considered a 
format ion of regional significance. Other  units mapped on 
t h e  eas t e rn  flank of Frenchman C a p  and described by Brown 
and Psutka (1979) a r e  less persistent.  For example,  local 
separation of peli t ic rocks from calcs i l ica tes  is possible but 
on a regional scale  these  lithologies may be  fac ies  
equivalents.  The northern end of Frenchman C a p  dome  is 
particularly instructive (Fig. 8.2). The axial  surface  t r a c e  of 
Kirbyville syncline (KS, Fig. 8.2) is located by well defined 
tops in graded gr i t  beds and by change in asymmetry  of minor 
folds; ca lcs i l ica tes  (unit 4c) above t h e  basal qua r t z i t e  (unit  3) 
on t h e  southern l imb co r re l a t e  with grit-bearing peli t ic rocks 
(unit 4p) on t h e  northern limb. The Sibley Creek syncline 
(SS, Fig. 8.2) is also well defined, in this case  t h e  closure 
involves crossbedded qua r t z i t e  (unit 4q) t h a t  become 
interdigitated with amphibolites (unit 4a) some  of which a r e  
c lear ly  metavolcanics.  These amphibolites a r e  th ick  and 
persistent on t h e  northern limb of t h e  fold, but give way t o  
peli te (unit 4p) and qua r t z i t e  (unit 4q) on t h e  southern limb. 
The recognition of these  fac ies  changes requires t h a t  local 
subdivisions b e  lumped into a single format ion (unit 4). 

The age  of the  autochthonous cover rocks is ye t  t o  be 
determined;  t he  presence of quar tz i tes  and marbles has led 
s o m e  workers t o  propose corre la t ion with Cambrian rocks 
exposed in t h e  miogeocline t o  t h e  e a s t  (Wheeler et al., 1972; 
Reesor,  1970; Hoy and McMillan, 1979) however, Brown and 
Psutka  (1979) and Brown and Read (1979) have suggested t h a t  
a Proterozoic  (Belt-Purcell) age  should be  considered a s  an  
a l ternat ive  hypothesis. 

'Depa r tmen t  of Geology, Carleton University, Ot tawa,  Ontario.  4 7 



Frenchman C a p  Ddcol lement  

A t  t h e  nor thern  end of t h e  dome, autochthonous  cove r  
rocks  dip northward beneath  migmat i t i c  rocks  t h a t  appea r  t o  
co r r e l a t e  with s t r a t a  of t h e  Selkirk allochthon. North of t h e  
Columbia River f au l t  zone  (Fig. 8.31, marker  horizons in t h e  
Selkirk Mountains cross  t h e  Columbia River  and cont inue  
nor thwestward  wi thout  o f f s e t  in to  t h e  Monashee Mountains 
(Fig. 8.1, 8.3; Campbell ,  1968; Brown et al., 1977). These  
marke r s  include t h e  Middle Marble and Lower Pel i t ic  
members  of t h e  Upper Proterozoic  Horsethief Creek Group 
(Brown and Tippet t ,  1978). 

The c o n t a c t  of probable Horsethief Creek  Croup 
agains t  autochthonous  cover  is  well  exposed a t  t h e  nor thwest  
end of Frenchman C a p  dome  (Fig. 8.2). Pos tmetamorphic  
shearing has disrupted s t ra t igraphy and locally gene ra t ed  

Blue R i v e r  
m 

Mica Creek a 
- 5 Z 0  

-51° 

Figure 8.1. Location and setting o f  Frenchman Cap dome. 
Cldn indicates clachnacudainn salient (allochthon). 
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t ec ton ic  breccias.  Qua r t z i t e  (unit  4q), pe l i te  (unit  &p), 
ca lcs i l ica te  (unit  4c) and ca rbona t i t e  (unit  4CT) uni ts  a r e  
variously involved in t h e  footwall  of t h e  ddcollement.  
Abundant kyani te  with minor si l l imanite occurs  in peli t ic 
rocks  below the  d i co l l emen t ;  pegmat i t e  is generally 
res t r ic ted  t o  d iscordant  dykes. Semipel i t ic  migmat i te ,  
psammite ,  amphibol i te  boudins, t oge the r  with pervasive con- 
co rdan t  and discordant  pegmat i t e  c h a r a c t e r i z e  t h e  rocks  of 
t h e  hanging wall; kyani te  is absent  and si l l imanite is 
generally present  a s  course  fibrous knots. 

Detailed petrological  and s t ruc tu ra l  analysis across  t h e  
c o n t a c t  will b e  s t a r t e d  th is  summer;  t h e  avai lable  
informat ion indica tes  t h a t  s t r a t a  above  t h e  ddcol lement  were  
displaced a f t e r  t h e  peak of metamorphism,  and t h a t  higher 
g rade  rocks of t h e  allochthonous cover  have been displaced 
on to  lower g rade  authochthonous  rocks. 

Similar c o n t a c t  relationships have  been observed 
be tween  Anstey River and t h e  head of Pe r ry  River on t h e  
western  flank of t h e  dome  (Fig. 8.2). Continuation around 
t h e  western  pa r t  of t h e  dome  appears  most likely, and t h e  
boundary has been ext rapola ted  on t h e  basis of lithologic 
descriptions by Wheeler (1965). The dkcol lement  has  been  
t r aced  nor theas tward  t o  t h e  vicinity of Hoskins Creek  where  
i t  swings eas tward  in to  t h e  Columbia River valley toward t h e  
Columbia River  f au l t  zone  (Fig. 8.2, 8.3). 

Columbia  River Faul t  

Autochthonous cover  rocks on t h e  ea s t e rn  margin of 
Frenchman C a p  dome  a r e  t runcated  in t h e  Columbia River 
valley by t h e  Columbia River f au l t  zone. This shallow (20') 
ea s t e r ly  dipping f au l t  has  been t r a c e d  fo r  over  200 km 
(Fig. 8.1); i t  isolates t h e  autochthonous  cove r  of t h e  Shuswap 
Metamorphic Complex f rom metamorphic  rocks of t h e  
Selkirks and Kootenay Arc (Brown and Read,  1979; Read, 
1979; Brown and Psutka ,  1979). 

To t h e  nor th  of Frenchman C a p  d o m e  t h e  Columbia River 
f au l t  cont inues  beyond Hoskins Creek ,  but e i t he r  d ies  out  or 
swings back toward t h e  southeas t  before  reaching t h e  vicinity 
of Soards Creek  where,  a s  previously mentioned, Campbell  
(1968) has  t r aced  a n  unfaulted marble  horizon and a 
si l l irnanite isograd ac ros s  t h e  Columbia River valley 
(Fig. 8.3). 

Most r ecen t  movement  along t h e  Columbia River f au l t  
is pos tmetamorphic  and has disrupted igneous plutons t h a t  
a r e  a t  leas t  a s  young a s  L a t e  Cre t aceous  (Armstrong and 
Brown, in preparation). Slickensides, f ibre  growth and 
c l eavage  in c l ay  gouge zones  indica te  t h a t  movement  has 
been normal t o  high angle oblique slip. The Selkirk 
allochthon has been displaced eas tward  re la t ive  to  Shuswap 
basemen t  (Fig. 8.3). The magni tude  of t h e  d isplacement  i s  
no t  known, but  has  been suff ic ient  t o  juxtapose rocks with 
me tamorph ic  g r a d e  a s  low a s  greenschis t  agains t  footwal l  
rocks of upper amphibol i te  grade.  

Relationships between the  Frenchman C a p  ddcol lement  
and t h e  f au l t  zone  in t h e  Columbia River  require  
clarif ication: t h e  ear ly  de t achmen t  of t h e  Selkirk allochthon 
is marked by t h e  ddcol lement  t h a t  wraps  around t h e  nor thern  
end of Frenchman C a p  dome  and coincides t o  t h e  ea s t  with 
t h e  Columbia River f au l t  zone,  t h e  northward extension of 
t h e  f au l t  in t h e  valley (Fig. 8.3) is probably re la ted  t o  more  
r ecen t  displacement.  

S t ruc tu ra l  Geomet ry  

Polyphase deformat ion in t h e  autochthonous  cover  has 
been  described in t h e  Mount Copeland-Jordan River a r e a  
(Fyles, 19701, at t h e  head of Perry  River (McMillan, 19731, 
and in t h e  Downie sl ide a r e a  (Psutka,  1978). 



HADRYNIAN - ALLOCHTHONOUS 

Semipelite, Amphibol i te, Pegmotite 
minor marble and quor tz i te .  

AGE UNKNOWN -AUTOCHTHONOUS COVER. 

Nephellne syenite gneiss. 

Amphibolite, locally interbedded with 
quartzi te. m Quartzite, locally interbedded with 
amphibolite. 

Pelite with minor calcsilicote and grit. 

Corbonatite, ossociated with marble 
and calcareous schist 

Marble, usually white. ( -5metres m-) 

Calcsillcate with minor pelite. 

13 Basql qyartzite, locally interbedded with 
sem~pel~te, calcsilicate, conglomerate. 

APHEBIAN - CORE GNEISS 

1 Mixed paragnelss - amphibolite, 
s e m ~ p e l ~ t e ,  psammite. 

K - feldspar augen gneiss. 

,J Faulted contact 

., Decollement observed - inferred. 

Columbia r iver fau l t  zone 

M.C. - (Mount Copeland area) af ter  Fyles (1970) MGS - (Mount Grace Syncline) a f ter  Hoy (1979)  
HPR - (Head o f  Perry River area) a f ter  McMillan (1973) DS - (Downie Slide area) after Psutka (1978) 

Figure 8.2. Stratigraphy of Frenchman Cap dome. See text  for further explanation. 



The geometry  of autochthonous cover  and basement  
gneisses a t  t h e  northwestern end of t h e  dome  appears  t o  b e  
relatively s t ra ight  forward. Major closures a r e  l a t e  to  
postmetamorphic  ant ic l ines  and synclines with axial  surfaces  
t h a t  dip away f rom the  dome toward the  northwest and 
southwest a t  modera t e  t o  shallow angles (Fig. 8.2; Kirbyville- 
Mount Grace  Syncline, Kirbyville anticline,  Sibley syncline). 
L a t e  metamorphic  folds a r e  also dominant along the  eas t e rn  
margin; axial  su r faces  dip northwesterly toward the  dome  and 
hinge lines vary through t h e  horizontal  with moderate  plunges 
t o  t h e  northwest and southeast ,  however complexities 
develop adjacent  t o  t h e  Columbia River f au l t  zone. 

In ter ference  pa t t e rns  a r e  evident to the  south in the  
Jordan river region (Fyles, 1970). Large refolded isoclines 
deform both basement and cover in this southern region 
which lies between Frenchman Cap and Thor-Odin dome. 

Doming of the  basement  and cover  appears  t o  b e  a l a t e  
s t age  postmetamorphic  even t  t h a t  has been superimposed 
a f t e r  nappe s ty le  folding. 

Recognition of Aphebian basement  (units l and 2) 
implies t h a t  a precover geometry  and metamorphic  history 
may b e  preserved. S t ruc tu re  of allochthonous cover rocks of 
t h e  Selkirk Terrane is fairly well  known t o  t h e  e a s t  of t h e  
Columbia River f au l t  zone (Brown and Tippett ,  1978; Brown, 
1978), but  has  ye t  t o  b e  investigated t o  t h e  wes t  where  these  
s t r a t a  approach the  Frenchman Cap d6collement.  A t  the  
moment  i t  is not cer ta in  whether or  not t h e  s t ructura l  and 
metamorphic  events  recorded in the  autochthonous cover 
rocks co r re l a t e  with the  middle Jurassic deformation and 
metamorphism recorded in the  allochtonous cover.  

Tectonic  Set t ing 

Frenchman Cap  is one of several domes in the  Shuswap 
metamorphic  complex, and similar t e r r anes  occur  along much 
of the  axial  zone of the  North American Cordillera (cf. Davis 
and Coney, 1979). Agreement  on t h e  origin o r  origins of 
t hese  "core complexes" i s  y e t  t o  be  obtained. 

The Aphebian a g e  for sialic basemen t  rocks in 
Frenchman C a p  and similar or  older ages  f rom c o r e  gneisses 
in Thor-Odin (Wanless and Reesor, 1975; Duncan, 1978) 
indicate  t h a t  much of the  Shuswap Terrane is probably 
underlain by sialic basement  t h a t  is a t  leas t  t w o  billion years  
old. Is this basement  pa r t  of cra tonic  North America  or does  
i t  have an  exot ic  origin. 

Pr imary sedimentary  f ea tu res  a r e  only locally 
preserved in the  autochthonous cover  rocks but  t h e  presence 
of crossbedded sandstone, rapid fac ies  changes of ca lcareous  
muds and clastics,  together  with t h e  laterally continuous 
l imestone horizon suggests a shallow marine  platform 
environment;  locally in terdigi ta ted  volcanic rocks imply a 
tec tonical ly  ac t ive  sett ing. It has  been argued on both  
geological and geophysical grounds t h a t  c ra ton ic  North 
America  a t  this la t i tude  probably does  not extend west of t h e  
Rocky Mountain t rench ( for  summary discussion s e e  Monger 
and Price,  1979), and t h a t  a marginal basin separa ted t h e  
Shuswap Terrane from t h e  c ra ton  (Brown, 1979, in press). 
These arguments  imply t h a t  t he  Shuswap Terrane lay offshore 
North America  in Proterozoic  t o  Paleozoic t imes,  and t h a t  
t h e  tec tonic  se t t ing was  "Pacific type" r a the r  than "Atlantic 
type". 

Basement gneisses, autochthonous and allochthonous 
cover record a prot racted history of deformation. The main 
metamorphism t o  have a f f ec t ed  the  allochthonous cover 
appears  t o  have occurred in the  Jurassic,  but  significant 
deformat ion took place  before  and a f t e r  this event.  I t  is 
suggested t h a t  t h e  deformat ions  and metamorphism a r e  
re la ted  t o  t h e  closing of t h e  marginal basin t h a t  lay between 
t h e  Shuswap Terrane and North America.  

Figure 8.3. Structural elements in the vicinity of 
Frenchman Cap dome. S = terrane of sillimanite grade. See 
tex t  for further explanation. 
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Abstract 

Many reactions in medium grade mafic rocks take place in the presence of  quartz, plagioclase, 
magnetite, and ilmenite. A proposed reaction grid accommodates many common mineral 
assemblages, which can be conveniently represented on the biotite composition surface. 

Mineral react ions  in maf ic  rocks lend themselves t o  a 
broad subdivision of metamorphic  conditions. This f a c t  and 
the  widespread occurrence  of maf ic  rocks presumably 
prompted Eskola (1939) t o  choose mineral compatibil i t ies in 
maf ic  rocks a s  f ac i e s  boundaries. Extensive work in peli t ic 
rocks has demonstra ted  a multi tude of reactions,  particularly 
in medium and high grade rocks. Thus Winkler (1976) decided 
t o  use react ions  in peli t ic rocks a s  boundaries between his 
divisions of low, medium, and high grade metamorphism. 
Reactions in peli t ic rocks have become particularly useful a s  
indicators of metamorphic  grade s ince  they were  linked t o  
form petrogenet ic  grids. A r ecen t  version by 
D.M. Carmichael  combines react ions  in muscovite-bearing 
rocks with those in muscovite-free rocks ( see  Bailes and 
McRitchie, 1978). However, t h e  rar i ty  of peli t ic rocks in 
some ter ranes  makes i t  worthwhile also t o  consider maf i c  
rocks a s  indicators of metamorphic grade. In particular,  a 
reaction grid will b e  helpful in drawing a t t en t ion  t o  per t inent  
react ions  in maf ic  rocks. 

A t  a grade of metamorphism somewhat  below the  
appearance of s taurol i te  in bioti te- and muscovite-bearing 
rocks (beginning of medium grade metamorphism), oligoclase- 
andesine becomes stable.  Clinopyroxene, hornblende, and 
cummingtoni te  a r e  s table  a t  these  conditions; various reac-  
t ions will lead t o  t h e  coexis tence  of these  t h r e e  minera ls  
with plagioclase. These reactions mark t h e  tradit ional 
boundary between t h e  greenschist  and amphibolite fac ies  
(Turner, 1968). The amphiboles remain s table  over a large  
range of metamorphic  conditions until t h e  beginning of t h e  
granul i te  facies.  Cummingtonite plays an interesting role in 
amphibolites. Shid8 (1958) suggested t h a t  cummingtonite,  
which is common in amphibolites of t he  Abukuma region, 
typically develops in low-pressure metamorphism. On t h e  
o the r  hand, almandine amphibolites occur  in t e r r anes  of high 
pressure metamorphism. And in some  a reas  of i n t e rmed ia t e  
pressure (e.g. Snow Lake, Manitoba), almandine and 
cummingtonite occur together  with hornblende (Bailes and 
McRitchie, 1978). These  observations suggest phase relations 
shown schematically in Figure 9.1. 

Traditionally the  metamorphism of maf ic  rocks has 
been discussed with t h e  aid of ACF diagrams (Eskola, 1939; 
Turner,  1968; Froese,  1973; Winkler, 1976). This approach 
makes i t  difficult  t o  consider reactions involving biot i te  and 
obscures t h e  e f f e c t  of F e 0  and MgO a s  sepa ra t e  components. 
Therefore,  t h e  bioti te su r face  (Froese, 1978) has  been used 
here  a s  a means  of showing mineral compatibil i t ies.  Many 
mafic  rocks contain smal l  amounts  of b iot i te  and, therefore ,  
a subdivision of t h e  b iot i te  composition surface  into mineral 
fields is a suitable method of representing minera l  
assemblages. In f ac t ,  such phase relations remain valid in 
KpO-free rocks if b io t i te  is compatible with the  indicated 
mineral assemblages. Various associations of minera l  
assemblages a r e  shown a s  insets in a grid (Fig. 9.2). The grid 
has  been const ructed by incorporating react ions  deduced 
f rom common mineral assemblages in maf ic  rocks together  

with basic requirements  of reaction grids (Zen, 1966). The 
grid connects  a t  higher t empera tu re  with t w o  react ions  f rom 
a grid proposed for granulites (Froese and Jen, 1979). It is of 
i n t e re s t  t o  note  t h a t  t he  grid allows the  coexis tence  of 
muscovite and hornblende a t  high pressures, res t r ic ts  t h e  
assemblage epidote-hornblende to  relatively high pressures, 
and accounts  for t he  decomposition of epidote  in t h e  
presence of biotite. 

The grid has several inherent limitations. In order  t o  
represent t he  indicated reactions a s  lines, t h e  following 
res t r ic t ions  have been assumed: 

a. t he  ac t iv i ty  of  H 2 0  is a smoothly-varying function of 
pressure and temperature .  

b. Plagioclase of constant  composition is present.  

c. Quar tz ,  magnet i te ,  and i lmenite a r e  present. 

constant T 
a = f ( P )  

"2O 

+ quartz 
+ plagioclase of constant composition 
+ magnetite 
+ ilmenite 
+ hornblende 

Composition of Minerals 

Rgwe 9.1. Schematic phase relations among chlorite, 
almandine, and cummingtonite. 
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I. Cen t ra l  Abukuma Pla teau (Shidb, 1958) 

chlorite-hornblende-epidote 
horn blende-epidote-clinopy roxene 
hornblende-clinopyroxene 
hornblende-cummingtonite 
hornblende-clinopy roxene-cummingtonite-orthopyroxene 

2. Broken Hill d i s t r i c t  (Binns, 1964) 

hornblende-epidote-almandine 
hornblende-cummingtonite 
hornblende-almandine-clinopyroxene 
hornblende-clinopy roxene-ort.hopy roxene 

3. Snow Lake - Wimapedi Lake a rea  (Bailes, 1975; 
Bailes, and McRitchie, 1978; Froese and Moore, 1979) 

chlorite-hornblende-almandine 
epidote-hornblende 
hornblende-cummingtonite-almandine 
epidote-hornblende-clinopy roxene 
hornblende-clinopyroxene-K feldspar 

4. Bessi-Ino dis t r ic t  (Banno, 1964) 

hornblende-almandine-muscovite-epidote (no bioti te) 
hornblende-clinopyroxene-muscovite-epidote (no bioti te) 
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Abst ract  

Most rocks  in the  Redditt  a r e a  of t he  Lount Lake batholith can be  assigned t o  e i ther  a n  earlier,  
rnegacrystic granodiorite or a l a t e r ,  equigranular grani te ;  both  a r e  massive, nonfoliated,  r e t a in  thei r  
igneous t ex tu re ,  and a r e  considered to  postdate  regional metamorphism associa ted  with the  Kenoran 
orogeny. 

The a g e  of t h e  megacrys t ic  g ran i t e  i s  2631 2 6 3  Ma (Ri  = 0.70223 + 44, MSWD = 1.35). 
This is similar t o  the  nearby Dalles and Melick intrusions and f a l l s  within the  range of o the r  relatively 
potassic plutonic rocks f rom the  Winnipeg batholithic bel t .  

Introduction 

As par t  of a larger study of crus ta l  development in the  
English River subprovince, a ser ies  of felsic plutonic rocks 
near the  village of Redditt  in northwestern Ontar io  is being 
investigated. 

Felsic plutonic rocks a t  Redditt  form a lobe of a much 
larger batholithic complex ( termed t h e  Lount Lake batholith 
by Breaks e t  al., 1978) which occupies t h e  centra l  portion of 
t h e  Winnipeg River batholithic belt (Beakhouse, 1977). The 
relatively potassic plutonic rocks, which cha rac te r i ze  t h e  
Lount Lake batholith,  a r e  in terpre ted t o  represent t h e  las t  
major plutonic event  in t h e  English River subprovince . . 
(Beakhouse, 1977; Breaks e t  al., 1978 .  

General Geology 

The oldest major rock unit in t h e  Reddi t t  a r ea  is banded 
orthogneiss which outcrops in t h e  southern part  of t h e  study 
a r e a  (Fig. 10.1). A Rb-Sr whole-rock isochron for  presumably 
corre la t ive  orthogneiss 15 km south of this a rea  has yielded 
an age  of 2725 t 55  Ma; R.  = 0.7010 i: 3 (Wooden, 1978). The 
re la t ive  a g e  of amphibdlit ized maf i c  volcanic rocks in t h e  
northwestern portion of t h e  Redditt  a r e a  (Fig. 10.1) is 
uncertain,  although metavolcanic  rocks a r e  known t o  pre-date 

. development of t he  orthogneiss (Beakhouse, 1977; 
Gower,  1978). 

The Ena Lake stock (Fig. 10.1) is a multi-phase intrusion 
with predominant qua r t z  d ior i te  and subordinate diorite,  
qua r t z  monzodiorite and tonalite.  Igneous rock terminology 
used in this report  is a f t e r  Streckeisen (1976). No a t t e m p t  t o  
map  individual phases within this intrusion has  been made. 

Most rocks in t h e  Redditt  a r e a  of t h e  Lount Lake 
batholith can  be a s s ~ g n e d  t o  e i ther  an  earlier,  megacryst-  
bearing granodiorite phase or a l a t e r ,  equigranular g ran i t e  
phase. Reconnaissance investigations indicate t h a t  similar 
lithologies a r e  abundant throughout the  Lount Lake batholith. 
Both t h e  megacrys t ic  granodiorite and equigranular g ran i t e  
a r e  massive, nonfoliated, and re ta in  thei r  igneous texture .  
They a r e  in terpre ted t o  postdate  regional metamorhpism 
associated with t h e  Kenoran orogeny. 

Petrology 

Megacrystic Granodiorite 

Large  a r e a s  of t h e  Redditt  lobe of t h e  Lount Lake 
batholith a r e  underlain by biot i te  granodiorite containing 
microcline megacrysts.  The degree  of development of t h e  

microcline megacrys ts  dominates  t h e  textura l  and 
mineralogical variability of this phase. 

Plagioclase, qua r t z  and microcline cons t i tu t e  90 per 
c e n t  or  more  of t h e  modal and mesonormat ive  mineralogy 
(Fig. 10.2). Plagioclase ( A n 1 8 - 2 5 )  is weakly t o  moderately 
intensely sericit ized and rarely exhibits weak, normal zoning. 
Biot i te  is  t h e  predominant maf ic  mineral and is rarely 
accompanied by subordinate hornblende. Magnetite,  opidote, 
zircon, a p a t i t e  and ser ic i te  (a l tera t ion product of plagioclase) 
a r e  ubiquitous accessory minerals. Minor sphene, allanite,  
chlor i te  (a l tera t ion product of bioti te),  muscovite and 
ca rbona te  a r e  present in some samples. 

Optically continuous, poikilitic, micro-perthit ic micro- 
c l ine  megacrys ts  up t o  4 c m  in longest dimension, modify an 
otherwise  uniform, hypidiomorphic equigranular texture .  
These megacrys ts  poikilitically enclose plagiocla.se, , qua r t z  
and biot i te  and, although o f t en  subhedral, t h e  m a r g ~ n s  a.re 
irregular in detail. Adjacent myrmeki te  and albit ic (?) rims 
on plagioclase inclusions a r e  common. H11 s t ages  of 
development f rom concentra t ions  of c lear ly  intergranular,  
l a t e  microcline t o  well formed subhedral crys ta ls  occur. 

These observations, together  with t h e  unmetamorphosed 
cha rac te r  of t h e  rock, suggest t h a t  t h e  megacrys ts  represent 
l a t e  magmat ic  concentra t ions  of microcline and not pheno- 
crys ts  or porphyroblasts. This conclusion is consistent with 
t h e  position of t h e  megacryst ic granodior i t e  in t h e  salic 
(An-Ab-Or-Qz) te t rahedron (Presnall and Bateman, 1973). It 
lies in t h e  primary phase volume of plagioclase, near t h e  
qua r t z  sa tura t ion surface  and well removed f rom t h e  co tec t i c  
line. The crystall ization sequence for  such a liquid compo- 
sit ion would be  plagioclase (+ biotite), plagioclase + quar t z  
(+ biotite),  and plagioclase + quar t z  + or thoclase  (t biotite). 

Grani te  

The youngest rocks in t h e  Redditt  a r e a  have grani t ic  
compositions (Fig. 10.2). Medium grained, equigranular 
grani te  predominates in both the  larger g ran i t e  stock a t  Birch 
Lake (Fig. 10.1) and within numerous plugs and dykes 
occurring throughout t h e  study area .  Locally, t he  equi- 
granular phase contains irregularly shaped pods of a 
pegmat i t ic  phase having similar mineralogy which a r e  clearly 
CO-magmatic. L a t e  pegmat i t ic  dykes have similar mineralogy 
and may or may not be  related to  the  equigranular granite.  

Plagioclase (An12- la) ,  microcline,  and qua r t z  in sub- 
equal proportions (Fig. 10.2) cons t i tu t e  at least  9 5  per cen t  of 
t h e  equigranular granite.  Bioti te is t h e  predominant maf i c  
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minera l  bu t  m a g n e t i t e  and  m u s c o v i t e  a r e  c o m m o n .  T r a c e  
a m o u n t s  of e p i d o t e ,  a p a t i t e ,  z i rcon ,  sphene ,  a l l a n i t e ,  c h l o r i t c ,  
and s e r i c i t e  a r e  p r e s e n t  in mos t  rocks. Abundant  r r ~ y r r ~ l e k i t i c  
in te r -growths  and re la t ive ly  i n t e n s e  plcigioclase s e r i c i t i z a t i o n  
sugges t  e x t e n s i v e  d e u t e r i c  ac t lv l ty .  

Geochronology  

Analy t ica l  P r o c e d u r e s  

All s t r o n t i u m  isotopic m e a s u r e m e n t s  w e r e  p e r f o r m e d  on 
a 90"  s e c t o r ,  25.4 c m  rad ius  of c u r v a t u r e ,  solid s o u r c e ,  s ing le  
f i l a m e n t  (Ta),  Nier - type  mass  s p e c t r o m e t e r .  Rb,  Sr and  t h e  
Rb/Sr  va lues  w e r e  d e t e r m i n e d  by X-ray fluorescence 

Figure 10.2 Mesonormative mineralogy o f  granitoid rocks 
a t  Redditt with plagioclase + K-feldspar + quartz 
recalculated to l 0 0  per cent .  Dots correspond t o  megacrystic 
granodiorite samples; triangles t o  granite samples, crosses t o  
pegmatite samples. 

2631'63 Ma. 

R , =  .70223 *44 

Figure 10.3 Whole-rock Rb-Sr isochron for granitoid rocks 
at  Redditt. The isochron is calculated using only the 
megacrystic granodiorite samples. Squares correspond t o  
megacrystic granod_iorite samples; triangles t o  granite 
samples ( X  = 1 . 4 2 ~ 1 0  ' ' a - ' ) .  

s p e c t r o m c t r y  using t h e  MO-Compton p e a k  m e t h o d ,  deve loped  
a t  M c M a s t e r  Univers i ty  by Marchand  (1973). 

S t r o n t i u m  for mass  s p e c t r o m e t r i c  ana lys i s  w a s  
c o l l e c t e d  in t h e  s t a n d a r d  way f r o m  ion e x c h a n g e  c o l u m n s  
fol lowing H F  d iges t ion  in t e f l o n  bombs. T h e  t o t a l  blank 
( c h e m i s t r y  and loading) 1s 40 ng. T h e  prec ls lon  of a m a s s  
s p e c t r o m e t e r  analysis ,  based  on d u p l i c a t e  ana lyses ,  is 0.02 
per  c e n t .  Six a n a l y s e s  of E a n d  A S r C 0 3  ~ v e r a g e d  0.70804 i 14  
(20). For X K F  ana lyses ,  a t  l eas t  six s e p a r a t e  pe l le t s  w e r e  
p r e p a r e d  f o r  e a c h  s a m p l e  used on t h e  isochron and  precision 
based  on t h e s e  r e p l i c a t e  a n a l y s e s  is genera l ly  b e t t e r  t h a n  I 
per  c e n t .  A c c u r a c y ,  based  on dna lyses  of s t a n d a r d  rocks,  is  
g e n e r a l l y  b e t t e r  t h a n  2 per  c e n t .  

Resu l t5  .- 

T h e  d a t a  a r e  tctbulated in T a b l e  10.1 and  p r e s e n t e d  
graphica l ly  in F i g u r e  10.3. lsochron p a r a m e t e r s  a r e  
c ~ l c u l a t e d  using t h e  m u l t i p l e  regress ion  p r o g r a m  
REGROSS (Brooks et al., 1972). T h e  m e g a c r y s t i c  
g r a n o d i o r i t e  d a t a  yield M c l n t y r e  I p a r a m e t e r s  (20 e r r o r s )  
of  2631 ? 6 3  Ma; R. = 0.70223 t 44; MSWD = 1.35. Inclusion 
of equigranular  g a h i t e  d a t a  d e c r e a s e s  t h e  i sochron  e r r o r s  
(2589 + 33 Ma; R. - 0.70246 ? 28) b u t  i n c r e a s e s  t h e  MSWD 
(2.10). ~ x a m i n b t  ion of p re l iminary  t r a c e  e l e m e n t  d a t a  
s u g g e s t s  i t  is unlikely t h a t  t h e  equigranular  g r a n i t e  c a n  b e  
produced  by f r a c t i o n a l  c r y s t a l l i z a t i o n  of t h e  m e g a c r y s t i c  
g r a n o d i o r i t e  and,  f o r  t h i s  r e a s o n ,  t h e  f o r m e r  i sochron  
c a l c u l a t i o n  is p r e f e r r e d .  M o r e  i so topic  a n d  t r a c e  e l e m e n t  
a n a l y s e s  a r e  p l ~ n n e d  t o  f u r t h e r  e v a l u a t e  t h i s  p roblem.  

T a b l e  10.1 

Isotopic d a t a  f o r  R e d d i t t  a r e a  ran i to id  rocks.  5 8 7 S r / 8 6 S r  IS normal ized  t o  ' = ~ r /  'Sr - . l 1 9 4  a n d  
e r r o r s  q u o t e d  a r e  s igma ( m e a n )  for  individual  r u n s  

Sarnplc Rock Typc RblSr 8 7 ~ b 1 8 6 ~ r  87Sr/86Sr 

R-27 D i r rh  Lohe :ranit? .h218 1.5113 ,77114 r 12 
R - 3 5  .7hh6 2.2363 .785hl i 0 
R-36 C r a n ~ t i r  dykc .5615 1.6345 .76349 r 4 
R-37:1 .3150 .9143 .73557 i 16 

T a b l e  10 .2  

S u m m a r y  o f  Rb-Sr isochron s t u d i e s  of p lu ton ic  r o c k s  
f r o m  t h e  Winnipeg River  b a t h o l i t h i c  be l t  

I un i t  Age (Ma) Ri 
Reference I 

Redditt Granodioritc 2631 * 63 .70223 5 4O This work 

Dalles Granodiorite 2630 10 ,7014 1 I \Vooder, (1978) 

Melick Tonalite 2630' 70 .7012 t 3 

Pink Granodiorite 2664 t 10 ,7001 t 14 Farquharson arlli 
Clark (1971)  * 

Rennie Ratholith 2603 t 321 ,7009 t 31 

Whiteshell Porphyrjt~c 2610 t 113 ,7071 t 38 * 
Granodiorite 

Caddy L.  Quartz Monz. 2555 t I 2  ,7057 t 15 

West Hawk microgran~te 2620 t S3 .7026 t 62 

These ages were calculated using the 1.39 X 10.' 'a-'decay constant whlch 
yields ages approx~mately 2 per cent hlgher than for the 1.42 X 10- 'b- '  decay 
constant used In the othcr age calculations. 



Discussion 

T h e  m e g a c r y s t i c  g r a n o d i o r i t e  at R e d d i t t  is s imi la r  in 
a g e  to t h e  n e a r b y ,  m o r e  sodic,  Dal les  and  Melick in t rus ions  
a n d  f a l l s  wl th in  t h e  r a n g e  of o t h e r  re la t ive ly  po tass ic  p lu ton ic  
r o c k s  f r o m  t h e  Winnipeg River ba thol i th ic  be l t  (Table  10.2). 
All b u t  t w o  of t h e  u n i t s  l i s ted  in  T a b l e  10.2 h a v e  R .  v a l u e s  
t h a t  fal l  n e a r ,  o r  marg ina l ly  above ,  m o s t  upper  m a n t ~ e l ~ r o w t h  
c u r v e s  ( F a u r e ,  1977). T h e  i n t e r p r e t a t i o n  of t h i s  o b s e r v a t i o n  
is h a m p e r e d  by t h e  p r e s e n c e  of s e v e r a l  p o t e n t i a l  s o u r c e  rocks  
(e.g. a m p h i b o l i t e ,  d i o r i t e ,  d e p l e t e d  l?] lower  c r u s t )  w i t h  low 
Rb/Sr ra t ios .  T h e s e  s o u r c e s  would d i v e r g e  slowly w i t h  t i m e  
f r o m  upper  m a n t l e  g r o w t h  curves .  F u r t h e r  i so top ic  a n d  t r a c e  
e l e m e n t  a n a l y s e s  a r e  p lanned  to e v a l u a t e  t h e  or ig in  of t h e  
R e d d i t t  g r a n o d i o r i t e  a n d  t h e  s ign i f icance  of t h e  re la t ive ly  
low i n ~ t i a l  ra t io .  
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Card, K .D . ,  Percival, John A., and Coe, Kenneth, Progress report on regional geological synthesis, 
central Superior Province; 5- Current Research, Part A, Geological Survey o f  Canada, 
Paper 80-1 A, p. 61-68, 1980 

Abstract 

Reconnaissance field work, combined with existing geological data, permits preliminary 
subdivision of  the rocks of the central Superior Province into broad categories, including greenstone 
belt metavolcanic-metrlsedimentary sequences and associated migmatite, gneiss of  plutonic origin, 
paragneiss, and massive to foliated felsic plutons. Some tentative lithotectonic subdivisions of  parts 
o f  the Wawa, Quetico, and Wabigoon subprovinces are given and the rock characteristics, structural 
and metamorphic aspects, and location o n d  nature of  the bounclaries of  these subdivisions are 
described. Progress reports are presented an studies being carried out on parts of  the Kapuskasing 
Structural Zone and the Round Lake Batholith. 

In t roduc t ion  Ontar io .  T h e  resu l t s  of t h e  s u m m e r ' s  f ie ld  work  bv Perc iva l  

T h e  p r o g r a m  of r e c o n n a i s s a n c e  f ie ld  work  i n i t i a t e d  in 
t h e  c e n t r a l  Superior  Province  in 1978 ( C a r d ,  1979) w a s  
cont inued  dur ing  1979. D a t a  w e r e  g a t h e r e d  a long  s e v e r a l  
s e c t i o n s  u t i l i z ing  road  and w a t e r  a c c e s s  for  t h e  m o s t  p a r t .  
Work w a s  c o n c e n t r a t e d  in a r e a s  t h a t  h a v e  h i t h e r t o  rece ived  
l i t t l e  a t t e n t i o n ,  main ly  t h e  a r e a s  shown on  ex is t ing  m a p s  a s  
predominant ly  gran i t ic .  T h e  o b j e c t i v e s  of t h e  work inc lude  
r e c o n n a i s s a n c e  subdivision of t h e s e  rocks,  which c o m b i n e d  
w i t h  pe t ro log ic ,  s t r u c t u r a l ,  a n d  r a d i o m e t r i c  a g e  s tud ies ,  will 
p e r m i t  a m o r e  c o m p l e t e  synthes i s  of t h e  geology  of t h e  
c e n t r a l  Superior  Province .  

Another  o b j e c t i v e  is t h e  def in i t ion  of a r e a s  a n d  
p r o b l e m s  requi r ing  f u r t h e r  s tudy ,  a n d  in th i s  c o n t e x t  
inves t iga t ions  w e r e  i n i t i a t e d  in s e v e r a l  a r e a s .  J.A. P e r c i v a l  is 
inves t iga t ing  t h e  n a t u r e  and  evolu t ion  of p a r t  of t h e  
"Kapuskasing S t r u c t u r a l  Zone" in t h e  C h a p l e a u - F o l e y e t  a r e a ,  

and  Dr. K. C o e ,  Univers i ty  of E x e t e r ,  England,  a r e Z p r e s e n t e d  
a s  P a r t  11 of t h i s  r e p o r t .  Perc iva l ' s  work o n  t h e  Kapuskas ing  
s t r u c t u r e  will f o r m  t h e  basis  of a Ph.D. thes i s  a t  Queen ' s  
Univers i ty ,  Kings ton .  

T h e  second a r e a  of s t u d y  involves  t h e  Round L a k e  
Bathol i th  s o u t h  of Kirkland Lake ,  Ontar io .  J .  Laf leur  has  
u n d e r t a k e n  a s tudy  of th i s  body t o  i m p r o v e  o u r  unders tanding  
of i t s  a g e  re la t ionsh ips ,  pe t rogenes i s ,  a n d  m e c h a n i s m s  of 
e m p l a c e m e n t .  This work will b e  t h e  t o p i c  of his M.Sc. t h e s i s  
a t  t h e  Universi ty of O t t a w a .  

Dr. K. A t t o h ,  Univers i ty  of Ghana ,  a p o s t d o c t o r a l  
fe l low a t  t h e  Geologica l  Survey  of C a n a d a ,  i s  c o m p a r i n g  
g r e e n s t o n e  be l t  a s s e m b l a g e s  in t h e  West  A f r i c a n  and  
C a n a d i a n  P r e c a m b r i a n  shields. H e  c o n d u c t e d  f i e l d  s t u d i e s  in 
s e l e c t e d  p a r t s  of t h e  Wawa g r e e n s t o n e  b e l t  under  t h e  
a u s p i c e s  of R.P. S a g e  of t h e  O n t a r i o  Geologica l  Survey.  

P A R T  I. RESULTS O F  RECONNAISSANCE INVESTIGATIONS A N D  STUDIES 
OF IGNEOUS INTRUSIONS 

K.D. C a r d  

R e c o n n a i s s a n c e  Inves t iga t ions  

Major  r o c k  u n i t s  a n d  l i t h o t e c t o n i c  subdivisions w e r e  
o u t l i n e d  in p a r t s  of t h e  Wawa, Q u e t i c o ,  a n d  Wabigoon 
subprovinces  of t h e  Super ior  P r o v i n c e  (Stockwell ,  1970) in t h e  
reg ion  bounded by 48O 30'N to 50° 30'N a n d  850201W t o  88O2OtW 
(Fig. 1 1.1). 

T h e  Wabigoon a n d  Wawa subprovinces  a r e  t y p i c a l  
"greens tone-gran i te"  t e r r a n e s  cons is t ing  of g r e e n s t o n e  b e l t  
metavolcanic-metasedimentary s u p r a c r u s t a l  s e q u e n c e s ,  
m i g m a t i t i c  r o c k s  d e r i v e d  f r o m  t h e  s u p r a c r u s t a l  rocks,  
o r t h o g n e i s s  of tona l i te -granodior i te  compos i t ion ,  a n d  m a s s i v e  
t o  f o l i a t e d  f e l s i c  plutons. T h e  f e l s i c  p lu tons  f o r m  s e v e r a l  
d i s t i n c t i v e  p e t r o l o g i c  su i tes ,  including s i m p l e  g r a n i t e ,  
s y e n i t e ,  g ranodior i te ,  t rondhjemi te ,  a n d  q u a r t z  d i o r i t e  
intrusions,  a n d  b a t h o l i t h i c  c o m p l e x e s  cons is t ing  of s e v e r a l  o f  
t h e  f o r e g o i n g  r o c k  types.  

T h e  s t r u c t u r e  of t h e  g r e e n s t o n e - g r a n i t e  t e r r a n e s  is 
complex .  T h e  r o c k s  of t h e  g r e e n s t o n e  b e l t s  c o m m o n l y  show 
s t e e p l y  dipping,  polyphase d e f o r m a t i o n  s t r u c t u r e s  a n d  
g r e e n s c h i s t  t o  l o w e r  a m p h i b o l i t e  f a c i e s  m e t a m o r p h i c  m i n e r a l  
assemblages .  T h e  gne iss  d o m a i n s  typ ica l ly  display d o m a l  

s t r u c t u r e s  of  d i a p i r i c  o r ig in  a n d  a m p h i b o l i t e  f a c i e s  
m e t a m o r p h i s m .  T h e  f e l s i c  p l u t o n i c  rocks,  main ly  of  
s y n t e c t o n i c  a n d  p o s t t e c t o n i c  origin,  c o m m o n l y  t r u n c a t e  a n d  
d i s t o r t  e a r l i e r  f o r m e d  s t r u c t u r e s  in t h e  c o u n t r y  rocks.  

T h e  Q u e t i c o  subprovince  i s  a l i n e a r  b e l t  of  highly 
d e f o r m e d ,  highly m e t a m o r p h o s e d  s u p r a c r u s t a l  r o c k s  s o m e  
40 k m  w i d e  lying b e t w e e n  t h e  Wabigoon a n d  Wawa 
subprovinces.  T h e  r o c k s  a r e  main ly  i m m a t u r e  c l a s t i c  
s e d i m e n t s  ( q u a r t z  w a c k e )  m e t a m o r p h o s e d  u n d e r  u p p e r  
a m p h i b o l i t e  a n d  l o w e r  g r a n u l i t e  f a c i e s  condi t ions  to a v a r l e t y  
of  paragne iss  a n d  m i g m a t i t e .  T h e s e  r o c k s  a r e  isocl inal ly 
fo lded  a b o u t  e a s t - w e s t  a x e s  a n d  pervas ive ly  invaded  by 
g r a n i t i c  bodies, m a n y  of which  a r e  a n a t e c t i c  in origin.  T h e  
g r a n i t i c  r o c k s  c o n t a i n  a b u n d a n t  paragne iss  inclusions in 
var ious  s t a g e s  of d iges t ion  a n d  h a v e  m i n e r a l s  s u c h  a s  
muscovi te ,  g a r n e t ,  and  c o r d i e r i t e .  Locally t h e s e  a r e  bodies  of 
t o n a l i t e - g r a n o d i o r i t e  gne iss  a n d  th in  u n i t s  of m a f i c  gneiss ,  
possibly rne tavolcanics  o r  m a f i c  intrusions.  

In t h e  a r e a  shown in F i g u r e  11.1, t h e  n o r t h e r n  a n d  
s o u t h e r n  boundar ies  of t h e  Q u e t i c o  subprovince  a r e ,  in p a r t  at 
leas t ,  f a u l t e d .  S o u t h  a n d  e a s t  of Longlac,  O n t a r i o ,  t h e  G r a v e l  
R i v e r  F a u l t  c o n s t i t u t e s  t h e  boundary b e t w e e n  wel l  bedded ,  

D e p a r t m e n t  of Geology,  Q u e e n ' s  Universi ty,  Kingston,  Ontar io .  
D e p a r t m e n t  of Geology,  Universi ty of E x e t e r ,  England. 



Figure 11.1. Distribution of major l i thotectonic  uni ts  in 
p a r t  of t he  Superior Province. 

I O W  rank metamorphic  (greenschist  facies) ~ v a c k e  of t h e  
Wabigoon subprovince t o  t h e  north and high rank 
metamorphic  (amphibolite fac ies)  migmat i t ic  paragneiss of 
t h e  Quet ico  subprovince to  the  south. Immediately north of 
t h e  faul t ,  t he  low grade metasediments  a r e  c u t  by numerous 
muscovite-rich pegmat i te  and grani te  dykes. The migmat i t ic  
rocks immediately south of t he  faul t  display bioti te-garnet 
mineral assemblages and several kilometres to  the  south 
cordier i te  and pyroxenes also appear.  

The southern boundary of the  Quet ico  subprovince north 
of Te r race  Bay, Ontar io  is similar, comprising: I )  interbedded 
metasediments  (quar tz  wacke) and metavolcanic  rocks of t h e  
Wawa subprovince; 2) a unit appr6ximately 3 km in outcrop 
width of . low grade metasediments  c u t  by numerous 
muscovitic pegmat i t e  and g ran i t e  dykes; 3) a narrow zone of 
mylonitic rock, probably marking a faul t ;  4) migmat i t ic  
paragneiss with abundant bioti te,  but no garnet ,  
approximately  2 km wide; 5 )  migmat i t ic  paragneiss with 
bioti te-garnet assemblages  and abundant a n a t e c t i c  g ran i t e  
and pegmat i t e  (approximately 10 km in outcrop width); and 
6) migmat i t i c  paragneiss with biotite-garnet-cordierite- 
pyroxene assemblages and abundant a n a t e c t i c  grani t ic  
material .  

The con tac t  between the  Wabigoon and Quet ico  
subprovinces along Highway I I is masked by Proterozoic  
Logan Diabase sills. However, t he  con tac t  a s  defined by t h e  
t r a n s i t ~ o n  from low rank metasediments  t o  high rank 
r n i g m a t ~ t l c  paragnelss is more  than 1 4 k m  south of 
Beardmore, Ontario.  At th is  locali ty t h e r e  is an  excel lent  
exposure of t h r  unconformity between f l a t  lying Proterozoic  
sandstone of t h e  Sibley Group and vertically dipping, low rank 
metamorphic  metasediments  of t h e  Wabigoon subprovince. 

Studies of Various Igneous Intrusions 

Investigations a r e  being conducted of various felsic 
plutons and maf i c  dyke swarms in an  a t t e m p t  t o  classify them 
petrologically, t o  deduce thei r  ages  re la t ive  t o  tec tono-  
metamorphic  events,  and t o  de te rmine  thei r  absolute ages  by 
radiometr ic  methods. With t h e  presently available d a t a  i t  is 
possible t o  group some  of t h e  fe ls ic  plutons and maf i c  dykes 
into chemical-petrographic suites,  and t o  deduce t h e  general  
a g e  relationships between these  units and tec tono-  
metamorphic  events.  However, for  rriany intrusions, t h e  d a t a  
a r e  insufficient or  relationships a r e  s o  equivocal t h a t  fu r the r  
s tudies  a r e  required. The Round Lake Batholith in the  
Kirkland Lake, Ontar io  a r e a  is probably typical of t he  l a t t e r  
group. 

Round Lake Batholith 

The origin, age,  and mechanism of emplacement  of t h e  
Round Lake Batholith have been in terpre ted in various ways. 
Moorhouse (1944) and Lovell (1972) concluded t h a t  it is of 
magmat lc  origln and intrusive into the  rnetavolcanic rocks of 
t h e  Abitibi Belt. Ridler (1975) suggested t h a t  t h e  batholith, in 
par t  a t  least ,  is basement to  t h e  Abitibi metavolcanic  rocks, 
remobillzed during the  Kenoran Orogeny, and reintroduced 
into i ts  present  sett ing. 

The batholith is composite,  consisting of an  outer  zone 
of ca taclas t ica l ly  foliated,  locally gneissic tonalite- 
granodiorite,  and an interior,  northeast-trending body of 
massive grani te  tha t  contains xenoliths of t he  tonalite- 
granodiorite and of t h e  surrounding metavolcanic rocks. The 
batholith occupies t h e  co re  of an  ant i formal  s t ruc tu re  in t h e  
surrounding metavolcanic  rocks. The con tac t  of t h e  batholith 
and ca t ac l a s t i c  foliation within t h e  batholithic rocks a r e  
generally concordant with t h e  s t ruc tu re  of country rocks. 
Grani t ic  dykes extending f rom t h e  batholith into t h e  country 
rocks a r e  rare,  and the re  is l i t t l e  evidence for  a con tac t  
metamorphic  aureole  about t h e  intrusion. 

The batholith could represent  a basement  diapir, a s  
postulated by Ridler (1975). However, i t  could also represent  
a l a t e  Archean "magmat ic  diapir", a post-Abitibi magmat i c  
intrusion t h a t  cooled and partly solidified while st i l l  moving 
diapirically upward in t h e  dense maf i c  volcanic sequence. 

I t  is expected t h a t  Lafleur's work, including completion 
of t h e  mapping of t h e  body coupled with petrographic,  
chemical,  and s t ructura l  studies,  will provide t h e  basic d a t a  
required t o  decide  which, if any, of t h e  foregoing models is 
most likely. 



P A R T  11. G E O L O G Y  O F  THE KAPUSKASINC S T R U C T U R A L  Z O N E  IN T H E  
CHAPLEAU-FOLEYET AREA, O N T A R I O  

J o h n  A. P e r c i v a l  and  K e n n e t h  C o e  

In t roduc t ion  

This r e p o r t  is o n e  of a s e r i e s  in a p r o j e c t  (Card ,  1979) 
a i m e d  a t  es tab l i sh ing  a n d  c l a r i f y i n g  re la t ionsh ips  a m o n g  
A r c h e a n  g r e e n s t o n e  bel ts ,  gne iss ic  and  p lu tonic  t e r r a n e s  in 
t h e  c e n t r a l  Super ior  Province.  T h e  Kapuskasing S t r u c t u r a l  
Zone ,  a n o r t h e a s t - t r e n d i n g  z o n e  of s t r u c t u r a l  d i scont inu i ty ,  
e x t e n d s  f r o m  b e n e a t h  t h e  s o u t h  e n d  of J a m e s  Bay 
(Gibb, 1978) t o  L a k e  Super ior  (Card ,  1979) (Fig. 11.2). T h e  
z o n e  i s  b e s t  exposed  b e t w e e n  l a t i t u d e s  47O45'N a n d  48"301N, 
w h e r e  i t  s e p a r a t e s  t h e  Abit ibi  subprovince  t o  t h e  e a s t  f r o m  
t h e  Wawa subprovince  t o  t h e  w e s t  (Thurs ton  e t  al., 1977). In 
t h e  s t u d y  a r e a ,  a p p r o x i m a t e l y  b e t w e e n  F o l e y e t  a n d  C h a p l e a u ,  
O n t a r i o ,  t h e  t h r e e  s u b a r e a s  h a v e  d i s t i n c t i v e  c h a r a c t e r i s t i c s  
which  a r e  o u t l i n e d  below. 

Abi t ib i  Subprovince  

T h e  e a s t e r n  e x t r e m i t y  of t h e  Abi t ib i  subprovince  
(Stockwell ,  1970) (Fig. 11.2) i s  under la in  by low g r a d e  
g r e e n s t o n e  b e l t  r o c k s  c h a r a c t e r i z e d  by t h e  p r e s e r v a t i o n  of 
p r i m a r y  t e x t u r e s  in s u p r a c r u s t a l  rocks ,  g r e e n s c h i s t  t o  low 
a m p h i b o l i t e  f a c i e s  m e t a m o r p h i s m ,  e a s t - w e s t  s t r u c t u r a l  
t r e n d s  a n d  predominant ly  d i scordant ,  l a t e -  t o  p o s t - t e c t o n i c  
plutons.  

T h e  Swayze-Deloro  be l t  (Fig. 11.31, p a r t  of t h e  Abit ibi  
subprovince ,  is m a d e  up of m a f i c  m e t a v o l c a n i c  rocks  w i t h  
m i n o r  i n t e r c a l a t e d  f e l s i c  m e t a v o l c a n i c s  and  i n t e r s t r a t i f i e d  
f i n e  to c o a r s e  m e t a s e d i m e n t s  of p robably  vo lcanic  p a r e n t a g e .  
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Figure 11.2. Generalized geological rnap showing 
subprovinces and major lithological units in the central 
Superior Province (a f ter  Card, 1979). The study area is 
outlined. 

T h e  s u p r a c r u s t a l  r o c k s  a r e  i n t r u d e d  by m a f i c  a n d  u t r a m a f i c  
s h e e t s  a n d  c o n c o r d a n t  lenses,  a l l  of  which a r e  d e f o r m e d ,  a n d  
m a s s i v e  t o  marg ina l ly  xenol i th ic ,  f o l i a t e d  o r  l i n e a t e d  
t o n a l i t e ,  g r a n o d i o r i t e  a n d  g r a n i t e  plutons. A t  t h e  e a s t e r n  
boundary  of t h e  Kapuskas ing  S t r u c t u r a l  Z o n e  w e s t  of  F o l e y e t  
(Fig.  11.3) a n  e l o n g a t e ,  l inea ted ,  c o m p o s i t e  in t rus ion  of  
monzoni te -syeni te ,  c o n t a i n i n g  p e r i d o t i t e ,  pyroxeni te ,  a n d  
h o r n b l e n d i t e  inclusions,  l ies  wi th in  g r a n i t i c  rocks.  

D e f o r m a t i o n a l  e f f e c t s  a r e  b e s t  o b s e r v e d  in  rne ta -  
s e d i m e n t a r y  rocks.  A t  D e n y e s  Lake,  s e d i m e n t a r y  layer ing  in 
m e t a c o n g l o m e r a t e ,  m e t a - a r k o s e ,  s l a t y  a n d  c h e r t y  r o c k s  is  a t  
a n  ob l ique  a n g l e  t o  a n  e a s t - w e s t  t o  n o r t h e a s t - s o u t h w e s t  
t r e n d i n g  a x i a l  p l a n a r  c l e a v a g e  which is a s s o c i a t e d  w i t h  a 
t i g h t  fo ld  s y s t e m .  T h e  fo lds  a r e  s l igh t ly  o v e r t u r n e d  to t h e  
s o u t h e a s t  a n d  p lunge  at a low a n g l e  to t h e  wes t .  A f l a t  ly ing  
c r e n u l a t i o n  c l e a v a g e  is  local ly p r e s e n t  in t h e  f i n e  g r a i n e d  
rock  types .  A t  S l a t e  Rock L a k e  (Fig.  11.31, m u s c o v i t e  
a l i g n m e n t  para l le l  to s e d i m e n t a r y  layer ing  f o r m s  s l a t y  
c leavage .  E a s t - w e s t  l inea t ions  p lunge  at low angles.  S t e p  
fo lds  w i t h  a x i a l  p l a n a r  c l e a v a g e  w a r p  t h e  s l a t y  c l e a v a g e .  
Locally deve loped ,  smal l - sca le  open  fo lds  w i t h  f l a t  a x i a l  
s u r f a c e s  d e f o r m  t h e  a x i a l  p lanar  c l e a v a g e .  

G r a n i t i c  r o c k s  a r e  m e d i u m  g r a i n e d  a n d  locally 
porphyr i t i c ,  f o l i a t e d  o r  l inea ted .  S o m e  bodies  h a v e  s p a r s e  b u t  
ubiquitous m a f i c  xenol i ths  whi le  o t h e r s  h a v e  m a r g i n a l  z o n e s  
of inclusions. S t r u c t u r a l  t r e n d s  a r e  e a s t - w e s t  t o  s o u t h e a s t -  
nor thwes t .  A l km-wide c a t a c l a s t i c  z o n e  w i t h  f r a c t u r e  
c l e a v a g e  i s  p r e s e n t  in g r a n i t i c  r o c k s  at l v a n h o e  Lake.  

T h e  m e t a m o r p h i c  g r a d e  a p p e a r s  t o  b e  l o w e s t  in m e t a -  
s e d i m e n t a r y  r o c k s  w h e r e  m u s c o v i t e - c h l o r i t e  a s s e m b l a g e s  
p r e d o m i n a t e .  In c l o s e  proximi ty  t o  t h e  lower  g r a d e  rocks ,  
m e t a v o l c a n i c  r o c k s  c o m m o n l y  c o n t a i n  g a r n e t ,  a m p h i b o l e  a n d  
plagioclase.  O n e  i s o l a t e d  m e t a v o l c a n i c  o u t c r o p  n e a r  t h e  
e a s t e r n  marg in  of  t h e  Kapuskasing S t r u c t u r a l  Zone  h a s  s t e e p  
e a s t - w e s t  fo l ia t ion ,  typ ica l  of low g r a d e  r n e t a ~ u ~ c a n i c s ,  bu t  
c o n t a i n s  garne t -c l inopyroxene  locally. This  high g r a d e  
a s s e m b l a g e  i s  a n o m a l o u s  a n d  m a y  b e  t h e  r e s u l t  of  p r o x i m i t y  
t o  t h e  s t r u c t u r a l  zone .  

C h a p l e a u  A r e a  High G r a d e  G r e e n s t o n e  B e l t  

This  s u b a r e a ,  p a r t  of  t h e  Wawa s u b p r o v i n c e  
(S tockwel l ,  l970),  is c h a r a c t e r i z e d  by t h e  a b u n d a n c e  of  
xenol i th ic  or thogneiss ,  paragne iss  a n d  amphibol i te .  
M e t a m o r p h i s m  t o  a m p h i b o l i t e  a n d  locally g r a n u l i t e  f a c i e s  w a s  
a c c o m p a n i e d  by t h e  d e v e l o p m e n t  of e a s t - w e s t ,  s t e e p l y  
dipping s t r u c t u r e s  a n d  s y n t e c t o n i c  igneous  a n d  m i g m a t i t i c  
rocks.  

S u p r a c r u s t a l  r o c k s  a r e  exposed  in a 2 km-wide be l t  
a r o u n d  Borden L a k e  (Fig. 11.3). T h e s e  cons is t  of m a f i c  t u f f -  
b r e c c i a s ,  a m p h i b o l i t i c  m e t a v o l c a n i c s  a n d  m e t a s e d i m e n t s ,  
including muscovi te -bear ing  a r k o s i c  p a r a g n e i s s  a n d  s t r e t c h e d -  
pebble  m e t a c o n g l o m e r a t e .  C l a s t s  in t h e  m e t a c o n g l o m e r a t e  
a r e ,  in o r d e r  of d e c r e a s i n g  abundance ,  f e l s i c  m e t a v o l c a n i c s ,  
m e t a s e d i m e n t s ,  g ranodior i te ,  p lag ioc lase  p o r p h y r i t i c  m e t a -  
a n d e s i t e ,  a m p h i b o l i t e  a n d  r a r e  hornblendi te  a n d  q u a r t z i t e .  
F e l s i c  m e t a v o l c a n i c  f r a g m e n t s  a r e  by f a r  t h e  m o s t  
c o n s t r i c t e d ,  wi th  long a x e s  up t o  1.5 m a n d  s h o r t  a x e s  of 
0.07 m. T h e  b e l t  is in t ruded  on  t h e  s o u t h  s i d e  by g r a n o d i o r i t e  
w i t h  xenol i th ic  gne iss ic  m a r g i n s  a n d  by m a s s i v e  pink gran i te .  
Gneiss ic  t o n a l i t e  o c c u r s  s o u t h  of t h e  g r a n o d i o r i t e  a n d  i s  
local ly p r e s e n t  a s  inclusions in granodior i te .  A f l a s e r - t e x t u r e d  
syenogabbro  c o m p o s i t e  intrusion n o r t h e a s t  of C h a p l e a u  h a s  
n o r t h w e s t - s o u t h e a s t  s t r ik ing  f a b r i c  and  is c u t  n e a r  i t s  
m a r g i n s  by tona l i te .  
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Figure 11.3. Geological sketch map of the Kapuskasing Structural Zone and adjacent areas. Geology o f  most of  the area 
bounded by Slate Rock Lake, Denyes Lake and Ivanhoe Lake is after Thurston e t  al. (1977). 

A planar fabric, generally with east-west strike, is Migmatitic paragneiss is garnet-biotite-quartz- 
developed as gneissic layering in granitic rocks and quartz- plagioclase 2 muscovite + sillimanite(?). Granulite facies 
feldspar segregations in paragneiss and amphibolite. Small assemblages (orthopyroxene-clinopyroxene and garnet- 
folds of the layering have gentle (0-20") plunges to east or clinopyroxene-quartz-plagioclase) are locally developed in 
west. Mineral and rodding lineations are parallel to fold axes. mafic rocks around Borden Lake. The high grade assemblages 
Tonalitic rocks a t  the south end of Borden Lake have a flat a t  Borden Lake may be the result of proximity to the 
lying foliation, locally folded about upright axial surfaces. structural zone, however, poor exposure east of the lake 

Amphibolite facies assemblages predominate in prevents location of the boundary. 
the Chapleau area gneiss. Mafic xenoliths generally 
have amphibole-plagioclase 2 clinopyroxene composition. 



Kapuskasing S t ruc tu ra l  Zone 

Lithology and S t ruc tu re  

Rocks in this zone  a r e  paragneiss, maf i c  and tonal i t ic  
orthogneiss and members  of t h e  Shawmere  anor thos i te  
complex (Thurston e t  al., 1977). Al l  a r e  metamorphosed t o  
granul i te  or amphiboli te f a c i e s  and generally have nor theas t  
str iking,  gently northwest dipping s t ructura l  e lements .  
Lithological  mapping is compl ica ted  by t h e  similari ty 
be tween tonal i t ic  paragneiss and tonal i t ic  orthogneiss. In 
genera l ,  t h e  paragneiss is cha rac t e r i zed  by i t s  he terogenei ty  
and association with bioti te-rich rocks. 

Metasedimentary  gneiss is biotite-quartz-plagioclase 
rock with o r  without ga rne t  and amphibole. Variations in 
grain size,  maf i c  mineral  con ten t  and concentra t ion  of small  
pegmat i t i c  ve in le ts  occu r  on a 10 c m  t o  2 m scale.  Regional 
composit ional variation may indica te  original  sedimentary  
f ac i e s  changes. For example ,  paragneiss e a s t  of Kapuskasing 
Lake conta ins  up t o  50 per c e n t  quar tz ,  in addit ion t o  ga rne t ,  
b io t i te  and plagioclase, whereas  south and nor theas t  of 
Shawmere  Lake, bioti te-rich paragnelss is common. Finely 
layered metasedimentary  rocks of arkosic composit ion a r e  
t h e  dominant  rock type  southeas t  and no r theas t  of 
Nemegosenda Lake. Graphltic,  bioti te-rich paragneiss occurs  
in a smal l  a r e a  wes t  of Ivanhoe Lake. Layers  and enclaves  of 
maf i c  gneiss a r e  present  within t h e  metasedimentary  units. 
Confusing rounded enclaves  of amphibole-plagioclase ? ga rne t  
? clinopyroxene ? qua r t z  rock may be  boudinaged r emnan t s  
of tuf faceous  layers or basa l t ic  shee t  intrusions. 

Or thotonal i te  is garnet-biotite-amphibolequartz-plagio- 
c l a se  gneiss, homogeneous on t h e  ou tc rop  scale.  Units up  t o  
1 km wide occur  within metasedimentary  gneiss, f o r  example ,  
l 0  km e a s t  of Nemegosenda Lake (Fig. 11.2). The main 
outcrop a r e a  of or thotonal i t ic  gneiss is southeas t  of t h e  
Shawmere  anor thos i te  complex, extending toward lvanhoe 
Lake (Fig. 11.3). Here  it is character ized  by ~ t s  uniform 
mineralogy and by t h e  presence  of 10 t o  20 per c e n t  maf i c  
and u l t r amaf i c  (amphibole-clinopyroxene) rounded xenoliths. 
In p laces  t h e  xenoliths have granul i te  f ac i e s  co re s  (garnet -  
clinopyroxene-plagioclase-quartz) with amphibole-plagioclase 
rims. In severa l  exposures foliation in maf i c  xenoliths is  a t  a 
high angle t o  t h e  foliation of t h e  tonali te.  Or thotonal i te  also 
occurs  within t h e  outcrop a r e a  of t h e  Shawmere  anor thos i te .  
It is a homogeneous, foliated,  medium grained garnet -b io t i te -  
amphibole-quartz-plagioclase rock in jec ted  with l a t e  tonal i t ic  
veinlets. Except  f o r  i t s  lack of xenoliths, th is  rock is s imi lar  
in t e x t u r e  and mineralogy t o  t h e  t ona l i t e  south  of t h e  
anorthosite.  

Mafic meta-igneous rocks occur  mainly within me ta -  
sedimentary  sequences  but a r e  also present in tonal i t ic  rocks 
and meta-anorthosite.  The f ab r i c  in t h e  metagabbroic  gneiss 
is  made  up of more  o r  less regular layers of hydrous and 
anhydrous mineralogy (amphibole-plagioclase and garnet -  
clinopyroxene-quartz-plagioclase respectively) with tonal i t ic  
veinlets. 

The Shawmere  anor thos i te  complex is a metamorphosed 
deformed body of Archean a g e  (Watltinson e t  al., 1972). 
Deta i led  mapping of t h e  anor thos i te  by t h e  Ontar io  
Geological Survey is  current ly  underway. Deformed 
megacrys t ic  anor thos i te  (sensu s t r i c to )  and gabbroic  
anor thos i te  m a k e  up t h e  bulk of t h e  complex, but a smal l  a r e a  
cen t r ed  on C a r t y  Lake  is underlain by layered anor thos i te  and 
gabbro with s o m e  u l t r amaf i c  bands (L. Riccio, personal 
communication,  1979). Small  xenoliths of anor thos i te  occur  
in maf ic  gneiss included a s  large xenoliths in o r tho tona l i t e  
shee t s  t h a t  in t rude  metasedimentary  gneiss a t  Shawmere  
Lake. Except in a f e w  places, composit ional layering in 
anor thos i t ic  rocks  is parallel  t o  amphibole alignment.  

O t h e r  meta-igneous rocks  t h a t  in t rude  t h e  zone  include 
a xenolithic granodior i te  body with qua r t z  monzoni te  ve in le ts  
t h a t  in t rudes  me ta sed imen t s  e a s t  of Kapuskasing Lake  on t h e  
Nemegosenda River and a fo l ia ted  t o  f laser - textured  
syenodiorite and qua r t z  d ior i te  body south of t h e  Shenango 
Complex (Fig. 11.3). 

Small folds t h a t  pos tdate  layering a r e  present In all  
rock units. These  a r e  generally isoclinal and  have  axial  planes 
parallel  t o  t h e  regional foliat ion,  but near  t h e  western  margin 
of t h e  s t r u c t u r e  or tho-  and paragneiss have  a ver t ica l  f ab r i c  
refolded about  f l a t  axial  planes. Fold axes  and associa ted  
mineral  and rodding l ineations of cons t an t  t r end  (240-260") 
plunge gently (0-20") e i t he r  e a s t  o r  west.  A weak axial-planar 
f ab r i c  is associa ted  with isoclinal folds. In metasedimentary  
rocks  north of t h e  anor thos i te ,  eas t -nor theas t  s t ruc tu re s  a r e  
gen t l e  warps of foliat ion and  layering. L a t e  gen t l e  warps 
about  nor thwest  axes  a r e  probably responsible fo r  t h e  
variation in plunge d i rec t ion  of smal l  folds and lineations. 

Metamorphism 

Rocks of t h e  Kapuskasing Zone have been 
metamorphosed t o  high-pressure granul i te  (de  Waard, 1965; 
Green and Ringwood, 1967) o r  amphibol i te  facies.  Para-  
gneisses conta in  t h e  assemblages: 

Garnet-biotite-quartz-plagioclase amphibole 

Garnet-clinopyroxene-biotite-quartz-plagiocae ? amphibole 

Garnet-biotite-hypersthene-K feldspar-quartz-plagioclase 

An occu r rence  of sillimanite-garnet-orthopyroxene-biotite- 
quartz-plagioclase was  repor ted  by Thurston et al. (1977). 

Mafic rocks  generally have mineralogy typical  of both 
amphiboli te and granul i te  facies.  In some  maf i c  rocks, 
amphiboli te/granuli te layering on a sca le  of ten  cen t ime t r e s  
is developed and this appears  t o  correspond t o  a balanced 
dehydration react ion  marking t h e  lower boundary of t h e  
granul i te  f ac i e s  (Carmichael ,  1974): 

Hornblende i Plagioclase + Quar t z  = Garne t  + 
Clinopyroxene + H 2 0  (1) 

Mineral assemblages in maf i c  gneiss include: 

Garnet -  cl inopyroxene- amphibole- sphene- plagioclase- 
quar tz-  scapol i te  

Garnet -  clinopyroxene- orthopyroxene- amphibole- sphene- 
qua r t z -  plagioclase 

One  maf i c  gneiss specimen examined in thin sec t ion  shows a 
complex overgrowth-corona s t ruc tu re ;  symplect i t ic  or tho-  
pyroxene-plagioclase r ims surround ga rne t  and clinopyroxene 
grains. Some ga rne t s  conta in  plagioclase inclusions which 
themselves  conta in  orthopyroxene. Garnet-clinopyroxene 
geo the rmomet ry  (Raheim and  Green, 1974) and garnet -  
or thopyroxene geobarometry  (Wood and Banno, 1973) on t e n  
specimens  indica te  equil ibration a t  ca .  600-650°C and 
7.5-9.5 kb.* 

Mineral assemblages in meta-anor thos i te  include: 

Mafic layers  conta in  garnet-clinopyroxene-amphibole- 
plagioclase. Garnet-amphibole rims commonly overgrow large  
orthopyroxene grains and amphibole overgrows clinopyroxene. 
One magnesian gabbro f rom t h e  west  end of t h e  complex 
(Fig. 11.3) conta ins  t h e  assemblage  ga rne t  (pyrope 50)- 
amphibolear thopyroxene (4.7 w t% Al203)  -plagioclase (An91,)- 
sapphirine. 



Boundary  F e a t u r e s  o f  t h e  Kapuskas ing  S t r u c t u r e  

C a t a c l a s t i c  F e a t u r e s  

Zones  of c a t a c l a s i s  a r e  deve loped  n e a r  t h e  e a s t e r n  
boundary  of t h e  s t r u c t u r a l  zone.  P s e u d o t a c h y l i t e  v e i n l e t s  
w i t h  m a x i m u m  width  of  10 c m  a r e  c o m m o n  in a 1 km-wide  
z o n e  of  high g r a d e  rocks.  T h e s e  g e n e r a l l y  l a c k  s t r o n g  
d i r e c t ~ o n a l  o r i e n t a t i o n  a n d  ve ins  m a y  b e  s e e n  c r o s s c u t t i n g  
o t h e r s  of t h e  s a m e  origin.  Even  w h e r e  p s e u d o t a c h y l i t e  is  
a b u n d a n t  t h e  ve ins  a r e  only a f e w  t e n s  of c e n t i m e t r e s  long 
a n d  h a v e  i r r e g u l a r  shapes .  T h e  v e i n l e t s  c o n s i s t  of c r y p t o -  
c r y s t a l l i n e  r o c k  f lour ,  w i t h  s o m e  porphyroc las t s  of  a m p h i b o l e  
a n d  plagioclase.  No g l a s s  o r  d e v i t r i f i c a t i o n  t e x t u r e s  h a v e  
b e e n  o b s e r v e d  in t h e  l i m i t e d  n u m b e r  of th in  s e c t i o n s  s o  f a r  
e x a m i n e d .  

Augen  gne iss  wi th  s t r o n g  rodding of fe ldspars  is  p r e s e n t  
in m o n z o n i t i c  r o c k s  n o r t h  of Ivanhoe  Lake. Ubiquitous n o r t h -  
n o r t h e a s t  s t r i k i n g  a l t e r a t i o n  v e i n l e t s  in a n o r t h o s i t i c  r o c k s  a r e  
probably  a s s o c i a t e d  w i t h  granula t ion .  G r a n i t e ,  m i g m a t i t e  a n d  
a m a f i c  d y k e  at o n e  loca l i ty  w e s t  of lvanhoe  L a k e  a r e  of  
h e m a t i t e - c e m e n t e d  pro tomyloni te .  

Marg ina l  F e a t u r e s  

T h e  boundar ies  of  t h e  s t r u c t u r a l  z o n e  a r e  r e l a t i v e l y  
well-exposed in a f e w  locali t ies .  E a s t  of  lvanhoe  L a k e  
(Fig. 11.4) m a s s i v e  o r  f r a c t u r e d  g r a n i t i c  r o c k s  i n t r u d e  
m e t a v o l c a n i c s  of t h e  Swayze-Deloro  bel t .  Lithology in t h e  
Kapuskasing Z o n e  w e s t  of Ivanhoe  L a k e  is  var iab le .  
C a t a c l a s t i c  e f f e c t s  a r e  only local ly deve loped  in r o c k s  w e s t  
o f  t h e  lake ,  b u t  m a j o r  f a u l t s  m a y  under l ie  lvanhoe  L a k e  
i t se l f .  A m i g m a t i t i c  ' sc reen '  cons is t ing  of m a f i c  gne iss  a n d  
m a s s i v e  t o  f o l i a t e d  g r a n i t e  a n d  q u a r t z  m o n z o n i t e  s e p a r a t e s  
t h e  Abi t ib i  subprovince  f r o m  high g r a d e  r o c k s  in at l e a s t  t w o  
p laces ,  sugges t ing  a n  i n t r u s i v e  c o n t a c t .  T o  t h e  n o r t h  
(Fig. 11.4) a r k o s i c  m e t a s e d i m e n t a r y  r o c k s  ( local ly muscovi te -  
bear ing)  w i t h  e a s t - w e s t ,  north-dipping s t r u c t u r e s  a p p e a r  t o  b e  
c o n t i n u o u s  i n t o  m i g m a t i t i c  g r a n u l i t e  f a c i e s  p a r a g n e i s s  w i t h  
n o r t h e a s t  s t r ik ing  fo l ia t ions  at  Highway 101. N o r t h w e s t  of  
l v a n h o e  L a k e  m a s s i v e  g r a n i t e  a n d  q u a r t z  m o n z o n i t e  m a y  b e  
c o r r e l a t i v e  w i t h  gne iss ic  g r a n i t e  w i t h  n o r t h e a s t  s t r ik ing ,  
nor thwes t -d ipping  f a b r i c  t o  t h e  w e s t .  

T h e  w e s t e r n  marg in  of t h e  s t r u c t u r e  is  exposed  a t  
Kapuskas ing  Lake,  w h e r e  g r a n u l i t e  f a c i e s  m a f i c  gne iss  a n d  
p a r a g n e i s s  a r e  s e p a r a t e d  f r o m  m a s s i v e  t o  f o l i a t e d  g r a n i t e  by 
x e n o l i t h i c  gne iss ic  t o n a l i t e  a n d  granodior i te .  Fo l ia t ion  in t h e  
boundary z o n e  s t r i k e s  g e n e r a l l y  nor th-nor thwes t  a n d  d ips  e a s t  
t o w a r d  t h e  s t r u c t u r a l  zone .  L inea t ions  a r e  p a r t i c u l a r l y  
a b u n d a n t  in m a f i c  gneiss ,  gne iss ic  t o n a l i t e  a n d  f o l i a t e d  
g r a n l t e ,  g e n e r a l l y  plunging a t  a m o d e r a t e  a n g l e  t o  t h e  e a s t .  
Mass ive  g r a n i t e  w e s t  of t h e  l a k e  m a y  b e  i n t r u s i v e  i n t o  r o c k s  
o f  t h e  s t r u c t u r a l  z o n e  o r  f a u l t e d  i n t o  juxtaposi t ion.  However ,  
a l ine  m a y  b e  d r a w n  h e r e  to s e p a r a t e  m a s s i v e  r o c k s  o r  t h o s e  
w i t h  e a s t - t r e n d i n g  s t r u c t u r e s  f r o m  t h o s e  w i t h  g e n e r a l l y  
n o r t h -  t o  nor theas t - s t r ik ing  fabr ics .  

A n o t h e r  t rans i t ion  z o n e  a long  t h e  w e s t e r n  m a r g i n  is  
exposed  s o u t h  of N e m e g o s e n d a  L a k e  o n  Highway 101. H e r e ,  
m a f i c  g n e i s s  w i t h  g r a n u l i t e  a s s e m b l a g e s  c a n  b e  t r a c e d  
w e s t w a r d  t h r o u g h  a m i g m a t i t i c  z o n e  a p p r o x i m a t e l y  2 k m  
w i d e  in which  g r a n u l i t e  a s s e m b l a g e s  s u r v i v e  in m a f i c  
xenoli ths,  t o  xenol i th ic  g r a n o d i o r i t e  in which m a f i c  e n c l a v e s  
show amphibole-p lag ioc lase  mineralogy.  

Pos t -Archean  I n t r u s i v e  R o c k s  

Massive,  f r e s h ,  medium g r a i n e d  m a f i c  d y k e s  t r e n d i n g  
070" ( ?  15') u p  t o  1 0  m w i d e  a r e  c o m m o n  in t h e  Kapuskasing 
S t r u c t u r a l  Zone. A f e w  of t h e  dykes  c o n t a i n  up t o  5 p e r  c e n t  

p lag ioc lase  p h e n o c r y s t s  in a m a t r i x  s i m i l a r  t o  t h a t  of t h e  
nonporphyr i t i c  dykes.  O n  t h e  G o o s e  R a n g e  f i r e  t o w e r  road  
c a t a c l a s t i c  v e i n l e t s  a n d  minor  o f f s e t s  w e r e  observed  c u t t i n g  
t h e  ch i l led  m a r g i n  of a m a f i c  d y k e  which  s t r i k e s  070'. A f e w  
o l iv ine  d i a b a s e  d y k e s  of t h e  Abi t ib i  s w a r m  w e r e  no ted ,  a l s o  
w i t h  e a s t - n o r t h e a s t  t rends.  

Alka l ic -carbonat i te  c o m p l e x e s  a t  L a c k n e r  L a k e  and  
Nemegosenda  L a k e  ( d a t e d  by K-Ar a t  1090 a n d  1010 Ma 
r e s p e c t i v e l y  ( G i t t i n s  e t  a l . ,  1967)) c u t  high g r a d e  r o c k s  of t h e  
s t r u c t u r a l  zone.  T h e  Shenango complex ,  a syenodior i te -  
a n o r t h o s i t e  body, is  a l s o  of  l a t e  P r o t e r o z o i c  a g e  
(Thurs ton  et al., 1977). 

Larnprophyre  dykes  w i t h  a n  a v e r a g e  wid th  of a b o u t  
10 c m  a r e  c o m m o n  in t h e  Kapuskasing S t r u c t u r a l  Z o n e  and  
a l s o  in t h e  C h a p l e a u  a r e a .  They  a r e  v e r t i c a l  bu t  t r e n d s  a r e  
var iab le ,  b e t w e e n  360" a n d  090". O n e  s u c h  d y k e  h a s  a 
dia. t reme marg in  c o n t a i n i n g  local ly d e r i v e d  gne iss ic  a n d  
e x o t i c  u l t r a m a f i c  f r a g m e n t s .  

Discussion a n d  P r e l i m i n a r y  Conclus ions  

T h e  s e q u e n c e  of e v e n t s  in t h e  Kapuskasing S t r u c t u r a l  
Zone ,  a s  d e t e r m i n e d  by f i e l d  observa t ions ,  i s  s u m m a r i z e d  in 
T a b l e  11.1. T h e  m a j o r  d i f f e r e n c e s  b e t w e e n  t h e  Kapuskasing 
z o n e  a n d  t h e  a d j a c e n t  subprovinces  a r e :  

- t h e  p r e s e n c e  of g r a n u l i t e  f a c i e s  p a r a g n e i s s  a n d  a n o r t h o s i t e  
in t h e  z o n e ;  

t h e  lack  of p o s t t e c t o n i c  (unfo l ia ted)  r o c k s  in t h e  z o n e  
( e x c e p t i n g  n o r t h e a s t  m a f i c  dykes,  1090 a n d  1010 Ma 
plutons); a n d  

- t h e  p r e d o m i n a n c e  of  n o r t h e a s t  s t r ik ing ,  g e n t l y  n o r t h w e s t  
dipping fo l ia t ions  in t h e  s t r u c t u r e .  

In addi t ion ,  s t r u c t u r e s  wi th in  s o m e  u n i t s  c h a n g e  t h e i r  
o r i e n t a t i o n  t o  n o r t h e a s t  in t h e  z o n e  a n d  m a s s i v e  r o c k s  a r e  
t e n t a t i v e l y  c o r r e l a t e d  w i t h  f o l i a t e d  r o c k s  in t h e  s t r u c t u r e .  
This  s u g g e s t s  t h a t  s o m e  p l a s t i c  m o v e m e n t  in t h e  z o n e  
p o s t d a t e s  t h e  m a s s i v e  p lu tons  of t h e  a d j a c e n t  t e r r a n e s .  T h e  
l ines mark ing  t h e  c h a n g e  of fo l ia t ion  t r e n d ,  l i tho logica l  
d i scont inu i ty ,  i n c r e a s e  in m e t a m o r p h i c  g r a d e ,  a n d  z o n e  of 
c a t a c l a s i s  a r e  n o t  co inc ident .  T h e s e  f a c t s  s u g g e s t  t h a t  t h e  
s t r u c t u r e  f o r m e d  in t h e  fo l lowing  manner .  S e d i m e n t s  w e r e  
d e p o s i t e d  in a n a r r o w  e l o n g a t e  (fault-bounded?) i n t r a c r a t o n i c  
basin, w e r e  subsequent ly  i n t r u d e d  by a n o r t h o s i t e ,  d e f o r m e d  
a n d  m e t a m o r p h o s e d  u n d e r  i n f r a s t r u c t u r a l  condit ions.  In 
a d j a c e n t  t e r r a n e s ,  v o l c a n i c  r o c k s  w e r e  e x t r u d e d ,  
m e t a m o r p h o s e d  a n d  i n t r u d e d  by syn- t o  p o s t - t e c t o n i c  plutons.  
L e f t  l a t e r a l  m o v e m e n t  c o n t i n u e d  a t  d e p t h  in t h e  Kapuskas ing  
S t r u c t u r a l  Zone,  w a r p i n g  s t r u c t u r e s  i n t o  n o r t h e a s t  t rends .  In 
t h e  l a t e  A r c h e a n  o r  e a r l y  P r o t e r o z o i c ,  r e a c t i v a t i o n  of  f a u l t s  
a long  t h e  e a s t e r n  boundary  of t h e  s t r u c t u r e  a c c o m m o d a t e d  
t i l t i n g  ( e a s t  s i d e  up), bringing g r a n u l i t e  f a c i e s  r o c k s  i n t o  
juxtaposi t ion w i t h  lower  g r a d e  r o c k s  t o  t h e  e a s t .  This 
s e q u e n c e  would expla in  t h e  a b r u p t  ( c a t a c l a s t i c )  t rans i t ion  o n  
t h e  e a s t  a n d  m o r e  g r a d a t i o n a l  marg in  t o  t h e  west .  T h e  
noncoinc idence  of  boundary  f e a t u r e s  o n  t h e  e a s t e r n  m a r g i n  
m a y  b e  t h e  r e s u l t  of  c o n t i n u a l  r e a c t i v a t i o n  a l o n g  a z o n e  
a p p r o x i m a t e l y  2 k m  w i d e  wi th in  which  t h e  m a r g i n a l  f e a t u r e s  
d e v e l o p e d  and  par t ia l ly  over lapped  dur ing  d i f f e r e n t  s t a g e s  in 
t h e  evolu t ion  of t h e  zone .  

A t e s t  f o r  t h e  model  m i g h t  b e  t o  e s t a b l i s h  s imi la r i ty  of 
r a d i o m e t r i c  a g e s  b e t w e e n  t h e  Kapuskas ing  s t r u c t u r e  a n d  
a d j a c e n t  t e r r a n e s .  F u r t h e r m o r e ,  a n  i n c r e a s e  in  m e t a m o r p h i c  
g r a d e  f r o m  w e s t  to east i s  t o  b e  e x p e c t e d  if t h e  model  is  
c o r r e c t .  



Figure 11.4. Detailed geological map of the eastern margin of the Kapuskusing Structural Zone. 



Table 1 1.1 

Sequence of geological even t s  in t h e  Kapuskasing Structura l  Zone 

so D I D2 D3 Pseudotachylite 

Metamorphism 

Migmatisation 

Deformation 

Intrusion 

planar fabr ic  isoclinal folds warps 
( f la t  axes) 

tonal i te  -------------- 

ano_~lhh_osite 

maf ic  rocks I? )  - - - - - - - 
Mafic rocks (?) -------- 

Deposition 

Sediments  - - - - - - - 

alkalic-carbonatite -------------------? 
complexes 
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Abstract 

Pyroclastic rocks permit correlation o f  stratigraphic units across the  southern margin o f  the 
Archean Noranda caldera. Caldera subsidence was not a sudden, unique even t ,  but took place in 
several successive steps which coincided with periods o f  volcanic act iv i ty .  

Seven facies  o f  pyroclastic deposits were defined by their geometry  and the  sequence o f  their 
sedimentary structures,  as follows: (1)  lag deposits l e f t  behind at the  site o f  eruption by a collapsing 
submarine eruption column; (2)  filling o f  pit craters by  s team explosion breccia; (3 )  pyroclastic debris 
f low;  ( 4 )  pyroclastic turbidite or similar mass-flow; (5) pyroclastic air-fall, settled through water;  
( 6 )  pyroclastic air-fall, coarse grained, redeposited by  of fshore currents in a shallow marine 
environment; (7) pyroclastic air-fall, f ine grained, redeposited by  shallow marine currents. 

Introduction in t h e  n o r t h  by t h e  H u n t e r  C r e e k  f a u l t ,  in t h e  s o u t h  by '  t h e  
Q u e m o n t  f e e d e r  d y k e  a n d  f o r m e d  in t h e  i n t e r v a l  b e t w e e n  t h e  

T h e  Blake  R i v e r  G r o u p  a t  'oranda h a s  b e e n  subdiv ided  e rupt ion  of the  ~ ~ ~ t h ~ ~ ~ t  and ~~~~~l~~ rhyolites and the  (Gdlinas et al., 1977; D i m r o t h  a n d  Rocheleau ,  1979) i n t o  f o u r  Creek rhyolites. Most of the ore bodies in Rouyn- 
the Pel'etier? Reneault, Dufault, and Noranda a r e a  a r e  wi th in  o r  at the marg in  o f  this  caldera, a n d  Dufresnoy  subgroups.  T h e  P e l l e t i e r  subgroup,  c o m p o s e d  of 

t h o l e i i t i c  basa l t ,  f o r m s  a n  e x t e n s i v e  b a s a l t  plain. T h e  c a l c -  f o r m e d  dur ing  c a l d e r a  subsidence.  

a l k a l i c  R e n e a u l t  and  Dufaul t  subgroups  a r e  c o r r e l a t i v e  and  T h e  p r e s e n t  work  is  a d e t a i l e d  s t u d y  of t h e  s t r a t i g r a p h y  
c o m p r i s e  a c o m p l e x  a r r a y  of c e n t r a l  vo lcan ic  complexes ,  t h e  and  of t h e  s e d i m e n t a r y  f a c i e s  of  t u f f s  a t  t h e  s o u t h  m a r g i n  of 
l a r g e s t  of which is Noranda  c e n t r a l  volcano.  t h e  c a l d e r a .  A f t e r  s o m e  in i t i a l  work  bv E. Dimroth .  t h e  a r e a  

U 

w a s  mapped  on  a s c a l e  of 1: 2400 b; A.P. ~ i c h t b i a u  a s  a n  De ROsen-S~ence the s t ra t ig raphic  M.Sc. project a t  the  University of Quebec a t  Chicoutimi.  The s e q u e n c e  in Noranda  c e n t r a l  vo lcano  and  r e c o n s t r u c t e d  t h e  general geology of the  area is shown in Figure 12.1. A 
l a r g e  l ines of  i t s  evolution.  S h e  found  t h a t  a c a l d e r a ,  o r  a detailed stratigraphic map of the  Powell is shown as volcano- tec ton ic  depress ion ,  15 km wide,  f o r m e d  a t  a c e r t a i n  Figure 12.2. s t a g e  in t h e  evolu t ion  of t h e  complex .  T h e  c a l d e r a  is bounded 

F a l c o n b r i d g e  C o p p e r  Ltd.  ( L a k e  D u f a u l t  Division), Noranda ,  QuCbec. 
S c i e n c e s  d e  l a  T e r r e ,  ~ n i v e r s i t d  d u  Q u d b e c  i C h i c o u t i m i ,  930 est, r u e  J a c q u e s - C a r t i e r  
C h i c o u t i m i ,  Q u d b e c  G 7 H  2 B I  

m Overtylng units 

m HetC.Creck rhyolite 

Joliel Breccaa and 
m o t h e r  steam explos!on 

breccnas 

Ouemonl teeder dyke 

Ouernonl breccia 

m B r o w n l e e .  Jolael 
rhyolite flow 

-Ceolog~cal  contact 

------ - - - - - -  Dlabase dyke 
.. . Trans~l ron lrom teeder dyke 10 llow - - - Faul t  - Road 

Figure 12.1 
General geology o f  the  south 
margin of t h e  Noranda Caldera. 
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Figure 12.3 S t r a t i g r a p h i c  c o r r e l a t i o n  a c r o s s  t h e  s o u t h  m a r g i n  of N o r a n d a  Caldera .  

T h e  a r e a  c o n s i s t s  of  f o u r  f a u l t  b locks  (Fig. 12.2) s l i ced  
by n u m e r o u s  s e c o n d a r y  fau l t s .  M o s t  f a u l t s  t r e n d  t o  t h e  
n o r t h e a s t .  T h e  e a s t e r n  f a u l t  block inc ludes  t h e  Q u e m o n t  
r h y o l i t e  f low, Q u e m o n t  f e e d e r  dyke ,  a n d  t h e  J o l i e t / B r o w n l e e  
r h y o l i t e  f lows  east of t h e  Noranda  TV-tower. S t r a t a  s t r i k e  to 
t h e  east a n d  d i p  s t e e p l y  to t h e  nor th .  Blocks 2 a n d  3 f o r m  a 
n o r t h e a s t - t r e n d i n g  z o n e  n o r t h e a s t  of  t h e  Noranda  TV s t a t i o n .  
S t r i k e s  a r e  t o  t h e  w e s t  t o  n o r t h  in block 2, a n d  to t h e  n o r t h  in 
block 3;  dips  a r e  s t e e p l y  n o r t h  o r  e a s t .  S t r i k e  is aga in  t o  t h e  
w e s t  in t h e  w e s t e r n  block and  dips a r e  s t e e p l y  t o  t h e  north.  
I n t e r n a l  s t r a i n  of rocks  is fa i r ly  s t rong ,  bu t  p r i m a r y  
s t r u c t u r e s  a r e  well  p reserved .  O n e  and ,  local ly,  t w o  
c l e a v a g e s  a r e  presen t .  

S t r a t i g r a p h y  and F a c i e s  

T h e  s t r a t i g r a p h i c  s e q u e n c e  and  i t s  l a t e r a l  c o r r e l a t i o n  
a r e  shown a s  F i g u r e  12.3. Four m a r k e r  un i t s  p e r m i t  
c o r r e l a t i o n  a c r o s s  t h e  Q u e m o n t  f e e d e r  dyke: ( I )  t h e  
p lag ioc lase-microphyr ic  Brownlee  rhyol i te ;  (2) t h e  B e e c h a m  
b r e c c i a ,  lower  t u f f  m a r k e r  a n d  Quernont  b r e c c i a  I ( essen t ia l  
f r a g m e n t s :  p lag ioc lase  microphyr ic  rhyoli te) ;  (3) t h e  upper  
t u f f  m a r k e r  a n d  J o l i e t  b r e c c i a  (essen t ia l  f r a g m e n t s  Q u e m o n t  
r h y o l i t e  = q u a r t z  phyric,  c r y s t a l s  1-3 m m ,  2 c r y s t a l s / c m 2 ) ;  
(4) t h e  p lag ioc lase  microphyr ic  H&& rhyol i te .  

T h e  P o w e l  r h y o l i t e  (quar tz -phyr ic ,  p h e n o c r y s t s  2-4 mm,  
4 phenocrys t s /cm2)  provides  a loca l  m a r k e r  in t h e  s o u t h  of  
t h e  c a l d e r a ;  i t  p robably  c o r r e l a t e s  w i t h  quar tz -porphyry  
d o m e s  t o  t h e  north.  T h e  A m u l e t  "rhyoli te" (in f a c t  a 
s i l i c i f ied  a n d e s i t e ,  Gibson a n d  Watkinson,  1979) probably 
c o r r e l a t e s  w i t h  t h e  s l igh t ly  s i l i c i f ied  middle  Powell  andes i te .  
Powel l  t u f f  is t h i c k e s t  in f a u l t  b locks  2 and  3 and  i n t e r f i n g e r s  
w i t h  a n d e s i t e  flows. I t s  e s s e n t i a l  f r a c t i o n  is  Powel l  rhyol i te ,  
e x c e p t  f o r  t h e  upper  t u f f  m a r k e r  ( Q u e m o n t  rhyol i te )  a n d  a 
f e w  m e t r e s  of tu f f  be low t h e  H& r h y o l i t e  (essen t ia l  
f r a g m e n t s :  H&& r h y o l i t e  plagioclase-microporphyritic 
rhyoli te) .  

T h e  Quernont  b r e c c i a  I (Fig. 12.4) cons is t s  of t w o  
upward-coarsen ing- then  f in ing  c y c l e s  s e p a r a t e d  by a th in  f low 
of plagioclase-microporphyritic rhyol i te ;  i t  f o r m s  a wedge-  
s h a p e d  depos i t  c e n t r e d  a t  t h e  Quernont  f e e d e r  dyke. T h e  
J o l i e t  b r e c c i a  (Fig. 12.5) o c c u p i e s  a p i t  c r a t e r  in t h e  n o r t h  of 
t h e  Q u e m o n t  f e e d e r  dyke. B r e c c i a t e d  r h y o l i t e  a t  t h e  b a s e  
a n d  in t h e  e a s t  of t h e  c r a t e r  f o r m e d  in s i tu .  I t  g r a d e s  upward  
f i r s t  in m o n o m i c t  r h y o l i t e  b r e c c i a ,  t h e n  in o l igomic t  b r e c c i a  
c o m p o s e d  of f r a g m e n t s  of Quernont  r h y o l i t e  a n d  Powel l  
andes i te .  



Non.phyric f low 

Quemont 
Rhyolhte f low 

Maf ic  d y k e s  

- G e o l o g ~ c  contac 

F i g u r e  12.4 

Detailed geology o f  
the  Quemont breccia. 

. Brecciated 
~ F o w e l l  andesite E:] rhyol i te 

( Quartz-phyric 
m R h y o l i t e  breccia . r h y o l ~ t e  n t r v s i o n  

Quartz.phyr~c Rhyolite and -qq6;,! Mixed and G e o l o g i c  contact m rhyolite dyke mixed brecc~a rnafic breccia .**.+... Gradational con tac t  

F i g u r e  12.5 Detailed geology o f  the Joliet breccia. 



Facies  Transit ions 

The f ac i e s  of pyroclas t ic  rocks is described in 
Table 12.1; sec t ions  typical  of fac ies  4-7 a r e  shown in 
Figures 12.6-12.9. Lag deposits  ( fac ies  1, Quemont  breccia  I )  
and  c r a t e r  fillings ( fac ies  2, Jo l i e t  Breccia) g rade  f i rs t  in to  
debris f lows ( fac ies  31, then in to  turbid i tes  ( fac ies  4) away 
f rom t h e  ca lde ra  margin. The  transit ion of debris f lows t o  
turbid i tes  takes  p lace  over less than 30 m in t h e  upper tuf f  
marker.  Turbidites g rade  f rom reversed-to-normal graded 
beds t o  normal graded beds t o  upward-fining beds with 
parallel  lamination away f rom t h e  ca ldera  margin. 

R O P E R T E S  

. . 
graded bedding ripples < 10 c m  

• • • wavelength 

... upward coarsening 
- or upward fining isolated blocks or ... sequence  lapilli with sediment  ' draping, impac t  

2 parallel  lamination 
s t r u c t u r e  

scour  filled with m cOnvOlufe bedding 
trough cross beds  

Larges t  gra in  s i ze  of t h e  debris f low fac i e s  of t h e  upper 
tuff  marker  coarsens  f rom 50 c m  t o  200 c m  away f rom t h e  
ca ldera  margin. Thus, t h e  large  blocks in th is  debris flow 
were  t ranspor ted  in an  inertial  regime, a s  in avalanches.  
Coarsening away f rom t h e  source  also has been observed in 
t h e  reversed-to-normally graded f ac i e s  of t h e  lower tuff  
marker .  Otherwise,  turbid i tes  ( fac ies  4)  coarsen toward t h e  
source.  

Trough crossbeds in fac ies  6 consistently indica te  
t ranspor t  away f rom t h e  ca ldera  margin. Sedimenta t ion  
pa t t e rns  exclude  t ranspor t  by t ida l  cu r r en t s  or in a fluvial 
environment.  Thus, w e  suggest  t h a t  t ranspor t  took place  by 
offshore  r ip  cu r r en t s  induced by waves. 

Synvolcanic Faults,  Breccia  Dykes, Hydrothermal  Al tera t ion  

Many of t h e  f au l t s  a r e  filled by f eede r  dykes o r  a r e  t h e  
s i t e  of abrupt  changes of thickness of t h e  Powell  tuf f ;  t he se  
faul ts  clearly a r e  synvolcanic. Faul t  block 3 is a narrow, 
synvolcanic graben. Breccia dykes a r e  common, particularly 
a t  t h e  base  of t h e  sequence; some  breccia  dykes c u t  t h e  HCrd 
rhyolite f eede r  dyke and, thus,  were  formed relatively late.  

"Spotted a l tera t ion"  and "network si l icif ication" a r e  
common a l tera t ion  e f f ec t s .  Spots, 5-15 mm across,  composed 
of s e r i c i t e  and qua r t z  form halos around f r ac tu re s  and 
f r agmen t  boundaries. The spots  probably a r e  derived f rom 
alkali  feldspar-quartz spherul i tes  t h a t  formed by hydro- 
t he rma l  devitrif ication.  "Network si l icif ication and 
albit ization" (see d e  Rosen-Spence et al., in press) proceeded 
f rom c racks  and f r ac tu re s ;  t h e  end product of si l icif ication 
and albit ization of andes i te  is a rock which, commonly,  has 
been named "rhyolite" (for example  t h e  Amulet  rhyolite); of 
course,  network si l icif ication and a lb i t iza t ion  a lso  a f f e c t e d  
rhyolites. 

pull-apart U scour  
pseudo nodules and 

long-lenticular 
0 0 bedding 

( O ) sand balls  
Fi .q re  12.7 Measured stratigraphic section across parts of  

Figure12.6 Measured stratigraphic section poke11 t u f f  (section 7 of ~ i ~ . - l i 2 ) .  
across parts of Powell tuff (section 6 of  Fig. 12.2). 



Table 12.1 
Facies  of pyroclastic rocks 

Fac ie s  1: Wedge-shaped deposits 50-100 m thick a t  feeding vent, thinning t o  beds less than 
5 m thick over 300 m-500 m. Directly associated to  feeding vent. Very poorly sor ted  lapilli and 
block tuff.  Large-scale (50 m) upward coarsening and upward fining sequences. Orienta t ion of 
e longated blocks and lapilli. Some parallel  laminae a t  top  of upward fining sequence a r e  only 
sedimentary  s t ructure .  

Polymict l i thic debris, angular, poorly vesiculated. No pumice. Example: Quemont  breccia  I. 

Interpretation: pyroclastic flow lag deposits dumped a t  t h e  s i t e  of eruption, produced by 
phreat ic  explosion a t  a vent. 

Facies 2: Filling of excavat ion pits in Quemont  f eede r  dyke. Three  subfacies a s  follows. 
Subfacies 2: Monomict in si tu breccia of s a m e  composition a s  feeder  dyke. Absence of 
sedimentary  s t ructures .  Fractures  cemented by quar tz  and chlorite.  Fills dykes and fo rms  
transit ion a t  bottom and a t  wall of t h e  excavat ion pit. Subfacies 2b: Monomict 
parautochthonous block breccia. All f ragments  derived f rom Quemont  feeder  dyke. Blocks 
angular. Absence of sedimentary  s t ruc tu res  excep t  orientation of blocks. Absence of ash 
matrix.  Pore  space  filled by qua r t z  and chlorite.  Overlies subfacies 2a. Subfacies 2c: 
Oligomict allochthonous block breccia. Fragments  of Quemont  f eede r  dyke and overlying 
Powell andesite.  Blocks angular, re-entrant  angles common. Absence of sedimentary  s t ruc tu res  
excep t  for orientation of elongated blocks. Overlies subfacies 2b. 

Interpretation: Subfacies 2a: breccia ted  dyke rock, more  or  less in situ. Subfacies 2b: 
breccia ted  dyke rock, jumbled by rising s team.  Subfacies 2c: breccia ted  dyke and overlying 
rock, thrown out by s t eam explosion and fallen back. Example: Jol ie t  breccia  and other  s t e a m  
explosion breccias  a t  Quemont  feeder  dyke. 

Facies  3: Tabular beds, 5-30 m thick, t r aceab le  for 300 m. Large  blocks (up t o  2 m), 
angular,  s e t  in f ine  lapilli and coarse  ash. Very poor sorting. Absence of sedimentary  
s t ructures .  Subfacies 3a: composition a s  f ac i e s  2c. Example: upper tuff marker;  Subfacies 3b: 
composition a s  fac ies  4b. Example: rhyolite breccias a t  top of Powell rhyolite flow. 

Interpretation: Pyroclastic debris flows originating by t h e  s t e a m  explosion (subfacies 3a) o r  by 
collapse of a rhyolite dome  (subfacies 3b). 

Facies  4: Tabular beds, 0.4 to  5 m thick; lower tuff marker t r aceab le  for  up t o  1500 m. 
Small  blocks and coarse  lapilli s e t  in coarse  ash o r  f ine  lapilli. Very poor sorting. Reversed-to- 
normal graded bedding or normal graded bedding. Top of bed may be  lapilli or  ash with parallel  
laminations. Some large  rip-up c las ts  of underlying flow may be present.  Pumice absent.  

Interpretation: Pyroclastic flows deposited by turbidity currents.  Several subfacies  a r e  defined 
by composition a s  follows. 

Subfacies 4a: Composition a s  fac ies  I - pyroclastic flows corre la t ing with f ac i e s  I lag  deposits. 
Subfacies 4b: Monomict coarsely quartz-plagioclase-phyric rhyolite - pyroclastic flows 
produced by collapse of a rhyolite dome or of rhyolite spines. Subfacies 4c: Polymict tuff 
breccias  - pyroclastic flows produced by phreat ic  explosion. 

Fac ie s  5: Polymict lapilli and coarse  ash tuff.  Thin bedded. Parallel  and long-lenticular 
s t ra t i f ica t ion,  s t r a t a  one lapilli d iameter  thick. Large  isolated lapilli and blocks, commonly in 
nes ts  with impact  s t ruc tu res  and erosion scours  in lee. Here  and the re  upward coarsening 
sequences  30-50 c m  thick. Closely associa ted  with f ac i e s  7. 

Interpretation: Air fall, se t t led  through water ,  l i t t l e  t ranspor t  by marine currents.  Large  
isolated lapilli or blocks and block nes ts  a r e  air-fall bombs, s e t t l ed  through water.  

Fac ie s  6 :  Polymict lapilli and coarse  ash tuff. Thin bedded. Parallel  s t ra t i f ica t ion,  
generally one lapilli thickness thick, numerous erosion scours, trough crossbeds in s e t s  10-30 cm 
high, occasionally with bot tomset ,  foreset  and topset  preserved. Occasionally very f ine  grained 
ash' filling bottom of erosion scours and trough of crossbeds. Large  isolated lapilli or blocks, not 
uncommonly in nests. Closely associated with fac ies  7. Trough crossbeds indicate offshore 
movement.  

Interpretation: Air-fall, s e t t l ed  through water ,  and redeposited by marine  offshore currents.  
Cur ren t  directions suggest t ranspor t  by shallow marine rip currents  induced by waves. Isolated 
block and block nes ts  a r e  fall-back. 

Fac ie s  7: Ash tuff.  Thin bedded. Parallel  s t ra t i f ica t ion on a mi l l imetre-cent imetre  scale,  
r a r e  graded beds 5 cm thick (not Bouma cycled). Current  ripples. St rong synsedimentary 
deformation: load casts,  pinch and swell, sand pockets, convolute lamination, convoluted 
cu r ren t s  ripples. Isolated large  lapilli and blocks, not uncommonly in nests. 

Interpretation: Air-fall, s e t t l ed  through water ,  redeposited by shallow marine  currents.  
Isolated lapilli and blocks and nes ts  of lapilli and blocks a r e  air-fall blocks. 



L I T H O L O  G Y  

Figure 12.8 Measured stratigraphic section across parts of 
Powell turf (sections 9 and 10 of Fig. 12.2). 

H i s t o r y  o f  C a l d e r a  C o l l a p s e  

C a l d e r a  co l lapse  began  a f t e r  t h e  e m p l a c e m e n t  of t h e  
N o r t h w e s t  a n d  Brownlee  r h y o l i t e  flows. M a f i c  f lows  ( lower  
Powell  a n d  R u s t y  R i d g e  a n d e s i t e s )  bu i l t  sh ie ld  vo lcanos  wi th in  
t h e  c a l d e r a ,  w h e r e a s  t h e  s o u t h e r n  c a l d e r a  marg in  w a s  
qu iescent .  A c t i v i t y  at the- c a l d e r a  m a r g i n  r e s u m e d  w i t h  
e x t r u s i o n  of t h e  J o l i e t  rhyol i te  a n d  i t s  p h r e a t i c  explosion 
( Q u e m o n t  b r e c c i a  I, lower  tu f f  marker ) .  A b s e n c e  of 
p y r o c l a s t i c  f a l l s  a n d  t h e  v e r y  s m a l l  v o l u m e  of p y r o c l a s t i c  
r o c k s  a t  t h i s  l eve l  s u g g e s t  t h a t  t h e  c a l d e r a  marg in  w a s  in 
r e l a t i v e l y  d e e p  (-200 m )  water .  M a f i c  shield vo lcanos  
( A m u l e t  "rhyolite", middle  Powel l  a n d e s i t e )  t h e n  f i l led t h e  
c a l d e r a .  

A s e c o n d  per iod  of p y r o c l a s t i c  a c t i v i t y  ( Q u e m o n t  
b r e c c i a  II), in t rus ion  of  t h e  Q u e m o n t  f e e d e r  d y k e  a n d  
e x t r u s i o n  of t h e  Q u e m o n t  f low i n i t i a t e d  renewed c a l d e r a  

P R O P E  R T  l E S  L I T H  r L O G Y  

Figure 12.9 Measured stratigraphic sections across parts of 
Powell t u f f  (section 11 of Fig. 12.2). 

collapse.  T h e  P o w e l l  r h y o l i t e  a n d  q u a r t z  porphyry  d o m e s  
e x t r u d e d  wi th in  t h e  c a l d e r a ,  giving r i se  t o  cont inu ing  
p h r e a t i c  explosions (main  p a r t  of  Powel l  tuff) .  Abundance  of 
a i r  f a l l  t u f f s  s u g g e s t s  t h a t  t h e  s o u t h e r n  c a l d e r a  m a r g i n  w a s  
e i t h e r  a b o v e  w a t e r  level  o r  in very  shallow w a t e r  6 1 0  m). 
E m p l a c e m e n t  of m a f i c  sh ie lds  ( A m u l e t  a n d  u p p e r  Powel l  
a n d e s i t e s )  cont inued .  

C a l d e r a  co l lapse  w a s  c o m p l e t e d  a t  t h e  t i m e  of e r u p t i o n  
of  t h e  l o w e r m o s t  Hdr6 r h y o l i t e  flow. Erupt ion  of  t h i s  f low 
w a s  p r e c e d e d  by minor p h r e a t i c  explosions. T h e  f low is 
ponded in t h e  s o u t h e r n  p a r t  of t h e  c a l d e r a  bu t  is  n o t  f a u l t e d  
a t  t h e  c a l d e r a  margin.  

A c k n o w l e d g m e n t s  

We a r e  deeply  indebted  t o  D. C o m b a  of Fa lconbr idge  
C o p p e r  Ltd. ( L a k e  D u f a u l t  Division) w h o  poin ted  o u t  t h i s  
i n t e r e s t i n g  s u b j e c t  o f  r e s e a r c h  a n d  p a r t i c i p a t e d  in many 
discussions. Victor  O w e n  s t u d i e d  t h e  p e t r o g r a p h y  of t h e  
Q u e m o n t  b r e c c i a  I a n d  t h e  J o l i e t  b recc ia ,  a n d  M a r c  T r e m b l a y  
d id  t h e  drawings.  This  work has been  suppor ted  by s u c c e s s i v e  
g r a n t s  by NSERC a n d  by s u c c e s s i v e  EMR r e s e a r c h  
a g r e e m e n t s .  
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Abstract 

A change in certain formation parameters (density, per cent water in pore spaces, concentration 
o f  heavy elements such as uranium) with depth along a borehole can result in errors in grade-thickness 
product computed on the basis of  gamma ray logs. Because large changes in uranium concentration 
and commonly density are associated with high grade uranium ore zones, grade-thickness calculations 
for such zones may be grossly in error. Such errors vary nonlinearly with grade and thickness o f  the 
ore zone, and therefore are not amenable to  simple correction factors. Use of properly designed 
logging equipment which discriminates against low energy gamma rays (below about 1 MeV in high 
grade situations) should largely avoid these errors. 

Introduction 

The theoret ica l  basis for quant i ta t ive  in terpre ta t ion of 
gamma ray logs is expressed by t h e  equation 

f i r s t  given by Sco t t  e t  al. (1961). Here  T is t h e  
thickness of a radioact ive  zone having average grade 
(radioelement concentra t ion)  G, A is t he  a r e a  beneath the  
corresponding gamma ray log curve, and K is t h e  constant  of 
proportionality ('K-factor'). Ideally, if t h e  gamma ray log is 
deconvolved (e.g. Scot t ,  1963; Conaway and Killeen, 1978) t h e  
amplitude of t h e  processed log becomes di rect ly  proportional 
t o  grade or  

where  Y is t h e  ampl i tude of t h e  deconvolved log at a given 
depth,  C is t h e  g rade  a t  t h a t  depth,  and K is t h e  s a m e  
constant  a s  in equation (1). Equations (1) and (2) assume t h a t  
all  gamma rays de tec t ed  a r e  f rom t h e  radioelement  decay 
ser ies  of in teres t ,  and also t h a t  t he  decay ser ies  is in 
radioactive equilibrium or  t h a t  sui table  equilibrium 
correct ions  a r e  applied. 

In thei r  comprehensive review of borehole logging 
techniques fo r  uranium, Dodd and Eschliman (1972) 
demonstra ted  t h a t  fo r  conventional t o t a l  count  logging 
equipment  equations (1) and (2) a r e  valid only when uranium 
concentra t ions  a r e  less than about  one per cent .  Figure 13.1, 
reproduced f rom t h a t  paper, shows computed uranium 
concentra t ion (determined f rom gamma ray logs in model 
boreholes) a s  a function of ac tua l  concentration, fo r  severa l  
d i f ferent  probes. The breakdown of equations (1) and (2) a t  
grades  above roughly I per c e n t  U 3 0 8 ,  indicated by t h e  
nonlinearity of curves 1-6 in t h a t  region, is a t t r ibu ted  by 
Dodd and Eschliman t o  t h e  increased a t tenuat ion of g a m m a  
rays due t o  t h e  presence of t h e  heavy uranium atoms.  This 
phenomenon is referred t o  a s  t h e  'Z-effect ' ,  where Z is t h e  
symbol fo r  a tomic  number. 

I t  is  c l ea r  f rom Figure 13.1 t h a t  t h e  nonlinear e r ro r  in 
computed grade based on equations (1) and (2) can become  a 
serious problem in t h e  evaluation of high grade deposits. Dodd 
and Eschliman (1972) mentioned two approaches t o  solving 
this problem. One approach is t o  design t h e  logging equipment  
s o  t h a t  i t  discriminates against  t h e  low energy g a m m a  rays 
which a r e  largely responsible fo r  t h e  2 -e f fec t  ( a s  will be 
discussed later);  cu rve  7 in Figure  13.1 demons t r a t e s  t h e  
appa ren t  validity of this technique fo r  grades  up t o  about  
3 per c e n t  U308. A second approach is t o  apply correct ions  
t o  field logs, based on measurements  in model boreholes 
similar t o  Figure 13.1. 

The purpose of this paper is t o  examine fur ther  the  
ramifications of t h e  Z-effect  and re la ted  problems. It will be  
shown, for  instance,  t h a t  t h e  e r ro r  in computed g rade  caused 
by t h e  2 -e f fec t  is  not only nonlinear with g rade  a s  shown in 
Figure  13.1, but a lso  with thickness of t h e  radioact ive  zone. 

Figure 13.1. Graph showing the nonlinear relationship 
between computed grade and true grade for typical 
uranium logging probes (curves 1-6). The increasing error 
with increasing grade is due t o  the attenuation of gamma 
rays by the heavy uranium atoms ( the '2-ef fect ' ) .  Curve F 
shows the improvement in linearity obtained by using a 
graded filter t o  discriminate against low energy gamma 
rays, which are primarily responsible for this problem. 
(From Dodd and Eschliman, 1972). 



Thus,  of t h e  t w o  t e c h n i q u e s  s u g g e s t e d  by Dodd and  Eschliman 
t o  c o r r e c t  for  t h e  Z - e f f e c t ,  only t h e  t e c h n i q u e  of 
d i s c r i m i n a t i n g  a g a i n s t  low e n e r g y  g a m m a  r a y s  will p r o d u c e  
essen t ia l ly  t h e  d e s i r e d  resu l t .  It will be  shown h e r e  a l s o  t h a t  a 
nonl inear  e r r o r  s i m i l a r  t o  t h a t  caused  by t h e  2 - e f f e c t  c a n  
r e s u l t  f r o m  o t h e r  phys ica l  p r o p e r t y  c o n t r a s t s  (dens i ty  o r  f r e e  
w a t e r  in t h e  f o r m a t i o n )  b e t w e e n  t h e  o r e  z o n e  and  t h e  b a r r e n  
z o n e ,  e v e n  f o r  low grades .  This  p a p e r  i l l u s t r a t e s  in r e l a t i v e l y  
s i m p l e  t e r m s  w h a t  c a u s e s  t h e s e  problems,  and  how t h e y  c a n  
b e s t  b e  avoided.  

E r r o r s  R e s u l t i n g  f r o m  Var ia t ion  o f  t h e  
S y s t e m  R e s p o n s e  F u n c t i o n  

In e a r l i e r  work  by S u p p e  a n d  Khaykovich  (1960), 
Davydov (1970), C z u b e k  (197!), a n d  C o n a w a y  a n d  Kil leen 
(1978), i t  h a s  b e e n  a s s u m e d  f o r  t h e  s a k e  of  m a t h e m a t i c a l  
s impl ic i ty  t h a t  t h e  response  I$ (a) of a po in t  d e t e c t o r  t o  a 
th in  p lanar  r a d i o a c t i v e  z o n e  ( t h e  geologic  impulse  response  o r  
GIR) could b e  a p p r o x i m a t e d  in a homogeneous  medium by 

w h e r e  z is  t h e  d i s t a n c e  a l o n g  t h e  b o r e h o l e  f r o m  t h e  
r a d i o a c t i v e  z o n e  a n d a  i s  a c o n s t a n t  which  d e t e r m i n e s  t h e  
s h a p e  of  t h e  GIR. Based  o n  t h e  a b o v e  approximat ion  t h e  
fol lowing 3 - c o e f f i c i e n t  e x a c t  inverse  f i l t e r  h a s  b e e n  
deve loped  

w h e r e  A z  is t h e  sampl ing  i n t e r v a l  a long  t h e  borehole  
(Conaway,  in press  (a)). 

F o u r  possible m e t h o d s  of  d e t e r m i n i n g  t h e  c o n s t a n t  a 
h a v e  b e e n  s u g g e s t e d  in t h e  l i t e r a t u r e .  

1. Davydov (1970) d e t e r m i n e d  t h e  v a l u e  of  a by a leas t -  
s q u a r e s  f i t  of t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  s y s t e m  
r e s p o n s e  f u n c t i o n  t o  t h e  d o u b l e  s ided  e x p o n e n t i a l  
[equa t ion  (3)]. This  t e c h n i q u e  c a n  i n t r o d u c e  d i s t o r t i o n  
i n t o  t h e  processed  log b e c a u s e  t h e  e f f e c t  of t h e  d e t e c t o r  
l ength  is n o t  t a k e n  i n t o  a c c o u n t  (e.g. C o n a w a y  and  
Kil leen,  1978). 

2. C z u b e k  (1971) has  s u g g e s t e d  t h a t  t h e  v a l u e  of a m i g h t  b e  
o b t a i n e d  f r o m  t h e  a m p l i t u d e  of  t h e  e x p e r i m e n t a l l y  
d e t e r m i n e d  s y s t e m  response  f u n c t i o n  (normal ized  t o  h a v e  
u n i t  a r e a )  at t h e  c e n t r e  of  t h e  th in  zone .  F r o m  
e q u a t i o n  (3) i t  c a n  b e  s e e n  t h a t  t h e  h e i g h t  of t h e  d o u b l e  
s ided  e x p o n e n t i a l  a t  z : 0 is a/2. Thus,  by Czubek ' s  
m e t h o d ,  a is a p p r o x i m a t e d  a s  being equa l  t o  t w i c e  t h e  
he ight  of t h e  normal ized  e x p e r i m e n t a l l y  d e t e r m i n e d  
s y s t e m  response  f u n c t i o n  a t  z = 0. 

3. C o n a w a y  a n d  Ki l leen  (1978) s u g g e s t e d  t h a t  a b e  
d e t e r m i n e d  f r o m  f a m i l i e s  of  t y p e  c u r v e s  g e n e r a t e d  f o r  
var ious  va lues  of  a a n d  d e t e c t o r  l ength  L. T h e  t y p e  
c u r v e s  a r e  o v e r l a y e d  o n  t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  
s y s t e m  response  func t ion ;  t h e  bes t  f i t t i n g  t y p e  c u r v e  f o r  
t h e  a p p r o p r i a t e  va lue  of L g ives  t h e  des i red  va lue  of  a. 

4. C o n a w a y  (in press  (a))  g ives  a m e t h o d  f o r  d e t e r m i n i n g  t h e  
v a l u e  of  cl in  m o d e l  boreholes  or ,  under  f a v o u r a b l e  
condi t ions ,  d i r e c t l y  f r o m  f ie ld  boreholes.  F o r  t h i s  i t  is  
n e c e s s a r y  t h a t  t h e r e  b e  a r a d i o a c t i v e  z o n e  a d j a c e n t  t o  a 
less  r a d i o a c t i v e  z o n e  ( r e f e r r e d  t o  h e r e  as t h e  "ore" z o n e  
a n d  t h e  "barren" zone ,  respec t ive ly) .  T h e  b a r r e n  z o n e  
m u s t  b e  essen t ia l ly  homogeneous  a n d  a t  l e a s t  a b o u t  1.5 m 
th ick .  T h e  a v e r a g e  r a d i o a c t i v e  in tens i ty  in t h e  b a r r e n  
z o n e  wel l  a w a y  f r o m  t h e  o r e  z o n e  is s u b t r a c t e d  f r o m  e a c h  

-LOG, (INTENSITY) I 
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(a)  Plot of  3 radioactive zones from a field borehole showing 
the natural logarithm of the total count channel as a 
function of depth. 

( b )  Same as in (a), but with the average gamma ray intensity 
in the barren zone well away from the ore zone subtracted 
from each value on the log before taking the natural 
logarithm. 

Figure 13.2 

d a t u m  va lue  in t h e  d ig i ta l  g a m m a  r a y  log. T h e  n a t u r a l  
l o g a r i t h m  of t h e  resu l t ing  c o r r e c t e d  in tens i t i es  a r e  
p l o t t e d  a g a i n s t  d e p t h  (Fig. 13.2), a n d  t h e  s l o p e  of t h e  
l inear  f lank  of t h e  a n o m a l y  o u t s i d e  of t h e  o r e  z o n e  is 
e q u a l  t o  a r e g a r d l e s s  of  t h e  t h i c k n e s s  of  t h e  o r e  z o n e  
o r  t h e  r a d i o e l e m e n t  d i s t r ibu t ion  wi th in  it. T h e  v a l u e  
o f  a g iven  by t h i s  m e t h o d  wil l  g e n e r a l l y  b e  c l o s e  t o  t h e  
v a l u e  g iven  by t h e  t y p e  c u r v e  technique '  d e s c r i b e d  in (3)  
above .  

F o r  c o n v e n i e n c e  i t  will b e  a s s u m e d  in t h i s  s e c t i o n  t h a t  
e q u a t i o n  (3) is a good approximat ion  of t h e  t r u e  GIR; th i s  will 
b e  discussed f u r t h e r  in t h e  n e x t  sec t ion .  T h e  GIR s h a p e  
c o n s t a n t  a d e p e n d s  on  t h e  a n g l e  of  d i p  -of t h e  r a d i o a c t i v e  
s t r a t a  r e l a t i v e  t o  t h e  borehole,  b o r e h o l e  d i a m e t e r ,  borehole  
fluid, cas ing  t y p e  a n d  th ickness ,  a n d  l inear  a t t e n u a t i o n  
c o e f f i c i e n t s  of  t h e  m a t e r i a l  th rough which  t h e  borehole  
passes.  This  l a s t  f a c t o r  depends  on  f luid c o n t e n t  of t h e  p o r e  
s p a c e s  in t h e  rock ,  rock  dens i ty ,  e f f e c t i v e  a t o m i c  n u m b e r  a n d  
a t o m i c  w e i g h t  of t h e  rock,  a n d  g a m m a  r a y  energy .  Var ia t ions  
of  a by up t o  near ly  a f a c t o r  of 2 h a v e  been  n o t e d  in s o m e  
holes ( C o n a w a y ,  in  p r e s s  (b)). 



There  a r e  severa l  types  of e r ro r s  which can rise f rom 
a change in formation or  borehole parameters .  These 
er rors  result  from a change in the  system response function 
(i.e. a change in a),  a change in the  system calibration fac tor  
o r  K-factor, o r  a combination of these. Several d i f ferent  
cases  may b e  considered: 

I .  I f  t he  system calibration f ac to r  is constant  for a given 
borehole, use of an incorrect  value of K in eqgations (1-2) 
clearly causes  a linearly proportional e r ro r  in GT o r  G. 

2. If an  incorrect  value of a is  used in t h e  inverse 
f i l ter  [equation (4 ) ]  t he  shape of t h e  processed log will be  
d is tor ted  and equation (2) will be invalid, but equation ( I )  
is st i l l  valid provided t h e  sys tem response function 
remains  unchanged along t h e  borehole (Conaway et al., in 
press). 

3. If a change in a and/or K occurs somewhere in a barren 
zone, a t  leas t  one me t re  or s o  away f rom t h e  neares t  
radioact ive  zone, then compensating correct ions  can be 
applied provided t h a t  a and K a r e  always known. Such a 
change could occur in passing from an uncased region into 
a cased region, or from below t h e  water  table  into the  a i r -  
filled upper portion of t h e  hole. 

4. A change in a and/or K a t  t h e  edge of o r  inside of an  o r e  
zone will result  in an  error  in t h e  computed value of GT; 
this er ror  varies nonlinearly with a and T. This type of 
er ror  is t h e  subject  of t h e  present  paper. 

In this paper w e  a r e  concerned primarily with changes  
in a and K due t o  changes in t h e  physical properties of t h e  
rock with depth along t h e  borehole. The e f f ec t s  of dip have 
been considered elsewhere by Suppe (19571, Roesler (1965), 
Moore (1978), and Conaway (1979, in press (c)). The e f f e c t s  of 
borehole d iameter ,  fluids and casing have been considered by 
Czubek (1961, 1962, 19691, McDonald and Palmat ier  (1969), 
Dodd and Eschliman (1972), Wilson (19791, Conaway e t  al .  
(19791, and Rhodes and Mott  (1966). 

If a significant change occurs  in t h e  physical properties 
of t h e  rock with depth, i t  is likely t o  occur a t  t h e  in ter face  
between nonradioactive and strongly radioactive lithologic 
units. Clearly,  t he  addition of uranium (or any other  heavy 
e lement)  in significant proportion will a f f e c t  t h e  physical 
properties of t h e  rock. This will be  discussed in t h e  next  
section of this paper,  where  i t  will be  shown t h a t  a and K can 
change significantly a t  t h e  in ter faces  between t h e  o re  zone 
and t h e  barren zone due t o  the  addition of uranium. In this 
sect ion i t  will be  assumed t h a t  this is true,  and t h e  problem 
wilLbe examined t o  determine how this can cause  e r ro r s  in G 
or  GT. 

Consider f i rs t  t h e  case  where  a undergoes a s t e p  change 
a t  t h e  o r e  zone boundary. Figure  13.3a shows t h e  geologic 
configuration. In Figure l3.3b, t h e  solid line shows t h e  
gamma ray anomaly curve  a s  i t  might appear  if conditions 
such a s  equivalent a tomic  number* (Zeq), density, etc. ,  were  
constant  along the  borehole. The dashed lines show the  
anomaly a s  i t  might appear  assuming lower (Zeq) andlor  den- 
s i ty  outside of t h e  o r e  zone. Clearly,  now, computat ions  
based on equation ( l ) ,  using a K-factor valid e i ther  for  t he  
barren zone (Kbarren) or  t h e  o re  zone (Kore) will give an  
erroneous nrade-thickness product, because t h e  to t a l  
measured a r e a  under t h e  r ay  anomaly curve  is not  
linearly proportional t o  the  grade-thickness product under 
these  conditions, The resulting error  depends on the  thickness 
of t h e  o re  zone, and t h e  degree  t o  which conditions inside and 
outside t h e  o r e  zone differ. Although this is a complex 
phenomenon, a good idea of t h e  magnitude of e r ro r s  which 
may be  involved can b e  obtained empirically by application of 
digital signal theory. Assuming t h e  double sided exponential 
geologic impulse response function given in equation (3) t o  be  
reasonable, a change in Zeq o r  density may be accompanied 

intensity intensity * + 
I 

(a )  Homegeneous ore zone of uniform grade G and thickness T 
between thick barren zones. 

(b)Solid line shows the shape of the gamma ray 
anomaly resulting from the radioactive zone shown in 
(a), -assuming a is constant along the borehole. If  a in the 
barren zone is smaller than a in the ore zone, the anomaly 
outside the ore zone would be represented by the dashed 
lines. 

( c )  Area A1 (no crosshatching) is the area beneath the 
gamma ray log curve inside the ore zone. Area Ap  
(large crosshatched area) is the log area outside the ore 
zone (on one side o f  the anomaly) assuming ar in the barren 
zone to be di f ferent  from a in the ore zone. Area A3 (.small 
crosshatched area) is the area outside the ore zone (on 
one side of the anomaly) assuming a is constant in the ore 
zone and the barren zone. 

Figure 13.3 

by a change in t h e  constant  a,  giving t h e  situation shown in 
Figure 13.3. Using the  notation shown in Figure 1 3 . 3 ~  we may 
develop the  following expressions for t rue  grade, computed 
grade, and ra t io  of computed grade t o  t r u e  grade. 

Note  t h a t  because t h e  a r e a  A3 cannot  b e  determined f rom a 
gamma ray log, Gtrue  cannot  b e  ca lcula ted  under these  
conditions. Note  also t h a t  if Kore and Kbarren a r e  d i f ferent ,  
Kore can only be determined in the  cen t r e  of an  o r e  zone of 
comparable  grade, which is ef fect ively  infinitely thick. We 
will re turn  t o  these  equations l a t e r  in t h e  paper a f t e r  
developing some  idea of how K and a a r e  a f f ec t ed  by changes 
in density or  uranium concentrations.  

*The equivalent  a t o m i c  number, Zeq, of  a complex medium is defined by Czubek (1966) a s  
t h e  a tomic  number of t h e  e lement  having the  s a m e  ra t io  of Compton a t tenuat ion t o  
photoelect r ic  a t tenuat ion (for a given photon energy) a s  t h e  complex medium. 



What about deconvolution under these  conditions? This, 
too, is adversely a f f ec t ed  by changes in a . Referr ing t o  
Figure 13.4, t h e  GIR (normalized t o  give cons tan t  peak 
amplitude) is shown for thin radioactive zones a t  various 
positions re la t ive  t o  a barren zone-ore zone in ter face;  in this 
figure aba r ren  = 0.5 sore. Note t h a t  t h e  shape of t h e  sys t em 
response function changes continuously across  t h e  in ter face .  
Thus, t h e  problem of deconvolving logs under these  conditions 
is nonlinear and is not readily amenable  t o  solution. 

In order  t o  understand t h e  significance of t h e  e r ro r  
shown in Figure 13.3 i t  is necessary to  determine how 
sensit ive t h e  sys tem response function and K-factor a r e  t o  
changes in borehole and format ion parameters.  This subject 
will be  discussed briefly in t h e  nex t  section of th is  paper.  

Dependence of t h e  System Response Function 
on Format ion Pa ramete r s  

It was shown above t h a t  a change in t h e  shape of t h e  
sys t em response function a t  o r  near  t h e  o r e  zone boundaries 
would result  in an error  in t h e  computed grade-thickness 
product. The sys tem response function depends on borehole 
d iameter ,  borehole fluid content ,  casing, and re la t ive  dip of 
t h e  radioact ive  zones; t hese  a r e  pa ramete r s  which lend 
themselves readily t o  studies in specially const ructed model 
boreholes. Formation factors  such a s  density and equivalent 
a t o m i c  number of t h e  rock, which a r e  of primary in teres t  in 
this paper, would b e  difficult  t o  study in this manner. In t h e  
absence of sui table  model boreholes, or  for corroboration of 
resul ts  f rom model boreholes and extension of those results 
over  a wider range of variation of t h e  re levant  parameters ,  
use of Monte Carlo'computer simulation is a useful technique. 
Unfortunately,  this technique imposes considerable demands 
in t e rms  of computer  t i m e  and c o r e  memory if any but  t h e  
simplest  geometry  is t o  be  considered, and a s tudy of t h a t  
t ype  was beyond the  means of this investigation. In this 
sect ion the  variation of a and K with changes in format ion 
pa ramete r s  will be  discussed based on existing theory. 

Czubek's Response Function 

A number of theoret ica l  and empirical  formulations 
have been proposed t o  describe t h e  sys tem response function 
in gamma ray logging. Most of these  have appeared in the  
eas t e rn  European and Russian l i t e r a tu re  (e.g. Suppe, 1957; 
Suppe and Khaykovich, 1960; Czubek, 1961; 1962; 1971; 
Roesler,  1965; s e e  also Rhodes e t  al. 1961, and Rhodes and 
Mott, 1966). The. theory of Czubek (1961) has been compared 
with Monte Car lo  results using t h e  s a m e  assumptions, in t h e  
case  of a 1 5 c m  diameter  water-filled borehole, with 
excel lent  ag reemen t  (McDonald and Palmatier,  1969). 

Czubek's analyt ica l  expression for  t h e  response $o of  
a point de t ec to r  t o  a thin planar zone of radioactive mater ia l  
located a t  z = 0 along t h e  borehole (Czubek, 1971) may be 
wri t ten  a s  follows 

where  p is t h e  l inear a t t enua t ion  coefficient,  R is borehole 
radius, Ko(x) and Kl(x)  a r e  modified Bessel functions of t h e  
second kind, and El(x)  is t h e  exponential  integral  of order  I 
defined by 

Figure 13.4. The e f f ec t  on the GIR of a change of a at ihe 
ore zone-barren zone boundary. An elementary layer of ore 
located at the edge of the ore zone would give the 
asymmetrical response function shown as curve (a). A similar 
layer in the ore zone well away from the barren zone would 
give approximately the normal symmetrical double-sided 
exponential shown as curve (d). Intermediate positions o f  the 
thin layer would give distorted response curves of other 
shapes (curves b and c). 

Both t h e  exponential  integral  and t h e  modified Bessel 
functions of t he  second kind a r e  tabula ted in 
Abramowitz and Stegun (1964). Equation (8) assumes 
unscat tered radiation only (e.g. counts  in t h e  1.76 MeV 
uranium window in the  absence of thorium). This equation 
will be used here  in a re la t ive  sense t o  study t h e  e f f e c t s  
of p on t h e  CIR. Ra the r  than develop an  inverse opera tor  f o r  
his theoret ica l  response function Equat ion (81, Czubek 
(1971) suggested approximating this function with t h e  
double sided exponential  funct ionkquat ion (3g ear l ier  used 
by Suppe and Khaykovich (1960) and Davydov (1970). Czubek 
(1971) gave an expression for variation of a kqua t ion  (31 
with changes in borehole radius R and li,near a t tenuat ion 
c o e f f i c i e n t p , b a s e d  on his expression fo r  t h e  
GIR k q u a t i o n  (8a: 

Czubek determined his value of a based on t h e  value of  his 
response function (8) a t  z = 0 (i.e. a t  t h e  peak of t h e  anomaly 
curve), a s  can be  seen by comparing equations (8) and (3). 
Equation (8) is  p lot ted  along with equation (3) (dashed and 
solid curves  respectively), in Figure 13.5 fo r  a range of values 
of and R, fo r  comparison. In Figure 13.6 equation (8) is 
plotted along with equation (3) on semi-logarithmic axes  fo r  
severa l  of t h e  values of p a n d  R shown in Figure 13.5. In 
general,  Czubek's function behaves nearly exponentially 
excep t  in t h e  centra l  region (i.e. in t h e  vicinity of t h e  thin 
zone). Here,  t h e  function exhibits a rounded peak due  t o  t h e  
f in i te  borehole d iameter .  

Note  t h a t  t h e  value of a given by Czubek's 
method based on t h e  value of a t  z = 0 in general  will 
b e  d i f ferent  f rom t h e  value of a given by t h e  semi- 
logarithmic slope method described earlier,  and thus t h e  
appearance of the  deconvolved logs will be d i f ferent  
(Fig. 13.7, 13.8). Figure 13.7a shows a p lot  of equation (8) 
fo r  R = 3 c m  and p = 0.2 cm-'. For  these  values, equation 
(10) gives a = 0.204 cm-' ,  where a s  the  semi-logarithmic 
slope method, applied t o  t h e  region outside of t h e  cen t r a l  
d is tor ted  region, gives a = 0.27 c m  - l .  The inverse f i l t e r  
(4) has  been applied t o  cu rve  (a) using a values of 0.27 
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Figure 13.5. Comparison of Czubek's analytical  respones which includes t h e  
e f f e c t  of f in i te  borehole d iameter ,  with the  double-sided exponential several  values 
of p and R. Czubek's response function is  shown dashed. 

and 0.204 cm-' t o  produce curves (b) and (c)  respectively.  If 
curve  (a) were  a double sided exponential  Gquat ion (3) 
a = 0.27 cm- ' ,  then curve  (b) would be  a spike. I n s t e a 2  
(b) may be  called a residual response function with some  loss 
of spat ia l  resolution compared t o  a spike, although i t  is a 
significant improvement over curve  (a) and be t t e r  behaved 
than curve  (c)  (i.e. no overshoot or  ripple). 

Figure 13.8a shows a simulated radioelement 
distribution. In Figure  13.8b this has been convolved 
digitally with Czubek's response function (shown in 
Fig. l3.7a) t o  produce t h e  noise-free simulated gamma 
ray log with Az = 0.5 cm. Deconvolving curve  (b) with the  
inverse f i l ter  with a = 0.204 cm-'  produces curve  (c),  which 
ideally should be  identical  t o  curve  (a). In f ac t ,  curve  (c)  
exhibits considerable distortion; peak ampl i tudes  a r e  
exaggerated,  and the re  is significant overshoot. Deconvolving 
curve  (b) using a = 0.27 cm-' gives curve  (d). This curve  is a 
good approximation of t h e  radioelement distribution (curve  a )  
with a sl ight loss of spat ia l  resolution, and is a c l ea r  
improvement  over  curves  (b) and (c). Based on this evidence i t  
is recommended t h a t  a be  determined f rom t h e  semi- 
logarithmic slope of t h e  response function r a the r  than by 
normalization. The lesson learned from these  examples also 
applies t o  t h e  determinat ion of a from experimentally 
determined response functions. The semi-logarithmic slope 
method gives a value of a which will produce t h e  best-  
behaved deconvolved logs, a s  shown in Figure 13.8. 

The Linear Attenuation Coeff ic ient  

In borehole logging we a r e  concerned largely with two 
types  of in teract ions  between gamma radiation and ma t t e r :  
Compton sca t t e r ,  and the  phote lect r ic  e f f ec t .  A third 
i ~ ~ t e r a c t i o n ,  pair production, only occurs  with gamma rays 
having energies higher than 1.022 MeV, and even then not in 
significant proportion excep t  for large  values of Zeq of t h e  
medium surrounding the  borehole. The proportion in which 
these  th ree  in teract ions  occur  depends on gamma ray energy 
and Zeq (Fig. 13.9). 

Given the  linear a t tenuat ion coeff ic ient  due t o  
Compton s c a t t e r  in e l emen t  1, [p C] 1, t he  a t tenuat ion due to  
t h a t  s a m e  mechanism In e l emen t  2 is given by 

where  p is  density, A is a tomic  weight, and Z is a tomic  
number (see e.g. Evans, 1955). Similarly for  photoelect r ic  
in teract ions  



w h e r e  m is a p p r o x i m a t e l y  4 f o r  0.1 MeV photons,  r is ing t o  
a b o u t  4.6 f o r  3 MeV photons  (Evans ,  1955). F o r  i n t e r a c t i o n s  of  
t h e  pa i r  p roduct ion  type ,  t h e  convers ion  is  

T h e  a p p r o x i m a t e  re la t ionsh ip  b e t w e e n  A a n d  Z f o r  t h e  
e l e m e n t s  is  g iven  in F i g u r e  13.10. Given  t h e  va lues  of t h e  
l inear  a t t e n u a t i o n  c o e f f i c i e n t  f o r  e a c h  of t h e s e  mechanisms ,  
t h e  t o t a l  o r  c o m p o s i t e  c o e f f i c i e n t  1~ is  g iven  by 

(a)  corresponds with Figure 13.5a. 
(b) corresponds with Figure 13.5d. 
( C )  corresponds with Figure 13.5f. 

F r o m  t h e  a b o v e  r e l a t ~ o n s h i p s  ( I  1-14) i t  c a n  b e  s e e n  
t h a t , a l t h o u g h p c v a r i e s  l inearly w i t h  t h e  e q u i v a l e n t  
a t o m i c  n u m b e r  o f  t h e  m e d i u m  Zeq (and t h a t  var ia t ion  is  
l a rge ly  c o m p e n s a t e d  by t h e  n e a r l y  c o n s t a n t  A/Z r a t i o  s e e n  
in Fig. 13.10),, p p e  is  highly s e n s i t i v e  t o  v a r i a t i o n s  in Zeq. 
Adding u r a n ~ u m  (or  o t h e r  heavy  e l e m e n t )  ra i ses  t h e  
e q u i v a l e n t  a t o m i c  n u m b e r  and  d e n s i t y  of t h e  format ion .  
Increas ing  Zeq, in tu rn ,  a f f e c t s  t h e  m o d e  of g a m m a  ray  
a t t e n u a t i o n  by t h e  m e d i u m ,  a l t e r i n g  t h e  propor t ion  b e t w e e n  
p h o t o e l e c t r i c  absorp t ion ,  C o m p t o n  s c a t t e r ,  and  pair  
p roduct ion  a s  shown in F igure  13.9. F u r t h e r m o r e ,  i t  has  b e e n  
poin ted  o u t  by C z u b e k  (1966) t h a t  Zeq i s  s o m e w h a t  d e p e n d e n t  
upon photon  e n e r g y ,  as well  as compos i t ion  of  t h e  m a t e r i a l ;  
t h i s  i s  a n  a d d e d  compl ica t ion .  This  "Z-effect"  is d i scussed  by 
Dodd and  l s c h l i m a n  (19721, who p r e s e n t e d  a g r a p h  of t h e  
c o u n t  r a t e  versus  o r e  g r a d e  f o r  a r a n g e  of  u ran ium 
c o n c e n t r a t i o n s  a n d  s e v e r a l  p robes  (Fig. 13.1). I t  would s e e m  
t o  b e  a s i m p l e  m a t t e r  t o  d e t e r m i n e  t h e  grade- th ickness  
p r o d u c t  as shown in e q u a t i o n  ( I )  by appl ica t ion  of a s i m p l e  
c o r r e c t i o n  f a c t o r  based  on  p lo ts  s u c h  a s  t h e  o n e  g iven  by 
Dodd and Eschl iman (1972) ( s e e  F i g u r e  13.1). I t  will b e  shown 
l a t e r  in t h i s  paper ,  however ,  t h a t  t h e  e r r o r  is  d e p e n d e n t  o n  
bed  t h i c k n e s s  (Fig. 13.3), a n d  t h u s  i s  d i f f i c u l t  to c o r r e c t  for. 

Figure 13.7. (a )  Czubek's analytical response function 
[equation (8g for R = 3 cm and 1.1 = 0.2 cm-'. This has been 
deconvolved using the inverse filter given in equation (4) ,  
with the value of a determined by the semi-logarithmic slope 
method (curve b), and determined by equation (1 0 )  (curve c). 

RAoloELEMENT1 A P p A R E ~  yl 
DISTRIBUTION INTENSITY RADIOELEMENT OlSTfi lBUTlON 

0 1 

Figure13.8. Example of a simulated radioelement 
distribution (a) ,  and the corresponding synthetic gamma ray 
log (b), assuming the same response function shown in 

Figure 13.6. Semi-10 arithmic plot o f  CzubeKs analytical ~ G u r e  13.7a. curve (b)  was deconvolved using the value of a 
response function Lquation (84 and the dmble-sided given by equation (10) t o  produce curve ( c )  and using the 
exponential GIR kquation (31. CzubeKs function is shown value of ol given by the semi-logarithmic slope method to  
dashed. produce curve (d) .  
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Figure 13.9. Percentage of t h e  in teract ions  between 
photons and m a t t e r  which a r e  due t o  Compton scat ter ing,  a s  
a function of photon energy and a tomic  number of the  
medium. Based on d a t a  given by Davisson and Evans (1952). 

Using t h e  semi-logarithmic slope method of 
determining cc a s  described ear l ier ,  equation (8) can be  used t o  
give an indication of how t h e  parameter  a varies with the  
linear a t tenuat ion coeff ic ient  H of t h e  f o r m a t ~ o n s  through 
which t h e  borehole passes iFig. 13.1 I). Also shown in this 
figure is a plot of cl agains t  y based on equation (IO), for  
comparison. 

The Effect  of Density and Pore  Fluids 

The mass a t tenuat ion coeff ic ient  p /p varies less 
between mater ia ls  than does U ,  and i s  independent of s t a t e  
(solid, liquid, gas) of t h e  absorbing medium, depending only on 
composition. Thus, p /p is, for  a given format ion composition, 
essentially independent of porosity in a dry formation. For 
mater ia ls  of a given composition, then, p varies linearly 
with p. In a mixture of mater ia ls  for which t h e  individual 
mass  a t tenuat ion coeff ic ients  a r e  known (e.g. Table 13.1 ), t h e  
mass a t tenuat ion coeff ic ient  of t h e  mixture  may be found 
from 

where the  subscripts 1, 2, e t c .  r e fe r  t o  mater ia ls  1, 2, e tc . ,  
and W is t h e  welght f rac t ion of each mater ia l  (Evans, 1955). 

Equation (15) may be  utilized t o  give an  indication of 
t h e  variation of p / p  fo r  a mixture  of U and barren rock 
(concrete)  varying from 0 to100 per c e n t  U. An example  is 
plotted for several energies in Figure 13.12. Of special  
i n t e re s t  in this figure is t h e  observation t h a t  for  low gamma 
ray energies  (say, 0-0.4 MeV) t h e  mass  a t t enua t ion  
coeff ic ient  is relatively sensit ive t o  uranium con ten t  of t h e  
rock, whereas  a t  higher energies (1-2 MeV) the re  is l i t t le  
dependence of y /p on uranium concentration. 

It has been pointed ou t  by Czubek (1961.) t h a t  t h e  
sys tem calibration f a c t o r  K is proportional t o  p /p 

Figure 13.10. Radio of a tomic  weight (A) t o  a tomic  number 
( Z ) ,  a s  a funct ion of a tomic  number,  f o r  t he  elements.  This 
graph shows only the  general  trend; t he re  i s  considerable 
s c a t t e r  about  th i s  trend, especially a t  l a rge  values  of Z. 

(Czubek's K-factor is t h e  inverse of t h e  one commonly used in 
North America,  and used here) where  k is a f ac to r  which 
includes a l l  pa ramete r s  af fect ing t h e  calibration (e.g. 
de t ec to r  efficiency and instrument low-energy threshold), 
o ther  than t h e  mass a t tenuat ion coeff ic ient  p/p.  Equation (16) 
allows us t o  re-plot t h e  d a t a  shown in Figure 13.12 a s  the  
r a t io  of Kore/Kbarren agains t  per  c e n t  U (Fig. 13.13). 

Referring t o  Figure 13.13 it can be  seen t h a t  fo r  photon 
energies on t h e  order  of 1-2 MeV t h e  calibration f ac to r  K can 
b e  expected t o  remain nearly constant  in any grade of ore. 
Thus, t h e  suggestion by Dodd and Eschliman (1972) and o the r s  
t h a t  a graded f i l ter  be  used around t h e  de tec to r  t o  help 
discriminate against  low energy gamma rays is apparently a 
good one when high grades a r e  involved. This technique has 
t h e  added advantage t h a t  t h e  count  r a t e  is considerably 
reduced, thus  making t h e  task  of t h e  associa ted  
instrumentation easier.  

Making use of t h e  relationship between a and y 
(determined by t h e  semi-logarithmic slope method) shown in 
Figure 13.1 1, t h e  d a t a  shown in Figure 13.12, and equation 
(151, we can go one s t ep  f a r the r  and plot cc a s  a function o r  
uranium con ten t  a s  shown in Figure 13.14, and aore /abarren a s  
a function of uranium con ten t  inFigure 13.15. 

I t  is  of in teres t  t o  determine t h e  e f f e c t  on p of wa te r  
in the  pore spaces  for  rock of a given porosity. Because t h e  
mass a t tenuat ion coeff ic ients  of air  and wa te r  a r e  
similar (Table l3.1), i t  may be  seen from equation (15) 
t h a t  '/p will b e  similar for  dry rock o r  wa te r  s a tu ra t ed  rock. 
This has  also been demonstra ted  by Czubek and Zorski (1976), 
who showed t h a t  t h e  variation of y /p with per c e n t  f r e e  
wa te r  in the  pore spaces will generally be  only a few 
per  cent .  The variation in U, then, will b e  essentially l inear 
with t h e  variation of density between w e t  and dry rock of a 
given composition and porosity. This approximation may be 
wri t ten  as: 

'wet  . Pwet  -- - 

p dry 'dry 

where  t h e  subscripts "wet" and "dry" deno te  t h e  wa te r  
con ten t  of pore  spaces  of a given rock matrix.  On t h e  o the r  
hand i t  is c l ea r  that ,  although t h e  mass  a t tenuat ion 
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T . ~ b l e  1 3 . 1  
T o t a l  g a m m a  ray  m a s s  a t t e n u a t i o n  c o e f f i c i e n t s  ( c m 2 / g )  f o r  var ious  

m a t e r i a l s  ( d a t a  f r o m  F a n o  e t  a l .  , 1 9 6 2 ,  e x c e p t  a s  n o t e d ) .  

M a t e r i a l  

Uranium 

C o n c r e t e  

1 *Handbook of C h e m i s t r y  a n d  Physics,  C h e m i c a l  Rubber  C o m p a n y ,  5 0 t h  ed i t ion ,  1969,  C l e v e l a n d  Ohio. 
D e n s i t i e s  f o r  a i r  a n d  w a t e r  a r e  a t  s t a n d a r d  t e m p e r a t u r e  a n d  pressure.  

P 

W a t e r  

Air 

c o e f f i c i e n t  is  l a rge ly  u n a f f e c t e d  by c h a n g e s  in w a t e r  c o n t e n t  
of a f o r m a t i o n  of a g iven  porosi ty,  t h e  l inear  a t t e n u a t i o n  
c o e f f i c i e n t  c h a n g e s  propor t iona l ly  t o  t h e  c h a n g e  in 
d e n s i t y  [equation ( 1 7 a .  Thus,  a c h a n g e  in t h e  s h a p e  of  t h e  
s y s t e m  response  f u n c t i o n  is  p r e d i c t e d  by e q u a t i o n  (8). 

-l- ( c m 2 / g )  a t  g a m m a  ray  energ ies :  
P 

0 . 2  MeV 0 . 4  MeV 0 . 6  MeV 1 .0  MeV 2 . 0  MeV 

1 9 . 0 *  

2 . 3 5  

In b o r e h o l e  logging a r a n g e  of g a m m a  r a y  e n e r g i e s  will 
b e  observed ,  t h e  r a n g e  depending  on  s p e c i f i c  e n e r g y  window 
s e t t i n g s  on s p e c t r a l  logging e q u i p m e n t ,  o r  on t h e  lower  
e n e r g y  threshold  of t o t a l  c o u n t  equipment .  In addi t ion ,  t h e  
e n e r g y  c h a r a c t e r i s t i c s  of t h e  d e t e c t o r  modify t h e  e n e r g y  
d is t r ibu t ion  of t h e  d e t e c t e d  g a m m a  rays. No a t t e m p t  h a s  
b e e n  m a d e  in th i s  paper  t o  i n c o r p o r a t e  t h e s e  i n s t r u m e n t  
response  c h a r a c t e r i s t i c s  i n t o  t h e  t h e o r y ,  and  t h e r e f o r e  g r a p h s  
s u c h  a s  F i g u r e s  13.12-13.15 a r e  usefu l  only a s  q u a l i t a t i v e  
gu ides ,  a t  s p e c i f i c  g a m m a  r a y  e n e r  ies. It should be  
e m p h a s i z e d  a l s o  t h a t  C z u b e k l s  t h e o r y k q u a t i o n  (8Jassumes  
u n s c a t t e r e d  g a m m a  r a y s  only. 

1 .17  0 .259  0 . 1 3 6  0 .0757  0 .0484  

0 .124  0 .0954  0 .0804  0 .0635  0 . 0 4 4 5  

1 . O *  

. 0 0  12" 

It is  i n t e r e s t i n g  t o  n o t e  f r o m  e q u a t i o n  (16) t h a t ,  in 
homogeneous  rock ,  K is  a f u n c t i o n  of t h e  m a s s  a t t e n u a t i o n  
c o e f f i c i e n t ,  and  t h e r e f o r e  is  i n d e p e n d e n t  of dens i ty  f o r  a 
g iven  compos i t ion .  O n  t h e  o t h e r  hand, e q u a t i o n  (8) shows 
t h a t  t h e  s h a p e  of  t h e  s y s t e m  response  f u n c t i o n  (and  
t h e r e f o r e  a is  a f u n c t i o n  of t h e  l i n e a r  a t t e n u a t i o n  c o e f f i c i e n t ,  
and  t h e r e f o r e  dens i ty  Gee e q u a t i o n s  (1 1)-(13)7. 

0 .136  0 . 1 0 6  0 . 0 8 9 6  0 .0706  0 . 0 4 9 3  

0 . 1 2 3  0 . 0 9 5 3  0 .0804  0 . 0 6 3 5  0 .0445  

Now w e  a r e  in a posi t ion t o  d e t e r m i n e  a p p r o x i m a t e l y  
t h e  r a n g e  of e r r o r s  which  will b e  e n c o u n t e r e d  under  var ious  
condi t ions  of u ran ium c o n c e n t r a t i o n ,  dens i ty ,  a n d  g a m m a  
r a y  energy .  Assuming t h e  GIR t o  b e  r e p r e s e n t e d  a d e q u a t e l y  
by e q u a t i o n  (31, e q u a t i o n s  (5) t o  (7) h a v e  been  used t o  
p r e d i c t  t h e  e r r o r  which will r e s u l t  f o r  a r a n g e  of va lues  
o f  a o r e l a b a r r e n ,  Kore/Kbarren,  and  Taore (i.e. t h e  p r o d u c t  
of Bore and  T) (F igure  13.16). This  f i g u r e  w a s  d e r i v e d  digi tal ly 
assuming  t h a t  t h e  p r o b e  h a s  b e e n  c a l i b r a t e d  in t h e  c e n t r e  of 
a n  in f in i te ly  th ick  model  o r e  z o n e  having c h a r a c t e r i s t i c s  
s i m i l a r  t o  t h e  o n e  being s imula ted .  F u r t h e r m o r e ,  t h e  c h a n g e  
in t h e  f lux  of r a d i a t i o n  b a c k s c a t t e r e d  f r o m  t h e  b a r r e n  z o n e  
b a c k  i n t o  t h e  r a d i o a c t i v e  z o n e  d u e  t o  t h e  a l t e r e d  physical  
p r o p e r t i e s  of t h e  b a r r e n  z o n e  w a s  a s s u m e d  t o  b e  ins ign i f ican t ,  
a s  w a s  t h e  e f f e c t  of  t h e  borehole.  

As a n  e x a m p l e  of  how t h i s  f i g u r e  is  used,  cons ider  
t h e  c a s e  of a 10 c m  th ick  bed  of  1 0  per  c e n t  U, and  t h e  
0.352 MeV g a m m a  ray  e m i t t e d  by " ' b  in t h e  2 3 8 ~  d e c a y  
ser ies .  F r o m  F i g u r e  13.13 w e  see t h a t  K ~ ~ ~ / K ~ ~ ~ ~ ~ ~  is  a b o u t  
1.2; f r o m  F i g u r e  13.14 w e  s e e  t h a t  In a 6 c m  d i a m e t e r  
b o r e h o l e  clore = 0.4 c m - ' ;  f r o m  F i g u r e  13.15 w e  f ind 
t h a t  CYore/CXbarren is  a b o u t  1.3. R e f e r r i n g  now t o  F i g u r e  13.16 
w e  m o v e  a c r o s s  t h e  h o r i z o n t a l  ax is  t o  1.3, v e r t i c a l l y  t o  
t h e  Taore = 4 l ine,  and  p r o j e c t  hor izonta l ly  t o  t h e  l e f t  f r o m  
t h a t  po in t  t o  f ind a v a l u e  on  t h e  v e r t i c a l  a x i s  of 1.07. 
Mult iplying t h i s  b y  Kbarren/Kore = 111.2 w e  s e e  t h a t  
Gcomputed/Gtrue IS 0.89, o r  a n  11 p e r  c e n t  e r r o r  in G in t h e  

Figure 13.17. Example of how the error in the computed 
grade-thickness product for a radioactive stratum varies 
nonlinearly with the thickness of the stratum, as described in 
text .  

e v a l u a t i o n  of e q u a t i o n  (I) .  This  e r r o r  i n c r e a s e s  w i t h  
d e c r e a s i n g  th ickness  T,  wi th  increas ing  o r e  g r a d e  G,  a n d  in 
g e n e r a l  i n c r e a s e s  w i t h  d e c r e a s i n g  g a m m a  ray  energy .  
F i g u r e  13.16 should n o t  b e  used f o r  c o r r e c t i n g  r a d i o e l e m e n t  
c o n c e n t r a t i o n s  d e r i v e d  f r o m  f ie ld  logs, b e c a u s e  a a n d  K a r e  
g e n e r a l l y  n o t  known f o r  condi t ions  bo th  inside a n d  o u t s i d e  a 
h igh-grade  uran ium zone ,  and  b e c a u s e  g a m m a  r a y  logs usually 
inc lude  c o n s i d e r a b l e  s c a t t e r e d  rad ia t ion ,  w h e r e a s  e q u a t i o n  ( 8 )  
w a s  d e r i v e d  assuming  u n s c a t t e r e d  rad ia t ion .  

C o n s i d e r  now t h e  s a m e  e x a m p l e  (10 per  c e n t  U a n d  
0.352 MeV g a m m a  rays)  bu t  w i t h  var ious  th icknesses  of t h e  
r a d i o a c t i v e  zone .  Working f r o m  F i g u r e  13.16 w e  c a n  p r o d u c e  
a p lo t  o f  Gcomputed/Gtrue (or  % e r r o r )  a g a i n s t  t h i c k n e s s  f o r  
t h e s e  p a r a m e t e r s  (Fig. 13.17). T h e  reason  f o r  t h e  nonl inear i ty  
of t h e  e r r o r  in c o m p u t e d  g r a d e  a s  a f u n c t i o n  of z o n e  
th ickness  shown in F i g u r e  13.17 c a n  b e  visualized eas i ly  f r o m  
Figure  13.3 and  e q u a t i o n s  (5) t o  (7). This  nonl inear  e r r o r  
should b e  t a k e n  i n t o  a c c o u n t  in i n t e r p r e t i n g  f ield logs, and  
a l s o  in c a l i b r a t i n g  a p r o b e  in a high-grade model  borehole.  In 
t h e  l a t t e r  c a s e ,  a K - f a c t o r  der ived  based  on  t h e  a r e a  of t h e  
g a m m a  r a y  a n o m a l y  o b t a i n e d  in t h e  model  
b o r e h o l e  k q u a t i o n  ( 1 a  is val id only f o r  a uran ium z o n e  of 
t h a t  t h i c k n e s s  a n d  c o n c e n t r a t i o n ,  if a c h a n g e s  s ign i f ican t ly  a t  
t h e  model  o r e  z o n e  boundary.  N o t e  t h a t  t h e  v a l u e  of  K 
will b e  a w e i g h t e d  a v e r a g e  o f  Kore a n d  Kbarren. T o  
d e t e r m i n e  Kore a l o n e  t h e  model  o r e  z o n e  should b e  
e f f e c t i v e l y  in f in i te ly  th ick ,  and  t h e  K - f a c t o r  der ived  using 
e q u a t i o n  (2) based  on  t h e  a v e r a g e  r a d i o e l e m e n t  i n t e n s i t y  in 
t h e  c e n t r e  of t h e  o r e  zone .  



It is generally assumed in gamma ray logging that the 
computed grade-thickness product is independent of rock 
density because grade is determined as percent uranium by 
weight (or similar units) and thus includes the effect of 
density. It has been shown here that this is true only when the 
system response function is unchanged across the ore zone 
boundaries. A change in rock density unaccompanied by a 
change in composition wi l l  result in a linearly proportional 
change in p ,  but no change in  ~ k ~ u a t i o n ( l 6 ) I .  The 
corresponding change in cr can be determined from 
Figure 13.1 1, and the error found from Figure 13.16 as 
before. 

Discussion and Conclusions 

Changes in certain physical parameters of the rock 
(e.g. density, Zeq, per cent water i n  the pore spaces) with 
depth can introduce errors into quantitative radioelement 
determinations based on gamma ray logs. Such variations are 
particularly insidious when they are spatially associated with 
the radioactive material itself, as the data in such cases wil l  
i n  general be confounded. It has been pointed out by Dodd and 
Eschliman (1972) and others that the computed grade 
thickness product for a uranium ore zone can be in  error 
because of self attenuation of the gamma radiation by the 
uranium itself (the Z-effect). In this paper it has been 
demonstrated that this error varies nonlinearly wi th ore zone 
thickness and thus is not amenable to the application of 
simple correction factors. Errors due to changes in density or 
Zeq a t  the ore zonelbarren zone interface cannot in general 
be removed from the data. Instead, they must be avoided as 
much as possible by using suitably designed instrumentation. 
From Figures 13.12-13.16 it is evident that such errors w i l l  be 
minimized by restricting instrument sensitivity to gamma 
radiation above 1 MeV. This can be done by using a lower 
energy discriminator set at I MeV. In high count rate zones i t  
is also helpful or essential to use a graded f i l ter (usually 
concentric sleeves of lead, cadmium and copper, or similar 
metals) around the detector, as described by Dodd and 
Eschliman (1972). This f i l ter  w i l l  attenuate many of the low 
energy gamma rays which might otherwise saturate the 
electronic circuitry. 

In ordinary gross-count gamma ray logging systems the 
lower energy threshold is generally 100 keV or lower. Because 
gamma radiation detectors of the small sizes usually used in  
borehole applications are inefficient a t  high gamma ray 
energies, these gross count systems are heavily biased 
towards the low energies. Thus, any attempt to  make such 
instruments applicable to evaluation of high grade ore 
deposits by incorporation of high speed counting circuits, 
pulse dividing circuits etc., to enable.the system to handle 
the enormous count rates involved attacks only part of the 
problem. Rather than count a l l  o f  these low energy gamma 
rays, and compute erroneous grade thickness values based on 
them, it is clearly better to use equipment which w i l l  
discriminate against the low energy gamma rays, thus 
minimizing the nonlinear errors described in this paper. 
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geology of Sleeper Islands and parts o f  the Ottawa and Belcher islands; 4 Current Research, Part A, 
Geological Survey o f  Canada, Paper 80-1A, p. 89-94, 1980. 

Abstract 

Volcanic rocks o f  the Aphebian Circum-Ungava Belt were mapped and sampled at three 
localities in eastern Hudson Bay; near Sanikiluaq in the northern part o f  the Belcher Islands, on the 
Sleeper Islands, and on Gilmour and Perley islands o f  the Ottawa Islands. Volcanic rocks of the 
Sleeper Islands appear to be correlative with the Flaherty Formation o f  the Belcher lslands but 
compared to  the section measured near Sanikiluaq they form a thicker (12000 m compared to 
1460 m) ,  more diversified (six mappable lithologies) sequence with a notably lower vesicularity. This 
is consistent with their position west o f  the Sanikiluaq section where they presumably formed in 
deeper water farther offshore. Cabbroic sills with a rich basal concentration o f  coarse feldspar 
phenocrysts occur beneath the exposed volcanic sequence on the Sleeper Islands and may be 
equivalent to the feldsparphyric Haig Intrusions subjacent to the Flaherty Formation on the Belcher 
Islands. 

The volcanic succession of Gilmour and Perley islands is divisible into two broad groupings; a 
sequence of variolitic pillowed basalts and an ill-defined assemblage o f  mixed komatiitic and 
tholeiitic lavas. The latter includes peridotitic komatiite flows o f  which two types are notable: 
1)  spinifex-textured flows virtually identical to the Munro Township model, and 2 )  differentiated 
flows with peridotite base, doleritic top and breccia capping. An uncertain proportion of the 
remaining flows is believed to  be basaltic komatiites on the basis o f  colour, pillow form and jointing. 
The Ottawa Islands komatiites are presumed to be correlative with komatiites o f  the Cape Smith 
Belt. Their projected position west of the Sleeper Islands, their virtual lack o f  vesicles, and their 
thickness (possibly 4500 m )  are consistent with a view that they are deep water effusions, sited even 
farther from the cratonic mass than the volcanics o f  the Sleeper lslands. 

Introduction 

The Circum-Ungava Belt was  assumed t o  extend f rom 
t h e  C a p e  Smith  Belt through eas t e rn  Hudson Bay t o  t h e  
Belcher Islands a t  leas t  part ly on t h e  basis of i t s  repor ted  
presence  in t h e  intervening islands, t h e  O t t awa  and Sleeper 
islands (Dimroth  et al., 1970). Yet  t hese  islands had never 
been mapped. The Ot t awa  Islands were  visited briefly by Bell 
(1879) and Manning (1947) who repor ted  on some  a spec t s  of 
the i r  geology, including t h e  presence  in t h e  O t t a w a  islands of 
u l t ramaf ic  rocks. Following discovery of u l t ramaf ic  lava 
flows (komat i i tes)  in t h e  Cape  Smith  Belt (Schwarz and 
Fujiwara,  1977) with the i r  a t t endan t  economic  and sc ient i f ic  
in teres t ,  a closer look a t  t h e  smal l  islands of ea s t e rn  Hudson 
Bay became imperative.  Hence,  about  two  months were  
spent  th is  pas t  summer  examining t h e  volcanic s t ra t igraphy 
of a northern par t  of t h e  Belcher Islands, t h e  Sleeper Islands 
and pa r t  of t h e  O t t a w a  Islands (Fig. 14.1). Regretably,  we  
had only suff ic ient  t i m e  t o  m a p  on t h e  major islands of t h e  
O t t a w a  group, Gilmour and Perley islands. 

In each  of t h e  t h r e e  locali t ies a surveyed line was  
chained ac ros s  t h e  volcanic successions and t h e  geology 
mapped along t h e  line a t  a sca le  of 400 f e e t  t o  t h e  inch. 
Samples fo r  chemical  analyses were  t aken  a t  s t ra t igraphic  
in tervals  of 100-150 m. On t h e  Sleeper and O t t a w a  Islands, 
where  no previous mapping had been done, t ravers ing was 
extended t o  t h e  r e s t  of t h e  islands, o r  a s  f a r  a s  possible 
within t h e  t i m e  available. 

The a g e  of t h e  Circum-Ungava Belt is assumed t o  be  
l a t e  Aphebian but a g e  determinat ions  vary  f r o m  2150 Ma 
(Schimann, 1978) t o  1590 Ma (Brooks and Arndt, quoted  in 
Schmidt,  in press) with t h e  most commonly accep ted  age  of 
1700-1800 Ma being t h a t  of Fryer (1972). 

We a r e  g ra t e fu l  f o r  t h e  very ab l e  ass is tance  in t h e  field 
of lsabelle Cadieux and Robert  Houde, supplemented f rom 
t i m e  t o  t i m e  by our associa tes  K. Clark and D.G. Rose, who 
were  engaged in a re la ted  paleomagnet ic  study of t hese  
rocks. To t h e  capta in  and c rew of t h e  Peterhead Tooluk, 
Johnny Inukpuk, Simeonie Elijassoiopik, Sam Elijassiatuk, and 
Daniel Weetiluktuk, w e  give  our acknowledgments  wi th  
thanks  for s a f e  and pleasant passages around t h e  r a the r  
t reacherous  w a t e r s  of ea s t e rn  Hudson Bay. We would also 
l ike  t o  acknowledge our  indebtedness t o  Barry MacDonald of 
t h e  R.C.M.P. and Alister MacGregor and David Purchess of 
t h e  Hudson's Bay Co., Sanikiluaq and t o  Richard Jones  and 
Bob Janes  of - t h e  Hudson's Bay Co., Inoucdjouac f o r  help and 
much pleasant hospitality. 

Belcher Islands 

Section l ines across  t h e  Eskimo and Flaher ty  format ions  
a t  d i s t ances  of about  3 km south  and southwest  of Sanikiluaq 
village were  mapped and sampled in t h e  present study. 
Knowledge of t h e  geology of t h e  islands is a t t r i bu t ab le  
mainly t o  Jackson (1960 and in Dimroth  et al., 19701, but  
more  deta i led  work on t h e  volcanic format ions  was  done by 
Legget t  (1974), Ware (1978), and R icke t t s  (1979) on t h e  
Flaher ty  Formation,  and by Stirbys (1975) on t h e  Eskimo 
Formation.  The Eskimo is one  of t h e  older and t h e  Flaher ty  
one  of t h e  younger format ions  on t h e  Belcher Islands, and in 
th is  region they  a r e  separa ted  by abou t  1350 m of mainly 
carbonates ,  quar tz i tes ,  and iron formation.  The Flaher ty  
Formation evidently marks  t h e  change f rom mio- t o  
eugeosynclinal  conditions. 

The Eskimo Formation along t h e  line of sec t ion  is 
970 m th ick  and is  composed essentially of massive basa l t ic  
f lows generally ranging in thickness f rom 20 t o  100 m. One 
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a g g l o m e r a t i c  m e m b e r  in t h e  m i d d l e  of  t h e  f o r m a t i o n  is  of 
s p e c i a l  i n t e r e s t  in t h a t  it c o n t a i n s  a f e w  f e l s i c  a s  well  a s  
m a f i c  bombs.  Very t h i n  i n t e r l a y e r s  of  c h e r t  a n d  q u a r t z i t e  
o c c u r  i n t e r m i t t e n t l y  th rough t h e  success ion .  Flow t o p s  a r e  
highly amygdalo ida l  and it is d i f f i c u l t  t o  e s c a p e  S t i rbys '  
(1975) conclusion t h a t  e r u p t i o n  w a s  subaer ia l .  

T h e  F l a h e r t y  F o r m a t i o n  a long  t h e  s e c t i o n  m e a s u r e d  is 
1460 m t h i c k  b u t  t h e  u p p e r  c o n t a c t  is n o t  exposed .  It i s  
composed  of pi l lowed and  mass ive  basa l t s ,  bo th  markedly  
amygdalo ida l ,  and  t h r e e  s e p a r a t e  b e d s  of lapilli tu f f  ranglng 
in  t h i c k n e s s  f r o m  1 0  t o  35 m. I m m e d i a t e l y  below t h e  
f o r m a t i o n  is o n e  of t h e  Haig  si l ls  c o n t a i n i n g  s e g r e g a t i o n s  of 
c lose ly  s p a c e d  p lag ioc lase  p h e n o c r y s t s  of 1-2 c m  d i a m e t e r .  
Very s imi la r  a r e  s e g r e g a t i o n s  of p lag ioc lase  phenocrys t s  in 
t h e  upper  p a r t  of o n e  of t h e  l o w e r m o s t  F l a h e r t y  f lows ,  and  i t  
is  reasonable t o  suppose  t h a t  t h e  t w o  a r e  c o m a g m a t i c .  In t h e  
case of t h e  f low, s e g r e g a t i o n  of  p h e n o c r y s t s  w a s  e v i d e n t l y  by 
f l o t a t i o n .  

M C i r c u m - k n g a v a  
B e l t  \ 

Figure 14.1. Location map showing the areas referred to in 
the present report in relation to their position in the Circum- 
Ungava Belt. 

Sleeper Islands 

T h e  Sleeper  Islands cons is t  of t w o  m a j o r  and  
innumerable  s m a l l  is lands which r i se  very  l i t t l e  a b o v e  s e a  
level ,  and  In c o n s e q u e n c e  a r e  a l m o s t  devoid of d r i f t  a n d  
n e a r l y  f r e e  of Ilchen. 

T h e  volcanic  success ion  i s  subdivided i n t o  six l i thologies 
of vary ing  d i s t i n c t i v e n e s s  (Fig.  14.2). T h e  l o w e r m o s t  un i t  
cons ls t s  of a number  ( a t  l e a s t  six t o  e i g h t )  of th in  b a s a l t i c  
f lows  g e n e r a l l y  ranging in t h i c k n e s s  f r o m  5 t o  I O m .  
Typical ly,  e a c h  f low c o m p r i s e s  pillow lava  a t  t h e  b o t t o m ,  
rnassive l a v a  a b o v e  and  a t h i n  (10-20 c m )  h y a l o c l a s t i t e  top.  
T h e  uni t  is a minimum of a b o u t  260 m th ick .  I t  is o v e r l a i n  by 
a th in  (50-100 m) but  l a t e r a l l y  p e r s i s t e n t  m e m b e r  composed  
of t w o  o r  t h r e e  f lows  of mainly pillowed basa l t s .  These  a r e  
d i s t inguished  f r o m  neighbouring f lows  in  t h e  s t r a t i g r a p h i c  
success ion  by a c o n t e n t  of 10 t o  l 5  p e r  c e n t  fe ldspar  
p h e n o c r y s t s  ranging  g e n e r a l l y  f r o m  2 t o  4 m m  in d i a m e t e r .  
Following th i s  un i t  is a n  undist inguished s e q u e n c e  of a p h y r i c ,  
d a r k  g r e y  basa l t s .  They  a r e  mainly pi l lowed,  bu t  invariably 
t h e  pillows branch  upward  i n t o  m a s s i v e  t o p s  c a p p e d  by a f e w  
c e n t i m e t r e s  o r  m e t r e s  of  pillow b r e c c i a .  Locally,  t h e y  a r e  
var io l i t i c ,  b u t  i n a s m u c h  a s  t h e  v a r i o l i t e s  s e e m  t o  b e  r e l a t e d  
t o  f r a c t u r e s  a s  well  a s  pillow margins ,  i t  is d i f f icu l t  t o  b c  
s u r e  w h e t h e r  and  t o  w h a t  d e g r e e  t h e y  m a y  be  secondary .  
I n d ~ v i d u a l  f lows a r e  f r o m  10 t o  50  m and  t h e  s e q u e n c e  f r o m  
400 t o  600  m thick.  C o n t a i n e d  wi th in  t h e  s e q u e n c e  of 
a p h y r i c  pillow l a v a s  is a un i t  c o m p o s e d  of o n e  o r  m o r e  
d i s t i n c t i v e  m a s s i v c  f lows.  I t  is typ ica l ly  c o l u m n a r  jointed,  is 
d a r k  g r e y ,  and  has a un i form,  f ine ly  d o l e r i t i c  t e x t u r e .  A 
f r e s h  s u r f a c e  of t h e  rock  is s p o t t e d  w i t h  sparse ly  distributed, 
rounded p y r i t e  b lebs  of 2 t o  5 m m  d i a m e t e r .  T h e  uni t  i s  
a b o u t  250  m t h i c k  and  is c a p p e d  by 2 o r  3 m of brecc ia .  

T h e  l a r g e  fe ldsparphyr ic  m e m b e r  is t h e  m o s t  d i s t i n c t i v e  
of t h e  S leeper  Islands assemblage .  It is composed  of sparse ly  
s c a t t e r e d ,  blocky w h i t e  f e l d s p a r  p h e n o c r y s t s  ranging  b e t w e e n  
a b o u t  0.5 and  3 r m  a c r o s s  in  a s l igh t ly  pinkish w e a t h e r i n g ,  
d a r k  g r e y  groundmass .  In t h e  n o r t h  is land (Kidney Island) 
t h e  m e m b e r  is  d iv ided  i n t o  lower  (a)  a n d  upper  (b) u n i t s  on  
t h e  basis  of a d i f f e r e n c e  in phenocrys t  c o n t e n t  of f r o m  
10-20 per c e n t  and  less t h a n  5 per  c e n t ,  respec t ive ly .  This 
d i s t i n c t i o n  is  n o t  a p p a r e n t  in t h e  s o u t h e r n  island. T h e  f l o w s  
a r e  main ly  pillowed, b u t  as in o t h e r  un i t s ,  t h e y  pass  i n t o  
m a s s i v e  phases  n e a r  t h e i r  t o p s  a n d  a r e  c a p p e d  by I t o  3 m of 
pillow b r e c c i a .  T h e  pillows a r e  e x t r a o r d i n a r i l y  l a r g e  in 
c o m p a r i s o n  w i t h  t h o s e  of o t h e r  un i t s  c o m m o n l y  3 t o  4 m 
long, 1-2 m th ick  - and t h e  f lows  a r e  typ ica l ly  th ick ,  100 m 
o r  more .  T h e  t o t a l  t h i c k n e s s  of  t h e  m e m b e r  on  t h e  n o r t h e r n  
is land is  f r o m  6 0 0  t o  8 0 0  m, b u t  it a p p e a r s  t o  b e  t h i n n e r  o n  
t h e  s o u t h e r n  island. They  a r e  n a m e d  t h e  Kidney Flows a f t e r  
t h e  island on  which t h e y  a r e  b e s t  exposed .  

Assoc ia ted  w i t h  t h e  Kidney F lows  a r e  a g g l o m e r a t e  
l e n s e s  at t h r e e  s t r a t i g r a p h i c  levels .  T h e s e  a r e  c o m p o s e d  of 
i r r e g u l a r  l a v a  m a s s e s  ranging  f r o m  a f e w  c e n t i m e t r e s  to a 
f e w  m e t r e s  a c r o s s  (commonly  10 t o  30  c m )  s e t  in a m a t r i x  of 
lapilli t u f f .  All t h e  c o n s t i t u e n t  m a t e r i a l s  a p p e a r  t o  b e  of 
s imi la r  composition, probably  t h e  s a m e  as t h e  l a r g e  
f e l d s p a r p h y r i c  lava ,  bu t  f e l d s p a r  p h e n o c r y s t s  a r e  p r o m i n e n t  
in on ly  o n e  of t h e  lenses.  Angular  l i t h i c  f r a g m e n t s  a r e  at t h e  
c o r e s  of m a n y  of t h e  l a v a  masses ,  r e m i n i s c e n t  of t h e  
a c c r e t i o n a r y  bombs  descr ibed  by Heiken (1978). T h e  
a g g l o m e r a t e  lenses  a r e  reasonably  i n t e r p r e t e d  a s  s e c t i o n s  of 
v o l c a n i c  c o n e s  a n d  a r e  i n d i c a t i v e  of sha l low w a t e r  o r  
s u b a e r i a l  e rup t ion .  

Above t h e  Kidney F lows  a r e  a p h y r i c  pillowed a n d  
m a s s i v e  b a s a l t s  g e n e r a l l y  s i m i l a r  t o  t h e  s e q u e n c e  which  
under l ies  t h e m .  The  overa l l  th ickness  of t h e  vo lcan ic  
a s s e m b l a g e  o n  Kidney Island is  a b o u t  2000 m. 
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Figure 14.2. The geology of the  Sleeper Islands. 



Figure 14.3. The  geology of Gilrnour and part of Perely 
Island in t h e  O t tawa  Islands. 
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At t h e  b a s e  of t h e  vo lcan ic  s e q u e n c e  exposed  on  t h e  
S leeper  Islands para l le l  c h a i n s  o f  c o a r s e  gra ined  m a f i c  r o c k s  
o u t c r o p  on  t h e  headlands ,  pen insu las  and  o f f s h o r e  is lands of 
t h e  e a s t e r n  shore .  C o n t a c t s  wi th  c o u n t r y  r o c k s  a r e  n o t  
exposed  b u t  t h e  m a f i c  r o c k s  a r e  t h o u g h t  to be long  t o  t w o  s i l l s  
i n t r u s i v e  i n t o  s e d i m e n t a r y  r o c k s  under ly ing  t h e  vo lcan ic  
sequence .  T h e  o u t e r  s i l l  c o n t a i n s  a r e m a r k a b l e  s e g r e g a t i o n  
of c lose ly  s p a c e d ,  c o a r s e  (2  t o  5 c m )  f e l d s p a r  p h e n o c r y s t s  o n  
i t s  lower  s ide  and a d i f f e r e n t i a t e d  g a b b r o i c  m a s s  in i t s  upper  
p a r t .  In o n e  p l a c e  ( t h e  peninsula on  t h e  e a t e r n  s i d e  of t h e  
a n t i c l i n a l  point)  t w o  g r a d e d  layers ,  e a c h  s e v e r a l  m e t r e s  th ick  
and  showing d e c r e a s i n g  fe ldspar  c o n c e n t r a t i o n  upward ,  
s u c c e e d  o n e  a n o t h e r  and  t h e n  pass  i n t o  over ly ing  gabbro.  
T h e s e  si l ls  m a y  be  c o r r e l a t i v e  w i t h  t h e  Haig Ins t rus ions  of 
t h e  Belcher  Islands which,  as w e  h a v e  s e e n ,  a l s o  c o n t a i n  
f e l d s p a t h i c  segrega t ions .  The i r  s t r a t i g r a p h i c  posi t ion 
r e l a t i v e  t o  t h e  S leeper  Islands s e q u e n c e  is  e q u i v a l e n t  to t h a t  
of t h e  Haig Intrusions r e l a t i v e  t o  t h e  F l a h e r t y  F o r m a t i o n .  
G a b b r o  a l s o  o u t c r o p s  on  is lands a b o u t  5 k m  e a s t  of Kidney 
Island w h e r e  i t  d ips  s t e e p l y  e a s t  in c o n t r a s t  t o  d ips  on t h e  
S leeper  Islands. 

O t t a w a  Is lands  

Gi lmour  a n d  P e r l e y  i s lands  of t h e  O t t a w a  g r o u p  of 
is lands a r e  c o m p o s e d  of  vo lcan ic  rocks  which ,  on  t h e  basis  of  
f ie ld  observa t ions ,  c a n  b e  divided i n t o  t w o  broad  groupings;  
k o m a t i i t e s  and  a s s o c i a t e d  l a v a s  and var io l i t i c  pi l lowed 
b a s a l t s  !Fig. 14.3). In t h e  f i r s t  g roup  p e r i d o t i t i c  k o m a t i i t e s  
c a n  b e  s e p a r a t e d  b u t  f u r t h e r  subdivision m a y  only b e  possible 
a f t e r  e x t e n s i v e  l a b o r a t o r y  study.  A g e  re la t ionsh ips  a r e  n o t  
c e r t a i n .  T h e  r o c k s  a l l  d i p  and  f a c e  w e s t w a r d  b u t  s t r i k e  
fau l t s ,  s o m e  of which  a r e  read i ly  i n t e r p r e t a b l e  f r o m  a i r  
photographs ,  a r e  inconspicuous o n  t h e  ground a n d  a g e  
re la t ionsh ips  based  upon superpos i t ion  c a n n o t  b e  a c c e p t e d  
w i t h  g r e a t  c o n f i d e n c e .  

The  var io l i t i c  pillow lavas  a r e  a fa i r ly  un i form 
a s s e m b l a g e  of rocks. They  a r e  typ ica l ly  g r e e n  w e a t h e r i n g ,  
d a r k  g r e e n i s h  g r e y  b a s a l t s  and  a r e  m o s t l y  pillowed. Pi l lows 
a r e  w e l l  f o r m e d  a n d  g e n e r a l l y  m a r k e d  w i t h  a z o n e  of l igh t  
co loured  v a r i o l i t e s  lying a f e w  c e n t i m e t r e s  inward  of t h e  r im.  
Variol i tes  r a n g e  f r o m  a b o u t  1 to 5 m m  in  d i a m e t e r .  T i e r s  of 
quar tz - f i l l ed ,  f l a t ,  t a b u l a r  c a v i t i e s  in pillow in te r iors ,  
r e p r e s e n t i n g  s u c c e s s i v e  leve ls  of lava wi th in  t h e  pillow a s  i t  
w a s  r e p e a t e d l y  d r a i n e d ,  a r e  a c o m m o n  phenomenon in t h i s  
g roup ,  par t icu la r ly  n e a r  t h e  t o p s  of flows. Individual f lows  
a r e  t h i c k  (100-300 m )  a n d  g e n e r a l l y  topped  w i t h  a t h i n  layer  
(2-10 m )  of m a s s i v e  basa l t .  O v e r a l l  t h i c k n e s s  of  t h e  
var io l i t i c  f lows  a p p e a r s  to b e  a b o u t  8 0 0  m. 

Figure 14.4. Cross -sec t ion  of  a sp in i fex- tex tured ,  
p e r i d o t i t i c  k o m a t i i t e  f l o w  f r o m  Gilrnour Island.  Loca l i ty  1,  
Figure 14.3. 

P e r i d o t i t i c  k o m a t i i t e s  a r e  conspicuous  a m o n g  f l o w s  of  
t h e  k o m a t i i t i c  g rouping  in t h a t  t h e y  w e a t h e r  t o  a d e e p  o r a n g e  
or  chocola te -brown colour.  They  o c c u r  singly o r  in c lose ly  
a s s o c i a t e d  pa i r s  and  a r e  widely d i s t r i b u t e d  th rough t h e  
sequence .  T w o  m a j o r  t y p e s  which  c a n  b e  singled o u t  a m o n g  
t h e  p e r i d o t i t i c  k o m a t i i t e s  a r e  i l l u s t r a t e d  in F i g u r e s  14.4 and  
14.5. F i g u r e s  14.4, d r a w n  f r o m  a f ie ld  s k e t c h  m a d e  at 
loca l i ty  l (Fig. 14.3) shows a prof i le  which  is  v i r tua l ly  
iden t ica l  t o  sp in i fex- tex tured  f l o w s  in  Munro  Township,  
O n t a r i o  ( P y k e  e t  al., 1973). The  f low is  a b o u t  14 m th ick  a n d  
c o m p r i s e s  a n  upper  chil led zone ,  a sp in i fex  z o n e  w i t h  b lades  
r a d i a t i n g  and increas ing  in d imens ion  downward ,  a th in  
l a m i n a r  z o n e  p a r a l l e l  t o  f low boundar ies ,  a t h i c k  equigranular  
z o n e  w i t h  conspicuous  brown w e a t h e r i n g ,  a n d  a lower  ch i l led  
zone .  T h e  o t h e r  t y p e ,  shown in F i g u r e  14.5, is  a f r a c t i o n a t e d  
f l o w  t h a t  g r a d e s  f r o m  a lower  p e r i d o t i t i c  to a n  upper  
d o l e r i t i c  z o n e  a n d  i s  c a p p e d  by f low- top  brecc ia .  I t  is  m u c h  
t h i c k e r  (50 m )  t h a n  t h e  sp in i fex  f low and  w a s  e v i d e n t l y  
f o r m e d  f r o m  a less  m a f i c  m a g m a .  Most  of t h e  o t h e r  
nonspinifex t e x t u r e d  f lows  a r e  v a r i a n t s  of t h e  d i f f e r e n t i a t e d  
t y p e  b u t  c o m m o n l y  t h i n n e r  and  w i t h  a g r e a t e r  p ropor t ion  of 
t h e  p e r i d o t i t i c  phase.  

A p a r t  f r o m  t h e  p e r i d o t i t i c  k o m a t i i t e s ,  l a v a s  of t h e  
k o m a t i i t i c  g rouping  a r e  pi l lowed a n d  m a s s i v e  b a s a l t i c  flows. 
Those  which  a r e  be l ieved  w i t h  m o s t  c o n f i d e n c e  to b e  b a s a l t i c  
k o m a t i i t e s  a r e  c h a r a c t e r i z e d  by t h i n  r i m m e d ,  i r regular ly  
shaped  a n d  c o m m o n l y  d iscont inuous  pillows, and  by polygonal  
joint ing in bo th  pi l lowed and  m a s s i v e  phases.  In s o m e  c a s e s  
t h e y  show a brownish w e a t h e r e d  s u r f a c e .  The over -  and  
under ly ing  f lows  of F i g u r e  14.4 a r e  i l l u s t r a t i v e  of s o m e  of t h e  
pi l lows a n d  joint ing which  a r e  t h o u g h t  to b e  i n d i c a t i v e  of 
b a s a l t i c  k o m a t i i t e s .  S k e t c h e s  of joint ing in m a s s i v e  a n d  
pi l lowed u l t r a m a f i c  f l o w s  g iven  by A r n d t  et a l .  (1979) c a n  b e  
read i ly  d u p l i c a t e d  in t h i s  sequence .  However ,  t h e  physical  
c h a r a c t e r i s t i c s  of f l o w s  v a r y  wide ly  wi th in  t h i s  g rouping  f r o m  
t h o s e  w i t h  t h e  a p p e a r a n c e  of b a s a l t i c  k o m a t i i t e s  a s  
i n t e r p r e t e d  a b o v e  t o  t h o s e  judged t o  be  typ ica l  of t h o l e i i t i c  
basa l t s ,  and subdivision on  t h e  basis  of f ield work  a l o n e  w a s  
n o t  possible. 

T h e  success ion  o n  Gi lmour  Island d e c l i n e s  in d i p  f r o m  
east t o  w e s t  a c r o s s  t h e  is land f r o m  a b o u t  40  t o  1 5  d e g r e e s  
w e s t e r l y .  If r e p e t i t i o n  by f a u l t i n g  is  d i scounted  t h e  t o t a l  
t h i c k n e s s  of t h e  a s s e m b l a g e  would b e  a b o u t  4500 m. A p a r t  
f r o m  fau l t ing  t h e  r o c k s  a r e  l i t t l e  d e f o r m e d  e x c e p t  for  a 
s c h i s t  z o n e ,  a t  l e a s t  100 m wide,  t h a t  para l le l s  t h e  s t r i k e  
a long  t h e  n o r t h e a s t  c o a s t  of Gi lmour  Island. Minor p y r r h o t i t e  
m i n e r a l i z a t i o n  o c c u r s  a l o n g  t h e  t o p s  of t w o  o r  t h r e e  f lows  o n  
t h e  e a s t e r n  s i d e  of Gi lmour  Island, b u t  no th ing  t h a t  is  l ikely 
t o  b e  of  e c o n o m i c  i n t e r e s t  w a s  observed .  

Figure 14.5. Cross-sec t ion  of a d i f f e r e n t i a t e d ,  p e r i d o t i t i c  
k o m a t i i t e  f low f r o m  Gi lmour  Island.  Loca l i ty  2, F igure  14.3. 



Corre la t ion  

Although units established on t h e  Sleeper Islands cannot  
be  corre la ted  d i rec t ly  with any par t  of t h e  Flaher ty  
Formation observed on t h e  Belcher Islands, t h e r e  is a n  overall  
similari ty be tween t h e  two  assemblages.  Rocks on t h e  
Sleeper Islands a r e  on s t r i ke  with Flaher ty  volcanics on t h e  
North Belcher Islands mapped in pa r t  by Jackson (1960). 
These  lie west  of t h e  sec t ion  measured near  Sanikiluaq and 
might be  expec ted  t o  be  f a r t h e r  of fshore  and in deepe r  wa te r  
than t h e  la t te r .  Consis tent  with th is  view is t h e  g r e a t e r  
thickness of t h e  Sleeper Islands assemblage  (minimum 
2000 m) compared with t h a t  of t h e  Flaher ty  Formation near  
Sanikiluaq ( 1 4 6 0 m )  and a markedly lower deg ree  of 
vesiculari ty.  One of t h e  Haig Intrusions a t  t h e  base of t h e  
Flaher ty  Format ion may have a coun te rpa r t  in t h e  richly 
feldsparphyric sill a t  t h e  base of t h e  Sleeper Islands 
succession. 

The komat i i t ic  grouping of t h e  O t t a w a  Islands 
undoubtedly co r r e l a t e s  with komat i i t e s  of C a p e  Smith  Island 
(Schwarz and Fujiwara,  1977) wi th  which they  a r e  on s t r ike .  
Their projec ted  position southward along t h e  Circum-Ungava 
Belt would place them west of t h e  Sleeper and Belcher 
Islands and presumably more  r e m o t e  f rom t h e  cra ton.  An 
a lmost  t o t a l  lack of vesicles in rocks  of t h e  O t t a w a  Islands 
and a thickness of possibly 4500 m or more  is again consis tent  
wi th  th is  in terpre ta t ion .  
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Abstract 

The Mistastin Batholith is a composite Elsonian intrusion of  Helikian age in central 
Labrador. Two rock types, pyroxene-hornblende quartz rnonzonite and biotite-hornblende granite 
underlie much of  the batholith and coarse, alkali feldspar ovoids mantled with plagioclase 
(wiborgite texture) are widespread in both types. Older anorthositic rocks, probably mainly 
megaxenoliths, are enclosed by pyroxene-hortblende quartz monzonite. Other xenoliths include a 
group that can be correlated with the wall rock lithologies and another group of granulitic 
xenoliths, perhaps from a deeper source. Small intrusions of' pyroxene monzonite, biotite granite, 
and ala.skite also form local ports of the batholith. Fluorite is a widespread accessory mineral in 
biotite-hornblende granites in the southern and western parts of the batholith. 

In t roduc t ion  

T h e  s u i t e  of Elsonian i n t r u s i v e  r o c k s  in c e n t r a l  L a b r a d o r  
c o n s i s t s  of  d o m i n a n t  bodies  of  anor thos i t i c ,  m o n z o n i t i c  a n d  
g r a n i t i c  ( a d a m e l l i t e )  compos i t ion ,  t o g e t h e r  w i t h  l e s s e r  
a m o u n t s  of  g a b b r o i c  r o c k s  a n d  minor  fe r rod ior i te .  T h e  
a p p a r e n t  c r y s t a l l i z a t i o n  a g e s  of t h e s e  r o c k s  l ie  in a r a n g e  
f r o m  a b o u t  1350 t o  1500 Ma. T h e  igneous  a c t i v i t y  p o s t d a t e s  
t h e  Hudsonian Orogeny in t h e  region by s o m e  200 t o  300 Ma 
and  is cons idered  t o  b e  essen t ia l ly  a n o r o g e n i c  in n a t u r e .  
Rapakiv i  t e x t u r e s  and r a p a k i v i - l ~ k e  c h e m i s t r i e s  c h a r a c t e r i z e  
t h e  g r a n i t i c  in t rus ions  (Emslie,  1978) a n d  the i r  assoc ia t ion  
wi th  p e n e c o n t e m p o r a n e o u s  a n o r t h o s i t i c  r o c k s  is l ike  t h a t  of 
t h e  c l a s s i c  rapakiv i  in t rus ions  of  t h e  B a l t i c  Shield 
(Vorma, 1976) which  h a v e  a g e s  in t h e  r a n g e  of a b o u t  1400  t o  
1700 Ma. (Vaasjoki, 1977). 

T h e  Mis tas t in  Bathol i th  under l ies  a b o u t  5 0 0 0  k m 2  o n  t h e  
Labrador -Quebec  boundary  a b o u t  240 k m  e a s t - n o r t h e a s t  of 
Schef fe rv i l le ,  Quebec .  I t  i s  o n e  of  t h e  l a r g e s t  d i s c r e t e  
Elsonian g r a n i t i c  m a s s e s  in t h e  region.  R e c o n n a i s s a n c e  
mapping  by Taylor  (1975) ou t l ined  t h e  b a t h o l i t h  a n d  
r e c o g n i z e d  i t s  s imi la r i ty  t o  o t h e r  Elsonian g r a n i t i c  masses.  
H e  a l s o  n o t e d  t h e  o c c u r r e n c e  of f l u o r i t e  in t h e  s o u t h e r n  p a r t  
of t h e  ba thol i th  (Tavlor ,  1972). Prev ious  s t u d i e s  wi th in  t h e  
b a t h o l i t h  h a v e  been  b i r e c t e d  prima:ily t o w a r d  i n t e r p r e t a t r o n  
of  t h e  foss i l  c r a t e r  a t  Mis tas t in  L a k e  (Taylor  a n d  
Dence ,  1969; C u r r i e ,  1971; G r i e v e ,  1975;  Marchand  a n d  
Crocke-i ,  1977). 

Elsonian g r a n i t i c  r o c k s  h a v e  b e e n  r e l a t i v e l y  n e g l e c t e d  
by c o m p a r i s o n  w i t h  t h e  e f f o r t s  e x p e n d e d  o n  t h e  a n o r t h o s i t i c  
a n d  bas ic  rocks.  This  h a s  b e e n  d u e  in p a r t  t o  p r e o c c u p a t i o n  
w i t h  t h e  f a s c i n a t i n g  pe t ro log ica l  p roblems p r e s e n t e d  by t h e  
l a t t e r  bu t  a l s o  perhaps  d u e  t o  the i r  g e n e r a l l y  b e t t e r  exposure .  
Wheeler  (1955; 1969) w a s  t h e  only person  t o  h a v e  m a d e  
e x t e n s i v e  f i e l d  a n d  p e t r o g r a p h i c  o b s e r v a t i o n s  o n  t h e  g r a n i t i c  
in t rus ions  t h a t  f o r m  p a r t  of t h e  Nain complex .  H e  w a s  a b l e  
t o  d e f i n e  subdivisions based  mainly upon t h e  m a f i c  s i l i c a t e  
a s s e m b l a g e s  (ol ivine f a c i e s ,  hornblende  f a c i e s ,  b i o t i t e  fac ies ) .  
H e  r e p o r t e d  f l u o r i t e  as a n  a c c e s s o r y  minera l  in b i o t i t e  f a c i e s  
of  t h e  Tess ia rsuyungoakh intrusion.  

P r e s e n t  inves t iga t ions  of t h e  Mis tas t in  Bathol i th  a r e  
d i r e c t e d  t o w a r d  assess ing  t h e  g e o c h e m i c a l  a n d  pe t ro log ica l  
evolu t ion  of  t h e  i n t r u s i v e  rocl<s w i t h  a v iew t o w a r d  
es tab l i sh ing  c o n s t r a i n t s  o n  t h e  s o u r c e s  of t h e  m a g m a s  a n d  
i n t e r p r e t i n g  t h e  processes  a n d  condi t ions  under  which  t h e y  
c rys ta l l i zed .  R e c e n t  g e o c h e m i c a l  r e c o n n a i s s a n c e  surveys  of 

w a t e r s  a n d  l a k e  a n d  strearr l  s e d i m e n t s  (Geologica l  Survey  of 
C a n a d a ,  1979) show t h a t  anomalous ly  high c o n c e n t r a t i o n s  of 
I:, F, a n d  MO a r e  loca l ized  wi th in  t h e  ba thol i th .  T h e  n a t u r e  
of  p rocesses  lead ing  t o  c o n c e n t r a t i o n  of  t h e s e  a n d  o t h e r  
e c o n o m i c a l l y  s i g n i f i c a n t  e l e m e n t s  wil l  fo -m a n  i n t e g r a l  p a r t  
of t h e  study.  

T h e  ini t ial  s t e p  of t h e  p r o g r a m ,  mapping  and  sampl ing  
of t h e  ba thol i th ,  w a s  begun dur ing  t h e  1979 f i e l d  season .  
Work w a s  c a r r i e d  o u t  f r o m  J u n e  20 t o  Augus t  31 by a f o t ~ r -  
m a n  t e a m ,  s u p p o r t e d  by h e l ~ c o p t e r  fo!- t w o  w e e k s  dur ing  July.  

Geology  of  t h e  Mis tas t in  Bathol i th  

Dis t r ibu t ion  of t h e  m a j o r  r o c k  u n i t s  of t h e  ba thol i th  i s  
ind ica ted  o n  t h e  LANDSAT i m a g e  in F i g u r e  15.1. Roughly 
40  p e r  c e n t  of  t h e  ba thol i th  i s  under la in  by a d a r k  pyroxene-  
hornblende  q u a r t z  monzoni te .  A younger  p a l e  * - ies  b ~ o t i t e -  
hornblende  g r a n i t e  under l ies  a f u r t h e r  50  per  c e n t .  Tile 
r e m a i n i n g  5 t o  10 per  c e n t  of t h e  ba thol i th  is  composed  of 
a n o r t h o s i t i c  rocks,  including l e u c o t r o c t o l i t e  and  minor 
gabbro ,  a n d  r e l a t i v e l y  smal l  m a s s e s  of pyroxene  monzonl te ,  
b i o t i t e  g r a n i t e  a n d  a l a s k i t e ,  m o s t  of which a r e  n o t  ind ica ted  
s e p a r a t e l y  on  F igure  15.1. 

C o u n t r y  R o c k s  

G n e i s s e s  sur rounding  t h e  Mis tas t in  Bathol i th  w e r e  
e x a m i n e d  only wi th in  a f e w  k i l o m e t r e s  of t h e  c o n t a c t .  T h e  
gne isses  (amphibol i te  f a c i e s l  a r e  r a t h e r  s i m i l a r  a round m u c h  
o f  t h e  ba thol i th .  Regularly-layeredbiotite- (f hornblende)-  
quar tz -p lag ioc lase  a s s e m b l a g e s  a r e  c h a r a c t e r i s t i c  of m u c h  of 
t h e  rock  a t  t h e  w e s t e r n  marg in  of t h e  ba thol i th .  Gneisses  a t  
t h e  remain ing  per iphery  a r e ,  f o r  t h e  m o s t  p a r t ,  distinctly 
m i g m a t i t i c  c a r r y i n g  up t o  50 per  c e n t  g r a n i t i c  leucosorne.  In 
g e n e r a l ,  e x p o s u r e  of t h e  wall  rock  a t  t h e  c o n t a c t  is poor a n d  
a c l e a r l y  def ined  c o n t a c t  a u r e o l e  is  n o t  a p p a r e n t  in t h e  f ield.  
However ,  o c c u r r e n c e s  of  g a r n e t ,  s i l l imani te ,  a n d  c o r d i e r i t e  
(?) w e r e  n o t e d  c l o s e  t o  t h e  c o n t a c t  in s e v e r a l  p laces .  Minera l  
l a y e r i n g  a n d  fo l ia t ion  in wall  r o c k s  is  s t e e p l y  dipping t o  
s u b v e r t i c a l  n e a r  m o s t  c o n t a c t s ;  s t r i k e s  o f  gne issos i ty  t e n d  t o  
b e  subpara l le l  t o  t h e  c o n t a c t .  

Anorthosi  t i c  Rocks  

S e v e r a l  m a s s e s  of a n o r t h o s i t i c  r o c k s  o c c u r  wi th in  t h e  
b a t h o l i t h ;  t h e  l a r g e s t  ( a b o u t  6 0  k m 2 )  l i es  i m m e d i a t e l y  s o u t h  
and s o u t h e a s t  of Mis tas t in  Lake .  All a n o r t h o s i t i c  rocks  so  f a r  
d i scovered  lie wi th in  pyroxene-hornblende  q u a r t z  m o n z o n i t e  
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which  is c o m m o n l y  m e d i u m -  t o  f ine-gra ined  n e a r  c o n t a c t s  
b e t w e e n  t h e  t w o  rocks.  A c o n s i d e r a b l e  r a n g e  of c o m p o s i t i o n s  
a n d  t e x t u r e s  IS p r e s e n t  in t h e  a n o r t h o s i t i c  - r o c k s  f r o m  very  
c o a r s e  gra ined  a n o r t h o s i t e  w i t h  blue i r idescent  p lag ioc lase  t o  
l e u c o n o r i t e ,  l e u c o t r o c t o l i t e  and  loca l  f ine-  t o  medium-  
g r a i n e d  gabbro .  Minera l  l ayer ing  a n d  p lag ioc lase  l a m i n a t i o n  
o c c u r s  sporadical ly.  F ine-  t o  rriedium-grained gr'anite a n d  
q u a r t z  m o n z o n i t e  d y k e s  a r e  c o m m o n  locally.  T h e  n a t u r e  and 
d is t r ibu t ion  of t h e  a n o r t h o s i t i c  r o c k s  s u g g e s t s  t h a t  m o s t  o r  a l l  
of  t h e m  m a y  b e  i so la ted  b locks  brought  u p  f r o m  g r e a t e r  
dep t i l s  by invading pyroxene-hornblende  q u a r t z  monzoni te .  

Pyroxene-hornblende  Q u a r t z  Monzoni te  

This  rock  typ ica l ly  has  a d i s t i n c t i v e  c o a r s e  gra ined  t o  
porphyr i t i c  t e x t u r e  w i t h  up t o  60 per  c e n t  (20 t o  40 per  c e n t  
is t h e  c o m m o n  range)  ovoid a l k a l i  fe ldspars  wi th  w h i t e  
w e a t h e r i n g  p lag ioc lase  r i m s  (Fig. 15.2, 15.3). The  ovoids  a r e  
typ ica l ly  2 t o  4 c m  a c r o s s  w i t h  s c a t t e r e d  r a r e r  individuals  u p  
to 7-8 c m ,  a n d  less  c o m m o n l y  15-20 c m ,  across .  P l a g i o c l a s e  
r i m s  on  a lka l i  f e l d s p a r  ovoids  (wiborg i te  t e x t u r e )  a r e  
c o m m o n l y  1 t o  2 m m  t h i c k  but  i t  is  n o t  unusual  t o  f ind a 
r a n g e  of th icknesses  u p  t o  5 m m  o r  m o r e  in a s ing le  exposure .  
U n r i m m e d  ovoids m a y  o c c u r  in t h e  s a m e  hand s p e c i m e n  w i t h  
r i m m e d  ones.  Mul t ip le  r i m s  may o c c u r  on  s o m e  of t h e  l a r g e r  
individuals. Ovoid c o r e s  a r e  c o m m o n l y  speckled  w i t h  s m a l l  
m a f i c  minera l  inclusions which may d e f i n e  or  e m p h a s i z e  
i n t e r n a l  z o n a l  p a t t e r n s .  Q u a r t z  is c o m m o n l y  a b o u t  15 t o  
2 0  per  c e n t  of t h e  r o c k  b u t  r a n g e s  widely f r o m  a b o u t  5 t o  
2 5  p e r  c e n t .  Q u a r t z  g r a i n s  a r e  usually rounded  t o  subhedra l ,  
s o m e t i m e s  showing  c r y s t a l  faces .  Colour  index  normal ly  
v a r i e s  b e t w e e n  a b o u t  10 a n d  20. Hornblende  is  usually t h e  
d o m i n a n t  m a f i c  minera l  w i t h  pyroxene  subord ina te ,  in  t h e  
f o r m  of c o r e s  wi th in  hornblende ;  local ly,  however ,  pyroxene  
domina tes .  O p a q u e  oxides  a r e  c o m m o n  accessories a n d  
b i o t i t e  is usually p r e s e n t  in s m a l l  a m o u n t s .  Fresh  r o c k s  a r e  
d a r k  o l ive  s h a d e s  b u t  many o u t c r o p s  a r e  deeply  w e a t h e r e d  t o  
reddish brown o r  c h o c o l a t e  brown grus. 

Biot i te -hornblende  G r a n i t e  

T h e s e  r o c k s  u n d e r l i e  t h e  l a r g e s t  p a r t  of  t h e  batholi th.  
Most  f r e s h  s a m p l e s  a r e  p a l e  s h a d e s  o f  pink o r  g r e y  b u t  
e x p o s e d  s u r f a c e s  a r e  c o m m o n l y  s t a i n e d  l igh t  t o  medium rus ty  
brown. P lag ioc lase-mant led  ovoids a r e  typ ica l ly  2 t o  4 c m  
a c r o s s  b u t  r a n g e  up t o  a b o u t  15 c m  (Fig. 15.4). T h e s e  
commonly  c o m p r i s e  5 t o  60  per  c e n t  of t h e  rock  a l though 
loca l  a r e a s  a r e  f r e e  of m a n t l e d  ovoids. Q u a r t z  normal ly  
r a n g e s  f r o m  20 t o  40 per c e n t  of t h e s e  g r a n i t e s  a n d  typ ica l ly  
o c c i r s  as s m a l l  (2 t o  4 m m )  subhedra l  t o  e u h e d r a l  t e r m i n a t e d  
c r y s t a l s  sur rounding  l a r g e  fe ldspar  ovoids. Colour  index is  
mos t ly  in t h e  r a n g e  1 0  to 2 0  w i t h  b i o t i t e  a n d  hornblende  t h e  
t y p i c a l  m a f i c  s i l i ca tes ;  t h e  r a t i o  of t h e s e  t w o  m i n e r a l s  is  
v a r i a b l e  b u t  hornblende  is  m o r e  c o m m o n l y  dominant .  Smal l  
c o r e s  of  p y r o x e n e  o c c u r  in hornblende  in s o m e  r o c k s  which  
m a y  b e  t r a n s i t i o n a l  t o  pyroxene-hornblende  q u a r t z  

Figure 15.1 

LANDSAT image o f   mista as tin Batholith and surroundings. 
Scale is about 1:500 000. The batholith is outlined in blaclc. 
Internal subdivisions between pyroxene-hornblende quartz 
monzonite t o  north and east and biotite-hornblende granites 
t o  south and west (smaller body occurs on eastern side) are 
indicated by solid white lines. Main outcrop areas of 
anorthositic rocks are enclosed by dotted white lines. The 
tadpole-shaped body in the southwest quadrant is pyroxene 
monzonite. Note that the biotite-hornblende granite areas 
have generally more subdued relief than areas underlain by 
pyroxene-hornblende quartz monzonites. Black arrow points 
north. 

monzoni tes ;  d y k e s  of b io t i t e -hornblende  g r a n i t e ,  however ,  c u t  
typ ica l  pyroxene-hornblende  q u a r t z  m o n z o n i t e s  a t  a n u m b e r  
of l o c a l i t ~ e s .  Dissemina ted  purp le  f l u o r i t e  o c c u r s  widely in 
b io t i t e -hornblende  g r a n i t e  in t h e  s o u t h e r n  and  w e s t e r n  p a r t s  
of t h e  ba thol i th .  Most  o c c u r r e n c e s  of f l u o r i t e  a p p e a r  t o  be  
a s s o c i a t e d  w i t h  g r a n i t e s  having higher t h a n  usual  
b i0 t i t e :hornblende  rat ios.  

O t h e r  In t rus ive  R o c k s  

A tadpole-shaped  body of p y r o x e n e  m o n z o n i t e  and/or  
s y e n i t e  i n t r u d e s  b io t i t e -hornblende  g r a n i t e  in t h e  south-  
w e s t e r n  q u a d r a n t  of t h e  b a t h o l i t h  (Fig. 15.1). Most  of  t h e  
rock  is c o a r s e  gra ined  and  c a r r i e s  r i m m e d  a n d  u n r i m m e d  
alkal i  fe ldspar  ovoids; m e d i u m -  and  f ine-gra ined  f a c i e s  o c c u r  
n e a r  t h e  marg ins  and  f i n e  g r a i n e d  dykes  c u t  t h e  a d j a c e n t  
g r a n i t e .  A well  d e f i n e d  s t r o n g  pos i t ive  a e r o m a g n e t i c  
a n o m a l y  c o i n c i d e s  wi th  th i s  intrusion.  

S m a l l e r  bodies  of  a l a s k i t i c  g r a n i t e ,  e q u i g r a n u l a r  b i o t i t e  
g r a n i t e  a n d  b io t i t e -hornblende  g r a n i t e  o c c u r  wi th in  t h e  
b a t h o l i t h  bu t  a r e  n o t  shown s e p a r a t e l y  in F i g u r e  15.1. T h e y  
o c c u r  as segrega t ions ,  dykes,  a n d  s m a l l  i n t r u s i v e  masses.  

D y k e  R o c k s  

C r a n i t ~ c  dykes  including ovoid-bearing g r a n i t e s  and  
q u a r t z  monzoni tes ,  equigranular  b i o t i t e  a n d  b io t i te -  
hornblende  g r a n i t e s ,  a n d  a p l i t e s  o c c u r  widely wi th in  t h e  
b a t h o l i t h  a n d  a d j a c e n t  t o  i t s  c o n t a c t s  but  a r e  n o w h e r e  
a b u n d a n t  a n d  m o s t  a r e  b u t  a f e w  c e n t i m e t r e s  to a m e t r e  
th ick .  Very r a r e  s m a l l  pods o r  s e a m s  of  q u a r t z  and  of  
p e g m a t i t i c  m a t e r i a l  w e r e  o b s e r v e d  locally b u t  t r u e  
p e g m a t i t e s  a r e  r a r e  o r  absent .  

S m a l l  d i a b a s e  dykes  of  d i v e r s e  o r i e n t a t i o n s  w e r e  
m a p p e d  a t  a n u m b e r  of loca l i t i es  wi th in  t h e  ba thol i th .  Two of 
t h e  l a r g e r  o l iv ine  d i a b a s e  dykes  no ted  ( 5  m and 30  m th ick)  
a r e  v e r t i c a l  a n d  s t r i k e  n o r t h e a s t e r l y ,  subpara l le l  t o  t h e  
s w a r m  c u t t i n g  t h e  H a r p  Lalte C o m p l e x  t o  t h e  s o u t h e a s t .  

Xenol i ths  

Xenol i ths ,  a l t h o u g h  only r a r e l y  abundant ,  a r e  widely 
d i s t r i b u t e d  wi th in  t h e  Mis tas t in  Batholi th.  Within a k i l o m e t r e  
o r  so of c o n t a c t s  w i t h  c o u n t r y  r o c k  gneisses,  r o t a t e d  
subrounded  t o  subangular  inclusions of  wall  r o c k  a r e  o f t e n  
p r e s e n t  and  m a y  b e  very a b u n d a n t  wi th in  a f e w  hundred  
m e t r e s  of t h e  walls. A t  many c o n t a c t s ,  however ,  t h e  g r a n i t i c  
rocks  a r e  v i r tua l ly  inclusion-free.  

In t h e  i n t e r i o r  of t h e  ba thol i th  a v a r i e t y  of xenol i ths  
w e r e  m a p p e d  a n d  sampled .  T h e s e  inc luded  c o r d i e r i t e -  a n d  
s i l l imani te -bear ing  paragne isses ,  amphibol i te ,  b io t i t e -quar tz -  
p lag ioc lase  gne isses ,  a n d  g r a n i t i c  gne isses  t o g e t h e r  w i t h  a 
s u b s t a n t i a l  s u i t e  of f ine-  t o  medium-gra ined ,  m a f i c  to f e l s i c  
granul i tes .  This  l a t t e r  g r o u p  c a n n o t  b e  read i ly  r e l a t e d  t o  
n e a r b y  c o u n t r y  rock  l i thologies.  Most  inclusions a r e  less  t h a n  
2 m in m a x i m u m  dimens ion  b u t  masses  m o r e  t h a n  1 0  m a c r o s s  
a r e  n o t  uncommon.  Rounded  out l ines  w i t h  s h a r p  boundar ies  
a r e  c h a r a c t e r i s t i c  of m o s t  xenol i ths  (Fig.  15.5). 

Discussion 

Anorogenic  m a g m a t i c  s u i t e s  c a n  b e  f a v o u r a b l e  
a s s e m b l a g e s  f o r  providing ins igh ts  i n t o  t h e  p r o c e s s e s  of  
m a g m a  g e n e r a t i o n  a n d  s u b s e q u e n t  d i f f e r e n t i a t i o n  as t h e y  a r e  
r e l a t i v e l y  u n c o m p l i c a t e d  by s e v e r e  t e c t o n i c  mixing a n d  
c o n t a m i n a t i o n .  F o r  e x a m p l e ,  pyroxene-hornblende  q u a r t z  
m o n z o n i t e  f o r m s  o n e  of t h e  e a r l y  l a r g e  p lu tons  of t h e  
Mis tas t in  Bathol i th .  L a r g e  blocks of a n o r t h o s i t i c  r o c k s  
c o n t a i n e d  wi th in  th i s  un i t  a r e  l ike t h o s e  c lose ly  a s s o c i a t e d  
w i t h  s i m i l a r  g r a n i t i c  r o c k s  in o t h e r  Elsonian complexes .  
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Mantled ovoid alkah feldspars in pyroxene- 
hornblende quartz monzonite. Note the 

.- wide range in sizes of ovoid~ and varying 
' thicknesses of white-weathered plagioclase 

rims. (GSC 203423-A) 

Pyroxene-hornblende quartz monzonite with 
small angular gneiss inclusion (to left and 
slightly above pocketknife). Note the range of 
alkali feldspar sizes and of the thicknesses of 
plagioclase rims. Most are rounded to ovoidal 
but rare subhedral tablets occur (below knife). 
(GSC 203423-F) 

Their presence implies an earlier stage of basic magmatism 
perhaps closely related to the production of the subsequent 
granitic magmas. Granulitic inclusions are widely dispersed 
in pyroxene-hornblende quartz monzonite and because they 
are of a higher metamorphic grade than the contiguous wall 
rocks of the batholith, they are presumably samples of some 
deeper terrane. It is possible that these xenoliths are samples 
of the source rocks for the parent magmas of the granitic 
assemblage. The common richness of the pyroxene-hornblende 
quartz monzonite in mantled and unmantled large alkali 
feldspar ovoids seems to imply that these rocks are unlikely 
to have been liquids but rather are a fraction enriched in 
early-formed crystals. The younger biotite-hornblende 
granite is probably a significantly more fractionated rock 
judging by the higher content of volatile bearing minerals and 
the presence of fluorite in  some facies; common ovoid-rich 
facies in the unit suggest that crystal accumulation also 
played some role. Medium- and fine-grained equigranular 
biotite-hornblende granites, biotite granites, and alaskitic 
granites that occur as small intrusions and dykes may more 
closely approximate true liquid compositions. 

Anomalously high values of U, F, and MO in waters, and 
lake and stream sediment5 (Geological Survey of Canada, 
1979) inside the batholith appear to be localized within, or 
close to, the biotite-hornblende granites. This is additional 
evidence that these granites, or parts of them, are relatively 
more fractionated. Economically interesting mineral occur- 
rences have not yet been identified. 

Mineral assemblages in the monzonites, quartz 
monzonites and granites are capable of providing estimates of 
a number of intensive variables such as T, Psolid, fHZO,  fo,, 

and f and the ranges of variation in these. Such estimates 
F2 

together with analytical data on trace element 
concentrations in minerals should be useful to monitor and 
interpret rates and degrees of trace element enrichment or 
depletion with differentiation. This kind of information can 
form a quantitative basis for interpretation of ore-forming 
processes in granitic rocks. 



Figure 15.4 

Biotite-hornblende granite. Scattered mantled 
ovoids are common but mantling may be less 
distinct than in most pyroxene-hornblende 
quartz rnonzonites. (GSC 203423-E) 

A number of corrections have been made to  the geology 
- 
&.;l shown on the publ~shed deta~led outcrop map of the area 

Yh around M~stast ln Lake (Currle, 1971) both In terms of rock 

- 
nomenclature and rock dlstr~bution. Most notable perhaps 1s 
that anorthos~tlc rocks underhe more than double the area 
previously lnd~cated south and southeast of the lake (see 

9 Flg. 15.1). 

Figure 15.5 Large rounded inclusion of granitic gneiss in 
pyroxene-hornblende quartz rnonzonite. Rounded outlines are 
typical o f  many xenoliths. (GSC 203423-B) 

The weight of evidence and opinion is now heavily in 
favour of the interpretation that the Mistastin Lake crater is 
a product of impact by an extraterrestrial object. The main 
exposures of impact melt rock around the lake were examined 
and sampled during the field season. In our opinion the 
preserved remnant outcrops are consistent with a sub- 
horizontal tabular form for the original melt sheet or sheets; 
evidence to support a steeply dipping ring dyke or cone sheet 
structure is not convincing. 
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Abstract 

A preliminary correlation model for the Wawa greenstone belt is presented from which it is 
inferred that the following sequences o f  volcanic and sedimentary rocks can be identified. 1.  A basal 
sequence of  epiclastic sedi~nents that appear to have been deposited on a pre-existing granitoid crust 
is overlain by minor felsic volcanic roclcs with local iron fortnation. 2. A sequence of  ~ n a f i c  to felsic 
volcanic rocks that is locally overlain by iron formation (predominantly carbonate). In the 
Michipicoten Harbour area this cycle is preceded by a sequence o f  intermediate-felsic flows which is 
structurally discontinuous with an overlying succession of  tnafic flows. 3. Clastic sediments, typified 
by the Dore Formation, were unconformably deposited on the mafic-felsic volcanic cycle. 4.  The 
sequence that overlies these clastic sediments is dominantly composed o f  felsic volcanics and 
associated sediments. In the Josephine Lake-Mildred Lake area mafic volcanic rocks overlie the 
sediments. 

The estimated total thickness of the succession is about 8000 m .  

Introduction 

T h e  Wawa g r e e n s t o n e  b e l t  is  l o c a t e d  in ~ i s t r i c t  of 
Algoma a n d  e x t e n d s  e a s t - n o r t h e a s t  f r o m  L a k e  Super ior  t o  t h e  
w e s t e r n  p a r t  of t h e  Sudbury D i s t r i c t  (Fig.  16.1). G e n e r a l  
geo logica l  f e a t u r e s  of t h e  b e l t  a r e  shown on  t h e  c o m p i l a t i o n  
m a p  of Wawa-Mani touwadge  s h e e t  (O.D.M., 1972). O n  t h i s  
s c a l e  and a l s o  b e c a u s e  of l ack  of r e c e n t  mapping ,  t h e  
s t r a t i g r a p h i c  re la t ionsh ips  b e t w e e n  t h e  vo lcan ic  and sedi-  
m e n t a r y  success ions  a r e  obscure .  

During J u n e  and  August  1979, t h e  w r i t e r  e x a m i n e d  
s o m e  s e c t i o n s  in t h e  Wawa volcanic  be l t .  B e c a u s e  of l ack  of 
access ib i l i ty  d u e  t o  t h i c k  f o r e s t  i t  w a s  found m o s t  p r o f i t a b l e  
t o  s t u d y  s e c t i o n s  a long  t h e  main  a c c e s s  rou tes .  T h e  a r e a s  
s tud ied  a r e :  

I .  A "fume-burnt" a r e a  w i t h  l i t t l e  v e g e t a t i o n  l o c a t e d  n o r t h -  
east of Wawa and  b e t w e e n  Highways  17  a n d  101. T h e  
a r e a  is  h e r e i n  r e f e r r e d  t o  as t h e  L e n a  Lake-Mildred Lake-  
J o s e p h i n e  L a k e  a r e a .  

1, u ~ l i  R l i E R  

2. About  l 0  km of s e c t i o n  on  Highway 101, which  a l s o  
provides  a c c e s s  t o  t h e  "fume-burnt" a r e a  above .  

3. H b e a c h  s e c t i o n  a long  t h e  n o r t h e a s t  s h o r e  of L a k e  
Super ior  b e t w e e n  Michip ico ten  Harbour  and  t h e  e s t u a r y  of 
Michip ico ten  River.  

4. Near ly  40 km of d i scont inuous  s e c t i o n s  a long  Highway 17 
b e t w e e n  Wawa and  White River.  

5. An a r e a  of poor o u t c r o p  a long  t h e  n o r t h e a s t e r n  m a r g i n  of 
t h e  b e l t  b e t w e e n  Dubreuilvi l le  and Lochalsh.  

Prev ious  s t r a t i g r a p h i c  s t u d i e s  in t h e  Wawa g r e e n s t o n e  
b e l t  w e r e  la rge ly  c o n c e r n e d  w i t h  or ig in  of i ron f o r m a t i o n  in 
r e l a t i o n  t o  vo lcan ic  s t r a t i g r a p h y  (Goodwin,  1962). It w a s  
recognized  in t h e s e  s t u d i e s  t h a t  i ron f o r m a t i o n s  t e r m i n a t e  
c y c l e s  of m a f i c - f e l s i c  vo lcan ism a n d  th i s  w a s  found usefu l  in 
c o r r e l a t i n g  s t r a t i g r a p h i c  un i t s  o v e r  broad a r e a s .  On t h e  
o t h e r  hand,  vo lcan ic  success ions  w i t h o u t  i ron f o r m a t i o n  or  
e v e n  d i s t i n c t  maf ic - fe l s ic  v o l c a n i c  c y c l e s ,  a r e  d i f f i c u l t  t o  
c o r r e l a t e .  O n e  o b j e c t i v e  of  t h e  p r e s e n t  s t u d y  is t o  i d e n t i f y  
s e q u e n c e s  t h a t  could  b e  used in c o r r e l a t i n g  u n i t s  wi th in  t h e  
vo lcan ic  success ion .  

Lena Lake-Mildred Lake-Josephine Lake 
("fume-burnt") Area 

T h e  l i tho logic  u n i t s  in t h i s  a r e a  show well  p r e s e r v e d  
s t r a t i g r a p h i c  r e l a t i o n s  a n d  m a n y  u n i t s  c a n  b e  t r a c e d  through-  
o u t  t h e  e n t i r e  a r e a  (Fig. 16.2). T h e  pillow f a c i n g  in m a f i c  
f l o w s  i s  g e n e r a l l y  c o n s i s t e n t  w i t h  "top1' d i r e c t i o n s  in c l a s t i c  
s e d i m e n t s  a n d  t h e  i d e n t i f i c a t i o n  of a sync l ine  s u g g e s t s  t h a t  
t h e  loca l  s t r a t i g r a p h y  has  c o n s i d e r a b l e  c o n t i n u i t y  ( C o l u m n s  A 
and B, Fig. 16.3). 

Sec t ion  A: E a s t  of G o e t z  L a k e  

South  of Josephine  Lake ,  pi l lowed lavas  belonging t o  
t h e  m a f i c  vo lcan ic  un i t  a r e  presen t .  T h e  b a s e  of t h i s  un i t  is  
n o t  exposed  s o  t h e  th ickness  r e p r e s e n t e d  in Column A, 

W A X *  VOLCANIC 
F i g u r e  16.3 is  t h a t  exposed  e a s t  of Wawa L a k e  o n  

BELI ~ C U ' : ~ A R I  Highway 101. 
The  f e l s i c  vo lcan ic  un i t  a b o v e  t h e  m a f i c  vo lcan ic  unit  

L .  SUPERIOR l acks  p r i m a r y  s t r a t i f i c a t i o n ,  bu t  exhib i t s  a c l e a v a g e  which  is 
Figure 16.'. Index map of the Wawa greenstone para l le l  to t h e  l i thologic boundary.  T h e  rock  is f r a g m e n t a l ,  
showing the sections described. 



mafic  volcanics, 
fe ls ic  volconics, 
iron format ion,  
c las t ic  sedirnents (greywaclce, shale,  siltstone), 
conglomerate ,  
volcanic breccia,  
synclinal axial  surface ,  
f au l t ,  
intermediate-felsic volcanic f lows 
(used in Figure 16.30). 

Facing Directions 

- pillows 
- sediments  

Figure 16.2. Geologic ske tch  map  of Lena Lake- 
Mildred Lake-Josephine Lake ("fume-burnt") a rea .  

with d is t inct  felsic volcanic f r agmen t s  of lapilli size,  and 
does  not  appear  t o  have been welded. The unit thickness is  
variable (Fig. 16.21, ranging f rom less than 300 m t o  over 
700 m. The con tac t  is conformable with t h e  underlying mafic  
volcanic unit, but because t h e  c leavage is subparallel  t o  t h e  
l i th ic  in t e r f ace  i t  may b e  in pa r t  tec tonic .  

Iron format ion overlies t h e  f ragmental  felsic volcanic 
unit. Close t o  t h e  con tac t ,  iron format ion appears  t o  be  in 
pa r t  produced by replacement  of f ragmental  fe ls ic  volcanics 
by iron carbonate.  The resulting breccia  consists of angular 
f ragments  of fe ls ic  volcanics and finely bedded sediments  in 
an  iron carbonate  matrix.  The iron format ion unit in t h e  a r e a  
is dominantly steel-grey rnicrit ic iron ca rbona te  which 
weathers  dark  brown. Sulphide-rich horizons occur  locally 
near t h e  top  of t h e  iron formation. The iron format ion varies 
in thickness f rom less than 50 t o  over 200 m; thinner zones  
corresponding t o  th icker  underlying fe ls ic  volcanics. 

The mafic  volcanic unit (MVZ), which overlies t h e  iron 
formation, is  well exposed in t h e  a r e a  and increases in 
thickness westward f rom 0 t o  over 700 m. It consists of 
a l ternat ing pillowed and massive flows. Hyaloclasti te and 
pillow breccia  zones a r e  associa ted  with t h e  pillowed flows, 
in both l a t e ra l  and ver t ica l  f ac i e s  changes. An e s t i m a t e  of 
t o t a l  number of flows was not possible because i t  was not 
always possible to  recognize flow unit boundaries. The 
boundaries of t h e  pillow flow units conform crudely with t h e  
boundaries of t h e  lithologic unit (unit MV21, and with t h e  
pi1 low s t ra t i f ica t ion.  

Epiclastic Sediments. Clas t ic  sediments  overlying t h e  
maf i c  volcanics comprise greywacke, si l tstone and shale,  
which have variously developed and preserved Bouma cycles. 
Sof t  sediment  deformat ion in t h e  form of convoluted and 
disrupted s t r a t a  ,occur  within these  sedirnents nor theas t  of 



Figure 16.2. (cont'd) 

Andr6 Lake ,  and  locally,  c o n g l o m e r a t e  z o n e s  cons is t ing  of 
c l a s t s  of  i ron  f o r m a t i o n  o c c u r  n e a r  t h e  base.  Tops  b a s e d  o n  
c rossbedding ,  m i g r a t i n g  r ipp les  a n d  g r a d e d  bedding a r e  
c o n s i s t e n t  w i t h  t h o s e  of t h e  under ly ing  uni t s  and  s u g g e s t  t h a t  
t h e  s e q u e n c e  is c o n f o r m a b l e .  However ,  loca l  fold s t r u c t u r e s  
a r e  p r e s e n t  a s  well  a s  a p e n e t r a t i v e  nor th- t rending  c l e a v a g e  
which  is  n o t  r e l a t e d  t o  reg iona l  s t r u c t u r e .  Thickness  r a n g e s  
f r o m  400 t o  1500 m. 

Mapping of t h e  s e d i m e n t a r y  s t r a t a  h a s  r e v e a l e d  t h e  
p r e s e n c e  of a s y n c l i n e  which  p lunges  w e s t w a r d  a n d  i s  
o v e r t u r n e d  t o  t h e  nor th .  Al though t h e  underlying iron 
f o r m a t i o n  could  n o t  b e  t r a c e d  t o  t h e  n o r t h  l imb of t h e  
sync l ine ,  t h e  s t r a t i g r a p h y  is  roughly t h e  s a m e  on  t h e  t w o  
l imbs of t h e  sync l ine  (Fig.  16.2). 

A m a f i c  vo lcan ic  un i t  (MV3), which  f o r m s  t h e  c o r e  of 
t h e  sync l ine ,  is  t h e  younges t  un i t  in S e c t i o n  A. Around t h e  
n o s e  of t h e  fo ld  t h e  pi l low f a c i n g  in  t h e  un i t  i s  c o n f o r m a b l e  
w i t h  t h e  synclinal  s t r u c t u r e .  In t h e  w e s t e r n  p a r t s  of  t h e  
s a m e  uni t ,  t h e  pi l lows s t r i k e  c o n s i s t e n t l y  nor th-south  and  
f a c e  w e s t ,  sugges t ing  a s t r u c t u r a l  b reak  b e t w e e n  t h e  m a f i c  

vo lcan ic  u n i t  (MV3) a n d  t h e  under ly ing  sed iments .  T h e  t r e n d  
of t h e  pi l lows in  t h e  m a f i c  v o l c a n i c  u n i t  is  para l le l  t o  t h e  
c l e a v a g e  in t h e  under ly ing  s e d i m e n t s ,  ind ica t ing  t h a t  t h e  
pillow o r i e n t a t i o n s  m a y  in  p a r t  b e  t e c t o n i c  

Sec t ion  B: Lena  Lake-Mildred L a k e  

T h e  s e q u e n c e  w e s t  of  Mildred L a k e  f a u l t  d i f f e r s  f r o m  
t h a t  d e s c r i b e d  a b o v e  in  t h e  fo l lowing  ways: (i) t h e  p r e s e r v e d  
t h i c k n e s s  of c l a s t i c  s e d i m e n t s  w e s t  of  t h e  f a u l t  is  m u c h  
g r e a t e r  t h a n  east of t h e  f a u l t ,  a n d  (ii) c o n g l o m e r a t e  z o n e s  
a r e  m o r e  e x t e n s i v e  in t h e  c l a s t i c  s e d i m e n t s  w e s t  of  t h e  f a u l t  
t h a n  e a s t  of t h e  f a u l t  (Fig.  16.2). 

However ,  t h e  success ion  m a f i c  vo lcan ics - fe l s ic  
volcanics-iron f o r m a t i o n - m a f i c  vo lcan ics  is i d e n t i c a l  on  b o t h  
s i d e s  of  t h e  f a u l t  a n d  t h e  u n i t s  c a n  read i ly  b e  c o r r e l a t e d  
(Fig. 16.3). A m o r e  o r  l ess  c o m p l e t e  s e d i m e n t a r y  c y c l e  is  
p r e s e r v e d  a long  t h e  Algoma C e n t r a l  Ra i lway t r a c k s  f r o m  
L e n a  L a k e  t o  t h e  m a i n  t r a c k s .  



. . It is v e r y  likely t h a t  t h e  lower  c l a s t i c  s e q u e n c e  of 1:: - .. ji:.;:f.l Column B is t h e  equiva len t  of t h e  Dore  F o r m a t i o n ,  whose  
,.a V :P. t y p e  s e c t i o n  l i es  f a r t h e r  w e s t  in t h e  Wawa Belt .  

Sec t ion  C: Wawa L a k e  - Helen  Mine A r e a  

- - - M _ .  , 

f r a g m e n t a l  vo lcan ic  un i t  cons is t ing  of c r y s t a l  t u f f s  (welded  
t u f f s  wi th  s p h e r u l i t i c  s t r u c t u r e s  n e a r  t h e  base)  and lapilli 
t u f f s  w i t h  a g g l o m e r a t e  z o n e s  c o n t a i n i n g  bomb-size 
f r a g m e n t s ,  s o m e  of which  p r e s e r v e  f u s i f o r m  shapes.  
Mesoscopic  fo lds  o c c u r  in t h e  un i t ,  b u t  t h e y  a r e  unlikely t o  
h a v e  increased  t h e  a p p a r e n t  th ickness ,  which is 2000 m .  This 
un i t  in Sec t ion  C is a m o r e  proximal f a c i e s  e q u i v a l e n t  of t h e  

T h e  s e c t i o n  w a s  s t u d i e d  t o  d e t e r m i n e  t h e  re la t ionsh ip  

r m e d i a t e  Volcanic S e q u e n c e  

The c o n f o r m a b l e  success ion  of f e l s i c - i n t e r m e d i a t e  
v o l c a n i c  r o c k s  is  s t r u c t u r a l l y  d i scont inuous  w i t h  a m a f i c  
vo lcan ic  success ion  to t h e  wes t .  T h e  c o n t a c t  b e t w e e n  t h e  
t w o  s e q u e n c e s  i s  n o t  exposed ,  be ing  in p a r t  in t ruded  by a 

D q u a r t z  m o n z o n i t e  s t o c k ,  and  a p p e a r s  t o  b e  f a u l t e d .  However ,  
b e c a u s e  t h e  s e q u e n c e  d e c r e a s e s  in a g e  w e s t w a r d ,  i t  is  
i n f e r r e d  t h a t  t h e  f e l s i c  success ion  is  o ider  t h a n  t h e  m a f i c  Figure 16.3. A stratigraphic correlation chart for the Wawa s e q u e n c e  ( s e e  below). T h e  f e l s i c  s e q u e n c e  i s  o v e r  2000 m greenstone belt. The locations o f  sections are shown on th ick .  Figure 16.1. Lithic symbols are the same as in Figure 16.2. 

C l a s t i c  S e d i m e n t a r y  Cycle .  A t  t h e  base ,  t h e  sed i rnents  
cons is t  of rounded pebble  t o  boulder c l a s t s  in a sand t o  
g r a n u l a r  m a t r i x .  S o m e  of t h e  c l a s t s  a r e  m a f i c  vo lcan ic  and  
t h e  m a t e r i a l  i s  l a rge ly  unsor ted  a n d  uns t ra t i f ied .  This  u n i t  i s  
over la in  by a c o a r s e  wacke-sed iment  i n t e r b e d d e d  w i t h  
m i c a c e o u s  sands tone ,  th in  c a r b o n a t e - b e a r i n g  layers ,  a n d  
g r e e n  m i c a c e o u s  s i l t s tone .  S o m e  g r e y w a c k e s  show wel l  
deve loped  t u r b i d i t e  f e a t u r e s .  Crossbedded  q u a r t z - a r e n i t e s  
o c c u r  a b o v e  t h e  t u r b i d i t e  fac ies .  The  a r e n i t e s ,  which o u t c r o p  
just below t h e  m a f i c  vo lcan ic  rocl<s (MV?), m a r k  t h e  t o p  of a 
l o w e r  s e d i m e n t a r y  cyc le .  

T h e  c o n g l o m e r a t e  a b o v e  t h e  m a f i c  vo lcan ic  un i t  (MV3) 
m a r k s  t h e  beginning of a second  c y c l e  of c l a s t i c  
s e d i m e n t a t i o n .  Loca l ly ,  t h e  m a f i c  f lows  a r e  in te rbedded  w i t h  
t h e  c l a s t i c  s e d i m e n t s ,  and  t h e  s e d i m e n t s  c a n  b e  t r a c e d  i n t o  
c o a r s e  v o l c a n i c  brecc ia .  Along t h e  Magpie R i v e r  t h e  
s e d i m e n t s  s h a r p l y  o v e r l i e  vo lcan ic  b r e c c i a ,  b u t  e l s e w h e r e  
v o l c a n i c  b r e c c i a  a p p e a r s  to g r a d e  i n t o  t h e  sed iments .  

blafic  Volcanic S e q u e n c e  

This s e q u e n c e ,  exposed  w e s t  of Sandy Beach ,  a l m o s t  
exc lus ive ly  c o m p r i s e s  pi l lowed a n d  m a s s i v e  m a f i c  flows. T h e  
pi l lows a r e  g e n e r a l l y  well  f o r m e d  a n d  r a r e l y  vesicular .  S o m e  
la rge ,  e l o n g a t e d  pi l lows s u g g e s t  l a v a  t o e s  origin,  b u t  n o  
b i furca t ion  w a s  observed .  In s o m e  p l a c e s  t h e  e longa t ion  of 
pi l lows is c l e a r l y  t e c t o n i c ,  be ing  para l le l  t o  t h e  c l e a v a g e  in 
t h e  f i n e  in te rp i l low s e d i m e n t s .  "Cher ty"  r o c k s  o c c u r  and  a r e  
cons idered  t o  be  p r i m a r y  c h e m i c a l  p r e c i p i t a t e s .  F e l s i c  
vo lcan ic  r o c k s  in te rbedded  w i t h  t h e  iron f o r m a t i o n  o c c u r  on ly  
as beds  a f e w  m e t r e s  th ick .  T h e  m a s s i v e  m a f i c  f l o w s  a r e  
s t r o n g l y  c l e a v e d  a n d  t h e  c l e a v a g e  is  subpara l le l  t o  pillow 
s t r a t i f i c a t i o n ,  espec ia l ly  n e a r  t h e  c o n t a c t  w i t h  t h e  Dore  
F o r m a t i o n .  

T h e  c o n t a c t  w i t h  Dore  F o r m a t i o n  is  exposed  a t  
Michip ico ten  Harbour ,  a n d  is  m a r k e d  by s t r o n g l y  d e f o r m e d  
z o n e s  in which  m a f i c  s c h i s t s  at t h e  b a s e  of t h e  Dore  



sediments  a r e  isoclinally folded. The volcanic rocks s t r ike  
north here,  while the  c o n t a c t  s t r ikes  nor theas t ,  and the  Dore 
conglomerate  contains c l a s t s  of maf ic  volcanics. This 
angular unconformity is evidence t h a t  pre-Dore volcanics 
were  deformed before  t h e  deposition of the  Dore sediments.  

Dore Formation 

The base of t he  Dore Formation is exposed a t  
Michipicoten Harbour and can  be t r aced  about 2 Ikrn west t o  
t h e  shore  of Lake Superior. In t h e  Michipicoten Harbour a r e a  
the  Dore F6rmation is a conglomerate  with rounded c las ts  
ranging from pebble t o  boulder size.  The c las ts  include 
quartz-feldspar pegmatoid rocks, amphibole-bearing granitoid 
rocks and black che r t  (iron formation?). Clasts of maf ic  
volcanic rocks occur but a r e  not abundant. The matr ix  is a 
maf i c  (chloritic) rock which is strongly cleaved and folded. 
St ra t i f ica t ion f ea tu res  a r e  rare ,  and tops could not b e  
determined.  

The Dore Formation is corre la ted  with t h e  c las t ic  
sediments  in Lena Lake-Mildred Lake-Josephine Lake a r e a  
(Fig. 16.3). The pre-Dore volcanic succession in Sections B 
and D a r e  qui te  d i f ferent  and t h e  angular unconformity 
between t h e  Dore sediments  and volcanics in t h e  
Michipicoten Harbour a r e a  is absent t o  the  nor theas t  
(e.g. Section B). The distinct pre-sediment iron formation is 
absent  f rom t h e  Michipicoten Harbour section. For th is  
reason, t h e  pre-Dore sequences in t h e  Michipicoten a r e a  a r e  
corre la ted  with the  lower par t  of t h e  Lena Lake-Mildred 
Lake section, a s  shown on Figure 16.3. 

Highway 17 (Trans-Canada a rea )  

Highway l7 provides a useful access  t o  t h e  major 
lithologic units in t h e  Wawa belt .  For convenience, t h e  
section along Highway l 7  is divided into ( I )  a southern 
portion ending about  25 km nor th  of Wawa, and (2)  a northern 
portion which ends  in t h e  grani t ic  rocks north of t h e  belt. 
The sect ions  a r e  respectively labelled E and F on Figure 16.1. 

The section begins about 10 km north of Wawa. The 
succession is shown on Section E and i t s  correlations with 
previously described sect ions  a r e  indicated. Tops could not 
be determined in this section except  by comparing the  
section with nearby sequences. 

Felsic Volcanics (post-Dore). This unit outcrops 
between Black Trout Lake and t h e  northern end of t h e  
section. It is character ized by a penetra t ive  foliation which 
is conformable with the  southeast  dipping foliation in t h e  
underlying Dore sediments.  The felsic volcanics contain 
discontinuous bands of smeared-out f r agmen t s  which may 
represent original volcanic f ragments ,  but unequivocal 
evidence of primary s t ra t i f ica t ion was not observed. 
Irregular chloritoid zones  a r e  present and weather  ou t  t o  g ive  
pseudo-folding s t ructures .  Fine grained "glassy" felsic lenses 
may represent  che r ty  sediments,  a s  suggested by t h e  lack of 
f ragmental  textures .  At t h e  northern end of t h e  sect ion west 
of Catf ish  Lake t h e  felsic rocks a r e  interbedded with maf ic  
rocks containing euhedral pr ismat ic  crys ta ls  of actinolite(?) 
randomly oriented on the  cleavagetbedding surface.  The 
in t e r f ace  between t h e  fe ls ic  rocks and t h e  actinolite-bearing 
rocks is sharp  and does  not  suggest an intrusive relationship. 

West of Catf ish  Lake (Fig. 16.1) an  ant i formal  s t ruc tu re  
is defined by change in dip of t h e  layering and is considered 
t o  be a localized closure in the  regional synclinorium 
(Fig. 16.3). 'The co re  of this regional synclinorium plunges 
west (Fig. 16.2) and in this a r e a  is occupied by fe ls ic  
volcanics which overlie t h e  Dore sediments.  

Section F: Northern Section Along Highway 17 

The succession along this portion of Highway 17 is 
shown in Section F. 

Volcanic Belt and Granitoid Basement Relation. The 
con tac t  between metasediments  of t h e  Wawa bel t  and weaklv 
foliated intrusive granodiorite is  exposed 40 km nor th  of 
Wawa along t h e  new Dubreuilville road. At the  con tac t ,  t he  
metasediments  have been amphibolitized and c u t  by granitoid 
veins producing an  intrusive breccia.  The granodiorite is 
more weakly foliated f a r the r  away f rom the  c o n t a c t  and t h e  
metasediment  1s well s t ra t i f ied  f a r the r  away f rom this 
contact .  A qua r t z  monzonite s tock is intrusive in to  t h e  
c o n t a c t  zone on Highway 17 near  Kabenung Lake. The 
con tac t  is not exposed, but blocks of partially digested maf ic  
volcanic f r agmen t s  a r e  enclosed in unfoliated qua r t z  
monzonite. 

Earliest  Sedimentary Unit. The a l t e red  metasediments  
described above can be  t raced into less metamorphosed 
greywacke and conglomerate  which consists of distinct 
granitoid pebbles and cobbles up t o  30 c m  in d i ame te r  in a 
recrystall ized greenish matrix.  St ra t i f ica t ion in t h e  
conglomerate  is def lec ted around t h e  bigger undeformed 
cobbles, whereas  the  smaller pebble-granule c las ts  a r e  
s t r e t ched  out ,  grading in to  augen schists. Crossbedded s t r a t a  
indicate  considerable movement along localized horizons 
within t h e  unit. The transposed beds with deformed 
crossbedding ( rota ted  t o  s t e e p  angles t o  s t ra t i f ica t ion)  show 
"rootless" t ight  isoclines preserved between shear  zones. 
These shear zones a r e  parallel t o  the  regional lithologic 
boundary. Graded bedding is preserved and provides general  
facing of t h e  unit. As this unit occurs  a t  t h e  c o r e  of an  
ant ic l ine  and contains granitoid f ragments ,  i t  is in terpre ted 
t o  be t h e  basal sediments in the  Wawa belt .  The preserved 
e s t ima ted  thickness of t h e  unit is 600 m. 

The boundary between t h e  basal sediments  and t h e  
overlying mafic  volcanic unit is marked by a 100 m thick 
felsic volcanic unit with interbedded iron formation. This is 
another  si tuation where  iron format ion t e rmina te s  c l a s t i c  
sedimentation ra ther  than a mafic-felsic volcanic cycle.  

Mafic Volcanics. A mafic  volcanic unit composed of 
pillowed flows, pillow breccia ,  hyaloclastic breccia  layers and 
minor massive flows and thin beds of c las t ic  sediments,  
overlies t h e  lowermost sediments.  The pillows a r e  generally 
well formed, grading into smaller equant  pillows (pilloids) and 
pillow breccia.  This unit forms open folds with upright axial  
surfaces  which t o  t h e  south a r e  overturned. Est imated 
thickness is 600 m. 

Interbedded Clas t ic  Sediments and Mafic Volcanic 
Rocks. The lower maf ic  volcanics a r e  overlain by a unit 
consisting of interbedded c las t ic  sediments  and mafic  
volcanics. I ts  boundary with t h e  underlying mafic  volcanic 
unit is conformable,  and t h e  unit is  character ized by a high 
proportion of c las t ic  sediments  interbedded with coarse  
grained massive maf i c  flows. A hyaloclastic breccia  zone 
was  t h e  only primary s t ra t i f ica t ion observed in t h e  
interbedded rnafic volcanics. Some of t h e  massive maf i c  
rocks may represent sills. The unit is an  e s t ima ted  800 m 
thick. 

Volcanic Breccia. The preserved thickness of this unit 
is  about  2000 m (Fig. 16.3) and a petrographic study of t h e  
volcanic breccia is in progress, with a view t o  identifying i t s  
environment of deposition. 



This rock is coarse ly  f ragmenta l ,  with some  of t h e  
angular f r agmen t s  well over  30 c m  in maximum dimension. 
These appea r  t o  form discs which l ie in a shallaw dipping 
pene t r a t i ve  cleavage.  Most of t h e  f r agmen t s  a r e  aphyr ic  
felsic volcanic rocks. The matr ix  is a coa r se  greywacke tuf f -  
breccia which is darker  than t h e  "clasts". There  is a 
continuous gradat ion  between f r agmen t s  and matr ix ,  such 
t h a t  i t  is d i f f icul t  at p laces  t o  d i f f e r en t i a t e  be tween matr ix  
and f ragments .  Size zonation of f r agmen t s  occurs  - la rge  
c l a s t s  a r e  concen t r a t ed  in ce r t a in  zones along t h e  s t r i ke  of 
"strata". The shallow dipping foliation s u r f a c e  is parallel  t o  
s t r a t i f i ca t ion  in t h e  rare ,  f inely laminated,  che r ty ,  rocks and 
interbedded crystal-rich layers.  The axial  su r f ace  of 
mesoscopic isoclines is a lso  parallel t o  t h e  s t r a t i f i ca t ion  
surface .  

Near t h e  c o n t a c t  with t h e  underlying unit ,  t h e  volcanic 
breccia  is intruded by a thick d iabase  dyke. The enclosed 
blocks of sediment  have  been partial ly fused t o  produce  a 
pink f e l s i t e  rock with preserved "ghost1' s t ra t i f ica t ion .  The 
volcanic breccia  unit is interbedded with t h e  maf i c  volcanic 
rocks. The boundaries and dominant c leavage su r f ace  a r e  
conformable  with t h e  underlying maf i c  volcanic-sedimentary 
unit. 

Conclusions 

The l i thos t ra t igraphic  units  described he re  include t h e  
major rock units exposed in t h e  Wawa greens tone  belt. On 
t h e  basis of t h e  sec t ions  studied,  i t  is concluded t h a t  iron 
format ion horizons a r e  of l imited use  in corre la t ion  because  

they occu r  a t  various s t ra t igraphic  levels and a r e  absent  or 
obscure  in some  successions. Thus, corre la t ion  based on 
identification of similar sequences  is  m o r e  reliable. In t h e  
Wawa bel t ,  some  dis t inc t  sequences  a r e  recognized on t h e  
basis of s t ruc tu ra l  discontinuity.  In addit ion,  sequences may 
be infer red  f rom changes  in cha rac t e r i s t i c s  of lithologic units  
such a s  f rom predominantly epic las t ic  sedimenta t ion  t o  
volcanism or v i ce  versa.  
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Abstract 

Eoprotrachyceras, Pterosirenites, Pseudotibetites, Pleurodistichites, and Neohirnavatites are 
proposed as new genera of Triassic Arnrnonoidea. Type species of Neohirnavatites is Himavatites 
canadensis MC Learn. Type species of the others are new and are described (Eoprotrachyceras 
rnatutinum, Pterosirenites auritus, Pseudotibetites pax, Pleurodist ichites stott i). 

Superfamily TRACHYCERHTHCEAE (Haug 1894) 

Family ARPADITIDAE Hyat t  1900 

Subfamily PROTRACHYCERATINAE Tozer 1971 

Genus Eoprot rachyceras  Tozer n. gen. 

Type species: Eoprot rachyceras  rnatutinurn n. sp. 

Diagnosis: Prot rachycera t in id  like P ro t r achyce ra s  but with a ce ra t i t i c ,  not ammoni t ic  su tu re  
line. 

Discussion: Mojsisovics (1882, p. 119) descr ibed t h e  saddles of Ammoni tes  a r che l aus  Laube ( type  
species  of P ro t r achyce ra s  ~~ io j s i sov ic s )  a s  dent icula te ,  al though this conclusion evidently was  not 
based on d a t a  provided by t h e  holotype, which is f rom t h e  Wengen Beds of what  is now nor thern  
Italy. A specimen f rom Hungary, identified by Mojsisovics (1882, pl. 31, fig. I )  a s  "Trachyceras" 
a r che l aus  definitely has  an  ammoni t ic  suture.  In nor theas t  British Columbia a c lear  succession of 
Ladinian zones  has  been defined (Tozer ,  1967, p. 27-30; 1971, p. 1018). The  prot rachycera t in ids  
f rom t h e  Subasperum Zone, a t  t he  base of t h e  sequence  (e.g. Eoprot rachyceras  matutinurn n. sp.) 
unquestionably have ce ra t i t i c  su tu re  lines. Those f rom t h e  younger zones  (Poseidon, Meginae, 
Maclearni)  have  ammoni t ic  su tu re  lines. Most or all of t h e  specimens f rom t h e  younger zones  a r e  
r e f e rab le  t o  P ro t r achyce ra s  sikanianum McLearn. Krystyn and Mariolakos (1.975, p. 187) 
described what  appears  t o  be  a comparable  s i tua t ion  in Greece ,  whe re  t hey  noted t h a t  
"Protrachyceras" with ce ra t i t i c  su tu re  lines occurs  below Pro t r achyce ra s  archelaus.  A succession 
of prot rachycera t in ids ,  t h e  ear l ie r  with ce ra t i t i c ,  t h e  l a t e r  with ammoni t ic  su tu re  lines, thus 
s e e m s  established. The gener ic  designation Eoprot rachyceras  is accordingly proposed t o  
a c c o m m o d a t e  t h e  ear l ie r  forms. Except  for  t h e  su tu re  l ines Eoprot rachyceras  and 
P ro t r achyce ra s  a r e  sirrlilar a s  regards la tera l  tubercula t ion  and ventral  sculpture  (modera te ly  
deep  sulcus bordered by more  or less c l ava t e  tubercles).  

Composit ion of t h e  genus: Eoprot rachyceras  ma tu t inum n. sp., T rachyce ra s  judicariurn var. 
subasperum Meek, T rachyce ra s  meeki  Mojsisovics, T rachyce ra s  americanurn Mojsisovics, 
T rachyce ra s  (Prot rachyceras)  lahontanum Smith,  T rachyce ra s  (Prot rachyceras)  dunni Smith,  
Trachyceras  rnargaritosum Rilojsisovics, T rachyce ra s  curionii  Mojsisovics. 

Age and distribution: Early Ladinian, Subasperum Zone, British Columbia,  Nevada; Buchenstein 
and equivalent beds, Tethys. 

Eoprot rachyceras  matut inum n. sp. 

P l a t e  17.1, f igures  1-7 

Figure 17. la  

P ro t r achyce ra s  c f .  P .  meeki  Mojsisovics; Tozer,  1967, p. 27, 68, pl. 8, fig. 1,2. 

Regis tered  material:  Holotype GSC 28632, pa ra type  GSC 28633, GSC locali ty 83862.' 
GSC 18900, GSC 18901 ( topotypes  ?), GSC locality 46484. 

Diagnosis: Eoprot rachyceras  a t  least  40 mm in d iameter ,  a t  which s ize  umbilical width about 
35  per cent .  Outer  whorl with up t o  6 spirals of tubercles;  o n e  weak umbilical, 2 o r  3 la tera l ,  one  
marginal and one  ventral .  

' ,211 GSC locali t ies refer red  t o  in this paper a r e  described in Table 17.1 



Table 17.1 

GSC Localities (All British Columbia) 

9161 Pardonet Formation, talus block, south bank 
Peace River near west end of Pardonet Hill. 
NTS Ne-Parle-Pas Rapids 94 B13 E. 
F.H. McLearn, 1917. Probably from 
locality 64606. (McLearn, 1960, p. 116). 
Lower Norian, Dawsoni Zone. 

9373 Pardonet Formation, talus block, Juvavites 
Gully, Pardonet Hill. NTS Ne-Parle-Pas Rapids 
94 B/3 E. F.H. McLearn, 1937. Probably 
from locality 64606. (McLearn, 1960, p. 7) 
Lower Norian, Dawsoni Zone. 

46484 Sulphur Mountain Formation, Llama Member, 
unit 3, section l l (Pelletier 1963, p. 41), east 
flank of high hill (elevation 6483 fee t )  8 miles 
north of Lower Blue Lake, NTS Wapiti Lake 
9 3  1/10 \V. B.R. Pelletier, 1961. (Tozer, 1967, 
p. 68) Ladinian, Subasperum Zone. 

64606 Pardonet Formation, section high on west side 
of Pardonet Hill, between localities 6 and 10 
(Tozer, 1965, fig. I ) ,  NTS Ne-Parle-Pas 
Rapids 94 B13 E. Lower Norian, Dawsoni Zone 
(Malayites bococki bed). 

66027 Pardonet Formation, north of Nevis Creek, 
57" 23' N, 123" 23' W ,  NTS Mount Withrow 
94 G16 \V. D.F. Stott,  1964. (Tozer, 1967, 
p. 60) Middle Norian, Columbianus Zone. 

68180 Pardonet Formation, section I km southwest 
of summit of Mount McLearn, NTS Eight Mile 
Creek 94 N/3. E.T. Tozer, 1965. (Tozer, 
1967, p. 59-61) Lower Norian, Kerri Zone. 

68305 Pardonet Formation, spur on west side of 
Mount Ludington, NTS Nabesche River 94 R/6. 
E.T. Tozer, 1965 (Tozer, 1967, p. 54) Middle 
Norian, Columbianus Zone. 

83862 Sulphur Mountain Formation, Llama Member, 
section on east limb of syncline 20 km north 
of Wapiti t a k e ,  NTS Wapiti Lake 93 1/10 W. 
E.T. Tozer, 1969. Ladinian, Subasperum Zone. 
About 45 m below bed with Progonoceratites 
poseidon Tozer (Poseidon Zone) (Tozer, 
1971, p. 1018). 

a. Eoprotrachyceras matutinurn n .  sp. ( X  2) GSC 28632 
(Plate 17.1, figures 4 ,  5) 

b. Pterosirenites catri~ts n. sp. ( X  2) GSC 28735 
(Plate 17.1, figures 18-20) 

c. Pterosirenites auritus n. sp. ( X  2) CSC 28734 
(Plate 17.1, figures 21, 22) 

d .  Pseudotibetites pax n .  sp. ( X  4) CSC 28745 
(Plate 17.1, figures 8, 9) 

e .  Pleurodistichites stotti n. sp. ( X  4 )  CSC 28921 
(Plate 17.1, figures 15-17) 

Figure 17.1. Suture lines. 

Plate  17.1 

Figures are  natural size 

Arrows indicate posi t~on of last septum 

Numbers in parentheses a r e  of GSC localities (Table 17.1) 

Figures 1-7 Eoprotrachyceras matutinum n. gen., n. sp. 
l ,  2, GSC 18900 (46484). 3, GSC 28633, 
rubber mould of paratype (83862). 
4, 5, holotype, GSC 28632 (83862). 
6, 7, GSC 18901 (46484). 

Figures 8-1 4 Pseudotibetites pax n. gen., n. sp. 
8, 9, holotype, GSC 28745. 10, 11, para- 
type, GSC 28747. 12-14, paratype, 
GSC 28746. All from GSC locality 9373. 
All appear t o  be septate. 

Figures 18-22 Pterosirenites auritus n. gen., n. sp. 
18-20, paratype, GSC 28735, phragmocone. 
21, 22, holotype, GSC 28734, an apparently 
complete phragmocone. (68180). 

Figures 15-17 Pleurodistichites s to t t i  n. gen., n. sp. 
Holotype, GSC 28921 (66027). 

Figures 23-25 Neohimavavites canadensis (McLearn). 
GSC 28877 (68305). 
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Discussion: T h e  h o l o t y p e  ( P l a t e  17.1, f i g u r e s  4,5), t h e  r e m a i n s  of a n  individual e s t i m a t e d  t o  
h a v e  a t t a i n e d  a d i a m r t e r  of a t  l e a s t  4 0  m m ,  h a s  umbi l ica l ,  2 l a t e r a l ,  m a r g i n a l  a n d  v e n t r a l  
tuberc le -sp i ra l s .  It is p r e s e r v e d  a s  in te rna l  mould a n d  t h e  t u b e r c u l a t i o n  is subdued,  ev ident ly  
r e f l e c t i n g  t h e  d e v e l o p m e n t  of a p r e s e p t a l  l ayer .  G S C  28633 ( P l a t e  17.1, f i g u r e  3) a n d  G S C  18901 
( P l a t e  17.1, f i g u r e s  6,  7)  d o  not p r e s e r v e  t h e  umbil ical  e d g e .  They ,  unlike t h e  ho lo type ,  h a v e  3 
l a t e r a l  spirals .  On G S C  18901 t h e  inner sp i ra l  is of l a rger  t u b e r c l e s  t h a n  t h e  o u t e r  two. This  
s p e c i m e n  is t h e  r e m a i n s  of a n  individual a p p r e c i a b l y  l a r g e r  t h a n  t h e  holotype.  G S C  18900 
( P l a t e  17.1, f i g u r e s  1,2) h a s  t w o  l a t e r a l  spirals ,  l ike  t h e  ho lo type ,  b u t  b a r e l y  p e r c e p t i b l e  umbi l ica l  
tubercu la t ion .  T h e  s u t u r e  l ine  (Fig. 17 . la )  is shown only by t h e  holotype.  Although t h e  4 
s p e c i m e n s  assigned t o  this  s p e c i e s  d i f fe r  f r o m  o n e  a n o t h e r  in de ta i l s ,  b e c a u s e  t h e y  a r e  ev ident ly  
f r o m  t h e  s a m e  leve l  a t  t h e  s a m e  p l a c e ,  t h e y  a r e  i n t e r p r e t e d  a s  r e p r e s e n t i n g  o n e  s p e c i e s  of 
E o p r o t r a c h y c e r a s ,  c o m p a r a b l e  w i t h  E. m e e k i  (Mojsisovics), bu t  m o r e  c o m p r e s s e d  and  w i t h  less  
pronounced  umbil ical  t u b e r c u l a t  ion. 

Subfamily S lRENlTlNAE T o z e r  1971 

G e n u s  P t e r o s i r e n i t e s  T o z e r  n. gen .  

T y p e  spec ies :  P t e r o s i r e n i t e s  a u r i t u s  n. sp. 

Diagnosis: Inner whor l s  l ike  t h o s e  of S i r e n i t e s  e x c e p t  f o r  having a m o r e  a n g u l a r  umbi l ica l  
shoulder ;  o u t e r  whor l s  w i t h  t h e  bra ided  Ikeels r e p l a c e d  by l a r g e  c l a v i  a r r a n g e d  en eche lon .  

Discussion: Aff in i ty  w i t h  S i ren i tes ,  a n  o lder  ( C a r n i a n )  genus,  is o b v ~ o u s  f r o m  t h e  s imi la r i ty  of 
t h e  phragmocones .  P t e r o s i r e n i t e s  is dist inguished by t h e  acquis i t ion  of modi f ied  v e n t r a l  
s c u l p t u r e  on t h e  o u t e r  whorl. N e o s i r e n i t e s  a l so  has  modi f ied  v e n t r a l  s c u l p t u r e  on t h e  o u t e r  whorl 
b u t  of a d i f f e r e n t  n a t u r e ,  be ing  a l t e r n a t i n g  c lav i  a n d  spines,  n o t  c a l v i  alone.  

Composit ior!  of t h e  genus:  C e r t a i n l y  known only by t h e  t y p e  species.  T h e  inner whor l s  of 
P s e u d o s i r e n i t e s  aur i tus ,  a l though obviously Sirenites-l ike,  d i f f e r  f r o m  t h o s e  of S i r e n i t e s  a n d  
S t r i a t o s i r e n i t e s  (Carn ian)  a n d  A r g o s i r e n i t e s  (Middle Norian) in having a d i s t inc t ly  angular  
umbi l ica l  shoulder.  "Sirenites" n a b e s c h i  McLearn ,  and  t h e  s p e c i m e n s  f r o m  n o r t h e a s t e r n  USSR 
ident i f ied  by Bychkov e t  al. (1976,  p l a t e s  5 1 ,  52) a s  A r g o s i r e n i t e s  o b r u c e v i  (Bajarunas) ,  
A. o b r u c e v i  f. n a b e s c h i  McLearn ,  A. nelgehens is  (Arkhipov) a n d  A. k i p a r i s o v a e  (Zharnikova),  h a v e  
umbi l ica l  shoulders  s imi la r  t o  t h a t  of P t e r o s i r e n i t e s  aur i tus .  None  of t h e  s p e c i m e n s  c o n c e r n e d  
show c lav i ,  bu t  t h i s  is p robably  a c o n s e q u e n c e  of i n c o m p l e t e  preserva t ion .  All a r e  probably 
r e p r e s e n t a t i v e s  of P t e r o s i r e n i t e s .  

A g e  and d is t r ibu t ion :  Lower Nor ian,  K e r r i  Zone ,  n o r t h e a s t  Bri t ish Columbia ;  P i n a c o c e r a s  
v e r c h o j a n i c u m  Zone ,  n o r t h e a s t  USSR (?). 

P t e r o s i r e n i t e s  a u r i t u s  n. sp. 

P l a t e  17.1, f i g u r e s  18-22 

S i r e n i t e s  n a b e x h i  McLearn ;  Tozer ,  1967, p. 60  (only), non V c L e a r n ,  1939, p. 53. 

R e g i s t e r e d  m a t e r i a l :  H o l o t y p e  G S C  28734,  4 p a r a t y p e s ,  G S C  28735-28738, G S C  locali ty 68180.  

Diagnosis: P t e r o s i r e n i t e s  w i t h  p h r a g m o c o n e  a t t a i n i n g  a d i a m e t e r  of a b o u t  8 5  m m ,  a.t which 
whorl  h e i g h t  a b o u t  5 5  per c e n t ,  wid th  a b o u t  30 per  c e n t ,  umbl l lca l  wid th  a b o u t  15 per  c e n t  of 
d i a m e t e r .  Six tuberc le -sp i ra l s  on  whorl  s ide  (umbil ical ,  f o u r  l a t e r a l ,  marg ina l ) .  Clav i  on  o u t e r  
whorl  s p a c e d  a t  a b o u t  f i v e  t o  a q u a r t e r  whorl. 

Discussion: T h e  h o l o t y p e  ( P l a t e  17.1, f i g u r e s  21, 22) h a s  bra ided  keels ,  w i t h  t w o  or  t h r e e  v e n t r a l  
t u b e r c l e s  a d j a c e n t  t o  e a c h  m a r g i n a l  t u b e r c l e ,  at t h e  beginning of t h e  o u t e r  whorl. Adorad,  a t  a 
whor l  h e i g h t  of a b o u t  2 5  m m ,  t h e  smal l  v e n t r a l  t u r b e r c l e s  a r e  rep laced  by clavi .  L a t e r a l  
s c u l p t u r e  c o m p r i s e s  a t u b e r c l e  spiral  o n  t h e  umbil ical  shoulder ;  t h r e e  re la t ive ly  prominent  s p i r a l s  
o n  t h e  inner half of t h e  f lank;  a f a i n t  spiral  o n  t h e  o u t e r  ha l f ;  a n d  a prominent  marg ina l  spiral .  
Where  t h e  c l a v i  a r e  deve1ope.d t h e  marg ina l  sp i ra l  is of l a r g e  t u b e r c l e s ,  m a t c h i n g  t h e  c l a v i  in 
d i s t r ibu t ion .  G S C  28735 ( P l a t e  17.1, f i g u r e s  18-20) c l e a r l y  s h o w s  t h e  S i ren i tes - l ike  s c u l p t u r e  t h a t  
c h a r a c t e r i z e s  m u c h  of t h e  phragmocone .  O n  t h i s  s p e c i m e n  t h e r e  a r e  only t w o  s p i r a l s  on  t h e  
inner  f lank.  I n c o m p l e t e  s p e c i m e n s  f r o m  t h e  t y p e  loca l i ty  i n d i c a t e  t h a t  s o m e  individuals  a t t a i n e d  
a s i z e  a p p r e c i a b l y  l a r g e r  t h a n  t h e  holotype.  P s e u d o s i r e n i t e s  a u r i t u s  a n d  "Sirenites" n a b e s c h i  
M c L e a r n  a r e  probably c o n g e n e r i c ,  a s  m e n t i o n e d  a b o v e ,  but  t h e y  a r e  probably not  c o n s p e c i f i c  in 
t h a t  t h e  t u b e r c u l a t i o n  on t h e  o u t e r  f lank  of "S." n a b e s c h i  is m o r e  prominent  t h a n  on  P. a u r i t u s .  

G e n u s  P s e u d o t i b e t i t e s  T o z e r  n. gen.  

T y p e  species:  P s e u d o t i b e t i t e s  pax n. sp. 

Diagnosis: Sirenit inid l ike  P t e r o s i r e n i t e s  b u t  inner whor l s  th icker ,  w i t h  n o t c h e d  r a t h e r  t h a n  
b r a i d e d  keels ,  a n d  w i t h  m o r e  d i s c r e t e  c l a v i  o n  t h e  o u t e r  whorl. 



Discussion: The clavi ar ranged e n  echelon and the  absence  of a deep  notch on t h e  outer  side of 
t h e  external  saddle indica te  affinity with P t e ros i r en i t e s  ra ther  than with Tibet i t idae ,  which have 
adventitious e l emen t s  in t h e  external  saddle and c lavi  a r r anged  opposite one another.  

Composit ion of t h e  genus: Pseudot ibet i tes  pax n. sp., probably also Pa ra t ibe t i t e s  ? seimkanensis 

Age and distribution: Lower Norian, D ~ w s o n l  Zone, nor theas t  British Columbia;  upper pa r t  of 
P inacoce ra s  verchojanicum Zone, nor theas t  USSR (?) (Bychkov, 1975, p. 10). 

Pseudot ibet i tes  pax n. sp. 

P l a t e  17.1, f igures  8-14 

Figure 17.ld. 

"Tibeti tes" sp., McLearn, 1960, p. 57, pl. 5, fig. 9a ,  b (only); Tozer,  1967, p. 57. 

Regis tered  material: Holotype GSC 28745, para types  CSC 28746, 28747, GSC locali ty 9373. 
Pa ra type  GSC 12583 (McLearn,  1960, pl. 5, fig. 9a ,  b), CSC locali ty 9161. Para type  (not f igured) 
GSC 28749, GSC locali ty 64606. 

Diagnosis: Phragmocone d i ame te r  a t  leas t  40 mm, a t  which whorl height about  (15 per cen t ,  
width about 35 per cen t ,  and umbilical width about 28 per cent  of d iameter .  Ribs a r e  barely 
perceptible.  Commonly t h e r e  a r e  four  tuberc le  spirals on t h e  whorl side (umbilical ,  two l a t e r a l ,  
marginal). Umbilical tuberc les  a r e  rounded; l a t e r a l  tuberc les  a r e  initially rounded, adorad they  
become c l ava t e ;  marginal tuberc les  a r e  c l a v a t e  a t  a small d iameter .  Keels on t h e  inner whorls 
have spirally ar ranged tuberc les  matching or slightly exceeding t h e  number a t  t he  margin. At 
larger d i ame te r s  t h e  density of marginal and ventral  clavi is t h e  same. 

Discussion: Notched keels, more  or less pointed l a t e r a l  t ube rc l e s  and c l ava t e  marginal t ube rc l e s  
a r e  apparent  a t  a d iameter  of 22 mm (GSC 28747, P l a t e  l ,  f igures 10, 11). At  larger d i ame te r s  
(CSC 28745, 28746, P l a t e  17.1, f igures  8 ,  9 ,  12-14) t h e  vent ra l  tuberc les  a r e  dist inctly c lavate .  
The holotype (P l a t e  17.1, f igures  8, 9 )  has  a n  e x t r a  spiral  of very small  tuberc les  immedia te ly  
inside t h e  marginal spiral. GSC 12583 (McLearn,  1960, p l a t e  5,  f igure  9a ,  b) is wholly s e p t a t e  a t  
a d iameter  of about  40 mm. 

Pa ra t ibe t i t e s  ? seimkanensis Bychkov is probably congeneric with this species,  being similar 
in mode of coiling, s ty l e  of tuberculation,  vent ra l  sculpture  and su tu re  l ine  but differing in having 
more  spirals of la tera l  tubercles.  The significance of this resemblance  was  recognized by 
Bychkov (1974), who compared his specimens  with those described by McLearn. 

Family DlSTICHlTlDAE Diener 1920 

Genus Pleurodis t ichi tes  Tozer n. gen. 

Type species: P leurodis t ichi tes  s t o t t i  n. sp. 

Diagnosis: Distichitid with strong, dense,  branched, falcoid,  non-tuberculate ribs. Marginal 
spines absent ,  umbilical  shoulder with or without nodes. Suture  l ine ammonitic.  

Discussion: The  smooth  vent ra l  keels  a r e  t aken  t o  indica te  c lose  af f in i ty  with contemporary  
Distichlt idae ra ther  than with t he  superficially similar Carnian  genus Di t tmar i t e s  (Arpadit idae) 
which d i f fers  in having granular keels, a t  leas t  a t  a small  d iameter .  Dis t ichi tes  and 
Paradis t ichi tes  d i f fer  in having re la t ive ly  weak ribbing and s t rong marginal tuberc les  or 
spines. The r ibs  of Trachypleuraspidites a r e  comparable  in s t r eng th  and s ty le  but d i f fer  in 
being tubercula te .  Similari t ies in sculpture  suggest  t h a t  t h e r e  may be  a f f in i ty  with 
"Anasirenites" ar i s to te l i s  r\4ojsisovics, but not with t he  t ype  species of Anasi reni tes  (A. ekkehardi  
Mojsisovics), which has  la tera l  tuberculation.  The su tu re  l ine of "A." a r i s to t e l i s  resembles  t h a t  
of Pseudosirenites,  not t h a t  of Dis t ichi t idae  but in view of t h e  o the r  s imi lar i t ies  i t  s eems  
possible t h a t  "A." ar is to te l i s  may represent  a new genus linking Pseudosi reni tes  wi th  
Distichit idae.  

Composit ion of t h e  genus: Pleurodis t ichi tes  stotti n. sp., Arpadi tes  (Di t tmar i tes)  hindei 
Mojsisovics, D i t t m a r i t e s  t ra i l l i  Diener,  Ammoni t e s  lilli Giimbel (?), D i t t m a r i t e s  ex. gr. lilli 
(Cumbel) of Arkhipov (1974, pl. 16, fig. 3-6). 

Age and distribution: Middle Norian, Columbianus Zone, British Columbia,  Tethys;  Otapi r ia  
ussuriensis Zone, nor theas t  USSR. 



Pleurodis t ichi tes  s t o t t i  n. sp. 

P l a t e  17.1, f igures  15-1 7 

Figure  17.1 e 

Named fo r  D.F. S to t t ,  who discovered t h e  type  specimens. 

Regis tered  mater ia l :  Holotype, GSC 28921, pa ra type  GSC 28922, GSC locali ty 66027. 

Diagnosis: P leurodis t ichi tes  a t ta in ing a d iameter  of abou t  2 5  m m  with whorl height about  5 5  per 
cen t ,  width about  40 per cen t  and umbilical width about  10 per c e n t  of d i ame te r .  Ribs falcoid;  
on  t h e  phragmocone they b i furca te  on t h e  inner flank a t  a small  d i ame te r ;  near t h e  mid-flank a t  
la rger  d iameters ;  some  on t h e  body chamber  a r e  unbranched. Umbilical shoulder rounded, 
wi thout  tuberculation.  

Discussion: "Arpadi tes  (Dittrnarites)" hindei Mojsisovics is probably t h e  most closely re la ted  
species. It differs in having umbilical tuberculation.  

Family CY RTOPLEURITIDAE Diener 1925 

Genus Neohirnavati tes Tozer n. gen. 

Type species:  Hirnavati tes canadensis  McLearn, 1940, p. 115, p l a t e  3, f igure  3; 1960, p. 52, 
p l a t e  4, f igures 5a,  b. 

Diagnosis: Cyrtopleurit id like Hirnavati tes but smooth  in comparison, tubercula t ion  being 
reduced on t h e  body chamber ,  periodic umbilical, la tera l  and marginal nodes  being absent ,  
periodic external  e a r s  also absent and the  number of l a t e r a l  tubercle-spirals being 12  o r  less. 

Composit ion of t h e  genus: Neohirnavati tes canadensis  (McLearn), Hirnavat i tes  burlingi McLearn. 

Discussion: GSC 28877 (P la t e  17.1, f igures  23-25), a nearly complete ,  apparent ly  m a t u r e  
specimen,  shows t h e  c h a r a c t e r s  of t h e  t ype  species  b e t t e r  than t h e  holotype (McLearn,  1960, 
p l a t e  4,  f igures  5a, b), which preserves  t h e  body chamber ,  but l i t t l e  of t h e  phragmocone. The  
c lose  similari ty be tween t h e  body chambers  of GSC 28877 and t h e  holotype leaves  no doubt t h a t  
t h e  two  a r e  conspecific. The u l t ima te  par t  of t h e  phragmocone of GSC 28877 h a s  I I sp i ra ls  of 
t ube rc l e s  be tween t h e  umbilicus and t h e  ou te r  of t h e  two ventra l  rows t h a t  l ie each  side of t h e  
barely percept ib le  sulcus. Most of t hese  ribs bear  two spine bases, a f e a t u r e  not shown by t h e  
holotype on which t h e  comparable  par t  of t h e  shell is not preserved. At  this s t a g e  t h e  vent ra l  
spirals a r e  of c l ava t e ,  den t i cu l a t e  tubercles,  one  per rib, s epa ra t ed  f r o m  one  another.  This t ype  
of sculpture  c lear ly  indica tes  affinity with Hirnavatites. On t h e  body chamber  of GSC 28877 t h e  
l a t e r a l  spirals become  increasingly obscure  a t  t h e  ape r tu re  only e ight  rows a r e  barely percept ib le  
( a s  on t h e  holotype). Concurrent  with t h e  change  in l a t e r a l  sculpture  t h e  four  vent ra l  spirals 
c e a s e  t o  b e  d i sc re t e  clavi and a r e  replaced by more  or less evenly spaced denticles,  two  of which 
l ie a t  t h e  terminat ion  of e a c h  of t h e  imbr i ca t e  ribs. 

The type  species  of Hirnavat i tes  (H. watsoni  Diener), and also t h e  closely re la ted  species 
H. rnult iauritus McLearn, d i f f e r  f rom t h e  species  assigned t o  Neohirnavati tes in being much more  
prominently sculptured,  with large  periodic clavi (ears)  on t h e  outer  of t h e  two ventra l  spirals, 
l a rge  periodic nodes (umbilical ,  la tera l ,  marginal), and in having many more  l a t e r a l  tuberc le  
spirals (about  30 in H. watsoni,  about  20 in H. multiauritus).  Judging f rom t h e  s p e c ~ m e n  
identified a s  H. cf .  watsoni by McLearn (1960, p l a t e  4, f igure  71, which is a la rge  body chamber  
f r agmen t ,  rough, unchanged sculpture persists  on t h e  body chamber  of t r u e  Himavati tes,  another  
d i f f e r ence ,  in comparison with Neohirnavatites. 

Three  species of Hirnavati tes,  e ach  in i ts  own way, form links between the  type  species  of 
Hirnavat i tes  and t h a t  of Neohirnavatites. They a r e  Hirnavati tes hogar t i  (Diener) 
(Ta tz re i t e r ,  1978, p. 123, p l a t e  I ,  f igures  1, 2); H. colurnbianus P./lcLearn (McLearn,  1960, p. 51, 
p l a t e  5 ,  f igures  6, 7);  and H. indigiricus Rychkov (Bychkov and Polubotko, 1970, p. 118, t ex t -  
f igures  la-c).  Hirnavat i tes  hogar t i  ha s  numerous la tera l  spirals, like H. watsoni, but  lacks  large  
nodes and clavi,  in common with Neohirnavatites. As noted by Ta tz re i t e r  (1978, p. 123), 
Acanthini tes  excelsior Mojsisovics, known only f rom imper fec t  specimens,  is possibly conspecific 
with H imava t i t e s  hogarti .  Himavat i tescolumbianus  has  about t h e  s a m e  number of l a t e r a l  spirals 
a s  on t h e  phragmocone of Neohirnavati tes canadensis  but  has  la rge  periodic umbilical and  l a t e r a l  
nodes, in partial  conformity  with H. watsoni. Hirnavat i tes  indigiricus has  very few la tera l  spirals 
(eight or nine) on what  is probably t h e  body chamber  and would be  assigned t o  Neohirnavati tes 
were  i t  not for  t h e  f a c t  t h a t  it has periodic la tera l  nodes. Bychkov, i t  may be  noted,  regarded 
H. indigiricus a s  a subspecies of Neohirnavati tes canadensis  (Bychkov and Polubotko, 1970). A 
c a s e  might  b e  made  fo r  regarding these  t h r e e  species  a s  represent ing  a new genus, linking 
Hirnavat i tes  and Neohirnavatites, but for  t h e  t ime  being t h e y  a r e  re ta ined in Hirnavatites. 



"Hirnavatites" burlingi McLearn (See McLearn, 1960, p. 52, p l a t e  4, f igures  9a,  b), being 
wi thout  la rge  nodes and clavi, and having re la t ive ly  f e w  (about 10) spirals of la tera l  tubercles,  
clearly has  t h e  cha rac t e r  of Neohirnavati tes ra ther  than H i m a v a t i t e s  The specimens  of 
Neohimavat i tes  burlingi a r e  not complete ly  preserved but i t  would appear  t h a t  this species  
d i f f e r s  f r o m  N. canadensis  in having a more  prominently sculptured  body chamber ,  re ta in ing 
d is t inc t  l a t e r a l  spirals and ventral  clavi. 

Age and distribution: Middle Norian, Columbianus Zone, upper subzones, Pardonet  Format ion,  
British Columbia;  Heiberg Formation,  Axe1 Heiberg Island. 

As noted previously (Tozer,  1971, p. 1020) t h e  Columbianus Zone, a s  originally defined 
(Tozer ,  1965, p. 222; 1967, p_ 37) is amenable  t o  subdivision into a t  least  t h r ee ,  probably four 
subzones. Hirnavat i tes  rnu l t~au r i tu s  McLearn is r e s t r i c t ed  t o  t h e  basa l  subzone; H imava t i t e s  
columbianus t o  t h e  next higher; Neohimavat i tes  canadensis  and N. burlingi t o  t h e  upper subzone 
(or subzones). Recen t  work by Ta tz re i t e r  (1978) indicated tha t  divisions of t h e  Columbianus Zone 
a r e  of world-wide significance.  In Timor Ta tz re i t e r  has distinguished four subzones ( I - IV  in 
ascending order). Hirnavat i tes  watsoni  cha rac t e r i ze s  Subzone l, H. hogar t i  Subzone 11. 
Subzones l11 and IV  lack Himava t i t e s  and Neohimavat i tes  but have o the r  ammonoids  
(Steinmannites,  Alloclionites etc.)  t h a t  indicate corre la t ion  with t he  upper subzones of Canada. 
The dist inction between Himava t i t e s  and Neohimavat i tes  evidently serves  t o  cha rac t e r i ze  two 
major divisions of t h e  Columbianus Zone. 
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Group, northeastern Newfoundland; g Current Research, Part A,  Geological Survey of Canada, 
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Abstract 

The Davidsville Group for the most part lies unconformably upon the obducted Gander River 
ultramafic belt.  Where the ultramafic belt is absent, the base of the group can be arbitrarily defined 
within a continuous section as the lowest conglomerate horizon containing ultramafic debris. This 
definition implies that some units of the Gander Group - Davidsville Group sequence must be 
diachronous. The Davidsville Group unconformably underlies the Silurian Indian Islands Group west of 
Gander Bay. Regional correlation shows that the Indian Islands Croup is equivalent t o  the Botwood 
Group, and suggests that the Davidsville Croup is at  least partially equivalent t o  the Exploits Group. 
These correlations suggest that the northeastern part of the Dunnage zone must be broadly synclinal. 

T h e  supracrus ta l  rocks of nor theas tern  Newfoundland 
c a n  be  divided in to  four d is t inc t ive  units: a lower uni t  r ich in 
p sammi te  wi th  lesser amoun t s  of pe l i t e  and maf i c  igneous 
rocks (lower and middle Gander  Lake  Group of Jenness  
(1963)), an  allochthonous slab of ophioli te (Gander River 
u l t ramaf ic  belt  of Jenness  (19631, a unit  r ich in black pel i te  
(upper Gander Lake  Group of Jenness  (1963)), and an upper 
uni t  r ich in s i l t s tone  with basa l  cora l l ine  l imestone  (Botwood 
and Indian Island groups of Williams (1964)). Kennedy and 
McGonigal (1972a) noted t h a t  t h e  lower and middle Gander  
Lake Group commonly appeared t o  be  more  deformed and 
metamorphosed than t h e  upper par t .  On this basis they 
re-named t h e  upper pa r t  of t h e  Gander Lake Group t h e  
Davidsville Group. McGonigal (1973) and Kennedy (1975) 
completed  t h e  revision in terminology by proposing t h e  n a m e  
Gander  Group for  t h e  lower and middle pa r t s  of Jenness 's  
(1963) Gander  Lake  Group. The  in terpre ta t ion  a t t ached  by 
Kennedy and McGonigal (1972a) t o  t h e  dist inction between 
Gander and Davidsville groups has  been shown t o  be  
er roneous  (Pickeril l  e t  al., 1978a; Curr ie  e t  al., 1979). 
However, t h e  terminology is  useful, and has  become  
normat ive ,  desp i t e  considerable  controversy  (Jenness  1972; 
Bruckner 1972, 1978; Kennedy and McConigal 197213; 
Pickeril l  et al., 1978a, b). 

Kennedy and McGonigal (1972a) implicitly chose t h e  
Gander River u l t ramaf ic  be l t  t o  s e p a r a t e  t h e  Gander and 
Davidsville groups. The simplicity and ef fec t iveness  of this 
cr i te r ion  has  recent ly  been emphaskzed by Blackwood (1978). 
However,  th is  definit ion fa i l s  whe re  t h e  Gander  River  Belt  is  
absent ,  a s  i t  is  southeas t  of Island Pond (Fig. 18.1), h e r e  
called t h e  continuous succession,  and nor theas t  of t he  Shoal 
Pond Raf t .  Where t h e  sedimentary  record is  continuous 
(Curr ie  e t  al., 1979), some  o the r  cr i te r ion  must b e  chosen. 

The  s t ra t igraphic  record shows t h a t  emplacemen t  of 
t h e  obducted  Shoal Pond ophioli t ic s lab  was  immedia te ly  
followed by erosion and deposit ion of mafic,  u l t r amaf i c  and 
plagiogranite debris. Therefore  a workable, though arbi t rary ,  
c r i te r ion  for  t h e  base  of t h e  Davidsville Group can  be  
established by choosing t h e  stratigraphically lowest 
(Fig. 18.1) occu r rence  of c l a s t i c  rocks containing u l t r amaf i c  
o r  plagiogranite debr is  (F. Blackwood, personal communica-  
tion, 1976-79). The  a g e  of th is  base  has  been determined t o  
l ie  on t h e  Llanvirn-Llandeilo boundary by conodont 
assemblages f rom limestone immedia te ly  overlying u l t rabas ic  
rocks  (Blackwood 1978, Curr ie  e t  al., 1979). 

Although this definit ion of t h e  base  of t h e  Davidsville 
Group ( top  of t h e  u l t r amaf i c  be l t  o r  lowest c l a s t i c  uni t  
containing u l t r amaf i c  and associa ted  debris)  is  cer ta in ly  
workable f r o m  Ragged Harbour southwest  t o  Weirs Pond, i t  
conta ins  a number of potent ia l  problems. Fi rs t ,  within t h e  
continuous succession southeas t  of Island Pond, sediments  
containing t h e  u l t ramaf ic  and associa ted  debris lie below a 
thinly bedded g rey  s la te-s i l t s tone  unit  and above a redbed 
unit. A f ew ki lometres  t o  t h e  southwest,  however,  t h e  debr is  
l ies  within t h e  redbed unit ,  and 15 k m  fa r the r  t o  t h e  south- 
wes t  on t h e  Gander-Gander Bay highway, t h e  redbeds l ie  
above  t h e  ophioli t ic rocks and the i r  debris. This s t ra t igraphic  
succession is t h e  product of a t  leas t  two  sepa ra t e  
sedimentary  dispersal  pa t terns ,  one  due  t o  normal t ranspor t  
of sediment  down t h e  cont inenta l  s lope  and t h e  o the r  
represent ing  debr is  shed f rom local topographic highs 
composed of Gander  River  ophioli t ic rocks. The  foregoing 
observations show t h a t  one  o r  both  of t h e  result ing 
sedimentary  b lankets  must be  slightly diachronous. Hence,  
t h e  s a m e  lithologic unit (redbeds) can  be  found in d i f ferent  
positions re la t ive  t o  t h e  obducted slabs and derived debris. 
Hence, t h e  s a m e  lithologic uni t  fal ls  in to  t h e  Gander or 
Davidsville Group, depending on i t s  location. A fu r the r  
d i f f icul ty  ar ises  where  t h e  obducted plates,  o r  derived debris, 
a r e  complete ly  absent ,  a s  they a r e  in southern  Newfoundland 
where  Gander-type lithologies pass gradationally in to  
Davidsville-type lithologies (Coleman-Sadd, 1978). Despi te  
s imi lar i t ies  t o  t h e  continuous sec t ion  south of Island Pond, 
d i f f e r en t  terminology is required. These  d i f f icul t ies  
emphasize  t h e  nomencla tura l  problems introduced by 
allochthonous slices. 

The top  of t h e  Davidsville Group is spectacular ly  
exposed along t h e  west  coas t  of Gander  Bay, and on islands 
nea r  Dog Bay Point (Fig. 18.2). An angular unconformity 
occu r s  be tween black pel i te  of t h e  Davidsville Group and a n  
overlying grey  s i l t s tone  rich in l imestone  lent ic les  containing 
Favosites,  crinoid debr is  and unidentifiable so l i ta ry  corals.  
The s t a t e  of deformat ion of t h e  younger rocks  var ies  f rom 
almost  complete ly  undeformed, through sha t t e r ed ,  t o  
intensely s t r e t ched  and folded, but deformat ion is always less 
than t h a t  in t h e  underlying pel i te  beds where  t h e  two  can  be  
observed in c lose  proximity. The m a p  pa t t e rn  shows t h a t  t h e  
unconformity must  be  folded with wave  lengths  varying 
upward f rom a f e w  hundred metres .  

' Depar tmen t  of Geology, University of New Brunswick, Freder ic ton,  N.B. E3B 5A3  
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Figure 18.1. Generalized map o f  northeastern Newfoundland 
showing the relationship of the Gander, Davidsville and Botwood 
groups (Geology in part adapted from Williams, 1964; McCann 
and Kennedy, 1974; Currie et al., 1979). 

The  r ecen t  recognition and t rac ing of t h e  unconformity 
pe rmi t s  t h e  possible in terpre ta t ion  of a number  of o t h e r  
geological  f ea tu re s  of th is  region (Fig. 18.1). The youngest  
fossils recovered f rom t h e  Davidsville Group a r e  of Ca radoc  
a g e  (Bergstrom et al., 1974). Fossils recovered f rom t h e  
overlying l imestone lenses have  been repor ted  t o  be  of 
Llandoverian a g e  (Williams, 1972). Since t h e  Davidsville 
Group was  deformed,  and t h e  sedimentary  environment  
changed f rom deep  wa te r  turbidit ic,  t o  shallow wa te r ,  s t ab l e  
shelf during t h e  t i m e  in terval  represented  by t h e  
unconformity,  i t  s eems  probable t h a t  t h e  unconformity i s  of 
major  significance and probably r ep re sen t s  much of Ashgill 
t ime. Some deformat ion of t h e  Davidsville Group, therefore ,  
mus t  b e  of th is  a g e  (Taconic). 

On t h e  wes t  s ide  of t h e  harbour a t  P o r t  Albert ,  a 
d iamict i te ,  in terpre ted  a s  g lac iomar ine  in origin by McCann 
and Kennedy (1974), is overlain disconformably by s i l t s tone  

with fossil iferous ( F a v o s i t e s )  l imestone  lenticles.  The l a t t e r  
is overlain by an  ignimbrite unit  maped by Williams (1964) a s  
pa r t  of t h e  Botwood Group. Because of t h e  presence  of t h e  
ignimbrite,  t h e  surrounding units were  included in t h e  
Botwood Group, al though they a r e  identical  t o  mater ia l  on 
t h e  west  side of Gander Bay mapped by Williams (1964) a s  t h e  
Indian Island Group. Our observations strongly suggest  t h a t  
t h e  Botwood and Indian Island groups a r e  indistinguishable. 

Williams (1967, p. 104) suggested t h a t  Silurian rocks  l ie 
unconformably upon t h e  Davidsville Group south  of Gander  
Bay. We believe th is  relation t o  b e  impossible in t h e  sec t ions  
observed by us, because  t h e  sedimentary  environments  of t h e  
two groups appear  totally d i f ferent .  The Davidsville Group 
was marked by deep wa te r  turbid i te  and ol i s tos t rome 
format ion throughout all  of i t s  l a t e r  development  
(Pajar i  e t  al., 1979). The Silurian rocks conta in  wind-derived 
millet  seed qua r t z  grains,  co ra l  colonies and o the r  f ea tu re s  
suggestive of stable,  shallow w a t e r  deposition. We suggest  
th is  change  was  n o t  gradat ional  bu t  resul ted  f rom t h e  c losure  
of t h e  Iapetus Ocean, and stabil ization of t h e  collapsed 
sedimentary  prisms a s  s t ab l e  shallow wa te r  t o  subaerial  
shelves. On our  model this collapse and s tabi l iza t ion  took 
place  in l a t e  Ordovician (Caradoc-Ashgill) t ime. 

The Dunnage Mklange strongly resembles  mklange 
horizons within t h e  Davidsville Group (Pajar i  e t  al., 1979). 
Hibbard and Williams (in press) showed t h a t  t h e  Dunnage 
Mklange forms pa r t  of t h e  Exploits Group. The probability is  
t he re fo re  high t h a t  t h e  Davidsville Group is, in par t ,  
equivalent  t o  t h e  Exploits  Group, and t h a t  t h e  nor theas tern  
pa r t  of t h e  Dunnage Zone has  a broadly synclinal  s t ruc ture .  
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Figure 18.2. Preliminary map of the distribution o f  Ordovician and Silurian strata on the west side of Gander Bay. 
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Abstract 

Bedford Hill is composed of a dacitic dome and overlying andesitic flows, interpreted to be part 
of the Amulet rhyolite formation. The rocks contain stringers rich in chalcopyrite and a re  
hydrothermally altered. Alteration is concentrically zoned in the dacite with an inner core of intense 
chlorititation along fractures  in a zone of pervasive chloritization, in turn enclosed by.an incomplete 
zone of sericitic alteration in spots and fractures. Silicification in the andesite was overprinted by 
chloritic spots in breccia-dykes and other highly permeable areas. Chalcopyrite, pyrite and minor 
sphalerite occur a s  stringers in irregular f ractures  in dacite. Pyrite and sphalerite occur in the 
matrix of fragmental andesite and in permeable andesitic vitrophyre and perlite. 

The stringer mineralization and alteration a t  Bedford Hill a re  interpreted to  be features  typical 
of volcanogenic base metal deposition resulting from effects  of an active hydrotherrnal system in a 
dacitic dome with activity continuing a f te r  deposition of the overlying andesite. 

Copper mineralization a t  Bedford Hill was discovered in 
the early 1920s and the area was subsequently trenched and 
drilled by several mining companies. The area has been 
mapped by Lewis (1975), and Sethuraman (personal 
communication from W. Hogg, Noranda M~nes  Ltd.). The 
volcanic rocks a re  interpreted to  be part of the Amulet 
rhyolite formation, bounded on the north and west by the 
Flavrian Lake granitic complex (Goldie, 1976) and on the east  
by complexly faulted rocks of the Amulet rhyolite formation 
(Cornba, 19771, as  shown in Figure 19.1. Recent mapping of a 
section of Amulet rhyolite formation southwest of Bedford ' 
Hill has shown that  its lower member is a rhyolitic flow-dome 
and the upper member, silicified andesite flows 
(Comba, 1977; Cibson, 1979; Gibson and Watkinson, 1979). 
The formation was interpreted to  be the third of five 
episodes of felsic volcanism in the Noranda camp (Spence and 
de Rosen-Spence, 1975). The third zone of "rhyolitic" 
activity underlies many important economic copper-zinc 
deposits, three of which a re  within 3 km of Bedford Hill. 
These deposits have been recognized a s  volcanogenic 
(Gilrnour, 1965) with massive sulphide lenses overlying 
alteration pipes with contained stringer mineralization. The 
alteratioll pipes a re  interpreted as  conduits for hydrothermal 
fluids. Cornba (1977) and Lewis (1975) suggested that  the  
Cu-rich and altered rocks a t  Bedford Hill'may have been a 
stringer zone underlying a massive sulphide body that  is not 
evident because of erosion or faulting. An evaluation of t h e  
mineralization by Falconbridge Copper Limited geologists 
indicated that  92 000 tons of 0.89% Cu might be recoverable 
by open pit. 

The Bedford Hill rocks apparently represent the upper part of 
the lower Amulet rhyolite and the lower part of the  upper 
Amulet rhyolite. 

The most intensely altered and mineralized unit is a 
dacitic dome which extends from the westernmost edge of 
the map area to a point near the eastern edge (Fig. 19.2). It 
is quartz-amydaloidal, spherulitic and has rare plagioclase 
phenocrysts pseudomorphed by a mosaic of quartz. No quartz 
phenocrysts were observed. Amygdules a re  flattened and a re  

Detailed mapping of Bedford Hill was undertaken during 
the summer of 1979 t o  determine relationships between the  
volcanic stratigraphy, hydrothermal alteration and Cu 
mineralization. Petrographic and chemical studies a r e  in 
progress. 

Geology of Bedford Hill 

The two members of the Amulet rhyolite formation 
recognized by Cornba (1977) and Gibson (1979) in the 
Turcotte Lake area may also be distinguished a t  Bedford Hill. Figure 19.1. Geology of the central part of the Noranda 
However, the complete section from basal Beecham breccia area,  a f te r  Spence and de Rosen-Spence (19751, with s t a r  
t o  silicified conformable breccias a t  the top is not exposed. showing location of Bedford Hill. 

'Department of Geology, Carleton University, Ottawa, Canada. 
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Figure 19.2. Geology of volcanic rocks a t  Bedford Hill. 

locally concentra ted  in planes of inconsistent orientation, The pillowed andesi te  is overlain by flows of massive, 
probably re la ted  t o  flow banding. Spherulites may form up t o  porphyrit ic andesite.  In t h e  southeas tern  corner  of t h e  map  
30 per c e n t  of t h e  rock. They a r e  complete ly  recrystall ized a rea  these  a r e  c u t  by silicified breccia  dykes. The best  
t o  aggregates  of ser ic i te ,  qua r t z  and feldspar. Most of t h e  exposed body is pipelike and plunges 030°a t  40'. Similar 
primary t ex tu res  in t h e  dac i t e  have been obl i tera ted  by breccia  dykes were  described by Gibson (1979) near  t h e  top of 
recrystall ization and a l tera t ion.  t h e  upper Amulet rhyolite. 

Overlying t h e  dac i t e  a r e  andesi t ic  flows and f ragmental  
units. The lowermost of t hese  is a flow banded, 
amygdaloidal, porphyritic, locally vitrophyric and perli t ic 
andesi te  t h a t  has been variably silicified. I t  is exposed in 
t h e  north and south of t h e  map area .  The position of t h e  
southern con tac t  of this andesi te  and dac i t e  was difficult  t o  
del ineate  within severa l  metres ;  this is  due  in par t  t o  
irregular erosion of t h e  con tac t  surface  and also to  intrusion 
of a spherulit ic dyke a t  t h e  con tac t .  The zone of con tac t  of 
t h e  dac i t e  and andesi te  in t h e  cen t r a l  pa r t  of t h e  map  a r e a  is 
marked by a silicified, andesit ic breccia  angular silicified 
f ragments  s e t  in a fine grained f ragmental  matrix.  The 
matr ix  contains as much a s  50 per c e n t  pyr i te  and 3 per c e n t  
sohalerite.  

Pyrite-Chalcopyrite-Sphalerite Mineralization 

Irregular s t r inger  and f r a c t u r e  sys tems occur  in t h e  
dacite.  Trenching f rom ear ly  exploration work has displaced 
much of the  mineralized rocks f rom i ts  original position; 
however, t h e  general  eas t -west  t rend of t h e  t renches  appears  
t o  r e f l ec t  t h e  gross or ienta t ion of a f r a c t u r e  system con- 
taining t h e  mineralized mater ia l .  Sulphides present a r e  
pyrite,  chalcopyrite and sphaler i te  in order  of decreasing 
abundance. Fractur ing is most  intense in t h e  trenched a reas  
and a random orientation of t h e  f r ac tu res  is evident.  The 
dac i t e  also conta ins  2 - 3% disseminated pyr i te  and pyr i te  in 
amygdules. 

In t h e  overlying andesi t ic  flows, pyr i te  is  t h e  most 
~n isolated outcrop of pillowed andesi te  is exposed abundant sulphide and sphalerite is more  abundant than above t h e  lowermost silicified andesit ic flows. It has a chalcopyrite. Sphalerite is disseminated in the matrix of the 

general  northwesterly trend and 30" eas ter ly  dip- This unit, fragmental andesite and is rarely present in stringers with 
t h e  ~ e d f o r d  andesite,  may represent  an  ~ r o s i o n a l  m - f ~ n a n t  of pyr i te  and chaJcopyrite. Pyr i te  occurs in amygdules and a s  a once  more continuous pillowed flow or may be  an isolated disseminations in  the massive rocks; i t  forms as much as 
flow filling a topographic depression in t h e  top of t h e  lower Q0 per cent of the perlitic andesite. 
Amulet rhyolite (Comba, 1977). 
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1-1 Pervas ive  c h l o r i t i r a t i o n  

Figure 19.3. H y d r o t h e r m a l  a1 t e r a  t ion of v o l c a n i c  r o c k s  a t  Bedford Hill. 

Near  t h e  c o n t a c t  of t h e  d a c i t i c  d o m e  and  t h e  over ly ing  
a n d e s i t i c  f lows ,  c o n f o r m a b l e  pods of mass ive  p y r i t e  w e r e  
found.  Angular ,  a l t e r e d  vo lcanlc  f r a g m e n t s  of possible 
t u f f a c e o u s  origin o c c u r  in s o m e  pods. T h e s e  mass ive  p y r i t i c  
pods m a y  r e p r e s e n t  s m a l l  a r e a s  of d i s c h a r g e  f o r  h y d r o t h e r m a l  
so lu t ions  a t  o r  n e a r  t h e  seaf loor .  

H y d r o t h e r m a l  Al te ra t ion :  C h l o r i t i z a t i o n ,  Ser ic i t i za t ion ,  
S i l ic i f ica t ion  

A l t e r a t i o n  a t  Bedford  Hill o c c u r s  in t h r e e  main  s t y l e s ;  
pervas ive  a l t e r a t i o n ,  a l t e r a t i o n  a long  f r a c t u r e s  and  s p o t t e d  
a l t e r a t i o n .  

Pervas ive  a l t e r a t i o n  is  b e s t  exempl i f ied  in t h e  c h l o r i t i c  
a l t e r a t i o n  z o n e  (Fig.  19.3). S o m e  th in  s e c t i o n s  c o n t a i n  a s  
m u c h  a s  60  per  c e n t  c h l o r i t e ,  bu t  l a r g e  a r e a s  in t h e  f ie ld  
a p p e a r e d  e v e n  m o r e  ch lor i t i c .  

The  m o s t  i n t e n s e  a l t e r a t i o n  is in t h e  c e n t r a l  p a r t  of t h e  
d a c i t i c  unit .  T h e  rock  h e r e  is highly f r a c t u r e d  and  m a r k e d  by 
near ly  c o m p l e t e  ch lor i t i za t ion .  This h a s  produced  a 
pseudobrecc ia ,  a s  t h e  u n a l t e r e d  a r e a s  f o r m  rounded 
" f ragments"  in t h e  c h l o r i t i c  zone .  T h e  in tense ly  a l t e r e d  rock  
f o r m s  a th in  band ,  a b o u t  5 m wide  and  2 5  m long. Less  
i n t e n s e  bu t  pervas ive  c h l o r i t e  a l t e r a t i o n  e x t e n d s  25 t o  100 m 
beyond t h i s  c e n t r a l  c o r e .  

S e r i c i t i c  a l t e r a t i o n  in a f r a c t u r e  s y s t e m  o c c u r s  in 
d a c i t e  and  a n d e s i t e  a s  a z o n e  a round t h e  pervas ive  c h l o r i t e  
zone .  S e r i c i t e  (and q u a r t z )  in f r a c t u r e s  h a s  produced  a 
boxwork p a t t e r n  (Fig.  19.4a) o r  f o r m e d  a long  i so la ted  
f r a c t u r e s .  

In t h e  a n d e s i t e  t o  t h e  n o r t h  a n d  s o u t h  of t h e  d a c i t i c  
d o m e ,  t h e  p r e d o m i n a n t  a l t e r a t i o n  is s i l i c i f ica t ion .  C a r b o n a t e  
and  e p i d o t e  in t h e  a n d e s i t e  a n d  e p i d o t e  in th in  ve ins  and  
a m y g d u l e s  a r e  probably  a l s o  p r o d u c t s  of h y d r o t h e r m a l  
a l t e r a t i o n .  

S o m e  s e r i c i t e  a l t e r a t i o n  o c c u r s  a s  low-weather ing  ovoid 
t o  c i r c u l a r  s p o t s  of var iab le  d i a m e t e r .  In t h e  f ie ld  t h e  s p o t s  
a r e  d i f f i c u l t  t o  dist inguish f r o m  spheru l i tes .  In m a n y  c a s e s  
s p h e r u l i t e s  a r e  m a n t l e d  by a s o f t ,  g r e y  r im,  a c c e n t u a t i n g  
t h e i r  s i z e .  T h e s e  s p o t s  a r e  e n r i c h e d  in mixed  s e r i c i t e  a n d  
q u a r t z  and d e p l e t e d  in c h l o r i t e ,  r e l a t i v e  t o  t h e i r  m a t r i x .  
They  a p p e a r  t o  h a v e  f o r m e d  w h e r e  t h e  p r o d u c t s  of 
h y d r o t h e r m a l  a l t e r a t i o n  n u c l e a t e d  on e a r l i e r  f o r m e d  
s t r u c t u r e s  such  a s  spheru l i tes .  

S e r i c i t e - q u a r t z  c o n c e n t r a t i o n s  a l s o  o c c u r  in e l o n g a t e d  
la th-shaped  a r e a s  in a c h l o r i t i c  m a t r i x .  T h e s e  a r e a s  a r e  
s imi la r  t o  t h e  ovoid s p o t s  bu t  may b e  pseudomorphs  now 
composed  of s e r i c i t e  + q u a r t z  + chlor i te .  



Figure 19.4. 

Altered andesitic rocks a t  Bedford Hill. 

Sericite and quartz along boxwork fractures in 
andesite.  Apparent chloritic spots within 
boxwork. 

Silicif ied andesitic breccia-dyke. Chloritic 
porphyroblasts af ter  chlorite alteration. 

Detail of Figure 19.4b showing apparent fracture 
control on chloritic spots in fragments  and 
matr ix .  



C h l o r i t i c  a l t e r a t i o n  a l so  o c c u r s  a s  s p o t s  w i t h  i r regular  
t o  polygonal  ou t l ines  in a n d e s i t e .  Spots  w i t h  i r regular  s h a p e s  
o c c u r  in f low banded v i t rophyr ic  a n d e s i t e  and a r e  
super imposed  o n  t h e  si l icif ied,  v i t r o p h y r i r  t e x t u r e s .  In t h i n  
s e c t i o n ,  t h e y  a r e  c h a r a c t e r i z e d  by s l igh t ly  c o a r s e r  g r a i n  s i z e  
and  h igher  c h l o r i t e  c o n t e n t  t h a n  t h e  enc los ing  rock.  

Within and  c l o s e  t o  t h e  a n d e s i t i c  b r e c c i a  d y k e s  in t h e  
s o u t h e a s t  c o r n e r  of t h e  m a p  a r e a ,  c h l o r i t i c  s p o t s  h a v e  
r e c t a n g u l a r  t o  s q u a r e  outl ines.  These  s p o t s  o c c u r  in t h e  
si l icif ied f r a g m e n t s ,  in t h e  m a t r i x  t o  t h e  f r a g m e n t s  a n d  
wi th in  t h e  m a s s i v e  a n d e s i t e  a d j a c e n t  t o  t h e  b r e c c i a  d y k e s  
(Fig.  19.4b). T h e  d is t r ibu t ion  of  t h e s e  c h l o r i t i c  s p o t s  a p p e a r s  
t o  be cont ro l led  by f r a c t u r e s  (F ig .  1 9 . 4 ~ )  and  by p r i m a r y  
p e r m e a b i l i t y  in  t h e  f r a g m e n t a l  dykes .  The  e u h e d r a l  ou t l ines  
of t h e s e  s p o t s  s u g g e s t  t h e y  w e r e  porphyroblas t s  f o r m e d  f r o m  
c h l o r i t i c  a l t e r a t i o n  a long  f r a c t u r e s  t h a t  a r e  now c h l o r i t i c  
pseudomorphs .  A possible s o u r c e  of h e a t  f o r  t h e  
m e t a m o r p h i s m  IS t h e  F lavr ian  L a k e  g r a n i t i c  c o m p l e x  which  
o u t c r o p s  300 m f r o m  t h i s  loca t ion ,  and  under l ies  Bedford Hill 
at a b o u t  200 m (Comba,  1977). 

T h e  t w o  t y p e s  of  c h l o r i t i c  s p o t s  d i scussed  h e r e  a r e  b o t h  
super imposed  on  s i l i c i f ied  p r i m a r y  t e x t u r e s  in t h e  a n d e s i t e .  
This i n d i c a t e s  t h a t  s i l i c i f ica t ion  took  p l a c e  b e f o r e  t h e  main  
h y d r o t h e r m a l  a l t e r a t i o n  but  t h e  g e n e t i c  re la t ionsh ip  of t h e  
t w o  p r o c e s s e s  is n o t  c l e a r .  

An a p p a r e n t  c h l o r i t i c  s p o t t i n g  is  p roduced  in s i l i c i f ied  
a n d e s i t e  as a r e s u l t  of t h e  s i l i c i f ica t ion  process.  I r regular ly  
shaped  c h l o r i t i c  s p o t s  w e r e  produced  in a s i l icif ied 
groundmass .  In s o m e  a r e a s ,  however ,  f r a c t u r e - c o n t r o l  of t h e  
s i l i c i f ica t ion  is  a p p a r e n t  and  t h e  c h l o r i t e  s p o t s  a r e  a c t u a l l y  
unsi l icif ied r e l i c t s  of t h e  or ig ina l  rock.  

Discussion and Conclus ions  

An e a r l y  a l t e r a t i o n  e v e n t  in t h e  Bedford Hill r o c k s  w a s  
p e r v a s i v e  s i l i c i f ica t ion  of t h e  a n d e s i t e  over ly ing  t h e  d a c i t i c  
d o m e .  A l t e r a t i o n  of vo lcan ic  g lass  t o  c h l o r i t e  c o u l d  r e l e a s e  
s i l i ca  and  a l s o  c a u s e  v o l u m e  r e d u c t i o n  (Gibson a n d  
Watkinson,  1979). D a c i t i c  and  a n d e s i t i c  g l a s s  m a y  t h u s  h a v e  
b e e n  t h e  s o u r c e  of s i l i ca  f o r  s i l i c i f ica t ion  of t h e  a n d e s i t e  in 
d i s c h a r g e  channels .  The  p e r m e a b i l i t y  produced  by t h e  
vo lume r e d u c t i o n  in  t h i s  t r a n s f o r m a t i o n  probably  c o n t r i b u t e d  
a m a j o r  p a r t  of t h e  p e r m e a b i l i t y  n e c e s s a r y  f o r  t h e  p a s s a g e  of 
h y d r o t h e r m a l  f lu ids  t h r o u g h  t h e  v o l c a n i c  pile. 

Si l icif ied b r e c c i a  dykes  and pipes c r o s s c u t t i n g  t h e  
a n d e s i t e  m a y  r e p r e s e n t  d i s c h a r g e  c o n d u i t s  f o r  so lu t ions  
respons ib le  f o r  s i l i c i f ica t ion  a s  proposed by Gibson (1979). 
T h e  p e r m e a b i l i t y  produced  dur ing  b r e c c i a t i o n  m i g h t  a l s o  h a v e  
f a c i l i t a t e d  t h e  passage  of l a t e r  h y d r o t h e r m a l  so lu t ions  as 
would b e  requi red  by t h e  p r e s e n c e  of c h l o r i t i c  s p o t t i n g  in o n e  
of t h e  b r e c c i a  dykes .  

The  pipe-shaped n a t u r e  of t h e  a l t e r a t i o n  z o n e s  m a y  b e  
i n f e r r e d  f r o m  t h e  roughly c o n c e n t r i c  d i spos i t ion  of t h e  
s e r i c i t e  a l t e r a t i o n .  a b o u t  t h e  c h l o r i t i c  a l t e r a t i o n  z o n e  
(Fig. 19.3) wi th in  t h e  d a c i t i c  dome.  If t h e  a l t e r a t i o n  z o n e  
original ly f o r m e d  v e r t i c a l l y  b e n e a t h  essen t ia l ly  hor izonta l  
vo lcan ic  r o c k s  on  t h e  s e a f l o o r  t h e n  i t  probably now plunges 
a p p r o x i m a t e l y  6 0 ° t o  t h e  s o u t h w e s t  a s  i n f e r r e d  f r o m  t h e  
a l t i t u d e  o b t a i n e d  f o r  t h e  over ly ing  pi l lowed andes i te .  

H y d r o t h e r m a l  a l t e r a t i o n  is m o s t  i n t e n s e  wi th in  t h e  
d a c i t i c  d o m e  w h e r e  p r i m a r y  t e x t u r e s  h a v e  been  v i r tua l ly  
d e s t r o y e d  o r  o v e r p r i n t e d  by t h e  a l t e r a t i o n .  S o m e  c h l o r i t i c  
s p o t t i n g  is  a l s o  p r e s e n t  in loca l ized  a r e a s  of high 
p e r m e a b i l i t y  in t h e  over ly ing  a n d e s i t e ,  bu t  t h e r e  t h e  
d o m i n a n t  a l t e r a t i o n  is  e a r l i e r  s i l i c i f ica t ion .  P r i m a r y  f e a t u r e s  
of t h e  a n d e s i t e  such  a s  v i t rophyre ,  t u f f - b r e c c i a  and  
m i c r o l i t e s  h a v e  b e e n  si l icif ied b u t  t h e  t e x t u r e s  a r e  preserved .  
Because  t h e  m o s t  i n t e n s e  a l t e r a t i o n  is  below t h e  d a c i t e -  
a n d e s i t e  c o n t a c t ,  a n y  s ign i f ican t  su lphide  m i n e r a l i z a t i o n  
m i g h t  b e  e x p e c t e d  a t  t h e  c o n t a c t .  T h e  p r e s e n c e  of s i l i c i f ied  
b r e c c i a  d y k e s  a n d  a s s o c i a t e d  c h l o r i t i c  a l t e r a t i o n  in t h e  
over ly ing  a n d e s i t e  i n d i c a t e s  t h a t  a h y d r o t h e r m a l  s y s t e m  
e x i s t e d  in t h e  a n d e s i t e  a l s o  and  f lu ids  could h a v e  depos i ted  
sulphide m i n e r a l s  a t  s t r a t i g r a p h i c  leve ls  a b o v e  a n d e s i t e  
exposed  at Bedford  Hill. 
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Chandler, F.W., Charbonneau, B.W., Ciesielski, A., Maurice, Y .T. ,  and White, S., Geological studies of 
the Late Precambrian supracrustal rocks and underlying granitic basement, Fury and Hecla Strait 
area, Baffin Island, District o f  Franklin; - in Current Research, Part A, Geological Survey of Canada, 
Paper 80- lA ,  p. 125-132, 1980.  

Abstract 

For about 150 km  along the north shore of  Fury and Hecla Strait, and extending up t o  50 km  
inland lies a belt of  mainly clastic sedimentary rocks. This unmetamorphosed Helikian and/or 
Hadrynian sequence, about 6000 m thick, is divided into five conformable units, described in 
ascending stratigraphic order. The lowest unit consists o f  red sandstone and shale with minor quartz- 
pebble conglomerate and stromatolitic dolomite passing up into white quartzite, The second unit 
consists of a coarsening-upward sequence o f  red shale and sandstone, with black shale and 
stromatolitic dolomite at  i ts  base. A westward-thinning pink quartzite unit is followed by a 
varicoloured sandstone-shale unit, transitional into a black shale unit. Both alluvial and marine 
depositional environments are represented in the sediments, and paleocurrents flowed broadly 
westward. Deformation is limited to faulting and gentle southward tilting. 

Lying nonconformably beneath the sedirnents are granitic and gneissic rocks of Archean and/or 
Aphebian age. .Mapping, concentrated about two large radiometric anomalies situated in the east and 
west of the area, showed them t o  be broadly coincident with weakly-deformed pink biotite- 
hornblende granite, cut by granitic pegrnatite. The granite, present as a batholith in the east, is also 
present as smaller bodies in the west. The eastern granite is margined by pre- to syntectonic 
porphyritic monzonite(?) that cuts widespread surrounding mesocratic tonalitic gneiss. A thick 
sequence o f  orthogneiss and paragneiss, partly of sedimentary origin in the western area is varied in 
composition and fabric. Deformation in both areas is intense except in the case of  the granite and 
pegmatite. Geochronological and paleomagnetic studies of  these rocks are in progress. 

Ground radiometric and geochemical analyses show that the two previously discovered large 
uranium-thorium radiometric anomalies are caused by underlying pink basement granite. Whereas 
surrounding gneisses and late Precarnbrian supracrustal rocks give a weak radioactive response. 
Proximity o f  the anomalies to  an Early Helikian(?) unconformity is significant for mining exploration. 
A core zone and some other locations within the eastern granite batholith are considerably more 
radioactive than the bulk o f  the body. Uranium and thorium concentrations are also present in 
pegmatite bodies, filling shear zones in the basement near and within the Proterozoic sediments and 
associated with quartz-pebble conglomerate in the sediments. 

In t roduc t ion  T h e  s u p r a c r u s t a l  r o c k s  w e r e  s tud ied  by F. Chandler ,  
In 1979  a mult idiscipl inary s t u d y  of L a t e  Precambrian A- Legun,  B- Za i t l in ,  Q. Gall ,  a n d  G. ~ r i e s b a c h .    he 

sedimentary rocks and nearby sub,acent gne iss  of the b a s e m e n t  r o c k s  w e r e  e x a m i n e d  by A. Ciesielski ,  J. I\Aaley, 
c h u r c h i l l  province was undertaken in  the region of and J .  M a c v a n u s ,  and  R. Chr i s t ie .  R a d i o m e t r i c  s t u d i e s  w e r e  
Hecla S t r a i t .  The  s e d i m e n t a r y  rocks  w e r e  e x a m i n e d  a s  p a r t  c a r r i e d  o u t  by 0.w. C h a r b o n n e a u ,  G. Bernius,  K. ~ o r d ,  and  
of a continuing ~ ~ ~ l ~ ~ i ~ ~ l  survey of c a n a d a  study of R. Shives,  a n d  g e o c h e m i c a l  work by Y.T. R~laurice 2nd 
redbeds.  T h e  s t u d y  of  t h e  b a s e m e n t  r o c k s  will c o n t r i b u t e  t o  M- Wadleigh. and redbeds were 

a n  i n t e r n a t i o n a l  s t u d y  of g r a n i t e s ,  jointly sponsored  by t h e  paleomagnetic study by S. White and 
Nuclear  Energy  Agency  (N.E.A.) and  t h e  I n t e r n a t i o n a l  A t o m i c  H.C. Palmer. Organizat ion was handled F.'v- 
Energy Agency  (I.A.E.A.). T h e  a i m  o f  t h i s  s tudy  is t o  and R. Senneville at  base camp. 

es tab l i sh  c r i t e r i a  t h a t  will he lp  r e c o g n i z e  g r a n i t o i d s  l ikely t o  The  f ield season  las ted  th rough Ju ly  and  t h e  f i r s t  half 
c o n t a i n  e c o n o m i c  minera l iza t ion ,  p a r t i c u l a r l y  u r a n i ~ m  o f  August .  A Twin  O t t e r  a i r c r a f t  f r o m  Bradley  Ai r  S e r v i c e s  
minera l iza t ion .  w a s  used f o r  t r a n s p o r t i n g  f u e l  a n d  equipment .  A Bell J e t  

The  a r e a  is  of p a r t i c u l a r  i n t e r e s t  b e c a u s e  t h e  
nonconformi ty  s e p a r a t i n g  t h e  s e d i m e n t a r y  rocks  and gne iss  i s  
broadly s i m i l a r  in a g e  t o  t h e  sub-Athabasca  n o n c o n f o r m i t y  of 
S a s k a t c h e w a n  - o n e  s o  p r o d u c t i v e  of u ran ium.  Added  
i m p e t u s  c a m e  f r o m  i d e n t i f i c a t i o n  of l a rge-sca le  r a d i o m e t r i c  
uran ium a n d  t h o r i u m  a n o m a l i e s  (Fig. 20.2) in t h e  g n e i s s  
a d i a c e n t  t o  t h e  nonconformi ty  a s  a resu l t  of t h e  C a n a d i a n  
Uranium R e c o n n a i s s a n c e  Program.  R e c e n t  geologica l  work  
in t h e  a r e a  inc ludes  t h a t  of Blackadar  (1958) and 
Blackadar  et al. (1968a,  b). B l a c k a d a r  (1970) s u m m a r i z e d  
e a r l y  work. 

R a n g e r  206H h e l i c o p t e r  -from 0 k a n a g a "  H e l i c o p t e r s  Ltd .  
provided daily t r a n s p o r t  of personnel .  T h e s e  a i r c r a f t s  w e r e  
c h a r t e r e d  th rough t h e  Polar  C o n t i n e n t a l  Shelf  P r o j e c t  of t h e  
D e p a r t m e n t  of Energy,  Mines and Resources .  Logis t ica l  
s u p p o r t  w a s  a l s o  g iven  by Dr. Andr i s  R o d e  of t h e  E a s t e r n  
A r c t i c  R e s e a r c h  L a b o r a t o r y  of  t h e  D e p a r t m e n t  o f  Indian a n d  
N o r t h e r n  A f f a i r s  a t  Igloolik a b o u t  l 5 0  km t o  t h e  s o u t h e a s t .  

R e s o u r c e  Geophys ics  and  G e o c h e m i s t r y  Division 
P r e c a m b r i a n  Geology  Division 
G r a d u a t e  S t u d e n t ,  D e p a r t m e n t  of  Geophysics,  I!niversity of  Wes te rn  O n t a r i o  
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Geology of t h e  Supracrus ta l  Rocks '  

The a r e a  underlain by t h e  supracrus ta ls  is thickly 
blanketed by felsenmeer.  Consequently many geological 
boundaries were  t r aced  by d r i f t  and f e a t u r e  mapping. 
Although only f ive  sedimentary  units a r e  mappable with 
reasonable conf idence  (Fig. 20.1), subdivisions into members  
were  made where  outcrop permit ted .  The roughly ca lcula ted  
thickness of 6000 m is no t  grea t ly  d i f f e r en t  f rom t h e  4575 rrl 
es t ima ted  by Blackadar (1970) who also assumed an  ave rage  
dip southward of 10". The boundary with t h e  underlying 
gneiss in genera l  appea r s  undisturbed, al though in t h e  cen t r a l  
pa r t  of t h e  a r e a  i t  is  repeated  by east-str iking faults. 

The basal sedimentary  unit ,  t h e  lower redbed format ion 
is abou t  700 m thick and commences  with red sandstone  o r  
gr i t .  Basal polymict ic  breccia  in two locali t ies a t  t h e  
western end of t he  a r e a  might be  faul t - re la ted .  In t h e  
ea s t e rn  pa r t  of t h e  a r e a  t he  lower redbed format ion consists 
of a red  sandstone  member  overlain by a whi te  q u a r t z i t e  
member .  Separa t ion  of these  two members  becomes more  
difficult  westward.  The red sandstone  member  consis ts  of 
f r iable  crossbedded g r i t  and sandstone  with in ter layered units 
severa l  m e t r e s  thick of f r iable  mudcracked red 
s i l t s tone  - shale.  White, c r eam,  and orange weathered sand- 
s tone  and q u a r t z i t e  a r e  a lso  present.  About 15 m of 
oligomictic hema t i t i c  quartz-cobble t o  boulder- 
or thoconglomerate  in t h e  upper pa r t  of t h e  red sandstone  
member ,  thins and f ines  westward  t o  possibly 15 c m  of pebble 
conglomerate.  C la s t s  include s o m e  f rom a previous cyc l e  of 
quar tz-pebble  conglomerate  deposition. In t h e  e a s t  t h e  
conglomerate  is uns t ra t i f ied  or crudely size-stratif ied.  C l a s t  
imbrication of a tb i  type,  typica l  of al luvial  envi ronments  
(Harms e t  al., 1975) is common and indica tes  pa leot ranspor t  
f rom the  southeas t .  Above t h e  conglomerate ,  within t h e  red 
sandstone  member  l ies a zone  abou t  60  m thick rich in r ed  
crossbedded and wave-rippled dolomitic sandstone beds. 
S t romatol i tes  were  found in th is  zone  a t  two localities. The 
whi te  qua r t z i t e  member  is whi te  t o  pink, f ine- t o  coarse-  
grained and abundantly wave rippled. 

The upper redbed format ion,  about  500 m thick,  
cons is ts  mainly of a coarsening-upward red  sha l e  - red  sand- 
s tone  megacycle  including s imi lar  second o rde r  cycles.  The  
base  of t h e  megacycle  is marked by discontinuous develop- 
men t  of a s t roma to l i t i c  dolomite  member  overlain by a 
continuous black sha l e  member .  The dolomite  member ,  a t  
most 5 m thick conta ins  s t roma to l i t e s  of LLH type  
(Logan e t  al., 1964), some  oval  and or iented  along az imuth  
060". Associated sediments  include mudcracked sha l e  and 
ooli t ic and oncoli t ic carbonate .  The  overlying black shale  
member ,  about  60 m thick conta ins  minor red shale  and 
isolated uni ts  of rippled black s i l t s tone  and g rey  sandstone.  
Trough crossbeds in t h e  upper redbed format ion indica te  
westward  paleotransport .  

Interbedded pink qua r t z i t e ,  br ight  r ed  sandstone,  and 
shiny red mudcracked shale  mark transit ion t o  t h e  overlying 
pink qua r t z i t e  formation.  This res is tant  format ion is about  
2800 m thick in t h e  c e n t r e  of t h e  a r ea ,  thins westward,  and 
underlies a range of hills t h a t  runs eas t -west  through t h e  
area .  I t  is generally quartz-rich and may be  f ine  grained t o  
g r i t t y  with s ca t t e r ed  q u a r t z  pebbles. Slack-water c lay  
d rapes  a r e  absen t  f rom t h e  qua r t z i t e .  Minor colours  include 
white,  puce,  red and c ream.  Sedimentary  s t ruc tu re s  include 
ripples and crossbeds,  t h e  l a t t e r  indicating paleot ranspor t  t o  
t h e  southwest.  

The  pink qua r t z i t e  format ion is overlain by a transit ion 
format ion,  abou t  1500 m thick and composed of shale,  si l t-  
s t o n e  and crossbedded sandstone.  Recess ive  weather ing of 
t h e  f iner  grained c las t ics  gives t h e  unit  a ribbed appea rance  
in outcrop. The  uni t  is  strongly colour layered in white,  grey,  
pink, red,  green,  and black. Sediment  t r anspor t  was  t o  t h e  
southwest.  

The sedimentary  units described above comprise  t h e  
Fury and Hecla Format ion of Blackadar (1970). The  overlying 
uni t ,  t h e  Autridge Format ion of Blackadar (1970), is t h e  
highest s t ra t igraphic  unit  in t h e  area .  It is composed of 
abou t  500 m of f issi le black shale,  with s eve ra l  per  c e n t  of 
grey  rippled s i l t s tone  and sandstone  beds dispersed through it. 
Syneresis c r acks  a r e  common in t h e  shale. 

Two maf i c  sills a r e  present  in t h e  western  and c e n t r a l  
pa r t  of t h e  area .  The lower sill, about  6 m thick,  consists of 
f ine  g r a ~ n e d  diabase  with chlor i te  amygdules,  and occurs  
c lose  t o  t h e  dolomit ic  sandstone  zone  of t h e  lower redbed 
formation.  The  upper sill, possibly up t o  30 m thick,  occurs  
within t h e  white qua r t z i t e  member  of t h e  lower redbed 
f o r m a t ~ o n .  A third, maf i c  sill over l ies  t h e  Autr idge  
Format ion on Autr idge  Peninsula and on t h e  nearby coas t  t o  
t h e  west.  Northwest-striking magnet ic  maf i c  dykes c u t  t h e  
sediments  and may be  of Franklin a g e  (Fahr ig  et al., 1971). 

Apa r t  f rom local c o n t a c t  e f f e c t s  f rom t h e  maf i c  
intrusives,  t h e  sedimentary  rocks a r e  unmetamorphosed. 
S t r a t a  dip gent ly  southward excep t  ad j acen t  t o  faults .  S x n e  
of t h e  f au l t s  s t r i ke  eas t -west  and a r e  upthrown t o  t h e  south,  
repeat ing  t h e  basement  gneiss and pa r t  of t h e  basal  redbed 
formation.  The basement  is generally unal tered  but  ad j acen t  
t o  o n e  of t hese  f au l t s  i t  is  strongly hemat ized.  Two o t h e r  
f au l t s  conta in  uranium mineralization in quar tz-cemented 
qua r t z i t e  stockworl<. Near these  t h e  gneiss is f r iable  and 
rusty-weathered.  Thorium is present  in sand beds inter-  
layered with q u a r t z  cobble-boulder conglomerate  in t h e  lower 
redbed format ion.  Mineralization is  d e a l t  with a t  g r e a t e r  
length in subsequent sec t ions  of th is  paper. 

Blackadar (1970) commented on lithological similari ty 
be tween t h e  sequence  a t  Fury and Hecla S t r a i t  and o n e  
300 km t o  t h e  north but was  r e luc t an t  t o  support  the i r  
corre la t ion  on accoun t  of t h e  g r e a t  separa t ion  of t h e  
sequences.  La t e r  work (Celdse tzer ,  1973; Jackson e t  al., 
1978) on t h e  nor thern  sequence  r ea f f i rms  t h e  similari ty.  
Specifically,  t h e  basal  redbed format ion is similar t o  t h e  
basal  Nauyat Format ion of t h e  nor thern  a r ea .  Likewise t h e  
pink qua r t z i t e  format ion,  transit ion format ion and Autr idge  
Format ion have  f ea tu re s  in common with t h e  younger Adams  
Sound and Arc t i c  Bay format ions  t o  t h e  north. Paleocurrent  
d i rec t ions  f rom trough crossbeds in t h e  two a r e a s  a r e  a l so  
similar.  

Geology of t h e  Basement  c n e i s s e s 2  

Mapping was  carr ied  o u t  over  t h e  a r eas  surrounding t h e  
two  radiometr ic  anomal ies  (Fig. 20.1, 20.2). The b e t t e r  
exposed eas t e rn  a r e a  comprises  a c e n t r a l  p a r t  of g ran i t i c  
composit ion,  surrounded by mesoc ra t i c  gneisses probably of 
tonali t ic composit ion (B, Fig. 20.1). The unusually 
radioact ive  pink g ran i t e  is  medium grained and conta ins  a s  
rnafic minera ls  r a r e  b io t i t e  -and hornblende. Nearly a l l  
outcrops  a r e  c u t  by dykes of usually coa r se  grained and 
commonly quar tz- r ich  pegmat i te .  In wide shear  zones  t h e  
pink g ran i t e  acquires  a gneissic t e x t u r e  and is normally 
biotite-bearing. The presence  of o the r  f e m i c  minerals ar i ses  
f rom assimilation of more  rnafic inclusions. Within t h e  pink 
g ran i t e  deformat ion is  weak, however one  phase of  folding 
and foliation is  apparent .  Outcrop of t h e  g ran i t e  is extended 
southward of t h e  basa l  con tac t  of t h e  Proterozoic  s ed imen t s  
by severa l  east-str iking faults .  The pink g ran i t e  conta ins  a t  
leas t  f i ve  types  of inclusions: (a) porphyrit ic monzonite,  
(b) mesocra t ic  tonal i t ic  gneiss, (c)  paragneiss,  
(d) amphiboli te,  and (e)  u l t rabas ic  rocks  of varied 
composition. Within t h e  f i rs t  two  types  of inclusion l ie 
smal ler  inclusions of t h e  last  t h r ee  lithologies. In t h e  
western a r e a  t h e  pink g ran i t e  is present  a s  ba thol i ths  and a lso  
is  widespread a s  mappable  s tocks  and bodies o r  dykes  of 
ou tc rop  scale.  In ce r t a in  p laces  t h e  g ran i t e  pegmat i t e  dykes  
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a r e  very th ick  and abundant.  These and pink g ran i t e  dykes  
bo th  parallel  and t r ansec t  t h e  foliation of t h e  surrounding 
gneisses and a r e  probably of syn- and la te- tec tonic  origin. 

Within and mostly a t  t h e  margin of t h e  pink g ran i t e  
batholi th of t h e  ea s t e rn  a r e a  t h e r e  is  a granitoid of probable  
monzonitic composit ion (A,  Fig. 20.1). This medium-to 
coarse-grained rock conta ins  potash feldspar phenocrysts and 
a significant amoun t  of bioti te.  Well-developed foliation 
locally makes  t h e  rock a n  augen gneiss. This rock type  h a s  
mainly amphibol i te  inclusions and is likely t o  be  pre- and 
syntectonic.  Surrounding t h e  massive pink g ran i t e  t h e r e  is  a 
widespread gneiss (B, Fig. 20.1) t h a t  is intruded by t h e  above 
monzonitic granitoid.  Generally i t  is  mesocra t ic ,  f ine- t o  
medium-grained, strongly fo l ia ted  and has  many types  of 
inclusions. Schlieren and o the r  signs of assimilation of m o r e  
maf i c  ma te r i a l  a r e  numerous. As  in t h e  c a s e  of t h e  pink 
grani te ,  inclusions include paragneiss of varied composit ion 
and thickness,  and various amphiboli t ic and ul t rabas ic  rocks. 
The rock also conta ins  masses of differing s i ze  of d ior i t ic  o r  
hybrid affinity.  

In t h e  western  a r e a  t h e  above gneisses show varied 
composit ion and fabric,  including lit-par-lit layering involving 
b io t i t e  and hornblende, f ine  foliation or augen s t ructure .  
Masses o r  dykes of amphibol i te  a r e  numerous. The gneisses 
a r e  in genera l  highly deformed and migmatoid in some  places.  
Small  s ca l e  folds a r e  common  though s o m e  with dimensions 
g r e a t e r  than 12 m were  seen. S t ruc tu ra l  d a t a  indica te  a t  
leas t  two  phases  of deformat ion.  P re sen t  only in t h e  wes t e rn  
a r e a  is  a uni t  of mixed orthogneiss and paragneiss, d i f fer ing  
in t e x t u r e  and s t r u c t u r e  f rom t h e  mesoc ra t i c  or thogneiss  (B). 
This uni t  (Fig. 20.1) is  a very th ick  sequence  par t ly  of 
sedimentary  origin, with a f ine  composit ional layering and 
includes banded iron format ion incorporated within fe ls ic  
rocks. No marker  units  were  found t h a t  would sugges t  
repet i t ion  of t h e  sequence  by folding. Amphibolite, gabbro  
and ul t rabas ic  rocks  a r e  also interbedded within t h e  unit. In 
t h e  field dist inction between t h e  orthogneiss and paragneiss 
of this unit  is  d i f f icul t  because  of t h e  f ine  parallel  layering. 
Deformat ion is marked by ver t ica l  foliat ion planes and 
assymetr ica l  folds. 

Generally,  deformat ion in t h e  ea s t e rn  and western  
a r e a s  is  in tense  excep t  in t h e  g ran i t e  and pegmat i te .  Folds 
a r e  uncommon and l ineations a r e  absent.  A s t ra t igraphic  
column is shown in Table  20.1. 

Table 20.1 

St ra t igraphic  column t o  show t h e  r e l a t i ve  a g e  
and deformat ion of t h e  basemen t  rocks 

Diabase dykes and sills 
Proterozoic  sediments  - - - - - - - - 
Pink g ran i t e  and pegmat i t e  
Gabbro  and porphyrit ic monzoni te  

- 
Basic dykes  I 
Tonalite/granodiorite (mesoc ra t i c  gneiss) ? 
Gabbro and dior i te  ? I 
Volcanic/sedirnentary ser ies  1 
Greywackes  (paragneiss) I 
Basic volcanics (amphiboli tes) 
Ul t rabas ics  
Ka ta rchean  basement??  

----- : discordance  
: deformat ion phase 

1-2 

Radiometric Studies' 

Genera l  

During 1977, a n  a i rborne  g a m m a  ray  spec t rome t r i c  
survey was  ca r r i ed  o u t  in t h e  a r e a  in acco rdance  wi th  
Uranium Reconnaissance Program speci f ica t ions  
(Darnley et al., 1975). The resul ts  w e r e  published in 
1979 a s  Geophysical  Series Maps 35647-G - Agu Bay and 
35547-G - Erichsen Lake. Resul ts  for  each  shee t  compr i se  
seven contoured maps: K%, eU ppm, eTh ppm, eU/eTh,  
eU/K, eTh/K and Tota l  Count. D a t a  along t h e  individual 
f l ight  lines were  published a s  s tacked profiles of t h e  seven 
pa rame te r s  l isted above a s  well a s  a magne tome te r  t race .  

Regional P a t t e r n  

The  reccmnaissance a i rborne  radiometr ic  survey 
revealed t w o  major anomal ies  (Fig. 20.2), o n e  in t h e  e a s t e r n  
pa r t  of t h e  a r e a  and t h e  o ther ,  in t h e  west. Both t h e  ea s t e rn  
and western  anomal ies  a r e  predominantly underlain by bodies 
of g ran i t e  described in t h e  prkvious section.  The mapped 
c o n t a c t s  of t hese  g ran i t e s  a r e  shown on Figure  20.2. A 
number  of g ran i t e  outcrops  found by hel icopter  landings 
outs ide  t h e  a r e a  of de ta i led  mapping in t h e  western  a r e a  a r e  
a l so  shown on Figure 20.2. The 2 ppm eU contour  shown in 
Figure  20.2 out l ines  t h e  southwest  qua r t e r  of a ring shaped 
anomaly  which is  clearly del ineated  by contours  on t h e  
equivalent thorium and to t a l  count  maps  (not  included in th is  
paper). T h e  distribution of g ran i t e  outcrops  coincides with 
th is  r ing of high radioactivity.  The  a r e a s  inside and outs ide  
t h e  ring appea r  t o  be  underlain by mesoc ra t i c  t o  maf i c  gneiss 
with considerable d r i f t  cover.  The southern  half of t h e  ring 
is  more  uraniferous than t h e  nor thern  half (Fig. 20.2). 

The a r e a  s i tua ted  be tween  t h e  t w o  anomal ies  i s  
extensively d r i f t  covered,  however,  geological  mapping 
sugges ts  t h a t  this region is underlain by t h e  gneiss. Thus t h e  
low radiometr ic  response is thought t o  be  due  t o  generally 
low radioactivity of t h e  rocks and t h e  associa ted  glacial  
de t r i tus .  The southern  pa r t  of t h e  a r e a  is generally low in 
radioactivity because  of t h e  low overall  radioelement  con- 
cen t r a t i ons  in t h e  sediments .  

The proximity of t h e  anomalously radioact ive  g ran i t e s  
t o  t h e  probably Helikian nonconformity a c c e n t u a t e s  t h e  
favourabil i ty of th is  a r e a  fo r  uranium exploration.  The  
proximity of t h e  anomalous  g ran i t e  basemen t  t o  t h e  noncon- 
fo rmi ty  is  i l lus t ra ted  by t h e  e a s t e r n  anomaly. F igure  20.3, a n  
a i rborne  radiometr ic  profile f rom t h e  regional survey, c u t s  
across  t h e  most radioact ive  portion of t h e  ea s t e rn  g ran i t e  
( s ee  A-X, Fig. 20.2). This profile shows values a s  high a s  
10 ppm eU. The a r e a  of maximum radioactivity lies within 
t h e  g ran i t e  near  t h e  nonconformity.  A sharp  drop in radio- 
me t r i c  levels occurs  a t  t h e  c o n t a c t  with t h e  overlying 
sedimentary  rocks. The uranium levels on t h e  profile 
(> 10 ppm) a r e  higher than on t h e  contour  maps, t h e  l a t t e r  
showing maximum values  of > 6 ppm. This discrepancy 
resul ts  f rom smoothing of t h e  d a t a  in t h e  compu te r  
contouring process. For th is  reason t h e  contour  maps  should 
a lways  be  examined in combination with t h e  profiles. The  
contour  pa t t e rn  out l ines  t h e  regional p i c tu re  whereas  t h e  
profiles g ive  more  deta i led  informat ion abou t  t h e  a r e a  along 
t h e  fl ight path.  Cameron  et al. (1976) and Charbonneau et al. 
(1976) have  discussed t h e  above relationships. 

Detailed Studies 

Detailed s tudies  car r ied  ou t  in t h e  Fury and Hecla 
S t r a i t  a r e a  consisted of: 

1. Th ree  ground t raverses ,  totall ing about  80 km, along 
which g a m m a  ray  spec t rome t ry ,  sc in t i l lometry  and 
geological  sampling were  carr ied  out. Two of t h e  
t r ave r se s  were  in t h e  e a s t  and t h e  o t h e r  in t h e  wes t  ( s ee  
d o t t e d  lines, Fig. 20.2). S ta t ions  w e r e  located  a t  100 m 
intervals. 

' B.W. Charbonneau (P ro j ec t  760045) 
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Figure 20.3. Regional airborne radiometric profile across the most radioactive portion of the granite basement. 
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2. Two 200 km' detailed airborne gamma spectrometry 
surveys flown over the most eastern and western 
anomalies to locate the most radioactive portions. These 
surveys were flown a t  30 m terrain clearance with a 
crystal volume of 1.6 Litres, and a line spacing of I Itm 
(0.5 km in  the area of greatest interest). The locations of 
the surveys are indicated on Figure 20.2 by corner marks. 

3. Spot landings, to examine specific features and search for 
uranium enrichment. 

In all, about 1000 i n  situ radioelement determinations 
were made and about 200 samples were collected. 

Results of the ground traversing wil l  enable a 
relationship between the radiometric response over the 
granites and their petrology to be established. Compilation 
of in  situ determinations of potassium, uranium, and thorium 
values has not yet been completed. In i t ia l  indications based 
on preliminary reduction of the data show that the granites 
underlying the eastern and western anomalies contain about 
twice the concentration of uranium and thorium of average 
granite, whereas levels in the gneissic complex are below 
average granite values (Clarke e t  al., 1966). 

Some portions of the granites are considerably more 
radioactive than the above levels. For example, the core of 
the eastern radiometric a n ~ m a l y  (eU > 6 ppm, Fig. 20.2) 
averages about f ive times the Clarke values for uranium and 
thorium. An average value of 22 ppm equivalent uranium and 
104 ppm equivalent thorium was calculated across 3 km of 
the core zone on the ground. Values of equivalent uranium 
and equivalent thorium across 3 km of the core of the 
western granite (eU > 6 ppm, Fig. 20.2) average 12 ppm eU 
and 65 pprn eTh, nearly three times Clarke values. The 
uranium concentrations reported here have been 
substantiated by chemical analyses (see section on 
geochemistry). 

Radioactive Occurrences 

Various types of uranium and thorium occurrences were 
found and the locations of type examples are shown on 
Figure 20.2. 

A. Clastic (placer type) concentrations in the basal Helikian 
conglomerates. 

B. Veins in  shear zones associated wi th quartz stockwork in 
the uppermost basement. 

C. Zones of enrichment within the granitoid bodies i n  the 
basement. 

D. Veins in  shear zones associated wi th quartz stockwork in  
the Helikian sediments. 

E. Pegmatites associated with the granitoids. 

Mineralogical studies and autoradiography have not yet 
been completed on samples f rom these occurrences. The 
concentrations reported below are based on in situ gamma 
spectrometric analyses and thus represent large sample 
volumes (> 100 kg of rock). Direct uranium determinations on 
some of these showings are presented in the section on 
geochemistry (see Table 20.2). 

Locality A is a thorium occurrence in  conglomerate. 
Low concentrations of uranium (a few tens of ppm) and up to  
170 ppm eTh have been found. 

Locali ty B is a uranium occurrence along approximately 
30 m of a shear zone in  the granite. This zone is f i l led wi th a 
quartz stockwork and hydrothermal alteration of the granite 
wall rock was noted. Maximum values measured were 
270 pprn eU and 90 pprn eTh. The thorium concentration is 
probably derived from the host granite. 

Table 20.2 

Uranium Content* of Granitic and Other 
Radioactive Rocks in the Fury and Hecla Strait Area 

(see Fig. 20.2 for locations) 

l Area Number of Uranium in ppm 
Rock Type kmz Samples Arith. Mean Range 

Eastern granite 
- reg~onal  2500 23 5.2 1 - 2 6  
- intermediate area 1 17 13.0 3 - 3 1  
- core (Loc. C) 0.1 17 22.2  6 - 42 

\Vestern granite -500 10 7.2 l - 15 
(regional) 

Pegmatites and 
related rocks 

(Loc. E) 

Shear zone 
(Loc. B) 

Shear zone 
(Loc. D) 

Conglomerate l 32 
(Loc. H) 

*Determined by delayed neutron activation. 

Locali ty C is in  the core of the eastern granite. The 
rock is a subporphyritic pink granite. Maximum radioelement 
concentrations measured were 80 pprn eU and 160 ppm eTh. 
Hydrothermal al.teration was noted in  places. 

Locality D is a uranium occurrence which is localized 
along 40 m of a major fault cutt ing Helikian sandstone. This 
shear zone also contains a well  developed quartz stockwork 
and is hydrothermally altered. Maximum in situ values 
recorded were 660 pprn eU and 100 pprn eTh. 

Locali ty E is representative of a number of radioactive 
pegmatities near the western granite. These bodies typically 
are up to  30 m in  length by 1-2 m i n  width. Maximum 
radioelement values measured in  situ were 2300 ppm eU and 
1200 ppm eTh. 

The results of this work i l lustrate the general relation- 
ship of uranium occurrences to  areas of anomalous radio- 
activity as discussed by Darnley e t  al. (1977). 

In addition to the above types of uranium occurrences 
concentrations in structural and lithological traps under the 
Helikian basement nonconformity might be expected as well 
as concentrations within the Helikian sediments in  reduced 
facies. However no indications of the latter two types were 
found in this study. 

Geochemistry ' 
Systematic sampling of the various types o f  radioactive 

rocks occurring in  the area was carried out in  an attempt to  
characterize them chemically. The eastern granite was 
sampled with the sample density increasing towards the core 
of the radiometric anomaly (Locality C, Fig. 20.2). The 
sampling scheme was designed to  investigate the chemical 
variance within outcrops (3 to  10 m) and between outcrops 
(30 to  50 m) and compare these with the regional variance. 
The analytical variance wi l l  also be estimated by means of 
blind duplicate samples. 

The western granite was sampled in  the same way as 
the eastern granite but with a slightly wider interval. Denser 
sampling of the eastern granite was carried out by foot 
traverses. Widely spaced sampling was done by helicopter, 
using information from a mapping crew. 

' by Y.T. Maurice (Project 760047) 



The zones of anomalous radioactivity associated wi th 
quartz pebble conglomerates (Locality A, Figure 20.2), 
shearing (Localities B and D), and pegmatites (Localities E) 
were also sampled. The main radioactive shear zone 
associated with the eastern granite (Locality B, Fig. 20.2) 
was sampled along a traverse running a t  a r ight angle to the 
strike of the mineralization to  investigate the nature and 
extent of the alteration that is associated with this zone. 
Other less radioactive zones that display similar alteration 
near the core of the eastern anomaly were also sampled. 

In the western anomaly, 35 pegmatite bodies and 
related rocks, some radioactive, others barren, have been 
examined and sampled. 

A l l  samples collected wil l  be analyzed for the major 
elements, uranium and thorium. A selection w i l l  also be 
analyzed for other elements including, Sn, W, Pb, MO, F, Rb, 
Ba, Sr, Y, La, rare earth elements, and Zr. Microprobe 
analyses of selected specimens wil l  also be carried out. 

Preliminary Results 

Uranium values are being determined by neutron 
activation/delayed neutron counting a t  Atomic Energy of 
Canada Limited. Available data (Table 20.2) are in  agree- 
ment with the ground radiometric measurements. With an 
average uranium content of 8.2 ppm and 7.2 ppm 
respectively, both the eastern and the western granites are 
anomalously high i n  uranium. The substantial increase in the 
uranium content (22 ppm) of the rocks towards the core of 
the eastern granite is noteworthy. It has yet to be 
determined whether this pattern in the uranium distribution 
corresponds to variations in  the major element composition 
of the rock and whether minor and trace elements show 
distributions that are sympathetic to that of uranium. These 
observations along with a study of samples from the radio- 
active shear zones and associated alterations wil l  help to 
determine the mechanism responsible for the uranium enrich- 
ment of the granites and fault zones. The major and trace 
element concentrations of the radioactive pegmatites should 
establish their genetic derivation. 

Paleomagnetic studies1 

Samples were collected from the lower and upper 
redbed formations, from the pink quartzite formation, from 
the two lower mafic sills, and from mafic dykes. Twenty-two 
sites were drilled, each usually composed of six cores. Each 
core subsequently gave two paleomagnetic specimens. Two 
block samples taken from one site yielded f ive individual 
cores which were drilled vertically in  the lab. The horizontal 
component of orientation was obtained in the field by al l  or 
two of the following methods: sun bearing, magnetic bearing 
or land sight. A l l  cores were sawn into one inch specimens of 
which 235 are ready for measurement. 

This study was undertaken to  find the age and correla- 
tion of the sedimentary and igneous rocks and the paleo- 
latitude of deposition of the sedimentary rocks. 
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Abstract 

In any field measurement with a gamma ray spectrometer a component of the detected gamma 
ray flux originates from Compton scattering in the air above the detector. This downward scattered 
f l u ,  commonly called 'skyshine', is not correctly represented when a field spectrometer is calibrated 
using large concrete calibration pads. Experiments carried out on calibration pads to simulate the 
skyshine component have shown that the standard procedure of  calibrating a field gamma ray 
spectrometer yields reliable results except in areas with unusual radioelement ratios. 

Introduction carr ied  o u t  in coniunction with a ser ies  of in terca l ibra t ion  

In t he  pas t  f ew  years  radioact ive  c o n c r e t e  pads have  
been const ructed  in a number  of countr ies  fo r  ca l ibra t ing  
field g a m m a  ray  spect rometers .  Two s e t s  of t hese  
ca l ibra t ion  pads have  been const ructed  by t h e  Geological  
Survey of Canada a t  Uplands Airport ,  O t t a w a  and by t h e  U.S. 
Depa r tmen t  of Energy a t  Walker F ~ e l d ,  Grand Junct ion ,  
Colorado. The O t t a w a  pads measure  7.6 X 7.6 X 0.5 m thick 
and t h e  Grand Junction pads 12.2 X 12.2 X 0.5 m. It is  
generally believed t h a t  t hese  ca l ibra t ion  pads  a r e  sufficiently 
la rge  t h a t  t h e  potassium, uranium and thor ium g a m m a  ray  
spec t r a  a t  the i r  su r f ace  adequate ly  represent  t h e  spec t r a  
f rom an infinite homogeneous source.  However, in any f ie ld  
measurement  some  f rac t ion  of t h e  to ta l  g a m m a  ray flux 
incident on t h e  de t ec to r  or ig inates  f rom gamma rays e m i t t e d  
by the  ground, Compton sca t t e r ed  in t he  a i r  above t h e  point 
of de tec t ion ,  and de f l ec t ed  back towards t h e  ground. In t h e  
cou r se  of t h e  s ca t t e r ing  process,  t he se  g a m m a  rays  lose  
energy. The amoun t  of energy lost  is  dependent  on t h e  ang le  
through which t h e  g a m m a  rays  a r e  s ca t t e r ed  and on t h e  
init ial  energy of t h e  gamma ray. Thallium-208 g a m m a  rays  
a t  2.62 MeV have the  highest  energy in t he  natura l  spec t rum 
and t ravel  approximate ly  140 m be fo re  half of t hem suffer  a 
Compton collision. The downward sca t t e r ed  flux o r  skyshine 
can  the re fo re  or ig inate  f rom sources  in t h e  ground up t o  
s eve ra l  hundred m e t r e s  f rom t h e  point of de tec t ion .  Because 
of t h e  smal l  s i ze  of t h e  ca l ibra t ion  pads, virtually no  down- 
ward sca t t e r ed  flux t h a t  or ig inates  f rom t h e  pads can  b e  
de t ec t ed  on them. 

In t he  energy range 0.4 t o  2.62 MeV, Compton 
sca t t e r ing  is t h e  predominant a b s o r p t i ~ n  process occurr ing  in 
t h e  air .  This is also t r u e  for  mater ia ls  such a s  wa te r  or wood, 
because  a i r ,  wa te r  and wood consist  of e l emen t s  wi th  low 
a t o m i c  numbers. T o  produce a skyshine component  t h a t  can  
b e  de t ec t ed  on t h e  ca l ibra t ion  pads, i t  is not  necessary t o  
have  pads severa l  hundred m e t r e s  across. By placing plywood 
over  t h e  top  of t h e  de t ec to r  a s  i l lus t ra ted  schemat ica l ly  in 
Figure 21.1, gamma rays f rom the  pad can be  sca t t e r ed  
downwards f rom t h e  plywood and be  de t ec t ed  on t h e  pad. 
The plywood s imula tes  a concen t r a t ed  mass of a i r  thereby 
producing a radiation field with t h e  s a m e  angular  distr ibution 
a s  t h a t  obta ined over an  inf in i te  source. The plywood a lso  
shields t h e  d e t e c t o r  f rom sca t t e r ed  g a m m a  rays  originating 
f rom t h e  ground surrounding t h e  pads. 

T h e  Exper iment  and Analysis of Resul ts  

In November 1978 exper iments  were  carr ied  ou t  on t h e  
calibration pads at Grand Junction,  Colorado t o  inves t iga te  
t h e  g a m m a  ray spec t rum of t h e  skyshine component  of t h e  
g a m m a  ray flux, and in par t icular  t o  de t e rmine  t h e  e f f e c t  of 
skyshine on t h e  calibration results. These  exper iments  were  

exper iments  be tween t h e  O t t a w a  and Grand Junct ion  pads 
which have been repor ted  e lsewhere  (Carson e t  al., in press). 

A package of four pr ismat ic  101.6 X 101.6 X 406.4 m m  
NaI(T1) c rys t a l s  was  placed a t  t h e  c e n t r e  of each  of t h e  
Grand Junct ion  calibration pads on 150 m m  of polystyrene 
and covered with plywood shee t s  2.44 m square  with a t o t a l  
thickness of 30 c m  (12 inches). The weight of t h e  plywood 
was found t o  be  equivalent t o  a layer of a i r  112 m thick.  
Spec t r a l  d a t a  were  recorded in 256 channels covering t h e  
energy range f rom 0 t o  3.0 MeV using a multi-channel 
analyzer  mounted in a borehole logging truck. The borehole 
logging t ruck and i t s  equipment  have  been described by 
Bristow and Killeen (1978). Approximately 30 t en  second 
spec t r a  were  recorded on each of t h e  five pads, f i r s t  with t h e  
plywood over  t h e  top  and then with t h e  plywood removed. 

The spec t r a l  d a t a  were  co r r ec t ed  for  dead t i m e  and 
energy ca l ib ra t ed  by monitoring t h e  position of t h e  
potassium-40 peak a t  1.46 MeV and t h e  thallium-208 peak a t  
2.62 MeV in t h e  thorium decay  series.  Data  f rom t h e  
c o r r e c t e d  spec t r a  were  accumulated  in to  t h e  t h r e e  commonly  
used windows. These  a r e  1.36-1.56 MeV fo r  potassium-40, 
1.66-1.86 MeV for bismuth-214 in t h e  uranium decay  ser ies  
and 2.41-2.81 MeV for  thallium-208 in t h e  thorium decay  
series.  D a t a  were  also accumulated  in to  twelve,  200 keV- 
wide windows f rom 0.4 t o  2.8 MeV in o rde r  t o  produce  
individual s p e c t r a  of potassium, uranium and thorium. This 
was  achieved by f i t t ing  t h e  count  r a t e ,  NI, in channel  I, by a 
least-squares technique  t o  t h e  equation 

where  Kconc, Uconc and T o n ,  a r e  t h e  concentra t ions  of 
each  pad and EKI, and ET[ t h e  sensit ivit ies of channel  I 
measured a s  coun t s  per second per uni t  radioelement  con- 
cent ra t ion .  BI is  t h e  background coun t  r a t e  f o r  channel  I, 
which ar ises  f rom t h e  radioactivity of t h e  equipment  and t h e  
a i r ,  cosmic  radiation and radiation f rom t h e  ground 
surrounding t h e  pad. The values of E K I ,  E U I  and ET[ , a r e  
shown in Figures 21.2, 21.3, and 21.4 a s  potasslum, uranlum 
and thorium spec t r a  with and wi thout  a skyshine component.  

Figure 21.1. Schematic diagram of skyshine experiment. 



THORIUM SPECTRUM 

SKYSHINE COMPONENT 

NO SKYSHINE . . . . . . . .- 

WITH SKYSHINE . . . . . --p 

ENERGY (MeV) GSC ENERGY (MeV) 

Figure 21.2. Potassium spectrum from the calibration pads Figure 21.4. Thorium spectrum from the calibration pads 
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Figure 21.3. Uranium spectrum from the calibration pads 
with and without a skyshine component. 

Table 21.1 

Calibration constants 

Thorium Sensitivity 
(Counts/sec/ppm Th) 

Uranium Sensitivity 
(Counts/sec/ppm U) 

Potassium Sensitivity 
(Counts/sec/K pct) 

Thorium Background 
(Counts/sec) 

Uranium Background 
(Counts/sec) 

Potassium Background 
(Countslsec) 

a 

B 

Y 

A 

G 

a is the ratio of the counts in the uranium window to the counts in 
the thorium window from a pure thorium source 

B is the ratio of the counts in  the potassium window to the counts in  
the thorium window from a pure thorium source 

y is the ratio of the counts in  the potassium window to the counts in  
the uranium window from a pure uranium source 

A is the ratio of the counts in the thorium window to the counts in 
the uranium window from a pure uranium source 

G is the ratio of the counts in the uranium window to the counts in 
the potassium window from a pure potassiurh source 

Without Plywood 
on Top 

(No Skyshine) 

6.60 f 0.01 

11.51 f 0.01 

134.3 t 0.1 

6.2 C 0.1 

6.9 f 0.2 

25.3 f 0.4 

0.260 t 0.001 

0.365 t 0.002 

0.815 t 0.002 

0.066 t 0.001 

0.0064 f 0.0004 

With Plywood 
on Top 

(with Skyshine) 

6.50 f 0.01 

11.53 t 0.01 

134.6 t 0.1 

6.1 f 0.1 

3.0 t 0.2 

14.2 f 0.5 

0.273 t 0.001 

0.409 t 0.002 

0.851 C 0.002 

0.070 f 0.001 

0.0099 f 0.0004 



T h e  c o u n t  r a t e s  in t h e  t h r e e  s t a n d a r d  windows w e r e  
a l s o  f i t t e d  t o  e q u a t i o n  I a n d  t h e  window sens i t iv i t i es  ( E )  used  
t o  g i v e  c a l c u l a t e d  va lues  of t h e  s t r ipp ing  r a t i o s  cc, B, y, A a n d  
G (def ined  in T a b l e  21.1) in a s i m i l a r  m a n n e r  t o  t h a t  
d e s c r i b e d  by G r a s t y  (1977). In t h e  c a l c u l a t i o n  i t  w a s  a s s u m e d  
t h a t  t h e r e  w e r e  n o  c o u n t s  in t h e  t h o r i u m  window f r o m  a p u r e  
po tass ium source .  T h e  potass ium,  uran ium a n d  t h o r i u m  
s e n s i t i v i t i e s  in t h e  s t a n d a r d  windows a n d  c a l c u l a t e d  
background c o u n t  r a t e s  a r e  shown in T a b l e  21.1. T h e  e r r o r s  
i n d i c a t e d  a r e  o n e  s t a n d a r d  d e v i a t i o n  a n d  w e r e  c a l c u l a t e d  by a 
M o n t e  C a r l o  t e c h n i q u e  based  on  probable  e r r o r s  in t h e  c o u n t s  
a c c u m u l a t e d  f o r  e a c h  pad,  and  assuming  t h a t  t h e  pad  c o n -  
c e n t r a t i o n s  had  n o  e r r o r s  a s s o c i a t e d  w i t h  t h e m .  

Discussion and S i g n i f i c a n c e  o f  R e s u l t s  

In C o m p t o n  s c a t t e r i n g ,  a g a m m a  r a y  co l l ides  w i t h  a n  
e l e c t r o n  a n d  is  d e f l e c t e d  f r o m  i t s  o r ig ina l  d i rec t ion .  F r o m  
m o m e n t u m  a n d  e n e r g y  cons idera t ions ,  t h e  g a m m a  r a y  will 
lose  m o r e  e n e r g y  t o  t h e  e l e c t r o n ,  t h e  g r e a t e r  t h e  a n g l e  
th rough which t h e  g a m m a  r a y  is  s c a t t e r e d .  T h e  t h e o r y  of 
C o m p t o n  s c a t t e r i n g  shows t h a t  t h e  probabi l i ty  of s c a t t e r i n g  
i n c r e a s e s  a s  t h e  s c a t t e r i n g  a n g l e  increases .  Consequent ly ,  
w h e n  g a m m a  r a y s  a r e  s c a t t e r e d ,  t h e r e  a r e  m o r e  low e n e r g y  
t h a n  high e n e r g y  g a m m a  r a y s  produced .  

F r o m  T a b l e  21.1 i t  c a n  b e  s e e n  t h a t  t h e  po tass ium,  
u r a n i u m  and  thor ium sens i t iv i t i es ,  w i t h  a n d  w i t h o u t  t h e  
plywood on  t o p  of t h e  d e t e c t o r ,  h a v e  s i m i l a r  values.  This  
should b e  e x p e c t e d  b e c a u s e  very  f e w  thal l ium-208 g a m m a  
r a y s  a t  2.62 MeV wil l  b e  s c a t t e r e d  a t  s m a l l  a n g l e s  t h e r e b y  
s t i l l  r e t a i n i n g  s u f f i c i e n t  e n e r g y  t o  b e  d e t e c t e d  in t h e  thor ium 
window. Similarly,  v e r y  f e w  s c a t t e r e d  po tass ium a n d  
u r a n i u m  g a m m a  r a y s  will r e t a i n  s u f f i c i e n t  e n e r g y  t o  b e  
c o u n t e d  in t h e i r  r e s p e c t i v e  windows. 

A c o m p a r i s o n  of t h e  c a l c u l a t e d  background va lues  
shows t h a t  t h e  t h o r i u m  background h a s  r e m a i n e d  unchanged  
w i t h  t h e  addi t ion  of plywood, w h e r e a s  t h e  uran ium a n d  
potass ium v a l u e s  h a v e  b e e n  r e d u c e d  by a p p r o x i m a t e l y  
50  per  c e n t .  This  c a n  b e  expla ined  by t h e  shielding e f f e c t  of 
t h e  plywood on  t h e  downward  s c a t t e r e d  rad ia t ion  f r o m  t h e  
ground sur rounding  t h e  pads.  This  downward  s c a t t e r e d  
r a d i a t i o n  will b e  predominant ly  of low e n e r g y  a n d  
c o n s e q u e n t l y  t h e  addi t ion  of plywood will p r e f e r e n t i a l l y  
r e d u c e  t h e  c o u n t  r a t e  in t h e  lower  e n e r g y  potass ium a n d  
uran ium c o u n t  r a t e s  by sh ie ld ing  t h e  d e t e c t o r  f r o m  b ismuth-  
214 in t h e  a i r .  

Of p a r t i c u l a r  i n t e r e s t  in T a b l e  21.1 is t h e  d i f f e r e n c e  
b e t w e e n  t h e  s t r ipp ing  rat ios.  I t  is found t h a t  a, B,  
and  y i n c r e a s e  by a p p r o x i m a t e l y  5, 12 and  4 p e r  c e n t  
respec t ive ly  w i t h  t h e  addi t ion  of a skyshine c o m p o n e n t .  
Al though t h e s e  i n c r e a s e s  w e r e  much g r e a t e r  t h a n  w a s  
original ly e x p e c t e d ,  a s tudy  of t h e  t h e o r e t i c a l  p ropor t ions  of 
downward  d i r e c t e d  g a m m a  ray  flux t o  t o t a l  flux a t  ground 
leve l  using t a b l e s  p r e s e n t e d  by Ldvborg and Kirkegaard  (1975) 
shows t h a t  t h e s e  i n c r e a s e s  a r e  n o t  unreasonable .  F o r  
i n s t a n c e  in t h e  e n e r g y  region c o v e r i n g  t h e  po tass ium a n d  
uran ium windows t h e  r a t i o  of downward  t o  t o t a l  f lux for  a 
thor ium s o u r c e  c a n  vary  a n y w h e r e  f r o m  o n e  t o  n ine  p e r  c e n t .  
Low va lues  of t h i s  r a t i o  o c c u r  a t  e n e r g i e s  w h e r e  t h e r e  a r e  
p r i m a r y  (and c o n s e q u e n t l y  upward  d i r e c t e d )  g a m m a  r a y s  
e m i t t e d  in t h e  t h o r i u m  d e c a y  s e r i e s  which will t h e n  d o m i n a t e  
t h e  s p e c t r u m  a t  t h a t  p a r t i c u l a r  energy .  

I t  should b e  n o t e d  t h a t  t h e  resu l t s  p r e s e n t e d  in t h i s  
paper  a r e  f o r  m e a s u r e m e n t s  a t  g round level. A t  a i r c r a f t  
a l t i t u d e s  t h e  a n g u l a r  d i s t r ibu t ion  of upward  d i r e c t e d  f lux is 
q u i t e  d i f f e r e n t  f r o m  t h e  d i s t r ibu t ion  a t  g round level. As t h e  
a l t i t u d e  i n c r e a s e s  t h e  high e n e r g y  upward-d i rec ted  f lux 
b e c o m e s  much m o r e  s t rongly  peaked  in t h e  upward  d i r e c t i o n ,  
i.e. f e w  high e n e r g y  g a m m a  r a y s  c a n  r e a c h  t h e  d e t e c t o r  a t  

a n g l e s  c l o s e  t o  t h e  hor izonta l .  Consequent ly ,  t h e r e  a r e  f e w e r  
g a m m a  r a y s  which c a n  b e  s c a t t e r e d  a t  s m a l l  a n g l e s  and  b e  
d e t e c t e d  in t h e  po tass ium a n d  uran ium windows. T h e  
propor t ion  of downward- to- to ta l  f lux a t  e n e r g i e s  a b o v e  t h e  
po tass ium window is t h e r e f o r e  r e d u c e d  a s  t h e  a i r c r a f t  
a l t i t u d e  i n c r e a s e s  and  t h e  problems of skyshine a l s o  b e c o m e  
less s ign i f ican t .  

An e x a m i n a t i o n  of t h e  po tass ium,  uran ium and t h o r i u m  
s p e c t r a  shown in F i g u r e s  21.2, 21.3, a n d  21.4 s e r v e s  t o  a id  in 
t h e  i n t e r p r e t a t i o n  of t h e  results .  Al though t h e  t o t a l  skysh ine  
c o m p o n e n t  i n c r e a s e s  a t  low e n e r g y ,  t h e  v a r i a t i o n  in t h e  
s t r ipp ing  r a t i o  will b e  d e p e n d e n t  on t h e  propor t ions  of 
skyshine  t o  t o t a l  flux d e t e c t e d .  For  i n s t a n c e  in F i g u r e  21.4 
for  a t h o r i u m  source ,  a l though t h e  skyshine  c o m p o n e n t  a t  t h e  
po tass ium window is  q u i t e  s m a l l  a n d  less t h a n  a t  lower  
e n e r g i e s ,  i t  is s t i l l  a s ign i f ican t  p ropor t ion  of t h e  d e t e c t e d  
flux. 

I t  is of i n t e r e s t  t o  e v a l u a t e  t h e  e f f e c t s  of t h e  c h a n g e s  
in t h e  s t r ipp ing  r a t i o s  on  t h e  c a l c u l a t i o n  of c o n c e n t r a t i o n s  
using t h e  v a l u e s  shown in T a b l e  21.1. For  a typ ica l  rock  w i t h  
a c o n c e n t r a t i o n  of 8 ppm thor ium and  2 p e r  c e n t  po tass ium,  
t h e  c a l c u l a t e d  po tass ium c o n c e n t r a t i o n  using t h e  pad resu l t s  
w i t h  no skyshine  will o v e r e s t i m a t e  t h e  po tass ium 
c o n c e n t r a t i o n  by I per  c e n t  t o  g i v e  a po tass ium v a l u e  of 
2.02 per  c e n t .  This  e r r o r  in po tass ium i n c r e a s e s  a s  t h e  
t h o r i u m  t o  po tass ium r a t i o  i n c r e a s e s  and  will g i v e  a 
1 0  p e r  c e n t  e r r o r  f o r  a rock of 8 0  ppm thor ium a n d  2 p e r  c e n t  
po tass ium.  Analysis  of t h e  c h a n g e  in t h e  s t r ipp ing  
r a t i o s  a and  y showed s imi la r ly  t h a t  t h e  uran ium and  
potass ium c o n c e n t r a t i o n s  will only b e  in e r r o r  in a r e a s  w h e r e  
t h e  thor ium-to-uran ium and  uran ium-to-potass ium v a l u e s  a r e  
unusually high. 

In s p i t e  of t h e  lack of  downward  s c a t t e r e d  rad ia t ion  on  
t h e  c a l i b r a t i o n  pads,  t h e  s t a n d a r d  p r o c e d u r e  of c a l i b r a t i n g  a 
f ield g a m m a  r a y  s p e c t r o m e t e r  is t h e r e f o r e  found t o  provide  
re l iab le  r e s u l t s  e x c e p t  in a r e a s  w i t h  unusual  r a d i o e l e m e n t  
ra t ios .  
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The chronological and deformational history of  the Precambrian paragneisses and 
orthogneisses east of Chicoutirni, QuPbec, has been determined by evaluation of intrusive 
relationships and of the relationships of anatectic veins to tectonic structures. Rocks of three 
age groups are defined as follows: 1)  paragneiss, associated amphibolite I and granite I, all 
affected by anatexis 1; 2) granite 11, cut by dylces of amphibolite 11, all a f fec ted  by anatexis 11 
and by deformation phases l and 11; 3) granite Ill ,  dykes of  amphibolite 111, affected by 
anatexis 111 and by deformation 111. Metatects of anatexis I1 formed chiefly in situ, whereas 
metatects of anatexis 111 are allochthonous. 

Introduction 

Woussen e t  al. ( 1 9 7 9 a , b )  presented  a t e n t a t i v e  
chronology of t h e  evolution of t h e  bedrock in t h e  upper 
Saguenay dis t r ic t  of t he  Grenville Province. The purpose of 
this report  is t o  document  t h e  s t ra t igraphy of t h e  old gneiss 
complex a t  St-Fulgence and along Rang St-Martin, ea s t  of 
Chicout imi ,  Qukbec. The s t ra t igraphy is based on I )  intrusive 
relationships, part icularly a s  displayed by t w o  genera t ions  of 
maf i c  dykes, and 2) t h e  relationship of rock units t o  phases  of 
deformat ion and anatexis.  Apar t  f rom t h e  present work, 
s t ra t igraphic  method I a f t e r  Sederholm (1967) h a s  y e t  t o  b e  
sys temat ica l ly  employed in t h e  Grenville;  i t  has however been 
used successfully in Greenland by Watterson (1965, 1968). 
The c o n s t ~ t u e n t s  of t h e  old gneiss complex a r e  subdivided in to  
t h r e e  main a g e  groups a s  follows ( see  Table 22.1, Fig. 22.1): 

1. Paragneisses,  associa ted  amphiboli tes (amphiboli te I), and 
a f i r s t  genera t ion  of g ran i t e  (grani te  I) underwent a f i r s t  
ana t ex i s  (anatexis  I). Very likely t hese  rocks  were  
deformed during or prior t o  anatexis  I; a l l  t r a c e s  of such a 
deformat ion,  however,  have been destroyed by t h r e e  l a t e r  
phases  of folding. 

2. Rocks of a g e  group I were  intruded by a second genera-  
tion of g ran i t e  ( g r a n i t e l l )  and by maf ic  d y k ~ s  
(amphiboli te 11). A complex deformat ion (deformat ions  l 
and 11) was  accompanied by a second phase of anatexis  
(anatexis  11). 

3. Rocks of a g e  groups I and 2 w e r e  intruded by a third 
genera t ion  of grani te  (grani te  Ill) and by maf i c  dykes  
(amphiboli te 111). Finally, all rocks were  a f f ec t ed  by a 
third phase of deformat ion and anatexis  (deformat ion 111, 
anatexis  111). 

S ty le  of Deformat ion 

In all likelihood rocks of a g e  group 1 were  folded before  
t h e  intrusion of g ran i t e  Il because  anatexis  has  never been 
observed to  a f f e c t  flat-lying, undeformed sedimentary  rocks. 
However, all physical t r a c e s  of this ear l ies t  deformat ion have 
been erased by t h e  subsequent F1-folding, excep t ,  perhaps,  
for rare ,  very strongly f la t tened folds in t h e  paragneiss 
sequence  (Fig. 22.2). These  intrafolial  folds of layers In t h e  
paragneiss sequence  and of m e t a t e c t s  I (Fig. 22.3a) now have  
S I  a s  t h e  axial  plane; t hey  may be  F1-folds, but a l te rnat ive ly  
they  could be  older folds ro t a t ed  i n t o  t h e  axial  p lane  during 
F1 -folding. 

F ,  -folding is t h e  dominant pene t r a t i ve  deformat ion a t  
Rang St-Martin. It produced t h e  regional schistosity S1 in t h e  
gneisses of a g e  groups I and 2. F la t tening associa ted  
with F1-folding is ex t r eme ly  strong; r a r e  re l ic ts  of such folds 
c a n  be t r aced  by dykes of amphibol i te  IT. 

F2-folds  a f f e c t  t h e  regional schistosity 5 , ;  they a r e  
modera te ly  t o  ext remely  f la t tened.  Their axial  plane her? is 
named S2 ;  i t  t rends  generally 45 t o  90" and dips steeply.  An 
axia l  p lane  schistosity parallel  t o  S2 is generally absent ;  
s t rong  lineations, however, a r e  common  in t h e  hinge zone  
of Fz-folds (Fig. 22.3c, 22.4). Most of t h e  fo lds  observed in 
t h e  a r ea  belong t o  this fold generation.  Fz-folding appears  t o  
have  a f f ec t ed  all rocks  of t h e  a r ea ,  excep t  for  those  of a g e  
group 3. 

Table 22.1 

St ra t igraphy of t h e  Old Gneiss Complex 

Mylonite, Ca rbona t i t e ,  Lamprophyre 

M e t a t e c t  111 Deformation 111 

Amphiboli te I11 

Gran i t e  111 

M e t a t e c t  11 

Amphiboli te 11 

Gran i t e  11 

Deformat ions  I and I1 

M e t a t e c t  1 Deformation ? 

Gran i t e  I 

Paragneiss and Amphiboli te I 

l Sc iences  d e  la Terre ,  ~ n i v e r s i t 6  du Qu6bec Chicoutimi,  Chicoutimi,  Qu6bec G7H 281 





Figure 22.2 Thin m e t a t e c t  l veins thrown into strongly 
f l a t t ened  folds,  in the  St-Fulgence paragneiss sequence. A 
thicker,  coa r se r  gra ined and garnet i ferous  vein of rne ta t ec t  I1 
mater ia l ,  showing pinch and swelling, is  axial  planar t o  these  
folds, which possibly p reda te  F1 -folding. 

Deformation 111 did not a f f e c t  t h e  a r e a  homogeneously. 
In wide zones  it has  t h e  s ty le  of "gleitbrett" tectonics:  zones  
500 m t o  1 m wide a r e  separa ted by shear zones  in which a 
new schistosity S3 developed (Fig. 22.5). Zones of g le i tbre t t  
tec tonics  g rade  laterally into zones  where  S1  (and t h e  folds-F2) 
a r e  refolded in to  F3-folds with Ss a s  the  axial plane. Locally, 
ana tec t i c  veins f o l l o \ ~ ~  slip-cleavage surfaces  associated with 
this folding episode (Fig. 22.6). A new schistosity rarely 
formed in the  older rocks; however, t h e  hinges of folds axial-  
planar t o  S3 a r e  generally l ineated. Schistosity Ss ,  trending 
010 t o  030' and dipping steeply,  fo rms  a schistosity in t h e  
rocks of a g e  group 3. Intensity of this deformat ion increases 
westward toward t h e  Chicoutimi rnangerite and toward t h e  
Lac St-Jean anorthosite.  Fur thermore ,  Sg  parallels t h e  con- 
t a c t  of t h e  Lac St-Jean anor thosi te  in t h e  a r e a  between l a c  
Kenogami and St-Jean-Eudes. Schistosity S 3  is t h e  on1 y 
t ec ton ic  s t ruc tu re  present in t h e  anor thosi te  and rnangerite 
and thus it very likely formed during t h e  batholithic rise of 
t hese  units. 

Paragneiss, Amphibolite I, Granite I 

Paragneiss, aniphibolite I and grani te  I a r e  t h e  oldest 
const i tuents  of t h e  old gneiss complex. Metaquar tz i te ,  me ta -  
arkose,  and me tape l i t e  (si l l imanite-garnet gneiss, si l l imanite- 
cordier i te  gneiss) a r e  relatively uncommon, having been 
observed mainly in t h e  paragneiss zone followed f rom 
St-Fulgence t o  Ha! Ha! Bay and beyond (Fig. 22.1). Biotite- 
plagioclase paragneiss is more  widespread; thin in tercala t ions  
or  inclusions of this rock a r e  found in t h e  t e r r ane  underlain 
mainly by grani te  l and grani te  11, and commonly a r e  
associated with amphibolite I. 

Amphibolite I is a very heterogenous rock assemblage, 
occurr ing widely a s  inclusions or intercalations within t h e  
grani t ic  sequence. Most arnphibolite I is vaguely t o  distinctly 
layered and some is lensoid; massive, s t ructure less  var ie t ies  
exis t  t h a t  a r e  virtually identical  t o  t h e  amphibolite 11. Most 
of i t  is mafic,  but t rans i t ions  in to  biotite-plagioclase 

paragneiss exist  and more  leucocrat ic  layers  a r e  not 
uncommon. Locally, boudinaged diopside-bearing "calc- 
si l icate" layers a r e  present. 

Grani te  I is homogeneous, f ine  grained (about l mm), 
leucocrat ic  and commonly quartz-rich.  I t  conta ins  minor 
b iot i te  and, locally, hornblende. Its original coarser  grain 
s i ze  is recognized f rom platy aggregates  of qua r t z  and 
fe ldspar ,  giving t h e  rock a laminate  to  long-lensoid foliation. 
Laminae and lenses a r e  defined by variable, but always low, 
b iot i te  content.  Obvious intrusive con tac t s  of grani te  I have 
not been observed, but t he  g rea t  homogeneity of t he  rock, 
and the  absence of gradations into the  meta-arkoses,  suggest 
an  intrusive origin. Fur thermore ,  a pegmat i t e  gneiss is 
associated locally with g ran i t e  I. S t rong foliation in t h e  
pegmat i t e  gneiss is defined by qua r t z  plates. 

All t hese  units underwent an  early anatexis  which did 
not a f f e c t  the  rocks described below. Meta t ec t s  form thin 
( I  t o  10 mm) lenses and strongly f l a t t ened  intrafolial  folds 
parallel  t o  S,  (Fig. 22.2, 22.3a). Me ta t ec t  l has  been 
intensely granulated and now is grey, f ine  grained (less than 
I mm) quartzofeldspathic mater ia l ;  bioti te,  where  present,  is 
oriented parallel  t o  S1. Thin, f ine  grained leucocrat ic  layers 
and lenses parallel  t o  S1 in grani te  I a r e  probably m e t a t e c t s  
re la ted  t o  anatexis I a s  they a r e  bounded by seams  slightly 
enriched in bioti te.  However, t h e  coarser grained (less 
granulated) veins with a well defined r e s t i t e  (Mehnert ,  1968) 
and frequently with a cen t r a l  qua r t z  vein probably result  
f rom anatexis  11. Pet rographic  pa ramete r s  o f f e r  indirect 
evidence for t h e  chronology of a n a t e c t i c  veins; crosscut t ing 
relationships seen locally allow particular veins t o  be  
a t t r ibu ted  t o  a specific a n a t e c t i c  episode ( see  Fig. 22.7 
inset). 

Granite 11, Amphibolite Il 

The gneisses described above have been intruded f i rs t  
by two  well defined types  of grani te  and then by mafic  dykes. 
The predominant variety of grani te  I1 is a s t reaky- textured,  
medium grained hornblende grani te  locally with 
orthopyroxene. Grain size of q u a r t z  and feldspar (plagioclase 
and potash feldspar) is  2 t o  3 mm. The rock is cha rac te r i zed  
by aggregate  s t reaks ,  1 t o  3 c m  long and 1 mm thick, of I m m  
amphibole crystals,  defining t h e  schistosity S2. The rock 
acquired a s t rong lineation in t h e  hinges of S2-folds by 
t ransformat ion of amphibole s t r eaks  into linear aggrega te s  of 
amphibole. Intrusive con tac t s  of this grani te  in to  
amphibolite 1, paragneiss and grani te  I a r e  well exposed a t  
several  localities. 

The second variety of g ran i t e  I1 is a plagioclase-phyric 
b iot i te  granite.  Plagioclase phenocrysts a r e  I t o  2 c m  long, 
3 t o  8 mm thick, a r e  oriented parallel t o  t h e  oldest 
schistosity,  and have been partly granulated. The phenocrysts 
appear to  be largely of primary igneous origin, and a r e  se t  in 
a fine- t o  medium-grained groundmass of quar tz ,  feldspar 
(plagioclase and potash feldspar), and bioti te.  Bioti te is  
or iented parallel  t o  S*. This g ran i t e  is intrusive in to  t h e  
paragneiss, grani te  I and, especially, amphibolite I, a s  
subconcordant dykes  severa l  t ens  of c e n t i m e t r e s  thick t o  
metre-scale  units. However, i t s  relationship t o  t h e  s t reaky 
hornblende grani te  has  not y e t  been defined. 

The paragneiss, amphibolite I, g r an i t e  I and grani te  I1 
have been intruded by closely spaced mafic  dykes now 
t ransformed t o  amphibolite. Three  var ie t ies  of these  
amphibolites have been recognized, namely I )  amphibole- 
phyric metagabbro amphibolite,  2) even grained metagabbro 
amphibolite,  and 3) metadior i te  amphibolite. Amphibole- 
phyric amphibolite conta ins  amphibole crys ta ls  3 t o  5 mm 
across,  in a mill imetre-grained amphibole-plagioclase matrix.  
Even grained amphibolite has  a grain s i ze  of 0.5 t o  l mm. 



Gneiss (schistose) 

Gneiss (schistosity folded) 

Gneiss ( l  ineated) 

Amphibolite 

Mobi l isate  I 

Rest i te  

/ Mobi l i sa te  11 
C 

A1 - Mobilizate 11 material filling dilation zones between B - Mobilizate 11 in dilational zones of Sz-folding, note that 
dyke amphibolite boudins. layering of gneiss is continuous between rafts. 

2 - Pinch and swell in a rnobilizate II vein. C - Metatect accurnulatina in dilation zones associated with 

3 - Mobilizate I1 vein crosscutting Sland isoclinally-folded 
rnobilizated 1 material. 

displaced fold hinge; The gneiss is lineated in the 
hinge zone. 

4 - Mobilizate 11 material filling interstices between dyke D1 - Restite forming border of anatectic vein where 
direction of mobilization was perpendicular to the arnphibolite breccia fragments. lenath o f  the vein. 

W .  

5 - Mobilizate 11 material filling dilational "leaves" and - Restite streaks forming between,within veins following slip cleavage surfaces. in which mobilization direction was parallel to the 
length of the vein. 

Figure 22.3 Schema of  typical occurrences and features of anatectic veins. 
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Figure 22.4 S3-shear .wrface o f f se t t ing  strongly developed Figure 22.5 Development of  a new (S3) schistosity in shear 
S2 schistosity. Note the mineral lineation developing in the zones cutting across older ( S I , S ~ )  schistosities. Where shear 
hinge zone of the F2-folds. zones are closely spaced, the older schistosity is deformed.  

L E G E N D  

Even-g ra ined  amphibo l  i t e  

m] Folding pa t te rns  i n  granite I 

'C, Mob i l i za te  I l l  

Ferromagnesian c l o t s  

1-1 Pegrnatoid a long s l i p  
c leavage re la ted  t o  
d e f o r m a t i o n  I I I  

S A N D  

Figure 22.6 Relatively large volumes of coarse grained pegmatoid crosscutting and filling t h e  noses 
o f  S2 folds, in granite I ,  shoreline along Rang St-Mortin. Enlargement shows relation of the incipient 
refolding of  the isoclinal S p  folds t o  the development of slip cleavage, which trends N I O E .  



Figure 22.7 Amphibole-phyric amphibolite dyke being cut by even grained amphibolite dykes. 
The dyke at the l e f t  has been partly brecciated, with coarse grained mobilizate 11 material filling 
interfragmental interstices. The dyke at the right has been boudinaged, with pegmatite 
(rnobilizate 111) occurring between boudins. The contact between granites I ond 11 is subconcordant. 
The inset shows mobilizate I1 material following the porphyritic dylce, crosscutting concordant 
mobilizate I veins. 

Both consist of about  50-70 per cen t  amphibole and 30-50 per 
c e n t  plagioclase. Metadior i te  consists of about  20-30 per 
c e n t  amphibole,  70-80 per c e n t  plagioclase,  and is f ine  
grained (0.3 t o  0.5 mm). 

Dykes a r e  1 c m  t o  5 m thick; c o n t a c t s  with older rocks, 
a r e  sharp,  but reac t ion  zones  a r e  locally present  - t he se  a r e  
described below. In general ,  gra in  s i ze  does  not vary across  
t h e  dykes, al though coarsening f r o m  c o n t a c t s  t o  c e n t r e s  of 
dykes  has  been observed locally. Most dykes  a r e  subcon- 
co rdan t  with t h e  layering of t h e  schistosity S 2  but crosscut t ing  
relationships were  noted in places. F igure  22.7 shows 
subconcordant  dykes  of evengra ined arnphiboli te cu t t i ng  a n  
amphibole-phyric amphibol i te  dyke, and Figure 22.8 shows a 
me tad io r i t e  dyke cu t t i ng  subconcordant dykes of evengrained 
amphiboli te.  

Anatexis I1 

All rocks  described above underwent a n  anatexis  which 
coincides with t h e  last  s t a g e  of deformat ion I and t h e  
beginning s t age  of de fo rma t ion  11. M e t a t e c t s  fill dilat ional 
zones;  typically t hey  occur  a s  pinching-and-swelling veins, 
and occasionally a s  boudinaged, r a the r  thick lenses  parallel  t o  
S, (Fig. 22.2, 22.3a), a lso  cha rac t e r i s t i c  and common in the i r  
emplacemen t  in extensional zones  between arnphiboli te 
boudins (Fig. 22.3a1 22.6) in breccia  zones  in amphibol i te  
(Fig. 22.3a, 22.7), in axial  p lanes  of F2-folds and in dilational 
zones  re la ted  t o  F2-folding (Fig. 22.3a). Typically, much 
rne t a t ec t  11 ma te r i a l  is present  in t h e  hinges of F2-folds 
(Fig. 22.3c), and in breccia  zones  c lose  t o  t h e  c o n t a c t  of rock 
units of very d i f ferent  mechanical  proper t ies  (breccia  zones  
in g ran i t e  I o r  amphiboli te,  c lose  t o  t h e  c o n t a c t  with 
si l l imanite-garnet paragneiss).  



Figure 22.8 Folded leucocrat ic  arnphibolite ("rnetadiorite") dyke crosscutting concordant even 
gra ined arnphibolite dykes  in g ran i t e  I, shoreline along Rang St-Martin. The even grained arnphibolite 
dykes  were boudinaged by t h e  folding episode ( F 2 )  which folded the  leucoamphibolite.  

Me ta t ec t s  11 generally a r e  coarse  grained pink 
pegrnatoids; thick pegmatoids commonly contain a qua r t z  
core ,  a centra l ly  located qua r t z  vein, or graphic intergrowth 
of qua r t z  and feldspar. All rneta tec ts ,  however,  have been 
somewhat  granulated, apparently by movements re la ted  t o  
F*-folding. Intensity of this granulation increases westward, 
and locally t h e  m e t a t e c t s  I1 have been t ransformed t o  grey, 
f ine  grained quar tzofe lspathic  veins. The growth of feldspar 
porphyroblasts locally in gneisses and in amphibolites is 
r e l a t ed  t o  anatexis  11. 

3. Meta t ec t s  a r e  rimmed by r e s t i t e  which consists always of 
t h e  maf ic  mineral of t he  host rock. The direction of 
movement of ana tec t i c  mel ts  can be  re la ted  t o  t h e  
relation of movement in the  rneta tec t :  where  the  res t i te  
r ims  a n a t e c t i c  veins parallel  t o  S I ;  movement was 
parallel  t o  Sl  where  s t r eaks  of r e s t i t e  grade laterally 
in to  lenses of rnobilizate I1 (Fig. 22.3d). 

Exceptions t o  these  t h r e e  rules fur ther  confirm t h e  
local derivation of me ta t ec t s :  

The following observations indicate that anatexis 1. In t h e  thinly layered sequence of t h e  a rea ,  i t  is normal 

generally took place in situ, and t h a t  m e t a t e c t s  11 a r e  of local t h a t  m e t a t e c t s  derived f rom one rock t y p e  should locally 

derivation: in t rude a d i f ferent  rock type. In particular,  layers  of 
amphibolite and g ran i t e  I in si l l imanite-garnet paragneiss 
commonly have been strongly breccia ted  and have been 

1. In general,  amphibolite I1 dykes  a r e  mappable a s  invaded by m e t a t e c t s  derived f rom the  paragneiss 
continuous units, even though boudinaged, folded, and c u t  (Fig. 22.9). These  m e t a t e c t s  conta in  garnet  a s  t h e  maf i c  
by numerous veins of mobilizate 11. This is t r u e  even in mineral,  and in t h e  c a s e  of t h e  amphibolite layers, t h e  
strongly dilational fold hinges, where  t h e  continuity of m e t a t e c t s  aye r immed by a react ion zone where  
S, and of laverine can b e  demonstra ted  ( F ~ E .  22.3~) .  amphibole of t h e  amphibolite has  been conver ted  t o  

Meta t ec t s  11 usually contain t h e  same  mafic  minera ls  as 
d o  thei r  host rocks. Thus, t h e  predominant maf ic  mineral 
of m e t a t e c t s I I  is  arnphibole in amphibolite or in 
amphibole grani te ,  b io t i te  in b iot i te  paragneiss and in 
b iot i te  granite,  and garnet  in garnet i ferous  gneiss. 

bioti te,  t o  garnet ,  or t o  both. Such zones  of m e t a t e c t  
react ions  extend no more  than I or 2 m from t h e  source  
rock of t h e  m e t a t e c t s  and a r e  present only at t h e  c o n t a c t  
of paleosomes of very di f ferent  composition. For 
example ,  along amphibolite-paragneiss interfaces,  ga rne t s  
commonly form a mineral lineation parallel  t o  t h e  fold 
a x e s  of -folding. 
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Figxre 22.9 Pegmatite (mobilizate 111) filling dilation zone between large boudins of brecciated 
granite I material, within the paragneiss sequence at St-Fulgence. The granite has been infiltrated by 
allochthonous garnetiferous mobilizate 11 material from the  adjacent paragneisses. The mobilizate 111 
material recrystallizes the granitic material, and especially the leucocratic moblizate 11 material; 
biotite clots advance up t o  25 cm along veins of the latter. Some o f  the mobilizate I1 veins in the 
paragneiss have also been granitized by the pegmatite: these veins are exceptionally quartz-rich and 
contain potash feldspar porphyroblasts up t o  5 cm across. 

LEGEND 

( Mobilizate l l  

m Granite 1 1 1  

Amphibolite I1 

, -, Edge of 
outcrop 

Folded S,- _.. .' schistosity 

Figure 22.10 Granites 111 (medium grained syenitic granite (crosses) and weakly foliated medium 
grained granite) cut folded S, schistosity of porphyritic granite I1 and amphibolite II. The granites 111 
are weakly foliated parallel to SJ. Mapping and draughting by M .  Elgner and C .  Schroeder. 



Figure 22.11 Recrystallization of amphibolite I inclusions in 
pegrnatitic rnobilizate 111. A biotite-rich rim surrounds a pale, relatively 
fine grained zone; medium grained, essentially unaltered material occurs 
at the centre. Small inclusions are completely altered t o  biotite; 
intermediate sized enclaves lack the unaltered central core. Paragneiss 
sequence at St-Fulgence. 

2. Locally,  a n a t e x i s  is  a d v a n c e d  enough t o  d e s t r o y  t h e  to S3, a n d  a r e  s o m e w h a t  g r a n u l a t e d .  As in t h e  c a s e  a b o v e ,  
o r ig ina l  c o n t i n u i t y  of layers.  In s u c h  cases, a m p h i b o l i t e  s o m e  r e c r y s t a l l i z a t i o n  of t h e  o ld  gne iss  f a b r i c  is e v i d e n t  at 
[ a v e r s  c a n  b e  t r a c e d  f o r  onlv s h o r t  d i s tances .  a n d  r e a c t i o n  ve in  c o n t a c t s .  
z o n e s  rim m a n y  of t h e  a m p h i b o l i t e  inclusions;  p resumably ,  Where  d e f o r m a t i o n  Ill r e s u l t e d  in p e r v a s i v e  fo ld ing  of m o s t  of t h e  m e t a t e c t  in t h e s e  rocks  w a s  der ived  f r o m  t h e  t h e  S3-sch is tos i ty ,  a n a t e c t i c  ve ins  r e l a t e d  t o  a n a t e x i s  I11 a r e  g r a n i t i c  gneiss and the most common; here they  in t rude  di lat ional  zones related in to  b i o t i t e  in a marg ina l  r e a c t i o n  z o n e .  S imi la r  r e a c t i o n s  t o  F,-folding,  a s  in F i g u r e  22.12. M e t a t e c t s  III g e n e r a l l y  a r e  o c c u r  in inclusions wi th in  t h e  p e g m a t i t i c  ve ins  resu l t ing  s o m e w h a t  d e f o r m e d  by t h e  F3-folding. f r o m  a n a t e x i s  111, d e s c r i b e d  below. 

G r a n i t e  111, Arnphiboli te  111 

Very f e w  d y k e s  of g r a n i t e  Ill a n d  of a m p h i b o l i t e  111 a r e  
p r e s e n t  in t h e  old gne iss  c o m p l e x ;  however ,  t h e s e  d y k e s  
a p p e a r  t o  b e c o m e  m o r e  c o m m o n  t o w a r d  t h e  C h i c o u t i m i  
m a n g e r i t e .  D y k e s  of g r a n i t e  111 h a v e  var ious  c o m p o s i t i o n s  
a n d  t e x t u r e s ,  a n d  g r a n i t e  I11 obviously c o m p r i s e s  a 
h e t e r o g e n o u s  g r o u p  o f  rocks. F i g u r e  22.10 d o c u m e n t s  a 
medium gra ined  (- 4 m m )  s y e n i t i c  g r a n i t e  in t rus ive  i n t o  t h e  
o lder  s e q u e n c e .  S 3  is t h e  only s t r u c t u r e  p r e s e n t  in th i s  dyke.  

Dyltes of a m p h i b o l i t e  Ill a r e  fa i r ly  c o m m o n  in t h e  
w e s t e r n m o s t  s e c t o r  o f  R a n g  St -Mar t in ,  c l o s e  t o  t h e  c o n t a c t  
of  t h e  gne iss  c o m p l e x  a n d  t h e  m a n g e r i t e .  Amphibol i te  111, a 
f i n e  gra ined  ( S  1 m m )  rock  of b a s a l t i c  compos i t ion ,  c r o s s c u t s  
t h e  ax ia l  p l a n e  S 2  a n d  c o n t a i n s  v e i n s  of m e t a t e c t  111, s h e a r e d  
by S J .  Its re la t ionsh ip  t o  g r a n i t e  Ill is unknown. 

Anatex is  I11 

A n a t e x i s  111 produced  p e g m a t i t i c  veins. T h e  v e r y  f e w  
ve ins  p r e s e n t  in t h e  a r e a  u n a f f e c t e d  by d e f o r m a t i o n  Ill 
c r o s s c u t  t h e  o lder  s t r u c t u r e  a n d  f o r m  s t r a i g h t  dykes. T h e s e  
d y k e s  a r e  no t  of loca l  der iva t ion ;  t h e y  a r e  no t  r i m m e d  by 
r e s t i t e s  and  f u r t h e r m o r e  t h e y  c a u s e d  a s t r o n g  r e c r y s t a l -  
l i z a t ~ o n  of  t h e  older  gne isses  (Fig.  22.11). 

A n a t e c t i c  ve ins  r e l a t e d  t o  a n a t e x i s  I l l  a r e  m o r e  
c o m m o n  in t h e  t e r r a n e  w h e r e  d e f o r m a t i o n  I1 is  r e p r e s e n t e d  by 
d i s c r e t e  s h e a r  z o n e s  (Fig. 22.12). In t h e s e  a r e a s ,  a n a t e c t i c  
v e i n s  i n t r u d e  t h e  s h e a r  zones ,  show a w e a k  fo l ia t ion  para l le l  

U n c o r r e l a t e d  Rock Types 

C h a r n o c k i t e s  in t h e  e a s t e r n  p a r t  of R a n g  St -Mar t in  a n d  
t h e  porphyr i t i c  d ~ o r i t e  of C a p  d e s  R o c h e s  h a v e  not  b e e n  
c o r r e l a t e d .  T h e  c h a r n o c k i t e s  a r e  very  c o a r s e  g r a i n e d  (1 to  
4 c m )  r o c k s  of d i o r i t i c  compos i t ion ,  c o n t a i n i n g  amphibole-  
m a n t l e d  o r t h o p y r o x e n e  c r y s t a l s  u p  t o  4 c m  across .  The i r  
r e l a t i o n s h i p  t o  t h e  o t h e r  r o c k s  in t h e  a r e a  is  s t i l l  unc lear .  

T h e  porphyr i t i c  d i o r i t e  c o n t a i n s  a b o u t  50 p e r  c e n t  
fe ldspar  p h e n o c r y s t s  I t o  2 c m  long, s e t  in a maf ic - r ich ,  f i n e  
g r a i n e d  groundmass .  It is m o d e r a t e l y  t o  s t rongiy  d e f o r m e d  
(sch is tos i ty  S,?) a n d  is c u t  by numerous  p e g m a t i t i c  dykes  and  
v e i n s  ( m e t a t e c t  111, u n d e f o r m e d  ?). 
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Figure 22.12 Para-autochthonous metatexite I1 after layered amphibole gneiss and amphibolite 11, cut by 
rnobilizate Ill. Note ( l )  folded S1 schistosity with axial plane parallel to S2 (lower left) in arnphibolite l, cut 
by rnobilizate I11 with internal schistosity S3, and (2) the large volume of mobilizate 11, reaction rims a t  the margins 
of amphibolite inclusions and the discontinuous layering of para-autochthonous rnetatexites. Mapping by M. Elgner and 
C. Schroeder; drafting by B. Tremblay and A.-M. Wawrzkow. 
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Abstract 

Foxe Fold Belt, a late Aphebian (Hudsonian) mobile belt, contains polydeformed Archean and 
Aphebian rocks ranging from greenschist to granulite facies of metamorphism. Within the Home Bay 
map area (NTS 27 SE and SW) Aphebian Piling Group supracrustal rocks are divided into four 
lithostratigraphic units. A basal unit o f  mainly quartzite in the south part of the region is overlain by 
an interbedded marble and calcium-silicate gneiss unit towards the apparent north margin of the 
sedimentary basin. Locally in the interior of  the basin in the southwest part of the Home Bay map 
area a stratiform complex of mafic and ultramafic metavolcanics overlies the quartzite. The upper 
unit, composing the major part of Piling Croup, is made up of a succession of metaturbidites. 

The first appearance of anatectic leucogranite occurs near the base of Piling Group in the 
southwest part of the Home Bay map area, and cuts higher into the metaturbidite succession farther 
east. In the south, east and north parts of the map area metamorphic conditions were highest; 
granulite grade rocks occur in the southeast part of the region. 

Four fold sets deform Aphebian and older rocks in the region. The first two sets (F1 and F2) are 
recumbent isoclines: the largest single structure in the region appears to be a northeast-striking 
F1 or F p  anticlinal nappe. Fg and FI ,  folds are mainly horizontal normal folds developed on the 
recumbent fold limbs. The F3 set strikes east-northeast and is dominant northwest of the apparent 
crest of  the anticlinal nappe, whereas the FI, set.strikes west-northwest and is dominant southeast of 
the apparent crest of the nappe. Foxe Fold Belt undergoes an abrupt regional strike change across 
the zone where the fold sets interfere. 

Anatexis apparently antedates F+ folding in the region. 

Introduction Archean granitoid basement  rocks. Jackson and Taylor (1972) 

Bedrock mapping in Home Bay map a r e a  drew theboundar i e s  of t he  deformed zone f rom t h e  Canada 

( N ~ ~  27SE, SW) was completed during 1979; this was the final mainland southwest  of Melville Peninsula t o  t h e  e a s t  coas t  of 

field season devoted t o  studies of t h e  stratigraphy, s t ruc tu re  cen t r a l  Baffin island. South of Barnes Ice  C a p  in cen t r a l  

and metamorphism of rocks in Foxe Fold Belt in Baffin Baffin Island, Foxe Fold Belt changes s t r ike  f rom t h e  eas t -  

Island. Other studies done in relation to this project are northeast-west-southwest t rend cha rac te r i s t i c  in western  
Baffin Island and Melville Peninsula t o  west-northwest-east-  described by Morgan et al. (1975, 197619 Tippet t  (1978, 1 9 7 9 ) ~  southeast in the short eastern segment tha t  terminates in and Henderson et al. (1979). Home Bay. 

Figure 23.1 outlines t h e  Home Bay map  a r e a  and indi- 
c a t e s  mapping reported upon previously. Contributions t o  t h e  
mapping in 1979 were  made by Rober t  Anderson, 
Steven Aungst, Derek Brown, Marie t te  Henderson, 
Pat r ick  McLellan, and Cinny Peterson, in addition t o  t h e  
writers.  Traversing was done mainly on foot  f rom daily 
excursions with a helicopter f rom base  c a m p s  a t  C a p e  Hooper 
(FOX-4 DEW Line site), t h e  head of Inugsuin Fiord, and 
Dewar Lakes (FOX-3 DEW Line site). Camp moves were  
fac i l i ta ted  by use  of DC-3 and Twin O t t e r  a i r c ra f t  cha r t e red  
f rom Frobisher Bay. 

Much of eas tern  Baffin Island is nearly inaccessible 
excep t  by helicopter. Local relief exceeds  1000 m in t h e  
fiords and most of t h e  upland is covered by permanent  i ce  
and snow. In addition, prevailing eas ter ly  winds in t h e  region 
produce abundant orographic cloud cover  and precipitation. 
In this regard,  we g rea t ly  apprecia te  t h e  help of Alan Stacey,  
pilot of Aero Trades1 Bell 206-A, who was  constantly aware  
of t h e  special  difficult ies presented t o  us in mapping t h e  
country.  

Summary of Regional Rela t ions  in 
Foxe Fold Bel t  Figure 23.1. Index map of areas referred to in central 

Foxe Fold Belt is a 100-200 km wide zone of l a t e  Baffin Island. Home Bay map area (NTS 27 SE and SW)  is 
Aphebian deformat ion character ized by generally gently outlined; parts of the area reported upon previously by 
plunging, eas t -west  striking normal folds superposed on Henderson et al. (1979),  Morgan et al. (1976) and Tippett 
recumbently folded Aphebian supracrus ta l  rocks and thei r  (1978. 1979) are indicated. 
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Metamorphism in t h e  belt  on Baffin Island increases  
outwards  f rom greenschis t  g r ade  in t h e  cen t r a l  Piling Basin 
t o  granul i te  g rade  nor th  and south of Foxe Fold Belt (Jackson 
and Morgan, 1978). In t h e  high g rade  t e r r anes  extens ive  
Hudsonian migmat iza t ion  made i t  d i f f icul t  t o  distinguish 
between Aphebian and Archean supracrus ta l  and plutonic 
rocks. Final folding of t h e  rocks in Foxe Fold Belt on 
Melville Peninsula took place  before  t h e  metamorphic  
culmination about  1800 Ma ago  (Henderson, in press); folding 
in t h e  belt  on Baffin Island out las ted  t h e  metamorphic  c l imax 
which, according t o  Jackson and Morgan (1978), may have 
occurred  about  1670 Ma ago. 

St ra t igraphy and  Lithology 

Rocks in t h e  Home Bay map  a r e a  (Fig. 23.2) may b e  
divided on t h e  basis of re la t ive  age  and lithology in to  four 
major ca tegor ies :  ( l )  Hrchean (Kenoran) granitoid basement  
complex; (2) Piling Group supracrus ta l  succession assumed t o  
be  Aphebian in age;  (3) La te  Aphebian (Hudsonian) granitoid 
rocks; and (4) post-Aphebian (Hadrynian) d iabase  dykes  (not 
shown on Fig. 23.2). 

Archean Basement  Complex 

A continuous expanse  of granitoid basement  gneiss 
occurs  in t h e  region nor theas t  of a line f rom Alexander Bay 
t o  Barnes Ice Cap. South of th is  l ine basement  rocks  occur  
largely in west-northwest t rending ell iptical  domes in t h e  
Dewar Lakes region, and in nor th  t rending isoclinal ant ic l ines  
in t h e  C a p e  Hooper region. 

Basement rocks  a r e  mainly medium grained, pink-grey, 
layered granite-granodiorite with locally abundant folded 
amphiboli te boudins. Layering is developed on a sca l e  of 
1-10 c m  in t h e  gneiss; minera l  foliat ion and l ineation (where  
developed) parallel  layering in l imbs and hinges of mesoscopic 
folds. Identification of basement  rocks  in t h e  high g rade  
t e r r anes  nor th  and e a s t  of t h e  a n a t e c t i c  f ron t  shown in 
Figure 23.2 commonly is based on negat ive  mineralogical  
c r i te r ia ,  such as absence  of graphi te ,  iron oxide, ga rne t ,  
s i l l imani te  and cordier i te ,  al though presence  of a l lani te  may  
be a posit ive cr i te r ion  for  identification of basement  rocks. 

The pre-Piling r e l a t i ve  a g e  of t h e  basement  rocks  was  
established by Morgan e t  al. (1975, 1976) and Tippet t  (1978, 
1979) based on t h e  regional occu r rence  of granitoid gneiss 
beneath  Piling Group graded turbid i tes  nor thwest  of Dewar 
Lakes. Jackson (1978) obta ined Rb-Sr "errorchron" ages  of 
2605 Ma and 1964 Ma f rom 12 samples  of basement  gneiss 
col lec ted  near  t h e  mouth of McBeth River (Fig. 23.2). The 
Rb-Sr values  obta ined f r o m  t h e  su i t e  according t o  Jackson 
(1978) show significant geological  variation,  but do, however,  
provide evidence  fo r  a t  leas t  two  periods of igneous-meta- 
morphic ac t iv i ty ,  t h e  ea r l i e r  represent ing  t h e  Kenoran 
orogeny and t h e  l a t e r  possibly indicative of t h e  t i m e  of 
metamorphism of t h e  Piling Group. 

Piling Croup 

In t h e  Home Bay map  a r e a  Piling Croup is divided in to  
four  l i thos t ra t igraphic  units. In ascending o rde r  t h e  sequence  
of units  is ( I )  micaceous  qua r t z i t e  or quar tzofe ldspathic  
gneiss, (2) marble  and ca lc ium s i l i ca t e  gneiss, (3) amphibol i te  
and u l t r amaf i c  rocks, and (4) turbid i te  o r  paragneiss. The 
brief 'descriptions of field a spec t s  which follow emphasize  
regional var ia t ions  within t h e  m a p  a rea .  Tippet t  (1978, 1979) 
and Henderson et al. (1979) presented  some  additional d a t a  on  
t h e  megascopic f ea tu re s  of Piling Group rocks in t h e  Home 
Bay map  area .  Morgan e t  al. (1976) described some  a spec t s  
of Piling Group rocks  in t h e  wes t  of t h e  Home Bay m a p  area .  
Piling Group is given an  Aphebian a g e  and probably is 
corre la t ive  with Penrhyn Group in Melville Peninsula. 

Micaceous Q u a r t z i t e  or Quar tzofe ldspathic  Gneiss The 
basal  unit of Piling Croup var ies  with increase  in m e t a -  
morphic g rade  f rom micaceous  q u a r t z i t e  and schist  t o  
quar tzofe ldspathic  gneiss. The a n a t e c t i c  f ront  drawn on 
Figure 23.2 marks  t h e  approximate  position of t h e  transit ion.  
Pu re  q u a r t z i t e  is a minor but cha rac t e r i s t i c  component  of t h e  
unit throughout t h e  region. The basal  unit is most widespread 
in t h e  region immedia te ly  south  of McBeth River;  north of 
t h e  river t h e  unit  is  no t  represented  on t h e  map, although in 
places nor thwest  of Clyde River thin q u a r t z i t e  occurs  
be tween marble  and basement  gneiss. Thickness e s t ima te s  
a r e  valueless, due  t o  t h e  imprecise  knowledge of s t ruc tu ra l  
complexi t ies  in t h e  region. However, t h e  v i r tua l  dis- 
appearance  of qua r t z i t e  and t h e  appea rance  of marble  a s  a 
map  unit  nor th  of McBeth River probably r e f l ec t  a t rans i t ion  
f rom dominantly c l a s t i c  sedimenta t ion  in t h e  in ter ior  of t h e  
basin t o  chemical  sedimenta t ion  near  t h e  basin margin. 

Marble and Calcium-Silicate Gneiss North of McBeth 
River,  marble  and calcium-sil icate gneiss occurs  in s eve ra l  
narrow west-northwest str iking bands in c o n t a c t  with base- 
men t  gneiss. In p laces  t h e  uni t  over l ies  a th in  q u a r t z i t e  o r  
peli t ic gneiss in c o n t a c t  with basement  rocks. Elsewhere in 
t h e  Home Bay m a p  a r e a  t h e  marble  unit  is absent  o r  is t oo  
thin t o  m a p  sepa ra t e ly  f rom t h e  quartzite-quartzofeldspathic 
gneiss unit  (e.g. nor th  of Ekalugad Fiord). 

Typically t h e  uni t  is  coa r se  grained c a l c i t e  marble  with 
s c a t t e r e d  layers,  lenses and pods of f iner  grained diopside- 
feldspar-quartz gneiss. Dispersed grains of graphi te ,  
fors ter i te ,  humite,  diopside and scapol i te  occu r  in s o m e  
marble  outcrops.  White pegmat i t i c  g ran i t e  commonly occu r s  
with marble  and may make up most  of t h e  exposure. 

Marble s eems  t o  occur  in Piling Group only nea r  t h e  
nor th  margin of t h e  basin on Baffin Island. Morgan et al. 
(1975, 1976) mapped a marble-rich unit  overlying qua r t z i t e  in 
t h e  keels  of s eve ra l  no r theas t  str iking synclines along t h e  
north margin of t h e  basin in t h e  Lake  Gillian map  a r e a  (37 D) 
southwest  of Barnes Ice Cap. In t h e  region west  of t h e  Home 
Bay m a p  a r e a  they noted t h a t  ca rbona te  rocks occur  in Piling 
Group only nea r  t h e  nor th  margin of t h e  basin. 

Amphiboli te and Ul t r amaf i c  Rock A s t r a t i fo rm 
complex composed mainly of amphibol i te  and hornblendite 
layers occurs  around severa l  of t h e  ell iptical  domes near  
Dewar Lakes. In this region t h e  uni t  overlies t h e  basa l  
q u a r t z i t e  o r  occu r s  within t h e  turbidite-paragneiss unit. T h e  
l a t t e r  occu r rence  may be  allochthonous if t h e  complex fo rms  
a single conformable  volcanogenic sequence  overlying t h e  
qua r t z i t e  unit. Amphiboli te occurr ing  e a s t  of t h e  Dewar 
Lakes  region is t oo  thin and discontinuous t o  map separa te ly  
f rom t h e  qua r t z i t e  unit. Tippet t  (1978) suggested t h a t  t h e  
amphibol i te  and u l t r amaf i c  rock uni t  found around Dewar 
Lakes may be  a la tera l  fac ies  equivalent of extens ive  
sulphide fac ies  iron format ion and rusty schists,  which 
apparent ly  occupy t h e  s a m e  s t ra t igraphic  position in Piling 
Group t o  t h e  north. 

Turbidi te  o r  Paragneiss Unit  The principal uni t  of 
Piling Group in t h e  Home Bay m a p  a r e a  is  a flyschoid 
sequence  t h a t  var ies  with increase  in metamorphic  g rade  
f rom a succession of recognizably d is ta l  turbid i tes  t o  
migmat i t ic  bioti te-graphite paragneisses. Where they occu r  
in the i r  lowest g rade  condition (e.g. t h e  upper McBeth River 
and upper Dewar Lakes  dra inage  areas),  t h e  rocks composing 
t h e  turbid i te  uni t  of t h e  group a r e  rusty shales, s i l t s tones  and 
greywackes ;  where  the i r  metamorphic  g rade  is  higher, t hey  
a r e  mainly rusty graphi t ic  schis ts  and paragneisses. In t h e  
region inside t h e  a n a t e c t i c  f ron t  drawn in Figure  23.2, 
grani t ic  leucosome is a significant component  of t h e  
paragneiss unit  and in t h e  highest  g rade  t e r r anes  (e.g. south 
and southwest  of C a p e  Hooper) t h e  paragneiss uni t  i s  d i f f icul t  
t o  s e p a r a t e  f rom Hudsonian plutonic rocks. 
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Granitic Rocks 

Based on their relative age and mode of occurrence, 
three varieties of granitic rocks (sensu lato) were 
distinguished in  the Home Bay map area. Pegmatitic 
leucogranite occurs most abundantly; i t forms the leucosome 
i n  migmatitic paragneiss and is the principal component of 
the rnigmatitic granite mapped inside the anatectic front. 
Several foliated megacrystic quartz monzonite plutons occur 
south o f  Cape Hooper. These rocks were emplaced af ter  
some of the leucogranites formed. Postkinematic granite 
pegmatite dykes compose the third variety of granitic rock 
distinguished i n  the region; they indicate that some granitic 
magmatism outlasted the dynamothermal Hudsonian 
metamorphism. 

Leucogranite Inside the anatectic front drawn on 
Figure 23.2, Piling Group paragneiss contains conformable 
leucocratic laminae produced in  situ by anatexis of the 
turbidites. In addition, deformed sills and dykes of 
leucocratic granite intrude the migrnatitic paragneiss. These 
discordant leucogranites are slightly more mobile products of 
local anatexis. Mainly along the south margin of the Home 
Bay map area leucogranite forms the major component of the 
migmatite and is distinguished on the map as migmatit ic 
granite. The migmatit ic granite contacts are located approx- 
imately where Piling Group rocks could no longer be distin- 
guished from Archean basement rocks or Hudsonian granites. 

Where leucogranite is intimately associated wi th Piling 
Group paragneiss, it commonly contains schistose biotite- 
f ibrol i te lenses, except i n  the region south of Ekalugad Fiord 
where sill imanite is absent and the leucogranite contains 
dispersed garnet and cordierite. 

Charnockitic granite southwest of Cape Hooper gave a 
Rb-Sr isochron age of 1670 t 30 Ma, probably recording the 
t ime of high grade Hudsonian metamorphism in  the region 
(Jackson and Morgan, 1978). 

Megacrystic Quartz Monzonite Several north-south 
trending plutons and many smaller sills and dykes of foliated 
biot i te quartz monzonite wi th coarse feldspar augen occur 
south of Cape Hooper. The plutons are semiconformable but 
locally the dykes crosscut leucogranite i n  migmatit ic para- 
gneiss. Quartz monzonite contains a few xenoliths of 
apparent derivation from the Archean basement complex, 
suggesting the magmas may have been generated by fusion o f  
basement rocks. 

Megacrystic quartz monzonite probably is a member of 
the quartz monzonite-monzocharnockite suite (Jackson and 
Morgan, 1978) covering tens of thousands of kilometres of the 
granulite facies terrane south of Home Bay map area. 
Similar rocks near Pangnirtung gave a U-Pb zircon age of 
1900 + 20 Ma, interpreted as recording the pre-granulite 
facies igneous activity i n  the region (Pidgeon and 
Howie, 1975). 

Pegmatite Dykes Postkinematic granite pegmatite 
dykes occur near and inside the anatectic front throughout 
the Home Bay map area. The dykes commonly intrude 
Archean basement rocks or the Piling Group quartzite unit. 
They have diverse trends and range up t o  30 m wide and 
1000 m long. These dykes are not shown-on the geologic map 
(Fig. 23.2). 

Diabase Dykes 

Vertical northwest-southeast striking diabase dykes 
crosscut a l l  other rocks i n  the region. The dykes are 
widespread but not common; they are generally less than 

50 m wide but  may be 50 k m  long. Their trend is  parallel t o  
the Hadrynian Franklin dykes of north Baff in Island 
(Fahrig e t  al., 19711, but the possibility exists that some of 
them may be related to Tertiary r i f t ing  in  Davis Strait. They 
are not shown on the geologic map (Fig. 23.2). 

Metamorphism 

In  the Home Bay map area metamorphic conditions 
ranged from greenschist t o  granulite facies. Greenschist 
facies is evident in  rocks of the upper McBeth River and 
Dewar Lakes drainage areas where fine grained chlorite- 
biotite-quartz schist (metaturbidite) and muscovite quartzite 
occur. Because of the restricted composition of the rocks 
few indicator minerals occur i n  the Home Bay map area, 
signifying lower amphibolite facies metamorphism: 
andalusite and staurolite are very rare; one occurrence of 
andalusite-sillimanite was found in  the Dewar Lakes region 
(Tippett, 1979). 

The disappearance of muscovite and appearance of 
sillimanite in  the presence of K feldspar is the f i rs t  obvious 
indication that the rocks have reached upper amphibolite 
facies. Appearance of abundant sill imanite i n  quartz-rich 
rocks is closely followed i n  the f ield by a virtual "explosion" 
of anatectic leucosome i n  metaturbidites, transforming them 
into migmatit ic paragneisses. The assemblage biotite- 
sillimanite-garnet is common in  the schistose restite layers i n  
the migmatite. 

Note that the anatectic front drawn on Figure 23.2 
signifying the appearance of migmatit ic paragneiss occurs 
near the base o f  the Piling Croup succession a t  Dewar Lakes, 
and rises stratigraphically in  the sequence t o  the south and 
east. Careful mapping i n  the Dewar Lakes region shows that 
the anatectic front generally follows the trace of F4 folds i n  
the formational contacts. Farther east and north of Dewar 
Lakes the location of the front is less precisely drawn, but i t  
does appear t o  swing northeast towards Alexander Bay and 
intersect the Piling basal quartzite unit. The front remains 
near the base of the Piling Group as it describes a broad arc 
north and west f rom Alexander Bay towards Barnes Ice Cap. 

Granulite facies is achieved in  a t  least some of the 
region of migmatit ic granite along the south part of Home 
Bay map area. Especially south and east of Cape Hooper, the 
feldspars show the greasy lustre and grey-green colour 
typical of granulites. Here also, the leucogranitic layers i n  
migrnatitic paragneiss contain cordierite and garnet; and 
sill imanite appears to  be absent from the rocks. 

The sequence of metamorphic changes observed i n  the 
Home Bay map area seems to be typical of the Abukuma 
facies series, suggesting a high thermal gradient and 
relatively shallow depth of orogenic activity i n  Foxe Fold 
Belt. 

Structure 

Four sets of folds may be observed directly or may be 
inferred to  be present from map patterns of Archean and 
Aphebian rocks in  the Home Bay map area. Tippett (1978, 
1979) and Morgan e t  al., 1976 reasoned that a pre-Piling 
deformation (Kenoran?) affected the Archean basement 
gneiss, but folds related to  this (gneissosity-forming?) event 
were not recognized. The two earliest fold sets (F1 and FZ) 
are isoclines that originally were recumbent, whereas the two 
latest sets (Fs  and F,,) are mainly horizontal normal folds 
with oppositely-dipping limbs. 

F1 and F2 Folds 

The earliest folds directly observed i n  the region are 
isoclines exhibiting axial-planar mineral foliation: these 



Figure 23.3. Geological sketch map  of t h e  region around 
Dewar Lakes. Pa t t e rned  a r e a s  a r e  underlain by Piling basal 
qua r t z i t e  and  Archean basement  gneiss. The heavy-dash line 
shows the  appa ren t  t r a c e  of an ea r ly  (F1 o r  FZ)  anticlinal 
nappe hinge. 

F1 folds occur  mainly in basement-cover con tac t  surfaces  
exposed near  Dewar Lakes (D1 folds of Tippett ,  1978, 1979). 
'The g r e a t  majority of mesoscopic isoclines observed a r e  
classified a s  F 2  folds because both lithological layering and 
mineral foliation a r e  folded isoclinally. Some very large  
recumbent  folds drawn by Kranck (1955) f rom d i r ec t  observa- 
tions in McBeth, Clyde and Sam Ford fiords a r e  
F2 structures.  

Henderson et al. (1979) outlined some macroscopic 
isoclines in t h e  region southwest of Ekalugad Fiord where  
overprinting relationships indicate t h a t  both F 1  and F 2  fold 
s e t s  a r e  present. Tippett  (1978, 1979) corre la ted  macro- 
scopic imbrication of basement and cover rocks, a s  well a s  
development of mineral foliation and lineation around Dewar 
Lakes with t h e  F1 s e t  of folds. Because hinge zones of 
isoclines a r e  seldom seen t h e  distinction between macro- 
scopic F1 and F 2  folds is not apparent  unless t h e  two  s e t s  
interfere.  

F B  and F4 Folds 

Both F 3  and F 4  folds typically a r e  horizontal  normal  
folds (i.e. folds with nonplunging axes  and ve r t i ca l  axia l  
surfaces) with oppositely-dipping limbs. They a r e  set a p a r t  
mainly by the i r  d i f f e ren t  t r ends  in regions of non-inter- 
ference: F, folds s t r ike  northwest-southeast ,  and a r e  
developed b e s t  in t h e  region between Dewar Lakes and 
Alexander Bay; F 3  folds s t r ike  northeast-southwest,  and a r e  
developed bes t  in t h e  region between Barnes Ice  C a p  and 
McBeth Fiord. The  dome-and-basin map  pa t t e rn  southeas t  of 
McBeth River resulted f rom '  type  l in t e r f e rence  (Ramsay, 
1967) of nearly orthogonal macroscopic F 3  and F4 folds. .The 

.order of t h e  two-fold sets is  r a the r  arbi t rar i ly  defined 
because  mesoscopic folds belonging t o  e i the r  set a r e  rare,  
and no regionally consis tent  observations on thei r  sequential  
development  were  made: perhaps they a r e  coeval. 

In previous repor ts  (e.g. Tippett ,  1978, 1979, and 
Henderson e t  al., 1979) no distinction between F, and 
F 4  folds was made. I t  is c l ea r  now t h a t  t h e  change in 
regional s t r ike  of Foxe Fold Belt in Baffin Island f rom 
northeast-southwest t o  northwest-southeast  resulted f rom 
dif ferent  s t r ikes  of t h e  two  l a t e s t  fold s e t s  r a the r  than a 
progressive change in s t r ike  of a single s e t  of folds. 

Geometr ic  Significance of Fold Interference  Pa t t e rns  

The en 6chelon arrangement  of F4 domes northwest of 
Dewar Lakes may b e  controlled by thei r  localization on t h e  
c r e s t  of an  F1 or  F2 basement-gneiss cored anticlinal nappe. 
Figure 23.3 shows t h e  t r a c e  of t he  c o n t a c t  between lower and 
upper Piling Group lithologies. The d e n t a t e  appearance of 
t h e  aligned F4 domal culminations terminat ing west  of t he  
heavy-dash l ine resembles outcrop pa t t e rns  produced by 
superposition of l a t e  normal folds on an early recumbent  fold 
nappe. The heavy-dash line parallels t h e  apparent  trend of 
t h e  nappe hinge. An in terference  pa t t e rn  of this so r t  was 
described by Reynolds and Holmes (1954) and classified a s  a 
type  2 in ter ference  pa t t e rn  by Ramsay (1967). Fa r the r  north 
along t h e  appa ren t  nappe c r e s t  Fg and F +  folds in t e r f e re  t o  
produce t h e  type  I in ter ference  pa t t e rn  previously 
mentioned. 
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Abstract 

Reconnaissance mapping of t h e  Fort  Smith-Hill Island Lake region began in 1979 with 
examination of s c a t t e r e d  local a r e a s  throughout the  region. This work suggests  t he  following regional 
relationships. 

In the Fort Smith a rea  the  oldest rocks comprise massive,  leucocrat ic ,  garnet-bearing grani t ic  
rocks with associated high grade m e t a s e d i ~ n e n t s  and metagabbro.  These a r e  inferred to  be intruded 
by megacrys t ic  grani te .  In the  Hill Island Lake a rea  the  oldest rocks likely comprise an extensive 
plutonic complex which is the  nor thern  continuation of similar rocks in Saskatchewan. All of these  
rocks have been deformed and re t rograded,  and locally they  have been mylonitized in zones  tha t  a r e  
commonly north-south trending. 

Sediments of low metamorphic  grade,  which occur  in the  cen t r a l  p a r t  of t h e  region, a r e  of two  
groups: the  older consists predominantly of s l a t e  s i l t s tones  and greywacke and has  been intruded by 
grani te ,  whereas  the younger consists mostly of conglomerate  and sandstone (Nonacho Croup) and is 
not  known to  be intruded by grani te .  

The youngest rocks a r e  northwest trending basalt  t o  gabbro dykes. 

Molybdenite occurs  in association with a plagioclase rich breccia a t  Tsu Lake. 

Introduction 

The For t  Smith-Hill Island Lake a r e a  (75C, D, and par t  
of 86A) is par t  of an  extensive region of Precambrian rocks 
lying between Grea t  Slave Lake and the  southern border of 
t h e  District  of Mackenzie. Within this a r e a  most of t h e  
comprehensive geological mapping (Menderson,1939; 
Wilson, 1941; Mulligan and Taylor, 1969; Taylor 1971) was  
carr ied  out  20 or more  years ago  a t  a t i m e  when rapid 
preliminary reconnaissance was a prime objective.  Since 
then a radiometr ic  survey (Darnley and Grasty,  1972) 
followed by geological reconnaissance (Charboneau personal 
communication, 1979) and t h e  present worl< have shown t h a t  
regional thorium and uranium anomalies a r e  associated with 
grani t ic  rocks northeast  of Fort  Smith. Extensive 
prospecting has led t o  the  discovery of numerous uranium 
occurrences  f a r t h e r  eas t .  The present project,  involving a 
more  thorough examination of t h e  southern pa r t  of th is  a r e a  
a t  1:250 000 scale,  is concerned with providing a more  
deta i led  and up-to-date geological f ramework in which these  
and other  economic mineral occurrences  may be placed. The 
initial field season (1979) was planned t o  cover a corridor 
across the  en t i r e  a r e a  perpendicular t o  regional t rends  t o  
provide an overview of geological units and problems t h a t  
will b e  encountered a s  mapping progresses. The coverage 
reported he re  (Fig. 24.1) however, is more  random than was 
originally planned because of widespread fores t  f i r e s  in th is  
a r e a  during t h e  1979 field season. 

Surficial  Geology 

Drift  cover,  excep t  in t h e  valley of Slave River,  is 
minimal in t h e  western  pa r t  of t he  project a r e a  and increases  
eastward. The last  major i ce  movement was  f rom t h e  eas t -  
nor theas t  and is responsible for  t h e  major grain of t h e  
country. A few sca t t e red  occurrences  of cha t t e rmark  and 
f ine  s t r i ae  suggest t h a t  a l a t e  southward drawdown of i c e  
occurred. Distinctive e r r a t i c s  of high grade, garnet-bearing 
gneiss a r e  widely sca t t e red  throughout the  a r e a  and a r e  
probably derived f rom granulite fac ies  ter ra in  in the  Penylan 
(Taylor, 1959) and Abitau (Hoadley, 1955) a reas  t o  t h e  

nor theas t  and eas t .  Concentrations of conglomerate  and 
sandstone e r r a t i c s  derived f rom t h e  Nonacho Group were  
encountered a t  Tsu Lake some SO km down ice  f rom the i r  
neares t  known outcrop. 

General  Geology 

Rocks of t h e  Fort  Smith-Hill Island Lake a r e a s  a r e  
provisionally classified in t h e  Table of Formations 
(Table 24.1). 

Massive Grani te  

Massive, leucocratic,  medium grained grani t ic  rocks 
have been encountered extensively in t h e  southwestern par t  
of t h e  Fort  Smith  area .  They commonly contain sca t t e red  
ga rne t s  rimmed and penetra ted  along f r ac tu res  by chlorite.  
Near con tac t s  with t h e  Tsu Lake metasediments  layers and 
schlieren of metasediment  a r e  present  within t h e  g ran i t e  and 
irregular masses of grani te  in t rude t h e  metasediments ;  
however i t  is not c lear  whether these  intrusive relations truly 
represent  t h e  re la t ive  ages  of t h e  adjacent  units or whether 
an  older g ran i t e  has been remobilized along i t s  con tac t s  with 
the  metasediments.  

Tsu Lake Metasediments 

Metasediments of granul i te  f ac i e s  metamorphic  g rade  
(containing various combinations of orthopyroxene, garnet ,  
cordier i te ,  and sil l imanite) a r e  extensively and excellently 
exposed in t h e  vicinity of Tsu Lake near  the  west margin of 
For t  Smith a rea  (75 D). Similar rocks a r e  widespread a s  
remnants  within t h e  grani tes  a t  leas t  a s  f a r  e a s t  a s  Largepike 
Lake. Rocks of possible sedimentary  origin and comparable  
metamorphic  g rade  occur  a t  Vandyck Lake and similar rocks 
may be  present s t i l l  f a r the r  eas t .  West of Largepike Lake 
these  rocks have undergone variable greenschist  f ac i e s  
a l tera t ion commonly associated with l a t e  shearing. Far ther  
e a s t  retrogression of t h e  high grade metasediments  is more  
pervasive. 
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Figure 24.1. 

T a b l e  24.1 

Provisional  T a b l e  of F o r m a t i o n s  

Group or s i te  of major 
exposure 

Lithology 

Intrusive Contact  

Sparrow dykes basalt, gabbro, minor 
felsi te  breccia. 

Nonacho Group 

Intrusive contact  

conglomerate, arltosic sand- 
stone, siltstone. 

Unconform~ty inferred 

sediments schist, silty impure 
quartzi te ,  arkosic silt- 
stone, calcareous silt- 

Granite locally fluorite-bearing. 

Megacrys t~c  granite  megacrystic, locally 
garnet-bearing. 

Unconformity inferred 

Intrusive contac t  I 

Gneisses 

Metagabbro plagioclase, hornblende, 
orthopyroxene, +bi~) t i t e .  
(commonly retrograded) 

gneisses and minor granite  
bodies derived from shear- 
ing and remobilization of 
older rocks (below). 

Intrusive contac t  inferred 

sediments medasediments; some 
quartzi te  and iron form- 
ation. (granulite facies 
variously retrograded) 

Remobilized contact  inferred 1 

Granite-Diorite 
Complex 
~ncluding 
the northern 
continuation 
of the  
Granodiorite- 
Diorite Series of 
Koster and 
Baadsgaard, 
(1970). 
(Possibly relat-  
t o  ,Metagabbro) 

 massive granite  

M e t a g a b b r o  

medium grained, leuco- 
crat ic ,  locally 
garnet-bearing. 

Smal l  bodies  of m e t a g a b b r o  up t o  a b o u t  2000 m wide  
a r e  p r e s e n t  t h r o u g h o u t  t h e  a r e a  e x a m i n e d .  In t h e  Tsu L a k e  
a r e a  m e t a g a b b r o  c o n s i s t s  p r imar i ly  of g r a n u l a r ,  c o a r s e l y  
twinned  p lag ioc lase  wi th  v a r i a b l e  propor t ions  of amphibole  
and or thopyroxene .  Red-brown b i o t i t e  is  p r e s e n t  n e a r  
intrusion marg ins .  E l s e w h e r e  and par t icu la r ly  in t h e  e a s t e r n  
p a r t  of t h e  a r e a  t h e  g a b b r o  i s  r e t r o g r a d e d  t o  hornblende  
g a b b r o  and  arnphiboli te .  M e g a c r y s t i c  g r a n i t i c  r o c k s  i n t r u d e  a 
s m a l l  body of m e t a g a b b r o  e a s t  of Leland Lake.  C r o s s c u t t i n g  
r e l a t i o n s  b e t w r e n  high g r a d e  m e t a s e d i m e n t s  and  m e t a g a b b r o  
h a v e  n o t  b e e n  c l e a r l y  es tab l i shed ,  bu t  s i l l - l ike bodies of 
m e t a g a b b r o  a r e  p r e s e n t  local ly wi th in  t h e  m e t a s e d i m e n t s  and  
f ine-  t o  medium-gra ined  m e t a b a s i c  dykes  local ly i n t r u d e  
t h e m .  

M e g a c r y s t i c  G r a n i t e  

M e g a c r y s t i c  g r a n i t e  of m o r e  v a r i a b l e  co lour  index t h a n  
t h e  m a s s i v e  g r a n i t e  o c c u r s  ex tens ive ly  t o  t h e  n o r t h e a s t  of 
t h e  mass ive  g r a n i t e .  Smal le r  bodies  of s imi la r  rock  i n t r u d e  
t h e  gne isses  and  a r e  local ly d e f o r m e d  w i t h  t h e m  in  t h e  
e a s t e r n  p a r t  of t h e  Hill Island L a k e  a r e a .  Most  of t h e  
r n e g a c r y s t i c  g r a n i t i c  r o c k s  c o n t a i n  e i t h e r  f l a t t e n e d  o r  
s t r e t c h e d  q u a r t z  a n d  p o t a s h  f e l d s p a r  m e g a c r y s t s  2 t o  3 c m  in  
length.  M o r e  r a r e l y  t h e  rock  is essen t ia l ly  f r e e  of fo l ia t ion  
and  l inea t ion .  In m o s t  a r e a s  e x a m i n e d ,  ch ie f ly  in t h e  F o r t  
S m i t h  a r e a  (75 D), t h e  t w o  reg iona l  g r a n i t e s  a r e  s e p a r a t e d  by 
a z o n e  of s h e a r i n g  in which r e m n a n t s  of m e t a s e d i m e n t s ,  bas ic  
dykes ,  and  g r a n i t i c  r o c k s  h a v e  b e e n  hybr id ized  and ,  in p l a c e s  
myloni t ized .  Locally p o t a s h  f e l d s p a r  m e g a c r y s t s  o c c u r  
wi th in  t h e  m a s s i v e  g r a n i t e  e s p e c i a l l y  n e a r  i t s  marg ins .  A t  
Tsu L a k e  m a s s i v e  g r a n i t e  c o n t a i n i n g  inclusions of 
m e t a s e d i m e n t  is g r a d a t i o n a l  o v e r  a s h o r t  i n t e r v a l  t o  
m e g a c r y s t i c  g r a n i t e  f r e e  of inclusions. T h e s e  r e l a t i o n s  
s u g g e s t  t h a t  t h e  m e g a c r y s t i c  g r a n i t e  has local ly deve loped  
f r o m  mass ive  g r a n i t e  and  is p robably  t h e  younger.  

G r a n i t e - D i o r i t e  C o m p l e x  

R o c k s  of d i o r i t i c  t o  g r a n i t i c  compos i t ion  e x t e n d  a t  
l e a s t  a s  f a r  n o r t h  a s  G r a m p u s  L a k e  and  f o r m  a p lu tonic  
c o m p l e x  t h a t  is  c o n t i n u o u s  w i t h  t h e  Granodior i te -Dior i te  
s e r i e s  of K o s t e r  and  Baadsgaard  (1970) in Saska tchewan.  
T h e s e  r o c k s  a r e  a p p a r e n t l y  sur rounded  by a hybrid gneiss-  
r n i g m a t i t e  t e r r a n e  t h a t  m a y  inc lude  r e m n a n t s  of high g r a d e  
m e t a s e d i m e n t s  s i m i l a r  t o  t h o s e  at Tsu Lake.  K o s t e r  a n d  
Baadsgaard  (1970) r e p o r t e d  t h a t  t h e i r  g r a n o d i o r i t e  d i o r i t e  
s e r i e s  p o s t d a t e s  isocl inal  e a r l y  fo ld ing  in t h e  paragne iss  b u t  
p r e d a t e s  g r a n u l i t e  f a c i e s  m e t a m o r p h i s m .  

T e c t o n i c  His tory  of O l d e r  R o c k  Uni t s  

T h e  high g r a d e  m e t a s e d i m e n t a r y  r e m n a n t s  h a v e  b e e n  
c l o s e l y  fo lded  a n d  s e v e r e l y  s t r e t c h e d  a b o u t  subhor izonta l  fold 
a x e s  producing many minor  fo lds  and  fold mullions. Two s e t s  
of l a t e r  s t e e p l y  dipping f a u l t s  i n t e r s e c t  t h e s e  a x e s  roughly 
s y m m e t r i c a l l y  and  h a v e  a s s o c i a t e d  s t e e p l y  plunging minor  
folds.  Thus  i t  a p p e a r s  t h a t  e a s t - w e s t  compress ion  of t h e s e  
r o c k s  p e r s i s t e d  f r o m  t h e  r e g i m e  of fo ld ing  a n d  s t r e t c h i n g  i n t o  
l a t e r  m o r e  b r i t t l e  d e f o r m a t i o n .  

Subsequent  d e f o r m a t i o n  throughout  t h e  a r e a  a p p e a r s  t o  
h a v e  cons is ted  pr imar i ly  of s h e a r i n g  and  w a s  a c c o m p a n i e d  by 
re t rogress ion  of g r a n u l i t e  f a c i e s  m i n e r a l  a s s e m b l a g e s  t o  
a m p h i b o l i t e  and  g r e e n s c h i s t  fac ies .  Z o n e s  of m y l o n i t e  a r e  
c o m m o n  p a r t i c u l a r l y  wi th in  t h e  F o r t  S m i t h  a r e a .  T h e s e  a r e  
u p  t o  a hundred m e t r e s  w i d e  a n d  c o m m o n l y  g r a d e  o u t w a r d  
t h r o u g h  f o l i a t e d  m a f i c  gneiss ,  gne isses  r i c h  in m a f i c  s c h l i e r e n  
and  inclusions,  and f o l i a t e d  g r a n i t e .  In s o m e  a r e a s  inclusions 
a p p e a r  t o  b e  la rge ly  of s e d i m e n t a r y  origin and minor  folding 
shows g e n t l e  p lunge  w h e r e a s  in o t h e r s  m o r e  s t e e p l y  plunging 



minor fo lds  a r e  p r e s e n t  and  a high propor t ion  of inclusions 
a r e  of m a f i c  d y k e  m a t e r i a l .  Such  s t e e p l y  dipping minor  fo lds  
a r e  p a r t i c u l a r l y  well exposed  in t h e  v ic in i ty  of L a r g e p i k e  
L a k e  a n d  m o r e  d e t a i l e d  s tudy  of t h e i r  t y p e  (S o r  Z) m a y  
c o n t r i b u t e  t o  unders tanding  of d i s p l a c e m e n t s  e v i d e n t  in t h e s e  
z o n e s  of shear ing .  This  l a t e r  d e f o r m a t i o n  of t h e  b a s e m e n t  
w a s  probably  in p a r t  a c c o m p a n i e d  by f a u l t i n g  a n d  folding of 
t h e  over ly ing  s e d i m e n t a r y  cover .  

Hill Island L a k e  S e d i m e n t s  

R e m n a n t s  of s e d i m e n t a r y  r o c k s  whose  m e t a m o r p h i c  
g r a d e  is  m o s t l y  g r e e n s c h i s t  f a c i e s  o r  lower ,  w e r e  e n c o u n t e r e d  
in t h e  c e n t r a l  p a r t  of t h e  p r o j e c t  a r e a  b e t w e e n  l ines  d r a w n  
n o r t h  and  s o u t h  th rough Kidder  L a k e  and  t h r o u g h  Lady G r e y  
Lake.  T h e s e  r o c k s  cons is t  of t w o  assemblages .  T h e  o lder ,  
Hill lsland L a k e  s e d i m e n t s ,  cons is t  of g r e y w a c k e ,  s l a t e ,  
c h l o r i t e  s c h i s t ,  f i n e  gra ined  impure  q u a r t z i t e ,  pink a r k o s i c  
s i l t s t o n e  and  minor  c o n g l o m e r a t e  and  c a l c a r e o u s  s i l t s t o n e  
beds,  and  h a v e  b e e n  in t ruded  by g r a n i t e  a t  Thekulthi l i  Lake .  
T h e  presumably  younger ,  Nonacho  Group,  is n o t  known t o  b e  
in t ruded  by g r a n i t e .  The  t w o  s e d i m e n t a r y  a s s e m b l a g e s  a r e  
likely in c o n t a c t  n e a r  Maclnnis  L a k e  n o r t h  of t h e  p r o j e c t  a r e a  
(Henderson ,  1939). 

T h e  Hill Island L a k e  s e d i m e n t s  a r e  in f a u l t  c o n t a c t  w i t h  
gne iss  a t  m o s t  p l a c e s  w h e r e  t h e y  h a v e  b e e n  e x a m i n e d .  At 
t h e  s o u t h w e s t  end  of Thekulthi l i  L a k e  however ,  purp le  g r e y  
s i l t s t o n e  w i t h  s a n d s t o n e  beds has b e e n  in t ruded  by f luor i te -  
bear ing  g r a n i t e  t h a t  is  p resumably  r e l a t e d  t o  t h e  g r a n i t e  
pluton i m m e d i a t e l y  t o  t h e  wes t .  Pink m a s s i v e  a r k o s i c  
s i l t s t o n e ,  local ly w i t h  sand  and  pebble  beds  o r  b lack  sand  
l a m e l l a e ,  l i es  on  e i t h e r  s i d e  of t h e  s i l t s t o n e s  a n d  m a y  pers i s t  
in a l a r g e  roof pendant  (?) of pink s i l t s t o n e  (or  f i n e  gra ined  
g r a n i t e )  wi th in  t h e  a d j a c e n t  pluton.  

Nonacho  Group 

T h e  Nonacho  Group c l e a r l y  l i es  unconformably  on 
g r a n i t i c  b a s e m e n t  in t h e  Thekulthi l i  L a k e  a r e a  w h e r e  a 
d i s t i n c t i v e  c o n g l o m e r a t e - b r e c c i a  conta in ing  a b u n d a n t  b locks  
of gne iss  i s  c o m m o n l y  p r e s e n t  a t  t h e  base .  Higher wi th in  t h e  
g r o u p  t h e  r o c k s  a r e  predominant ly  g r a n i t e  pebble  
c o n g l o m e r a t e ,  a r k o s i c  s a n d s t o n e s  and  s i l t s tone .  A t  t h e  w e s t  
end  of Thekulthi l i  Lake ,  n o r t h e a s t w a r d  d e c r e a s e  in c l a s t  s ize ,  
i n c r e a s e  in a b u n d a n c e  of c rossbedded  sands ,  and  c u r r e n t  
d i r e c t i o n  i n d i c a t o r s  suppor t  o b s e r v a t i o n s  by McGlynn (1970) 
t h a t  d e r i v a t i o n  of s e d i m e n t  in t h i s  a r e a  w a s  f r o m  t h e  
s o u t h w e s t .  Top  d e t e r m i n a t i o n s  and  c leavage-bedding  
i n t e r s e c t i o n s  i n d i c a t e  t h a t  t h e  s t r u c t u r e  is c o m p l e x  and  a 
l a r g e  p a r t  of t h e  s o u t h e r n  marg in  of t h e  g r o u p  is  o v e r t u r n e d  
t o  t h e  south-southeas t .  

S o m e  16 km e a s t - s o u t h e a s t  of Thekulthi l i  L a k e  a n  
o u t l i e r  of Nonacho  Group c o n s i s t s  of in te rbedded  
c o n g l o m e r a t e  and  s a n d s t o n e  n e a r  i t s  b a s e  passing upward  i n t o  
mass ive  f o l i a t e d  s a n d s t o n e  w i t h  o c c a s i o n a l  c o n g l o m e r a t e  
beds. G r a n i t e  pebbles  a r e  a b u n d a n t  in c o n g l o m e r a t e  n e a r  t h e  
b a s e  but  d a r k  s i l t s t o n e  f r a g m e n t s  b e c o m e  increas ing ly  
a b u n d a n t  in c o n g l o m e r a t e  higher in t h e  s e c t i o n .  Crossbeds  
i n d i c a t e  t h a t  t h e  w e s t  marg in  of t h e  ou t l ie r  f a c e s  e a s t  w i t h  
d ips  up t o  70 d e g r e e s  e a s t .  Near  t h e  c e n t r e  of t h e  o u t l i e r  
bedding is g e n t l y  dipping but  c l e a v a g e  r e m a i n s  e a s t w a r d  
dipping a t  c l o s e  t o  70  d e g r e e s .  T h e s e  r e l a t ~ o n s  sugges t  t h a t  
t h e  e a s t  marg in ,  which  h a s  n o t  y e t  b e e n  mapped ,  may b e  
o v e r t u r n e d  t o  t h e  wes t .  

Spar row D y k e s  

T h e  Nonacho  Group and  o lder  r o c k s  a r e  in t ruded  by 
widely s c a t t e r e d  n o r t h w e s t e r l y  t r e n d i n g  Spar row d y k e s  
(McGlynn e t  al., 1974) t h a t  a r e  c h i e f l y  b a s a l t i c  a n d  c o m m o n l y  
3 m o r  less  th ick .  Thicker  d y k e s  d o  o c c u r  however ,  and  s o m e  
of g a b b r o  a r e  m o r e  t h a n  30 m th ick .  O n e  f o r m s  t h e  b a c k b o n e  
of p a r t  of t h e  l a r g e  n o r t h w e s t e r l y  t r e n d i n g  peninsula a t  t h e  

s o u t h e a s t  end  of Thekul th i l i  Lake.  A second m o r e  i r regular  
g a b b r o  d y k e  of unknown t h i c k n e s s  bu t  w i t h  chil led marg in  up 
t o  10 m t h i c k  c r o s s e s  t h e  c e n t r a l  p a r t  of Tsu L a k e  w h e r e  i t  is  
a c c o m p a n i e d  by s m a l l  a m o u n t s  of f e l s i c  brecc ia .  This  
b r e c c i a  c o n t a i n s  f r a g m e n t s  of chil led g a b b r o  a n d  o c c u r s  w i t h  
f i n e  g r a i n e d  o f f s h o o t s  o r  in a s s o c i a t i o n  w i t h  t h e  chil led 
marg in .  It p resumably  r e s u l t s  f r o m  remobi l iza t ion  of r o c k s  
of g r a n i t i c  compos i t ion  a long  t h e  d y k e  c o n t a c t s  t o g e t h e r  w i t h  
s l igh t  shear ing  a n d  shr inkage  of t h e  chil led marg in .  

Economic Geology 

Much of t h e  p r o j e c t  a r e a  is c u r r e n t l y  being p r o s p e c t e d  
f o r  u ran ium and  s m a l l  a m o u n t s  of yel low uran ium s t a i n  a r e  
c o m m o n l y  a s s o c i a t e d  w i t h  p e g m a t i t e s  in t h i s  a r e a .  A s m a l l  
g a l e n a  vein h a s  b e e n  t r e n c h e d  n e a r  t h e  s o u t h  s h o r e  of 
Thekulthi l i  L a k e  ( la t .  60' 47 '  00"; long. 110' 15' 35"): 
Molybdeni te  m i n e r a l i z a t i o n  w a s  found  on  a s m a l l  point  on  t h e  
w e s t  s h o r e  of Tsu L a k e  a p p r o x i m a t e l y  4.8 k m  n o r t h  of t h e  
o u t l e t  of Ta l t son  River  ( lat .  60°41'20"; long. 111°56'10"). 
Thumb-nail-sized p a t c h e s  of m o l y b d e n i t e  o c c u r  local ly in a 
b r e c c i a  composed  of blocky t o  fo lded  f r a g m e n t s  of high g r a d e  
gne iss  and f r a g m e n t s  of q u a r t z  vein in a w h i t e ,  medium 
gra ined ,  m a t r i x  cons is t ing  c h i e f l y  of p lag ioc lase .  The  b r e c c i a  
is a b o u t  8 m wide  and l ies  b e t w e e n  high g r a d e  m e t a s e d i m e n t s  
t o  t h e  e a s t  and m y l o n i t e  a long  t h e  c o n t a c t  w i t h  g r a n i t e  t o  
t h e  wes t .  To  n o r t h  and s o u t h  t h e  b r e c c i a  is c o v e r e d  by t h e  
l a k e  bu t  s imi la r  p lag ioc lase- r ich  r o c k s  o u t c r o p  locally n e a r  
t h e  g r a n i t e  c o n t a c t  a long  s t r i k e .  
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Abstract 

The Anialik River greenstone belt at the northern margin of  the Save  Province consists of  a 
thick succession of Archean pillow basalts and andesites with significant but restricted accumulations 
of dacitic t o  rhyolitic volcanic rocks. The belt has been subjected to  intense horizontal northwest- 
southeast compression punctuated by the emplacement of  synkinematic and postkinematic granitic 
plutons. Concordant early foliations are interpreted to  be related to the rise of  the oldest granitoid 
plutons contemporaneous with regional compression. A second pervasive foliation is related to the 
regional compression alone. The unroofing of  the early plutons during this deformation is recorded by 
clasts of these granitic rocks in boulder conglomerate at the top of the supracrustal succession. 

Introduction Larae  bodies of massive dac i t e  and rhvolite with 

The Anialik River bel t  is t h e  northwestern extension of 
the  High Lake bel t  of Archean volcanic rocks in t h e  northern- 
most pa r t  of t h e  Slave Province. This project  begins t h e  
mapping of these  bel ts  a t  1:50 000 sca le  t o  def ine  
s t ra t igraphic  relations of t h e  volcanic complex and to  study 
i t s  deformation, plutonic and metamorphic history. 

The High Lake and Anialik River bel ts  were  f i r s t  
outlined by reconnaissance mapping in 1962 (Fraser,  1964). 
The High Lake 1:50 000 quadrangle (76 M/7) has  been mapped 
by Padgham e t  al. (1974) and Baragar (1975) and Henderson 
(1975a) examined small  a r eas  of t he  belt. 

P.A. MacKay provided superb field ass is tance  and is 
responsible fo r  some  of t h e  mapping. 

Supracrus ta l  Rocks  of the Anialik Belt  

The supracrustal  rocks of t h e  Anialik bel t  comprise 
thick accumulat ions  of metabasal t  and andesi te  with 
subordinate amounts  of felsic volcanic and sedimentary  
rocks. No basement  t o  t h e  succession has  been recognized. 
The sequence is intensely deformed so  tha t  bedding is 
difficult  t o  recognize and reliable top determinat ions  could 
only b e  made in a few areas.  Because of t he  s t ructura l  
complications,  regional s t ra t igraphy was  no t  established in 
detail .  It i s  c lear ,  however,  t h a t  t h e  fac ies  relations a r e  
complex and t h a t  thick 'mafic '  sec t ions  overlie, underlie,  and 
interfinger with felsic volcanic rocks t h a t  were  extruded 
f rom geographically separa ted centres .  

Unit  l (Fig. 25.1) consists of basal ts  and andesites. 
Basalts, distinguished by high specific gravi ty  (S.G. 2.55+, s e e  
Lamber t ,  1977), where  they a r e  leas t  metamorphosed, a r e  
typically medium green,  aphanitic,  aphyric and weakly t o  
strongly foliated.  Primary microscopic t ex tu res  a r e  largely 
obliterated, bu t  megascopic f ea tu res  such a s  pillows, pillow 
breccia  and amygdules up t o  5 c m  in d i ame te r  a r e  common. 
Southeast  of Tur t le  Lake, thin rimmed digital  pillow tubes  
were  mapped in nonamygdular flows. In a few locali t ies 
transit ions from massive t o  pillowed zones a r e  discernible in 
single flows. Massive basal ts  a r e  thought t o  b e  mostly flows, 
bu t  may include some  f ine  grained intrusions. Andesites a r e  
distinguished by thei r  lower specific gravities,  the i r  
breccia ted  nature ,  and locally, by t h e  presence of plagioclase 
phenocrysts up t o  5 mm in diameter .  Breccias containing 
pumice f ragments  form distinctive horizons. Andesites a r e  
common southeas t  of Run Lake and a r e  also associated with 
t h e  apparent  transit ion f rom mafic  t o  felsic volcanism. 

subordinate breccia  (Unit  2) a r e  found near  Joy and Mistake 
lakes. An in terpre ta t ion based on variable amoun t s  or  
absence of qua r t z  and feldspar phenocrysts suggests  t h a t  
e a c h  mass  is composed of a nilmber of flows. The flows 
weather  light grey,,pink or  green,  and a r e  typically much less 
foliated than associated fragmental  rocks. 

Unit 3 comprises a wide var ie ty  of predominantly 
dac i t i c  breccias  and tu f f s  whose genesis is  generally not  easy 
t o  de te rmine  (Fig. 25.3f). Breccia, apparent ly  unbedded, with 
blocks up t o  60 c m  in d i ame te r  is present  northwest of Joy 
Lake in the  same  general  horizon which contain massive 
flows of Unit 2. 'They a r e  poorly sorted,  and excep t  for  
textura l  variations,  monomict with a f ine  quartzofeldspathic,  
probably tuffaceous  matrix.  In most o the r  a reas  t h e  unit  is  
character ized by layering, and smaller o r  s t reaky f ragments ,  
and r a re  crystal-rich horizons. This is especial.ly t rue  where  
the  major felsic piles interfinger with more  maf ic  volcanics. 
These zones a r e  character ized by a predominance of thinly 
banded or  laminated tuff. Ash flows were  no t  recognized. 
Differentially f l a t t ened  l i th ic  c l a s t s  were  observed, bu t  in no 
place  could this foliation b e  shown t o  b e  a primary feature .  
The presence of a number of widely spaced thin amygdular 
and occasionally pillowed flows throughout the  unit  indicates 
t h a t  t h e  tuffs  and breccias  a r e  subaqueous deposits. 

The upper p a r t  of t h e  fe ls ic  succession nor thwest  of Joy 
Lake consists of dolomitic breccias  and f ine  volcaniclastics 
(Unit  4). The dolomite is now largely redistributed but  
occasionally cemen t s  bedded breccia,  comprises laminations 
in breccia  blocks, or  i s  interbedded with f ine  volcaniclastics. 
Dolomitic layers a r e  a lso  common in t h e  felsic bel ts  wes t  of 
Locanna Lake and qorth of Mistake Lake. 

Strongly deformed felsic porphyry and breccia ,  and 
in t e rmed ia t e  pumice breccia  (Unit  5) is found along t h e  
southeas tern  margin of pluton I. It includes abundant,  more  
rnafic schis ts  of uncertain origin. 

On t h e  south shore  of Acadia Bay, a large  body of light 
grey quartz-plagioclase porphyry intrudes t h e  amphibolites 
and felsic schists. These masses of felsic porphyry a r e  
grouped in Unit  6. Similar porphyry, in most  places strongly 
foliated,  and with minor microcline a s  a phenocryst phase, 
occurs  south of Grays Bay. It has  concordant  contacts ,  
dolomitic tuffs  on i t s  upper(?) margin, and is transit ional in to  
f ragmental  zones, suggesting t h a t  i t  may be  a large 
rhyodacite dome. 

' Depar tment  of Geological Sciences, University of California,  Santa  Barbara U.S.A. 93016, 
Watts, Criffis and McOuat Limited, Toronto, Ontar io  
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A large  number of irregular-shaped metagabbro t o  
metadior i te  ((;nit 7) and metagabbro (Unit 8) intrusions a r e  
found throughout t h e  volcanic succession. Only t h e  larger  
ones  a r e  shown on Figure 25.1. They commonly have strongly 
foliated chilled margins, with massive, occasionally coa r se  
grained centres ,  typically composed of equigranular plagio- 
c lase  and amphibole. Pyroxene is recognizable in some  
intrusions in low g rade  areas,  and r a r e  intrusions contain 
plagioclase megacrysts.  These intrusions a r e  probably 
re la ted  t o  t h e  maf ic  and in termedia te  flows. 

One of t h e  highlights of t h e  field season was t h e  
discovery of a spectacular  polymict conglomerate ,  associated 
with feldspathic sandstones, minor mudstone, and dolomite  
(Unit  9), preserved in a syncline nor theas t  of String Lake 
(Fig. 25.3d, e). A t  t h e  southern closure of t h e  syncline, on 
the  north shore  of String Lake, t he  basal con tac t  of coa r se  
conglomerate  t runca te s  felsic and in termedia te  f ragmental  
rocks, gabbro and amygdular flows with pronounced uncon- 
formity  accen tua ted  by t ec ton ic  deformation. A t  o ther  
localities, lithologic con tac t s  a r e  parallel or subparallel  t o  
the  tec tonic  foliation, but  t he  deta i led  map pa t t e rn  of 
underlying units suggests t h a t  t h e  unconformity continues 
northward fo r  a t  leas t  8 km. 

At  t h e  southern outcrops t h e  conglomerate  appears  t o  
b e  a monomict poorly sor ted  granitoid conglomerate  with 
very well rounded boulders up t o  0.75 m in d iameter .  I t  is  
ac tual ly  polymict,  with abundant deformed mafic  t o  felsic 
volcaniclasts in t h e  'matrix'. In thin section, t h e  grani t ic  
rocks a r e  mafic-poor, nonfoliated medium- t o  coarse-grained 
qua r t z  d ior i tes  and granodiorites,  indistinguishable f rom the  
synkinematic plutons which intrude t h e  volcanics. N o  meta-  
morphic c l a s t s  a r e  present. Interbedded sandstones, common 
f a r t h e r  north,  a r e  probably l i thic and feldspathic areni tes ,  
but  due t o  deformation and metamorphism the  amount  of 
matr ix  mater ia l  is  difficult  t o  es t imate .  The original thick- 
ness of t h e  sedimentary succession must have been a t  leas t  
one  kilometre,  with coa r se  conglomerate  zones  up t o  severa l  
hundred me t re s  in thickness. 

The sediments  a r e  probably shallow wa te r  deposits, 
based on thei r  s t ra t igraphic  location, thei r  overall  cha rac te r ,  
and t h e  lack of f ea tu res  cha rac te r i s t i c  of turbidites. They 
a r e  thought t o  b e  analogous t o  t h e  Jackson Lake Formation 
(Henderson, 1975b) in t h e  Yellowknife Belt. 

Thin zones of interbedded peli tes and psammites  in t h e  
northern a r m s  of the  bel t  a r e  difficult  t o  co r re l a t e  because  
both t h e  s t ruc tu re  and t h e  s t ra t igraphy in these  a r e a s  i s  not  
defined. 

In general,  t he  felsic volcanics of t h e  eas t -centra l  pa r t  
of t he  map a r e a  north of Joy Lake and northwest of Mistake 
Lake a r e  in terpre ted t o  overlie and interfinger with maf ic  
flows of Unit 1. On t h e  basis of thei r  position on opposing 
limbs of a major syncline, t h e  volcanic s t r a t a  of Unit  5 
appear  t o  be  corre la t ive  with the  felsic volcanics southeas t  
of Mistake Lake. The sequence of Unit 5 continues south- 
westward, around t h e  nose of a n  ant ic l ine  and pluton I, where  
i t  i s  overlain by a minimum of 2 km of basalt. 

The faul t  be tween Mistake and Joy lakes sepa ra t e s  
volcanics with distinct character is t ics .  Felsic volcanics on 
the  e a s t  s ide  a r e  largely massive, with no dolomite and minor 
breccia.  The overlying flows a r e  nonamygdular and conta in  
pillows, with thin selvages. There  a r e  f ew volcaniclastic 
layers. These  f ea tu res  a r e  indicative of volcanism in deep 
water.  The inverse is t rue  of t he  volcanics on t h e  e a s t  s ide  
of t he  fault ,  whose cha rac te r  is  compat ib le  with deposition in 
shallower water.  One  possible in terpre ta t ion of these  
relationships is  t h a t  t h e  present  f au l t  coincides with a west  
side up synvolcanic s t ructure .  
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Figure 25.2. Cartoon depicting major e l emen t s  of the  Anialik River and  High Lake be l t s  and  thei r  possible relations.  
St ructures  have been opened f o r  c lar i ty .  

The apparent  anomalously high proportions of felsic 
volcanic rocks in t h e  High Lake and Anialik belts, when 
compared with o the r  Slave Province greenstones,  can  b e  in 
par t  reconciled if t h e  two  bel ts  a r e  considered t o  b e  pa r t s  of 
a once  continuous belt. A very schemat ic  cross-section 
through the  belts,  t o  be  considered a s  a working model only, 
is  shown in Figure 25.2. I t  was  const ructed by incorporating 
t h e  observed and inferred lithologic and s t ruc tu ra l  f ea tu res  
in to  a sect ion t h a t  suggests a higher, more  normal proportion 
of maf ic  mater ia l  in t h e  belt. 

Plutonic Rocks 

A t  l eas t  two  generat ions  of plutons have been defined 
on t h e  basis of crosscutting relations and timing of emplace-  
men t  re la t ive  t o  deformation. Those of t h e  oldest  su i t e  a r e  
mildly discordant with t h e  volcanic stratigraphy, and 
concordant  with t h e  ear l ies t  tec tonic  foliation. They display 
comple te  compositional range f rom quar tz  d ior i te  t o  granite.  
Medium grained hornblende qua r t z  d ior i te  bodies (Unit A) a r e  
t h e  oldest  of this suite.  More felsic plutons of this su i t e  
a lways  in t rude qua r t z  diorites. These relationships a r e  well  
displayed north of Aldose Lake, where  extensive intrusive 
breccia  is developed. Pluton I1 conta ins  alkali feldspar mega- 
crys ts ,  and is probably grani te ,  a s  is much of the  plutonic 
t e r r ane  along t h e  western  margin of t he  belt. Pluton I is  
mostly hornblende biot i te  qua r t z  d ior i te  t o  granodiorite;  
plutons(s) 111 A, I11 B, and I11 D a r e  b iot i te  granodiorite t o  
qua r t z  monzonite. 

Several  weakly foliated discordant bioti te quar tz  
monzonite plutons (Unit  C) along the  south shore  of Acadia 
Bay do  not appear  t o  be  a f f ec t ed  by the  ear l ies t  phase of 
deformation, and a r e  the re fo re  younger than t h e  strongly 
foliated plutons immediately t o  t h e  e a s t  and west. They may 
b e  temporarlly equivalent t o  o the r  qua r t z  monzonite plutons 
along t h e  eas t e rn  margin of t h e  belt .  

The youngest sui te  comprises nonfoliated,  strongly dis- 
co rdan t  b iot i te  granodiorite (Unit  D) and quar tz  monzonite 
(Unit  E) plutons north and west  of Tur t le  Lake. 

Metamorphism 

The inner zone of the  supracrustal  bel t  is of greenschist  
fac ies  character ized in maf ic  rocks by the  mineral 
assemblage chlor i te  andtor  ac t inol i te  + a lb i t e  + epidote  * 
carbonate.  In these  rocks t h e  transit ion t o  amphibolite f ac i e s  
is  marked by a change f rom light green recessive schis t  t o  a 
dark green more  massive and recrystall ized rock, whose 
distribution appears  t o  conform t o  the  margins of t he  older 
plutons. In felsic rocks the  transit ion is more difficult  t o  

recognize. Both northern a r m s  of the  bel t  a r e  in amphibolite 
facies. Peli t ic assemblages in those a r e a s  include, with 
quar tz ,  muscovi te  and plagioclase, s taurol i te  + cordier i te  + 
garne t  + biot i te  and andalus i te  + garne t  + biotite.  

Tectonic  History 

Most of t h e  rocks in t h e  a r e a  a r e  a f f ec t ed  by a 
prominent schistosity with a general  northerly o r  north- 
eas ter ly  t r e n d , a n d  s t e e p  inclination. A t  t h e  nor theas t  and 
southwest end of t h e  early plutons, i t  can be resolved into 
one foliation ( S l )  which wraps around and dips away f rom the  
plutons, and a second (S2) which maintains a nor theas ter ly  
t rend and s t e e p  dip, and is axial  planar t o  folded S1. A t  most 
o the r  locali t ies they a r e  difficult  t o  separa te .  A third 
crenulation c leavage ( 5 3 )  with an  eas ter ly  t o  nor theas ter ly  
dip is widespread. The th ree  generations of foliations and 
associated s t ructures  a r e  a t t r ibuted t o  two  probably re la ted  
phases of deformation (D ,  and D2)  and a third distinct event.  

The f i r s t  phase was  t h e  most profound. The foliation (51) 
is  o f t en  a plane of pronounced f la t tening (Fig. 25.3a t o  25.3f), 
bu t  because  of i t s  inhomogeneous nature,  e s t ima tes  of bulk 
s t ra in  a r e  difficult  t o  make. Massive flows and intrusives 
a r e  of ten  weakly foliated adjacent  t o  strongly deformed 
tuff or  breccia,  and the re  is  considerable meandering of 
foliations around compe ten t  bodies. In some  a reas  a lmost  
211 lithologies a r e  highly strained. Unit  9, with i t s  
spheroidal granitoid c l a s t s  provides good, although 
differentially s t ra ined markers.  A t  t h e  southernmost  
exposure virtually undeformed grani t ic  boulders contras t  with 
moderate  t o  strongly f la t tened c las ts  of volcanic origin 
(Fig. 25.3d). Fa r the r  north, grani t ic  c las ts  too a r e  
progressively deformed in to  discoids and 'pancakes'. A t  
la t i tude  67"401 c la s t s  have dimensions corresponding t o  axial  
s t ra in  ra t ios  G/X1'2/~ ' )  of >25 (Fig. 25.3e). This represents  
combined DI-D2 shortening since 5 1  and S2 in t h e  a r e a  a r e  
CO-planar, but most of t he  shortening is due to  D, based on 
t h e  re la t ive  s t ra ins  where  they can  be  distinguished 
(Fig. 25.3f). 

F1 folds a r e  difficult  t o  recognize,  partly because  of 
t h e  lack of well bedded units, and partly because  SZ is o f t en  
CO-planar with S I .  The presence of t h e  large-scale folds 
southeas t  of t he  syncline which preserves the  conglomerate  is 
based largely on lithologic distribution, since bedding 
determinat ions  oblique to  foliation a r e  scarce.  It is not c l ea r  
whether  they should be  ascribed t o  Dl  or  D2. 

The peak of metamorphism is  tenta t ively  in terpre ted t o  
be  syndeformational with D1. Garne t s  f rom both northern 
a r m s  of the  bel t  display pronounced helicit ic t ex tu re  and 
schistosity is bent  around all  porphyroblasts. 
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Throughout  t h e  a r e a  dur ing  t h e  second  d e f o r m a t i o n  
( D z ) ,  S ,  is  c r e n u l a t e d  o r  t igh t ly  t o  isocl inal ly folded i n t o  
s t r u c t u r e s  w i t h  w a v e l e n g t h s  u p  t o  s e v e r a l  hundred m e t r e s .  
A t  t h e  n o r t h e a s t  and s o u t h w e s t  noses  of plutons,  t h e  h inges  
of t h e  second  fo lds  p lunge  a w a y  f r o m  t h e  p lu tons ,  a f e a t u r e  
i n h e r i t e d  f r o m  e a r l y  folds. Fold g e o m e t r y  is  highly 
d e p e n d e n t  o n  t h e  rock  t y p e  which  is  d e f o r m e d .  S imi la r  fo lds  
a r e  usually m a d e  up of buckled  c o m p e t e n t  l a y e r s  a l t e r n a t i n g  
w i t h  less  c o m p e t e n t  f low-folded layers .  T h e  fo lds  a r e  a x i a l  
p l a n a r  t o  a c r e u n u l a t i o n  c l e a v a g e  which rea l igns  
phyllosi l icates.  T h e  m e t a m o r p h i c  g r a d e  dur ing  t h e  s e c o n d  
d e f o r m a t i o n  is  unc lear .  

R o c k s  well  fo l ia ted  by t h e  f i r s t  t w o  d e f o r m a t i o n s  a r e  
o f t e n  kinked o r  folded a b o u t  c o n j u g a t e  a x i a l  s u r f a c e s  
c o n s i s t e n t  w i t h  n o r t h e a s t - s o u t h w e s t  c o m p r e s s i o n  (D3). 
North-nor thwes te r ly  folds a n d  r e l a t e d  c r e n u l a t i o n  c l e a v a g e  
(S3) predomina te .  Locally,  incl ined fo lds  w i t h  w a v e l e n g t h s  
o v e r  10 m a r e  deve loped;  c h l o r i t e  i s  r e c r y s t a l l i z e d  in t h e  
h inge  zones.  T h e  n o r t h w e s t e r l y  t r e n d i n g  upr igh t  fo lds  
respons ib le  f o r  t h e  d o m e  a n d  basin i n t e r f e r e n c e  fold p a t t e r n  
s o u t h  of Mis take  L a k e  may b e  r e l a t e d  t o  t h i s  episode.  

T h e  e f f e c t s  of t h e  f i r s t  and  second d e f o r m a t i o n s  on  
s y n k i n e m a t i c  p lu tons  a r e  of s p e c i a l  i n t e r e s t .  T w o  v e r y  
e l o n g a t e  bodies of homogeneous  c o a r s e  q u a r t z - e y e  s c h i s t  
n o r t h w e s t  of M i s t a k e  L a k e  a r e  i n t e r p r e t e d  t o  b e  p lu tons  upon  
which a r e t r o g r e s s i v e  f a b r i c  w a s  super imposed .  S imi la r  
fo l ia t ion  local ly deve loped  p a r a l l e l  t o  p lu ton ic  m a r g i n s  n o r t h  
of Aldose L a k e  a r e  c r e n u l a t e d  by S2 (Fig. 2 5 . 3 ~ ) .  T h e r e f o r e  
t h e  fo l ia t ion  in t h e  m a s s e s  n o r t h w e s t  of Mis take  L a k e  a r e  
cons idered  t o  be  S , .  T h e  s o u t h e r n  body is  g r a d a t i o n a l  i n t o  a 
ho locrys ta l l ine  g r a n i t i c  rock.  T h e  marg in  of  p lu ton  I i s  
m a r k e d  by a c o n c o r d a n t  fo l ia t ion  which is  m o s t  s t rongly  
deve loped  a long  i t s  n o r t h w e s t e r n  a n d  s o u t h e a s t e r n  margins.  
This  is a l s o  t r u e  of p lu ton  11, b u t  in t h i s  m a s s  t h e  fo l ia t ion  
d o e s  n o t  c l e a r l y  fol low c o n t o u r s  of t h e  n o r t h e a s t e r n  c o n t a c t .  
T h e  fo l ia t ion  is  o f t e n  myloni t ic ,  a s s o c i a t e d  w i t h  v e r y  poorly 
deve loped  l inea t ions  a n d  f e a t u r i n g  l a r g e  K f e l d s p a r  a n d  
s m a l l e r  p lag ioc lase  porphyroc las t s  in a s t r e a k y  q u a r t z - r i c h  
m a t r i x  which bends  a round t h e  c r y s t a l s .  This  fo l ia t ion  d o e s  
n o t  t r a n s e c t  t h e  amphibol i tes ,  b u t  i t s  o r i e n t a t i o n  is  a x i a l  
p lanar  t o  s e c o n d  fo ld ing  of a m p h i b o l i t e  banding ( S I )  
c o n c e n t r i c  w i t h  t h e  pluton.  It is  e v i d e n t  a t  t h i s  s t a g e  of t h e  
s t u d y  t h a t  t h e s e  p lu tons  w e r e  e m p l a c e d  dur ing  t h e  f i r s t  
d e f o r m a t i o n ,  a n d  subsequent ly  modi f ied  by reg iona l  
n o r t h w e s t  compress ion .  

Dis t inc t ly  younger  f e a t u r e s  a r e  steeply-dipping r igh t -  
l a t e r a l  n o r t h e a s t  t rending  s t r ike-s l ip  f a u l t s  a n d  a less  well- 
deve loped  n o r t h w e s t e r l y  t r e n d i n g  c o m p l e m e n t a r y  s e t .  They  
h a v e  t h e  s a m e  o r i e n t a t i o n  and  s e n s e  of d i s p l a c e m e n t  a s  t h e  
l a t e  Aphebian  f a u l t s  which  c r o s s c u t  t h e  Bear  P r o v i n c e  t o  t h e  
wes t .  S o m e  may b e  c o n t i n u o u s  w i t h  t h e m .  S o m e  dip-slip 
m o v e m e n t  i s  ind ica ted  a long  t h e  n o r t h e a s t  t r e n d i n g  f a u l t  
s o u t h  of J o y  L a k e  b e c a u s e  t h e  e x t e n s i v e  o u t c r o p  of m a f i c  
vo lcan ics  and  g a b b r o  o n  t h e  n o r t h  s i d e  d o e s  n o t  a p p e a r  in t h e  
s o u t h  block. T h e  n o r t h e a s t  f a u l t s  o f f s e t  t w o  n o r t h  t r e n d i n g  
f a u l t s  of unknown age .  T h e  w e s t e r n  o n e  h a s  a b o u t  2 k m  of 
r i g h t  l a t e r a l  d i s p l a c e m e n t ;  t h e  o f f s e t  on  t h e  e a s t e r n  f a u l t  i s  
unknown. 

T h e  a r e a  is  c u t  by a s w a r m  of n o r t h w e s t  t r e n d i n g  
M a c k e n z i e  d i a b a s e  dykes,  a n d  f e w e r  d y k e s  w i t h  e a s t e r l y  a n d  
n o r t h e a s t e r l y  t rends .  A s ing le  n o r t h e a s t e r l y  t rending  s y e n i t e  
porphyry dyke ,  which  p o s t d a t e s  t h e  P r o t e r o z o i c  s t r ike-s l ip  
f a u l t s ,  c a n  b e  t r a c e d  f o r  o v e r  2 5  k m  t o  a posi t ion n o r t h  of 
L o c a n n a  Lake.  T h e  younges t  in t rus ives  a r e  var iab ly  dipping 
s h e e t s  of Frankl in  d i a b a s e  a n d  gabbro .  
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Abstract 

Yellowknife Supergroup rocks occur throughout the area and include a major sequence of 
migmatitic intermediate volcanics and met~sediments  along the eastern border. Extensive 
plutonic and gneiss units range from granodiorite to  diorite. The structural pattern produced by 
polyphase ductile deformation changes from complex and curvilinear in the west to  north- 
trending linear zones in the east. Metamorphic grade of the low presure type increases 
eastward from greenschist t o  upper amphibolite facies with relict kyanite indicating the 
greatest uplift in the highest grade zone. No changes in lithology, metamorphic grade, or 
structural style in the zone previously delineated as the Thelon Front were found. Completion 
of mapping in the area is required before a revised definition and location of the structural 
province boundary can be proposed. 

Introduction Yellowknife Supergroup 

The Healey Lake a r e a  l ies across par t  of t h e  boundary, 
as present ly  mapped, between t h e  Slave Structura l  Province 
and the  Queen Maude Block (Heywood and Schau, 1978) of t h e  
Churchill Province. Geological mapping of t h e  a r e a  a t  
1:250 000 scale  begun in 1978 (Henderson, 1979) continued in 
t h e  northern par t  of t h e  a rea  in an  a t t e m p t  t o  follow t h e  low 
grade, less deformed Archean Yellowknife supracrustal  rocks  
and intrusive rocks of t h e  Slave Province tha t  occur  in t h e  
northwest corner of t he  a rea  eas tward to  the  Thelon Front 
(Wright, 1967), and across t o  the  highly deformed and 
metamorphosed rocks of t h e  western Churchill Province 
(Fraser ,  1978). In addition t o  providing a 1:250 000 scale  map 
where  none is available currently,  a major goal of t h e  project  
is  t he  be t t e r  understanding of the  nature  and significance of 
the  Thelon Front - t h e  boundary between the  two s t ructura l  
provinces. 

General  Geology 

The a rea  mapped to  d a t e  a t  1:250 000 scale  or be t t e r  is 
outlined in Figure 26.1. Wright described the  Thelon Front in 
this vicinity a s  a zone tha t  is "...gradational, probably over 
some  miles...". The boundary a s  he  defined i t  passes just west 
of t h e  l ake  northwest of Tourgis Lake (Fig. 26.1) in a north- 
south  direction and then curves  southwesterly through t h e  
centra l  par t  of t he  a rea  mapped norrth of Healey Lake. No 
evidence was  found in this zone of a pronounced change in 
lithology, metamorphic  grade or  s t ructura l  style. A more  
precise  definit ion of t h e  f ront  will be  a t t e m p t e d  when t h e  
mapping of t h e  whole a r e a  i s  completed. 

The a r e a  mapped can be divided in to  two pa r t s  based on 
s t ructura l  style.  West of about  107"W longitude the  t e r r ane  
is similar t o  much of t h e  Slave Province,  with abundant 
supracrus ta l  rocks  with irregular s t ructura l  t rends  and several 
more  or less equidimensional lobate  plutonic bodies. . T o  t h e  
eas t ,  however,  t h e  proportion of high grade metasediments  
and metavolcanics is much lower. The metamorphosed 
intrusive rocks occur  a s  strongly aligned lensoid t o  linear 
bodies. Almost all  units have a pronounced nor th  t o  
northeast-trending foliation. 

The Yellowknife Supergroup has  been defined a s  "any 
Archean volcanic and sedimentary  assemblage within t h e  
Slave Province' '  (Henderson, 1970). The eas tward extension 
of t h e  Yellowknife rocks a s  defined in the  Healey Lake a rea  
depends on the  location of t h e  Slave Province boundary which 
is  a postdepositional s t ructura l  marker;  t h e  Thelon Front. 
Because t h e  precise  location i s  uncertain,  all  t h e  meta-  
sedimentary  and metavolcanic  rocks t h a t  occur  throughout 
t h e  a r e a  will be considered t o  be pa r t  of t h e  Yellowl<nife 
Supergroup. This is reasonable a s  t h e  rocks a r e  similar t o  
Yellowknife rocks elsewhere in t h e  Slave Province. 

The lowest grade,  least-deformed Yellowknife rocks 
occur  in t h e  northwest corner  of t h e  a r e a  mapped. P a r t  of a 
major volcanic complex composed dominantly of in termedia te  
t o  felsic tuffs,  breccias,  lava flo\vs and domes, occurs north 
and west of the  Back River. It has been mapped in detail  by 
Lamber t  (1976, 1977, 19781, who has  recognized both 
subaerial  and subaqueous environments in t h e  evolution of t h e  
complex t h a t  culminated in t h e  collapse of a large  cauldron. 
The major par t  of t h e  complex is essentially f l a t  lying. 

Surrounding t h e  volcanic complex and a t  least  t o  some 
ex ten t  interfingered with it, a r e  greywacke-mudstone 
turbidi tes  and thei r  more  highly metamorphosed equivalents 
t h a t  a r e  typical of t h e  Yellowknife sediments  so  abundant 
throughout t h e  Slave Province. East of t h e  complex t h e  
sediments  a r e  generally medium- t o  fine-grained, medium- t o  
thin-bedded, with the  greywacke-sil tstone component 
dominating over t h e  argil laceous component.  Graded bedding 
is commonly preserved. South of t h e  complex and two large  
plutons, t h e  metasediments  a r e  mainly pelitic. Thin iron 
format ion layers and lenses in t h e  sedirnents a r e  most 
abundant near t h e  volcanic complex but also occur  up t o  
15 km t o  t h e  eas t  of it. 

In termedia te  t o  felsic volcaniclastic units occur  within 
t h e  sedimentary  sequence beyond t h e  volcanic complex 
(Fig. 26.1). One such unit consists of a poorly sor ted ,  poorly 
bedded breccia  with angular c las ts  up t o  8 c m  where it is 
crossed by t h e  Back River. To the  east ,  t h e  unit is made up 
of thin bedded, f ine  grained volcaniclastic sediments.  A 
wider, more  extensive fe ls ic  volcaniclastic unit occurs along 
t h e  southwest shore  of t h e  large  lake  near t h e  southeast  
corner  of Figure 26.1 (west half). This unit  consists of thin to  
medium bedded, f ine  grained, commonly graded beds. 



Figure 26.1 Geology of p a r t s  of t h e  nor th  half of t h e  Healey Lake m a p  a r e a  ( N T S  76B). Geology of volcanic rocks  west  of t h e  
Back River  i s  a f t e r  Lamber t  (1976, 1977, 1978). Orde r  of units in legend has  no s t ra t igraphic  or  age  implication. 

East  of i07" (Fig. 26.1) t h e  Yellowknife rocks a r e  more  
highly metamorphosed and deformed so t h a t  all  primary 
f ea tu res  o the r  than gross compositional variations a r e  lost. 

Metavolcanic units in t h e  e a s t  pa r t  of t h e  a r e a  include a 
major unit of amphibole gneiss which occurs  along t h e  e a s t  
border of t h e  a r e a  mapped north of Tourgis Lake. This unit  
consists of layers one cen t ime t re  t o  a few dec ime t re s  thick 
which a r e  defined by variations in t ex tu re  and proportion of 
plagioclase, amphibole and garnet.  Interlayered with them 
a r e  discontinuous c e n t i m e t r e  scale  lenses t o  layers of white,  
coarser  grained qua r t z  plagioclase leucosome. This unit is  
thought t o  represent  n highly metamorphosed, par t ly  me l t ed  
volcanic sequence of probable andesi t ic  t o  daci t ic  
composition. Thin bu t  mappable units of metasedirnent occur  
within t h e  unit and one  calc-sil icate rich zone up t o  50 m 
wide extends  over  3 km. 

Othe r  volcanic units, much smal ler  although b e t t e r  
preserved, occur north of Healey Lake. The re  andesit ic t o  
daci t ic  metavolcanics  a r e  dominantly moderately foliated,  
f ine  grained, grey green t o  dark green, plagioclase amphibole 
rocks t h a t  a r e  textura l ly  and compositionally layered on a 
10 t o  30 c m  scale.  Layering is accentuated by c e n t i m e t r e  
sca l e  units of darker ,  more  maf i c  mater ia l  separa t ing t h e  
slightly coarser ,  th icker ,  more  feldspathic layers. No primary 

c las t ic  outlines a r e  preserved. Locally associated with these  
in termedia te  metavolcanics a r e  whi te  weathering, quar tz-  
bearing metarhyol i te  units a few t ens  of me t re s  thick. In 
some of these,  layering is accen tua ted  by carbonate-rich 
laminae. 

The  volcanics a r e  everywhere  associa ted  with peli t ic t o  
psammit ic  schists t h a t  a r e  presumably equivalent t o  t h e  
lowest g r a d e  greywacke-mudstone turbidites in t h e  western  
p a r t  of t h e  map area .  Metasedimentary units (Fig. 26.1) vary 
from continuous metasediment  a s  northwest of Tourgis Lake 
t o  t h e  t e r r a n e  in t h e  nor thwest  corner  of Figure  26.1 ( eas t  
half)  where  t h e  metasediments  a r e  extensively intruded by 
granodiorit ic phases and t h e  surrounding granodiorite contains 
abundant  metasedimentary  inclusions. The migmat i t ic  me ta -  
sediments  wes t  of t h e  c o n t a c t  with t h e  in termedia te  
metavolcanics near Tourgis Lake contain abundant layers  of 
coa r se  ga rne t  amphibolite generally less than o n e  m e t r e  thick 
t h a t  have been t ightly folded with t h e  metasediments  and a r e  
thought t o  be  metamorphosed mafic  intrusions. 

Granodiorite,  Tonal i te  and Dior i te  

Several  in t rus ive  units have been recognized within t h e  
a r e a  mapped and they range f rom massive plutons in t h e  wes t  
t o  gneissic units t o  t h e  eas t .  The intrusive rocks a r e  unusual 



compared to those in  most other parts of the Slave Province 
in  that there are no major granite units; most are grano- 
diori t ic or more mafic in composition. 

In the west, three large and two smaller, tonalitic to  
diori t ic undeformed plutonic bodies intrude the sediments. 
They are massive, medium grained, dark pinkish grey, 
equigranular and hornblende- and biotite-rich. Locally, they 
are as felsic as granodiorite and as mafic as gabbro. Their 
contacts with the sediments are sharp and they form few or 
no dykes in the sediments and their contact zones contain 
only minor inclusions of country rock. 

The quartz tonalite (Fig. 26.1) is a massive to  locally 
weakly foliated, grey, coarse grained, biotite-rich pluton 
which is quite homogeneous throughout most of i t s  outcrop 
area. I t  is characterized by abundant coarse masses of 
typically irridescent quartz up to  one centimetre or more in 
size. This pluton contains only minor inclusions near i ts  
contact with the metasediments. I ts  relationship with the 
tonalite-diorite to the west i s  unknown, but i t  is intruded by 
the large granodiorite on i ts  southeastern side, as shown by 
abundant dykes i n  the contact area. 

The diorite that occurs east of the quartz-tonalite is a 
rather heterogeneous massive but more commonly foliated, 
dark grey, equigranular, medium grained body whose contact 
wi th the quartz-tonalite was not observed but which may be 
gradational. It also is intruded by the granodiorite to  the 
south and is in  fault contact with the rocks to  the east. 

The granodiorite to  the south, which occurs as parts of 
two large circular plutons, is a fair ly homogeneous, massive 
to weakly foliated, commonly buff coloured, equigranular, 
medium grained, with moderate to low bioti te content. It 
commonly contains muscovite of varied grain size. I t  
contains few inclusions and intrudes al l  surrounding units. 

To the east is a large unit of undivided granodiorite, 
tonalite and locally, diorite. These rocks are almost 
everywhere strongly foliated and locally contain abundant 
small inclusions to mappable units of Yellowknife rocks. East 
of the large lake near the northwest corner of Figure 26.1 
(east part) the unit consists of a heterogeneous assemblage 
of small deformed inclusion-free plutons wi th intervening, 
more foliated, granodioritic rocks wi th abundant meta- 
sedimentary inclusions. The plutons are for the most part 
white, medium grained, equigranular, mafic moderate to poor 
granodiorites and tonalites. North of the lake a well  foliated, 
biotite-rich, augen granodiorite body lies within the 
granodiorite. A single pluton of massive l ight pink, medium 
fine grained, mafic-poor granite intrudes the granodiorite. 

In the vicinity of Tourgis Lake the foliated granodioritic 
to tonalitic rocks- are similar although the proportion of 
inclusions is smaller than farther west. The rocks are locally 
cataclastically deformed. Southwest of Tourgis Lake they 
have a very complex structural pattern. North of Healey 
Lake the more leucocratic granodioritic rocks are commonly 
rather gneissic. They are bordered on the east and west by 
more mafic tonalites and diorites. 

Maf i c  Intrusions 

Three diabase dyke sets of presumed post-Archean age 
occur within the area. The oldest set has a 090" trend and 
has been recognized as far west as Point Lake in  the central 
Slave Province. These dykes are relatively unaltered in the 
Back River area (Fig. 26.1), but in  the eastern part of the 
area they are metamorphosed and although the trend of the 
dykes is not seriously distorted, they develop a distinct 
northerly trending foliation. The second set has a 60" trend 
and is common i n  adjacent areas. It is not particularly 
abundant i n  the eastern part of the area mapped. The third 
set is the northwesterly-trending Mackenzie set. 

Figure 26.2 Orientation of the  principal foliaton in the  
Back River ( a )  and Tourgis Lake (b) areas. Rock unit 
abbreviations: rnetasedirnentary (MSED) and rnetavol canic 
(MVOL) rocks of the  Yel lowkni fe  Supergroup; TONL/DlOR, 
tonalite/diorite; Q Z  TONL,  quartz tonalite; GRDI ,  foliated 
granodiorite. 

Structural Geoiogy 

There is a striking change i n  structural style across the 
map area. The orientation of the principal foliation and 
major lithologic contacts change from a complex curvilinear 
pattern in  the west to  a northerly-trending linear pattern in  
the east half of the area mapped (Fig. 26.1, 26.2). 

In the west half the main part of the large volcanic 
complex is flat-lying (Lambert, 1978) but along the southern 
contact with the adjacent complexly deformed meta- 
sediments the dip of layering in the foliated metavolcanics is 
steep and locally refolded. East and south of the Back River 
the foliation in the metasedimentary rocks wraps around the 
unfoliated tonalite/diorite masses. In the east, rock units, 
the principal foliation and an older isoclinally folded foliation 
strike north to northeast and dip moderately to  steeply 
eastward. Both intrusive and supracrustal rocks are strongly 
deformed in this trend; the only exception being the single 
pluton of massive granite (Fig. 26.1) about which the 
dominant foliation is deflected. 

The structural pattern can be discussed i n  terms of 
three phases of ductile deformation. In the east and west the 
principal foliation is the product of a second phase of 
deformation as it is axial planar to  isoclinal folds that deform 
both an earlier foliation and bedding/compositional layering. 
The variable orientation of the principal foliation in the west 
may be due to either diapiric rise of the plutons into The 
metasedimentary rocks or heterogeneous strain of relatively 
ductile metasediments squeezed between the more r igid 
plutonic and metavolcanic rock masses during horizontal 
compression. In the east horizontal compression resulted i n  
the flattening of earlier structures into the present strong 
north to northeast orientation. The steep t o  moderate mainly 
easterly dip of the principal foliation may indicate that third 
phase folds are overturned to the west. 

Several northwesterly-trending faults with right lateral 
displacements presumed to be post-Archean have been 
mapped. In the area west of Tourgis Lake narrow north- 
trending mylonite zones indicate faults parallel to  the 
regional foliation. 

Metamorphism 

Widespread occurrence of andalusite, cordierite and 
sillimanite, wi th or without staurolite, in  rocks of the 
Yellowknife Supergroup indicates low pressure type regional 
metamorphism. Similar low pressure mineral assemblages 
were produced throughout the Slave Province during a late 



Archean t ec ton ic  event  (Thompson, 1978). In t h e  a r e a  
mapped (Fig. 26.1, 26.3) metamorphic  g rade  increases  ea s t -  
ward f rom greenschist  f ac i e s  metagreywacke and me ta -  
volcanic rocks (west of Back River) t o  upper amphibol i te  
f ac i e s  biotite-sillimanite-garnet-migrnatite and garnet -  
amphibole gneiss (nor th  and northwest of Tourgis Lake).  Four  
zones  a r e  outl ined on t h e  basis of f ield observat ions  and 
ea r l i e r  petrographic work (Fig. 26.3). Cordier i te  and 
s taurol i te  occur  in t h e  upper pa r t  of t he  bioti te-chlorite zone,  
throughout t h e  andalus i te  and andalusite-si l l imanite zones,  
and locally in t h e  si l l imanite zone.  Garne t  is present  locally 
below t h e  si l l imanite isograd but commonly in migmat i t ic  
rocks. Kyani te  occurs  in both t h e  neosome and paleosome of 
t h e  migmat i te  in t he  si l l imanite zone ,  where  i t  appears  t o  be  
older than coexis t ing  si l l imanite.  If t h e  displacement along 
t h e  Proterozoic  Bathurs t  Fau l t  is removed (approximately 
140 km (Campbell  and Ceci le ,  1979)), t h e  kyani te  locali t ies in 
t h e  m a p  a r e a  (Fig. 26.3) l ine  up with those  described by 
Fraser  (1968, 1972, 1978) and  Thompson (1978). One  locali ty 
a lso  in t he  si l l imanite zone  with kyanite r immed by cordier i te  
and si l l imanite,  occurs  north of t h e  map  a r e a  away f rom t h e  
main l ine of occu r rences  (Fig. 26.3a) (Padgham e t  al., 1974; 
Percival ,  1979). 

C 
5 BATHURST FAULT 

(REPLACEDI 

Figure 26.3 Aluminosilicate mineral zones in the area 
mapped and adjacent map areas. Removal of Bathurst 
Fault displacement according to Campbell and 
Cecile (1979). Zones are based on field observations and 
petrographic data (Fraser, 1968, 1972, 1978; Padgham et al, 
1975; Percival, 1979; Thompson, 1978). Mineral name 
abbreviations: 

B -Biotite-chlorite; S - Sillimanite; 
A -andalusite; K - kyanite. 
A/S -andalusite/sillimanite; 

An erosion su r f ace  P-T cu rve  consis tent  with t h e  
minera l  zones  does  not in tersec t  t h e  kyani te  stabil i ty f ield 
(Fig. 26.4) so  e i ther  t h e  k y a n ~ t e  is t h e  product of an  older 
re la t ive ly  high pressure metamorphic  event  or i t  is a re l ic t  
of a n  ear l ie r  s t a g e  in t h e  development of t h e  t he rma l  high 
t h a t  produced the  dominant cordierite-andalusite/sillimanite- 
migrnat i te  metamorphism. In t h e  absence  of evidence  for  
m o r e  than one  metamorphism of t h e  Yellowknife Supergroup 
both e lsewhere  in t h e  map a r e a  and t o  t h e  north (Fig. 26.31, 
t h e  second possibility is prefer red .  Tha t  is, rocks  in a 
t he rma l  high which produced kyani te  a t  i n t e rmed ia t e  
pressures  and t empera tu re s  were  over taken by rising 
i so therms (T increasing) a s  they were  uplifted (P decreas ing)  
(P-T t i m e  cu rve  2, Fig. 26.4). Two more  e x t r e m e  cases  t h a t  
would have  a similar e f f e c t  a r e  t h e  following: (i) t empera tu re  
increasing a t  cons tant  pressure  (P-T t i m e  cu rve  I ,  Fig. 26.4), 
( i i l p r e s su re  decreasing a t  approximately constant  
t e m p e r a t u r e  (P-T t i m e  cu rve  3,  Fig. 26.4). C u r v e  3 implies 
t h a t  kyani te  fo rmed  in equilibrium with t h e  liquid leucosome 
in t h e  migmat i t e  prior t o  uplift. In all t h r e e  cases,  however,  
t h e  presence  of kyanite-bearing rocks  a t  t h e  su r f ace  in t h e  
ea s t e rn  part  of t h e  a r e a  requires a g rea t e r  degree  of erosion 
in t h a t  a r e a  t han  is re,quired t o  bring t h e  cordier i te -  
stauroli te-andalusite rocks t o  t h e  su r f ace  in t h e  western  par t  
of t h e  map area .  

In t h e  wes t e rn  pa r t  of t h e  map a r e a  porphyroblasts t h a t  
have  overgrown t h e  principal foliat ion indica te  peak 
metamorphic  conditions out las ted  t h e  main phases of 
deformat ion,  a s  is generally t h e  c a s e  in t h e  Slave Province  
(Thompson, 1978). The leucosome in migmat i t e  in t h e  eas tern  
pa r t  of t h e  m a p  a r e a  i s  intensely deformed,  with si l l imanite 
aligned parallel  t o  axia l  su r f aces  of isoclinal folds. Peak 
metamorphic  conditions were  a t t a ined  somewhat  ear l ie r  than 
t h e  l a s t  major phase  of deformat ion.  

Locally, retrogression is indicated by t h e  a l tera t ion  of 
si l l imanite segregat ions  and possibly andalus i te  t o  whi te  
mica ,  along with chlor i t iza t ion  of b io t i te  and cordier i te .  

Figure 26.4 P-T diagram with estimated erosion surface 
P-T curve for the northern half of  Healey Lake area and 
possible P-T time curves for kyanite-bearing rocks. Mineral 
name abbreviations: 

ch - chlorite mu - muscovite 
bi - biotite gt - garnet 
st - staurolite a - andalusite 
k - kyanite s - sillimanite 
cd - cordierite q z  - quartz 
p1 - plagioclase liq - liquid 
v - vapour 



Relatively coarse grained secondary white mica and chlorite 
is prominent in certain linear zones in the eastern half of the 
area mapped. 

Conclusions 

The results of the mapping program in the northern part 
of the H e ~ l e y  Lake area are summarized in the following 
conclusions: 

- Deformed and metamorphosed supracrustal rocks 
similar to Yellowknife Supergroup rocks found else- 
where in  the Slave Province occur throughout the area 
mapped. A major unit of highly metamorphosed 
metavolcanics and metasediments of unknown extent to  
the north or south occurs a t  the eastern boundary. 

A l l  the volcanic units within the area mapped are of 
andesitic or more felsic composition. 

- Major intrusive units are of granodioritic, tonalitic and 
diori t ic composition. Except for one relatively small 
pluton, no major granitic bodies were recognized. 

- Three phases of ductile deformation are proposed, with 
the third becoming increasingly dominant in the eastern 
part of the area, resulting in a regional northerly 
striking, moderately to steeply dipping trend being 
imposed on both intrusive and supracrustal rocks. 

- Metamorphism is the low pressure type, wi th grade 
increasing from greenschist facies in the west to  upper 
amphibolite facies in the east. The occurrence of re l ic t  
kyanite in thc higher grade assemblages implies greater 
upl i f t  in the easternmost part  of the area. 

Previous reconnaissance mapping in the region 
(Wright, 1967) resulted in the placing of the Thelon Front 
through the eastern half of the area mapped. At  that time, 
at the 1:l 000 000 scale of the mapping, the front was 
considered to be a zone several kilometres wide rather than a 
sharply defined line. The current more detailed mapping 
program has thus far failed to locate within the area mapped 
the zone that "...by contrasts in structure, lithology and 
metamorphic rank ..." (Wright, 1967) defines the Thelon Front. 
The apparent break a t  107OW longitude (Fig. 26.1) might be 
considered as a front as the structural style to  the east and 
west is clearly different. On a more regional scale, however, 
the metamorphic gradient north of the Healey Lake area 
trends northeasterly (Fig. 26.3) while the structural trend as 
indicated by the orlentation of intrusive units and structural 
data in the metasediments (Tremblay, 1971), suggested the 
structural trend continues northerly for a while but begins to 
swing more northwesterly as the grade drops. With the 
structural and metamorphic trends diverging as they do to the 
north, i t  seems unlikely the break a t  107" longitude within 
the Healey Lake area is as regionally an important feature as 
the Thelon Front can be expected to  be. In addition, in the 
southeast part  of the Healey Lake area which has not as yet 
been mapped, there is a prominent zone of north- 
northeasterly trending lineaments that are coincident with an 
abrupt change in the magnetic anomaly pattern and roughly 
equivalent to part of the steep gravity gradient in the region. 
It is premature t o  speculate any further on the position and 
nature of the Thelon Front within the Healey Lake map area 
before the remainder of the area is mapped. 
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Abstract 

Syn- to post-tectonic plutons in the area are clustered to form the composite Hepburn and 
Wentzel batholiths. Although granite is most abundant, the overall compositional range is from 
granite to pyroxenite. In general, the plutons become more basic and less deformed with t ime.  The 
peak of metamorphism is related to  the earliest granites, younger plutons being discordant with 
respect t o  the metamorphic isograds. Wentzel Batholith is the roof o f  a plutonic complex exposed in 
the core o f  a major anticlinorium. Hepburn Batholith comprises the floor and feeders t o  a pancake- 
shaped plutonic complex preserved in the keel o f  a synclinorium. The batholiths were emplaced 
during closure o f  these folds and after craton-vergent thrusting. Their setting is comparable to  that 
o f  Cenozoic continental collision zones. 

Hepburn Lake map  a r e a  spans t h e  main t ec ton ic  zone 
(Fig. 27.1) of Wopmay Orogen. To t h e  west  a r e  t h e  younger 
calc-alkaline volcanic and plutonic rocks  of Grea t  Bear 
Batholi th (Hoffman and McGlynn, 1977) and t o  t h e  e a s t  is t h e  
foreland fold and thrus t  belt  (Hoffrnan, 1973). Within th is  
zone,  syn- t o  pos t - tec tonic  plutons a r e  c lus tered  in t w o  
composi te  ba thol i ths  (Fig. 27.2), Hepburn Batholi th 
(E s t r i c to )  in t h e  middle of t h e  zone and Wentzel  
B a t h o l i m w  name)  on t h e  wes t  side. Each batholi th has  a 
d is t inc t  prograde  metamorphic  envelope,  which ranges  
upward in g rade  f rom regional chlor i te  (below biot i te )  t o  well 
above o r t h o c l a s e + s i l l i m a n i t e  in pe l i tes  (St-Onge and 
Carmichael ,  1979). The metamorphism belongs t o  ba thozones  
2 and 3 of Carmichael  (19781, indicating t h a t  t h e  bathol i ths  
were  emplaced at 10-12 km depth.  Structurally,  Hepburn 
Batholi th occupies  t h e  keel  of a major  synclinorium, whereas  
Wentzel  Batholi th appears  t o  be  in t h e  c o r e  of an  
anticlinorium, most of t h e  west l imb of which has been 
t runca t ed  by t h e  Wopmay Fault .  Significantly, metamorphic  
isograds dip toward '  Hepburn Batholi th and a r e  "hot-side-up", 
whereas  t hey  d ip  away f rom Wentzel Batholi th and a r e  "hot- 
side-down" (St-Onge and Hoffman, 1980). The regional 
t ec ton ic  s e t t i ng  of t h e  batholi ths is in terpre ted  a s  a 
cont inent -microcont inent  collision zone (Hoffrnan, 1979). 

This preliminary r epo r t  was  prepared by P.F. Hoffman 
based on mapping by all authors.  D.E. Schulze is undertaking 
petrological  s tudies  of t h e  gabbros. In addit ion,  
D.R.M. Pat t i son (Queen's University) is  doing microprobe 
work on garnet-bearing plutons and W.R. Van Schmus 
(University of Kansas) has sampled a range of plutons for  
zircon geochronology. 

Cornposit ional Units 

Most of t h e  150 or so  plutons mappable  at 1:100 000 
sca le  a r e  shown in Figure 27.2. It is noteworthy t h a t  t h e  
plutons vary g rea t ly  in s i z e  and a r e  generally homogeneous in 
composit ion.  Zoned plutons a r e  uncommon. The overa l l  
cornpositional range  is e x t r e m e ,  f rom g ran i t e  t o  pyroxenite,  
but g ran i t e  is areally by f a r  t h e  most abundant.  In 
composit ional nomencla ture ,  we  t r y  t o  follow t h e  
recommendat ions  of Streckheisen (1967). The following brief 
descriptions a r e  mean t  t o  amplify t h e  legend of Figure 27.2. 

Protomyloni t ic  Gran i t e  

The oldest  and many of t h e  larges t  plutons consist  of 
medium grained, leucocra t ic ,  b io t i te  monzograni te  with an 
in tense  t ec ton ic  foliation and/or lineation. Fine grained, 
maf i c  xenoliths a r e  locally abundant and may b e  so  
tec tonica l ly  deformed a s  t o  impar t  a gneissic banding. 
Or thoclase  porphyroblasts occur  sparingly and th is  unit may 
g rade  in to  o r  be  c u t  by porphyroblastic grani te .  

Porphyroblastic Gran i t e  

Strongly fo l ia ted ,  mesocra t ic ;  b io t i te  syenograni te  with 
abundant,  very coarse ,  or thoclase  porphyroblasts occurs  
gradat ional ly  toward marginal sa l ients  in t h e  main g ran i t e  
pluton of t h e  north lobe of Hepburn Batholith. Elsewhere,  a s  
in t h e  remarkably  e longate  Keskarrah Gran i t e  (new name),  
similar porphyroblastic grani tes  a r e  sharply intrusive in to  
protomylonitic granite.  

Ga rne t  Gran i t e  

Although accessory  ga rne t  occurs  in near ly  all t h e  m o r e  
fe ls ic  plutons, it is extraordinarily abundant (more  than 5%)  
in ce r t a in  plutons of Wentzel  Batholith. They typically have 
abundant or thoclase  porphyroblasts a s  well and in o the r  
respects  resemble  t h e  porphyroblastic grani tes .  It may be  
s igni f icant  t h a t  both g a r n e t  and or thoclase  porphyroblasts a r e  
abundant in Akaitcho Group migmat i t e  adjacent  t o  Wentzel 
Batholi th but a r e  a lmost  absent  adjacent  t o  Hepburn 
Batholith. 

Granodiorite 

Although t h e  overall  composit ion of t h e  batholi ths is 
granodiorit ic,  rocks  of th is  composit ion a r e  surprisingly 
uncommon. Even t h e  large  granodior i te  pluton in t h e  south  
half of Wentzel Batholi th exhibits ,  in de ta i l ,  a bimodal 
grani te- tonal i te  tendency. It cons is ts  of prevailing medium 
grained, b io t i te  tonal i te ,  throughout which t h e r e  a r e  
abundant  gradat ional  pa t ches  of coa r se  grained syenogranite.  
The granodior i te  in t h e  south  half of Hepburn Batholi th would 
be  tonal i t ic  were  i t  not  fo r  poikilitic or thoclase  
porphyroblasts. The ou te r  zone  of t h e  Rib Gran i t e  
(new name)  is highly var iable  in plagioclase/orthoclase r a t i o  
but i t s  mean composit ion is granodiorit ic.  Unlike t h e  o thers ,  
i t  is unfoliated and comes  l a t e r  in t h e  intrusive sequence.  
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Figure 27.1. North end of Wopmay Orogen, showing t h e  regional s e t t i ng  of Hepburn Batholith (centre)  
and the  main t ec ton ic  zone. 

Tonalite Leucogranite 

The tonalites a r e  strongly foliated,  medium grained, 
quartz-rich rocks. Bioti te is t h e  main or  only maf i c  mineral, 
in spi te  of t h e  near  absence of potassium feldspar. The 
tonal i te  in the  north par t  of Wentzel Batholith is unusually 
rich in garnet.  Varied xenoliths and globular qua r t z  
porphyroblasts a r e  very common. Small irregular intrusions 
of leucogranite with sharp  con tac t s  typically occur  within t h e  
tonal i te  but a r e  not considered in t h e  overall  composition. 

Quar t z  Diorite 

These plutons a r e  generally smaller and less numerous 
than t h e  tonal i tes  but a r e  similar in being strongly foliated 
and in having bioti te,  not hornblende, a s  t h e  main maf ic  
mineral. Their intrusive con tac t s  with protomylonitic grani te  
a r e  easily misinterpreted. What a t  f i r s t  appear  t o  be 
inclusions of  qua r t z  d ior i te  in g ran i t e  a re ,  in f ac t ,  boudins of 
qua r t z  d ior i te  dykes. 

There a r e  many small  plutons of f ine  grained, very 
leucocratic,  b io t i te  grani te ,  a rock which is typically variable 
in composition within single outcrops. Some a r e  weakly 
foliated but most a r e  massive. Leucogranite on t h e  west side 
of t h e  Squatarola Gabbro (new name)  may result  f rom 
melting of country rock during intrusion of t h e  gabbro. 
Leucogranites within many of t h e  most basic plutons may 
have a similar origin. 

"Younger" Grani te  

There a r e  severa l  massive, very coa r se  grained, b iot i te  
syenogranites,  especially near  t h e  Wopmay Fault ,  which 
closely resemble t h e  l a t e  grani tes  ("G3" plutons of 
Hoffman, 1978) of Grea t  Bear Batholith. One of them 
actual ly  intrudes t h e  faul t  itself and is weakly foliated,  
although i t  obviously postdates  t h e  main f au l t  movement.  All 
t h e  "youngert1 grani tes  in the  north half of t h e  a r e a  intrude 
sedimentary  and volcanic rocks, only slightly metamorphosed, 



of t h e  D u m a s  G r o u p  ( H o f f m a n ,  1978). T h e  D u m a s  Group 
unconformably  o v e r l i e s  pro tomyloni t ic  g r a n i t e  and  
g r a n o d i o r i t e  of W e n t z e l  Bathol i th ,  a n d  is i n t r u d e d  by G r e a t  
B e a r  Batholi th.  In t h e  s o u t h  half of t h e  a r e a ,  t h e r e  a r e  t h r e e  
"younger" g r a n i t e s  in a l ine  a b o u t  5 k m  e a s t  of t h e  Wopmay 
F a u l t ,  t h e  m o s t  n o r t h e r n  of which c o n t a i n s  l a r g e  xenol i ths  of 
s l igh t ly  m e t a m o r p h o s e d  D u m a s  G r o u p  rocks.  All of t h e s e  
" )~ounger t f  g r a n i t e s  a r e  probably of G r e a t  Bear  Bathol i th  age .  
A problem a r i s e s  w i t h  t h e  R i b  G r a n i t e ,  spa t ia l ly  a s s o c i a t e d  
w i t h  Hepburn  Bathol i th ,  which  l i thological ly r e s e m b l e s  t h e  
o t h e r  "younger" g r a n i t e s  b u t  i s  l o c a t e d  f a r  f r o m  t h e  Wopmay 
F a u l t  and  c o n t a i n s  n o  xenol i ths  o r  o t h e r  d i r e c t  e v i d e n c e  of i t s  
a g e  r e l a t i v e  t o  t h e  D u m a s  Group.  Unlike t h e  o t h e r  "youngert '  
g r a n i t e s ,  i t  is  i n t r u d e d  by d i o r i t e s  and  gabbros ,  s o  if i t  is  a s  
young as t h e  G r e a t  Bear Batholi th,  s o  m u s t  t h e  d i o r i t e s  and 
gabbros.  L a t e  d i o r i t e s  d o  o c c u r  ("G4" p lu tons  of  
Hoffman,  1978) in G r e a t  Bear Bathol i th ,  a l though t h e y  a r e  
g e n e r a l l y  b i o t i t e - f r e e .  But if a l l  t h e  d i o r i t e s  a n d  g a b b r o s  
e a s t  of t h e  Wopmay F a u l t  a r e  r e l a t e d  t o  G r e a t  Bear  
Bathol i th ,  t h e n  i t  is s t r a n g e  indeed  t h a t  t h e y  show such  a 
r e m a r k a b l e  s p a t i a l  a f f i n i t y  f o r  Hepburn  Bathol i th .  

Diori t e  

T h e r e  a r e  c l o s e  t o  f o r t y  d i o r i t e  bodies,  none  m o r e  5 k m  
across ,  a n d  v i r tua l ly  a l l  a r e  within a n a r r o w  s t r i p ,  75 k m  by 
1 5  k m ,  t r e n d i n g  nor th-south  t h r o u g h  Hepburn  Lake.  
C h a r a c t e r i s t i c a l l y ,  t h e  d i o r i t e  c o n t a i n s  b o t h  hornblende  a n d  
b i o t i t e ,  is highly v a r i a b l e  in t e x t u r e  a n d  gra in  s ize ,  a n d  
undergoes  a b r u p t  and  e x t r e m e  c h a n g e s  in co lour  index. Many 
of t h e  d i o r i t e s  a r e  i n t i m a t e l y  a d m i x e d  w i t h  l e u c o g r a n i t e  and ,  
a l t h o u g h  m o s t  a r e  mass ive ,  a f e w  h a v e  f o l i a t e d  z o n e s  wi th in  
t h e m .  

Gabbro  

T h e r e  a r e  f o r t y  or  m o r e  bodies of nonfo l ia ted ,  
o r t h o p y r o x e n e  i b i o t i t e  g a b b r o  in a l 0 0  k m  long s t r i p ,  
para l le l  t h a t  of t h e  d i o r i t e s  but  d i sp laced  a b o u t  10 km 
w e s t w a r d .  Most  a r e  s m a l l  b u t  t h e  S q u a t a r o l a  Gabbro ,  t h e  
l a r g e s t ,  is  2 5  km long. O n e  i m p o r t a n t  c o n c e n t r a t i o n  of 
b r o n z i t e  g a b b r o s  is just w e s t  of t h e  Muskox Intrusion ( m i d d l e  
Pro te rozoic) ,  a n  assoc ia t ion  which  led us in i t i a l ly  t o  t h e  
e r r o n e o u s  bel ief  t h a t  t h e  g a b b r o s  a r e  c o e v a l  w i t h  it.  
However ,  in a n o t h e r  i m p o r t a n t  c o n c e n t r a t i o n ,  e a s t  of 
Wentze l  Lake,  t h e  g a b b r o s  a p p e a r  t o  h a v e  u n d e r g o n e  
t r a n s c u r r e n t  d i s p l a c e m e n t  a long  sp lays  of t h e  Belleau F a u l t  
s y s t e m  ( H o f f m a n ,  1980,  Fig. 27.1). As t h e  Muskox Intrusion 
p o s t d a t e s  reg iona l  t r a n s c u r r e n t  fau l t ing ,  t h e  g a b b r o s  c a n n o t  
b e  c o e v a l  w i t h  it.  They  a r e  included in t h e  Hepburn  Bathol i th  
pr imar i ly  b e c a u s e  of t h e  c l o s e  s p a t i a l  assoc ia t ion .  Moreover ,  
t h e  g a b b r o s  a n d  d i o r i t e s  s h a r e  a propens i ty  f o r  wild var ia t ion  
in t e x t u r e ,  g ra in  s i z e  and  co lour  index.  T h e  g a b b r o s  a l s o  
c o n t a i n  a b u n d a n t  l e u c o g r a n i t e  a d m i x t u r e ,  a f e a t u r e  c o m m o n  
t o  a l l  t h e  m o r e  bas ic  in t rus ions  of Hepburn  Bathol i th  and  
conspicuous ly  a b s e n t ,  in o u r  e x p e r i e n c e ,  f r o m  t h e  Muskox 
Intrusion.  If t h e  l e u c o g r a n i t e  is  m e l t e d  c o u n t r y  rock ,  t h e n  
t h e  P-T condi t ions  dur ing  e m p l a c e m e n t  of Hepburn  Bathol i th  
would c e r t a i n l y  b e  m o r e  c o n d u c i v e  f o r  i t s  f o r m a t i o n  t h a n  
t h o s e  of Muskox Intrusion. T h e r e  r e m a i n s  t h e  possibi l i ty,  
d i scussed  a b o v e ,  t h a t  t h e  gabbros ,  d i o r i t e s  and  "younger" 
g r a n i t e s  a r e  a l l  r e l a t e d  t o  t h e  G r e a t  Bear  Batholi th,  which  
a l s o  p r e d a t e s  reg iona l  t r a n s c u r r e n t  fau l t ing .  D i o r i t e s  in 
G r e a t  Bear  Bathol i th  d o  c o n t a i n  a d m i x e d  leucograni te .  T h e r e  
a r e  no  p lu tonic  g a b b r o s  in G r e a t  Rear  Rathol i th  but  just e a s t  
of t h e  Wopmay F a u l t ,  n o r t h w e s t  of A k a i t c h o  Lake ,  a n  o u t l i e r  
of Dumas  Group is  in t ruded  by a n  e l o n g a t e  b i o t i t e  g a b b r o ,  
s o m e w h a t  m o r e  a l t e r e d  t h a n  t h e  o t h e r s  and  lack ing  
leucograni te .  This  m a y  b e  t h e  l a r g e s t  of a n  i m p e r s i s t e n t  

s w a r m  of m a f i c  dykes ,  b e s t  deve loped  w e s t  of Wentze l  Lake ,  
t h a t  para l le l s  wi th  Wopmay Faul t .  Their  loca l iza t ion  
s u g g e s t s  t h a t  t h e y  m a y  b e  f e e d e r s  t o  D u m a s  C r o u p  basa l t s ,  
which  a l s o  o c c u r  only n e a r  t h e  Wopmay Faul t ,  a n d  t h e y  a r e  
p e r h a p s  u n r e l a t e d  t o  t h e  g a b b r o s  of  Hepburn  Bathol i th .  

I- l l t ramafic R o c k s  

Among t h e  p e t r o l o g i c  c u r i o s  of t h e  a r e a  is  a s m a l l  
c igar -shaped  body of hornblendi te ,  g rouped  w i t h  t h e  d i o r i t e s  
in F igure  27.2, which  i n t r u d e s  g r a n o d i o r i t e  a b o u t  25 k m  s o u t h  
of Hepburn Lake.  Another  is a r e l a t i v e l y  l a r g e  body of 
pyroxenite ' ;  w i t h  minor gabbro ,  which t r a n s g r e s s e s  t h e  
c o n t a c t  b e t w e e n  t h e  Rib  G r a n i t e  and  Niknark T o n a l i t e  
(new name).  A minor  c l u s t e r  of p y r o x e n i t e  bodies,  g rouped  
w i t h  t h e  g r a b b r o s  in F i g u r e  27.2, o c c u r s  o n  t h e  s o u t h  r im of 
t h e  C o p p e r m i n e  River  va l ley  a b o u t  5 k m  east of t h e  Wopmay 
Faul t .  

Emplacement Mechanism 

T h e  fol lowing o b s e r v a t i o n s  i n d i c a t e  t h a t  m a g m e t i c  
s top ing ,  n o t  d iap i r i sm,  is  t h e  d o m i n a n t  e m p l a c e m e n t  
mechanism:  
- The in t rus ions  a r e  highly v a r i a b l e  in s h a p e  a n d  s ize .  
- T h e  c o n t a c t s  a r e  s h a r p  and  i r regular  In de ta i l .  
- Near  c o n t a c t s ,  d y k e s  i n t r u d e  t h e  wall  r o c k s  a n d  inclusions 

of wall  r o c k s  a r e  c o m m o n  in t h e  intrusions.  
- T h e r e  a r e  no  c o n c e n t r i c ,  wal l -para l le l ,  f l o w a g e  s t r u c t u r e s  

in t h e  intrusions.  Fo l ia t ions  and l inea t ions  a r e  regionally 
c o e x t e n s i v e  w i t h  s t r u c t u r e s  in t h e  c o u n t r y  rocks.  

T h e s e  o b s e r v a t i o n s  d o  n o t  p r e c l u d e  t h e  possibi l i ty t h a t  t h e  
m a g m a s  m e l t e d  f r o m  rising d iap i r s  at d e e p e r  levels .  

In t rus ive  S e q u e n c e  

The  in t rus ive  s e q u e n c e  der ived  f r o m  c r o s s c u t t i n g  
r e l a t i o n s  e v i d e n t  in F i g u r e  27.2 shows,  w i t h  compl ica t ions ,  a 
g e n e r a l  t r e n d  in c o m p o s i t i o n  w i t h  t i m e .  Aside f r o m  t h e  
r e c u r r e n c e  of c e r t a i n  g r a n i t e s ,  younger  in t rus ions  b e c o m e  
progressively m o r e  bas ic  (Fig.  27.3). They a l so  b e c o m e  
s m a l l e r  and  m o r e  numerous .  Only t h e  leucograni tes ,  
"younger" g r a n i t e s  a n d  possibly t h e  g a r n e t  g r a n i t e s  a r e  o u t  of 
s t e p  w i t h  t h i s  t r e n d .  Among t h e  m a j o r  p lu tons  of  Hepburn  
Bathol i th ,  t h e  p r o t o m y l o n i t i c  H e a d n e t  G r a n i t e  (new n a m e )  is 
t h e  o l d e s t  a n d  la rges t .  I t  is c u t  by t h e  porphyroblas t ic  
K e s k a r r a h  G r a n i t e ,  which  c u t s  t h e  l a r g e  u n n a m e d  
g r a n o d i o r i t e  south  of  Hepburn  Lake ,  w h ~ c h  in t u r n  is c u t  by 
t h e  Niknark Tonal i te .  T h e  "younger" Rib  G r a n i t e  i n t r u d e s  t h e  
Niknark T o n a l i t e  a n d  is  i n t r u d e d  by s e v e r a l  s m a l l  d i o r i t e s  and 
by t h e  S q u a t a r o l a  Gabbro .  T h e  i n t r u s i v e  s e q u e n c e  of Wentze l  
Bathol i th  is n o t  s o  well  known, t h e  pr inc ipa l  u n c e r t a i n t y  
being t h e  r e l a t i o n  of t h e  g a r n e t  g r a n i t e s  t o  t h e  granodior i te .  
T h e  o v e r a l l  compos i t iona l  t r e n d  is d i ss imi la r  t o  t h a t  in G r e a t  
Bear  Bathol i th  ( H o f f m a n  a n d  McGlynn,  1977), which e v o l v e s  
f r o m  q u a r t z  m o n z o d i o r i t e  t h r o u g h  g r a n o d i o r i t e  t o  
s y e n o g r a n i t e  a n d  f ina l ly  to d ior i te .  

In te rna l  d e f o r m a t i o n  b e c o m e s  progressively less i n t e n s e  
in g e n e r a l  a g r e e m e n t  w i t h  t h e  i n t r u s i v e  sequence .  However ,  
t h e r e  is a m a r k e d  jump in t h e  progress ion ,  q u a r t z  d i o r i t e  and  
o l d e r  p lu tons  be ing  well  f o l i a t e d  a n d  younger  o n e s  being 
m o s t l y  mass ive .  Compos i t ion  m u s t  a l s o  b e  cons idered  in 
assess ing  t h e  d e g r e e  of d e f o r m a t i o n .  T h e  q u a r t z - r i c h  
t o n a l i t e s  d e f o r m  m o r e  read i ly  t h a n  t h e  or thoc lase- r ich  
g r a n i t e s  f o r  e x a m p l e .  Another  c o m p l i c a t i o n  is shear ing ,  
a c c o m p a n i e d  by r e t r o g r a d e  a l t e r a t i o n ,  which var iab ly  a f f e c t s  
a l l  in t rus ions  wi th in  a b o u t  5 k m  of t h e  Wopmay Faul t .  



Figure 27.2. Plutons, metamorphic isograds and major faults in the Hepburn Lake map-area. The medial cluster of plutons 
comprises Hepburn Batholith and the western cluster,  truncated by Wopmay Fault, comprises Wentzel Batholith. 
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Relation t o  Metamorphic  lsograds 

The metamorphic  isograds (Fig. 27.2) r e f l ec t  e x t r e m e  
eas t -west  variation in t e m p e r a t u r e  with l i t t l e  o r  no change in 
pressure (St-Onge and Carmichael ,  ,1979). The isograds a r e  
generally concen t r i c  with respect  t o  t h e  batholi ths,  t h e  
obvious hea t  sources. In de ta i l ,  however,  many plutons a r e  
discordant with t h e  isograds, and t h e  d iscordance  is not  
simply re la ted  t o  t h e  s i ze  or composit ion of t h e  plutons. The 
Niknark Tonali te,  Rib Gran i t e  and Squatarola Gabbro, for  
example ,  a r e  grossly discordant.  The isograds a r e  bes t  
re la ted  t o  t h e  large  protomylonitic grani tes ,  suggesting t h a t  
t h e  peak of metamorphism occurred  very ear ly  in t h e  
intrusive sequence.  The only except ions  t o  th is  relationship 
a r e  t h e  narrow protomylonitic g ran i t e  southwest  of Hepburn 
Lake and t h e  e x t r e m e  eas t e rn  protuberance  of t h e  Headnet 
Granite,  which is less deformed than t h e  mair. pa r t  of t h a t  
pluton and may be  a s epa ra t e  intrusion. 

In a s epa ra t e  paper (St-Onge and Hoffman, 19801, t h e  
dips of t h e  isograds a r e  deduced f rom s t ructura l  relief 
provided by t h e  dip-slip component of movement  on 
t r anscu r ren t  faults .  The isograds a r e  found t o  dip gent ly  
toward Hepburn Batholith and away f rom Wentzel Batholith. 
A similar analysis of intrusive con tac t s  indica tes  t h a t  many 
plutons in Hepburn Batholith have walls t h a t  d ip  more  s teeply  
than t h e  isograds. Those in Wentzel  Batholith, however,  
s eem t o  be  generally parallel. A possible explanation is t h a t  
t h e  Hepburn plutons a r e  f eede r s  t o  a much larger,  pancake- 
shaped body, responsible fo r  t h e  metamorphism, which has  
largely been eroded away. Wentzel Batholi th could be similar 
but is lacking in feeder  plutons because  i t  is t h e  roof,  not t h e  
floor, of t h e  batholi th t h a t  is exposed. These relations a r e  
depic ted  in Figure 27.4. 

Rela t ion  t o  Regional S t ruc tu re  

Hepburn and Wentzel batholi ths occupy t h e  axia l  zones  
of a paired synclinorium and anticlinorium respectively 
(Fig. 27.4). These a r e  first  order s t ruc tu re s  which 
congruently involve t h e  well-established (Hoffman e t  al., 
1978) s t ra t igraphic  succession, t h e  foliation within t h e  
batholi ths and t h e  metamorphic  isograds. S t ra t igraphic  
mapping of all t h e  migmat i te  bands between plutons of 
Hepburn Batholi th shows t h a t  t h e  s t ruc tura l ly  deepes t  pa r t s  
of t h e  synclinorium, where  t h e  Fontano and Recluse 
format ions  a r e  preserved, occur in t h ree  en  echelon (right-  
handed) hinge a reas ,  shown in Figure 27.2 and through which 
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t h e  cross-sections in Figure 27.4 a r e  drawn. The middle 
cross-section is t he  most interesting because of t h e  two 
gaping holes in t h e  batholith between t h e  Headnet,  Keskarrah 
and Squatarola plutons. The eas tern  hole contains the  
deepest  synclinal hinge a r e a  and the  western  hole is t h e  only 
place in t h e  map a r e a  where a s t ra t igraphic  con tac t  between 
t h e  Akaitcho Group and Odjick Formation (Epworth Group) 
can be seen (Easton, 1980). North and south of t h e  eas t e rn  
hole, t h e  synclinorium can  sti l l  be  seen in t h e  foliation of t h e  
plutonic rocks. In t h e  nor th  cross-section, Hepburn Batholith 
is well  off t h e  axis  of t h e  synclinorium and Wentzel Batholith 
is  exposed in t h e  co res  of severa l  secondary ant ic l ines  a t  t h e  
c r e s t  of wha t  may have been a major anticlinorium, t h e  west 
limb of which was  subsequently t rans la ted ,  probably 
northward, and covered by t h e  Dumas Group. In t h e  southern 
cross-section, Hepburn Batholith is notable for  t h e  many 
discordant plutons, mostly tonalite,  in which t h e  foliation is 
congruent with t h e  regional synclinorium. A simple 
in terpre ta t ion would be t h a t  t h e  batholiths intruded a 
subhorizontal succession, a t  d i f ferent  s t ra t igraphic  levels, 
and were  subsequently folded. In this case ,  a d i f ference  in 
depth of emplacement  of roughly 5 km should be ref lec ted by 
di f ferences  in metamorphic pressure between the  two 
batholiths. It is not. In the  middle cross-section, where 
the re  a r e  no major dip-slip faul ts  t o  compl icate  ma t t e r s ,  
bathozonal d a t a  (St-Onge and Carmichael,  1979) do not 
permit  more  than about 1 km dif ference  in depth a t  t h e  peak 
of metamorphism. Therefore,  i t  is more  likely t h a t  t he  
batholiths were  emplaced during, r a the r  than before,  closure 
of t h e  major regional folds. 

Marceau Thrust (Fig. 27.2), on t h e  e a s t  limb of t h e  
Hepburn synclinorium, and minor folds associated with i t  a r e  
definitely crossed by t h e  metamorphic  isograds. This is 
probably t r u e  a lso  of Okrark Thrust,  on t h e  west l imb of t h e  
synclinorium, where  the  metamorphic  control  is not nearly s o  
good. Therefore,  regional thrusting predated t h e  batholiths 
and was followed by broad upright folding of t h e  thrus t  
complex, during which t i m e  t h e  batholiths were  emplaced. 
This seems  t o  be exact ly  t h e  s t ructura l  and plutonic sequence 
found in Cenozoic cont inenta l  collision zones 
(eg. Roeder,  1978). It is interesting t o  specula te  t h a t  
emplacement  of syntectonic  batholiths in collision zones is 
favoured In the  hinge a reas  of l a t e  folds. This hypothesis 
cannot  really be proved in the  Hepburn Lake a r e a  but will be  
tes ted  a s  mapping continues southward in Wopmay Orogen. 
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Abstract 

Of the three prograde metamorphic sequences in the area, two are related to  Hepburn Batholith 
and one to  Wentzel Batholith. A11 three are cut by postmetamorphic faults with significant vertical 
movement. The structural relief thus provided permits the determination that isograds on either side 
of Hepburn Batholith dip gently toward the batholith and are llhot-side-upll. Isograds associated with 
Wentzel Batholith are l'hot-side-down" and dip away from the batholith. It is concluded that the 
shape of Hepburn Batholith is a broad funnel fed from depth. Wentzel Batholith is the arched roof of 
an intrusive complex of unknown shape at depth. 

In t roduc t ion  

T h e r e  a r e  t h r e e  nor th- t rending  p r o g r a d e  m e t a m o r p h i c  
s e q u e n c e s  in e a r l y  P r o t e r o z o i c  r o c k s  of n o r t h - c e n t r a l  
Wopmay Orogen ,  Hepburn  L a k e  m a p  a r e a  (86 J). T h e  e a s t e r n  
s e q u e n c e  is deve loped  a long  t h e  e a s t  s i d e  of Hepburn  
Bathol i th  in p e l i t e  a n d  f lysch  of t h e  Epwor th  G r o u p  
( H o f f m a n  e t  al . ,  1978). T h e  c e n t r a l  s e q u e n c e  is deve loped  
a long  t h e  w e s t  s ide  of Hepburn Bathol i th  in p e l i t e  and  
b imodal  v o l c a n i c  r o c k s  of  t h e  u p p e r  A k a i t c h o  G r o u p  (Eas ton ,  
persona l  communica t ion) .  T h e  w e s t e r n  s e q u e n c e  is  
deve loped  a long  t h e  east s i d e  of  Wentze l  Bathol i th  in 
p e l i t e  a n d  a r k o s e  of t h e  lower  A k a i t c h o  Group.  T h e  
m e t a m o r p h i c  l sograds  a n d  in t rus ive  un i t s  a r e  shown in 
F l g u r e  27.2 of H o f f m a n  e t  al .  (1980). 

In o r d e r  t o  g e t  a n  idea  of t h e  overa l l  s h a p e s  of t h e  
ba thol i ths ,  w e  a t t e m p t e d  t o  d e t e r m i n e  t h e  d ips  of t h e  
m e t a m o r p h i c  isograds.  Topographic  re l ie f  in t h e  a r e a  i s  
g e n e r a l l y  insuf f ic ien t  to d o  t h i s  b u t  t h e  m e t a m o r p h i c  
s e q u e n c e s  a r e  c u t  by m a j o r  f a u l t s ,  t h e  v e r t i c a l  d i s p l a c e m e n t s  
a c r o s s  which provide  s i g n i f i c a n t  s t r u c t u r a l  re l ie f .  Most  of 
t h e  f a u l t s  o r i g i n a t e d  a s  c o n j u g a t e  t r a n s c u r r e n t  f a u l t s  b u t  t h e  
main  v e r t i c a l  m o v e m e n t s  o c c u r r e d  l a t e r ,  dur ing  pos t -orogenic  
e x t e n s i o n  ( H o f f m a n ,  1980). By c o m p a r i n g  t h e  a p p a r e n t  
o f f s e t s  of  t h e  i sograds  w i t h  s t r u c t u r a l  e l e m e n t s  of  known 
a t t i t u d e ,  t h e  d ips  of t h e  i sograds  c a n  b e  i n f e r r e d ,  p rovided  
t h a t  t h e  s e n s e  of  dip-slip is  a l s o  known. This h a s  been  d o n e  in 
e a c h  of t h e  t h r e e  m e t a m o r p h i c  s e q u e n c e s  a n d  t h e  r e s u l t s  
h a v e  b e e n  c o r r o b o r a t e d  by independent  s t r u c t u r a l  ev idence .  

E a s t e r n  M e t a m o r p h i c  Sequence :  "hot-side-up" 

This  m e t a m o r p h i c  s e q u e n c e  r a n g e s  upward  f r o m  q u a r t z -  
rnuscovite-plagioclase-chlorite t o  s i l l imani te -or thoc lase-  
garnet-cordierite-granitic m e l t  ( in fe r red)  t o w a r d  Hepburn  
Bathol i th .  T h e  s e q u e n c e  is c u t  by S in is te r  Faul t  (Fig. 28.1; 
s e e  a l s o  H o f f m a n ,  1980, Fig. 27.1 f o r  f a u l t  locat ions) ,  a 
n o r t h w e s t - t r e n d i n g  le f t - la te ra l  t r a n s c u r r e n t  f a u l t  t h a t  under -  
w e n t  dip-slip r e a c t i v a t i o n  fol lowing depos i t ion  of  t h e  pos t -  
o r o g e n i c  Hornby  Bay G r o u p  (middle  Pro te rozoic) .  An o u t l i e r  
of  Hornby Bay sands tone ,  a b o u t  1200 m th ick ,  is p r e s e r v e d  
a long  t h e  s o u t h  s i d e  of t h e  f a u l t ,  ind ica t ing  t h a t  t h e  s o u t h  
s i d e  moved  down. 

T h e  d i f f e r e n c e  in o f f s e t  b e t w e e n  t h e  i sograds  and  
M a r c e a u  Thrus t  a c r o s s  S in is te r  F a u l t  is d r a m a t i c .  All t h e  
isograds,  e v e n  b i o t i t e ,  a r e  o f f s e t  m u c h  m o r e  t h a n  t h e  t h r u s t  
a n d  t h e  a n d a l u s i t e  i sograd  s h i f t s  f r o m  t h e  hanging  wal l  t o  t h e  
f o o t w a l l  of  t h e  th rus t .  G e o m e t r y  d i c t a t e s  t h a t  t h e  i sograds  
d i p  t o  t h e  w e s t  a n d  d i p  m o r e  g e n t l y  t h a n  M a r c e a u  Thrust .  As  
m e t a m o r p h i c  g r a d e  i n c r e a s e s  t o  t h e  w e s t ,  t h e  isograds a r e  
"hot-side-up". 

T h e  "hot-side-up" m e t a m o r p h i s m  is  c o r r o b o r a t e d  in 
a r e a s  of p o s t m e t a m o r p h i c  fo ld ing  (Fig. 28.1). T h e s e  a r e  open  
u p r i g h t  folds,  in which  higher m e t a m o r p h i c  g r a d e s  a r e  found  
in s y n f o r m s  t h a n  in a n t i f o r m s .  I t  should b e  n o t e d  t h a t  t h e s e  
fo lds  d o  n o t  c a u s e  t h e  i sograds  t o  b e  i n v e r t e d  by a s t r u c t u r a l  
r o t a t i o n .  Not  only a r e  t h e  folds upr igh t  b u t  t h e  c o r r e c t  
s t r a t i g r a p h i c  o r d e r  is  m a i n t a i n e d  ( s e e  c ross -sec t ions  in 
H o f f m a n  e t  al., 1980, Fig. 27.4). 

C e n t r a l  M e t a m o r p h i c  Sequence:  "hot-side-up" 

This m e t a m o r p h i c  s e q u e n c e  is  s i m i l a r  t o  t h e  e a s t e r n  
s e q u e n c e  in c h a r a c t e r  b u t  is l ess  cont inuous ly  exposed  
b e c a u s e  of t r u n c a t i o n  by p lu tons  in t h e  s o u t h  and  by normal  
f a u l t s  in t h e  n o r t h  a n d  b e c a u s e  p e l i t e  is l ess  a b u n d a n t  in t h e  
A k a i t c h o  Group.  

W h e r e  t h e  s e q u e n c e  c r o s s e s  t h e  C o p p e r m i n e  River ,  
s o u t h e a s t  of Zephyr  F a u l t ,  i t  i s  c u t  by a n  u n n a m e d  n o r t h e a s t -  
t r e n d i n g  f a u l t  (Fig. 28.2). In t h e  a b s e n c e  of Hornby Bay 
sands tone ,  r e l a t i v e  m e t a m o r p h i c  pressures  i n t e r p r e t e d  f r o m  
minera l  a s s e m b l a g e s  n o r t h  a n d  s o u t h  of t h e  f a u l t  a r e  used t o  
d e t e r m i n e  t h e  s e n s e  of  v e r t i c a l  d i s p l a c e m e n t .  T h e  t h r e e  
c r i t i c a l  i sograds  a r e  as follows: 

I. q u a r t z  t m u s c o v i t e  + s t a u r o l i t e  = g a r n e t  v b i o t i t e  + 
s i l l i m a n i t e  

2.  q u a r t z  t m u s c a v i t e  - o r t h o c l a s e  t s i l l i m a n i t e  

3. q u a r t z  + plag ioc lase  + o r t h o c l a s e  - g r a n i t i c  m e l t  
( in fe r red  f r o m  g r a n i t i c  pods) 

T h e  p r e s e n c e  of  isograd (1)  a n d  t h e  a b s e n c e  of k y a n i t e  
i n d i c a t e  t h a t  bo th  s i d e s  of t h e  f a u l t  a r e  in b a t h o z o n e  3 o f  
C a r m i c h a e l  (1978) (Fig. 28.3). N o r t h  of t h e  f a u l t ,  i sograds  ( 2 )  
a n d  (3) co inc ide ,  cor responding  t o  t h e  m u s c o v i t e - m e l t  

T h e  e a s t - v e r g e n t  M a r c e a u  T h r u s t  d o e s  n o t  d i s p l a c e  t h e  ba thograd  of S t -Onge  a n d  ~ a r m i c h a e l  (1979) a n d  t o  t h e  
invar ian t  po in t  ( labe l led  "A" in Fig. 28.3) t h a t  s e p a r a t e s  i sograds  ( H o f f m a n  et al., 1978) a n d  t h e r e f o r e  m u s t  p r e d a t e  
b a t h o z o n e s  3 a  a n d  3b. South  of t h e  f a u l t ,  however ,  i sograd  

m e t a m o r p h i s m .  T i g h t  p r e - m e t a m o r p h i c  fo lds  n e a r  t h e  t h r u s t  
(2)  is  wel l  d o w n g r a d e  f r o m  (31, ind ica t ing  a d e c r e a s e  in a r e  g e n e r a l l y  upr igh t  o r  e a s t - v e r g e n t ,  sugges t ing  t h a t  t h e  p r e s s u r e  a n d  a posi t ion wi th in  b a t h o z o n e  3a. By t h i s  f a u l t  p lane  i j  s t e e p  o r  dips t o  t h e  wes t .  
reasoning  t h e  f a u l t ,  l ike  n e a r b y  Zephyr  a n d  S in is te r  fau l t s ,  
m u s t  b e  iou th-s ide-down.  
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Figwe 28.1. "Hot-side-up" metamorphic isograds on the 
east side of Hepburn Batholith. At location "A",  the 
andalusite isograd crosses and, therefore, must postdate the 
Marceau Thrust. At location "B f f ,  both the thrust and the 
isograds are offset by Sinister Fault, a left-lateral 
transcurrent fault that underwent post-orogenic dip-slip 
(south-side-down), as can be seen by the half-graben of 
Hornby Bay sandstone (stippled) at location "Cf ' .  The 
difference in offset between the thrust and the isograds 
requires that the isograds dip t o  the west more gently than 
the thrust plane, as shown in the section (inset). That the 
isograds are flhot-side-up" is corroborated at location "D", 
where postmetamorphic folds have higher grade rocks in 
synforms than in antiforms. 
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Figure 23.2. "Hot-side-up" isograds on the west side o f  
Hepburn Batholith. Yorth o f  the fault, isograds 
representing the first appearance of granitic pods and 
sillimanite + orthoclase coincide, corresponding to  the 
muscovite-melt bathograd, which defines the bathozone 3a-3b 
boundary. South of the fault, the sillimanite + orthoclase 
isograd is well downgrade from the first appearance of  
granitic pods, indicating lower metamorphic pressure, within 
bathozone 3a. 

T h e  f a u l t  being s h o r t  (10 km),  t r a n s c u r r e n t  m o v e m e n t  
c a n n o t  h a v e  been  g r e a t .  T e n t a t i v e  c o r r e l a t i o n  of f e l s i c  tu f f  
u n i t s  s u g g e s t s  l ess  t h a n  I km of a p p a r e n t  r i g h t - l a t e r a l  o f f s e t .  
T h e r e  i s  n o  o f f s e t  of t h e  l a r g e  g r a n i t e  d y k e  b u t  i t s  d i p  is  
unknown. T h e  i sograds  a r e  o f f s e t  1-2 k m  overa l l ,  
s ign i f ican t ly  m o r e  t h a n  t h e  f e l s i c  t u f f s .  T h e  d i f f e r e n c e  is 
probably a n  e f f e c t  of t h e  v e r t i c a l  c o m p o n e n t  of m o v e m e n t .  
L i v e n  t h a t  t h e  s o u t h  s i d e  w e n t  d o w n ' a n d  t h a t  t h e  f e l s i c  t u f f s  
d i p  t o  t h e  e a s t  (40-60°), g e o r n e t r y  d i c t a t e s  t h a t  t h e  i j o g r a d s  
a l s o  d i p  t o  t h e  e a s t ,  e v e n  m o r e  g e n t l y  t h a n  t h e  tu f f s .  
T h e r e f o r e ,  t h e s e  i sograds  m u s t  also b e  "hot-side-up". 

This  conc lus ion  is s u p p o i t e d  by t w o  s h o r t  and s t r o n g l y  
c u r v e d  fau l t s ,  shown in F i g u r e  27.2 of H o f f m a n  e t  al. (1980), 
t h a t  c u t  t h e  m e t a m o r p h i c  s e q u e n c e  n o r t h  of t h e  C o p p e r m i n e  
River.  Hornby  Bay s a n d s t o n e  shows both  t o  b e  south-side-  
down. T h e  i sograds  a n d  f e l s i c  t u f f s  a r e  s t rongly  a n d  equa l ly  
o f f s e t .  T h e  r i g h t - l a t e r a l  o f f s e t s  of 2.5 a n d  1.0 km sure ly  
e x c e e d  t h e  t r a n s c u r r e n t  m o v e m e n t  o n  t h e s e  f a u l t s  b u t  a r e  
r e a d i l y  a c c o u n t e d  f o r  by t h e  known dip-slip, p rovided  t h a t  t h e  
t u f f s  a n d  i sograds  d i p  c o n c o r d a n t l y  t o  t h e  e a s t .  

W e s t e r n  M e t a m o r p h i c  Sequence :  'hot-side-down" 

T h e  w e s t e r n  s e q u e n c e  is  s i m i l a r  in c h a r a c t e r  t o  t h e  
o t h e r  t w o  e x c e p t  t h a t  a n d a l u s i t e  is g e n e r a l l y  a b s e n t .  T h e  
s e q u e n c e  is  r u t  by t w o  m a j o r  f a u l t s ,  t h e  n o r t h e a s t - t r e n d i n g  
Zephyr  F a u l t  in t h e  n o r t h  a n d  t h e  s o u t h e a s t - t r e n d i n g  
Bel leau  F a u l t  in t h e  s o u t h  ( s e e  H o f f m a n ,  1980,  Fig. 29.1; 
H o f f m a n  et al., 1980, Fig. 27.2). O u t l i e r s  of  Hornby  Bay 
s a n d s t o n e  i n d i c a t e  t h a t  Zephyr  F a u l t  is south-side-down a n d  
Belleau F a u l t  is  north-side-down. 

Both t h e  i sograds  and  t h e  e d g e  of W e n t z e l  Bathol i th  
h a v e  a p p a r e n t  o f f s e t s  of  a b o u t  2 0  k m  r i g h t - l a t e r a l  a c r o s s  
Zephyr  F a u l t  a n d  20 Ikm l e f t - l a t e r a l  a c r o s s  Bel leau  F a u l t .  T h e  
Wopmay F a u l t  ( H o f f m a n  e t  al., 1980, Fig. 27.21, which  
p r e d a t e s  t h e  c o n j u g a t e  t r a n s c u r r e n t  f a u l t s ,  has  less  t h a n  2 Itm 
of o f f s e t .  This d i s c r e p a n c y  c a n  be  eas i ly  expla ined  if t h e  
i sograds  a n d  t h e  e d g e  of t h e  b a t h o l i t h  d ip  g e n t l y  t o  t h e  east. 
As  m e t a m o r p h i c  g r a d e  i n c r e a s e s  t o  t h e  w e s t ,  t h e  i sograds  a r e  
t h e r e f o r e  "hot-side-down". 
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Figure  28.3. P-T petrogenet ic  gr id  f o r  p a r t  of t h e  
ideal peli t ic sys tem Si0~-.4120~-Pe0-Mg0-Na~0-K~0-H~0, 
showing t h e  bathozone scheme  of Carmichael  (1978) 
modified by St-Onge and Carmichael  (1979). 

This conclusion is corroborated north of Zephyr Fault ,  
where  a number of postmetamorphic  folds reveal 
batholithic rocks in the  cores  of ant i forms and metamorphic  
rocks in synforms. The batholithic rocks, presumably t h e  
metamorphic  hea t  source,  must  be generally below t h e  
metamorphic  rocks, implying t h a t  t h e  metamorphic  g rade  
increases downward. 

The north-trending Kapvik Fault  (Fig. 28.4; s e e  also 
Hoffman, 1980, Fig. 27.1) deserves special  mention because i t  
r epea t s  p a r t  of t h e  metamorphic  sequence south of t h e  
Belleau Fault .  No Hornby Bay sandstone is present but  a 
d i f ference  in metamorphic  pressure, deduced from t h e  
pa t t e rn  of isograds, indicates t h a t  t h e  faul t  is  east-side-down. 
East  of t h e  faul t ,  isograds (2) and (3), a s  designated above, 
a r e  coincident,  indicating a metamorphic  pressure 
corresponding t o  t h e  bathozone 3a-3b boundary (Fig. 28.3). 
West of t h e  fault ,  isograd (3) is well downgrade f rom (2 ) ,  
indicating t h a t  metamorphic  pressure, in the  absence of 
kvanite,  lies within bathozone 3b. Although t h e  faul t  is ea s t -  
side-down, rocks on t h e  west  side a r e  ofulower metamorphic  
grade, seemingly inconsistent with the  isograds being "hot- 
side-down". This discrepancy can b e  resolved only if the  faul t  
dips t o  the  e a s t  more  gent ly  than t h e  isograds, a s  shown in 
Figure  27.4 of Hoffman et al. (1980). 

Shapes of t h e  Batholiths 

The eas t e rn  and cen t r a l  metamorphic  sequences a r e  
"hot-side-up" and dip toward Hepburn Batholith. Therefore,  
t he  exposed edges  of t h e  batholith must be  t h e  floor of e i the r  
a rootless synform or  a broad funnel with a feeder  conduit  a t  
depth.  The funnel shape is favoured because the  presence of 
ga rne t  in most  of t h e  batholithic units points t o  an  origin by 

E A S T  O F  W E N T Z E L  BATHOLITH 

STAUROLITE 

SlLLlMANlTE 

SILLIMANITE 
-0RTHOCLASE 

G R A N I T I C  PODS 

$$;WENTZEL B A T H O L  ITH 

Figure  28.4. "Hot-side-down" isograds on t h e  eas t  side of 
bVentzel Batholith r epea ted  by Kapvik Fault .  A t  location "A", 
e a s t  of t h e  faul t ,  t h e  f i r s t  appearance of grani t ic  pods and  
sil l imanite + or thoclase  coincide. A t  location "C", west of 
t h e  faul t ,  grani t ic  pods appea r  well downgrade f rom t h e  
sil l imanite + or thoclase  isograd, indicating higher meta- 
morphic pressure, within bathozone 3b. 

ana tec t i c  m e l t ~ n g  a t  depths g rea te r  than 10 km (Green and 
Ringwood, 1968; Brown and Fyfe, 1970; Flood and Shaw, 1975; 
Green, 1976), t he  depth a t  which the  batholith was emplaced 
(St-Onge and Carmichael,  1979). A microprobe s tudy of 
ga rne t s  in various batholithic units i s  being undertaken by 
D.R.M. Pat t i son a t  Queen's University. 

The western  metamorphic  sequence is "hot-side-down" 
and dips gently away from Wentzel Batholith. Therefore,  i t  
must be t h e  roof of Wentzel Batholith t h a t  is exposed. 
Whether or  not Wentzel and Hepburn batholiths a r e  connected 
a t  depth cannot  be deduced a t  present  but may be revealed a s  
this type  of analysis is extended southward in Wopmay 
Orogen. W e  hope t h a t  this study serves  a s  an  example  of how 
three-dimensional s t ruc tu res  can  b e  deduced even in t h e  
topogaphically f l a t  'areas of t h e  Canadian Shield, and how 
deta i led  mapping of metamorphic  isograds combined with 
exper imenta l  d a t a  on mineral s tabi l i t ies  can be  used t o  
resolve problems in regional tectonics.  
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Abstract 

Conjugate s e t s  of nor theas t  (right-slip) and nor thwest  (left-slip) t ranscurrent  f au l t s  a r e  the  
youngest s t ruc tu res  r e l a t ed  to  east-west compression in the  orogen. Postorogenic east-west 
extension resulted in dip-slip react ivat ion of the t ranscurrent  f au l t s  and initiation of northerly- 
trending normal f au l t s  in middle Proterozoic  cover  rocks. 

Introduction 

Five major episodes of fault ing a r e  well documented in 
north-central  Wopmay Orogen (Fig. 29.1). From oldest  t o  
youngest, they are :  

I. The extensional Lupin Fault ,  on the  west l imb of Cloos 
Anticline (Hoffman e t  al., 1978), which was ac t ive  during 
preflysch (Fontano Formation) sedimentation. 

2. The bel t  of eas t -vergent  thrus t  faults,  120 km wide, which 
continues e a s t  of t h e  Hepburn Lake map  a r e a  (86 J) and 
which formed during collisional underthrusting 
(Hoffman, 1979) of t h e  Slave Craton. 

3. The longitudinal Wopmay Fault ,  most of which is west of 
t h e  Hepburn Lake map a rea  and which is t h e  eas t e rn  
boundary of Grea t  Bear Batholith (Hoffman and 
McGlynn, 1977). 

4. The conjugate nor thezs t  and northwest t ranscurrent  
faults,  formed during t h e  final period of eas t -west  
compression in t h e  orogen. 

5. The northerly-trending normal f au l t s  and dip-slip 
r e a c t ~ v a t i o n  of t h e  conjugate t ranscurrent  faul ts  resulting 
f rom postorogenic east-west extension, mainly a f t e r  
deposition of t h e  Hornby Bay Group and before  t h e  Rae  
Group (both middle Proterozoic).  

It is  t h e  two  youngest episodes t h a t  a r e  described and 
il lustrated in this report .  

Conjugate  Transcurrent  Faul ts  

The t e rm "transcurrent faul t"  is used here,  following 
Freund (19741, for strike-slip faul ts  t h a t  a r e  not t ransform 
faults.  In the  Hepburn Lake map a r e a  (Fig. 29.1), t he re  a r e  
two  s e t s  of t ranscurrent  faults. Almost without exception, 
t h e  northeast-trending f au l t s  a r e  right-slip and t h e  nor thwest  
ones  left-slip. So f a r  a s  can be  determined,  a l l  a r e  of t h e  
same  general  age. They a r e  therefore  considered t o  comprise 
t w o  s e t s  of conjugate  faults,  produced a s  a result  of eas t -  
west compression. 

Conjugate t ranscurrent  faults have been discussed in 
deta i l  by Freund (1970, 1974), who il lustrated how fau l t  
planes r o t a t e  about  ver t ica l  axes  away f rom t h e  compressive 
axis during deformation. In t h e  Hepburn Lake a rea ,  this 
phenomenon is shown by t h e  clockwise ro ta t ion of northerly- 
trending s t ruc tu res  within s e t s  of northwest-trending f au l t s  
and by counter-clockwise ro ta t ion of the  same  s t ruc tu res  
within s e t s  of northeast-trending faults.  Such rota t ions  will 
require correct ion in paleomagnetic or o ther  studies of 
directional properties. 

The conjugate  t ranscurrent  f au l t s  a r e  t h e  youngest 
compressional s t ruc tu res  in t h e  orogen. The impressive s e t  
of nor theas t  right-slip faul ts  in Grea t  Bear Batholith 
(Hoffman et al., 1976; McGlynn, 1977) postdates  even t h e  
youngest plutons ("G@" plutons of Hoffman, 1978). Although 
conclusive evidence is lacking, i t  appears  t h a t  most if not all  
strike-slip displacement occurred before deposition of t h e  
Hornby Bay Group sandstone. Strike-slip cer ta in ly  predates  
t h e  1400 75 Ma (Wanless e t  al., 1970) Western Channel 
Diabase, t h e  Muskox Intrusion and t h e  Mackenzie Dyke 
Swarm. 

Postorogenic Normal Faul ts  

Northerly-trending normal faul ts  cu t  t he  middle 
Proterozoic  cover rocks in the  northwest corner  of t h e  
Hepburn Lake a r e a  (Fig. 29.1), producing a ser ies  of horsts 
and grabens. The Canoe Lake Fault  (Irvine, 1970; 
Hoffman, 1980), which displaces t h e  Muskox Intrusion, is a 
prominent example,  a s  is  t h e  Herb Dixon Faul t  (Baragar and 
Donaldson, 1973) in t h e  Dismal Lakes a rea .  Because of t h e  
northward-dipping, homoclinal nature  of t h e  cover sequence, 
these  faul ts  a r e  exposed in oblique cross-section. Northward, 
and stratigraphically upward, t h e  termination of these  faul ts  
is generally within, or a t  t h e  base of,  t he  Coppermine River 
Group basal ts  (Baragar and Donaldson, 1973). To t h e  south, 
many of these  faul ts  curve  and join northeast-trending 
t ranscurrent  f au l t s  in t h e  ear ly  Proterozoic  "basement". 

Three of t h e  major t ranscurrent  f au l t s  in t h e  Hepburn 
Lake a r e a  flank grabens or  half-grabens of Hornby Bay Group 
sandstone (Fig. 29.1). Paleocurrents in t h e  sandstones a r e  
generally south-eastward, conglomerate  is r a r e  and the re  is 
l i t t le  evidence t h a t  fault ing was ac t ive  during sandstone 
deposition. In t h e  Sloan River a rea ,  th is  is  t r u e  also of t h e  
St. Germain Lake graben (86 K/9) but not  of t h e  Fault  River 
Fault  (S6 Kill), , where  f ang lomera te  indicates movement,  
northwest-side-down, during ear ly  Hornby Bay Group 
sedimentation. 

The northerly trending f au l t s  indicate eas t -west  
extension, perhaps culminating immediately before  and 
during effusion of t h e  Coppermine River Group basalts. In 
t h e  "basement", th is  extension is manifested by dip-slip 
react ivat ion of t h e  conjugate  t ranscurrent  faults. The 
s t ructura l  relief provided by these  ver t ica l  movements is 
invaluable in, for example,  determining gently-dipping, "hot- 
side-up" and "hot-side-down", metamorphic  isograds (St-Onge 
and Hoffman, 1980). 





Figure 29.1. Faults in the Hepburn Lake map-area (86 J) 
and their relation to post-orogenic Hornby Bay Croup 
sandstone (stippled). 

BF - Belleau Fault MC - Mouse Craben 
BR12 - Belanger Fault MT - ,Ifarceau Thrust 
CLF - Canoe Lake Fault OT - Ohrark Thrust 
C F  - Glen Field's Toes Fault SF  - Sinister Fault 
K F  - .  Kapvik Fault W F  - Wopmay Fault 
LF - Lupin Fault Z F  - Zephyr Fault 

Key ( from youngest t o  oldest) 

1 - E.xtension fault on the west limb o f  Cloos Anticline. 
Ticks on the down-thrown side. 

2 - Thrust faults (premetamorphic). Teeth on the upper 
plate. 

3 - Low-angle extension fault (postmetamorphic). Age 
uncertain, possibly related t o  (7) .  Ornament on down- 
thrown side. 

4 - Longitudinal fault.  Barbs give sense o f  probable 
strike-slip. 

5 - Conjugate transcurrent faults (pre-Hornby Bay Croup). 
Arrows give sense of strike-slip. 

6 - Transcurrent faults as (5)  but with significant dip-slip 
related to  ( 7 ) .  Ticks on the down-thrown side. 

7 - Extension faults (post-Hornby Bay Croup). Ticks on the 
down-thrown side. 
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Abstract 

Twelve species  of trigoniid bivalves occur  in t h e  Bajocian Weberg Member of t he  Snowshoe 
Formation of cen t r a l  Oregon. Two of them a r e  described a s  new species,  Myophorella lupheri, and  
M. taylori .  The presence of M. taylor i  in northern Vancouver Island, British Columbia suggests  t h e  
occurrence  of Bajocian rocks there .  

Introduction 

The rich shelly faunas  of t h e  Bajocian Weberg Member 
of t he  Snowshoe Formation of centra l  Oregon contain twelve  
species  of trigoniid bivalves. Because they a r e  well dated by 
ammoni tes  in this member,  they provide valuable d a t a  for  
interpreting the  age  of similar or identical  species which 
occur  in Jurass ic  rocks of Canada. Two of t h e  species, 
Myophorella freboldi Poulton and M. sp. cf.  M. a r g o  
(Crickmay) were  described previously (Poulton, 1979). The 
remainder,  Myophorella lupheri  n. sp., M. a rgo  (Crickmay), 
M. tuxedniensis Poulton, M. taylor i  n. sp., M. sp. aff .  M. 
taylori ,  M. sp. af f .  M. dawsoni (Whiteaves), Trigonia 
sp. aff .  T. costata Sowerby, Vaugenia sp. cf.  V. kobayashii 
Alencaster,  V.(?) sp. af f .  V. sharpiana (Lycett) ,  and 
Orthotrigonia(?) sp., a r e  described for t h e  f i rs t  t ime  
f rom Oregon in this report .  Two small  specimens, 
questionably identified a s  Trigonia sp. af f .  T. costata 
and Orthotrigonia(?) sp., from undifferentiated beds of t he  
Snowshoe Formation, also a r e  described. 

Most of t h e  fossils were  collected by t h e  wri ter  in 1972. 
D.G. Taylor led him t o  some  of the  locali t ies,  made  available 
many specimens  col lec ted by him, and f ree ly  provided 
s t ra t igraphic  information on his localities. R.W. Imlay loaned 
specimens  already available in t h e  U.S. Geological Survey 
collections,  most  of which were  col lec ted by him, by 
R. Lupher, or  by L.W. Vigrass, and provided invaluable advice 
on t h e  s t ra t igraphy and access  t o  t h e  localities. The 
s t ra t igraphic  and biostratigraphic f ramework has  been 
described by Lupher (19411, Dickinson and Vigrass (1965), and 
Imlay (1973). J.A. Je le tzky and D.G. Taylor cri t ically read 
th is  manuscript. 

Age  of Fossils 

The Weberg Member contains ammoni tes  t h a t  Indicate 
i t  is  l a t e  Early and Middle Bajocian in a g e  a s  shown by Imlay 
(1973). A more  deta i led  s tudy is current ly  being conducted by 
D.G. Taylor, who has  generously provided much of t h e  
unpublished biostratigraphic d a t a  t h a t  is reproduced here. 

The upper p a r t  of t he  Murchisonae Zone recognized by 
D.G. Taylor (personal communication) contains Myophorella 
tuxedniensis, M. lupheri in abundance, M. taylori ,  M. freboldi, 
M. sp. af f .  M. dawsoni, Vaugonia sp. cf.  .V. kobayashii, and 
Trigonia sp. aff .  T. costata. M. lupheri and T. sp. aff .  
T. c o s t a t a  also occur  lower in t h e  zone (D.G. Taylor, personal 
commun~ca t ion ) .  The associated ammoni tes  include 
Trnetoceras  scissum (Benecke), Praes t r ig i tes  sp. cf. P. del to tus  
(Buckman) and Eudmetoceras  spp. (Imlay, 1973). 

The upper p a r t  of t h e  Concavum Zone, recognized by 
Taylor, conta ins  M. lupheri, M. sp. indet., Trigonia sp. aff .  
T. cos t a t a ,  and o the r  undeterminable trigoniids. Myophorella 
tuxedniensis and M. freboldi occur  lower in t h e  zone. 

The Laeviuscula Subzone of t h e  Middle Bajocian, 
recognized by Taylor, contains M. lupheri, M. freboldi, 
M. argo, M. sp. indet. and Trigonia sp. aff .  T. costata. 
Taylor also identified M. lupheri in t h e  Discites Zone and 
Ovalis Subzone. The rich variety of Middle Bajocian 
ammoni tes  has already been demonstra ted  by lmlay (1973). 

In summary, Myophorella lupheri, M. freboldi,  and 
Tr igoniasp.  af f .  T. costata range throughout t h e  Webeig 
Member; a lower fauna including M. tuxedniensis, M. taylorl ,  
and Vaugonia sp. cf.  V. kobayashii appears  t o  be res t r ic ted  t o  
t h e  upper Murchisonae and Concavum Zones a s  recognized by 
Taylor; and M. a rgo  occurs  only in t h e  Laeviuscula Zone. 

The two small  specimens of T. sp. aff .  T. costata and 
Orthotrigonia(?) sp. designated a s  coming f rom t h e  Snowshoe 
Formation (undivided; USGS Mesozoic locality 29414) a r e  not  
associa ted  with diagnostic ammonites,  but a r e  questionably 
dated a s  Middle Bajocian because of t h e  similarity of one 
specimen t o  T. sp. aff. T. c o s t a t a  f rom t h e  Weberg Member, 
and of t h e  o the r  t o  Orthotrigonia(?) sp. f rom t h e  Middle 
Bajocian of centra l  British Columbia, described by Poulton 
(1979). 

Descriptive Paleontology 

Trigonia sp. aff .  T. costata Sowerby 

P la t e  30.1, f ~ g u r e s  1-10 

Description 

Shell of medium size,  those 2 c m  high a r e  longer 
than high, reaching 2.8 c m  long. Larger specimens 
(e.g. P l a t e  30.1, fig. 8, 9), which a t t a in  6 c m  in length, 
become higher than long in l a t e  growth stages.  

Marginal car ina  of right valve high, e i ther  narrow, sharp 
and very finely tubercula te  (P la t e  30.1, fig. 5, 6) or rounded 
and with tuberc les  t h a t  a r e  coarser,  but more  finely spaced 
than t h e  cos t ae  of flank (P la t e  30.1, fig. 4). That  of lef t  
valve (one specimen only) in termedia te  in sharpness and 
s t rength  of tuberculation (P la t e  30.1, fig. 1-3). 

Area with indistinct concentr ic  cos te l lae  intersecting 
radial  cos te l lae  t h a t  a r e  irregular in thei r  s t rength  and 
spacing. Area  subdivided into more  or less equal ventra l  and 
dorsal halves by a particularly s t rong ridge ( lef t  valve) or  
groove (right valve). 

Inner car ina  sharp, finely tuberculate.  Escutcheon 
short ,  relatively broad, strongly concave. With poorly defined 
r e t i cu la t e  pa t t e rn  of intersecting f ine  radial and concentr ic  
costellae.  





PLATE 30.1 

AI1 f igures  excep t  10, 31 and 32 f rom Weberg Member;  10, 3 1 
and 32 f r o m  Snowshoe Formation,  undifferentiated.  

All f igures excep t  10 and 23 natura l  s ize ,  10 x3; 23  x2. 

Figured specimens  a r e  s tored  in t h e  collections of t h e  
Geological  Survey of Canada,  O t t a w a  (GSC), United S t a t e s  
National Museum, Washington (USNM), and University of 
Cal i fornia  Museum of Paleontology, Berkeley (UCMP). 

Figures 1-1 0. Trigonia sp. aff .  T. costata Sowerby. 

1-3. La t e ra l  posterodorsal  and umbonal views respec- 
t ively of la tex  c a s t  of hypotype GSC 58932 f rom 
GSC locali ty 89387. 

4 .  La t e ra l  view of hypotype G S C  58933 f rom GSC 
locali ty 89387. 

5 , 6 .  La t e ra l  and posterior views of la tex  c a s t  of hypo- 
t ype  GSC 58934 f rom GSC locali ty 89345. 

7.  Anterola tera l  view of l a t ex  c a s t  of hypotype GSC 
58935 f rom GSC locali ty 89387. 

8 .  La t e ra l  view of hypotype GSC 58936 f rom GSC 
locali ty 89389. 

9 .  Latera l  view of hypotype USNM 251979 f rom 
Stanford  University locali ty 56-121F (Field number). 

10. Oblique view of la tex  c a s t  of hypotype USNM 
251980 f rom USGS Mesozoic locali ty 29414, x3. 

F igure  I I .  Myophorella sp. aff .  M. taylor i  n. sp. La t e ra l  
view of la tex  c a s t  of hypotype GSC 58937 f rom GSC 
locali ty 89382. 

Figures 12-14. Vaugonia(?) sp. a f f .  V. sharpiana  (Lycett) .  
La t e ra l  views of hypotypes USNM 251981, 251984, 
251985 all  f rom USGS locali ty 56-235 (field 
number). 

F igures  15-29. Myophorella lupheri  n. sp. 

15 ,16.  La te ra l  and posterior views of holotype GSC 58938 
f rom GSC locali ty 89345. 

17. La t e ra l  view of para type  GSC 58940 f rom GSC 
locali ty 89387. 

18. Anterola tera l  view of pa ra type  GSC 58941 f rom 
GSC locali ty 89345. 

19.  La t e ra l  view of para type  GSC 58942 f rom GSC 
locali ty 89387. 

20. La t e ra l  view of para type  GSC 58943 f rom GSC 
locali ty 89345. 

21. La t e ra l  view of pa ra type  GSC 58945 f rom GSC 
locali ty 89345. 

22. Latera l  view of para type  GSC 58948 f rom GSC 
locali ty 89387. 

23. La t e ra l  view of juvenile pa ra type  GSC 58947 f rom 
GSC locali ty 89345, x2. 

24 ,25 .  La te ra l  and umbonal views of para type  UCMP 16068 
f rom locali ty D7904. 

26 ,27.  La te ra l  and postero-umbonal views of pa ra type  
UCMP 16069 f rom locali ty D7904. 

28. La t e ra l  view of pa ra type  UCMP 16029 f rom 
locali ty D6754. 

29. La t e ra l  view of para type  UCMP16028 f rom 
locali ty D6731. 

Figure  30. Myophorella sp. a f f .  M. dawsoni (Whiteaves). 
La t e ra l  view of hypotype USNM 251982 f rom USGS 
Mesozoic locali ty 29822. 

Figures 31 ,  32.  Orthotrigonia(?) sp. La t e ra l  and postero- 
dorsa l  views of l a t ex  c a s t  of hypotype USNM 251983 
f r o m  USCS Mesozoic locali ty 29414. 

Flank with strong, regularly spaced concentr ic  cos t ae  
t h a t  extend di rec t ly  t o  anter ior  margin which they m e e t  a t  
r ight  angles. They become  coarser  spaced with growth, but  
a r e  f i ne r  spaced again  nea r  vent ra l  margin of l a rge  
specimens.  Minor irregulari ty is  seen a t  t h e  locus of f lexure  
in one  specimen (P la t e  30.1, fig. 7). Cos t ae  high and sha rp  o r  
rounded, and somewhat  s t e e p e i  on the i r  umbonal side,  
part icularly along t h e  anter ior  end of t h e  shell. Right valve 
with narrow ante-carinal  groove; groove of l e f t  valve 
somewha t  broader.  

Discussion -- 
This species closely resembles British Middle Bajocian 

Trigonia c o s t a t a  Sowerby, a s  r e s t r i c t ed  and in terpre ted  by 
L y c e t t  (1872-79, p. 147-152, P l a t e  29) in i t s  genera l  
sculpture,  la rge  s i ze  when adul t ,  irregulari ty of t h e  radia l  
cos t e l l ae  of t h e  flank, and non-concentric o rnamen t  of t h e  
escutcheon. The  Oregon specimens d i f fer  f rom T. c o s t a t a  of 
Lyce t t ,  however,  in the i r  outl ine,  being significantly longer 
than high when young and higher than long when adult ,  if 
indeed, t h e  larges t  Oregon specimens  (P l a t e  30.1, fig. 8 ,  9) 
belong t o  t h e  s a m e  species  a s  do  t h e  smal ler  ones. Also, t h e  
o rnamen t  of t h e  escutcheon i s  f iner  and more  regular  in t h e  
Oregon specimens,  al though these  appa ren t  d i f ferences  may 
be  due  t o  t h e  d i f f e r en t  s ty les  of preservation and s t ages  of 
growth represented.  

The specimens  f rom Oregon a r e  only questionably 
dist inguishable a t  equivalent growth s t ages  f rom Trigonia sp. 
described by Poulton (1976) f rom western  Vancouver Island, 
because  of t h e  smal l  number of specimens  available and poor 
preservation of t h e  l a t t e r .  The Vancouver Island specimens  
apparent ly  have  more  and f iner  radial  cos te l lae  on t h e  vent ra l  
half of t h e  a r ea ,  and t h e  marginal ca r ina  is  broader.  The  
Pliensbachian a g e  sugges ted  fo; those  specimens  by Poulton 
(1976) on t h e  basis of associa ted  trigoniid species  has been 
confirmed by restudy of t h e  ammoni t e s  by H. Frebold 
(unpublished). 

The irregulari ty of t h e  radial  cos te l lae  on t h e  a r e a  
s e p a r a t e  t h e  Oregon specimens  f rom mos t  o the r  Trigonia 
species,  and particularly f rom t h e  contemporary ,  o therwise  
similar North American species T. amer i cana  Meek (Jmlay, 
1964) and T. erbeni  Alencas ter  (1963). It is because  of this 
irregulari ty,  and t h e  f ine  r e t i cu l a t e  pa t t e rn  on t h e  
escutcheon,  t h a t  a n  unusual juvenile specimen ( P l a t e  30.1, 
fig. 10) f rom t h e  Snowshoe Format ion i s  tenta t ive ly  assigned 
t o  t h e  s a m e  species. 

The poor preservation of t h e  specimen i l lus t ra ted  a s  
T. sp. cf .  dent icula ta  by Sanborn (1960) and t h e  lack of 
description or i l lustration of T. sp. aff .  T. c o s t a t a  identified 
by H y a t t  (18921, both  f rom t h e  Bajocian of California,  
precludes the i r  meaningful comparison with o t h e r  species. 

T. s cu lp t a  L y c e t t  (1872-79, P l a t e  34, fig. 1-41 f rom t h e  
Middle Bajocian of England is  similar but is more  coarsely 
ornamented on t h e  a r e a  and d i f f e r en t  in outl ine when adult. 

Mater ia l  and  Occur rence  

Many poorly t o  modera te ly  well preserved specimens  
f rom t h e  Weberg Member,  including hypotypes GSC 58932, 
58933 and 58935 f rom GSC locali ty 89387; GSC 58936 f rom 
GSC locali ty 89389; GSC 58934 f rom GSC locali ty 89345; 
USNM251979 f rom uncatalogued USGS Mesozoic 
locali ty 56-121F, a s  well a s  unfigured specimens  f rom USGS 
Mesozoic locali t ies 29400 and 29402, and uncatalogued USGS 
Mesozoic locali ty 56-65; one  juvenile specimen f rom t h e  
Snowshoe Formation,  hypotype USNM 25 1980 f rom USGS 
Mesozoic locali ty 294 14. 



Ammoni tes  t h a t  occur  d i rec t ly  associa ted  with poorly 
preserved specimens  assigned t o  Trigonia sp. af  f. 
T. c o s t a t a  a r e  Eudmetoceras  (Euapte toceras)  sp. c f .  E. (E.) 
hauthali ,  E. (E.) sp. cf. E. (E.) klimakomphalum (USGS 
Mesozolc locali ty 294001, and Sonninia (Euhoploceras) sp. c f .  
S. (E.) dominans  (USCS Mesozoic locality 29402) (Imlay, 1973). 
D.G. Taylor (personal communicat ion)  identified th is  species 
f rom t h e  ~Murchisonae through Laeviuscula Zones. 

Vaugonia sp. cf .  V. kobayashii  Alencas ter  

P l a t e  30.2, f igures  1, 2 

Trigonia sp. c f .  T. v-cos ta ta  Lycet t .  Sanborn,  1960, p. 26, 
P l a t e  2, fig. 15, 20. 
c f .  Vaugonia kobayashii Alencas ter ,  1963, p. 27, P l a t e  2, 
fig. 19, P l a t e  3, fig. 1-6. 
Vaugonia sp. cf .  V. kobayashii  Alencaster.  Poulton, 1979, 
P l a t e  10, fig. 29-31. 

Discussion 

Two specimens  probably r ep re sen t  t h e  s a m e  species  
t h a t  was  described by Poulton (1979) f rom t h e  Potem 
Format ion of nor thern  California.  They exhibit  t h e  s a m e  
variations a s  those specimens  and di f fer  in t h e  s a m e  ways 
f rom Vaugonia kobayashii Alencas ter  (1963) and o the r  species 
l isted by Poulton (1979). 

Mater ia l  and Occur rence  

Two specimens,  hypotypes UCMP 16035 and 16036 f rom 
upper p a r t  of Murchisonae Zone, locali ty D7902 of 
D.C. Tay 10:. 

Vaugonia(?) sp. a f f .  V. sharpiana  (Lyce t t )  

P l a t e  30.1, f igures 12-13 

Discussion 

The  c o s t a e  on t h e  f lanks  of t hese  smal l  shells  change 
or ienta t ion  abrupt ly  along a locus near  t h e  marginal carina.  
They m e e t  t h e  marginal ca r ina  a t  angles of approximate ly  60 
t o  75' near  t h e  umbo, decreas ing t o  45' near  t h e  postero- 
vent ra l  margin,  but t h e  main pa r t s  of t h e  cos t ae  a r e  nearly,  
al though no t  precisely,  concen t r i c  with t h e  growth lines. The 
c loses t  a f f in i t ies  a r e  with Vaugonia sharpiana  (Lyce t t ,  
1872-79) which, however, appea r s  t o  be  less dist inctly 
r o s t r a t e  a t  i t s  posterior end and t o  have  t h e  locus of 
v-flexure of t h e  c o s t a e  somewha t  less  well defined. 

The  V-shape of t h e  cos t ae ,  and t h e  posterior ros t ra t ion  
is more  pronounced than in Trigonia impressa Sowerby of 
England and Mexico (Alencas ter ,  1963). The cos t ae  a r e  more  
coarsely spaced,  the i r  posterior pa r t s  less closely parallel  
with each  o the r ,  and the i r  an t e r io r  pa r t s  less closely 
concen t r i c  with growth lines, than a r e  those  of Lower 
Jurass ic  Vaugonia oregonensis  Poulton and  V. sp. cf .  
V. vancouverensis Poulton, f rom t h e  Suplee Format ion of 
Oregon, and t h e  Sunrise Format ion of Nevada, respectively.  
The  present  specimens  may possibly be  juveniles of t h e  s a m e  
species  a s  la rger  specimens  f rom probably Bajocian beds of 
t h e  Po tem Format ion of nor thern  California described by 
Poulton (1979) a s  V. sp. cf. V. kobayashii Alencas ter ,  but t h e  
t ype  ma te r i a l  of V. kobayashii, is significantly coarser  ribbed 
(Alencas ter ,  1963). 

Mater ia l  and  Occur rence  

Three  poorly preserved specimens,  hypotypes 
USNM 251981, 251984 and 251985 f rom uncatalogued USGS 
locali ty 56-235. Ammoni tes  with V.(?) sp. a f f .  V. sharpiana  
(Lycet t )  a r e  Witchellia (Latiwitchell ia)  evo lu t a  (USGS 
IOC.  56-235, 56-2411, Fontannes ia  costula,  and Sonninia 
(Euhoploceras) modesta  (both USGS locali t ies 56-24 1) 
(Imlay, 1973). 

Myophorella freboldi Poulton 

P la t e  30.2, f igures 7, 8 

Discussion 

Besides t h e  holotype (Poulton,  1979, P l a t e  2, fig. I l) ,  
t h e  row of nodes along t h e  an t e r io r  end of t h e  shell  is well 
preserved in only one  o t h e r  of t h e  Oregon specimens  
(P l a t e  30.2, fig. 8). In ano the r  (hypotype UCMP 160661, t h e  
an t e r io r  o rnamen t  near  t h e  umbos comprises  f ine  ribs t h a t  
a r e  much closer spaced than  those  of t h e  main pa r t  of t h e  
flank. The anter ior  row of cos ta l  s egmen t s  and t h e  larger  
angle a t  which they m e e t  t he  marginal car ina  s e p a r a t e  
M. freboldi from M. lupheri. 

Mater ia l  and Occcur rence  

No ammoni t e s  occur  in t h e  s a m e  collection a s  t h e  
holotype of M. freboldi (uncat.  USCS loc. 56-153F), al though 
i t  is probably f rom one  of t h e  Dlscites through Laeviuscula 
Zones. O t h e r  specimens  col lec ted  by D.G. Taylor and 
assigned by him t o  t h e  Concavum, Laeviuscula,  and uppe; 
pa r t  of t h e  Murchisonae Zones, include hypoiypes 
IJCMP 16066 (loc. D7903), and 16067 (loc. D7689). 

PLATE 30.2 
All f igures excep t  13 f rom Weberg Member;  13  f rom nor thern  
Vancouver Island, British Columbia. 

All f igures na tura l  size.  

Abbreviations a s  in explanation of P l a t e  30.1. 

Figures 1,2. Vaugonia sp. cf .  V. kobayashii Alencaster.  

1 .  Latera l  view of hypo:ype UCMP 16036 f rom 
locali ty D7902. 

2. La t e ra l  view of hypo:ype UCMP 16035 f rom 
locali ty D7902. 

Figures 3-6.  Myophorella a rgo  (Crickmay).  

3 , 4 .  La t e ra l  and umbonal views of hypotype UCMP 16033 
f rom locali ty D7901. 

5.  La t e ra l  view of hypotype UCMP 16032 f rom 
locali ty D7900. 

6 .  La t e ra l  view of hypo:ype UCMP 16034 f rom 
locali ty D790 1. 

Figures 7 ,  8 .  Myophorella freboldi Poulton. 

7.  Latera l  view of hypotype UCMP 16066 from 
locali ty D7903. 

8 .  La t e ra l  view of hypotype UCMP 16067 f rom 
locali ty D7689. 

Figures 9-1 2 .  Myophorella tuxedniensis Poulton. 

9 , 1 0 .  La te ra l  and postero-umbonal views of hypo:ype 
UCMP 16030 f rom locality D7689. 

11 ,12 .  La te ra l  and umbonal views of hypotype 16031 f rom 
locall ty D7689. 

Figures 13-16. Myophorella taytor i  n. sp. 

13.  La t e ra l  view of para type  GSC 62965 f rom GSC 
locali ty C-80878. 

14,15. La te ra l  and umbonal views of holotype UCMP 16025 
f rom locali ty D7689. 

16.  La t e ra l  view of para type  UCMP 16026 f rom 
locali ty D7689. 
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Myophorella argo (Crickmay) 

Plate 30.2, figures 3-6 

Scaphogonia argo Crickmay, 1930, p. 52, Plate 5, fig. a, b. 
Myophorella argo Crickmay. Poulton, 1979, Plate 4, 
fig. 9-17. 

Discussion 

This species, previously described from Middle Bajocian 
units from Alaska, British Columbia, and California 
(Crickmay, 1930; Poulton, 19791, is represented in Oregon by 
4 well preserved specimens and several that are poorly 
preserved. .The smooth space separating anterior costal 
segments from those of the main part of the flank is narrower 
than in the holotype or is nearly absent. After the shell is 
about 2.5 cm high, the anterior and the main costal segments 
of the flank begin to meet each other, either in an irregular, 
V-pattern (Plate 30.2, fig. 5) or a sharp curve (Plate 30.2, 
fig. 6). In some of the Oregon specimens (Plate 30.2, fig. 51, 
the anterior ends of the main segments of the costae continue 
tapering anteroventrally into the narrow smooth space that 
lies posterior to the anterior costal segments, and a slight 
sinuosity is thus imparted to the costae. Both of these last 
characters are also seen in some of the Alaskan represent- 
atives of the species (eg. Poulton, 1979, Plate 4, fig. 14). The 
last character, furthermore, allies M. argo with 
Scaphotrigonia navis (Lamarck) of the Lower Bajocian of 
Europe (eg. Lebkuchner, 1932) and with Myophorella tipperi 
Poulton (1979) from the Middle Bajocian of Alaska and British 
Columbia. None of the specimens reaches the size of adult 
M. tipperi but on the largest ones the posteriormost costae 
approach those of that species, becoming closer spaced and 
more nearly dorso-ventrally oriented than is typical of 
M. argo. S. navis is more coarsely ribbed, the posteriormost 
costae meet the marginal carina a t  a smaller angle, and the 
separation of the anterior costal segments from the 
remainder is more extreme than in M. argo. 

The specific affinities of poorly preserved M. sp. cf. 
M. argo (Poulton, 1979, Plate 4, fig. 22) from the Weberg 
Member remain unresolved. 

Material and Occurrence 

Several moderately well preserved specimens, including 
hypotypes UCMP 16032 (loc. D7900), UCMP 16033 
(loc. D7901), and UCMP 16034 (loc. D79011 from the 
Laeviuscula Zone (D.G. Taylor, personal communication). 
Myophorella sp. cf. M. argo of Poulton (1979, Plate 4, 
fig. 22) occurs directly associated with Sonninia 
(Euhoploceras) rnodesta and S. (Papilliceras) sp. cf. S. (P.) 
espinazitensis (uncatalogued USGS loc. 56-1 20), which 
represent the Discites through Laeviuscula Zones 
(Imlay, 1973). 

Myophorella lupheri n. sp. 

Plate 30.1, figures 15-29 

Trigonia cf. T. spinulosa Young and Bird. Sanborn, 1960, 
p. 25, Plate 2, fig. 23. 
?Trigonia undulata Fromherz. Sanborn, 1960, p. 26, Plate 2, 
fig. 28. 
?Mvovhorella dawsoni Whiteaves. Poulton, 1979, Plate 1, 
fig: 12. 
?Myophorella sp. aff. M. freboldi Poulton, 1979, Plate 8, 

Description 

Shells of medium size, at  least as long as 8 cm; outline 
rounded subtrigonal to semicircular. Umbos near anterior 
end, weakly to moderately opisthogyrous. Shell gently convex 
but anterior end and umbonal part of area descend perpen- 
dicularly to plane of commissure. 

Marginal carina at  same level or raised above costae of 
flank, with small, sharp, transversely elongate tubercles, 
evenly spaced at  intervals increasing to 2.5 mm at postero- 
ventral corner. Area comprises 114 to 113 (approx.) area of 
shell, ornamented with fine wavy costellae. The strongest of 
these costae join the tubercles of the marginal carina and the 
ventral row of a double, irregular, median row of tubercles. 
These two parts of the median row of tubercles are separated 
from each other by a median furrow in some specimens. 
Finer costellae or growth lines occur between the coarser 
ones. Umbonal parts of shell with very finely and evenly 
spaced tubercles on marginal carina, sharp and regularly 
spaced, straight transverse costellae on area, and sharp 
median groove which may be close to dorsal side of area. 
Escutcheon carina a sharply raised ridge of strong, finely 
spaced tubercles which may be stronger than those of 
marginal carina. Escutcheon depressed, about 516 length of 
shell, smooth, or with fine growth lines. 

A very narrow ante-carinal depression separates costae 
of flank from marginal carina. Costae of flank meet 
marginal carina a t  intervals of about 1.5 mm near umbo, 
increasing to about 3 mm near posteroventral margin, and 
meet marginal carina a t  angles of nearly 70' near umbos in 
most specimens, decreasing to about 30" near posteroventral 
margin. 

Costae of flank are attenuated a t  their posterior ends. 
Those nearest umbos are fine, sharp, raised, concentric 
ridges, later ones are rows of small and finely spaced, sharp, 
elongated tubercles. Over central part of flank, costae form 
smooth, subconcentric curves in most specimens; in others, 
they radiate from marginal carina and curve sharply along a 
locus near the marginal carina. They are narrow relative to 
the inter-spaces, which are covered with fine growth lines. 
A t  their anterior ends the costae become thin, and descend 
perpendicularly to plane of commissure, and the tubercles 
disappear. In most specimens an indistinct node occurs near 
anterior end of each costa, and these nodes are aligned to 
form a locus running down the anterior end of the shell where 
its degree of convexity increases abruptly. In anteroventral 
region of large shells, anteroventral portions of costae swing 
more strongly anteriorward becoming irregular, broken, or 
nearly concentric with growth lines. Tubercles on costae 
near umbos, and on adult shell near marginal carina, aligned 
subradially, but a well defined radial striation is not apparent. 

Discussion 

The holotype (Plate 30.1, fig. 15, 16) and some 
paratypes (Plate 30.1, fig. 17; 21, 22, 24) are typical forms of 
this species, which serve best to distinguish it from closely 
related specles. Most localities or stratigraphic units in 
western Canada and United States yield .more or less 
homogeneous assemblages of species of Myophorella; there 
are, however, a small number of specimens in some 
collections of M. lupheri, and in other M. species, that are 
transitional with other species, but which do not invalidate 
the concepts of the species within the group. 

Myophorella lupheri n. sp. is differentiated from most 
other North American Middle Jurassic Myophorella species, 
and particularly from its close relative, M. dawsoni 
Whiteaves, by the orientation of the ribs of the flank, and 
their somewhat finer, beadlike, ornamentation. In,M. lupheri, 



t he  cos t ae  a r e  continuously curved anter iorward so  t h a t  they 
in tersect  t h e  growth lines a t  low angles, or a r e  nearly 
concentr ic  with them, in ventral  pa r t s  of t he  adult  shell. 
Those of M. dawsoni, in the  s a m e  par t  of t he  shcll, in tersect  
t h e  growth lines nearly a t  right angles, and in the  dnterlor 
pa r t  of t he  shell, a r e  commonly separa ted f rom the  anter ior-  
most portions of t h e  cos tae ,  which extend a s  a d iscre te  row 
of shor t  cos ta l  s egmen t s  to  t h e  anter ior  margin. One 
specimen, figured by Poulton (1979, P la t e  1, fig. 12), f rom 
G.M. Dawson's original collection upon which Trigonia dawsoni 
Whiteaves was  based, d i f fers  from t h e  o the r s  of t h a t  
collection in t h e  or ienta t ion of i t s  r ibs and may possibly 
represent  M. lupheri, al though infraspecific variation of this 
na tu re  occurs  t o  a rrlinor degree  in this group of species. 

Myophorella freboldi Poulton generally has  more  widely 
spaced and more  coarsely tubercula te  cos t ae  which m e e t  t he  
marginal car ina  without a marked curve  toward t h e  umbo, 
and which a r e  sepa ra t ed  f rom a row of tuberc les  along t h e  
anter ior  margin of t h e  shell. M. sp. af f .  M. freboldi (Poulton, 
1979, P la t e  8, fig. 3) may be  a d is tor ted  specimen of 
M. lupheri. 

Myophorella lupheri is  similar t o  British Bajocian M ( ? )  
spinulosa (Young and Bird) a s  already pointed ou t  by Sanborn 
(1960), particularly t o  t h e  specimen figured by Lyce t t  
(1872-79, P la t e  Ill, fig. 6). However, t h e  tendency in t h a t  
species for  t he  cos t ae  t o  become concentr ic  with t h e  growth 
lines a t  early or in termedia te  growth s tages  (Lycet t ,  op. cit., 
p. 44, P la t e  111, fig. 4, 5), is a significant d i f ference  f rom M. 
lupheri, in which species this occurs  uncommonly. 
M. lupheri  d i f fers  in t h e  s a m e  way from Vaugonia kobayashii 
Alencaster (19631, and V. sp. cf. V. kobayashii which also a r e  
more  coarsely and strongly ribbed, although one poorly 
preserved specimen figured by Poulton (1979, P la t e  10, 
fig. 31) is closely similar and may well represent  M. lupheri. 

The poorly preserved, probably juven~ le  specirrlen called 
Trigonia undulata Fromherz by Sanborn (1960), lacks t h e  
V-shaped cos t ae  of t h a t  species,  is probably not specifically 
identifiable,  but may possibly represent M. lupheri. 

In i t s  small  t o  interrrnediate size,  t he  fineness and 
or ienta t ion of costation, and fine tuberculation, M. lupheri 
d i f fers  f rom most o ther  Myophorella species. Myophorella 
s t r i a t a  Miller (Lycet t ,  1872-79, Pla te  V, fig. 3 or  6', 7, 81, 
M. formosa (Lycet t ,  op. cit.), both from t h e  Baiocian of 
England, and specimens  from t h e  Bajocian of Mexico 
identified a s  M. formosa by Alencaster (1963) a r e  commonly 
somewhat  larger,  and have cos t ae  which r ad ia t e  more  
strongly f rom t h e  marginal carina. The British specimens 
have a broader,  and more  finely and evenly cos te l la te  a r e a  
than e i the r  t h e  Mexican form or  M. lupheri. 

The c o s t a e  of South American Lower Jurassic 
Myophorella ca t en i f e ra  (Hupe) (Perez  and Reyes, 1977, 
P la t e  Ill, fig. 6 )  r ad ia t e  more  strongly away f rom t h e  
marginal carina.  Japanese  species of Kobayashi and Tamura  
(1955) which a r e  similar t o  M. lupheri a r e  d i f ferent ia ted  a s  
follows. M. sigmoidalis has t h e  cha rac te r i s t i c  sigmoidal 
tw i s t  of t h e  cos t ae  on t h e  anter ior  end of t h e  flank. 
M. subcircularis has  more  strongly marked radial  s t r i a e  across  
t h e  cos t ae  of t h e  flank, is  f iner  ribbed and more  finely 
tubercula te .  M. sugayensis is f iner  ribbed, more  finely 
tubercula te ,  and has cos t ae  which m e e t  t h e  marginal car ina  
a t  a smal ler  angle a t  equivalent growth stages.  M. sugayensis 
var. genicula ta  has cos t ae  which a r e  distinctly flexed 
toward the  anter ior  margin of t h e  shell. These cos tae ,  a s  in 
the  o the r  Japanese  species,  a r e  therefore  no t  smoothly 
concentr ic  a s  they a r e  in t h e  typical forms of t h e  Oregon 
species.  M. orientalis,  which also occurs in t h e  Callovian of 
Alaska (Poulton, 1979), has ribs which converge more  strongly 
toward t h e  marginal car ina ,  and thus present a more  strongly 
radiating appearance. 

Material  and Occurrence  

Abundant poorly t o  moderately well preserved 
specimens, including holotype GSC 58938 and para types  
58941, 58943, 58945, and 58947 from GSC locality 89345; 
paratypes 58940, 58942, and 58948 from GSC locality 89387, 
and paratypes UCMP 16029 (Ioc. D6754), UCMP 16028 
(loc. D6731), UCMP 16068, and 16069 (loc. D7904). Other  
unfigured specimens include those f rom GSC localities 89389, 
89349, and 89379, from USGS Mesozoic locali t ies 27581, 
29405, and from uncatalogued 1JSGS locali t ies 56-3a, 56-120, 
56-159, 8-20-1 1 (field numbers). Ammonites t h a t  occur in 
t h e  s a m e  collections with M. Iupheri include Docidoceras 
spars icos ta tum (USGS Mesozoic locality 2758 1 ), Sonninia 
(Euhoploceras) modesta,  and S.  (Papilliceras) sp. cf .  S. 
(P.) espinazitensis (both USGS Mesozoic Ioc. 56-120) 
(Imlay, 1973). M. tupheri has  been recognized in t h e  upper 
Murchisonae through Laeviuscula Zones, most  abundantly in 
t h e  former.  

Myophorella tuxedniensis Poulton 

P la t e  30.2, f igures 9-12 

Discussion 

This species is represented by 3 specimens. Two 
preserve  t h e  tubercula te  escutcheon tha t ,  together  with t h e  
more  dorsoventral  or ienta t ion of t h e  cos tae ,  broader area ,  
and absence of a distinctively ornamented ventral  region of 
t h e  flank, distinguish t h e  species f rom associa ted  M. taylori .  
The Oregon specimens exhibit gradual ro ta t ion of t h e  c o s t a e  
with increasing s i ze  of shell, t o  a nearly dorsoventral  
orientation, suggesting t h a t  this f ea tu re  is not  seen in t h e  
Alaska or  British Columbia specimens (Poulton, 1979, P la t e  7) 
only because of nonpreservation. 

Material  and Occurrence  

Five specimens, including hypo.;ypes I JCMP 16030 and 
UCMP 16031 (loc. D7689) from the  upper Murchlsonae and 
middle Concavum Zones. 

Myophorella taylori  n. sp. 

P l a t e  30.2, f igures 13-16 

Shell of medium s ize ,  reaching 5 cm long; outline 
rounded, subtriangular. Shell gently convex but umbonal 
pa r t s  of shell descend perpendicularly t o  plane of 
commissure. 

Marginal car ina  a t  s a m e  level o r  raised above cos t ae  of 
flank with small ,  sharp  o r  rounded tubercles,  evenly spaced, 
a t  intervals increasing t o  3 mm in adult  shell. Area  narrow, 
apparent ly  wi th  very f ine  growth lines, a median row of small  
nodes, and a poorly developed groove o r  narrow depression 
dorsal t o  that .  Escutcheon car ina  a row of nodes. 
Escutcheon depressed, apparently smooth. 

A very narrow ante-carinal depression sepa ra t e s  cos t ae  
of flank f rom marginal carina.  

Cos tae  of posterior p a r t  of flank in umbonal 3 c m  
smoothly curved, concave umbonally, becoming a t t enua ted  
toward marginal carina.  In t h e  1.5 t o  2 c m  nea res t  umbo, 
these  c o s t a e  appear  t o  extend t o  anter ior  margin which they 
m e e t  a t  r ight angles, although t h e r e  may be  some  o f f se t  of 
cos t ae  along anter ior  edge  of shell. In la ter  growth s t ages  
they become clearly separa ted f rom a more  closely spaced 
anter ior  s e t  of finely tubercula te  cos ta l  s egmen t s  which a r e  
approximately anteroventrally-posterodorsally oriented. 



Posterior f rom t h e  anteroventra l  corner  of t h e  shell another  
s e t  of nearly dorsoventrally oriented, closely spaced, finely 
tubercula te  cos ta l  segments  appears  between the  two 
previously described s e t s  and this becomes t h e  predominant 
o rnamen t  along t h e  ventra l  margin on i t s  posterior half. Thus 
t h e  flank is divided into t h r e e  regions each of approximately 
equal a rea ,  and each  with distinct ornamentat ion,  separa ted 
f rom one  another  along radial loci: posterior region; anter ior  
region; and centra l  region together  with ventra l  subregion, in 
t h e  terminology of Poulton (1979). 

Discussion 

Although only two  specimens f rom Oregon a r e  referred 
to  M. taylori ,  i t s  formal naming a s  a species Is justified, 
beyond i t s  distinctive ornamentat ion,  by i t s  occurrence  also 
in British Columbia. In particular,  i t s  presence serves  t o  d a t e  
a s  probably Bajocian, t he  beds in which i t  occurs  a t  t he  Island 
Copper mine, northern Vancouver Island, British Columbia 
(P la t e  30.2, fig. 13). This is t h e  f i r s t  suggestion t h a t  rocks of 
this age  occur on Vancouver Island. 

The intersection of anter ior  and posterior s e t s  of 
cos t ae  resulting in V-shaped cos t ae  even in t h e  ear l ies t  
growth s tages ,  clearly sepa ra t e s  Yukon specimens of 
Vaugonia(?) yukonensis Poulton (1979) from M. taylori. 

Myophorella sp. A described by Poulton (1979, P la t e  8, 
fig. 2) f rom probably Lower Callovian rocks of British 
Columbia is closely similar but t h e  cos t ae  meeting the  
marginal car ina  in t h e  umbonal 3 to  4 cm a r e  more  widely 
spaced. 

Two Bajocian species of Europe a r e  similar t o  M. taylori  
but both have a broader,  smooth anter ior  slope on t h e  
marginal car ina  toward which t h e  cos t ae  t ape r  more  strongly 
and a less well d i f ferent ia ted  anter ior  s e t  of cos ta l  segments,  
which also a r e  coarser.  In nei ther  is t he  marginal car ina  
tuberculate.  One is Trigonia guisei Lycet t ,  assuming t h e  
specimen which was  in fhen t i a l  in t h e  erect ion of t h e  species  
(Lycet t ,  1881-1883, P la t e  111, fig. 3, 3a) and o the r s  f rom t h e  
s a m e  a r e a  (ibid., fig. 5, 6 )  t o  properly represent  t h e  species. 
They a r e  d i f ferent  f rom some  t h a t  were  also included by 
Lyce t t  (ibid., fig. 1, 2, 4). The o the r  is  T. lycet tens is  Strand 
(1928) named fo r  those  specimens i l lustrated by Lyce t t  
(1872-1879) in his P la t e  14, figures 5 and 6. Only the  
specimen in his Figure 5 resembles M. taylori. 

Trigonia leckenbyi Lycet t  (1872-1879, P la t e  16, fig. 1) 
of t h e  Toarcian of England also is similar but is larger,  and 
more  coarsely sculptured a t  an  equivalent size. Trigonia 
incurva Benet t  of t h e  Upper Oxfordian through Upper 
Portlandian, but particularly the  specimen figured by Lyce t t  
(1872-1879, p. 43 and P la t e  IX,  fig. 5) and t h a t  figured ear l ier  
a s  T. hebe r t i  by Munier-Chalmas (1865, P la t e  IV, fig. 5)  a r e  
also similar. However, t h e  marginal car ina  in t h a t  species  is 
more  rounded and t h e  cos t ae  a r e  more  dorsoventrally 
oriented, especially their  anter ior  and ventral  portions, which 
resul ts  in a sinuous curvature.  Also, t h e  posterior end of t h e  
shell appears  t o  be  more  ros t r a t e  and the re  is a g rea t e r  
dorsally-concave curvature  of t he  dorsal margin. These two 
specimens a r e  sufficiently unlike t h e  remainder of those  
figured by Lyce t t  (1872-1879, P l a t e  IX)  a s  T. incurva, in t h e  
ornament  of t h e  anteroventra l  pa r t  of the  shell, t o  question 
thei r  being assigned t o  the  s a m e  species. 

Material  and Occurrence  

Two specimens from Oregon, holotype UCMP 16025 and 
para type UCMP 16026 (loc. D7689) f rom t h e  upper p a r t  
of t h e  Murchisonae Zone, and para type GSC 62965 
(GSC loc. C-80878) from Vancouver Island, British Columbia. 

Myophorella sp. aff .  M. taylor i  n. sp. 

P l a t e  30.1, f igure l l 

Vaugonia(?) 1;ukonensis Poulton, 1979, P l a t e  8 ,  figs. 10, 11; 
not  P la t e  8 ,  f ~ g s .  6-9. 

Discussion -- 

The record of t h e  possible occurrence  of Vaugonia(?) 
yukonensis Poulton in the  Weberg Member is amended, and 
the  partial  specimen (P la t e  30.1, fig. 11) on which this 
suggestion was made by Poulton (1979) is now thought t o  
represent  a new, st i l l  insufficiently well understood species  of 
Myophorella. The s a m e  is t rue  of t he  two apparently 
identical  specimens from the  Potem Formation of northern 
California (Poulton, 1979, P la t e  8, fig. 10, l l). These las t  
two  specimens di f fer  f rom V.(?) yukonensis in t h e  smoothly 
curved, ra ther  than V-shaped cos t ae  in the  umbonal portions 
of t h e  flank and the  less well developed di f ferent ia t ion of 
anter ior  and posterior cos ta l  segments.  The Weberg 
specimen, whose umbonal par ts  a r e  not preserved, r~tos t  
closely resembles the  C a l i f o r n ~ a  specimen in i t s  posterior and 
ventra l  parts. 

The new unnamed species d i f fers  f rom M. taylori  in the  
less clearly developed differentiation of t h e  flank into regions 
with d i f ferent  s ty les  of ornamentat ion and t h e  coarser  
cos ta t ion of t h e  ventral  and anter ior  portions of t h e  flank. 

Material  and Occurrence  

A partial  r ight valve, hypotype GSC 58937 f rom 
GSC locality 89382. 

Myophorella sp. aff .  M. dawsoni (Whiteaves) 

P la t e  30.1, f igure 30 

Discussion -- 

The orientation of t h e  ribs and t h e  broad, finely and 
apparently regularly cos te l la te  a r e a  of this small  shell 
together  distinguish i t  from t h e  o the r  species described in 
this report ,  and most  of those described previously, f rom t h e  
Jurass ic  of North America.  The c loses t  similarit ies a r e  with 
Myophorella dawsoni (Whiteaves; Poulton, 1979), and M. a rgo  
(Cricl<may) although those species  a r e  character is t ica l ly  
Middle, r a the r  than Lower, Bajocian in age. 

Material  and Occurrence  

One  pearly preserved l e f t  valve, hypo;ype 251982 f rom 
USGS ;vlesozoic locality 29822. Associated ammoni tes  
indicating t h e  Murchisonae Zone a r e  Tmetoce ras  scissum 
(Benecke), Praes t r ig i tes  sp. cf.  P. del to tus  (Buckman) and 
Eudrnetoceras spp. (Imlay, 1973). 

Orthotrigonia(?) sp. 

P l a t e  30.1, f igures 31, 32 

Discussion 

This f ragment ,  whose gener ic  af f in i t ies  a r e  not  a t  a l l  
ce r t a in  is  similar t o  Orthotrigonia(?) sp. described f rom 
Bajocian rocks of British Columbia and California by Poulton 
(1979) in the  s t rength  and f ine  concentr ic  corrugation of the  
c o s t a e  of t h e  flank and t h e  angle a t  which they m e e t  t h e  
marginal carina. The a r e a  appears  t o  be  somewhat  narrower,  
and is more  coarsely and irregularly cos te l la te  than in those 
previously described specimens. The escutcheon, whose 
ornamentat ion is unknown in those  specimens, is  ornamented 
in t h e  Oregon specimen with f ine  but prominent t ransverse  
costellae.  

Mater ia l  and Occurrence  

One pa r t  of a lef t  valve, hypotype llSNM 251983 from 
USGS Mesozoic locality 29414, Snowshoe Formation. 
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APPENDIX: LIST OF FOSSIL LOCALITIES 

Geological Survey of Canada Localities 

89345. T.P. Poulton, 1972. Long sandstone outcrop 
1.05 km northeast of Mowich Spring, near south- 
west end of outcrop; north boundary of section 2, 

89389. T.P. Poulton, 1972. Small sandstone outcrop on a 
bend on blocked-off fire access road about 0.32 km 
northwest of Mowich Spring, 0.38 km west of east  
boundary of section 3, 0.64 km south of north 
boundary, T19S, R26E. Oregon. 

0.24 km east  of -west boundary, T19S, R26E. C-80878. J. Lamb, 1979. Mine pit, Island Copper mine, 
Delintment Lake map-sheet, Oregon. Quatsino Inlet, northern Vancouver Island, British 

89349. T.P. Poulton, 1972. Limestone rubble a t  top of Columb~a. 

east-facing slope; 0.48 km east of west boundary 
of section 29, 0.48 km south of north boundary, United States  Geological Survey Mesozoic Localities 
Tl8S, R26E. Delintment Lake map-sheet, Oregon. 27581. Locality 67 of Imlay (1973, p. 48). 

89379. T.P. Poulton, 1972. Road outcrop 0.56 km north- 29400.  lit^ 88 of (1973, p. 49). 
northwest of Boundary Spring. Lowest 3.6 m of 
sandstone a t  south end of outcrop. 0.8 km west of 29402. 22 l m l a y  P. 44). 
east  boundary of section 29, 0.16'km north of south 
boundary, T18.5, R26E. Oregon. 

89382. Locality described by Poulton (1979). Oregon. 

89387. T.P. Poulton, 1972. Road cut 0.4 km north of 
Mowich Spring. 9 m of sandstone a t  base of 
exposure a t  north end of outcrop. 0.24 km west of 
eas t  boundary of section 3, 0.48 km south of north 
boundary, T19S, R26E. Oregon. 

29405. R.W. lmlay and W.O. Ross, 1966. East side of 
Dobson Creek, SE1/4SE1/4 section 28, T18S, R26E, 
Grant County. 

29414. W.O. Ross and R.W. Imlay, 1966. Bulldozer cut 
east  of junction of Gold Creek with Myrtle Creek, 
slightly north of Centre of section 36, TISS, R30E, 
west Myrtle Butte quadrangle, Grant County. 

29822. Locality 13 of Imlay (1973, p. 44). 

29824. Locality 43 of Imlay (1973, p. 45). 



Uncatalogued Localities, USGS Local i t ies  of D.G. Tay lor 

On west  s lope  of L i t t l e  Mowich Mountain; t h e  b u t t e  
lying nor theas t  of t h e  t op  of t h e  pass on t h e  road 
f rom Freeman  Creek  t o  Howard Valley. 

(: V3a). L.W. Vigrass, 1956. On ridge l 8 0  m south  
of north end of r idge which lies e a s t  of c r eek  
en t e r ing  Beaver Creek  f rom t h e  south a t  
J. Robertson ranch house; near  c e n t r e  of 
SE1/4SE 1/4SE1/4 sec t ion  28, T18S, R26E, Grant  
County. 

L.W. Vigrass, 1956. On narrow e longate  spur 
extending westward  into t he  meadows along 
F reeman  Creek  southwest  of t h e  J im  Harris ranch 
house. 

Locali ty 20 of Imlay (1973, p. 44); redescribed by 
Poulton ( 1  979). 

S a m e  a s  locali ty 20 of Imlay (1973, p. 44). 

Locali ty described by Poulton (1979). 

L.W. Vigrass, 1956. Southwest  facing s lope  75-m 
nor theas t  of  old Harris ranch house; SE1/4SW1/4, 
sec t ion  26, T17S, R26E. 

Locali ty 28 of Imlay (1973, p. 44). 

L.W. Vigrass, 1956. Summit  of pyramidal hill 
immedia te ly  south of South Ammoni te  Hill; 
SE1/4SW1/4, sec t ion  29, T18S, R26E. 

Locali ty 28 of Imlay (1973, p. 44). 

Robertson Draw sect ion;  approx. Lat. 43'59'N, 
Long. 119'38'W; S1/2NW1/4NW1/4 sec.  29, TlZS, 
R26E; Del in tment  Lake quadrangle;  Gran t  County.  

Irrigation d i tch  along e a s t  s ide  of road about  30 m 
nor th  of old corra l ;  NW1/4NE1/4 sec. 17, T18.5, 
R26E; Dayville Quadrangle.  

Old Harris Place;  near  locali ty D7903; 
Lat.  44"03'58"N, Long. 119"33'55"W. 

Col lec ted  loose near  Mowich Spring; 
Lat.  43"57'18"N, Long. 1 19"34'46"W; Harney 
County. 

Swamp Creek sec t ion;  2700 m (approx.) south- 
southeas t ,  bearing 193.5" f rom summi t  of Funny 
Butte;  approx. Lat.  44"02'50"N, Long. 119"35'45"W; 
E. c e n t r e  of SE114 sec. 33, T17S, R26E; Dayville 
Quadrangle,  Gran t  County.  

Same  a s  locali ty D7900. 

1430 m nor thwest  of 'Lupher Draw' sec t ion;  
Lat.  43"59'49"N, 119"39'24"W; W 1/2SW 1/4NW 114 
sec.  19, TlZS, R26E and E1/2SE1/4NE1/4 sec.  24, 
T18S, R25E; Del in tment  Lake quadrangle,  Gran t  
and Crook Counties.  

Harris P l ace  sec t ion;  3000 m (approx.) east-south- 
ea s t ,  bearing 257'20' f rom summi t  of Funny But te ;  
Lat. 44O03'54-57"N, Long. 1 19O33'55"W; c e n t r e  of 
sec.  26, T17S, R26E; Dayville Quadrangle.  

Old Harris Place;  nea r  locali ty D7903; 
Lat. 44"03'58"N, Long. 119"33'55"W. 
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Abstract 

Fifty-eight samples from the Upper Cretaceous and Lower Tertiary sedimenta o f  the  Caribou 
Hills section in the Mackenzie Delta yielded diversified and well preserved microfloras. Four 
palynological a.ssociations have been recognized. By comparison with known assemblages, mainly 
from Western Canada, Campanian, Paleocene, Eocene and Oligocene ages are indicated. The 
microfloral transition between Paleocene and Eocene appears t o  be gradational whereas the break 
between Eocene and Oligocene is distinct.  

Introduction herein adopted a s  i t  is more  compat ib le  with known 

Since drilling began in t h e  Mackenzie Del ta  in t h e  mid- 
1960s t h e  Caribou Hills outcrop sect ion has  a t t r a c t e d  t h e  
a t t en t ion  of paleontologists f rom both government and 
industry. This is because of proximity t o  t h e  Mackenzie 
Delta-Beaufort  Sea Basin. 

Only f ragmentary  published information exis ts  on t h e  
s t ra t igraphy and biostratigraphy of t h e  Caribou Hills, with 
the  works of Mountjoy (1967) and Doerenttamp e t  al .  (1976) 
being t h e  most important.  Ages remain controversial ,  par- 
t icularly for t he  upper pebbly sands and conglomerates,  but i t  
appears  likely tha t  all epochs of t he  Lower Tertiary a r e  a t  
leas t  partly represented. Similarit ies do exist  between t h e  
microflora of this sequence and those  of t h e  subsurface; 
thus,  t he  section is important  for subsequent biostratigraphic 
comparisons in t h e  region. 

The Caribou Hills section was originally designated by 
Mountjoy (1967, p. 10) a s  t h e  type section of t h e  Reindeer 
Formation. He s t a t ed  t h a t  "The upper l imit  of t he  format ion 
is considered t o  be the  top of the  qua r t z i t e  and che r t  
conglomerate  exposed a t  t h e  nor th  end of the  hills. The 
lower' l imit  was not observed but i t  i s  inferred t o  be t h e  base 
of t he  nonmarine beds which presumably overlie Cretaceous  
shales  or  older beds near  t h e  south end of t h e  Caribou Hills". 

Young (1975, Table 5) referred t o  t h e  Reindeer 
Formation in t h e  Mackenzie Del ta  a s  a sandstone, con- 
g lomerate ,  s i l t s tone and coal  sequence including sediments  of 
Paleocene and Eocene ages  and extended his definit ions in to  
the  subsurface. In a la ter  publication Young et al. 
(1976, p. 35) excluded f rom t h e  Reindeer Formation t h e  upper 
conglomerat ic  unit and s t a t ed  "The Reindeer Formation is 
overlain abruptly and probably unconformably, by l i thic 
gravel and sand of probable Neogene age". They assigned this 
par t  questionably t o  t h e  Beaufort Formation. 

In addition t o  the  present investigation, parallel  s t ra t i -  
graphic studies a r e  concurrently being carr ied  out  by Young 
and McNeil (in preparation) on the  subsurface of t he  
Mackenzie Delta and by Pr ice  e t  al. (in preparation) on t h e  
Caribou Hills composite section. These studies const i tu te  a 
continuation of a Geological Survey of Canada project in t h e  
Mackenzie Delta region which commenced in 1969. In the  
summer of 1978 Price e t  al .  (in preparation) measured and 
described t h e  outcrops along the  Mackenzie River. More 
than 1250 m of sediments  were  es t imated with the  s t r a t a  
dipping nor thwards  a t  about  t w o  degrees.  However, a dip of 
about  4 degrees,  ca lcula ted  at t h e  Cretaceous/Ter t iary  
unconformity between wells adjacent  t o  t h e  outcrop, 
indicates  t h a t  t h e  ac tua l  t o t a l  thickness of t h e  Caribou Hills 
sect ion may be more  than 2500 m. The l a t t e r  thickness is  

subsurface thicknesses. In summary, t h e  section consists of 
conglomerat ic  sands a t  t h e  base,  successively followed by 
coaly and f ine  grained shaly units. Cyclical  conglomerates  
overlain by koalinit ir  c lays  and loose pebbly sands and 
conglomerates  make up the  northern par t  of t h e  section. The 
sequence overlies Campanian s t r a t a  and is overlain by 
probable Pleistocene surficial  deposits. 

Previous Palynology 

Palynological studies on t h e  Cenozoic of t h e  Mackenzie 
Delta region consist mainly of subsurface investigations by 
various oil companies and consulting firms. Most of this 
information is not available in published form but Staplin 
(1976) discussed an investigation f rom four exploration wells. 
Additional information is found on Geological Survey of 
Canada Open File. Limited comparat ive  da ta  a r e  available 
from studies of outcrop mater ia l  f rom both sides of t h e  
Mackenzie Delta,  particularly the  eas t ,  but few detailed 
determinat ions  have been published. On t h e  basis of palyno- 
logical evidence Rouse (in Mountjoy, 1967) considered 
sect ions  3 and 4 (respectively 32 and 15 of Price e t  al., in 
preparation) of t he  Reindeer Formation in t h e  Caribou Hills 
t o  be of possible Paleocene age. Hills and Wallace (1969) 
agreed with t h e  Paleocene a g e  suggested by Rouse. Young 
(1975) discussed t h e  age  of t h e  Reindeer Formation and noted 
t h a t  Brideaux considered t h e  type  in t h e  Caribou Hills t o  be  
younger than t h e  type Aklak in t h e  Yukon Coasta l  Plain. 
Doerenkamp et al. (1976) briefly discussed microfloras f rom 
t h e  Caribou Hills section, indicated ranges of se lec ted taxa ,  
and compared t h e  assemblages with those  f rom Banks Island. 
They noted four assemblages,  t h r e e  being of undifferentiated 
Paleocene-Lower Eocene a g e  and t h e  o the r  Miocene t o  
Recent.  They recorded t h e  gene ra  Wetzeliella and 
Apectodiniurn f rom approximately t h e  s a m e  levels a s  in t h e  
present study and in terpre ted thei r  presence a s  indicative of 
l i t tora l  conditions. Rouse and Srivastava (1972) have 
described Paleocene pollen and spore  assemblages f rom t h e  
Bonnet Plume Basin to  the  west. Sweet (personal 
communication) is currently studying t h e  Paleocene micro- 
f loras  f rom t h e  Bonnet Plume Basin and Aklak Creek. 

Present  Work 

The present study expands on t h e  work of 
Doerenkamp e t  al. (1976) but is st i l l  of a preliminary na tu re  
and much deta i l  remains t o  be  added. 

At present,  f if ty-eight samples a r e  t r ea t ed ,  and thei r  
distribution a s  shown in Figure 31.1 demonstra tes  distinct 
microfloral  changes within t h e  sequence (see  Pla tes  3 1 .l t o  
31.5). 
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PLATE 3 1.1 

All figures X 500 

l .  Wetzeliella sp. aff. W. ar t iculata  Eisenack. C-79800, 
GSC 62654; a form with same but sparser ornament 
than W. articulata, and sometimes with less 
ovoid endocyst. 

3 .  WetzelieUa ar t iculata  subsp. conopia (Williams and 
Downie in Davey e t  al., 1966) Lentin and Williams. 
C-79800 (phase contrast), GSC 62655; a form 
ranging into Wetzeliella sp. with regard t o  type 10-13. 
and distribution of ornament. 

2, 4-9. Wetzeliella sp. 

2, C-79954, GSC 62656; 
4 ,  C-79954, GSC 62657; 
5 ,  C-79954, GSC 62658; 

6 ,  C-79954, GSC 62659; 
7 ,  C-79954, (phase contrast), GSC 62660; 
8 ,  C-79954, (phase contrast), GSC 61661; 
9,  C-79954, GSC 62662; note variability in horn 

structure, form and distribution of ornament, 
grana on periphery of endocyst, and wall 
relationship. 

Apectodinium p a r w m  (Alberti) Lentin and Williams 

10, C-79800, (phase contrast), GSC 62663; 
11, C-79800, (phase contrast), GSC 62664; 
12, C-79807, GSC 62665; 
13, C-79800, (phase contrast), GSC 62666; 

note variability in shape of cyst and horn 
development. 





Our results should be considered in conjunction with 
Price e t  al. (in preparation) whose detailed sampling and 
description have given a more complete  analysis of t he  
stratigraphy of t h e  Caribou Hills sect ion than any previously 
available. 

Interval A (C-79703- C-79717); (and samples from an ear l ier  
collection);  Campanian. 

Microfloral Composition Assemblages in this interval 
a r e  character ized by t h e  presence of abundant dinoflagellates 
with r a re  pollen and spores. The most conspicuous 
and dominant member  of t h e  assemblages is t h e  large 
dinocyst species Chatangiella coronata.  Other  species which 
a r e  consistently present and of ten  abundant a r e  
Chatangiella? b iaper tura  (Adclntyre) Lentin and 
Williams 1976, Isabelidiniurn rnicroarmum (McIntyre) Lentin 
and Williams 1977. Laciniadiniurn biconiculurn Mclntvre 1975. 
Hystrichosphaeridium sp. 2 of McIntyre (1974) Canningia? 
SD. 1 of Mclntvre (1974). C v c l o n e ~ h e l i u m  distincturn 
de f l andre  and cookson 1955,' ~ r o k e a  f;agilis (Cookson and 
Eisenack) Stover and Evitt 1978, Palambages  spp. and 
Palaeoperidinium pyrophorum (Ehrenberg) Deflandre emend. 
Sarjeant 1967. Many other  species occur  consistently but a r e  
not abundant. Among these  a r e  Chatangiella ditissirna 
(Mclntyre) Lentin and Williarns 1976, C, granul i fera  (Manum) 
Lentin and Williams 1976, Spongodinium del i t iense  
(Ehrenberg) Deflandre 1936, Diconodinium a rc t i cum Manum 
and Cookson 1964, Pterodiniurn sp. l of Mclntyre (1974), 
Leberidocysta chlarnydata (Cookson and Eisenack) Stover and 
Evi t t  1978, Exochosphaeridiurn striolaturn (Def landre? 
Davey 1964, Cleistophaeridium? aciculare  Davey 1969, 
Irnpletosphaeridium whitei  (Deflandre and Courteville) 
Morgenroth 1966, Cyclonepheliurn cornpactum Deflandre and 
Cookson 1955, Odontochitina opercula ta  (0. Wetzell) 
Deflandre and Cookson 1955 and Hystrichosphaeridiurn? 
difficile. Species which occur less commonly 
include ChatangieUa decorosa  (Mclnty re) Lent in and 
Williams 1976, C. spectabilis  (Alberti)  Lentin and Williams 
1976, Isabelidiriium? arnphiatum (Mclntyre) Lentin and 
Williams 1977, I. acurninaturn (Cookson and Eisenack 1976) 
Stover and Evitt 1978, Alterbia minor (Alberti)  Lentin 
and Williams 1976, Spinidinium? clavurn Harland 1973, 
Ginginodinium ornatum (Felix and Burbridge) Lentin and 
Williams 1976, Canningia? ringnesiorum Manum and 
Cookson 1964, Hystrichosphaeropsis sp., Chlarnydophorella 
nyei Cookson and Eisenack 1958, Oligosphaeridiurn 
pulcherrimum (Deflandre and Cookson) Davey and Williams in 
Davey e t  al .  1966, Caligodinium ace ras  (Manum and Cookson) 
Lentin and Williams 1977, Trichodiniurn cas taneum 
(Deflandre) Clarke and Verdier 1967, Hystrichosphaeridium 
stellaturn Maier 1959, Wallodinium lunurn (Cookson and 
Eisenack) Lentin and Williams 1973 and Xenikoon sp. 
(=NelsonieUa a c e r a s  of McIntyre, 1974 and Nelsoniella sp. A E  
of Brideaux, 1976). Ovoid cysts,  which a r e  probably 
endocysts of a peridinioid dinoflagellate,  a r e  common in some 
samples. Reworked Late  Albian - Cenomanian 
dinoflagellates,  especially Luxadiniurn propatulurn Brideaux 
and McIntyre 1975, Spinidinium vest i tum Brideaux 197 1 and 
Ovoidinium scabrosum (Cookson and Hughes) Davey 1970 a r e  
present in most samples. A few r a r e  dinoflagellates and 
spores of Hauterivian t o  Barremian age  occur  in some of t h e  
samples examined. 

Pollen and spores a r e  not abundant in any of the  
samples  but b isaccate  conifer pollen a r e  generally present a s  
well a s  some  Taxodiaceous pollen. Some t r icolpate  pollen, 
r a r e  t r ipo ra t e  pollen, and a few spores occur  in most  samples 
but none of these  a r e  particularly diagnostic. 

PLATE 31.2 

All f igures X 500 

Canningia? sp. I 

1, C-79703, GSC 62638; no te  displaced operculum. 
3, C-79703, GSC 62639; operculum at tached.  

Isabelidinium rnicroarmurn (Mclntyre) Lentin 
and Williams 

2, C-79703, (phase contrast) ,  GSC 62640; t h e  
punctae  and irregularly distributed grana may 
b e  t h e  result  of preservation. 

9, GSC 62646. 

Cordosphaeridium exilimurum Davey and Williams, 
in Davey e t  al. (1966), C-79954, (phase contras t ) ,  
GSC 62641. 

Ovoid cys ts  

5, GSC 62642; specimen showing f a in t  grana. 
6,  GSC 62643; specimen showing smooth wall. 

Xen ikmn sp., GSC 62644; a form similar t o  
Nelsoniella a c e r a s  Cookson and Eisenack 1960 
but  with a smaller apical  pericoel. 

Chatangiella? b iaper tura  (Mclntyre) Lentin and 
Williams, 1976 GSC 62645. 

Spongodinium delit iense (Ehrenberg) Deflandre 
C-79800, GSC 62647; a reworked specimen. 

Exochosphaeridiurn striolaturn (Deflandre) Davey 
C-79703, CSC 62648. 

Palaeoperidinium? sp., C-79807, (phase contras t ) ,  
GSC 62649. No archeophyle observed. 

Hystrichokolpoma sp. 

13, C-79771, (phase contrast) ,  GSC 62650; 
14, C-79800, (phase contrast) ,  GSC 62651. 

Al terbia  sp., C-79800, (phase contras t ) ,  GSC 62652. 
Archeopyle appears  intercalary.  

Diconodinium arcticurn Manum and Cookson, 
C-79703, (phase contrast) ,  GSC 62653. 

Discussion The Tent Island Formation (Young, 1975) of -- 
t h e  Mackenzie Delta and the  Mason River Formation 
(Yorath  e t  al., 1975) of t he  Anderson Plain a r e  considered t o  
be la tera l  equivalents (Young e t  al., 1976). The microfloral  
assemblages f rom t h e  Cre taceous  shales in t h e  Caribou Hills 
a r e  similar t o  Division H2 assemblages (Mclntyre, 1974, 1975) 
of t h e  Mason River Formation f rom t h e  Horton River section. 
The Division H2 microfloras were  dated a s  Campanian by 
Mclntyre (1974, 1975) and the  similar microfloras f rom the  
Caribou Hills section a r e  also considered t o  be Campanian. 

McIntyre (1974, 1975) noted t h a t  t h e  Horton River 
Division H2 assemblages were  character ized by an abundance 
of Chatangie l la  co rona ta  and Laciniadiniurn biconiculum, both 
of which a r e  res t r ic ted  t o  Division H2. These two t axa  a r e  
abundant in t h e  Caribou Hills samples which also contains 
Canningia? sp. I (of Mclntyre,  1974) which is res t r ic ted  t o  
Division H2 in the  Horton River section. Isabelidiniurn 
microarmun is common in t h e  assemblages f rom both 
sections,  but is not res t r ic ted  t o  Division H2 of t h e  Horton 
River section. Species, which have thei r  f i r s t  appearance in 
Division H2 of t h e  Horton River section and also occur  in t h e  
Caribou Hills section, a r e  Hystrichosphaeridiurn sp. 2, 





Isabelidinium? amphiatum, Chatangiella? b iaper tura  and 
Palaeoperidinium pyrophorum. In t h e  Horton River section 
Exochosphaeridiurn s t r io la tum,  Chatangiella spectabilis  and 
Impletosphaeridium whitei  las t  appear  in Division H2 whereas 
Ginginodinium orna tum makes i t s  last  appearance a t  t h e  top 
of Division HI. These four species also occur in t h e  Caribou 
Hills assemblages. All o the r  species  recorded f rom t h e  
Caribou Hills section have also been noted in t h e  Horton 
River section. The strong similarity between the  Caribou 
Hills and Horton River assemblages suggests t h a t  t h e  
Cretaceous  shales in t h e  Caribou Hills a r e  corre la t ive  with 
the  base of t h e  Mason River Formation in t h e  Horton River 
section. The microfloras,  which contain abundant 
dinoflagellates but s ca rce  pollen, a r e  placed in Division H2 of 
Mclntyre (1974, 1975) and a r e  of Campanian age.  

The Cretaceous/Ter t iary  unconformity is abruptly 
defined by major microfloral  changes,  especially the  
disappearances of a l l  Campanian dinocysts and t h e  influx of 
abundant t r ipora te  pollen in t h e  Early Tertiary.  

Interval B (C-79725-C-79788); Upper Paleocene - (?) 
Lower Eocene 

Microfloral Composition Diversity of assemblages in 
t e r m s  of number of species  recorded is lower in th is  interval 
than t h e  one above. However, several  t axa  a r e  numerically 
important  elements.  These include Paraalnipollenites 
alterniporous (Simpson) Srivastava 1975, Ulmipollenites 
verrucatus  Norton, in Norton and Hal l1969,  and 
Caryapollenites sp. B. Associated forms, in termit tent ly  
present  within th is  interval,  a r e  Pisti l l ipollenites mcgregorii  
Rouse 1962, Saxonipollis sp. ( in tec ta te) ,  common Nudopollis 
sp. a s  in Doerenkamp e t  al., 1976, onagraceous pollen, t h e  
fungal spores Pesavis taglumsis Elsik and Jansonius 1974 and 
Pesavis sp., a single specimen of Apectodinium parvum 
(Alberti)  Lentin and Williams 1977 (sample C-797611, and r a r e  
specimens of the  fresh wa te r  f e rn  Azolla s tanleyi  Ja in  and 
Hall 1969. 

Discussion Azolla s tanleyi  is known only f rom Upper -- 
Paleocene rocks whereas  Pistillipollenites mcgregorii  is not 
known t o  range in to  the  Lower Paleocene. This l a t t e r  species  
was reported by Rouse and Srivastava (1972) f rom t h e  
Paleocene of t h e  Bonnct Plume Formation, and by Sweet 
from the  upper lignite of t he  same  formation, in nor theas tern  
Yukon, together  with Saxonipollis sp. and Nudopollis sp. 
(unpublished information). P. mcgregorii  was also recorded 
by Sweet (1978) f rom above the  Boundary coal  zone in 
southeas tern  Saskatchewan, and by Nichols and O t t  (1978) 
f rom zone 5 (towards t h e  top of t h e  Paleocene) of t h e  Fort  
Union Formation in Wyoming. Rouse (1977) gave t h e  range of 
t h e  species  in t h e  Arct ic  a s  Late  Paleocene t o  Middle 
Eocene. Doerenkamp e t  al. (1976) have shown Nudopollis sp. 
t o  be  present in t h e  uppermost Paleocene and Eocene Eureka 
Sound Formation on Banks Island, and Rouse and Srivastava 
(1972) have recorded it f rom the  Paleocene of the  Bonnet 
Plume Formation (as Extratriporopollenites sp.). The 
presence of Apectodinium parvum is of significance a s  th i s  
species has not yet  been reported from rocks older than 
Upper Paleocene. The scarc i ty  of marine e l emen t s  in this 
interval and t h e  development of coaly beds would indicate  
mainly t e r r e s t r i a l  sedimentation interrupted by minor mar ine  
incursions. 

Micropaleontological evidence suggests a Paleocene 
age,  a t  leas t  for  t he  lower par t  of this interval.  Foraminifera 
a t t r ibu tab le  t o  Cyclammina have been ex t r ac t ed  f rom a 
horizon a t  C-79735; they a r e  morphologically similar t o  
forms which commonly occur in the  Paleocene and less 
commonly in the  Campanian and Maastrichtian of t h e  
Western Siberian Lowlands. In addition, a Trochammina sp. 
has been observed both a t  t he  C-79835 and C-79761 horizons. 

PLATE 31.3 

All f igures X 500 

1 - 3 .  Chatangiella co rona ta  (Mclntyre) Lentin and 
Williams 

I. GSC 62630, dorsal view, high focus. 
2. C-79703, (phase contras t ) ,  GSC 62634, 

dorsal view, high focus. 
3. GSC 62632; ventra l  view, high focus. 

4 .  Odontochitina c o s t a t a  Alberti, C-79703, 
(phase contrast) ,  CSC 62633. 

5 .  Glaphyrocysta sp. cf.  G. ordinata  (Williams and 
Downie in Davey e t  al., 1966) Stover and Evitt ,  
C-79774, (phase contras t ) ,  GSC 62634. 

6 .  Chatangiella decorosa  (Mclntyre) Lent in 
and Williams, GSC 62635; dorsal view, 
high focus. 

7 .  Hystrichosphaeridium sp. 2, in Mclntyre 1974, 
GSC 62636 

8 .  Pterodiniurn sp. 2, in S4cIntyre 1974, 
C-79706, CSC 62637. 

This taxon occurs in t h e  type  Aklak Member of t h e  Reindeer 
Formation in t h e  Yukon Coastal  Plain and has been repor ted  
in t h e  subsurface (McNeil, personal communication).  

From t h e  d a t a  discussed, a Paleocene a g e  would appear  
logical for interval B. Nevertheless,  because of the  
incompletely known ranges of microfossils a t  these  lati tudes,  
and because of t h e  lack of supporting chronost ra t igraphic  
control  i t  is not yet  desirable t o  draw a Paleocene-Eocene 
boundary. 

Interval C (C-79788-C-79954): Eocene, probably Lower to  
early Middle Eocene. 

Microfloral Composition The assemblages within this 
interval appear  t o  be more  diversified than those lower in t h e  
section a s  additional t axa  a r e  added t o  t h e  general  micro- 
floral  composition. With the  exception of Azolla stanleyi,  all 
all e l emen t s  observed below a r e  also present here. 
Paraalnipollenites a l terniporus  decreases  progressively 
up-section, but t h e  sporadic highest occurrences  can  probably 
be  a t t r ibuted t o  reworking. 

The most important pollen e l emen t s  comprise 
Pterocaryapollenites sp., Ilexpollenites sp., Caryapollenites 
sp. A., the  Tiliapollenites-Bombacacidites complex, and in t h e  
upper half of t h e  interval Juglanspollenites sp. A number of 
fungal spores a r e  f i rs t  documented a t  these  levels w h ~ c h  
together  with Pesavis tagluensis have t h e  top of the i r  ranges 
in t h e  lower half of this interval. These include 
Fusiforrnisporites sp., Punctodiporites sp., and Striadiporites 
sp. Although these  occurrences  may signify a local micro- 
floral  change, t h e  complex pa t t e rn  of t h e  del ta ic-coas ta l  
plain sedimentation may have played an important  role in 
thei r  distribution. Therefore,  t h e  possibility of an  extension 
of some  of these  ranges cannot  be excluded. 

An important  f e a t u r e  of this interval is t he  invariable 
presence of mar ine  microplankton which, a t  ce r t a in  levels, 
const i tu tes  15 t o  20 per c e n t  of t h e  assemblages.  
Nevertheless,  despi te  t h e  abundance of t h e  dinocysts,  the i r  
diversity is strikingly limited. This probably r e f l ec t s  a 
specific depositional environment (see lafer  discussion) and 
perhaps t o  some degree ,  t he  boreal cha rac te r  of t he  
assemblages. Elements  exclusive t o  t h e  lower half of t h e  
interval a r e  Glaphyrocysta sp. cf .  G. ordinata  (Williams and 
Downie) Stover and Evitt  1978, Cordosphaeridium gracil is  
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(Eisenack) Davey and Williams 1966, and Diphyes colligerurn 
(Deflandre and Cookson) Cookson 1965. The upper half of 
this interval is dominated by members of t he  re la ted  genera  
Wetzeliella and Apectodinium. These are:  W. sp. af f .  W. 
a r t i cu la t a  Eisenack 1978, W. a r t i cu la t a  subsp. conopia 
(Williams and Downie) Lentin and Williams 1973, Wetzeliella 
sp., A. hornomorphum (Deflandre and Cookson) Lentin and 
Williams1977, and A. parvurn (Alberti)  Lentin and 
Williams 1977. Species ranging through this interval a r e  a s  
follows: Cordosphaeridium exilirnurum Davey and 
Williams 1966, Hystrichokolporna sp., Michrystridiurn? f r a se ra  
Piel  1971 (questionably assigned t o  t h e  genus but probably 
related t o  Sigmopollis; f rom unpublished records known t o  
occur in nonmarine sediments,  and during th is  study observed 
in a shaly coal), Sigrnopollis psilatus Pie l1971,  
Pistillipollenites rncgregorii, Azolla sp. cf .  A. prirnaeva 
(Penhallow) Arnbld 1955 (nine floats,  massulae glochidiate), 
and a variety of microthyriaceous fungal grains. 

Discussion The association of Pistillipollenites 
mcgregorii, a pollen not cer ta in ly  reported f rom s e d i m e n t ~  
younger than Middle Eocene (Rouse 1977), with such fungal 
spores a s  Pesavis tagluensis and Striadiporites sp. may suggest 
an  Early t o  Middle Eocene age. Corroborative evidence is 
provided by t h e  common occurrence  of Apectodiniurn 
hornornorphurn and A. parvurn with occasional records  of 
Wetzeliella sp. aff .  W. ar t icula ta .  Costa  and Downie (1 976) in 
thei r  work on the  distribution of Wetzeliella in northeastern 
Europe have demonstra ted  t h a t  t h e  mutual occurrence  of t h e  
above dinocysts would indicate an Early Eocene age. In 
offshore eas tern  Canada,  abundant Apectodiniurn is known t o  
occur  in Lower Eocene sediments  (G.L. Williams, personal 
communication). Staplin (1976) also noted t h a t  W. 
a r t i cu la t a  Encluding specimens a t t r ibu ted  t o  W. hampdenensis 
Wilson 1967 - a form apparently c lose  t o  W. a r t i cu la t a  subsp. 
conopia (Williams and Downie) Lentin and Williams 1 9 7 a ,  and 
A. homornorphum indicate  a l a t e  Early t o  Middle Eocene a g e  
in t h e  subsurface of Mackenzie Delta.  Brideaux and Rilyhr 
(1976) reported W. a r t i cu la t a ,  A. hornomorphurn, A. parvum 
and W. a r t i cu la t a  subsp. conopia from an  interval of t h e  
Reindeer Formation in the  Gulf-Mobil Parsons N- I0  well 
dated a s  Early t o  Middle Eocene. 

As in the  case  of t h e  London Clay, A. hornomorphurn 
and A. parvum have been observed in f a i r  abundance and in 
t h e  Caribou Hills const i tu te  5 to  6.5 per cen t  of the  
assemblages.  Their occurrence  probably r e f l ec t s  a hyposaline 
mar ine  environment of nearshore t o  es tuar ine  deposition, a s  
suggested by Downie e t  al. (1971). Doerenkamp e t  al .  (1976) 
proposed a similar interpretation. The authors  have observed 
a similar si tuation during subsurface studies in offshore wells 
in the  Mackenzie Delta-Beaufort  Sea region. The associated 
low-diversity assemblage of agglutinated foraminifers is 
compat ib le  with the  above environmental interpretation. 
Significantly, f rom within th is  interval a t  Caribou Hills no 
foraminifers have been recorded. Probably thei r  absence is 
due t o  fac ies  changes re la ted  t o  close proximity t o  the  shore. 

Interval D (C-79967 - C-79978): Probably Oligocene 

Microfloral Composition This interval,  collectively,  
yielded a rich association of pteridophyte spores, 
gymnosperm and angiosperm pollen, dominated by ericoid 
te t rads .  Angiosperm pollen include t h e  following arboreal  
elements:  Alnipollenites verus  (Potonie) Potonie 1937, Betula 
c lar ip i tes  Wodehouse 1933, Caryapollenites sp., A., 
Caryapollenites sp. B., Ilexpollenites sp., Juglanspollenites 
sp., Liquidambarpollenites sp., P terocaryapol leni tes  sp., 
Ulrnipollenites undulosus Wolfe 1974, and members  of t h e  
Tiliapollenites-Bombacadidites complex. Except for  B. 
claripites,  a l l  fo rms  a r e  present in t h e  underlying interval.  
Additional e lements  a r e  Diervilla echinata  Pie1 1971, t h e  

PLATE 31 -4 

All figures X 1000 

1 , 2.  Caryapollenites sp. A. 

1 ,  C-79954, CSC 62593; 
2 ,  C-79771, CSC 62594. Specimens showing 

th ree  and four pores respectively.  

3 .  Caryapollenites sp. B., C-79906, GSC 62595. 

4 ,  5. Juglanspollenites sp. 

4 ,  C-79954, GSC 62596 
5 ,  C-79954, CSC 62597 

6 .  Pterocaryapol leni tes  sp., C-79954, GSC 62598. 

7- 12. Tiliapollenites-Ebmbacacidites complex 

7 ,  C-79800, GSC 62599; (phase contras t ) .  
8 ,  C-79954, CSC 62600; 
9 ,  C-79954, CSC 62601; 

10 ,  C-79954, CSC 62602; 
1 1 ,  C-79954, GSC 62603; 
12,  C-79954, GSC 62604. 

Specimens showing variable degree  of reticulation 
and of inner wall thickening around t h e  aper ture .  

3 Ulmipollenites sp., C-79954, GSC 62605. A 
verrucate  form present with U. verrucatus.  

14, 15. Ulrnipollenites undulosus Wolfe 

14 ,  C-79710, CSC 62606 
15, C-79954, GSC 62607. 

16.  Alnipollenites sp., C-79954, GSC 6260. Specimens 
with 6 pores have been observed. 

17.  Paraalnipollenites alterniporus (Simpson) Srivastava, 
C-79788, GSC 62609. 

18. Liquidarnbarpollenites sp., C-7977 1, CSC 62610. 

19,  20. Ilexpollenites sp. 

19,  C-79974, GSC 62611; equator ia l  view. 
20,  C-79974, GSC 62612; oblique polar view. 

onagraceous Boisduvalia c l ava t i t e s  Pie1 197 1, t h e  highly 
evolved t e c t a t e  pollen Saxonipollis saxonicus Krutzsch 1970, 
Fisheripollis undulatus Krutzsch 1970, and species  of t h e  
gymnosperm genus Tsugaepollenites. The occurrence  of 
Azolla sp. (nine floats,  with collar,  massulae aglochidiate) 
may prove stratigraphically important  in t h e  Mackenzie 
Del ta  region (see  Fowler 1975). Dinoflagellate cys ts  or 
ac r i t a rchs  have  not been encountered in this interval.  

Discussion The assemblage described by Peil  (197 1) 
f rom t h e  centra l  interior of British Columbia compares  
closely with the  microfloras of interval D. His assemblages 
contain most of t h e  components observed he re  including t h e  
significant occurrences  of Ebisduvalia c l ava t i t e s  and Diervilla 
echinata ,  which have not  ye t  been definitely recorded f rom 
pre-Oligocene rocks. The presence of Azolla sp. is important  
for t he  same  reasons (see Fowler 1975). The early Oligocene 
(0-1) palynozone of Rouse (1977) conta ins  B. c lava t i t e s  and D. 
echinata ,  t he  l a t t e r  confined to  south-central  British 
Columbia and t h e  former  represented both t h e r e  and in 
Arctic Canada. A fur ther  comparable  assemblage has been 
described by Hopkins e t  al .  (1972) from t h e  northern Rocky 
Mountain Trench of British Columbia. This is essentially 
similar t o  t h a t  of Piel (1971). Krutzsch (1970) repor ted  
Saxonipollis saxonicus f rom the  Eocene and Miocene, and 
Fisheripollis undulatus f rom t h e  Miocene of Western Europe, 
Centra l  Asia and the  Middle East. 
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An Oligocene age is favoured for this interval based on 
the evidence discussed above, but slightly older or younger 
ages cannot be excluded because the  ranges of the species 
identified a r e  imperfectly known. The upper portion of 
assemblage 2b of Doerenkamp e t  al. (1976) is probably 
equivalent t o  the  interval discussed above but was assigned a 
probable Early Eocene age. 

Sample C-79973 

This sample, essentially a kaolinitic clay, obtained from 
the  upper gravels yielded common wood fragments, 
extremely rare tricolpate pollen of a generalized 
morphography, and possible modern contaminants (?algal). 

Conclusions and Summary 

In the course of the investigation, several problems 
became apparent. They a re  largely chronostratigraphic, 
amplified by ( I )  the complexity of the deltaic facies, 
(2) reworking, and (3) low specific diversity of marine forms. 
As a result, the ages proposed a r e  tentative and subject t o  
future refinement. The most significant conc!usions may be 
summarized a s  follows: 

l. Marked qualitative differences between the  Cretaceous 
and Tertiary intervals. 

2. Introduction of abundant triporate pollen in the  Early 
Tertiary. 

3. Low specific diversity in interval B versus high specific 
diversity in interval C. 

4. Repetition and sudden changes of palynofacies, which a r e  
typical of nearshore to  deltaic environments, is a common 
characteristic of the palynoflora. 

It may be possible in future studies to  evaluate changes 
resulting from climatic fluctuations during the Paleogene or 
those reflecting evolutionary trends. For instance, if  the 
hypothesis of a cooling climate from Late Cretaceous 
through Paleocene and of a subsequent warm period during 
the Eocene (Wolfe and Hopkins, 1967) is accepted, one may 
anticipate some reflections of the climatic changes on the 
microfloras in the  section studied. 
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Abstract 

Lower Palcozoic strata of the Arctic Platform penetrated by four wells located in the 
southern part of the Arctic Archipelago (Murphy Alminex Victoria Bland F-36 on northwestern 
Victoria Island; Sun Panarctic Russell E-82 on Russell Island; KMG Decalta Young Bay F-62 on 
east-central Prince of Wales Island; and Panarctic Deminex Garnier 0-21 on northeastern 
Somerset Island), range in age from Middle Cambrian to Early Devonian. For ease in discussion, 
the formations included in this study are grouped into four sequences (in ascending order): 
l )  pre-Allen Bay (conodonts ranging from late Tremadocian, Fauna C of Ethington and 
Clark, 1971, to Late Ordovician in age); 2) Allen Bay and Cape Storm formations (late 
Llandoverian, celloni Zone, t o  Ludlovinn); 3) Read Bay - Drake Bay - Peel Sound complex 
(Ludlov ia~,  ploeckensis Zone, to  Pragian, sulcatus Zone); and 4 )  Eids Formation (Zlichovian- 
Dalejan, inversus Zone). A mofor unconformity is present below the Allen Bay Formation. 

The present repor t  co r re l a t e s  t h e  s t ra t igraphical  
sequences of four wells t h a t  pene t r a t e  t h e  lower Paleozoic 
succession of the  Arct ic  Platform. The wells, which a r e  
located on northwestern Victoria Island, Russell Island, eas t -  
centra l  Prince of Wales Island, and nor theas tern  Somerset  
Island, are:  

I )  fvlurphy Alminex Victoria lsland F-36 (72O45'18I1N, 
117"l 1'131'W); 

2) Sun Panarct ic  Russell E-82 (73"51129"N, 98"56'49I1W); 

3) KMG Decal ta  Young Bay F-62 (72041123"N, 96O49'34"W); 
and 

4) Panarct ic  Deminex Garnier 0-21 (73°40'5211N, 
90°36'45"W). 

The geographic locations of these  u~e l l s  a r e  shown on 
Figure 32.1. The s t ra t igraphy of two  of these  wells, 
Russell E-82 and Garnier 0-21, has  been described ear l ier  
(Mayr, 1978) and some a l t e rna te  nomencla ture  and revision of 
the  earlier s t ra t igraphic  scheme a r e  proposed here. 
Discussion of corre la t ion is by Mayr, and biostratigraphic 
s tudies  of Siluro-Devonian conodonts a r e  by Uyeno, and cf 
Ordovician conodonts by Tipnis and Barnes. 

St ra t igraphy and Conodont Biostratigraphy 

The Phanerozoic succession encountered in t h e  wells 
ranges  in a g e  f rom Cambrian t o ,  Devonian (Fig. 32.1, 
Table32.11, and some of t h e  more  biostratigraphically 
significant conodonts f rom this succession a r e  i l lustrated on 
P la t e  32.1. For convenience of discussion t h e  succession is 
divided into four s t ra t igraphic  sequences. The lowermost 
sequence of this succession consists of Cambrian and 
Ordovician format ions  which a r e  overlain disconformably by 
t h e  Allen Bay Formation. The second sequence, of la tes t  
Ordovician to  La te  Silurian age ,  conta ins  the  Allen Bay and 
C a p e  Storm formations.  It is overlain gradationally by t h e  
Read Bay-Drake Bay-Peel Sound complex of formations,  
which, in contras t  t o  the  uniform lithologies of t h e  underlying 
s t r a t a ,  exhibit  in t r ica te  f ac i e s  changes. The format ions  of 
this sequence a r e  of La te  Silurian and Early Devonian age. 
The uppermost sequence is represented by t h e  Lower 
Devonian Eids Formation which over lies disconformably t h e  
Read Bay Formation. 

l Visiting Post-Doctoral  Fellow 

Pre-Allen Bay Sequence 

This sequence consists of massive, pure  carbonate  rocks 
deposited in a normal marine,  subtidal environment 
a l ternat ing with ca rbona te  rocks t h a t  contain relatively 
large  amounts  of terrigenous mater ia l  and were  deposited in a 
res t r ic ted ,  highly saline environment.  The Cape  Clay, 
Eleanor River,  Thumb Mountain and lrene Bay format ions  
belong t o  the  f i r s t  group, whereas  the  Cass Fjord Formation, 
t h e  unnamed carbonates  and t h e  Bay Fiord For mat  ion 
comprise  t h e  second group of res t r ic ted  origin. The Garnier 
well allows t h e  comparison of t h e  various se ts  of s t ra t l -  
graphic nomenclature.  Previously, t h e  nomencla ture  derived 
f rom t h e  Franklinian Geosyncline and f rom Baffin lsland were  
used to designate t h e  format ions  (Mayr, 1978). In the  present 
work, nomencla ture  f rom t h e  edge of t h e  Arct ic  Pla t form,  a s  
used by Chris t ie  (1967, 19771, is applied. 

The position of t h e  lower boundary of the  Cape  Clay 
Format ion in t h e  Young Bay well  is tenta t ive .  I t  may be 
picked higher, a t  1185.7 m (3890 f t )  ra ther  than a t  1246.3 m 
(4089 f t ) ,  a s  depic ted  on Figure 32.1. The lower position is 
preferable  because this allows t h e  placement of sandy 
carbonates  within t h e  upper, ra ther  than middle, par t  of t he  
Cass  Fjord Formation; comparable  sandy carbonates  a r e  
known t o  occur in similar s t ra t igraphic  position on Devon 
lsland (Christie,  1977). Equally t en ta t ive  is t h e  lower 
boundary of t h e  Cass Fjord Formation. In the  present study 
t h e  format ion has  been extended t o  t h e  base of t he  
Phanerozoic succession and lies unconformably on t h e  
Precambrian Aston Formation. The dolomite beloiv the  
1291.1 m (4236 f t )  level, however, may be  corre la t ive  with 
t h e  lower par t  of t he  Bear Point Formation on eas tern  Devon 
Island. 

The unnamed Ordovician carbonate  s t r a t a  a r e  
nonevaporit ic equivalents of t h e  Baumann Fiord Formation, 
and were  incorrectly corre la ted  with t h e  Eleanor River 
Format ion by Mayr (1978). 

The con tac t  between t h e  Thumb Mountain and Bay 
Fiord format ions  is disconformable. This possibility was  
suggested earlier by Mayr (1978) and subsequent field work on 
Devon lsland (Mayr and Thorsteinsson, unpublished 
information) confirmed t h e  exis tence  of a disconformity 
between t h e  Thumb Mountain and Bay Fiord format ions  on 
t h e  eas tern  par t  of t h e  island. 

University of Waterloo, Waterloo, Ontar io  



Table  32.1 

S t r a t i g r a p h ~ c  nomencla ture  and ages  of t h e  lower  Paleozoic  succession of t h e  
Arct ic  Pla t form encountered  in four  wells. 

(may  ~ n c l u d e  lowcr 

<- 225 Am -> 

Read Bay Mbr. C 

-1744--531.6 ' -  
Cape SIorm Fm. 

5968 1819.1 2290..698.0 

Al len Bay Fm 

3610.. 1100.3 

T.D. 8062 -2457.3 _ cape ,-bay /4368-. 1331.4 

VeTticaI scale 

NO horizontal sealc 
6190"1886.7 

T.D. 6515-1985.8 



Correla t ion of  t h e  rocks underlying t h e  Allen Bay 
Formation In the  Victoria Island well is uncer ta in ;  they 
conta in  anhydr i te  and shale, and thus belong t o  one  of t h e  
format ions  of res t r ic ted  origin. Sandy s t r a t a ,  which a r e  
cha rac te r i s t i c  of t he  Cass Fjord Format ion and the  unnamed 
ca rbona te  rocks in t h e  eas t ,  were  not repor ted  and 
consequently the  Victoria Island s t r a t a  a r e  tenta t ively  
assigned t o  t h e  Bay Fiord Formation. 

The oldest conodont fauna in this study was  derived 
f r o m  t h e  C a p e  Clay Formation, in t h e  interval 
1847.1-1865.4 m (6060-6120 f t )  of t h e  Garnier well. The 
fauna includes t h e  new genus of Repetski and Ethington 
( 1977), and "Acontiodus" cf.  "A." s t au f fe r i  Furnish. The new 
genus, a s  presently understood, is known t o  be res t r ic ted  to  
Fauna C of Ethington and Clark (1971). Fauna C,  of l a t e  
Tremadocian age ,  has  also been found in the  uppermost Copes  
Bay Formation on Grinnell Peninsula on Devon Island. 

The overlying unnamed carbonates  yielded conodonts in 
t h e  interval 1127.8-1158.2 m (3700-3800 f t )  of t h e  Young Bay 
well. Among t h e  conodonts a r e  "Acodus" oneotensis Furnish, 
A. cf .  A. brevis Branson and Mehl sensu Lindstrom (in Ziegler, 
1977), "Drepanodus" parallelus Branson and Mehl, "Scolopodus" 
gracil is  Ethington and Clark,  and cf .  "S." quadraplicatus 
Branson and Mehl. "Acodus" brevis and "Scolopodus" 
quadrapl ica tus  a r e  common const i tuents  of Fauna D of 
Ethington and Clark (1971). This f ac t ,  together  with t h e  
general  a f f in i t e s  of t he  accompanying conodonts, suggests a 
post-Tremadocian Early Ordovician a g e  (i.e., la te ,  but not 
la tes t ,  Canadian).  Elements  similar t o  "Acodus" oneotensis 
a r e  known t o  occur  in post-Tremadocian a g e  rocks (Lindstrom 
in Ziegler, 1977, p. 429-431). 

A single sample  f rom t h e  Bay Fiord Formation, in t h e  
interval 2435.4-2450.6 m (7990-8040 f t )  of t he  Victoiia Island 
well failed t o  yield any conodonts.. 

The interval 1396.6-1400.3 m (4582-4592 f t )  in t h e  
Carnier  well contained, among other  species, 
Appalachignathus delicatulus Bergstrom e t  al., Belodella n. sp. 
and Polyplacognathus ramosus  Stauff er. Both t h e  
belodelliform and oistodiform e lemen t s  of Belodella n. sp. a r e  
close to,  but probably not identical with, those of Belodella 
jemtlandica Lofgren (Lofgren, 1978). The a g e  of t h e  fauna is 
l a t e  Chazy t o  mid-Barneveld (early Caradocian),  representing 
Faunas  6-7 of Sweet  et al. (197 1). 

The youngest collection f rom the  pre-Allen Bay 
sequence was  obtained f rom a n  interval regarded a s  ranging 
f rom lrene Bay Formation t o  the  lowermost par t  of t h e  Allen 
Bay Formation. This occurs in t h e  Garnier well, in t h e  
interval 1249.7-1280.2 m (4100-4200 ft) ,  and t h e  fauna 
consists of Panderodus cf .  P. panderi  (Stauffer).  The 
probable a g e  of t h e  interval is l a t e  Middle t o  L a t e  
Ordovician. 

Allen Bay and C a p e  Storm F o r m a t e  

The Ordovician format-ions discussed a r e  overlain 
disconformably by La te  Ordovician-Early Silurian age  
dolomites of t he  Allen Bay Formation. The exis tence  of an  
unconformity a t  t h e  base  of t h e  Allen Bay .Formation has  
been demonstra ted  on the  eas t  side of t he  Boothia Arch by 
Miall and Kerr  (in press). In t h e  Victoria Island, Russell, and 
Young Bay wells t h e  c o n t a c t  between t h e  Allen Bay 
Formation and overlying sil ty dolomites of t h e  Cape  Storm 
Format ion is sharp and probably disconformable. I f  this 
in terpre ta t ion is co r rec t ,  t h e  na tu re  of t h e  con tac t  could 
r e f l ec t  t h e  f i rs t  pulse of t h e  Cornwallis Dis turbance 
(Kerr ,  1977). In the  Garnier well t h e  con tac t  is gradational.  

The Allen Bay Formation was  sampled a t  eight intervals 
in th ree  wells: Victoria [sland, Young Bay and Carnier.  Of 
these  intervals,  only two, both f rom t h e  Garnier  well, yielded 
conodonts o ther  than Panderodus spp. The f i rs t  is interval 
664.5-670.6 m (2180-2200 f t )  with a peculiar greilingiform 
e lemen t  t h a t  is closely similar t o  t h e  Sb e lement  of 
Ozarkodina plana (Walliser). The second is from 
295.7-313.9m (970-1030ft1, t h a t  yielded a slightly 
asy mmetr ica l  tr ichonodelliform element  similar t o  t h e  Sa 
e lement  of Oulodus jeannae Schonlaub. Both t axa  were  
previously repor ted  f rom t h e  Western Karawanken Alps in 
Austria,  where  they occur in t h e  celloni Zone of Llandovery 
a g e  (Sweet and Schonlaub, 1975, p. 49-53). 

The o v e r l y ~ n g  C a p e  Storm Formation was sampled a t  
four in tervals  in t h r e e  wells: Garnier ,  Young Bay and 
Victoria Island. The interval 73.2-82.3 m (240-270 f t )  in t h e  
Carnier  well djd not yield any conodonts. The collection f rom 
t h e  interval 566.9-597.4 m (1860-1960 f t )  of t h e  Young Bay 
well includes Ozarkodina n. sp. B of Klapper and Murphy 
(1975) and Apparatus B of Uyeno (in press). Both have been 
found previously in t h e  Douro Format ion and i t s  la tera l  
equivalent,  member  A of the  Read Bay Formation, with the  
former  occurring on Cornwallis and Pr ince  of Wales islands, 
and Boothia Peninsula, and t h e  l a t t e r  on Boothia Peninsula 
only (Uyeno, 1977, in press). These conodonts a r e  assignable 
t o  the  siluricus Zone of Ludlovian age. 

The C a p e  Storm Formation was  sampled in t h e  
intervals 1630.7-1661.2 m (5350-5450 f t )  and 1524.0-1554.5 m 
(5000-5100 f t )  of t he  Victoria Island well. The lower interval 
yielded a single f ragmentary  P a  e lement  t h a t  can  b e  referred 
t o  only a s  Ozarkodina cf .  0. confluens (Branson and Mehl). 
The  fauna f rom t h e  higher interval includes 0. confluens 
gamma morphotype of Klapper and Murphy (1975), and the  
peculiar spathognathodontan e lement  t h a t  has been referred 
previously t o  0. cf.  0. n. sp. B of Klapper and Murphy (1975). 
Its known occurrences  a r e  the  upper par t  of t he  Cape  Storm 
Format ion a t  Goodsir Creek,  eas t e rn  Cornwallis Island 
(Uyeno, 1977) and near t h e  top of t h e  Allen BayfRead Bay 
ca rbona te  unit in the  Panarct ic  A R C 0  e t  al. Blue Fiord E46 
well on Bjorne Peninsula, El lesmere  Island (Mayr et al., 1978). 
The age  of the  fauna f rom t h e  higher interval is regarded a s  
Ludlovian. 

Read Bay-Drake Bay-Peel Sound Complex 

The lithology of these  partly corre la t ive  format ions  
documents  t h e  rise of t h e  Boothia Arch during L a t e  Silurian 
and Early Devonian t ime.  The format ions  grade f r o m  t h e  
offshore  mar ine  ca rbona tes  of member  C of t h e  Read Bay 
For m a t  ion, through t h e  near shore  ca rbona tes  of t h e  upper 
member  of t h e  Drake Bay Formation, into the  nonmarine 
sandstones of t h e  Peel  Sound Formation. The dolomite of t h e  
lower member of t h e  Drake Bay Formation is similar t o  tha t  
of t h e  Read Bay member C in the  Victoria Island 
well and t h e  separation of t h e  two units is a m a t t e r  of 
s t ra t igraphic  convenience, a s  indicated by a ver t ica l  dashed 
line of Figure 32.1. Mayr (1978) assigned t h e  
interval 1238.1-1333.8 m (4062-4376 f t )  in t h e  Russell well 
t o  member  A of t h e  Read Bay Formation, but recent  field 
evidence f rom Devon Island (Mayr .and Thorsteinsson, 
unpublished information) suggests t h a t  this unit in f a c t  is 
corre la t ive  with member  B. The th ree  members  of t h e  Read 
Bay Formation in t h e  Victoria Island well may be broadly 
corre la t ive  with units I l a ,  I l b  and I l c  of t h e  Read Bay 
Group (Thorsteinsson and Tozer,  1962) on Stefansson Island. 
Member B thickens westward, but it is not known which par ts  
of t h e  carbonate  units a r e  replaced by shale. 



PLATE 32.1 

Figures 1-7, 9, 10 a r e  x60, remainder a r e  x50. All figures a r e  
laterdl  views unless otherwise noted. Refer to  
Figure 32.1 for s trat igraphic assignment. 

Figures 1, 2, 5 ,  7, 8, 16-24, 27, 36, 40, 43, 46-48. From the 
KMG Decalta  Young Bay F-62 well, eas t -  
cen t ra l  Prince of Wales Island, 
GSC IOC. C-83486. 

Figure I .  "Drepanodus" parallelus Branson and Mehl. 
GSC 62966 (1 127.8-1 158.2 m, 3700-7800 f t ) .  

Figure 2. "Scolopodus" gracilis Ethington and Clark. 
GSC 62967 (1 127.8-1 158.2 m, 3700-3800 f t).  

Figure 5. "Acodus" oneotensis  Furnish. 
GSC 62968 ( l  127.8-1 1 B . 2  m, 3700-3800 f t) .  

Figure 7. cf. "Scolopodus" quadraplicatus Branson and Mehl. 
GSC 62969 (1 127.8-1 158.2 m, 3700-3800 i t ) .  

Figures 8, 21, 27. Apparatus B of Uyeno (in press). 
8, 21, GSC 62970 and 6297 1 
(566.9-597.4 m, 1860-1960 ft); 
27, GSC 62972 (487.7-,518.2 m, 1600-1700 it). 

Figures 17-20. Ozarkodina n. sp. R of Klapper and 
Murphy (1975). Pa, M, Pb and Sa elements,  
GSC 62973-62976, respectlvely 
(566.9-597.4 m, 1860-1960 it). 

Figures 16, 22-24, 36. Ozarkodina confluens (Branson and 
Mehl). 16, 23, 24, Pa, Pb and Pa  elernents, 
GSC 62977-62979, respectively 
(487.7-518.2 m, 1600-1 700 i t ) ;  
22, 36, Pb and Pa  elements,  
GSC 62980 and 62981 (274.3-304.8 m, 900-1000 f t) .  

Figures 40, 46. Ozarkodina? sp. M and Pa elements,  
GSC 62982 and 62983 (182.9-213.4 m, 600-700 ft). 

Figures 43, 47, 48. Pelekysgnathus n. sp. C of Uyeno 
(in preis). I, U p  and M2 elements,  
GSC 62984-62986, respectlvely 
(1 82.9-213.4 m, 600-700 it). 

Flgures 3, 4, 6, 9-14. From t h e  Panarct ic  Deminex Garnier 
0-21 well, north-eastern Somerset  Island, 
GSC IOC.  C-30875. 

Figures 3, 4. Belodella n. sp. Oistodiform and 
belodelliform elements,  
GSC 62987 and 62988, respectively 
(1 396.6-1400.3 m, 4582-4594 ft). 

Figure 6. New genus of Repetski and Ethington (1977). 
GSC 62989 (1396.6-1400.3 m, 4582-4594 i t ) .  

Figure 10. Polyplacognathus ramosus Stauffer .  Upper 
view of amorphognathiform element,  
GSC 62991 (1396.6-1400.3 m, 4582-4594 ft). 

Figure 11, 12. Panderodus cf. P. panderi (Stauffer). 
GSC 62992 and 62993 (1249.7-1280.2 m, 
4 100-4200 f t). 

Figure 13. ?Ozarkodina plana (Walliser). Sb element,  
GSC 62994 (664.5-670.6 m, 2180-2200 ft). 

Figure 14. ?Oulodus jeannae Schijnlaub. Sa element,  
GSC 62995 (295.7-313.9 m, 970-1030 ft). 

Figures 15, 25, 26, 28, 29, 38, 41, 42. From t h e  Murphy 
Alminex Victoria lsland F-36 well, 
northwestern Victoria Island, 
GSC Ioc. C-39595. 

Figure 15, 25. Ozarkodina confluens (Branson and Mehl), 
gamma morphotype of Klapper and Murphy 
(1975). Pa  elements,  
GSC 62996 and 62997 
(1524.0-1554.5 m, 5000-5100 ft). 

Figure 26. Ozarkodina cf. 0 .  n. sp. B of Klapper and 
Murphy (1975). Pa e lement ,  
GSC 62998 (1524.0-1554.5 m, 5000-5100 Et). 

Figure 28. Ozarkodina excava ta  excava ta  (Branson 
and Mehl). P a  element.  
GSC 62999 (1402.1-1432.6 m, 4600-4700 ft). 

F ~ g u r e  29, 38. Cruciform element,  
GSC 63000 (1402.1-1432.6 m, 4600-4700 ft). 

F ~ g u r e s  41, 42. Ozarkodina confluens (Branson and 
Mehl). Pa and Sb elements,  
GSC 63001 and 63002 
(1402.1-1432.6 m, 4600-4700 ft). 

Figures 30-32, 34, 37. From t h e  Sun Panarct ic  
Russell E-82 well, Russell Island, 
GSC IOC. C-30870. 

Figure 32. Ozarkodina excava ta  excava ta  (Branson and 
Mehl). Pa e lement ,  
GSC 63003 (1402.1 -1  426.5 rn, 4600-4680 i t ) .  

Figure 34. Apparatus B of l lyeno (in press). 
GSC 63004 (1402.1-1426.5 m, 4600-4680 i t ) .  

Figure 37. Kockelella variabilis Walliser. Pa  e lement ,  
GSC 63005 (1310.6-1328.9 m, 4300-4360 i t ) .  

Figure 30. Ozarkodina remxheidens is?  (Ziegler). 
Pa element,  
GSC 63006 (707.1-719.3 m, 2320-2360 it). 

Figure 3 I. Ozarkodina remxheidens is  remscheidensis 
(Z~egler ) .  P a  element,  
GSC 63007 (585.2-621.8 m, 1920-2040 i t ) .  

Flgures 33, 35, 39, 44, 45. From Drake Bay Formation, 
upper member,  from a n  outcrop located about  
10 Itm west of t h e  Russell E-82 well s l te ,  
Russell Island, 
GSC IOC. C-82456. 

F ~ g u r e s  33, 35. Eognathodus sulcatus sulcatus Philip. 
Upper and lateral  views of two Pa elements,  
GSC 63008 and 63009. 

Figure 39. Pelekysgnathus n. sp. C of L'yeno (in press). 
I e lement,  
GSC 63010. 

Flgures 44, 45. Pandorinellina sp. or Ozarkodina sp. 
Pa elements,  
GSC 6301 1 and 63012. 

Figures 49-52. From Eids Formation, from a n  outcrop 
located about  24 km west-southwest of t h e  
V~ctor ia  Island F-36 well s i te ,  Victoria Island, 
GSC locs. C-30547 and C-30548. 

Figure 49. ?Pandorinellina expansa Uyeno and Mason. 
Pb element,  
GSC 6301 3. 

Figure 50, 51. Polygnathus sp. Upper and lower views 
of a Pa  element,  
GSC 63014. 

Figure 52. ?Polygnathus cos ta tus  Klapper. Upper view 
of a P a  element,  
GSC 63015. 

F ~ g u r e s  53-55. From Blue Fiord Formation, from an outcrop 
on t h e  larger of t h e  Princess Royal Islands, 
located about  32 km west of t h e  Victoria 
Island F-36 well s i te ,  V i c t o r ~ a  Island, 
GSC locs. C 30544 and C-30545. 

Figure 53, 54. Polygnathus inversus Klapper and Johnson. 
Upper and lower views of a Pa  element,  
GSC 63016. 

Figure 55. Pandorinellina sp. Pa  element,  
GSC 63017. 





The Read Bay Format ion is divided in t h e  Young Bay 
well, and was sampled for conodonts in th ree  intervals: 
487.7-518.2 m (1600-1700 ft) ,  347.5-378.0 m (1 140-1240 f t )  
and 274.3-304.8 m (900-1000 ft). The lowermost of t hese  
in tervals  yielded Ozarkodina  conf luens  and Apparatus B of 
Uyeno (in press); t h e  middle, Ozarkodina n. sp. B; and t h e  
highest, Pelekysgnathus n. sp. C of Uyeno (in press) and 
0. confluens alpha morphotype of Klapper and Murphy (1975). 
As discussed previously in this paper,  t h e  a g e  of t h e  
lowest and middle faunas  can  be  regarded a s  Ludlovian, 
whereas  t h e  highest fauna may be a s  young a s  
Pridolian. Pelekysgnathus n. sp. C has  been found previously 
in t h e  lower pa r t  of t h e  Peel  Sound Formation on eas t e rn  
Pr ince  of Wales lsland (Uyeno, in press). 

Conodonts of member  A of t h e  Read Bay Format ion 
were  obtained f rom t h e  Victoria Island and Russell wells. In 
t h e  l a t t e r ,  Ozarkodina n. sp. B was  found in t h e  interval 
1432.6-1456.9 m (4700-4780 f t ) ,  Ozarkodina excava ta  
excava ta  (Branson and Mehl), Apparatus B, and Ancoradella 
ploeckensis Walliser a t  1402.1-1426.5 m (4600-4680 ft) ,  and 
Ozarkodina excava ta  a t  1380.7-1 399.0 m (4530-4590 ft). The  
Ludlovian a g e  of 0. n. sp. B has  been discussed previously. 
The presence of A. ploeckensis, below t h e  f i r s t  occurrence  of 
Polygnathoides si luricus Branson and Mehl, indicates t h e  
ploeckensis Zone of mid-Ludlovian age. In t h e  Victoria 
Island well, member  A was sampled in t h e  
in tervals  1402.1-1432.6 m (4600-4700 f t )  and 1377.7-1392.9 m 
(4520-4570 ft). In t h e  lower interval,  Ozarkodina 
excava ta  e x c a v a t a  and 0. confluens were  recovered, a s  
well a s  a peculiar cruci form element ,  of undetermined 
taxonomic assignment. Only 0. confluens was obtained f rom 
t h e  upper interval. The a g e  of these  faunas  cannot  be  s t a t ed  
more  precisely than  a s  L a t e  Silurian. 

Kockelella variabilis Walliser was found in member B of 
t h e  Read Bay Formation in t h e  interval 1310.6-1328.9 m 
(4300-4360 f t )  of t h e  Russell well. The species has  been 
found also in member B a t  i ts  type  section on Goodsir Creek,  
eas t e rn  Cornwallis Island (Uyeno, 1977), and in t h e  upper p a r t  
of t h e  Douro Formation on El lesmere  lsland (Uyeno, in press). 
The species is relatively long-ranging, but  i t s  upper l imi t  is in 
t h e  siluricus Zone (Walliser, 1964). In view of t h e  occurrence  
of ploeckensis Zone conodonts in t h e  underlying member A, 
this fauna is assigned t o  the  siluricus Zone of l a t e  Ludlovian 
age. Member B in the  Victoria lsland well, in t h e  interval 
1280.2-1298.4 m (4200-4260 ft) ,  yielded f ragmentary  
specimens t h a t  can only be  assigned t o  Ozarkodina? sp. 

In t h e  wells included in this study, member  C of t h e  
Read Bay Format ion only occurs in t h e  Victoria lsland well. 
Three  samples were  taken f rom i t  in this succession, but  only 
t h e  interval of 999.7-1033.3 m (3280-3390) yielded any 
conodonts and these  a r e  referable  to  Ozarkodina confluens. 
The fauna can only be dated a s  L a t e  Silurian. 

Only t h e  upper member  of t h e  Drake Bay Formation 
was  sampled for conodonts. In t h e  Russell well, t h e s e  
conodonts a r e  f r o m  t h e  in tervals  707.1-719.3 m (2320-2360 f t )  
and 658.4-688.8 m (2160-2260 ft), and a r e  identifiable a s  
Ozarkodina remscheidensis? (Ziegler). The highest interval,  
f rom 585.2-621.8 m (1920-2040 ft), yielded 0. remscheidensis 
remscheidensis. The lowest and middle intervals,  therefore ,  
can  only be dated a s  Pridolian-Lochkovian, whereas  t h e  
highest is probably ~f Lochkovian age. 

To supplement t h e  d a t a  f rom t h e  upper par t  of t he  
Russell well, conodonts f rom t h e  upper member  of t h e  Drake 
Bay Format ion were  obtained f rom an  outcrop located some 
10 km west of t h e  well (GSC loc. C-82456). Mayr (1978, 
p. 52) e s t ima ted  t h a t  t h e  beds of this outcrop fall  within t h e  
upper 30 m (100 f t )  or  so of t he  s t ra t igraphic  succession of 
t h e  well. The conodonts include Eognathodus sulcatus  
sulcatus  Philip, Pelekysgnathus n. sp. C of Uyeno (in press), 
and Pandorinell ina sp. or Ozarkodina sp. As s t a t ed  ear l ier ,  
Pelekysgnathus n. sp. C has  been found previously in t h e  
lower pa r t  of t h e  Peel Sound Formation. In Nevada, t h e  f i rs t -  
mentioned subspecies is res t r ic ted  t o  t h e  su lca tus  Zone 
(Klapper, 1977, Fig. 31, but may range higher in t h e  Arct ic  
Island (Uyeno jp McGregor and Uyeno, 1972, Table I). Ttie 
a g e  of t h e  fauna is Pragian. 

In this study, t h e  Peel  Sound Formation was 
encountered only in the  Young Bay well. There  
t h e  format ion was sampled a t  two intervals,  t h e  lower 
182.9-213.4 m (600-700 f t )  of which yielded 
Pelekysgnathus n. sp. C and Ozarkodina? sp. The a g e  of 
t h e  fauna cannot  b e  s t a t e d  unequivocally, but  i t  is probably 
about  Lochkovian t o  Pragian. 

Eids Format ion 

The dolomites of t he  Read Bay Format ion a r e  overlain 
disconformably by a sequence of ca lcareous  shales with minor 
l imestones  t h a t  is he re  assigned t o  t h e  Eids Formation. This 
format ion was  found t o  occur  only in t h e  Victoria Island well. 
The s a m e  shale  occurs  in a n  isolated outcrop about 24 km 
west-southwest of t h e  Victoria Island well-site (Thorsteinsson 
and Tozer,  1962), and was  tenta t ively  included in t h e  Blue 
Fiord Formation. Miall (1976) assigned t h e  shale t o  t h e  
Orksut Formation. Laterally equivalent l imestones of t h e  
Blue Fiord Formation a r e  present 32 km west of t h e  well-site 
on Princess Royal Islands. The a g e  of t h e  disconformity 
between t h e  Read Bay and Eids format ions  coincides with 
t h a t  of pulse 3 of t h e  Cornwallis Disturbance (Kerr,  1977). 

The Eids conodonts f rom t h e  Victoria Island 
well were  obtained f rom intervals  115.8-134.1 m (380-440 f t )  
and 61.0-91.4 m (200-300 ft) .  The specimens were  small and 
f ragmented,  and only Belodella sp. was  identified f r o m  the  
lower interval. Other  const i tuents  include pyrit ized 
radiolarians and sponge spicules. A.W. Norris (personal 
communication, September ,  1979) identified Nowakia cf.  
N. cance l l a t a  (Richter)  and Styliolina sp. f rom t h e  interval 
88.4-1 18.9 m (290-390 ft). The f auna  was  da ted  a s  Dalejan. 

Because of t h e  sparsity of t h e  above da ta ,  
supplementary mater ia ls  were  sought f rom outcrops  located 
relatively close to  the  well-site. The f i rs t  of these  originated 
f rom t h e  isolated outcrops of t h e  Eids Format ion mentioned 
above. These samples were  col lec ted by A.D. Miall (1976, 
p. 30; GSC locs. C-30547, C-30548). The Eids conodonts 
include a P b  e lement  similar t o  those  previously assigned t o  
Pandorinell ina expansa  Uyeno and Mason. The polygnathan 
e l emen t  is more  difficult  t o  identify;  t h e  development of t h e  
wide basal cavi ty  is somewhat  like t h a t  in Polygnathus 
inversus Klapper and Johnson, but t he  moderately large  pit is 
located f a r  more  anteriorly.  In some of these  f ea tu res  this 
e lement  approaches more  closely t o  P. n. sp. A of Klapper 
and Johnson (1975). Another polygnathan e lement ,  which is 
badly f ragmented,  is somewhat similar t o  t h a t  of Polygnathus 
c o s t a t u s  Klapper; t h e  cr i t ica l  f r e e  blade is missing, however, 
and a more  precise assignment cannot  b e  made. Based on this 
l imited fauna, t h e  a g e  of t h e  outcropping beds c a n  only be 
regarded a s  probably Dalejan t o  Couvinian. 



The second supplementary collection was  derived f r o m  
t h e  Blue Fiord Format ion which outcrops  on t h e  larger  of t h e  
Princess Royal Islands. The  col lec t ing  was  done by A.D. Miall 
(GSC loc. C-30544, C-30545). The conodonts f rom these  beds 
include Polygnathus inversus and a spathognathodontan 
e l emen t  t h a t  is superficially s i m ~ l a r  t o  t h a t  of Pandorinell ina 
op t ima  (Moskalenko). The fauna can  be  assigned t o  t h e  
inversus Zone, which spans t h e  Zl~chovian-Dale jan  boundary 
(Klapper and Ziegler,  1979, Text-fig. 2). 
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Abstract 

Rocks of  the map area consist o f  an autochthonous Cambrian-Ordovician carbonate sequence 
overlain structurally by a variety of transported rocks o f  the Humber Arm Allochthon. Lower 
structural slices o f  the allochthon consist o f  sedimentary rocks and include the Summerside, Irishtown 
and Cooks Brook formations o f  mainly Cambrian age in the east,  and chaotic sedimentary rocks and 
Lower Ordovician Blow Me Down~Brook greywackes in the west. A wide zone o f  chaotic sedimentary 
rocks with huge volcanic blocks can be traced across the map area and it is continuous northward 
with the Companion Me'lange. The highest structural slices o f  the allochthon consist o f  ophiolitic 
assemblages, some interpreted as pristine oceanic crust and others as oceanic crust that was 
deformed and metamorphosed at an oceanic fracture zone. 

Carbonate slivers within the assembled allochthon are interpreted as parautochthonous shelf 
carbonates incorporated among farther-travelled rocks during their final emplacernent. 

Introduction For purposes of description, t he  rocks of t h e  map a r e a  
a r e  subdiv'ided in to  an  autochthonous sequence (units I 'and 2, The ( l 2  "l6) and Shag Island ( l 2  "l5 E) Fig. 33.1), transported sedimentary and volcanic rocks a r e a s  were  mapped in 1979 a s  pa r t  of t h e  program t o  r emap  

the Stephenville map area (12 R). Emphasis was placed on (units 3 t o  71, transported ophiolitic complexes (units 8 t o  17) 

t h e  distinction and delineation of autochthonous and and "eoautochthonous rocks(uni t  18)' 
al lochthonous rocks, and subdivision of t h e  sedimentary,  
volcanic and plutonic rocks t h a t  const i tu te  t h e  Humber Arm 
Allochthon. Most of t h e  a r e a  was mapped in reconnaissance 
fashion by t h e  f i rs t  author. The second author mapped a 
corridor across  t h e  Humber Arm Allochthon f rom Serpentine 
Lake westward t o  t h e  coas t .  The geology of t h e  cen t r a l  par t  
of t h e  Lewis Hills is adapted f rom Karson (1979) and t h a t  of 
Lewis Brook and southward f rom Schillereff and Williams 
(1979). The following repor t  summarizes  t h e  results of th is  
work. 

General  Geology 

The Serpentine and Shag Island map a r e a s  a r e  underlain 
by an autochthonous sequence of mainly Lower t o  Middle 
Ordovician ca rbona te  rocks. These a r e  overlain by a var ie ty  
of t ranspor ted  sedimentary and volcanic rocks of l a t e  
Precambrian to Early Ordovician age ,  in turn  overlain by the  
ophiolitic complexes in t h e  highest s t ructura l  sl ices of t h e  
Humber Arm Allochthon. The youngest group in t h e  map 
a r e a  is t h e  Middle Ordovician Long Point Group t h a t  forms 
Long Ledge (Fig. 33.1). These rocks were  deposited a f t e r  t h e  
emplacernent  of t h e  Humber Arm Allochthon (Rodgers, 1965; 
Schillereff and Williams, 1979). 

The eas t e rn  par t  of t h e  a r e a  is a rugged heavily wooded 
upland, much of which is now accessible by a network of 
logging roads. The western pa r t  of t h e  a r e a  is dominated by 
t h e  barren highlands of Lewis Hills and Blow Me Down. 
Exposure is fa i r  t o  poor in the  wooded a reas  and good t o  
excel lent  ac ross  t h e  western  barren highlands. Except for  a 
few riverbed outcrops,  t he re  a r e  no rocks exposed in the  
valley of Serpentine River. 

The carbonate  sequence is exposed in t h e  southeas tern  
pa r t  of t h e  a r e a  and t h e  rocks form two anticlinal s t ruc tu res  
f a r the r  west near  Spruce Brook and Blue Hill. Similar 
carbonates  form conspicuous slivers within t h e  Humber Arm 
Allochthon a t  Serpentine Lake and Fox Island River. 
Transported sedimentary rocks underlie most of t h e  eas t e rn  
par t  of t he  a rea ,  t he  Serpentine River lowlands and t h e  
coas ta l  lowlands between Serpentine River and Lewis Brook. 
Transported ophiolitic complexes const i tu te  t h e  highlands of 
Lewis Hills and Blow Me Down, a s  well a s  t h e  highlands a t  
Coal River Head. 

Autochthonous Rocks 

Autochthonous rocks of t h e  map  a r e a  a r e  mainly lime- 
s tone and dolomite with thin shale  units. They a r e  assigned 
t o  the  St. George Group (La te  Cambrian t o  Early Ordovician; 
Kindle and Whittington, 1965) and t h e  Table Head Format ion 
(early Middle Ordovician), although fossils a r e  rare ,  
especially in eas ter ly  exposures. The St. George Group 
consists of medium to  thick bedded grey l imestone, dense  
whi te  t o  grey and buff dolomitic l imestone, dolomite,  and 
minor shale  and cher t .  The Table Head Formation consists of 
monotonous thick bedded grey mottled l imestone tha t  is 
overlain by l imestone breccia and shales  at i t s  top. In the  
nearby Port  au Port  a r ea ,  t he  l imestone breccia and shale  
were  assigned informally t o  t h e  Caribou Brook formation 
(Schillereff and Williams, 1979). 

Toward the  west near Blue Hill and Robinsons Ponds, 
t h e  distinction between t h e  St. George Group (unit I )  and t h e  
Table Head Formation (unit  l a )  is relatively c lear ;  far ther  
e a s t  t h e  distinction is difficult  because  of s t ructura l  
complexity and increasing metamorphism. Carbonate  rocks 
of both t h e  St. Ceorge Group and Table Head Formation 
occur  within the  parautochthonous slivers a t  Serpentine Lake 
and Fox Island River. A single outcrop of l imestone south of 
Robinsons Ponds may represent  an  anticlinal dome or  a 
detached block in shale  mklange. 

A sect ion through t h e  top  of the  autochthonous 
sequence and i t s  con tac t  with t ranspor ted  rocks (unit  5) is 
exposed with only a f ew gaps in East North Brook. Gently 
north-dipping Table Head limestone is followed upst ream by 
limestone breccia and then grey shale.  Across a narrow 
exposure gap, t h e  autorhthonous  sequence is followed north- 
ward by chaot ic  black and green shales with l imestone 
breccia  blocks up t o  3 m in d iameter .  A similar con tac t  is  
poorly exposed in a river south of Robinsons Ponds. Fa r the r  
south near  Blue Hill, Table Head limestones a r e  overlain by 
grey shale and t h e  l imestone breccia  unit is missing. 
Limestone breccias occur locally a t  t h e  top of t h e  
autochthonous sequence near  Spruce Brook, although fa r the r  
nor th  t h e  autochthonous l imestone breccia  and shale  units a r e  
absent.  East of Georges Lake, thin bedded steeply-dipping 
l imestones a r e  overlain d i rec t ly  by dark  grey t o  black pyrit ic 
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shales,  whereas  nor theas t  of Stag Lake l imestone breccia is 
again common. These local s t ra t igraphic  variations a t  t h e  
top  of t h e  autochthon a r e  in terpre ted t o  r e f l ec t  a rugged 
topography across  a distur.bed ca rbona te  bank with t h e  
omission of par ts  of t h e  section across  positive areas .  

Transported Sedimentary and Volcanic Rocks 

Transported sedimentary  rocks of t h e  Humber Arm 
Supergroup (Stevens, 1970) underlie about  one half of t h e  map 
a rea .  These range in age  from l a t e  Precambrian t o  Early 
Ordovician and their  s t ra t igraphic  sequence has been 
determined previously, viz. t h e  Summerside,  Irishtown, Cooks 
Brook, Middle Arm Point and Blow Me Down Brook 
formations (Lilly, 1967; Stevens,  1970; Williams, 1973). In 
general  t he  oldest  format ions  occur in the  eas t  with 
successively younger format ions  represented westward. In 
t h e  eas t ,  t he  rocks a r e  essentially in tac t ,  al though tightly 
folded with penetra t ive  cleavage. In t h e  cen t r a l  pa r t  of t h e  
a r e a  along t h e  southeas t  margins of Lewis Hills and Blow Me 
Down, t h e  rocks a r e  chaot ic  with large blocks surrounded by 
shale. Far ther  west along the  coas t ,  i n t ac t  younger forma-  
t ions occur  between Serpentine River and Lewis Brook, 
although folding is complex. Tremadocian graptol i tes  and 
Upper Cambrian t r i lobi tes  occur  in t h e  Cooks Brook shale  and 
l imestone south of Serpentine River (Kindle and Whittington, 
1965) and similar graptol i tes  occur a t  Rope Cove in black 
shale  of Middle Arm Point type. 

The c o n t a c t  between allochthonous and autochthonous 
rocks is defined with re la t ive  ease  west  of Spruce Brook 
where chaot ic  sedimentary  rocks (unit 5 )  a r e  easily separa ted 
f rom nearby autochthonous shale (unit 2). In the  Georges 
Lake-Stag Lake a r e a  the  c o n t a c t  is difficult  t o  def ine  
because of t h e  general  similarity between grey shale  a t  t h e  
top of t h e  autochthon and t ranspor ted  shale  of t h e  Irishtown 
Formation. Intense deformation in this eas ter ly  a r e a  also 
serves  t o  confuse rock relationships. 

The t ranspor ted  sedimentary  rocks exhibit  significant 
l i thic and s t ructura l  variation across  t h e  map area .  Most of 
t h e  rocks in t h e  eas t  a r e  grey shales with prominent whi te  
qua r t z i t e  units (Irishtown) overlain by thin bedded shale- 
l imestone and limestone breccias  of t he  Cooks Brook 
Formation. A major synclinal axis is defined by t h e  
occurrence  of t h e  Cooks Brook Formation between Mount 
Moriah and the  Lookout, flanked on both sides by the  older 
Irishtown Formation. 

Sedimentary rocks of t he  Humber Arm Supergroup in 
t h e  cen t r a l  p a r t  of t h e  a r e a  f rom Fox Island River t o  Knights 
Brook a r e  chaot ic  and represent  a major zone of disruption. 
Most of these  rocks a r e  grey, black and green shales with 
larger resistant blocks of greywacke, l imestone breccia,  
volcanic rocks, and local serpent in i te ,  gabbro and amphibolite 
blocks. Sedimentary blocks a r e  dominant in t h e  e a s t  and 
include t h e  most eas ter ly  exposures of t h e  Blow Me Down 
Brook Formation (unit 7). This zone is bounded westward by 
chaot ic  shales with numerous large volcanic blocks (unit 6) 
and local blocks derived f rom t h e  ophiolite suite of rock 
units. A large serpent in i te  block, 5 km northwest of Spruce 
Brook (unit l4a),  is host t o  t h e  Bond asbestos prospect 
(Walthier, 1949) and o the r  serpent in i te  and amphibolite 
blocks occur a t  t h e  top  of t h e  autochthon nearby. 

The chao t i c  zone (units 5, 5a), t raceable  northeastward 
across  t h e  map a rea ,  is continuo_us with t h e  Companion 
MClange t o  t h e  north. The s a m e  zone appears  t o  cont inue a l l  
t h e  way northward t o  Bonne Bay. Its  ex ten t  and continuity 
implies a major disruption during t h e  emplacement  of t h e  
allochthon. 

The order of sedimentary  units f rom nor th  t o  south 
along t h e  coas t  between Serpentine River and Lewis Brook, 
i.e. Cooks Brook to  Blow Me Down Brook formations,  



s u g g e s t s  a s t r a t i g r a p h i c  sequence ,  a n d  t h i s  is  s u p p o r t e d  by 
t h e  o c c u r r e n c e  of g r a p t o l i t i c  s h a l e s  of Middle Arm Poin t  t y p e  
a t  R o p e  Cove .  T h e s e  rocks  a r e  complexly  fo lded  but  lack 
p e n e t r a t i v e  c l e a v a g e ,  so t h a t  t h e  fo lds  a r e  m o s t  l ikely 
e m p l a c e m e n t  s t r u c t u r e s .  

Volcanic rocks  (unit  6)  a r e  mainly pillow lavas  and  
a g g l o m e r a t e s  w i t h  a s s o c i a t e d  l i m e s t o n e s  t h a t  r e s e m b l e  t h e  
Skinner C o v e  F o r m a t i o n  t o  t h e  n o r t h  of t h e  m a p  a r e a  
(Williams, 1973). The  v o l c a n i c  r o c k s  o c c u r  a s  boulders  t o  
d i s c r e t e  t a b u l a r  m a s s e s  s e v e r a l  k i l o m e t r e s  in d i a m e t e r ,  
sur rounded  o r  under la in  by c h a o t i c  s e d i m e n t a r y  roclts. The  
volcanic  r o c k s  a long  t h e  s o u t h w e s t  m a r g i n  of t h e  Blow Me 
Down massif  f o r m  a d i s t i n c t  s l i c e  s t r u c t u r a l l y  a b o v e  c h a o t i c  
s e d i m e n t s  (un i t  5) and over la in  by t h e  Bay of Islands 
Complex .  Similarly a t  Mine C o v e ,  vo lcan ic  r o c k s  (un i t  6 )  
o v e r l i e  c h a o t i c  s e d i m e n t s  (un i t  5 )  and a r e  in t u r n  o v e r l a i n  by 
g a b b r o  (un i t  9) at Bluff Head.  B e t w e e n  Blue Hill a n d  
Robinsons Ponds,  a c h a o t i c  m i x t u r e  of vo lcan ic  r o c k s  and 
s h a l e  suddenly shows g r e e n s c h i s t  m e t a m o r p h i s m  and folded 
s c h i s t o s i t y  f r o m  east t o  w e s t  t o w a r d  t h e  Lewis  Hills. T h e  
d e f o r m e d  r o c k s  possibly g r a d e  w e s t w a r d  i n t o  a u r e o l e  r o c k s  
(un i t  13) of t h e  Bay of Islands Complex .  In m o s t  p l a c e s  
however  t h e r e  is a s h a r p  c o n t a c t  and a c l e a r  m e t a m o r p h i c  
a n d  s t r u c t u r a l  c o n t r a s t  b e t w e e n  a u r e o l e  r o c k s  (un i t  13) and  
n e a r b y  s e d i m e n t a r y  a n d  v o l c a n i c  r o c k s  (un i t s  5a ,  6 ) .  

T r a n s p o r t e d  Ophio l i t i c  C o m p l e x e s  

Ophio l i t i c  r o c k s  of t h e  Bay of Islands C o m p l e x  
(un i t s  13-17) a n d  possibly r e l a t e d  a s s e m b l a g e s  (Mount  Bar ren ,  
L i t t l e  P o r t ,  and  Bluff Head,  un i t s  8 t o  12) f o r m  t h e  h ighes t  
s t r u c t u r a l  s l i c e s  of t h e  Humber  Arm Allochthon.  

All of  t h e  r o c k s  of t h e  Blow Me Down massif  a r e  
ass igned  t o  t h e  Bay of Islands C o m p l e x  a n d  t h e s e  c o n s i s t  of a 
near ly  c o m p l e t e  ophio l i te  s u i t e ,  f r o m  basa l  d y n a m o t h e r m a l  
a u r e o l e  (un i t  13) t o  u l t r a m a f i c  rocks  (un i t  l4 ) ,  g a b b r o  
(un i t  16)  and  s h e e t e d  d y k e s  (un i t  17). T h e  o r d e r  of r o c k  u n i t s  
d e f i n e s  a n  o p e n  sync l ina l  s t r u c t u r e  w i t h  t h e  younges t  d y k e  
uni t  (un i t  17) nes t led  in i t s  a x i a l  zone .  An a p p a r e n t  thinning 
of  u l t r a m a f i c  a n d  g a b b r o i c  un i t s  w e s t w a r d  s u g g e s t s  s t r u c t u r a l  
c o m p l i c a t i o n s  o r  a n  or ig ina l  th inn ing  of ophio l i t i c  u n i t s  f r o m  
e a s t  t o  wes t .  T h e  a u r e o l e  of  t h e  Bay of  Islands C o m p l e x  is  
mainly a m p h i b o l i t e  of gabbro ic  pro to l i th  a long  t h e  e a s t e r n  
f lank  of Blow Me Down. Toward t h e  w e s t ,  r o c k s  d e p i c t e d  as 
a u r e o l e  (un i t  13a)  a r e  p s a m m i t i c  s c h i s t s  of g r e e n s c h i s t  m e t a -  
m o r p h i c  fac ies .  S imi la r  s c h i s t s  o c c u r  n e a r b y  o n  t h e  s o u t h  
s i d e  of S e r p e n t i n e  River in t h e  n o r t h e r n m o s t  e x p o s u r e s  of t h e  
Lewis Hills aureo le .  

Ophio l i t i c  r o c k s  of t h e  Lewis  Hills massif  show 
s ign i f ican t  var ia t ion  w i t h  r e s p e c t  t o  t h o s e  of  Blow M e  Down. 
T h e  f o r m e r  w e r e  assigned t o  t h e  Bay of Islands C o m p l e x  
(Cooper ,  1936; Smi th ,  1958) bu t  r e c e n t  d e t a i l e d  mapping  has  
d i s t inguished  t h r e e  p lu tonic  a s s e m b l a g e s  (Karson,  1979). 
F r o m  east t o  w e s t  t h e s e  a r e  t h e  Bay of Islands, Mount  
Bar ren ,  and .  Bluff Head  assemblages .  R o c k s  assigned t o  t h e  
Bay of Islands C o m p l e x  a t  Lewis Hills (Karson ,  1979) 
r e s e m b l e  c o r r e l a t i v e s  t o  t h e  n o r t h  a t  Blow Me Down, e x c e p t  
f o r  a g r e a t e r  a b u n d a n c e  of  d u n i t i c  r o c k s  (un i t  15) w i t h  
g a b b r o i c  m e g a l e n s e s . ( u n i t  16) t o w a r d  i t s  top .  A m u c h  w i d e r  
a u r e o l e  in t h e  vicini ty of Blue Hill and  n o r t h e a s t w a r d  is  
i n t e r p r e t e d  a s  t h e  r e s u l t  of fo ld ing  a n d  fau l t ing  of a n  in i t i a l ly  
t h i n  unit. 

The  Mount Bar ren  a s s e m b l a g e  (Karson ,  1979) o c c u p i e s  a 
s t e e p  z o n e  of in tense ly  d e f o r m e d  main ly  g a b b r o i c  rocks,  a n d  
inc ludes  a n  e x t e n s i v e  l h e r z o l i t i c  megadylte t h a t  is l ess  
d e f o r m e d  a n d  c u t s  t h e  Bay of Islands C o m p l e x  t o  t h e  e a s t .  
T h e  Bluff Head  a s s e m b l a g e  ( in formal )  t o  t h e  w e s t  is 
g r a d a t i o n a l  w i t h  t h e  Mount Bar ren  a s s e m b l a g e  and  c o n s i s t s  
mainly of gabbro .  C o r r e l a t i o n  of t h e  r o c k s  at Bluff Head 
(un i t  9 )  w i t h  t h e  L i t t l e  P o r t  C o m p l e x  (Williams, 1973) to t h e  

n o r t h ,  and t h e  c o n t i n u i t y  a m o n g  a l l  t h r e e  a s s e m b l a g e s  in t h e  
Lewis  Hills mass i f ,  is i n t e r p r e t e d  t o  provide  a n  i m p o r t a n t  
g e n e t i c  link b e t w e e n  t h e  Bay of Islands a n d  L i t t l e  P o r t  
C o m p l e x e s  t h a t  o c c u r  in s e p a r a t e  s t r u c t u r a l  s l i c e s  e l s e w h e r e .  
T h e  Bay of Islands C o m p l e x  is i n t e r p r e t e d  a s  o c e a n i c  c r u s t  
a n d  m a n t l e .  T h e  Bluff Head a s s e m b l a g e  ( L i t t l e  P o r t  
c o r r e l a t i v e )  is i n t e r p r e t e d  a s  o c e a n i c  c r u s t  t h a t  w a s  
d e f o r m e d  a n d  m e t a m o r p h o s e d  in a n  o c e a n i c  f r a c t u r e  z o n e  as 
i t  moved  a w a y  f r o m  a spreading  c e n t r e  t o  b e  e v e n t u a l l y  
juxtaposed w ~ t h  n e w e r  c r u s t  r e p r e s e n t e d  by t h e  Bay of Islands 
C o m p l e x  (Karson a n d  Dewey,  1978;  Karson,  1979). T h e  
i n t e r p r e t a t i o n  is  a t t r a c t i v e  a s  i t  expla ins  t h e  v a r i a t i o n s  in  
m e t a m o r p h i c  a n d  s t r u c t u r a l  s t y l e  a m o n g  t h e  p lu tonic  r o c k s  of 
t h e  Lewis  Hills massif .  

The  L i t t l e  P o r t  C o m p l e x  at C o a l  River  H e a d  c o n s i s t s  of 
d e f o r m e d  g a b b r o  a n d  broken  m a f i c  dykes.  It inc ludes  a 
conspicuous  s e r p e n t i n i t e  m i l a n g e  z o n e  (un i t  8 )  t h a t  c o n t a i n s  
s e d i m e n t a r y  l i thologies and  m a y  r e p r e s e n t  a n  a b o r t i v e  dis-  
m e m b e r m e n t  of th i s  s t r u c t u r a l  s l i ce .  

S e r p e n t i n i t e  a n d  s e r p e n t i n i t e  m k l a n g e  a r e  r e p r e s e n t e d  
in m o s t  p l a c e s  a t  t h e  b a s e  of t h e  Bluff Head  s l ice .  T h e s e  
s e r p e n t i n i t e s  a r e  h o s t  t o  t h e  Lewis Brook a s b e s t o s  o c c u r r e n c e  
(Wal th ie r ,  1949) and  a b u n d a n t  a s b e s t o s  f i b r e  o c c u r s  in t h e  
s a m e  s e t t i n g  n o r t h  of Mine Cove .  

Neoautochthonous  Rocks  

T h e  Long P o i n t  C r o u p  c o n s t i t u t e s  t h e  i s lands  of Long 
Ledge,  a c o n t i n u a t i o n  of  t h e  morphologic  Long P o i n t  10 k m  
southwes tward .  I ts  foss i l i fe rous  l i m e s t o n e  is of C a r a d o c i a n  
a g e  (Bergstrb'm e t  al . ,  1974) and i t s  depos i t ion  is i n t e r p r e t e d  
t o  p o s t d a t e  t h e  a r r i v a l  of t h e  H u m b e r  A r m  Al lochthon  
(Rodgers ,  1965). 

S t r u c t u r a l  Geology  

A reg iona l  fo l ia t ion  in u l t r a m a f i c  r o c k s  of t h e  Bay of 
Islands C o m p l e x  a n d  i n t r i c a t e  d e f o r m a t i o n  and  m e t a -  
morphism of t h e  ophio l i t i c  a s s e m b l a g e s  a t  Mount Bar ren  a r e  
s t r u c t u r e s  t h a t  a r e  c o n f i n e d  t o  t h e  h ighes t  s t r u c t u r a l  s l i c e s  
of t h e  Humber  A r m  Allochthon.  They  r e c o r d  d e f o r m a t i o n  
wi th in  t h e  o c e a n i c  t r a c t  a n d  p r e d a t e  t h e  f i r s t  expulsion of 
t h e  ophio l i t i c  s u i t e s  f r o m  t h e i r    lace of origin.  

T h e  f o r m a t i o n  of a d y n a m o t h e r m a l  a u r e o l e  a t  t h e  
s t r a t i g r a p h i c  b a s e  of t h e  Bay of  Islands C o m p l e x  r e c o r d s  t h e  
e a r l i e s t  t r a n s p o r t  of  h o t  ophio l i t i c  m a t e r i a l .  A f t e r  f o r m a t i o n  
of t h e  a u r e o l e ,  s o m e  of t h e  ophio l i t i c  rocks  such  a s  t h o s e  t h a t  
p r e s e n t l y  c o n s t i t u t e  Blow M e  Down w e r e  fo lded  i n t o  a broad  
sync l ine  t h a t  w a s  l a t e r  t r u n c a t e d  by t h e  p r e s e n t  h o r i z o n t a l  
t e c t o n i c  b a s e  of  t h e  sl ice.  

S e d i m e n t a r y  and volcanic  rocks  (un i t s  3 t o  7) d o  n o t  
exhib i t  p r e - e m p l a c e m e n t  s t r u c t u r e s ,  b u t  t h e i r  c h a o t i c  
CO-mingling a n d  d i s c o r d a n t  fold s t y l e s  in s e d i m e n t a r y  u n i t s  
a r e  d i r e c t l y  a t t r i b u t a b l e  t o  sur f ic ia l  p r o c e s s e s  of a s s e m b l y  
a n d  f ina l  e m p l a c e m e n t .  

P a r a u t o c h t h o n o u s  c a r b o n a t e  s l ivers  a t  S e r p e n t i n e  L a k e  
a n d  Fox Island R i v e r  s t r u c t u r a l l y  o v e r l i e  c h a o t i c  s e d i m e n t a r y  
r o c k s  and  t h e y  a r e  over la in  o r  d ip  t o w a r d  t h e  h igher  
ophio l i t i c  s l ices.  T h e  c a r b o n a t e  r o c k s  a r e  t h e r e f o r e  p a r t  of 
t h e  a s s e m b l e d  a l loch thon .  The i r  p r e s e n c e  a m o n g  t h e  f a r t h e r  
t r a v e l l e d  r o c k s  of t h e  a l loch thon  i m p l i e s  t h a t  f i n a l  a s s e m b l y  
a n d  t h e  l a t e s t  m o v e m e n t s  of t h e  ophio l i t i c  s l i c e s  involved 
local  s t r ipp ing  a n d  d e t a c h m e n t  of u p p e r  p a r t s  of t h e  
a u t o c h t h o n o u s  c a r b o n a t e  sequence .  T h e  c o m m o n  a b s e n c e  of 
c a r b o n a t e  b r e c c i a  a n d  s h a l e  u n i t s  at t h e  t o p  of  t h e  
a u t o c h t h o n  impl ies  c o n s i d e r a b l e  local  re l ie f  a c r o s s  t h e  
d i s turbed  c a r b o n a t e  shelf  b e f o r e  e m p l a c e m e n t  of t h e  
a l loch thon ,  s o  t h a t  pos i t ive  a r e a s  m a y  h a v e  b e e n  kneaded  and  
d e t a c h e d  f r o m  t h e i r  s u b s t r a t e  to b e c o m e  i n c o r p o r a t e d  in t h e  
a l  lochthon.  



A s teep ly-d ipping  n o r t h e a s t - t r e n d i n g  c l e a v a g e  t h a t  
a f f e c t s  bo th  t r a n s p o r t e d  and  a u t o c h t h o n o u s  rocks  increases  in 
in tens i ty  f r o m  w e s t  t o  e a s t  a c r o s s  t h e  a r e a .  It is  recognized  
in subhor izonta l  a u t o c h t h o n o u s  s e d i m e n t a r y  r o c k s  as f a r  w e s t  
a s  Fox Island River ,  b u t  i t  d o e s  n o t  a p p e a r  t o  a f f e c t  
t r a n s p o r t e d  s e d i m e n t a r y  r o c k s  in m o r e  w e s t ~ r l y  c o a s t a l  
exposures .  A c r o s s  t h e  e a s t e r n  p a r t  of  t h e  m a p  a r e a  b e t w e e n  
S e r p e n t i n e  L a k e  a n d  S t a g  Lake ,  t h e  c l e a v a g e  f o r m s  a f a n  
w i t h  e a s t e r l y  d ips  in t h e  w e s t  and  w e s t e r l y  d ips  in t h e  e a s t .  
The  s t e e p  ax ia l  z o n e  of t h e  c l e a v a g e  f a n  is  near ly  c o i n c i d e n t  
w i t h  t h e  a x i s  of t h e  major  sync l ine  conta in ing  t h e  Coolts 
Brook F o r m a t i o n ,  b u t  t h i s  re la t ionsh ip  may be  for tu i tous .  
T h e  s t e e p  c l e a v a g e  is  superposed  o n  loca l  r e c u m b e n t  fo lds  in 
t h e  C o o k s  Brook F o r m a t i o n  a t  H u m b e r  Arm,  implying e a r l y  
r e c u m b e n t  s t r u c t u r e s  r e l a t e d  t o  e m p l a c e m e n t  a n d  l a t e r  pos t -  
e m p l a c e m e n t  u p r i g h t  fo lds  w i t h  s t e e p  c leavage .  A 
p e n e t r a t i v e  c l e a v a g e  of t h e  s a m e  o r i e n t a t i o n  is ax ia l  p lanar  
t o  t i g h t  upr igh t  folds in e a s t e r l y  exposures  of t h e  m e t a -  
morphosed  c a r b o n a t e  t e r r a n e  ( u n i t  Ib )  in t h e  s o u t h e a s t  c o r n e r  
of t h e  m a p  a r e a .  T h e  c a r b o n a t e  t e r r a n e  and  roclts f a r t h e r  
e a s t  a r e  t h e  s u b j e c t  of a r e p o r t  by Kennedy (1980). 

E c o n o m i c  Geology  

T h e  S tephenvi l le  a r e a  c o n t a i n s  a l a r g e  n u m b e r  of 
m i n e r a l  d e p o s i t s  a n d  prospec ts .  T h e s e  inc lude  gypsum,  
l i m e s t o n e ,  a s b e s t o s ,  c h r o m i t e ,  m a g n e t i t e ,  b a s e  m e t a l s ,  e t c .  
A m a p  t h a t  d i sp lays  t h e  known minera l  o c c u r r e n c e s  wi th in  
t h e  S tephenvi l le  a r e a  has  r e c e n t l y  b e e n  re leased  by t h e  
Newfoundland D e p a r t m e n t  of Mines a n d  Energy ( M e r c e r  a n d  
Andrews ,  1979). I t  d i s t inguishes  t h e  s i z e  a n d  s ign i f icance  of 
t h e  o c c u r r e n c e s ,  f r o m  m e r e  ind ica t ions  t o  p r e s e n t  p roducers ,  
a n d  t h e  legend  l i s t s  t h e  n a m e ,  s t a t u s  and  m i n e r a l s  p r e s e n t  in  
e a c h  o c c u r r e n c e .  T h e  m a p  is  a c c o m p a n i e d  by a chronologica l  
p r e c i s  of explora t ion  a c t i v i t y  and a n  a s s e s s m e n t  of m i n e r a l  
p o t e n t i a l  of t h e  a r e a .  

A c k n o w l e d g m e n t s  

T h e  a u t h o r s  a c k n o w l e d g e  t h e  f ie ld  a s s i s t a n c e  of  Alex 
P i t t m a n  a n d  C r a i g  Wheeler ,  a n d  t h e  m a n y  hospi ta l i t i es  shown 
by o u r  neighbours,  t h e  Mi tche l l s  of  P a s a d e n a  a n d  t h e  Barnes '  
of Mount  Moriah. We a l s o  e x p r e s s  t h a n k s  t o  B o w a t e r s  P a p e r  
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Abstract 

If the main northward extension o f  the Canoe Lake Fault, which displaces the Muskox Intrusion 
(middle Proterozoic), follows the east branch, rather than the west branch as has previously been 
assumed, the arguments that the Muskox Intrusion must predate the Dismal Lakes Group are 
circumvented. The east branch requires a sharp bend in the fault, but this is typical of r i f t  faulting 
today. Therefore, it is possible that the Muskox Intrusion is coeval, even comagmatic, with the 
Coppermine River basalts. 

Introduction 

The Muskox Intrusion (Irvine and Smith, 1967; lrvine and 
Baragar,  1972) is a layered,  maf ic-ul t ramaf ic ,  igneous body 
of middle Proterozoic  age.  In cross-section,  i t  has t h e  form 
of a n  ob la t e  funnel,  and was  intruded along and just benea th  
t h e  unconformity separa t ing  ear ly  Proterozoic  rocks  of 
Wopmay Orogen f rom middle Proterozoic  cover rocks 
(Irvine, 1971). The cover  sequence  comprises,  in ascending 
order ,  t h e  Hornby Bay Croup (mostly sandstone), Dismal 
Lakes Croup (mostly dolomite  but  wi th  a basal  sandstone) and 
Coppermine  River Group (mostly basalt  flows). 

It was  init ial ly thought  t h a t  t h e  Muskox Intrusion was  
younger than,  o r  coeval  with, t h e  Coppermine  River Group 
basa l t s  (Smith,  1962; Smith e t  al., 1966). However, de ta i led  
mapping led lrvine (1970) t o  t h e  conclusion t h a t  t h e  intrusion 
p reda te s  t h e  Dismal Lakes Croup and the re fo re  must be  older 
t han  t h e  basalts .  This view is followed by Baragar and 
Donaldson (1973). Irvine (1970) advanced two essent ia l  
a rguments :  

I. The Canoe  Lake Faul t  has  a t h row of about  500 m,  west  
side down, where  i t  displaces t h e  intrusion but,  where  i t  
c u t s  t h e  Dismal Lakes Group, i t s  throw is much less and is 
of t h e  opposi te  sense. 

2. The Dismal Lakes Croup dolomite  is unmetamorphosed, 
even within 300 m of t h e  roof of t h e  intrusion. 

Northward Extension of t h e  C a n o e  Lake Fau l t  

Both Irvine (1970) and Baragar and Donaldson (1973) 
show t h e  Canoe  Lake Faul t  dividing northward in to  two  
branches  a s  i t  passes through t h e  Dismal Lakes Croup 
(Fig. 34.1). The junction of t h e  two branches  is heavily d r i f t  
covered.  The nor thwest  branch devia tes  only 13 degrees  
f rom t h e  t rend of t h e  s t e m  faul t ,  whereas  t h e  no r theas t  
branch dev ia t e s  by 38 degrees.  This is apparent ly  t h e  reason 
why Irvine (1970) considers only t h e  nor thwest  branch a s  t h e  
principal extension of t h e  Canoe Lake Fault. 

Although t ranscurrent  f au l t s  a r e  generally s t r a igh t  o r  
gently curved (eg. Hoffman, 19801, th is  is not  generally t r u e  
of normal  faults .  Normal faul ts  re la ted  t o  cont inenta l  r i f t s  
commonly  display a "zigzag" o r  "gridded" pa t t e rn  (Freund and 
Merzer,  1976). This has  been documented in such diverse  
r i f t s  a s  t h e  Rhine graben (Illies, 1970), t h e  e a s t  African r i f t s  
(Baker e t  al., 1972; Moore and Davidson, 1978) and t h e  Basin 
and Range province (Stewar t ,  1971). Ramberg and Smithson 
(1975) invoke pre-existing oblique f r ac tu re s  t o  accoun t  fo r  
"gridded" f au l t  pa t t e rns  in t h e  Rio Grande Rif t  and Oslo 
Graben. Jus t  4 km west  of t h e  Canoe Lake Fault  (Fig. 34.1) 
is  a narrow graben, in which t h e  "gridded" f au l t  pa t t e rn  may  

r e f l ec t  pre-existing oblique t ranscurrent  faul ts  
(Hoffman. 1980). There  is. therefore .  no reason t o  r e i ec t  
a priori t h e  nor theas t  branch a s  t h e  principal extension o f - t h e  
Canoe Lake Fault .  

Unlike t h e  nor thwest  branch, t h e  nor theas t  branch is 
comparable  t o  t h e  main Canoe Lake Faul t  in both sense  (west  
side down) and throw. Near t h e  Muskox North drill hole 
(Fig. 34.11, lower Hornby Bay Croup sandstone  is faulted 
agains t  t h e  upper pa r t  of Unit 14 (Baragar and Donaldson, 
1973) Dismal Lakes Croup dolomite,  a s t ra t igraphic  separa-  
t ion crudely e s t ima ted  t o  be  400-600 m. However, where  t h e  
f au l t  t r ansec t s  t h e  base of t h e  Coppermine  River basalts  t h e  
throw appea r s  less, al though sti l l  of t h e  requisite sense. This, 
plus t h e  apparent  thickening of t h e  Dismal Lakes Croup 
dolomite  westward across  t h e  faul t ,  suggests t h a t  most of t h e  
faul t  movement  may have occurred near  t h e  end of Dismal 
Lakes Group deposition. If so, t h e r e  is no need t o  pos tu la te  
pre-Dismal Lakes Croup displacement  and no reason why t h e  
Muskox Intrusion must pre-date t h e  Dismal Lakes Croup. 

The outcrops  of unmetamorphosed Dismal Lakes Group 
dolomite,  repor ted  by Irvine (1970, Fig. 2), a r e  separa ted  
f rom t h e  Muskox Intrusion by t h e  nor theas t  branch of t h e  
Canoe Lake Faul t ,  which has grea t ly  reduced t h e  apparent  
ver t ica l  d i s t ance  between them. Because t h e  Hornby Bay 
Group is not  exposed between t h e  two  branch faults ,  t h e  
original  ver t ica l  d is tance  between t h e  roof of t h e  intrusion 
and those  outcrops  of dolomite  is not accu ra t e ly  known. 
Assuming a thickness of 200 m for  t h e  Hornby Bay Group, t h e  
dolomite  is e s t ima ted  t o  have  been 800 m above t h e  roof of 
t h e  intrusion. This is far  g r e a t e r  than t h e  300 m mentioned 
by Irvine (1970) a s  being c lose  enough t o  expec t  a me ta -  
morphic e f f ec t .  

Conclusion 

By recognizing t h a t  t h e  nor theas t  branch is t h e  
principal extension of t h e  Canoe Lake Faul t ,  both arguments  
advanced by Irvine (1970) for  a pre-Dismal Lakes Croup age  
fo r  t h e  Muskox Intrusion a r e  c i rcumvented.  Therefore,  i t  is 
possible t o  reconsider a d i r e c t  and gene t i c  link between t h e  
intrusion and t h e  Coppermine  River basalts. However,  
detailed s t ra t igraphic  work is needed in t h e  Dismal Lakes 
Croup t o  pin down t h e  age(s) of f au l t  movement.  
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Figure 34.1. Geological relations near the roof o f  the Muskox Intrusion. Mapping north of 670001 is by 
Smith e t  al. (1966), Irvine (1970), and Baragar and Donaldson (1973). 
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Abstract 

The Annieopsquotch ophiolite complex is divided into five units. From base to  top these are: 
(1) layered series, including troctolite, norite, gabbro, anorthosite, and mafic granulite; (2)  massive 
gabbro, cut by diabase dykes; (3) a unit transitional from massive gabbro to  sheeted dykes  ( 4 )  a 
sheeted dyke complex; and (5) pillow lava, cut by diabase dykes and including volcanic breccia. 1 

Mafic and intermediate volcanics conformably overlie these units and an elongate, biotite- and 
hornblende-bearing granite intrudes the top of the ophiolite complex. 

Block faulted red sediments and felsic volcanics of probable Silurian age occur south and 
southwest o f  the ophiolite suite. 

Smaller occurrences of  ophiolitic rocks have been recognized at Star Lake, on the eastern shore 
o f  Padille Pond and southwest o f  Puddle Pond, and south of Little Grand Lake. Harzburgite 
associated with gabbro and anorthosite occurs within granite and gneiss, northwest of the Lloyds 
River. These ophiolite fragments resemble parts of the Bay of Islands, Annieopsquotch, and other 
ophiolite complexes. 

Mapping in 1978 a t  1:50 000 sca le  in t h e  Puddle Pond 
a r e a  (NTS 12 A/5) revealed  t h a t  t h e  Annieopsquotch 
Mountains in t h e  southeas t  par t  of t h e  map  a r e a  a r e  underlain 
by a n  ophioli te complex (Herd and Dunning, 1979). Gabbro, 
c u t  by d iabase  dykes, occurs  on t h e  nor thwest  side of t h e  
mountains,  shee t ed  dykes through t h e  cen t r e ,  and pillow lavas 
c u t  by dykes  on t h e  southeas t  side. Tne s t r i ke  of t h e  
c o n t a c t s  be tween these  units is approximately nor theas t ,  
parallel  t o  t h e  mountain ridges. 

June  t o  August 1979 was spent  mapping t h e  ophioli te 
complex in fu r the r  de ta i l .  A grani te ,  which in t rudes  t h e  
ophioli te complex, and a sequence  of red sediments  and 
associa ted  felsic volcanic rocks,  which occur south and 
southwest  of t h e  ophioli te,  we re  also mapped. A f e w  days  
were  spen t  mapping maf i c  and in t e rmed ia t e  volcanics south 
of t h e  ophiolite. These a r e  likely an  extension, t o  t h e  
southwest ,  of t h e  Victoria Lake group (Kean, 1977). 

Regional mapping and reconnaissance continued north 
of t h e  Annieopsquotch Mountains. 

Access 

The recent ly  completed  Burgeo Road (Route  480) passes 
nea r  t h e  southwest  end of t h e  ophioli te complex and 
excel lent  exposures of redbeds and maf ic  volcanics occur  in 
new roadcuts.  However, most  mapping was  done f rom 
f lycamps in t h e  mountains,  supported by helicopter and fixed 
wing a i r c r a f t .  

Annieopsquotch Ophioli te Complex 

Five uni ts  have  been distinguished in t h e  igneous rocks  
of t h e  ophioli te complex, namely t h e  layered series,  massive 
gabbro,  a t rans i t ion  zone,  sheeted  dykes,  and pillow lava 
(Figure  35.1). The transit ion zone boundaries a r e  a rb i t r a ry  
and have  been placed a t  25 and 75 per c e n t  d iabase  dykes  in 
gabbro.  The pillow lava uni t  is marked by t h e  appea rance  of 
s c reens  of pillow lava in t h e  sheeted  dykes. The highest 
s t ra t igraphic  level noted in t h e  ophioli te is pillow lava c u t  by 
approximate ly  50 per cen t  diabase dykes. 

Layered Series 

Layered igneous rocks displaying cumula t e  t ex tu re s  
occur  in two  a r e a s  along t h e  nor thwest  side of t h e  mountains. 
These a r e  separa ted  by equigranular gabbro  and may 
represent  two  d i sc re t e  intrusions in to  t h e  base of t h e  gabbro,  
o r  may be  r emnan t s  of a once  more  extens ive  unit. The  
layers s t r i ke  160-180' in both bodies and a r e  s teeply  dipping, 
similar t o  dyke  t r ends  in t h e  shee t ed  dyke zone. Parallelism 
of igneous layering and dykes, al though unusual, has  been 
observed in t h e  Oman ophioli te (J. Smewing, personal 
communicat ion ,  1979). 

Cumulus minerals in t h e  layered ser ies  a r e  olivine, 
orthopyroxene, clinopyroxene, and plagioclase, and in some  
outcrops  d rama t i c  composit ional variations a r e  apparent  
be tween ad jacen t  layers,  fo r  example  maf i c  t roc to l i t e  next  
t o  anor thos i te  (Figure 35.2). Bright green ch rome  diopside 
occurs  a s  large crys ta ls  in some layers. Magmatic- 
sedimentary  f ea tu re s  such a s  graded bedding, trough 
s t ruc tu re s  and slumped blocks a r e  present but rare .  

The layered rocks  appear  f resh  in hand specimen but 
anor thos i te ,  felsic gabbro and gabbro layers in t h e  southern  
pa r t  of t h e  nor theas tern  body have been recrys ta l l ized;  
porphyroblasts of a maf ic  minera l  a r e  evident  growing across  
layer con tac t s .  Mafic granul i tes  associated with t h e  
southwestern  body of layered rocks a r e  medium grained, 
granular,  two pyroxene metamorphic  rocks,  commonly c u t  by 
raised, amphibole-bearing veinlets. Also associa ted  with t h e  
southwestern  unit a r e  severa l  brown weather ing dykes  one  t o  
severa l  me t r e s  wide with chilled margins,  containing both 
olivine and plagioclase phenocrysts.  They may be  e i t he r  
f eede r s  o r  of fshoots  of t h e  layered unit. 

Massive Gabbro 

The gabbro zone occu r s  along t h e  nor thwest  edge  of t h e  
mountains,  and gabbro  occurs  a s  screens  in t h e  transit ion 
zone and sheeted  dyke zone. The gabbro is predominantly 
coa r se  grained and equigranular,  composed of near  equal 
amounts  of plagioclase and clinopyroxene, and is co r r e l a t ed  
with "high-level" gabbro  described f rom o the r  ophioli te 
complexes.  Many var ie t ies  of th is  gabbro  occur  along t h e  
mountain range and some  may represent  d i sc re t e  intrusions. 
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Figure 35.1. Geological sketch-map of the Annieopsquotch ophiolite (informal names are in quotation marks). 

In some a r e a s  t h e  gabbro is c u t  by hundreds of 
crisscrossing, raised, amphibole-rich veinlets which may 
represent hydrothermal fluid pathways (Figure 35.3). 
Occasionally, plagioclase i s  bleached along t h e  veinlets. 
Pegmat i t ic  pods a r e  locally abundant within t h e  gabbro, 
containing crys ta ls  of hornblende up t o  15 c m  in length. 

At 'Loon Echo Pond' ( informal name), t h e  gradation 
f rom gabbro t o  transit ion zone is well exposed. The gabbro 
becomes increasingly magnetite-rich t o  t h e  south 
(s t ra t igraphic  top) and is c u t  by increasing numbers of 
diabase dykes. Screens of gabbro in th is  zone may conta in  
5 t o  l 0  per c e n t  magnet i te .  Elsewhere t h e  gabbro is 
magnetite-poor and t h e  gradat ion t o  t h e  transit ion zone is 
marked by breccia  with t rondhjemite  matrix.  The 
trondhjemite is composed of approximately 90 per c e n t  
plagioclase, t h e  remainder being amphibole, chlorite,  quar tz ,  
epidote,  apat i te ,  sphene and accessory zircon and prehnite. 
Blocks of both gabbro and diabase,  some partially digested, 

occur  in t h e  breccia  (Fig. 35.4), which commonly extends  into 
t h e  transit ion zone. Trondhjemite breccia also occurs  in t h e  
f au l t  zone northwest of 'Loon Echo Pond'. 

Transition Zone 

The transit ion zone is of variable thickness along t h e  
length of t h e  mountains and may be very narrow or  absent  in 
some areas .  In such places gabbro, c u t  by only a few dykes 
grades  over  100 m or  less in to  100 per  c e n t  sheeted dykes. 
There  is no evidence of faul t ing where  t h e  transit ion zone is 
absent.  

Many dykes in t h e  t rans i t ion zone a r e  5 t o  10 m wide 
with coa r se  grained co res  and chilled margins. Evidence for 
both dykes intruding gabbro and gabbro intruding dykes is 
present.  Within t h e  transit ion zone  t h e r e  is  a gradual  
increase  in t h e  percentage of diabase dykes f rom nor thwest  
t o  southeast .  
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Figure 35.6. 

Figure 35.7. Pillow lava with interpillow aphanitic basalt 
southeast of 'Loon Echo Pond' 100 m from sheeted dykes o f  
Figures 35.6. GSC 203551-B). 

Sheeted diabase dykes southeast of 'Loon Echo Pond' 
- .. at boundary with pillow lava zone. GSC 203064-V. 

Sheeted Dykes 

The sheeted dyke zone of t h e  Annieopsquotch ophioli te 
complex comprises  approximately  30 per  c e n t  of i t s  area1 
ex ten t .  The dykes s t r ike  between 160' and 190' and a r e  
s teeply  dippihg. They vary  in width f rom 1 c m  t o  10 m with 
t h e  majority between 0.5 and 3 m. Many dykes have 
aphani t ic  chilled margins, with well developed cooling 
f r ac tu res ,  and g rade  t o  f ine  t o  coa r se  grained cores  
depending on thei r  width. 

Plagioclase is t h e  most common phenocryst phase in t h e  
d iabase  dykes but less than  10 per c e n t  of t h e  dykes  conta in  
phenocrysts or inclusions. Phenocrysts of olivine, 
orthopyroxene, clinopyroxene and hornblende occur,  and 
diabase and gabbro f r agmen t s  have been noted. A f ew dykes 
with pale grey f resh  su r face  and qua r t z  phenocrysts a r e  likely 
in termedia te  in composition. Some late-intrusive rhyolite 
dykes occur  southeast  of 'Loon Echo Pond'. 

Several breccia  dykes a r e  present ;  t h e  bes t  exposed is 
a t  t h e  e a s t  end of 'Dyke Pond' and is  parallel  t o  t h e  regional 
dyke trend. It is composed of subangular f r agmen t s  of 
diabase in a matr ix  of f ine  grained diabase. At t h e  southwest  
corner  of t h e  ophioli te severa l  poorly exposed outcrops  of 
coa r se  breccia  occur  (Fig. 35.5) south of a group of breccia  
dykes  within t h e  sheeted dyke zone. 

In some areas ,  near  the  con tac t  with the  pillow lava 
zone, many closely-spaced, narrow, f ine  grained diabase 
dykes in t rude in to  ear l ier  thick diabase dykes. They a r e  well  
exposed on t h e  ridge south of 'Loon Echo Pond' (Fig. 35.6). 

Pillow Lava 

The maximum thickness of this zone is approximately  
l km and t h e  highest ra t io  of pillow lava t o  d iabase  dykes 
noted is 1:l. 

South of 'Loon Echo Pond' a t  t h e  level where  screens  of 
pillow lava f i r s t  occur  in t h e  sheeted dykes, some  diabase  
dykes bud t o  form pillows and some dykes pass upward into 
breccia.  

Pillows a r e  round t o  elongate.  Their or ienta t ions  do  not 
indicate  an  obvious top  direction. They vary  f rom 0.2 t o  1 m 
in length and some contain plagioclase phenocrysts. The 
interpillow mater ia l  is aphani t ic  basal t  and a l l  pillows appear  
t o  b e  maf i c  in composition (Fig. 35.7). 



The pillows a r e  a p h a n ~ t ~ c ,  nonveslcular and most  do  not '57t~~‘:. t 
have dis t lnct  chilled margins. I so t rop~c  glass shards  a r e  *,L 

present  ~n t h e  p ~ l l o w  rlms wlth abundant a l t e r a t ~ o n  products - 
which include act inol l te ,  c h l o r ~ t e ,  a l b ~ t e  and pumpellylte. 

> I '  

Mafic and Intermedia te  Volcanics 

Volcanic rocks, whlch may In par t  be o p h ~ o l i t i c  and In 
pa r t  equivalents of the  V ~ c t o r ~ a  Lake group (Kean, 1977) 
occur  north and south of t h e  maln granl te  body, along t h e  
northern par t  of t he  Klng George I V  Lake map a r e a  and in 
numerous roadcuts along Route 480. They conslst of bedded 
tuffs ,  r n a f ~ c  flows and pillow lava wlth ln t e rp~ l low cher t .  
One volcanlc breccla horlzon occurs wlth bedded tuffs ,  
southwest of t he  oph lo l~ te .  A few outcrops of strongly 
sheared c h l o r ~ t e  and se r l c~ te - r l ch  tuffs  were  observed. Vost 
unlts seem t o  be lensold. One 100 m long body of coarse  
gralned gabbro, whlch IS ln terpre tea  t o  be  a synvolcanlc sill, 
1s present wlthln t h e  maf lc  volcanlc sequence. 

Redbed - Felsic Volcanic Sequence 

Excellent exposures of red  s e d m e n t s  occur  In roadcuts 
and In a quarry on t h e  new road. They d ~ p  shallowly 
southeas t  In t h e  northern roadcuts and a r e  near  v e r t ~ c a l  but  
over turned In t h e  quarry,  suggesting t h e  presence of fault-  
bounded blocks. The rocks vary f rom argil l l te t o  coa r se  
sandstone w ~ t h  pebble hor~zons .  Crossbeds in sandstone In 
t h e  quarry (Fig. 35.8) lndlcate  t h a t  t h e  sequence f aces  north. 
S e d ~ m e n t a r y  f ea tu res  noted a r e  mudcracks,  r ipple marks, 
load cas ts ,  and mud-ch~p  beds; de t r i t a l  muscovite occurs. 
These sedimentary rocks bear a strlklng resemblance t o  those 
of t h e  Botwood Group exposed near Blshops Falls. . 

Wlthln the  sequence In the  quarry IS a 10 m thlck unlt 
composed of angular t o  subrounded blocks of felslc volcanlcs 
In an a p h a n l t ~ c  red-brown matr lx  (Fig. 35.9). Prlmary Figure 35.8. Crossbedded sandstone from the redbed 
volcanlc f ea tu res  such a s  flow bandlng and f l amme a r e  well sequence Tops to  right (north). GSC 203551-E 
preserved In t h e  blocks. T h ~ s  unlt IS Interpreted a s  a laharlc 
breccla.  It overlles masslve volcanlc rocks and 1s overlaln by 
t h e  sandstone-argl l l~te  sequence. 

Southeast  of t h e  quarry,  a severa l  hundred me t re  thlck 
plle of felslc volcanics occurs  w ~ t h l n  the  redbed sequence. 
Flow banded and masslve fe ldspar-phyr~c rhyollte flows form 
t w o  prominent hills In t h e  a r e a  and locally a r h y o l ~ t e  breccia  
is  present.  Many of t h e  redbed sandstones have a v o l c a n ~ c  
component,  and pumlce c l a s t s  up t o  3 c m  in d l ame te r  a r e  
present  in one  bed. 

Figure 35.9. 

Laharic breccia of felsic volcanic rocks in red 
' brown matrix. Note angularity and poor sorting. , GSC 203551-T. 
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In one s t r eam valley north of 'Bear Pond' a 10 m thick 
exposure of grey sil tstone-argil l i te,  bedded a t  cen t ime t re  
scale,  occurs between two  outcrops  of red sandstones but t h e  
ac tua l  con tac t s  were  not observed. Within t h e  argil l i te,  one  
bed 0.5 m thick contains brachiopods, some recrystall ized to  
coa r se  grained calc i te .  

This redbed sequence is probably an extension t o  t h e  
nor theas t  of t h a t  described by DeGrace (1974) immediately 
adjacent  t o  King George l V  Lake. There he described 
sandstone and a conglomerate  in which 40 per cen t  of t h e  
coa r se  c las ts  a r e  fe ls ic  volcanics. 

Because of i t s  similarity in appearance t o  redbeds of 
t h e  Botwood Group and the  presence of a significant 
proportion of felsic volcanic flows and sediments similar t o  
those  of t h e  Springdale Group th is  redbed sequence is likely 
t o  be  of Silurian age ,  r a the r  than Carboniferous a s  previously 
thought (Herd and Dunning, 1979). 

On the  ridge immediately northwest of Victoria Lake, 
red sil tstone, sandstone and conglomerate  occur  in a 2 t o  3 m 
thick horizon which is discontinuous along s t r ike ,  dips steeply 
southward and is bounded on t h e  north by a major mylonite 
zone. These sedimentary  rocks c o n t a c t  maf ic  volcanic flows 
t o  t h e  south. The con tac t ,  a s  observed in several outcrops,  
appears  t o  be conformable,  with c las ts  of red sediment  
included in t h e  maf ic  volcanics. The majority of pebbles in 
the  conglomerate  a r e  of o the r  redbed lithologies, che r t  and 
diabase.  

One roadcut southwest of 'Bear Pond' conta ins  a I m 
thick red shale  horizon interbedded with rnafic volcanics. 
This shale may be  re la ted  to  the  redbeds north of Victoria 
Lalte. It is uncertain whether these  small  lenses of redbeds 
a r e  related t o  t h e  thick redbed-felsic volcanic sequence 
described above. 

Grani te  

Coarse  grained biot i te-  and hornblende-bearing g ran i t e  
occurs  along a chain of lakes in t h e  valley south of t h e  
ophiolite complex. It contains large inclusions of fine grained 
mafic  rock and pillow lava, which a r e  likely p a r t  of t h e  
ophioli te complex. The grani te  fo rms  the  matr ix  of an  
intrusion breccia  a t  i t s  margins; many of t h e  included mafic  
blocks a r e  now amphibolite,  and it has a faul ted  intrusive 
con tac t  with maf ic  volcanics t o  the  south. Isolated, probably 
fault-bounded, pods of grani te  occur  southeas t  of t h e  major 
body. 

Faulting 

Within t h e  ophioli te complyx f au l t s  have been noted 
crosscutting and locally o f f s e t t ~ n g  t h e  s t ra t igraphy,  for 
example  west-northwest of 'Loon Echo Pond'. No major 
faul ts  have been noted parallel  t o  the  stratigraphy, however 
many narrow shear zones a r e  present or iented northeasterly.  
One faul t  in t h e  layered ser ies  with an  apparent  displacement 
of 4 m contains coa r se  grained undeformed gabbro intruded 
along it ,  suggesting t h a t  i t  was formed in the  oceanic 
environment ra ther  than during emplacement .  

The s t ruc tu ra l  geology south of t h e  ophioli te is only 
poorly known. Some northeast-trending faul ts  a r e  present in 
the  ridge northwest of Victoria Lake and one major faul t ,  
marked along i t s  length by sheared and mylonitized rocks, 
s epa ra t e s  redbed sediments  and overlying maf i c  volcanics 
f rom grani te  and rnafic volcanics t o  t h e  northeast .  

As noted above, block faulting may be  responsible for 
t h e  variation in d ip  of t h e  redbeds in adjacent  outcrops along 
t h e  Burgeo Road. 

Economic Geology 

Cu-Ni-Fe sulphides occur  in small  amounts  in all  rock 
types  of t h e  Annieopsquotch ophiolite and in amounts  up t o  
10 per cen t  in sheared and a l tered v o l c a n ~ c  flows and tuffs ,  in 
roadcuts  in t h e  northern par t  of t he  King George I V  Lake map 
area .  Asbestos fibres up t o  3 mm long a r e  present along with 
massive serpentine and magne t i t e  in a l tera t ion veinlets 
cut t ing a t roc to l i t e  layer in t h e  eas tern  layered body. 

Pink stained surfaces  in the  redbed sequence in t h e  
quarry may be due t o  t h e  presence of Mn and/or CO 
mineralization. Scinti l lometer counts  of t h r e e  t imes  
background were  obtained from a crossbedded sandstone 
layer just above the  con tac t  with the  laharic breccia ,  in the  
quarry.  

Regional Corre la t ions  

Mafic and ul t ramafic  rocks in the  region northwest of 
t h e  Lloyds River - Red Indian Lalte valley have been 
examined and severa l  a r e a s  of rocks with ophioli te af f in i t ies  
have been recognized. The a reas  referred t o  below can be 
found by reference  t o  Riley (1957). 

Star  Lake 

A massif of similar topographic relief and appearance 
t o  t h e  Annieopsquotch ophiolite region, occurs on the  
nor theas t  side of Star  Lake. Pa r t  of this massif has  been 
mapped a s  intrusive gabbro (Kean, 1978). The a r e a  was 
examined briefly during reconnaissance and two units 
distinguished. The northwest side of t h e  massif is underlain 
by cumulate  t ro r to l i t e ,  norite,  two-pyroxene gabbro and 
minor anorthosite,  locally well layered (Fig. 35.10); t h e  
layering s t r ikes  northwest and dips steeply.  These rocks a r e  
identical  t o  those of t he  layered ser ies  of t he  Annieopsquotch 
ophiolite (unit I ) .  The second unit of t he  massif is massive 
gabbro c u t  by a few diabase dykes, and can be  corre la ted  
with t h e  basal par t  of t h e  Annieopsquotch massive gabbro 
(unit  2). Minor trondhjemite was noted in both t h e  layered 
ser ies  and in the  gabbro. The con tac t  between t h e  units a t  
Star  Lake, a s  In t h e  .\nnieopsquotch ophiolite, runs roughly 
northeast .  

Padille Pond and Puddle Pond 

Mapping by D.P. Kennedy in connection with t h e  
present project has revealed a small  a r ea  of poorly exposed 
mafic-ultramaf ic rocks on the  southeast  side of Padille Pond. 
Lithologically, these  rocks a r e  identical  t o  maf ic  layers in 
t h e  Annieopsquotch ophiolite layered series. They show 
cumula te  plagioclase in a pyroxene-olivine matr ix ,  and large 
bronzite oikocrysts can be distinguished in hand specimen. 
They a r e  intruded by massive and foliated grani te .  

South and southwest of Puddle Pond occur  anor thosi te  
and gabbroic anorthosite,  thought previously t o  resemble 
Grenvillian anorthosites (Herd, 1978). Closer examination 
now shows t h a t  these  rocks a r e  t roctol i t ic ,  and identical t o  
rocks f rom t h e  layered ser ies  of t h e  Annieopsquotch 
ophiolite. Olivine-plagiorlase react ions  have occurred and 
a l tered olivine co res  a r e  surrounded by greenish r ims against  
t he  feldspar.  

Li t t le  Grand Lake 

The Glover Formation (Riley, 1952) occupies much of 
the  a r e a  of western Grand Lake and Li t t le  Grand Lake. 
Mapping nor theas t  of Island Pond has revealed a f au l t  c o n t a c t  
between ophiolitic rocks along Li t t le  Grand Lake, and 
grani t ic  gneisses t o  t h e  south. The ophioli t ir  rocks a r e  
massive gabbro-norite,  overlain by sheeted dykes. Ophiolites 
have previously been reported from the  Glover Formation, on 
Glover Island (Knapp e t  al., 1979). 
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Figure 35.10. 

Layered series rocks at Star Lake. GSC 203064-2. 

Figure 35.11. 

Layering in harzburgite west o f  Silver Pond. The 
large oikocrysts are altered bronzite.  
CSC 203546-E. 

East  of L i t t l e  Barachois Brook 

Metamorphosed gabbro, anorthosite,  and pyroxenite c u t  
by g ran i t e  and foliated g ran i t e  were  mapped previously, 
southwest  of Silver Pond, northwest of Lloyds River, and 
south of Southwest Brook (unit 8 of Herd and Dunning, 1979). 
Fur ther  mapping has revealed associated ul t ramafic  rocks, 
locally interlayered with gabbro, and gabbroic anorthosite,  a l l  
c u t  by g ran i t e  and gneiss. The most compelling evidence t h a t  
these  rocks have ophiolitic affinit ies,  is t he  lithologic 
cha rac te r  of t h e  ultramafics.  They a r e  harzburgites,  with 
serpentinized olivine matr ix ,  and bronzi te  oikocrysts in layers 
(Fig. 35.11); t h e  bronzi te  may b e  a l t e red  t o  chlorite,  and t h e  
contained olivine serpentinized, but t h e  essential  t ex tu re  
remains. They resemble harzburgites f rom the  Lewis Hills 
and f rom t h e  Troodos complex, Cyprus. 

Long Range M a f i c - U l x m a f i c  Complex 

an  upper shee t  of well layered t roctol i te ,  olivine gabbro, 
nor i te  and anorthosite,  passing into gabbro, occur,  overlying 
tonal i t ic  gneiss. The description of the  upper sheet  is 
reminiscent of t h e  layered ser ies  of t h e  Annieopsquotch 
ophiolite. 

Summary and Implications 

The ~ n n i e o p s q u o t c h  ophioli te is of regional importance  
in unravelling the  complex history of t he  southern Long 
Range in Newfoundland, and i t s  detailed study will provide 
important  information about  t h e  upper portions of ophioli te 
sui tes  (cf. Malpas and Stevens,  1978). Relationships t o  t h e  
red sedirnents and volcanics imply t h a t  an  oceanic  
environment was succeeded in the  Silurian by cont inenta l  
conditions. Scat tered ophioli te f r agmen t s  nor thwest  of t h e  
Lloyds River valley provide links with o the r  western  
Newfoundland ophiolites. The f a c t  t h a t  some  of these  

Near Port aux Basques, ophiolitic rocks have been f r agmen t s  a r e  intruded by grani te  and foliated grani te  

mapped by Brown (1976). A basal thrus t  shee t  composed of implies considerable plutonic ac t iv i ty  a f t e r  ophioli te 

duni te  with pods of harzburgite,  Iherzolite,  and wehrli te,  and 
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Abstract 

Precambrian basement rocks a r e  faulted against cover rocks, which range in age from 
Hadrynian to Carboniferous. A polydeformed rnetasedirnentary sequence of Hadrynian to Ordovician 
age consists of feldspathic psammites and sernipelites in basal par ts  and quartz-rich and calcareous 
rocks in upper parts. These metasediments a re  possible equivalents of the FZeur de  Lys Supergroup; 
in places they, a re  thrust against basement rocks a s  well a s  against lower par t s  of a Cambro- 
Ordovician carbonate platform sequence. At least three deformation events have affected the area.  
The f i rs t  two events a re  probably equivalents of the Taconic and Acadian orogenies. The intensity of 
both deformation and metamorphism decreases westward, and a lower amphibolite facies  
metamorphic peak may have been reached in the rnetasedimentary sequence between the f i rs t  two 
deformation events. Thrust faul ts  may have been initiated during the early deformation; associated 
with one thrust a r e  rocks of possible ophiolitic affinity. 

Introduction 

Reconnaissance mapping in the Corner Brook Lake 
area, immediately west of Grand Lake, western 
Newfoundland, was completed during the 1979 field season. 
The map area (Fig. 36.1) is bounded by Grand Lake and South 
Brook valley on the  south and east,  by the  Trans-Canada 
Highway and Humber River valley on the west and north, and 
includes parts of NTS map sheets 12 A/12, 13, 12 B/9, 16, 
12 H/4. The area consists of an eastern highland area, which 
is part of the Long Range Mountains, and an area of lower, 
gently rolling hills t o  the  west. 

The aim of the study was to  sketch the major s t rat i -  
graphical and structural features, particularly in the eastern 
part of the  area. The following is a progress report of this 
work. 

The paragneiss unit (2) is dominantly fine grained, buff 
coloured, psammitic t o  semipelitic gneiss and schist with 
scattered thin layers of garnetiferous, pelitic schist. Green 
calc-silicate schist and grey, pure quartzite a r e  minor com- 
ponents. The paragneiss unit 1s interpreted to  be an integral 
part of the Precambrian basement complex. 

Foliated, medium grained, pink granite (unit 3) outcrops 
in the middle of the basement terrane. On one side, the  
granite intrudes rocks of the paragneiss unit, while on three 
sides it  is faulted against paragneiss or granite gneiss. 
Deformed granite veins, common in all units of the  basement 
terrane, and pink granite neosome in locally developed 
lit-par-lit migmatite, may be apophyses of the granite. A 
Precambrian age is suggested by the granite's restriction t o  
the basement terrane. 

Stratigraphy Metasedimentary Terrane 

The area is underlain by a variety of deformed and The eastern half of the map area is underlain by a 

variably metamorphosed rocks ranging in age from variety of polydeformed, dominantly r n e t a ~ e d i m e n t a r ~ ,  
precambrian to ~ ~ ~ b ~ ~ i f ~ ~ ~ ~ ~ .  F~~~~~~~ lithologic ,,,,its are schists and gneisses collectively referred to  as the meta- 

recognized, eleven of which a r e  divided among three gee- sedimentary terrane. Four major lithologic units a r e  
graphically and stratigraphically distinct terranes: a recognized. 
basement terrane (units 1 t o  3); a metasedimentary terrane The first unit (4), composed of a variety of feldspathic 
(units 4 to  8); and a carbonate terrane (units 9 t o  I l). Each schists and gneisses, outcrops along the eastern margin of the 
of these major stratigraphic divisions is discussed in turn. area in a belt that  widens considerably' from south t o  north. 
The remaining three lithologic units (12 to 14) are  considered The unit is dominanted by medium- t o  coarse-grained albite- 
separately. quartz-mica schist, which varies in texture from gneissic to 

slaty, mainly as  a function of the phyllosilicate content. Pink 

Basement Terrane porphyroblasts of albite a r e  conspicuous and range in size 
from I mm t o  1 cm. The feldspathic schists a r e  intensely 

Rocks of the basement terrane are  found in three fault- sheared in the southeast corner of the map area, and are  
bounded blocks in the south-central part of the map area. commonly strongly lineated elsewhere. Quartzite and 
The basement terrane comprises granitoid gneisses with quartz-rich schistose layers a r e  common. 
amphibolite, paragneisses and foliated granite. 

The second unit ( 5 )  consists of quartzofeldspathic 
The granitoid gneisses include medium grained, green, schists and gneisses, locally garnetiferous, with scattered 

tonalitic gneiss and migmatite -(unit la),  and well layered pure quartzite and albite schist layers, and minor garnet 
pink, granite gneiss (unit Ib). Both units contain amphibolite amphibolite layers. Unit 5 is distinguished from unit 4 by its 
layers and lenses, generally up to one metre thick. L o c a l l ~  higher proportion of quartz and significantly lower proportion 
discordant contacts  suggest that  the  amphibolites a r e  meta- of albite schist. The structurally lower part of this unit 
morphosed basic dykes. A single exposure of garnet amphi- contains two distinctive lithologic associations: a quartzo- 
bolite was noted. Abundant green biotite, epidote and feldspathic gneiss cu t  by amphibolite layers containing up t o  
saussuritized plagioclase in the tonalitic gneiss indicate 20 per cent,  large (1 cm) biotite porphyroblasts, and a 
strong retrogression. On the basis of their distinctive metaconglomerate consisting of mainly quartz and feldspar 
textures and lithologies the granitoid gneiss units a r e  clasts, with a few flattened quartz clasts a s  long a s  20 cm. 
interpreted to  be correlatives of the Long Range Complex 
(Baird, 1960; Neale and Nash, 1963), and thus Precambrian in 
age. 
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Figure 36.1. Geology, Corner Brook Lake area. 



LEGEND FOR FIGURE 36.1 

CARBONIFEROUS AND OLDER 

14 Carboniferous sediments:  14a - Anguille Group, plant-bearing, grey sandstone and sil tstone; 
14b - Deer Lake Group, red conglomerate  

13  Granite:  medium grained, foliated and brecciated, pink grani te ;  13a - fo l ia ted  g ran i t e  and 
fe ls ic  volcanics 

12 Humber Arm Supergroup: 12a - mainly black shale,  minor gray sandstone 

11 Table Head Formation: grey marble  and limestone, black shale,  minor l imestone breccia 

10 St. George Group: buff and pink, dolomitic and ca l c i t i c  marble,  l imestone and dolomite 

9 Grand Lake Brook Group (includes Reluctant  Head Formation): grey, ser ic i t ic  marble,  
phyllite, interbedded phyllite and marble,  marble  breccia,  phyllitic schist ,  minor qua r t z i t e  

HADRYNIAN TO ORDOVICIAN (METASEDIMENTARY TERRANE) 

8 Rocks of possible ophiolitic affinity:  8a  - mafic  rocks: amphibolite and greenschist;  
8b  - ul t ramafic  rocks: mainly serpent in i te  

7 Calcareous  schist  and marble: actinolite-garnet-calcite-mica schist ,  grey and whi te  marble,  
schistose (micaceous) marble,  minor quar tz-mica  and garnet-quartz-mica schist  

6 Quartz-rich psammitic rocks (includes Mount Musgrave Formation): quar tz-mica  and garnet -  
( tourmaline)-quartz-mica schists,  qua r t z i t e ,  and minor mica-feldspar-quartz schist  and 
meta-arkose 

5 Quartzofeldspathic psammites:  quartz-feldspar-mica and garnet-quartz-feldspar-mica schist  
and gneiss, minor quar tz i te ,  garnet  amphibolite and bioti te amphibolite 

4 Feldspathic schist  and gneiss: medium and coa r se  grained albite-quartz-mica schist  and 
gneiss, minor qua r t z i t e  and quar tz-mica  schist  

PRECAMBRIAN (BASEMENT TERRANE) 

3 Granite:  medium grained, foliated,  pink grani te  

2 Paragneiss: buff, f ine grained, quartz-feldspar-mica gneiss and schist ,  locally garnetiferous,  
minor calc-sil icate schist  and qua r t z i t e  

1 Granitoid gneisses and amphibolite: l a  -g reen ,  tonal i t ic  gneiss, migmat i t e  and amphibolite;  
I b  - pink, well layered, grani t ic  gneiss and amphibolite 

The third lithologic unit (6) comprises a variety of 
quartz-rich psammit ic  rocks. The dominant lithologies a r e  
quartz-mica and garnet-quartz-mica schists,  and gray t o  
white quar tz i te .  Garne t  porphyroblasts ( I  c m  or  less) a r e  
ubiquitous, and small  ( I  cm), black, tourmaline crys ta ls  a r e  
relatively common. Minor amounts  of mica-albite-quartz 
schist ,  quartz-feldspar-calcite-mica schist  and orange- 
coloured, meta-arkose a r e  found locally in this unit ,  also. 
Rocks of unit 6 outcropping in the  northwestern par t  of t h e  
map a r e a  have been previously referred t o  a s  the  Mount 
Musgrave Formation by McKillop (1963) and Lilly (1963). 

The four th  major lithologic unit  in t h e  metasedimentary  
t e r r ane  is a very dis t inct ive  sequence of ca lcareous  schist  
and marble  (unit 71, res t r ic ted  in distribution t o  t h e  southern 

par t  of t h e  map area .  The unit is immediately recognizable 
by t h e  presence, in ca lcareous  schists,  of ac icular  ac t inol i te  
porphyroblasts ranging in length f rom 1 t o  15 cm. Red garnet  
porphyroblasts up t o  4 c m  in d i ame te r  a r e  common, and in 
many cases  both ga rne t  and act inol i te  a r e  found in t h e  s a m e  
rock. These ca lcareous  schis ts  a r e  interlayered with variably 
micaceous,  grey and white, coa r se  grained marbles. Pink 
marble,  associated with garnet -mica  schist  and micaceous 
qua r t z i t e  containing blue qua r t z  grains, was  noted a t  two  
localities. Mica, quar tz-mica ,  and garnet -quar tz-mica  
schists a r e  common in t h e  western ,  s t ructura l ly  lower par t  of 
th is  unit. 



These  four  l i thologic units  (4 t o  7) a r e  in terpre ted  a s  a 
metamorphosed sequence  of dominantly metasedimentary  
rocks. The a g e  of t h e  sequence  is uncer ta in ,  and 
s t ra t igraphic  re la t ions  within i t  a r e  not  c l e a r  due  largely t o  
t h e  deg ree  of deformat ion and metamorphism,  and t o  t h e  
scarc i ty  of facing cr i te r ia .  

Corre la t ions  have previously been made between t h e  
me ta sed imen t s  in t h e  map  a r e a  and rocks  of t h e  Fleur d e  Lys 
Supergroup on t h e  Burlington Peninsula (Church, 1969; 
1Villiams e t  al., 1972, 1974; Williams and Stevens,  1974). 
Preliminary results  f rom t h e  present  study support  th is  
corre la t ion ,  based on t h e  similari t ies in lithology, s t ruc tu ra l  
s ty le ,  metamorphic  g rade  and t ec ton ic  sett ing.  

Recen t  work on t h e  s t ra t igraphy of t h e  Fleur d e  Lys 
Supergroup (Hibbard, 1979; Bursnall, 1979; Bursnall and 
d e  Wit, 1975) indica tes  t h a t  lower pa r t s  of t h e  sequence  
(e.g., Seal Cove group) include fe ldspathic  psammites ,  
semipel i tes ,  amphibol i te  and metaconglomerate ,  and upper 
pa r t s  of t h e  sequence  (e.g., Rat t l ing  Brook Group) include 
psammitic,  semipel i t ic  and ca lcareous  rocks. Based on 
corre la t ion  with t h e  Fleur d e  Lys Supergroup, metasediments  
in t h e  map a r e a  a r e  in terpre ted  t o  be  Hadrynian t o  
Ordovician in age ,  with basal  pa r t s  of t h e  sequence  
represented  by t h e  coa r se  feldspathic and quar tzofe ldspathic  
rocks of units  4 and 5 ,  and upper pa r t s  represented  by t h e  
more  quar tz- r ich  psammites  and ca lcareous  rocks of units  6 
and 7. Fur ther  work will likely ref ine  t h e  s t ra t igraphy of t h e  
metasedimentary  t e r r ane ,  and thereby sharpen corre la t ion  
with t h e  Fleur d e  Lys Supergroup. 

A var ie ty  of deformed and metamorphosed maf i c  and 
u l t r amaf i c  rocks  (unit  8) cons t i t u t e s  a n  area l ly  minor portion 
of t h e  metasedimentary  ter rane .  The u l t r amaf i c  rocks  a r e  
massive t o  schis tose  serpent in i tes  with pa t ches  and veins of 
magnesite.  Picroli te,  t a l c  and anthophylli te w e r e  a lso  noted. 
Schistose serpent in i te  in t h e  Cabo t  Faul t  zone  is c u t  by 
g ran i t e  (unit 13), and t w o  bodies of serpent in i te  a r e  located 
in t h e  Stag  Hill Thrust  zone.  Mafic rocks  outcrop on t h e  
shore  of Grand Lake and include s la ty  greenschist  and 
medium grained amphiboli te,  t h e  l a t t e r  c u t  by grani te .  

The lithologies of  unit 8, the i r  se t t ing  along s t ruc tu ra l  
discontinuit ies,  and the i r  proximity t o  ophioli t ic rocks of t h e  
Glover Island complex (Knapp e t  al., 1979) all suggest  t h a t  
they a r e  of ophioli t ic affinity.  

Carbonate  Terrane  

The ca rbona te  t e r r a n e  underlies an.  a r e a  of low, rolling 
hills wes t  of t h e  basement  and metasedimentary  ter ranes .  
The ca rbona te  t e r r a n e  consists of t h ree ,  previously named, 
lithologic units: t h e  Grand Lake Brook Group (Walthier,  
1949), t h e  St. George  Group and t h e  Table Head Format ion 
(Schuchert  and Dunbar, 1934; Walthier, 1949; Riley, 1962). 

The Grand Lake Brook Group (unit  9) comprises  
phylli te,  thinly interbedded phylli te and marble! grey  ser ic i t ic  
marble ,  marble  breccia ,  and minor phyllitlc schist  and 
qua r t z i t e .  The marble  breccia commonly consists of 
f la t tened c las ts  with long dimensions of 5 t o  I0 c m ;  locally, 
f la t tened or rounded c l a s t s  up t o  30 c m  a r e  found. At two  
locali t ies,  grey  marbles of t h e  Grand Lake Brook Group g rade  
westward  Into buff and pink marble  of t h e  overlying 
St. George  Group (unit 10). North of t h e  Humber River 
valley, lithologies similar t o  those of t h e  Grand Lake Brook 
Group have  been refer red  t o  a s  t h e  Reluctant  Head 
Format ion by Lilly (1963). These  l i thologies a r e  also 
s t ra t igraphica l ly  beneath  t h e  St. George  Group (Lilly, 1963; 
Briickner, 1966). 

recrys ta l l iza t ion  of t h e  carbonates  dec reases  westward;  
exposures  on t h e  Trans-Canada Highway a r e  l imestones and 
dolomites.  One unidentified brachiopod was found in marble  
in a highway exposure near  Corner Brook. 

Where t h e  Table Head Formation (unit 11) outcrops  in 
t h e  map a rea ,  it consists of grey ,  knobby-weathering 
l imestone  or marble,  shaly l imestone,  black shale  and minor 
l imestone breccia.  Only t h e  more  eas ter ly  exposures of 
l imestone  a r e  crystall ine.  The con tac t  with t h e  underlying 
S t .George  Group has been in terpre ted  a s  locally 
disconformable (Riley,  1962). 

The St. George  Group, t h e  Table  Head Format ion and 
underlying Cambrian  c l a s t i c s  and ca rbona te s  exposed wes t  of 
t h e  map  a r e a  have  been in terpre ted  a s  a Cambrian  t o  ear ly  
Middle Ordovician ca rbona te  p la t form sequence  
(Williams e t  al., 1972, 1974; Williams and Stevens,  1974). 
Grand Lake  Brook Group lithologies, and the i r  s t ra t igraphic  
position beneath  t h e  St. George  Group, suggest  they a r e  a n  
eas tern ,  metamorphosed and deformed,  fac ies  equivalent of 
Cambrian  rocks exposed t o  t h e  west. Marble breccia  in t h e  
Grand Lake Brook Group and t h e  Table Head Format ion may 
indica te  deposit ion near  t h e  edge of a ca rbona te  bank. 

Other  Lithologic Units 

Other  lithologic units  in t h e  map  a r e a  include rocks of 
t h e  Humber Arm Supergroup (unit  l2),  a unit of fe ls ic  
plutonic and volcanic rocks  (unit 131, and t e r r e s t r i a l  
sediments  of Carboniferous  a g e  (unit 14). 

The Humber Arm Supergroup (Stevens,  1970) is 
represented  along t h e  western  margin of t h e  map  a r e a  by 
mainly black shale  o r  s l a t e  (unit  12a), locally containing grey  
sandstone  beds and lenses (H.Williams, persona! 
communication).  

Felsic plutonic and volcanic rocks (unit 13) outcrop near 
t h e  southeas tern  margin of t h e  a r ea ,  and include medium 
grained, breccia ted  and locally fo l ia ted ,  pink grani te ,  a s  well 
a s  minor i n t e rmed ia t e  t o  acid,  porphyrit ic volcanics. The 
g ran i t e  appears  t o  be  localized in t h e  Cabot  Fault  zone  
(Knapp e t  al., 1979), and in shoreline exposures on Grand 
Lake i t  displays intrusive con tac t s  with maf i c  and ul t ramaf ic  
rocks (unit 8). The fe ls ic  volcanics (unit l 3a )  conta in  
I per c e n t  K-feldspar phenocrysts,  and ou tc rop  a s  intensely 
weathered,  orange and g rey  layers  in fo l ia ted  grani te .  The 
a g e  and significance of both  t h e  g ran i t e  and t h e  volcanics a r e  
a s  y e t  uncer ta in ;  however,  they may b e  phases of t h e  Middle 
t o  L a t e  Paleozoic Topsails Batholi th (Williams et al., 1974; 
Williams, 1978) init ial ly intruded in to  a pre-Carboniferous 
zone of weakness and l a t e r  caugh t  up in t h e  Cabo t  Faul t  zone  
deformation.  

Carboniferous  rocks  ou tc rop  at two  locali t ies in t h e  
nor thern  pa r t  of t h e  area .  Dark grey ,  f ine  grained, plant-  
bearing sandstone and s i l t s tone  (unit  14a) (Anguille Group; 
Hyde 1979) a r e  faul ted  against  metasediments  on t h e  west 
shore of Grand Lake a t  Northern Harbor, while red,  boulder 
conglomerate  and interbedded red sandstone  (unit 14b) (Deer  
Lake Group; Hyde, 1979) unconformably overlie 
metasediments  on t h e  west  shore  of Deer Lake. 

S t ruc tu re  

At  leas t  t h r e e  d is t inc t  phases of deformat ion have  s o  
f a r  been recognized in t h e  m a p  a rea ,  t h e  f i r s t  two  of which 
were  major s t ruc tu ra l  events.  The overa l l  t e c ton ic  evolution 
of t h e  a r ea ,  however,  was  undoubtedly considerably more  
complex. 

Within t h e  map  a rea ,  t h e  St. George  Group is 
represented  by thickly bedded, buff, pink and white,  ca l c i t i c  
and dolomit ic  marbles  wi th  a f ew  s i l ty  layers. The deg ree  of 



The early, most intense deformation (D1) affected a l l  
Ordovician and older rocks in  the area and is characterized 
by northeast trending, t ight  to  isoclinal folding (FI), which 
transposed an earlier foliation (probably bedding) to produce 
the dominant planar structure (SI) in the area. F1 is 
generally represented by handspecimen-scale closures, which 
are particularly well displayed in  phyl l i t ic marble of the 
Grand Lake Brook Group and in  calcareous and semipelitic 
rocks of the metasedimentary terrane. This suggests 
proximity of parts of the carbonate and rnetasedimentary 
terranes during the early deformation. 

Major, east-dipping thrust faults may have been 
initiated during D1, since mylonite foliations associated with 
the thrusts are generally parallel to  SI, and are locally folded 
by F2(?). The Grand Lake Thrust (Williams, 1978) defines the 
western margin of the basement terrane, and juxtaposes 
basement gneiss (units l and 2) and St. George Group marble 
(unit 10) across a very narrow (< 500 m), topographically 
marked, high strain zone. The development of the thrust 
zone appears to have involved early (D l? )  mylonite formation 
and later (D2?) more br i t t le  shearing. The northern extension 
of the Grand Lake Thrust, as init ial ly defined by Williams 
(1978) and later discussed by Knapp e t  al. (1979), is indefinite 
a t  this point i n  the study. The western boundary of unit 7 is 
also marked by a thrust zone, here referred to  as the Stag 
H i l l  Thrust, which has associated with it two elongate, 
deformed bodies of serpentinized ultramafic rock (unit 8b) as 
well as a contrast in metamorphic grade between similar 
lithologies on either side. The Corner Brook Lake Thrust 
(Walthier, 1949; Kennedy, 1978; Knapp e t  al., 19791, 
extending from the southeastern corner of the map area to  
Corner Brook Lake, is a topographically visible feature and is 
marked locally by mylonitized feldspathic rocks and, in  
places, by contrasts in metamorphic grade. 

The second deformation phase (D2) is recorded in al l  
lithologic units in  the map area with the exception of the 
Carboniferous rocks (unit 14). Deformation associated with 
D2, as well as wi th DI ,  is most intense in  the east and 
decreases westward. D2 was apparently nearly coaxial with 
D1, and it is characterized by northeast-trending, open t o  
t ight folds (F2), generally having vertical to steep, southeast- 
dipping axial planes. Fold axes plunge moderately, and 
mainly to the northeast. Reorientation of S1 by F2 produced 
the steep, southeast-dipping, northeast-trending foliation 
which dominates the structural pattern of the area. F2 is 
common on a l l  scales, and macroscopic folds are particularly 
well developed in  the carbonate terrane where they are 
visible on air photographs. Macroscopic F2 folds are likely 
major contributors to the structural complexity of the 
rnetasedimentary terrane as well, as is suggested by outcrop 
patterns and S1 trends. In fact, the entire northern part of 
the metasedimentary terrane i s  thought to be the core of a 
gently northeast-plunging, F2 ant i f  orm. 

The sequence and style of the D1 and D2 events, and 
the ages of the rocks they affect, suggest they may be 
correlatives of the regionally recognized Taconic and 
Acadian orogenies, respectively (Williams et al., 1972, 1974). 
The third deformation phase D3 is relatively mlnor by 
comparison and may represent a closing phase of the Acadian 
Orogeny. D3 is only locally recorded in outcrop, and it is 
identified by generally northwest-trending, inclined, open 
folds. 

The most recent deformation in  the map area is related 
to faulting. Relatively intense deformation related to  
movement on the Cabot Fault i s  clearly recorded in the 
steeply-dipping Carboniferous sediments adjacent to the 
fault. The sense of displacement on the Cabot Fault is 
unknown, and i ts  age is indefinite (Carboniferous or younger). 
Numerous, high-angle faults have dissected the map area as 
well, and fault trends vary from west, through north, t o  
northeast, wi th northwest trends dominant. 

Metamorphism 

Metamorphic grade in the map area decreases westward 
with local discontinuities at thrust faults. Mineral 
assemblages indicate upper greenschist to lower amphibolite 
facies conditions (Miyashiro, 1973) were reached in the 
rnetasedimentary terrane, while conditions in  the carbonate 
terrane were at most those of the lower greenschist facies. 
The basement terrane appears to have experienced 
amphibolite facies metamorphism, and this likely during the 
Precambrian. 

A variety of porphyroblasts are found in  the 
metasedimentary terrane, including: albite, actinolite, 
biotite, zoisite, garnet and tourmaline. Relations between 
porphyroblasts and rock fabrics suggest that a major period 
of porphyroblast growth occurred between the D1 and D2 
structural , events. This may have coincided wi th peak 
metamorphism, since retrograde metamorphism appears to  
have accompanied the D2 event, as evidenced by, for 
example, chloritized garnet, actinolite and biotite. 

Economic Geology 
Small amounts of hematite and malachite were found in 

one outcrop of quartzofeldspathic gneiss (unit 5 )  in the 
southeastern part of the area. Minor chalcopyrite was noted 
i n  quartz-rich psammite a t  one locality in  the north. 
Magnetite is common throughout the rnetasedimentary and 
basement terranes, and locally constitutes about 5 per cent 
of some semipelites in units 6 and 7 in the southern part of 
the map area. 

In the Corner Brook area, limestone and dolomite of the 
St. George Group (unit 10) and Table Head Formation 
(unit I l )  are quarried for local cement production. 
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Abstract 

Fluvial erosion and transportation, shoreline retreat ,  denudation of relict arenaceous sediments, 
and ice-related phenomena are  processes presently causing the influx of coarser grained sediments 
into the southern Beaufort Sea coastal and shelf sediments. The fine terrigenous sands are  poorly 
sorted mineralogically and texturally. Limited authigenic mineralization is occurring on the seafloor 
a t  present. Heavy mineral analyses that  were carried out on southern Beaufort Sea sands 
(0.06-0.25 mm fraction) indicate that  the sands a r e  derived from pre-existing sedimentary beds a s  
well a s  from igneous and metamorphic rocks. 

Ultrastable and metastable transparent minerals form the bulk of the heavy mineral residue. 
Zircon, tourmaline, and rutile constitute the former and least abundant group, and clinopyroxene, 
clinoamphibole, garnet,  staurolite,  kyanite, sillimanite, andalusite, mica, and heavy carbonates a re  
the most commonly encountered minerals of the la t ter  group. A variety of opaque iron and titanium 
oxides are  also present. The minerals and mineraloids recognized under reflected light are  
magnetite,  i l~neni te ,  leucoxene, Limonite, goethite, hematite,  and pyrite. 

Two distinct heavy mineral provinces a re  recognized in the southern Beaufort Sea: ( 1 )  an area 
characterized by clinopyroxene-clinoamphibole lies to the west of Mackenzie Bay and (2) one with 
clinopyroxene-clinoamphibole-garnet lies to the east.  West of Mackenzie Delta the source of 
sediment is the Cordillera; east  of the delta much of the coarse sediment is believed to have 
originated from both the Canadian Shield and the sedimentary rocks of the northern Interior Plains. 

Introduction 

This work is an extension of the sedirnentological work 
undertaken in 1970 by the Marine Sciences Directorate (of 
the former Department of the Environment) and subsequently 
by the Geological Survey of Canada. The field work began 
with the Hudson 70 cruise into the Beaufort Sea and was 
supported with sampling from other vessels: CSS Baffin, CSS 
Parizeau, CSS Richardson, M/V Theta, M/V Pandera, and 
several smaller craft.  A helicopter was provided for several 
seasons through the Polar Continental Shelf Project. Much of 
the early work was augmented by the  multidisciplinary 
program of the  Beaufort Sea Project undertaken jointly in 
1974 and 1975 by the petroleum industry and the  Department 
of the Environment. It was designed to provide essential 
baseline data  from research and survey programs in order to  
evaluate environmental hazards related to exploratory and 
production drilling by the petroleum industry. From this 
work, Pelletier (19751, dealing with bottom sediments, and 
Bornhold (19751, working on suspended sediments, were able 
to demonstrate a sediment dispersal pattern in the southern 
Beaufort Sea. 

R.N. Delabio and A.C. Roberts of the  Geological Survey of 
Canada for X-ray identification of minerals and t o  
Dr. H. Rirnsaite, J. Kernpt, and J. White for helping with 
photography of the minerals. 

Geological Framework 

The Ancient Setting 

The geology of the  Beaufort Basin (Yorath e t  al., 1975) 
and the adjacent land areas  is composed of variously 
inundated sedimentary s t rata  of Paleozoic, Mesozoic, and 
Cenozoic age. West of Mackenzie Bay, gently folded 
Tertiary and Cretaceous marine .sequences, which a re  
overlain by unconsolidated sediments, become deformed and 
faulted in association with the Richardson Mountains and 
Romanzof Uplift of the Cordilleran tectonic province 
(Yorath, 1973). East of Mackenzie Delta, the formations 
comprising the Anderson Plain and the Coppermine Arch dip 
westward and extend relatively undisturbed into the Beaufort 
Basin (Yorath, 1973). 

This study is based on an analvsis of the  heavv mineral The Modern 5ettin~ 
fraction of bottom sediments c o l l ~ c t e d  during thkse early 
cruises and operations from helicopters over the ice. This 
report describes the mineral species and shows their 
distribution and origin in order to  give a more complete 
history of sediment deposition in the region. 
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The marine depositional environments encountered in 
the study area a r e  of three types: (1) a shallow sea 
continental shelf generally less than 100 m deep comprising 
most of the western and eastern regions, (2) a trough, 500 m 
deep, created in Tertiary t ime by the Mackenzie River 
system, northwest from- the present delta, and ( 3 ) a  
continental slope margin parallel to  the present shoreline (see 
Fig. 37.1). 

Sediment discharged from Mackenzie River accu- 
mulates in the gently sloping deltaic plain which is presently 
advancing north and northeastward from the river system 
(Pelletier, 1975). The suspended silt- and clay-sized 
sediments transported by Mackenzie River derive primarily 
from Liard River, an important tributary originating in the  
Mackenzie Mountains, which joins Mackenzie River some 
1120 km south of the  delta (Mackay, 1970). 

-- 

l AMOCO Canada Ltd., Calgary, Alberta. 



Figure 37.1. Bathymetric map showing location o f  six regions of heavy mineral occurrences. 

Figure 37.2. Stations where sediment samples were collected (af ter  Pelletier, 1975,  Fig. 2). 



R e t r e a t  of t h e  Arct ic  Coasta l  Plain (Bostock, 1969) is 
occurring rapidly along much of t h e  coas t l ine  in t h e  study 
area .  This is particularly so  in a reas  where  sedimentary 
cover  is  laden with a high i ce  con ten t  (Rampton, 1975). 
Shoreline deter iora t ion is a result  both of t h e  ac t ion of waves  
and permafros t  degradation. Because of a southerly 
migration of t h e  Coasta l  Plain a t  a r a t e  of 0.3 t o  5 mlyear ,  
t h e  volume of sediment  accumulating in t h e  Beaufort  Sea is 
considerable. In addition, re l ic t  Cenozoic beach sands a r e  
being exposed a t  a f a s t e r  r a t e  in t h e  eas t e rn  pa r t  of t h e  study 
a r e a  because of a f a s t e r  r a t e  of isostatic rebound here  
(Andrews, 1970). 

Recent  sediments  underlie most of t he  coas t  a r e a s  
adjacent  t o  t h e  southern Beaufort  Sea (Lewis and 
Forbes,  1975; Norris, 1973; Yorath,  1973). Deposits of mud, 
sand, and gravel  comprising t h e  Arct ic  Coasta l  Plain vary in 
width f rom narrow s t r e t ches  occurring along t h e  more  
s teeply  dipping northern Yukon slopes, t o  regions t h a t  extend 
a s  much a s  240 km inland; t h e  present  Mackenzie Del ta  and 
the  Kugaluk Homocline exemplify t h e  l a t t e r  types  
(Norris, 1973). 

The flat-lying sediments  t h a t  outcrop on the  Arct ic  
Coasta l  Plain a r e  of varying ages  and origins (L.V. Hills, 
personal communication, 1976; Norris, 1973; Rampton, 1975). 
Glacial  dr i f t  lies t o  the  eas t  of t h e  contemporary  ac t ive  
delta.  South of Liverpool Bay, unconsolidated nonmarine 
ma tu re  eolian sands f rom t h e  Ter t iary  Beaufort  Formation, 
which also a r e  present on Banks Island, outcrop in a f ew 
sca t t e red  localities. These deposits cover  t h e  consolidated 
Ter t iary ,  Cretaceous ,  and Paleozoic sediments  of t he  
Northern Interior Pla t form and t h e  metamorphic  and igneous 
Proterozoic  assemblages of t h e  Coppermine Arch Complex 
(Law, 1971; Yorath,  1973). West of Mackenzie Del ta  t h e  
Quaternary  sediments  of t h e  Coasta l  Plain a r e  derived 
primarily f rom t h e  Phanerozoic sedimentary  rocks of t h e  
Cordillera (Lewis and Forbes, 1975; Norris, 1973). 

Method 

The sediments analyzed were  taken f rom six a reas  of 
t h e  southern Beaufort  Sea a s  follows: ( 1 )  t h e  western  region 
west  and nor th  of Herschel Island including t h e  ~ a c k e n z i e  
Canyon; (2) t h e  Kay Point region lying between Herschel 
Island and Mackenzie Bay; (3) t h e  cen t r a l  region extending 
north f rom Kugmallit Bay; (4)  t h e  eas tern  region seaward 
f rom Liverpool Bay; (5) t h e  Mackenzie Bay and Shallow Bay 
a r e a  and adjacent  pa r t  of t h e  Mackenzie Delta;  and (G) East 
Channel of t he  Del ta  (Fig. 37.1, 37.2). The regions were  
chosen for  convenience of reporting t h e  resul ts  of t h e  heavy 
mineral study. The modern depositional environments of t h e  
study a r e a  overlap severa l  of t hese  arbi t rary  regions. 

Heavy mineral separa t ions  of t h e  seabot tom sediments  
f rom 166 sample  s i t e s  (Figure 37.2) were  carr ied  ou t  on t h e  
f ine  sand (0.0625-0.25 mm) f ract ions  and were  isolated by 
wet  and dry sieving. After  mineral separa t ion with 
bromoform (specific gravity 2.85) was  completed,  t h e  
magnet ic  component was removed f rom t h e  heavy residue 
with a hand magnet.  

The weights of t h e  light, heavy nonmagnetic,  and heavy 
magnet ic  f rac t ions  were  recorded, and these  values were  
used t o  ca lcula te  component percentages.  Some of t h e  heavy 
mineral f rac t ions  were  t r ea t ed  with boiling 10 N HCI in order 
t o  dissolve t h e  bulk of t he  ca rbona tes  in t h e  heavy mineral 
assemblage. Mineral counts  were  made on t h e  remainder of 
t h e  residue. 

The identification of heavy minerals was  aided by t h e  
use of X-ray di f f rac t rometry ,  which required the  examination 
of nearly 100 mounts in order  t o  recognize t h e  majority of 
t he  mineral phases and their  varieties.  Examinations of 

heavy minerals and counts  of loose grains were  made in 
ref lec ted light under a binocular microscope. As fu r the r  a ids  
in mineral identification, X-ray fluorescence and autoradio- 
graphy techniques were  used. These minerals a r e  shown in 
P la t e s  37.1 and 37.2. 

Minerals 

The light minerals, identified f rom a few geographically 
representa t ive  samples,  include quar tz ,  feldspar,  mica,  and 
primarily dolomitic carbonates.  Organic m a t t e r ,  in the  form 
of decayed organisms and coal,  is  present  in varying amounts  
in most light mineral fractions.  As mica  and heavy 
carbonates  a r e  present  in both the  light and heavy minerals 
fractions,  t hey  represent  mineral c lasses  t h a t  a r e  not  
complete ly  separa ted by bromoform. 

The magnet ic  component is composed principally of 
black equidimensional magnet i te  and i lmeni te  grains. Rock 
f r agmen t s  possessing magnet ic  cha rac te r  form a significant 
proportion, comprising up t o  30 per  c e n t  of t h e  heavy 
magnet ic  fraction. The magnetic rock f r agmen t s  generally 
consist  of f ine  grained magnet i te  embedded in grains of 
qua r t z  and less commonly in amphibole, pyroxene, or epidote.  
The l a t t e r  or ig inates  f rom coa r se  grained metamorphic  and 
igneous rocks or f rom immatu re  sediments  derived f rom 
these  rock types. The nonmagnetic heavy f rac t ion is 
composed of undifferentiated clinopyroxenes and 
clinoamphiboles, a s  well a s  garnet ,  kyanite,  si l l imanite,  
andalusite,  apat i te ,  epidote,  mica,  orthoamphibole,  
s taurol i te ,  zircon, tourmaline,  ruti le,  lazulite,  l imonite,  
pyrite, i lmenite,  and hemat i te .  

The cha rac te r i s t i c  f ea tu res  of t h e  minerals found in t h e  
heavy f rac t ions  a r e  listed in Table 37.1, including comment s  
on re la t ive  size,  shape, roundness, purity, and colour of t h e  
t ransparent  and opaque minerals. Colour numbers (Rock- 
Colour Char t  1951) a r e  included in order  t h a t  corre la t ions  
may be  made with results f rom o the r  heavy mineral s tudies  in 
t h e  area .  

Resul ts  

Heavy Mineral Distribution 

The heavy mineral f rac t ion ranges f rom a low of 
0.13 per c e n t  (Station 231) t o  a high 8.1 per c e n t  (Station 2) 
(Fig. 37.2, 27.3). In calculating t h e  heavy t o  to t a l  (heavy plus 
light) mineral ratio,  t h e  value used for  t h e  en t i r e  heavy 
residue includes t h e  magnet ic  fraction, t he  heavy carbonates  
(some of which were  dissolved in boiling HCI), and t h e  
remaining heavy minerals. 

The coas ta l  and shelf sediments  a r e  mainly sands whose 
heavy residue con ten t  ranges f rom 0.1 t o  5.0 per cent .  
Patches  of more  texturally and mineralogically ma tu re  sands 
conta in  f rom 3.0 t o  5.0 per c e n t  heavy mineral residue. This 
is probably a reflection of t h e  variation in t h e  r a t e  of 
uncovering of marine and coas ta l  Cenozoic arenaceous  s t r a t a  
in t h e  Beaufort-Mackenzie Basin (Norris, 1973; 
Pelletier,  1975). Increased uplift (Andrews, 1970) and 
hydrodynamic vigour (Pelletier,  1975) in t h e  shallow shelf 
environment of t h e  eas t e rn  dis t r ic t  a r e  inhibiting f ac to r s  t o  
the  deposition of fine par t ic les  derived f rom Mackenzie 
River. However, in t h e  cen t r a l  region where  scouring by 
ocean waves and cu r ren t s  is less intense,  t h e  quiet  deposition 
of suspended m a t t e r  continues a s  in t h e  protected 
embay ments  bordering t h e  coas t .  

Low concentra t ions  of  heavy minerals a r e  observed in 
lu t i tes  extending beyond 100 m depth.  Their occurrence  lies 
in an  a r e a  t h a t  extends  northwest f rom Mackenzie Bay t o  
Mackenzie Canyon a s  well a s  continuing northeastward along 
t h e  cont inenta l  shelf-slope boundary. 



PLATE 37.1 

a. STATION 238. ru t i le  (R), l ight coloured a p a t i t e  (AP), cl inoamphibole (CA). ( ~ 8 0 ) .  
b. STATION 238. zircon (Z), ru t i le  (R), dolomite-anker i te  ca rbona te  (CAR). (x80). 
c.  STATION 182. i lmeni te  (ILM), l imonite (goethi te)  (LIM), cl inopyroxene (CPX), 

ep ido te  (EPI). ( ~ 8 0 ) .  
d. STATION 182. olive-grey tourmal ine  (TOUR), l imonite (LIM), cl inopyroxene (cPx), 

clinoarnphibole (CA). ( ~ 8 0 ) .  
e. STATION 182. si l l imanite (SILL), cl inoamphibole (CA). ( ~ 8 0 ) .  
f .  STATION 182. blue-green tourmal ine  (TOUR), epidote  (EPI), ga rne t  (CAR), 

clinoamphibole (CA), l imoni te  (LIM). ( ~ 8 0 ) .  



PLATE 37.2 

a. STATION 1. cl inopyroxene (CPX), cl inoamphibole (CA). ( ~ 8 0 ) .  
b. STATION 182. olive-grey tourmal ine  (TOUR), reddish brown a p a t i t e  (AP), 

cl inoamphibole (CA). ( ~ 8 0 ) .  
c.  STATION 182. zircon (Z), clinoamphibole (CA), rock f r agmen t  (RK), epidote  (EPI), 

cl inopyroxene (CPX). ( ~ 8 0 ) .  
d. STATION 122. kyanite (KY), clinopyroxene (CPX), s t au ro l i t e  (STAUR). ( ~ 8 0 ) .  
e. STATION 122. s taurol i te  (STAUR), l imonite (LIM), g a r n e t  (CAR), cl inoamphibole (CA), 

cl inopyroxene (CPX). ( ~ 8 0 ) .  
f .  STATION 122. ga rne t  (GAR), cl inopyroxene (CPX), ilrnenite (ILM). ( ~ 8 0 ) .  



Table 37.1. 

Mineral Descriptions 

Station Rock Clino- Clino- Garnet Mica Dark Light Epidote Stauro- Kyanite 
(see Fragments amphibole pyroxene t Apatite Apatite lite 

Fig. 37.2) (ca) (cpx) Andalusite 

Magnetic Fract ion 

Weight percentages  of magnet ic  t o  to t a l  heavy residue 
a r e  shown in Figure 37.4. The percentages  vary from t r a c e  
amounts,  in the  Mackenzie Bay and Mackenzie River 'areas,  
t o  29.2 per c e n t  in t h e  western  region. Other  a reas  of low 
magnet ic  components exis t  in a n  a r e a  extending nor th  f rom 
Kugmalli t  Bay t o  t h e  e a s t  and nor theas t  of Tuktoyaktuk 
Peninsula. The remaining western ,  centra l ,  and eas t e rn  
regions show gradat ions  from low (1.2 per cent)  t o  high 
(1 9.6 per cen t )  values. 

Anomalously high magnet ic  to  heavy residue 
percentages ,  but an overall  low heavy mineral content ,  a r e  
shown in t h e  f ine  grained sediments  of Mackenzie Canyon and 
t h e  nor theas tern  slope areas.  The precipitation of magne t i t e  
f rom s e a  wa te r  is not known t o  occur  in mar ine  environments 
t h a t  a r e  not influenced by igneous act iv i ty ,  but i t  may have 
occurred in t h e  Beaufort  Sea a rea  in Paleozoic t ime  
(Miall, 1976). The limited evidence for t he  format ion of 
authigenic magnet i te  makes the  in terpre ta t ion of these  
results difficult .  Under mildly reducing conditions, 
magnet i te  is known t o  form (Folk, 1974; Garre ls  and 
Christ ,  19751, and glauconi te  is commonly an  associated 
authigenic mineral (Folk, 1974). Hence, below t h e  su r face  
sediments,  magne t i t e  may be  forming. An analysis of t h e  
bulk samples  taken f rom t h e  deeper  wa te r  should follow in 
order t o  clarify this paragenet ic  problem. Alternatively,  t h e  
origin of t he  magnet ic  f rac t ion could be inferred from 
chemical  analysis. 

The large percentage of magnet ic  grains may be  a 
reflection of re l ic t  Cenozoic beach sand t h a t  has a high 
percentage of heavy minerals. If t h e  arenaceous  sediments 
found in the  deeper  wa te r s  (Vilks e t  al., 1979) represent  
e i ther  original Cenozoic s t r a t a  or  sediments  formed f rom t h e  
slumping of shelf sediments,  magne t i t e  and i lmeni te  would b e  
of a de t r i t a l  nature.  Continuous inundation in a r c t i c  wa te r s  
may have c rea t ed  a thermodynamically s t ab le  regime for t h e  
preservation of these  f e r r i c  oxides (Carre ls  and Christ ,  1975). 
Upwelling observed along t h e  upper margin of t he  cont inenta l  
slope may also be responsible for t h e  preservation of g rea t e r  
volumes of magnet i te  (B.R. Pel le t ier ,  personal 
communication, 1975). 

.Mineral Counts  

Mineral counts  (Table 37.2) have been made on 
30 bottom samples. Rock f ragments ,  clinoamphiboles, 
clinopyroxenes, garnets,  andalusite and micas  comprise the  
majority of t ransparent  minerals. Less common minerals 
such a s  apa t i t e ,  epidote,  s taurol i te ,  kyanite,  si l l imanite,  
zircon, ruti le,  tourmaline,  and lazul i te  never appear  in 
concentra t ions  g rea te r  t han  4 per cent .  Limonite, i lmenite,  
and hemat i t e  cons t i tu t e  t h e  majority of t h e  nonmagnetic 
opaques. Pyrite,  found locally, comprises 43 per c e n t  of t h e  
heavy mineral f rac t ion found a t  s ta t ion 61. 

Rock f ragments  range from 1 to  28 per cen t  of t h e  
heavy residue (Table 37.2). Several rock types  a r e  



T a b l e  37.1 (cont 'd )  

Silli- Zircon R u t ~ l e  Tour- Lazulite Lim- Pyri te  Ilrnen- Hema- Other Region 
rnanite maline onite  i t e  t i t e  
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recognized ,  t h e  m o s t  i m p o r t a n t  being f e l s i t e  and  shale.  In 
t h e  e a s t e r n  and  c e n t r a l  d i s t r i c t s ,  h e m a t i t e - r i c h  a rg i l laceous  
rock  f r a g m e n t s  a r e  a b u n d a n t .  T h e s e  a r e  t h o u g h t  t o  b e  
d e r i v e d  f r o m  Upper  C r e t a c e o u s  s h a l e s  on  t h e  Anderson Plain 
(Bostock,  1969). 

Rock  f r a g m e n t s  a r e  m o r e  a b u n d a n t  in t h e  w e s t e r n  
region.  These  a r e  likely der ived  f r o m  consol ida ted  r o c k s  in 
n o r t h e r n  Alaska a n d  Yukon T e r r i t o r y  a n d  in t h e  n o r t h w e s t e r n  
p a r t  of t h e  D i s t r i c t  of Mackenzie .  T e r t i a r y  f lysch  and  
m o l a s s e  s e d i m e n t s  ou tc ropping  a long  t h e  n o r t h  s l o p e  of 
Yukon T e r r i t o r y  a r e  probable  s o u r c e s  of t h e s e  var ious  rock  
f r a g m e n t s  (Young,  1973). Their  p r e s e r v a t i o n  in r e c e n t  
c o a s t a l  s e d i m e n t s  e a s t  of Hersche l  Island is  p a r t l y  a 
c o n s e q u e n c e  of a s t e e p l y  sloping shelf a r e a  (Fig.  37.1). With 
rapid depos i t ion  in d e e p e r  w a t e r s ,  m e c h a n i c a l  e ros ion  of 
s e d i m e n t s  by w a v e s  and  c u r r e n t s  would b e  min imized .  Poor 
sor t ing ,  increased  angular i ty ,  and a r e n i t e - r i c h  s e d i m e n t s  in 
t h i s  a r e a  a r e  a l so  sugges t ive  of rapid s e d i m e n t a t i o n .  

T r a n s p a r e n t  Minerals  The  heavy  m i n e r a l s  e n c o u n t e r e d  
in t h i s  s tudy  inc lude  t h o s e  which,  a c c o r d i n g  t o  Folk 's  
c l a s s i f i c a t i o n  (1974), f a l l  i n t o  t h e  u l t r a s t a b l e  a n d  m e t a s t a b l e  
groups  of t r a n s p a r e n t  minerals .  Z i rcon ,  t o u r m a l i n e ,  and  
r u t i l e  f a l l  i n t o  t h e  f o r m e r ,  and  m o s t  o t h e r  t r a n s p a r e n t  
m i n e r a l s  a r e  grouped  i n t o  t h e  l a t t e r .  

Cl inopyroxenes  (cpx) and  c l inoamphiboles  (ca)  a r e  t h e  
p r e d o m i n a n t  heavy  m i n e r a l s  in t h e  a r e n i t i c  shelf s e d i m e n t s .  

The  c l inopyroxenes  a r e  m o r e  a b u n d a n t  t h a n  t h e  
c l inoamphiboles ,  ranging f r o m  17  t o  48  per  c e n t  of t h e  
n o n m a g n e t i c  heavy  minera l s .  The i r  c o n c e n t r a t i o n s  a r e  
sl ightly higher in t h e  w e s t e r n  and  e a s t e r n  regions,  though t h i s  
f inding m a y  n o t  b e  t ru ly  r e p r e s e n t a t i v e  b e c a u s e  of 
insuf f ic ien t  sampling.  Cl inoamphibole  c o n c e n t r a t i o n s  
c o m p r i s e  f r o m  2 t o  36 per  c e n t  of t h e  heavy  r e s i d u e  c o n t e n t ,  
w i t h  t h e  lowes t  a m o u n t s  found in t h e  f i n e  s e d i m e n t s  of t h e  
M a c k e n z i e  D e l t a  a r e a .  The  d is t r ibu t ions  in t h e  w e s t e r n  
(14 t o  21 per c e n t )  and t h e  e a s t e r n  ( I  I t o  1 9  per  c e n t )  reg ions  
a r e  a p p r o x i m a t e l y  equa l ,  bu t  in t h e  c e n t r a l  reg ion  h igher  
leve ls  a r e  found (12 t o  36 per  c e n t ) .  

Offshore ,  t h e  propor t ion  of c l inopyroxenes  v a r i e s  
inverse ly  t o  t h a t  of cl inoamphiboles.  The  c a / c p x  r a t i o s  w e r e  
c a l c u l a t e d  in o r d e r  t o  d e t e c t  s u b t l e  c h a n g e s  in heavy  m i n e r a l  
c o n t e n t .  Higher c a / c p x  va lues  a r e  observed  for  s a n d s  in t h e  
c e n t r a l  region a s  c o m p a r e d  wi th  t h o s e  in t h e  w e s t e r n  and 
e a s t e r n  reg ions  ( s e e  T a b l e  37.2). 

Accord ing  t o  t h e  Mineral  R e a c t i o n  S e r i e s  ( a f t e r  
Cold ich ,  s e e  Krumbein  and Pe t t i john ,  1938) c l inoamphiboles  
should b e  m o r e  s t a b l e  t h a n  c l inopyroxenes  in oxidizing 
s u r f a c e  condi t ions .  Hence ,  higher c a / c p x  r a t i o s  f o r  t h e  
c e n t r a l  region may be  ind ica t ive  of s a n d s  t h a t  a r e  
minera log ica l ly  m o r e  m a t u r e  t h a n  s a n d s  in t h e  border ing  
d i s t r i c t s .  Converse ly ,  sed i rnents  in t h e  w e s t e r n  and  e a s t e r n  
d i s t r i c t s  may b e  younger d u e  t o  t h e  influx of c o a r s e  m a t e r i a l  
which e i t h e r  is v e r y  i m m a t u r e  o r  is der ived  f r o m  f o r m a t i o n s  
w i t h  a n  ini t ial ly high c o n t e n t  of c l inopyroxene .  



Figure 37.4. Map showing distribution of magnetic residue t o  total heavy residue 



Igneous assemblages generally contain higher 
percentages of pyroxenes than their equivalent metamorphic 
rocks (Deer e t  al., 1966). Although igneous rocks do not 
outcrop in  or near the Beaufort Basin, their presence in  the 
Northern Cordillera and Proterozoic rocks of Alaska and 
northern Canada is of importance (Brosge and Dutro, 1973; 
Douglas, 1970). In the western region, granitic and 
ultramafic intrusives of the Northern Cordillera are the most 
likely source of clinopyroxenes found in  the heavy mineral 
fractions (Brosge and Dutro,1973; Cleeson, 1963; 
Monger et al., 1972). In the eastern region, where 
glaciofluvial material is being eroded, mafic intrusions 
associated wi th sills and Mackenzie dyke swarms in the 
Precambrian Shield are probably the source of some of the 
clinopyroxenes (Douglas, 1970; Norris, 1973). 

Garnet and andalusite grains have been grouped as one 
mineral type (Table 37.2) because they could not be 
distinguished from one another under reflected. light; their 
colour, grain shape, and purity were not distinctive enough to 
permit their separation. X-ray analysis of pink grains from 
several localities indicates that andalusite forms a very small 
percentage of grains encountered. 

Andalusite has been found at only two nearshore 
eastern and central sampling sites which indicates that it 
probably has been recently incorporated into Beaufort Sea 
sediments. Because of i ts  low specific gravity it should be 
winnowed out to  the deeper portions of the continental shelf. 
I t  possibly originates from the mineralogically immature 
sedimentary horizons that underlie the northern Interior 
Plains bordering the Beaufort Sea. Since andalusite is a less 
stable and less common metamorphic mineral than garnet 
(Krumbein e t  al., 1938), i t s  low relative abundance compared 
wi th garnet is expected; hence,it is fe l t  that data obtained on 
their combined percentages remains meaningful. 

A range of only 0 to 9 per cent garnet (gr), together 
with traces of andalusite, is obtained for sands in and west of 
Mackenzie Bay (Table 37.2). Proportions as high as 
22 per cent in  the central and eastern regions, however, 
indicate a change in  source material. The provenance of this 
material is undoubtedly igneous and high grade metamorphic 
terranes to the east, certainly for the sands found in the 
cpx-ca-gn heavy mineral province in the central and eastern 
regions (Douglas, 1970). 

Mica content in the Mackenzie Bay lutites is high; mica 
forms up t o  61 per cent of the heavy residue. Because of 
differences in relative grain size, mica flakes carried by 
Mackenzie River likely are deposited in nearshore 
environments, whereas clay- and silt-s~zed particles are 
transported farther offshore. Impure carbonates and shales 
of the northern Interior Plains are probably sources of mica 
in  surface sediments of the southern Beaufort Sea 
(Douglas, 1970; Noble and Ferguson, l971 ; Yorath, 1973). 
The erosion of subsurface lutites underlying Macltenzie Delta 
also may causc an increase in mica concentrations. 

The remaining metastable heavy minerals appear i n  
concentrations forming up to 4 per cent of the heavy 
fraction. Apatite, epidote, staurolite, kyanite, and 
sillimanite arc more common in the central and eastern 
regions, in both nearshore and offshore environments. 
Igneous and high grade metamorphic rocks to the east or 
southeast of the Beaufort Basin are required as sources of the 
angular, metastable assemblages described above. 

Zircon, rutile, and tourmaline are present in 
concentrations of less than 3 per cent. These ultrastable 
minerals are more common in the eastern region and in the 
coastal areas bordering the seaward side of Tuktoyaktuk 
Peninsula. The characteristics of these heavy minerals 
change to the west. Large, well rounded zircons (especially 
hyacinth) and brown tourmalines are found in  the well sorted 

arenaceous-rich sedirnents northwest of Cape Rathurst 
(see Fig. 37.1). The occurrence o i  rounded hyacinth zircons 
in  sedimentary formations is thought to indicate 
incorporation of material derived from Precambrian rocks 
(Poldervaart, 1955). These could be derived from plutonic 
igneous intrusions in the Slave and Churchill provinces and 
transported by Pleistocene glaciers (Douglas, 1970; 
Prest, 1969). 

Opaque Mineral2 Iron oxides and sulphides form a 
significant part of the heavy arenaceous sediment, with 
limonite, hematite, and pyrite being most important (see 
Table 37.2). They are commonly diagnostic of the 
thermodynamic conditions prevailing at the t ime of their 
formation. 

The occurrence of the iron-oxides is suggestive of near- 
surface oxidizing conditions. The presence of limonite in the 
coastal and shelf environments i s  expected, as materials from 
decomposing soil horizons constitute a significant proportion 
of the bottom sediments;. however, limonite in  the deeper 
slope sediments likely results both from the winnowing 
effects existing in  the shallower waters and from sediment 
slumping in the shelf-slope area. In the eastern shelf 
sediments, higher hematite concentrations probably are 
caused by the influx of sediment derived from the oxidized 
iron-rich Cretaceous strata underlying the Hnderson Upl i f t  
(Yorath, 1973). On the other hand, pyrite found locally in  the 
deeper slope sediment is an indicator of reducing 
environments. 

Opaque titanium-bearing oxides are mainly associated 
wi th the eastern shelf sediments. Ilmenite concentrations 
reach as high as 10 per cent o f f  Cape Bathurst (Fig. 37.1, 
Table 37.2). As ilmenite is derived from metamorphic and 
basic igneous rocks, i t  is abundant in  the eastern region 
because here sediments originate mainly from the 
Precambrian Shield. Leucoxene (see ilmenite and rutile, 
Table 37.2), a titanium-bearing mineraloid, is restricted to 
the easternmost coastal sands. Leucoxene forms somewhat 
elongated and well rounded grains whose shapes bear a 
striking resemblance to both fresh and altered ruti le grains; 
however, they are beige to white opaque grains with surfaces 
that are rough but polished. Leucoxene forms from ruti le and 
other titanium-bearing minerals and is representative of 
oxidized horizons (Krumbein and Pettijohn, !938; 
Milner, 1962). The areal distributions both of leucoxene and 
ruti le are i n  agreement as each is found in  larger 
concentrations in coastal sands bordering the eastern region. 

Discussion 

The presence of ultrastable well rounded minerals such 
as zircon, tourmaline and ruti le is indicative of older 
sediments as source material. Such mature sediments have 
undergone either several cycles of sedimentation or 
prolonged periods of mechanical erosion. Conversely, the 
abundance of metastable minerals such as garnet, amphibole, 
and pyroxene is suggestive of crystalline and high 
metamorphosed rocks as sources. This implies that 
voluminous supplies of sedimentary material having 
undergone possibly but one cycle of sedimentation have been 
incorporated into the Beaufort Sea bottom sediments. Also, 
significant percentages of both heavy carbonates and 
hematitic argillaceous grains found in the sediment indicate a 
source of material from sedimentary formations other than 
mature detr i ta l  sands. 

Several sources of rounded, ultrastable minerals are 
possible, such as submerged rel ict beach deposits presently 
being eroded. Similarly, terrestrial Phanerozoic clastic 
sedirr~ents associated with the Cordilleran and western 
Canadian Shield are contributing material to the Beaufort 
Sea. Although only limited heavy mineral research on strata 



Table 37.2 

Percentage of heavy minerals 

TRANSPARENT MINERALS 

ROCK COLOUR 
MINERAL DESCRIPTION COLOlJR CHART NO. 

CLINOAMPHIBOLES 

large elongated, pale yellowish green, IOCY 712 
angular to well rounded greyish green, IOCY 512 
rough with dul l  to dusty yellowish green, IOCY 312 
polished surfaces; inclus~ons dark yel lou~~sl i  green. IOCY 4/11 
common in light-coloured dusty green, 5G 312 
varieties. greyish green, IOG 412 

dusty blue-green, 5BG 312 
black N-2 

CLINOPYROXENES 

large, elongated to equant, colourless, white 
angular to well rounded, yellowish grey, 5Y 811 
vitreous to dull w i th  rough yellowish grey, 5Y 712 
surfaces, inclus~ons common; pale yellowish orange, IOYR 816 
small ol~ve-grey euhedral grey~sh orange, IOY R 714 
crystals, vitreous, light olive-grey, 5Y 512 
inclusions frequent. olivc-grey, 

pale olive, 
rnoderare olive brown 5Y 414 

APATITE 

large elongated, well rounded, very dark red, 5R 216 
vitreous, polished smooth moderatr reddish brown, IOR 416 
surfaces, clear; dsrk reddish brown, IOR 314 
light coloured apatite dark yellowish orange, 
commonly smaller, dusty yellowish brown, 

loYR 616 

equant grains. pale blue-green 
colourless 

EPIDOTE 

medium to small, equant, moderate yellow, 
vitreous, well rounded, moderate yellow green 

5Y 'l2 

polished smooth. clear. 
5GY 'l4 

GARNET 

large to small, euhedral grey~sh p~nk,  5R 
crystals to angular crystal grey~sh orange-pink, IOR 
fragments, vitreous, commonly pinkish grey, 
clear. moderate orange-pink, 

rnoderare redd~sh orange, IOR 616 
moderate reddlsh brown 'OR 'l6 

ANDALUSITE 

small, anhedral with concholdal very pale-orange lOY R 812 
fracture, cloudy. greyish pink, 5R 812 

pale reddish brown IOR 514 

STAUROLITE 

large to small, sl~gl i t ly dark yellowish orange, lOY R 616 
elongated, conchoidal fracture, moderate redd~sh brown 1OY R 416 
vitreous, inclusions frequent. 

KYANITE 

small, elongated euhedral, colourless 
vitreous: clear. 

SlLLlhlANlTE 

large, elongated, bent, librous, colourless, white, 
aggregated; colour generally very pale green, 5C 912 
not uniform. paie brown, 5YR 512 

greenish grey 5GR 611 

TRANSPARENT MINERALS 

ROCK COLOUR 
MINERAL DESCRIPTION COLOUR CHART NO. 

ZIRCON 

med~um to small, elongated to colourless 
short prismatic, polished pale pink, 5RP 812 
smooth surfaces, euhedral to pale red-purple SRP 612 
rounded; inclus~ons lrequent in pale brown, 5YR 512 
coloured variet~es; colourless very pale orange, IOYR 812 
zircons commonly perfect greyish orange, IOYR 7/4 
euhedral; pink and red pale yellowish orange IOYR S16 
zircons well rounded, clear. 

RUTILE 

small, elongated, prismatic, medium light grey, N6 
adamantine lustre; black metallic, N2 
grey variety well rounded blackish red 5R 212 
with dull rough surfaces. 

TOURMALINE 

large to small, euhedral, grey~sh olive, JOY 412 
vitreous to well rounded. light olive-grey, 5Y 512 
polished smooth grains, clear; olive-grey, 5Y 312 
blue-green variety, lath-like dusty blue-green 
concho~dal fracture, vitreous, 5BG 312 
clear. 

- iLllCA 

large broken flakes, bent, dark reddish brown, 10R 314 
solnc pseudohexagonal; rrlica pale greenish yellow, IOY S12 
books rare. dark yellow~sh orange, IOYR 616 

light olive-grey 5Y 512 

ORTHOAMPHIBOLE 

medium sized, lath shaped colourless 
clear. 

LAZULITE 

small, anhedral, vitreous, moderate blue 58 516 
rough surfaces. 

CARBONATES (dolomite, 
ankerite, sider~te) 
large small, euhedral 

light brown, 5YR 614,516 
moderate brown, 5R 414 

clear crystals to spherical moderate yellowish brown, IOYR 514 
polished roughed grains. medium grey, N6,NS,N4 

yellow~sh grey 5Y 811 
colourless 

OPAQI'E MINERALS 

LlMONlTE (GOETHITE) 

large to small, Irregular modera te brown, 5YR 314 
shapes to well rounded dark yellowish brown, 10R 314 
spheres, commonly dusty yellowish brown, IOYR 212 
polished with smooth or light brown, 5YR 616 
rough surfaces. dark yellowish orange IOYR 616 

PYRITE 

small, equant, dull medium dark grey N4 
rough surfaces. 

ILMENITE 

small, equant to elongated, greyish black N2 
metallic lustre. 

HElMATlTE 

medium to small rounded dark grey, N3 
f ~ n e  gra~ned rock iragmen:~. dusty red, 5R 314 

moderate red 5R Q16 



in t h e  western  Arct ic  has  been conducted,  examination of t h e  
equivalent  format ions  t o  t h e  south  has  revealed t h e  presence  
of highly rounded ul t ras table  minerals (Douglas, 1970). 
Rounded zircons a r e  predominantly derived f rom pre-existing 
sediments ,  but evidence  of such zircons in crys ta l l ine  rocks 
has been documented (Poldervaar t ,  1956). Nearly 
equidimensional, anhedra l  zircons,  repor ted  t o  be  in severa l  
intrusions in nor thern  Yukon Terr i tory ,  a r e  thought  t o  b e  t h e  
source  of similarly shaped z i rcons  in t h e  western  par t  of t h e  
study a rea .  

Generally me ta s t ab l e  heavy minerals,  such a s  
clinopyroxene, clinoamphibole, and garnet ,  associa ted  with 
young sediments  conceivably a r e  derived f rom various 
sources. In t h e  western  region of t h e  Beaufort  Shelf, coarser  
sediments  a r e  t ranspor ted  t o  t h e  coas ta l  plain through 
fluviati le processes.  Here,  de t r i t a l  sands and gravels  a r e  a lso  
accumulat ing  because of continuing coas ta l  erosion. In t h e  
ea s t e rn  and cen t r a l  regions, mineralogically immatu re  sands 
with abundant  accessory me ta s t ab l e  minerals derived f rom a 
receding a r c t i c  coas t l ine  a r e  being accumulated .  
Consequently,  widespread glaciofluvial sediments  derived 
f rom t h e  Canadian Shield a r e  being incorporated in to  t h e  
Beaufort  Sea sediments.  

Presumably,  mixing of mater ia ls  derived f rom both t h e  
reworked beach  deposi t s  and t h e  commonly immature ,  
t e r r e s t r i a l  sediments  occu r s  following deposit ion in t h e  
Beaufort  Sea. Bars and spi t s  shaped by t h e  ac t ion  of waves 
and longshore cu r r en t s  a r e  redistributing t h e  sand principally 
in to  l ineaments  parallel  with t h e  coas t  (Lewis and 
Forbes,  1975; Pelletier ,  1975). 

The d i rec t ion  and d i s t ance  t h a t  a renaceous  sediment  is  
t ranspor ted  in t h e  Beaufor t  Sea  is  var iable  and is not  
complete ly  understood (Carsola,  1954; Forbes, 1976; 
Lewis, 1975; Pel le t ie r ,  1975). The l imited evidence  for  dr i f t  
d i rec t ion  is likely a ref lec t ion  of t h e  complexity of this 
de l ta ic-mar ine  environment .  In most cases ,  d is t inc t ive  
dispersal  pa t t e rns  of e a c h  minera l  a r e  not  developed due  t o  
thorough mixing of sediments  f rom various sources.  
Fur thermore ,  heavy residue provinces hosting cha rac t e r i s t i c  
minera l  associations a r e  not sufficiently d is t inc t  t o  b e  
utilized in detailed s tudies  of sediment  transport .  
Nevertheless,  t h e  recognition of two d i sc re t e  heavy mineral  
provinces t o  t h e  wes t  and e a s t  of Mackenzie Canyon, cpx-ca 
and cpx-ca-gn respectively,  can  s e r v e  t o  de t e rmine  broad, 
sediment  dispersal  trends.  

In nearshore environments ,  movement  is known t o  occur  
parallel  t o  t h e  present shoreline.  An eas t -west  t rend of 
sediment  dispersal  is appa ren t  ir;l t h e  ea s t e rn  and cen t r a l  
region, which may prove t o  be  a resul t  of d i f ferent ia l  r a t e  of 
exposure of submerged r e l i c t  beaches.  West of Mackenzie 
Del ta ,  no genera l  t r ends  prevail. Cer ta in ly ,  a comparison of 
t h e  heavy mineral  assemblages in t h e  shelf sediments  
extending off Alaska and Yukon Terr i tory  would confirm t h e  
d i rec t ion  of t ranspor t .  Evidence for t h e  movement  of 
ma te r i a l  of fshore  is  lacking although th is  may become 
appa ren t  with fu r the r  s tudies  concentra t ing  on t h e  
hydrodynamic f ac to r s  exist ing in shelf waters .  

Lazuli te,  probably originating in t h e  Mount Fi t ton  a r e a  
in northern Yukon Terr i tory ,  is found in mar ine  deposits  in 
t h e  Herschel Island and Kay Point a r e a  (Campbell ,  1962). 
Ancient r iver  sys t ems  t h a t  drained t h e  Mount Fi t ton  a r e a  and 
Richardson Mountains could a lso  be  responsible for  t h e  
increased spat ia l  distr ibution of th is  relatively r a r e  phosphate 
minera l  in t h e  western  Arc t i c  Coasta l  Plain. As indicated in 
Table 37.2,  lazul i te  is r e s t r i c t ed  t o  an  a r e a  both immediately 
west  and eas t  f rom i t s  proposed s i t e  of egress  t o  t h e  s ea  near  
Kay Point. 

The influx of coa r se  grained ma te r i a l  t o  t h e  Beaufort  
Sea  sediments  generally is  r e s t r i c t ed  t o  coas t a l  a r e a s  where  
r e t r e a t  of t h e  shoreline is occurring.  Ocean waves  and 

cu r r en t s  scouring t h e  coas t a l  sands a r e  likely e f f ec t ive  
dispersing agents.  Waves and cu r r en t s  redis t r ibute  t h e  
ma te r i a l  in to  variously or iented  bars  and spits .  
Consequently,  in shoreline d is t r ic ts ,  t h e  mineral  assemblages  
a r e  continuously being modified a s  new ma te r i a l  is added and 
submerged arenaceous  sediments  become exposed. 
Hydrodynamic fac tors ,  causing t h e  heavier minerals t o  
deposit  in nearshore  environments  while l ighter minerals 
(quar tz ,  feldspars,  carbonates ,  and micas) may  be  winnowed 
o u t  and redeposited in deeper  low-energy regimes,  a r e  not  
apparent  f rom dispersal  pa t t e rns  repor ted  here.  A more  
detailed study of all t h e  sand-sized f rac t ions ,  however,  could 
es tabl ish  t h e  magni tude  of hydrodynamic f ac to r s  opera t ing  in 
t h e  shallow wa te r  environments.  

Pack and shore-fast  ice  found in a r e a s  within 50 m 
w a t e r  depth  (Pel le t ie r  and Shearer ,  1972) di$turb and 
redis t r ibute  bottoln sediments.  Sediment emplaced in sea  ice 
may be t ranspor ted  considerable d is tances  before  being 
dislodged f rom t h e  me l t  ice. Consequently,  even bot tom 
sediments  in deeper  w a t e r s  conceivably can  receive  ma te r i a l  
f rom melting sediment-laden ice. The t r a c e  amoun t  of 
lazul i te  found in t h e  bo t tom sediments  a t  one  eas t e rn  
sampling s i t e  is probably t h e  result  of ice raf t ing .  Such 
processes a r e  also thought t o  be  responsible f o r  t h e  
development of poorly sor ted  coarser  sediment  near Herschel 
Island (Pel le t ie r ,  1975). 

Conclusions 

The heavy mineral  distr ibutions of t h e  Beaufort  Sea 
include minor concentra t ions  of u l t ras table  minerals such a s  
zircon, tourmaline,  and ruti le.  Metas table  minerals such a s  
clinopyroxene, clinoamphibole, ga rne t ,  s taurol i te ,  kyanite,  
si l l imanite,  andalusite,  mica,  and heavy ca rbona te s  a r e  in 
g r e a t e r  abundance.  Other  minerals identified under r e f l ec t ed  
light include: magnet i te ,  i lmenite,  leucoxene, l imonite,  
goethi te ,  hemat i te ,  and pyrite.  

At leas t  two provenances have  been distinguished for  
t h e  heavy mineral  su i te  occurring in t h e  Beaufor t  Sea 
sediments:  ( I )  t h e  Cordil lera is t h e  source  of t h e  heavy 
minerals wes t  of Mackenzie Del ta ,  based on a n  examinat ion  
of t h e  clinopyroxene-clinoamphibole sui te  and (2) t h e  
Canadian Shield and t h e  rocks of t h e  nor thern  Interior Plains 
a r e  sources  of t h e  coa r se  sediments  found in t h e  e a s t ,  
cha rac t e r i zed  by t h e  clinopyroxene-clinoamphibole-garnet 
suite.  

The heavy mineral  distr ibutions of t h e  Beaufort  Sea  
sands have been described and subsequently re la ted  t o  t h e  
local and regional geology of t h e  Beaufort  Basin.- The shelf 
sediments  have developed mostly through t h e  reworking of 
r e l i c t  beach ma te r i a l  and t h e  deter iora t ion  of t h e  
sedimentary  horizons in t h e  immed ia t e  coas t a l  regions. 
These  predominantly det r i ta l ,  immatu re  mar ine  sands  a r e  
derived f rom sediments  of differing provenances,  including 
various s t ra t igraphic  horizons underlying and bordering t h e  
coas t a l  region. In t h e  northern Interior Plains, r ecen t  glacial  
f luvial  sands originating f rom t h e  Precambrian igneous 
metamorphic  rocks  t o  t h e  e a s t  have been t h e  major  source  of 
ma te r i a l  t o  t h e  ea s t e rn  and cen t r a l  shelf sediments.  
Mesozoic and Paleozoic rocks underlying t h e  Quaternary  
sediments  a r e  believed t o  be  the  source  of ca rbona te s  a s  well 
a s  o the r  minerals cha rac t e r i s t i c  of sedimentary  regimes.  
West of Mackenzie Delta,  coa r se  grained sediments  derived 
f rom Mesozoic and Paleozoic sedimentzry  and igneous rocks  
f rom nor thern  Yukon Terr i tory  comprise  t h e  Arc t i c  Coasta l  
Plain which a t  present is being eroded through permafros t  
degradation and wave action.  The result ing debris is  being 
incorporated into t h e  western  Beaufort  Shelf sediments.  
Only t o  t h e  western  shelf region, where  sand and gravel  
ma te r i a l  is originating f rom young r ivers  draining t h e  
Cordil leran hinterland, is t he re  an  ac t ive  fluvial  source  of 
coa r se  grained mater ia l .  



Refe rences  

Andrews, J.T. 
1970 A geomorphological  study of postglacial  uplif t  

with particular r e f e rence  t o  . i r c t i c  Canada;  
Ins t i tu te  of British Geographers,  Special 
Publication 2, London. 

Bornhold, B.D. 
1975: Suspended m a t t e r  in t h e  southern Beaufort  Sea; 

Beaufort  Sea Projec t ,  Depar tment  of t h e  
Environment,  Technical  Repor t  No. 25a, 30 p. 

Bostock, H.S. 
1969: Physiographic regions of Canada;  Geological 

Survey of Canada,  Map 1254A, sca le  1:5 000 000. 

Rrosge, W.P. and Dutro,  J.R. 
1973: Paleozoic  rocks  of nor thern  and cen t r a l  Alaska; 

Arct ic  Geology, ed. M.G. Pi tcher ;  American 
Association of Pet ro leum Geologists, Memoir 19. 

Campbell ,  F.A. 
1962: Lazuli te f rom Yukon, Canada;  American 

Mineralogist, v. 47. 

Carsola,  A.J. 
1954: Recen t  mar ine  sed imen t s  f rom Alaskan and 

nor thwest  Canadian Arctic;  American Association 
of Pet ro leum Geologists, Bulletin 38. 

Deer,  W.A., Howie, R.A., and Zussman, J. 
1966: An Introduction t o  t h e  Rock Forming Minerals; 

Longman Group Ltd., London. 

Douglas, R.J.W. (ed.) 
1970: Geology and economic  minera ls  of Canada;  

Geological  Survey of Canada, Economic Geology 
Repor t  No. l ,  5 th  edit ion,  838 p. 

Folk, R.L. 
1974: Petrology of Sedimentary Rocks; Hemphill 

Publishing Co., Austin, Texas. 

Forbes,  D.L. 
1976: Sedimentary processes and sediments ,  Babbage 

River de l ta ,  Yukon coast:  a progress repor t ;  in 
Repor t  of Activit ies,  Pa r t  C; Geological  Survey of 
Canada,  Paper 76-IC, p. 165-168. 

Garrels,  R.M. and Christ ,  C.L. 
1975: Solutions, Minerals and Equilibria; Harper and 

Row, New York. 

Gleeson, C.F. 
1963: Reconnaissance heavy-mineral  study in northern 

Yukon Terri tory;  Geological  Survey of Canada,  
Paper  63-62, 10 p. 

Krumbein,  W.C. and Pet t i john,  F.J. 
1938: Manual of Sedimentary Petrography; D-Appleton- 

Century  Comp. Inc., New York. 

Law, J .  
1971: Regional Devonian geology and oil and gas  

possibilities, Upper Mackenzie River a r ea ;  
Canadian Pet ro leum Geology, Bulletin, v. 19. 

Lewis, C.P. and Forbes,  D.L. 
1975: Beaufort  Sea coas t  sediments  and sedimentary  

processes;  Beaufort  Sea Projec t ,  Technical  
Repor t  No. 24; Depa r tmen t  of Environment,  
Victoria. 

Mackay, J.R. 
1970: Later ia l  mixing of t h e  Liard and Mackenzie River 

downst ream from thei r  confluence; Canadian  
Journal  of Ear th  Sciences,  v. 7, p. 11 1. 

Miall, A.D. 
1976: Devonian geology of Banks Island, Arc t i c  Canada,  

and i t s  bearing on t h e  t ec ton ic  development  of 
t h e  Circum-Arct ic  region; Geological Society of 
America,  Bulletin, v. 87. 

Milner, H.B. 
1962: Sedimentary  Petrology, Ruskin House, Ceorge  

Allen and Cnwin Ltd., London. 

Monger, J.W.H., Souther,  J.G., and Gabrielse,  H. 
1972: Evolution of t h e  Canadian Cordil lera:  A p l a t e  

t ec ton ic  model; American Journal of Science,  
v. 272. 

Noble, J.P.A. and Ferguson, R.D. 
1971: Facies  and fauna1 re la t ions  a t  edge  of ear ly  mid- 

Devonian ca rbona te  shelf ,  South Nahanni River 
a r ea ,  N.W.T., Canadian Pet ro leum Geology, 
Bulletin, v. 19, no. 3, p. 570. 

Norris, D.K. 
1973: Tectonic  s ty les  of nor thern  Yukon Terr i tory  and 

nor thwestern  District  of Mackenzie,  Canada;  g 
Arct ic  Geology; American Association of 
Pet ro leum Geologists, Memoir 19, v. 23. 

Pel le t ie r ,  B.R. 
1975: Sediment dispersal in t h e  southern Beaufort  Sea; 

Beaufort  Sea Projec t ,  Technical  Repor t  No. 25a; 
Depar tment  of t h e  Environment,  Victoria. 

Pel le t ie r ,  B.R. and Shearer,  J.M. 
1972: Sea bot tom scouring in t h e  Beaufort  Sea of t h e  

Arct ic  Ocean; F Proceedings of t h e  24th 
International Geological Congress (Montreal), 
Section 8, p. 251 -261. 

Poldervaar t ,  A. 
1955: Zircons in rocks. 1. Sedimentary rocl<s; American 

Journal of Science,  v. 253. 

1956: Zircons in rocks. 2. Igneous rocks;  American 
Journal of Science,  v. 254. 

Pres t ,  V.K. 
1969: R e t r e a t  of Wisconsin and Recent  ice  in North 

America;  Geological Survey of Canada, 
Map 1257A, sca le  1:5 000 000. 

Rampton,  V.N. and Bouchard, M. 
1975: Surficial  geology of Tuktoyaktuk, Dis t r ic t  of 

Mackenzie;  Geological  Survey of Canada,  
Paper  74-53, 17 p. 

Rock-Color Cha r t  
1951: Geological  Society of America,  New York. 

Vilks, G., Wagner, F.J.E., and Pel le t ie r ,  B.R. 
1979: The Holocene mar ine  environment on t h e  

Beaufort  Shelf; Geological Survey of Canada, 
Bulletin 303. 

Yorath,  C.J. 
1973: Geology of Beaufort-Mackenzie Basin and eas t e rn  

par t  of Northern Interior Plains; Arc t i c  
Geology; Proceedings, 2nd International 
Symposium on Arc t i c  Geology; American 
Association of Pet ro leum Geologists. 

Yorath ,  C.J., .Myhr, D.W., and Young, F.G. 
1975: The geology of t h e  Beaufort-Mackenzie Basin; 

Geological Survey of Canada, Open File 251, 23  p. 

Young, F.G. 
1973: itlesozoic epicontinental  flyschoid and mollssoid 

deposit ional phases of Yukon's nor th  slope; 
Proceedings, Symposium on t h e  Geology of t h e  
Canadian Arctic;  Geological  Association of 
Canada,  Canadian Society of Pet ro leum 
Geologists. 



MINERALOGY OF RADIOACTIVE OCCURRENCES IN THE GRENVILLE STRUCTURAL PROVINCE, 
BANCROFT AREA, ONTARIO: A PROGRESS REPORT 

P r o j e c t  770061 

J. R i m s a i t e  
Economic  Geology Division 

Rimsaite, J . ,  Mineralogy of radioactive occurrences in the Grenville structural province, Bancroft 
area, Ontario: A  progress report; Current Research, Part A ,  Geological Survey of  Canada, 
Paper 80- lA ,  p. 253-264 ,  1980.  

Abstract 

This report summarizes results of laboratory studies o f  specimens from selected radioactive 
occurrences in the Bancroft area, Ontario, described in 1978 in a preliminary report by the author. 
The studies include atomic absorption spectrometric analyses of mineral concentrates for REE, Th 
and Pb; optical microscope, scanning electron microscope and electron microprobe studies of 
radioactive and associated minerals; and preliminary results o f  isotopic studies o f  Pb, U and Th in 
heterogeneous zircon, uraninite, pyrochlore and allanite provided by Dr. G .L .  Cumming o f  the 
University o f  Alberta. Mineral assemblages and sequence of crystallization of uranium, thorium and 
REE (rare-earth elements)-bearing minerals are discussed under the following ore types: 

1. "rnelanocratic ore" at the contact of metapyroxenite, metasediments, anhydrite and syenite 
pegmatite; 

2. "leucocratic oreff in a pink aplitic rock composed dominantly of albite, microcline and quartz with 
accessory pyroxene, amphibole, fluorite and calcite; 

3. radioactive REE-bearing pegmatite composed of allanite, titanite, zircon, uraninite, thorite, 
amorphous minerals, minor tourmaline and biotite in an albite-microcline groundmass; 

4.  radioactive pyrochlore-bearing pegmatite in which rare-earth elements exceed the uranium 
content. 

Radioactive and host minerals are present in complex intergrowths illustrated in scanning 
electron images at high magnifications. Mineral relationships and isotope studies indicate 
remobilization of radioactive and radiogenic compounds. 

Introduction 

S a m p l e s  c o l l e c t e d  in t h e  B a n c r o f t  a r e a  in 1977 
( R i m s a i t e ,  1978) w e r e  s tud ied  using rapid c h e m i c a l ,  s p e c t r o -  
g raphic ,  m a s s - s p e c t r o m e t r i c ,  X-ray d i f f r a c t i o n ,  e l e c t r o n  
microprobe ,  scanning  e l e c t r o n  m i c r o s c o p e ,  n e u t r o n  a c t i v a t i o n  
and  a t o m i c  absorp t ion  ana lyses .  S a m p l e s  a r e  idcn t i f ied  by 
t h e  n e u t r o n  a c t i v a t i o n  ana lys i s  number  in a pre l iminary  
r e p o r t  ( R i m s a i t e ,  1978, T a b l e  9.1). T h e  purpose  of t h e  
p r e s e n t  p rogress  r e p o r t  is t o  i l l u s t r a t e  and  i n t e r p r e t  
h e t e r o g e n e o u s  minera l  t e x t u r e s  and  t o  d e s c r i b e  s e l e c t e d  
uran ium o r e  s a m p l e s  f r o m  t h e  B a n c r o f t  a r e a .  S a m p l e s  a r e  
f r o m  t h e  underground mining a r e a  of t h e  Madawaska  m i n e  
and  f r o m  t r e n c h e s  of  a d j a c e n t  c losed  mines .  A m a p  s h o w ~ n g  
loca l i t i es  t h a t  w e r e  sampled  and d a t a  on uran ium c o n -  
c e n t r a t i o n s  in t h e  principal  rock  t y p e s  and  s e l e c t e d  m i n e r a l s  
f r o m  t h e  B a n c r o f t  a r e a  a r e  p r e s e n t e d  by R i m s a i t e  (1978, 
Fig. 9.2 and  T a b l e  9.1). 

Minera log ica l  s t u d i e s  discussed h e r e  a r e  based  on 
pe t ro log ica l  s t u d i e s  of polished th in  s e c t i o n s  of s e l e c t e d  o r e  
s a m p l e s  and  on a n a l y t i c a l  r e s u l t s  of individual  m i n e r a l s  and  
minera l  c o n c e n t r a t e s .  Most  of t h e  m i n e r a l s  w e r e  iden t i f ied  
by t h e i r  physical  and  X-ray p r o p e r t i e s  dlirlng selection and  
c o n c e n t r a t i o n  of  s a m p l e s  for  ana lyses .  Mineral  c o n c e n t r a t e s  
w e r e  p r e p a r e d  by t h e  a u t h o r  using heavy  liquids ranging  in 
s p e c i f i c  g r a v i t y  f r o m  2.2 t o  3.3. The  homogenei ty  of t h e  
c o n c e n t r a t e s  w a s  c h e c k e d  by X-ray d i f f r a c t o m e t e r  a n a l y s e s  
and  in oil immers ion  m o u n t s  u n d e r  a p e t r o g r a p h i c  
microscope .  T h e  c o n c e n t r a t e s  w e r e  s tud ied  by a t o m i c  
absorp t ion  s p e c t r o m e t r i c  a n a l y s e s  f o r  REE, Y, Th a n d  P b  
(Table  38.1). I so tope  r a t i o s  Pb/U; Pb/Th and  P b / P b  a n d  
a p p a r e n t  a g e s  of h e t e r o g e n e o u s  z i rcon  (cyr to l i t e ) ,  a l l a n i t e ,  
u r a n i n i t e  a n d  pyrochlore  w e r e  provided by Dr. G.L. C u m m i n g  
of t h e  l ln ivers i ty  of A l b e r t a  ( r e s e a r c h  c o n t r a c t s  0SU77-00353 
and  0SU78-00319 ( s e e  T a b l e  38.2 and  Fig. 38.7). 

H e t e r o g e n e o u s  m i n e r a l s  s e l e c t e d  in polished th in  
s e c t i o n s  w e r e  s tud ied  by scanning  e l e c t r o n  m i c r o s c o p e  
coupled  wi th  a n  e n e r g y  d ispers ive  s p e c t r o m e t e r .  C o m p l e x  
t e x t u r e s  w e r e  recorded  in e l e c t r o n  m i c r o g r a p h s  which 
provided b e t t e r  reso lu t ion  and  c l e a r e r  i m a g e s  of t h e  m i n e r a l  
i n t e r g r o w t h s  and  of m i c r o f r a c t u r e s  t h a n  t h e  photomicro-  
graphs.  Diverse  minera l  phases  in h e t e r o g e n e o u s  g r a i n s  w e r e  
s tud ied  by a n  e n e r g y  d ispers ive  s p e c t r o m e t e r  a t  s i t e s  o n e  
micron  in d i a m e t e r .  The  principal  ( I - ,  Th- and  R E E  ( r a r e -  
e a r t h  e l e m e n t s ) - b e a r i n g  minera l s  and the i r  i n t e r g r o w t h s  
( s o m e  submicroscopic  in s ize)  a r e  i l lus t ra ted  in scanning  
e l e c t r o n  micrographs  and  c h e m i c a l  d i f f e r e n c e s  b e t w e e n  t h e  
minera l  phases  in t h e s e  i n t e r g r o w t h s  a r e  i l lus t ra ted  in 
c h a r a c t e r i s t i c  s p e c t r a  ob ta ined  using a n  e n e r g y  d ispers ive  
s p e c t r o m e t e r  ( r i g .  38.1 t o  38.6). Q u a n t i t a t i v e  e l e c t r o n  
m i c r o p r o b e  a n a l y s e s  of d i v e r s e  minera l  phases  in h e t e r o -  
g e n e o u s  gra ins  and  X-ray ident i f ica t ion  of m i n e r a l s  r e m o v e d  
f r o m  polished th in  s e c t i o n s  c o n t i n u e  and  will b e  d i scussed  
la te r .  

Much of t h e  r a d i o a c t i v e  m a t e r i a l  is i s o t r o p i c  
( m e t a m i c t )  and  o c c u r s  in f i n e  gra ined  i n t e r g r o w t h s  of s e v e r a l  
submicroscopic  m i n e r a l  phases ,  t o o  f i n e  gra ined  f o r  
convent iona l  iden t i f ica t ion  by X-ray d i f f r a c t i o n  and  by 
o p t i c a l  microscopy.  C l e a n  s e p a r a t i o n  of s u c h  m i n e r a l s  is 
t e c h n i c a l l y  impossible,  t h u s  e l e c t r o n  m i c r o p r o b e  and  scanning  
e l e c t r o n  m i c r o s c o p e  a n a l y s e s  a r e  t h e  m o s t  usefu l  m e t h o d s  t o  
s t u d y  c h e m i c a l  compos i t ion ,  hab i t  a n d  s i z e  of t h e s e  
r a d i o a c t i v e  in te rgrowths .  Because  of h e t e r o g e n e i t y  a n d  
c h e m i c a l  c o m p l e x i t y  of minera l s ,  t h e  p r e d o m i n a n t  m i n e r a l  
d e f i n e s  t h e  g r a i n  (e.g. " tourmal ine"  is p robably  a t o u r m a l i n e  
w i t h  m i n u t e  i m p u r i t i e s  of o t h e r  minerals) .  Only  c h e m i c a l l y  
a n a l y z e d  g r a i n s  w i t h  t h e  c o n f i r m e d  p r e s e n c e  of u r a n i u m  a r e  
r e f e r r e d  t o  a s  "uranothori te".  T h e  t e r m  " thor i te"  is  used f o r  
op t ica l ly  iden t i f ied  t h o r i t e  of unknown c h e m i c a l  compos i t ion .  



T a b l e  38.1 

Distr ibution of s o m e  r a r e - e a r t h  e l e m e n t s ,  minor  and  t r a c e  e l e m e n t s  in s e l e c t e d  m i n e r a l s  
f r o m  uran ium d e p o s i t s  in t h e  Bancrof t  a r e a ,  O n t a r i o *  

Mineral Concentrations in ppm 
concentrate La C e  Nd Srn Eu Dy Ho Er Tm Yb Y Th Pb 

Concentrates from h ~ g h  grade uranium ore RF-l, ~Madawaska mine, 30-62 Mesh fractions 

Biotite 2000 3200 1000 300 20 502 140 650 150 950 2450 l400 

Albite 447 70 I5 1 8  3 8 I 10 84 110 

Microcline 124 25 7 1  3 1 3 < I  3 30 33 

Tourmaline 9500 15000 2800 300 30 350 100 420 100 700 2550 2200 

T ~ t a n i t e  7200 11000 3400 600 100 600 13 470 100 540 4050 2100 

Allanite, l** 50000 >50000 3600 800 100 130 46 64 6 100 1000 7500 

Allanite, r*** 1000 1085 250 30 2 4 6 5 I 8 42 118 

Cyrtolite, I * *  450 606 225 39 8 37 8 34 6 40 300 169 

Cyrtolite, r*** 20 40 I4 7 1 21 10 71 19 152 520 70 I Concentrates from pyrochlore ore 

Pyrochlore 1900 5700 4450 3700 70 9140 1650 6400 1200 10700 820 4800 2600 

Apatite 4100 5000 1000 130 1100 230 800 100 530 700 1900 

Albite 3 3 < l  3 1 3  1 7 36 9 IS 

Microcline 4 3 < l  4 1 4  I I 1  45 4 27 

Sericite 17 18 1 51 I0 55 13 121 533 13 19 

Muscovite 6 7 C l  3 2 2 < I  3 21 I4 9 

Concentrate from f luorite-calcite bands 

Fluorite 5 4 < l  2 1 l < l  20 118 19 a 

*Atomic absorption spectrometric analysis by J.G. Sen Gupta (for method used see Sen Gupta, 1976 and 1977). 
**l - HNO, leach. 

***r - residue from HNOn leach. 

T a b l e  38.2 

Uranium,  t h o r i u m  a n d  lead  c o n c e n t r a t i o n s ,  Pb/U, Pb/Th a n d  P b / P b  i s o t o p e  r a t i o s  a n d  
a p p a r e n t  ages of m i n e r a l  c o n c e n t r a t e s  f r o m  u r a n i u m  m i n e s  in  t h e  B a n c r o f t  a r e a *  

I Specimen No.**** 1U 22 32 4UZ 5 H 6A 70 80 1 
Weight ( g r a n d  

U% 

Th% 

Pb% 

Common Pb% 
207pb/20'pb*** 

2oaph/Z0bpb**~ 

z o r p b / 2 0 6 P b ~ ~ +  

207pb/235u 

nospb /238~ 

' o a ~ b / 2 " T h  

0.0654 

0.613 

N.D.*' 

0.0658 

0.37 

0.07373 

0.10139 

0.00006 

1.066 

0.1106 

N.D. 

0.0597 

0.567 

N.D. 

0.0667 

0.27 

0.07222 

0.05206 

0.00004 

1.202 

0.1217 

N.D. 

0.2164 

1.44 

N.D. 

0.133 

3.07 

0.07703 

0.26320 

0.00025 

0.7535 

0.07918 

N.D. 

Apparent ages (Ma) 

207pb/20bpb 1051.7 101 1.2 975.8 991.9 900.1 1033.1 
~ O ~ P ~ / Z ~ S U  1051.9 736.7 801.4 933.7 570.4 850.2 
2ospb /238~ 1051.9 649.7 740.1 909.3 491.2 781.2 

2 o a ~ b / 2 3 Z ~ h  1061. I N.D. N.D. N.D. N.D. 1266.1 

*Analytical data f rom Cumming (1978, l979), analytical procedure as by Curr~~ning & Rimsaite (1979) 
*"N.D. = Not determined. 

***Ratios abbreviated t o  f i f t h  decimal place. 
xXx-*Specimens: 1U = uraninite separated from fluorite; 

2Z = fine-grained zlrcon (cyrtolite) separated from satnple RF- I  illustrated by 
Rimsaite (1978, Fig. 9.5); 

32 = coarse-gra~ned cyr to l i te from same sample as 2Z, revdue after HNOl leaching, 
details i n  Figures 38.6 and 38.7 and Rimsaite (1978, Fig. 9.6); 

4UZ - uraninite leached from zircon (cyrrolite) 32, Figure 38.6. 

5A and 6A = heterogeneous allanite from the same sample as IU, 22, 32 and 4UZ, Rimsaite (1978, Fig. 9.5). 
7 8  and 88  = pyrochlore separated from muscovite (R~msalte, 1978, Table 9.1, analysis 28). 
AI1 mineral concentrates prepared by Rlmsaite. 
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a. Backscattered electron image (BEI) o f  striated uraninite (U) at the contact o f  pyroxene, anhydrite and 
albite.  Lighter streaks (white = W )  consist o f  U and Pb, darker streaks ( d )  consist o f  U ,  minor C e ,  Y and 
Pb. The uraninite is transected by fractures, some filled with U-Si cof f ini te- l ike  crusts. 

b.  BE1 o f  fractured uraninite, partly replaced by Si-Pb-Th-U-Ca bearing material along fractures 
(spectrum Id)  and rimmed by red bands composed o f  Si, U and Ca (spectrum l e ) .  

c .  BE1 o f  corroded uraninite, partly replaced by uraniferous phase composed o f  Si, Pb, Th,  U and Ca 
(spectrum Id). 

Figure 38.1. nlustration o f  uraninite in melanocratic radioactive rock, polished thin section RF-731. 
(GSC 203532-U) 

The chemically complex niobates and t i t ana te s  a r e  referred 2. ,,leucocratic ore,, in  a p ink  aplitic rock composed 
t o  using general  group names, such a s  pyrochlore or niobate dominantly of a lb i te ,  microcline and qua r t z  with 
until chemical  analyses a r e  completed t o  justify a more  accessory pyroxene, amphibole,  f luorite,  ca lc i te ,  t i tani te ,  
precise nomencla ture  of mineral species. uraninite,  t ho r i t e  and amorphous REE-bearing minerals 

Tables summarizing results of rapid chemical  and with a relatively homogeneous distribution of uranium 
semiquant i ta t ive  spectrographic analyses of minerals, rocks ( U  = 927 ppm and 4090 ppm), sample  analyses No. 5 and 
and heavy mineral concen t ra t e s  of samples described in t h e  13; 
preliminiry repor t  (Rimsai te ,  1978, ~ a b l e s  9.1 and 9.2) and 3. high grade o re  composed of allanite,  t i tani te ,  zircon 
additional mineral spect ra  and e lec t ron micrographs a r e  (cyrtoli te),  amorphous REE minerals,  tourmaline,  bioti te,  
available f rom t h e  author  upon request.  uraninite and thor i te ,  all  in feldspar matrix.  Minor 

quar tz ,  sulphides and arsenides were  d e t e c t e d  in 
The following se lected o r e  types  a r e  discussed on t h e  microfractures  within mineral grains and along grain 

basis of preliminary analyt ica l  results: boundaries. Sample RF-l ,  analysis No. 27 
1. "melanocratic ore"  a t  t h e  c o n t a c t  of paragneisses, (U = 23 440 ppm); 

metapyroxenite,  anhydr i te  and syeni te  pegmat i t e  4. radioact ive  pyrochlore-bearing pegmat i t e  composed of 
containing variable concentra t ions  of uranium, analyses alkali  feldspar, muscovite,  a p a t i t e  and accessory 
No. 2 and 6 (U = 119 pprn and 16 920 ppm); uraninite,  xenotime, galena  and bismuth in f ine  grained 

intergrowths.  
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1. "Melanocratic" Ore  (contains more  
than  50% rnafic minerals) 

High g rade  o re  samples  having e r r a t i c  uranium concen- 
trations,  between 500 ppm (cut  off value) and 16 920 ppm U, 
consisted dominantly of green pyroxene (80-90%) t ransected 
by f r ac tu res  filled with Na and K feldspars, anhydrite,  
quar tz ,  ca lc i te ,  accessory zircon, t i tani te ,  apa t i t e ,  uraninite,  
uranothorite,  amorphous REE grains, and locally ga rne t ,  
f luor i te  and gypsum. 

Pyroxene is massive, coa r se  grained, reaching severa l  
cen t ime t re s  in length, locally replaced by blue-green 
amphibole and green t o  orange-brown patches  of f ine  grained 
serpentine- and montmoril lonite-l ike aggregates.  The major 
const i tuent  in "melanocratic" ore  is clinopyroxene (GSC 
X-ray pa t t e rn  61859) t h a t  consists mainly of Si, Ca,  F e  and 
minor Mg, Mn and Na. Pyroxene has inclusions of magnet i te ,  
pyrite,  uraninite and uranothorite.  

In t h e  Madawaska mine, amphibole t h a t  locally replaces  
pyroxene in mineralized rocks, conta ins  more  iron, sodium, 
fluorine and rubidium than amphibole f rom nonradioactive 
paragneiss. 

Wedge-shaped c r y s t a ! ~  of t i t an i t e  and associated coarse  
grained apa t i t e  have crystall ized along con tac t s  between 
metapyroxeni te  and invading feldspar-anhydrite pegmatite.  
Some t i t an i t e  crys ta ls  exhibit  polysynthetic twinning and 
consist  of REE-bearing, niobian and common t i t an i t e  
intergrowths.  

Anhydrite is twinned and fills wide f r ac tu res  in 
amphibole adjacent  t o  albite.  Ca lc i t e  is associated with 
anhydrite and fills narrow f rac tu res  in amphibole. 

Zoned crys ta ls  of coa r se  grained cyr to l i te ,  reaching 
severa l  mi l l imetres  in d iameter ,  a r e  euhedral and almost 
isotropic (metamict) .  Some crys ta ls  a r e  overgrown by 
anisotropic zircon and contain rusty reddish patches  of 
fibrous mater ia l  in some bands. Cyr tol i te  crys ta ls  occur in 
groups in a lb i te  and quar tz  matrix and a r e  usually associated 
with uraninite and uranothorite.  Cyr tol i te  grains a r e  hetero-  
geneous and exhibit  several  episodic growths.  Groups of 
small  (pre-metamorphic?) zircons in t h e  c o r e  a r e  overgrown 
by numerous concentr ic  bands of grey, a lmost  isotropic and 
weakly anisotropi-c cyrtoli te.  

Uraninite crys ta ls  reach Imm in s i ze  and have red and 
rusty brown rims, some resembling the  serpentine-like 
a l tera t ion observed in pyroxene f rac tures .  1:raninite 
crystall izes:  along f r ac tu res  in pyroxene; a t  t he  con tac t  
between pyroxene, anhydrite and a lbi te  (Fig. 38.la); in 
t i t an i t e  and cyr to l i te ;  a s  overgrowths on t i t an i t e  (Fig. 38.2a) 

and in association with uranothor i te  in microcline. Coarse  
crys ta ls  of uraninite appear s t r ia ted  on backscat tered 
e lec t ron image (BEI) and a r e  made up of light grey and darker  
grey lamellae t h a t  vary in REE con ten t s  (Fig. 38.la). 
Uraninite is t raversed by numerous f rac tures ,  some  filled 
with coffinite-l ike crusts. Some of t h e  uraninite crys ta ls  
appear  t o  be  resorbed along t h e  f r ac tu res  and replaced by a 
complex uraniferous phase containing Si, Pb, Th, U and C a  
(Fig. 38.lb and 38.lc, spect rum in Fig. 38.ld). 

Red and orange-brown rims surrounding uraninite a r e  
heterogeneous and consist of Si-Fe-rich crus ts  in 
intergrowths with a Si-U-Ca-bearing phase (Fig. 38.lb and 
spect rum 38.le). Uraninite overgrown on t i t an i t e  (Fig. 38.2a 
and 3 8 . 2 ~ )  conta ins  a pyrite-rich rim adjacent  t o  pyroxene. 
Euhedral pyr i te  crys ta ls  a r e  in Si-Fe-rich matrix.  The 
coexis tence  of sulphate  (anhydrite) and sulphide (pyrite) in 
t h e  same  sample  is interesting. The sulphide-sulphate 
association implies d i f ferences  in environmental conditions, 
on a microscopic scale,  during crystall ization of pyrite and 
anhydrite.  The oxidation of uraninite might have produced a 
local reducing environment and produced favourable 
conditions of crystall ization for  pyrite. 

Isotropic REE-bearing grains a r e  r a re  in "rnelanocratic" 
o r e  samples. When present,  they contain small  uranini te  
inclusions overgrown by Si-, Th-, U-, Fe- bearing rims. 

Thorite crystals,  associated with uraninite occur in 
pyroxene, microcline and in cyr to l i te .  Thorite grains have 
resorbed edges  enclosed in prominent red Si-Fe rims 
containing disseminated specks rich in Fe, Sn, V and Mn 
(Fig. 38.2b). 

The following sequence of crystall ization was  inter- 
pre ted  in "melanocratic" o r e  samples: pyroxene, followed by 
Fe3-rich amphibole, t i tani te ,  REE-rich allanite,  albite,  
microcline, anhydrite,  quar tz ,  ca lc i te ,  locally f luor i te ,  
uranothorite,  uraninite,  Si-U and Si-U-Th-Ca compounds, 
accessory magnet i te  and pyrite, Sn-, Fe-, V-rich specks in 
rims surrounding uraninite and uranothor i te  and serpentine- 
and montmorillonite-like a l tera t ion products locally replacing 
pyroxene and forming crus ts  on pyroxene f r ac tu res  and on 
uraninite grains. 

2. "Leucocratic" O r e  (contains less than  5% maf ic  minerals) 

Pink apl i t ic  rocks cons t i tu t e  more  homogeneous and 
more  abundant o re  mater ia l  and have uranium con ten t s  
between 0.1 and 0.4% U308 over larger a r e a s  than t h e  
"melanocratic" o r e  samples. Locally t h e  pink quar tzo-  
feldpathic radioactive rocks extend vertically more  than 
50 m. The host rocks a r e  made up of a medium- .to coarse-  
grained mosaic of a lb i te ,  microcline and qua r t z  with minor 
accessories consisting of pyroxene-amphibole intergrowths 
(1-2%), purple fluorite,  ca lc i te ,  uraninite,  uranothor i te  and 
allanite.  

The remnant  intergrowths of pale green pyroxene and 
bright green amphibole a r e  partly replaced by qua r t z  and 
resemble in t ex tu re  residual graphic grani te  or 
micropegrnatite.  Radioactive minerals a r e  present a t  
con tac t s  between microcline and albite,  or between a lbi te  
and quar tz ,  and enclosed in purple f luor i te  haloes. 

Small uraninite grains surrounded by complex multiple 
r ims or  haloes have crystall ized in f r ac tu res  in qua r t z  and a t  
t h e  con tac t  between potassic feldspar and albite.  The 
uraninite grains appear heterogeneous on backscat tered 
e lec t ron images and consist of bright white and darker  grey 
lamellae (Fig. 38.3a, 38.3b and 3 8 . 3 ~ ) .  The uraninite consists 
of Pb-rich and Pb-depleted, 51-bearing phases with or  without 
Th. They represent  residual uranuim and REE which 
precipitated along f r ac tu res  and grain boundaries a f t e r  
crystall ization of major mineral phases and accessory f luor i te  





Si, F 

a. Uraninite composed of  U and Pb (white) is partly replaced by darker irregular bands composed o f  Si, 
Th, U ,  Ca, Pb and Fe and enclosed in heterogeneous REE-bearing inner rim, a wider Si-rich (Si) 
central rim, and a radioactive U-bearing outer rim that overlaps with a marked circular fracture. 
The uraniferous rim extends into the radial fractures of  adjacent albite and quartz. 

b. Heterogeneous uraninite ( U )  surrounded by Si, Fe, U-bearing rims, all enclosed in fluorite (CaF) and a 
narrow isotropic outermost rim of feldspar at the contact between microcline ( K )  and albite (Na). 
The uraninite is transected by marked radial fractures and surrounded by haloes separated by circular 
fractures. 

c .  Heterogeneous micrographic uraninite consists of brighter U-Pb phase that is corroded and partly 
replaced by Pb-poor U-Si phase, enclosed in Si-Fe-bearing rims. Outer edges of  the rim contain 
uranium ( U ) .  The uraninite and adjacent minerals are transected by fractures. 

d .  Thin uraniferous crusts and REE-f illed fractures at grain boundaries between fluorite (CaF), 
microcline ( K )  and albite (Na). Uranium ( U )  and REE-filled fractures appear white. 

Figure 38.3. Illustration of heterogeneous uraninites enclosed in multiple rims or haloes in "leucocratic 
ore" samples (all illustrations are backscattered electron images, BEI)  obtained using scanning electron 
microscope by D.A. Walker), polished thin section RF-721. (CSC 203532-H) 



(Fig. 38.3d). Pis can  be  seen in Figure 38.3, r ims overgrown 
on uraninite resemble pleochroic haloes in t h e  d is tance  f rom 
the  radioactive source.  The spect ra  of some uraninite rims 
indicated the  presence of PO. The haloes consist of REE; 
Fe- ,  Si-rich compounds with o r  without uranium; f luor i te ;  and 
locally of isotropic (or me tamic t )  ou te r  rim of host feldspar. 
Some of t h e  rims a r e  separa ted by marked circular f rac tures .  
In some  rims, uranium is enriched in t h e  ou te r  portion of t h e  
rim, suggesting a s t i l l  la ter  episode of uranium 
crystall ization. 

Uraninite crys ta ls  a r e  t ransected by radial f r ac tu res  
and surrounded by c i rcular  f r ac tu res  t h a t  coincide with some  
ou te r  uraniferous haloes and might have been caused by 
radiation f rom uraninite and expansion of isotropic 
(metamict )  mineral phases a s  a result  of s t ructura l  damage. 

3. Radioact ive  Rare-Ear th  Elements-Bearing Pegmat i t e  RF-1 

Of t h e  samples  studied, t h e  REE-bearing pegmat i te ,  
represented by sample  RF-I f rom Madawaska mine conta ins  
the  highest concentra t ion of uranium, 23 440 ppm U. The 
sample  is chemically and mineralogically complex. I t  
consists of allanite;  t i t an i t e ;  zircon; amorphous Y-U and 
radioactive REE-bearing grains enclosed in and associated 
with tourmaline,  bioti te,  albite,  microcline and quartz.  
Common rock-forming minerals, such a s  feldspar, qua r t z  and 
mica  a r e  in ters t i t ia l  const i tuents  in th is  rock and a r e  present 
in variable,  although minor, amounts.  

Uraninite is associa ted  with uranothor i te  and 
crys ta l l izes  in various minerals, including tourmaline 
(Fig. 38.41, feldspar,  allanite,  cyr to l i te  and mica  
(Rimsai te ,  1978, Fig. 9.5). Uraninite is surrounded by complex 
multiple rims, composed of galena (Fig. 38 .4~) ;  REE-bearing 
specks (Fig. 38.44, spec t rum in Fig. 38.4e); pyr i te  
(Fig. 38.4g); and Fe-Si-U-Ca-bearing minerals (spectrum in 
Fig. 38.4f). Uraninite crys ta ls  a r e  heterogeneous and enclose 
grains of quar tz ,  Na and K feldspars,  REE-bearing inclusions 
and sulphides. 

Zircon (isotropic cyr to l i te)  is a common host for t h e  
uranini te  (Fig. 38.5 and Rimsaite,  1978, Fig. 9.6). Cyr tol i te  
crys ta ls  were  hand-picked for isotope s tudies  and meri t  more  
detailed description. Cyr tol i te  grains reach severa l  
mill imetres in d iameter  and consist of isotropic (me tamic t )  
cen t r a l  portions and shat tered anisotropic zones, usually a t  
t he  periphery. In some cyr to l i te  grains, t he  c o r e  portion is 
stained red and appears  d i f ferent  from the  overgrowth of 
pale  and dark  grey zones. Large cyr to l i te  crys ta ls  grow 
around a nucleus composed of severa l  small  (pre- 
metamorphic?) zircon or quar tz  f ragments  (Fig. 38.5c, Si) and 
enclose uraninite a t  the  con tac t  between t h e  isotropic co re  
and anisotropic rim (Fig. 38.6a).' Other  enclosed grains in 
cyr to l i te  a r e  K-feldspar in the  ou te r  sha t t e red  rim and 
intergrowths of REE-bearing grain and iron arsenide. FeAs, 
p la tes  (Fig. 38.6a, 38.613 and spect rum in Fig. 38.6~1,  and 
galena in f r ac tu res  (Fig. 38.5a and 38.5b). Chemical  analysis 
indicated c a  4 wt. % H,O in cyr to l i te  concentra tes .  
According t o  e lec t ron microprobe analysis, small  chemical  
d i f ferences  exis t  between t h e  c o r e  (SiOZ =30.7%; 
Z r 0 2  = 62.3%; C a O  = 1.3%; F e 0  = 0.2%) and the  rim 
( S O 2  29.7%; Z r 0 2  = 58.4%; C a 0  = 2.3%; F e 0  = 1.5%). The 
c leanest  portions of cyr to l i te  contained S i 0 2  = 32.7% and 
Z r 0 2  = 66.1%. These cyr to l i te  var ie t ies  yielded t h e  s a m e  
"cyrtoli te" X-ray di f f rac t ion patterns.  

Allanite is one of the  major const i tuents  in t h e  
pegmatite.  It c rys ta l l izes  in crys ta ls  severa l  mill imetres long 
t h a t  in t ransmit ted  light vary  in colour f rom g reen  t o  yellow 
and red-brown. Allanite is  intergrown with epidote,  a 
uraniferous REE-bearing phase and amorphous Y-Th-U- 
bearing grains t h a t  contain variable proportions of iron, 
silica, radioactive e lements  and disseminated grains of 
galena. 

Feldspar in t h e  groundmass of radioactive m ~ n e r a l s  is 
f rac tured and stained brownish yellow by fracture-fi l l ings 
made up of Si, Fe ,  REE, C a  and U compounds t h a t  extend 
f rom rims surrounding uraninite into f r ac tu res  of t h e  
adjacent  feldspar host (Fig. 38.4, pyr i te  and REE-bearing 
rims). 

Minerals from specimen RF-I were  hand-picked and 
purified in heavy liquids for  REE and isotopic anabyses 
(Tables 38.1 and 38.2). Relatively high concentra t ions  of 
REE and Pb in bioti te and feldspar (first  t h ree  analyses in 
Table 38.1) can be accounted for by t h e  presence of 
radioact ive  REE-bearing fracture-fi l l ings in these  minerals. 

Because cyr to l i te  and allanite enclose uraninite,  galena 
and other  impurit ies,  acid-leach and residues a f t e r  leaching 
were  analyzed in an  a t t e m p t  t o  de te rmine  REE con ten t s  in 
these  mineral concen t ra t e s  a f t e r  removing leachable 
contaminants  (analyses "l"  and "r" in Table 38.1). With the  
exception of cyr to l i te  residue "r" t h a t  contained more  Y and 
Yb, all  REE, Th and Pb were  found t o  b e  enriched in t h e  ac id-  
leach f rac t ion.  Tourmaline concen t ra t e  t h a t  yielded X-ray 
diffraction pat tern  of "tourmaline" contains higher 
concentra t ions  of Dy, Ho, Er, Tm, Y and Pb than t h e  
concen t ra t e  of associated allanite.  Table 38.1 provides d a t a  
on concentra t ion s i tes  of REE in the  rock, including Nd and 
Sm, which a r e  important for t he  selection of samples  for 
isotopic dat ing and isotope research. 

4. Pyrochlore-bearing Pegmat i te ,  Uraniferous 
Niobate-Tantalate-Titanate and Yt t r ian  O r e  

Uraniferous niobian t i t ana te s  and tantalum-bearing 
niobates associated with less abundant uraninite were  
observed in specimens f rom Bicroft, Greyhawk, Dyno and 
Silver C r a t e r  mines. In t h e  Madawaska mine niobium concen- 
t ra t ions  a r e  relatively scarce ,  however, some t i t an i t e s  a r e  
heterogeneous,  intergrown with niobian phases and contain 
small  quant i t ies  of uranium and REE. 

The niobian o re  contains pyrochlore crys ta ls  in coa r se  
grained feldspar pegmat i te .  Pyrochlore is isotropic 
(metamict )  and appears  shiny black in hand specimen. It 
crystall ized in f r ac tu res  in red a lb i te  and is overgrown by 
muscovite.  In thin sect ions  pyrochlore appears  
heterogeneous. I t  varies in colour f rom pale yellow t o  deep 
orange. I t  has a speckled appearance due t o  disseminated 
bismuth and heterogeneous distribution of U and REE, and in 
this respect  resembles heterogeneous euxeni te  (Rimsai te  and 
Lachance, 1966). Pyrochlore crys ta ls  a r e  mottled,  hetero-  
geneous and very impure along t h e  edges  and f rac tures .  
Pyrochlore contains rows of f ine  grained black pla tes  
resembling graphi te  along f rac tures ,  shat tered grains of 
a p a t i t e  cemen ted  by U-Nb-Si f r a c t u r e  fillings, uraninite,  REE 
grains and galena. Uraninite,  enclosed in Nb-Fe-bearing and 
yt t r ian  grains,  surrounded by disseminated cubes of galena, 
crystall ized along the  edges  of pyrochlore. 

Pyrochlore was  separa ted for  REE and isotope analyses 
(Table 38.1 and 38.2). The pyrochlore concen t ra t e  contained 
very high concentra t ions  of Yb (10 000 ppm), Dy (9140 ppm) 
and Er (6400 ppm). 

Chemically complex niobate f rom "leucocratic" o r e  a t  
Bicroft mine was studied by scanning e lec t ron microscope 
and an  energy dispersive spect rometer .  The niobate is  
isotropic (me tamic t )  and occurs  in intergrowths with small  
grains of uraninite.  The niobate appears  heterogeneous 
reddish brown t o  opaque in transrpit ted light and is 
amorphous t o  X-rays. The Nb-rich specimens  contain also 
small  crys ta ls  of uranini te  enclosed in purple f luor i te  haloes, 
and in this respect  resemble t h e  mineral assemblage 
(uraninite-fluorite) in "leucocratic" o re  f rom Madawaska 
mine i l lustrated in Figure 38.3b. 



i a,b,c. X-ray scanning images for U ,  Th and Pb, showing distribution of  uraninite and 
uranothorite grains in ~ourmaline. Uraninite is rimmed by double rim of  

I galena. The rim between two galena rims contain REE (electron microprobe 
analysis by G .  A. Plant). 

d. BE1 o f  resorbed edges of uraninite (white, right) that is surrounded by red Si, 
U ,  Ca, Fe-bearing rim with disseminated galena (white crystals) and REE- 
bearing spots (spectra in Fig. 38.4e and 38.4f). 

e .  Spectrum of REE-bearing spots in rim illustrated in Figure 38.4d. Element 
peaks are identified in Fig. 38.1 and 38.6. 

i f .  Spectrum of Si-Fe-rich rim on uraninite shown in Figure 38.4d. The rim 
contains also U and Ca. 

g. Photomicrograph (reflected light) of  an edge o f  uraninite rimmed by pyrite 
(white) that extends into feldspar fractures. The uraninite contains inclusions 
o f  quartz, feldspar and REE-bearing grains. 

Figure 38.4. Illustrations of radioactive minerals in U ,  Th, R E E  ore sample RF-l, 
polished thin section RF-l. (GSC 203532-F) 
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Isotope Studies 

Results of isotope s tudies  a r e  summarized in Table 38.2 
and in Figure 38.7. The oldest  concordant  age  was  obtained 
on uraninite concen t ra t e  separa ted f rom f luor i te  (1050 Ma, 
specimen IU). Fine grained zircons and coa r se  grained 
cyr to l i te  containing visible uraninite inclusions 
(Rimsai te ,  1978, Fig. 9.6) yielded a discordia line having an 
upper intersection with the  concordia curve  a t  1000 Ma and 
lower intersection a t  90 Ma. The discordia line suggests 
remobilization of radiogenic and/or radioactive e lements .  
Uranium leached by acid f rom cyr tol i te ,  sample  4UZ, plots 
below t h e  concordia curve ,  and near  t h e  intersection of t h e  
zircon discordia line with t h e  concordia. The lowest point 
t h a t  appears  t o  l ie  on t h e  discordia line (near  90 Ma 
intersection with t h e  concordia curve)  was obtained for  a 
pyrochlore concen t ra t e  (7B). A repeated pyrochlore analysis 
(88)  confirmed relatively low apparent  Pb/U ages  and 
suggested t h a t  t he  pyrochlore analyses may lie on a second 
discordia t h a t  in tersects  t he  concordia a t  about 230 Ma. 
Also, pyrochlore 8B yielded a Pb/Th a g e  (271 Ma) twice  a s  
high a s  t h e  Pb/U ages  (120 Ma and 114 ivla), and th is  supports 
t h e  suggested discordia. The relatively low and apparently 
discordant ages  of pyrochlore conf i rm those  obtained by 
Robinson et al. (1963) on euxeni te  concentra tes .  The niobates 
a r e  apparently very susceptible t o  environmental changes and 
thei r  radiogenic and radioactive components a r e  readly 
mobilized and redeposited. 

The Pb/Th age  of a l lani te  (6A) is also higher than the  
discordant apparent  Pb/U ages  of a l lani tes  (5A and 6A), but 
in reasonable agreement  with t h e  uraninite age.  

The concordant Pb/L a g e  of uranini te  IU  (1051 Ma) 
ag rees  well with Pb/U ages  of uraninite f rom Madawaska 
( former  Faraday) mine (1045 Ma) and f rom Cardiff  uranium 
mine (1070 Ma) and K/Ar ages  of associated bioti te (analysis 
59-51 = 1035 Ma) and phlogopite (analysis 59-49 = 1060 Ma) 
reported by Robinson (1960). 

Some of  t h e  radiogenic lead apparent ly  migrated f rom 
t h e  s t ruc tu re  of radioact ive  minerals and a t  leas t  some  of i t  
recrystall ized a s  galena specks and rims in and around 
radioact ive  minerals (Fig. 38.4 and 38.5; and Rimsai te  and 
Lachance, 1966, Figs. V and VI). However, some  of t h e  
radiogenic lead was probably entirely removed f rom t h e  
radioactive minerals, especially from Pb-depleted phases of 
uranothor i te  and uraninite. Because of t he  corrosion and 
replacement  of radioactive minerals and thei r  apparent  
depletion in radiogenic lead, t he  measured ages  a r e  probably 
only lower l imits t o  t h e  original a g e  of crystall ization. The 
markedly lower U/Pb ages  of a l lani te  and pyrochlore can 
probably be  accounted for  by enhanced migration, diffusion 
and losses of radiogenic lead and susceptibil i ty of t hese  
minerals t o  environmental changes and a l tera t ion.  

Isotopic study of "old", probably det r i ta l ,  zircons f rom 
meta-sedimentary rocks, especially from silty impurit ies in 
l imestones would be warranted in an a t t e m p t  t o  establish 
temporal  relationships between sedimentation and complex 
metamorphic  events.  

Summary and Conclusions 

In an a t t e m p t  t o  cha rac te r i ze  o re  mineralogy, uranium, 
thorium and REE minerals have been studied using t h e  
scanning e lec t ron microscope and energy dispersive 
spec t romete r ,  and their  host rocks studied by optical  and 
chemical  methods. The chemically complex intergrowths and 
replacements  of radioactive mineral phases f rom t h e  o r e  
grade specimens have been i l lustrated in backscat tered (BEI) 
and secondary e l ec t ron  images  (SEI) and chemical  variations 
shown in mineral spec t r a  obtained by energy dispersive 
spect rometer .  The relationship between uranium and 

Figure 38.7. Concordia diagram for  Pb/U data on samples 
from the  Bancroft area, Ontario. Crosses are samples 
plotted on discordia l ine;  circles are additional samples 
analyzed also for  Pb/Th (see  Table 38.2 and t ex t ) .  Isotope 
data are from Cumming (1978, 1979). 

thorium-bearing phases in uraninite and t h e  heterogeneous 
distribution of lead in zircons (cyrtoli te) and in radioact ive  
minerals a r e  i l lustrated by high resolution scanning e lec t ron 
microscopy. Ore-forming minerals i l lustrated include 
uraninite,  uranothorite,  allanite,  t i t an i t e ,  and isotropic 
radioactive Y, REE and Nb-bearing mineral aggregates.  

The preliminary mineralogical, chemical  and isotope 
s tudies  of radioactive samples f rom t h e  Bancroft  a r e a  
indicate more  than one episode' of crystall ization and 
apparent  remobilization of radioactive and radiogenic 
e lements .  

The following sequence of crystall ization of radioact ive  
and associated minerals is  interpreted: uraniferous tho r i t e  
was s u c ~ e e d e d  by crystall ization of uraninite and t h e  l a t t e r  
by REE minerals. "Secondary" uranini te  and galena 
crystall ized along t h e  edges  of pyrochlore f rom mobilized 
uranium and radiogenic lead f rom radioact ive  niobate. 
Uraninite occurs in severa l  chemically and temporal ly  
d i f ferent  phases, commonly intergrown, e.g.: pure  uranini te  
t h a t  consists of U and Pb and uraninite containing Th and/or 
R E E  and Si. The uraninite and uranothor i te  a r e  corroded and 
partly replaced by a Pb-poor, Si-rich phase containing 
uranium and thorium. Some grains of uranothor i te  and 
uraninite have corroded or  resorbed edges  and a r e  surrounded 
by Si-, Fe- and REE-bearing rims t h a t  locally conta in  high 
concentra t ions  of As, Fe,  Mn, Sn, Ti, secondary Th, U, Pb, PO 
and V. 

In t h e  rims and fracture-fi l l ings,  REE postdate  crys ta l l -  
ization of rock-forming minerals, euhedral uraninite and 
uranothorite.  The mobilized or residual uranium and REE 
crys ta l l ize  a t  t he  outer  edges of t h e  rims and in mineral 
in ters t ices  a s  thin crus ts  a f t e r  crystall ization of all  o ther  
minerals,  being t h e  l a t e s t  phase t o  precipitate.  

The most common radioactive mineral associations 
include: pyroxene-uraninite-uranothorite; pyroxene- 
anhydrite-uraninite;  bioti te-uraninite;  t i tanite-uraninite;  
albite-zircon-uraninite-uranothorite-quartz; albite-micro- 
cline-uranothorite-uraninite;  allanite-uraninite-amorphous 
Y-U-bearing grains; uraninite-niobate-tantalate and 
uraninite-fluorite-calcite. 

Zircon (cyrtoli te) is commonly isotropic (me tamic t )  and 
indicates severa l  growth zones around nuclei of severa l  f ine  
grained (pre-metamorphic ?) zircons or  qua r t z  f ragments .  



With t h e  exception of one concordant Pb/U a g e  for  
uraninite separa ted f rom f luor i te  (1051 Ma), all mineral con- 
c e n t r a t e s  yielded discordant ages,  apparently a s  a result  of 
postcrystall izational a l tera t ions  and losses of radiogenic lead 
f rom t h e  s t ruc tu res  of t h e  radioact ive  minerals. Some of t h e  
mobilized lead remained in t h e  radioactive host a s  
disseminated specks  of galena  and Pb-rich rims, but  much of 
i t  was probably ent i re ly  removed. Pyrochlore apparently lost 
essentially all  of i t s  radiogenic lead a t  about 270 t o  225 Ma. 
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Abstract 

At some sites along Mackenzie River the frequency with which river ice reaches a given 
bank elevation can be determined using tree age. In the lower seres where ice thrusting occurs, 
the process limits tree age. During brealcup hlackenzie River ice may break into blocks 2 m or 
more in thiclmess; ice movement on shore is capable of crushing or uprooting trees. The 
maximum tree age at a given bank elevation is indicative of the amount of time that has elapsed 
since ice of sufficient magnitude to  kill or uproot the tree has reached that elevation. In this 
manner approximate return periods of ice events can be determined. 

Introduction 

A t  certain locations between Fort Simpson and Norman 
Wells trees, which line Mackenzie River, increase in size and 
age with distance and elevation from the river (Fig. 39.1). In 
many of these areas the size and age of the trees do not 
appear to be related solely to channel migration or 
degradation; rather tree age appears to  be limited by ice 
activity. The following study was undertaken to investigate 
this occurrence. 
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Methodology 

H series of sites was chosen for study at the confluence 
of Mackenzie River and some tributary streams (Fig. 39.2). 
The tributaries were chosen to faci l i tate river hydraulics and 
stability studies. A general trend of increasing tree age wi th 
increasing elevation above river level was observed at these 
sites. It must be stressed, however, that between Fort 
Simpson and Norman Wells, areas with obvious trends of tree 

age increase wi th elevation are l imited to those which have 
moderate to gentle slopes; a large proportion of Mackenzie 
river banks are steep or are cutbanks. In some areas banks 
are scoured so frequently by ice that boulder pavements 
relatively free of vegetation are produced (Mackay and 
MacKay, 1977). 

The sites described here are located on the banks of 
Mackenzie River, but for convenience they are referred to  by 
the tributary name (Fig. 39.2). A t  each site a series of 
transects was run up the bank of Mackenzie River. The 
transects were chosen to cover the variety of bank 
configurations present. At  distances from the river where 
there seemed to be a marked change in  tree diameter and 
age, cores from three to f ive trees at that specific elevation 
were collected using an increment borer, the object being t o  
obtain the maximum tree age at a given elevation. Where 
tree age was constant with height and distance from the 
river, only the leading edge of the trees was sampled. Both 
l ive and dead trees were sampled. The only l imi t ing cri terion 
was that the tree be f i rmly rooted to ensure that the trees 
sampled could not have been shoved or have drif ted to their 
present elevations. The ages of the trees were subsequently 
dated by counting growth rings. When individual rings were 
indistinct or d i f f icul t  to count in the field, the cores were 
returned to the office, mounted on a grooved board, smoothed 
wi th successively finer grades of sandpaper, and the rings 
counted with the aid of a binocular magnifier; some 200 trees 
were dated. The positions of the clated trees on each bank 
profi le were fixed by surveying techniques using a theodolite 
and stadia rod. 

Figure 39.1 Tree age increasing with elevation above Mackenzie River 
at the mouth of Saline River, 1979. (CSC 203165-L) 



Figure 39.2 

The location of Mackenzie River study sites at the 
confluence of 1)  Little Smith Creek, 2)  Saline River, 
3) Steep Creek, and 4 )  River Between Two 
.Mountains. 

T r e e  P r o f i l e s  

T h e  a g e  and  l o c a t i o n  of t h e  o ldes t  t r e e  a t  a given he ight  
o n  e a c h  t r a n s e c t  ( t e r m e d  a t r e e  prof i le )  a r e  p r e s e n t e d  for  
s e v e r a l  bank c o n f i g u r a t i o n s  a t  t h e  f o u r  s t u d y  s i t e s  a l o n g  
M a c k e n z i e  River (Fig.  39.3). T h e  g e n e r a l i z e d  t r e n d  of 
i n c r e a s ~ n g  t r e e  a g e  w ~ t h  increas ing  h e i g h t  a b o v e  M a c k e n z ~ e  
River  (0 d a t u m ,  Fig. 39.3) is read i ly  a p p a r e n t .  Var ia t ions  
f r o m  th is  t r e n d ,  however ,  o c c u r e d  in p laces ;  v e g e t a t i o n  
islands, w h e r e  s t a n d s  of o l d e r  t r e e s  a r e  sur rounded  by younger 
t r e e s ,  w e r e  found [ for  e x a m p l e  L-2, S t e e p  Creek) .  Another  
c o m p l i c a t i n g  f a c t o r  w a s  f o r e s t  f i r e s  which a r e  c o m m o n  in t h e  
a r e a  a n d  t ~ h i c h  l imi t  t r e e  growth.  A r e a s  of burn  genera l ly  
w e r e  avoided or ,  if sampled ,  w e r e  iden t i f ied  a s  such.  

P r o c e s s e s  C o n t r o l l i n g  T r e e  A g e  

M a c k e n z i e  River  in t h e  v ic in i ty  of t h e  s t u d y  sites is 
d o w n c u t t i n g  a n d  is l a t e r a l l y  mobile.  Evidence  of r e c e n t  
d o w n c u t t i n g  inc ludes  wel l  v e g e t a t e d  i s lands  which  a r e  n o  
longer p a r t  of t h e  a c t i v e  f loodpla in ,  newly e m e r g e n t  b a r s ,  and  
t h e  p r e s e n c e  of n u m e r o u s  t e r r a c e s  a t  t h e  m o u t h s  of r ivers  
t r i b u t a r y  t o  M a c k e n z i e  River.  T h e  p r e s e n c e  of c u t b a n k s  and 
m e a n d e r s  i n d i c a t e s  l a t e r a l  mobil i ty.  Given  such  a n  
e n v i r o n m e n t ,  s i m p l e  success ion  could  p r o d u c e  t r a n s e c t s  w i t h  
a t r e n d  of increas ing  t r e e  a g e  w i t h  e l e v a t i o n  a b o v e  t h e  r iver ;  
h o w e v e r ,  s i m p l e  success ion  d o e s  not explain t h e  cons iderab le  
c h a n g e  in e l e v a t i o n s  w i t h  t r e e  a g e  observed .  In s o m e  cases, 
M a c k e n z i e  River  would h a v e  t o  d o w n c u t  a t  r a t e s  of 4 m e v e r y  
10 y e a r s  t o  p r o d u c e  t h e  t r a n s e c t s  observed  (Fig.  39.3). Nor 
d o e s  s i m p l e  success ion  expla in  why t r e e s  a p p r o x i m a t e l y  t h e  
s a m e  a g e ,  a n d  on  d i f f e r e n t  t r a n s e c t s  wi th in  hundreds  of 
y a r d s  of e a c h  o t h e r ,  a r e  found  a t  such  var ied  e l e v a t i o n s  and  
d i s t a n c e s  f r o m  Macl tenz ie  River.  Success ion  a s s o c i a t e d  w i t h  
d o w n c u t t i n g  would be  e x p e c t e d  t o  progress  un i formly  over  a 
l i m i t e d  reach ,  t h a t  is, po in ts  a t  t h e  s a m e  e l e v a t i o n  a b o v e  t h e  

r i v e r  would be exposed  and  r e v e g e t a t e d  a t  a p p r o x i m a t e l y  t h e  
s a m e  t i m e .  Finally,  s i m p l e  success ion  d o e s  n o t  expla in  t h e  
p r e s e n c e  of ' v e g e t a t i o n  is lands '  of o lder  t r e e s  sur rounded  by 
younger t r e e s  found o n  s o m e  t r a n s e c t s  a long  t h e  banks  of 
M a c k e n z i e  River  (Fig.  39.3). 

During spr ing  b r e a k u p  l a r g e  i c e  b locks  weighing m a n y  
t o n n e s  a r e  t h r u s t  on  shore ,  c rush ing  o r  uproot ing  t r e e s  in 
t h e i r  p a t h  (Fig.  39.4). Uprooted  t r e e s  u p  t o  100 y e a r s  old 
h a v e  b e e n  observed  (Fig. 39.5). In a g iven  y e a r  t h e  e l e v a t i o n  
t h a t  t h e  ice r e a c h e s  d e p e n d s  upon a v a r i e t y  of f a c t o r s :  i c e  
s t r e n g t h ,  bank g e o m e t r y ,  a n d  f l o w  condi t ions ,  including loca l  
v e l o c i t i e s  and  t h e  p r e s e n c e  or  a b s e n c e  of b a c k w a t e r .  Thus  
t h e r e  is a s u b s t a n t i a l  var ia t ion  in t h e  e l e v a t i o n s  r e a c h e d  by 
i c e  a n d  subsequent ly ,  t h e  posi t ion of u p r o o t e d  t r e e s  o v e r  
r e l a t i v e l y  s h o r t  d i s t a n c e s  a long  t h e  banks  of Mackenzie  
River .  F u r t h e r m o r e ,  i c e  c a n  b e  t h r u s t  o b l ~ q u e l y  o n t o  s h o r e  
a n d  if local  bank  c o n f i g u r a t i o n  is s u i t a b l e ,  t h e  i c e  m a y  bypass 
s t a n d s  of v e g e t a t i o n  giving r i s e  t o  t h e  ' v e g e t a t i o n  islands' 
d i scussed  above.  

Gill (1973) h a s  sugges ted  t h a t  a l logenic  p r o c e s s e s  such  
as flooding and  s e d i m e n t a t i o n  a r e  d o m i n a n t  success iona l  
f o r c e s  in t h e  lower  s e r e s  in M a c k e n z i e  Del ta .  I c e  t h r u s t i n g  
c a n  l i m i t  t r e e  g r o w t h  a n d  s c o u r  d i s t i n c t  i c e  t r iml ines .  In 
s o m e  a r e a s  i c e  t h r u s t i n g  r e c u r s  w i t h  s u c h  f r e q u e n c y  t h a t  
t r e e s  do not  surv lve  for  m o r e  t h a n  a f e w  y e a r s  b e f o r e  being 
c r u s h e d  or  uprooted .  

It is c l e a r  t h a t  i c e  t h r u s t i n g  is a n  a l logenlc  process  t h a t  
m a y  l imi t  o r  in f luence  t h e  success iona l  progression;  as such,  
it should b e  included in any  model  of  success ion  of t h e  Jower 
se res .  In th i s  c o n t e x t ,  t h e  t r e e  prof i les  descr ibed  resu l t  f r o m  
success ion ;  h o w e v e r ,  t h e  d o m i n a n t  f a c t o r  l imi t ing  t r e e  a g e  
a n d  t h e  main  process  responsible for  t h e  observed  t rend  of 
increas ing  m a x i m u m  t r e e  a g e  w i t h  i n c r e a s i n g  e l e v a t i o n  a b o v e  
r iver  l eve l  is  i c e  th rus t ing .  
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Figure 39.4 

Ice control of tree age, Mackenzie River at Little 
Smith Creek, 1977. The area has been overridden 
by ice. Ice thrusting was limited to the immediate 
vicinity of the river. Note the person for scale. 
(CSC 203165-K) 

Ice Frequency 

Graphs  of maximum t r e e  a g e  versus elevation for  each 
study s i t e  suggest t h a t  ice ac t iv i ty  is not random but ordered 
(Fig. 39.6). For example ,  t h e  maximum a g e  of t r e e s  uprooted 
by ice  ac t iv i ty  in 1975 a t  Saline River was  found t o  be  
constant  a t  35  t o  39  years  for  f ive  profiles spread over 500 m 
in sp i t e  of cons iderable  e levat ion  d i f ferences  be tween  t h e  
bases  of t h e  uprooted t rees .  The maximum elevat ion  of t r e e s  
uprooted a t  S t eep  Creek  and Li t t le  Smith  Creek  was  a lso  
found t o  be  constant  a t  3 5  t o  39  yea r s  for t h e  1975 ice  event.  
As is common in f requency analysis, i t  is pos tu la ted  t h a t  
another  event  of this magni tude  probably will not occur  for 
another  35 t o  39 years,  t h a t  is, t h e  event  would have a re turn  
period of 35 t o  39 years. This approach is similar t o  one used 
by S tewar t  and LaMarche (1964) t o  de t e rmine  t h e  re turn  
period of flood events  on Cof fee  Creek ,  California.  The 
maximum t r e e  a g e  a t  each  locat ion  on a t r e e  profile 
similari ly is assumed to  approximate  t h e  re turn  period f o r  ice 
e v e n t s  of succi f ient  magni tude  t o  uproot or crush t r e e s  a t  and 
below t h e  respect ive  elevations.  For t h e  most par t ,  
vegeta t ion  a t  e levat ions  below t h e  maximum reached by t h e  
ice  was  uprooted; however,  some  of t h e  smaller,  m o r e  supple 
t r e e s  did survive t h e  1975 and 1977 ice  events.  

, / 
, -/- 

t .  

Figure 39.5 . / , .  t f f -  

'*/& 
Crushed trees, Little Smith Creek, 1977. Trees up 
t o  100 years of age were crushed or uprooted by # 

b.. this particular event. In this case the bank I 
configuration was stch that Ice thrust more than I - %)C-- H q. .p- 

100 m inland. (GSC 203165-5) 
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The re turn  periods for ice events  a t  d i f ferent  locations 
along Mackenzie River a r e  shown in Figure 39.6 and 39.7. 
( t h e  l ines were  f i t t ed  t o  t he  d a t a  by eye). The graphs may be 
used t o  de t e rmine  the  expected  e levat ion  for  ice  even t s  of a 
given re turn  period. For some locat ions  all t r ansec t s  plot  a s  
a n  individual line or curve ,  for  o the r s  d is t inc t  cu rves  a r e  
produced. A t  Saline River for  example  where  multiple l ines  
a r e  produced, t h e  one-in-fifty year  even t  occurs  a t  a n  
e levat ion  4 m higher on t r ansec t  L-l t han  on t r ansec t  L-2 
located  400 m downstream. The  fo rm of t he  cu rve  and t h e  
presence  or absence  of multiple curves  a r e  thought t o  depend 
largely upon bed and bank configuration.  Where bank shape 
var ies  g rea t ly  with d is tance ,  multiple f requence  curves  a r e  
produced. 

Over t h e  1975-79 period of observation field evidence,  
including t h e  deposition of si l t  and i ce  on t r ibutary  s t r e a m s  
hundreds of m e t r e s  f rom Mackenzie River,  indica tes  t h a t  t h e  
uprooting of t r e e s  by i c e  observed for  1975 and 1977 was  
associa ted  wi th  backwater  events.  Ice  jams recur  regularly 
a t  a number of s i t e s  along Mackenzie River and wa te r  c a n  
back up behind these  jams a s  much a s  9 t o  14 m above  normal 
midsummer s t a g e  (MacKay and Mackay, 1973; Egginton and 
Day, 1977). Ice moving downst ream during periods of 
backwater  t he re fo re  is able  t o  reach subs tant ia l  e levat ions  on 
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t h e  banks  of t h e  r iver .  R i v e r  v e l o c i t i e s  a r e  r e d u c e d  dur ing  
b a c k w a t e r :  h o w e v e r ,  i c e  t h r u s t i n g  s t i l l  o c c u r s .  This  is b o r n e  
o u t  by t h e  f a c t  t h a t  in 1975 and  1977 ice r e a c h e d  d ~ f f e r e n t  
e l e v a t i o n s  e v e n  wi th in  t h e  s a m e  l i m i t e d  reach .  

A t  exposed  s i t e s  w h e r e  t h e  t h a l w e g  is d i r e c t e d  t o w a r d s  
s h o r e ,  i c e  m a y  b e  t h r u s t  t o  c o n s i d e r a b l e  e l e v a t i o n  s imply  as a 
r e s u l t  of s p r i n g  f looding  (Mackay  a n d  MacKay,  1977). A t  
s h e l t e r e d  s i t e s  w h e r e  t h e  main  f low is d i r e c t e d  a w a y  f r o m  
s h o r e ,  i t  s e e m s  reasonable  t h a t  mos t  i c e  m o v e m e n t  on  s h o r e  
would o c c u r  in a s s o c i a t i o n  w i t h  b a c k w a t e r .  O b s e r v a t i o n s  a t  
F o r t  Simpson dur ing  b r e a k u p  in 1978,  however ,  s u g g e s t  t h a t  
t h e  p r o c e s s  m a y  b e  m o r e  complex .  T h e  l e f t  bank of 
M a c k e n z i e  River  a t  F o r t  S impson  is r e l a t i v e l y  s h e l t e r e d  f r o m  
Liard  i c e  moving  i n t o  M a c k e n z i e  River.  In 1978, however ,  
L ia rd  River  i c e  pi led o n t o  t h e  r i g h t  bank  and  subsequent ly  
s h e a r e d  in such  a manner  t h a t  i c e  w a s  t h r u s t  o n t o  t h e  l e f t  
bank  a t  t h e  F o r t  Simpson t o w n s i t e  (D.E. Shers tone ,  persona l  
c o m m u n i c a t i o n ,  1979). 

With t h e  l i m i t e d  i n f o r m a t i o n  a v a i l a b l e  i t  is no t  possible 
t o  e v a l u a t e  a n y  re la t ionsh ip  t h a t  m a y  e x i s t  b e t w e e n  ice 
f r e q u e n c y  a n d  o t h e r  hydrologic var iab les .  A t t e m p t s  t o  
c o m p a r e  t h e  ice f r e q u e n c y  c u r v e  d e r i v e d  f r o m  t h e  t r e e  
r e c o r d  a t  F o r t  Simpson w i t h  h i s tor ic  b a c k w a t e r  f r e q u e n c y  
c u r v e s  for  t h e  town fai led.  D u e  t o  l u m b e r i n g  a c t i v i t i e s  t h e  
t r e e  r e c o r d  w a s  n o t  a d e q u a t e ,  nor w a s  t h e  h i s tor ic  record .  
Trad i t iona l ly  b a c k w a t e r  e l e v a t i o n s  h a v e  not  b e e n  r e c o r d e d  a t  
W a t e r  Survey  of C a n a d a  o b s e r v a t i o n  s i tes .  

S u m m a r y  

A t  s o m e  l o c a t i o n s  b e t w e e n  F o r t  S impson  a n d  Norman 
Wells  w h e r e  t h e  bank s l o p e s  a r e  m o d e r a t e ,  t r e e s  which  l ine  
M a c k e n z i e  River  i n c r e a s e  in s i z e  a n d  a g e  w i t h  e l e v a t i o n  
a b o v e  t h e  r iver .  T h e  l imi t ing  f a c t o r  for  t r e e  a g e  is t h e  
t h r u s t i n g  of i c e  b locks  o n t o  s h o r e  dur ing  breakup,  t h e r e b y  
d e s t r o y i n g  ex is t ing  t r e e s .  T h e  t r e e s  provide  a m e a n s  of 
d e t e r m i n i n g  t h e  f r e q u e n c y  of i c e  e v e n t s  at a g iven  loca t ion .  
A t  t h e  r e l a t i v e l y  s h e l t e r e d  s i t e s  s tud ied ,  i c e  m o v e m e n t  o n  
s h o r e  to e l e v a t i o n s  in e x c e s s  of a f e w  m e t r e s  w a s  a s s o c i a t e d  
w i t h  b a c k w a t e r .  Even  in t h e s e  cases, however ,  i c e  w a s  t h r u s t  
t o  vary ing  e leva t ions .  O b s e r v a t i o n s  a t  F o r t  Simpson i n d i c a t e  
t h a t  e v e n  in s h e l t e r e d  s i t e s  w h e r e  t h e  main  f low of t h e  r iver  
a n d  i c e  is a w a y  f r o m  a g iven  bank ,  ice c a n  st i l l  b e  t h r u s t  o n t o  
t h a t  bank  t o  a c o n s i d e r a b l e  e l e v a t i o n  as a r e s u l t  of 3 s i m p l e  
spr ing  f lood event .  

D a t a  a r e  lack ing  t o  m a k e  a meaningfu l  e v a l u a t i o n  of 
t h e  i n t e r r e l a t i o n s h i p s  b e t w e e n  ice f r e q u e n c y  a n d  o t h e r  
p a r a m e t e r s .  T h e  process  is c e r t a i n l y  complex .  I r r e s p e c t i v e  
of such  in te r re la t ionsh ips ,  t h e  ice f r e q u e n c y  c u r v e s  p r e s e n t e d  
a r e  usefu l  f o r  e s t i m a t i n g  t h e  f r e q u e n c y  w i t h  which  i c e  
r e a c h e s  a g i v e n  e leva t ion .  M a c k e n z i e  River  m a y  b e  s o m e -  
w h a t  un ique  in t h a t  i c e  th ickness ,  i c e  q u a n t i t y ,  a n d  b r e a k u p  
c h a r a c t e r i s t i c s  a r e  s u c h  t h a t  i c e  c a n  d o m i n a t e  t h e  lower  
s e r e s .  O t h e r  r ivers  exper ienc ing  a d i f f e r e n t  b r e a k u p  r e g i m e  
m a y  not  exhib i t  t h e  s a m e  d e g r e e  of i c e  c o n t r o l  of t r e e  a g e  a s  
d o e s  M a c k e n z i e  River.  
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Abstract 

The principal elemental association within Aphebian red arkosic sediments of the Richmond 
Gulf area is U-Th-Ti-Zr-Y-Cr-V-Ce-La. Relationships between and among elements as  well a s  
d i f ferences  in concentrations o f  elements among different  rock t ypes  suggest paleoplacer 
processes were operative during terrestrial braided river deposition. Anomalous radioactivity in 
the redbeds can be related t o  accumulations o f  monazite and thorite that occur with magnetite,  
titanomagnetite and zircon in the heavy mineral rich coarsest fractions o f  the Pachi and 
Richmond Gulf arkoses. 

I n t r o d u c t i o n  

This r e p o r t  is a c o n t i n u a t i o n  of t h e  uran ium recon-  
n a i s s a n c e  s tudy  c o n d u c t e d  on  Aphebian  r e d b e d s  in t h e  
n o r t h e r n  Richmond Gulf a r e a ,  NTS a r e a  3 4 C / 8 , 9  
(Fvliller, 1978, 1979). T h e  purpose  is t o  d o c u m e n t  t h e  
e l e m e n t a l  a s s o c i a t i o n s  t h a t  a c c o m p a n y  t h e  U and  Th 
a n o m a l i e s  within t h e  red  s e d i m e n t s  of t h e  Richmond Gulf 
a r e a .  

This p a p e r  r e p o r t s  and discusses:  

i. t h e  U ,  Th, Ti ,  Zr,  Y, C e ,  La ,  B, Ba, Sr,  Rb ,  Ni, CO, C u ,  V ,  
C r  a b u n d a n c e s  of t h e  redbeds ,  vo lcan ic  rocks,  and  
b a s e m e n t  complex .  

ii. t h e  a s s o c i a t i o n s  b e t w e e n  and  a m o n g  e l e r n e n t s  a n d  t h e  
re la t ionsh ip  of t h e  g e o c h e m i c a l  a s s o c i a t i o n s  t o  t h e  
sed imento logica l  c h a r a c t e r  of t h e  host ing sedirnents .  

iii. a c o m p a r i s o n  of t h e  e l e m e n t a l  a s s o c i a t i o n s  and geologica l  
e n v i r o n m e n t  of t h e  Richmond Gulf r e d  c l a s t i c  s e d i m e n t s  
t o  o t h e r  f luvial  sequences .  

G e n e r a l  Geology  

Geology  and  s t r a t i g r a p h i c  n o m e n c l a t u r e  fo l low t h a t  of 
C h a n d l e r  ( 1  978) a n d  Woodcock (1 960). T h e  Aphebian  supra-  
c r u s t a l  s e q u e n c e  r e s t s  unconformably  upon a n  A r c h e a n  
g r a n i t i c  to granodior i t i c  gne iss  complex .  

S e d i m e n t a r y  r o c k s  of t h e  P a c h i  c l a s t i c  un i t ,  vary ing  
f r o m  o r t h o -  a n d  p a r a c o n g l o m e r a t e  t o  f i n e  gra ined  s a n d s t o n e  
(arkose) ,  r e p r e s e n t  a s e q u e n c e  of b ra ided  f luv ia l  sed iments .  
Thin basa l  s e d i m e n t s  of t h e  P a c h i  c l a s t i c  un i t  include w h i t e  
q u a r t z  a n d  gran i to id  gne iss  c o b b l e  t o  boulder  c o n g l o m e r a t e  
over la in  by a s e r i c i t i c  a rkose .  T h e  s e r i c i t i c  un i t  is over la in  
by a th ick  s e q u e n c e  of c o a r s e -  to medium-gra ined  pink t o  r e d  
c rossbedded  a r k o s e  which  c o n t a i n s  minor th in  i n t e r b e d s  of 
c o b b l e  t o  pebble  s i z e d  c o n g l o m e r a t e s  a n d  r e d  rnudstone- 
s i l t s tone .  Subaer ia l  a lka l i  b a s a l t  f lows,  t h e  P a c h i  v o l c a n i c  
un i t ,  o v e r l i e  t h e  c l a s t i c  s e d i m e n t s  (Chandler ,  1979). 

Fluvial  s e d i m e n t s  of t h e  Richmond Gulf F o r m a t i o n  
d isconformably  o v e r l i e  t h e  P a c h i  vo lcan ic  unit .  A basa l  
vo lcan ic  c o n g l o m e r a t e  o v e r l i e s  t h e  vo lcan ic  f lows  a n d  is 
over la in  by t h r e e  s u c c e s s i v e  members :  i) a r e d  a rkose-  
s i l t s t o n e  unit ,  ii) a pink a r k o s i c  unit  and  iii) a g r e y  p y r i t i c  
a r k o s i c  unit. 

Black heavy  minera l  c o n c e n t r a t e s  a r e  p r e s e n t  
t h r o u g h o u t  t h e  P a c h i  c l a s t i c  s e q u e n c e  and  o c c u r  wi th in  t h e  
c o n g l o m e r a t i c  beds  a t  t h e  A r c h e a n - P r o t e r o z o i c  unconformi ty  

a s  well  a s  wi th in  t h e  f in ing  upward  c y c l e s  cons is t ing  of 
c o n g l o m e r a t e ,  pebbly a r k o s e ,  a n d  c o a r s e  t o  medium g r a i n e d  
a r k o s e .  Within t h e  Richmond Gulf F o r m a t i o n ,  b lack  heavy  
m i n e r a l  c o n c e n t r a t e s  o c c u r  a s  l a m i n a e  a long  t r o u g h  c rossbed  
s t r a t i f ~ c a t i o n s .  Heavy  minera l - r ich  l a m i n a e  a r e  pr imar i ly  
c o n f i n e d  t o  t h e  redbed  m e m b e r  wi th  minor c o n c e n t r a t i o n s  in 
t h e  pink m e m b e r .  Heavy  m i n e r a l  s a n d s  a r e  c o m p o s e d  of 
m a g n e t i t e ,  t i t a n o m a g n e t i t e ,  z i rcon ,  a p a t i t e ,  t h o r i t e ,  and  r a r e  
e a r t h  bear ing  m o n a z i t e  (Miller ,  1978). 

A g e  of t h e  S u p r a c r u s t a l  R o c k s  

An a p p r o x i m a t e  a g e  using t h e  Rb-Sr whole  r o c k  
m e t h o d  on  a r g i l l i t e s  f r o m  t h e  Richmond Gulf F o r m a t i o n  
is 1800 t 160 Ma (Hews,  1976). P a l e o m a g n e t i c  d a t a  o n  t h e  
r e d b e d s  i n d i c a t e  a n  Aphebian  depos i t iona l  a g e  ranging  f r o m  
1850 t o  2000 Ma (K. Clark ,  persona l  c o m m u n i c a t i o n ,  1979, 
p re l iminary  da ta ) .  Thus  t h e  r e d b e d s  of t h e  R i c h m o n d  Gulf 
a r e a  a r e  i n t e r p r e t e d  t o  h a v e  a n  Aphebian  depos i t iona l  a g e  
which  c o r r e s p o n d s  w i t h  a g e s  o b t a i n e d  f r o m  var ious  a r e a s  in 
t h e  Ci rcum-Ungava  G e o s y n c l i n e  ( F r y e r ,  1972;  Dressier, 1975). 

S t a t i s t i c a l  Methodology  

As a f i r s t  s t e p  in t h e  s t a t i s t i c a l  ana lys i s ,  f r e q u e n c y  
d i s t r i b u t i o n s  of bo th  u n t r a n s f o r m e d  and logar i thmica l ly  t r a n s -  
f o r m e d  d a t a  w e r e  e v a l u a t e d  f o r  e a c h  e l e m e n t  in e a c h  rock  
type .  S t a n d a r d  tests for  n o r m a l i t y  w e r e  applied.  In s a m p l e s  
w ~ t h  c o n t e n t s  of Y, C e ,  L a ,  B, Sr,  Ni, CO, Cu, U, a n d  C r  t h a t  
w e r e  be low t h e  d e t e c t i o n  l imi t ,  v a l u e s  e q u a l  to half t h e  
lowes t  r e p o r t e d  v a l u e s  f o r  t h e  a p p r o p r i a t e  e l e m e n t s  w e r e  
used  in  t h e  s t a t i s t i c a l  analysis .  F o r  Th,  v a l u e s  of 1.0 w e r e  
used  w h e n  t h e  c o n t e n t  w a s  r e p o r t e d  t o  b e  less  t h a n  3.0 ppm.  
It is be l ieved  t h a t  t h e  u s e  of s u c h  v a l u e s  is a p p r o p r i a t e  and  
will n o t  a d v e r s e l y  a f f e c t  t h e  va l id i ty  of t h e  s t a t i s t i c a l  
resu l t s .  

Assoc ia t ions  b e t w e e n  and  a m o n g  e l e m e n t s  w e r e  
i n v e s t i g a t e d  by a v a r i e t y  of m e t h o d s  for  e a c h  rock t y p e  and  
for  a c o m p o s i t e  populat ion c o n t a ~ n i n g  t h e  P a c h i  ( P I ,  P 2  and  
P31 a n d  Richmond (R) samples .  P e a r s o n  p r o d u c t  m o m e n t  
correlation c o e f f i c i e n t s  w e r e  c a l c u l a t e d  and  var ia t ion  
d i a g r a m s  ( s c a t t e r g r a m s )  w e r e  p l o t t e d  f o r  al l  possible 
c o m b i n a t i o n s  of e l e m e n t  palrs .  R-mode  f a c t o r  ana lys i s  using 
t h e  Obl imln  m e t h o d  of ob l ique  f a c t o r  r o t a t i o n  w a s  p e r f o r m e d  
t o  e n h a n c e  t h e  i n t e r p r e t a b i l i t y  of t h e  re la t ive ly  c u m b e r s o m e  
c o r r e l a t i o n  m a t r i c e s .  Squared  mul t ip le  c o r r e l a t i o n  
c o e f f i c i e n t s  w e r e  used a s  in i t i a l  c o m m u n a l i t y  e s t i m a t e s  in 
c o m p u t a t i o n  of t h e  f a c t o r  m a t r i c e s .  



M u l t i v a r i a t e  ana lys i s  of v a r i a n c e  (MANOVA) a n d  
d i s c r i m i n a n t  ana lys i s  w e r e  used t o  s t a t i s t i c a l l y  e v a l u a t e  t h e  
p r e s e n c e  or  a b s e n c e  of g e o c h e m i c a l  d i f f e r e n c e s  a m o n g  t h e  
rock  t y p e s  in t e r m s  of e l e m e n t  c o n t e n t .  

All c o m p u t a t i o n s  r e l a t e d  t o  t h e  s t a t i s t i c a l  p r o c e d u r e s  
w e r e  d o n e  a t  t h e  C o m p u t e r  S c i e n c e  C e n t r e  of t h e  
D e p a r t m e n t  of Energy ,  Mines  a n d  R e s o u r c e s  using t h e  
C o n t r o l  D a t a  C o r p o r a t i o n  version of t h e  S t a t i s t i c a l  P a c k a g e  
f o r  t h e  Soc ia l  S c i e n c e s  (SPSS) a s  deve loped  by t h e  Vogelback 
C o m p u t i n g  C e n t r e  a t  N o r t h w e s t e r n  Universi ty.  

Geochemistry of the R e d b e d s  

E l e m e n t a l  c o n c e n t r a t i o n s  for  e a c h  s a m p l e  c o l l e c t e d  in 
t h e  s tudy  a r e a  a r e  l i s ted  in T a b l e  40.1 a long  w i t h  t h e  
r e s p e c t i v e  l i tho logica l  descr ip t ions .  Uranium c o n t e n t s  w e r e  
d e t e r m i n e d  by n e u t r o n  ac t iva t ion-de layed  n e u t r o n  c o u n t i n g  a t  
A t o m i c  E n e r g y  of C a n a d a  Ltd. Thor ium,  t i t a n i u m ,  z i rconium,  
y t t r i u m ,  c e r i u m ,  l a n t h a n u m ,  bar lum,  s t r o n t i u m  a n d  rubidium 
w e r e  a n a l y z e d  by X-ray f l u o r e s c e n c e  a n d  boron,  n icke l ,  
c o b a l t ,  c o p p e r ,  v a n a d i u m  a n d  c h r o m i u m  by emiss ion  s p e c t r o -  
s c o p y  at t h e  Geologica l  S u r v e y  of Canada .  An unusually h i sh  
i ron  c o n t e n t  in S a m p l e  2 1  f r o m  t h e  R i c h m o n d  Gulf f o r m a t i o n  
p r e v e n t e d  d e t e r m i n a t i o n s  for  t h o s e  e l e m e n t s  a n a l y z e d  by 
emiss ion  spec t roscopy .  

S a m p l e  n u m b e r s  in T a b l e  40.1 a r e  keyed  t o  t h e  s a m p l e  
l o c a t i o n  map,  F i g u r e  25.1, t h a t  a p p e a r e d  in t h e  prev ious  
r e p o r t  b y  t h e  sen ior  a u t h o r  (Miller, 1978, p. 112). S a m p l e s  
f r o m  t h e  P a c h i  c l a s t i c  un i t  h a v e  b e e n  subdivided i n t o  f o u r  
d i s t i n c t  l i tho logies  t e r m e d  f o r  t h e  purposes  of t h i s  p a p e r  P I ,  
P 2 ,  P 3  and  P4. G r o u p  P I  (17-7) c o n t a i n s  g e n e r a l l y  medium-  t o  
c o a r s e - g r a i n e d  a r k o s e s  devoid of h e a v y  m i n e r a l  c o n c e n t r a -  
t ions ,  G r o u p  P 2  (n=8) c o n s i s t s  p r inc ipa l ly  of c o a r s e  t o  
g r a n u l a r  heavy  m i n e r a l  l a m i n a t e d  a rkose ,  G r o u p  P 3  ( n . ~ l 2 )  is 
i a rge ly  m a d e  .up of q u a r t z  pebble  a r k o s e  and  g r a n i t e - q u a r t z  
pebble  c o n g l o m e r a t e  b o t h  of which c o n t a i n  a b u n d a n t  heavy  
minerals .  T h e  single s a m p l e  of G r o u p  P 4  is  d i s t i n c t  f r o m  t h e  
o t h e r  P a c h i  a r k o s e  s a m p l e s  in t h a t  i t  is f r o m  t h e  a r k o s i c  
m a t r i x  of  a q u a r t z  c o b b l e  g r a n i t e  boulder c o n g l o m e r a t e  a t  
t h e  A r c h e a n - P r o t e r o z o i c  u n c o n f o r m i t y  (Fig. 25.2, Miller 1978,  
p. 113). S a m p l e  20 f r o m  t h e  R ~ c h m o n d  Gulf F o r m a t i o n  
r e p r e s e n t s  a b lack  heavy  m i n e r a l  c r o s s b e d  f r o m  rock  s a m p l e  
2 1  a n d  t h u s  h a s  a s o m e w h a t  d i f f e r e n t  n a t u r e  t h a n  t h e  o t h e r  
R i c h m o n d  Gulf samples .  I t  is however  l i thological ly s i m i l a r  
t o  a n u m b e r  of P a c h i  s a m p l e s  f r o m  t h e  P2 and P 3  groups.  
T h e  e v a l u a t i o n  of f r e q u e n c y  d is t r ibu t ions  i n d i c a t e s  all 
e l e m e n t s  e x c e p t  R b  and  Y a r e  bes t  d e s c r i b e d  a s  b e i n g  
lognormal ly  d i s t r ibu ted .  In l i g h t  of this ,  a l o g a r i t h m i c  
(log1 o x )  t r a n s f o r m a t i o n  w a s  appl ied  to al l  e l e m e n t s  e x c e p t  R b  
a n d  Y d u r i n g  t h e  s t a t i s t i c a l  o ~ e r a t i o n s  d e s c r i b e d  in t h i s  " 
paper .  

A r i t h m e t i c  m e a n s  for  R b  a n d  Y a n d  g e o m e t r i c  m e a n s  
f o r  t h e  o t h e r  e l e m e n t s  in  t h e  pr inc ipa l  r o c k  t y p e s  of t h e  s tudy  
a r e a  a r e  l i s t e d  in T a b l e  40.2. For  m o s t  e l e m e n t s  t h e  
g e o m e t r i c  m e a n s  t h a t  a p p e a r  in t h e  t a b l e  a r e  cons iderab ly  
less t h a n  t h e  cor responding  a r i t h m e t i c  m e a n s  t h a t  a r e  no t  
shown. T w o  s e t s  of a v e r a g e s  a r e  given f o r  t h e  Richmond Gulf 
F o r m a t i o n ,  o n e  in which  t h e  n u m b e r  of s a m p l e s  e q u a l s  t h e  
t o t a l  n u m b e r  a n a l y z e d  (n=25), a n d  t h e  o t h e r  f o r  a l l  s a m p l e s  
e x c e p t  S a m p l e  2 0  (n=24). It fo l lows  t h a t  t w o  s e t s  of 
a v e r a g e s ,  based  on  62  a n d  61 samples ,  a r e  g iven  for  t h e  
c o m p o s i t e  redbed  s a m p l e  popula t ion  m a d e  up of P a c h i  ( P I ,  
P2,  P 3 )  a n d  Richmond Gulf a r k o s e s  (R). In e a c h  s e t  t h e  
a v e r a g e s  for  t h o s e  e l e m e n t s  d e t e r m i n e d  s p e c t r o g r a p h i c a l l y  
a r e  t h e  s a m e .  C o m p a r i s o n s  b e t w e e n  t h e  t w o  s a m p l e  
popula t ions  for  t h e  Richmond Gulf F o r m a t i o n  and b e t w e e n  
t h e  t w o  c o m p o s i t e  popula t ions  i n d i c a t e  only s u b t l e  if a n y  
d i f f e r e n c e s .  T h e  inclusion or e l i m i n a t i o n  of S a m p l e  2 0  f r o m  
t h e  Richmond Gulf popula t ion  e i t h e r  b e c a u s e  i t  w a s  
i n c o m p l e t e l y  a n a l y z e d  or  b e c a u s e  i t  is  l i thological ly d i f f e r e n t  

t h a n  t h e  o t h e r  Richmond Gulf s a m p l e s  d o e s  no t  s e e m  t o  h a v e  
a profound e f f e c t  upon t h e  e s t i m a t e d  a v e r a g e  c o n t e n t s .  A 
n u m b e r  of d i f f e r e n c e s  in e l e m e n t  c o n c e n t r a t i o n s  a m o n g  t h e  
var ious  s a m p l e  popula t ions  a r e  a p p a r e n t  when t h e  a v e r a g e s  of 
T a b l e  40.2 a r e  c o m p a r e d .  R e s u l t s  of t h e  s t a t i s t i c a l  
e v a l u a t i o n  of s u c h  possible d i f f e r e n c e s  a r e  g i v e n  fol lowing 
p r e s e n t a t i o n  of t h e  r e s u l t s  f r o m  t h e  s t u d y  of elemental 
assoc ia t ions .  

C o r r e l a t i o n  m a t r i c e s  c o m p u t e d  f o r  t h e  Pachi  c l a s t i c  
unit ,  t h e  Richmond Gulf F o r m a t i o n  and  t h e  c o m p o s i t e  redbed  
popula t ion  a r e  reproduced  in T a b l e s  40.3, 40.4, a n d  40.5. T h e  
m a t r i c e s  w e r e  c a l c u l a t e d  using pa i rwise  ins tead  of l i s twise  
d e l e t i o n  t o  m a k e  m a x i m u m  u s e  of t h e  d a t a .  This  m e a n s  
c o r r e l a t i o n  c o e f f i c i e n t s  for  t h e  e l e m e n t s  a n a l y z e d  by X-ray 
f l u o r e s c e n c e  w e r e  c o m p u t e d  on s a m p l e  popula t ions  of 2 5  a n d  
6 2  f o r  t h e  Richmond Gulf  a n d  c o m p o s i t e  popula t ion  
r e s p e c t i v e l y ,  w h e r e a s  c o e f f i c i e n t s  for  t h e  e l e m e n t s  a n a l y z e d  
s p e c t r o g r a p h i c a l l y  w e r e  based  on  s a m p l e  popula t ions  of 24 
and  61. This  a p p r o a c h  t o  a d i f f icu l t  p r o b l e m  is cons idered  
m o r e  a p p r o p r i a t e  t h a n  c o m p l e t e l y  d i scard ing  S a m p l e  20 f r o m  
t h e  c o r r e l a t i o n  analysis .  C o r r e l a t i o n  c o e f f i c i e n t s  f o r  a n y  
p a i r s  c o n t a i n i n g  Ni, C O  o r  C u  m u s t  b e  v iewed w i t h  c a u t i o n  
b e c a u s e  of t h e  l a r g e  p e r c e n t a g e  of s a m p l e s  w i t h  c o n t e n t s  
be low t h e  d e t e c t i o n  l imit .  

A n u m b e r  of  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  wor thy  of 
no te .  T h e s e  inc lude  f r o m  T a b l e  40.3 (Pachi )  a n d  T a b l e  40.5 
( C o m p o s i t e  redbed  populat ion) t h e  s t r o n g  pos i t ive  
c o e f f i c i e n t s  b e t w e e n  U a n d  , Th; t h e  s t r o n g  pos i t ive  
c o e f f i c i e n t s  b e t w e e n  al l  pa i r s  of t h e  e l e m e n t s  U, Ti ,  Zr and 
Y ;  a n d  t h e  subs tan t ia l ly  w e a k e r  pos i t ive  c o e f f i c i e n t s  b e t w e e n  
Th a n d  t h e  e l e m e n t s  Ti, Zr and  Y. In T a b l e  40.4 (Richmond 
G u l f )  t h e  c o e f f i c i e n t s  a r e  genera l ly  s i m i l a r  e x c e p t  t h a t  b o t h  
U a n d  Th, n o t  just U, h a v e  s t r o n g  pos i t ive  c o r r e l a t i o n s  w i t h  
Ti, Zr and  Y.  

S c a t t e r g r a m s  of U a g a i n s t  Th  and  Zr a r e  i l l u s t r a t e d  in  
F i g u r e  40.1 a n d  s c a t t e r g r a m s  of Ti a g a i n s t  U, Y, a n d  Z r  a r e  
p r e s e n t e d  in  F i g u r e  40.2 for  t h e  s a m p l e s  of t h e  P a c h i  a r k o s e  
( P I + P 2 + P 3 ,  N-37). F i g u r e  40.2 c o n t a i n s  s imi la r  d i a g r a m s  
p l o t t i n g  U a g a i n s t  Th and  Zr, C e  a g a i n s t  Zr and  Y ,  and  Ti 
a g a i n s t  Y for  t h e  c o m p o s i t e  redbed  popula t ion  ( P I + P 2 + P 3 + R ,  
N 62). T h e s e  p a r t i c u l a r  s c a t t e r g r a m s  w e r e  s e l e c t e d  f r o m  t h e  
g r e a t  n u m b e r  t h a t  w e r e  c o m p u t e d  b e c a u s e  t h e y  a p p e a r  t o  
c o n t r i b u t e  m o s t  t o  a n  unders tanding  of t h e  in te r re la t ionsh ips  
a m o n g  e l e m e n t s .  In a l l  d i a g r a m s ,  s a m p l e s  of t h e  P a c h i  
a r k o s e  h a v e  been  g iven  d i f f e r e n t  symbols  s o  t h e  P I ,  P 2  a n d  
P 3  groups  c a n  be  d i f f e r e n t i a t e d .  T h e  b e s t  f i t t i n g  s t r a i g h t  
l ines  a s  d e t e r m i n e d  by l inear  regress ion  ana lys i s  ( d e p e n d e n t  
v a r i a b l e  a l o n g  t h e  v e r t i c a l  ax is )  a r e  a l s o  p l o t t e d  o n  t h e  
s c a t t e r g r a m s .  

T h e  s c a t t e r g r a m s  c l e a r l y  i l l u s t r a t e  t h e  s t r e n g t h s  of t h e  
c o r r e l a t i o n s  b e t w e e n  s e l e c t e d  e l e m e n t  p a i r s  a n d  a r e  m o r e  
e f f e c t i v e  t h a n  c o n s i d e r a t i o n  of t h e  c o e f f i c i e n t s  by t h e m -  
selves.  In m o s t  cases t h e  l i n e s  r e p r e s e n t i n g  t h 5  regress ion  
e q u a t i o n s  a p p e a r  t o  b e  l ines  of bes t  f i t  b u t  in F i g u r e  40.1 
( l e f t )  a n d  F igure  40.3 (bo t tom)  t h e  posi t ions of t h e  l ines  a r e  
d i s t o r t e d  by t h e  s a m p l e s  c o n t a i n i n g  Th c o n t e n t s  t h a t  w e r e  
be low t h e  d e t e c t i o n  l imi t .  For  e a c h  of t h e s e  s c a t t e r g r a m s  
t h e  re la t ionsh ip  b e t w e e n  U a n d  Th m a y  indeed  b e  s t r o n g e r  
t h a n  t h a t  r e f l e c t e d  by t h e  c o r r e l a t i o n  c o e f f i c i e n t s .  

E x a m i n a t i o n  of t h e  d i a g r a m s  a l s o  s u g g e s t s  t h e  highest  
c o n t e n t s  of U a n d  Th, in p a r t i c u l a r ,  b u t  a l s o  of Zr,  Y a n d  C e  
o c c u r  wi th in  t h e  heavy  m i n e r a l  e n r i c h e d  c o n g l o m e r a t e s  of t h e  
P a c h i  a r k o s e  (P3). It is a l s o  e v i d e n t  t h a t  wi th in  t h e  P a c h i  
s e d i m e n t s  t h e  c o a r s e -  t o  medium-gra ined  a r k o s e s  ( P I )  c o n t a i n  
t h e  l e a s t  a m o u n t s  of t h e s e  e l e m e n t s .  S a m p l e s  of t h e  
Richmond Gulf a r k o s e  a r e  generally_ s imi la r  in e l e m e n t  
c o n t e n t s  t o  t h e  f i n e r  g r a i n e d  less  h e a v y  m i n e r a l  e n r i c h e d  
s a m p l e s  of t h e  P a c h i  a r k o s e  ( P I  a n d  P2). 
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Table 40.2 

Arithmetic means for Rb and Y and geometric means for other elements 
in the principal rock types of the Richmond Gulf area. 

-28049 
-28838 . 00303 
-12130 
.l8634 

- m  32981 
23091 
84791 

1. OOOGO 
-.29838 
-76639. 
.07176 
e38828 
ell858 
.l8256 
e26355 

Table 40.3 

Matrix of correlation coefficients for samples of the Pachi arkose (P1 + P2 + P3, N : 37). Critical values for 
significance at  the .001, .O1 and .05 levels are 0.51, 0.41 and 0.32 respectively 

U 
T i i  
T I  
Z R  
Y 
C €  
LA 
BA 
S4 
*a 
B 
V 
C 2  
N I  
CO 
CU 

- -- 
U TH T I ZR Y C E L A B A 

.- 

1.00000 455777 e50099 -66623 -40127 e26950 -29499 e23863 
,55777 1.00000 .l9535 29968 ,35363 -35865 19836 -17258 
e50099 . l9535 1.00000 ,84323 .69956 .48 351 -52255 -. 0 2144 
-66623 2 9968 84323 1.00000 ,55559 .C1227 ,45282 -10774 
-40127 e35363 -69958 .55559 1.0 0000 a30839 a27719 .1335+ 
-26950 -35865 .C8351 41227 ,30839 1.00000 a75423 -.3952+ 
-29499 .l9836 ,51255 45282 .27719 -75423 1.00000 -.l1313 
-23863 a17258 -.02144 -10 774 .l3364 e.39521, -. 11313 1.00300 
-28069 .L8838 00303 .l2130 ,18634 -.32981 23091 ,84791 
.l6784 -.03711 .C9610 . 28299 .45535 .28739 -32049 -.250b5 
-48574 .31333 ,31725 30332 - 3  243 8 -.l6524 -.l3286 .C9977 
e62033 ,35918 59857 e60593 .C3324 .33 120 e37728 .l4440 
-74079 e49958 -64516 e67561 .43940 e27832 35485 -3713b 
-24146 .l 5570 30344 ,15172 - 2  651 7 -. 04 045 .l9330 .26483 
,29147 .l9495 e25336 .l9420 -23548 -.l1523 14874 -34272 
-35463 .3 5494 ,07357 22863 -12166 -m06647 -. 13185 ,17137 



Table 40.4 

Matrix of correlation coefficients for samples of the Richmond Gulf arkose (N = 25 for 
coefficients among all pairs of elements except those including B, V ,  Cr, Ni, CO and 
Cu where N = 24). Critical values for significance a t  the .001, . O 1  and .05 levels a re  

0.63, 0.52 and 0.40 respectively 

Table 40.5 

Matrix of correlation coefficients for samples of the composite redbed population 
(PI + P2 + P3 + R, N = 62 for coefficients among all pairs of elements except those 

including B, V, Cr, Ni, CO and Cu where N = 61). Critical values for significance 
a t  the .001, .O1 and .05 levels a r e  0.41, 0.33 and 0.25 respectively 



A v a r i e t y  of f a c t o r  ana lys i s  so lu t ions  w e r e  c o m p u t e d  
f o r  t h e  individual  r o c k  t y p e s  a n d  t h e  c o m p o s i t e  r e d b e d  
popula t ion  t o  s h e d  m o r e  l igh t  on  t h e  a s s o c i a t i o n s  a m o n g  
e l e m e n t s .  T h e  number  of f a c t o r s  a n d  t h e  number  of e l e m e n t s  
inc luded  in t h e  c o m p u t a t i o n s  w e r e  var ied  in a n  e f f o r t  t o  ga in  
a re la t ive ly  s t a b l e  solut ion c o n t a i n i n g  t h e  f e w e s t  f a c t o r s  t h a t  
would st l l l  b e  a b l e  t o  a c c o u n t  for  a t  l eas t  70 p e r c e n t  of bo th  
t h e  overa l l  d a t a  var iab i l i ty  and  t h e  var iab i l i ty  of e a c h  
e l e m e n t .  Only  a brief  surnmary  of t h e  r e s u l t s  is p r e s e n t e d  in  
t h i s  paper .  C o m p l e t e  f a c t o r  so lu t ions  will b e  m a d e  a v a i l a b l e  
upon reques t .  

T h r e e  c o n s i s t e n t  a s s o c i a t i o n s  w e r e  i n d i c a t e d  by t h e  
f a c t o r  a n a l y s e s  of t h e  P a c h i  a rkose ,  Richmond Gulf  
F o r m a t i o n  a n d  t h e  c o m p o s i t e  s a m p l e  populat ions.  T h e s e  w e r e  
in o r d e r  of d e c r e a s i n g  i m p o r t a n c e :  I )  Ti-Zr-Y-Ce-La-V-Cr-U, 
2)  Sr-Ba-B, and  3)  Th-U-Ce-La.  G r e a t e r  t h a n  50  p e r c e n t  of 
t h e  t o t a l  v a r i a t i o n  expla ined  by t h e s e  t h r e e  f a c t o r s  w a s  
r e l a t e d  t o  t h e  f i r s t  f a c t o r .  T h e  e l e m e n t s  in e a c h  a s s o c i a t i o n  
a r e  l i s t e d  in o r d e r  of r e l a t i v e  i m p o r t a n c e  a s  ind ica ted  by 
f a c t o r  loadings. C e  and L a  a p p e a r  in t h e  f i r s t  a n d  t h i r d  
f a c t o r s  b u t  a r e  m o s t  i m p o r t a n t  in t h e  f i r s t  f a c t o r .  Uranium 
w a s  a b o u t  evenly  s p l i t  b e t w e e n  t h e  f i r s t  and  th i rd  assoc ia t ion .  
Thor ium a p p e a r s  w i t h  t h e  f i r s t  association in only t h e  
Richmond Gulf a rkose .  However ,  c o r r e l a t i o n s  b e t w e e n  t h e  
f i r s t  and  t h i r d  a s s o c i a t i o n s  w e r e  c o n s i s t e n t l y  pos i t ive  at a 
m o d e r a t e  level .  When Ni, C O  a n d  C u  w e r e  included in t h e  
f a c t o r  ana lys i s  t h e y  f o r m e d  a s e p a r a t e  assoc ia t ion .  Rubidium 
a c h i e v e d  low c o m m u n a l i t i e s  in m o s t  of t h e  f a c t o r  so lu t ions  
b u t  w a s  m o s t  c lose ly  r e l a t e d  t o  t h e  f i r s t  assoc ia t ion .  In 
r e t r o s p e c t ,  t h e  a s s o c i a t i o n s  r e v e a l e d  by f a c t o r  ana lys i s  w e r e  
t h o s e  t h a t  could h a v e  been  deduced  f r o m  c a r e f u l  s tudy  of t h e  
c o r r e l a t i o n  m a t r i c e s  in T a b l e s  40.3, 40.4, and  40.5. 

T h e  s t r o n g  pos i t ive  c o r r e l a t i o n  b e t w e e n  U a n d  Th, t h e  
m o d e r a t e l y  s t r o n g  pos i t ive  c o r r e l a t i o n  b e t w e e n  t h e  Ti-Zr-Y- 
Ce-La-V-Cr-U a s s o c i a t i o n  a n d  t h e  Th-U-Ce-La assoc ia t ion ,  
a n d  t h e  o c c u r r e n c e  of Th in t h e  f o r m e r  assoc ia t ion  f o r  t h e  
Richmond Gulf a r k o s e  i n d i c a t e  t h a t  U, Th,  Ti, Zr,  Y, C e ,  La ,  
V a n d  C r  c a n  b e  cons idered  as e l e m e n t s  belonging t o  a s ing le  
a s s o c i a t i o n  t h a t  d o m i n a t e s  t h e  g e o c h e m i s t r y  of t h e  r e d b e d s  in 
t h e  Richmond Gulf a r e a .  

. . 
-1 

0 1 .2 2.5 

Log Th ppm 

r ~0.67 I"i 
1 2 3 

Log Zr pprn 

Coarse to medium grained arkose 

Granule to coarse heavy mineral laminated arkose 

0 Granitoid & quartz pebble conglomerate; pebbly arkose 

Figure 40.1. Scattergrams of U against Th  and Z r  for 
samples of the Pachi arkose ( P 1  + P2 + P3, N = 37). 

M u l t i v a r i a t e  ana lys i s  of v a r i a n c e  (MANOVA) a n d  
d i s c r i m i n a n t  ana lys i s  s t a t i s t i c a l l y  c o n f i r m e d  t h e  g e o c h e m i c a l  
d i f f e r e n c e s  in e l e m e n t  c o n t e n t s  a m o n g  rock  t y p e s  t h a t  w e r e  
s u g g e s t e d  e a r l i e r  by t h e  a p p a r e n t  v a r i a t i o n  a m o n g  m e a n s  of 
T a b l e  40.2 and  t h e  d i s t r ibu t ion  of s a m p l e s  in t h e  s c a t t e r g r a m s  
of  F i g u r e s  40.1, 40.2, and  40.3. T w o  t e s t s  c a p a b l e  of 
ind ica t ing  s t a t i s t i c a l  d i f f e r e n c e  a m o n g  popula t ions  w e r e  used 
in t h i s  s tudy:  I )  t h e  c o m m o n l y  e m p l o y e d  s t a t i s t i c ,  L'ilk's 
L a m b d a ,  a m e a s u r e  of t h e  a m o u n t  of v a r i a n c e  wi th in  groups  
be ing  c o m p a r e d  r e l a t i v e  t o  t h e  t o t a l  v a r i a t i o n  a m o n g  a l l  
samples ,  and  2) t h e  number  of c o r r e c t  c l a s s i f i c a t i o n s  of 
s a m p l e s  i n t o  groups  based  on  c o m p u t e d  d isc r iminant  
func t ions .  R e s u l t s  of t h r e e  c o m p a r i s o n s  us ing  al l  1 6  e l e m e n t s  
in  t h e  a n a l y s e s  a r e  s u m m a r i z e d  in T a b l e  40.6. T h e  low v a l u e s  
for  Wilk's L a m b d a  a n d  t h e  high p e r c e n t a g e  of c o r r e c t  
c l a s s i f l c a t i o n s  f o r  e a c h  c o m p a r i s o n  sugges t  t h e  groups  
inc luded  i n  e a c h  ana lys i s  h a v e  d i s t i n c t  g e o c h e m i c a l  s i g n a t u r e s  
in t e r m s  of e l e m e n t  c o n t e n t .  However ,  t h e  t a b l e  a l s o  shows 
t h a t  only c e r t a i n  e l e m e n t s  a r e  e f f e c t i v e  d i sc r imina tors .  This 
is p a r t ~ c u l a r l y  t r u e  in t h e  c o m p a r i s o n  b e t w e e n  t h e  P a c h i  a n d  
Richmond Gulf a r k o s e s  ( C o m p a r i s o n  2). U a n d  Th a r e  
v i r tua l ly  t h e  only e l e m e n t s  t h a t  a r e  g r e a t l y  d i f f e r e n t  b e t w e e n  
t h e  t w o  s a m p l e  populat ions.  

T h e  discussion of d i f f e r e n c e s  a m o n g  s a m p l e  popula t ions  
would no t  b e  c o m p l e t e  w i t h o u t  c o n s i d e r a t i o n  of t h e  var ia t ion  
in t h e  Th t o  U r a t i o  a m o n g  t h e  rock  types .  I t  is i n t e r e s t i n g  t o  
n o t e  t h a t  t h e  r a t i o  c a l c u l a t e d  using t h e  a v e r a g e  c o n t e n t s  
l i s ted  in T a b l e  40.2 h a s  a s imi la r  va lue  of a b o u t  1 0  in t h e  
b a s e m e n t  g n e i s s e s  (N=5) a n d  t h e  P a c h i  a r k o s e  (N=37) but  h a s  
a l e s s e r  v a l u e  of b e t w e e n  4 and  5 f o r  t h e  Richmond Gulf 
a rkose .  T h e  r a t l o  1s a l so  re la t ive ly  c o n s t a n t  in t h e  P I ,  P2 ,  
a n d  P 3  subgroups  of t h e  P a c h i  a r k o s e  bu t  t h e  c o n c e n t r a t i o n  of 
T h  a n d  U b e c o m e s  g r e a t e r  t h a n  in t h e  b a s e m e n t  g n e i s s e s  only 
in  t h e  P3 g r o u p  w h e r e  t h e  a v e r a g e  e n r i c h m e n t  is on  t h e  o r d e r  
of t w o  t o  t h r e e  t imes .  

Discussion 

I t  h a s  b e e n  c l e a r l y  d e m o n s t r a t e d  t h a t  t h e  e l e m e n t s  
inc luded  in th i s  s tudy  c a n  b e  grouped  i n t o  a number  of well 
d e f i n e d  i n t e r r e l a t e d  a s s o c i a t i o n s  and  t h a t  d i f f e r e n t  
l i tho logies  h a v e  d i s t i n c t  g e o c h e m i c a l  s i g n a t u r e s  in t e r m s  of 
e l e m e n t  abundances .  A p a l e o p l a c e r  model  c a n  b e  c o n s t r u c t e d  
t h a t  r e l a t e s  t h e  U a n d  Th a n o m a l i e s  wi th in  t h e  P a c h i  a n d  
Richmond Gulf a r k o s e s  t o  t h e  c o a r s e r  h e a v y  m i n e r a l  e n r i c h e d  
p o r t i o n s  of t h e  c l a s t i c  sequence .  It is p o s t u l a t e d  t h a t  t h e  
r a d i o a c t i v e  m i n e r a l s  w e r e  c o n c e n t r a t e d  by t h e  s a m e  p r o c e s s  
a n d  a long  w i t h  t h e  n o n r a d i o a c t i v e  heavy minerals .  

Such  a model  is r e a s o n a b l e  b e c a u s e  t h e  e l e m e n t s  of t h e  
pr inc ipa l  U-Th-Ti-Zr-Y-Ce-La-V-Cr a s s o c i a t i o n  c l e a r l y  
r e f l e c t  t h e  c h e m i s t r y  of t h e  heavy  m i n e r a l s  known t o  o c c u r  in 
t h e  redbeds.  Ti, C r  a n d  V c a n  b e  reasonably  c o n n e c t e d  w i t h  
m a g n e t i t e  a n d  t i t a n o m a g n e t i t e ,  t h e  m o s t  a b u n d a n t  heavy  
minera l s ;  C e ,  La ,  Y, U a n d  Th w i t h  t h o r i t e  and  m o n a z i t e  and  
Z r  w i t h  z i rcon .  F u r t h e r m o r e ,  t h e  d i f f e r e n c e s  in a b u n d a n c e  of 
t h e s e  e l e m e n t s  f r o m  o n e  rock  s a m p l e  t o  t h e  n e x t  c a n  be  
d i r e c t l y  r e l a t e d  t o  t h e  vary ing  d e g r e e  of c o a r s e n e s s  in t h e  
c l a s t i c  s e d i m e n t s  which  in t u r n  i n f l u e n c e s  t h e  e x t e n t  of h e a v y  
m i n e r a l  c o n c e n t r a t i o n .  

T h e  Sr-Ba-B a s s o c i a t i o n  a n d  v a r i a t i o n s  in c o n t e n t  of 
t h e s e  e l e m e n t s  a r e  less eas i ly  expla ined  b e c a u s e  a 
r e l a t i o n s h i p  b e t w e e n  t o u r m a l i n e ,  t h e  m o s t  p r o b a b l e  s o u r c e  of 
B, a n d  t h e  s e r i c i t e ,  b i o t i t e ,  fe ldspar  o r  b a r i t e  t h a t  could  
c o n t r i b u t e  t h e  Sr and  Ba h a s  no t  b e e n  d o c u m e n t e d .  
Anomalous  c o n c e n t r a t i o n s  of boron  a r e  a s s o c i a t e d  w i t h  b lack  
h e a v y  m i n e r a l  r i c h  basa l  p o l y m i c t i c  c o n g l o m e r a t e s  n o r t h  of 
t h e  N o r t h  River  (Miller ,  1975, F i g u r e  25.1) a n d  r e f l e c t  local ly 
in tens ive  e p i g e n e t i c  t o u r m a l i n i z a t i o n  of t h e  basa l  
c o n g l o m e r a t e s .  T h e  f e w  high v a l u e s  of Ba s u g g e s t  t h e  
possible l o c a l  p r e s e n c e  of b a r i t e  c e m e n t .  



T a b l e  40.6 

S u m m a r y  of m u l t i v a r i a t e  ana lys i s  of v a r i a n c e  (MANOVA) 
2nd d iscr iminant  ana lys i s  resu l t s  f o r  
t h r e e  c o m p a r i s o n s  a m o n g  rock  t y p e s  
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c o a r s e s t  c o n g l o m e r a t e s  w h e r e a s  t h e  t h o r i t e ,  m o n a z i t e  a n d  
z i r c o n  f r a c t i o n  of t h e  r iver  s e d i m e n t  r e m a i n e d  wi th in  t h e  
r iver  load unti l  t h e  a p p r o p r i a t e  hydrau l ic  condi t ions  

* l k , k k b  T h e  g r e a t e r  a m o u n t  of U a n d  Th in t h e  P a c h i  a r k o s e  

p e r m i t t e d  depos i t ion  ( ~ h e i s , ' 1 9 7 8 ) .  ~ h e . e l e m e n t a l  var ia t ion  
wi th in  t h e  o r e  r e e f s  w a s  i n t e r p r e t e d  t o  r e s u l t  f r o m  t h e  
a c c u m u l a t i o n  of h e a v y  m i n e r a l s  i n t e r s t i t i a l  t o  t h e  f r a m e w o r k  
c l a s t s  (Theis ,  1978). 

T h e  e l e m e n t a l  a s s o c i a t i o n s  in t h e  Aphebian  r e d b e d s  of 
t h e  Richmond Gulf a r e a  a r e  s o m e w h a t  s imi la r  t o  t h o s e  

.4459 

10- 

- 

Figure 40.2. Scattergrams of Ti against U ,  and Z r  for d o c u m e n t e d  f o r  t h e  Elliot L a k e  o r e s  a n d  h a v e  l e d  t o  t h e  

samples of  the Pachi arkose ( P 1  + P 2  + P3, N = 37). c o n s t r u c t i o n  of a p a l e o p l a c e r  model .  However ,  t h e r e  is  a 
v e r y  i m p o r t a n t  d i f f e r e n c e  ' e v e n  though t h e  p r o c e s s  of  

90.2 

r e l a t i v e  to t h e  Richmond Gulf a r k o s e  is  a f u n c t i o n  of t h e  

0: 
g r e a t e r  c o n c e n t r a t i o n  of h e a v y  m i n e r a l s  in t h e  P a c h i  a rkose .  

8 .l. This phenomenon is m o s t  likely t h e  r e s u l t  of a g r e a t e r  
t o p o g r a p h i c  rel ief  and  t h u s  g r e a t e r  hydrau l ic  g r a d ~ e n t  and I;/..*. f a s t e r  depos i t iona l  r a t e  dur ing  Pachi  s e d i m e n t a t i o n .  T h e  

• • • s o m e w h a t  g r e a t e r  c o n t e n t s  of Ti, V ,  C r  a n d  Ni in t h e  
• • Richrrlond Gulf a r k o s e  r e l a t i v e  t o  t h e  P a c h i  a r k o s e  c a n  b e  . . . 

Th,  U 

I 

in Ti, V, C r  a n d  Ni r e l a t i v e  t o  t h e  b a s e m e n t  g n e i s s e s  which 
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I r e l a t e d  to t h e  p r e s e n c e  of t h e  P a c h i  v o l c a n i c  un i t  a s  a s o u r c e  
f o r  t h e  Richmond Gulf a rkose .  T h e  volcanic  un i t  is e n r i c h e d  

w e r e  t h e  s o u r c e  f o r  t h e  P a c h i  c l a s t i c  s e d i m e n t s .  A s imi la r i ty  
r= 0.84 in Th t o  U r a t i o s  for  t h e  Richmond Gulf a r k o s e  and t h e  P a c h i  

v o l c a n i c  un i t , . though s u g g e s t i v e  of a link b e t w e e n  t h e m ,  m a y  
b e  co inc identa l .  

C h a n d l e r  (1978) c o n c l u d e d  t h e  Richmond Gulf 

,': F o r m a t i o n  r e p r e s e n t s  t h c  c o n t i n u a t i o n  of f luv ia l  a r k o s i c  
s e d i m e n t a t i o n  begun dur ing  P a c h i  s e d i m e n t a t i o n  but  in te r -  . . r u p t e d  by . a  period of subaer ia l  b a s a l t i c  volcanism. T h e  
s i m i l a r i t i e s  in e l e m e n t a l  a s s o c i a t i o n s  b e t w e e n  t h e  P a c h i  a n d  

f.e" 
Richmond Gulf c l a s t i c  s e q u e n c e s  c o m b i n e d  w i t h  t h e  a b o v e  
m e n t i o n e d  d i f f e r e n c e s  in r e l a t i v e  a b u n d a n c e  of c e r t a i n  
e l e m e n t s  suppor t  Chandler ' s  hypothesis .  

p T h e  g e o c h e m i c a l  re la t ionsh ips  t h a t  h a v e  b e e n  p r e s e n t e d  
a n d  t h e  model  t h a t  h a s  b e e n  proposed  t o  explain t h e  U a n d  Th 

• a n o m a l i e s  of t h e  Richmond Gulf a r e a  c a n  b e  c o m p a r e d  t o  t h e  

0 %  / 
s i t u a t i o n  at Ell iot  Lake ,  O n t a r i o  w h e r e  Early Aphebian  
u r a n i f e r o u s  c o n g l o m e r a t e s  h a v e  b e e n  i n t e r p r e t e d  a s  pa leo-  

. / : * ,  

p l a c e r  depos i t s  (Roscoe ,  1969). T h e i s  (1 978, 1979) docu-  
m e n t e d  in d e t a i l  t h e  g e o c h e m i c a l  a n d  sed imento logica1  
c h a r a c t e r i s t i c s  of t h e  o r e  r e e f s .  C o r r e l a t i o n s  a m o n g  t h e  
e l e m e n t s  U, Th, Zr and C e  and  b e t w e e n  t h e s e  e l e m e n t s  and  

I p e b b l e  s i z e  w e r e  used  t o  d e m o n s t r a t e  t h a t  t h e  h e a v i e s t  
-1.5 -1.0 -0.5 0 d e t r i t a l  minera l ,  u ran in i te .  w a s  c o n c e n t r a t e d  wi th in  t h e  
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f o r m a t i o n  may h a v e  been  c o m p a r a b l e .  U r a n i n i t e  o c c u r s  a s  a n  
o r e  minera l  in t h e  pyr i t i c  c o n g l o m e r a t e s  of t h e  Ell iot  L a k e  
c a m p  but  h a s  no t  b e e n  ident i f ied  in t h e  r e d b e d s  of t h e  
Richmond Gulf a r e a .  The  T h  t o  I; r a t ~ o s  a n d  low 
c o n c e n t r a t i o n s  of u r a n i u m  in t h e  s a m p l e s  of t h e  s t u d y  a r e a  d o  
n o t  s u p p o r t  e v e n  t h e  possibi l i ty t h a t  u r a n i n i t e  will b e  found.  
T h e  p l a c e r s  of t h e  Richmond Gulf a r e a  a r e  m o r e  t y p i c a l  o f  
t h e  non-uraniferous h e m a t i t e  t y p e  t h a n  t h e  anoxic  po ten t ia l ly  
u r a n i f e r o u s  p y r i t i c  t y p e s  as d iscussed  by R o s c o e  ( 1969, 
p. 8 2 ,  83). 

Conclus ions  

This s tudy  e f f e c t ~ v e l y  d o c u m e n t s  t h e  d i r e c t  c o r r e -  
s p o n d e n c e  b e t w e e n  U-Th a n o m a l i e s  a n d  m o n a z i t e - t h o r i t e  
b e a r i n g  h e a v y  m i n e r a l  c o n c e n t r a t i o n s  wi th in  t h e  P r o t e r o z o i c  
r e d b e d s  of t h e  Richmond Gulf  a r e a .  C o n s i d e r a t i o n  of 
a s s o c i a t i o n s  a m o n g  e l e m e n t s  a n d  of d i f f e r e n c e s  in e l e m e n t  
c o n t e n t s  w e r e  usefu l  in model l ing  t h e  g e o c h e m i s t r y .  S imi la r  
s t u d i e s  in o t h e r  e n v i r o n m e n t s  c o n t a i n i n g  a n o m a l o u s  rad io-  
a c t i v i t y  would b e  benef ic ia l  in construc t ing a p p r o p r i a t e  
g e n e t i c  m o d e l s  for  use  a s  g u i d e s  t o  explora t ion  or a s  e s s e n t i a l  
a i d s  in r e s o u r c e  eva lua t ion .  
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Abs t rac t  

An analysis of s ize  f rac t ion thresholds a s  defined by P. Ackers and W . R .  White indicates  t h a t  
shielding and protrusion e f f e c t s  exhibited by bed mixtures  with a wide range of par t ic le  s izes  a r e  
similar.  The expected t r end  f o r  higher thresholds of motion f o r  smaller s i zes  and lower thresholds f o r  
larger  s i zes  within mixtures,  compared t o  thresholds fo r  similarly s ized uniform sediments ,  is  
i l lustrated.  Fur ther inore ,  the  resul ts  indicate  t h a t  t h e  threshold of t h e  s i ze  of a mixture  is  
similar t o  t h e  threshold f o r  a uniform sediment  of t he  s a m e  s ize .  

Introduction 

Water flowing over a bed composed of noncohesive 
sediment exe r t s  forces  on the  grains t h a t  tend t o  move or 
ent ra in  them. The forces  resisting ent ra inment  d i f fer  
according t o  t h e  grain s ize  and grain s ize  distribution of t h e  
sediment.  When t h e  hydrodynamic fo rce  ac t ing upon a grain 
of sediment has reached a value tha t ,  if increased even 
slightly, will put t he  grain into motion, cr i t ica l  or threshold 
conditions a r e  said t o  have been reached. Under cr i t ica l  
conditions, a s t r e a m  is said t o  be compe ten t  t o  move i t s  
sediment.  

For beds of coa r se  uniform sediments  such a s  sand and 
gravel,  t he  forces  resisting motion a r e  caused mainly by t h e  
weight of t h e  particles. If t h e  bed is composed of a 
heterogeneous mater ia l ,  however, t h e  init ial  movement of 
any specific s i ze  f rac t ion depends not only on i t s  weight but  
also upon the  variation in stabil i ty caused by t h e  re la t ive  s ize  
of surrounding particles.  On average in a uniform sediment,  
exposures of individual grains a r e  equal. In a mixed bed, 
however, par t ic les  of f ine  s i ze  a r e  shielded by larger ones, 
thereby increasing stabil i ty;  a s  t h e  larger  sized par t ic les  a r e  
more  exposed, they should exhibit less stabil i ty then thei r  
uniform counterparts.  

Experimental  results,  for  example  by Rakoczi (1975) 
and Fenton and Abbott  (1977), field s tudies  by Church (1972), 
and theoret ica l  work by Egiazaroff (1965) all of fer  support  
for t h e  expected trend in par t ic le  stabil i t ies.  Rakoczi was 
ab le  t o  i l lus t ra te  larger thresholds for par t ic les  of smaller 
s ize  and smal ler  thresholds for  larger ones, and in par t icular  
t h a t  t he  s ize  of sandy gravel  mixtures  have t h e  same  
threshold a s  uniform sediments a s  predicted by t h e  Shields' 
curve  (cf.  Graf,  1971, p. 127-128, Fig. 6,  7). This f ea tu re  was 
not found fo r  sand or  gravel  mixtures  alone, however. Fenton 
and Abbott's (1977) study of t h e  e f f e c t  of protrusion height 
on threshold conditions i l lustrated,  for  example ,  t h a t  coa r se  
sediments  with large protrusions exhibited threshold condi- 
tions (as  defined by a small  r a t e  of t ranspor t )  one  sixth t h a t  
of t h e  Shields' value. Church's (1972) resul ts  f rom field 
studies of coa r se  bed mater ia l  s t r e a m s  indicated t h a t  over- 
loose sediments  (those lying on t h e  bed surface  and pro- 
truding in to  the  flow) exhibited threshold conditions less than  
t h e  Shields' value and similar t o  Fenton and Abbott's results. 
Also, f rom measurements  a t  low bed load ra tes ,  Church was 
ab le  t o  i l lus t ra te  t h e  possible magnitude of change in t h e  
Shields' parameters  for particles incorporated within t h e  
s t r eam bed mater ia l .  Where s t ructura l  strengthening, such a s  

imbrication occurs,  coa r se  par t ic les  (53 mm) can require 
threshold conditions 25% grea te r  than t h e  expected Shields' 
parameter .  

Using a theoret ica l  approach Egiazaroff (1965) 
presented a relationship for  threshold conditions for  any 
par t ic le  s i ze  in a mixture,, providing t h a t  t h e  s i ze  distribution 
of t h e  transported m a t e r ~ a l  was known. This .analysis also 
supported the  previously mentioned shielding e f f e c t s  on 
thresho1.d conditions. Egiazaroff's work led t o  t h e  conclusion 
t h a t  t h e  DsU s i ze  of a mixture would be  expected t o  move a t  
a higher threshold than  t h e  s a m e  s i ze  a s  a uniform material .  
There is, however, some  Criticism of this work. Nei11 (1968) 
questioned i t s  validity, a s  t h e  theoret ica l  velocity profile 
extended below the  peaks of some of t h e  larger particles;  he 
argued t h a t  t h e  physical p ic ture  in this a r e a  must be  confused 
and t h e  in teract ion between t h e  flow and t h e  smaller grains 
must be  dependent t o  a large e x t e n t  upon t h e  re la t ive  height 
and spatial  distribution of the  larger grains. Fur thermore ,  
t he  requirement for t h e  shape of the  t ranspor t  curve  is 
a lmost  prohibitive, particularly a s  i t  is this precise  informa- 
t ion which is needed t o  compute  t h e  amount  of and s i ze  
par t ic le  in transport .  

This reDort Dresents another a ~ ~ r o a c h  t o  the  definition 
of s i ze  f rac t ion thresholds. Using the approach t o  sediment  
t ranspor t  developed by Ackers and White (19731, init ial  
movement a s  defined by a small  r a t e  of t ranspor t  is  
determined from established motion character is t ics .  Also, 
t h e  initial motion relationships for uniform sediment 
developed by Ackers and White a r e  used t o  identify t h e  
magnitude of d i f ferences  between uniform and graded 
sediments.  
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Ackers-White Approach 

Ackers and White (1973) have described t h e  movement  
of sediment in t e rms  of th ree  dimensionless groups: 
(1) par t ic le  mobility, Fgr;  (2) sediment  transport ,  Cgr; and 
(3) a dimensionless par t ic le  size,  Dgr. 

The par t ic le  mobility number is a r a t io  of shear  fo rces  
and immersed weights. For coarse  beds where bed forms a r e  
assumed t o  be  small ,  sediment  t ranspor t  is considered a bed 



process .  T h e  re la t ionsh ip  b e t w e e n  e f f e c t i v e  s h e a r  s t r e s s  a n d  
t h e  m e a n  s t r e a m  ve loc i ty  c a n  be  d e s c r i b e d  by t h e  rough 
t u r b u l e n t  e q u a t i o n  

T h e  express ion  f o r  s e d i m e n t  t r a n s p o r t  w a s  based  on  t h e  
s t r e a m  power  c o n c e p t ,  In t h e  c a s e  of c o a r s e  s e d i m e n t s  using 
t h e  p r o d u c t  of n e t  g r a i n  s h e a r  a n d  s t r e a m  v e l o c i t y  as t h e  
power  per  un i t  a r e a  of bed,  and  f o r  f i n e  s e d i m e n t s  using t h e  
t o t a l  s t r e a m  power.  By combin ing  t h e  e f f i c i e n c y  of  t r a n s p o r t  
w i t h  t h e  mobi l i ty  n u m b e r  a t r a n s p o r t  p a r a m e t e r  is: 

Xd Ggr  = - s D  (+k)n w h e r e  T s h e a r  s tress\  ' 
p m a s s  d e n s i t y  of  f lu id  
V m e a n  ve loc i ty  of f low 
d m e a n  d e p t h  of f l o w  
D p a r t i c l e  s i z e  
cc c o e f f i c i e n t  of rough  t u r b u l e n t  e q u a t i o n  

. , 
w h e r e  X is t h e  s e d i m e n t  t r a n s p o r t  a s  

m a s s  f lux  per  un i t  m a s s  f l o w  r a t e .  

F o r  c o a r s e  sed i rnents  (n = 0) Eq. 7 r e d u c e s  t o  

Xd Ggr  = - s n  A f i n e  s e d i m e n t  is  c o n s i d e r e d  t o  b e  t r a n s p o r t e d  in  t h e  
m a i n  body of t h e  f low,  w h e r e  i t  is  suspended by turbulence .  
As  t h e  i n t e n s i t y  of t u r b u l e n c e  i s  d e p e n d e n t  upon t h e  t o t a l  
e n e r g y  d e g r a d a t i o n ,  r a t h e r  t h a n  on  a n e t  g r a i n  r e s i s t a n c e ,  f o r  
f i n e  m a t e r i a l  

a n d  f o r  f i n e  sed i rnents  (n = I )  

G g r  = *d s D  (+) 
In f u n c t i o n a l  t e r m s  Eq. 7 is 

w h e r e  v, s h e a r  v e l o c i t y  
g a c c e l e r a t i o n  d u e  t o  g r a v i t y  
I h y d r a u l i c g r a d i e n t  

G g r  = f ( F g r ;  Dgr)  

a n d  t h e  g e n e r a l i z e d  t r a n s p o r t  e q u a t i o n  is 

F o r  c o a r s e  s e d i m e n t s  t h e  e q u a t i o n  f o r  p a r t i c l e  mobi l i ty  is 

" .  I 
Fgr = ,/G \iSi log (0 9 )  ( 3 )  w h e r e  C and m a r e  t h e  c o e f f i c i e n t  and e x p o n e n t  of t h e  

s e d i m e n t  t r a n s p o r t  func t ion ,  and  A is  -the in i t i a l  mot ion  
p a r a m e t e r  f o r  un i form bed m a t e r i a l  o r  t h e  v a l u e  of Fgr  below 
which  n o  s ign i f ican t  t r a n s p o r t  i s  cons idered  t o  t a k e  p lace .  a n d  f o r  f i n e  s e d i m e n t s  

O n  t h e  basis  of m o r e  t h a n  1000 s e t s  of e x p e r i m e n t a l  
f l u m e  d a t a ,  t h e  p a r a m e t e r s  C, m ,  and  A w e r e  d e t e r m i n e d  as 
s ing le  va lue  f u n c t i o n s  of Dgr (Fig.  41.1). T h e  in i t i a l  mot ion  
p a r a m e t e r ,  A, w a s  d e f i n e d  a s  Fgr  w h e n  G g r  e q u a l s  10-'. T h e  
a u t h o r s  a r g u e d  t h a t  a s  t h e r e  will a l w a y s  b e  s m a l l  and  i so la ted  
m o v e m e n t s  .due t o  t h e  s t a t i s t i c a l  n a t u r e  of t h e  f l u c t u a t i n g  
f luid f o r c e s ,  a def in i t ion  of  A f o r  a smal l  t r a n s p o r t  r a t e  is 
reasonable .  This c h o i c e  is  par t icu la r ly  usefu l  a s  i t s  
a p p l i c a t i o n  is o b j e c t i v e  a n d  c o n s i s t e n t  e v e n  though t h e  c h o i c e  
of  l 0 - 4  is s o m e w h a t  subjec t ive .  

F g r  = v 
d m  

w h e r e  s is  m a s s  d e n s i t y  of s e d i m e n t .  

An e x t e n s i v e  ana lys i s  of f l u m e  d a t a  led t o  t h e  
def in i t ion  of Dgr 60  f o r  c o a r s e  s e d i m e n t s  and  Dgr c 1.0 f o r  
f i n e  sed iments .  S izes  t r a n s i t i o n a l  b e t w e e n  t h e s e  t w o  l i m i t s  
c a n  exhib i t  bo th  f i n e  a n d  c o a r s e  s e d i m e n t  behaviour ,  and 
which  f o r m  of behaviour  i s  d o m i n a n t  d e p e n d s  upon t h e  s i z e  
r e l a t i v e  t o  e i t h e r  l imi t .  A g e n e r a l  e q u a t i o n  f o r  p a r t i c l e  
mobi l i ty  is  t h e n  

v -# 
DIAMETER OF QUARTZ GRAINS IN WATER AT 15qC 

L 
w h e r e  n is a t r a n s i t i o n a l  e x p o n e n t  ranging  f r o m  1.0 f o r  f i n e  
s e d i m e n t  t o  0 f o r  c o a r s e .  T h e  v a l u e  of n b e t w e e n  0 a n d  I 
d e p e n d s  upon Dgr. T h e  t r a n s i t i o n a l  r a n g e  inc ludes  p a r t i c l e  
s i z e s  a p p r o x i m a t e l y  b e t w e e n  0.04 a n d  2.5 m m  as Dgr  r a n g e s  
f r o m  I t o  60.  

T h e  d imens ionless  p a r t i c l e  d i a m e t e r  Dgr  is  d e f i n e d  as 
t h e  c u b e  r o o t  of t h e  r a t i o  of i m m e r s e d  weight  t o  viscous 
f o r c e s  o r  

DIMENSIONLESS GRAIN SIZE Dgr 

Pigwe 41.1. Comparison of parameters in Ackers and White's 
Equation 11. w h e r e  v is  viscosi ty.  



Experimental D a t a  

The method developed by Ackers and White (1973) for 
determining t h e  pa ramete r  H f rom established motion char-  
ac ter is t ics  requires a considerable range of t ranspor t  r a t e s  
for adequate  definition of the  Ggr-Fgr functions. 
Experimental s tudies  of graded sediment motion a r e  nei ther  
a s  numerous nor a s  extensive  a s  those  performed with 
uniform materials.  An added disadvantage for this analysis is 
t h a t  t he  s ize  distribution, a s  well a s  t h e  amount  of 
t ranspor ted  mater ia l ,  must b e  known. 

The following discussion is based upon t h e  results of 
seven exper imenta l  series representing bed mater ia ls  of 
diverse grading and coarseness.  There is suff ic ient  overlap of 
the  s izes  within t h e  mixtures  t o  enable  d i r ec t  comparisons of 
particle behaviour. A summary of s ize  distribution 
pa ramete r s  describing these  f ive  mixtures  is l isted in 
Table 41.1. Bed mater ia ls  6 and 7 a r e  unpublished d a t a  
courtesy of Hydraulics Research Station, Wallingford, 
England. 

The number of t ranspor t  measurements  (here  referred 
t o  a s  runs) for each  exper imenta l  ser ies  is listed in 
Table 41.1. The ranges of hydraulic conditions and t ranspor t  
r a t e s  a r e  included in th is  table  a s  well. The d a t a  for  bed 
mater ia l  4 and 5 a r e  not extensive  enough t o  de te rmine  
accurate ly  t h e  initial motion parameter ,  A', for graded 
mater ia ls ;  however, these  a r e  included t o  support ,  through 
il lustrated association, t h e  t r ends  in t h e  remaining d a t a  sets.  

Analysis 

The s i ze  f rac t ions  chosen for  analysis represent  t h e  
s ieve  sizes used in the  definition of bed mater ia ls  6 and 7. 
For t h e  five mixtures  considered here the  s izes  range f rom 
0.153 t o  l 1.1 mm. In all ,  20 di f ferent  s izes  were  considered, 
although no one mixture contained more  than 18 s i ze  
fractions.  The s ize  f rac t ion d i ame te r s  represent  t h e  mean 
s i ze  between two successive s ieve  d i ame te r s  and the re fo re  
more  accurate ly  r e f l ec t  t h e  cha rac te r  of all mater ia ls  
passing through the  upper sieve and remaining on the  next  
lower one. A list of t h e  s ize  f rac t ions  is found in Table 41.2. 

From t h e  measured t ranspor t  r a t e s  and t h e  s i ze  
distribution of t h e  mater ia ls  in t ranspor t ,  t h e  amount  of 
t ranspor t  for each  s ize  f rac t ion in motion was computed. 
The observed t ranspor t  pa ramete r ,  Ggr, was  determined by 
using Eq. 7 with X = (kg/s)/(Discharge (m3/s) X 1000 kg/m3). 
These values of Ggr, however, a r e  not compat ib le  with 
uniform sediment  t ranspor t  studies. For t h e  s a m e  mobility 
t h e  observed Ggr fo r  any s i ze  varies with t h e  composition of 
the  bed material .  In uniform sediment  t ranspor t  s tudies  a 
single s ize  represents  all  t h e  sediment  in motion whereas the  
s a m e  s i ze  in mixture will simply be  a f ract ion of t h e  to t a l  
load. To adjust  t h e  t ranspor t  r a t e  for  any s i ze  f rac t ion (Di), 
each  Ggr value was multiplied by (lOO%/Api) 
where  Ap, referes  t o  the  observed percentage by weight of 
Di in t h e  to t a l  load. 

A comparison of t h e  observed Ggr and t h e  adjusted or  
to ta l ized Ggr is shown in Figures 41.2 and 41.3, respectively,  
for  six s i ze  fractions.  The higher t ranspor t  r a t e s  associated 
with t h e  to ta l ized d a t a  a r e  well i l lustrated.  

The Init ial  Motion Pa ramete r ,  A' 

Definition of t h e  initial motion pa ramete r ,  A', for s i ze  
f rac t ions  within graded sediments  was done according t o  t h e  
10-Q Ggr threshold value a s  used for uniform transport .  For 
all  but mixtures  4 and 5 ,  t h e  to ta l ized Ggr-Fgr functions 
extended t o  and below 10-' Ggr. These two  mixtures  could 
not  be extended accura t e ly  a s  t h e  t ranspor t  functions a r e  not 
well defined. The observed A' values a r e  listed in Table 41.2, 
along with t h e  Dgr and uniform A values for  each  Di. 



Table 4 1.2 

Summary of Particle Sizes and Initial Motion Parameters 

G a  
MOTION 1 

Particle 
Size 

Di  (mm) 

0.153 

0.215 

0.275 

0.303 

0.328 

0.390 

0.463 

0.550 

0.655 

0.780 

0.925 

1.200 

1.550 

2.030 

2.860 

4.060 

5.560 

7.180 

9.730 

11.100 

- - - - - - - - - - - - 4- 
NO MOTION 

0 .o 

SYMBOLS 

. . . . . . . . .  USWES No. l 
No.2 . . . . . . . . . . .  0 

No.9. . . . . . . . . .  
GlBBS 8 NEIL. . . . . . .  n 

CECEN 8 BAYAZIT A 

HRS A 0 

HRS B B 

Dgr 

4.22 

5.92 

- 

8.35 

10.75 

12.76 

15.15 

18.05 

21.49 

25.49 

33.06 

42.71 

55.93 

78.80 

Figure 41.2. Ggr-Fgr functions for six size fractions in seven mixtures. 

L'SWES No. 

A 

0.252 

0.235 

0.220 

0.210 

0.204 

0.199 

0.194 

0.190 

0.186 

0.180 

0.175 

0.171 

0.170 

Dgr 

5.92 

10.75 

12.76 

15.15 

18.05 

21.49 

25.49 

33.060.180 

42 .710 .175  

55.93 

1 

A' 

0.380 

0.300 

0.245 

0.230 

0.215 

0.200 

0.192 

0.185 

0.165 

0.160 

0.150 

0.143 

0.135 

USLVES 

Dgr 

22.27 

28.89 

37.32 

48.88 

68.80 

98.65 

135.10 

USWES 

A 

4.220.252 

0.235 

- 
8 .350 .220  

0.210 

0.204 

0.199 

0.194 

0.190 

0.186 

0.171 

A' 

0.400 

0.370 

- 

0.305 

0.280 

0.262 

0.242 

0.225 

0.215 

0.200 

0.170 

0.165 

0.140 

0.160 

0.135 

0.135 

0.125 

0.127 

0.122 

Dgr 

3.24 

4.55 

5.82 

- 

6.94 

9.80 

11.64 

13.87 

16.51 

19.58 

25.410.185 

42.98 

60.55 

89.80 

Dgr 

3.24 

4.55 
- 

6.70 

8.26 

9.80 

11 .64 

13.87 

16.51 

19.58 

25.41 

32.82 

42.98 

60.55 

89.80 

117.70 

152.00 

184.80 

235.20 

No. 2 

A' 

0.320 

0.280 

0.260 

0.230 

0.210 

0.200 

0.180 

0.175 

0.170 

0.140 

0.140 

0.130 

No. 

A 

0.189 

0.183 

0.178 

0.173 

0.170 

0.170 

0.170 

HRS A 

A 

0.265 

0.245 

- 
0.229 

0.218 

0.212 

0.206 

0.200 

0.195 

0.191 

0.185 

0.179 

0.174 

0.170 

0.170 

0.170 

0.170 

0.170 

0.170 

HRS B 

A 

0.265 

0.245 

0.235 

0.227 

8.260.218 

0.212 

0.206 

0.200 

0.195 

0.191 

32.820.179 

0.174 

0.170 

0.170 

9 

A' 

0.320 

0.280 

0.255 

0.230 

0.205 

0.185 

0.170 

A' 

0.500 

0.395 

0.365' 

0.350 

0.300 

0.277 

0.252 

0.237 

0.230 

0.212 

0.190 

0.170 

0.155 

0.137 

0.125 
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MOTION 0 1 
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NO MOTION 

SYMBOLS 
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Figure 41.3. Totalized Cgr-Fgr functions for the same six size fractions shown in Figure 41.2. 
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Figure 41.4. Initial motion parameter, A', as function of dimensionless particle size, Dgr. 
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Figure 41.5. Rat io  of g raded  a n d  uniform init ial  motion 
p a r a m e t e r s  a s  a function of a pa r t i c l e  r a t i o .  

In Figure  41.4 t h e  observed A' values a r e  p lo t ted  a s  
functions of Dgr and agains t  both t h e  Ackers-White uniform 
A relationship and t h e  Shields curve.  These d a t a  c lear ly  
i l lus t ra te  t h e  higher init ial  motion values associa ted  with t h e  
shielding of t h e  f iner  sizes,  and t h e  lower thresholds required 
fo r  t h e  more  exposed larger sizes.  All At-Dgr relationships,  
al though separa ted  on t h e  basis of mixture  coarseness  (fine 
mixtures  plot sys temat ica l ly  t o  t h e  l e f t  of coa r se  mixtures), 
a r e  s imi lar  in form,  and a l l  but mix tu re  6 coincide with t h e  
unique A-Dgr relationship near  where  the i r  Dgr equivalents 
of D s o  occur .  

The larges t  d i f ferences  between A and A' occu r  f o r  
pa r t i c l e  s izes  less t han  D S 0 ,  where  shielding dominates.  A' 
values for Di > D s o ,  i.e. below t h e  A-Dgr relationship,  
cont inue  t o  follow a n  a sympto t i c  t r end  which appea r s  t o  
cont inue  beyond Dgr = 60, where  Ackers and White (1973) 
believed t h a t  A b e c a m e  cons t an t  a t  0.170. For la rge  values 
of Dgr, t h e  d i f ferences  amongst  t he  initial motion 
pa rame te r s  fo r  graded sediments  decrease ;  al though t h e  
present  d a t a  a r e  l imited fo r  la rge  pa r t i c l e  sizes,  d a t a  s e t s  4 
and 5 support  th is  t r end  (cf.  Fig. 41.3). 

These observations on A' mean t h a t  t hese  mixtures  
exhibit  s imi lar  init ial  motion character is t ics ,  and the i r  
D50 s izes  begin t o  move near  t o  t h e  s a m e  value of Fgr a s  
the i r  uniform counterpar ts .  The former  observation supports 
previous work and presents  it in a more  thorough and 
sys t ema t i c  way. The l a t t e r  observation is in ag reemen t  with 
Rakoczi 's  (1975) work and a t  odds with t h a t  of 
Egiazaroff (1 965). 

The similari ty amongst  t h e  init ial  motion 
cha rac t e r i s t i c s  of t h e  mixtures,  and the i r  dependence  upon 
mixture  coarseness,  is bes t  i l lustrated in Figure 41.5, where  
A' is p lo t ted  a s  a r a t i o  of A against  Di/DSo. When 
supplemented with more  data ;  th is  t ype  of d iagram should 
lead t o  a method for  predicting t h e  init ial  motion pa rame te r s  
for  any par t ic le  s i ze  within a graded sediment .  

Summary 

An analysis of init ial  motion cha rac t e r i s t i c s  of a wide 
range of p a r t i c k  s i ze s  f rom various mixtures  i l lustrated t h e  
e f f e c t  on par t ic le  s tabi l i t ies  caused by shielding of par t ic les  
of f ine s i ze  and t h e  increased exposure of la rger  ones. 
Fur thermore ,  t h e  median s i ze  (Dso)  of t h e  bed ma te r i a l  
behaves  a s  if i t  was  in a uniform bed composed of t h e  s a m e  
d i ame te r  particles.  Although these  resul ts  a r e  developed 
f rom exper iments  on only five bed mater ia ls ,  the i r  
sys t ema t i c  na tu re  sugges ts  t h a t  similar t r ends  a r e  t o  be  
expec ted  fo r  o the r  bed materials.  Extension of exper imenta l  
s tudies  t o  include d i f ferent  par t ic le  sizes,  part icularly larger 
sizes,  and grades  a r e  recommended. 
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Abstract 

In 1966 twenty-five steel tubes were inserted vertically into holes in an area of low centre 
polygons. Long term (1966-79) meastrements of the changes in distance between the steel tubes, 
changes in tilt of the tubes, and the development of cavities preferentially on one side of the 
tubes show that the active layer of low centre polygons moves past the tubes. Because the 
cavities are confined to  the active layer and movement tends to  be radially outward from 
polygon centres, the movement is attributed to  summer thermal expansion. Differential 
movement has implications for the interpretation of stratigraphies based upon ice-wedge 
sections. In view o f  the strong evidence for thermally induced movement in flat areas, thermally 
induced movement of the active layer may also occur on slopes. 

Introduction Theoretical Considerations 

Ice-wedge polygons a r e  widely d is t r ibuted  in a r e a s  of 
continuous permafros t .  In tundra  regions, ice-wedge polygons 
a r e  commonly refer red  t o  as low or high cen t r ed  depending 
upon whether they a r e  saucer or dome shaped. LOW c e n t r e  
polygons a r e  bounded by ridges (Fig. 42.1) and a s  t he  cen t r e s  
become  higher, low c e n t r e  polygons c a n  evolve  in to  high 
c e n t r e  polygons. However,  high c e n t r e  polygons cannot  
become  low c e n t r e  polygons. Ice-wedge polygons a r e  of 
broad in teres t  because  of t he i r  widespread distribution,  
sensit ivity t o  na tura l  and ar t i f ic ia l  disturbances,  and 
extens ive  use a s  pa leocl imat ic  indicators.  Numerous 
radiocarbon da t e s  and palynological s t ra t igraphies  have been 
based upon s tudies  of ice-wedge polygons. In this paper a r e  
discussed some long t e r m  (1966-1979) field measurements  of 
deformat ion of  ice-wedge polygons a t  Garry Island, 
Northwest Terri tories,  a t  a s i t e  160 km northwest of Inuvik. 
Northwest Terri tories.  

Ice wedges grow by t h e  opening of t he rma l  con t r ac t ion  
c racks  in winter with infilling by wa te r  in spring t o  form a n  
incrementa l  ice veinlet  (Fig. 42.2). At Garry  Island, t h e  
c r acks  usually open between mid January  and mid March and 
infill in May. Repeated  cracking over several  thousand years 
can  result  in t h e  growth of ice  wedges I m or more  wide a t  
t h e  t op  and 5 t o  8 m deep. The genera l  theory  of ice-wedge 
cracking and polygon growth is  well known. In brief,  t h e r e  is 
broad ag reemen t  t h a t  t he rma l  con t r ac t ion  f r o m  winter 
cooling builds up  tension in t h e  a c t i v e  layer and t h e  top  of 
permafros t ,  and when t h e  tension exceeds  t h e  s t r eng th  of t h e  
ground, ver t ica l  c r acks  will open (Fig. 42.2a). In summer ,  
t he rma l  expansion compresses  both  t h e  ground and t h e  ice  
wedge (Fig. 42.2b). In addit ion t o  t h e  preceding changes,  
o ther  f ac to r s  t o  be  considered include: t h e  s t ra in  produced 
when water  in t h e  ver t ica l  c r ack  f r eezes ;  t h e  space  problem 

Figure 42.1 

Coastal exposure across the trough o f  a low 
centre polygon, Pelly Island, Northwest 
Territories. The ice wedge is about 3 m 
wide at the top. Note the deformed beds 
on each side of the ice wedge. 
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created by an ever-growing ice wedge; the unequal accumula- 
t ion of peat; the upward and downward squeezing of mineral 
soil and organic matter; the disruption of drainage; and 
thermal changes which accompany polygon growth. The end 
result is that the ground adjacent to an ice wedge becomes 
deformed (Fig. 42.1) but just why and how is uncertain. 

The development of the ridges of low centre polygons is 
poorly understood. Ridge formation has been attributed to: 
the lateral thrust of growing ice wedges which create a space 
problem; peat growth; summer expansion of the ground; 
cryostatic pressure and the lateral movement of water in the 
freeze-back period (Jahn, 1972); and partly to lateral 
compression which squeezes up both some of the ground and 
ice-wedge ice (Konishchev and Maslow, 1969). 

Field Investigations 

In 1966,' an ice-wedge polygon site a t  Garry Island, 
Northwest Territories (Macl<ay 1974, Fig. 3, Site C) was 
instrumented for study. Twenty f ive steel tubes 1.5 m long 
were inserted into holes augered into permafrost (Fig. 42.3) 

a i Winter C r y k  

b) Summer Ice Vein 

Thawed 
CL 47- 

-------, 
: \ \  I ,: 

.............. 
................. .................. 

,.** I *.* ...................- *....-.............. 
..................... ........................... 

t o  surround completely one low centre polygon. In subsequent 
years, a variety of other types of measurement were added. 
The distances between pairs of steel tubes have been taped in 
a detailed triangulation system; the frequency, width, depth, 
closing, infilling, and propagation of ice-wedge cracks have 
been recorded; and measurements have been made on ground 
temperatures, snow depth, and changes in tilt of the 25 steel 
tubes. 

The changes in separation of representative steel tubes 
for the 1966-1979 period are shown in Table 42.1 and 
Figure 42.4. Contrary t o  what might be expected, most 
distances between steel tubes on opposite sides of the ice- 
wedge troughs progressively decreased, even though the 
intervening ice wedges frequently cracked and therefore were 
growing. Conversely, distances from polygon centres to 
ridges usually increased when they might be expected to 
decrease. As the 1966-1979 total change in distance between 
steel tubes 1 and 13, in the centres of two polygons, was only 
+0.6 cm (Fig. 42.4), which is small relative to changes from 
the centres to the ridges (Table. 42.1), these two centres are 
then assumed to be fair ly stable. 

a) an open crack which forms as a result 
of thermal contraction in winter; 

b )  an ice vein which forms by infilling of 
the winter crack; summer expansion 
deforms the ground adjacent ' t o  the 
icewedge. Figure 42.3. Steel tube number 8 located on the ridge of a low 

centre polygon. Note the cavity which has developed since 1966.  
Figure 42.2. Schematic diagram of ~ce-wedge The tiltmeter, on top of the tube, has been used t o  measure 
and polygon growth. changes in tilt .  



T h e  t i l t  m e a s u r e m e n t s  (Fig.  42.3) of t h e  2 5  s t e e l  t u b e s  
show t h a t  mos t  of t h o s e  which  a r e  on r idges  h a v e  b e e n  t i l t ing  
t o w a r d s  t h e  a d j a c e n t  i ce -wedge  t r o u g h s  and  thus  a w a y  f r o m  
t h e  polygon c e n t r e s .  When t h e  m e a s u r e m e n t s  of t i l t  a n d  
d i s t a n c e  c h a n g e  a r e  combined ,  t h e  m a j o r i t y  of t u b e s  a p p e a r  
to b e  p ivot ing  w i t h  t h e  t o p s  moving  t o w a r d s  t h e  ice-wedge  
troughs,  t h e  b o t t o m s  t o w a r d s  t h e  polygon c e n t r e s .  In 
addi t ion ,  t h e  pivot  po in t  of s o m e  t u b e s  is moving  t o w a r d s  t h e  
t roughs .  

T a b l e  42.1 

C h a n g e  in  s e p a r a t i o n  of s t e e l  t u b e s  for  t h e  1966-1979 per iod  

T u b e  C h a n g e  in C o m m e n t  
N u m b e r s  S e p a r a t i o n  

( c m )  

I t o  2 + 2 . 2  C h a n g e  fr'om c e n t r e  t o  polygon 
r i d g e  

I t o  3 + l  . 3  C h a n g e  f r o m  c e n t r e  t o  polygon 
r i d g e  

I t o  4 + l  . O  C h a n g e  f r o m  c e n t r e  t o  polygon 
r i d g e  

2 t o  5 -4.0 C h a n g e  a c r o s s  i c e  w e d g e  t rough  

3 t o  6 -2.0 C h a n g e  a c r o s s  i c e  w e d g e  t rough  

4 t o  7 -1.4 C h a n g e  a c r o s s  i c e  w e d g e  t rough  

5 t o  1 3  -1.2 . 3 Change ,  f r o m  c e n t r e  t o  polygon 
r i d g e  

6 t o  1 3  + l  . 3  C h a n g e  f r o m  c e n t r e  t o  polygon 
r i d g e  

7 t o  1 3  +1 .6  C h a n g e  f r o m  c e n t r e  t o  polygon 
r i d g e  

6 t o  13 + l  . 3  C h a n g e  f r o m  c e n t r e  t o  polygon 
r idge  

9 t o  1 3  + 0 . 2  C h a n g e  f r o m  c e n t r e  t o  polygon 
r idge  

10 t o  13 -1 . O  C h a n g e  f r o m  c e n t r e  t o  polygon 
r i d g e  

12 t o  1 3  +0 .4  C h a n g e  f r o m  c e n t r e  t o  polygon 
r i d g e  

1 to 3 to +O. 6 C h a n g e  b e t w e e n  t w o  polygon 
6 to 1 3  c e n t r e s  

When t h e  t u b e s  w e r e  f i r s t  inser ted  i n t o  a u g e r e d  holes  in 
t h e  s u m m e r  of 1966,  m o s t  t u b e s  had  s m a l l  g a p s  a round t h e m  
a t  g round level .  A f t e r  a f e w  years ,  however ,  s o m e  g a p s  
c l o s e d  and new o n e s  o p e n e d  unti l  t h e r e  gradua l ly  d e v e l o p e d  a 
p r e f e r r e d  g a p  o r i e n t a t i o n  which  t e n d e d  t o  r e m a i n  on  t h e  s a m e  
s i d e  of a t u b e  in b o t h  sumrrier a n d  w i n t e r  (Fig. 42.5). T h e  
g a p s  h a v e  s i n c e  e n l a r g e d  i n t o  c a v i t i e s  (Fig. 42.3, 42.5) which  
a r e  wides t  at ground leve l  a n d  a r e  conf ined  in d e p t h  t o  t h e  
a c t i v e  layer .  T h e  c a v i t i e s  a r e  no t  c a u s e d  by h e a t i n g  o r  
c o o l i n g  of t h e  ground by t h e  t u b e s  b e c a u s e  t h e  o r i e n t a t i o n s  
a r e  n o t  d e p e n d e n t  upon c o m p a s s  d i r e c t i o n ;  nor  a r e  t h e  
c a v i t i e s  f o r m e d  by s l u m p i n g  b e c a u s e  s o m e  a r e  o n  t h e  ups lope  
s i d e  of t u b e s  a n d  t h e  c a v i t i e s  a r e  n o t  o r i e n t e d  downslope.  
T h e r e  is e x c e l l e n t  e v i d e n c e  t o  show t h a t  t h e  c a v i t i e s  a r e  
f o r m e d  by a d i f f e r e n t i a l  m o v e m e n t  of t h e  a c t i v e  layer  and  
t u b e s  wi th  r e s p e c t  t o  e a c h  o t h e r ,  a conclusion suppor ted  a l s o  
by t h e  c o m m o n  o c c u r r e n c e  of a smal l  bu lge  on t h e  s ide  of a 
t u b e  oppos i te  t h e  cav i ty .  S i n c e  t h e  c a v i t i e s  a r e  conf ined  t o  
t h e  a c t i v e  layer  and  d e c r e a s e  in s i z e  f r o m  t h e  s u r f a c e  
downwards ,  c a v i t y  d e v e l o p m e n t  would a p p e a r  t o  be  in 
s u m m e r .  T h e  c a v i t i e s  a r e  bes t  deve loped  on  polygon r idges  
w i t h  a m o v e m e n t  of t h e  a c t i v e  l a y e r  radial ly o u t w a r d  f r o m  
t h e  c e n t r e s  (Fig. 42.6). T h e  m o v e m e n t ,  as shown by t h e  
c a v i t i e s ,  is usually incl ined t o  t h e  c o n t o u r  and  c a n  b e  b o t h  
ups lope  and  downslope.  S i n c e  t h e  c a v i t i e s  f a c e ,  in g e n e r a l ,  
t o w a r d s  t h e  ice-wedge  t r o u g h s  in t h e  d i r e c t i o n  in which  t h e  
t o p s  of t h e  t u b e s  a r e  moving,  i t  s e e m s  e v i d e n t  t h a t  t h e  
c a v i t i e s  g r o w  by t h e  a c t i v e  l a y e r  moving  p a s t  t h e  tubes.  As 
t h e  a c t i v e  l a y e r  is f r o z e n  in w i n t e r  when  t h e r e  is c o n t r a c t i o n ,  
a n d  t h a w e d  in s u m m e r  when t h e r e  is  expans ion ,  c a v i t y  g r o w t h  
d o u b t l e s s  t a k e s  p l a c e  in s u m m e r .  

Mass Transport and Ridge Growth 

T h e  e x i s t e n c e  of c a v i t i e s  in t h e  l e e  of t h e  t u b e s  
i n d i c a t e s  c o n s i d e r a b l e  mass  t r a n s p o r t  of t h e  a c t i v e  layer  pas t  
t h e  tubes.  F i g u r e  42.6 h a s  b e e n  d r a w n  on t h e  assumpt ion  t h a t  
t h e  m e a n  annual  t w e l v e  y e a r  1966-1978 m o v e m e n t  of t h e  
ground s u r f a c e  is 1 / l 2  t h e  d i a m e t e r  of t h e  c a v i t y  a s  m e a s u r e d  
o n  19 Ju ly  1978.  T h e  r a t e  ( c m / y e a r )  is c o n s e r v a t i v e ,  b e c a u s e  
t h e  added  m o v e m e n t  of t h e  t u b e s  is o m i t t e d .  For  t h e  
1966-1979 per iod ,  t h e  m e a n  o u t w a r d  m o v e m e n t  of t h e  t u b e s  
for  t h e  polygon w i t h  c e n t r e  a t  t u b e  13 w a s  0.3 c m  a n d  t h e  
m e a n  c a v i t y  d i a m e t e r  a t  t h e  ground s u r f a c e  w a s  2.3 c m ,  f o r  a 
t o t a l  m o v e m e n t  of 3.2 cm.  (Note :  t h e  d i s t a n c e  b e t w e e n  
t u b e s  I I and 13  is exc luded ,  b e c a u s e  i t  w a s  no t  m e a s u r e d  d u e  
t o  in te rvening  higher ground). T h e  a v e r a g e  m o v e m e n t  of t h e  
t o p  of t h e  a c t i v e  l a y e r  p a s t  t h e  t u b e s  w a s  t h e n  3.2 c m  in 1 3  
y e a r s  or a b o u t  0.25 c m / y e a r .  A m o v e m e n t  of 0.25 c m / y e a r  at 
t h e  t o p  of t h e  a c t i v e  l a y e r  a m o u n t s  t o  2.5 m/1000 years ,  a 
r a t e  s u f f i c i e n t  t o  c r e a t e  s u b s t a n t i a l  r i d g e s  in low c e n t r e  

CHANGE I N  DISTANCE BETWEEN STEEL TUBES 1966 - 1979 

Number of Steel Tube 

METRES 

Figure 42.4. The diagram shows a cross-section between tubes l and 18. Note the 
locations of the cavities with reference to the steel tubes. 
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Figure 42.5. The cavity of tube 8 ( F i g .  42 .3)  as 
measured in March and July 1978. Note that the 
vertical extent of  the cavity in winter and 
summer is confined to the active layer. 

polygons, many of whlch a r e  a t  l e a s t  a f e w  thousand  y e a r s  
old. R i d g e  g r o w t h  i s  a i d e d  by t h e  f a c t  t h a t  o u t w a r d  
expans ion  f r o m  a polygon c e n t r e  is essen t ia l ly  un impeded  
b e c a u s e  of t h e  e x i s t e n c e  of a " f r e e  f a c e "  border ing  t h e  ice-  
w e d g e  troughs.  

C o e f f i c i e n t  o f  T h e r m a l  Expans ion  

A rough e s t i m a t e  of t h e  c o e f f i c i e n t  of t h e r m a l  
expans ion  c a n  b e  m a d e  based  upon t h e  0.25 c m l y e a r  residual  
m o v e m e n t  of t h e  a c t i v e  layer ,  viz: 

6 a :  - 
L AT 

w h e r e  a is t h e  c o e f f i c i e n t  of t h e r m a l  expans ion  

6 is  t h e  observed  expans ion  

L is t h e  l e n g t h  over  which t h e  expans ion  
o c c u r s  

AT is t h e  t e m p e r a t u r e  c h a n g e  f r o m  
t h e  m e a n  

Using 6 = 0.25 c m ;  L = 7.5 m f o r  t h e  polygon; AT : 20°C for  
t h e  polygon s i te ,  t h e n a -  1.7 X I O - ~ / O C .  Al though t h e  v a l u e  
f o r  a is only a n  approximat ion ,  i t  s e e m s  t o  b e  of  t h e  r igh t  
o r d e r  of magni tude .  

T h e r m a l l y  Induced Mass T r a n s p o r t  

T h e  c o m b i n e d  e v i d e n c e  f r o m  t h e  c h a n g e s  in s e p a r a t i o n  
of t h e  tubes ,  t h e  t ~ l t ,  and  c a v l t y  g r o w t h  al l  sugges t  m o v e m e n t  
of t h e  a c t i v e  l a y e r  pas t  t h e  t u b e s  ,as  a r e s u l t  of s u m m e r  
w a r m i n g  of t h e  a c t i v e  l a y e r  and  t h e  upper p a r t  of p e r m a f r o s t .  
In o t h e r  words,  m a s s  t r a n s p o r t  is d u e  t o  t h e r m a l  e f f e c t s  and  
n o t  t o  f r e e z e - t h a w  o r  g r a v i t y  slumping.  If t h i s  conc lus ion  is 
c o r r e c t ,  t h e n  i t  s e e m s  reasonable  t o  in fe r  t h a t  t h e r m a l l y  
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Figure 42.6 

The experimental site at Carry Island, showing the 
locations of the 25 steel tubes. The 1966-1978 rate 
and direction of movement of the active layer, with 
reference to the tubes, is shown by the lengths of the 
arrows and their trend. 



Figure 42.7 

.-, 
A f ros t  c r ack  fo rmed  in t h e  period January  
t o  March 1979 in t h e  bo t tom of a lake  

I. 
whtch was  dra ined Ln August 1978. The 
photo ,  t aken  on June  20, 1979, shows t h a t  
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induced mass  t ranspor t  c a n  a l so  occu r  e lsewhere  as,  for  
example ,  in high c e n t r e  polygons and hillslopes. On a 
hillslope, with an  undulating e a r t h  hummock slope such a s  is 
present  a t  Garry Island, t h e r e  a r e  no "f ree  faces"  
corresponding t o  those  of ice-wedge polygon troughs. Never- 
theless,  if some the rma l  expansion of t h e  ac t ive  layer does 
occur  in summer  on a hillslope, a net  downslope movement  
should be  favoured over  a n  upslope movement  because  of 
gravi ty  ef fec ts .  Since thermal ly  induced movment  of t h e  
a c t i v e  layer s eems  t o  have been demonst ra ted  f o r  low c e n t r e  
polygons a t  a surface  r a t e  t h a t  can  equal or exceed 
0.25 cm/yea r ,  t h e  probability of appreciable  thermally 
induced slope movements  s eems  very real .  I t  s eems  possible 
t h a t  thermally induced downslope mass movement  may help 
t o  explain why measured movement  r a t e s  of ten  exceed those 
w h ~ c h  c a n  be  a t t r i bu t ed  t o  f r o s t  c r e e p  in periglacial  a reas .  

O t h e r  Supporting Evidence 

The preceding discussion has  been based upon d a t a  
f o r  o n e  ins t rumented s i t e  at Car ry  Island. Similar and 
also addit ional supporting d a t a  have  been obta ined f o r  t h e  
1968-1979 period fo r  a second s i t e  ins t rumented with 30 s t ee l  
tubes. Fur thermore ,  a s tudy of f ro s t  c r acks  which formed in 
t h e  winter  of 1978-1979 on a lake  which was  drained in 
August 1978 shows t h a t  some  smal l  r idges formed in t h e  
summer  of 1979, presumably by summer  expansion (Fig. 42.7). 

Conclusion 

Measurements  made during 1966-1979 a t  an  ice-wedge 
polygon s i t e  a t  Garry  Island, Northwest Terri tories,  show t h a t  
thermal ly  induced deformat ion has occurred  in t h e  a c t i v e  
layer. T h e  movemen t  appears  t o  resul t  f rom summer  

expansion, and i t  is  generally radially outwards  f rom t h e  
middle of low c e n t r e  polygons. A r a t e  of 0.25 cm/yea r  has  
been e s t ima ted  fo r  t h e  ridges of one  polygon and t h e  the rma l  
coe f f i c i en t  of expansion a t  about  1.7 X I ~ - ~ / " C .  Adjacent  t o  
t h e  ice  wedges,  t h e  upper p a r t  of pe rmaf ros t  may  move 
inward in t h e  opposi te  d i rec t ion  t o  t h a t  of t h e  summer  a c t i v e  
layer  so  t h a t  some  shearing may t a k e  place. This 
deformat ion poses problems fo r  s t ra t igraphic  analyses and 
dat ing  of p e a t  in ice-wedge polygons. Since the rma l  
expansion of t h e  ac t ive  l aye r  appea r s  t o  t a k e  p lace  in polygon 
f la ts ,  i t  seems probable t h a t  t he rma l  expansion on a hillslope 
may also contr ibute  t o  downhill movement.  The the rma l  
expansion measured in low c e n t r e  polygons, if i t  took place  on 
a hillslope, would be  d i f f icul t  t o  s e p a r a t e  f r o m  f r o s t  heave  
and gelif luction in cold environments,  but i t  s eems  possible 
t h a t  i t  may be  a so f a r  unmeasured component  of downslope 
movement .  
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Abstract 

Electromagnetic resistivity' mapping o f  the area around Alfred, Ontario, was carried out 
during the summer of 1979 using the newly developed Geonics EM 34 instrument. Geonics Eh.] 34 is a 
two man, portable, rapid reconnaissance instrument from which apparent conductivity of the ground 
may be read o f f  directly at three possible coil separations. Much o f  the Alfred area is characterized 
by the presence of highly conductive Champlain Sea clays. These are underlain by resistive sand and 
dolomite horizons of Ordovician age, which, in turn, are underlain by highly resistive Precambrian 
rocks. 

A total o f  134 stations were used to  map the area. Two corrections were applied to  the raw 
data obtained in the field to take care of errors arising out of the presence o f  highly conducting 
ground. The instrument was able to  delineate the high and low conductivity grounds very well, 
thereby indicating regions where the clay is thick and shallow and where it is absent'or very thin. 
The results agree very well with known drift thickness data and with D.C. Schlumberger resistivity 
sounding data obtained from the same area. 

In t roduc t ion  

T h e  a r e a  a round Alf red ,  O n t a r i o ,  lying a b o u t  6 5  k m  e a s t  
of O t t a w a  on Highway l 7  h a s  b e e n  mapped  by s e v e r a l  
geophys ica l  m e t h o d s  in t h e  l a s t  t w e l v e  years.  T h e  geologica l  
s e t t i n g  for  t h e  a r e a  h a s  b e e n  d e s c r i b e d  by Wilson (1946). 
F r o m  ground ground geophyica l  po in t  of view, t h e  a r e a  w a s  
f i r s t  s tud ied  in 1968 by P. Andr ieux  who p e r f o r m e d  s i x t y - t w o  
D.C. S c h l u m b e r g e r  soundings in t h e  a r e a  bo th  n o r t h  and  south  
of Alfred.  T h e  a r e a  w a s  a l s o  m a p p e d  by t w o  a i r b o r n e  
e l e c t r o m a g n e t i c  s y s t e m s ,  t h e  INPUT s y s t e m  in 1967 
(Dyck  e t  al., 1974) and  t h e  T r i d e m  t h r e e - f r e q u e n c y  s y s t e m  in 
1974 ( B e c k e r  a n d  Roy,  1977). T h e  Maxi-Probe m u l t i f r e q u e n c y  
ground e l e c t r o m a g n e t i c  s y s t e m  (Sinha, 1979) w a s  a l s o  t e s t e d  
in t h e  a r e a  in 1977. 

R e c e n t l y  Geonics  Ltd., T o r o n t o ,  has  in t roduced  a new 
ground e l e c t r o m a g n e t i c  res i s t iv i ty  mapping  s y t e m  ca l led  
EM 34 f o r  rapid r e c o n n a i s s a n c e  mapping  of t h e  ground.  This  
s y t e m  w a s  t e s t e d  in t h e  Al f red  a r e a  dur ing  t h e  s u m m e r  of 
1979  t o  d e t e r m i n e  i t s  e f f e c t i v e n e s s  as a mapping  tool .  This  
p a p e r  p r e s e n t s  t h e  r e s u l t s  o b t a i n e d  f r o m  t h a t  s u r v e y  a n d  
c o m p a r e s  t h a t  w i t h  s o m e  D.C. res i s t iv i ty  d a t a  o b t a i n e d  by 
P. Andr ieux  as w e l l  as w i t h  a d r i f t  t h i c k n e s s  m a p  of t h e  a r e a  
(Gwyn a n d  Thibaul t ,  1973). I t  should,  however ,  b e  m e n t i o n e d  
h e r e  t h a t  t h e  d e p t h  of inves t iga t ions  of t h e s e  s y s t e m s  a r e  
d i f f e r e n t  a n d  h e n c e  t o t a l  c o r r e l a t i o n  b e t w e e n  t h e  d a t a  sets 
f r o m  t h e  s u r v e y s  should n o t  b e  e x p e c t e d .  

Geology  o f  t h e  A r e a  

T h e  g e n e r a l  geo logica l  c h a r a c t e r i s t i c s  of t h e  a r e a  h a v e  
b e e n  d e s c r i b e d  a d e q u a t e l y  by Wilson (1946). T h e  a r e a  l i es  
just  s o u t h  of t h e  C a n a d i a n  Shield a n d  s o u t h  of O t t a w a  River .  
F i g u r e  43.1 shows t h e  l o c a t i o n  of t h e  s u r v e y  a r e a .  T h e  
bedrock  in t h e  a r e a  is  s i m i l a r  to t h a t  d e s c r i b e d  f o r  t h e  
O t t a w a  a r e a  (Wilson, 1946) which  c o n s i s t s  of P r e c a m b r i a n  
g r a n i t i c  rocks  a n d  G r e n v i l l e  t y p e  m e t a s e d i m e n t a r y  gne isses  
and  c r y s t a l l i n g  l imes tones .  T h e s e  rocks  a r e  over la in  in m o s t  
a r e a s  by rocks  of Ordovic ian  age .  T h e  l o w e r  Ordovic ian  
s e d i m e n t s ,  compr is ing  s e q u e n c e s  of s a n d s t o n e  and  d o l o m i t e  o r  
d o l i m i t i c  sands tones ,  w e r e  depos i ted  in a sha l low s e a  
t ransgress ing  f r o m  t h e  e a s t .  T h e  middle  Ordovic ian  
s e d i m e n t s  w e r e  mainly l imes tones .  T h e  upper  Ordovic ian  
s e d i m e n t s  in t h e  a r e a  cons is t  of s h a l e  w i t h  in te rbedded  
l i m e s t o n e  wi th  s h a l e  a t  t h e  b a s e  a n d  3 3  m f r o m  t h e  top.  

An i m m e n s e  h i a t u s  e n s u e d  b e t w e e n  t h e  depos i t ion  of 
u p p e r  Ordovic ian  s e d i m e n t s  a n d  t h e  beginning of t h e  g lac ia l  
period.  T h e  a r e a  w a s  t h e n  invaded  by t h e  C h a m p l a i n  S e a  
which depos i ted  sand  a n d  m a r i n e  c l a y  which  a r e  v e r y  
conduct ive .  A f t e r  t h e  C h a m p l a i n  S e a  r e c e d e d ,  f r e s h w a t e r  
r iver  c u r r e n t s  depos i ted  a l luv ium in s e v e r a l  a r e a s .  T h e  
e ros ion  of t h e  o lder  r o c k s  led t o  depos i t ion  of f r e s h w a t e r ,  
nonfossi l i ferous,  r u s t - m o t t l e d  c l a y  beds.  T h e  physical  
d i f f e r e n c e s  b e t w e e n  t h e  s e a  c l a y  a n d  f r e s h w a t e r  c l a y  
hor izons  m a y  b e  expla ined  by assigning t h e  o lder  o n e  t o  
m a r i n e  o r  b rackish  w a t e r  e n v i r o n m e n t  - t h e  C h a m p l a ~ n  S e a ,  
a n d  t h e  younger o n e  t o  a f r e s h w a t e r  l a c u s t r i n e  of f luvial  
e n v i r o n m e n t  of depos i t ion  - t h e  a n c e s t r a l  O t t a w a  R i v e r  
(Gadd,  1963). 

To  s u m m a r i z e ,  t h e r e f o r e ,  w e  h a v e  r e c e n t  s e d i m e n t s  a n d  
soil  a t  t h e  t o p  which  a r e  n o t  very  c o n d u c t i v e .  T h e s e  a r e  
underlain by very  c o n d u c t i v e  C h a m p l a i n  S e a  c l a y s  which a r e ,  
in tu rn ,  under la in  by r e s i s t i v e  s a n d s t o n e  a n d  d o l o m i t e  
hor izons  of Ordovic ian  age .  Very res i s t ive  P r e c a m b r i a n  r o c k s  
l i e  a t  t h e  b o t t o m  of t h e  sequence .  Bedrock is, however ,  q u i t e  
sha l low in s e v e r a l  p l a c e s  and  is exposed  a t  t h e  -surface in 
s e v e r a l  p l a c e s  n o r t h  of  Al f red  a n d  in t h e  s o u t h e r n  p a r t  of t h e  
a r e a .  

In t h i s  a r e a ,  i t  is  g e n e r a l l y  a c c e p t e d  t h a t  t h e  high 
c o n d u c t i v t y  of  t h e  ground is  a l m o s t  a l w a y s  d u e  to t h e  
p r e s e n c e  of c o n d u c t i n g  c l a y  beds. T h e  high res i s t iv i ty  
grounds,  o n  t h e  o t h e r  hand,  a r e  g e n e r a l l y  d u e  t o  t h e  p r e s e n c e  
of  d r y  s a n d  beds  o r  w h e r e  t h e  r e s i s t i v e  bedrock  is  v e r y  
sha l low o r  is  exposed  a t  t h e  s u r f a c e .  T h e r e f o r e ,  a r a p i d  
r e c o n n a i s s a n c e  res i s t iv i ty  s u r v e y  of  t h e  a r e a  should i n d i c a t e  
t h e  p r e s e n c e  a n d  t h e  e x t e n t  of t h e  c l a y  beds  a n d  a l s o  a r e a s  
w h e r e  t h e  b e d r o c k  i s  v e r y  shallow. 

D e s c r i p t i o n  o f  G e o n i c s  EM 34 

G e o n i c s  EM 34 i s  a por tab le ,  two-man,  d i r e c t  conduc-  
t i v i t y  r e a d i n g  i n s t r u m e n t .  T h e  pr inc ip le  of  o p e r a t i o n  of 
EM 34 i s  s t r a i g h t f o r w a r d .  F i g u r e  43.2 s h o w s  t h e  conf ig-  
u r a t i o n  of  t h e  s y s t e m  s c h e m a t i c a l l y .  A p o r t a b l e  t r a n s m i t t e r  
console  ( p o w e r e d  by 8 D c e l l s  a n d  weighing  3 kg) g e n e r a t e s  
a l t e r n a t i n g  c u r r e n t  a n d  is  f e d  t o  t h e  t r a n s m i t t e r  loop  T x  v ia  a 
sh ie lded  cab le .  T h e  a l t e r n a t i n g  c u r r e n t  f lowing t h r o u g h  t h e  
t r a n s m i t t e r  loop (Tx) c r e a t e s  a p r i m a r y  osc i l l a t ing  m a g n e t i c  
f ield a round i t .  T h e  pr imary  f ield i n t e r a c t s  w i t h  a n y  

l r es i s t iv i ty  i n d i c a t e s  t h e  p r o p e r t y  of a m a t e r i a l  which  r e s i s t s  t h e  f low of e l e c t r i c a l  c u r r e n t .  
T h e  r e c i p r o c a l  of res i s t iv i ty  is conduct iv i ty .  



Figure 43.1 Location map for the Geonics E M  34 survey in the Alfred area along with 
station positions. 
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Figure 43.2 Schematic representation o f  the E M  34 system 
in the vertical coplanar mode. 

conducting material in the ground producing eddy currents in 
the conductors. The eddy currents, in turn, generate 
secondary magnetic fields which may be picked up by a 
receiver coi l  (Rx) along wi th the primary field. The 
secondary f ie ld (which usually has a phase difference from 
the primary field) may be split into two components, namely, 
the real or the in-phase component which is in phase wi th the 
primary f ield and the quadrature or the out-of-phase 
component which is 90 degrees out of phase wi th the primary 
field. Both coils are, in general, placed on the ground in the 
vert ical coplanar mode. A reference cable (the cable may be 
10, 20 or 40 m long depending on the desired coi l  separation) 
is connected between the Tx loop and the receiver console for 
precise measurement of the distance between the Tx and the 
Rx loops. This wi l l  be explained later in detail. 

The output from the receiver coi l  Rx which consists of 
the sum of primary and secondary f ield contributions i s  fed to 
the receiver console. There the in-phase and the quadrature 
components are separated and since the quadrature part is 
directly related to ground conductivity, the apparent conduc- 
t i v i ty  of the ground may be read o f f  the instrument directly. 
The transmitter frequencies are 6.5 kHz, 1.6 kHz and 0.4 ltHz 
for the three coi l  separations of 10 m, 20 m and 40 m, 
respectively. Although the system is generally used wi th the 
coils in the vertical coplanar mode, they may also be used in 
the horizontal coplanar mode. The receiver console is 
powered by 8 C batteries and weighs 3.1 kg. The tcansmitter 
and the receiver loops weigh 7 kg and 3.2 kg respectively, 
while both of them have the same diameter of 63 cm. 

Since this is an inductive system, no ground contacting 
probes are needed for the survey. This is specially advan- 
tageous over dry, resistive and frozen terrain, where it is 
d i f f icul t  t o  send sufficient current into the ground using D.C. 
resistivity methods. There is also no need to carry measuring 
tapes or chains for survey work since the intercoi l  spacing is 
determined electronically. The system is quite portable too, 
the shipping weight of the system being 51 kg which f i t s  into 
a small wooden box with lengths and breadths of 74 cm and 
depth of 23 cm and which i s  supplied by the manufacturer. 
Thus it may be carried in the f ield easily by two operators. 
The batteries for the transmitter and the receiver consoles 
last 7 and 20 hours of continuous operation which is good for 
resistivity measurements a t  several hundred stations. 

The receiver console is calibrated to read the ground 
conductivity directly in  millimho/m. I f  the ground is 
homogeneous, the recorded conductivity w i l l  be the true 
conductivity of the ground. In the case of a layered ground, 
the recorded value w i l l  be the apparent conductivity. The 
receiver console has f ive conductivity ranges of 3, 10, 30, 100 
and 300 mmholm. Once the apparent conductivity has been 
obtained in mmholm, one may obtain the apparent resistivity 
of the ground in  ohm-m by dividing that number into 1000. 
Thus an ,apparent conductivity value of 20 mmho/m is 
equivalent to  50 ohm-m. 

Before beginning a survey, the battery levels of the 
transmitter and the receiver consoles and the zeros of the 
two meters in the receiver console (used for coil separation 
adjustment and for conductivity measurement) are checked. 
To operate the instrument, the coils are placed in a vertical 
coplanar mode by the two operators and the necessary 
connections are made. For surveying with 20 m coil 
separation, for example, the 20 m cable (the cable i s  
somewhat longer than 20 m to permit some f lexibi l i ty in  the 
movement of coils) is used as the reference cable, which 
serves as a crude measure of the distance. Once the two 
consoles are switched 'on' the receiver operator adjusts the 
distance between the coils till the 'real' dial in the receiver 
console reads zero which indicates that the distance between 
the two coils has been correctly set. The idea behind this 
technique of distance measurement by the use of the 'real' 
dial is based on the following: for a particular coil separation 
chosen, the reference cable carries a signal which would be 
identical to  the real part of the electromagnetic f ield 
received by the receiver coi l  for that coi l  separation. This 
reference signal is compared to  the real part  of the tota l  
f ield that is measured by the receiver coil. When they are 
identical, the 'real' dial in the receiver console reads zero, 
indicating that the distance between the two coils is 
correctly set. When the distance between the coils is not the 
same as the prescribed value, the 'real' dial w i l l  indicate 
either a positive or a negative reading depending on whether 
the distance i s  less or more than the prescribed value. The 
assumption in this method is that the ground is relatively 
resistive such that the real part of the secondary f ield is 
small. When this assumption is violated, a correction must be 
applied to the measured conductivity value. 

When the two coils are placed a t  the correct separation 
(as measured by zero value in the 'real' dial), the quadrature 
part of the secondary f ield may be used for determining 
ground conductivity. It may be shown thCoretically that when 
the ratio of the coil separation and the electrical skin depth1 
in the ground is much smaller than I, the quadrature part of 
the secondary f ield contains al l  the essential information 
about the ground. Furthermore, the quadrature part of the 
response is almost linearly related to  ground conductivity, 
thus permitting the instrument to be calibrated to read 
ground conductivity directly. In addition, under the above 
condition, the effective depth penetration of the system is 
determined by the intercoil separation only, and is 
independent of the skin depth, or ground conductivity. 
Therefore, electromagnetic sounding may be performed by 
varying the coil separation, analogous to  the way the D.C. 
resistivity soundings are done. 

Thus, the real part of the tota l  f ield is used for 
determining the correct separation betwren the coils while 
the quadrature part is used i n  conductivity determination. A 
consequence of using the quadrature part for conductivity 
determination i s  that the system is relatively insensitive to  
small variation in coil separation. A system using the real 
part for conductivity determination would, on the other hand, 
be extremely sensitive to changes In coil separation. The 
field survey is quite fast with this system and takes only a 
few minutes to get the ground conductivity value for each 

' Skin depth is the depth inside the earth a t  which the amplitude 
37 per cent of i ts  surface value. It is controlled by the ground 
of the alternating field. 

of a plane wave is attenuated to 
conductivity and the frequency 



s e p a r a t i o n .  If a l l  t h r e e  co i l  s e p a r a t i o n s  a r e  used a t  e a c h  
s t a t i o n ,  w e  h a v e  t h r e e  d i f f e r e n t  d e p t h  p e n e t r a t i o n s  and ,  thus ,  
in e f f e c t ,  w e  h a v e  e l e c t r o m a g n e t i c  sounding. 

R e s u l t s  and Discuss ions  

A t o t a l  of 134 s t a t i o n s  w e r e  o c c u p i e d  in t h e  a r e a .  
F i g u r e  43.1 s h o w s  t h e  l o c a t i o n  of t h e  s u r v e y  a r e a  a n d  t h e  
X m a r k s  i n d i c a t e  s t a t i o n  positions. T h e  a r e a  is  g e n e r a l l y  f l a t  
f a r m l a n d  w i t h  s e v e r a l  good a c c e s s  roads. T h e r e  a r e  s e v e r a l  
e x p o s u r e s  of bedrock  in t h e  a r e a  a s  shown in F i g u r e  43.1 
n o r t h  of Al f red  and in t h e  s o u t h e r n  par t .  T h e  main  a c c e s s  to 
t h e  a r e a  f r o m  O t t a w a  is  by h ighways  1 7  a n d  417. E l e c t r i c  
p o w e r  l ines  a r e  p r e s e n t  a long  m o s t  of t h e  r o a d s  b u t  i t  w a s  
observed  t h a t  t h e i r  in f luence  is min imal  if t h e  read ings  a r e  
t a k e n  80-100 m a w a y  f r o m  t h e m .  In t h e  c a s e  of high v o l t a g e  
power  lines, t h e  s t a t i o n  l o c a t i o n s  w e r e  t a k e n  a t  l e a s t  
400-500 m a w a y  f r o m  t h e  lines. 

In t h e  beginning,  a l l  t h r e e  coil s e p a r a t i o n s  w e r e  t r i e d ,  
b u t  a f t e r  a t r i a l  survey  i t  w a s  dec ided  t o  t a k e  m e a s u r e m e n t s  
wi th  t h e  20 m coi l  s e p a r a t i o n  only s i n c e  t h e  d e p t h  p e n e t r a t i o n  
is smal l  w i t h  10 m s e p a r a t i o n  and  t h e  noise levels ,  spec ia l ly  
s f e r i c  no ises  ( n a t u r a l  e l e c t r o m a g n e t i c  no ises  c a u s e d  by 
l igh tn ing  d ischarges)  w e r e  high at 4 0  m separa t ion .  T h e  t i m e  
c o n s t r a i n t  a l so  played a p a r t  in dec id ing  t o  s t i c k  w i t h  o n e  coil 
s e p a r a t i o n  of 20 m for  t h e  whole  a r e a .  

In g e n e r a l ,  t h e  s t a t i o n  l o c a t i o n s  w e r e  t a k e n  at a b o u t  
1.6 k m  i n t e r v a l s  e x c e p t  when  power l ine  i n f l u e n c e s  w e r e  t o o  
s t r o n g  or  w h e r e  a c c e s s  w a s  d i f f icu l t .  In a r e a s  w h e r e  
c o n d u c t i v i t y  v a l u e s  c h a n g e d  rapidly,  s t a t i o n s  w e r e  chosen  a s  
c l o s e  a s  100 m a p a r t .  Genera l ly ,  t h e  a r e a  exhib i t s  high 
ground conduct iv i ty  (low res i s t iv i ty )  b e c a u s e  of t h e  p r e s e n c e  
of c o n d u c t i v e  C h a m p l a i n  c l a y  l a y e r s  which  a r e  p r e s e n t  in 
m o s t  of t h e  a r e a  b e n e a t h  a th in  v e n e e r  of soil. B u t  t h e r e  a r e  
a l s o  a r e a s  c h a r a c t e r i z e d  by very high res i s t iv i ty  c a u s e d  e i t h e r  
by t h e  p r e s e n c e  of r e s i s t i v e  sand l a y e r s  or when t h e  bedrock  
is v e r y  sha l low o r  is exposed  a t  t h e  s u r f a c e .  

T w o  c o r r e c t i o n s  w e r e  appl ied  t o  t h e  r a w  a p p a r e n t  
c o n d u c t i v i t y  d a t a  o b t a i n e d  by EM 34. F i r s t ,  a l though t h e  
I n s t r u m e n t  h a s  b e e n  des igned  f o r  use  o v e r  a wide  v a r i e t y  of 
t e r r a i n ,  t h e  i n s t r u m e n t  r e s p o n s e  d e p a r t s  f r o m  l i n e a r i t y  f o r  
highly c o n d u c t i v e  ground.  F i g u r e  43.3 is  a p lo t  of t h e  
c o r r e c t i o n  d i a g r a m  which  shows t h e  r e l a t i o n  b e t w e e n  t h e  t r u e  
a n d  m e a s u r e d  a p p a r e n t  c o n d u c t i v i t y  va lues  f o r  a homo-  
g e n e o u s  ground.  T h e  c o r r e c t i o n  d i a g r a m  is  o b t a i n e d  
t h e o r e t i c a l l y  a n d  is  supplied by t h e  m a n u f a c t u r e r  of t h e  
i n s t r u m e n t .  When t h e  ground i s  poorly conduct ing ,  t h e  t r u e  
a n d  a p p a r e n t  c o n d u c t i v i t y  va lues  a r e  very  close. However ,  
f o r  good c o n d u c t i n g  ground,  t h e  d i v e r g e n c e  b e t w e e n  t h e  t w o  
b e c o m e s  s ign i f ican t .  T h e r e f o r e ,  a l l  observed  a p p a r e n t  
c o n d u c t i v i t y  va lues  w e r e  c o r r e c t e d  using F i g u r e  43.3. T h e  
s e c o n d  c o r r e c t i o n  a r i s e s  b e c a u s e  of  a n  e r r o r  in s e t t i n g  t h e  
co i l  s e p a r a t i o n  v a l u e  by using t h e  ' real '  d ia l  in t h e  r e c e i v e r  
c o n s o l e  w h e n  t h e  ground is  conduct ive .  T h e  previously 
d e s c r i b e d  m e t h o d  of s e t t i n g  d i s t a n c e  works  q u i t e  well  o v e r  
r e s i s t i v e  ground when t h e  s e c o n d a r y  in-phase ( rea l )  f i e ld  
c o m p o n e n t  i s  small .  However ,  o v e r  c o n d u c t i v e  ground,  t h e  
in-phase c o m p o n e n t  of t h e  f i e l d  r e c o r d e d  by t h e  r e c e i v e r  
would c o n t a i n  c o n t r i b u t i o n s  f r o m  b o t h  t h e  p r i m a r y  a n d  t h e  
s e c o n d a r y  fields. However ,  s i n c e  t h e  r e f e r e n c e  c a b l e  only 
c a r r i e s  a p r e d e t e r m i n e d  a m o u n t  of s igna l  for  c o m p a r i s o n  a t  
any  p a r t i c u l a r  co i l  s e p a r a t i o n ,  t r y i n g  t o  m a t c h  t h e s e  t w o  
f i e l d s  will r e s u l t  in a n  e r r o r  in d i s t a n c e  m e a s u r e m e n t .  T h a t ,  
in t u r n ,  will p r o d u c e  a n  e r r o r  in m e a s u r i n g  t h e  q u a d r a t u r e  
p a r t  of s e c o n d a r y  f ie ld ,  which  is  used in e s t i m a t i n g  ground 
conduct iv i ty .  It has  b e e n  e s t i m a t e d  (D.J. McNeil l ,  persona l  
c o m m u n i c a t i o n ,  1979) t h a t  f o r  g round r e s i t i v i t y  v a l u e s  of 20 
a n d  1 0  ohm-m, t h e  e r r o r s  in d i s t a n c e  m e a s u r e m e n t  would b e  
o f  t h e  o r d e r  of  3 a n d  7.5 p e r  c e n t ,  r e s p e c t i v e l y ,  a n d  so ,  
s i m i l a r  o r d e r  of e r r o r  in conduct iv i ty  e s t i m a t e s .  T h e r e f o r e ,  

TRUE CONDUCTIVITY (mmho/m) 

Figure 43.3 EM 34 correction diagram fo? a homogeneous 
ground fo.- the nonlinear response of the instrument for 
conductive media. 

a l l  m e a s u r e d  a p p a r e n t  c o n d u c t i v i t y  va lues  w e r e  c o r r e c t e d  f o r  
t h e  t w o  above-ment ioned  e r r o r s  b e f o r e  a t t e m p t i n g  any  
ana lys i s  of t h e  d a t a .  

F r o m  t h e  geophys ica l  po in t  of view, t h e  d o m i n a n t  
hor izon  in  t h e  reg ion  so f a r  as e l e c t r o m a g n e t i c  a n o m a l i e s  a r e  
c o n c e r n e d  is t h e  highly c o n d u c t i v e  C h a m p l a i n  S e a  c lays .  
T h e r e f o r e ,  t h e i r  p r e s e n c e  a n d  e x t e n t  would b e  ind ica ted  by 
high conduct iv i ty  grounds. Similarly,  t h e  p r e s e n c e  of highly 
r e s i s t i v e  b e d r o c k  o r  d r y  s a n d  beds  c l o s e  t o  t h e  s u r f a c e  would 
b e  i n d i c a t e d  by t h e  high res i s t iv i ty  z o n e s  in a n  equi res i s t iv i ty  
p l o t  o f  t h e  a r e a  o b t a i n e d  f r o m  EM 34 resu l t s .  F i g u r e  43.4 
shows a p lo t  of t h e  a p p a r e n t  res i s t iv i ty  of t h e  ground 
in ohm-m o b t a i n e d  f r o m  t h e  E,M 34  s u r v e y  w i t h  a co i l  
s e p a r a t i o n  of 20 m. T h e  c e n t r a l  a r e a  s o u t h  of A l f r e d  is  
c h a r a c t e r i z e d  by low res i s t iv i ty  ground which  i n d i c a t e s  t h a t  
t h i c k  c l a y  l a y e r s  a r e  possibly presen t .  S o m e  low res i s t iv i ty  
ground is p r e s e n t  n o r t h  of Al f red  a s  well ,  a l though t h e  
res i s t iv i ty  va lues  t h e r e  a r e  s o m e w h a t  higher t h a n  on  t h e  
s o u t h  s ide .  This is p resumably  b e c a u s e  t h e  c l a y  l a y e r s  a r e  n o t  
so th ick  a n d f b r  n o t  a s  c o n d u c t i v e  n o r t h  of Alfred.  T h e r e  a r e  
s e v e r a l  high res i s t iv i ty  a r e a s  n o r t h  a n d  w e s t  of A l f r e d  a n d  in 
t h e  s o u t h e r n  p a r t  of t h e  a r e a  w h e r e  t h e  a p p a r e n t  res i s t iv i ty  
va lues  r e a c h  500  ohm-m o r  g r e a t e r .  C o m p a r i n g  t h e  high 
res i s t iv i ty  a r e a s  wi th  t h e  bedrock  e x p o j u r e  l o c a t i o n s  shown in 
F i g u r e  43. l ,  t h e r e  s e e m s  t o  b e  a n  e x c e l l e n t  c o r r e l a t i o n  
b e t w e e n  them.  Only  in t h e  a r e a  w e s t  of Al f red ,  is  t h e  high 
res i s t iv i ty  ground n.st  s o  w e l l  c o r r e l a t e d  w i t h  b e d r o c k  
e x p o s u r e  ind ica t ion  presumably  b e c a u s e  t h e  bedrock  is 
c o v e r e d  by a th in  v e n e e r  of soil. This  v iew is c o n f i r m e d  by 
res i s t iv i ty  sounding  r e s u l t s  which  a r e  shown in F i g u r e  43.5. 

T h e  d i a g r a m  s h o w s  a c o n t o u r  m a p  of t h e  a p p a r e n t  
res i s t iv i ty  of t h e  ground o b t a i n e d  by D.C. S c h l u m b e r g e r  
soundings c o n d u c t e d  in 1968 f o r  a c u r r e n t  e l e c t r o d e  
s e p a r a t i o n  of 20 m. S i n c e  t h e r e  w e r e  only 62 res i s t iv i ty  
soundings in t h e  a r e a  c o m p a r e d  t o  134  E M  34  s t a t i o n s ,  t h e  
d e n s i t y  of c o v e r a g e  is  m u c h  g r e a t e r  in t h e  case of EM 34 
survey .  H e n c e ,  F i g u r e  43.4 shows much g r e a t e r  d e t a i l  a b o u t  
res i s i t iv i ty  var ia t ions  in t h e  a r e a .  T h e  a r e a s  d e s i g n a t e d  by H 
in F i g u r e  43.5 i n d i c a t e  regions w h e r e  t h e  a p p a r e n t  res i t iv i ty  
va lues  w e r e  very  high. 



Figure 43.4 Apparent resistivity of  the ground in ohm-m in the Alfred area obtained 
with the EM 34  system for  a coil separation of  20 m.  



Figure 43.5 Apparent resistivity of the ground in ohm-m in the Alfred area obtained 
from D.C. Schlumberger resistivity data with current electrode separation of  20 m.  
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T h e  g e n e r a l  s i m i l a r i t i e s  in F i g u r e s  43.4 a n d  43.5 a r e  
s t r i k i n g  cons ider ing  t h e  f a c t  t h a t  t h e s e  t w o  s y s t e m s  h a v e  
d i f f e r e n t  d e p t h  p e n e t r a t i o n s  a n d  t h e  m e t h o d s  a r e  based  on  
t w o  d i f f e r e n t  principles.  T h e  high a n d  low r e s i s t i v i t y  grounds  
m a t c h  v e r y  well  a l t h o u g h  t h e  a b s o l u t e  v a l u e s  of t h e  a p p a r e n t  
r e s i s t ~ v i t y  o b t a i n e d  by t h e  t w o  s y s t e m s  m a y  d i f fe r .  T h a t  is 
u n d e r s t a n d a b l e  s i n c e  t h e  ground i s  m u l t i l a y e r e d  a n d  b e c a u s e  
t h e  t w o  s y s t e m s  h a v e  d i f f e r e n t  d e p t h  pene t ra t ions .  A 
d e t a i l e d  ana lys i s  of t h e  D.C. sounding d a t a  will b e  published 
in f o r t h c o m i n g  publ ica t ion  (Sinha, in prep.). 

A d e t a i l e d  l i thological  m a p  of t h e  a r e a  is  unava i lab le  a t  
p resen t .  However ,  a d r i f t  t h i c k n e s s  m a p  h a s  b e e n  published 
by t h e  O n t a r i o  Geologica l  Survey  (Gwyn a n d  Thibaul t ,  1973) 
f o r  t h e  n o r t h  s i d e  of t h e  m a p  a r e a .  F i g u r e  43.6 shows t h e  
d r i f t  t h i c k n e s s  m a p  f o r  t h e  n o r t h e r n  half of  t h e  a r e a  a n d  has  
b e e n  p l o t t e d  b a s e d  o n  i n f d r m a t i o n  f r o m  wel l  d a t a  in t h e  a r e a .  
Al though t h e  p a r a m e t e r s  p l o t t e d  in F i g u r e  43.4 ( a p p a r e n t  
r e s i s t i v i t y )  a n d  F i g u r e  43.6 ( d r i f t  th ickness )  a r e  d i f f e r e n t ,  
t h e y  m a y  s t i l l  b e  used  f o r  s o m e  c o m p a r a t i v e  study.  T h e  a r e a s  
w i t h  l a r g e  d r i f t  t h i c k n e s s  values,  shown s o u t h  of Al f red ,  m a y  
b e  i d e n t i f i e d  in t h i s  reg ion  w i t h  t h i c k  c l a y  l a y e r s  a n d  h e n c e  of 
low res i s t iv i ty .  Ground w i t h  high a p p a r e n t  res i s t iv i ty  
g e n e r a l l y  i n d i c a t e s  a r e a s  w h e r e  t h e  bedrock  i s  exposed  o r  is  
v e r y  shallow. T h e s e  a r e a s  should g e n e r a l l y  c o i n c i d e  w i t h  v e r y  
low d r ~ f t  t h i c k n e s s  values.  Looking a t  F i g u r e s  43.4 and  43.6, 
i t  i s  c l e a r  t h e r e  i s  a d i s t i n c t  c o r r e l a t i o n  b e t w e e n  t h e  a r e a s  of 
high res i s t iv i ty  a n d  low d r i f t  th ickness .  O n  t h e  o t h e r  hand,  
t h e  low res i s t iv i ty  a r e a s  s o u t h  of Al f red  s e e m  t o  co inc ide  
w i t h  a r e a s  of t h i c k  c l a y  (high d r i f t  t h i c k n e s s  values). 

T h e r e f o r e ,  a r e c o n n a i s s a n c e  survey ,  w i t h  Geonics  EM 34 
should b e  a b l e  to d e t e c t  a n d  d e l i n e a t e  c o n d u c t i v e  C h a m p l a i n  
c l a y  layers  in t h e  a r e a  a n d  a l s o  reg ions  w h e r e  t h e  d r i f t  
th ickness  is  smal l .  A s u r v e y  w i t h  EM 34 m a y  a l s o  b e  
c o m p a r e d  t o  a D.C. res i s t iv i ty  survey.  While i t  t a k e s  1 5  to 
30  m i n u t e s  (in t h e  c a s e  of  v e r y  dry  ground)  a n d  a t  l e a s t  t h r e e  
o p e r a t o r s  t o  o b t a i n  t h e  a p p a r e n t  res i s t iv i ty  of t h e  ground f o r  
e a c h  e l e c t r o d e  s e p a r a t i o n  in a S c h l u m b e r g e r  a r r a y ,  a n  EM 34 
c a n  provide  a rough i d e a  a b o u t  t h e  p r e s e n c e  and  e x t e n t  of t h e  
c l a y  l a y e r s  ( f r o m  a p p a r e n t  res i s t iv i ty  values)  in a b o u t  f i v e  
m i n u t e s  f o r  e a c h  c o i l  s e p a r a t i o n ,  requi r ing  only  t w o  
o p e r a t o r s .  Another  a d v a n t a g e  of t h e  EM 34 s y s t e m  is t h a t  
being a n  i n d u c t i v e  s y s t e m ,  t h e r e  i s  n o  n e e d  f o r  g round 
c o n t a c t i n g  probes.  This  s p e e d s  u p  t h e  f i e l d  s u r v e y  
cons iderab ly  spec ia l ly  o v e r  r e s i s t i v e  a n d  f r o z e n  ground.  In 
f a c t ,  if a p p a r e n t  c o n d u c t i v i t y  va lues  a r e  d e t e r m i n e d  a t  a l l  
t h r e e  co i l  s e p a r a t i o n s  w i t h  EM 34, o n e  m a y  b e  a b l e  t o  
p e r f o r m  s o m e  pre l iminary  i n t e r p r e t a t i o n  w i t h  r e g a r d  t o  t h e  
t h i c k n e s s  a n d  c o n d u c t i v i t y  of t h e  ground f o r  s i m p l e  models .  
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Abstract 

A digital f i le  o f  topographic data has been transferred f r o m  XCM, t h e  Surveys and 
Mapping Branch cartographic sys t em,  t o  the departmental computer .  Programs wri t ten  locally,  
a s  well a s  POLYVRT,  SYMAP,  and CALFORM f r o m  the  Labratory for Computer Graphics of  
Harvard University,  have been used t o  manipulate and display t h e  data. T h e  feasibili ty o f  
transferring such informat ion t o  a varie ty  o f  f i le  structures and display devices  has been 
established. Work is planned to  proce.?s and merge other t ypes  of  digital map data wi th  digital 
topogaphic f i les .  

well as mini  c o m p u t e r  s y s t e m s  (Ellwood4,  U a r t i n ,  1975) a n d  
In t roduc t ion  d e v i c e s  as s i m p l e  a s  a d i g i t i z e r  console  (Cordon  e t  a]:). Such  

since 1973,  a series of pilot studies have examined t h e  c a r t o g r a p h i c  f i l es  d o  not  c o n t a l n  expl ic i t  labell ing of nodes  
u s e  of c o m p u t e r  t echnology  for  t h e  product ion  of  geologica l  ( junc t ions  of  line s e g m e n t s )  nor d o  t h e y  identify t h e  m a p  uni t s  

maps ( ~ ~ b ~ i ~ ,  1974; ~ ~ ~ ~ i ~ ~ ~ ~ - ~ ~ ~ h b ~ ~ ~  et M ~ ~ ~ , ~  a s  b e i n g  t o  t h e  r i g h t  o r  l e f t  of t h e  d i r e c t i o n  of digi t izing.  
Gordon2).  T h e s e  w e r e  e n c o u r a g i n g  a n d ,  a s  a resu l t ,  t h i s  T h e  l ines  a n d  poin ts  in Geologica l  Survey  c a r t o g r a p h i c  
p r o j e c t  w a s  es tab l i shed  t o  e x a m i n e  t h e  feas ib i l i ty  of us in5  f i l e s  r e p r e s e n t  only geological da ta .  -rhese must be super- 
d ig i ta l  c a r t o g r a p h i c  d a t a  f o r  s c i e n t i f i c  appl ica t ions  a s  well a s  imposed on a topographic base ior final publication. u n t i l  
m a p  production.  This  s tudy  h a s  e x a m i n e d  t h e  n a t u r e  o f  t h e  t o p o g r a p h i c  d a t a  a r e  rou t ine ly  ava i lab le  in d ig i ta l  f o r m ,  
d a t a  a v a i l a b l e  f r o m  var ious  d ig i t i z ing  s y s t e m s ,  t h e  d a t a  photomechanical  techniques will be required to combine 
s t r u c t u r e s  requi red  f o r  var ious  appl ica t ions ,  and  t e s t s  h a v e  geologica l  a n d  topographic  d a t a  f o r  p roduct ion  of f inal  p la tes .  
b e e n  m a d e  of c o m m e r c i a l l y  ava i lab le  s o f t w a r e  for  
manipula t ion  and  display of m a p  informat ion .  

D a t a  S t r u c t u r e s  f o r  S c i e n t i f i c  Appl ica t ions  

D i g i t a l  C a r t o g r a p h i c  D a t a  It is genera l ly  a c c e p t e d  t h a t  c o m p u t e r  ass i s ted  
c a r t o g r a p h y  IS ra re ly  c o s t  e f f e c t i v e  f o r  m a p  product ion  a l o n e  

I t  be at the  Outset that the  (Rhind ,  1977). For th i s  reason ,  c a r t o g r a p h i c  s y s t e m s  should 
i n t e r e s t  h e r e  p o r t r a y  reg iona l  b e d r o c k  o r  s u r f i c i a l  geology.  pro\,ide f a c i l i t i e s  f o r  a v a r i e t y  of  uses. As t h e  n u m b e r  of 
Dig i ta l  p rocess ing  f o r  t h e  product ion  of s ing le  P a r a m e t e r  d ig i ta l  m a p s  grows ,  t h i s  will h a v e  t h e  addi t iona l  b e n e f i t  o f  
m a p s  ( for  e x a m p l e  o f  u n i n t e r p r e t e d  g e o c h e m i s t r ~ )  h a s  n o t  ensur ing  t h a t  d i f f e r e n t  r e s e a r c h e r s  u s e  a c o m m o n  geologica l  
b e e n  cons idered .  Geologica l  m a p s  r e q u i r e  c o n s i d e r a b l e  base. 
i n t e l l e c t u a l  input  and  manual  compi la t ion .  C o m p u t e r  
p rocess ing  of s u c h  d a t a  t h e r e f o r e  m u s t  a l w a y s  involve t h e  D a t a  s t r u c t u r e s  used  in process ing  d ig i ta l  m a p  d a t a  
convers ion  of t h e  a n a l o g u e  d a t a  o n  a sc ien t i s t ' s  m a n u s c r i p t  h a v e  evolved  i n t o  t w o  main  types :  topologic s t r u c t u r e s  
m a p  t o  d ig i ta l  f o r m .  ( C h r i s m a n ,  1977) in which s p a t i a l  d a t a  a r e  manipula ted  a s  

polygons, lines, a n d  points;  a n d  g r ~ d d e d  s t r u c t u r e s  
Although t h e r e  a r e  var ious  d e v i c e s  for  a u t o m a t i c  l ine  (Dut ton ,  1976) in which the da ta  are processed as a mat r ix  of 

fo l lowing  o r  s c a n n i n g  a m a n u s c r i p t  d o c u m e n t ,  t h e y  a r e  (usually) equally cells. 
r e l a t i v e l y  e x p e n s i v e  a n d  o f t e n  d o  not  p rovide  t h e  reso lu t ion  
requi red  f o r  m a p  product ion  ( ~ o y l e ~ ;  van  Zuij len,  1975;  Topologic s t r u c t u r e s  provide  t w o  a d v a n t a g e s  of 
p. ~ ~ ~ ~ ~ ~ ~ h ,  personal c o m m u n ~ c a t ~ o n ,  1978). is therefore p a r t i c u l a r  i n t e r e s t  t o  th i s  s tudy.  F i r s t ,  t h e  reso lu t ion  of t h e  
p r o b a b l e  t h a t  a n y  c a r t o g r a p h i c  s y s t e m  used  by t h e  Geologica l  o r ig ina l  d ig i t i z ing  c a n  b e  economica l ly  r e t a i n e d .  Displays of 
survey involve line following.  hi^ type of t h e  d a t a  m a y  show a l l  of  t h e  d e t a i l s  of t h e  original  l ine work  
d ig i t i z ing  p r o d u c e s  s t r i n g s  of X-y co-ord ina tes  a p p r o x i m a t i n g  a n d  h e n c e  b e  e s t h e t i c a l l y  pleasing- M o r e  i m p o r t a n t l y ,  th i s  
t h e  l i n e s  on a m a n u s c r i p t  map.  reso lu t ion  m a y  b e  requi red  by a p a r t i c u l a r  s c i e n t i f i c  s tudy  

(e.g. Sproll  a n d  D i e t z ,  1969). Second,  s p a t ~ a l  re la t ionsh ips  in 
A t  p r e s e n t ,  d ig i ta l  d a t a  a r e  used by c a r t o g r a p h e r s  at t h e  d a t a  a r e  expl ic i t .  A s i n g l e  polygon ( m a p  uni t )  o r  l ine  

the .Geologica1  S u r v e y  t o  p r o d u c e  s e l e c t e d  high q u a l i t y  plots-  ( c o n t a c t )  c a n  b e  r e f e r e n c e d  a n d  m a n i p u l a t e d  as a c o m p l e t e  
This r e q u i r e s  only t h a t  t h e  d ig i t i zed  l ine  s e g m e n t s  b e  labe l led  e n t i t y .   hi^ is pa r t icu la r ly  u s e f u l  for ;Ipplications i n  
w i t h  a l ine  t y p e  ( f o r  s c r i b e c o a t  symbol iza t ion)  a n d  w i t h  s p a t i a l  c o h e r e n c e  is i m p o r t a n t ,  f o r  e x a m p l e  c o m p u t e r  s imula-  
i d e n t i f i e r s  of t h e  t w o  m a p  uni t s  s e p a r a t e d  by t h e  l ine  ( f o r  t i o n  of plate m o t i o n  o r  axial  projection of deformed bodies 
p e e l c o a t  c o l o u r  separa t ion . )  This  i n f o r m a t i o n  c a n  b e  (e.g. S tockwel l ,  1950). Po lygons  a l s o  f o r m  t h e  basis  o f  
p roduced  by l a r g e  s c a l e  d ig i t i z ing  s y s t e m s  (Young,  1978) as r e t r i e v a l  f r o m  many a r c h i v a l  f i les .  Dig i ta l  o u t l i n e s  of  

s t r u c t u r a l  p rovinces  or m e t a m o r p h i c  zones ,  fo r  e x a m p l e ,  
XCM feas ib i l i ty  s t u d y  i n t e r i m  r e p o r t ;  Nov., 1977, i n t e r n a l  may be used to select data indexed only by geographic 
r e p o r t .  co-ord ina tes .  

Pre l iminary  e v a l u a t i o n  of s y s t e m s  f o r  c o m p u t e r - a s s i s t e d  G r i d  o r  r a s t e r  s t r u c t u r e s  a r e  c o m m o n l y  used w h e r e  t h e  
c a r t o g r a p h y  in t h e  Geologica l  Survey of C a n a d a ,  d a t a  t o  b e  processed  h a v e  no  a pr ior i  d o m a i n  s t r u c t u r e .  In 
May, 1977,  i n t e r n a l  r e p o r t .  f a c t  t h e  o b j e c t i v e  in s tudying  s u c h  d a t a  is o f t e n  t o  d i scover  

3 A report on tests carried out on the calspan automatic line s p a t i a l  c o r r e l a t i o n s  w h e n  such,relat ionships a r e  unknown, 
digitization sytem for t h e  ~ ~ ~ l ~ ~ i ~ ~ l  survey of canada ;  a s s u m e d  not  to ex is t ,  o r  ignored. T h e  e n o r m o u s  i n v e s t m e n t  in 
May,  1976, i n t e r n a l  r e p o r t .  p rocess ing  of s a t e l l i t e  i m a g e r y  has  resu l ted  in a l a r g e  number  

of a l g o r i t h m s  and  s y s t e m s  for  grid and r a s t e r  processing.  
C o m p u t e r  p r o g r a m  FINGER. In te rna l  r e p o r t  1975. 

L i n e a m e n t  m e a s u r e m e n t  s y s t e m ;  Sept .  1978, i n t e r n a l  
repor t ,  30  1 





Gridded  d a t a  a r e  used in t h e  s t a t i s t i c a l  ana lys i s  of 
geo logica l  v a r i a b l e s  (e.g. A g t e r b e r g  e t  al.,  1971) a n d  spec ia l  
s y s t e m s  h a v e  b e e n  deve loped  t o  p r o c e s s  geologica l  m a p  d a t a  
in m a t r i x  f o r m  (Fabbr i  e t  al., 1978). Another  i m p o r t a n t  u s e  
of g r ~ d  s t r u c t u r e s  o c c u r s  in t h e  product ion  of c o m p u t e r  
g r a p h i c s  w h e t h e r  t h e  d a t a  o r i g i n a t e  a s  topologica l ly  d e f i n e d  
polygons  o r  a s  m a t r i c e s .  P l o t s  p roduced  by l ine  p r i n t e r s  or 
t h e  c o l o u r  p l o t t e r  visibly show t h e i r  g r idded  origin,  whi le  
s y m b o l i z a t i o n  a n d  shading  r o u t i n e s  used  o n  p e n  p l o t t e r s  a n d  
C R T  d e v i c e s  r e q u i r e  convers ion  of d a t a  to scan-l ine ( r a s t e r )  
forms .  

S o f t w a r e  f o r  D a t a  T r a n s f o r m a t i o n  

I t  is  a p p a r e n t  t h a t  t h e  s u c c e s s f u l  a p p l i c a t i o n  of d i g i t a l  
c a r t o g r a p h i c  f i l e s  in a v a r i e t y  of  s c i e n t i f i c  u s e s  r e q u i r e s  t h a t  
t h e  original  labelled l ine s e g m e n t s  b e  r e s t r u c t u r e d  t o  b o t h  
topologica l  a n d  gr idded  forms .  

F o r t u n a t e l y ,  a l g o r i t h m s  and  p r o g r a m s  e x i s t  t h a t  will 
p e r f o r m  m a n y  of t h e  o p e r a t i o n s  requi red .  POLYVRT 
( P e u c k e r  a n d  C h r i s m a n ,  1975; L a b o r a t o r y  f o r  C o m p u t e r  
Graphics ,  1974) is  a p r o g r a m  which  t r a n s f o r m s  f i l e s  b e t w e e n  
var ious  topologic  s t r u c t u r e s  a s  well a s  providing pro jec t ion  
a n d  g e n e r a l i z a t i o n  subrout ihes .  T h e  v e n e r a b l e  S Y M A P  
p r o g r a m  (Dougenik a n d  Sheehan ,  l977),  widely used f o r  
p roduct ion  of l ine  p r i n t e r  maps,  op t iona l ly  p r o d u c e s  a f i l e  
c o n t a i n i n g  a g r i d d e d  r e p r e s e n t a t i o n  of  input  polygons. 
C A L F O R M  ( L a t h a m  a n d  White,  1978), a p r o g r a m  f o r  
producing s h a d e d  m a p s  on  pen p l o t t e r s  a n d  C R T  d e v i c e s ,  
a l o n g  w i t h  POLYVRT a n d  SYMAP, a r e  c o m m e r c i a l l y  
a v a i l a b l e  p r o d u c t s  of t h e  L a b o r a t o r y  f o r  C o m p u t e r  G r a p h i c s  
a n d  S p a t i a l  Analysis  of t h e  G r a d u a t e  School of Design a t  
H a r v a r d  Universi ty.  

T h e s e  programs,  modi f ied  w h e r e  necessary ,  a s  wel l  a s  
s e v e r a l  local ly w r i t t e n  rou t ines ,  h a v e  b e e n  used in t h e  t e s t  
s t u d y  d e s c r i b e d  below. 

T e s t  S t u d y  

Input  D a t a  

Dig i ta l  p rocess ing  of  geologica l  m a p  d a t a  wi l l  
u l t i m a t e l y  r e q u i r e  t h e  incorpora t ion  of  d i g i t a l  t o p o g r a p h i c  
d a t a ,  espec ia l ly  w a t e r  f e a t u r e s .  Both d a t a  t y p e s  o r i g i n a t e  a s  
labe l led  l ine  s e g m e n t s .  B e c a u s e  of  t h e s e  f a c t o r s ,  i t  w a s  
d e c i d e d  to begin  t h e  s t u d y  w i t h  a t o p o g r a p h i c  f i le .  T h e  a r e a  
c h o s e n  inc ludes  t h e  s o u t h e r n  por t ion  of NTS 5 6  A a s  well a s  
p a r t s  of adjoining m a p  s h e e t s .  A 1:250 0 0 0  m a p  of w a t e r  
f e a t u r e s  w a s  e x p e r t l y  d ig i t i zed  by Geologica l  S u r v e y  s t a f f  
m e m b e r s  S. Junginger-Frohberg,  J.A. King, and  B. Mainville. 
T h e  s o f t w a r e  used w a s  t h e  S u r v e y s  a n d  Mapping Branch  
c a r t o g r a p h i c  s y s t e m  XCM, which  wil l  e v e n t u a l l y  c o n t a i n  a 
d ig i ta l  t o p o g r a p h i c  b a s e  f o r  C a n a d a  (Young,  1978). 

T h e  d i g i t a l  in format ion ,  o b t a i n e d  as a Dig i ta l  
E q u i p m e n t  b inary  t a p e  f i l e ,  w a s  t r a n s f e r r e d  t o  t h e  d e p a r t -  
m e n t a l  C o n t r o l  D a t a  C y b e r  74 using a program w r i t t e n  
by G.M. Mar t in .  T h e  resu l t ing  f i l e  c o n s i s t e d  of  a s e r i e s  
of  sequent ia l ly  n u m b e r e d  l ines,  r e p r e s e n t e d  by t h e i r  X-y 
co-ord ina tes ,  a n d  labe l led  a s  t o p o g r a p h i c  f e a t u r e s  ( lakeshore ,  
r iver ,  c o a s t l i n e ,  etc.). 

Topologica l  re la t ionsh ips  in t h e  t e s t  f i l e  a r e  simple.  
T h e r e  a r e  t w o  main  polygon t y p e s  - w a t e r  a n d  main land  - 
e a c h  c o n t a i n i n g  o u t l i e r s  of t h e  o t h e r  ( lakes  wi th in  t h e  land 
mass,  i s lands  wi th in  water ) .  In t u r n  s o m e  of t h e  lakes  
t h e m s e l v e s  c o n t a i n  islands. 

POLYVRT r e q u i r e s  t h a t  input  d a t a  c o n t a i n  polygon 
i d e n t i f i e r s  a n d  n o d e  labels .  T h e  program c h e c k s  t h e  
topologica l  c o n s i s t e n c y  of t h e  input  t o  e n s u r e  t h e  m a p  is 

m a d e  of c l o s e d  polygons, a n d  a s s e m b l e s  i n t e r n a l  t a b l e s  of 
p o i n t e r s  b e t w e e n  polygons, nodes,  a n d  c h a i n s  (lines). T h e  
or ig ina l  d ig i t i z ing  d e l i b e r a t e l y  used  t h e  p r o c e d u r e  f o r  a 
s t a n d a r d  t o p o g r a p h i c  m a p  a n d  h e n c e  did n o t  h a v e  a l l  t h e  
r e q u i r e d  d a t a .  It w a s  thus  necessary  t o  p e r f o r m  t h e  fo l lowing  
s e r i e s  of pre-processing opera t ions .  

I .  S o m e  l inear  f e a t u r e s ,  s u c h  a s  s t r e a m s ,  did not  c o n t r i b u t e  
t o  t h e  polygon s t r u c t u r e  of t h e  f i le .  Al though P O L Y V R T  
will handle  s u c h  f e a t u r e s ,  t h e y  w e r e  d e l e t e d  t o  s a v e  
process ing  cos t s .  

2. T h e  n u m b e r  of po in ts  in t h e  or ig ina l  f i l e  w a s  d e t e r m i n e d  
by d ig i t i z ing  s y s t e m  a n d  t h e  reso lu t ion  requi red  f o r  m a p  
product ion .  T h e  a lgor i thm of Douglas  and  P e u c k e r  (1973) 
w a s  used  t o  r e d u c e  t h i s  n u m b e r  whi le  r e t a i n i n g  a 
reso lu t ion  of  o n e  mil .  This  d e c r e a s e d  t h e  n u m b e r  of 
.po in ts  f r o m  122728 t o  8 0 4 1 3  a n d  provided a propor t iona l  
r e d u c t i o n  in subsequent  cos t s .  

3. Pre l iminary  p lo ts  of var ious  f e a t u r e  t y p e s  w e r e  m a d e  t o  
e n s u r e  c o n s i s t e n t  labelling. T h e  l ine  def in ing  a n  is land in 
a r iver ,  f o r  e x a m p l e ,  original ly m i g h t  b e  c o r r e c t l y  
iden t i f ied  e i t h e r  a s  a n  is land or  a s  a r iver  boundary.  
Where  necessary ,  l abe ls  in t h e  or ig ina l  f i l e  w e r e  changed .  

4. I n t e r s e c t i o n s  of t h e  m a p  n e a t l i n e  w i t h  t o p o g r a p h i c  
f e a t u r e s  w e r e  iden t i f ied  o n  pre l iminary  plots .  T h e s e  
po in ts  w e r e  used to d iv ide  t h e  d i g i t i z e d  n e a t l i n e  i n t o  a 
s e r i e s  of s e g m e n t s  e a c h  of which  w a s  labe l led  a s  bounding 
w a t e r ,  land,  o r  a n  island. This  ensured  c l o s u r e  of polygons 
o n  t h e  per iphery  of t h e  map.  

5. C o d e s  for  t h e  polygon t y p e s  on oppos i te  s ides  of e a c h  l ine  
w e r e  g e n e r a t e d  by a subrout ine  which  a l s o  labe l led  e a c h  
n o d e  w i t h  a n  iden t i f ie r  b a s e d  on  i t s  X-y co-ordinates.  This  
e f f e c t i v e l y  g i v e s  a d j a c e n t  l ine  end  poin ts  (nodes)  i d e n t i c a l  
iden t i f ie rs .  It is a t r i b u t e  t o  t h e  e x p e r t i s e  of t h e  
d ig i t i z ing  t e a m  t h a t  t h e  co-ord ina tes  of on ly  5 n o d e s  of a 
t o t a l  of  1938 requi red  modi f ica t ion .  

Manipula t ion  

O n c e  t h e  f i l e  w a s  in POLYVRT f o r m a t ,  i t  b e c a m e  
poss ib le  t o  p e r f o r m  t h e  fo l lowing  opera t ions :  

I )  T r a n s f o r m a t i o n  of t h e  d a t a  a t  a n y  s c a l e  t o  any  
m a t h e m a t i c a l  m a p  pro jec t ion ;  2) r e d u c t i o n  of t h e  n u m b e r  of 
po in ts  using t h e  Douglas -Peucker  a l g o r i t h m ;  a n d  3 )  o u t p u t  of 
t h e  d a t a  d i r e c t l y  a s  a plot  or in a f o r m  a c c e p t e d  by e i t h e r  
S Y M A P  (for  grid convers ion  a n d  l ine  p r i n t e r  plots)  o r  
C A L F O R M  (for  p e n  p l o t t e r  a n d  C R T  plots). 

F i g u r e  44.1 i l l u s t r a t e s  t h e  r e s u l t s  of apply ing  t h e  
g e n e r a l i z a t i o n  a l g o r i t h m  and  p lo t t ing  at propor t iona l ly  
r e d u c e d  scales.  T h e  d e v i c e  used f o r  t h e s e  drawings  w a s  t h e  
Geologica l  Survey  of C a n a d a  €AI f l a t  bed p lo t te r .  T h e  d e t a i l  
level  of e a c h  poin t  is s t o r e d  in t h e  P O L Y V R T  i n t e r n a l  f i le ,  
making  i t  possible t o  ga in  c o n s i d e r a b l e  sav ings  in p l o t t e r  t i m e  
o n  r e t r i e v a l s  t h a t  d o  not r e q u i r e  t h e  reso lu t ion  of t h e  original  
d a t a .  

Display 

In addi t ion  to t h e  EAI p l o t t e r ,  t h e r e  a r e  s e v e r a l  
c o m m o n l y  used display d e v i c e s  a v a i l a b l e  t o  t h e  Geologica l  
Survey.  In-house t h e s e  a r e  a n  Applicon c o l o u r  ink j e t  p l o t t e r  
a n d  s e v e r a l  Tekt ronix  C R T  t e r m i n a l s .  T h e  D e p a r t m e n t a l  
C o m p u t e r  S c i e n c e  C e n t r e  s u p p o r t s  a C a l c o m p  l 0 5 1  pen  
p l o t t e r  a n d  l ~ n e  p r i n t e r s  a n d  m a i n t a i n s  t h e  Tekt ronix  a n d  
Applicon s o f t w a r e .  

E a c h  of t h e s e  d e v i c e s  w a s  used t o  p r o d u c e  a plot of t h e  
d a t a .  T o  r e d u c e  costs t h e  m a p  w a s  g e n e r a l i z e d  to a 
reso lu t ion  of 0.01 inches.  Resul t s ,  exc luding  Tekt ronix  
o u t p u t ,  a r e  shown in F igure  44.2. 





A. Softtvare - SYMAP; device - line printer 
B. Software - SLICE, CALFORM; device - Calcomp 1051 
C. Software - FLASH; device - Applicon 
D. Software - POLY V R T ;  device - EAI 
E. Software - XCM; device - SW-veys and Mapping plotter 

Figure 44.2. Output from various devices. Scale bar 
originally 5 cm. 



T h e  l ine  p r i n t e r  m a p  w a s  produced  a t  double  s c a l e  using 
a f i l e  g e n e r a t e d  by POLYVRT and  passed d i rec t ly  t o  SYMAP. 
P h o t o  r e d u c t i o n  w a s  requi red  t o  p r o d u c e  t h e  f inal  map.  T h e  
symbol  used w a s  a s ~ n g l e  period,  a l though S Y M A P  perrrllts 
a n y  c o m b i n a t i o n  of u p  t o  f o u r  super imposed  p r i n t e r  symbols.  
T h e  opt iona l ly  a v a i l a b l e  d i g ~ t a l  grid w a s  no t  p roduced ,  bu t  
would c o n t a i n  a v a l u e  f o r  e a c h  grid point  on t h e  map.  Such a 
f i l e  would b e  eas i ly  processab le  by inos t  g r id  manipula t ion  
p r o g r a m s .  

T h e  C a l c o m p  1051 w a s  used  t o  p r o d u c e  t h e  shaded  l ine  
plot ,  w i t h  C A L F O R M  g e n e r a t i n g  t h e  p l o t t e r  c o m m a n d s .  
B e c a u s e  of m e m o r y  c o n s t r a i n t s  in CALFOKM, t h e  input  f i l e  
w a s  no t  ob ta ined  d i r e c t l y  f r o m  POLYVRT. Ins tead ,  a n  
i n t e r m e d i a t e  p r o g r a m  w a s  used  t o  "slice" a S Y M A P  f o r m a t t e d  
f i l e  i n t o  s t r i p s  and g e n e r a t e  a CALFORRil input  f i l e  f o r  e a c h  
s t r ip .  Again,  t h e  ful l  r a n g e  of a v a i l a b l e  symbol iza t ion  is no t  
i l l u s t r a t e d  by t h e  f igure .  

B e c a u s e  co lour  c a n n o t  b e  reproduced  in th i s  publ ica t ion ,  
F i g u r e  44.2 i l l u s t r a t e s  p a r t  of a grey-sca le  plot  ob ta ined  f r o m  
t h e  Applicon co lour  p l o t t e r .  D. Ellwood of t h e  Geologica l  
S u r v e y  deve loped  t h i s  p r o c e d u r e  a s  p a r t  of a c o m p r e h e n s i v e  
m a p  product ion  s y s t e m .  

T h e  s o f t w a r e  for  th i s  d e v i c e  inc ludes  a subrout ine  t h a t  
a l l o w s  t h e  p l o t t i n g  of crlosed polygons, w i t h  t h e  r e s t r ~ c t i o n  
t h a t  t h e  X-y c o - o r d i n a t e s  mus t  all b e  in f a s t  mernory.  T h e  
s t r a t e g y  used f o r  t h e  t e s t  m a p  w a s  t o  c o v e r  t h e  c o m p l e t e  plot  
a r e a  w i t h  t h e  symbol iza t ion  for  land a r e a ;  t o  t h e n  super -  
i m p o s e  t h e  symbol iza t ion  f o r  w a t e r  (in t h i s  c a s e  a blank); a n d  
f inal ly t o  plot  t h e  islands. 

.A p o r t i o n  of a n  E:1I p lo t ,  d i r e c t l y  produced  by 
POLYVRT is  a l s o  i l l u s t r a t e d  by F i g u r e  44.2, a long  \vith a 
s c r i b e  of t h e  or ig ina l  d a t a  produced  by t h e  Survey  a n d  
Mapping Branch  c a r t o g r a p h i c  s y r t e m .  T h e  ful l  EAI plot  
c o n t a i n s  only 2 2  per  c e n t  of t h e  original  d a t a  points, bu t  h a s  a 
s a t i s f a c t o r y  reso lu t ion  f o r  m a n y  appl ica t ions .  

C o s t s  

For th l s  s tudy ,  modi f ica t ions  t o  t h e  Harvard  p r o g r a m s  
w e r e  k e p t  t o  a minimum. Process ing  c o s t s  c o u l 6  b e  
cons iderab ly  r e d u c e d  by maklng  t h e  p r o g r a m s  d a t a  d e p e n d e n t  
a n d  ta i lo r ing  t h e m  t o  a p a r t i c u l a r  appl ica t ion .  Nonethe less ,  
t h e  r e l a t i v e  c o s t s  a r e  ins t ruc t ive .  Exclusive of d i s c o u n t s  for  
o v e r n i g h t  and  weekly  t u r n a r o u n d ,  t h e y  were :  

L ine  p r i n t e r  $23.09 

C a l c o m p  $124.69 

Applicon $128.67  

EAI $ 9 . 0 3  

It is c l e a r  t h a t  shading  or  symbol iza t ion  of polygons is 
r e l a t i v e l y  expens ive  w h e n  c o m p a r e d  w i t h  l ine drawing.  L ine  
p r i n t e r  m a p s  o f f e r  a n  i m p o r t a n t  a l t e r n a t i v e  t o  o t h e r  f o r m s  of 
polygon display a n d  a r e  a d e q u a t e  f o r  many applicat ions.  

Conclusions 

l. It is f e a s i b l e  t o  t r a n s f e r  a f i l e  f r o m  Surveys  and  [Mapping 
c a r t o g r a p h i c  s y s t e m  t o  t h e  d e p a r t m e n t a l  c o m p u t e r  a n d  
r e s t r u c t u r e  t h e  d a t a  t o  f o r m s  usefu l  in o t h e r  appl ica t ions .  

2. Such  r e s t r u c t u r i n g  presen t ly  involves s o m e  manual  
i n t e r v e n t i o n  to e n s u r e  topologica l  c o n s i s t e n c y  of t h e  d a t a .  

3. Various d e v i c e s  m a y  b e  used  t o  display t h e  d a t a ,  a l though 
t h e  l ine  pr in te r  o f f e r s  a d e q u a t e  resu l t s  a t  low c o s t .  

F u t u r e  Work 

S o f t w a r e  h a s  b e e n  a c q u i r e d  t h a t  will p e r m i t  t h e  
m e r g i n g  of o t h e r  d ig i ta l  f i l es  wi th  a topographic  base.  T e s t s  
of  t h e s e  p r o g r a m s  will b e  c a r r i e d  o u t  dur ing  t h e  n e x t  year .  

A c k n o w l e d g m e n t s  

This s t u d y  would no t  h a v e  b e e n  possible w i t h o u t  t h e  
a s s i s t a n c e  of many people.  In addi t lon  t o  t h o s e  ment ioned  in 
t h e  t e x t ,  I would l ike t o  t h a n k  T. S c a g a ,  K. Kneisly,  
G. L e c l e r c ,  and  G. F a h e y  for  t h e i r  skill in ob ta in ing  u s e a b l e  
p l o t s  f r o m  o f t e n  r e c a l c i t r a n t  h a r d w a r e .  
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P E T R O G R A P H I C  A N D  G E O C H E M I C A L  INVESTIGATION O F  IRON FORMATION 
A N D  O T H E R  IRON-RICH R O C K S  IN BATHURST DISTRICT, NEW BRUNSWICK 

S.I. Saif ' 
E c o n o m i c  Geology  Division 

Saif, S.I., Petrographic and geochemical investigation of iron formation and other iron-rich 
rocks in Bathurst District, New Brunswick; h Current Research Part A, Geological Survey of 
Canada, Paper 80-lA,  p .  309-317, 1980. 

Abstract 

The Tetagouche Group, a metamorphosed volcano-sedimentary complex of Middle 
Ordovician age, underlies much of the Bathurst-Newcastle district. It hosts numerous massive 
sulphide deposits which may be a facies of iron formation, and some of these deposits are of 
great economic significance. Extreme structural and stratigraphic complexities, poor expostre 
and the occurrence o f  a variety of  iron-rich rocks at di f ferent  stratigraphic levels, have 
combined to make correlation of the ore horizons and the other associated iron formations 
di f f icult .  

Five different types of iron-rich rocks have been identified on the basis of field, 
petrographic and chemical investigation. Their geochemical characteristics may ultimately be 
used to distinguish the type of iron-rich rocks associated with the massive sulphide bodies in the 
Tetagouche Group. 

In t roduc t ion  a n d  S a m p l e  L o c a l i t i e s  

F ie ldwork ,  c a r r i e d  o u t  in O c t o b e r ,  1978, w a s  malnly 
a i m e d  a t  co l lec t ing ,  for  p e t r o g r a p h i c  and  g e o c h e m i c a l  
purposes,  s a m p l e s  of iron f o r m a t i o n  and o t h e r  iron-rich r o c k s  
in t h e  T e t a g o u c h e  G r o u p  cf t h e  B a t h u r s t - N e w c a s t l e  a r e a .  
D u e  t o  e x t r e m e  s t r u c t u r a l  a n d  s t r a t i g r a p h i c  complexi t ies ,  t h e  
r e l a t i v e  s t r a t i g r a p h i c  pos i t ions  of t h e s e  r o c k s  a r e  unknown 
a l though s o m e  of t h e  i ron  f o r m a t i o n s  a r e  g e n e t i c a l l y  r e l a t e d  
t o  t h e  n u m e r o u s  mass ive  sulphide depos i t s  found wi th in  t h e  
group.  

.i t o t a l  of 167 s a m p l e s  w e r e  c o l l e c t e d  f r o m  o u t c r o p s ,  
d iamond drill c o r e s  and underground ] n i n e s  f r o m  t h e  fo l lowing  
a r e a s  (Fig. 45.1): 

Key  Anacon m i n e  
Brunswick no. 6 r ~ ~ i n e  
Brunswick no. 12 rnine 
H e a t h  S t e e l e  mlne  
2 u s t i n  Broolc iron r r~ ine  
S a b e n a  min ing  proper ty  
T h e  Ndrrows  
B a t h u r s t  m i n e  
T h e  new t r e n c h  a r e a  of A t l a n t i c  C o a s t  C o p p e r  
A r e a  a b o u t  1 3  k m  w e s t  of C a r i b o u  m i n e  on  C a r i b o u  road.  

G e n e r a l  Geology  of B a t h u r s t  Mining C a m p  

The  B a t h u r s t - N e w c d s t l e  d i s t r i c t  w a s  d e s c r i b e d  by S m i t h  
a n d  Skinner (1958) a s  geologica l ly  c o n s t i t u t e d  of t h e  fo l lowing  
t h r e e  reg iona l  u n i t s  (Fig. 45.1): 

3.  T h e  Pennsylvanian  - Mississippian Cover 
2. T h e  Silurian-Devonian Folded  Bel t  
I .  T h e  Ordovic ian  Folded Belt  

l .  T h e  Ordovic ian  Folded Bel t  

T h e  Ordovic ian  Folded  Bel t  c o n s i s t s  of highly d e f o r m e d  
i n t e r l a y e r e d  m e t a v o l c a n i c  a n d  m e t a s e d i m e n t a r y  r o c k s  which  
under l ie  t h e  c e n t r a l  p a r t  of t h e  d i s t r ic t .  T h e s e  vo lcano-  
s e d i m e n t a r y  s t r a t a  c o m p r i s e  t h e  T e t a g o u c h e  G r o u p  and a r e  
g e n e r a l l y  consiclered to b e  Ordovician.  

As no ted  below s e v e r a l  a t t e m p t s  h a v e  been  m a d e  t o  
subdiv ide  t h e  T e t a g o u c h e  Group.  

T h e  e a r l i e r  d i s t inc t ion  of d i f f e r e n t  rock  units  wi th in  t h e  
T e t a g o u c h e  G r o u p  led Boyle a n d  D a v i e s  (1964) t o  a r r a n g e  t h e  
r o c k s  of t h e  Austin Brook a n d  Brunswick No. 6 a r e a  i n t o  a 
t e n t a t i v e  s t r a t i g r a p h i c  s e q u e n c e  w i t h  a t h i c k  m e t a s e d i -  
m e n t a r y  un i t  a t  t h e  base ,  over la in  by f e l s i c  a n d  m a f i c  
v o l c a n i c  units. S tockwel l  a n d  T u p p e r  (1966) i n t e r p r e t e d  t h e  
r o c k  s e q u e n c e  near  t h e  Brunswick No. 6 m i n e  a s  younging in a 
w e s t e r l y  d i r e c t i o n  o n  t h e  basis  of g r a d e d  beds  in t h e  dri l l  
c o r e ,  a conc lus ion  which  w a s  c o m p a t i b l e  w i t h  Boyle and  
Davies '  i n t e r p r e t a t i o n .  S m i t h  and  Skinner (1958) a n d  Skinner 
(1974) compi led  m o s t  of t h e  prev ious  work in a l a r g e  p a r t  of 
t h e  B a t h u r s t  d i s t r i c t  and  sugges ted ,  m o s t l y  o n  t h e  basis  of t h e  
s e d i m e n t a r y  s t r u c t u r e s ,  t h a t  t h e  v o l c a n i c  a n d  a r g i l l a c e o u s  
m e t a s e d i m e n t a r y  r o c k s  a r e  younger t h a n  t h e  s i l i ceous  m e t a -  
s e d i m e n t a r y  rocks.  Poole  (1963 ,  1967) sugges ted  a n  
o r t h o q u a r t z i t i c  s u b s t r a t u m  for  t h e  e n t i r e  B a t h u r s t  c o m p l e x  
b e c a u s e  of t h e  l i tho logica l  s i m i l a r ~ t y  of i t s  q u a r t z i t l c  rocks  t o  
t h o s e  t h a t  o c c u r  a p p a r e n t l y  a t  t h e  b a s e  of t h e  Ordovic ian  
s e d i m e n t a r y  s e q u e n c e  in c e n t r a l  New Brunswick.  

A p a r t  f r o m  t h e  m e t a s e d i m e n t a r y  r o c k s  at t h e  b a s e  of 
t h e  s e q u e n c e ,  R u t l e d g e  (1972) n o t e d  a l a r g e  propor t ion  of 
m e t a s e d i m e n t a r y  r o c k s  over ly ing  and  i n t e r b e d d e d  w i t h  t h e  
v o l c a n i c  rocl ts  a n d  i ron  f o r m a t i o n  in t h e  Brunswick No. 12 
m i n e  a r e a .  H e l m s t a e d t  (1973) a l s o  dist inguished t w o  m e t a -  
s e d i m e n t a r y  rock  uni t s ,  o n e  a t  t h e  base  of t h e  T e t a g o u c h e  
G r o u p  a n d  p r e d a t i n g  t h e  vo lcan ic  s e q u e n c e ,  a n d  t h e  o t h e r  
i n t e r l a y e r e d  w i t h  a n d  over ly ing  t h e  vo lcan ic  roclts. R e c e n t  
work (Saif, 1977; Saif e t  al., 1978) h a s  a l s o  iden t i f ied  t w o  
m a j o r  m e t a s e d i m e n t a r y  rock  units ,  o n e  at t h e  b o t t o m  a n d  t h e  
o t h e r  a t  t h e  t o p  of  t h e  s t r a t i g r a p h i c  s e q u e n c e  a t  e a c h  of t h e  
K e y  Anacon and Brunswick No. 6 m i n e  a reas .  

In s p i t e  of t h e s e  in tens ive  e f f o r t s ,  no  s t r a t i g r a p h i c  
s e q u e n c e  h a s  y e t  b e e n  a g r e e d  upon f o r  t h e  e n t i r e  T e t a g o u c h e  
Group.  This may b e  d u e  t o  s c a r c i t y  of ou tc rops ,  v a r i e d  
l i tho logica l  c h a r a c t e r i s t i c s ,  a n d  i n t e n s e  d e f o r m a t i o n  which  
h a s  produced  isoclinal  fo lds  a n d  o b l i t e r a t e d  p r i m a r y  
s e d i m e n t a r y  s t r u c t u r e s .  It m a y  b e  a l s o  d u e  t o  t h e  f a c t  t h a t  
t h e  s t r a t i g r a p h i c  s e q u e n c e  v a r i e s  f r o m  p l a c e  t o  p l a c e  b e c a u s e  
of a b r u p t  f a c i e s  c h a n g e s  In a volcanic e n v i r o n m e n t .  

T h e s e  r o c k s  a r e  in t ruded  by Ordovic ian ,  and  possibly 
a l s o  Silurian and  Devonian,  g a b b r o ,  d i a b a s e  a n d  d i o r i t e ,  a n d  
by Devonian g r a n ~ t i c  masses .  

l N a t u r a l  S c i e n c e s  a n d  Englnecr ing  R c s e a r c h  Counci l ,  Canad<: 



LEGEND 

PENNSYLVANIAN, MISSISSIPPIAN 

R e d  t o  g r e y  sands tone ,  conglomerate, 
s i l t s t o n e  

DEVONIAN 

B G r a n i t e ,  q u a r t z  monzoni te ,  g r a n o d i o r i t c  
a n d  r e l a t e d  r o c k s  

Gabbro ,  d iabase ,  d i o r i t e  

ORDOVlClAN (MAINLY) 

O Sil icic vo lcan ic  rocks;  r h y o l ~ t e ;  
rhyoli te-porphyry 

Q u a r t z - f e l d s p a r  a u g e n  sch is t ,  q u a r t z -  
a u g e n  s c h i s t ,  a c i d i c  quar tz - fe ldspar  
t u f f s  

U Malnly m a f l c  vo lcan lc  f lows,  d y k e s  a n d  
si l ls  

inOl Argi l laceous  s e d i m e n t a r y  rocks ,  g rey-  
w a c k e ,  q u a r t z i t e ,  c o n g l o m e r a t e ;  
minor  fe r rug inous ,  mangani fe rous ,  
and  c a r b o n a c e o u s  c h e r t  and  
a rg i l l i t e ;  minor  l imes tone ,  tu f f  a n d  
volcanic  f lows  

10 0 10 

k m  

Figure 45.1. Geology o f  the Bathurst-Nev~castle area, .Vew Brunswick (a f ter  Davies, 1972). 
See 'Introduction' for sample localities Nos. I t o  10. 

T h e  T e t a g o u c h e  G r o u p  w a s  s u b j e c t e d  t o  s e v e r a l  phases  Geology  a n d  P e t r o l o g y  
of  d e f o r m a t i o n .  T h e  c o m p l i c a t e d  s t r u c t u r a l  f e a t u r e s ,  
a b s e n c e  of good m a r k e r  hor izons  a n d  poor e x p o s u r e  h a v e  so A p a r t  f r o m  su lphide  f a c i e s  i ron f o r m a t i o n ,  which  w a s  

f a r  p r e v e n t e d  a c o h e r e n t  s t r u c t u r a l  i n t e r p r e t a t i o n  f o r  t h e  n o t  included in th i s  s tudy ,  t h e  fo l lowing  f i v e  t y p e s  of iron- 

e n t i r e  group ,  bu t  it is g e n e r a l l y  r e g a r d e d  a s  p a r t  of a T a c o n i c  r ich  rocks  h a v e  been  ident i f ied :  

fo lded  b e l t  t h a t  h a s  b e e n  re fo lded  dur ing  t h e  A c a d i a n  1. C h e r t y  m a g n e t i t e  i ron f o r m a t i o n  (ox ide  f a c i e s )  
O r o g e n y  (Smi th  and  Skinner,  1958; Neale,  et al .  1961; 
Poole.  1967: Davis. 1972). 2. Iron-rich c h l o r i t i c  r o c k s  ( s i l i c a t e  f a c i e s )  

This  s t r u c t u r a l l y  a n d  s t r a t i g r a p h i c a l l y  c o m p l e x  g r o u p  3. Iron-r ich c a r b o n a t e  r o c k s  ( c a r b o n a t e  f a c i e s )  

c o n t a i n s  e c o n o m i c a l l y  s ign i f ican t  m a s s i v e  su lphide  bodies,  a s  4. Bas ic  i ron f o r m a t i o n  
well  a s  t h e  iron f o r m a t i o n  and  o t h e r  iron-rich rocks  t h a t  a r e  
t h e  s u b j e c t  of t h i s  r e p o r t .  5. Iron-rich m a r o o n  s h a l e s  

2. T h e  Silurian-Devonian Folded  Bel t  

This s t r u c t u r a l  un i t ,  of L a t e  Silurian a n d  Early a n d  
Middle Devonian  a g e ,  o c c u r s  n o r t h  of a major  f a u l t  known as 
t h e  R o c k y  Brook-Mil l s t ream 'b reak '  (Fig. 45.1) a n d  c o n s i s t s  
m o s t l y  of g r e y w a c k e ,  a r g i l l i t e ,  s l a t e  and  i n t e r b e d d e d  volcanic  
rocks.  Gabbro ,  d i a b a s e ,  d i o r i t e ,  quar tz - fe ldspar  porphyry 
a p l i t e  d y k e s  a n d  si l ls  a n d  g r a n i t i c  s t o c k s  h a v e  in t ruded  t h e  
bel t .  T h e s e  r o c k s  a r e  g e n e r a l l y  less  d e f o r m e d  t h a n  t h o s e  in 
t h e  Ordovic ian  Folded  Belt .  A n u m b e r  of smal l  sulphide veins 
and  lenses  o c c u r ,  s o m e  of which a r e  of e c o n o m i c  s ign i f icance .  

3. T h e  Pennsylvanian  - Mississippian C o v e r  

F la t - ly ing  s e d i m e n t a r y  r o c k s  of Pennsylvanian  a g e  
which  unconformably  o v e r l i e  t h e  T e t a g o u c h e  Group,  c o v e r  
t h e  e a s t e r n  p a r t  of t h e  d i s t r i c t  (Fig. 45.11, a n d  t h e i r  o u t l i e r s  
o c c u r  in o t h e r  p l a c e s  such  a s  T e t a g o u c h e  L a k e s  a n d  
C l e a r w a t e r  S t r e a m .  They  h a v e  b e e n  divided i n t o  t h e  Bathurs t  
F o r m a t i o n  of r e d  sands tone ,  s h a l e ,  g r i t  and  c o n g l o m e r a t e ,  a n d  
t h e  C l i f t o n  F o r m a t i o n  of g r e y  and  brown muds tone ,  s h a l e ,  
s i l t s t o n e  and c o n g l o m e r a t e .  

C h e r t y  M a g n e t i t e  Iron F o r m a t i o n  

This is t h e  mos t  i m p o r t a n t  t y p e  of iron f o r m a t i o n  in t h e  
a r e a  b e c a u s e  i t  is  cons idered  t o  b e  g e n e t i c a l l y  a s s o c i a t e d  
w i t h  t h e  m a s s i v e  su lphide  deposits .  I t s  o c c u r r e n c e  w i t h  
s e v e r a l  sulphide bodies  h a s  b e e n  c lear ly  d o c u m e n t e d  
(e.g. Boyle and Davies,  1964;  Davies, 1972;  G o o d f e l b w ,  1975;  
L e a  a n d  R a n c o u r t ,  1958;  Luf f ,  1975;  McAl l i s te r ,  1960;  
McBride,  1976; P e r t o l d ,  1972; Rut ledge ,  1972; Sa i f ,  1977;  
Saif et al., 1978; Stocltwell and Tupper ,  1966;  
Whi tehead ,  1973). 

T h e  r o c k s  a r e  g e n e r a l l y  b lack ,  d a r k  grey ,  l igh t  and  dark  
red ,  a n d  brown. They  a r e  usually m a s s i v e  and  e x t r e m e l y  
hard ,  bu t  a f laggy  v a r i e t y ,  d u e  t o  local  c o n c e n t r a t i o n  of 
s p e c u l a r  h e m a t i t e ,  is p resen t .  Banding is  t h e  mos t  
conspicuous  f e a t u r e  of t h e s e  rocks ,  w i t h  individual  b a n d s  
vary ing  f r o m  t h i n  l a m i n a e  t o  a b o u t  2 c m  t h i c k  (Fig. 45.2, 
45.3, Q5.4). T h e  bands  cons is t  of a l t e r n a t e  magnetite- 
h e m a t i t e  and  q u a r t z  o r  q u a r t z -  a n d  jasper-r ich layers.  T h e  
b a n d s  a r e  e i t h e r  e v e n  a n d  c o n t i n u o u s  o r  s t r e a k y  a n d  
d iscont inuous ,  a n d  a r e  cons idered  tw r e p r e s e n t  p r i m a r y  
bedding  a s  t h e y  a r e  c o n f o r m a b l e  w i t h  t h e  c o n t a c t s .  
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The rocks consist mostly of magnetite and quartz; 
hematite, jasper, chlorite and carbonate (calcite or siderite) 
and biot i te are other major constituents. Feldspar is present 
in  most of the rocks and is fair ly abundant in some samples; it 
has been identified by electron microprobe to be mostly 
albite. The feldspar occurs as elongated coarse laths and as 
fine grains in the matrix (Fig. 45.6). K-feldspar is present but 
only in minor amounts. Apatite occurs in most of these 
rocks; some samples contain as much as 10 to  12 per cent. 
Other accessory minerals are muscovite, epidote, 
piedmontite, zircon, sphene, titanomagnetite, ilmenite, 
rutile, pyrite, arsenopyrite, ferroan cobaltite, chalcopyrite, 
pyrrhotite, sphalerite and galena. Grunerite (Fig. 45.7) has 
been identified in  only one thin section, in  which it amounts 
t o  about 30 per cent. That sample was collected from an 
outcrop close to a huge mass of rhyolite, so the grunerite is 
considered to be a local phenomenon due to contact 
metamorphism by the overlying rhyolite. 

Iron-rich Chloritic Rocks 

Iron-rich chloritic rocks are closely associated with, and 
most often interbedded with, the cherty magnetite iron 
formation in many places such as a t  Austin Brook iron mine, 
Key Anacon mine, Bathurst mine locality and the new trench 
of Atlantic Coast Copper. The boundary between the oxlde 
and silicate facies is sharp in places and gradational in others. 

The rocks are dark green, schistose and usually friable 
but some are relatively hard. Texturally, the rocks are fine- 
grained wi th we1.l t o  poorly developed fine bands and laminae 
of chlorite-magnetite and chert of green, pink or grey 
colours. The laminae and bands of chert vary in thickness 
from 1 mm to about I cm (Fig. 45.8). 

Mineralogically, the rocks consist mostly of chlorite, 
magnetite and quartz. Chlorite content is as high as 
65 per cent in sorrle samples but on average it IS 

approximately 30 per cent. Vagnet~te and quartz contents 
are, on average, 15 and 20 per cent, respectively. Other main 
constituents are biot i te and carbonates(Fe-Mn carbonates 
wi th some Zn and Mg in  solid solution). Feldspar i s  found in 
many samples and IS mainly albite (Fig. 45.9) but minor 
amounts of K-feldspar have also been detected in  a few 
samples. The grains of K-feldspar that were analyzed wi th 
the electron micrbprobe contain small amounts of Ba. 
.'ipatite is present but is not as abundant as in the oxlde 
facies. A few monazite grains have been detected and these 
contain small amounts of thorium. Other accessory minerals 
are zircon, ilmenite, pyrite, chalcopyrite, pyrrhotite, 
sphalerite and galena. Sericite is present as an accessory 
mineral but in some samples it is found in  great abundance 
(Fig. 45.8). 

Iron-rich Carbonate Rocks 

Carbonate facies is the least abunddnt of the facies of 
iron formation in the Bathurst region. The carbonate-rich 
rocks have been found in  the Brunsw~ck No. 6, Key Anacon 
mine and Brunswick No. 12 areas, wi th a maximum 
development in the latter two .areas. In the Key Anacon area 
the carbonate is dominantly calcite wi th a l i t t l e  siderite, but 
in  the other two areas it is predominantly siderite. In both 
areas, thin bands and laminae of carbonate occur within the 
oxide and chlorite facies but in Brunswick No. 12 area beds of 
carbonate rocks about 5 m thick are also found. 

The rocks are generally light grey and buff colour, show 
striking thin light and dark laminae (about 0.5 mm thick) and 
bands up to  I cm thick (Fig. 45.10). The rocks are massive, 
hard, and have a cherty appearance. They mainly consist of a 
very fine cryptocrystalline mixture of carbonate and quartz; 

the carbonate is dominantly Fe-carbonate wi th subordinate 
Mn, Ca, and Mg in solid solution. Iron-rich chlorite ranges 
f rom n small amount to about 20 per cent of the carbonate 
rock. 

Apatite and biot i te are present in variable amounts in 
the carbonate rocks and are abundant in some samples. The 
accessory minerals include muscovite, K-feldspar (some of 
which contains Ba), pyrite, sphalerite and galena. 

A green rock which IS present in the Brunswick No. 12 
mine area and at the Bathurst mine locality, locally referred 
to as 'spotted iron-formation', is an iron chlorite-rich rock 
with l ight  grey patches (Fig. 45.11). The patches are either 
fine grained aggregates or individual coarse crystals of 
carbonate, consisting mostly of iron carbonate with a l i t t l e  
Mn, Ca and I\@. Some of the coarse carbonate crystals are 
zoned. The probe investigation has revealed that the cores of 
the zoned crystals are r ich i n  Fe and Mn and that Fe and \4g 
increase, and Mn decreases, toward the margins; Ca is 
constant throughout. 

Baslc Iron Formation 

The term basic iron formation has been used locally for 
thin bands and lenses of magnetic rocks that occur within the 
mafic volcanic unit of the Tetagouche Group in the Brunswick 
No. 12 rr~ine area. These bands and lenses are l ight and dark 
grey and range in thickness from about 2 to  50 cm. The basic 
iron formation has not been found to be as closely dssociated, 
spatially, with the massive sulphide deposits as has the cherty 
magnetite iron formation. Layers of sirl~ilar iron formation 
have been also found in greenstone along the east side of 
Pabineau River (Sidwell, 1952; Skinnrr, 1956) and i n  the 
Grand Brook spilite body (Skinner, 1974). According t o  Gross 
(1967), similar material is common in belts of volcanic rocks, 
and represents dn uncommon facies of sorlle Algoma type iron 
forrr~ations. 

The rocks are very fine grained, massive and hard. 
Most of them generally show primary bands and laminae 
consisting of alternating magnetite-rich and chlor ite-, 
quartz- or carbonate-rich material (Fig. 45.12). 
Mineralogically, the important constituents are magnetite, 
chlorite (iron-rich), carbonate (calcite and siderite wi th low 
contents of Mn and Vg), quartz and feldspar (mostly albite 
but some i s  K-feldspar). Other important r111nerals are 
sphcne, apatite, sericite, ep~dote and lhematite. 5phenc is 
found as rounded or oval ool~ths most of v1hic.h have a distinct 
core of iron-rich chlorite (Fig. 45.13). Another type of oolith 
is larger, more irregular in outline, less common and consists 
of a mixture of rutile, quartz, calcite and chlorite 
(Fig. 45.14). The accessory minerals are titano-magnetite, 
ilmenite, pyrite and galena. 

Iron-rich Maroon Shales 

Red and maroon argilllta, shale and slate occur in 
abundance in the Tetagouche Group. Thcy were generally 
thooght to contain Mn; pink nodules of rhodochrosite ;nd 
veinlets of manganite are found in them at  Tetagouche Falls 
(Skinner, 1974). Their colour has been attributed to hernatite, 
but detailed work has not been done on these rocks. A few 
sdmples were collected for the present study. 

The shales are very fine grdined and include varieties 
such as cherty, hard and mdssive, lar~linated, friable and 
fractured. In places they have slaty cleavage. Their 
mineralogy is rather simple, most consist of very f ~ n e  quartz 
and hematite with subordinate chlorite, sericite and 
carbonate. The quartz and hematite are generally uniformly 
distributed but in  some cases they are concentrated in 
distinct fine lamjnse. 
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Figure 45.14. P h o t o m i c r o g r a p h  showing ool i ths  wi th  i r r e g u l a r  
o u t l i n e  a n d  cons is t  of a m i x t u r e  of r u t i l e ,  q u a r t z ,  c a l c i t e  a n d  
c h l o r i t e ,  t h e  g r o u n d m a s s  a l s o  c o n s i s t s  of t h e  l a t t e r  t h r e e  
m i n e r a l s ;  basic iron f o r m a t i o n ,  B r u n s ~ ~ i c l c  No. 12 m i n e  a r e a .  

G e o c h e m i s t r y  

T h e  minera logy  of t h e  r o c k s  i n v e s t i g a t e d  is  fa i th lu l ly  
r e f l e c t e d  in t h e i r  major  o x i d e  compos i t ion  which  is shown in 
T a b l e  45.1. SiOp,  F ' e 2 0 s  and  F e 0  c o n s t i t u t e  b e t w e e n  47.1 
a n d  99.196 of t h e s e  rocks. . \ 1 2 0 3  v d r i e s  g r e a t l y ,  i t s  min imum 
v a l u e  is 0.20% in t h e  o x i d e  f a c i e s  of t h e  Brunswick No. 6 
m i n e  a r e a ,  a n d  maxirnum v a l u e  is 17.1% in t h e  mixed oxide  
a n d  c h l o r i t e  f a c i e s  of t h ?  Key Anacon m i n e  a r e a .  T h e  
m a r o o n  s h a l e s  h a v e  a n  a v e r a g e  of 7.34% of A 1 2 0 3 .  N a 2 0  is 
high in t h e  ox ide  a n d  c h l o r i t e  f a c i e s  of t h e  Key Anacon roclts 
a n d  in t h e  bas ic  i ron f o r m s t i o n  of t h e  Brunswick No. 12 mine.  
I t s  a v e r a g e  in t h e  t w o  a r e a s  is 3.46 a n d  3.4436 respec t ive ly .  
K 2 0  is g e n e r a l l y  very low ( less  t h a n  196) in al l  t h e s e  roclts bu t  
in a f e w  s a m p l c s  r e p r e s e n t i n g  a l l  t h e  t y p e s  e x a m i n e d ,  1s a s  
high as 3.45%; a n d  in t h e  case of o n e  o x i d e  f a c i e s  s a m p l e  
f r o m  Kcy Anacon,  t h e  K 2 0  c o n t e n t  is 5.0596. T h e  basic i ron 
f o r m a t i o n  h a s  a n  Lverage  of 0.99% of K 2 0 .  

Most of t h e s e  i ron- r ich  rocks  a r e  a l so  r ich  i n , P 2 0 s ;  
a m a x i m u m  of 5.83% is p r e s e n t  in a s a m p l e  of iron c a r b o n a t e  
f r o m  t h e  Brunswick No. 12 m i n e  a r e a .  T h e  high 1'205 c o n t e n t  
is a t t r i b u t e d  t o  t h e  a b u n d a n t  a p a t i t e  found  in t h e s e  rocks.  
S o r r ~ e  of t h e  r o c k s  a r e  a l s o  very high in TiOz ( m a x i m u m  9.21% 
in a bas ic  i ron f o r m a t i o n  s a m p l e )  a n d  t h i s  is d u e  t o  t h e  
p r e s e n c e  of var ious  t i t a n i u m  b e a r i n g  m i n e r a l s  m e n t i o n e d  
a b o v e .  MnO v a l u e s  a l s o  vary  g r e a t l y  f r o m  less t h a n  l?!, t o  as 
high a s  12.32%. T h e  h ighes t  v a l u e  w a s  o b t a i n e d  f o r  'in o x i d c  
f a c i e s  s a m p l e  f r o m  t h e  Sabena  mining proper ty .  MnO 
c o n t e n t s  in t h e  m a r o o n  s h a l e s  r a n g e  f r o m  0.09 t o  10.4%. 
R o c k s  which  a r e  r i c h e s t  in MgO a r r  t h e  bas ic  i ron 
f o r m a t i o n  ( f r o m  2.5 t o  10.7196) and  t h e  c h l o r i t e  f a c i e s  
( f r o m  1.37 t o  13.1496). As e x p e c t e d ,  t h e  c a r b o n a t e  iron- 
f o r m a t i o n  is t h e  r i c h e s t  in CO,,  a n a l y s e s  i n d i c a t e d  
c o n t e n t s  of 6.5 t o  21.80% CO,.  

R e m a r k s  

S t r u c t u r a l  and  s t r a t i g r a p h i c  c o m p l e x i t i e s  a s  wel l  as 
poor e x p o s u r e  h a v e  combined  t o  c r e a t e  problems in e x p l o r a -  
t ion  for  mass ive  sulphide depos i t s  in t h e  Bathurs t  mining 

d i s t r i c t .  Geophysicdl  t e c h n i q u e s  a r e  usefu l ,  p a r t ~ c u l a r l y  
a e r o m a g n e t i c  and  ground-magnet ic  s u r v e y s  which a r e  u t i l i zed  
t o  l o c a t e  t h e  iron f o r m a t i o n  hor izons  a long  which  sulphides 
a r e  e x p e c t e d  t o  o c c u r  s i n c e  t h e y  a r e  considered t o  b e  o n e  of 
t h e  f o u r  f a c i e s  of t h e  lron f o r m a t i o n .  P r o b l e n ~ s  in t h e  use  of 
m a g n e t i c  t e c h n i q u e s  a r e  c r e a t e d  by t h e  bas ic  i ron f o r m a t i o n  
which  1s a l s o  s o m e w h a t  m a g n e t i c  and  t h e r e f o r e  g ives  a f a l s e  
ind ica t ion  of t h e  f a v o u r a b l e  horizon.  T h e  bas ic  i ron 
f o r m a t i o n  c a n n o t  b e  d i s t inguished  f r o m  t h e  c h e r t y  m a g n e t i c  
i ron f o r m a t i o n  in hand s p e c i m e n  and  e v e n  under t h e  
microscope .  

T a b l e  45.1 shows t h a t  in c e r t a i n  a s p e c t s  t h e  basic iron 
f o r m a t i o n  a p p e a r s  t o  b e  c h e m i c a l l y  dist inc, t  f r o m  t h e  o t h e r  
fac ies .  It is  q u i t e  high in TiO, e n d  hjgO r e l a t i v e  t o  t h e  o t h e r  
i ron-rich rocks,  b u t  is very IOY: In MnO, S and  C O 2 .  T h e s e  
c h e m i c a l  c h a r a c t e r i s t i c s  may be  u t i l ~ z e d  t o  dist inguish 
b e t w e e n  t h e  c h e r t y  m a g n e t i c  a n d  bas ic  i ron f o r m a t i o n .  
F u r t h e r  i n t e r p r e t a t i o n  of t h e  c h e m i c a l  d a t a  I S  in progress  
which  m a y  p r o v ~ d e  a n  a n s w e r  t o  th i s  p roblem.  
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Abstract 

~Llore than 5600 m of late Proterozoic quartzarenites, shales, stromatolitic and biohermal 
carbonates, arkoses, greywackes and conglomerates, were deposited in environments ranging from 
fluvial to  subtidal on northern Baffin and Bylot islands. A delta-fan complex occurs in the lower 
part of the succession, coastal sabkha-type evaporites in the middle part, and an alluvial fan 
complex in the upper part. As much as 8 0  m of  tholeiitic plateau basalts occur near the base o f  the 
succession. 

Syndepositional faulting had a significant e f f e c t  on the sedimentation pattern. Paleocurrent 
trends are varied, but most indicate northwesterly transport in central graben areas and in some 
horst areas. Transport away from fault zones active during sedimentation and toward central graben 
areas, is indicated in marginal trough areas. Rifting was probably related t o  n Late Proterozoic 
ocean opening event t o  the northwest; perhaps an early phase of the Frarlklinian Ceosyncline. 

In t roduc t ion  R e g o l ~ t h i c  m a t e r i a l  up t o  6 m  th ick  IS p reserved  
1979 field season was the th i rd  on the project and b e n e a t h  t l ie  P r o t e r o z o i c  s t r a t a  a t  s e v e r a l  l o c a l ~ t ~ e s .  

B a s e m e n t  rocks  g r a d e  upward  i n t o  poorly consol ida ted  t h e  s e c o n d  in which a ful l-s ized p a r t y  w a s  a c t i v e .  T h e  major  var ico loured  rocks  conta in ing  kaol in ized  fe ldspar ,  g r a n r ~ l a r  goa ls  of t h e  p r o j e c t  c o n t i n u e  t o  b e  t h e  s tudy  of t l ie  s e v e r a l  
thousand metres of strata present i n  the E q a l u l l k  and I ; l u k s a n  q u a r t z  and  f l n e  t l i lo r i te -se r ic i te  m a t r i x  a n d  par t ings .  Tlie 

c o n t a c t  wi th  over ly ing  iNauyat and  A d a m s  Sound s t r a t a  1s groups.  t a r l y  work is well docurrlented by Lemon a n d  
Blackadar  (1963) and  by 3 l a c k a d a r  (1970).  M o r e  r e c e n t  undula tory  a n d  d isconformable .  

s t u d ~ e s  Include those  by c a l l e y  (19781, G e l d s e t z c r  (1973a ,  b), 
lannell i  (1979), J a c k s o n  and  Davidson (19751, 
J a c k s o n  e t  a l .  (1975,  19781, a n d  Olson 1977). 

About  19 400 k m 2  (7500 sq. m ~ l e s )  r e m a ~ n e d  t o  b e  
e x a m i n e d  in 1979 dur ing  a 2 112 m o n t h  f ie ld  s e a s o n  (48 d, 
e a s t e r n  two- th i rds  of 48 A, n o r t h e r n  37 G, w e s t e r n  38 R, 
n o r t h e r n  3 8  C) .  B e c a u s e  of poor  v ~ e a t h e r  re la t ive ly  l i t t l e  
work  w a s  c a r r i e d  o u t  on  t i le  b a s e m e n t  gneisses,  a n d  s e v e r a l  
l a r g e  p a t c h c s  of l a t e  P r o t e r o z o i c  s t r a t a  on  n o r t h e r n  Borden 
Peninsu la  a n d  Bylot  Island r e m a i n  t o  be  s t u d i e d  
(Fig. 46.1, 46.2). 

A Bell 206 B he l icopter  f r o m  A e r o t r a d e s  i t d .  w a s  used  
by t h e  9-man p a r t y  h e a d e d  by G.D. Jackson ,  and  a l s o  provided 
s u p p o r t  for  W.F. Fahr ig  and  K. Ct-iristie In t h e i r  pa leo-  
m a g n e t i c  s tud ies .  E x c e l l e n t  Twin O t t e r  s u p p o r t  w a s  p r o v ~ d e d  
per iod ica l ly  by Polar  C o n t i n e n t a l  Shelf P r o j e c t .  

This  pre l iminary  r e p o r t  f o r  t h e  m o s t  p a r t  s u m m a r i z e s  
d a t a  g a t h e r e d  during t h e  1979 f ie ld  season.  Most  of t h e  work 
in t h e  Eqalulik G r o u p  a n d  t h e  overl j l ing A r c t i c  Bay F o r m a t ~ o n  
w a s  c a r r i e d  o u t  by Iannelli ( C o n t r a c t  No. 95704) who 1s 
respons ib le  f o r  t h o s e  rocks  in th i s  r e p o r t  ( T a b l e  of 
Format ions) .  J a c k s o n  and  T ~ l l e y  worked ch ie f ly  in t h e  
Uluksan Group.  Til ley provided a r 6 s u m e  of h e r  work and  a 
pre l iminary  d r a f t  of t h e  p a l e o c u r r e n t  d ~ a g r a m s  
(Fig.  46.1, 46.2). 

B a s e m e n t  C o m p l e x  

A v a r i a b l e  complex  a s s e m b l a g e  of Archean-Aphebian  
gne isses  and  igneous r o c k s  is s e p a r a t e d  f r o m  t h e  over ly ing  
l a t e  P r o t e r o z o i c  s t r a t a  by a nonconformi ty .  Most of t h e  
gne isses  a r e  ~ r r e g u l a r l y  banded  m i g m a t i t e s  w h ~ c h  a r e  
c o m m o n l y  in t ruded  by t w o  or  m o r e  g e n e r a t i o n s  of g r a n ~ t i r  
rocks.  Upper a m p h i b o l i t e  m e t a m o r p h i c  g r a d e  p r e d o m i n a t e s  
bu t  g r a n u l i t e  g r a d e  o c c u r s  in s e v e r a l  p l a c e s  and  s e e m s  t o  
h a v e  superseded  l a t e  g r a n i t i c  e m p l a c e m e n t .  

N a u y a t  F o r m a t i o n  

T h e  N a u j a t  F o r m a t i o n  o u t c r o p s  c h ~ e f l y  f r o m  s o u t h  of 
A d a m s  Sound s o u t h e a s t  t o  south  of T r e m b l a y  Sound 
(Fig.  46.11, e a s t  of Elwin Inlet  and  on n o r t h e r n  Bylot  Island. 
It is t h e  basal  f o r m a t i o n  of t h e  1 a t e . P r o t e r o z o i c  success ion ,  
nonconformably  o v e r l ~ e s  t h e  b a s e m e n t  c o m p l e x ,  ranges  frorn 
16 t o  o v e r  9 0  m thic k, a n d  has  b e e n  divided informal ly  i n t o  
t w o  c o n f o r m a b l e  m e m b e r s ,  N I  a 2 d  N2 ( J a c k s o n  e t  a l . ,  1978). 

Rb-Sr and  K-Ar a g e s  r e c e n t l y  c o m p l e t e d  by t i le  
Geoclironology Sec t lon  of t h e  Geologica l  Survey  of Candcia 
r a n g e  frorn 762 t o  l 0 6 0  kia. Pre l iminary  c o n s i d e r a t ~ o n s  of 
t h e  I-esults  sugges t  t h a t  a n  a g e  of 917  t o  1032 Ma is m o s t  
likely for  t h e  io r rna t ion .  

N1 i\/lember 

T h c  lower  ( N I )  m e m b e r  cons is t s  ch ie f ly  of thin-  t o  
medium-bedded ,  g r e y - w h i t e  t o  pink, d a r k  r ~ d ,  buff a n d  browrr 
q u a r t z a r e n i t e .  Thin l a y e r s  01 q u a r t z - g r a n u l e  t o  q u a r t z - p e b b l e  
c o n g l o m e r a t e  o c c u r  a s  basa l  un i t s  of f in ing  upward  c r c l e s  in 
t h e  lower p a r t  of t h e  m e m b e r .  S e d i m e n t a r y  s t r u c t u r e s  
inc lude  t rough-  a n d  p lanar -c rossbeds ,  w a v e  and  c u r r e n t  r ~ p p l e  
m a r k s ,  load c a s t s ,  and  synaeres i s  c r a c k s .  Crossbeds  i n d ~ c a t e  
unirnodal n o r t h v ~ e s t e r l y  p a l e o c u r r e n t  t rends .  T h e  rilember 
r a n g e s  f r o m  8 t o  20 m in t h l c k n ~ s s .  

N a u y a t  volcanics o v e r l i e  b a s e m e n t  gne isses  noncon-  
f o r m a b l y  w h e r e  t h e  N1 m e m b e r  is absent .  T h e  f lows  o c c u r  in 
a s ing le  s e q u e n c e  containing I t o  5 f lows of f i n e  g r a ~ n e d .  
mass ive ,  amygdalo idz l  t h o l e i i t i c  p l a t e a u  b a s a l t  w i t h  al l tal lc  
affinities (Gal ley ,  1978; J a c k s o n  e t  al.,  1975). S o m e  l a y e r s  on  
n o r t h e r n  Bylot  Island a r e  f ine-  t o  m e d i m - g r a i n e d ,  o l ive  
g r e c n ,  u l t r a m a f i c ,  and  may b e  u l t r a b a s i c  sills. Thin,  baked  
q 1 1 a r t 7 a r e n i t e ,  s i l t s t o n e ,  d o l o s i l t ~ t e  a n d  c h e r t  beds  a r e  i n t e r -  
bedued w ~ t h  t h e  f lows  locally.  
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T h e  f lows  c o n t a i n  a m y g d u l e s  f i l l ed  w i t h  q u a r t z ,  a g a t e ,  
c a l c i t e ,  and  dolomi te .  C o l u m n a r  joints  a n d  f low banding  
o c c u r  local ly.  S m a l l  pi l lows o c c u r  south  a n d  s o u t h w e s t  of 
T r e m b l a y  Sound. Individual  f lows  r a n g e  f r o m  2.5 t o  20 m 
th ick .  T h e  s e q u e n c e  t h i c k e n s  t o  t h e  n o r t h w e s t ,  ranging  f r o m  
8 t o  16 m t h i c k  n e a r  t h e  C e n t r a l  Borden F a u l t  z o n e  t o  o v e r  
8 0  m th ick  e a s t  of Elwin Inlet .  

I n t e r p r e t a t i o n  

Depos i t ion  of N 1  q u a r t z a r e n i t e  in a bra ided  f luvial  
e n v i r o n m e n t  w a s  i n t e r r u p t e d  by e x t r u s i o n  of ch ie f ly  s u b a e r i a l  
basa l t .  C o n t i n u e d  s e d i m e n t a t i o n  bur ied  t h e  f l o w s  b e f o r e  t h e y  
could  b e  e roded .  T h e  f lows  a r e  spa t ia l ly  r e l a t e d  t o  m a j o r  
f a u l t  z o n e s  a n d  w e r e  probably  e x t r u d e d  a long  t h e m .  

A d a m s  Sound F o r m a t i o n  

A d a m s  Sound s t r a t a  a r e  exposed  a long  t h e  s o u t h e r n  
e d g e  of t h e  s t u d y  a r e a ,  east of Elwin Inlet ,  and  o n  
n o r t h w e s t e r n  Bylot  Island. T h e  f o r m a t i o n  c o n s i s t s  c h i e f l y  of 
th in-  t o  th ick-bedded  q u a r t z a r e n i t e  wi th  minor s h a l e  and  
s i l t s tone .  Q u a r t z - p e b b l e  c o n g l o m e r a t e  o c c u r s  mos t ly  in t h e  
l o w e r  and  upper  p a r t s  of t h e  f o r m a t i o n .  S e d i m e n t a r y  
s t r u c t u r e s  inc lude  t rough-  a n d  p lanar -c rossbeds  (Fig.  46.1 ), 
c u r r e n t  r ipp le  marks ,  scours:  channels ,  load c a s t s ,  g r a d e d  
beds, s y n a e r e s i s  and  dess ica t ion  c r a c k s ,  m i c r o f a u l t s  a n d  s m a l l  
vugs. P y r i t e  a n d  m a r c a s i t e  o c c u r  local ly.  

T h e  f o r m a t i o n  is a b o u t  6 5  m th ick  f r o m  T r e m b l a y  Sound 
east t o  P a q u e t  Bay a n d  340  m t h i c k  o n  n o r t h w e s t  Bylot Island. 
I t  t h i c k e n s  t o w a r d  t h e  n o r t h  a n d  nor thwes t .  A d a m s  Sound 
F o r m a t i o n  is c o n f o r m a b l e  wi th  t h e  Nauyat  F o r m a t i o n  a n d  
r e s t s  c o n f o r m a b l y  on b a s e m e n t  gne isses  w h e r e  t h e  h 'auya t  is 
a b s e n t .  T h e  c o n t a c t  w i t h  t h e  over ly ing  A r c t i c  Bay F o r m a t i o n  
is g r a d a t i o n a l .  T h e  A d a m s  Sound F o r m a t i o n  h a s  b e e n  d iv ided  
i n t o  t h r e e  i n t e r g r a d a t i o n a l  m e m b e r s  on  Borden Peninsu la  
(AS,,  HS2, AS3), t w o  m e m b e r s  in t h e  P a q u e t  Bay a r e a  (AS+,  
ASS)  3nd i n t o  a l o w e r  a n d  upper  m e m b e r  (ASL, ASU) o n  Bylot  
Island ( J a c k s o n  a n d  Davidson,  1975). 

AS1 M e m b e r  -- 
This m e m b e r  is mos t ly  pink, purple-red t o  c r e a m - b r o w n  

q u a r t z a r e n i t e  wi th  pebble-  t o  cobble-polymic t ic  conglom-  
e r a t e  i n t e r b e d s  a t  t h e  b a s e  of  f ining upward  cycles.  
P a l e o c u r r e n t  t r e n d s  a r e  un imodal  a n d  n o r t h w e s t  t o  n o r t h e a s t  
(Fig. 46.1). Thicknesses  r a n g e  f r o m  S t o  16 m n e a r  T r e m b l a y  
Sound t o  o v e r  3 0  m e a s t  of Elwin Inlet .  

AS2 s t r a t a  a r e  ch ie f ly  buff-white,  p ink-whi te  t o  purple-  
g r e y  q u a r t z a r e n i t e s  t h a t  c o n t a i n  f in ing  upward  cyc les .  
Cnimodal  n o r t h w e s t  t o  n o r t h e a s t  p a l e o c u r r e n t  t r e n d s  
p r e d o m i n a t e .  S o u t h e a s t  t r e n d s  a r e  less c o m m o n .  T h e  
m e m b e r  is 3 3  m th ick  at T r e m b l a y  Sound a n d  o v e r  100 m 
t h i c k  e a s t  of Elwin Inlet .  

Figure 46.1. Location map and rose diagrams showing 
crossbed measurements. The radius of  the centre circle is 
20 per cent. Single determinations are indicated by a straight 
line or arrow. 

- Adams Sound Formation C - charnels 
- Arctic Bay Formation F - f lutes  
- Fabricius Fiord Formation G -giant trough crossbeds 
- Society C l i f f s  Formation I - imbricate clasts 
- Victor Bay Formation P - planar crossbeds 
- Athole Point Formation R - ripple marks 
- Stratncona Sound S - stromatolite 

Formation elonga tions 
VEES - Elwin Formation 1' - trough crossbeds 

AS3 M e m b e r  

Whi te  a n d  g r e y  t o  grey-brown q u a r t z a r e n i t e  w i t h  
i n t e r b e d s  a n d  lenses  of pebbly q u a r t z a r e n i t e  a n d  q u a r t z -  
pebble  c o n g l o m e r a t e  d o m i n a t e  the AS3 m e m b e r .  Minor s h a l e  
a n d  s i l t s t o n e  i n t e r b e d s  o c c u r  in t h e  u p p e r m o s t  p a r t .  Fining 
upward  c y c l e s  o c c u r  in s o m e  sec t ions .  Most  p a l e o c u r r e n t  
t r e n d s  a r e  polymodal  t o  b imodal ,  a l though s o m e  a r e  unimodal  
n o r t h w e s t  t o  n o r t h e a s t .  T h e  m e m b e r  is 16 m th ick  n e a r  
T r e m b l a y  Sound a n d  o v e r  70 m th ick  east of Elwin Inlet .  

AS,,, AS5 M e m b e r s  ( s e e  lannell i ,  1979) 

T h e s e  s t r a t a  a r e  grey-whi te  t o  buff-grey q u a r t z a r e n i t e .  
Minor quar tz -pebble  c o n g l o m e r a t e  o c c u r s  c h i e f l y  a t  t h e  base. 
P a l e o c u r r e n t s  a r e  un imodal  and  t r e n d  nor th-nor thwes t .  T h e s e  
s t r a t a  a r e  45-65 m th ick  in t h e  P a q u e t  Bay a r e a .  

ASL M e m b e r  

T h e  ASL m e m b e r  is  c h i e f l y  pink, buf f -orange  to purple-  

r e d  q u a r t z a r e n i t e  wi th  i n t e r b e d s  of pebbly q u a r t z a r e n i t e  a n d  
p e b b l e  c o n g l o m e r a t e .  S i l t s t o n e  and s h a l e  beds o c c u r  in t h e  
u p p e r  p a r t .  Poor ly  d e f i n e d  f in ing  upward  c y c l e s  a r e  presen t .  
Bipolar-bimodal  n o r t h w e s t  a n d  s o u t h e a s t  t r e n d i n g  paleo- 
c u r r e n t s  p r e d o m i n a t e .  Po lymodal  t r e n d s  a n d  n o r t h w e s t  t o  
s o u t h w e s t  un imodal  t r e n d s  o c c u r  local ly.  Thicknesses  of S8 
to o v e r  200  m o c c u r  o n  n o r t h e r n  Bylo t  Island, bu t  t h e  m e m b e r  
is a b s e n t  local ly on  c e n t r a l  w e s t e r n  Bylot  Island. 

ASU M e m b e r  

This m e m b e r  is composed  of buff-grey,  w h i t e  t o  pink- 
g r e y  q u a r t z a r e n i t e  wi th  th in  i n t e r l a y e r s  of s ~ l t s t o n e ,  a n d  
q u a r t z - p e b b l e  c o n g l o m e r a t e .  F in ing  upward  c y c l e s  a r e  s e e n  
in s o m e  sec t ions .  P a l e o c u r r e n t  t r e n d s  a r e  unimodal  t o  t h e  
n o r t h w e s t  and  b imodal  s o u t h w e s t  t o  wes t .  Thic lmesses  r a n g e  
f r o m  o v e r  70  m o n  c e n t r a l  w e s t  Bylot  Island t o  140 m on  
n o r t h e a s t  a n d  196 m o n  n o r t h w e s t  Bylot  Island. 

I n t e r p r e t a t i o n  

During e a r l y  A d a m s  Sound t i m e  bra ided  f luv ia l  
s e d i m e n t s  w e r e  d e p o s ~ t e d  in t h e  s o u t h e r n  a n d  s o u t h e a s t e r n  
p a r t s  of t h e  [ n a p  a r e a ,  w h e r e a s  mixed  f luvial  a n d  i n t e r t i d a l  
sed i rnents  w e r e  depos i ted  in t h e  n o r t h e r n  par t .  Regiona l  
basin t ransgress ion  e n d e d  th i s  f luvial  depos i t ion ,  which  w a s  
fol lowed by i n t e r t i d a l  t o  shallow subt ida l  deposition. 

A r c t i c  Bay  F o r m a t i o n  

T h e  A r c t i c  Bay F o r m a t i o n  o u t c r o p s  in t h e  s a m e  g e n e r a l  
a r e a s  as d o e s  t h e  S o c i e t y  C l i f f s  F o r m a t i o n .  T h e  s t r a t a  a r e  
c h i e f l y  l a m i n a t e d  s h a l e  a n d  th in-  to medium-bedded  s i l t s tone ,  
q u a r t z a r e n i t e ,  do los i l t i t e ,  d o l o a r e n i t e  ancl s t r o m a t o l i t i c  
dolostone.  S t r u c t u r e s  include cone-in-cone,  c o n c r e t i o n s ,  s o f t  
s e d i m e n t  folds,  load casts, rn ic rofau l t s ,  convolu ted  beds, 
w a v e  and  c u r r e n t  r ipples,  t rough-  a n d  planar-crossbeds,  
scours ,  rip-up c l a s t s ,  synaeres i s  and  dess ica t ion  c r a c k s ,  
d e w a t e r i n g  s t r u c t u r e s ,  a n d  vugs f i l l ed  w l t h  c a r b o n a t e s ,  
q u a r t z ,  a n d  b i tuminous  m a t e r i a l .  Whi te  gypsum e f f l o r e s c e n c e  
is c o m m o n  on t h e  shales.  S o m e  beds  e m i t  a s t r o n g  
p e t r o l i f e r o u s  odour  and  o t h e r s  c o n t a i n  d i ssemina ted  p y r i t e  
a n d  m a r c a s i t e .  

T h e  A r c t i c  Bay F o r m a t i o n  e x c e e d s  260  m in t h i c k n e s s  
w e s t  of Tremblay  Sound, and  6 0 0  m e a s t  of Clwin Inlet .  It is 
466  m th ick  a t  t h e  h e a d  of Trernblay S s u n d  and  is m o r e  t h a n  
414  m th ick  w e s t  of  T a y  Sound. T h e  f o r m a t i o n  r e s t s  
nonconformably  on  b a s e m e n t  gne isses  a t  s e v e r a l  places.  T h e  
c o n t a c t  wi th  t h e  over ly ing  S o c i e t y  C l i f f s  F o r m a t i o n  r a n g e s  
f r o m  c o n f o r m a b l e  t o  erosional .  I'our i n t e r g r a d a t ~ o n a l  a n d  
reg iona l ly  v a r i a b l e  m e m b e r s  h a v e  b e e n  ident i f ied  
(Iannell i ,  1979). 
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Figure 46.2. Rose diagrams showing measurements for ripplemarks and stromotolites. 
See Figure 46.1 for legend. 
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AB1 M e m b e r  

Throughout  m o s t  of t h e  a r e a  t h i s  m e m b e r  c o n s i s t s  of  
~ n t e r b e d d e d  green-grey  s i l t s t o n e  and  q u a r t z a r e n i t e  and  pink- 
r e d  o r  g r e y  t o  w h i t e  q u a r t z a r e n i t e .  A t  t h e  s o u t h e a s t  c o r n e r  
of  t h e  m a p  a r e a  t h e  m e m b e r  is c o m p o s e d  of a basa l  
q u a r t z - c o b b l e  c o n g l o m e r a t e  which  g r a d e s  up i n t o  i n t e r b e d d e d  
purp le -orange  t o  brown-grey q u a r t z a r e n i t e ,  subarkose ,  
q u a r t z - f e l d s p a r  pebble  conglomerate a n d  s i l t s tone .  Bimodal-  
bipolar  n o r t h w e s t  t o  s o u t h e a s t  p a l e o c u r r e n t  t r e n d s  
p r e d o m i n a t e .  Po lymodal  t r e n d s  a l so  o c c u r .  Thicknesses  
r a n g e  f r o m  12 m s o u t h e a s t  of P a q u e t  Bay t o  36 m w e s t  of 
T r e m b l a y  Sound and  15 m e a s t  of  Elwin Inlet .  

AB2 M e m b e r  

This m e m b e r  is  c o m p o s e d  of 5 to 15 c o a r s e n i n g  upward  
c y c l e s ,  up t o  2 0  m th ick  e a c h ,  which a r e  s h a l e  d o m i n a t e d  
w e s t  of Milne In le t  a n d  q u a r t z a r e n i t e  d o m i n a t e d  e a s t  of Milne 
Inlet .  T h e  lower  p a r t s  of t h e  c y c l e s  a r e  ch ie f ly  grey-black 
shale.  T h e  upper  p a r t s  a r e  green-grey ,  buf f -whi te ,  and  pink 
i n t e r l a y e r e d  q u a r t z a r e n i t e ,  subarkose ,  s i l t s tone ,  do los tone ,  
a n d  q u a r t z  pebble-cobble c o n g l o m e r a t e .  P a l e o c u r r e n t s  
inc lude  unimodal  s o u t h w e s t  t o  n o r t h w e s t  t r e n d s  a n d  poly- 
modal  p a t t e r n s .  Thicknesses  w e s t  of Milne In le t  r a n g e  f r o m  
150 t o  261 m and  t o  t h e  e a s t  f r o m  6 5  t o  m o r e  t h a n  100 m. 

ABs M e m b e r  

This m e m b e r  c o m p r i s e s  black t o  g r e y  shale.  hitinor 
i n t e r l a y e r s  of do los i l t i t e ,  s i l t s tone ,  a n d  q u a r t z a r e n i t e  
i n c r e a s e  in a m o u n t  of t h e  s o u t h  a n d  s o u t h e a s t .  However ,  t h e  
m e m b e r  i n c r e a s e s  in th ickness  f r o m  200 m w e s t  of Tremb!ay 
Sound to 2 8 5  m o n  t h e  w e s t  s i d e  of Milne Inlet  a n d  m o r e  t h a n  
400 m e a s t  of Elwin Inlet .  

AB4 M e m b e r  

West  of Milne In le t  th i s  m e m b e r  cons is t s  ch ie f ly  of 
b lack-grey  s h a l e  w i t h  th in  i n t e r b e d s  of buff-grey t o  o r a n g e -  
brown s i l t s tone ,  do los i l t i t e ,  s t r o m a t o l i t i c  d o l o s t o n e  a n d  
l i rnestone.  Locally,  t h e  t o p  10 m is s t r o m a t o l i t i c  dolostone.  
T h e  s t r o m a t o l i t e s  inc lude  p lanar ,  s m a l l  mounds,  a n d  
branching  c o l u m n a r  types.  Mound and  s t r o m a t o l i t e  
e l o n g a t i o n s  i n d i c a t e  p a l e o c u r r e n t  t r e n d s  ranging  f r o m  
n o r t h w e s t - s o u t h e a s t  t o  n o r t h ,  n o r t h e a s t  t o  s o u t h  and south-  
wes t .  T h e  m e m b e r  c o n t a i n s  m o r e  t h a t  112  m o n  t h e  w e s t  
s i d e  of  Milne Inlet .  I t  is  152 m th ick  at t h e  h e a d  of  T r e m b l a y  
Sound,  25 m ' th ick  just  w e s t  of i t ,  a n d  1 3 2  m a b o u t  50  ltrri 
n o r t h w e s t  of  t h e  h e a d  of  t h e  Sound. M o r e  t h a n  3 0  m o c c u r  
e a s t  of Elwin Inlet .  

E a s t  of  Milne In le t  t h e  ABb m e m b e r  c o n s t i t u t e s  m o s t  
of t h e  A r c t i c  Bay Format ion .  It cons is t s  ch ie f ly  of o v e r  30,  
3-15 m th ick ,  c o a r s e n i n g  up c y c l e s  whose  lower  p a r t s  a r e  
c o m p o s e d  of black-grey s h a l e  which g r a d e s  i n t o  t h e  upper  
p a r t  c o m p o s e d  of i n t e r b e d d e d  green-grey  a n d  orange-buff  t o  
brown s i l t s tone ,  q u a r t z a ~ e n i t e ,  do los i l t i t e ,  s t r o m a t o l i t i c  
d o l o s t o n e  a n d  f l a t  p e b b l e  c o n g l o m e r a t e .  Coarsen ing-upward  
a rkose- r ich  w e d g e s  o r  f a n s  o c c u r  a long  t h e  Whi te  Bay F a u l t  
Zone.  E l o n g a t e  s t r o m a t o l i t c s  i n d i c a t e  n o r t h e a s t  t o  s o u t h w e s t  
p a l e o c u r r e n t  t rends .  T h e  ABb m e m b e r  is  o v e r  130  m t h i c k  in 
t h e  T a y  Sound a r e a  and  m a y  b e  414 m th ick  b e t w e e n  T a y  
Sound a n d  Milne Inlet .  

I n t e r p r e t a t i o n  

Basin t ransgress ion  in i t i a ted  in l a t e  A d a m s  Sound t i m e  
c o n t i n u e d  t h r o u g h o u t  m o s t  of A r c t i c  Bay t ime.  Depos i t ion  
w e s t  of Milne In le t  w a s  under  mixed  i n t e r t i d a l  a n d  subt ida l  
envi ronments .  E a s t  of Milne In le t  a l luv ia l  a n d  d e l t a  f a n s  
a c c u m u l a t e d  a d j a c e n t  t o  a c t i v e  f a u l t  z o n e s  a n d  i n t e r f i n g e r e d  
bas inward  w i t h  al luvial  plain and  i n t e r t i d a l  sed iments .  

Fabr ic ius  F iord  F o r m a t i o n  

Fabr ic ius  F iord  s t r a t a  o u t c r o p  local ly n o r t h  of  t h e  
C e n t r a l  Borden F a u l t  Zone.  S imi la r  s t r a t a  o u t c r o p  locally 
s o u t h  o f  t h e  Whi te  Bay F a u l t  Zone  w e s t  of Ec l ipse  Sound. 
Only t w o  of t h e  four  subdivisions w e r e  e x a m i n e d  in 1979. 

FF2 s t r a t a  cons is t  of  a b o u t  1 2  c o a r s e n i n g  up c y c l e s  in 
which black-grey s h a l e  g r a d e s  up in to  i n t e r l a y e r e d  s i l t s tone ,  
a n d  q u a r t z a r e n i t e .  T h e  F F 2  nlerrlber g r a d e s  u p  i n t o  FF3 i n t e r -  
b e d d e d  q u a r t z a r e n i t e ,  s u b a r k o s e  and  c o n g l o m e r a t e  which 
c o n t a i n  trough-crossbeds,  c u r r e n t  r ipples,  a n d  synaeres i s  
c r a c k s .  T h r e e - m e t r e  high c r o s s b e d s  s o u t h w e s t  of  Milne Inlet  
i n d i c a t e  s o u t h w e s t  t r a n s p o r t .  I n c o m p l e t e  s e c t i o n s  r a n g e  f r o m  
30  t o  m o r e  t h a n  100 m thick.  

I n t e r p r e t a t i o n  

T h e  F F 2  a n d  FF3 s t r a t a  w e r e  depos i ted  in m a r l n e  
in f luenced  d e l t a  f a n  c o m p l e x e s  t h a t  p r o g r a d e d  n o r t h w a r d .  
T h e s e  s t r a t a  pass la te ra l ly  n o r t h w a r d  i n t o  AB2 t.3 AB, basin-  
w a r d  f a c i e s  equiva len ts .  

Society Cliffs F o r m a t i o n  

Soc ie ty  C l i f f s  s t r a t a  o u t c r o p  In a be l t  f r o m  A d a m s  and  
S t r a t h c o n a  sounds  s o u t h e a s t  t o  T r e m b l a y  Sound a n d  P a q u e t  
Bay. They  a l s o  o u t c r o p  w e s t  of s o u t h e r n  Navy Board Inlet ,  
e a s t  a n d  s o u t h e a s t  o f  Elwin Inlet ,  a n d  o n  w e s t e r n  a n d  
n o r t h e r n  Bylot Island. In al l  of t h e s e  a r e a s ,  e x c e p t  for  t h e  
f i r s t -ment ioned  be l t ,  i t  is d i f f i c u l t  t o  differentiate Socie ty  
C l i f f s  f r o m  Victor  Bay s t r a t a  b e c a u s e  of  t h e  g e n e r a l  a b s e n c e  
of t h e  lower  Victor  Bay m e m b e r  (VB,). T h e r e f o r e ,  t o t a l  
t h i c k n e s s e s  at t h e s e  l o c a l i t i e s  a r e  f o r  s t r a t a  b e t w e e n  t h e  
A r c t i c  Bay and  S t r a t h c o n a  Sound format ions .  

L a m i n a t e d  to th in  bedded,  c o m m o n l y  s t r o m a t o l i t i c  and 
thiclc bedded t o  rrlasslve ( fa in t ly  in te rna l ly  bedded) do los tones  
p r e d o m i n a t e  in un i t s  u p  t o  4 0  m thick.  Thin, f l a t  p e b b l e  
c o n g l o m e r a t e  beds  a r c  c o m m o n .  Most  s t r o m a t o l i t e s  a r e  
individual  to l a t e r a l l y  l inked low d o m a l  a n d  hemisphero ida l  
t y p e s ,  and  c o l u m n a r  t y p e s  a r e  a l s o  p r e s e n t .  C r y p t a l g a l  
l a m i n i t e s  a r e  abundant .  R i o h e r r ~ i s  of var ious  s i z e s  a r e  
c o m m o n  and  v a r i e t i e s  3 0  to 6 0  m a c r o s s  a r e  local ly abundant .  
Most  e longa t ions  of s t r o m a t o l i t e s  a n d  b ioherms  i n d i c a t e  
n o r t h e a s t  t o  south\vest  p a l e o c u r r e n t  t rends.  C h e r t  h a s  
c o m m o n l y  r e p l a c e d  t h e  c a r b o n a t e  rocks  and  is par t icu la r ly  
a b u n d a n t  on  Bylot  Island w h e r e  red  v a r i e t i e s  a r e  c o m m o n ,  a n d  
c a s t  of Milne ln le t  w h e r e  brown a n d  b lack  v a r i e t i e s  a r e  
c o m m o n .  Dolomi t iza t ion  a n d  b r e c c i a t i o n  h a s  obscured  
p r i m a r y  s t r u c t u r e s  in m u c h  of t h e  rock. P e t r o l i f e r o u s  odours  
a n d  s p e c k s  ' of black b i tuminous  m a t e r i a l  a r e  common.  
Dissemina ted  p y r i t e  o c c u r s  locally. S e d i m e n t a r y  s t r u c t u r e s  
inc lude  t e p e e s ,  molar  too th ,  w a v e  r ipp le  marks ,  synaeres i s  
a n d  dess ica t ion  c racks ,  c o n v o l u t e d  t o  d i s rup ted  beds, 
d e w a t e r i n g  s t r u c t u r e s ,  load c a s t s ,  scours ,  loca l  uncon-  
f o r m i t i e s ,  s o f t  s e d i m e n t  d e f o r m a t i o n ,  vugs, and  microfau l t s .  

T h e  Soc ie ty  C l i f f s  F o r m a t i o n  is a b o u t  665  m th ick  a t  
t h e  head  of T r e m b l a y  Sound. Pa.rtia1 s e c t i o n s  i n d i c a t e  
t h i c k n e s s e s  of 8 2 5  m n e a r  t h e  m o u t h  of T r e m b l a y  Sound, 
345 m e a s t  of Milne Inlet ,  450 m th ick  e a s t  of Elwin Inlet, and  
a b o u t  7 5 0  m o n  w e s t e r n  Bylot Island. T h e  f o r m a t i o n  is 
c o n f o r m a b l e  w i t h  t h e  over ly ing  Victor B a x  F o r m a t i o n .  Two 
m e m b e r s  h a v e  b e c n  d i f f e r e n t i a t e d .  

S C I  M e m b e r  

West  of Milne In le t  a 10 t o  15 m th ick  lower  un l t  
c o n t a i n s  pebbly c a l c a r e o u s  q u a r t z a r e n i t e  t o  s u b l i t h a r e n i t e  
i n t e r l a y e r e d  w i t h  s t r o m a t o l i t i c  do los tone ,  l imes tone ,  a n d  f l a t  
p e b b l e  c o n g l o m e r a t e .  This  un i t  is over la in  by t w o  120 m 
t h i c k  in te rna l ly  c y c l i c  shal lowing upward  s e q u e n c e s  
c o n t a i n i n g  sha le ,  brown-grey s t r o m a t o l i t i c  do los tone  a n d  f l a t  



pebble conglomerate or breccia. This member thins abruptly 
northwestward and ranges f rom 165 t o  more than 315 m in  
the vicini ty of Tremblay Sound, t o  45 m west of Tremblay 
Sound, and 15 m east of  Elwin Inlet. 

East of Milne lnlet and on Bylot lsland the SCI member 
is relat ively thick due to the presence of black shale and 
redbed sequences interbedded w i th  grey t o  brown-grey, black- 
grey, green-grey and pale pink dolostones. The shaly units 
contain interbedded purple t o  red, green, black, brown and 
grey shale, dolostone, calcareous quartzarenite and 
subarkose. A few white gypsum beds occur east of Milne 
lnlet and are extensively developed on Bylot Island. The 
gypsum rarely occurs in beds more than I m thick. A t  one 
local i ty on western Bylot lsland gypsum is abundant 
throughout the lower 240 m of the formation and occurs 
interbedded w i th  shales and dolostones in units up t o  40 m 
thick. Salt casts occur locally. East of Milne lnlet measured 
thicknesses, most incomplete, range f rom 75 t o  165 m. On 
western Bylot lsland the gypsiferous zone, which may contain 
as much as 20 per ccnt gypsum, is over 240 m thick and the 
SC1 member may be at least 380 feet thick. 

SCz Member .- 

This member consists chief ly of grey to brown-grey 
dolostones as already described for the formation. Beds of 
red and green shale, siltstone and arkose, occur throughout 
the member on Bylot Island and in  the Tay Sound area, and 
are accompanied by hemati te staining of the associated 
strata. About 250 m are present in the Tay Sound area. 
Elsewhere, incomplete sections indicate thicknesses of 660 m 
west of  Milne Inlet, 370 m on western Bylot lsland and west 
o f  Tremblay Sound, and 450 m east of  Elwin Inlet. 

Interpretat ion 

West of Mllne Inlet the formation was deposited in  
shallow subtldal to  intertidal environments, whereds t o  the 
east of the inlet and on Bylot lsland it or ig~nated in an 
environment that varied f rom alluvial plain t o  shalloul 
subtidal. The gyps~ferous unlts probably represent coastal 
sabkha evapor ites. 

Victor Bay Formation 

The Victor Bay Formation outcrops in the same general 
areas as the Society C l i f f s  Formation. It is about 460 t o  
640 m t h ~ c k  50 m northwest of Tremblay Sound, 724 m east of 
Milne Inlet, and 423 m west of southern Navy Board Inlet. It 
is d lv~sib le into two members In the southern part of the area. 
The lower member (VB1) is absent u e i t  of Eclipse Sound and 
in  rnost of the northern part of the area. In these loca l i t~es  it 
IS very d i f f ~ c u l t  t o  sepdrate the SCz 1ror)r the VB2 member. 

VBI Member 

Grey to black and brownish grey laminated to very thin 
bedded shale, calcareous to d o l o m i t i ~  shale, siltstone, 
dololut i te and dolosi l t i te predominate i n  this member. Minor 
graphitic shale, quartzwacke, quartzarenite and subarkose, 
f la t  pebble carbonate conglomerate and pyr i te  laminae, occur 
locally. Scour channels, soft sediment deformation, 
crossbeds, ripple marks, synaeresis cracks; and molar tooth, 
load, and bal l  and pil low structures are rare. 

The VBI member is 170 t o  370 m thick 50 k m  northwest 
o f  Trernblay Sound, 100 t o  140 m 15 k m  west of  Tremblay 
Sound, 15 m along northern Tremblay Sound, 120 m west of 
Eclipse Sound and 44 m past of bli lne Inlet. 

This member is composed of varlous l ight t o  dad< grey 
and black limestone and dolostone lithologies that occur in I 
to  20 m thick units (rarely as thick as 55 m). Cast of  Milne 
Inlet, for example, the lower 200 m are chief ly limestones, 
the upper 260 m are chiefly dolomites, and the middle 220 m 
contain both. Petroliferous odours are most common in the 
limestone. Major l ithologies are f la t  pebble-boulder 
conglomerate, laminated to very thlck bedded carbonates, 
stromatol i t ic carbonate, cryptalgal laminites, lumpy bedded 
carbonate, evenly nodular carbonate, and vuggy carbonate. 
Minor round clast conglomerate, "turbidite" units, shale and 
replacement chert, are common. Lenses of  quartzarenite, 
quartzwacke and subarkose occur locally. 

Stromatolites 0ccu.r individually and i n  bioherms up t o  
1.5km in length. Individual and lateral ly l inked 
hemispheroidal and columnar and digitate columnar types are 
the most common. Hemispheroidal stromatolites are 
elongated in predominantly east-west to  northeast-southwest 
directions a t  several localities (Flg. 46.2). Other common 
structures are molar tooth, teepee, rip-up clasts, scour 
channels, synaeresis and dessicaiton cracks, load casts, 
convoluted beds, soft sediment folds, dewatering structures, 
birds eye structures, r ~ p p l e  marks, crossbeds, and microfaults. 

Thickness for the VB2 member are: about 290 m 50 k m  
west of Tremblay Sound, 470 m 15 km west of Tremblay 
Sound, 650 m east of Milne Inlet, 300 m west of Eclipse Sound 
and 450 m est of Clwin Inlet. VBI and VB2 members are con- 
formable and ln te r f~nger  a t  most localit ies. However, a lcoal 
disconformity may occur a t  the contact 50 k m  west of 
Tremblay Sound where 10 m of round clast limestone 
conglomerate occurs at the base of VBZ. 

Most of the VB1 member was probably deposited under 
subtidal conditions. Influx of fine terrigenous clastic 
material  probably prevented algal growth. The upper (V621 
rnember was probably deposited .under chicf ly shallow subtidal 
t o  intert idal conditions. 

Athole Point Formation 

Athole Point Formation outcrops f rom east of Mllne 
lnlet t o  about 50 km north\. est of Tremblay Sound. hledlum 
t o  dark grey dnd black larrlinated t o  mcdlum bedded Ilrrre- 
stones, cryptalgal l a m ~ n ~ t e s  and stromatol i t ic l~mcstones 
predominate in units 2 t o  4 0 m  thlck. Mlnor l ~ t h o l o g ~ c s  
lnclude lumpy bedded carbonates and frat-pebble and round- 
clast conglomerates. A t  least one "debr~s-flo\v" carbon,te 
breccla bed occurs near the base of the f o rma t~on  east of 
M ~ l n e  Inlet. Orange-wedthered I to  10 m thlck s~l lceous 
carbonate beds occur sparsely throughout the format~on.  
5tromatol l tes other than planar types are re la t~ve ly  
uncorrrrrlon, but Include low domal hernispheroidal and small 
columnar types as well as bloherms. Carbonate-cemented 
sandstone. qusrtzarenite, subl~tharen~te,  subarkose, shale, 
s~ltstone, and flat-pebble conglomrrate occur chlefiy In the 
upper part of the f o rma t~on  in fining upward turbidi te 
sequences, and become increasingly abundant northwestward. 
Observed structures include graded beds, flutes, load casts, 
f lame structures, small scale crossbeds, synaeresls and 
dess~cation cracks, soft sediment deformation channels, 
scours, blrds eye structures, convoluted beds, molar tooth, 
tepees, concretionary structures, and microfaults. Un~modal  
crossbeds Indicate west-nortliv,~esterly transport. 



A t h o l e  Poin t  F o r m a t i o n  m a y  b e  divided i n t o  a lower  
m e m b e r  c o n t a i n i n g  a b u n d a n t  c r y p t a l g a l  l a m i n i t e s  a n d  a n  
upper  m e m b e r  in which  t u r b i d i t e  s e q u e n c e s  a r e  common.  T h e  
f o r m a t i o n  is p robably  a b o u t  500-585 m th ick  in t h e  vicini ty of 
Milne ln le t  and th ins  w e s t w a r d  and abrupt ly  nor thward .  It is 
c o n f o r m a b l e  wi th  b o t h  t h e  under ly ing  Victor  Bay a n d  
over ly ing  S t r a t h c o n a  Sound Forma.tion. 

I n t e r p r e t a t i o n  

Most of t h e  s t r a t a  w e r e  probably depos i ted  in i n t e r t i d a l  
t o  subt ida l  e n v i r o n m e n t s  w i t h  re la t ive ly  d e e p  w a t e r  ly ing  t o  

t h e  south.  T h e  f o r m a t i o n  is cons idered  t o  b e  t h e  s e a w a r d  
e q u i v a l e n t  of t h e  l o w e r  a n d  possible middle  p a r t s  of t h e  
S t r a t h c o n a  Sound F o r m a t i o n  w i t h  which i t  i n t e r f i n g e r s  
la te ra l ly .  

S t r a t h c o n a  Sound For m a t  ion 

This f o r m a t i o n  o u t c r o p s . c h i e f l y  in a broad  b e l t  s o u t h  of 
t h e  Whi te  Bay F a u l t  Z o n e  w e s t  of E c l i p s e  Sound. It a l s o  
u n d e r l i e s  smal l  a r e a s  b e t w e e n  Elwin l n l e t  and  n o r t h e r n  Navy 
Board Inlet  a n d  on w e s t e r n  Bylot  Island. 

Figure 46.3. Tentat ive  reconstruction o f  facies distribution around basement fault blocks 
during the early depositonal history of  the Strathcona Sound Forrna tion. 



Most of the strata are laminated t o  thin bedded, 
although many are medium to  very thlck bedded. The various 
lithologies occur chief ly in  alternating u n ~ t s  f rom I t o  20 m 
thick, but which range to more than 100 m thick. These units 
may contain a single lithology or may contain several 
~nterbedded litholog~es. Fining upward sequences 
predominate. Sedimentary structures include graded beddlng, 
trough, planar and herringbone crossbeds, ripple marks, 
imbricated clasts, soft sediment folds, slump features, 
convoluted and disrupted beds, scours, channels, flutes, 
synaeresls cracks, and microfaults. 

Paleocurrent trends adjacent t o  and south of the White 
Bay Fault Zone are moderately unimodal and indicate chiefly 
southerly t o  westerly transport. Nor th of the fault  they 
range f rom un~modal  t o  bimodal and polymodal, and indicate 
chlef ly northerly t o  easterly transport west of Navy Board 
lnlet and southwesterly transport on western Bylot Island. 

More than l10  m of grey interlayered slltstone, 
sandstone, f ine calcareous clastics, and limestone form the 
basal member of the Strathcona Sound Formation about 
50 I<m west of Eclipse Sound. This uni t  thins northward t o  
about 40 m locally near the \Vh~te Bay Fault Zone. It seems 
t o  be absent north of the fault  zone. It represents a 
transition zone between the Victor Bay, Athole Point and 
Strathcona Sound sediments. 

Strathcona Sound strata west of northern Navy Board 
lnlet are slmilar t o  the strata west of Eclipse Sound above the 
basal grey siltstone member and includes a debris-flow 
b recc~a  in the lower part of the section. Bylot Island strata 
are also similar, but red arkose predominates in the basal 
part, and contains crossbeds more than 3 m high. Orange 
weathering, locally stromatol i t ic carbonate beds range up t o  
10 m thick and occur sparsely throughout the Bylot Island 
strata which are more than 365 m thicl<. 

The boulder conglomerates and arkoses adjacent to  the 
\Vhlte Bay Fault Zone probably represent al luvial  fan 
complexes that were deposited rap~d ly  along an act ive faul t  
(Fig. 46.3, 46.4). These deposits interfinger wi th the shales, 
siltstones and sandstones t o  the south, which represent 
al luvidl  p l a ~ n  and mixed a l l u v~a l  and in ter t ida l  to  shallow 
subtidal deposition. The alluvial deposits may include minor 
channel deposits. 

Elwin Formation 

These strata outcrop f rom northern Navy Board lnlet 
west to  Elwin Inlet. In the east they consist chief ly of red to 
minor green arkose, siltstone and shale interbedded w i th  buff 

In the same region west of Eclipse Sound these strata 
sandstone, white quartzarenite and grey t o  buf f  and l ight red 
sandy t o  stromatol i t ic dolostone. Stromatolites include 

are overlain by more than 400 m of grey, brown, green and 
plandr, low domal and hemispheroidal types. Some dolostone chlef ly red shale, siltstone, feldspathic m1acke7 and arkose. 
beds are brecciated at the top. The strata are laminated to The sandstones commonly have a calcareous matrix. One or 
medium bedded and occur jn  l i thological units I t o  20 m more beds or lenses of ol igomict ic angular clast carbonate thick. Most of the redbed strata occur in sequences 5-130 m 

breccia i n  the lower part of this member probably are debris thick separated by 8-50 m thick sequences of grey t o  green 
f low breccias. These strata are overlain by grey-green, strata. Both sequences are cyclic. Carbonate strata seem to  
coarse calcareous feldspathic wacke and minor po l ym~c t i c  decrease in abundance upward as well as toward the west, 
conglomerate. whereas the proportion of white auartzarenite and buff 

Northward, adjacent to  the White Bay Fault Zone, more sandstone seems t o  increase westward. Frosted sand grains 
than 870 m of Strathcona Sound strata are composed chiefly are common in the sandstones and dolostones. 
of red arkoses and poly mict ic  conglomerates that contain Cycles withln the redbed sequences are 2-40 m t h ~ c k  
carbonate clasts and clasts f rom the basement complex in and commonly consist of lower arkose-shale that grades 
varying proportions. F lat  pebble conglomerate and upward in to dolostone. A less common cycle contains basal 
ol igomict lc carbonate conglomerate clasts occur locally arkose that  grades upward in to quartzarenite which grades 
(Fig' 4 6 ' 3 7  46.4). The are absent from the into dolostone. Shale may occur above or below the latter 
lower 170 m in places but in others are interbedded dolostone as part of the Cycles in the grey to green throughout the formation. A t  one local i ty more than 186 m sequences include arkose or quartzarenite grading upward 
of  chief ly ol igomict ic carbonate conglomerate rests d ~ r e c t l y  

into siltstone or dolostone. 
on the Fociety Cl i f fs-Victor Bay Formation and contains 
clasts up t o  10 m across. The upper part of the formation is 
chief ly conglomerate as described above. 

Figure 46.4. Cross-section along t h e  line X-Y in Figure 46.3.  Legend as  in Figure 46.3. 



S e d i m e n t a r y  s t r u c t u r e s  include t rough  r r o s s b e d s  ( s o m e  
2 m), p lanar  c rossbeds ,  r ipp le  marks ,  synaeres i s  and  
d e s s i c a t i o n  c racks ,  loca l  unconformi t ies ,  microfau l t s ,  t e p e e s ,  
d e w a t e r i n g  s t r u c t u r e s ,  b i rds  e y e  s t r u c t u r e ,  channels ,  
s ty lo l i t es ,  o o l i t e s  and  pisoli tes ,  s h a l e  ch ips  and  rip-up c las th ,  
ball a n d  pillows, f l u t e s ,  s o f t  s e d l m e n t  fo lds  and  convolu ted  
beds. Crossbed  m e a s u r e m e n t s  i n d i c a t e  un imodal  t o  b imodal  
a n d  weakly  bipolar  p a t t e r n s  which i n d i c a t e  ch ie f ly  w e s t e r l y  
a n d  n o r t h e r l y  t r a n s p o r t .  S t r o m a t o l i t e  a n d  r ipp le  m e a s u r e -  
m e n t  i n d i c a t e  ch ie f ly  e a s t - w e s t  p a l e o c u r r e n t s .  

T h e  Elwin F o r m a t i o n  is at l e a s t  470  m t h i c k  o n  t h e  w e s t  
s i d e  of Navy Board Inlet. T h e  lower  c o n t a c t  w i t h  t h e  
S t r a t h c o n a  Sound F o r m a t  in is c o n f o r m a b l e  and  possibly 
g r a d a t i o n a l .  A low-angle unconformi ty  s e p a r a t e s  t h e  Elwin 
f r o m  over ly ing  Lower P a l e o z o i c  s t r a t a .  

I n t e r p r e t a t i o n  

Most of t h e  s t r a t a  w e r e  probably depos i ted  in l o c a l e s  
t h a t  ranged  f r o m  a l luv ia l  plain t o  in te r t ida l .  Sorrle channel  
d e p o s i t s  a r e  p r e s e n t  and  s o m e  a e o l i a n  d e p o s i t s  may b e  
p r e s e n t  in b o t h  t h e  Elwin and  S t r a t h c o n a  f o r m a t i o n s .  

N o t e s  

T h e r e  is l i t t l e  e v i d e n c e  t h a t  A d a m s  Sound depos i t ion  
w a s  s i g n ~ f i c a n t l y  a f f e c t e d  by c o n t e m p o r a n e o u s  fau l t ing ,  
a l though t h e  a s s o c i a t ~ o n  of Nauyat  b a s a l t  wi th  major  f a u l t  
z o n e s  s u g g e s t s  t h a t  s o m e  r i f t i n g  had a l r e a d y  o c c u r r e d  in  e a r l y  
A d a m s  Sound t ime.  T h e  o n l a p  of A r c t i c  Bay s t r a t a  o n t o  
b a s e m e n t  gne isses  in t h e  T a y  Sound reg ion  suppor t s  this .  
F a u l t i n g  w a s  a c t i v e  dur ing  A r c t i c  Bay s e d i m e n t a t i o n ,  a t  
which t i m e  t h e  e f f e c t s  of m o v e m e n t  a long  t h e  C e n t r a l  
Borden F a u l t  Z o n e  w e r e  g r e a t e r  t h a n  f o r  t h e  W h i t e  Bay F a u l t  
Zone.  T h e  r e v e r s e  s e e m s  t o  h a v e  b e e n  t r u e  in S t r a t h c o n a  
Sound t i m e .  Also, t h e  Byam Mar t in  Mountain High d o e s  not  
s e e m  t o  h a v e  been  s ign i f ican t ly  up l i f ted  unti l  l a t e  or  pos t  
Soc ie ty  C l i f f s  t i m e .  

P a l e o c u r r e n t  m e a s u r e m e n t s  c rude ly  o u t l i n e  por t ions  of 
t h e  Milne Inlet and Eclipse t roughs .  T h e  f a c i e s  c h a n g e s  in t h e  
Milne ln le t  a r e a ,  and t h e  f a c t  t h a t  t h e  known w e s t e r l y  e x t e n t  
of S o c i e t y  C l i f f s  gyps i fe rous  r e d b e d s  is a nor th-nor thwes te r ly  
t r e n d i n g  line, s u g g e s t  t h a t  s o m e  syndepos i t iona l  f a u l t i n g  m a y  
h a v e  o c c u r r e d  in a nor th-south  d i r e c t i o n  and t h a t  t h e  Borden 
Peninsu la  c o m p o n e n t  of t h e  Navy Board High m a y  h a v e  b e e n  
a n  i s h n d .  This  is s u p p o r t e d  by a f e w  p a l e o c u r r e n t  
m e a s u r e m e n t s .  

A c k n o w l e d g m e n t s  

Exce l len t  a s s i s t a n c e  in t h e  f ie ld  w a s  provided by 
L.M. C u m m i n g  of t h e  Geologica l  Survey of C a n a d a ,  
Valerie  Gislason of T o r o n t o  Universi ty,  Les l ie  .VacLaren  of 
Queen ' s  Univers i ty ,  John  McEwen of A t o m i c  Energy  of 
C a n a d a  Limi ted ,  a n d  B e v e r l e e  McLean  of G e o r g i a n  College.  
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Abstract 

The nature o f  the flora and the relationships between plant communities and the surficial 
materials on Lougheed Island were studied. Thirty-three vascular species were identified. Most 
communities are dominated by monocotyledons. Several Luzula-based communities occur on sandy 
material S ;  grass-based communities, primarily dominated by Alopecurus alpinus and Puccinellia 
species occur on fine grained materials. Saxifraga oppositifolia-based communities are restricted t o  
materials with significant calcareous components. For each type of material, moisture content 
determines which type of community is present. 

In t roduc t ion  

T h r e e  w e e k s  (mid  Ju ly  to e a r l y  Augus t  1979) w e r e  s p e n t  
o n  Lougheed  Island,  in t h e  n o r t h w e s t e r n  Q u e e n  El izabe th  
Islands (Fig.  47.11, s tudying  t h e  in te r re la t ionsh ips  b e t w e e n  
p lan t  c o m m u n i t i e s  and  t h e  various sur f ic ia l  m a t e r i a l s .  This  
p r o j e c t  w a s  c a r r i e d  o u t  in conjunc t ion  wi th  mapping  of 
sur f ic ia l  m a t e r i a l s  by D.A. Hodgson. 

T r a v e l  a b o u t  t h e  island w a s  o n  f o o t  a n d  by 
Honda 90  ATC. Seventy- f ive  s i t e s  w e r e  r e a c h e d  f r o m  t w o  
camps .  

Lougheed  'Island is a nor th-south  e l o n g a t e d ,  low-lying 
is land (70 k m  long, 20 k m  a v e r a g e  wid th)  deve loped  o n  poorly 
c o n s o l i d a t e d  C r e t a c e o u s  sands tone ,  s i l t s tone ,  a n d  s h a l e  
(Balkwil l  e t  al., 1977). The  c e n t r a l  p a r t  of t h e  is land h a s  
g e n t l y  rol l ing topography ( m a x i m u m  e l e v a t i o n  ca .  140 m). 
T h e  c o a s t a l  marg ins  a r e  genera l ly  g e n t l y  sloping and  of low 
re l ie f .  

T h e  ls land shows e v i d e n c e  of Q u a t e r n a r y  g lac ia t ion ,  
including a n  e s k e r  in t h e  s o u t h e a s t e r n  p a r t  of t h e  island, 
druinl inoid f e a t u r e s  on t h e  w e s t  s ide,  and t h e  widespread  
p r e s e n c e  of e r r a t i c s ,  including l imes tone ,  igneous,  and  m e t a -  
m o r p h i c  g r a n u l e  t o  boulder  s ized  mater ia l s .  

T h e  is land w a s  la rge ly  s u b m e r g e d  dur ing  h igher  s e a  
leve ls  o f  t h e  l a t e  P l e i s t o c e n e  a n d  e a r l y  Holocene ,  f o r  m a r i n e  
d e p o s i t s  o c c u r  o v e r  m u c h  of  t h e  island a n d  m a r i n e  she l l s  h a v e  
b e e n  c o l l e c t e d  a t  e l e v a t i o n s  of  m o r e  t h a n  100  m. 

A c k n o w l e d e m e n t s  

T h e  logist ical  s u p p o r t  of Polar  C o n t i n e n t a l  Shelf 
P r o j e c t  is g r a t e f u l l y  acknowledged .  A p p r e c i a t ~ o n  is a l s o  
e x t e n d e d  t o  F.M. iVixon and  D.A. Hodgson for  p lan t  obser -  
va t ions ,  co l lec t ions ,  a n d  discussions in t h e  f ield.  

Prev ious  Biological  S t u d i e s  

L i t t l e  h a s  b e e n  w r i t t e n  o n  t h e  v e g e t a t i o n  o r  wildl ife  of 
Lougheed  Island. S tephansson  (1 9 2  1) n o t e d  t h a t  t h e  
v e g e t a t i o n  w a s  a b u n d a n t  o n  t h e  s o u t h e r n  a n d  w e s t e r n  p a r t s  of 
t h e  island a n d  t h a t  t h i s  v e g e t a t i o n  s u p p o r t e d  a s izedble  
c a r i b o u  populat ion.  Macpherson  (1961) r e c o r d e d  e s t i m a t e s  
m a d e  by R. Thors te insson  in 1955 a n d  1959 of 300 car ibou  on  
Lougheed  Island; M ~ l l e r  and  Russel l  (1974) s a w  only 30 
car ibou .  During t h e  t h r e e  weeks  w e  t r a v e l l e d  a round t h e  
is land,  only f o u r  car ibou  w e r e  s e e n  t o g e t h e r  wi th  numerous  
well  picked-over c a r c a s s e s .  

Glen is te r  and  Thors te insson  (1963) r e p o r t e d  t h a t  t h e  
v e g e t a t i o n  w a s  pr imar i ly  grasses ,  l ichens,  a n d  mosses;  t h e y  
observed  no  shrubs. Savi le  (1961) s t o p p e d  br ie f ly  o n  t h e  

n o r t h e a s t e r n  p a r t  of t h e  island a n d  o b s e r v e d  Alopecurus  
a lp inus  and  S a x i f r a g a  oppos i t i fo l ia .  T h e s e  w e r e  t h e  f i r s t  
s p e c i e s  r e c o r d e d  for  t h e  is land and  unt i l  t h e  p r e s e n t  s tudy  t h e  
only s p e c i e s  i n f o r m a t i o n  ava i lab le .  

G e n e r a l  R e m a r k s  o n  V e g e t a t i o n  

T h e  vascula r  f l o r a  of Lougheed  Island is  smal l ,  only 33 
s p e c i e s  in t o t a l ,  a l l  p r e s e n t  at both  e n d s  of t h e  is land 
(Appendix 1; t a x o n o m i c  n o m e n c l a t u r e  fo l lows  Porsi ld,  1964). 
Grass-l ike s p e c i e s  d o m i n a t e  t h e  vascula r  p l a n t  c o m p o n e n t  of 
m o s t  p l a n t  c o m m u n i t i e s ,  n a m e l y  t h e  rushes  Luzula  c o n f u s a  
a n d  L. n iva l i s  a n d  t h e  g r a s s e s  Alopecurus  a lp inus  a n d  
Pucc ine l l ia  species.  C a r y o p h y l l a c e a e  and  S a x i f r a g a c e a e  a r e  
t h e  m o s t  a b u n d a n t  and  d i v e r s e  d lco ty ledonous  famil ies .  No 
shrubs,  C y p e r a c e a e ,  o r  a q u a t i c  s p e c i e s  w e r e  found.  

D e s p i t e  t h e  low number  of vascula r  spec ies ,  t h e  
per  c e n t  c o v e r  of v e g e t a t i o n  c a n  be  high ( g r e a t e r  t h a n  
7 5  per  r e n t  c o v e r ,  Fig. 47.11, w h e r e  d a r k  so11 l ichens  (pa t ina)  
and  a f e w  mosses  a r e  presen t .  F r o m  t h e  a i r  t h i s  n e a r l y  
cont inuous  lower  s t r a t u m  g i v e s  t h e  t e r r a i n  a d a r k  a p p e a r a n c e .  
A r e a s  w i t h o u t  t h i s  lower  c r y p t o g a m i c  s t r a t u m  a r e  g e n e r a l l y  
poorly v e g e t a t e d ,  usually less  t h a n  2 0  p e r  c e n t  cover .  This  
"all o r  nothing" phenomenon of v e g e t a t i o n  c o v e r  o c c u r s  o n  
o t h e r  high a r c t i c  is lands a s  well. Vegeta t ion  c o v e r  b e t w e e n  
2 0  a n d  7 5  per  c e n t  is t o o  loca l ized  t o  b e  shown on  
F i g u r e  47.1. 

T h e  r e d u c e d  vascula r  f l o r a  and  t h e  a b s e n c e  of shrubs  
t h a t  a r e  p r e s e n t  on s imi la r  m a t e r i a l s  on  s o u t h e r n  Amund 
Ringnes ,  Cornwal l  a n d  G r a h a m  islands (Hodgson and  
Ldlund, 1975, 1975) and  s o u t h e r n  Sabine  Peninsu la  ( B a r n e t t  
e t  al.,  1975) i n d i c a t e  t h a t  th i s  is land be longs  e n t i r e l y  in 
Zone  l ,  t h e  m o s t  s e v e r e  of t h e  high a r c t i c  b i o c l i m a t i c  
subdivisions d e s c r i b e d  by Hodgson a n d  Edlund ( t978) .  

Sur f ic ia l  M a t e r i a l s  a n d  P l a n t  C o m m u n i t i e s  

Though t h e  is land is under la in  by C r e t a c e o u s  rocks ,  a 
subs tan t ia l  a r e a  i s  c o v e r e d  by Q u a t e r n a r y  g lac ia l ,  g lac io-  
m a r i n e ,  f luvial ,  a n d  eolian m a t e r i a l .  Soil d e v e l o p m e n t  is  
min imal  in t h i s  reg ion  s o  t h a t  t h e  p l a n t s  a r e  r o o t e d  d i r e c t l y  in 
u n a l t e r e d  or  p h y s ~ c a l l y  w e a t h e r e d  m a t e r i a l .  T h e  n a t u r e  a n d  
compos i t ion  of t h e  m a t e r i a l s ,  t h e r e f o r e ,  h a v e  a g r e a t  
i n f l u e n c e  on t h e  vege ta t ion .  

Redrock 
--p 

W e a t h e r e d  a n d  u n w e a t h e r e d  rock  is c o m m o n l y  e x p o s e d  
a t  h igher  e leva t ions ,  a n d  in s t r e a m  c u t s  a n d  in headwal l s  of  
n iva t ion  hollows a t  lower  e leva t ions .  Vegeta t ion  is  g e n e r a l l y  
s p a r s e ,  bu t  t h e r e  a r e  d e f i n i t e  p a t t e r n s  t o  t h e  p l a n t  g r o u p s  
found  o n  t h e  var ious  r o c k  types.  
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AZopecurus meadow; mpecurus-Dupontia -- A!pecu~us-L 'o~  bar rens ;  PuccineZZia 
G wet  meadow; AZopeeurus-Caryophyllaceae 9 bruggernanni b a r r e n s  ; PuccineZ Zia 

communi t ies  p&yganodes b a r r e n s  

Moss and l ichen-Cryptogamic  communi t ies  Sorifragg ~ p p o s i t i f o l i a  - h e r b  b a r r e n s  

Swi f ragg  ~ p p o s i t i f o l i a  - herb  t u n d r a  No t  v e g e t a t e d  

- Bedrock u n i t  c o n t a c t  
I Camp l o c a t i o n  --- Bedrock u n i t  c o n t a c t s  masked by veneer  

Figure 47.1. Vegetation of Lougheed Island. 
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Shale. One of the most striking illustrations of the - 
influence of bedrock composition on vegetation can be seen 
by comparing vegetation on shales of the Christopher and 
Kanguk formations. 

Christopher Formation weathers into fine silts and clays 
and supports grass communities. Sparse Alopecurus alpinus, 
Colpodiurn vahlianurn, and Poa species are the most common 
plants on well drained materials. On lower slopes and in 
valleys and depressions where drainage is poor, Alopecurus is 
the dominant grass (usually less than 5 per cent cover). A 
lower stratum of patina and mosses is commonly found. 
Caryophyllaceae, Saxifragaceae, and Papaver radicatum are 
sporadic associates. This assemblage of plants is also found 
on the Christopher Formation on Sabine Peninsula, MelviJle 
Island (Barnett et al., 1975), and on the Ringnes lslands 
(Hodgson and Edlund, 1978). 

Fine grained Kanguk Formation is unvegetated, 
regardless of the moisture regime; this was also observed on 
Kanguk Formation on Arnund Ringnes Island. The shale is 
extremely acidic and probably inhibits plant growth; only 
where there is a marine or glaciomarine veneer over the 
bedrock do plants grow. 

Sandstone. The Hassel Formation is predominantly a 
poorly consolidated sandstone which includes thin shale beds. 
Unconsolidated sand weathered from the Hassel Formation is 
present on hilltops and ridges in the central part of the island. 
The sand is generally well drained and prone to deflation. 
Some of the weathered surface is covered by a thin, red- 
weathering sandstone and siltstone lag deposit. Although the 
sands are commonly unvegetated, the lichen Cornicularia 
divergens attaches to the lag pebbles in a few places. 
Locally Luzula confusa, Papaver radicatum, and other herbs 
occur sporadically. Only in sheltered locations where 
moisture is retained, such as snowmelt seepage slopes, are 
there places with continuous vegetation. Such areas are 
dominated by Luzula-patina communities described in 
greater detail below. 

In a few places where fine grained material is present 
a t  the surface, sparse grasses and a variety of 
Caryophyllaceae occur, including Alopecurus, Puccinellia 
species, Poa glauca, Stellaria longipes, Cerastiurn arcticurn, 
C. regelii, Arenaria rossii, Saxifraga caespitosa, and Papaver 
radicaturn. 

Sandstones from the Isachsen and Eureka Sound 
formations were not visited. It is probable, however, that 
these outcrops are extremely poorly vegetated or 
unvegetated, as is the case on Sabine Peninsula and the 
Ringnes Islands. Communities present are probably Luzula 
based. 

Quaternary Deposits 

Much of the bedrock of Lougheed Island is masked by a 
variety of unconsolidated Quaternary materials from several 
metres to less than a metre thick. Included are fine to coarse 
grained glacial deposits, si l t  and clay of glaciomarine and 
offshore marine sediments, beach sands, sand to fine grained 
deltaic deposits, and modern fluvial sediments. These 
materials are generally moderately or poorly drained. 
Saturated soils are common; however, ponding is rare and 
extremely localized. 

Sands. Sandy Quaternary materials, including fluvial 
and some deltaic and nearshore deposits, are derived 
primarily from Hassel Formation sandstone. These deposits 
are among the most heavily vegetated materials on the island 
where depositional processes are not currently active. 
Communities are pr~mar i ly  Luzula based, wi th a nearly 

continuous lower stratum of patina and Polytrichum moss. 
Luzula confusa is the dominant vascular plant of moderately 
to well drained sites; Luzula cover is typically drained 5 to  
15 per cent. Potentil la hyparctica, Luzula nivalis, Alopecurus 
alpinus, Papaver radicatum, Draba species, and Stellaria 
longipes are common associates. Luzula confusa tussocl<s can 
be extremely dense (25 to  50 per cent cover) in  areas 
adjacent to current eolian activity. 

On imperfectly drained sands, Luzula nivalis is the 
dominant vascular plant and Alopecurus alpinus is a common 
associate. The moss component of the nearly continuous 
lower stratum is thicker and includes Polytrichurn, 
Rhacomitrium lanuginosum, and Aulacomnium. 

Standing water is rare on Quaternary sand, but in  the 
few areas where i t  ,is present, there are pure bryophytic 
communities and Alopecurus - Dupontia fisheri communities 
with a dense bryophyt~c lower stratum. Other vascular 
species are rare. 

Silty sand, particularly common as a f luvial deposit 
overlying the Kanguk Formation, appears barren; however, 
close examination commonly revealed small clumps of 
Puccinellia bruggernanni ( I  to 10 per cent cover) partially 
masked by a layer of fine eolian sand. The only other 
vegetation rarely observed on this material was Papaver 
radicatum. 

On sand and silty sand near the modern shoreline, 
sparse, sporadic Puccinellia phryganodes halophytic 
communities occur. In zones where ice thrust is common this 
community may occur immediately inshore of the ice thrust 
features. 

Silt and Clay. Silt and loamy clay, commonly including 
granule or larger sized clasts are widespread. These 
materials of marine, glaciomarine, and glacial origin are 
commonly covered by continuous vegetation. They are poorly 
drained for the most part, and where relief is slight, such as 
on broad ridge tops, the materials are frequently saturated. 
Only on moderate and steep slopes do materials appear to be 
moderately to  well drained. 

Where this veneer overlies Kanguk Formation shale, 
communities are essentially cryptogamic. Vascular plants are 
poorly represented (usually less than 5 per cent) by 
Alopecurus alpinus and Puccinellia bruggemanni and rarely 
Luzula nivalis. Scattered thermokarst ponds commonly are 
surrounded by dense bryophytic mats; Alopecurus alpinus and 
Dupontia fisheri can be found locally on raised moss 
hummocks a t  the pond edges, along wi th rarer Saxifraga 
nivalis, S. tenuis, and S. cernua. On moderate to  steep slopes, 
the vegetation is much more varied; Saxifraga oppositifolia, 
the above Saxifrages, Papaver radicaturn, stellaria longipes, 
and Cerastiurn arcticurn appear in conjunction with 
Alopecurus alpinus. 

Over Hassel Formation sandstone, poorly drained si l t  
and clay veneers support Luzula nivalis communities, wi th 
Alopecurus usually CO-dominant. Juncus biglumis, Puccinellia 
bruggernanni, Saxifraga nivalis, S. tenuis, S. cernua and 
S. caespitosa are common associates. On saturated materials 
Puccinellia bruggernanii and Alopecurus alpinus are commonly 
the only vascular plants. A moss-patina lower stratum i s  
nearly continuous on such materials. On better drained slopes 
of fine grained material, the highest diversity of vascular 
plants on the island occurs. In addition to the expected 
Luzula species and Alopecurus, six Gxifrages, Potentil la 
hyparctica, Cochlearia officinalis, Cardarnine bellidifolia, 
Draba species, Papaver radicaturn, four Caryophyllaceae, and 
two Ranunculuqspecies commonly occur. 

Alopecurus alpinus is the dominant vascular plant where 
marine si l t  and clay overlie Christopher Formation shale, 



Table 47.1 

Relationships between plant communities,  moisture 
regime, and s u r f ~ c i a l  mater ia ls  

l Dominant Surficial  Material  Moisture Regime 
Plant  Community I 

BEDROCK 

1. Alopecurus-Poa barrens Shale (KC) 

2. Luzula confusa barrens Sandstone (Kh, Ke, Ki) Dry 

3. Unvegetated Shale (Kk) Dry t o  we t  

QUATERNARY DEPOSITS 

4. Luzula confusa barrens Sand Dry 

5. Luzula nivalis - 
Alopecurus s t eppe  Sand 

Moderately to  
imperfect ly  drained 

6 .  Alopecurus-Poa barrens Silt and clay Dry 

7. Alopecurus-Caryophyllaceae Silt  and clay Moderately drained 
tundra 

8. Alopecurus-Puccinellia Silt and clay Imperfectly drained 
s t eppe  t o  sa tu ra t ed  

9. Alopecurus-Dupontia 
w e t  meadow 

Sand, si l t ,  and Satura ted;  around 
clay ponds and seepage 

slopes 

10. Puccinell ia phryganodes Sand and sil ty Imperfectly drained 
barrens sand shoreline 

1 1. Saxifraga oppositifolia Calcareous gravelly Dry 
barrens sand 

1 2. Saxifraga oppositifolia Calcareous  gravelly Imperfectly drained 
moss tundra sand 

regardless of t h e  moisture regime. Imperfectly and poorly Table 47.1 summarizes the  interrelationships between 
drained mater ia ls  a r e  the  most common and these  support  plant community and surficial  materials.  For a given 
Alopecurus meadows with a nearly continuous moss-patina mater ia l ,  t he  moisture regime determines  which community 
lower s t ra tum.  Luzula nivalis is a r a re  component of this dominates.  
community.  PuccinelLia bruggernanni appears  on the  
sa tu ra t ed  mater ia ls  with Alopecurus. Moderately well 
drained mater ia ls  have Alopecurus-Caryophy l laceae  
communities.  Ceras t ium regelii  and Ste l lar ia  longipes a r e  
common associates,  along with sca t t e red  clumps of Saxif raga  
oppositifolia. The dr ies t  mater ia ls  have a sparse Alopecurus- 
Poa  barrens  similar t o  tha t  on Christopher Formation 
outcrop. 

Gravel and Gravelly Sand. An esker-like ridge a t  t he  
southeas t  ex t r emi ty  of t h e  island is composed of gravelly 
sand armoured with granule t o  boulder sized mater ia ls  of 
local and exo t i c  lithologies; t h e r e  is a substantial  l imestone 
component.  Fine  grained glaciomarine deposits overlap all  
but  t h e  ridge c re s t  and a r e  vegeta ted  with Luzula and 
Alopecurus communities;  however, on t h e  ridge c re s t  
Saxifraga oppositifolia communities appear.  The driest  
mater ia ls  support  Saxifraga oppositifolia - herb barrens with 
Luzula confusa, P o a  abbrevia ta ,  Alopecurus alpinus, 
Ranunculus sabinei, Qotentil la hyparctica,  Draba species,  and 
Papaver  radicatum a s  associates. On t h e  moderately t o  
imperfect ly  drained mater ia ls  Saxif raga  opposit ifolia (5 t o  
25 per c e n t  cover)  is t h e  dominant vascular plant component,  
and the re  is a dense moss-patina lower s t ra tum.  

These gravels a r e  the  only mater ia ls  on t h e  island t h a t  
support  purple saxifrage communities.  This is probably due t o  
t h e  presence of ca lcareous  er ra t ics ,  for  purple saxif rage  
communi t ies  a r e  common on slightly t o  moderate ly  
ca lcareous  mater ia ls  on o the r  high a r c t i c  islands. 

Luzula-based communities a r e  t h e  most common plant 
communi t ies  on Lougheed Island. These a r e  found primarily 
on sandy sediments  derived f rom Hassel Formation sandstone 
and on veneers  of Quaternary  sediments  over sandstone. 
Luzula confusa communities occur on the  drier aspects,  
wheras Luzula nivahs - Alopecurus communities favour less 
well drained sites. 

Grass-based communities a r e  found on f ine  grained 
Christopher Formation shale  and glaciomarine deposits. 
Sparse Alopecurus-Poa barrens occur  on dry s i l t  and clay. On 
moderate ly  drained surfaces  Alopecurus-Caryophyllaceae 
communi t ies  occur.  Alopecurus meadows dominate  the  
poorly drained materials.  

Alopecurus - PuccinelLia bruggemanni communities 
occur  on both sa tura ted sands and sa tu ra t ed  fine grained 
materials.  In the  f e w  places t h a t  ponding occurs,  Alopecurus- 
Dupontia we t  meadow communities,  with a dense bryophytic 
lower s t r a tum,  occur near  t h e  wa te r  margin. 

Kanguk Formation shale  is devoid of vegetation, 
regardless of t h e  moisture regime. In regions where mater ia l  
derived from this shale a r e  mixed with sand, and eolian 
processes a r e  ac t ive ,  sparse  Puccinell ia bruggernanii tussocks 
occur .  

Purple saxif rage  (Saxifraga oppositifolia) communities 
occur  on t h e  probable glacial  deposits where  the re  a r e  
significant ca lcareous  er ra t ics .  



PuccinelLia phryganodes halophytic communi t ies  occur  
sporadically on sand and sandy s i l t  a t  t h e  coast .  

The  p lant  communi t ies  and var ie ty  of vascular p lant  
species  on Lougheed Island a r e  similar t o  adjacent  islands, 
notably northern Amund Ringnes Island, northern Sabine 
Peninsula, and King Christ ian Island, where  similar surficial  
mater ia ls  occur.  On Lougheed Island, however,  t h e r e  is a 
higher t o t a l  per c e n t  cover  than on these  o the r  islands; this is 
probably due  t o  t h e  e x t e n t  t o  which g lac iomar ine  and mar ine  
veneers  b lanket  t h e  island. 
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APPENDIX l 

Vascular species  of Lougheed Island 

Alopecurus alpinus, Poa  abbrevia ta ,  P. alpigena,  
P. har tz i i ,  P. glauca,  Colpodium vahlianum, Puccinell ia 
angus t a t a ,  P. phryganodes, P. bruggemanni, Dupontia fisheri, 
Juncus  biglumis, Luzula confusa,  L. nivalis, Oxyr ia  digyna, 
Papaver  radica tum,  Arenar ia  rossii, Ce ra s t ium a rc t i cum,  C. 
regeli i ,  S te l lar ia  longipes, Cochlear ia  officinalis ,  Ca rdamine  
bellidifolia, Draba  bellii, D. oblongata,  Ranunculus nivalis, 
R .  sabinei, Saxi f raga  caespi tosa  ssp. uniflora,  S. cernua ,  S. 
flagellaris ,  S. nivalis, S. opposit ifolia,  S. rivularis, S. tenuis,  
Potent i l la  hyparctica.  
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Abst ract  

Three sui tes  of granitoid rocks a s  well a s  t he i r  origins were  identified in t h e  complex: ( 1 )  An 
ear ly  sui te  of fo l ia ted  to  gneissic b iot i te  tonalite-granodiorite which may  have fo rmed  by par t ia l  
mel t ing of rocks  of basal t ic  composition a t  man t l e  depths;  (21 Diorites, monzodiorites,  and 
monzoni tes  of t he  Jackfish Lake-Weller Lake Pluton appea r  to b e  derived by par t ia l  melting of a 
mafic source  a t  crus ta l  depths;  and  (3) A l a t e  sui te  of b iot i te  g ran i t e  which represents  a par t ia l  me l t  
of t h e  ear l ier  gneissic tonalite-granodiorite. 

Introduction 

This repor t  is a fur ther  evaluation of petrological 
models for t h e  genesis of magmas in t h e  Archean Rainy Lake 
Granitoid Complex. Potent ia l  magma sources for t he  
granitoids have been primarily modelled by t r a c e  e l emen t  
chemistry.  The field relations, petrography, and major 
e lement  chemis t ry  have been used t o  provide const ra in ts  on 
these  models. 

The Archean Rainy Lake Granitoid Complex is located 
approximately 1 5  km north of t h e  town of For t  Frances ,  
Ontario. It is s i tuated in t h e  southwestern portion of the  
Wabigoon volcanic-plutonic subprovince of t h e  Superior 
Province. To the  north the  complex is intrusive into me ta -  
volcanic rocks of t h e  Wabigoon belt ,  and i ts  southern 
boundary has been placed a t  t he  Quet ico  Fault  Zone. 

The complex is composed of four structurally and 
lithologically d is t inct  e lements  including th ree  sui tes  of 
granitoid rocks (Sutcliffe and Fawcet t ,  1979). These 
are:  I )  an  early su i t e  of highly foliated t o  gneissic tonalite- 
granodiorite,  2) amphibolite fac ies  supracrustal  rocks which 
fo rm sep ta  within the  tonalite-granodiorite, 3) foliated to  
massive diorite-monzodiorite-granodiorite of t h e  Jackfish 
Lake-Weller Lake Pluton, and 4) a l a t e  grani te  sui te  of 
foliated to  massive biot i te  grani te  and pegmat i te .  The field 
relations,  s t ruc tu re  and petrography of these  rocks were  
summarized by (Sutcliffe and Fawce t t ,  1979). 

The lithological e lements  present  in t h e  Rainy Lake 
Complex a r e  repeatedly observed in o the r  granitoid 
complexes of northwestern Ontar io  (Sage et al., 1973; 
Schwerdtner and Sutcliffe,  1978). Models for t h e  genesis of 
t h e  granitoid rocks a t  Rainy Lake may therefore  be  
applicable t o  granitoid rocks in o the r  pa r t s  of t h e  Superior 
Province. 

Chemist ry  

The th ree  groups of granitoids a r e  chemically distinct.  
This is evident from the  major e lements  plots in Figures 48.1 
and 48.2 and f rom the  se lec ted analyses in Table 45.1. 

The tonalite-granodiorite gneiss has  a res t r ic ted  range 
in composition and is character ized by generally higher N a 2 0  
than the  other  granitoids. The gneiss typically has modera t e  
t o  high strontium, low rubidium, moderately enriched light 
r a re  ea r th  e l emen t s  (REE), deple ted  heavy REEs, and no 
europium anomaly. These character is t ics  a r e  comparable  to  
the  Northern Light Gneiss of nor theas tern  Minnesota (Arth  
and Hanson, 1975) and to the  high A1203-type tonalites 
(Barker and Arth,  1976). 

The diorites,  monzodiorites, and rnonzonites of t h e  
Jackfish-Weller Lakes Pluton a r e  character ized by a ca lc-  
alkalic t rend,  generally high N a 2 0  (Mol. N a 2 0 / K 2 0  g rea te r  
than 1.5) and a r e  metaluminous. The group is consistently 
higher in CaO,  F ~ O ~ ,  MgO, TiOz and P 2 0 5  than o the r  
granitoids of t h e  complex. The rocks of t h e  pluton typically 
have low Rb, high Sr, enriched light REEs, moderate ly  
deple ted heavy REEs and a sl ight negat ive  t o  absent  
europium anomaly. Longstaffe (1977) identified a 
granbdiorit ic sui te- in  t h e  sou&western portion of t h e  Pluton 
character ized by higher abundances of large ion lithophile 
e lements ,  but comparable  rocks were  not identified else- 
where in the  body. 

The l a t e  grani tes  a r e  relatively res t r ic ted  in composi- 
tion and have t h e  highest K 2 0  of t h e  Rainy Lake Cranitoids. 
They a r e  peraluminous, corundum normat ive  and low in CaO, 
MgO and T i02 .  The grani tes  have enriched light REEs, 
depleted heavy REEs and a negat ive  europium anomaly. 

Representa t ive  REE pa t t e rns  for t he  th ree  groups of 
Rainy Lake granitoids a r e  shown in Figure 48.3. 

Petrogenesis 

Recent  exper imenta l  studies (Winkler and Brei tbar t ,  
1978; Wyllie, 1977) and geochemical s tudies  on granitoids 
(White and Chappell, 1977) indicated t h a t  many granitoid 
mel ts  contain solid residual mater ia l  f rom t h e  source  region. 
White and Chappell (1977) suggested t h a t  this model can  b e  
used t o  explain many of t h e  chemical  and mineralogical 
cha rac te r i s t i c s  of granitoid rocks. They fu r the r  indicated 
t h a t  t h e  na tu re  of t h e  source  region of a mel t  may be  
deduced through t h e  identification of residual material .  

We believe tha t  residual mater ia l  ranging from enclaves  
t o  c lo t ty  maf ic  minerals and xenocrysts can be identified in 
the  Rainy Lake granitoids. Accordingly, w e  have used t r a c e  
and REE e lemen t  concentra t ions  t o  t e s t  genet ic  models 
developed by this approach. 

I. L a t e  Grani te  Sui te  

The REE pa t t e rns  for  t he  b iot i te  grani tes  can be  used 
t o  t e s t  a par t ia l  melting model involving crus ta l  mater ia l .  
Differentiation of one of the  older granitoid sui tes  t o  produce 
t h e  grani tes  is not  considered a s  the re  is  no apparent  
geochemical continuity between t h e  biot i te  grani tes  and 
e i ther  of t he  older granitoid suites. 

Mafic rnetavolcanics, metasediments,  and t h e  gneissic 
tonalite-granodiorite a r e  locally available rocks which by 
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par t ia l  melting a t  g rea t e r  depths may have been t h e  source  If t h e  source  is geochemically evolved with 
of t h e  b iot i te  granite.  Par t ia l  melting of basal t ic  rocks under f rac t ionated REE abundances, t he re  is  no need for large  
hydrous conditions gives mel ts  of grani t ic  composition (Helz, amounts  of residual garnet .  A locally available source  rocks 
1976). However, producing t h e  degree  of REE fractionation fulfilling this requirement is t he  tonalite-granodiorite gneiss. 
observed in the  b ibt i te  requires a residium with bulk 

- - 

distribution coeff ic ients  dominated by garnet .  This would b e  A model REE pat tern  based on partial  melting of t h e  

incompatible with the observed negative europium anomaly. tonalite-granodiorite gneiss is shown in Figure 48.4. This 
model assumes a 20 per c e n t  par t ia l  mel t  and a mixing of Similarly, par t ia l  melting of Archean sediments  implies melt  with residue in a ra t io  of 2:1. This ratio is compatible unrealist ic amounts  of residual ga rne t  t o  produce t h e  heavy w i t h  field and petrographic observations if material such as REE depletion. andesine co res  in plagioclase and c lot ty  b iot i te  grains a r e  . - - 
residual. 

Fe0 + Fe,O, 
Jackfish-Weller Lakes 

Pluton 
+ Biotite Granites 
o Gneisses 

Figure 48.1. A F M  (wt.%) diagram for granitoid rocks of the 
Rainy Lake Granitoid Complex. 

A Jackfish-Welle 

Figure 48.2. N ~ z O - K ~ O - C ~ O  (mol.%) diagram for granitoid 
rocks of the Rainy Lake Granitoid Complex. 

Table 48.1 

Selected analyses of granitoid rocks f rom t h e  
Rainy Lake Granitoid Complex 

wt.% 

SiOz 

TiO2 

A1203 

Fe2O3 

F e 0  

MnO 

MgO 
C a O  

Na2O 

K 2 0  

p 2 0 5  

Loss 

TOTAL 

PPm 
Rb 

Sr 

La 

C e  

Sm 

Eu 

Tb 

Y b 

Lu 

Major e lements  by XRF, except  F e 0  ( t i t ra t ion and NapO 
(f lame photometry). Rb, Sr by XRF. REE by INAA. 
Analysts: major e l emen t s  and Rb, Sr by M.P. Gorton and 
R.H. Sutcliffe;  REE by J. Hancock and R.H. Sutcliffe.  

I Hornblende diorite,  Jackfish Lake-Weller Lake Pluton 
(76-36). 

2 Biotite hornblende rnonzodiorite, Jackfish Lake-Weller 
Lake Pluton (78-25). 

3 Biotite grani te ,  l a t e  grani te  sui te  (77-36). 

4 Biotite tonalite,  gneissic sui te  (76-30). 

5 Biotite granodiorite,  gneissic sui te  (77-101). 



1. Hornblende diorite, Jackfish Lake-Weller Lake Pluton 
(76-36). 

2. Biotite hornblende monzodiorite, Jackfish Lake-Weller 
Lake Pluton (78-25). 

3.  Biotite granite, late granite suite (77-36). 

4 .  Average tonalite-granodiorite, gneissic suite. 

Figure 48.3. Chondrite normalized R E E  abundances in 
representative samples from the Rainy Lake Granitoid 
Complex. Chondrite values used for normalizing the data are 
those of  the Leedy chondrite divided by 1.20 (c f .  Taylor and 
Gorton, 1978). 

Model major e l emen t  composit ions assuming t h e  s a m e  
20 per c e n t  par t ia l  mel t ing  of t h e  ave rage  tonal i te -  
granodior i te  gneiss and a me l t  t o  residue mix of 2:l a r e  
shown in Table  48.2. 

2. Jackf ish  Lake-Weller Lake  Pluton 

The  Jackf ish  Lake-Weller Lake  Pluton displays many of 
t h e  cha rac t e r i s t i c s  of t h e  I-type grani to ids  of White and 
Chappell  (1977). These  f ea tu re s  include re la t ive ly  high Na/K 
and Na+I<+Ca/AI, hornblende and clinopyroxene a s  t h e  
predominant  rnafic minerals,  and numerous hornblendite o r  
maf i c  granul i te  enclaves. 

The maf i c  minerals of t h e  Jackfish Lake-Weller Lake 
Pluton occur  primarily a s  c lo t ty  agg rega te s  and t h e  
mineralogy of t h e  c lo ts  is similar t o  t h a t  of t h e  enclaves.  
Mafic granul i te  enclaves  with t h e  assemblage  hypersthene- 
augite-hornblende a r e  contained within a hypersthene- 
bioti te-augite phase '  of t h e  pluton. The enclaves  have  no 
sys t ema t i c  association with t h e  maf ic  wall rocks and they a r e  
in terpre ted  a s  unmodified residuum from par t ia l  melting of a 
maf ic  source.  Major e l emen t  variation within t h e  pluton is  
cons is tent  with mixing of a l eucoc ra t i c  m e l t  and t h e  residual 
maf ic  enclaves.  

Figure 48.4. Chondrite normalized R E E  abundances in 

1 .  the biotite granite (77-36), 

3. based on 20 per cent melt of  the average tonalite- 
granodiorite with a melt to residue mix of 2:1, 

2. average tonalite-granodiorite, and a model magma 

Model assumes modal batch melting using formula and 
partition coefficients in Arth (1976). 

Table 48.2 

Major e l e m e n t  model fo r  t h e  b io t i t e  g ran i t e s  

1 2 3 

SiO2 74.42 73.50 - 76.00 76.29 

T i 0 2  0.10 0.08 - 0.16 0.11 

A1203 14.14 13.60 - 14.30 13.23 

FeO* 1.03 0.07 - 1.50 0.75 

MnO 0.03 0.02 - 0.04 0.01 

M@ 0.30 0.14 - 0.40 0.23 

C a O  0.96 0.60 - 1.20 1.11 

N a 2 0  3.88 3.80 - 3.90 3.86 

K 2 0  5.12 4.90 - 5.20 4.39 

p 2 0 5  0.00 0.00 - 0.04 0.03 

l Bioti te g ran i t e  (77-36), reca lcula ted  on an  anhydrous 
basis. 

2 Range of composit ion in b io t i t e  g ran i t e s  f rom t h e  Rainy 
Lake Complex. 

3 Model composit ion based on 20 per c e n t  me l t  of t h e  
a v e r a g e  tonali te-granodiorite with a m e l t  t o  res idue  
mix of 2:l. Mel t  is assumed t o  b e  t h e  4 Kb minimum 
m e l t  in t h e  sys t em Plag-Or-Qtz-H20 with Ab/An = 2.9 
(Winkler, 1976). 



Longstaffe  (1977) has  modelled REE pa t t e rns  obtained 
f rom t h e  hornblende dior i tes  and monzodiorites of t h e  south- 
western portion of the  pluton. He in terpre ted the  pluton a s  
being derived f rom partial  melting of an  eclogi te  source with 
subsequent modification of t h e  magma by hornblende 
fractionation. Although this hypothesis is a valid in ter -  
pre ta t ion 'of the  REE da ta ,  field evidence in the  vicinity of 
t h e  maf ic  enclaves  indicates  t h a t  segregation of t h e  maf i c  
minerals was  taking place during magma emplacement  and 
therefore  the  enclaves  cannot  b e  regarded a s  cumulates.  

As an a l t e rna t ive  hypothesis, t h e  Jackfish Lake-Weller 
Lake Pluton may be  derived by par t ia l  melting of a maf i c  
crus ta l  source,  leaving a maf ic  granul i te  residuum with the  
assemblage hypersthene-augite-hornblende. The absence of 
significant europium anomalies, and high s t ront ium of t h e  
granitoids is compat ib le  with the  absence of plagioclase in 
t h e  residue. If t he  granul i te  is a residue, t h e  observed REE 
fractionation in t h e  granitoids indicates t h a t  t h e  source  must  
have been moderately f rac t ionated.  Therefore,  although a 
maf ic  crus ta l  source  is postulated, geochemically unmodified 
Archean metabasal ts  a r e  not a probable source  f rom which 
t h e  pluton was derived. 

3. Tonalite-Granodiorite Gneiss 

The genesis of tonalit ic rock types has recently 
received considerable a t tent ion.  This s t e m s  largely f rom t h e  
recognition of tonal i t ic  rocks a s  a possible key t o  under- 
standing t h e  Earth's  early sialic c rus t  (Barker and Pe te rman ,  
1974) and a recognition of the  significance of the  heavy REE 
depletion in these  rocks (Hanson and Goldrich, 1972). 

The strong deformation and metamorphism of t h e  
tonalite-granodiorite gneiss of t h e  Rainy Lake Complex 
obl i tera tes  many of t h e  primary f ea tu res  which may have 
provided clues t o  t h e  genesis of t h e  suite.  As a consequence, 
we have not a t t empted  to  refine existing models for t he  
genesis of t h e  tonal i t ic  rock types  based on t h e  in terpre ta t ion 
of REE data .  Hanson and Goldrich (1972) and Arth and 
Hanson (1975) have proposed partial  melting of rocks of 
basal t ic  composition, such a s  qua r t z  ec logi te  t o  produce t h e  
tonalites.  Calculations by Longstaffe  (1977) showed t h a t  a 
20-25 per c e n t  mel t  of light REE-enriched quar tz  ec logi te  
can b e  used to  model REE distributions in the  tonal i tes  of t h e  
Footprint  Lake a r a  in the  western par t  of t h e  Rainy Lake 
Complex. 

Summary 

Three  distinct sui tes  of granitoid rocks a r e  present in 
t h e  Rainy Lake Complex. Their origin can be  summarized a s  
follows: 

I .  An early sui te  of foliated to  gneissic bioti te tonal i te-  
granodiorite which may have formed by par t ia l  melting of 
rocks of basal t ic  composition a t  mant le  depths. 

2. Diorites, monzodiorites, and monzonites of t he  Jackfish 
Lake-Weller Lake Pluton appear  t o  be  derived by par t ia l  
melting of a maf ic  source  a t  crus ta l  depths. The diorit ic 
t o  monzodiorit ic magmas a r e  composed of both me l t  and 
residual granul i te  material .  

3. A l a t e  sui te  of b iot i te  g ran i t e  which represents a partial  
mel t  of t he  ear l ier  gneissic tonalite-granodiorite. 
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Abstract 

Southern and eastern parts of the Tebesjuak Lake map area contain faulted successions of 
sediments and volcanics of the Dubawnt Group that overlie an irregular basement of Archean and 
Aphebian granitoid gneisses. Dubawnt Group rocks consist of basal slccessions of sheared and 
altered stream-channel and fluvial deposits that are unconfor?ably overlain by subaerial alkaline 
flows and volcaniclastic sediments of the Christopher Island Forvation. The thick successions of 
volcanics are succeeded by wedges of  red alluvial fan sediments and Pitz Formation rhyolitic 
flows and intercalated quartz-rich sediments. Poorly exposed black, amygdaloidal basalt overlies 
the Pitz Formation rocks. Stocks and plutons of syenite and granite and northeast trending dyke- 
like gabbroic intrusions cut the Dubawnt Group rocks. 

Epigenetic fracture-controlled uranium mineralization is spatially related to basal 
fortnations of  the Dubawnt Group. Anomalously radioactive syenites are confined to 
southeastern parts of  the map area. High uranium and thorium contents are due to disseminated 
thorite, monazite, and zircon. 

Volcanic and sedimentary rocks of the Christopher Island Formation have been 
subjected t o  widespread alteration, veining and~or contact metamorphism. Base-metal 
mineralization (Cu, Pb-Cu and Pb-Cu-Ag-Bi-Cd-Zn) has developed in a few of the vein systems. 
Acid magmatic events associated with Pitz Formation volcanism and the emplacement of granite 
plutons may be responsible for the base metal mineralization. 

Introduction Two breccia zones, i n t e r ~ r e t e d  a s  d ia t remes ,  a r e  

The Tebesjuak Lake m a p  a r e a  (65  0 )  conta ins  basins 
fi!led with cont inenta l  sediments  and volcanics of t h e  
Paleohelikian or La te  Aphebian Dubawnt Group. These roclts 
unconformably overlie or a r e  in f au l t  c o n t a c t  with granitoid 
gneisses of Hrchean and Aphebian ages  and a r e  intruded by 
syeni te  and grani te  plutons and small  basic intrusions. 
Southern and eas t e rn  par ts  of map  a r e a  65  0 were  mapped a t  
a sca le  of 1:250 000 during t h e  1979 field season (Fig. 49.1). 
Previous work in map  a r e a  65  0 was confined t o  recon- 
naissance helicopter t r ave r se s  during Operation Baker 
(Wright, 1955, 19671, and LeCheminant et al. (1979a) 
described t h e  s t ra t igraphy of t h e  Dubawnt Group in two  smal l  
par ts  of t h e  a r ea .  

Archean and Aphebian Cranitoid Gneisses 

Gneisses of granodiorit ic t o  grani t ic  composition in ter -  
layered wi th  thin units of paragneiss and amphiboli te fo rm 
t h e  basement  t o  t h e  Dub-awnt Group. In t h e  Nutarawi t  Lake 
a r e a  t h e  basement  consists of poorly exposed ca t ac l a s t i c  
felsic and maf i c  gneisses, augen g ran i t e  gneiss and gneissic 
g ran i t e  similar t o  rocks of t h e  Thirty Mile domain t o  t h e  
nor theas t  (LeCheminant  e t  al., 1979b). The gneisses a r e  
intruded by d iabase  and younger b io t i te  lamprophyre and 
syeni te  dykes and a r e  t r ansec t ed  by numerous nor theas ter ly  
and  nor thwester ly  faults .  Near t h e  basal  Dubawnt uncon- 

exposed on small  islands near '  t h e  southwest  sho ie  of 
Nutarawi t  Lake in m a p  a r e a  6 5  011. The zones  conta in  
angular  t o  subrounded f r agmen t s  of various gneiss Jithologies, 
amphiboli te and metadiabase ,  up t o  2 m in d i ame te r  in a 
ma t r ix  of pulverized gneiss and bio t i te  lamprophyre.  A 
foliation,  due  t o  primary or ienta t ion  of f ragments ,  is  locally 
developed within t h e  lamprophyre.  Both breccias  a r e  
unmineralized and a r e  similar t o  d i a t r emes  in map  a r e a  
56 D / l  (Schau and Hulbert ,  1977) and t o  a mineralized pipe in 
m a p  a rea  5 6  D/2 (Miller, in press). 

A 10-15 km wide domain of nor theas ter ly  t rending 
granodiorit ic orthogneiss underlies an  a r e a  north and west  of 
'P.O.' Lake. To t h e  southeas t  t h e  domain is in f au l t  con tac t  
with a wedge of Dubawnt Group rocks  along a nor theas ter ly  
t rending ca t ac l a s t i c  zone  t h a t  has been intruded by syenite.  
To t h e  north and nor thwest  t h e  gneisses a r e  unconformably 
overlain by rocks  of t h e  Dubawnt Group or a r e  intruded by a 
complex su i t e  of syenites.  To t h e  west t h e  gneisses a r e  
intruded by t h e  Pamiutuq Granite.  The gneisses consist  
mainly of white-weather ing granodiorit ic orthogneiss with 
minor grey layered biotite-hornblende-plagioclase gneiss, 
b io t i te -  (garnet)-  paragneiss and amphiboli te.  They a r e  
intruded by feldspar porphyry and younger quartz-feldspar 
porphyry dykes; however dykes a r e  significantly less 
numerous and lack t h e  composit ional diversity of dykes  in t h e  
Nutarawi t  Lake area .  

formi ty  and adjacent  to  faul t  zones t h e  gneisses a r e  intensely 
f r ac tu red  and breccia ted .  Chlorite,  epidote ,  qua r t z  and Isolated exposures of basemen t  gneisses a r e  located  

along t h e  Kunwalt River and on t h e  shores of Tulemalu Lake. ca rbona te  veining and a l t e r a t ion  a r e  prominently developed 
within these  rocks. These  gneisses a r e  (1)over la in  unconformably by all 

format ions  of t h e  Dubawnt Group wi th  which they  a r e  in 

'University of Toronto,  Toronto,  Ontario.  
2 ~ a r l e t o n  University, O t t a w a ,  Ontario.  
3 ~ n i v e r s i t y  of Tasmania,  Hobart ,  Tasmania. 

NOTE This paper  was  previously re leased a s  GSC Open Fi le  663 
in November 1979. 



H E L ~ K ~ A N  AND LATE APHEBIAN 

1/"1 DIABASE 
m MCRAE LAKE DYKE 

m PORPHYRIT I C LEUCOGABBRO 

R A P A K ~ V ~  GRANITE 

m PAMIUTUQ G R A N I T E .  MAIN 
PHASE/PURPLE ~ O R P H Y R Y /  
F INE-GRAINED.  POTASSIC 

GRANITE: MIAROLITIC, FLUORITE-BEARING 

G R A N I T E  AND QUARTZ SYENITE:  PORPHYRIT IC ,  SPHENE 
AND FLUOR ITE-BEARING 

GRANITE: EQUIGRANULAR TO PORPHYRIT IC  

SYENITE:  F I N E - T O  COARSE-GRAINED: INCLUDES 
FOLIATED HORNBLENDE S Y E N I T E  

Figure 49.1. Simplified geological map o f  southeastern parts of t h e  Tebesjuak Lake (65 0)  map area. 



c o n t a c t ;  (2)  f a u l t e d  aga ins t  D u b a w n t  Group rocks;  or 
( 3 )  in t ruded  by dyke-l ike bdsic in t rus ions  and g r a n i t i c  plutons. 
T h e  b a s e m e n t  rocks  a r e  mainly g r a n o d i o r i t i c  o r thogneisses  
s imi la r  t o  t h e  gne isses  exposed  n e a r  'P.O.' Lake.  Eas t  of 
AitcRae L a k e  gneissosi ty t r e n d s  a r e  cons is ten t ly  n o r t h w e s t e r l y  
w i t h  m o d e r a t e  n o r t h e a s t e r l y  dips. E l s e w h e r e  t r e n d s  a r e  highly 
var iab le .  O n  t h e  w e s t e r n  s h o r e  of T u l e m a l u  L a k e  a c o a r s e  
g r a i n e d  quar tz -poor  K-feldspar a u g e n  gne iss  is in f a u l t  
c o n t a c t  w i t h  r o c k s  of t h e  C h r i s t o p h e r  Island Format ion .  T h e  
g n e i s s e s  a r e  in t ruded  by s y e n i t e  d y k e s  a n d  s m a l l  plugs and by 
e a s t e r l y  t r e n d i n g  b i o t i t e  l a m p r o p h y r e  dyke  swarms.  

D u b a w n t  G r o u p  

Regiona l  S e t t i n g  

Dubawnt  G r o u p  r o c k s  in t h e  m a p  a r e a  cons is t  of a b a s a l  
success ion  of s h e a r e d  and  a l t e r e d  s t r e a m - c h a n n e l  a n d  f luv ia l  
d e p o s i t s  t h a t  a r e  over la in  by a l k a l i n e  f l o w s  and  volcanic las t ic  
s e d i m e n t s  of t h e  C h r i s t o p h e r  Island Format ion .  T h e  t h i c k  
success ions  of v o l c a n i c  r o c k s  a r e  s u c c e e d e d  by w e d g e s  of 
a l luv ia l  f a n  s e d i m e n t s  and  P i t z  F o r m a t i o n  rhyol i t i c  l a v a s  and 
pyroc las t ics .  S t o c k s  and plutons of s y e n i t e  and g r a n i t e  and  
n o r t h e a s t  t rending  dyke-l ike bas ic  in t rus ions  c u t  t h e  Dubawnt  
Group rocks.  

In t h e  n o r t h  half of t h e  a r e a  t h e  Dubawnt  G r o u p  r o c k s  
f i l l  p a r t  of a n o r t h e a s t  t r e n d i n g  s t r u c t u r a l  depress ion ,  t h e  
Baker L a k e  Basin, t h a t  c a n  b e  t r a c e d  m o r e  t h a n  300  k m  f r o m  
t h e  e a s t  end  of Baker  L a k e  t o  T u l e m a l u  L a k e  
( L e C h e m i n a n t  et al., 1979b). S o u t h e a s t  of t h e  Baker  L a k e  
Basin n e a r  N u t a r a w i t  L a k e  i so la ted  f a u l t  b locks  p r e s e r v e  
b a s a l  f o r m a t i o n s  of t h e  Dubawnt  G r o u p  in homocl ina l  
success ions  w i t h  d i f f e r e n t  a t t i t u d e s .  

Basal  S e d i m e n t a r y  Success ions  

Success ions  of po lymic t ic  c o n g l o m e r a t e  and  pink t o  
g r e y  a r k o s e  and a r k o s i c  w a c k e  a r e  t h e  lower  un i t s  of t h e  
Dubawnt  Group wi th in  f a u l t  b locks  in m a p  a r e a  65 0 1 1 ,  a n d  in 
t h e  s o u t h e a s t e r n  c o r n e r s  of m a p  a r e a s  6 5  0 1 2  a n d  018 .  
S e d i m e n t s  n e a r  t h e  b a s e  of t h e s e  success ions  a r e  poorly 
bedded  polymic t ic  c o n g l o m e r a t e s  conta in ing  subrounded  
c l a s t s  of g r e y  and  pink gran i to id  gneiss ,  f o l i a t e d  m a f i c  r o c k s  
a n d  q u a r t z .  Over ly ing  a r k o s i c  r o c k s  a r e  wel l - indura ted  w i t h  
s e r i c i t e ,  c h l o r i t e  a n d  q u a r t z  and  c o n t a i n  c h a n n e l  scours ,  
t rough  c rossbedded  or laminar  f ining-upward c y c l e s  and  heavy  
minera l  l amina t ions .  The  m o s t  c o m p l e t e  s e c t i o n  is exposed  
w e s t  of N u t a r a w i t  L a k e  w h e r e  a cont inuous  success ion  of 
c o n g l o m e r a t e  and  a r k o s e ,  m a d e  u p  in p a r t  of over lapping  
c l a s t i c  wedges ,  unconformably  o v e r l i e s  c a t a c t a s t i c  gne isses  
( L e C h e m i n a n t  et al., 1979a). 

T h e  success ions  a r e  unconformably  o r  d i sconformably  
over la in  by volcanics  of. t h e  C h r i s t o p h e r  Island F o r m a t i o n ,  
i n t r u d e d  by hornblende  s y e n i t e  o r  in f a u l t  c o n t a c t  w i t h  
b a s e m e n t  gneisses.  They  a r e  c o r r e l a t e d  w i t h  t h e  South  
C h a n n e l  a n d  K a z a n  f o r m a t i o n s  (Donaldson,  1965) on  t h e  basis  
of l i thology and s t r a t i g r a p h i c  posi t ion.  

Isolated e x p o s u r e s  in a z o n e  e x t e n d i n g  f r o m  t h e  
s o u t h e r n  l imi t  of t'he m a p  a r e a  in m a p  a r e a  6 5  0 1 2  t h r o u g h  t o  
t h e  e a s t  s ide  of 'P.O.' Lake  and n o r t h e a s t  t o  t h e  c o r n e r  of 
m a p  a r e a  6 5  0 1 8  a r e  in tense ly  a l t e r e d  a n d  loca l ly  d e f o r m e d .  
The  sed i rnents  a r e  d e f o r m e d  in n a r r o w  z o n e s  a d j a c e n t  o r  
para l le l  t o  n o r t h e a s t  a n d  n o r t h  t r e n d i n g  fau l t s .  S t r e t c h -  
pebble  c o n g l o m e r a t e s  show a r a n g e  of pebble  s h a p e s  d u e  t o  
ini t ial  s h a p e  v a r i a t i o n  a n d  c o m p e t e n c e  d i f f e r e n c e  dur ing  
d e f o r m a t i o n .  T h e  p lane  of f l a t t e n i n g  is s t e e p l y  dipping and 
pebble  e l o n g a t i o n s  a r e  para l le l  t o  a d j a c e n t  fau l t s .  T h e  major  
n o r t h e a s t  t r e n d l n g  f a u l t  z o n e  a long  which  t h e s e  d e f o r m e d  
s e d i m e n t s  a r e  preserved  w a s  t h e  locus for  l a t e r  in t rus ions  of 
hornblende  syeni te .  Nor thwes t  t r e n d i n g  f a u l t s  w i t h  a 
p r e d o m i n a n t  dip-slip c o m p o n e n t  t r a n s e c t  t h e  n o r t h e a s t  
s t r u c t u r e s  and t r u n c a t e  s e v e r a l  of t h e  s e d i m e n t a r y  
successions.  

C h r i s t o p h e r  lsland F o r m a t i o n  

Alkaline f l o w s  a n d  v o l c a n i c l a s t i c  s e d i m e n t s  of t h e  
C h r i s t o p h e r  Island F o r m a t i o n  c o m p r i s e  t h i c k  homocl ina l  
success ions  which  l ie  unconformably  o n  or  a r e  f a u l t e d  a g a i n s t  
b a s e m e n t  gne isses  a n d  t h e  b a s a l  c l a s t i c  successions.  T h e  
f o r m a t i o n  c o m p r i s e s  m a f i c  a n d  f e l s i c  t r a c h y t e  l a v a s  and  
b r e c c i a s ,  a s s o c i a t e d  p y r o c l a s t i c s  and  volcanic las t ic  w a c k e s  
a n d  e p i c l a s t i c  b recc ias .  Ph logopi te  (b io t i t e ) -  a n d  
c l inopyroxene-phyr ic  m a f i c  t r a c h y t e  l a v a s  and  b r e c c i a s  a r e  
t h e  d o m i n a n t  rock  t y p e .  P y r o c l a s t i c  r o c k s  include c r y s t a l  a n d  
c rys ta l - l i th ic  t u f f s  w i t h  minor a g g l o m e r a t e s ,  t u f f - b r e c c i a s  
a n d  welded  tuf fs .  In te r f low s e d i m e n t s  a r e ,  f o r  t h e  m o s t  p a r t ,  
i m m a t u r e ,  poorly s o r t e d  v o l c a n i c l a s t i c  c o n g l o m e r a t e s  a n d  
w a c k e s  t h a t  c o n t a i n  l i th ic  a n d  c r y s t a l  f r a g m e n t s  d e r i v e d  f r o m  
t h e  t r a c h y t e s .  Minor a r g i l l i t e  a n d  s i l t s t o n e  c o n t a i n i n g  
d e s i c c a t i o n  f e a t u r e s  o c c u r  as t h i n  wel l  bedded  uni t s  t h a t ,  
a l o n g  w i t h  g r a d e d  c rys ta l - r ich  t u f f  S, p rovide  t h e  bes t  
s t r a t i g r a p h i c  c o n t r o l  wi th in  t h e  f o r m a t i o n .  Descr ip t ions  of 
t h e s e  r o c k s  a n d  d e t a i l e d  s t r a t i g r a p h i c  s e c t i o n s  f r o m  t h e  
N u t a r a w i t  L a k e  a r e a  and  f r o m  f a u l t  b locks  n e a r  t h e  south-  
w e s t e r n  end  of t h e  Baker L a k e  Basin w e r e  p r e s e n t e d  by 
L e C h e m i n a n t  e t  al. (1979a). They  conc luded  t h a t  t h e  l a v a s  
and  t u f f s  w e r e  e r u p t e d  in a subaer ia l  e n v i r o n m e n t  w i t h  c y c l e s  
of vo lcan ism beginning w i t h  v e n t  c l e a r i n g  explosions fol lowed 
by e f f u s i o n s  of m a f i c  and  t h e n  f e l s i c  a l k a l i n e  lavas.  

T h e  1979 mapping  c o n f i r m e d  t h a t  s imi la r  p a t t e r n s  of 
vo lcan ism a n d  s e d i m e n t a t i o n  c h a r a c t e r i z e  t h e  C h r i s t o p h e r  
Island F o r m a t i o n  t h r o u g h o u t  t h e  s o u t h w e s t e r n  e n d  of t h e  
Baker  L a k e  Basin. Homocl ina l  success ions  a r e  exposed  in 
f a u l t  b locks  bounded by n o r t h e a s t e r l y  f a u l t s  t h a t  a r e  local ly 
t r u n c a t e d  by n o r t h w e s t e r l y  f a u l t s .  Within t h e  success ions  
sha l low n o r t h e r l y  dips of 20-40" p r e d o m i n a t e  a l though dips a s  
s t e e p  a s  70° ,  a p p a r e n t l y  r e l a t e d  t o  t h e  proximi ty  of f a u l t s  or 
intrusions,  h a v e  b e e n  recorded .  No o v e r t u r n e d  beds  w e r e  
e n c o u n t e r e d .  C h a n g e s  of bedding t r e n d s  of u p . t o  70' o v e r  
d i s t a n c e s  as s h o r t  as a f e w  hundred  m e t r e s  in t h e  south-  
e a s t e r n  c o r n e r  of m a p  a r e a  6 5  0 1 9  a n d  i n  m a p  a r e a  6 5  0 1 7  
m a y  i n d i c a t e  o p e n  folds,  p e r h a p s  r e l a t e d  to t h e  e m p l a c e m e n t  
of  i n t r u s i v e  rocks. However ,  n o  minor fo lds  w e r e  n o t e d  and  
m a n y  of t h e  c h a n g e s  a r e  abrupt .  In m o s t  c a s e s  t h e y  probably 
r e f l e c t  over lapping  of s e r i e s  of un i t s  der ived  f r o m  d i f f e r e n t  
e r u p t i v e  c e n t r e s ,  c h a n g e s  in or ig ina l  bedding on  t h e  f l a n k s  of 
a s t r a t o v o l c a n o  complex ,  o r  loca l  fau l t ing .  

Throughout  t h e  a r e a  t h e  vo lcan ics  and s e d i m e n t s  of t h e  
C h r i s t o p h e r  Island F o r m a t i o n  h a v e  b e e n  s u b j e c t e d  to 
a l t e r a t i o n ,  veining a n d t o r  c o n t a c t  m e t a m o r p h i s m .  W h e r e a s  
t h i s  a l t e r a t i o n  h a s  r a r e l y  a f f e c t e d  or ig ina l  igneous  and  
s e d i m e n t a r y  t e x t u r e s  o r  igneous  phenocrys t s ,  t h e  m a t r i x  of 
m o s t  r o c k s  is r e p l a c e d  by a m a t  of s e c o n d a r y  phases  including 
q u a r t z ,  c h l o r i t e ,  c a r b o n a t e s ,  a l b i t e ,  e p i d o t e ,  t r e m o l i t e ,  t a l c  
a n d  phlogopite.  In m a f i c  l a v a s  a f i b r o u s  b l u e  amphibole  c o a t s  
f r a c t u r e  s u r f a c e s  o r  o c c u r s  w i t h  q u a r t z  in th in  veinlets .  
Weakly f o l i a t e d  b i o t i t e  a n d  b io t i t e -hornblende  hornfe l s  h a s  
d e v e l o p e d  a d j a c e n t  t o  s y e n i t e ,  q u a r t z  s y e n i t e  a n d  f l u o r i t e -  
sphene-bear ing  g r a n i t e  in m a p  a r e a  6 5  0 1 8 .  West  of Tulemalu  
L a k e  in m a p  a r e a  6 5  0 1 4  a n  unusual  1 5  m wide  adular ia -  
w o l l a s t o n i t e  vein h a s  f o r m e d  wi th in  s h e a r e d  K-feldspar a u g e n  
gne iss  para l le l  to a 010°  f a u l t  c o n t a c t  w i t h  m a f i c  l a v a s  and  
t u f f a c e o u s  s e d i m e n t s  of t h e  C h r i s t o p h e r  Island Format ion .  

W h i t e  vuggy q u a r t z  ve ins  a n d  s t o c k w o r k s  u p  t o  10 m 
wide,  w i t h  minor f l u o r i t e  a n d  e p i d o t e ,  h a v e  deve loped  
t h r o u g h o u t  t h e  C h r i s t o p h e r  Island F o r m a t i o n  and  s o m e  c a n  b e  
t r a c e d  f o r  m o r e  t h a n  2 km.  Quartz-epidote-fluorite-garnet 
ve in le t s ,  which  m a y  c o n t a i n  c o p p e r  or  l ead-copper  minera l -  
i z a t i o n  ( s e e  e c o n o m i c  geology  sec t ion) ,  o c c u r  wi th in  a l l  
l i tho logies  of t h e  f o r m a t i o n .  They  a r e  c o m m o n  in t h e  
n o r t h w e s t  c o r n e r  of m a p  a r e a  6 5  0 1 3  a n d  t h e  s o u t h e a s t  
c o r n e r  of m a p  a r e a  65  0 1 9  w h e r e  t h e  f o r m a t i o n  is  i n t r u d e d  by 
p lu tons  of f luor i te -bear ing  g r a n i t e .  



R e d  Volcanic las t ic  Success ions  Basa l t  

Wedges  of a l luv ia l  f a n  s e d i m e n t s  cons is t ing  of r e d  
vo lcanic las t ic  c o n g l o m e r a t e s ,  l i th ic  sands tones ,  s i l t s t o n e  and  
m u d s t o n e  unconformably  over l ie  t h e  C h r i s t o p h e r  Island 
F o r m a t i o n .  T h e  success ions  a r e  g e n e r a l l y  sha l low dipping and  
poorly exposed.  T h e  s e d i m e n t s  h a v e  a s c a t t e r e d  d i s t r ibu t ion  
per iphera l  t o  t h e  main  o u t c r o p  a r e a  of t h e  Chr i s topher  Island 
F o r m a t i o n .  C l a s t i c  c o m p o n e n t s  for  t h e  m o s t  p a r t  a r e  der ived  
f r o m  t h e  i m m e d i a t e l y  under ly ing  l a v a s  or  f r o m  b a s e m e n t  
g n e i s s  t e r r a n e .  

T h e  m o s t  c o m p l e t e  s t r a t i g r a p h i c  s e q u e n c e  is exposed  
s o u t h  of 637'  Lake.  A nor th-south  t rending ,  e a s t  dippjng 
homocl ina l  success ion  up t o  1000 m t h i c k  c o m p r i s e s  b a s a l  
c o n g l o m e r a t e s ,  r e d  f e l s i c  l a v a s  a n d  f i n e  g r a i n e d  r e d  
sed iments .  Basa l  c o n g l o m e r a t e s  c o n t a i n  mainly fe ldspar  
t r a c h y t e  c l a s t s  ( m a x i m u m  30 c m )  in para l le l  bedded  uni t s  u p  
t o  2 m in th ickness  and  a r e  i n t e r b e d d e d  w i t h  m e d i u m - t o  
coarse-gra ined  l i t h i c  sands tones .  T h e  c o a r s e  c l a s t i c s  a r e  
o v e r l a i n  by r e d  d a c i t e  l a v a s  i n t e r c a l a t e d  w i t h  vo lcan ic las t ic  
and  t u f f a c e o u s  s a n d s t o n e s  a n d  s i l t s tones .  . D a c i t e s  c o n t a i n  
s m a l l  K-feldspar and  p lag ioc lase  phenocrys t s  and  a p a t i t e  
m i c r o p h e n o c r y s t s  s e t  in a n  a p h a n i t i c  q u a r t z o f e l d s p a t h i c  
m a t r i x .  T h e  lavas  a r e  s t r ik ing ly  ves icu la r  and/or  
a m y g d a l o i d a l  w i t h  a m y g d u l e s  t o  3 c m  fi l led by var ious  
c o m b i n a t i o n s  of c h l o r i t e ,  e p i d o t e ,  ' q u a r t z ,  c h a l c e d o n y ,  
f l u o r i t e  and  s p e c u l a r i t e .  These  l a v a s  a r e  un ique  t o  t h i s  
s e q u e n c e  and h a v e  not  b e e n  found in o t h e r  red  c l a s t i c  wedges .  
T h e  d a c i t e s  a r e  c o n f o r m a b l y  over la in  by l a m i n a t e d  t o  th in  
b e d d e d  muds tones ,  s i l t s t o n e s  and  sandstones. '  Minor 
s t r u c t u r e s  wi th in  t h e  pink, r e d  and  m a r o o n  s e d i m e n t s  inc lude  
g r a d e d  bedding,  d e s i c c a t i o n  c r a c k s ,  r e d u c t i o n  s p o t s  and  r ipple 
marks .  

T h e  r e d  c l a s t i c  un i t s  a r e  i n t e r p r e t e d  pr imar i ly  as 
s t r e a m - c h a n n e l  d e p o s i t s  w i t h  s o m e  mudf low d e p o s i t s  n e a r  t h e  
b a s e  of t h e  successions.  On t h e  basis  of l i thology a n d  
s t r a t i g r a p h i c  posi t ion t h e y  a r e  c o r r e l a t e d  w i t h  t h e  Kunwak 
F o r m a t i o n  ( L e C h e m i n a n t  et al., 1979b). 

P i t z  F o r m a t i o n  Rhyol i t i c  l a v a s  and  a s s o c i a t e d  
s e d i m e n t s  of t h e  P i t z  F o r m a t i o n  under l ie  n o r t h e r n  p a r t s  of 
a r e a s  6 5  0 1 9  a n d  0 1 1 0  a n d  o c c u r  as i so la ted  r e m n a n t s  t o  t h e  
s o u t h w e s t .  They  unconformably  o v e r l i e  b a s e m e n t  g n e i s s e s  
a n d  volcanics  of t h e  C h r i s t o p h e r  ls land F o r m a t i o n .  T h e  
d is t r ibu t ion  of red  c l a s t i c  success ions  and t h e  P i t z  F o r m a t i o n  
s u g g e s t s  t h e s e  un i t s  m a y  b e  local ly s e p a r a t e d  by a s l igh t  
a n g u l a r  unconformi ty ,  h o w e v e r  t h e  f e w  o b s e r v e d  c o n t a c t s  a r e  
c o n c o r d a n t .  

Exposures  a long  t h e  e a s t e r n  s h o r e  of Tulemalu  L a k e  and  
e a s t  of Kunwak River in m a p  a r e a  6 5  0 1 6  a r e  main ly  r e d  
s p a r s e l y  p o r p h y r i t i c  f low-banded r h y o l i t e  l avas  and  welded  
c rys ta l - l i th ic  tu f f  S. M a u v e  and  purp le  quar tz - fe ldspar -phyr ic  
d a c i t e s  a n d  rhyol i tes  i n t e r c a l a t e d  w i t h  rhyol i te -cobble  
c o n g l o m e r a t e  and red  s a n d s t o n e s  a r e  d o m i n a n t  l i thologies in 
m a p  a r e a s  6 5  0 1 9 ,  10,  and  w e s t  of t h e  Kunwak River.  T h e  
s e q u e n c e s  d i p  g e n t l y  to t h e  n o r t h  o r  n o r t h w e s t  and  e x c e e d  
200 m in t h i c k n e s s  n o r t h  of 637'  Lake. T h e  l a r g e  island in  
462' L a k e  h a s  e x c e l l e n t  cl iff  e x p o s u r e s  of sparse ly  porphyr i t i c  
f low-banded f l u o r i t e -  a n d  topaz-bear ing  rhyol i tes  7 5  m t h i c k  
t h a t  o v e r l i e  a rhyoli te-boulder c o n g l o m e r a t e .  ln te r f low 
c o n g l o m e r a t e  a n d  s a n d s t o n e  l e n s e s  r e c o r d  mass-was t ing  a n d  
s t r e a m - c h a n n e l  a c t i v i t y  c o n t e m p o r a n e o u s  w i t h  volcanism. 

Pink and red  c o n g l o m e r a t e s  and c rossbedded  s a n d s t o n e s  
o n  t h e  n o r t h  s h o r e  of 637'  Lake  r e s e m b l e  basa l  l i tho logies  of 
t h e  Thelon  F o r m a t i o n  (Donaldson,  1965) b u t  t h e i r  r e s t r i c t e d  
d e v e l o p m e n t  s u g g e s t s  t h e y  a r e  i n t e r f l o w  sed iments .  Poorly 
b e d d e d  q u a r t z - r i c h  g r i t  and  c o n g l o m e r a t e  in m a p  a r e a  6 5  0 1 6  
t e n t a t i v e l y  c o r r e l a t e d  wi th  t h e  Thelon F o r m a t i o n  
( L e C h e m i n a n t  e t  al., 1979a) a r e  s imi la r  t o  c o n g l o m e r a t e s  
i n t e r c a l a t e d  w i t h  quar tz - fe ldspar -phyr ic  r h y o l i t e s  n o r t h  of 
t h e  Kunwak River  a n d  a r e  t h e r e f o r e  reass igned  t o  t h e  P i t z  
F o r m a t i o n .  

L imi ted  exposures  of b lack ,  amygdalo ida l  b a s a l t  over l ie  
c o n g l o m e r a t e s  c o r r e l a t e d  w i t h  t h e  Kunwak F o r m a t i o n  and  
l a v a s  a n d  s e d i m e n t s  of t h e  P i t z  Format ion .  T h e  b a s a l t  
c o n t a i n s  a l igned  p lag ioc lase  m i c r o p h e n o c r y s t s  a n d  m i c r o l i t e s  
in a n  a l t e r e d  m a t r i x  of  e p i d o t e ,  c h l o r i t e  and  opaques.  P i p e  
ves icu les  t o  3 c m  a r e  l ined  w i t h  c h l o r i t e  and f i l led by e p i d o t e  
and  c a l c i t e .  Nor th  of 637'  L a k e  t h e  b a s a l t  is i n t e r c a l a t e d  
w i t h  th in ly  l a m i n a t e d  g r e e n  s i l t s t o n e  a n d  h a s  a m a x i m u m  
o b s e r v e d  t h i c k n e s s  of 1 0  m. H e r e  t h e  b a s a l t  f i l l s  low-lying 
a r e a s  s o u t h  of r idge- forming  P i t z  F o r m a t i o n  l a v a s  w h e r e a s  
e a s t  of 710'  Lake  i t  c a p s  hills. H s i m i l a r  th in  b a s a l t  un i t ,  a l so  
e x t r u d e d  over  a n  i r regular  s u r f a c e ,  unconformably  o v e r l i e s  
Thelon  F o r m a t i o n  s a n d s t o n e  s o u t h w e s t  of Lookout  Poin t  on  
t h e  Thelon River  (Donaldson,  1969). B a s a l t  has  no t  previously 
b e e n  r e p o r t e d  f r o m  t h e  D u b a w n t  G r o u p  wi th in  t h e  Baker  L a k e  
Basin. 

Intrusive 

S y e n i t e  

S t o c k s  and  c o m p o s i t e  plutons of f ine-  t o  coarse-gra ined  
r e d  s y e n i t e s  o c c u r  in m a p  a r e a s  6 5  0 1 1 ,  2, a n d  8. T h e y  h a v e  
i n t r u d e d  a l o n g  both  t h e  n o r t h w e s t  a n d  s o u t h e a s t  c o n t a c t s  of 
t h e  C h r i s t o p h e r  Island F o r m a t i o n  and t h e  or thogneiss  domain  
n o r t h  a n d  w e s t  of 'P.O.' Lalte. Most  h a v e  s h a r p  in t rus ive  
c o n t a c t s  a l though r e a c t i v a t i o n  a long  n o r t h e a s t e r l y  f a u l t s  h a s  
local ly r e s u l t e d  in s h e a r e d  a n d  f o l i a t e d  m a r g i n a l  phases.  A 
s t r o n g  n o r t h e a s t e r l y  fo l ia t ion  h a s  d e v e l o p e d  in a f ine-  t o  
medium-gra ined  hornblende  s y e n i t e  on  t h e  s o u t h  boundary of 
m a p  a r e a  6 5  0 1 2  t h a t  is in t ruded  by porphyr i t i c  pink g r a n i t e  
t o  t h e  east and t h e  P a m i u t u q  G r a n i t e  t o  t h e  wes t .  

S y e n i t e s  a long  t h e  s o u t h e r n  boundary  of t h e  Baker  L a k e  
Basin in m a p  a r e a s  6 5  0 1 2  and  0 1 8  r a n g e  f r o m  very  c o a r s e  
g r a i n e d  s y e n i t e  s tocl ts  t o  m i c r o s y e n i t e  dykes.  Anomalous  
r a d i o a c t i v i t y  wi th in  s o m e  of t h e s e  bodies  is discussed briefly 
in t h e  e c o n o m i c  geology  sec t ion .  An i r regular -shaped  
c o m p o s i t e  pluton under l ies  m o r e  t h a n  150 k m 2  in t h e  c e n t r a l  
p a r t  of m a p  a r e a  6 5  018.  The  poorly exposed  i n t r u s ~ o n  
cons is t s  of f ine-  t o  medium-gra ined  hornblende  and b io t i te -  
hornblende  s y e n i t e  a n d  n o r t h e a s t e r n  p a r t s  c o n t a i n  q u a r t z -  
b e a r i n g  phases. Quar tz - fe ldspar  porphyry  d y k e s  i n t r u d e  t h e  
s y e n i t e  complex .  

G r a n i t e  

G r a n i t e  s t o c k s  and  plutons % t h a t  p o s t d a t e  t h e  
C h r i s t o p h e r  Island F o r m a t i o n  h a v e  b e e n  subdivided i n t o  f i v e  
un i t s  based  o n  t e x t u r e ,  a c c e s s o r y  m i n e r a l s  a n d  c o n t a c t  
re la t ions .  P lu tons  of mass ive  equigranular  t o  porphyr i t i c  pink 
g r a n i t e  t h a t  i n t r u d e  b a s e m e n t  gne isses  a n d  s y e n i t e s  in m a p  
a r e a s  6 5  0 1 1  a n d  0 1 2  a r e  s imi la r  t o  p lu tons  exposed  n e a r  
F o r d e  L a k e  ( L e C h e m i n a n t  e t  al., 197913) a n d  r e s e m b l e  
v a r i a n t s  of t h e  rapakiv i  g r a n i t e s  t h a t  under l ie  l a r g e  a r e a s  
w e s t  of T u l e m a l u  Lake. T w o  s t o c k s  of m i a r o l i t i c  f luor i te -  
b e a r i n g  a lka l i - fe ldspar  g r a n i t e  i n t r u d e  t h e  C h r i s t o p h e r  Island 
F o r m a t i o n  a n d  t h e  over ly ing  r e d  c l a s t i c  success ions  in m a p  
a r e a s  6 5  0 1 2  and  0 1 7 .  

A s t o c k  of porphyr i t i c  b io t i t e -hornblende  g r a n i t e ,  
c o n t a i n i n g  f l u o r i t e  a n d  r i c h  in a c c e s s o r y  sphene ,  i n t r u d e s  
m a f i c  l a v a s  a n d  b io t i t e - r ich  t u f f s  of t h e  C h r i s t o p h e r  Island 
F o r m a t i o n  in t h e  n o r t h e a s t  c o r n e r  of m a p  a r e a  6 5  018.  The  
s t o c k  h a s  s y e n i t i c  border phases  and probably is  p a r t  of a 
c o m p o s i t e  syeni t ic -gran i t ic  in t rus ion  exposed  t o  t h e  n o r t h e a s t  
in m a p  a r e a  6 5  P I 1 2  ( L e C h e m i n a n t  et al., 1979b). Border 
p h a s e s  r e s e m b l e  quar tz -bear ing  v a r i a n t s  of t h e  s y e n i t e  
in t rus ion  exposed  t o  t h e  s o u t h w e s t .  All r o c k s  wi th in  t h e  
in t rus ion  h a v e  a n  a n o m a l o u s  r a d i o m e t r i c  s i g n a t u r e  and 
c o n t a c t  a u r e o l e s  a r e  local ly m i n e r a l i z e d  ( s e e  e c o n o m i c  
geology  sec t ion) .  



T h e  P a m i u t u q  G r a n i t e ,  a l a r g e  c i rcu la r  pluton,  under l ies  
a p p r o x i m a t l e y  700 k m 2  e a s t  of Tulemalu  Lake ,  a n d  is  in s h a r p  
i n t r u s i v e  c o n t a c t  w i t h  a l l  sur rounding  rock  types .  T h e  main  
phase  of t h e  pluton is homogeneous  a n d  c o n t a i n s  p e r t h i t i c  
o r t h o c l a s e ,  p lag ioc lase  and  r i m m e d  q u a r t z  phenocrys t s  s e t  in 
a f i n e  gra ined  m i c r o g r a p h i c  m a t r i x .  Maf ic  m i n e r a l s  a r e  
c l inopyroxene ,  a m p h i b o l e  a n d  c h l o r i t i z e d  b io t i t e .  A high 
propor t ion  of p lag ioc lase ,  b o t h  in phenocrys t s  and  in p e r t h i t e ,  
p l a c e s  t h i s  main  p h a s e  in t h e  gran i te -B f ie ld  of t h e  lUGS 
c lass i f ica t ion  s c h e m e  ( S t r e c k e i s e n ,  19731, w h e r e a s  o t h e r  
g r a n i t e s  in t h e  a r e a  typ ica l ly  fa l l  wi th in  t h e  gran i te -A o r  
r a r e l y  t h e  alkal i-feldspar g r a n i t e  f ields.  Xenol i ths  a r e  
c o m m o n  throughout  t h e  pluton and  cons is t  p redominant ly  of 
g ran i to id  gneiss ,  m a f i c  hornblende  s y e n i t e  and  a p lag ioc lase  
porphyr i t i c  f i n e  gra ined  m a f i c  rock  t h a t  h a s  n o  known 
ana logous  l i thology a d j a c e n t  t o  t h e  intrusion.  P lag ioc lase  
m e g a c r y s t s  t o  5 c m  a r e  sparse ly  d i s t r ibu ted .  

A purp le  porphyr i t i c  phase  w i t h  a very f i n e  gra ined  t o  
a p h a n i t i c  m a t r i x  f o r m s  a n a r r o w  chil l  m a r g i n  a l o n g  m o s t  
c o n t a c t s  e x c e p t  on  t h e  w e s t  s i d e  w h e r e  t h e  pluton is in 
c o n t a c t  w i t h  f low-banded rhyol i tes  of t h e  P i t z  Format ion .  
H e r e  t h e  purple p h a s e  is a w i d e  un i t  t h a t  in p a r t  a p p e a r s  t o  
o v e r l i e  t h e  main  phase.  Sharp  in t rus ive  c o n t a c t s  e x i s t  
b e t w e e n  purple porphyry and rhyol i te  a l though a t  o n e  l o c a t i o n  
a n  a p p a r e n t  g r a d a t i o n a l  c o n t a c t  b e t w e e n  r h y o l i t e  and 
porphyry w a s  observed .  

S e v e r a l  s t o c k s  of f i n e  gra ined  red  equigranular  g r a n i t e  
in t rude  t h e  main  phase  of t h e  pluton.  T h e s e  m o r e  po tass ic  
g r a n i t e s  a r e  i r regular  in s h a p e  and  a r e  a s s o c i a t e d  w i t h  
compos i t iona l ly  a n d  t e x t u r a l l y  s imi la r  a p l i t e  d y k e s  t h a t  a r e  
c o n c e n t r a t e d  wi th in  s o u t h e r n  and w e s t e r n  p a r t s  of t h e  pluton.  
Q u a r t z - f e l d s p a r  porphyry d y k e s  i n t r u d e  a l l  phases  of t h e  
pluton.  

G - a n i t e  p lu tons  w e s t  of Tulemalu  L a k e  a n d  t h e  Kunwak 
R i v e r  i n t r u d e  gran i to id  gne isses  a n d  volcanic  rocks  of t h e  
C h r i s t o p h e r  Island Format ion .  T h e  l a r g e s t  of t h e s e  p lu tons  
e x c e e d s  1000 k m 2  a n d  under l ies  a l a r g e  p a r t  of 6 5  0 1 4 ,  t h e  
n o r t h w e s t  c o r n e r  of 6 5  J (Eade  and  Blake,  1977) and  t h e  
n o r t h e a s t  c o r n e r  of 6 5  K (Eade ,  personal  c o m m u n i c a t i o n  
1979). This  pluton is a c o a r s e  gra ined  rapakiv i  g r a n i t e  
c h a r a c t e r i z e d  by K-feldspar ovoids (2-6 c m )  m a n t l e d  by 
p lag ioc lase .  Mant led  and  u n m a n t l e d  K-fe ldspar  p h e n o c r y s t s  
o c c u r  t o g e t h e r .  Within t h e  ovoids c o n c e n t r i c  p a t t e r n s  of 
q u a r t z  and  b i o t i t e  inclusions a r e  c o m m o n  and  r e p e t i t i o n  of 
m a n t l i n g  c a n  occur .  Typica l  a c c e s s o r y  minera l s  a r e  b i o t i t e ,  
hornblende ,  f l u o r i t e ,  and  z i rcon .  Rapakiv i  g r a n i t e  g r a d e s  i n t o  
v a r i a n t s  t h a t  c o n t a i n  only u n m a n t l e d  phenocrys t s  a n d  ra re ly  
g r a d e s  i n t o  f ine-  a n d  medium-gra ined  equigranular  g r a n i t e .  
T h e s e  l a t t e r  v a r i a n t s  a r e  t h e  p r e d o m i n a n t  rock  t y p e  of 
s m a l l e r  p lu tons  t h a t  under l ie  a r e a s  of 6 5  0 1 3  a n d  0 1 6 .  
Mant led  phenocrys t s ,  w h e r e  p r e s e n t ,  a r e  s m a l l e r  (0.5-2 c m )  
and  less a b u n d a n t  t h a n  wi th in  t h e  main  pluton.  T h e  s m a l l e r  
p lu tons  a r e  c i r c u l a r  t o  m u l t i l o b a t e  in plan and a r e  s e p a r a t e d  
by C h r i s t o p h e r  Island volcanic  rocks  and  gran i to id  gneiss .  
In t rus ive  c o n t a c t s  a r e  s h a r p  and  d iscordant .  T h e  g r a n i t e s  
lack  fo l ia t ion  a n d  in s h a r p  c o n t r a s t  t o  t h e  P a m i u t u q  G r a n i t e  
t h e y  c o n t a i n  no  xenoli ths.  

Q u a r t z - f e l d s p a r  porphyry dykes ,  i r r e g u l a r  in s h a p e  and  
t r e n d ,  ranging  up t o  50 m in w i d t h  i n t r u d e  all f o r m a t i o n s  of 
t h e  Dubawnt  G r o u p  in s o u t h w e s t e r n  p a r t s  of t h e  Baker L a k e  
Basin. The  porphyry c o n t a i n s  abundant  phenocrys t s  of ovoid 
K-feldspar,  which  m a y  b e  m a n t l e d ,  and round q u a r t z  e y e s  s e t  
in a dark  reddish  g r e y  m a t r l x .  T h e  dykes  in t rude  t h e  s y e n i t e  
s u i t e ,  m i a r o l i t i c  f l u o r i t e  g r a n i t e s  and t h e  P a m i u t u q  G r a n l t e .  
Mant led  phenocrys t s  a n d  a b s e n c e  of xenol i ths  s u g g e s t s  t h e y  
a r e  c o m a g m a t i c  w i t h  t h e  rapakiv i  g r a n i t e s  and  a r e  not  a l a t e  
p h a s e  of t h e  P a m i u t u q  G r a n i t e  a s  proposed by 
L e C h e m i n a n t  e t  a l .  (1 979a). 

Basic Intrusions 

A 045" t r e n d i n g  dyke-l ike in t rus ion  of s p e c t a c u l a r  
porphyr i t i c  l eucogabbro  in m a p  a r e a  6 5  0 1 7  i n t r u d e s  f lows  
a n d  s e d i m e n t s  of t h e  Chr i s topher  Island F o r m a t i o n  and  a 
n o r t h e a s t e r l y  f a u l t  z o n e  b e t w e e n  b a s e m e n t  gne isses  and  t h e  
C h r i s t o p h e r  Island F o r m a t i o n .  T h e  d y k e  h a s  b e e n  t r a c e d  f o r  
a l m o s t  2 0  k m  a n d  r a n g e s  in w i d t h  f r o m  0.5-5.5 km. T h e  grey  
t o  greenish  g r e y  leucogabbro  c o n t a i n s  u p  t o  70  per c e n t  
c lose ly  packed ,  a l igned  l a b r a d o r i t e  l a t h s  (0.5-2 c m  w i t h  
m e g a c r y s t s  t o  8 c m )  w i t h  i n t e r s t i t i a l  c l inopyroxene ,  
m a g n e t i t e - i l m e n i t e  a n d  a p a t i t e .  Thin s e c t i o n s  show pa le  
g r e e n  amphibole  r i m m i n g  c l inopyroxene ,  s k e l e t a l  a p a t i t e  
n e e d l e s  t o  4 m m  a n d  minor i n t e r s t i t i a l  m i c r o g r a p h i c  a lka l i  
fe ldspar  a n d  q u a r t z .  A l t e r a t i o n  cons is t s  of p a t c h e s  of 
e p i d o t e ,  c h l o r i t e  a n d  prehni te .  T h e  leucogabbro  is 
h o m o g e n e o u s  in t e x t u r e  a n d  c o m p o s i t i o n  t h r o u g h o u t  t h e  
intrusion.  P lag ioc lase  phenocrys t s  a n d  m e g a c r y s t s  a r e  
s t rongly  a l igned  subpara l le l  t o  c o n t a c t s  and  only i n t e r s t i t b l  
p h a s e s  show chil l  e f f e c t s  a t  t h e  marg in  of t h e  intrusion.  
Unusually high c o n c e n t r a t i o n s  of m a g n e t i t e - i l m e n i t e  (3-5%) 
a n d  a p a t i t e  (1%) sugges t  t h e  in t rus ion  is r ich  in F e O ,  T i 0 2  a n d  
P 2 0 5 .  It a p p e a r s  t o  h a v e  f o r m e d  a s  t h e  r e s u l t  of a s ingle 
in jec t ion  of a plagioclase-r ich c r y s t a l  mush. T h e  leucogabbro  
is c u t  by a q u a r t z - f e l d s p a r  porphyry dyke  of t h e  s w a r m  t h a t  is 
t h o u g h t  t o  b e  c o m a g m a t i c  w i t h  t h e  rapakiv i  g r a n i t e s .  

A c o m p o s i t e  g a b b r o i c  dyke ,  h e r e  n a m e d  t h e  M c R a e  
L a k e  dyke ,  i n t r u d e s  rhyol i te  f l o w s  of t h e  P i t z  F o r m a t i o n  and 
g r a n o d i o r i t e  gneiss  in m a p  a r e a  6 5  0110.  T h e  035"  t r e n d i n g  
d y k e  has  b e e n  m a p p e d  f o r  1 4  k m  e a s t  of M c R a e  L a k e  w h e r e  i t  
widens  f r o m  450  m in t h e  s o u t h w e s t  t o  1.8 k m  in t h e  
n o r t h e a s t .  In F igure  49.1 t h e  dyke  is  shown t o  e x t e n d  a n o t h e r  
9 k m  t o  t h e  s o u t h w e s t  of M c R a e  L a k e  on  t h e  basis  of a 
r e c o n n a i s s a n c e  he l icopter  t r a v e r s e  a n d  t h e  c o n t i n u i t y  of a 
p ronounced  a e r o m a g n e t i c  high. T o  t h e  n o r t h e a s t  t h e  dyke  is 
t r u n c a t e d  by a 150" fau l t .  A probable  c o n t i n u a t i o n  of t h e  
d y k e  t o  t h e  n o r t h  is  shown in F i g u r e  49.1 a s  a dash-dot  l ine  
which  t r a c e s  a well-defined b u t  n a r r o w e r  a e r o m a g n e t i c  
anomaly .  No o u t c r o p  of t h e  dyke  w a s  e n c o u n t e r e d  n o r t h e a s t  
of t h e  f a u l t .  

T h e  d y k e  is a c o m p o s i t e  in t rus ion  cons is t ing  of a 
medium gra ined  grey-green  gabbro ic  phase  t h a t  is in t ruded  by 
t h e  major  phase ,  a b r ick  r e d ,  pink t o  g r e y  g lomeroporphyr i t i c  
q u a r t z  monzodior i te .  T h e  gabbro ic  phase  c o n t a i n s  l a b r a d o r i t e  
a n d  c l inopyroxene  wi th  a c c e s s o r y  b i o t i t e ,  amphibole ,  
m a g n e t i t e - i l m e n i t e ,  a p a t i t e  a n d  u p  t o  3 per  c e n t  micro-  
g r a p h i c  alkal i  fe ldspar  a n d  q u a r t z .  T h e  main  p h a s e  is 
l e u c o c r a t i c  w i t h  p lag ioc lase  phenocrys t s  t o  I c m ,  c o m m o n l y  
in c l u s t e r s ,  s e t  in a f i n e  gra ined  m i c r o g r a p h i c  mat r ix .  
Accessory  m a f i c  m i n e r a l s  a r e  amphibole  and  b io t i te .  
Xenol i ths  of c o u n t r y  rock and  r i m m e d  q u a r t z  e y e s  
(xenocrys t s? )  a r e  c o m m o n  n e a r  t h e  n o r t h w e s t  end  of t h e  
dyke.  T h e  g a b b r o i c  phase  r a n g e s  in wid th  f r o m  100-200 m 
a n d  is  ch i l led  aga ins t  c o u n t r y  r o c k s  a long  e i t h e r  t h e  w e s t  or 
t h e  e a s t  side) of t h e  dyke. T h e  main  p h a s e  has  s h a r p  in t rus ive  
c o n t a c t s  b o t h  w i t h  c o u n t r y  r o c k s  and  t h e  gabbro ic  phase.  

A major  130" t o  140" t r e n d i n g  d i a b a s e  d y k e  h a s  b e e n  
t r a c e d  f r o m  m a p  a r e a  6 5  0 / 1 0  through t o  t h e  n o r t h e a s t  
c o r n e r  of m a p  a r e a  6 5  0 1 8 .  T h e  dyke  h a s  v e r t i c a l  c o n t a c t s  
and 1s 100 m th ick  n o r t h  of 637 '  Lake.  C o n t a c t s  a g a i n s t  P i t z  
F o r m a t i o n  i a v a s  h a v e  a 2 - 3 c m  a p h a n i t i c  chill m a r g i n  
c o n t a i n i n g  p lag ioc lase  and  c l inopyroxene  microphenocrys t s .  
This g lassy  marg in  passes  i n t o  a t rans i t iona l  chill z o n e  up t o  
I m wide t h a t  c o n t a i n s  a l igned  p lag ioc lase  micro l i tes .  
i\ilicrolites i n c r e a s e  in s i z e  and  number  a c r o s s  t h e  t rans i t iona l  
z o n e  t o w a r d s  t h e  in te r ior  of t h e  dyke.  T h e  c e n t r a l  p h a s e  of 
t h e  d y k e  is a m e d i u m -  t o  coarse-gra ined  g a b b r o  o r  q u a r t z  
gabbro .  The  cont inu i ty  of t h e  d y k e  is c o n f i r m e d  n o r t h w e s t  of 
710 '  L a k e  by a prominent  a e r o m a g n e t i c  anomaly .  S o u t h e a s t  
of 710' L a k e  t h e  d y k e  is 3 5  m t h i c k  and  th ins  t o  only 3 m in 
m a p  a r e a  6 5  018 .  
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Economic Geology T a b l e  4 9 . 2 .  
T a b l e  49.1 l i s t s  u ran ium a n d  b a s e  m e t a l  o c c u r r e n c e s  

l o c a t e d  dur ing  1979 mapping  in m a p  a r e a  6 5  0 a n d  w e s t e r n  
p a r t s  of m a p  a r e a  6 5  P. R e s e a r c h  is  cont inu ing  t o  a u g m e n t  
t h e  i n t e r i m  a s s e m b l a g e  d a t a  r e p o r t e d  in th i s  t ab le .  

Most  u ran ium o c c u r r e n c e s  l is ted in Table  49.1 a r e  s m a l l  
z o n e s  of l imi ted  m i n e r a l i z a t i o n  a n d l o r  e x p o s u r e  t h a t  a r e  
spa t ia l ly  r e l a t e d  t o  basa l  f o r m a t i o n s  of t h e  Dubawnt  Group.  
They  a r e  s imi la r  t o  o t h e r  o c c u r r e n c e s  of e p i g e n e t i c  f r a c t u r e -  
cont ro l led  minera l iza t ion  wi th in  and  a d j a c e n t  t o  t h e  Baker 
L a k e  Basin (Miller ,  1979; in press) .  O c c u r r e n c e s  I and  2 a r e  
a s s o c i a t e d  w i t h  f r a c t u r e  z o n e s  a d j a c e n t  t o  n o r t h w e s t  fau l t s .  
T h e  host g r a n i t i c  gneiss  a t  o c c u r r e n c e  is in tense ly  f r a c t u r e d  
and  h e m a t i t i z e d  and c o n t a i n s  d i ssemina ted  p y r i t e  and  
e p i d o t e - c h l o r i t e  veins. A f r o s t - s h a t t e r e d  a r e a  of 150 m by 
6 0  m h a s  a n o m a l o u s  r a d i o a c t i v i t y  and  c o n t a i n s  a f e w  discon- 
t inuous  t i g h t  p ic thb lende-bear ing  f r a c t u r e s  u p  t o  1 5  c m  long 
by 1-2 m m  wide  a n d  minor quar tz -p ink  c a l c i t e - c h a l c o p y r i t e  
ve in le t s .  

Chalcopyrite-pitchblende m i n e r a l i z a t i o n  a t  o c c u r r e n c e  
6 is hos ted  in a medium g r a i n e d  q u a r t z  s y e n i t e  c o n t a i n i n g  
a c c e s s o r y  purple f l u o r i t e ,  e u h e d r a l  s p h e n e  and  m a g n e t i t e .  At 
o c c u r r e n c e  7,  c o n t a c t  m e t a m o r p h o s e d  l a v a s  of t h e  
C h r i s t o p h e r  Island F o r m a t i o n  a r e  in t ruded  by quar tz - f luor i te -  
b e a r i n g  f e l d s p a r  porphyry dykes.  I r regular ,  d i scont inuous  
p i tchblende  ve in le t s  u p  t o  I c m  in w i d t h  o c c u r  in t h e  a l t e r e d  
lavas.  T h e  o c c u r r e n c e  is l o c a t e d  wi th in  t h e  t h e r m a l  a u r e o l e  
of a c o m p o s i t e  s y e n i t e - g r a n i t e  pluton t h a t  is exposed  n o r t h  of 
t h e  m i n e r a l i z e d  zone .  O c c u r r e n c e s  6 a n d  7 a p p e a r  t o  b e  
g e n e t i c a l l y  r e l a t e d  t o  t h e  syeni t ic -gran i t ic  in t rus ions  and  a r e  
s imi la r  t o  c o n t a c t  a u r e o l e  U-Cu m i n e r a l i z a t i o n  in m a p  a r e a  
6 5  P112 ( L e C h e m i n a n t  e t  al., 1979b). 

S y n g e n e t i c  thor ium-uranium m i n e r a l i z a t i o n  within 
n o r t h w e s t  t r e n d i n g  bos toni t ic  d y k e s  a n d  s m a l l  s t o c k s  of 
s y e n i t e  in s o u t h e a s t e r n  p a r t s  of t h e  m a p  a r e a  h a v e  b e e n  
discussed by Miller (1979) a n d  Beaudry (1979). Anomalously 
r a d i o a c t i v e  s y e n i t e s  i n t r u d e  b a s e m e n t  gne isses  n e a r  
N u t a r a w i t  L a k e  a n d  D u b a w n t  G r o u p  r o c k s  in m a p  a r e a  6 5  0 1 1  
a n d  a long  t h e  s o u t h e r n  marg in  of t h e  Baker  L a k e  Basin in m a p  
a r e a s  6 5  0 1 2  and  018 .  T h e  l e u c o c r a t i c  f ine-  t o  medium-  
g r a i n e d  s y e n i t e s  a r e  c h a r a c t e r i z e d  by a pink t o  c h e r r y  r e d  
c o l o u r  and a l igned  a lka l i  fe ldspar  laths.  High uran ium a n d  
thor ium c o n t e n t s  a r e  d u e  t o  d i s s e m i n a t e d  t h o r i t e ,  m o n a z i t e  
a n d  z i rcon  ( v a r i e t y  cyr to l i t e ) .  S o m e  b o s t o n i t e  dykes  c o n t a i n  
d i s s e m i n a t e d  su lphides  a n d l o r  d i scont inuous  th in  f r a c t u r e s  
t h a t  a r e  c o a t e d  w i t h  a s s e m b l a g e s  t h a t  inc lude  pyr i te ,  
c h a l c o p y r i t e ,  born i te ,  g a l e n a ,  m o l y b d e n i t e  and  sooty  
p i tchblende .  

O c c u r r e n c e s  8-10 r e p r e s e n t  b a s e  m e t a l  minera l iza t ion  
t h a t  h a s  deve loped  in vein s y s t e m s  wi th in  t h e  C h r i s t o p h e r  
Island F o r m a t i o n .  S e v e r a l  s m a l l e r  o c c u r r e n c e s  of m a l a c h i t e  
o r  c h a l c o p y r i t e  in quartz-epidote-fluorite-garnet ve in le t s  
h a v e  n o t  b e e n  t a b u l a t e d .  O c c u r r e n c e  8 c o n s i s t s  of e a s t  t o  
n o r t h e a s t  t r e n d i n g  d iscont inuous  ve ins  u p  t o  1 0  c m  in wid th  
t h a t  c u t  b i o t i t e  t r a c h y t e  l a v a s  and  i n t e r c a l a t e d  vo lcanic las t ic  
wackes .  T h e  ve ins  c o n t a i n  b o r n i t e - c h a l c o p y r i t e  and  born i te -  
digenite(?)  i n t e r g r o w t h s  p a r t l y  r e p l a c e d  by c o v e l l i t e  w i t h  a 
g a n g u e  a s s e m b l a g e  of g a r n e t ,  e p i d o t e ,  c a l c i t e ,  a n d  q u a r t z .  
T h e  m i n e r a l i z e d  z o n e  l ies  a p p r o x i m a t e l y  I k m  e a s t  of a 
c o n t a c t  b e t w e e n  C h r i s t o p h e r  Island F o r m a t i o n  l a v a s  and  
rapakiv i  g r a n i t e .  This o c c u r r e n c e  w a s  previously i n v e s t i g a t e d  
in 1966  a n d  1967 by Hudson Bay Explora t ion  and  D e v e l o p m e n t  
Co.  Ltd.  ( C a i n e  e t  al., 1979). 

Sulphide m i n e r a l i z a t i o n  a t  o c c u r r e n c e  9 is  l o c a t e d  a t  
t h e  i n t e r s e c t i o n  of 070' and  110" t r e n d i n g  q u a r t z  vein 
s y s t e m s  a n d  is  hos ted  in a l t e r e d  m a f i c  t r a c h y t e  l a v a s  a n d  
b r e c c i a s  of t h e  C h r i s t o p h e r  Island F o r m a t i o n .  Pb-Cu-Ag 
m i n e r a l i z a t i o n  is  exposed  wi th in  a 2 0  m by 7 m o u t c r o p  t h a t  

G e o c h e m i c a l  a n a l y s e s 1  (ppm) of a mass ive  sulphide pod f r o m  a 
ve in  in t r a c h y t e s  of t h e  C h r i s t o p h e r  lsland F o r m a t i o n  

( o c c u r r e n c e  9 ,  T a b l e  49.1) 
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N . D .  = N o t  d e t e c t e d  

c o n t a i n s  a heavily m i n e r a l i z e d  6 m by 4 m zone .  Sulphide- 
r i c h  veins a n d  pods u p  t o  0.5 m in wid th  a n d  4 m long c o n t a i n  
m o r e  t h a n  90  p e r  c e n t  sulphides,  p r imar i ly  ga lena ,  b o r n i t e  
w i t h  exso lved  chalcopyrite-digenite(?), a n d  c h a l c o p y r i t e .  
T r a c e  sulphides inc lude  s p h a l e r i t e  (ZnS w i t h  a t r a c e  of Cd),  
g r e e n o c k i t e  ( C d S  w i t h  a t r a c e  Zn), a n d  minor c o v e l l i t e  
rep lac ing  c h a l c o p y r i t e ,  b o r n i t e  a n d  g r e e n o c k i t e .  T h e  g a n g u e  
a s s e m b l a g e  is  q u a r t z ,  f luor i te ,  c h l o r i t e ,  s p h e n e  m a g n e t i t e ,  
a K-Mg-AI-Si phyl los i l i ca te  a n d  b a r i t e  ( t w o  v a r i e t i e s  - o n e  
Sr-bearing).  This  minera logy  w a s  d e t e r m i n e d  by o r e  
microscopy,  powder  X-ray d i f f r a c t i o n  d a t a  a n d  pre l iminary  
e n e r g y  d ispers ive  e l e c t r o n  m i c r o p r o b e  s tudy .  T w o  a n a l y s e s  of 
t h e  mass ive  sulphides a r e  l i s ted  in T a b l e  49.2. T h e  e l e m e n t s  
Pb,  Cu, F e ,  C d  and  Zn a r e  a c c o u n t e d  f o r  by t h e  a b o v e  
minera logy;  ' h o w e v e r ,  t o  d a t e  no  Ag- o r  Bi-bearing phases  
h a v e  b e e n  ident i f ied .  

Southern  and  w e s t e r n  s i d e s  of t h e  m a i n  m i n e r a l i z e d  
o u t c r o p  c o n t a i n  c a r b o n a t e - q u a r t z - p u r p l e  f l u o r i t e  s t o c k w o r k s  
t h a t  a r e  younger t h a n  t h e  sulphide-rich veins.  F r a c t u r e s  
wi th in  t h e s e  s t o c k w o r k s  a r e  anomalous ly  r a d i o a c t i v e  a n d  
c o n t a i n  d i s s e m i n a t e d  p i tchblende .  Dissemina ted  Pb-Cu 
m i n e r a l i z a t i o n  o c c u r s  u p  t o  40  m w e s t  of t h e  main  z o n e  in 
in tense ly  a l t e r e d  m a f i c  t r a c h y t e s  t h a t  a r e  c o m p l e t e l y  
r e p l a c e d  by mica-ch lor i te -a lb i te  a s s e m b l a g e s  w i t h  v a r i a b l e  
propor t ions  of q u a r t z ,  f l u o r i t e ,  m a g n e t i t e ,  g a l e n a ,  
c h a l c o p y r i t e ,  b o r n i t e  and  pyr i te .  

T h e  070"  vein s y s t e m  cons is t s  of q u a r t z  s t o c k w o r k s  and  
ve ins  u p  t o  1 5  m wide  t h a t  c a n  b e  t r a c e d  discontinuously f o r  
350  m e a s t - n o r t h e a s t  and  750 m wes t - southwes t  of t h e  
m i n e r a l i z e d  zone .  T h e  110' s y s t e m  c o n t a i n s  q u a r t z  s t o c k -  
w o r k s  up t o  5 m wide  and  i s  expressed  a s  a 10-20 m w i d e  
t o p o g r a p h i c  l inear  t h a t  e x c e e d s  350  m e a s t - s o u t h e a s t  and 
1900 m wes t -nor thwes t  of t h e  i n t e r s e c t i o n  of t h e  t w o  
s y s t e m s .  Veins u p  t o  1 0  c m  w i d e  c o n t a i n i n g  ga lena ,  b o r n i t e  
a n d / o r  c h a l c o p y r i t e  a r e  e r r a t i c a l l y  d i s t r i b u t e d  a long  t h e  l imbs  
of t h e  vein s y s t e m s  u p  t o  750  m f r o m  t h e  m a i n  m i n e r a l i z e d  
zone .  T h e s e  o c c u r r e n c e s  a r e  a s s o c i a t e d  w i t h  purp le  f l u o r i t e  
a n d  h a v e  deve loped  wi th in  a l t e r e d  t r a c h y t e s  a d j a c e n t  t o  
b a r r e n  q u a r t z  s tockworks .  



A red qua r t z - eye  porphyry dyke has intruded along t h e  
eas t -southeas t  l imb of t h e  110' vein sys tem.  This dyke is 
r ich in purple f luor i te  and disseminated sulphides (mainly 
pyrite). The  dyke rock closely resembles  sparsely porphyrit ic 
f luorite-bearing rhyolite lavas  of t h e  Pi tz  Format ion and 
sulphide-fluorite-bearing chill margins of miarol i t ic  g ran i t e  
s tocks  in m a p  a r e a s  6 5  0 1 2  and 017. Acid magmat ism and 
associa ted  fluorine-and sulphur-bearing hydrothermal  sys t ems  
a r e  probably responsible f o r  t h e  base  m e t a l  vein mineral-  
ization.  Subaerial  a lka l ine  f lows of t h e  Christopher Island 
Format ion a r e  notably def ic ient  in both  sulphur and fluorine. 
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Introduction 

Regional mapping accompanied by selected detailed 
studies was continued i n  Cry Lake (104 I), Dease Lake (104 3) 
and Spatsizi (104 H) map areas in 1979. T.N. lrvine of the 
Geophysical Laboratory, Washington, D.C. spent two and one- 
half  weeks examining an Alaskan type ultrabasic body along 
Turnagain River northeast of the mouth of Hard Creek 
(Gabrielse, 1979). R.G. Anderson completed f ie ld  work on a 
thesis project dealing w i th  the Hotai luh Bathol i th and related 
rocks. Linda Thorstad completed a thesis study of  the 
"Kutcho Formation" which hosts a massive copper-zinc 
deposit east of Kutcho Creel<. J.L. Mansy concluded a study 
of  Upper Proterozoic stratigraphy and structural style in  the 
Omineca and Cassiar mountains. S. Leaming continued 
investigations of u l t ramaf ic  rocks in the Cry Lake and Dease 
Lake map areas wi th emphasis on alterat ion mineral 
assemblages. Logistic support was provided for several 
biostratigraphic studies: by W.H. F r i t z  on Lower Cambrian 
strata in Cassiar and northern Rock Mountains; by 
B.S. Norford on Ordovician and Silurian strata i n  Cassiar and 
northern Rocky Mountains; by J.W.H. Monger on Upper 
Triassic and Lower Jurassic volcanogenlc rocks in Tulsequah 
( l04  K) and Dease Lake map areas; and by H.LV. Tipper on 
Jurassic strata i n  Tulsequah and Spatslzi map areas. 

Stratigraphy 

North of the easterly f lowing of Turnagain River, 
between the valley ledding t o  Major Har t  River and longitude 
128'20' (see Gabrlelse, 1979) strata of Late Devonian(?) age 
appear t o  rest unconformably on Cambro-Ordovician strata of 
the Kechika Group. Farther west and northwest fe t id  
carbonate, 10 t o  15 m thlck, of probable Middle Devonian age 
occurs beneath the f ine grained black slate of the Latc 
Devonlan sequence. 

Just southeast of Serpentine Creek in central Cry Lake 
map area near longitude 130°00' strata of the Inklin 
Formation, 'Kutcho formation', and Cache Creek Group are 
wel l  exposed. Contacts dre offset by left-handed northeast- 
trending faults. The Cache Creek Group near the contact 
w i th  conglomerate of the 'Kutcho formation' IS typical fine 
grained green-weathering volcanic rock. No evidence was 
found for structural dlscontinulty between thc three 
assemblages and contacts appear t o  be depositional vi i th 
unconformlties below the lnkl in and Kutcho strata. Thus, the 
Nahlln Fault  is of l i t t l e  importance in t h ~ s  area relat ive to 
the southern margln of the Cache Creek rocks. 
J.\V.H. Monger (personal communication, 1979) noted similar 
relationships west of Deasc Lake. 

P-€ - Upper Proterozoic(?) and Lower Cambrian 
metamorphosed clastic rocks; 

u T v  - Upper Triassic andesitic volcanics; 

1Jgd - Lower Jurassic(?) diorite and granodiorite; 

Kqm - mid-Cretaceous quartz monzonite. 

Figurel .  Sketch map showing distribution o f  Lower 
Juras.sic(?) hornblende diorite and biotite-hopnblende 
granodiorite in northwestern Cry Lake map area. 

Granitic Rocks 

A bathol i th comprising medium- t o  coarse-grained 
hornblende diori te and hornblende-biotite granodiorite, 
commonly foliated, was mapped in a terrane formerly 
included in  the Cassiar Bathol i th which is characterized by 
b iot i te  quartz monzonite (Fig. I) .  The dior i te and granodiorite 
are identical t o  that underlying large areas in Toodoggone 
Rlver map area t o  the southeast and are tentat ively 
considered to be of Early Jurassic age. It includes stocks and 
plugs of f ine-to medium-grained quartz monzonite probably 
related to the Cassiar Batholith. 
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Uevono-Mississippian and Upper Triassic s t r a t a  were  
examined briefly between t h e  headwaters  of J o e  Poole Creek  
and Warneford Kiver in Ware wes t  half (94E W1/4j map  area .  
There  a previously unrecognized sequence  of fossil iferous 
Upper Triassic rocks is preserved in a syncline with a klippe 
of c l a s t i c  Devono-~Llississippian s t r a t a  forming t h e  c o r e  
(Fig. 1, 2). The Upper Triassic sequence  comprises  abou t  
150 m of dark  g rey  ca lcareous  s i l t s tone  and sha l e  wi th  
r e s i s t an t  beds of buff weather ing argil laceous l imestone  
overlain by about  150 m of recess ive  weathering platy 
ca lcareous  sha l e  and si l tstone.  'The Upper Triassic beds 
over l ie  a res is tant  well bedded unit, a s  much a s  100 m thick, 
of olack che r ty  argil l i te,  porcellanite and cher t .  The  a g e  of 
t h e  che r ty  unit is  in doubt although i t  ha s  been included in t h e  
Devono-Mississippian c l a s t i c  assemblage.  

Km. 
-5 

Figure 1 .  Sketch map of geology near headwaters o f  Joe 
Poole Creek. 

Op - Ordovician graptolitic DlMcg - chert-pebble 
shale and argillaceous conglomerate; 
limestone; DMch - chert and 

Ss - Silurian siltstone and siliceous shale; 
dolomitic siltstone; UTs - Upper Triassic 

DlMp - Upper Devonian and siltstone, shale 
(?) Lower Mississippian and limestone. 
black shale; 

Figure 2.  View souti?erly to iclippe of Uevono-~~/Iississippian 
clastic rocks on Upper Triassic strata southeast o f  head- 
waters o f  Joe Poole Creek. 

Study o f '  a smal l  a r e a  south of Kwadacha River  and on 
t r end  wi th  rocks host  t o  barite-lead-zinc deposits  revealed  
t h e  presence  of a sys tem of nor theas ter ly  d i rec ted  imbr ica ted  
thrus t  faults .  Commonly t h e  hanging walls comprise  r e s i s t an t  
t a n  weather ing Silurian s i l t s tone  and dolomit ic  s i l t s tone  
underlain by a variable thickness of Ordovician black shale  
and ca lcareous  shale. The footwal l  s t r a t a  generally a r e  
incompetent  Upper Devonian s l a t e s  o r  Prdovic ian  shales. The 
Upper Devonian s t r a t a ,  previously included in t h e  Road River 
Format ion (Gabrielse,  1977), a r e  exposed with older rocks in a 
be l t  a s  much a s  3 i<m wide extending southeas ter ly  f rom 
nor theas t  of Mount Alcock t o  beyond t h e  head of Paul River. 

The thrus t  p la tes  exposed wes t  of a prominent ~ i l iddle  
Devonian ca rbona te  format ion d o  not  include t h e  ca rbona te  
indicating t h a t  th is  unit  was  e i t he r  no t  deposited o r  was  
eroded f a r the r  west.  Examination of t h e  lvliddle Devonian 
ca rbona te  format ion sugges ts  t h a t  much of i t s  deposit ion was  
in s i tu  r a t h e r  than of o l i s tos t romal  origin. 
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In t roduc t ion  

During t h e  1979 f ield season  f u r t h e r  inves t iga t ions  in 
t h e  e a s t e r n  p a r t  of t h e  Atl in t e r r a n e  (Monger,  1975) w e r e  
c a r r i e d  o u t  f r o m  a base  c a m p  n e a r  D e a s e  Lake ,  Bri t ish 
Columbia .  About  t w o  m o n t h s  w e r e  s p e n t  s tudying  r o c k s  of 
t h e  C a c h e  C r e e k  G r o u p  c e n t r e d  on  King Mountain in C r y  
L a k e  m a p  a r e a  (104 I) a n d  a b o u t  a m o n t h  in t h e  D e a s e  L a k e  
m a p  a r e a  (104 J) a t  T a c h i l t a  L a k e s  a n d  along T h i b e r t  C r e e k .  

K i n g  Mounta in  U l t r a r n a f i c  and R e l a t e d  R o c k s  

T h e  King Mounta in  a r e a  is under la in  by s e v e r a l  r o c k  
t y p e s  including s e r p e n t i n i z e d  u l t r a m a f i c s ,  m a f i c  rocks,  b o t h  
i n t r u s i v e  a n d  ex t rus ive ,  a n d  m a r i n e  sed iments ,  main ly  c h e r t ,  
p e l i t e  a n d  minor  c r y s t a l l i n e  l i m e s t o n e  (Fig. 1). They f o r m  a 
t e c t o n i c  mClange bounded o n  t h e  s o u t h  by t h e  Nahlin f a u l t ,  
a n d  on  t h e  n o r t h  by K u t c h o  fau l t .  

T h e  u l t r a m a f i c  r o c k s  a r e  pervas ive ly  s e r p e n t i n i z e d  b u t  
a r e  n o t  e v e r y w h e r e  d e f o r m e d .  They  cons is t  of  p e r i d o t i t e  a n d  
minor  duni te ;  s o m e  of t h e  p e r i d o t i t e  m a y  inc lude  h a r z b u r g i t e  
o r  wehr l i t e .  Where  d e f o r m a t i o n  is  in tense ,  t h e  r o c k s  a r e  
b lack ,  f i n e  gra ined ,  a n d  highly sl ickensided,  a n d  c o m m o n l y  
w e a t h e r  l ight  g reen .  Where  d e f o r m a t i o n  is  weak ,  t h e  r o c k s  
a r e  mass ive  and  tough  a n d  w e a t h e r  t o  s h a d e s  of reddish  
brown. 

T h e  m a f i c  rocks  a r e  predominant ly  well  t o  weakly  
layered  amphibole-plagioclase-epidote group  r o c k s  t h o u g h t  t o  
b e  gabbro  b u t  which m a y  be  a m p h i b o l i t e  l a t e r  a f f e c t e d  by 
g r e e n s c h i s t  f a c i e s  m e t a m o r p h i s m .  T h e  layer ing  is  m o s t  
p ronounced  in t h e  c i r q u e  on  t h e  nor th  s i d e  of King Mountain 
b u t  i t  is n o t  e n t i r e l y  a b s e n t  e l sewhere .  In g e n e r a l  t h e  r o c k s  
a r e  medium-  t o  f ine-grained w i t h  f e w  minera l s  l a rger  t h a n  
2-3 m m  across .  F o r  t h i s  reason  t h e s e  rocks  w e r e  m a p p e d  a s  
g r e e n s t o n e  (i.e. a l t e r e d  volcanics)  in previous f ie ld  seasons.  
S o m e  of t h e  f i n e  gra ined  phases  m a y  b e  dykes  o r  sills. 

In a f e w  p laces ,  p y r o x e n i t e  and  p e r i d o t i t e  m a s s e s  
a p p e a r  wi th in  t h e  gabbro.  T h e s e  a p p e a r  t o  b e  c u m u l a t e s .  

In a f e w  p laces ,  d a r k  co loured ,  f i n e  g r a i n e d  rocks  show 
poorly deve loped  pillow s t r u c t u r e .  In t h e  a b s e n c e  of t h i s  
c r i t e r i o n ,  i t  is  d i f f i c u l t  t o  r e c o g n i z e  t h e m  a s  volcanics.  

C h e r t  a n d  c h e r t y  p e l i t e s  f o r m  a l a r g e  propor t ion  of t h e  
C a c h e  C r e e k  G r o u p  in t h e  King Mounta in  a r e a .  T h e y  a r e  
g e n e r a l l y  s c h i s t o s e  rocks;  t h e  reg iona l  s c h i s t o s i t y  t r e n d s  
n o r t h w e s t  a n d  d ips  s teep ly .  In p laces ,  espec ia l ly  a l o n g  t h e  
s o u t h  s i d e  of  King  Mountain,  n o r t h w e s t - t r e n d i n g  fo lds  in t h e  
c h e r t s  p lunge  n e a r l y  ver t ica l ly .  T h e s e  fo lds  a r e  e v i d e n c e  of 
d e f o r m a t i o n  e a r l i e r  t h a n  t h a t  which  produced  t h e  s c h i s t o s i t y  
and  a r e  probably u n r e l a t e d  t o  m o v e m e n t  a long  t h e  Nahlin 
fau l t .  

L i m e s t o n e  uni t s  of t h e  C a c h e  C r e e k  G r o u p  a r e  
r e c i y s t a l l i z e d  t o  m a r b l e  o r  c r y s t a l l i n e  l imes tone ,  a n d  w h e r e  
in c o n t a c t  wi th  s e r p e n t i n i t e  m a y  g i v e  r i se  t o  c o n t a c t  r e a c t i o n  
zones.  

T h e  King Mountain a r e a  has  b e e n  d is rupted  a long  a t  
l eas t  four  major  and  m a n y  minor fau l t s .  The  King  Sa lmon 
f a u l t  is  a major  t h r u s t  which  has  c a r r i e d  t h e  C a c h e  C r e e k  
Group o v e r  t h e  Takwahoni  F o r m a t i o n .  T h e  s u r f a c e  t r a c e  of 
t h i s  f a u l t  l ies  a b o u t  12 k m  s o u t h  of King Mountain a n d  dips 
under  i t .  The  t h r u s t  m a y  e x t e n d  t o  t h e  K u t c h o  f a u l t  which  
m a r k s  t h e  n o r t h e r n  l imi t  of t h e  C a c h e  C r e e k  G r o u p  in t h i s  
a r e a .  T h e  Nahlin f a u l t  is a v e r t i c a l  f a u l t  in t h e  vicini ty of 
King  Mounta in  a n d  brings t o g e t h e r  t h e  C a c h e  C r e e k  C r o u p  
a n d  r o c k s  of t h e  Inklin F o r m a t i o n .  

B e t w e e n  t h e  Nahlin a n d  K u t c h o  f a u l t s  t h e  C a c h e  C r e e k  
G r o u p  h a s  b e e n  a f f e c t e d  by t w o  o t h e r  m a j o r  fau l t s .  T h e  King 
f a u l t  i s  m a r k e d  by i n t e n s e l y  s h e a r e d  s e r p e n t i n i t e  a n d  is  
i n t e r p r e t e d  as a n o r m a l  f a u l t  in which t h e  n o r t h  s i d e  moved  
u p  to e x p o s e  t h e  over ly ing  g a b b r o  to erosion.  T h e  o t h e r  fau l t ,  
c a l l e d  t h e  L e t a i n  f a u l t ,  is  a s s u m e d  t o  u n d e r l i e  t h e  l i n e a m e n t  
o c c u p i e d  by L e t a i n  Lake ,  a n d  s e r v e s  t o  expla in  t h e  p r e s e n c e  
o f  g a b b r o i c  r o c k s  over ly ing  t h e  u l t r a r n a f i c s  n o r t h  of L e t a i n  
Lake.  Within t h e  s e r p e n t i n i t e  bodies, s l i ckens ide  zones ,  
s h e a r e d  d is rupted  bodies  of  l i m e s t o n e  a n d  c h e r t ,  a n d  
p e r i d o t i t e  nodules  t e s t i f y  to t h e  c o m p l e x  t e c t o n i c  h i s tory  of  
t h e  a r e a .  T h e  p e r i d o t i t e  nodules  a r e  hard  a n d  t o u g h  w i t h  o n e  
o r  m o r e  s o l e  m a r k s  thought  to b e  t h e  r e s u l t  of  r o t a t i o n  and  
c rush ing  of a n g u l a r  b locks  of s e r p e n t i n i z e d  p e r i d o t i t e  wi th in  a 
s h e a r  zone .  T h e  l a r g e s t  nodules a r e  roughly s p h e r i c a l  a n d  
a b o u t  20-25 c m  across ,  b u t  s o m e  as s m a l l  as 3-4 c m  h a v e  
b e e n  seen .  

F u r t h e r  e v i d e n c e  of t h e  g r e a t  s t r e s s  involved in 
s e r p e n t i n i t e  d e f o r m a t i o n  is t h e  p r e s e n c e  of fo l ia t ion  a n d  
f r a c t u r e s  in 'many of t h e  n e p h r i t e  depos i t s  c o m m o n l y  found  in 
t h i s  a r e a .  Such depos i t s  a r e  e n t i r e l y  wor th less  f o r  l ap idary  
purposes  b e c a u s e  of fo l ia t ion  a n d  c lose-spaced  f r a c t u r e s .  
T h e s e  s t r u c t u r e s  r e f l e c t  t h e  t e c t o n i c  h i s tory  of t h e s e  r o c k s  
s i n c e  t h e i r  f o r m a t i o n  a s  c o n t a c t  r e a c t i o n  z o n e s  t o  t h e i r  f ina l  
e m p l a c e m e n t  a s  t e c t o n i c  inclusions of h e a v y  rocks  
(S.G. = 3.0) in l ight  s e r p e n t i n i t e s  (S.G. = 2.6). 
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Figure 1 .  Diagrammatic crosssection through King Mountain (looking west). 
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The King Mountain succession may represent  a 
dismembered ophioli te but i t  lacks t h e  sheeted-dyke complex 
and pillow lavas a r e  rare. 

Ultrarnafic Rocks  at Tachi l ta  Lakes 

The ul t ramafic  rocks a t  Tachilta Lakes, 65 km west of 
Dease  Lake, investigated around the  shoreline and on short  
t raverses  inland, were  found to  be largely undeformed and 
much less serpentinized than those around King Mountain. 
They a r e  massive brown weathering peridotites with few if 
any a l tera t ion zones, and a r e  c u t  rarely by serpentinized 
shears.  An interesting phenomenon associated with these  
rocks is t h e  production of "alligator skin" in which a wrinkled 
e f f e c t  is  produced by weathering along two  or  more  in ter -  
sect ing cracks. Souther (1971) noted these  in u l t ramafic  
rocks in t h e  Tulsequah a r e a  and explained them a s  shrinkage 
c racks  due t o  t h e  replacement  of olivine by pyroxene. 

Much of t h e  Tachilta Lakes u l t ramafic  rocks a r e  in 
con tac t  with grani t ic  rocks assigned t o  Triassic and la ter  by 
Gabrielse (1962). A sample  for radiometr ic  age  deter-  
mination was obtained. 

There is no significant magnet ic  anomaly over t h e  
Tachilta u l t ramafic  rocks in marked con t ra s t  t o  the  magnet ic  
highs which mark those centred on King Mountain. It might 
be therefore  tha t  t he  magnet i te  normally associated with 
serpentinization, has been incorporated into regenerated 
olivine becaue of t h e  hea t  f rom t h e  grani t ic  rocks which 
in t rude t h e  ultramafics.  

Ca rbona te  Rocks  Associated wi th  Ul t ramafics  

Carbonat ized zones within the  u l t ramafic  rocks a r e  
numerous throughout the  a rea ,  and in f a c t  a r e  found in alpine 
ul t ramafic  rocks elsewhere in the  world. Commonly these  
zones also contain quar tz ,  ta lc ,  chlorite,  l imonite and 
mariposite in various proportions. In t h e  King Mountain area ,  
however, such zones a r e  marked by small  bodies consisting 
mainly of quar tz ,  magnesite and mariposite. The larges t  
bodies seen a r e  about 100 m long and 5 m wide. 

Soviet  geologist call  similar rocks l istwanites and t h e  
t e r m  listwanitization is used t o  describe th is  type  of 
a l tera t ion,  but t h e  t e rms  a r e  rarely used in North America. 
Whatever t h e  name, such rocks a r e  auriferous in some  pa r t s  
of t h e  U.S.S.R., and t h e  possibility t h a t  this might apply t o  
some  of t h e  bodies in the.  King Mountain a r e a  is being 
investigated. 
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STRUCTURE O F  THE TURNAGAIN RIVER PENDANT 
IN NORTHEASTERN C R Y  LAKE MAP AREA, 
BRITISH COLUMBIA 

Stra t igraphy 

In t h e  pendant a r e a  south of Turnagain River a sequence  
typica l  of  t h e  miogeoclinal assemblage  west  of Kechika Faul t  
includes s t r a t a  ranging f r o m  t h e  Swannell Format ion of t h e  
Proterozoic  Ingenika Group t o  t h e  ca rbona te s  of t h e  Middle 
Devonian McDame Group (see  Fig. l ;  Gabrielse,  1979). 
Locally, format ions  may b e  thin or absent  because  of 
deformat ion.  

Projec t  770016 

J.L. Mansy' 
Cordil leran Geology Division, Vancouver 

Introduction 
S t ruc tu re  

Cursory examinat ion  in 1977 of a n  a r e a  enclosed on t h e  
west,  south  and e a s t  by g ran i t i c  rocks south of Turnagain 
River led t o  t h e  t e n t a t i v e  conclusion t h a t  recumbant ,  
wester ly  over turned fo lds  were  major e l emen t s  in t h e  
s t r u c t u r e  (Gabrielse and Mansy, 1978). Detailed work in 1979 
shows t h a t  l a rge  folds a r e  not  evident  but  t ha t  in t raforma-  
t ional f au l t s  a r e  important.  

No large  recumbent  s t ruc tu re s  a r e  present but 
recumbent  folds on sca les  of f rom 10 c m  t o  10 m involving 
transposit ion of bedding a r e  abundant (Fig. I). Although t h e  
format ions  a r e  essentially in normal s t ra t igraphic  order ,  
lithological units  a r e  commonly separa ted  by f l a t  t o  gently 
dipping faul ts  t h a t  t runca t e  underlying beds (Fig. 3, 2). 

Figure 1 .  

Folded beds of Stelkuz Formation 
in hanging-wall o f  flat fault south 
o f  Turnagain River. Slab is about 
20 c m  long. 

Figure 2. 

View southerly south o f  Turnagain 
River. 
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Swannell Formation 
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Espee Formation 
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Cretaceous granitic rocks 
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Figure 3. Sketch map and diagrammatic cross-sections for Turnagain pendant area. 

Incompetent  units  including t h e  Tsaydiz Formation,  Kechika 
Group and graptol i t ic  Silurian rocks  a r e  disharmonically 
folded and grea t ly  variable in thickness. Polyphase folding, 
cha rac t e r i s t i c  of Cassiar and Omineca  mountains,  is not a s  
easily discerned a s  in similar t e r r anes  e lsewhere  but  is c lear ly  
evident  locally. The ear l ies t  phase produced t h e  t ight  small  
isoclinal folds in conjunction with t h e  development  of 
southwesterly-directed,  f l a t  thrusts.  A second phase 
produced fairly open fo lds  t rending nor thwester ly  and was  
mainly responsible for  t h e  present m a p  pat tern .  The third 
phase resulted in kink folds t rending sl ightly south  of eas t .  

On regional ev idence  t h e  t h r e e  phases of deformat ion 
a r e  considered,  tenta t ive ly ,  t o  be  mid-Jurassic,Late Jurass ic  
t o  mid-Cretaceous  and ear ly  Cenozoic  (Gabrielse,  personal 
communicat ion ,  1979). 

Metamorphism 

Andalusite and s taurol i te  a r e  conspicuous near con tac t s  
of c l a s t i c  rocks with grani t ic  rocks of t h e  Cassiar Batholith. 
Biot i te  and possibly ga rne t  formed during t h e  f i r s t  phase  of 
deformat ion and garnet ,  andalusite,  s t au ro l i t e  and si l l imanite 
accompanied t h e  second phase. 
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STRATIGRAPHIC CROSS-SECTION, 
SELWYN BASIN T O  MACKENZIE PLATFORM, 
NAHANNI MAP AREA, YUKON TERRITORY AND 
DISTRICT O F  MACKENZIE 

Pro jec t  790007 

S.P. Gordey 
Cordil leran Geology Division, Vancouver 

Introduction 

Nahanni m a p  a r e a  is underlain by sedimentary  rocks  
ranging in a g e  f r o m  L a t e  Proterozoic  t o  Devono-Mississippian 
t h a t  change f ac i e s  rapidly across  generally nor thwest -  
t rending hinge lines. S t ra t igraphic  re la t ions  of nor theas tern  
p la t formal  ca rbona te  units  (Mackenzie Pla t form)  have  been 
investigated th is  pas t  field season a s  pa r t  of a regional 
mapping program refining t h e  bedrock geology of Nahanni 
map  a r e a  a t  a sca le  of 1:250 000 and locally a t  a s ca l e  of 
1:50 000. O the r s  of t h e  Geological  Survey current ly  working 
in t h e  a r e a  include W. Goodfellow and I .  Jonasson doing a 
preliminary geochemical  study of t h e  Howard's Pass deposit  
and la tera l ly  equivalent unmineralized rocks, J. Lydon 
studying t h e  o r e  deposit  mineralogy, textures ,  and s t ructures ,  
and K.M. Dawson investigating major showings. 1YI.H. F r i t z  
and B.S. Norford examlned sec t ions  of Lower Cambrian  and 
Ordovician-Silurian s t r a t a .  This preliminary repor t  describes 
t h e  s t ra t igraphic  relationships of t h e  nor theas tern  p la t formal  
ca rbona te  units  and, along with ear l ie r  repor ts  on t h e  
wester ly  basinal f ac i e s  (Selwyn Basin) (Gordey, 1976, 19791, 
f o r m s  a preliminary accoun t  of t h e  s t ra t igraphy of Nahanni 
m a p  area .  F igure  1 summar izes  this knowledge t o  date.  In 
t h e  following t e x t  numbers in brackets ,  e.g. (unit  21, r e f e r  t o  
t h e  map units of t h e  1:250 000 sca l e  Nahanni geologic m a p  by 
Blusson e t  al .  (1968). The wri ter  is g ra t e fu l  for t h e  logist ical  
ass is tance  of Welcome North Mines and particularly Riocanex 
Exploration. 

P ro t e rozo ic  and Lower Carnbrian 

The oldest  s t r a t a  in nor theas tern  Nahanni map  a r e a  a r e  
dark  brown weather ing s i l t s tone ,  shale,  and green qua r t z  
sandstone  (unit  31, f i ne  grained and probably deeper  water  
equivalents  of t h e  Backbone Ranges  Format ion mapped by 
Gabr ie lse  et al. (1973) in Glacier  Lake m a p  a r e a  t o  t h e  eas t .  
To  t h e  southwest  equivalent s t r a t a  (unit  2) a r e  f iner  grained, 
consist ing of si l tstone,  shale  and minor sandstone  and m e r g e  
with d is t inc t ive  maroon and blue-black weather ing shale  of 
t h e  upper pa r t  of t h e  G r i t  Unit (unit la) .  Southeast  of a r e a  C 
c l a s t i c s  of t he  upper Backbone Ranges, a t  leas t  950 m- th i ck ,  
overlie buff weather ing dolomite  equivalent t o  t h e  middle 
ca rbona te  member  of t h e  Backbone Ranges  Format ion in t h e  
t y p e  a r e a  (Cabr ie lse  e t  al., 1973, p. 34). Tracks  and t ra i l s  a r e  
abundant in t h e  upper pa r t  of . the format ion which is overlain 
conformably by Lower Cambrian  ca rbona te  of t h e  Sekwi 
Formation.  

The Sekwi Format ion consists of a lower ca rbona te  
member  (unit  41, overlain by q u a r t z  a r en i t e ,  dolomite ,  and 
shallow wa te r  maroon shale  (unit  5). Both of t hese  members  
exis t  t o  t h e  nor theas t  (unit  5a), al though they a r e  thinner,  and 
t h e  q u a r t z  a r e n i t e  is less abundant.  The regional 'swiss- 
cheese '  nodular l imestone  member  of t h e  basal  Sekwi (unit  4a) 
is minor in nor theas tern  sec t ions  (sec t ion  D). T o  t h e  
southwest  t h e  Sekwi is equivalent t o  buff weather ing shale  
and grey mudstone  which r e s t  above local a rcheocyathid-  
bear ing l imestone  conglomerate  debris flows. 

Middle Cambr i an  

The  ?Aiddle Cambrian  Rockslide Format ion (unit  6) 
over l ies  t h e  Sekwi Format ion with sharp  and presumably 
conformable  con tac t .  The  upper pa r t  of t h e  Sekwi is poorly 
fossil iferous and a faunal break between Middle and Upper 
Carr~br ian  s t r a t a  has  not been documented in t h e  Nahanni 
a r e a  (F r i t z ,  personal communication).  Gabr ie lse  et al. (1973) 
repor ted  a regional disconformlty between Middle and Lower 
Cambrian  s t r a t a  in Glacier Lake map a rea  t o  t h e  eas t .  I f  t h e  
c o n t a c t  is disconformable i t  is likely t h a t  l i t t le  of t h e  upper 
Sekwi has  been removed. 

The Rockslide Format ion conta ins  mostly dark brown 
weather ing thin bedded fossil iferous silty l imestone  overlaln 
locally by medium bedded grey weather ing dolomite 
(F r i t z ,  1979). Southeast  of a r e a  C dolomite  progressively 
replaces  t h e  upper pa r t  of t h e  Rockslide t o  a thickness of a t  
leas t  140 m. S t r a t a  of Middle Cambrian  a g e  have  been 
removed in Selwyn Basin by sub-Cambro-Ordovician erosion. 

Cambro-Ordovician 

At t h e  base of t h e  Franconian (middle Upper Cambrian)  
is an  impor tant  regional unconformity  which in Selwyn Basin 
c u t s  down a s  low a s  t h e  maroon shale of t h e  upper Gr i t  Unit, 
t h e  Rabbi tket t le  Format ion (unit  7b) res t ing  d i rec t ly  above. 
In a r e a  C t h e  beds above t h e  unconformity a r e  shallow water ,  
mudcracked and ripple marked mudstone,  sandstone  and 
o range  dolomite  about  100 m thick (unit  7a) which a r e  in 
sharp  c o n t a c t  with t he  underlying Middle Cambrian  Rockslide 
Formation.  To  t h e  nor theas t  where  t h e r e  is no appreciable  
faunal  break between lithologically s imi lar  Rabb i tke t t l e  and 
Rockslide format ions  (Fr i tz ,  personal communicat ion)  t h e  
t i m e  horizon is marked by a n  influx of f ine  grained q u a r t z  
sand (sec t ion  D). 

In con t r a s t  t o  older units  which show similar f ac i e s  over 
l a rge  areas ,  l i thologies of Cambro-Ordovician a g e  a r e  varied. 
In t h e  nor theas t  t h e  Rabb i tke t t l e  Format ion consists of thin 
bedded orange weather ing argil laceous locally nodular l ime- 
s tone .  Its t i m e  equivalent,  t h e  Broken Skull Format ion is 
grey  weathering,  medium- t o  thick-bedded grey  dolomite  
(section C). In sec t ion  C t h e  unfossiliferous Broken 
Skull - Sunblood Format ion fo rms  a single thick ca rbona te  
unit t h a t  includes rocks  a s  young a s  Silurian (Whittaker 
Format ion equivalents) .  In Cambro-Ordovician t ime  t h e  
re la t ive ly  shallow wa te r  f ac i e s  of a r e a  C were  deposited on a 
northwest-trending a rch  separa t ing  equivalent relatively 
deeper  wa te r  Rabb i tke t t l e  Limestone  t o  t h e  nor theas t  and 
southwest.  

Ordovician a n d  Silurian 

The predominantly Ordovician and Silurian Road River 
Format ion (unit  10) comprises  a n  assemblage  of various 
facies.  In t h e  southwest  a d is t inc t ive  o range  weather ing 
mudstone,  a good s t ra t igraphic  marker  in Selwyn Basin, is 
equivalent on t h e  p la t form t o  t an  weather ing thin bedded 
l imy s i l t s tone  and argil laceous l imestone.  In t h e  nor theas t  
( sec t ions  D, E) t h e  Silurian par t  of t h e  sec t ion  is a porcelain 
blue-grey weather ing thin bedded l imestone.  The overlying 
dark  t a n  t o  buff si l ty l imestone,  containing a vague wispy 
lamination similar t o  t h e  b io turbated  orange mudstone,  may 
r ange  up t o  Lower Devonian. Blue-grey porcelaneous 
l imestone  of Early Ordovician a g e  f o r m s  a tongue of Road 
River Format ion in a r e a  D. 

The  sub-Whittaker (sub-Upper Ordovician) unconformity 
recognized t o  t h e  nor theas t  cont inues  as f a r  southwest  a s  
sec t ion  D. I t  is likely present in sec t ions  C and E, but cannot  
be  recognized within t h e  monotonous unfossil iferous dolomite  
sequence.  
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Lower a n d  Middle D e v o n i a n  Minera l  Explora t ion  G u i d e  

[n n o r t h e a s t e r n  Nahanni m a p  a r e a  b lue-grey  w e a t h e r i n g  
th in-bedded  t o  m a s s i v e  l i m e s t o n e  and  c r ino ida l  l i m e s t o n e  
( u n i t s  18  and  16b) f o r m s  a prominent  un i t  up t o  175 m thick.  
Locally well  p r e s e r v e d  c o r a l l i n e  f a u n a s  i n d i c a t e  a l a t e s t  Early 
Devonian age .  It s i t s  unconformably  o n  t h e  R o a d  River  
F o r m a t i o n  s o  t h a t  local ly in a r e a  C i t  r e s t s  d i r e c t l y  upon 
Si lur ian  do lomi te .  Cr ino id-s tem f r a g m e n t s  w i t h  t w i n  a x i a l  
c a n a l s  a r e  n u m e r o u s  a n d  c h a r a c t e r i s t i c  of t h i s  unit. 
N o r t h e a s t e r l y ,  p resumably  th rough f a c i e s  changes ,  t h e  
b ioc las t ic  l i m e s t o n e  l o s e s  i t s  e n t i t y  a s  a m a p p a b l e  un i t  and  is  
par t ly  equiva len t  t o  dark  w e a t h e r i n g  thin-bedded l i m e s t o n e  of 
t h e  N a t l a  F o r m a t i o n ,  w h ~ c h  a l s o  c o n t a i n s  2-hole c r ino ids  in 
a b u n d a n c e  ( s e c t i o n s  D, E). 

T h e  Middle Devonian Funera l  F o r m a t i o n  ( u n i t  l 6 a )  
o v e r l i e s  t h e  b ~ o c l a s t i c  l i m e s t o n e  and  Road  River - N a t l a  
(undivided) f o r m a t ~ o n s  (un i t  15) w i t h  s h a r p  c o n t a c t ;  t h e  
o r a n g e  w e a t h e r i n g  t h i n  bedded  s i l ty  l i m e s t o n e  of t h e  F u n e r a l  
f o r m s  a s h a r p  c o n t r a s t  w i t h  under ly ing  blue-grey t o  b lack  
w e a t h e r i n g  s t r a t a .  T h e  F u n e r a l  is mos t ly  e q u i v a l e n t  t o  buff 
a n d  o r a n g e  w e a t h e r i n g  th in-  t o  thick-bedded l i m e s t o n e  of t h e  
Landry  and  Headless  f o r m a t i o n s  t o  t h e  n o r t h e a s t  ( s e c t i o n  F). 
It th ins  rapidly s o u t h w e s t e r l y  d u e  t o  e ros ion  b e n e a t h  
over ly ing  Middle and  Upper Devonian s i l i ceous  s h a l e  and  
c h e r t .  

Upper  Devonian  to Mississippian 

T h e  s i l i ceous  s h a l e  ( b a s e  of un i t  18) is a d i s t i n c t i v e  gun- 
blue,  b lack ,  o r  s t e e l  g r e y  w e a t h e r i n g  uni t  of s i l i ceous  s h a l e  
a n d  thin-bedded black c h e r t  s i t t i n g  in s h a r p  u n c o n f o r m a b l e  
c o n t a c t  on under ly ing  units. In t h e  vicini ty of s e c t i o n  D mid- 
Devonian foss i l s  h a v e  b e e n  c o l l e c t e d  at t h e  t o p  of t h e  
under ly ing  Funera l ,  and  a t  t w o  l o c a l i t i e s  in a r e a  B upper  
Devonian conodonts  h a v e  been  r e c o v e r e d  f r o m  th in  
l i m e s t o n e s  in t h e  un i t  just be low t h e  c o n t a c t  w i t h  over ly ing  
black c l a s t ~ c  sha les .  If t h e  e x t r a p o l a t i o n  of t h e  unconformi ty  
b e n e a t h  th i s  Middle and Upper Devonian unit  s o u t h w e s t w a r d  
a b o v e  t h e  o r a n g e  m u d s t o n e  is c o r r e c t ,  t h e r e  may b e  l i t t l e  or 
n o  Lower Devonian s t r a t a  p r e s e r v e d  in th i s  p a r t  of Se lwyn 
Basin. T h e  rapid c h a n g e s  of t h i c k n e s s  a n d  a b r u p t  c o n t a c t  
t h a t  sugges t  u n c o n f o r m a b l e  r e l a t i o n s  b e t w e e n  t h e  s i l i ceous  
s h a l e  and  black c l a s t i c  (Sec t ion  B) in t h e  s o u t h w e s t  p e r s i s t  
i n t o  n o r t h e a s t e r n  Nahanni  a r e a .  F a r t h e r  e a s t  in V a c k e n z i e  
Mounta ins  t h e  Nahanni F o r m a t i o n  m a i n t a i n s  a r e l a t i v e l y  
c o n s t a n t  th ickness ,  and  t h e  c o n t s c t  wl th  over ly ing  s h a l e s  is 
r e p o r t e d  to  b e  sharp  and a p p a r e n t l y  c o m f o r m a b l e  ( G a b r ~ e l s e  
e t  al.,  1973,  p. 92). In t h e  n o r t h e a s t e r n  p a r t  of t h e  a r e a  t h e  
brown ~ v e a t h e r ~ n g  s h a l e s  of t h e  black c l a s t i c  ( u n i t  18) c o n t a i n  
only minor a m o u n t s  of sand in c o n t r a s t  t o  t h e  c o a r s e  
c o n g l o m e r a t e  found  t o  t h e  southwes t .  

T h e  s t r a t i g r a p h i c  posi t ion of t h e  Howard's  P a s s  
s t r a t i f o r m  lead-z inc  d e p o s i t  a n d  i t s  re la t ionsh ip  t o  f a c i e s  
b o u n d a r i e s  is shown in F i g u r e  I .  T h e  s t r a t i g r a p h i c  posi t ion of 
t h e  Vulcan p r o p e r t y ,  c u r r e n t l y  being e v a l u a t e d  by Riocanex  
Explora t ion  is a t  t h e  lower  c o n r a c t  of t h e  b ioc las t ic  
l imes tone .  However ,  t h e  a g e  of t h e  Vulcan lead-zinc-iron 
m a s s i v e  sulphide and a s s o c i a t e d  f l u o r i t e ,  and  e v e n  w h e t h e r  i t  
is  s t r a t i g r a p h i c a l l y  cont ro l led  r e m a i n  uncer ta in .  Smal l  
showings  of s p h a l e r i t e  o c c u r  in o t h e r  p l a c e s  in Nahanni  a t  th i s  
s t r a t i g r a p h i c  level .  South-southeas t  of a r e a  C v o l c a n i c  f lows,  
t u f f s ,  a n d  i n t e r c a l a t e d  d o l o m i t e  u p  t o  3 4 0  m t h i c k  o c c u r  in 
mid-Ordovician do lomi te .  T h e s e  c o n t a i n  a b u n d a n t  p y r i t e ,  b u t  
a r e  o lder  a n d  u n r e l a t e d  t o  t h e  Vulcan minera l iza t ion .  T h e  
volcanics  a r e  s imi la r  t o  t h o s e  in t h e  R a b b i t t k e t t l e  F o r m a t i o n  
In t h e  Howard ' s  P a s s  a r e a  a n d  a r e  probably  of l ike a g e  o r  
s l ightly younger.  T h e  si l iceous s h a l e  is hos t  in i t s  upper  p a r t  
of t h e  Upper Devonian reg iona l  b a r i t e  horizon e q u i v a l e n t  t o  
t h e  lead-z inc-bar i te  m i n e r a l i z a t i o n  a t  Macmi l lan  Pass.  T h e  
u n c o n f o r m i t y  b e n e a t h  t h e  black c l a s t i c  m a y  be  responsible 
f o r  i t s  loca l  a b s e n c e .  
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SUMMARY O F  THE PETROLOGY OF THE 
HEART PEAKS VOLCANIC CENTRE, 
NORTHWESTERN BRITISH COLUMBIA 

EMR Research Agreement  121 -4-79 

J.J. Casey '  a r ~ d  C.M. Scarfe '  
Cordilleran Geology Division 

The l a t e  Cenozoic Hear t  Peaks Pla teau of nor thwestern  
British Columbia (Casey and Scarfe ,  1978; Casey, 1979) is  
broadly subdivided in to  flat-lying basal t ic  t o  in termedia te  
rocks of t he  Level Mountain Group and rhyolite and t r achy te  
domes of t h e  Hear t  Peaks  Formation. 

The compositions of t he  Level Mountain Group lavas 
range f rom ankarami te  t o  andesi te  and t rachyte ;  alkali  basalt  
and hawaiite a r e  t h e  dominant rock types. Major and t r a c e  
e l emen t  variations support  t h e  derivation of these  lavas by a 
process of fractional crystall ization from an alkali  basalt  
parent.  Textural  and compositional s imi lar i t ies  exis t  between 
Level Mountain Group lavas a t  Hea r t  Peaks and a t  Level 
Mountain 16 m t o  the  e a s t  (Hamilton and Scarfe,  1977; 
Hamilton, in preparation). 

The rhyolite and t r achy te  domes of the  Hear t  Peaks 
Format ion appear  t o  be closely re la ted  t o  t h e  p la teau lavas 
and probably erupted contempo:aneously from dif ferent  
ventf.  The lack of peralkaline compositions con t ra s t s  with 
t h e  distinctly peralkaline na tu re  of silicic rocks present  a t  
Level Mountain and a t  Edziza (Souther, 1970). 

Strontium and oxygen isotope d a t a  suppol-t a mant le  
origin for alkali  basal t  ( see  also Hamilton et al., 1978) and 
high abundances of large-ion lithophile e l emen t s  a r e  
compat ib le  with models t h a t  have small  degrees  of par t ia l  
melting of peridotite.  The origin of t h e  rhyolites is more  
obscure,  however, and requires fur ther  work. 

Evidence f rom t h e  Hear t  Peaks  a rea  supports Souther's 
(1970, 1977) model of a tensional t ec ton ic  environment for 
l a t e  Cenozoic volcanism in t h e  Stikine belt  of northern 
British Columbia. 
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HIGHLIGHTS O F  FIELD WORK IN LABERGE AND 
CARMACKS MAP AREAS, YUKON TERRITORY 

Pro jec t  770017 

Dirk Tempelman-Kluit  
Cordil leran Geology Division, Vancouver 

Introduction 

The geology of Laberge and Carmacks  map a r e a s  was  
f i r s t  investigated nearly f i f t y  years  ago when l i t t le  was  
known of t h e  geology of t h e  Canadian Cordil lera in genera l  
and of southern  Yukon is particular.  .Repor ts  of th is  ear ly  
work (Bostock and Lees,  1938; Bostock 1936) cons t i t u t e  t h e  
f i rs t  sy s t ema t i c  geological  information in Yukon. Since t h a t  
study much new information has  become  avai lable  on t h e  
geology of t h e  nor thern  Cordil lera and t h e  present  investiga- 
t ion was  carr ied  o u t  in t h e  con tex t  of th is  new understanding. 
Field re-examination was  begun in Ca rmacks  map  a r e a  in 
1974 (Tempelman-Kluit ,  1974a, 1975) and in Laberge map  
a r e a  in 1977 (Tempelman-Kluit ,  1978a, 1978b), and these  
a r e a s  were  sys temat ica l ly  remapped during t h e  summer  of 
1979. 

Field Work and Related Studies  

Field work f rom base camps  a t  Fox Lake and Carmacks  
was co-ordinated with independent special  s tudies  in t h e  
region by severa l  individuals. Darrel Long (CSC, Calgary) 
studied t h e  Tantalus Formation in detail .  Terry  Poulton 
(GSC, Calgary)  examined fossil iferous sec t ions  of t h e  
Laberge  Group t o  compare  t h e  fauna with t h a t  in equivalent 
s t r a t a  elsewhere.  S t eve  Hopkins (GSC, Calgary) examined 
se lec ted  sec t ions  of t h e  Tanta lus  Format ion and Carmacks  
Group, collecting ma te r i a l  fo r  palynological study. 
Steve  Morrison (CSC, Calgary) examined t h e  surficial  geology 
of Laberge and Carmacks  map a r e a s  and O.L. Hughes 
(CSC, Calgary) car r ied  out similar s tudies  in Mayo and 
Aishihik Lake map  areas .  

Philippe Erdmer,  Helen Grond, Sheila Churchill, 
Pam Reid and Tim England provided ab le  ass is tance  in t h e  
field and began independent s tudies  of ce r t a in  s t r a t a  fo r  the i r  
g radua te  o r  undergraduate  theses.  Erdmer,  a Ph.D. candidate  
a t  Queen's University, examined t h e  f ab r i c  and metamorphic  
minera l  assemblages  in ca t ac l a s t i c  rocks of Teslin Suture  
Zone t o  de t e rmine  t h e  physical conditions under which they  
were  deformed. Reid (Ph.D. candidate  at t h e  University of 
Miami) col lec ted  ma te r i a l  f rom t h e  Upper Triassic ca rbona te  
reefs ,  in order  t o  s tudy the i r  a lga l  f lora  and associa ted  f auna  
fo r  comparison with ca rbona te s  of like a g e  elsewhere.  
England col lec ted  samples  f rom t h e  Triassic r ee f s  and in tends  
t o  compare  the i r  conodonts with those  of t h e  now adjacent ,  
and t i m e  equivalent,  but paleogeographically r e m o t e  
Omineca  Belt. Grond and Churchill studied sec t ions  of t h e  
Mount Nansen and Carmacks  groups (Eocene) and col lec ted  
ma te r i a l  t o  determ,ine by isotopic da t ing  whether  or not  t hese  
s t r a t a  a r e  coeval.  Mike Duff, pilot, and J a n e t  Souther,  cook, 
provided expe r t  support. 

Gene ra l  Geology 

Carmacks  and Laberge map a r e a s  in south c e n t r a l  
Yukon lie within t h e  In termontane  Belt excep t  f o r  a smal l  
par t  of ea s t e rn  Laberge m a p  a r e a  which l ies within t h e  
bounding Omineca  Belt (Fig. 1). In t h e  projec t  a r e a  t h e  
In termontane  Belt  is subdivided in to  t h r e e  e lements ,  t h e  
Yukon Ca tac l a s t i c  Complex, including Teslin Suture  Zone, 
Whitehorse Trough and Yukon Crystall ine Terrane.  Yukon 
Ca tac l a s t i c  Complex and Teslin Suture  Zone a r e  developed in 
Upper Paleozoic basa l t  and Mesozoic sedimentary  rocks 
whose re la t ions  and s t ra t igraphy a r e  obscured by Mesozoic 

From: Scientific and Technical Notes 
in Current Research, Part A; 
ceol .  Surv. Can., Paper 80- IA.  

pene t r a t ive  s t ra in .  Whitehorse Trough comprises  Upper 
Triassic volcanics capped by ca rbona te  r ee f s  (Lewes  River 
Croup) and Lower Jurassic greywacke,  shale  and 
conglomerate ,  derived f rom t h e  underlying Lewes  River 
Croup and Upper Triassic grani t ic  rocks  (Laberge  Group). 
Yukon Crys ta l l ine  Te r rane  includes q u a r t z  mica  schis t  wi th  
qua r t z i t e ,  marble  and amphiboli te,  and is possibly Early 
Paleozoic,  al though l a t e r  metamorphosed. 

The Mesozoic s t r a t a  of Wh~tehor se  Trough may r e s t  
depositionally on t h e  Yukon Crys ta l l ine  Terrane  and on 
ce r t a in  s t r a t a  in Yukon Ca tac l a s t i c  Complex, but where  
exposed t h e  c o n t a c t s  a r e  faults .  Rela t ions  between Yukon 
Ca tac l a s t i c  Complex and Yukon Crys ta l l ine  Terrane  a r e  
unknown; younger plutonic rocks  in t rude  t h e  c o n t a c t  and 
Ter t iary  volcanic rocks  cove r  it. The c o n t a c t  be tween Teslin 
Suture  Zone and Omineca  Belt  is a southwest  dipping thrus t  
f au l t  locally modified by younger faults .  

Resul ts  of P re sen t  Work 

Fusulinids ( tenta t ive ly  considered Middle o r  L a t e  
Pennsylvanian by J.W.H. Monger) and o the r  fossils were  
discovered in l imestone  and limy tuff  a t  six locali t ies in t h e  
Semenof Hills and on Boswell Mountain. This implies t h a t  t h e  
be l t  of basalt ,  tuff  and c h e r t  which extends  nor thwest  
diagonally across  Laberge  map  a r e a  f rom Boswell Mountain 
t o  Moose Mountain, Mount P e t e r s  and t h e  Semenof Hills, and 
with which t h e  l imestone  is interbedded, is L a t e  Paleozoic.  
Previously these  rocks  were  assigned t o  t h e  Mesozoic 
(Unit uTlJwv of Tempelman-Kluit ,  1978b) although Lees  had 
discovered poorly preserved fossils t h a t  h e  considered L a t e  
Paleozoic  in a l imestone  of th is  be l t  near  Big Salmon 
(Bostock and Lees  1938, p. 11). The Upper Paleozoic  
volcanics cont inue  nor thwestward  in Clenlyon map a r e a  
(included with o the r  rocks  in Campbell 's  (1967) map  unit 16a),  
and probably correspond t o  Mulligan's (1963) map  unit  7. The 
fossil iferous volcanic, c h e r t  and l imestone  unit  c a n  be  
followed la tera l ly  in to  amphibol i te  and marble  with r e l a t ed  
o the r  rocks  and imply a L a t e  Paleozoic  a g e  for  t h e  
amphiboli te.  Specifically,  t h e  amphibol i te  and marble  
included in Campbell 's  (1967) units  6 and 7 and the i r  s t r i ke  
extension in nor thern  Carmacl<s map  a rea ,  (unit PPsn of 
Tempelman-Kluit ,  1974b) a r e  probably t h e  sheared and 
metamorphosed equivalents  of t h e  Upper Paleozoic C a c h e  
Creek  Group in t h e  Atlin Terrane.  Amphiboli te in Teslin 
Su tu re  Zone is  l ikewise considered L a t e  Paleozoic. 

The s t ruc tu re  of t h e  Lewes River  and Laberge  groups 
consis ts  of fa i r ly  t ight ,  sl ightly a symmet r i ca l ,  nor thwest  
trending, faul ted  ant ic l ines  with t h e  s t eepe r  l imb on t h e  
southwest  separa ted  by comparat ive ly  open synclines. The 
wave length of t h e  folds is about  15 km. Faul ts  do  not  
domina te  t h e  s t r u c t u r e  t o  t h e  deg ree  implied in Tempelman- 
Kluit  (1978b). The main s t r u c t u r e  is a n  i r regular  ant ic l ine  o r  
culmination t h a t  can  b e  followed nor thwest  f rom near  Lime 
Peak through Povoas Mountain and Frank Lake t o  Mandanna 
Lake. The Lewes River Group is exposed along much of i t s  
length. 

The Mount Nansen and Carmacks  groups a r e  Ter t iary  
volcanic rocks of ac id  t o  in termedia te ,  and basa l t ic  
composit ion,  respectively.  They were  thought  t o  b e  
depositionally s epa ra t e ;  al though t h e  Mount Nansen Group is 
Eocene t h e  Ca rmacks  was  considered t o  be  possibly a s  young 
a s  Miocene. In Ca rmacks  m a p  a r e a  south  of Prospector  
Mountain, on t h e  south  flank of Mount Pi t t s ,  and on t h e  
nor theas t  side of Victoria Mountain t h e  Ca rmacks  Group 
overlies t h e  Mount Nansen Croup conformably.  This suggests 
they a r e  not grea t ly  d i f ferent  in a g e  and, al though 
cornpositionally d is t inc t ive ,  may form one  volcanic 
assem'blage of Eocene age.  The d i f f e r en t  re la t ions  a t  t h e  
base  of t h e  t w o  gorups (Tempelman-Kluit ,  1974b, p. 44 and 
p. 52) a r e  thought  t o  r e f l ec t  the i r  d i f f e r en t  c h e r n ~ s t r y  and 



Figure 1. Map of the distribution of the main rock units in Laberge and Carmacks map areas showing 
the proposed correlations with adjacent areas. The inset shows the location o f  the map in relation to 
Cordillera wide subdivisions. 
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fluidity. Whereas t h e  Mount Nansen Croup is re la t ive ly  
res t r ic ted  and preserved a s  plug domes in high pa r t s  of t h e  
Dawson Range, t h e  Ca rmacks  Group is a more  extens ive  
flood basalt  which filled depressions in t h e  surrounding 
topography. The Mount Nansen Group was  in terpre ted  t o  l ie  
on remnants  of an eroded upland su r f ace  and t h e  Ca rmacks  
on an incised su r f ace  of g r e a t e r  relief similar t o  t h e  present.  
Instead t h e  topographic su r f ace  beneath  t h e  Ca rmacks  and 
Mount Nansen groups may have  been t h e  s a m e  upland with a 
relief near  1000 m. 

Feldspar porphyry dykes and plugs occur  in a be l t  t h a t  
t rends  nor thwest  diagonally across  Laberge map a rea .  They 
a r e  probably subvolcanic equivalents  of t h e  Mount Nansen 
Group and Eocene in age. The volcanics on Packers  Mountain 
include flow-banded rhyolite and other  felsic types  and a r e  
considered of like af f in i ty  and age.  Felsic volcanic rocks 
near  t h e  mouth  of Boswell River appear  f resher  than t h e  
Carrnacks  and Mount Nansen groups. They a r e  more  
extens ive  than  shown in Tempelman-Kluit  (197Sb) and occupy 
a considerable a r e a  on t h e  wes t  side of Open Creek. 

Of f ive  f au l t  blocks of conglomerate  in t h e  nor theas t  
half of Laberge  m a p  a r e a  included in m a p  uni t  IKT or eTcg  in 
Templeman-Kluit  (1978b) four  a r e  c h e r t  conglomerate  and 
equivalents  of t h e  Tanta lus  Formation.  The block a s t r i de  t h e  
lower pa r t  of Walsh Creek  conta ins  cong lomera t e  made  up 
ent i re ly  of locally derived pebbles and boulders of graphi t ic  
qua r t z i t e  (Nasina), q u a r t z  muscovite schis t  (Klondike), f resh  
in t e rmed ia t e  volcanics ( f rom Solitary Mountain), b io t i te  
qua r t z  monzoni te  (Big Salmon Range) and q u a r t z  mica  schist  
(Big Salmon Range). This conglomerate  i s  interbedded with 
s i l t s tone  and pea t  deposi t s  and is probably t h e  remains  of a 
fan  built westward f rom Solitary Mountain. S t r a t a  closely 
similar t o  t h e  finer grained par ts  of t h e  Walsh Creek  uni t  a lso  
occur  in t h e  upper pa r t  of t h e  Ca rmacks  Group on t h e  wes t  
side of Five Finger Mountain. 

The vas t  bulk of c las ts  in t h e  Tanta lus  Formation a r e  
grey c h e r t ,  most likely derived f rom t h e  C a c h e  Creek  Group. 
Several  c las ts  of muscovite qua r t z  blastomylonite and one  of 
amphiboli te ( f rom Teslin Suture  Zone) were  also discovered in 
t h e  unit and this supports a genera l  ea s t e rn  or nor theas tern  
source  for  t h e  Tanta lus  Formation.  

Two dis t inc t  units  of d i f ferent  a g e  a r e  included in 
syeni te  (map  unit My; Tempelman-Kluit ,  1974a) in t h e  
Dawson Range. The more  spectacular  rock is a coa r se  
grained hornblende syeni te  with euhedral  hornblende and pink 
K-feldspar phenocrysts. It is locally sheared and a l tered  and 
is probably Mesozoic, possibly L a t e  Triassic or Early Jurassic.  
The o the r  rock is f ~ n e -  t o  medium-grained equigranular 
b io t i t e  hornblende grani te ,  t h e  subvolcanic equivalent of t h e  
Mount Nansen Croup and probably Eocene in age.  The l a t t e r  
t ype  predominates  near  Klaza  Mountain and Prospector  
Mountain and t h e  fo rmer  is  commonest  e a s t  of there .  

The Tatchun and Tatlmain batholi ths (Fig. 1) d i f fer .  
Tatchun Batholi th conta ins  foliated b io t i te  hornblende 
granodior i te  t h a t  is likely Triassic o r  Jurass ic  but  Tat lmain  
Batholi th is coa r se  grained b io t i te  q u a r t z  monzoni te  wi thout  
fabr ic ,  and g rades  locally in to  rhyolite and fe ls ic  tuf f .  These  
rocks  a r e  probably Cre t aceous  and corre la t ives  of t h e  C o f f e e  
Creek  q u a r t z  monzoni te  (Fig. l). The Tat lmain  Batholi th 
c lear ly  in t rudes  t h e  surrounding s t r a t a  but re la t ions  a t  t h e  
margins of Tatchun Batholi th a r e  ambiguous and modified by 
strain.  

A sheet  of serpentinized peridoti te,  500 m thick,  is  
in ter fo l ia ted  with q u a r t z  mica  schist  in t h e  southwest  co rne r  
of Ca rmacks  map  a r e a  I km south of peak 5269. The rock is 
an alpine u l t r amaf i c  like those  in t h e  Pelly Mountains but i t s  
re la t ions  and association a r e  unlike those  and i t s  a g e  is 
unknown. Most of t h e  bodies mapped a s  u l t ramaf ic  in 
Ca rmacks  map a r e a  (Tempelman-Kluit ,  1974a) a r e  maf i c  
phases of t h e  surrounding rocks and do not  form mappable 
units. 

The White Mountains in McQuesten map  a r e a  were  
briefly examined t o  compare  the i r  geology, a s  mapped by 
Bostock (1964), wi th  t h a t  in Finlayson Lake m a p  area .  The  
two  main peaks, F la t  Top and Rough Top, expose  t w o  klippen 
of near-horizontal  serpentinized per idot i te  t h a t  l ie 
s t ruc tura l ly  above muscovi te  q u a r t z  blastomylonite wi th  a 
horizontal  f ab r i c  and mapped a s  Klondike Schist  by Bostock 
(1964). The rocks  and the i r  re la t ions  a r e  ident ica l  wi th  t hose  
in t h e  Simpson Range in Finlayson Lake m a p  a r e a  and 
because these  two a reas  a r e  about  420 km a p a r t  and on 
opposite sides of Tintina Faul t  t hey  support  t h e  concep t  of 
r ight la tera l  movement  of t h a t  magni tude  on t h e  fault .  

A reconnaissance was  also made of Dromedary 
Mountain in nor thern  Clenlyon map  a r e a  t o  examine t h e  
upper par t  of t h e  Earn Group (unit 13  of Campbell ,  1967). 
The rocks on Dromedary Mountain a r e  a sequence  of 
southwest  dipping hornfels with a l t e r n a t e  whitish laminae  of 
qua r t z  diopside skarn and purplish brown biot i te  hornfels. 
The rock is unlike Upper Paleozoic s t r a t a  in t h e  region and is 
probably co r r e l a t i ve  with Lower Paleozoic  rocks in t h e  Anvil 
Range (i.e., unit 2 of Tempelman-Kluit ,  1972). If this 
in terpre ta t ion  is c o r r e c t  t h e  unit and t h e  overlying volcanics 
(unit 16 of Campbell ,  1967) a r e  comparable  t o  s t r a t a  t h a t  
conta in  zinc-lead minera l iza t ion  in t h e  Anvil Range and 
should be  prospected fo r  l ike occurrences .  Fur ther ,  if 
co r r ec t ,  an  impor tant  f au l t  t h a t  has telescoped equivalent 
f ac i e s  must s e p a r a t e  t h e  s t r a t a  on Dromedary Mountain f rom 
t h e  Kalzas  Format ion t o  t h e  north.  This f a u l t  probably can  
be  t r aced  nor thwest  in to  t h e  s t r u c t u r e  mapped in t h e  Kalzas  
Range by Campbel l  (.l9671 and f a r t h e r  along Grey Hunter 
Creek  by Bostock (1947). Southeastward i t  may cont inue  
ac ros s  Earn Lake t o  t h e  f au l t  mapped on t h e  south  flanks of 
Mount Menzie and Two P e t e r  Mountain (Tay River m a p  a rea ;  
Roddick and Green, 1961). 

Implications f o r  Mineral  Exploration 

The Upper Paleozoic  unit  of basalt ,  l imestone,  c h e r t  
and s l a t e  in t h e  Semenof Hills conta ins  four  smal l  copper  
occurrences  in Laberge  m a p  a r e a  (Cassiar Bar, Semenof,  
Sylvia and Loon; Tempelman-Kluit ,  1978a). None of t hese  
appear  exci t ing  and t h e  Cache  Creek  Group wi th  which t h e  
host rocks a r e  corre la ted  generally conta in  no economic  
concentra t ions  of copper  in t h e  nor thern  Cordil lera.  Strained 
rocks in Teslin Suture  Zone, partly t h e  ca t ac l a s t i c  
equivalents of th is  Upper Paleozoic unit ,  conta in  no known 
mineral  showings in Laberge map  a r e a ,  but in Ca rmacks  map  
a r e  they host t h e  smal l  Braden's Canyon copper  occurrence .  
More generally t hese  ca t ac l a s t i c  rocks envelop severa l  
occurrences  (e.g., t h e  Fet ish  and Fyre  in Finlayson Lake map  
a r e a  and t h e  Lucky Joe  in Ogilvie map  area) ,  but t hese  
showings also appear  unpromising. Generally t h e  ca t ac l a s t i c  
rocks  of Teslin Suture Zone and the i r  less strained 
equivalents,  d o  no t  hold much promise fo r  exploration.  

Upper Triassic ca rbona te  r ee f s  of t h e  Lewes River 
Croup, a potentially in teres t ing  host t o  mineralization,  were  
examined a t  many local i t ies  in Laberge  map  a rea ,  but no 
mineralization was  discovered.  Similarly none was  noted in 
t h e  Laberge  Croup. 

The feldspar porphyry bodies (corre la ted  wi th  t h e  
Mount Nansen Group) t h a t  t r end  diagonally across  Laberge  
m a p  a r e a  conta in  s eve ra l  copper  occu r rences  (e.g., Packers ,  
Tuv). Traces  of chalcopyr i te  can  be  seen  in t hese  rocks  a t  
many places  and pyr i te  is  widely d isseminated  in them.  The 
Mount Nansen Croup and i t s  various r e l a t ed  subvolcanic rocks 
include a var ie ty  of fe ls ic  l i thologies ranging f rom miarol i t ic  
g ran i t e  plutons, crowded porphyry dykes  and plugs, qua r t z -  
feldspar porphyry dyke swarms,  t o  breccia  pipes and fe ls ic  
tuf f .  It is favourable  a s  a host  f o r  vein and disseminated  gold 
occurrences  and fo r  porphyry copper  molybdenum 
accumulations;  severa l  showings of both  types  a r e  known in 
t h e  unit. 



Chalcopyr i te  is common a s  s ca t t e r ed  smal l  gra ins  in 
volcanics of t h e  Lewes  River  Group (map unit  Xvb, 
Tempelman-Kluit ,  1974b) in Laberge  and Carmacks  map  
a r e a s  and concentra t ion  a r e  known a t  t h e  Bonanza King. The 
unit  appea r s  a promising exploration t a r g e t  al though pa r t s  
have  been examined before.  
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EARLY AND MIDDLE ORDOVICIAN CONODONT FAUNA 
FROM THE MOUNTAIN DIATREME, NORTHERN 
MACKENZIE MOUNTAINS, DISTRICT O F  MACKENZIE 

Project  500029 

M.L. ~ c ~ r t h u r ' ,  R.S. Tipnis2, and C.I. Godwin3 
Ins t i tu te  of Sedimentary and Petroleum Geology, Calgary  

Introduction 

Mafic d i a t r emes  cut t ing lower Paleozoic rocks in the  
northern Mackenzie Mountains a r e  probable feeders  for  
volcaniclastic s t r a t a  described within basin fac ies  rocks of 
t he  Misty Creek Embayment  by Ceci le  (1978). Identification 
of conodonts in the  xenoliths of t he  d i a t r eme  was undertaken 
t o  establish t h e  maximum a g e  of t h e  d i a t r eme  and t o  aid in 
correlating t h e  d i a t r eme  with equivalent volcanic s t ra ta .  
Conodonts figured in this repor t  a r e  f rom GSC Ioc. C-85901; 
s e e  sample  M1 (Fig. 2). 

Locality and Sample Data 

The Mountain Diat reme is located in the  Sayunei Range 
of t h e  northern Mackenzie Mountains in the  southwestern  
pa r t  of t he  Mount Eduni map area ,  NTS 106 A/3 W (64"14'N, 
129"28'W) (Fig. l). I t  is  accessible by helicopter f rom 
Norman Wells, District  of Mackenzie, 195 km nor theas t  or 
from Ross River, Yukon Territory,  305 krn south-southwest. 
The d ia t r eme  is exposed in a southwest trending, U-shaped 
valley a t  an  elevation of approximately 1680 m. Although 
above treeline,  outcrop is l imited to less than 25 per  c e n t  
because of both glacial  and ta lus  cover.  

The d ia t r eme  is located on t h e  edge of Misty Creek 
Embayment described by Ceci le  (1978) and intrudes Upper 
Cambrian to  Lower and lower Middle Ordovician transit ional 
f ac i e s  (silty l imestones) up t o  t h e  unconformity a t  t he  base  of 
t h e  Upper Ordovician t o  Lower Silurian Mount Kindle 
Formation. In the  adjacent  s t r a t a  of t h e  basin embayment  
t h e r e  a r e  several volcanic horizons of La te  Cambrian to  
Early Devonian age  with t h e  largest  volume of volcanic rocks 
associa ted  with Ordovician and Silurian sedimentary s t r a t a  
(Cecile,  1978, and personal communication). Ceci le  (1978) 
recognized a volcanic c e n t r e  with volcanic breccia,  f eede r  
dykes and sills 40 km southwest of t h e  Mountan Diatreme. 

The Mountain Dia t r eme  is subcircular in plan and 
averages  600 m in d iameter .  It consists of an  ou te r  rus ty  
weathering zone and an inner green breccia  (Fig. 2). Breccia 
f ragments  a r e  angular t o  subrounded, less than I c m  t o  ove r  
30 c m  in s i ze  and a r e  highly carbonat ized and chlorit ized. 
Many of t h e  f r agmen t s  a r e  autol i ths  which character is t ica l ly  
conta in  cores  of phlogopite and rarely pyroxene. Volcanic 
s t r a t a  in t h e  Misty Creek embayment  typically conta in  
megacrys ts  of b lot i te  (Cecile,  personal communication). 

In t h e  cen t r a l  p a r t  of t h e  d i a t r eme  a r e  severa l  l a rge  
blocks of light grey weathering l imestone breccia.  Breccia 
bed f ragments  a r e  a l tered most conspicuously around thei r  
margins. Samples  of this l imestone breccia  were  dissolved in 
ace t i c  acid t o  obtain conodonts in order  to  de te rmine  t h e  
origin (provenance) of t h e  blocks. Only one of t h e  f ive  
samples of l imestone breccia  (Fig. 2) yielded conodonts. 

16' 131.00' 46' $0' l#' U)' 

White - Proterozoic and Lower solid black - Volcanics and volcano- 
Carnbrian sedirnents; clast ics; 

bloclc pattern - Lower Cambrian t o  Devonian stippled pattern- Devono-Mississippian 
platform carbonates; clastic sedirnents. 

dashed pattern - Lower Cambrian t o  Devonian 
basinal carbonates and shales; 

Figure 1. Generalized geological map o f  the ;Mackenzie .Vountains in the vicinity o f  Mountain Diatrerne (M1-12). 

' Amoco Canada Petroleum Company, Alberta 
"Visiting Fellow, Insti tute of Sedimentary and 

Petroleum Geology, Calgary,  Alberta 
'University of Srit ish Columbia, Vancouver, R.C. 

From: Scientific and Technical Notes 
in Current Research, Part A; 
Geol. Surv. Can., Paper 80-1 A .  
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Table I 

List  of conodont taxa ,  ages,  biogeographic affinity,  and o the r  occurrences  

Figure Numbers Bonnet P lume  Biogeographic 
f rom P l a t e  1 Names of t h e  Taxa Age Indicated Sect ions  31 and 54 Affinity l 

1, 5 Walliserodus aus t ra l i s  Serpagli  ear ly  Arenigian X NA ? 

2 Drepanoistodus fo rceps  (Lindstrom) ear ly  middle t o  X 
middle Arenigian 

3 af f . Scandodus myst icus  l a t e  Arenigian ? X 
ear ly  Llanvirnian 

4 Walliserodus e th ingtoni  (Fdhreaus) L a t e  Arenigian X N A 
? Llanvirnian 

6 Rue t t e rodus  andinus Serpagli  l a t e  Arenigian ? MC 
ear ly  Llanvirnian 

7 ,  13  New Genus A S w i e t  e t  al., 1971 l a t e  Arenigian ? MC 
ea r ly  Llanvirnian 

8, 14 Parois todus  pare l le lus  (Pander) Arenigian X 
Early Llanvirnian 

9, 12 Drepanoistodus basiovalis  (Sergeeva) Arenigian ? X 
ear ly  Llanvirnian 

10 Walliserodus cf W. e th ingtoni  middle t o  l a t e  ? N A 
(Fdhraeus)  sensu Lofgren Arenigian 

15 Protopanderodus  cooper i  Llanvirnian X ?  N A 
(Sweet  and Bergstrom) 

11, 16 Oepikodus e v a e  (Lindstrom) ear ly  - Middle X N A 
Arenigian 

17 aff .  Walliserodus iniquis Lofgren Middle Ordovician N A 

18 Periodon flabellum (Lindstrom) l a t e  Arenigian X N A 

21 - 23 Periodon acu lea tus  Hadding Llanvirnian X N A 

19, 20 Oepikodus sp. Arenigian ? NA ? 

l NA - North At lant ic  
MC - Mid-Continent 

Conodonts as Therma l  Indicators 

Epstein et al. (1977) developed a genera l  relationship 
between conodont colours, depic ted  a s  Colour Al tera t ion  
Index (CAI), and t h e  the rma l  history of enclosing sedimentary  
s t r a t a .  The underlying a rgumen t  of t hese  workers,  t h a t  t h e  
change in t h e  colour of conodonts is  primarily a t t r i bu t ab le  t o  
t h e  h e a t  accompanying the i r  depth  of burial, was  
corrobora ted  by comparing t h e  various colours of lower 
Paleozoic conodonts through a cross-section of t h e  
Appalachian basin (Epstein et al., 1977). Conodonts,  
however, c a n  a lso  b e  a f f ec t ed  by h e a t  gene ra t ed  through 
o the r  geological  ac t iv i t i e s  such a s  igneous intrusions, a s  
demonst ra ted  by th is  study. 

Conodonts f rom severa l  locali t ies ad j acen t  t o  t h e  
Mountain D ia t r eme  (by R.S.T.) have  CA1 values of 4 o r  less. 
These  samples  a r e  f rom equivalent Upper Cambrian  t o  Lower 
and lower Middle Ordovician transit ion f ac i e s  rocks  along t h e  
edge  of t h e  Misty Creek  embayment ,  5 km southeas t  and 
60  km nor thwest  of t h e  Mountain D ia t r eme  (sec t ions  54  and 
31, respectively,  of Ceci le ,  1978, Fig. 1). In f a c t ,  coeval  
conodont faunas  f rom t h e  two  locali t ies have  CA1 values of 2 
and 3 only. Conodonts f rom t h e  xenolith, however,  have  
significantly higher and more  var iable  CA1 values. Most 
conodonts exhibit  colours t h a t  may be  grouped between CA1 6 
and 7 but  a f ew  e x t r e m e  values of 4+ and 7+. These  values  
suggest  t h a t  l imestone  blocks were  in t h e  d i a t r e m e  fluid long 
enough t o  have  undergone s o m e  d e g r e e  of t he rma l  

metamorphism. This is  a lso  indica ted  by chlor i t iza t ion  of 
f ragments .  This observation is  a lso  consis tent  with t h a t  of 
Epstein et al. (1977, p. 8)  who noted  t h a t  conodonts obtained 
f rom ca rbona te  rocks  t h a t  were  intruded by dykes  and sills 
(or  were  in c o n t a c t  with lava flows), change in colour f rom 
"white t o  black t o  brown t o  pale  yellow with increasing 
d i s t ance  f rom t h e  igneous body". 

Usually conodonts possessing high CA1 values  show 
breakage,  corrosion and surficial  d a m a g e  ( see  Fig. 7 of 
Epstein et al., 1977). On t h e  o the r  hand, a major i ty  of t h e  
conodonts f rom t h e  d i a t r e m e  sample ,  al though showing 
similarly high CA1 values, a r e  surprisingly smooth  and 
undamaged. This d i f ference  might  be  a t t r i bu t ed  t o  t h e  f a c t  
t h a t  in t h e  present  c a s e  conodonts were  rapidly cooked 
because  of t h e  h e a t  (and pressure?) gene ra t ed  by t h e  
intrusion . a s  agains t  a possibly gradual  heat ing  e f f e c t  
opera t ing  ove r  a significant period of t i m e  in t h e  c a s e  of 
conodonts  found in metamorphosed s t r a t a .  

Conodonts  as Indica tors  of t h e  
Age  o f  t h e  D i a t r e m e  

Beside dat ing  t h e  s t r a t a  intruded by t h e  Mountain 
Dia t reme,  conodonts  a lso  g ive  a maximum d a t e  fo r  t h e  
d i a t r eme ,  in t h e  s ense  t h a t  t h e  a g e  of t h e  volcanic ac t iv i ty  
must  pos tda t e  t h e  youngest  conodont present.  Although 
many conodonts a r e  broken, t h e  major i ty  a r e  sufficiently well 
preserved t o  b e  recognized a t  t h e  gener ic  and; in many 





PLATE I P la t e  1 

All i l lustrated specimens a r e  from t h e  s a m e  sample.  
(GSC loc. C-85901). Magnifications a r e  approximate.  All 
views lateral ,  unless otherwise noted. 

Figs. 1, 5 - Walliserodus aus t ra l i s  Serpagli l .  postero- 
la tera l  view, th ree  c o s t a t e  e lement ,  X 65, 
GSC 50999. 5, f ive c o s t a t e  e lement ,  X 65, 
GSC 51000. 

Fig. 2 - Drepanoistodus forceps  (Lindstrom). 
homocurvatiform element ,  X 65, GSC 51001. 

Fig. 3 - aff .  Scandodus mysticus Barnes and Poplawski. 
X 65, GSC 51002. 

Fig. 4 - Walliserodus e th ingtoni  (F8hreaus).  X 65, 
GSC 51003. 

Fig. 6 - Reut terodus  andinus Serpagli. cone-like 
e lement ,  X 92, GSC 51004. 

Figs. 7, 13 - New genus A. Sweet  e t  al., 1971. 7. ramiform 
element ,  X 139, GSC 51005. 13. oistodiform 
e lemen t  , X 139, GSC 51006. 

Figs. 8, 14 - Paroistodus parallelus (Pander). 8. oistodiform 
element ,  X 65, GSC 51007. 14. drepanodiform 
element ,  X 139, GSC 51008. 

Figs. 9, 12 - Drepanoistodus basiovalis (Sergeeva). 
9. subterect i form element ,  X 65, GSC 51009. 
12. drepanodiform element ,  X 139, GSC 51010. 

Fig. 10 - Walliserodus cf.  W. ethingtoni (FAhraeus) sensu 
Lofgren ? Postero-lateral  view, X 139, 
GSC 51011. 

Figs. 11, 17 - Oepikodus e v a e  (Lindstrom). 11. oistodiform 
element ,  X 65, GSC 51012. 17. prioniodiform 
e lemen t ,  X 65, GSC 51013. 

Fig. 15 - Protopanderodus cooperi  (Sweet and 
Bergstrom). X 33, GSC 51014. 

Fig. 16 - aff .  Walliserodus iniquis Lofgren? X 139, 
GSC 51015. 

Fig. 18 - Periodon flabellum (Lindstrom)? prionio- 
diniform element ,  X 139, GSC 51016. 

Figs. 19, 20 - Oepikodus? sp. 19. oepikodiform element ,  
X 139, GSC 51017. 20. prioniodiforrn e lement ,  
X 139, GSC 51018. 

Figs. 21-23 - Periodon acu lea tus  Hadding. 21. multi- 
ramiform element ,  X 924, GSC 51019. 
22. oistodiform element ,  X 139, GSC 51020. 
23. antero- la tera l  view, torit i l iform element ,  
X 139, GSC 51021. 

specimens: a t  t he  specific levels. The age  determinat ions  
and identification a r e  primarly based on the  works of Serpagli 
(1974), Tipnis (1978a), Tipnis e t  al. (19791, Lofgren (1977) and 
on unpublished studies of conodont faunas from adjacent  
a r e a s  by Tipnis. 

I l lustrations of most of t he  conodonts obtained f rom t h e  
sample  a r e  shown on P la t e  I .  The list of taxa ,  their  t en ta t ive  
ages,  biogeographic af f in i t ies  (NA North Atlantic,  
MC = Mid-Continent) and geographic occurrences  from 
sect ions  54 and 31 of Ceci le  (1978) a r e  given on Table I. A 
large number of t h e  t axa  belong t o  North At lant ic  province. 
Several studies have shown t h a t  Early-Middle Ordovician 
s t r a t a  marginal t o  t h e  North American c ra ton  commonly 
contain significant proportions of North At lant ic  type  

conodonts (Tipnis, 1978a or  Tipnis e t  al., 1979, amongst  
others). Thus finding such fauna c lose  t o  the  margin of Misty 
Creek Embayment  is consistent with thei r  distribution noted 
in o the r  par ts  of t he  North America  craton. 

Early Arenigian species include Walliserodus aus t ra l i s  
Serpagli, Drepanoistodus forceps  (Lindstrom) and 
aff. Scandoldus mysticus Barnes and Poplawyski. Taxa of l a t e  
Early Arenigian a g e  and younger include Midcontinent forms, 
Reut terodis  andinus Serpagli  and New Genus A Sweet  
Ethington and Barnes 1971, and severa l  North At lant ic  forms 
such a s  Oepikodus e v a e  (Lindstrom), regarded a s  t h e  index 
species  for l a t e  Early/early Middle Arenigian, 
Protopanderodus cooperi  (Sweet and Bergstrom), 
aff .  Walliserodus iniquis Lofgren and Periodon acu lea tus  
Hadding. Some of the  l a t t e r  t axa  range into ear ly  Middle 
Ordovician (possibly Llanvirnian). 

Although conodonts obtained f rom the  xenolith indicate  
some sor t  of s t ra t igraphic  "mixing", t he  average indicated 
a g e  falls within a fairly short  t ime  span, t h a t  is  mostly 
Arenigian, possibly extending into t h e  Llanvirnian. 

The d ia t r eme  itself must have intruded somet ime  
during or a f t e r  t h e  Llanvirnian interval. 

Ceci le  (1978) noted t h a t  t he  largest  volume of volcanic 
rocks a r e  interbedded with basin fac ies  rocks of ear ly  Middle 
Ordovician to  Early Silurian a g e  (Cecile,  personal 
communication).  If t he  volcanic ac t iv l ty  associated with this 
particular d i a t r eme  ref lec ts  a period of contemporaneous 
volcanism through t h e  region, then conodonts can be  used t o  
provide a reasonably accura t e  measure of t he  timing of such 
an event.  

Conclusion 

The conodonts have aided in ' da t ing  the  volcanic 
ac t iv i ty  responsible for t h e  intrusion of t h e  d i a t r eme  a s  ear ly  
Middle Ordovician or later.  Fur ther ,  some  insight into the  
thermal  history of surrounding s t r a t a  may also b e  
accomplished by interpreting the  conodont colour data .  
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FRACTURE FILLING MATERIAL IN THE ATIKOKAN AREA, 
NORTH\VESTERN ONTARIO 

D.C. ~ a m i n e n i ' ,  P.A. 6 rown1 ,  and Denver s t o n e '  
Terra in  Sciences  Division 

Introduction 
During t h e  summer  of 1979 t h e  geological research  

program for radioact ive  was t e  disposal, being conducted by 
Geological  Survey of Canada in co-operation with Atomic  
Energy of Canada  Limited,  began work in t h e  Eye-Dashwa 
lakes  g ran i t e  and surrounding gneiss a t  Atikokan, 
nor thwestern  Ontario.  The work repor ted  h e r e  on f r a c t u r e  
filling mater ia ls  forms pa r t  of t h a t  program. 

The Eye-Dashwa lakes grani te ,  located  15 km nor theas t  
of Atikokan, is a massive, medium- t o  coarse-grained 
hornblende-bioti te g ran i t e  which is intrusive in to  a ser ies  of 
tonal i t ic  gneisses - t h e  Dashwa gneiss (Schwerdtner,  1976; 
Simpson, 1976). The gneissic complex encompasses  a wide 
spect rum of lithologies ranging f rom tonal i t ic  t o  grani t ic  t o  
amphiboli t ic gneiss. The pluton and t h e  gneiss show d i f f e r en t  
deg rees  of fracturing.  In general ,  t h e  f r ac tu re s  in t h e  a r e a  
have  t h e  following physical character is t ics :  I )  f r ac tu re s  
filled with o r  coa t ed  by minera l  m a t t e r ;  2) f r ac tu re s  without 
any appreciable  filling o r  coat ing  bu t  which show a l t e r a t ion  
of minerals in t h e  wall rock i.e., ser ic i t iza t ion  of feldspars;  
and 3) f r ac tu re s  devoid of t h e  above two  fea tures .  

[t is  not  possible t o  assess t h e  d i f ferent  proportions of 
t h e  t h ree  types  of f r ac tu re s  with t h e  avai lable  da t a .  From 
su r f ace  investigati,ons i t  appears  t h a t  types  l and 2 
predominate  over  t ype  3. In view of t he i r  abundance  and 
the i r  impor tance  in inferring t h e  fluid ac t iv i ty  along t h e  
f r ac tu re s  and the i r  potent ia l  t o  a c t  a s  pa thways  fo r  present  
day fluids, t h e  mineralogy and t ex tu re s  of t h e  f r a c t u r e  
fillings a r e  examined in detail .  

The f r a c t u r e  filling mater ia l  c a n  be  divided in to  t h r e e  
gene ra l  ca tegor ies :  pre-granite emplacemen t ,  syn t o  l a t e  
g r a n i t e  emplacement ,  and post-granite emplacement .  The 
pre-granite emplacemen t  fillings a r e  present  only in t h e  
gneiss and include amphibol i te  dykes, granodior i te  dykes, and 
minor sulphides. The syn emplacemen t  fillings include t w o  
types  of pegmat i te ,  muscovite,  and lamprophyre dykes. The 
post emplacemen t  filling ma te r i a l  ranges f rom epidote,  
quar tz ,  f luor i te  and ch lo r i t e  t o  zeol i te ,  hemat i te-goethi te ,  
and d iabase  t o  l a t e  s t a g e  (recent?) carbonate ,  gypsum and 
clays. 
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Pre-emplacernent F r a c t u r e  Fillings 

The pre-emplacement  fillings a r e  present  only within 
t h e  gneiss and include amphiboli te dykes, qua r t z  veins, 
granodior i te  dykes, and sulphides. They a r e  recognized a s  
pre-emplacement  by t h e  f a c t  t h a t  t h e  pegmat i te-apl i te  dykes  
(which a r e  syn emplacemen t  f r a c t u r e  fillings) consistently 
crosscut  f r ac tu re s  containing these  materials.  The a g e  
sequence  within t h e  pre-ernplacement fillings is a lso  defined 
by crosscut t ing  relationships. 

'Atomic  Energy of Canada  Limited,  
601 Booth S t r ee t ,  O t t awa ,  Ontar io  

Amphiboli te Dykes 

Amphiboli te dykes a r e  one  of t h e  o ldes t  filling 
mater ia ls  recognized in t h e  gneiss. They a r e  fine- t o  
medium-grained amphiboli tes with a variably developed 
t ec ton ic  fabr ic  and a r e  genera l ly  less than 50 c m  in width. 
The  amphiboli tes,  however, appea r  t o  have  a c t e d  a s  t h e  locus 
fo r  l a t e r  shear  o r  f la t tening zones,  and the i r  original width 
could not  be  determined. 

The schistose amphiboli te dykes a r e  crosscut  by qua r t z  
veins, granodior i te  dykes,  pegmat i t e  dykes,  and epidote  filled 
veins. 

Q u a r t z  Veins 

Quar t z  veins a r e  locally abundant  within t h e  gneiss. In 
genera l  they a r e  parallel  t o  subparallel  with t h e  gneissosity, 
a r e  less than I c m  in width, and locally show minor isoclinal 
folding. The veins crosscut  t h e  amphibol i te  dykes and a r e  
crosscut  by granodior i te  and pegmat i t e  dykes. 

Granodior i te  Dykes 

Granodior i te  dykes a r e  sporadically developed through- 
ou t  t h e  a r ea .  They fill various f r ac tu re  d i rec t ions  and a r e  
genera l ly  less than 5 c m  wide. Character is t ica l ly  they a r e  
fine- t o  medium-grained granodior i te  and conta in  euhedra l  
c rys t a l s  of magnet i te .  These  dykes  crosscut  t h e  amphibol i te  
dykes  and t h e  q u a r t z  veins and a r e  crosscut  by pegmat i t e s  of 
grani t ic  composit ion and epidote  filJed f rac tures .  

Sulphides 

A sulphide f r a c t u r e  filling (comprising pyrrhot i te  and 
pyr i te)  locally occurs  a s  thin ( < 4  mm)  veins within t h e  gneiss. 
The  sulphide veins a r e  c ros scu t  by syn emplacemen t  
pegmat i t e  dykes. 

Syn to L a t e  Emplacemen t  F r a c t u r e  Fillings 

The  syn t o  l a t e  g ran i t e  emplacemen t  f r ac tu re  fillings 
a r e  present  both  within t h e  gneiss and t h e  g ran i t e  and include 
t w o  ages  of pegmat i t e  dykes, muscovite,  and lamprophyre  
dykes. The separa t ion  of l a t e  emplacemen t  and post- 
emplacemen t  fillings is  a rb i t rary .  For convenience,  ep ido te  
(which is  definitely a pos t -emplacement  filling) is t aken  a s  a 
readily recognizable t i m e  horizon. The syn t o  l a t e  emplace-  
men t  fillings a r e  all  c rosscut  by ep ido te  filled f rac tures .  

Early Formed Pegmat i t e  Dykes 

East-west trending coarse-grained (quar tz ,  a lb i te ,  
microcline,  muscovite-bearing) pegmat i t e  dykes  crosscut  
both t h e  gneiss and t h e  granite.  They range in width f r o m  a 
f e w  cen t ime t r e s  t o  one  m e t r e  and locally show a grain s i ze  
zonat ion  with t h e  coarse-grained ma te r i a l  concen t r a t ed  a t  
t h e  margins. The  dykes  present  up  t o  l km f rom t h e  grani te-  
gneiss c o n t a c t  and show a n  increase  in f requency towards  t h e  
c o n t a c t  zone. They a r e  relatively sparse  within t h e  g ran i t e  
i tself  and a r e  crosscut  by t h e  l a t e  formed pegmat i t e  dykes. 

L a t e  Formed Pegmat i t e  Dykes 

The  l a t e  formed pegmat i t e  t o  ap l i t e  dykes  generally 
conta in  quar tz ,  albite,  microcline,  b io t i te ,  and opaques, a r e  
more  maf i c  than t h e  ear ly  formed pegmat i t e  dykes, and 
locally show flow fea tures .  Their  occu r rence  is r e s t r i c t ed  
largely t o  t h e  c o n t a c t  zone  between gneiss and g ran i t e  
although they  a r e  a lso  present  throughout t h e  granite.  They 
a r e  crosscut  by muscovi te  filled f r ac tu re s  and lamprophyre 
dykes. 
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Muscovite t h e  ep ido te  has  crys ta l l ized  under var iable  s t r e s s  conditions - 

Muscovite fillings a r e  common in f r ac tu re s  both  within 
t h e  gneiss and around t h e  margins of t h e  pluton. This minera l  
occurs  a s  a f r a c t u r e  filling and is  r e s t r i c t ed  t o  f r ac tu re s  
t rending 120". In thin section,  t h e  muscovi te  displays l i t t l e  
penet ra t ion  in to  t h e  wall rock, and f lakes  a r e  randomly 
or iented  indicating - growth under relatively s t ress- f ree  
conditions. 

Lamprophyre  Dykes 

Lamprophyre  dykes displaying porphyrit ic t ex tu re  
(phenocrysts of hornblende and plagioclase in feldspar matr ix)  
f i l l  major  f r ac tu re s ;  commonly th is  intrusion is accompanied 
by fault ing agains t  grani te .  Epidote filled microfrac tures  
c ros scu t  t h e  lamprophyre  dykes. 

Post-emplacement Fracture Fillings 

The pos t -emplacement  f r a c t u r e  fillings can be  crudely 
sepa ra t ed  in to  re la t ive ly  high t empera tu re  minerals: epidote,  
qua r t z ,  f luor i te ,  chlor i te ,  adularia,  zeol i te ,  hema t i t e -  
goe th i t e ,  and diabase,  and relatively low t empera tu re  filling 
materials:  carbonate ,  gypsum, and clay. The a g e  sequence  of 
filling mater ia ls  is  defined, whenever possible, by 
crosscut t ing  relationships. These  relationships conf i rm tha t ,  
in genera l ,  t h e  high t e m p e r a t u r e  minerals p reda t e  t h e  low 
t empera tu re  minerals. Due t o  t h e  number of f r ac tu re  filling 
ma te r i a l s  and t o  t he i r  sparse  development  throughout t h e  
a r e a ,  much of th is  s tudy relies on pet rographic  observation t o  
complement  t h e  field da t a .  

Epidote 

Epidote occu r s  throughout t h e  a r e a  a s  a f r a c t u r e  filling 
ma te r i a l  in association with large  faults .  I t  is, however,  most  
prevalent  c lose  t o  t h e  c o n t a c t  zone  between t h e  g ran i t e  and 
gneiss. The ep ido te  filled f r ac tu re s  crosscut  t h e  pegmat i t e  
and lamprophyre dykes and a r e  crosscut  by chlor i te  filled 
f r ac tu re s  and diabase  dykes. H hand specimen and thin 
sec t ion  study of t h e  epidote  filled f r ac tu re s  indica tes  t h a t  

result ing in variable growth pat terns .  The major growth 
pa t t e rns  de t e rmined  ( t o  d a t e )  a r e  outl ined below. 

I .  Highly deformed crys ta ls  elongated along a lepidoblastic 
fabr ic  in a ca t ac l a s t i c  matr ix  (Fig. 1). The fabr ic  i s  m a d e  
up of or iented  ser ic i t ic  matr ix .  The or ienta t ion  of t h e  
ser ic i t ic  fabr ic  a s  well a s  t h e  sigmoidal epidote  crys ta ls  
may vary locally when warped and wrapped around 
feldspar and qua r t z  crystals.  Undeformed epidote  
crys ta ls  a r e  locally well developed and represent  a 'post  
ca t ac l a s t i c  growth'  indicating t h a t  c rys ta l l iza t ion  of 
epidote  out las ted  t h e  faulting. 

2. Acicular or iented  c rys t a l s  commonly associa ted  with 
qua r t z  and locally with chlor i te  occur  a s  sl ickensides on 
f au l t  surfaces.  This t ype  of occu r rence  i s  res t r ic ted  t o  
f au l t  planes. 

3. Fillings containing a mixture  of deformed epidote  crys ta ls  
in t h e  wall  rock show (a) a mixture  of randomly ar ranged 
coarser  epidote  and ca l c i t e  a s  a vug (Fig. 2) and 
(b) acicular  c rys t a l s  grown perpendicular t o  t h e  vein wall. 
Prehni te  may a lso  b e  present  and shows ac icular  growth. 

4. Veins containing e longated  ep ido te  c rys t a l s  show evidence  
of recrys ta l l iza t ion ,  i.e., elongated domains conta in  
subgrains of epidote  with 120' in ter fac ia l  angles  be tween  
t h e  grain boundaries (Fig. 3). 

5. Fine crys ta ls  of epidote  occupying t h e  in ters t i t ia l  space  
between f r agmen ta l  q u a r t z  and fe ldspar  c rys t a l s  
represent  faul t  breccia  (Fig. 4); some  epidote  crys ta ls  a r e  
elongated.  

6. F ine  veinlets of epidote  ar ranged approximate ly  a t  30 t o  
35" angle  t o  'shear o r  f au l t  zones '  (Fig. 5). These  vein le ts  
possibly def ine  t h e  tensional f r ac tu re s  complementary  t o  
t h e  shears.  In thin sec t ion  t h e  shear  veinlets conta in  
broken crys ta ls  of epidote,  quar tz ,  and feldspars whereas  
t h e  tensional f r ac tu re s  a r e  filled with prisms of randomly 
or iented  crystals.  This mode of occurrence  demons t r a t e s  
clearly t h a t  growth occurred  both under shear  and  
tensional conditions. 

Figure 1.  

Highly deformed epidote crystals in a cata- 
clastic matrix. (GSC 203357-C). 

E p  = epidote 
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9. . 

Figure 5 

Epidote c rys t a l s  f t l l tng shea r  and  tenstonal 
types  of f r a c t u r e s  (GSC 203357-1) 

Ep = eptdote  

L 
- 

C * J 

Figure 6 .  

Randomly o r i en t ed  pr isms of epidote  - 
displaying opt ica l  zoning. (GSC 203357-G). 

Ep = epidote  

Fibrous ep ido te  with sigmoidal shape  ar ranged across  t h e  
vein wall. This t ype  of occu r rence  sugges ts  growth in an  
overa l l  extensional envi ronment  associa ted  with fault ing 
identified in t h e  pluton. The  ep ido te  c rys t a l s  c lose  t o  t h e  
wall rock record some  strain.  Those towards t h e  c e n t r e  
of t h e  vein show tensional character is t ics .  This t e x t u r e  
conforms t o  t h e  in terpre ta t ion  t h a t  t h e  vein growth is of 
composi te  cha rac t e r ,  i.e. shear  fo rces  were  dominant  
during t h e  init ial  growth of t h e  vein and they  were  
followed by dilation due  t o  extension. 

8. Highly randomly or iented  ep ido te  crys ta ls  with a well 
developed pr ismat ic  form. These  c rys t a l s  display opt ica l  
zoning and well developed growth s t e p s  (Fig. 6). The  
random a r r angemen t  emphasizes  t h a t  they crystall ized in 
a s t r e s s  f r e e  environment.  

The growth pa t t e rns  of ep ido te  described above  
demons t r a t e  the i r  development  under d i f ferent  
conditions - essentially under s t r e s s  o r  s t r e s s  f r e e  environ- 
ments.  These  conditions can  be  re la ted  t o  fault ing within t h e  
Eye-Dashwa lakes  pluton. The growth of epidote  was  
in i t ia ted  prior t o  fault ing and continued a f t e r  fault ing 
ceased. Three  broad groups of growth pa t t e rns  a r e  
recognized: 

1. Pre- t o  syn? f au l t  epidote  comprising growth s ty l e  I ;  

2. Syn t o  l a t e  f au l t  ep ido te  comprising growth s ty les  2, 3, 4, 
5 ,  6; 

3 .  Post-fault  epidote  comprising growth s ty les  7 and 8; 



The epidote  development ,  which may be  a t t r i bu t ed  t o  
concentra t ion  of fluids a t  t h e  con tac t ,  was  manifes ted  during 
t h e  hydrothermal  s t a g e  (probably 200-500°C) of pluton 
development  and accompanied t h e  major  f au l t  even t s  
recorded in t h e  Eye-Dashwa lakes  granite.  

Coexisting Minerals with Epidote 

A var ie ty  of minerals coexis t  with epidote ,  including 
sphene,  f luorite,  and chlorite.  Fluorite is present  in 
relatively f e w  f r ac tu re s  implying t h a t  t h e  ac t iv i ty  of f luorine 
was  high in ce r t a in  local  horizons. Texturally,  ch lo r i t e  and 
ep ido te  appea r  t o  have  developed at t h e  s a m e  t ime,  bu t  in 
p laces  chlor i te  crys ta ls  c u t  across  epidote  crystals,  indicating 
a l a t e r  growth. 

O the r  Fillings 

Chlor i te  occurs  predominantly on f au l t  surfaces.  I t  is  
a lso  found in joints developed a t  a high angle  t o  major  f au l t  
zones  and commonly has iron oxides associa ted  with i t .  Most 
chlor i te  fillings appear  t o  have formed l a t e r  than ep ido te  
growth,  i.e., ch lor i te  f i l ls  f r ac tu re s  developed across  epidote  
prisms (Fig. 7). Hemat i t e  and to r  hydrous iron oxide 
(goethite?) a l so  c u t s  across  ep ido te  c rys t a l s  implying i t  a lso  
developed at a l a t e r  s tage .  

Qua r t z  veins a r e  extensively developed in f r ac tu re s  
formed by faulting. The g ran i t e  nea r  t hese  f au l t s  is  
cha rac t e r i zed  by a reddish brown colour and shows t ex tu ra l  
changes  involving mylonit ization and elongation of grains. 
These  relationships probably indica te  t h a t  ma te r i a l  has been 
redistributed by fault ing,  including ex t r ac t ion  of si l ica t o  
develop qua r t z  veins in t h e  fo rm of fillings in extensional 

Figure 7 .  

Fine chlorite-quartz fillings developed across 
deformed epidote fillings. (GSC 203357-P). 

E p  = epidote C1 = chlorite 

A f e w  occurrences  of zeo l i t e s  (na t ro l i te )  have  been 
noted in t h e  Eye-Dashwa lakes grani te ;  al l  show a radial  habi t  
and extend in to  t h e  wall rock (Fig. 8) indicating an  
extensional t ype  of growth. 

East-west trending diabase  dykes, wi th  well developed 
ophitic t ex tu re ,  c rosscut  both t h e  g ran i t e  and t h e  gneiss. The  
dykes  represent  a l a t e  tensional f r a c t u r e  filling. In many 
cases  they follow en  echelon type  f r ac tu re s  spatially re la ted  
t o  f au l t  zones.  Unlike t h e  lamprophyre dykes, t h e  d iabase  
dykes a r e  unaffec ted  by epidotization and crosscut  epidote- 
filled f r ac tu re s ;  therefore ,  t h e  d iabase  dykes a r e  definitely 
post-epidote fillings. 

Calc i te ,  gypsum, and c lay  a r e  noted in s o m e  f rac tures .  
In t h e  majority of ca ses  t hese  minera ls  occu r  a s  coat ings  on 
early-formed high t empera tu re  fillings such a s  ep ido te  and 
chlorite.  Ca lc i t e  is found a s  an  exclusive filling in s o m e  
f rac tures .  

Conclusions 

The  f au l t s  and f r ac tu re s  in t h e  Eye-Dashawa lakes  
g ran i t e  and  surrounding gneiss formed ove r  considerable  
periods of t ime,  i.e., Archean t o  Recen t  and can  b e  divided 
in to  t h ree  a g e  sequences  (Table I): 

I. pre-granite emplacemen t  f r ac tu re s  developed only within 
gneiss and presumably re la ted  t o  t ec ton ic  ac t iv i ty ;  

2. syn t o  l a t e  g ran i t e  emplacemen t  f r a c t u r e s  developed 
within both gneiss and g ran i t e  and re la ted  t o  t h e  in t rus ive  
even t  and subsequent cooling; and 

3. post-granite emplacemen t  f r ac tu re s  re la ted  t o  t ec ton ic  
ac t iv i ty  and erosional unloading. 

joints. By ca re fu l  examinat ion  of t h e  f r a c t u r e  filling ma te r i a l  
Adularia which is  a low t empera tu re  polymorph of a r e l a t i ve  t i m e  sequence  of f r a c t u r e s  and f r a c t u r e  filling 

potash fe ldspar  (Deer  e t  al., 19631, is  observed a s  a filling in ma te r i a l  c a n  b e  outl ined (Table I )  based on t w o  
s o m e  f rac tures .  Like qua r t z ,  adular ia  also is localized around cr i te r ia :  I )  c rosscut t ing  relationships and 2) t e m p e r a t u r e  of 
f r ac tu re s  developed in t h e  vicinity of faults ,  indicating i t s  format ion of t h e  f r a c t u r e  filling mater ia l .  
genes is  is  d u e  t o  redistribution of e lements ,  part icularly 
mobilization of potash f rom t h e  f a u l t  zones. 



Figure 8.  

Zeolite fracture-filling with 
note the arrangement of  prisms 
to the wall. (GSC 203357-A). 

radial habit; 
perpendicular 

Ze = zeolite 

Table l 

Rela t ive  chronological  sequence  of f r a c t u r e  
fillings in t h e  Eye-Dashawa lakes pluton 

Tempera tu re  
Time Type of filling (approx.) " C  

Pre-granite 1 .  Amphibolite 700-800 
emplacemen t  2. Qua r t z  veins 300-500 

3 .  Granodiorite 700 

4. Sulphides 300-400 

5 .  Early formed 500-600 
pegmat i tes  

Syn t o  l a t e  6 .  La t e  formed 500-600 
g ran i t e  pegmat i tes  
emplacemen t  7. Muscovite 300-400 

8 .  Lamprophyre dykes 600-700 

9 .  Epidote 200-500 

10. Prehni te  200-400 

11.  Quar t z  300-500 

12. Chlor i te  200-400 

Post-granite 13. Adularia 200-300 
emplacemen t  1 4 .  Zeoli te (Natro l i te )  200-300 

15. Hemat i te-goethi te  200-300 

16.  Diabase 600-700 

17. Carbonate  20-100 l 
18. Gypsum 20-50 1 
19. Clays  20-50 

The pre-granite emplacemen t  f r ac tu re s  a r e  only 
developed within t h e  gneisses. The syn t o  l a t e  g ran i t e  
emplacemen t  f r ac tu re s  a r e  developed in both g ran i t e  and t h e  
surrounding gneiss and a r e  re la ted  t o  t h e  cooling of t h e  
pluton and possibly t o  subsequent t ec ton ic  events.  The post- 
emplacemen t  f r ac tu re s  a r e  also developed in both g ran i t e  and 
t h e  surrounding gneiss and were  formed by I )  t e c ton ic  
ac t iv i ty  and 2) erosional unloading. The  epidote  t o  hema t i t e -  
goe th i t e  sequence  is developed within and c lose  t o  all  major  
discontinuit ies in t h e  a r ea ,  i.e., i t  is  re la ted  t o  t ec ton ic  
( faul t )  ac t iv i ty .  

Diabase dykes  crosscut  th is  sequence,  and the i r  
occu r rence  is not  r e s t r i c t ed  t o  defined faults .  It is suggested 
t h a t  these  dykes were  intruding during a tensile even t  which 
pos tdates  t h e  major  f au l t  t e c ton ic  ac t iv i ty  observed in t h e  
a r ea .  

Carbonate ,  gypsum, and c lay  cons t i t u t e  t h e  youngest  
f r ac tu re  filling ma te r i a l  and occur  a s  coat ings  and vugs in 
p re  exist ing filled f rac tures .  I t  is  suggested t h a t  they a r e  a 
relatively r ecen t  filling, and t h a t  they a r e  re la ted  t o  l a t e  
t ec ton ic  events ,  i.e., erosional unloading. As such these  
ma te r i a l s  may have  prec ip i ta ted  f rom groundwater  sys t ems  
and a r e  indicators of relatively r ecen t  flow paihs. 
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Introduction 

Field reconnaissance during l a t e  May t o  mid-August 
1979 was carr ied  out  mainly in t h e  St. Lawrence Lowland 
a r e a  of t h e  1:500 000 scale  Ot tawa-Montreal  maD sheet .  

Gadd, 1976) t h a t  much of t h e  region is d r i f t  covered and has  
relatively l i t t l e  bedrock outcrop f rom which only a f ew s t r i ae  
have  been recorded. The purpose of this s tudy therefore  was 
l )  t o  re-examine t h e  bedrock ter ra in ,  particularly new 
exposures, for  additional d i rec t  evidence of glacial  movement  
(flutings, s t r iae ,  streamlined phenomena) and 2) t o  seek and 
examine other  cr i ter ia ,  such a s  direction of t ranspor t  of 
e r r a t i c s  and provenance of t i l l  materials,  t o  supplement t h e  
evidence for glacial  abrasion. The evidence assembled, 
though sparse,  forms interesting regional patterns.  

Field Observations 

National Topographic System 31 SE. Most observations were  Primary Str iae  Pa t t e rns  
made within the  a rea  enclosed by Ot tawa,  Montreal, Lalte Figure 1 shows two  basic groupings of s t r i a e  (both 
Champlain, and Cornwall (Fig. I). Brief excursions were  primary and secondary). Northwest of a line passing through made into  the areas both nor th  (Laurentians) and Oka and Cornwall, striae trend southerly to southeasterly. 
south (Adirondacks) of this principal a r e a  of study. The or ienta t ion of t h e  l a r ~ e  arrow, 170°, i s  t h e  numerical 



arrow, 218", is t h e  numerical average of 21 s e t s  of s t r i a e  in 
t h e  southeas t  sector .  

In both sec to r s  t h e  flow direction is  clearly indicated on 
most outcrops by crescent ic  tension cracks ,  c r e scen t i c  
percussion cracks ,  and miniature crag-and-tail and o the r  
glacial  shadow phenomena. 

The bulk of t h e  s t r i ae  recorded a r e  character ized by 
long, deep  grooves ranging from a few mill imetres t o  about 
10 c m  wide and severa l  cen t ime t re s  deep. These a r e  classed 
he re  a s  primary s t r i ae  t h a t  represent  regional flow. 

Secondary S t r i ae  Pa t t e rns  

In a relatively small  number of locali t ies t h e r e  a r e  
glacial  abrasion phenomena t h a t  a r e  visible a s  a l ight polish 
of t h e  surface  and t h a t  a r e  made up of shallow s t r i ae  
generally less than 1 mm in width and depth.  These s t r i ae  
commonly a r e  superimposed on primary s t r iae .  The 
secondary s t r i a e  represent  l a t e  movement  of ice,  probably 
t h e  las t  ice  movement  in t h e  region. 

Within the  a r e a  shown in Figure I ,  secondary s t r i ae ,  
where  superimposed on primary s t r iae ,  have a consis tent  
relationship t o  them: in t h e  nor thwest  sector ,  secondary 
s t r i a e  t rend more  eas ter ly  than primary ones; in the  southeas t  
sector ,  secondary s t r i ae  trend more  westerly than primary 
striae.  
Displacement of Erra t ics  

Previous observations in the  a rea  by the  wri ter  and 
colleagues indicated t h a t  e r r a t i c s  f rom dis tant  sources  a r e  
concentra ted  in t h e  su r face  mater ia ls ,  possibly through 
ablation. Although no regional significance can be  derivea 
f rom t h e  l imited d a t a  col lec ted t o  da te ,  i t  is thought 
worthwhile t o  r epor t  on one  a spec t  of t h e  findings. 

Small  open c i rc les  in Figure 1 identify t h e  locations of 
four se lec ted large e r r a t i c s  (1.5-3.0 m d iame te r )  of a 
distinctive anor thosi te  whose plagioclase i s  purple t o  maroon 
on fresh crys ta l  surfaces  and mauve t o  purple on weathered 
surfaces.  Hand specimens taken f rom field e r r a t i c s  have  
been ,compared with those taken f rom outcrops in the  
Laurentia? Highlands; rocks t h a t  outcrop in t h e  town of 
Sainte-Adele a r e  sufficiently like t h e  four e r r a t i c s  t o  be  a 
probable source. Solid lines have been drawn on Figure I 
from this probable source  t o  the  present locations of t he  
er ra t ics .  Similar rocks, however, a r e  known t o  occur  
e lsewhere  (Emslie, 1975) within t h e  eas ternmost  massif of 
anor thosi te  mapped by Baer  e t  al. (1977). Eastern and 
western  l imiting paths a r e  shown in Figure I for movement of 
e r r a t i c s  f rom this larger possible source  area.  The resul tant  
path  for  t h e  az imuth of t h e  various paths shown, 210°, 
coincides with t h e  one path  f rom Sainte-AdGle t o  t h e  vicinity 
of Cornwall. This direction is similar t o  the  a r i thme t i c  mean 
for  s t r i ae  in the  southeas t  s ec to r  but is a t  angles of 40-75" 
with ear ly  and l a t e  flow directions in t h e  sec to r  where  t h e  
e r r a t i c s  a r e  found. 

Despite this apparent  anomaly between t h e  resul tant  
directions fo r  displacement of e r r a t i c s  (210") and t h a t  of t h e  
most  commonly observed primary s t r i ae  in t h e  sec to r  (170°), 
t h e  'purple' anor thosi te  e r r a t i c s  appear t o  be  abundant in t h e  
nor thwest  s ec to r  but a r e  r a re  or  absent  in t h e  southeast  
sector .  Granitoid rocks (granulites?) of greenish grey t o  
greenish brown colour on fresh surfaces  t h a t  weather  grey t o  
pink a r e  common in t h e  southeas t  sector .  Similar rocks a r e  
found a s  large  e r r a t i c s  (about 3 m diameter)  in a reas  south 
and  e a s t  of Canton and Potsdam,  New York. I t  is assumed 
t h a t  thei r  provenance is f rom t h e  Canadian Shield t e r r ane  
north and nor theas t  of t h e  study area .  

C o m m e n t  

The comment s  made  above di f fer  from t h e  MacClintock 
and S tewar t  (1965) concept  of an  ear ly  ice  flow from the  
nor theas t  (Malone glaciation) followed by a l a t e r  i ce  flow 
from t h e  nor thwest  (For t  Covington glaciation). Although 

severa l  authors  previously have re la ted  glacial  chronologies in 
this region t o  t h a t  concep t  (e.g., Terasmae, 1965; 
Richard, l975), I do  not  fee l  t h a t  my more  r ecen t  
observations,  particularly those of westerly flow in the  
southeas t  sector ,  a r e  in accord. Therefore,  for  t he  present,  
and recognizing t h e  l imited amount  of new d a t a  presented 
here,  t h a t  concept  of ice  movement  is  laid aside. It should be 
emphasized tha t  although the  principal e lements  of 
northeasterly and northwesterly flow a r e  present  in t h e  study 
a rea ,  they do  not appear  t o  be superimposed but  r a the r  t o  
occupy di f ferent  s ec to r s  of t h e  area.  Fur ther ,  t h e  lithologies 
of e r r a t i c s  in the  t w o  sectors  appear  t o  be  significantly 
different.  Superimposed secondary s t r i ae  in both sec to r s  
indicate  t h a t  t he re  were  changes  in flow direction within 
what  would appear  t o  be  two  lobes, r a the r  than indicating a 
sequence of s epa ra t e  glaciations. 

Conclusions 

I .  Pa t t e rns  of ice  flow as  revealed by grouping of 
s t r i a e  in this l imited study a r e a  allow for a working 
hypothesis t h a t  t h e  l a s t  major glaciation comprised two  lobes: 
a south  t o  southeas ter ly  flow in t h e  a r e a  between Ot t awa  and 
St. Lawrence valleys, and a southwest t o  westerly flow in and 
south of St. Lawrence Valley. It is not known whether 
movements  in these  lobes were  contemporaneous. 

2. A sequential  relationship is assumed t o  exis t  
between primary and secondary s t r iae ,  which is based in par t  
on their  order  of superposition. The corresponding change in 
s i ze  f rom major t o  minor s t r i a e  is  in terpre ted a s  representing 
a change f rom regional t o  local, or  residual, ice flow. The 
younger s t r i ae  emphasize the  bilobate configuration of t h e  
ice  by their  consistent swing towards the  a r e a  thought t o  
mark an in ter lobate  position. 

3. Fur ther  study of t h e  distribution of t h e  distinctive 
anor thosi te  may help t o  understand the  l a t e  glacial 
distribution of ice  and i t s  lobations. For example,  i t  sh2uld 
be  possible t o  verify or  disprove t h e  s t a t e m e n t  t h a t  t hese  
e r r a t i c s  a r e  l imited t o  t h e  northwest s ec to r  of t h e  study area .  
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EXISTENCE OF A C E N T R A L  MEW BRUNSWICK I C E  C A P  
BASED O N  EVIDENCE OF NORTHWESTWARD-MOVING 
I C E  IN T H E  EDMUNDSTON AREA, 
NEW BRUNSWICK 

P r o j e c t  760008 

C l a u d e  ~ a u t h i e r  ' 
T e r r a i n  S c i e n c e s  Division 

In t roduc t ion  

T h e  i n t e r p r e t a t i o n  of t h e  origin of  g l a c i a l  L a k e  
Madawaska  p r e s e n t e d  by C h a l m e r s  (1885) h a s  r e m a i n e d  
uncha l lenged  unt i l  now. S e v e r a l  s t r i a t e d  o u t c r o p s  ind ica t ing  
a n o r t h w e s t w a r d  g lac ia l  f low in t h e  region of Edmunds ton  
h a v e  lead t o  a reva lua t ion  of th i s  i r r te rpre ta t ion .  B e c a u s e  of 
t h e  reg iona l  s ign i f icance  of t h i s  d i scovery ,  a brief  d e s c r i p t i o n  
and  a pre l iminary  i n t e r p r e t a t i o n  of t h e  impl ica t ions  of t h i s  
new find a r e  p r e s e n t e d  here .  

C h a l m e r s  (1885. D. 41-42 GG)  descr ibed  "chains of 
lakes" f o r m e d  in ~ a ' i n i  J o h n  Valley behind d r i f t  d a m s  
( t h e  m o s t  p r o m i n e n t  o n e  is a f r o n t a l  m o r a i n e  a t  Grand  Falls). 
Breaching  o f  t h e  d r i f t  in t h e  va l ley  g r a d u a l l y  lowered  t h e  
l a k e  leve ls  and  re -es tab l i shed  t h e  n o r m a l  dra inage .  
K i e w i e t  d e  J o n g e  (1951) t r a c e d  t h e  e x t e n t  of t h i s  l a k e  u p  t o  
L a c  T k m i s c o u a t a  (Fig. I )  and  g a v e  i t  t h e  name:  "Glacial  
L a k e  Madawaska"; h e  recognized  only o n e  s ing le  p h a s e  
r e l a t e d  t o  t h e  e x i s t e n c e  of t h e  lake.  L e e  (1935, 1955) 
c o n f i r m e d  t h i s  i n t e r p r e t a t i o n  a n d  t r a c e d  t h e  e x t e n t  of t h e  
s h o r e l i n e  d e p o s i t s  in t h e  region of  Edmundston.  M a r t i n e a u  
(1979) observed  r h y t h m i t e  d e p o s i t s  in t h e  L a c  T k m i s c o u a t a  
a r e a ;  h e  a l so  r e p o r t e d  t h e  e x i s t e n c e  of  t w o  o p p o s i t e  g l a c i a l  
f lows  in t h e  a r e a :  a n  e a r l y  f low t o w a r d s  t h e  s o u t h e a s t  
( L a u r e n t i d e  ice)  fol lowed by a f low wi th  reversed  d i r e c t i o n  
(Appalachian  ice). Mar t ineau  did n o t  p r e s e n t  t h e  p o t e n t i a l  
reg iona l  i m p l i c a t i o n s  of his  finding. 

G l a c i a l  F l o w  in t h e  Edmunds ton  A r e a  

During a o n e  d a y  f ie ld  excurs ion  in t h e  a r e a  a round 
Edmunds ton  w i t h  J. Thibaul t ,  s e v e r a l  s t r i a t i o n  s i t e s  w e r e  
observed .  Convinc ing  e v i d e n c e  of s t r i a t e d  and polished 
o u t c r o p s  w a s  c o l l e c t e d  t o  d e m o n s t r a t e  t h a t  g l a c i a l  f low w a s  
a c t i v e  t o w a r d s  t h e  w e s t  a n d  t h e  n o r t h w e s t ,  cont ro l led  by t h e  
o r i e n t a t i o n  S a i n t  J o h n  Valley a n d  s o m e  t r i b u t a r i e s  t o  i t .  
S i t e s  w e r e  observed  a long  Madawaska  and  Iroquois va l leys  
(six s i t e s  w i t h  n o r t h w e s t  f low) as wel l  as a long  S a i n t  J o h n  
R i v e r  n e a r  t h e  c i t y  of  Edmunds ton  ( t h r e e  s i t e s  ind ica ted  a 
w e s t w a r d  flow). No o t h e r  f low d i r e c t i o n  w a s  no ted ,  a n d  
a l l  s t r i a t e d  o u t c r o p s  r e f l e c t e d  a s ing le  i c e  f low d i r e c t i o n  
(wi th  v a r i a t i o n s  of  t h e  o r d e r  of  2 0  d e g r e e s  at most). S e n s e  of  
f l o w  w a s  o b t a i n e d  f r o m  n u m e r o u s  and  d i s t i n c t i v e  c h a r a c t e r s :  
on  a microsca le ,  c rag-and- ta i l  a n d  na i lhead  f e a t u r e s ,  a n d  
plucking of l e e  s i d e s  nf o u t c r o p s ;  o n  a m a c r o s c a l e ,  well  
deve loped  stoss-and-lee re la t ionsh ips  on  outc rops ,  p roducing  
whalebacks  and  r o c h e s  moutonn6es .  Although t h e  n u m b e r ' o f  
s i t e s  observed  is  l imi ted  b e c a u s e  of I )  t h e  un i formi ty  of t h e  
var ious  observa t ions ,  2) t h e  i n t e n s i t y  of t h e  e ros iona l  
f e a t u r e s ,  and  3) t h e  a b s e n c e  of o t h e r  m o v e m e n t s ,  i t  is  
bel ieved t h a t  t h e y  r e p r e s e n t  t h e  las t  g l a c i a l  f low, and  t h a t  
t h i s  f low w a s  channel led  by t h e  major  va l leys  of t h e  a r e a .  
S i n c e  s o m e  of t h e s e . s i t e s  a r e  r e c o r d e d  by L e e  (19551, i t  is  4" 

u n c l e a r  t o  m e  how L e e  could h a v e  sugges ted  a r e v e r s e d  f low 
d i rec t ion .  

' D e p a r t m e n t  of Geology ,  Univers i ty  of  Wes te rn  O n t a r i o ,  
London, O n t a r i o  

Impl ica t ions  of t h e  N e w  O b s e r v a t i o n  

T h e  p r e s e n t  observa t ion  f o r c e s  m e  t o  r e j e c t  t h e  
prev ious  i n t e r p r e t a t i o n  of t h e  m o d e  of d e g l a c i a t i o n  of 
S a i n t J o h n  Valley a n d  of t h e  or ig in  of g l a c i a l  l a k e  
Madawaska .  In o r d e r  t o  g e n e r a t e  a nor thwes tward-moving  
i c e  mass ,  t h e  g l a c i e r  would h a v e  had  t o  b e  c e n t r e d  in t h e  
highlands of  c e n t r a l  New Brunswick (and  Maine?) a n d  would 
h a v e  h a d  t o  f low rad ia l ly  in s e v e r a l  d i rec t ions .  A t  o n e  t i m e ,  
t h e  f r o n t a l  posi t ion of  t h e  i c e  w a s  l o c a t e d  in t h e  Grand  Fa l l s  
a r e a ,  f o r m i n g  so-cal led g l a c i a l  L a k e  ~ t l a d a w a s k a  by i c e  
d a m m i n g  t h e  val ley.  L e e  (1953) d e t e r m i n e d  t h e  a l t i t u d e  of  
t h e  lake- to  b e  1 6 7  m a.s.1. in t h e  Edrnundston a r e a ;  M a r t i n e a u  
(1979) es tab l i shed  i t s  l eve l  a t  195  m in t h e  v ic in i ty  of  
L a c  T6miscouata .  Both  a u t h o r s  based  t h e i r  o b s e r v a t i o n s  o n  
t h e  beaches ,  d e l t a s ,  a n d  t e r r a c e s  observed  a long  valleysides.  
If t h e s e  o b s e r v a t i o n s  cor respond t o  t h e  h ighes t  l eve l  of  t h e  
s a m e  l a k e  phase ,  t h e  g l a c i a l  l a k e  p r e s e n t s  a m i n i m a l  g lac ia l -  
i s o s t a t i c  d e f o r m a t i o n  of 28 m o v e r  a d i s t a n c e  of 50 k m  
( a  g r a d i e n t  of 0.56 m/km,  o r i e n t e d  n o r t h - n o r t h w e s t  - s o u t h -  
s o u t h e a s t )  w i t h  a n  a p p a r e n t  d ip  t o w a r d s  t h e  south-southeas t .  
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Figure 1. A4ap showing the study area; black circles mark 
sites of striated bedrock. 
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The region of Plas ter  Rock (28 km eas t -southeas t  of 
Grand Falls) presents  a s e t  of discontinuous moraines,  with a 
relief  locally g r e a t e r  than 60 m. F rom limited evidence  
ga the red  in t h e  field (one t ransversa l  sec t ion)  glaciofluvial  
s t r a t i f i ca t ion  in t h e  moraines  (beds dipping a t  5-20 deg rees  
towards  t h e  west )  indicates:  l )  i ce  localized t o  t h e  e a s t  s ide  
of t h e  moraines  and 2) a n  aqua t i c  mode of deposition. The 
i ce  c o n t a c t  ridges, in sp i t e  of t he i r  high relief  (g rea t e r  t han  
60  m), have  no regional ex t en t ;  nevertheless,  they s e e m  t o  
r ep re sen t  a position of a n  ice  c a p  cen t r ed  in t h e  
New Brunswick Highlands, succeeding t h e  r e t r e a t  f rom t h e  
Grand Falls  i ce  d a m  of Chalmers.  

The  damming of Saint  John Valley by i c e  in t h e  Grand 
Falls  a r e a  forced glacial  Lake Madawaska t o  drain in to  t h e  
St. Lawrence.  The ou t l e t  corresponds t o  t h e  divide between 
Trois-Pistoles and Ashberish rivers, a t  a n  e levat ion  of 
190-200 m, which precisely corresponds t o  t h e  highest  
strandlines described by Martineau (1979). According t o  th is  
concept ,  g lac ia l  Lake  Madawaska is  a dammed lake  of truly 
g lac ia l  na ture .  As a result ,  t h e  Saint  John could no t  s e r v e  a s  
a n  e f f i c i en t  dra inage  sys tem during t h e  mel t ing  of a local  
l a t e  glacier(s?), a s  assumed in t h e  original  model. 

On a regional basis, i t  is significant t o  point o u t  t h a t  
s t r i a e  in nor thwestern  New Brunswick (National Topographic 
Sys t em m a p  a r e a  21 0, Campbellton) present  a regular and 
uniform t rend towards  t h e  e a s t  (Gauthier,  1979). In c e n t r a l  
New Brunswick (National Topographic System map  a r e a  21 J ,  
Woodstock), a var ie ty  of flow di rec t ions  have  been recorded 
by previous workers. No t rends  o r  chronology can  be  defined 
f rom d a t a  on  hand, which s e e m  t o  r e f l e c t  a f luc tuat ing  flow 
pa t t e rn  during t h e  last  phase of deglaciation.  This cen t r a l  
New Brunswick a r e a  corresponds t o  t h e  region where  Alcock 
(1948) believed t h e  New Brunswick i c e  c a p  t o  have  been 
located.  Such a phenomenon would have  resulted in t h e  
damming of Saint  John Valley during t h e  southward r e t r e a t  
towards  t h e  i ce  cen t r e .  The westward  and nor thwestward  
s t r i a e  s i t e s  r e l a t e  t o  protuberances  of i c e  lobes in to  t r ibutary  
valleys of t h e  Saint  John and in Saint  John Valley. K a m e  
t e r r a c e s  (Thibault ,  1979) on valleysides in t hese  a r eas  a lso  
would r e l a t e  t o  this sys tem.  

Unexplained Problems 

Although t h e  glacial  flow in Saint  John Valley in t h e  
Edmundston a r e a  convincingly r e f l ec t s  a westward  d i rec t ion ,  
many a spec t s  of t h e  g lac ia l  geology remain  t o  be  studied 
be fo re  a cohe ren t  p ic ture  of t h e  deglaciation can  b e  
presented.  The new working hypothesis has far  reaching 
implications over  a la rge  a r e a  and represents  an  e n t i r e  
revision of t h e  previous ideas. Many a spec t s  of t h e  new 
problems need t o  be  studied,  t h e  most  significant of which 
a re :  

1. t h e  presence  of la rge  outwash plains extending f rom t h e  
Grand Falls  "drift dam", upon which t h e  original  def in t ion  
of g lac ia l  Lake  Madawaska was  based; 

2. t h e  in ter re la t ion  between t h e  Appalachian ice  (northward 
flow) in t h e  Quebec  Appalachian Mountains and a )  t h e  
ea s t e rn  flow of nor thwestern  New Brunswick, b) t h e  local  
ice  c a p  of c e n t r a l  New Brunswick, and c )  i ce  r e t r e a t  in 
Maine; and 

3. glacial  Lake  Madawaska would have  covered an  extens ive  
a r e a  in Maine if t h e  region had been deglac ia ted  a t  
t h a t  t ime. La rge  lake  basins in no r theas t e rn .  Maine 
(Eagle, Square,  and Long lakes) and Aroostook Valley a l l  
may have lain within t h e  basin of g lac ia l  Lake  
Madawaska. 
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GENERAL GEOLOGY OF THE EYE-DASHWA LAKES 
PLUTON, ATIKOKAN, NORTHWESTERN ONTARIO 

P.A. ~ r o w n ' ,  C. ~ a m i n e n i ' ,  D. S t o n e 1 ,  a n d  R.H. T h i v i e r g e l  
T e r r a i n  S c i e n c e s  Division 

In t roduc t ion  

During t h e  s u m m e r  of 1979  t h e  geologica l  r e s e a r c h  
p r o g r a m  f o r  r a d i o a c t i v e  w a s t e  disposal ,  be ing  c o n d u c t e d  by 
Geologica l  Survey  of C a n a d a  in co-opera t ion  w i t h . A t o m i c  
Energy  of  C a n a d a  Limi ted ,  b e g a n  work  o n  t h e  Eye-Dashwa 
l a k e s  p lu ton  at At ikokan ,  n o r t h w e s t e r n  Ontar io .  .This  work  
involved I )  geo logica l  mapping,  2) d e t a i l e d  mapping  of  f a u l t s  
a n d  f r a c t u r e s ,  a n d  3)  ou t l in ing  t h e  minera logy  a n d  d is t r ibu t ion  
of  f r a c t u r e  f i l l ing m a t e r i a l .  This  r e p o r t  d e a l s  p r imar i ly  w i t h  
t h e  b r o a d  geologica l  syn thes i s  r a t h e r  t h a n  t h e  d e t a i l e d  
a n a l y s e s  of f r a c t u r e s  a n d  f r a c t u r e  f i l l ing m a t e r i a l s .  

T h e  Eye-Dashwa l a k e s  p lu ton  (Fig.  l ) ,  l o c a t e d  1 5  k m  
nor th-nor thwes t  of At ikokan ,  n o r t h w e s t e r n  Ontar io ,  i s  a n  
egg-shaped m e d i u m -  to coarse-gra ined  hornblende-b io t i te  
g r a n i t e  which  i n t r u d e s  a t o n a l i t i c  to a m p h i b o l i t i c  gne iss  
c o m p l e x  - t h e  D a s h w a  Gneiss. T h e  gne iss  s h o w s  a c o m p l e x  
a n d  p r o t r a c t e d  t e c t o n i c  a n d  m e t a m o r p h i c  h i s tory  ( including 
fau l t ing ,  shear ing ,  a n d  f r a c t u r i n g )  which  p r e d a t e s  t h e  
in t rus ion  of  t h e  g r a n i t e .  

T h e  in t rus ion  of t h e  g r a n i t e  a p p e a r s  t o  h a v e  o c c u r r e d  in 
t h r e e  d i s t i n c t  phases.  An e a r l y  medium-  t o  coarse-gra ined  
syenodior i t i c  phase  ( local ly showing  igneous layering) o c c u r s  
b o t h  a s  a s e p a r a t e  tadpole-shaped  in t rus ion  at Volcano Bay 
and  as a b o r d e r  p h a s e  t o  t h e  main  g r a n i t e .  T h e  s e c o n d  phase,  
a f ine-  to medium-gra ined  leucograni te ,  i s  r e s t r i c t e d  t o  t h e  
s o u t h e r n  a n d  e a s t e r n  m a r g i n s  of t h e  main  g r a n i t e  body. T h e  
th i rd ,  a n d  l a s t  m a j o r  phase ,  c o m p r i s e s  t h e  bulk of t h e  Eye- 
Dashwa l a k e s  p lu ton  a n d  is  a medium-to  coarse-gra ined  
b io t i t e -hornblende  g r a n i t e .  T h r e e  ' in t rus ive  c e n t r e s '  a r e  
r e c o g n i z e d ,  t h e  e a r l y  s y e n o d i o r i t i c  phase  at Volcano Bay, t h e  
Dashwa L a k e  ' c e n t r e '  w i t h  a l a r g e  roof pendant ,  a n d  t h e  
F o r s b e r g  Lake-Eye  L a k e  mass.  

Subsequent  t o  t h e  main  i n t r u s i v e  e v e n t  t h e  reg ion  w a s  
s u b j e c t e d  t o  f u r t h e r  f a u l t i n g  a n d  f r a c t u r i n g ,  fo l lowed by t h e  
in t rus ion  of d i a b a s e  dykes. T h e s e  e v e n t s  a f f e c t e d  bo:h t h e  
g r a n i t e  a n d  t h e  g n e i s s  a n d  in p a r t  w e r e  a c c o m p a n i e d  by 
remobi l iza t ion  of t h e  e a r l y  d i scont inu i t ies  wi th in  t h e  gneiss. 
T h e  f a u l t s  a n d  f r a c t u r e s  c o n t a i n  a v a r i e t y  of f i l l ing m a t e r i a l  
including amphibol i te ,  q u a r t z ,  g ranodior i te ,  p e g m a t i t e ,  a p l i t e ,  
muscovi te ,  l a m p r o p h y r e  dykes ,  ep idote ,  h e m a t i t e - g o e t h i t e ,  
f luor i te ,  c h l o r i t e ,  d i a b a s e  dykes,  c a l c i t e ,  gypsum,  and  c l a y  
minera l s .  

A c k n o w l e d g m e n t s  

Valuable mapping  c o n t r i b u t i o n s  by g e o l o g i s t s  
Glen  McCrank ,  J o h n  Misiura (Dashwa L a k e  a r e a ) ,  a n d  N a t e  
R e y  a n d  J o h n  P s u t k a  a r e  g r a t e f u l l y  acknowledged .  

D a s h w a  G n e i s s  C o m p l e x  

T h e  gne iss  surrounding,  and  included a s  xenol l ths  within,  
t h e  Eye-Dashwa lakes  pluton f o r m  a h e t e r o g e n e o u s  g r o u p  of  
predominant ly  s o d i c  t o  loca l ly  a m p h i b o l i t i r  g n e i s s  
(Schwerdtner ,  1977; Fenwick ,  1976) which  display a c o m p l e x  
a n d  p r o t r a c t e d  t e c t o n i c  a n d  m e t a m o r p h i c  history.  T h e  s o d i c  
r o c k s  a r e  g e n e r a l l y  t o n a l i t i c  to q u a r t z  d i o r i t i c  a n d  a r e  e i t h e r  
wel l  banded  o r  s t r o n g l y  fo l ia ted .  P e g m a t i t i c  s e g r e g a t i o n s  of 
g r a n i t i c  m a t e r i a l  a r e  local ly abundant .  T h e  a m p h i b o l i t e s  a r e  
m e d i u m  gra ined  equigranular  rocks  wi th  a well  deve loped  
c o m p o s i t e  f a b r i c  a n d  o c c u r  a s  i so la ted  bands,  lenses,  a n d  
xenol i ths  within t h e  t o n a l i t i c  gneiss. 

' A t o m i c  Energy of C a n a d a  Limi ted ,  
601 Booth S t r e e t ,  O t t a w a ,  O n t a r i o  

T e x t u r e s  v a r y  f r o m  e q u i g r a n u l a r  to s u b p o r p h y r i t i c  w i t h  
t h e  loca l  d e v e l o p m e n t  of  a u g e n  gneiss .  C a t a c l a s t i c  a n d  
b las tomyloni t ic  t e x t u r e s  local ly o v e r p r i n t  t h e  gne iss  t e x t u r e s .  

T h e  g e n e r a l  t r e n d  of t h e  gne iss ic  banding v a r i e s  a round 
t h e  Eye-Dashwa lakes  g r a n i t e  a n d  is  subpara l le l  t o  t h e  
c o n t a c t  (Fig. l). P r e s e n t  d a t a  i n d i c a t e  t h a t  t h e  g n e i s s  to t h e  
w e s t  d ips  under  t h e  p lu ton  a n d , t h a t  to t h e  n o r t h  a n d  east d ips  
a w a y  f r o m  t h e  pluton. Insuf f ic ien t  d a t a  a r e  a v a i l a b l e  to 
d e t e r m i n e  t h e  g e n e r a l  d i p  of  t h e  g n e i s s i c  banding  to t h e  s o u t h  
of  t h e  body. 

Eye-Dashwa Lakes P l u t o n  

T h e  Eye-Dashwa l a k e s  p lu ton  i n t r u d e s  t h e  Dashwa 
Gneiss  C o m p l e x  (Schwerdtner ,  1977; S impson ,  1977). It c a n  
b e  s e p a r a t e d  i n t o  t h r e e  d i s t i n c t  compos i t iona l  phases,  a n  
e a r l y  c o a r s e  gra ined  syenodior i t i c  phase ,  a f ine-  t o  medium-  
g r a i n e d  leucograni te ,  and  a l a t e  medium-  to coarse-gra ined  
subporphyr i t i c  g ran i te .  This  l a t t e r  p h a s e  c o n s t i t u t e s  t h e  main  
m a s s  of  t h e  pluton. 

T h e  s y e n o d i o r i t i c  p h a s e  i s  a c o a r s e  g r a i n e d  f o l i a t e d  t o  
loca l ly  banded  r o c k  which  o c c u r s  b o t h  a s  a b o r d e r  p h a s e  t o  
t h e  main  Eye-Dashwa lakes  g r a n i t e  a n d  a s  a n  i so la ted  s t o c k  
underlying Volcano Bay, which i s  s e p a r a t e d  f r o m  t h e  main  
body by a th in  s l iver  of gne iss  (Fig. l).  In compos i t ion  i t  
r a n g e s  f r o m  a q u a r t z - f r e e  t o  q u a r t z - r i c h  hornblende  
m o n z o n i t e i c  rock  t h r o u g h  t o  a m o r e  s o d i c  hornblende  d i o r i t i c  
phase.  Textura l ly  t h e  rock  v a r i e s  f r o m  a n  equigranular ,  
medium-  to coarse-gra ined  rock  syenodior i t i c  p h a s e  w i t h  a 
m o d e r a t e l y  s t r o n g  f low f a b r i c  t o  a c o a r s e  gra ined ,  massivz,  
subpot-phyri t ic  rock  ( m o n z o n i t i c  phase). T h e  l a t t e r  is  
g r a d a t i o n a l  t o  t h e  l a t e r  c o a r s e  gra ined  g r a n i t i c  phase. 
Loca l ly  a fe l s ic -maf ic  igneous layer ihg  is  well  deve loped .  
T h e  m a f i c  l a y e r s  a r e  def ined  by a n  i n c r e a s e  in hornblende  
c o n t e n t .  Both  m a f i c  and  f e l s i c  bands  a r e  wavy,  d i scont inuous  
a n d  pinch o u t  a long  s t r i k e .  T h e  layer ing  is  c o n f o r m a b l e  w i t h  
t h e  sur rounding  g n e i j s i c  banding a n d  c o n s i s t e n t l y  d ips  at a 
s t e e p  a n g l e  to t h e  southwes t ,  i.e., t h i s  s e q u e n c e  s t r u c t u r a l l y  
under l ies  t h e  main  Eye-Dashwa l a k e s  g r a n i t e .  

S m a l l  subrounded  hornblendi te  c l o t s  (1-3 c m )  a n d  s m a l l  
a n g u l a r  f o l i a t e d  t o  f ine ly  b a n d e d  a m p h i b o l i t e  xenol i ths  
(1-5 c m )  a r e  c o m m o n  t h r o u g h o u t  t h e  mass.  Locally,  in t h e  
C l o v e r  Bay a r e a ,  l a r g e r  xenol i th ic  blocks of a m o t t l y  t e x t u r e d  
medium-  t o  coarse-gra ined  hornblende  g a b b r o  a r e  found 
wl th in  t h e  syenodior i t i c  phase.  T h e  hornblendi te  c l o t s  and  
hornblende  g a b b r o  m a y  r e p r e s e n t  r e l i c t s  of t h e  e a r l i e s t  p h a s e  
of t h e  intrusion.  T h e  banded  xenol i ths  probably  r e p r e s e n t  
m a f i c  r e m n a n t s  d e r i v e d  f r o m  t h e  g n e i s s  o r  possibly the,  
m e t a v o l c a n i c  rocks.  T h e  s y e n o d i o r i t i c  p h a s e  i s  local ly 
c r o s s c u t  by, a n d  c o n t a i n e d  a s  xenol i ths  wi th in ,  t h e  
leucograni te .  

T h e  l e u c o g r a n i t e  is  a mass ive  t o  gneissic,  pink t o  w h i t e ,  
m e d i u m -  t o  f ine-gra lned ,  e q u i g r a n u l a r  homogeneous  
l e u c o c r a t i c  g r a n i t i c  t o  g r a n o d i o r i t i c  rock.  It i s  l a rge ly  
r e s t r i c t e d  in o c c u r r e n c e  t o  t h e  s o u t h e r n  and  e a s t e r n  m a r g i n s  
of t h e  m a i n ~ E y e - D a s h w a  lakes  p lu ton  w h e r e  i t  i s  p r e s e n t  a s  a 
b o r d e r  z o n e ,  local ly u p  t o  1.5 k m  in width.  E lsewhere ,  wi th in  
t h e  main  body, i t  is locally deve loped  a s  n a r r o w  d iscont inuous  
z o n e s  a d j a c e n t  t o  gne iss ic  e n c l a v e s  a n d  xenoli ths.  

T h e  m a i n  m a s s  of t h e  Eye-Dashwa l a k e s  pluton is  
c o m p o s e d  of a pink, m a s s i v e  t o  f o l i a t e d ,  c o a r s e  g r a i n e d  t o  
subporphyr i t i c  g r a n i t e .  F o r  t h e  m o s t  p a r t  i t  IS a r e m a r k a b l y  
homogeneous  rock ,  w i t h  t h e  q u a r t z  a n d  f e l d s p a r  r a t i o s  
varying l i t t l e  th roughout  t h e  body. Close  t o  t h e  c o n t a c t  w i t h  
t h e  gne iss  t h e  q u a r t z  c o n t e n t  m a y  d e c r e a s e  w i t h  a n  i n c r e a s e  
in t h e  p lag ior lase  a n d  hornblende  c o n t e n t s .  Hornblende  i s  t h e  
m a j o r  m a f i c  minera l  a l t h o u g h  b i o t i t e ,  which  a l s o  o c c u r s  
t h r o u g h o u t  t h e  body,  i s  local ly dominant .  

From: Sc ien t i f ic  a n d  T e c h n i c a l  N o t e s  
in C u r r e n t  R e s e a r c h ,  P a r t  A;  
c e o l .  Surv .  Can . ,  P a p e r  80-1A. 



General geology of the 
Eye-  Dashwa Lakes Pluton, 
Northwestern Ontario. 

Gneissosity ( inclined, vertical 1. 

Geological contact. 

151 Massive coarse- grained granite. 

leucogranite to granodiorite. 

131 Foliated diorite to syenite ( local gabbro 1. 

Finlayson Lake greenstone belt m ( contact after Fenwick. 1976 l .  

0 Undifferentiated sodic gneisses . 



The primary foliation in  the rock is deflned by aligned 
feldspars and orientated mafic minerals. Close to the 
margin, and to gneiss enclaves, the foliation becomes well 
developed and is generally conformable t o  the gneissic 
banding. A t  Sunshine, Eye, and northeast Dashwa lakes the 
granite crosscuts the gneissic banding. The contact is 
generally marked by a xenolith-rich zone which may be up to  
100 m wide. 

Structurally the Eye-Dashwa lakes pluton can be 
separated into three 'intrusive centres' (Fig. I). The early 
syenodioritic phase occurs as a separate tadpole-shaped body 
underlying Volcano Bay to  the northwest of the main granite 
body. The fabric and igneous banding in this body are largely 
conformable wi th the surrounding gveissic banding a show a 
moderate to steep dip to the southeast, i.e., under the Eye- 
Dashwa lakes granite. This body is separated by a sliver of 
gneiss from a second 'intrusive centre' at Dashwa Lake. In 
this latter region the flow fabric in the granite wraps around 
a large central gneiss xenolith, 6-7 km in diameter, which i j  
probably a roof pendant. Elongate slivers of gneiss conform 
to  the flow fabric in the granite and help outline the circular 
pattern. 

The main mass of the granite, to the southeast, is 
separated from the second 'intrusive centre' by a marginal 
xenolith-rich zone and a zone of cataclasis which runs 
parallel t o  the eastern shore of Dashwa Lake. (This 
demarcation line is coincident wi th an aerial photograph 
lineament which is of the order of 100 km long). The flow 
pattern in  the southeastern area is much more irregular than 
in  the other two areas. A crude arcuate domal structure, 
however, can be outlined (Fig. 1). 

These structural centres conform, in part, to  the 
compositonal variation within the granite. The centre 
underlying Volcano Bay is composed of the early syenodioritic 
rock and probably represents an early phase of intrusion of 
the pluton. Minor injection of this phase is represented by 
the border zone in the southeastern part of the body. 

The leucogranite is present only in the southern and 
eastern part of the body. This i s  a minor phase which locally 
separates the early syenodioritic phase from the later granite 
intrusion. 

It is suggested that the main southeastern mass of 
granite was emplaced immediately after the leucogranite and 
that this was followed by, or synchronous with, the 
emplacement of the Dashwa 'centre'. The large xenolith, 
which may represent a roof pendant, and the numerous gneiss 
xenoliths suggest that this is an upper, late phase of the 
intrusion. 

Faults and Fractures 

The fault and fracture patterns developed i n  the Eye- 
Dashwa lakes granite and surrounding gneiss were examined 
a t  various scales by 

a. aerial photograph analyses, 

b. regional groundwork covering both the granite and the 
gneisses, 

c. detailed groundwork covering an area of approximately 
2 km2, and 

d. detailed grid scale work covering a cleared area 200 by 
50 m. 

Preliminary observations and results from the aerial 
photograph and regional work are presented here. Results 
from the analyses of the regional, detailed, and grid scale 
work are incomplete to  date. 

Aerial photograph lineament analyses of the Eye- 
Dashwa lakes granite and surrounding gneiss indicate that the 
gneiss contains a higher density of lineaments than the 
granite and also that the lineaments in the gneiss are more 
regularly orientated than those in the granite (Fig. 2). Only 
one major lineament was defined in the area. This feature 
trends northeast and defines the eastern shore of Dashwa 
Lake. It can be traced t o  the northeast and southwest for 
about 100 km. Ground followup has shown that this feature 
has relatively l i t t l e  surface expression. Neither the granite 
nor the gneiss shows evidence of intense faulting, and the 
granite-gneiss contact is not displaced. The separation of the 
main granite body into two domal structures, however, is 
coincident wi th the lineament. 

H length weighted histogram of the lineaments in  the 
granite and surrounding gneiss (Fig. 3A) indicates that the 
dominant trends are 035" and 115-120" wi th well develooed 
but subordinate peaks at 000°, 020°, 050°, 060°, 090°, and 
minor peaks at 135O, 150°, 160" and 170". 

The regional groundwork covered both the granite and 
the surrounding gneiss, and fracture data have been collected 
from some 1300 localities throughout the area. In addition 
four small 'control areas' (some tens of kilometres outside the 
study area) were examined in order to evaluate the regional 
fracture setting. At  each outcrop the fractures present were 
separated into fracture sets according to their attitude and 
character, and, for each set, the orientation, frequency, 
length, continuity, width, and type of f i l l ing material andlor 
alteration was recorded in  coded computer compatible for m. 
These data are presently being processed. 

Preliminary evaluation of the f ield observations 
indicates that within the granite two t o  four fracture sets are 
generally developed a t  any one outcrop. The fractures tend 
to be straight and regular, long, relatively evenly spaced, and 
outline a somewhat regular intersecting fract.ure network. 
Close to  major faults the fractures show a decrease in  
spacing and additional fracture sets can be identified. This 
increase in fracturing is generally accompanied by 
pronounced fracture f ~ l l i n g  and f rac tu re -wa l l  rock 
alteration. 

Within the gneiss the fracture systems show a wide 
range of development. As in the granite several fracture sets 
are generally developed a t  any one outcrop; however, the 
fractures are somewhat irregular, short, unevenly spaced, and 
outline a. less regular pattern than in the granite. Close to 
the faults the fracture patterns become chaotic with 
numerous fracture sets being developed. A t  the other 
extreme, local outcrops well  away from any faults contain 
few fractures, and those that are present are short, irregular, 
and discontinuous and do not form an intersecting fracture 
netwo-k. 

Preliminary compilations of the fracture data are 
presented as frequency-weighted histograms (Fig. 3). These 
indicate that the dominant fracture directions over the entire 
area, including both granite and gneiss (Fig. 3B), trend 00O0, 
090°, and 105" wi th subordinate peaks a t  020°, 040°, 140°, 
150°, 160°, and 170". The general trends correspond well 
wi th the lineament trends (Fig. 3A). 

Within the granite (Fig. 3C) the dominant fracture 
trends are at 000°, 090°, 105", and 160" wi th subordinate 
peaks at 015" and 115", and minor peaks at O45O, 075O, 140°, 
and 170". Detailed analyses wi l l  show whether these peaks 
represent discrete fracture sets or whether there is a 
reorientation of fracture sets throughout the body. 
Evaluation of the fracture sets with reference to  the type and 
nature of the f i l l ing material w i l l  allow a sequential history 
of fracture development to be evaluated. 



Aerial photograph 
lineament analysis of 
the Eye - Dashwa Lakes 



Within the gneiss (Fig. 3D) the dominant fracture trends 
are a t  000°, 040°, 105" and 150°, with subordinate peaks a t  
020°, 090" and 140". Some fractures formed prior to the 
intrusion of the granite, some formed during the intrusion 
event, and others formed af ter  the pluton had cooled and 

Figure 3. The relationship of lineaments to fracture 
orientations in the granitic rocks and the 
gneisses of the Eye - Dashwa Lakes areai r 
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Fig. 3a. Length-weighted orientation of topographic lineaments. 

l Fig. 3b. Total of frequency - welghted orlentation of 
fracturlng In the granite and the gneisses 

Fig. 3c. Frequency - weighted orlentation of fracturing 
in the granite and related plutonic phases. 

l'=O01 

Fig. 3d. Frequency -weighted orientat~on of fracturlng 
in the gncisscs. 

* 
NOTE All abscissae represent Orientation in degrees 

solidified. The type and nature of the fracture f i l l ing 
material allows the segregation of the fractures into three 
broad groups (discussed below). 

Fracture Fi l l ing Material 

A variety of f i l l ing materials and minerals is present in  
the fractures both within the gneiss and the granite (Famineni 
e t  al., 1980). These materials can be arranged into a relative 
age sequence based on crosscutting relationships. This 
sequence falls naturally into three categories: pre-granite 
emplacement, syn t o  late granite emplacement, and post- 
granite emplacement. 

The pre-emplacement fillings are only present within 
the gneiss and include amphibolite dykes, quartz veins, 
granodiorite dykes, and sulphides. They are recognized as 
being pre-emplacement because they are consistently 
crosscut by syn emplacement pegmatite dykes. Fine to 
medium grained amphibolite dykes which have been affected 
by late shearing are the earliest recognized f i l l ing material. 
Quartz veins crosscut the dykes and are not affected by the 
shearing. These, in turn, are crosscut by a network of fine 
grained magnetite-bearing granodioritic dykes. The sulphides 
(pyrrhotite and pyrite) are only locally developed, and a t  
present i t  is uncertain how they f i t  into the sequence; they 
are crosscut by the pegmatite dykes and are thus part of the 
pre-emplacement fillings. 

The syn to late emplacement fillings are present in both 
the granite and gneiss and include two ages of pegmatite 
dyltes, muscovite, and lamprophyre dykes. The separation of 
late and post-emplacement fillings i s  somewhat arbitrary. 
For convenience, epidote, which 'is definitely post- 
emplacement, is taken as a readily recognizable time-event 
horizon. The syn to late emplacement fillings are a l l  crosscut 
by the epidote-filled fractures. The early formed pegmatites 
are coarse grained muscovite-bearing dykes which crosscut 
the granite and extend a t  least 1 km into the s~rrounding 
gneiss. They are crosscut by later formed, finer grained, 
more mafic pegmatites, which in  turn are crosscut (locally) 
by muscovite-filled fractures. Lamprophyre dykes, 
characterized by phenocrysts of hornblende, crosscut the 
muscovite- and pegmatite-filled fractures. 

The post-emplacement fracture fil l ings can be 
separated into a relatively high temperature sequence: 
epidote, quartz, fluorite, chlorite, zeolite, and hematite- 
geothite, and a relatively low temperature sequence: 
carbonate, gypsum, and clay. The intrusion of east-west 
trending diabase dykes acts as a mdrker horizon between the 
two sequences. The distribution of the high temperature 
sequence indicates that minerals are fault-related with the 
mineral-bearing fluids being injected a t  various stages in the 
faulting process. Detailed work on this sequence is in  
progress and is providing considerable information on the 
history and development 01 the fault-related fracture 
systems. 

The dlabase dyke; are not spatially related to known 
fault systems wlthin the area and i t  is suggested that these 
dykes represent a post-faulting tensional event. Similar 
dykes have been recognized in the Kashbowie area (40-50 km 
to  the east) indicating that this may be a regional event 
(W.M. Schwerdtner, personal communication, 1979). 

The minerals in thc low temperature sequence occur in 
vugs and as coatings on pre-exlsting fracture f i l l ing minerals. 
The type of occurrence dnd the low temperature of 
crystallization suggest that these minerals may have 
precipitated from the groundwater system and, as such, clre 
indicators of relatively recent flow paths. 



Summary Refe rences  

The  Eye-Dashwa lakes g ran i t e  is  a composi te  g ran i t e  
pluton intruded in to  a sequence  of t ona l i t i c  t o  arnphiboli t ic 
gneisses. The  gneiss shows a complex and p ro t r ac t ed  
tec tonic-metamorphic  history (including fault ing and 
f rac tur ing)  prior t o  t h e  injection of t h e  granite.  Three  
' intrusive cent res ' ,  which partial ly conform t o  t h e  
cornpositional changes,  i.e. t h e  syenodiorit ic phase, t h e  
leucograni te  and  t h e  grani te ,  c a n  be  recognized. Syn t o  post- 
intrusive t ec ton ic  e v e n t s  include t h e  development  of 
f r ac tu re s  which a r e  subsequently fi l led by pegmat i t e  dykes, 
muscovite,  and lamprophyre dykes. 

Pos t -emplacement  tec tonism involves ex t ens ive  
faul t ing  and f r ac tu r ing  accompanied by t h e  injection of f luids 
along t h e  f au l t  and  f r a c t u r e  planes. The  fluids show a t ime-  
t empera tu re  sequence  f rom ear ly  formed,  re la t ive ly  high 
t empera tu re  epidote  t o  low t empera tu re  hemat i te-geothi te .  
These  f r ac tu re s  and the i r  filling mater ia ls  a r e  crosscut  by 
eas t -west  t rending diabase  dykes which may r ep re sen t  a 
regional(?) tensional event .  The f ina l  even t s  involve t h e  
rernobilization of t h e  exist ing f r a c t u r e  sys t em and t h e  
deposit ion of low t e m p e r a t u r e  minerals (ca lc i te ,  gypsum, 
clays) on t h e  pre-existing f r a c t u r e  filling minerals. This is 
probably r e l a t ed  t o  t h e  present  groundwater  flow sys tem.  
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MINERAL ASSEMBLAGE POLARITY IN MAGMATIC 
SULPHIDE BLEBS IN A KOMATIITIC NICKEL DEPOSIT 

P r o j e c t  630037 

O.R. E c k s t r a n d  
Economic  Geology Division 

Introduction 

A r a t h e r  r e m a r k a b l e  minera l  a s s e m b l a g e  pola r i ty  ( M A P )  
in smal l  n icke l i fe rous  sulphlde blebs h a s  b e e n  e n c o u n t e r e d  in 
a s a m p l e  f r o m  t h e  k o m a t i ~ t e - h o s t e d  Dundonald depos i t ,  a b o u t  
50 k m  n o r t h e a s t  of T immins .  T h e  purpose  of th i s  n o t e  1s t o  
d e s c r i b e  t h e  f e a t u r e  which is  bas ica l ly  a s e g r e g a t i o n  wl th in  
individual blebs i n t o  a p y r r h o t i t e  z o n e  and a p e n t l a n d i t e  zone .  
T h e  p y r r h o t i t e  z o n e s  cons is ten t ly  occupy t h e  s a m e  s ide  of 
e v e r y  bleb, s o  t h a t  t h e  s a m p l e  displays a polari ty ana logous  t o  
t h a t  of a  m a g n e t  and i t s  c o n s t i t u e n t  dipoles.  S o m e  
pre l iminary  s p e c u l a t ~ o n s  on i n t e r p r e t a t i o n  and s ign l f lcance  of 
t h e  h1 AP a r e  p r e s e n t e d .  

A c k n o w l e d g m e n t s  

I a m  g r a t e f u l  t o  Fa lconbr idge  Nickel  ) l ines  Limi ted  f o r  
permlsslon t o  ob ta in  samples ,  t o  R.D. L a n c a s t e r  and  S. G r e e n  
for  p r e p a r a t i o n  of p h o t o m i c r o g r a p h s  and  t h e  d i a g r a m ,  and  t o  
J.M. Duke for  usefu l  discussion and  suggest ions.  

Figure 1. Photornicrograph illustrating distribution o f  
sulphide blebs and their size and shape, Dundonald nickel 
sulphide deposit. Mineral zones are apparent in the largest W * 
bleb, l e f t  centre; details are shown in Figure 2 .  This and all 
succeeding photomicrographs are from the same plane 
surface and all are oriented in the same direction. 

b 
b. Principal textural features in the bleb of  Figure 2a. 

(1)  = pyrrhotite zone. Note exsolution lamellae o f  
pentlandite in pyrrhotite, Figure 2a. 

(2)  = pentlandite zone 
( 3 )  = fringe of pentlandite grains peripheral t o  

pyrrhotite at bleb margin 
( 4 )  = ipentlandite septum 
po = ,pyrrhotite 
pn = pentlandite 
cp = chalcopyrite 
m g =  magnetite 

a. Photomicrograph o f  a typical sulphide bleb showing mineral 
assemblrlge polarity (MAP) ,  Dundonald nickel deposit Black areas in bleb are pits in the  polished surface. 

From: Scientific and Technical Notes 
in Current Research, Part A; 
c e o l .  Surv. Can., Paper 8 0 - 1 A .  

Figure 2 





G e n e r a l  Descr ip t ion  o f  D e p o s i t  

T h e  Dundonald d e p o s i t  h a s  b e e n  d e s c r i b e d  by C o m b a  
(1972), and  by Muir and  C o m b a  (1979) f r o m  which t h e  
fo l lowing  s u m m a r y  is e x t r a c t e d .  It is a smal l ,  undeve loped  
nickel  su lphide  d e p o s i t  in t h e  Abit ibi  g r e e n s t o n e  be l t ,  and  has  
a n  a v e r a g e  g r a d e  of 1.50 per  c e n t  Ni a n d  0.03 per  c e n t  Cu.  It 
is hos ted  in a n  e a s t - w e s t  s t r ik ing  s teep ly-d ipping  s e q u e n c e  of 
s p i n i f e x - t e x t u r e d  pyroxeni t ic  and per ido t i t i c  k o m a t i i t e  f lows .  
T h e  sulphide m i n e r a l i z a t i o n  o c c u r s  a s  1)  basa l  c o n f o r m a b l e  
z o n e s  in s o m e  of t h e  ~IOLVS,  c o m p r ~ s i n g  i n t e r c u m u l a t e  
d i s s e m i n a t e d  blebs a n d  cont inuous  n e t w o r k s  of sulphides,  
malnly p e n t l a n d i t e ,  and  2)  " in te r f low"  o r e ,  highly m i n e r a l i z e d  
hor izons  b e t w e e n  f lows,  c h a r a c t e r i z e d  by nodules  a n d  
f r a g m e n t s  of g r a p h i t e ,  vo lcan ic  c l a s t s  a n d  a p e n t l a n d i t e -  
p y r r h o t i t e  a s s e m b l a g e .  T h e  l a t t e r  m i n e r a l i z a t i o n  is in s o m e  
c a s e s  i n t e r c a l a t e d  w i t h  t u f f a c e o u s  carbon-r ich  b e d s  t h a t  
local ly c o n t a i n  b a n d s  a n d  nodules  of p y r i t e  r e p l a c e d  t o  
vary ing  d e g r e e s  b y  pyr rhot i te .  

Descr ip t ion  of su lphide  b lebs  

R e p r e s e n t a t i v e  dri l l  c o r e  s a m p l e s  of t h e  Dundonald 
depos i t  w e r e  ob ta ined  f r o m  Falconbr idge  in 1972. R e c e n t  
re -examina t ion  of polished s e c t i o n s  m a d e  f r o m  t h e s e  s a m p l e s  
r e s u l t e d  in recogni t ion  of t h e  M A P  wi th in  t h e  sulphide blebs 
of o n e  spec imen.  This rock  is a c u m u l a t e - t e x t u r e d  per ido t i te ,  
cons is t ing  of I t o  2 m m  e q u a n t  o l iv ine  and  t a b u l a r  
c l inopyroxene  c r y s t a l s ,  a n d  a f i n e r  g r a i n e d  i n t e r c u m u l a t e  
m a t r i x  cons is t ing  main ly  of r a d i a t i n g  bundles  of l a th- l ike  
c l inopyroxene ,  a n d  minor plagioclase.  C h r o m i t e  o c c u r s  a s  
d i spersed  0.1 m m  e q u a n t  c rys ta l s .  A l t e r a t i o n  h a s  c o n v e r t e d  
m u c h  of t h e  o l iv ine  a n d  s o m e  of t h e  c l inopyroxene  t o  
m i x t u r e s  of s e r p e n t i n e ,  m a g n e t i t e ,  t r e m o l i t e  and ch lor i te .  

T h e  su lphide  b lebs  a r e  d i spersed  through t h e  in te r -  
c u m u l a t e  m a t e r i a l  a s  rounded t c  ovo~c! "droplets" (Fig.  l*). 
Bleb o u t l l n e s  t e n d  t o  b e  sharp ly  d e f ~ n e d  aga ins t  surrounding 
s i l i c a t e  i i~ inera l s .  S o m c  b lcbs  h a v e  c o n c a v e  por t ions  t o  t h e i r  
p e r ~ p h e r i e s  (Fig.  3) a n d  a p p a r e n t l y  h a v e  been  molded  a g a i n s t  
c u m u l a t i v e  o l iv ine  o r  c l inopyroxene  c rys ta l s .  O n e  b leb  is 
e n c l o s e d  wi th in  a c l inopyroxene  c r y s t a l .  T h e  b lebs  r a n g e  
f r o m  less t h a n  0.1 m m  t o  s o m e w h a t  n lore  t h a n  I m m  in 
d i a m e t e r .  

T h e  major i ty  of b lebs  show a minera l  a s s e m b l a g e  
pola r i ty  (MAP) c o m p r i s i n g  J. p y r r h o t i t e  z o n e  cons is ten t ly  o n  
t h e  s a m e  s i d e  of e a c h  bleb, a n d  a p e n t l a n d i t e  z o n e  on t h e  
o t h e r  (Fig. 2 t o  9). T h e  t e r m s  "top" a n d  "bot tom" c o m e  t o  
mind  in descr ib ing  t h i s  po la r i ty ,  a l though i t  IS not  known 
w h e t h e r  t h e  f e a t u r e  is r e l a t e d  t o  a v e r t l c a l  d i rec t ion .  In any  
c a s e ,  t r u e  t o p  s n d  b o t t o m  in t h e  s a m p l e  a r e  not  known. F r o m  
one-half  t o  two- th i rds  of t h o s e  b lebs  g r e a t e r  t h a n  a b c u t  
0.3 m m  in s i z e  show c l e a r l y  r e c o g n i z a b l e  MAP, and  probably 
m o r e  t h a n  9 0  per  c e n t  of t h e  b lcbs  g r e a t e r  t h a n  a b o u t  0.5 m m  
in s i z e  show MAP.  L ~ t t l e  if a n y  M A P  h a s  b e e n  recognized  in 
b lebs  less t h a n  0.3 mm. 

T h e  principal  f e a t u r e s  of t h e  sulphide blebs t h a t  show 
M A P  d r e  illus.trated in F i g u r e  2. T h e  p y r r h o t i t e  z o n e  c o n s i s t s  
main ly  of p y r r h c t i t e ,  bu t  also c o n t a i n s  abundant  o e n t l a n d i t e  
in t w o  o r  t h r e e  d i s t i n c t  hab i t s ,  a m o d e r a t e  a m o u n t  of 
m s g n e t i t e ,  a n d  commonly  cha lcopyr  i t e .  T h e  p e n t l a n d i t e  z o n e  
c o n t a i n s  no  p y r r h o t i t e ,  a m o d e r a t e  a m o u n t  of m a g n e t i t e ,  and 
ra re ly  c h a l c o p y r i t e .  In a survey  of 265 b lebs  ( m o s t l y  la rger  
t h a n  0.3 m m ) ,  c h a l c o p y r ~ t e  \vas observed  in 135 (510i), a n d  in 
125  (9296) of t h e s e  c h d l c o p y r i t e  w a s  in t h e  p y r r h o t l t e  z o n e ,  
a n d  in 11 (8?5!, it was  In t h e  p e n t l a n d i t e  zone .  

*All p h o t o m i c r o g r a p h s  a r e  f r o m  t h e  s s m e  polished ~ l c n e  s u r f s c e  
of o n e  s a m p l e ,  a l l  o r i e n t e d  in t h e  s a m e  dirgrt icr l .  

t m s s  7 monosulphide  sol id solut ion,  t h e  high t e m p e r a t u r e  
phase  in t h e  Fe-Ni-S s y s t e m  t h a t  shows  c o m p l e t e  sol id 
so lu t ion  b e t w e e n  F e  S a n d  i\li l 

l -X 

T h e  p y r r h o t i t e  z o n e  c o n s i s t s  main ly  of o n e  o r  m o r e  
p y r r h o t i t e  g r a i n s  w i t h  b o r d e r s  of g r a n u l a r  p e n t l a n d i t e .  In 
F i g u r e  2, t w o  p y r r h o t i t e  g ra ins ,  s e p a r a t e d  by a sep turn  of 
p e n t l a n d i t e ,  h a v e  sl ightly d i f f e r e n t  o r i e n t a t i o n s  i n d i c a t e d  by 
p e n t l a n d i t e  exso lu t ion  l a m e l l a e  para l le l ing  (0001). Similarly,  
t w o  o r  m o r e  p y r r h o t i t e  g r a i n s  a r e  e v i d e n t  in t h e  p y r r h o t i t e  
z o n e s  of F i g u r e s  4 a n d  8. 

T h e  p y r r h o t i t e  g r a i n s  t e n d  t o  b e  f r e e  of p e r ~ t l a n d i t e  
exso lu t ion  l a m e l l a e  a round t h e i r  per ipher ies ,  b u t  at t h e  s a m e  
t l m e  t o  h a v e  a border  of g r a n u l a r  p e n t l a n d i t e ,  e i t h e r  as 
f r ing ing  g r a i n s  a t  t h e  m a r g i n s  of t h e  bleb,  o r  as m o r e  
c o n t i n u o u s  s e p t a ,  s e p a r a t i n g  p y r r h o t i t e  grains.  Both  f r ing ing  
g r a i n s  a n d  s e p t a  of  p e n t l a n d i t e  a r e  c l e a r l y  d i sp layed  in 
F i g u r e s  2, 4, 5, 8, 9 ,  a n d  12. T h e s e  r e l a t i o n s  sugges t  t h a t  t h e  
f r ing ing  g r a i n s  and  s e p t a  of p e n t l a n d i t e ,  l ike t h e  l a m e l l a e ,  a r e  
a l s o  t h e  resu l t  of exso lu t ion  o u t  of p y r r h o t i t e ,  a n d  subsequent  
m i g r a t i o n  t o  t h e  per iphery  of t h e  p y r r h o t i t e  grains.  

T h e  p e n t l a n d i t e  z o n e  cons is t s  of o n e  or a f e w  g r a i n s  of 
p e n t l a n d i t e  a n d  s o m e  borders  a n d  ve ins  of m a g n e t i t e .  A 
minor p a r t  of th i s  p e n t l a n d i t e  might  r e p r e s e n t  exso lu t ion  o u t  
of p y r r h o t i t e .  

b l a g n e t i t e  g e n e r a l l y  c o n s t i t u t e s  1 0  t o  2 0  p e r  c e n t  of 
e a c h  of t h e  sulphide blebs. It o c c u r s  in b o t h  p y r r h o t i t e  a n d  
p e n t l a n d i t e  z o n e s  w i t h  n o  c l e a r  p r e f e r e n c e ,  bu t  d o e s  t e n d  t o  
b e  a s s o c i a t e d  w i t h  f r ing ing  g r a i n s  a n d  s e p t a  of p e n t l a n d i t e  
wi th in  t h e  p y r r h o t i t e  zone .  

\ l a r ia t ions  in t h e  M A P  f e a t u r e  a r e  s e e n  in s o m e  grains.  
T h e  anchor-shaped  b l e b  in F i g u r e  10 may resu l t  f r o m  t w o  
c o a l e s c e d  blebs,  e a c h  w i t h  i t s  d i s t i n c t  p y r r h o t i t e  and  
p e n t l a n d i t e  zones.. In o t h e r s  (Fig.  11, 12, 13) t h e  e x i s t e n c e  of 
a p e n t l a n d i t e  z o n e  is s o m e w h a t  c o n j e c t u r a l  bu t  likely. In 
F ~ g u r e  12,  t h e  r a t h e r  abundant  p e n t l a n d i t e  w i t h  surrounding 
p y r r h o t i t e  g ra ins  in t h e  c e n t r e  of t h e  b leb  could  possibly be  
a c c o u n t e d  for  by exso lu t ion  f r o m  t h e  pyr rhot r te .  

The  b leb  in F i g u r e  I 4  t y p i f i e s  o n e  of t h e  t w o  t y p e s  of 
b lebs  t h a t  d o  no t  show MAP, a n d  c o n s i s t s  of just a p y r r h o t i t e  
z o n e  w i t h  only t h e  f r ing ing  a n d  s e p t a l  v a r i e t i e s  of p e n t l a n d i t e  
(plus m a g n e t i t e ,  cha lcopyr i te ) .  C o n v e r s e l y  t h e  o t h e r  t y p e  of 
b leb  t h a t  d o e s  no t  show M:IP c o n s i s t s  only of p e n t l a n d i t e  w i t h  
m a g n e t i t e ,  i.e. a p e n t l a n d i t e  zone .  Both of t h e s e  c a s e s  c o u l d  
b e  expla ined  a s  s t a t i s t i c a l l y  e x p e r t a b l e  s e c t l o n s  th rough t h e  
e x t r e m i t i e s  of b i ~ b s .  For e x a m p l e ,  p y r r h o t i t e  a l o n e  only 
~ v o u l d  resu l t  f r o m  a s e c t i o n  near  t h e  r igh t  end  of t h e  b leb  in 
F igure  4 ,  and  p e n t l a n d i t e  z o n e  only f r o m  t h e  l e f t  end  of t h e  
b leb  In F igure  8. 

I n t e r p r e t a t i o n  

The  t e x t u r a l  f e a t u r e s  and  M A P  of t h e s e  sulphide b lebs  
s u g g e s t  a t  l e a s t  a t h r e e  s t a g e  genesis:  

1 .  Bleb forn la t ion .  T h e  s h a r p  boundaries,  rounded shape ,  a n d  
i n t e r c u m u l u s  loca t ion  of t h e  b lebs  sugges t  t h a t  a t  a 
m a g m a t i c  s t a g e  t h e  b lebs  a r e  i m m i s c i b l e  sulphide d r o p l e t s  
in p a r t l y  c r y s t a l l i z e d  p e r i d o t i t i c  m a g m a  ( c !  k o m a t l i t i c  
flow). 

2. F o r m a t ~ o n  of  MAP. T h e  f o r m a t i o n  of p y r r h o t i t e  a n d  
p e n t l a n d i t e  z o n e s  displaying a c o n s i s t e n t  polari ty 
i n d i c a t e s  s o m e  Ikind of o r i e n t e d  s e g r e g a t ~ o n  m e c h a n i s m  
wi th in  t h e  drople t s .  This is discussed f u r t h e r  in 
subsequent  comrrlents .  

3. Exsolution.  T h e  m a t e r i a l  of t h e  p y r r h o t i r e  z o n e  
c r y s t a l l i z e d  i n t o  o n e  o r  a f e w  g r a i n s  (presumably  m s s t  
w i t h  a s ign i f ican t  Ni a n d  minor C u  c o n t e n t )  - a n d  
subsequent ly  exso lved  p e n t l a n d i t e  t o  f o r m  lamel la r  in te r -  
g rowths ,  f r ing ing  gra ins ,  a n d  s e p t a  which  s e p a r a t e d  t h e  
p y r r h o t i t e  grains.  T h e  last  pyr rhot  i t e -pent  l a n d i t e  
exso lu t ion  equi l ib ra t ion  probably took  p l a c e  belo\v 300°C.  





T h e  s e g r e g a t i o n  m e c h a n i s m  t h a t  p roduced  MAP is not  
unders tood .  T h e  m o s t  obvious i n t e r p r e t a t i o n  is t h a t  dur ing  
c r y s t a l l i z a t i o n  of t h e  sulphide liquid in t h e  bleb,  t h e  f i r s t  
sol id phase ,  p resumably  a Ni-bearing m s s  phase ,  sank  in t h e  
res idua l  sulphide liquid t o  f o r m  a g r a v i t a t i o n a l  c u m u l a t e .  
However  a t  t h ~ s  po in t ,  a d i l e m m a  is e n c o u n t e r e d .  Accord ing  
t o  e x p e r i m e n t a l l y  observed  phase  r e l a t i o n s  in t h e  Ni-Fe-Cu-S 
s y s t e m  ( C r a i g  and  Kul le rud ,  1969; Kullerud e t  al., 1969), t h e  
rnss t h a t  c r y s t a l l i z e s  f o r m  a S-poor su lphide  liquid should 
h a v e  a F e / N i  r a t i o  higher t h a n  t h a t  of t h e  liquid, a n d  
t h e r e f o r e ,  t h e  pyr rhot  i t e  z o n e  should r e p r e s e n t  t h e  c u m u l a t e  
p h a s e  in t h e  blebs. H o w e v e r ,  t h e  s a m e  e x p e r i m e n t a l  s t u d i e s  
a l s o  sugges t  t h a t  C u  should b e  e n r i c h e d  in t h e  residual  liquid, 
e v e n t u a l l y  c r y s t a l l i z i n g  a s  cha lcopyr i te :  This would s e e m  t o  
sugges t  t h a t  t h e  p y r r h o t i t e  z o n e  wi th  i t s  a t t e n d a n t  
c h a l c o p y r i t e  r e p r e s e n t s  t h e  residual  liquid phase ,  r a t h e r  t h a n  
t h e  c u m u l a t e  phase.  I t  is n o t  obvious  at p r e s e n t  w h e t h e r  a n d  
how th i s  d i l e m m a  c a n  b e  resolved.  

A n o t h e r  possible e x p l a n a t  ion (J.M. Duke, persona l  
c o m m u n i c a t ~ o n )  is t h a t  t h e  blebs h a v e  deve loped  t h e i r  M A P  
by d i f fus ion  under t h e  s t e e p  t h e m a l  g r a d i e n t  which m i g h t  b e  
e x p e c t e d  in a cool ing  lava  flow. A f t e r  c o m p l e t e  c r y s t a l -  
l i za t ion  of t h e  sulphide d r o p l e t  t o  a v i r tua l ly  m o n o m i n e r a l i c  
a s s e m b l a g e  of mss,  n u c l e a t i o n  and  exso lu t ion  of p e n t l a n d i t e  
would begin  at t h e  cool  e n d  of e a c h  b leb  (presumably  t h e  top). 
With c o n t i n u e d  cooling,  t h e  c o n s t i t u e n t s  of p e n t l a n d i t e  
c o n t a i n e d  in mss  a t  t h e  ho t  e n d  of t h e  bleb,  r a t h e r  t h a n  
n u c l e a t i n g  in s i tu ,  would d i f f u s e  t o w a r d ,  a n d  p r e c i p i t a t e  o n  
t h e  previously n u c l e a t e d  p e n t l a n d i t e  a t  t h e  cool  e n d  of t h e  
bleb. T h e  end  r e s u l t  of t h i s  high t e m p e r a t u r e  diffusion- 
exso lu t ion  would b e  blebs cons is t ing  of malnly p e n t l a n d i t e  a t  
t h e  cool  e n d  and  rnss at t h e  ho t  end. By t h i s  model ,  t h e  
c h a l c o p y r i t e  observed  in t h e  p y r r h o t i t e  z o n e  could  b e  
expla ined  a s  a n  exso lu t ion  p r o d u c t  f r o m  rnss which  i s  known 
t o  dissolve s ign i f ican t  a m o u n t s  of C u  ( a b o u t  5% at 7 0 0 ° C  in 
t h e  Cu-Fe-S s y s t e m ,  Yund and Kullerud,  1966). 

O t h e r  p o t e n t i a l  g r a d i e n t s  ( b e s i d e  g r a v i t a t i o n a l  a n d  
thermal ) ,  e.g., m a g n e t i c  or  e l e c t r i c a l ,  s e e m  r a t h e r  unlikely 
m e c h a n i s m s  of reproducing  t h e  observed  MAP. 

F u r t h e r  Work 

A t t e m p t s  should b e  m a d e  t o  iden t i fy  m o r e  such  blebs 
w i t h  h l A P  in dri l l  c o r e  f r o m  t h i s  d e p o s i t  t h a t  c a n  b e  o r i e n t e d  
w i t h  r e s p e c t  t o  recognizable  s t r a t i g r a p h i c  facing.  I t  is hoped  
t h a t  t h i s  will d e m o n s t r a t e  w h e t h e r  i t  is t h e  p y r r h o t i t e  z o n e  or  
t h e  p e n t l a n d i t e  z o n e  t h a t  r e p r e s e n t s  t h e  t o p s  of t h e  blebs. 

On t h e  e x p e r i m e n t a l  s ide ,  a m o r e  d e t a i l e d  knowledge  of 
p h a s e  r e l a t i o n s  should p e r m i t  a f i r m e r  g e n e t i c  i n t e r p r e t a t i o n  
of  t h e  MAP in t h e  sulphide blebs t h a t  is a l s o  c o n s i s t e n t  wi th  
t h e  f i e l d  e v i d e n c e  f o r  s t r a t i g r a p h i c  facing.  
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T h e  gens is  of m a g n e t i t e  in t h e  su lphide  b lebs  is  n o t  
c l e a r .  I t  cou ld  resu l t  f r o m  c r y s t a l l i z a t i o n  of a n  or ig ina l  o x i d e  

,nt a c o m p o n e n t  in t h e  su lphide  liquid, o r  i t  could  repres -  
subsequent  a l t e r a t i o n  of t h e  c r y s t a l l i z e d  sulphide (or s o m e  
combina t ion) .  T h e  re la t ive ly  c o n s t a n t  p ropor t ion  of 
m a g n e t i t e  in t h e  b lebs  m i g h t  a r g u e  weakly  f o r  a n  original  
sulphide-oxide liquid, w h e r e a s  t h e  s i m i l a r  p ropor t ions  of 
m a g n e t i t e  in b o t h  p y r r h o t i t e  a n d  p e n t l a n d i t e  z o n e s  could  
s u p p o r t  a n  a l t e r a t i o n  origin. 
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T h e  s e a r c h  for  s impler  a l g o r i t h m s  t o  c o r r e c t  for  in te r -  
e l e m e n t  e f f e c t s  using i n f l u e n c e  c o e f f i c i e n t s  t h a t  r e t a i n  
m a x i m u m  physical  meaning  is continuing.  Although a l p h a  
c o e f f i c i e n t s  c a n  d e a l  a d e q u a t e l y  w i t h  absorp t ion  s i tua t ions ,  
s t r o n g  e n h a n c e m e n t  in m u l t i - e l e m e n t  s y s t e m s  c o n t i n u e  t o  
p r e s e n t  minor b u t  annoying  d i f f icu l t ies .  A m o s t  p romis ing  
so lu t ion  t o  th i s  p r o b l e m  is envisaged  and  is c u r r e n t l y  be ing  
inves t iga ted .  

T h e  a p p l i c a t i o n  of t h e  single a l p h a  c o e f f i c i e n t  model ,  in 
which  e n h a n c e m e n t  is t r e a t e d  a s  n e g a t i v e  absorp t ion ,  t o  
c o m p l e x  s y s t e m s  c o v e r i n g  w i d e  r a n g e s  of c o n c e n t r a t i o n  led t o  
t h e  in t roduc t ion  of second  o r d e r  c o e f f i c i e n t s  a n d  a l s o  to 
"crossed" c o e f f i c i e n t s .  T h e  l a t t e r ,  based  o n  c o r r e c t i o n s  
involving t h e  p r o d u c t s  of w e i g h t  f r a c t i o n s  t a k e n  in pairs ,  h a v e  
b e e n  v iewed w i t h  r e l u c t a n c e  by m o s t  X-ray ana lys t s .  
Another  a p p r o a c h ,  t h e  in t roduc t ion  of s e p a r a t e  e m p i r i c a l  
c o e f f i c i e n t s  t o  d e a l  exc lus ive ly  w i t h  e n h a n c e m e n t ,  h a s  m e t  a 
s imi la r  f a t e .  It w a s  subsequent ly  shown ( T e r t i a n ,  1973) t h a t  
c r o s s e d  coefficients a r e  negligible in c a s e s  involving 
a b s o r p t i o n  only,  provided t h e  b inary  a l p h a  c o e f f f i c i e n t s  a r e  
c o m p u t e d  a t  t h e  proper  level .  A comprehensive a l g o r i t h m  
based  on  t h i s  p r e m i s e  w a s  proposed  by I-achance a.nd 
C l a i s s e  (1979). 

In rev iewing  t h e  d e r i v a t i o n  of c o e f f i c i e n t  models  t h a t  
involve t h e  l e a s t  approximat ions ,  t h e  fol lowing e q u a t i o n  
(Rousseau ,  1970) 

r 1 

w h e r e  W .  = weight  f r a c t i o n  a n a l y t e  

R .  = r e l a t i v e  in tens i ty  versus  p u r e  a n a l y t e  
I 

W .  = w e i g h t  f r a c t i o n  m a t r i x  e l e m e n t  
I 

a.. = a c o e f f i c i e n t  quant i fy ing  absorp t ion  
'1 e f f e c t s  

P . = a c o e f f i c i e n t  quant i fy ing  e n h a n c e  
1 I e f f e c t s  

r e p r e s e n t s  w h a t  m i g h t  b e  cons idered  a "natural"  f o r m  f o r  
i n t e r - e l e m e n t  c o r r e c t i o n s .  T h e  e f f e c t  of absorp t ion  a n d  
e n h a n c e m e n t  is s e p a r a t e d ,  p is e q u a l  t o  z e r o  if t h e r e  is no  
e n h a n c e m e n t ,  t h e  d e r i v a t i o n  is s t r i c t l y  r igorous,  and  a very 
s i m p l e  f o r m  is r e t a i n e d .  T h e  s tumbl ing  block a t  t h e  p r a c t i c a l  
l eve l  r e s t s  in t h e  f a c t  t h a t ,  e v e n  in  binary s y s t e m s ,  
p c o e f f i c i e n t s  v a r y  o v e r  a fa i r ly  wide  r a n g e  of v a l u e s  and 
c a n n o t  b e  a p p r o x i m a t e d  by a c o n s t a n t .  

Cons ider ing  t h e  p r o c e s s e s  involved,  i t  is possible to 
infer  t h a t  if t h e  absorp t ion  por t ion  of t h e  e f f e c t  is " isolated" 
when  d e a l i n g  w i t h  a binary s y s t e m  in which  t h e  a n a l y t e  i is 
e n h a n c e d  by e l e m e n t  j, t h e  remaining e n h a n c e m e n t  p o r t i o n  
( a s  a f i r s t  approxi rna t ion)  should b e  r e l a t e d  t o  in tens i ty  of t h e  
e n h a n c e r ,  R j. This  i n d i c a t e s  t h a t  t h e  e n h a n c e m e n t  c o r r e c -  
:ions in c q u a t i o n  ( l )  m a y  b e  m o r e  a m e n a b l e  if p r e s e n t e d  s s  
p r o d u c t s  of c o e f f i c i e n t s  t i m e s  r e l a t i v e  in tens i t l es ,  a n d  l e a d s  
t o  t h e  s imple  t r a n s f o r m a t i o n  \%/hereby t h e  in f luence  
c o e f f i c i e n t  model  t a k e s  t h e  f o r m  

w h e r e  or, ' .  w a s  def ined  ( L a c h a n c e  and  Cla i sse ,  1979) 
a n d  pt . .  'l is t h e  b r a c k e t e d  t e r m  in t h e  express ion  

'1 

P re l iminary  inves t iga t ions  d o  i n d i c a t e  t h a t  p'  
c o e f f i c i e n t s  r e m a i n  v i r tua l ly  c o n s t a n t  f o r  t h e  c o m p l e t e  r a n g e  
of c o n c e n t r a t i o n s .  H c o m p r e h e n s i v e  s tudy  is iinder\vay t o  
e s t a b l i s h  t h e  overa l l  a p p l i c a t i o n  of t h i s  c o n c e p t  a n d  t o  
e v a l u a t e  t h e  m o d e  and  e x t e n t  of t h e  v a r i a t i o n  of pt in going 
t o  c o m p l e x  s y s t e m s  involving a b s o r p t i o n / e n h a n c e m e n t  a n d  
enhancementlenhancement. 
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S m e e  (1979) d i scussed  t h e  upward  migra t ion  of ions 
f r o m  a m i n e r a l  su lph ide  f o r m a t i o n  bur ied  b e n e a t h  a l a y e r  of 
c lay .  This n o t e  c o n c e r n s  his  m a t h e m a t i c a l  f o r m u l a t i o n  a n d  
sugges ts  t h a t  m u c h  less migra t ion  occurs .  

Following S m e e  t h e  c o n v e c t i o n  of ions by w a t e r  moving  
down t h e  c l a y  prof i le  is n e g l e c t e d  in c o m p a r i s o n  w i t h  
diffusion.  This would b e  valid if t h e  p a r t i c l e  s i z e  a n d  w a t e r  
f lux a r e  suf f ic ien t ly  s m a l l .  T h e  w a t e r  in t h e  c lay  prof i le  c a n  
t h e n  b e  r e g a r d e d  as a l m o s t  in s t a t i c  equil ibrium. L e t  0 b e  t h e  
v o l u m e t r i c  w a t e r  c o n t e n t  of t h e  soil a n d  l e t  c b e  t h e  ion ic  
c o n c e n t r a t i o n  in t h e  soil w a t e r  a t  a he ight  2 a b o v e  t h e  t i l l  
l ayer  which  a c t s  as a r e s e r v o i r  for  t h e  ions re leased  by t h e  
su lphide  f o r m a t i o n .  Following Olsen  and  K e m p e r  (1968) t h e  
a p p r o x i m a t e  l inear ized  descr ip t ion  of t h e  s y s t e m  is 

w h e r e  t is t h e  t i m e ,  b' is  t h e  soil ' c a p a c i t y  f a c t o r '  a n d  Dp is 
t h e  diffusion c o e f f i c i e n t  in t h e  porous m a t e r i a l .  

The  t e r m  b' r e p r e s e n t s  t h e  i n f l u e n c e  of ionic adsorp t ion  
by t h e  c l a y  minera l s .  Numer ica l  va lues  of b '  a r e  o b t a i n e d  
f r o m  t h e  s l o p e  of t h e  i s o t h e r m a l  a d s o r p t i o n  c u r v e s  and  will 
depend  upon t h e  n a t u r e  of t h e  ion a s  well a s  t h e  minera l  t y p e ,  
i t s  p a r t i c l e  s i z e  and  t h e  p r e s e n c e  of o t h e r  ions, espec ia l ly  
hydrogen  ions. Only  a p p r o x i m a t e  v a l u e s  t h e r e f o r e  c a n  b e  
q u o t e d ,  b u t  for  m o s t  c a t i o n s  b'>> 8. 

Til ler  e t  al. (1972) published adsorp t ion  i s o t h e r m s  for  
z i n c  in a r a n g e  of soils, f r o m  which  v a l u e s  of b' b e t w e e n  6 a n d  
250  c a n  be  c a l c u l a t e d .  Udo et al. (1970) used sl ightly m o r e  
c o n c e n t r a t e d  so lu t ions  for  which  b l=IO for  a loam soil. 
Phil l ips et al. (1972) m e a s u r e d  t h e  a d s o r p t i o n  of c o p p e r  on  
k a o l i n i t e  a n d  m o n t m o r i l l o n i t e ,  f o r  which  b l=10  a n d  5 0  
respec t ive ly .  , 

T h e  diffusion c o e f f i c i e n t  Dp will depend  upon 0 and  
h e n c e  upon z. For  a h e a v y  c l a y  8 will b e  v e r y  c l o s e  t o  t h e  
s a t u r a t i o n  va lue  for  a n y  w a t e r  t ens ion  less t h a n  10 m of 
w a t e r .  H e r e  t h e  m a x i m u m  c l a y  he ight  L is only 500 c m .  For 
l igh te r  c l a y s  8 could  d e c r e a s e  s ign i f ican t ly  e.g. at only 3 m of 
w a t e r  t ens ion .  T h e r e f o r e  i t  would b e  p r u d e n t  t o  u s e  
t h r o u g h o u t  t h e  c l a y  a c o n s t a n t  v a l u e  Dp a p p r o p r i a t e  f o r  t h e  
t o p  of t h e  c l a y  hor izon  b e c a u s e  th i s  reg ion  will l imi t  t h e  
whole  d i f fus ion  process.  

P o r t e r  et al. (1960) m e a s u r e d  t h e  diffusivi ty of c h l o r i d e  
ions in s e v e r a l  clays.  Chlor ide  ions a r e  adsorbed  very  
s l igh t ly  by c l a y  and  h e n c e  t h e i r  d a t a  c a n  b e  i n t e r p r e t e d  as 
Dp/(BDo) w h e r e  Do is t h e  diffusion c o e f f i c i e n t  in f r e e  w a t e r .  

Using k 0 . 2  in t h e i r  r e s u l t s  f o r  a c l a y  l o a m ,  D p z 2 x  1 0-2 Do, a n d  
using 8=0.35 f o r  a c lay ,  D ~ = ~ x I O - ~ D O .  I t  is a s s u m e d  t h a t  t h i s  
ho lds  for  a l l  ions. The i r  is insuf f ic ien t  i n f o r m a t i o n  to just ify 
a n y  modi f ica t ion  of e q u a t i o n  (1)  t o  inc lude  t h e  c h a n g e  of Dp 
w i t h  z. 

For a so lu t ion  of e q u a t i o n  ( l ) ,  S m e e  q u o t e d  C a r r e l s  et 
a l .  (1949) who in t u r n  had  t a k e n  a so lu t ion  der ived  f o r  t h e  
c o n d i t i o n s  

a n d  accord ingly  t h e  h e i g h t  L of t h e  c l a y  a b o v e  t h e  t i l l  l ayer  
d o e s  n o t  o c c u r  expl ic i t ly  in S m e e ' s  e q u a t i o n  3. T h e r e  is t h e  
f u r t h e r  c o m p l i c a t i o n  t h a t  G a r r e l s  et al. (1949) had  m i s q u o t e d  
t h e i r  s o u r c e  and  t h e i r  version could p r e d i c t  n e g a t i v e  c o n c e n -  
t ra t ions .  T h e  c o r r e c t  so lu t ion  of e q u a t i o n  ( l )  w i t h  
e q u a t i o n  (2) i s  g i v e n  by C r a n k  (1975, p. 14). 

In his discussion S m e e  a s s u m e s  f i r s t ly ,  t h a t  when  t h e  
c l a y  layer  w a s  depos i ted  over  t h e  t i l l  i t  held none of t h e  ions, 
secondly,  t h a t  t h e  t i l l  l ayer  c o n t a i n s  a c o n s t a n t  c o n c e n t r a t i o n  
of t h e  var ious  ions, a n d  thirdly,  t h a t  a n y  ions which  r e a c h  t h e  
t o p  of t h e  c l a y  a r e  a d s o r b e d  by t h e  H hor izon  as s o m e  
insoluble compound.  H e n c e  t h e  r e l e v a n t  boundary  condi t ions  
a r e  

T h e  so lu t ion  of e q u a t i o n  ( I )  s u b j e c t  t o  e q u a t i o n  (3) is 

C ( z , t )  - L-z + Z Cm n n ( ~ - z )  exp n 2 n ; t  D p  
sin (T) (- L ) (4) C O - L  n n = ~  

which  a p p r o a c h e s  t h e  s t e a d y  s t a t e  a s y m p t o t i c a l l y  w i t h  t i m e .  

T h e  c a l c u l a t i o n  of f lux at  t h e  t o p  of t h e  c l a y  h a s  b e t t e r  
physical  basis  t h a n  has  any  c a l c u l a t i o n  of r a n g e  of migra t ion .  
F r o m  e q u a t i o n  (4) t h e  i n s t a n t a n e o u s  f lux will b e  

1+2 (-1)" e x p  ( - n 2 n 2 t  D ~ / ( ~ L ~ ) )  
L n -:I 

a n d  h e n c e  t h e  t o t a l  a d s o r p t i o n  of ions f r o m  z e r o  t i m e  t o  t 
will b e  

a n d  t h e  d imens ionless  v a r i a b l e  I- E t n p / ( b 1 2 ) .  For l a r g e  11 rh i s  
r e d u c e s  t o  Q=-tDpCo/L-bCoL/6. For  s m a l l  17, f ( ~ )  c o n v e r g e s  
slowly and  b e c o m e s  v e r y  s m a l l  a s  shown inTabJe 1. 

From: Discussions and Communications 
in_ Carrent Research. Part A;  
Ceol. Surv. Can., Paper 80-1A. 



Table I 

Assuming Dp = 2x10-' Do and using t h e  given infor- 
mation t h a t  t = 2.5x101' ,  L = 5x102 and t h a t  t he  A horizon is 
100 c m  thick and has  a density of 1 .grn/cm3, then t h e  average 
or uniform concentra t ion of the  adsorbed ion in the  A horizon 
becomes 

Values of CO and Do a r e  given by Smee (1979) in Tables 55.2 
and 55.1 respectively but  values of b must b e  assumed. The 
calcula ted  concentra t ions  a r e  

C 0 p p e r c = 3 x l O - ' ~ p ~ m i f b = 1 0  c f .S rnee1 .14pprn  
Zinc c = lZ5x10-' 3ppm if b = 10 cf.  Smee  3.65 pprn 
Ch lo r idec  = 12 pprn if b = 0.5 c f .  Srnee 123 900 pprn 

For a heavy clay, usin Dp = 7x1012 Do t h e  concentra-  
t ions will increase  t o  lx lO-kppm,  5x10 pprn, and 60 pprn 
respectively.  

The conclusion is t h a t  diffusion cannot supply t h e  
quant i t ies  of ions ca lcual ted  by Srne? (1979) in Tables 55.7 
and 55.8. Even smaller values of c would be  obtained if 
larger,  but qui te  reasonable values of b were  assumed. 
Smee's values must b e  queried because they exceed t h e  l imit  
tDpco iL .  

If t h e  clay was  thinner t h e r e  would b e  a n  explicit  
increase  in the  final concentra t ion gradient and q. Also for a 
l ight clay t h e r e  would b e  an  increase  in t h e  minimum value 
of 8 and hence in Dp. Using L = 250 (cm) and Dp = 0.1 Do 
then = 106 CoDo f(4x105 Do/b) and with t h e  same  values of 
b a s  before,  t h e  concentra t ions  of copper,  zinc and chloride 
become 0.015 ppm, 0.075 pprn and 196 pprn, respectively. 
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NOTE TO CONTRIBUTORS 

Submissions to the Discussion section o f  Current Research are welcome from 
both the s t a f f  o f  the Geological Survey and from the public. Discussions are limited 
to  6 double-spaced typewritten pages (about 1500 words) and are subject to review by 
the Chief Scientific Editor. Discussions are restricted to  the scientific content o f  
Geological Survey reports. General discussions concerning branch or government 
policy will not be accepted. Illustrations will be accepted only i f ,  in the opinion o f  
the editor, they are considered essential. In any case no redrafting will be undertaken 
and reproducible copy must accompany the original submissions. Discussion is 
limited to recent reports (not more than 2 years old) and may be in either English 
or French. Every e f f o r t  is made to  include both Discussion and Reply in the 
same issue. Current Research is published in January, June and November. 
Submissions for these issues should be received not later than November 1, April 1, 
and September 1 respectively. Submissions should be sent to  the Chief Scientific 
Editor, Geological Survey o f  Canada, 601 Booth Street, Ottawa, Canada, K1A OE8. 

Avis aux auteurs darticles 

Nous encourageons tant le personnel de la Commission ge'ologique que le grand 
public a nous faire parvenir des articles destine's 21 la section discussion ds la 
publication Recherches en cours. Le tex te  doit comprendre au plus six pages 
dactylographie'es a double interligne (environ 1500 rnots), t ex te  qui peut faire l'objet 
d'un re'examen par le  re'dacteur en chef scientifique. Les discussions doivent se lirniter 
au contenu scientifique des rapports de la Commission ge'ologique. Les discussions 
gkne'rales sur la Direction ou les politiques gouvernernentales ne seront pas accepte'es. 
Les illustrations ne seront accepte'es que dans La rnesure oh , selon l'opinion du 
re'dacteur, elles seront conside're'es cornrne essentielles. Aucune retouche ne sera 
faite aux textes et dans tous les cas, une copie qui puisse Btre reproduite doit 
accornpagner les textes originaux. Les discussions en franqais ou en anglais doivent se 
lirniter aux rapports re'cents (au plus de 2 ans). On s'efforcera de faire coincider les 
articles destine's aux rubriques discussions et  rsponses dans le rnzrne nurne'ro. La 
publication Recherches en cours parait en janvier, en juin et  en novernbre. Les er articles our ces nurne'ros doivent Btre r e p s  au plus tard le  1 novernbre, le  ler  avril 
et  le l eP  septernbre respectivement. Les articles doivent Otre renvoye's au re'dacteur 
en chef scientifique: Commission ge'ologique du Canada, 601, rue Booth, Ottawa, 
Canada, K 1  A OE8. 
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