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INTRODUCTION 

In 1987 the Geological Survey of Canada became 
a Sector within the Department of Energy, Mines and 
Resources, and was re-organized into the four Branches 
shown on the accompanying organizational chart. The 
primary role of the Survey, which was founded in 1842, 
continues to be to provide an overview of all facets 
of Canadian geology as a basis for national policy, for 
planning by government and industry, and for public 
information. 

In order to provide interim results of its program 
a publication titled "Summary of Research" was in- 
itiated in 1963. The title was changed to "Current Re- 
search" in 1978 and the report was released three times 
a year (Part A, B and C). After 1982 Part C was no 
longer issued and Part B was discontinued in 1987 to 
encourage greater use of journal publication for short 
contributions. 

Current Research, however, is the one series of 
GSC publications that gives the public a yearly over- 
view of the range of the Geological Survey of Canada 
Sector activities. From time to time Current Research 
has been criticized for its size, as it was necessary for 
the user to buy a large volume to obtain a few pertinent 
papers. To introduce greater flexibility, this issue of 
Current Research is therefore available in six parts that 
can be purchased separately: four regional volumes, 
one volume of national and general programs, and a 
volume that contains abstracts of all the reports. The 
Parts are: 

Part A: AbstractslRCsumCs 
Part B: Eastern and Atlantic Canada 
Part C :  Canadian Shield 
Part D :  Interior Plains and Arctic Canada 
Part E:  Cordillera and Pacific Margin 
Part F :  National and General Programs 

Identification of the Parts by letters is for con- 
venience only and may be subject to change. Each of 
Parts B to F includes a paginated Table of Contents 
for the volume: Table of Contents for the other Parts 
of this series will be found at  the back of each volume. 

En 1987 la Commission ~Cologique est devenue un secteur 
B 1'intCrieur du ministkre de l'Energie, des Mines et des Ressour- 
ces et a Ctt rtorganisCe en quatre directions indiquCes sur l'organi- 
gramme d'accompagnement. Organisme fond6 en 1842, la Com- 
mission a comme rBle principal de procurer un cadre d'ensemble 
de toutes les facettes de la gCologie du Canada comme base d'une 
politique nationale pour la planification du gouvernement et de 
I'industrie et pour informer le public en gCnCral. 

Afin de fournir les rCsultats prkliminaires de son programme 
de recherche une publication ayant titre u Summary of Research D 
est apparue en 1963. Une nouvelle publication, ayant les mzmes 
buts, est apparue en 1978 sous le titre Q Recherches en cours D ;  

cet ouvrage Ctait diffusC trois fois par annte (parties A, B et C). 
Aprks 1982 la partie C a CtC abandonnie et ce fut de mCme pour 
la partie B en 1987. L'arrCt de ces publications avait pour but 
d'adopter une nouvelle forme d9Cdition pour satisfaire davantage 
l'usager. 

La publication u Recherches en cours . appartient B part entikre 
ZI la sCrie des publications de la CGC et apporte i chaque annCe 
une vue d'ensemble des activitks de la Commission gtologique 
maintenant au niveau de secteur. De temps ZI autre la publication 
a Recherches en cours D a CtC critiquCe pour son fort volume, plu- 
sieurs ont constatt qu'il Ctait nCcessaire d'acheter un gros volume 
uniquement pour n'avoir accbs qu ' i  un petit nombre d'articles. 
Maintenant, cette publication est disponible en six parties en vente 
sCparCment, ce qui procure une plus grande flexibilite pour I'usa- 
ger. La publication est rkpartie comme suit: quatre volumes r6gio- 
naux, un volume couvrant les programmes nationaux et gCnCraux 
et un dernier contenant les rCsumCs de tous les articles. On y trouve 
les parties suivantes : 

Partie A: Abstracts/ResumCs 
Partie B: Est et rtgion atlantique du Canada 
Partie C: Bouclier canadien 
Partie D: Plaines intkrieures et rCgion arctique du Canada 
Partie E: Cordillbre et marge du Pacifique 
Partie F: Programmes nationaux et gCnkraux 

L'identification des parties par une lettre a t t t  adoptte uni- 
quement par commoditt; on pourra tventuellement utiliser une 
autre facon. Les parties B A F posddent une table des matittres 
paginCe; il est a noter qu'8 chacune des parties de  cette strie on 
y trouvera a I'endos une table des matittres indiquant le contenu 
des autres parties. 



Tectonics and mineralization of the Kechika Trough, 
Gataga area, northeastern British Columbia 

K.R. McClay, M.W. Insley, N.A. Way, and R. Anderton 
Cordilleran and Pacific Geoscience Division, Vancouver 

and Mineral Resources Division, Ottawa 

McClay, K.R., Insley, M. W., Way, N.A., and Anderton, R., Tectonics and mineralization of the Kechika 
Trough, Gataga area, northeastern British Columbia; & Current Research, Part E, Geological Survey 
of Canada, Paper 88-IE, p. 1-12, 1988. 

Abstract 

Hadrynian through Mississippian strata of the Gataga area are involved in a northwest-trending 
fold and thrust belt. Stratiform barite and barite-sulphide mineralization in the black siliciclastics of the 
lowerpart of the Earn Group has been mapped over a stratigraphic interval of 400 m and over a continu- 
ous to semicontinuous strike length of 50 km. Five mineralized horizons have been identijed, three of 
which contain sign$cant barite and barite-sulphide accumulations. Intensely deformed sulphide miner- 
alization is found at the Bear and Drifipile deposits. 7he structure is dominated by large northeastward- 
verging thrust panels along the western margins of the Gataga area and steeply east-dipping, west-verging 
thrust faults along the eastern margin. The lower Earn Group siliciclastics are intensely folded and fault- 
ed, hence thickness determinations are dificult and correlation of the mineralized intervals is hampered. 
Structural and stratigraphic analysis indicates that the stratiform barite and barite-sulphide mineraliza- 
tion was deposited in a Late Devonian halfgraben system that was inverted during Mesozoic contractional 
deformation. 

Des couches de L'Hadrynien au Mississippien de la rkgion de Gataga sont associe'es ci une zone de 
plissement et de charriage de direction nord-ouest. Une minkralisation stratiforme de barytine et de sul- 
&re de barytine dans des roches siliciclastiques noires de la partie infkrieure du groupe d'Earn a kt& 
cartographike sur un intewalle stratigraphique de 400 m et sur une longueur en direction continue ci 
semi-continue de 50 km. Cinq horizons mine'ralisks ont kt6 ident$ks, dont trois contiennent des accumula- 
tions importantes de barytine et de sulfire de barytine. Une minkralisation sulfurke fortement dqormke 
se trouve dans les gisements de Bear et de Driftpile. La structure est dominke par de grands panneaux 
de charriage orientks vers le nord-est le long des rnarges occidentales de la rkgion de Gataga et par 
des failles de charriage de direction ouest 2 fort pendage vers l'est le long de la marge est. Les roches 
siliciclastiques du groupe d'Eam infkrieur sont fortement plisskes et faillkes, de sorte que les mesures 
d'kpaisseur sont difJiciles ci effectuer, ce qui nuit ci la corrklation des intervalles minkraliskes. L'analyse 
structurale et stratigraphique indique que la minkralisation stratiforme de barytine et de sulfure de bary- 
tine s'est dkposke &ns un systbme de demi graben du Dkvonien supkrieur qui a he' renverse' pendant 
la pkriode de contraction du Mksozoi'que. 



INTRODUCTION 
'The Kechika Trough is a linear belt of highly folded and 
thrust, Ordovician through Mississippian, dominantly fine- 
grained siliciclastic rocks in the western Rocky Mountains 
of northeastern British Columbia (Fig. 1). The Kechika 
Trough is the southern extension of the Selwyn Basin (Fig. 
l) ,  and is underlain principally by late Proterozoic (Hadry- 
nian) through Cambro-Ordovician platformal to off-shelf 
siliciclastics ar,d carbonates deposited on the ancestral North 
American craton. 

Within the Kechika Trough, the "black elastics" of the 
Devonian lower Earn Group (Gordey et al., 1982, 1987), 
host significant stratiform barite-zinc-lead deposits -Driftpile 
Creek, Bear, Cirque, Elf and Fluke (MacIntyre, 1983; Carne 
and Cathro, 1982; Jefferson et al., 1983). It is the aim of 
this project to determine the tectonic, sedimentological and 
stratigraphic setting of this part of the Kechika Trough and 
to erect models for the deposition and distribution of the strati- 
form Ba-Zn-Pb deposits. 

Previous work in the Gataga area included regional 
1 :250 000 scale reconnaissance mapping by Taylor and Stott 
(1973), Gabrielse (1962) and 1 :50 000 mapping by MacIn- 
tyre (1981, 1983); detailed mapping of the Driftpile Creek 
Ba-Zn-Pb deposit was carried out by Archer Cathro and As- 
sociates (Carne and Cathro, 1982). The present study was 
initiated in 1985 and the first season's field work concentrat- 
ed upon the detailed structure and mineralization of the Drift- 
pile deposit (McClay and Insley, 1986). 

The 1986 field programme incorporated both 1 : 10 000 
scale and regional mapping at scales 1 :20 000 and 1 :50 000 
(NTS sheets 94E/16,94F/14,94K/4,94L/ 1,7,8), (McClay 
et al.,  1987) measuring of stratigraphic sections, and log- 
ging of drill core from the Driftpile Creek and Bear deposits 
(MacIntyre, 1983). Attention was focused upon regional 
structural and stratigraphic analysis and upon the sedimen- 
tology and stratigraphy of the lower Earn Group. In particu- 
lar the stratiform barite and barite-zinc-lead mineralization 
was mapped and sampled in detail. This paper offers a 
description of the tectonic and stratigraphic setting of the low- 
er Earn Group siliciclastics and their associated mineraliza- 
tion. 

TECTONIC AND STRATIGRAPHIC 
SETTING 
The Gataga area is bounded to the west by the Northern Rocky 
Mountain Trench-Kechika dextral strike-slip fault system 
(Gabrielse, 1985), and to the east by folded and thrust Hadry- 
nian age siliciclastics (Taylor and Stott, 1973), (Fig. 2). Strata 
range from Hadrynian through Mississippian (Fig. 3), and 
include Hadrynian through Late Cambrian shallow water, 
platformal siliciclastics and carbonates ; Cambro-Ordovician 
through Silurian shelf to off-shelf fine-grained siliciclastics, 
carbonates and cherts ; and Mid-Devonian to Mississippian 
dominantly fine grained, black siliciclastics. Rocks of the 
Gataga area can be divided into four distinct tectonostrati- 
graphic assemblages which are bounded by steep southwest- 
dipping, northeast-verging thrust faults (Fig. 2). Within each 
thrust sheet the strata generally young westwards. The 

easternmost fold and thrust package of this part of the Kechi- 
ka Trough (IV in Fig. 2), is the focus of this paper. This 
panel consists of a central core of Road River Group and 
~ o w e r  Earn Group strata (Fig. 4), bounded to the west by 
a panel of Kechika Group strata and bounded to the east by 
folded and thrust Hadrynian, Cambrian and Kechika Group 
rocks (Fig. 4). Ln the centre of this area the Driftpile "Ba- 
sin" of lower Earn Group strata hosts significant stratiform 
barite and barite-zinc-lead mineralization - Driftpile and 
Saint occurrences (2 and 3 in Fig. 4). Stratiform barite miner- 
alization was mapped as a semj-continuous stratigraphic in- 
terval in the lower Earn Group rocks over a strike-length 
of 50 krn (Fig. 4). 

STRATIGRAPHY 
The geology and structure of the eastern fold and thrust as- 
semblage is shown in Figures 4 and 5.  Stratigraphic nomen- 
clature used in this paper follows that of Gabrielse (1962), 
Taylor and Stott (1973), Fritz (1980), and MacIntyre (1983). 
Stratigraphic relationships are summarized in Figure 3. The 
core of the fold and thrust package comprises recessive 
weathering Devonian shales, siltstones, cherts, thin limestones 
and lensoidal bodies of chert pebble grits and sandstones (Fig. 
4). The siliciclastic rocks are flanked to the west by more 

Figure 1. Regional tectonic setting of the Gataga area within 
the Kechika Trough. 
Y.C.C. - Yukon Crystalline Complex 
Y.C.T. - Yukon Crystalline Terrane 
Y.K.T. - Yukon Cataclastic Terrane 



resistant, west-dipping thrust panels of Kechika Group and Lower to Middle Cambrian 
Road River Group limestones, dolomites, dolomitic siltstones 
and phyllites (Fig. 4). To the east they are bounded by thick, 
resistant, steeply dipping panels of folded and thrust Pro- 
terozoic argillites, sandstones, and Cambrian quartzites and 
limestones (Fig. 2,4).  Detailed mapping and carefully mea- 
sured sections has permitted a more accurate definition of 
the stratigraphy than that presented in an earlier paper 
(McClay and Insley , 1986). Accurate thickness determina- 
tions within the complexly deformed fold and thrust package 
are hampered by the intensely deformated and cleaved na- 
ture of the rocks. 

Late Proterozoic (Hadrynzizn) 
A thick succession of green slates, phyllites, brown sand- 
stones, quartz pebble grits and minor lenses of oolitic lime- 
stones of Late Proterozoic (Hadrynian) age (Taylor and Stott, 
1973), form the cores of anticlines and the hanging wall panels 
of thrust sheets at the eastern margin of the map (Fig. 4). 

As yet, no formal name has been proposed for the thick 
(1.1-2.0 km), sequence of quartzites, dolomitic grits and sand- 
stones and shallow water carbonates that outcrop at the east- 
ern margin of the map area (Fig. 4). Six members - three 
clastic units and three carbonate units (Fig. 4), can be traced 
throughout most of the map area. 

The lowermost member, the Lower Clastic Unit, con- 
sists of 100-150 m of thin- to medium-bedded quartzites and 
phyllitic siltstones that conformably overlie the Upper Pro- 
terozoic phyllite succession (Fig. 4). Above this is a distinc- 
tive 20- to 60-m thick, Lower Carbonate Unit of medium- 
thick bedded grey oolitic limestones and archaeocyathid lime- 
stones (Fig. 4). The limestones are overlain by approximately 
200 m of medium-thick bedded, crossbedded white quart- 
zites and buff weathering dolomitic grits and sandstones of 
the Middle Clastic Unit. These lithologies typically exhibit 
well developed tabular and trough crossbedding. Skolithos 
trace fossils are common in the quartzites. 

Figure 2. Structural map of the Gataga area showing the major thrust packages I to IV. 
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Figure 4. Geology of the Gataga area, eastern Kechika Trough. Major mineralization 
occurrences: I-Bear; PDriftpile; 3-Saint; 4-Rough, are shown in the central panel of 
lower Earn Group strata. 
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Sixty metres of distinctive purple-grey weathering 
medium-bedded limestones with interbedded calcareous and 
noncalcareous shales constitute the Middle Carbonate Unit. 
This forms a regional marker in most of the map area. Above 
is approximately 200 m of thick-bedded white orthoquart- 
zites and buff weathering dolomitic grits and sandstones form 
the Upper Clastic Unit. The orthoquartzite beds, in places, 
contain abundant Skolithos trace fossils. This unit grades up- 
wards into a medium-thin bedded distinctive, buff weather- 
ing fenestral dolomite. The dolomite is overlain by medium 
to massively bedded grey, fine-grained micritic, oolitic and 
algal laminated limestones. These shallow water limestones 
and dolomites of the Upper Carbonate Unit are in places ap- 
proximately 1 lun thick and form very resistant and rugged 
outcrops in the eastern and northern parts of the map area. 

In the north of the map area (Fig. 4) most of the under- 
lying units thin out and only the Upper Carbonate member 
is well developed. 

Kechika Group (Upper Cambrian-Ordovician) 
Kechika Group rocks conformably overlie the Cambrian car- 
bonates. At the base, is a distinctive orange weathering unit 
(up to 30 m thick), of thinly interbedded dolomitic siltstones, 
dolomites and grey-black phyllites. This is followed by ap- 
proximately 150 m of grey-brown weathering calcareous 
phyllites intercalated with characteristically 1-3 cm thick lime- 
stone beds. Trace fossils are rare from this part of the Kechi- 
ka Group and to date no conodonts have been recovered. 

Road River Group (Ordovician-Lower Devonian) 
Ordovician through Lower Devonian Road River Group rocks 
conformably overlie the Kechika Group. In the map area the 
basal Road River rocks are a thin (approximately 30-60 m 
thick), succession of recessive, graptolitic carbonaceous black 
argillites, cherts and thin limestones. Poorly preserved bi- 
serial graptolites are commonly found in the black carbona- 
ceous shales. These strata are overlain by approximately 
130-170 m of more resistant, distinctive orange weathering 
dolomitic, plane-laminated micaceous siltstones and heavily 
bioturbated orange siltstones that contain typical monoserial 
Silurian graptolites and abundant burrow- and grazing-trail 
trace fossils. Two distinctive, 1-2 m thick, grey weathering 
limestone beds are found in the siltstone sequence. prelim,- 
nary conodont dating has revealed that in places the lime- 
stones are of Early Devonian age (M.J. Orchard, pers. 
comm., 1986). The "Silurian" siltstone is a unique map unit 
in the Gataga area and it is overlain by a thin sequence of 
recessive, silver-grey weathering black argillites, black cherts 
and minor limestones of Early Devonian age. 

Lower Earn Group (Middle to Upper Devonian) 
The Road River Group is succeeded by a strongly folded and 
thrusted sequence of the lower part of the Earn Group (sensu 
lato after Gordey et al., 1982) "black clastics". The base 
of the lower Earn Group is characterized by "tongues" of 
resistant, thick-bedded, chert pebble conglomerates and chert 
grits which are interpreted as proximal submarine fan and 
submarine canyon deposits. These units interdigitate with 
more distal thin bedded laminated siltstones and silt banded 

argillites. The basal succession is overlain by a minimum 
of 400 m of recessive, unlaminated to thinly laminated silver- 
grey weathering black argillites, cherty argillites and cherts. 
The fine-grained black clastics range in age from Frasnian 
to Fammenian with Fammenian dates being more common 
(M.J.  Orchard, pers. comm., 1985). This Upper Devonian 
unit (informally called the Gunsteel Formation further to the 
south at the Cirque deposit (Jefferson et al., 1983)), contains 
from three to five stratiform layers of barite and barite-zinc- 
lead mineralization (Fig. 4). In the Driftpile Creek-Saint area 
(Fig. 4), the three most important mineralized intervals, al- 
though complexly folded and faulted, have been mapped over 
a strike length of 12 krn. Regionally, the zone of barite and 
barite-zinc-lead stratiform mineralization is semi-continuous 
for a strike length of 50 km (Fig. 4). 

TECTONICS OF THE GATAGA AREA 
The fold and thrust belt that hosts the stratiform mineraliza- 
tion is bounded to the west by a large thrust sheet of Kechika 
Group and older rocks and to the east by complexly folded 
and faulted Lower to Middle Cambrian strata (Fig. 4,  5).  
The dominant vergence of all the major thrust sheets is to 
the northeast (McClay and Insley, 1986). At the eastern edge 
of the thrust belt steep southwest verging folds and thrusts 
are found - perhaps back thrusts or reactivated early ex- 
tensional faults. Complicated smaller scale deformation pat- 
terns are found within the thrust sheets indicating at least 

u 

local early tectonic transport to the northwest possibly as- 
sociated with lateral and oblique ramps in the dominantly 
northeasterly-verging thrust system. 

The western thrust sheet is underlain by steeply dipping, 
northwest-trending duplex systems of imbricated Road River 
Group and lower Earn Group strata (Fig. 4,  5). The fault 
pattern indicates the existence of several duplex systems along 
the strike of this part of the thrust belt (Fig. 4 ,  5). East of 
these duplexes the main lower Earn Group outcrop comprises 
tight to chevron folded and thrust cherty black argillites, silt- 
stones and occasional thin sandstone and grit beds (Fig. 7a). 
North of the Rough claims (4 on Fig. 4) carbonates of the 
Lower to Middle Cambrian are thrust over the Road River 
and lower Earn Group strata (Fig. 6). This thrust sheet ap- 
pears to have been thrust towards the west and folded after 
emplacement by movement on underlying younger thrusts 
that verge to the northeast (Fig. 6 ,  7b). 

The eastern boundary of the lower Earn Group outcrop 
is a complex system of steeply-east-dipping, west-verging 
fold and thrust faults that bring the Lower to Middle Cam- 
brian Middle Clastic through Upper Carbonate units over 
the Earn Group rocks (Fig. 4). Fold geometries vary from 
open to tight and are controlled by the thick clastic and car- 
bonate packages of the Lower to Middle Cambrian. 

Within the central core of highly folded lower Earn 
Group strata, the stratiform barite horizons are repeated by 
folds and thrust faults that produce a complex outcrop pat- 
tern (Fig. 4). 

The siliciclastic rocks of the Kechika, Road River and 
lower Earn groups are all strongly cleaved (Fig. 8) with in- 
tense pressure solution in places generating incipient trans- 
position fabrics (Fig. 8a). Cleavage refraction is common 



in the Lower Earn Group siliciclastics (Fig. 8b). The intense cherts. The barite beds are typically thicker (up to 50 cm), 
and ubiquitous cleavage development prevents accurate meas- and more massive at the base of mineralized intervals but 
urements of stratigraphic thicknesses in these siliciclastic thin and become more laminated to blebby higher up in the 
units. sequence (Fig. 10). 

MINERALIZATION 
The thickest accumulations of sulphide mineralization 

are centred around the Driftpile Creek deposit (Locality 2, 

Five mineralized units have been identified in the lower part Fig. 4). Drill intersections of up to 45 of massive fine- 

of the Earn Group of the Gataga area (Fig. 10). Of these grained laminated pyrite, nodular to bedded carbonate, with 

the three units at the base of the sequence are the most per- subordinate sphalerite and galena (with up to 12 % combined 

sistent and contain the thickest accumulations of stratiform metals over thin intervals), have been obtained. The sulphides 

barite and barite with sulphides (Fig. 10). The barite varies are found mainly in unit 2 - Figure 9. The mineralization 

from medium- to coarse-grained, massive unlaminated beds, is strongly cleaved with transposition of fabrics (Fig. 1 lb). 

laminated barite intercalated with thin black argillites (Fig. Outboard from the central sulphide accumulation at Drift- 

1 la), and disseminated to blebby barite within argillites and pile Creek the mineralization is typically bedded massive- 
laminated barite (Fig. 1 la), intercalated with black argillites 
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Figure 7a. Tightly folded and cleaved Road River and lower Earn Group siltstones and 
shales, Rough claims (locality 4 - Fig. 4). 

Figure 7b. Tightly folded thrust sheet of Early and Middle Cambrian age carbonates over- 
lying imbricated Road River Group siltstones and shales. Northern part of thrust package 
rv - Fig. 2). 



and cherty argillites (Fig. 10). Mineralized units 1, 3, 4 and 
5 vary from massive bedded barite to laminated and blebby 
barite; units 4 and 5 are generally less than 20 m thick and 
are laterally impersistent. The structural complexity of the 
folds and thrust faults make correlation of mineralized inter- 
vals and drill intersections extremely difficult and further 
detailed mineralogical and geochemical studies are being car- 
ried out in an attempt to characterize the individual mineral- 
ized units. 

DISCUSSION AND CONCLUSIONS 
Detailed and regional mapping of the Gataga area has estab- 
lished the stratigraphic and structural framework of the strati- 
form barite and barite-sulphide mineralization. Four major 
thrust panels have been identified (Fig. 2). The barite miner- 
alization occurs almost exclusively in the lower Earn Group 
siliciclastics (minor nodular barite is found in the Ordovi- 
cian Road River Group black argillites), of thrust unit 4 (Fig. 
2). Barite mineralization has been identified over a strati- 
graphic thickness of 400 m and along strike for 50 km as 
a semicontinuous interval. Economic to subeconomic sul- 
phides (pyrite-barite-sphalerite-galena), are concentrated at 
the Bear (locality 1, Fig. 4), and Driftpile deposits (locality 
2, Fig. 4), but other as yet undiscovered areas of barite- 

sphalerite and barite-galena mineralization may occur else- 
where in the belt. Further research will concentrate on the 
detailed structure of the Driftpile deposit and upon the miner- 
alogy, textures and geochemistry of the deposit. 

The structure of the Gataga area is dominated by large 
northeast-verging thrust sheets (Fig. 6), dominated by the 
thick competent clastic and carbonate units of Early and Mid- 
dle Cambrian age. Major detachments occur in the thinly 
bedded Kechika Group and in the lower Earn Group siliciclas- 
tics (Fig. 6). Internal deformation within these two units is 
intense with strong cleavage development and local transpo- 
sition. The eastern boundary of the Gataga area is character- 
ized by steeply east-dipping, southwest-verging thrust faults 
that may be major backthrusts along reactivated early exten- 
sional fault systems. To date stratigraphic and structural map- 
ping suggests that the lower Earn Group strata were deposit- 
ed in a half graben system (in part of the "Driftpile Basin"), 
with the siliciclastic units thickening to the southwest towards 
major growth faults (e.g. MacIntyre, 1983). The half graben 
system was subsequently inverted during the Mesozoic con- 
tractional tectonics. Further detailed analysis of measured 
sections and of the fault tectonics is being undertaken in ord- 
er to determine the geometry of the original Driftpile Basin. 

Figure 8a. Intense pressure solution cleavage in Kechika Figure 8b. Cleavage refraction in thin siltstone beds within 
Group siltstones with thin limestone beds. black shales of the lower Earn Group. 
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The South Fork Volcanics : mid-Cretaceous caldera 
fill tuffs in east-central Yukon 
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Abstract 

The South Fork Volcanics comprise quartz - biotite -feldspar + hornblende crystal and crystal 
lithic tu$ Their distribution, faulted contacts with country rocks, massive character, dense welding and 
great thickness indicate formation by the ponding of hot pyroclastic ejecta in discrete calderas ranging 
from 6 km to as much as 38 km across. Crosscutting relationships and the occurrence of granite clasts 
in the tuffs show the South Fork to be cogenetic with mid-Cretaceous granitic rocks. Although this plutonic 
suite occurs the length of the Canadian Cordillera, the South Fork Volcanics are its only known volcanic 
equivalent. 

Les roches volcaniques de South Fork cornprennent des cristaux de quartz, de biotite, de feldspath 
et de f hornblende, ainsi qu'un tuf volcanique cristallin. Leur distribution, leur contact faillkavec les 
roches encaissantes, leur caractire massif, le rdseau dense de soudures et leur grande .+aisseur indi- 
quent qu'elles proviennent de la formation de lacs de projections volcaniques pyroclastiques chaudes 
dans des caldeiras bien dkjnis de 6 d 38 krn de diambre. Les relations entre coupes transversales et 
la prtsence de fiagrnents de granite dktritique dans les tufs rnontrent que la formation de South Fork 
est de rn&rne origine que les roches granitiques du Crktact rnoyen. M2me si cette skrie plutonique se 
trouve le long de la Cordilliire canadienne, les roches volcaniques de South Fork constituent son seul 
kquivalent volcanique connu. 



REGIONAL SETTING AND Eocene time and later (Tempelman-Kluit, 1979). The post- 

PREVIOUS WORK collision mid-Cretaceous plutonic rocks occur the length of 
the Cordillera. However, their only known volcanic equiva- 

The geology of east-central Yukon is dominated by un- lents are the South Fork Volcanics o f  east-central Yukon. 
metamorphosed sediments and local volcanics of late Precam- 
brian to Triassic age that were deposited along the western The South Fork Volcanics were first mapped in  their 

margin of the North American craton. In ~ u ~ ~ - ~ ~ e t a ~ ~ o ~ s  entirety by Roddick and Green (1961a,b), who described them 
time the collision and suturing of the North American craton as a series of gently dipping massive dark andesite, dacite 
with an island arc terrane (Tempelman-Kluit, 1979) resulted and uncOnformably deformed 
in northeastward imbrication and folding of autochthonous Paleozoic strata. They considered them Paleocene, but sub- 

strata and the abduction of allochthons of mylonite, ophjo- Sequent radiometric dating (Green, 1962) and Roddick (1966) 

lite and granite. The subsequent emplacement of  post-tectonic, hinted at a mid-cretaceous age. and 
mid-Cretaceous granitic rocks and local volcanics presuma- Wood and Armstrong (1982), described a small area of the 
bly was related to heating and thickening of continental crust volcanics (area BY Fig. 1) as calk-alkaline andesite and da- 

during co~ision. least 450 km ofright lateral slip occurred cite ashflow tuffs, and also portrayed their contact with coun- 

on Tintina Fault Zone between the Late Cretaceous and try rocks as unconformable. Potassium-argon dating by these 
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Figure 1. Regional setting and location of mid-cretaceous South Fork Volcanics and coeval plutonic 
rocks of the Selwyn Plutonic Suite with reference to Sheldon Lake (1 05J) and Tay River (105K) map areas. 
'The autochthon (unpatterned) represents mostly late Precambrian to Upper Triassic sediments and minor 
volcanics deposited along the western margin of North America. The allochthon includes mylonite, green- 
stone, limestone, and chert accreted to North America in the Jura-Cretaceous, simultaneous with thrust 
faulting and folding of the autochthon. Tintina Fault Zone is a dextral strike-slip fault system with at least 
450 km of displacement, most of this along the main strand, the Tintina Fault. All known occurrences 
of the South Fork Volcanics are in the Sheldon Lake and Tay River map areas. The volcanics are preserved 
within several calderas, the largest of which are here termed the Teddy (after Teddy Creek), Connolly 
(after Mount Connolly), and Blind Lakes (after Blind Lakes) calderas (for location of these physiographic 
features see NTS sheets 105K110, K19, and K18 respectively). The bulk of the Selwyn Plutonic Suite is 
shown in cross pattern, the Marjorie pluton in complex cross-hatch. For descriptions see text. Satellitic 
stocks of Marjorie-like granite occur in areas D and E. Areas A,B and C are referenced in text. Solid lines 
indicate well defined contacts, dashed lines indicate approximate contacts, dotted lines indicate assumed 
contacts. Black dots indicate downthrown side of dip-slip faults. Note that the volcanics of area A are 
not indicated on the slightly earlier geological map of Gordey and Irwin (in press). 



authors indicated ages of between 94.4 and 102 Ma for the 
volcanics, and confirmed their time equivalence to regional- 
ly extensive mid-Cretaceous plutonic rocks. 

The Geological Survey of Canada recently completed 
updating of geological mapping for the Sheldon Lake (105J) 
and Tay River (lO5K) map areas (Gordey and Irwin, in press), 
during which many exposures of the South Fork Formation 
were examined. Figure 1 shows the distribution of the vol- 
canics and equivalent plutonic rocks relative to elements of 
the regional setting outlined above. On close inspection the 
volcanic-country rock contact is not an unconformity, but 
is everywhere faulted. The distribution of the volcanics and 
their fault-bounded nature show they are preserved within 
several discrete calderas. Field relations are consistent with 
a cogenetic relationship for the volcanics and some of the 
mid-Cretaceous granitic rocks, in this region referred to the 
Selwyn Plutonic Suite (Gordey and Irwin, in press; Pigage 
and Anderson, 1985; see also Anderson, 1982). 

SOUTH FORK VOLCANICS 
The volcanics are preserved within at least eight calderas, 
ranging from 2.5 km to up to 38 krn in diameter. The bound- 
ing contacts are not exposed for any of the calderas, but in 
many places they can be located to within 100-200 m. The 
intersection of the contact with topography shows them to 
be near vertical (e.g. north half of the Teddy caldera (Fig. 
I), and much of the eastern and northern margins of the Con- 
nolly caldera). In areas of poorer exposure the proximity of 
flat-lying volcanics to adjacent country rocks of equal or 
higher topographic elevation indicates a fault contact of at 
least moderate dip. The caldera-margin curvilinear faults were 
discrete localized surfaces of failure. Related shearing or in- 
tense fracturing were not noted within adjacent country rock. 
The sense of displacement on faults bounding the west and 
north sides of area B (Fig. 1) is not certain. The interpreta- 
tion preferred is that these somewhat different tuffs (see be- 
low) represent volcanics low in the sequence, and comprise 
a slightly upthrown block. The origin of the north-trending 
panel of volcanics of area A (Fig. 1) is also uncertain. Its 
bounding faults may in part be post-volcanic and younger 
(perhaps Eocene ?) . 

There are few differences between the tuffs from cal- 
dera to caldera. Rocks of the Teddy and most of the Connol- 
ly calderas are virtually indistinguishable in grain size, de- 
gree of welding, mineralogical composition and colour. Both 
contain densely welded crystal or crystal lithic tuff that 
weathers from dark brown to dark grey and on fresh sur- 
faces ranges from light grey-green to dark grey. Many out- 
crops resemble granitic rock in their resistance to erosion, 
massive character, medium grain size and induration. Yet, 
thin section examination proves the rock to be pyroclastic 
(Fig. 2a). Crystals, typically about 1 mm across but ranging 
up to 4 mm, are commonly broken or bent and consist of 
quartz (10-25 %), biotite (0-5 %), hornblende (0-3 %), 
plagioclase (15-40 %) and rare orthopyroxene. These are set 
in a very finely microcrystalline felsic matrix that forms the 
remainder (40-75 %) of the rock. Lithic clasts are uncom- 
mon and range typically from pebble to cobble size. They 
are all of identifiable country rock and constitute chert, ar- 

gillite and locally granite. At one locality in Connolly cal- 
dera a house-sized clast of bedded chert is enveloped in tuff 
(Fig. 2b). Within area B (Fig. 1) the tuffs are distinguished 
from those elsewhere by their dark grey-green weathering 
colour, lower mafic crystal content and well-displayed bed- 
ding (see below). The Blind Lakes caldera (Fig. 1) includes 
crystal lithic tuffs with quartz (15 %), feldspar (40 % ?), bio- 
tite (1 %) and are typified by up to 30 % lithic fragments rang- 
ing up to 0.6 m across. The clasts range from rounded to 
angular and are commonly chert, argillite, and rarely lime- 
stone, chert pebble conglomerate and granite porphyry. Vol- 
canics of the pendant within Marjorie pluton (see Fig. 1) lo- 
cally resemble the lithic-rich tuff and may be related. Tuffs 
within area A (Fig. 1) and the smaller calderas generally 
resemble those of the Teddy and main Connolly calderas. 
In area C (Fig. I), however, the rock is compositionally differ- 
ent. It typically lacks quartz and contains hornblende, pyrox- 
ene, and feldspar crystals densely welded in a finely 
microcrystalline felsic(?) matrix. 

Bedding is rarely seen in the volcanics and is well de- 
veloped only in southeast Connolly caldera (area B, Fig. 1 ; 
Fig. 2c;  Fig. 2d; Wood and Armstrong, 1982 ; Wood, 1981). 
There it is defined within crystal tuff by faint colour lamina- 
tion that is parallel to millimetre scale mineral segregation 
and alignment. On a larger scale the rock has well developed 
parting parallel with the lamination which lends outcrops a 
well bedded appearance. In other parts of the Connolly cal- 
dera and elsewhere, the rocks are massive, and bedding orien- 
tation is reflected in local subvertical columnar jointing, rare 
visible flattened fiammae, or at one locality the plane of ap- 
parent flattening of elliptical gas cavities. 

The most impressive feature of the volcanics in the Ted- 
dy and Connolly calderas is their massive nature and great 
thickness (Fig. 2e). In the Connolly caldera, the volcanics 
are at least 950 m thick. Their flat-lying attitude is indicated 
by generally well-developed subvertical columnar joints (Fig. 
2 0 .  From a short distance, tiers of columnar joints intersect- 
ed by flat-lying master joint sets give a false impression of 
individual flows. On detailed inspection the rocks are mas- 
sive and show no variation in composition or degree of weld- 
ing across these apparent boundaries. The thickness of the 
volcanics in Teddy caldera is probably as great as that of 
Connolly caldera. These rocks are also massive and the com- 
bination of columnar jointing and subhorizontal joints also 
gives a false impression of individual flows. For area A (Fig. 
1) and the other smaller calderas exposed in areas of low 
relief, the thickness of tuff is uncertain. In these areas too, 
the rocks locally display columnar jointing and are typically 
massive. 

RELATIONS OF SOUTH FORK VOLCANICS 
TO SELWYN PLUTONIC SUITE 
Mid-Cretaceous plutonic rocks within the same region as the 
South Fork Volcanics consist mostly of unfoliated, grey 
weathering, resistant, medium- to coarse-grained granite, 
quartz monzonite and granodiorite. Mafic minerals commonly 
include biotite and hornblende. The plutons are clearly post- 
tectonic, their boundaries cleanly crosscut folded and fault- 
ed country rocks. The disribution of felsenmeer exposures 



Figure 2. Some features of the South Fork Volcanics 
(a) Typical texture of crystal tuff as seen in thin section (crossed polarizers). q = quartz, p = plagioclase, h = hornblende, 
b = biotite. Matrix is very finely crystalline, low birefringent felsic(?) material. Rock is from northwest Connolly caldera 
from section pictured in photo (e). 
(b) A large block of bedded chert (white dots) within crystal tuff of the Connolly Caldera. All rock in foreground is crystal 
and crystal lithic tuff. Low area in middle distance is country rock outside the caldera. 
(c) Well bedded crystal tuffs of southeast Connolly caldera, area B (Fig. 1). Bedding dips gently to left of photo. 
(d) Bedding-parallel parting in crystal tuff outlining tight slump(?) fold with horizontal axial plane. Tuff is from area A 
(Fig. 1). Most tuffs in this area are massive. 
(e) Massive, thick densely welded crystal tuff at the northwest end of Connolly caldera. Relief is about 440 m (1450 ft). 
Arrow points to a tent (small pin-sized dot). On the basis of local vertical columnar joints, the bedding is presumed flat- 
lying. The tuffs form a single cooling unit. Composition and degree of welding is uniform throughout this entire well ex- 
posed section. 
(9 Local vertical columnar joints in crystal tuff of the Connolly caldera. 



shows that the northwest end of Connolly caldera truncates 
one of the plutons, indicating the caldera formed after con- 
solidation of the granitic body. 

The Marjorie pluton of southeastern Tay River map area 
(Fig. 1) is atypical of the mid-Cretaceous suite. It consists 
of porphyritic biotite f hornblende granite characterized by 
large smokey grey quartz phenocrysts and locally K-feldspar 
phenocrysts. It appears to crosscut the Connolly and Blind 
Lakes calderas, and therefore to be younger, although lithic 
clasts within tuff of the Blind Lakes caldera are identical to 
Marjorie granite indicating the granite to be older. This con- 
tradiction is accommodated if formation of the Blind Lake 
tuffs and Marjorie intrusion were synchronous. Earlier-cooled 
portions of the high-level Marjorie pluton could be incorpo- 
rated as clasts within cogenetic Blind Lakes tuff, which could 
then be invaded by later intrusion of the same, or pulses of 
very similar magma. 

Age-dates (see Pigage and Anderson, 1985; Wood and 
Armstrong, 1982) and the above field relations show that 
the South Fork Volcanics and the mid-Cretaceous plutonic 
suite are synchronous and that the Marjorie pluton and Blind 
Lakes tuff are likely cogenetic. In mineral composition the 
volcanic and granitic rocks are also similar. Why the mid- 
Cretaceous plutons have eruptive equivalents only in Shel- 
don Lake and Tay River areas, and not elsewhere in the Cor- 
dillera, is unknown. 

MODEL OF FORMATION 
The suggested mode of formation of the South Fork Volcan- 
ics is patterned after a model proposed by Lipman (1984) 
to explain features of many well studied ash-flow calderas 
in the western United States. Numbers in the following 
description refer to Figure 3. Volcanism began when a shal- 
low magma chamber (for the Blind Lakes caldera possibly 
early components of the Marjorie pluton) vented to the sur- 
face resulting in a pyroclastic eruption. As the eruption 
proceeded the magma chamber evacuated, and the overlying 
ground subsided to form a caldera. Caldera formation is su- 
perposed on folded and faulted country rock (1) and in places 
on early intrusive phases of broadly coeval plutonic rock (2). 
The crystal and ash ejecta fell back to the ground, much of 
it still hot, to accumulate within the subsiding caldera to form 
very,thick massive densely welded tuff (3). The caldera walls 
formed as normal fault scarps (4) and large blocks of coun- 
try rock (5)  locally fell into the caldera and mixed with the 
ash. Younger phases of mid-Cretaceous plutonic rock (6) 
(Marjorie pluton) locally intruded across the caldera mar- 
gins. Ejecta fell far from the the vent(s) originally covered 
the landscape (7) but post-volcanic erosion (8) stripped off 
these deposits leaving behind only the fault-bounded caldera 
fill (3). Whether ejecta related to one caldera fell into anoth- 
er, or whether the larger calderas formed from single or mul- 
tiple eruptions is unknown. In diameter, the Teddy (35 krn) 
and Connolly (28 km) calderas are large when compared to 
other North American examples (eg. Lipman, 1984, Table 
1). Even if produced by more than one event, the eruption(s) 
that led to their formation were likely cataclysmic. 

Figure 3. Diagrammatic cross-section summarizing extru- 
sive relations of the South Fork Volcanics and relations with 
the coeval intrusive Selwyn Plutonic Suite. Relationships from 
several South Fork calderas are depicted. Numbers 1 to 8 
are referenced in text. 

MINERAL EXPLORATION POTENTIAL 
The South Fork Volcanics have received relatively little at- 
tention as an exploration target. Their massive, fresh charac- 
ter, lack of gossans, and paucity of known occurrences is 
discouraging. No new occurrences were discovered during 
this work. Heat and faulting, implicit in the caldera model, 
suggest the volcanics may have been a favourable host to 
high-level gold- and silver-rich hydrothermal systems. How- 
ever, later erosion sufficient to remove all of the "extracal- 
dera" deposits has also likely eroded any shallow vein sys- 
tems. Exploration targets of the South Fork Volcanics would 
therefore be aimed at deeper mesothermal veins which may 
perhaps be enhanced in sulphides at the expense of precious 
metals and therefore currently less attractive. Exploration 
and prospecting should probably concentrate around the 
caldera-bounding faults. 
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Abstract 

7he Monashee de'collement, a westerly rooted shear zone that displaced Selkirk Allochthon rocks 
eastwards in the Middle Jlirassic and Late Cretaceous, intersects the Trans-Canada Highway 16 lcm west 
of Revelstoke at Victor Creek. The shear zone separates underlying Monashee complex mantling gneisses 
from overlying higher grade Sellcirk Allochthon gneisses. Kinematic studies indicate a northeastward sense 
of shear of the allochthon relative to the Monashee complex. Structures in the footwall are truncated 
by the de'collement. 

Footwall stratigraphy comprises upper amphibolite facies carbonate, clastic and minor volcarzic rocks. 
Metapelites are kyanite- and sillimanite-bearing; kyanite is partially replaced by sillimanite. Hanging 
wall stratigraphy consists of calc-silicate and psammitic gneiss with abundant amphibolite boudins, and 
impure marble and quartzite horizons. Sillimanite is the only alurninosilicate in the hanging wall, and 
leucogranitic pods are common. fie de'collement thus juxtaposed higher grade hanging wall rocks of 
the Selkirk Allochthon against lower grade footwall rocks of the Monashee complex. 

Le de'collement de Monashee, une zone de cisaillement enracine'e vers l'ouest qui a de'place'les roches 
de l'allochtone de Selkirk vers l'est au milieu du Jurassique et a la fin du Cre'tace', traverse la trans- 
canadienne a 16 km a l'ouest de Revelstoke, a la hauteur du ruisseau Victor. La zone de cisaillement 
se'pare les gneiss de couverture du complexe de Monashee sous-jacents des gneiss h teneur plus kleve'e 
sous-jacents de l'allocthone de Selkirk. Des e'tudes cinhnatiques indiquent que le cisaillement de l'alloc- 
thone a une direction nord-ouest par rapport au complexe de Monashee. Les structures de 1 'e'ponte infe'- 
rieure sont tronque'es par k de'collement. 

La stratigraphie de 1 'e'ponte infe'rieure comprend des roches carbonate'es, clastiques et, par endroits, 
volcaniques du faciks supe'rieur des amphibolites. Des me'tape'lites contiennent de la kyanite et de la silli- 
manite; la kyanite est partiellement remplace'e par la sillirnanite. La stratigraphie de l'e'ponte supe'rieure 
comprend du calc-silicate et du gneiss psammitique avec de nombreux boudins d'amphibolite, ainsi que 
des horizons de quartzite et de marbre impurs. La sillimanite est le seul aluminosilicate duns l'e'ponte 
supkrieure, et on trouve de nombreuses masses leucogranitiques allonge'es. Le de'collement a done juxta- 
pose' des roches de l'e'ponte supe'rieure a teneur e'leve'e de l'allocthone de Selkirlc aux roches de l'e'ponte 
infe'rieure a faible teneur du complexe de Monashee. 

' Ottawa-Carleton Geoscience Centre and Department of Earth Sciences, Carleton University, Ottawa, 
K1S 5B6 



INTRODUCTION 
The Monashee dCcollement, a westerly rooted and easterly 
verging ductile shear zone, carried Proterozoic and Paleozoic 
rocks of the Selkirk Allochthon eastward across Proterozoic 
core and mantling gneisses of the Monashee complex (Read 
and Brown, 198 1 ; Brown and Read, 1983 ; Journeay, 1986 ; 
Brown and Journeay , 1987). Displacement on the Monashee 
decollement is thought to have occurred initially in the Mid- 
dle Jurassic with maior reactivation in Late Cretaceous time 
(Brown and Journeay, 1987, Journeay, 1986). The dCcolle- 
ment is exposed along the western flank and northern and 
southern limits of the Monashee complex, but is truncated 
to the east by the Eocene Columbia River fault (Lane, 1984, 
Lane and Brown, 1987). The location at which the dCcolle- 
ment cuts the Trans-Canada Highway has recently been re- 
vised (Journeay and Brown, 1986; Brown and Journeay, 
1987). Two Master's theses projects inprogress at Carleton 

University are dedicated to locating and tracing the dCcolle- 
ment north and south of the highway, to establishing the re- 
lations between footwall and hanging wall structure and 
stratigraphy, and to documenting the metamorphic change 
across the break. Two months were spent in the field by each 
of the authors : Bosdachin worked north of the highway and 
Harrap to the south. 

The field area lies within the structural depression 
between two structural culminations in the complex, French- 
man's Cap dome to the north and Thor-Odin nappe to the 
south. Read and Klepacki (1981) inferred continuous stratig- 
raphy up into the highest exposed units, effectively position- 
ing the dCcollement farther to the west, near Sicamous, as 
originally suggested by Read and Brown (1981). This study 
confirms with local modifications the revised location (Fig. 1) 
proposed by Journeay and Brown (1986), and documents the 
geology of the footwall and hanging wall rocks in this region. 

Figure 1. Simplified geological map of the western margin of the Monashee complex. Basementlcover 
contact and fault bounded slice immediately east of Victor Creek fault compiled in part from Read and 
Klepacki (1981) and Fyles (1970). 



STRATIGRAPHY 
Monashee complex 
Within the area mapped, basement gneisses and an uncon- 
formably overlying cover sequence have been divided into 
five units distinguished on the basis of lithology and contact 
relations. The core or basement rocks were only locally 
mapped and are thus grouped together as one unit, while the 
cover sequence (mantling gneisses of earlier workers) makes 

LEGEND 

ALMCHTHONOUS COVER 

I sillimanite bearing semi-pelitic schist,quartzo- 
feldspathic paragneiss, hornblende-garnet gneiss, 
laced with pegmatite. 

quartzite, diopsidic marble, quartzo-feldspathic 
paragneiss, orthogneiss, laced with pegmatite. 

quartzo-feldspathic paragneiss, sillimanite bearing 0 semi-pelitic schist, calc-silicate gneiss, diopside 
bearing quartzite, quartzite, with amphibolite boudins. 

highly strained shear zone with chaotic and fragmented 
remnants of footwall stratigraphy. 

MONASHEE SEQUENCE: 

1 sillimanite/kyanite schist, calc-silicate gneiss, marble 
42 quartzite: quartzite with thin biotitic interlayers mQ2 and local amphibolite boudins. 

calc-silicate gneiss, impure marble, sillimanite/kyanite 1 bearinq schist, local carbonatites. 
basal quartzite: muscovite-tourmaline bearinq quartzite. 

CORE GNEISS 

mfxed paragneiss: biotite-hornblende gneiss, calc- 
silicate gneiss. 

SYMBOLS 

, .  Geological contacts: defined, approximate, inferred. 

h - L . , .  Monashee Decol1ement:defiqed. approximate, inferred. - - Late fractures and normal faults with minor displacement 
Axial surface traces: anticline, syncline. 

Oc Carbonatites 

Q-.---. Lake and stream 

Figure 2. Cross sections illustrating the truncation of phase- 
two folds by the Monashee decollement. 

up the other four. Figure 1 is a simplified map showing the 
plan view distribution of stratigraphic units, and Figure 2 
illustrates two structural cross-sections. 

The basement (unit 1) consists of para- and orthogneiss 
that is regionally variable but locally quite uniform. Calc- 
silicate bearing paragneiss (diopside- hornblende- garnet- 
biotite- plagioclase- quartz) with minor quartzofeldspathic 
orthogneiss was mapped north of the Trans-Canada High- 
way while dominantly semipelitic augen gneiss (quartz- 
feldspar- sillimanite- biotite- garnet) was mapped south of 
the highway. 

Overlying the basement gneisses is a clean basal quart- 
zite of variable thickness (< 30 m to > 150 m) with minor 
muscovite and tourmaline (unit 2). The quartzite contains 
concordant mafic to ultramafic boudins with no evident feeder 
dykes. 

Unit 3 comprises calc-silicate gneiss (diopside- biotite- 
quartz- garnet) with interlayers of impure marble and psam- 
rnitic gneiss. In some areas an extensive pelitic schist horizon 
separates two calc-silicate horizons, each with impure mar- 
ble interlayers. This interlayer of pelitic schist becomes more 
extensive to the west of the thesis areas. The pelitic schist 
(quartz- feldspar- sillimanite- (kyanite)- garnet- biotite) is lo- 
cally migmatitic. Stratabound carbonatites occur within the 
calc-silicate gneiss both north and south of the TCH, although 
those to the north are more extensively exposed. 

Unit 4 is a thin (< 15 m) biotite-bearing quartzite, which 
contains abundant mafic to ultramafic concordant boudinaged 
pods. No feeders for the mafic to ultramafic layers were ob- 
served, likely due to the highly strained nature of the host 
quartzite. It is locally underlain by a diopsidic marble horizon. 

Unit 5 comprises a pelitic schist of variable thickness 
locally overlain by diopside-garnet calc-silicate gneiss and 
thin impure marble horizons. The schist (sillimanite- kyanite- 
garnet- biotite- quartz- k-feldspar) is locally migmatitic and 
contains abundant augen. 

Allochthonous cover (Selkirk Allochthon) 
Allochthonous rocks comprise four recognizable units, of 
which only the lower two are mappable south of the Trans- 
Canada Highway. All are extensively pegmatized, somewhat 
chaotic and have gradational contacts. 

The lowest package, unit A, is a highly disordered 
anastomosing shear zone assemblage with small lenses of both 
footwall and higher hanging wall stratigraphy visible on a 
very fine scale. The unit is thus defined in terms of high strain 
and lithologic chaos rather than constant lithologic proper- 
ties and is perhaps more properly a composite rather than 
hanging wall unit. The chaotic zone contains the dkcollement 
proper and varies between 10 and 150 m in thickness, the 
widest occurrence being on the south slope of Mount. Eng- 
lish, south of the highway. 

Unit B comprises interbedded psarnmitic and calc-silicate 
gneiss, minor quartzite (locally diopsidic) and semipelitic 
schist (biotite-sillimanite-garnet) with massive amphibolite 
boudins which become more abundant upwards. 



Unit B is overlain by a thick pegmatite-laced zone 
containing thin quartzite layers that are in turn overlain by 
a thin (1-2 m) impure diopsidic marble. The quartzite is 
underlain by a unit tentatively identified as an orthogneiss, 
also laced with pegmatite. The high degree of pegmatization 
in this unit makes subdivision on the basis of these locally 
observed components difficult. 

The highest observed package, unit D, is made up of 
quartzofeldspathic to semipelitic gneiss (sillimanite- biotite- 
feldspar- quartz- garnet) laced with leucogranitic pegmatite. 
Numerous concordant garnet-amphibolite boudins occur 
throughout the package. 

STRUCTURE AND METAMORPHISM 
Monashee complex 
Rocks of the footwall of the Monashee dCcollement were 
isoclinally folded by two distinct deformational events. Easter- 
ly verging pre-to early metamorphic first-phase folds (Read, 
1980) are evident primarily due to stratigraphic repetitions ; 
large-scale, northeasterly-verging, synmetamorphic, second 
phase structures fold the first phase micaceous foliation. The 
hinges of the second phase folds are parallel to the regional 
stretching lineation (Read and Klepacki, 198 1 ; Scammell, 
1986; Journeay, 1986) while the axial planes strike south- 
easterly and dip to the southwest. Regional postmetamor- 
phic third phase folds are locally detectable as warps; no 
associated minor structures were observed within the mapped 
area. 

Field evidence including S-C fabrics, shear bands, 
stepped mineral fibres and rotated augen indicate that the foot- 
wall zone has, in the mapped area, undergone shear with 
northeastward vergence. Notably, the quartzites of the com- 
plex preserve excellent stepped mineral fibres and S-C fabrics. 
Leucocratic layers in migmatites throughout have been dis- 
sected to form abundant asymmetric augen. 

The footwall pelitic assemblage includes sillimanite - 
kyanite (parallel to the local stretching lineation) - garnet 

(rotated) - biotite - quartz - K-feldspar. Sillimanite oc- 
curs as mats in the biotite foliation and as pseudomorphs after 
kyanite and is oriented parallel to the stretching lineation. 
South of the highway, coarse, prismatic crystals crosscut the 
older sillimanite mats and kyanite is rare. 

Thin section petrography reveals that kyanite has been 
progressively replaced by sillimanite. Chlorite and musco- 
vite occur in syntectonic pull-aparts in grains oriented paral- 
lel to the lineation. Tourmaline in the basal quartzite (unit 
2) is locally pulled apart, and may reside in thin lenses of 
syntectonic quartz pegmatite within the quartzite. 

Monashee Ddcollement 

a few metres to a few tens of metres in size and are enclosed 
by a shear foliation discordant with their internal fabric. The 
lenses are concentrated immediately above the highest recog- 
nizable continuous footwall strata and the proportion of foot- 
wall lenses abruptly decreases upwards. 

South of the highway, the dCcollement is exposed around 
the upper flank of Mount English (Fig. 1) and projects down- 
slope to the highway immediately west of the Victor Creek 
fault. A mylonite with northeastward vergence is exposed 
on the highway, and the section to the west progressively 
climbs into higher hanging wall strata. North of the highway 
the dCcollement is offset by the Victor Creek fault but can 
be traced northwest near Eagle Pass Mountain (Fig. 1). 

In the southern area shears with northeastward vergence 
locally are disrupted by discrete shears with southwestward 
vergence that cut down from continuous hanging wall stratig- 
r a ~ h v  into the chaotic zone. 

The dCcollement places rocks of different metamorphic 
grade against each other. Kyanite has not been found in the 
hanging wall, but occurs in the footwall, although partially 
replaced by sillirnanite. This apparently inverted metamorphic 
gradient is consistent with observations in the north of the 
complex (Journeay, 1986). 

Hanging wall, or Allochthonous cover 
There are two distinct fold sets in the hanging wall of the 
dCcollement, although the second occurs only in the north- 
ern portion of the mapped area. Tight to isoclinal folds have 
hinges parallel to the southwest-trending pervasive stretching- 
lineation and shallow, southeasterly, dipping axial planes. 
They are interpreted as second phase folds and form both 
minor structures and kilometre-scale folds. These folds may 
have formed during motion of the dCcollement and progres- 
sively rotated into parallelism with the regional stretching 
lineation. A later phase of open folds, also with hinges par- 
allel to the stretching lineation, verges to the west and has 
shallow northwest dipping axial planes. 

The hanging wall pelitic assemblage is similar to that 
observed in the footwall with the exception that kyanite was 
not observed and only one generation of sillimanite has so 
far been described. Muscovite occurs only as a retrogres- 
sion product in the hanging wall. Leucogranitic pods are more 
common in the hanging wall. 

Late structures 
Joints, fracture zones and brittle faults with chlorite infilling 
and minor displacement cut the earlier structures throughout 
the area. Both the predominant joint set, and the faults, strike 
north-northwest and dip steeply both to the east and west. 
The displacement is west side down, with slickensides steeply 

to the northwest, as observed on the Victor creek 
The dCcollement occurs as an anastomosing shear zone which fault. There is a rotational component to faulting as indicat- 
ranges from less than 10 to at least 150 m thick. The zone ed by changing throw along the strike of the faults. Faults 
is mylonitic and intensely pegmatized. The dkcollement 

which strike to the north-northeast and dip moderately to the 
locally truncates footwall stratigraphy and is regionally sub- 

southeast were locally observed north of the Trans-Canada 
parallel to the second phase axial surfaces. This zone is chaotic 
and contains both footwall and hanging wall roclts through- Highway; these had slickensides dipping shallowly to the 

northeast. 
out the mapped area. Lenses of transposed strata range from 



A previously unprojected high angle fault mapped to the 
north by Hoy and Brown (1980) was detected cutting across 
Mount English and northwestward towards Eagle Pass Moun- 
tain. It is visible in outcrop on Mount English and on airpho- 
tos to the north, and is tentatively labeled the Mount English 
fault. 

CONCLUSIONS 
1) The Monashee dicollement crosses the Trans-Canada 

Highway immediately west of Victor Creek (Fig. 1). 

2) The shear zone exhibits consistent northeastward ver- 
gence. 

3) Shearing on the dicollement happened at deep crustal lev- 
els as evidenced by high grade (upper amphibolite) syn- 
kinematic metamorphism. 

4) Monashee complex mantling gneiss stratigraphy and struc- 
tures are locally truncated by the dkcollement. 

5 )  The dkcollement juxtaposes higher grade rocks on top of 
lower grade rocks, and resulted in inverted metamorphic 
gradients in the immediate footwall (Journeay, 1986). 
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Clay mineralogy of late Pleistocene glacial deposits in 
Chilliwack Valley, southwestern British Columbia 
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Abstract 

A preliminary study has shown clay mineral assemblages in these sediments have a typical glacial 
character, manifested by abundant, well crystallized, iron-rich chlorite and illite, both derived mainly 
from plutonic, volcanic, and metamorphic rocks. In general, secondary clay minerals such as smectite 
and irregular mixed-layers are much less common and probably have been recycledfrom older sediments 
and sedimentary rocks. However, diamicton directly above a paleosol at the study site has high amounts 
of smectite. This smectite, which is closely associated with a tephra, formed very rapidly by authigenesis 
during a brief interval of glacier retreat about 11 300 BP 

Une ktude prkliminaire a ktabli que l'association argileuse duns ce type de skdiments a un caracttre 
glaciaire typique que distingue la prksence abondante de chlorite et d'illite riches en fer, toutes deux 
bien cristallis~es et provenant des roches plutoniques, volcaniques, et mktamorphiques de la rggion. En 
rggle gknkrale, les minkraux accessoires comme la smectite et les minkraux interstratifids irrkguliers 
sont peu abondants; ils peuvent provenir d'anciens skdiments et roches skdimentaires de la rkgion. Cepen- 
dant, les dkpbts glaciaires reposant directement au-dessus d'un paldosol renferment un important pour- 
centage de smectite. Cette dernitre est ktroitement associde d un niveau de cendres volcaniques et s'est 
dkveloppke trts rapidement par authigkntse durant un bref retrait des glaces il y a environ 11 300 ans. 

' Cordilleran and Pacific Geoscience Division, Sidney, B.C. 
Terrain Sciences Division, Vancouver 



INTRODUCTION 
Recent work on late Quaternary sediments in southwestern 
British Columbia has shown that there is a relationship 
between the clay mineralogy of these sediments and the cli- 
matic conditions that prevailed during deposition (Blaise, 
1985, 1987). In this paper, we extend this work by describ- 
ing and discussing the clay mineral composition of a well 
dated, late Pleistocene drift sequence in Chilliwack valley, 
100 km east of Vancouver (Fig. 1). 

SETTING 
Chilliwack River basin (1230 km2) lies south of Fraser 
Lowland in the Cascade Mountains of southwestern British 
Columbia and northwestern Washington. The westernmost 
part of the basin is underlain by Triassic and Jurassic pelite 
and sandstone. Pennsylvanian and Permian basic volcanic 
rocks, pelite, sandstone, and limestone are the main rock types 
in the middle part of the basin, and Tertiary granodiorite and 
quartz diorite dominate the headwater areas (Monger, 1970). 

Remnants of a thick Quaternary fill are preserved in the 
middle and lower parts of Chilliwack valley. The stratigra- 
phy and sedimentology of this fill have been extensively stud- 
ied (Clague and Luternauer, 1982, 1983; Hicock et al., 1982; 
Saunders, 1985; Saunders et al., 1987), but, until now, no 
work has been done on the clay mineralogy of the deposits. 

In this paper, we describe the clay mineral composition 
of late Pleistocene sediments exposed near the mouth of Tami- 
hi Creek in the lower part of Chilliwack valley ("Tamihi 
Slide" section of Saunders et al., 1987; 49"04.9'N, 
121 "50.6'W). This succession comprises, from bottom to 
top, more than 18 m of weakly stratified, clast-supported grav- 
el, 1 m of laminated silt, stony silt, and sand, and more than 
100 m of massive, matrix-supported diamicton (Fig. 2). The 
lower two units accumulated in ice-marginal environments ; 
the uppermost unit is till deposited by a lobe of ice that flowed 
into Chilliwack valley from Fraser Lowland (Saunders et al., 
1987). The diamicton unit is divisible into two nearly identi- 
cal subunits separated by a woody layer, palwsol, and tephra. 
Radiocarbon dates indicate that the diamicton and the under- 
lying laminated silt and sand were deposited between 11 600 
and 11 200 BP; it is likely that the paleosol that separates 
the two diarnicton subunits developed in 100-300 years (Saun- 
ders et al., 1987). 

ANALYTICAL METHODS 
Grain-size and clay mineral analyses were performed on sam- 
ples of laminated silt and diamicton from the Tamihi Slide 
section. 

Grain-size analyses (< 2 mm fraction) were done at the 
Pacific Geoscience Centre at Sidney, British Columbia, us- 
ing a settling tube for sand-size material and a sedigraph for 
silt and clay. 

Clay mineral determinations were undertaken at the Ot- 
tawa laboratories of the Geological Survey of Canada. Sam- 
ples were disaggregated in distilled water and then treated 
with hydrochloric acid (N/5) to remove calcium carbonate. 
Excess acid was removed by centrifuging. Sediment finer 

than 2 pm was collected by decantation, with settling times 
determined by Stoke's law. Oriented pastes of the less than 
2 pm fraction were then made on glass slides. X-ray diffrac- 
tion analyses were carried out with a Philips model PW 1 130 
generator, a PW 1050185 vertical goniometer, and PM 8210 
printing recorder controlled by a PW 1710 microprocessor. 
Diffractograms (2.5-30" 2 8 )  were made for untreated and 
glycolated subsamples and for subsamples heated for 2 hours 
at 490°C. Clay minerals were identified and their relative 
abundances determined in accordance with methods used at 
the Universite des Sciences et Techniques des Lille (Holt- 
zapffel, 1985); percentages are thought to be accurate to 
+ 5  %. 

RESULTS 
Most samples within the thick diamicton unit have similar 
grain-size and clay mineral characteristics (Fig. 2). Clay 
mineral assemblages of all samples, except those at and just 
above the contact of the two diamicton subunits, are domi- 
nated by chlorite (38-51 %, mean 43 %) and illite (29-36 %, 
mean 33 %), with lesser amounts of smectite (6-23 %, mean 
14 %) and undifferentiated irregular mixed-layers (7-12 % ; 
mean 9 %). Mixed-layer minerals includes illite-smectite, 
illite-vermiculite, chlorite-smectite, and chlorite-vermiculite. 
Diffraction peaks of chlorite and illite are narrow, sharp, 
and high, reflecting the well preserved state of these miner- 
als (Fig. 3). 

A different clay mineral assemblage characterizes the 
paleosol, the tephra, and the base of the overlying diamicton 
(Fig. 4). Secondary clay minerals (smectite and irregular 
mixed-layers) are slightly more abundant in the paleosol than 
in the diamicton below. Large amounts of illite (up to 52 % 
of total clay minerals) occur in the tephra above the paleosol ; 
chlorite is less abundant there than elsewhere in the sequence. 
Smectite dominates (67 %) the clay mineral assemblage of 
a sample of diamicton directly above the tephra, but is a subor- 
dinate constituent throughout the remainder of the upper di- 
amicton subunit. 

Figure 1. Location map. 
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Figure 2. Stratigraphy, grain size, and clay mineralogy of the sediments at Tamihi Slide. 1 : gravel; 2: 
silt, sand; 3:  diamicton; 4: paleosol, tephra; 5 :  sand; 6: silt; 7: clay (<2  microns); 8: chlorite; 9 :  illite; 
10: irregular mixed-layers; 1 1 : smectite. 

Iron content in chlorite 
The distribution and amount of heavy atoms (mainly iron) 
in chlorite provide a measure of the state of weathering of 
the mineral (Ross and Kodama, 1976; Brindley and Brown, 
1980). The degree of asymmetry (D) of chlorite in most of 
the diamicton at Tamihi Slide, calculated as the 1(003)/1(001) CHLORITE l(0041 

peak ratio, is close to or less than 0 (Fig. 4,  6). This indi- QUARTZ & I 
cates an equal distribution of heavy atoms in the octahedral 
and tetrahedral layers, which, in turn, suggests that the miner- 
al is unweathered. However, D values are higher in the tephra 

tion of iron atoms in the octahedral layer of the chlorite struc- 
and the paleosol, suggesting that there has been some oxida- 

ture (Ross and Kodama, 1976). 

Other chlorite peak ratios substantiate these conclusions. 
[I(004) +I(002)1 /I(003) and [I(004) +I(002)] /[I(003) +I(001)] 
peak ratios indicate that the iron content of chlorites in most 
diamicton samples is close to or greater than 6 for a 20 oxy- 
gen structure (Fig. 4,6).  However, samples from the paleosol 
and directly above the tephra have a lower chlorite iron con- 
tent, suggesting some weathering. 

Illite mineralogy 
Illite crystallinity (= half width of I(001) reflection at half 
intensity) ranges from 0.3 to 0.5" 2 8 .  The lowest values 
(i.e., highest crystallinity) are associated with samples from 
the tephra and the lower part of the upper diamicton subunit. 

1(002)/1(001) peak ratios for illites in the Tamihi Slide 
samples range from 0.33 to 0.52 (mean 0.43). These values 
indicate that the illites are not pure, but rather are mixtures 
of aluminum-rich and iron-rich micas which are character- 
ized by 1(002)/1(001) peak ratios of close to 0.8 and 0,  respec- 
tively. 

CHLORITE 
l(0021 

Figure 3. X-ray diffractogram of sample CH3-9 from the low- 
er diamicton subunit (elevation 269 m, Fig. 2), showing typi- 
cal glacial clay mineral assemblage. 

DISCUSSION 
Hydrolysis, temperature, and drainage are the three most im- 
portant factors affecting mineral changes during weathering. 
These factors, in turn, are determined by climate and relief. 
Depending on substrate type, certain clay minerals form un- 
der specific climatic conditions (Millot, 1964). For exam- 
ple, under a cold dry climate, physical weathering dominates 
over chemical weathering, and abundant iron-rich chlorite 
and illite are produced. A change to a warmer, more humid 
climate favours the formation of smectite and irregular mixed- 
layers, although other factors, notably local relief, drainage, 
and geology, may also play a role. 
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Figure 4. Clay mineralogy and chlorite peak ratios of the paleosol, tephra, and adjacent diamicton at 
Tamihi Slide. 1 : chlorite; 2: illite; 3: irregular mixed-layers; 4: smectite; D: degree of asymmetry of chlo- 
rite; Fe: heavy atom (iron) content in chlorite structure. 
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Figure 5. X-ray diffractogram of sample CHI-9 from the base 
of the upper diamicton subunit (elevation 291 m, Fig. 2). Note 
the high content of smectite. 

CHLORITE PEAK RATIOS 

Figure 6. Chlorite percentages and chlorite peak ratios of the sediments at Tamihi Slide. D: degree 
of asymmetry of chlorite; Fe: heavy atom (iron) content in chlorite structure. 



The general clay mineral assemblage of the Tamihi Slide 
diamicton is similar to assemblages found in glacial deposits 
on Vancouver lsland (Blaise, 1985, 1987). All are dominat- 
ed by iron-rich chlorite and illite of primary origin. 

The Tamihi Slide paleosol has only slightly more smec- 
tite and irregular mixed-layer clay minerals than associated 
unweathered glacial deposits. This may be a consequence 
of the short time available for soil formation, perhaps as lit- 
tle as 100 years. 

In contrast, the tephra and the base of the overlying di- 
arnicton are enriched in illite and smectite. The largest amount 
of smectite is found directly above the tephra, suggesting 
that this mineral may have formed in response to rapid 
weathering of volcanic glass before the site was last overrid- 
den by ice. The formation of smectite from volcanic ash by 
authigenesis has been widely reported and is thought to take 
place rapidly (Millot, 1964; Charnley and Millot, 1972; Kon- 
ta, 1986). The radiocarbon dates from the Tamihi Slide sec- 
tion indicate that such authigenesis can occur in as little as 
100-300 years. Data presented in this paper also support sug- 
gestions made by Millot (1964), Petersen and Rasmussen 
(1980), and Parra et al. (1985) that secondary clays, under 
certain circumstances, can form under a cold climate. 

Two possible explanations are offered for the high content 
of illite in the Tamihi Slide tephra: (1) this mineral, like smec- 
tite, may be a product of authigenesis after tephra deposi- 
tion; (2) the illite may be a primary mineral associated with 
the tephra at the time of its eruption. 

Inspection of the grain-size and clay mineral data from 
the Tamihi Slide section (Fig. 2) shows that up to 13 % of 
the matrix (< 2 mrn) of the diamicton directly above the tephra 
is smectite. Smectite is a swelling mineral that can drastical- 
ly affect the geotechnical properties and stability of associat- 
ed sediments and slopes. This concern highlights the practi- 
cal importance of studying clay minerals. In areas undergoing 
development, special attention should be paid to materials 
such as tephra that are readily transformed into expandable 
clay minerals. 
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Activite hydrothermale et alteration de ddiments h6mip61agiques 
dans une ancienne vall6e axiale, vall6e Middle, 
dorsale de Juan de Fuca, nord-est du Pacifique 

B. Blaisel, J.M. Franklin2, W.D. Goodfellow2, I.R. Jonasson2, 
F.E.L. Harvey-Kelly2, et C.D. Anglin2 

Blaise, B., Franklin, J .  M. , Goodfellow, W. D., Jonasson, I. R. , Harvey-Kelley, F.E. L., et Anglin, C. D., 
Activite'hydrothermale et altkration de skdiments he'mipklagiques dans une ancienne valle'e axiale, valle'e 
Middle, dorsale de Juan d f  Fuca, nord-est du Pacifique; & Recherche en courr, partie E, Commission 
gkologique du Canada, Etude 88-IE, p. 31-37, 1988. 

Trois campagnes oce'anographiques successives ont mis en evidence des de'p6ts hydrothermaux dans 
une ancienne valle'e axiale remplie de skdiments, au nord de la dorsale de Juan de Fuca. Les renseigne- 
ments recueillis grice a 1 'utilisation de cameias videb, prises de vue sous-marines, forages, draguages 
et carottages, ont permis la cartographie d grande e'chelle des e'vknements hydrothemux. Les premiers 
re'sultats de la dernikre campagne en mer @in 1987) montrent des skdiments hkmipe'lagiques pas, peu, 
ou tr2s altkrks, parfois associis & des sulfures massifs. Certains skdiments enregistrent parfois des teneurs 
e'levkes en smectite ou en chlorite, tandis que d'autres sont riches en Ba, Cu, Pb, Sr et Zn. Les altkrations 
hydrothermales se produisent tout d 'abord dans les skdiments a texture fine, riches en minkraux argileux. 
Ces derniers subissent une dkshydratation puis une dessication dues a l'augmentation de tempe'rature. 
Les vides ainsi c r k s  favorisent la circulation des fluides hydrothermaux et la prkcipitation de sulfures. 
La rkpartition des anomalies de flwc de chaleur, des sulfures massifs, des e'vents actifs et des skdiments 
de nature altake ou non altkre'e, permet de distinguer trois stades dans l'kvolution hydrothermale du 
secteur: 1) des kvents actifs et des skdiments trks altkre's associks d des flux de chaleur anormakment 
e'levks; 2) des sulfures massifs abondants et des skdiments alte'rks ou non, et 3) la formation de monticules 
(400 m de diam2tre, 50 m de hauteur), forme que prennent les accumulations de suljLres massifs recou- 
vertes de se'diments he'mipklagiques. 

Abstract 

7hree successive cruises have investigated the occurence of hydrothermal activity in a sediment-filled 
valley. A detailed geological map has been compiled using information @om video and underwater pho- 
tos, rock drilling, coring and dredging. Preliminary results of the last cruise (June 1987) show hydi-other- 
maly altered hemipelagic sediments, some with high smectite or chlorite content, and some rich in Ba, 
Cu, Pb, Sr and Zn. The hydrothermal alteration primarily takes place in fine grained sediments rich 
in clays. When heated these sediments are dessicated and open spaces are created, which process facili- 
tates jluid circulation and sulphide precipitation. 7he distribution of high heat jlow anomalies, massive 
sulphides, active chimneys, altered and non-altered hemipelagic sediments lead to the distinction of three 
stages of the hydrothermal system: ( I )  a highly active black smoker area with altered sediments associat- 
ed with exceptionally high heat flow; (2) a large accumulation of massive sulphides and altered sediments 
and (3) mound formution (400 m in diameter, 50 m high) consisting of massive sulphides and sulphidic 
sediments capped by hemipelagic sediment. 

' Division gkoscientifique de la Cordillbre et du Pacifique, Centre gkoscientifique du Pacifique, C.P. 6000, 
Sidney, C.B., V8L 4B2 
Division des ressources rnintrales, 601, rue Booth, Ottawa, Ont., KIA 0E8 



INTRODUCTION ECHANTILLONAGE ET METHODES 
DCcouvertes en 1985 lors de la campagne ocCanographique 
HOTMUDY85 (Davis et coll. 1987 ; Blake et ~ornhold, 1987 ; 
Goodfellow et Blaise, sous presse), les localitks hydrother- 
males de la vall6e Midle (segment nord fossile de la dorsale 
de Juan de Fuca, fig. 1) ont de nouveau fait I'objet de visites 
et d'Cchantillonages en 1986 et 1987. Lors de ces campa- 
gnes, I'utilisation simultanCe de deux systbmes de naviga- 
tion (de type GPS de surface et de type Transponder sur le 
fond marin) a permis d'esquisser une cartographie B grande 
Cchelle de la zone sidimentaire affectCe par les Cmissions 
hydrothermales. Les renseignements recueillis g rke  B l'uti- 
lisation de camCras vidCo, prises de vue sous-marines, fora- 
ges, draguages et carottages ont permis les travaux de carto- 
graphie. Au cours de la dernibre campagne ocCanographique 
TUL 87B, 16 carottes ont BtC prClevCes It l'aide de carottiers 
It piston et par gravitk; elles contiennent des skdiments hCmi- 
pClagiques pas, peu, ou trbs altCrks et des sulfures qui peu- 
vent etre, OU ne pas Ctre disstmin6s dans les sCdiments 
(fig. 2). Le prCsent rapport rCcapitule bribvement les pre- 
rnibres donnCes sCdimentologiques, minCralogiques et gCo- 
chirniques obtenues sur quelques-unes de ces carottes etcher- 
che B les intCgrer dans une esquisse de modble hydrothermal 
du secteur concern6 (Franklin et coll. 1987). 

Les Cchantillons analysCs proviennent principalement de la 
partie basale des carottes (CC : core catcher) et de la carotte 
TUL 87B-03 contenant des brkches skdimentaires non indu- 
rtes. 

Pour la granulomktrie, on utilise un sCdiment au prCala- 
ble lyophylisC; puis, les fractions sableuses et silteuses sont 
sCparCes B l'aide d'un tamis dont les mailles mesurent 63 p ;  
la fraction grossibre est ensuite analysCe B l'aide d'un tube 
B dCcantation long de 2 m, et la fraction fine grice B un Sedi- 
graph 5000 D. La fraction argileuse (infkrieure B 2 p) est 
sCparCe par dCcantation d'Cchantillons dCcarbonatCs 21 l'aide 
de HCI (NIS); elle est ensuite orientCe sur lame de verre 
rainurCe, puis analyste B l'aide d'un gCnCrateur Philips PW 
1130 muni d'un goniomktre vertical PW 1050185 et d'une 
table imprimante PM 8210 contr61Ce par un microproces- 
seur PW 1710 (tube Cu, filtre Ni). Le dCtecteur est un comp- 
teur proportionnel PW 17 11 / 10. Chaque Cchantillon donne 
trois diffractogrammes, soit (1) naturel, (2) glycolC, et (3) 
chauff6 B 490°C pendant deux heures. La reproductibilitC 
des mesures est de I'ordre de 5 %. Les analyses gkochimi- 
ques sont rCalisCes par ICP pour tous les ClCments, sauf Pb 

LOCALISATION * G I S E M E N T S  DE 
La dorsale de Juan de Fuca, 1ocalisCe B quelques centaines S U L F U R E S  C O N N U S  

de kilombtres des c8tes de 1'Ctat de Washington et de la 
Colombie-Britannique (fig. I), prCsente un taux d'expansion 
ockanique moyen de I'ordre de 60 mmla. Les vallCes axia- 
les sont soit 1ocalisCes au sommet de dorsales oceaniques B 
fort relief, soit au niveau de vallCes axiales plus profondes 
avec des taux d'expansion plus faibles. La proximitk du con- 
tinent et le relief de ces vallkes ont permis l'accumulation 
trbs rapide d'importants volumes de sCdiments, enfouissant 
les vallCes axiales en plusieurs endroits. Au niveau de la val- 
1Ce Middle, oh ce phCnombne s'est produit, la croOte B un 
age de 50 B 200 ka (Karsten et coll., 1986) et 1'Cpaisseur 
de la couche skdimentaire varie de 300 B 1500 m dans la 
zone axiale de la vallke (Villinger et Davis, 1986). Les taux 
de sedimentation calculCs se situent entre 1,5 et 300 m par 
millier d'anntes. Pour la partie supCrieure de la couverture, 
le taux de ~Cdimentation et de l'ordre de la dizaine de cm 
par millier d'annkes (Goodfellow et Blaise, sous presse). La 
cartographie du secteur B l'aide des systbmes SEA-MARC 
I et I1 et SEABEAM (Davis et coll., 1985)' permet d'identi- 
fier plusieurs monticules sur le plancher de la vallCe. 11s ont 
jusqu'h 400 m de diamkre et 50 m de hauteur. La formation 
de ces monticules est vraisemblablement like It l'activitk 
hydrothermale du secteur (Franklin et coll., 1987 ; Goodfel- 
low et coll., 1987 ; Goodfellow et Blaise, sous presse). Cette 
dernibre est contrB1Ce par un systbme de structures B orienta- 
tion N-S, parallble B la marge est faillCe de la vallCe Middle 
(Franklin et coll., 1987). Au sud d'un de ces monticules, 
et B quelques kilombtres au nord de ce dernier, des anoma- 
lies importantes de flux de chaleur ont CtC mesurkes (Villin- 
ger et Davis, 1986; Davis et coll., 1987). La dernibre phase 
de CarOttage a eU lieu aUX alent0urS de Ce mCme lllonticule Figure 1. Localisation gendrale de la vall& Middle et des 
(fig. 2). zones riches en sulfures au niveau du systeme de la dorsale 

de Juan de Fuca. 



que I'on dCtermine par absorption atomique, et FeO, C02, 
C, S et LO1 obtenus par voie chimique (Goodfellow et Blaise, 
sous presse). 

Les sCdiments hCmipClagiques comprennent des argiles sil- 
teuses dont la couleur varie de gris olive B gris noir, et des 
silts argileux gCnCralement gris noir (tab. 1). Au sommet des 
carottes et B plusieurs reprises dans les carottes TUL 87B-01 
et 08, des sediments bruns sont rencontrCs. Ces carottes ren- 
ferment d'ailleurs des niveaux bruns frCquemment dClimitCs 
de manihre abrupte par des silts argileux (fig. 3). Des sCdi- 
ments verts B vert olive, rCpartis de manikre diffuse ou en 
lits centirnktriques, se manifestent dans de nombreuses carot- 
tes, parfois en association avec des arnas noirltres de matikre 
organique (fig.3). Les niveaux les plus sombres et les plus 
grossiers presentent des granoclassement normaux et des 
zones perturbCes; ils sont interpret& dans le secteur comme 
des turbidites dCposCes au cours de la fin du PlCistocBne 
(Griggs et coll., 1969; Griggs et Kulm, 1970; Goodfellow 
et Blaise, sous presse; fig. 3). Des sCdiments hCmipClagi- 
ques fortement altCrCs apparaissent dans les carottes TUL 
87B-02 et 14. La carotte TUL87B-02 comprend, au som- 
met, des laminations millimCtriques riches en oxydes de fer 
et de manganbse. Ces laminations recouvrent des sCdiments 
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dCshydratCs de teinte verdltre a brunltre prtsentant des fen- 
tes de dessication rnillirnCtriques principalement verticales 
aux parois couvertes de sulfures. La carotte TUL 87B-14 
comprend de nombreuses zones riches en nodules de carbo- 
nate; elle ressemble B la carotte PAR 85-34 decrite par Good- 
fellow et Blaise (sous presse). Dans cette dernikre de nom- 
breux sulfures et sulfates (gypse et barite) sont dCcrits, en 
association avec des silicates de magnesium, dans un sCdi- 
rnent partiellement cirnentC par de la silice amorphe et de 
la calcite. Enfin, les carottes TUL 87B-05, 07, 09, 11 et 1.5, 
dont 1'Ctude se poursuit, contiennent des sulfures massifs 
intercalCs dans des stdiments hCmipClagiques. 

A part deux Cchantillons, la minkralogie des argiles mon- 
tre une forte resemblance aux assemblages terrigknes dCcrits 
dans le secteur (Blaise et Bornhold, 1986; 1987; Blaise et 
coll., 1987 ; Al-aasm et Blaise, 1987 ; Goodfellow et Blaise, 
sous presse). Les assemblages se cornposent de smectite (3 1 
a 55 %), chlorite (13 a 30 %), illite (17 B 34 %) et de mink- 
raux interstratifiks irreguliers (6 5 15 %) comprenant de I'illite 
et smectite (10-14s), de I'illite et vermiculite (10-14v) et de 
la chlorite et smectite et de la chlorite et vermiculite indiffk- 
renciCes (14-14) (tab. 1). A ces minCraux viennent s'ajouter 
des feldspaths, des amphiboles et du quartz en moins grande 
quantid. Les pourcentages anormaux enregistrks, sont asso- 

Figure 2. Distribution preliminaire des carottes prelevees lors de la campagne TUL 87B effectuee dans 
la partie sud de Middle Valley (voir fig. 1). Profondeur en m ,  d'apres la bathymetrie preliminaire du Sea- 
beam, modifiee d'apres Malahoff et coll. (1985). 

1 : sediment hemipelagique; 4: sediment hemipelagique altere; 
2: sediment hemipelagique contenant des niveaux bruns; 5: sulfures massifs associbs A des sediments hbmipelagiques. 
3: sediment hernipelagique contenant des breches sedi- 

mentaires non indurees; 



ciCs aux sCdiments altCrCs, et B un trks fort taux de smectite 
(8 1 %) B la base de la carotte TUL 87B-02 et de chlorite (50 %) 
dans le cas de la carotte TUL 87B-14. 

Les analyses gCochimiques ont donne des rCsultats rela- 
tivement uniformes pour les ClCments majeurs tandis que des 
variations importantes ont CtC nottes pour les ClCments en 
traces (tab. 2). Ba, Cu, Sr et Zn prCsentent des taux ClevCs 
pour les sCdiments associCs aux dep6ts hydrothermaux, ainsi 
que Pb de manibre plus ponctuelle. Dans la carotte TUL 
87B-03, les sCdiments grossiers sont pauvres en ClCments en 
traces (160-162 cm) tandis que les niveaux skdimentaires vert 
olive sont riches en Fe, Ba, Cu, Sr et Zn. 11s correspondent 
B des niveaux de sCdiments fins surmontant les brkches sCdi- 
mentaires non indurCes. 

DISCUSSION 
La prCsence d'Cvents hydrothermaux actifs (Franklin et coll., 
1987), d'anomalies ClevCes de flux de chaleur (Villinger et 
Davis, 1986; Davis et coll., 1987) et de sulfures massifs 
(Goodfellow et coll., 1987; Davis et coll., 1987; Goodfel- 
low et Blaise, sous presse) sont assez d'CICments qui permet- 
tent d'attribuer une origine hydrothermale B I'altCration des 

TUL 87B 1 2 3 4 

stdiments hCmipClagiques rencontrCs. Cette influence sem- 
ble se confiner prCfCrentiellement dans les sCdiments fins. 
L'augmentation de temperature induite par les fluides hydro- 
thermaux provoque une deshydratation progressive des sedi- 
ments riches en minCraux argileux, suivie de leur dessica- 
tion. Les vides ainsi crCb favorisent la circulation des fluides 
et la pricipitation de sulfures et d'autres phases midrales. 
D'autres rCactions impliquant les minCraux preexistants et 
les fluides hydrothermaux seraient i3 l'origine des minCraux 
argileux rencontrCs en concentration anormale. 

L'histoire hydrothermale du secteur peut Ctre en partie 
Cclaircie g r k e  a la repartition horizontale et verticale des 
sCdiments hCmipClagiques alt6rCs et des sulfures. Au niveau 
du monticule reprCsentC sur la figure 2 ,  les sCdiments prCle- 
vCs ne sont pas altCrts et aucun sulfure n'a CtC dCcrit. Ce 
phCnomkne semble indiquer que si le monticule est d'origine 
hydrothermale (Franklin et coll., 1987 ; Davis et coll., 1987 ; 
Goodfellow et Blaise, sous presse), il s'agit de dCp6ts hydro- 
thermaux restreints dans une zone non CchantillonCe ou de 
dCp6ts hydrothermaux de nature fossile recouverts par une 
Cpaisseur consCquente de sCdiments h6mipClagiques. Good- 
fellow et Blaise (sous presse) ont dCcrit la prCsence de sCdi- 
ments altCrCs B la base des carottes PAR 85-27 et 28 (345 

Figure 3. Description lithologique de quelques carottes prelevees lors de  la campagne TUL 878. 

1 : argiles silteuses gris olive a gris noir; 5: sediments hemipelagiques tres alteres; 
2: sediments bruns; 6 :  breches sedimentaires non indurees; 
3: sediments verts A vert olive; 7: echantillonage pour analyses granulometriques, minera- 
4: silts argileux gris noir; logiques et geochimiques; 

8: silts argileux avec granoclassement vertical. 



et 420 cm de longueur respectivement), toutes deux locali- 
sCes sur le monticule. De nombreuses autres carottes prCle- 
vies i cet endroit montrent I'existence d'au moins 2,5 m de 
sCdiments hCmipClagiques sans traces d'alttrations. Ces don- 
nCes et ['absence d'anomalies de flux de chaleur au niveau 
du mont confirmerait l'hyphothbe d'une activitt hydrother- 
male de nature fossile dont les dtp6ts seraient recouverts par 
la sedimentation hCmiptlagique. 

Dans la rCgion localiste juste au sud du mont, des dCbris 
d'kents, des sulfures massifs et des sCdiments hCmipClagiques 
trbs alttrts, dCnudCs de sCdiments non alttrts, ttmoignent 
d'une activitC hydrothermale rtcente (Goodfellow et Blaise, 
sous presse). Les donntes gtochimiques associCes aux stdi- 
ments alttrCs permettent d'interpreter les niveaux riches en 
Ba, Cu, Sr et Zn de la carotte TUL 87B-03 comme ayant 

probablement subis une influence hydrothermale. L'associ- 
ation des brbches non indurCes et des anomalies gkochimiques 
dans les niveaux les surmontant, permet de relier dans le temps 
la dCstabilisation de la couverture ~Cdimentaire et les 
manifestations hydrothermzles. Toujours dans le mCme sec- 
teur, la prCsence de niveaux bruns dans les carottes TUL 
87B-01 et 08 peut Ctre due i deux phtnombnes : (1) soit qu'une 
stdimentation lente dans un secteur protCgC ait permis le d t -  
veloppement h l'interface eau-stdiment d'une zone d'oxy- 
dation (rencontrCe au sommet des carottes), que I'arrivte sou- 
daine d'une masse skdimentaire importante (courant de 
turbiditt) ait scellC le systkme et fossilis6 la zone d'oxyda- 
tion et qu'ainsi un phtnomkne repttitif ait entrain6 le dCpGt 
successif des niveaux bruns; (2) soit que ces dCp6ts aient 
pu rCsulter de la prkcipitation de particules oxydCes contenues 

Tableau 1. Analyses des mineraux argileux et granulometrie des echantillons des carottes, T U L  878. 
CC: core catcher, extremite basale des carottes. 

MINERALOGIE DES ARGILES ET GRANULOMETRIE 
------------------------------------------------------------------------------------------------------------ 

NUMERO D 'ECHANT [ LLON CHLORITE ILLITE (10-14s) (10-14v) (14-14) SMECTITE SABLE SILT ARGILE 

% % % % % % % % % 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TUL 878-01- CC 14 32 5 0 8 41 0.37 39.34 60.29 

TUL 878-02- CC 4 6 0 0 10 81 0 .55  30.44 69.00 

TUL 878-03- 0 / 2 cm 13 3 4 2 0 10 41  0.70 38.11 61.19 

TUL 878-03- 15 / 17 cm 14 22 3 1 8 52 1.75 39.62 58.63 

TUL 878-03- 60 / 62 cm 24 3 5 2 2 12 25 1 .11  27.31 71.58 

TUL 878-03- 103 / 105 cm 18 29 1 0 5 47 0.74 23.30 75.97 

TUL 878-03- 139 / 141 cm 16 22 4 0 6 52 2.00 22.49 75.51 

TUL 878-03- 160 / 162 cm 20 3 0 3 1 5 41  7.84 60.56 31.59 

TUL 878-03- 215 / 217 cm 30 2 9 2 0 8 3 1  0.38 26.22 73.41 

TUL 878-03- CC 26 2 6 3 0 8 37 0.91 36.70 62.39 

TUL 878-04- CC 2 0 2 1 5 0 3 51 0.32 44.51 55.17 

TUL 878-06- CC 16 20 3 2 10 4 9 1.59 22.82 75.59 

TUL 878-07- 0 / 2 cm 15 17 2 1 10 55 11.21 29.31 59.48 
TUL 878-08- CC 14 2 0 2 2 9 53 1.75 39.95 58.29 

TUL 878-09- CC 17 16 5 0 8 54 3.00 31.22 65.78 

TUL 878-10- CC 13 2 4 1 0 7 55 1.22 36.41 62.38 

TUL 873-12- CC 19 27 4 0 8 42 0 .65  41.83 57.52 

TUL 878-14- CC 50 2 7 0 0 8 15 1 .11  24.04 74.84 

TUL 878-15- 514 / 516 cm 17 2 3 6 0 6 48 3.57 35.68 60.75 

TUL 878-15- CC 19 18 2 0 7 54 1.77 28.49 69.74 

TUL 878-16- CC 12 24 3 0 8 53 0.18 35.99 63.83 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MOYENNE 18 2 3 3 0 8 48 2.04 34.02 63.95 
DEVIATION STANDARD 8.72 6.90 1 .67  0.72 2.05 13.77 2.62 8.89 9.82 
MAX I MUM 50 35 6 2 12 8 1  11.21 60.56 75.97 
I.IINIMUM 4 6 0 0 3 15 0.18 22.49 31.59 
............................................................................................................ 

CC : core catcher 



Tableau 2. Analyses geochimiques des echantillons des carottes TUL 878. Les erreurs absolues sont 
les suivantes: SiO,: 0,4%, TiO, et P,O,: 0,02%, AI,O, et FeO: 0,2%, Fe,O, total, MgO, CaO, Na,O, 
K,O et CO,: 0,l 010, MnO: 0,01%, S: 0,04%, Ba et Pb: 20 ppm, Be et Yb: 0,5 ppm, Co et V: 5 ppm, 
Cr, Cu, La et Ni: 10 ppm. 

ELEMENTS MAJEURS : POURCENTAGE 
NUMERO D'ECHANTILLON S102 TI02 AL203 FE203T FE203 FEO MNO MGO CAO NA20 K20 C C02 P205 S LO1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TUL878-01-CC 54.1 0.85 16.30 7.90 3.12 4.30 0.11 3.62 3.85 3 . 6 1  2.28 0.43 1.40 0.21 0.16 8 .2  
TUL878-02-CC 54.5 0.77 14.30 7.12 4.89 2.00 0.07 3.61 1.92 3.80 2.14 0.35 0.00 0.48 0.39 8.7 
TUL87804-CC 56.9 0.80 15.40 6.98 1.75 4 .70  0.09 3.98 2.52 3 .61  2.35 0.43 0.40 0.22 0.30 6.8 
TUL87806-CC 48.7 0.66 14.10 6.69 2.91 3.40 0.08 3.52 7.94 3.39 2.36 0 .51  5.10 0.15 0.22 13.1 
TUL87807-00 53.9 0.66 13.20 7.24 5.23 1 .80  0.36 3.25 3.13 4.46 2.04 1.08 0.90 0.22 0.23 12.5 
TUL87808-CC 56.2 0.82 15.30 6.92 2.25 4 .20  0.11 3.14 4.58 3 .65  2.36 0.43 1.90 0 .21  0.25 8 . 4  
TUL87809-CC 47.7 0.70 13.80 11.60 0.10 3.44 5.20 3.87 2.21 0.57 2.70 0.19 1.91 9 . 1  
TUL87810-CC 53.0 0.87 14.60 7.05 2.83 3 .80  0.09 3.13 4.67 3.44 2.48 0.32 2.40 0.22 0.27 9 . 4  
TUL87812-CC 55.9 0 . 7 5 1 4 . 6 0  6.90 1.79 4.60 0.11 3.18 4.96 3.62 2 .09  0.27 1 .90  0.20 0.33 7 . 2  
TUL87814-CC 55.0 0.79 15.50 8.31 0.13 5.21 1.73 3.42 2.17 0.35 0.10 0.20 1.87 7 . 5  
TUL87815-CC 52.0 0.79 14.70 8.09 0.09 3.19 4.82 3 .30  2.49 0.35 2.40 0 .20  1 .81  7.6 
TUL87816-CC 54.3 0 . 8 4 1 5 . 5 0  6.96 3.62 3.00 0.11 2.93 3.36 3.06 2.82 0.30 1.70 0.22 0.13 8 . 5  
TUL87815-00 50.8 0.67 13.30 7.49 0.12 5.25 1.89 4.03 2.21 1.32 0.00 0.16 1.49 11 .6  

TUL87B-03-00102 cm 56.1 0.83 16.30 6.62 4.61 1.80 0.10 2.93 3.08 3.17 2.70 0.22 1 .10  0.18 0.06 8 . 8  
TUL878-03-15/17 cm 51.5 0.75 15.10 6.43 3.54 2.60 0.08 3.05 7.26 3.37 2.35 0.27 4.20 0.18 0.11 11.2 
TUL878-03-60/62cm 52.0 0.76 16.10 7.52 3.29 3.80 0.11 3.76 4.28 4.04 2.23 0.43 1.00 0.19 0.15 8.4 
TUL87803-103/105cm 50.9 0.69 14.40 7.29 3.06 3.80 0.09 3.41 4.70 3.82 2.52 0.59 2.40 0.19 0.29 10.7 
TUL87803-139/141cm 46.1 0.62 13.70 6.64 3.19 3.10 0.08 3.21 9.10 3.37 2.06 0.62 6 .00  0.15 0.25 14.4 
TUL87B03-160/162cm 61.4 0.72 14.50 5.93 1.93 3 . 6 0  0.09 2.84 4.71 3.93 1.79 0.24 0.90 0.19 0.19 5 .1  
TUL87803-2151217cm 53.8 0.82 15.60 7.76 3.09 4.20 0.13 3.90 4.07 3.76 2.24 0.38 1.10 0.20 0.14 8 
TUL87803-CC 55.2 0.83 16.00 7.61 2.49 4.60 0.12 3.79 3.62 3.55 2.39 0.43 0.90 0.21 0.17 7.3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MOYENNE 53.3 0.76 14.87 7.38 3.15 3.49 0.11 3.54 4.35 3.63 2.30 0.47 1.83 0.21 0.51 9.17 
OEVLATION STANDARD 3.34 0.07 0.92 1.10 0.99 0.94 0.06 0.63 1 . 8 6 .  0.32 0.23 0.26 1.57 0.06 0.62 2.24 
MAXIMUM 61.4 0.87 16.30 11.60 5.23 4 .70  0.36 5.25 9.10 4.46 2.82 1.32 6.00 0.48 1.91 14.40 
MINIFUM 46.1 0 . 6 2 1 3 . 2 0  5.93 1.75 1 .80  0.07 2.84 1.73 3 .06  1.79 0.22 0.00 0.15 0.06 5.10 
------------------------~~~-~--~~~~-~~~~-----------------------------------~----~~~~~~~~~~..~~~~~----------------------------------- 

ELEMENTS TRACES : PARTIES PAR MILLION (P.P.M.) 
NUMEROO'ECHANTILLON 8A 8E CO CR CU LA N1 PB SR V Y8 ZN 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TUL87B-01-CC 590 1.V 26 89 62 25 59 26 230 150 2.23 120 
TUL87B-02-CC 11000 1.64 22 90 99 27 0 38 1300 150 2.28 280 
TUL87804-CC 600 1.55 25 95 62 28 60 21 260 140 2.59 130 
TUL87806-CC 1400 1.60 25 85 75 27 60 25 350 130 2.20 150 
TUL87807-00 3000 1 .50 25 89 89 27 62 44 320 130 2.49 280 
TUL87808-CC 640 1.72 25 77 64 30  51 19 270 140 2.68 130 
TUL87809-CC 1700 1.51 31 78 610 26 22 110 310 160 2.34 8100 
TUL87810-CC 720 1.99 25 68 63 34 45 23 240 130 2.82 140 
TUL87812-CC 630 1.48 26 83 64 28 56 13 320 130 2.44 130 
TUL87814-CC 930 1.45 33 98 72 23 71 17 180 150 2.21 140 
TUL87B15-CC 640 1.77 25 80 77 3 1  48 29 210 130 2.66 110 
TUL87816-CC 620 2.13 23 61 56 36  39 25 200 120 2.89 120 
TUL87815-00 15000 1.55 26 83 420 24 0 47 480 160 2.41 310 
TUL87B-03-00/02cm 610 2.17 23 72 50 37 47 24 200 120 2.72 140 
TUL878-03-15117cm 710 1.76 25 69 57 30  47 15 300 120 2.27 130 
TUL87B-03-60162cm 1400 1 .35  28 74 160 22 46 38 310 150 2.01 330 
TUL87803-103/105 cm 1400 1 . 6 1  25 87 67 26 55 25 290 140 1.93 170 
TUL87803-1391141cm 1500 1.53 23 80 65 25 54 14 360 120 1.82 140 
TUL87803-160/162cm 620 1.26 21 70 43 25 46 10 340 110 2.01 96 
TUL87803-215/217cm 890 1 .45  31 91 80 24 64 15 270 150 2.06 140 
TUL87803-CC 660 1.53 28 98 66 26 71 16 240 150 2.16 150 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MOYENNE 2080 1.62 26 82 112 28 48 28 331 136 2.33 525 

OEVIATIONSTANOARO 3550 0.22 3 10 132 4 19 20 221 14 0.29 1654 
MAX I MUM 15000 2.17 33 98 610 37 71 110 1300 160 2.89 8100 

MINIMUM 500 1 .26  21 61 43 22 0 10 180 110 1.82 96 
................................................ -.-------------------------.---------..-----.--.------. 



dans les exhalations hydrothermales, leur conservation aurait 
CtC identique h celle envisagCe ci-dessus). La prksence de 
nombreux dCp6ts hydrothermaux dans le secteur et l'absence 
de niveaux ~Cdimentaires bruns dans les carottes prClevkes 
sur le monticule ou le taux de sedimentation est deux fois 
moindre que sur le plancher de la vallCe (Good fellow et Blaise, 
sous presse), rendent la seconde hypothbse plus attrayante. 
La zone situCe au NO du mont se caractkrise par la prCsence 
d'Cvents actifs (Franklin et coll., 1987) et de sCdiments al- 
tCrCs de manikre plus ou moins intense (Franklin et coll., 
1987 ; Goodfellow et coll., 1987 ; Goodfellow et Blaise, sous 
presse). De plus, les anomalies de  flux de chaleur sont les 
plus intenses bien qu'aucun relief ne soit prCsent. 

CONCLUSIONS 
Plusieurs Ctapes dans les manifestations hydrothermales peu- 
vent Ctre dCduites de ces observations. Les IocalitCs actives 
au NE du monticule associkes aux anomalies importantes de 
flux de chaleur pourraient reprCsenter le premier stade dans 
1'Cvolution du systkme hydrothermal. La zone au sud du mon- 
ticule correspondrait soit h un stade de maturation avancke, 
soit B un systkme hydrothermal avortC. Le monticule lui-mCme 
constituerait le stade ultime de I'Cvolution du systbme dont 
les dkp8ts seraient recouverts par la skdimentation hkmipkla- 
gique. 

Afin d'ttablir la meilleure modClisation possible du phC- 
nomkne rencontrk dans la vallCe Middle et de pouvoir l'appli- 
quer aux dCp6ts ~Cdimentaires anciens, de nombreux points 
restent Ctre Cclaircis. I1 suffit, par exemple, d'examiner 
les relations qui existent entre sCdiments et dCp6ts hydro- 
thermaux : tout d'abord, la distinction entre sCdiments mCtal- 
lif2res d'origine hydrothermale et diagCnCtique dans une zone 
h forte influence terrigkne; puis l'importance de la couver- 
ture skdimentaire sur la chimie des fluides hydrothermaux, 
les premikres Ctudes isotopiques indiquant une contribution 
non negligeable des stdiments (Goodfellow et coll., 1987 ; 
Goodfellow et Blaise, sous presse) ; et enfin, la distinction 
entre apports terrigbnes, marins et hydrothermaux et les modi- 
fications rninCralogiques et chimiques subies par les dkp6ts 
antCrieurs aux manifestations hydrothermales. 
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Abstract 

The McLeod Lake 1 :250,000 revision mapping project (93J) was initiated in summer 1987 with 
reconnaissance examinations throughout much of the map area. Both bedrock and Quaternary cover 
sequences were studied. 

On a entrepris durant 1'4tk 1987 le projet de re'vision de la carte du lac McLeod au 1 :250 000, 
en efectuant des lev& de reconnaissance duns une grande partie de la r4gion cartographie'e. On a e'tudie' 
ci la fois les skquences de la roche en place et les skquences de la couverture quaternaire. 

' University of Western Ontario, London, Ontario N6A 5B7 



INTRODUCTION 
The McLeod Lake project was started during the summer 
of 1987 and will continue through two more field seasons. 
The object is to re-evaluate the 1 :250 000 scale geology of 
Muller and Tipper (1969) by remapping selected areas and 
adding coverage where possible. Several advances in the 
geological understanding of the Canadian Cordillera since 
Muller and Tipper compiled their map have prompted the 
updating project. Gabrielse (1985), Struik (1985a, b), Eis- 
bacher (1985), Mansy (1986), Price and Carmichael (1986) 
and others have suggested that dextral strike-slip motion from 
the Northern Rocky Mountain Trench is translated to the 
northern part of the Southern Rocky Mountain Trench and 
the Bowron River-Matthew River valleys by the McLeod 
Lake Fault and adjacent parallel and obligue faults. Such sug- 
gestions with their regional implications for the geology of 
southern British Columbia have yet to be tested in the McLeod 
Lake sheet. In the Cordillera of the United States and south- 
ern British Columbia much has recently been written about 
the structural and economic significance of sedimentary and 
volcanic rocks in contact with high grade metamorphic rocks 
on shallowly dipping extension faults (Coney, 1980 ; Arm- 
strong, 1982; Tempelman-Kluit and Parkinson, 1986; Par- 
rish, 1986 ; Wilkins et al.,  1986). The concept is that the 
crust was extended or stretched and the ductile lower crust 
was thinned, denuded and uplifted as the brittle low-grade 
cover rocks slid off along shallow faults. The extension caused 

u 

thinning of the crust and the elevation of hot lower crustal 
rocks. The source of heat at relatively shallow depth gener- 
ated circulation of meteoric and metamorphic water (miner- 
a1 brines) that rose to shallow levels along the extension faults. 
The brines precipitated minerals in suitable environments 
along and near the shallow extension faults. Such a scenario 
may-have been active in the McLeod Lake map area where 
low-grade volcanic rocks of the Takla and Slide Mountain 
groups lie adjacent to high grade rocks of the Wolverine Meta- 
morphic Complex. The mineral showings and geochemical 
anomalies that cluster in the low-grade rocks around the Wol- 
verine Complex at Carp Lake and Mount Mackinnon may 
have formed during such an extension process. It is with these 
geological ideas, generated elsewhere, that the geology of 
the McLeod Lake map area has taken on a new significance. 

OVERVIEW 
In the map area (Fig. l) ,  west of highway 97, Quaternary 
deposits cover most of the bedrock of mainly upper Paleozoic 
and Mesozoic basalts and Precambrian(?) to Tertiary 
metamorphosed sediments intruded by felsic dykes and plu- 
tons. To the east, Paleozoic and Precambrian sedimentary 
and some mafic volcanic and intrusive rocks underlie two 
northwest trending ranges separated and transected by Ter- 
tiary river channels. Both the Quaternary cover and the bed- 
rock contain complex histories obscured by poor exposure - 
the bedrock because of the Quaternary cover and the Quater- 
nary cover because in only a few places have rivers cut 
through them to expose stratigraphic sections. 
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Figure 1. Maps of some of the geographical and geologi- 
cal features of McLeod Lake map area mentioned in the text. 
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Figure 2. Distribution of glaciolacustrine deposits and gla- 
cial meltwater channels in the northeast of McLeod Lake map 
area. 

Age for the youngest tectonism 
Rocks in the McLeod Lake area may have been faulted and 
uplifted as recently as the latest Eocene and early Oligocene. 
At Eaglet Lake a fault between granodiorite (Eaglet pluton), 
that intrudes the Wolverine Complex paragneiss, and ser- 
pentinite of the Slide Mountain Group has a ductile and brit- 
tle history younger than the pluton. The Eaglet pluton is dat- 
ed at 36 ma (K-Ar on biotite, Wanless et al., 1970, p. 24) 
and has been sheared into mylonite against mylonitic marble 
and serpentinite to the southwest. The ductile shear should 
therefore be 36 ma or younger. The mylonitic rocks are in 
turn sheared in a broken zone of phacoidal marble, black 
phyllonite and serpentinite which in turn is intruded by a 
quartz-feldspar porphyry rhyolite dyke. The brittle shear is 
younger and shallower than the ductile deformation that 
produced the mylonite implying uplift after 36 ma. The por- 
phyry dyke is younger than the brittle shear and presumably 
was intruded when the rocks were still at a shallow depth. 
All of these tectonic features were then further uplifted to 
expose them at surface. The McLeod Lake Fault is parallel 
to the fault at the south end of Eaglet Lake, and, like the 
Eaglet Lake fault, juxtaposes Wolverine Complex rocks 
against low-metamorphic grade rocks. Therefore, the 
McLeod Lake Fault may also have had Oligocene or youn- 
ger motion. Several suites of crosscutting granitic rocks that 
are folded and faulted will be isotopically dated to test such 
a young age for some of the major tectonic events. 

During parts of the Pleistocene the McLeod Lake map area 
was covered by the Cordilleran ice sheet, locally greater than 
6000 ft (1 829 m) above sea level (Tipper, 197 1). In particu- 
lar, three ice lobes converged over the map area ; one com- 
ing out of the Cariboo Mountains, another from the Coast 
Ranges, and a third from the northern Interior Plateau (Tip- 
per, 1971). We made a reconnaissance of the geomorphic 
features and unconsolidated deposits left by the ice sheets 
to test if more detailed work was justified during this project. 
We examined the Pleistocene lake deposits concentrated in 
the south (described by Tipper, 1971 ; and to the south of 
the map area by Clague, 1987 ; and Berger et al., 1987), and 
in the Parsnip, Anzac, Table, and Hominka River valleys 
in the northeast. Parts of the drumlin, esker and outwash fields 
to the west were also examined. In addition, recent lake bot- 
tom sediments were cored to find possible earthquake induced 
disturbances, of which none were identified, and to measure 
Holocene magnetic secular variations recorded in these sedi- 
ments (see Fuller, 1988). 

In the northwest, glacial lake sediments were mapped 
(Fig. 2) in the valleys of the Anzac, Table, and Hominka 
rivers. They probably were deposited in lakes that formed 
when valley glaciers of the Rocky Mountains melted before 
the last advance of Cordilleran ice, which occupied the Pars- 
nip River valley and dammed the tributaries flowing from 
the east. From the northeast, meltwater channels cut bed- 
rock at successively lower elevations toward the Parsnip 
River, and record the extent of the ice and its history of down- 
wastage. Ice stagnation at the end of glaciation left hummocky 
sand and gravel deposits in Tacheeda Lakes valley and an 
ice contact feature at the head of outwash deposited in the 
Parsnip valley. 

We found several localities of mineralized clasts (gale- 
na, molybdenite, pyrite) in the drumlin and esker fields in 
the central and western parts of the map area. The profusion 
of new forest access roads has made searching the drift a 
feasible method of prospecting. 

BEDROCK 
The project was started with a reconnaissance of the bedrock 
throughout most of the map area (except the southwest) and 
late in the season mapping was concentrated on known 
exposures of the Wolverine Metamorphic Complex. From 
the scattered observations, little can be added to the strati- 
graphic understanding of the map sheet, however some 
preliminary statements can be made on the tectonics. 

Strike-slip faults 
Rocks bordering the Parsnip River are generally sheared along 
steeply dipping surfaces that contain boudins and rootless 
isoclinal folds. The structures formed by flattening and sub- 
horizontally stretching that is indicative of strike-slip faults. 
Similar stretching fabric occupies narrow zones through the 
ridge system between the Crooked and Parsnip rivers and 
locally near Patches Mountain. 



Extension faults ? 

Gently and moderately dipping shear zones were found in 
several places between the Takla Group and underlying Wol- 
verine Complex. Along the east side of Carp Lake the Takla 
Group augite porphyry basalt is strongly foliated and lineat- 
ed ; the foliation parallels the contact with the Wolverine Com- 
plex (represented there mainly by pegmatitic granite). In 
places near the contact, siliceous rnylonite of unknown pro- 
tolith is interlayered with arnphibolite. The ductile shearing 
that produced the mylonite was probably formed at mid- 
crustal levels as were several younger episodes of deforma- 
tion. Pegmatitic granite veinlets intrude the mylonite and are 
foliated parallel to the mylonitic fabric, and the mylonitic 
layering is tightly and recumbently folded. Of those seen, 
structural indicators of the relative shear sense were ambig- 
uous, possibly due to the later tight folds. The superposition 
of the low-grade Takla Group basalt on the pegmatitic gran- 
ite and minor paragneiss of the Wolverine Complex may in- 
dicate that the intervening mylonite zone marks a low angle 
extension fault. 
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Abstract 

On Stikinia, Lower to Middle Jurassic volcanic and associated sedimentary rocks of the Hazelton 
Group unconformably overlie volcano-sedimentary rocks of the Upper Triassic Stuhini and Takla groups. 
In Spatsizi map area, where Hazelton rocks have been informally named the Cold Fish volcanics, Jurassic 
and Triassic units occupy a northwest-trending belt 85 km long and 10 km wide. 

The Cold Fish volcanics, ranging from early Pliensbachian to early Toarcian in age, comprise subaerial 
to submarine felsic to rnajc lava and tuff, and minor shale and limestone. Pliensbachian Cold Fish vol- 
canic~ from near Nation Peak are arc-related, bimodal rhyolite and basalt-to-trachyte. Rhyolites are 
mostly tholeiitic whereas the basalt-trachyte suite is transitionally tholeiitic to alkaline. 

Stuhini rocks comprise marine and nonmarine flows, and clastites including chert- and limestone- 
bearing olistostrome and conglomerate. l'hese coarse deposits may yield infomtion on aspects of tec- 
tonism during an interval near the Jurassic-Triassic boundary. 

Duns la rkgion de Stikinia, les roches volcaniques et les roches stfdimentaires associtfes du Jurassique 
inftfrieur a moyen sont appeltfes groupe de Hazelton. Elles sont stfpartfes par une lacune des roches volcano- 
skdimentaires sous-jacentes du groupe de Stuhini-Takla du Trias supkrieur. Duns le secteur de carte 
de Spatsizi, 02 les roches de Hazelton sont appeltfes roches volcaniques de Cold Fish, les unittfs jjuassi- 
ques et triasiques occupent une zone d'orientation gkntfrale nord-ouest, de dimensions 85 x 10 km. 

La succession de Cold Fish, qui se situe entre le Pliensabachien infkrieur et le Toarcien infkrieur, 
comprend des laves et tufs subae'riens a sous-marins, et quelques schistes argileux et calcaires. Les roches 
de Cold Fish, du Pliensbachien, qui proviennent des environs de Nation Peak, sont des rhyolites bimoda- 
les et des roches basaltiques d trachytiques. Les rhyolites sont principalement tholtfiitiques, tandis que 
la suite des basaltes aux trachytes reprksente une transition des roches tholAiliques aux roches alcalines. 

Les roches de Stuhini-Takla de la r6gion de Spatsizi comprennent des coulkes marines et non marines 
et des clastites, y compris des olistostromes et des conglomtfrats contenant des cherts et des calcaires. 
Ces dt?p8ts grossiers peuvent nous renseigner sur des aspects tectoniques de la limite du Jurassique et 
du Trias. 

' Ottawa-Carleton Geoscience Centre, Department of Earth Sciences, Carleton University, Ottawa, Ontario, 
K1S 5B6 



INTRODUCTION 
Fieldwork on the Cold Fish volcanic rocks, an informal di- 
vision of the Jurassic Hazelton Group in Spatsizi (104H) map 
area, began in 1986. In 1987, investigations continued and 
expanded to include some nearby Upper Triassic volcanic 
and sedimentary rocks of the Stuhini Group. These units in 
the study area (Fig. 1) occur in a northwesterly-trending belt 
approximately 85 km long and 10 km wide extending from 
near the confluence of the Stikine and Klappan rivers to 15 km 
east of Spatsizi River. Because analysis of data began only 
after the 1987 field season, results are preliminary. 
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REGIONAL SETTING 
Upper Triassic and Lower to Middle Jurassic volcanic and 
volcano-sedimentary rocks occupy much of Stikinia, the 
largest accreted terrane in the Canadian Cordillera. In north- 
ern British Columbia, Upper Triassic rocks of Stikinia are 
known as the Stuhini Group; to the south they are called the 
Takla Group (see Souther, 1977, for distribution). Both 
groups, which appear to constitute a single volcanic belt, are 
typified by mafic, alkaline to subalkaline augite porphyry 

and bladed plagioclase porphyry, and associated breccia, 
sandstone, limestone and shale (Monger and Church, 1977 ; 
Tipper and Richards, 1976; Anderson, 1980). They rest on 
Late Paleozoic volcanic and sedimentary rocks, notably the 
Permian Asitka Group. Although generally of Carnian and 
Norian ages, some sequences, specifically the Moosevale For- 
mation in McConnell map area (94D) southeast of the study 
area, contain strata of earliest Jurassic age. Submarine facies 
dominate the Stuhini and Takla groups and subaerial 
sequences are apparently restricted to local volcanoes that 
rose above sea level. On the Quesnel Terrane to the south- 
east, Nicola Group volcanic rocks have similar petrology and 
volcanic facies and may share elements of a common history 
with the Upper Triassic succession of Stikinia. 

Jurassic volcanic and associated sedimentary rocks are 
known throughout Stikinia as the Hazelton Group. They com- 
monly rest unconformably on Stuhini and Takla group rocks 
and are separated from them by a polymictic conglomerate 
suggestive of an intervening period of uplift and erosion 
(Tipper and Richards, 1976; Monger and Church, 1977; 
Mihalynuk and Ghent, 1986). Near Terrace, the conglomer- 
ate comprises clasts of Permian limestone in an iron-oxide- 
stained volcanic matrix (Mihalynuk and Ghent, 1986). 
Monger and Church (1977) reported a similar unit in McCon- 
nell Creek map area containing volcanic detritus from the 
Takla Group and limestone and chert from the Asitka Group. 

Tipper and Richards (1976) restructured the poorly- 
defined Hazelton Group, identifying three constituent for- 
mations and several members and facies. Their work, based 
on extensive mapping and sampling in the McConnell Creek, 
Hazelton (93M) and Smithers (93L) map areas, divided the 
group into the lower Sinemurian to early Pliensbachian Telk- 

Pliensbachian - Ba~ocian 

LOWER JURASSIC UPPER TRIASSIC 

HAZELTON GROUP (Cold Fish Facies) STUHINkTAKLA GROUP 

Figure 1. Distribution of Lower Jurassic and Upper Triassic volcanic and sedimentary rocks in Spatsizi 
(104H) map area, southeast of the confluence of Klappan and Stikine rivers. JAL = Joan Lake Anticline. 



wa, the early Pliensbachian to middle Toarcian Nilkitkwa 
and the middle Toarcian to lower Callovian Smithers forma- 
tions. They included the chert- and carbonate-bearing heter- 
olithic conglomerate in the Sikanni (basal) facies of the Telk- 
wa. Other facies of that formation are dominated by proximal, 
submarine and subaerial volcanic rocks, largely calc-alkaline 
basalt and rhyolite. In contrast, the younger Nilkitkwa For- 
mation comprises mainly volcaniclastic units suggestive of 
more distal facies. Exceptions are the Pliensbachian and Toar- 
cian submarine to subaerial basalts of the Ankwell and Car- 
ruthers members. The trend of younger Hazelton rocks hav- 
ing higher epiclasticllava ratios is further demonstrated by 
the Smithers Formation which consists mainly of sandstone 
and shale with lesser amounts of conglomerate, limestone 
and tuff. The Smithers is overlain, generally disconforma- 
bly, by the Ashman Formation of the Bowser Lake Group. 

In Toodoggone (94E) map area, north of the region con- 
sidered by Tipper and Richards (1976), volcanic rocks of 
similar age to the Hazelton Group were informally named 
Toodoggone volcanics by Carter (1 972). More recently, Pan- 
teleyev (1984), on the basis of isotopic dates ranging from 
179 to 204 Ma, correlated those rocks with the Telkwa For- 
mation. He described the Toodoggone volcanics, which lies 
east of the study area, as a "subaerial, intermediate, calc- 
alkaline to alkaline, predominantly pyroclastic assemblage" 
and thereby established an additional facies of the Telkwa. 

In Spatsizi map area, Gabrielse and Tipper (1984) 
informally used the Toodoggone name for Lower and Mid- 
dle Jurassic volcanic rocks. However, because the Cretaceous 
Sustut Basin separates the volcanic strata in the study area 
from those in the Toodoggone, correlations are uncertain. 
Thomson et al. (1 986) used the informal term Cold Fish vol- 
canics for Jurassic eruptives in the Spatsizi region and that 
terminology will be followed in this report. 

COLD FISH VOLCANIC AND RELATED 
SEDIMENTARY ROCKS 
Facies and lithologies 
The Cold Fish volcanics are a subaerial to shallow marine 
succession of mafic and felsic lavas, and air-fall and ash- 
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Figure 2. Massive Cold Fish basalt overlying limestone and 
shale interbeds, 5 km east-northeast of Nation Peak. 

flow tuffs. The subaerial facies, which predominates, is nearly 
devoid of epiclastic rocks except for lahar. Conversely, the 
subaqueous volcanics are intercalated with limestone 
conglomerate, breccia, siltstone and shale (Fig. 2). Although 
the division between terrestrial and marine is commonly 
nebulous, fossiliferous limestone locally is stratigraphically 
continuous with clearly subaerial flows and tuffs. For exam- 
ple, 3.5 km northeast of Nation Peak (Fig. l), limestone 
containing abundant pelecypods lies within lavas of uncer- 
tain depositional environment overlying welded ignimbrite 
and highly oxidized (reddened) basic flows. This close strati- 
graphic and spatial relationship is further indicated by ad- 
mixtures of limestone and mafic lava observed 9 km north- 
west, and 5 km east-northeast of Nation Peak. 

Another facies distinction can be made between 
sequences comprising abundant mafic lava flows interlayered 
with rhyolites and clastic rocks, and those in which mafic 
extrusives are virtually absent. In the latter, thick (20-100 m) 
flow-banded rhyolite flows and highly welded ignimbrite 
sheets are predominant and suggestive of an intracaldera set- 
ting. Although structural evidence for the morphology is 
scarce, rhyolitic dykes coincident with block faults were ob- 
served 8 km east-southeast and 5 km east-northeast of Na- 
tion Peak. Rhyolite-ignimbrite facies are concentrated toward 
the southeastern end of the study area, from near Mount Will 
to Spatsizi River. Excellent exposures over 600 m thick are 
present above Will Creek, 5 km southeast of Mount Will. 

Contrasting sequences with higher proportions of basic 
lava are found in the Joan Lake Anticline and throughout 
the Jurassic belt northeast of Mount Will. Mafic flows are 
aphyric to porphyritic, with plagioclase, and in basaltic flows, 
serpentine-after-olivine pseudomorphs, dominating the 
phenocryst populations. Bladed plagioclase porphyry, host- 
ing abundant tabular plagioclase phenocrysts 6-12 mm long, 
is common in the Pliensbachian succession. Pyroxene grains, 
although common, are nearly everywhere small ( < 2  mm) 
and low in relative abundance. Most basic flows are partly 
amygdaloidal (especially at their tops) and partly dense. Vesi- 
cles are variably filled with chlorite, calcite, celadonite, zeo- 
lites, quartz and, less commonly epidote, generally sugges- 
tive of zeolite grade metamorphism. Subaerial flows, usually 
5-15 m thick, exhibit reddened margins and varicoloured au- 
toclastic breccia. They are interbedded with rhyolite, tuffa- 
ceous rocks, and less commonly, lahar. Air-fall tuff, identi- 
fied by good internal stratification, is generally red or green. 
Welded ignimbrite, somewhat less common, is usually light- 
grey weathering, poorly sorted and non-stratified. ~ h ~ o l i t e  
has planar to highly contorted flow-banding, in many places 
autobrecciated and, in places, weathers rusty due to oxida- 
tion of pyrite. Marine extrusions, typically green, are gener- 
ally brecciated, palagonitized, and interbedded with sedimen- 
tary rocks. Well-exposed marine sections are present 9 km 
northwest and 5 km northeast of Nation Peak. The various 
elements of this composite, marine to nonmarine facies sug- 
gest that the rocks were deposited on the flanks of a gently 
to moderately sloping, oceanic or coastal volcanic edifice. 

Intruding the Cold Fish volcanics, in addition to rhyo- 
lite dykes, are mafic dykes, rhyolitic sills and, in at least 
two places (9 krn east of Mount Will and 9 km west of Mount 
Brock), felsic granitoid plutons. A general lithologic similarity 



to Cold Fish volcanics and an absence of younger volcanic 
strata in the region (except for distinctive Tertiary flows of 
the Stikine Belt) suggest that the fine-grained intrusions are 
comagmatic with the eruptive rocks. Furthermore, extrusive 
and intrusive aphanites~occupy the same chemical fields 
(Figs. 3 to 5). Leucocratic granitic rocks east of Mount Will 
are crosscut by green dykes of intermediate composition, sug- 
gesting that they were emplaced prior to cessation of Cold 
Fish volcanism. 

Thomson et al. (1986) examined sedimentary rocks with- 
in and adjacent to the Cold Fish volcanics. Based largely on 
ammonite biostratigraphy and to a lesser extent on litholo- 
gy, they defined the Spatsizi Group and five constituent for- 
mations. Comprising mostly shale, siltstone and waterlain 
tuff, the group was depicted as a partly coeval, basinward 
equivalent to the Cold Fish volcanics ranging in age from 
early Pliensbachian to early Bajocian. Its relationship to the 
Cold Fish is therefore similar to that between the shaly and 
volcanic facies of the Nilkitkwa Formation (Tipper and 
Richards, 1976). Additionally, the tuffaceous and fine-grained 
clastic character of the Spatsizi generally fits lithologic 
descriptions given by Tipper and Richards for the Smithers 
Formation. Another similarity with the Smithers is the near- 
ly conformable relationship with the overly ing Ashman For- 
mation of the Bowser Lake Group 

Age determinations of the Cold Fish volcanics, inferred 
from stratigraphic relations with Spatsizi rocks and related 
fossiliferous strata within the volcanics, were given by Thom- 
son et al. (1981). They divided the Cold Fish volcanics in 
the study area into a Toarcian sequence on the northwestern 
end, a larger Pliensbachian sequence extending from the Toar- 
cian part southeastward to Spatsizi River, and a Bajocian sec- 
tion east of the river. Tentatively, the Bajocian part is now 
considered to be part of the Stuhini-Takla assemblage for 
reasons which are given later. Because no striking lithologic 
differences between the Toarcian and Pliensbachian were ob- 
served, the Cold Fish volcanics appears to be without strong 
time-dependent variations. 

4 8  5 2  5 8 8 4  7 4 8 0 
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Chemistry and petrography 
Preliminary geochemical analysis of the Pliensbachian vol- 
canic~ from the Nation Peak and Joan Lake Anticline regions 
defines a bimodal mafic-felsic suite. From a collection of 
forty-six lavas, dykes and sills only five have silica contents 
between 58 % and 71 %. According to the IUGS total alka- 
lies vs. silica classification diagram (Zanettin, 1984; Fig. 3), 
eleven specimens are rhyolite and the remaining thirty-five 
define a basalt to trachyte trend. Twenty-two of the latter 
have silica values less than 54 %. The transitionally alkaline 
nature of the basalt to trachyte suite is shown by the dis- 
criminant curve of Irvine and Baragar (197 1). Because K,O 
and Na,O ratios vary greatly, consistent subdivision into 
sodic and potassic domains is not possible. Rhyolites, on the 
other hand. cluster well inside the subalkaline field. Their 
apparent lack of association with the more basic rocks sug- 
gests that they may have, at least in part, a separate petrogenet- 
ic history. 

On a tholeiitic/calc-alkaline discriminant diagram 
(Fig. 4 ;  modified from Miyashiro, 1974) the samples near- 

CALCALKALINE 
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I I I I I I 

45 55 85 80 

weight. % Si02 

Figure 4. Tholeiiticlcalc-alkaline discriminant diagram 
(Miyashiro, 1974). FeO* = total Fe a s  FeO (weight). Sym- 
bols represent Cold Fish rocks from Nation Peak area. 

* * 
WITHIN PLATE LAVAS 

* 
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Figure 3. Total alkalies vs. silica classification diagram P P ~  Zr 

(Zanettin, 1984). Alkalinelsubalkaline curve from lrvine and Figure 5. Ti vs. Zr diagram showing intraplate and arc fields 
Baragar (1971). Symbols represent Cold Fish rocks from Na- (modified from Pearce et al., 1981). Symbols represent Cold 
tion Peak area. Fish basalt-trachyte rocks from Nation Peak area. 



ly all fall in the field of relative Fe enrichment. Six rhyolites 
having extreme enrichment are not shown. However, because 
the basalt-trachyte suite is marginally alkaline, it cannot be 
properly classified as tholeiitic and is best described as tran- 
sitionally tholeiitic to alkaline. The rhyolites can be broadly 
classified as tholeiitic although two specimens plot on the 
field of Fe depletion. 

The basalt-trachyte suite was further categorized on a 
Ti vs. Zr diagram (modified from Pearce et al., 1981 ; Fig. 5) .  
Most samples plot in the arc lavas field suggesting a 
subduction-related origin. 

The basalt-trachyte suite is characterized by a fraction- 
ating assemblage of olivine, plagioclase and clinopyroxene. 
Olivine is consistently pseudomorphed by serpentine (or other 
mafic phyllosilicates) and opaque oxides (Fig. 7). Plagioclase 
phenocrysts, variably saussuritized, are present as scattered 
grains and, less commonly, glomerocrysts. Clinopyroxene, 
the most stable silicate phase, is locally contact-twinned on 
(1 00). Magnetite is present as a phenocryst in some samples. 

UPPER TRIASSIC ROCKS 
Triassic rocks near Mount Cartmel were mapped by Gabrielse 
and Tipper (1 984) and previous workers (Fig. 1). They com- 
prise a sequence of mafic flows, intermediate to felsic brec- 
cia, conglomerate, siltstone, sandstone, and locally, sedimen- 
tary melange. The flows are predominantly aphyric although 
augite porphyry, plagioclase porphyry and hornblende- 
plagioclase porphyry are present. In the submarine facies, 
which is dominant, lavas are greenish-grey and intercalated 
with marine sedimentary rocks. Typically, the latter are finely 
laminated siliceous siltstones showing ball and pillow load 
structures. In some places, notably 6 krn north of Mount Cart- 
mel, the siltstones host heterolithic pebbles, cobbles and boul- 
ders. There, clasts of aphyric and augite porphyry, micritic 
limestone and granitoids are set in a highly deformed silt- 
stone matrix. Six kilometres north-northeast of Mount Cart- 
me1 the deposits are entirely clastic, and rhythmically bed- 
ded siltstone coarsens upward and is overlain by an 
olistostrome hosting carbonate cobbles and boulders, and 
chert granules. One limestone block exceeds 5 m in diameter. 
Overlying the melange is a sequence of sandstone, conglomer- 
ate and breccia. 

East of Spatsizi River a section of felsic and mafic flows, 
airfall and ashflow tuff and various sedimentary rocks struc- 
turally overlie Toarcian strata of the Spatsizi Group. Thom- 
son et al. (1986) interpreted that contact to be stratigraphic 
and considered the volcanic sequence to be of Bajocian age. 
Evenchick (1986) re- interpreted the contact as a thrust fault 
and correlated the volcanics with Pliensbachian eruptive rocks 
west of Spatsizi River. 

The volcano-sedimentary package east of the river is 
herein tentatively correlated with the Stuhini and Takla groups 
based on striking lithologic similarities to the Upper Triassic 
rocks near Mount Cartmel. The most conspicuous unit east 
of the river is a polymictic conglomerate containing clasts 
of chert, limestone, and volcanic rocks in a sandy, purple 
matrix. The chert clasts, granule to cobble size, are red, green, 
light blue, white and black, and variably rounded but com- 
monly angular. Limestone clasts, mo'stly pebbles to boulders, 

Figure 6. Serpentine-after-olivine pseudomorphs in Cold 
Fish basalt. Plane light; magnification = 32x. 

Figure 7. Chert and limestone conglomerate in (?) Upper 
Triassic rocks 5 km east of Spatsizi River. 

include crinoidal and micritic varieties, and are generally 
more dispersed than the chert fragments. On weathered sur- 
faces they form recessive pockets among more resistant 
lithoclasts. Volcanic clasts include large (1 cm) augite basalt 
and hornblende-plagioclase porphyries. The chert-rich ma- 
trix also forms sandstone lenses and massive to cross-stratified 
beds within and below the conglomerate. Locally abundant 
cobbles of granitic rocks are present (C.A. Evenchick and 
H. Gabrielse, pers. comm., 1986). 

Underlying the conglomeratic unit, at one locality, are 
interbedded breccias, sandstones and shales of probable ma- 
rine origin. Above the conglomerate, are mafic, subaerial 
augite porphyry and aphyric flows which are overlain by rhyo- 
lite and welded ignimbrite. Aphyric and augite (4-12 mm) 
porphyry dykes crosscut all the units. The succession is 
interpreted as a nearshore marine flysch and breccia deposit 
conformably overlain by fluvial chert- and limestone-bearing 
sandstone and conglomerate, capped by mafic and felsic ex- 
trusive~, and felsic explosive products of proximal subaerial 
volcanism. Mafic dykes attest to the probable eruption of 
additional basaltic lava higher in the section. The coincidence 



of cross-stratified red-beds and the influx of chert and lime- 
stone fragments suggests that regional uplift produced con- 
comitant marine regression and exposure of older units which 
served as source material for high-energy fluvial deposits. 
The section hosting the melange unit, north of Mount Cart- 
mel, shows a similar history. There, the appearance of frag- 
mental chert and limestone also marks the end to quiescent 
basinal conditions and an abrupt transition to deposition of 
coarser material. 

Basalt with large augite phenocrysts has not been identi- 
fied in the Hazelton Group, including the nearby Cold Fish 
volcanics, but are present in Stuhini Group near Mount Cart- 
me1 and Tsaybahe Mountain, 15 km east of the confluence 
of the Klappan and Stikine rivers. The presence of augite 
porphyry clasts within the conglomerate, plus augite porphyry 
dykes and identical flows which intrude and overlie the 
conglomerate, indicate that Stuhini-type volcanism pre- and 
post-dated the change in environmental conditions. It is also 
reasonable, however, to correlate the conglomeratic unit with 
the polyrnictic conglomerate in the Sikanni facies of the Lower 
Jurassic Telkwa Formation. It seems possible, therefore, that 
either the Sikanni facies is Triassic or that Stuhini-Takla vol- 
canism locally persisted into the Jurassic. Alternatively, the 
Sikanni facies could be time transgressive, with more north- 
erly deposits recording earlier periods of uplift. 

SUMMARY 
Upper Triassic and Lower to Middle Jurassic volcanic rocks 
on Stikinia are known as the Stuhini (or Takla) and Hazelton 
groups respectively. They are products of two periods of arc 
volcanism and related basinal deposition separated by a latest 
Triassic to earliest Jurassic uplift. Within each group, chem- 
ical variations probably reflect physical and temporal varia- 
tions in tectonic settings. 

In the study area, the Pliensbachian to Toarcian Cold 
Fish (informal) division of the Hazelton Group comprises 
a zeolite-grade, bimodal, basalt-to-trachyte and rhyolite suite. 
Subaerial facies, typified by welded pyroclastic flows and 
reddened lavas, are predominant. Marine tuff and flows, 
interbedded with limestone and shale, are present locally. 
Rhyolitic facies are concentrated in the region between Mount 
Will and Spatsizi River. Geochemistry of flows, dykes and 
sills indicates that the basalt-trachyte component is transi- 
tionally tholeiitic to alkaline whereas the rhyolites, clearly 
subalkaline, are tholeiitic. Basic units show strong arc affinity. 
Fractionation was apparently dominated by olivine, 
plagioclase and clinopyroxene. 

Upper Triassic rocks near Mount Cartmel comprise 
submarine and subaerial volcanic and sedimentary rocks 
including porphyry flows with large augite phenocrysts and 
chert- and limestone-bearing olistostromes. Rocks east of 
Spatsizi River contain clastic chert and limestone deposits 
similar to those in both the Cartmel rocks and the basal, 
Sikanni facies of the Hazelton Group. Their ambiguous strati- 

graphic affinity is compounded by the presence of felsic flows 
and tuff, typical of the Hazelton, and porphyry with large 
augite phenocrysts suggestive of the Stuhini and Takla groups. 
Spatial and temporal aspects of inferred post-Stuhini, pre- 
Hazelton tectonism may be clarified by determination of de- 
posit age and clast provenance. 
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Abstract 

The region can be separated into two parts based on lithological, metamorphic and structural differ- 
ences. Eastern rocks are dominantly metasedimentary and contain sillimanite, whereas the western are 
mainly igneous rocks metamorphosed to kyanite grade. In both belts, foliation strikes northwest to north 
and dips steeply east; lineations plunge steeply northwest to north. Lineated rocks and tight folds are 
present predominantly in the eastern belt. 

These two belts may correlate with similar belts north of the Skeena River. R e  steep foliation and 
lineation in the study area are analogous to structures found along the Work Channel lineament farther 
north where the lineament separates the western and central belts of the Coast Plutonic Complex and 
is interpreted as a wide and steep ductile shear zone. 

La rdgion qeut se re'partir en deux zones qui direrent du point de vue lithologique, m6tamorphique 
et structural. A l'est, les roches sont pour la plupart d'origine mktasddimentaire et contiennent de la 
sillimanite, tandis que la zone de l'ouest est composde de roches igndes dont le degrd de rn6tamorphisme 
correspond maintenant h celui du disthtne. Une foliation orientde entre le nord-ouest et le nord et h 
fortpendage vers l'est, ainsi qu'une lindation fortement inclinde vers le nord-ouest ou le nord, se retrou- 
vent duns les deux zones. La plus grande densitdde linkations et de plis ktroits se trouve duns la zone de 1 'est. 

Une corrdlation peut 2tre faite entre ces d e n  zones et des zones semblables situdes au nord de la 
rivitre Skeena. Les foliations et lindations de la r6gion d'e'tude rappellent les structures obsewkes le 
long du lindament de Work Channel situd plus au nord. A cet endroit, le lin6ament skpare les zones de 
l'ouest et du centre du complexe plutonique cStier et on considtre qu 'il doit s'agir d'une large zone de 
cisaillement ductile. 

' Ottawa-Carleton Geoscience Centre Department of Earth Sciences, Carleton University Ottawa, Ontario, 
K1S 5B6 



Figure 1. Generalized geological map of part of the Coast Plutonic Complex between latitudes 53 and 
55ON. After Hutchison (1982) and Roddick (1970). 



INTRODUCTION 
The Coast Plutonic Complex at the latitude of Prince Rupert, 
British Columbia has been divided into three distinct, 
northwest-trending belts (Fig. 1) that have different histo- 
ries and are separated by extensive tectonic boundaries (Craw- 
ford et al., 1987). The western belt consists mainly of low 
to high grade, medium to high pressure schist and gneiss. 
The low-grade rocks on the west side of this belt are correla- 
tive with rocks of the Alexander terrane of southeast Alaska 
to the north (Woodsworth and Orchard, 1985). High grade 
gneiss and plutonic bodies of the Central Gneiss Complex 
comprise the central belt. Fossils found in the eastern part 
of the central belt (Hill, 1985) may correlate with Upper 
Paleozoic fauna from the Stikine terrane on the east side of 
the Coast Plutonic Complex. The eastern belt is composed 
of low-grade to unmetamorphosed Lower Permian to Upper 
Cretaceous sedimentary and volcanic rocks of the Stikine ter- 
rane. 

The Work Channel lineament, an extension of the Coast 
Range Megalineament in Alaska (Brew and Ford, 1978), 
separates the western and central belts. The lineament is the 
western limit of post-90 Ma plutonism and Early Eocene 
mineral cooling dates. It separates high pressure, kyanite- 
grade rocks on the west from high temperature, moderate 
pressure sillimanite-bearing rocks on the east (Crawford and 
Hollister, 1982) and thus is a boundary between regions of 
contrasting metamorphic styles (Crawford and Hollister, 
1982). The lineament was interpreted by Crawford et al. 
(1987) as a large and steep ductile shear zone in which rnicros- 
tructures indicate upward movement of the eastern block 55 
to 65 Ma ago. 

Along and north of the Skeena River, rocks in the Work 
Channel lineament zone are poorly exposed. However, in 
the Ecstall River area in the Douglas Channel map area (103G) 
an almost complete cross-section of the zone is exposed 
(Figs. 1, 2). The purpose of this study is, firstly, to deline- 
ate and characterize the lineament in this area of excellent 
exposure and, secondly, to document the rock types, meta- 
morphic grades, deformational styles and ages across the 
lineament. 

The study is timely because of renewed interest in mas- 
sive sulphide deposits (e.g. Ecstall, Packsack) in the area; 

Figure 2. Typical exposures above timberline in the Ecstall 
River area. The white synformal bands in the centre are fold- 
ed and deformed pegmatitic dykes. 

work in the past has resulted in numerous unpublished com- 
pany reports and two graduate theses (Pagdham, 1958 and 
Money, 1959). 

LOCAL GEOLOGY 
The Ecstall River area consists of a north-trending belt about 
10 km wide of metamorphic rocks bounded by the mid- 
Cretaceous (98 * 4 Ma ; Woodsworth et al., 1983) Ecstall 
pluton to the west and the Paleogene (58 to 60 Ma; Arm- 
strong and Runkle, 1979) Quottoon tonalite to the east (Fig. 
3) - 

LITHOLOGY 
The area is composed of strongly deformed and metamor- 
phosed sedimentary, volcanic and plutonic rocks (Fig. 3). 
Much of its western part is underlain by a distinctive foliat- 
ed, felsic, quartz + feldspar + biotite f white mica + gar- 
net granitoid gneiss (Unit 1). Although some stretched 
inclusions of fine-grained amphibolite (Fig. 4) are present, 
the rock is generally homogeneous. Always well-foliated, 
varying degrees of deformation have produced textures rang- 
ing from augen gneiss to fine-grained gneiss with coarse white 
mica growing across the foliation. Concordant quartz veins 
(1 to 2 cm across) and foliated and folded amphibolite dykes 
are common in this unit. Epidote-rich pods are rare. The tex- 
ture and mineralogy of the least deformed parts of this unit 
suggest that it is an orthogneiss. 

Green schist and gneiss (Unit 2) outcrop mainly in two 
bands in the central part of the region. The predominant rock 
is a fine-grained chlorite-amphibole schist that is commonly 
interlayered with a more felsic biotite-quartz semi-schist. Lo- 
cally this unit contains undeformed to elongated (5 : 1) sili- 
ceous clasts up to 15 cm in length ; these rocks are interpret- 
ed as volcanic agglomerates. Calcite pods occur locally. Unit 
2 may be the dominant lithology in the low country by the 
Ecstall River, where massive sulphide showings and quartz 
sericite schist are present. The rnafic nature and relict vol- 
canic textures suggest a mafic to intermediate volcanic pro- 
tolith. 

Well-layered metasedimentary rocks (Unit 3 ;  Fig. 5) 
occur mostly on the eastern side of the area and consist of 
quartzite interlayered with felsic biotite + hornblende gneiss, 
fissile mica schist, or black phyllite to meta-argillite. 
Metapelitic layers are uncommon and largely restricted to 
the easternmost part of the area. 

Discontinuous layers of coarse-crystalline calcite marble 
occur mainly in units 2 and 3. Foliated and folded amphibo- 
lite dykes are abundant in units 1 and 3. 

Like Unit 3, Unit 4 also occurs mostly on the eastern 
side of the region and consists of fine-grained calc-silicate 
gneiss. The gneiss contains variable amounts of biotite and 
hornblende ; garnet is locally present. Stretched epidote-rich 
pods and aligned amphiboles define a strong lineation. Out- 
crops of coarse-grained and nonlineated to weakly lineated 
hornblende diorite (Unit 5 )  occur in the central part of the 
area. 
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Figure 3. Geological map of the study area. 

Figure 4. Well foliated felsic granitoid gneiss (Unit 1) 
containing stretched inclusions of fine-grained amphibolite. 
The steep dip of the foliation is typical of the area. Figure 5. Well-layered metasedimentary rocks of Unit 3. 



Figure 6. Concordant and deformed, and cross-cutting peg- 
matite dykes in folded biotite-hornblende gneiss. 

Figure 7. Plots of structural elements from the Ecstall River region. A) poles to 351 foliations; B) poles 
to 70 axial planes; C) 87 lineations; and D) 101 fold axes. 



The Ecstall pluton, which intrudes the metamorphic rocks 
on the western side of the area, is a medium-grained epidote- 
hornblende-biotite quartz diorite. Within 1 krn of its sharp 
contact with the country rock the pluton is foliated and 
contains uncommon, fine-grained bands and coarse leucocrat- 
ic layers. Away from the contact the pluton is homogeneous 
and unfoliated. 

At the eastern edge of the area, the Quottoon pluton is 
a strongly foliated and lineated biotite-hornblende tonalite 
which varies in grain size and mafic content. Its contact with 
the metamorphic rocks is gradational, with metamorphic lay- 
ers intermixed with the plutonic rocks for several kilometres 
across strike. The contact shown in Figure 3 delineates the 
first appearance of the tonalite. Near the contact the pluton 
contains variably textured deformed amphibolitic inclusions. 
Also common are coarse hornblendite dykes, fine-grained 
hornblende-feldspar dykes, pegmatites and quartz veins. The 
foliation and lineation, which parallel those of the metamor- 
phic rocks, persist into the intrusion over the area mapped. 

Aplite and pegmatite dykes of varying thicknesses and 
degrees of deformation (Fig. 6)  contain plagioclase and quartz 
with varying amounts of biotite, muscovite and garnet. These 
dykes are ubiquitous throughout the area, but increase in den- 
sity close to the contact of the Quottoon pluton. 

METAMORPHISM AND STRUCTURE 
Pelitic layers on the eastern side of the area contain sillimanite 
(Fig. 3);  at least locally sillimanite is associated with K- 
feldspar. To the west, kyanite f muscovite occur in metapelit- 
ic layers within chlorite-rich metavolcanics. Additional 
detailed mapping and geothermobarometric analyses are 
needed to characterize the boundary rocks containing these 
differing aluminosilicate polymorphs. 

All the metamorphic rocks are foliated. In most cases 
the foliation is parallel to compositional layering, strikes 
northwest to north and dips steeply east (Fig. 7). Alignment 
of elongate 'minerals such as amphibole and sillimanite, of 
fold hinges of crenulations and of stretched epidote pods and 
siliceous clasts in volcanic breccias define a steep northerly- 
trending lineation. Mesoscopic tight to isoclinal folds with 
axial planes striking northwest and dipping steeply to the east 

and fold axes plunging mainly steeply to the northwest are 
common. The spread in the plunge of fold axes suggest that 
they have been rotated during a later deformation event. Fold- 
ing is particularly obvious in the well-layered metasedimen- 
tary rock and the chlorite schist. In one location, the com- 
positional layering of the metasedimentary rock is folded and 
the well-developed foliation is axial planar (Fig. 8); a sil- 
limanite lineation is parallel to the fold axis. This rock is 
cut by a folded and boudined sillimanite-bearing quartz vein. 
Minor folds and variation in the foliation orientation suggest 
larger scale folding throughout the area. Folding of the fel- 
sic granitoid gneiss (Unit l )  is suggested by the presence of 
folded amphibolite dykes in the metaplutonic rock. 

The cross-cutting to concordant, undeformed to foliat- 
ed and folded leucocratic aplitic to pegmatitic dykes are syn- 
to post-tectonic. Numerous quartz veins also range from un- 
deformed to foliated and folded. 

DISCUSSION 
The area between the Ecstall and Quottoon plutons can be 
separated into an eastern and a western belt based on major 
lithological, metamorphic and structural differences. The east- 
ern belt is mainly underlain by metasedimentary rocks, where- 
as most rocks of igneous origin occur in the western belt. 
Sillimanite-bearing rocks are restricted to the eastern belt and 
kyanite-rich rocks to the western belt. The eastern metamor- 
phism is apparently pre- o r  syn-deformation. The pressure 
and temperature conditions represented by the kyanite-bearing 
metapelites and associated chlorite-amphibole assemblages 
in the western belt are unknown. They may represent high 
pressure and temperature, prograde metamorphism such as 
that described by Crawford et al. (1979) farther north. It is 
unlikely that the chlorite schist is entirely retrograde in ori- 
gin, as one thin section of chlorite schist contains oriented 
chlorite defining a schistosity overprinted by coarse nonorient- 
ed amphibole, itself partly chloritized. This implies that only 
part of the chlorite is retrograde and that amphibole crystal- 
lization occurred post-tectonically . 

All rocks, although some more than others, are strongly 
deformed. Foliation and lineation are steep ; this is reminis- 
cent of the structures along the Work Channel lineament far- 
ther north (Crawford and Hollister, 1982). Tight folding is 
present, predominantly in the eastern belt. Mineral and 
stretching lineations are also concentrated in eastern rocks. 
This may partly reflect differences in rock competency and 
composition but probably also implies different deformation 
histories for the two belts. 

These two distinct belts may correlate with parts of the 
western and central belts of the Coast Plutonic Complex that 
were defined in the Prince Rupert area by Crawford et al., 
1987. The western rocks are bounded on the west by the mid- 
Cretaceous Ecstall pluton, whereas the rocks in the eastern 
part of the region appear to have undergone deformation dur- 
ing emplacement of the Paleogene Quottoon pluton. The 
change in metamorphic conditions from sillimanite grade in 
the east to kyanite grade on the west is analogous to the vari- 
ation observed in the Prince Rupert area. The steep foliation 

Figure 8. Tight, upright folds in metasediments of Unit 3. and lineation are similar to the structures along the work 
The well-developed foliation, shown mainly by aligned bio- Channel lineament. Additional work is needed to clarify the tite, is axial planar. 



nature and age of the protoliths, the age of the metamorphic 
event in each belt and the nature of the thermal and structur- 
al boundary between the two belts. 
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Abstract 

Three areas of recent study show a wide variety of metamorphic features. In the Quesnel Lake area, 
rocks vary ffom garnet to sillimanite grade. Some rocks, previously considered to be sub-garnet grade, 
are staurolite-kyanite grade and show extensive retrogression. Narrow metamorphic zones result from 
marked changes in lithology. 

Rocks in the Clearwater Lake-Azure Lake area are chlorite to garnet and sillimanite grade. There 
appear to be no intermediate metamorphic zones, possibly as a result of faulting. 

In the Deception Mountain-Mica Mountain area rocks of both the Quesnel and Barkerville terranes 
are present. Quesnel terrane rocks occur in a small synform on the east flank of Mica Mountain. This 
package consists of ultrama~cs at the base with quartzite, arnphibolite, graphitic to pyritic phyllite, and 
staurolite schist above. These have been downfolded into kyanite to sillimanite grade, Snowshoe Group, 
quartzose to pelitic schists. 

Une dtude rkcente a rdvklk trois zones ayant des caractkristiques mktamorphiques trt's varikes. Dans 
la zone du lac Quesnel, on trouve des roches de qualite' grenat B sillimanite. Certaines roches, autrefois 
considtrkes de qualite' subgrenat, sont de qualite' staurolite-kyanite et prbentent une rLtrogression pous- 
ske. Des zones mdtamorphiques ktroites proviennent de changements lithologiques marquds. 

Les roches de la zone de Clearwater Lake-Azure Lake sont de qualitt chlorite li grenat et sillimanite. 
I1 ne semble pas y avoir de zones me'tamorphiques interrne'diaires, peut-dtre par suite de la formation 
de failles. 

Dans la rkgion des monts Deception et Mica, on trouve des roches des deux formations gkologiques 
de Quesnel et de Barkerville. Des roches de la formation de Quesnel gisent dans une petite structure 
synforme sur le Janc est du mont Mica. Cet ensemble est compost de roches ultrama$ques a la base, 
surmontdes de quartzites, d'amphibolites, de phyllites graphitiques B pyritiques et de schistes a staurolite. 
Celles-ci ont 6te' transformkes dans des plis synclinaux en schistes quartzeux a pyritiques du groupe de 
Snowshoe de qualite' kyanite B sillimanite. 

' Department of Geological Sciences, University of British Columbia, Vancouver, B.C. V6T 2B4 
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Figure 1. Map of the northern end of the Shuswap Metamorphic Complex (sillimanite grade rocks) and 
surrounding area. 



INTRODUCTION EAST ARM, QUESNEL LAKE AREA 
The northernmost part of the Shuswap Metamorphic Com- 
plex (Reesor, 1970; Okulitch, 1984) has been extensively 
studied in recent years. This includes work by the Geologi- 
cal Survey (e.g. K.V. Campbell and R.B. Campbell, 1970 ; 
Campbell, 1978; Struik, 1983) and a significant number of 
Ph.D. and M.Sc. theses at the University of British Colum- 
bia. Recent examples include, Lewis (1987), Garwin (1987). 
Bloodgood (1987a), Fillipone (1985) and Getsinger (1985). 
The latter studies have concentrated on the stratigraphy and 
structure, and to a lesser extent on the metamorphism, of 
quite small field areas. Figure 1 shows the extent of the area 
covered by these studies. With these data available it is ap- 
propriate to attempt a synthesis of the metamorphism of the 
entire area. 

To date, a suite of 650 additional samples has been col- 
lected from throughout the area but with an emphasis on 
locales outside previous studies. This report concentrates on 
three areas of recent collection; the east arm of Quesnel Lake 
area, Clearwater Lake-Azure Lake area and the Deception 
Mountain-Mica Mountain area. 

The east arm of Quesnel Lake has an overall east trend oblique 
to the general geological trend in the area (Fig. 1,2).  Rocks 
along the shore, accessible by boat, provided a relatively com- 
plete suite ranging from low grade rocks near the Quesnellia- 
Barkerville terrane boundary to the sillimanite grade rocks 
of the Shuswap Complex proper. 

At the western end of the east arm is the Quesnellia - 
Barkerville terrane boundary. This is a thrust fault (Eureka 

thrust, Struik 1986) and is marked by a highly foliated am- 
phibolite (Crooked amphibolite of Struik, 1986). To the east 
of this, the non-intrusive rocks of the Barkerville terrane con- 
sist of a mixed sequence of quartzite, quartzose schist, pelit- 
ic schist, marble, calcareous schist and amphibolite. These 
rocks are considered to belong to the Snowshoe Group (Struik, 
1983; Lewis, 1987; Garwin, 1987), a continentally derived 
package of siliciclastic to calcareous rocks of Hadrynian to 
Lower Paleozoic age. These have been intruded by the Devo- 
nian age (Getsinger, 1985) granodioritic to granitic Quesnel 
Lake orthogneiss and by various pegmatitic and granitic bod- 
ies of Cretaceous age (Struik, 1983). 

DATA SOURCES: Metamorphic Zones 
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Figure 2. Map of the east arm, Quesnel Lake showing the metamorphic zones, prograde and retrograde 
assemblages. 



Along the east arm of Quesnel Lake the Snowshoe Group 
is divisible into three broad packages. Near the terrane bound- 
ary the rocks are dominantly quartzose to pelitic schists with 
some amphibolite and have been intruded by the Quesnel Lake 
gneiss. Halfway along the east arm marbles, calcareous schists 
and amphibolites are prominent. At the eastern end of the 
lake, quartzose and pelitic lithologies predominate. This gross 
change in bulk rock composition has a pronounced effect on 
the mineral assemblages present and thus any interpretation 
of the metamorphic conditions which operated. 

Prograde metamorphism. 
A suite of 400 samplec was collected from the area and is 
currently under study. Preliminary petrographic work agrees 
with the 'isograds' of Campbell (1978) with one exception. 
Campbell (1978) indicated that about halfway along the east 
arm rocks are of garnet grade or less whereas we suggest 
that the rocks should be represented as being staurolite - 
kyanite grade. Peak metamorphic assemblages show increas- 

ing grade from west to east in the area (Fig. 2). 

Garnet zone. 

Garnet appears very abruptly just below the terrane bound- 
ary. Staurolite and kyanite are present in rocks a few 
kilometres to the east. This narrow garnet zone is represent- 
ed (Campbell, 1978; this study) by very closely spaced 
'isograds'. Closely spaced isograds are commonly interpreted 
as indicating a steep thermal gradient during metamorphism. 
This is not necessarily the case here. 

Above the Eureka thrust the lithologies are amphibolite 
and graphitic, pyritic phyllites. Neither of these lithologies 
is susceptible to garnet growth at normal garnet grade tem- 
peratures. The abrupt appearance of garnet in the Snowshoe 
Group rocks just below the thrust is thus considered to be 
due to the abrupt change in bulk rock composition. The nar- 
row garnet zone is therefore not regarded as the result of 
a steep thermal gradient. 

Staurolite and staurolite - kyanite zones. 

Separate staurolite and staurolite - kyanite zones are not 
recognized along the east arm. The staurolite - kyanite zone 
is extremely wide, stretching from near the terrane bound- 
ary to about 10 km west of the eastern end of the lake. Lewis 
(1987) noted that staurolite appears before kyanite in the Og- 
den Peak area. However, Lewis also notes that the presence 
of either of these phases is strongly dependent on lithology. 
Many of the rocks along the westernmost portion of the east 
arm are either quartzose pelites or the ~ u e s n e l  Lake gneiss, 
neither of which permits the development of highly aluminous 
phases. Therefore, the absence of a notable staurolite zone 
in this area is probably also due to lack of appropriate bulk 
rock compositions. Rocks exposed along the centre section 
of the east arm show varying degrees of retrogression. This 
led Campbell (1978) to classify these rocks as garnet grade 
or lower. This is dealt with in more detail below. 

Sillimanite - staurolite - kyanite zone. 

Sillimanite appears in rocks about 10 km west of the eastern 
end of the lake. Samples contain fibrolite and biotite grow- 
ing in embayed garnet possibly as a result of the reaction 

gt + musc = sill + bi + qtz. 

Not all garnet is consumed by this reaction and some may 
be generated by other reactions so that garnet is still present 
throughout the sillimanite zone@). 

Sillimanite - kyanite zone. 

The transition to the sillimanite - kyanite zone results from 
the breakdown of staurolite by one or both of the reactions 

At the easternmost end of the lake, kyanite is absent from 
all except one of the samples examined indicating the progres- 
sion of the polymorphic transformation 

ky = sill. 

The single sample containing kyanite may be from a down- 
faulted block. 

Retrograde assemblages. 
About halfway along the east arm the rocks have a very low 
grade appearance. This led Campbell (1978) to classify them 
as garnet grade and lower. This lower grade appearance is 
due to two factors. Firstly, many of the lithologies have a 
significant calcareous component and thus their compositions 
are unsuitable for the developement of garnet, staurolite or 
kyanite. Secondly, the rocks in this area have been subjected 
to severe retrogression and the pelitic rocks present have very 
few remaining recognisable porphyroblastic minerals. Fig- 
ure 2 shows the distribution of these retrograded assemblages. 
Thin section examination reveals that staurolite and kyanite 
have been replaced by sericite + chlorite, garnet by chlorite 
and biotite by chlorite. The degree of alteration is variable. 
Kyanite and staurolite are the most severely altered, garnet 
less so and biotite least. Note that biotite in rocks which do 
not appear to have contained garnet (calcareous assemblages) 
is commonly fresh, implying that the garnet breakdown reac- 
tion involves the consumption of biotite also. Possible retro- 
grade reactions are : 

3ky + 3qtz + 2K+ + 3H20 = 2musc + 2H+ (kyanite 
breakdown; Lewis, 1987), 

st + 3bi + 7qtz + 14H20 = 3musc + chl (staurolite 
breakdown ; Hoscheck, 1969), 

4alm + bi + 12H20 = 3chl + musc + 3qtz (garnet 
breakdown ; Fillipone, 1985). 

Retrogression has been noted by Getsinger (1985), 
McMullin and Greenwood (1986), Lewis (1987) and by Gar- 
win (1987). In all these cases the rocks affected are in the 
carbonate-rich section of the stratigraphy. The reason for this 
is unknown but it is clear that significant quantities of water 
were either retained or introduced during the waning stage 
of the metamorphism. 
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Figure 3. Map of the Clearwater Lake - Azure Lake area showing the metamorphic assemblages seen. 
lsograds after Campbell (1978). 

CLEARWATER LAKE - AZURE 
LAKE AREA. 
The rocks in this area range in grade from chlorite to sil- 
limanite. Figure 3 shows the isograds proposed for the area 
by Campbell (1978). The rocks along Azure Lake and at the 
northern end of Clearwater Lake are sillimanite grade quart- 
zose and pelitc schists, calcsilicate and quartzofeldspathic 
gneiss and amphibolite. The rocks exposed on the southern 
and western shores of Clearwater Lake appear to be chlorite 
to garnet grade quartzites and phyllites. The low grade ap- 
pearance is partly the result of retrogression. Three of the 
most westerly samples contain strongly retrograded garnet 
set in a quartz, chlorite and muscovite matrix. 

These rocks also appear to have been extensively fault- 
ed. Rocks at the southern end of the lake extending tens of 
kilometres to the south are highly fractured, with metre-sized 
blocks set in a very fine grained, clayey matrix. The faults 
appear to have an approximate north-south trend along Clear- 
water Lake. 

The faults in this area are considered to be the reason 
for the sharp jump in grade across Clearwater Lake. There 
is no indication of staurolite, staurolite - kyanite, sil- 
limanite - staurolite - kyanite or sillimanite - kyanite 
zone rocks in the area, though outcrop is sparse along the 
central part of the eastern shore of Clearwater Lake. To date, 
kyanite has only been observed in a single sample from the 
eastern end of Azure Lake where there is evidence of the 
grade decreasing eastwards (Fig. 1). 



Faulting along Clearwater Lake could also explain the 
sandwich of lowest grade rocks (chloritic schists and quart- 
zites on the southeast) between garnetiferous (albeit chlori- 
tized) schists to the west and sillimanite schists to the east. 

For these reasons the rocks at the southern end of Clear- 
water Lake are considered to be a complex mix of slices of 
retrograded higher grade (garnet at least) rocks and down- 
dropped blocks of lower grade (chlorite). 

DECEPTION MOUNTAIN - MICA 
MOUNTAIN AREA 
Figure 4 shows the isograds of Campbell (1978) for the area. 
Also shown are the field-observed assemblages determined 
in this study. This area is of interest for two reasons. Firstly, 
Campbell (1971) noted the presence of andalusite in rocks 
on the western flank of Deception Mountain. This is the only 
reported occurrence of this mineral in the vicinity of the north- 
ern part of the Shuswap Complex. The presence of andalu- 
site would imply a period of low pressure metamorphism 
not observed anywhere else in the northern part of the 

Shuswap Complex. Secondly, the Deception Mountain - 
Mica Mountain area lies between the Boss Mountain area 

to the north, studied by Fillipone (1985), and the Dunford 
Lake area to the south, studied by Montgomery (1978) and 
J .  Radloff (work in progress). 

The rocks of the Deception Mountain area are quart- 
zose to pelitic schists (Snowshoe Group; Fillipone, 1985). 
They contain kyanite to the west and sillimanite and kyanite 
to the east (Fig. 4). Although considerable effort was made 
to find andalusite, none was observed in hand specimen. 
Detailed petrographic analyses are in progress to determine 
if it is present on the microscopic scale. Staurolite is not pres- 
ent in the rocks at Deception Mountain, probably as a result 
of bulk com~osition constraints. 'These rocks are considered 
to be in the staurolite - kyanite and sillimanite - 
staurolite - kyanite zones described for the Quesnel Lake 

area. 

The rocks on Mica Mountain show a variation in grade 
from sillimanite (with kyanite) in the west to kyanite in the 
east. However, there are significant differences in the lithol- 
ogies compared with the Deception Mountain area. On the 

\*r Sillimanite isograd of Campbell ( 1  878)  
0 Kyanite bearing assemblages 

(no sillimanite) 
Peak 

Sillimanite bearing assemblages 
'*, Wells Gray Park Boundary (+I- kyanite) 

Figure 4. Map of the Deception Mountain - Mica Mountain area showing the mineral assemblages seen. 
Sillimanite isograd after Campbell (1978). 



eastern flank of Mica Mountain a series of rocks of marked- 
ly different lithology occurs in what appears to be a synfor- 
ma1 structure. Figure 5 is a sketch map and cross-section 
of this area. On the east and west, the rocks are quartzose 
and pelitic schists similar to those seen in the Deception Moun- 
tain area (Snowshoe Group) and are indicated on the dia- 
gram as lithological unit l .  Lithology 2 is an ultramafic rock 
that occurs in at least four distinct pods 40-50 m long and 
30-40 m wide which appear to have tectonized (foliated) mar- 
gins. Most of the rock consists of anthophyllite and talc though 

Unit lithologies 

1 Quartzose - pelitic schist (Kyanlte bearing) 

2 Ultramafite (Anthophyllite -Talc bearing) 

3 Quartzite (=unit I?) 

4 Amphibolite (Mylonitized) 

5 Graphitic & pyritic phyllite & carbonate 

6 Pelitic schist (large staurolite porphyroblasts) 

7 Pegmatite 

\ Geologic boundaries 
' '. - .. approximate : assumed 

v9 Foliation 

Figure 5. Sketch map and cross-section of the eastern flank 
of Mica Mountain. 

there are occurrences of tremolite - talc assemblages as well 
as tremolite - phlogopite and chlorite veins. ~ h e s e  rocks 
are suitable for microprobe analyses and should furnish good 
estimates of the pressure and temperature of metamorphism. 
These will be used to cross-check the pressures and temper- 
atures determined using pelitic assemblages. Lithology 3, an 
almost pure, possibly mylonitized quartzite, may be tectonized 
Snowshoe Group rocks (unit 1). Lithology 4 is a mylonitized 
amphibolite and is possibly correlative with Crooked am- 
phibolite (Struik, 1986). Lithology 5 is a mixed graphitic 
to pyritic phyllite and carbonate package. This unit is tenta- 
tively correlated with Bloodgood's (1987b) unit 3 of the in- 
formal Triassic Black Phyllite. Lithology 6 is a highly por- 
phyroblastic staurolite schist which is tentatively correlated 
with unit 4 of Bloodgood's (1987b) Triassic Black Phyllite. 
In the Mica Mountain area, staurolite porphyroblasts, up to 
10 cm in length, are unique to this unit which appears to 
contain little or no kyanite. 

A synformal structure is interpreted from outcrop pat- 
terns (Fig. 5), though the rocks are not as well exposed to 
the east. Units 2 and 3 were not observed on the east. 'This 
may be the result of their discontinuous nature. Alternative- 
ly, the eastern margin of this structure may be a fault which 
juxtaposes units 1 gnd 4. 

The correlations made above imply that this package is 
a small infold of Quesnellia terrane rocks. This minor syn- 
form is possibly a parasitic syncline on the eastern flank of 
the Boss Mountain anticline (Fillipone, 1985), a major, up- 
right, northwest-plunging structure to the west of Mica Moun- 
tain. The Boss Mountain anticline and the adjacent Eureka 
Peak syncline produce the fold pattern of the terrane bound- 
ary (Fig. 1). 

DISCUSSION 
There are two major problems encountered in attempting to 
synthesize the metamorphic history of an area of this size. 
Firstly, lithological changes on all scales make it difficult 
to compare and contrast the metamorphic history of even ad- 
jacent subareas. Lithological variation results in the appear- 
ance and disappearance of the minerals used to define meta- 
morphic zones. Additionally, solid-solution minerals may 
form in different rocks under different physical conditions. 
These two features result in mineral zones that can end abrupt- 
ly at geological boundaries and, where present, these zones 
can form under a range of physical conditions. In order to 
compare widely spaced areas, such as those under consider- 
ation, it is necessary to determine temperatures and pres- 
sures of metamorphism in a quantitiative manner using ge- 
othermometers and geobarometers such as those of Ferry and 
Spear (1978), and Ghent (1976). Many of these techniques 
have some significant drawbacks: 

1. Standard methods do not necessarily result in the simul- 
taneous determination of pressure and temperature from 
a single mineral assemblage. Calculated temperatures and 
pressures may never have been experienced by the rocks. 
2. There is commonly disagreement between two methods 
using different mineral assemblages at the same grade. For 
example, the Ghent (1976) and GRAIL (Bohlen et al., 1983) 
geobarometers commonly give significantly different pres- 
sures even when applied to the same rock. 



3. Different calibrations of the same method (e.g. garnet - 
biotite thermometer) give different results. This is due 

to discrepancy between experimental data and the solution 
models used by different workers (e.g. Ferry and Spear, 
1978 ; Newton and Hazelton, 1981 ; and Ganguly and Sax- 
ena, 1984). 

An effort is underway to develop and refine new tech- 
niques (McMullin and Greenwood, 1987) which address these 
concerns. 

The second major problem seen in this area is the de- 
gree of retrogression undergone by many rocks. This renders 
the rocks unusable for the determination of pressures and 
temperatures of peak metamorphism. These rocks are of in- 
terest mainly because they show disequilibrium assemblages 
which can yield information on the metamorphic path. Ad- 
ditionally, some of the assemblages, if carefully chosen and 
analysed, will be useful for defining the path of retrogres- 
sion. This has significance in determining the tectonic evo- 
lution of the area. 
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Abstract 

The 114P/10 map area is dominated by Upper Oligocene, granitoid intrusions. Complex, anastomosing 
faults, intricately bound these, and a variety of chlorite-grade Paleozoic and early Mesozoic marine sedi- 
ments and volcanics, and Tertiaty nonmarine clastics and bimodal volcanics. Much of the faulting and 
associated deformation is Cenozoic, and could largely be strike-slip-fault related. The 114P/12 map area 
is dominated by Jura-Cretaceous granitic rocks, with chlorite-grade lower Paleozoic carbonates and Up- 
per Triassic marine calcareous$ne clastics and basic volcanics, and rare lower Paleozoic or older am- 
phibolite, schist and gneiss. These rocks are cut by strike-slip and high-angle faults, and locally display 
kink-banding, and isoclinal and open folds. Deformution is less intense than in the 114P/lO area. 

The most signiJicant mineral prospect is the Windy Craggy massive sulphide (Cu, Co,Zn,Au) deposit. 
Other smaller deposits include: Ba, polymetallic massive sulphides; Cu,Ag,Bi skarns; Ag,Pb,Zn, Cu,Cd 
and Au quartz-carbonate veins; bedded gypsum-anhydrite; and placer Au. 

La rkgion de la carte 114P/lO est dominee par des intrusions de granitoi'des de L'Oligockne supe- 
rieur. Celles-ci sont 6troitement de'limitkes par des failles anastomose'es complexes et par une variktd 
de skdiments et de roches volcaniques marins de qualitk chlorite du Pale'ozoipue er du Mksozoi'que infk- 
rieur et par des roches clastiques et volcaniques bimodales non marines du Tertiaire. La plupart des 
failles et des dkformations associkes sont du Cknozoi'que et pourraient 2tre fortement lie'es b des failles 
de cisaillement en direction. La zone de la carte 114P/12 est domine'e par des roches grarzitiques du 
Jura-Cr&tack, avec des carbonates du Pale'ozoi'que inferieur et des roches clastiquesjnes calcaires mari- 
nes et des roches volcaniques basiques du Triassique supkrieur de qualite' chlorite el un peu d'amphiboli- 
tes, de schistes et de gneiss du Pale'ozoi'que infe'rieur ou d'une e'poque plus ancienne. Ces roches sont 
coupkes par des failles de glissement en direction et ci fort pendage, et elles comportent par endroits 
des structures zonkes brise'es et des plis insoclines et ouverts. La ddformation est moins intense que duns 
la rkgion 114P/lO. 

La plus importante minkralisation est le gisement (Cu, Co, Zn, Au) sulfur6 massifde Windy Craggy. 
D 'autres gisements plus petits contiennent : des sulfures massifs polymktalliques ci Ba; des skarns ci Cu, 
Ag et Bi; des veines de quartz-carbonate ci Ag, Pb, Zn, Cu, Cd et Au; de l'anhydrite b gypse litke; et 
de l'or de placer. 



INTRODUCTION 
During 1987, a short field season was spent in Tatshenshini 
River (1 14P) map area, northwesternmost British Colum- 
bia. Much of the work was concentrated in 114P/ 10 and/ 12 
areas, and expanded on previous small-scale mapping in the 
area. 

Visits, coupled with exchange of information and ideas, 
were made with mining exploration companies active in Tat- 
shenshini River map area. 

PREVIOUS AND PROPOSED 
GEOLOGICAL MAPPING 
Field work during 1987 initiated a program to map selected 
areas at 1 :50 000 scale in parts of Yakutat (1 140), Tatshen- 
shini River (1 14P) and Skagway (104M) map areas. This 
program will be coupled with a regional geological synthe- 
sis of these and certain immediately adjoining map areas at 
1 :250 000 scale. It follows the termination of field work in- 
volved in Operation Saint Elias (Campbell and Eisbacher, 
1974 ; Campbell and Dodds, 1975, 1978, 1979 ; Eisbacher, 
1975 ; Read and Monger, 1 975, 1976 ; Read, 1976 ; Souther 
and Stanciu, 1975). Prior to Operation Saint Elias, more than 
70 percent of the region was essentially unstudied (Sharp, 
1943 ; Watson, 1948; Kindle, 1953 ; Sharp and Rigsby, 1956; 
Wheeler, 1963; Muller, 1967). That project, which was un- 
dertaken by the Geological Survey of Canada, completed the 
mainly reconnaissance-scale geological mapping of the Saint 
Elias Mountains within Yukon and British Columbia (Camp- 
bell and Dodds, 1982a,b,c, 1983a,b). 

Aspects of geological mapping 
During August 1987, approximately three weeks were spent 
in 1 :50 000 scale geological mapping in the Nadahini Creek 
(1 14P110) and Tats Lake (1 14P/12) sheets (Fig. 1). It ex- 
panded on previous, unpublished mapping at this scale by 
the writer in these and various other parts of Tatshenshini 
River (1 14P) (particularly in 1 14Pl9, 11, 13, 14, 15), dur- 
ing 1978, 1979, 1981, 1983, and 1986. About two weeks 
were spent in 114Pl10, while staying at StrykerIFreeport 
Resources Limited base camp, in the Rainy Hollow area. 
The remaining time was alloted to work in 114P/ 12, which 
was done from the Geddes Resources Limited camp at Tats 
air strip. 

Only the salient geological features are depicted in Fig- 
ure 1 .  Nadahini Creek (1 14P110) map area lies entirely with- 
in, while Tats Lake (114Pl12) is mostly within the Alex- 
ander terrane of Berg et al. (1978). The allocthonous 
Alexander terrane in 114P is bounded by the Duke River 
Fault and part of the Denali Fault System to the northeast, 
and by the Hubbard Fault to the southwest. 

Nadahini Creek (114P/10) map area 
Previous geological mapping in this map area was done by 
Watson (1948), Campbell and Dodds (1979, 1983a). 

The believed oldest rocks (unit 1Pv) occurring in this 
map area outcrop along the middle section of O'Connor River 
and upper part of Michael Creek. They are probably, in part 
at least, of Late Cambrian to earliest Ordovician age. The 

strata comprise rusty dark grey-green', basic volcanics and 
volcaniclastics, with minor intercalated limestone and 
argillite-siltstone. 

Overlying these rocks is a sequence of tan argillite- 
siltstone, which locally contains a plentiful, well preserved, 
early Middle Ordovician graptolite fauna (B.S. Norford, pers. 
comm., 1987). These are followed, apparently conforma- 
bly, by a thick2 succession of first interbedded blue-grey 
laminated carbonate, ochre-buff calcareous mudstone, and 
tan siltstone, and then rapidly alternating, thin to more thickly 
bedded, rusty-tan siltstone and vivid reddish-ochre calcare- 
ous mudstone. Possibly interdigitating with and overlying 
the latter sediments, are thicker bedded, blue-grey limestones. 
Collectively these predominantly calcareous clastics and car- 
bonates constitute unit lPs, and are believed to be largely 
of Ordovician to Silurian age. They outcrop south of Fault 
Creek, on the southwest side of O'Connor River, and on either 
side of Michael Creek. By far the best sequences, however, 
occur immediately to the west and east of the headwaters 
of the Michael Creek. 

Strata of unit pF's incorporate Lower Devonian (?) grey- 
wacke siltstone; latest Lower Devonian calcareous, dark blue- 
grey phyllite-argillite; Middle Devonian shallow-marine, dis- 
continuous, blue grey limestone and minor intercalated dark 
blue-grey calcareous argillite; and Upper Devonian and 
Carboniferous (?), dark grey, siliceous argillite. These mainly 
Devonian rocks outcrop on the northwest side of Samuel 
Glacier pluton, and in the vicinity of the headwaters of both 
the O'Connor and Klehini rivers. They are strongly suspect- 
ed to unconformably overlie lower Paleozoic strata. Also 
locally included (known at the headwaters of the O'Connor 
River) in unit pPs are conodont-bearing Upper Triassic dark 
calcareous argillite-siltstone and dark grey micritic limestone. 
The O'Conner gypsum deposits, lumped with rocks of this 
unit, may well be of Late Triassic age. Although unproven, 
Upper Triassic strata probably unconformably overlie the 
upper Paleozoic sequences. 

Fairly thick accumulations of Eocene (?) nonmarine clas- 
tics (unit Es) are present between Michael Creek and upper- 
most Klehini River, and to the west of the headwaters of 
O'Connor River. They comprise brownish- to greenish-grey 
sandstone, conglomerate, siltstone, shale and coaly shale, 
which locally carry fairly plentiful plant debris. Clasts from 
the conglomerates are predominantly granitoid, limestone, 
basic volcanics, and black chert, and could be very locally 
derived. These sediments probably represent fluvial and lacus- 
trine clastics, which may have been deposited within fault- 
bounded basins (pull-aparts?), and which have been tightly 
folded by later, strike-slip fault-related deformation. 

Thick sequences of basaltic, andesitic, and rhyolitic flows 
and pyroclastics of probable, but so far undated, Tertiary 
age are present to the north of the middle part of O'Connor 
River and on the west side of Michael Creek. These rocks 
(unit Tv) are abundantly intruded by basic and acid dykes 
(probably feeders). They probably represent a bimodal suite 
of volcanics, a result of extension related to strike-slip fault- 
ing during Tertiary time. 

Intrusives are areally the most abundant rock types in 
the Nadahini Creek map area. Of these, Oligocene granitoid 

' Colours in rock descriptions, throughout this paper, refer to weathered surfaces only. 
Thicknesses of all stratigraphic units in this report are poorly known, due to structural complexity. 
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rocks (unit Og) are by far the most dominant. They consti- 
tute the Samuel Glacier pluton, parts of the Tkope and Three 
Guardsmen batholiths, and a segment of the Mt. McDonnell 
pluton. Collectively these intrusive rocks form the Tkope plu- 
tonic suite (Dodds and Campbell, in press,), which from as- 
sorted K-Ar, Rb-Sr and fission track isotopic age determina- 
tions (Jacobson et al., 1980; Dodds and Campbell, in press) 
range in age from 24 to 31 Ma. These composite, elongate, 
calc-alkaline (?), granitoid bodies are epizonal, and have con- 
tact metamorphosed their host rocks. They comprise mostly 
creamy grey, homogenous, medium grained, hornblende, bi- 
otite leuco-granite; less light to darker grey, heterogeneous, 
hornblende, biotite granodiorite, and dark green-grey gabbro- 
diorite ; and rare microgabbro and pink granophyre. Includ- 
ed within the composite Three Guardsmen batholithic com- 
plex (extent unkown) are plutons of the uppermost Lower 
Cretaceous (106-1 17 Ma) Kluane Ranges plutonic suite 
(Dodds and Campbell, in press; MacKevett et a]., 1974). 
The Mt. McDonnell pluton could also be a composite of 
Oligocene and older intrusions. The Oligocene granitoid bod- 
ies may have been intruded during Late Paleogene strike- 
slip faulted-related extension. However, the plutons them- 
selves have been locally intensely brittlely shattered by post- 
emplacement, probably strike-slip fault-related deformation. 

Unsubdivided, variably sized dykes, sills, small plutons 
and complexes, composed of gabbro, diorite, diabase and 
basalt-andesite, are widespread in this map area. Field evi- 
dence indicates Cambrian-Ordovician, mid- to late-Paleozoic, 
Permian-Triassic, Early Cretaceous, Cretaceous-Tertiary, 
Oligocene and ~ i o c e n ~ a ~ e s  for them. Acid dykes, sills and 
small plutons of Late Oligocene and Miocene age are also 
present in the area, but they are as abundant as similar age 
basic subvolcanics. Some ultramafic dykes-sills are known 
to occur in the vicinity of Nadahini Mountain (Watson, 1948). 

Within the 114Pl10 map area, strata of Paleozoic and 
lowermost Mesozoic age, are by and large regionally 
metamorphosed to no higher than chlorite grade. Sediments 
and volcanics of various Tertiary ages appear to have under- 
gone only burial or low-subgreenschist-grade regional 
metamorphism. The metamorphic history of the area is very 
poorly understood. However, field evidence from elsewhere 
in the Saint Elias Mountains, suggests the probability of at 
least one major regional metamorphic event between latest 
Triassic and earliest Cretaceous time. 

Most of the rocks within the Nadahini Creek map area 
have undergone moderate to complex deformation, but only 
the salient structural aspects are shown in Figure 1. Abun- 
dant complex anastomosing networks of northward- to 
northwestward-trending, linear to curvilinear, steeply dip- 
ping faults dominate these structures. Two of the main faults 
present within the map area occur along the Parton and Kle- 
hini river valleys, and along the O'Connor River and the val- 
ley immediately east of Michael Creek. The movement sense 
on these two faults is believed to be oblique dextral strike- 
slip and high-angle reverse. Within the anastomosing fault 
strands, strata and plutonic rocks are disposed in variably 
sized lenses in which the stratigraphy and plutonic phases 
are relatively coherent. Fault zones contain gauge and brec- 
cia, and immediately adjacent rocks are brittlely deformed. 

The intense, largely high-level deformation appears to dimin- 
ish to the southwest of O'Connor River and Michael Creek. 
The Paleozoic to lowermost Mesozoic strata in the latter area, 
locally exhibit upright to slightly overturned similar and chev- 
ron style folds. Field evidence from elsewhere in the Saint 
Elias Mountains, indicates that this deformation may partly 
be of uppermost Triassic to lowermost Cretaceous age, and 
consequently it would roughly be synchronous with the 
regional metamorphic event. 

To the east of Michael Creek, clastic sediments of prob- 
able Eocene age display tight, upright, long amplitude, 
northwest-trending, en echelon, cylindrical folds. A penetra- 
tive axial plane cleavage is present and well rounded con- 
glomeratic clasts are locally highly flattened. Extension, ap- 
parently related to this folding event, has resulted in the 
emplacement of bimodal gash fills, dykes, and sills. Rhyo- 
lite and crowded feldspar porphyry subvolcanics have been 
dated as Late Oligocene (Christopher et a]., 1972 ; Dodds 
and Campbell, in press). However, comparable intrusives 
elsewhere in the Saint Elias Mountains are known to be Mio- 
cene or younger (?) (Dodds and Campbell, in press). Conse- 
quently, this deformation is post-Eocene, and probably Late 
Oligocene or younger. However, much more conclusive evi- 
dence for relatively major, post Late Oligocene, high-level 
deformation, comes from the locally intense shattering and 
fault-dislocation of K-Ar dated (Dodds and Campbell, in 
press) intrusive bodies such as the Samuel Glacier and Mt. 
McDonnell plutons and the Three Guardsmen batholith. The 
majority of uppermost Mesozoic through Tertiary deforma- 
tion may be high-level and strike-slip-fault related. The close 
proximity of the major intracontinental dextral transcurrent 
Denali Fault System is ample evidence for this (among others, 
Eisbacher, 1976 ; Clague, 1979). 

Mineral prospects3 within in the Nadahini Creek map 
area include the following. 

Hum Bird showings : quartz-filled shears associated with 
a fault zone in altered, sporadically silicified and mildly brec- 
ciated, Devonian(?) limestone carrying various galena, 
sphalerite, chalcopyrite, tetrahedrite (with Ag), and native 
silver. 

SamIMain and North Glacier showings : unspecified de- 
tails (Au, Ag, Cu, Zn). 

Nadahini Mountain: veinlets in two sills (15 and 30 m 
thick) consist of highly serpentinized peridotite, serpentine, 
talc carbonate and carry up to one inch long poor quality 
cross-fibre asbestos. 

LunarIMag : Pb, Zn, Ag, values obtained from upper 
Paleozoic metasediments close to granodiorite-quartz diorite 
intrusion. 

Pam : Cu, Zn in granitic to quartz monzonitic intrusions. 

O'Connor Gypsum, Snow Group : bedded replacement 
deposit of gypsum and anhydrite adjacent to upper Paleozoic 
(Devonian?) limestone, Upper Triassic (?) calcareous sedi- 
ments, and purple conglomerate of uncertain age. 

Kim, Aunt Jemima : small scattered occurrences of quartz 
stringers carrying sphalerite; disseminated replacement in 
unit pPs. 

Data on mineral prosects in this paper is mostly from the British Columbia Ministry of Energy, Mines and 
Petroleum Resources, Mineral Inventory map and file, 1986. 
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Maid of Erin, Carmichael, Pretoria: irregular replace- 
ment deposits in various skarn types within quartzites, mar- 
ble and argillite of unit pPs ; mineralization is principally of 
bornite, chalcocite, chalcopyrite, sphalerite, magnetite, and 
wittichenite; a small producer. 

State of Montana, New England : irregular garnet-bearing 
skarn band within marble and quartzite of unit ~ P s ;  chief 
mineralization comprises several small lenses carrying mostly 
bornite and chalcocite, local sphalerite, and wittichenite (in 
bornite) ; a small producer. 

Victoria: irregular skarn bodies, in marble flanked by 
quartzite of unit pPs; the two main showings consist mostly 
of sphalerite and galena in a gangue of garnet, wollastonite, 
and calcite. 

Adams : skarn in marble between argillite and quartzite 
of unit pPs, which are intruded by feldspar porphyry sills 
and dykes; lenses and bands of galena and sphalerite occur 
within the skarn. 

Windsor : iron-rich body (size, shape and setting unspeci- 
fied) containing some chalcopyrite and sphalerite. 

Bornite, Cay, Cat: skarn in rocks of unit pPs carrying 
bornite, chalcocite, chalcopyrite, galena, and sphalerite. 

War Eagle: small iron gossan of altered pyrrhotite or 
pyrite in rocks of unit pPs. 

Hibernian : skarn in marble and argillite of unit pPs car- 
rying pyrrhotite, chalcopyrite, sphalerite, galena and a gan- 
gue of garnet, actinolite, quartz and calcite. 

TATS LAKE (114Pl12) MAP AREA 
Widely scattered work was done in this map area during 1987. 
It expanded on earlier geological mapping by Campbell and 
Dodds (1979, 1983a), MacIntyre (1983, 1984), and Gam- 
mon and Chandler (1986). Only the major aspects of the ge- 
ology have been sketched in Figure l .  Most of the map area 
lies within the Alexander terrane. The extreme southwest 
corner may incorporate part of Wrangellia (Wl) (Campbell 
and Dodds, 1983a,b,c), which is bounded by the Hubbard 
Fault to the northeast and the Border Ranges Fault to the 
southwest. 

The presumed oldest rocks present within the map area 
occur along the western side of lower Tats Creek. These rocks 
(unit 1Pm) comprise a sequence of dark greyish green am- 
phibolite, marble and impure marble, rusty greenish and 
greyish brown hornblende-biotite schist, and hornblende- 
biotite gneiss and granitoid gneiss. These amphibolite grade 
metamorphic rocks are of uncertain age, but they could pos- 
sibly be as old as earliest Paleozoic or even Precambrian. 

Thick sequences of mid-greenschist grade, laminated 
blue-grey limestone and buff-ochre calcareous mudstone- 
siltstone with partings of silvery grey phyllitic schist are pres- 
ent to the west of Tats Glacier, east of Tats Lake, and proba- 
bly along the west side of the lower part of Tats Creek. Sparse 
conodonts indicate these rocks to be Ordovician in age (M. J. 
Orchard, pers. comm., 1985). Locally both overlying and 
interdigitating with the laminated carbonates are thick to mas- 
sively bedded light- to medium-grey limestones, and rare dar- 
ker blue-grey calcareous argillite. These latter limestones are 

believed to be mostly of Silurian age, but locally may in- 
clude Devonian. Collectively these carbonate dominant rocks 
form unit 1Ps. Without doubt, they are correlatable with rocks 
of the same unit in the vicinity of Michael Creek. However, 
their relationship with rocks of unit 1Pm is not known. 

An apparently thick sequence of highly deformed, thin- 
ly interbedded, medium- to buff-grey calcareous mudstone- 
siltstone, dark grey micritic limestone and black graphitic 
calcareous argillite (unit pTrp), outcrop to the north and west 
of Tats Glacier, at the Rime showing and probably to the 
southeast of the latter. Included within this unit are minor 
greenish-grey gabbro-diabase sills and rare basic massive and 
pillow lavas. Conodonts obtained from these dominantly fine 
clastic strata, are mainly of Early Norian age (M.J. Orchard, 
pers. comm., 1985). Brief work in 1987 revealed that these 
sediments are also present just to the northeast of Tats Lake 
and probably along the east side of the middle section of Tats 
Creek. Relationships between the Upper Triassic strata and 
underlying rocks, have not been observed. For the most part, 
they are faulted against older rocks. 

Interfingering with and overlying sediments of unit pTrp, 
are very thick successions of low-greenschist grade, dark 
greenish-grey basaltic to andesitic pillow lava and fewer mas- 
sive flows ; local interbedded dark grey limy argdlite-siltstone- 
carbonate and basic intrusives; minor limestone, tuff, and 
agglomerate; and rare gypsum. These volcanic dominated 
rocks constitute unit pTrv, and very sparse conodont collec- 
tions from carbonate interbeds indicate that they are of Early 
Norian or younger age (M.J. Orchard, pers. comm., 1985). 
They are the youngest strata so far observed by the writer 
in the Tats Lake map area. 

Previous reconnaissance-scale mapping (Campbell and 
Dodds, 1983a) suggests that about 50 per cent of the map 
area is underlain by granitoid plutonic rocks. The bulk of 
these rocks constitute the Noisy Ranges batholith. This large, 
elongate, epizonal body, has been grouped with the Upper 
Jurassic to lowermost Cretaceous, calc-alkaline, Saint Elias 
plutonic suite. This was based on a reasonably concordant 
paired, K-Ar age date from biotite 136 f 5 Ma and horn- 
blende 141 + 8 Ma, and on similarities in lithology, chemis- 
try and setting of this batholith to other intrusions of that 
suite (Dodds and Campbell, in press). The batholith appears, 
from cursory study, to be composed largely of weakly foliat- 
ed, fairly homogeneous, coarse medium grained, light- to 
mid-greenish-grey, biotite hornblende tonalite, with rare di- 
orite close to its northeast margin. Much of that margin ap- 
pears faulted, but a traverse in the southeasternmost corner 
of the map area revealed a very sharp, finely chilled, some- 
what discordant contact with undeformed, hornfelsed rocks 
of unit 1Pm. However, most of the batholith examined im- 
mediately west and northwest of Tats Lake has underdone 
post-emplacement, high-level, brittle deformation. This has 
resulted in a complex array of conjugate minor faults and 
shear zones, together with the emplacement of pink feldspar 
pegmatitic and aplitic gash-fills and dykes (some compos- 
ite), which locally have since been intensely sheared or fine- 
ly comminuted. 

The unnamed granitoid pluton to the east of Tats Creek 
is essentially unstudied. Two observations suggest that it dis- 
cordantly intruded and contact metamorphosed sediments of 



possible Late Triassic age. The northwest edge of the body 
appears to be composed of homogeneous, fine medium 
grained, light grey, hornblende biotite granodiorite. It is ten- 
tatively grouped with the Saint Elias plutonic suite. 

The structural geology of Tats Lake map area is less com- 
plex than that of the Nadahini Creek sheet. Mapping during 
1987 revealed a large, possibly strike-slip fault zone extend- 
ing from the Alsek River to the northwest of Tats Lake to 
the lowermost part of Tats Creek. It also confirmed the projec- 
tion to the lower part of Tats Creek of the high-angle reverse 
fault that juxtaposes laminated carbonates of unit 1Ps against 
calcareous clastics of unit pTrp. The previously outlined syn- 
clinal structure to the north of Windy-Craggy continues far- 
ther to the west into rocks of unit lPs, but it is unknown wheth- 
er it pre- or post-dates the relatively small, northeast-trending 
fault which down-dropped unit pTrp against 1Ps. This west- 
northwest-trending, en echelon(?) fold and the westerly- 
trending, oblique sinistral-strike-slip(?) fault to the north of 
Tats Lake, may have arisen from dextral-strike-slip(?) fault- 
ing along the Tats Creek valley. The local gash-vein and dyke 
emplacement, the subsequent shearing of these and the de- 
velopement of the abundant, small conjugate fault and shear 
sets in parts of the Noisy Range batholith could also be in 
response to possible strike-slip faulting along Tats Creek. 
The age of faulting in the Tats Lake map area is as yet poorly 
constrained. However, during Mesozoic and Tertiary time, 
large-scale displacements, some of a dextral-strike-slip na- 
ture, have occurred along the major Fairweather (among 
others, Plafker, et a]., 1978 ; Carlson et al.,  1985), Border 
Ranges (MacKevett and Plafker, 1974; Plafker and Camp- 
bell, 1979) and Hubbard (Plafker and Campbell, 1979 ; Camp- 
bell and Dodds, 1982b; 1983a,b) faults, which are located 
not far to the west. The faulting and related deformation within 
the Tats Lake sheet, could in part have arisen from large- 
scale displacements on those major faults. 

Fold styles exhibited by strata within the 114Pl12 map 
area are quite variable. Rocks of unit IPm just beyond the 
southeasternmost edge of the map sheet, appear to be 
monotonously northwest-striking and steeply northeast- 
dipping. Similarly striking and dipping, low grade metasedi- 
ments of unit 1Ps east of Tats Lake, display kink-bands in 
shallow, southwestward-dipping, conjugate joints. Rocks of 
unit 1Ps are also disposed in shallow-amplitude, fairly up- 
right, minor folds on the steeply northward-dipping, south- 
ern limb of the syncline to the northwest of Windy Craggy. 
South of the Rime showing, sediments of unit pTrp occur 
in tight, long-limbed, upright, isoclinal folds, while to the 
west of lower Tats Glacier they are strongly kink-banded. 
Adjacent to the volcanics of unit pTrv at Windy Craggy, these 
Upper Triassic sediments are locally moderately to intense- 
ly deformed into small-scale, variably plunging, disharmon- 
ic, isoclinal folds, and into relatively open, larger-scale folds. 
Volcanic strata of unit pTrv south of Windy Craggy, are most- 
ly northwest-striking and steeply northeastward or southeast- 
ward dipping. The age(s) of this folding is not known. How- 
ever, some of the folding may have resulted from the late 
Mesozoic to Tertiary strike-slip fault-related deformation that 
is already well documented in the 114P110 map area, and 
in the Saint Elias Mountains region as a whole. 

Windy Craggy: a potentially very large, strata-bound 
massive sulphide deposit is within complexly folded, fine- 
grained clastics, carbonates, and minor basic volcanics and 
subvolcanic intrusives of unit pTrp, close to the contact of 
these rocks with extensive basaltic-andesitic pillow lava of 
unit pTrv, collectively mostly of Norian age ; mineralization 
comprises pyrite, chalcopyrite, pyrrhotite, and sphalerite, 
and contains Co and Au values (MacIntyre, 1983; 1984; 
Gammon and Chandler, 1986). 

Tats : the showing comprises chalcopyrite-pyrrhotite- 
bearing massive sulphides, with Au and Ag values, and oc- 
curs in amygdaloidal basic volcanics of unit pTrv (MacIn- 
tyre, 1984). 

Rime (Mus) : the main showing (X) occurs in tightly fold- 
ed, Early Norian (M.J. Orchard, pers. comm., 1985) limy 
argillites, associated with massive amygdaloidal dacitic flows; 
mineralization consists of a thin zone of banded pyrrhotite, 
chalcopyrite, and calcite, and contains Au and Ag values 
(MacIntyre, 1984). 

PROPERTY VISITS 
While staying at the StrykerIFreeport Resources Limited base 
camp, very brief visits were made to the Low Herbert and 
Grizzly Heights showings in the Mount Henry Clay area. 
Drilling programs were undertaken at both prospects by 
StrykerIFreeport Resources Limited during 1987. 

The Low Herbert showing comprises a 100 m thick and 
700 m long, yellow-orange gossan zone within a sequence 
of sheared, sericite-talc and chlorite-talc-altered acid tuff or 
flows (MacIntyre and Schroeter, 1985). These are overlain 
by basic pillow lava. The age of the host rocks is uncertain, 
but may be Late Triassic or late Paleozoic. Mineralization 
consists of bands of disseminated, fine-grained pyrite, less 
chalcopyrite, barite, and sphalerite. 

The Grizzly Heights showing is close to the contact 
between calcareous argillite-siltstone and buffish-grey, more 
massively bedded limestone. Overlying these sediments are 
extensive basic tuffs and lava flows. Poorly preserved silici- 
fied coral and conodont collections from the carbonates ap- 
pear to be of Devonian age (M.J. Orchard, pers. comm., 
1986). Au values have been obtained from quartz-carbonate 
conjugate, gash-veins and breccia fills, probably arising from 
minor faulting. Boulders of massive pyrrhotite and pyrite and 
of bedded galena, sphalerite and barite, were found on the 
south-facing slopes above the Tsirku Glacier in the vicinity 
of Grizzly Heights. 

A short visit was made to Squaw Creek Holdings (placer 
Au). A 74.5 oz. gold nugget was discovered there during 
July 1987. 

During the stay at Geddes Resources Limited base camp 
at Tats air strip, visits were made to the Windy Craggy de- 
posit and its immediate surroundings. Geddes Resources 
Limited is currently engaged in driving an adit to the depos- 
it. During August 1987, they conducted a drilling program 
on the Tats showing, and on the north face of Windy Craggy 
Mountain. 

The main mineral prospects in the Tats Lake 114Pl12 
map area include the following. 



Data and ideas were shared during a visit with the project 
geologist of St. Joe Canada Inc. During August 1987, that 
company in joint venture with Newmont Mines Limited un- 
dertook a drilling program from the ice surface, to explore 
a geophysical anomaly outlined under East Arm Glacier. 

An informative day was spent in the Skagway 104Ml15 
map area with Mitch Mihalynuk of the British Columbia Ge- 
ological Survey (BCGS), reviewing geological ideas 'on the 
outcrop'. The BCGS is commencing a 1 :50 000 scale map- 
ping program along the eastern edge of the Skagway (104M) 
map area. 
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Abstract 

Mapping has provided a clearer understanding of the tectonic pamework of the Yukon-Tanana ter- 
rune in western Yukon and of its styles of mineralization. Sedimentary and volcanic rocks and granitoids, 
in part middle and upper Paleozoic, experienced strong ductile shearing at moderate metamorphic grades, 
and were imbricated by regional scale thrusts. Greenstone, ultramajc rocks and weakly deformed Early 
Mesozoic sediments were structurally interleaved with the metamorphic rocks along these thrust. Lute 
Cretaceous and Early Tertiary volcanic and sedimentary rocks that unconformably overlie the imbricated 
metamorphic rocks, are locally tightly fotded and faulted, particularly adjacent to the Tintina fault zone. 

Mineralization includes asbestos in serpentinite, stratabound, possibly syngenetic base metal occur- 
rences in metasediments and metavolcanics, W-Mo porphyries and skarns associated with Late Creta- 
ceous and Tertiary intrusives, galena-arsenopyrite-quartz and cinnabar-barite-quartz veins cutting meta- 
morphic rocks, and galena-sphalerite-tetrahedrite (+ stibnite) veins and disseminations in quartz-carbonate 
altered ultramafics. 

Des lev& nous ont permis de mieux comprendre le cadre tectonique du terrane du Yukon et de Tanana 
dans l'ouest du Yukon, ainsi que k s  styles de minkralisation qui le caracthisent. Les roches volcaniques 
et skdimentaires et les roches granitoi'des, en partie du Palkozoi'que moyen et supkrieur, ont subi un fort 
cisaillement ductile 2r. des degrds modkrb d'intensitt mktamorphique, et ont ensuite ktk imbriqukes les 
unes dans les autres par des failles chevauchantes, a l'kchelle rkgionale. Des roches vertes, des roches 
ultramaJiques et des sediments faiblement dt$ormb du Mksozoi'que inf6rieur se sont trouvkes intercalkes 
dans les roches mktamorphiques le long de ces chevauchements. Les roches volcaniques et sddimentaires 
du Crktack supdrieur et du Tertiaire infdrieur qui recouvrent en discordance les roches mktamorphiques 
imbriqudes, montrent locakment des plis serrts et un grand nombre de failles, en particulier h proximitk 
de la zone faillke Tintina. 

Parmi les minkralisations, citons la prksence d'amiante dans les serpentinites, des venues stratiformes 
et peut-&tre syngknktiques de mktaux communs dans des roches mktaskdimentaires et m~tavolcaniques, 
des porphyres st skarns enrichis en W-Mo, associks 13 des roches intrusives du Crktacd supkrieur et du 
Tertiaire, desjlons de galdne, arsknopyrite et quartz etjlons de cinabre, barytine et quartz qui recoupent 
des roches mhamorphiques, et desjlons de galdne, sphaltrite et tktrakdrite (kstibnite) et des disskmina- 
tions dans des roches ultramafiques altkrkes en quartz et carbonates. 



INTRODUCTION 
The Dawson map area (NTS 116 B, C) is underlain by rock 
units belonging to two separate tectonic assemblages, which 
are separated by the Tintina fault zone (Green, 1972). Un- 
derlying about 80 per cent of the map area northeast of the 
fault zone are strata that are mapped as continuous with those 
of the Selwyn Fold Belt. The southwestern part of the map 
area, however, is mainly underlain by strongly deformed and 
metamorphosed rocks variously called the Yukon Crystal- 
line Terrane (e.g. Tempelman-Kluit, 1976), the Yukon 
Cataclastic Complex (Tempelman-Kluit, 1979), the Yukon- 
Tanana terrane (Monger and Berg, 1984), and/or the Koote- 
nay terrane (Wheeler, 1987). The term Yukon- Tanana ter- 
rane has been retained in this contribution. 

The northeastern portion of the Dawson map area has 
been re- mapped by R. Thompson, C. Roots and P. Mustard. 
In this study, fifteen weeks were spent by the writer in 1986 
and 1987 re-mapping the southwestern part of the map area, 
which lies within the unglaciated part of the Yukon Plateau. 
Exposure is very limited, occurring mainly along road cuts 
and major stream and river valleys, and as sporadic outcrops 
on ridge crests. The Yukon and Sixtymile Rivers, Top-of- 
the-World highway and Clinton Creek mine access road (Fig. 
1) provide lines of semi-continuous exposure across the area. 

An extensive network of secondary roads and bulldozer trails, 
mostly constructed during mineral exploration and placer min- 
ing activity over the past two decades, permit access to many 
of the intervening areas. Despite the poor exposure, litho- 
logic units can often be traced with considerable confidence 
by mapping the distribution of rock types in colluvium, sub- 
crop and, in some instances, stream gravels. 

Sampling for microfossil and isotopic age determinations 
was carried out during the course of the mapping. The results 
of the study thus far provide a clearer understanding of the 
tectonic framework of the Yukon-Tanana terrane in western 
Yukon, and on the nature and geological setting of base and 
precious metal and asbestos occurrences in the area. 

In this paper, the main lithologic assemblages, and their 
observed and inferred relationships to one another are brie- 
fly described. Also included are brief discussions of the struc- 
turd geology of the area, and styles of mineralization present. 

LITHOLOGICAL ASSEMBLAGES 
Bedrock in the map area can be divided into a number of 
regionally mappable assemblages, based on lithology and, 
to some extent, on metamorphic grade and degree of defor- 
mation. These assemblages are : 
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Figure 1. Location map for southwestern Dawson map area showing selected mineral occurrences. 



penetratively deformed, typically well foliated, medi- 
um grade metasedimentary and meta-igneous rocks; 
massive to weakly foliated greenstone and ultramafic 
rocks and their altered equivalents; 

3) weakly deformed and metamorphosed sediments and 
volcanic rocks ; 

4) unaltered olivine basalts ; 
5) a variety of undeformed mafic to felsic intrusions. 

Penetratively deformed metamorphic rocks 
This assemblage, which underlies most of the study area, 
was originally divided by Green (1972) into three main units; 
Unit A, comprising metamorphic rocks of sedimentary ori- 
gin; Unit B, consisting mainly of muscovite, quartz-muscovite 
and chlorite schists, and Unit D, granitic gneiss. These units 
correlate with McConnell's (1905) Nasina series, Klondike 
schist, and Pelly gneiss, respectively. This threefold subdi- 
vision of the metamorphic rocks remains useful at a regional 
scale; however, where exposure and traverse density per- 
mit, a considerably more detailed lithologic breakdown has 
been possible. 

Rocks mapped by Green (1972) as Unit A consist 
predominantly of medium to dark grey and grey-brown, fine- 
grained, carbonaceous quartz-muscovite (+chlorite, biotite) 
schist. 'Thinly banded, pale to dark grey, fine-grained quart- 
zite and micaceous quartzite is also abundant. Massive to 
moderately foliated, fine- to coarse-grained marble occurs 
as bands within the carbonaceous schists. Some bands are 
up to 100 m in thickness and can be traced in outcrop and 
float for over 10 km. A variety of other rock types are also 
present within the schists. These include stretched pebble 
conglomerate, which occurs in a number of localities in the 
southern and western part of the map area, and foliated quartz 
grits that have been observed along the Yukon River between 
Fifteenmile River and Cassiar Creek (Fig. 1). 

Although narrow bands of medium to dark green chlo- 
ritic schist and amphibolite occur within the carbonaceous 
metasedimentary package throughout the map area, these 
lithologies become abundant near the Yukon-Alaska bound- 
ary. Well foliated to nearly massive amphibolite with minor 
interbanded carbonaceous schists are well exposed along the 
middle parts of Moose Creek and Browns Creek (Fig. 1). 
In some places, a well preserved relict igneous texture sug- 
gests derivation from mafic to intermediate composition in- 
trusions. The amphibolites pass structurally upwards, down- 
wards and laterally into carbonaceous schists, quartzites and 
marbles. 

Non-carbonaceous muscovitic and chloritic schists (Unit 
B of Green, 1972, or "Klondike schist") occur in two main 
areas, in the northern part of the Klondike District and the 
northern part of the Sixtymile District (Fig. 1). They also 
outcrop sporadically along the Yukon River downstream from 
Dawson. Detailed mapping in the Klondike by the writer and 
by Debicki (1984) has lead to the subdivision of the "Klon- 
dike schist" into chlorite-rich and muscovite- rich members 
thought to have been derived from mafic and felsic volcanic 
or volcaniclastic rocks, respectively. Also present in the Klon- 
dike are strongly foliated quartz and feldspar augen schist 
(metaporphyry) and fine-grained quartzose metasediments. 

"Klondike schist" in the Sixtymile District is more 
homogeneous in composition, consisting almost entirely of 
pale to medium green, well foliated, quartz-muscovite- 
chlorite schist with nearly ubiquitous quartz and rare feld- 
spar augen to 4 rnm in diameter. In some localities, the au- 
gen are subhedral to euhedral, suggesting that the rocks were 
derived from quartz and feldspar porphyries. 

Most earlier workers (e.g. McConnell, 1905 ; Cockfield, 
1921) ascribed an igneous protolith to the "Klondike schist" 
of the Klondike and Sixtymile districts; however, Green 
(1972) argued that the unit was entirely metasedimentary. 
Although textural and bulk compositional evidence supports 
an igneous protolith for much of the unit, a substantial 
metasedimentary component cannot be ruled out. 

Much of the area north and west of the Klondike Dis- 
trict mapped by Green (1972) as Unit B is compositionally 
distinct from "Klondike schist" in its type area. These rocks 
are well exposed both along the Yukon River for about 30 
km downstream from Dawson, and along the Top-of-the- 
World highway west of the Yukon River. They consist largely 
of tan to locally pale green weathering fine grained quart- 
zite, and quartz-muscovite-chlorite schist. Narrow interbands 
of medium to dark green chlorite schist and metagabbro, and 
rusty weathering muscovite schist are present locally, but 
are volumetrically minor. This sequence is distinguished from 
Unit A ("Nasina series") by the virtual absence of carbona- 
ceous rocks. Well-banded schists and gneisses along Yukon 
River between Cassiar Creek and Fortymile River (Fig. 1) 
may be higher metamorphic grade equivalents of these units. 

Well foliated to nearly massive granitic gneisses (Unit 
D of Green, 1972) underlie a large area along the Sixtymile 
River (Fig. 1). These gneisses form the northern part of the 
Fiftymile Batholith (Tempelman-Kluit and Wanless, 1980). 
The rocks consist mainly of quartz, feldspar and biotite, lo- 
cally with up to 10 % hornblende, with bulk (modal) compo- 
sitions ranging from quartz diorite to granodiorite. A pro- 
nounced banding, defined both by variations in grain size 
and by minor variations in composition, is common and is 
particularly strongly developed near contacts with adjacent 
rocks. 

Granitic gneisses occur in several other localities in the 
map area. A band of quartz-feldspar-hornblende-biotite gneiss 
approximately 2.5 km wide crosses Moose Creek 6 km from 
its head. A large exposure of granitic gneiss was also ob- 
served on lower Miller Creek and on the Yukon River 19 km 
downstream from Coal Creek (Fig. 1). 

Preliminary U-Pb zircon ages have been obtained for 
two samples of meta- igneous rock from the penetratively 
deformed assemblage in the study area. Zircon from a nar- 
row band of strongly foliated and mylonitized quartz-feldspar 
augen schist (metaporphyry) within carbonaceous "Nasina 
series" schist and quartzite along the Clinton Creek mine 
access road (Fig. 1) yields a mid- Permian crystallization 
age. Zircon from feldspar augen schist within "Klondike 
schist" near the head of Moose Creek (Fig. 1) is also mid- 
Permian in age. The granitic gneisses have not yet been dat- 
ed in the study area ; however, a Late Devonian-Early Mis- 
sissippian U-Pb zircon age was obtained from the same body 
about 22 km south of the map area (Mortensen, 1986). At- 
tempts to recover conodonts from some of the marble units 
in the area have as yet proven unsuccessful (M. Orchard, 
personal communication). 



Greenstones and ultramafic rocks 
Massive to sheared greenstone and altered ultramafic rocks 
are a widespread but volumetrically minor component in the 
map area. The greenstones are most abundant near Dawson, 
along the Yukon River between Dawson and Cassiar Creek, 
and along Clinton Creek (Fig. 1). They include medium to 
dark green weathering, fine-grained, epidote- rich metavol- 
canic rocks as well as altered diabase, and minor altered gab- 
bro. In some localities in the metavolcanic rocks, a vague 
layering is present, probably reflecting a tuffaceous origin. 
In several large outcrops along the Yukon River, a coarse 
fragmental texture is preserved, and at one locality calcite- 
filled amygdules and faint lobate structures suggestive of pil- 
lows have been observed. The greenstones are generally un- 
foliated, except where they have experienced brittle shear- 
ing adjacent to fault zones, and the alteration mineral 
assemblages do not appear to be related to a regional defor- 
mation event. 

Serpentinite occurs in association with greenstone and 
as isolated bodies. Serpentinite ranges from massive to very 
strongly sheared ("fish-scale texture") along anastomosing, 
subparallel brittle shear planes. In some of the massive vari- 
eties, shreds of primary orthopyroxene are preserved, sug- 
gesting derivation from harzburgite. Chrysotile cross- and 
slip-fibre veins are common, and reach economic grades and 
tonnages at the Clinton Creek and Caley mines (Fig. 1). 

The serpentinites have been further altered to a variety 
of other rock types. Partial to complete replacement by fer- 
roan carbonate, quartz (often chalcedonic) and bright green, 
Cr-bearing mica is common, particularly near the margins 
of serpentinite bodies. The resulting rock is typically mas- 
sive and rusty tan to orange weathering. Carbonate replac- 
ing asbestos fibre has been noted in several localities. Excel- 
lent examples of this rock type occur both in the Clinton Creek 
mine open pit and along the main mine access road along 
Clinton Creek (Fig. 1). Other rock types apparently derived 
from the serpentinites include massive to well-foliated talc 
and talc-carbonate schist and fine-to coarse-grained actino- 
lite gneiss. 

Weakly deformed sedimentary and volcanic rocks 
Three lithologically distinct sequences of weakly deformed 
and metamorphosed sedimentary and volcanic rocks occur 
in the area. Recessive weathering, medium to dark grey and 
grey-brown, thin bedded shale, siltsone, argillaceous lime- 
stone and minor sandstone underlies a large area along Clin- 
ton Creek from its mouth to the Yukon-Alaska boundary. 
Scattered outcrops of this sequence also occur along lower 
Fortymile River and north of the Yukon River just down- 
stream from Fifteenmile River (Fig. 1). The rocks are gener- 
ally unfoliated, but locally a slaty cleavage or phyllitic part- 
ing is developed parallel to axial planes of tight mesoscopic 
folds. This unit was only seen in tectonic contact with adja- 
cent rocks, and internal brittle shearing and brecciation is 
very common. A single conodont fragment, thought to be 
of Middle or Late Triassic age, was recovered from an ex- 
posure at the Clinton Creek mine (Abbott, 1983). 

A large area within the Sixtymile District and along ridge 
crests to the north and east are underlain by a sequence of 
volcanic flows and breccias with minor intercalated sedi- 
ments. This sequence overlies multiply deformed metamorph- 
ic rocks with marked angular unconformity. The volcanic 
rocks are typically porphyritic, with nearly ubiquitous 
plagioclase, less abundant pyroxene, and rare hornblende 
phenocrysts. The lavas in the Sixtymile District have been 
studied by Glasmacher (l984), who determined that they are 
predominantly andesites, but include rare dacite and basaltic 
andesite. Subvolcanic dykes and plugs are also present. The 
volcanic rocks are commonly altered to clay mineral, car- 
bonate and chlorite assemblages. 

Sediments associated with the volcanic rocks consist 
predominantly of weakly cemented coarse sandstone and peb- 
ble and cobble conglomerate. White to dark grey quartzite, 
siliceous schist, and white vein quartz make up nearly all 
of the clasts present. Minor siltstone, rare coal horizons, and 
fine-grained tuff beds that weather to bright orange and dark 
red hues also occur locally. The coarse-grained sediments 
form a nearly continuous band at the base of the volcanic 
sequence, but also occur interlayered with the volcanics at 
higher stratigraphic levels. 

The outcrop pattern of the volcanic-sedimentary pack- 
age has been complicated by post-depositional folding and 
faulting, and although a total thickness is difficult to esti- 
mate accurately, it probably exceeds 400 m. 

No fossil or isotopic ages have been obtained as yet from 
this sequence within the map area. The rocks are probably 
Cretaceous and/or Tertiary in age, based on correlations with 
well-dated, lithologically similar sequences 30 krn south of 
the study area (Lowey, 1983, 1984; Lowey et al., 1986). 

Shale, arkosic and micaceous sandstone and poorly sorted 
conglomerate, locally containing minor lignite, occur in a 
band from 1.5 to 7 krn wide along the trace of the Tintina 
Fault Zone (Green, 1972, Hughes and Long, 1980). These 
rocks were not examined but a similar sequence occurs along 
the Yukon River 5 krn above Chandindu River (Fig. 1) where 
immature fine to coarse clastic rocks unconformably overlie 
grey quartz- mica schist, quartzite and massive greenstone 
breccias. Overlying the sediments are bedded tuffs and mas- 
sive volcanic flows of mafic to intermediate composition. 

Eocene plant fossils have been recovered from coal- 
bearing portions of the sedimentary package within Tintina 
fault zone at Cliff Creek, Coal Creek and Thane Creek (Fig. 
1) (Green, 1972 ; Hughes and Long, 1980). 

Olivine basalt 
Unaltered olivine basalt of Tertiary or Quaternary age oc- 
curs in several localities in the study area. These rocks con- 
tain olivine phenocrysts, olivine and pyroxene xenocrysts, 
and rounded peridotite nodules to 5 cm in diameter. A small 
body of basalt on the Sixtymile road (Fig. 1) includes both 
massive and highly scoriaceous varieties, both of which con- 
tain abundant xenoliths of the underlying schists and 
Cretaceous-Tertiary sediments. Olivine basalt also occurs as 
locally derived boulders to 1 m diameter in the headwaters 



of Moose Creek about 15 km northwest of the Sixtymile oc- 
currence, and as a small body capping massive greenstone 
2.5 km west of the mouth of Clinton Creek (Fig. 1). The 
final locality where the basalts have been observed is on the 
west side of the Yukon River, 5.5 krn upstream from Forty- 
mile River. Here an apparently valley-filling accumulation 
about 100 m thick of massive to horizontally bedded debris 
flow material consisting mainly of olivine basalt is capped 
by 25 m of spectacularly columnar-jointed basalt. 

Intrusive rocks 
Undeformed intrusive rocks form narrow dykes, sills and 
small plugs, as well as large plutons. Two distinct composi- 
tions are represented by the smaller bodies. One consists of 
dark brown weathering diabase and plagioclase-phyric ba- 
salt, while the other is a tan to rusty tan weathering, quartz- 
feldspar porphyry. Both occur sporadically throughout the 
map area, but only appear to be abundant in the northern 
Klondike District and along the Yukon River below Dawson. 
A large body of smoky quartz-feldspar porphyry underlies 
much of the ridge between Hunker Creek and the Klondike 
River (Fig. 1). Subparallel mafic and quartz-feldspar por- 
phyry dykes that strike from 120 to 160 and dip steeply south- 
westerly to vertical are well exposed along the Yukon River 
between Dawson and Fifteenmile River (Fig. 1). Here quartz- 
feldspar porphyry dykes are seen cross-cutting mafic dykes, 
demonstrating that the felsic dykes are at least in part youn- 
ger than the mafic ones. K-Ar whole-rock ages of 59.4 Ma 
and 56.1 Ma have been obtained for a quartz-feldspar por- 
phyry stock south of Cassiar Creek (Tempelman-Kluit, 1981 ; 
I. Paterson, personal communication, 1986) and in northern 
Klondike District (R. Debicki, personal communication, 
1984), respectively. The mafic dykes have not yet been dat- 
ed isotopically. 

Large plutons of equigranular, fine- to medium-grained 
hornblende-biotite granodiorite occur east of the Yukon River 
below Cassiar Creek and west of the Yukon River about 
10 krn upstrean from the Yukon-Alaska border (Fig. 1). Wide 
hornfels zones surround these bodies. Several other 
compositionally similar plugs and small stocks are also pres- 
ent. A K-Ar biotite age of 64.9 Ma has been obtained from 
a small granodioritic intrusion 8 km west of the Clinton Creek 
mine (Htoon, 1981). Hornblende from a small granodiorite 
plug on Hunker Creek in the northern Klondike District just 
south of the map area (Fig. 1) yielded a K-Ar age of 63.6 Ma 
(R. Debicki, personal communication, 1984). Biotite from 
a small biotite-pyroxene monzonite body northwest of Cas- 
siar Creek that may be related to the granodiorite suite was 
dated at 92 Ma by K-Ar (I. Paterson, personal communica- 
tion, 1986). Some question therefore still remains about the 
age of this suite. 

DEFORMATION AND METAMORPHISM 
Although scarcity of outcrop precludes a detailed structural 
analysis, a generalized sequence of deformation and metarnor- 
phism can be recognized. The earliest fabric identified is the 
penetrative, layer-parallel recrystallization foliation that 
characterizes the medium grade metamorphic rocks of the 
' 'Nasina series", ''Klondike schist' ' and other unnamed meta- 
morphic units in the area. This foliation is generally shallow 

to moderately dipping. In rock units derived from relatively 
coarse grained protoliths (such as the granitic gneisses and 
augen schists) mylonitic fabrics are preserved. Fold hinges 
associated with the early fabric are extremely rare. This ear- 
ly deformation (Fl) was associated with metamorphism at 
chlorite to biotite grade throughout much of the map area ; 
however, the metamorphic grade increases to the southwest 
and west, and most of the metamorphic rocks southwest of 
Swede and Bruin creeks (Fig. 1) are at garnet grade. It is 
probable that mylonitic textures related to F1 were original- 
ly present throughout the metamorphic sequence, but have 
been largely annealed during subsequent metamorphism. 
Large amounts of ductile shearing and transposition of litho- 
logic contacts into parallelism with the F1 schistosity is there- 
fore implied, and stratigraphic reconstructions within the 
metamorphic sequence must be attempted with great caution. 

Greenstone and altered ultramafic rocks are clearly in 
thrust contact with adjacent metamorphic and sedimentary 
rocks in a number oflocalities in the map area, and by analo- 
gy to structural interpretations elsewhere in the Yukon-Tanana 
terrane (e.g. Tempelman-Kluit, 1979; Mortensen and Jil- 
son, 1985 ; Foster et al., 1985), are interpreted to be con- 
fined to zones of thrust faulting. The weakly deformed Tri- 
assic(?) sediments occur with the greenstones and ultramafic 
rocks and also appear to be entirely bounded by thrust faults. 
An implication of this interpretation is that the metamorphic 
sequence has been imbricated by a series of thrust faults of 
regional extent. Although the inferred thrust faults are gener- 
ally subparallel to the F1 schistosity, this schistosity is not 
present in the greenstones, ultramafic rocks or Triassic(?) 
sediments, and these units have not experienced as high meta- 
morphic grade as is indicated by F1 mineral assemblages in 
surrounding metamorphic rocks. Thrust faulting therefore 
must postdate the F1 event. 

At least one, and often two crenulation cleavages are 
present in the metamorphic rocks and locally in the green- 
stones, ultramafic rocks and Triassic(?) sediments. In some 
of the mica-rich portions of the "Klondike schist", these 
cleavages are very strongly developed, and the F1 schistosi- 
ty and compositional layering is largely obscured. The 
cleavages are generally parallel to axial planes of small scale 
minor folds. It is uncertain whether the folds and fabrics are 
closely related to one another and were generated during 
progressive deformation, or  whether several discrete defor- 
mation events are represented. Consistent patterns of super- 
position between two separate sets of folds and crenulation 
fabrics can be recognized in places ; however, these relation- 
ships (and the orientation of the fabrics involved) are not con- 
tinous throughout the map area. Since some of the minor 
folds deform the thrust faults, the folding must at least in 
part postdate thrusting. It is possible that the deformation 
and thrust faulting are related events. 

Bedding in volcanic and sedimentary rocks in the Sixty- 
mile District that contain neither the F1 nor subsequent crenu- 
lation fabrics have locally been deformed by small scale, 
northeast-southwest trending upright folds, and display dips 
of up to 56. The presence of large scale, northeast-southwest 
trending normal faults has also been inferred from map pat- 
terns shown by the volcanic-sedimentary sequence in this 
area, and from aerial photograph interpretation. Some of the 
folding may be related to drag along these faults. 



Clastic sediments in the Tintina fault zone and inter- 
layered sediments and volcanic rocks along Yukon River west 
of the fault zone are folded, faulted and often steeply dip- 
ping. This is not surprising in view of the close proximity 
to the Tintina fault zone, which is thought to be a major tran- 
scurrent fault along which at least 450 km of dextral offset 
has occurred in Late Cretaceous-Early Tertiary time (e.g. 
Tempelman-Kluit et al., 1976). Although strong topograph- 
ic lineaments are present elsewhere in the map area (e.g. 
along Swede Creek, Fig. l), little evidence was found for 
large scale steep faulting. 

ECONOMIC GEOLOGY 
A great variety of styles of mineralization occur in the map 
area. The locations of some of the main occurrences are shown 
on Figure 1. Nearly 1 million tonnes of asbestos fibre was 
recovered from serpentinite bodies at the Clinton Creek and 
Caley mines (Fig. 1). W-Mo porphyry mineralization with- 
in quartz-porphyry and W- and base metal-bearing skarns 
associated with a granodiorite pluton occur on both sides of 
the Yukon River below Cassiar Creek. Cu-Pb-Ag skarn 
mineralization occurs on the Yukon River opposite Dawson. 
Several small, stratabound, possibly syngenetic base metal 
(f barite) occurrences are hosted by carbonaceous schist and 
quartzite at the head of Swede Creek and along the Clinton 
Creek mine access road, and within "Klondike schist" near 
the headwaters of Moose Creek and Browns Creek (Fig. 1). 

Galena- and arsenopyrite-bearing quartz veins and 
cinnabar-bearing quartz-barite veins cut metamorphic rocks 
in the bed of Miller Creek in the Sixtymile District. Pyrite, 
galena and sphalerite occur with quartz in veins and as brec- 
cia matrix within clay-altered and sericitized andesites in Six- 
tymile River valley at the mouth of Miller Creek. 

An unusual type of mineralization occurs within quartz- 
carbonate altered ultramafic rocks 7 km below the mouth 
of Fifteenmile River (Silver City occurrence), along lower 
Fortymile River (Fortymile occurrence) and near the Clin- 
ton Creek mine site. It consists of galena, sphalerite and tetra- 
hedrite (f stibnite) in quartz-ferroan carbonate veins and as 
fine disseminations in altered wall rock. Ag assays of up to 
several thousand grams per tonne have been obtained from 
the Silver City occurrence. 

Although several of the mineral occurrences in the map 
area contain minor amounts of gold, the origin of most placer 
gold in the Klondike, Sixtymile and Fortymile placer gold 
districts remains largely unresolved. Also of interest is the 
placer gold, some quite coarse, that has been recovered from 
Moose Creek and the middle part of Browns Creek, for which 
no lode source is known. 
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Abstract 

A trench excavated across the floor of McNaughtonLake, British Columbia, in 1985 exposed a com- 
plexsuccession of Holocene sediments, mainly marl and peat, resting on glaciofluvial gravel deposited 
at the end of the Late Wisconsinan Fraser Glaciation Lateral facies changes and channelling in the Holo- 
cene succession may be a product of water level changes in the basin during the last 10 ka, although 
other explanations are possible. 

Chronological control on Holocene sediments at McNaughton Lake is provided by six radiocarbon 
dates on bryophytes, shell, and wood, ranging from about 5700 to 9600 BP. Dates on bryophytes and 
shell may be too old due to old carbon effects; those on wood represent maximum ages for the enclosing 
sediments. 

Une tranchke creusbe dam le fond du lac McNaughton en Colombie-Britannique, en 1985, a mis 
en kvidence une succession complexe de skdiments holoctnes, surtout composke de marnes et de tourbes, 
et reposant sur des graviers fluvio-glaciaires qui se sont dkposks d la j n  de la glaciation de Fraser, 
du Wisconsinien supkrieur. 11 est possible que les variations latkrales de facits et les cannelures que 
l'on observe dans la succession holoctne soient le rbsultat des variations du niveau de l'eau dans le 
bassin au cours des 10 000 dernitres annkes, mais d'autres explications sont possibles. 

On a dktermink la chronologie des skdiments holoctnes du lac McNaughton en effectuant six data- 
tions par le radiocarbone sur des bryophytes, des coquilles et du bois; 1'hge dblermink se situe entre 
5700 et 9600 BP. Les dates obtenues pour les bryophytes et les coquilles sont peutdtre crop anciennes, 
dues a l'influence du carbone ancien; les dates obtenues pour le bois reprksentent les ages m i m a u x  
des skdiments encaissants. 



INTRODUCTION 
'McNaughton Lake', a small lake in Highland Valley, Brit- 
ish Columbia (50°29.5'N, 121°02.5'W), was drained in ear- 
ly 1985 to allow expansion of an open-pit mine operated by 
Valley Copper Ltd. (Fig. 1,2). During this operation, a wide 
trench up to about 10 m deep was excavated across the floor 
of the lake near its west end. Prior to collapsing in the sum- 
mer of 1985, the walls of this trench provided excellent ex- 
posures of the Holocene fill in the basin (Fig. 3, 4). 

On two occasions, during April and May 1985, I visited 
the site in order to examine the deposits exposed in the trench 
walls. During these visits, I documented the stratigraphy and 
facies relationships of the basin fill and collected samples 
for radiocarbon dating. This paper briefly summarizes the 
results of this work. 

STRATIGRAPHY AND FACIES 
RELATIONSHIPS 
The lowest unit exposed in the McNaughton Lake trench is 
glaciofluvial pebble-cobble gravel of late Pleistocene age. 
This unit directly underlies the rolling and terraced floor of 
Highland Valley surrounding McNaughton Lake. It thins to- 
wards the sides of the valley where it can be seen to overlie 
till. The latter mantles bedrock on the walls of the valley 
and is particularly well exposed in the Valley Copper open 
pit south of the study site. 

In the McNaughton Lake trench, glaciofluvial gravel is 
overlain by a Holocene succession comprising up to 6.5 m 

KAMLOOPS 

Figure 1. Location map. 

of shell-rich calcareous mud (marl), wood and moss peat, 
and minor sand which dip gently towards the centre of the 
basin. In detail, the following units are recognized (from bot- 
tom to top): 

Figure 2. Airphoto of the study area showing the location of the trench excavated across the floor of 
McNaughton lake. This photo was taken in 1969, before the lake was drained. BC7122-261. 



(1) Interfingering marl and sand (maximum exposed thick- 
ness = 1 m). The sand, which contains blocks of marl, ap- 
pears to be restricted to the shallow (outer) part of the lake 
basin (Fig. 4). 

(2) Subhorizontally stratified marl (maximum thickness = 
3 m). Thin discontinuous beds of bryophytes occur within 
the marl about 1 m below the top of the unit. 

(3) Interbedded peat and marl (maximum thickness = 4 m). 
The dominant material in this unit is detrital woody peat. 
Peat overlies unit 2 marl along the entire length of the trench. 
In most places, the contact between the two appears to be 
conformable; however, near the margin of the basin, peat 
fills a steep-sided channel cut into the marl (Fig. 3, 4). This 
channel is located off the mouth of an ephemeral stream that 
flows into the lake from the west. The lower part of unit 

3 adjacent to this channel consists of moss peat, up to 50 
cm thick, with thin discontinuous lenses of marl; bryophytes 
in this layer are in growth position. Farther towards the centre 
of the basin, the moss peat pinches out, and a wedge of marl 
appears between two beds of woody peat. This marl thick- 
ens in a down-dip direction towards the northeast. It confor- 
mably overlies the lower bounding peat bed, but is truncated 
at a low angle (ca. 5 O )  by the upper peat bed. A discontinu- 
ous layer of light grey, sandy tephra up to 5 cm thick occurs 
within this marl and also is truncated by the upper peat. 
Stringers of bryophytes are present locally near the top of 
the marl. 

(4) Subhorizontally stratified marl (maximum thickness = 
2.0 m). Stratification is defined by colour differences within 
the marl (light gray to yellowish brown). Unit 4 thickens to- 
wards the centre of the basin. 

Figure 3. Photograph of the south end of the McNaughton Lake trench, May 1985. Numbered units 
are described in the text. Note the peat-filled channel cutting through units 1 and 2 (arrow). Compare 
with Figure 4. 

FORMER LAKE SURFACE 8 3 3 0 * 1 0 0  ............................................................ 8130*100 70. ' .  ...*... 
6 7 2 0 t 7 0  7 6 8 0 * 8 0  
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CALCAREOUS MUD 
7 0 8 0 * 1 0 0  SAND 

GRAVEL 

6 7 2 0 * 7 O .  ,,RADIOCARBON DATE 
COVERED ( Y R S .  BP)  

1. ..... UNIT NO. 

Figure 4. Line drawing of the south end of the McNaughton Lake trench. Compare with Figure 3. 



RADIOCARBON AGE DETERMINATIONS Unfortunately, some of these radiocarbon dates may be too 
old (see Discussion), thus the problem of identification of 

Six radiocarbon dates have been obtained on McNaughton the McNaughton Lake tephra remains unresolved, 
Lake sediments (Table 1, Fig. 4). A single valve of the gas- 
tropod Planorbella ( ~ e l i s o t k )  sp. from the lowest 5 c k  of 
marl in unit 1 yielded an AMS (accelerator mass spectrome- DISCUSSION 
try) date of 9600f 70 BP (TO-215). A thin bryophyte layer 
within unit 2, 1 m below the base of unit 3,  was dated at 
8330f100 BP (GSC-4046). Bryophytes from the base of the 
thick moss bed in unit 2 yielded a date of 8130f 100 BP 
(GSC-4061). This is slightly older than a date on a piece of 
wood from the same stratigraphic position at the margin of 
the peat-filled channel (7580f 80 BP, GSC-4050). A bryo- 
phyte stringer within the marl wedge in unit 3 gave a date 
of 7080 100 BP (GSC-4054). Finally, a piece of wood from 
the base of the peat layer overlying this marl wedge was dat- 
ed by AMS at 5720f 70 BP (TO-568); this sample was 2 
crn above the tephra. 

TEPHRA IDENTIFICATION 
Elemental compositions of 16 glass-encased titano-magnetite 
grains from the tephra in unit 3 were determined with an 
electron microprobe and compared with reference titano- 
magnetites from the three common Holocene tephras in south- 
ern British Columbia (Mazama, 6800 BP; St. Helens Yn, 
3400 BP ; Bridge River, 2400 BP ; Westgate et al. , 1970). 
Visual comparison and discriminant function analysis of the 
compositional data indicate that the tephra at McNaughton 
Lake is either Bridge River or Mazama. More than half of 
the analyzed grains most closely resemble reference Bridge 
River titano-magnetites, but about one-third show a closer 
affinity to the Mazama reference sample. The uncertainty 
regarding the exact identification of the McNaughton Lake 
tephra stems, in part, from the fact that the compositional 
fields of Bridge River and Mazama titano-magnetites are simi- 
lar (King et al., 1982; Beaudoin and King, 1986). 

The relatively coarse texture of the McNaughton Lake 
tephra is perhaps more compatible with it being Bridge River 
than Mazama. On the other hand, the radiocarbon dates from 
unit 3 suggest that the tephra is Mazama (Table 1, Fig. 4). 

Paleoecological studies of the McNaughton Lake sediments 
have not yet been conducted, thus only a few general com- 
ments on Holocene paleoenvironments can be made at this 
time. McNaughton Lake probably came into existence about 
10 000-1 1 000 BP, during or shortly after deglaciation of 
Highland Valley. The lake formed in a natural depression 
on Late Wisconsinan glaciofluvial sediments. The first or- 
ganic sedimentation in the lake is recorded by marl of unit 
1 ,  dated ca. 9600 BP. While this marl was accumulating, 
sand was eroded from glaciofluvial sediments at the margins 
of the basin and transported across the lake floor. Blocks 
of marl were incorporated into the sand and rafted downs- 
lope. The sand, however, did not reach the centre of the ba- 
sin (at least along the line of the trench). 

Sand deposition in McNaughton Lake ended in the early 
Holocene. By 8000 BP (or later if the radiocarbon dates are 
too old), about 3 m of marl (unit 2) had accumulated in the 
deepest part of the basin. Subsequently, a 3-m deep channel 
was cut through this marl. A thick mat of bryophytes formed 
at the margin of this channel, and the channel itself was in- 
filled with woody plant material (unit 3, in part). Plant de- 
bris also accumulated on the floor of the lake north of the 
channel. 

Channel cutting and peat deposition may be the result 
of low water levels in the McNaughton Lake basin in middle 
Holocene time. Alternatively, they may signal an increase 
in the discharge of an inflowing stream or a shift in the course 
of such a stream. Whatever the explanation, deposition of 
peat was supplanted by renewed deposition of marl (unit 4) 
during middle or late Holocene time. 

The establishment of a chronology for these events has 
proven to be frustratingly difficult. The reliability of at least 
some of the McNaughton Lake radiocarbon dates is uncer- 
tain. It is possible that 'old' carbon from lake or surface waters 

Table 1. Radiocarbon age d e t e r m i n a t i o n s  

Dated 
sCO/oo Lab. material 

TO-568 wood4 
-36.1 GSC-4054 bryophytes 
-22.9 GSC-4050 wood5 
-31.3 GSC-4061 bryophytes 
-32.0 GSC-4046 bryophytes 

TO-215 shell6 

Enclosing 
material 

peat 
marl 
marl, peat 
marl, peat 
marl 
marl 

Depth 
(mI3 

2.0 
2.4 
2.9 
2.8 
3.1 
6.5 

Collector 

J.J. Clague 
J.J. Clague 
J.J. Clague 
J.J. Clague 
J.J. Clague 
J.J Clague, 
R.W. Mathewes 

Errors for GSC dates represent 95% confidence limits; errors for TO dates represent 68% 
confidence limits. 
GSC- Geological Survey of Canada; TO - University of Toronto, IsoTrace Laboratory. 
Depth below former lake floor. 
Salix sp. 
Pinus ponderosalcontorta; GSC Wood Identification Report 85-24 by H. Jettb. 
Planorbella (Helisoma) sp. ; identified by J.M. Topping (National Museum of Natural Sciences). 



was incorporated into living bryophytes and freshwater in- 
vertebrates, making the McNaughton Lake moss and shell 
dates too old (see, for example, Clague, 1982; MacDonald 
et al., 1987). The wood dates are unlikely to suffer from 
this problem. However, these dates must be considered max- 
ima for the age of enclosing sediments, because the dated 
wood is detrital (i.e., it has been transported). 

CONCLUDING REMARKS 
The results of this study have important implications for other 
studies of Holocene lacustrine sediments. 

First, McNaughton Lake sediments display pronounced 
lateral facies variations. Variations of similar complexity 
probably characterize many Holocene lacustrine fills in British 
Columbia. Sedimentological and paleoecological studies of 
such fills require an understanding of the facies variability 
and three-dimensional geometry of the constituent sediments. 
Seismic profiles or a dense array of cores commonly are re- 
quired for this purpose; one or two cores in isolation may 
yield a misleading picture of sedimentation in the basin. 

Second, radiocarbon dates from lacustrine sequences 
must be interpreted cautiously. Detrital organic matter may 
be significantly older than the sediments that enclose it. In 
addition, aquatic organisms may yield anomalous radiocar- 
bon dates due to old-carbon effects. These and other prob- 
lems often can be overcome if a variety of materials are dat- 
ed at different levels in a sedimentary sequence. It is hazardous 
to base a chronology on one or two radiocarbon dates from 
a core. 
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Abstract 

Samplesfrom the coal-bearing section at Blakeburn mine, Tulameen, British Columbia, were studied 
using reflected light microscopy. The boron contents of coal and some partings were also determined. 
Petrologically, the coal is similar to that from the Hat Creek coal deposit of British Columbia in that 
vitrinite is the dominant maceral group; inertinite rnacerals make up only a small part of the total compo- 
sition. Evidence of three depositional cycles was observed, each representing a particular sedimentologi- 
cal and petrological environment of deposition. The coal in cycles I and II was deposited in a freshwater 
environment with an almost uniform rate of subsidence, whereas the coal in cycle III was formed in a 
freshwater environment subject to erratic subsidence. 

On a dtudie'des Lchantillons provenant de la section carbon$kre de la mine de Blakeburn b Tulameen 
en Colombie-Britannique, en employant la microscopic en lumikre re'jle'chie. On a aussi dkterrnin.4 la 
teneur en bore du charbon et de certaines strates. Pktrologiquement, le charbon est semblable d celui 
du gisement houiller de Hat Creek en Colombie-Britanniquc, parce que la vitrinite est le groupe rnackral 
dominant; les mace'raux du type de l'inertinite ne constituent qu 'une petite partie de la composition totale. 
On a obsewd des de'tails prouvant /'existence de trois cycles sddimentaires, dont chacun reprksentait 
un milieu s6dimentologique et pdtrologique particulier. Duns les cycles I et 11, le charbon s'est d@ost 
en eaux douces avec une vitesse presque uniforme de subsidence, tandis que dans le cycle III, le charbon 
s'est forme' dans un milieu d'eaux douces sournis b une subsidence irre'gulikre. 

' Department of Geography, University of Victoria, Victoria, British Columbia. 



INTRODUCTION Geology 
Western Canadian coals can be divided into a. Mountain and The Tulameen coal deposit is situated in one of several coal- 
Inner Foothills coals (Kootenay Group, Gates and &thing bearing Eocene remnant basins occurring in the Intermon- 
formations) ; b. Outer Foothills and Alberta Plains coals tane Belt in southwestern British Columbia (Fig. 1). The de- 
(Saunders, Belly River and Edmonton groups) ; c. Intermon- posit is located approximately 20 km northwest of Prince- 
tane coals from British Columbia (various formations) ; and ton, immediately west of Coalmont (49031'N, 120°41'W). 
d. Saskatchewan coals (Ravenscrag Formation) (Darragh and The Tulameen basin, which is elliptical in shape, contains 
Goodarzi. 1985). Eocene Princeton Group volcanics and sedimentary rocks 

The intermontane coals of British Columbia include some 
of the thickest low rank coal deposits in the world (Goodar- 
zi, 1985 ; Goodarzi and Gentzis, 1987). Published petrolog- 
ical studies of these coals include those of Williams and Ross 
(1979); Goodarzi (1985); Marchioni (1985); Goodarzi 
(1987a); and Goodarzi and Gentzis (1987). 

A systematic study of the organic petrology of these in- 
termontane coals is currently being undertaken at the Insti- 
tute of Sedimentary and Petroleum Geology. The intermon- 
tane coals are divided into northern and southern deposits. 
The southern interior coals include the Bowron River, Cari- 
boo/Hat Creek, Merritt, Sirnilkameen (Princeton-Tulameen) 
and Nicola coalfields. 

The present study deals with coals from Blakeburn open- 
cast mine (Mullin's strip mine), which is part of the Tulameen 
coalfield (Fig. 1). Underground mining in the area took place 
from 1919 to 1940, and opencast mining from 1954 to 1957. 

Previous studies of these coals have included petrograph- 
ic studies by Donaldson (1973) and Williams and Ross (1979), 
which indicated that vitrinite is the dominant maceral fol- 
lowed by liptinite, and also that these coals are poor in iner- 
tinite. 

Figure 1. Locations of Eocene coal-bearing remnant basins 
(black), and their relationships to physiographic/geological 
belts of the Canadian Cordillera. (After Williams and Ross, 
1 979). 

unconformably overlying Nicola Group volcanics of Trias- 
sic age (Figs. 2,3) (Evans, 1977; Williams and Ross, 1979). 
Figure 3 shows the general stratigraphy in the Princeton- 
Tulameen area. The Allenby Formation (maximum thick- 
ness 800 m) consists of a coal- bearing member up to 30 
m thick, underlain and overlain by shales and sandstones, 
and intercalated with volcanic material. The succession thick- 
ens from north to south (Evans, 1977; Williams and Ross, 
1979) and is unconformably overlain by a basaltic cap of Mi- 
ocene age. 

The dominant structure in the basin is a broad, southeast- 
plunging, asymmetrical syncline (Evans, 1977 ; Church and 
Brasnett, 1983). In addition, there are a large number of high- 
angle faults offsetting the basin margin; some probably ex- 
tend across the entire basin. The strata dip approximately 
32, northeast in the vicinity of Blakeburn and range up to 
60° and 700 (northeast or southwest) elsewhere in the basin. 

2. SANDSTONE CONGLOMERATE 
MEMBER 

3. SHALE COAL BENTONITE 
MEMBER 

 SHALE SANDSTONE MEMBER 
 LOWER VOLCANICS 

6. NICOLA GROUP 

Figure 2. Geology of the Tulameen coal basin (modified from 
Evans, 1977). 



W 

5 TULAMEEN PRINCETON 

1 (1 BASALTS UPPER 
VOLCANICS 

SANDSTONE 
CONGLOMERATE 

MEMBER UPPER 
SANDSTONE 

MEMBER 

1 SHALE 15 I 
COAL 

BENTONITE 
SANDYSHALE 

I SHALE I LOWER 
SANDSTONE SANDSTONE 

LOWER LOWER 
VOLCANICS VOLCANICS 

NlCOLA GROUP 

K 

Figure 3. Generalized stratigraphy of the Tulameen and 
Princeton coalfields (modified from Williams and Ross, 1979; 
Evans, 1977). 

The coal-bearing section at Blakeburn, which is situat- 
ed toward the southwest margin of the basin (Fig. 2), is ex- 
ceptionally thick (approximately 17 m). Up to 25 percent 
of the section consists of partings, which range from several 
millimetres to tens of centimetres in thickness, and include 
siltstones, shales, carbonaceous shales and tonsteins. The ex- 
posure at Mullins strip mine (Fig. 2) consists of an original 
section and an upper fault repeat of this section. Figure 4 
shows only the lower section. The lateral extent of the ex- 
posed coal face of the lower section is approximately 150 
m along the strike of the strata, and the partings are general- 
ly continuous throughout this length. However, thickness of 
individual layers may vary laterally. The lateral extent of 
the partings, particularly the tonsteins, indicates a quiet, lacus- 
trine depositional environment. 

Experimental 
Channel samples of coals and partings from the coal-bearing 
section were collected. A coal sample represents a coal unit 
confined between two partings. 

The rank of coal was determined by measuring the ran- 
dom reflectance in oil (n = 1.5 18) with a Zeiss MPM I1 
microscope fitted with a Zonax microcomputer and printer, 
under standard conditions, following the procedure outlined 
in the International Handbook of Coal Petrology (1971). Bo- 
ron content was determined using a sodium hydroxide fu- 
sion procedure, followed by inductively coupled plasma emis- 
sion spectrometry (Pollock, 1975). 

Organic petrology 
'The petrological variation in the Blakeburn coals is mainly 
within t e vitrinite group of macerals. The high vitrinite con- 
tent in % k ese coals has been reported by Donaldson (1973), 
and Williams and Ross (1979). Liptinite macerals consist of 
resinite, cutinite and sporinite, and resinite is the dominant 
constituent in this group (Donaldson, 1973; Williams and 
Ross, 1979). The inertinite content is very low. A limited 
number of microlithotype analyses from a 1.7 m thick sec- 
tion of the coal seam indicates that vitrite and clarite are the 
dominant microlithotypes (Donaldson, 1973). 

Goodarzi (1985) distinguished coal and sedimentary part- 
ings in Hat Creek No. 1 Coal Deposit on the basis of mineral 
matter or ash content: defining coal as having F 20 percent 
mineral content; and carbominerite with f20 percent miner- 
al matter (data in volume percent). 

The coal-bearing section in Blakeburn mine may be divid- 
ed three major cycles, each representing a particular sedimen- 
tological and organic petrological environment of deposition 
(Fig. 4). Each cycle begins with coal and terminates either 
with a parting or with a mineral enriched layer. 

Cycle I is 3.50 m thick and covers the lower part of the 
section. It consists of a 1.70 m thick coal seam at the base, 
a 0.50 m thick tonstein and carbominerite in the middle, and 
1.30 m of coal and carbominerite on the top. 

Cycle I1 is 9.65 m thick and consists mainly of coal with 
some thin partings of clastic sediments and tonstein (Fig. 4). 

Cycle I11 is 2.40 m thick and consists mainly of car- 
bominerite with three coal layers 5 to 27 cm thick (Fig. 4). 

DISCUSSION 
'The petrographic characteristics of Blakeburn coals ; for ex- 
ample, the high vitrinite and low inertinite contents, and the 
occurrence of resinite as the major maceral of the liptinite 
group, are similar to those described for Hat Creek No. 1 
and No. 2 deposits (Goodarzi, 1985; Goodarzi and Gentzis, 
1987), indicating a similar plant input and environment of 
deposition. Both the Hat Creek and Tulameen coal deposits 
are Eocene in age. A very humid, lacustrine environment 
is proposed for the Hat Creek coal deposits based on their 
petrology, which consists mainly of vitrinite macerals and 
an almost total absence of inertinite, with the exception of 
some occurrences of sclerotinite (Goodarzi, 1985 ; Goodar- 
zi and Gentzis, 1987). 

Vitrinite in Blakeburn coals consists of telocollinite and 
desmocollinite (Fig. 5) with telocollinite being the major com- 
ponent. This composition is similar to the Hat Creek coals, 
in which humotelinite (precursor of telocollinite) is the dom- 
inant maceral (Goodarzi, 1985). Different lithotypes can be 
deduced from maceral compositions and the associations of 
the macerals. These lithotypes are defined as bright, banded 
bright, and dull (Goodarzi, 1985; Goodarzi and Gentzis, 
1987). The lithotypes in the coals studjed are mainly bright 
and bright banded (Fig. 5), indicating that these coals were 
formed predominantly from trees in a forest swamp (Tasch, 
1960 ; Goodarzi, 1985 ; Diessel, 1986). 
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Figure 4. Maceral data and reflectance profile of the Blakeburn coal-bearing section. 



Reflectance of vitrinite ( %Roil) increases from 0.72 at BORON - ppm 
the top to 0.82 percent over the 17 m interval to the base 
of the section. These data are shown in Figure 4. In compar- 0 5 0  1 
ison to the reflectance of vitrinite in the more pure coal inter- 17.4 
vals, the reflectance of vitrinite (Kerogen Type 111, Brooks, 
1981) in the sedimentary partings is lower in the Blakeburn 
samples, in agreement with Goodarzi's (1987a) results. 16.2-  

The coal-bearing strata in Cycle I were formed in an 
environment in which the rate of subsidence of the basin was 
irregular. Initially the balance between the rate of subsidence 
and input of plant material was maintained, resulting in for- 15.0 - 
mation of the basal coal seam; there was an inbalance in the 
middle of this cycle (Fig. 4). A balance in plant input versus 
subsidence was again established briefly near the top of the 
Cycle (Fig. 4) ; however, the rate of subsidence became great- 13.8 - 
er at the very top of the cycle resulting in the formation of 
carbonaceous shales (Fig. 4). The coal in Cycle I1 formed 
in an environment in which the rate of subsidence was regu- 
lar (Fig. 4), resulting in the formation of an almost uninter- 

12.6 - 
rupted peat sequence with five volcanoclastic bands indicat- 
ing frequent volcanic activity. The rate of subsidence was 
rapid in Cycle I11 (Fig. 4), resulting in the formation of a 11.4- 
sedimentary sequence with the lowest organic content in the n 

V) coal-bearing section. z 
Figure 6 shows the boron distribution in the section, and C 

E10.2 - 
the low boron content (F50 ppm) for coals in Cycles I and 

Y I1 suggests that they were deposited in a freshwater environ- 
V) 

ment (Swaine, 1962, 1971, 1983 ; Goodarzi, in press). A V) 

freshwater environment of deposition is also indicated for Q, c 9.0 - 
Cycle 111, which consists mainly of carbonaceous shale and Y 
has a boron content of 20-80 ppm. The high boron content 0 .- 
of these high-ash units is consistent with the results of Swaine 5 
(1983), who pointed out that dirt bands from coal seams 7.8  - 
deposited in a freshwater environment have higher boron con- 
tents (4-170 ppm). 

6.6 - 
MINERAL MATTER 

Figure 5. Ternary diagram of maceral composition for the coal of the Figure 6. Boron concentrations of the 
Blakeburn coal-bearing section: coal (O), carbominerite (a). coals and partings in the Blakeburn coal- 

bearing section. 



SUMMARY 
Boron content analysis indicates that coals from Blakeburn 
mine were deposited in a freshwater environment. The rela- 
tionship between vitrinite macerals and mineral matter is a 
good indicator of paleoenvironrnental changes. A high propor- 
tion of telocollinite indicates dryer conditions, and a high 
proportion of humocollinite and liptinite with relatively low 
inertinite, indicates wet conditions. 

There are similarities between these coals and coals from 
the Hat Creek deposits ; namely, the low inertinite content 
of both coals, indicative of a relatively humid, peat-forming 
environment. 

In comparison with the reflectance of vitrinite in coal, 
the reflectance of vitrinite in interbedded clastic sediments 
is lower. The coal-bearing section consists of three deposi- 
tional cycles : 

Cycle I. Relatively regular and slow peat accumulation and 
an almost uniform rate of subsidence for most of the cycle, 
with a period of irregular subsidence toward the end. 

Cycle 11. Regular, slow peat accumulation interrupted by 
frequent volcanic activity. 

Cycle 111. Irregular deposition produced by erratic subsi- 
dence, resulting in a sequence with the lowest organic con- 
tent of the three. 
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Abstract 

The distribution of lithofacies, including anthracite coal, that developed in the mid-Jurassic to Creta- 
ceous(?) Bowser Basin is controlled by: 1) the initial location of deposition within a sequence that grades 
upwards from marine at the bottom to nonmarine at the top; 2) tight folds and thrust faults, and 3) is 
offset by large-scale near vertical dip-slip faults. 

La distribution des lithofaciks, y compris du charbon anthracitique, qui se sont formks duns le bassin 
de Bowser du Jurassique moyen au Crktack(?) a h k  rkgie par: 1) le site initial de skdimentation a l'intk- 
rieur d'une skquence qui passe de conditions marines a sa base des conditions continentales a son 
sommet; 2) des plis Ltroits et failles chevauchantes; et 3)  elle est dkcalke par des failles normales de 
grande kchelle, presque verticales. 



INTRODUCTION 
In 1987, mapping at 1 :50 000 scale in Spatsizi map area 
(Fig. 1) was extended to the northwest, southeast, and south 
of the area covered in 1985 and 1986 (Evenchick, 1986, 
1987). Field work focused on establishing mappable units 
in the Bowser Lake Group, on the structural style in the 
Bowser Lake and Sustut groups, and the structural relation- 
ships between map units at the common boundary of the two 
groups. 

Strata of the Bowser Basin consist of Middle Jurassic 
to lower (?) Cretaceous marine and nonmarine clastic sedi- 
ments named the Bowser Lake Group. The Bowser Lake 
Group was deposited on a lower Jurassic basement of Cold 
Fish volcanics, and sediments of the Spatsizi Group (Thom- 
son et al.,  1986). Strata of the Sustut Basin consist of Creta- 
ceous nonmarine clastic rocks named the Sustut Group (Eis- 
bacher, 1974). It unconformably overlies the Bowser Lake 
and Spatsizi groups, and the Cold Fish volcanics. All rock 
units, with the exception of the upper part of the Sustut Group, 
have been deformed by northeast-verging folds and thrust 
faults that have accommodated major northeasterly contrac- 
tion. Steep dip-slip faults offset all stratigraphic units and 
contractional structures. Data constraining the timing of defor- 
mation are outlined by Evenchick (1987). 

STRATIGRAPHY 
Spatsizi Group 
The Spatsizi Group consists of lower Pliensbachian to upper 
Bajocian sediments that are interpreted as basinal equivalents 
of the lower Jurassic Cold Fish volcanics (Smith et al., 1984 ; 
Thomson et al. 1986). The group was formally defined by 
Thomson et al. (1986) based on work on the flanks of the 
Joan Lake anticline (Fig. 2 and 3 east of Tsetia Creek). 

Strata north of Tsetia Creek that are not present in the 
area mapped by Thomson et al. (1986) include a 15 m thick 
horizon of massive chert-pebble conglomerate with interbeds 
of siliceous siltstone. Radiolarian chert is the most common 
clast type, with lesser volcanic and siltstone clasts. The silt- 
stone both within and above the conglomerate is similar to 
the Quock Formation of the Spatsizi Group. Ammonites col- 
lected from below and above the conglomerate will permit 
an assignment of age to the conglomerate. The presence of 
chert clasts in the Spatsizi Group is of regional significance 
when one considers possible sources. The Cache Creek ter- 
rane is the source of chert clasts in the Bowser Lake Group 
(Currie, 1984), and thus the chert clasts have been interpret- 
ed to be the first stratigraphic link between Stikinia, on which 
the Bowser Basin developed, and the Cache Creek terrane 
(Eisbacher, 1981). Chert clasts in the Spatsizi Group con- 
firm the presence of a source of radiolarian chert prior to 
deposition of the Bowser Lake Group. Whether or not that 
source was the Cache Creek terrane is unknown, but there 
are no other large sources of radiolarian chert in the region. 

Bowser Lake Group 
Four lithological units in the Bowser Lake Group are identi- 
fied in Figure 2. At the base, black marine siltstone contains 
lenses and relatively continuous beds of conglomerate, and 

I;fll S u s f u t  Basin 

Bowser Basin 
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Figure 1. Regional geological and geographic features in 
Spatsizi map area, and the location of the study area. 

rare chert sandstone. These strata are overlain by a unit of 
black siltstone interbedded with chert sandstone members 
about 10 m thick. Sandstone constitutes 30 to 80 per cent 
of the unit. The siltstone-sandstone unit is locally overlain 
by a unit comprising alternating siltstone and sandstone mem- 
bers 2 to 10 m thick, with rare conglomerate and coal. Up- 
permost is a rusty weathering, massive, chert-pebble con- 
glomerate unit, locally with minor interbeds of siltstone and 
sandstone. 

Not all units above the basal marine siltstone are present 
in every area. The units vary greatly in thickness and character 
between areas of outcrop, but the nature of the changes is 
obscure, and the continuity of units across structures is 
difficult to establish. The units are diachronous. For exam- 
ple, the rusty conglomerate west of the confluence of Spatsi- 
zi River and Buckinghorse Creek is about the same age (late 
Oxfordian, H.W. Tipper, pers. comm., 1987) as the 
sandstone-siltstone-conglomerate-coal sequence between the 
Little Klappan and Spatsizi rivers. The coal-bearing unit prob- 
ably reflects a depositional environment similar to that of 
the strata with anthracite coal seams at Mt. Klappan (Fig. 
I), but the two coal-bearing sequences may be a different 
age. Strata of the Bowser Lake Group in Figure 2 are mid-to 
late Jurassic, but include rocks as young as Albian farther 
south (Biernes syncline in Fig. 1 ; Moffat, 1985). The Bows- 
er  Lake Group represents a complex of lithofacies that may 
be repetitive both vertically and laterally. Correlation of ap- 
parently similar strata between widely separated areas may 
be misleading. 



STRUCTURE 
Structural style of the Bowser Lake and Sustut groups is domi- 
nated by northeasterly-verging tight to open folds, and by 
thrust faults which sole into the volcanic basement of the 
Bowser Basin (Evenchick, 1987). The lateral continuity of 
stratigraphic sequences, folds, and thrust faults is disrupted 
by dip-slip faults of large displacement. 

In the area north of Eaglenest Creek large scale 
southwest-verging folds are prominent, in contrast to the 
northeasterly vergence of structures to the east and south- 
east. Whether these structures predate the northeast-verging 
structures, or are simply another expression of the same phase 
of northeast-southwest contraction is unknown. 

New data have helped resolve a structural dilema near 
the confluence of Buckinghorse Creek and Spatsizi River. 

The highest structure in Figures 2 and 3 is a thrust fault that 
separates Bowser Lake Group in the hanging wall from Tan- 
go Creek Formation in the footwall. It can, with extrapola- 
tion across dip-slip faults, be traced from east of the head 
of Ross River to south of the confluence of Spatsizi River 
and Buckinghorse Creek (Fig. 2). It cannot be traced to the 
west across the Griffith Fault. Thus the highest structural 
level exposed is only 6 !an south of the lowest structural lev- 
el, marked by pre-Jurassic rocks. The proximity demands 
that stratigraphic and structural elements be missing. Rocks 
to the east of the confluence do not seem to be seriously dis- 
placed relative to those to the west, but are distinctly differ- 
ent from those to the north and south. Recognition of a dip- 
slip fault along Buckinghorse Creek (herein named the Buck- 
inghorse Fault) has in part solved this enigmatic situation. 
The combination of down-to-the-southeast displacement on 
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Figure 2. Geological map of the study area. 



Griffith Fault with down-to-the-southwest displacement on areas east and west of the confluence would not be largely 
Buckinghorse Fault results in net downward displacement offset relative to one another; their exposed structural ele- 
of the south block relative to the north block that is equal ments would be higher than those to the north and lower than 
to the sum of the vertical displacement on both the Griffith those to the south. 'These relationships are independent of 
and Buckinghorse faults. If the magnitudes of displacment timing of fault displacements. Both faults offset the Tango 
on Buckinghorse and Griffith faults are about equivalent, the Creek Formation, indicating that displacements were no older 

than Albian. 
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Figure 3. Schematic cross-sections of the study area. The location of the sections is shown in Figure 2. 



The next lowest marker in the sections (Fig. 3) is the 
unconformity between the Tango Creek Formation and older 
rocks (sections JK to PQ). Immediately east of Buckinghorse 
Creek the Tango Creek Formation is in unconformable con- 
tact with volcanics, and overlaps a fault that separates vol- 
can ic~  from the Bowser Lake Group. The absence of volcan- 
ics along the Buckinghorse River is inferred to be a result 
of down-to-the-southwest displacement of the unconformity 
by the Buckinghorse Fault (sections JK, LM). The uncon- 
formity can be traced to the east and northeast around an 
open, southeast-plunging anticline to where a thrust fault cuts 
up section through the Bowser-Tango unconformity into the 
Tango Creek Formation (section NO). This thrust fault is 
interpreted to be the next lowest structural element. It places 
Bowser Lake Group and volcanic rocks in the hanging wall 
over Tango Creek Formation in the footwall (section LM). 

The vertical seauence of thrust fault-unconformitv-thrust 
fault is difficult to trace northwest across a large northeast- 
trending fault (between sections LM and JK). The steeply- 
dipping fault separates a block in which Triassic(?) rocks 
are unconformably overlain by Bowser Lake Group, from 
the block which has the thrust fault that places volcanic rocks 
(Triassic (?)) above Tango Creek Formation.The amount of 
shortening illustrated by the overlap of thrust faults in Fig- 
ure 3 is only a fraction of the total shortening across the re- 
gion. Tight folds and local intense cleavage have also ac- 
commodated shortening. 

SUMMARY 
Four lithological units, based on the proportion of siltstone, 
sandstone, and conglomerate, were recognized in central 
Spatsizi map area. The distinction between these units is not 
always clear, particularly in areas of complicated structure. 
The usefulness of the breakdown regionally is questionable 
because facies changes cannot be recognized without tight 
fossil control. For example, in one area the upper conglomer- 
ate is known to be Oxfordian, but in the area of the Biernes 
syncline (Fig. l), the upper conglomerate is Albian (Moffat, 
1985). Athough lithologically the conglomerates have some 
similarities, it is doubtful that they were ever physically con- 
tinuous. 

An understanding of the interaction of dip-slip faults is 
important in explaining the distribution of map units and in 
the correlation of units in the Bowser Lake Group. Only by 
carefully piecing together the geology across faults does a 
better picture of the geometry and lateral continuity of the 
contractional structures emerge (Gabrielse and Tipper, 1984). 
As previously reported by Evenchick (1987) markers cannot 
be easily traced across the Griffith Fault. The fault continues 

to the southwest towards the west side of the anthracite coal- 
bearing strata at Mt. Klappan (Fig. I) ,  but it is obscure there 
because of the lack distinctive lithological units. 

The location of coal-bearing strata in the Bowser Lake 
Group is controlled by : the primary site of deposition within 
a sequence that grades generally from marine at the base to 
nonmarine at the top; northwest-trending tight folds and thrust 
faults which may repeat coal seams ; and offset by large-scale 
northeast- and northwest-trending, steeply dipping, dip-slip 
faults. 
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Abstract 

Recent mapping and tracing of strata indicate that the Purcell thrust dips southwest at a low angle 
and truncates a syncline of McNaughton Formation quartz sandstones and upper Miette pelites in its 
footwall. Late stage movement on this thrust shified the staurolite-in isograd about 4 km to the northeast. 
The thrust is also gently folded, indicating a period of minor compression following the offset of the meta- 
morphic isograds. The Hugh Allan thrust carries Blackman gneisses and their cover ofpelites with discon- 
tinuous grits, which are tentatively assigned to the lower part of the Kaza Group over middle Miette 
Group grits. A small thrust slice of carbonates between the Hugh Allan and Blackman gneisses is probably 
equivalent to the Middle Marble of the Horsethief Creek Group. 

De re'cents leve's des strates indiauent aue le chevauchement dlAllan fant6rieurement nomme' chevau- 
chement de Purcell) est faiblement incline' ;ers le sud-ouest et tronque b sin niveau infe'rieur un synclinal 
contenant des grks siliceux de la formation de McNaughton et des pe'lites de la partie supe'rieure de la 
formation de Miette. Un mouvement qui a touche' ce chevauchement durant une phase tardive a de'place' 
l'isograde de la staurolite d'environ 5 km au nord-est. Ce chevauchement est aussi le'gdrement plisse', 
ce qui indique une pkriode de faible compression aprgs le de'placement des isogrades me'tamorphiques. 
Le chevauchement de Hugh Allan a entraine' les gneiss de Blackman et leur couverture pditique accompa- 
gnke de gr2s grossiers d&continus, que l'on a irovisoirement placks duns la partie iife'rieure du grohpe 
de Kaza, au-dessus des grks grossiers du groupe de Miette. Un mince lambeau de charriage compose' 
de carbonates, situe' entre les gneiss de Hugh Allan et de Blackman, est probablement 1 'e'quivalent du 
Marbre moyen (Middle Marble) du groupe de Horsethief Creek. 

' Department of Geological Sciences, McGill University, 
3450 University Street, Montreal, Quebec H3A 2A7 
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Figure 1. Geo!ogical map of Hugh Allan Creek area (parts of 83Dl7, 8) adjacent to Blackman and Hugh 
Allan gniesses showing major structures and distribution of metamorphic isograds. 



INTRODUCTION 
Mapping and tracing of strata on the northeast margin of the 
Blackman gneiss body north of Hugh Allan Creek during 
1987 near longitude 118'31 ' and latitude 52O25' in both 
the hanging wall and footwall of the Purcell fault (part of 
the Trench thrust system, Fig. l) ,  delineate a thrust fault that 
dips between 10 and 30 degrees southwest and that has at 
least two periods of movement. 

Previously the area was mapped on a reconnaissance 
scale by Campbell (1968), and Price and Mountjoy (1970) 
and in greater detail by Oke and Simony (1981), Leonard 
(1985) and Mountjoy et al. (1985). Recently to the north- 
west M. Charland has carried out detailed mapping along 
the Blackman thrust and the northwest extension of the Pur- 
cell thrust fault zone between Ptarmigan and Bulldog creeks 
(Charland and Hynes, 1987) and discovered two mylonitic 
thrust zones within the Purcell thrust sheet. New observa- 
tions are reported here mainly based on detailed tracing of 
units and structures on the mountain slope immediately north 
of Hugh Allan Creek viewed from the south (Fig. 2 ,3)  using 
air photographs in conjunction with binoculars ("Swiss Ham- 
mer"). The exposures are excellent (Fig. 2) and leave little 
room for interpretation or speculation, especially in conjunc- 
tion with the mapping of Leonard (1985). The key aspects 
are summarized here because of their importance and sig- 
nificance in understanding the nature of the Purcell and Black- 
man thrusts (Trench thrust zone). During the summer of 1984 
Leonard and I did not have the opportunity to observe this 
mountain side to position the Purcell fault more accurately 
and we incorrectly showed it as dipping steeply southwest. 

TRENCH THRUST SYSTEM 
Older and generally higher metamorphic grade Kaza Group 
and Horsethief Creek Group rocks occur west of the Rocky 
Mountain Trench from McBride to Golden. In most areas 
these rocks have been thrust eastward onto younger and less 
metamorphosed rocks except near the Yellowhead culmina- 
tion. Farther south the Purcell thrust places Precambrian Pur- 
cell and Horsethief groups over Paleozoic rocks along the 
Rocky Mountain Trench. Northwest of Golden additional 
thrust faults enter the Rocky Mountain Trench on the west 
side. All of these thrust faults are herein referred to as the 
Trench thrust system. 

The Purcell fault or thrust was extended northwest by 
Price and Mountjoy (1970), and later mapped by Simony 
et al. (1980), Oke and Simony (1981), McDonough and Simo- 
ny (1984), and Mountjoy et al. (1985), and Mountjoy and 
Forest (1986) (Fig. 1). To the northwest (see regional map 
in Klein and Mountjoy, 1988) the equivalent thrust was named 
Bear Foot Fault by McDonough (1984) and McDonough and 
Simony (1984), and a more westerly fault was named the 
Purcell that thrust Bulldog gneisses over Yellowjacket gneiss- 
es (McDonough, 1984; McDonough and Simony, 1984). 
Southeastwards the Purcell and West Purcell thrusts merge 
(Fig. 1). A third thrust fault appears to underlie the Middle 
Marble forming a small thrust slice between these two thrust 
faults (Fig. 1) .  These faults are all part of the Trench thrust 
system. 

PURCELL THRUST 
The Purcell thrust places the east limb of the Blackman An- 
ticline (Fig. l), which consists of complexly folded and faulted 
pelites containing discontinuous thin grits with minor car- 
bonates and calcsilicates (which were tentatively assigned by 
Mountjoy et al. (1985) to the Horsethief Creek Group but 
are now assigned to the lower Kaza Group ; see below) over 
a west dipping upright panel containing folded but continu- 
ous thick middle Miette grits. Thus the Purcell thrust juxta- 
poses older complexly deformed probably lower Kaza strata 
and basement gneisses over middle Miette strata that outline 
more continuous upright and open structures of the Black- 
man thrust sheet. These differences are clearly evident in 
outcrop (Leonard, 1985) and at a distance (Fig. 2) and are 
easily mapped from the ridges immediately south of Hugh 
Allan Creek and on air photographs (Fig. 3). There is a strong 
contrast between the thick, strongly deformed lower Kaza 
Group pelites with occasional discontinuous thin grit bands 
and the abundant, thick composite grit units of the middle 
Miette Group. 

Stratigraphy of Purcell thrust sheet 
The proper stratigraphic assignment of the strata within the 
Purcell thrust sheet is difficult because they are complexly 
deformed and are strongly metamorphosed. As well correla- 
tions across the Rocky Mountain Trench are extremely 
difficult due to lateral facies changes, structural complica- 
tions and telescoping. These strata have also been tectoni- 
cally detached from the underlying basement gneisses and 
transported some distance from where they were originally 
deposited relative to this basement. Previously, because these 
strata were distinctly different from Miette Group strata to 
the east, Mountjoy et al. (1985) questionably assigned them 
to the Horsethief Creek Group, following Oke and Simony 
(1981). 

Leonard (1985) mapped four units above a thick quart- 
zite that overlies the Blackrnan gneisses. This sequence is 
more than 2000 m thick (all are structural thicknesses) and 
from bottom to top consists of: 1) recessive pelites up to 
900 m thick with minor calcsilicates and quartzites; 2) a 
1500+ m thick grit unit with up to 1 m thick grit beds 
interbedded with pelitic schists and fine and coarse grained 
psammites, and near the base a 90 m thin bedded, dark grey 
carbonate and calcsilicate (which might be an equivalent of 
the Division Carbonate of Pell (1984) and Dechesne (1986)) ; 
3) pelitic schists 800 m thick with 20 per cent grits in 1 to 
3 m composite units with calcsilicates containing bluish-green 
hornblende; and at the top, 4) thin bedded pelitic schists more 
than 275 m thick with rare psammites and calcsilicate. 

With more information now available about the litholo- 
gies and sequences in the Horsethief Creek and Kaza groups 
(e.g. Pell and Simony, 1987; Dechesne, 1986), the above 
pelitic schist succession with thin grit beds, calcsilicates and 
carbonates is clearly very similar to the 2000 m thick lower 
part of the Kaza Group (basal (630 m) and middle (1370 m) 
subdivisions separated by the Division Carbonate, Pell and 
Simony, 1987). The basal subdivision of the Kaza Group 
consists of psamrnites, pelites and semipelites, and widespread 



Figure 2A. Photograph of north side of Hugh Allan Creek viewed from the south showing, from west 
to east (left to right): lower Kaza Group of Purcell thrust sheet and underlying folded and faulted middle 
Miette grits of the Blackman thrust sheet. 

and locally abundant quartz-rich calcsilicate beds. Grit beds 
are also common in some areas. A thin, discontinuous white 
marble and brown weathering sandy calcsilicate unit 0 to 20 m 
thick forms the top of the basal subdivision (Pell and Simo- 
ny, 1987). As noted above it is tempting to correlate the 90 m 
thick brown carbonate and calcsilicate in the lower part of 
the grit unit on the east limb of the Blackman Anticline with 
the carbonate-bearing horizon (Division Carbonate) at the 
top of the Kaza Group basal subdivision. This would mean 
that the overlying grits and pelitic schists in the Purcell thrust 
sheet may be part of the middle subdivision of the Kaza Group 
which are also lithologically similar. The structural setting 
above the presumably far travelled Blackman gneisses also 
supports a correlation with the Kaza Group to the southwest 
rather than the Miette Group to the northeast. The presence 
beneath the Hugh Allan gneiss of a possible thrust slice 
(Fig. 5) containing a thick marble (Middle Marble?) further 
strengthens this correlation. 

Middle Marble (Horsethief Creek Group) thrust slice 
A thick marble, calcsilicate and associated lithologies forms 
a distinctive light grey arld brown weathering unit on the 
unnamed mountain that appears to form the southwest limb 
of the Blackrnan Anticline (Fig. 1 ,5)  just north of Hugh Allan 
Creek (52'25' ; 118'32'). Leonard (1985) estimated this car- 
bonate succession to be about 200 to 300 m thick. Similar 
thick carbonates do not occur on the east limb of this anticline, 

nor do they occur elsewhere in the cover rocks of the Black- 
man and Hugh Allan gneisses. Thus this represents an anom- 
alous occurrence of an isolated southwest dipping panel of 
carbonate rocks and may represent a separate thrust slice. 
Carbonates of this thickness are unknown in the Miette Group 
except for carbonate platforms near the top of the upper Miette 
southwest of Jasper (Teitz and Mountjoy, 1985). Its occur- 
rence just above basement gneisses suggests that it is from 
low in the stratigraphic sequence. The only carbonates that 
occur at this level and of about the same thickness occur in 
the Middle Marble of the Horsethief Creek Group southwest 
of the Rocky Mountain Trench immediately below the Kaza 
Group (Pell and Simony, 1987, Fig. 5) .  Hence these car- 
bonates are assigned to the Middle Marble and appear to rep- 
resent a small, low-angle thrust slice above the Purcell thrust. 
This thrust slice was brought up along and overridden by 
the fault that transported the Hugh Allan gneisses northeast- 
ward over the Blackman gneisses and their sedimentary cover 
(Figs. 1 and 4), herein named West Purcell thrust. Alterna- 
tively these carbonates might represent upper Miette strata 
downdropped several kilometres along a shallow southwest 
dipping normal fault. There is no evidence along strike of 
a normal fault of such large displacement and most of the 
proven normal faults have steep dips. Only along the Rocky 
Mountain Trench are there normal faults with large displace- 
ments. In addition no thick carbonates occur in the upper 
Miette Group that outcrops south of Hugh Allan Creek (Klein 
and Mountjoy, 1988.) 



Figure 2B. Tracing from photograph in 2A of grit units utilizing field sketches and air photographs (Fig. 3). 
Middle Miette grit units are labelled A to S. A minor thrust splay repeats P a s  P2. P2 to S probably represent 
a thrust repeat of some part of the sequence J to 0. A probably represents a horizon in the upper part 
of the middle Miette, stratigraphically above 0 and S. The Purcell thrust is slightly folded by underlying 
upright folds but much less than the middle Miette strata, indicating that probably folding of this thrust 
occurred during additional late stage compression and tightening of these folds. The Blackman Anticline 
occurs outside to the left and the Porcupine Creek Anticlinorium occurs to the right outside this figure 
(see Fig. 1 ,  3). 

PURCELL AND BLACKMAN dipping homoclinal panel of middle and upper Miette Group 
THRUST STRUCTURES stiata that outcrops o n  the south side of Hugh Allan creek 

(Fig. 1, 4 ;  Klein and Mountjoy, 1988). 
The main structural features observed (Fig. 2, 3) are: 

1. The Purcell thrust cuts upsection towards the northeast 
in both the hanging wall and footwall, truncating the east 
limb of the hanging wall Blackman Anticline and several mid- 
dle Miette footwall folds. 

2. Folding in the middle Miette is abundant and upright with 
some minor westward overturning, whereas folds in the lower 
Kaza are few, recumbent, and in part and west verging. 

3. The Purcell thrust is southwest dipping and shows mi- 
nor late stage folding by folds in the underlying middle Miette, 
which are therefore post-second stage thrust movement (see 
discussion). 

4. A southwest dipping thrust duplicates middle Miette 
strata. 

5 .  'The Blackman thrust dips steeply southwest (about 60 
degrees). 

The Purcell thrust truncates the southeast plunging Black- 
man Anticline to the southeast as it is juxtaposed with a west 

REGIONAL RELATIONSHIPS 
To the north the Purcell thrust is underlain by an upright 
40 to 60 degree southwest dipping panel of middle Miette 
Group which forms the Blackman thrust sheet (Leonard, 
1985 ; Mountjoy et al., 1985). A prominent anticline (Fig. I, 
3) occurs on the north side of Hugh Allan Creek along strike 
from the Porcupine Creek Anticlinorium (PCA) to the south- 
east (Klein and Mountjoy, 1988). This suggests that the PCA 
might continue northwest across Hugh Allan Creek into the 
Blackman thrust sheet. Alternatively the Blackman thrust lines 
up with a minor, steep, southwest dipping thrust in the core 
of the PCA (Klein and Mountjoy, 1988). However the exact 
relationships between these structures cannot be established 
because of forest cover in the critical area along Hugh Allan 
Creek. 

Important information about these structural relationships 
is provided by the metamorphic isograds which appear to 
be offset by the Purcell thrust and possibly the Blackman 



thrust (Fig. 1). The staurolite-in isograd is offset about 4 km or in the interpretation that the Blackman thrust sheet 
northeastward by the Purcell thrust, as also is the garnet-in represents a continuation of the PCA. The Blackman thrust 
isograd. The Blackman thrust sheet is entirely garnet grade sheet is a higher grade metamorphic structural slice that may 
whereas the Porcupine Creek Anticlinorium along strike to be derived from farther to the southwest. Hence the Black- 
the southeast is lower biotite or green schist grade (Klein man thrust may flatten and trend westward joining with the 
and Mountjoy, 1988), this causes difficulties in connecting Purcell thrust along Hugh Allan Creek (Fig. 1,4). The PCA 
the Blackman thrust with thrust faults in the core of the PCA may represent the footwall of this structure. Alternatively 

I PCA? 

Figure 3. Tracing from air photographs (mainly B.C. Photo 7526 - 207) of the same area illustrated 
in Figure 2 with middle Miette Group grit units lettered the same. Note the strong differences in thickness, 
number and distribution of grit beds between the lower Kaza Group and middle Miette Group. The folded 
nature of the Purcell thrust is exaggerated in this vertical view. The possible northern extension of the 
PCA occurs on the extreme east (right side). 

Feet 
Blackman Anticline 

Figure 4. Southwest-northeast structure cross-section immediately northwest of Hugh Allan Creek, 
illustrating structure projected from the southeast and the relationships between the Blackman and Pur- 
cell thrusts. 



Blackrnan Allticline 

Figure 5. Photograph of Middle Marble(?) thrust slice on the north side of Hugh Allan Creek viewed 
from the southeast. In the footwall the thrust truncates Kaza strata in the west limb of the Blackman Anticline. 

the trends of the garnet isograd might also be due to em- 
placement of the Purcell thrust sheet being emplaced while 
it was hot or by some other thermal feature. This second 
interpretation is favoured because 1) there is no direct evi- 
dence that the Blackrnan thrust swings westward and joins 
the Purcell thrust, 2) the Blackrnan thrust dips steeply south- 
west, and 3) the middle Miette Group strata appear to continue 
across Hugh Allan Creek. These possibilities should be in- 
vestigated and the trend and dip of the garnet isograd needs 
to be mapped in detail. 

The offset of the metamorphic isograds also provides 
important information about the relative timing of various 
structures. Following emplacement of the far travelled Pur- 
cell thrust sheet including the Blackman gneisses during the 
regional metamorphic episode and the formation of the Black- 
man Anticline, a second movement occurred on the Purcell 
thrust offsetting and displacing the staurolite isograd 4 km 
northeastward. The minor folding of the Purcell thrust 
(Fig. 2,3) presumably occurred sometime after this second 
phase of thrusting and was caused by additional compres- 
sion of the underlying middle Miette folds. Its timing is 
uncertain and could range from Late Cretaceous to Tertiary 
in age. Such late stage thrust movements have been document- 
ed on faults associated with the Bulldog gneisses to the north- 
west (McDonough, 1984 ; McDonough and Simony, 1984) 
and to the southeast near Golden (Monger et al., 1985). 

ably equivalent to the lower Kaza Group. Footwall strata with 
their thick continuous grit units clearly belong to the middle 
Miette Group. 

2. The Blackman anticline is truncated by the Purcell thrust 
and does not continue south of Hugh Allan Creek. 

3. The Purcell thrust forms a lateral ramp around the north- 
ern end of the Porcupine Creek Anticlinorium. 

4. Although middle Miette strata occur in the footwall of 
the Purcell thrust on both sides of Hugh Allan Creek, they 
are higher grade to the north. Therefore the Blackman thrust 
may not continue south of Hugh Allan Creek, but may be 
a thrust that merges with the Purcell thrust to the southeast. 
However, if the trend of the garnet isograd can be explained 
by the Purcell thrust sheet being emplaced when it was hot 
or some other thermal feature, then the Blackman thrust slice 
might represent a faulted upright southwest limb of the PCA. 

5. If the above structural relationships are correct, the Pur- 
cell thrust cuts upsection in the footwall to the southwest and 
therefore truncates a pre-existing structure on the southwest 
limb of the PCA (Fig. 4). These thrusts may have also trun- 
cated the PCA. Due to extensive erosion the corresponding 
hanging wall structures are not present. 

6 .  The late stage movement of the Purcell thrust sheet is 
a minimum of 4 krn as indicated by the apparent offset of 
the staurolite isograd. 

SUMMARY AND CONCLUSIONS 7. A small thrust slice of carbonates that occurs between 
the Hugh Allan and Blackman gneisses probably is an equiva- 

1 .    he structure and stratigraphy of the Purcell thrust hang- lent of the Middle Marble of the Horsethief Creek Group. 
ing wall and footwall differ markedly. The hanging wall strata - - 
consist of pelites with discontinuous-thin grits which are prob- 
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Geoarchitecture, evolution, and seismic risk assessment of 
the southern Praser River delta, B.C. 
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Abstract 

The mainjeld components of a study of the geological and geotechnical character of the southern 
part of the Fraser River delta were completed in 1987. Forty-Jive kilometres of shallow seismic reflection 
projles were collected over the last three years, and seven holes have been drilled to depths of 55 to 
367 m. Geotechnical and geophysical parameters were measured in selected holes. Cores were subsam- 
pled for radiocarbon and thermoluminescence age determinations and for analyses of grain size, clay 
mineralogy, fossils, tephra and pumice, and total non-carbonate organic carbon. Analyses for all but 
the tephra and pumice samples are in progress. 

On a complktk en 1987 les principaux dlkments d'une ktude sur le terrain du caractPre gkologique 
et gebtechnique de la partie sud du delta du Fraser. On a rkalisk 45 km de profils de sismique-rk'exion 
d faible profondeur au cours des trois dernibres anndes, et rkalist sept sondages atteignant 55 ci 367 
m de profondeur. On a mesurkdans des sondages sdlectionnb les paramPtres gdotechniques et gkophysi- 
ques. On a fait un dchantillonnage des carottes, afin d'dtablir des datations par le radiocarbone et par 
thermoluminescence. Aussi des analyses granulomdtriques ont kte' effectue'es aJin de dt?terminer la mink- 
ralogie des argiles, dlidentiJier les fossiles, de ddterminer le contenu en tephra et pierre ponce, ainsi 
que la teneur totale en carbone organique non inclus duns des carbonates. Toutes les analyses, except6 
celles des kchantillons de tephra et de pierre ponce, sont en cours de re'alisation. 

Project leader, other participants are listed in text. 



INTRODUCTION 
The Fraser River delta (Fig. I), located in one of the most 
seismically active zones in Canada (Milne et al., 1978), is 
becoming increasingly urbanized and industrialized. Unfor- 
tunately, development is proceeding without an appreciation 
of the seismic risk that may be associated with the thick allu- 
vial and deltaic deposits in this area. Furthermore, a rigor- 
ous assessment of this risk has not yet been possible because 
detailed stratigraphic, structural, and geotechnical data have, 
until now, been lacking. 

In recognition of this problem, the Geological Survey 
of Canada recently began to acquire subsurface information 
on the southern part of the delta. A trial shallow seismic profil- 
ing survey conducted in 1985 established that this technique 
could define the delta's structure to a depth of about 170 m 
(Luternauer et al., 1986). This survey was extended during 
the 1986 field season to a total of 16 line km (Fig. 2 ;  Pullan 
and Hunter, 1987; Pullan et al., 1987). Seven holes were 
drilled in the fall of 1986 and spring of 1987 to provide 
geotechnical data, ground control for the seismic profiles, 
and stratigraphic information pertinent to the Quaternary 
evolution of the delta (Fig. 2). 

PT. ROBERTS 

Figure 1. Location and setting of the study area. 



Figure 2. Location of seismic survey lines and boreholes. 

RECENT ACTIVITIES 
(SUMMER-FALL 1987) 
During the summer of 1987, an additional 29 line kilometres 
of shallow seismic reflection profiles were surveyed (Fig. 2). 
Coverage is now sufficient to reveal the upper subsurface 
structure of much of the delta south of the Main Channel 
of the Fraser River. 

Data that can be used to assess seismic risk are being 
derived from borehole samples (split tube and continuous 
core) and downhole measurements made during 1986 and 
1987 (Table 1). These data include : (1) sediment grain size ; 
(2) clay mineralogy; (3) Standard Penetration Test N values 
(derived from blow-counts recorded during coring) ; (4) cone 
penetrometer tip resistance, sleeve friction, and dynamic pore 
pressure measurements (Robertson and Campanella, 1983 ; 
ConeTec Investigations Ltd., unpublished report, 1987) ; (5) 
shear and compressional wave velocities, resistivity, self 
potential, natural gamma radiation, gamma gamma density, 
magnetic susceptibility, and temperature (Campanella and 
Robertson, 1984 ; Serra, 1986; Conetec Investigations Ltd., 
unpublished report, 1987). Secondary geotechnical parame- 
ters that can be calculated from the acquired data and used 
to evaluate the potential response of sediment to earthquake 
loading include the dynamic shear modulus (Campanella and 
Robertson, 1984) and the cyclic stress ratio (Seed et al., 
1983). 

Selected samples from the deepest borehole were ana- 
lyzed for total non-carbonate organic carbon by Can Test 
Ltd. (Vancouver, B.C.) to explain colour variations and help 
define depositional environments. Wood and shell recovered 

from borehole cores and cuttings are being radiocarbon dat- 
ed at the University of Toronto Isotrace Laboratory and Ge- 
ological Survey of Canada Radiocarbon Laboratory. Addi- 
tional geochronological control will be provided by 
thermoluminescence dating (Berger and Luternauer, 1987). 
Tephra and pumice were extracted from sediments in the 
deepest borehole to determine provenance. Analyses for 
pollen, foraminifera, and ostracodes are being conducted in 
order to elucidate paleoenvironments that prevailed during 
deposition. 

A meeting of project participants was held in December 
1987 to present and discuss analytical results, geotechnical 
data, and seismic profile lines, and to plan future work. The 
participants are : J.L. Luternauer (Project leader), J. J. Clague 
(Terrain Sciences Division, Vancouver), J.A. Hunter and 
S.E. Pullan (Terrain Sciences Division, Ottawa), M.C. 
Roberts and H.M. Jol (Department of Geography, Simon 
Fraser University, Burnaby, B.C. V5A 1S6), B.E.B. Came- 
ron (Cordilleran and Pacific Geoscience Division, Sidney), 
L.E. Jackson Jr. (Terrain Sciences Division, Vancouver), 
C.J. Mwenifumbo and P.G. Killeen (Mineral Resources Di- 
vision, Ottawa), R.W. Mathewes (Department of Biological 
Sciences, Simon Fraser University, Burnaby , B. C. V5A 
1S6), G. W. Berger (Department of Geology, Western 
Washington University, Bellingham, WA, 98225, U.S. A.), 
B. Blaise (Cordilleran and Pacific Geoscience Division, Sid- 
ney), W.D. Liam Finn (Soil Dynamics Group, Department 
of Civil Engineering, University of British Columbia, Van- 
couver, B.C. V6T 1 W5), D.J. Woeller (ConeTec Investiga- 
tions Ltd., 2447 Beta Avenue, Burnaby, B.C. V5C 5N1), 
and W. Bentkowski (Cordilleran and Pacific Geoscience Di- 
vision, Sidney). 



D
r

il
l 

H
o

le
 

G
e

o
te

c
h

n
ic

a
l 

/ 
G

eo
p

h
y

si
ca

l 
/ 

G
e

o
lo

g
ic

a
l 

P
a

ra
m

e
te

rs
 

P
e

n
e

tr
o

m
e

te
r 

FW
6C

 
7.

3.
 

9.
8.

 
9.

8.
 

O
H1

 
1.

0 
to

 7
2

.0
 

4.
0 

to
 

4.
0 

to
 

12
.2

. 
19

.8
. 

12
.2

. 
(1

 n
 i

n
te

rv
a

l)
 

68
.5

 
68

.5
 

a.
o 

to
 

7.
0 

(8
5

) 
6

6
.8

. 
85

.0
 

19
.8

. 
68

.5
 

66
.8

 

FW
6C

 
18

.3
. 

3
0

.5
. 

18
.3

. 
0.

0 
to

 
1.

0 
to

 1
10

.0
 

5.
2 

to
 

5.
2 

t
o
 

0.
0 

30
.5

. 
OH

2 
45

.7
. 

6
1

.0
. 

30
.5

. 
11

0.
0 

(5
 m

 
(1

 n
 i

n
te

rv
a

l)
 

11
2.

0 
11

2.
0 

ll
Z

-O
 

45
.7

 
(1

1
3

) 
91

.4
 

45
.7

. 
in

te
rv

al
) 

61
.0

. 
91

.4
 

FW
SC

 
1

5
.2

. 
39

.6
. 

15
.2

. 
0

.0
 

to
 

1.
0 

to
 5

0.
0 

(1
 

0
.0

 
to

 
0.

0 
0.

0 
6

.4
, 

OH
3 

55
.0

 
39

.6
. 

50
.0

 
m 

in
te

rv
al

) 
5

0
.0

 
to

 
to

 
1

3
.4

, 
(5

5
) 

55
.0

 
(c

o
n

tl
n

- 
50

.0
 

50
.0

 
43

.9
 

"0
"s

) 

15
2.

1,
 

15
3.

6.
 

15
5.

0.
 

15
6.

7.
 

16
4.

9.
 

16
6.

1.
 

16
8.

2,
 

17
1.

3.
 

17
3.

7.
 

17
5.

3.
 

T
ab

le
 1

. 
A

na
ly

se
s 

an
d 

m
ea

su
re

m
en

ts
 th

at
 h

av
e 

be
en

 o
bt

ai
ne

d 
fr

om
 t

he
 s

ev
en

 h
ol

es
 d

ril
le

d 
on

 
th

e 
Fr

as
er

 R
iv

er
 d

el
ta

 in
 1

98
6 

an
d 

19
87

. 
N

um
be

rs
 r

ef
er

 to
 d

ep
th

s 
of

 s
am

pl
es

 o
r 

m
ea

su
re

m
en

ts
 

(in
 m

et
re

s)
. 



REFERENCES 
Berger, G.W. and Luternauer, J.L. 
1987: Preliminary field work for thermolumunescence dating studies at 

the Fraser River delta, British Columbia; in Current Research, Part 
A,  Geological Survey of Canada, Paper 87-IA, p. 901-904. 

Campanella, R.G. and Robertson, P.K. 
1984 : A seismic cone penetrometer to measure engineering properties of 

soil; University of British Columbia, Department of Civil Engineer- 
ing, Soil Mechanics Series No. 83, 6 p. 

Luternauer, J.L., Clague, J.J., Hamilton, T.S.. Hunter, J.A., 
Pullan, S.E., and Roberts, M.C. 
1986: Structure and stratigraphy of the southwestern Fraser River delta: 

a trial shallow seismic profiling and coring survey ; in Current Re- 
search, Part B, Geological Survey of Canada, Paper 86-18, 
p.  707-714. 

Milne, W.G., Rogers, G.C., Riddihough, R.P., McMechan, G.A., and 
Hyndman, R.D. 
1978: Seismicity of western Canada; Canadian Journal of Earth Sciences, 

v. 15, p. 1170-1193. 

Pullan, S.E. and Hunter, J.A. 
1987: Applications of the "Optimum Offset" shallow seismic reflection 

technique in the Fraser Delta, British Columbia; Proceedings, Annual 
Meeting of the Society of Exploration Geophysicists, New Orleans, 
October 11-16, 1987, 2 p. 

Pullan, S.E., Hunter, J.A., Gagne, R.M., Burns, R.A., and Good, R.L. 
1987: High resolution shallow seismic reflection profiles from the Fraser 

Delta, Tsawwassen, British Columbia; Geological Survey of Canada, 
Open File 1507, 5 p. 

Robertson, P.K. and Campanella, R.G. 
1983: Interpretation of cone penetration tests: Part I and 11; Canadian 

Geotechnical Journal, v. 20, p. 718-745. 

Seed, H.B., Idriss, I.M., and Arango, I. 
1983: Evaluation of liquefaction potential using field performance data; 

American Society of Civil Engineers, Journal of Geotechnical 
Engineering Division, v. 109, p. 458-482. 

Serra, 0. 
1986 : Interpretation of logging data; Fundamentals of Well-Log Interpre- 

tation, v. 2, Developments in Petroleum Science, Elsevier Scientif- 
ic Publishing Co., Amsterdam, 684 p. 





Preliminary results of gravity surveys along the Lithoprobe 
southern Canadian Cordilleran transect 
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Thomas, M. D., Halliday, D. W., and Felix, B., Preliminary results of gravity surveys along the Lithoprobe 
southern Canadian Cordilleran transect, @ Current Research, Part E, Geological Survey of Canada, 
Paper 88-IE, p. 111-116, 1988. 

Abstract 

Detailed gravity surveys totalling 142 observations spaced 1 to 3 km apart have been completed 
along the five Lithoprobe seismic reflection lines in the southeastern Cordillera with the objective of ob- 
taining supplementary structural information. A firther 112 observations spaced I to 5 km apart were 
made near seismic lines crossing the Valhalla Gneiss Complex and Nelson Batholith to examine boundary 
relationships and a number of seismically-defined features. Preliminary Bouguer anomalies along the 
seismic lines are presented here in profile form for comparison with a crustal section interpreted from 
the seismic data. Several gravity features that may ultimately provide structural information are discussed, 
but because terrain corrections, which attain large magnitudes in this area, have yet to be computed, 
the geological sign$cance of these features must be treated with caution. 

Des leve's gravimHriques de'taillks totalisant 142 observations effectue'es h des intervalles de I h 3 km 
ont e'tk exe'cute's le long de cinq lignes de re'flexion sismique Lithoprobe dans le sud-est de la Cordill2re 
duns le but d 'obtenir des informations structurales supple'mentaires. Cent douze autres observations effec- 
tu&es h intervalles de I h 5 km ont kt6 a&cut6spr2s des lignes sismiques traversant le complexe gneissique 
de Valhalla et le batholite de Nelson afin d'examiner les relations limitrophes ainsi qu'un certain nombre 
d'e'lkments de'jnis d 1 'aide de mkthodes sismiques. Certaines anomalies de Bouguer pre'liminaires obser- 
ve'es le long des lignes sismiques sont pre'sente'es ici sous forme de profils pour fins de comparaison avec 
une coupe de la crolite interpre'tde h partir des donnkes sismiques. Plusieurs de'ments gravime'triques 
susceptibles de fournir plus turd des informations structurales font l'objet d 'une discussion, mais parce 
que les corrections de terrain, qui atteignent de grandes amplitudes duns cette zone, restent encore h 
calculer, la signijcation ge'ologique de ces klkments doit Btre traite'e avec prudence. 

' Geophysics Division 
Lithosphere and Canadian Shield Division 
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S,Y,;NN1FE' a ORTHOGNEISS ljiiiiil GRANITE GRANITE  GRANITE METASEDIMENT 
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Thrust fault Normal fault,solid circle on 
(teeth on hanging wall). . . r hanging wall(defined,approxirnate). . . - t - 

Figure 1. Geological map of southeastern Cordillera after Cook et al. (1 987) showing location of Lithoprobe 
seismic reflection lines 1 to 5. Detailed gravity surveys totalling 142 observations were made along these 
lines. Locations of 112 additional gravity observations are indicated by dots. Major geological units are 
identified by: V, Valhalla Gneiss Complex; N, Nelson Batholith; K, Kootenay Arc; P, Purcell Anticlinorium; 
R, Rocky Mountain Fold and Thrust Belt. Major faults are identified by: VSZ, Valkyr Shear Zone; SLF, 
Slocan Lake Fault; WBF, West Benard Fault; HLF, Hall Lake Fault; SMF, St.Mary Fault; MF, Moyie Fault; 
RWF, Redwall Fault; RMT, Rocky Mountain Trench. Inset illustrates location of study-area within the Cana- 
dian Cordillera: Ins. B, Insular Belt; CPC, Coast Plutonic Complex; Int. B, Intermontane Belt; OCB, Omineca 
Crystalline Belt; RMB, Rocky Mountain Fold and Thrust Belt. 



INTRODUCTION 

Results of a seismic reflection survey carried out as part of 
the Canadian Lithoprobe Program across the eastern part of 
the southern Canadian Cordillera have been summarized by 
Cook et al. (1987). Approximately 270 krn of data were col- 
lected along five separate profiles (Fig. 1) that together pro- 
vide almost continuous coverage for about 180 km across 
the prevailing structural strike. From east to west the pro- 
files cross successively the Phanerozoic Rocky Mountain 
Thrust and Fold Belt, the Rocky Mountain Trench, the Pro- 
terozoic Purcell Anticlinorium, the Proterozoic-Pharerozoic 
Kootenay Arc, the Jurassic Nelson Batholith and the com- 
posite Lower Eocene-Upper Cretaceous and pre-MidJurassic 
Valhalla Gneiss Complex. 

Detailed gravity surveys were carried out along the seis- 
mic lines to map density variations in the crust and to exam- 
ine structures interpreted from the seismic records. Detailed 

surveys were conducted also along selected traverses in the 
vicinity of liners 3 , 4  and 5 (Fig. 1) to better define the gravi- 
ty field in the general area of the Valhalla Gneiss Complex 
and Nelson Batholith. A significant difference in the level 
of the gravity field over these two units, as defined by regional 
data (Fig. 2), suggested that improved resolution of the gravity 
field would benefit studies of boundary relationships and of 
the overall geometry of the Batholith. At the surface the 
boundary is marked by the Slocan Lake Fault. Cook et al. 
(1987) have traced this fault into the lower crust on the basis 
of a narrow zone of variably strong to weak east-dipping (25") 
reflectors (Fig. 3), and it is interpreted to form the boundary 
between the Valhalla Gneiss Complex and the Nelson 
Batholith to a depth of about 5 km. Discontinuous flat-lying 
reflectors above the Slocan Lake Fault reflectors are inter- 
preted to be the floor of the Batholith at a similar depth. 

It was anticipated that detailed gravity in this region might 
also help resolve some of the difficulties experienced by Cook 

Figure 2. Bouguer gravity contour map based on terrain-corrected regional gravity observations. Map 
is machine-contoured at 5 mGal contour interval and slight smoothing of the data has resulted. Closures 
with solid triangles indicate gravity lows. Selected geological uni t s  are superposed: V,  Valhalla Gneiss 
Complex; N ,  Nelson Batholith; K, Kootenay Arc (the complexity of th i s  feature coupled with reconnais- 
sance geological mapping in some areas demands that the boundaries shown here be regarded as  ap- 
proximate); P, Purcell Anticlinorium (unpatterned area between K and RMT); R ,  Rocky Mountain Fold 
and Thrust Belt. RMT, Rocky Mountain Trench. Seismic lines 1 to 5 are indicated by solid lines. Sup- 
plementary gravity traverses are indicated by dashed lines. 
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et al. (1987) in explaining certain features in their seismic 
records. They were unable to determine the geological na- 
ture of the Valhalla Reflection underlying the Valhalla Gneiss 
Complex (Fig. 3), although they suggested that it might be 
a compressional shear zone. The significance of a complex 
zone of reflections between the Valhalla Reflection and about 
8 seconds two-way travel time also remained enigmatic. 

Farther east, along seismic lines 1, 2 and 3,  it was en- 
visaged that gravity would be useful in mapping shallow struc- 
tures. The definition of reflectors near the surface (down to 
about 1 second of two-way travel time) is relatively poor, 
and in some areas shallow reflectors are absent (Fig. 3). This 
is a consequence of the design specifications of the recon- 
naissance seismic surveys. Gravity may provide a means of 
linking faults and stratigraphic boundaries mapped at sur- 
face with reflectors below the 1 second surface zone, partic- 
ularly in the region east of and including the Kootenay Arc. 
Here, reflectors are predominantly westward-dipping, con- 
sistent with a picture of eastward-directed thrusting of Pro- 
terozoic and Phanerozoic miogeoclinal deposits above au- 
tochthonous basement of the North American craton. Cook 
et al. (1987) noted that several of these reflectors project to 
surface near, but not at, fault zones and suggested that they 
probably coincide with mafic sills and/or stratigraphic 
horizons. Such sills would doubtless produce small gravity 
anomalies, as would those stratigraphic boundaries associat- 
ed with changes in rock density. 

GRAVITY SURVEYS 
Southeastern British Columbia has been covered by regional 
gravity surveys with station spacing ranging from about 5 
to 20 km. The average spacing is about 10 km. More closely 
spaced stations, generally about 1 to 2.5 km apart, have been 
surveyed only along Highways 3 and 95 in the south and 
along Highway 95 in the east. The rugged terrain of the Cor- 
dillera demands that corrections for terrain be computed for 
all gravity stations in order that variations in the Bouguer 
gravity field can be confidently ascribed to geological sources. 
Terrain corrections for this part of the Cordillera range from 
< 1 to 63 mGal and average about 14 mGal with a standard 
deviation of + 11 mGal. The Bouguer gravity field based on 
terrain-corrected regional gravity observations is portrayed 
in contoured format superposed on a simplified geological 
map in Figure 2. 

Detailed gravity surveys were carried out in June and 
July 1987 under the direction of one of the authors (DWH) 
along Lithoprobe lines 1 to 5 with a station spacing ranging 
from about 1 to 3 km. The closely spaced stations (1 km) 
were located across the Valkyr Shear Zone on line 5 and 
the major West Benard and Hall Lake faults, which cross 
lines 3 and 2, respectively. A total of 142 observations was 
made along the 5 seismic lines. An additional 112 observa- 
tions were made along supplementary traverses in the neigh- 
bourhood of seismic lines 3 ,  4 and 5 (Fig. 1) to better define 
some features of the gravity field. The spacing for these ob- 
servations ranged from about 1 to 5 km. 

the seismic lines were provided by a series of temporary 
benchmarks established for the seismic surveys. These were 
surveyed by trigonometric methods and tied to a base eleva- 
tion provided by for adjacent stations will probably be fairly 
similar. Thus, relative changes in gravity as portrayed by 
the detailed gravity profiles of Figure 3 may not be signifi- 
cantly different from those that will be observed when ter- 
rain corrections are applied. It is, therefore, not unreasona- 
ble to examine the geological significance of some of the 
larger gravity anomalies. 

On line 5 a gravity low identified as L1, with an ampli- 
tude of about - 10 mGal relative to the trend of the back- 
ground field, corresponds closely with orthogneiss of the Val- 
halla Gneiss Complex, which presumably is less dense than 
flanking Jurassic granite to the west and metasediment of 
the Complex to the east. The near-surface section of crust 
below the orthogneiss is devoid of reflectors to a two-way 
travel time of about 2 seconds. The gravity method here offers 
the opportunity of modelling the orthogneiss unit to deter- 
mine its relationship to the seismically-transparent crust. 

The west end of line 4 is displaced approximately 20 
km to the northeast of the east end of line 5 .  This translates 
into a roughly 10 km east-west gap in seismic coverage (Fig. 
3). There is a noticeable difference between the general lev- 
els of the gravity field along the two lines, with that along 
line 4 being about 30 mGal lower. The lower level over the 
Nelson Batholith doubtless signifies that the underlying gra- 
nitic rocks are lower in density than metamorphic rocks of 
the adjacent Valhalla Gneiss Complex. The pattern of regional 
gravity contours (Fig. 2) supports this. The detailed gravity 
profile (2 km station spacing) joining lines 5 and 4 (Fig. 1) 
will provide a detailed picture of the gradient joining these 
two levels. It is anticipated that gravity modelling of the gra- 
dient and the regional field in general will provide informa- 
tion on the subsurface contact of the Nelson Batholith with 
the Valhalla Gneiss Complex to the west. The question of 
whether the Slocan Lake Fault forms a major part of this 
contact, as suggested by seismic interpretation, or whether 
it is a feature that cuts through the batholith should be an- 
swered by such modelling studies. 

Along line 3, which runs from the eastern margin of the 
Nelson Batholith across the Kootenay Arc, the gravity field 
maintains a level between about - 190 and - 195 mGal, but 
a noticeable positive anomaly, H I ,  about 18 mGal ampli- 
tude occurs east of Kootenay Lake. Inspection of topograph- 
ic maps indicates, however, that this may be an artifact related 
to terrain. The eastern shore of the lake in this area is rela- 
tively flat and would be associated with terrain corrections 
that would be relatively small compared to those computed 
for adjacent terrain to the east and the west. Thus, after ap- 
plication of terrain corrections the feature will probably de- 
crease somewhat in amplitude and might even disappear ! The 
example of H1 demonstrates why these preliminary profiles 
must be viewed with extreme caution. Notwithstanding this 
caveat, it is observed that the uppermost crust (from surface 
down to 2 to 3 seconds two-way travel time) is seismically 
transparent in this region. This crust may represent the so- 

Gravity measurements were made with a LaCoste and called "suspect" terrain (Cook et al., 1987) of the Kootenay 
Romberg Geodetic Gravimeter (No. 790) and were tied to Arc (Fig. 1). The West Benard Fault is located just east of 
base stations of the National Gravity Net. Elevations along H1 and may form the eastern limit of dense crust within the 
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Arc. If HI persists after terrain corrections and if there is 
a density contrast between the "suspect" terrain and adja- 
cent rock units, gravity should prove useful in outlining its 
subsurface geometry. 

The eastern boundary of the Nelson Batholith apparent- 
ly does not correlate with a distinct signature in the detailed 
gravity profile or in the regional field. Near line 3 it runs 
parallel to gravity contours that decrease in value eastward 
and northeastward into a prominent negative anomaly as- 
sociated with two sizable Mid-Cretaceous granites (Fig. 2). 
It is concluded that the Nelson Batholith and Mid-Cretaceous 
granites are contiguous at depth below a thin cover of Koote- 
nay Arc and Proterozoic rocks. 

The gravity profile along line 2 portrays a general east- 
ward increase from about - 190 mGal to about - 150 mGal. 
This mimics the eastward rise in the underlying North Amer- 
ican basement and there may be a causal relationship. In de- 
tail there are small perturbations of the order of about 
k5 mGal, but nothing that can be meaningfully equated with 
the near-surface geology, certainly not the major faults where 
some response was anticipated. There are, however, two fea- 
tures near the west end of line 2 that justify comment. The 
small gravity high, H2, with an amplitude of about 13 mGal, 
whose eastern limit coincides with a mapped fault, may be 
useful in modelling near-surface structure. Examination of 
topographic maps suggests that this is not an artifact related 
to terrain, but rather a signal related to geology. The second 
feature is a noticeable change in level across H2, from - 195 
mGal west of H2 to about - 183 mGal east of H2. There 
is no ready explanation for this in the interpreted crustal sec- 
tion by Cook et al. (1987), but a correlation may become 
apparent after density data are compiled. 

The gravity profile along line 1 has minor perturbations, 
< + 5  mGal, to which no geological significance can be at- 
tached at this time. Regionally, the gravity field increases 
eastward and reaches a plateau over Lower Paleozoic deposits 
east of the Rocky Mountain Trench. The difference in level, 
of about 35 mGal, between the east end of the gravity profile 
along line 2 and the west end of the profile along line 1 results 
from the 60 krn offset along strike of these particular lines 
(Fig. 2). 

DISCUSSION 
This preliminary examination of gravity anomalies along the 
Lithoprobe seismic lines in the southern Cordillera shows 
that several small features (10 to 18 mGal amplitude) may 
relate to surface geological features mapped along the lines 
and/or to regions characterized by distinct seismic signatures 
in the uppermost crust. Definitive assessment and treatment 
of these anomalies must await the computation of terrain cor- 
rections and compilation of rock densities. Future studies will 
address these problems. Interpretation of the regional gravi- 
ty field of this general area of the Cordillera, with its many 
anomalies, promises to provide much new information on 
the structure and composition of the crust. 
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Abstract 

Stream gravels (< I em) for heavy mineral concentrate (HMC) preparation and silts (< 180 um) 
were collected at each sample site as part of a non-renewable mineral resource assessment of the South 
Nahanni River area. Tungsten correlates with gold in HMCs throughout the region and in silts near Cre- 
taceous intrusions of the Ragged Ranges (RR). Sporadic high gold and tungsten anomalies were detected 
in HMCs, but not in silts, in the Nahanni Karst - Tlogotsho Plateau area (NK-TP). The gold anomalies 
in NK-TP may be ffom local tetrahedrite-galena-sphalerite veins (e.g. Prairie Creek). Gold and tungsten 
do not correlate with zinc except around Prairie Creek. Zinc in silts correlates with zinc in HMCs from 
RR, but not from NK-TP. HMCs appear to be the optimum medium for northern Cordilleran geochemical 
drainage surveys, but should still be used with silts. 

Duns le cadre d'une dvaluation des ressources minkrales non renouvelables de la zone de la rivitre 
Nahmni sud, on a prklevksimultankment d chacun des sites d'kchantillonnage des graviersjluviaun (< 1 cm) 
pour pre'parer des concentrks de minkraux lourds (CML) et des silts (< 1 8 0 ~ ) .  I1 y a corrdlation entre 
le tungsttne et l'or dans les CML dans toute la re'gion et dans les silts prts des intrusions crdtace'es du 
chainon Ragged (CR). Des anomalies sporadiques dlevkes d'or et de tungsttne ont e'te' enregistrkes dans 
les CML mais pas dans les silts de la zone Nahanni Karst - Tlogotsho Plateau (NKTP). Les anomalies 
d'or dans cette rkgion peuvent 2tre attribuables Q des$lons locaux de tktrakdrite-galgne-sphaldrite @. ex. 
Prairie Creek). I1 n 'y a pas de corre'lation entre L'or et le tungst2ne, d'une part, et le zinc, d'autre part, 
dont la teneur est de moyenne (de fond) ri lkgtrement kleve'e dans les sddiments$uviaux. La teneur en 
zinc duns les silts correspond a celle du zinc dans les CML provenant du CR mais pas de la zone NKTP. 
Les CML semblent &tre le milieu optimal pour les levks gkochimiques effectuks dans les cours d'eau du 
nord de la Cordill2re mais ils devraient &tre utilisks conjointement avec des silts. 

' The University of Western Ontario, London, Ontario N6A 5B7 
Consor Mines Ltd., 89 Eddy Street, Hull, Quebec 582 2E9 
Contribution to Canada - Northwest Territories Mineral Development Agreement 1987-1991. 
Project carried by the Geological Survey of Canada, Mineral Resources Division. 



INTRODUCTION resource assessment of the proposed Ragged Ranges (RR) 
and Nahanni Karst - Tlogotsho Plateau (NK-TP) extensions 

Cost-effective methods that yield reliable results are fun- to Nahanni National Park Reserve (Fig, 2), damental to mineral exdoration and resource evaluation. 
Gold, tungsten and zincanalyses of stream silts and heavy Use of HMCs as a complement to silts has been increas- 
mineral concentrates (HMCs) presented here provide both ing in the Cordillera due to the heterogeneous distribution 
a calibration of two methods and a progress report on mineral of gold in sample media (Harris, 1982). In New Brunswick, 

Figure 1. Sample sites and summary geology, Ragged Ranges proposed extension area. Sites listed 
in Tables 1,4 and 5, and Figure 4 are shown by labelled triangles; others will be documented in forthcom- 
ing publications. Geology from sources cited in Hall et al. (in press). 



Friske (1986) noted that stream silts give a measure of hydro- GENERAL GEOLOGY 
morphic and fine-grained mechanical dispersion, whereas 
HMCs reflect lnechanical processes, yet both were success- Nahanni Park Reserve, RR and NK-TP (Fig. 2, 
hl in detecting known mineral occurrences. This study shows transect the southern Mackenzie Mountains fold and thrust 

that in the Cordillera the two media give different results belt. The bedrock geology derived from a nuIl3ber of sources 

for gold, tungsten and zinc. cited by Scoates et al. (1986), is summarized as five main 
packages with reference to symbols in Figures 1 and 2 :  

Figure 2. Sample sites and summary geology, Nahanni Karst and Tlogotsho Plateau proposed exten- 
sion area. Comments and legend in Figure 1. 



1. Proterozoic (PW) : glaciomarine conglomerate, iron- 
formation, argillite, shale, quartz-arenite and carbonate of 
the Windermere Supergroup. 

2. Cambrian to Early Devonian (no pattern): platfor- 
ma1 carbonate strata on the southwest side, and shales to shaly 
carbonates on the northeast side of the Devonian facies bound- 
ary (DFB). The shaly strata occupy the Prairie Creek Em- 
bayment of Selwyn Basin (Morrow, 1984). 

3. Devonian to Mississippian (DM) : basinal shale, por- 
cellanite and turbiditic sandstone to conglomerate of the Earn 
Group in RR, and mainly shales to porcellanites of the Besa 
River and Fort Simpson formations in NK-TP. 

4. Mississippian to Jurassic (MJ) : Carboniferous shal- 
low marine carbonates and coal-bearing continental sand- 
stones, overlain by Permian to Triassic basinal cherts and 
mudstones. Late Jurassic to Late Cretaceous fine-to-coarse 
clastic rocks record a complex interplay of continental to ma- 
rine deposition and include important coal measures. 

Table 1. Gold, tungsten and zinc in samples with one or more anomalous or high background values 
(Tables 2 and 3). * * = fine gold flakes removed before analysis (see Table 4). -0- = not analysed. 

Ragged Ranges 
SAMP E A S T  

A r e a  ( F i g u r e  1 )  
NORTH 4~ ( 

S l l t  
6913600  2.4 
6913700  2.4 
6914900  (1.0 
6914700  (1.0 
6914700  2 .8  
6914700  2.7 
6917000  C l . 0  
6917000  (1.0 
6924100  1.2 
6912950  < l .O  
6912900  2 .0  
6912850  5.1 
6914000  2.5 
6932300  (1 .0  
6929400  (1.0 
6 9 2 5 6 0 0  (1.0 
6924600  <1.0 
6 9 1 3 2 0 0  1.0 
6915600  <1 .0  
6915900  (1 .0  
6912000  1.6 
6912900  1.7 
6905700  (1.0 
6902600  3.3 
6923000  3.6 

P P ~  ) 
HMC 
<2 7  
<20  
<34 
( 4 0  
- 0  - 
- 0 -  
- 0  - 
- 0 -  
<38  
- 0 -  
- 0 -  
- 0 -  
- 0 -  

3540  
3 3 0  
(29  
( 2 3  
(24  
( 5 1  

2830  
140  

4  3  
<4 2  
1 6 0  
( 3 8  

W ( P P ~ )  
s i l t  HMC 

204  1 4 1 0  
12  5 4 9  
33  9610  

1 2 1  > 3  % 
2 7 5 0  - 0 -  

3  - 0 -  
< 1  - 0 -  
18  - 0 -  
3 9  1 9 7 0  
22  - 0 -  

5  - 0 -  
3 - 0 -  
2  - 0 -  
2  8 7 2  
2  255  
3  243  
<I ( 5 3  

1  1 5 0  
6 2  1 4 8 0 0  

2  1 0 1 0  
<I 229 
<I 6 2  
25  2 7 4 0  
1 3  1 2 7 0  
< 1  2 3 8  

Zn  
s i l t  

8 4 0  
8 0 0  
1 5 0  
280 
260 
680  
410 
2  70 
220  
2  50 
4 1 0  

96 
320  
560  
5 5 0  
5 7 0  
230  
2 1 0  
1 6 0  
200  

3  1  
230 

5  7  
100  
5 1 0  

Nahar 
( P P ~ )  SAMP 

HMC I 
1 1 0 0  5 1 2 9  

~ n i  K a r s t  
E A S T  

4 0 4 6 8 0  
4 0 5 0 2 0  
4 0 5 8 6 0  
4 0 3 3 5 0  
4 0 3 4 7 0  
404750  
4 0 5 1 5 0  
4 0 5 0 3 0  
4 0 5 7 7 0  
4 0 3 4 5 0  
4 0 6 2 0 0  
4 0 7 8 5 0  
4 0 3 6 6 0  
403610  
4 0 4 1 5 0  
3 9 8 3 0 0  
4 0 5 0 8 0  
4 0 4 7 1 0  
4 0 3 4 3 0  
404250  
4 0 4 1 7 0  
404550  
4 0 9 4 3 0  
4 1 0 7 6 0  
4 1 3 6 6 0  

- T l o g o t s h o  P l a t e a u  A r t  
N O R T H  Au ( P P ~ )  

s i l t  HMC 
6 8 2 0 8 8 0  (1.0 - 0 -  
6822760  <1.0 - 0 -  
6823010  (1.0 - 0 -  

? a  ( F i g .  2 )  
W ( P P ~ )  

s i l t  HMC 
2  - 0 -  

< 1  - 0 -  
< 1  - 0 -  

1  - 0 -  
2  - 0 -  
<I - 0 -  
<I - 0 -  
<I 4 1 7 0  

2  <72  
< 1  - 0 -  
<I < 9 9  
<I ( 5 9  
I - 0 -  

<1 1720  
<1 (15  
<I - 0 -  
<1 - 0 -  
<1 - 0 -  
<I - 0 -  
< I  - 0 -  
<I - 0 -  
<I - 0 -  
<I (25 
< 1  (22  
<1 24  

f n  ( P P ~ )  
slit HMC 

370  - 0 -  
8 5 0  -0- 
4 9 0  - 0 -  
3 2 0  - 0 -  
4 5 0  - 0 -  

1 3 0 0  - 0 -  
260  - 0 -  
280  290  >3  5300  % 

710  - 0 -  
1 4 0  3 7 0 0  

94 1 6 0 0  



5. Granitoid rocks (+ pattern): mainly quartz mon- orientation surveys (5000 series samples of Table I), 120 
zonites which range in age from Devonian to Tertiary, most streams were sampled to experiment with different methods 
being Early and Mid-Cretaceous, and characterize RR. and to identify potential problems. In 1986 (6000 series sam- 

During the Pleistocene, RR was covered with Alpine 
ice, and the eastern NK-TP was invaded by tongues of Lauren- 
tide ice, whereas the corridor between the two areas was rela- 
tively ice-free (Ford, 1976). The surficial deposits include 
a variety of glaciolacustrine and glacial-fluvial sediments. 

METHODS 
General approach and locations of samples 
Stream sediments were sampled during the latter part of three 
summers when water levels were relatively low. During 1985 

ples of Table 1) 244 major drainages were sampled in the 
study areas. In 1987, anomalous streams and related sub- 
sidiary tributaries were resampled. 

Orientation surveys in RR were conducted near tung- 
sten deposits associated with granitic rocks (e.g. Lened) and 
shale-hosted lead-zinc deposits similar to those found at Mac- 
Millan Pass and Howards Pass (e.g. Vulcan), and compare 
well with surveys by Goodfellow (1982). In NK-TP an orien- 
tation survey was centred around the Prairie Creek (Cadil- 
lac) Ag-Pb-Zn vein structure. Both study areas also contain 
Mississippi-Valley-type Pb-Zn and vein-hosted precious metal 
occurrences. 

Table 2. Correlations among gold, tungsten and zinc in 1 9 8 6  silts and HMCs, Ragged Ranges 
area (anomalous values included except where noted). 

AU (S): AU (H) = 0.0116; N = 104; SIG = 0.9072 AU (S): W (S) = 0.7341; N = 123; SIG = 0.0 
W (S): W (H) = 0.4140; N = 104; SIG = 0.0 Au (S): Zn (S) = 0.0231; N = 123; SIG = 0.7998 
Zn (S): Zn (H) = 0.2359; N = 104; SIG = 0.0159 Au (H): W (H) = 0.2776; N = 109; SIG = 0.0035 

Au (H): Zn (H) = -.0024; N = 109; SIG = 0.9802 

AU(H) W(S) W(H) zn(s) Zn(H) 
SA SIZE 122 1 04 120 100 122 108 
AVERAGE 4.34 18.47 3.4 72.76 179.23 348.04 
MEDIAN 3.3 10.85 2 8.7 110 133.3 
MODE 3.3 3.3 2 5.3 160 133.3 
GEO. MEAN 3.99 10.70 2.65 13.21 117.42 246.26 
VAR 5.34 453.93 13.27 35290 34169.2 148714 
SD 2.31 21.31 3.64 187.86 184.85 385.63 
MIN 3.3 3.3 2 1.3 25 133.3 
MAX 16 98 23 1200 860 2700 
BIG 8.6 53 10 390 490 1020 

N= sample size; 
SIG= significance level based on students T distribution; if small (<0.05) they indicate significantly non-zero 

correlations 
GEO. MEAN = Geometric mean calculated excluding anomalous values; assuming 213 of detection limit for 

values below detection. 
VAR = variance; 
SD = Standard deviation 
MAX = Maximum value included for calculation of statistical parameters; anomalous values excluded. 
BIG = Backaround = Geometric mean + 2 SD Au in D D ~ :  W and Zn in D D ~ .  I 

Table 3. Correlations among gold, tungsten and zinc in stream silts and HMCs, Nahanni Karst 
and Tlogotsho Plateau area (anomalous values excluded). 

A U  (S): A U  (H)  = -.0201; N = 102; SIG = ,8414 AU (S): W (S) = -.0304; N = 119; SIG = .7427 
W (S): W (H) = -.1754; N = 102; SIG = ,0778 Au (S): Zn  (S) = ,0415; N = 119; SIG = ,6539 
Zn (S): Zn (H) = .1215; N = 102; SIG = .2239 Au(H):W ( H ) =  .3690;N= 11O;SIG= .000 

Au (H): Zn (H) = -.0612; N = 110; SIG = .5253 

Au(S) Au(H) W(S) W(H) Zn(S) Zn(H) 
SA SIZE 119 108 119 110 119 1 04 
AVERAGE 3.41 11.98 1.33 11.64 115.93 568.1 
MEDIAN 3.3 8.85 1.3 8.35 90 420 
MODE 3.3 3.3 1.3 1.3 130 133.3 
GEO. MEAN 3.37 8.62 1.32 8.08 92.41 421.72 
VAR 0.58 128.70 0.02 88.01 9044.64 237757 
SD 0.76 11.34 0.013 9.38 95.10 487.6 
MIN 3.3 3.3 1.3 1.3 12 133.3 
MAX 10 65 2 42 71 0 2800 
BIG 5 3 1 1.35 27 282 1400 

Symbols and comments as in Table 2. 



Only Au, W and Zn are discussed here for selected anom- 
alous results (Table 1) as a progress report. Au and W were 
chosen because some drainages are distinctly anomalous in 
these elements and because HMCs are typically used to search 
for them. Zn is presented as a representative of the base me- 
tals suite which is typically sought using silts. Point counts 
of nine 1987 follow-up HMCs are used to corroborate and 
help interpret some of the 1986 anomalous sites (Fig. 4). 

The sample sites were chosen to attain uniform cover- 
age of drainage and bedrock types. Only primary and secon- 
dary streams could be sampled on a systematic basis. Ter- 
tiary and smaller drainages were sampled mainly for 
orientation surveys and follow-up. At each site stream silt 
and gravel were collected. At some sites bank alluvium or 
till was collected as well as rocks from nearby outcrops. The 
temperature and pH were measured and water colour, sedi- 
ment colour, rate of flow, gradient, bank composition and 
rock types were noted. 

Heavy mineral concentrates from gravel 

cases yielded only 0.5-4 g of HMC. In 1986 and 1987 the 
sample size was 8 kg (larger in carbonates), with most sam- 
ples yielding 10 to 30 g of HMC. Sieving on-site to < 841u 
might have produced more HMCs from smaller samples, 
nevertheless the 1985 sampling method was retained for 
consistency and generated excellent replication of results on 
gold and other elements. 

In the laboratory, the -841u to +63u fraction was sepa- 
rated. The 1985 samples were processed at the Geological 
Survey of Canada, using methylene iodide (MI; s.g. > 3.3) 
to produce HMCs. This method is adequate for a limited num- 
ber of test samples, but because of the health hazards inher- 
ent in the use of heavy liquids, and the large size and number 
of samples to be processed in 1986 and 1987, the following 
method (see Stewart, 1986) was implemented. After being 
sieved to -2mm (10 mesh), the samples were passed three 
times on a Deister concentrating table. The magnetic frac- 
tion was removed from the HMC and the concentrate was 
split and analysed by neutron activation (NAA) without fur- 
ther processing. To verify precision, the largest HMCs were 
coned and quartered without being pulverized, and were 

Composite gravel samples were obtained by collecting from inserted as blind duplicates in the ratio of 1 : 10. Accuracy 
different spots at each sample site. The gravels were sieved was checked using laboratory standards, as no standards of 
in the stream to less than 1 cm, then agitated and culled with the appropriate composition were available in quantity. All 
a standard gold pan to remove the clays and organic matter, HMC processing for 1986 and 1987 samples was done by 
reduce the amount of granule-size material, and concentrate Consor Mines Ltd. ; NAA analyses were done by Bondar 
the heavy minerals. Where the stream had naturally concen- Clegg and Company Ltd. 
trated the heavy minerals, these lags were also sampled. Sam- 
ples taken in 1985 were approximately 2-3 kg and in most 

Table 4. Replication of fine gold in HMCs from 1986, and follow-up 1987 sample sites. In- 
dividual gold flakes were weighed by J.C. Bisson on a Perkin-Elmer ultramicrobalance, with 
AD-6 autobalance, giving precisions of + I-.0005 mg on <2mg samples, and + / -  001 mg on 
samples up to 20 mg. Exact weights of the 1987 HMCs are not yet available, however assuming 
a maximum weight of 50 g provides conservative estimates of net gold in HMCs. * = flake mis- 
placed; weight and calc. Au estimated. 

Samp Locality Gross Wt HMC # Au 
Wt(g) (9) Fl ks 

"Brophy Ck.", 5250 15.05 1 
Ragged Ranges 8550 26.10 2 
"Wretched Ck." 9700 33.16 33 
Nahanni Karst 10575 34.45 17 
Trib. to 6237 10400 20.10 2 
Clausen Ck. 10900 48.22 2 
two tribs. 9675 18.90 1 
Nahanni 23125 155.9 2 

River bulk 

North end of 12050 22.14 1 
Yohin Ridge 11900 18.95 1 

Weight 
Flks(mg) 

Table 5. Gold abundance in three tetrahedrite-quartz-carbonate veins. Analyses by J. Vaive at 
GSC, using AA with graphite furnace; detection limit 1.0 ppb; on two splitz of each pulverized 
sample. 

5136-2 from trench on ridge above stream site 5807: 41.5, 79.5 ppb Au 
6230R from float in Lafferty Creek : <1. , <l. ppb Au 
7037B from outcrop of vein cutting Nahanni Butte : 1.2, 1.7 ppb Au 
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Figure 3. Histograms of gold, tungsten and zinc in 1986 silts. 



All gold grains observed during the tabling process were 
collected individually and counted. They were weighed at 
GSC, and the weights were integrated with the abundances 
reported by neutron activation analysis on the remaining 
concentrate (Table 4). MI was used to clean nine selected 
HMCs for point counting to assess the origin of the gold par- 
ticles (Fig. 4). 

Stream silts 

About 4 kg of silt were generally taken in order to experi- 
ment with very fine HMCs. The silts were dried, sieved to 
completion, and a selected 16 dram portion (about 30-40 g) 
was pulverized before being sent for geochemical analysis : 
Th, U, Rb, Sn by XRF pellet; As, Sb, Se, Bi, Te, Cd, Ag, 
Pb by AA(tota1 dissolution); Ti02,  Fe203(t), MnO, Ba, Be, 
Co, Cr,  Cu, La, Ni, Sr, V ,  Yb, Zn by ICP(tota1 dissolution) 
at GSC; Au + 33 by neutron activation at Bondar Clegg 
and Company Ltd. All of the 1985 silts were analysed at GSC, 
with gold being done by AA with graphite furnace. 

Blind duplicates and standards in the ratio of one per 
7 to 10 samples were inserted at random intervals. Reprodu- 
cibility of chemical analyses on bulk-sampled field duplicates 
is excellent for both silts and heavies. An estimate of reprodu- 
cibility was also obtained by resampling anomalous 1986 sites 
in 1987. 

RESULTS AND DISCUSSION 
Sites yielding anomalous values of gold, tungsten and/or zinc 
are listed in Table 1, summarized in Tables 2 and 3, and 
illustrated in Figures 1 to 4. Chemical analyses have not been 
completed on the 1987 samples, but the numbers and weights 
of gold grains recovered from the concentrating table are 
remarkably consistent from year to year (Table 4). 

The variable detection limits of gold and tungsten in the 
neutron activation analyses were disappointingly far above 
the idealized 5 ppb limit, attaining " 5 140 ppb" in some 
samples. This was caused by the high abundances of rare- 
earth and other radioactive elements which interfere with the 
spectrum of gold, as well as tungsten, zinc and a variety of 
other elements. Such radioactive elements might reflect a high 
proportion of zircon, monazite and sphene in HMCs recy- 
cled from sedimentary rocks. 

Ragged Ranges (RR) area 

Gold and tungsten correlate with each other in both HMCs 
and silts (Table 2). HMCs provide the strongest anomalies 
(up to 3540 ppb gold and > 3  % tungsten), all spatially 

Figure 4. Histograms from counts of 300 points in selected 
1987 HMCs, most of which are auriferous (Table 4). Num- 
bers in brackets are previous samples at these sites. Mineral 
abbreviations are as follows: EP-epidote, HE-hematite, HB- 
hornblende, GO-goethite, RU-rutile, ZI-zircon angular and 
euhedral, ZR-zircon rounded, GA-garnet, PY-pyrite, CD- 
chloritoid, BA-undifferentiated barite and scheelite, LE- 
leucoxene, MZ-monazite, ST-staurolite, HY-hypersthene, IM- 
ilmenite, UK-unknown. 

associated with Cretaceous granitic intrusions. The contri- 
bution of these intrusions to the HMC is indicated by point 
counts (Fig. 4). Samples 7005,7006,7051 and 7079 consitute 

7005(6077)  
Brophy Creek 
1540 ppb Au 

7006(6050)  
Flat R. Trib. 

14ppb Au in silt 

2 0 

Meilleur R. 
unknown Au 

20 

7079(5807)  
tributary draining 

Prairle Ck. showing 
20,000ppb Au 

20 

7 0 6 1  
"Wretched Creek" 

no fine Au 

7066(6248)  
"Wretched Creek" 

41.400 ppb Au 

Clausen Creek 
1500 ppb AU 

2 0 

7078(6273)  
N. Yohin Ridge 
31.000 ppb Au 

20 

0 

7076(626 1) 
Jackf ish R. trib. 

40 8ppb AU in silt 

20 

' EP HE HE! GO RU ZI ZR GA PY CD BA LE MZ ST HY IM UK 



a natural group from shale environments, with very similar 
abundances of goethite, pyrite and baritelscheelite. The small 
amounts of epidote, euhedral zircon, garnet, chloritoid and 
ilmenite in 7005 and 7006 are related to the intrusions in RR. 

The minor gold in silts (maximum 37 ppb in sample 6046) 
is poorly correlated with gold and tungsten in HMCs (Table 
2). The source for sample 6046 might be the Nahanni tung- 
sten skarn southwest of Flat River. Other gold- and tungsten- 
bearing streams are distributed radially around the Pyramid 
Batholith and the Lened tungsten skarn (Fig. 1). Sample 5B34, 
with 3540 ppb Au and elevated tungsten is located away from 
the area of influence of the Lened skarns, and lends support 
for the generalized concept of buried skarns (Aronoff et al., 
1986) in that region. The statistical link between gold and 
tungsten in RR (Table 2), suggests a genetic link and the 
potential for placer (and lode?) gold deposits such as those 
in the Bennett Creek area (20 krn SE of Fig. 1). The gold 
may entirely be an accessory element in both small tungsten 
showings and the world-class Tungsten deposit. 

The strong correlation between zinc in silts and HMCs 
in RR suggests at first glance that the cheaper silt sampling 
method is adequate for zinc exloration. However, the poor 
correlation in NK-TP (Table 3), suggests that the correspon- 
dence between the two media in RR is circumstantial. This 
suspicion is supported by the negative correlation between 
low Zn in silts and high Zn in HMCs for samples 5B39,40, 
45, 67; 6068, 6073 and 6140. Analyses of mineralogy in 
HMCs and geologic setting may explain these relationships. 

Known carbonate-hosted zinc occurrences are indicated 
by elevated zinc in silts (e.g. 61 13, 6122), however in these 
environments it is difficult to obtain sufficient HMCs for NAA 
analysis, hence the null (-0-) values reported for these and 
similar samples in Table 1. 

Nahanni Karst - Tlogotsho Plateau (NK-TP) 
area (Fig. 2) 
Gold and tungsten correlate in HMCs; in silts, all tungsten 
and nearly all gold are below detection limit (Fig. 3). Gold 
appears to be more important than tungsten in NK-TP (the 
reverse of their relative importance in RR), and tungsten may 
well be a useful pathfinder element (e.g. Hall et al., in press). 
The Prairie Creek vein system is unusual in that tungsten 
and gold are strongly enriched but heterogeneous (compare 
samples 5147, 5B06, 5B07, 5B22 in Table 1). Analyses of 
1987 follow-up samples may clarify these relationships. 

Fine gold flakes were recovered in greater quantity and 
at more sites in NK-TP than in RR (Table 4). The HMC for 
Sample 6205 on Ram Creek contains 1270 ppb gold and is 
considered to be in the same group as those containing fine 
gold. The origin of this gold is discussed in a following sec- 
tion. 

Trace amounts of gold were detected in stream silts at 
only two localities, 621 1 a tributary of Sundog Creek, and 
6261 a tributary of Jackfish River. These areas were resam- 
pled in 1987; interpretation of these localities awaits analyt- 
ical results. 

The poor correlation between zinc in stream silts and 
zinc in HMCs (Table 3 ) is another surprising aspect of NK- 
TP. Preliminary microscopic examination of HMCs suggests 
that the zinc is carried with heavily oxidized sulphides (secon- 
dary minerals?) of unknown compositions. Such grains may 
not be present in typical stream silts. 

Zinc anomalies are of two types. The first is represented 
strongly in HMCs and subtly in stream silts, all from sites 
below trenches in the high grade Prairie Creek Ag-Pb-Zn 
deposit (samples between 5129 and 5156, and between 5B04 
and 5B28 inclusive, in Table 1). 

The second type of zinc anomaly is just at or above back- 
ground levels in HMCs and suggests buried deposits or small 
surface exposures of the Prairie Creek or Nahanni Butte type. 
Samples 6203 (near The Gate) and 6208 (top of Fig. 1) are 
on line with, and may be related to, extensions of the Prairie 
Creek vein system. Samples 6233 and 6234 are located on 
Prairie Creek well downstream of exposed showings and are 
probably contaminated with material from workings 
upstream. Sample 6184 is located below MVT-type zinc 
showings and tetrahedrite bearing quartz veins that cross- 
cut Nahanni Butte. Site 6275 (3600 Zn in HMC), which enters 
First Canyon of South Nahanni River, and sample 6230R 
(Table 5), float of tetrahedrite-galena-quartz-carbonate vein 
from Lafferty Creek, together indicate more occurrences like 
those of Nahanni Butte. Zinc in samples 6221 to 6224 may 
be related to hidden deposits, or reflect industrial contami- 
nation, due to use of roads with galvanized culverts along 
these stream valleys. Most of these prospective areas have 
been explored by industry. 

The Meilleur River area is of considerable interest 
because: 1) It is transected by numerous high-angle faults 
that are similar to those which occur in the Prairie Creek 
area ; 2) zinc abundances approach and exceed the calculated 
background for NK-TP (samples 6174,6175,6185 to 61 88, 
and 6191 to 6193) ; 3) it is the site of some of the most metal- 
liferous springs discovered to date in the South Nahanni River 
area (Hamilton et al., 1988) ; and 4) the Prairie Creek shale 
embayment (Morrow, 1984), with concommitant facies 
changes eastward to platformal carbonates, extends south into 
the Meilleur River area. These attributes suggest potential 
for buried and/or currently forming base metal deposits. 

Origin of fine gold flakes in HMCs 
The source of the fine gold in RR must be local, because 
this area has undergone alpine glaciation and no exotic 
material has been added by continental glaciers. The com- 
monly held interpretation that the gold is derived by rework- 
ing of granite-related vein and skarn deposits appears to be 
justified by the limited data presented here. 

The fine gold flakes may have been derived from two 
sources. First, gold may have been transported by continental 
ice from the east, then concentrated as placers in topographi- 
cally favourable sites. Fluvial reworking of till is indicated 
by numerous exotic boulders and an abundance of garnet in 
stream deposits (Fig. 4). Cretaceous intrusions of RR are 
unlikely sources of garnet. 



Second, the gold may be of local derivation, from 
tetrahedrite-bearing sulphide veins such as those that cross- 
cut base-metal occurrences at Prairie Creek and Nahanni 
Butte. This is supported by the high gold abundances and 
a lack of garnet or other till indicators in samples from the 
Prairie Creek area (Sample 8079, Fig. 4). Analyses of grab 
samples from three tetrahedrite-galena-sphalerite-quartz- 
carbonate veins (Table 5 )  indicate that heterogeneous gold 
is present locally. Continued systematic analysis of mineral 
occurrences is in progress. 

CONCLUSIONS 
1. A number of significant gold anomalies were detect- 

ed in HMCs of stream sediments, all in the Nahanni Karst - 
Tlogotsho Plateau area (NK-TP). Standard stream silt sam- 
ples did not produce correlative results. The gold is thought 
to be derived locally from tetrahedrite-bearing veins, although 
there may have been a contribution from continental glacia- 
tion. 

2. Tungsten and gold are strongly correlated in the 
Ragged Ranges area (RR), in both HMCs and silts, and are 
mainly related to Cretaceous intrusions. Some anomalies are 
not explained by known deposits. In NK-TP they are cor- 
related only in HMCs, particularly those taken near 
hydrothermal lead-zinc-silver deposits such as the Prairie 
Creek (Cadillac). 

3.  Zinc is not correlated with gold and tungsten in any 
sample media, although an erratic spatial association is 
apparent in NK-TP among very high values of zinc, gold 
and tungsten. Zinc in silts appears to correlate well with zinc 
in HMCs in RR, but not in NK-TP. Zinc anomalies in HMCs 
from Meilleur River area indicate potential for buried or mod- 
ern base metal deposit types. 

4. Comparisons of analyses of silts and HMCs in this 
resource assessment suggest that systematic HMC sampling 
is an essential component of regional geochemical reconnais- 
sance in the northern Cordillera. 
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Abstract 

A hydrogeological sampling program was conducted during 1986 and 1987jeld seasons as part 
of a resource assessment of the proposed expansion areas of Nahanni National Park Reserve. Sites sam- 
pled include hot and cold springs, mineralized seeps and ponds and iron-precipitating springs. The springs 
can be subdivided into four broad categories based on physical and chemical parameters: tufa-precipitating 
springs; iron-precipitating springs; springs in granitic terrane and, high discharge cold springs. Prelimi- 
nary chemistry of the groups appears to vary according to lithological setting, and this is controlled 
by the fault system within which the waters moved. Zn-dominated stream-sediment anomalies and spring- 
water anomalies in Zn, Cd, Ni, Co, Cu, and U appear to be correlated in the Meilleur River area. Spring- 
water geochemistry appears to be a usefil complement to regional stream-sediment geochemistry. 

Un programme d'dchantillonnage hydrog&ologique a &td effectue' h l'occasion des campagnes de 
terrain en 1986 et 1987, dans le cadre d'une &valuation des ressources susceptibles de se trouver dans 
des prolongements envisagds de la Rkserve du parc national de Nahanni. Les endroits tfchantillonntfs 
renferment des sources thermales chaudes et fioides, des suintements et des &tangs minei.alis&s ainsi que 
des sources h prdcipitation ferrugineuse. Les sources peuvent se re'partir en quatre grandes catdpries 
basdes sur certains paramttres physiques et chimiques: les sources (Z prtfcipitation de tuf, les sources 
h pre'cipitation ferrugineuse, les sources de terrain granitique et les sources froides h d&bit &lev&. La 
chimie pre'liminaire des diffdrents groupes semble varier suivant le cadre lithologique, le tout en fonction 
du rdseau de failles au sein duquel circulent les eaux. Les anomalies de se'diments fluviatiles principale- 
ment zinciferes et les anomalies en Zn, Cd, Ni, Co, Cu et U mesurdes dans les eawr de source sernblent 
2tre corrdl&es dans la zone de la rivitre Meilleur. La gtfochimie des eawr de source semble constituer 
un compldment utile d: la gdochimie rkgionale des skdiments fluviatiles. 

Department of Earth Sciences, Carleton University, Ottawa, Ontario K1S 5B6 



INTRODUCTION stratabound barite - base metal - silver deposits (Abbott 

During the 1986 and 1987 field seasons a detailed hydrogeo- 
logical investigation constituted part of a nonrenewable 
resource assessment of proposed expansion areas of Nahan- 
ni National Park Reserve, N.W.T.. Natural groundwater dis- 
charge points were sampled for geochemical analysis. Tem- 
perature, electrical conductivity and pH were measured in 
the field. The discharge points occur as tufa- or iron- 
precipitating springs, mineralized seeps and ponds, and hot- 
and cold-springs. They were initially identified by airphoto 
interpretation and aerial reconnaissance, and were located 
visually by the presence of iron or sulphur precipitate, tufa 
deposits, vegetation changes (especially apparent with hot- 
springs), discoloration of ponds and streams and even by smell 
in the case of sulphurous hotsprings. The locations of many 
of the hotsprings and a few coldsprings have been previously 
reported in the literature (Brook, 1976 ; Gabrielse et al, 1973 ; 
Brandon, 1965; Atchison, 1964; Crandall and Sadlier- 
Brown, 1976) and these reports were helpful in relocating 
them. 

The study area is made up of the proposed extensions 
on the northwestern and eastern ends of the park (Fig. 1, 2) 
and immediately adjacent areas. 

During the 1986 field season a large, previously unreport- 
ed hotspring was discovered within the limits of the proposed 
park expansion on the south side of the Meilleur River Val- 
ley; it is relatively inaccessible except by helicopter. The 
size and beauty of the spring warrants a name being given 
to it and it is informally referred to here as the Meilleur River 
hotspring. 

REGIONAL GEOLOGY 
Nahanni National Park Reserve covers an elongate area of 
approximately 4784 km which transects the southern Mack- 
enzie Mountains fold and thrust belt. Figures 1 and 2 present 
a summary of the bedrock geology derived from a number 
of sources cited by Scoates et al. (1986), simplified into four 
main packages in order of decreasing age: 

1.  The Windermere Supergroup (fine stipple) consists of 
glaciomarine conglomerates, iron-formation, argillites, shales 
and some carbonates of latest Proterozoic age (Eisbacher, 
1981). 

2. The Cambrian to Early Devonian package (unpatterned) 
comprises platformal carbonate strata on the north, east and 
south, and Selwyn Basin shales to shaly carbonates (Road 
River Group as defined by Fritz, 1985; and Prairie Creek 
Embayment strata of Morrow, 1984) on the DS side of the 
DCIDS facies boundary (Fig. 1, 2). The carbonate strata 
contain numerous small Mississippi-Valley-type lead-zinc 
occurrences, and the shaly strata are host to zinc-dominated 
stratiform base metal f barite deposits (e.g. Howards Pass 
area and Vulcan Deposit) and silver-lead-zinc veins (e.g. 
Prairie Creek I Cadillac). 

3. Late Devonian to Jurassic (coarse stipple) rocks include 
basinal shales, porcellanites and turbiditic sandstones to con- 
glomerates of the Earn Group (Gordey et al. 1982) in the 
Ragged Ranges area. The Earn Group is host to numerous 

et al., 1986). In the Tlogotsho Plateau - Nahanni Karst area 
the Devonian to Jurassic package includes : a) shales to por- 
cellanites of the Besa River and Fort Simpson formations; 
b) Carboniferous shallow marine carbonates and continental 
sandstones with coal measures and c) basinal cherts and mud- 
stones of Permian and Triassic ages. Late Jurassic to Late 
Cretaceous fine-to-coarse clastic rocks record a complex in- 
terplay of continental to marine deposition and include im- 
portant coal measures in the region (Stott, 1982). 

4 .  Granitoid rocks (mainly quartz monzonites) intrude a 
broad belt of the northern Cordillera that includes the west- 
central third of the area shown in Figure 1. The intrusions 
range in age from Devonian to Tertiary (Sinclair, 1986), most 
being Early and Mid-Cretaceous, and are associated with 
numerous tungsten and base-metal skarns some of which con- 
tain precious metals. 

DESCRIPTION OF SPRINGS 
On the basis of appearance and geochemistry, most of the 
groundwater discharge sites fall into one of four categories : 

1) Tufa-precipitating springs, 
2) Iron-precipitating springs, 
3) Springs spatially associated with granitic intrusions, 
and 
4) High-discharge coldsprings. 

The geochemistry of these groups of springs as known so 
far is discussed herein, as are the important exceptions which 
do not fit well into any of the above categories. 

Selected springs are listed in Table 1 .  The table is 
intended to allow comparison between spring types and does 
not constitute the complete 1986 database. The 1987 chemi- 
cal results are not yet available. 

Tu fa-precipitating springs 
CaCO, precipitating springs were found in all parts of the 
study area except granitic terrane. The tufa deposits range 
in size from small crumbly fragments lining channels at miner- 
alized seeps to large terraced platforms such as those at Rab- 
bitkettle Hot Springs (no. 20, Fig. 1) and Old Pot Mineral 
Springs (no. 27, Fig. 1). These springs are easily visible as 
bare, light coloured patches of tufa with significant seepage. 
The spring waters provide minerals for various wildlife and 
the presence of animals, or their footprints, at these animal 
licks is a good indication that the water is mineralized. The 
largest tufa deposits are found around thermal springs but 
most of the tufa springs were non-thermal. The temperatures 
of the thermal springs with tufa range between 17 and 38.5 "C. 

The spring water is chemically distinctive in a number 
of ways : 

1) pH is generally between 6.5 and 7.0 but increases within 
hours after the water leaves the vent due to loss of CO,. In 
almost all cases, when measured in the laboratory the pH 
had risen by at least 1 pH unit. 

2) The electrical conductivity which is an indication of total 
dissolved solids, is moderately high : between 500 and 1200 
Slcm and in some cases higher. 
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Figure 1. Geology and spring locations in western part of study area (after Hall et al, in press). 



3) CaC03 content (measured as HC03 -) is invariably high 
and ranges between 200 and 700 mg L-I. Common cations 
such as Na, K and Mg are also present in relatively high 
concentrations. 

4) Fe is notably low and other metals such as Mn, Cu, Cr, 
Ni, Co, Cd, and Zn are below or close to their detection 
limits (table 1). 

5) Gas bubbles can be seen rising in most springs where the 
vent is pooled. In some cases gas bubbles were seen clinging 
to submerged objects indicating exsolution of gas in the pooled 
water. 

Iron-precipitating springs 

About 30 iron-springs are distributed in all parts of the study 
area, including granitic, sandstone, carbonate and shale ter- 
ranes. In most places, they appear to be aligned along faults 
or major fractures which have allowed the movement of fluids 
to the surface. 

Iron-springs are easily visible from the air due to the 
bright red precipitate which covers wide areas around the 
vents. The precipitate is usually a floccular ooze but in some 
cases it is cemented and locally forms red tufa terraces where 
enough CaCO, is present in the water. 

Geochemically, iron-spring waters have the following 
characteristics : 

1) Most are quite acidic for natural waters with typical values 
ranging from 3.0 to 6.4 and with a maximum of 7.2. 

2) Conductivity is moderate: lower than that for tufa springs 
typically and ranges between 350 and 1000 pS. 

3) The CaCO, (HC0,-) content is the lowest for any of 
the spring types. For iron-springs with pH below 5.5, 
CaC03 was below detection. However, one group of springs 
along the Flat River Valley contains relatively high concen- 
trations of CaCO, and has pH between 6.0 and 6.7. These 

Figure 2. Geology and spring locations in eastern part of study area (after Hall et al, in press). See Figure 1 for legend. 
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all have red tufa associated with them and a number of other would be expected, the concentration of other metals pres- 
anomalous features. The anomalous nature of these iron- ent is also higher than normal. The concentration of Mn is 
springs is discussed below. closely associated with that of iron, provided samples were 

4) The Fe content is extremely high. Values range from 1500 taken 'lose to the vent. The concentrations of such 

to 122 000 pg L-' with typical values around 15 000. As as Cu, Cr,  Ni, Co, Cd, and Zn are also high but these all 

Table 1. Partial listing of field and analytical data for selected 1986 sample areas listed in four main geochemical groups. 
See  Table 2 for analytical methods. 

Sanple Description cond, pH temp CaC03 Fe Cu tin N Co Cd Zn Na Si SO4 C! no Y 
u S ~ c n  (Cl (ppe) (ppb) Ippb) ~ p p b )  (ppbi Lppb) ~ p p b )  (ppb) lppmr ~ ~ ~ o )  tppo~ (ppnl (ypb)lppbl 

Tufa precipitating springs 

5 Broken Skull Hot Spring: aain 1090 6.5 4Q 277 65 5. (10, 8. (2 .  3, (5 .  50 19 396 23 0. (0.1 
vent (at base of terrace1 

6 Grizzly Bear Hot Spring 775 6,9 44 165 138 (2. 30. (2. 6. <2. 5. 22 19 218 32 0.1 (0.1 
(largest vent, south side) 

10 East side of South Nahanni 480 7.2 3.8 202 (20 13. (10. (2. 6. (2. (5. 1 3 69 1 4. 0.2 
River Valley icrunbly tufa) 

14 East side of South Nahanni 397 7.8 8.0 196 36 3. \10, (2. (2.  (2, 10. 2 7 46 4 3.1 <O,! 
River valley (terraced) 

20 Rabbitkettle Hot Springs: aain 580 6.8 21 238 129 3. 13, (2. (2. (2, 8. 4 7 33 1 1.8 (0.1 
vent (pool 1 on top of aound 

23 Flat Fruit Hinerai Spring 870 6.2 8.9 400 28 5. 158. (2. 4. (2. (5. 29 7 38 4 0. (0.1 

(bubbling) 

21 Red tufa spring in Flat Rivet 1587 6.1 7.7 662 33 4. 34. 16. 8. (2. (5. 85 6 283 22 0.7 <O,I 
Val ley 

27 Old Pot Hineral Sptings 323 7.6 10.0 159 (20 (2. (10. (2. (2. (2, (5. 1 3 13 (1 2. 0,2 

29 Yild Mint Hot Spring: upper 457 7.3 25.0 223 26 4. (10, (2. (2. (2. ( 5 .  1 9 29 (1 1.2 0.1 
pool 

30 Seepage area on NcLeod Cteek 440 7.7 12,l 225 (20 (2, (10. (2. 5. 3. (5. 2 8 25 1 0.9 0.1 

31 Hei l leur Creek hot spring 1038 38.5 237 159 8. 23. (2. (2. (2. 44. 30 19 373 35 4.5 1.2 

Springs In granlte tetrane 

1 Nahannf Headuatet Hot Spring 7.9 63.5 65 26 5. (10. (2. (2. (2. 8. 53 39 38 10 30. 224. 
IOIGrady Batholith) 

7 Uahanni North Hot Spring (near 310 9.0 58 85 36 13. (10. 11. (2. 3. (5. 64 29 69 1 19. 20.8 
Lened V showinl) 

12 Seepage area at head of 183 4.8 1 (1 (20 10. 135. 101. 28. 5. 366. 1 9 68 (1 0.6(0.1 
unnamed valley (near granite) 

13 Spring at top of valley, north 246 4.0 5 (1 147 (2. 169, (2. (2. (2. 3936. (1 6 123 (1 0. (0.1 
of Glacier 1. 

16 Cantung mine, water fro# 6' 440 8.5 16 118 65 5. (10. (2. (2. (2. (5. 85 18 60 25 1.1 169. 
DDH 



vary with only limited association with the concentration of 
iron. The Mo and W values are very low, almost without 
exception. 

5)  Gas bubbles are not common in most of the iron-springs 
but were seen in the CaC03-rich springs along the Flat River 
Valley. Gas samples were collected at these sites and ana- 
lyzed in 1986 but the results were so anomalous (very high 
0,) that resampling was necessary in 1987. The new ana- 
lytical results are not yet available. 

The above chemical characteristics are generalizations, 
with variations depending on the underlying lithology. The 
two best examples of these variations are the springs in the 
Mattson Formation and those in the Flat River Valley. 

The Mississippian Mattson Formation is composed of 
terrestrial sandstone with coal measures. Two iron-springs 
issuing from the formation were sampled (no. 33, 42) and 
although separated by 45 km the chemistry of each is remark- 
ably similar (Table 1). Additional springs from the Mattson 
Formation were sampled in 1987 but the results are not yet 
available. 

Table 1 (cont.) 

k 

Sample Descriptian cond. pH temp CaC03 Fe Cu Hn Hi Co Cd in Na 5i 504 CI Ho Y 
Slcn (CJ Ippml (ppbl (ppbl (ppbl (ppb) ippbl Ippbl lppbl Ippn) Ippnl ippa) lppol (ppb)lppbl 

17 Vest Caotung Hot Spring, main 252 8.2 41 86 (20 4. (10. <2. (2. (2. (5. 48 22 26 6 8. 59.6 
ba th-house 

18 East Cantung Hot Spring 295 9.1 46 91 120 6. (10. 8. 3. (2. (5. 61 38 30 10 19. 121. 
Inoderate HZ51 

21 Hole-in-the-tall Hot Springs, 121 8.5 42 50 57 4, (10. (2. (2. (2. (5. 28 32 8 2 10. 14.9 
vest vent 

22 Hole-in-the-vall Hot Sprlng, 124 47.5 52 72 3 . ( 1 0 .  4, 15. 12. 8. 29 33 9 2 2 1 . 1 7 . 6  
east vent 

lron precipitating springs 

2 Fe spring south of O'Grady 630 7.0 4.2 92 19082 3, 425, 8. (2, 12. 306. 1 9 290 (1 0.4 (0.1 
Batholith 

3 Iron precipitating strear 318 (1.0 645 4..534. 168. 46. (2. 640. (1 181 ( I  0. 0.2 
[spring source) 

4 lron precipitating streaa 260 4.9 4.0 (1.0 5816 25. 225. 273. 29. 39. 1488. (1 6 140 (1 0. (0.1 
(spring source.) 

15 lron and sulphub precipitating 1080 4.8 5.5 (1.0 122307 (2. 856. 233. 50. 3. 331. 2 10 562 (1 0. (0.1 
spring next to lit. Ida 

25 lron spring in Flat River 1000 6.3 5.5 589 20766 11. 1503, (2. (2. 3. (5. 45 44 55 3 0. (0.1 
Valley (bubbling + tufa) 

26 lron spring in Flat River 961 5.9 1,6 367 15850 6, 587. 125. 18. (2. 412. 10 12 126 5 1.7 (0.1 
Val ley (bubbling) 

28 lron spring in Flat River 575 6.7 17.7 238 1710 4, 15. (2 .  5. (2. (5. 6 5 93 1 1.6 (O,1 
Val ley (near Seaplane Lake) 

33 Iron streal on deadaen 1062 3.9 7 0 21517 18, 1047. 103. 46. (2. 187. 9 7 611 (1 0. (0.1 
syncline (in tlattson F1t.l 

40 Iron spring at Etanda Dale 772 1.5 53 63347 5.1180. 34. 18. (2. 15. 1 3 405 ( L  0. 0.2 

41 Iron spring in Yohin Syncline 285 12 (1.0 9820 9. 217. 11. 5. (2. 12. 2 15 91 2 0. (0.1 

42 lron spring on Tuisted Ht. 1342 2.9 11.5 (1.0 51793 6. 1180. 115. 58. (2. 86. 59 13 722 20 0. (0.1 
(in Nattson Fornation) 



The Flat River springs are in shales of the Road River Springs in granitic terrane - - - 
and carbonates Of Rabbitkettle The These springs are located in or adjacent to granitic intrusions 

irOn-s~rings and some of the tufa 'prings located the in the western part of the study area and have a geochemical valley show similar chemistry and physical characteristics. 
signature related to that of the granites. Three of the springs are bubbling vigorously and the gas in 

each is similar in composition. The similarities between these Most of the springs in this category are hot, between 
springs may be partly due to a common fault conduit. The 32 and 63.5C and show definite differences in both chemis- 
1987 chemical results will provide more insight. try and outward appearance compared to hotsprings in non- 

granitic areas. The spatial and geochemical associations 

Table 1 (cont.) 

Sample Description cond, pH temp CaC03 Fe Cu Hn HI Co Cd Zn Na Si 504 CI Ho r" 
S l c ~  (Cl (ppal (ppbl Ippbl (ppb) (ppb) (ppbl lppbl lppbl Ippnl (ppml Lppd Ippnl (ypbILppb1 

High discharge coldsprings 

8 InBlackUolfRiverValley 35 7.5 li,l 189 (20 (2, (10. (2. (2. (2 ,  (5. 2 4 38 1 0.6 (0.1 
south side, at break in slope 

9a Near Avalanche Lake discharging 152 8.3 8.8 68 (20 3. (10. (2. ( 2 .  <2. (5. ( 1  1 14 (1 6 . i  (0.1 
f rom boulder debris 

9b Seepage area along Avalanche 186 7.6 5.0 80 33 (2. (10, (2.' (2. 12. (5. (I 1 24 (1 1.2 0.1 
Creek 75-IOOP long along west 
bank 

il Ta l  lus spring In Upper Rabbit- 142 4,O il 57 4, (10. (2. <2. (2. 6. (1 2 6 (1 0. 0.2 
kettle River Val ley 

19 Cold sprint from valley mall 98 8.3 5.2 36 361 4. 12. (2. 3. 3. (5, (1 2 6 (1 0.2 (0.1 
next to Rabbitkettle River 

34 Discharging from betveen 232 8.0 3.3 108 81 8. (10. (2. (2. 3. 1 (1 1 20 <I 0. (0.1 
bedding plane. 

35 Cold spring west of karst area 218 7.9 5 107 337 9. (10. (2. (2. (2. 36. (1 1 10 2 0.3 0.1 
on major fault, 

36 Bubbllng Sprlng 314 7.6 4 161 158 6. 10. 8. (2. (2. (5. (1 2 24 2 2.5 0.2 

37 Cold spring from fracture, in 239 8.2 8.2 132 67 9. (10. 3. (2. (2. 40. (1 1 4 (1 1.7 0.3 
north wall of First Canyon 

38 Vhite Spray Cold Spring 770 7.8 4.3 121 136 4.(10. 6. 6. (2. 10. (1 1 9 1 0.6 0.2 

Anonalous springs 

32a At base of fault, 51 north of 2970 6.3 5 94 136 14. 2824. 2318. 170. 34. 4977. 14 6 2404 17 0. 0.2 
green pond. 

32b 101 east of ( a )  2730 3.8 5 (1 1402 49, 5396. 2311. 405. 30. 5351. 15 9 2204 2 0.8 0.1 

34 Prairie Creek Ag, Pb, Zn nine: 937 7.5 3.0 223 337 448. 92. 65. 9. 135. 61877. (1 2 393 1 0.6 (0.1 
200 level seepage 

39 Kraus Hot Springs: pool on 7780 6.6 37.5 184 I29 16. 57. (2. (2. 3. 13. 1118 14 860 3321 0. 0.3 
river bank 



between the hotsprings and the granitic intrusions are indi- 
cations that the plutons play a role in the heating of the water 
(Hall et al., in press). 

Around thermal springs, thin calcium sulphate precipi- 
tate coats rocks around the vents forming wide white patches 
which is in marked contrast to the lush vegetation of decidu- 
ous trees, ferns and wild mint growing around the hotsprings 
and facilitates easy aerial identification. The very hot water 
at the vent supports the growth of green and red algae and 
white bacteria in long filaments. In most cases the H,S smell 
is mild compared with some of the fault-controlled hotsprings 
in the eastern part of the study area. 

The geochemistry of these waters shows the following 
consistent trends : 

1) pH is the highest of any of the spring types sampled, rang- 
ing from neutral to greater than 9 .0  but typically between 
8.2 and 8.5. 

2) Conductivity is relatively low : typically between 150 and 
450 pS1cm locally reaching 1100 pS1cm. 

3) CaC03 (HC03-) content in most cases is low: values 
are between 20 and 275 mg L-'. The SO, content, although 
not high, is elevated with respect to CaCO,. The 
S04 /CaC03  ratio is between 1 :2 and 2 : 1 whereas in other 
springs with pH above 6 the ratio seldom exceeds 1 :2. 

4) Fe content is low: no values exceeded 460 pg L-I and 
most are below 150. The concentration of Mn is below the 
detection limit of 10 pg L- ' .  Similarly Cu, Cr, Ni, Co, Cd 
and Zn all show low values. 

5) The trace metals Mo and W are anomalously high in al- 
most all of the granite hosted hot springs (Hall et al., in press). 
Si and F are also elevated. 

6) Gas was not seen rising in any of these hotsprings. The 
mild H,S smell is probably caused by exsolution of very 
small amounts of gas or bacterial reduction of SO,. 

The two coldsprings included in the granite terrane type 
(no. 12, 13, Table 1) are geochemically different from the 
hotsprings but are listed together with them because they were 
found adjacent to plutons. Both springs have metal values, 
particularly Mn and Zn which are above average. The Fe 
values are low. 

High-discharge coldsprings 

These nonthermal springs have flow rates up to 10 000 Lls  
and are subdivided into two categories: 

1) Springs discharging from coarse overburden such as ta- 
lus. In places these appear to be derived from streams which 
flow into scree or rock glaciers and re-emerge downslope. 
In other places they are a result of percolation through over- 
burden directly from lakes or melting glaciers. 

Table 2. A n a l y t i c a l  methods used in o b t a i n i n g  
v a l u e s  f o r  T a b l e  1. 

I Element Instrument Lab Units Detection 1 
ICP-MS 
ICP-MS 
AA-Direct 
AA-Direct 
AA-Direct 
AA-Direct 
AA-Opt 2 

AA-Opt 2 

AA-Opt 2 

AA-Opt 2 

ICP 
Dionex 
Dionex 

GSC 
GSC 
GSC 
GSC 
GSC 
GSC 

Bondar- 
Clegg 

Bondar- 
Clegg 

Bondar- 
Clegg 

Bondar- 
C lew  
GSC 
GSC 
GSC 

PPB 
PPB 
PPB 
PPB 
PPB 
PPB 
PPB 

PPB 

PPB 

PPB 

PPM 
PPM 
PPM 

Both types of spring have similar chemical characteris- 
tics : 
1) pH varies within a narrow range, between 7.5 and 8.2. 
2) Conductivity, in most cases is less than 200 pS/cm. 
3) Low CaCO, content in the waters, none greater than 
200 mg L-' . 
4) Metals are close to or below the detection limit. 

The low total dissolved solids in the waters indicate that 
subsurface travel times are relatively short. The water dis- 
charging from White Spray Cold Spring (no. 38, Fig 2) has 
an estimated subsurface residence time of between 7 and 30 
days (Brook, 1976). The conductivity value for White Spray 
is the highest of the high discharge coldsprings listed in Table 
1, it is assumed that these other coldsprings also have sub- 
surface residence times of 30 days or less. 

Karst topography and karstic groundwater flow has been 
known for some time in the region covered by the eastern 
part of the study area (Brook, 1976). In the 1986 field season 
a high discharge coldspring was discovered in the western 
area (no. 19, Fig. 1) which appears to be discharging from 
carbonate bedrock. During the 1987 field work, a disappear- 
ing stream and sinkholes were also found in the area. These 
provide evidence for active karst development within the 
Ragged Ranges. 

ANOMALOUS GROUPS OF SPRINGS 
In the eastern part of the study area a group of springs have 
been found which have common physical and chemical 

2) Springs discharging from carbonate bedrock. These are characteristics but do not fit into any of the above categories. 
a result of karstic dissolution (Brook, 1976). The water may The largest of these is Kraus Hot Spring which has been previ- 
originate from a single source such as a lake or a disappear- ously described in the literature (Brandon, 1965). They are 
ing stream or the spring may be a discharge point for a conduit localized in one area but are far enough apart that a linear 
system which drains a large area. Usually the source is not trend can be established. This trend is assumed to be the strike 
known. of a fault from which the springs discharge. The springs are 



characterised by highly sulphurous water (H2S), cloudy with 
suspended sulphate precipitate. The algal and baaerial content 
is high, the latter having a variety of colours including white 
and bright mauve. The chemical features are as follows: 

1) pH has a narrow range from 6.6 to 7.1. 

2) Conductivity is extremely high, reflecting the large amount 
of dissolved solids. Values from springs sampled in 1986 
and 1987 range from 1400 to 9100 Slcm. 

3) CaC03 (HCO3_) content is fairly low, but the SO, 
content is very h ~ g h :  up to 860 mg L-I. The ratio 
S0,/CaC03 at Kraus is 5  : 1. 

4) Fe content is moderate. Most other metals show concen- 
trations which are elevated above background but do not 
constitute significant anomalies. The exception is uranium 
which is significantly higher in Kraus than in most other 
springs tested. 

5 )  The very high conductivity of these springs is due to high 
salinity. K, Mg and Sr have high concentrations, while Na 
and CI have extremely high concentrations measurable in g 
L- I .  

The Meilleur Creek hotspring shows chemical similari- 
ties to the Kraus group except the carbonate content is higher 
and the sulphate content lower. The high salinities and other 
anomalous features of the Kraus group and Meilleur hot- 
springs are probably a result of the formations through which 
the waters pass. Kraus Hot Springs occur on the edge of the 
Besa River Formation. When this formation outcrops, it often 
has coatings of white and yellow secondary minerals which 
precipitate from fluids seeping from between fractures and 
bedding planes. 

The most significant anomalous springs come from the 
Meilleur River area. These springs are grouped together 
because they are anomalous in metals and the magnitude of 
the anomalies is not immediately explained by surface litho- 
logic changes. Springs 32 A and B have extremely high values 
of metals such as Ni, Co, Cd, Zn and U. The iron values 
are low in comparison. The conductivity of these two springs 
is similar as is the chemistry, however the pH is radically 
different: 3.8 vs. 6.8. These two outlets occur within 5m 
of each other along the South Headless Thrust fault. A num- 
ber of other springs were found in this area during the 1987 
field season. These are located near large faults and have 
the same field characteristics : high conductivity, variable pH 
and produce enormous amounts of SO, precipitate upon ad- 
dition of BaC12, suggesting high SO4 and metals content. 
One spring in particular has a conductivity of 3120 pS/cm 
and an Fe content so high that even after the addition of 
HNO, a great deal of Fe dropped out of solution. A green 
precipitate formed upon addition of BaCl, which later oxi- 
dized to red. This suggests that ferrous iron is the predomi- 
nant species of iron in this spring indicating that conditions 
are strongly reducing. 

DISCUSSION 
We have shown that the chemistry of the spring water in the 
study area is affected by lithology. The lithology to which 
the waters are exposed is, in turn, controlled by the fault 
system in which it moved. Chemical variations within the 
springs must be examined carefully to determine factors which 
might have contributed to the variation. The term "anoma- 
ly" as used here indicates a significant deviation from the 
chemistry of other springs emerging from similar rock types 
and having similar fault control. 

In the Meilleur River area most of the springs found in 
1986 and 1987 are located along faults, both mapped and 
unmapped. Some of the springs analyzed so far show ex- 
tremely anomalous metal values. A number of others which 
have yet to be analyzed have a high probability of showing 
similar results. The high values cannot be explained by 
changes in lithology and may be an expression of buried base 
metal sulphide deposits, or or an actively mineralizing sys- 
tem such as that which formed the Prairie Creek (Cadillac) 
Ag-Pb-Zn vein. 

Spring sampling for exploration is a relatively new tech- 
nology and has been used in the Howards Pass area (Jonas- 
son et al, in press). The possibility of detecting unexposed 
mineralization at depth makes this technique worthy of 
consideration. The location of springs is irregular and can- 
not be controlled by the sampler, therefore some areas have 
been well covered while others have received little cover- 
age. Stream sediment sampling has the advantage of cover- 
ing the entire area of a given catchment basin, but will only 
detect mineralized rock exposed at the surface. This spring 
sampling program was done in conjunction with a detailed 
stream sediment sampling program (Spirito, Jefferson and 
Pare, 1988) and joint application of the two methods has been 
stimulating. In the Medeur River area the correlation between 
stream sediment anomalies and spring anomalies for the same 
elements, combined with the possibility that spring water is 
indicating the presence of metal deposits at depth, adds va- 
lidity to the use of spring sampling as a complement to regional 
stream sediment sampling. 
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Abstract 

Freegold Mountain is part of a northwesterly-trending volcanoplutonic arc comprising the eastern 
portion of the Yukon Crystalline Terrane. Plutonic rocks intrude Paleozoic metasedimentary rocks and 
include Late Triassic to Early Cretaceous granodiorite which is intruded by the Big Creek Syenite dated 
at 138 10 Ma. The youngest rocks belong to a suite of K-rich subvolcanics which comprise an early 
period of basalt-andesite-dacite intrusions and a later rhyolitic intrusion dated at 78 f 6 Ma. These 
rocks at Freegold Mountain can be correlated with Mount. Nansen Volcanics. 

Associated with the FreegoM Mountain rhyolites are epithermal gold-quartz veins, vein-breccias and 
heterolithic diatreme breccias. Rare-earth element data suggest that rhyolitic magmas were produced 
by partial melting of upper crustal rocks, whereas andesitic-dacitic magmas may have been derived by 
crustal contamination of mantle-derived mafic magma. 

La montagne Freegold fait partie d'un arc volcanoplutonique orientt vers le nord-ouest comprenant 
la partie est du terrane cristallin du Yukon. Des roches plutoniques font intrusion duns des roches mttastf- 
dimentaires du Paltfzoi'que et comprennent de la granodiorite, de la fin du Trias au dibut du Crttact, 
qui est p&n&tr&e par la sytfnite de Big Creek dont l'cige est &value' b 1385 10 Ma. Les roches les plus 
jeunes appartiennent h une suite de roches sous-volcaniques riches en K qui comprennent une premibre 
pkriode d'intrusions de basalte-andksite-dacite et une dernigre intrusion rhyolitique dont 1 'rige est &valu& 
Q 78+ 6 Ma. Ces roches h Freegold Mountain peuvent Ctre mises en corrtlation avec les roches volcani- 
ques du mont Nansen. 

En association avec les rhyolites de Freegold Mountain on trouve desjlons de quartz auri@res &pi- 
thermiques, des brgches filoniennes et des brkches diatr2mes h&t&rolitiques. Les donnkes sur les terres 
rares suggkrent que des magmas rhyolitiques ont &t&produits par une fonte partielle des roches corticales 
suptrieures, tandis que des magmas andtsitiques-dacitiques peuvent avoir kt& dkrivtfs d'une contamina- 
tion corticale d'un magma majque dtfrivt? du manteau. 

Contribution to Canada-Yukon Mineral Development Agreement 1985-1989. 
' Present address: Dept. of Geology, University of Ottawa, Ottawa, Ontario K I N  6N5 

Dept. of Geology, McMaster University, Hamilton, Ontario L8S 4MI 



INTRODUCTION 
Freegold Mountain is at latitude 62'18' N and longitude 
137O07' W on NTS mapsheet 1 15 116 (Fig. 1). It occupies 
the eastern portion of the Dawson Range, a northwesterly 
trending volcanoplutonic arc that forms an important com- 
ponent of the Yukon Crystalline Terrane in southwest Yu- 
kon. 

The Freegold Mountain area has undergone relatively 
little detailed geological work in the past. The Carmacks map- 
area, including Freegold Mountain and Mount Nansen areas, 
was investigated in the early 1930's by Bostock (1935) and 
mapped at a 1 inch to 4 mile scale. During a three-year peri- 
od, he documented the rock types in the region and assigned 
relative ages to the major lithologies based on contact rela- 

The area saw little further work until D.J. Tempelman- 
Kluit conducted a reconnaissance scale (1 : 250 000) geolog- 
ical survey of the Carmacks map-area (N.T.S. 1 15 I) in 1978 
(Tempelman-Kluit, 1984). This work was the first attempt 
to resolve structure and age relationships by radiometric dat- 
ing within the Carmacks map-area. 

During 1985 and 1986 the first author conducted detailed 
investigations of the geology of gold deposits on the east side 
of Freegold Mountain, and mapped the surrounding terrain 
at a scale of 1 : 5000. The following is a detailed report on 
the geology of Freegold Mountain, including petrographic 
analysis of representative rock types, geochronology of 
intrusive rocks, and chemical classification of subvolcanic 
rocks in the area. 

tionships. 

Bostock's field assistant in 1932 and 1933, J.R. Johnston, GEOLOGY 
returned to the Carmacks area in 1936 to investigate the 
geology of the gold deposits discovered in the Freegold Moun- Five major rock-types occur (Fig. 2) : metasediments, syenite, 

tain area (Johnston, 1937). He mapped entire length and width granodiorite, andesite and rhyolite. These are further divid- 

of the northwest-trending Freegold Mountain at a scale of ed into subtypes, designated by the presence or absence of 

1 inch to 1000 feet. Although exposure is poor in the Dawson phenocrysts, fabric (ie.schist or gneiss) and compositional 

Range, he prepared a high quality map by tracing surficial variations. These descriptive parameters are useful for field 

float material in areas devoid of outcrop. This method is useful classification, and do not have any genetic implications. 

in most of the Dawson Range since Pleistocene glacial ad- 
vance was arrested to the southeast (Bostock, 1966). 
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Figure 1. Location map and geological setting of the southeastern Dawson Range, (modified from 
T e m p e l m a n - K l u i t ,  1984). 



Metasedimentary rocks 
The northeast portion of the map area is dominated by schists 
and gneisses of the Yukon Metamorphic Complex. The dom- 
inant lithology at Freegold Mountain is quartz-biotite schist, 
characterized by strongly foliated light and dark layers. The 
light coloured layers are rich in quartz and plagioclase, the 
darker layers, in biotite. In some areas thin, discontinuous 
lenses of coarse-grained quartz-feldspar-hornblende gneiss 
occur interbanded with quartz-biotite schist. Along contacts 
with syenite the metasediments are strongly foliated and 
indurated, and contain porphyroblasts of K-feldspar elongated 
parallel to the foliation. In general, the orientation of 
schistosity is concordant with the syenite contact. 

These rocks are thought to represent quartzites and grey- 
wackes of Paleozoic age (Johnston, 1937 ; Tempelman-Kluit, 
1984) which have been regionally metamorphosed during 
Jurassic arc-continent collision. 

Syenite 
The Big Creek Syenite (Tempelman-Kluit, 1984) occurs in 
the central and southern portions of the map area (Fig. 2). 
This unit consists of hornblende syenite porphyry and horn- 
blendite. The two lithologies are clearly related, the horn- 
blendite being the cumulate zone of a magma chamber and 
the hornblende syenite porphyry the residual material which 
crystallized above the cumulate zone. The contact between 
the two is subhorizontal and sharp. 

The hornblendite is intruded by hornblende syenite por- 
phyry and cut by veins of potassium feldspar. Hornblendite 
occurs predominantly on the north side of Freegold road east 
of Forrest Gulch, but has also been observed in trenches south 
of the head of Schist Creek where it is in contact with gneiss. 
This latter type of occurrence is also found at Emmons Hill. 
At a contact between syenite and the metasediments exposed 
in a trench south of the head of Schist Creek (Fig. 2), the 
syenite is hornblende-rich with the hornblende grains aligned 
parallel to the contact. The hornblendite generally contains 
between 80-100 % hornblende, with plagioclase making up 
the remainder. Sphene, magnetite and apatite are accessory 
minerals. 

The hornblende syenite porphyry is the dominant lithol- 
ogy making up 95 % of the total syenite exposed. Outcrops 
of this intrusion are massive and well jointed. This rock is 
characterized by the trachytoidal texture of tabular orthoclase 
megacrysts which can be up to 5 cm in length, but are 
commonly about 3 cm long. The rock has been estimated 
visually to contain on average, 50 % orthoclase, 20 % 
plagioclase, 5-10 % quartz and 20-25 % hornblende (Johnston, 
1937). According to Streckeisen's (1975) classification 
scheme for igneous rocks the proper name for this rock is 
'quartz syenite'. 

Granodiorite 
Granodiorite occupies the north-central and northwest por- 
tions of the map area (Fig. 2), and continues to the northwest 
for another 8 km. This intrusion was named the Seymour 
Creek stock by Johnston (1937). It is the eastern outlier of 
two larger granodiorite bodies mapped by Tempelman-Kluit 

(1984) (Fig. 1) as Casino Granodiorite. The rock is medium- 
to coarse-grained, equigranular to porphyritic with 
phenocrysts of pink and white feldspar. It contains oligoclase, 
quartz, orthoclase, hornblende and biotite with accessory 
sphene, iron oxide and apatite. The feldspars commonly show 
oscillatory zoning, and albite, pericline and Carlsbad 
twinning. Twinning is also common in the hornblende. 

Dykes 
The area is frequently dissected by two types of subvolcanic 
intrusions : andesitic to dacitic dykes and rhyolite dykes. No 
volcanic rocks are preserved in the Freegold Mountain area. 

Andesite and dacite dykes 

Green to grey dykes occur sporadically throughout the study 
area and are not volumetrically significant. There are too 
few dykes in the map area to establish a dominant orienta- 
tion ; however, those prevalent near the summit of Freegold 
Mountain strike northwest (Johnston, 1937). These dykes 
cut all rock types in the area except rhyolite.Hand samples 
vary from aphanitic to porphyritic, with phenocrysts of 
plagioclase, quartz and in places biotite or hornblende. Some 
dacite dykes contain xenoliths of granodiorite and 
metasedimentary country rock 

Monzonite porphyry and granophyre dykes (Johnston, 
1937) have not been differentiated and are shown on Figure 2 
as monzonite porphyry. They are relatively rare and cross- 
cutting relationships suggest that they were intruded after 
pluton and before andesite-dacite dyke emplacement. They 
have a distinctly granitic character in comparison to the 
andesite and rhyolite dykes and are probably the residual 
components of a granitic magma introduced after batholith 
emplacement. 

Rhyolite dykes 

Rhyolite dykes are conspicuous in the area in that they often 
form walls of outcrop, especially on the hillsides. Their resis- 
tant nature in outcrop is due to silicification, with quartz 
cementing brecciated dyke fragments and adjacent country 
rock, or occurring as veins within and concordant to the dyke. 

Two centres of rhyolitic intrusion are present in the area. 
A major dyke swarm occurs within the Antoniuk Breccia gold 
deposit in the north-central area of Figure 2 above Nabob 
Gulch. These dykes, which strike dominantly at 45" and dip 
vertically, are interpreted from diamond drill core observa- 
tions to be apophyses of a shallow, buried intrusion which 
generated the explosive event that created the Antoniuk 
Breccia. A second centre of rhyolitic intrusive activity is 
inferred north of the Camp Fault between Forrest and 
Rambler gulches. Although this area is considerably less 
exposed, a 350-m-long outcrop of brecciated rhyolite occurs 
along the north side of the Laforma road, east and west of 
Fairclough Gulch. The Alpha adit, between Forrest and 
Fairclough Gulch, is 75 m long and Johnston (1937) report- 
ed that most of it is in quartz porphyry. To the east, subcrop- 
pings of rhyolite are abundant south of the Rambler Vein 
and near Rambler Gulch. A dyke is exposed in Rambler Gulch 
above the Laforma road. This area of rhyolite intrusion is 
bounded by the Camp Fault, south of which no indications 
of rhyolite have been found. 
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Figure 2. Geology of eastern Freegold Mountain. 





Isolated rhyolite dykes, in addition to those exposed in 
two major centres of rhyolite intrusion, occur sporadically 
throughout the map-area. A long, possibly continuous set 
of rhyolite dykes oriented in a northwesterly direction out- 
crop discontinuously from west of Grizzly Gulch to Carpenter 
Gulch. These exposures, called the Whale Vein by Johnston 
(1937), are commonly brecciated and silicified. An impres- 
sive northeasterly trending "wall" of silicified rhyolite occurs 
along the east side of Nabob Gulch and joins a northwesterly 
trending wall which is well exposed in Nabob Gulch. It may 
be connected to the Whale Vein to the east. This wall is 3 
to 10 m in width and up to 10 m high. 

Banding is common in small dykes and along the con- 
tacts of larger ones. They are generally white to buff coloured 
and aphanitic to porphyritic with phenocrysts of quartz and, 
less commonly, feldspar. There are three main varieties as 
indicated on Figure 2 : quartz porphyry, quartz-feldspar por- 
phyry and felsite. The porphyritic varieties contain 
phenocrysts of quartz and/or alkali feldspar, which are 
commonly strained and brecciated. Quartz phenocrysts are 
embayed and have coronas with granophyric intergrowths, 
possibly resulting undercooling during emplacement of the 
rhyolitic magma. The matrix occurs either as a microcrystal- 
line groundmass or as micrographic intergrowths of fine- 
grained quartz and feldspar. Minor sericite, chlorite, tour- 
maline and pyrite occur as accessory phases, probably of 
secondary origin. The felsitic variety contains no phenocrysts 
and is homogeneously cryptocrystalline. 

Brecciation of rhyolite dykes is common. Autoclastic 
brecciation (syn-emplacement) is evident where the outer 
portions of the dyke are brecciated when in contact with 
country rock and inner portions are massive or flow banded. 
Later tectonic brecciation is apparent where rhyolite dykes 
have been emplaced along fault zones. In these locations, 
both rhyolite and country rock have been brecciated and 
silicified. 

Gold deposits 
Freegold Mountain hosts several different gold deposits but 
three distinct types of deposits are present within the map- 
area (Fig. 2) : (1) high grade, low tonnage gold-quartz vein 
deposits, e.g. the Laforma and Rambler veins ; (2) low grade, 
high tonnage gold-bearing diatremes, e.g. the Antoniuk 
Breccia ; and (3) Au-bearing stibnite-barite breccia veins, e.g. 
the Emmons Hill prospect. 

The vein deposits are narrow, discontinuous gold-bearing 
quartz veins trending north-northeast. Gold occurs as tiny 
inclusions within arsenopyrite and isolated fine grains, 
although visible gold is not uncommon. Qualitative analysis 
of gold particles by SEM equipped with an x-ray dispersion 
unit indicate a very low silver content (< 5 % Ag). Associated 
minerals are arsenopyrite, pyrite, galena, sphalerite, tour- 
maline and tennantite. The Laforma deposit has reserves of 
181 488 tonnes @ 11.3 g / t  Au (Yukon Exploration Geolo- 
gy, 1983). 

'The Antoniuk Breccia deposit consists of heterolithic and 
monolithic diatreme breccias intruded by dacite and rhyolite 
dykes. Diamond drilling indicates that a large body of fine 
to medium-grained alaskite is present beneath the auriferous 
breccia. The deposit is interpreted to have formed by the 
explosive escape of volatile components evolved by retro- 
grade boiling from the alaskitic magma. Gold occurs as 
isolated grains. Pyrite and arsenopyrite commonly replace 
Fe-bearing silicates in breccia fragments. Chalcopyrite, 
sphalerite, galena and pyrrhotite occur in trace amounts, as 
minute intergrowths or as inclusions within pyrite. 

The Emmons Hill gold-bearing vein-breccia deposit has 
a mineral assemblage of barite, stibnite, cinnabar, orpiment, 
Fe- and Mn-carbonates and chalcedonic silica. This deposit 
shows marked similarities to near-surface precious metal 
deposits in New Zealand (Ewers and Keays, 1977; Weiss- 
berg, 1969) and western United States (Weissberg et al., 
1979). 

A close spatial relationship is apparent between rhyolite 
dykes and gold-bearing quartz veins and breccias in the area. 
A rhyolite dyke exposed at surface and at depth in under- 
ground workings is spatially associated with and concordant 
to the trend of the Laforma gold-quartz vein (Fig. 2). This 
association can also be seen along the southern portion of 
the Rambler Vein. As discussed before, rhyolite dykes are 
also common in the Antoniuk Breccia gold deposit. In addi- 
tion, samples of stibnite-barite cemented breccia from the 
Emmons Hill prospect contain clasts of rhyolite, and recent 
trenching of the property indicates that rhyolite dykes are 
present in the vicinity (C. Hart, Noranda geologist, pers. 
comm., 1987). 

GEOCHRONOLOGY 
Metasedimentary rocks 
The metasedimentary rocks are the oldest lithology in the 
area based on field relationships showing that all igneous rocks 
cut them. They are considered to be Late Paleozoic 
(Tempelman-Kluit, 1984). 

Syenite and granodiorite plutons 
Contacts between syenite and granodiorite clearly show that 
the syenite has intruded the granodiorite. Figures 3 and 4 
show xenoliths of granodiorite within syenite and small 
"dykes" of coarse-grained syenite intruded along joints in 
the granodiorite. This observation shows that the Big Creek 
syenite is younger than the Casino granodiorite. This 
conclusion is problematic, however, in that K-Ar radiometric 
ages for the granodiorite and syenite (Tempelman-Kluit, 
1984) indicate that the syenite predates the granodiorite 
(Table 1). Of the two granodiorite samples in Table 1, the 
latter sample was taken from a rock type which does not 
resemble the granodiorite in the Freegold Mountain area, 
but is more characteristic of a fine-grained granite. It may 
therefore, represent an intrusion different in age from the 
Freegold granodiorite. 



Figure 3. Xenoliths 
granodiorite within matrix 
Big Creek syenite. 

Figure 4. Small (3- to 8-cm- 
wide) dykes of syenite intrud- 
ing along joint planes in 
granodiorite. 



Table 1. Radiometric age dates of granodiorite and 
syenite in the Freegold Mountain area (from 
Tempelman-Kluit, 1984) 

Granodiorite 
1. 110 + 8 Ma (hornblende separate, 7.2 krn SW of study area) 
2. 85 * 3 Ma (biotite separate, 4.5 krn NW of study area) 

Syenite 
1. 142 + 10 Ma (hornblende, within study area) 
2. 184 + 7 Ma (hornblende, 22 krn west of study area) 
3. 152 + 7 Ma (hornblende,ll km west of study area) 

Due to the discrepancies between field relationships and 
radiometric dates it was decided to investigate this problem 
furthur by dating the syenite using Rb-Sr method. Widespread 
propylitic alteration of the granodiorite in the study area 
precluded application of Rb-Sr or K-Ar dating. 

Analytical results 
Rb and Sr concentrations were determined by a Phillips PW 
1450 automated X-Ray Fluorescexice spectrometer using the 
Mo-Compton peak method described by Reynolds (1963) and 
Turek et al. (1977). The 87Sr/86Sr ratio was determined on 
a VG 354 five-collector solid-source mass spectrometer with 
magnetic field switching and data processing controlled by 
a Hewlett-Packard computer. All analyses were conducted 
at the McMaster University geochronology laboratory. 

The results obtained by XRF analysis and mass spec- 
trometry are presented in Table 2. Reproducibility of XRF 
results was generally less than 3 % relative error at the 2 level 
for the RbISr ratio. Blanket errors of 3.0 % were assigned 
to the 87Rb/86Sr ratio when calculating the radiometric age 
of the syenite. The error in the 87Sr/86Sr ratio was less than 
0.004 % at the 20 level. 

Calculation of the regression line using a modified York 
(1969) regression model on the 7 data points results in an 
age of 138 10 (20 error, MSWD = 0.62) with an R, = 
0.70597 f 0.00002 using blanket errors of 0.004 % for 
87Sr/86Sr and 3.0 % for 87Rb/86Sr. The isochron is plotted 
on Figure 5. 

Discussioiz of Rb-Sr dating results 
The age of 138 f 10 Ma is in agreement, within error, with 
two of the three K-Ar ages reported by Tempelman-Kluit 
(1984) for the Big Creek Syenite and very similar to the K- 
Ar date of 142 f 10 Ma for a sample taken in the vicinity 
of the study area. Thus it appears that the granodiorite from 
Freegold Mountain is older than granodiorite (dated 1 10 + 8 
Ma) 7.2 km to the southwest. This leads to two possibilities : 
either the K-Ar date for the granodiorite has been reset and 
is, therefore, in error or the granodiorite in the study area 
(Fig. 2) is not equivalent to the granodiorite dated by 
Tempelman-Kluit (1984). 

No comment can be made as to the accuracy of the K-Ar 
date or whether the granodiorites from the two areas are 

mineralogically and compositionally similar. An age for the 
Freegold Mountain granodiorite greater than 140 Ma, how- 
ever, would make it comparable in age to a large granodi- 
oritic body located just northeast of the study area which has 
yielded K-Ar ages of: 142 f 10 Ma (hornblende, Stevens 
et al., (1982)), 174 A 6 Ma (biotite), 177 f 9 Ma (biotite), 
and 180 f 9 Ma (biotite). The last three ages are corrobo- 
rated by a zircon age of 192 Ma (no errors given) (Stevens 
et al., 1982 ; Tempelman-Kluit, 1984). 

Based on physical characteristics, this Triassic granodi- 
orite cannot be correlated with the study area granodiorite 
since it has a lighter colour, lesser potassium feldspar, and 
a well developed penetrative foliation. Based on available 
radiometric dates, the granodiorite in the Freegold Moun- 
tain area known as the Seymour Creek stock is a separate 
entity in time and space. Samples of granodiorite from the 
study area have been submitted to the geochronology labora- 
tories at the Geological Survey of Canada where U-Pb dating 
on zircons and sphene will be undertaken in an attempt to 
further clarify the situation. 

Initial 87Sr/86Sr ratios greater than 0.706 reflect the 
contribution of radiogenic strontium from Precambrian rocks 
to rising magma bodies according to Rodgers et al., (1974) 
and Le Couteur and Tempelman-Kluit, (1976). If Mesozoic 
magma ascended through oceanic crust of Phanerozoic age, 
the initial 87Sr/86Sr ratio of about 0.704 would not be sig- 
nificantly affected by assimilation of wallrock Sr since the 
crust would not have accumulated much radiogenic strontium. 
The Big Creek Syenite is interpreted to be on the transition 
zone between regions floored by older Precambrian continen- 
tal crust and younger oceanic crust and was probably derived 
mainly by subduction- related melting of the younger oceanic 
plate (Le Couteur and Tempelman-Kluit, 1976). The initial 
Sr isotope ratio of 0.706 of Big Creek Syenite suggests that 
the magma was contaminated to a minor extent, if at all, by 
Precambrian continental crust (87Sr/86Sr =0.707-0.709 ; 
Faure and Powell, 1972) upon ascent. Thus the isotopic data 
are compatible with the model that the Big Creek Syenite 
marks the western boundary of continental crust in the Early 
Cretaceous. 

Andesites, dacites and rhyolites 
The dykes of these rock-types cut all other rocks in the study 
area and represent the last intrusive events in the area. The 
age differences of the above three are probably small although 
one outcrop between Grizzly and Nabob gulches shows a 
rhyolite dyke cutting a dacite dyke. It is evident from recon- 
struction of the Laforma Mine workings that fault structures 
cutting and displacing andesite dykes are parallel to faults 
along which rhyolitic magmas have intruded. The age of rhyo- 
litic intrusion is important because many precious metal 
deposits are temporally and spatially related to shallow- 
emplaced silicic magmas. The dating of rhyolitic dykes at 
Freegold Mountain may help therefore constrain the age of 
gold deposits in the area. 
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Table 2. Rb-Sr isotopic data for the Big Creek Syenite 

Sample # Rb Sr RblSr 87Sr186Sr 87Rb186Sr Comments 
(PPm) ( P P ~ )  (20 rel. error) (* 0.5 % error) I 

Hornblendite 

0.16764 hornblende 
separate 

0.60339 orthoclase 
separate 



The age of rhyolite dykes in the area has until now been 
unknown, although they have generally been correlated by 
Tempelman-Kluit (1984) with the Mount Nansen Volcanics, 
which have recently been dated as Late Cretaceous 
(73.1 + 2.5, 67.9 f -3,  and 68 t 2.2 Ma; Grond et al., 
1984) from samples taken near the village of Carmacks. A 
sample of coarser grained rhyolite dyke from the summit of 
Freegold Mountain, F85-33B, was submitted to Geochron 
Laboratories, Cambridge, Mass, for whole-rock K-Ar dating 
in order to determine the approximate age of rhyolitic intru- 
sion and, by association, the age of precious metal deposits. 
The analytical results done in duplicate are presented in 
Table 3. This sample yielded an age of 77.5 + 6.2. 

Sample F85-33B, like most other rhyolite samples in the 
Freegold Mountain area, has undergone hydrothermal alter- 
ation. Thus the age may not reflect the actual time of intru- 
sion and cooling but rather the age of hydrothermal altera- 
tion. However, the close spatial relationship between rhyolite 
dykes and quartz veins indicates that the period of time 
between intrusion and alteration is probably minimal and 
within analytical error. 

The model age of 77.5 $ 6.2 Ma is similar, within error, 
to the age of Mount Nansen and Carmacks group volcanics 
(Grond et al., 1985). The correlation of subvolcanic rocks 
in the Freegold Mountain area with Mount Nansen volcanics 
as suggested by Tempelman-Kluit (1984) is reasonable. The 
close temporal and spatial association of precious metal 
deposits with rhyolitic intrusion in the study area indicates 
that the age of mineralization is Late Cretaceous. The gold- 
bearing Casino porphyry copper complex located 100 krn 
northwest of Freegold Mountain has been dated at 70 f 5 Ma 
(Godwin, 1975). The association of gold-bearing quartz veins 
and porphyry copper deposits with felsic intrusion of Late 
Cretaceous age in the Freegold Mountain, Mount Nansen 
and Casino areas suggests that a regional volcanogenic- 
metallogenetic event occurred in the Dawson Range. 

The Late Cretaceous age of Freegold Mountain rhyolit- 
ic intrusion discounts any temporal correlations with Sku- 
kum rhyolites (53 * 2 Ma ; Pride and Clark, 1985), and also 
precludes correlation with the Nisling Range Alaskite (52-67 
Ma : Tempelman-Kluit and Wanless, 1975 ; Le Couteur and 
Tempelman-Kluit, 1976). 

GEOCHENIISTRY 

Table 3. Analytical data for K-Ar age determination for 
rhyolite sample F85-338 

Argon Analyses: 

4 0 ' ~ r ,  ppm 4 0 ' ~ r l ~ o t a l  4 0 ~ r  Average 40*Ar, ppm 

0.01529 0.562 
0.01518 0.568 0.01523 

Potassium Analyses: 

% K Ave.% K 40K, ppm 
2.806 2.776 3.31 1 
2.745 

Apparent Age = 77.5 & 6.2 (2 error) 

Constants Used: 

Ap = 4.962 x 10~~1year 

(Ae + A',) = 0.581 x 10'~lyear 

4 0 ~ / K  = 1.193 x l o 4  g/g 

4 0 ' ~ r  = radiogenic 4 0 ~ r  

Fresh samples of 'andesitic' rocks from the Freegold 
Mountain area plot within the subalkaline field of Figure 6A 
and within the calc-alkaline field of Figure 6B. Also plotted 
on Figure 3B are rocks found elsewhere in the Dawson Range 
thought to be contemporaneous (e.g. Quartz Porphyry dykes 
from Mount Nansen and Revenue areas) with the Freegold 
Mountain samples. These also plot within the calc-alkaline 
field. 

Unlike the andesite samples, most of the rhyolitic rocks 
in the Freegold Mountain area have been hydrothermally 
altered. Brecciated portions of the dykes are cemented by 
silica and cut by quartz veins. The rhyolite samples submitted 
for geochemical analysis appeared fresh in hand specimen 
but when examined microscopically, they contained small 
microveinlets of quartz and secondary sericite. Hydrother- 
mal alteration appears to have been pervasive, even in massive 
samples, to the extent that Na,O contents are all less than 
0.15 wt. % (Table 4). The chemical compositions of fresh 
Cordilleran rhyolites compiled by Ewart (1979) show average 
Na20 and K20  contents to range between 3.5 - 4.2 wt. % 

Representative chemical analyses of intrusive rocks in the and 3.3 - 4.8 wt. % , respectively. Although the average K20  

Freegold Mountain area are listed in Table 4, and the data content of Freegold rhyolites (4.0 i- 1.25 wt. %), is similar 
to the Cordilleran rhyolite average (4.1 f 0.7 wt. % ; Ewart, are plotted in Figures 6 to 8. 1979), the large spread of values for Freegold rhyolites 

Subvolcanic rocks (Fig. 7) suggests that some remobilization of K has occurred. 

The two types of subvolcanic rocks present in the map-area 
(Fig. 2) have been given the field terms andesite and rhyo- 
lite, based on Johnston's (1937) nomenclature. Chemical 
analyses of these rock types have allowed their classification 
to be refined according to methods proposed by Irvine and 
Baragar (1971), and Pecerillo and Taylor (1976). The 
classification system widely accepted for volcanic rocks is 
based on a binary alkalies-silica diagram and a ternary AFM 
plot (Figures 6A and B) using raw chemical data (Irvine and 
Baragar, 1971). 

Alkali mobilization (particularly sodium) in rhyolitic 
samples precludes their classification as alkaline or subalka- 
line rocks (Fig. 6A) using alkali-dependant classification 
methods. Based on the content of secondary minerals, 
Freegold rhyolite samples have been subdivided into highly 
altered (HA) and least altered (LA) fields (Fig. 6A). For 
comparison, fresh samples of Nisling Range alaskite which 
have similar silica contents and which are physically similar 
to coarser-grained rhyolite from the Antoniuk Breccia, are 
also plotted. By virtue of this similarity, it is proposed that 
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Figure 7. Chemical classification of dykes at Freegold Mountain and IVisling Range (after Pecerillo 
and Taylor, 1976). 

unaltered Freegold rhyolite samples would plot near the 
Nisling Alaskite samples on Figure 6A, still within the 
subalkaline field. 

A simple but useful chemical classification, particularly 
for relatively young (ie, not Archean) fine grained volcanic 
rocks, was proposed by Peccerillo and Taylor (1976) and 
modified by Ewart (1979). Figure 7 is a binary plot of K20 
(wt. %) vs. Si02 (wt. %) with the type-fields as proposed by 
Pecerillo and Taylor (1976). Samples plotted in Figure 6B 
are replotted on Figure 7 and fall within the basalt, andesite, 
dacite and rhyolite fields. Of the four samples shown as ande- 
site on Figure 6B, two plot as high-K dacites, one as high-K 
andesite and the other as a shoshonite (above the high-K basalt 
field). This shoshonitic sample was obtained from a dyke 
intruded into quartz syenite and the high KzO content of the 
basalt may reflect partial melting and incorporation of K- 
feldspar from the syenite. The rhyolitic rocks in the Free- 
gold Mountain area span the low-K, calc-alkaline (highly 
altered samples), and high-K rhyolite (least altered samples) 
fields. 

RARE EARTH ELEMENT DATA 

The range of chondrite normalized REE patterns for four 
samples of this rock group is plotted on Figure 8A. The upper 
limit is defined by the high-K basalt and the lower limit by 
the high-K dacite. The generally parallel trends in REE pat- 
terns, positive Eu anomaly and high-K content of this group 
suggest that they were derived from a single parenta,) magma 
source. The similarity in shape of the REE pattern between 
the 'andesitic' rocks and those of granodiorite (Fig. 8B) from 
the study area suggests that the andesites were derived from 
a granodioritic melt which had evolved slightly by minor frac- 

tional crystallization. Temporal relationships, however, 
exclude the Freegold Granodiorite itself as the parent magma. 

The basalt is aphanitic, while the andesite and dacite 
contain phenocrysts of plagioclase, hornblende and quartz. 
If the basalt is the earliest intrusive phase and formed from 
an undifferentiated melt, then decreasing REE abundances 
in andesitic and dacitic samples may be attributed to a frac- 
tional crystallization process. The REE partition coefficient 
for most minerals in basaltic to andesitic melts is less than 
1 (Henderson, 1982, Table 5.2a, p. 91), and therefore crys- 
tallization of minerals such as pyroxene and plagioclase would 
tend to enrich the residual liquid in REE, particularly the 
LREE. 'The REE pattern for this group of rocks, however, 
shows the opposite trend in that the more 'evolved' dacitic 
rocks have lower total REE abundances. 

The REE data, therefore, does not suggest that this group 
of rocks has evolved from a basaltic to a dacitic composition 
by fractional crystallization of a mafic melt. An alternate 
explanation involves mixing of mantle-derived magmas and 
magmas generated by partial melting of lower crustal material 
depleted in total REE's. This mechanism is supported by the 
documented tectonic setting of the area where volcanism and 
plutonism result from subduction of an oceanic plate under 
the North American continent (Tempelman-Kluit, 1979; 
Ewing, 1980). 

Rhyolites 
Chondrite normalized REE patterns for six rhyolitic intru- 
sions are shown in Figure 8C. LREE are enriched compared 
to HREE, and a negative Eu anomaly is present in all sam- 
ples. The negative Eu anomaly can be accounted for by the 
fractionational crystallization of plagioclase or sanidine from 
the original liquid. Since Eu partition coefficients (K 
MINERAL.LIQUID) for plagioclase and sanidine with respect to 



silicic melts is 3.8-7.9 and 3.3-6.5 respectively (Nash and 
Crecraft, 1985), the crystallization of either phase could 
produce a negative Eu anomaly in a rock formed from the 
residual magma. The low absolute abundances of LREE's, 
however, cannot be attributed to fractional crystallization of 
feldspar, but may be due to the fractionation of LREE-rich 
accessories such as allanite (K LREE = 750-2800; Mahood 
and Hildreth,l983) or monazite (Miller and Mittlefehldt, 
1982). These minerals were not detected in the aphanitic rhyo- 
lite samples from Freegold Mountain although the fine grain 
size of these rocks would make their recognition difficult. 

Aplite dykes of rhyolitic composition associated with the 
  is ling Range alaskites to the west are interpreted by Lynch 
and Pride (1984) to be the residual, phases of a fractionally 
crystallized, coarse- to medium-grained, alaskitic alkali gran- 
ite. These residual phases are chemically and texturally similar 
to Freegold Mountain rhyolites. The Nisling Range dykes, 
which have REE patterns similar to Freegold rhyolites, are 
LREE depleted, HREE enriched and have a more negative 

Eu anomaly relative than the coarse grained, allanite-bearing 
alaskite. Lynch and Pride (1984) argue that fractional crys- 
tallization of allanite in the early coarse- and medium-grained 
phases accounts for the REE trend. Similarily, fractional crys- 
tallization of allanite or monazite in the source melt of the 
Freegold rhyolites could account for the observed REE 
patterns. 

Another possibility is that the Freegold rhyolites were 
derived by partial melting of upper crust already depleted 
in residual plagioclase (Albuquerque, 1977), such as arena- 
ceous sandstone or greywacke. Anatexis of such a rock type 
could produce the REE patterns observed for the rhyolites. 

The REE abundances for the Freegold Mountain rhyo- 
lites are low compared to high-silica rhyolites from Twin 
Peaks, Utah (Nash and Crecraft, 1985), Taupo Volcanic 
Zone, N. Z. (Cole, 1979), Sierra La Primavera, Mexico and 
the Bishop Tuff, California (Mahood and Hildreth, 1983). 
They are comparable however, with high level rhyolite 
intrusion at Mount Skukum, Yukon (Smith, 1982). Smith 
also attributed the low LREE abundances and negative Eu 
anomaly of the Skukum rhyolites to fractionation of feldspar 
and LREE-rich accessory minerals. 

Comparisons of the REE patterns for rhyolitic intrusions 
(Fig. 8C) with those of 'andesite' (Fig. 8A) show that the 
rhyolites are more depleted in LREE and Eu. The HREE 
abundances are about the same in both groups. Whether or 
not the rhyolites are derived from a highly fractionated melt 
of original andesitic to dacitic composition is uncertain. In 
theory, fractional crystallization of mineral phases from a 
dacitic melt should enrich the residual silicic liquid in both 
light and heavy REE and produce a negative Eu anomaly 
(Arth, 1976). The Freegold rhyolites show a negative Eu 
anomaly, but are not enriched in LREE or HREE although 
the LREE depletion may be the result of fractionation of 
LREE-rich accessory minerals. The lack of HREE enrich- 
ment in the rhyolite suggests that their origin is not simple 
fractional crystallization of a dacitic melt. Rhyolitic volcanism 
at Freegold Mountain may have resulted from a separate 
melting event which occurred after andesite-dacite intrusion. 
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Abstract 

The Freegold Mountain area hosts several gold deposits which occur adjacent to the northwesterly 
trending Big Creek and Camp faults. Late Cretaceous rhyolite dykes and associated gold-quartz veins, 
e.g, the Laforma and Rambler deposits, have been emplaced in north-northeast-trending fault planes. 

Two sets offracture planes, oriented at 165 "/70 "E and 18 "/80° W, show dextral and sinistral dis- 
placement, respectively. Rhyolite dykes and gold-quartz veins oriented predominantly north-northeast 
have been emplaced along the 18"/80° W extensional fracture systems. These fractures may be modelled 
as high-angle Reidel shears, althoughjeld measurements show that fracture orientations and fault move- 
ment have been complicated by changing stress fields from mid-Cretaceous to Tertiary time. 

La rkgion de Freegold Mountain contient plusieurs gisements d'or qui se trouvent d cBt4 des failles 
nord-ouest de Big Creek et de Camp. Des dykes de rhyolite de la fin du Crktack et des filons de quartz 
aurifere associt?~, par exemple les gisements de Laforma et de Rambler, ont d k  mis en place duns des 
plans de failles orienth vers le nord-nord-est. 

Deux ensembles de plans de fractures, orient& h 165 "/70°E et 180/80° W, montrent des de'place- 
ments respectivement dextres et sknestres. Des dykes de rhyolites et desfilons de quartz auripre orientb 
surtout nord-nord-est ont it12 mis en place le long des rkseaux de fractures d'extension orientks selon 
18 "/80° W. Ces fractures peuvent avoir kt6 modelkes comrne cisaillement de Reidel a angle klevc?, bien 
que des mesures sur le terrain montrent que les orientations des fractures et le mouvement des failles 
ont kt6 compliqub par un changement de champs de tension entre le milieu du Crktack et le Tertiaire. 

' Present address: Department of Geology, University of Ottawa, Ottawa, Ontario KIN 6N5 
Department of Geology, McMaster University, Hamilton, Ontario L8S 4M1 

+ Contribution to Canada-Yukon Mineral Development Agreement 1985-1989. 



INTRODUCTION 
The structural geology of the Freegold Mountain area is of 
interest in that most ore deposits, particularly vein deposits, 
are structurally controlled. Figure 1 shows the location of 
major structures and precious-metal-bearing veins and brec- 
cias in the Freegold Mountain area. The development of a 
gold deposit requires tremendous volumes of fluid flow to 
transport and deposit sufficient quantities of low solubility 
metals. Ground preparation by structural deformation is a 
prerequisite for the creation of high permeability, particu- 
larly in nonpermeable igneous rocks. 

STRUCTURE 
The orientation of known major fault structures in the study 
area are shown in Table 1. 

The  Big Creek fault has been documented by 
Tempelman-Kluit (1984) to cut through Big Creek Valley 
northwest of Freegold Mountain. The dextral displacement 
of a granite by this fault system is a minimum of 14 km. 
The fault has been interpreted by Tempelman-Kluit to bisect 
Freegold Mountain, although no physical evidence of such 
a major fault system was observed in the study area (Fig. 2 
from McInnes et al., 1988). It is possible that the Camp fault 
is a splay or an offset extension (Sinclair et al., 1981) of the 
Big Creek fault and represents the plane of deformation in 
the Freegold Mountain area, although not enough data is avail- 
able as to its sense of motion and displacement to verify this. 

The Camp fault outcrops along the Freegold Mountain 
road just after the Laforma road turnoff (see McInnes et al., 
1988, Fig. 2). The fault has brittely deformed the syenite, 
leaving it highly brecciated and friable. No markers have 

Table 1. Orientation of major structural features 
at Freegold Mountain 

Structure Orientation Direction and Displacement 
Big Creek fault dextral, 14 km 
Camp fault dextral?/vertical? 
Pal fault dextral. 400 m 
Laforma Veinlfault sinistral, 75 m 
Rambler Veinlfault unknown 

been identified to indicate the sense of displacement along 
this shear zone, but the occurrence of hornblendite on the 
south side of the fault zone suggests that some vertical move- 
ment has taken place, which has raised the cumulate zone 
of the syenite above the elevation of syenite to the north of 
the Camp fault. This evidence is speculative however since 
the cumulate hornblendite cannot be considered a well de- 
fined marker horizon. 

The Pal fault is a major structure against which the south- 
ern end of the Laforma vein ends abruptly. Rhyolite dykes 
near the Pal fault turn westward, parallel to the direction of 
fault movement. The dykes have intruded along curving splay 
fractures created during dextral movement on the Pal fault. 
Intrusion of rhyolitic magma into these fractures during fault- 
ing accounts for the lack of brittle deformation that would 
normally accompany drag folding. 

In 1975, diamond drilling on the south side of the Pal 
fault intersected a quartz vein with mineralogy and gold grades 
similar to that of the Laforma Vein. This vein was interpret- 
ed to be the southern displaced portion of the Laforma Vein 
(Antoniuk, 1975). If so, about 400 m of dextral displace- 
ment has occurred on the Pal fault. 

Figure 1. Location of gold- 
bearing veins and breccias 
with respect to major structur- 
al features. 
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of highly brecciated rock and therefore the alignment of the 
dykes within the breccia is probably dependent on the atti- 
tude of an inferred magma source below the breccia, and 
not controlled by regional stress conditions. 

270 90 

FRACTURE PLOT 
Loci: 1 6 5 / 7 0 ~  n = 139 

18/80W 

Figure 2. Pole to fracture plot of 139 fracture planes in study 
area. 

The Laforma Vein was emplaced along a shear struc- 
ture which has sinistrally displaced an andesite dyke (Beavan, 
1963) about 75 m. The shear zone is highly brecciated, silic- 
ified and altered. Slickensides suggest that only strike-slip 
movement has occurred along this structure. The early, out- 
er portions of the vein are sheared and the quartz is fractured 
and cemented by later silica. The later, central portion of 
the vein is characterized by inward-growing cockscomb 
quartz. Cockscomb texture is indicative of crystal growth 
in an open fissure and shows that extensional movement has 
also occurred on the Laforma fault. 

Structural deformation in the study area 
Figure 2 is a pole to fracture plot of 139 fracture and fault 
planes measured within the study area, the majority at out- 
crop scale. Figure 2 shows two distinct trends; a dominant 
orientation at 165/70E and a secondary trend of 18180W. 
Figure 3 contains rose diagrams of dyke orientations within 
the study area. Figure 3A displays the cumulative orienta- 
tion of 46 different dykes of varying composition. From this 
plot there are two principal directions, a north-northeast and 
a northeast trend. In order to characterize the structural control 
on dyke emplacement, rhyolite dyke orientations were mea- 
sured. This places a temporal constraint on the structures 
studied since the timing of rhyolitic intrusion has been defined 
as Late Cretaceous (77.5 f 6.2 Ma, McInnes et al., 1988). 

Figure 3B is an isolated plot of rhyolite dykes within 
the Antoniuk Breccia, and it is apparent that a preferred orien- 
tation exists between 40" and 60". These dykes are inter- 
preted to have intruded through a semiconsolidated matrix 

Figure 3C is a plot of remaining rhyolite dykes in the 
study area. These dykes show a dominant principal orienta- 
tion between 0" and 20°, and two minor trends at approxi- 
mately 100-120" and 140-160". The orientation of dykes 
along a 0" and 20" trend, similar to the secondary fracture 
orientation on Figure 2, is inteiapreted to represent emplace- 
ment of rhyolites along secondary extensional fracture zones. 
Further evidence to suggest that extension occurs along these 
secondary fractures are the Laforma and Rambler gold-quartz 
veins (up to 2 m in width and displaying open-space filling 
textures) oriented at 22" and 32", respectively. Furthermore, 
the permeability provided by extensional fractures and faults 
is a necessary prerequisite to fluid flow, mineral deposition 
and vein formation. On a more regional scale, rhyolite dykes 
emanating from the Nisling Range alaskite have a preferred 
northerly trend (Tempelman-Kluit, 1976). The similar orien- 
tation of rhyolite dykes at Freegold Mountain and the Nisling 
Range suggests a northerly oriented extensional fracture sys- 
tem may have persisted throughout the Dawson Range dur- 
ing Late Cretaceous to Tertiary in response to regional stress 
conditions. 

Tensional and extensional processes operating in north- 
ern British Columbia (similar to those acting in Yukon) have 
been interpreted to have controlled northeast-trending nor- 
mal block faulting (Gabrielse, 1985) and the emplacement 
of northerly trending lamprophyre dykes, and the peralka- 
line Stikine Lavas (Souther, 1977). Three occurrences of 
slickensides observed in the study area indicate that some 
fracture systems oriented north to northeast have had a verti- 
cal component of movement. Although no indication of the 
amount of displacement was evident, the presence of such 
features oriented north to northeasterly does indicate that 
block faulting may have occurred at Freegold Mountain. 

Interpretation of structural deformation 
in the study area 
Shearing within the competent rocks of the Freegold Moun- 
tain area has led to brittle deformation characterized by the 
abrupt offset of markers, and the occurrence of faults and 
fault breccias as defined by Ramsay (1980). Laboratory 
experiments conducted by Reidel in 1929 and later confirmed 
by Tchalenko (1968) using different material under brittle 
conditions, show that materials within a shear zone develop 
fracture systems in a systematic and orderly fashion. 
Figure 4a, redrawn from Roberts (1987) and O'Brien (1985), 
shows the orientation of shear fractures, and the direction 
of movement across them. The first fractures to form are 
the low-angle Reidel (R) and the high-angle Reidel (R') 
shears. The next to form are the reverse or pressure shears 
(P), followed by principal shear fractures (D). Extension frac- 
tures (T) are also formed during shearing. Their location is 
on a plane generally perpendicular to the X axis on a strain 
ellipsoid (principal stress direction = a , ) .  



Figure 3. Rose diagrams of dyke orientations: (a) all dykes present in study area; (b) rhyolite dykes 
within Antoniuk Breccia; (c) rhyolite dykes in study area (excluding Antoniuk). 

Since the Freegold Mountain area occurs between two 
megastructures where well documented shearing has oc- 
curred, it is possible that fractures and vein orientations within 
the area are controlled by conditions similar to those of the 
Reidel model. The area shows brittle deformation and shear 
development which would provide favorable conditions for 
Reidel shear development. Figure 4b shows the orientation 
of known fractures and shear fractures in the Freegold Moun- 
tain area. The Tintina fault and smaller faults in the area such 
as the Big Creek and Camp faults are designated as the ma- 
jor shear zone boundaries. The principal stress direction dur- 
ing Cretaceous deformation was 160" (Gabrielse, 1985). The 
orientation of fractures and shear zones in the Freegold Moun- 
tain area (Fig. 2 ;  Table 1) do not compare favorably to a 
Reidel model of fracture orientation (Fig. 4a) since only one 
of the observed fracture orientations, at 18", fits the predict- 
ed orientation of the high-angle Reidel shear fracture. Sinis- 
tral displacement along the Laforma veinlfracture system 
(which at 22", represents the general 18 trend within error 
of measurement) is similar to that predicted by the model 
and may therefore be a high-angle Reidel fracture. None of 
the other observed shears, however, fit the model and it is 
possible that shearing at Freegold Mountain is not controlled 
by the Reidel model. The possible reasons for discrepancies 
between observed and predicted structures are: 

1. The area between the principal bounding shear zones is 
too large to be modelled according to laboratory experiments. 

2. A vertical component of movement along the shear zones 
affects the predicted orientation of fracture patterns. 

3 .  Fracture patterns in the Freegold Mountain area are the 
result of non-uniform, continually changing stress conditions 
and do not reflect a state of constant deformation conditions. 

4. Most of the stress is taken up along the major shear zones 
with low competency rocks and that the interior regions 
'undergo a stress regime too low to produce Reidel shears. 

The 18" fracture orientation is interpreted to have had 
both shear and extensional components and thus may repre- 
sent a modified extension fracture (Fig. 4a). Fractures at 165" 
fracture orientation show dextral displacement and do not 
appear to be zones of major extension, although some dyke 
units do have this orientation. The Pal fault (150") may be 
a member of this fracture family. If this is the case, then 
fractures and dykes with 165" orientation postdate those strik- 
ing at 18". 

Gabrielse (1985) documented the change in general orien- 
tation of principal stress in the northern Cordillera using fold 
axes trends and the orientation of transcurrent faults in con- 
junction with their presumed ages. There appears to have 
been a change of a, from northeast in pre-Albian time, to 
north-northwest in the middle Cretaceous, followed by north 
to northeast in Late Cretaceous to early Cenozoic time. If 
the Big Creek and Camp faults are subsidiary middle Creta- 
ceous to Early Tertiary shear zones, parallel to the Tintina 
fault, they represent transcurrent faulting under a northwester- 
ly principal stress direction. The timing of rhyolite dyke and 
vein emplacement along the 18" fracture orientation of Late 
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Figure 4 (a). Development of Reidel fractures in an area 
with shear zone boundaries (SZB) oriented at 130° (rsdrawn 
from Roberts, 1987); (b). Orientation of fracture planes and 
shear zones at Freegold Mountain. 

Cretaceous (78 Ma) may represent regional o, orientation 
to the northeast. Later offset of 18" fractures by movement 
on 165" fractures may have resulted from the reorientation 
of principal stress to a more northerly orientation. 

Changing stress conditions through time may explain the 
orientation and crosscutting relationships of fracture zones 
observed in the study area, which are similar to those 
documented by Gabrielse (1985). The presence of non- 
unidirectional stress fields operating over long periods of time 
may explain why fracture orientations cannot be modelled 
as composite Reidel shears. 
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Abstract 

Conodonts from the central and western belts of the group are Late Permian through Late Triassic 
in age; there are no limestones as old as the limestone olistolithes within the eastern belt of the Cache 
Creek Group, and no relationship between the two can be demonstrated. Upper Permian conodonts~om 
the Marble Canyon Formation have Asiatic afinity. The age of the main limestone body extends into 
the Early Triassic in the north and therefore the limestone includes the Permian - Triassic boundary 
within it. Farther south, a transition from massive limestone to argillite occurs near the base of the Trias- 
sic. In the central and southern parts of the Marble Range, argillaceous Triassic sediments predominate, 
but clastic limestones are widespread and document a history of Triassic reworking. 

Les conodontes des zones centrale et occidentale du groupe datent du Permien suptfrieur au Trias 
supkrieur. On ne trouve aucun calcaire aussi ancien que les olistolithes de calcaire de la zone est du 
groupe de Cache Creek, et aucune relation entre les deux ne peut &tre tftablie. Les conodontes du Permien 
supkrieur de la formation de Marble Canyon ont une afinittf asiatique. L'kge de la masse de calcaire 
principale remonte au Triassique infkrieur duns le nord de sorte que le calcaire renferme la limite Permien- 
Trias. Plus au sud, il y a une transition du calcaire massifd l'argilite prbs de la base du Trias. Duns 
les parties centrale et mtfridionale du chainon Marble, les stfdiments argileux du Trias dorninent, mais 
on trouve beaucoup de calcaires clastiques indiquant un remaniement du Trias. 

' Department of Geological Sciences, University of British Columbia, 
Vancouver, B.C. V6T 2B4 



INTRODUCTION A. Jesmond area 

This paper is a progress report on the study of conodont bio- 
stratigraphy of the Cache Creek Group in the Marble Range, 
south-central British Columbia. The Marble Range, located 
in Ashcroft and Bonaparte River map areas, forms the 
westernmost part of the Intermontane Belt. It is underlain 
largely by the Marble Canyon Formation (Duffell and McTag- 
gart, 1952), which is synonymous with the central belt of 
the Cache Creek Group of Trettin (1980) and Monger and 
McMillan (1984). Fusulinids from the Marble Canyon For- 
mation have 'Tethyan' affinity, which has led to the sugges- 
tion that the Cache Creek Group as a whole represents a far- 
travelled terrane accreted to Western North America. 

The internal cohesion of the Cache Creek Group remains 
uncertain however, largely due to complex structure, poor 
outcrop, and limited fossil control. The discovery of 
conodonts (Orchard, 1981, 1984) and radiolarians (e.g. Cor- 
dey, 1986) in the Cache Creek Group provided the impetus 
to attempt to resolve the internal and external relationships 
of the group through detailed biostratigraphic research. 

PREVIOUS WORK 
Orchard (1984) summarized the conodont biostratigraphy of 
the eastern belt, or "melange unit" of the Cache Creek 
Group, partly based on the mapping of Shannon (1981). The 
chertlphyllite matrix of this belt includes Late Permian and 
Late Triassic conodont faunas, and radiolarians of Late and 
probable Middle Triassic age (Cordey, 1986). Carbonate 
olistoliths within the eastern belt are Late Pennsylvanian and 
Early Permian in age. 

There is relatively little published paleontological data 
from the western belt of the Cache Creek Group per se. How- 
ever, most sediments lying to the west of the Marble Canyon 
Formation, including the 'Pavilion beds', are Triassic in age 
(Rafek, in Trettin, 1980; Orchard, 1981). 

The Marble Canyon Formation is well known for its Up- 
per Permian fusulinids (see Trettin, 1980 for summary). 
Conodonts are generally uncommon in the limestone unit, 
particularly where fusulinids are abundant. Published ac- 
counts of other microfossils from the central belt of the Cache 
Creek Group are of Early and Late Triassic conodonts 
(Orchard, 1984) and Middle to Late Triassic radiolarians 
(Cordey, 1986). 

CONODONT BIOSTRATIGRAPHY 
IN THE MARBLE RANGE 
Recent work on the Cache Creek group has focused on four 
main localities (Fig. I), from north to south: the Jesmond 
area (A), Pavilion Mountain (B), Marble Canyon (C) and 
Cornwall Hills (D). Each of these areas were known to contain 
productive lithologi~s from the reconnaissance sampling of 
K.R. Shannon, M.J. Orchard and N.M. Mortimer. During 
1986 and 1987, about 300 samples were collected for 
conodont processing and of those processed, over one half 
have yielded conodonts. 

Limestone outcropping along the Jesmond fire-lookout ac- 
cess road is slightly to strongly recrystallized, and common- 
ly dolomitized. Two separate sequences are recognized. The 
lower consists of at least 35 m of poorly bedded, partly silic- 
ified, dark grey limestone in which small, disarticulated cri- 
noid stems are the only recognizable macrofossils. This lime- 
stone contains a Late Permian conodont fauna dominated by 
'Diplognathodus ' (?Iranognathus) and Hindeodus, with few- 
er Neogondolella. The precise age of this fauna is uncertain 
because the principal elements of the fauna are new to North 
America. However, comparisons with successions in Tran- 
scaucasia and China suggest a very young Permian age. 

The upper sequence, which is separated from the Permian 
section by non-exposure, comprises 84 m of almost flat ly- 
ing, generally well-bedded, pale grey to white-weathering 
micrite. Some beds include algal laminates but other macro- 
fossils are rare. Two conodont faunas are recognized in the 
upper sequence. An older fauna consists of relatively large 
and robust ramiform elements tentatively referred to Elliso- 
nia, a genus that ranges through both the Permian and Trias- 
sic. Higher strata contain Neospathodus species of Early Tri- 
assic age. 

B. Pavilion Mountain 
Outcrop along the road to Pavilion Mountain includes cen- 
tral belt carbonates that are strongly recrystallized or 
metamorphosed to marble. Farther west, argillite is com- 
mon and in places contains interbedded carbonate and lime- 
stone clasts. A carbonate interbed from a 42.5-m section, 
has yielded Late Triassic conodonts, whereas limestone clasts 
within the same section contain Early Triassic conodonts. 
This relationship suggests that Early Triassic strata were 
reworked during the Late Triassic. 

C. Marble Canyon 

The first account of conodonts from the Cache Creek Group 
was based on a locality in Marble Canyon (Orchard, 1981). 
This fauna was remarkable in providing the first record of 
Early Triassic strata in the entire Canadian Western Cor- 
dillera. It remains the richest, and perhaps the oldest, Trias- 
sic faunule recovered to date, and the only one in which ele- 
ments of Permian aspect are also known. One of these 
Permian elements corresponds to the 'Diplognathodus ' that 
occurs at Jesmond. As noted by Orchard (1981), in the area 
of Marble Canyon, reworking of Permian limestones during 
the Early Triassic is implied. The Early Triassic sediments, 
which are dominantly argillites with thin black limestone 
interbeds, lie adjacent to massive Permian limestone and were 
formerly regarded as part of the Marble Canyon Formation. 
Late Triassic Strata outcropping farther to the west (MaCal 
in Orchard, 1981) are siliceous limestones that yield Late 
Triassic conodonts. 

Permian conodont data from this area are sparse, but 
particularly interesting since the classic locality for Yabeina 
occurs nearby. Conodonts from within the main body of the 
Marble Canyon Formation near the Hat Creek road (Fig. 1) 
include 'Sweetognathus' in association with Late Permian 
Neogondolella. The relationship of the former to the Early 



Permian sweetognathids that are well known in western North 
America (including the Harper Ranch Group of Quesnel Ter- 
rane) is uncertain, but we suspect that the form evolved iter- 
atively from diplognathodids by broadening of the carinal 
nodes. Similar 'Sweetognathus ' have not been described from 
North America but they do occur throughout the Late Per- 
mian shelf areas of Asia. 

D. Cornwall Hills 
Outcrop at Cornwall Hills has been included within the Mar- 
ble Canyon Formation by Monger and McMillan (1984). The 
sediments exposed along the road to the lookout are extremely 
variable, consisting of grey radiolarian chert, carbonaceous 
tuff, mafic volcanics, dolomitized and recrystallized car- 
bonate, and oolitic and brecciated limestones. One conodont 
faunule collected by K. Shannon from a limestone near the 
summit of Cornwall Hills contains Epigondolella and is thus 
Late Triassic (Orchard, 1984), but nearby a limestone con- 
glomerate containing large clasts of oolitic limestone produced 
Early Triassic Neopathodus and a single specimen of Platyvil- 
losus (unrecorded elsewhere in Western Canada). Other out- 
crops in this area expose mainly argillite and vocaniclastic 
material in which limestone clasts are common. As in the 
Pavilion Mountain area, these clasts sometimes include Ear- 
ly Triassic conodonts, but associated matrix has yet to be 
dated. Thin bedded limestones associated with argillites in 
the same area are both Early and Late Triassic in age, and 
bedded radiolarian chert is dated as Middle Triassic. 

Figure 1. Outline map of the Cache Creek Group in Ash- 
croft and Bonaparte River map areas showing the location 
of principal localities mentioned in the text (based largely on 
Trettin, 1980). 

CONCLUSIONS 
1. Upper Permian conodonts from the Marble Canyon For- 
mation are unlike those described elsewhere in North Amer- 
ica, but are similar to forms known in Asia: Upper Permian 
'Sweetognathus', typical of sequences in China, occurs in 
association with the Tethyan fusulinid Yabeina. Additional 
'Diplognathodus ' (?Iranognathus) species are also new to 
North America. 

2 .  Lower Triassic limestone overlies Upper Permian lime- 
stone at the north end of the Marble Range near Jesmond: 
the Permian - Triassic boundary therefore falls within the 
Marble Canyon Formation. In contrast, farther south in the 
Marble Canyon area, the boundary appears to be marked by 
an abrupt facies change, and there is some evidence that Late 
Permian conodonts were reworked during the Early Triassic. 

3. Conodont-based correlations reveal that significant fa- 
c i e ~  variations occur within the Cache Creek Group. Lower 
Triassic sediments in the central and western belts include 
thick algal limestones, argillites with thin black carbonates, 
coarse clastic limestone including oolitic limestone clasts, 
and volcaniclastics. Middle and Late Triassic sediments are 
chert, argillite and minor limestone, some of which appear 
to be reworked. 

4. No pre-Upper Permian limestone source beds for the car- 
bonate olistoliths of the eastern belt of the Cache Creek Group 
are identified in the Marble Canyon Formation. 'The possi- 
bility that the adjacent Quesnel Terrane to the east is the source 
of the olistoliths is given credence by the occurrence of coeval 
and conspecific Early Permian conodonts in both the 
olistoliths and the Harper Ranch Group, the Paleozoic base- 
ment of Quesnel Terrane (Orchard, 1987). 
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Abstract 

m e  Purcell thrust fault emplaces a far-travelled structural slice of Precambrian basement gneisses 
and their possible cover rocks over Hadrynian Miette through Middle Cambrian strata of the Chatter 
Creek thrust sheet on the west limb of the Porcupine Creek Anticlinorium. The Porcupine Creek Anticlino- 
rium and the Baker Glacier Syncline, two broad, open folds are the dominant structural elements in the 
footwall of the Purcell thrust fault, south of Hugh Allan Creek. 

About 3100+ m of middle and upper Miette are involved in the core and flanks of the Porcupine 
Creek Anticlinorium. The Gog Group is about 1000 m thick on the west flank of the Porcupine Creek 
Anticlinorium but decreases to 700 m on the west flank of the Baker Glacier Syncline. It is overlain by 
up to 2000 m of massive Middle Cambrian carbonates in the southwestern part of the area. 

Metamorphic grade rises westwardfrom greenschist grade to amphibolite grade with kyanite-staurolite- 
bearing assemblages. 

La faille de charriage de Purcell met en place une tranche structurale lointaine de gneiss du socle 
prdcambrien et sa roche de couverture possible sur des couches de 1 'Hadrynien-Miette au Cambrien moyen 
de la nappe de charriage de Chatter Creek sur le jlanc ouest de l'anticlinorium de Porcupine Creek. 
L'anticlinorium de Porcupine Creek et le synclinal de Baker Glacier, deux larges plis ouverts, sont les 
616ments structuraux dominants dans l'tfponte infdrieure de la faille de charriage de Purcell, au sud du 
ruisseau Hugh Allan. 

On trouve environ 3100+ m de la formation tant moyenne que suptfrieure de Miette dans le noyau 
et les jlancs de l'anticlinorium de Porcupine Creek. Le groupe de Gog a environ 1000 m d'e'paisseur 
sur lepanc ouest de l'anticlinorium de Porcupine Creek, mais cette e'paisseur diminue a 700 m sur le 
flanc ouest du synclinal de Baker Glacier. I1 est recouvert d'une 6paisseur allant jusqu'ci 2000 m de 
carbonate massif du Cambrien moyen dans la partie sud-ouest de la rtfgion. 

Les qualitds des roches mdtamorphiques augmentent vers l'ouest d'une qualitd schiste vert li une 
qualitd amphibolite avec des assemblages contenant de la kyanite-staurolite. 

I Department of Geological Sciences, McGill University, 
3450 University Street, Montreal, Quebec H3A 2A7 



INTRODUCTION laterally alternating with brown dolomitic sandy carbonate. 

The study area (Fig. 1) forms a part of the Western Main 
Ranges and is bounded to the west by the Rocky Mountain 
Trench a major physiographic and structural feature which 
marks the boundary between the Western Main Ranges to 
the east and the Omineca Crystalline Belt to the west. It is 
accessible by helicopter from Valemount 70 km to the north- 
west. 

Previous work in the area includes reconnaissance map- 
ping by Campbell (1968), and by Price and Mountjoy (1970) 
(Operation Bow-Athabasca) and M.Sc. thesis research and 
mapping by Craw (1977), Leonard (1985) and Oke (1982). 

Field mapping in 1986 and 1987 was at a 1 :50 000 scale. 

The Porcupine Creek Anticlinorium (PCA), a major 
regional structure, extends through the study area and ap- 
pears to terminate either just south or north of Hugh Allan 
Creek. The study of the evolution of this structure is one 
of the principal objectives of the present project. Previous 
research on the Porcupine Creek Anticlinorium to the south 
of the study area includes the works of Balkwill (1972), Craw 
(1977), Ferri (1984), Gardner (1977), and Mielliez (1 972). 

It is associated with a thick green pelite and a black pelite 
with abundant pyrite porphyroblasts. Markers C and B ap- 
pear to correlate with the widespread carbonate that occurs 
in the upper part of the middle Miette to the north. 

Upper Miette Group 

A continuous 1650-m-thick section of upper Miette Group 
exposed on the west flank of the PCA was measured in de- 
tail, and is divisible into four units. The structural deforma- 
tion in this section is minor. The basal unit consists of 580 
m of monotonous grey, brown weathering pelites. Towards 
the top are minor beds of psammites, semipelites and sandy 
carbonates. A second unit consists of 440 m of grey lime- 
stones, sandy dolomitic carbonates, calcareous pelites and 
grits. A third unit includes about 360 m of grey, brown 
weathering chloritoid and/or garnet slates and schists. 'The 
uppermost unit, 270 m thick, is characterized by the first 
appearance of quartz sandstones in the upper Miette Group. 
It consists of brown weathering interbedded pelites and quart- 
zites. The proportion and thickness of quartzites increase 
upwards. 

STRATIGRAPHY Gog Group 

The area is underlain by Hadrynian to Cambrian Miette and 
Gog Group and unnamed Middlle Cambrian strata (Fig. 2). 
The exposed stratigraphic sequence is about 5000 m thick. 

Miette Group 

Middle Miette 

In this area the upper Miette and only the upper part of the 
middle Miette outcrop. A minimum of 1500 m of middle 
Miette strata occur on the flanks and in the core of the PCA 
but only the uppermost 600 to 800 m are well exposed as 
compared to about 2500 m exposed immediately north of 
Hugh Allan Creek (Mountjoy and Forest, 1986). Typical mid- 
dle Miette Group strata consist of 20-100-m-thick composite 
grit units and interbedded green or grey pelites and slates. 
A typical individual grit unit is characterized by basal, un- 
sorted pebble conglomerates grading upward into medium- 
to coarse-grained psammites. Graded beds provide useful 
way-up criteria. 

The uppermost 100-200 m are transitional to the upper 
Miette Group with pelites, semipelites and psamrnites increas- 
ing upsection. 

A reddish calcareous grit-psammite unit (about 20-40 m 
thick) interbedded with green semipelites and psammites is 
exposed on two ridges on the west flank of the PCA about 
1000 m below the top of the middle Miette (Marker "B" 
in Fig. 2, 4b). A second marker is a brownish sandy car- 
bonate that occurs within a 100-m-thick green pelite about 
1500 m below the top of the middle Miette (Marker "A"). 
Another carbonate marker occurs on the faulted northeast 
limb of the PCA (Marker "C"). Its exact stratigraphic posi- 
tion is not certain but could be a lower lateral equivalent of 
Marker "B". It consists of 2-3 m of black micritic limestone 

A 1200-m-thick sequence on the west flank of the PCA is 
assigned to the Lower Cambrian Cog Group on the basis 
of a lithologically distinct three-fold division, relative thick- 
nesses and stratigraphic position above the upper Miette. No 
fossils were found in this sequence due to the high grade of 
metamorphism. The lowest unit has a minimum thickness 
of 800 m and consists primarily of quartzites and is assigned 
to the McNaughton Formation. It is overlain by carbonates, 
pelites and quartzites of the Mural Formation which in turn 
are overlain by quartzites of the Mahto Formation. 

The predominant lithology of the McNaughton Forma- 
tion is a medium- to coarse-grained, light coloured, cross- 
bedded quartzite. Greenish, reddish and black sands and mi- 
nor recessive pelitic horizons are also present. The contact 
with the underlying upper Miette Group is apparently 
conformable and was placed at the first thick light grey quart- 
zite, which at a distance is easily distinguished from the more 
brownish weathering interbedded quartzites and pelites of 
the upper Miette Group. The McNaughton Formation thins 
rapidly westward from a minimum of 800 m on the west flank 
of the PCA to about 360 m in the core and on the west flank 
of the Baker Glacier Syncline (Fig. 4a, 4b). 

The overlying Mural Formation is a relatively incompe- 
tent horizon sandwiched between two competent units that 
has experienced intense ductiie folding. Its thickness varies 
between 50 and 120 m. It is mainly interbedded carbonates, 
calcareous pelites, pelites, quartzites and two distinct map- 
pable coarsely crystalline, grey marbles each between 10 to 
25 m thick. 

The Mahto Formation varies between about 180 and 
250 m. It is formed by brown weathering, slightly recessive, 
well-bedded quartzites and thinner interbeds of dolomitic san- 
dy carbonates. 



Middle Cambrian (?) carbonates 

More than 2000 m of mainly massive carbonates and subor- 
dinate pelites conformably overlie Mahto strata in the Baker 
Glacier Syncline, south of Baker Creek. A basal 200 m thick 
argillaceous unit was observed and may correlate with the 
Tsar Creek argillite first recognized by Fyles (1960). It 
consists of light yellow, fissile pelites, semipelites and car- 
bonates. The basal unit is overlain by a 700- to 800-m-thick 

sequence of alternating 10- to 70-m-thick bands of: 1) brown- 
weathering, thinly interbedded black carbonate, dolomitic 
and pelitic layers; and 2) massive grey or white marbles. 
These lithologies are similar to the ones described by Craw 
(1977) as the Kinbasket Formation. South of Dawson Creek 
this sequence is overlain by massive, cliff-forming, light 
brown or grey carbonates at least 1000 m thick. The whole 
sequence is stratigraphically equivalent to but differs litho- 
logically from the Middle Cambrian Chancellor Group 

M 8  Middle Cambrion 
GOG Gog Group 
U M  Upper Miet te  
MM Middle Mie t ie  
LMP Lower Miette Polite 
LMG Lower Miette Grit 
LK ? Lower K a z o  Group 
H T f ?  Horsethief Creek Group - Quartzite 
Gn Gneiss 

BL Blackman 
Y Yellowjacket 
B Bul ldog 
HA Hugh Allan 

PCA Porcupine Crook Anticlinorium 
BGS Baker Glacier Syncline 

Figure 1. Regional compilation map of the Park and Selwyn Ranges, B.C., with location of the study 
area. Information modified from Mountjoy and Forest (1986) and Craw (1977). 



exposed along strike to the southeast. These massive cliff- 
forming marbles are more characteristic of the Middle and 
Upper Cambrian carbonate formations of the eastern Main 
Ranges. The change from carbonate to shale facies marks 
the western margin of an extensive carbonate platform termed 
the Kickinghorse Rim by Aitken (1971). This platform mar- 
gin trends more westerly and is oblique to the northwest struc- 
tural trend. The facies change observed near the Wood River 
fits the trend and appears to be the continuation of this plat- 
form margin. 

STRUCTURE 
The structure in the Chatter Creek thrust sheet is dominated 
by two major elements which are from east to west : the Por- 
cupine Creek Anticlinorium (PCA) and the Baker Glacier 
Syncline (BGS). The Purcell thrust forms the western bound- 
ary of the Chatter Creek thrust sheet (see Fig. 1, 3 ,4a ,  4b). 
This fault was previously mapped by Price and Mountjoy 
(1970), Leonard (1985), and Mountjoy and Forest (1986) 
(see Mountjoy, 1988 further details). 

Porcupine Creek Anticlinorium 
The east flank of the PCA is formed by an east-dipping 
(30"-40") panel of middle Miette Group strata (Fig. 2c). The 
structure is characterized by open, upright northeast-verging 
folds and northeast-dipping thrust faults of small displace- 
ment. The core of the PCA is structurally complicated 
(Fig. 4b). Two west-dipping thrust faults are clearly related 
to the tightening of the large-scale upright folds. Overturn- 
ing of folds and thrust faults associated with the Porcupine 
Creek Anticlinorium has been documented in several studies 
to the south (Balkwill, 1972; Gardner, 1977; Ferri, 1984; 
and Craw, 1977). In the study area minor overturning of struc- 
tures was observed only in some locations in the core and 
does not appear to be as significant as it is to the south. The 
displacements on thrust faults in the core of the PCA are 
uncertain. If the correlation of middle Miette carbonate mar- 
kers in the core is correct displacement was minor. 

Middle Miette Group, upper Miette Group and Gog 
Group strata occur on the west flank of the PCA which is 
characterized by steeper dips (about 50-60") and intense, 
localized bedding parallel shear. Large-scale folds and faults 
in the exposed middle and upper Miette Group strata are 
minor. 

Three foliations are present across the PCA (Fig. 5). 
1) A penetrative cleavage (S3) is developed as a slaty cleav- 
age in pelitic units and as a fracture cleavage in more compe- 
tent lithologies such as grits and psammites. It is axial planar 
or fanned with respect to the prominent northeast-verging 
folds (F3). 2) Southwest- and northeast-dipping crenulations 
overprint the penetrative cleavage, the southwest-dipping one 
being better developed and more common. 3) "Late" 
northeast-verging tight kink folds associated with southwest- 
dipping axial planar crenulations were observed in upper 
Miette Group rocks on the west flank of the PCA. 

Further mapping is required to determine whether the 
Porcupine Creek Anticlinorium can be correlated with an 
anticline recognized by Leonard (1985) north of Hugh Allan 
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Figure 2. Composite stratigraphic column (note: maximum 
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Creek. See Mountjoy (1988) for interpretations and prob- 
lems concerning the continuity of these structures and the 
Blackman thrust across Hugh Allan Creek. A possible south- 
east continuation of the Blackman thrust is the Fort thrust 
(Figs 3, 4b). 

Thrusts on the west flank of the PCA 
Four southwest-dipping thrust faults separate the west flank 
of the PCA from the Baker Glacier Syncline, north of Baker 
Creek (Fig. 4a). These are from east to west: Peak thrust, 
Little Peak thrust, Crevasse thrust and Gusty thrust faults 
(these names are informal). The total displacement on these 
faults is about 3.6 km. The Peak thrust juxtaposes a com- 
plexly folded and faulted slice of McNaughton quartzite over 
relatively undeformed southwest-dipping McNaughton and 
Mural strata. Displacement on this fault is about 2 krn as 
measured on cross-section A-B (Fig. 4a). Small-scale struc- 
tures observed in the hanging wall differ from the footwall. 
A near bedding-parallel tectonic shear fabric occurs in a lo- 
cal, narrow zone in the hanging wall quartzites and has caused 
significant stretching of quartz pebbles. This fabric is folded 
by small-scale southwest-verging recumbent folds. The tim- 
ing relationships between these fabrics and the foliations 
observed in the remainder of the study area are uncertain. 

The Little Peak thrust has a displacement of about 0.5 km 
and it carries a slice of southwest-dipping McNaughton, Mu- 
ral and Mahto strata over McNaughton quartzites. Thrust 



faulting appears to be related to tightening and breaking up several large-scale upright to recumbent, open to isoclinal 
of large-scale upright folds. To the west, the Crevasse thrust folds outlined by the lower Mural Marble. 
fault carries a complexly folded and faulted slice of McNaugh- 
ton, Mural and   ah to strata. It has an approximate displace- 
ment of 1 km. The lower part of this slice consists of a series Baker Glacier Syncline 
of small southwest-dipping (50-70") thrust faults spaced about This syncline was previously mapped by Price and Mount- 
50 m apart with offsets on the order of 10-20 m. These faults joy (1970) and Craw (1977). North of Baker Creek upper 
involve the uppermost McNaughton quartzites and the low- Miette Group through uppermost Gog Group strata occur 
er  pelitic horizon of the Mural and appear to be rooted in in the core and the west flank of this structure (Fig. 4a). The 

Figure 3. Detailed geology of the northern Park Ranges, British Columbia, compiled from unpublished Bow-Athabasca 
data and Craw (1 977), Leonard (1 985), and Oke (1982). PT - Peak Thrust, LPT - Little Peak Thrust, CT - Crevasse Thrust, 
GT - Gusty Thrust. 



structure to the south of Baker Creek changes drastically No associated folds were observed. The schistosity is folded 
(contrast Fig. 4a and 4b). South of Baker Creek the predom- by northeast-verging recumbent and upright folds (F2 and 
inant structure is a southwest-dipping normal fault which cuts F3) with associated crenulations. Fracture and solution 
the east flank of the syncline and downdrops a thick section cleavages (F3) are locally developed in quartzites and mar- 
of Middle Cambrian(?) carbonates on the west against Gog bles respectively. 
Group strata on the west. Smaller normal faults are common 
in both the hanging wall and the footwall. Only one of the 
four thrust faults present to the north of Baker Creek could Purcell thrust 
be mapped southward and it appears to merge with the nor- 
mal fault. This may indicate that this thrust was utilized by 
the later normal fault giving a possible explanation for its 
relatively low dip. A gentle (20-30°), northeast-dipping thrust 
fault with a displacement of about 300 m cuts a broad an- 
ticline immediately west of the Baker Glacier Syncline. On 
a large scale the underlying upper and middle Miette Group 
layers do not appear to be significantly disrupted by the ob- 
served faults. 

The earliest foliation observed across the BGS is a near 
bedding parallel schistosity (Sl). It is best developed in pe- 
lites and calcareous pelites and prominent porphyroblasts that 
lie in this schistosity are muscovite, biotite and calc-silicates. 

The Purcell thrust juxtaposes the Hugh Allan gneiss and pos- 
sible Horsethief-Creek Group strata onto the west flank of 
the Baker Glacier Syncline (Fig. 2a). To the north of Hugh 
Allan Creek the fault carries the Blackman Anticline with 
the Blackrnan gneiss and Hadrynian cover rocks over mid- 
dle Miette Group grits of the Blackrnan thrust sheet. The fault 
zone is covered along and to the south of Hugh Allan Creek. 
Strongly sheared grits assigned to the upper Miette Group 
were observed in one locality in the immediate footwall of 
the Purcell thrust south of Hugh Allan Creek. This fabric 
might reflect high strain conditions related to the emplace- 
ment of the Purcell basement thrust sheet. Similarly the shear 
fabric observed in the hanging wall of the Peak thrust may 
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be the result of movement along the Purcell fault. No evi- the Baker Glacier Syncline north of Baker Creek appear to 
dence for ductile deformation such as mylonitic fabrics were die out southward suggesting that these structures may be 
observed. The staurolite-in isograd i s  offset about 4 km by related to the movement on the Purcell thrust. 
the Purcell thrust along Hugh A l a n  Creek. This indicates 
at least some post-metamorphic movement along this fault 
(see Mountjoy, 1988). 

Late structures 
Transverse foliations near the Rocky Mountain Trench have 
been noted previously by Forest (1985), Leonard (1985) and 
McDonough (1984), among others. A northwest-dipping 
crenulation cleavage (St) strikes about 075" in the study area. 
It was observed from the Rocky Mountain Trench up to 15 km 
to the east occurring on the east flank of the PCA. This folia- 
tion crenulates the penetrative cleavage (F3). The timing rela- 
tionship to F4 is not known. 

SUMMARY AND CONCLUSIONS 
Five deformational events are superimposed in the study area 
(Table 1). The structure is dominated by the Porcupine Creek 
Anticlinorium and the Baker Glacier Syncline which are large 
F3 structures that were probably initiated during F2. The 
penetrative cleavage, a conjugate set of crenulations (both 
considered S3 in this study) and thrust faults are related to 
the progressive deformation of these structures. Folds and 
foliations produced in the early stages of formation were tight- 
ened and rotated during later stages and overprinted by youn- 
ger foliations. However no significant overturning was 
produced. The very tight folds and associated thrust faults 
observed between the Porcupine Creek Anticlinorium and 

Table 1. Structural summary 

I Structural Domaines I 
West East 

Fold phase & Baker Glacier Porcupine 
foliations Syncline (BGS) Cr. Ant. (PCA) 

S1 
F2 - S2 X 
F3 - S3 X X 
F4 - S4 X 
Ft - St X X 

Explanation: I 
S 1 =  - bedding - parallel schistosity I 
F 2  = - northeast-verging, isoclinal, recumbent folds 

- first thrusting event 
S 2 =  - axial planar southwest-dipping crenulations 

F 3  = - northeast-verging open, upright folds 
- second thrusting event 

S 3 =  - penetrative cleavage (slaty, fracture or solution) 
- southwest-dipping crenulation 
- northeast-dipping crenulation 

F 4  = - northeast-verging kink folds 
S 4 =  - axial planar southwest dipping crenulations 

S t =  - northwest-dipping crenulation (post F3) 

Mapping along Hugh Allan Creek confirmed the pres- 
ence of the Purcell thrust which separates two distinctly differ- 
ent stratigraphic and structural units. The earliest deforma- 
tion resulted in detachment of cover from basement. If indeed 
the strata above the Blackman gneiss are Lower Kaza Group 
and if a thick Horsethief Creek sequence underlies the Kaza 
Group as has been suggested this requires the tectonic removal 
of underlying Horsethief Creek strata. Initially the Purcell 
thrust transported the Hugh Allan and Blackman gneisses and 
overlying strata a considerable distance eastwards onto West- 
ern Main Ranges middle Miette through Middle Cambrian 
strata. Renewed motion on the fault was minor and post- 
metamorphic (Mountjoy, 1988). 

Several important problems remain to be solved in this 
area such as : 1. the nature of the heat source that produced 
the high grade metamorphism in the footwall of the Purcell 
fault. 2. The stratigraphic position of possible Lower Kaza 
strata overlying the Blackman gneiss. 3. The origin of the 
right angle bend of the Purcell thrust along Hugh Allan Creek. 
4. The origin of the early bedding parallel schistosity S1 and 
the northwest dipping transverse crenulation St. 
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Abstract 

Two main defortnational phases occur in the Main Ranges near Jasper, Alberta. The earlierproduced 
low-angle thrust faults and associated folds. Steep to upright faults and folds overprint the earlier struc- 
tures. In the Meadow Creek area, second generation thrust faults cut previously overturned strata and 
place younger strata onto older. Because of these later faults, the status of the Meadow Creek Formation 
is in doubt. 

Low-angle thrust faults of the Jasper area (including the Simpson Pass 77tnrst) may have been produced 
during the same event that caused the low-angle, syn-metamorphic, faults in the Selwyn Range to the 
west. Later steep structures in both areas may represent a single regional event. 

On trouve deux grandes failles de dLformation dans les chai'nons minces prbs de Jasper en Alberta. 
La plus ancienne a produit des failles de charriage d'angle faible et des plis associtfs. Des failles et des 
plis abrupts verticaux se superposent aux structures plus anciennes. Dans la rkgion de Meadow Creek, 
des failles de charriage de deuxibme gkne'ration coupent des couches renverskes antkrieurernent et placent 
des couches plus jeunes sur les plus vieilles. A cause de ces failles plus rkcentes, l'e'tat de la formation 
de Meadow Creek est ma1 dkfini. 

Les failles de charriage d 'angle faible de la rtfgion de Jasper (y compris la faille de Simpson Pass) 
ont pu se produire pendant k m&me dvdnement qui a cause' les failles synmktamorphiques d'angle faible 
dans le chainon Selwyn ci l'ouest. Des structures abruptes plus rdcentes dans les deux rkgions pourraient 
provenir d'un &me kvenement rkgional. 

' Department of Geological Sciences, McGill University, 3450 rue University, Montreal, Quebec H3A 2A7 



INTRODUCTION PREVIOUS WORK 
In addition to field work in the Fraser River Anticlinorium, 
field work in 1987 was carried out in portions of the Jasper 
map-area (83Dl16, Fig. 1,2) to elucidate the relative timing 
of two major faults, the Monarch and Simpson Pass thrusts, 
and related structures. This project was undertaken for three 
main reasons : 

1) recently, Brown et al. (1986) have suggested that the 
Pauline and Monarch thrusts in the Mount Robson area 
(Mountjoy, 1980) represent the easternmost exposure of struc- 
tures related to a proposed duplex within basement gneisses 
of the Omineca Crystalline belt, 

2) our observations, in 1986, of multiple deformation within 
the immediate hanging wall of the Simpson Pass Thrust, 

3) our mapping of a large folded thrust in the Ptarmigan 
Creek area of the Selwyn Range to the southwest (Mountjoy 
and Forest, 1986; Dechesne, unpublished work) which indi- 
cates that the Ptarmigan Creek Fault Zone has a larger dis- 
placement than can be accommodated on the Chatter Creek 
Thrust and therefore must be connected to structures farther 
northeast. 

In addition, when these data are incorporated into a 
regional cross-section through the Jasper-Yellowhead struc- 
tural culmination they will provide constraints on the struc- 
tural style within deep levels of regional cross-sections in 
adjacent areas and in the Omineca Hinterland. 

The Jasper area was mapped or1 a semi-reconnaissance basis 
during Project Bow-Athabasca (Price, 1967; Price and 
Mountjoy, 1966, 1970 ; Mountjoy and Price, 1985). Partic- 
ularly detailed mapping has been done by H.A.K. 
Charlesworth and his students was undertaken in the Athabas- 
ca River and Miette River valleys near Jasper (Fig. 2 ;  
Charlesworth et al., 1967). The region to the north has been 
mapped by Mountjoy (1962, 1980) and the area to the south 
by Mountjoy and Price (in press). 

Figure 1. Simplified regional geological map including the 
study area near Jasper. Shown are Jasper, Alberta (J), 
Pyramid Thrust (PyT), Monarch Thrust (MOT), Simpson Pass 
Thrust (SPT), Chatter Creek Fault (CCF), Ptarmigan Creek 
Fault Zone (PCFZ), Fraser River Anticlinorium (FRA), and the 
Porcupine Creek Anticlinodum (PCA). Basement gneisses 
shown in cross pattern. 

Figure 2. Detailed geological map of the region southwest 
of Jasper. The series of upright folds near The Whistlers are 
late folds, all other folds shown are early folds associated with 
the early faults. A-B and C-D are lines of cross-sections illus- 
trated in Figure 4. The Meadow Creek area is discussed in 
the text. Star indicates location of outcrop sketch shown in 
Figure 5. 



GEOLOGICAL SETTING 
The Monarch and Simpson Pass thrusts outcrop in the east- 
ern part of the Main Ranges of the Canadian Rocky Moun- 
tains. Farther south, the Simpson Pass Thrust delineates the 
eastern margin of the Main Ranges (Price and Mountjoy, 
1970 ; Mountjoy 1970, 1976), but at the latitude of Jasper, 
the Pyramid Thrust forms this boundary (Fig. 1). In the Jasper 
area, the Main Ranges are dominated by exposures of Hadry- 
nian (late Proterozoic) Miette Group and Lower Cambrian 
(and older?) Gog Group (Fig. 3 ; Mountjoy, 1962). The con- 
tact between the two groups is sharp and is locally known 
to be disconformable (Teitz and Mountjoy, 1985). Based on 
the correlation presented by Carey and Simony (1985), the 
Old Fort Point Formation (Charlesworth et al., 1967) is placed 
within the middle Miette Group in this paper (Fig. 3) and 
not below it as Mountjoy and Price (1985) have shown. More 
work is necessary to more clearly document the lateral rela- 
tionships of these rocks. The quartz arenites of the McNaugh- 
ton Formation (Mountjoy and Aitken, 1963 ; Young, 1978) 
of the Gog Group have been deformed into a series of open, 
regional scale folds separated by thrust faults (Mountjoy and 
Price, 1985), whereas the granule to pebble conglomerates, 
poorly sorted arenites and interbedded slates of the Miette 
Group have been tightly folded (Charlesworth et al., 1967). 
Mountjoy (1970, 1976) and Mountjoy and Price (1985) recog- 
nized that major faults that cut Gog Group strata could also 
be traced into Miette Group rocks, contrary to Charlesworth 
et al. (1967), who found only a few faults within the Miette 
Group during their mapping. 

McNaughton Formation 
-- - - . - - -- - -. - -. -- - . -. - . ... 

Figure 3. Generalized stratigraphic column exposed with- 
in the study area (after Charlesworth et al., 1967). 
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Early faults and folds 
Two separate large thrust faults can be traced from the Mar- 
mot Ski area towards the Miette River (Fig. 2,4).  The more 
easterly is the Simpson Pass Thrust, the other is unnamed. 
Near these faults, Miette Group strata are deformed into a 
series of overturned tight folds. Within the fault zones, stra- 
ta are dominantly overturned. Quartz veining is associated 
with folded and faulted conglomerates and sandstones but 
slates and carbonates were deformed ductilely. Thick con- 
glomerate packages within the Middle Miette Group are dis- 
membered and shuffled with adjacent slates. In several loca- 
tions, folds are ripped limb from limb, leaving isolated fold 
closures. Microfabrics indicate that deformation took place 
at or near the metamorphic peak, which was sub-biotite green- 
schist grade. The phyllite to slaty cleavage in pelites is axial 
planar to folds associated with the faults. Conglomeraie con- 
tains an anastomosing foliation defined by mica and chlorite 
and slightly flattened clasts. Mylonitization within McNaugh- 
ton Formation quartz arenites has produced a bleached quartz- 
rich rock that contains shearbands and anastomosing shear 
zones. 

Lute faults and folds 
Later thrust faults can be found in both the hanging wall and 
footwall of the Simpson Pass Thrust. In Highway 16 roadcut 
exposures of the Simpson Pass Thrust sheet, small thrust faults 
and hanging wall antiforms have been superimposed onto 
a previously overturned panel. These faults place younger 
rocks onto older strata. The earlier overturning is due to folds 
associated with the Simpson Pass Thrust. Another late mi- 
nor thrust, in the footwall of the Simpson Pass Thrust, also 
exposed along Highway 16, cuts down stratigraphically in 
its direction of transport (northeastward). Associated en eche- 
lon quartz veins in slates indicate that deformation within 
the slates was less ductile than at the metamorphic peak. With- 
in the fault itself, the veins were rotated and boudinaged and 
the regional schistosity is folded. 

The Monarch Thrust cuts across the structural fabric of 
the region both in its hanging wall and footwall (Mountjoy 
and Price, 1985). The immediate footwall of the thrust is 
exposed along Highway 16 and clearly shows veined slates 
with folded foliation. In this outcrop two generations of quartz 
veins cut conglomerate. An early, subvertical set is bou- 
dinaged, and a later generation of en echelon veins did not 
experience the earlier deformation. This suggests that there 
was two stages of motion on the Monarch Thrust. 

The structure of the Monarch Thrust sheet includes a 
northeasterly overturned tight anticline cored by the Old Fort 
Point Formation with axial planar slaty cleavage, and at higher 
structural levels, on The Whistlers, upright folds that fold 
the preexisting foliation. Locally, a subvertical crenulation 
cleavage can be found with these later folds. A late south- 
west verging thrust fault related to the upright folds was found 
on The Whistlers (Fig. 2). 

Southwest verging kink folds documented by 
Charlesworth et al. (1967) may be related to the late thrust 
faults, especially the late, southwest verging fault in the Mon- 
arch Thrust sheet, but they may be even later. No evidence 
has been found to distinguish between these two possibilities. 



Simoson 

Figure 4. Structural cross-sections of the study area. Lines of section shown in Figure 2. Arrows 
with single heads represent early faults while those with double heads denote late faults. Note the 
steep dip of the Simpson Pass Thrust where it ramped through the McNaughton Formation (section 
C-D). 

DISCUSSION OF THE MEADOW 
CREEK FORMATION 
Charlesworth et al. (1967) mapped a folded sequence of pe- 
lites and conglomerates in the Meadow Creek valley which 
they felt underlay the Old Fort Point Formation. They as- 
signed the name Meadow Creek Formation to these strata. 
Later, Mountjoy (1970, 1976) and Mountjoy and Price (1985) 
ascribed the pelites and conglomerates to middle Miette Group 
strata overlying the Old Fort Point and felt that their contact 
with the Old Fort Point Formation was a normal fault. 

In the course of the present mapping, the contact rela- 
tions of these rocks were reexamined. Overturned 
northeasterly-facing Old Fort Point Formation are structur- 
ally overlain by overturned northeasterly-facing conglomer- 
ate and pelite. The contact between the grits and the Old Fort 
Point Formation is not exposed across a gap in outcrop of 
at least 50 m. The top of the conglomerate package grades 
stratigraphically upwards into interbedded graded sandstones, 

siltstones and pelites. These strata may be stratigraphically 
lower than the Old Fort Point Formation, but it is also possi- 
ble that they represent strata younger than the Old Fort Point 
Formation and are structurally emplaced into their present 
position. Second generation thrust faults that place younger 
strata onto older strata are common, not only in the Meadow 
Creek valley, but also along strike to the northwest. 

In the hanging wall of the Simpson Pass Thrust, along 
Highway 16,30 to 40 m of grit and pelite appears to be older 
than Old Fort Point Formation (Fig. 5).  In this region, right 
way up grit and pelite are thrust onto right way up Old Fort 
Point Formation along an early thrust; as no evidence has 
been found for an earlier deformational event, the hanging 
wall of the thrust fault must contain rocks that are stratigraphi- 
cally lower than the Old Fort Point Formation. Horses of 
limestone pebble conglomerate (member C of Charlesworth 
et al., 1967) and pink limestone (member B) occur in the 
fault zone structurally above their equivalents in the foot- 
wall of the thrust fault. These imply that the Old Fort Point 



Formation in the hanging wall must be even higher up, thus 
overlying the grit and pelite. Because of poor exposures away 
from the highway and Meadow Creek, it has not yet been 
possible to trace these units along strike; consequently no 
detailed structure-map of this area is presented in this paper. 
More work is necessary to resolve the precise stratigraphic 
relationships of the coarse clastic rock in this area relative 
to the Old Fort Point Formation. 

STRUCTURAL GEOLOGY : DISCUSSION 
AND REGIONAL PICTURE 
In the Main Ranges near Jasper, two distinct episodes of com- 
pression can be documented. The earlier one produced ma- 
jor low-angle faults such as the Simpson Pass and Moose 
Pass thrusts and may have initiated the Monarch Thrust, while 
the later deformation reactivated the Monarch Thrust and 
produced steeper faults. 

In the Ptarmigan Creek area of the Selwyn Range to the 
west (Fig. I), the two main deformational events cannot be 
related using a modified Sanderson (1982) fold and thrust 
belt model and, at the scale of that range, can be treated as 
separate phases (Mountjoy and Forest, 1986 ; Dechesne, un- 
published data). In the Jasper area more work is needed to 
determine if the two faulting events can be related by the 
Sanderson (1982) model, or can be treated as two indepen- 
dent events. 

The earlier main deformational event of the Selwyn 
Range, which produced the Ptarmigan Creek Fault Zone and 
the event that produced the Simpson Pass Thrust, are tenta- 
tively interpreted to be related. Later events in both areas 
are also correlated. These correlations imply that the later 
deformational event is unrelated to the earlier one on the scale 
of the Main Ranges. 

grit and slate .. 

stratigraphically 

overlying Old Fort 

Point Formation 

The net slip of the early Ptarmigan Creek Fault Zone 
(PCFZ) and associated structures (about 28 km) is much larger 
than that of the late Chatter Creek Fault (about 3 krn) ; con- 
sequently, the PCFZ must be lined with faults that outcrop 
farther east. 

Linking the Simpson Pass Thrust directly to the Ptarmi- 
gan Creek Fault Zone is premature in light of resolved struc- 
tural and stratigraphic problems in the Selwyn Range 
(Dechesne and Mountjoy, unpublished data) and in the Jasper 
area. 

The Monarch Thrust appears to have been initiated dur- 
ing the earlier event. If the first deformational event in the 
eastern Main Ranges is the same as the one that produced 
the PCFZ, and if the PCFZ is similar to age to syn- 
metamorphic structures west of the Rocky Mountain Trench 
(as suggested by similar relationships with the metamorphic 
peak), then possibly Brown et al. (1986) are correct in relat- 
ing the Pauline and Monarch thrusts to basement tectonics 
further west. 

CONCLUSIONS 
Two main deformational phases are recognized in the Main 
Ranges near Jasper, Alberta. The earlier produced low-angle 
thrust faults and associated folds. A strong foliation is relat- 
ed to these structures. Steep to upright faults and folds over- 
print the earlier structures. Locally, a crenulation cleavage 
was produced. In the Meadow Creek area, second genera- 
tion thrust faults that cut previously overturned strata place 
younger strata onto older. It thus is possible that the Mead- 
ow Fault Formation of Charlesworth et al. (1967) represents 
strata that overlie the Old Fort Point Formation and are not 
older strata than the Old Fort Point Formation. However, 
strata older than the Old Fort Point Formation may outcrop 
along Highway 16, west of Meadow Creek. 
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Figure 5. Composite field sketch of area indicated in Figure 2. Scale varies slightly across this view. Arrows with single heads 
represent early faults while those with double heads denote late faults. The melange occurs within an early large fault zone. 
As can be seen in this view, only 30 to 40 m of strata can be documented in the hanging wall of this fault zone, and the upper 
contact with the Old Fort Point Formation is not exposed. The outcrop gap may conceal a west-side-down normal fault that 
down drops the Old Fort Point Formation in the hanging wall of the early thrust, or a late west-side-up thrust that cuts the 
early fault and places Old Fort Point Formation of the footwall at highway level. Small arrows with flat bases indicate stratigraph- 
ic tops. Members within the Old Fort Point Formation after Charlesworth et al. (1967). 



Low-angle thrust faults of the Jasper area (including the 
Simpson Pass Thrust) are believed to have developed during 
the same event that produced the low-angle, syn- 
metamorphic, Ptarmigan Creek Fault Zone (PCFZ) in the 
Selwyn Range to the west. Later steep structures in both areas 
may represent a single regional event as well. 

The Monarch Thrust may be related to basement tecton- 
ics further west, as suggested by Brown et al. (1986). How- 
ever, it is unlikely that the Monarch Thrust is the eastern- 
most extent of this deformation. 
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Abstract 

The Cretaceous Eagle plutonic complex consists of three map units that have a common intrusive 
and structural history. Early(?) Cretaceous foliated to gneissic granodiorite, on the east margin, is a 
pervasively deformed syntectonic pluton containing planar fabrics which parallel intense foliations in 
rocks of the Upper Triassic Nicola Group to the east. Variably deformed late Early Cretaceous muscovite 
granite, mainly restricted to the west margin of the complex, forms large and small, latest syn- or post- 
tectonic intrusions. The third unit, a heterogeneous gneiss complex, occurrs along the contact between 
granodiorite and muscovite granite and is composed of material from both units. The Eagle complex 
was uplifted in the mid- to Late Cretaceous, and was cut by numerous brittle faults during the early Tertiary. 

h complexe plutonique d'Eagle du Cre'tace' est compose' de trois unite's qui ont un passC intrusif 
et structural commun. La granodiorite feuillete'e ci gneissique du CrLtace' infe'rieur (?), sur la marge est, 
est un pluton syntectonique dt'forme' par peize'tration qui renferme des structures planaires parallEles a 
d'intenses schistosite's duns les roches du groupe de Nicola du Trias supe'rieur h l'est. Du granite & musco- 
vite de la fin du Cre'tace' infkrieur, dkforme' de facon variable et limitk principalement d la marge ouest 
du complexe, forme de grosses et petites intrusions syn- ou post-tectoniques plus re'centes. La troisihme 
unite', un complexe de gneiss he'te'rogdne, git le long du contact entre la granodiorite et le granite a musco- 
vite, et est compose'de matkriaux provenant des d e n  unitks. Le complexe d'Eagle a kt& souleve' au cours 
du CrCtace' moyen a supe'rieur, et a kt& coupe'par de nombreuses failles fragiles pendant le Tertiaire infe'rieur. 

' Department of Geological, Sciences, University of British Columbia, Vancouver, B.C. V6T 2B4 



INTRODUCTION 
Mapping at 1 :25 000 scale of the Eagle plutonic complex 
(the "Eagle complex") was undertaken during 1986 and 1987 
to determine its intrusive and structural history. Fieldwork 
and continuing geochronologic, petrographic and geochem- 
ical studies will form part of an M.Sc. thesis at the Universi- 
ty of British Columbia. 

The Coquihalla highway and an extensive network of 
logging roads provide access to the study area, which is 
centred on the highway tollbooth, 55 krn from Hope (Fig. 1). 

Although the Eagle complex hosts no known significant 
mineral occurrences in the study area, several properties along 
its margins have been the subject of considerable base and 
precious metals exploration. Cretaceous to Tertiary faults 
appear to have been the primary control for the occurrences 
and could provide the focus for future exploration. 

REGIONAL SETTING 
The Eagle complex forms the southern part of the Mount 
Lytton-Eagle complex, an elongate north-northwest-trending 
plutonic complex that extends 200 krn south from near Lyt- 
ton (50'30') to south of the forty-ninth parallel. It forms the 
westernmost part of the Intermontane Belt and is one of a 
number of northwest trending litho-tectonic elements that 
dominate the regional structural grain where the Coast, Cas- 
cade and Intermontane belts meet in southwestern British 
Columbia (Fig. 1). 

Uplift during late Early Cretaceous to early Tertiary time 
provides the disparate parts of the Mount Lytton-Eagle com- 
plex with their regional structural integrity. The northern half 
of the complex, the Mount Lytton plutonic complex (Monger, 
1981), extends south to 50°N. It is of early Mesozoic age, 
is locally crosscut by Triassic-Jurassic plutons and is thought 
to represent a lower structural level of the Upper Triassic 
Nicola volcanic arc (Monger, 1985). The southern half of 
the Mount Lytton-Eagle complex, the Eagle plutonic com- 
plex, is a late syn- to post-tectonic intrusive complex of Ear- 
ly(?) and Early Cretaceous age. It is bounded on the east 
by a syn-deformational intrusive contact with the Upper Tri- 
assic Nicola Group, and bounded on the west by the Pasayt- 
en fault, which separates it from the predominantly sedimen- 
tary rocks of the Methow trough of Jurassic to Tertiary age. 

GEOLOGYOFTHECOUNTRY 
ROCK ENVELOPE 
Upper Triassic Nicola Group 
Upper Triassic Nicola Group rocks underlie the east margin 
of the study area and are part of a belt of strongly deformed, 
amphibolite grade schistose rocks whose foliation trends N 
160 degrees with remarkable consistency, from south of the 
forty-ninth parallel almost as far north as Merritt (Rice 1947). 
Primary fabrics are rarely preserved within the study area 
(Fig. 2), but 5 km east of the contact, where the intensity 
of deformation and metamorphic grade decrease, primary 
textures are well preserved. Undeformed Nicola Group rocks 
comprise heterogeneous and discontinuous mafic lava, flow 
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Figure 1. Geological and physiographic belts, major litho- 
tectonic elements and location of the study area. After Rod- 
dick et al. (1979). 

breccia, pyroclastic rocks and greywacke, lesser dacite, rhyo- 
lite, argillite, limestone and conglomerate and abundant 
greenstone (Eastwood, 1961). 

Metamorphosed and deformed Nicola rocks near the east- 
ern margin of the Eagle complex are more homogeneous. 
Rock types, typically pyritic and rusty-weathering, include 
light to dark green schistose biotite amphibolite, strongly 
banded greenstone, white coarse-grained marble, white seri- 
citic schist, and black, well-layered siliceous amphibolite. 
Within 2 km of the contact, a uniform northwest-trending, 
southwest-dipping foliation is well developed and metamorph- 
ic grade rises from sub-greenschist or greenschist facies to 
amphibolite facies. Mylonitic textures are common and most 
intense in the strongly layered greenstone, where streaky 
white and pale to dark green layers alternate to produce a 
striped appearance. 

Upper Triassic(?) hornblende diorite-metabasalt 
Greenschist grade hornblende (quartz) diorite and subordinate 
metabasalt occur along the west margin of the Eagle com- 
plex. Widespread chlorite and magnetite alteration products 
of mafic minerals and crosscutting chlorite-epidote veinlets 
are characteristic. Metabasalt is dark green, massive, fine- 
grained and displays rare amygdaloidal and porphyritic tex- 
tures. Diorite is heterogeneous in grain size as well as de- 
velopment, intensity and orientation of gneissic fabric (Fig. 
3). Abundant fine-grained "greenstone" inclusions within 
diorite suggest that it intrudes metabasalt. 



The contact between the diorite-metabasalt unit and rocks 
of the Eagle complex is faulted. Contrasting brittle and duc- 
tile fault fabrics along it suggest a compound history. 

Age control for this unit is poor. Metabasalt is similar 
to Upper Triassic Nicola Group rocks to the east, as noted 
by Rice (1947) for similar rocks south of the map area. 
Uranium-lead zircon dating of the diorite is underway and 
preliminary results suggest an intrusive age of Late Triassic, 
with significant lead loss in the Early Cretaceous (P. van der 
Heyden, pers. comm., 1987). 

GEOLOGY OF THE EAGLE 
PLUTONIC COMPLEX 
Work to date indicates that the Eagle complex consists of 
three units that have a common deformational and intrusive 
history. Two of the units are distinct plutonic bodies and con- 
sist of foliated to gneissic biotite granodiorite of probable 
latest Jurassic to earliest Cretaceous age, and muscovite gran- 
ite of probable mid-Cretaceous age. A heterogeneous gneiss 
complex commonly separates the granodiorite and the mus- 
covite granite. The proposed subdivision and nomenclature 
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Figure 2. Geological sketch map. Patterned areas indicate units of the Eagle plutonic complex. 
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Stratigraphic age of the granodiorite unit is poorly con- 
strained. New K-Ar and Rb-Sr isotopic dates range from 
100-120 Ma (Aptian to Early Albian), confirming the earlier 
work (Wanless et al., 1967 ; Roddick and Farrar, 1972). The 
dates might be interpreted as reset due to later intrusion of 
muscovite granite. The Early(?) Cretaceous age for the unit 
is currently being tested by U-Pb geochronometry. 

Figure 3. Upper Triassic(?) hornblende diorite, 1.5 km south 
of Falls Lake. 

differs in detail but not in intent from the original definitions 
of Dawson (1879), Camsell (1913), Cairnes (1924), Rice 
(1947) and Monger (1970). 

Early(?) Cretaceous foliated to 
gneissic biotite granodiorite 
Gneissic to well-foliated hornblende biotite granodiorite un- 
derlies much of the eastern half of the map area and is the 
most extensive map unit within the Eagle complex. Intense, 
widespread foliation and the presence of primary epidote are 
characteristic. The "granodiorite" unit is of probable latest 
Jurassic to earliest Cretaceous age and may represent a late 
syn-tectonic intrusion relative to fabrics developed in adja- 
cent rocks of the Nicola Group. 

Two sub-units are recognized. Foliated biotite granodi- 
orite is the contact phase with Nicola Group rocks along the 
eastern margin. To the west, toward the gneiss complex, 
gneissic granodiorite is developed. Foliated biotite granodi- 
orite grades into gneissic granodiorite; changes in orienta- 
tion or intensity of fabric are gradational or caused by late 
brittle faulting. Mesocratic, light grey to white weathering, 
medium-grained (hornblende)-epidote-biotite granodiorite to 
tonalite characterizes both sub-units. Hornblende is locally 
the dominant mafic mineral. Gneissic granodiorite is typi- 
fied by narrow (average less than 1 cm), biotite-rich folia 
within equigranular biotite granodiorite (Fig. 4). It is more 
hornblende-rich and has finer-grained biotite than the foliat- 
ed biotite granodiorite to the east. Where discrete biotite- 
rich folia are lacking, its equigranular texture may make it 
difficult to discern the fabric. 

The characteristic structural grain and the intrusive re- 
lations involving the foliated to gneissic granodiorite sug- 
gest late synkinematic intrusion into the Nicola Group. Con- 
cordantly foliated biotite granodiorite sills in Nicola Group 
schistose amphibolite and marble are commonly boudinaged 
(Fig. 5).  Weakly foliated granodiorite commonly contains 
intensely foliated country rock inclusions which are general- 
ly oblate and concordant with the foliation in the pluton. Foli- 
ations in more intensely deformed granodiorite and Nicola 

Early Cretaceous muscovite granite and pegmatite 

Mid-Cretaceous muscovite-bearing granite is the youngest 
unit in the Eagle complex and is mainly restricted to the west 
margin. It forms several large intrusions and numerous 
cogenetic stocks, dykes and sills which intrude other units 

Figure 4. Gneissic granodiorite of the Eagle complex, 
Tulameen River. 

Figure 5. Boudinaged sills of the Early(?) Cretaceous foliat- 
ed granodiorite within amphibolitic schist of the Nicola Group, 
1.5 km northwest of Murphy Lakes. 



in the Eagle complex. On the west margin, it is faulted against 
Triassic(?) hornblende diorite and metabasalt and Eocene clas- 
tic rocks. Unlike rocks of the gneiss complex and the granodi- 
orite unit, phases of the muscovite granite are not invariably 
deformed and are interpreted as latest syn- or post-tectonic 
intrusions. 

Three relatively large and homogeneous bodies of bio- 
tite muscovite granite to quartz monzonite intrude along the 
western margin of the Eagle complex in the study area. All 
are probably related and may have been physically continu- 
ous prior to Tertiary faulting and volcanism. Their white to 
pale grey weathering colours mirror their leucocratic nature. 
Although the bodies most commonly contain two micas, mus- 
covite is more abundant than biotite and is locally the only 
mica present. The granite is typically medium grained but 
grades into aplitic to pegmatitic varieties in zones of low 
strain. Common accessory minerals include hornblende and 
pinkish-red garnet. Planar fabrics within the three largest bod- 
ies of muscovite granite are variable in orientation and in- 
tensity. The northernmost body exhibits a northwest-trending, 
moderately steep northeast-dipping foliation that increases 
in intensity toward the southwest (toward the Pasayten fault) 
to become a protomylonite. Micas and, less commonly, rib- 
boned quartz grains outline the planar fabric. Along the north- 
east margin of the body, and within the more poorly exposed 
bodies to the south, foliation intensity is weaker and massive 
textures more common. The variety in intensity and orienta- 
tion of fabric in muscovite granite indicates it is less deformed 
than the foliated to gneissic granodiorite. 

Small, muscovite-rich, discordant intrusions are wide- 
spread in the gneiss complex and occur as dykes in granodi- 
orite. Pegmatitic muscovite granite and pink pegmatite are 
distinguished. Pegmatitic muscovite granite is more abun- 
dant and very similar to pegmatitic varieties in the large mus- 
covite granite plutons. Pink pegmatites, characterized by pink 
potassium feldspar, are generally smaller (averaging 15 cm 
thick, ranging up to 2 or 3 m wide), more homogeneous, 
and have a wider distribution than the pegmatitic muscovite 
granites. 

The broad zone of textural heterogeneity and mixed in- 
trusive relations which marks the contact between the older 
granodiorite and younger muscovite granite intrusions de- 
fines part of the gneiss complex. The zone is characterized 
by all varieties of muscovite granite in numerous intrusive 
geometries with the granodiorite, such as agmatite, concor- 
dant lit-par-lit intrusions, crosscutting apophyses and develop- 
ment of enigmatic hybrid zones between the two units. 

Potassium-argon (104-106 Ma on muscovite, and 97-100 
Ma on biotite) and Rb-Sr dates suggest a late Early Creta- 
ceous age for the unit. Both varieties of pegmatites yield youn- 
ger (89-91 Ma) K-Ar dates which suggest either a difference 
in cooling rate between large and small intrusions or that 
the pegmatite stocks are younger and unrelated to the mus- 
covite granite. 

Gneiss complex 
The gneiss complex, exposed as a discontinuous belt through 
the central and western Eagle complex, is characteristically 
heterogeneous. Constituent protoliths are recognizable but 

their discontinuous distribution prohibits map-scale subdivi- 
sion of the gneiss complex. Well-layered orthogneiss, ge- 
netically related to gneissic granodiorite to the east, is inter- 
layered with subordinate amphibolite and rare calc-silicate 
rocks. Intense layering, localized folding, and isolated oc- 
currences of hybrid phases suggest a complicated history. 
The gneiss complex also includes the heterogeneous contact 
zone between the Jura-Cretaceous foliated to gneissic granodi- 
orite and mid-Cretaceous muscovite granite described above. 

Orthogneiss is most common and its closely spaced fab- 
ric and its composition are similar to that in the granodiorite 
to the east. Centimetre-scale discontinuous layering is de- 
fined by alternate leucocratic feldspar- and quartz-rich and 
subordinate narrower hornblende- and biotite-rich layers 
(Fig.6). The orthogneiss also alternates with and locally ap- 
pears to intrude metre-scale biotite amphibolite layers. More 
commonly, however, contacts are characterized by the ap- 
pearance of plagioclase augen and abundant discrete shear- 
related(?) layers in the orthogneiss. Rare, decimetre-scale 
marble and calc-silicate pods form a discontinuous layer con- 
cordant with gneissosity. Their form is related to deforma- 
tion of the surrounding orthogneisses. Their presence, to- 
gether with that of isolated exposures of boudined and/or 
injected amphibolite layers, proves that at least some of the 
bands in the gneiss complex were formed from older non- 
plutonic rocks. 

CRETACEOUS AND TERTIARY STRATA 
AND TERTIARY INTRUSIONS 
Cretaceous clastic rocks 
On the southwest margin of the study area, finely laminated 
black shales, interbedded with lesser chert-muscovite sand- 
stones along Vuich Creek, have yielded late Albian to 
Cenomanian (approximately 100 Ma to 90 Ma: mid- 
Cretaceous) paly nomorphs (G.E. Rouse, pers. cornm., 1987). 
A short distance downstream, Middle Eocene rocks struc- 
turally beneath them indicate that post-Middle Eocene 
eastward-directed thrust faulting has occurred in the area. 
Two kilometres to the west of Vuich Creek, clastic rocks 
correlative with the Cretaceous strata were studied by 

Figure 6. Discontinuous layers in gneiss complex, Coqui- 
halla highway, 4 Km northeast of Falls Lake. 



MacLean (1986). She found immature chert-muscovite sand- 
stone and chert pebble conglomerate interbedded with subor- 
dinate mudstone and siltstone, which she interpreted to have 
formed in an alluvial fan environment with a western prove- 
nance. At least a partial eastern source for the clastic rocks 
is suggested, however, by the presence of abundant (up to 
40 %) detrital muscovite in all rock types, and by their close 
proximity to muscovite-bearing granitic rocks of the Eagle 
complex. This further suggests that uplift of the Eagle com- 
plex occurred by late Early to earliest Late Cretaceous time. 

Undivided Eocene intrusions 
The contact between the Eagle complex and the Nicola Group 
to the east appears to have localized Tertiary intrusions and 
faults. Felsic to intermediate post-tectonic porphyritic dykes, 
sills and stocks are especially common near the contact, as 
are brittle fracturing, alteration and mineralization. There 
are three map-scale intrusions of note. Underlying the val- 
ley of the Coldwater River is the Keystone stock, an unfoliat- 
ed , equigranular, medium-grained , hornblende biotite quartz 
diorite of early Tertiary age (W.J. McMillan, pers. comm., 
1986) which intrudes rocks of the Eagle complex. The Key- 
stone stock is itself cut by a younger multiple-phase, steeply- 
plunging, pipe-like intrusive breccia which carries base and 
precious metals mineralization (Saleken, unpublished com- 
pany report, 1979). 

Southeast, across the fault underlying the Coquihalla 
River valley, is an elongate composite intrusion described 
by Camsell (1913) as a "Granite Porphyry". It is a post- 
tectonic, high-level complex of porphyritic dykes which in- 
trude along the EagleINicola contact. Near its north end, 
at the Independence mineral property, it is associated with 
copper-gold mineralization. A late, unaltered dyke from this 
property yielded a K-Ar age of 55 Ma. Similar porphyritic 
sills and dykes, commonly associated with mineralization, 
occur to the south along the Eagle complex-Nicola Group 
contact. 

At the confluence of Britton (formerly Eagle) and Illal 
creeks, another post-tectonic stock straddles the Eagle 
complex-Nicola Group contact. This stock forms exposures 
which Camsell (1913) described as his "type" Eagle granodi- 
orite. Although it is similar in composition to the gneissic 
granodiorite of the Eagle complex, it is much less biotite- 
rich and has none of the planar fabric which characterizes 
the Eagle complex. It is an unfoliated, light- to dark-grey 
(at the contacts), weakly porphyritic biotite hornblende 
granodiorite. At its west contact, it crosscuts gneissic granodi- 
orite of the Eagle complex and at its agmatitic east contact, 
it contains randomly oriented blocks of schistose Nicola 
Group rocks. 

Eocene clastic rocks 
Middle Eocene clastic rocks, previously assigned to the Cre- 
taceous (Cairnes, 1924), are exposed along the length of the 
west side of the study area and are characterized by the pres- 
ence of typically dark red grit. Rocks from a good section 
along Vuich Creek yielded Middle Eocene palynomorphs 
(G.E. Rouse, pers. comm., 1987). 

The grit is commonly thick-bedded and poorly-sorted, 
with angular to subrounded clasts of leucocratic muscovite- 
bearing granitic rocks in a finer-grained groundmass. Al- 
though most commonly dark red in colour, pale mauve, buff 
or light green varieties may be interbedded. Local red thin- 
bedded gritty siltstone and coarse conglomerate with a red 
grit matrix also occur. Interbedded with, and in places more 
abundant than grit, are dark grey, thinly-bedded argillaceous 
rocks and subordinate lighter-grey sandstone and siltstone. 

South of Coquihalla Mountain, the Eocene clastic rocks 
overlie Triassic(?) hornblende diorite and metabasalt on a 
west-dipping low angle fault of uncertain nature. The orien- 
tation of this fault and the presence of younger rocks on older 
suggest a possible west-side-down low angle normal fault. 
Intrusion of the 46 Ma Needle Peak pluton into similar rocks 
north of the Coquihalla River tightly constrains this defor- 
mation to Middle Eocene time. On Vuich Creek, late Albian 
to Cenomanian (G.E. Rouse, pers. comrn., 1987) clastic rocks 
are thrust eastward onto the Middle Eocene rocks. This sug- 
gests that the timing and style of structures in this area are 
complex. 

Needle Peak pluton 
Distinctive granitoid peaks with well-developed exfoliation 
joints underlie the west-central margin of the map-area. First 
described by Cairnes (1924) and referred to the Cretaceous, 
they were renamed Needle Peak pluton by Monger (1970) 
and assigned an Eocene age based on a K-Ar date of 40 Ma 
(Wanless et al., 1967). The rocks consist of massive, light 
grey, medium- to coarse-grained biotite hornblende granite 
to granodiorite which commonly contains distinctive euhedral, 
pinkish potassium feldspar phenocrysts. Along its east and 
northeast contacts, the Needle Peak pluton clearly intrudes 
and produces a prominent hornfels in Middle Eocene(?) 
sedimentary rocks. Its southeast contact, closely paralleling 
the Coquihalla River valley, is a fault that juxtaposes both 
older (hornblende diorite and muscovite granite) and possi- 
bly younger (pyroclastic and rhyolitic rocks of the Coqui- 
halla volcanic complex) rocks with the pluton. New K-Ar 
isotopic ages on hornblende and biotite are concordant at 46 
Ma and are interpreted as the intrusive age of the pluton. 

Coquihalla volcanic complex 
The Miocene Coquihalla volcanic complex (Berman, 1979; 
Berman and Armstrong, 1980), underlies Coquihalla Moun- 
tain and the ridges radiating outward from it. It consists of 
undeformed calc-alkaline felsic to intermediate extrusive and 
intrusive rocks of which pale-weathering, flaggy, rhyolitic 
pyroclastic rocks are the most extensive. Pyroclastic rocks 
nonconformably overlie rocks ao the Eagle complex and are 
intruded by andesitic to dacitic domes, dykes and sills, and 
by a late quartz diorite stock which forms the core of Coqui- 
halla Mountain. Concordant K-Ar and Rb-Sr isotopic ages 
of 23 Ma suggest an earliest Miocene age. 



GEOLOGICAL EVOLUTION OF 
THE EAGLE PLUTONIC COMPLEX 
Based on work to date, the geological history of the Eagle 
plutonic complex may be: 

1. In Early(?) Cretaceous time, granodiorite of the Ea- 
gle complex intruded and was strongly deformed together 
with rocks of the Upper Triassic Nicola Group, to produce 
on the east side of the complex a strong west-dipping, regional 
foliation. 

2. Muscovite granite of late Early Cretaceous age in- 
truded the granodiorite and related rocks of the gneiss com- 
plex and was itself weakly deformed in the waning stages(?) 
of the deformation which affected the older granitic rocks. 

3.  During mid- to Late Cretaceous time the Eagle com- 
plex was uplifted along the Pasayten fault to become a source 
terrane for the Jackass Mountain and Pasayten groups to the 
west and the Spences Bridge Group to the east. 

4. In Early Eocene time, high-level intrusions and brit- 
tle faults were localized along the east margin of the Eagle 
complex. By the Middle Eocene, the Eagle complex was again 
supplying detritus west to the Methow trough. This was short- 
lived, however, as Middle Eocene clastics were involved in 
possible west-directed normal faulting as well as east-directed 
thrust faulting before being intruded by the Needle Peak plu- 
ton at 46 Ma. 

5. Brittle deformation dominated in post-Eocene time, 
and may have controlled the emplacement of the Coquihalla 
volcanic complex and intrusion of breccias into the Keystone 
stock. Faulting in post-earliest Miocene time downdropped 
the Coquihalla volcanic complex against the Needle Peak plu- 
ton across a northeast-trending high angle fault. 
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Abstract 

A Late Cretaceous complex fold and thrust system is exposed in the Niut Range east of the Coast 
Plutonic Complex. The Upper Carnian and Lower Norian basalts and sediments formed in an arc setting 
and are overlain by shallow-marine carbonates and volcaniclastic sandstone, and correlate with coeval 
rocks in Stikinia. Lower Cretaceous clastic sediments and an enigmatic volcanic unit ofpresumed Early 
Cretaceous age are also involved in the thrusting. 

Northwest-trending, gently southwest-dipping thrust faults imbricate the units, creating a 30 km wide 
thrust belt. Elongation lineations within the thrusts plunge gently southwest, and are interpreted to be 
parallel to the transport direction. Northeast-directed, rather than southwestward, thrusting is supported 
by the northeast-vergence of several large folds, and by thrusts that steepen and cut upsection to the northeast. 

Un rkseau de plis et de failles complexes du CrNact supkrieur est expos& dans le chainon Niut d. 
l'est du complexe plutonique de Coast. Les basaltes et les se'diments du Carnien supe'rieur et du Norien 
infkrieur ont form6 un arc et sont recouverts par des roches carbonatkes de fond marin peu profond 
et du grbs volcaniclastique, et sont corr6lks avec des roches contemporaines dans Stikinia. Des skdiments 
clastiques du Cre'tace' infkrieur et une unite' volcanique knigmatique pr6sumke du Crktace' infkrieur sont 
aussi en jeu duns le rkseau de failles. 

Des failles de charriage de direction nord-ouest et de faible pendage sud-ouest imbriquent les unite's, 
crehnt une zone de charriage de 30 km de large. Des line'ations d'klongation dans la zone de charriage 
plongent doucement vers le sud-ouest et seraient parall2les d. la direction de transport. La direction nord- 
est plutbt que sud-ouest du charriage est conjrmke par la tendance vers le nord-est de plusieurs grands 
plis et par des pousskes qui soul2vent et coupent la section supkrieure au nord-est. 

' Department of Geology, Occidental College, Los Angeles CA, U.S.A. 
9004 1 



'The Niut Range in the northeastern part of Mount Wadding- 
ton map area (southwest of the Yalakom Fault) straddles the 
boundary between the Intermontane Belt on the east and the 

INTRODUCTION 

Coast ~ e l t  to the west (Fig. 1). In this area, the Intermontane 
Belt is underlain predominantly by Upper Triassic and Low- 
er to Upper Cretaceous sedimentary and volcanic strata that 
have been deformed by southwest-dipping thrust faults and 
northwest-trending transcurrent faults (Tipper, 1969). To the 
west, these rocks are in contact with mainly plutonic and high 
grade metamorphic rocks of the Coast Belt (Roddick and Tip- 
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per, 1985) ; these rocks are presumed to be largely Mesozoic 
and Tertiary in age. 

The present project is designed to gain a better under- 
standing of the stratigraphy and structure of this well exposed 
and complex area, and to answer questions raised but not 
answered by previous work. In the stratigraphy, 
tectonic setting, and regional significance of the Upper Tri- 
assic strata have been controversial, with the rocks being var- 
iously assigned to Wrangellia, Stikinia or the Cadwallader 
terrane. The geometry of the thrust sheets, the nature, amount, 
and age of movement of the thrusts, and the relation between 
thrusting and transcurrent faulting are uncertain. Also un- 
known is the nature of the boundary between the Coast and 
Intermontane belts in this region. For example, it is unclear 
whether stratigraphy and structures in the Intermontane Belt 
can be traced west into the high grade metamorphic and plu- 
tonic rocks of the Coast Plutonic Complex, as is the case 
in Whitesail Lake map area 300 km northwest (van der Hey- 
den, 1982) or whether the boundary is simply an intrusive 
contact. Work to date has consisted largely of mapping at 
1 :20 000 scale in the Intermontane Belt, mainly in the area 
bounded by Mosley Creek, Homathko River, and the Tchai- 
kazan Fault. We stress that the conclusions reached in this 
paper are tentative and must be confirmed by further work. 

STRATIGRAPHY 
Stratified rocks in the area consist of Upper Triassic volcan- 
ic and sedimentary strata, Lower Cretaceous clastic rocks, 
and a basalt to rhyolite volcanic unit of assumed Early Cre- 
taceous age. No complete sections of any of the units are 
known. Because of the severe deformation, the relations 
between most of the units are speculative, and the true thick- 
nesses are unknown. 

Upper Triassic strata 
Upper Triassic rocks can be divided into four informal units. 
Three units are Carnian and Early Norian in age and may 
be facies of each other; the other unit is Late Norian and 
was probably deposited on the older units. 

The most extensive Carnian to Early Norian unit, here 
informally called the Mt. Moore volcanics, consists 
predominantly of augite porphyry basalt breccia and vol- 
caniclastic sandstone, minor tuff, and rare basalt flows and 
limestone. Good exposures of this unit occur in the area 
around Mt. Moore, but the stratigraphy is complicated by 
offsets on low- and high-angle faults. Rocks of this unit are, 
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Figure 1. Index map of the Niut Range, showing major faults 
and the approximate eastern limit of plutonic and metamorphic 
rocks of the Coast Plutonic Complex (dashed). After Tipper 
(1969) and Roddick and Tipper (1985). 

in general, dark greenish-grey to maroon and vary greatly 
in texture and appearance. A diagnostic feature is the pres- 
ence of conspicuous and abundant clinopyroxene, as 
phenocrysts in the breccias and flows, and as detrital grains 
in the sedimentary rocks. Plagioclase phenocrysts are com- 
monly present but tend to be smaller and less abundant than 
the clinopyroxene. Conodonts from one interbed of limestone 
from the Mt. Moore area are Late Carnian (M.J. ~ r d i a r d ,  
pers. comm., 1981). In the Mt. Moore area, this unit is 
equivalent to Unit 1 of Tipper (1969). Rocks exposed north- 
west of BLuff Lake were also assigned by Tipper to Unit 
1 ; however, their field and thin section appearance indicates 
they are not part of the Mt. Moore volcanics. Instead they 
may be part of the Upper Cretaceous Kingsvale Group. 

The second unit is restricted to the Mt. Moore area, 
where it is equivalent to Tipper's Unit 3. The rocks are mainly 
sandstone and siltstone with rare pebbly sandstone and shaly 
limestone. Clinopyroxene clasts, presumably derived from 
the Mt. Moore volcanics, are common in the sandstone. We 
found no diagnostic fossils in this unit, although Tipper (1969) 
suggested a Carnian(?) and Early Norian age on the basis 
of several collections of Halobia. 

The third unit consists of maroon and green tuffaceous 
shale, lapilli tuff, minor limestone, and rare volcaniclastic 
sandstone. The unit outcrops west and northwest of Razor- 
back Mountain, where it was mapped as Unit 5a by Tipper 
(1969). No diagnostic fossils have been found ; the presence 



of lapilli tuff suggests the unit was deposited during eruption 
of the Mt. Moore volcanics, thus it is probably Carnian to 
Early Norian in age. 

The Upper Norian unit is found mainly in poorly ex- 
posed areas west of Bluff Lake, where it is roughly equiva- 
lent to units 5 and 6 of Tipper (1969). The rocks are mainly 
shallow-marine limestone, and interbedded volcaniclastic 
sandstone and maroon and green shale. The clastic rocks ap- 
pear to be derived from an older basaltic source. Conodonts 
from limestone interbedded with maroon shale are Late Nori- 
an (M.J. Orchard, pers. comm., 1987) , an age in agree- 
ment with the presence of Monotis in Unit 5 (Tipper, 1969). 

The three Carnian and Lower Norian units probably ac- 
cumulated in an island arc setting. Clinopyroxene composi- 
tions from the Mt. Moore volcanics indicate that the basalts 
are calc-alkaline to tholeiitic and similar to basalts present 
in modern island arcs (Wilmanns, 1987). Whole-rock chem- 
ical analyses also support an arc setting, although the data 
are more scattered. We interpret the Carnian(?)-Lower Nori- 
an clinopyroxene-bearing sandstone unit as a local facies of 
the Mt. Moore volcanics. The age of the maroon and green 
shale-tuff unit is uncertain but, if it is Carnian to Late Nori- 
an, it too may be a distal, lateral equivalent of theMt. Moore 
volcanics. Middle Norian strata are unknown from the area. 
Evidence of active volcanism is absent from the Upper Nori- 
an strata; the arc may have been quiescent in Upper Norian 
time, or the locus of volcanism may have shifted elsewhere. 

Rocks of the Niut region have been variously correlated 
with those of Wrangellia, Stikinia, and the Cadwallader ter- 
rane. Our results suggest that the Upper Triassic rocks are 
part of Stikinia. The rock types, reconstructed stratigraphy, 
and inferred tectonic setting of the Niut Range units are similar 
to coeval rocks in Stikinia (Rusmore et al., 1987). Specifi- 
cally, the Mt. Moore volcanics resemble parts of the Upper 
Karnian to Lower Norian Savage Mountain Formation of the 
Takla Group in northern Stikinia (Monger, 1977). 
Clinopyroxenes from the Takla Group (J. W.H. Monger, pers. 
comm., 1987) closely resemble those from the Mt. Moore 
volcanics (Wilmanns, 1987) and support this correlation. The 
other Carnian-Lower Norian units are too poorly understood 
to compare to specific formations, but both are lithological- 
ly similar to rocks in the Takla Group. The Upper Norian 
limestone and shale unit may be equivalent to Upper Norian 
limestone of the Sinwa Formation in northeastern Stikinia 
(Monger, 1980). 

Although both the Cadwallader terrane and the Upper 
Triassic rocks in the Niut Range are inferred to have formed 
in or near an island arc, differences in rock types preclude 
their correlation. Basalt in the Cadwallader terrane is aphyr- 
ic or contains abundant plagioclase phenocrysts, and clastic 
rocks contain granitic clasts as well as volcanic clasts eroded 
from an older arc (Rusmore, 1987). These differences may 
reflect changes within one arc or may indicate that the Cad- 
wallader terrane is a separate Upper Triassic arc. 

The Mt. Moore volcanics are  chemically and 
petrographically unlike Upper Triassic rocks of Wrangellia. 
Basalt in Wrangellia is typically aphryric or plagioclase por- 
phyritic and chemically resembles modern within-plate ba- 
salt or back- or forearc basalt erupted in an extensional set- 

ting (Davis and Plafker, 1985). These characteristics suggest 
that the rocks in the Niut Range are not correlative with Wran- 
gellia. 

Lower Cretaceous strata 

Lower Cretaceous clastic sediments, equivalent to Unit 12 
of Tipper (1969), are the dominant rocks south of Ottarasko 
Mountain. These rocks are dominantly fine grained sand- 
stone, siltstone, and shale, but well stratified and locally cross- 
bedded conglomerate is present. Much of the unit where we 
examined it may have formed in a shallow marine to deltaic 
setting. The unit is Hauterivian in age; Lower and Middle 
Hauterivian ammonites were collected by Tipper (1969), and 
an ammonite found in this study is Late Hauterivian in age 
(J.A. Jeletzky, pers. comm., 1987). 

Variations in clast compositions serve to divide the con- 
glomerates into two types. One type, found only south of 
Ottarasko Mountain, contains 75 to 85 % volcanic clasts, two- 
thirds of which are andesitic. In the other type, exposed on 
and around Razorback Mountain, most clasts are felsic vol- 
canic and quartzose granitoid rocks ; andesitic clasts are rare. 
Sandstone compositions seem to show this same variation, 
but only a few samples have been examined petrographical- 
ly. Rocks that appear to be mylonites in hand specimens and 
deformed granitoid rocks, although uncommon, are present 
as clasts in both conglomerate types. These clasts and the 
abundance of granitoid clasts in some conglomerates are in- 
triguing hints that the absence of Jurassic strata from the re- 
gion may reflect deformation and uplift in Jurassic time. 

The structurally highest rocks on Blackhorn and Ot- 
tarasko mountains consist of a varied suite of volcanic rocks 
that are here informally called the Ottarasko volcanics. Some 
of these rocks were mapped as Unit l a  by Tipper (1969). 
Most of the unit is dacite to andesite; basalt and rhyolite are 
subordinate but locally abundant. The unit consists mainly 
of poorly stratified, unsorted to poorly sorted volcanic brec- 
cia with few recognizable flows. No fossils have been found 
in this unit, and its stratigraphic relations with other units 
are unknown. It may be equivalent to Unit 13 of Tipper 
(1969), which he thought to be Hauterivian in age. The Ot- 
tarasko volcanics strongly resemble Lower Cretaceous vol- 
can ic~  that one of us (GJW) has seen in the Rivers Inlet, Bel- 
la Coola and Whitesail Lake map areas along the east side 
of the Coast Plutonic Complex. Volcanic clasts in the Hau- 
terivian sediments are lithologically similar to the Ottarasko 
volcanics, suggesting that Ottarasko volcanics were their 
source. This evidence is consistent with an Early Cretaceous 
age for the Ottarasko volcanics, but this suggestion must re- 
main little more than a guess. U-Pb dating of the volcanic 
rocks is underway in an attempt to resolve the matter. 

STRUCTURE 
Northeasterly verging thrust faults and spectacular recum- 
bent folds are the main structures in the area. The thrust belt 
is continuous for 35 krn along strike before passing out of 
the area mapped. Closely spaced thrusts bound thin slices 
of volcanic rocks, limestone,and clastic rocks north of Ot- 
tarasko Mountain and west of Razorback Mountain. South 
and east of this area, Lower Cretaceous sedimentary strata 



outcrop extensively and form mountain-scale, recumbent or 
gently inclined tight to isoclinal folds that are bounded by 
thrusts. Throughout the area, the thrusts strike northwest to 
north; small segments strike northeast. Dips are generally 
10 to 35" southwest or west, although dips locally reach 60" 
on ramp portions of the thrusts. 

Where exposed, the thrusts are marked by zones of highly 
strained phyllite, limestone, sandstone or conglomerate. 
Clasts in sandstone, conglomerate, and lapilli-rich phyllite 
are strongly elongated within and near the thrusts. The orien- 
tation of these lineations is remarkably consistent. Along the 
35 krn of the thrust belt examined, the lineations plunge gently 
southwest or, rarely, northeast (Fig. 2). The uniformity of 
the lineation directions suggests that little deformation has 
occurred since thrusting, although the thrust belt could have 
been tilted as one large block. In addition to the lineated rocks, 
the thrusts also typically contain phyllite and marble with 
a penetrative cleavage that is parallel to the attitude of the 
thrusts. In a few outcrops, clasts in the sandstones are flat- 
tened as well as elongated, and define a foliation parallel to 
the cleavage in the phyllite and marble. Most flattening fabrics 
are symmetric; rotated clasts were seen in only one outcrop 
where they suggest the direction of transport is to the north- 
east. 

Several thrust sheets of Lower Cretaceous clastic rocks 
lie west of the Ottarasko fault. Clastic rocks between the 
thrusts commonly form nearly recumbent, tight to isoclinal 
folds that are overturned to the east or northeast; folds have 
axial planes inclined 5-25" west or southwest, and plunge 
gently northwest to southwest (Fig. 2). The largest exposed 

Figure 3. Upper Triassic basalts thrus t  over Lower Creta- 
ceous sediments on the southwest side of Ottarasko Moun- 
tain. The thrust is marked by a light coloured band of intensely 
deformed Upper Triassic limestone. 

Figure 4. Highly imbricated lenses of Upper Triassic strata 
structurally overlain by Lower Cretaceous(?) Ottarasko vol- 
c an i c~  (lighter, massive rocks that make up the upper third 
of the section). Looking northwest to the ridge 3 km west of 
Razorback Mountain. 

tight folds have half-wavelengths of about 700 m. In out- 
crop, the clastic rocks typically appear undeformed ; sedimen- 
tary structures and clast shapes are well preserved. Only in 
the hinge regions is a weak cleavage present in the shale. 

Thrusts bearing the Upper Triassic Mt. Moore volcan- 
ics in their upper plate mark the western and southern edge 
of extensive exposures of Lower Cretaceous clastic rocks 
(Fig. 3). West of these thrusts, the Lower Cretaceous clastic 
rocks occur only as small thrust-bounded lenses. In the south- 
ern part of the map area, greenschist facies metavolcanic brec- 
cias are juxtaposed against the clastic rocks along a south- 
dipping thrust. West of Razorback Mountain, thin lenses of 

Figure 2. Stereographic projection of elongation lineations Upper Triassic rocks form an imbricate zone about 400 m 
from the Niut  Range. thick that dips 20-40" to the southwest (Fig. 4). A few slices 



of Lower Cretaceous clastic rocks are also present in this 
imbricate zone. Andesitic to dacitic "sills" occur as boudins 
several metres long oriented parallel to the cleavage in the 
surrounding phyllites. Boudinaged plagioclase phenocrysts 
define a gently southwest-plunging elongation lineation that 
parallels lineations throughout the imbricate zone. Boudin 
necks are perpendicular to this lineation. To place an older 
limit on the age of the thrusting, we collected one of the 
deformed sills for U-Pb dating on zircon. 

Five or more thrust-bound sheets of Ottarasko volcan- 
ics structurally overlie the imbricate zone west of Razorback 
Mountain. Each sheet is bounded by a layer of Lower Creta- 
ceous(?) cleaved black shale and sandstone that presumably 
marks a thrust horizon. Maroon shale and marble occur in 
a few of these horizons. If the Ottarasko volcanics are Low- 
er Cretaceous, then the western thrusts place younger rocks 
over older (Upper Triassic) strata. Our work to date leads 
us to suspect that this relationship results from the presence 
of a profound angular unconformity between the Upper Tri- 
assic strata and the Ottarasko volcanics, although out-of- 
sequence thrusting could explain the structural order. We 
consider it unlikely that the faults are low angle normal faults, 
as they are indistinguishable from structurally lower thrusts. 

Field evidence suggests that the thrusts moved from 
southwest to northeast. Most fold axes lie at high angles to 
the elongation lineation (Fig. 5) ,  suggesting the transport 
direction is parallel to the lineation. Northeast-directed, rather 
than southwestward, thrusting is supported by the northeast 
vergence of several very large folds, and by thrusts that 
steepen and cut upsection to the northeast. The one outcrop 
where we observed rotated clasts also indicates transport to 
the northeast. 

The thrust belt may include rocks as young as Late Cre- 
taceous. Volcanic rocks of the Kingsvale Group are juxta- 
posed against Lower Cretaceous clastic rocks to the west by 
the Ottarasko fault, mapped by Tipper (1969) as a high-angle 
strike slip fault. However, east of Razorback Mountain, 
cleaved phyllite in the Ottarasko fault zone dips 30-60" to 
the southwest, and contains gently southwest-plunging elon- 
gation lineations. These features suggest but do not prove 
that the Ottarasko fault is part of the thrust system and not 
a transcurrent fault. If so, the Kingsvale Group is the struc- 
turally lowest plate, and thrusting is Late Cretaceous or 
younger. 

The thrusts are older than a quartz diorite pluton that 
intrudes a thrust south of Ottarasko Mountain. Three zircon 
fractions gave a concordant U-Pb date of 68 f 0.3 Ma (R.R. 
Parrish, pers. comm., 1987). Thrusting is thus probably Late 
Cretaceous in age, and certainly no older than Late Hau- 
terivian. 

The thrusts dip southwesterly under the Coast Plutonic 
Complex which lies only a few kilometres west of the area 
mapped. West of Nude Creek, metamorphic rocks locally 
contain staurolite and have elongation lineations that plunge 
gently to moderately southwest (GJW, unpubl. data). This 
geometry suggests that the Coast Plutonic Complex may be 
the highest grade and structurally highest plate in the thrust 
system. 

Figure 5. Stereographic projection of fold axes from the Niut 
Range. 

As a final note, we point out that Late Cretaceous defor- 
mation is also characteristic of the Atna Peak area on the 
east edge of the Coast Plutonic Complex southeast of Ter- 
race, B.C. (G.J. Woodsworth and E.D. Ghent, unpubl. data) 
and in the Mt. Raleigh area within the eastern Coast Plutonic 
Complex (Woodsworth, 1979). Like the Niut Range, these 
areas are characterized by elongation lineations that plunge 
gently to moderately southwest or northeast. 
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Abstract 

Lake sediment cores were taken from six lakes using a pneumatic coring device (Mackereth corer). 
Of these, cores from McLeod and Narrow lakes were sampled and specimens analyzed using a spinner 
magnetometer. The resulting paleomagnetic inclinations are presented (natural remanent magnetism (NRM) 
and after magnetic cleaning at 20 mT). Magnetic stability tests on pilot samples, using Zijdeweld graphs, 
indicate that the magnetism is stable and that these lake sediments have high potential for secular varia- 
tion work. 

Trends of turning points along a generalized secular variation line correlate between the three mea- 
sured cores although the absolute values are shifted. In the Narrow Lake core a magnetically disturbed 
zone corresponds with a silty clay layer with organic debris. 

Des carottes de skdiments lacustres ont ktkprklevkes duns six lacs au moyen d'une carotteuse pneu- 
matique Mackereth. De celle-ci, les carottes des lacs McLeod et Narrow ont kt6 trikes et des e'chantillons 
ont ktk analyse's au moyen d'un magnktomGtre rotatif. Les inclinaisons pale'omagnhiques rksultantes sont 
pre'sentkes (magnktisme rkmanant nature1 (MRN) et apr2s nettoyage magnktique a 20 mT). Des essais 
de stabilite' magnktique sur des kchantillons de rt$krence, b a s h  sur des diagrammes de Zijdeweld, indi- 
quent que le magnktisme est stable et ces skdiments lacustres conviendraient bien ci des travaux sur les 
variations skculaires. 

I1 existe une corrklation ktroite entre les tendances des points de virage le long d'une ligne de varia- 
tion skculaire g6nkraliske et les trois carottes mesurkes meme si les valeurs absolues sont dkcalkes. Duns 
la carotte du lac Narrow, une zone de perturbation magndtique correspond a une couche de silt argileux 
contenant des dLbris organiques. 

' Department of Geology, University of Western Ontario, London Ontario N6A 5B7 



INTRODUCTION PROCEDURE 
Recent lake sediments can record past variations in the ge- 
omagnetic field. These perturbations, called Holocene secu- 
lar variations, can be determined by measuring magnetism 
of samples taken from lake-sediment cores. The resulting 
data, commonly declination and inclination, are graphed 
against depth to show secular variation and to correlate one 
record with another. This paper provides the preliminary 
results of paleomagnetic work on three cores from central 
British Columbia; it is a feasibility study. 

The objective is to study Holocene sedimentation in 
selected lakes of central British Columbia by correlating the 
bottom sediments within- and between-lakes. Research of this 
type has been done in other parts of Canada; for example 
in the Great Lakes (Mothersill, 1979, 1981, 1982, 1984a,b ; 
Anderson, 1976 ; Dodson, 1977), northern Alberta (Turner, 
1982a), the Arctic (Retelle, 1985) and Vancouver Island (J.S. 
Mothersill, pers. comm., 1987). This is the first lake sedi- 
ment paleomagnetic study in central British Columbia. 

During the 1987 field season cores were taken from five 
lakes in McLeod Lake map area and one lake in McBride 
map area (Fig. 1). The lakes were chosen based on accessi- 
bility, sufficient depth and potential for fine grained sedi- 
ment. Depth requirements were constrained by the pneumatic 
coring device. Textures of the sediments may preclude their 
suitability for acquiring depositional remanent magnetism. 
Fine grained sediments appear to be best suited for paleomag- 
netic lake sediment work (Barendregt, 1981). Lakes with bed- 
rock sources of detrital magnetite in their watershed are pre- 
ferred. In the present case the source of magnetite is from 
the mafic volcanic rocks of the Slide Mountain and Takla 
groups (Campbell et al., 1973; Muller and Tipper, 1969). 

I Lake Sediment Core Location Map 

Scale 
5 0  100krn 

1 ' 5 - 9 . '  fMcL -i McL - McLeod Lake 

DL - Davle L a k e  I 
ML - Merton L a k e  

I EL - Eaglet  Lake  

SL - Saxton L a k e  

NL - Narrow Lake  

Figure 1. Location of lakes cored for paleornagnetic rneas- 
urernents in central British Columbia. 

The cores were collected from a small inflatable boat using 
a Mackereth corer (Fig. 2) capable of obtaining 6 m of con- 
tinuous core in plastic pipe of 5 cm internal diameter. The 
coring method followed that of Turner (1982b) and a descrip- 
tion of the operation of the corer is given by Mackereth (1958, 
1969). 

Partial cores were collected from Eaglet Lake, Davie 
Lake, McLeod Lake, Saxton Lake, and Narrow Lake. A com- 
plete core was collected from Merton Lake. 

The laboratory work was conducted at Geological Sur- 
vey of Canada facilities at the Pacific Geoscience Centre 
(PGC), Sidney, B.C. where the core tubes were marked, split 
and sampled at 3 cm spacing from top to bottom. Rare inter- 
vals with organic debris were not sampled for study. 

Magnetic measurements were obtained with a Schon- 
stedt spinner magnetometer connected to an IBM personal 
computer. Specimen measurement using the Softsed com- 
puter program generated declination, inclination, field in- 
tensity and statistical data. However, because the coring de- 
vice was not oriented on the lake bottom, the declination data 
are arbitrarily set and inclination data were not corrected for 
possible nonvertical attitudes of the corer. In this paper only 
the inclination data is presented. Core logging included mea- 
surement of the angles between the core axis and bedding 
to indicate deviations from the vertical. A correction can be 
applied to help compensate for this error (E. Irving, pers. 
comm., 1987). 

Because this is a feasibility study, only cores most likely 
to contain sufficient magnetite and hence remnant magnetism 
were measured. In this case the Narrow Lake core NL87-01 
was chosen. Measurements on 113 samples were made to 
determine if the material was sufficiently magnetized for mea- 
surement and if the measurements had sufficient precision 
to be statistically useful (Tarling, 1983). 

The stability of the remanent magnetism was tested us- 
ing step-wise alternating field (AF) demagnetization along 

Figure 2. Mackereth corer with fully extended core tube; 
drawn from a photograph. 



three perpendicular axes in increments from 5 mT to 90 mT 
on a pilot group of six samples each from NL87-01 and 
NL87-02. The components of the resultant magnetic vector 
for each applied alternating field are plotted against the mag- 
netic intensity ratio, where initial NRM intensity is one, 
shown on orthogonal plots (Zijderveld graphs, Fig. 3). Sta- 
bility is indicated by the linearity of the path over a range 
of applied magnetic fields. 

The other samples were measured after cleaning at the 
end points of the linear range. The resulting plots of inclina- 
t i o n - ( ~ i ~ .  4), generated from commercial software (Sym- 
phony and Lotus 1-2-3), indicate natural remanent magnetism 
(NRM) and magnetically cleaned sample magnetism. Turn- 
ing points (locii on a generalized curve corresponding to 
swings about a maximum or minimum inclination) were iden- 
tified and labelled using Greek letters following the conven- 
tion of Mackereth (1971) (Fig. 5).  

RESULTS 
In the Narrow Lake cores the linear demagnetization path, 
for the two sets of pilot samples, falls between 20 and 60 
milliteslas (mT) (Fig. 4) suggesting that the magnetism is 
stable (hard) and that whole core demagnetization can be car- 
ried out at 20 mT and 60 mT. The lake sediment paleomag- 
netic records for Narrow Lake show general agreement in 
inclination between cores from the same lake. In detail, the 
top metre for each core exhibits a uniform trend with an ab- 
rupt break at 100 cm. At this discontinuity there is a marked 
disruption in inclination data which persists to 150 cm in 
NL87-01 and to the end of NL87-02 at 200 cm. From the 
base of these scattered data NL87-01 regains a smooth trend 
to 300 cm. Stratigraphically the core (NL87-01) contains an 
organic debris layer at the base of the disruption and sparse 
organic debris upward in the section. 

Beneath 300 cm NL87-01 becomes disorganized in in- 
clinations coinciding with a change in core-bedding plane 
angle from 80 to 60". 

The McLeod Lake core (McL87-01) record is very 
smooth and well defined throughout its length (2.39 m). A 
second core (McL87-02) was collected but has not been ana- 
lyzed. Both cores were taken from a deep part of the lake 
(20 m) near the mouth of McLeod River. 

The striking similarity between inclination records for 
McLeod Lake core and Narrow Lake core (NL87-01) from 
25 cm to 220 cm provides strong evidence of correlation from 
lake to lake. An increase in inclination in the McLeod Lake 
core below 220 m was not noted in the Narrow Lake core. 
The discrepancy may result from faster sedimentation in Nar- 
row Lake indicated by constancy in inclination with depth. 

CONCLUSIONS 
The Narrow Lake sediments have a hard magnetization, 
presumably acquired at the time of deposition or post- 
depositionally. Samples cleaned at 20 mT show a tighter path 
of magnetic inclination. Correlation between two cores from 
the same lake (Narrow Lake) appears to be valid based on 
the distribution of data points; scattered data points lie at 
the same depth with less scattered points above and below 

D NRM O 5 I  \i' 

Figure 3. Orthogonal plots of a pilot specimen from 105 cm 
depth in NL87-01 core. The alternating field (AF) demagneti- 
zation shows a single component of magnetization. U and 
D refer to up direction (negative) and down direction (posi- 
tive) respectively; East (E) and North (N) are positive, and 
West (W) and South (S) are negative. 



HOLOCENE SECULAR VARIATIONS 
NARROW LAKE NL87-1 NL87-2 McL87-1 McL87-1 
INCLINATION (degrees) 

NRM 20 mT NRM 20MT NRM 
0 10 20 30 40 50 60 70 80 90 10 20 30 4 0  10 60 10 60 90 0 10 20 30 10 50 80 70 80 90 10 20 30 10 50 60 70 00 90 0 I0 20 30 40 50 60 70 80 90 

Figure 4. Inclination records for Narrow Lake cores NL87-01, NL87-02, and McLeod Lake core McL87-01. 
NRM = Natural Remanant Magmatism, 20 mt = after subjected to 20 mt alternating field. 
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Figure 6. Correlation of lake sediment paleomagnetic 
records using Mackereth (1971) method of matching inflec- 
tion points. 
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this disruption. The magnetic record for McLeod Lake 
(NRM) is very well defined and qualitatively the inclination 
variation down the core length correlates with that from Nar- 
row Lake. 

The coring method and sample measurement were suc- 
cessful in obtaining records of changes in paleomagnetism 
for lake sediment cores. Where the data are scattered the sedi- 
ment is presumed to Have undergone post-depositional reor- 
ganization of mineral grains. The process responsible is not 
known but inferred to be from compaction or mass movement. 
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Abstract 

The informally named Harper group includes up to 2500 m of sedimentary and volcanic strata deposited 
during Late Proterozoic extension tectonics along the western margin of North America. The upper Harp- 
er group unconformably overlies Proterozoic dolostones, except in the Mt. Harper area where it confor- 
mably overlies the Harper Volcanic Complex (751 Ma). Clastic dolostones predominate, except in the 
stratigraphically highest map unit, in which abundant quartz wacke and rare chert pebble conglomerate 
are interbedded with dolomitic wacke. The Harper group is disconformably overlain by dolostone that 
contains sparse Early Cambrian Archaeocyathids near the base. 

Trace fossils occur at several localities in the top 50 m of the Harper group. Ichnogenera include 
Planelites, Rusophycus, Cruziana, Arenicolites, Diplocraterion and possibly Chondrites. Rusophycus 
and Cruziana suggest an Early Cambrian age. 77zisjnd is signijcant in terms of both regional correlation 
and our understanding of late Precambrian-Cambrian evolution of the western North America margin. 

Le groupe de Harper, non formellement reconnu, comprend jusqu'd 2500 m de couches sddimen- 
taires et volcaniques qui ont dtd ddposdes le long de la marge occidentale de I'Amdrique du Nord durant 
son extension vers l a j n  du Protkrozoi'que. La partie supdrieure du groupe de Harper repose en discor- 
dunce sur des dolomies d'dge protdrozoi'que, sauf dans la rdgion du mont Harper, 012 elle repose en 
concordance sur le complexe volcanique de Harper (750 Ma). Les dolomie? clastiques prkdominent, sauf 
duns lJunit& cartographique qui est stratigraphiquement la plus klevde. A l'intdrieur de cette dernitre, 
des wackes quartziques abondantes se trouvent interstratijkes avec de rares conglomkrats a galets silicieux. 
Une unite' de dolomie qui renferme de rares Archkocyatides (d'cige cambrien infdrieur d intermkdiaire) 
vers la base, repose en discordance stratigraphique sur le groupe de Harper. 

Des traces de fossiles apparaissent ri plusieurs localitks a l'intkrieur des 50 demiers mttres du groupe 
de Harper. Les ichnogenres comprennent: Planelites, Rusophycus, Cruziana, Arknicolites, Diplocratk- 
rion et peut-Ctre Chondrites. Laprkence de Rusophycus et Cruziana indique lapossibilitkd'un dge cam- 
brien infdrieur. Cette dkcouverte est importante h l'dgard des corrklations rkgionales aussi bien que de 
notre comprdhension de l'dvolution de la marge occidentale de 1 'Amkrique du Nord a la fin du Prkcam- 
brien et au ddbut du Cambrien. 
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INTRODUCTION 
The informally named Harper group outcrops in the south- 
ern Ogilvie Mountains approximately 75-125 km northwest 
of Dawson, Yukon, in the Dawson map area (NTS 116B,C ; 
Fig. 1). This report results from a detailed study of the Harper 
group sedimentary rocks, in progress by the senior author. 
The study is an outcome of the regional mapping program 
initiated in 1981 (Thompson and Roots, 1982), and is com- 
plementary to a study of the volcanic rocks and tectonic set- 
ting of the Harper group by Roots (1987). 

REGIONAL FRAMEWORK 
The Ogilvie Mountains are the northwesterly extension of 
the Cordilleran foreland fold and thrust belt. Sedimentary 
and volcanic rocks of the Ogilvie Mountains, ranging in age 
from mid-Proterozoic to Jurassic, were thrust northward dur- 
ing late Mesozoic - early Tertiary compression. Intrusive 
rocks consist of mid-Cretaceous syenitic plutons (Anderson, 
1987). Within the Dawson map area, Proterozoic rocks oc- 
cur as two geographically and lithologically distinct assem- 
blages separated by a major east-trending thrust. South of 
the thrust, a thick succession of quartzofeldspathic sandstones, 
granulestones, and interbedded phyllites is overlain by a 
prominent light-grey-weathering limestone unit, in turn over- 
lain by maroon and green argillites and siltstones (the latter 
contain the Early to Middle Cambrian trace fossil Oldhamia). 
Rare flutes on the soles of sandstone beds in this package 
indicate northerly sediment transport. This package is cor- 
related with the "Grit Unit" of previous workers in the 
Dawson map sheet (Green, 1972) and in other parts of the 
Yukon (Gabrielse et al., 1973 ; Hofmann and Cecile, 1981). 
It corresponds to the proposed Hyland Group of Gordey (pers. 
comm., 1987) from the central Yukon. North of the thrust, 

Proterozoic rocks are generally confined to a broad, east- 
trending erosional inlier, named the "Coal Creek Dome" 
by Green (1972). Within this inlier, the oldest rocks consist 
of a thick ( > 4  ktn) succession of fine grained siliciclastic 
strata that are crosscut by heterolithic breccias, and an over- 
lying unit of locally stromatolitic dolostone. These rocks are 
correlated with the Middle Proterozoic Wernecke Supergroup 
of the Wernecke Mountains to the east (Thompson and Roots, 
1982 ; Delaney , 198 1). These strata are unconformably over- 
lain by > 2km of platformal, locally stromatolitic dolostones, 
and less abundant basal mudstones and conglomerates. This 
sequence, here informally termed the Fifteenmile group, may 
correlate with the Middle Proterozoic Pinguicula Group 
and/or Mackenzie Mountain Supergroup to the east. 

TRACE 
FOSSILS 

metres 

l O 0 l  

pH2 
0 - 3 0 0 m .  

- 
FIFTEENM 
GROUP 

Figure 1. Dawson map sheet (NTS 11 6B,C) showing major 
geographic features, location of measured section MS-33 of 
Figures 3b and 4 (filled circle) and additional trace fossil lo- 
calities (open circles). 

Figure 2. Generalized stratigraphic column for the upper 
Harper group showing map unit designations (PH, - PH,, 
CD,) and illustrating the restricted occurrence of unit PH, to 
areas overlying the Harper Volcanic Complex, mostly south 
of the main trace-fossil bearing strata. See text for descrip- 
tion of the units. 



The Harper group, which unconformably overlies the 
Fifteenmile Group, is preserved along the south and west 
margins of the inlier. It consists of a lower conglomerate- 
rich unit (0-900 m), the central Harper Volcanic Complex 
(0-1200 m), and an upper unit of conglomerate, sandstone, 
mudstone and minor limestone (0-1400 m). All of the 
sedimentary strata are unmetamorphosed and homoclinal, dip- 
ping 20-35" southwest. 'These units appear to have been 
deposited within a subsiding half-graben formed in response 
to major extension during the late Proterozoic (Thompson, 
1986; Thompson et al.,  1987 ; Roots, 1987). 

Lower Harper group strata comprise coarse dolomitic 
conglomerate beds which interdigitate with, and overlie, dolo- 
mitic sandstone and mudstone to the north and northeast. The 
southern margin is defined by an exposed, syndepositional, 
high-angle normal fault. Northerly-directed paleocurrents re- 
flect progradation of subaerial fans into a subaqueous (prob- 
ably lacustrine) environment (Mustard and Donaldson, 1987). 
Clastic sedimentation was abruptly terminated by initial depo- 
sition of the conformably overlying Harper Volcanic Com- 
plex, a bimodal extrusive event related to deep crustal rift- 
ing (Roots and Thompson, 1986 ; Roots, 1986, 1987), dated 
(by U-Pb on zircons) at 751 + 211-18 Ma (Roots, 1987). 
The upper Harper group is described below. Proterozoic strata 
of the erosional inlier are overlain by a distinctive unit of 
dolostone of Early Cambrian or younger age. Minor thrusts 
and normal faults with maximum displacements of a few 
hundred metres cut both the upper Harper Group and the 
Paleozoic dolostone in the northern and western parts of the 
map area. 

STRATIGRAPHY OF THE UPPER 
HARPER GROUP 
The upper Harper group overlies Middle Proterozoic dolo- 
stone of the Fifteenmile group with slight angular unconfor- 
mity, except in the Mt. Harper area where it conformably 
overlies and interdigitates with the Harper Volcanic Com- 
plex. A generalized stratigraphic column is shown in Figure 
2, and an oblique view of the major units is shown in Figure 
3a. Basal intercalated volcanic and dolomitic conglomerates, 
as well as rare pyroclastic beds (unit PHI ,  missing in the 
northern study area), give way upward to coarsening-up cy- 
cles of dolomitic mudstone-sandstone-conglomerate (unit 
pH2). These cycles are overlain by, and are the lateral 
equivalent of, fissile black dolomitic mudstone and dark 
brown siltstone to fine grained dolomitic wacke (unit pH3). 
This unit is overlain by lenticular and discontinuous bodies 
of fine- to medium-grained, orange-weathering dolomitic 
sandstone that display rare hummocky cross-stratification 
(unit pH4). Thick (50-100 m) lenses of this sandstone are 
generally capped by 10-30 m of laminated black calcareous 
mudstone. The stratigraphically highest unit (pH5) consists 
of up to 150 m of interbedded fine- to very-coarse-grained 
quartz wacke, fine grained dolomitic wacke and rare chert 
pebble conglomerate. Paleocurrent indicators are relatively 
common in the upper Harper group, and bed-tilt-corrected 
paleocurrents indicate southerly transport, except for those 
from siliciclastic sandstones and the chert pebble conglomer- 
ates (paleocurrents from these beds indicate northerly trans- 
port). Clasts in upper Harper group conglo~nerates are iden- 
tical to lithologies of the underlying Fifteenmile Group, or 

Figure 3. A. Slope containing almost the complete upper Harper group section (measured thickness 
of 1310 m), view foreshortened by telescopic lens. The basal contact with the Harper Volcanic Complex 
is not exposed in the photo, but occurs approxim~it9ly 500 m to the east-northeast (right). Lower resistant 
strata are PH, - PH, conglomerates, overlain by PH,, well-exposed in gullies, resistant PH,, trace-fossil- 
bearing PH, (open circle southwest of MS-33, Fig. I ) ,  and light-weathering CDB dolostone at top. 
B. East-facing exposure of measured section MS-33. 



rarely the Harper Volcanic Complex (only in unit PH,), with TRACE FOSSILS 
the exception of the light green chert clasts which make up 
>90 % of the chert pebble conglomerates. Provenance for 
these clasts is unknown. Mapping of these well exposed units 
at a scale of 1 :25 000 demonstrates that contacts are con- 
formable and generally gradational. No discontinuities were 
recognized. The Harper group is abruptly overlain by a dis- 
tinctive, laterally extensive and thick (> 300 m) light-grey- 
weathering, finely crystalline dolostone (Fig. 4a). Sparse Ar- 
chaeocyathids from near the base of this unit have been iden- 
tified as the late Lower Cambrian species tabulaconus. The 
contact between the Harper group and the dolostone unit is 
sharp, and bedding on both sides appears to be parallel, how- 
ever, the abrupt change in lithology suggests that this con- 
tact represents a disconformity. 

pH3 
( > 150m. -- 

exposed) --z -- -- --- -- - -- 

I P L A N I L I T E S  
CHONDRITES 7 
( 2 0 0 m .  N, of 

section) 

Figure 4. Section (MS-33) measured through trace-fossil- 
bearing map unit PH, indicating rock types and locations of 
trace fossils. 

Trace fossils were discovered at four localities (Fig. 1). All 
occurrences are within the uppermost mixed siliciclastic 1 
carbonate-clastic map unit (pH5), and all are less than 50 
m from the upper contact of this unit. The trace fossils are 
best displayed on the lower surfaces of medium- to coarse- 
grained quartz wacke beds, most of which are normally grad- 
ed and generally less than 5 cm thick; in a few places, com- 
posite bedsets up to 2 m thick display hummocky cross- 
stratification. Traces are less common on the soles of fine- 
to medium-grained, thin bedded dolomitic wackestones which 
are interbedded with the quartz wackes. Figures 3b and 4 
illustrate a well exposed trace-fossil-bearing measured sec- 
tion. The traces have presently been identified at the ich- 
nogenus level only. The most common are the primitive ar- 
thropod resting burrows Rusophycus (Fig. 5a,b,) and 
crawling trails Cruziana (Fig. 5c,d). These typically occur 
together on the same bed sole. The simple horizontal feed- 
ing burrow Planelites (Fig. 5e) is also common and occurs 
in approximately the same horizons, but not on the same bed 
soles as the arthropod traces. The branching horizontal feed- 
ing burrow Chondrites may occur as well, but examples are 
poorly preserved. Near the top of the itlustrated section, abun- 
dant U-shaped burrows occur in a finely laminated, very fine 
grained dolomitic wackestone. These generally lack spreite, 
suggesting identification as Arenicolites (Fig. 50, but some 
Diplocraterion containing spreite are  also present. 
Centimetre-scale columnar stromatolites capped by cryptal- 
gal layers occur in a 10 cm thick calcilutite bed near the top 
of this section. Although simple horizontal feeding traces ap- 
pear to occur at the stratigraphically lowest levels, and the 
U-shaped burrows at the highest, generalizations about ord- 
er of occurrence are unwarranted until additional fossil- 
bearing sections are measured. 

DISCUSSION 
Recent papers by Narbonne et al. (1987) and Crimes (1987) 
summarize the biostratigraphic basis for recognition of the 
Precambrian-Cambrian boundary. The condensed trace fos- 
sil interval in the Ogilvie Mountains in comparison to other 
occurrences makes recognition of specific trace fossil zones 
difficult. Both Arenicolites and Planelites can occur in up- 
permost Precambrian (Vendian) strata. However, the co- 
occurrence of Rusophycus, Cruziana, and Diplocraterion cor- 
responds to Crimes's (1987) Zone 111 and the Rusophycus 
avalonensis Zone of Narbonne et al. (1987). Crimes regard- 
ed this zone as late Tommotian - early Atdabanian age, al- 
though Narbonne et al. argued that the base of this zone may 
be early or middle Tommotian. 

The presence of this trace fossil zone beneath upper Low- 
er Cambrian Archaeocyathid-bearing dolostones in the Ogil- 
vie Mountains demonstrates an Early Cambrian age for up- 
permost strata of the Harper group, previously considered 
to be entirely of late Precambrian age. More precise place- 
ment of the boundary may be possible if carbonate samples 
currently being dissolved yield small shelly fossils similar 
to those in the Wernecke Mountains (Nowlan et al., 1985). 
Late Precambrian Ediacaran fossils occur in the Wernecke 



Figure 5. Trace fossils from the upper Harper group. Unless specified, all photos are convex hyporelief views of sam- 
ples collected from outcrop. A. Two Rusophycus examples from top of section illustrated in Figure 3a. B. Partial Rusophy- 
cus with preserved scratch marks. Approximately 500 m north of MS-33 (Fig. 3b). C. Single Cruziana structure from 
MS-33. D. Abundant overlapping Cruziana and single Rusophycus from MS-33. E. Abundant overlapping Planelites from 
scree slab of unit PH,, approximately 200 m. north of MS-33. F. Full relief, polished, longitudinal section containing 
Arenicolites; from MS-33. Scale bar = 5 mm. 



Mountains in siltstones and mudstones similar to those of 
the thick unit (pH3) preserved below the trace fossil bear- 
ing unit in the Ogilvie Mountains. No Ediacaran fossils were 
observed during mapping or section measurement, but in view 
of the present discovery, search of well-exposed sections of 
this unit now seems warranted. 

Several stratigraphic sections measured in the Ogilvie 
Mountains contain a basal contact which interdigitates with 
the radiometrically dated Harper Volcanic Complex, over- 
lain by a complete, essentially nondeformed sedimentary sec- 
tion capped by strata bearing the Early Cambrian trace fos- 
sils described in this paper. This combination of age brackets 
and lack of deformation for late Precambrian strata may be 
unique in the Canadian Cordillera. However, although no 
stratigraphic discontinuties were observed in the map area, 
the maximum measured thickness of the upper Harper group 
(1400 m) is extremely thin for a minimum deposition time 
of 160 Ma (estimated from the most likely value for the vol- 
canic date of 751 Ma, and a Precambrian-Cambrian bound- 
ary date of 590 Ma suggested by Harland et al. (1982). 

This discovery provides additional evidence that the 
Harper group was deposited within an isolated rift basin 
formed during late Precambrian extension as suggested by 
Thompson et al. (1987) and discussed in detail by Roots 
(1987). The presence of "grits" of southern derivations in 
the uppermost unit in the Harper group suggests correlation 
with the Hyland Group "grits" which outcrop south of a 
major thrust fault. Widespread occurrence of the Early to 
Middle Cambrian trace fossil Oldhamia in argillites above 
the Hyland Group "grits" (this study ; Hofmann and Cecile, 
1981) suggests that the thick siliciclastic package was deposit- 
ed in a large basin which existed contemporaneously with, 
and which outlived, the Harper basin. We suggest that sub- 
sidence of the Harper Basin, probably due to combined post- 
rift thermal cooling and sediment loading, resulted in a link- 
ing of this small rift basin to the major "Hyland-Windermere" 
basin at the end of the Precambrian or Early Cambrian. This 
could account for the northerly directed influx of siliciclas- 
tics (including green chert conglomerate clasts of unknown 
provenance) into the precursor carbonate-clastic (southward- 
transported) "Harper" basin, and the sudden migration of 
organisms responsible for the trace fossils, resulting in the 
condensed trace fossil sequence preserved in the upper Harper 
group. 

This discovery also amplifies regional correlations. 
Lithologically similar Precambrian-Cambrian trace-fossil- 
bearing sequences occur to the east in the Wernecke, Mack- 
enzie and Selwyn mountains (Narbonne et al., 1985 ; Ait- 
ken, 1984; Fritz et al., 1983, 1984; Hofmann and Cecile, 
1981), and to the south in the Cassiar (Fritz and Crimes, 
1985), and Rocky and Cariboo mountains (Young, 1972). 
The upper Harper group lithostratigraphic sequence strong- 
ly resembles the sequences preserved in the Wernecke and 
Mackenzie mountains. We tentatively correlate the basal con- 
glomeratic unit of the upper Harper group with the Rapitan 
Group to the east, although the glacial origin proposed for 
much of the Rapitan Group (Yeo, 1981) is rejected for the 
Harper group unit in favour of a coastal fan interpretation. 
If confirmed, this correlation indirectly provides the first firm 
date for initiation of "Windermere" sedimentation in the 

Mackenzie and Wernecke mountains. Correlation of Harper 
group strata with equivalent strata in the Wernecke and Mack- 
enzie mountains, combined with the link now established with 
the Hyland Group "grits" to the south, and the detailed 
paleocurrent patterns which have been documented during 
this study, provide a basis for a more exacting interpretation 
of the evolution of the late Precambrian-Early Cambrian west- 
ern margin of North America than previously possible. 
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Abstract Re'sume' 

7he Queen Charlotte Basin component of the Frontier 
Geoscience Program has four primary objectives: I )  under- 
standing crustal processes that controlled basin development, 
2) outlining the internal geology and evolutionary history of 
the basin, 3) establishing the character and distribution of 
source- and reservoir-type rocks, and 4) evaluating hazards 
that could affect petroleum exploration and production. 
Results will provide the geological and geophysical frarne- 
work for resource evaluation, environmental impact assess- 
ment, resource developmentplanning, stimulation ofprivate 
sector interest, regulation, and policy development. 

The project consists of eight scientijc elements: bios- 
tratigraphy, sedimentology and paleogeography, structure 
and tectonics, seismic refection and refraction, thermal his- 
tory and heat flow, organic geochemistry, potential $fields, 
and seabed hazards and seismicity. In all, 42 scientists are 
involved, most on a part time basis. Geological Survey of 
Canada participation comes from Ottawa, Calgary, Vancou- 
ver and Sidney 3. C. ofJices; university participation by profes- 
sors and graduate students is from University of British 
Columbia and University of Ottawa. Specialized services, 
such as acquisition of reflection seismic data, are provided 
by contractors and consultants. Industry co-operation is ben- 
eficial and appreciated. 

La partie du programme gtfoscientijque des rLgions pion- 
nikres rLaliske dans le bassin de la Reine-Charlotte comporte 
quatre objectifs primaires : I )  comprendre les processus crus- 
t a m  h la base du dkveloppement du bassin, 2) exposer dans 
ses lignes gknLrales la gkologie interne et l'kvolution du bas- 
sin, 3) Ltablir les caractdristiques et la rkpartition des roches 
de type mgre et r&servoir, et 4) &valuer les risques qui pour- 
raient compromettre les travaux d'exploration et de produc- 
tion du phrole. Les rLsultats fourniront le cadre gkologique 
et gkophysique nkcessaire h 1'Lvaluation des ressources, 1 '&va- 
luation de l'impact environnemental, la plan$cation de la 
mise en valeur des ressources, la stimulation de 1'intLr;t du 
secteurprivk, la rkglementation et la mise au point de politi- 
ques. 

Le projet comprend huit LlLments scientifiques : biostra- 
tigraphie, skdimentologie et palkogkographie, structure et 
tectonique, rkfexion et rLfraction sismique, Lvolution ther- 
mique et flux thermique, gkochimie organique, champs de 
potentiel et risques pour le fond rnarin et sismicitk. En tout, 
42 scientijques sont impliquLs, la plupart d temps partiel. 
La participation de la Commission gdologique du Canada 
vieit des bureaux d'ottawa, de ~ a l ~ a r y ,  de Vancouver et 
de Sydney; la participation universitaire, assur6e par des 
professeurs et des e'ludiants dipl6mks, est offerte par l'uni- 
versitkde Colombie-Britanniaue et 1 'universitk dlOttawa. Des 
entrepreneurs et des experts-conseil fournissent des services 
spkcialis6s comme l'acquisiticn de donnkes de sismique 
rcfflexion. La coopkration du secteur industriel est b&nLfique 

Contribution to Frontier Geoscience ProgramlContribution au Programme gkoscientifique des regions pionnikres 



The papers thatfollow describe the objectives of individu- Les communications qui suivent dkcrivent les objectifs 
a1 studies and, where possible, results from the 1987jield des dudes particulitres et, lorsque 1 'e'ventualitb se prksente, 
season, which was the initial season. Due to the preliminary les rbsultats de la saison sur le terrain 1987, soit la saison 
nature of the work not all reports are accompanied by ab- 02 tout a d6butL. 
stracts. Vu la nature prbliminaire du travail, tous les rapports 

ne sont pas accompagnb de r4sumks. 
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Abstract 

Bonilla Island, on the east side of Hecate Strait, is composed of low grade, largely undeformedpillow 
lava and basalt. These rocks are lithologically and texturally indistinguishable from those of the Karmut- 
sen Formation on Queen Charlotte Islands. Wrangellian strata may underlie most of Hecate Strait, and 
much of the strait may thus be favourable for oil exploration. 

L'ile Bonilla, situke du cBtk est du dktroit d'Hecate, se compose de laves en coussins et basaltes 
faiblement mktamorphisb et en majeure partie non dt;formb. Ces roches sont identiques, du point de 
vue de leur lithologie et de leur texture, a celles de la formation de Karmkutsen des fles de la Reine- 
Charlotte. Les strates du Wrangellien sont peut-2tre prksentes duns la majeure partie du sous-sol du 
dhroit d'Hecate, donc une grande partie du dktroit en question est sans doute intkressante du point de 
vue de l'exploration pktrolibe. 
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INTRODUCTION 
Current models suggest that the most important oil source 
rocks on the Queen Charlotte Islands and in the Queen 
Charlotte Basin are Lower Jurassic and form part of Wran- 
gellia (Cameron, 1987). However, the position of the north- 
eastern edge of Wrangellia in this region is controversial, 
as most of the Queen Charlotte Basin lies beneath Hecate 
Strait, and as the original nature of strata in the Coast Plu- 
tonic Complex to the east is generally obscured by high grade 
metamorphism and deformation. 

Based largely on gravity and magnetic anomalies, Yorath 
and Chase (1971) placed the boundary between Wrangellia 
and the Alexander Terrane along the Sandspit and southeast 
extension of the Rennell Sound fault zones (Fig. 1). If this 
conclusion is correct, then much of northern Hecate Strait 
and Dixon Entrance is underlain by Alexander Terrane and 
may be unfavourable for oil exploration. 

An alternative model, implied by the data of Roddick 
(1970) and one K-Ar date, is that the pillow basalts on Bonil- 
la Island in eastern Hecate Strait are correlative with the Upper 
Triassic Karmutsen Formation diagnostic of Wrangellia. If 
this is correct, then the Wrangellia-Alexander boundary is 
at least 80 km farther northeast than thought by Yorath and 
Chase (1981), and at least a further 15 000 km2 of Queen 
Charlotte Basin may contain oil source rocks. 

This project is designed to test these conflicting hypoth- 
eses by direct comparison of Karmutsen volcanics on Queen 
Charlotte Islands with basalts on Bonilla Island and thus to 
constrain the location of the northeast margin of Wrangellia 
in this economically important region. Although recent work 

Figure 1. Location map. The Wrangellia-Alexander Terrane 
boundary according to Yorath and Chase (1981) lies along 
the Sandspit fault zone (SFZ) and, under Hecate Strait, the 
Rennell fault zone (RFZ). New data in this paper suggest the 
boundary lies close to the west edge of Banks Island. 

(MacKevett et al., 1986) indicates that Alexander Terrane 
and Wrangellia were juxtaposed since Late Pennsylvanian 
time, the two terranes have different Mesozoic stratigraphies 
and economic importance, and the terms are retained in this 
report. 

KARMUTSEN FORMATION 
ON QUEEN CHARLOTTE ISLANDS 
The Upper Triassic Karmutsen Formation is the most dis- 
tinctive component of Wragellia. Descriptions by Sutherland 
Brown (1968) of the extensive exposures of the unit on Queen 
Charlotte lslands are thorough and generally accurate and 
need not be repeated here. During summer 1987, well ex- 
posed sections from Burnaby Island south to Kunghit Island 
and on Chaatl Island were examined and sampled for chemi- 
cal analysis. 

On the Queen Charlotte Islands, the formation is com- 
posed almost entirely of basaltic volcanic rocks. Sutherland 
Brown (1968) suggested a thickness of more than 4200 m 
for the main reference section at Scaat Harbour, east of Bur- 
naby Island. However, this section is interrupted by numer- 
ous brittle fault zones of unknown displacement and thus the 
thickness of the Karmutsen Formation in this area is unknown. 
These fault zones are marked by the local development of 
chlorite schist. On Vancouver Island the Karmutsen Forma- 
tion conformably overlies Upper Ladinian shale which in turn 
unconformably overlies Upper Paleozoic Sicker Group 
(Muller et al., 1974). On the Queen Charlotte Islands, the 
base of the unit has not been found. However, rhyolites and 
minor interbedded sediments that may represent basement 
to the Karmutsen Formation were found east of Burnaby Is- 
land and on the south shore of Chaatl Island. The Karmutsen 
Formation is conformably overlain by Upper Triassic lime- 
stone of the basal member of the Kunga Formation. 

Pillow lava is the dominant lithology in the Scaat Har- 
bour area, particularly in the structurally (and stratigraphi- 
cally?) lower parts of the section, and is common elsewhere 
in the unit (Fig. 2). Pillow breccia and hyaloclastite, subor- 
dinate to pillow lava at Scaat Harbour, are the dominant lithol- 
ogies northwest of Kunghit Island. Massive, dark green flows 
and sills dominate the sections on eastern Kunghit Island and 
on Chaatl Island. 

Figure 2. Pillow lava characteristic of Karmutsen Forma- 
tion, southern Kunghit Island. 



Most of the Karmutsen Formation appears to be in the 
prehnite-pumpellyite facies or the chlorite zone of the green- 
schist facies of regional metamorphism. Amphibolite facies 
assemblages are locally developed in contact aureoles near 
Jurassic(?) plutons at the south end of Kunghit Island. On 
Chaatl Island, the unit is regionally metamorphosed to green- 
schist facies and shows intense brittle deformation, locally 
with a strong mylonitic foliation that dips steeply north; 
stretching lineations plunge about 5" to the west. Regional 
amphibolite facies assemblages described by Sutherland 
Brown (1968) appear to be absent from the areas examined. 

KARMUTSEN FORMATION 
ON BONILLA ISLAND 
Basalt flows underlying all of Bonilla Island were briefly 
described by Roddick (1 970). Based on the lack of apprecia- 
ble metamorphism and deformation, he ascribed a Tertiary 
age to them but noted that in outcrop they resemble the Kar- 
mutsen Formation. A whole-rock K-Ar date of 202 f 21 Ma 
(old constants) supported correlation with the Karmutsen For- 
mation (Roddick, in Wanless et al., 1973). During summer 
of 1987 the rocks on Bonilla Island were re-examined and 
sampled to allow direct comparison with the Karmutsen For- 
mation on Queen Charlotte Islands. 

Bonilla Island and the many small rocks surrounding it 
are entirely underlain by dark-weathering basalt. About half 
the island is underlain by pillow lava and pillow breccia, with 
the remainder consisting of massive to amygdaloidal flows 
and diabasic textured sills or flows; the rocks commonly out- 
crop as spectacular sea cliffs. Aquagene tuff forms a minor 
part of the outcrop ; limestone and other sedimentary interbeds 
were not seen, although pillow interstices are filled with 
recrystallized calcite, epidote, quartz and prehnite(?). These 
rock types, their relative abundances, and their general ap- 
pearance in outcrop are indistinguishable from Karmutsen 
Formation on the Queen Charlotte Islands. Mineralogy and 
textural features also strongly resemble those on the Queen 
Charlottes, and hand specimens from the two areas cannot 
be told apart. Most of the rocks contain small plagioclase 
phenocrysts that locally reach 3 cm in length. Pyroxene 
phenocrysts are rare; olivine was not seen. A conspicuous 
feature of much of the basalt is a glomerophyric texture that 
is also a distinctive feature of the Karmutsen volcanics on 
Queen Charlotte and Vancouver islands (Fig. 3). On both 
Queen Charlotte and Bonilla islands, bedding is difficult to 
see and measure. On Bonilla Island the shapes of pillows 
indicate that the rocks are everywhere upright and suggest 
that the beds dip about 20" to the southwest. This dip implies 
a structural thickness of about 1600 m for the basalts in and 
around Bonilla Island. 

Metamorphic grade of the Bonilla Island rocks is proba- 
bly prehnite-pumpellyite facies or chlorite zone of the green- 
schist facies. Ductile deformation is absent and brittle defor- 
mation is restricted to fractures and narrow shears. No felsic 
or granitoid dykes, such as are common in the Coast Plutonic 
Complex were seen. 

The striking similarities in outcrop appearance, general 
compositions, and textures between the basalts on Bonilla 
Island and the Karmutsen Formation on Queen Charlotte Is- 

lands strongly indicate that rocks on Bonilla Island should 
be included in the Karmutsen Formation. This correlation 
is supported by the 207 Ma (recalculated with new constants) 
K-Ar date which, although imprecise, is consistent with a 
Late Triassic age for the Bonilla Island basalts. 

Yorath and Chase (1981) preferred to correlate the Bonil- 
la Island volcanics with Upper Triassic rocks in the Alex- 
ander Terrane, rather than with the Karmutsen Formation. 
However, their correlation is improbable for two reasons. 
Firstly, the general appearance of the Bonilla basalts more 
closely resembles the Karmutsen Formation than Triassic 
basalts from the Alexander terrane. Secondly and more com- 
pellingly, Upper Triassic volcanics of the Alexander Ter- 
rane are a bimodal suite. Dacitic to rhyolitic rocks are pres- 
ent in most Upper Triassic units in the Alexander Terrane 
of southeastern Alaska (e.g. Gehrels et al., 1987), and 
predominantly basaltic units such as the Hound Island Vol- 
c a n i c ~  range in composition from basalt to dacite (Muffler, 
1967). In contrast, the Bonilla volcanics and the Karmutsen 
Formation are entirely basalt, with no variation in composi- 
tion evident even through relatively thick sections. 

Much of the argument made by Yorath and Chase (1981) 
for the existence of Alexander Terrane beneath Hecate Strait 
rests on the presence of intrusive rocks in the Shell Anglo 
Tyee N-39 well. They noted that these gave whole-rock K-Ar 
dates ranging from Permian to Early Jurassic and concluded 
that these correlated with Paleozoic plutons of the Alexander 
Terrane exposed in southeast Alaska. Permian plutons are, 
however, unknown in southeastern Alaska, and Paleozoic 
plutons are present in Wrangellia. But more importantly, 
whole-rock K-Ar dates with large errors (i- 32 to 34 Ma) 
from drill cuttings described as "a mixed assemblage of 
microgabbro and 'granite wash"' can be interpreted in many 
fashions and are not valid evidence for the existence of Alex- 
ander Terrane or, for that matter, Wrangellia. The data from 
Bonilla Island do support the hypothesis of Cameron (1987), 
based on the distribution of oil stains and bitumen, that He- 
cate Strait is largely underlain by Wrangellian strata. 

In conclusion, the Bonilla Island basalts should be treat- 
ed as part of the Karmutsen Formation unless strong new 
evidence is presented to the contrary. Thus it appears proba- 

Figure 3. Porphyritic to glomerophyric texture in basalt from 
Bonilla Island; this texture is common throughout the Kar- 
mutsen Formation. 



ble that rocks belonging to Wrangellia occur along the east 
edge of Queen Charlotte Basin. The chemical analyses needed 
to confirm this conclusion are in progress. 

DISCUSSION 
Woodsworth and Orchard (1985) showed that the rocks on 
Dunira and nearby islands in eastern Dixon Entrance are 
underlain by strata of Alexander Terrane. They postulated 
that the Coast Plutonic Complex on the islands east of He- 
cate Strait is also underlain by Alexander Terrane and that 
the entire region is favourable for precious metal deposits 
and volcanogenic massive sulphide deposits. If so, then the 
boundary between Alexander Terrane and Wrangellia may 
coincide with the west edge of the Coast Plutonic Complex 
in this area and lie along the west sides of Banks and Porcher 
islands. 

Septa of greenschist to amphibolite facies strata on Banks, 
Gill, and Porcher islands, described by Roddick (1970) and 
Hutchison (1982), were examined during 1987. These rocks 
are dominantly thin bedded, fine grained siliceous and cal- 
careous rocks of uncertain protolith. Pelites are rare, and 
amphibolite and greenstone such as might be produced by 
metamorphism of basaltic volcanics are absent. The rocks 
are unfossiliferous and have undergone strong ductile defor- 
mation. The strata are lithologically unlike the Bonilla Is- 
land volcanics or other Mesozoic units on the Queen Charlotte 
Islands. They bear some resemblance to Late Paleozoic to 
Jurassic rocks described by Woodsworth and Orchard (1985) 
and to Late Paleozoic parts of the Alexander Terrane in south- 
eastern Alaska. Although the evidence is not compelling, it 
seems plausible that the islands forming the western part of 
the Coast Plutonic Complex are underlain by Alexander Ter- 
rane strata. 

Karmutsen Formation occurs on tiny rocks east of Bonilla 
Island, within 5 krn of the large pluton underlying much of 
western Banks Island. Small Joseph Island off the south end 
of Banks Island consists of hornblende-biotite quartz diorite 
similar to that on Trutch Island. The data suggest that the 
eastern edge of Wrangellia in Queen Charlotte Basin trends 
northwest, roughly parallel to the west shore of Banks Is- 
land. The contrast in metamorphic and structural styles 
between Bonilla Island and Banks Island, together with the 
complete absence of plutonic rocks on Bonilla Island sug- 
gests that the contact between the two terranes may be a fault, 
at least in this area. 
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Abstract 

Three informal plutonic suites on Moresby Island have distinctive plutonic styles. 

The Sun Christoval plutonic suite comprises biotite- hornblende diorite, gabbro, quartz monzodiorite 
and quartz diorite. Oblate fine grained rnajc inclusions mark 0.5-2 km wide contact zones with the Upper 
Triassic Karmutsen Formation and interphase contacts but are not deformed by superimposed tectonism. 

Burnaby Islandplulonic suite consists of a heterogeneous, sequentially intruded maJic (hornblendite 
and gabbro), intermediate (quartz monzodiorite) and felsic (biotite granite and quartz monzonite) phases. 
Widespread and intense alteration (locally to calc-silicate skarn) and brittle fracture are characteristic 
and may explain the suite's anomalously high aeromagnetic signature. 

Carpenter Bay plutonic suite includes fine- to medium-grained biotite-hornblende quartz monzodi- 
orite and quartz monzonite phases which may be higher level equivalents of the Burnaby Island suite. 
Interphase contacts are concordant with crosscutting, north-trending composite, majc  to felsic dykes 
which characterize the suite and may be cogenetic with the Middle Jurassic Yakoun volcanics. 

Trois skries plutoniques informelles duns l'ile Moresby ont des styles plutoniques distinctifs. 

La sdrie plutonique de Sun Christoval comprend de la diorite B biotite et hornblende, du gabbro, 
de la monzodiorite quartzique et de la diorite quartzique. Des inclusions mafiques b grain fin et aplaties 
rnarquent des zones de contact de 0,5 b 2 km de large avec la formation de Karmusten du Trim supdrieur 
et des contacts d'interphase, mais ne sont pas de?j+ormt?es par un tectonisme surimposk. 

La skrie plutonique de Burnaby Island comprend une phase hktkrogkne de roches mafiques marqukes 
par des intrusions successives (hornblendite et gabbro), une phase intermkdiaire (monzodiorite quartzi- 
que) et une phase de roches felsiques (granite b biotite et monzonite quartzique). Une altkration intense 
et tr2s rdpandue (localement jusqu 'au niveau de la skarn calco-silicatdj et une fracturation cassante sont 
caractkristiques etpeuvent expliquer la signature akromagnktique exceptionnellement dlevke de la skrie. 

La sdrie plutonique de Carpenter Bay comprend des phases de monzodiorite quartzique c i  biotite 
et hornblende et a grain dont la taille varie d e j n e  B moyenne, et de monzonite quartzique qui peuvent 
etre des kquivalents de niveaux plus klevks de la skrie de Burnaby Island. Les contacts d'interphase sont 
en concordance avec les dykes transversaux composites, de direction nord et dont la nature varie de 
majque Li felsique, qui caractkrisent la skrie et peuvent partager une origine commune avec les roches 
volcaniques de Yakoun du Jurassique moyen. 
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INTRODUCTION 
Granitoid plutonism is an important element of the physiog- 
raphy, tectonic evolution and thermal history of Moresby 
and southern Graham islands. For example, the much- 
described rocky spine of northwestern Moresby Island, the 
Queen Charlotte Ranges, is underlain by the San Christoval 
batholith. The age and extent of plutonism has an obvious 
importance in evaluation of possible over-maturation of other- 
wise promising petroliferous source rock. 

Mapping at 1 :50 00 scale and sampling were undertaken 
along the east coast of Moresby Island to improve under- 
standing of the nature, tectonic setting and age of plutonic 
suites and provide insight into the uplift and thermal history 
of the terrane. The suites were subdivided by Sutherland 
Brown (1968) into Jurassic syn-tectonic and Cretaceous- 
Tertiary post-tectonic varieties (Fig. 1) .  

Three (Late?) Jurassic plutonic suites are informally 
defined by their individual plutonic styles: San Christoval, 
Burnaby Island, and Carpenter Bay suites. Distribution and 
nature of phases, aeromagnetic signature (Geological Survey 
of Canada, 1987a, b, c,  d,  e ,  f, and g), mineral composition 
and fabric, cogenetic dykes and intrusive relations define 
respective plutonic styles. In the absence of a detailed 
geochronometric framework, Cretaceous-Tertiary plutons are 
only reliably known from intrusive relations with distinctive 
Cretaceous and Tertiary strata. Re-interpretation of struc- 
tural fabric in the San Christoval suite and unpublished ge- 
ochronometry (e.g., Young, 1981, p. 50-51) suggest limited 
utility for an earlier, tectonic classification of Queen Charlotte 
Island plutonism. 

GEOLOGY OF THE COUNTRY ROCKS 
Upper Triassic to Tertiary country rock for the Mesozoic 
to Tertiary intrusions provide only broad constraints on the 
suites' stratigraphic age. Upper Triassic (Carnian) Karmutsen 
Formation basalt (massive, volcaniclastic and plagioclase- 
glomerophyric varieties; Woodsworth, 1988) and Upper 
Triassic and Lower Jurassic Kunga Group limestone and 
argillite (Sandilands Formation, in part) host the Carpenter 
Bay and Burnaby Island plutonic suites. The Kunga Group 
is intruded, deformed, engulfed, and contact metamorphosed 
along plutonic margins. Massive Karmutsen Formation basalt 
and mafic volcaniclastics are apparently less affected except 
along parts of the intrusive contact with the San Christoval 
plutonic suite. In Haswell Bay, decimetre scale, mylonitized 
lit-par-lit injection zones are developed and felsite apophyses 
are common within 100-200 of the contact. 

Plagioclase porphyry intrusive facies and heterolithic 
plagioclase-phyric volcanic conglomerate of the Middle Juras- 
sic Yakoun Group are crosscut by the Burnaby Island plutonic 
suite along the north coast of Burnaby Island and along 
Cumshewa Inlet. 

Sutherland Brown (1968) described the intrusive contacts 
between members of the Burnaby Island plutonic suite and 
Cretaceous and younger strata. Except in two cases, the nature 
of the contacts or geological relationships involving the 
plutonic suites are poorly exposed or have not been re- 
investigated. Many of the granitoid fragments in the Lower 

Cretaceous Longarm Formation and in the Upper Cretaceous 
Honna Formation are lithologically similar to the San 
Christoval plutonic suite and are coeval (148 + 5 and 
152 5 5 Ma;  Yorath and Chase, 1981, p. 1728) with K-Ar 
isotopic ages from the suite (142-143 Ma;  Young, 1981, 
p. 51). At Dawson Inlet, Central Kano pluton quartz 
monzodiorite clearly decreases in grain size and increases 
in mafic content within 100-200 m of the contact with 
subvertical Tertiary Masset Group flow-layered rhyolite and 
welded tuff. The sharp contact is uninformative with respect 
to intrusive relations but the changes in the Kano pluton 
toward the contact and orientation of the Masset Group strata 
support an intrusive relationship. 
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Figure 1. Distribution of Sutherland Brown's (1968) 
syntectonic and post-tectonic plutons and the plutonic suites 
on Graham lsland (G.I.) and Moresby lsland (M.I.) described 
in text. Numbers indicate physiographic features mentioned 
in text: 1. Arichika Island; 2. Bischof Islands and Beresford 
Inlet; 3. Burnaby lsland; 4. Charles Island; 5. Cumshewa Inlet; 
6. Darwin Sound; 7. Dawson Inlet; 8. Howay Island; 9. Luxana 
Bay. Plutons are: BIP = Burnaby lsland pluton; BP = Bischof 
pluton; CBP = Carpenter Bay pluton; CKP = Central Kano 
pluton; CP = Chinukundl pluton; KP = Kunghit pluton; 
LPP = Langford Point pluton; LBP = Luxana Bay pluton; 
SCP = San Christoval pluton; WKP = West Kano pluton. 
Jurassic plutonic suites are: BlPS = Burnaby lsland plutonic 
suite; CBPS = Carpenter Bay plutonic suite; and SCPS = 
San Christoval plutonic suite. Transects A and B through the 
San Christoval plutonic suite are the Haswell Bay-De La Beche 
Inlet transect and Woodruff Bay transect. 



GEOLOGY OF THE JURASSIC PLUTONIC 
SUITES 
Sun Christoval plutonic suite 
San Christoval plutonic suite is an informal designation for 
some of the "syntectonic" plutons of Sutherland Brown 
(1968) which outcrop along the west coast of Moresby Island 
and southwestern part of Graham Island: Kunghit, Luxana, 
San Christoval and West Kano plutons. Bischof pluton has 
scattered gneissic portions but its aeromagnetic signature, 
composition, mineralogy, alteration and fracture are more 
typical of the Burnaby Island plutonic suite. The San 
Christoval plutonic suite is characterized by its homogeneity 
and a marked foliation of minerals, oblate mafic inclusions 
and(or) melanosome-leucosome alternations (Sutherland 
Brown, 1968). This feature led to the twofold tectonic 
classification of the Queen Charlotte Island granitoids into 
"syntectonic" and "posttectonic" plutons (Sutherland 
Brown, 1968). Transects across the Kunghit pluton (along 
Woodruff Bay), Luxana pluton (along Luxana Bay) and main 
San Christoval pluton (along Haswell Bay-De La Beche Inlet) 
indicate at least two origins for the foliated granitoids. The 
San Christoval plutonic suite is characterized by aeromag- 
netic lows and a subdued signature (56300-56600 gammas) 
compared to the Burnaby Lake suite (Geological Survey of 
Canada, 1987a, b, d). 

Along the Woodruff Bay and Haswell Bay-De La Beche 
Inlet transects, the San Christoval plutonic suite is a massive 
to foliated, medium grained, equigranular to seriate biotite- 
hornblende quartz monzodiorite to granodiorite. In De La 
Beche Inlet, an older mafic, hornblende diorite to gabbro 
phase is intruded by the quartz monzodiorite. Prismatic horn- 
blende is coarser grained than other minerals and together 
with the paucity of sphene (titanite) are distinctive. Fine 
grained mafic inclusions are also typical, 15-40 cm (averag- 
ing 5-10 cm) in largest dimension, and make up 2-10 % of 
the rock. Locally, they are round and massive. Within 500 
m to 2 km of contacts with Karmutsen Formation greenstone 
and volcaniclastics or with the older diorite phase, oblate 
inclusjons within a massive quartz monzodiorite host are 
foliated (rarely lineated) concordantly with the contacts. 

Green aphanitic and plagioclase porphyritic andesite 
dykes are rare and thin in the San Christoval suite. 

There is little evidence for widespread, post-intrusive, 
ductile deformation of the San Christoval suite except for 
the intensely mylonitized rocks along Luxana Bay. A 100 m 
to 1 km wide, steeply northeasterly-dipping lit-par-lit zone 
of alternating and deformed amphibolite and light grey, 
aphanitic granitoid occur locally along the plutonic-Karmutsen 
Formation contact in Haswell Bay and invariably along the 
southwest side of the Luxana Bay. Scattered intrusive relations 
are preserved, but at Luxana Bay, the rocks are commonly 
mylonitized (Sutherland Brown, 1968) and a shallow, 
northwest-plunging mineral lineation is developed. A green, 
undeformed aphanitic andesite dyke crosscuts the myloni- 
tized unit at Luxana Bay and resembles dykes characteristic 
of the Carpenter Bay plutonic suite. 

Two K-Ar isotopic ages on hornblende (143 f 7 Ma 
and 142 + 4 Ma;  Young, 1981, p. 51) agree with the loose 
stratigraphic constraints on the San Christoval suite's age but 

are interpreted as cooling ages (Young, 1981). The range 
of composition, prismatic hornblende and paucity of sphene 
which characterize the San Christoval plutonic suite compare 
closely with the Early Jurassic (180-190 Ma) Island Intrusions 
(Carson, 1973 ; Isachsen, 1984 ; Isachsen et al., 1985 ; R.G. 
Anderson, unpublished data). U-Pb geochronometry on 
zircon from the suite may provide more precise estimates 
of the intrusive age. 

Burnaby Island plutonic suite 
The Late? Jurassic Burnaby Island plutonic suite includes 
Sutherland Brown's (1968) "post-tectonic" plutons (Sandspit, 
Louise and northern part of the Southern groups) which extend 
from Chinukundl River on southeastern Graham Island to 
Collision Bay in east central Moresby Island. The suite is 
heterogeneous, massive, intensely altered (locally to calc- 
silicate endoskarn), brittly fractured and, possibly as a result, 
characterized by aeromagnetic highs (56400-57100 gammas; 
Geological Survey of Canada, 1987b, c ,  d). Heterogeneous 
phases on Bischof Islands and bordering Beresford Inlet 
(Sutherland Brown's (1968) units Js and Jsm) are included 
in the suite. 

From most to least extensive are hornblende- and(or) 
biotite-bearing quartz monzodiorite, quartz monzonite or 
granite, gabbro and hornblendite and muscovite granite. The 
phases were emplaced sequentially, mafic to felsic. Rocks 
are massive, medium grained and equigranular to seriate 
(especially felsic phases). Hornblende is subhedral, unlike 
the prismatic hornblende typical of the San Christoval plutonic 
suite. Fine grained mafic inclusions are important although 
scattered (2-5 % of the rock). No regional fabric is developed 
in the inclusions or plutonic host. 

The suite is characterized by common fracture zones 
which are the locus for widespread, brown sericite alteration 
zones whose intensity commonly obliterates the protolith. 
The zones are preferentially eroded to form wave-cut benches. 
Quartz and calcite veins heal the fractures. In a few places, 
garnet-epidote endoskarn is developed in the quartz 
monzodiorite near the fracture sets. Three trends for the steep 
fractures predominate (in order of formation): a common 
easterly to east-southeasterly and north-northeasterly 
orthogonal set; and a late, less common, south-southeasterly 
trending set. On Howay Island, the fracture-alteration zones 
are crosscut by distinctive green, aphanitic and flow-layered 
dykes. Similar flow-layered dykes intrude the Lower 
Cretaceous Longarm Formation on Arichika Island and may 
be feeders to the Masset Group. Late fractures are developed 
along the flow-layered dyke margins. 

Green aphanitic to plagioclase-, biotite- and hornblende- 
phyric andesite to dacite dykes and less common, 
clinopyroxene-rich, flow-layered dykes are  scattered 
throughout the Burnaby Island plutonic suite but are 
unimportant compared to the abundance of dykes typical of 
the Carpenter Bay plutonic suite. 

Two K-Ar isotopic ages for hornblende from the 
Chinukundl and Burnaby Island members of the suite indicate 
Late Jurassic cooling ages (156 f 5 Ma and 142 + 19 Ma, 
respectively; Wanless et al., 1968; Young, 1981, p. 51) 
coeval with cooling ages for the San Christoval plutonic suite. 
The two northwest-trending suites are closest along Darwin 
Sound but no intrusive relations are exposed. 



Carpenter Bay plutonic suite 
The southern half of Sutherland Brown's (1968) "post- 
tectonic" southern group of plutons makes up the Late 
Jurassic? Carpenter Bay plutonic suite (Carpenter Bay and 
Langford Point plutons). The suite is compositionally similar 
to part of the Burnaby Island suite and may be a high level 
equivalent. However, the Carpenter Bay suite differs in its 
abundance of dykes (Souther, 1988), subdued aeromagnetic 
expression (56200-56400 gammas; Geological Survey of 
Canada, 1987a), paucity of fracture zones or alteration, and 
a dearth of mafic (gabbro, diorite or hornblendite) phases. 

Composite plutons of sequentially-intruded, fine grained 
lnonzodiorite (rare), hornblende-biotite quartz monzodiorite 
(common) and biotite quartz monzonite (uncommon) 
characterize the suite. The granitoids are massive, fine- to 
medium-grained, equigranular, and almost inclusion-free (at 
most, 1-2 % small, fine grained, mafic inclusions). An 
exception is Charles Island where a quartz monzodiorite- 
hosted agmatite is developed at the intrusive contact with the 
Karmutsen Formation basalt. 

Dykes are common to abundant and nearly invariably 
north-northeasterly to north-northwesterly trending, 
concordant to the trend of interphase contacts in the host 
pluton. The swarms comprise 1-2 m wide, individual dykes 
and composite dykes which compose 10-20 % to 100 % of 
the outcrop. Green, aphanitic and biotite-, pyrite-, 
hornblende- and(or) plagioclase-phyric andesite varieties are 
most common. Distinctive though rare, arsenopyrite- 
plagioclase dacite and alkali feldspar-phyric trachyte dykes 
intrude green andesite dykes. There is a complete spectrum 
between massive, individual andesite dykes to layered 
individual dykes to composite dykes where there is clearly 
several generations of dyke emplacement. Layering in 
individual andesite dykes is common and occurs within 
20-50 cm of the margin. Internal contacts in the composite 
dykes are cuspate or scalloped indicative of synintrusion 
deformation. 

The K-Ar (on hornblende and biotite) and U-Pb (on zir- 
con) geochronometry for Carpenter Bay plutonic suite is in 
progress. The dyke swarms characterize, are concordant with 
and are likely cogenetic with the suite. If the dykes are feeders 
to the Middle Jurassic Yakoun volcanics (Souther, 1988), 
the plutonic suite is coeval. 

SUMMARY AND CONCLUSIONS 
The San Christoval, Burnaby Island and Carpenter Bay 
plutonic suites are distinguished by their homogeneity, the 
nature and distribution of phases, compositional spectrum, 
mineralogy, structural fabric development, aeromagnetic 
signature, associated dykes and intrusive relations. Intrusive 
relations with the Lower Jurassic Sandilands Formation of 
the Kunga Group suggest a maximum Early Jurassic age for 
some of the suites. Reconnaissance K-Ar geochronometry 
(Young, 1981) suggests the suites, though distinct, have 
overlapping K-Ar cooling ages and may be no younger than 
Late Jurassic. A suggested cogenetic connection between the 
dyke swarms which characterize the Carpenter Bay plutonic 
suite and the Middle Jurassic Yakoun Group volcanics may 
date that suite. 

Structural fabric in the San Christoval plutonic suite 
appears to be closely associated with external and interphase 
internal intrusive contacts and is interpreted as synintrusive 
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rather than as syntectonic as suggested by Sutherland Brown 
(1968). Little post-intrusion deformation appears to be 
superimposed on the suite. 

The abundant fracture and alteration zones (in part, calc- 
silicate endoskarn) which characterize the Burnaby Island 
plutonic suite are consistent with its association with nearby 
Cu-Fe skarns developed in the Kunga Group and anomalously 
high aeromagnetic signature. 
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Abstract 

f ie  tectonostratigraphic setting of the Queen Charlotte Islands changed afier deposition of the 
petroliferous Upper Triassic to Lower Jurassic Kunga and Maude groups. In the mid-Jurassic those groups 
were folded, faulted and intruded by dykes that fedporphyriticflows and breccias of the Yakoun Group. 
Since then uplift, erosion and deposition associated with the formation and jilling of successor basins 
has occurred. During the injilling of these basins, porphyries of the Yakoun Group have been important 
sources of clastic material. The successor basin cycle was accompanied by 3 episodes of compression 
which have generated folds and contraction faults. These episodes were during, and possibly just preceding, 
eruption of Yakoun Group rocks (mid-Jurassic); after deposition of the Honna conglomerate (late Cretaceous 
or early Tertiary), and after the start of deposition of the Skonun Formation. Lacking thus far, is evidence 
that these events were associated with signijcant strike slip displacement. 

Le cadre tectono-stratigraphique des iles de la Reine-Charlotte a changk aprbs la mise en place 
des groupes pktroliferes de Kunga et de Maude dont l'dge varie du Trias supkrieur au Jurassique infk- 
rieur. Au milieu du Jurassique, ces groupes ont dtk plissds, faillks et pe'nhrks par des dykes qui ont ali- 
mentk des coule'es porphyriques et des brbches du groupe de Yakoun. Par la suite, un soul2vement, de 
l'krosion et une skdimentation associks d la formation et au remplissage des bassins successeurs se sont 
produits. Pendant le remplissage de ces bassins, des porphyres du groupe de Yakoun ont kte' des sources 
importantes de matkriaux clastiques. Le cycle du bassin successeur a e'tk accompagnd de trois e'pisodes 
de compression qui ont engendre'des plissernents et des failles de contraction. Ces dpisodes ont eu lieu 
durant, et peut-Etre juste avant, l'kruption de roches du groupe de Yakoun (milieu du Jurassique); aprbs 
la mise en place du conglomkrat de Honna fin du CrNace' ou dkbut du Tertiaire), et aprbs le de'but 
de la mise en place de la formation de Skonun. On n'avait jusque-ld aucune preuve que ces dvknements 
ktaient associks 2 un important dkplacement par de'crochement. 
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GEOLOGICAL FRAMEWORK 
The geological framework of the Queen Charlotte Islands 
has been outlined by Sutherland Brown (1968) and others 
(Cameron and Tipper 1985 ; Yorath and Chase 1981). Upper 
Triassic through Tertiary rocks of the Queen Charlotte Islands 
consist of two primary parts : 1) Locally petroliferous, Upper 
Triassic through early Jurassic carbonate, sandstone and shale 
(Kunga and Maude groups) deposited-on a broad, stable shelf 
underlain by Karmutsen volcanics; and 2) a mid-Jurassic 
through Tertiary succession of sandstone, conglomerate, 
shale, volcanic and volcaniclastic successor basin deposits 
(Cameron and Hamilton, 1988). The change in tectonostrati- 
graphic setting occurred during the mid-Jurassic when Kunga 
and Maude groups were folded, faulted and intruded by dykes 
that fed porphyritic flows and breccias of the Yakoun Group. 
Since then the region was disrupted by several cycles of uplift, 
erosion and deposition associated with the formation and 
filling of successor basins. 

SCOPE AND PURPOSE 
The author's frontier geoscience program (FGP) consists of 
land based, 1 :50 000 mapping focusing on regions where 
Kunga through Honna stratigraphy is exposed. In 1987, the 
area from Skidegate Lake (Fig. 1) was covered. Individual 
sedimentary facies within the Yakoun, Moresby, Haida and 
Honna successions are being mapped separately, where 
possible. 

The work provides a base from which a reconstruction 
of the structural and stratigraphic history of the region can 
be attempted. It is anticipated that models of basin evolution 
derived on land will help constrain the interpretation of 
offshore geophysical data. Important structural features 
mapped during 1987 can be projected eastward beneath 
Hecate Strait. 

SUMMARY OF RESULTS : 
1987 FIELD SEASON 
1. The Rennell Sound fault system (Sutherland Brown, 
1968) is more properly characterized as a fold belt (Fig. 1) 
in which the Kunga and Maude strata are intensively deformed 
into chevron folds. It is not clear whether overlying Yakoun, 
Moresby and Longarm strata underwent the same degree of 
folding (Lewis and Ross, 1988). Fold limbs and cores are 
cut by contraction faults. Brittle fractures disrupt bedding ; 
in places they form "crushed" zones a few tens of metres 
wide with a consistent strike of about 120". Map relation- 
ships on either side of Skidegate Narrows suggest little or 
no strike slip displacement within the fold system (Lewis and 
Ross, 1988). 

2. The Kunga and Maude groups were deformed prior to, 
or during, the intrusion of Yakoun feeder dykes. Yakoun 
Group volcanism may account for high paleotemperatures 
of Kunga strata on Moresby Island (Souther, 1988). 

3. On southern Moresby Island, Kunga strata are cut by 
Yakoun feeder dykes, but Yakoun volcanics are absent. This 
leads to the speculation that a much larger landmass may once 
have existed, and perhaps extended, beneath the present site 
of Hecate Strait and that this landmass was a source for 
Cretaceous sandstones and conglomerate. 

4. Lower Cretaceous strata were more widespread prior 
to mid-Cretaceous block faulting. A new locality of 
Longarm(?) Formation was found on Maude Island (Fig. 1). 
Character and provenance of these sandstones is similar to 
the Moresby Group and Haida Formation. 

5 .  An important block faulting event preceded (and possibly 
initiated(?)) Haida Formation deposition. The unconformity 
at the base of the Haida cuts down through the Longarm 
Formation, and the Moresby, Yakoun and Kunga groups into 
Karmutsen Group volcanics. 

6. Haida facies are absent on the eastern side of Moresby 
Island where Honna conglomerate overlies Yakoun volcanics. 
It is possible that the conglomerate and sandstone at the base 
of the Honna is a time-stratigraphic equivalent to the Haida. 

7. Evidence that the Yakoun was an important detrital source 
for younger clastic sediments can be seen at local and regional 
scales. There is a striking similarity in the character and 
composition of clasts and sandstones of the Yakoun, Moresby, 
Longarm and Haida formations. All were derived, in large 
measure, from the products of erosion of Yakoun Group 
porphyries or by the recycling of such products. 

Figure 1.  Map showing trend and approximate width of 
s teep limbed folds of Upper Triassic through Upper 
Cretaceous sedimentary strata. Location of study areas (1 987, 
1988) are shaded. 



8. A compressive episode generated folds and contraction 
faults in late Cretaceous or early Tertiary time after Honna 
conglomerate deposition. 

9 .  A compressive episode also occurred in the lateTertiary 
after initiation of Skonun deposition. 

10. Compelling evidence for large-scale strike slip 
displacement on the Sandspit Fault is lacking. 

IMPLICATIONS REGARDING 
HYDROCARBON ASSESSNZENT, 
HECATE STRAIT 
1. The "Rennell Sound" fold belt projects east-southeast 
(approx. 120") across Louise Island (H.W. Tipper, pers. 
comm., 1987) and beneath Hecate Strait. South of the fold 
belt (beneath Hecate Strait) basement highs of Karmutsen 
volcanics and/or Kunga carbonate overlain directly by 
Tertiary Skonun Formation may beexpected. A thick, broadly 
folded succession of Haida sandstone and/or Honna 
conglomerate should be found northeast of the southeastward 
projection of the fold belt beneath the strait. 

2. The "Rennell Sound" fold belt is probably not a terrane 
boundary. Triassic and younger stratigraphy can be mapped 
across it. Magnetic and gravity anomalies, interpreted by 
Yorath and Chase (1981) as evidence for existence of an 
Alexander-Wrangellia boundary beneath Hecate Strait 
(Woodsworth, 1988), could alternatively represent evidence 
for the southeastward projection of the "Rennell Sound" fold 
belt. 

3. The potential of the Kunga and Maude groups as source 
rocks may depend on the distribution of ~ a k o u n  volcanic 
rocks. Heat associated with the mid-Jurassic volcanic event 
may have rendered organic matter overmature. This would 
have left little likelihood for migration of hydrocarbons into 
Cretaceous or Tertiary reservoirs from the Triassic and lower 
Jurassic source beds (Souther, 1988). 
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Abstract 

7he known stratigraphy of the Queen Charlotte Basin is reviewed and discussed with respect to 
signiJicant new observations. These new data are assessed in the context of petroleum geology, local 
structural development and the tectonic history of the area. 

La stratigraphic connue du bassin de la Reine-Charlotte est examinke et discuttfe en fonction de nou- 
velles observations irnportantes. Ces nouvelles donnkes font l'objet d'une tvaluation duns le contexte 
de la gkologie pktroli2re, du dtfveloppement structural local et de L'tfvolution tectonique de la rkgion. 
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INTRODUCTION 
The major objectives of the Frontier Geoscience Program 
on the Pacific coast of Canada include a relatively disciplined 
approach to geological problems which will ultimately lead 
to an appreciation of the hydrocarbon resource potential of 
the region. Of necessity, studies must be multidisciplinary 
and include structure, stratigraphy, sedimentology and 
biostratigraphy. The  following notes dealing with 
stratigraphic and tectonic observations are intended to 
supplement and expand our present knowledge of these 
aspects of the Queen Charlotte Basin as contributions to our 
continuing research in these fields. 

KEYNOTES 
Geographic localities referred to in the stratigraphic discussion 
are indicated on Figure 1. The succession of rock units as 
presently understood is represented in Figure 2 (modified 
after Hamilton and Cameron, in press). Each of the units 
discussed below can be referred to this column by the 
numbered sequence 1 to 18 appearing on the margins of 
Figure 2. 

1. The Karmutsen Formation is the oldest known rock unit 
of the succession and is thus considered as local basement. 
The very dense and strongly magnetic nature of these basic 

HECATE 

STRAIT 

LOCALITY MAP 

Q U E E N  CHARLOTTE 

ISLANDS 

0 50km - 
Figure 1. Location map showing geographic place names 
in the Queen Charlotte Basin. 

volcanics make them amenable to geophysical mapping 
throughout most of the Queen Charlotte Basin. The main 
exposures are on south Moresby Island with rare outliers on 
western Graham Island. The profound thickness of crustal 
rocks inferred from the gravity field on south Moresby Island 
may either imply older (?Paleozoic) underlying stratigraphy 
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Figure 2. Geological column for Queen Charlotte Basin 
depicting the revised stratigraphic succession and facies 
relationships (modified after Hamilton and Cameron, in press). 



or structural thickening either by imbrication of the known 
section or by underthrusted younger seafloor from the west. 

2. Two very differing limestone units occupy the lower part 
of the Kunga Group and are late Triassic. The grey limestone 
member is characteristically a massive, coarsely crystalline 
carbonate and is highly variable in thickness where examined 
in the field. Some algal-stromatolitic structures have been 
observed. The overlying black limestone member represents 
a deeper water facies of the Norian and is the oldest recognized 
hydrocarbon source succession (Fig. 3). 

3. The Sandilands Formation is the youngest unit of the 
Kunga Group and is believed to represent an excellent 
hydrocarbon source succession. It was previously believed 
to be entirely Sinemurian in age but new evidence suggests 
that the Hettangian is also represented (H.W. Tipper, pers. 
comm., 1987). 

4. The Maude Group represents formations ranging in 
palaeodepth (Fig. 3) from deep water bituminous dark shale 
(Ghost Creek Formation) to very shallow water sandstone 
(Fannin and Phantom Creek formations). The Ghost Creek 
Formation is one of the prospective source rock intervals for 
the region. 

5. The Yakoun Group consists of calc-alkaline volcanics 
and volcaniclastics of Bajocian age and may represent an arc 
stitching episode of the Wrangellia and Alexander terranes. 
Thus it is the first heating and deformational event after the 
deposition of the significant early Jurassic hydrocarbon source 
beds. The diachronous unconformity at the top of the 
Richardson Bay Formation is suggested from a radiometric 
age obtained from a sidewall core from volcanics in the base 
of the Shell Anglo Sockeye E-66 well. An absolute age of 
165 f 8 Ma age was obtained, suggesting a Late Bajocian 
to Oxfordian age (Young, 1981). Because there is no indication 
from subaerial exposures of Jurassic volcanics younger than 
Bajocian, it is assumed that the radiometric age is a little too 
young. Feldspar-hornblende porphyry sills, some cutting 
older strata, are presumed to be hypabyssal equivalents of 
the Richardson Bay volcanics and represent an intermediate 
link to the syntectonic plutons. 

6. The syntectonic plutons, as presently understood, range 
in age from Middle Jurassic to earliest Cretaceous. Thus they 
are the plutonic equivalents and successors to the Yakoun 
arc volcanics, and may be correlative with the Gravina- 
Nutzotin Arc (Berg et al., 1972). 

7. The Moresby Group represents a relatively brief 
transgressive cycle of Middle Jurassic age (Fig. 3). Its 
distribution within the Queen Charlotte Basin appears to be 
limited (Cameron and Tipper, 1985), possibly due to the uplift 
accompanying the implacement of the syntectonic plutons. 

8. Like the Moresby Group, the very shallow water 
sediments of the Late Jurassic are known from very few 
localities malnly on western and northwestern Graham Island. 
A similar relationship with the syntectonic plutons may 
explain this limited distribution. 

9. The basal unit of the Cretaceous as presently known is 
the Longarm Formation (Sutherland Brown, 1968). Litho- 
logically it is highly variable ranging from well indurated 
sandstone and siltstone in the type area, to shallow water 

sandstone and conglomerate and to deeper water green 
weathering shale and fine sandstone. All of these rocks have 
been referred to the Longarm Formation but the only common 
aspect among them is their general Barremian to Valanginian 
age. As more information is gathered concerning this unit, 
a redefinition of the formation will probably become 
necessary. Coarse channel conglomerate with crosscutting 
channels, complex grading relationships, blocks of 
resedimented conglomerate and almost 100 % volcanic 
provenance for the clasts outcrop on northern Lyell Island 
where they overlie recognizable Yakoun Group. These beds, 
previously assigned to the Longarm, have no fossil control 
on their age assignment but from their provenance it would 
seem that they are quite locally derived from eroded volcanics 
of the Richardson Bay Formation and may be better assigned 
to the Middle Jurassic. 

10. A radiometric age of 118 f 7 Ma has been reported from 
a basalt porphyry in the Shell Anglo Sockeye E-66 well 
(Young, 198 1). Thus an Aptian to Barremian age is suggested 
for the basalt, basalt porphyry and pyroclastics which lie 
below the Paleocene sediments in this well. This could 
represent unrecognized and unnamed volcanic and plutonic 
material in the section or altered Yakoun material with an 
anomalously young age. Some support for this being a real 
unit comes from the existence of the volcanic conglomerate 
facies of the Longarm on northern Lyell Island. 

11. The succession of formations within the middle and 
Upper Cretaceous, Queen Charlotte Group (Fig. 4) has been 
misunderstood by various authors over a great many years. 
Previously, the succession was believed to be Haida, Honna 
and Skidegate formations in ascending order (Sutherland 
Brown, 1968 ; Sutherland Brown et al., 1983). Studies begun 
in ,1982 revealed the presence of planktonic foraminifers 
within the Skidegate which were equivalent in age to those 
recovered from the Upper Shale Member (Sutherland Brown, 
1968) of the Haida Formation. Equivalency, at least in part, 
of the Skidegate and Haida formations was indicated. This 
time equivalency has since been confirmed by ammonoid 
faunas (Haggart, 1986). Rather than introduce new 
stratigraphic names to resolve this problem, it is herein 
suggested that the name Haida Formation be restricted to the 
basal sandstone and conglomerate unit only. Thus, the Haida 
Formation is essentially of Albian age. The name Skidegate 
Formation is expanded to include those fine sandstones, 
mudstones and shales of the type Skidegate in the western 
Skidegate Inlet area and the predominantly shale facies of 
the upper Shale Member of the Haida Formation. The age 
of the Skidegate Formation as herein redefined is essentially 
Cenomanian to Turonian. The age of the overlying Honna 
conglomerate and sandstone as suggested by arnmonoids is 
known up to this date as Coniacian (Haggart, 1986). In the 
light of these revised superpositional relationships, the 
distribution of the Skidegate Formation is not restricted to 
western Skidegate Inlet but is broadly distributed throughout 
the Queen Charlotte Islands. Sutherland Brown et al. (1983) 
suggekted that the Skidegate represented a lacustrine or 
shallow marine environment in its type area. Further 
examination of these rocks indicates that the sequence 
represents a deep marine flyschoid deposit. None of the 
sedimentary structures, such as desiccation mud cracks or 
red bed facies, mentioned by the above authors in confirming 
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a shallow environment have been observed during the present 
investigation. The Honna overlies the Skidegate in some areas 
paraconformably while in others an angular relationship is 
apparent. The Honna is a marine deposit at least in the basal 
part, but no reliable indicators of the approximate water depth 
of deposition have been observed. 

12. Radiometric ages of 72 f 6 Ma from a basalt porphyry 
and 84 f 10 Ma from a basalt were obtained from sidewall 
core and cuttings respectively in the Shell Anglo Sockeye 
B-10 offshore well (Young, 1981). These volcanics of 
approximately Campanian age occur below a sedimentary 
unit of latest Cretaceous or earliest Tertiary age. Neither of 
these units have been formally named. Rocks of this age may 
occur within the basin beneath Hecate Strait but require 
further drilling to confirm their presence. 

13. Evidence is also indicated from the Shell Anglo Sockeye 
B-10 well of an Upper Cretaceous (or basal Tertiary) 
nonmarine sedimentary unit. These strata are known from 
this locality only and their distribution and significance will 
only become more apparent with further drilling. 

14. Sedimentary facies occur within the volcanic succession 
of the Masset Formation on Graham Island. These intra- 
volcanic sediments comprise less than a few tens of metres 
of section as exposed at various localities from King Creek 
to the north coast of Graham Island or encountered in well 
intersections at Tian Bay and Naden Harbour. Although some 
of the sedimentary bodies contain marine fossils and are 
tabular with up to a kilometre of lateral extent, most bodies 
are lenticular and discontinuous with abundant terrigenous 
and woody plant debris. This terrigenous plant debris could 
represent a possible Tertiary source of kerogen. Distribution 
of these sedimentary facies and thickness is related directly 
to their relative position with respect to depocentres and 
volcanic sources. Lithologies include volcanic conglomerate, 
volcanic arenite and tuffaceous siltstone. Most of these clastics 
are poorly sorted, muddy or matrix supported, with little 
primary porosity and are well lithified or cemented by 
carbonate, authigenic clays and zeolites. Secondary porosity 
is typically in the 2 to 10 % range in fractures, intrafragmental 
or as dissolution pits within altered volcanic feldspars. Except 
where secondary porosity becomes unusually well developed, 
these intravolcanic and volcanic proximal sediments make 
poor reservoir rocks and like the Tertiary volcanics will make 
better permeability barriers and cap rocks. 

15. Tertiary volcanism with its related hypabyssal dykes 
and plutons is of long duration. New radiometric dates range 
from 41.1 to 1 1.0 Ma, confirming the age span reported by 
Young (1981). The main implications are significant heat 
input into the Queen Charlotte Basin over a long period of 
time and the development of a thick Tertiary section in a 
region of active volcanism. High level volcano-tectonic 
controls on Tertiary sedimentation and structural development 
are to be expected. 

16. Facies relationships between Masset volcanics proximal 
to the vents (with little concommitant sediment accumulation) 
and distal sedimentation indicate that the Masset and Skonun 
formations are in part time correlative. There is no group 
name that includes both of these formations. The usual 
practice is to call any volcanic rock Masset, while the 

sediments are referred to as Skonun with no further 
refinement. Significantly different rock types have been 
described from a great many areas of the Queen Charlotte 
Islands (Fig. 5 ) .  Ultimately, these rocks will have to be 
redefined and at least include a division of sediments into 
later nonmarine and earlier marine facies or members. 

17. The Tow Hill basaltic sills, like some of the 10 Ma 
rhyodacite vents of central Graham Island, are chemically 
equivalent to the Masset volcanics and show that Masset 
volcanism and late Tertiary heating persisted into Skonun 
time. 

18. Unconsolidated Quaternary deposits include interglacial, 
glacial and postglacial units with both submarine and subaerial 
(continental) facies (Clague et al., 1982). Locally the section 
can exceed 400 m in thickness as is the case in the Cape Ball 
area and in the offshore wells. For marine drilling operations 
the Quaternary geology poses two main concerns. In shallow 
water areas and along the western margin of Hecate Strait 
there is pronounced sediment transport and bedform migration 
related to strong tidal currents and large storms (Barrie, in 
press). Acoustic reflection records indicate the extensive 
occurrence of both biogenic and thermogenic gas which could 
pose a threat to drilling (Hamilton and Cameron, in press; 
Barrie, in press). 

TECTONIC OVERVIEW 
The sequence of geological events in the Queen Charlotte 
Basin (sedimentary depositional cycles, erosional unconfor- 
mities, deformations and magmatism) is strongly influenced 
by oceanic and oceanic-continental margin tectonic events. 
This is a consequence of the intra-oceanic and continental 
margin setting of this fragment of Wrangellian crust 
throughout its entire geological history. Paleontological and 
paleomagnetic evidence suggests that the original setting 
(Karmutsen to Kunga Group) was intra-oceanic in southerly 
latitudes (M. Gabrielse and C. J. Yorath, pers. comm., 1987). 
The unconformity at the top of the Maude Group corresponds 
to rifting between Gondwana and Laurasia with the opening 
of the central Atlantic Ocean. This first major basinwide 
unconformity in the section is the local Queen Charlotte Basin 
expression of that major plate re-organization and change 
in plate directions. The interval of syntectonic plutonism is 
the local equivalent of the Nevadan Orogeny and marks an 
interval of plate convergence and uplift on a regional scale. 

The interval of Longarm sedimentation marks a local 
depositional cycle between two significant global plate 
reorganizations. Its base (Valanginian) is equivalent to the 
onset of major oceanic rifting in the Indian and south Atlantic 
oceans. This is the time of assemblage and docking of 
Cordilleran Superterrane I (Stikinia and Quesnellia, Irving 
et al.,  1985). The top of the Longarm (Aptian) marks the 
onset of rifting in the Labrador Sea. The latter event certainly 
involved a significant change in the relative motion of the 
North American and Farallon plates. During Longarm 
sedimentation the ancestral Queen Charlotte BasinIWrangel- 
lian block was riding the Farallon plate northwards. This is 
a time of slow relative Farallon-North America plate motion. 

The  deposition of the Queen Charlotte Group 
corresponds to oblique subduction of the Farallon plate 



beneath North America along with some sinistral shear. The 
Queen Charlotte Basin was in a fore-arc position. The onset 
of deposition is the local expression of plate motion changes 
corresponding to the opening of the Canada Basin and the 
beginning of major dextral strike slip faulting in the northern 
Canadian Cordillera (H. Gabrielse and C. J. Yorath, pers. 
comm., 1987). The abrupt end of the Queen Charlotte Group 
sedimentary cycle with the Coniacian Honna conglomerate 
marks the final assembly of Superterrane I1 (Wrangellia, 
Alexander and Taku). Paleomagnetic evidence (Irving et al., 
1985) suggests that "Baja, BC" (the Insular Belt and Coast 
Range) was still in a southerly position at this time, approxi- 
mately opposite southern California. This may imply basinal 
equivalencies between the Cretaceous successions in southern 
and central California and the Queen Charlotte Islands area. 
The deposition of the Honna conglomerate corresponds to 
the birth of the Kula Plate and the onset of Kula-Farallon 
spreading (Woods and Davies, 1982). From this time onwards 
the Queen Charlotte Basin fragment of Wrangellia was riding 
the Kula plate northwards. Strong dextral shear and local 
emergence are indicated. The unconformity at the base of 
the Tertiary succession marks the emplacement of "Baja, 
B.C. ", Farallon-Pacific spreading and re-organization north 
of the Mendocino Fracture Zone and the opening to the 
Norwegian Sea. The decrease in Masset volcanism (circa 
19-20 Ma) corresponds to the northwards passage of the failed 
Kula-Pacific rise. Deposition of the Skonun Formation 
occurred during a time of stable plate configuration with a 
greatly simplified structure of the East Pacific Rise (6000 km 
linear anomaly 6) and continued until the final 
consumption/subduction of the Kula Plate (Atwater, 1970; 
Naugler and Wageman, 1973). 
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Studies on the Triassic Kunga Group, Queen Charlotte Islands, 
British Columbia? 

M.J. Orchard 
Cordilleran and Pacific Geoscience Division, Vancouver 
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Current Research, Part E, Geological Survey of Canada, Paper 88-IE, p. 229, 1988. 

Figure 1. Outline map of the Queen Charlotte Islands show- 
ing principal outcrops of the Kunga Group,and some prelimi- 
nary Conodont Colour Alteration Index (CAI) values. 

Contribution to Frontier Geoscience Program 

for radiolarians. Further studies were carried out by G.J. 
Woodsworth on the underlying Karmutsen Formation by 
R.G. Anderson and J. Souther on, respectively, plutons and 
dykes that intrude the Kunga Group; and by M. Bustin and 
D. Vellutini (University of British Columbia), who collect- 
ed samples for geochemical analysis. 

Sections of Triassic Kunga Group, recognized in gen- 
eral by their macrofossil content and to a lesser extent by 
their lithology, were measured and sampled systematically. 
Detailed correlation of Triassic strata is being attempted us- 
ing conodonts, radiolarians, ammonoids and bivalves: the 
result will constitute a framework for sedimentary analysis 
and environmental interpretations. Biogeographic aspects of 
the faunas are being studied to determine provenance. Study 
of conodont colour alteration is being undertaken to assess 
post-depositional temperatures of the host rocks. 

In total, about 320 samples were collected for conodont 
processing. Macrofossil determinations by E.T. Tozer (writ- 
ten comrn., 1987), indicate that strata of Late Carnian, Ear- 
ly? Norian, Middle Norian, and Late Norian are present. 
Preliminary results from conodont processing, currently un- 
derway, confirm the presence of each of the substages of 
the Norian, and a thick Carnian section. Several Norian 
conodont zones recognized in the Pardonnet Formation of 
northeastern British Columbia (Orchard, 1983) are identi- 
fied in the Kunga Group. 

Conodont colour alteration (CAI) provide a guide to post- 
depositional temperatures experienced by the Kunga Group 
(Fig. 1). Oil is generated within the range CAI 1-2, and a 
CAI of 4.5 represents the cutoff for gas. Regional trends and 
local effects have yet to be evaluated, but most of the CAI 
values in the Triassic of Moresby Island lie either near the 
cutoff limit (e.g. CAI = 4 on Kunghit and Burnaby islands), 
or in the supramature field (e.g. CAI = 5 on Kunga Island). 
Preliminary values for northern Graham Island (CAI = 1.5-2 
on Frederick Island) are lower and lie well within the 
hydrocarbon window. 
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A note on the status of Lower Jurassic ammonite 
biostratigraphy and paleontology of 

Queen Charlotte Islands, British Columbia? 
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Previously the lithostratigraphy of Lower Jurassic stratigraph- 
ic units of Queen Charlotte Islands was described (Cameron 
and Tipper, 1985; Sutherland Brown, 1968) with prelimi- 
nary identifications of related ammonite faunas. Detailed 
studies of the faunas and systematic collecting are in progress 
and understanding of the ammonite succession now permits 
initial world-wide correlations, particularly with the classic 
faunas of Europe. The ammonite succession provides a stan- 
dard by which associated microfossils - radiolaria, 
foraminifera, ostracods, and other forms - may be precisely 
zoned. This should provide a useful method of correlation 
of borehole samples in future drilling programs in the region. 

Ammonites from Toarcian strata were collected with 
great care and thoroughness. There appears to be an almost 
uninterrupted ammonite succession representing the entire 
Toarcian stage but minor hiatuses may be present. Well- 
preserved and abundant fossils are found in three formations 
of the Maude Group, the Fannin, Whiteaves, and Phantom 
Creek formations. A detailed study of the fauna, now under- 
way, will be the subject of a doctoral dissertation (Jakobs) 
at the University of British Columbia. 

metres of section are devoid of fossils. The formation is typi- 
fied by finely laminated shale, siltstone, sandstone and mi- 
nor limestone in beds rarely greater than 2 cm thick. In the 
Cumshewa Inlet - Skidegate Inlet region the sediments are 
interlayered with white or grey weathering acid tuff, proba- 
bly of air-fall origin, that forms beds up to 3 cm thick. North- 
westward the tuff beds thin to extremely thin laminae and 
are absent in the northwestern part of Graham Island. Simi- 
larly, the tuff is reported to thin out to the south of Cumshe- 
wa Inlet. The volcanism associated with the Sandilands For- 
mation was apparently of short duration; underlying 
Hettangian beds are not tuffaceous. 

Unquestionably the most complete and best preserved 
Lower Jurassic ammonite fauna in Canada is found in Queen 
Charlotte Islands. Studies to date establish that ammonite fau- 
nas from all of Early Jurassic time are represented with the 
possible exception of earliest Hettangian. Abundant rnicrofos- 
sils associated with the ammonites present the opportunity 
to relate the microfauna assemblages to ammonite zones and 
hence with the classic faunal successions of Europe and else- 
where in the world. Further work is planned. 

A continuing study of Pliensbachian faunas is well- 
advanced. Additional collections were made from the REFERENCES 
Cumshewa Inlet and Louise Island areas. A paper dealing 
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Ammonites from the Sandilands Formation of the Kun- - An amrnmonite zonation for the Lower Jurassic of the western Cana- 

ga Group were exhaustively collected. The formation spans dian Cordillera and the United States : the Pliensbachian ; Canadian 
Journal of Earth Sciences (in press). 

the Sinemurian and may extend downward into the Hettan- 
gian stage. The faunas are relatively abundant but not partic- 
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ularly diverse. The section may be uninterrupted, no evi- Columbia Department of Mines and Petroleum Resources, Bulletin 
dence of stratigraphic ornmissions were noted, but many 54. 

Contribution to Frontier Geoscience Program 
' Department of Geological Sciences, University of British Columbia, 

Vancouver, B.C. V6T 2B4 





New developments and current research on Middle Jurassic 
ammonite biostratigraphy, Queen Charlotte Islands, 

British columbiat 
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Poulton, T. P. and Tipper, H. W.,  New developments and current research on Middle Jurassic ammonite 
biostratigraphy, Queen Charlotte Islands, British Columbia; & Current Research, Part E, Geological 
Survey of Canada, Paper 88-IE, p. 233, 1988. 

Aalenian ammonites from two localities on Graham Island 
were mentioned by Cameron and Tipper (1981) and are 
illustrated and described in a taxonomic and biostratigraphic 
report on all Aalenian ammonites and strata in the western 
Canadian Cordillera (Poulton and Tipper, in press.). The 
ammonites, Bredyia aff, manfasensis Westermann reported 
by Cameron and Tipper (1985) as Hammatoceras cf. 
H, semilunutum (Quenstedt) and Tmetoceras are apparently 
Lower Aalenian based on their similarity, if not identity, with 
a South American species. B. aff. manjlasensis, which seems 
to be an indicator for the Lower Aalenian, has not been found 
elsewhere in North America. The fauna is closest to that of 
South America and similar to that of northwest Europe but 
is entirely distinct from that of the North American and Asian 
Arctic. The significance of the strong differences with other 
parts of western Canada is not clear because of the paucity 
of the fauna. 

The Lower Aalenian strata are thin and appear to 
represent local erosional remnants below a sub-Bajocian 
unconformity. They were apparently deposited in continuity 
with underlying Upper Toarcian strata, the two comprising 
the Phantom Creek Formation of the Maude Group (Cameron 
and Tipper, 1985). 

The early Early Bajocian ammonite fauna, including 
Docidoceras, Sonninia, Witchellia, Guhsania, and 
Bradfordia? reported for the first time by Cameron and Tipper 
(1981) is currently the subject of description and illustration 
in a collaborative study with R.L. Hall. The fauna comes 
from the Graham Island Formation of the Yakoun Group and 
is included in beds that disconformably overlie Lower 
Aalenian strata of the Phantom Creek Formation. Together 
with those of the Lower Aalenian, these fauna partly fill the 
lengthy hiatus between the Bajocian and Toarcian beds that 
was postulated in the older literature. The faunal data 
presented here indicates that the hiatus spans Late Aalenian 
and, perhaps, earliest Early Bajocian time only. 
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Radiolarian studies in the Queen Charlotte Islands, 
British Columbia? 
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Abstract 

The past, present and future of Mesozoic radiolarian studies in the Queen Charlotte Islands is dis- 
cussed. A brief review of initial studies by Pessagno and associates, Whalen, and Carter is followed 
by a summary of Carter's unpublished work on late Carnian-early Norian and late early Norian faunas 
from Sandilands Island. 

Possible source beds for hydrocarbons have been recognized previously in the Upper Triassic and 
Lower Jurassic of the Queen Charlotte Islands. Current radiolarian invesligations by Carter focus on 
this stratigraphic interval and include studies of Carnian and Norian faunas from the lower and middle 
members of the Kunga Formation, and Hettangian-Sinemurian faunas from the Sandilands Formation. 
Detailed study of these faunas is of importance to any future economic program especially as radiolarians 
are commonly the only abundant, age diagnostic fossil fauna consistently present in Carnian to Sinemuri- 
an age strata. 

On discute ici du passd, du prdsent et du futur des dudes sur les radiolaires du Mdsozoi'que duns 
les iles de la Reine-Charlotte. Un bref examen des premikres dudes accomplies par Pessagno et associds, 
Whalen, et Carter prdcbde un rdsumd du travail non publie de Carter sur les faunes ayant exist6 entre 
IaJin du Camien et le debut du Norien et les faunes tardives du debut du Norien provenant de l'fle Sandilands. 

Duns le Trias supdrieur et le Jurassique infkrieur des iles de la Reine-Charlotte, on avait d&ja reconnu 
des roches mbres qui pourraient renfermer des hydrocarbures. Les recherches actuelles sur les radiolai- 
res faitespar Carter visent cet intervalle stratigraphique et comprennent des e'tudes des faunes du Carnien 
et du Norien reconnues entre les membres les plus infkrieurs et les membres intermddiaires de la forma- 
tion de Kunga, et les faunes de I'Hettangien et du Sindmurien de la formation de Sandilands. L'dtude 
ddtaillee de ces faunes est importante pour tout futur programme dconomique, particuliBrement en raison 
du fait que les radiolaires sont habituellement la seule faune fossile abondante et aux Bges caractdristi- 
ques qui se manifeste de manitre rtfgulibre duns les strates datant du Carnien au Sindmurien. 
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INTRODUCTION 
Radiolarian research in Western Canada is still in its infan- 
cy. In the Queen Charlotte Islands, radiolarians were first 
recognized as pelagic microfossils by Sutherland Brown 
(1968). Since then, excellent faunas from relatively uninter- 
rupted sequences of Mesozoic strata have been the subject 
of several works and continue to provide material for study. 
Assemblages are stratigraphically controlled by well dated 
ammonoid and/or conodont faunas. Continuing documenta- 
tion of the radiolarian faunal succession will establish a zo- 
nation intercalibrated with ammonoids, conodonts and 
foraminifers that holds great promise for correlation within 
and between terranes of the Canadian Cordillera and in any 
future drilling program initiated on the west coast of Canada. 

Possible source beds of hydrocarbons have been recog- 
nized in early and middle Jurassic sections of the Kunga, 
Maude and Moresby groups (Cameron and Tipper, 1981, 
1985; Cameron, 1987). Possible source beds are prevalent 
in the Sandilands Formation of Hettangian?, Sinemurian age 
and may be represented in the more sandy beds of latest Tri- 
assic age underlying the Sandilands and in the underlying 
black limestone member of the Kunga Formation (Suther- 
land Brown, 1968). Preliminary results from recent collec- 
tions made by Carter indicate radiolarians of late Triassic 
to earliest Jurassic age are extremely diverse presumably be- 
cause of rapid evolution. This fact coupled with the scarcity 
of ammonites and absence of foraminifers in the Carnian to 
Hettangian time interval make the detailed zonation of radi- 
olarians of particular importance. 

The purpose of this report is to summarize Mesozoic 
radiolarian studies in the Queen Charlotte Islands : what has 
been done, what is presently being done and what remains 
to be done. 

TRIASSIC 
Initial studies of Triassic radiolarians were confined to late 
Norian faunas from the uppermost part of the black lime- 
stone member at the type section of the Kunga Formation 
on Kunga Island (Pessagno and Blome, 1980 ; Blome, 1984). 
These works were largely taxonomic. Some preliminary range 
zone data is found in Pessagno and Blome (1980). Blome 
(1984) described additional taxa and incorporated the Queen 
Charlotte data in a radiolarian zonation for the Upper Triassic. 

The first work on Triassic radiolarians older than late 
Norian was by E.S. Carter, who studies faunas from the black 
limestone member of the Kunga Formation on Sandilands 
Island (unpub. rep., 1986; EMR Canada Contract No. 
23445-6-0067/0 1 -6SB). Assemblages were dated by 
conodonts (M.J. Orchard, GSC), and two distinct faunas 
recognized; the older is late Carnian to early Norian; the 
younger, late early Norian. The older assemblage closely 
resembles Tethyan faunas from the Mediterranean area 
described by De Wever (1979) and includes species such as 
Capnuchosphaera theloides, Poulpusphasmatodes and forms 
comparable to Capnodoce anapetes and Poulpus piabyx. 
Spongostylus tortilis and Capnodoce are present but the lat- 
ter is rare. Justium novum is the only characteristic species 
present belonging to the lowest Justium novum Subzone of 
Blome (1984). The absence of so many of Blome's subzonal 
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Figure 1. Zonal marker taxa for radiolarian units proposed 
for Upper Pliensbachian to Lower Bajocian strata in the Queen 
Charlotte Islands, after Carter (in press). 7 = downward 
pointing triangle represents the last occurrence of a taxon; 
A = upward pointing triange represents the first occurrence 
of a taxon. 

taxa suggest this assemblage may be somewhat older than 
Blome's oldest faunas from the Rail Cabin Mudstone in Ore- 
gon, dated Upper Carnian?/Lower to upper Middle Norian. 
The late early Norian assemblage is characterized by the dom- 
inance of Capnodoce, Syringocapsa, Acanthocircus and 
several new forms. It contains many species representative 
of Blome's Latium paucum Subzone. Blome (1984) placed 
the upper boundary of the Latium paucum Subzone in the 
upper Middle Norian; the lower subzone boundary is tenta- 
tively placed just above the base of the Middle Norian (Blome, 
1984, text-Fig. 7). Radiolarians from Sandilands Island sug- 
gest the Latiumpaucum Subzone should also include the up- 
per Lower Norian. 

In 1986-87 field seasons, E.S. Carter and M.J. Orchard 
(GSC) sampled from many of Sutherland Brown's localities. 
Preliminary results from 1986 indicate the presence of Low- 
er and Middle Norian radiolarians in addition to a unique 
and very diverse, largely undescribed Carnian fauna. Carni- 
an radiolarians other than those from the lower and upper- 
most parts are poorly known worldwide. Field observations 
suggest a thick Carnian section with relatively uninterrupted 
sedimentation. Further laboratory results should provide am- 
ple material for extensive biostratigraphic and taxonomic 



studies of Carnian, and possibly older, radiolarians. Collec- ically, there is much work to be done; the Pliensbachian with 
tions are still being processed but preliminary observations its greatly varied, and mostly undescribed, Tethyan fauna 
of several excellently preserved assemblages from an inter- is a case in point. 
val well above ~ o n o i s  suggest zonation-of the very latest The Lower Toarcian is of particular interest for future 
Triassic may be possible in the Queen Charlotte Islands. Fur- study. Lower Toarcian Radiolaria worldwide, are virtually 
thermore, if collections from the grey limestone member yield unknown ; the interval is either missing or if present, lacks 
radiolarians, biostratigraphic information gained should aid radiolarians, Lower Toarcian strata containing DnctyliOCe,ar 
greatly in determining the age of the cessation of Karmutsen is present at several localities in the Charlottes but thus far, 
volcanism and the initiation of limestone sedimentation in it too has failed to yield radiolarians. As new localities be- 
Wrangellia. come available and more intensive and varied sampling con- 

JURASSIC 
Radiolarian studies began in the late 1970s and results have 
been confined primarily to the description of new taxa with 
some preliminary range zone data (Pessagno and Blome, 
1980; Pessagno and Whalen, 1982 ; Pessagno et al., 1986; 
Whalen, 1985). A major zonal scheme which incorporates 
some Queen Charlotte data has been proposed by Pessagno 
et al. (1987). Carter (1985) constructed an informal radi- 
olarian zonation for Jurassic strata of late Pliensbachian to 
early Bajocian age from the Fannin, Whiteaves, Phantom 
Creek and Graham Island formations. Seven distinct assem- 
blages are recognized (see Fig. 1). For further details of this 
zonation and of the new taxa described see Carter et al. (in 
press). 

Of major interest at present is the Hettangian and Lower 
Sinemurian interval where accurate dating by macrofossils 
historically has been poor. The "unfossiliferous interval" 
referred to in various works by Pessagno et al. (1980, 1982, 
1986, 1987) and Whalen (1985) very likely represents at least 
part of the Hettangian stage. Results from Carter's 1985-86 
collections illustrate the great diversity of radiolarians from 
these beds which are above Monotis, and below the first 
Sinemurian arietitid ammonites. The major objective of the 
present study is to determine if true Hettangian rocks exist 
in the Queen Charlotte Islands and if so, to further study the 
biostratigraphy of the Radiolaria. This will require collect- 
ing radiolarians in association with Hettangian ammonites. 
A further objective is to define the boundary between the 
Lower and Upper Sinemurian on the basis of radiolarians. 
Pessagno et al. (1987) have erected two radiolarian zones 
for the Sinemurian (Zones 04 and 03) but the boundary 
between the two has yet to be correlated with ammonite zones. 
Carter's 1987 radiolarian collections, taken from measured 
sections containing ammonites sampled over a wide geograph- 
ic area should help resolve these problems. Other projects 
include the continuing study of late Pliensbachian through 
early Bajocian faunas to test or, in necessary, modify Cart- 
er's zonation. Additional collections are needed from the low- 
er Middle Toarcian and Aalenian to more precisely define 
these time intervals. 

Excellent material is available for future radiolarian in- 
vestigations in the Queen Charlotte Islands. Dating provided 
by the rich and closely associated ammonite fauna makes the 
area especially suitable for study of Lower and Middle Juras- 
sic Radiolaria. Lower Jurassic forms, in particular, are ex- 
tremely diverse and generally short-ranging, making them 
ideal for use in detailed biostratigraphic analysis. Taxonom- 

tinues, it is possible radiolarians from this critical interval 
may be found in the Queen Charlotte Islands. Other areas 
of interest include the upper Lower Bajocian of the Richard- 
son Bay Formation and the Upper Bathonian to Lower Cal- 
lovian of the Robber Point, Newcombe and Alliford forma- 
tions. Lower Callovian shales contain abundant radiolarians 
but limestones thus far have failed to yield a well preserved 
fauna. 

CRETACEOUS 
Cretaceous radiolarians are very abundant in shales of the 
Haida and Skidegate formations but less so in limestone nod- 
ules where preservation is generally much better. This ap- 
pears to be a preservation problem and a more varied system 
of sampling and/or processing techniques may increase the 
yield. Cretaceous radiolarians are diverse and the limited 
material presently available promises a refined zonation in 
the future. Several excellent faunas of Albian-Cenomanian 
and possibly Coniacian age are known from Skidegate Inlet 
and northwest Graham Island. Collections from Cretaceous 
formations made in (1987) the Skidegate Inlet area are cur- 
rently being processed and results will be reported at a later 
date. Future radiolarian work should include systematic sarn- 
pling of the thick Cretaceous sequence on northwest Gra- 
ham Island; sampling there to date has been minimal. 

CONCLUSIONS 
The state of radiolarian biostratigraphy in the Queen Charlotte 
Islands is discussed above. This is a new study that is intend- 
ed to solve problems where other fossil assemblages fail. In 
order for this method to succeed, it is necessary first to build 
a detailed zonation scheme where other faunas are present 
to provide accurate stratigraphic control. This criterion is 
met in the Queen Charlottes where rich ammonite, conodont 
and foraminifera1 faunas prevail. Radiolarian biostratigra- 
phy is providing new and continuing data that should be of 
substantial value to any future economic program in the Queen 
Charlotte Islands. 
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Tertiary biostratigraphy, Queen Charlotte Basin, 
British Columbia? 

James M. White 
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Tertiary biostratigraphy is required to establish age control, 
to provide paleoenvironmental interpretations, and to corre- 
late strata between wells and outcrops. These data will be 
provided by study of palynomorphs and foraminifera. 

A taxonomic basis for Queen Charlotte Basin Neogene 
palynology has been provided by Martin and Rouse (1966). 
Hopkins (1975, 1981) has provided preliminary palynostratig- 
raphy for the Shell Anglo Osprey D-36, Harlequin D-86, 
Auklet G-41, and Murrelet L-15 wells. Rouse, in Champig- 
ny et al. (1981) has proposed biostratigraphic markers for 
the Middle Miocene. Biostratigraphic interpretations of Shell 
Anglo's West Coast offshore wells are found in an internal 
Shell report (Anon.), whose author notes that Neogene bios- 
tratigraphy is derived more from climatically induced vege- 
tation change than from evolutionary floral change. 

Biostratigraphic and paleoenvironmental information will 
be provided by foraminifera1 analysis of the marine sections 
of Murrelet L-15, Harlequin D-86, and Osprey D-36 wells. 
This will allow a cross-check with palynological biostrati- 
graphic interpretations. R.T. Patterson has been contracted 
to do the foraminifera1 analysis. 
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in the Queen Charlotte Islands, British Columbia? 
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Abstract 

Pervasive dyke and sill emplacement during Middle Jurassic, Yakoun volcanism may have resulted 
in thermal over-maturation of large areas of hydrocarbon source rocks in the Triassic- Jurassic Kunga 
Formation prior to deposition of potential reservoir rocks during the Cretaceous and Tertiary. In contrast, 
dyke emplacement associated with Tertiary Masset volcanism appears to be localized within a few major 
swarms separated by broad areas containing relatively few dykes. 

La mise en place de tr2s nombrewc dykes et sills, au cours du Jurassique moyen, et le volcanisme 
de Yakoun ont peut-Ctre provoque' une surmaturation thermique de vastes e'tendues de roches m2res conte- 
nant des hydrocarbures duns la formation de Kunga du Trias et du Jurassique, avant le de'pbt de roches- 
rkservoirs potentielles durant le Crdtacd et le Tertiaire. Par contre, il semble que la mise en place des 
dykes associb au volcanisme tertiaire de Masset soit limitke 6 quelques grands essaims de dykes se'parks 
par de vastes zones contenant relativement peu de dykes. 
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INTRODUCTION AGE AND ASSOCIATION 
About six weeks, June 15 to July 25, were spent collecting 
field data on dykes in the Queen Charlotte Islands. The work 
concentrated on shorelines, where exposures are sufficient- 
ly continuous to provide a statistically valid sample of dyke 
density. Field data were collected on all dykes exposed along 
about 300 krn of shoreline which were examined either from 
a boat or by walking on wave-cut benches. Thickness, orien- 
tation, lithology and contact relationships were recorded on 
656 dykes and 340 samples were collected for petrological, 
chemical and geochronological work. 

The dyke study was funded by and co-ordinated with 
the broader Frontier Geoscience Program initiated in 1987 
to assess the petroleum potential of Queen Charlotte Basin. 
Data on the dykes will be used to model the thermal effects 
of igneous intrusion on both potential hydrocarbon source 
and reservoir rocks. The following report, based on a prelimi- 
nary assessment of the field and laboratory data, will be fol- 
lowed by additional fieldwork and more rigorous analysis 
of the results. 

GEOLOGICAL SETTING 
The Triassic-Jurassic Kunga Formation and the Lower Juras- 
sic Maude Formation comprise an assemblage of shale, sand- 
stone, argillite and limestone which is locally petroliferous 
and is believed to include hydrocarbon source rocks (Suther- 
land Brown, 1968; Yorath and Hyndman, 1983; Orchard, 
1988). The sediments are overlain by the predominantly vol- 
canic, Upper Jurassic Yakoun Formation which appears to 
be the protolith from which massive Cretaceous sandstones 
were derived (Thompson, 1988). These sandstones, which 
are locally porous enough to have reservoir potential, are 
overlain by the Masset Formation, a complex assemblage 
of Tertiary volcanic and minor volcaniclastic rocks (Hick- 
son, 1988). 

In addition to igneous activity related to Yakoun and Mas- 
set volcanism several large granitic plutons on the Queen 
Charlotte Islands are classified as "post-tectonic" by Suther- 
land Brown (1968). Some of these cut and metamorphose 
Cretaceous and Early Tertiary rocks (Anderson, 1988) and 
are clearly related to an igneous episode that postdates the 
Yakoun. Others, such as the Carpenter Bay Pluton (Fig. 3) 
are not in direct contact with rocks younger than the Kunga. 
The lithological similarity between fine grained phases of 
the Carpenter Bay Pluton and widespread Yakoun dykes 
throughout south Moresby suggests that the Carpenter Bay 
and possibly other "post-tectonic" plutons may be subvol- 
canic equivalents of the Yakoun. 

REGIONAL DISTRIBUTION 
The density of dykes varies dramatically from place to place 
within the Queen Charlotte Islands. Most of those studied 
during the 1987 field season are concentrated in four well 
defined swarms (Fig. 1) separated by extensive areas which 
contain little or no dyke material. Each swarm contains a 
dominant set of dykes with fairly consistent trends and lithol- 
ogies but, as is evident from the rose diagrams (Fig. I), there 
is considerable local scatter, particularly in the Selwyn Inlet 
and Tasu Sound swarms. 

Except for those rare localities where crosscutting relations 
are exposed it is difficult to discriminate between dykes of 
different ages and associations. 

In general greenish-grey "andesite" dykes, which are 
lithologically similar to and probably comagmatic with the 
Yakoun volcanics, are confined to the Kunga and Yakoun 
formations. Their orientation is locally consistent but both 
dyke density and orientation vary from one locality to anoth- 
er. They are most abundant near Kunga-Yakoun contacts, 
suggesting that pervasive, high level dyke and sill emplace- 
ment accompanied Yakoun volcanism. The dykes, which 
range from 1 to 8 m thick, are commonly associated with 
comagmatic sills from 1 to more than 15 m thick. Columnar 
jointing is either absent or poorly developed (Fig. 2). Intru- 
sive contacts with Kunga sediments are extremely sharp and 
display little or no thermal alteration of the intruded rock 
and only moderate quenching of thin selvages on the dykes 
and sills. However, both dykes and sills have suffered vary- 
ing degrees of post-emplacement deformation. Because the 
dykes are relatively more competent than the enclosing sedi- 
ments deformation is commonly manifest in shearing and 
brittle fracturing along contacts but many Yakoun dykes and 
sills have also been folded or offset by minor faults. Struc- 
tural relationships suggest that emplacement of Yakoun dykes 
and sills was coeval with deformation of the Kunga. 

Dykes associated with "post-tectonic" plutons resem- 
ble those associated with the Yakoun volcanics, but they form 
unidirectional swarms of great length which merge with late 
stage, fine grained phases of the parent pluton. The associa- 
tion is well displayed at the southern end of the Carpenter 
Bay swarm where as much as 80 % of the exposed rock con- 
sists of coalescing dykes enclosing residual lenses and pock- 
ets of intensely deformed Kunga sediments. 

Basalt, andesite?, and rhyolite dykes believed to be Mas- 
set feeders are present in each of the four major swarms. 
Basalt is by far the most abundant and widespread phase. 
It forms 1 to 10 m thick dykes with well developed columnar 
jointing and straight, sharp, undeformed contacts. Masset 
andesite dykes locally cut those of basalt and rhyolite. They 
are difficult to distinguish in the field from andesite dykes 
associated with the Yakoun but the two are easily recognized 
in thin section (see below). Rhyolite dykes of Masset age 
are uncommon and were found only within, and close to, 
areas underlain by Masset volcanics. Rhyolite dykes near 
the western edge of the Rennell Sound swarm are commonly 
more than 10 m thick and have pronounced subvitreous sel- 
vages. Similar, rusty weathering rhyolite within the other 
swarms is also confined to a few very large bodies, some 
several hundreds of metres across. The distribution of Mas- 
set dykes indicates that the basaltic feeder system was far 
more widespread and far more disseminated than feeders to 
the more siliceous phases. Masset rhyolite appears to have 
been channelled to the surface through relatively few large 
conduits, whereas the basalt ascended through a myriad of 
relatively thin dykes concentrated in well defined swarms. 
Masset dykes of all types are most abundant near areas of 
Masset outcrop, suggesting that the original extent of the Mas- 
set volcanic pile may not have been much greater that the 
present distribution. 
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Figure 1. Sketch map showing the distribution of possible hydrocarbon source rocks and principal dyke 
swarms, investigated during the 1987 field season. Rose diagrams show the percentage of the total num- 
ber of dykes, and the percentage of the total thickness of dykes oriented within each 20° sector of the 
compass. The total number of dykes recorded and their cumulative thickness in each swarm are also given. 

Figure 2. Nearly flat-lying beds of Triassic, 
Kunga calcareous shale cut by a 6 m thick 
Yakoun columnar andesite dyke on Moresby 
Island. 



LITHOLOGY STRUCTURAL IMPLICATIONS 
With few exceptions the 656 dykes recorded during the 1987 
field season are composed of fine- to medium-grained aphyric 
rock. A few dykes near the northwestern end of the Rennell 
Sound swarm contain small (2 to 3 mm) feldspar pher~ocrysts 
and a few dykes near the southern end of the Carpenter Bay 
swarm are hornblende-phyric. Elsewhere the dyke rocks are 
not only devoid of phenocrysts but the groundmass feldspars 
are commonly not aligned. Even the fine grained basalts and 
andesites are characterized by randomly oriented mineral 
grains, often having an interlocking diabasic texture. The 
magma clearly lacked any significant solid phases at the time 
of intrusion; instead, crystallization appears to have taken 
place in situ, after the cessation of flow. 

Examination of thin sections shows that dykes of proba- 
ble Yakoun affiliation are characterized by a dirth of prima- 
ry mafic minerals. The predominant lithology is medium 
grained, aphyric andesite comprising randomly oriented, stub- 
by crystals of sodic plagioclase and interstitial areas of pale 
green feathery chlorite and secondary carbonate. Rarely small 
remnants of pyroxene are preserved within the chloritized 
areas. 

Thin sections from dykes associated with the Carpenter 
Bay Pluton show those rocks to be slightly less altered but 
otherwise similar to sections of Yakoun andesite dykes else- 
where in the Carpenter Bay swarm. 

Rocks from dykes associated with the Masset are 
considerably less altered than those of probable Yakoun age. 
The basalts are typically ophitic or subophitic, comprising 
randomly oriented plagioclase laths surrounded by intersti- 
tial clinopyroxene and varying amounts of fine granular 
secondary minerals derived from devitrification of glass. No 
olivine was observed in any of the thin sections examined. 
Masset andesite dykes are texturally similar to the'basalts, 
but they contain traces of interstitial quartz and the mafic 
minerals, which include hornblende as well as pyroxene, are 
mostly altered to chlorite. The rhyolites examined in thin 
section comprise a fine myrmekitic intergrowth of quartz and 
feldspar containing sparse grains of chlorite and opaque 
oxides. 

Differences in dyke orientation among the four principal 
swarms are probably due in part to differences in age. The 
Carpenter Bay swarm for example is dominated by dykes 
related to Cretaceous-Tertiary plutons. The northerly trend 
of this swarm reflects a much deeper regime than that of the 
other swarms. 

Both the Carpenter Bay and Selwyn Inlet swarms include 
a relatively high proportion of Yakoun dykes which, because 
many have been deformed, leads to greater scatter in the rose 
diagrams (Fig. 1). 

The predominant trends in the Rennell Sound, Selwyn 
Inlet and Tasu Sound swarms are dominantly those of Mas- 
set dykes. This implies either profound local differences in 
regional stress fields during Masset time or significant post- 
Masset rotation of large blocks of terrane within the Queen 
Charlotte Islands. There does not appear to be any compel- 
ling evidence to rule out either possibility. The direction of 
the Rennell Sound and Tasu Sound swarms is consistent with 
extension related to movement on Queen Charlotte Fault. 
Indeed right lateral offsets of Massett dykes on northwesterly- 
trending minor faults were observed at many places within 
the Rennell Sound and Tasu Sound swarms. The anomalous, 
easterly trend of the Selwyn Bay swarm is more difficult to 
rationalize and invites speculation that it may be a northern 
extension of the Tasu Sound swarm which has been rotated 
about 60" clockwise. 

Each of the four swarms studied is between 10 and 15 
km wide. The amount of crustal dilation due to dyke em- 
placement within the swarms varies from about 0.5 % across 
the Rennell Sound swarm to about 2 % across the Tasu Sound 
and Selwyn Inlet swarms. Dilation across the northern part 
of the Carpenter Bay swarm is a similar order of magnitude 
but at its southern end, where coalescing dykes merge with 
a comagmatic pluton, dilation across a 4 km wide zone ex- 
ceeds 80 %. 

THERMAL ENVIRONMENT 
A preliminary assessment of the 1987 data suggests a fun- 
damental difference in the style of dyke emplacement associat- 
ed with Yakoun and Masset volcanism. 

South Moresby Island South Graham Island 

Yakoun vol./sed. 

Jurassic ? pluton 

Kunga sediments 

S N 
Figure 3. Schematic cross-section from southern Graham Island to Cape St. James,  showing an in- 
terpretation of the relationship between Kunga sediments and Yakoun igneous rocks. 



Yakoun feeders form widespread, pervasive, dykes and 
sills that cut almost all exposed areas of Triassic-Jurassic, 
Kunga sediments. Their emplacement appears to have been 
coeval with deformation of the Kunga and their density ap- 
pears to increase southward from Rennell Sound to Carpenter 
Bay (Fig. 3). The lithological similarity and close spatial as- 
sociation between the Carpenter Bay dykes and the Carpenter 
Bay Pluton suggests a genetic relationship. Indeed both the 
dykes and the pluton may be subvolcanic equivalents of the 
Yakoun. If this is so then Yakoun volcanism must have been 
associated with the emplacement of both large and small high 
level plutons accompanied by deformation and a regional in- 
crease in the geothermal gradient. These events must cer- 
tainly have had a profound effect on hydrocarbon source rocks 
in the Kunga, possibly leading to thermal over maturation 
before potential reservoir sands were deposited during the 
Cretaceous and Tertiary. 

In contrast to the pervasive intrusion that accompanied 
Yakoun volcanism, the Masset feeders appear to be confined 
to relatively narrow linear zones in which dyke density 
decreases abruptly away from existing areas of Masset vol- 
can ic~ .  More than 80 % of the Masset dykes in the Rennell 
Sound, Tasu Sound and Selwyn Inlet swarms are basic (ba- 
salt or  basaltic andesite) and are not associated with any sig- 
nificant hydrothermal alteration of the intruded rock. Mas- 
set rhyolite intrusions are even more restricted to areas near 
or adjacent to the volcanic piles. They comprise relatively 
few, thick dykes or irregular intrusive bodies surrounded by 
haloes of silicified, hydrothermally altered country rock. 
Their distribution suggests that feeders to the acidic mem- 
bers of the Masset pile were centrally located and are still 
mostly covered by coeval volcanics. The thermal effect of 

Masset intrusion on potential hydrocarbon source or reser- 
voir rocks may have been confined to relatively narrow dyke 
swarms and to those areas, now underlain by acid volcanic 
rocks, where emplacement of large rhyolitic intrusions may 
have initiated local hydrothermal systems. 
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Abstract 

Measured heat flux and calculated crustal temperatures are needed to compare with expected values 
from different tectonic models and with temperatures for hydrocarbon maturation in Queen Charlotte 
basin. Geothermal measurements were made at additional land sites bordering Hecate Strait, and marine 
measurements in Queen Charlotte Sound and Hecate Strait were continued. These data combined with 
previous measurements surrounding the Queen Charlotte basin give a good distribution of heatjux. Ma- 
rine data over a period of a few years are required to overcome large changes in bottom water temperatures. 

&flux thermique mesurk et les tempkratures crustales calculkes sont nkcessaires a j n  de les compa- 
rer aux valeurs de diffkrents rnodgles tectoniques et aux tempkratures likes h la maturation des hydrocar- 
bures dans le bassin de la Reine-Charlotte. Des mesures ge'othermiques ont kte'prises ci d'autres endroits 
ci terre, en marge du dktroit d'Htfcate, et on a poursuivi la prise des mesures marines dans le dktroit 
de la Reine-Charlotte et le dktroit dJH&cate. Ces donnkes, combin6es aux mesures antkrieures prises 
sur le pourtour du bassin de la Reine-Charlotte, donnent une bonne distribution du $ux thermique. Les 
donntfes prises en mer pendant une pkriode de quelques annkes sont nkcessaires en raison des variations 
considtfrables enregistrkes dans les temptfratures de l'eau du fond de la mer. 
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Figure 1. Heat-flow site locations in and around Queen Charlotte Sound. 



The redesigned 11 m heat flow probe penetrated deeper than INTRODUCTION 
The first objective of this program is to obtain geothermal 
data from the Queen Charlotte Basin so that the equilibrium 
heat flux can be determined across the basin and present 
crustal temperatures can be modelled. The heat flux and 
crustal temperatures can be compared with predicted values 
from various models of basin evolution and with tempera- 
tures for the hydrocarbon maturation window. Yorath and 
Hyndman (1983) calculated the paleo-heat flux and subsi- 
dence using data from offshore wells (see Fig. 1) and sug- 
gested a model of basin formation involving rifting followed 
by oblique subduction. Heat flux data from the basin's perim- 
eter are relevant to any modelling. Hyndman et al. (1982) 
measured high heat fluxes on the young seafloor west of 
Moresby Island at depths greater than 800 m. On-land meas- 
urements have been made at Tasu on Moresby Island (Hynd- 
man et al., 1982), in southeast Alaska (Sass et al., 1985), 
and on northern Vancouver Island (Lewis et al., 1985 ; Bent- 
kowski and Lewis, 1984). Analysis is continuing on previ- 
ous measurements on Banks Island, on Denny Island, at 
Anyox, and in the fjords on the B.C. mainland (see Fig. 1). 

At present more geothermal data are being gathered on 
land using measurements in boreholes drilled by the mineral 
exploration industry and on the continental shelf using modi- 
fied oceanographic techniques. Obtaining the heat flux us- 
ing oceanographic techniques in shallow water is difficult 
because unlike deep ocean water, the bottom water tempera- 
ture (BWT) changes with time. Data loggers moored near 
the bottom at a few sites for a period of a year at a time are 
recording the BWTs, and on successive annual cruises deep 
(1 1 m) temperature gradients are being measured within the 
top sediments at several sites. The bottom water history can 
be modelled and compared to measured values, in order to 
obtain the equilibrium heat flux. Less important longer term 
BWT fluctuations are not well known, but some data exist 
(Thomson et al., 1981 ; Crawford et al., 1987). Data indi- 
cate a BWT change of approximately 0.6"C annually, com- 
parable to the total temperature difference measured along 
the length of a long heat-flow probe. 

PROGRESS REPORT 
Boreholes were successfully logged at the Cinola property 
(City Resources) on Graham Island and on the April Claims 
(Placer Development) on Lyell Island. Local water flows 
modify the temperatures in the top 200 m of the Cinola de- 
posit. Analysis of the data and measurement of the thermal 
conductivity of core samples is underway. 

In 1986 the first of three cruises to Queen Charlotte Sound 
gathered geothermal data, and deployed three dataloggers. 
In September, 1987 two of the three dataloggers were reco- 
vered and bottom water temperatures were measured ac- 
curately using portable borehole logging equipment at 10 sta- 
tions, including four sites where dataloggers were redeployed. 

in 1986 at all repeated stations,including 5 where the previ- 
ous strength members were badly damaged. The probe 
penetrated sediments at 28 of 29 stations, achieving full 
penetration at 13 stations. The average penetration was 9.5 
m. A 7 m probe was deployed at 13 stations. Preliminary 
analysis of data from Queen Charlotte Sound, Hecate Strait 
and Masset Inlet shows heat flux generally varying in the 
top 4-5 m by large amounts, indicating the need for careful 
analysis of large BWT transients. 

To obtain deep penetration into shelf sediments, areas 
were chosen using published data on surficial sediments (Lu- 
ternauer and Murray, 1983; Luternauer and Conway, 1986; 
Barrie, in press) and sites were chosen using 3.5kI-I~ sound- 
ing within these areas. Profiles were run in Masset Inlet (30 
krn), the east (100 km) and west (45 km) sides of Hecate 
Strait, off Milbanke Sound (45 km), and Moresby Trough 
(40 km), as well as near all stations. 
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Abstract 

Prelimary analyses of oil seep and extract samples from the Queen Charlotte Islands indicate the 
presence of a few Tertiary bitumens derivedffom terrestrial organic matter. Correlation of seep samples 
with samples from the Kunga and Maude group source rocks could not be made. 

Des analyses pr.4liminaires d'dchantillons d'indices et d'extraits d'huile provenant des iles Reine- 
Charlotte indiquent la presence de bitumes dkrivt's de matibres organiques terrestres. Une corre'lation 
peut Ctre &tablie entre ces kchantillons d'indices d'huile et ceux des roches mbres des groupes Kunga 
et Maude. 
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INTRODUCTION INTERPRETATIONS 
In order to obtain the best possible estimate of the petroleum 
resources present in the vicinity of the Queen Charlotte Is- 
lands, a study of the source potential of various rock units 
has been undertaken as well as the characterization of sever- 
al oil seep and bitumen shows. Previous work by Macauley 
(1983) has been supplemented by rerunning Rock-EvalITOC 
analyses on a number of outcrop and core samples from the 
Kunga and Maude groups as we1 l as analyzing additional sam- 
ples from boreholes on the island (Tlell No. 1 ,  Tow Hill No. 
1, Naden B-27). In addition, several samples from the Inter- 
coast wells (1-1-78, 1-2-78, and 1-1-79) have been solvent 
extracted. Bitumen and oil seep samples (Hamilton and Came- 
ron, work in progress) collected over the past several years 
(including 1987) have also been analyzed. 

ROCK-EVALITOC ANALYSES 
The Rock-EvalITOC analyses for the Macauley (1983) sam- 
ple set were rerun because of a calibration error in the in- 
strument at the time the initial runs were made. Originally 
reported S2 and TOC values were too high ; the new S2 values 
are lower by a factor of about 0.40, and the new TOC values 
lower by a factor of about 0.80. As a result, the calculated 
Hydrogen Index values (S2*100/TOC) are reduced by about 
50 per cent. The Tmax values and inferred maturity remain 
more or less the same, as does the overall sense of the rela- 
tive quality of the samples. The absolute yields and HI are 
reduced and inferred organic type altered. 

The Rock-Eval/TOC results for the exploration bore- 
hole samples noted above yielded rather low values in gen- 
eral, indicating poor source potential in the sections 
represented. 

EXTRACT, CHROMATOGRAPHY 
ANALYSES 
The solvent extracts and bitumen samples were fractionated 
using open column chromatography (Snowdon et al . ,  1986) 
into saturates, aromatics, NSO's (nitrogen, sulfur, and oxy- 
gen containing) and asphaltenes. The saturate fractions were 
analyzed using capillary column gas chromatography (Fig. 
1). Because many of the seep samples and a few of the ex- 
tract samples from the Intercoast cores were biodegraded, 
little information was available about the nature of the origi- 
nal organic matter or its current state of evolution. Gas 
chromatography-mass spectrometry was used to analyze the 
polycyclic saturate compounds (steranes and terpanes), which 
are less susceptible to degradation and thus retain additional 
information. 

Several of the samples were so extensively degraded that 
even the steranes and terpanes were more or less completely 
altered. An additional technique, hydrous pyrolysis of the 
asphaltene fraction (Fowler et al., 1987), was employed in 
an attempt to regenerate a nondegraded hydrocarbon (satu- 
rate plus aromatic) fraction. Hydrous pyrolyzates were reco- 
vered from the bomb apparatus and treated as normal ex- 
tracts for GC and GC-MS analysis. Figure 2 shows an 
example of the saturate fraction recovered from the hydrous 
pyrolysis of a biodegraded samples (see Figure la). 

Bitumen and extract analyses have not yet been completed 
and, therefore, the interpretations are preliminary and tenta- 
tive. No compelling correlation of the biological marker 
chemistry of the Kunga and Maude extracts with the bitu- 
men samples can yet be made, but these units cannot as yet 
be precluded as the source for some of the bitumens. A few 

I Tertiary, 

Jurassic Sandilands. 

Intercoast 1-1-70 (305') 
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Figure 1. Saturate fraction gas  chromatograms of a.  bio- 
degraded bitumen from Tertiary rocks of the Tar Islands; b. 
bitumen from the Jurassic Sandilands Formation (Kunga) in 
the vicinity of the Yakoun River, Graham Island; and c. the 
solvent extract from the lntercoast 1-1-78 well on Graham Is- 
land. 
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Figure 2. Saturate fraction gas chromatogram of hydrous 
pyrolyzate of sample shown in Figure l a .  



of the bitumen samples, notably from Cretaceous and Ter- 
tiary rocks, contain oleanane, a biological marker compound 
only known in tricyclic diterpanes from Tertiary rocks, which 
indicates that they have been derived from terrestrial organ- 
ic matter. The abundant but very immature coaly material 
in the Tertiary section, particularly intervals of the Skonun 
Formation, would be a good candidate for the source of these/s 
bitumens if subjected to sufficient heat. 

Most of the bitumen samples have been recovered either 
directly from or in close association with late Tertiary vol- 
canic rocks. This may indicate that the bitumen has been 
generated mainly in response to igneous heating, either as 
a result of generally higher heat flows over relatively exten- 
sive regions or in a virtual contact metamorphism sense. 
Detailed consideration of the analytical results may eventu- 
ally result in the conclusive determination of which of these 
options is applicable. 

FUTURE WORK 
Analyses of extracts and bitumens will be completed, and 
geochemical interpretations made. These results will then be 
placed back into the context of the geological evolution of 
the basin in order to arrive at the best possible petroleum 
generation model. This model will be used to extrapolate from 
known areas to areas yet to be explored, notably in the off- 
shore. 
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Abstract 

The level of organic maturation of the Neogene Skonun Formation on Graham Island has been deter- 
mined @om six exploration wells and surface samples. The mean random vitrinite reflectance values 
(%Ro,,d), determined from exploratory wells, range ffom 0.18 % Rorand to 1.38 %Romd; and range up 
to 1.19 %Rorand for the outcrop samples. Maturation gradients determined from the wells range from 
0.18 l~g(%Ro,,,~)/km to 0.30 log(%Rorond)/km. The depth to the top of the oil window, as calculated 
j?om measured maturation gradients, increases from northern (1583 m at the Tow Hill well) to southern 
Graham Island (2892 m at the Tlell well), whereas the calculated thickness of eroded strata increases 
northerly from the Tlell well (355 m) to the Tow Hill well (984 m). 

ir;he vitrinite reflectance data indicates that the Skonun Formation is generally immature, with respect 
to oil generation, except in the Port Louis well and in the basal 300 m of the Tow Hill well. Locally, 
anomalously high levels of organic maturation occur adjacent to intrusive rocks in the upper part of 
the Tow Hill well and at Skonun Point. 

Le niveau de maturation organique de la formation ne'og2ne de Skonun sur l'fle Graham a e'td dgter- 
mine' a partir de six puits d'exploration et d'dchantillons de surface. Les valeurs de re'flectance (% RoranJ 
moyennes et aldatoires de la vitrinite, dktermindes ci partir des puits d'exploration, varient de 0,18 % 
R o , ~  1,38 % Rorand, et atteignent jusqu '& ],I9 % Rorand duns les kchantillons prklevh duns des afleu- 
rements. Des gradients de maturation ddterminds 2 partir des puits varient de 0,18 % log (% Ro,d/km 
ci 0,30 log (% Rora,d)/km. La profondeur jusqu'au sommet de la fen8tre tectonique pNrolifere, telle que 
calcule'e & partir des gradients de maturation mesure's, augmente du nord (1583 m au puits de Tow Hill) 
vers le sud de l'ile Graham (2892 m au puits Tlell), tandis que l'kpaisseur calcule'e des strates drode'es 
augmente vers le nord, du puits Tlell (335 m) au puits Tow Hill (984 m). 

Les donnkes sur la rkflectance de la vitrinite indiquent que la formation de Skonun est gdnkralement 
immature, par rapport a la production de pdtrole, h l'exception du puits Port Louis et dans les 300 m 
a la base du puits Tow Hill. Des niveaux exceptionnellement devks de maturation organique se trouvent 
par endroits dans les roches intrusives contigiies dans la partie supkrieure du puits de Tow Hill et ci 
Skonun Point. 
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INTRODUCTION 
The Skonun Formation (Sutherland Brown, 1968) comprises 
a succession of Neogene clastic sediment, possibly up to 4500 
m thick, that outcrop on, or underlie a thin veneer of Quater- 
nary sediments on eastern Graham Island and extend offshore 
to Hecate Strait and Queen Charlotte Sound (Sutherland 
Brown, 1968; Shouldice, 1973 ; Yorath and Hyndman, 1983). 
The Skonun Formation has been considered a potential 
hydrocarbon reservoir and has been test drilled on Graham 
Island, in Hecate Strait, and Queen Charlotte Sound. Although 
no significant hydrocarbon discoveries have been made to 
date, documented oil seeps on Graham Island (Cameron, 
1987), together with the thick sequence of strata that include 
potential reservoir and source rocks, suggest that significant 
hydrocarbon accumulations may exist in the Skonun Forma- 
tion. 

As part of a study designed to assess the organic matu- 
ration and source rock potential of Mesozoic and Tertiary 
strata in the Queen Charlotte Islands, well core, well cut- 
tings, and outcrop samples were collected from the Skonun 
Formation and their level of organic maturation determined 
by vitrinite reflectance techniques (Fig. 1,  Table 1). This 
paper documents the results and preliminary interpretations 
of the data which have been acquired to date. 

METHODS 
One hundred and thirty-two samples of lignite and carbona- 
ceous sediment were collected from the following wells : Rich- 
field et al. Cape Ball a-4 1 - 1, Richfield Mic Mac Homestead 

Gold Creek #1, Richfield Mic Mac Homestead Nadu River, 
Richfield Mic Mac Homestead Tlell #1, Richfield Mic Mac 
Homestead Tow Hill #1, and Union Port Louis c-28-1. Out- 
crop samples were collected from the Skonun Formation on 
Graham Island : six lignite samples from Skonun Point, one 
lignite sample from Miller Creek, and one carbonaceous silt- 
stone sample from Log Creek. 

Samples containing low concentrations of organic mat- 
ter were demineralized with hydrochloric and hydrofluoric 
acids. The samples were mounted in optically transparent 
epoxy pellets and analyzed under transmitted light to obtain 
their mean random vitrinite reflectance (%Ro,,~) following 
the techniques outlined by England and Bustin (1986). 

The degree of maturity of the strata, with respect to oil 
generation, was determined using the general correlation 
between vitrinite reflectance and hydrocarbon generation of 
Waples (1980). Waples (1980) placed the oil window between 
a vitrinite reflectance of 0.65 %Ro and 1.3 %Ro. Using specif- 
ic boundaries for the oil window corresponding to kerogen 
type is not considered warranted at this preliminary stage 
of investigation. In order to predict the depth of the oil win- 
dow in this study, the measured maturation gradients were 
extrapolated to depth. Such extrapolation assumes the matu- 
ration gradients are constant. The appropriateness of this as- 
sumption in the study area is unknown particularly in light 
of the thick succession of volcanics of the Masset Formation 
present at depth. Thus the calculated depth to and thickness 
of the oil window suggested here can only be considered as 
a first approximation. Similarly, the thickness of eroded strata 
has been calculated from extrapolation of the measured matu- 

Table 1. List of onshore and offshore wells showing minimum mean random reflectance, maxi- 
mum mean random reflectance, depth to the oil window, and thickness of eroded section. 
Location of wells shown in Figure 1 .  

Calculated depth Calculated 
Minimum Maximum to the top and base thickness of 
reflect. reflect. of the oil eroded section 

Well name (%Ro,,,~) (%ROrand) (m) (m) 

Cape Ball 
Gold Creek 
Nadu River 
Tlell 
Tow Hill 
Port Louis 

Log Creek 
Miller 
Creek 
Skonun 
Point 

Auklet* 0.32 1.05 
Harlequin* 0.45 1.25 
Murrelet* 0.38 1 .OO 
Osprey* 0.42 1.30 
Sockeye* 0.45 2.35 
South Coho* 0.18 0.50 
Tyee* 0.24 0.68 

* Modified from Yorath and Hyndman (1983). 



ration gradients back to the zero level of maturation assumed reflectance data, calculated depth to the oil window, and thick- 
here to be .15 %Romnd as described by (Bustin, 1986). ness of eroded section are summarized. 

RESULTS 
General results 

The mean random vitrinite reflectance of the Skonun For- 
mation, determined from the exploratory wells, ranges from 
0.18 %Ron,,* through 1.3b %Rorand whereas values obtained 
from outcrops range from 0.1 1 %Romna to 1.19 %Romnd. 

Figure 1 summarizes the location of drillholes and outcrop The measured maturation gradients obtained from drillhies 
samples together with the minimum and maximum vitrinite range from 0.18 log( %Rorand) / km at the Cape Ball well to 
reflectance values, the calculated depths to the oil window, 0.30 log( %Reran,) / krn at the Port Louis well. 
and the thicknesses of eroded section. In Table 1 ,  the vitrinite 

HARLEOUIN 1) 0.45-1.25 % RoR ' 21 2052m-4183m 

OSPREY 
11 0.42-1.30 % RoR 
21 177711-370311 
31 1B02m 

133O 132' 131' 130' 129' 
I I I I 

Figure 1. Location map of the Queen Charlotte Islands showing onshore wells, offshore wells, and out- 
crop samples. Offshore data modified from Yorath and Hyndman (1983). 1) Minimum and maximum vitrinite 
reflectance, 2) Calculated depth to the top and base of the oil window, 3) Calculated thickness of eroded 
section. 



Depth to the oil window 
In outcrop and in well sections, the Skonun Formation is im- 
mature with respect to petroleum generation, except in the 
Port Louis well and the basal section of the Tow Hill well. 
The higher levels of maturation in the Port Louis and Tow 
Hill wells reflect deeper burial of the strata together with 
higher maturation gradients, which in turn, probably reflect 
high heat flow in these areas. 

The minimum predicted depth to the top of the oil win- 
dow is 432 m at the Port Louis well and a maximum depth 
of 2915 m at the Cape Ball well (Table 1). Assuming a con- 
stant maturation gradient, the thickness of strata within the 
oil window ranges from a minimum of 1109 m at the Port 
Louis well to a maximum of 1847 m at the Cape Ball well 
(Table I). The calculated depth to the oil window generally 
increases towards the south from the Tow Hill well to the 
Tlell well (Fig. 1). The Cape Ball well has a slightly greater 
depth to the top of the oil window than the surrounding wells. 

Thickness of overburden removal 
The calculated thickness of eroded strata ranges from a mini- 
mum of 355 m at the Tlell well to a maximum of 1687 m 
at the Port Louis well (Table 1). The calculated thickness 
of eroded section increases towards the north with the ex- 
ception of the Nadu River well. The Nadu River well lies 
proximal to a structural high in the underlying Masset For- 
mation (Sutherland Brown, 1968), and the greater thickness 
of eroded Skonun strata here (1 156 m) suggests the area was 
differentially uplifted following deposition of the Skonun For- 
mation. 

Thermal effects of igneous intrusions 

Anomalously high vitrinite reflectance values (up to 
0.82 %Ro,,,,) occur near the top of the Tow Hill well and 
at Skonun Point. 'These vitrinite reflectance values are more 
than double the expected values and undoubtedly resulted 
from the thermal effects of the intrusion of the Tow Hill sills 
documented by Sutherland Brown (1968). Halos of thermal- 
ly metamorphosed "baked" shale and siltstone in the Tow 
Hill well, evident from well core analysis (Sutherland Brown, 
1968) and anomalous vitrinite reflectance values, suggest the 
presence of at least four intrusions in the upper 256 m of 
the well. The anomalous reflectance values are not included 
in the calculation of the thermal gradient for the well. 

No thermal anomalies are evident from the reflectance 
values in the other studied wells. 

Comparison between onshore and offshore wells 

Loughman (pers. comrn., 1987, Shell Canada Resources Ltd.) 
has indicated that the vitrinite reflectance data for wells drilled 
in Hecate Strait and Queen Charlotte Sound and published 
by Yorath and Hyndman (1983) have been revised therefore 
negating some of the earlier interpretations. Thus, only a gen- 
eral comparison between the onshore data reported here and 
the values published by Yorath and Hyndman (1983) can be 
made. The depth to the oil window, thickness of eroded sec- 

tion, and minimum and maximum vitrinite reflectance values 
for the offshore wells are shown in Figure 1 and Table 1. 

The organic maturation gradients reported by Yorath and 
Hyndman (1983) are generally similar to those measured in 
this study ; therefore, the higher levels of maturation obtained 
in the offshore wells (Table 2), for the most part, reflect great- 
er  depths of burial of the Skonun Formation offshore. Ac- 
cording to results reported by Yorath and Hyndman (1983), 
a thick succession of the offshore Skonun Formation is in 
the oil window with the exception of the strata in the South 
Coho well and the upper part of Tyee well which are imma- 
ture. 

CONCLUSIONS 
Preliminary analysis and interpretation of the organic matu- 
ration of the Tertiary Skonun Formation in the Queen 
Charlotte Islands indicates that the tested onshore strata are 
mainly immature with respect to petroleum generation. Mean 
random vitrinite reflectance values from six exploratory wells 
range from 0.18 %Rorand to 1 -38 %Rorand and maturation 
gradients determined from the wells range from 0.18 to 0.30 
log( %Romnd) Ikm. Calculated depths to the oil window in- 
crease in a southerly direction from the Tow Hill well (1583 
m) to the Tlell (2892 m) well and thickness of eroded strata 
increase in a northerly direction from the Tlell well (355 m) 
to the Tow Hill well (984 m). Anomalously high levels of 
organic maturation that occur in the upper 256 m of the Tow 
Hill well (0.82 %Ro,,,d) and in outcrop at Skonun Point 
(1.19 %Romnd) are considered a result of high heat flow from 
adjacent intrusives. 
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INTRODUCTION Additional samples, together with stratigraphic data, 

In 1986, a study of the organic maturation and source rock 
potential of organic-rich Jurassic strata on Graham Island 
was initiated (Bustin and Macauley, in press). Through the 
Frontier Geoscience Program, the areal extent of the study 
has been expanded to encompass all of the Queen Charlotte 
Islands and to include the stratigraphic sequence from 
Mesozoic through Tertiary 

During the spring and summer of 1987, a sample col- 
lection program was initiated and completed ; currently, 
laboratory analysis is proceeding. Below is a summary of 
the data collection and planned laboratory analysis program. 

FIELD SAMPLE COLLECTION 
Measured sections and spot samples were collected in order 
to establish lateral and vertical (stratigraphic) variations in 
organic maturation and source rock potential. One hundred 
and thirty two lignite and carbonaceous strata samples were 
collected from well core and well cuttings in the Tertiary 
Skonun Formation from the following exploratory wells on 
Graham Island : Richfield et al. Cape Ball a-41-1, Richfield 
Mic Mac Homestead Gold Creek 1, Richfield Mic Mac 
Homestead Nadu River, Richfield Mic Mac Homestead Tlell 
1, Richfield Mic Mac Homestead Tow Hill 1, and Union 
Port Louis c-28-1. Outcrop samples were collected from the 
Skonun Formation on Graham Island at Skonun Point, Miller 
Creek, and Log Creek. 

from the cretaceous ~kidegate and Haida formations, and 
the Jurassic Maude and Yakoun formations were provided 
for the study by B.E.B. Cameron of the Geological Survey 
of Canada. Organic concentrates from the Triassic Kunga 
Formation were provided by M. Orchard, also of the Geo- 
logical Survey of Canada. 

LABORATORY ANALYSIS 
Organic maturation 
The collected sample suite is in various stages of prepara- 
tion. Samples for organic maturation analysis are being pre- 
pared for vitrinite reflectance and kerogen fluorescence. Sam- 
ples containing low concentrations of organic matter are 
demineralized in hydrochloric and hydrofluoric acids before 
being mounted in optically transparent epoxy resin for 
microscopic analysis. The vitrinite reflectance measurements 
of the Skonun Formation are complete and these data together 
with some preliminary interpretations are outlined by Vellu- 
tini and Bustin (1988). 

Vitrinite reflectance analysis of Cretaceous strata are 
presently under way. 

Source rock analysis 
Samples for source rock analysis are being sized for Rock- 
Eva1 pyrolysis and total organic content analysis (TOC). 

Three hundred and seventy-five lignite and carbonaceous 
shale outcrop samples were collected from the Cretaceous REFERENCES 
Long Arm, Haida, Skidegate, and Honna formations. The Bustin, R.M. and Macauley, G .  
majority of samples were collected from Graham Island and - Organic petrology and Rock-Eva1 pyrolysis of the Jurassic Sandilands 

spot samples were collected from Moresby Island. Two and Ghost Creek formations, Queen Charlotte Islands; Bulletin of 
the Canadian Society of Petroleum Geologists (in press). 

hundred and sixty limestone, argillite, and carbonaceous sand- 
stone outcrop samples were collected from the Triassic Kun- Vellutini~ D. and Bustin* 

ga Formation. Triassic samples were collected from South 1988: Preliminary results on organic maturation of the Tertiary Skonun 
Formation, Queen Charlotte Islands, British Columbia; in Current 

Moresby, Frederick and Graham islands. Research, Part E, Geological Survey of Canada, Paper 88-1E. 
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Abstract 

A detailed facies analysis of Cretaceous and Tertiary sedimentary rocks in the Queen Charlotte Is- 
lands was begun in spring 1987. This note outlines the objectives and methods of research. The facies 
study, in conjunction with parallel studies by other geoscientists, will illuminate such aspects as basin 
type, depositional environment, paleogeography, reservoir geometry, and source-rock potential. The work 
is due for completion in April 1989. 

Une analyse d6taillke de faci2s des roches skdimentaires du Crktack et du Tertiaire dans les iles 
de la Reine-Charlotte a kt6 entreprise au printemps 1987. La prksente note d6crit les objectifs et mkthodes 
de recherche. L'ktude du faciks, conjointement avec des 6tudes parall2les accomplies par d'autres g60- 
scientijiques, kclairera certains aspects comme le type de bassin, le milieu de skdimentation, lapalkogko- 
graphie, la g6omhrie du rkservoir et le potentiel comme roche &re. Ce travail doit prendrejn en avril1989. 
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INTRODUCTION Shouldice, 1973 ; Yorath and Hyndman, 1983), which also 

Commercial hydrocarbon accumulations may exist beneath 
Hecate Strait and Queen Charlotte Sound, on Canada's west- 
ern continental shelf (Fig. 1 ; Yorath and Cameron, 1982; 
Hamilton and Cameron, in press; Yorath, in press). This 
area is the site of the Tertiary Queen Charlotte Basin (QCB ; 

embraces northeastern Graham 1sland (Fig. 1). The QCB con- 
tains several kilometres of Tertiary sediments, including thick, 
reservoir-grade sandstones, as shown by fourteen explora- 
tory boreholes drilled in the 1950s and 1960s (Fig. 1); these 
sediments constitute the Skonun Formation (Table 1 ; Suther- 
land Brown, 1968; Shouldice, 1973). 

lsopachs of the 
Skonun Frn. (m) 

C H A R L O T T E  

o Exploratory boreholes 

C e  Cinola gold deposit 

Figure 1. lsopach map of the Skonun Formation, Queen Charlotte Basin (after Shouldice, 1973). Con- 
tours in metres. Exploratory boreholes: 1 Tow Hill; 2 Masset; 3 Nadu River; 4 Cape Ball; 5 Gold Creek; 
6 Tlell; 7 South Coho; 8 Tyee; 9 Sockeye B-10; 10 Sockeye E-66; 11 Murrelet; 12 Auklet; 13 Harlequin; 
14 Osprey. 



The mid-Cretaceous Queen Charlotte Group (Table 1) 
is likewise potentially hydrocarbon-bearing. These sediments 
were deposited in an older sedimentary basin under a differ- 
ent tectonic regime (Yorath and Chase, 198 1) ; they outcrop 
onshore west of the QCB, and include thick (10s to 100s of 
metres) sandstone and conglomerate units (Sutherland Brown, 
1968). The Queen Charlotte Group may extend offshore be- 
neath the QCB, and may contain hydrocarbons there (Yorath 
and Cameron, 1982). 

ta, 1985a,b). In contrast, there have been no attempts at fa- 
c i e ~  analysis, apart from a cursory examination of parts of 
the Queen Charlotte Group by Yagishita (1984, 1985a). The 
lack of rigorous facies studies has led to differences of opin- 
ion regarding depositional environments : for example, the 
conglomeratic Honna Formation (Table 1) is variously in- 
terpreted as (partly) alluvial fan (Sutherland Brown et al., 
1983), shallow marine (Haggart, 1986), and deep-water fan 
deposits (Yagishita, 1984, 1985a). 

A multidisciplinary research program, an important ob- 
iective of which is to assess the petroleum potential of the OBJECTIVES 
~ u e e n  Charlotte Islands region, Gas initiated by the Geolog- 
ical Survey of Canada in 1987 (Thompson, 1988). As part 
of this program, I have begun a facies analysis of the Queen 
Charlotte Group and Skonun Formation. 

PREVIOUS WORK 
Limited petrographic studies of the Queen Charlotte Group 
and Skonun Formation have been conducted by several 
authors (Sutherland Brown, 1968 ; Galloway, 1974; Yagishi- 

The objectives of the facies analysis are: 

1) To  determine the type of basin in which each of the two 
rock units accumulated. This knowledge will assist in un- 
ravelling the tectonic history of the region (Yorath and Chase, 
1981), and by indicating the likely paleoheat flow regime, 
will allow improved predictions of organic maturation (see 
also Snowdon et al. 1988; Vellutini and Bustin, 1988a, b). 
By integrating the sedimentological results with data from 
companion studies of biostratigraphy , structure, igneous 

Table 1. Cretaceous and Tertiary stratigraphy, Queen Charlotte Islands. 
After Sutherland Brown (1 968), Cameron and Hamilton (1 988), and Hamil- 
ton and Cameron (in press). Time-scale column shows correct relative dura- 
tions of the epochstages (from Palmer 1983). Abbreviations: cong, conglomer- 
ate;  sst, sandstone; sltst, siltstone; sh,  shale; lig, lignite; sst-turbs, sandstone 
turbidites (cm-thickness). 



petrology, and geophysics, it will be possible to develop a 
detailed model relating Cretaceous and Tertiary sedimenta- 
tion to tectonics. 

2) To determine the depositional environments and paleo- 
geography of the Queen Charlotte Group and Skonun For- 
mation. An understanding of the paleogeography (and tec- 
tonic setting) will allow predictions of (a) how far the Queen 
Charlotte Group extends offshore, beneath the QCB, and (b) 
what is the likely distribution and geometry of potential reser- 
voir facies in the offshore ; companion seismic studies will 
assist in both these regards. 

A complementary sedimentary-petrographic study of the 
Queen Charlotte Group and Skonun Formation will examine 
the diagenetic history of the two units, to evaluate the reser- 
voir properties of sandstones and conglomerates. 

METHODS AND DURATION OF STUDY 
The proposed work includes three components : (1) field map- 
ping and detailed sedimentological studies (June-August 1987 
and 1988) ; (2) examination of (Skonun) core from petroleum- 
company boreholes onshore and offshore, and from the Ci- 
nola gold deposit (Fig. 1 ; cf. Champigny and Sinclair, 1982) ; 
and (3) laboratory studies including thin section examina- 
tion, heavy mineral analysis, and carbon-sulphur ratio de- 
termination (for paleosalinity - cf. Berner and Raiswell, 
1984). One field season has been completed; the data are 
being evaluated. Several cores have been examined at Cino- 
la. The petroleum-company cores have been examined and 
sampled at the British Columbia Government core-storage 
facility in Charlie Lake and at the Institute of Sedimentary 
and Petroleum Geology in Calgary. Laboratory studies will 
commence in the autumn of 1987. The total project is due 
for completion in April 1989. 
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Abstract 

The mid- to Upper Cretaceous Haida and Honna formations of the Queen Charlotte Islands can 
be regionally subdivided into eight lithostratigraphic units. Thin section and scanning electron microscopic 
examination of outcrop samples indicate a complex diagenetic history involving chlorite and calcite growth 
as well as feldspar and quartz dissolution. Dissolution processes may be related to the thermal maturation 
of kerogen and accompanying production of carboxylic acids and carbon dioxide. m e  lowermost Haida 
Formation sandstones and conglomerates hold the best potential within the Cretaceous succession for 
being developed as petroleum reservoir rocks in the subsurface. 

Les formations de Haida et de Honna, datant du Crktacd moyen ti supkrieur, des iles de la Reine- 
Charlotte peuvent &re subdivisdes rdgionalement en huit unitds lithostratigraphiques. L'examen de lames 
minces et au microscope klectronique a balayage d'dchantillons prdlevds dam des afleurements met en 
dvidence une histoire diagkndtique complexe impliquant une croissance de chlorite et de calcite ainsi 
que la dissolution de feldrpath et de quartz. Les processus de dissolution peuvent 8tre liks d la maturation 
thermique du kdrog2ne et la production concomittente d'acide carboxylique et de gaz carbonique. Les 
gr2s et les conglomdrats du tout de'but de la formation d'Haida au sein de la succession cr&tacde prdsen- 
tent le meilleur potentiel de mise en valeur comme roches-rdservoirs de pMrole duns le sous-sol. 
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INTRODUCTION 
Examination of Cretaceous Haida and Honna Formation out- 
crops on the Queen Charlotte Islands of British Columbia 
during summer 1987 revealed the units and their respective 
lithofacies to be regionally correlatable. Thin section and scan- 
ning electron microscope/energy dispersive spectrometer 
(S.E.M. 1E.D.S.) observations indicate a complex diagenet- 
ic history probably related to the extremely carbonaceous 
nature of the strata, particularly the Haida Formation. 

STRATIGRAPHY 
Locations of outcrops measured and sampled range from Lan- 
gara Island and northwest Graham Island to Skidegate, 
Cumshewa and Sewell inlets (Fig. 1). Gross regional lithos- 
tratigraphic correlations can be made throughout the region. 
The Haida Formation is subdivided into five informal litho- 
logical facies, whereas the Honna Formation is separated into 
three lithofacies (Fig. 2). Rarely are all eight lithofacies ob- 
served in a single area, but all lithofacies of each formation 
can be seen in three of the four regions studied. 

The lowermost unit of the Haida Formation, called the 
Basal Haida lithofacies, is perhaps the most lithologically 
and diagenetically variable of the five units. Outcropping in 
Skidegate and Cumshewa inlets, it is a coarse grained, peb- 
bly, friable, arkosic sandstone interbedded with well bedded 
granule pebble matrix supported conglomerates. At Cumshe- 
wa Inlet the Basal Haida lithofacies is a highly quartzose sand- 
stone, with in excess of 80% quartz framework grains 
cemented extensively with calcite, creating a very hard and 
compact rock. 

Above the Basal Haida lithofacies is the Lower Haida 
sandstone lithofacies. This is a grey-green fine- to medium- 
grained arkosic sandstone characterized by abundant carbo- 
naceous material, trigoniid bivalves, ammonites and discrete 
coarsening up sequences with well developed planar cross 
stratification. Light brown weathering calcareous concretions 
ranging from 1 cm to 1.5 m are locally abundant and increase 
in number toward the top of the lithofacies. The Basal Haida 
unit grades, over tens of metres, into the transitional Haida 
lithofacies. 

The transitional Haida lithofacies contains discrete 
decimetre interbeds of fine- to very fine-grained sandstones, 
shaly siltstones and silty shales. This lithofacies is seen in 
all studied areas except Sewell Inlet and ranges up to 200 
m in thickness. Calcareous concretions, coalified and silici- 
fied wood fragments and logs, moderate to intense bioturba- 
tion and hummocky cross stratification typify this unit. It 
gradually fines, over tens of metres, into the upper Haida 
shale lithofacies. 

The upper Haida shale lithofacies is a dark grey, very 
silty, concretionary, bioturbated shale. It contains rare in- 
terbeds of very fine to medium grained calcareous arkosic 
sandstones. Synsedimentary slump structures are abundant 
in the Beresford Bay-Langara Island region where the deposi- 
tional slope appears to have been greater than in Skidegate 
and Cumshewa regions. Well developed spaced cleavage oc- 
curs within this argillaceous unit. The upper Haida shale 
lithofacies quickly grades upward, over a few tens of metres, 
into the upper Haida sandstone-siltstone lithofacies. 

The uppermost lithofacies of the Haida Formation is an 
interbedded very fine- to medium-grained, well sorted, cal- 
careous arkosic sandstone, siltstone and silty shale. It is 
characterized by abundant climbing ripple cross lamination, 
unidirectional ripples, moderate bioturbation and possible B- 
C-B Bouma sequences. Decimetre thick beds, with sharp up- 
per and lower contacts, contain occasional shallow interfor- 
mational channel scours. 

The basal Honna lithofacies scours into the underlying 
upper Haida sandstone-siltstone lithofacies and the upper Hai- 
da shale lithofacies. The lowermost of the three lithofacies 
of the Honna Formation is composed of pebble to cobble 
clast supported conglomerates interbedded with lenses of 
medium- to coarse-grained feldspathic sandstone. It contains 
an admixture of well rounded granodioritic and aphanitic vol- 
canic clasts and angular Triassic-Jurassic sedimentary clasts, 
suggesting derivation from a terrane underlain by diverse 
lithologies. Bedding thickness is 0.5 to 3.0 m, with many 
channel scours. Complete absence of crossbedding in the len- 
ticular sandstones suggests deposition within submarine chan- 
nels. 

Gradationally overlying the basal Honna lithofacies is 
the middle Honna lithofacies. This unit was in part deposited 

Figure 1. Areas studied, Queen Charlotte Islands. 
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Figure 2. Lithofacies of the Haida and Honna formations, Queen Charlotte Islands. 

by turbidity currents, as shown by excellent A-B-C and B-C 
Bouma sequences. Occasional interbeds of pebble to cobble 
clast supported conglomerates and argillaceous siltstones and 
silty shales are observed near the base. This unit is abruptly 
overlain by the upper Honna lithofacies conglomerates. 

The upper Honna lithofacies scours tens of metres into 
the middle Honna lithofacies. It is a pebble to cobble clast 
supported conglomerate with lensoidal, coarse to very coarse, 
structurally featureless arkosic sandstone beds. Unlike the 
basal Honna lithofacies its clast lithology is mostly volcanic, 
with a corresponding decrease in granitic content. Though 
well bedded, good clast imbrication is rarely seen in outcrop. 

SANDSTONE DIAGENESIS 
Petrographic observations 

sodium cobaltinitrite and amaranth solution to aid in distin- 
guishing potassium and calcium bearing feldspars respective- 
ly. Six rock samples, determined by thin section inspection, 
were analyzed with the S.E.M.1E.D.S.. 

Thin section suites and S.E.M. 1E.D.S. analyses indi- 
cate the Basal Haida lithofacies sandstones and granule con- 
glomerates to be the most petrologically variable and dis- 
tinct. Increased quartz content and framework grain size in 
the Cumshewa Inlet area contribute to the greatest visual 
porosity observed in the Cretaceous section of the Queen 
Charlotte Islands. Less compositionally mature sandstones 
and conglomerates of the Basal Haida lithofacies at Skidegate 
Inlet and Beresford Bay - Langara Island have poor visual 
effective porosity. On the basis of framework grain compo- 
sition, the Basal Haida lithofacies appears to become more 
permeable in a southerly direction. 

Until recently the diagenetic history of the Haida and Honna 
formations has received little study (Yagashita, 1985). Thin Discussion : potential 
section and S.E.M.1E.D.S. examination reveals these Up- The amount and nature of quartz must be considered in the 
per Cretaceous units to be diagenetically complex. determination of which units of the Haida and Honna forma- 

one hundred and forty+ix thin sections were cut from tions can be classified as reasonable petroleum reservoir rock. 
representative conglomerates, sandstones and siltstones of Increased quartz content has a good positive correlation with 
each Haida and Honna lithofacies. Sections were impregnat- development of primary effective porosity.   he reservoir 
ed with blue dyed epoxy to show porosity and stained with characteristics of the outcropping Basal Haida lithofacies may 



be extrapolated to the offshore under Hecate Strait and pos- 
sibly Queen Charlotte Sound. With Cretaceous strata lying 
at estimated subsea depths of 3000 to 6000 m, the Basal Hai- 
da lithofacies, of all the Cretaceous sandstone bodies, will 
probably have undergone the fewest diagenetic effects and 
subsequent porosity reduction. 

The arkosic and argillaceous composition of other Hai- 
da and Honna lithofacies has created a complex diagenetic 
environment. Authigenic minerals, mainly chlorite, calcite 
and smectite, have formed at the expense of feldspars, quartz 
and labile framework grains such as biotite and rock frag- 
ments. Growth of these minerals has, to a large extent, in- 
cluded primary pores as well as creating sizable volumes of 
ineffective microporosity. Although this does not portend 
most of the Haida and Honna sandstones to be good hydrocar- 
bon reservoir rock it should be noted that siliciclastic petrole- 
um reservoirs with ample secondary porosity, forming from 
dissolution of chlorite, calcite, zeolites and feldspars, have 
been well documented (McDonald and Surdam, 1984). 

Franks and Forester (1984) and Surdam et al. (1984) 
have shown that thermal maturation of kerogen, and accom- 
panying generation of carbon dioxide and carboxylic acids, 
creates appreciable secondary porosity by dissolution of feld- 
spar, labile rock fragments and carbonate framework grains. 
The degree of porosity enhancement is dependent on a num- 
ber of factors, including pH of pore fluids, chemical compo- 
sition and amount of reactant minerals and kerogen type. 
Abundant carbonaceous material seen in the Haida Forma- 
tion and to a lesser degree in the Honna Formation may thus 
have contributed to the generation of secondary porosity. 

CONCLUSION 
The Haida and Honna formations are lithologically divisa- 
ble into eight facies. Only the basal Haida lithofacies exhibits 
reasonable petroleum reservoir characteristics in outcrop. The 
other lithofacies cannot be adequately evaluated as their com- 
plex mineralogical make-up may or may not significantly im- 
prove in the subsurface. Abundant interformational organic 
material may generate sufficient carbon dioxide and carbox- 
ylic acids to leach minerals, such as pore filling calcite and 
framework grain feldspar, creating secondary porosity. 
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Abstract 

The Masset Formation is composed of intercalated, aphyric, mafic to felsic lava flows andpyroclas- 
tics. The extrusion of these rocks was rapid, with little time for sedimentation or weathering between 
eruptions. Epiclastic sediments occur, but are localized and, chiefly represent debris flow deposits. Based 
on K-Ar dating, the eruptions climaxedfrom 20 to 25 Ma with contemporaneous extrusion of both felsic 
and majic magmas, but majic magmas are volumetrically dominant and travelled fartherffom vent areas. 
These lavas, with minor intercalated felsic pyroclasticflows, underlie eastern Graham Island, but proba- 
bly do not extend any great distance beneath Hecate Strait. Basaltic lavas found in offshore drilling in 
Queen Charlotte Sound and Hecate Strait are older and lithologically distinct ffom the bulk of Masset 
rocks. They probably represent one or more volcanic episodes distinct from the Masset eruptions. 

La formation de Masset se compose de roches pyroclastiques et de coulkes de laves mafiques ci felsi- 
ques, intercaldes, aphanitiques. L'extrusion de ces roches a dtd rapide, et les druptions dtaient crop peu 
espacdes pour que s'exercent les effets de la skdimentation ou de l'krosion. On rencontre des skdiments 
dpiclastiques, mais seulement a certains endroits; il s 'agit principalement de coulkes boueuses. D1aprt?s 
la datation par la mdthode K-Ar, les kruptions ont atteint leur apogde il y a 20 b 25 Ma, avec extrusion 
simultanke de magmas felsiques et ma$ques; les magmas majques occupent un volume plus important, 
et se sont ddplacds d plus grande distance des chemindes volcaniques. Ces laves, qui contiennent quelques 
intercalations de couldes pyroclastiques de caract2r-e felsique, sont prksentes dans le sous-sol de l'est 
de l'ile Graham, mais ne s 'dtendent sans doute peu profondkment duns le sous-sol du dktroit d'Hecate. 
Les laves basaltiques rencontrdes lors de forages en haute mer dans le dktroit de la Reine-Charlotte et 
le dktroit d'Hecate sont plus anciennes et se distinguent lithologiquernent de l'ensemble des roches de 
Masset, et reprdsentent probablement un ou plusieurs dpiosodes volcaniques, distincts des 4ruptions de 
Masset. 

Contribution to Frontier Geoscience Program 



INTRODUCTION 
The Masset Formation, a volcanic succession on the Queen 
Charlotte Islands, was named by MacKenzie (1916) and first 
studied in detail by Sutherland Brown (1968). He character- 
ized it as being composed of "thin flows of columnar basalt, 
basalt breccia, thick sodic rhyolite ash flow tuffs, and weld- 
ed tuff breccias and breccias of mixed basalt and rhyolite 
clasts." (Sutherland Brown, 1968). Sutherland Brown sub- 
divided the formation into the Tartu, Kootenay and Dana fa- 
c i e ~  (Fig. 1). He also noted that the Masset Formation over- 
lies all older formations with angular unconformity. It 
outcrops over much of Graham Island and islands to the south, 
but to the east it is conformably overlain by, or interfingers 
with, the Miocene-Pliocene Skonun Formation (Cameron and 
Hamilton, 1988; Sutherland Brown, 1968). On the basis of 
the conformable contact with the Skonun, noted by Suther- 
land Brown (1968), the Masset Formation was assigned an 
age of Paleocene to Miocene. 

Eight exploratory wells were drilled in Hecate Strait and 
Queen Charlotte Sound in the early sixties by Shell Canada 
Ltd. Several intersected basaltic flows which have been cor- 
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Figure 1. Distribution and facies of the Masset Formation 

related with the Masset Formation (Shouldice, 1971 ; Young, 
1981). This would imply that the Masset Formation may at 
one time have extended all the way from Queen Charlotte 
Sound to Cape Knox. 

Radiometric dates from onshore and offshore material 
range in age from less than 5 to 165 Ma (Young, 1981). More 
recent work on the Masset (Hamilton, 1985) produced a range 
of i7 to 29 Ma. 

According to Sutherland Brown (1968) the Masset For- 
mation consists of alkalic basalts and sodic rhyolites where- 
as Hamilton (1985) described the rocks as subalkaline 
tholeiites, basaltic andesites, dacites and metaluminous rhyo- 
l i t e ~ .  

The present study provides new data on the internal struc- 
ture and stratigraphy, the duration, extent and type of vol- 
canism and the relative volumes of different magmatic materi- 
al (i.e. mafic vs, felsic volcanism). These data will be used 
to develop a physical model of the evolution of the Masset 
Formation. 

MT. H O B B S  

F j  epiclastlc sediments 

mafic flow rocks 

3 0 0 0  
felsic lava flow 

welded pyroclastic flows ----- 

2 5 0 0  ash fall 
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(from Sutherland Brown, 1968; Fig. 17) and area studied in Figure 2. Idealized stratigraphic columns from the Mount 
detail during the 1987 field season. Hobbs, western Masset Inlet, and Juskatla Mountain areas. 

270 



Figure 3. Lithophysae in the 
Mount Hobbs area. 

Information on the Masset Formation is important in as- 
sessing hydrocarbon potential because of the possible effect 
of high level magma chambers and abundant dykes on ther- 
mal maturation. The flows themselves pose technical difficul- 
ties for any drilling program and the distribution and relative 
volumes of volcanic rocks will influence the interpretation 
of seismic and gravity data. 

Outcrop amounts to less than 5 % in most areas, but an 
extensive network of new logging roads provides access to 
regions that previously were completely timbered. Mapping 
during the 1987 field season concentrated in an area between 
Masset Inlet and the west coast (excluding the coastal ex- 
posures) (Fig. 1). Data were recorded at a 1 :50 000 scale 
over 65 days of traversing using vehicle, boat and helicopter 
support. Reconnaissance of areas to the south and north were 
also undertaken. Prior to starting fieldwork drillcore from 
onshore wells was examined at the provincial government 
core storage facility at Charlie Lake. 

STRATIGRAPHY 
A preliminary assesment of the 1987 fieldwork suggests that 
in the area of detailed study, rocks of the Masset Formation 
are mixed mafic and felsic flows. Localized areas are 
predominantly mafic or felsic, but over several hundred 
metres of section both rock types occur. 

Mafic rocks form units of multiple flows. Individual 
flows range from 2 to 30 m thick and are associated with 
thin (a few tens of centimetres or less) interflow breccias. 
Intercalated sediments of a nonvolcanic origin are rarely 
found, but in some locations they are the dominant rock type Figure 4. Location map for onshore K-Ar dates (for analyti- 
although they have limited lateral extent. These deposits are cal details and references see Table 1). 
diarnictons and probably represent channellized debris flows. 
Some of the deposits contain carbonized and/or silicified 
wood. 

21.2r0.4 K-Ar age 

locations of analysed 

maflc sample 

o felslc sample 

I161 location of data 
in table 1 



Mafic dykes, which are locally abundant, have colum- 
nar jointing, vesicles and chilled margins suggesting high 
level emplacement. Extensive deposits of agglutinate are cut 
by high level dykes. 

Felsic volcanic rocks include a few flows but are mainly 
pyroclastic in origin. The pyroclastics are dominantly weld- 
ed lapilli tuffs and are commonly associated with pumaceous 
airfall material. The bases of both pyroclastic and lava flows 
are commonly vitreous, though perlitic fractures and associat- 
ed devitrification is prevalent. Spherulites are found in many 
of the flows and range up to 3 cm in diameter. Lithophysae 
predominate in the pyroclastic flow rocks and were found 
up to 10 cm in diameter (Fig. 3). Gas devolatilization in the 
upper sections of many pyroclastic flows has destroyed the 
primary textures. The felsic lava and pyroclastic flows are 
much thicker (10 - 100 m) than the more mafic lava flows. 
Felsic magmas dominate locally such as around Ironside 
Mountain and the Mount Hobbs area (Fig. 2). Intercalated 
epiclastic sediments are uncommon within the felsic flows. 

Marine sediments and/or evidence of subaqueous vol- 
canism were not observed, but two regoliths were found. 
One, at the base of the section, is composed of weathered 

rnaflc composltlon 

felslc composltlon 

a material dated from offshore wells 

3 number of analyses 

Figure 5. Histogram showing the distribution of dates from 
rocks correlated with the Masset Formation. See Table 1 for 
data and Young (1981) for details on the offshore dates. 

Figure 6. Location of offshore and on- 
shore wells and inferred original extent 
of the Masset Formation (modified from 
Young, 1981, Fig. 16). 



porphyritic rocks of the Yakoun Formation. The other, within 
the Masset sequence north of Juskatla Mountain, is of limit- 
ed lateral extent and most likely represents an area that es- 
caped inundation by lava flows for a longer period of time 
than surrounding areas. 

The Masset volcanic rocks, whether felsic or mafic, are 
aphyric, commonly aphanitic and vary between grey and 
black. Eutaxitic textures, flow banding, or general weather- 
ing characteristics are commonly the only indication of rock 
composition. It was not possible, based on hand samples and 
field exposures, to determine the presence and/or volumes 
of intermediate rock types. 

To  date, conclusions that can be drawn from fieldwork 
are : 

1) Evidence of localized felsic eruptive centres was not 
found within the mapped area; however, evidence of 
hydrothermal activity, silicification and quartz veining is pres- 
ent in the vicinity of Ironside Mountain, Juskatla Mountain 
and the Mount Hobbs areas. 

2) Mafic flows were probably fed by fissure eruptions but 
venting may have become localized along the dyke, building 
up extensive scoria deposits in one place. 

3) Mafic and felsic volcanism were contemporaneous but 
the volume of rnafic material is much greater. Graham Is- 
land was emergent during the entire period of Masset vol- 
canism. A topographic high existed parallel to, and possibly 
coincident with, the present topographic high. This resulted 
in the movement of the fluid basaltic flows eastward, and 
most probably westward as well. Felsic flows, due to their 
high viscosity did not travel far from vent areas. Only the 
most voluminous felsic pyroclastic flows travelled any dis- 
tance to the east where they are found intercalated with ba- 
salt flows in drillcore. The entire formation thins to the east 
and may be largely absent beneath Hecate Strait. 

4) There was no major hiatus in volcanic activity. 

5) Drillcore data and surface outcrop pattern indicate that 
the Masset Formation may be thickest west of Masset Sound. 
The flows thin eastward across the sound and interfinger with 
the Skonun Formation. 

6) hough the study area is cut by numerous fractures and 
faults, displacement is minor. The regional dip is east- 
northeast and is interpreted to be due largely to post-eruption 
tilting. 

Table 1. K-Ar age data. 

NO.] Rock Type ~~e~ Lat. N .  Long. W. Sample  NO.^ Oata 
( Ma+l6 ) source4 

1 r h y o l i t e  ash 44.6 + 3 54O10.17' 13Z058.0' 65-49-66 b 
2 b a s a l t  19.0 7 0.7 54006.5' 132°22..l' TMV33 d 
3 b a s a l t  23.8 2 1.3 54009.33' 132O39.0' GS-51-66 b 
4 b a s a l t  28.7 + 2 54O04.17' 13Z014.25' GS-54-66 b 
5 b a s a l t  11 + 3  54003.53' 13Z014.33' SD-256-N63 b 
6 b a s a l t  35.2 z 2 54O04.4' 131°47.7' 6s-29-66 b 
7 b a s a l t  (5 54004.73' 131047.65' SD-546-M63 b 
8 b a s a l t  23.0 + 0.8 53O56.1' 132O42.1' BV1203 d 
9 b a s a l t  23.6 7 0.8 53O56.1' 132O42.1 ' BV33684 d 

10 b a s a l t  21.2 T 4 53O42.08' 13Z059.17' GS-39-66 b 
11 r h y o l i t e  22.3 z 0.8 53O44.6' 132O30.8' 3001495 d 
12 d a c i t e  18.9 2 0.7 53O43.1' 132O30.9' 19311815 d 
13  b a s a l t  24.4 + 0.8 53042.6' 132O29.7' 1371410 d 
I 4  r h y o l i t e  13.1 7 0.7 53O38.6' 13Z041 .8 '  1631225 d 
15 b a s a l t  2 6 . 4 i 0 . 9  53O38.3' 132O41.2' 1611790 d 
16 r h y o l i t e  11.0 + 0.7 53O34.8' 132O46.0' 7012130 d 
17 andes i t e  23.9 0.8 53O30.6' 13Z020.0' M R  9 b 
18 r h y o l i t e  ash 23.7 2 0.8 53O30.6' 132°20.0' MR 2 c 
19 r h y o l i t e  ash 20 + 2 53O31.68' 13Z021.2' SD-544-N63 b 
20 d a c i t e  23.9 5 0.8 53032.8' 132017.6' 342/1020 d 
21 basa l t  20.0 + 0.7 53026.6' 132O43.3' 18/44 d 
22 bio.fdspr.porp. 62 + 3 53O24.2' 132°23.1' AK 378 a 
23 basa l t  20.4 2 0.7 53O24.6' 131°55.0' TMV61.5 d 
24 b a s a l t  19.8 2 0.7 53O34.6' 131°55.5' M R  8 c 
25 andes i t e  17 + 1 53006.8' 131038.23' SO-250-N63 b 
26 r h y o l i t e  23.2 7 0.8 52049.6' 132012.1' 38/2310 d 
27 b a s a l t  28.9 5 1.1 52O48.3' 132°09.7' TMV2l d 
28 b a s a l t  20 + 1 52041.4' 131°23.27' SO-252-N63 b 
29 b a s a l t  27 7 1 52040.4' 131024.75' SD-253-N63 b 
30 basa l t  41.1 2 1.4 52033.0' 131021.4' TMVlO d 
31 basa l t  35.9 2 1.4 52O33.2' 131021.0' TMVSO d 

1 Number r e f e r s  t o  p lo t t ed  loca t ions  on Figure 2 
2 Refer t o  o r ig ina l  source f o r  d e t a i l s  of analyses cons tan t s  used 
3 Original  sample number 
4 Source of da tes :  

a - Mathews, 1964 
b - Young, 1981, unpublished data  from She l l  Development Corp. (Houston. Texas) 

and Pan-America Petrol  eurn Corporation 
c - Wanless e t  a t . ,  1972 
d - U.B.C .  Geochron F i le .  Samples co l l ec ted  by T. Hamilton and dated by J. 

Harakal under c o n t r a c t  t o  the  G.S.C. 



AGE RELATIONSHIPS 
Thirty-one K-Ar ages are available from rocks correlated with 
the Masset Formation (Table 1,  Fig. 4). A histogram (Fig. 
5 )  showing the spread of ages, suggests that eruption of the 
Masset Formation was restricted in time and climaxed dur- 
ing a five million year period between 20 and 25 Ma. Dates 
older than 30 Ma, on rocks lithologically similar to those 
in the study area, come from Ramsay Island (Fig. 4) 
(southernmost exposure of Masset Volcanics; Fig. 1) and 
drill samples from wells in Hecate strait and Queen Charlotte 
Sound (Fig. 6). Dates from Bald Mountain and Cape Knox 
are also greater than 30 Ma but those samples differ litho- 
logically from the bulk of the Masset volcanics and may rep- 
resent an older volcanic episode correlative with samples from 
wells in Queen Charlotte Sound. Dates from the wells range 
from 29 to 57 Ma (Murrelet, Auklet, Harlequin, and Osprey ; 
Fig. 6 ,  Young, 1981). The youngest date from the Hecate 
Strait wells (Sockeye; Fig. 6) was 72 Ma (Young, 1981). 

This implies that older dates from porphyritic basaltic 
rocks represent volcanic activity prior to the Masset erup- 
tions and this suggests, in corroboration with field evidence, 
that the Masset Formation may be more aerially restricted 
than previously thought. Figure 6 shows an estimate of the 
distribution. There is no compelling evidence that Masset 
flows formed a continuous sheet south of Graham Island. 
Based on work south of Graham Island, Souther (1988) not- 
ed that there is an increase in dyke density around areas of 
Masset outcrop; he suggested that the present distribution 
may correspond closely to the original accumulation around 
localized centres. 

DISCUSSION 
Postulated origins for the Masset volcanics include rifting 
(Yorath and Hyndman, 1983), possibly initiated by a mantle 
hotspot (Yorath and Chase, 1981). An "edge effect" of the 
subducted margin of the Farallon plate has been suggested 
(Stacey, 1974) as well as wrench tectonics along the Sand- 
spit and Rennel-Louscoone fault systems (Young, 1981). 
Based on the coeval ages of volcanics and plutons in the Pem- 
berton belt (35 Ma-16 Ma) J.G. Souther (pers. cornm., 1987) 
has suggested that the Masset volcanics may be part of this 
same "Pemberton arc" system. 

Whatever the origin of the Masset Formation it must 
explain an eruptive episode that climaxed 20 to 25 Ma ago 
with voluminous outpourings that included a range of mag- 
ma types. The aphyric nature of the rocks is not typical of 
arc volcanics, nor of rocks which have undergone any de- 
gree of fractionation. They may represent eutectic melts. 
Sutherland Brown (1968) speculated that the Masset volcan- 
ics represent mantle melts only slightly modified by differen- 
tiation or crustal contamination. RbISr values for the rhyo- 
lites indicate possible crustal contamination (Young, 1981). 
Hamilton (1985) has pointed out that the mafic rocks have 
chemical affinities with both MORB and orogenic basalts. 

Significant to oil exploration is the possibility that the 
thermal effect of the Masset may have been minimal due to 
the apparent lack of high level magma chambers and the short 
duration of eruptive activity. These effects were most likely 
localized under the present day land mass of the Queen 
Charlotte Islands. The easterly thinning and interfingering 
of Masset flows with sediments of the Skonun Formation 
may also have relevance for offshore drilling in Hecate Strait 
as it is apparent that the wells there intersect rock from a 
volcanic event older than the Masset. 
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Abstract 

Structures developed in Mesozoic strata in the Skidegate Inlet/Skidegate Channel area of the Queen 
Charlotte Islands indicate that the major deformation comprised southwest-northeast directed shortening. 
On northwest Graham Island, structural styles are dominated by several generations of steeply dipping 
strike-slip faults. No evidence is seen for large transverse offsets in either area. In both locations, defor- 
mation is largely controlled by the fluid aided processes of pressure solution and hydraulic fracturing. 

Des structures mises en place dans les strates mt!soi'ques de la rigion de 1 'inlet Skidegate et du dktroit 
de Skidegate des i'les de la Reine-Charlotte indiquent que la diformation principale contenait un raccour- 
cissement oriente' sud-ouest-nord-est. Au nord-ouest de 1 'ile Graham, les styles structuraux sont dominks 
par plusieurs gkn6rations de de'crochements ir pendage abrupt. On ne rel2ve aucune preuve de grands 
diplacements transversaux dans l'une ou l'autre de ces zones. Duns les deux endroits, la dt$orrnation 
a subi trbs fortement 1 'influence des processus l i b  aux fluides de dissolution par pression et defractura- 
tion hydraulique. 

Contribution to Frontier Geoscience Program 
' Department of Geological Sciences, University of British Columbia, Vancou- 

ver, B.C. V6T 2B4 



INTRODUCTION (Fig. 2a); a second section shows these same structures to 
the north along a section between Long Inlet and Queen 

Regional geological mapping in the Queen Charlotte Islands Charlotte City (Fig. 2b). 
bv Sutherland Brown during the ~er iod  1958-1963 culmi- u .  

nated in the publication of a geological map (Sutherland These sections differ from earlier interpretations (Suther- 
Brown, 1968) which outlines several areas of structural com- land Brown, 1968 ; Yorath and Chase, 1981 ; Young, 1981) 
plexity (Rennell Sound/Louscoone fault system, Sandspit in their lack of large horizontal displacements along discrete 
Fault, and Beresford Bay Fault). The present study was un- fault surfaces. Most map scale faults are northwest-trending 
dertaken to examine different structural levels exposed across 
these complex areas to elucidate the relationship between ma- 
jor structural features and mesoscopic deformational styles. 
An understanding of this relationship, together with the defor- 
mational processes active through time, is important to de- 
veloping a model for the evolution of the Queen Charlotte 
Basin. 

This report is a summary of detailed structural mapping 
completed during summer 1987. Fieldwork concentrated on 
two locations : the northwest Graham Island (Beresford Bay) 
area was mapped at 1 :20 000 and 1 : l  000 scales, and the 
Skidegate ChannelJSkidegate Inlet area was mapped at 
1 :20 000 scale. 

MACROSCOPIC/MESOSCOPIC 
STRUCTURES 
Mesozoic strata in the Queen Charlotte Islands may be divided 
into a TriassicJJurassic succession (Karmutsen Formation, 
Kunga Group, Maude Group, and Yakoun Group) separated 
by a regional unconformity from a Cretaceous succession 
(Longarm Formation, Haida Formation, Honna Formation, 
and Skidegate Formation). In the areas covered by this study 
the Triassic/Jurassic section is exposed most completely along 
the west coast of the islands, and all of this section except 
the Karmutsen Formation is exposed in the southeast 
Skidegate Inlet area in the vicinity of Maude Island. The pres- 
ent distribution of Cretaceous rocks is strongly controlled 
by variable original stratigraphic continuity related to basin 
configuration and localization of pre- to syn-depositional vol- 
canism and deformation. 

Skidegate Channel/Skidegate Inlet 
TWO approximately east-trending structural sections were Figure 1. Location of cross-sections through Skidegate 
completed through the Skidegate ChannelJSkidegate Inlet re- Channel area (Fig. 2) and detailed mapping on northwest Gra- 
gion (Fig. 1). The more southerly section illustrates struc- ham Island. 
tural styles along a transect from Chaatl Island to Sandspit 

Chaatl laland 075 

\ 

Figure 2. Structural sections through Skidegate lnletlskidegate Channel area: 
a) Chaatl Island-Sandspit section, 
b) Long Inlet-Queen Charlotte City section. 
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Figure 3. Tight buckle fold in argillites of Jurassic Sandilands 
Formation near Chaatl Island. 

Figure 4. Mesoscopic fabrics developed in different rock types in the Skidegate and northwest Graham Island areas: 
a) Mylonitic foliation in Karmutsen Formation on Chaatl Island. 
b) Stylolites viewed on bedding surface in Kunga limestone above Whiteaves Bay. 
c) Pressure solution cleavage in siltstones of the Skidegate Formation west of Queen Charlotte City. Bedding is subhorizontal, 
cleavage dips gently to the left. 
d) Axial-planar cleavage in fault drag fold in Kunga Group calcareous siltstones, northwest Graham Island. 



and steeply dipping, with at most 100s or 1000s of metres 
of dip-slip offset. The dominant map scale strilctures are 
northwest-trending open to tight buckle folds recording 
moderate amounts of shortening in a northeast-southwest 
direction. In these sections the "Rennell Sound Fault Zone" 
of Sutherland Brown (1968) is simply an area of more in- 
tense structural development reflected in tight, overturned 
map scale folds. Several steep faults with probable normal 
offset cut these structures in the Long Inlet area. However, 
in Skidegate Channel, a single stratigraphic contact may be 
traced across all previously inferred traces of the Rennell 
Sound fault system. 

Earliest mesoscopic structures consist of soft sediment 
folds, slumps, and clastic dykes formed in unlithified or par- 
tially lithified sediments. Subsequent tectonic shortening of 
lithified strata was accommodated on the mesoscopic scale 
by mechanisms of flexural-slip folding, associated low-angle 
detachment, and bulk shortening. Well-layered Triassic and 
Jurassic lithologies display the most intense folding, com- 
monly about northwest-trending axes (Fig. 3). Massive rocks 
display a variety of deformational styles. Greenstones of the 
Karmutsen Formation on Chaatl Island contain both brittle 
fractures and a foliation which is locally mylonitic (Fig. 4a). 
The overlying massive limestone of the Kunga Formation 
has shortened dominantly through pressure solution as shown 
by stylolites of variable orientation and associated extension 
veins (Fig. 4b). In homogeneous clastic rocks a penetrative 
cleavage is locally developed at moderate to low angles to 
bedding. This cleavage is axial planar to large scale folds, 
and is defined by pressure solution surfaces and planar ar- 
rangements of platy minerals observed in thin sections (Fig. 
4c). Synkinematic calcite-filled extension fractures formed 
at the same time through a cyclic hydraulic fracture mecha- 
nism. 

Fold geometry and intensity of structural development 
indicate greater amounts of shortening occurred in the Tri- 
assic/Jurassic sequence than in the overlying Cretaceous 
rocks. Little, if any, slip has occurred along the unconformi- 
ty separating these groups of rocks. 

Northwest Graham Island/Beresford Bay 
Continuous exposures along wave-cut benches facilitated 
detailed mapping of Mesozoic strata on northwest Graham 
Island. Deformation within the TriassicIJurassic sequence 
there is characterized by several generations of steeply dip- 
ping strike-slip faults. The earliest of these strike 060-070" 
and are offset by a conjugate set with strikes 090 and 170". 
Most mesoscopic folds are related to movement along fault 
surfaces. At one location (south Sialun Bay) northeast-verging 
thrust faults locally repeat strata and antedate all strike-slip 
faults. Northwest-trending drag folds along these thrusts have 
an incipient axial planar pressure solution cleavage (Fig. 4d). 

Cretaceous rocks on northwest Graham Island are gent- 
ly warped about northwest-trending axes and cut by east- 
trending faults of probable normal separation. 

DISCUSSION 
Mesozoic rocks in the Queen Charlotte Islands record a defor- 
mational history involving variable amounts of initial short- 
ening and later minor faulting. Numerous unconformities at 
several stratigraphic levels, lesser shortening in younger 
rocks, and soft sediment structures suggest that much of this 
deformation accompanied deposition of the Mesozoic se- 
quence. The "Rennel Sound Fault Zone" represents a zone 
of locally intense structural development where greater 
amounts of shortening occur than in surrounding areas. This 
strain localization may be linked to irregularities in the con- 
figuraion of the underlying Jurassic/Triassic "basement" 
strata ; this is also reflected in the unusually thick Cretaceous 
sequence here. 

The relationship of strike-slip structures on northwest 
Graham Island to deformation in the Skidegate Inlet area is 
not yet known. Correlation of mesoscopic and macroscopic 
structures to a regional tectonic setting is uncertain. The north- 
west trends of fold axes and northeast shortening direction 
are consistent with shortening in a wrench fault tectonic set- 
ting related to oblique movement along the Queen Charlotte 
Fault. 

Deformation in all rocks was accomplished through fluid 
biased processes. Pressure solution surfaces, hydraulic frac- 
ture veins, and fluid escape soft-sediment structures are all 
evidence of pore fluid migration during deformation. The 
effect this fluid movement may have had on any hydrocar- 
bon migration is at present uncertain. 
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The objectives of this component of the Frontier Geoscience 
Program are to map and describe the surficial geology of 
the Vancouver Island shelf (Fig. 1) and the three principal 
areas of concern, Queen Charlotte Sound, Hecate Strait and 
Dixon Entrance where attention will also be focused on geo- 
hazards to hydrocarbon exploration and development. 

Field activities this past summer were performed exclu- 
sively in Queen Charlotte Sound. Approximately 800 line 
km were surveyed by side scan sonar and Huntec Deep-Tow 
high resolution seismic profiler. In addition, 124 grab sam- 
ples, 20 vibrocores, 3 piston cores and 5 dredge samples were 
collected. The data will contribute to our knowledge of shelf 
scour and the nature and distribution of shallow gas. 

face geology of Queen Charlotte Sound and Hecate Strait 
will be interpreted and displayed as stratigraphic cross- 
sections. Geological hazards of particular concern, such as 
shallow marine gas, Quaternary faulting and sediment ero- 
sion and transport, will be mapped. 

Stratigraphic samples and shallow high resolution seis- 
mic data are limited for most areas of the Vancouver Island 
shelf and all of Dixon Entrance at present. Consequently, 
research cruises have been scheduled during March and May- 
June, 1988 to initiate investigations in Dixon Entrance and 
complete surveys in Queen Charlotte Sound and Hecate Strait. 
Completion of the data collection for areas of the Vancouver 
Island shelf will be left until a later time. 

Maps of the physiography, sample and geophysical data 
coverage and surficial sediment distribution are being com- 
pleted at a scale of 1 :250 000 for all areas. Shallow subsur- 

Figure 1. Location of major continental shelf areas off west- 
ern Canada. 
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Abstract 

During July 1987, 135 gravity measurements were taken on and near Graham Island. Besides infill- 
ing the regional anomaly jeld at 10- to 12-km spacing, two detailed transects were completed along 
Skidegate and Masset inlets approximately normal to major structural trends. The new measurements 
define a 10- by 20-km northwest-trending Bouguer anomaly high (residual amplitude about 20 mGal) 
along a gravity gradient between Skidegate and Masset inlets. A northeast-trending low of similar dimen- 
sions (residual amplitude about 10 mGal) is present between Rennell Sound and Masset Inlet. The former 
could be caused by Karmutsen Formation mafic volcanics in the subsu$ace adjacent to an apparent east- 
facing basement scarp and associated eastward thickening of sediments within the Queen Charlotte Ba- 
sin. The anomaly low is associated with an area of exposed siliceous volcanic rocks up to 1 km thick. 

En juillet 1987, I35 mesures de gravitt ont Ht  prises dans l'ile Graham et les environs. En plus 
de couvrir le champ d'anomalies r6gionales suivant des espacements de 10 d 15 km, deux coupes tranver- 
sales dt?taille'es ont he' rdalise'es le long des inlets Skidegate et Masset, plus ou moins perpendiculairement 
aux grandes tendances structurales. Les nouvelles mesures dkfinissent un maximum d'anomalie de Bou- 
guer de I0  km sur 20 km de direction nord-ouest (amplitude re'siduelle d'environ 20 mGal) le long d'un 
gradient de gravite' entre les inlets Skidegate et Masset. Un minimum de direction nord-est de dimensions 
sernblables (amplitude rtsiduelle d'environ I0 mGal) est observt? entre la baie Rennell et 1 'inlet Masset. 
Le premier pourrait ttre cause'par des roches volcaniques majiques de la formation de Karmutsen dans 
la subsurface adjacente d un escarpement apparent du socle orient6 vers 1 'estpar un tpaississement asso- 
ci t  vers l'est des se'diments dam le bassin de la Reine-Charlotte. Le minimum est associe' d une zone 
de roches volcaniques siliceuses expos6es ayant jusqu'a 1 km d'e'paisseur. 
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INTRODUCTION 
Gravity measurements were first observed on the Queen 
Charlotte Islands by personnel from the Dominion Observa- 
tory (Earth Physics Branch, now Geological Survey of Can- 
ada (GSC)) in 1963. Regional coverage was extended both 
onshore and offshore in 1966, 1967 and in 1977 (Stacey et 
al., 1969 ; Earth Physics Branch, 1982). Most of the early 
land stations are located along shorelines because access to 
and positioning within the interior of the archipelago is 
difficult, particularly on Graham Island. 

The intent of the 1987 GSC gravity survey was to com- 
plete the regional coverage on western Graham Island at ap- 
proximately 10-km station spacing and, where feasible, to 
measure gravity at about 1 -km intervals along transects nor- 
mal to large-scale geological structure. The latter was an at- 
tempt to identify density variations in the upper crust and 
to assess their relationship, if any, with mapped surface fea- 
tures. A concurrent gravity survey by Chevron Canada 
Resources Limited was carried out on eastern Graham Is- 
land. Over 300 gravity observations were made, the results 
of which are not reported here. 

GSC GRAVITY SURVEY 
A total of 37 stations was added to the regional coverage 
(Fig. 1). Two transects were completed, including 44 sta- 
tions along the shores of Skidegate Inlet and 54 stations on 
a profile along the north shore of Masset Inlet and extending 
to the west coast of Graham Island (Fig. 3). 

Gravity measurements were observed using Lacoste- 
Romberg gravimeters GO09 and (3444. Instrument readings 
were reduced to Bouguer anomalies using the International 
Gravity Standardization Net. 1971 (IGSN7 1) and the Geo- 
detic Reference System 1967 (GRS67). A standard density 
of 2.67 g/cm3 was used in the Bouguer correction. 

Horizontal coordinates of gravity stations were deter- 
mined from 1.50 000 NTS maps on which the location of 
logging roads had been transferred from 1986 aerial photo- 
graphs. The northing and easting coordinates of each station 
were scaled off the maps using a template. Location accura- 
cies are estimated to be within 25 m. 

Vertical coordinates were derived using two methods. 
For gravity stations along the coast, elevations were mea- 
sured using a hand-held AIR altimeter continuously refer- 
enced to sea level. Using tide tables furnished by the Cana- 
dian Hydrographic Service, tidal corrections were applied 
to reduce these measurements to mean sea level. The accuracy 
of this method is expected to be within a few metres. 

Elevations for interior stations were determined by al- 
timetry traverses tied either to Geodetic control or to sea level. 
With few exceptions the traverses were completed within 60 
minutes and were carried out within a vertical envelope of 
a few hundred metres. Temperature, humidity and altimetry 
values were recorded electronically at each station using a 
recently developed digital data acquisition system. These data 
were downloaded to a portable computer for on-site process- 
ing. Historically, the success of using altimeters for eleva- 
tion control has been marginal, especially in mountainous 
terrain. Although it is difficult to estimate the accuracy of 

this method, previous experience in similar Cordilleran ter- 
rain suggests that an elevation accuracy within 5 m can be 
achieved. Regional terrain effects have been removed from 
Bouguer values using a 1- km digital elevation grid and com- 
putational software developed by the National Gravity Data 
Centre, Geophysics Division, Geological Survey of Canada, 
Ottawa. For a select number of stations, local terrain effects 
within a few kilometres will be determined more precisely. 
The regional approximation however, as shown elsewhere 
within the Cordillera, typically contributes 85 per cent or 
more to the overall terrain effect. Most of the regional ter- 
rain corrections are less than 5 mGal ranging to; few that 
exceed 20 mGal. Preliminary Bouguer anomalies in Figures 
2 .and 3 are therefore considered to contain residual terrain 
effects of less than 0.8 mGal in most cases and no more than 
about 3 mGal in the extreme case. 

GRAVITY FIELD 
East to west, the regional gravity field is characterized by 
strong negative anomalies, locally exceeding -100 mGal, over 
the high elevations of the mainland coast mountains (Fig. 
2). The field becomes steadily more positive to the west across 
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Figure 1. Gravity station distribution on the Queen Charlotte 
Islands. 



Hecate Strait and culminates in a linear high of up to 80 mGal tinental to oceanic crust (Stacey and Stephens, 1969). The 
along the western rim of the Queen Charlotte archipelago. low anomaly is enhanced by the presence of seawater and 
The high closely parallels a pronounced offshore gravity low, a low density accretionary wedge on the oceanic side of the 
exceeding -90 mGal in places. The steep anomaly gradient plate boundary (Hyndman et al., 1982). The high anomaly 
between the high-low pair lies over the Queen Charlotte Fault, on the continental side could reflect in part the presence of 
the boundary between the Pacific and North American plates. thick rnafic units of the Masset and/or Karmutsen forma- 

Low anomalies over the mainland are attributed to thick- tions. Yorath and Hyndman (1983) suggest that the gravity 
high along the continental edge reflects flexural uplift ened continental crust beneath the coast mountains (Stacey 

and Stephens, 1969; Forsyth et al., 1974). The paired high- produced over the last 6 Ma by oblique convergence and un- 

low anomaly belt associated with the plate boundary is part- derthrusting of the Pacific Plate beneath North America in 

ly an edge effect produced by the abrupt transition from con- the Queen Charlotte region. 

Figure 2. Regional gravity map. Bouguer anomaly on land, Free Air anomaly offshore. 
Contour interval 5 mGal. Figure 3 profile locations indicated. 
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Figure 3. Bouguer anomaly profiles along Skidegate lnlet 
and Masset Inlet. Profile locations shown in Figure 2. 

The 1987 GSC gravity survey improved the definition 
of two anomaly zones on southern Graham Island and identi- 
fied a significant Bouguer anomaly gradient extencfing north- 
west across Masset Inlet (Fig. 2). The anomaly zones are 
both elliptical, about 10 krn by 20 km, and opposite in sign. 
The positive anomaly lies between Skidegate and Masset in- 
lets and extends south of Graham Island (Fig. 2). Peak Bou- 
guer values exceed 60 mGal. Preliminary separation of the 
residual anomaly from the longer wavelength (regional) gravi- 
ty field indicates that about 20 mGal can be attributed to near- 
by sources within the upper crust. 'The anomaly axis is sub- 
parallel to and about 25 km east of the major gravity high 
along the plate boundary (Fig. 2, 3). 

The negative anomaly lies between Rennell Sound and 
Masset Inlet. Minimum measured Bouguer values are below 
40 mGal. The residual amplitude is estimated at about -10 
mGal but, as no control exists in the central part of the anoma- 
ly, this value is considered a minimum. The low anomaly 
axis is northeasterly, oblique to the axes of the gravity highs 
(Fig. 2). 

The anomaly gradient of up to 2.5 mGal/km, identified 
over Masset Inlet, may extend along much of the eastern side 
of the archipelago, but its signature is masked by the eastern 
flank of the positive anomaly across Skidegate Inlet (Fig. 
2). The gradient zone is undetected in the regional gravity 
field north of Masset Inlet. 

A brief assessment of these gravity anomaly features fol- 
lows. The high anomaly on south-central Graham Island in- 
dicates an accumulation of dense rocks within the upper crust. 
South of Skidegate Inlet the gravity high lies over exposed 
Karmutsen Formation mafic volcanics (Sutherland Brown, 
1968) and these rocks may continue north in the subsurface. 
Correspondingly, the low anomaly on southwestern Graham 
Island occurs over relatively less dense siliceous volcanics 
up to one kilometre thick within the Masset Formation 
(Sutherland Brown, 1968 ; C. Hickson, pers. comm., 1987). 
The gravity gradient between Masset and Skidegate inlets 
may reflect an abrupt eastward thickening of the Skonun For- 
mation which underlies eastern Graham Island and Hecate 
Strait (Sutherland Brown, 1968; Shouldice, 1971). This 

Figure 4. A gravity station on the south shore of Skidegate 
Inlet. 

would imply the presence of an east-facing basement scarp 
(Sandspit Fault?), subparallel with regional geological struc- 
ture, in the subsurface. 

Computer modelling of the above features as well as den- 
sity measurements of surface rock samples are now well un- 
derway. An offshore gravity survey in northwestern Hecate 
Strait is planned for 1988. 
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During 1987 the first phase of the magnetics component of 
the FGP on the West Coast was completed. Approximately 
43 000-line-km of aerornagnetic data were acquired over the 
Queen Charlotte Islands and adjacent offshore areas in 1985. 
These data were compiled, integrated with aeromagnetic data 
provided by Shell Canada Ltd. in 1986 and published as Ge- 
ological Survey of Canada Geophysical maps (9 at 1 :250 000 
and 68 at 1 :50 000) in 1987. The digital data for this region 
north of 53"N have also been released. The balance of the 
aeromagnetic data and maps (south of 53"N) will also be 
released. 

The interpretation of these data will occupy the next 
18 months. Routine interpretation techniques such as depth 
to source, vertical gradient, source strike, Werner deconvo- 
lution and forward modelling will be applied to the data. In 
addition, more innovative techniques are being investigated 

with geophysicists at the University of British Columbia and 
Brock University. It is anticipated that the aeromagnetic data 
when combined with gravity and seismic data will provide 
an additional constraint on the crustal structure of the basin. 
In particular, it should help to elucidate the extent and thick- 
ness of the Massett Formation and ; indirectly, the material 
between the Massett and "true basement". 
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1 : 50,000 9434G-9465G, 94696-94746, 94786-9482G, 94876-94906, 

94956-94996, 95046-95076, 95 126-95 16G, 95226.95256, 
9531G-95336; Digital data are available from the Geophysical 
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Two additional seismograph stations have been installed estimation at depth and, by constraining temperature esti- 
in the Queen Charlotte Islands area and these, when used mates in the basin, information will be gathered that is 
with stations of the existing network, will enable epicentres appropriate for assessing the maturation of hydrocarbons. 
to be determined more precisely and for the first time allow 
the routine determination of focal depth. The Queen Charlotte 
Basin is one of the few sedimentary basins in the world that 
has continuing earthquake activity beneath it and this study 
will use these to infer the temperature regime at depth. The 
maximum focal depth of earthquakes is controlled by tem- 
perature and thus an estimate of the temperature beneath the 
sedimentary basin can be made if the maximum focal depth 
is determined. This project will improve the ability to assess 
seismic hazard, it utilizes a new technique for temperature 

The first installations of the present network of seismo- 
graph stations began in the Queen Charlotte Islands region 
in 1982; the objective is to assess earthquake hazard on the 
islands and in Hecate Strait and Queen Charlotte Sound. Spe- 
cifically, the question to be addressed is : does seismicity in- 
land from the Queen Charlotte Fault indicate active faulting, 
or is the hazard in the region only from earthquakes on the 
Queen Charlotte fault where all large earthquakes have oc- 
curred in historic time? By the summer of 1987 seven sta- 
tions had been installed on the islands and several more on 

Figure 1. Circles are small earthquakes that 
occurred between September 1985 and April 
1986. Solid triangles denote seismograph sta- 
tions installed up to 1987 and open triangles 
indicate stations recently installed. 
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the adjacent mainland. The results to date indicate no align- 
ment of epicentres that would suggest any of the major 
mapped faults are active. However, the data have revealed 
considerable continuing microearthquake activity over Gra- 
ham Island and into Hecate Strait. Most of activity could not 
be detected before the local seismic network was installed 
(Fig. 1). 

The original local seismograph network, while sufficient 
to locate the microearthquakes in latitude and longitude did 
not have the station density to determine the depth of the earth- 
quakes accurately. The additional two stations (Fig. 1) will 
allow the determination of the depth of earthquakes on much 
of northern Graham Island and a short distance into Hecate 
Strait. The maximum depth of earthquakes in the region will 
determine the approximate position of the 450 degree 

isotherm. This will put constraints on thermal modeling used 
to gauge the thermal maturation of potential hydrocarbons. 
The temperature regime will also dictate the strength of the 
lithosphere and thus provide a constraint on modeling the 
tectonic history of the basin. 

The two new seismograph stations were installed dur- 
ing the fall of 1987. After preliminary processing to identify 
earthquakes the seismograms collected are sent to the Pacif- 
ic Geoscience Centre where the earthquake locatiofis are de- 
termined. All earthquake locations are published quarterly 
in the National Earthquake Summary of the Geological Sur- 
vey of Canada. At the rate of microearthquake activity seen 
in the first few years of detailed local monitoring in the re- 
gion, it is expected to take two to five years to record a suffi- 
cient number of earthquakes to confidently determine the max- 
imum depth at which microearthquakes occur. 
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