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INTRODUCTION

Orogenic gold accounted for 45% of British Columbia's his-
toric lode gold production up to 2002 (Schroeter, 2003), and
the vast majority of the province's >5 Moz historic placer
production is ultimately linked to orogenic gold in bedrock
sources. Reinvigorated greenfields and brownfields explo-
ration activity in the Wells-Barkerville mining camp of the
Cariboo gold district (Barkerville Gold Mines Ltd., 2017)
emphasizes the ongoing and potential future economic
importance of orogenic gold in British Columbia. However,
successful exploration for orogenic gold deposits can be
technically challenging, owing to structural complexities
and inconsistent grade distributions typical of this deposit
class.

Orogenic gold deposits in British Columbia preferentially
occur in two main tectonic settings. The Bralorne-Pioneer
mining camp (Hart and Goldfarb, 2017) is associated with
Late Cretaceous to Paleocene movement on crustal-scale
dextral strike-slip fault systems along the western mar-
gin of Stikine terrane near the eastern Coast Belt. These
formed contemporaneously with oblique collision of the
Pacific plate with the North American margin — a setting
comparable to the Juneau mining camp on the western
Coast Belt margin in southeast Alaska (Fig. 1). A second
belt of orogenic gold deposits is crudely cospatial with the
Jurassic to Cretaceous collisional suture between the ac-
creted Intermontane Terranes and autochthonous strata
of the ancient North American margin. This eastern belt
includes the Cariboo gold district and Sheep Creek gold
camp, which are hosted in autochthonous North American
strata of the Kootenay terrane, and the Cassiar gold district,
which is hosted in ophiolitic rocks of the Slide Mountain
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terrane in the Sylvester Allochthon (Fig. 1). The structural
architecture of each camp in this eastern belt is dominated
by shallowly-dipping thrust faults, in the apparent absence
of the steep, crustally significant shear zones that charac-
terize Bralorne-Pioneer, Juneau, the Mother Lode belt of
California, and examples of Archaean orogenic gold depos-
its, such as those in the Abitibi belt of Canada's Superior
Province, and in the Eastern Goldfields of the Yilgarn craton
of Western Australia (e.g., Groves et al., 2003).

This study determines the structural relationship of British
Columbia's ‘eastern Cordilleran gold belt' to Cordilleran de-
formation, and establishes new structural frameworks that
differ from those documented in the economic geology lit-
erature. Three objectives are evaluated:

1. Camp-scale field studies focussing on geomet-
ric and kinematic relationships between ore zones,
veins, and host rock structures;

2. New “°Ar/**Ar geochronological data that constrain
the timing of metamorphism, deformation, and hy-
drothermal alteration;

3. New U-Pb geochronological data on igneous intru-
sions spatially related to mineralization.

Models of deformation and ore formation build on several
previous studies, and leverage information from previous
Geoscience BC initiatives in the Cariboo (Rhys et al., 2009;
Mortensen et al., 2011; Chapman and Mortensen, 2016) and
southern Kootenay regions (Webster and Pattison, 2014;
Webster, 2016).



For each of the Cariboo, Cassiar, and Sheep Creek study
areas, the geology, structure, and geochronological frame-
work is reported, followed by a comparative synthesis that
emphasizes regional ore controls. Appendix materials in-
clude: analytical methodology for “°Ar/*°Ar analysis (Ap-
pendix 1), “°Ar/*°Ar results (Appendix 2), and U-Pb results
(Appendix 3). Supplementary digital materials include: field
station locations, descriptions and locations of rock sam-
ples, sample photographs, thin section scans, oriented field

photographs with locations, and attributed GIS shapefiles
for the 1953 geological map of the Sheep Creek gold camp
by W.H. Mathews.

Structural data, waypoints, oriented photographs, and field
notes were recorded on an iPad with FieldMove™ software
by Midland Valley Exploration Ltd. Digital structural data
were compared routinely with analog compass measure-
ments to ensure accuracy.
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Figure 1. Terranes of the northestern Cordillera, showing the location of significant orogenic gold districts.
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Cariboo Gold District

The Cariboo gold district in east-central B.C. is famous for
its more than 150-year history of gold discovery and pro-
duction, which includes up to 3.0 Moz of gold from alluvial
sources (Levson and Giles, 1993), and 1.2 Moz ounces from
lode deposits. The majority of gold production came from
the Wells-Barkerville camp, but the district includes the nu-
merous placer-producing creeks and bedrock gold occur-
rences of the surrounding region (Fig. 2).

REGIONAL GEOLOGY

The Cariboo gold district is underlain by peri-cratonic
Barkerville subterrane metasiliciclastic rocks and less-
er carbonate and volcanic rocks of the Snowshoe Group,
which represents the distal margin of ancestral North
America (Fig. 2). The stratigraphic interpretation of the
Barkerville subterrane, and its relationship to the adjacent
Cariboo subterrane, has undergone numerous iterations
since its original definition by Bowman (1889). The Barker-
ville subterrane is separated from the Cariboo subterrane
to the east by the west-verging Pleasant Valley thrust, with
the Snowshoe Group representing more distal, continental
shelf and slope clastic facies, and marine sediments of the
Cariboo subterrane representing more proximal shelf fa-
cies carbonates (Fig. 2). In the absence of well-constrained
fossil or radiometric age control in the Snowshoe Group,
stratigraphic relationships of the Barkerville subterrane to
the better constrained Cariboo subterrane suggest it spans
the late Proterozoic to Lower Paleozoic. It has also been
long recognized that both the Barkerville subterrane shares
direct tectono-stratigraphic tie to the Kootenay terrane in
southeastern B.C. (Monger and Berg, 1984; Struik, 1986;
Ferri and Schiarizza, 2006).

Regional mapping by Struik (1981, 1982a, 1982b, 19833,
1983b) resulted in refinements to the internal stratigraphy
of the Snowshoe Group. The stratigraphy was further re-
interpreted and simplified by Ferri and co-workers (Ferri,
2001; Ferri and O'Brien, 2002, 2003; Ferri and Schiarizza,
2006), in recognition of a regional map patterns governed
by a major second-phase nappe with an amplitude of ~25
km, giving rise to repetitions of the same sedimentary se-
quences across regional strike (Fig. 3).

The Barkerville subterrane is separated from Quesnel ter-
rane by the east-vergent Eureka thrust (Struik, 1988; Fig. 2).
In the hanging wall of the Eureka thrust, the Quesnel terrane
is dominated by Mesozoic arc volcanic and sedimentary
rocks of the Nicola Group, including the Middle to Upper
Triassic "black phyllite" unit, which comprises dominantly
fine-grained clastic and tuffaceous strata. Tectonic slices
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of variably sheared mafic to ultramafic rock of the Crooked
Amphibolite occur along the Kootenay-Quesnellia terrane
boundary (Fig. 2). The unit is assigned to the Late Paleozoic
Slide Mountain terrane.

Oceanic rocks of Slide Mountain terrane, including basalt,
gabbro, chert, and argillite of the Antler Formation, were
emplaced onto the Barkerville and Cariboo terranes along
the Pundata thrust (Struik, 1988; Fig. 2). Metasedimentary
rocks of the Snowshoe Group are also structurally overlain
by the Island Mountain amphibolite, exposed as a series
of klippen northwest of Wells (Fig. 2). The Island Mountain
amphibolite has been variably correlated with rocks of the
Snowshoe Group (Struik, 1988) and Slide Mountain terrane
(Ash, 2007).

Historically, previous workers paid particular attention to
the detailed stratigraphy and structure of the Snowshoe
Group in the Wells-Barkerville mining camp. However, for
the purpose of discussing regional deformation features,
the broad stratigraphic definition summarized by Ferri and
Schiarizza (2006) is used herein. This scheme subdivides
the Snowshoe Group into three main packages, which from
oldest to youngest are:

Downey succession (Late Proterozoic to Early Cambrian):
The Downey succession is dominated by green-grey mi-
caceous quartzite to feldspathic quartzite, phyllite, and
schist, with orthoquartzite (‘Keithley quartzite') occurring
near the top of the sequence. This succession includes the
previously defined Keithley, Kee Khan, Ramos, and Tregil-
lus successions defined by Struik (1988). The Downey suc-
cession includes alkaline mafic metavolcanic rocks, which
range from thin horizons of chloritic phyllite in the Wells-
Barkerville camp, to thick, regionally mappable exposures
of chlorite + actinolite phyllite and schist north of Cariboo
Lake (Mount Barker volcanics; Fig. 2).

Harvey's Ridge succession (Early Cambrian and younger):
The Harvey's Ridge succession is defined mainly by dark
grey to black carbonaceous and locally pyritic phyllite,
siltstone, quartzite with light grey quartzite to feldspathic
quartzite more abundant up-section. This succession in-
cludes carbonaceous phyllite of the previously defined
‘Hardscrabble Mountain succession' of Struik (1988), as
well as the '‘Agnes conglomerate’ in its upper part. The de-
tailed stratigraphy of the Hardscrabble Mountain succes-
sion is particularly relevant in the Wells-Barkerville camp
(Fig. 4), but is not described in detail here.
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Cenozoic layered rocks

undivided - various volcanic and sedimentary rocks

Post-accretionary plutonic rocks
undivided (Permian to Tertiary) — quartz porphyry

undivided (Cretaceous) — granite, alkali feldspar granite;
includes rocks of the Naver pluton (KNa)

undivided (Late Cretaceous to Paleogene) -
undifferentiated pegmatitic rocks

Ste. Marie plutonic suite (Middle Jurassic; 167-165 Ma)
- K-feldspar megacrystic hornblende quartz monzonite,
granodiorite and granite

Overlap assemblages

undivided (Lower to Middle Jurassic) - siltstone, shale,
greywacke, polymictic conglomerate; minor limestone
and andesite; locally includes Cretaceous conglomerate,
sandstone and carbonaceous shale

Quesnellia terrane

undivided (Middle to Upper Triassic) — volcanic and
sedimentary rocks of the NICOLA GROUP (muTrN/uTrN)

N
'}
n
=

e Creek terrane

undivided (Permian to Triassic) — phyllite, siliceous
phyllite, ribbon and massive chert, argillite, tuff, mafic
volcanic rocks, serpentinite, limestone, sandstone,
conglomerate

Slide Mountain terrane

SLIDE MOUNTAIN GROUP, Antler Formation
(Mississippian to Permian) - pillowed basalt, basalt
breccia, gabbro, diorite, argillite and chert; minor
serpentinite and ultramafic rocks

Crooked amphibolite (Carboniferous to Permian) -
serpentinite, sheared ultramafic rock, amphibolite, talc
schist

Paleozoic plutonic rocks
undivided (Mississippian) — diorite, diabase; minor
pegmatite

Quesnel Lake gneiss (Devonian to Mississippian) -
megacrystic granodiorite to granite augen orthogneiss

Northern Kootenay terrane (Barkerville subterrane)

SNOWSHOE GROUP (Neoproterozoic to Paleozoic)

Goose Peak succession (Paleozoic) - quartzite, phyllite,
PzSGP conglomerate

Bralco limestone (Paleozoic) - marble, schist, gneiss

Harvey’s Ridge succession (Paleozoic) - dark grey to
grey phyllite, schist, siltstone, quartzite; locally includes
marble and schistose metavolvanic rocks

Hardscrabble facies - black siltite, phyllite,
micaceous quartzite, limestone

o
N
[2)
ac
Py

PzSHMIs Hardscabble facies (limestone) - marble

Frank Peak / Badger Peak volcanic rocks — mafic
metavolcanic rocks: chlorite-actinolite schist
and fragmental schist; locally includes phyllite,
siltstone, quartzite
Downey succession (Neoproterozoic to Palezooic) -
uPrPzSD micaceous quartzite, quartzite, phyllite, schist, gneiss;
locally includes marble and amphibolite; includes
Ramos, Tregillus, Keithley, and Kee Khan successions

Downey succession (limestone) — marble; locally
includes calcareous phyllite, calcareous quartzite,
amphibolite

Mount Barker volcanic rocks - metavolcanic rocks:
chlorite-actinolite schist, amphibolite, mafic
metatuff; locally includes phyllite, quartzite, marble

Downey succession (undivided) - schist, gneiss,
uPrPzs schistose quartzite, phyllite, marble, amphibolite
and siltite; minor quartzite and quartzite-clast
conglomerate.

Tom succession (Neoproterozoic to Paleozoic) -
UPrPzSTM micaceous quartzite, phyllite, schist; possibly part of the
Downey succession

Island Mountain successsion (Neoproterozoic to
Paleozoic) - amphibolite; minor siliceous mylonite
Cassiar terrane (Cariboo subterrane)

BLACK STUART GROUP (Cambrian) - chert, limestone,
dolostone and derived conglomerate and breccia;
black shale, argillite, cherty argillite, quartzite, siltite and

slate; some pillow basalt, schistose caclareous
basaltic tuff and volcaniclstics

GOG GROUP (Lower Cambrian ) - includes interbedded
ICmG quartz arenite, sandy dolomite, limestone and shale of
the Mural Formation (ICmGMu)

CARIBOO GROUP, undivided (Neoproterozoic to Lower
uPrc,Cmc Cambrian) - includes: limestone, slate, siltstone, argillite
of the Dome Creek Formation (CmCD); mudstone,
siltstone, shale fine clastic sedimentary rocks of the
Midas Formation (uPrCmCM); quartzite, quartz arenite
sedimentary rocks of the Yanks Peak Formation
(uPrCmCY); mudstone, siltstone, shale fine clastic
sedimentary rocks of the Yankee Belle Formation
(uPrCYa); limestone, marble, calcareous sedimentary
rocks of the Cunningham Formation (uPrCC);
mudstone, siltstone, shale fine clastic sedimentary rocks
of the Isaac Formation (uPrCl)

KAZA GROUP, undivided (Neoproterozoic) — Lower
uPrk Division comprising mudstone, siltstone, shale fine
clastic sedimentary rocks (uPrKLsf); Middle and Upper
Divisions comprising quartzite, quartz arenite
sedimentary rocks (uPrKM, uPrkU)

Figure 2 (cont'd). Geologic legend corresponding to the regional map in Figure 2.
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Figure 3. Simplified geologic cross-section through the Barkerville subterrane, showing the inferred nappe geometry (after Ferri and Schiarizza, 2006).

The Harvey's Ridge succession locally includes alkaline
mafic metavolcanic rocks, including a large exposure south
of Cariboo Lake (Frank Creek volcanics) associated with
the Big Gulp VMS occurrence (Fig. 2).The Harvey's Ridge
succession is in sharp contact with the underlying Downey
succession (Ferri and Schiarizza, 2006).

Goose Peak succession (Early Cambrian and younger): The
Goose Peak succession includes light grey to light green-
grey quartzite to feldspathic quartzite with interbedded
dark grey phyllite and siltstone. The Goose Peak succes-
sion is in apparent gradational contact with the underlying
Harvey's Ridge succession.

The Snowshoe Group is intruded locally by felsic to mafic
intrusive bodies, especially in the southern Cariboo Lake
area (Ferri and O'Brien, 2003; Fig. 2). These include Early
Mississippian granitic sills of the Quesnel Lake gneiss,
which is particularly deformed near the Eureka thrust (Ferri
and Schiarizza, 2006). Numerous bodies of Early Perm-
ian diorite to gabbro also occur, which may relate directly
to formation of the Slide Mountain oceanic basin west of
the ancestral North American margin (Ferri and Friedman,
2002; Ferri and O'Brien, 2002, 2003).

The deformation history of the Kootenay terrane (defined
here as including Barkerville and Cariboo subterranes) is
dominated by contractional deformation initiated by the
eastward obduction of Quesnellia along the Eureka thrust,
followed by southwest-vergent folding of this terrane

boundary and other early-formed structures. Peak meta-
morphic conditions associated with collision and tectonic
thickening reached greenschist to amphibolite facies, and
is dated in the Quesnel Lake area at 174 + 4 Ma on the basis
of a U-Pb age for metamorphic titanite (Mortensen et al.,
1987). The southwest-vergent folding event that coincided
with peak metamorphism is overprinted by a late to post-
metamorphic refolding event (Rees, 1987; Struik, 1988; Ferri
and O'Brien, 2002).

Rocks of the Snowshoe Group in the Cariboo Gold District
reached lower greenschist facies peak metamorphic condi-
tions in the Jurassic, as indicated by muscovite, albite, chlo-
rite, chloritoid, and carbonate bearing assemblages. Upper
greenschist conditions were reached locally, as defined by
biotite (Struik, 1988). Metamorphic grade increases along
regional strike both to the northwest and southeast, as
recognized in this study by quartz-muscovite-biotite-gar-
net-andalusite schist in the Ahbau Lake area, and quartz-
feldspar-biotite-garnet-pyrite schist east of Cariboo Lake
(Localities 88-89 and 38 respectively; Fig. 2).

Post-metamorphic lamprophyre dikes occur in the Cun-
ningham Creek area at the Silver Mine and Penny Creek
occurrences (Fig. 2). These dikes are massive and unde-
formed, and locally intrude pre-existing quartz-sulphide
veins, as evidenced by xenoliths of vein and foliated wall
rock clasts. The dikes in this area thus post-date all ductile
strain, metamorphism, vein formation, and mineralization.

Structural controls in BC's eastern Cordilleran gold belt



Distribution of lode gold mineralization, Wells-Barkerville mining camp, Cariboo Gold District, B.C.
(after Rhys and Ross, 2001; Brown, 2009)
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Figure 4. Geology and distribution of gold mineralization and mine workings in the Wells-Barkerville camp (after Rhys and Ross, 2001; Brown, 2009).

ECONOMIC GEOLOGY along with minor galena, sphalerite, chalcopyrite, pyrrhotite,
and scheelite. Cosalite (Pb,Bi,S,) and galenobismutite (Pb-
The majority of documented lode gold deposits in the Cari-  Bi,S,) are common and distinctive accessory minerals in
boo gold district occur in a northwest-trending belt hosted ~ the Wells-Barkerville camp (Warren, 1936; Skerl, 1948), and
by Downey succession rocks along the eastern margin of ~arsenopyrite has also been reported in textural associa-
the Barkerville subterrane (Figs. 2, 4). This belt extends tion with gold in this area (Chapman and Mortensen, 2016).
from the Island Mountain area west of the town of Wells, to ~ Vein-hosted mineralization dominated the 621 koz of un-
the Cunningham Creek area north of Cariboo Lake (Fig. 2). derground gold production from the Cariboo Gold Quartz
Clusters of gold mineralization also occur in the central part  Mine at Cow Mountain, and is of economic interest at Is-
of the Barkerville subterrane, including veins of the past- 1and Mountain, where previous mining activities primarily
producing Midas mine (BC MINFILE 093A 035) in the Yank's  targeted replacement-style ore (Barkerville Gold Mines Ltd.,
Peak area (Fig. 2). The most significant lode producers in  2017; Fig. 4). Replacement-style ore is also pyrite-dom-
the district are summarized in Table 1. inant, with accessory galena, sphalerite, and scheelite on
the margins of ore bodies (Skerl, 1948). A detailed miner-
Gold mineralization in the Cariboo district is mostly in alogical investigation of lode and placer gold grains in the
quartz-carbonate-pyrite veins that cross-cut ductile fabrics ~ district by Chapman and Mortensen (2016) indicates a Ag
of the metasedimentary host rocks (Fig. 4). Approximately ~content of gold alloy in the range of 3 — 30%.
one-third of historic production was from pyritic replace- )
ment-style ore, occurring as elongate, manto-like bodies of Numerous examples of sediment-hosted Cu-Zn + Pb-Ag-
generally massive, fine-grained pyrite with quartz-carbon- AU OF Pb-Zn + Ba mlneral_lzatlon occur in marine sedimen-
ate gangue (Ray et al., 2001). Replacement-style ore is typi-  tary roclfs of the Bark.erwlle and Cariboo subterranes, es-
cal of the Island Mountain area, and of the Bonanza Ledge Pecially in a belt that is crudely defined by, and straddling,
zone, Barkerville Mountain (Fig. 4). the trace of the Pleasant Valley thrust (Fig. 2). Examples
of volcanogenic massive sulphide (VMS) style mineraliza-
Auriferous veins in the Wells-Barkerville camp are domi- tion include the Big Gulp (BC MINFILE 093A 143), Ace (BC
nated by quartz and ferroan carbonate as the main gangue ~MINFILE 093A 142), and Mae (BC MINFILE 093A 083) Cu-Zn
minerals, and by pyrite as the predominant sulphide mineral, * Pb-Au-Ag occurrences, all of which occur in phyllite or
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Table 1: Lode gold production and resources, Cariboo gold district

Area / Deposit(s) Mineralization style | Historic Lode Production Resources
Cow Mountain vein 621 koz (1.68 Mt @ 11.5 g/t) (1933- 42kt @9.3g/t+53kt @ 12.7 g/t (Re-
(Cariboo Gold Quartz Mine) 1959)" serves)'

Barkerville Mountain
(Bonanza Ledge, B.C. vein)

replacement and vein

13.0 koz (64.3 kt @ 6.3 g/1)
(2014-2015)!

Meas: 64.4 koz @ 8.07 g/t
Ind: 94.4 koz @ 6.72 g/t
Inf: 18.6 koz @ 5.34 g/t

Island Mountain
(Aurum, Mosquito Creek)

replacement > vein

Aurum: 604 koz @ 14 g/t (1934-1967)?
Mosquito Creek: 35 koz @ 11.7 g/t
(1980-1987)"

Cariboo Hudson
(Hudson vein, Shasta vein,

vein > replacement

Hudson: 6.2 koz @ 14.9 g/t®

Shasta: 11.5 koz @ 11.2 g/t®

1. Brousseau et al., 2017

2. Barkerville Gold Mines Ltd., 2017 [http://barkervillegold.com/projects, accessed Oct 1, 2017]

3. BC MINFILE 093A

calc-silicate rocks of the Downey succession of the Barker-
ville subterrane (Fig. 2). Better known as host the numerous
gold deposits of the Wells-Barkerville camp, the Downey
succession was emphasized by HOy and Ferri (1998) for its
potential to host Besschi-type VMS mineralization.

Sediment-hosted and potentially exhalative Pb-Zn mineral-
ization includes the Vic Pb-Zn-barite occurrence (BC MIN-
FILE 093A 070) and showings of the Cunningham Creek
area (Fig. 2). The several conformable Pb-Zn and barite
showings of the Cunningham Creek area (Fig. 2) are hosted
in dark grey, carbonaceous pelite of the Hardscrabble fa-
cies of the Harvey's Ridge succession (Hoy and Ferri, 1998).
This area also includes vein-hosted Ag-Pb-Zn-Cu-W-Sb +
Au mineralization of the past-producing ‘Silver Mine' (BC
MINFILE 093A 090), which was evaluated for structural
comparison with Au-dominant veins of the Wells-Barker-
ville camp (Gavin, 2017; Fig. 2).

STRUCTURAL GEOLOGY

Structural observations and measurements were made
along Highway 26 connecting Quesnel and Barkerville,
along networks of forestry service roads, and in mine work-
ings and diamond drill core in the Wells-Barkerville camp
(Fig. 2). In general, the strain history interpreted from field
observations in this study are consistent with those de-
tailed by previous workers in the region (e.g., Sutherland
Brown, 1957, Struik, 1988; Rhys and Ross, 2001; Rhys et al.,
2009). Furthermore, field observations and measurements
are consistent with the interpretation that the Snowshoe
Group is deformed into a major southwest-vergent recum-
bent nappe, with a second-order fold represented by the
Lightning Creek antiform (Ferri and Schiarizza, 2006; Figs.
2-3). In this interpretation, the Downey succession forms
the core of the early, first-order anticline. The axial trace of
the first-phase recumbent fold is defined east of the Wells-
Barkerville camp by structural repetition of the Hardscrab-
ble Mountain facies of the Harvey's Ridge succession on
either side of the Downey succession (Figs. 2-3). The east-

ern limb of this first-phase fold is stratigraphically right way
up, whereas the western limb is overturned in the Wells-
Barkerville mining camp (e.g., Benedict, 1945; Skerl, 1948).

In the interpretation of Ferri and Schiarizza (2006), a struc-
tural repetition of the Downey succession is observed on
either limb of an open, regional-scale, second-order fold
defined by the Lightning Creek antiform (Fig. 3). The out-
come of the second phase of folding is to expose the strati-
graphically youngest Goose Peak succession in the core of
the Lightning Creek antiform.

Ductile deformation

Snowshoe Group rocks in the Barkerville subterrane have
undergone a protracted period of ductile deformation, re-
corded by early bedding-parallel foliation and shear fabrics,
which are overprinted by folding, cleavage formation, and
faulting (Struik, 1988). For clarity, the ductile structural his-
tory evolution of Snowshoe Group rocks is defined here by
four main phases of ductile deformation. However, strain
features are interpreted in the context of progressive strain,
as opposed to a series of discrete, overprinting deforma-
tional events. This viewpoint is similar to that of Struik
(1988), who emphasized the importance of the strain en-
vironment over the superposition of particular structural
elements. Special emphasis was placed in this study on
the kinematic and geometric relationships of semi-brittle
to brittle features (veins, shears, joints, faults) with ductile
features, such that mineralization and alteration could be
interpreted in the context of a regional deformation model.

Bedding

Bedding (S,) is recognized in Snowshoe Group rocks at out-
crop scale by compositional layering in metasedimentary
and metavolcanic rocks, which locally preserves excellent
stratigraphic way-up indicators in the form of graded bed
sets (Fig. 5a). Generally however, the younging direction
of beds is difficult to define, as bedding is typically highly
transposed and disrupted by shear, flow, folding, and boudi-
nage.

Structural controls in BC's eastern Cordilleran gold belt
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Figure 5. (a) Graded bedding in weakly calcareous psammite to semipelite, showing an upward younging direction (Locality 42). (b) Rare recumbent F,
fold closures in semipelite, highlighted by ferroan carbonate laminae. In the general case where fold hinges are not observed, the S, fabric is defined by
a bedding-parallel transposition fabric (Locality 99). (c) Spaced S, cleavage in impure marble (Locality 61). (d) Preferential formation of the S, cleavage
fabric in thin semipelitic layers (Locality 42). (e) Prominent rodding in outcrop of psammite and semipelite of the Downey succession (Locality 44). (f)
Penetrative L, lineation in gritstone defined by stretched quartz grains (Locality 8).
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D

All] early, penetrative, bedding-parallel fabric (S,) is ex-
pressed in most rocks of the Snowshoe Group, except local-
ly within the Downey succession (specifically in the ‘Ramos
succession' of Struik, 1988). This D, phase of deformation
has been attributed by previous workers to relate to thrust
emplacement of Mesozoic Nicola Group onto Barkerville
subterrane along the Eureka thrust, with initiation of nappe-
style folds (Struik, 1988). The S, fabric is defined primar-
ily by muscovite, and where original bedding features are
observed (e.g., lithological contacts, graded bedding), the
fabric is a composite S /S, fabric. Elsewhere the S, fabric
is defined by rootless, recumbent isoclinal folds that likely
formed as the result of bedding-parallel shear (Struik, 1988;
Fig. 5b). In thicker, homogeneous rock sequences, where
the earliest ductile fabric has an undefined relationship
to bedding, the dominant fabric is generally assumed to
be equivalent to S,, although in some cases this S, fabric
is further transposed by overprinting fabrics. Transposed
bedding generally dips northeast or southwest, consistent
with the regional northwest strike of the Barkerville subter-
rane (Fig. 6).

The reasonable maximum age of D, deformation is likely
Late Triassic, as constrained by the age of Quesnellia rocks
obducted onto Kootenay terrane. A reasonable minimum
age of D, deformation is given by the 167 + 2 Ma zircon
age of Ste. Marie pluton located at the northern end of the
Barkerville subterrane, which pierces the Eureka thrust
(Struik et al., 1992).

bedding-parallel cleavage (S0/S1)
n=324

cleavage (S2)
n=175

calculated

F2 fold axis
n=16

Struik (1988) and Rees and Ferri (1983) observed mylonitic
fabrics developed in Snowshoe Group rocks in close prox-
imity to the Eureka thrust, and to exposures of Crooked
amphibolite and Island Mountain amphibolite (Fig. 2). It
was suggested that mylonite represents zones of highest
ductile strain during thrust imbrication of these tectonic el-
ements, and therefore, is coincident with D, deformation.
To date, the sense of shear has not been determined for
these rocks, though Rees and Ferri (1983) suggested that
Crooked amphibolite was thrust east over the Snowshoe
Group, as determined from rotated feldspar megacrysts
and shear fabrics in Quesnel Lake orthogneiss.

D

Tl21e bedding-parallel cleavage (S,) is folded by moderately
to steeply dipping, northwest-trending, southwest-vergent
F, folds and overprinted, especially in pelitic rocks, by an
axial planar crenulation cleavage fabric, S, (Figs. 5c, 6). F,
folds are highly variable in geometry, ranging from open
folds in more competent psammitic layers to tight to iso-
clinal folds in the less competent pelitic layers (Fig. 5d). In
pelitic layers, the limbs of F, folds are highly attenuated and
exhibit a composite S,/S transposition fabric. The S, fabric
is defined primarily by muscovite and locally by biotite, and
coincides with peak metamorphic conditions in the district
(Struik, 1988). The S, cleavage fabric is locally dominant in
pelitic layers, and is expressed as a weak, widely spaced
cleavage in more competent psammitic to quartzitic units.

cleavage (S3)
n=15

cleavage (S4)
n=26

F4 fold axis
n=22

F3 fold axis / crenulation
n=8

Figure 6. Ductile structural elements of the Cariboo gold district, plotted as equal area lower-hemisphere stereonet projections (poles to planar data).
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A penetrative mineral stretching lineation coincides with
the lineation defined by the intersection of S, and S, fab-
rics. This structural element is prominent throughout the
district, and plunges gently to the northwest or southeast
(Figs. 5e-f, 6). Most rocks of the Snowshoe Group are L-S
tectonites, with the lineation typically defined by prolate ag-
gregates of quartz, but also by elongated porphyroblastic
phases such as pyrite and carbonate (Fig. 7a). L-tectonites
are locally well developed, indicative of ductile attenuation
in the direction of the stretching lineation under constric-
tional strain conditions.

Generally, the L, direction is locally consistent, but var-
ies significantly both along and across strike (Figs. 6, 8).
The L, lineation is consistently northwest-plunging in the
Wells-Barkerville camp (domain C, Fig. 8) but along strike

-

to the southeast, plunges southeast in the Antler Creek area
(domain D) and again to the northwest in the Cunningham
Creek area (domain E). The regional structural plunge is
therefore interpreted to porpoise with a wavelength of ~20
km in the eastern part of the Barkerville subterrane. Across
strike variations are especially notable west of Jack of Clubs
Lake, where the northwest structural plunge of the Wells-
Barkerville district (domain C) flips to the southeast within
rock dominantly of the Harvey's Ridge succession (domain
B). Further west, the strike of the L, lineation swings to-
ward the west-northwest in accordance with the regional
structural grain, and plunges west-northwest (domain A).
This structural domain spans across the Eureka thrust and
includes conglomerate and siltstone of Quesnellia terrane
(Fig. 7b, 8).

Figure 7. (a) Contact between carbonaceous psammite (right) and pelite (left), showing intense partitioning of ductile strain in the pelitic layer. The pelitic
layer exhibits a penetrative L, lineation nearly parallel with the cut surface, as defined by stretched quartz ribbons and pyrite aggregates. (b) Foliated and
weakly lineated polymictic Wingdam conglomerate of the Quesnellia terrane (Locality 31). (c) Carbonaceous pelite showing both a prominent L, lineation
(defined by F, fold hinges and parallel stretching / intersection lineation) and a weak, locally developed crenulation (L,) (Locality 10).
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Figure 8. Regional variations in the L, lineation, showing both along-strike and across-strike variations. Insets are lower-hemisphere equal area stere-

onets of L, measurements. Geologic legend same as Figure 2.

D

Aﬁ additional, steep and northwest-trending crenulation
cleavage (S,) has been described locally in the Cariboo dis-
trict (e.g., Struik, 1988; Rhys and Ross, 2001; Ferri and Schi-
arizza, 2006; Fig. 6). This crenulation cleavage is typically
absent from more competent lithologies such as psammite
and quartzite, but is expressed locally in pelitic rocks (Fig.
7¢). Rhys and Ross (2001) noted that in the Wells-Barker-
ville area, the subhorizontal L3 crenulation lineation is typi-
cally rotated 5-40° anticlockwise of the more prominent
L, lineation. The S, fabric has been interpreted to relate to
broad-scale refolding of the regional nappe along the Light-
ning Creek antiform (Struik, 1988; Rhys and Ross, 2001; Fig.
2).

12

Chevron folds

A semi-brittle set of chevrons folds locally deform the pre-
existing metamorphic fabric (either S, or S,) of metasedi-
mentary rocks of the Snowshoe Group. These folds have
wavelengths of 10-20 cm and inter-limb angles of ap-
proximately 90°. Chevron folds generally have northeast-
trending axial planes and subvertical fold axes (Fig. 6).
These folds are particularly well expressed in the magne-
tite-bearing chlorite-muscovite schist unit exposed in the
hanging wall of the B.C. vein in the Bonanza Ledge open
pit at Barkerville Mountain (Rainbow 4 subunit of the Hard-
scrabble Mountain succession, Figs. 4, 9a). The relation-
ship of these chevron folds relative to D, features was not
observed, so the timing of chevron folds is currently only
constrained as post-D, (Fig. 9b). The timing of chevron fold
development relative to veins, alteration, and mineralization
is discussed further below.

Structural controls in BC's eastern Cordilleran gold belt



Figure 9. (a) Chlorite-muscovite phyllite affected by sericite-ferroan carbonate alteration (brown weathering zones) and chevron folding of the prominent
S, transposition fabric (Bonanza Ledge). (b) calcareous semipelite affected by at least three phases of ductile deformation, including formation of the
main S, fabric, formation of the S, crenulation cleavage and L, crenulation axis, and nearly orthogonal F, refolding at a late stage (Locality 49).

Mylonite

Mylonitic rocks are exposed in outcrop along the Ketcham
Creek FSR approximately 22 km northwest of Wells (Locali-
ties 95-96 and 101; Fig. 2). These rocks are in the immedi-
ate footwall of the Pundata thrust, which emplaces mafic
oceanic rock of the Antler Formation (Slide Mountain ter-
rane) onto siliciclastic rocks of the Snowshoe Group. My-
lonite is also observed in float elsewhere along the mapped
trace of the Pundata thrust, in contrast to the characteriza-
tion of Struik (1987) that the Pundata thrust was demarcat-
ed mainly of fault breccia. The mylonite at Locality 95-96 is
dominated by quartz, feldspar, and muscovite, and is likely
psammite of the Snowshoe Group. The mylonitic foliation
is moderately north-northwest-dipping, and a penetrative
mylonitic lineation plunges 47° toward 347°N. A consistent
top-to-the-noth-northwest shear sense is obtained from
o-type mantled quartz porphyroclasts and asymmetric
boudinage of feldspar porphyroclasts (Fig. 10). This shear
sense suggests that last ductile movement on the Pundata
thrust at this locality was subparallel to the regional strike,
such that Slide Mountain terrane was moving north-north-
westward in an orogen-parallel fashion.

If mylonitization at this locality is correlative with forma-
tion of S, bedding cleavage elsewhere in the Snowshoe
Group as suggested by Struik (1988), then initial collision
and imbrication of Slide Mountain terrane onto Barkerville
subterrane would have been highly oblique to the margin of
ancient North America. This interpretation, however, would
require that mylonite at the base of the Pundata thrust es-
caped overprinting D,-related penetrative bulk strain, and
particular the formation of a northwest-trending S, cleav-
age fabric. In the absence of dating studies on the forma-
tion of mylonitic fabric here, it remains possible that my-
lonitic fabrics associated with movement on the Pundata
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thrust are later, potentially D -related features. The tectonic
setting of these mylonites is explored further below.

Faults

The Eureka thrust defines the western limit of the Barkerville
subterrane, and accommodates obduction of the Quesnel-
lia terrane onto the margin of ancestral North America (Fig.
2). An early origin of the Eureka thrust is emphasized by
the occurrence of the same penetrative ductile strain fea-
tures on either side of the fault. For example, the Wingdam
conglomerate of the Quesnellia terrane occurs in the im-
mediate footwall of the Eureka thrust, and is exposed in a
roadcut along Highway 26 (Locality 31; Figs. 2, 7b). Poly-
mictic conglomerate, gritstone, and sandstone at this loca-
tion have a steeply north-northeast-dipping, penetrative S,
fabric parallel to bedding, which mimics the regional strike
at that location. Rocks are overprinted by a weak and locally
developed, subvertical, west to west-northwest-trending
S, fabric. A penetrative stretching lineation (L,) defined by
elongate pebbles and quartz aggregates plunges shallowly
to the west-northwest (Fig. 8). Widely spaced extensional
quartz veins, typically less than 1 cm-wide, occur sub-per-
pendicular to the stretching lineation — a pervasive feature
of Snowshoe Group in the Cariboo Gold District (see below).
The structural elements present at Wingdam are identical
to those developed throughout Snowshoe Group rocks in
the Barkerville subterrane, so it is reasonable to assert that
the Eureka thrust itself was involved in the same progres-
sive deformation history (Fig. 3).

Several west-verging thrust faults, including the Pleasant
Valley thrust, are mapped in the eastern part of the Barker-
ville subterrane and accommodate northeast-southwest
shortening (Struik, 1988; Fig. 2). The timing of the Pleasant
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Figure 10. (a) Siliciclastic mylonite associated with the Pundata thrust
(Sample MA16-CB25, Locality 95/96). (b) Plane-polarized microphoto-
graph of same sample showing c-type mantled quartz porphyroclasts.
Stepping direction of porphyroclast mantles indicates top-to-the-left
(top-to-347°N) shear sense (Sample MA16-CB25). (c) Asymmetric boudi-
nage of a feldspar porphyroclast in MA16-CB25, which indicates the same
top-to-347°N shear sense (Sample MA16-CB25). Cross-polarized micro-
photograph.
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Valley thrust is uncertain, but it was suggested by Ferri and
Schiarizza (2006) that it could be closely related in timing
and geometry to the post-nappe Pundata thrust and other
thrusts northwest of Wells that emplace klippen of Slide
Mountain terrane, Island Mountain amphibolite, and Tom
Formation on top of the Snowshoe Group (Fig. 2).

The Cariboo district is transected by a set of steep, north
to north-northeast-trending faults, including the Antler
Creek fault (Fig. 2) and the Lowhee fault (Fig. 4). In map
view, these faults have apparent dextral offsets of approxi-
mately 2-3 km and 700 m respectively, but some of the ap-
parent horizontal offset on faults of this generation may
be explained by a component of down-to-the-east normal
movement. Carbonaceous clay gouge and strongly cleaved
wall rock along the Lowhee fault reveal a steep easterly dip
to the structure, and gouge fabrics indicate dextral strike-
slip movement. Relict shear fabrics in gouge of the Lowhee
fault indicate an earlier, semi-brittle to ductile character to
the fault, suggesting that the structure may have initiated
during the later stages of ductile deformation. The Antler
Creek fault offsets both the Pleasant Valley thrust and Pun-
data thrust (Fig. 2), indicating that movement is primarily
late and post-dates the collision-related thrust architecture
of the region.

Steeply dipping, northeast-trending AC-joints are oriented
sub-perpendicular to the penetrative L, lineation, and these
occur in all lithologies. Joint spacing is highly variable, but
is generally denser in argillaceous units and more widely
spaced in quartzite, psammite, or limestone units. These
joints control the orientation of variably mineralized exten-
sional veins (see below). Locally, AC-joint sets have been
reactivated as steep, brittle fault features, presumably ex-
ploiting zones of pre-existing weakness (Fig. 11a).

Veins

Three main groups of veins have been recognized through
mining and mapping activities in the Cariboo district: ‘trans-
verse veins' (extensional veins), ‘diagonal veins' (shear
veins), and ‘strike veins' (fault-fill veins). The orientations
and kinematics of these veins are essential to understand-
ing the structural evolution and metallogenesis of the Cari-
boo gold district, and are described in greater detail here:

Extensional veins

Extensional veins are ubiquitously steeply dipping and
northeast-trending, and are sub-perpendicular to the
northwest-trending and shallowly plunging L, lineation
(Fig. 12). These veins are dominated by milky quartz and
orange-brown-weathering ferroan carbonate gangue, with
subordinate pyrite and muscovite (Figs. 11b-c). Locally, in
calcareous host rocks, extensional veins may be dominated
by carbonate (e.g., Locality 59; Fig. 2). Extensional veins are
highly variable in thickness, from millimetre to decimetre
scale, although centimetre-scale veins are the most typical.
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Figure 11. (a) Steep, north-trending fault zone with down-to-the-east movement. The fault zone coincides with a zone of high AC-joint and extensional
vein density, at a high angle to the prominent L, lineation (Locality 10). (b) Barren quartz-ferroan carbonate extensional vein cutting psammite at a
high angle to the penetrative L, lineation (approximately in the plane of the cut drill core surface). Note the fibrous habit of the vein margins. (c) Steep,
northeast-trending extensional quartz-ferroan carbonate vein, typical of the Cariboo gold district (Locality 42). (d) Lithological control on the width and
density of extensional veins (view to the northeast. Note a component of down-to-the-east movement indicated by the veinlet array in the centre of
the photograph (Locality 42). (e) Extensional quartz-carbonate-pyrite veinlet in which vein mineralogy coincides with heterogeneities in the wall rock
composition. Note the restriction of vein carbonate to the pale grey-green horizon on the left containing pale orange carbonate porphyroblasts, and the
restriction of pyrite to the vein section immediate adjacent to a lens of pyrite in the wall rock. (f) Ptygmatic folding of early extensional quartz veins by
overprinting D, deformation (Locality 10).
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Figure 12. Brittle structural elements of the Cariboo gold district, plotted as equal area lower-hemisphere stereonet projections (poles to planar data).

Extensional veins typically have limited strike and dip ex-
tent. Where hosted in heterogeneous psammite-semipelite-
pelite packages, veins are typically restricted to psammite,
or they diminish in thickness according to increasing mica
content (Fig. 11d). This observation suggests that in the
late, low-strain contraction deformation history of the
Snowshoe Group, bedding-parallel stretching of compe-
tent units was accommodated primarily by brittle failure
and formation of fracture-filling veins, whereas micaceous
units underwent ductile thinning even at the latest stages
of deformation.

Fibrous to columnar growth habits are common in exten-
sional veins, with grains oriented sub-perpendicular to vein
walls (Figs. 11b-c). Veins with this growth habit grew incre-
mentally by epitaxial growth of new vein material onto the
wall rock substrate, as recognized by optical continuity of
adjacent vein and wall rock grains when observed petro-
graphically. The mineralogy of the veins is most commonly
inherited from the immediate wall rock, such that variations
in the quartz, carbonate, muscovite, and pyrite content of
fibrous veins may directly reflect grain-scale compositional
heterogeneities in the host rock (Fig. 11e). Larger exten-
sional veins may have fibrous or columnar margins, but are
typically dominated by massive quartz. These veins may
have vuggy interiors defined by inward growth of prismatic
quartz crystals, indicative of vein growth into open space
as dictated by high rates of dilation relative to fluid and/or
silica supply.

Though many extensional veins in the Snowshoe Group are
undeformed and represent the latest stage of brittle defor-
mation, others are overprinted by deformation. Ptygmati-
cally folded extensional veins are common, and indicate
progressive ductile tightening of mesoscopic folds that lo-
cally underwent brittle failure and veining at an early stage
of deformation (Fig. 11f). More typically, sigmoidal vein ar-
rays represent en echelon arrays of extensional veins that
were deformed by ductile, semi-brittle, or brittle shear in
the plane of the array (Fig. 13a). Mutually cross-cutting or
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joining shear and extensional features indicate that overall,
however, they are kinematically linked (Figs. 13-14).

Extensional veins are commonly pyrite-bearing and may
contain gold mineralization. In the underground workings
of the Wells-Barkerville camp, extensional veins were his-
torically overlooked in most cases in favour of higher-grade
shear veins or replacement-style ore. However, these repre-
sent an attractive additional target for future underground
development (Barkerville Gold Mines Ltd., 2017).

Shear veins

Veins and vein arrays dominated by strike-slip or oblique-
slip movement (shear veins) occur in two main orientations
in the Cariboo district: (1) a north-northwest to north-north-
east striking set dominated by dextral shear sense and a
component of down-to-the-east normal displacement; (2)
an approximately east-southeast striking set dominated
by sinistral shear sense (Figs. 12, 14). Shear veins of ei-
ther orientation are commonly flanked by, or terminate as,
en echelon vein arrays with extensional vein tips oriented
approximately northeast. Shear sense is typically given by
the sense of rotation of S, S,, or L, fabrics, or of previously
formed extensional veins (Fig. 13a).

Shear veins typically have complex internal textures that
indicate multiple phases of vein mineral growth and defor-
mation (Fig. 13c). However, they are typically dominated by
massive, bull quartz (Fig. 13b, d) and may contain sheared
wall rock or vein fragments. Shear veins are commonly min-
eralized, are typically higher grade than extensional veins,
and comprise an important part of historic underground
gold production in the Wells-Barkerville camp. Field ob-
servations of north-strike dextral faults containing quartz
vein fragments in gouge, and with adjacent zones of ser-
icite-carbonate alteration, indicates that some shear veins
evolved into larger displacement strike-slip or oblique-slip
faults (Fig. 14).

Structural controls in BC's eastern Cordilleran gold belt



Figure 13. Semi-brittle to brittle shear features of the Cariboo gold district. (a) Sigmoidal vein array in which an en echelon array of extensional quartz
veinlets has been overprinted by an inner zone of mainly ductile sinistral shear (Locality 42). (b) Shear band cutting a previously formed, extensional
quartz-ferroan carbonate vein, Cariboo Gold Quartz mine (from Rhys et al., 2009). (c) North-trending pyritic shear vein with well-developed internal shear
fabrics and external rotation of host rock foliation (Locality 80). Dextral shear sense. (d) Pyritic shear vein flanked by an extensional vein array, Cariboo
Gold Quartz mine, 1200 level, view up at the back (from Rhys and Ross, 2001). (e) Multiple vein generations, including early barren veins transposed
into the S, foliation (top right), intermediate-aged veins that are ptygmatically folded (left), and a late, pyritic shear vein with flanking extensional veins
(middle). View to south, Cariboo Gold Quartz mine, 1200 level (from Rhys and Ross, 2011). (f) Calcareous pelite cut by north-northwest-trending, C' type
shear bands with dextral shear sense. These shear bands mimic the orientation and shear sense of shear veins and faults of more significant strike
length (Locality 99).
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Figure 14. Detailed geologic map of a metaturbidite exposure showing the kinematic relationships between north-east trending extensional veins, east-
northeast trending sinistral shear veins, and north to north-northeast trending dextral shear zones (Locality 42). The western shear zone is a fault with
brittle gouge, flanked by extensional veins (southwest corner of map), indicating that the fault likely originated as a dextral shear vein. Note the coinci-
dence of sericite-ferroan carbonate alteration with the dextral shear zones.
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‘Strike veins'

A small number of economically significant ‘strike veins' in
the Cariboo district share the same map trend as the region-
al stratigraphic fabric. A corridor of strike veins is present
in the Barkerville and Cow Mountain area, and includes the
B.C., Canusa, and Black Bull veins (Fig. 4). The largest and
most significant is the B.C. vein, which occupies the steep-
ly northeast-dipping B.C. fault in the Barkerville Mountain
area (Fig. 4). The fault system associated with the B.C. vein
is semi-conformable with a carbonaceous phyllite member
of the Hardscrabble Mountain succession (Fig. 4). The vein
is overlain in the hanging wall by a distinctive magnetite-
bearing muscovite-chlorite phyllite unit (Rainbow 4 sub-
unit), and underlain in the footwall by variably calcareous
metasiltstone that hosts replacement-style mineralization
in the Bonanza Ledge zone (Lowhee unit; Fig. 15a).

The B.C. vein is typically several metres thick but is boudi-
naged into several bodies along strike. The vein is inter-
nally deformed and faulted, as indicated by stylolites, shear
fabrics, cross-cutting seams of carbonaceous gouge, and
slickensided surfaces (Fig. 15b). Latest movement on the

B.C. vein structure was oblique reverse-dextral, as indicat-
ed by striated quartz surfaces, oblique cleavage and gouge
fabrics in drill core and outcrop (Rhys and Ross, 2001). The
B.C. vein is well mineralized in the Bonanza Ledge zone of
Barkerville Mountain, with grades commonly exceeding 10
g/t Au (Rhys and Ross, 2001). Mineralized portions of the
vein are characterized by breccia containing fragments of
early, barren vein material in relatively undeformed cement
of quartz and pyrite. Although the B.C. vein is spatially co-
incident with replacement-style mineralization at Bonanza
Ledge, Rhys and Ross (2001) argued that the B.C. vein is a
distinctly later structure that obliquely cuts pre to syn-D,
mineralization in the footwall.

The argentiferous quartz-sulphide vein exposed at Silver
Mine (Fig. 2) occupies a steep, north-northwest-trending
fault that separates black, carbonaceous phyllite to the
west from non-carbonaceous phyllite to the east. The vein
is also internally deformed and was interpreted on the basis
of its orientation and its relationship to extension and shear
veins in the area to be a fault-fill vein similar in structural
setting to the B.C. vein (Gavin, 2017).

Figure 15. (a) Trace of the B.C. vein through the Bonanza Ledge open pit (view to the northwest). (b) Brecciated portion of the B.C. vein, intersected by
sheared seams of carbonaceous pelite. (c) Sample of the B.C. vein cut by numerous carbonaceous stylolites (Sample MA16-CB9). (d) Sample of the B.C.
vein showing carbonaceous wallrock fragments in quartz cement (Sample MA16-CB6).
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Chevron fold-related veins

Extensional veins are locally coincident with the northeast-
trending axial planes of late, angular kinks and chevron
folds. In a few cases, veins occupy the outer hinge of chev-
ron folds as tensile accommodation features (Fig. 16a).
However, in the general case, through-going extensional
veins that parallel the axial planes of chevron folds are kine-
matically compatible with earlier, southwest directed (oro-
gen-normal) progressive D, deformation, rather than hav-
ing any temporal or kinematic relationship with the chevron
folds that formed by northwest-southeast (orogen-parallel)
shortening (Fig. 16b). An appropriate interpretation is that
pre-existing veins or vein margins represent mechanical
discontinuities on which the overprinting semi-brittle chev-
ron folds nucleate.

/\Lz

Figure 16. (a) Rare example of a D, fold-related vein. This fibrous quartz-
carbonate vein formed as an extensional accommodation feature during F,
folding perpendicular to the L, lineation. (b) F, kink fold superimposed on a
pre-existing extensional vein.
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Timing of mineralization and alteration

Most of the visible alteration in the Cariboo gold district
occurs as bleached zones of fracture-controlled or strati-
graphically controlled sericite-carbonate-pyrite + quartz
alteration that are chlorite and/or carbon-destructive (Fig.
17a). Alteration is typically associated with quartz + car-
bonate + sulphide veins, and extends symmetrically as vein
haloes into the wall rock a few centimetres away from nar-
row veins, and up to a few metres away from the largest
veins. Alteration is more pronounced adjacent to veins with
massive to prismatic quartz textures, suggesting that host
rocks are out of equilibrium with acidic, CO,-charged flu-
ids. In contrast, fibrous veins typically have little or no as-
sociated visible alteration, indicating their formation under
rock-buffered conditions with limited introduction of ex-
ternal fluid components. Alteration is locally conformable
to stratigraphy, as dictated by the relative reactivity and
permeability of individual horizons in the Snowshoe Group
(Fig. 9a).

Vein formation in the Cariboo Gold District occurred
throughout the Snowshoe Group's progressive strain his-
tory, as indicated by the overprinting of ductile deformation
on early veins (Fig. 11f), and the formation of undeformed
veins and alteration hales that overprint all ductile features.
Similarly, hydrothermal alteration and mineralization was
introduced at several stages during progressive deforma-
tion. Early hydrothermal features include syn- to late-D,
pyrite and carbonate porphyroblasts (Fig. 17a), which are
locally overprinted by S, fabrics (Fig. 17b), or stretched into
parallelism with the L, stretching lineation (Fig. 7a). An ex-
ample of ductily deformed mineralization is the replace-
ment-style ore at Bonanza Ledge, in which pyrite veinlets
are overprinted by D,-related folding and boudinage, pyrite
grains have developed pressure shadows, and alteration
minerals have been transposed into S, surfaces (Rhys and
Ross, 2001; Mortensen et al., 2011).

In general, early veins are only weakly mineralized in
the Cariboo gold district, with typical gold grades < 2 g/t
(Mortensen et al., 2011). In contrast, the majority of ore-
grade gold-bearing veins are weakly strained to unstrained,
and therefore formed at the latest stages of progressive de-
formation (i.e., syn-late D,). Recent observations by Barker-
ville Gold Mines Ltd. (2017) suggest that much of the gold
was introduced and/or remobilized during the latest brittle
deformation of vein features themselves, such that veins
may represent favourable host rocks to mineralization.

Structural controls in BC's eastern Cordilleran gold belt



Figure 17. (a) Left: carbonaceous pelite with porphyroblasts of pale grey
carbonate and brassy pyrite, potentially linked to an early, syn-deforma-
tional phase of hydrothermal alteration. Right: Same lithology on the left,
affected by late-stage, carbon-destructive, sericite-carbonate alteration.
(b) Same carbonaceous pelite lithology as in Figure 17a, overprinted by an
S, crenulation cleavage that post-dates carbonate and pyrite porphyrob-
lasts. The drill core specimen is cut obliquely to the L, crenulation axis (L,
visible at the top of the specimen, parallel to the pencil),
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GEOCHRONOLOGY

Samples of metamorphic and hydrothermal mica were ana-
lyzed by “°Ar/**Ar methods to constrain the age of deforma-
tion and mineralizing events in the Cariboo district, building
on previous geochronological studies (Alldrick, 1983; An-
drew et al., 1983; Rhys et al., 2009; Mortensen et al., 2011).
Biotite from lamprophyre dikes cutting argentiferous veins
in the Silver Mine area (Fig. 2) was also analyzed to con-
strain the age of mafic alkaline magmatism.

All “°Ar/3Ar analyses were performed by Alfredo Camacho
at the University of Manitoba using the methods described
in Appendix 1. Data and step-heating age spectra are pro-
vided in Appendix 2.

40Ar/39Ar Results

Sample MA16-CBO05 is a muscovite-bearing extensional
calcite vein from a cliff-forming roadcut of massive, grey to
buff-coloured dolomitic marble of the Neoproterozoic Cun-
ningham Formation of the Cariboo Group, Cariboo subter-
rane (Locality 59; Fig. 2). An initial analysis of muscovite
yielded a poor “°Ar/*Ar age spectrum, complicated by high
Ca/K ratios arising from calcite intergrowths. A subsequent
analysis of muscovite grains treated with dilute hydrochlo-
ric yielded a plateau age of 155.4 + 0.3 Ma, which is inter-
preted as the age of extensional vein formation.

Sample MA16-CB23 is a fibrous quartz-carbonate-musco-
vite-pyrite vein that cuts weakly calcareous psammite and
semipelite from a package of graded metaturbidite, most
likely of the Midas Formation of the Neoproterozoic Cariboo
Group, Cariboo subterrane (Locality 42/100; Fig. 2). Musco-
vite in this vein is immediately adjacent to a thin micaceous
layer in the host rock, whereas quartz and minor carbon-
ate occur immediately adjacent to calcareous psammite.
Two aliquots of vein muscovite both yielded slightly rising
“0Ar/*°Ar age spectra, with the age of muscovite growth es-
timated at 155 — 153 Ma (Table 2).

Sample MA16-CB15 is a quartz-sericite-pyrite vein that
cuts phyllite in historic workings of the Silver Mine occur-
rence (BC MINFILE 093A 090; Fig. 2). Coarse, randomly
oriented sericite in the vein most likely represents hydro-
thermally altered wall rock. Sericite yielded a rising “°Ar/3°Ar
age spectrum, with a reasonable plateau age of 136.7 + 0.2
Ma defined by intermediate argon release steps (Table 2).
MA16-CB21 is a similar sericite-bearing vein sample from
the Penny Creek occurrence, which yielded an asymptoti-
cally rising *°Ar/*°Ar age spectrum indicating ~140 Ma ser-
icite thatis partially reset by a thermal overprint. The results
of this study are in close agreement with previous “°Ar/3°Ar
age determinations for muscovite in the nearby Jewelry
Box (141.0 £ 1.6 Ma) and Hibernian (137.4 £ 1.6 Ma) veins
(BC MINFILE 093A 051; Mortensen et al.,, 2011).
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Table 2: “°Ar/*°Ar results, Cariboo gold district

Sample Terrane | Location / Unit Description Age (Ma)  2c | Analytical Notes

(Mineral)

MA16-CB05 | Cariboo Locality 59 / Cunning- | Coarse muscovite in calcite 155.4+0.6 Sample treated with dilute HCI;

(muscovite) ham Fm. (Cariboo Gp.) | vein; vein cuts pale grey dolo- plateau age; steps 2-4 of 4, MSWD

mitic marble =2.2; prob = 0.11; includes 74.7% of
the 39Ar
MA16-CB23 | Cariboo Locality 100/42 / fibrous quartz-carbonate-mus- | 154.6 + 0.8 Aliquot 1: rising age spectrum; steps
(sericite) Midas Fm.? (Cariboo covite-pyrite vein (aliquot 1) 5-11 of 12; MSWD = 17; prob = 0.0;
Gp.) includes 81.6% of the 3°Ar

153.6+1.5 Aliquot 2: rising age spectrum; steps
(aliquot 2) 4-7 of 13; MSWD = 8.2; prob = 0.0;

includes 57.5% of the 3°Ar

MA16-CB15 | Barkerville | Silver Mine / Harvey's | Quartz-pyrite vein, including 136.7+0.2 Rising spectrum; steps 4 — 7 of 12;
(sericite) Ridge succession sericitized phyllite seams (aliquot 2) MSWD = 1.7; prob. = 0.17; includes
(Hardscrabble Moun- 59.9% of the *°Ar
tain succession)
MA16-CB21 Barkerville | Penny Creek quartz-pyrite-sericite vein ~140 Ma Rising spectrum, no plateau
(sericite)
RG16-CB03 N/A Silver Mine / Biotite-clinopyroxene-olivine 114.2+1.2 Grain 1: weighted average of steps
(biotite) lamprophyre lamprophyre; talc-serpentine- 3-4 of 4; includes 89.0% of the *Ar
carbonate altered
RG16-CB06 N/A Silver Mine / Biotite-clinopyroxene-olivine 112.2+1.7 Grain 4: weighted average of steps
(biotite) lamprophyre lamprophyre; talc-serpentine- 2-3 of 4; includes 96.7% of the 3Ar
carbonate altered; pyritic
WB15 N/A Penny Creek / Altered lamprophyre with fresh | 113.4+ 0.8 excellent plateau; steps 4-7 of 7;
(biotite) lamprophyre biotite MSWD = 0.50; prob.= 0.68; includes
86% of the 3°Ar

Lamprophyre dikes are abundant in the Cunningham Creek
area, and cut mineralized quartz veins at the Silver Mine
and Penny Creek occurrences (Fig. 2; Gavin, 2017). Sample
RG16-CB03 from Silver Mine is a brown weathering, dark
grey fresh, biotite-clinopyroxene-olivine lamprophyre that
contains xenoliths of recrystallized vein quartz and wall rock
fragments. The rock contains 1-3 mm phenocrysts of talc-
serpentine-carbonate altered clinopyroxene and olivine in
a groundmass of plagioclase and weakly chlorite-altered
biotite. Three single grain analyses of hand-picked biotite
from this sample yielded ages of 116 to 112 Ma, with Grain
1 yielding the most precise result of 114.2 + 1.2 Ma (Table
2). This result is interpreted as the age of lamprophyre dike
emplacement. Sample RG16-CB06 is a similar xenolithic
biotite-clinopyroxene-olivine lamprophyre dike from Silver
Mine. This sample contains minor disseminated pyrite and
is cut locally by quartz-pyrite veinlets. Single biotite grains
yield “°Ar/*Ar age results in the range of 115 — 110 Ma, with
Grain 3 yielding the most precise result of 112.2 + 1.7 Ma
(Table 2). These results are in close agreement with a 113.4
+ 0.8 Ma “°Ar/*Ar biotite age reported from a lamprophyre
dike at Penny Creek (Sample WB15, Table 2; Mortensen, un-
published data).

22 Structural controls in BC's eastern Cordilleran gold belt



DISCUSSION - CARIBOO GOLD DISTRICT

Structural setting of mineralization

The orientations, deformation features, and shear sense
of veins in the Cariboo gold district indicate they are kine-
matically compatible with D,-related ductile deformation
features (Figs. 6, 12). Veins are therefore interpreted as the
semi-brittle to brittle expression of progressive D,-related
northeast-southwest shortening (Fig. 18). Some D,-relat-
ed veins are overprinted by ductile deformation and thus
formed during the early or intermediate stages of bulk de-
formation. These early veins are typically barren or have low
gold grades, whereas the majority of well-mineralized veins
formed later in the compressional deformation sequence.

Extensional veins formed parallel to the maximum stress
direction (c,) and perpendicular to the minimum stress di-
rection (,). The orientations of mineral fibres in these veins
are independent indicators of the northwest-southeast di-
lation vector of these veins. Brittle failure of the rock mass
also led to the formation of conjugate shear veins oblique
to o,, with northerly trending shear veins accommodating
dextral-normal shear, and east-northeast-trending veins
accommodating sinistral movement. Shear veins experi-
enced repeated episodes of vein growth and shear failure,
consistent with the interplay of deformation under low-
permeability, over-pressured fluid conditions, and the pre-
cipitation of new vein material associated with transient

N o3
4

[ | quartz-carbonate-pyrite vein

seismic rupture and high-permeability, high fluid flux con-
ditions. Similarly, the high degree of strain evident in strike
veins is consistent with their orientation at a high angle to
c,. The non-ideal geometry of strike veins relative to o, is
consistent with the abundance of dissolution features (sty-
lolites), incremental growth features (crack-seal textures),
and strain markers (boudinage, carbonaceous or argilla-
ceous shear bands).

Vein thickness and density throughout the Cariboo gold dis-
trict is typically high in competent layers such as psammite
or quartzite, as compared with less competent, intervening
layers with high mica content. Ongoing ductile deforma-
tion of micaceous rocks — even during the late stages of
D, deformation — ensured that permeability was generally
only maintained in the most competent units. The perme-
ability structure of the metamorphic package was therefore
dynamically linked to the mechanical response of hetero-
geneous lithostratigraphy during progressive deformation.

Whereas the argument for lithological controls on gold min-
eralization in the Cariboo gold district is mainly a structural
one, rock composition is an important consideration for the
localization of replacement-style pyritic ores. The massive
pyritic ores of the Island Mountain area preferentially re-
place northwest-plunging, L,-parallel mullions of marble of
the Downey succession, especially in the antiformal hinges
of F, folds (Fig. 4). Replacement-style ore in the Bonanza
Ledge zone replaces calcareous semipelite, indicating that
a variety of calcareous units in the Snowshoe Group stra-

o3

B ryrite replacement body

Figure 18. Block models illustrating initial formation of the Cariboo gold disrict's fold and thrust architecture (left), followed by vein formation and min-
eralization as the consequence of brittle failure during progressive, coaxial, northwest-southeast directed shortening. The precise timing of brittle failure
is a complex function of host rock tensile strength, temperature, and strain rate, such that vein formation is envisaged as diachronous throughout the

district.
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tigraphy may be favourable for this style of mineralization.
Furthermore, the local plunge of L, is an important explora-
tion consideration in targeting replacement-style ore else-
where in the Cariboo (Fig. 8).

Angular kink and chevron folds that cross-cut veins, altera-
tion, and D,-related ductile features in the Wells-Barkerville
camp are abundant, but are not recognized as a penetrative
strain feature in rocks of the Snowshoe Group. For example,
the narrow belt of chevron folds developed in chloritic phyl-
lite in the hanging wall of the B.C. vein in the Bonanza Ledge
zone (Fig. 9a) is not developed in rocks of similar compe-
tency elsewhere, suggesting a highly localized strain envi-
ronment.

A 'train wreck’ model is proposed for chevron fold formation
that explains the paradox of orogen-normal axial planes in
the apparent absence of bulk orogen-parallel shortening
throughout the stratigraphy (Fig. 19). This model envis-
ages segments of the orogen undergoing active northeast-
southwest shortening in a transpressional environment,
accompanied by ductile thinning and lateral extrusion of
less competent rock material. Where extruding material en-
ters a segment of the orogen in a neutral stress state, or
potentially experiencing orogen-normal extension, it buck-
les into semi-brittle folds with axial planes perpendicular
to the direction of extrusion. This ‘train wreck' effect could
potentially concentrate where lateral extrusion is impeded
by a physical barrier such as a fault that cuts stratigraphy,
or perhaps within a zone of high vein density. This model
envisages that chevron folds formed as post-D, features,
post-dating veins and alteration, but that they are indirectly
linked to D,-related shortening in an adjacent segment of
the orogenic belt.

An alternative model relates the formation of angular folds
to a reorganization of fold geometries during post-D, oro-
genic collapse. Semi-brittle open chevron and kink folds of
the dominant L, shape fabric occurs mesoscopically (Figs.
9b, 16). At a broader scale, orogenic collapse-related warp-
ing of the regional lineation could lead to zones of inner arc
compression that manifests as semi-brittle folds oriented
at a high angle to pre-existing fabrics. Detailed structural
maps at the scale of 10s to 100s of metres could contribute
to resolving this hypothesis.

Age of mineralization and deformation

Argon-argon dating results indicate that rocks of the Cari-
boo subterrane, in thrust contact with the Barkerville sub-
terrane, experienced brittle deformation as early as 155
to 153 Ma, as evidenced by the formation of fibrous ex-
tensional veins. These ages are similar to those obtained
for deformed, pre-mineralization veins in the Cariboo Gold
Quartz mine (BC MINFILE 093H 019) and Myrtle prospect
(BC MINFILE 093H 025) in the Wells-Barkerville camp (Rhys
et al.,, 2009). The contemporaneity of deformed veins in the
Barkerville subterrane with undeformed veins in the Cari-
boo subterrane is consistent with the relative structural
positions, and the relative competency of the host rocks.
Ductile strain locally outlasted the formation of ca. 155-153
Ma brittle features in Snowshoe Group rocks of the Barker-
ville subterrane, whereas extensional veins in competent
carbonate and siliciclastic rocks of the Cariboo subterrane
formed during the latest stages of D, deformation at a high-
er structural level.

Figure 19. “Train wreck" block model for formation of late, locally developed chevron cross-folds. From right to left, the model envisages lateral extrusion
of ductile material from a zone of orogen-normal shortening. Extruded material undergoes layer-parallel shortening as it encounters a zone undergoing

orogen-normal extension.
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Vein-related mineralization in the Mosquito Creek, Cariboo
Gold Mine, and Bonanza Ledge areas formed between ca.
148 and 141 Ma (Rhys et al., 2009). Replacement-style py-
ritic ore from the Mosquito Creek mine also yielded a 148.5
+1.0 Ma age (Rhys et al., 2009), suggesting that replace-
ment-style ores and vein ores at this locality were essen-
tially contemporaneous and likely derived from a com-
mon ore fluid. Replacement-style ore at Bonanza Ledge
yielded a younger age of ~138 Ma, in spite of petrographic
evidence for pre-D, mineralization (Rhys and Ross, 2001;
Rhys et al., 2009). Vein-related mineralization in the Cun-
ningham Creek area (Silver Mine, Penny Creek, Jewelry Box,
and Hibernian occurrences) yielded ages ranging from ca.
142 to 134 Ma (Mortensen et al., 2011; this study). It thus
appears that mineralization in the Cariboo gold district po-
tentially formed over a ~15 m.y. timeframe from ca. 149 to
134 Ma, whereas rocks in Barkerville subterrane started to
undergo brittle deformation as early as 155 Ma as indicated
by deformed veins. The common structural setting of veins
throughout this period thus requires that the same progres-
sive D, deformational regime was active from Late Jurassic
to Early Cretaceous.

The Late Jurassic (ca. 155-151 Ma) onset of brittle defor-
mation in the Barkerville and Cariboo subterranes overlaps
with 161-150 Ma vein formation and mineralization in the
Spanish Mountain gold deposit, which is located approxi-
mately 65 km south of Wells near the community of Likely,
and hosted in black phyllite of the Quesnellia terrane (BC
MINFILE 093A 043; Mortensen et al., 2011; Fig. 2). How-
ever, mineralization in the Barkerville subterrane is notably
younger (148-135 Ma), in spite of the similar late- to post-
D, structural timing of mineralization in both areas. The
diachronous nature of mineralization in the Cariboo gold
district may partly relate to the deeper structural position
of the Barkerville subterrane relative to Quesnellia terrane
in the Late Jurassic. Whereas rocks of the Barkerville sub-
terrane were experiencing incipient brittle behaviour in the
early Late Jurassic, rocks at Spanish Mountain had already
been exhumed to higher crustal levels and were thus more
amenable to incursion of mineralizing fluids through inter-
connected fault-fracture networks.

Lamprophyre dikes intruded the Cariboo gold district ca.
115-112 Ma, and approximately 20 m.y. after the youngest
mineralization in the district. By nature of intruding along
the same structures as mineralized veins in the Cunning-
ham Creek area, these mantle-derived, mafic alkaline melts
likely exploited crustally significant structural networks
that were already present, and perhaps established during
gold mineralization.

Geoscience BC Report 2017-15
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Cassiar Gold District

The Cassiar gold district is located in the Cassiar Moun-
tains of north-central British Columbia, near the settlement
of Jade City and a few kilometres southeast of the former
asbestos-mining town of Cassiar (Fig. 20). The district has
produced over 100 koz of alluvial gold in over 140 years
of placer gold mining, and at least 350 koz from bedrock
sources that have been exploited sporadically since the
1930s.

REGIONAL GEOLOGY

Gold in the district occurs in the Sylvester Allochthon, a
thrust-imbricated composite klippe of terranes that has
been deformed into a major synformal basin (McDame
synlinorium of Gabrielse, 1963). The structurally lowermost
terrane of the Sylvester Allochthon includes greenschist
metamorphosed argillite, massive to pillowed basalt, and
serpentinite representing ultramafic intrusions, which col-
lectively correlate with the Late Paleozoic Slide Mountain
terrane (Nelson and Bradford, 1989; Gabrielse et al., 1993;
Nelson, 1993).

The Mississippian to Triassic assemblages of the Slide
Mountain terrane structurally overlie Neoproterozoic
(Hadrynian) to Early Mississippian, shelf to platformal
North American strata of the Cassiar terrane. These form
a west-dipping, thrust-imbricated belt in the Liard Plain to
the east (Gabrielse et al., 1993; Nelson and Bradford, 1993),
and are also exposed in a narrow 1 to 5-kilometre belt west
of the Cassiar gold district (Fig. 20).

The Slide Mountain portion of the Sylvester Allochthon is
subdivided into two main thrust-stacked packages (Nel-
son and Bradford, 1993). The lower package (Division I)
consists of lower Mississippian to mid-Permian pelagic
and hemipelagic sedimentary sequences including chert,
carbonaceous argillite, sandstone, and siltstone, as well
as gabbro, diorite, and diabase sills (Nelson and Bradford,
1989; Nelson and Friedman, 2004). This package occurs
in thrust contact with the underlying autochthonous Earn
Group, whose thickness is structurally modified from > 500
m in the east, to < 50 m in the west (Nelson and Bradford,
1989; 1993).

The upper package of the Slide Mountain terrane (Divi-
sion Il) is composed mainly of lower Mississippian to
mid-Permian massive to pillowed MORB (mid-ocean ridge
basalt), diabase, chert, and argillite, with intervening struc-
tural slivers of ultramafite and gabbro (Nelson and Brad-
ford, 1989; Nelson, 1993). The volcanic-sedimentary se-
quences that comprise the thick, lower part of Division Il
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are structurally overlain by the Table Mountain sediments,
which define the structurally highest unit of Division II. The
dominantly argillaceous sequence includes conodonts and
Halobia-bearing limestone, defining it as Late Triassic and
thus the youngest unit of the Slide Mountain terrane in the
Sylvester Allochthon (Harms et al., 1989; Nelson and Brad-
ford, 1989). Gold-bearing veins in the Cassiar gold district
are hosted exclusively in Division Il of the Sylvester Alloch-
thon, and particularly in basalt below the Table Mountain
thrust, which defines the structural base of the Table Moun-
tain sediments.

The structurally highest package of the Sylvester Alloch-
thon (Division Ill) is exposed as klippen southeast of the
Table Mountain area (Harms et al., 1989), and consists of
Pennsylvanian to Upper Permian limestones and mafic to
felsic volcanic rocks of the Huntergroup volcanics, an is-
land arc assemblage correlated elsewhere with the oldest
portions of the Quesnellia terrane (equivalent with Harper
Ranch terrane; Nelson, 1993).

The narrow belt of autochthonous strata exposed west of
the Sylvester Allochthon is intruded to the west by the mid-
Cretaceous Cassiar batholith (Fig. 20), an approximately
400 km-long body averaging 15-20 km wide. The Cassiar
batholith and adjacent autochthonous rocks are intruded
by felsic stocks and plutons of Late Cretaceous and Eocene
age (not depicted at the scale of the regional geology in
Figure 20). Diabase and lamprophyre dikes cross-cut Slide
Mountain terrane rocks and mineralized quartz veins in the
Cassiar gold district.

ECONOMIC GEOLOGY

Gold in the Cassiar region was discovered in 1874 as allu-
vial deposits in McDame Creek (Fig. 20). This led to the pro-
duction of approximately 65 — 70 koz of gold from McDame,
Snowy, Troutline, and Quartzrock creeks by 1895 (Diakow
and Panteleyev, 1981; Cowley, 2017; Fig. 20). An additional
30-40 koz of placer gold have been mined since, for a total
estimated placer production of 108 koz (Cowley, 2017).

Hard rock exploration in the 1930s led to the discovery of
several significant gold-bearing veins, and exploration and
small-scale mining have continued sporadically since (Dia-
kow and Panteleyev, 1981; Cowley, 2017). At least 2400
diamond and percussion holes were drilled in the district,
and over 350 koz have been recovered from various under-
ground and open pit mines (Cowley, 2017). The two main
exploration foci are the Taurus area, which includes 35
koz of historic gold production from the Taurus, Sable, and
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Figure 20. Geology of the Cassiar gold district and surrounding region (after Nelson and Bradford, 1993).
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LEGEND

Intrusive rocks

S

Cassiar batholith (Early Cretaceous) - biotite-hornblende and biotite-muscovite granite,
locally megacrystic; quartz monzonite, granodiorite

Quesnellia terrane

DIVISION IlI, SYLVESTER ALLOCHTHON - Pennyslvanian to Permian

PnPvb

Huntergroup volcanics - Augite (-hornblende-plagioclase) porphyry,
lapilli tuff, tuffaceous sandstone, limestone, minor chert and argillite.

Slide Mountain terrane
DIVISION II, SYLVESTER ALLOCHTHON - Mississippian to Triassic

uTrSMD

PSMUgh

PnPSDvb

uPzSD

MSMDvb

MSMmd

Table Mountain Sediments - Slate, calcareous siltstone, Halobia-bearing platey grey limestone.

Zus Mountain gabbro - gabbro, in part layered, foliated.

Cassiar-Quartzrock Creek Ultramafite — serpentinite, harzburgite tectonite, pyroxenite,
gabbro; includes serpentinite of the Blue Dome fault zone.

Basalt flows and tuffs (including maroon, red and green), volcaniclastics, variegated chert,
polymictic breccia, phyllite, argillite, quartz-chert sandstone, rhodonite, diabase.

Massive and pillowed basalt flows (olivine-phyric near Mt. Sylvester), lesser tuff.

Basalt, diabase, grey and green chert, black, grey and green argillite, calcarenite, quartz-chert
sandstone, chert-pebble conglomerate.

DIVISION I, SYLVESTER ALLOCHTHON - Mississippian to Permian

Black, grey and green argillite, quartz-chert sandstone, grey, green and black chert,
calcarenite, minor tuff, siliceous exhalite; includes up to 10% diabase, basalt sills

Cassiar terrane (autocthonous North American strata)

DMEmb

muDMIm
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ICmAR

ICmAB

uPrl

EARN GROUP (Upper Devonian to Lower Mississippian) - Slate (variably graphitic, calcareous, pyritic),
siltstone, sandstone, conglomerate, porcellanite, light green tuffaceous shale, dark grey limestone,
siliceous and baritic exhalite.

McDAME GROUP (Devonian) — Limestone, dolostone, limestone-dolostone breccia; in part
subdividable into upper member: light grey, platy, limestone, with local karst breccia; lower
member: dolostone, dark grey fetid, limestone, carbonate breccia.

ROAD RIVER GROUP (Ordovician to Silurian)- Black, commonly limy slate, locally graptolitic;
argillaceous limestone.

KECHIKA GROUP (Cambrian to Ordovician) - Limestone, argillaceous limestone, pale calcareous
slate, phyllitic limestone, calcareous phyllite, pyritic and carbonaceous slate and shale; conglomerate
and greenstone; may include dark slates of Road River Group.

ATAN GROUP, Rosella Formation (Lower Cambrian) - limestone, dolostone, calcareous shale, brown,

grey and green-grey slate.

ATAN GROUP, Boya Formation (Lower Cambrian) — quartzitic sandstone, siltstone, slate and phyllite.

INGENIKA GROUP, undivided (Neoproterozoic) - quartzite, micaceous quartzite, phyllite, schist,
gneiss, limestone, shale, sandstone, sandy limestone, dolomite, chlorite-muscovite schist, slate,
argillite, micaceous crystalline limestone, pebble conglomerate.

Figure 20 (cont'd). Geologic legend corresponding to Figure 20.
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Plaza mines, and the Table Mountain area, from which 316
koz of gold were extracted from the Main (Erickson), Bain,
Cusac, and Vollaug mines (Fig. 20).

The Cassiar region is perhaps best known for its asbestos
deposits, which exploited altered ultramafic rocks exposed
in the basal sole thrust along the western margin of the
Sylvester Allochthon (Fig. 20). Asbestos mining at Cassiar
ceased in 1992, however nephrite jade continues to be pro-
duced from the same ultramafic rocks.

In addition, numerous Late Cretaceous intrusion-related
mineral occurrences occur west of the Sylvester Alloch-
thon. These include examples of porphyry Mo + Cu and
skarn-style Mo + Cu-W mineralization within or proximal to
Late Cretaceous intrusions, such as the Cassiar Moly oc-
currence (BC MINFILE 104P 035), which is associated with
the 73.0 £ 0.5 Ma Troutline stock (Panteleyev and Friedman,
unpublished data in Ash, 2001; Fig. 20). Silver-lead-zinc
enriched veins and mantos hosted in autochthonous North
American strata represent the distal expressions of Late
Cretaceous magmatic-hydrothermal activity. Examples in-
clude the Middle D occurrence (BC MINFILE 104P 080) near
the town of Cassiar (Fig. 20), and the active Silvertip Ag-
Pb-Zn mine located near the northern end of the Sylvester
Allochthon, 12 km south of the B.C.-Yukon border (BC MIN-
FILE 1040 038; Bradford and Godwin, 1988).

STRUCTURAL GEOLOGY

Detailed studies documenting the structural environment
of gold in the Cassiar gold district have been carried out
by several workers (e.g., Anderson and Hodgson, 1989; Ball,
1997; Rhys, 2009). The structural evolution of the district
broadly includes thrust imbrication of the host rock se-
quences, ductile deformation of the host rocks, formation
of brittle deformation features and mineralized veins, and
post-mineralization faulting. Although D, D,, D,, etc... ter-
minology is employed here to describe overprinting struc-
tural elements, deformation is interpreted in the context of
progressive deformation.

Thrust faulting

The thrust-imbricated architecture of Slide Mountain ter-
rane rocks in the Cassiar gold district has been noted by
several workers as an important controlling factor in the
localization of gold-bearing veins (e.g., Diakow and Pan-
teleyev, 1982; Sketchley et al., 1986; Anderson and Hodg-
son, 1989; Nelson and Bradford, 1989; Ball, 1997; Rhys,
2009). Thrust imbrication of the volcanic-sedimentary se-
quence in the Table Mountain and Taurus areas is defined
as D,. This event resulted in interleaved panels of mafic vol-
canic rocks separated by seams highly deformed ultramaf-
ic rocks and argillaceous sediments in the Table Mountain
area. Minor recumbent folds are associated with this phase
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of deformation.

A maximum age for obduction and thrust imbrication of the
Slide Mountain terrane is constrained by the Late Triassic
depositional age of the Table Mountain sediments, and a
reasonable minimum age is provided by the Early Creta-
ceous age of hydrothermal sericite within thrust structures
(Harms, 1985; Struik et al., 1992; Nelson and Bradford, 1993;
Ash, 2001; this study). Although a Jurassic age for initial
thrust imbrication is most likely, a Late Permian post-tec-
tonic diorite intrusion in the northern Sylvester Allochthon
requires that at least some pre-Late Permian deformation
also took place (Harms, 1985).

Ductile deformation features

Superimposed on the thrust faults are several phases of
dutile fabrics that are interpreted to reflect ongoing pro-
gressive deformation related to crustal thickening during
and after initial accretion and imbricate thrusting of Sylves-
ter Allochthon lithologies.

D

Tﬁrust—related shear zones exhibit a penetrative, shallowly
to moderately dipping planar fabric (S,) that is preferentially
developed in ultramafic and sedimentary rocks, and in maf-
ic rocks immediately adjacent to thrust faults (Fig 21a). The
S, fabric is subparallel to bedding and to layering in listwae-
nite-altered ultramafic units, and defines probable shear
zones up to several tens of metres thick (Rhys, 2009). This
fabric was interpreted by Anderson and Hodgson (1989) as
a shear-related C-fabric.

A prominent lineation that is shallowly to moderately plung-
ing and northwest-trending occurs throughout the district,
and is defined by mullions, mineral aggregates, elongate
basalt pillows, and stretched clasts in fragmental rocks
(Anderson and Hodgson, 1989; Rhys, 2009; Fig. 21b-e). Lin-
ear fabrics are especially well-developed in zones of high
strain in and near thrust faults, and are here defined as L,.

D

Athird deformation event (D,) resulted in formation of a lo-
cally developed fabric (S,) that is steeply dipping and north-
west-striking, and associated with open folding of lithologic
contacts and thrust surfaces. The S, fabric is preferentially
developed in ultramafic and argillaceous units. A district-
wide, northwest-striking intersection lineation is developed
at the intersection of S, and S, fabrics and is parallel to the
L, stretching lineation in high strain zones (Fig. 21e). This
deformation event is presumed to relate to the formation of
the McDame synlinorium, which has a northwest-trending
axial plane and shallow plunge, consistent with northeast-
southwest directed shortening.

Structural controls in BC's eastern Cordilleran gold belt



Figure 21. (a) S,-foliated carbonaceous argillite containing pyrite porphyroblasts with quartz-filled pressure shadows (Sample MA16-CB5, Bain mine).
(b) Metabasalt showing a penetrative lineation defined by aligned actinolite aggregates (Sample MA16-CB6, Bain mine). (c) Strongly lineated talc-altered
ultramafite at the Bain decline. The southeast-plunging lineation is interpreted to relate to northwest-vergent shear. (d) Pillow basalt in the Sable pit,
Taurus area, showing a crude shallowly south-southeast-plunging lineation defined by elongation of pillows and mineral aggregates (view toward
202°N). (e) Rodding and pencil cleavage development in a sequence of argillaceous metasediments, defined by intersection of steep (S,) and shallow
(S,) planar fabrics (Locality 19 - Division |, Sylvester Allochthon).
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D

A1ate phase of ductile deformation is recorded locally in ar-
gillaceous rocks, and is expressed as a northeast-trending
and steeply dipping crenulation cleavage (S,) (Rhys, 2009).

Dikes

Ductile deformation and mineralization features of the Cas-
siar gold district are cut by sets of diabase and lamprophyre
dikes (Ball, 1997). These dikes intrude vein systems locally
and are cut by late faults (below). Lamprophyre dikes in
the district contain abundant granitic xenoliths (Fig. 22) in
which sodic metasomatism of K-feldspar has generated
riebeckite-carbonate-albite alteration assemblage (Ball,
1997). Xenolithic lamprophyre dike samples from the Bain
mine area were collected for “°Ar/*°Ar dating of biotite to
determine the dike emplacement age, and for U-Pb dating
of zircons to identify the provenance of granitic clasts (see
below).

Figure 22. Granitic xenolith in biotite lamprophyre from the Bain mine, af-
fected by a concentric zone of carbonate alteration.

Late faults

All metamorphic rocks of the Cassiar gold district are cut
by late, brittle faults that are typically north-northwest or
northeast-trending (Fig. 21). The northeast-trending set
are steeply southeast-dipping and exhibit normal-oblique
movement, as indicated by slickenline data (Ball, 1997,
Rhys, 2009). The steep, northwest-trending Alison Drift
fault cuts the Alison vein into several segments with dex-
tral-normal (down-to-the-east) movement (Anderson and
Hodgson, 1989). Ball (1997) attributes late brittle faults to
northwest-directed extension with a subvertically oriented
maximum compressive stress. Late faults of this genera-
tion also controlled a late stage of hydrothermal activity, as
indicated by silica-cemented epithermal vein breccias, clay
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alteration of metavolcanic rocks, and tufa deposits (Ball,
1997).

Fractures

A consistently steep and northeast-trending set of joints
is developed through the Cassiar region, both in rocks of
the Sylvester Allochthon and in structurally underlying au-
tochthonous strata (Ball, 1997). These joints are sub-per-
pendicular to northwest-trending cleavages and lineations,
which Ball (1997) links to regional-scale northeast-south-
west shortening after obduction of the Sylvester Allochthon
(Fig. 21e). From the orientations of joints and lineations,
Ball (1997) suggested a subhorizontal maximum compres-
sive stress (o,) trending 046°N, and a minimum stress ()
plunging 08° toward 136°N.

Veins

Gold mineralization in the Cassiar gold district occurs pre-
dominantly in metabasalt-hosted quartz veins surrounded
by pale tan-coloured zones of visible alteration character-
ized by quartz-sericite-ferroan carbonate + pyrite and de-
struction of chlorite and actinolite (Fig. 23). In some cases,
an inner grey alteration zone is present, defined by more
intense quartz-sericite-pyrite alteration (Anderson and
Hodgson, 1989). Alteration zones are typically symmetri-
cal about veins (e.g., Fig. 23a), but Anderson and Hodgson
(1989) noted that alteration is more extensive in the hang-
ing wall of larger shear veins. Three main categories of
veins are recognized on the basis of their structural setting:
shear veins, extensional veins, and veins that occupy thrust
faults.

Shear veins

Shear veins are by far the most economically significant in
the Table Mountain area, and comprise high-grade zones
within large-tonnage, low-grade targets in the Taurus area.
Shear veins may be tens to hundreds of metres in strike
length and range from a few centimetres to several metres
in width. In the Table Mountain area, shear veins typically
strike east to east-northeast with steep northerly dips, al-
though north-northeast-trending shear veins also occur. In
the Taurus area, west-northwest-trending shear veins are
the most abundant. East to east-northeast-trending shear
veins in the Table Mountain area accommodated top-to-
the-northwest, sinistral oblique-normal movement, as in-
dicated by offset lithologic markers, shear fabrics, and by
geometric and deformational relationships between exten-
sional and shear veins (Anderson and Hodgson, 1989; Ball,
1997; Rhys, 2009; Fig. 24a-d).

Shear veins are variably massive to banded, with bands
typically defined by seams of grey deformed quartz, carbo-
naceous material, sulphides (pyrite, tetrahedrite, sphalerite,
and chalcopyrite), or tourmaline (Sketchley, 1984; Rhys,
2009; Fig. 24c,f). Ferroan carbonate is a common gangue
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Figure 23. (a) Swarm of extensional quartz-ferroan carbonate-pyrite-chal-
copyrite-tourmaline veins cutting metabasalt in the Sable pit, Taurus area.
The veins coincide with a zone of characteristically brown-orange weath-
ering quartz-sericite-carbonate-pyrite alteration. (b) Spectrum of altera-
tion intensity in metabasalt, ranging from weak, distal sericite-carbonate
alteration to a texturally and mineralogically destructive inner alteration
zone of quartz- ferroan carbonate-sericite-pyrite alteration (unweathered
samples, Sable pit).

phase, and typically occurs near vein margins or as parage-
netically late vein fill. Pyrite occurs as disseminations and
seams, and is particularly abundant in carbonaceous part-
ings and as hydrothermal replacement of included wall rock
fragments (Anderson and Hodgson, 1989).

Cataclastic reworking of shear veins is especially promi-
nent along vein margins, where brecciated fragments of
vein quartz, carbonate, and wall rock are cemented by com-
binations of white to clear grey quartz, pyrite, carbonate, or
carbonaceous material (Anderson and Hodgson, 1989; Fig.
24e). Veins are commonly cut by late fractures that have in-
fill of grey quartz, tetrahedrite, chalcopyrite, and sphalerite
(Anderson and Hodgson, 1989).

Extensional veins

Steeply dipping sets of extensional veins occur throughout
the Cassiar gold district, and are oriented sub-perpendicular
to the local lineation. These typically strike north-northeast
to northeast in the Table Mountain area, and east-northeast
in the Taurus area (e.g., Sable pit, Fig. 25). Extensional veins
range from millimetre-scale veinlets to larger veins sev-
eral tens of centimetres wide, and have limited strike and
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dip extents of tens of centimetres to metres at most (Rhys,
2009). Extensional veins provide reliable shear sense indi-
cators where they occur as sigmoidal arrays, typically on
the fringes of shear veins (Fig. 25b-c) or as arrays accom-
modating displacement at the termination of shear veins
(Fig. 25d). Mutually joining or cross-cutting shear and ex-
tensional veins suggest that they are temporally and kine-
matically linked.

Extensional veins may have paragenetically early, fibrous
to columnar quartz - ferroan carbonate + tourmaline mar-
gins. The orientation of these grains is sub-perpendicular
to vein margins and sub-parallel to penetrative lineations in
the host rock, thus providing an unambiguous northwest-
southeast orientated dilation vector. Otherwise, veins are
filled mainly by massive quartz with rare vuggy interiors.
Extensional veins are locally sulphide bearing and typically
have lower and less continuous grades than shear veins
(Rhys, 2009). However, mineralized zones dominated by ex-
tensional veins may represent near-surface bulk-tonnage
targets such as the Taurus area (Cowley, 2017).

Thrust-filling veins

In addition to the steeply dipping extensional and shear
veins described above, shallowly to moderately dipping
quartz veins occupy thrust faults at the margins of list-
wanitized ultramafic units or at volcanic-sedimentary con-
tacts. The most notable example is the Vollaug vein, which
occupies the Table Mountain thrust between hanging wall
argillites and footwall mafic and ultramafic rocks (Fig. 26a).
The vein is up to several metres thick and can be traced
discontinuously for 2700 m along strike (Fig. 20). The vein
is dominated by massive, milky quartz dissected by shears
bands defined by seams of argillaceous material and sul-
phides (Fig. 26b). Ductile shear fabrics in the vein signify
that vein formation accompanied, and was outlasted by,
long-lived movement along the Table Mountain thrust.
Black stylolitic seams defined by carbonaceous material
and sulphides occur subparallel to the orientation of the
Vollaug vein, indicating that pressure solution of quartz
was driven by subvertical compaction perpendicular to the
vein (Fig. 26¢). The Vollaug vein is locally dismembered by
boudinage.

Thrust-filling veins locally refract downward into mafic
metavolcanic rocks, where they express as shear veins in
the Table Mountain area (Rhys, 2009). Zones where shear
veins transition into flat-lying thrust-filling faults have his-
torically hosted high gold grades (Anderson and Hodgson,
1989; Fig. 24a,d).
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Figure 24. (a) Shallowly dipping quartz-carbonate shear vein refracting downwards to the left, with a top to the north (left) shear sense provided by an en
echelon array of extensional veins in the top part of the photograph (view to the west; Cusac mine portal). (b) Steeply dipping, east-northeast trending
quartz-carbonate-pyrite shear vein in the Table Mountain area. A flanking extensional vein array indicates a component of sinistral shear on the vein.
(c) West-northwest-trending banded shear vein fringed by northeast trending quartz extensional veinlets (Bain workings). Note the high angle of exten-
sional veins to the northwest-trending foliation (runs from lower left to upper right). The shear sense as viewed is dextral, but the view is up at the back,
so the shear sense in plan view is sinistral. From Rhys, 2009. (d) Vein exposure in carbonate-sericite altered mafic sediments, illustrating possible larger
scale structural controls on vein development (Bain workings). The shallowly dipping carbonate-rich shear zone in the top left (blue) refracts downward
into a steeply dipping shear vein (red). Shear sense in this example is top to the right (south), as indicated by internal shear markers in the shallow shear
zone (inset), and by a horsetailing array of extensional quartz veins in the hanging wall of the shear vein. From Rhys, 2009. (e) Vein sample characterized
by clasts of banded carbonate cemented by grey quartz, ankerite, and fine-grained sulphides. (f) Sample of ore grade quartz-ferroan carbonate-pyrite-
sphalerite-chalcopyrite vein material, Main mine.
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Figure 25. Equal area lower hemisphere stereonet plots of structural ele-
ments at the Sable pit, Taurus area, emphasizing the prevalence of steep
extensional veins at a high angle to the penetrative lineation of the host
metabasalts.

Figure 26 (right). (a) View of Vollaug vein mine workings, looking east. The
vein occupies a thrust fault separating Table Mountain sediments in the
hanging wall from a mainly metabasalt sequence in the footwall. (b) Table
Mountain sediments in the hanging wall of the Vollaug vein, comprising
dismembered lozenges of more resistant psammitic layers separated by
zones of intensely sheared carbonaceous pelite. (c) Internally sheared
block of the Vollaug vein, with shear bands defined by seams of carbona-
ceous material and sulphides. (d) Stylolites within the Vollaug vein, indi-
cating compaction-related dissolution of quartz.
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GEOCHRONOLOGY

Samples were selected to constrain the timing of altera-
tion and mineralization in the Cassiar gold district, and to
provide new insights into the timing of lamprophyre em-
placement and the provenance of granitic xenoliths therein.
Argon-argon and U-Pb results are in Appendices 2 and 3,
respectively.

40Ar/3Ar Results

Sample 04MM-36_100.1Tm is massive, quartz-ferroan car-
bonate vein from the Main Mine in the Table Mountain area,
from which coarse, pale green sericite was hand-picked. An
initial analysis yielded a slightly rising age spectrum, with
a single step that released 65% of the *Ar giving an age of
129.9 + 0.2 Ma. A second aliquot yielded a rising age spec-
trum, with the final two heating steps releasing 56% of the
%Ar and giving an age of ~129 Ma. The results indicate a
probable 130-129 Ma age of vein formation, with a subse-
qguent thermal event that resulted in partial Ar loss.

Sample T-95-35_129.5m is coarse, randomly oriented, pale
green sericite that was collected from clots within a mas-
sive quartz-ferroan carbonate vein from the Taurus area.
The first aliquot this sample released 96.3% of the *Ar in
the first 5 of 12 heating steps, which produced a rising age
spectrum flattening at 143 Ma. A second aliquot yielded a
convex-upward age spectrum characterized by a gradually
rising spectrum peaking at 142 Ma after 69.6% of the 3°Ar
was released. The results suggest that hydrothermal seric-
ite growth was in the earliest Cretaceous (143-142 Ma) or
earlier, followed by partial argon loss during a subsequent
thermal event.

Sample TA12-02_23.3m is biotite collected from pheno-
crysts in a steeply dipping biotite lamprophyre dike that
cuts sericite-ankerite altered and mineralized basalt in the
88 Hill zone of the Taurus area (McKeown et al., 2013). Two
of three single grain analyses yield 113.1 + 0.4 Ma (Aliquot
1, final 2 of 4 steps releasing 95.2% of the *Ar) and 113.0
+ 1.3 Ma (Aliquot 3, final 2 of 5 steps releasing 76.7% of
the Ar). A third aliquot yielded an age of 110.7 + 1.0 Ma
(Aliquot 2, final 1 of 4 steps releasing 79.8% of the 3°Ar).
Together these results support an intrusive age of lampro-
phyre dikes at Taurus at ~113 Ma. This result is within error
of a 110 + 8 Ma K-Ar biotite age reported for a lamprophyre
dike from the Table Mountain area (A. Panteleyev, unpub-
lished data cited in Nelson, 1990 and Ash, 2001).

Sample MA16-CS04 is biotite hand-picked from 2-4 mm

phenocrysts in biotite-pyroxene lamprophyre with a fine-
grained plagioclase-dominant groundmass, and which
contains approximately 0.5 =5 cm rounded to sub-rounded
xenoliths of medium-grained to pegmatitic felsic granitoid
(Fig. 22). The sample was collected from mine waste near
the Bain mine portal, so field relationships are not apparent.
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However, based on analogy with the xenolithic lamprophyre
described by Ball (1997), the sample most likely originated
from a post-mineralization dike that is in close proximity to
mineralization. A single grain analysis yielded an excellent
plateau age of 77.1 £ 0.1 Ma, representing 96.6% of the 3°Ar
released. This is interpreted as the crystallization age of the
lamprophyre.

U-Pb Results

Zircons were extracted from the lamprophyre dike sample
collected from the Bain mine (MA16-CS04) to test the age
of granitic xenoliths and/or xenocrysts. Nineteen grains
were extracted and imaged by SEM-CL and analyzed by
laser ablation ICP-MS, using methods similar to those in
Beranek and Mortensen (2011). Grains range in size from
50 to 200 m, with external morphologies that range from
rounded to faceted. Most grains exhibit complex internal
CL textures including oscillatory and sector zoning indica-
tive of magmatic growth, embayments, and metamorphic
and/or magmatic overgrowths. Fourteen of 19 zircon grains
yielded Pre-Cambrian ages, of which three yielded nearly
concordant low-precision single zircon ages of ~2920 Ma,
~1750 Ma, and ~1290 Ma. These grains are interpreted as
derived from cratonic basement or zircon-bearing autoch-
thonous strata, either entrained in the melt as xenocrysts,
or as grains encapsulated within xenoliths of crystalline
basement. An additional concordant analysis yielded an
age of 201 + 5 Ma, which is problematic given the known
restriction of intrusions of this age to Quesnellia terrane
rocks (Takla Group) west of the Cassiar batholith. Three
concordant U-Pb results have a mean #°Pb/%8U age of
109.5 + 5.4 Ma, and are the youngest known grains in the
sample. These grains are tentatively interpreted to be de-
rived from the granitic clasts, and are consistent in age with
early phases of the Cassiar batholith (Driver et al., 2000;
Rasmussen, 2013).
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DISCUSSION - CASSIAR GOLD DISTRICT

Structural setting of mineralization

Structural observations made by several workers in the Ta-
ble Mountain area suggest that steeply dipping shear veins
were dominated by normal movement, implying formation
under conditions of subvertical maximum compressive
stress, o, (e.g., Anderson and Hodgson, 1989; Rhys, 2009;
Fig. 27). Furthermore, the northwest-trending slip vectors
determined for most shear veins are parallel to the promi-
nent stretching lineation, such that veins and shallowly
dipping shear fabrics are kinematically related features
arising from subvertical shortening and northwest-south-
east extension of the host rocks. This interpretation of the
prevailing stress conditions is further corroborated by the
subvertical orientation of extensional veins (Anderson and
Hodgson, 1987), and by subhorizontal stylolitic seams in
thrust-filling veins.

The above model envisages mineralized shear and exten-
sional veins as generally late, brittle, low-strain features
arising from progressive deformation focused along earlier
formed thrust faults and shear zones. The intensity of sub-
horizontal ductile shear fabrics in thrust-filling veins (e.g.,
Vollaug vein, Fig. 25c) suggests that these veins were ini-
tially formed at an early stage, but accommodated high de-
grees of ductile shear strain thereafter.

The relationship of steep veins in the Cassiar district to
movement along shallow-dipping thrust and surfaces is
well established, thus requiring a subvertical orientation
for the maximum principal stress direction, o, (Rhys, 2009;
Figs. 24d, 27). Locally however, shear and extensional veins
appear to be kinematically compatible with a steep, north-
west-trending ductile fabric (S,), but with a penetrative
northwest-trending lineation that is indistinguishable from
the L, fabric (e.g., west end of 88 Hill, Taurus area; Appendix
6). This scenario implies that at least locally, some veins
may have formed under progressive, subhorizontal, north-
east-southwest directed shortening. Because the timing of
these D_-related fabric and vein features may be ambigu-
ous, it is permissible that the direction of maximum stress
(c,) and intermediate stress (c,) periodically alternated
such that both orogen-normal shortening and subvertical
flattening were part of the same overall tectonic regime un-
der which northwest-southeast extension occurred.

Anderson and Hodgson (1989) considered a tectonic model
whereby the shear zones that host gold-bearing veins in the
Cassiar gold district formed in response to horizontal ex-
tension linked to the concurrent foundering of the McDame
synclinorium and exhumation of the Omineca geanticline to
the west. In this model, the basal thrust of the Sylvester Al-
lochthon is essentially reactivated as a low-angle detach-
ment fault, and the steep faults and veins of the Cassiar
gold district represent brittle accommodation structures.
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The great thickness of mechanically resistant metavol-
canic rock in the Sylvester Allochthon likely restricted the
degree to which orogen-normal lateral shortening could be
accommodated by ductile structures. This condition like-
ly favoured the gravitational unloading of the tectonically
thickened Sylvester Allochthon by means of lateral escape
along low-angle zones of weakness defined by pre-existing
thrust faults and/or readily deformable layers of ultramafic
and argillaceous rocks. Progressive top-to-the-northwest
movement along these surfaces, as indicated by a penetra-
tive linear shape fabric, ultimately led to brittle failure and
formation of steep veins and faults.

Age of mineralization and deformation

Geochronological results in the Cassiar district support an
Early Cretaceous age for alteration related to gold mineral-
ization. An initial K-Ar sericite age of 131 + 5 Ma (Diakow
and Panteleyev, 1982) was corroborated by the K-Ar results
of Sketchley and co-workers (1986), which range from 137
— 112 Ma but with four of five results providing a mean age
of 129 + 4 Ma. Subsequent “°Ar/3*Ar analyses of sericite
yielded slightly older plateau ages of 135 — 133 Ma (Layer
and Drake, 1997) and a sample of vein sericite from Quartz-
rock Creek reported by Ash (2001) yields a rising age spec-
trum suggestive of a similar ~134 Ma age of vein formation.
Argon-argon results presented above support a similar 130-
129 Ma age for hydrothermal sericite in the Table Mountain
area (Sample 04MM-36_100.1m), but with evidence for
partial thermal resetting, potentially related to emplace-
ment of the Cassiar batholith. Hydrothermal sericite from
Taurus (Sample T-95-35_129.5m) also shows evidence for
a thermal overprint, but heating steps yielded ages up to
143 Ma, which indicates that at least locally, veining and al-
teration may have formed at least 8 m.y. earlier than previ-
ously documented. The apparent 143-129 Ma age range of
vein formation also indicates that at least locally, penetra-
tive ductile features in the host rock sequence were older
and potentially Jurassic features.

Lamprophyre dikes were emplaced at 113 Ma, consistent
with a previous determination by A. Panteleyev (unpub-
lished data in Nelson, 1990 and Ash, 2001). However, the
77 Ma age for the xenolith-bearing lamprophyre dike at
the Bain mine requires at least two separate dike events:
a mid-Cretaceous event that was broadly contemporane-
ous with early phases of the Cassiar batholith, and a Late
Cretaceous event that predates ca. 73 Ma emplacement of
quartz monzonite of the Troutline stock and formation of
associated porphyry molybdenite mineralization (BC MIN-
FILE 104P 035).

The shallow-dipping thrust architecture of the Cassiar gold
camp has been identified by previous workers (e.g., Nelson,
1990; Ball, 1997) as unconducive to formation of a verti-
cal plumbing system along which mineralizing fluids could
ascend. Nelson (1990) and Ball (1997) each considered a
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magmatic component to mineralization, an assertion sup-
ported by the common occurrence of granitic xenoliths in
lamprophre dikes and spatial coincidence of these dikes
with zones of mineralization. Ball (1997) speculated that
sodic metasomatism of granitic clasts in lamprophyre dikes
was produced by a subjacent alkaline igneous complex that
was also responsible for the production of alkali-carbonate
wall rock alteration and gold-silver mineralization in the
district.

The geochronological results of this study suggests that
at least some lamprophyre dikes were Late Cretaceous
and post-dated Early Cretaceous gold mineralization by
50-60 m.y. Metasomatism of granitic xenoliths was likely
generated by the hydrous, alkaline lamprophyric melt it-
self, in which K-feldspar bearing granitic clasts would be
out of equilibrium with the surrounding melt. There is no

- quartz-carbonate-pyrite vein

- carbonaceous phyllite
- ultramafic rocks

mafic rocks

evidence to support the suggestion that this metasoma-
tism was caused by an alkaline intrusion of appropriate age
to generate gold mineralization in the district. Moreover,
zircons extracted from the same ca. 77 Ma lamprophyre
sample yielded ca. 110 Ma zircon xenocrysts, indicating
that lamprophyre dikes intruded through igneous rocks that
are equivalent in age to early phases of the Cassiar batho-
lith, and may support the interpretation that the batholith
is a sheet-like body intruding semi-conformably with, and
dipping eastwardly beneath autochthonous strata below
the Sylvester Allochthon (as implied by map patterns and
cross-section in Nelson and Bradford, 1993). Furthermore,
the age data suggest that any buried intrusion post-dates
gold mineralization by approximately 20 m.y. and is geneti-
cally unrelated.

o3

Figure 27. Summary block diagram of the main structural elements of the Cassiar gold district. The model indicates top-to-the-northwest movement
along low-angle shear surfaces, with concomitant formation of thrust-filling veins, moderately dipping shear veins with a sinistral-normal shear sense,
and subvertical extensional veins. The model implies subvertical shortening in the o, direction and subhorizontal extension (c,) in the direction of the
penetrative regional lineation. The sinistral strike-slip component of movement on east-northeast trending shear veins implies that the maximum prin-
cipal stress direction is steeply inclined toward the northeast.
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Sheep Creek Gold Camp

The Sheep Creek gold camp is 12 km southeast of the town
of Salmo in the Kootenay region of southern British Colum-
bia (Fig. 28). The camp is part of the broader Salmo mining
district, in which mineral occurrences represent a variety of
commodities, deposit styles, and mineralization ages (see
below).

The Sheep Creek gold camp comprises numerous under-
ground mine workings within an approximately 10 km-
long, north-trending belt of mineralized quartz veins. Total
historic production from 1899 to 1951 was 736,000 oz Au,
365,000 0z Ag, 377,000 Ibs Pb, and 312,000 Ibs Zn from 1.72
Mt of ore (average grade of 13 g/t Au) (Mathews, 1953). An
estimated 127 koz of gold reserves remain, although there
are no current NI 43-101 compliant resources (Schroeter
and Lane, 1991; Hoy and Dunne, 2001). Surprisingly, there
has been little effort to determine ore controls in the Sheep
Creek gold camp, considering its rich mining history and
outstanding questions regarding its metallogenesis.

REGIONAL GEOLOGY

The Sheep Creek gold camp is underlain by a north-north-
east-trending package of Neoproterozoic to early Paleozoic
autochthonous North American strata in the southern Koo-
tenay arc, and is 9 km east of the west-dipping boundary
with Quesnellia terrane (Figs. 1, 28). From oldest to young-
est, the Sheep Creek camp stratigraphy includes the Three
Sisters Formation of the uppermost Windermere Super-
group, the Quartzite Range Formation and Reno Formation
of the Hammill Group, and the Laib Formation (Fig. 28).
These rocks reached chlorite-grade peak regional meta-
morphic conditions, and were subsequently overprinted
by contact metamorphism associated with syn- to post-
collisional plutons of Jurassic to Cretaceous age (Webster,
2016). A regionally significant north-northeast-trending
anticline (Sheep Creek anticline) is flanked to the west by
a parallel syncline-anticline pair, and these represent the
dominant structures of the Sheep Creek camp (Figs. 28, 29).

The Three Sisters Formation is exposed in the core of the
Sheep Creek anticline (Fig. 29), and includes interlayered
quartzite (Fig. 30a), micaceous gritstone, and green chlo-
rite-muscovite phyllite. The top of the Three Sisters Forma-
tion includes several feet of a distinctive chloritic marker
horizon that contains dolomite rhombs (Mathews, 1953).
The narrow, approximately 250 to 300 m-wide map expo-
sure of Three Sisters Formation as defined on Matthews'
1953 geologic map of the Sheep Creek camp (Fig. 29) is not
represented at the scale of the current digital geology of the
Kootenay region (Hoy et al., 1994; Fig. 28).
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The Quartzite Range Formation stratigraphically and struc-
turally overlies the Three Sisters Formation, and from oldest
to youngest, comprises: quartzite, minor argillite, gritstone
and greenschist of the Motherlode member; argillite and ar-
gillaceous quartzite of the Lower Nugget member; quartzite
and argillaceous quartzite of the Middle Nugget member;
quartzite and argillaceous quartzite of the Upper Nugget
member (Fig. 30b-c); and quartzite and argillaceous quartz-
ite of the Navada member (Fig. 30d). The Quartzite Range
Formation is overlain by argillite, argillaceous quartzite,
quartzite, and gritstone of the Reno Formation. The Reno
Formation in turn is overlain by the Laib Group, compris-
ing a lower member of limestone and argillite, and an upper
member of argillite and minor argillaceous quartzite. Field
observations and structural measurements in this study are
from units of the Quartzite Range Formation (Upper Nugget
and Navada members), Reno Formation, and Laib Group on
the western, overturned limb of the Sheep Creek antiform.

Magmatic units are well-represented in the Salmo region,
where they occur as large plutons, stocks, and dikes (Fig.
28). Approximately 10 km east of the Sheep Creek camp,
Middle Jurassic plutons of the Nelson plutonic suite are rep-
resented by massive to foliated biotite-hornblende quartz
monzonite and granodiorite of the Mine and Wall stocks
(Fig. 28). Uranium-lead zircon ages on the Mine and Wall
stocks are 171 Ma and 167 Ma, respectively (Archibald et
al., 1983; Logan, 2002b). The Mine and Wall stocks gener-
ated staurolite-bearing contact metamorphic assemblages
in pelitic host rocks, which provide pressure constraints of
3.5 — 4.2 kbar, equivalent to 13 — 15 km for the paleodepth
of pluton emplacement (Logan, 2002b; Webster, 2016). The
slightly younger (162 Ma) Porcupine Creek stock is located
9 km north of the Sheep Creek camp (Fig. 28) and has a
cordierite-andalusite-bearing contact metamorphic as-
semblage that indicates a lower pressure of 2.5 — 3.3 kbar,
equivalent to 9 — 12 km (Webster, 2016).

The Sheep Creek gold camp is also surrounded by numer-
ous mid-Cretaceous (115 — 90 Ma) plutons of the Bayonne
plutonic suite, which include the Salmo stock to the west
and the Lost Creek pluton to the south (Fig. 28). This suite
includes the 300 to 500 m-diameter Sheep Creek stock,
which is only 1.5 to 2km to the west of the Sheep Creek
camp (Figs. 28-29). The Sheep Creek stock is characterized
by massive, coarse-grained biotite granite that weathers
recessively into grus (Fig. 31a). Locally, this coarse phase
is in gradational contact with a more resistant quartz-feld-
spar porphyritic phase with a grey, fine-grained matrix (Fig.
31b). These phases of the Sheep Creek stock are cut by a
similar but more densely porphyritic dike phase containing
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Figure 28 (left). Regional geologic map of the Sheep Creek gold camp (BC Digital Bedrock Geology from H&y et al., 1994)

Corywell plutonic suite (Eocene) - syenite to
monzonite

undivided plutonic rocks (mid-Cretaceous) —
granodiorite; includes granitoids of the Bayonne
magmatic suite (KAP of Hoy et al., 1994)

undivided plutonic rocks (Middle Jurassic) - granite,
alkali-feldspar granite, and related granitoids

ROSSLAND GROUP (Lower Jurassic) —includes: basaltic
volcanic rocks of the Elise Formation (IJRE); mudstone,
siltstone, shale of the Archibald Formation (IJRA);

mudstone siltstone, shale of the Hall Formation (IJRH)

Ymir Group (Triassic to Jurassic) - limestone, slate,
siltstone, argillite

Active Formation (Ordovcian) — mudstone, siltstone,
shale, fine clastic sedimentary rocks

LARDEAU GROUP, Index Formation (Cambrian to
Devonian) - mudstone, siltstone, shale, fine clastic
sedimentary rocks

Laib Formation (Cambrian) - undivided sedimentary
rocks

HAMMILL GROUP (Neoproterozoic to Cambrian) —
quartzite, quartz arenite sedimentary rocks
(includes Reno and Quartzite Range Formations)

WINDERMERE SUPERGROUP (Neoproterozoic) -
includes: quartz and quartz arenite of the Three Sisters
Formation (uPrWTS); argillite, greywacke, wacke,
conglomerate of the Monk Formation (uPrwWM);
greenstone, greenschist metamorphic rocks of the
Irene Formation (uPrWI); conglomerate, coarse clastic
rocks of the Toby Formation (uPrWT)

PURCELL SUPERGROUP (Mesoproterozoic) - includes:
quartz and quartz arenite o the Mount Nelson
Formation (mPrPM); undivided sedimentary rocks of
the Dutch Formation (mPrPD); dolomitic carbonate
rocks of the Kitchener Formation (mPrPK); siltstone,
argillite, and quartzite of the Creston Formation
(mPrPC); argillite, greywacke, wacke, conglomerate of
the Aldridge Formation (mPrPA);
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Figure 30. (a) Graded bedding in quartzite of the Three Sisters Formation (Locality SH12). (b) Gritstone of the Upper Nugget member of the Quartzite
Range Formation, showing elongation of grains parallel to the regional north-northeasterly strike (Locality SH10); (c) View to the north of cross-bedded
quartzite of the Upper Nugget member of the Quartzite Range Formation; way up is to the left (west), indicating bedding is overturned (Locality SH10).
(d) View to the north of moderately east-dipping argillaceous quartzite of the Navada member, Quartzite Range Formation, showing slightly shallower S,
axial planar cleavage fabric relative to transposed bedding (S/S,) (Locality SH11).
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Figure 31. (a) Coarse-grained biotite granite of the Sheep Creek stock (Locality SH17). (b) Gradational contact between coarse and fine-grained porphy-
ritic variants of the Sheep Creek stock (Locality SH17). (c) Quartz-feldspar porphyry dike intruding granite of the Sheep Creek stock (Locality SH25). (e-f)
Olivine-biotite lamprophyre cutting the Sheep Creek stock (Locality SH17).
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Figure 32. Longitudinal cross-section through underground workings of the Queen and A veins, showing the western anticline (left) and the east-dipping,
overturned limb of the Sheep Creek anticline (right). Note the restriction of mine workings to the Navada and Nugget members of the Quartzite Range
Formation, and stratigraphically below the argillite-dominated Reno Formation. After Figure 7 in Mathews, 1953.

15% feldspar phenocrysts (4-10 mm) and 5% quartz pheno-
crysts (3-6 mm) in a fine-grained equigranular matrix (Fig.
31c). The Sheep Creek stock yielded a K-Ar biotite age of
98.3 + 1.1 Ma (Archibald et al., 1983), which is interpreted
as the minimum emplacement age.

Granitic rocks resembling those of the mid-Cretaceous
suite have also been documented below zones of gold min-
eralization in parts of the Sheep Creek gold camp (Mathews,
1953). The Queen Shaft penetrated coarse granite below
productive mine levels, and Mathews (1953) noted “marked
metamorphism in the impure quartzites" in parts of the
Queen vein system (Figs. 29, 32).

Argillaceous rocks in the contact aureole of the Sheep
Creek stock are variably hornfelsed, although phyllitic units
observed in the vicinity of the Nugget mine some 2 km
east have no visible evidence of a mineralogical or textural
overprint. However, in the northern part of the Sheep Creek
camp (Reno mine) and in the vicinity of the Sheep Creek
stock, Matthews (1953) reported andalusite and another
porphyroblastic phase appearing as "dark-grey spots...of
lens-shaped segregations of quartz and mica", which fits
the description of pinitized cordierite. Matthews also noted
tremolite in calcareous sediments at the same locations.
These metamorphic assemblages are consistent with em-
placement of the Sheep Creek stock at ~2.5 kbar or approx-
imately 9 km paleodepth (Logan, 2002a).
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A north-northeast-trending swarm of quartz porphyry
dikes intrudes sediments and mineralized vein features of
the Sheep Creek camp (Matthews, 1953; Figs. 29, 32), al-
though the age was unknown prior to this study. The dikes
are characterized by sparse (~1%) euhedral quartz pheno-
crystsin afine, equigranular (aplitic) groundmass (Fig. 31d).
It was noted by Matthews (1953) that these dikes post-date
dextral movement on the northeast-trending vein fractures
that host mineralization. However, Matthews doubted that
the porphyry "is also later than the sulphide mineralization”
due to rare pyrite veinlets that cut the porphyry, and minor
sphalerite along the vein-porphyry contact.

All units of the Sheep Creek camp are cut by biotite-oliv-
ine = augite bearing lamprophyre dikes (Fig. 31e-f), and
these occur in underground workings where they locally
cut zones of mineralization (Mathews, 1953). Lamprophyre
dikes are typically steep and north-trending, except where
they intrude along vein and fracture systems at a high an-
gle to the attitude of the host sedimentary rocks (Mathews,
1953). Lamprophyre dikes contain abundant quartzite and
rare granitic xenoliths (Mathews, 1953), the latter poten-
tially derived from a concealed plutonic body beneath the
Sheep Creek camp.
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ECONOMIC GEOLOGY

In addition to gold production from quartz veins in the
Sheep Creek camp, past mining activity in the Salmo region
exploited a wide variety of other mineralization styles and
ages, including carbonate-hosted Pb-Zn * Ag, intrusion-
related W-Mo + Cu-Au, and polymetallic veins (Hoy and
Dunne, 2003; Fig. 28).

The Kootenay Pb-Zn-Ag belt tracks the entire trace of the
Kootenay arc, and is mainly hosted by Lower Cambrian car-
bonates of the Badshot Formation, the equivalent of which
is the Reeves Member of the Laib Formation in the Salmo
Pb-Zn camp. Southern Kootenay carbonate-hosted lead-
zinc deposits have been described or summarized by sev-
eral previous workers, and have been variably interpreted
as Mississippi Valley Type (MVT), sedimentary exhalative
(SEDEX), or Irish-type Pb-Zn deposits (Fyles and Hewlett,
1959; Sangster 1970, HOy, 1982; Nelson 1991, Paradis,
2007; Paradis et al., 2015).

The past-producing, carbonate-hosted HB Pb-Zn-Ag-Cd
mine is located 5 km west of the Sheep Creek gold camp,
and is hosted in dolomitized limestone of the Reeves
Member of the Laib Formation (BC MINFILE 082FSW004;
Fig. 28). Mining operations at HB between 1912 and 1978
yielded 6.6 Mt of ore from which 950 koz of Ag, 260 kt of
Zn, and 49.5 kt of Pb, 2 kt of Cd and minor Cu and Au were
recovered (BC MINFILE 082FSW0004). The past-producing
Jersey and Emerald Pb-Zn mines are located in the same
stratigraphy 6 km to the south of HB (Fig. 28), where be-
tween 1919 and 1970 they produced 8.0 Mt of ore grading
1.95% Pb and 3.83% Zn (Giroux and Grunenberg, 2010). Jer-
sey contains an indicated resource of 5.3 Mt grading 1.04
% Pb and 2.60 % Zn, and an inferred resource of 16.9 Mt
grading 1.00% Pb and 2.18% Zn at a 1.5% combined Pb-Zn
cut-off grade (Giroux and Grunenberg, 2010).

Lead-zinc mineralization at Jersey and Emerald are spa-
tially associated with a cluster of undeformed, equigranular
biotite granite stocks and associated W + Mo skarn min-
eralization of the Emerald Tungsten, Dodger, Feeney, and
Invincible mines (BC MINFILE 082FSWO010, 08FSWO01T,
08FSW247, 082FSW2188 respectively; Fig. 28). These sys-
tems are notable for elevated Au, Bi, As, Te, and Sn. These
deposits collectively produced 1.60 Mt of ore grading 0.76%
WO, (Giroux and Grunenberg, 2010). As of 2014, the Emer-
ald Tungsten mine has a current indicated resource of 256
kt ore grading 0.19 % WO, and an inferred resource of 1122
kt ore grading 0.28 % WO, (Park and Grunenberg, 2015).
Tungsten mineralization is associated with biotite granite
of the Emerald stock, which yielded a 2°°Pb/?%¢U zircon age
of 102.2 + 2.3 Ma (Webster, 2016).

Near Salmo, polymetallic Ag-Pb-Zn + Au veins occur in
fine-grained siliciclastic rocks of the Quesnellia terrane
(Rossland Group), and these are spatially associated with
a cluster of plutons related to the Middle Jurassic Bonning-
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ton pluton (Fig. 28). A similar suite of polymetallic veins oc-
curs 12 km east of the Sheep Creek camp at the Bayonne
mine, which produced 42,174 oz gold and 120,665 oz silver
from 81,782 t of ore (16.0 g/t Au; 45.9 g/t Ag; BC MINFILE
082FSE030; Fig. 28). Veins cut biotite-hornblende grano-
diorite of the Middle Jurassic Mine stock, and are continu-
ous along strike for nearly 1 km toward ~070°N. The age of
Bayonne mineralization is approximately 145 Ma, as deter-
mined by Ar-Ar dating of vein sericite (Logan, unpublished
data in Webster, 2016), and thus is genetically unrelated to
hydrothermal fluids related to crystallization of the Middle
Jurassic host rocks.

Underground gold mining in the Sheep Creek gold camp
targeted numerous high-grade veins hosted in Neoprotero-
zoic to Cambrian siliciclastic rocks of the Hammill Group.
The geology of the Sheep Creek gold camp is described in
superb detail by Mathews (1953), and barring future under-
ground rehabilitation and mining, is the best current source
of descriptive information on mineralization. Mathews
(1953) summarized the gold mineralization as follows:

The gold deposits of the Sheep Creek camp consist
essentially of quartz veins containing as a rule minor
amounts of sulphides. Pyrite is the only abundant sul-
phide; galena and sphalerite are present, but as a rule
it is only where the veins cut limestone that these two
minerals occur in commercial quantities. Nearly all the
production of gold has been from those parts of the veins
where one or both walls consist of quartzite of either the
Nugget or the Navada members of the Quartzite Range
formation. Vein fractures cutting argillite are generally
devoid of quartz or are occupied by only a thin band of
barren vein matter. The extent of the productive part of
any vein along the vein is, therefore, limited by the distri-
bution of favourable quartzite in its walls. Within the fa-
vourable quartzites, oreshoots make up varying propor-
tions of the veins. The upper limit of orebodies is most
commonly the ground surface, or in the Western anticline
the crest of the quartzite beds, but in places in the south-
ern part of the camp, even within a single type of rock,
veins become narrower upward to the point that they
cannot be mined economically. In general, vein widths do
not diminish downward; on the contrary, vein widths are
average or greater than average on the lowest levels of
most mines. However, high-grade ore occurs less abun-
dantly in the lower levels, and the proportion of the vein
that could be mined profitably diminishes. On the lowest
levels on which several veins have been explored no ore
was found, or the proportion of ore to submarginal parts
of the vein was such that no net profit resulted from ex-
ploring and mining the veins on those levels. In the veins
that have been explored, oreshoots have been found
within a vertical range that is not more than 1,600 feet
for any vein. This productive range is found at elevations
that from north to south are progressively lower.

Structural controls in BC's eastern Cordilleran gold belt
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Mathews, 1953).

The restriction of gold-bearing veins to favourable quartzite
stratigraphy is illustrated by the distribution of underground
workings in the Queen and Kootenay Belle mine areas south
of Sheep Creek (Figs. 28, 32). Here mineralization is con-
fined to the Upper and Middle Nugget and Navada mem-
bers of the Quartzite Range Formation, which structurally
underlie argillaceous sediments of the Reno Formation in
the western anticline, but which structurally underlie argil-
lite and argillaceous quartzite of the Lower Nugget member
in the overturned western limb of the Sheep Creek anticline
(Fig. 32). The link between gold distribution and favourable
quartzite stratigraphy of the Nugget and Navada members
is maintained along the north-south strike length of the
western anticline and the western limb of the Sheep Creek
anticline (Sections B-B' and C-C', Fig. 33).

The most productive veins of the Sheep Creek camp occupy
northeast-trending fault-fracture zones with dextral strike-
slip displacement (see below). A less abundant conjugate
set of northwest-trending faults have sinistral strike-slip
movement, although these do not host mineralization (Mat-
thews, 1953). Vein quartz is typically massive; comb or vug-
gy textures are rare (Matthews, 1953; Fig. 34). Alteration of
the quartz-dominant wall rock is lacking except locally for
bleaching of quartzite close to vein margins. Sericite is the
most common alteration mineral associated with mineral-
ization, and occurs as randomly oriented flakes intergrown
with quartz and pyrite, or as septa of altered wall rock.

Geoscience BC Report 2017-15

Vein quartz is isotopically heavy with 8'80 values averaging
14.4 + 3% (VSMOW), and contains low to moderate salinity
H,0-CO, + CH, fluid inclusions that indicate trapping condi-
tions of 300 + 50°C and fluctuating pressures of 1-2 kbar
(Hardy, 1992). Vein calcite yields average 3'°C values of -2.5
+1.3% (PDB) and limestone and calcareous argillites in the
area have similar values of -1.9 + 2.3%, which led Hardy
(1992) to suggest a carbon source dominated by the local
sedimentary sequence.
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Figure 34. (a) Barren extensional quartz veins cutting white quartzite near the 1850 portal; (b) Pyritic fractures cutting massive quartz ore from the Nug-
get mine. It is unclear whether quartz is space-filling vein material or recrystallized quartzitic host rock; (c) Quartz-pyrite vein material from the 1850

portal.

STRUCTURAL GEOLOGY

Consistent structural features were observed in all three
outcrop areas of the Sheep Creek gold camp visited in this
study, which include the 1850 Portal, Motherlode mill area,
and the Nugget portal (Fig. 29). All three areas are locat-
ed on the western limb of the Sheep Creek anticline, and
consistent relationships between bedding, cleavage, and
brittle deformation features were observed. Examples of
the structural elements observed in the field are shown in
the Figure 35, along with equal area stereonet plots of the
compiled structural features in Figure 36.

Host rocks in the Sheep Creek camp consistently strike
north-northeast (Figs. 29, 36). Where quartzite and argil-
laceous quartzite of the upper Quartzite Range Formation
(Upper Nugget and Navada members) and Reno Formation
outcrop near the Nugget mine portal and 1850 portal, bed-
ding (S,) is overturned and dips steeply to moderately to the
east-southeast. Cross-bedding in quartzite, defined locally
by heavy mineral layers, defines stratigraphic younging to
the west, which is consistent with outcrops' mapped po-
sition on the western, overturned limb of the Sheep Creek
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anticline. In argillaceous layers, bedding is modified by a
ductile transposition fabric (S,) oriented parallel to the
compositional layering (S,). Near the Motherlode mill, rocks
of the stratigraphically underlying Three Sisters Formation
are represented by strongly deformed muscovite-chlorite
phyllite interlayered with argillaceous gritstone. Here the S,
transposition fabric is especially strongly developed.

A penetrative cleavage fabric (S,) is locally developed in
argillaceous layers of the Quartzite Range Formation and
Reno Formation. The S, fabric is north-northeast striking,
moderately east-southeast dipping, and in most cases, is
shallower than transposed bedding (S,/S,) (Figs. 30d, 36).
This geometry is consistent with the S, fabric being re-
lated to formation of the Sheep Creek anticline and related
north-northeast-trending F, folds. This fabric is effectively
absent in pure quartzite units, except in the thin, millimetre
to centimetre-scale argillaceous tops of metre-scale beds.
The dip of the S, cleavage is highly variable (Fig. 36), due in
part to refraction of cleavage across layers of different mica
content.

Structural controls in BC's eastern Cordilleran gold belt
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parallel joints are developed nearly perpendicular to the L, lineation. (b) View to northwest of a bedding surface (S/S,), overprinted by a subhorizontal L,
lineation and a set of broad, moderately southeast-plunging F, crenulations. (c) Argillaceous quartzite float showing a well-developed set of F, crenu-
lations (top-to-bottom) overprinting the main L, fabric. (d) Spaced fibrous (extensional) quartz veinlets and associated F, kinks cutting argillaceous
quartzite perpendicular to both transposed bedding (S,/S,) and the L, lineation.

The intersection of the S, cleavage fabric and transposed
bedding (S,/S,) results in a locally well-defined intersection
lineation (L,), which is consistently subhorizontal and north-
northeast-trending (Figs. 35-36). A penetrative, L -parallel
shape fabric is also apparent on bedding surfaces, which is
defined by combinations of: (1) deformation-related, centi-
metre to decimetre-scale grooves on the bedding surface
(Fig. 35a); (2) aggregate lineation or rodding of quartz in ar-
gillaceous quartzite; and (3) elongate detrital grains in gritty
units (Fig. 30b). Rare examples of mesoscopic F, folds are
also observed, and fold axes of these are consistently par-
allel to L, fabrics.

The host rock sequence is commonly intersected at a
high angle by east-trending sets of crenulations and kink
bands (S,; Figs. 35-36). Crenulations are commonly low-
amplitude and are best developed in argillaceous units or
argillaceous tops of quartzite beds. The attitude of the S,
crenulation cleavage fabric is normally difficult to assess in
argillaceous quartzite, although the trace of these crenula-
tions (L3) is normally obvious on the S /S, surface (Fig. 35).
Where kink bands are developed in the argillaceous tops of
quartzite beds, they are typically widely spaced (on the or-
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der of 50 cm or more). In pure quartzite beds the S, fabric is
generally absent, although barren quartz veins of the same
orientation are common. Where these quartz veins intersect
argillaceous tops of quartzite beds, a deflection of the host
rock S,/S, fabric at the margin of the vein is common. The
orientation of S, fabrics is variable, ranging from a strike of
070°N to 126°N. However, this variability is consistent with
the range of vein orientations (below), and is appropriately
interpreted in the context of conjugate deformation bands.

All sedimentary rocks of the Sheep Creek camp have well-
defined, steeply dipping joints oriented nearly perpendicu-
lar to the penetrative L, elongation fabric (Figs. 35a, 36).
Extensional quartz veins from a few millimetres to several
centimetres also share this orientation (Fig. 34a). A sec-
ond set of quartz veins is orientated 070°N to 080°N, and
show strong field evidence for a component of dextral shear
along the vein surface. Shear sense indicators include ro-
tation of wall-rock fabrics and sigmoidal vein arrays (Fig.
37). The shear veins observed and measured in the field
are consistent in orientation and dextral shear sense with
the gold-mineralized veins described by Matthews (1953).
Pyrite or other sulphides are rare to absent in the bedrock
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Figure 36. Equal-area lower hemisphere stereonet projections of all planar and lineation measurements collected at the Sheep Creek camp. See text for
discussion.
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Figure 37. Deformed sequence of quartzite (top) and phyllite (bottom) in the creek below the Motherlode mill (Three Sisters Fm., Locality SH12). The main
structural feature is a northeast-trending dextral shear that deflects into parallism with the main planar fabric of the phyllite unit. Northwest-trending
antithetic accommodation structures with sinistral movement are developed in the more competent quartzite unit, as indicated by a right-stepping en

echelon array of quartz veins (centre-left).
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localities visited in this study, although mineralized vein
material from the Nugget mine was observed and sampled
from an ore stockpile near Salmo (Fig. 34b-c).

Mathews (1953) describes two sets of post-mineralization
faults. A north-trending set dips steeply to the east and ac-
commodates normal movement up to 300m (e.g., Weasel
Creek fault, Fig. 29). Minor shallowly-dipping faults with
displacements of a few metres have also been reported in
underground workings (Mathews, 1953).

Regional comparisons

Along-strike projection of the Sheep Creek camp

The same stratigraphy present in the Sheep Creek camp is
exposed along the Salmo-Creston segment of Highway 3,
and provides an opportunity to compare and contrast the
style and intensity of deformation both proximal and distal
to mineralization (Fig. 28). Figures 38 and 39 summarize
structural observations and measurements made along
a cliff-forming roadcut in argillaceous quartzite of the
Hamill Group (most likely Upper Nugget or Navada mem-
ber equivalent; Locality SH33 in Fig. 28). Metre-scale fold-
ing of quartzite beds at this locality gives rise to significant
variability in bedding orientation (S,/S,), but a consistent
fold axis and elongation fabric (L,) was measured plung-
ing moderately to the southwest (average orientation of
36°/219°N). The plunge of fold axes at this location is con-
sistent with the mapped fold closure of a major anticline
cored by Hammill Group rocks in this area (Fig. 28).

A prominent set of quartz + muscovite * pyrite veins dips
steeply to the northeast, nearly perpendicular to the L, fab-
ric. A second set of quartz veins oriented ~20° clockwise
from the first set accommodate sinistral shear, as indicat-
ed by flanking right-stepping en echelon arrays of exten-
sional veins (Figs. 38-39). The same structural elements
described above in the Sheep Creek camp are represented
in this roadcut, and with the same relative orientations. The
main difference is that the penetrative L, lineation and fold
axes plunge to the southwest (Fig. 39), in contrast with the
subhorizontal geometries of the Sheep Creek camp (Fig.
33). In addition, sinistral shear zones are well represented
along this Hwy 3 outcrop, whereas dextral shear structures
are better developed in the Sheep Creek camp. A shear
vein containing quartz and muscovite from this locality
was sampled to date the onset of brittle deformation (see
“0Ar/3°Ar results below; Fig. 38d).
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Figure 38. Equal-area stereonet projections of planar and linear structural
data collected at Locality SH33 along Highway 3.
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Figure 39 (right). (a) View toward 100°N of quartzite roadcut, located 15
km south of the Sheep Creek camp along Highway 3. Note the prominent
southeast-plunging lineation developed on the northwest-dipping bed-
ding surface. Spaced quartz veins in the foreground are purely extensional,
whereas those in the background accommodate sinistral shear. (b-c). En
echelon quartz vein arrays overprinted by a sinistral shear vein. (d) quartz-
muscovite vein sampled for °Ar/3*Ar analysis (Sample MA16-SH24).
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Bayonne mine

The Bayonne vein system comprises massive to vuggy,
auriferous  quartz-ankerite-galena-sphalerite-chalcopy-
rite-pyrite-tetrahedrite veins hosted in massive, medium-
grained hornblende-biotite granodiorite of the Mine stock
(Figs. 28, 40). Veins are flanked by brown-weathering ha-
loes of ankerite-sericite t+ pyrite alteration (Fig. 40a-c). In-
dividual veins strike from north to northeast, but the most
prominent set is subvertical and strikes 065°N to 070°N,
parallel to the mapped trace of the Bayonne vein. Stri-
ated vein and joint surfaces indicate late fault movement

on the Bayonne vein system, and a single in situ example
of stepped slickensides on a steeply southeast-dipping,
northeast-trending fault surface indicates dextral strike-
slip movement (Fig. 40d). A much greater number of ob-
servations and measurements are required to assemble a
meaningful structural and kinematic model for Bayonne, to
test whether it may have formed under a similar stress re-
gime to Sheep Creek.

Figure 40. (a) Gossanous fractures developed in granodiorite parallel to the Bayonne vein. (b) progression from fresh biotite-hornblende granodiorite of
the Mine stock (left) to increasing degrees of mafic-destructive chlorite and sericite alteration, and sericite-ankerite alteration of feldspar. (c) quartz-py-
rite-chalcopyrite-sphalerite vein with intensely carbonate-sericite altered granodiorite host rock. (d) subhorizontal stepped slickensides on a northeast-

striking fault surface near the eastern limit of the Bayonne vein.
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GEOCHRONOLOGY

New “°Ar/3*Ar and U-Pb geochronology results help to con-
strain the age of deformation, mineralization, and magmat-
ic events in the Sheep Creek camp. Argon-argon and U-Pb
data are presented in Appendices 2 and 3, respectively, and
the results of individual samples are presented below.

“OAr/*Ar analysis

Metamorphic rocks

Sample MA16-SH10 is quartz-muscovite phyllite from
the Three Sisters Formation that is exposed in the creek
bed below the Motherlode mill (Fig. 35). A pressed pellet
of hand-scraped muscovite yielded a monotonically rising
age spectrum from 86 to 132 Ma, with a set of intermedi-
ate steps increasing gradually from 102 to 107 Ma. Simi-
lar results were obtained from finely divided sericite from
the same sample, although a maximum age of 115 Ma was
reached. Analyses from this sample are consistent with
partial to near-total argon loss in the mid-Cretaceous, over-
printing an apparent minimum metamorphic age of 132 Ma.

Sample MA16-SH14 is a specimen of thinly interbedded
quartzite and muscovite phyllite cut by fibrous quartz vein-
lets at a high angle to transposed bedding. A pressed pellet
of muscovite scraped from the sample yielded a rising age
spectrum with a plateau age of 101.0 + 0.1 Ma at intermedi-
ate heating steps (steps 2-5 of 11, representing 70.4% of
the %°Ar; MSWD = 2.7; probability = 0.043). An analysis of
finely divided muscovite from the same sample yielded a
similar age spectrum with a plateau of 102-101 Ma at inter-
mediate heating steps. Results are compatible with near-
total resetting of argon in muscovite in the mid-Cretaceous,
with more radiogenic components likely reflecting an earlier
metamorphic origin of the muscovite.

Sample MA16-SH24 is a quartz-muscovite shear vein cut-
ting quartzite of the Hammill Group, in a roadcut along the
Salmo-Creston Highway that represents similar stratigra-
phy and structural elements as those described above for
the Sheep Creek camp (Locality SH33, Fig. 28; Figs. 36-37).
Coarse, pale green sericite from this vein yielded a “°Ar/*°Ar
plateau age of 133.0 + 0.2 Ma (steps 6-11 of 12, represent-
ing 71.2% of the *°Ar; MSWD = 2.5; probability = 0.029). This
age is interpreted to date vein formation, so is thus the min-
imum age of D,-related ductile fabrics in the host rock.

Ore material

Sample MA16-SH03 is a specimen of quartz-pyrite vein
material that contains narrow seams of pale sericite, from
an ore stockpile from the Nugget mine (Fig. 34b-c). Seric-
ite yielded a rising *°Ar/*°Ar age spectrum reaching 104 Ma
in the final heating step (associated with only 28% of the
Ar released). A second aliquot of the same sample yield-
ed a similar rising age spectrum from 91 to 115 Ma, with
an inflection point ~102 Ma. A similar sample of vein ore
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material from the Nugget mine (Sample MA16-SHO05) gave
a similar *°Ar/**Ar age spectrum rising from 94 to 116 Ma.
The analyses of these two samples are consistent with a
116-115 Ma minimum age of sericite formation, with sub-
sequent thermal resetting in the mid-Cretaceous.

Intrusive Rocks

Sample MA16-SH13 is a biotite-olivine lamprophyre dike
cutting the Sheep Creek stock (Fig. 31e-f). Biotite yielded a
plateau age of 53.0 + 0.1 Ma (steps 10-12 of 12, represent-
ing 62.6% of the 3°Ar; MSWD = 0.42; probability = 0.66). This
Eocene age is the emplacement and crystallization age of
the dike.

U-Pb analysis

Sheep Creek stock

Three phases of the Sheep Creek stock were sampled and
analyzed for U-Pb zircon ages by laser ablation ICP-MS:
massive, coarse-grained biotite granite of the main phase
of the stock (MA16-SH12; Fig. 31a); quartz-feldspar granite
porphyry with a fine-grained equigranular groundmass, in
gradational contact with the coarse-grained phase (MA16-
SH11; Fig. 31b); and a cross-cutting quartz-feldspar por-
phyry unit (MA16-SH17; Fig. 31c).

The coarse-grained granite (MA16-SH12) yielded clear, co-
lourless zircon grains that were typically 125-200 um long
with idiomorphic external morphology. Internal zoning re-
vealed by SEM-CL imaging is dominantly oscillatory, with
some grains showing clear core-rim relationships. Sev-
enteen of 20 single-grain analyses yielded concordant or
nearly concordant U-Pb isotopic ratios. Sixteen of these 17
analysis give a mean 2°°Pbh/?%U age of 104.3 + 1.2 Ma, but
with wide scatter likely reflecting a protracted magmatic
history (MSWD = 3.6; probability = 0.0).

The porphyritic phase of the Sheep Creek stock (MA16-
SH11) yielded zircons ranging in size from 50 to 250 pm,
ranging in external shape from rounded to idiomorphic, and
with a variety of internal morphologies including simple
oscillatory zoning patterns and complex core-rim relation-
ships. Of the 14 grains analyzed, seven were xenocrysts
ranging in age from late Paleoproterozoic to Triassic. The
remaining seven zircon grains gave nearly concordant Early
Cretaceous ages ranging from 130 to 101 Ma. A cluster of
five nearly concordant ages give a mean %*°Pb/?®U age of
102.0 + 1.6 Ma (MSWD = 1.8; probability = 0.13). The tex-
turally transitional nature of this porphyritic phase with
coarse-grained biotite granite requires that the phases are
coeval, and moreover that the true crystallization age of the
coarse phase is likely closer to 102 Ma, as suggested by the
101.6 = 1.1 Ma mean 2°°Pb/%8U age of the four youngest
zircons in sample MA16-SH12.

The late quartz-feldspar porphyry unit (MA16-SH17) is
more densely porphyritic than the earlier phase that is
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coeval with the coarse granite, and it has a finer-grained,
dark grey matrix. Zircon grains isolated from this sample
are stubby to elongate, doubly terminating prisms ranging
from 100 to 300 um long, and with a few exceptions exhibit
simple oscillatory growth zoning. A single equant grain with
complex internal zoning yielded a late Mesoproterozoic
age. The remaining 17 of 18 analyses yielded mainly con-
cordant results with an error-weighted mean 2°°Pb/?%8U age
of 102.3 £ 0.7 Ma (MSWD = 2.0; probability = 0.01), which is
interpreted as the unit's crystallization age. This age agrees
within 2o error of the older porphyritic rock, suggesting they
are broadly coeval and intimately related to emplacement
of the Sheep Creek stock.

An aplitic dike containing sparse, euhedral quartz and feld-
spar phenocrysts (MA16-SH16; Fig. 31d) was collected
near the Nugget mine to date this unit, which is described
by Matthews (1953) as cutting the northeast-trending, min-
eralized shear veins, but which itself locally hosts sulphide
minerals. The altered groundmass of this sample is over-
printed by 0.5-1 mm radiating aggregates that were identi-
fied as K-feldspar on the basis of energy-dispersive X-ray
spectroscopy. The majority of zircons from this sample are
small (50 to 100 um), equant to stubby grains with rounded
to prismatic external habit. Internal zoning is highly variable
and indicating a range of complex growth histories. Of the
16 grains analyzed, 13 are Proterozoic xenocrysts. Three
of the remaining zircons yielded concordant to weakly dis-
cordant mid-Cretaceous ages that give an error-weighted
mean 2°°Pb/2°U age of 102.3 + 4.2 Ma (MSWD = 1.4; prob-
ability = 0.25). This is interpreted as the emplacement age
of the dike, which agrees within error with the age of the
Sheep Creek stock and related porphyritic phases.

r

S0/S1

§W -

e

DISCUSSION - SHEEP CREEK GOLD CAMP

Structural setting of mineralization

Ductile and brittle structural elements of the Sheep Creek
camp are best explained by progressive shortening in the
direction of T00°N/280°N (Fig. 41). Shortening in this direc-
tion accounts for the formation of north-northeast-trending
folds, and the overall strain is essentially coaxial, although
a component of strike-slip simple shear is likely required
to explain the penetrative subhorizontal stretching lineation
(L,) oriented parallel to F, fold axes. Progressive shortening
at a high angle to the strike of the orogen led to the forma-
tion of conjugate kink bands (S,), Mode | cracks (L,-per-
pendicular joints, extensional quartz veins), and conjugate
structures accommodating strike-slip movement.

Lack of safe underground access precluded in situ obser-
vations of mineralized features in the Sheep Creek camp in
this study. However, Matthews (1953) associates mineral-
ization with sets of northeast-trending vein-fracture zones
with dextral strike-slip movement, matching the orienta-
tion and shear sense of those observed in outcrop. There-
fore, mineralization is most reasonably interpreted to have
formed at the latest brittle stage of progressive shortening
associated with Mesozoic collision of the Intermontane
terranes with Proterozoic to Paleozoic strata of the ancient
North American margin. Deformation associated with this
collision was clearly complete before mid-Cretaceous time,
as evidenced by plutons of the Bayonne suite that cross-
cut folds and thrust faults of the Cordilleran orogen in the
Salmo region (Fig. 28).
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Figure 41. (a) Summary strain ellipse (plan view) and (b) block diagram illustrating the main structural elements of the Sheep Creek camp. The dark grey
horizon in the middle of the block model signifies a more easily deformed argillaceous lithology.
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Age of mineralization and deformation

Interpreting the age of deformation and hydrothermal activ-
ity in the Sheep Creek gold camp is complicated by post-
collisional, ca. 102 Ma mid-Cretaceous granitoids, which
include the Sheep Creek stock (this study), the Emerald
stock (Webster and Pattison, 2014), and aplite dikes cut-
ting zones of mineralization in the Sheep Creek gold camp
(Mathews, 1953; this study). Direct observations of granit-
oids and associated contact metamorphism in underground
workings of the Queen vein (Mathews, 1953) require that at
least parts of the Sheep Creek area are underlain by, and af-
fected by the thermal and/or hydrothermal effects of buried
intrusions. This inference is supported by the intrusion of a
mid-Cretaceous dike swarm along the entire strike length
of the camp, and by post-mineralization lamprophyre dikes
with granitic xenoliths, potentially suggesting that the dis-
trict is underlain by a large, single magma chamber from
which the Sheep Creek and Emerald stocks also emanate.
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Contact metamorphic effects of this magmatic episode not
only include formation of hornfels and andalusite-cordi-
erite assemblages proximal to the Sheep Creek stock, but
also resulted in cryptic recrystallization of the sedimentary
sequences hosting gold ore, and potentially, of auriferous
veins themselves. This thermal overprint is illustrated by
micaceous quartzite of the Reno Formation near the Nugget
mine, in which the majority of the quartz groundmass has
annealed to produce unstrained, polygonal grain boundar-
ies, and in which relict domains of strained metamorphic
quartz define the metamorphic fabric (Fig. 42a-b). The
same effect is observed in pyritic ore of the Nugget mine,
which is characterized by annealed quartz intergrown with
idiomorphic pyrite and seams of randomly oriented seric-
ite (Fig. 42c-d). The fine grain size and weak relict fabric of
this specimen likely indicates that the sample is pyritized
quartzite wall rock as opposed to fracture-filling vein mate-
rial.
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Figure 42. Cross-polarized photomicrographs of barren (a-b) and mineralized (c-d) quartzite from the Nugget mine. A contact metamorphic overprint
has resulted in near-total annealing of the quartz groundmass. Domains of strained quartz in (a) and (b) define the relict metamorphic fabric.
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Argon-argon results from the Sheep Creek camp are con-
sistent with widespread mid-Cretaceous resetting of meta-
morphic muscovite and vein-hosted sericite. Unfortunately,
the degree of argon loss precludes a conclusive determi-
nation of the original alteration and mineralization age by
“Ar/**Ar methods. However, Hammill Group quartzite ex-
posed along the Salmo-Creston highway represents the
along-strike projection of the Sheep Creek camp. A robust
“0Ar/3Ar plateau age of 133.0 + 0.2 Ma for mica in barren
shear veins at this locality represents the age of low-strain
brittle deformation, and thus the minimum age of penetra-
tive ductile deformation in the host rocks. This age is also
a reasonable estimate for gold mineralization at the Sheep
Creek camp, although mineralization may be somewhat
younger because the time period over which shear veins
accommodated strike-slip movement and focused ore flu-
ids is unknown.

The Early Cretaceous age of deformation implied by the
40Ar/3Ar results of this study is consistent with the conclu-
sions of Webster (2016), who estimated that autochtho-
nous strata in the southern Kootenay region were deformed
and metamorphosed between 144 and 134 Ma. Webster's
(2016) age estimate was based on analogy with defor-
mation and metamorphism in the northern Kootenay arc,
outside the influence of overprinting contact metamorphic
effects. The inferred ~133 Ma age of gold mineralization
in the Sheep Creek camp is bracketed by Middle Jurassic
and mid-Cretaceous magmatism with well-defined contact
metamorphic assemblages and bathozones, such that the
crustal depth of vein formation and mineralization is well-
constrained to 9-12 km.
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Synthesis and Discussion

Models for gold mineralization

Several features of gold mineralization in each of the Cari-
boo, Cassiar, and Sheep Creek study areas are consistent
with the orogenic gold deposit model (e.g., Groves et al.,
1998; Bierlein and Crowe, 2000; Goldfarb et al., 2001). Firstly,
mineralization is associated with greenschist facies meta-
morphic belts, much like the vast majority of global oro-
genic gold deposits. This association is most clearly high-
lighted in the Cariboo gold district, in which lode and placer
gold occurrences are spatially confined to greenschist fa-
cies rocks and notably absent from lithostratigraphically
equivalent amphibolite facies rocks to the northwest and
southeast (Fig. 2).

Mineralization is most closely associated with fluid inclu-
sion-rich (milky) quartz % ferroan carbonate veins with low
modal quantities of pyrite and other sulphides. Texturally,
ore-bearing veins in each study area are characterized by
a range of features such as laminated textures, stylolites,
shear fabrics, and vein breccia, collectively indicating poly-
phase growth and deformation of veins within active defor-
mation zones along which fluid cycling was linked to seis-
mic activity (e.g. Sibson et al., 1988; Cox et al., 1991).

Mineralization in each camp is characterized by high typical
ore grades (several grams per tonne), as well as typically
high Au/Ag ratios. As is typical in orogenic districts, sec-
ondary ore minerals and metal signature correlate with dif-
ferences in local host rock composition, such that gold ore
hosted in metabasalt has a Ag-Cu-Pb-Zn * Sb signature
(Cassiar district; Sketchley, 1984; Rhys, 2009), ore hosted in
siliciclastic rocks has a mainly Ag-Pb-Bi signature (Wells-
Barkerville camp; Rhys and Ross, 2001), ore hosted by car-
bonaceous pelite and variably calcareous siliciclastic rocks
has a Ag-rich, Pb-Zn * Cu-W signature (Cunningham Creek
areas of the Cariboo gold district; Gavin, 2017), and ore host-
ed in calcareous host rocks have a Pb-Zn signature (minor
component of the ore in the Sheep Creek camp; Mathews,
1953). The dependence of metal signatures on host rock
lithology suggests a high degree of rock-buffering on the
fluid composition, a feature proposed for orogenic gold de-
posits on the basis of stable isotopic and thermodynamic
arguments (e.g., Evans et al., 2006).

Ore fluid compositions in each study area are also typical
of orogenic gold deposits globally. Fluid inclusion studies
in each district have identified low-salinity, H,0-CO,-NaCl
+ CH, fluid compositions, with moderate fluid inclusion ho-
mogenization temperatures of ~200-300°C (Nelson, 1990;
Hardy, 1992; Dunne and Ray, 2001). Furthermore, a weakly
acidic, carbonic fluid composition is consistent with seric-
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ite-carbonate dominant alteration assemblages of metaba-
salt and metasiliciclastic rocks of the Cassiar and Cariboo
gold districts, respectively. As expected, alteration is cryptic
to absent in non-reactive quartzite host rocks of the Sheep
Creek camp.

Notably, there is no current geological or geochronologi-
cal evidence that connects the formation of gold mineral-
ization with magmatism in the Cariboo, Cassiar, or Sheep
Creek study areas. Hypotheses by Nelson (1990) and Ball
(1997) that mineralization of the Cassiar gold district was
genetically linked to a buried intrusion are not supported
by the ages of zircon xenocrysts in lamprophyre dikes,
which indicate that granitoids underlying the district are
significantly younger than Early Cretaceous mineraliza-
tion. Similarly, geological and geochronological evidence in
the Sheep Creek camp do not support the suggestions of
Mathews (1953) and Logan (2002a) that gold mineraliza-
tion is genetically linked to mid-Cretaceous magmatism of
the Bayonne suite. Rather, the relationship of gold miner-
alization to ca. 102 Ma intrusions appears to be only spa-
tial, as indicated by contact metamorphic effects affecting
the “°Ar/*Ar systematics and textures of both host rocks
and mineralized features. Moreover, gold mineralization in
the Sheep Creek camp is structurally linked the late brittle
expression of collisional deformation, the age of which is
constrained to ~133 Ma through “°Ar/*Ar analysis of late-
tectonic veins outside the influence of overprinting thermal
effects in the Sheep Creek camp.

Tectonic setting

The orogenic gold deposit model highlights the relation-
ship of mineralization to zones of collisional deformation
in convergent continental margin settings (e.g., Groves et
al., 1998; Bierlein and Crowe, 2000), and examples of oro-
genic gold in British Columbia are no different in this re-
gard. Examples of orogenic gold in B.C. span nearly the
entire breadth of the province and underscore a range of
collisional tectonic environments permissible for this gold
deposit style. Whereas the Juneau gold belt in southeast
Alaska occurs in a forearc environment (Goldfarb et al,,
1998), the B.C. examples occur either within accreted peri-
cratonic terranes (e.g., Bralorne-Pioneer, Atlin, Cassiar), or
within shelf to basinal marine strata fringing the ancient
continental margin (e.g., Cariboo, Sheep Creek) (Fig. 1).

The Cariboo gold district and Sheep Creek camp empha-
size the prospectivity of parautochthonous sedimentary
strata of the eastern Northern American Cordillera for oro-
genic gold. Whereas these districts occur in metamorphic
belts in close proximity to the eastern margin of Quesnellia
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terrane, orogenic gold may also occur in North American
strata well inboard of the limit of accreted peri-cratonic ter-
ranes. This possibility is indicated by examples of orogenic
gold in Selwyn Basin, Yukon Territory, such as the 3 Aces
gold prospect (Golden Predator, 2017). Together, examples
of orogenic gold deposits in B.C. and elsewhere in the North
American Cordillera emphasize that other factors, such as
regional and local structures, are more important ore con-
trols than the specific tectonic position within the accre-
tionary orogen.

Structural setting

In each of the Cariboo, Cassiar, and Sheep Creek areas,
veins and related brittle structures are geometrically and
kinematically compatible with the inferred stress condi-
tions that formed ductile structural elements in the host
rocks, and therefore, formed under the same progressive
deformational regime (Figs. 18, 27, 41). The horizontal
component of shortening in each district is perpendicular
to the orogenic strike, such that subvertical extensional
veins formed nearly perpendicular to fold axes, lineations,
and planar fabrics in the host rocks, and conjugate shear
veins further accommodated orogen-normal shortening in
the brittle regime (Fig. 43). In detail, veins in each district
formed diachronously, such that early veins were over-
printed by ductile deformation and late veins record the lat-
est, low-strain expression of orogen-normal shortening in
the brittle regime. Early veins include ptygmatically folded
extensional veins, as well as fault-filling veins, which were
overprinted by shear fabrics prior to late brittle reactivation
and mineralization (e.g., Vollaug vein, Cassiar district; B.C.
vein, Wells-Barkerville camp).

The relative geometry of extensional, shear, and fault-filling
veins in the Cariboo, Cassiar, and Sheep Creek camps is
entirely consistent with well-studied examples of orogenic
gold globally, such as the Val d'Or camp of Canada's Su-
perior province (Poulsen and Robert, 1989; Fig. 44). How-
ever, the absolute geometry differs in that extensional veins
are subvertical in the B.C. examples, indicating that the
minimum principal stress direction (c,) is subhorizontal.
In contrast, the Val d'Or model emphasizes subhorizontal
extensional veins, steep shear zones with a reverse sense
of movement, and a subvertical o, direction (Fig. 44). The
structural regime in Cassiar deviates even more significant-
ly from the Val d'Or model, whereby major shear zones are
subhorizontal and the maximum compression stress (c,)
is subvertical, features more consistent with detachment
faulting.

Pre-mineralization ductile deformation was manifested
in the Cariboo and Sheep Creek camps as the formation
and tightening of upright folds, formation of penetrative
axial planar fabrics, and development of a prominent min-
eral stretching and intersection lineation parallel to fold
axes and the regional strike. The penetrative subhorizon-
tal stretching lineation most likely formed in response to a
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component of strike-slip simple shear strain within a strain
environment dominated by orogen-normal shortening, i.e.,
transpression. Similar structural elements exist in the Cas-
siar district, except that the inferred regional shortening
direction was primarily subvertical, such that shear was
partitioned into low-angle zones defined by ultramafic and
argillaceous horizons within the pre-existing thrust archi-
tecture. The sense of movement in these zones was top-
to-the-northwest (orogen-parallel), as indicated by mineral
lineations in shear zones and by kinematic indicators in
veins associated with late movement on the same struc-
tures (Rhys, 2009).

In each district, field observations indicate that the most
competent lithologies underwent essentially homogeneous
pure shear (coaxial) strain, whereas simple shear strain was
highly compartmentalized, for example within certain spe-
cific pelitic horizons in the Cariboo gold district (Fig. 13d)
or within fault-filling veins (e.g., B.C. vein, Fig. 13b; Vollaug
vein, Fig. 26c¢). The shallow plunge of mineral lineations in
each study area indicate that shortening perpendicular to
the orogen (with a component of subvertical flattening in
Cassiar district) was partly accommodated by ductile at-
tenuation (extrusion) parallel to the orogen, i.e., lateral es-
cape. Whereas extrusion of material away from zones of
active deformation is an expected feature of transpression,
lateral extrusion of material is less common than vertical
extrusion (Massey and Moecher, 2013), as exemplified by
the predominantly subvertical lineations in well-studied ex-
amples of orogenic gold (Fig. 44). One possible explana-
tion that applies to the Cassiar and Cariboo areas is that
gravitational loading by shallow-dipping thrust sheets of
ophiolitic assemblages inhibits vertical escape of material
from zones of deformation at structural lower levels, such
that material is vertically constricted and escapes laterally
to accommodate shortening.

The top-to-the-north-northwest movement of thrust-
bound elements of the Slide Mountain terrane, documented
in the Sylvester Allochthon in the Cassiar gold district, also
occurs in the Cariboo gold district of east-central British
Columbia. In the Cariboo district, microstructural kinemat-
ic indicators in mylonite in the immediate footwall of the
Pundata thrust indicate north-northwest movement of the
thrust sheet of Antler Formation (Slide Mountain terrane)
relative to the structurally underlying Snowshoe Group (Fig.
10). The age of mylonitization is unknown relative to Late
Jurassic to Early Cretaceous mineralization in the Barker-
ville subterrane. However, the similar orientation of cleav-
ages and fold axes in metasediments of the Antler Forma-
tion to those in the Snowshoe Group indicates a common
deformation history (Struik, 1987), and also that the Pun-
data thrust was established as early as the Early Juras-
sic as a syn-D, structure. The thrust is also locally folded
(Struik, 1987), so it was likely overprinted and reactivated
by D,-related deformation in the Middle to Late Jurassic.
Regardless of the precise timing of mylonitization, the top-
to-the-north-northwest shear sense is highly oblique to

59



RN
—
(=]

[ Coast Plutonic Complex

é
INTERMONTANE TERRANES \
P Quesnellia and Stikinia

I slide Mountain

Yukon-Tanana

undiff. accretionary terranes

[ Cache Creek

ANCESTRAL NORTH AMERICA

[ basinal strata

platformal strata

INSULAR TERRANES
undifferentiated

55°N |

(arrow in plunge direction)
shear vein

extension vein

| 55°N
N A
Ll
e
| I
125 250 ] J
%
,i I '
—a 4 thrustfault SHEEP CREEK [%;:'S
—————— » fold axial trace (arrow in plunge direction) <_’:_> "
_>
-------- » intersection or stretching lineation " ,"h
h I
I

M.0Z1

~<eefoa....

Figure 43. Summary strain ellipses for the structural setting of the Cassiar, Cariboo, and Sheep Creek areas. In each case, the horizontal component of
shortening (blue arrows) is perpendicular to the orogenic strike, and consistent geometric and kinematic relationships are maintained between folds,
lineations, and brittle features. The vertical component of shortening in the Cassiar district is indicated by block arrows inclined out of the figure.

60

Structural controls in BC's eastern Cordilleran gold belt



Cariboo structural model

fault-fill vein

vertical foliation

SF

flat extensional vein

Val d’Or structural model
(Poulsen and Robert, 1989)

Figure 44. Comparison of structural models between the Cariboo district (this study) and Val d'Or camp, Abitibi district (Poulsen and Robert, 1989). The
Cariboo model represents a 90° rotation of the Val d'Or model, such that lineations are subhorizontal and extensional veins are subvertical. Steep fault-
filling veins oriented at a high angle to o, in the Val d'Or model are analogous to ‘strike veins' in the Cariboo.

the regional northeast-southwest shortening direction, and
thus it is reasonable to consider a syn-D, tectonic model
in which thrust-bound sheets of Slide Mountain terrane
escaped laterally in response to the same transpressional
strain conditions responsible for lateral extrusion within the
Barkerville subterrane.

Whereas many global examples of orogenic gold feature a
major transcurrent fault zone as the first-order structural
control (e.g., Groves et al., 1998), such features are notably
absent in each of the Cariboo, Cassiar, and Sheep Creek dis-
tricts. Particularly in the Cassiar district, low-angle thrust
faults are the most obvious first-order structural control
on mineralization. Whereas steep faults are commonly in-
voked as crustally-significant fluid conduits, maximum flu-
id flow occurs along transiently interconnected, soft-linked
fracture-fault networks that are outboard of the main shear
zone (Micklethwaite and Cox, 2006). The vertical distribu-
tion of ore fluids in each of the B.C. camps appears to have
been achieved in a similar manner, but in the absence of
a steep principal structure. In the Cassiar district, the self-
sealing of low-angle thrust surfaces by ductile deformation,
listwaenite alteration of ultramafic rocks, and/or formation
of fault-filling veins may indeed have enhanced fluid-rock
interactions and ore-forming potential within brittle fracture
networks within the more resistant, intervening metabasalt
layers. In this sense, this study highlights shallow-dipping
fold-and-thrust architecture as a viable structural environ-
ment for orogenic gold mineralization.
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Lithospheric controls

The distribution of mineral occurrences in the North Ameri-
can Cordillera is at least partly controlled by structures in
cratonic basement, which underlies accreted terranes of
the B.C. Cordilleran orogen and extends at least as far west
as the current position of the Cache Creek terrane (Cook et
al., 1992; Nelson et al., 2013 and references therein). Ma-
jor cratonic basement structures oriented at a high angle
to the Cordilleran orogen thus project westward beneath
the accreted terranes, and coincide with significant along-
strike variations in Proterozoic to Paleozoic sedimentation,
which in turn have affected subsequent patterns of defor-
mation, magmatism, and mineralization (Nelson et al., 2013
and references therein).

The role, if any, of cratonic basement structure in orogenic
mineralization in the Cariboo and Cassiar districts is un-
known. However, basement structure may partly explain
why orogenic gold mineralization is localized in the Sheep
Creek relative to adjacent segments of the Cordilleran oro-
gen. A structural corridor of northeast-trending faults in
southeastern B.C. is inferred to be the supracrustal expres-
sion of the Red Deer zone and Vulcan low to the east (Mc-
Mechan, 2012), major sutures or shear zones within the Ar-
chean Hearne Province (Hoffman, 1988; Ross et al., 1991).
McMechan (2012) recognized the long-lived influence
of these orogen-transverse basement structures on the
metallogeny of the Kootenay region, which includes Paleo-
zoic carbonate-hosted Pb-Zn deposits such as the world-
class Sullivan mine, Cretaceous magmatic-hydrothermal
systems, and Nb-rich carbonatites. It is speculated that the
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gold endowment of the Sheep Creek camp, which coincides
with the western projection of the Vulcan low, may have
arisen due to anomalous heat flow and hydrothermal fluid
activity in the Early Cretaceous due to reactivation of this
underlying basement structure. Moreover, the main east-
northeast orientation of mineralized veins in the Sheep
Creek camp and adjacent Bayonne mine is sub-parallel to
the trace of the Vulcan low, suggesting that structures of
this orientation may be predisposed to higher degrees of
strain and enhanced ore potential.

Post-collisional lamprophyre dikes are common to all gold
districts studied, and in the case of Cassiar and Cariboo,
have been observed to intrude along mineralized quartz
veins. It is therefore reasonable to suggest that the crust-
penetrating structural pathways exploited by mantle-de-
rived alkaline melts were also present during orogenic gold
mineralization. The correlation of Eocene lamprophyre dikes
and mineralization in parts of the Kootenay region has been
suggested to relate to extensional reactivation of orogen-
transverse basement structures (McMechan, 2012), and a
similar deep structural control may also explain the coin-
cidence of orogenic gold deposit and post-mineralization
mafic alkaline magmatism in the Cassiar, Cariboo and
Sheep Creek camps.

CONCLUSIONS

The 'eastern Cordilleran gold belt' of B.C. contains depos-
its of significant mining and exploration interest, which are
most readily explained by the orogenic gold model. De-
posits in this belt are typical of Phanerozoic orogenic gold
deposits globally, in that they formed during collisional de-
formation in an accretionary tectonic environment (Bierlein
and Crowe, 2000). The main ore controls in each of the gold
districts are summarized below:

Cariboo gold district

Gold mineralization in the Cariboo district occurs in vein ar-
rays with predictable geometries relative to the attitudes of
cleavages and lineations in the host rocks (Fig. 18). Much
of the high-grade gold in the Wells-Barkerville camp occurs
in north-trending, dextral to dextral-normal shear veins.
Steep, northeast-trending extensional veins oriented per-
pendicular to mineral lineations in the host rock also rep-
resent an important component of ore. Fault-filling ‘strike’
veins also occur parallel to the northwest-trending stratig-
raphy, and represent attractive gold targets. Replacement-
style ore in the Cariboo district is preferentially hosted in
calcareous horizons, and may form high-grade ore zones
with plunges that parallel fold axes and lineations. Vein-
hosted mineralization in the Cariboo district preferentially
forms in competent lithologies, and in particular psammite
of the Hardscrabble Mountain succession in the Wells-
Barkerville mining camp. Heterogeneous lithostratigraphy
is inferred to be an important ore control in the district,

62

whereby micaceous units deformed in a predominantly
ductile manner and served as permeability barriers, thus
focussing ore fluids into zones of enhanced structural per-
meability in the intervening competent layers. Veining and
mineralization in the Cariboo gold district appears to have
formed diachronously from 149 to 134 Ma, which is con-
sistent with observations of multiple phases of overprinting
deformation on vein features.

Cassiar gold district

Gold-bearing veins in the Cassiar district occur within a
broad, north-trending corridor linking the Table Mountain
and Taurus areas (Fig. 20). Mineralization occurs almost
exclusively in metabasalt that structurally underlies the Ta-
ble Mountain sediments, so the Table Mountain thrust is an
important delimiter of ore potential. Mineralized veins in the
Cassiar district have predicable geometries. These include:
steep to moderately dipping, east-trending shear veins
with both a normal and sinistral shear sense; and steep,
northeast-trending extensional veins. Veins are kinemati-
cally related to northwest-directed movement on low-angle
shear zones that are largely focused within thin ultramafic
or argillaceous horizons (Fig. 27). Veins such as the Vollaug
may also occupy low-angle thrust faults. Ore potential ap-
pears to be greatest in the immediate footwall of low-angle
shear zones, perhaps explained by the ponding of ore flu-
ids below low-permeability shear zones. In this sense, list-
waenite-altered ultramafic rocks defining hydrothermally
altered shear zones are an important guide to exploration
in the district (Ash, 2001). Veins in the Cassiar gold district
formed diachronously between 143 and 129 Ma, consistent
with their formation during progressive deformation.

Sheep Creek gold camp

Gold-bearing veins in the Sheep Creek camp are mainly
constrained to competent quartzite horizons of the Nugget
and Navada members of the Quartzite Range Formation,
and below argillaceous rocks of the Reno Formation (Figs.
32-33). This stratigraphic control is mechanical, as argil-
laceous rocks represent an aquiclude to mineralizing fluids,
whereas structural permeability was generated favourably
in more competent horizons. Gold-bearing veins formed
preferentially within northeast-trending dextral shear veins,
and in response to approximately east-west oriented colli-
sional deformation. It is speculated that gold mineralization
of the Sheep Creek camp, along with numerous other min-
eral occurrences in the southern Kootenay region, may have
been related to anomalous heat and/or fluid flow controlled
by orogen-transverse structures in Archean basement
(McMechan, 2012). Gold mineralization in the Sheep Creek
camp is estimated at ~133 Ma, and is genetically unrelated
to ca. 102 Ma intrusions and associated W = Mo skarn sys-
tems in the Salmo region.

Field observations, structural mapping, and geochronologi-
cal data in each district unequivocally tie the formation of
mineralized veins to progressive collisional deformation
associated with the Cordilleran orogeny in the Late Jurassic
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to Early Cretaceous. Late, brittle veins are the final structur-
al record of collision-related deformation, and thus signal
the transition to orogenic collapse.

From an exploration standpoint, structural mapping of duc-
tile deformation features provides an excellent predictive
framework for mineralized features:

« Shear veins, which typically represent the highest-
grade features, form obliquely to fold axes, planar fab-
rics, and mineral lineations, with a shear sense that can
be predicted from the orientation of ductile features and
the inferred o, direction;

+ Extensional veins may provide a vector toward higher
grade shear veins, or may themselves represent ore-
grade material. Structural targeting predicts their for-
mation nearly perpendicular to fold axes and linear
shape fabrics;

« Stratabound replacement-style gold mineralization
that is genetically related to vein-hosted mineralization
(e.g., Island Mountain, Cariboo gold district) may occur
in high-grade ore shoots parallel to linear structural el-
ements (e.g., fold hinges and mullions);

+  Zones of higher vein density and mineralization poten-
tial may occur in antiformal hinge zones (e.g., western
anticline, Sheep Creek gold camp), or below shallowly
dipping thrust faults (Cassiar district).

The host rock geology is another important general explora-
tion consideration. Heterogeneous lithostratigraphy allows
for contrasts in deformation style and permeability, such
that the more competent units are more likely to be miner-
alized than weaker, more readily deformed units. Host rock
composition is another important consideration, whereby
calcareous units may provide opportunities for replace-
ment-style mineralization (e.g., Island Mountain, Cariboo
gold district), or where iron-rich lithologies such as basalt
have the potential to host disseminated gold adjacent to
discrete brittle structures (e.g., Cassiar district). However,
the quartzite-dominated stratigraphy of the Sheep Creek
camp suggests that non-reactive rocks may also be viable
hosts for orogenic gold mineralization.

Regional targeting for orogenic gold in other parts of the
B.C. Cordillera might consider that regional greenschist
grade metamorphic rocks are structurally favourable com-
pared with amphibolite grade or higher. The intensity of
regional compressional to transpressional deformation is
another important consideration, especially given the cor-
relation of known orogenic gold camps with highly strained
host rocks. Other factors include the proximity to major, po-
tentially terrane-bounding faults, the distribution of known
mineral occurrences, regardless of age or deposit style, and
the presence of orogen-transverse basement structures.
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APPENDIX 1 - “°Ar/**Ar Methodology

(A. Camacho, University of Manitoba)

All °Ar/*°Ar analytical work was performed at the Univer-
sity of Manitoba using a multi-collector Thermo Fisher Sci-
entific ARGUSVI mass spectrometer, linked to a stainless
steel Thermo Fisher Scientific extraction/purification line
and Photon Machines (55 W) Fusions 10.6 CO, laser. Argon
isotopes (from mass 40 to 37) were~ measured using Fara-
day detectors with low noise 1 x 102 Q resistors and mass
36 was measured using a compact discrete dynode (CDD)
detector. The sensitivity for argon measurements is ~6.312
x 10" moles/fA as determined from measured aliquots of
Fish Canyon Sanidine (Dazé et al., 2003; Kuiper et al., 2008).

Standards and unknowns were placed in 2 mm deep wells
in 18 mm diameter aluminium disks, with standards placed
strategically so that the lateral neutron flux gradients across
the disk could be evaluated. Planar regressions were fit to
the standard data, and the “°Ar/*°Ar neutron fluence param-
eter, J, interpolated for the unknowns. Uncertainties in J
are estimated at 0.1 - 0.2% (15), based on Monte Carlo er-
ror analysis of the planar regressions (Best et al.,1995). All
specimens were irradiated in the Cadmium-lined, in-core
CLICIT facility of the Oregon State University TRIGA reactor.
The duration of irradiation was 10 hours and using the Fish
Canyon sanidine (28.2 Ma; Kuiper et al., 2008) and GA1550
biotite (98.5 Ma; Spell & McDougall, 2003) standards.

Irradiated samples were placed in a Cu sample tray, with a
KBr cover slip, in a stainless steel high vacuum extraction
line and baked with an infrared lamp for 24 hours. Single
crystals were either fused or step-heated using the laser,
and reactive gases were removed, after ~ 3 minutes, by
three NP-10 SAES getters (two at room temperature and
one at 450 °C) prior to being admitted to an ARGUSVI mass
spectrometer by expansion. Five argon isotopes were mea-
sured simultaneously over a period of 6 minutes. Measured
isotope abundances were corrected for extraction-line
blanks, which were determined before every sample analy-
sis. Line blanks averaged ~3.05 fA for mass 40 and ~0.01
fA for mass 36.

Mass discrimination was monitored by online analysis of
air pipettes and gave a mean of D = 1.0035 + 0.0014 per
amu, based on 39 aliquots interspersed with the unknowns.
A value of 295.5 was used for the atmospheric “°Ar/3¢Ar ra-
tio (Steiger and Jaéger, 1977) for the purposes of routine
measurement of mass spectrometer discrimination using
air aliquots, and correction for atmospheric argon in the
“0Ar/*°Ar age calculation. Corrections are made for neutron-
induced “°Ar from potassium, *Ar and %Ar from calcium,
and %¢Ar from chlorine (Roddick, 1983; Renne et al., 1998;
Renne and Norman, 2001). Data collection was performed
using Pychron (Ross, 2017) and data reduction, error prop-
agation, age calculation and plotting were performed using
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MassSpec software (version 8.091; Deino, 2013). The decay
constants used were those recommended by Steiger and
Jager (1977).
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APPENDIX 2 - “°Ar/*°Ar Results

CARIBOO - calcite-muscovite vein cutting dolomitic marble

MA16-CB05 (muscovite)

Sample
MA16-CBO5

Mineral J +(10)
muscovite 0.0018696 2.89E-06

calcite vein with coarse white mica; cutting pale grey coarsely recrystsllized dolomitic marble

Geoscience BC Report 2017-15

ALIQUOT 1 Relative Isotopic abundances (fAmps)*
Power Ar40 : Ar39 + Ar3g + Ar37 + Ar36 : ca/K + a/K + CAr /A, £ “CAr* Age +

(%) (1) (10) (10) (10) (10) (10) (10) (10) (%) (Ma)  (10)
0.50 3419913 00918  9.6616 00636 01771 00305 13.4487 0.0277 01305 00018  12.656 0.105 0.011 0.009 32.033 0.233 90.14 105.3 0.7
0.80 367.5716  0.1044 83080  0.0667  0.1499  0.0298 347828  0.0303 01770 00024  38.434 0.363 0.008 0.011 39,978 0.355 89.19 130.5 11
1.00 412.5267  0.1001 8.5399 0.0644 0.1260 0.0292 48.1847 0.0311 0.2325 0.0027 52.075 0.469 -0.005 0.010 43.062 0.365 87.58 140.2 11
1.20 8567023 01321  17.3249  0.0680  0.2599  0.0290  72.3416  0.0317 03138 00032 38402 0.227 0.000 0.005 46.207 0.214 92.24 150.0 0.7
140 5569.6670  0.3958  121.8009  0.4530 2.0976 0.0697 32.1008 0.0444 0.3454 0.0135 2.39%4 0.014 0.013 0.002 44.998 0.186 98.38 146.2 0.6
1.60 27940230 02117  57.0544 01130 05844 00332 05726 00319 00110  0.0023 0.091 0.005 -0.006 0.002 48.892 0.119 99.89 158.4 0.4
1.80 17.1106 0.0633 0.3675 0.0706 0.0198 0.0302 -0.0364 0.0268 0.0045 0.0012 -0.901 0.693 0.114 0.244 42.908 8.558 92.24 139.7 26.8
2.00 122905 00638 02530  0.0630  0.0056 00316 -0.0181 00282 00213 00012  -0.651 1.037 0.017 0.370 23.631 6.229 48.68 783 202
2.50 21.6302 0.0648 0.5918 0.0607 -0.0455 0.0321 -0.0206 0.0267 0.0217 0.0012 -0.317 0.416 -0.278 0.163 25.669 2.782 70.28 84.9 9.0
3.00 306479 00691  0.6507 00587  -0.0008 00290 00214 00267 00414  0.0014 0.300 0.380 -0.074 0.132 28.293 2722 60.10 933 87
3.50 268354  0.0636 0590 00616 00698 00302 -0.0007 00296 00418 00011  -0.011 0.458 0.266 0.153 24.287 2.654 53.97 80.4 86
4.00 30.5697 0.0614 0.8539 0.0603 -0.0007 0.0298 0.0254 0.0297 0.0411 0.0013 0.271 0.322 -0.064 0.104 21.573 1.638 60.29 716 53

Sample Mineral J 1 (10)

MA16-CB05 muscovitet 0.0018741 1.26E-06

calcite vein with coarse white mica; cutting pale grey coarsely recrystsllized dolomitic marble

ALIQUOT 2 Relative Isotopic abundances (fAmps)*
Power Ard0 + Ar39 + Ar38 + Ar37 + Ar36 + ca/K + a/K + YAr/PAr, “Oar* Age +

(%) (10) (10) (1e) (10) (10) (10) (10) (10) (%) (Ma)  (10)
0.50 10115840 0.1514  21.9833  0.0673  0.2378  0.0307 -0.0130  0.0283 00287 00010  -0.014 0.029 -0.005 0.004 45.589 0.150 99.16 147.9 05
0.70 743.5085  0.1336 15.5615 0.0637 0.2230 0.0313 0.0321 0.0286 0.0026 0.0009 0.046 0.042 0.006 0.006 47.689 0.206 99.90 154.4 0.6
0.90 1417.9950 01611  29.3785  0.0705 03205  0.0306  0.0640  0.0255  0.0057  0.0011 0.048 0.020 -0.004 0.003 48.169 0.126 99.88 155.9 0.4
1.10 951.6137  0.1434 19.8122 0.0698 0.1970 0.0293 0.0630 0.0272 0.0024 0.0008 0.071 0.031 -0.007 0.004 47.957 0.179 99.93 155.3 0.6

ttreated with HCI

* Corrected for blank, mass discrimination, and radioactive decay

Sensitivity 6.312E-17 + 1.047E-18 (mol /fAmp)

I
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CI/K

Apparent Age (Ma)

CARIBOO - calcite-muscovite vein cutting dolomitic marble
MA16-CB05 (muscovite) - ALIQUOT 1 (prior to HCI treatment)
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CARIBOO - quartz-sericite vein hosted in phyllite, Silver Mine
MA16-CB15 (sericite)

Sample
MA16-CB15

ALIQUOT 1
Power
(%)

0.60
0.80
1.00
1.20
1.40
1.60
180
2.00
2.50
3.00
4.00

ALIQUOT 2

0.60
0.80
1.00
120
1.30
1.40

Sensitivity

Mineral
sericite

J

* (10)

0.0018682 2.81E-06
quartz-sericite vein hosted by phyllite, Silver Mine

Relative Isotopic lances (fAmps)*
Ar40 + Ar39 4 Ar38 4 Ar37 4 Ar36 +

(1) (10) (10) (10) (10)
624.0143 01216 164920  0.0635  0.1870 00307 -0.0432 00273 00300  0.0011
1127.2590  0.1275 28.7491 0.0671 0.3200 0.0303 -0.0018 0.0270 0.0207 0.0009
1815.7030  0.1764 45.1025 0.0692 0.5957 0.0301 -0.0009 0.0269 0.0357 0.0012
29202570 0.2122  70.8310  0.0713 07707 00285 -0.0572  0.0274  0.0352  0.0013
4259.7120 02808 1020787 0.0742 11738  0.0268 00214 00292  0.0367  0.0014
6017.5080 0.3489 1415419  0.0754 16710  0.0306 -0.059  0.0263  0.0583  0.0015
5725.4420 0.3630 133.2887  0.0760 1.5540 0.0294 -0.0058 0.0263 0.0356 0.0011
8202759 0.1468 184292  0.0654 02972 00299 00306 00291 00038  0.0008
565.6137 01069  12.2355  0.0611 01722 00305 -0.0155  0.0277 00056  0.0008
2111870  0.0780 4.0185 0.0601 0.1116 0.0322 -0.0390 0.0243 0.0043 0.0007
1353280 0.0706  2.9874  0.0671  0.0444 00285 00168  0.0287 00021  0.0007
692.6884 0.1284  17.2228  0.0645 02598  0.0302 -0.0020 0.0292 02348  0.0024
9442154  0.1423 23.6368 0.0660 0.2990 0.0309 0.0304 0.0259 0.0633 0.0014
1529.7860 0.1614  37.4688  0.0670  0.4290  0.0311  -0.0065 0.0269  0.0694  0.0015
2756.9490  0.2345 64.9937 0.0671 0.7693 0.0310 0.0334 0.0282 0.0724 0.0016
2917.8760 0.2072 689578  0.0731  0.8245  0.0324 00039 00278  0.0416  0.0013
4095.8700  0.2738 96.9031 0.0712 1.1110 0.0306 -0.0016 0.0276 0.0409 0.0014
75169280 03460 177.7849  0.0817  2.1628  0.0307 00273 00291 00462  0.0018
5600.9820 0.3044 130.8172  0.0779 1.5279 0.0300 0.0099 0.0269 0.0326 0.0014
1103.4610  0.1359 25.8767 0.0653 0.2491 0.0294 0.0060 0.0296 -0.0066 0.0011
600.0206 0.1190 141093  0.0638  0.1384 00331 00214 00270 -0.0201  0.0012
395.0962  0.0930 9.2407 0.0640 -0.0057 0.0316 0.0175 0.0264 -0.0078 0.0010
641.2830 01167 14.8298 00642 02051  0.0309 00508 00267  0.0018  0.0011

6.312E-17 + 1.047E-18 (mol /fAmp)

* Corrected for blank, mass discrimination, and radioactive decay

Ca/K

-0.022
-0.001
-0.001
-0.007
0.001

-0.004
-0.001
0.013

-0.011
-0.082
0.047

+

(1o)

0.014
0.008
0.005
0.003
0.002
0.002
0.002
0.013
0.019
0.051
0.082

0.014
0.009

0.004
0.003
0.002
0.001
0.002
0.010
0.017
0.025
0.016

E
(10)

0.006
0.003
0.002
0.001
0.001
0.001
0.001
0.005
0.007
0.024
0.028

0.005

0.002
0.001
0.001
0.001
0.001
0.001

0.007
0.010
0.006

“Oart/CAry

37.278
38.976
40.002
41.059
41.601
42.369
42.853
44.427
46.068
52.206
45.075

(10)
0.151
0.098
0.069
0.051
0.042
0.037
0.038
0.166
0.240
0.806
1.045

(%)

98.58
99.46
99.42
99.64
99.75
99.71
99.82
99.87
99.71
99.39
99.55

(Ma)

1215
126.8
130.0
1333
135.0
137.4
1389
143.8
1489
167.9
145.9
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CI/K

Apparent Age (Ma)

CARIBOO - quartz-sericite vein hosted in phyllite, Silver Vein mine
MA16-CB15 (sericite) - ALIQUOT 2

M/ed
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Cumulative % *Ar Released
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CARIBOO - quartz-pyrite-sericite vein, Penny Creek vein

MA16-CB21a (sericite)

Sample
MA16-CB21a

ALIQUOT 1
Power
(%)

0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.50
3.00
4.00

Sensitivity

Mineral
sericite

quartz-pyrite-sericite vein, Penny Creek

J

0.0018696 2.89E-06

*(10)

Relative Isotopic Jances (fAmps)*
Ard0 + Ar39 + Ar38 4 Ar37 4 Ar36 +

(10) (10) (10) (10) (1)
1019.7060 0.1331 286609  0.0628  0.2890  0.0279 00175 00272 00380  0.0011
1344.0960  0.1325 36.4138 0.0695 0.4536 0.0307 0.0621 0.0266 0.0151 0.0009
1949.5300 0.1923 50.7843 0.0658 0.5775 0.0323 0.0279 0.0246 0.0136 0.0009
26205610 02150 66.5312 00704 07363 00292 00150 00284 00110  0.0010
28101640 0.2051  69.2039  0.0648 08197 00316 -0.0078 0.0278 00113  0.0011
2640.7630 0.1964  63.4495  0.0763 07763  0.0296 00426  0.0268  0.0116  0.0011
3026.9280  0.2451 72.2413 0.0664 0.8894 0.0298 0.0338 0.0293 0.0114 0.0011
44933170 0.2664 1058490 00751 12867 00312 00273 00273 00142  0.0011
6468.9710 03256 1497316  0.0804 17336  0.0279 01259  0.0267  0.0208  0.0014
3936.3470  0.2875 90.3751 0.0740 1.1426 0.0317 -0.0799 0.0271 0.0108 0.0009
686.4806 0.1239 156509  0.0663  0.1875  0.0302 -0.0026  0.0301 00034  0.0009

6.312E-17 + 1.047E-18 (mol /fAmp)

* Corrected for blank, mass discrimination, and radioactive decay

Ca/K

0.005
0.014
0.004
0.001
-0.001
0.005
0.003
0.002
0.006
-0.008
-0.002

+

(1o)

0.008
0.006

0.004
0.003
0.004
0.003
0.002
0.001
0.003
0.016

a/k

-0.007
0.000
-0.003
-0.003
-0.001
0.000
0.000
0.000
-0.002
0.001
-0.001

+
(10)

0.003
0.002
0.002
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.006

Oart/PAry

35.168
36.770
38.289
39.319
40.537
41.544
41.832
42.388
43.140
43.497
43.774

(10)
0.095
0.089
0.073
0.069
0.068
0.077
0.070
0.066
0.063
0.070
0.201

(%)

98.90
99.67
99.79
99.88
99.88
99.87
99.89
99.91
99.91
99.92
99.85

(Ma)

114.9
119.9
1247
128.0
131.8
1349
135.8
137.6
139.9
141.0
1419
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CI/K

Apparent Age (Ma)

CARIBOO - quartz-pyrite-sericite vein, Penny Creek vein
MA16-CB21a (sericite)
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CARIBOO - fibrous muscovite vein cutting metaturbidite
MA16-CB23 (sericite)

Sample
MA16-CB23

ALIQUOT 1
Power
(%)

0.60
0.80
1.00
1.20
1.40
1.60
180
2.00
2.20
2.50
3.00
4.00

ALIQUOT 2

0.60
0.80
1.00
1.20
120
1.40
1.60
1.80
1.90
2.00
2.20
2.50
4.00

Sensitivity

Mineral
sericite

J

0.0018497 1.09E-06
muscovite vein cutting psammite-pelite metaturbidite

* (10)

Relative Isotopic Jances (fAmps)*
Ard0 + Ar39 4 Ar38 + Ar37 4 Ar36 +
(1) (10) (10) (10) (1)
378.8825 0.0942  9.7455  0.0602  0.1619 0029 03538 00304 01088  0.0018
574.5316  0.1065 12.2084 0.0604 0.1772 0.0318 0.559% 0.0263 0.0867 0.0015
871.3702  0.1284 18.3565 0.0638 0.2794 0.0298 0.0167 0.0290 0.0613 0.0015
879.1748 01279 181768  0.0615  0.2252  0.0339 00043 00269 00372  0.0013
1347.4560 01559 277681  0.0655 03004  0.0270  0.0217  0.0268  0.0488  0.0013
1787.9250 01838  37.0508 ~ 0.0733  0.4423  0.0321 00409  0.0257  0.0403  0.0014
2583.5120  0.2105 53.6186 0.0739 0.6448 0.0326 -0.0495 0.0267 0.0401 0.0013
7759.7500 03462  150.4749  0.0807 18885  0.0293  -0.0054  0.0294 00672  0.0016
1652.8140 01819 341741 00653  0.4074  0.0299 -0.0205 00292 00116  0.0010
922.0682  0.1390 19.0455 0.0643 0.1988 0.0297 0.0093 0.0281 0.0065 0.0009
7085212  0.1105 145984  0.0625  0.2090  0.0299 -0.0523 0.0278  0.0065  0.0009
943.6529  0.1344 19.2371 0.0591 0.2106 0.0302 -0.0580 0.0265 0.0137 0.0009
714.4180  0.1280 16.4500 0.0625 0.2626 0.0345 0.0934 0.0271 0.1198 0.0018
580.1580 01132 127819  0.0646  0.1890  0.0306 00015  0.0260  0.0279  0.0011
855.9930  0.1292 17.9128 0.0620 0.1884 0.0304 -0.0603 0.0285 0.0286 0.0011
1584.1110 01619 329714 00676 03871  0.0320 00843 00315 0.0399  0.0012
1515.4610  0.1575 31.9483 0.0646 0.3482 0.0311 0.0324 0.0280 -0.0810 0.0020
1617.8990 01931 332059 00636 03914 00310 00532 00275 00410  0.0013
1065.9580  0.1651 22.1129 0.0642 0.2039 0.0285 0.0135 0.0296 0.0126 0.0009
5101008 0.1115 104069  0.0664  0.1044 00317 -0.0188  0.0261  0.0088  0.0008
3422573  0.0884  7.0056  0.0563  0.0995 00316 00327 00267 00029  0.0007
216.3763  0.0819 4.5341 0.0639 0.0489 0.0323 -0.0295 0.0263 -0.0013 0.0009
205.7547 0.0741 42289 00624  -0.0258  0.0275 00358 00281  0.0015  0.0008
237.8823  0.0827 4.7300 0.0600 0.1057 0.0269 0.0137 0.0260 0.0030 0.0007
5311138 01038 107867  0.0680  0.1215 00317 00197  0.0279  0.0099  0.0009

6.312E-17 + 1.047E-18 (mol/fAmp)

* Corrected for blank, mass discrimination, and radioactive decay

0.045

-0.027
0.020
0.008
0.012

-0.015
0.037
-0.053
0.068
0.023
0.014

(1o)

0.025
0.017
0.013
0.012
0.008
0.006
0.004
0.001
0.007
0.012
0.015
0.011

a/k

0.007
0.003
0.007
-0.001
-0.005
-0.001
-0.001
-0.001
-0.001
-0.005
0.006

E
(10)

0.009
0.008
0.005

0.003
0.003
0.002
0.001
0.003
0.005

0.005

0.006

0.005
0.003
0.003
0.003
0.004

0.013
0.021
0.019
0.017
0.009

“Oart/PAry

35.575
44.958
46.459
47.738
47.981
47.910
47.937
48.509
48.240
48.289
48.376
48.817

41.258
45.425
47.288
47.664
48.159
48.334
48.012
48.740
48.710
47.776
48.528
50.078
48.943

(10)

0.233
0.233
0.169
0.168
0.118
0.098
0.068
0.026
0.095
0.168
0.214
0.155

(%)

91.54
95.57
97.92
98.75
98.93
99.33
99.54
99.74
99.79
99.79
99.73
99.57

(Ma)

115.0
144.1
1487
152.7
153.4
153.2
1533
155.0
154.2
154.3
154.6
156.0

T~
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CI/K

Apparent Age (Ma)

CARIBOO - fibrous muscovite vein cutting metaturbidite

MA16-CB23

(sericite) - ALIQUOT 1
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CARIBOO - fibrous muscovite vein cutting metaturbidite

MA16-CB23 (sericite) - ALIQUOT 2
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CARIBOO (Silver Mine) - lamprophyre dike
RG16-CBO03 (biotite)

Sample Mineral J *(10)
RG16-CB03 biotite 1.896E-03 2.210E-06
lamprophyre dike, Silver Mine
Relative Isotopic abundances (fAmps)*
Power Ard0 + Ar39 + Ar38 + Ar37 + Ar36 + ca/K + al/K £ A/ PAr, ¢ “ar* Age +
(%) (10) (10) (10) (10) (10) (10) (10) (10) (%) (Ma)  (10)
GRAIN 1
0.50 7.6423 0.0638 0.1868 0.0624 0.0517 0.0294 -0.0206 0.0259 0.0177 0.0012 -1.080 1421 0.714 0.528 12.841 4.833 31.41 43.4 16.1
1.00 120.8270  0.0770 2.0679 0.0643 0.0185 0.0275 0.0441 0.0281 0.1966 0.0023 0.208 0.135 -0.061 0.039 30.323 1.031 51.92 100.8 33
2.00 313.1214  0.0988 8.3080 0.0646 0.1241 0.0319 0.0696 0.0286 0.0922 0.0018 0.082 0.034 0.002 0.011 34.394 0.286 91.31 114.0 0.9
4.00 3456150  0.1211 9.8728 0.0626 0.0899 0.0318 0.0828 0.0252 0.0147 0.0011 0.082 0.025 -0.010 0.010 34.549 0.230 98.75 1145 0.7
GRAIN 2
0.50 6.5280 0.0691 0.1942 0.0624 0.0619 0.0307 0.0790 0.0267 0.0143 0.0010 3.993 1.901 0.850 0.547 12.047 4.297 35.81 40.7 14.4
1.00 8.6537 0.0673 0.2365 0.0629 -0.0376 0.0298 0.0053 0.0265 0.0004 0.0011 0.218 1112 -0.497 0.397 36.024 9.993 98.50 119.2 320
2.00 116.4061  0.0767 3.2330 0.0591 0.0703 0.0300 0.0378 0.0258 0.0118 0.0011 0.114 0.079 0.026 0.027 34.916 0.667 97.03 115.6 21
4.00 145.6646  0.0761 4.2184 0.0566 -0.0013 0.0319 -0.0107 0.0279 0.0022 0.0008 -0.025 0.066 -0.037 0.022 34.353 0.480 99.55 113.8 15
GRAIN 3
0.50 8.3481 0.0626 0.1608 0.0622 0.0559 0.0298 0.0539 0.0269 0.0229 0.0010 3.298 2.126 0.897 0.656 10.007 4.447 19.27 339 14.9
1.00 30.6838 0.0656 0.8036 0.0641 0.0887 0.0334 0.3755 0.0289 0.0255 0.0011 4.607 0.522 0.268 0.125 29.033 2.433 75.96 96.7 7.9
2.00 148.3816  0.0716 4.2480 0.0555 0.0847 0.0301 0.1230 0.0256 0.0111 0.0009 0.285 0.060 0.021 0.021 34.155 0.466 97.83 1132 15
4.00 1402751 0.0776  4.0719 0.0639 00112 00325 02493 00265 00071  0.0010 0.604 0.066 -0.028 0.024 33.947 0.556 98.58 112.5 18
* Corrected for blank, mass discrimination, and radioactive decay
Sensitivity 6.312E-17 + 1.047E-18 (mol /fAmp)
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CARIBOO (Silver Mine) - lamprophyre dike
RG16-CB06 (biotite)

Sample Mineral J *(10)
RG16-CBO6a biotite 1.873E-03 1.474E-06
lamprophyre dike, Silver Vein Mine
Relative Isotopic abundances (fAmps)*
Power Ara0 + Ar39 + Ar38 + Ar37 + Ar36
(%) (10) (10) (10) (1)
GRAIN 1
0.50 0.9290 0.0657 0.0962 0.0647 -0.0144 0.0319 -0.0256 0.0244 0.0018
2.00 286.2063  0.0966 8.9389 0.0600 0.1659 0.0302 0.0673 0.0285 0.1226
4.00 829.2939  0.1328 27.3711 0.0659 0.3588 0.0308 -0.0472 0.0282 0.1216
5.00 1133.9860 0.1335 33.2143 0.0711 0.3097 0.0298 0.0126 0.0242 0.0616
GRAIN 2
0.50 0.0362 0.0592 -0.1952 0.0670 0.0585 0.0309 -0.0363 0.0267 -0.0006
2.00 15.5323 0.0687 0.6516 0.0611 0.0226 0.0295 0.0195 0.0278 -0.0019
4.00 467.2814  0.1028 14.5612 0.0604 0.1416 0.0325 -0.0389 0.0292 0.0345
5.00 176.6974  0.0920 4.959 0.0640 -0.0140 0.0306 -0.0125 0.0261 0.0075
GRAIN 3
0.50 6.1172 0.0633 0.2068 0.0706 0.0013 0.0296 0.0316 0.0265 0.0080
2.00 233.9247  0.0778 6.4750 0.0646 0.0625 0.0299 0.1414 0.0256 0.0338
4.00 185.6448  0.0791 5.3014 0.0581 0.0646 0.0273 0.2008 0.0265 0.0200
5.00 7.7635 0.0599 0.1983 0.0612 0.0039 0.0270 0.0317 0.0287 -0.0002
* Corrected for blank, mass discrimination, and radioactive decay
Sensitivity 6.312E-17 + 1.047E-18 (mol /fAmp)

+

(10)

0.0007
0.0019
0.0017
0.0015

0.0007
0.0010
0.0012
0.0008

0.0008
0.0012
0.0011
0.0007

Ca/K

-2.860
0.081
-0.019
0.004

2.008
0.323
-0.029
-0.029

1.660
0.237
0.411
1.798

+

(10)

3.397
0.035
0.011
0.008

1.652
0.467
0.022
0.060

1.520
0.043
0.055
1739

a/K

-0.479
0.011
0.000

-0.009

-0.906
0.067
-0.008
-0.044

-0.039
-0.010
-0.002
0.022

(1o)

1.033
0.010
0.003
0.003

0.567
0.134
0.007
0.018

0.423
0.014
0.015
0.402

AnAr“/“Ar(K)

3.979
27.951
28.966
33.571

-1.006
24.710
31.369
35.154

18.203
34.576
33.901
39.463

(10)

3.505
0.214
0.090
0.093

1170
2430
0.146
0.473

6.522
0.365
0.392
12.570

0p %

(%)

41.27
87.35
95.66
98.39

540.47
103.72
97.81
98.73

61.55

95.76

96.86
100.82

Age
(Ma)

13.4
92.1
95.3
110.0

-3.4
81.6
103.0
1151

60.5
113.2
1111
128.7

4.0
7.8
0.5
15
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CASSIAR - quartz-sericite vein, Main Mine
04MM-36_100.1m (sericite)

Sample Mineral J +(10)

04MM-36_10 sericite 0.0018772 1.43E-06

quartz-carbonate-sericite vein, Main Mine

ALIQUOT 1 Relative Isotopic abundances (fAmps)*
Power Ard0 + Ar39 + Ar38 + Ar37 + Ar36 + ca/K + a/K £ CArt/PAr, “ar* Age +
(%) (10) (10) (10) (10) (10) (10) (10) (10) (%) (Ma)  (18)
0.50 500.7079  0.1051 10.4441 0.0624 0.1867 0.0311 2.7702 0.0263 0.1589 0.0019 2.982 0.036 0.008 0.009 43.583 0.284 90.87 1419 0.9
0.70 327.3768  0.0923 8.2189 0.0641 0.0493 0.0298 4.6562 0.0267 0.0620 0.0014 6.381 0.069 -0.022 0.011 37.918 0.315 95.04 124.0 1.0
0.80 294.5414  0.0831 5.8344 0.0629 0.1222 0.0331 8.2405 0.0274 0.0894 0.0016 15.983 0.198 0.018 0.017 46.824 0.535 92.29 152.0 17
0.90 317.9839  0.0931 4.9806 0.0641 0.0351 0.0312 12.4729 0.0278 0.1399 0.0019 28.482 0.404 -0.029 0.019 57.209 0.781 88.77 184.0 2.4
1.00 345.9065  0.1000 6.2806 0.0635 0.1503 0.0295 12.4564 0.0271 0.1032 0.0017 22.522 0.259 0.027 0.014 51.491 0.552 92.81 166.5 17
1.10 952.0348  0.1285 24.2611 0.0711 0.3510 0.0313 2.6892 0.0287 0.1081 0.0020 1.250 0.015 0.004 0.004 37.967 0.130 96.77 1242 0.4
2.00 6446.6170  0.3230  160.3287 0.1009 1.9557 0.0368 0.4175 0.0293 0.2181 0.0037 0.029 0.002 -0.001 0.001 39.783 0.060 99.00 129.9 0.2
4.00 1095.3210  0.1558 26.9024 0.0697 0.3747 0.0293 0.1223 0.0259 0.0184 0.0012 0.051 0.011 0.005 0.003 40.489 0.121 99.51 1322 0.4
ALIQUOT 2

0.50 150.3404  0.0809 4.2006 0.0625 0.0444 0.0298 0.0132 0.0276 0.0081 0.0009 0.035 0.075 -0.006 0.021 35.198 0.546 98.41 115.4 17
0.80 690.7434  0.1192 18.6671 0.0644 0.2304 0.0300 0.0664 0.0241 0.0854 0.0016 0.040 0.015 -0.002 0.005 35.631 0.134 96.35 116.8 0.4
1.00 982.6776  0.1373 25.8221 0.0718 0.3481 0.0285 0.0579 0.0428 0.1522 0.0020 0.025 0.019 0.000 0.003 36.291 0.113 95.42 1189 0.4
1.20 1621.1110  0.1936 41.6776 0.0895 0.4856 0.0350 0.0562 0.0288 0.1508 0.0028 0.015 0.008 -0.004 0.002 37.803 0.093 97.25 123.7 0.3
1.40 2072.4690  0.1920 52.3448 0.1038 0.6833 0.0364 0.0727 0.0294 0.1177 0.0034 0.015 0.006 0.001 0.002 38.904 0.089 98.32 127.2 0.3
1.60 2507.1760  0.2361 62.9218 0.1365 0.8218 0.0358 0.1085 0.0329 0.1068 0.0039 0.019 0.006 0.002 0.002 39.320 0.096 98.74 1285 0.3

* Corrected for blank, mass discrimination, and radioactive decay

Sensitivity 6.312E-17 + 1.047E-18 (mol /fAmp)
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CASSIAR - quartz-sericite vein, Main Mine
04MM-36_100.1m (sericite) - ALIQUOT 1

1 s 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0025 = -
0020 = -
4 k
= F
Y o d -
0010 = -
0005 =

0 T T T T T T T T T T T T T T T T T T T 30

g 25

4 I 20

- 15

- k10

4 Fs

e |

200 T T T T T T T T T T T T T T T T T T T o
180 o
—~ 160 100 -
~ 4 080 F
[T 3 L
()} 4 os0 L
< 1 L
€ 4 200 40 3
[T 070 110 7 C
—_ - 2 6 e
© b
Q. k
2‘ 100 = =3
80 = o
60 = o
b Integrated Age = 131.4 + 0.5 Ma r

T ) T T R v T L R B | v T T T T R

0 5 10 15 20 2% 30 £ 40 45 50 55 60 65 70 7 80 8 % % 100

Geoscience BC Report 2017-15

Cumulative % 3°Ar Released

81

N/ed



CASSIAR - biotite pyroxene lamprophyre, Bain mine
MA16-CS04 (biotite)

Sample
MA16-CS04

Mineral
biotite

J

0.0018674 1.04E-06

biotite pyroxene lamprophyre dike, Bain Mine

GRAIN 1
Power
(%)

0.20
0.40
0.60
0.80
1.00
130
160
1.80
2.00

* (10)

Relative Isotopic Jances (fAmps)*
Ard0 + Ar39 + Ar3g + Ar37 + Ar36 +
(10) (10) (10) (10) (1)
583371 00813 15771 00566 01213 00272 09637 00275 0.0874  0.0016
15234 0.0600 0.0450 0.0587 0.0272 0.0314 -0.0098 0.0289 0.0029 0.0007
8.6983 0.0649 0.4620 0.0712 0.0090 0.0325 0.2945 0.0240 0.0046 0.0008
33.1768  0.0618 13440  0.0662  0.0221 00312  0.8528 00266 00109  0.0009
734390 00759 25032  0.0629  -0.0011  0.0295  0.7086  0.0284  0.0449  0.0012
3311934 00887 119167  0.0595  0.1104 00309 01947 00279 01636  0.0019
673.8980 01095 280787 00626  0.2909 00300 01638  0.0274 00629  0.0015
695.7952 01202 291549 00646 03121 00296 00204  0.0263 00413  0.0013
606.3186 01175  25.6883  0.0625 03439 00313 00230 00278 00209  0.0010

* Corrected for blank, mass discrimination, and radioactive decay

Sensitivity

6.312E-17 + 1.047E-18 (mol /fAmp)

Ca/K

4.525
-1.618
4.727
4.711
2.100
0.121
0.043
0.005
0.006

(1o)

0.213
5.283
0.851
0.283
0.101
0.018
0.007
0.007
0.008

a/k

0.158
1.680
0.016
0.008
-0.046
-0.016
-0.007
-0.005
0.003

t+
(10)

0.052
3.074
0.209
0.069
0.035
0.008
0.003
0.003
0.004

“Oart/CAry

20.811
14.908
16.109
22.505
24.121
23.729
23.328
23.436
23.351

+

(10)

0.834
20.707
2632
1.168
0.645
0.131
0.056
0.055
0.060

(%)

56.20
44.08
85.46
91.06
82.20
85.42
97.25
98.25
98.98

(Ma)

68.8
49.5
535
74.3
79.5
78.2
76.9
773
77.0
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CASSIAR - biotite pyroxene lamprophyre, Bain mine

MA16-CS04 (biotite)
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CASSIAR - quartz-carbonate-sericite vein, Taurus
T-95-35_129.5m (sericite)

Sample
T-95-35_129.5m

Mineral
sericite

quartz-carbonate-sericite vein, Taurus

ALIQUOT 1
Power
(%)

0.80

ALIQUOT 2

0.50
0.80
1.00
1.20
1.30
1.40
150
1.60
1.70
1.80
2.00
4.00

J

0.0018782 1.83E-06

* (10)

Relative Isotopic lances (fAmps)*

Ar40 + Ar39 + Ar38 + Ar37 4 Ar36 +
(10) (10) (10) (10) (10)
24224720 01991  60.7357 00720 07933  0.0309 00422  0.0268 01954  0.0023
2260.6840  0.2129 53.6430 0.0692 0.6909 0.0336 0.0710 0.0281 0.0780 0.0016
2332.3270  0.2291 54.5967 0.0671 0.6048 0.0292 0.0454 0.0277 0.0589 0.0017
3018.4540 0.2154  69.2322 00711 08377 00298 -0.0214 00281  0.0569  0.0016
6714.8090 03375 1520193 0.0843 18099 00313 -0.0116 0.0269  0.0815  0.0017
3435621 0.0971  7.9644  0.0665  0.0534 00305 -0.0441  0.0269  -0.0023  0.0009
111.7067  0.0828 2.5290 0.0627 -0.0539 0.0323 -0.0560 0.0263 0.0010 0.0009
67.2760  0.1661 13800 00577  -0.0109  0.0311 -0.0783  0.0299 00148  0.0012
27.7910  0.0646 06327 00613  -0.0006 0.0312 -0.0413  0.0257 00014  0.0009
37.8932 0.0669 0.8432 0.0635 -0.0045 0.0304 -0.0112 0.0262 -0.0025 0.0008
221092 00622 05416 00598 00175  0.0295 -0.0958  0.0265 -0.0006  0.0008
50.6050 0.0701 1.0502 0.0639 0.0248 0.0281 0.0653 0.0303 0.0003 0.0008
8224930  0.1391 21.3395 0.0645 0.2780 0.0321 0.0409 0.0285 0.2656 0.0026
22459130 02373 554174 00733 06702  0.0301 00754 00291  0.0786  0.0016
1776.6280  0.1631 42.5540 0.0712 0.5481 0.0299 0.0431 0.0263 0.0380 0.0015
22100500 0.1874  52.3354  0.0653 07135 00292 00301  0.0280  0.0469  0.0016
1909.7030  0.1988 44.1433 0.0654 0.4479 0.0319 0.0188 0.0252 0.0378 0.0013
5021.7390 03120 114149 00718 13893 00316 00406  0.0264 00897  0.0018
1395.0980  0.1543 32.5707 0.0617 0.3258 0.0296 0.0469 0.0292 0.0613 0.0016
491.6942  0.1020 11.8991 0.0616 0.1749 0.0293 0.0082 0.0279 0.0695 0.0015
3449511 00908 88423 00616  0.1184 00296 00172 00276 00892  0.0016
327.2842  0.0936 8.6889 0.0610 0.1581 0.0274 0.0516 0.0265 0.0930 0.0017
4193416 01119 115329 00613 01998  0.0295 00993 00282 01405  0.0021
2401.6010  0.1852 70.8935 0.0693 0.9827 0.0311 1.0172 0.0273 0.5835 0.0041

* Corrected for blank, mass discrimination, and radioactive decay
6.312E-17 + 1.047E-18 (mol/fAmp)

Sensitivity

Ca/K

0.008
0.015
0.009

-0.001
-0.066
-0.262
-0.670
-0.771
-0.157
-2.091
0.736

(1o)

0.005
0.006
0.006
0.005
0.002
0.040
0.124
0.259
0.489
0.371
0.629
0.347

0.016
0.006
0.007
0.006
0.007
0.003
0.011
0.028
0.038
0.037
0.030
0.005

E
(10)

0.002
0.002
0.002
0.001
0.001
0.011
0.038
0.066
0.146
0.106
0.161
0.079

0.004

0.002
0.002
0.002
0.001
0.003

0.010
0.009
0.008
0.001

©art/PAry

38.909
41.687
42.373
43.327
43.983
43.192
44.006
45.517
43.218
45.783
41.016
48.119

(10)

0.057
0.063
0.062
0.055
0.040
0.373
1.125
1.976
4.313

4.668
3.012

(%)

97.62
98.98
99.25
99.44
99.64
100.20
99.71
93.45
98.49
101.94
100.61
99.90

(Ma)

127.2
136.0
1382
1411
143.2
140.7
1433
148.0
140.8
1488
133.9
156.1
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ClI/K

Apparent Age (Ma)

CASSIAR - quartz-carbonate-sericite vein, Taurus
T-95-35_129.5m (sericite) - ALIQUOT 1
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CI/K

Apparent Age (Ma)

CASSIAR - quartz-carbonate-sericite vein, Taurus
T-95-35_129.5m (sericite) - ALIQUOT 2
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SHEEP CREEK - quartz-pyrite vein
MA16-SHO3 (sericite)

Sample Mineral J +(10)

MA16-SHO03  sericite 0.0018629 9.20E-07

auriferous quartz-pyrite vein with sericite seams, Nugget mine

ALIQUOT 1 Relative Isotopic abundances (fAmps)*
Power Ar40 t Ar39 4 Ar38 t Ar37 + Ar36 t
(%) (10) (1e) (10) (1o) (1e)
0.10 315.7514  0.0988 10.4250 0.0616 0.1490 0.0311 0.0250 0.0266 0.0126 0.0009
0.20 -0.1430 0.0641 -0.0265 0.0644 0.0504 0.0309 0.0166 0.0270 -0.0008 0.0007
0.40 33.3895 0.0693 1.2425 0.0652 0.0154 0.0294 0.0228 0.0271 -0.0031 0.0008
0.60 220.0386  0.0805 7.5264 0.0651 0.0548 0.0300 0.0263 0.0288 0.0033 0.0008
0.70 316.3277  0.0921 10.6154 0.0623 0.1187 0.0296 -0.0242 0.0287 0.0026 0.0007
0.80 513.0819  0.1078 17.1497 0.0681 0.2413 0.0297 -0.0518 0.0269 0.0009 0.0007
1.00 928.1574  0.1242 30.2272 0.0599 0.3294 0.0323 -0.0689 0.0278 0.0054 0.0009
2.00 4049.6030  0.3275  128.4865 0.0897 15514 0.0293 0.0468 0.0278 0.0212 0.0013
3.00 2917.5930  0.2829 81.9139 0.0716 1.1701 0.0324 -0.0515 0.0274 1.0034 0.0052
ALIQUOT 2

0.60 1046.9500 0.1354 37.1572 0.0680 0.4437 0.0286 -0.0008 0.0255 0.0596 0.0015
0.80 1483.7960 0.1718 50.7656 0.0703 0.6113 0.0316 -0.1218 0.0269 0.0160 0.0012
1.00 2424.5750  0.1972 80.9830 0.0708 0.9377 0.0308 -0.0445 0.0284 0.0189 0.0012
1.20 2955.8720  0.2273 97.4599 0.0765 1.1183 0.0328 0.0622 0.0278 0.0132 0.0012
140 2671.5450  0.2063 84,9485 0.0799 0.9791 0.0310 -0.0188 0.0285 0.0504 0.0016
160 2463.5630  0.2068 77.9878 0.0740 0.9900 0.0299 0.0421 0.0277 0.1161 0.0018
1.80 2873.9290 0.2138 88.5349 0.0687 1.0395 0.0332 -0.0270 0.0268 0.3169 0.0027
2.00 4670.5300 0.2970  140.7549 0.0755 1.6940 0.0299 0.0429 0.0235 0.3734 0.0032
2.20 1078.5520  0.1407 29.5475 0.0680 0.3885 0.0338 0.0355 0.0265 0.2460 0.0025
2.50 547.3934  0.1204 14.6884 0.0609 0.1512 0.0315 0.1056 0.0265 0.1236 0.0020
3.00 414.3435  0.1007 11.2540 0.0618 0.1664 0.0295 0.0628 0.0281 0.0660 0.0015
4.00 1483.6090 0.1428 41.6101 0.0655 0.4794 0.0316 0.0616 0.0269 0.0404 0.0012

* Corrected for blank, mass discrimination, and radioactive decay

Sensitivity 6.312E-17 + 1.047E-18 (mol/fAmp)

Ca/K

0.018
-4.724
0.138
0.026
-0.018
-0.023
-0.018
0.002
-0.005

+

(10)
0.019
14.157
0.166
0.029
0.021
0.012
0.007
0.002
0.003

0.005

0.003
0.002
0.003
0.003
0.002
0.001
0.007
0.014
0.019
0.005

c/K

0.005
-5.566
0.002
-0.015
-0.003
0.005
-0.004
0.000
-0.001

-0.002
-0.001
-0.002
-0.002
-0.002
0.001
-0.003
-0.002
-0.002
-0.010
0.004
-0.003

t
(10)

0.009
14.378
0.070
0.012
0.008
0.005
0.003
0.001
0.001

0.002
0.002
0.001
0.001
0.001
0.001
0.001
0.001
0.003
0.006
0.008
0.002

'uAr*/”ArlK)

29.916
-4.179
27.612
29.091
29.710
29.886
30.637
31.453
31.982

27.688
29.120
29.855
30.274
31.258
31.134
31.387
32.382
34.025
34.766
35.069
35.350

+

(10)

0.188
13.399
1510
0.264
0.185
0.128
0.073
0.044
0.065

0.061
0.052
0.041
0.039
0.045
0.045
0.045
0.040
0.095
0.161
0.207
0.069

0p

(%)

98.82
-77.52
102.80
99.56
99.75
99.95
99.83
99.85
89.84

98.32
99.68
99.77
99.87
99.44
98.61
96.74
97.64
93.26
93.33
95.30
99.20

Age
(Ma)

97.8
-14.1
90.5
95.2
97.2
97.7
100.1
102.7
104.4

90.7
95.3
97.6
99.0
102.1
101.7
102.5
105.7
110.9
113.2
114.2
115.1
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SHEEP CREEK - quartz-pyrite vein
MA16-SHO3 (sericite)

Sample Mineral J +(10)

MA16-SHO03  sericite 0.0018629 9.20E-07

auriferous quartz-pyrite vein with sericite seams, Nugget mine

ALIQUOT 1 Relative Isotopic abundances (fAmps)*
Power Ard0 + Ar39 + Ar3g + Ar37 + Ar36 + ca/K + a/k + Oarear, ot “ar* Age +
(%) (10) (10) (10) (10) (10) (10) (10) (10) (%) (Ma)  (18)
0.10 315.7514  0.0988 10.4250 0.0616 0.1490 0.0311 0.0250 0.0266 0.0126 0.0009 0.018 0.019 0.005 0.009 29.916 0.188 98.82 97.8 0.6
0.20 -0.1430 0.0641 -0.0265 0.0644 0.0504 0.0309 0.0166 0.0270 -0.0008 0.0007 -4.724 14.157 -5.566 14.378 -4.179 13.399 -77.52 -14.1 45.4
0.40 33.3895 0.0693 1.2425 0.0652 0.0154 0.0294 0.0228 0.0271 -0.0031 0.0008 0.138 0.166 0.002 0.070 27.612 1510 102.80 90.5 4.8
0.60 220.0386  0.0805 7.5264 0.0651 0.0548 0.0300 0.0263 0.0288 0.0033 0.0008 0.026 0.029 -0.015 0.012 29.091 0.264 99.56 95.2 0.8
0.70 316.3277  0.0921 10.6154 0.0623 0.1187 0.0296 -0.0242 0.0287 0.0026 0.0007 -0.018 0.021 -0.003 0.008 29.710 0.185 99.75 97.2 0.6
0.80 513.0819  0.1078 17.1497 0.0681 0.2413 0.0297 -0.0518 0.0269 0.0009 0.0007 -0.023 0.012 0.005 0.005 29.886 0.128 99.95 97.7 0.4
1.00 928.1574  0.1242 30.2272 0.0599 0.3294 0.0323 -0.0689 0.0278 0.0054 0.0009 -0.018 0.007 -0.004 0.003 30.637 0.073 99.83 100.1 0.2
2.00 4049.6030  0.3275  128.4865 0.0897 15514 0.0293 0.0468 0.0278 0.0212 0.0013 0.002 0.002 0.000 0.001 31453 0.044 99.85 102.7 0.1
3.00 2917.5930  0.2829 81.9139 0.0716 1.1701 0.0324 -0.0515 0.0274 1.0034 0.0052 -0.005 0.003 -0.001 0.001 31.982 0.065 89.84 104.4 0.2
ALIQUOT 2

0.60 1046.9500 0.1354 37.1572 0.0680 0.4437 0.0286 -0.0008 0.0255 0.0596 0.0015 -0.001 0.005 -0.002 0.002 27.688 0.061 98.32 90.7 0.2
0.80 1483.7960 0.1718 50.7656 0.0703 0.6113 0.0316 -0.1218 0.0269 0.0160 0.0012 -0.019 0.004 -0.001 0.002 29.120 0.052 99.68 95.3 0.2
1.00 2424.5750  0.1972 80.9830 0.0708 0.9377 0.0308 -0.0445 0.0284 0.0189 0.0012 -0.005 0.003 -0.002 0.001 29.855 0.041 99.77 97.6 0.1
1.20 2955.8720  0.2273 97.4599 0.0765 1.1183 0.0328 0.0622 0.0278 0.0132 0.0012 0.004 0.002 -0.002 0.001 30.274 0.039 99.87 99.0 0.1
140 2671.5450  0.2063 84,9485 0.0799 0.9791 0.0310 -0.0188 0.0285 0.0504 0.0016 -0.002 0.003 -0.002 0.001 31.258 0.045 99.44 102.1 0.1
160 2463.5630  0.2068 77.9878 0.0740 0.9900 0.0299 0.0421 0.0277 0.1161 0.0018 0.004 0.003 0.001 0.001 31134 0.045 98.61 101.7 0.1
1.80 2873.9290 0.2138 88.5349 0.0687 1.0395 0.0332 -0.0270 0.0268 0.3169 0.0027 -0.003 0.002 -0.003 0.001 31.387 0.045 96.74 102.5 0.1
2.00 4670.5300 0.2970  140.7549 0.0755 1.6940 0.0299 0.0429 0.0235 0.3734 0.0032 0.002 0.001 -0.002 0.001 32.382 0.040 97.64 105.7 0.1
2.20 1078.5520  0.1407 29.5475 0.0680 0.3885 0.0338 0.0355 0.0265 0.2460 0.0025 0.009 0.007 -0.002 0.003 34.025 0.095 93.26 110.9 0.3
2.50 547.3934  0.1204 14.6884 0.0609 0.1512 0.0315 0.1056 0.0265 0.1236 0.0020 0.054 0.014 -0.010 0.006 34.766 0.161 93.33 1132 0.5
3.00 414.3435  0.1007 11.2540 0.0618 0.1664 0.0295 0.0628 0.0281 0.0660 0.0015 0.042 0.019 0.004 0.008 35.069 0.207 95.30 114.2 0.7
4.00 1483.6090 0.1428 41.6101 0.0655 0.4794 0.0316 0.0616 0.0269 0.0404 0.0012 0.011 0.005 -0.003 0.002 35.350 0.069 99.20 1151 0.2

* Corrected for blank, mass discrimination, and radioactive decay

Sensitivity 6.312E-17 + 1.047E-18 (mol/fAmp)

88 Structural controls in BC's eastern Cordilleran gold belt



SHEEP CREEK - quartz-pyrite vein
MA16-SHO3 (sericite) - ALIQUOT 1
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Cl/K

Apparent Age (Ma)

SHEEP CREEK - quartz-pyrite vein
MA16-SHO3 (sericite) - ALIQUOT 2
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SHEEP CREEK - quartz-pyrite vein
MA16-SHO5 (sericite)

Sample Mineral J +(10)

MA16-SHO5  sericite 0.0018453 9.80E-07

auriferous quartz-pyrite vein with sericite seams, Nugget mine

ALIQUOT 1 Relative Isotopic abundances (fAmps)*
Power Ard0 4 Ar39 k4 Ar38 t Ar37 + Ar36 t

(%) (10) (1e) (10) (10) (1e)
0.60 933.4342 01371 31.4527 0.0667 0.4025 0.0299 0.0311 0.0256 0.0805 0.0016
0.80 1175.5280 0.1481 39.1511 0.0686 0.4705 0.0303 0.0179 0.0290 0.0049 0.0009
1.00 1767.0500  0.1563 58.5762 0.0758 0.6762 0.0288 0.0652 0.0292 0.0062 0.0010
1.20 2061.4500  0.6332 65.6806 0.0747 0.7548 0.0283 0.0003 0.0260 0.0131 0.0010
1.40 2385.9700  0.2045 73.4054 0.0737 0.8658 0.0318 -0.0031 0.0284 0.0171 0.0014
1.60 2445.8860  0.1898 75.9083 0.0679 0.8872 0.0290 0.0246 0.0280 0.0180 0.0012
180 3206.3260  0.2301 97.9236 0.0704 1.1634 0.0279 0.0635 0.0270 0.0186 0.0011
2.00 5174.8340  0.2972  151.5511 0.0716 1.7700 0.0331 -0.0101 0.0280 0.0172 0.0012
2.20 1024.8020 0.1326 28.7742 0.0628 0.4403 0.0286 -0.0697 0.0259 0.0037 0.0008
2.50 1043.6730  0.1467 28.9849 0.0643 0.2723 0.0330 -0.0207 0.0266 0.0104 0.0011
3.00 3091.9480  0.1963 86.2474 0.0702 1.0384 0.0298 0.0165 0.0257 0.0255 0.0012
4.00 2052.3240  0.1855 59.0228 0.0636 0.6829 0.0307 -0.0187 0.0256 0.0441 0.0012

* Corrected for blank, mass discrimination, and radioactive decay

Sensitivity 6.312E-17 + 1.047E-18 (mol /fAmp)

-0.003

+

(10)
0.006
0.006
0.004
0.003
0.003
0.003
0.002
0.001
0.007
0.007
0.002
0.003

c/k

0.000
-0.001
-0.002
-0.002
-0.001
-0.002
-0.001
-0.002

0.009
-0.008
-0.001
-0.002

t
(10)

0.003
0.002
0.001
0.001
0.001
0.001
0.001
0.001
0.003
0.003
0.001
0.002

'DAr*/”ArlK)

28.906
29.973
30.120
31311
32.418
32135
32,671
34.095
35.559
35.882
35.744
34.533

.
(10)

0.065
0.055
0.041
0.038
0.034
0.030
0.025
0.017
0.081
0.083
0.030
0.039

0p

(%)

97.45
99.88
99.90
99.81
99.79
99.78
99.83
99.90
99.89
99.70
99.76
99.37

Age
(Ma)

93.7

97.1

97.6
101.3
104.8
103.9
105.6
110.1
114.7
115.7
115.2
111.4
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SHEEP CREEK - muscovite phyllite
MA16-SH10 (muscovite)

Sample Mineral J +(10)
MA16-SH10 muscovite (pressed pellet) 0.001872 1.27E-06
muscovite phyllite seam in quartzite and quartz gritstone, Three Sisters Fm.

ALIQUOT 1 Relative Isotopic abundances (fAmps)*

Power Ara0 + Ar39 + Ar38 + Ar37 + Ar36 + ca/K + a/K + At/ PArg “Oar* Age +
(%) (1o) (10) (10) (10) (10) (10) (10) (10) (%) (Ma)  (10)
0.50 840.8123 01084 284653 00626 04707 00303 00623 00261 03425 00030  0.015 0.006 0.006 0.003 25.971 0.070 87.97 85.6 0.2
0.70 946.7419 01395 320217 00638 04430 00316 00894 00247 02260 00027  0.019 0.005 0.001 0.003 27.468 0.065 92.95 9.5 0.2
0.90 2480.6460 01964  79.0535 00750 0952  0.0294 00862 00288 01775  0.0025  0.007 0003  -0.001  0.001 30.701 0.036 97.89 100.8 0.1
1.00 2821.6360 02567 900509 00737 11023 00294 00801 00271 01084 00019  0.006 0002  -0.001  0.001 30.963 0.032 98.87 1017 0.1
1.10 2701.1680 02371 865577 00702 10246 00291 00895 00263 00887 00018  0.007 0002  -0002  0.001 30.889 0.032 99.03 1014 01
1.20 2834.0510 02234 903197 00747 10777 00308 0078  0.0288 00667 00017  0.006 0.002 0001 0.001 31.145 0.032 99.30 102.2 0.1
1.30 2625.1690 01831 827824 00729 09701 00293 00472 00273 00781 00016  0.004 0002  -0.002  0.001 31418 0.034 99.12 103.1 0.1
1.40 2728.4050 02210 847164 00686 10199 00310 00749 00269 00762 00017  0.006 0.002 0001 0.001 31.926 0.033 99.18 104.7 0.1
1.50 2373.3120 02019  72.8226 00764 09249 00308 01976  0.0265 00783 00016  0.019 0.003 0.001 0.001 32.258 0.040 99.03 105.8 0.1
1.60 2079.9930 01829 630040 00647 07002 00282 01564 00283 00909 00017  0.017 0003  -0.004  0.001 32573 0.040 98.71 106.8 0.1
1.80 2382.6530 02076  70.6045  0.0679  0.8893  0.0279 01653  0.0284 01062 00018  0.016 0.003 0.000 0.001 33.287 0.039 98.68 109.1 0.1
2.00 1738.2120 01711  49.0981 00687 05799 00310 00949 00251 01098 00020  0.013 0004  -0002  0.002 34.726 0.055 98.13 1136 0.2
2.50 926.3682 01326 24.2306 00616 02288 00274 01026 00304 00372 00013  0.030 0.009 0009  0.003 37.761 0.102 98.82 1232 03
3.00 246.9612 00809 61034 00637 01184 00308 01087 00256 00036 00009  0.126 0.030 0.021 0.015 40274 0.435 99.58 1311 14
4.00 147.3821 00783  3.5050 00648 00209 00295 02276  0.0255 00066  0.0009  0.448 0051  -0.020  0.024 40.450 0.754 98.72 1317 24

* Corrected for blank, mass discrimination, and radioactive decay
Sensitivity  6.312E-17 + 1.047E-18 (mol/fAmp)
Sample Mineral J 1 (10)
MA16-SH10 muscovite 0.0018678 1.20E-06
muscovite phyllite seam in quartzite and quartz gritstone, Three Sisters Fm.
ALIQUOT 1 Relative Isotopic abundances (fAmps)*

Power Ar40 + Ar39 + Ar38 + Ar37 + Ar36 + ca/K + a/K + OAr/CAr, “Oar* Age +
(%) (10) (10) (10) (10) (10) (10) (10) (10) (%) (Ma)  (10)
0.50 229.3686 00909 97811 00657 01597 00300 00518 00288 00380 00011  0.036 0.020 0.010 0.009 22.293 0.161 95.11 736 05
0.70 460.3469 01067  17.1646  0.0662  0.2493 00301 00576  0.0285 00410 00012  0.022 0.011 0.005 0.005 26.102 0.110 97.37 85.9 0.4
0.90 1460.9240 01857 481943 00669 05632  0.0315 00583 00264 00058 00013  0.008 0.004 0002 0.002 30.264 0.054 99.88 99.2 0.2
1.00 1602.2520 01841 519424 00696 06433 00284 00495 00274 00137 00011  0.006 0.004 0.000 0.002 30.755 0.054 99.75 100.8 0.2
1.10 1627.3580 01795 528110 00718 06089 00299 00449 00256 00119 00011  0.005 0003  -0.002  0.002 30.734 0.054 99.79 100.7 0.2
1.20 1894.9210 01951 604929 00647 07034 00297 00670  0.0269 00167 00013  0.007 0.003 0002 0.001 31.229 0.048 99.74 102.3 0.2
130 2402.0550 02113 756110 00760  0.8992 00316 00507 00282 00081 00010  0.004 0003  -0.001  0.001 31722 0.046 99.90 103.8 0.1
1.40 2582.1820 02079  80.9212 00677 09146  0.0325 0119 00264 00053 00011  0.010 0.002 0003 0.001 31.876 0.043 99.94 1043 0.1
1.50 2554.3630 02292 79.8350 00671 09344 00313 00384 00289 00026 00011  0.003 0003  -0.001  0.001 31971 0.043 99.97 104.6 0.1
1.60 2847.2900 02230 89.0754 00655 09958  0.0300 00195 00262 00127 00011  0.001 0.002 0003 0.001 31.908 0.041 99.87 1044 01
1.80 3225.6970 02301 1005876 0.0728 11712  0.0283 00912 00270 00060 00011  0.006 0.002 0002  0.001 32.036 0.041 99.95 104.8 0.1
2.00 3076.0580 02164 950262 00687 10995 00327 -0.0735 00281 00026 00012 -0.006 0002  -0.002  0.001 32.347 0.041 99.97 105.8 0.1
2.50 3069.7140 02079 91.8916 00669 10606 00293 02436 00277 00054 00010  0.018 0002  -0002  0.001 33.374 0.042 99.95 109.1 0.1
3.00 914.7061 01358  26.3146 00656 03080  0.0281 02123 00272 00034 00009  0.55 0.007 0002 0.003 34.709 0.097 99.90 1133 03
4.00 298.3539 01017 85959 00649 00446 00304 03307 00291 0008 00009  0.264 0024  -0021  0.010 34.411 0.273 99.18 124 09

ALIQUOT 2
0.50 149.3069 00835 60638 00609 00854 00323 -0.0249 00268 00185 00010 -0.029  0.031 0.004 0.016 23.707 0.252 96.33 782 08
0.70 318.1191 00904 120920 00671 01617 00303 00163 00278 00193 00011  0.009 0.016 0.003 0.007 25.826 0.153 98.21 85.0 05
0.90 1006.7310 01300 33.1005 00680 04135 00313 00008 00267 -0.0006 00011  0.000 0.006 0.001 0.003 30.405 0.073 100.02 99.7 0.2
1.00 1096.3420 01299 355032 00707 04300 00280 00585 00298 00159 00010  0.011 0006  -0.001  0.002 30.734 0.072 99.57 100.7 0.2
110 1214.7390 0516 39.0701 00659 05011  0.0300 00561 00252 00087 00010  0.010 0.005 0.002 0.002 31011 0.064 99.79 101.6 0.2
1.20 1224.5990 01614  39.5170 00634 04045 00293 00698 00257 0008 00010  0.012 0005  -0.006  0.002 30.910 0.061 99.79 101.3 0.2
130 1236.0590 01620 39.9298 00672 04972  0.0325 00861  0.0266 00083 00010  0.015 0.005 0.001 0.002 30.881 0.063 99.80 101.2 0.2
1.40 1701.6970 01843  53.3410 00705 06125 00315 00284 00256 00038 00010  0.003 0.003 0002 0.002 31.866 0.055 99.93 1043 0.2
1.50 2088.0320 01934 639310 00741 07474 00297 00735 00279 00073 00010  0.008 0003  -0.002  0.001 32,612 0.052 99.90 106.7 0.2
1.60 2219.7590 01955 684185  0.0692  0.8348 00297 0094 00266 00190 00011  0.009 0.003 0.000 0.001 32.347 0.048 99.75 105.8 0.2
1.80 2908.3070 02198 89.8238 00761 10139 00322 01089 00277 00126 00011  0.008 0002  -0.003  0.001 32322 0.044 99.87 105.7 0.1
2.00 3332.6130 02132 1030754 00730 12201 00276 01549  0.0274 00080 00011  0.010 0002  -0.001  0.001 32.294 0.041 99.93 105.7 0.1
2.50 5154.5750 03210 1571143 00752 19607  0.0275 03952  0.0272 00146 00011  0.017 0.001 0.001 0.001 32.766 0.038 99.92 107.2 0.1
3.00 1994.6700 01925  56.5574  0.0684 06255 00303 01665 00262 00019 00010  0.020 0003  -0.003  0.002 35.243 0.058 99.97 150 02
4.00 853.6039 01251 16.6281  0.0627 03988  0.0300 03087 00280 09421  0.0047  0.129 0.012 0.003 0.005 34.582 0.191 67.39 112.9 0.6

* Corrected for blank, mass discrimination, and radioactive decay
Sensitivity 6.312E-17 + 1.047E-18 (mol/fAmp)
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Apparent Age (Ma)

SHEEP CREEK - muscovite phyllite
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SHEEP CREEK - muscovite phyllite
MA16-SH10 (muscovite) - ALIQUOT 1

N/ed
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CI/K

Apparent Age (Ma)

SHEEP CREEK - muscovite phyllite
MA16-SH10 (muscovite) -ALIQUOT 2
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SHEEP CREEK - lamprophyre dike
MA16-SH13 (biotite)

Sample

GRAIN 1
Power
(%)
0.10
0.40
0.50
0.70
0.80
0.90
1.00
150
2.00
2.50
3.00
4.00

Sensitivity

Mineral

MA16-SH13 biotite
biotite-olivine lamprophyre dike cutting Sheep Creek stock

J

0.001875 1.20E-06

* (10)

Relative Isotopic abundances (fAmps)*

Ard0

88.0039
4.4584
14.2237
64.9006
362.6791
130.8259
235.4245
1046.6390
1605.9150
1497.6750
1470.4830
1643.1000

+

(1o)

0.0736
0.0645
0.0610
0.0773
0.0957
0.0687
0.0799
0.1576
0.1563
0.1688
0.1856
0.1678

Ar39

2.1548
0.3292
0.8311
1.3115
2.1576
4.0757
9.5187
55.5641
94.8735
92.4411
91.4427
102.1438

6.312E-17 £ 1.047E-18 (mol/fAmp)

+

(10)

0.0612
0.0645
0.0655
0.0635
0.0590
0.0647
0.0644
0.0668
0.0698
0.0766
0.0649
0.0699

Ar38

0.0181
-0.0236
0.0081
0.0024
0.2817
0.0714
0.1189
0.6975
1.1932
1.1702
1.0784
1.2270

* Corrected for blank, mass discrimination, and radioactive decay

+

(10)

0.0315
0.0288
0.0312
0.0287
0.0296
0.0310
0.0281
0.0292
0.0321
0.0272
0.0300
0.0322

Ar37

0.2227
0.0938
0.2223
0.2307
0.1009
0.0865

-0.0123

0.1896
0.3638
0.3751
0.0919
0.2253

+

(10)

0.0282
0.0267
0.0272
0.0277
0.0269
0.0279
0.0286
0.0270
0.0277
0.0265
0.0270
0.0280

Ar36

0.2019
0.0071
0.0237
0.1685
1.1474
0.2366
0.2698
0.4532
0.2528
0.0901
0.0532
0.0540

+

(10)
0.0021
0.0009
0.0012
0.0022
0.0053
0.0024
0.0027
0.0033
0.0026
0.0019
0.0015
0.0014

Ca/K

0.753
2.082
1.957
1.288
0.342
0.155

-0.010

0.025
0.028
0.029
0.007
0.016

+

(10)
0.099
0.732
0.289
0.169
0.093
0.051
0.022
0.004
0.002
0.002
0.002
0.002

c/K

-0.062
-0.255
-0.023
-0.100
0.054
-0.016
-0.015
-0.003
0.000
0.001
-0.002
-0.001

t
(10)

0.043
0.264
0.111
0.065
0.041
0.023
0.009
0.002
0.001
0.001
0.001
0.001

mAr*/”Ar(K,

13.181
7.295

8.779

11.565
10.960
14.943
16.347
16.419
16.132
15.906
15.901
15.922

+

(10)

0.493
1.675
0.830
0.765
0.893
0.305
0.147
0.032
0.020
0.019
0.017
0.017

05 %
(%)

32.28
53.85
51.28
2337

6.52
46.57
66.13
87.21
95.35
98.23
98.93
99.03

Age
(Ma)

44.0
24.5
29.5
38.7
36.7
49.9
54.5
54.7
53.8
53.0
53.0
53.1
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CI/K

Apparent Age (Ma)

SHEEP CREEK - lamprophyre dike
MA16-SH13 (biotite)

M/ed

20 g
18 L
16 -
14 + -
12 + o
10 g
038 4 g
06 g
04 g
02 - -

- 7 7 7 7 7 7 7 7 7 7 7 7 0.065

- - 0.060

- - 0.055

- - 0.050

1 - 0.045

- - 0.040

- - 0.035

- - 0.030

- - 0.025

E = 0.020

- - 0.015

- - 0.010

- - 0.005

100 T T T T T T e ———  ——— T T T T T T T T 0
90 -
80 9 3
70 4 F
60 4 L
50 41.00 1-1510 2,00 250 3.00 400 F
10 12 13 14 15
40 4 L
30 4 -
20 o
10 4 L
Integrated Age = 5343+ 0.12 Ma
0 T T T T T T T v T T T T v T T T v v v

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Cumulative % *Ar Released

98 Structural controls in BC's eastern Cordilleran gold belt



SHEEP CREEK - phyllite near Nugget/Fawn mines
MA16-SH14 (muscovite) - pressed pellet

Sample

Mineral

J

*(10)

MA16-SH14 muscovite (pressed pellet) 0.0018518 8.91E-07
muscovite phyllite cut by fibrous quartz veinlets

Sensitivity

6.312E-17  1.047E-18 (mol /fAmp)

* Corrected for blank, mass discrimination, and radioactive decay

GRAIN 1 Relative Isotopic abundances (fAmps)*
Power Ara0 + Ar39 + Ar38 + Ar37 + Ar36 + ca/K + a/K + “Art /A, “Oar* Age +

(%) (1o) (10) (10) (10) (10) (10) (10) (10) (%) (Ma)  (10)
0.50 722.7050 01275 221550 00662 02863 00319 02273 00269 02310 00024  0.066 0.008 -0.004  0.004 29.529 0.103 90.56 9.0 03
0.80 2306.9570 01813 711470 00738 09698  0.0286 11985  0.0283 03378 00030  0.108 0.003 0.002 0.001 31.014 0.047 95.69 100.7 0.1
1.00 2947.3310 02413  92.6434 00707 11526 00292 13702 00259 02154 00025  0.095 0,002 -0.001 0.001 31.117 0.039 97.85 101.1 0.1
1.20 3254.7520 02727 1029615 00773 13393 00304 09509 00283 01526 00025  0.059 0.002 0.002 0.001 31.162 0.038 98.62 101.2 0.1
1.40 3098.4500 02036 984310 01103 12326 00350 0858 00297 01437 00029  0.056 0.002 0.000 0.001 31.036 0.046 98.64 100.8 0.1
1.60 2263.6180 01696  70.9773  0.0994 09382 00338 02738 00289 01071 00028  0.025 0.003 0.002 0.001 31.433 0.055 98.60 102.1 0.2
1.80 1012.1600 01381 299715 00619 03777 00308 01161 00263 00508 00016  0.025 0.006 0.000 0.003 33.256 0.079 98.52 107.8 0.2
2.00 724.5780 01341 202980 00656 01916 00310 00522 00263 00121 00017  0.017 0.009 -0.008 0.005 35.505 0.125 99.51 114.9 0.4
2.50 324.5461 00929  7.5859 00655 00573 00314 -0.0375 00281 00047 00011  -0.033 0.025 0014 0012 42.579 0.384 99.57 136.9 12
275 69.7289 00741 17322 00630 00337 00292 00027 00277 00041 00009  0.010 0.107 0.020 0.050 39.539 1.495 98.27 127.5 4.7
3.00 36.2898 00672 09250  0.0640 00424 00312 -0.0125 00272 00029 00009  -0.090  0.198 0.096 0.100 38.281 2.752 97.62 1236 8.6

* Corrected for blank, mass discrimination, and radioactive decay

Sensitivity  6.312E-17+ 1.047E-18 (mol/fAmp)

Sample Mineral J 1 (1)

MA16-SH14 muscovite 0.0018708 1.10E-06

muscovite phyllite cut by fibrous quartz veinlets

ALIQUOT 1 Relative Isotopic abundances (fAmps)*
Power Ard0 + Ar39 + Ar3s + Ar37 + Ar36 + ca/K + a/k + OarPar, ¢ “ar* Age ¢

(%) (10) (10) (10) (10) (10) (10) (10) (10) (%) (Ma)  (10)
0.50 567.7758  0.1075 225717 00625 03399 00304 00451 00290 00314  0.0011 0.014 0.009 0.008 0.004 24.732 0.075 98.37 816 0.2
0.70 932.8688  0.1314 307525 00597 03368  0.0286 -0.0056 0.0277 00164  0.0009  -0.002 0.006 -0.004 0.003 30.162 0.065 99.48 99.0 0.2
0.90 1817.7990  0.1686  59.2595  0.0733  0.6743 00320 -0.0491  0.0257 00135 00010  -0.006 0.003 -0.003 0.002 30593 0.046 99.78 100.4 0.1
1.00 1870.9820  0.1927 602879  0.0670 07869  0.0320 00297 00287 00167  0.0011 0.003 0.003 0.002 0.002 30.937 0.043 99.74 101.5 0.1
110 1989.0350  0.1880  64.1854  0.0750  0.7199  0.0299  0.0602  0.0266 00115  0.0011 0.006 0.003 -0.003 0.001 30.921 0.044 99.83 101.5 01
1.20 20467540  0.2045 66.0297 00704 08384 00328 00000 00283 00099  0.0012 0.000 0.003 0.001 0.001 30.938 0.042 99.86 101.5 0.1
130 2144.4160  0.2097 69.1560  0.0690  0.8214 00308  0.0496 00265 -0.003  0.0012 0.005 0.003 -0.001 0.001 31.009 0.040 100.05 101.7 0.1
1.40 22641840  0.1837 726609 00793  0.8642 00335 00732 00253 00262  0.0012 0.007 0.003 -0.001 0.001 31.040 0.043 99.66 101.8 0.1
1.50 23705100 0.2378 764476  0.0663  0.8921  0.0304 00402 00279  0.0077  0.0011 0.003 0.003 -0.002 0.001 30.964 0.037 99.90 101.6 01
1.60 2476.3750  0.1969 79.4529 00701  0.9496 00301 -0.0573 00275 00128 00011  -0.006 0.002 -0.001 0.001 31.105 0.037 99.85 102.0 0.1
1.80 3253.4830  0.2722  103.9711  0.0735 12462 00316 00712 00254 00098  0.0012 0.004 0.002 -0.001 0.001 31.249 0.033 99.91 102.5 0.1
2.00 4383.3270  0.2520  137.5905 0.0725 16955  0.0301  -0.0975 00286  0.0203 00012  -0.006 0.002 0.000 0.001 31.798 0.030 99.86 104.2 0.1
2.50 5118.6970  0.2702  150.0732 0.0717 17738  0.0304 00038 00285 0035  0.0014  0.000 0.001 -0.001 0.001 34.021 0.031 99.79 1113 01
3.00 904.2433 01194 266393 00642 03669 00284 -0.0835 00271 00099  0.0010  -0.023 0.007 0.004 0.003 33.817 0.089 99.68 110.7 0.3
4.00 530.1878  0.1046 159490 00610 02010  0.0308 -0.0871  0.0279 00106  0.0009  -0.040 0.013 0.001 0.006 33.028 0.134 99.40 108.2 0.4
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Cl/K

Apparent Age (Ma)

SHEEP CREEK - phyllite near Nugget/Fawn mines

MA16-SH14 (muscovite) - pressed pellet

A/ed
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SHEEP CREEK - phyllite near Nugget/Fawn mines

MA16-SH14 (muscovite)
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SHEEP CREEK - quartz-muscovite vein in Hamill Gp. quartzite
MA16-SH24 (muscovite)

Sample Mineral J +(10)
MA16-SH24 muscovite (pressed pellet) 0.0018665 1.10E-06
quartz-muscovite vein cutting quartzite, Hammill Gp.

GRAIN 1 Relative Isotopic abundances (fAmps)*

Power Ara0 + Ar39 + Ar38 + Ar37 + Ar36 + ca/K + a/K + “Art/PAr, “Oar* Age +
(%) (10) (10) (10) (10) (10) (10) (10) (10) (%) (Ma)  (10)
0.50 7.0317 0.0685 0.2039 0.0595 -0.0258 0.0297 -0.0111 0.0259 -0.0001 0.0010 -0.365 0.865 -0.402 0.448 34.526 10.487 100.19 112.7 33.2
0.70 64.6053 0.0681 1.8745 0.0601 0.0669 0.0295 -0.0304 0.0256 -0.0036 0.0009 -0.109 0.093 0.069 0.047 35.011 1.166 101.63 114.2 37
0.90 508.7651 0.1033 12.6099 0.0670 0.1147 0.0281 0.0599 0.0304 0.0250 0.0012 0.031 0.016 -0.010 0.007 39.744 0.222 98.55 129.1 0.7
1.00 797.5451 0.1284 19.7393 0.0667 0.1903 0.0296 -0.0087 0.0275 0.0126 0.0010 -0.003 0.009 -0.008 0.004 40.196 0.145 99.53 130.5 0.5
110 1354.9880 0.1428 33.1698 0.0666 0.4049 0.0284 0.0893 0.0278 0.0235 0.0013 0.018 0.006 0.000 0.003 40.623 0.091 99.49 1319 03
120 1696.2420 0.1925 41.3082 0.0707 0.4726 0.0292 0.1077 0.0292 0.0231 0.0011 0.017 0.005 -0.003 0.002 40.880 0.080 99.60 132.7 0.2
130 2103.9280 0.1884 51.1979 0.0648 0.5846 0.0315 0.0830 0.0266 0.0217 0.0012 0.010 0.004 -0.003 0.002 40.950 0.063 99.70 1329 0.2
1.40 2449.5790 0.1986 59.6071 0.0700 0.7687 0.0308 0.4626 0.0258 0.0482 0.0013 0.052 0.003 0.002 0.002 40.840 0.060 99.42 1325 0.2
150 2618.1930 0.2297 63.5611 0.0688 0.7263 0.0310 0.1992 0.0286 0.0197 0.0012 0.021 0.003 -0.002 0.001 41.082 0.056 99.78 1333 0.2
1.60 2804.3970 0.2177 68.7643 0.0752 0.8309 0.0333 0.1102 0.0270 -0.0555 0.0019 0.010 0.003 0.000 0.001 41.003 0.056 100.59 133.0 0.2
1.80 3423.7150 0.2535 83.2274 0.0681 1.0758 0.0291 0.0249 0.0273 0.0212 0.0014 0.002 0.002 0.002 0.001 41.043 0.048 99.82 1332 0.1
3.00 3324.8880 0.2187 81.3873 0.0638 0.9810 0.0313 0.0449 0.0285 0.0625 0.0015 0.003 0.002 -0.001 0.001 40.607 0.046 99.44 131.8 0.1

* Corrected for blank, mass discrimination, and radioactive decay
Sensitivity 6.312E-17 + 1.047E-18 (mol /fAmp)
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SHEEP CREEK - quartz-muscovite vein in Hamill Gp. quartzite
MA16-SH24 (muscovite)

Cl/K

Apparent Age (Ma)
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APPENDIX 3 - U-Pb Results

CASSIAR - biotite pyroxene lamprophyre, Bain mine
MA16-CS04

Isotopic Ratios Isotopic Ages Background-corrected mean counts/s at specified mass
Fraction  Notes
207pp /235y %2s  2°°pb/P*y  %2s rho  2°7pp/**°pp %2s 27pp 2By 25 0pp 2By 25 27pp/2%pp  2s 202 204 206 207 208 232 235 238
CASSIAR
Sample: MA16-CS04 (lamprophyre, Bain Mine)
1 4.17200 0.11000 0.28000 0.00620 0.840 0.10770  0.00150 1665.0 21.0 1589.0 31.0 1752.0 25.0 58 7 103100 11150 12440 24280 1443 181100
2 265000 0.07900  0.22160 0.00530 0.802 0.08680  0.00220 1309.0 22.0 1289.0 28.0 1327.0  49.0 29 5 56300 4870 22010 53500 971 123800
3 0.11610 0.00290 0.01737 0.00035 0.807 0.04876  0.00072 111.4 2.6 111.0 2.2 132.0 31.0 37 1 175900 8520 697 13000 40300 4960000
4 0.15980 0.00730 0.02172  0.00066 0.665 0.05420  0.00200 149.9 6.3 138.5 4.2 354.0 80.0 40 -17 25800 1375 1232 5380 4850 603000
5 17.08000 0.47000  0.57500 0.01500 0.948 0.21940  0.00390 29320 26.0 29180 61.0 29720  29.0 45 6 27620 5990 7060 7380 187 23930
6 4.638 0.13 0.312 0.0071 0.812 0.1103 0.002 1748 23 1750 35 1789 33 -27 -6 43200 4726 7510 13940 570 68900
7 0.1118 0.0032 0.01682 0.00035 0.727 0.0492 0.001 107.4 2.9 107.5 2.2 152 41 450 120 67200 3310 139 2270 15800 1940000
8 3.94 0.13 0.288 0.009 0.947 0.1013 0.0025 1616 27 1628 45 1641 49 -24 3 89100 8960 9740 19540 1229 154000
9 11.24 0.33 0.4198 0.011 0.892 0.1969 0.0026 2530 27 2249 50 2793 22 -11 19 88000 17250 9900 14410 839 105200
10 2.482 0.074 0.2095 0.0054 0.865 0.0872 0.0017 1259 22 1223 29 1339 38 -11 5 45900 3980 5430 12680 912 111200
11 3.035 0.11 0.1929 0.0057 0.815 0.1137 0.0024 1398 27 1136 31 1833 37 -5 0 31500 3570 4000 9490 680 85800
12 6.93 0.54 0.275 0.019 0.887 0.1658 0.0044 1874 86 1517 94 2457 49 58 1 79500 13280 8570 15090 1850 228000
13 0.1184 0.0072 0.01742  0.00064 0.604 0.0494 0.003 113.1 6.5 1113 4 170 120 -17 -2 9400 464 48 358 2174 268200
14 2.2 0.19 0.153 0.012 0.908 0.0966 0.0028 1056 70 899 70 1510 60 -10 -15 41500 4250 9900 19800 1399 174000
15 2.81 0.16 0.1923 0.01 0913 0.1026  0.0017 1281 50 1117 56 1654 30 111 17 58200 5970 8220 118000 1630 199000
16 2.94 0.28 0.173 0.014  0.85 0.1058 0.0039 1178 80 992 78 1623 75 72 -12 21300 2250 2030 12400 1002 121000
17 5.02 0.36 0.252 0.017 0.941 0.14 0.0048 1701 76 1415 89 2151 95 46 -7 50400 7160 10300 140000 841 104000
18 0.2161  0.0087  0.03165 0.00079  0.62 0.0491  0.0018 1975 7.3 2008 4.9 147 70 39 3 20140 992 2080 35200 2600 316000
19 9.3 0.47 0.389 0.016 0.814 0.1678 0.004 2294 55 2093 74 2505 40 24 -5 30700 5080 4670 7070 361 44200
0.8 data-point error ellipses are 2c data-point error ellipses are 2c
0.023
0.6 3000
0.021
2600
2 g
Q& 2200 z <
5 04 ﬂ S
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data-point error symbols are 2¢
116 (Mean =109.5+5.4 [4.9%)] 95% conf.
Witd by data-pt errs only, 0 of 3 rej.
MSWD = 3.0, probability = 0.050
114
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B
108
Analysis by Murray Allan
Pacific Centre for Isotopic and Geochemical Research, 106
Dept Earth and Ocean Sciences,
The University of British Columbia,
Vancouver, BC,, Canada
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SHEEP CREEK - quartz-feldspar granite porphyry
MA16-SH11

Isotopic Ratios Isotopic Ages Background-corrected mean counts/s at specified mass

Fraction  Notes
27pp/Bsy  %2s  °pp/PPy %2s rho  27ph/?°°Ph %25 27pp/2By 25 2%°ph/?Py 25 27ph/**pb 25 202 204 206 207 208 232 235 238

SHEEP CREEK
Sample: MA16-SH11 (quartz-feldspar granite porphyry, Sheep Creek stock)

1 0.1127 0.0037 0.01595 0.00031 0.592 0.05 0.0015 108.2 33 102 2 185 58 12 14 24810 1241 1019 35160 6630 820000
2 0.861 0.033 0.0994  0.0023 0.604 0.0621  0.0023 627 18 612 13 605 80 37 27 13810 849 2019 11500 581 73000
3 0.287 0.02 0.0373 0.0022 0.846 0.0535 0.0016 250 15 235 13 320 62 50 35 22880 1205 1170 9300 3270 406000
4 0.1103 0.0032 0.01625 0.00031 0.658 0.0482 0.0012 106.1 2.9 103.9 2 117 51 -27 -18 64000 3080 9670 337000 16700 2070000
5 0.1062  0.0029  0.01591 0.00028 0.644 0.0481  0.0012 1023 2.7 101.7 1.8 112 50 7 -3 32630 1567 9960 361000 8730 1088000
6 0.1056 0.0028 0.01577 0.00024 0.574 0.04862 0.0012 101.7 2.6 100.8 15 131 48 34 4 40650 1980 12780 463500 10960 1381000
7 0.1204 0.0035 0.01831 0.00033  0.62 0.048 0.0013 115.4 3.2 116.9 2.1 99 52 28 7 30960 1476 749 24400 7240 905000
8 3.808 0.097 0.2822 0.0056 0.779 0.099 0.0022 1588 21 1599 28 1590 42 -22 -6 53800 5370 9290 21520 816 103100
9 0.11 0.0065 0.01611 0.0004 0.42 0.0505 0.0031 104.8 5.9 103.2 2.6 170 110 -27 -1 3870 197 992 36330 1047 129600
10 0.1353 0.0064 0.02044  0.00055 0.569 0.0491 0.0023 128.1 5.7 130.4 35 145 88 -16 -3 14160 692 740 23400 2960 374000
11 3.96 0.13 0.2911 0.007 0.733 0.1007 0.0033 1615 28 1643 35 1598 63 69 13 17850 1771 2730 6130 278 33390
12 4.423 0.12 0.3039 0.0069 0.837 0.1078 0.0022 1710 23 1705 34 1748 37 32 5 87800 9430 8420 17500 1251 158400
13 0.469 0.04 0.0581 0.0044 0.888 0.0565 0.0015 365 27 359 27 431 56 9 -1 34900 2010 4790 35700 3520 433000
14 0.909 0.029 0.1022 0.002 0.613 0.0654 0.0019 651 15 627 12 749 65 25 13 33910 2203 7440 67400 1422 178500
0.4 data-point error ellipses are 2 data-point error ellipses are 2o
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SHEEP CREEK - biotite granite (Sheep Creek stock)

MA16-SH12

Isotopic Ratios

Isotopic Ages

Background-corrected mean counts/s at specified mass

Fraction  Notes
27pp/Bsy  %2s  °pp/PPy %2s rho  27ph/?°°Ph %25 27pp/2By 25 2%°ph/?Py 25 2ph/**pb 25 202 204 206 207 208 232 235 238
SHEEP CREEK
Sample: MA16-SH12 (biotite granite, Sheep Creek stock)
1 0.1116  0.0052  0.01639 0.00034 0.445 0.0502  0.0023 1068 4.7 1048 2.1 167 85 22 13 8290 419 2730 98500 2197 272000
2 0.1047 0.004 0.01615 0.00032 0.519 0.0478 0.0018 100.7 3.7 103.3 2 93 69 59 13 14030 675 2120 74200 3750 465000
3 0.1057  0.0039  0.01628 0.00031 0.516 0.0484  0.0018 1019 36 104.1 2 125 70 66 6 11890 586 2630 93200 3220 396000
4 0.1054  0.0058  0.01637 0.00038 0.422 0.0488  0.0029 1008 5.3 1046 2.4 104 100 30 1 4610 222 1048 37100 1242 152700
5 0.109 0.007 0.01629 0.00044 0.421 0.0503 0.0033 104.3 6.4 104.1 2.8 130 110 18 0 4070 203 1161 40890 1093 137300
6 0.1068  0.0045  0.01665 0.00035 0.499 0.0475 0.002 102.8 4.2 1064 2.2 84 78 42 16 9180 439 3076 109400 2454 300900
7 01112 0.0056  0.0169 0.00046  0.54 0.0491  0.0025 1064 5.1 108 2.9 115 90 27 14 8350 408 1248 43000 2200 268500
8 0.1034  0.0058 0.01651  0.0004 0.432 0.0464  0.0027 99 53 1055 2.5 29 98 10 2 5910 272 1166 44200 1522 191000
9 0.1113  0.0052  0.01687 0.00036 0.457 0.0487  0.0023 1064 4.7 107.8 23 110 83 27 6 7310 354 2320 78100 1893 234800
10 0.1058  0.0055 0.01663 0.00038  0.44 0.0479  0.0027 1017 5.1 1065 2.4 61 £ 7 37 5310 252 1869 70300 1365 172600
11 0.1154  0.0035 0.01727  0.0004 0.764 0.0481  0.0013 1107 32 1103 25 112 56 6 5 79800 3850 11990 408000 20200 2474000
12 0.134 0.011 0.01636 0.0004 0.298 0.0593 0.0045 125 9.1 104.6 2.5 410 130 24 22 5020 276 1479 48700 1300 163900
13 0.1064  0.0051  0.01595 0.00037 0.484 0.0485  0.0024 1019 4.7 102 23 99 87 21 13 6630 323 1470 53600 1737 223000
14 0.1064  0.0033  0.01583  0.0003 0.611 0.0484  0.0012 102.4 3 1012 1.9 118 50 9 7 32670 1589 3710 133200 8840 1109000
15 0.1099 0.0041 0.01587 0.00032 0.54 0.0503 0.0019 105.4 3.8 101.5 2 187 72 20 18 13600 682 7200 311000 3620 468000
16 0.1684  0.0095  0.01773 0.00039  0.39 0.066 0.003 1576 83 1133 25 723 9 -49 65 37700 2690 8620 238000 9010 1097000
17 0.1082  0.0059  0.01667 0.00043 0.473 0.0474  0.0024 103.8 53 1065 2.7 63 91 25 11 11520 542 1680 57500 2990 369000
18 1.84 012 01649 00086 0.8 0.0787  0.0033 996 47 972 48 1043 92 13 1 8450 657 827 3810 303 37600
19 0.1102  0.0045  0.01592 0.00041 0.631 0.0501 0.002 1058 4.1 101.8 2.6 178 78 52 5 25200 1260 431 13800 6870 860000
20 0.1094 0.0057 0.01641 0.00039 0.456 0.0486 0.0026 104.6 5.2 104.9 2.4 100 94 42 2 6160 292 1123 36620 1614 200800
data-point error ellipses are 26 115 data-point error symbols are 2¢
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SHEEP CREEK - quartz porphyry (Nugget-Fawn Mine area)
MA16-SH16

Isotopic Ratios Isotopic Ages Background-corrected mean counts/s at specified mass

Fraction Notes
27pp/Bsy  %2s  P°pp/PPy %2s rho  27ph/?°°Ph %25 27pp/2By 25 2%°ph/2y 25 27ph/**pb 25 202 204 206 207 208 232 235 238

SHEEP CREEK
Sample: MA16-SH16 (quartz porphyry, Nugget-Fawn Mine area, Sheep Creek)

1 0.1061 0.0038 0.01602 0.00033 0.575 0.0483 0.0019 102.2 3.4 102.4 2.1 113 73 -22 -5 11630 561 1057 36300 3030 379000
2 3.03 0.073 0.2419 0.0054 0.927 0.0905 0.0021 1409 19 1394 28 1423 45 -11 -20 68100 6170 7810 18960 1161 146000
3 4.63 0.11 0.2912 0.0065 0.94 0.1146 0.0021 1743 19 1643 32 1864 34 -27 9 221000 25420 17100 55500 3220 399000
4 4.063 0.089 0.2789 0.0064 1.048 0.1055 0.0022 1643 18 1583 32 1716 37 -15 -7 103800 10880 10830 22040 1550 193800
5 1.189 0.072 0.1181 0.0067 0.937 0.0705 0.0017 752 37 712 39 930 48 46 12 67000 4770 5890 34900 3120 383000
6 0.1044 0.0062 0.01626  0.00053 0.549 0.0472 0.0029 100.6 5.7 103.9 3.4 60 110 -81 -21 26300 1234 2880 99100 6710 843000
7 3.68 0.18 0.221 0.0088 0.814 0.1158 0.0029 1503 46 1274 48 1866 43 -3 30 80100 9260 11100 33800 1712 202600
8 4.74 0.11 0.3075 0.0055 0.771 0.1109 0.0025 1769 19 1726 27 1806 44 37 19 47600 5320 3240 6460 643 80400
9 4.686 0.098 0.3094 0.0066 1.02 0.1092 0.0023 1759 18 1735 32 1775 38 3 -32 131600 14330 9500 17700 1806 217500
10 4.331 0.094 0.3027 0.0067 1.02 0.104 0.0023 1693 18 1700 33 1677 40 4 9 55100 5690 7110 14030 753 93700
11 4.53 0.1 0.2957 0.0067 1.026 0.1113 0.0026 1728 19 1665 33 1802 42 34 31 48200 5320 11300 25000 690 85300
12 2.52 0.19 0.178 0.013 0.969 0.0937 0.003 1127 68 1025 70 1427 73 22 0 51300 5200 6250 24000 1531 189000
13 4.38 0.088 0.2973 0.0063 1.055 0.107 0.0023 1701 17 1674 31 1728 40 50 5 68000 7190 5680 10760 952 118000
14 0.469 0.036 0.0393 0.0022 0.729 0.0771 0.0032 367 25 247 14 976 93 24 236 131000 13300 17300 142000 11100 1360000
15 2.65 0.21 0.187 0.014 0.945 0.0905 0.0035 1151 77 1076 77 1330 88 37 -10 42100 4060 10010 40000 1770 222000
16 0.1091 0.0074 0.01554  0.00066 0.626 0.0511 0.0035 104.7 6.8 99.4 4.2 210 130 40 19 13510 671 1520 46200 3590 454000

data-point error ellipses are 26

data-point error ellipses are 2
04 0.0172 L L =

1800 0.0168

0.3

0 0.0164
1400
0.0160
0.2
1000

206pp/238y

0.0156

206p b/238U

o1 600 @ 00152

0.0148

0.0 0.0144
0 1 2 3 4 5 6 0.094 0.098 0.102 0.106 0.110 0.114 0.118 0.122
207Pb/235u 207Pb/235u

data-point error symbols are 26
109 B L

(Mean =102.3+4.2 [4.1%] 95% conf.
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SHEEP CREEK - feldspar-quartz porphyry (Sheep Creek stock)
MA16-SH17

Isotopic Ratios Isotopic Ages Background-corrected mean counts/s at specified mass
Fraction Notes

207pp /235y %2s  2°pb/P*y  %2s rho  2°7pp/**°pp %2s 27pp/2EY 25 %pp 2By 25 27pp/2%pp  2s 202 204 206 207 208 232 235 238

SHEEP CREEK
Sample: MA16-SH17 (feldspar-quartz qtz porphyry, Sheep Creek stock)

1 01111  0.0021 0.01626 0.00025 0.813 0.0498  0.0011 1069 1.9 1039 1.6 180 47 21 15 49000 2443 1978 63700 12490 1557000
2 0.104  0.0077  0.01597 0.00053 0.448 0.0485  0.0038 99.9 7.1 1021 33 60 130 6 11 2542 1226 393 13450 652 82700
3 0.1119  0.0027 0.01636 0.00029 0.735 0.05  0.0014 1075 24 1046 18 181 56 21 6 34800 1748 13520 463000 8780 1100000
4 0.1031  0.0025 0.01587 0.00027 0.702 0.0472  0.0012 99.5 23 1015 1.7 80 51 79 22 33120 1573 4560 165000 8690 1077000
5 0.1095 0.004 0.016 0.00033 0.565 0.0507  0.0022 1053 3.7 1025 2.1 189 80 7 11 8810 434 1441 48820 2263 281800
6 0.1086  0.0033  0.0161 0.00032 0.654 0.0495  0.0016 104.3 3 102.9 2 151 62 9 13 16530 809 539 19300 4210 537000
7 0.1091  0.0064 0.01614 0.00044 0.465 0.0503  0.0032 1039 5.8 1031 2.8 130 110 16 2 4160 205 485 16620 1069 134100
8 0.0997 0.006  0.01594 0.00045 0.469 0.0475  0.0032 959 56 1019 2.8 30 110 19 10 3319 1525 388 13290 892 108700
9 01022  0.0071  0.01558 0.00046 0.425 0.0489  0.0036 97.8 6.5 99.6 2.9 80 120 35 20 2689 1276 596 20630 738 89800
10 0.1088  0.0045 0.01561 0.00033 0.511 0.0504  0.0022 1042 4.1 99.9 2.1 178 82 59 9 11210 558 2020 68800 2970 366000
11 0.1074  0.0035 0.01563  0.0003 0.589 0.05  0.0018 1032 3.2 100 1.9 177 69 60 4 16500 813 1040 37500 4410 556000
12 0.1058  0.0041 0.01612 0.00036 0.576 0.0482 0.002 1021 3.8 103 23 111 78 22 10 27500 1330 3230 110000 7030 870000
13 0.1087  0.0036 0.01584  0.0003 0.572 0.0494  0.0019 1044 33 1013 1.9 159 71 16 -1 22700 1110 2420 83000 5940 740000
14 0.1093  0.0021 0.01607 0.00027 0.874 0.0488  0.0011 1052 1.9 1027 17 147 46 7 6 60600 2940 2348 78900 15750 1951000
15 0.1072  0.0051 0.01583 0.00034 0.451 0.0494  0.0025 1026 4.6 1012 2.1 118 89 34 18 6780 330 1973 72400 1786 222400
16 0.1066  0.0046  0.01607 0.00038 0.548 0.048  0.0021 1031 42 102.8 2.4 102 79 14 5 9810 464 1628 54400 2487 310900
17 0.1081  0.0022 0.01618 0.00027 0.82  0.04795  0.0011 104.1 2 1035 1.7 107 47 24 -4 52700 2537 2880 97500 13320 1666000
18 1.983 0.068 0.183  0.0046 0.733 0.079  0.0032 1094 23 1080 25 1090 84 41 7 9570 739 1200 3620 220 27500
data-point error ellipses are 2c data-point error symbols are 2
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