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Orogenic gold deposits remain an attractive global exploration target due to 
their typically high grades. In general, Phanerozoic belts have received much 
less exploration interest for orogenic gold relative to Archean orogenic gold 
districts such as Western Australia, West Africa, Ontario, and Quebec. 
However, recent exploration interest in the Cariboo district of BC, which 
historically produced 3.2 Moz from placer creeks and 1.3 Moz from lode 
souces, highlights the potential for similar systems in BC and elsewhere in the 
Cordillera. This study examines structural controls on orogenic gold in the 
Cariboo and similar settings in the Cassiar and Sheep Creek districts, in order 
to assess the timing and kinematic controls on mineralization as a function of 
tectonic processes.

Late Jurassic to Early Cretaceous gold-bearing quartz veins of the Cariboo 
and Sheep Creek mining districts of BC formed inboard (east) of the suture 
between the Quesnellia arc terrane and North American passive margin 
sediments of Upper Proterozoic to Lower Paleozoic age. Vein-hosted gold 
mineralization in the Cassiar district is similarly situated east of the Quesnellia 
margin, but is hosted mainly in metabasaltic rocks of the Slide Mountain 
terrane (Sylvester allochthon), which structurally overlies platformal North 
American strata. In all three localities, penetrative strain fabrics of the host 
rock sequence imply orogen-normal shortening and simultaneous 
orogen-parallel, longitudinal extension. This lateral escape tectonic style 
appears to have been accompanied by N-directed transport of the Slide 
Mountain terrane, as demonstrated by mylonitic shear fabrics along the 
Pundata thrust in the Cariboo, and vein geometries in the Table Mountain 
area of the Cassiar district.

Quartz vein geometries and shear sense indicators are kinematically compatible with coaxial progressive shortening under the 
same general stress regime responsible for early, thin-skinned fold-and-thrust style deformation. Gold mineralization associated 
with the late, low-strain stage of this deformation thus signals the transition from penetrative thick-skinned deformation in the 
Jurassic, to the partitioning of strain into Cretaceous strike-slip fault systems.
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undivided – various volcanic and sedimentary 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) – 
undi�erentiated pegmatitic rocks

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

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

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

undivided (Permian to Triassic) – phyllite, siliceous 
phyllite, ribbon and massive chert, argillite, tu�, ma�c 
volcanic rocks, serpentinite, limestone, sandstone, 
conglomerate

SLIDE MOUNTAIN GROUP, Antler Formation 
(Mississippian to Permian) – pillowed basalt, basalt 
breccia, gabbro, diorite, argillite and chert; minor 
serpentinite and ultrama�c rocks

Crooked amphibolite (Carboniferous to Permian) – 
serpentinite, sheared ultrama�c rock, amphibolite, talc 
schist

undivided (Mississippian) – diorite, diabase; minor 
pegmatite

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

Goose Peak succession (Paleozoic) – quartzite, phyllite, 
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 

Downey succession (Neoproterozoic to Palezooic) – 
micaceous quartzite, quartzite, phyllite, schist, gneiss; 
locally includes marble and amphibolite; includes 
Ramos, Tregillus, Keithley, and Kee Khan successions

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

Island Mountain successsion (Neoproterozoic to 
Paleozoic) – amphibolite; minor siliceous mylonite 

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 tu� and volcaniclstics

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

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

KAZA GROUP, undivided (Neoproterozoic) – Lower 
Division comprising mudstone, siltstone, shale �ne 
clastic sedimentary rocks (uPrKLsf ); Middle and Upper 
Divisions comprising quartzite, quartz arenite 
sedimentary rocks (uPrKM, uPrKU)

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

Hardscabble facies (limestone) – marble

Frank Peak / Badger Peak volcanic rocks – ma�c 
metavolcanic rocks: chlorite-actinolite schist 
and fragmental schist; locally includes phyllite, 
siltstone, quartzite 

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

Mount Barker volcanic rocks – metavolcanic rocks: 
chlorite-actinolite schist, amphibolite, ma�c 
metatu�; locally includes phyllite, quartzite, marble 

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

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

cleavage (S2)
n = 175

cleavage (S4)
n = 26

L2 intersection/stretching lin.
n = 303

F4 fold axis
n = 22

extensional veins
n = 172

shear veins 
n = 35

joints
n = 66

dextral strike-slip fault 
n = 18

extensional veins
n = 172

shear veins 
n = 35

joints
n = 66

dextral strike-slip fault 
n = 18

F2 fold axis
n = 16

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

cleavage (S2)
n = 175

cleavage (S4)
n = 26

calculated 
F2 fold axis

cleavage (S3)
n = 15

cleavage (S3)
n = 15

F3 fold axis / crenulation
n = 8 

quartz-carbonate +/- pyrite vein

0

7

9

2

11

605970

605970

605975

605975

605980

605980

605985

605985

58
78

82
5

58
78

82
5

58
78

83
0

58
78

83
0

58
78

83
5

58
78

83
5

58
78

84
0

58
78

84
0

58
78

84
5

58
78

84
5

fault gouge

sericite-Fe-carbonate alteration zone

green-grey metasiltstone and 
metasandstone; locally calcareous

0 5 102.5

Meters

σ1

σ3

N

σ3

σ1
N

quartz-carbonate-pyrite vein

pyrite replacement body

σ1

σ3

σ2

σ3

σ1

σ2

N

47o/347oN

Gold mineralization in the Wells-Barkerville camp is hosted in variably carbonaceous and calcareous 
metasediments of the Neoproterozoic to Paleozoic Snowshoe Group, Barkerville subterrane (Fig. 2). 
These rocks are overridden along the Pundata thrust by oceanic rocks of the Slide Mountain terrane 
(Fig. 2). The regional stratigraphy and structural architecture of region remains problematic, but �eld 
observations made during this study support the interpretation that Snowshoe Gp. rocks are folded 
in a SW-vergent nappe structure, as originally proposed by Ferri and Schiarizza (2006).

Bedding (S0) in Snowshoe Gp. sediments is locally well-preserved, with excellent examples of graded 
bedding (Fig. 4). Bedding is typically strongly transposed by an early deformation event (D1) and 
subsequently folded into NW-trending folds (F2) with steeply NE-dipping axial planar fabrics (S2). A 
penetrative intersection and stretching lineation (L2) is developed regionally, which plunges 
shallowly to the NW at the Island Mountain and Cow Mountain deposits, but shows signi�cant 
variations in plunge regionally and locally (Fig. 6). A D3 deformation event associated with open, 
upright folds of S1 and S2 is recognized locally, and is de�ned by a steeply dipping, NW-trending 
crenulation cleavage, and with a WNW-plunging crenulation lineation (L3) (Rhys and Ross, 2001).

Quartz veins in the region form diachronously during progressive D2 deformation. Early, barren 
quartz veins are variably folded and boudinaged in response to NE-SW shortening. Carbonate-pyrite 
alteration associated with early hydrothermal alteration is recognized by porphyroblasts with strain 
shadows. Mineralized veins are generally late-D2, and have four main structural associations:  

(1) Extensional quartz-carbonate +/- sulphide veins are subvertical, NE-striking, with �brous to 
columnar margins, and with massive to vuggy interiors; (2) N-trending en echelon vein arrays and 
shear veins with dextral-oblique normal shear sense occur in the Wells-Barkerville camp and 
regionally. Conjugate sinistral features have an ENE trend; (3) Fault-�lling veins such as the BC vein 
(Fig. 9) originate early in the deformation history due to ductile overprints, and were mineralized at a 
later, brittle stage of deformation; (4) NW-plunging pyrite replacement bodies are typical of the Island 
Mountain area, and formed by replacement of calcareous units along F2 fold necks (Fig. 13). Vein 
mineralization is best developed in more competent psammite, whereas phyllitic units are 
dominated by lower vein density and ductile deformation features. 

Syn- to post-mineral F4 chevron folds with NE-trending axial planes and steeply plunging fold axes 
are locally developed in phyllitic units (Fig. 10). These are best explained by di�erential NE-SW 
shortening along strike, such that lateral extrusion of ductile material from a zone of active 
shortening leads to a local zone of orogen-parallel (NW-SE) shortening in the presence of a backstop 
such as a fault (Fig. 14).
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lCmAB ATAN GROUP, Boya Formation (Lower Cambrian) – quartzitic sandstone, siltstone, slate and phyllite.

ATAN GROUP, Rosella Formation (Lower Cambrian) – limestone, dolostone, calcareous shale, brown, 
grey and green-grey slate.

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.

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

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.

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

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

Massive and pillowed basalt �ows (olivine-phyric near Mt. Sylvester), lesser tu�.

Basalt �ows and tu�s (including maroon, red and green), volcaniclastics, variegated chert, 
polymictic breccia, phyllite, argillite, quartz-chert sandstone, rhodonite, diabase.

Huntergroup volcanics – Augite (-hornblende-plagioclase) porphyry, 
lapilli tu�, tu�aceous sandstone, limestone, minor chert and argillite.

Cassiar-Quartzrock Creek Ultrama�te – serpentinite, harzburgite tectonite, pyroxenite, 
gabbro; includes serpentinite of the Blue Dome fault zone.

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

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

DIVISION III  - Pennyslvanian to Permian

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

DIVISION I -  Mississippian to Permian

DIVISION II - Mississippian to Triassic

uPrI
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.
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The Cassiar gold district is located in Slide Mountain terrane 
oceanic rocks (Sylvester Allochthon) (Fig. 15). Mineralized veins of 
the Table Mountain area are preferentially formed in the footwall of 
a major regional thrust surface that juxtaposes carbonaceous 
phyllites over ma�c and ultrama�c metaigneous rocks, with 
listwanite (quartz-carbonate-fuchsite) altered ultrama�tes in the 
immediate footwall (fFig. 16). The footwall sequence is dissected by 
additional thrust faults exposed in underground workings. Two 
main vein styles are recognized: (1) Thrust fault-�lling veins such as 
the Vollaug (Fig. 17); (2) shear veins that preferentially form in 
metabasaltic rocks in the immediate footwall below thrust faults 
(Fig. 18). The latter type are typically E-W trending, N-dipping and 
have oblique sinistral-normal shear sense as indicated by 
NE-trending sets of extensional veins (Rhys, 2009). 

Mineralization in the Taurus deposit area is dominated by 
subvertical, ENE-striking extension veins and W- to WNW-striking 
sinistral-normal shear veins and en echlon vein arrays (Figs. 19-20). 
Pillow basalt host rocks show a consistent shallow SSE plunge, i.e., 
nearly perpendicular to auriferous extensional vein arrays.
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Corywell plutonic suite (Eocene) – syenite to 
monzonite 

undivided plutonic rocks (mid-Cretaceous) – 
granodiorite; includes granitoids of the Anstey 
plutonic suite (KAP) 

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

ROSSLAND GROUP (Lower Jurassic) –includes: basaltic 
volcanic rocks of the Elise Formation (lJRE); mudstone, 
siltstone, shale of the Archibald Formation (lJRA); 
mudstone siltstone, shale of the Hall Formation (lJRH)

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

Active Formation (Ordovcian) – mudstone, siltstone, 
shale, �ne clastic sedimentary rocks

LARDEAU GROUP, Index Formation (Cambrian to 
Devonian) – mudstone, siltstone, shale, �ne clastic 
sedimentary rocks

Laib Formation (Cambrian) – undivided sedimentary 
rocks 

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

WINDERMERE SUPERGROUP (Neoproterozoic) – 
includes: quartz and quartz arenite of the Three Sisters 
Formation (uPrWTS); argillite, greywacke, wacke, 
conglomerate of the Monk Formation (uPrWM); 
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); 

LEGEND

Underground workings in the Sheep Creek mining camp produced a 736 koz of gold 
from 1899-1951 (Mathews, 1953). The geology of the camp is dominated by variably 
micaceous quartzites of the Neoproterozoic to Cambrian Hamill Group (Figs. 21-22). 
Historic mineralization was contained almost exclusively in the overturned western 
limb of the N-trending, E-dipping Sheep Creek anticline (F2). The age of 
mineralization is bracketed by pre- to syn-tectonic Middle Jurassic granitoids to the 
east (e.g., Mine stock), and post-mineral mid-Cretaceous granitoids to the west (e.g., 
Sheep Creek stock).
 
According to historic descriptions, mineralization is hosted almost exclusively by 
low-displacement, ENE-trending dextral shear veins. Measurements at surface 
exposures indicate a subhorizontal NNE-trending stretching lineation (L2) and 
sub-perpendicular set of ESE-trending steep joints and extensional veins. Overall, 
mineralization formed during progressive WNW-ESE directed shortening along this 
segment of the Kootenay arc.

mallan@eoas.ubc.ca

Figure 1. Terrane map of BC, showing study areas

Figure 2. Geologic map of the Cariboo gold district, showing location of structural measurements

Figure 3. Equal-area projections of Cariboo structural data

Figure 4. Graded bedding 
in weakly calcareous 
turbidite sequence

Figure 5. NE-dipping S2 cleavage  
(view to NW)

Figure 6. Prominent NW-plunging L2 lineation

Figure 7. Mylonite at base of Pundata thrust. Top-to-N shear 
sense given by domino-blocked K-feldspar porphyroclast

Figure 8. N-trending dextral shear vein (Cariboo Thompson area)

Figure 9. NW-striking fault-�ll vein (BC vein)

Figure 10. F4 cross-folds in a zone of mineralization, Bonanza Ledge=

Figure 11. Deformation 
model for D1 to early D2

Figure 12. Outcrop map showing vein and fault relationships

Figure 13. Deformation model for ore formation 
during progressive D2 deformation

Figure 14. Deformation model  
for formation of F4 chevron folds

Figure 15. Geologic map of the Cassiar gold district  

Figure 16. Deformation model  for vein types 
in the Cassiar district

Figure 17. Highly sheared thrust-�lling Vollaug vein

Figure 18. Shear-extension vein relationships, Bain 
decline (view up at back, so shear sense is sinistral in 
plan view); from Rhys, 2009

Figure 19. ENE-trending swarm of extension veins in deformed pillow 
basalt host rocks., Taurus. Note halo of ankeritic alteration.

Figure 20.  Structural measurements and kinematic interpretation at the Taurus deposit

Figure 21.  Geology of the Sheep 
Creek mining camp and region

Figure 22  Lineated quartzite cut by  
barren extensional quartz veins

Figure 23.  Structural measurements and kinematic 
interpretion for the Sheep Creek camp and region

Figure 24.  Deformation model 
for the Sheep Creek camp
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