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GEOLOGIC SETTING AND STRATIFORM
LEAD-ZINC-BARITE MINERALIZATION, TOM CLAIMS
MACMILLAN PASS, YUKON TERRITORY

INTRODUCTION

The Macmillan Pass area, located along the Nerth
Canol Road near the Yuken-Northwest Territories
border, has been of economic interest since the dis-
covery of significant barite-lead-zinc-silver mineral-
ization by Hudson Bay Exploration and Development
prospectors in 1951, Interest in the area was racent-
1y renewed with the 1975 discovery of similar mineral-
ization six km west of the original TOM showings. In
addition to barite hosted mineralization of the
Macmillan Pass area, the Upper Devonian to Lower
Mississippian "Black Clastic” Unit and its correlative
rocks in southeast Yukon and northeast British Colum-
bia contain perhaps the worlds largest known accumu-
Tations of sedimentary barite. This report is based
on field investigations carried out by the writer for
the Department of Indian and Northern Affairs during
1976 and, in part, for Archer, Cathro and Associates
during 1977. A more detailed account of the gealogy
of the district is given im an MSc thesis by the
authar in preparation at the University of British
Columbia.

Location and Access

The Macmillan Pass areal! is Tocated approximately
nine km west of the Yukon-Northwest Territories border
at about 83°10°N and 130°12'W (Figure 1). Vehicle
access is by the North Canol Reoad which crosses both
TOM and JASON claim groups. The road is not presently
maintained during winter months (approximately October
to April), A gravel surfaced, 600 metre airstrip
which is Tocated on the north part of the TOM property
serves bhoth camps. A permanent trailear camp on the
TOM property is accessable by a 3 km gravel road
leaving the Canol Road at Kilometre 44Q. The main
showing area on the JASON property is served by a
four-wheel-drive and bulldozer tote road that fords
the Macmillan River. Ross River, about 160 km by road
from the area, offers hotel accomodaticn, supplies and
fuel.

LFallowing Tocal conventicn, the area of the TOM and
JASON clafm groups is referred to in the present work
as the "Macmiilan Pass area",

General Charactar of the Area

Macmillan Pass lies within the Selwyn Mountains
physicgraphic orovince (Bostock, 1348} and Selwyn
Basin tectonic province {Gabrielse, 1967). Relief is
moderate and elevations locally range from 1 160 m
(3,800 ft.) to cver 2 000 m (6,800 ft.). The most
prominent physiograohic feature is the Macmillan River
valley which crosses tne district in a northeast to
southwest direction. Outcrop is generally scarce,
with the exception of steep-sided ridges and peaks
which are often cragqgy where underlain by resistant
rock., Flat-topped ridges and hillsides are usually
covered by talus and felsenmeer locally derived from
frost riven bedrock. Valley bottoms are covered by a
thick mantle of drift, colluvium and alluvium.

Although hunting in recent years has diminished
populations of the larger mammals, moose, grizzly
bear, caribou and waolves are still commonly seen in
the region. Areas with elevations less than 7 500 m
{5,000 ft.) support a dense vegetation cover, includ-
ing alpine fir on well drained slapes and stunted
black spruce, willow and arctic black birch on poorly
drained valley bottoms.

Previous Geclogical Work

Earliest work by the Geological Survey in the
region was by Kindle {1945), who carried out recon-
naissance genlogical mapping during the summers of
1944 and 1945 along the route of the then recently
completed Canol pipeiine and road. Regicnal mapping
by Blusson {1974), which includes the Macmillan Pass
area, was released on Open File by the Geological
Survey of Canada in 1974. Recent studies by Blusson
(1976) have aided in defining the stratigraphic and
tectonic settings of the TOM and JASCN mineral de-
posits. This report draws heavily en unpublished
diamgnd drill data kindly supplied by Hudson Bay
Exploration and Development Company Limited. A
preliminary account of the writer's field work during
the summer of 1976 has been published (Carne, 1976).

Exploration Histary

Stratiform barite-lead-zinc mineralization on the
TOM claims was discovered in 1951 by Hudson Bay
Exploration and Oevelopment Company Limited prospec-
tors working off the Canol Road. Development work by
the company, primarily on the discovery or "West" zone
during the period 1951 to 1853 consisted of geolegical
mapping, sampling and trenching as well as 5 436 m of
EX diamcnd drilling in 39 holes (Freberg, 1976). This
cperaticon is believed to be the first nelicopter-
supported diamond drilling orogram in the Yukon Tarri-
tory [R.A. Freberg, pers. comm., 1976). Fstimated
raserves at this time were 10.47 miilion tons of
material averaging 5% zirc and some lead (Green,
1965). Because of its ramote location, the property
Tay idle until 1566 wher a srall crew resurveyed the
original grid set up in 1951 and conducted geological
mapping, geochemical soil surveys and a ragnetometer
survey (Freberg, 1376). Late in the 1967 season, an
additicnal 1 875 m of BQ diamond drilling was carried
out to evaluate a new sonil geocherica’ anomaly dis-
covered upslope and east of the discovery zone. The
results of this werk were encouraging and the compary
continued drilling in 1968 on the lead-rich new dis-
covery or East zone as it becawe known. A total of
3 271 m of BQ diamond drilling in 16 holes was cam-
pleted in conjunction with additional geochemical
sampling ard geolcgical mapping. Reserves at this
time were quoted at 5.1 million tons grading about 2%
zinc, &7 lead and 2.7 cz/ton silver {(Findlay, 196%).

Juring the summer of 1969, the company rebuilt
the Cancl Road from Ross River to the property and
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upgraded the existing airstrip (Craig and Lagorta,
1570}, A mining camp was established Yaze in the
season and an adit was collared west of, and downslope
from the two showings (R.A. Freberg, sars. comm.,
1378}, Quring 1970 and 1971, the two mineralized
ones were further delineated by & total of 1 887 m of
underground development in conjunttion with 2 383 m of
underground diamend drilling. Additional AG under-
ground diamond drilling earty in 1972 increasad the
total driiling on the property to 11 853 m (Archer,
Cathro and Associates, 1672}, Ore reserves arg cur-
rently estimated at 9 million tons averaging §.6%
lead, 8.4% zinc and 2.8 0z/ton silver using an 8%
combined lead and zinc cut off grade. Ten millian
tons of sub-are grade materia? averaging 4,64 zinc,
0.9% lead and trace amounts of silver have been out-
tined {(Archer, Cathrp ang Associates, 1372}, Yary
little further physical work has been carried out on
the property since culmination of the drilling pragram
in 1972, & small crew was emplayed during August of
1976 to repair damage to the permanent trailer camgp
caused by an avatanche the pravious spring.  Addition-
al spil sampling, trenching and geaphysical SUTVEYS
were carried out in the 1977 field seasan,

The JASON claims which adjoin tre TOM Proparsy to
the west {Figure 2} are owned by the 051lvia Joing
venture (0JV)!, They were staked in August, 1974 gp4
July 1975, follawing discovery of Significant leag,
zine and barium sgi] ceschemical anomaties. Juring
June and July of 1975, qentogival mapring as well as
geochemicai and gravity surveys were conducted on the
oroperty. Zinc, lead and barium 5077 anomalies ro-
incident with a gravity high led to definition of
targets that were followed up by expicratory BQ
diamond dritling in October, 1975, Seven holes were
drilled totalling 640 m in length.  Promising results
and the intersaction of stratiform barite-lead-zinc
mineralization prompted an additional 2 163 m of 8Q
diamond drilling in 14 holes during the summer of
1876. Midway through the 1975 drilling pragram,
diamgnd drill size was increased fram BQ to NQ, and
finally to HQ, in an effgrt te combat excess flatten-
ing of deep hales, Rotary drilling methods, using a
small gas rig, which were employed during the summer
of 1877, also proved unsatisfactory becayse of poor
ground conditions. Controlled dfamond drilling using
HQ-size equipment with a Longyear 38 machine during
the late summer and fall of 1877 resoived the flatten-
ing problems tg the satisfaction of QJy geclogists,

Figure 2. Location of area studied {shaded area) with respect to TOM and JASON claims.
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Rumours cof the diszavery of 'TOM-type" barite-
lead-zinc mineralization on the JASON property pre-
cipitated a claim staking rush late in the summer of
1976 which covered most of the remaining favourable
ground in the Macmillan Pass district.

logilvie Joint Venture is a partnership censisting
of C.L. Smith, Brinex, Ventures West Capital Ltd.
and Mitsubishi Canada Ltd.
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GEOLOGICAL SETTING OF MACMILLAN PASS AREA

The Macmillan Pass areaz is located near the east
edge of the Selwyn Basin tactonic province {Figure 3}
in southern Selwyn Mountains. Generalized geology of
the district, compiled from several sources, is shown
in Figure 4, Sedimentary rocks, ranging in age from
Hadrynian to Lower Mississippian (?) are divided into
five major lithologiczal packages. The sequence con-
taing three unconformities, one of regional extent
bereath the Ordovician to Middle Devonian succession,
a local uncanformity beneath Upper Devonfan strata and
a locally occurring uncenformity baneath the Lower
Mississippian successieon, Paleozoic beds have an
estimated aggregate thickness of aver 3 000 m. Large
stocks and dykes of Late Mesczoic granitic rocks
intrude the sedimentary sequence. Minor Eccene
basaltic silis and dykes occur lccally. Lithological
descriptions which follow are compiled from field work
by Roddick and Green {1981}, Blusson {1971}, Gabrielse
et al {1973), Gordey {1978) and from the writer's
field work in the area during 1976 ang 1977.

"Grit dnit" and "Phyllite Unit"

"Grit Unit" i3 an informal name ceined by Roddick
and Green (196%) to describe Hadrynian clastic rocks
which consist mainly of gritty guartzite, black and
dark green shale and slate, calcarenite, conglomerates
and lesser limestone. Quartzites cantain distingtive
bluish, opalescent quartz grains which are typically
fractured and, in many places, consist of a patchy
mosaic of areas with slightly different extinction.
Large (granule sized) quartz grains are generally well
rounded while smaller grains usually have subangular
outlines. Tourmaline, hornbiende and zircon are minor
constituents locally.

Gabrielse et al (1973) use the term "Phyllite
Unit" for a succession of Late Proterozoic to Lower
Cambrian fine-grained clastic rocks which conformably
overiie the older "Grit Unit". Lithoiogies consist of
greyish green, non-calcarecus phyilitic slates with
mirer interbedded very fine-grained quartzite and
Timestone.
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Figure 3. Tectonic elements of Yukon Territory
before 450 km of right lateral movement
an Tintina Fault {after Terpelman-Kluit,
1977 and Gordey, 1673},
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Sekwi Formation

Lower Cambrian Sekwi Formation is characterized
by an assemblage of hrightly coloured, orange and
yellow weathering dolomites, silty limestone ang
quartzite with interbedded dark recessive shale and
argillacecus limestone (Gabrielse et al, 1973 and
Gordey, 1978). Basic submarine volcamic flows and
associated tuffaceous sedimentary rocks are an import-
ant compopent of the upper part of the formation in
sguthernmost Selwyn Mountazins. Platformal rocks of
Sekwi Formatiam are probable time equivalents of parts
af the "Phyllite Unit". The facies boundary between
these rocks passes approximately through the centre of
Figure 4 in a northwest-southeast direction. FRoth
Sekwi Formation and the"Phyllite Unit" are eroded and,
in places, entirely removed beneath a mid-Franconian
{middie Upper Cambrian] unconfarmity of regional
extent,

Road River Formation

Ordavician to Middie Devonian argillaceous and
calcarecus graptolitic rocks throughout northern
Yukon, easternmost AYaska, Selwyn Basin and Kechika
Trough are referred to as Road River Formation {Bab-
rielse, 1967}. Lithalogies consist largely of re-
cassive, platy, thin bedded argillaceous 1imestone,
calcareous shale and chert. In southern Selwyn
Mountains, Road River calcareous shales and mudsiones
change facies eastwards to platformal carbonate rocks
aleng 2 northwest-southeast trending belt which passes
tnrough the northeast corner of Figure 4. Southwest
of Selwyn Mountains, Road River shales grade rapidly
into sequences of varicoioured basina) cherts which
underlie much of central Selwyn Basin {Blusson,

1971},  In much of southern Selwyn Mourtainms, Road
River lithologies lie unconformably on the Proterozaic
“Grit Unit", Lower Cambrian "Phyllite Unit" and
possible facies eguivalents in Sekwi Formation [Bordey,
1978). To the east and scutheast, where ng signific-
ant hiatus is indicated, middle Palegzoic platformal
carbanate rgcks and tasinal shales are conformable
with siliy Tirestones of underiying Upper Cambrian
Rabbit Kettle Formation. Black, carbonaceous shales
of Road River Formation host the large Howard's Pass
stratiform zinc-lead deposit Jocated about 160 km
south ?F Macmillan Pass in Nahanni Map Area (105 176,
11, 12).

Cancl Formation

The name Canol Formation was originaliy applied
ta black, silicenus, pyritic and non-fossiliferous
Upper Devaniar shales whizh ocogyr asar Norpan Wells on
the Mackenzie Hiver {Zassef, 1961). Rocks of the same
age and similar lithology which ogcur in the Macmillan
Pass area have been grouped with overlying coarser
ciastic rocks and informally referred to as the "Black
Clastic Group". The lgwer silvery grey weathering
black shale mermber of the "8lack Clastic Group" has
recently been tentativeiy assigned to the Cancl Form-
ation by 3lussan {1374; cited in Dawson, 1977).
Although this nomenclature has not achieved official
recognition, it i3 aonlied kere to facilitate dis-
cussion,

Shales and coarser clastic rocks of the "Black
Clastic Group® blamket much of Sefwyn Basin, Kechika
Trough, Mackenzie Arch and nerthern Yukon. Canal
Formation attaing s greatast kaown thickness ang
Tithological camplexity in the Macmilian Pass area
where 3t was deposited in ar east-west trending,
graban-1ike trough described by Blusson (1974 and
1976). Canol shales unconformably overlie Road River
strata in Selwyn Mountains: however, no apparent
uncanformity of this age exists to the southeast $n
southern Mackenzie Mountains where the shales con-
formably ovariie Middle Devonian carbonate strata of
Hahanni and Headless Formations, According to Gab-
rieise {1967} and Tempelman-kluit and Blusson {1377),
deposition of widespread Upper Devorian clastic rocks
resuited from ergsion of uplifted fault blocks within
Selwyn Basin. The TOM and JASON stratiform barite-
lead-zinc-silver deposits are centained within the
Cangl Fovmation, near its base and above a locally
occurring, massive chert pebbie conglomerate. Similar
occurrences of barren bedded barite are present in
numergus locations over a wide area extending from
southern Kechika Trough to northern Mackenzie Mount-
ains {Blusson, 1976 and R.J. Cathro, pers. comm,,
1977). Barite deposits, which range in thickness from
a few centimetres to 50 m or more, may attain a strike
length of over § km.

Imperial Formation

Youngest sedimentary rocks expgased in southarn
Setuyn Mouniains are the upper part of the "Black
Clastic Group" which has been tentatively correlated
with [mperial Formation (Hume and Link, 19458} of
northern Mackenzie and Richardson Mountains (8Tusson,
1976, cited in Dawson, 1977). In Selwyn Mountains,
Lower Mississippian and {?) Yater Imperial Formation
Tithologies consist of resistant, wassive siltstones,
greywackes, conglomerates and-shales. BSasal members
are separated from Canol Formation shales by a sharn
Tithglogical break which is locally an angular uncon-
formity. Imperial Formation sediments are Yhought to
have been derived, in part, from uplifted areas in the
Barn and &ritish Mountains near the Arctic Coast,
but rapid, Tocal facies changes in southern Selwyn
Mountains are rore indicative of complexly intee-
fingered material derivad from reletivey loca) sources.
Gordey {1978 and pers. comm., 1973) has mapced a fault
near the Howards Pass zrea where Iwperial Formation
unconformaebly overlies juxtagosed Road River ard Canoi
Farmations.

Granitic Intrusive Rocxks

Granitic stocks which cccur in Sefwyn Mountains
are part of a belt of post-tectonic granitic intrusive
rocks which frinpe Selwyn Basin along its sast and
northeast edge, DJominantly granodioritic and quartz-
monzonitic in composition, they are characterized by
hornblende &s the principal =mafic mineral, Stocks
generally lack foliation, have sharply cefined con-
tacts with few apophyses and are firer grained or, in
part, porphyritic near contacts. Hornblende grano-
dioritas of the Itsi Range (Figure 4} have bean
assigned z potassium-dargon age of 96 mitlion years
{Baadscaard et a}, 1961) while biotite quartz-monzen-
ites in southern Mackenzie Mountains {Flat River map-
area, 95 E} yield a potassium-argon age of 110 aillion
years (Leech et al, 1963).




Rusty weathering contact aurenles up fo 60G m
wide are most strikingly developed in fine grained
clastic rocks. Pelitic hornfels consist primarily of
sericite, muscovite, gquartz and biotite with rare
andalusite and graphite. Impure limestones are rela-
tively unchanged in appearance by contact metamcrphism
except that differential weathering of silty banded
limestones is accentuated by growth of new minerals.
Highest qrade mineral assemblages in these rocks
consist of diogpside, tremolite, idocrase, garnet,
epidote, and rarely, potash feldspar, plagicclase,
sphene and biotite. Sandy and silty doiomite and
dolomitic sandstones are altered to mixtures of
tremolite, diopside, quartz and carbonate minerals.
The large Mactung tungsten deposit, located along the
Yukon-Northwest Territories border {Figure 4}, is
contained within a skarn developed in Lower Cambrian
Timestone-shale breccias {Dawson and Dick, 1978).

Basaltic Intrusive Rocks

A minor occurrence of porphyritic, hornbiende-
biotite basalt sills is exposed near Kilometra 425 on
the North Canol Road, about 10 km west of the Yukon-
Karthwest Territories border. Potassium argon an-
alyses of biotite and hornblende separates from the
rock indicate an Upper Focene (40 my} age (Godwin et
al, 1979},

Structural Geology

Northwesterly trending, northerly plunging open
folds are the dominant structures developed in rocks
of southern Selwyn Mountains. Isoclinal folding is
more commonly develcped in pelitic rocks of Selwyn
8asin than in carbonate platformal equivalerts to the
northeast. Steeply dipping reverse faults which
parallel the regional fold trend commoniy die out in
the cores of anticlines and are probably related in
time to the regicnal deformation. Axial plane cleav-
age is best developed in pelitic rocks and, to a
lesser degree, in carbonate rocks while only relat-
ively competent sandstone and conglomerate beds lack
cleavage. Steepiy dipping, northeasterly trending
normal faults cross-cut and displace earlier regional
structures. Axial plane cleavage associated with
regional deformation predates mid-Cretaceous granitic
intrusions. M™inor, small scale doming, folding and
blgck faulting of country rock accompanied intrusion
of the stocks.

A belt of east-west trending, isoclinal folds and
vertical faults cross-cuts northwesterly trending
structures of central Selwyn Mountains in the Mac-
miilan Pass district (Figure 4}, Fold axes and well
developed axial plane cleavage are steeply dipping to
slightly overturned. This structural belt is termin-
ated at its eastern limit by northerly trending ncrmal
faults in a region located about 40 km east of the
Macmillan Pass area. Aithough this deformation is
1ikely post-Palesozoic in age, preliminary strati-
graphic studies snow that it may coincide with an
Upper Devonian graben-like trough. Trend and location
of these structures then, may be influenced by pre-
existing structural arcmalies.

GEOLOGY OF MACMILLAN PASS AREA
Stratigraphy
The Macmillan Pass area is underlain by clastic

sedimentary rocks of the Upper Devonian to Mississ-
ippian and {?) later "Black Clastic Group". The lawer

_part of the "Black Clastic Group" is correlative with

Canol Formation black shales of the Norman Weills area,
Northwest Territories, while the upper part is similar
to Imperial Formation cf northern Yukon Territory.
Formation nomenclature, although not officially
accepted for these rocks, are tentatively applied here
on the basis of stratigraphy and spotty fossil evi-
dence. Detailed gealogy of the Macmillan Pass area is
shown in Figure 5. Stratigraphy is summarized in
Figure 6. Units 1, 2, 3a and 3b of Figures 5 and 6
are assigned to tanol Formation while map units d4a and
db are tentatively assigned to Imperial Formation,
Paleozoic clastic sedimentary rocks are intruded by
Cretaceous guartz-feldspar porphyry dykes genetically
related to a large hornblende-biotite granociorite
stock which lies a few kilometres south of the detail-
ed study area (Figure 4).

Canol Formation
lnit 1

Relatively recessive lithclogies mapped as Unit 1
are well exposed in steeply dipping beds which form
the core of an anticline bordering the northwest edge
of the detailed map area (Figure 5). Unit 1 is
poorly exposed in uplifted fault bhlecks which occur in
the southwestern part of the area and near the east
edge of Figure 5 where the core of an anticline is cut
by a cirque. Only the uppermost 45 m of Unit 1 were
observed.

Litholegies consist primarily of grey weathering,
black silty shales interbedded with grey sandy silt-
stones. Shale beds range froh 1 cm to 4 cm thick and
average about 2 cm. Sandy siltstaone interbads are
much more variable in thickness, ranging from a few
milliretres to accumulations over 5 cm thick. Overall
shale-siltstone ratio of these rocks is about 5:1.
This ratin decreases slightly toward the top of the
unit due to an overall increase in thicknesses of the
sandy siltstone component with respect to shale,
5ilty shales consist of & fine-grained mixture of clay
minerals and opague organic matter, A few silt-size
clots of sericite are present as are scattered well
rounded silt-size quartz grains. Framewark of sendy
siltstone beds is predominantly composed of subanguler
to subrounded quartz grains which range in size from
Tess than 0.0 mm te 0.5 mm in long diameter. Sub-
rounded to well rounded silt-sized argillaceous chart
arains make up about 137 of the rock, Scattered masses
of matted kaolinite and sericite with subequant to
subrounded outlines may be alteration products of
detrital feldspars. Nearly 40% of the rock is com-
posed of a matrix of clay minerals and opaque organic
matter which is poorly cemented by cryptocrystalline
quartz. The amount of matrix material varies locally;
in places, quartz and chert framework clasts are in
point contact while, in the majority of cases, frame-
work grains "float" in matrix material and cement.
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Figure B, Generalized stratigraphy af Macmillan Fass arsa

Cubic pyrite crystal caste are common in sandy
siltstone beds [Plate A}, Limonitic stafning of the
rock, resulting rock oxidization of this pyrite, is
conspicucus as hrown bands aligned along hedding
planes. UOxfdation of pyrite does not appear to be
reraly a surface weathering effect since limonite and
o¥rite orystal Casts are always present in diarong
drill care of Unit 1, even whan taken from consid-
erable depths,

Sardy siltstones do not generally snaw well
ceveloped graded hedding althougr a general concen-
tration of sand size grains is noted at bases of
thickest units. Basal contacts are shara ard seldan

show features indicative of ercsive depasition al-
though fTute casts and sofe Tarkings are present an
expeosed bases of some cof the thicker beds {Plate 5}.
Load casting of sandy sidtstonss info ungeriying silty
shales is common, grading inte incipient ball and
piliow structures with increasing thickness sf sandy
siltstone units. Tarzliel lamination 75 cormeonly well
developed near the base of thicker ceds while uaner
sarts usuely display well developed Tow angle oross-
Tamiraticen. Upper surfaces of sardy siltstone beds
are sharp and frecuently rippled.




Greove and flute casts on the »asal surface
turbidite.

of a Unit 1

late B.
large

Note the

Photomicrograph (crossed nicols) of basal

contact of Unit 1 turbidite.

flate A.

pyrite crystal casts (black).
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Finely | 7 aTiny shales and samdy 5ilt-
stones with s ~itiogs of one or greater dre
characteristic 2 <78 Jeeq water, aistal turbidize
facies as praoposed oy adiker amd Mutti {19711, Laad
and flute casts are 1isn common characteristics of
turpidity current genesits (Davies and #4illiamson,
1976]. However, the azhsence of well defined graded
bedding and the presence of parallel Tamination, small
scale cross-iamipation and abrupt, rippled tops in
many thin sandy silistone beds is more characteristic
of distal turbidity curvent depgsits which have been
reworked by bottom-flawing currents. These deposits
are termed contourites, as defined by Bouma {1973}.
Foilowing these considerations, it is Tikely that
normal pelite deposition was pericdicaily interrupted
with sand and sitt influxes carried by turbidity
currents. Rewerking, redistribution and winnowing of
coarse material was effected by contour-following
settom currents.,

2]

Contact relatjonships of Unit 1 with underlying
calcaregus shates of the Road River Farmation wers not
determined in the Macmillan Pass area. Correlative
rocks which gccur at the base of Cansl Formation near
Howard's Pass overlie Road River iithoiogies afong 2
sharp but apparently conformable contach.

Mo fossils or trace fossils were ssen in rocks of
Unit 1. An ammanite was collected in 1376 by J.A.
Morin from a dense, black, nom-gaicarecus mudstone
which underlies beds of Unit 1 about 1 v east of the
detailed study arsa {J.&. Marin, pers. comwm., 1976},
The fossil was subsequently identified as Ponticeras

cf. P, tschernyschewi (Hoezapfel) of Upper Jevenian
[Fragnian} age by W.W. M¥assichuk 3t the Institute of
Sedimentary ind "etraleum Geolagy in {alanary. The
species has orevicusly heen identifieq from above fre
Kee Scarp Formacicn on Carcajou Ridge, fHorman sells
area, where it 2cccurs in unnamed beds Just below the
Canal Farmaticn ‘& W. Nassichuk, fpars. Somm,; Jsport
No. T-WWN-T19775,

Ynit 2

Relatively

1
H

zsistant chert ebbie Conglomarates
1
‘

of Unis 2 are «2il exposed om both the TOM and JASCH
argoerzies, “u-oiag promirent ridoes and scards on
rugoed rills ind iow glaciatec ridges and niils s
towlangs of <02 zomillan River wvalley. Lithologies
ensist of massive resistant chert pebble congloverate
with a thin capping sequence ¢f T2ss resistant,
cirse-grzined sarofcites with internedded,
BOESSIvE, Dis srales,  Although hoth the
n erate ser caroers of tre turbidite
Io} -3 A s owatl irdyrated, tney are
o sinted ind ice consequentiy very

Bl u

suscepzable ra T=8% neaving. A1l but tre steepest

SXIOTUIRS 2re 0.8 ith oz wariable thickness of

focally deriven . Tne massive conglomerate
i { in inickress, ranging

camplete section of the

cnlyv seen in exposures and

» mne TIW graperty wnere it

Toonhicknesy.

from 77
turbids
clamona 4rill

reasures itout

&ithougn the rassive zonglomerate acisalavs 6o
suggestion of secirentary “2bricz, such as bedoing or
imbricatisn, sorsing ar size grating of clasts, two
extremes of grain size distribution ars apcarent: a
“coarse” end merber in which the majority of “Re rock
is composed of pebble sized clasts (2 aw g & in
maximur diameter); and a "Fire  end merter in which

wst af the classs are sams siced 19.0A%Z v g 2 -

0 omaaieul disTeleri. TreOuenly “istagrams of ATagt
s1ze for each ard wewber are ihows ia Finues N
Although 20th end merbers exhibit i desraric yare
iatility in grain size, eich are sverwhetringly tri-

_modal. Three grain size pooulations ave present:

{a} gravel, consisting predominantly of cebbles

with a modal maximum diameter 9f -4 gn the

ahi scale {83 mm),

sand, mainly coarse sand with a modal maximum

diameter of approximalely 1 o; the phi scale

{0.5 mm}, and

{c) minor amounts- (Tess than 5%) of clay sized
material,

e~
o
-

Both the granule classification, ranging in size

from -f to 2 phi (2 mm to & ami, and the siit sized
fraction, ranging in phi from 8 to 4 [0.003% mm to
3.0625 mm) are missing from the distribytions. This
prenomena may be due to bias introduced by grain size
reasurement proceduras, presortiag in the source arsa
af the clastis or sorting and/or preferential abrasion
of these grain sizes in transportation o tne site of
ceposition of the conglomerate, Since measyrsment of
maximum grain size was rigorously conduckad it ig
unlikely that measurerent bias is rasponsible for the
trimadality of the distributions,

The coarze-grained nature of fhe congloperate
permits a detailed examination of its constituents,
The rock i3 composed of at Teast eleven aistinctive
t¥pes of frarework grains whose charctieristics are
summarized below.

Clist Type [ well rounded, motiicd Iight grey
and cark grey cnert grains which are przsominantly
compased of crootocrystatiine quart:z T, micrge
crystalline cla. minerals {iess ‘han 3% and minor
silt size detrizal guartz grains are ihez rest common
framewnrk graiss in tne conglomeratez, ey mineral
Jarticles are randoriy or'ented and un t2em oin size.
Tre mattled appsarance of the chert ic <us to patchy
areas of recrystallized quariz.

1i: Dark groy crart
g 3utlines form a
coarse vazte-cial inotre conglaner:
thircy cer cant of the chert is ¢ :

masses of fnferiocking microcrysiat’ ine quartz, oroh-
abiy recrystatiizes raciolaria. 3yl of
pregzmipazaiy soystiirystatline Juarez
mireral flakas in2 arcand

Llast “ype

argular, 2lon

with 2 y
5. af the framework
are zomposed wainly of cryptecrystalline cuartz {about
9% ¥, up to 1L SuD-npaque 1o oDEue oroaniolll omatter
an¢ approximately 2. sericize or clay rineral fla<es
ahicn have subparailel a 3 They are ysually
pyritic and rare!l recrystatiized radiclaria
‘ghosts”, Lignt ahizn rance in widte frop
C.oomm Lo 2.5 @ ageear Lo be orivarily due o lsach-
ing or oxifaticn oF rganic{?) matter and Iyrize,
perhaps in a subasrial enviruneent [Flate €], Al-
trough their sizes rapge from 3w fo 230 o7 in —asiour
digreter., trey are remarkakbiy well rourded ana aizost
erfirely o3l3ate in shape whars mgrs hrans ors dimension
was chsarvad., Zeadingil! fr clasts, reoresentec by
subparallsl aligrment of =icacecus ~rerals, insvit-
itly caratlels the Tong a<es of the zlasts,




Plate C. Photomicrograph {plane light} showing detail
of bleached and oxidized rim of an ablate,
dark grey chert pebble (Clast Type III} in

Unit 2 massive conglomerate.

Plate ©. Phorcmicrograph {crossed nicels) of Unit 2
masiive zinglorerate showing well rounded
‘ta peable {Clast Type VII) and poly-

auar+tz grain (Clast Type %).

which a cny wosaic of microcrystal-
Tine and or . ing juart: —ake up about 7. of
the coarse 537w jrains in <he coanglomerate.

{last
2lack shalse !
are gften pla:
sraing, Theay
fraction in =

~itic, carboracecus and siliceous
its elongaze, anjular cutlines
formed ard.urd other frareworg
8ss than 3 of the coarse
Erite, Their relatively
a5 in ‘uncticn witn their apparertiy
poorly Yithifieg ~ature when dzposited suggest that
they may have zeen picked up is bed load from unders
lying sediments during transperzatize of the coanglem-

arate.

Clast Type VI: Subzanauls

2
of banced, light grey chert a

Plate D. Protemicrograph (plane Tight) of radiolarian
cnert pebble (Clast Type yI) in Unit 2 massive
conglomerate. MNote pressure solution of
framework grains where they are in point
contact,

posed of “ghosts" of radiolaria {(7) 0.06 ™m to 7.3 mm
in diameter [Plate D). Megascopic banding is due to
“he presence of a small amount of carbonacecus Tat-
orial concentrated in zones parallel te bedding(?) in
the clasts. Light gray banded chert grairs vake up
about 5% of the coarse fraction.

Clast Tyza ¥I0: Less than 4% of tne conglomerate
is composed 0¥ .=ry we!l rounded ortheouartzite
pebbles (Plate =:. Pebbles are domirartiy ccroesed of
monoerystalline, sand-size quartz grains wnich usually
show straight to slightly undulose extirction. Grain
baundaries rave neen altered by the adaision of auarcz
ovargrowths ir 3otical continuity witn tre grains. ar
by pressure salution along zrain-to-gratn contacts,
Minar arounts of Siay and carbonate mirarals are
presant as matrix —aterial. 5ilt
i1reaus minerals sucn as bistiza, hors
zirean zre Sresent In frace smQunts.

Minuta, fluig-
throuchout, imparsing
ne guartz.

Clas* Type % Polycorys=alline Quar
well rounded, subequant snapes and strengly .ndulase
extinction rake Jg zheout 20 of the rock

Slast Type 00 Migesi
micerals sycn 35 digtite,
aund 1n Zrage arounts in




roadly o »oLIneTinuants 3 tne Indt S
chert cebzle oo 2rite reprasent two different
types of sgurce piogtes,  3ulk of the framewnrk

grains are mgderately ~dunded to well rounded chert
sand and gebblas oF varicus tyoes. Zemainder of the
framework clasts are composed of relatively mature
quartz sand and minor guartzite pebbles.

Qverall texture af the conglomerate dogs not vary
appreciably. Mo preferred orientatien of clasts, such
as imbrication, s present. Size grading of clasts or
indications of bedding are not present. The only
sorting of grain size {3 anm apparently random differ-
entiation between a predominance of reiatively ccarse,
pebble sized clasts and a3 predominance of sand sized
framework grains. Coarse clasts “float' in a matrix
of finer grains, a clay matrix and cryotocrystalline
guartz cement. Sutured grain contacts are prasent
only where packing of coarser clasts is sufficiently
close enough tg aliew pressure solution af adjacent
grains,

The massive Unit 2 conglomerate displays mest of
the characteristics peculiar to debris flow deposits,
Debris flows are described as thick grain flows of
gravel and sand sized material modifiad by the pras-
ence of interstitial plastic mud {Lowe, [978}., Tha
Juniper Ridge conglomerate, a submarine debris flow of
Upper Cretaceous zge located is naribarn California,
consists of gravel, sand and clay in the following
proporticns {Lowe, 1976):

Mean diameter (mml Corpesition [ 3
Gravel 1.3 85
Sand 1.45 23
Clay a.002 3

Poros ity

The mean diameters of clasts in the Init 7 massiye
conglomerate are a'most identical to she Juniser Ridgs
cebris Flow {Figure 7). Debris Slow ceposits janeral-

clasts can conpr mare tnan 330 af che dearis
ind yet have essantfaliy na influence on the gross
strengts of the crvture (Hodine ang Jobnson, (381

Erasicnal reonants of chert cebvie conglomerste
similar to the Macwilias Pass ooguwrverse blanket mucn
aof Setwyn Zasin (Bl.ssor, 1976 ang Gaorieise, 1577).
Sowever initia) regiceal studies of tre "Rlack Clastic
Group” give s¢ “rdization 27 the rurder or areal
zxtent of individual flows involved or whetrer
Iy onat thess oo 2 forred by some obher
¢ turbicity currents. ‘o

procesa, T3y el

detailied paieccur-aat ~inarions were made “or the
tnit 2 conglomeras of 1ts massive nature, bu-
troad scours ¢ 1C3 conact indicate
an east to sous e IF fransoarl. oo

adaition, a wes nce e infervec from

COASTItUEATS 3T rate, So.rge ferrane Tor
chert and cherl; Tast 7 omeEve Deen _ower

Pateczoic zasiral 2oy oaf o River Formatisn,
while cuartzize zeb3i2s and reiztiyaly wature guariz
sdnd mdy represent secoed gensrat matarial gerivec
from ercsion of undsriying Pro f¢ “Grit lnmipe

tithologies.

anich svertig e ~azis.
arg hest exdesad near the
detailted map area (Figure

turbidite sectios here 15 5.4 ™. Tursigits s
A, 8, 5, [ and € {Bouma, 19627 are Generally gresant
along with diagnostic sedimentary textures such as,
Toad casts, groove casts, ripoie cross-laminarios and

T s
ERAR

graded beading. Sedimentary framework of civisiong a,
& and C is compoused of various types af chert and
guartz grains simflar to those which form the bulk of
the undsrlying massive conglomerate. In tha turbid-
ites fiowever, sand size guartz grains, generally
predominate over the usually larger clasts excent 3t
the basg of the thickest turbidites where grain size
is generally cparser.

Palescurrant measurements for the turbidites
tased on assymetrical rippie mark and FTute cast
crientations Jocally indicate deposition from aast o
southeasterly flowing turbidity currents.

In a few localities withia the Magmillan Pass
irea, the evenly bHedded turbidite succession srmows
avidence of extreme soft sediment deformation sy
siurping and sliding, Intraforrational canglomarices
and large-scale recumbent isoclinal folds developed in
these rocks are propably indicative of post-ceposi-
tignal instability developed by gverstespening. In
the TOM claims in the sast part of the district, where
these features are best exposed, vergence of recumbent
felds and imbrication of intraformational conglormerate
clasts suggests a westerly sense of movement.

Unit 3a

Litholegiz: =f Unit 3a are best exposed in the
neds of westeriy lawing creeks which “rain the sasi-
arn part of tha TOM property.  Well =xcesed sectignss
af the unit are aresent on the nerth T7rh of the large
syncline on the JASON claims. Frost neived Telsermeer
and talus figat are typical of 00t exoosures in the
area, Alchough Jnit 3a commonly exhibits 2 high
degres of Yitnglogical variability, it ‘3 2est dis-
Cinguished in the “iald from similar accezring Titn-
nlegies of Unic 1 by its de2n brown wes 0lcur
iad 1n3 wary Tyritic rature.

Lregace Gl
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| | Siticeous shales

l I Mcoderately siicequs shates

= Tom wast Zane
et stratiform

. Pebbly mudstore
i mineralization

Silty sondstone (grain fiow)

- nterbedded sandy s:listoneg
Lo and shale

E% Intraformationat comglomerate

metres

Upet 2
turbidites

Figure 8. Detailed stratigraphy of Unit 3a in an area immediately underlying TOM West Zore
stratifaorn barite-lead-zinc mineralization.




& thick seguence of <ontorted, interbedded sitey
sandstone and snaie 1$ present in tre Tower half of
the observed section of Unit 3a. Bedding near the
base of this sequence is extremely caonterted and
disrupted {Plate F]. A similar gcgurrence af con-
volute bedding is locafed approximately 300 m narth of
the described section. At this locality, convolute
bedding 15 contained within an elongate body with 2
lenticular cross section and a maximum thickness of
about 10 m.

Two relatively thick sequences of pebbly mudstone
1ie above the convoluie bedding in the former locat-
ion, Pebble and sand sized framework grains are
impedded in a very fine grained, carbonacecus mudstone
matrix {Plate G}. Upward fining of framewerk clasts
is well developed with reverse grading occasionally
present, Pebbles are compesed of well rounded chert
of several types, ali of which are present in under-
lying Unit 2 conglomerate and turbidites, Fiper
clasts are predominanily moderaiely well rounded
guartz grains while well rounded sand size chert
grains are present in lesser amount. Bases of both
pebbly mudstone sequences are marked by beds of intra-
formational conglaomerate.

Aside from pebbly mudstome and intraformaticnat
conglomerate intervals, overall grain size and silt-
stong/shale ratio of Unit Ja decrease to the fop of
the measured section, where the footwall to the over-
lying TOM West Zone stratiform mineralization is
composed of evenly fine grained pelitic rocks.

Sections of Unit 3a observed 2lsewhere in the
Macmillan Pass area are more lithologically and
texturally uniform. For example, a section measured
in & creek bed abcut 400 m south of tre previcusly de-
scribed location contains very few contorted beds and
no intraformational conglomeraie or pebbly mudstone.
in the northwest corner of Fiqure &, Unit 2a consists
of evenly bedded thin siltstone and snale. COn the
north limk of the large syncline in tne northwest part
of Figure 6, Unit 3a consists of finely interlaminated

siltstone and shale in what is best-descriked as a
"pinstripe” texture. Siltstone laminae rarely &xceeg
S mm in thickness, while average {nickress of shzle
interbeds is about 3 cm. Moving southward from tnis
tacation, silistone laminze vapidly increasze in
relative thickness and & faw thin intraformational
conglomerate and pebbly mudstone intervais are pres-
ent.

Inspaction of drill core from rocks which sirati-
graphically underlie the JASON barite-iead-zinc
horizon reveals that lithologies of Unit 3a are
radizally different in this area. Pebbly mudstone,
chaotic intraformatioral conglomerates and breccias,
and chert pebble conglomerate beds up to 2 m thick
dominate the section. In places, muddy matrix mater-
ial of the conglomerates and breccias makes up over
S0% of the rvock volume: more commonly, matrix is
subardinate in proportion to well rounded chert of
angutar lithic clasts. According to detailed studies
by OJY geologists of diamond drill core from the JASON
claims, both the average thickness of these beds and
the modal grain size of their constifutents locally
decrease rapfdiy to the northeast {€.L. Smith, pers,
comm., 1977). In contrast, thickness of Unit 3a on
the TOM claims, as measured from diamond drill sec-
tiens, increases sysiematically to the north and west
accorpanied by a general decrease in overall grain
sizZe.

Bads of Unit } and Unit 2 clastic rocks are
relatively constant in thickness, texture and [ith-
ology throughout the Macmillan Pass area. Their
Tateral continuity and uniformity is inferred to be 2
consequence of the more regional uniformity of their
depcsitional setting. In contrast, characteristics of
averiying Unit 32 lithologfes are highly variabie.
Correlation bertween exposures is difficult to make and
would be wirtual’ly impossible iF not for the distinct-
jve dark brown weathering colowr of the niap unit
coupled with iis well cefined stratiaraphic position.

“iate F, & 2% cm thick pcorly sorted stump debris
depasit which cocurs near the base of Unit
ja on the TCM claims. Contorted siitstone
intraciasts are cutlinad.

il

Plate G. Photomicrogrask {plame ligint) of pebdly
mugstone {Unit 3al.




Chaotic accumulaticns of peboly mudstones and
intraformaticnal conglcmerates and breccias with
interbedded finer grained clastic rocks are afien
referred to as olistostromes (Abbato et al, 1970; Hsu,
1974). In the strictest sense, however, true olistc-
strome deposits are more regignal in extent than the
scattered slump and slide debris present in the Mac-
millan Pass area, although a similar depasitional
setting may be inferred. Instability of sediments
caused by local tectonic activity such as rapid
differential subsidence of the seafloor accompanied by
earthquake shocks may be respensible for the high
Tocal variability and disrupted nature of Unit la,

The 1ikely derivation of coarse clastic material from
Unit 2 sediments and its subsequent incorporation inte
pebbly mudstones of Unit 3a is critical in this
context. In additien, indicated directions of trans-
port for this material are diametrically opposed to
those determined for underlying beds of Unit 2,
suggesting a rapid change in depesitional regimes.

Unit 3b

Distinctive silvery grey weathering, pyritic
black shales and associated coarse clastic rocks of
Unit 3b underlie most of the Macmillan Pass area.
Lithologies weather recessively and outcrop is gen-
erally 1imited to siliceous members (Plate H). HNon-
siliceous shales are exposed as small, and usuaily
siumped, outcrops along the sides of creeks and
avalanche qullies or, most commonly, as small talus
fragments and felsenmeer. Base of the unit is best
seen in creeks draining the TOM property and in
diamond driil core from both TOM and JASON claims.
Unfortunately, because of the structural compelexity
of rocks in the arez immediately adjacent to the JASON
mineralization, ¢irect correlation of lithologies is
difficult at this stage and will not be attempted for
the present study. Detailed examination of diamand
drill core from this area has, nowever, provided
insight into the general nature of the stratigraphy of
otherwise poorly exposed sectigns of Unit 3b,

Plate H. Typical exposure of recessive, silvery grey
weathering black shale {Unit 3b}, JASON
claims.

Lowermost 400 m of Unit 3b 4re best obseryved in
core from JASQN Diamond Dritl Hole 8 {(JDDH &), coliar-
ed approximately 100 m south of the Canol Road near
the TOM-JASON preoperty boundary {Figure 5}, Here,
the lowermost section of Unit 3b is campesed of a
fining upward sequence of gritty black pyritic shale
interbedded with poorly sorted debris flow deposits
and coarse turbidites with well developed A-E Bouma
divisions. Coarse framework grains of debris flow
deposits and turbidites are moderately well rounded to
very well rcunded chert pebbles similar to those which
ferm the bulk of framework grains in Unit 2 and coarse
clastic members of Unit 3a. Finer framework grains
are subangular to well rounded quartz with subordinate
amounts of well rounded chert sand. Thickness of
individual coarse clastic beds ranges from a few
centimetres to several metres, usually separated by
varying thicknesses of gritty to uniformly fine ,
grained black pyritic shale. A general thinning and |
upward fining of coarse clastic beds is present.
Similar horizons are not present in expasures of Tower
Unit b on the TOM property, a few kilometres to the
east. Minor intrafermational congiomerates inter-
bedded with gritty black shale on the north JASON
claims are probably correlative.

The overlying 250 m of Unit 3b, as seen in JDOH
8, consists largely of evenly fine grained biack
pyritic shale interbedded with pyritic calcarenites.
Coarse clastic beds are thin and frequentiy grouped in
clusters with thickest beds at the base of each
cluster, thinning and fining upsection through suc-
cessive clusters. These turbidites, in contrast to
underlying coarse clastic rocks, consist primarily of
Bouma divisions C and 0 (ripped or wavy laminae and
upper parallel laminae). Framework clasts consist of
detrital pyrite, micrite, shale fragments, quartz
grains and organic debris including caicisphere and
radiolaria fragments.

The lower 400 m of Unit 3b are well exposed in
creek beds draining the southeast part of the TOM
property. The unit here, on the whole. consists of
uniformliy fine grained, carbonacecus black shales.
Shale beds vary in thickness from thin and platy {less
than 2 cm) to very thick and massive {as much as 1 m},
Thickest beds “end to be very carbecnaceaus and non-
5ilicenus, as deronstrated in the field by their sof:
and "sooty' nature. Thirner beds are cenerally harder
to the knife blade, nerhaps irdicative of a nigrer
degree of silica cementaticn. A& seguence of very
parous and siliceous rock was observed in the bed of a
creek draining the south sar: of the 70 property,
near the portal and adout 320 ¢ szratiarzphically
above the base of Unit 2b. Trese beas outcrop over &
strike Jength of at ieast T 200 m while thickness of
the whole sequence ranges from 0.3 7 to 1.2 m.
Irdividual beds are comoosed of upward fining, silt te
granule sizad angular black shale fragmentis. “inor
moderately well rounded detrital gquartz grains and
trace amounts of recrystallized ragiclaria(?) are also
present. Basal parts of the bads are heavily stained
with iron oxides. Aoproximately 40, of the total rock
volume is pore space. Voids are roughly equant with
angular cutlines, Trey appear near the base of each
bed and "fine" upward, increasirg in freguency of
cccurrence until the teds take on tne appearance of
pumice. Porous beds on the TOM property Tikely re-
presant the surface weathered equiva’esnts of ovritic,
calcarecus turbidites seen in core from JASOM Diamond
Orill Hole 8. Void space is likely from surface
leaching of carbonate clasts dissolvea by acidic
groundwaters released by the oxidation of detrital
pyrite in the rock.




Plate !. Photomicrograph {crossed nicels) of Unit b
black fetid limestone. Note undulatory
extinction and curved cleavages of calcite.
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Quartz-corbonate blebs
oM Feomboidal pyrite

fgure 9. Typical section of framboidal oyritic and

“hbiebby” shale, Unit 3b.

stinct bads of hlace weatharing
gne Tie within tne Tower helf

: toyoationt
ci zarkon-
ate. Microcrystalline  quartz and vary fiasly dis-
seminated euhedral pyrite are presen® in frace amounts.
Calcite nccurs 25 irreguiarly shaped, woroorystalline
~assss with grain sizes ranging up to 3 oo i dia;-
eter, Individual crystals have undulose extirction
and unusually curved cleavage traces (Plate [). Sirce
cleavage directions and undulose extinciion are
randomly oriented, 7t is unlikely that these phencrena
are inherifed from strain induced recrystallization nf
the 1imestane. '

B

JASON Damond Drill Hole 8 intersected g 220 m
section of black, pyritic and very siliceous shaie
which contains conspicuous "blebs" or flattened
noduies of quartz-carbonate composition. An addi-
fiocnal 220 m of similar "bleboy" shale is exposed
upsection in sporadic cuterop directly south of the
drili nale cellar., Composition of the blebs is
uniformly about 30% microcrystalline calcite, the
vemainder being composed of microcrystaliine guartz.
A few large blebs contained trace amounts of pyrite,
galena and sphalerite. Quartz-calcite blabs are
flattened along bedding pTanes, averaging 4 wm across
and 0.6 mm thick. The blebs occur in "cycles” with
pyritic siliceous shale lazminae. The base of sach
cycle is marked by a very siliceaus and gyritic
horizan [Figuea 9). Pyrite occurs as frarboids in
diffuse and often nan-continuous taminae ranging in
thickness from the width of a few framboids to accum-
ulations of over 3 cm. Cryptocrystalline quartiz
cementation is pervasive, enveloping the pyrite
Taminae ang extending apove them for a iistance af a
few cemtimetres. Hadiolaria are very abundan® in the
siliceous zones, forming as much as 307 of the rock
and dacreasing rapidly in concentration ‘guards the
oo of gach cycle. Appearance of guartz-carbonate
blehs is abrupt, usually about 2 to 10 cm above the
pyrite accumulations. Framboidal pyrite is usually
vary finely disseminated througnout the "blebby”
shales. Indivicual cycles range in thizeress from 0.6
mote 1.5 o and repetitively occur in & o B o thick
succassions of five or more cycles. Five such sucCces-
sions or zonges arg presant in the 4B0 m section of
init 3b observed in JODH 8 and immediately cverlying
surface zxposures. Similar and probably corrslative
Vithologies are present in Unit 2B exposures on the
TOM property and on che rorth JASON claims. At all
three Tocatians, individual zones can be traced along
strike for distances exceeding 3 800 m.

Cverlying rocks, which comprise the .pper three-
fourths of Unit 3b, consist of uniformly fine grained
and very carhbaonaceous black shales. Radiolaria are
prasent in brace atounts anly., The ugpoermest 150 m of
these rocks consists of rhythmic atternations of very
silicecus bHlack mudstone and non-silicecus gritily
biack shale, Cherty mudstone beds, which range in
thickness from 2 cm to over 40 cm, ars distinguished
by their massive, nan-fissile rature ard by their
blocky, subchonchoidal Tracture. In thin section,
they are uniformly very fine grainad and carbanacesus.
to radiclaria or ocher silicesus miorpiossils are
oyresent, Silica 2resumably occurs as abundant cryoto-
crystalling quartz cerent. Bases of Ccrerty mudsione
=ads are swooth and fzatureless while dasal surfaces
af non-siliceous gritty shales are cormeonly load
casted into underlying mudstons bads. This phencreqon
ray be due to much higher depcsitisnal rates for




shales than for the mudstones. Shales are much too
friable to be examined petrographicaliy but their
gritty nature is probably indicative of a fairly nigh
content of silt-sized material.

No identifiable diagnostic fossils were cbserved
either during field investigations or during petro-
graphic examination of Unit 3b rocks. Fragments cf
carbonized material seen in some specimens of silvery
grey weathering shale on the TOM property are probably
similar to "younger than Devonian' fossilized woody
plant fragments coilected from the same rocks by
Sangster {1971 and pers. comm., 1976}. Samples of the
fossiliferous limestone were dissolved and analyzed
for micrafossils by the Geolcogical Survey of Canada
but proved to be unfossiliferous. Radiolaria can be
reliably used for dating purposes if their external
morphology is preserved. The recrystallized nature of
radiolaria in Unit 3b rocks as well as the commonly
lacking or poorly preserved nature of spines prohibits
this type of study. Calcispheres are common in sedi-
mentary rocks ranging in age from Silurian to Recent,
Specimens from rocks of Unit 3a and 3b are very simi-
lar to Radiosphaera described by Stanton {1963). On
the basis of limited data, he indicated that this type
of calcisphere is restricted to Upper Devonian sedi-
ments in Morth America although its range extends

through te Lower Carboniferous in eastern Asia.

_ 3rachiopod and coredont collections from the TEA

barite deposit, located 20 km west of tre Macmillan
Pass area, give an Upper Devonian age for the bedded
parite. Barite at this location occupies the same
stratigraphic position as the TOM and SASGN barite-
lead-zinc horizons (Carne, 1976, and Dawsen, 1977).

Unit 3b is thin or locally missing along the
eastarn margin of the area shown in Figure 6. Because
of poor outcrop character, it is difficult to tell
whether rocks mapped as Unit 3a in this area are not,
in fact, interbedded clastic rocks and shales of the
type commenly seen elsewhere near the base of Unit 2b.
[n any case, the maximum thickness of Unit 3b aleng
the sastern margin map area is less than 30 m. Thick-
ness of the unit undergoes a dramatic increase from
the east central part of the Macmillan Pass area to
its central parts where it attains a minimum thickness
of at Teast 1 430 m. This thickening of Unit 3b is
illustrated in cross section ABC shown on Figure 5.

Tentative correlation of four fetid Timestone
marker rorizons observed fn JDDH 8 and in overlying
Unit 3b shales with simiiar limestone beas on the TOM
property suggests that rapid differential subsidence
of the central Macmillan Pass area accompanied de-
position of Unit 3b (Figure 10). Unit 4a lies uncon-

- Uppar hmit of Unit 3b “blebby” shales

Rcad Riwer Formation
and cider sedimentary rocks

Tz Laminated barite and sulphides
- Mossive sulphides

wor  Epigenatic "stackwork' mineralization

e——— Direction of soft sediment slumping
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matres

Figure 10.
(Canol Formatian) tive.
Tine A-3 of Figure 5.

Reconstructed cress-seccion {looking narth) throuch the T2 ceposif at the clase of Lnit 3b
The reconstructed section is lozated aporoximately along section




formably upen Unit 3b alorg the sastern margin of the
map ares while the contact hetwean Units b and da in
the central map ared is apparently confarmable.

Uplift and erosion of part of upper Canol Faormation
Tithologies may have occurved prior to, and possibiy
concurrent with, deposition of basal lithalogies of
lmperial Formation east of the thrust faylt shown on
Figure 5, Timing and mechanism of thrust faulting and
uplift is discussed in more detail in the following
section dealing with structural geclogy. Rapid thick-
ening of Unit 3b in the Macmillan Pass area {5 then
probably due to a combination of initial deposition in
2 subsiding basin with further erosion of the basin
margins after tectonic uplift and exposure. Delin-
eation of the limits of the praposed Macmillan Pass
basin on north, west and south sides s hampered by
lack of complete sections from base of Unit 3b to
overiying cover rock of Imperial Formation. Further
detailed mapping in the area in conjunction with
stratigraphy outlined from the results of ongoing
diamend driliing in the area will hepefully resolve
this problam.

IMPERIAL FORMATION
Unit da

Strata of Unit 4a are weil exposed as tatus and
felsenmeer giong ridge tops and scree slopes in east-
ern and southeastern parts of Figure 5. Although
exposure is excellent, the relatively recessive and
pooriy indurated mature of most 1ithclogies contribute
to their poor outcrap characteristics. Althaugh most
iithalegical components of Unit 4a sxhibit consider-
able lateral variation in thickness and extent, their
distinctive Tithologies and weathering characteristics
serve to identify them in the field. Unit 4& consists
of cyclic alternmations of reddish brown and grey
coloured, shaliow water clastic sedimentary rocks.
Their distinctive overall buff-brown weatherirg colour
distinguishes them from ynderlying silvery grey
weathering shales of Unit 3b and frow overlying dark
brown weathering muddy siltstones of Unit 4b., Total
thickness of the package varies frow areas whers it is
not present to accumulations over 100 m thick.

Lowest member of Unit 42 consists of a succession
of interbedded very fine grained bliack mudstones and
hlack shales which varies in thickness from 1 m te 2.5
m. Two cm to 5 cm thick massive mudstone beds are
separated by 25 ¢m to 60 om thicknesses of very carb-
onacenuys, nonm-pyritic black shale. Mudsione beds
contain distinctive spherical anhydrite-barite noduies
wnich range from 2 few millimetres to over two centi-
metres in diamerter. CLentral parts of the nodules
consist of prismatic anhydrite crystals in an argil-
Tacecus matrix which is cemented by microcrystalline
quartz, Barite occurs as prismatic crystals within a
similar matrix and cement along the cuter rims of the
nodulas. Both barife and anhydrite crystals either
show random or radiating textures. Crystallographic
orientation of botn minerals appears o yvary from
nodiule to nodule with no systematic relationship to
size or lpcation of the nodules, Lradual zonation
tetween barite in the rims of noduies and anhydrite in
the cores suggests that barite may be progressively
raplacing anhydrite nodules in a manner proposed by
Laznicka {1%75) for barite nodules which occur in
carrelative platformal carbonate rocks and shales of
Mackenzie Arch,
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Yariable thicknesses of soft, gray silty shalae
averlie nodule-bearing black mudstome and snales -in
mast exposyres of Lnit da,  Matted masses and incivi-
dual particles of clay ninerals ra<e .p ten to twanty
per cent of the rock. Matrix and cementing material
are too fine grained to determing microscapicaily but
the very earthy odour of wetiad specimens of gray
shale indicates that kaolinite may make up a major
part of the clay mineral content of the rock.

Siltstone, mudstones and shales of Unit 4a
generally exhibit marked cyclic coleouration where grey
and biack fipe grained rocks alternate with coarser
red-brown siltstones. Reddish colouration is due to
thin iron-oxide coatings on grains. Iron-oxides aceyr
tess frequently as a cementing agent in coarsest
siltstone. Because silica cementation and silica
overgrowths on quartz grains are secondary o iron-
oxide coatings and cement, it is likely that iron-
oxide Tormation proceeded very early in the diagenetic
history of the sediments in an exidizing environment.
Furthermore, the presence of grey shales is usually
taken to be indicative of very well serated depo-
sitional environments where oxygen reaches bottom muds
and bacterial degradation of organic matter is facili-
tated. Thin and infreguent carbonaceous black mud-
stong horizons may reflect periodic accumulation of
organic-rich sediments in localized stagrant tidal
ponds or iagoons.

Evidence of diagenetic evaporite mineral form-
ation is present in most Unit 4a lithologfes. In
addition to anhydrite-barite nodules in Tower &lack
mudstones, distinctive hladed gypsum crystal casrs
make up about 30% of the total rock volume of finely
interbedded grey silty mudstones and shalss which
occur near the middle part of the Unit 4a section.
Casts of euhedral gyosum crystals are occasianally
fiiled or partially filled with coarssly crystaliine
anhydrite. "Vacant casts are rimmed by a thin layer of
fibrous chalcedony which is unusual in its optically
tength-slow character, Secondary nodular, pore
filling or replacement gypsum and arhydrite usually
indicative of shallow marine, intertidal and supra-
tidal environments {Lucia, 196%) while Tength-slow
chalcedony is only associated with evaporife mirerals
{Folk and Pittman, 1971},

A reddish brown flat pebble conglomerate hed,
which variaes in thickness from a few centimetres to
over one metre, forms a distinctive marker horizen
near the top of Unit d4a. “Pebbies” sre ifrregulariy
shaped, plate-like, thin fragments of heratitic,
stlicegus siltstane which are laterally segarsted by
thin, vertically oriented bodies of poorly cemerted
mixtures of silty clay and 1ithic shale fragments.

The pethles are vertically separated by slongate,
flattened badies of fibrous, Tength-sTow chalcedany
which is oriented with crystal long axes perpendicular
to bedding in the rock. Roughly polygonal outlines of
the olate-like "sebbles™ in plan view suggests that
their lateral separation by toin bodies of poerly
sorted sediment may rave resulted from infilling of
Jehydration cracks. Flat pebble conglomerates of this
Type may rave resutted from lithification of inter-
tidal sediments into thin crusts which are subsequent-
ly braken by dehydration and wmave action.

A1l lithologies of Unit 4a show evidence af
bioturbation. Biclogic activity is veflected in
rumerous feeding tunnels of burrowing organisms which




are commonly “iiled with. porgus sandstone and silt-
stone partially cerented by iror-oxides and silica.
Small, semi-opague and structureless spherical bodies
in most burrow fil1lings may be fecal pellets.

Thickness of Unit 4a varies from a maximum of
over 100 m to areas where it is not present. Thick-
ness decreases in a general manner from a maximum in
the northeast TOM claims to absence in the south-
central part of Figure 5. \Variable thickness of the
unit, as a whole may simply reflect partial removal
before deposition of Unit 4b sediments. The lateral
1itholegical and thickness variahility of Unit 4a, in
conjunction with its presumed shallow water environ-
ment of depositicn, suggests that it may represent a
relict shoreline depasit. In this case, the thinning
and eventual disappearance of these rocks may be due
to an unrecognized facies change to deeper water
equivaients south of the Macmillan Pass area.

Unit 4h

Within the Macmillan Pass area, Unit 4b generaily
consists of a monotonous assemblage of resistant,
cliff-ferming, brown weathering silty mudstones and
muddy silitstones with thin shaly mudstone intervals.
Well develcped, small-scale, climhing cross ripple
laminatiaon of most rock types indicates a southerly
direction of transport. Over 70% of siltstone frame-
work grains are dominately siit-size or finer, sub-
angular to subrounded, well sorted quartz grains with
siightly undulase extinction. <Carbonaceous material,
detrital muscovite-sericite clasts and cpague minerals
make up the remainder of the framework grains, Silica
cementation is generally poorly developed while higher
in the section, south ¢f the Macmillan Pass area,
calcium carbonate is the most common cementing agent.
Here Unit 4a consists of thick to massive bedded, well
laminated, calcareous quartzose siltstones and aren-
ites with lesser interbedded calcareous shales and
thick bedded, ¢ross-laminated calcaregus and non-
calcareous quartzites.

Quartz-Feldspar Porphyry Dykes

Distinctive, light grey to buff-orange weathering
quartz-feldspar porphyry dykes cut sedimentary rocks
of Canol and imperial Formations in the south central
Macmillan Pass area. Microscopic examination of these
rocks shaws that their composition, although highly
variable, consists of approximately equal amounts of
siubhedral quartz, eunedral potash feldspar and lesser
euhedral biotite phenccyrsts in an aphanitic ground-
7mass. Strong surface aiteration has completely
kaolinized feldspar prenocrysts and, to a lesser
extent, fine grained matrix of the rock. Chill
margins of dykes are commonly thin and show evidence
of fiow banding. Thin contact aurecles of hornfels in
intruded pelitic rocks are generally less than one
metre wide. Dyxes are nearly vertical or steeply
dipping and are oriented in an approximately radiatl
fashion about a nornblende-biotite granodicrite stock

which lies about 1 ki to the south (Figure 2).

An area of weakly developed hornfels in shales,
mudstones and siltstones of Units 3b, 4a and 4b occurs
in the southeast part ¢f the map area (Figure 3).
Incipient contact metamerphism of pelitic rocks has
resulted in rusty weathering, resistant slates.
Contact metamorphism in this area is not directly
spatiaily related to the stack ner to dyke intrusion,
and may be due to an unroofed apophysis of the stock.

Structural Geclagy

Four independent tectonic events have shaped the
Middle Paleozoic to Upper Mesozoic structural evalu-
tion of the Macmillan Pass area.

Rapid localized differential subsidence within
the Macmillan Pass area followed deposition of Unit 2
massive chert pebble conglomerate debris flow and
proximal tc intermediate facies turbidites. Slumping
of Unit 2 unconsolidated sediments and deposition of
chaotic debris and olistostrome deposits of Unit 3a
into a localized basin reflect the high degree of
tectonic and sediment instability at this time,
Stable depositional regimes returned to the east part
of the Macmillan Pass area by the end of Unit 3a time.
Depositional instability in the southwest part of the
area continued through to early Unit 3b time, as shown
by the accumuiation of thick, chaotic, intraform-
ational and debris fan conglomerates. Passive differ-
ential subsidence continued through Unit 3b deposition
as indicated by "fanning" of fetid limestone marker
horizans (Figure 10), Subsidence in the east half of
the area might have been "hinged” along an approxim-
ately north-south trending zone of flexure.

At the end of Unit 3b time, easterly directed
compressional forces resulted in local crustal short-
ening through thrust faulting and folding of strata
along the eastern basin margin, A piate of middle and
upper £anol Formation sediments, riding on a decolle-
ment surface beneath massive Unit 2 chert pebble
conglomerate, over-rode Canol sediments to the east
while, during the same event, overthrust sediments
were deformed into easterly verging, cpen slightly
recumbent folds. Overthrusting was, in places,
accomplished by imbricate thrust faulting {Figure 5.
Mylonitized and brecciated zones marking decollement
surfacas were seen in drill core recovered from
surface diamond drilling on the TOM claims. Rocks of
Units 1 and 3a within the zone of detachment and
imbricate faulting are very strongly sheared. Shear
planes, which are outlined by alignment of platy
minerals and lamellar concentrations of graphite
carbonaceous material, commonly cross-cut bedding at
fow angles in the drill core. Micro-folds and the
rapid alternation of upright and overtirned graded
beds in the footwail of the thrust fault suggest that
shearing and ticht isoclinal folding Tocally accompan-
ied fault movement. In this zone, finer grained
pelitic sediments are cormonly injectad plastically
along shear planes into more competent, well cemented
coarse clastic rocks {Plate J). Foliation in pelitic
recks does not cut detrital quartz grains nor coes it
cut earlier ‘ormed guartz pvergrowths an these grains.
Coarse, well cemented siltstones do not display
foliation, or at best, foliation is very poorly devel-
oped,

These features sugges: that this deformation
occured prior to compiete lithification of the sedim-
ents, but after the “prmation of diagenetic silica
overgrowths on quartz grains. Erosion of uplifted and
folded sediments before depoasition of Unit 4a places
an upper time limit on initial deformation. Mild
folding of the unconformity between Units 3b and 4a
sugsests that this deformation may have continued or
reactivated at a later time (see cross section ABC of
Figure 3).

o




turbidite (Unit 1) beneath the deccllement
surface of the thrust fault in the east part

of the study area. Note injecticn of fine
grained sediments into and arcund wmore
competent siftstones.

The Macmitlan Pass area is Tocated along the
southern margin of a structurally anomalous belt 20 km
wide which extends at Yeast 100 km to the west and
approximately 30 km to the east {see Figure 4 and
Blusson, 1371 aad 1974), Within this belt, Paleszaic
and eariier sadimentary and volcanic strata generaily
are deformed into tight , stightly overturned, isp-
clinal, east-west trending folds. Hertherly to north-
westerly trending, open, upright folds are regionally
the most cammon structures in the Mackenzie Mountains
{Gabrislse ef al, 1973). Since overprinting of the
two contrasting structural fabrics deoes not appear to
soour, the two structural styles amight hRave resulted
from the same crogenic event. According to Gabrieise
et al {1973}, northerly to northwesteriy trending
structures in Mackenzie Mountains have a pre mig-
Cretacegus age because of cross-cutting retationshios
of Middle and Late Cretaceous granitic plutons.

Fast-west trending structures in the Macmillan
Pass area are represented by the easteriy plunging
synciine and anticline pafr in the west and by vertice
al to steeply dipping cleavage in rocks which are
south of the Maomillan River {Figure 5). Arching of
eartier northeriy trending folds and thrust faults
along the eastern margin of the area might be related
to east-west anticlinal folding white bedding atti-
tudes of rocks in the central part of the area suggest
that cleavage is ralated to 3 southeriy facing mono-
ciine.

Minor open folds with crescentic axial trends are
present in the south-central map area (Figure 5).
These folds have ampiitudes of Jess than 10 m and dips
on fold 1imbs are commenly gentle, Regicnal mepring
in the Macmillan Pass area has shown that these fold
ax¥es are concentric about a gramitic stack wnich lies
about 1 200 m south of the map area {C.[, Smith, pers.
comm., 1876}, These struciures are related fo mild

doming and deformation of courtry rock oy inneysior of
the granitic body. .

Major faults may parallel vallays which farm
conspicuous togegraphit linearents alang fhe southwest
edge of the map area and along the Macmillan River.
Southeasterly and easterly trending faults wnich rut
the south Timb of the large syncline on the JASON
claims might be related to either of these proposed
fault systems although no concrete evidence for the
existence of major faulis is seen in the immediate
area.

ECONOMIC GEOLOGY OF MACMILLAN PASS AREA

TOM West Zone, TOM East Zone and JASON mineral
deposits are syngenetic, stratiform accumulations
principally composed of finely interlaminated barits,
black siliceous argillite, sphalerite, galena and
pyrite. The three depasits cccur at approximately the
same stratigraphic interval, marking the sedimentary
transition between Tocally derived stump and slide
debris deposits of Unit 3a with finer grained black
shales and minor congiomerates of init 3b. Que to the
preliminary status and confidentfal nature of geolog-
ical investigations into the mode and tenor of the
JASON mingralization, present discussion is 1imited to
the TOM depcsits.

Stratiform, barite-lead-zinc-silver minerali-
zation an the TOM claims occurs in twa tabular bodies
{Figure 5. The East Zong is 160 @ fang, 3« to 20 m
thick and dips steeply west. The West Zone, a much
larger body with a length of about 1 200 m and 2
thickness of 3 m to 60 m, dips 50° to 70° west. East
Zong mineralization has been expiored in its entirety
{0 a depth of zbout 350 m by surface ang underground
diamord drilling, Only the reltatively high grade
south half of the West Zane has been explored in
detafl by underground diamond drifiing where ore grade
rmaterial has been outlined to i depth of 2A0 o
Mineralization continues down dip beyond this depth
but difficulties encountered in drilling deep holes
have precluded further exploration of the Wes Zone tp
the present fime.  The fwo TOM deposiis iogether iotal
nine million tons of ore grade material averaging 8.6%
P, .47 7n and 7.8 ozfton Ag using an & combined
tead and zinc cut-off grade. Ten miiiiorn tons of sub-
areg grade material which averages 4,6% In, Q.97 Ph and
trace amounts of silver have been ocutlined by surface
¢rilling in the north half of the West Zone. The
remote location of the deposits. poor zinc prices and
lack af oouer development in the arsa have held bhack
further expleration of the deposit.

Detailed study of £ast Zome ore textures and
metal zonation is inhibited by the highly tectonizad
nature of the deposit. Stratiform mineralization and
enclosing rocks have been severely disrupted by the
action of shear stresses associated with post-ore
Faulting, resulting in massive recrystaliization of
ore minerals and gbliteration of primary textures by
shearing, micro-faulting and small scale isoclinal
folding. In contrast, primary textures and other
depositional features of the West Zone mineralization
are Jargely unaffected by this and later events.

TOM West fone Mingratization

South half of the TOM West Zone minerazlization
was selected for detailed study. Following its dis-
covery 1m 1851 by Hudsaon Bay Expioratian and Devei-
opment Company Limited prospectors, the deposit was




delineated by surace prdspecting, trenching ard
diamond drilling during the pericds 1551 to 1333 and
1966 to 1968. from 1969 to 1972, the extent of miner-
alization was further defined by a total of 1 997 m of
underground workings in conjunction with over 4 762 m
of underground AQ diamond driiling. Much of the core
from underground drilling was stored at the company's
facilities in Whitehorse until 1976 when it was don-
ated to the H.S5. Bosteck Core Library in Whitehorse,
operated by the Department of Indian and Northern
Affairs. Accompanying assay records were kindly
provided for the writer's use by the company. Surface
diamond drill core which is stored on the property has
since succumbed to the ravages of time and specimen
collections. Underground workings were unfortunately
unavailable for inspection by the writer because of
bad air and the pessibility of caving, Study of the
West Zone mineralization was primarily accompiished
through data collected by detailed logging of 525 m of
underground AQ diamond drill core. For expediency,
only those holes which were drilied along a horizontal
plane at adit level and at approximately right angles
to the strike of the mineralization were lagged.

In order to best utilize textural, assay and
mineralogical data, information derived from the
diamond deill core logs was used to reconstruct the
south half of the West Zone as it would have appeared
at the culmipation of core depesition. This was
accomplished by assignation of the top of stratiform
minevralization as an arbitrary horizontal datum
plane. Measured bedding attitudes of laminated ore in
drill core were rotated to horizontal. Distances
measured from the collar of the hole were adjusted
accordingly and converted to metric units.

A structurally restored, true stratigraphic
section of the south half of the TOM West Zone arebody
is shown in Figure 11. Ore stratigraphy is derived
from detailed logging of diamend drill core and from
getrographic determinations on over 50 polished
sections and 25 thin sectigns. Seven distinct styles
of stratiform mineralization are recognized {Horizons
A to G). Lateral ore norizon contacts shown on
Figure 11 are extrapolated between diamond driil holes
where possibie, but in wost cases they are arbitrarily
located. Vertical contacts seen in core are remark-
akly consistent in their accurrences when piotted on
~he reconstructed secticn.

Massive, poorly laminated galena, sphalerite,
pyrite, siderite, minor barite and quartz of ore
Hdorizon A farm the hignest grade of mineralization yet
discovered in the MacMillan Pass area. Assays range
as “igh as 217 2b, i< In and 11 oz/ton AQ. Sulphide
and sutornosalt minerals which cceur in minor arounts
inciude chaicopyrite, boulangerite, bourncnite and
tetrahedrite,

Lower part of -“crizon A is primarily composed of
bedded pyrite and siderite. Coarsely crystalline
pyrite, which occassicnaly contains very small irreg-
ular siderite —asses, accurs in laminations or beds up
to 2 ¢m thick, dlry<zailine quartz fills the inter-
stices betweer pyrite grains. Interiaminated siderite
is coarsely crystaliine and relatively uncontaminated
by the inclusfen of other minerals . Galera and
sphalerite occur in minor amounts subsidiary ta
pyrite, siderite and quartz. Chalcopyrite, boulange-
rite, bournonite and tetrahedrite are often found as
minute blebs along pyrite grain boundaries. BCarite is
not present here, Pyrite content decreases abruptly
towards the top of Horizon A where siderite is present

in only trace arounts.

dere galena and sphalerite are
the most common minerals, making up over 70% of the
rock. A general increase in zinc content with respect
to lead occurs near the top and towarcs the northern
Tateral Timit of the massive sulphide zone. A corres-
ponding decrease in the occurrence of copper and
silver bearing species as well as an increase in
barite content of the ore accompanies the zonation
from lead to zinc enrichment. Chalcopyrite in middle
and upper parts of horizon A occurs as small, rounded
exsolution {(7) blebs in dark brown sphalerite,

At the top of and in northernmost parts of
Horizon A, vaguely interiaminated tan coloured sphale-
rite and light grey barite ogangue are the dominant
mineral species. Barite grains have almost suhedral
cutlines and commonly enclose minute galena masses and
blebs in fractures and along cleavage planes. Minor
discrete bodies of finely crystalline galena alsc
cccur in sphalerite laminae. Chalcopyrite and sulpho-
salt minerals are not present in appreciable quant-
ities. Pyrite occurrence is Iimited to minar amounts
of finely disseminated framboids in sphalerite,
Anguiar, silicified fragments of foctwall Unit 3b
silty shale and siltstene which "float" in a massive
sulphide matrix occur throughout Horizon A, Footwall
breccia fragments range from silt to cobble size,

Horizaon B, which forms the lowermost part of most
of the West Zone (Figure 11), consists of evenly
Taminated black cherty argillite, dark grey chert and
lesser barite with interlaminated and disseminated
very finely crystalline sphalerite, galena and pyrite.
Strata of Horizon B are likely facies ¢r time equival-
ents of Horizon A massive sulphides.

Sulphide mineral, barite, siliceous argillite and
chert laminae or beds of Horizon B disolay a high
degree of both vertical and lateral thickness varia-
tion. In general, thicknesses of black cherty argil-
lite and dark jrey chert laminae vary from less than 1
mm to about 2 om while sulphide and barite laminae
range from iess than 1 mm to about 5 om thick.
Suiphide laminae are usually monomineralic; that is,
sphalerite taminae contain very little or no included
pyrite and galera, and vice versa. Lesser amounts of
salena and sphalerite cecur as wminute disseminations
in dlack cherty argillite laminaa. ryrite is usually
present as monomineralic. stratified corcentrations of
framboids or nearly idiororphic recrystallized fram-
eids.  Minor awsunts ¢f framboidal pyrite are alsoc
scattared throughout cherty arg®lTlite laninze or beds.

Assay values of Horizen § are erratic, ranging
from trace amounts of leac, zinc and silver tao 220 In,
26 Pb and 10 opz/tcn Ag.  An overall northward de-
crease in the coroined lead-zinc grade, with increas-
ing distance from massive sulphide mineralization of
Horizon A, {5 accompanied by a general increase in the
In/Pb ratio of the ogre. Lead/silver ratics increase
from about 2:1 {27 Pb %0 1 az/ton Ag} to about 4:1 in
a Tike manner. Sub-microscopic irnciusions of silver-
bearing minerzls in galena way carry the bulk of
silver present since no discrete silver-bearing
sulphide gr sulphosalt minarals were identified in
rolished section examincation of drill core samples.

No copper-bearing species were seen in specimens cf
Forizon B.

Horizon T, contained within a small body with a
lense-snaped cross-s=ction, is lgcated at the south
end ¢f the West Zone where it concordantly overiies

"

wmassive sulphide mineraliza“ion of Horizon A {Figure

(5]
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11}, Interiaminated sulphide sinerals, barite and
cherty argillite are similar in appearance to minerai-
ization of Horizon B. Horizon C, however, contains
significantly higher amounts of barite while mineral
lamination is generally much more contorted and
disrupted.

Sulphide mineral laminae range from Tess than |
mm to over 1 cm thick while thicknesses of argiliite
laminae are much more variable, ranging up to 2 cm.
Barite laminae are generally about 2 mm thick, Metal
content of Horizon € is generally much fower Lhan that
of the underlying massive sulphide body, but higher
than similar minevalization of Horizon 8. Grades
range up to 7% Pb, 20% In and T to 2 oz/ton Ag.
Galena and honey coloured sphalerite occur in separ-
ate, almost monomineralic lamina=. Sphalerite laminas
are generally thicker and more common than galena
laminae. Discrete barite laminations are composed of
roughly euhedral barite crystals which are cemented by
a matrix of galema and sphalerite. Trace amounts of
very small, elangats chalcopyrite exsolution grains
are concentrated along sphaferite graim boundarfes and
cleavage planes. Chalcopyrite also occurs as discrete
mineral segregaticns iaterstitial to galena and barite
grains. CEuhedral pyrite crystals are present in trace
amounts in sulphide mineral and barite laminae.
Massive concenlirations of frambeoidal pyrite are very
comman in siliceous black argitlite taminae and beds,
Mo identifiable silver minerals were seen.

Most specimens of Horizon £ observed in drill
core were at least mildly deformed. SBrecciafion and
contortion of laminated ores appears to have occurred
before their complete lithification as demonstrated by
the "soft-sediment” nature of the deformation.
Angutar, sitt to pebble sized grains of black, silty
shale are scatfered throughout Hovizon €. Shale
clasts are silicified, often carbgnatized and commoniy
contain a variety of sulphosalt minerals which are
foreign to surrpounding banded sulphides, barits and
argillite.

Horizen C displays well developed vertical metal
zonation. At the base of the unit, zinc and tead
gccur in approximately egual amounts. Retative zinc
enrichment towards the top of the horizon increases
the zinc to lead ratio to alwost 3:1. Similarly, the
Jead to silver ratio increases rapidly upward from
about 1:1 (1% Pb per 1 az/ton Ag) te about 6:1 at the
tap.

Horizon D, which contains the bulk of West Zone
tonnage, appears to grade laterally from Horizon C
(Figure 11}, Gangue corsists principally of finely
jaminated, tight grey to white barite and iesser
siliceous black argillite with minor dark grey chert,
Grade varies from 1% to 9% Pb and 3.5% to 10% In.

Only trace amounts of silver are present. Thickness
of barite laminae range from about 8.5 mm to 1 cm
while averaging abeut Zmm. They attais their greatest
thickness at the northern 1imit of the West Zorne cross
section shown in Figure 11, Barite in Horizen D
cccurs as cryptocrystalline, massive bedded concen-
trations in contrast to Horizon A and £ wheve barite
is generally present as roughly lamellar occurrences
of nearily euhedral crystals embedded in a matrix of
galena and sphalerite. Black, cherty argiilite
laminations range from 0.1 mm to 1 cm thick, averaging
about £ mm. Minor dark grey chert laminae, which
average about 6 mm in thickness, are scattered through-
out the section. Argillite and chert laminae appear
to have 1i€%le Tateral thickness variability although
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both exhibit marked variation im vertical thickness
and frequency of occurrence. Both Horizans C and D
are capped by a 2 cm te 4 cm thickness of massive,
grey pyritic chert which serves as a distinctive
marker horizon. "

Honey caloured sphalerite and galena of Horizon D
cccur in discrete laminae as disseminations along
grain boundaries in the barite. Sulphide mineral
Taminae are essentially monomineraiic; that is, sphal-
erite laminations contain little or ro galena and vice
versa. Framboidal pyrife is disseminated throughout
chert and silicequs argillite laminae while it is
gresent in trace amounts onlty in barite, sphaierite
and gatena laminae.

Chert and argillite Taminae, as well as the
occasional barite Tamination, contain no sphalerite or
galena. Both barren barite laminae and suiphide-
bearing barite laminae as well as chert laminae
contain subangular, silt to granule sized clasts of
black silty shale. 3Shale clasts appear to “float® in
a matrix of barite and sulphides or chert. 35light
depression of underlying Taminae in conjunction with
the onlapping and concordant nature of adjacent and
averlying mineral laminations suggests that shale
clasts were dropped into the ore during its deposit-
jon. Rapid deposition of the relatively thick, metal
deficient barite laminae is indicated by the common
occurrence of load casts into underlying metallifercus
barite.

Horizon O is zinc rich., Highest zinc valdes with
respect to Tead occur near the top and northernmost
parts of the section shown in Figure 11. Relative
zing enrichment however, parallals an gverall decrease
in combined lgad-zinc grade. The horizon is charact-
srized by an aimast compiete tack of soft sediment
deformaticon except in diamond drill sections 18/19 and
55/56 (Figure 11} where intense small scale folding
and Taulting are commonly seen, especially near the
top of the unit,

Lateral limits of Borizon £ as shown on Figure 31
are, for the most part, arbitrary., Distinctive lithe-
Togies of this horizon were seen in core fram only one
diarond drill hole where it consists of contortsd and
disrupted laminae of black cherty argillite, witherite
and/or bariipoalciie, barite and sulphide mimerals,
Assay waluas are erratic, ranging up to 12% In, Z3% Pb
and .15 oz/ton Ag while averaging about 8% Is, 1.29
Pb and trace amounts of siiver, Siiver vajues dispiay
ro obvicus correlaticn with lead assays. Sulphide
mineral laminations, which ranae in thickness from 0.2
mr oto 1.2 rm, are predowinantly cemposed of dark brown
sphaleriie with lasser pyrite, galenz and very minor
amaunts of chalcopyrite. Idicmorphic pyrite grains
are scattered thraugnout the sphaierite whife galena
intergrowths are interstitial to sphalerite grains.
Framboidal pyrite nccurrences are limited to black
siliceous argillite laminae. Elongate chalcopyrite
biebs are present aniy at sphalerite grain boundaries.
GQuartz lined Fractures which commonly cross-<ul con-
torted lamination are filled with coarsely crystalline
brown sphalerite and minar interstitial gqalena.

Large, elongate cavities iined with euhedral barite
crystals may have resulted from partial dissolutiom of
adjacent and enclosing barium carbonate laminas. Con-
tortion of laminae, small scale folding and micro-
fayulting are best developed at the base of Horizon E,
diminishing in freguency of eccurrences and degres of
development toward the top of the unit.




Mineralization of dorizon F is Taterally equival-
ent to that of Horizen E. It concordantly overlies
Horizon D.stratiform mineralization, occupying an
elongate body with a saucer shaped cross section
(Figure 11}. Interlaminated barite, sulphide miner-
als, black silicecus argillite and minor grey chert
are indistinguishable in outward appearance and grade
from mineralization of Horizon 0. Metal values are
surprisingly consistent throughout the unit, averaging
6% Zn, 1.5% Pb and trace amounts of Ag. Galena and
sphalerite do not often gccur together. Wispy, dis-
continuous lamellar concentrations af galena occur
with idiomorphic pyrite c¢rystals in siliceous argii-
1ite. Sphalerite occurs in three medes: as large,
irregular clots in barite laminae; as disseminations
and smatl blebs in siliceous argillite laminae; and as
coarsely crystalline fracture fillings with gquartz and
barite, Mineralized fractures may be related to early
dehydration of cherty argillite since they are irreg-
ularly spaced, do not cut adjacent barite laminae and
may be partially filled with sags or injections cf
overlying laminae. Cherty argiliite laminaticns alsc
centain small, euhedral pyrite cubes and large fram-
boids which range up to 0.12 am in diameter. Assay
values within the horizon are erratic and na system-
atic minera) zonation appears to be present, efther
vertically or lateraliy.

Much of the West Zone is capped by a thin layer
of finely and evenly laminated dark brown sphalerite
and siliceous black argiliite (Horizon G} which is
very similar in outward appearance to stratiform
mineralization of Horizen B {Figure 11}, Sphalerite
laminae average less than T mm in thickness while
argillite laminae vary from 0.4 mm to 6 mm thick.
Sphalerite, galenaz and framboidal pyrite are dissem-
irated throughout argillite laminae. Metal values do
not display much variation throughout the horizon,
averaging 0.8% Pb, 7% Zn and trace amounts of silver.
No systematic metal zoning is present ather than a
general vertical increase in zinc content with respect
to lead.

A zone of intenseiy silicified and pyritized
3ilty black shale which ranges in thickness from about
one metre to two metres forms the immediate footwall
to stratiform ore of the West Zone (Figure 11)}.

Pyrite framboids ranging up to G.01 mm in diameter
form 2 mm to 5 mm thick discontinucus laminae.
Massive concentrations of framboids are partially
recrystallized to idiomorphic pyrite which retains
ghost outlines of framboidal textures when etched.
Large euhedral pyrite grains are rimmed by tangen-
tially arrayed, fibrous chalcedonic quartz. Silica
enrichment, qualitatively determined by relative rock
hardness, roughly parallels the overall concentration
of pyrite. Silica, too fine grained to determine
petrographically, probably occurs as cryptecrystalline
gquartz cemert, Base of the pyrite and silica enrich-
ment zone is sharpiy defined. Content-of both pyrite
and silica within this interval increases gradually
toward the contact with stratiform barite-lead-zinc
mineralization of rorizeon B. Scattered quartz-sider-
ite veins are weakly mineralized with sphalerite and
galena.

A similar but less siliceous and Tess pyritic
zone appears in the immediate hanging wall shales of
the West Zone (Figure 11). No lead-zinc mineraliz-
ation, either as disseminations or veins, was seen in
these rocks. Upper contact of hanging wall silicified
shales with more typical shales of Unit 3b is grada-
tional. Contacts between stratiform mineralization
and both hanging wall and footwall are abrupt.

A relatively large area of brecciated rock,
dpproximately funnel shaped in cress-section, urdaer-
lies massive sulphide ore of Harizon A (Figure 11).
Breccia fragments are silicified, pyritized and
sideritized. Pyrite, galena, sphalerite, chalco-
pyrite, chalcocite and a variety of sulphosalt miner-
als including bournonite, boulangerite, tetrahedrite,
proustite and pyrargyrite occur with guartz and sider-
ite as breccia matrix, veins and disseminations in
breccia fragments. Base metal values range up to 2%
Cu (estimated}, 17% Zn and 6% Pb. Silver, prasent in
ampunts as high as 11 oz/ton, displays no obvicus
corrglation with lead. Several gererations of min-
eralization are recognized. Footwall ciasts in the
south part of the funnel-shaped breccia body are
extensively sheared as are qalena and sphalerite
disseminated within the clasts. Sheared clasts are,
in turn, brecciated and cemented by mineralized
quartz-siderite mosaics which are not deformed,
Breccia matrix and clasts are both cut by later un-
deformed, mineralized gquartz-siderite veins,

Sulphide and sulphosalt minerals occur in a
variety of textures. Sphalerite, the most commcn ore
mineral, usually contains inclusions of chalcopyrite-
chalcocite, bournonite and tetrahedrite. Massive
sphalerite occurs in veins, fracture fillings and in
the breccia matrix. Disseminated sphalerite in
breccia fragments is present along clast margins and
adjacent to veins. Large, idiomorphic pyrite crystals
geecur in breccia ¢lasts as well as matrix. Matrix
pyrite may be intergrown with bournonmite and cnalco-
pyrite. Matrix pyrite also commonly contains inclus-
ions of gaiena and sphalerite. Chalcopyrite, chalco-
cite, sphalerite, tetrahedrite and boulangerite form
complex intergrowths within euhedrat bournonite
crystals in the breccia matrix. Galera and chalco-
pyrite are usually intergrown with sphalerite in
breccia matrix, in quartz-siderite veins, as fracture
fillings and as disseminations along clast boundaries.
Sulphide veins are often mineralogically zoned across
their widths, although zonaticn does not appear to be
consistent from vein to vein. Chalcopyrite of all
types commonly contains minute inclusions of chalco-
cite. $Small blebs of proustite, pyrarqyrite and
tetrahedrita (var. freibergite?) are ckserved in vein
galena. Calcispheres in breccia fragments are nsarly
always replaced by metallic minerals, commonly pyrite
but occasionally tetrahedrite, sphalerite and chalco-
pyrite. Framboidal tetrahedrite and chalcopyrite in
the clasts may be replacerments of pre-existing pyrite
framboids., Tetrahedrite is occasionally seen rimming
pyrite frambeids. Trace amounts of chalcopyrite,
tennantite, tetrahedrite, beulangerite, pyrargyrite
and proustite fcrm micron sized discrete minerais in
quartz-siderite breccia matrix and veins.

Breccia clasts are sheared and deformed atong a 2
7 te 16 m wide zone which defines the southern limit
of the funnel-shaped breccia body {Figure 17). Re-
mainder of the breccia clasts are rotated and weakly
daformed. MNormal faulting of poorly lithified foot-
wall sediments may have initially controlled the
development of brecciation and epigenetic mineraliza-
tion. A1l breccia clasts are intensely silicified,
pyritized and weakly sideritized. Rims of most clasts
are altered and replaced by very fine, irregular
intergrowths of siderite and quartz. Matrix of the
breccia is predominately coarsely crystailine quartz
with lesser plumose siderite, sulphide minerals,
barite and barium carbonate.

In=l
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Gritl core “ror the epigenstic breccia mineral-
ization was ret assayed rigorcusty encugh to evaluate
metal zanation, nowever, greatest variety of ore
minerals and highest grades ¢f Cu, Pb, In and Ag
appear to occur near the top of the zone,

A similar style of epigenetic mineralization
accurs in stratiform mineratization of Horizons B and
£ in diamend drill section 54/55 [Figure 11) where
brecciation and partfal dissofution of the ore has
oroduced open baxwork cavities after pyrite, sphaier-
{te and galena. Barite is commonly etched and part-
ially dissoTved. Pyrite, sphaierite, galena, chalco-
pyrite and mingr amounts of tetrahedrite occur in
gquartz veins, disseminations and cavity fillings.
Footwall rocks of Unit 3a are Tocally brecciated and
mineralized with minor amounts of pyrite, galena,
sphalerite, chalcopyrite and tetrahedrite in guartz
veins and as disseminations.

GENESIS OF STRATIFORM BARITE AND BARITE-LEAD-ZINC
DEPOSITS GF MACMILLAN PASS AREA

Review of Current Theories on Genesis of "Sedimentary-
Exhalative” Deposits with Reference to the TOM West
Zone

The TOM and JASON deposits axhibit many similar-
jties with the McArthur {Australia}, Meggen {West
Germany)., Rammelsberg {West Germany} and Sullivan
{British Lolumbial stratiform base metal depesits.
Examination and comparison of the similarities between
them serves to gutline a model for their genesis.
Characteristics of these deposits are summarized in
Table I.

The syngenetic nature of this type of stratiform
mineralization is zlmost universally accepted. PRecent
studies of these deposits have independently suggested
an "exhalative" source for mineralizing fluids in =ach
case. Conduits far mingralizing brings are theortzed
to have been located along deep-seated faults or
fracture zones associated with the initiation of
lecally active tectonism expressed as vifting or
differential subsidence of enclosing sedimentary
strata.

Recant publications by Hodgsom and Lydor (1977)
ard Lydon {1978} cutline a physicochemical model for
submarine sxhalative systems associated with biock
faulting by comparisaon with active continental geo-
thermal systems. Hydrothermal activity of this fype
i3 generated wnen and where an impermeable cap rock
overiies a permeable aguifer and when discharge
channels develep following faulting or Tracturing of
the cap. A heat source for the driving process could
invglve the tapping of neated groundwater or ccnnate
water by deep-seatad faults or by the intrusion of
magma Hodies at dapth along these fault zomes. The
generation of a hydrotnermal fluid in a gesthermal
system then reguires:

{1} & heat spurce,

{i1) an aquifer unit which acts as a reservoir
far the haated solution, and

{111} an overlying cap rock which contains the
nydrothermal fluids, preventing the dissipa-
tion of heat by mass fLransfer, thus allowing
the maintenance of elevated temperatures
within the aquifer ocver an extended period
of time.

Fluids in submarine geotnermal systems possibly orig-
inate as recirculated seawater with the addition. of
hot connate or deep-seated ground waters and/or mag-
matic fluids depending on the tectonic, foneous and
sedimentary history of the area.

Initial compasition of discharge fluids in ex-
hajative systems is determined by fluid-mineral
2quilibria in the aguifer. Aguifer rocks should then
be altered and depleted in elements enriched in strati-
form ores formed by the hydrothermal system. Aguifer
pyrite, in the case of moderzie to high femperatyre
systems, would be oxidized. The oxidation of ferrous
iron to ferric iron contributes to the inorganic
reducticn of seawater or connate fluid sulphate.
Turbidites and associated glastic rocks of Unit 1 in
ithe MarMillian Pass area satfisfy the reguirements for
a paiecaguifer system., Coarse fractions of the turb-
idites have relatively high initial porosity and
permeability which is augmented by alteration of
matrix material and complete destruction af diagenetic
pyrite grains, Clay mineral alteration in fine
graingd fractions of the turbidities iz Himited o
argas adjacent to c¢oarse grained laminae suggesting
that alteration was accomplished by fluid movement
through coarse clastic herizons in Unit 1.

The accumulation of heal energy in & gescthermal
system is favoured when and where an impermeable,
insulating cap rock is present between the aquifer and
the zane of submarine discharge. [In the abssnce of a
naturally occurring impermeable cap, many active
hydrothermal systems contain "self-sealed” caps.
Self-sealed caps form when near-surface bgiling of
hydrothermal fluids causes rapid precipitation of
thair constituents, forming an effective barrier to
further fluid movement. Unit 2 massive chert pebble
congtamerate wnich cverlies Uit 1 aguifer turhiditfes
nas an extramely low porosity and permeabiility dus to
the almost compiete destruction and replacement of
matrix and matrix povosiiy by Dpervasive oryplocrysial-
Tine quartz cementation. Refatively minor amounis of
sphalerite and siderite accompany secondary silic-
ification of the conglomerate. Regiomaily, this rock
unit does not aisplay as well developed cementation.
Indeed, the selective, lecally occurring silicifica-
cion of the conglomerate is difficult fo expiain
without inveking some sort of secondary nydrothermal
Qricess.

If fluigd beiling is 2 reguirement for self sezl-
ing, then a massive suJiphide ore horizon Jying above 2
self-sealed cap snould have an associated, ¢ross-
cutting zone of alieration and stringer mineralizaticn
reiated to discharge of boiling hydrotherral Tluids at
sites where the cap fs breachad. The funnel-shaped
breccia body which underiies massive sulphide mineral-
ization of the TOM west Zone probably served as the
fluid discharge corduit for wost of the West Zone ore
cenosition. Epigenetic mineralization and a coexist-
ing zone of guartz-carbonate alteration within this
body may have resylted from the precipitaticn of
constituents of 2 geothermal brine during depressur-
ization. Angular clasts of footwall rock which are
incerporated into overlying stratiform mineralization
may have resulted “rom steam-olast eruptions caused by
pericdic clogging of the discharge vent by mineral
precipitation. General size grading of footwall
clasts from coarse, cobhie-sized fragments in massive
sulphide mineralizaticn of Horizon A to silt and sand
sized detritus in the northern part of the West Zone
reflects distance from the discharge venti.
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Based on sta>le isctope and Fiuid inclusicn
studies, submaring exnalative metal deposiis are
theorized to form Srom variations on three different
types of geotharmal brines {Sate, 1572; Sato, 1977,
Low terperature {up to about 150°C) brines with rela-
tively nigh salinities {Type I} may have evolved from
formational or connate waters. Moderate termpeirature
fluids {about 200°C) with moderate salinities {Types
{Ia and IIb) are derived from either magmatic waters
or mixtures of evolved connate Tluids and circulating
seawater. Higher temperature hydrothermal fiuids
{greater than 200°C) with relatively jow salinities
{Type III} most likely originate from circulating
seawater in areas of very high heat flow and fluid
permegability such as cceanic rift zones.

In general terms, cationic composition of geo-
thermal fluids is primarily determined by solution-
mineral equilibria in the reservoir {Lydon, 1377).
Sclution-mineral equilibria are, in turn, regulated by
temperature and salinity of fluids im the aguifar
providing that metals are carried in cnioride com-
plexes.

Assuming that bulk mefal ratios of stratiform
ores represent bulk metal ratios of mineralizing
fluids, stratiform ores rich in zinc and lead with low
copper content would be expected to form from low to
moderate temperature, relatively saline hydrothermal
fluids because of the generally low stability of
copper chlaride complexes with respect to those of
lead and zinc. Furthermore, the relatively unstable
nature of lead chloride complsxes with respect Lo Zing
chloride complexes in these fluids should favour nigh
zinc to lead ratios. Higher temperatures and lower
brine satinities will favour an increase in relative
amounts of lead and copper carried in solution with
respect to Ting,

Behaviour of exhalative ore-forming fluids in
seawater has heen predicied by Sato {1972 and 1577}
according to their varying physicochemical character-
istics, Satp's calcualtions are based on the assump-
tion that physical properties of gecthermal brings cam
be approximated by those of the Rall-H,0 system and
that megification of thair behaviour in seawater oy
contributions of heat conduction, reaction heat and
heat of dilution are regligible in comparison with
behaviour predicted by heat cepacity. Behaviour im
seawater of four types of brines which are theorized
to form exhalative deposits are shown in Figure 12,

Type [ brines are Tow temperature brines of
relatively nigh salinity which will theorelically
produce deposits with high zinc to fead ratios and
little to no copper. These fluids, upon their ox-
malation, will always e heavier than seawaier during
their cooling history and should be initially de-
ficient in veduced :sulphur species because of their
poar leaching capability and negligible capacity tu
inorganicatty reduce suliphate of connate waters or
circuiating seawater. Conseguently, distribution of
stratiform mineratization formed by these brines will
be gontrolled directly by supply of biogenically
reduced suiphur 3t She site of deposition.
the deposit with enclosing sediments will be diffuse
and sulphide mineral Taminae should pe finely alter-
nated with sediments as stagnant brines precipitate
slowly when organically reduced sulphur becomes
availabie. Homogenization of the pooled brires will
produce very Tittle metal zonation within the de-
posits. Since very little mixing with seawater occurs
during the cooling history of the brines, barite [if

Margins of

grasent at aldl) will be largely separated from cui-
phice winerals at the margins of the anoxic deposi-
tignal oasin where sufficient seawater sylpnats is
availabie. Alteration zones or stringer mineraliz-
ation in footwall sediments witl be poorly developed
or nok pressnt, Furthermore, dischargs venis way he
spatialiy removed fram stratitfcerm mineralization if
they occur upsicpe from the eventual depositional
basins. Examples of stratiform base metal deposits
that probably formed from Type I brines include the
Red Sea deposits, McArthur and Meqggen.

Type I1 brines are moderate to high temperature
fluids of moderate salinity that will theoretically
produce deposits with high zinc and lead content and
low copper content. Secause of their relatively nigh
temperatures, the brines have increased leaching
capacity in the aquifer and may carry higher guanti-
ties of inorganically reduced sulphur than Typs 1
brines, Brines of Type IIa are heavier than seawater.
Upon exhalation, minor mixing with seawater takes
place [Figure 12) and, if some reduced sulphur is
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Thesretical behaviour of Tour types of
axhalative fluid in seawater., Tashed line
represents interface between anaxic and
normal ssawater. Shaded areas are posled
exhalative brines {modified after Satc,
1972}
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carried in solution, a massive sulphide body may
precipitate near the vent whila much of the brine wiil
flow downslope and pool in topographic depressions as
in the case of Type I. Relatively slow precipitation
of pooled brines should produce a deposit which con-
tains a higher degree of intercalated sedimentary
laminae than associated massive sulphide bodies.
Barite, if present, would be concentrated at marqgins
of the brine traps where gxygenated waters are present
although, since some mixing with seawater occurs at
exhalation, nucleated barite crystals may be carried
downslope with the brines and persist metastably in
the brine pools. Alteration pipes or stockwork
stringer mineralization should underly massive sulph-
ide deposits. Both the Tom deposit and Sullivan Mine
exhibit many of the characteristics of deposits that
are thecrized to form from the submarine exhalation of
Type Ila brines.

Type 1Ib brines are slightly hotter than Type Ila
and, perhaps, less saline. Upon exhaiation into
seawater, the density of these fluids will be less
than, but will eventually exceed, that of seawater as
convecticn-like mixing above the vent causes cooling
(Figure 12). Consequently, distribution of stratiform
mineralization formed from Type [Ih brines will not be
controiled by basin topography to the same extent as
those formed from Type I or Type IIa brines. Rapid
precipitation of fluid constituents will occur as
disequilibrium is reached at exhalation farming high
grade, and commonly cupriferous, sinter-like deposits
of massive suiphide mineralization about the vent.
Degree of metal zonation away from the discharge site,
both vertically and laterally, will vary with temper-
atures of exhaled brines. Boundaries of deposits
formed by Type Ilb brines will be sharp and enclosing
sediments wiil usually not contain anomalous amounts
of metal. Since some mixing with seawater accurs
immediately after exhalation, barite when present will
be intimately associated with layvered sulphides.
Alteration pipes or zones of stringer mineralization
along brine conduits in footwall sediments should be
well developed, Rammelsberg, which is strongly zoned
and contains a well mineralized aiteration pipe, may
have formed from Type lIb brines.

Type III bBrines are high temperature, dilute
solutions which are always lighter than seawater
during their coaling history. Accordingly, the fluids
will rise until they reach surface water or until they
are infinitely diluted by seawater. Because reduced
sulphur is not readily available in surface water,
constituents of Type Iil brines will probably precip-
itate as oxides, although some sinter deposits of
sulphide mineralization may form about the vent.
[nitial chemical studies on bedded barite of the
Muskwa Ranges, ncrtheast British Columbia, using
barium-strontium ratios as a guide to relative temp-
eratures of depositicn, indicate that barren barite
deposits which cccur at the same stratigraphic inter-
val as Upper Devonian stratiform barite-lead-zinc
mineralization at Driftpile Creek {(N.T.S. 94 ¥/4)
formed at higher temperatures than the barite which
accompanies mineralization (R.J. Cathro, pers. comn.,
1977). The barren barite deposits, which attain
thicknesses of as much as 20 m and strike Jengths of
more than one kilometre, are contained within a
horizon of extremely siliceous and pyritic black shale
which carries anomalous but subeconomic guantities of
lead, zinc and silver. These barren barite deposits
and similar deposits in the Selwyn Mountains may have
resulted from exhalation of Type IIl gecthermal
brines, Rapid cooling and dispersion of this type of

filuid in seawater prevents the effective corcentration
of base metals while barite, which precipitates
immediately on contact of the brine with seawater
sulphate, will be depcsited as a "snowfall" of barite
crystals in close proximity to the vent, producing
blanket-like deposits of relatively pure barite. This

. mechanism may help to explain why most stratiform

barite deposits of Yukon Territory and northeast
British Columbia are not intimately associated with
significant quantities of base metals.

Barite is an important volumetric component of
many massive sulphide deposits. The distribution of
barite within deposits can be satisfactorily explained
by physicochemical models of ore deposition from
exhalative brines but controls on the initiai presence
of barium in these fluids is not well understood. The
model proposed here for the genesis of sedimentary-
exhalative base metal deposits does not satisfactorily
explain the presence or absence of barite. The TOM
deposit is Tgcated at the same stratigraphic interval
as literally hundreds of sulphide-deficient bedded
barite deposits in southeast Yukon and northeast
British Columbia. Since bedded harite occurs at the
same stratigraphic interval position and is morpho-
logically similar to barite of the TOM deposit, these
barite and barite-lead-zinc deposits probably share a
similar genetic history.

Theories on the genesis and distribution of these
stratiform barite and barite-lead-zinc deposits must,
of course, be refined with isotopic and temperature
data. The geothermal theory proposed feor the genesis
of hydrothermal solutions by Hodgson and Lydon (1977)
and Lydon (1978} in combination with Sata's {1972 and
1677) exhalative brine medels can be used effectively,
however, to broadly predict the characteristics of a
particular sedimentary-exhalative deposit once prelim-
fnary data about its morphoclogy, metal content and
relationships to host rocks are known.

Probable Genetic History of the TOM West Zone

3ased on the assumption that the upper surface of
stratiform mineralization will be horizontal following
its complete deposition, stages leading to the depos-
ition of the TOM West Zone section shown in Figure 11
were determined Ly successively removing individual
sedimentary and mineralized horizons and restoring the
“new"” surface to harizontal {Figure 13). Three
locally occurring tectonic events which are expressed
as differential subsidence correlate with mineralizing
events. Succession and morphology of ore types, their
relationship to epigenetic mingralization and metal
distribution suggest the following sequence of events
leading tc the formaticn of the TOM West Zone,

Stage 1: Depositien of Unit 1 turhidites and associ-
ated clastic rocks was followed irmediately by deno-
sitiogn of the coarse grained, unsorted debris flow
deposits of Unit 2 on a flat or gently sloping sea-
floor after uplift and erosion of Road River Form-
ation{?) cherts to the west and northwest. Local
deposition of Unit 3a slide and slump debris deposits
followed movement on deep seated faults within the
MacMillan Pass area. Heated cornate waters moved
upward algng deep seated faults mixing with circu-
lating seawater to some degree (Figure 13).
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Stage 2: Rapid, cifferentfal subsidence continued in
the MacHillan Pass area {(Figure 13}, Geothevmal
fluids rose along active fault and fracture zones
until they reached the porous and permeable strata of
lnits 1 and 2. Movement ¢f hot brines through Unit |
and underlying shales released metals through aitera-
tion of silicate minera‘ts and oxidation of pyrite.
Fluid boiling in the near surface Unit Z congiomerate
released sifica which cemented the unit and formed &
self-sealed cap over the geothermal system. Renewed
localized differential subsidence in now cemented Unit
2 formed the funnel-shaped breccia body as a result of
faulting and/or explosive release of pressurized
geothermal brines ascending along a fracture sysiem.
Type iIb brines discharging through the breccia body
resulted in alteration and mineralization of the
breccia as well as the eventual precipitaticn of
massive sulphide mineralization near the vent {Haerizen
A} and intertaminated sulphides and siticified sedi-
ments away from the vent {Horizon 8). Bedded siderite
found at the base of the massive sulphide body is
probably indicative of a relatively high initial
dissolvad CO, component to the brines, released by
depressurization. Copper-bearing minerals such as
chalcopyrite, chalcocite, tetrzhedrite and other
sulphosalts precipitated in the fluid conduits and in
stratiform mineralization near the vent because of the
relatively low stabilitiaes of copper-chloride com-
plexes. Both vertical and lateral zonation of gafena
and sphalerite within Horizons A and B may reflect the
relative stabilities of lead and zinc chloride com-
nlexes in moderate to high temperature brines. Scme
of the sulphide sulphur of Herizon A may have origi-
nated with the exhalative fluids while interlaminates
sediments and stratiform mineralization of Horizon B
probably precipitated slowly as biogenically reduced
seawater sulphate became avaiiable.

Stage 3: Continued subsidence formed a small cub-basin
immediately north of the vent area (Figure 13)
Exhalative fluids, because of their slightly cooler
nature, naw hehaved as Type [la brines and were pooled
in the depressicn, precipitating slowly to form ore
Horizons C and 0. Some mixing with seawater may have
cccurred immediately over the vent, where interlami-
nated sulphides and argillite of Horizon C approach
mazsive sulphide gquantities. As mixning ocourred about
the discharge area, barium combined with seawater
sulphate to form very fine barite crystais which were
carried downslope in suspension with the neawy Tyre
IIa brines. Interstitial sphalterite and galena in
barite of Horizon D probably precipitated im situ in
the barite mud created by settling of barite crystals
from the brines. Cyclic alteration of sulphide miner-
al, barite and siliceous argillite laminae of Horizon
D probably resulted from individual exhalative epi-
sodes. Barren siliceous argiilite Taminae reflect
periods of normal selagic sedimentation when tha rate
of exhalative discharge was minimal. Episodic dis-
charge from submarine geothermal systems may he
related to "seismic pumping” {Lydom, 1978} in which
pare salutions of resarvoir rocks are expulsed from
the focus of shallow sarthquakes by collapse of the
dilatant zone. Generation of earthquakes was 1ikely
refated to Jocal differential subsidence which con-
tinued through depcsition of Horizons C and D {Figure
13}, Discharge rate of geothermal brines gradually
waned as pressure within the system decressed and
fluid conduits became clogged by mineral precipita-
tion. The 2 cm to 4 em thickmess of barren, pyritic
chert which caps Horizons £ and © probably represents
the last significant contribution from this discharge
site in a situation analagous to volcanogenic-exhala-
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tive systems (e.g, ferruginous chert. horizons which
overlie Xuroko massive sulphide deposits).

Stage 4: Differential subsidence continued locally dn
an arga ngrthwest of the now dormant vent {Figure 13j
Highest degree of soft-sediment deformation in drill
core from Horizons A, B and D occurs on the flanks of
the subsiding basin, reflecting the post-depositional
instability of the poorly consolidated chemical and
pelagic sediments. Fluids under high pressure in the
sealed geothermal system broke through to the seaflcor
along a zone of weakness coincident with the axis of
greatest subsidenca. These hot and acidic soTutions
teached and altered the brecciated footwall rocks and
chemicaj sediments of Horizons B and D. Fiuids were
probably similar to the Type Ila brines which formed
the earlier Horizon C and D mineralization. The
significant amount of barium carbomate minerals in
Horizon £ reflects a relatively nigh dissolved {0,
content in the brines, Time equivalaent barite-lead-
zing mineralization of Horizon F precipitated from
pooled brines in a manner similar to underlying min-
eralization of Horizon U,

Stage §5: Subsidence continued along the earlier formed
trough {Figure 13). Exhalative fluids now behaved in
a manner akin to Type I brines as temperature of the
geothermal system decreased. Lack of well developed
metal zonation, abundant interlaminated sediments and
the absence of barite in Horizom & suggests that the
relatively cool orines precipitated siowly in a
shallow topographic depression. Location of a dis-
charge site far these fluids is not indicated within
the section studied hut it is nol inconceivable that
it may have bean located off the plane of the secticn,

Curvently available information about the TOM
deposit does not provide insight into true plan view
and metal distribution of down dip extensions of the
West Zone mineralization discussed in the preceeding
pages. Etahaltative sites or geethermal venis were
arobably Tocated at the intersactiont of fracturse
zanes ar alang fault zones where intersiratal perm-
=ability is hignest. In addition to ore horizons
established for the adit-level cross-section, addi-
tignal drilling down-dip may reveai significantiy
diffarent deposit worpholagy and metal cantent as
distances from exhalative centres vary.

The scenaric presented in the preceeding nages
wWill, of necessity, ravain sgecutative umti’ data T3
ghtained on the salinity and temperature of ore-
farming Fiuids and on the soqurce of sulphur in the
ores. Studies of the type described can, nowever, be
instrumental in determining oontinuify or oo3sible
sxtensions of sedimentary-sxhalative deposits which
are in the advanced exploration stage.

GUIDES TO FURTHFER EXPLORATION FOR STRATIFORM
RARITE-LEAD-ZING DEPQSITS IN EASTERN YUKDN TERRITORY
AND MORTHEASTERN BRITISH COLUMBIA

Stratiform tarite-lead-zine wineralization at
MacMillan Pass is a direct conseguence of geothermal
activity generated from local tectonism which provides
2 tapping mechanism for heated deep-seated fluids,
conduits for fluid transoort and basins for the con-
tainment of exhaled metaiiiferous brinas. Genesis of
stratiform mineralization, although spatially con-
trotled by local tectonic activity is temporatly
controlled by some sort of ruch more fyndamental
metaliogenic event. Literally hundreds of barren
steatiform barite deposits occur in the same strati-




graphic interval as barite-lead-zinc mineralization at
MacMillan Pass and Driftpile Creek, northeast British
Columbia. Search for similar deposits should, then,
be restricted to the lower "Black Clastic" Group of
Upper Devonian to Lower Mississippian age. Any evi-
dence for localized deep-seated faulting or marked
differential subsidence, such as znomalous thickening
of overlying rocks, should be investigated carefully.

Altered and leached reservoir rocks are an in-
tegral result of the cre forming process at MacMillan
Pass. Although geothermal reservoirs need not be
Tocated in immediate spatial proximity to ewventual
sites of submarine discharge, the search for wide-
spread alteration zones in these rocks should be of
high priority. Similarily, vein or breccia mineral-
ization occurring in Lower Black Clastic or older
strata should be considered as possible fluid conduits
and adjacent overlying rocks shouid be evaluated care-
fully.

Apparently barren barite depasits, such as the
farge TEA barite deposit (M.T.S. 105 0/8) should also
receive careful attention., [f mineralizing brines are
relatively cool and saline, barite will precipitate
oniy at margins of euxinic basins where sufficient
sgawater sulphate is present. For example, the Meggen
deposit (West Germany) consists of a 66 million ton
pyritic orebody which is surreunded by a fringing
barren barite bedy which contains about 16.5 miilion
tons of materfal grading 96% BasSQ, and which contains
virtually no sulphide minerals.
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SYMBOLS

Bedding attitude ; inclined, vertical, horizontal, overturned: ™~ ~*~ + ~4

Slcty c!ec;roge attitude; inclined, vertical:

Attitude of shear plane or mylonitized zone:

Fold oxis:; syncline, anticline {with direction of plunge):
Fault; inferred, displacement unknown:

Thrust fault; known, inferred:

Lithological contact; defined, approximate:

Limit of drift, aliuvium and vegetation cover:
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LEGEND

CRETACEQUS
—37}/ Eﬂ Quortz-feldspar porphyry dykes {(width exaggerated 2x)

E:] Hornfels

MISSISSIPPIAN AND(?) LATER: /mperial Formation
Bioturbated, cross laminated silty mudstone and muddy siltstone
Bioturbated mudstone, shale, siltstone, flat pebble conglomerate
and minor tuffaceous shaie

UPPER DEVONIAN: Canol Formation

Black pyritic shale; minor black siliceous mudstone, calcarenite
turbidites ond black fetid limestone

E Stratiform barite -lead-zinc-silver mineralization (extrapolated to
surface from diomond drill records)

Pyritic shadle, siltstone, pebbly mudstone, intraformational
conglomerate, slump deposits and turbidites

Massive chert pebble conglomerate debris fiow and turbidites

E Siltstones and shales {turbidites}, minor lensoid chert pebble
conglomerate debris flows near the top

TO ACCOMPANY YUKON GECLOGICAL REPGRT (, #NDIAN AFFAIRS AND NORTHERN DEVELOPMENT
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See Figure 11 for

legend  ang descriptions of minerafization
and Stratigraphy,

- Figure 13: Successive mineralizing
events, Tom West Zone
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Stratigraphy Minerali yr
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Finely laminated black cherty argillite, pyrite Finely laminated black cherty argillite, pyrite, y
agu g w . ' 2 C . ] ] .
3b_| siliceous, pyritic black shale | G sphalerite and galeng barite, spholerite and galena ][ Underground diamond
- . ) . . : inG ar A drill hole
3a | Pyritic siltstone and shale F Finely laminated barite, sphalerite and galena g | Finely lominated black cherty argillite, pyrite, _ _
sphalerite and galena Lithological contact
Chert pebble conglomerate ond Finely lominated witherite, barite, sphalerite Massive, poorly lominated galena, sphalerite, extrapolated to plane
2 B E . ’ J A . AN : ' O of section from surface
turbidites galena and pyrite pyrite, siderite, barite, chalcopyrite and quartz diomond drill hole
. ' . e g o, : . Vein, di i i i i
Limit of pervasive silicification and D Finely laminated barite, galena and sphalerite m en, disseminated and breccia matrix pyrite, quartz,

pyritization of footwall and
hanging wall rocks

Figure Ii: Structurally restored, true stratigraphic section of the Tom West Zone (south half).

siderite, sphalerite, galena, chalcopyrite and minor
barite, tetrahedrite, chalcocite, bournonite, boulangerite

and/or calteration seen

I Epigenetic mineralization
in diamond drill core
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