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FOREWORD 

Gcn/o~C~al Fieldnzrk 1990: A Summary of Field ,4cl~vities and Current Resewch is the 
sixteenth in this publication series. It contains reports on activities and project results during a 
year in u,hich the Geological Survey Branch had budgets reduced due to the end of the Canada/ 
British Columbia Mineral Development Agreement (MDA). Many of the Brawh staff, par- 
ticularly those engaged on MDA supported projects, are now producing final reports. This 
activity resulted in fewer field programs during 1990. 

The base budget of the Branch for the 1990/91 fiscal year is $7.05 million, with a” 
additional $300 700 provided by the MDA. The Geological Survey Branch is committed to a 
strong program of I:50 COO-scale regional mapping and mineral deposits, coal, surficial geology 
and industrial mineral studies. This includes I8 field programs in frontier areas or areas which 
are the focus of interest within the minerals industry. 

Highlights of the 1990/Y I program: 
0 Six I:50 000.scale geological mapping programs were supported in awas across the 

province. Continuing programs were in the Iskut-North, T&h Lake, Stiklne River and 
lskut-Sulphuretr areas. New mapping projects were started in the Quatsino area of 
Vancouver Island and in the Mount Milligan area. 

0 Metallogenic field research continued in the Stewart-Sulphurets-Isk~. “Golden Tri- 
a”@“, the Rossland Group of southeastern B.C., and precious metal enriched skams. 
New research is supported in the area of the Mount Milligan porphyry Cu-Au deposit 
and on the potential for listwanite related lode-gold deposits in ultramafi,x. 

0 The newly created Surficial Geology unit carried out 3 field programs to improve the 
provincial database on surficial geology, geological hazards and placer geology. Data for 
the Peace River. Cariboo and northern Vancouver Island areas are reportad herein. 

l Reconnaissance geochemical surveys were completed in southeastern British Columbia 
(X2G & J). Archived samples from X2E, F, K, L & M were analyzed for release later in 
1991. 

l The Coal unit continued studies on coal quality, resources and regional stratigraphy. 
Prominent projects are mapping on Vancouver Island and the Bower Ba:;i”, as well as 
coalbed methane potential for the Vancouver Island, Rocky Mountain Foothills a”d 
Northeast B.C. deposits. 

0 The Industrial Minerals unit started a detailed geological evaluation of the Mount 
Brussilof magnzsite deposit in southeastern B.C. 

0 The Branch continued to enhance computerized access to the provincial geoscience 
database. Resexch into Geographic Information Systems and the world-&w MINFILE 
database are at the forefront of this activity. 

The British Columbia Geoscience Research Program continued to encourage and support 
geoscience research. A total of 32 grants, funded by a budget of $130 000, were made to 
researchers in I7 institutions xross the country. Research topics covered such diverse topics as 
geologic mapping, isotopic dating, geochemistry, conodont research, Quatemary mapping, 
mineral deposit modelling and the application of Geographic Information Systems to geoscience 
data. 

This volume of Goolog;~~al Fieldwork contains forty-six technical manuscripts, down about 
25 per cent from last year. However, producing this annual publication against very tight 
deadlines required a concerted effort from our editorial and publications staff and we acknowl- 
edge the efforts of Doreen Fehr and Janet Holland for formatting and page layout, John Newell 
for editing, and Brian Grant for managing the process. The quality of this publicario” is also due 
in pan to Queen’s Printer, who extended their cooperation and enthusiasm to ensure timely 
delivery. 
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GEOLOGY OF THE ROSSLAND GROUP IN THE ERIE LAKE AREA, WITH 
EMPHASIS ON STRATIGRAPHY AND STRUCTURE OF THE HALL 

FORMATION, SOUTHEASTERN BRITISH COLU~MBIA 
(82F/3W) 

By Kathryn P.E. Andrew and Trygve H6y 

KE‘YWOKDS: Regional geology, Rossland Group. Hall For- 
mation. Elise Fomution, Archibald Formation, Hall syn- 
cline, Erie Creek fault, Beaver Creek fault, Keystone 
deposit, Arlington mine, Clubine deposit. 

INTRODUCTION 
Regional mapping and mineral deposit studies have been 

carried out in the Rossland Group since lY87. The aim 01 
the project is to develop ;I better understanding of the 
stratigraphic and structurill setting of the Rossland Group 
and to assess controls on mineraliz,ation within it. The 
project includes systematic whole-rock and trxc element 
analyses of volcanic rocks. uraniutwlead dating of intrusi\‘e 
rocks and Elise volcanic rocks, and fluid inclusion, stabla 
and radiogenic isotope studies of mineral occurrences. 

During the I990 field sewon. I:20 OOO-scale regional 
mapping was completed in both the Salmo and Rosslend 
map areas (Figure I 1~ I ). The Salmo mapping ties together 
previous work in the Nelson map xca to the north (Hay and 
Andrew, IY89h) and in the Mount Kelly - Hellroaring 
Creek and Beaver Creek areas to the south (Hiiy and 
Andrew, IY9Ob, hndrcw of ui., IYYOa, b). Previous to this 
study, the stru~t~rzal tie between the Nelson and Salmo map 
sheets was unre%,lved. Special emphsis is given to the 
distribution. facie\ changes and contact relationships of the 
Hall Formation in both the Salmo and Nelson map areas. 

Previous regional mapping of the Rosslu~d Group in the 
Erie Lake area has been by Little (1960, 1965). Fitzpatrick 
(1985). Mulligan (IYSI, 1952) and Walker (1934). 
Petrologic and geochemicnl studies <of the Elise Formation 
have been undertaken hy Beddoe-Stephens ;md Lamberr 
(IYXI) and Beddoe-Stephens (19X?). 

STRATIGRAPHY 
The Rossland Group is divided into a lower sequence of 

predominantly fine-grained elastic rocks of the Archibald 
Formation, it thick accumulation o1’ mafir flows itnd 
pyroclnstic and epiclastic rocks of the Elisc I%rmation, and 
generally less intensely deformed elastic rock\ of the over- 
lying Hall Fommation. The upper part of thr Ymir Group, a 
fine-grained. strongly deformed elastic and carhonatc pack- 
age which underlies the Elise Formation in the Nelson area, 
is corrclatcd with the Archibald Formation (Little 1960. 
1965; Frcbold, IYS9: Hay and Andrew. IYXY,). The age of 
the Elihe Formation is bracketed bv Sinemurian (bssils in 
the Archibald Fomxtrion and Toarc& fossils in the overly- 
inE Hall Formation (Frebold and Tipper. 1970: Tipper, 
lYX4): no fossils have been found in the Ymir Group. 

Plagioclase porphyry and diorite plutons that intrude tht: 
Rossland Group are locally intensely sheared and conform- 
able. These include the Silver King porphyry southwest of 
Nelson. the ‘Shaft mowodioritt:‘, and numerous other small 
alkaline intrusions. They have been interpreted to be coeval 
subvolcanic intrusions (Hiiy .tnd Andrew, 19x8, 19X9x 
Andrew and Hiiy, IY89); however, uranium-lead dating of 
the Silver King porphyry indicates a Middle Jurassic age of 
17X.1 Z 1.4 Ma. This age is between that of the Rossland 
Group (I X7 to 204 Ma), defined by macrofosil collections, 
and the Nelson batholith and r&ted plutons, dated at I65 
Ma. Other, more mafic intrusi~nns, including the Shaft and 
Mammoth bodies are, however, still considered to be coevtd 
with the Elise Formation. 

Several granite to granodiorite stocks and plutons in the 
Eric Lake area are probably correlative with either the 
Middle to Late Jurassic Bennington pluton or the Nelson 
batholith. Small biotite-rich monronite stocks (Coryell 
intrusions) and quartz rhyolite dikes crosscut the Jurassic 
units and arc of Eocene age (Little, 1960). 

The Archibald Formation 1s the lowermast unit of thi! 
Rossland Group and is correlative with the upper part of the 
Ymir Group. The total exposed thickness oi the formation 
varies from X25 to 2.550 rnetri‘s (Andrew P, ul., 1990a); it,< 
base is not seen because it is either cut by faults or lb:/ 
Middle Jurassic intrusions. The contnct between the Archi- 
bald and Elise formation\ is grsdational. mapped whrr’z 
fine-grained interbedded siltslones and argillites with occa- 
sional thin tlows give way to massive augitc porphyry flows 
(Hiiy and Andrew, 19X98). In the Eric L&c area (Figor; 
I-I-?a). the Archibald Formaion is exposccl in the limbs rf 
an nnticline that parallels Erie Creek, in fault-bounded 
blocks west of the town of Salmo, in the Beaver Creek 
valley and on the northeast slopes of Moulnt Kelly. 

The oldest rocks in the formation are massive to finely 
laminated, dark grey to black. rusty weathering argill;t~:. 
These crop out on the northeastern slopes of Mount Kell f. 
This lower argillite unit is often either missing, not exposed 
or replaced by a coawer facies (Andrew <‘f ,y/.. 19YOb). Tte 
lower argillite is overlain by an upper turbiJite sequence of 
interbedded graded wacke. siltstone and silty argillite. This 
sequence generally coarsens upwards with over 400 metra 
of poorly lithified, matrix-supported conglomerate near the 
top. The conglomerate is best exposed in highway cot!. in 
the Beaver Creek valley jusr west of the Crowsnest High- 
way cut-off. It contains approximately IO per cent limest’o?e 
and siltstone clasts; the limestone clasts contain Permian 
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fossils probably derived from the Mount Roberts Formation 
(Little, 1982b). Augite porphyry sills, locally up to SO 
metres thick, occur near the top of the succession in Erie 
Creek, on Bell Ridge and on the northeast ridge of Mount 
Kelly. In the Beaver Falls area (Andrew P, al., 1990h), the 
formation is capped by IOU mews of maroon siltstone and 
lirhic wacke. 

ELISE FORMATION 
The Elise Formation occurs within fault-bounded blocks 

east of Hudu Creek, in the vicinity of Erie Mountain, on the 
northern slopes of Mount Kelly, northwest of Hellroaring 
Creek and as east and west-facing homoclinal panels on the 
limbs of the Hall Creek syncline. Interfingering lenses of 
massive to brecciated flows as well as pyroclastic, tuffite 
and epiclastic deposits characterise the formation. The total 
exposed thickness of the formation varies from 600 metres 
near Champion Lakes to 5100 metres in the Erie-Stewart 
Creek area ;Andrew rf a/., 199Oa; Hey and Andrew, 198%; 
Figure I -1.3). 

The basic subdivision of the Elise Formation in the 
Nelson area into a lower succession of mafic flows or 
pyroclastic breccias and an upper section of more intermedi- 
ate pyroclastic and tuffite rocks, epiclastic deposits and 
minor fine sedimentary rocks, is not apparent in the Salmo 
area. This may be due to lack of outcrop in the Erie and 
Keystone Mountain areas or to structttral complications. 

The basal part of the Elise Formation shows rapid lateral 
facies changes. North of Beaver Creek, on the west limb of 
the Hall Creek syncline, the lower Elise comprises mafic 
pyroclastic breccia whereas south of Beaver Creek and near 
Ymir, mafic flows predominate. The top of the formation is 
poorly exposed in the limbs of the Hall syncline (Figure 
I-I-2a). It includes intermediate lapilli and crystal tuff in 
the limbs of the Hellroaring Creek syncline south of Salmo. 
Elsewhere, the top of the formation is faulted out. 

The thickest section of the Elise Formation is exposed in 
the Erie and Stewart Creeks areas. It comprises dominantly 
mafic lapilli tuff and pyroclastic breccia as well as more 
intermediate crystal tuff, tuffaceous conglomerate and 500 
metres of finely laminated siltstone. It is possible that this 
siltstone succession, included as part of the Elise Formation 
(Figure I-I-2a), may be the upper part of the Archibald 
Formation as mapped by Little (1960; lY82a). 

HALL FORMATION 
The ‘Hall Series’, from which the Hall Formation was 

named, was defined by Drysdale in 1917. It was renamed 
the Hall Group by Little in 1950 and subsequently referred 
to as the Hall Formation (Mulligan, 1952). The formation 
consists of conglomerate, lithic wacke, sandstone, siltStone 
and argillite with minor intercalated crystal tuffs. It is 
exposed in a belt extending from the headwaters of Noman 
Creek, just east~ of Toad Mountain in the Nelson area, 
southward to the’ town of Salmo, around Hellroaring Creek 
south of Salmo. near the head of Kelly Creek and in the 
Fruitvale area (Figure I-l -4). The Hall Formation contains 
early Pleinsbachian and early Toarcian ammonites (Tipper, 

19X4). A plant fragment and pelecypods were ;rls” collected 
from the formation (Little, 1950). 

The exposed thickness of the Hall Formation (Figure 
I- I-5j varies from at least 350 metres near Fruitvale, 550 
metres near Kelly Creek, 1650 rnetres in Hellmaring Creek. 
1700 metrcs on Keystone Molmtain, 2100 metres in the 
Stewart Creek area and II50 mares south cd Hall Creek 
(Little, 1985; the type section of Drysdale, 1917). These are 
minimum estimates: the top of the Hall is not seen because 
the formation is either exposed in a syncline ior faulted out, 
(Figure l-l-4). 

Generally, the Hall Formation conformabl:y overlies the 
Elise Formation; however, in the Salmo River valley, Neal 
Hall Creek, an erosional unconformity with dw - ~pment of 
basal conglomerates separates the two formations (Figure 
l-l-6). The conglomerate varies in thickness from IO to 20 
metres and comprises subrounded clasts of augite porphyr!i 
and plagioclase lapilli and cry%al tuff of the Elise Fomw 
tion incorporated in a poorly (consolidated muddy matrix. 
Elsewhere, as in highway cuts just south of Salmo and in 
Hellroaring Creek (Figure 1.-l-4), moderate to intense 
shearing is exposed at the contact. Kinematic indicators, 
including c-s fabrics, kink bands and tension gashes, indi- 
cate a general right-lateral movement on the east side of the 
syncline and left-oblique dip-,dip movement on the west 
side. 

The Hall Formation can be subdivided into three broadl:y 
defined units: a lower, rusty black siltstont: and argillite 
succession, a coarse sandstone :md conglomerate succession 
and, locally, an upper carbonxeous siltstone unit (Figure 
l-l-5). The base of the lower Hall is either conformable “,r 
marked by an erosional unconformity. Argillites within the 
lower Hall are rusted due to weathering of disseminated 
pyrite (Plate 1-l-l). Interbedded quartzitic silt:me and 
argillite, also typical of the lower part of the formation 
(Figure l-f-6). are well exposed in Hall Creek (Plate I-I-21. 
Although primary small-scale: structures such as graded 
beds are absent or poorly developed in these rocks, rip-up 
clasts snd flame structures are occasionally seen and can b’e 
used for top determinations (Plate l-1-3). This unit hosts 
most of the vein deposits in the area (Figure I-1.2~1). 

The middle unit of the Hall varies from a coarse polymict 
pebble conglomerate to lithic wacke and minor silty 
argillite. The conglomerate is characterised by elongao:, 
subangular mudstone fragments 5 to 10 ccentimetres in 
diameter (Plate l-l-4) and is probably the same unit 
described as ‘intraformational’ conglomerate by Mulligan 
(1952). The lithic wacke contains from IO to SO per cent 
quanz, feldspar, ferromagnesian minerals and angular rock 
fragments. The upper part of the Hall is cttaracterised b) 
massive fine-grained carbonaceous siltstone in the Keystone 
Mountain area (Figure I-l-6). 

Thickness and facies chang,es in the Hall Formation art: 
summarized in the stratigraphic columns of Figure l-l-5 
The formation is absent in the Rossland axa where Eli%: 
volcanic rocks are unconformably overlain by either law 
Cretaceous conglomerates of the Sophie Mountain Forma- 
tion or Eocene volcanic rocks of the Marron Formation 
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Figure I-1-4. Distribution of the Hall Formation and main geologic and physiographic features in the Nelson (Wl/2) southwest 
portion (R2FISW). 

(Hey and Andrew, 1991a, this volume). To the east, in the 
Fruitvale area, the Hall Formation forms a wedge of fine- 
grained c&tic beds that thicken and coarsen eastward (Fig- 
ure l-l-5). Farther east, in the Hall Creek and Stewart Creek 
areas, conglomerates are more predominant. The fine- 
grained, carbonaceous elastic units that occur at the top of 
the formation in the Keystone Mountain area appear to be 
laterally discontinuous; they are not recognized in the upper 
Hall to the west or north. 

Based on sedimentary rock types and the abundance of 
marine fossils, the Hall Formation has been interpreted to 
have been deposited in a littoral to offshore environment 
(Little, 1950; Mulligan, 1951). Local development of a 
basal unconformity and, elsewhere, conformable deposition 
of laminated argillite above the Eli%, suggests that the Hall 
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developed on an irregular paleosurface. Fanglomerates and 
elastic-wedge deposits within the Hall suggest deposition 
may have been modified by local fault scarps. In summary, 
the Hall Formation is interpreted to have been deposited in a 
shallow-marine structural basin at the end of a period of 
explosive pyroclastic volcdnism. 

STRUCTURE 
The structure of the Salmo area is dominated by a com- 

plex pattern of rectilinear faults. superposed on an earlier 
thrust and fold terrain. Four phases of deformation are 
identified: intense shearing and development of a penetra- 
tive mineral foliation, north-trending folds associated with 
east-directed thrust faults, normal faulting prior to intrusion 
of Nelson batholithic rocks, and Eocene nomlal faulting. 
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Intense shearing along rhe eastern edge of exposed Ross- 
land Group rocks, particularly in the Ymir Group northeast 
of Ymir and in the vicinity of the Hellroaring Creek syn- 
cline south of Salmo (Figure I-l&a; Hey and Andrew, 
198&i), may result from collisional tr~toni~s along the east- 
em margin of Quesnellia. With continued compressional 
tectonics, east-directed thrusts and east-verging to upright 
folds developed. The Hellroaring Creek syncline. the 
faulted continuation of the Hall Creek syncline north of 
Salmo (Hey and Andrew, 1990a), is an overturned, east- 
dipping syncline with Hall Formation in its core (see sec- 
tions, Figure I-I-2b). A number of layer-parallel faults or 
shear zones associated with intense penetrative deformation 
in Elise volcanic rocks parallel rhe margins of this syncline. 

Farther west, folds are more upright. more open and 
appear to he associated with thrust faults. The Archibald 
Creek, East Archibald Creek and Salmo thrusts (Figure 
I-I-Pa) postdate early shearing and possibly related tight 
folds in the Mrtlroaring Creek area. The Selmo fault dips 
steeply to the northwest and places a west-facing lower 
Elise succession (Je3) on east-facing Hall Formation (Jhl, 
Figure I-I-Pa). Southwest of Salmo, the East Archibald 
Creek thrust juxtaposes west-facing Archibald Formation 

Geolo,yical Firldwork 1990, Paper 1991-l 

(Ja2) in its hangingwall with east-facing upper Elise Forma- 
tion (J&3). The Erie Creek ;anticline, mapped as slightly 
overturned to the east in the Nelson area (Hay and Andrew, 
1989h). is upright and open south of the Bennington pluton 
(section G-J, Figure I-I-2b). 

West and northeast-dipping normal faults that pred:rte 
intrusion of Middle to Late Jurassic granitic plutons ocwr 
northwest of Mount Kelly; they may record similar exterl- 
sional tectonics as the Red Mountain fault in the Nelacn 
area (H6y and Andrew, 198Ya, 199&t). The Hudu - Bell 
Creek fault has a rectilinear :;hape just northwest of Mount 
Kelly (Andrew and Hay, 1991 h). It follows in part the locus 
of an earlier thrust fault (Figure 1-1-2~1). The fault forms a 
down-dropped block which i:; then offset to the north hy the 
Beaver Creek fault. The extension of the Red Mountain 
fault is seen farther north nsar Erie Creek (Figure l-I-2x 
H6y and Andrew, 1989a). 

East and northeast-dipping normal faults cut all earlier 
struct”reS. The Beaver Creek fault postdates the Archibald 
Creek thrust, downdrops earlier west-side-down nomal 
faults and offsets Middle to Late Jurassic intrusive rocks. 
The Erie Creek fault and asc,ociated normal faults near 13% 
Mountain and Salmo downdrop strata to the northeast (F’g- 
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ure I-I-2aI. The Stewart Creek fault (Hey and Andrew. 
19X9b) may also be a late east-dipping norms1 fault. These 

f,ul,s may he the same generation as the normal ew-side- 
down Champion Lake and Slocan Lake faults which are part 
of an Eocene extensional even, in southeastern British 
Columbia (Littlc, 1962: Simony, 1979: Parrish. 1984: Car- 
bet, and Simony, 19X4; Parrish P, [I/., 1988). 

In summary, the tectonic ewlution of the IErie Lake area 
west of Salmo involved early compressive strain, with 
development of intense shearing, a penetrative mineral folI- 
ation and possihlc tight folds. This slrain i:; concrntrntcd 
dong the eastern edge of Quesnellia and resulted from 
collision with cratonic North America in early Middle 
Jurassic time. Continued compressive strair! spread we%,- 
ward. producing more open folds and associated east- 
verging thrust faults. Intrusion of the syntectonic .Silw:r 
King suite of pluronic rocks (w I78 Ma) records a magma- 
tic even, associated with this deformation. 

Extensiynel tectonics produced large high-ugle norm;rl 
faults in the western par, of the area. These fawlts are earlier 
than the late Middle Jurassic I\lelson batholith (~‘0 I65 Me). 
Eocene extensional tiults. associated with a suite of north- 
trending dikes, are the latcs, structures in the area. 

MINERAL OCCURRENCES 
Mineral occurrences in the Salmo area are shown on 

Figure 1-1-2~1 and listed in Table l-l-l. Thew can be sep:r- 
rated into: 



0 pre and syntectonic types, which occur in the Elise 
Formation and are associated with tight folds and 
intense shearing (MINFILE OXZFSW290): Andrew 
and Hdy, 19X9, 1990; H6y and Andrew, 1989~); 

l intrusive-related types such as tungsten skarns and 
molybdenum porphyria, associated with Nelson or 
Coryell intrusions (MINFILE 082FSW31 I, 
082FSW299. 082FSW268, 082FSW226); and, 

l vein deposits associated with west-side-down, pre- 
Nelson normal faults (MINFILE 082FSW301. 
082FSW266). east-side-down post-Nelson normal 
faults (MINFILE OUFSW70, 082FSW277). and the 
Hell-Elise contact (MINFILE 082FSW200.20.5). 

A number of vein occurrences are hosted by the basal part 
of the Hall Formation, close to the Hall-Elise contact. They 
are characterised by generally north-trending shear- 
controlled quartz veins from about 0.5 to I.5 metres wide 
with variable amounts of galena, pyrite, chalcopyrite and 
minor sphalerite, tetrahedrite and pynhotite. Arsenopyrite 
has been identified at the Gold Hill prospect (MINFILE 
082FSW204). 

The Clubine property (MLNFILE 082FSW200) has 
recorded production from 1937 to lY39 of’ 2322 tonnes 
containing 28.X grams per tonne gold and 42.6 grams per 
tonne silver. Trenching and drilling in new zones near the 
old Clubine-Comstock workings has been undertaken by 
Yellow Jack Resources Ltd. with return of high silver and 
lead assays (K. Murray, personnel communication, 1990). 
On the Maggie zone, quartz veins 3 to IS centimetres wide 
occur within shear zones 5 to IO mrtres wide in the lower 
Hall Formation. Argillite and siltstone beds are contorted, 
displaying kink banding and crenulatinn cleavage. A dir- 
tinctive yellow-green alteration envelope. 5 to IO cen- 
timetres wide, that surrounds some of the veins. may be 
chrome mica and iron-rich carbonate. 
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The Arlington mine (MINFILE 082FSW205) produced 
over 765 kilograms of gold from approximately 64 000 
tonnes of <,rc between 18’)‘) and 1970. In 198X, a small 
tonnage was mined by Rimrock Gold Corporation and 
South Kootenay Goldfields Inc. (George Cross Newsletter, 
No. 6, 10 Jan. 1989) The Canadian King prospect occws 
just north of the Arlington mine and is considered to be part 
of the Arlington vein system (MINFILE). This system is 
characterised by brecciated, milky white quartz with irqu- 
lar patches of pyrite, galena. sphalerite and carbonaceous 
siltstone. The Keystone deposit may be the up-dip extension 
of the Arlington ore zone. lntermitteni production of 1664 
tonnes from 1901 to 1981 returned an average grade of 
ahout 50 grams per tonne gold and 100 grams per tonne 
silver (MINFILE). The results of detailed mapping and 
study of the Arlington and Clubine properties will be 
released in future editions of Euploratin~~ in Bf-itislz 
Colrrmhia. 

Drilling in 1990 on the Silver Dollar property northwest 
of Salmo wils undertaken to explore for extensions of the 
Lucky Boy and Silver Dollar veins; these produced 52 
kilograms of gold and 7X7 kilograms of silver between IXYY 
and 1970. Ore minerals include sphalerite, galena and minor 
chalcopyrite in a gangue of calcite, ankerite(?) and brecci- 
ated argillitr (Walker. 1934). 
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GEOLOGY OF THE ROSSLAND AREA, SOUTHEASTERN 
BRITISH COLUMBIA 

(82F/4E) 

By Trygve H6y and Kathryn P.E. Andrew 

KEYWCIKDS: Regional geology. Rosslend Group, Eli% 
Form;tti”n. Archibald Formation, Mwnt Robrrts Forma- 
tion. Sophie Mountain F”rmation. Trail pluton. Rossland 
monzonite, Sheppard intrusions, Rnssland vxf”nic high, 
growth t’u~lts. thrust faults. gold-copper veins. 

INTRODUCTION 
The Rossland map wea extends north fi-am the United 

States h”rdcr t” include the towns of Rossland and Trail in 
southeastern Rritish Columbia (Figure l-2-1 1. The ireit h&s 
been mapped 1st I:50 000 scale by Little ( IYhO, 11)6X. 19x2). 
at I :20 000 scale by Hiiy and Andrew ( IYY I ) and in more 
detail in the vicinity of the Rossland gold camp by Fyles 
(1984) and Drysdale 11915). The purpose of thih paper is to 
descrihr and inter@ fhc strucfuul gcoI”gy and tectonic 
evolution of the the Rossland area, to subdivide the Elise 
Formation of the Rossland Group in this area and to investi- 
gate tectonic and lithologic controls of gold mineralization 
in the camp. The geology of individual deposits and occur- 
rences is described in considerable det;~il hy Drysdale ((I/I. 
1,ir.j and Fyles (,IIJ, c,it.): those with more recent exploration 
activity will he described in forthcoming papers including 
E.tplor-utio~z i~r RI-iris/r Colmihio /YYO. 

REGIONAL GEOLOGY 
The southern part of the Rossland arca is underlain pri- 

marily by volcanic r”cks “f the L”wcr Jurassic El&e F~rtna- 
lion. These rut unconfrxmahly on merascdimentery rocks 
of the late Paleozoic Mount Roberts Formarion and are in 
apparent fault c”nfact with rocks of probable similar ape but 
unknown correlation, referred t” as Unit Cs (Fyles and 
Hewlett, lY5Y: Little. 19X2). Locally, the Elisr IGrmation is 
unconformably overlain by co~rsc conglomerates of the 
Late Cretaceous Sophie Mountain Formation. 

Four prominent igneous wites intrude these rocks. The 
Rossland monronite is an east-trending intrusive complex 
centred near the Rossland gold camp. It is cut by the Middle 
Jurassic Trail pluton and hy alkaline Coryell intrusions of 
Middle Eocene age. The Eocene Sheppard intrusions occur 
as stocks in the southeastcm part “f the area and in north- 
trending l’elsic dikes: they are also cut(?) by the Coryell 
intrusions. 

UNIT Cs 
Rocks asigned to Unit Cs are exposed only in the south- 

eastern part of the Rossland area. The western of the two 
exposures was mapped in detail (Figure l-2-2). It includes 
tan TV black-coloured argillite. silty argillite and minor silt- 
stone, a massive light grey limestone. some‘ massive dol- 

“mite and dolomitic siltstone. These rocks are locally sil- 
ioified, sheared, brecuiated and veined. Tight. minor fr,ld$ 
occur locally, and cruxdated phyllites indicate at least two 
periods of deformation. 

The inteasc sheering and brccciation, particularly along 
the margins “f Unit Cs. and the truncation “f units in the 
Elise Formation. suggests a faulted contact between Unit Cs 
and the Elisr. If is possible that this fault c”ntact is the 
western extension of the Want:ta fztult. a thrust fault that IS 
interpreted to mark the bound:lry of Quesnellia with North 
American rocks. 

Unit Cs is of prohahle late Paleozic age. possibly con&~- 
tive with the Milf”rd Group (Little. 1982). East of the 
Rossland area, it is in apparent confomu%ble contilct with the 
Laih and Nelway formations (Fyles and Hewlett. 1959). It is 
being extensively investigated as part of a 1Ph.D. thesis 1~~’ 
Jon Einarsen at the University of Calgary. 

MOUNT ROBERTS FORMATION 
The Mount Roberts Formation comprises a succession cf 

dominantly fine-&rained siliwous rocks. argillite. curhotute 
and minor greenstone of Pennsylvanian and possibly Pw 
mian age (Little. 19X2). It tray correlate with the Milf”rd 
Group farther north (Little, 1982: Klepacki. 1985). In .ibe 
Rossland area. the formatiorl is exposed near Patterson .II 
the United States border, on the eastern slopes of Mo’Jnt 
Roberts. Granite and OK m”untains northaw of RosslanJ, 
and on the western slopes of Red Mountain within the 
Rossland mining camp (Figure l-2-2). These localities are 
described in considerable dcetail by Little (1982) and the 
exposures on Mount Robert:;, by Fyles (19X4). 

The Patterson exposure:; comprise dominantly fine- 
gramed siliceous siltstwx. dark grey to black arfillitt or 
pale prey-green silty chert. Numerous fine. irregular hairline 
fractures typically cttt the nwe siliceous units: quartz will- 
ing is less common Thesr units are either massive or rhir~ily 
laminated. Locally. graded and scoured sandstone len!~cs 
occur within the siltwme and pr”Gde rare stratigraphic-top 
indicators. Cnrhtmate units, including grey brecciatetl line 
stone and rusty weathering. well-bedded fossiliferous d”l- 
“mite, are conspicuous nexr the top of the Mount R&rts 
F”JlllZi”“. 

Exposures on the eastern slopes of Mount Roberts ad 
Granite Mountain are similar, comprising: mainly black to 
grey siliceous argillire and siltst”ne. Rare silt scows, gtxded 
hcds and a number of bedding-cleavage intersections ir,di- 
cate that the Mount Robert:; Formation facrs west. Thicker 
bedded. graded siltstone and sandstone beds. referred t” as 
the sandstone memher by Fyles (1984). ar: locally intel-bed- 
ded with thin. impure dolomite and limestone lenses. Ttese 
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units also face west and occur directly beneath unconforma- 
bly overlying volcanic breccias of the Elise Formation. 

Siltstones on the western slopes of Red Mwntain, which 
host the Red Mountain molybdenum deposits, are tenti,- 
tively assigned t” the Mount Roberts Formation. They were 
included in the Rossland Group by Fyles (IYX4). who noted 
their structural association with rocks of the Rossland 
Group and their similarity with Elise Formation siltstorws. 
They include hornfelsed and skamed siltstones and 
argillites, calcsilicate gneisses suggestive of calcareous pro- 
toliths, and some white quartrite layers. Altered diorites 
within the Red Mountain succession may he sills or dikes; 
greenstones are rccognixd in the Mount Roberts Formation 
farther north (Little, 19X2). 

The assignment of the Red Mountain succession to the 
Mount Roberts Formation is based primarily “n lithologic 
similarity. Calcareous rocks and quartzites are relatively 
common in the Mount Roberts, but are very rare in the 
Rossland Group. Ir is suggested that these rocks and ti small 
section of overlying siltst”ne assigned t” the Elise Forme- 
lion by Fylcs (19X4). hut possibly c”rr&tive with the 
Archibald Formation, are a structural panel thrust wto the 
Rosslnnd sill. This interpretation infers that a small isolated 
exposure of Mount Roberts farther north is a klippe that 
“verlies pyroclastic breccia of the Elise Formation (Figure 
l-2-2). 

ROSSLAND GROUP 
The Rossland Group comprises a succession of domi- 

nantly c”arx t” fine elastic rocks of the Archibald Forma- 
tion. volcanic rocks of the Elisc Formation and “verlying, 
dominantly fine-grained elastic rocks of the Hall Formation. 
These rocks are Early Jurassic in age. bracketed by Sin- 
emurian fossils in the Archibald (Frehold and Tipper, lY70: 
Tipper, 19X41 and Pleinshachian and Toarcian macrofossils 
in the Hall (Frebold and Little, 1962; Tipper. 19X4). Only 
the Elise Formation is well exposed in the Rossland area. 
The Hall F”rmation is missing, due t” nondeposition or t” 
erosion prior to deposition of the unconformably overlying 
Sophie Mountain Formation. A thin veneer “f conglomerate 
that unwnf(um;lbly overlies the Mount Rohcns Fwmation 
at Patterson. and was forrnrrly included in the Elise (Little. 
19X?), is now assigned t” the Archibald Formation. 

ARCHIBALD FORMATION 
The bass1 sedimentary succession of the Rossland Group, 

the Archibald Formation. is described in detail by Andrew 
cr 01. (IYYO). It comprises coarse conglomerates near Fruit- 
vale, proximal turhidites farther east in Archibald Creek just 
west “f Salmo, and more distal turbiditcs and argillite to the 
north. on the east slopes of Erie Creek in the Nelson map 
area. The “nly exposures assigned t” the Archibald Forma- 
tion in the Rossland arca are a thin succession of conglom- 
erates between the Mount Koberts Formati”n and overlyin& 
lepilli tuffs “f the Elise Formation (Figure l-2-2). These 
conglomerates were previously included in the basal part of 
the Elise (Little. 1982); however, their stratigraphic position 
at the base of the Rossland Group, their sedimentary nature 
and their inferred peleorectonic setting allow wrrelati”n 
with the Archibald Formation. 

The Archibald Formation at Patterson comprises a veneer 
of conglomerates, up to several hundred metres thick, that 
lies unconformably on the Mount Roberts Formation. The: 
Mount Roberts paleosurface i$ irregular, resulting in isw 
lated patches of Archibald in dr:pressions in the surface and 
small outcrops “I’ Mount Roberts on paleohighs (Figure 
l-2-3). Most commonly, a limestone unit in Mount Robert; 
lies near the paleosurface. 

The Archibald Formation is typically a heterolithic peb- 
ble conglomerate with subrounded to subangular clasts “f 
grey-green siliceous siltstone, argillaceous siltstone, lime- 
stone, and minor chert. quartzite and plagioclase p”rphyry 
in an argillaceous or granular sandy matrix. Locally, a 
coarse limestone breccia derived from the underlying 
Mount Roberts Formation is ;at the base of the Archibald 
(Plate t-2. I). The argitlaceou:; matrix ia commonly tinged 
purple, suggestive of suhaereal exposure. Bedding, clast- 
sorting or winnowing, grading or “ther features indicative 
“f tluvial envimnments are lacking. These sedimentary con 
glomerates are distinct from tuffaceous conglomerates iri 
the Elise as thev contain virtually no volcanic clasts nor a 
tuffaceous matrix. 

ELISE FORMATION 
The Elise Formation is exposed in an arcuate belt that 

extends south from Nelson towards Salmo and west t., 
Rossland. It hosts most of the gold deposits of the Rossland 
Group, including those in the Rossland camp. It comprises a 
succession of augite-phyric flows, tuffs, some epiclastic 
deposits and minor siltstone and argitlite. In the Netxn 
area. the formation is readily subdivided into a basal unit l,f 
dominantly mafic flows and tlow hreccias “verlain by inter- 
mediate pyroctastic rocks (H6y and Andrew, 19X98, 1~). In 
the Salmo map area and on the west limb of the Hall Creek 
syncline in the Nelson area, lhis distinction is less apparent 
and mafic flows or luffs occur throughout the successi(ln 
(Hiiy and Andrew, IY90: Andrew and Hiiy, 1991). 

The Elise Formation in the Rosslend map area comprises 
essentially a homoclinal succession that dips north to north- 
westerly and extends from Patterson in the south to R”!.s- 
land in the north. Although this succession is offset 7y 
numerous north-trending faults, it does not appear tc, be 
repeated by thrust faulting. It is not a complete wccexi”n 
as it is developed on the Patrerson paleohigh. To the east, in 
the Goodeve and Sheppard Creek areas, the Elise thickens. 
due in part to thickening of some units and introduction 01 
others into the succession, hut mainly to inclusion of it m”re 
complete lower section. 

A composite section of the Elise Formation in the R~css- 
land area is illustrated in Figure l-2-4. Tuffxeous c,,n- 
glomerate (Unit Jel Id) is in gradational ,z”ntact with ox- 
glomerates of the underlying Archibald F”rnwion. .,-he 
Archibald-Elise c”ntact is placed whcr: either votanic 
ctasts are first noticed or the matrix becomes tuffacerrus. 
The tuffaceous conglomemtes are dominated by claw of 
underlying Mount Roberts Formation, including pr”minant 
limestone clasts, in a green tuffaceous matrix. Rare augite 
porphyry and andesite clasls arc also noted. The distribuiion 
of the basal tuffaceous conglomerate approximately follws 
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that of the underlying Archibald and Mount Roberts form- 
tions whereas overlying Elise units thin dramatically as they 
approach the Patlerson paleohigh. 

Pl”fi”‘Inse-porphyry lnpilli tuff (l,Jnit JcXI) locally over- 
lies the ~uf~~ceous conglomerate. It thicken\ rapidly ,just 
eat of Maldc Creek. Farther eat in the Sheppard Creek 
arra. it is underlain by mafic lapilli luff and the hasr of the 
Elise is not exposed. A sequence of argillaceous sillstone 
(Unit JelOa) and mafic flows and tlow hreccias (Unit Je4) 
overlies the tuffaceous conglomerate. The mafic flows com- 
prise mwsivc augire porphyry. flou: breccias and possible 
minor lapilli tuff: it is the only significant mafic tlow SW 

cession in the Rossland area. It appears to pinch out to the 
west, hut can be traced or extrapolated eastward m the Tiger 
Creek fault. A similar succession of mafic flows east rf 
Tigrr Creek may he a faulted repetition of this unit (Figure 
l-2-2). The interbedded siltstones are typically thin bedded, 
rusty weathering distal turbidites. Numercus sedimentzy 
S~TUC~U~~S, including rip-ups. graded beds and load cams 
provide reliable top indicator:;. This sedimentary successicn 
also thins westward, and incl-eases in thickness tu the ait. 
Just WCS~ of the Tiger Creek fault a sequence of mafic lapilli 
ruffs is intcrbedded with the upper par, of the silfstone 
succession (Figure l-2-2). 
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Plate I-?-?a. Well-hcddcd. m;lfic watcdilin t~lfs of Unit 
Jr7x south rrl Tan~arnc Mountain. 

A distinctive waterlain crystal tuff (Unit Je7x) extends 
from the westcm slopes of Tamarac Mountain to the north 
slopes of Baldy Mountain and in the Lake Mountain and 
Goodeve Creek ‘areas. It cowsens upward and is supplanted 
to the east by mafic lapilli tuff (Unit Je71). Unit Je7x is an 
interbedded succession of brown-weathering, massive to 
well-bedded maiic waterlain tuffs, minor tuffaceous sand- 
stone and, at the base, minor argillite and silty argillite 

Plate I-2.2h. Beds of mafic walerlain luff (Llnit Je7n) south 
uf Violin Lake 

(Plates I-2-2a and 2b). The crystal turfs commonly cont;:in 
small, widely scattered augite porphyry lapilli ald 
numer~“s plagioclase and augite crystals. Layers of lap Iii 
ruff become more prominenr near the top of the successi~m. 

Unit Je71 (Figure I-2.2:r comprises dominantly mafic 
lapilli tuff, but includes pyroclastic breccia and waterl;lin 
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crystal tuffs. Clasts in the tuffs are dominantly au& porph- 
yry: however. a variety of other clasts are noted, including 
limestone, plagioclase porphyry and green ‘silt&e’ (Unit 
Jel Id. Figure l-2-3). A prormnent, more felsic lapilli luff, 
(Unit J&i) is recognized within Unit Je71 both east and west 
of the Tiger Creek fault. It contains fragments of both 
plagioclase porphyry and augite porphyry. Some 
plagioclase-rich crystal tuft’s are also included in Unit JeX. 

Interbedded argillaceous siltstone and tuffaceous sand- 
stone (Units JelO) occur near the top of the exposed Elise 
succession. just south of the Rossland monzonire. These 
host a number of vein deposits (Hay and Andrew, 199 I ). 

The Rossland sill. exposed south of the Rossland 
monzonite and on the east slopes of Red Mountain, intrudes 
the upper part of the Elise Formation. It has been described 
in detail by Fyles (1984). It is an augite porphyry into-usion 
that hosts a number of the principal orebodies of the Ross- 
land camp. It is overlain (structurally’!) to the west by the 
Mount Roberts Formation and is cut by the Rossland 
montonite. A similar, hut smaller augite porphyry intrusion 
is exposed just south of Mount Malde (Figure l-2-2; Hijy 
and Andrew, 1991). 

In summary, the Elise Formation in the Rossland area 
comprises dominantly mafic to intermediate lapilli tuffs 
interlayered with prominent secfions of tufl’aceous siltstone 
and argillaceous siltstone. Mafic flows are subordinate and 
tuffaceous conglomerates are essentially restricted to the 
basal part of the succession. The Elise Formation was 
deposited on a structural high that is exposed in the Patter- 
son area and on the eastern slopes of Mount Roberts. Vir- 
tually the enfire basal succession of the Rossland Group. the 
Archibald Formation, and a considerable pert of the lower 
Elise is missing. Despite this, the Elise in the Rossland arw 
represents one of the thickest successions recognized. in 
eXCeSs of so00 metres. 

The Hall Fortnation, the upper sedimentary sequence of 
the Rossland Group, is also missing in the Rossland area. 
Rather. conglomerates of the Late Cretaceous Sophie 
Mountain or Eocene Marron volcanics unconformably 
overly Elise rocks, suggesting the Rossland area remained a 
tectonic high through considerable geologic time. 

SOPHIE MOUNTAIN FORMATION 
The Sophie Mountain Formation (Bruce, 1917: Little, 

1960) is exposed on Mount Sophie and on the ridge a few 
kilometres southeast of Bald) Mountain. A small exposure 
is also recognized on the ridge north of Lake Mountain 
(H6y and Andrew, 1991) and in Hudu Creek 2 kilometres 
from its contluence with Beaver Creek (Andrew of ul., 
1990). The formation comprises poorly sorted, heterolithic 
conglomerate with thin inrerheds of argillite and 
argillxeous siltstone. The conglomerate consists domi& 
nantly of rounded claw of quartzite and other sedimentary 
rocks. Clasts derived from the underlying Eli% Formation 
are rare or absent. 

MARRON FORMATION 
The Middle Eocene Marron Formation (Bostock, 1940: 

Church. 1973; Little, 1982) is exposed on the eastern slopes 
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of OK Mounrain and Mount Roberts just west of Rossland 
and just east of Goodeve Creek. The formation comprises 
dark grey, green and, locally, mauve andeshic flows and 
minor lapilli tuff, tuffaceous sandstone and tuffaceous con- 
glomerate. It is in fault contact with the Elise Formation 
near Rossland (Fyles, 19x4) but unconformably overlies the 
Elise in the southwest part of the map area; it is intruded hy 
Middle Eocene Coryell intrusions. 

INTRUSIVE ROCKS 
Numerous intrusive rocks. ranging from batholithic 

bodies to stocks and dikes. occur throughout the Rossland 
area. They are described in considerable detail by Fyles 
(1984) and Little (IYXZ) and hence will only he briefly 
described here. 

The Rossland monzonite is sn east-trending stock with a 
wide thermal :uueole and, locally, a gradational contact with 
country rocks (Fyles, lY84). It is grey to green. t.inc to 
medium grained and comprise,? dominantly andesine (46% ). 
hornblende (15%); orthoclase microperthite (- 13%), uugite 
(-I?%), hiotite (I 1%) and quartz (2%) (Fyles, 0,‘. c/r.). Its 
age is no1 known: however. it is cut by the Late Jurassic 
Tvail pluton and hence may he pan of a 17X to IX0 Ma suite 
of calcalkaline intrusions in southeastern British Columhiu. 
including the Silver King porphyr-ies in the Nelson area. the 
Mourn Cooper stock (Klepacki, IY85) and the Aylwin Creek 
block (W.J. McMillan. personal communication. 19X9). 

The Trail pluton (Simony. 1979; Little. 1982) is part of 
the Late Jurassic Nelson plutonic suite. It is dominantly u 
medium to coarse-&rained granodiorite. hut locally includes 
quarrz diorite and diorite phases. 

The Sheppard intrusions include a number of large stocks 
and numerous smaller dikes that cut Nelson intrusive rocks 
and the Late Cretaceous Sophie Mountain Formation. These 
rocks are commonly fine to medium grained and leucocra- 
tic. ranging in composition from granite to syenite. North- 
trending Sheppard dike swxms are prominent northwest of 
Waneta on rhe west side of the Columbia River, in the Baldy 
Mountain area. They may record Middle Eocene east-west 
extension. 

The Coryell intrusions are generally coarse grained and 
range in composition from syenite to monzonite and granite. 
Field relationships and numerous K-A, dates (Little. 1982) 
indicate that these rocks are of similar age to rhe Middle 
Eocene Manon volcanics. Numerous small intrusions are 
present throughout the Rossland area: only the largest are 
shown on Figure l-2-2. 

STRUCTURE 
The ‘itructure of the Rossland area has been well 

described by Fyles (19841 and Little (1982). Fyles divided 
the areu into two domains separated by the “Rossland 
break”. an east-trending zone marked by a number of faults 
and intrusions. including the Rossland monzonite. Rain} 
Day pluton and serpentinites. Fyles suggested that the Ross- 
land break is a zone of “structuwl weakness that may have 
orlgmated when the Rossland Group was laid down. :’ 
(Fyles. 1984. page 29). South of the break, structures trend 
northeasterly. \vhereas to the north, they trend northerly. 



Detailed mapping, concentrated largely south of Ross- 
land. has essentially confirmed the structures as outlined by 
Fylcs. However, correlation of both units and structural 
patterns t” those farther cast has allowed il better undcr- 
standing of the stratigraphic position of the Rossland mining 
camp and of the tectonic evolution of the area. Three phases 
of dcfonnation arc recognized: 

I. extensional tectonics during depnsition of lower Ross- 
land Group rocks in Early Jurassic time; 

2. cast-directed thrust faults and assuciatcd minor folding 
hcforc intrusion of Middle to Late Jurassic plutons: 

3. normal faulting in Eocene time. 

The Rossland area is underlain by a tectonic high, 
hounded by growth faults, that is first evident in early 
Rowland time. The basal sedimentary successi”n of the 
Rossland Group. the Archibald Formation. records dcposi- 
tion in a fault-bounded structural basin located just cast of 
the Rossland map area, in the Beaver Creek valley (Andrew 
P, 01.. 1990). The s”urce area. based on facie, analyses, was 
inferred to lie immediately t” the wst. In the Rossland arca, 
the Archibald Formation is missing or represented by a thin 
hasal conglomerate and the entire lower part “f the Elisc 
Formation is generally missing (Figures l-2-2. 4) confirm- 
ing the suggestion of a tectonic high here. Neither the 
orientation nor the exact position of the hounding growth 
Cwlts are known: howcvcr, the rapid facics changes in Elisc 
r”cks just cast of Patterson suggest that the late north- 
trending faults located there may he the loci of some of the 
syndepositional Rossland growth faults. The Iwation of 
other north-trending faults, including the Eocene Champion 
Lake fault, may also he controlled or modified by cithcr 
fault-controlled facics changes in Rossland Group rocks or 
Rossland-age growth faults. Finally, the cast-trending Ross- 
land break also appears t” record a zone of structural weak- 
ness in Rossland time (Fylcs. 1984) suggesting that the 
uplifted tcct”nic high in the Rossland area may have been 
controlled by an “rthogonal pattern of blwk faults. Block- 
f;tultcd regions, u,ith fault-bounded hxins and tectonic 
highs. gcncnllly record cxtcnsionill tectonics. These areas 
tend t” I~calize later structures and intrusions and hence are 
lavourablc sites few structurally c~ntr”ll~tl mineral deposits. 

A period of compressive tectonics. evident throughout 
the R”sslund Group in Middle Jurassic time. is probably 
related to collision of the eastern cdgc of Qucsncllia with 
crat”nic North America. It produced tight folds. a pcnctra- 
tivc clcavagc and intense shearing in eastern cxposurcs, and 
nwrc “pen. upright folds and thrust faults filrthrr west. In 
the Rossland arra. it is marked hy the Wanetn fault and a 
number of east-directed thrust faults and possible associated 
min”r folds. The Waneta fault. initially recognircd by Fylo 
and Hcwlctt (1959) in the Salmo area, separates rocks of 
North America (Unit Cs) fmm those of Qucsncllia. The 
fault ha\ hccn traced westward to the Rossland area (Little, 
1982) where it is covered hy Eocene volcanic rocks of the 
Marmn Formation. It is suggested that exposures of Unit Cs 
farther west are also thrust on younger Elise volcanic rocks 
(Figure I-2-2). Both units are sheared and hrccciatcd in the 
vicinity of the contact. 

Thrust faults west and north of Rosshmzi include the 
Snowdrop fault (Little, 1962; Fylcs, 19X4) and an inferred 
fault that separates Mount Roberts Formation from Elise 
Formation on Red Mountain (Figure l-2-2). Folds are con- 
centrated in only a few arcas; the Rossland area is esscn- 
tially a west t” northwest-dipping homoclinal succession of 
Rossland Group rocks (Fylcs, 1984). 

The Snowdrop fault is a west-dipping structure, marked 
hy intense shearing and brccciation, that places II west- 
facing panel of Mount Roberts Formation and basal Elisc on 
younger Eli% Formation (Sections A-A’, B-B’, Figure 
l-2-2). The thrust fault on Red Mountain is inferred fr”m 
stratigraphic relationships (see section on Mount Robert: 
Formation). It is placed at the c”ntact of Mount Robert: 
with underlying Elisc Formation, Rossland sill and Ross- 
land monzonite. The faulted nature of this c”ntact has ns.x 
been previously recognized despite being cxposcd at surface 
and penetrated by numerous drill holes. It is suggested tha: 
intcnsc alteration, both thermal and mctasomatic, has obl it 
crated evidence of fault mowmcnt along the contilct. 

The age of this compressive: deformation is post-Toarci;m 
(cu. I X7 Ma), the youngest age of Rosslaxl Group rocks, 
and prc-intrusion of late Jurassic plutons (cu. 16.5 Ma). 111 
the Rossland area. the age of east-directed thrusts is 
bracketed by the age “f the Rossland m”nzonitc (Hiiy anti 
Andrew, in preparation) and the Late Jurxsic Rainy Day 
pluton. 

Steeply dipping, generally north-trending normal!,‘?) 
faults occur throughout the Rossland area. A number r’f 
these, including the OK and Jumbo faults (Fylcs, lY841 and 
the Violin Lake fault (Liftlc. 1982) Ihave been rccognixd 
previously. The OK fault is a listric normal fault that s 
overturned to the cast at higher stuctural lwcls (Scctiorls 
A-A’, B-B’. Figure l-2-2). Marron Formation rocks in tt.e 
western block have been down-dropped in excess of hC0 
mctrcs (Fylcs. op. (,;I.). The Jumbo t.ault dips steeply ciist 
and has an inferred normal displacement “f 600 ttr ‘700 
metrcs. This movement is hued on correlation of the Mount 
Rohcrts Formation on the custcm slopes of Mount Roha-ts 
with similar rocks on Red Mountain, and “n the Snowdrop 
fault with the infcrrcd thrusi on Red Mountain. 

The Violin L&s t%ult i:; B vertical s~ructurc wirh an 
unknown amount of displaccmcnt “n it ~:Littlc, 19X2:1. It 
appears t” truncate the Waneta fault and possibly the 
Eocene Marron Formation in the south, hut produces little, 
if any, offset “f the Rossland monzonite; hcncc, it may die 
out to the north. The Tiger Creek fault is inferred from 
truncation and displaccmcnti of units in the Elisc Formation 
(Figure l-2-2). However, it: also dies out northwtrd it: it 
displaces the Rossland monzonitc only minimally. A nuns- 
her of north-trading faults with minor right-lateral cis- 
placement in the Maldc Crick area. southwest “f the 7‘i:~cr 
Creek fault. may follow the loci of R”s:iland-age gro\vth 
faults. They arc associated with pronouncszd facie\ chaqcs 
in the Rosslend Gmup. and appear to die out up-secti.)n. 

These late faults arc younger that the Eoccnc intrusive 
and extrusive events. The Jumbo fault brccciatcs Middle 
Eocene Corycll intrusive rocks: the OK and Violin ILlhe 
faults truncate Middle Eocene lwas of the Marron Forma- 
tion. and a western splay “f the Tiger Cn:ek fault trunc;ttes 
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Sheppard intrusions in the Mount Sophie Formation (Figure 
l-2,-2). These faults are undoubtably related to an Eocene 
extensional event in southern British Columbia (Parrish et 
al., 19X8; Corbett and Simony, 1984). 

In summary, structures in the Rossland area record simi- 
lar tectonic events as elsewhere in the Rossland Group: 
extensional tectonics and growth faults during deposition of 
the lower part of the Rossland Group in Early Jurassic time; 
compressional tectonics that initially occured in eastern 
exposures, as Quesnellia impinged on rocks of North Amer- 
ica. and continued with east-directed thrusts and folds in 
more western exposures in Middle Jurassic time; and Mid- 
dle Eocene extensional tectonics. 

ECONOMIC GEOLOGY 
The Rossland mining camp is the second largest gold- 

producing camp in British Columbia, with recovery of more 
than X4 000 kilograms of gold and 105 000 kilograms of 
silver between IX94 and 1941. These deposits are in three 
main groups referred to as the north belt, the main veins and 
the south belt. Mineralization in the Rossland camp also 
includes molybdenum deposits on the western slopes of Red 
Mountain. These deposits have been described by a number 
of authors, including Drysdale (1915). Gilbert (19481, Little 
(1963), Stevenson (I 935) and Fyles iI 984): the paper by 
Fyles summarizes much of the previous work and describes 
the molybdenum mineralization in considerable detail. The 
following report only summarizes the geology of these 
deposits; it is taken largely from Fyles: more complete 
geology descriptions and interpretations will appear in 
forthcoming papers. 

MOLYBDENUM DEPOSITS 
Molybdenum deposits on Red Mountain (Plate l-2-3) 

produced I748871 kilograms of molybdenum from 
approximately I million tonnes of ore between 1966 and 
1972 (MINFILE). Molyhdenite occurs dominantly in quartz 
veins and veinlets cutting a coarse breccia complex in a 
west-dipping and facing, homfelsed and skamed siltstone 
succession (Fyles, 1984). We correlate this succession with 
the Mount Roberts Formation and suggest that it has been 

Plate l-2-3. View of @pm-pit molybdenum mine on Red 
Mountain, town of Rossland and Lake Mountain in distance. 
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thrust over the underlying Rossland sill prior to intrusion of 
Middle to Late Jurassic plutons. 

Molybdenum occurrences ax spatially associated with 
the lurassic Trail and Rainy Day @tons. In the Nelson map 
area. both skam and porphyry molybdenum mineralization 
occur along the margins of Nelson plutonic rocks (Hey and 
Andrew, 1989a). Local crosscutting pyrrhotite-chalcopyrite 
veins on Red Mountain indicate that the mineralization is 
earlier than the copper-gold mineralization (Fyles, op. <,i/.). 

GOLD-COPPER AND GOLI) VEINS 
The Rossland gold-copper veins are dominxxly pyr- 

rhotite with chalcopyrite in a gangue of altered rock with 
minor lenses of quartz and calcite. In the north helt, a raw 
of discontinuous veins extends eastward from the northern 
ridge of Red Mountain to Monte Cristo Mountain. The 
veins trend east and dip north at 60’ to 70”. The largest, on 
the Cliff and Consolidated St. Elmo claims, is in the Rors- 
land sill; it is I to 2 metres thick and is exposed for almost 
100 mares strike length. Some veins in the north belt cross 
the molybdenum breccia zone on Red Mountain. 

The main veins form a continuous well-defined fmcture 
system that trends 070” from the southern slopes of Red 
Mountain northeastward to the eastern slopes of Columbia 
Kootenay Mountain. More than 98 per cent of the ore 
shipped from the Rossland camp was produced from these 
veins and more than SO per cent from deposits in a central 
core zone between two large north-trending lamprophyre 
dikes. These deposits include the Le Roi, Centre Star, 
Nickel Plate, Josie and War Eagle orebodies. 

The main vein system consists of a series of veins, com- 
monly en echelon, that dip steeply north. They are mostly 
within the Rossland sill or the Rowland monzonite, crosscut 
litbologies and early str”ct”res, hut appear to be cut hy the 
late north-trending faults and assocl,ted dikes. 

The principal veins in the south belt trend I IO” and dip 
steeply north or south. They are within siltstones, lapilli tuff 
and augite porphyry of the Rossland Group several hundred 
metres south of the Rossland monzonite. In addition to the 
typical copper-gold mineralization of the main veins and 
north belt, sane veins in the south belt also contain 
sphalerite. galma. arsenopyrite and boulangerite. 

High-grade gold veins also occur approximately 4 kilo- 
metres southwest of Rossland in the Little Sheep Creek 
valley. They are in “greenstones” of the Rossland Group 
adjacent to a small body of serpentinite. Gangue minerals 
ioclude quartz and ankerite; sulphides are not common. hut 
include pyrite, chalcopyrite and galena. 

SUMMARY 
Both skam-porphyry molybdenum and copper-gold vein 

deposits have been extensively mined in the Rossland area. 
They are in an area that has been tectonically active since 
Early Jurassic time and has been intruded repeatedly by 
plutonic rocks. Molybdenum mineralization, associated 
with intense brecciation and skaming, appears to be related 
to intrusion of Middle to Late Jurassic plutons, including the 
Trail and Rainy Day plutons. These intrusions postdate east- 



directed thrust faults and related folds in the Rossland area. 
East-trending copper-gold veins cut these earlier structures, 
but are earlier than the north-south, Eocene extensional 
faults. The veins are parallel to and within rhe “Rossland 
break”, a zone of fractures, faults and intrusions that marks 
n pronounced change in the structure1 grain. These str”c- 
tures. the anomalous thickness of the upper Elise Formation, 
prominent facies changes in Elise rocks and the higher 
concentration of intrusions suggest the influence of deep 
crustal S~JUC~UJCS, str”~tures that may, have controlled the 
distribution of metallic mineral deports. 
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METCHOSIN VOLCANIC% A LOW-TITANIUM EMERGENT SEAMOUNT 
AT THE BASE OF THE CRESCENT TERRANE” 

(92~) 
By Andrke de Rosen-Spence and A.J. Sinclab 

The University of British Columbia 

K!?YWOKI)S: Lithogeochemistry, chemostratigraphy, Cres- 
cent Terranc, Metchosin voicanics. low-Ti sexnount, Kula- 
Farollon Ridge, plume effects, collision. 

INTRODUCTION 
At the southcm tip of Vancouver Island. the Metchosin 

volcanics are the northernmost occurrence of the Early 
Tertiary Crescent Terrane of Washington and Oregon. The 
allochtonous base of the Crescent Termne consists of “ccan- 
floor tholeiites, within-plate tholeiitic and alkalic seamounts 
and sediments (Snavely cr ul.. IYhX: Glassley. lY74: Cady, 
1975: Mullrr, 19X0) spanning the 62 to 4Y Ma. or Palcncenc 
to Early Eocene interval (Duncan, 19X?). This base is a 
fragment of the Kula and Farallon plates sutured t” the 
North American co~tti~~ent around SO Me (Magill P( ul., 
1981: Hcller and Ryberg. 1983). The various tectonic mod- 
els proposed generally emphasize the proximity and/or con- 
iunction of an active ridge (Kula-Farallon) and hotspot 
(Yellowstone) clox to the North American shore (Snavrly 
cr ul., IY)hX: Glassley. 1974: Cady, 1975: Muller, 1980: 
Globerman, 19X0: Duncan, IYX2: Wells P, ul., 19X4). Dun- 
citn‘s model takes into account the apparent symmetrical 
aging of the volcanic sequences to the north and south. 
while some of Wells’ models also attempt to integrate the 
different degrees of tectonic rotation measured in these 
sequences. Generation at a leaky transform fault, in a “pull- 
apart” basin of the Gulf of California type (Wells ef al., 
IYX4) or in a basin at the back of an Eocene arc (Cloves ef 

al.. 19X7) have been suggested as alternative models which 
incorporate the northward motion of the Chupach and 
Prince William tcrrancs towards Alaska at tbar time. 

All models except that of Clowcs er ul. (1987) include 
subduction of the Kula and Farallon plate\ east of the 
Crescent Tcrrane boundary with concomitant generation of 
the Eocene continental arc which stretches from the Yukon 
to the Absaroka Mountains in Montana (Challis arc in the 
United Stntcs). In this context of lively debate. it is interest- 
ing to re-examine in more detail the composition uf the 
Metchosin basalts and other besalts of the Crescent Terrnne 
to dctcrmine their nature, their correlations, and the relation- 
ship between composition, time of docking and the evolu- 
lion of the contemporaneous Eocene arc. The Mctchosin 
volcanics iwe particularly unusual in that they are not only 
an emcrgent sequence with ocean-iloor affinity (Muller. 
IYXO). but as we will demonstrate, they are also an example 
of low-titanium normal mid-oceanic ridge baaIts (low-Ti 
MORB-N). 

In spite of some alteratior, and the sparsity of trac’z 
element data, it is possible to define the magmatic trends 
and tectonic settings of older volcanic sequences by using a 
particular screening method (de Rosen-Spencc, 1976’; 
Spews, 1985: de Rosen-Spence and Sinclair. 19X7; and in 
preparation). This screening method is based <on the plottine 
and subsetting of major element data on twelve discriminant 
diagrams, and the comparison of the treated data with well 
known suites. The twelve discriminant diagrams are MgO 
versus GO, M&O versus Si$, CaO versus SiO,. N;rzO 
versus SiO,, K,O versus SiO,, Alkali versus SiOz. M&O 
versus FeO,, MgO versus IOxl’iO,/FeO,, Ti& versus FeO,, 
P,O, versus TiO?, MgO vwsus AlzOi and KZO/Nlr,O 
versus SiO, This method, which can be used directly hr 
small sets of data, has also been adapted for computers in 
the LlTHCHEM system which is a database system for 
storage, retrieval and graphic representation of whole-rock 
geocltemical data (Harrop and Sinclair. 1986: Radlowski 
and Sinclair, 1989). 

Figure I-3-1. Different wrieties 01 mid-weenic ridpc 
hasalts (MORB) on MgO w:rsus 10xTiO,/PeO,: Thulc;m 
MORB-N ol Kolheinsey Ridge (filled crrcles). Thulwn 
MORB-P of the Icelandic Rift Zone (filled diamonds). corn- 
man MORB-N (+aded pattern), commw, MORB-P of 
Azores on mid-Atlantic Ridge (stars) and fragmented 
MORB-N oSTamayo rift (open circles). Data .iurn Schillinp 
(‘I 01. (19X3). Si&deson t I%Yj and Bcndc ci al. (19X4). 
Note the incrrasc in tilani’rm of MORB-P relative TV 
MORB-N of the umc variety 
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Figure l-3-2. Different vxietics of mid-oceanic ridge 
hesalts (MORB) on TiO, versus FcO,. Symbols as in Figure 
l-1-I. Oceanic island (plume) thuleiitrs would hc in the 
high-titanium (hi$Ti) domain like common MORH~P. but 
with higher iron cuntcnt (> 10% FcO,l. 

I / / 
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Figure 1-3-1. Mctchusin volcanics un MpO versus A&O, 
showing the low aluminum content of Thulenn MORB-N 
and slightly more aluminous composition of Thulcan 
MORB-P. Symbols its in Figure I-3-5. 

DEFINITIONS 
Much of our interpretation of the Merchozin and other 

Crescent Terrane basal& is based on the tectonic signifi- 
cance of their TiOJFeO, ratio and phosphorus content. On 
the MgO versus TiOJFeO, and TiO, versus FcO, diagrams 
(Figures 1-3-l and l-3-2). we distinguish three varieties of 
normal mid-oceanic ridge basalts (MORB-N) herein named 
“fragmented”. “common” and “Thulean” MORB-N vari- 
eties (Note: fragmented because of numerous transform 
faults, Thulean from the Thulean Magmatic Province of 
Tyrrell; 1017). The decreasing TiOJFeO, ratios from frag- 
mented to Thulean MORB correspond to incvasing degrees 
of partial melting of the upper mantle. that is from 5 percent 

34 

for fragmented (Bender P, al., lY84) to 20 per cent for 
Thulean MORB (Sun and Sharaskin, 1979). Any of these 
three varieties of MORB-N may be variably contaminated 
by a nearby enriched plume of lower mantle origin and 
enriched in light rare-earth elements (LREE), zirconium. 
titanium. and commonly alkali, phosphorus and water 
(Schilling CI ul., 19X3; Michael and Chase, 19X7). Mid- 
oceanic ridge basalt markedly enriched in titanium and/or 
phosphorus is defined here as MORB-P. A substantial con- 
tamination in titanium results in the shift of Thulean and 
common MORB to higher titanium domains (Figures I-3-I 
and l-3-2). On PzO, versus TiO, (Figure l-3-3), contamina- 
tion involving phosphorus and water besides titanium 
results in a shift from the main oceanic domain [ocean-floor 
(OFB), oceanic-island tholeiites (OIT) and alkaline (OIA)] 
to the arc domain. This shift is an artifact created by the 
decrease in titanium (and iron) in the presence of water and 
is diagnostic of such MORB-P. The TiO$FeO, ratio remains 
unmodified and MORB-P therefore cannot be confused 
with arc basalts. 

METCHOSIN VOLCANICS 
hEVIOUS WOKK 

The Metchosin volcanics were mapped by Clapp and 
Cook (lYl7) and Muller (1977, 19X0), and analyzed by 
Muller (1980). Recent drilling offshore of Vancouver Ishmd 
revealed the northward extension of basalts with similar 
composition (Brandon, in Clowes P, ul., 1987). The 
Metchosin volcanics, as described by Muller (1980): “cow 
sist of an estimated 3000 metres of pillow lavas, breccias 
and minor tuffs. succeeded by about 1000 mares of layered 
amygdaloidal flows the transition of pillows to tlows is 
marked by a coquina of Tfrrire/lm indicating Early 
Eocene age the volcanics represent.an emergent basaltic 
sequence”. Recent dating gives an age of 55 Ma or earliest 
Eocene (Armstrong, in preparation). 

Muller (1980) came to the conclusinn that the Metchosin 
volcanics were of oceanic ridge (MORB) origin and not an 
oceanic island in spite of their emergent character. To 
explain their emergence, he proposed that they formed in a 
ridge-island setting similar to Iceland. 

COMPOSITION RE-EXAMINED 

The Metchosin basal& are only slightly altered and 
enough “unaltered” samples survived the altered-unaltered 
classification process (on a MgO versus CaO diagram. not 
shown) to characterize their original magmatic composition. 
Spilitization and small additions of magnesium and man- 
ganesr in some samples were identified in tlow and pil- 
lows. In tuffs. alteration is more varied and also includes 
leaching of sodium and calcium, and local addition of 
calcium. 

The least altered or “unaltered” Metchosin samples, plot- 
ted on various discriminant diagrams (not reproduced). have 
been determined to be low-potassium. calcic tholeiites. 
Except for a few samples near the top of the pile, they are 
Similar to common MORB-N in their aluminum. phos- 



phorus and zirconium content but distinctly lower in 
titanium As shown on MgO versus TiO,/MgO (Figure 
l-3-4) and TiOL YCISUS Fro, (Figure I-3-5). they plot in the 

medium-low and lower titanium domain respectively. and 

so overlap with arc basalts. Their phosphorus content (Fig- 
UK I-3-6) is also compatible with both an arc or a MOKB 

origin. Their MORB-like chamcter, however. is evident on 
MgO versus Al,O, (Figure l-3-7) where their different& 
tion trend enters the low-alumina domain characteristic of 
ocean-floor basal&; it is also (confirmed by I:heir moderate 
zirconium content (Table l-3-1, columns A to C). Thus, the 
Metchosin basal& show all the essential chemical charw 
teristics of Thulean MORB~-N-type hasalts as defined 
.%lrlier. 
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The few samples near the top of the pile are richer in 
titanium. phosphorus (Figures I-3-4 to 6) and zirconium 
(Table I -3-l. columns D to F), and are identified as Thulean 
MORB-P, reflecting contamination from a local enriched 
plume. In Table 1-3-I. a few selected analyses illustrate the 
variations in composition resulting from differentiation of 
the Thulean MORB-N Metchosin magma and the enrich- 
ment in titanium. phosphorus and zirconium of the Thulean 
MORB-P samples. 

ORIGIN OF METCHOSIN BASALTS 
The low-titanium (Thulean MORB) composition of the 

Metchosin basalts reflects a higher degree of partial melting 
of the upper mantle than found on most ridges and in 
marginal basins. It confirms their oceanic setting and pre- 
cludes formation in a local pull-apart basin (3rd model of 
Wells ff a/., 1984) or back-arc basin (Clowes E, al.. 19X7). 
Could this partial melting be sufficient to explain their 
emergence’! Not necessarily so. The large degree of melting 
leads to voluminous outpourings of magma through fis- 
sures. but seemingly not to emergencc in the largest occur- 
rences of Thulean MORB-N: the North Atlantic ocean-tloor 
including Kolbeinsey Ridge (Schilling, 1983). the Cre- 
taceous mid-Pacific oceanic flood basalts (Tokuyama and 
Batiza. 1981; Saunders, 1986). and the tholeiites associated 
with Archean komatiites (de Rosen-Spence and Sinclair, in 
preparation). The build up of a seamount or an island seems 
to require a more localized source in the form of it plume. 
For the Metchosin volcanics. Muller (1980) proposed a 
situation similar to Iceland. but Iceland is a complex sea- 
mount built by an enriched lower mantle plume superim- 
posed on a Thulean ridge. and the resulting tholeiites are 
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typical Thulean MORB-P urith higher titanium as shown on 
Figures 1-3-l to l-3-3. The Metchosin volcanics, by corn 
trat. are uncontaminated Thulean MORB-N-type products 
and thus their emergencc cannot be explained by the super- 
imposition of a similar enriched plume, this in spite of the 
vicinity of the Yellowstone hotspot. Since Muller’s work. 
however. there have been a number of studies of seamounts 
u’ith MORB-like composition attributed to upper mantle 
themlid plumes. These thermal plumes can be indcpcndant 
of the enriched lower mantle plumes (Bat& and Vanko. 
lYX4: Desonic and Duncan, 1990: Rhodes of ul.. 1990) or 
can be generated in the upper mantle by a thermal entrain- 
ment process (Griffiths. lY86) and dynamic upwelling ol 
the enriched mantle plumes. The latter situation would be 
similar to that of Kolbeinsey Island and the Manihiki 
Plateau, both of Thulean MORB composition: Kolbeinsey 
Island. on Kolbeinsey Ridge. is uncontaminitted by the 
nearby Iceland plume (&hilling er al., 19X3), and the Man- 
ihiki Plateau (northeast of New Zealand), emergent at the 
time of eruption. is on the site of a Cretaceous triple junc- 
tion (Clague, 1976) and wits close to a hotspot. 

By analogy with these examples, we propose that the 
Metchosin bnsalts could rellcct the presence of a local upper 
mantle thermal plume imposed either on the Kula-Farallon 
Ridge, or on the site of the Pacific-Famllon-Kula triple- 
junction which is thought to have been in the vicinity (Wells 
<pi oi., lYX4). The few samples of Thulean MORB-P arc B 
reminder of the proximity of the Yellowstone hotspot of 
enriched lower mantle composition (as shown below). and 
of its possible thermal and dynamic influence on the nearby 
tndependant ridge system. 

CRESCENT TERRANE 
We examined some of the data available for the Eocene 

Crescent Formation of the Olympic Peninsula (data from 
Glassley, 1974: Cady. lY75: Lyttle and Clarke, 1975) and 
Black Hills (data from Globerman. 1980) in Washington. 
and for the correlative Siletz River volcanics in Oregon 
(data from Snavely (‘I ol.. 196X). 

CRESCKNT FORMATION 
In the eastern Olympic Peninsula, the Crescent Formation 

is composed of two very distinct volcanic members sepa- 
rated by a tectonic contact (Glassley, 1974). These are an 
altered, ocean-floor lower member and a fresh plume- 
influenced upper member deposited in a shallow water to 
subaerial environment. 

Our plots of the data for the lower member (Figures l-3-8 
to 101, are based mainly on Lyttle and Clarke’s (ibid.) data 
because samples are separated into extrusive and possibly 
intrusive origin. They clearly indicate that this lower mem- 
ber is composed of Thulean MORB-N and Thulean MORB- 
P. and that all :;amples of possibly intrusive origin we of 
common MORB-N composition, suggesting that they are 
actually sills. One occurrence of flows is extremely poor in 
tttatium (low-Ti plot on Figure l-3-4) and phosphorus and 
may represent 3. case of extreme partial melting or of local 
depletion. Thulcan MORB-N is also present in the hasalts 
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interhedded in the sediments of the “core rocks” of thi: 
central Olympic Peninsula, TV the west (data from Cady, 
IY75). 

The upper member, in the eastern Olympic Peninstil,i 
(data from GlassIcy, 1974) is interpreted to be composed of 
common MORB-P. It has the high TiOJFeO, ratio of 
within-plate lholeiites but the lower iron cor~fent commor~l:i 
associated with MORB-P (Figures l-3-8 and 9). Analyxs 
of phosphorus are too inaccurate to be useful in identifyin: 
MORB-P, hut the modcrate confent of lighr rare-earth eic- 
merits is also charactcri\tic of MORB-P. 

In Ihe Black Hills to the southeast. Globerman (1980) has 
shown that the hasalts, mainly subaerial. belonp to the upper 
member of the Crescent Formation and arc a mix of mice- 
oceanic-ridge basalts and enriched-plume iholeiites. ‘They 
are richer in iron than the upper member in the Olympic 
Peninsula and probably were generated closer to the Ye 
lowstone hotspot. 

SILETZ RIVER VOLCAI\IICS 
The Silctz River volcanics were shown hy Snavely ef ol. 

(IYW tu be an emergent seamount compoxd essentially of 
oceanic tholeiites capped Iby alkaline rocks similar 10 
Hawaiian lavas and resting on ocean-floor hasal~s. Our plots 
(Figures I-D-X, 9 and IO) confirm this, although wc can atd 
that the isolated southeastemmost occurence of Siletz vol- 
wnics contains Thulcan MORB-N. The Siletz River \ol- 
canics are therefore produce of the Yellowstonc enriched 
plume and. with their ocean-floor base. represent the SOLI! I- 
em extension of the upper member of the Crescent Formu- 



tion. The southeastern exposure, on the other hand. repre- 
sents an extension of the Thulean lower member. It should 
be remembered that such chcmostratigraphy may be time 
transgressive. 

SUCCESSION AND CORRELATION OF 
EVENTS 

Two eruptive episodes are clearly evident from the above 
determinations. During the first episode (Paleocene and 
earliest Eocene), Thulean MORB-N was generated close to 
the North American continent. and locally an island or a 
plateau emerged (Metchosin), while towards the top and to 
the south, the enriching influence of the Yellowstone plume 
was felt (presence of Thulean MORB-P in the upper 
Metchosin succession and in the lower member of the 
Crescent Formation). The remnants of this Thulean-type 
crust are identified as far south as the Siletr River but we 
suspect that it exists at the southernmost tip of the Crescent 
Terrane, in the Paleocene Roseburg Formation (Baldwin, 
1974: Duncan. 1982) for which we have no data. 

During the second episode (Early Eocene to early Middle 
Eoctmr) and corresponding to the upper member of the 
Crescent Formation, cotmmm MORB-N was generated 
(intrusives in the lower member of the Crescent Formation. 
base of the Siletz River volcanics). but was promptly modi- 
fied by the Yellowstone hotspot into cwnrnon MORE-P in 
the eastern Olympic Peninsula and Black Hills. To the 
south, the unmodified products of this hotspot formed a 
classic oceanic island (Siletr River). 

Metamorphism and shearing. which are limited to rocks 
of the first episode, confirm the validity of this division. 

Docking and suturing to the cratun by 50 Ma (Magill ef 
o/.. 1981; Heller and Ryberg, 198.11 and attendant stecpen- 
ing of the subduction zone profoundly modified the com- 
position of the Eocene arc (de Rosen-Spence and Sinclair. in 
preparation): shoshonites of the Kamloops and Penticton 
groups (Spence, 19X5) started erupting at 51 Ma during a 
major period of extension (Ewing. 1981: Parrish P, ul.. 
1988). Similar events occurred to the south, in the Challis 
arc down to the Absaroka Mountains (Amwrong, 197X; 
Iddings. 1895). Shoshonites are characteristic of collision 
episodes and it is symptomatic that they occur only in the 
southern segment of the arc opposite the Crescent Terrane, 
and not in its northern segment (central British Columbia to 
Yukon). If we take into account that there is a time lag of 
possibly 2 Ma between tectonic change and volcanism (Bar- 
sdell ef al.. 19X2). we can surmise that the actual docking 
must have occurred sometime about 53 Ma rather than SO 
Me ago. 

Oblique collision at 53 Ma of 3” unsubductibls thickened 
crust could have generated nutnerous transform faults 
across the ridge, to absorb the first impact of the collision, 
and so would have locally slowed down the partial melting 
pr”ce\ses. Such a slow-down would account for the change 
from Thulean MORB in the lower member of the Crescent 
Formation to common MORB in the upper member. The 
colliding mass would have been composed of the Metchosin 
plateau or island to the north, the Rosrburg Formation of 
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unknown composition (Thulean MORB ?) to the south. and 
some young, buoyant ridge fragment (lower Olympic For- 
mation) thickened by addition of plume material (Thulean 
MORB-P) in between. The growth of seatnounts (Black 
Hills, Siletz River) near the suture, and the buoyant activity 
of the Yellowstone hotspot prevented any further possibility 
of subduction. Finally, the plates attempted to reorganize 
around 4X Ma and. as a result. the subduction zone jumped 
west of the Crescent Terrane initiating the earliest Cascades 
volcanism (Wells ef oi. 19X4j, while activity waned in the 
Challis arc. starved by the demise of its own subduction 
ZO”C. 

This model of two distinct episodes. separated by colli- 
sion and initiation of transform faults at 53 Ma, could 
reconcile some of the contradictory observations made hy 
previous authors. It may explain some of the differences in 
rotation observed bctwecn the various sequences, while 
generation of transform faults in the second episode could 
be incorporated in the model of large-scale movements of 
detached terranes to Alaska, proposed by Wells er al. (ihid). 

METCHOSIN AS A SYMPTOM OF AN 
ACTIVE MANTLE 

The generation of Thulean MORB can be a powerful and 
long-lived went (60 Ma in the North Atlantic and mi& 
Pacific) and so one should expect to iind other similar 
occurrences in the Paleocene and Eocene oceanic crust of 
the Pacific Ocean. Unfurtunately, only one sample of the 
Eocene of the northern Pacific plate has been analyzed, 
Hole 178 of Leg IX near the Aleutian arc (MacLeod and 
Pratt, 1973). This single sample, approximately SO Ma old, 
has the characteristics of a Thulean MORB-P. Another 
occurrence, though far from the Crescent Terrane, was 
found on Gorgona Island (Colombia) where an emergent 
fragment of the Eocene Farallon plate is composed of 
komatiites and basaltic komatiites interbedded with 
tholeiitcs (Aitken and Etcheverria, 1984): these tholeiites 
also plot as Thulean MORB. Seen in this larger context, the 
composition of the Metchosin volcanics should not be xx- 
sidered as a local quirk, but as one of the symptoms of an 
episode of more intense partial melting along the Pacific 
ridges, either widespread as in the North Atlantic or 
restricted to certain areas of the ridges. possibly close to 
large. new lower-mantle plumes. This surge of partial melt- 
ing would be analogous to that which was responsible for 
the oceanic flood basalts across the mid-Pacific (Nauru 
basin and others) and the Ontong-Java and Manihiki 
plateaux during the Cretaceous. 

It may be significant, on a global scale, that at about the 
same time (latest Cretacews to earliest Tertiary) the Yel- 
lowstone hotspot became active and Metchosin Thulean 
basalts erupted, so did the Galapagos hotspot and the 
Gorgona Island Thulean tholeiites, the Iceland plume and 
the first Thulean basalts of the Fames and Rockall Plateau 
(data from Noe-Nygaard and Rasmussen, 1968; Harrison of 
<I/., 1984). the Reunion hotspot (Courtillot. 1990) and 
Thulean basalts of the nearby old (68 TV 46 Ma) Indian 
Ocean floor (data from Melson (‘f al., 1976). Note that. at 



present, only the North Atlantic ridge :iystem has remained 
undisturbed and is still erupting Thulcan MORB on Kol- 
heinsey and Reykjanes ridges. 
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THE GEOCHEMISTRY OF EARLY CRETACEOUS VOLCANIC 
ROCKS ON THE WEST SIDE OF HARRISON LAKE, 

SOUTHERN BRITISH COLUMBIA 
(92H112) 

By G.E. Ray 

KEYW0RD.S: Lithogeochemistry, Brokenback Hill Fonna- 
tiw, Gemhier asemhlage, Fire Lake Group. arc volcanism, 
\~oIcaniclastic5. 

INTRODUCTION 
This paper presents analytical data on 21 representative 

samples of volcanic and volcaniclastic rocks collected from 
the Early Cretaceous Brokenhack Hill Formation on the 
west side of Harrison Lake. The area lies approximately 100 
kilometres cast-northeast of Vancouver and 45 kilometres 
north-northeast of Harrison Hot Springs (Figure I -4-l 1, 
close to vein-hosted gold-silver minemliziltion at Doctors 
Point and the snxdl, abandoned Providence mine (Ray of ul., 
1984. 19X5). 

REGIONAL GEOLOGY 
The Harrison Lake fault system is a major dislocation 

exceeding 100 kilometres in len@h that passes through 
Harrison Lake (Figure 1-4-l). It separates rocks of contrast- 
ing geological settings (Roddick, 1965: Monger, 1970). To 
the northeast arc highly deformed. largely supracrustal 
rocks thal were originally called the Slullicum series 
(Crickmay, 1925. 1930) hut which are now termed the 
Slollicum package (Monger, 19X6). These schistose rocks 
are pcnrrratively deformed and regionally met;tmorphosed 
tu greenschist and Iuwer amphiholite facies (Joumray and 
Csontw. IYXY): they may he mctamwphosed equivalents of 
the Late Triassic Cadwalladcr Group (Monger. 1986). With 
the enceptiun of the Chilliwack-Cultus package, which out- 
crop\ south of the lake, rocks on the southwest side of the 
fault arc younger. less deformed and nf lower metamorphic 
grade. They include a variety of volcanic, volcaniclastic and 
sedimentary rocks of largely Jura-Cretaceous age. as well as 
some plutonic and migmatitic rocks. 

The southwest pwt of the area. west of Harrison Lake, is 
underlain hy the Lower to Middle .lurassic Harrison Lake 
Formation (Crickmay. 1925: Arthur, 19x6). This formation 
is a scquencc of intermediate to acid volcanic flows and 
pyroclastics that hosts the Seneca copper-zinc mwive sul- 
phide deposit (Watanabe, 1974; Urahe er ol.. 19X3). To the 
north we Middle to Upper Jurassic sediments and tuffs of. 
the Mysterious Creek and Billhook Creek formations which 
are unconformnhly overlain hy a sequence of Lower Cre- 
taccous rocks. The thin, Inwermost portion of this Crc- 
taceous sequence is occupied by sediments of the Peninsula 
Formation: these pass conformably upward into the Brokcn- 
hack Hill Formation. Journcay and Csontos (1989) and 
Lynch (IYYO) correlate the latter formation as part uf the 

Fire Lake Group (Roddick, 1965). which lie; at the ncrth 
end of Harrison Lake; Wheeler and McFeely (1987) place 
both these packages within the Gamhier assemblage. The 
Brokenhack Hill Formation on the west side of Harrisorl 
Lake comprises the volcanic rof:ks which are the suh,ject 01’ 
this paper, as well as tuffs and a variety of sediments that 
range in age from upper Valanginian to middle Alhian (Ra) 
cr ul.. 1985: Arthur, 1986). The upper part of this formation 
to the north is intruded by several high-level, dioritic plu- 
tons (Figure l-4-2) of mid-Terriary age that :tre associated 
with aurifwous vein mineralization at Dxtors Point. 
Approximately S kilometres south of Doctors Point. on the 
shoreline of Harrison Lake. the: old Providence mine con- 
tains both gold-hearing quartz veins and gold-poor, silver- 
rich quartx-carbonate veins. Minor gold production came 
from the quartz veins at the turn of the century (B.C. 
Minister of Mines Annual Reports; 1X97, 19011. Thmz 
steeply dipping silver-rich veins are up to (1 7 mctre thick 
and are hosted hy basaltic flow:; and luffs of the Brokenhack 
Hill Formation (Ray er ol., 19X5). 

The Harrison Lake fault is asociated with a deformation 
zone I to 2 kilometrrs wide, marked by an intcnse slaty 
cleavage and gently plunging linear stretch fabrics (Arthur, 
19X6). The faulf has had a long history of recurrent thrust, 
strike-slip and normal fault movements that ended prior to 
development of the Fraser fault system during Eocene time 
(Monger, 1986: Journeay and Csontos, 19X9). 

GEOLOGY OF THE BROKENBACK HILL 
FORMATION, AND SAMPLE LOCATIONS 

The locations of samples collected for gcochemical ax+ 
ysis are shown on Figure l-4-2. Between Doctors Point and 
the Providence mine, the Brokenhack Hill Formation dips 
northeasterly. Bedding and fixture cleavage intersectionr 
indicate that this section occupies the northeastern limb of E 
major northerly trending anticline; there is no evidence ol 
structural repetition and graded bedding shows the sequemx 
is upright. Consequently, rocks between Providence mint: 
and Doctors Point arc considr:red to form part of a contin,. 
uous, northerly younging sequence. Mafic volcanic flow; 
and tuffs predominate in the lower. more southerly part 8~~’ 
the section. Farther north, however, toward Doctors 13ay. 
flows are uncommon, and th? abundant tuflS are interbed. 
ded with black argillite, voIc:wic sandstone. siltstone, and 
rare, thin beds of polymictic: conglomerate. Locally, the 
siltstones contain graded bedding, argillite: rip-up clasrs, 
soft-sediment defoormation fenlures, load casts and chaotbs: 
slump structures. 
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Ezl PLUTONIC ROCKS AND MIGMATITE 

I 

EARLY CRETACEOUS 
BROKENBACK HILL AND 

PENINSULA FORMATIONS 

MID-LATE JURASSIC 
MYSTERIOUS AND BILLHOOK 

CREEK FORMATIONS 
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FAULT .- 
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1 = DOCTORS POINT 
2 = PROVIDENCE MINE 

Figure l-4. I, Regional geology of the Harrison Lake area and location of the Doctors Point and Prwidmcc mine 
mincraliration in the sampled area (adapted after Roddick. 1Y65: Monger. lY70:I%h, Arthur, 10861. 

The volcaniclastic rocks throughout the section vary from 
massive to thinly bedded crystal-lithic tuffs and lapilli tuffs. 
through to chaotic, coarse volcanic breccias and aqungene 
breccias containing abundant angular to subangular clasts 
up to IS centimetres in diameter. Most of the clasts are 
basalt and andesite, although some fragments in the upper 
part of the succession are dacitic. The mafic aquagene 
breccias are characterized by rounded clots of clrrbonate 
rimmed with epidote, and most of the luffs and flows are 
strongly chloritized. 

The varied character of the sedimentary and volcaniclas- 
tic rocks in the Brokenback Hill Formation suggests it was 
deposited during alternating episodes of low and high- 

energy sedimentation with some periodic explosive vol- 
came actwty. 

The volcanic rocks are penerally massive; pillowed tlows 
have only been identified in the lower part of the succes- 
sion, close to the Providence mine. Individual pillows are 
vesicular and reach 75 centimetres in diameter. The more 
mafic tlows contain altered remnant crystals of augite up to 
4 millimetres in length that enclose interlocking laths of 
andesine-labradorite plagioclase. Alteration products 
include chlorite, epidote and tremolite-actinolite. Some 
basaltic rocks with abundant coarse plagioclase phcnocrysts 
up to 0.5 centimetre in diameter may represent subvolcanic 
intrusions. 
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The appearance of the volcanic and tuffaceous rocks 
changes from north to south up the Brokenback Hill Fomx- 
tion stratigraphic sequence. In the southern, more basal 
section the volcanics are mafic, but higher in the sequence. 
toward Doctors Bay, they are pale erey colourrd and &xner- 
ally mme silicious (Figure l-4-2); these pale rocks war 
originally mapped as dacites by Ray er ol. (19X5), but this 
work indicates they we andesires. 

CHEMISTRY OF THE VOLCANIC ROCKS 

Analytical results for the major oxides, ytrium and zir- 
conium are shown in Table 1-4-I. The slunplrs analysed 
comprise seven from volcanic flows and fourteen from 
volcaniclastic rocks. Foulleen of the samples represent 
mafic volcanics and tuffs from the lower pert of the succes- 
Con, and the remaining seven samples are paler coloured 



A 

suites of volcanic rocks. The lower part of the formation is 
dominated hy mafic, subalkahne basalts: they largely rep,-e- 
sent low-potassium arc tholeiitrs that were probably erupfel 
in an island-arc environment. Higher in the form;llion. VIII- 
canic flows are suhordinatc m tul’fs and sediments. Thrs: 
volcanics, which were prrviwsly incorrectly dcscrihcd as 
decites. are subalkaline nndesites of transitinnnl rholeiitic TV 
calcalkaline affinity. The chanse up the iuccaion Irom 
basalt to andesite prohahly r(:llects volcanic differentiation 
during arc volcanism. 
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PRELIMINARY GEOLOGY AND MINERAL POTENTIAL OF THE 
CASCADE RECREATION AREA 

(92H/2, 3, 6, 7) 

By H.R. Schmitt and G.G. Stewart 

INTRODUCTION 
The C;~scade Rrcreation Area wi,\ created in 1YX7 to 

preserve wilderness and heritage recreation opportunities in 
I67 quxc kilomctres of the northern Cascade Mountain\. 
The area encompxses the headuatcrs of the Tulamecn. 
Snnss and Skaist rivers in the Ho~amccn Range\. 10 kilo- 
metres southeast of Hope and is hordcred by Manning 
Provincial Park on the southeast and Skagit Valley Recrea- 
tion Arca on the south (Figure I-S- I ). The Recreation Area 
contilins parts of swcral provincially significant heritage 
trails. including the I X5X Whatcom Trail and the I X60 
Dewdney Trail. Present resource use of the irru includes 
hackcountry hiking, grazing and trail riding. 

In IYYO, a mineri porcntial study of the C;wadr Rrcrcs 
tion Area was hepun. to provide govcrnmcnt and industry 
with lmineral resource information prior to further timc- 
limited exploration and deciGns rc.@ing suitability for 
park status. The study is modelled after the methodologies 
developed by McLaren (IYYO) in the Chilko Lake area and 
is the first E.“vrmment-sp~,n\r,red mineral potcnrial study 01 
a Section IY Recreation Arca. 

The IYYO field project consisted of examining the 
rrgional geology. a geochemical drainage sur-vey over the 
entire Recreation Area. and limited geological mapping at 
I:20 000 scale in the Punchbowl Lake-Turnbull Creek urea 
Mineralized and unmineralired rocks, additional drainape~~ 
sediment samples, and macrof&;sils were collected for mini 
eraI potential and geological intcrprctation. 

The Giant Copper (AM and Invcrmay) copper-folder 
silver-molybdenum, Treasure Mountain silwr-lead-zinc. 
and Ladner Creek gold propcrries are hosted by rock:; 
known to extend into the Recreation Area. Despite consid- 
erable regional mineral exploration, the area wceived little 
exploration attention until ths dixovery of &wld-silver- 
copper mincralizatiou in the Punch Bowl Cm& watsrshecj 
in IYX4 hy Mr. R. Rubhit, while prospecting for the sourc: 
of placer gold in the upper Tulamecn River. 

In 1986, the provincial Wiltlcmess Aduisrvy Commiitcr 
(1986) studied the initial 410 square kilorwtre Caxade 
Wilderness proposal. and recommended creation of the 
167 square kilometre Cascade Recreation Area. Subs?- 
quently. a mineral and placer no-staking reserve was estah- 
lished over the Recreation Area to prohihit l’urther mineral 
exploration and mine development, including exploration 
on existing lmineral claims. It is anticipated that the Recrc+ 
tion Area will he re-opened to minrml exploration. follow 
ing completion of this f~verll~nent~sponjored miner,al 
potential study as required under Section IY of the Mirler~~ 
7eMre /kr. 

REGIONAL SETTING AND 
PREVIOUS WORK 

The Cascade Rccrcntion Area is situated in the northern 
Csscadr belt bcfwecn the Coast plutonic ~:r,mplen to the 
west and the lntermontane Belt to the cast. It is underluil, 
primarily by the Methow basin. a fault-bounded. northwxt. 
trending sequrncc of Lower ,Jurassic to Upper Cretaceoui 
sedimentary and volcanic rocks (Jelctzky and Tipper. 196,X: 
Gates. 1974) that records the progressive evotution ot 1 
back-xc to nonmarine basin t Davis pr <I/.. 1978: Andersorl, 
1976; Ray, IYYO). Methow basin stratigraphy can hc corl’e- 
lated with the Tyaughton trough in the Chilcotin Mountains 
(Jelctzky and Tipper, 196X; Kleinspehn, 1985) and with 
other Mesozoic sedimentary-~/olcanic succasions along the 
Coast-lntermontnne boundary. 

The Methow basin is bounded on the west by the Ho:r:f- 
meen fault. which separates the basin from the Paleozoic to 
Jurassic Hozameen complex of the Bridge River Taran\:, 
and on the east by the Pasaytrn fault which :;epanrtes it from 
the Cretaceous Eagle pluton~c complex of Quesneltia Ter- 
ram (Monger (‘f rrl.. 1982: Monger. IYgY: Greig, 19X3; 
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McCmdrr and Millrr. 1989: Figure l-S-2). Oligocme to 
Miocene volcanic rocks of the Coquihalla Formation uncon- 
formably overlie the Methow basin and Eagle plutonic 
complex along thr northern margin of the Recreation Area 
(Baman and Armstrong. IYXO). A thin wedge of Eocene 
elastic rocks ovrrlics the Eagle plutonic complex in places 
alor~g the Pasayten f&It. Tertiary plutons. dikes and sills 
intrude most rock types in the region. 

The central part of the Methow basin is occupied by the 
northwest~trending Chuwanten fault. along which Middle to 
Lower lurassic Dewdnry Creek Formation i\ thrust eat- 
wards onto Early to early Late Crrt;~ccous Jackass Mounrain 
and Pasayten groups (Coatcs, 1974: O’Brien, 19x6). Late 
Cretnccous to Early Tertiary transcurrent movement along 
the Fraser River-Straight Creek fault system resulted in the 
development of a complex systrm of northeast-trending 
horsts, grohens and normal faults (Monger. 19X5). 

The earliest geological investigations were conducted by 
Lt. Palmer in 1x61 and G. M. Dnwson in IX77 along the 
Dewdney Trail (Cairnes, lY24). Ccologicnl mapping in the 
Recreation Area is limited to I :50 OOO-scale studies of 
Caimes (1924. 1944) along the north and west houndxy. 
and Coatrs (1074) and O’Brien (IYXh) along the south and 
southr:~st houndary. Monger (198’1) provides the most 
recent regional compilation at I :250 000 scale. Recent 
metallogenic srudirs hy Ray (1990) on geology and gold 
deposits of the Coquihalla gold belt and Hozameen f:tult 
system. by Meyers and Hubner (IYYO) at the Trcxure 
Mountain silver-lead-zinc deposit. and by Wilton and 
Pfrutrenreuter (I 991)) at the Giant Copper drposit, provide 
important mineral-potential analogue!;. 

Regional geochemical drainage-sediment data (Geologi- 
cal Survey of Canada Open File XGS; B.C. Regional Gco- 
chemical Survey 07). and Geological Survey of Canada 
regional xromagnctic survey data (Maps XS2YG. XS3OG. 
XS33G and X534(i) cover the study aca at reconnaismce 
SCillr\. 

S1’RATICRAPHY 
Pcmminn to Mioccnr rocks in the Cascade Rrcrcalion 

Area strike northwest. parallel to the axis of the Methow 
basin, and are divisible into five major units. Mapping in 
1990 (Figure l-S-3) concentrated on a IS square kilometre 
an west of the Chuwanten fault, primarily in Jurwic 
wilta. 

HOZAMEKN COMPLEX - UNIT PJH 
Thz Horameen complex is exposed adjacent to the south- 

westernmost part of the area. ~north ot the Sumallo River and 
west of the Hozamcen fault. The Horamecn complrx IS a 
tsctonically drformed. oceanic assemblage consisting 01 
chert. argillite, greenstone and minor limestone (McTaggart 
and Thompson; 1967; Monger, 1970) of Pcrminn to mid- 
Jurassic agr (Haugcrud. 1985). It represents a southern. 
faulted extension of the Bridge Rivcl- complex (Schiarizza 
of al.. IYXY), which together comprix the Bridge River 
Terrane (Potter, IYX6). 

LADNICK GROLW - UNITS JL, JO 
The Ladner Group rocks (Cairnes. 1944) of Early to 

Middle Juressic age are the oldest marine elastic sediments 
of the Mrthow bain. Ray (19X6) suggests II total thicknas 
of IS00 mctres for the group. L.adner sediments arc exposed 
in two porallcl, n[,rthwest-striking helts between the Hora~ 
meen fault on the west and Chuwanten fault ori the east. The 
belts are sepwued hy the Early to late Early Cretacew:~ 
Jackass Mountain Group (Monger. 19x9). 

The Ladner Group consists of :I lower, marine elastic 
xquencc (Unit JL) recording a period of tectonic quies- 
cence. and an upper. generall:y conformahlr sequence of 
coarser. volcanic-rich sedimcnlx breccia ancl minor flow 
rrpresrntcd hy the Dewdncy ICrerk Formation (Unit JD) 
which rrcord the onset of regional volcanic activity. Thi: 
lowr. undividrd sequence cornpriscs lower Pleinshachian 
to Ba,jocian argillite. siltstonc and suhordin:rte tuffaceous 
siltstone, wxkr and conglomerate (O‘Brien, 19X6: Kay, 
19Xh). It is cxposed along the east side of the Hozamern 
fault w,herc it underlies the w:st boundary c,f the Cascade 
Recreation Area near Mount Dewdney (Mon::er, IYXY) out& 
side the area mapped in 1990. 

DEWDNEY CHb;l?K FORMATION - L!NIT .ID 

The upper part of the Ladner Group is represented by the 
Toxcian to Bajocian Dewdnq Creek Formation (O’Brien, 
1986, Contes, 1974). In the Recreation Area, Dewdney 
Creek Formation dominates the east and wt’st hehs of the 
Ladncr Group (O’Brirn, 19%; Monger, IYXY). 

During 1990 fieldwork, over 2000 metrcs of Dewdnq 
strata west of the Chuwnnten fault, from Punchhowl Lake 
southeast to Tumbull Creek (Figure l-S-3). were examined 
These rocks are litholoyically diverse and include 
tuffaceous siltstones, sandstones and pebble :onglomeratcs. 
crystal and crystal-lithic luff. wgillite. coxsc volcanic cow 
glomerate, agglomerate and barrccia. intermzdiatc volcani<: 
Ilows, cue limestone, and calcweous \iltst~ne. Rocks an: 
thinly laminated to thickly bedded and are commonly w:II 
indurated and massive. Dark green to dark brown coloratiott 
dominates although there are Ioci\l pale hulr to greymhlxk 
color varimts. Argillites and pyriric ruffxrou5 unit,5 dls- 
play prominent rusty wcathcring. Graded Ibcdding, cross- 
bedding, hall-and-pillow, flame, and rip-up clast features 
were widely observed in finer frained stratn These features 
mostly indicated stratigraphic tops to the southwest. Defo- 
mation is manifest at the outcrop scalr ai kink bandin& 
chevron and open undulating folds, as well as larg,er 
southeast-plunging isoclinal folds. 

Much of the section is dominatrd hy altcmeting thinly 
laminated tuffaceous siltstone and argillite interheddcd with 
volcanic sandstone and pebble conglomtxrte. Plate I-ii- I 
shows a typical turbiditic D-E Bouma sequence (Walker. 
IYX4) I.5 kilometres southwsst of Punchbowl Lake. 

A massive volcanic-pebble conglomerate (Unit JDc), and 
a massivr andesitic hreccia and agglomerate with subordi- 
nate intermediate volcanic flows (Unit JDv) comprise Tao 
distinct mappable units. The pebble conglomerate is charac- 
tcrixd by resistant cliff-forming beds, SO to 100 mem:s 





predominantly sandstone. siltstone, minor conglomcrete and 
shale which underlies the eastcm part of the Methow basin. 
These rocks were not mapped during the 1Y90 field area. 

Oligocene to Miocene calcnlkalinr intermediate to acid 
pyroclastics. flows and intrusions unconformably overlie 
and crossc~f the Dewdney Creek Formation ;md the Pasay- 
ten Group ;dong the northern boundary of the Recreation 
Area. These rocks belong to the Cquihalla Formation 
(Monger. 19%)) and were rcccntly studied lnrar Coquihalla 
Mountain by Bcrman and Armstronp (IYXO), who cow 
eluded that the volcimics are coeval with the Pemherton 
volunic belt. 

INTRUSIVE ROCKS 

UNIT PMu 

Ultramafic rocks consisting of gehbro and serpentinitc. 
related to the Coquihalla serpentine belt (Ray, 19x6: 1990) 
are enposcd BS il narrow full-hounded sliver along the 
Hozmmeen fault norlh of the Sumallo River. Ghhro dikes 
and sills up to 3 metres wide and several metres long intrude 
the Dewdney Creek Formation in several locations. 

The Cretxeous Eagle plutonic complex undrrlics the 
northeastern pwt of the Recreation Arr;~ east of the Pasayren 
fault. Grcig (198X) mapped the complex fo the north snd 
recognixd three m;?ior units: il we\tem muscovitr granite 
and an eastern foliated to gneissic granodiorite. separated by 
a heterogeneous gnciss. Although these rocks were not 
examined, numerous glacial errafics derived from the cum- 
plcx were encountrrcd at elevations over 2000 metre5, 
indicating a minimum of IO kilomctres sourhwrsl-directed 
Ice transport. 

TERIIARY INTRUSIONS - UNWS MGD, MB 

Tertiary stocks, plugs. dikes and sills sre widespread 
through the rrgion. A Miocene granodiorite plug dated :lt 
X7 Ma (Coates in Wanless ff ul., 19671 intrudes the Hoza- 
meen fault. Hozameen complex. Ladner Group and ultw 
mefic rocks where the ftlult crosses Highway 1 in the 
southwestern comer of the Recreation Area. 

Near Punchbowl Lake, several aplite and diorite dikes 
invade Tertiary(?) brittle fults, and occzur as sills and dikes 
in Dewdney Creek strata. A granodioritc intrusion of 
unknown dimensions is exposed in lower Punchbowl Creek 
where it is associated with dissemirxlted pyrite und chal- 
copyrite minernlilation. 

South of Punchbowl Lake, and in Ihe headwrll above 
upper Turnhull Creek. sweral gahhro and dioritc dikes ;md 
sills intrude the Dewdnsy Creek Formation. Nwrow xvxs 

of hornfelsing ;ind pyritizarion occur locally xt the contact; 
with argillaceous sediments. 

GEOCHEMISTRY 
A drainage-sediment (moss-mat) and water geochemical 

survey was conducted over the entire Recreation Area, 
under contract to MPH Consulting Ltd. A tox:al of 74 stte!; 
were sampled, for a site densil:y of I per 2.3 square kilos- 
metres. Standard RGS collection and qudity-control 
methods were used. Sediment xxdyses for a wide range of 
elements, currently in progress, will he used tc guide furthe,: 
mineral-potential mapping and interpretation. 

MINERAL OCCURRENCES 
Five minerzd occurrences an: known in tl’le Recrtxtion 

Area and are hrielly dcscrihed below. Information on two 
previously undocumented occurrences will he added to 
MINFILE. 

ULIXAMAFIC-HOSI‘~:I) GOLD ANI) 
NICKHAEARING VIIINS: 

Forks (092HSWO40): Nickeliferous pyrrholite occurs in 
serpenrinite along the Horameen fault north of High- 
wny 3 in the southwest comer of the Rccrcation Area. 

SKARNS 

BB (Rainbow) (092HSWO42): Skam snd related vein min- 
eralizition occur idong the :ontact of a Miocene quxtr 
diorite and Hozamren grccnstone and limestone. Miw 
eralizzion consists of pyrite, arsenopyrite. sphalerite 
and minor chalcopyrite and galcna, with veriahle con- 
centrations of gold. silver, copper, zinc, lead and 
antimony. 

GRANITE AND PEGMATITE-HOSTED 
MOLYBDENUM AND TUNCGSTEN: 

Granite Scheelite (092HSEIOI): Quartz veins in Eagle 
grenodiorite and pegmatite reportedly contain molyh- 
dcnite lmd scheelite. 

MESOTHERMAI. VEINS: 

Punchbowl Claims: Southwest of Punchbowl Lake, quartz 
veins cnposed along the contacr hetu’een severid 
diorite dikes and fine-grained elastics of the Dewdney 
Creek Formation, contain ,veriahle amou~~ts of pyrite, 
galene, chalcopyrite snd sphalerite. Sewral trenches 
are located ncu the ridgeup southwest of Punchbowl 
Ldkc, in the area of most intense mintx~liufion and 
ankeritic alteration. In this mineralized aria, a 3.metre- 
wide diorite dike shows minor- right-lateral displace- 
mcnt along a splay of an east-trending felt. Cardinal 



(1986x b) and Kallock (19X7) report concentrations of 
770 ppm zinc, 720 ppm lead, II00 ppm arsenic and 
215 ppb gold in quartz veins from the occurrence. The 
occurrence was mapped and sampled in detail during 
1990, and geochemical analyses are m pmgrcss. 

Punchbowl Creek: Approximately I kilometre north of 
Punchbowl Lake. a poorly exposed hornblende diorite 
plug intrudes Dewdney Creek Formation argillite and 
tuffaceous siltstone I” a deeply incised part 01 
Punchbowl Creek. Pyrite and chalcopyritc occur in 
quartz veins and as disseminations and streaks along 
cleavage and fracture plants. Mineralization is 
exposed intermittently over a length of IO0 metres 
along the creek. Several minrralirrd samples were 
collected to dctennine the trace element content. The 
areal extent of the intrusiw rocks and their possible 
relationship to the nearby Chuwanten fault will he 
further examined during the 1991 field season. 

SUMMARY: MINERAL POTENTIAL 
The Cascade Recreation Area encompasses a thick suc- 

cession of marine and nonmarinc sedimentary and vol. 
caniclastic rocks. These rocks record Early Jurassic to Late 
Cretaceous progressive restriction and infill of the Methow 
basin. The margins of the basin are delineated by the Hozn- 
meen fault on the west, which separates the basin from the 
Bridge River Terrane, and by the Pasayten fault on the cast, 
against which Eagle plutonic complex rocks are juxtaposed. 
Accretionary tectonics have produced a system of major 
northwest-trending faults and Tertiary transtensional fwlts 
and associated intrusions. The varied dcpositional settings 
and complex structural history have created a variety of 
mrtallogenic environments. 

The Chuwanten fault trends northwest through the area to 
Treasure Mountain and the Summit Camp. where it has 
provided the locus for intrusive and hydrothemxtl activity 
giving rise to numerous silver-lead-zinc vein deposits. Pre- 
liminary investigation of the Punchbowl Creek occurrences 
provides evidence that similar metallogenic environments 
may exist in the Cascade Recreation Area. Additional field- 
work will be carried out in this area in 1991. 

In the southwest comer of the Recreation Area, a variety 
of base and precious metal skarn and vein deposits occur in 
a complex geological setting. A Miocene granodiorite has 
intruded the Hozameen fault xme. Hozameen greenstone 
and limestone, Ladner sediments, and ultwmafic rocks. 
Mineralization in this area contains copper, zinc, gold. sil- 
vu, tungsten, nickel, arsenic and antimony. The occurrences 
will be examined in the 1991 field season and tlte potenttal 
for discovering similar additional mineralization will be 
assessed. 

The Eagle plutonic complex is cxposrd in a belt I to 
4 kilometres wide along the eastern side of the Rccrratton 
Area. Recent mapping of the complex to the north indicates 
that the dominant rock types along its western margin are 
muscovite granite, monzonite and pegmatite. Molybdenum 
and tungsten prospects are recognized to the north in these 
rocks, and therefore potential also exists for discovery of 
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these commodities in the Recreation Area. There is largely 
untested potential for tin, tlourinr and rare-earth elements 111 
these rocks. Heavy-mineral drainage-sediment samples will 
be collected during the 199 I field program to further test 
these possibilities. 
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STRATIGRAPHY OF MESOZOIC ROCKS EAST OF PEMBERTON, 
BRITISH COLUMBIA, AND THE SETTING OF 

MINERAL SHOWINGS (92J/2, 7, 10) 

By J.M. Riddell 
University of Montana 

Triassic rocks, probably of the Cadwallader Group, lie (cm 
the east, Creraceous Fire Lake Group rtrk> to the west 
(Riddell, 1990). The goals of this project for the 1990 field 
season were to trace the f;wll to the north through the 
pendant, to improve the map coverage east of the fault and. 
to expand the map area to the north to compare the strarigra-~ 
phy in the Lillooet Lake area to that near Tenquille Lake 

The major thrust fault can be traced thrc’ufh the Owl 
Creek valley, and probably extends through the topographic 
notch east of Mount Pauline (Figures l-6-2 and 3). 

The Triassic rocks throughcut the cxpandcd map arex 
gener;~lly comprise a lower unit of massive bxilltic and 
andesitic tlows (Trl) and unsorted lithic tuffs (Tr?). overlain 
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by a section of well-bedded ruffaccous and sedimentary 
rocks (Tr3). In some localities, a thin section of predomi- 
nantly sedimentary rocks (Tr4) overlies Unit Tr3. 

In the Tenquille Lake area. a relatively thin section of 
volcanic and sedimentary rocks sits unconformably on top 
of the rocks of the Triassic sequence. This section does not 
resemble rocks of the Cadwallader Group. and prohahly 
reprrsents a younger overlap assemblage. If the age of this 
section can he determined, it will provide an upper- con- 
straint on the timing of accretion of the Triassic section. 

TRIASSIC STRATIGRAPHY 
CORRKLATION WITH THE CADWALLADKR 
GROUP 

Triassic rocks in the Pemberton belt have heen mapped as 
Cadwallader Group (Cairncs. 1’125; Roddick and 
Hutch&on, 1973: Woodsworth, 1977). The validity of this 
correlation is still a matter of discussion. My observations in 
the Pemberton belt, especially in the Mount Berhour area 
south of Tenquille Creek. support the correlation of these 

rocks w,irh the Cadwalladcr section described by Rusmore 
(1985) in the Eldorado Creek area near Gold Bridge. There 
are, however, some significant difference\ betwrcn the two 
section\. Figure l-h-4 compares the major srratigraphic 
components of the two sections. The important similarities 
hctween the sectian are: 

l A basal. massive, submarine mefic volcanic unit (the 
Pioneer Formation of the Cadwallader Group). Com- 
par&on of nujor and trace element analyses of mafic 
rocks from the Pemberton belt with those from Rus- 
more‘s study area shows that their chemical sign;wrrs 
are similar, and thev could have formed within the 
same island arc (Schick, 1990). 

l A transitional unit of mixed volcanic. volcaniclasfic. 
and sedimentary rocks. Distinctive features common to 
the two sections include limesrone beds containing 
Late Triassic microfossils and bivalve macrofossils 
(Woodsworth, 1977). felsic luffs, a distinctive cow 
glomeratr with limestone clasts, and limestone 
hreccias 

Figure l-6-4. Composite Triassic sections from the Gold Bridge and Pernbcrton arcas: 
Gold Bridge section from Rusmore (IYXS). 



. A predominantly sedimentary unit at the top of the 
section (the Hurley Formation of the Cadwallader 
Group). 

The most convincing evidence that the two sections are 
correlative lies in the striking similarities between Rus- 
more’s “transitional unit” and the mixed bedded sequence 
(Tr?) of the Pemberton belt Triassic section. Most of 
Caimes (I 937) observations of the Pioneer Formation in 
the Cadwalladcr valley near Bralornt: accurately describe 
Units Trl and Tr2 of the Pemherton belt Triassic section. 
The two sections differ most significantly in that the Pem- 
herton Section contains a much greater volume of vol. 
caniclastic rock, and a much smaller volume of purely 
sedimentary material than the Gold Bridge section. Also, 
the hasal wlcanic unit near Gold Bridge is dominantly 
basaltic and amygdaloidal. and often pillowed, whereas in 
the basal unit of the Pemherton Triassic section, andesite is 
dominant over basalt by volume, it is rarely Imlygdaloidal, 
and pillowed tlows are absent. In the Pemberton section, 
isolated car-sized limestone pods are commonly found 
“floating” in the basal volcanic pile. Such pods are absent 
in the type Cadwallader section, and are more suggestive of 
stratigraphy in the Bridge River complex than of the Cad- 
wallader Group. 

THE PEMHERTON TRIASSIC COMPOSITE 
%X3X~N 

The Pcmherton Triassic section comprises four distinct 
mappable units (SL’E Figure l-6-4) but the idealized com- 
posite section is not preserved intact anywhere in the map 
area. There is wide variation with respect to both the inter- 
nal stratigraphy of the units, and spatial relationships 
berwcen them. For further discussion of this variation, the 
reader is referred tu Riddcll (IOYI). 

The lowermost. mafic volcanic unit is well exposed on 
the Lill property at the north end of Lillooet Lake. on the 
cilst side of the Owl Creek valley, below the 200%metrr 
clc~afion on Mount McLeod and Copper Mound. and in rhe 
bluffs of Finch Ridge a’est of the Grizzly Pass fault zone. 
This unit is characterized by massive, dark green basaltic 
andesitc and lesser basalt tlows, with common feldspar- 
porphyriric phases and abundant epidote clots and veinlets. 
Pymclastic hrrccias with clasts 1 ccntimcwes and smi~ller 
arc common. Limestone pods 2 to i0 metres across arc also 
present. and they are especially abundant in the Mount 
McLeod area. The massive nature of this unit makes it 
difficult to estimate its thickness. Al Copper Mound. where 
the section is flat lying, if appears to he about 10110 metres 
thick. A belt of felsic rocks sits within this massive unit in 
the Goat Peak and Grouty Peak areas. 

Owl Creek valley, and on the eastern flank of Sungod 
Mountain. Rocks in this unit are all rich in feldspar crystal 
fragments in the matrix. The fine and&tic l~uffs are dark 
green on the fresh surface; the c:rysral, lapilli ad lithic tuff!i 
are pale green, and weather pale green or white. Clasts an! 
subangular and are normally ?m to 4 centimetrrs across or 
smaller, hut locally clats twice this size arc present. 
And&tic and felsic volcanic fragnenrs are the most com- 
mon clast types in the lithic tuffs. Pale greer: chcrt, diorit’: 
and basalt clasts were found locally. Textures are hat dis- 
played on weathered surfaces~ The lithic and lapilli tuffS 
rend m support a rusty coloured lichen that gives #he rock a 
distinctive appearance in outcrop. 

The transition from massive lirhic luffs to well-bedded 
tuffs (without compositional change) marks the base of Unil 
Tr3. It is hest exposed on the Mount Barbour ridge. or 
Bastion Peak and on Rampart Mountain. It camprises white 
and rusty weathering lithic and lapilli tuffs, macrofosvl~ 
hearing grcy limestone beds, conglomerate. calcarew~:; 
wackes rich in feldspar, grey >ilfs!one and black shale, fine- 
gained felsic tuffs with chat) tops, limestone hreccias, and 
mafic to intermediate tlows. An outcrop ot the distinctiw: 
limestone-clat ‘Cadwellader‘ conglomerate described ‘J:+ 
Cairnrs (1937) and Rusmore (IYXS) has heal mappcri 
northeat of Mount McLeod by M. Journeay (oral corn- 
munication, 1990). A deep maroon and green basaltic brc- 
cia with vesictdar clasts is associated wit11 this section at 
Mount Barhour and Rampart Mountain. 

Predominantly sedimentary srqvences are quite rare in 
the Pemberton Triassic section. Shales, i,iltstoncs, sari+ 
stones and conglomerates are present. hut in almost all 
localities they are intennixcd with tuffacsous sediments. 
tuffs. and flows, and are included in Unit Tr3. Exceptiwls 
are at the top of the Mount Barhour Triassic section. and on 
the eastern end of the ridge east of Grizzly Pass. Theie 
rocks are dominantly feldspar-rich, volcaniclastic sea- 
mmts. Clasts of the underlying rock types are easily recap 
nizcd. The sequence contniiw multiple, raprd fining-upward 
sequences from cobble con~lomewte to hlnck shale. W~h.tc 
cherty beds are common. 

POST-TRIASSIC(?) VOLCANIC AND 
SEDIMENTARY SECTION (?JI<) 

Southeast of Tenquille L.ake, a relatively thin section ot. 
volcanic and sedimentary rocks sits umxlformahly or, the 
Triassic sequence (Figure l-6-2). This section does lot 
resemble any known Cadwellader stratigraphy. It is well 
exposed in the area surrounding Cerulean Lake, and small 
outlien are preserved at the very top of Copper Mound and 
on the northern flank of Goat Peak. The knvest cxtx>xd 

A thick sequence of unhcdded lithic, lapilli and feldspar- rocks in this section are nxtuve and green and&tic iwto- 
crystal tuffs and fine andesiric tufl’s lies above Unit Trl. It is hreccia, with beige feldspar and hornhlcnde-phyric flows, 
well exposed on the mountain above the Lill property, on and mauve and green lapilli and feldspar-crystal tuffs. These 
the flank of the ridge west of Lilloort Lake, in the eastern rocks arc remarkably similar in appearance to the :auto- 
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breccia unit of the Cretaceous Brokenback Hill Formation 
mapped in the Lillooet Lake pendant (Riddell, 1990), but 
the bounding stratigraphy is different. About I00 metres of 
sedimentary rock overlies the volcanic pile. Its base is a 
boulder conglomerate and it grades smoothly, apparently 
through only one major cycle, through cobble. pebble and 
granule conglomerate, into quartz and feldspar-rich cal- 
carcoos sandstone, grey siltstone and black shale. One third 
to one half of the clasts in the conglomerate are fresh 
hornblende granodiorite, quartz diorite and granite. Their 
source is unknown. Remaining clasts tend to be representa- 
tive of the local underlying rocks. Clasts of feldspar-phyric 
andesitic volcanics, argillite, green aphanitic volcanics and 
mafic volcanics are common, chert pebbles, gneissic gra- 
nitoids and pyroxene granitoid clasts appear locally. Thin 
crossbedded magnetite-rich sandstone beds are present 
within the conglomerate in a few places. North of Cerulean 
Lake these beds are several centimetres thick (P. Newman, 
oral communication, 1990). A granodiorite boulder from the 
conglomerate has been sampled for radiometric dating. 

CRETACEOUS STRATIGRAPHY (K) 
Cretaceous stratigraphy west of the Owl Creek fault is not 

well exposed within the map area north of Pemberton; much 
of the area is underlain by quartz diorites and granodiorites 
of the Coast plutonic complex. The mawe and green vol- 
canic breccia of the Brokenback Hill Formation can be 
traced northwest to the Mount Fraser ridge system. Volcanic 
wackes, siltstones and shale, probably of the Peninsula 
Formation, underlie the breccia. 

TERTIARY VOLCANICS (T) 
Chipmunk Mountain, just north of Tenquille Mountain, is 

a Tertiary volcanic centre. Dikes and small isolated outcrops 
of related basalt flows, volcanic breccias and rhyolite are 
found throughout the map area. These rocks have distinc- 
tive, drab brown and beige colours, and outcrops arc often 
crumbly or flaggy. The basaltic rocks commonly contain 
euhedral biotite crystals up to 5 millimetres across. Basalt is 
the most dominant clast type in the breccias, and they also 
contain biotite crystals and clear, anhedral quartz eyes. 

INTRUSIVE ROCKS 
Diorites are associated with volcanic rocks of Units Trl 

and Tr2 on Tenquille Mountain and southeast of Bastion 
Peak. These rocks show mutually crosscutting relationships 
with the volcanic rocks and so appear to be coeval. The 
diorites arc characteristically altered or contaminated near 
the contacts with the Triassic rocks. Some appear to grade 
into tuffaceous rocks of Unit Tr2, and in some places it is 
difficult to distinguish contaminated diorites from feldspar- 
crystal tuffs.Large bodies of granodiorite and quartz diorite 
of the Cretaceous Coast plutonic complex are exposed 
within the map area. 

STRUCTURE 
The major fault that cuts the Lillooet Lake pendant con- 

tinues to the northwest through the Owl Creek valley (Fig- 
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ore l-6-3). Near Lillooet Lake, Cretaceous rocks of the Fire 
Lake Group (equivalent to the Gambia Group), are gently 
deformed, probably by the east-side-up movement on the 
fault (Riddell, 1990), into broad, open folds with gently 
plunging, north-northwest-trending fold axes that pzdrallel 
the fault trace. East of the fault, the Triassic outcrops show a 
moderate to intense north-northwest-trending penetrative 
shear foliation, parallel or subparallel to bedding, indicating 
that the rocks have suffered high shear stress. This defonna- 
tion is not apparent in the rocks east of the fault in the 
Tenquille Lake area. There, the Triassic rocks and the over- 
lying post-Triassic(?) rocks are gently folded into a broad 
anticline with a gentle southeast-plunging axis that lies just 
east of Mount McLeod (Figure l-6-3). Only one axial 
planar cleavage is present, so it appears that the Triassic 
rocks and the post-Triassic(?) section were deformed 
together by one event some time during or after deposition 
of Unit ?JK. 

Part of a large shear zone is exposed in a new road on the 
Lill property, along the shoreline at the mouth of the 
Lillooet River. The and&es and andesite breccias are 
intensely silicified and bleached to a pale silver-grey colour, 
and massive and disseminated pyrite is abundant. This is 
probably a continuation of an east-side-up thrust fault thilt 
lies along strike to the south, on the western shore at the 
bend in Lillooet Lake. This structure continues across the 
lake farther to the south (Journeay, 1990) and appears to be 
an important regional feature. It may be related to the 
Grizzly Pass shear zone. Alternatively, it may continue 
north through the valley of the Birkenhead River (Figure 
I-6-3). 

STRATIGRAPHIC SETTING OF 
MINERAL SHOWINGS 

Most of the mineral exploration that was done in the 
Pemberton area in the late 1’890s and the 19305 was focused 
on the magnetite-garnet-epidote skams that are commonly 

Figure l-6-5. Locations of mineral showings within the Pem- 
henon Triassic section. See text for details. Symbols as per Figure 
l-f-2. 



associated with limestone pods in Unit Trl. A summary of 
the early exploration history of the xrea is provided by 
Caimes (1925). In recent years attention has turned to vol- 
canogenic massive sulphide deposit models. Fevourable 
features such as a thick submarine volcanic pile with it 
history of explosive activity and the presence of felsic 
volcanic and exhalitive rock types ax found within the 
stratigraphy of both the Fire Lake Group (Lynch, 1990), and 
the Cadwalleder Group. Historically, the Tenquille Lake 
area has received most of the attention from prospectors. 
while the southern part of the Lillooet Lake pendant has 
been ignored. This may be due to the more difficult terrain 
in the Lillooet Lake area; below tree-line outcrop is scarce, 
and much of the alpine outcrop is too precipitous to walk 
on. Another factor is that Unit Trl does not outcrop south of 
Ure Creek, and the area is therefore not prospective for 
skams. The remainder of the Triassic section is present, 
however, so there is potential for a volcanogenic massive 
sulphide occurrence in the Lillooet Lake pendant. 

During the 1990 field season, I visited the mineral show- 
ings and properties shown on Figure l-6-1. Figure I-h-5 
illustrates how they fit into the Pemberton belt stratigraphy. 
The following comments pertain to the general geology snd 
stratigraphic setting of the showings. Caimes (1925) visited 
localities I to 6 and other Pemberton area showings during 
September of 1924. His reports are detailed and complete, 
and I will not add to them here. 

The Railroad property covers a large rusty zone that 
extends over most of the southwest flank of Grouty Peek, at 
the north end of a zone of felsic volcanic rocks that sits 
within andesires and tuffs of Units Trl and Tr2. This zone 
stretches from Grouty Peak through Goat Peak and Ten- 
quille Mountain to Grizzly Pass. The property is underlain 
by massive and&e flows and tuffs with abundant coeval 
quartz feldspar porphyry dikes and rhyolite flows. Mutually 
crosscutting relationships between quartz feldspar porph- 
yria, and dacitic and and&tic feldspar porphyry dikes are 
abundant. as are breccias with mixed felsic and intermediate 
volcanic clasts. The rocks on this property arc intensely to 
moderately sllalxd, and disseminated pyrite is ubiquitous. 
Quartxericite schists are common: most shear foliations 
strike north-northwest and dip gently to very steeply to the 
northeast. 

MOUNT BAHBOUR 
A new showing, mapped by McLaren (I 9X9), is hosted 

by Unit Tr3, ad,jacent to an icefield in the cirque on the north 
side of the peak of Mount Barbour. The showing is a pod of 
massive, banded pyrrhotite within a conspicuous northwest- 
striking rusty sex that wts through the ridges east and west 
of the snowfield. The hostrocks are well-bedded felsic tuffs 
with cherty tops. The stratigraphy dips moderately to the 
northeast, and the associated rocks are well-bedded lithic 
tuffs and feldspar-rich wackes with pyritic quartz-sericite 
schists. Just south of the showing, a deep maroon and green 
basalt breccia outcrops on the peak of Mount Barbour. It is 

unclear how this breccia fits in with the Unit Tr3 stratigra- 
phy, or if it is related to the showing. 

AVALANCHE PROPERTY 
The Avalanche property covers a wide, rusty alteration 

zone eilst of Tenquille Mountain. The rocks on the property 
are defoormed by a complex !iet of anastamosing north- 
nonhwest-striking shears associated with a fault that passe>, 
through Grizzly Pass. The shear zone is bounded to the: 
southwest by competent, unshared massive basaltic 
andesite of Unit Trl, and to the north by overlapping Terti.. 
ary basalt breccias. Rocks within the shear zone are banded 
pamllel to the strike of the fault. and individual bands can be 
traced along strike for hundreds of metres. ‘The sequence 
includes rhyolite flows, lithic and lapilli tuffs, rusty quartr- 
muxovite schists, bluish grew chloritic tuffs and aplite 
with rhodonite specks. Large quartz grains or quartz grain 
clusters are present in all outcrops. Dark green chloriti,: 
flows with blue quartz eyes (outcrop along the northeast 
edge of the shear done. A thick ferrocrete deposit about 150 
mews wide has formed around a rusty seep that is fed by B 
creek that drains the saddle at the top of the pass. 

CERULUN LAKE 
A pod of massive pyrrhotite about 3 metre:s thick and 30 

metros long lies along the contact zone between massive 
andesite flows (Trl) and the Late Cretaceow Spetch Creek 
pluton, on the creek that flows into the southwest end 01 
Cerulean Lake. It is surrounde~d by a large rutty done on the 
west bank above the creek. Mineralized boulders have con-~ 
spicuous black and iridescenl manganese oxide coatings 

TEXAS SHOWING 
The Texas showing on the Birkenhead Lake road is xt 

iron-copper-gold skarn within quartz-bearing calcareou,~ 
and&tic lapilli tuff of the Unit Tr2. Banded and dissemi- 
nated pyrite, chalcopyrite and malachite are associated with 
garnet-diopside calcsilicate rocks. No limestmanes were sew. 
The skam mineralization may have formed by a reacti’ 
between the limy tuffs and a quartz feldspnr porphyry dikz 
that is exposed on the south <end of the properly. 

RAMPART MOUNTAIN 
A large, intensely rusty zone is associated with a deep 

maroon and green basalt breccia on Rampart Mountain, 
near where the breccia lies unconformably #on top of mixed 
luffs and sediments of Llnit Tr3. Quartz-bearing brecci;u 
and f&c porphyries within the maroon and green rocks are 
strongly pyritized. The rocks all show strong to intenx 
north-northwest shear foliation. Pyritic quartz-&cite scb- 
ists are abundant. 
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KINEMATIC ANALYSIS AND TIMING OF STRUCTURES IN THE BRIDG~E: 
RIVER COMPLEX AND OVERLYING CRETACEOUS SEDIMENTARY ROCKS., 

CINNABAR CREEK AREA, SOUTHWESTERN BRITISH COLUMBIA* 
(925/15) 

By John I. Garver 
Union College 

INTRODUCTION 

(I:10 000; Figure l-7-2) and kinematic analysis of the 
structures in this area was undertaken to hetbx undcrstnnd 
Ihe structural setting of the blueschists. Thi,; recent effort 
was largely concentrated in the imhricated rocks of thsz 
Bridge River complex. which are exposed east of the CastI’: 
Pass fault and south of the unconformably overlying sedi- 
mentary sequence, and it follows earlier I :20 000 mapping 
(Figure l-7-2). The Castle Pas fault. which separates the 
different lithologic units of the Bridge River complex, was 
originally interpreted as a drhtral strike-slip faull in the 
Castle Pass area some 10 kilometrcs along strike to the 
northwest (Glovcr (2, ol., IYXXa and h: Schiarizza cr al.. 
IYXYa and h). Recent mapping. however, suggests that 

althouph a late history of dextral strike-slip faulting may b’e 
recorded along parts of the CaltIe Pass fault this fault (and 
the Tyaughton Creek &ult tc~ the east) ha:< a hislory of 
sinistral frans~ressional deformation (Schiariua rr al.. 

IYX’k. h. and c: ~~arver. IOXY). Detailed mapping I9YO). ’ 
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Figure l-7-2. Simplified geologic map of the study area. Note that detailed mapping (I: IO 000) was concentrated in the southern 
part of this area, east of the Castle Pass fault; the detail here is much better than elsewhere on the map sheet. The end of the Pearson 
Creek road, which begins near Tyaughton Lake, is shown on the southern part of Ihe map. This four-wheel-drive road provides 
convenient access to the study area: camp sites are present at the end of the road. The Bridge River complex, which is unshaded, 
contains the following lithologies in this area: pg - prehnite-pumpyellite-grade pillowed greenstone; mc - highly deformed metacbert; 
bs blueschist: gsjbs - rocks the contain both green and blue schistose metamorphic rocks, both of which have blueschist-facies 
metamorphic minerals: mx - a mixed zone of lithologies that are similar to all lithologies in the Bridge River complex east of the 
Castle Pass fault; gst - massive greenstone without blueschist facies minerals: ~1st -elastic rocks, which occur east of the Castle Pass 
fault. These cl&c rocks include black argillite, chat and volcanic-lithic rands!one and conglomerates, and minor interbedded then. 
Other units include: KTi -a small stock that may be related to the Eldorado pluton to the north; IKtc- middle to upper Albian Taylor 
Creek Group: IuKsc - Albian to Cenomanian Silverquick conglomerate: Qal -thick deposits of Quaternary alluvium. Numbers refer 
to dated rocks as follows: (I) white mica in blueschist gives 24427 Ma (K-Ar, Carver era,., 1YXYb). 217?5 Ma (Rb-Sr, Garverera,., 
19XYb). 218.l-tl.2 Ma (Arlhr. Archibald cf al., 1989): (2) blueschist from several outcrops give lY5t6, 2221-8, and 250?9 Ma 
(wholerock, Garver et al.. 1989b: an ArlAr sample from this locality is in progress, Archibald, personal communication, 1990); (3j 
conodoots from limestone interbedded with pillowed greenslone are early Norian (Upper Triassic - P. Schiarirra, unpublished da): 
(4) conodonts from bedded chat give a Triassic age (P. Schiarirza, unpublished data): (5) middle to upper Albian (Lower Cretaccous) 
ammonites from the Taylor Creek Group (Gawer, 1989); (6) Albian to Cenomanian flora from the Silverquick conglomerate (SW 
Carver, 1989). 



ln addition to the intrinsic scientific value of the hlue- 
schists, this area is also important in a regional sense 
because the rocks are well dared and therefore the timing of 
structural development is f;lirly well constrained. This pro- 
ject is an outgrwvth of mapping done during the author’s 
Ph.D. research (which focused on the mid-Crctaceous hain 
development in this area), which wits conductrd. in part, 
with the M.D.A..sponsored Taseko--Bridge River map- 
ping prqject (Figure 1-7-I; .wc also Glover and Schiarirze, 
19X7; Glover <if ul., 19X7, I9XXa, h; Umhoefer cf nl.. IYXR: 
Schiarizza cf ill., 198Ya, IYXYh, 1990: Garvcr PI ul.. IYXYa. 
b, cl. 

The structures and their timing beer on the tectonic evolu- 
[ion of the Bride? River and Cadwallader terranes in the 
immediate arca as well as the lntamontane Superterranr to 
the cast and the Insular Suprrtcrrane to the west. This 
structural information also has a bearing on mineral enplor- 
ation in the area because the rarlicr structures (kw 100 10 
80 Ma) outlined in this report are broadly coeval with the 
Bralorne fault system which hosts well-known mesothermal 
gold deposits about 20 kilometres to the south: thrusts in the 
North Cinnabar Creek area arc probably a higblevrl 
expression uf the same contractional went. These contrac- 
tional structures are cut by a younger dextral fault system 
that may have experienced several episodes of movement 
and mineralization. In this area, these brittle high-angle 
faults host fairly common polymetallic vein mineralization 
(Minto mine, located on the Castle Pass fault to the south- 
east of the study area Schiarizza cf ul., IYYO) and mercury 
mineralization. 

LITHOLOGY 
The rocks in the study aria belong to two principal units 

that are cut by intrusive rocks: upper Paleozoic to lower 
Mesozoic rocks of the Bridge River complex, an oceanic 
assemblage that includes various imhricated panels of chert, 
greenstone, elastic rocks, serpentinite and, notably. blue- 
schist; and a mid-Cretaceous sedimentary package that 
unconformably overlies the deformed Bridge River com- 
plex. This sequence includes the middle to upper Albian 
Taylor Creek Group and the Albian to Crnomanian Silver- 
quick conglomerate (informal: Carver. 19x9). Quartz diorite 
to granodiorite of the Eldorado pluton and related stocks, 
which arc exposed immediately north and west of the map 
area. intrude both the Bridge River complex and the overly- 
ing Cretaceous strata (Figure 1-7-l 1. The Eldorado pluton 
has a satellite stock (the Robson stock) with a K-Ar age of 
63.752.2 Ma on biotite (Lritch er al., 1989); this is taken as 
the age of the Eldorado pluton. Details concerning the 
different lithologic units in this area can be found in Carver 
EC al. (I 989a): Garver (1989): and Schiarizza ef ul. (I 989a) 

STRUCTURALGEOLOGY 
Our understanding of the structural development in the 

Bridge River Taseko area has been been greatly enhanced 
by MDA-sponsored mapping and thesis research. Recent 
detailed mapping in the Shulaps Range, slightly to the east 
of this study area, has revealed some of the intricacies of 

this deformation. In essence. five defomutional evrnts are 
recognized: (I) lower Mesoz.oic blueschist deformation 
(Gwver CI al., 19X9 a, b): (2) \OUthwest-Veri:ent thrusting, 
which is best displayed in the Shulaps Range and slightly 
younger thrusts and reverse faults with the >ame vergencc 
(Calon et ul., IYYO: Schiarizza er al.. lYX9a. I990), both c,f 
which were probably contemporaneous with the deposition 
of a mid-Crctaceous synorogcnic elastic wedge (Garver, 
1989): (3) northeast-vergcnt thrusts and folds that probabl,y 
immediately postdate the earlier thrusting (Schiarirra rf al,, 
1989: Garvcr CI ul., IYXY; Garver, IYXY): (41 northwest- 
striking dextr;tl strike-slip fwlting and extension with sig- 
nificant movement on the Yalekom. Relay Creek and Mis- 
sion Ridge faults during the Eocene (Clover cf ol., 19X8,:1 
and h, Schiarizza of (I/.. 19X’&: 1990: Umhocfer, 1981); 
Coleman, 1989); and (5) north-striking dexl:ral strike-slil, 
faulting that is probably synthetic with the Fraser fault 
(Schiarizn (‘f nl., 1990; Coleman 19x9: Umhocfer, 1089: 
Coleman and Parrish, 1990). The North Cinnabar Creek 
area is important because it contains well-dated rocks ;md 
because structures related to the blueschist deformation. the 
northcast-vergent thrusting, and the strike-slip faulting arc 
pnrticularly well displayed. Indeed, this area is the one of 
the few areas in the region whtere northeast-vergent thrust- 
ing can be documented. 

Specifically, the area contains internally imbricated 
panels of rocks within the Bridge River complex that an: 
unconformably overlain hy ovcrtumed rocks of the Albino 
Taylor Creek Group (Figure l-7-2). The orientation and 
asymmetry of the overturned rocks and small-scale fold!; 
suggest that this phase of deformation wits caused by 
northeast-vergent thrusting. These thrust-related structures 
are cut by a late, brittle, northwest-trending dentrel fault 
system that is apparently plugged by the Eldorado pluton. 
but internally the pluton has not: been mapped in detail. The 
pluton is cut by faults along its eastern margin, Deformation 
older than the strike-slip fiultirlg and the nort~heast-vergent 
thrusting is present within the Bridge River complex but it:; 
nature cxmot be resolved. Pwunconformity defomwtion 
must have occurred, however, because the Taylor Creek. 
Group rests above different rock types of the Bridge Rive] 
complex. The sedimentology and pattern of basin infilling 
suggest that the Bridge River complex was thrust westwacl 
and internally imbricated during the sedimentation (Albiar: 

cb-ca I IO to 100 Ma; Carver, 1989). Older, poorly under- 
stood deformation is recorded in both uni1.s within the 
Bridge River complex. Notably, the blueschist experienced~ 
synkinematic deformation that was approximately contem- 
poraneous with its Permo-Triassic metamorphism. 

POST 64 MA STRIKIC-SLIP FAULTING 

Several of the main strands of the strike-slip faults in the 
study area can be mapped to the edge of the 64 Ma Eldorado 
pluton. These faults, which an: discussed in detail in the 
next section, do not extend into the pluton and are therefore 
presumed to predate it. Although there is certainly a signifi- 
cant rheological contrast between the pluton and the sur- 
rounding sediments, deflection of these laults seems 
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unlikely because significant or cumulatiw offxt within the 
Dash conglomerate of the Taylor Creek Group along the 
ewt edge of the pluton is not recognised (Figure 1-7-I: 
Carver ef ul., 1989). Recent examination of the central and 
eastern parts of the pluton suggests that the Castle Pass fault 
does not cut the pluton where the fault is prqjected through 
it. As discussed above, the Castle Pass fault is presumed to 
have an earlier history of sinistral oblique movement and 
parts of it had a later history of dextral strike-slip 
(Schiarizza er al., 1990). It also \uggests that the ei,stem 
edge of the pluton is faulted. These faults are north-striking, 
moderately dipping and have horizontal slickenside linea- 
tions and down-dip lineations. The nature of this young 
deformation is incompletely studied but it may have 
developed at the same time as the north-striking Frasrr fault 
system to the east. or the northwest-striking Yalakom fault 
which has Eocene movement. The Fraser fault system, some 
30 kilomrtres to the east, characterized by north-trending 
dentral strike-slip faulting. moved between 46.5 and 35 Ma. 
according to recent work by Coleman and Parrish (1990). 
The Yalakom fault is known to have had Eocene movement 
in this area that was largely transtensional in nature 
(Schiarizza cf ul., I YXYa: Umhoefer, 1989; Schiarizra er ai.. 
1990; Coleman. 1989). These young episodes of faulting 

appear to be poorly developed, but they may explain some 
of the multiple episodes of movement recognized on these 
brittle fadts. 

PRE 64 MA DEXTRAL STRIKE-SLIP FAULTING 
The rocks in the map area are cut by numerous northwest- 

trending, high-angle faults that are interpreted to have dex- 

trill strike-slip movement as suggested by map-scale rela- 
tionships, small-scale structures and observed offsets. In the 
following discussion. only faults with known sense of 
mwemcnt arc considered. The offset or movement history 
was determined by: net displacement of piercing points: 
calcite/quartz fibrc mineral growth: or asymmetric fabrics in 
the faults themselves. Although none of these methods 
unequivocully gives net displacement. the results show a 
coherent pattern (Figure l-7-3). Reverse faults. normal 
faults and sinistral l”ults with known net displacement and, 
generally, only minor movement. are compatible with the 
stwin ellipse for dentral strike-slip faulting. Several small 
(mew scale) and medium-scale (tens of meres) faults have 
observable dextral displacement and, where exposed. near- 
horizontal slickenside striations (Plate l-7-l). although both 
vertical and horizontal striations are present on some faults: 
vertical slickensides record the latest movement, which may 
be significantly younger. iis discussed above. The average 
strike of f&Its with known dextrnl offset is 144” (Figure 
l-7-3). 

In addition to the dextral faults, many brittle faults indi- 
cate north-northeast to south-southwest contraction and 
nearly east to west extension. and are probably cogenetic 
with the strike-slip faults. Of all dip-slip faults observed. 
reverse displacements (indicating NNE-SSW contmction at 
02.5”.22.5”) are common: faults with normal displacement 
are rare. Small-scale (<l-2 m) antithetic sinistral faults with 
an nvrrage strike of about 055” are also common. but on a 
smaller scale, as shown in Plate l-7-2. Collectively, these 
late brittle faults with minor displacement fit a strain ellipse 
for dextral strike-slip faulting with an orientation of about 

Figure l-7-1. Small-scale sfrucfwes related to dcxtral strike-slip faulting. (A) Poles to faults with known displacement. These 
faults have metres to fens of mrtres OS known displacement. Most have slickensidcs that corroborate the inferred sense of movement. 
Great circles indicate the estimated average nf each data set. The strain ellipse for drxtral strike-slip faulting overlies the data. (H) 
f’oles to the crenulation cleavage in the blueschist. Asymmetry in the crenelations in both sets indicates reverse movement, Cantaur 
intervals are 2.2-~5.8%~, 5.X-9.3%, Y.1-12.Y%1. 12.9.16.4% and 16.4~20.0% per I% area. 





Plate l-7-1. Northwest-trending high-angle Saults with dcxtral offset. These particular brittle faults, 
with prominent nearly horizontal slickenside striations. are seen here cutting rocks of the Taylor Creek Group. 

345” (Figure l-7-3). These minor f&Its may have been 
produced during the later phases of movement on the Castle 
Pass fault in the western part of the map area (Figures I -7-l 
and 2) 

Plate 1-7-2. Northwest-striking, high-angle fault with 
gently plunging slickenside striations that is cut by very 
small scale northeast-striking sinistral faults. On this fault, 
the sinistral faults are clearly younger than the strike-slip 
fault but both are interpreted to have occurred in the same 
dexaal strike-slip fault regime. A while Hrumm compass is 
in the lower right of the photo for scale. 

Small-scale north-northeast to south-southwest contrac- 
tion is also indicated by a pronounced crenulation cleavage 
in the blueschist. The average strike of the cleavage is 
parallel to the average strike of the relatively common high- 
angle reverse faults in the area (Figure l-7-2); both are 
between 55’ and 60” from the orientation of the strike-slip 
faults, almost exactly what is predicted in a strain ellipse for 
dextral strike-slip faulting with a strike of 345” (Figure 
I-7.3b). Locally, the blueschist contains an earlier crenula- 

tion cleavage that is intersected by the late east-trending 
cleavage, which is dominant. The paucity of observations 
makes this earlier feature difficult to interpret. Although 
several faults with apparent normal separation and down- 
dip slickensides have been recognized, there is a dearth of 
extensional strttctures in the map area. The relative lack of 
extensional structttres and abundance of contractional strut- 
tures may suggest that this area was subject to transpressive 
dextral strike-slip faulting. 

As indicated above, this pervasive system of brittle fatlts 
appears not to cut the 64 Ma Eldorado pluton. The north- 
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striking l’aults that bound the eastern edge may be related to 
this movement, or may possibly indicate the latest episode 
of movement in a protracted event. The system of faults 
does cut folded and faulted rocks of the Taylor Creek Group 
and the overlying Silverquick conglomerate. The Taylor 
Creek Group contains middle to upper Albian fossils (circa 
105-97 Ma) and the Silverquick conglomerate is undated at 
this locality, but correlation suggests that it is upper Albian 
to Cenomenian (c,it-cu 100-91 Ma; Galver, 1989). There- 
fore the northwest-trending dextral faulting occurred 
between about 95 and 64 Ma, during, the Late Cretaceous. 

NORTHEAST-VERGENT FOLDING AND 
THRUSTING 

The recent mapping indicates that the North Cinnabar 
area comprises a system of northeast-vergent, imbricate 

thrust faults with a major (kilometrexcale) werturned fohl 
of mid-Cretiseous rocks in the footwall. The asymmetry of 
the fc,lds and kinematic indicators in the fault zones indicat’: 
that tectonic transport was to the northeast. 

FOLDED MID-CRETACEOUS STRATA 

A kilometre-scale, overturnt:d. and nearly isoclinal folJ 
occurs in Silverquick conglomerate, the Taylor Creek 
Group, and presumably in parts of the underlying Brid~z 
River complex. The overturned limb contains the unconfot- 
mable relationship with the Taylor Creek Group (Dash con- 
glomerate) resting abovc blueszhist and others rock types of 
the Bridge River complex (F’igure l-7-2). As discusses-l 
below. some fault zones in the Bridge River complex were 
probably produced during this northeast-vcrgrnt thrusting; 
however, any earlier structures must have been overtume~3 
or rotated some 150” from the horizontal during this foldins 
event. A plot of poles to bedding (Figure I-7.4b) shows 
both upright and overturned bedding attitudes in a relatively 
tight cluster, with a mean value of about 13IY130”. l’his 
asymmetric folding, therefore, has a horizontal fold axis 
with an orientation of 130” to 3 IO” with a vergence direction 
to the northeast (040”). Both the scale of this folding an3 
crosscutting relationships suggest that it was a discreet and 
earlier went from the younger strike-slip fatthing. The si:ale 
of the folding (a wavelength cd 5 kilometres or greater. as 
some 3 kilometres of strata occur in the overturned limb) is 
at least an order of magnitude greeter than the offset assort 
ated with the younger strike-\lip faults (mettes to tens cbf 
metres): folding associated with the strike-slip faulting has 
not been recognized here. Additionally, numerous synthetic 
strikeslip faults cut all parts of this nappe-like t?lld. 

BRIDGE RIVER COMPLEX 

Within the study area, all units mapped in the Bridge 
River complex locally contain metre-scale zones of high 
strain that are characterized by a penetrative foliation (Fig 
ures l-7-2 and 4, Plate l-7-3). Most of the principal contacts 
between units are interpreted to be southwest-dipping 
thrusts (Figure l-7-2). Where these faults are well exposed. 
the fabric and the small-scale Ctructures indicate top-to-thc- 
northeast thrusting (Plate l-7-3). In layered lithologics, such 
as chert, asymmetric folds are common in tblese zones rind 
their asymmetry tends to suggest vergence to the northeast. 
A plot of axial planes to these small-scale folds (centimetre 
to decimetre scale) is shown in Figure l-7-41:. Asymmetric 
folds (both Z and S-folds as viewed down plunge) with axial 
planes parallel to the dominant foliation suggest that these 
are developed in northeast-vetgent thrusts; however, these 
data show significant scatter and a slip-line analysis is 
difficult and speculative. Acwrding to the slip-line theory, 
both S-folds and Z-folds typically form along a common 
slip plane. The slip line. or direction of tectonic transport, :s 
defined by the area on the slip plane with the least overlap 
between fold shapes, or the separation xc (Hansen, 1971). 
These data show most Z-shaped folds plunge gently in the 
northwest quadrant and most S-shaped fokls plot in the 

southeast quadrant, both reflect northeast vergence but it is 
not possible to determine a slip-line (Figure 1-7-4~). 



The northcast-vergent folds inwlve the middle to upper 
Albian Taylor Creek Group and the Albian to Cenoma- 
nian(‘?) Silverquick conglomerate. Recent mapping to the 
south suggests that these rhrusls postdate and cut the 91 to 
84 kla structures in the Bwlorne area. (Schiwirra ei ~1.. 
1990; Schiarizra. personal communication. 1990). The 
overturned strata of the Taylor Creek Group are also 
intruded by the 64 Ma Eldorado pluton (Garver (‘I <I/.. 
1989a). The timing of this thrusting is probably between 91 
to X4 Ma and 64 Ma, or Late Cretaceou~. 

Regionally. workers have recognised an earlier cont~mc- 
tional event that was characterircd by \oulhwcst-vergent 
thrusting. The occurrence of southwest-vergent thrusts 111 
the Shulapc Range, which arc CUT by northeast-vergent 
thrusts, and the depositional palleros of the Alhian Taylor 
Creek Group and the overlying Albian-Cenomanian Silver- 
quick con_elomerate sugest that this initial phase of cow 
tracrion occurred during Albian ro Cenomanian rime. Struc- 
tural evidence for this event in the Uonh Cinnabar area is 
scant and difficult to interpret due to the profound structural 
reworking during younger thrusting. It is possible that the 
folds interpreted to be unrelated 10 the ~lortheast-~er~enr 
rhrusting (Figure I-7-4d) were produced during this carlicr 
cven~. If thcsc small-scale folds were overturned with the 
Cretaceous sedimcnrs then they musf he rotated I SO” around 
a horizontal northwest-trending axis to ascertain their prc- 
d&nnational orientation. This rotation takes the oripinally 
gently southwest-plunging fold axes. which are dommated 
by S-folds (Figure I-7.4d). and restores Ihcm to gently 
northeast-plunging folds with the opposite sense of ver- 
fence. Although this restomtion is speculative. the restored 
orientation would be consistenf with westerly vcrgent 
thrusting. Elsewhere in the Chilcotin Kangcs. the lnature of 
this earlier contractional event is difficult to resolve because 
younger deformation has reoriented or reworked structures 
related to this older deformation. 

The earlier southwest-vergent thrusting and the slightly 
younger northeast-vereent thrusting arc hoth probably 
related to the same contractional event that is marked. in 
this area. by a vergence reversal and the cessation of sedi- 
mentation. The timing of southwest-vergent thrusting can 
he only indirectly determined in the North Cinnabar Creek 
area. Here, the synorofenic clasric wedge lhar is interpreted 
10 have been shed westward from a&Ye thrusts i\ middle- 
late Albian to Cenomanian(?) in age (Garver. IYXY). 
Elsewhere in the basin, however. the elastic wedge is upper 
lower Albian to Cenomanian (c,i~-cu I IO to 95 Ma) and is 
presumed to be the best estimate of the liming of southwest- 
versent thrusting (Carver, 19X9) 

SYNKINEMKHC BLUESCHIST-FACWS 
METAMORPHISM ANU DEFORMATION 

One of the thrust-bounded packages within the Bridge 
River complex consists of highly deformed blueschist (Figure 
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l-7-2). Brittle hi,&an&! faults and a well-developed 
crenulation cleavage are present in these schists and are 
interpreted 10 represent a relatively young deformation as 
discussed. These schists have spectacular synkinematic ix- 
clinal folds. a well-developed mineral lineation, and a very 
well developed schistosity. The schistosity dips moderately 
to the swthwesr and both the fold axes and the mineral 
lineations lie on the schistosity plane and plunge gently to 
the southwest (Figure I-7-5). This fabric seems to mimic 
the foliarion plants produced in faults during northeast- 
vcrgent thrusting (Figure 1-7-&a); this observation suggest\ 
that the blueschist schistosity has been rotated into parallel- 
ism with this younger foliation plane. which is common in 
olhcr rocks of the Bridge River complex. The significance 
of these stmcwcs is unknown because the eftwts of youn- 
ger deformation cannot be accurately determined. 

The age of the blueschist-facie.? metamorphism is cw- 
strained by K-Ar, AI-Ar, and Rb-Sr ages on whole-rock 
samples and white mica separates that range in age between 
195 and 250 Ma (Archibald &al.. 1990, 1991. this volume: 
Gamer cf u/.. 1989b). The spread of ages is certainly related 
to perturbations within the isotopic systems caused by youn- 
ger deformation. Recently collected ““ArPAr data from 
white mica separates suggest that the blueschist-f:lcies met- 
amorphism and associated deformation was complete by 
230 Ma (Archibald P, ul.. 1990. 1991, this volumes. 
Although the significance of these synmetamorphic strut- 
tures is obscure at best, they are certainly the oldest dared 
wuctures in the Bridge River complex. 



SUMMARY 
. The eiwfem edge of the 64 Ma Eldorado plutorl is c”t 

by north-striking faults with near-horizontal slicken- 
side striations. ‘These faults are parallel to dextral faults 
that arc synthetic to the Fraser fault system and there- 
fore may be related to this episode of strike-slip move- 
ment, which is bracketed between 46.5 and 35 Ma 
some 30 to 40 kilometres to the east (Coleman and 
Parrish, IYYOI. These fwlts could also be related to 
transfension on the Yalakom fault and related faults 
that are known to have occurre(J in this area in the 
Eocene (Umhoefer, lYX9: Coleman, IYXY: Schiarizra 
6’l cd.. IYYO) 

0 Northwest-striking dentral strike-slip faulting is perva- 
sivc but total distributed movement is minimal (hun- 
dreds of metros to perhaps a kilometrc). Synthetic 
dextral, antithetic sinistral. and reverse faults fit the 
strain cllipss for dentral (transpressive) faulting with 
an orientation of about 345”. ‘This faulting is post- 
Cenomanian (ci,r,u 95 Me) and probably pre-64 Ma. 
This deformation may have occurred during a post 91 
to X6. to pre-64 MI interval, as suggested by regional 
relationships (Garver. 1989). 

l Kilomctre~scalc northeast-vergent thrusting and fold- 
ing involves rocks as young as Albian-Ccnomani;ln. 
Folds and thrusts have good kinematic indicators sug- 
gesting northeast-verEenc~. Folds and thrusts are 
clearly cut by the small+xalc dextral filult system and 
appear to cut stmctues related to the Bralorne fault 
system to the south. Regionally, therclbre. this defor- 
mation is considcrrd to have occurred hctween 91 to 
86 Ma and 64 Ma (G>wer. IYXY). 

0 Southwest-vrrgent thrusting. rccofnixd elsewhere in 
the region. is difficult to demonstrate in the North 
Cinnabar Creek area but evidence in the form of over- 
turned small-scale folds may be pwxnt in rocks of the 
Bridge River complex. Other lint? of widence suggest 
this was an Albian to Cenom;mian cvenf (Garver, 
IYXY). 

l Isoclinally foldcd, blueschist experienced deformation 
and synkinematic meramorphism in the Triassic. This 
def<mnation occurred at or before 210 Ma (Archibald 
(‘I ul.. 1901, this volume). 
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4oAr/“yAr EVIDENCE FOR THE AGE OF IGNEOUS AND METAMORPHIC 
EVENTS IN THE BRIDGE RIVER AND SHULAPS COMPLEXES, 

SOUTHWESTERN BRITISH COLUMBIA* 
(920/2; 92J/15, 16) 

By D.A. Archibald, Queen’s University 
P. Schiarizza, Geological Survey Branch 

and 
.J.L Garver, Union College 

INTRODUCTION 
The Taseko Lakes-Bridge River arcn is situated approx- 

imately 200 kilometres north of Vancouver on the eitstem 
mar@n of the Coast plutonic complex and west of the 
hlakom fault (Fiyurc I -X-l 1. This arez i\ the focus of a 
regional program of-“‘Ar/“‘Ar dating which was initiated in 
IYX7 in the W”mer Pasr (Y?O/?) and Tonne Creek (92012) 
map areas (Archibald (‘r ~1.. IYXY). In IYXX and IYXY, the 
pn~gram continued with sampling in the Bralorne (Y2Jll 5) 
and Bridge River tY25/16) ~map area. These latfcr areas are 
underlain by rocks of the Bridge River complex, and 
include a fault-hounded panel of blueschist-faciss meta- 
tnorphic rock\ (Garver rf (I/.. IYXYa). the Shrllaps ultramafic 
complcn and the Cadw;~llader Group (Schiarizza CI r~i., 
IYXY. IO9Oa). Additional. detailed sampling and mapping in 
the hluexhist locality (Hralornc. Y?J/lS) were completed in 
IWO. In this note we report “‘Ar/“‘Ar step-healing data for 
a white mica rample from the hluescltist rocks. a hornblende 
smplc from a package of shrewd mafic dikes emplaced 
into Bridge River volcanic rocks, and hiotite and 
hornblende iamplcs from rocks in the Shulnps ultramalic 
~“~llpl+ZL 

GEOLOGIC SETTING OF THE SAMPLES 
The regionill and detailed geology has been outlined in a 

series of British Columbia Ministry of Energy, Mines and 
Petroleum Resources publications and preliminary maps 
(sw Figure l-X-21. Of particular relevance to this study are 
the reports of the blueschist locality in the Eldorado Moun- 
tain are” (Carver cr ul., IYXYa; Garver, IYUI, this volume) 
and the summery of the geology within and adjacent to the 
Shulaps “lrramafic complex (Schiari/ra PI <Il., I YKY, I Y9Oa: 
Culon C, d., 1990). 

BI,~J~s~~II~~.,FACI~S Rocks 
In the Tyaughton Creek area. there arc three areas of 

blueschist and grecnschist-facics metamorphic rocks stwc- 

turally interleaved with typical Bridge River rocks of lower 
metamorphic grade. The larger area is in the watershed of 
North Cinnabar Creek and i; a narrow tectonic lens with it 
btrike length of some I kilomcires. This package is “ncon- 
formahly overlain hy Imiddle to upper Alhian rocks of the 
Taylor Creek Group which contain boulders of blueschist, 
chert and grcenstone. 

The blueschist is strongly flattened, locally records isocli- 
1x11 folding, and commonly has a pronounced crenulatioll 
cleavage of variable intensity (Garver PI ul.. IYXYa). Tw 
principal mineral assemblages have been recognized in this 
area: crossite/flaucophane~tla~\onite, ;and crossitei 
glnucophane+gxnet+epidote+white mica. These two 
assemblages, which represent slightly different pressure/ 
temperature conditions during metamorphism, occur in the 
sane area hut are probably separated hy faults. Prehnite is 
present as crosscutting veins in both rock types (Garvcr 
er ~1.. IYXYhL The sample dated in this study contains the 
second mineral assemblage ;and the medium to coarst:- 
grained white mica lies nearly III the plaw of the sc1~istosit.y. 
Previous K-Ar and Rh-Sr dating of rocks and white mica 
separates from the same structural panel yielded datt:s 
hctween I95 and 250 Ma (Garver (‘f (I/., IYXYh). Stel~~ 
heating experimcnrs were undertaken to refine the primary 
cooling age and to determine the magnitude and timing 01 
later thermal events that are thought to ha)‘e affected thr 
area. 

The Shulaps “ltramafic complex underlies ahout IX0 
square kilometres of the Shulzps Ran& The southwestern 
part of the complex sits structurally above the Cadwallade- 
Group and Bridge River cornplcx in a block of relativeI!, 
high grade (lower to upper greenschist facie!;) metamorphic 
rocks hounded hy the Mission Ridge and Marshall Creek 
faults (Coleman, 19x9: Poner, 19X6). This part of th’: 
Shulaps complex comprises harrburgite lectonife strut- 
turally underlain hy a thick unit of serpentinite mClange that 
includes knockers of an ultramafic-mafic plutonic-volcani: 
suite characteristic of the upper part of an ophiolite compler 
(Calon et ul.. 1990: Schiariz,za et ul.. IYYOa), as well as 
knockers of bedded chert. limestone, sandstone and pebble 
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conglomerate. The serpentinite mtlange unit sits struc- 
turally above the Cadwallader Group, which in turn sits 
structurally ahove the Bridge River complex. The south- 
western selpentinite m&mge unit has been sampled exten- 
sively for dating and amphibole has yielded a 73 Ma date 
that is thought to reflect uplift and cooling following syn- 
kinematic metamorphism during the latest stages of 
emplacement-related deformation within the complex 
(Archibald CI al.. 1989). 

The northwestern, northern and eastern portions of the 
Shulops complex comprise harzburgite and underlying ser- 
pentinite and serpentinite mf!lange which sit structurally 
above sub-greenschist facies rocks of the Bridge River 
complex (Schisriza cf u/.. IYYOa. b). ‘These rocks are sepa- 
rated from the higher metamorphic-grade rocks to the south- 
west by a system of faults that may he a northwestward 
extension of the northeast-dipping Mission Ridge normal 
fault (Coleman, 1989; Schiarizla <it al,, IYYOe, h); they may 
comprise a relatively higher slice within the southwest- 
vergent Shulaps thrust system than the southwestern 
Shulaps complex. Dating of samples from the serpentinite 
m&nge belt along the western margin of the Shulaps com- 
plex was therefore undertaken to compare its thermal his- 
tory with that of the southwestern belt. For this study we 
selected amphibole from a lens of coarse-grained, massive 
to weakly lineated, coarsely brecciated amphibolite 6 
metres thick. The sample contains well-preserved brown 
amphibole, saussuritized plagioclase and epidote: it is cut 
by closely spaced quartz “ems. 

BIOTITE REACTION ZONE IN THE SHULAPS 
ULTRAMAFIC COMPLEX 

The sample is from a metasometic reaction zone that 
formed around it I to 2.mew siliceous phacoid within 
serpentinite of the Shulaps ultramafic complex. The locality 
is approximately IO metres north of a near-vertical, east- 
striking fault that juxtaposes serpentinired ultramafic rock 
on the north against greensc hist-facirs mrtacltert. marble 
and metabawlt of the Bridge River complex. This Fault is 

considered to be a component of the Mission Ridge fault 
~ystcm (Colemx~ 19X9) hccaure it traces eastward into the 
Mission Ridge fault. and westward into a kincmatically 
congruent cast-side-down normal fault system that cuts 

through the Shulaps complex (Schittrirra t’f o/.. IYYOa, b). 

The sample was collected from the biotitc-rich part of the 
reaction LOW that surrounds the phecoid of strongly altered 
quartz-biotitr-feldspar rock. The biotite reactiort rim is xv- 
era1 centimetres thick and is mantled by a thicker zone rich 
in quartz-chromite-talc which separates it from unaltered. 
dark green serpentinite. The phacoid may be a tectonic 
inclusion of the underlying Bridge River schists incorpo- 
rated during an earlier episode of thrust faulting, or a tec- 
tonothermslly reworked. intermediate to felsic dike. As the 
Mission Ridge pluton and Rexmount porphyry outcrop a 
short distance to the southeast and metasedimentary 
knockers have not been mapped irt the vicinity. the latter 
seems more probable. 

The sample consists of quartz, plagioclase and hiotite. In 
thin section, the biotite is brown, randomly oriented. dis- 

plays even extinction, and has very ragged grain houndaries, 
The lack of n penetrative fabric in the phacoid or its margin 
indicates postemplacement recrystallization that was pri-. 
marily static in nature. This sample was selected for datinp 
because potassic rocks are rare in this part of the Shulap:; 
ultramafic complex, and a hiotite date would ~provide informs 
mation about the late-stage thermal history of this part of thr: 
complex. 

SHEETED DIKES IN THE BKIDCE RIVER 
COMPLEX 

Schiarizra et o/. (1989) describe sheeted mafic dikes 
from the Bridge River complex. The dikes selected ftx this 
study outcrop along the Carpenter Lake road s.nd comprise a 
set of nearly east-striking, steeply dipping dikes appron- 
imately I5 nxtres thick. Individually. they are less than 2 
metre~ thick, massive. and di:.play a range fof grain size!;; 
medium to coarse-grained dikes are mast common. Locally. 
some of the thicker dikes contain patches of more pegmet,- 
tic and leucocratic rock, as well as I-centimetre phenocrysz 
of plagioclase. They are in intrusive contact with pillowed 
volcanic rocks of the Bridge River complex. However. I[ 
the southern contact. the dike appears to be chilled agaiwt. 
and to follow a linear, altered breccia zone. Some intern,11 
contacts and most fracture surfaces in the dikes and tbc 
enclosing volcanic rocks have slickensides with highly vari- 
able orientation. 

Although these dikes have well-defined internal intrusiw 
contacts, they are locally severely altered rocks composed 
of brown and green amphibole, chlorite, quartz, calcite 8nd 
saussuritized plagioclase. Clinopyroxene occurs as remnant 
grains, as phenocrysts in chilled margins and as roundzd 
inclusions in the hornblende. The amphibole occurs as sub- 
hedral to euhedral laths and needles and. although wll 
preserved, commonly displays fracturing ;and undulator:i 
extinction in thin section. Thz green amphibole overgmu’, 
the brown amphibole, forming a thin rind suggesting 1 
minor greenschist-facies metamorphic overprint. althoug1 
regionally, rocks from this part of the Bridge River complex 
contain prehnite-pumpellyite t’xies mineral assembl;rgx 
For this study an attempt was made to separate. and date. the 
paragcnctically older, brown amphibolr. 

40ArPAr ANALYTIC4L METHODS 
Minerel separates were prepared using a Frantz magnrtic 

separator. heavy organic liquids and, where appropriate, t) 
hand-picking. 

Samples and six flux monimrs (standards) were irradiated 
with fast neutrow in position SC of the McMaster nucle;~r 
reactor (,Hamilton. Ontario) for 29 hours. The monitors we-e 
distributed throughout tht: irradiation container, ard 
J-values for individual sa.mples were determined by 
interpolation. 

Both step-heating experiments and analysis of the mor~i- 
tars were done in a quartz tube heated using a Lindherg 
furnace. The bakeable. ultrahigh-vacuum, stainless steel 
argon-extraction system is operated online ‘to a substantially 
modified, A.E.I. MS-IO mass-spectrometer run in the staic 
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Figure I~X-2. Sample Iociltions and 3cJAr/“‘Ar age spectra for rocks from tbc Bridge River and Shulapc complexe:;. southwestern 
Rritish Columbia. 



mode. Measured mass-spectrometric ratios were extrapo- 
lated to zero-time, corrected to ;m 4”Ar/lhAr atmospheric 
ratio of 295.5, and corrected for neutron induced “‘Ar from 
potassium, and ‘“Ar and ‘“Ar from calcium. Dates and 
errors were calculated using formulae given by Dalrymple 
et ul. (1981). and the constants recommended by Sreiger and 
Jtiger (I 977). The errors shown in Table I-X- I were used to 
plot the age spectra in Figure I-8-2: these represent the 
analytical precision at 217 assuming that the error in the 
J-value is zero. 

RESULTS AND DISCUSSION 

BLUESCHIST-FACIES ROCKS 
RESULTS 

The age spectrum for the white mica from the blueschist 
locality (TL-X8-la) is shown in Figure i-8-2: analy&al data 
are llsted in Table l-8. I. The integrated ape of this sample is 
229.9% I.3 (2~) Ma which is in the range of previous date\ 
for this site (Permo-Triassic: Garver ci ~rl., 19X9b). The 
500°C step yields a date of I.58 Ma, and dares for subse- 
quent steps are all in excess of 228 Ma. The steps from 725” 
to 1200°C yield a well-defined plateau date of 229.82 I.0 
(2~) Ma for 9.5 per cent of the “‘Ar released from the 
sample. In this temperature range, the “Ar/“Ar ratio 
ranges from 0.006 to 0.25 which cnnrsponds to the low 
Ca/K ratio of phengite (e.,~. Sisson and Onstott, 1986). The 
age spectrum does not record any evidence of a post- 
Triassic, thermal perturbation. Thus. it appears that blue- 
schist facie metamorphism in the Bridge River complex is 
a Middle Triassic or older event that ended by 230 Ma. 

DISCUSSION 
The white mica from the blueschist contains a record of 

only one tectonothermal event. Blueschist-facies metamor- 
phism is B low-temperature event (300-400°C; Sisson and 
Onstott, 1986) and the mica may have grown in this tem- 
perature range. As the mica grew syntectonically, the 230 
Ma plateau date for the mica implies that both defomxttiotl 
(development of schistosity) and metamorphism are at least 
this old. The two K-Ar dates older than this (reported by 
Garver et a/., IYX9h) remain problematic, and additional 
analyses of white mica are planned; these will include white 
mica from blueschist cobbles in the Dash conglomerate at 
the base of the Taylor Creek Group. 

Archibald et al. (1990) reported an age spectrum for 
nearly identical white mica (but from a different szdnlple) 
that yielded a 221 Ma plateau segment as well its a 500°C 
step, indicating that the area was affected by a thermal event 
in post-Late Triassic time. Based on modelling of this pre- 
viously reported age spectrum, the thermal event must have 
been of short duration and/or of low temperature (the clo- 
sure temperature of argon diffusion in white mica is 350°C); 
an original cooling age only slightly greater than the 221 Ma 
plateau date (225-230 Ma) was favoured for this sample. 
The new data support this conclusion and suggest that 
blueschist-facies metamorphism ended in Middle Triassic 
time. 
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The post-Triassic thermal overprint was inferred by 
Archibald er al. (1990) to retlect structural thickening asso- 
ciated with a protracted episode of contractional deforma- 
tion that affected the region in mid-Cretaceous time. The 
latest manifestation of this deformation is reflected in the 
sample area by a system of northeast-vergent thrusts within 
the Bridge River complex and a large overturned footwell 
fold outlined by unconformably overlying mid-Cretacenus 
rocks of the Taylor Creek Group and Silverquick conglome- 
rare (sre Carver, 1991, this volume). These mid-Cretaceous 
elastics were deposited during the earlier stages of contrac- 
tional deformation. which generated a complex system of 
southwest-vergent thrust and reverse faults (Carver, 1989; 
Schiariza er ul., IYYOa. c: Calon PC a/., 1990). Partial argon 
Iohs during this protracted contractional event may explain 
the wide rage of K-Ar dates for blueschist rocks reported 
by Carver er al. (19x9~1); crenulation of the blueschist rocks 
is variable and most white mica porphyroblasts show 
degrees of kinking. It is possible that the variable develop- 
ment of a crenulation cleavage, interpreted by Garver (1991, 
this volume) to be related to Cretaceous contraction, may 
have facilitated partial argon loss. 

AMPHIROLITE KNOCK~~R FROM THE SHULA~S 
ULTRAMAEX: COMPLEX 
RES"LTS 

The age spectrum for the amphibole from the knocker 
(TL-88-23) is shown in Figure l-8-2; analytical data are 
listed in Table I-8-1. The integrated date for this age spec- 
trum is 253.7f 14.7 Ma (2~). The four lowest temperature 
steps are characterized by low radiogenic content, erratic 
i’Ar/“Ar ratios and large errors. In contrast, the remaining, 
higher temperature steps representing 83 per cent of the 
total 3’Ar, have a consistent “Ar/‘“Ar ratio averaging 
2723 (2cr), are much more radiogcnic and represent the 
main pulse of argon release from the amphibole. These 
steps define a plateau date of 260.8?10.7 (2~) Ma. 
Although the analytical emxs are large (due to the small 
volume of argon released in each step), there is no evidence 
in the age spectrum of a later thermal overprint. To test for 
the presence of initial argon, an Ar-Ar correlation analysis 
was done for the pkdteau segment. This revealed an initial 
-‘“Ar/‘hAr ratio of 257268 (2~) (slightly less than the 
expected atmospheric argon ratio of 295.5) and an older age 
for the plateau segment of 271 t I6 Ma (20; MSWD=O.9 
for steps: 940” to 1200°C). We consider the correlation plot 
date to be a reliable cooling age for this sample. This age 
spectrum indicates that this part of the Shulaps complex 
records a ,different thermal history than the southwestern 
part of the complex, and that the amphibolite cooled follow- 
mg metamorphism in Early Permian time. 

DISCUSSION 
The amphibolite knocker sampled from the serpentinite 

mt?limge along the northwestern margin of the Shulaps com- 
plex is lithologically similar to the samples from the south- 
western part of the complex reported on previously (Archi- 
bald rf al., 1989). Both samples are thought to have been 



derived from mafic plutonic rocks of the Shulaps ophiolite 
complex. Synkinematic metamorphism indicated by their 
textures and mineralogy is attributed to ocean-floor pro- 
cesses during the protracted constructional phase of the 
ophiolite complex; this interpretation follows the recogni- 
tion of similar ductile deformation fabrics in the large 
ultramafic-mafic plutonic blocks of the southwestern ser- 
pentinite m&nge belt which developed during and between 
plutonic episodes (Calon et ul., 1990). Amphibole from the 
knocker in the southwestern milange belt yielded a plateau 
date of 72.650.5 Ma, suggesting that it was reheltted to at 
least greenschist-facies conditions and cooled through 
approximately 500°C in Late Cretaceous time (Archibald rf 
al.. 1989). Crrtaceous heating of the \outhwestem serpen- 
tinite melange belt is consistent with its structural setting 
within the metamorphic helt bounded by the Mission Ridge 
and Marshall Creek fwlts (Potter, 19Xh: Coleman, 19X9; 
Schiarizl-a of 01.. IYYOa, b): at least some of the heating is 
attributed to intrusion of a suite of l”te kinematic dioritic 
dikes which caused local prograde metamorphism within 
the milange (Archibald of 01.. 19x9, 1990: Caton CI al., 
t 9YO). 

The 271 Ma date for the amphibolite knocker along the 
northwestern margin of the Shulaps complex is interpreted 
to be the age of cooling following metamorphism, def(nna- 
tion and pluronism related to ocean-floor construction of the 
Sbulaps ophiotite. There is no indication of the Late Cre- 
txeous heating that “ffectcd the southwxtern srrpentinite 
m&nge belt, despite the f”ct thet Late Cretaceous dikes and 
plugs are found throughout the northern part of the complex 
(Leech, IYS3: Archibald PTU/., IYKY. IYYO; Schiarizza of al., 
t 99Oa. b). The lack of a Cretaceous overprint may reflect a 
structumlty high origin for the northern and eastern Shulaps 
complex: these rocks may have been subsequently down- 
dropped on faults related to the Eocene Mission Ridge fault 
(Figure I G-2). 

The Early Pemmian date provides the first direct evidence 
of the agc of the oceanic cr”st and “ppcr m;mtle represented 
by the Shutaps ultremafic complex. The new date is almost 
identical to recent U-Pb zircon dates obtained by Lritch 
(IYX9) from dioritc and soda granite of the Bratome intru- 
sive complex, 20 kilometres to the southwest, which, 
together with associated ultramafic rocks, has also been 
infcrrrd to be of ophiolitic aflinity (Wright. 1974: Leitch. 
IUXY). The Permian dates corrohoratc the correlation 
implied by Wright CI ul. (1982) who included the Shulaps 
complex, together with ultramafic and associated rocks near 
Bndornc. in the Bridge River ophiolite “ssemblage. The 
Permian dates atso corroborate the structural interpretation 
advanced by Schiarizra ct LI/. (1990~) which suggests that 
the rocks new Bralome are actually part of the same imbri- 
care thrust sheet as the Shutaps complex. which is repeated 
across a relatively lute southwest-vergent reverse fault defi- 
ning the eastern margin of the Br:~lorne fault system. 

The age spectrum for biotite from the hiotite reaction 
zone (TL-88.24) is shown in Figure l-8-2 and the analytical 

data are presented in Table l-8-1. The sample yielded an 
integrated age of 46.450.6 Ma With the exception of the 
first two and the last two steps (representing ~5% of the ga:s 
released) the sample yields a well-defined lptateau corre- 
sponding to an age of 46.6%0.5 Ma. This is interpreted a:i 
indicating the time the rock cooled through the argon cIo,- 
sure temperature of biotite ((‘a. 280°C). 

In tight of the probable igneous origin, boudinage and 
postkinematic recrystallization of this rock, the ““A$“AI 
plateau from~ the biotite is interpreted as the time 01 
postemplacement cooling. In rocks 20 kitornetres to the 
southeast, Coleman and Parrish (I 990) hax documented an 
Eocene plutorlic event broadly synchronous with ductile 
deformation associated with dextwl strike-slip faulting. 
Their U-Pb data indicate a period (4X.5 and 46.5 Ma) of 
ductile deformation and dextral movement within the 
Bridge River schists related to strike-slip fadtin& on the 
northwest-trending Yalakom fault system. Intrusion ot 
hornblende porphyry and fetsite continued I:hrough later 
brittle phases of deformation, which included rapid uplift 
and tectonic denudation along the Mission Ridge fault (Co- 
eman, 19XY). Our data suggest that the southwn part of the 
Shulaps ultramafic complex was the locus of Eocene gra- 
nitoid emplacement and was involved in this Eocene tec- 
tonic event. 

SHEETED DIKES IN THE BRIDGE RIVER 
COMPLEX 
RESULTS 

The age spectrum for a separate of brow11 amphibole 
from the ccntre of a 1.5.metre dike (TL-8X-IO: is shown in 
Figure l-X-2; analytical data appear in Table I-X-l. The 
sanple yielded an integrated dale of 108%7 Ma. The low- 
temperature steps (<YXO”C) are characterized by high 
37Ar/“Ar ratios and high atmospheric argon contamination 
and account fcx 12 per cent of the J’Ar releaxd from the 
sample. The higher temperature steps are mars: radiogenic 
and m”st of the gas released in these steps has a “APAr 
ratio of approximetely 9.5 suggestive of relcuse from a 
single phase. The release of “‘Ar centred on a temperature 
of 1040°C is typical of hornblende rather than actinolite. 
These higher temperature steps ( 1010 to 12Oo”Ci define a 
plateau dare of lOSr6 Ma. A correlation plot for the eight 
steps from 980 to 1200°C yields a well-defined isochron age 
of 10753 Ma (2~) “nd an initial ‘“‘ArixhAr ratio of 277536 
(2a) with an MSWD of 2. The initial mtio is shghtly lower 
than atmospheric argon and does not indicate the presence 
of excess argon. This date is the best estimate of the age of 
this sample and suggests that the area cooled through the 
argon closure temperature of horribleode in mid,-Cretaceow 
tune. 

The sheeted dikes within the Bridge River complex were 
presumed by Schiarizza of al. (1989) to be a.n intrusive 
phase of the Bridge River greenstones, emplaced in a 
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spreading-centre environment within the Bridge River 
ocean basin. It is unlikely, however, that the mid-Cretaceous 
date reflects the age of relict Bridge River oceanic crust 
because cherts from the immediate area are Late Triassic in 
age (Cordey. 1986) and are only known to be as young as 
Middle Jurassic for the complex as a whole (F. Cordey, 
personal communication, July, 1990). The presence of the 
green amphibole rims suggests that the date may reflect 
cooling following reheating of the dikes under conditions 
sufficient to reset the K-AI system of amphibole, but any 
such reheating is not reflected in surrounding Bridge River 
rocks which are at prehnite-pumpellyite metamorphic grade 
(Potter. 1986; Schiarizza et o/., 1989, 199Oa). It is consid- 
ered more likely that the dikes are the products of a rela- 
tively young magmatic event, unrelated to the ocean-floor 
construction of the plutonic-volcanic elements of the Bridge 
River complex. The multiple emplacement of the dikes may 
have been the source of heat for the alteration event (auto- 
metamorphism); thus the 107 Ma date is thought to indicate 
that dike emplacement and related alteration processes 
ended in late Early Cretaceous time. If dike emplacement 
was not a protracted event, then the IO7 Ma date for the 
amphibole would provide a good estimate of the age of the 
dikes. 

Regionally the latter part of rhe Early Cretaceous marked 
the beginning of a protracted episode of contractional defor- 
mation that extended into Late Cretaceous time (Carver, 
1989; Schiarizza @a/., 1990~). The early stages ofdeforma- 
tion involved southwest-verging thrust imbrication of the 
Shulaps complex. Bridge River complex and Cadwallader 
Group, and deposition of a thick accumulation of syn- 
erogenic elastic sediments represented by the Taylor Creek 
Group. Therefore the sheeted gabhroic dikes were appar- 
ently emplaced during the final collapse and destruction of 
the Bridge River ocean basin, rather than during con- 
struction of Bridge River oceanic crust as previously 
inferred (Schiarizza er ~1.. 1989). The Early Cretaceous 
gabbroic dikes described herein, together with Late Cre- 
taceous dioritic dikes emplaced during the late stages of 
contractional deformation within the Shulaps complex 
(Archibald et al., 1989, 1990), suggest that a prolonged 
episode of mafic to intermediate magmatism was coincident 
with the contractional deformation. 

SUMMARY AND CONCLUSIONS 
There are several conclusions which may be drawn con- 

cerning the timing of deformation. metamorphism and mag- 
matism in the Taseko Lakes Bridge River area: 

l Blueschist-facies metamorphism and attendent defor- 
mation within the fault-bounded panels of blueschist 
are Middle Triassic or older events (230 Ma). 

. The Shulaps complex is at least Permian (270 Ma) as 
the northwestern part of the complex records probable 
sea-floor metamorphism of at least this age. This age is 
nearly identical to the age of the Bralorne diorite and 
supports the correlation of the two mafic-ultramafic 
suites. 
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l The southern Shulaps ultramafic complex cooled 
through the argon closure temperature of hiotite at 46.6 
Ma during the waning stages of Middle Eocene mag- 
matism and tectonism. 

a Undeformed but hydrothermally altered, sheeted, gah- 
broic dikes were emplaced into the Bridge River com- 
plex at or before 107 Ma. They may be part of a suite 
of synorogeoic mafic to intermediate intrusions 
emplaced during Early to Late Cretaceous contrac- 
tional deformation. 

l The step-heating results for amphibole from the 
Shulaps complex are consistent with a structural inter- 
pretation which suggqts that the northern and eastern 
parts of the complex have been down-dropped and 
juxtaposed against higher grade rocks in the south- 
western part of the complex by Eocene extension 
faults. 
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QUATSINO SOUND PROJECT 
(92L/5, 6, 11, 12) 

By N.W.D. Massey and D.M. Melville 

KEYWORDS: Regional mapping, Quatsino Sound, 
Wrangellia, stratigmphy, mineral occurrences. 

INTRODUCTION 
The Quatsino Sound project is a five-year I50 000-scale 

regional mapping program in northern Vancouver Island. 
begun in 1990. The prqject area is centred upon Quatsino 
Sound and extends from Port Hardy in rhe north to Merry 
Widow Mountain in the south. and from the Benson River 
in the east to Holberg in the west. It comprises the Quafsino 
(92Lil2) and Mahatta Creek (921.15) map sheets and the 
western halves of the Port McNeil (92Lil I) and Alice Lake 
(Y2L/6) sheets. Access throughout the arei, is generally 
good with an cxtcnsive network of public and logging 
roads. Logging activity continues 10 open up the area. par- 
ticularly in the west. Shorelines of the inlets and many lakes 
are accessible in most areas hy small boats. and warer taxis 
serve some of the areas inaccessible by road. 

Previous mapping in the Quatsino Sound area has been 
carried out by both provincial and federal government agen- 
cies beginning with the pioneering wol-k of Dawson (1887). 
Studies of fhe geology and mineral deposits have inctudcd 
those of Gunning (1930). Jeffrey (1962). McCammon 
(IYhY) and Northcole (1969, 1971. lY73). The most recent 
published mapping is that of Multer ef ui. (1974). 

In addition ro geological stud& the projecl area has 
recently hccn covcred by the I50 000 Vancouver Island 
asromagnrtic survey, and is within the IYXX Regional Geo- 
chemical Survey arca (Matysek rr rri.. 19X9). 

REGIONAL GEOLOGY 
The project area is part of the Wrangeltia Terrane and has 

\imilx stratigrnphy to both Va~couvcr lstand and the Queen 
Charlotte Islands. If is underlain by a thick sequence of 
Upper TriasGc and Lower Jurassic volcanic and sedimcn- 

tary rocks. werlain by Cretaceour sediments (Figure 1-Y-t). 
The following stratigraphic units have been rccognircd: 

Vancouver Gruup an Upper Triassic oceanic ssscmhlage. 
related 10 submarine rifting or eruption of widespread 
flow-baaIts. includes pillowed and mauive Ilow\ (Kar- 
mutsen Formation). and is overlain by shallow-water 
ptatfwmat limestones and shales (Quatsino and Parson 
Bay formations). 

Bunanza (;roup -- :I Lower Jurassic calcatkatine \,olcanic 
assemblage developed in a continental arc on the 
Wmngettian hascment of the western margin of Vancou 
ver Island. It comprises a tower. marine scdimcntnry suite 
and an upper, marine to subaerial volcanic package. 

Island Plutonic Suite several stocks intrude the tower 
Mesozoic sequences. They vary in comp~xition from 

gabbro to granodiorite and are coeval with the Bonanza 
Group \‘oIcanics. 

Longarm Furmation (Kyuquot Group) - marine elastic 
sediment wedges of Early Cretaceou age onlap onto the 
older basement. 

Queen Charlotte Group - B Lower Cretxeous ftuviat 
sequence that includes coaly intervals. 

Nanaimo Group Upper Cretaceous elastic sediment:, 
underlie the Squash basin on the northeast margin of the 
prqject area. They are regarded as the northernmost 
extension of the Nanaimo Group. 

Alert Bay Volcanics - Miocr:ne mafic to felsic fore-an: 
wtcanic and votcanictastic rocks form a northeasterly 
trending chain across the southern part of fh’: project area. 

Mutler t’f al. (1974) described the major wuctural archi- 
tecture of northern Vancouver Island as being dominated by 
fault-bound blocks each with essentially homoctinal south- 
westerly dipping strata. The northea-trending Brooks Pen- 
insula fault zone is spatially associated with late Tertiary 
volcanics and has been interpreted 3s being related to the 
Miocene position of the Juar~ de Fuca Ridge, near the 
Brooks Peninsula (Riddihough, 1977; Armstrong e’r a/., 
1985). The leclonics, age and xnse of motion on most other 
faults in the area are not wc:ll constrained Norlhwest~ 
trending faults may resuh from a late Cretaceous or Tertiary 
dexrral rranspressive regime. The mwe westerly trending 
Holberg fault M’>,s interpreted by Mutler PI al. as being i, 
sinistral strike-slip fault, possihty of mid-Cretaceous age; 
but could also be i, thrust fault within the dextrat trenspres- 
sive regime (T.D.J. England. personal communication, 
1990). 

ECONOMIC GEOLOGY 
Known metal mineralization in the project area includes: 

l Iron-clapper-molhdenum-(‘?)g~,td skarns arc hosted 
principally within limestone and timy tuf& in the upper 
Karmutren and the Quatsino formations. Example:; 
include the past-producing Merry Widow and Coast 
Copper mines. 

0 Copper-molybdenum porphyry stockworks are hosted 
by Bonanza Group volcanics intruded by several suite:; 
of Jurassic porphyry dikes. The Island Copper mine i:; 
prcscntly producing, and e:xptoration is in progress on 
the Expo and Red Dog properties north of Holberg 
Inlet. 

0 Lead-zinc mantes and replacement bod’es are hosted 
by Quasino and Parson Bay limestones. Examplei 
include the H.P.H. showirg near Nahwi.:ti Lake. 
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0 Epithermal to mesothermal. shear-hosted quartz- Armstrong and MncKrvett, 1982); similar deposits have not 
carbonate veins containing gold, silver, arsenic. anti- yet been explored for on Vancouver Island. There is also an 
mony and mercury are found in basal& and diabase of unknown potential for base metal massive sulphide deposit; 
the Karmutsen Formation. in the lower marine sections of the Bonanza Group. 

The porphyry, skam and manto deposits appear to be 
interrelated in a major metallogenic system associated with 
an early Jurassic xc. Models of similar arc-related deposits 
suggest a potential for epithetmal gold in Bonanza volcanics 
and possibly for Carlin-style gold in Parson Bay and 
Bonanza sediments (Panteleyev, 19X6: Sillitoe and Bonham, 
1990). 

Alaskan equivalents of the Quatsino limestones are the 
host to stretifonn copper deposits (Armstrong ef ~1.. 1969: 

Cretaccous sediments in the Coal Harbour area, and pnr- 
titularly the Squash basin, are the host to historically 
important coal deposits. These coal deposits are no longer 
economically viable but they (offer some potential for thl: 
recovery of coalbed methane. On the Qucrn Charlotte 
Islands, parts of the Lower Cretaceous sedimentary 
sequence have some potential as reservoir rock for 
petroleum. but source rocks are probably absent on Vancou- 
ver Island. White recrystallized limestone is currently quar- 
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Figure t-Y-2: The tocatian of the Quatsino Project. Proposed nxtp areas are IYYI Rer~son River Area (Y2Ll6W ;and 921.11 IW), 1992 
Quatsino (YZLil?) and lY93 Mahatta Creek (Y2WS). 



ried from the Quatsino Formation near Benson Lake for use 
as fillers, road metal and other applications. 

OBJECTIVES OF THE PROJECT 
The 1990 field season was restricted to a four-week 

reconnaisance of the project area by the authors to ohtain 
some familiarization with the region, its logistical problems. 
principal geologic units and mineral deposits. Full-scale 
fieldwork will begin in 1991 in the eastern part of the 
project area (Figure l-9-2) and continue over the next three 
years. Apart from I:50 000 regional geologic maps of the 
prqect area, it is also proposed to conduct further moss-mat 
stream-sediment sampling throughout the area to cornpIe- 
merit the 1988 Regional Geochemicsl Survey. D.M. 
Melville will also undertake thesis studies to characterize 
the alteration assemblages associated with the porphyry 
copper deposits of the Coal Harhour Holherg area. 

Several ancillary studies focused on specific topics will 
be undertaken during the course of the project. in coopera- 
tion with colleagues from provincial and federal govern- 
ments and universities. These include a study of the sedi- 
mentology and hiostratigraphy of the Triassic sediments, in 
collaboration with M.J. Orchard and ET. Tozer of the 
Geological Survey of Canada and A. Desrochers of the 
University of Ottawa; and studies of the development and 
rcpional setting of the iron~copper~gold skarns in coopcre- 
tion with G.E. Ray of this Ministry. 

ACKNOWLEDGMENTS 
The authors would like to acknowledge the help. support 

and encouragement for this project given by John Fleming 
(BHP-Utah Mines Ltd.), Peter Dasler (Daiwan Engineering 
Ltd.), Jim Laird, Paul Wilton, Gerry Ray. Tim England and 
staff of Western Forest Products Ltd., MacMillan-Bloedel 
Limited. lnterfor and the British Columbia Ministry of 
Forests. 

REFERENCES 
Armstrong, A.K. and MacKevett, E.M. (1982): Stratigraphy 

and Diagenetic History of the Lower Part of the Tri- 
assic Chitistone Limestone. Alaska: U~tif~d Store.s 
G~o/o+~l S’uw~~, Professional Paper 1212-A. 

Armstrong, A.K. and MacKevett. E.M. and Silherling, N.J. 
(1969): The Chitistone and Nirina Limestones of the 
Southern Wrangell Mountains, Alaska - a Preliminary 
Report Stressing Carbonate Petrography and Deposi- 
tional Environments; ll~lif~d Srures Gm/o,qim/ SWT~. 
Professional Paper 650-D. pages 49.62. 

Armstrong, R.L.. Muller, J.E., Harakal, I.E. and Muehlen- 
baths, K. (19X5): The Neogene Alert Bay Volcanic 
Belt of Northern Vancouver Island, Canada: 
Descending-plate-edge Volcanism in the Arc-trench 
Gap; .lorrr,tul of l~‘ol~~n,~olo,~~ and Geothcrniol 
R~~seurch, Volume 26. pages 75.97. 

Dawon, G.M. (I 887): Report on a Geological Examination 
of the Northern Pan of Vancouver Island and Adjacent 
Coasts; Geolo,qicol .Swey of Conada, Annual Report 
18X6, Volume 2, Part B. pages I-107. 

Gunning, H.C. (1930): Geology and Mineral Deposits of the 
Quatsino-Nimpkish Area, Vancouver Island. British 
Columbia; Gtwlo,qi~ul Strwq of Curra~lo, Summary 
Report 1929. Part A. pages 94.143. 

Jeffrey. W.G. (1962): Alice Lake Benson Lake Map-area; 
B.C. Minisrr-? of EJIIP~,~J, Mines and Prtr-nlcm 
R~wx~c~.~, unnumbered Preliminary Geological Map. 

Matysek. P.F., Grwel. J.L. and Jackaman, W. (1989): 19X8 
British Columbia Regional Geochemical Survey, 
Stream Sediment and Water Geochemical Data. NTS 
92LIIO21 Alert Bay/Cape Scott: B.C. Minisrr:!, oJ 
Enrr:qy. Miws and Prrw,ltwn~ R~.w,rm, RGS 23. 

McCammon. J.W. (1969): Limestone Deposits at the North 
End of Vancouver Island; B.C. A4ini.w~ of Ore,-qy. 
Mine.~ and P~ir&m Kwo~rrws, Annual Report 196X. 
pages 312.318. 

Muller. J.E., Northcote, K.E. and Carlisle, D. (1974): Geol- 
ogy and Mineral Deposits of Alert-Cape Scott Map- 
area (Y2L - 1021). Vancouver Island, British Columbia: 
Geologiml Stiwry of Cowxlu, Paper 74.8, includes 
Map 4.1974, scale I :2SO 000. 

Northcote. K.E. (1969): Geology of the Port Hardy Coal 
Harhour Area; B.C. Ministry of l%q~. Mirres OIK/ 
Prrrol~~unr R~snrrrcer, Annuitl Report 1968, pages 
X4-87. 

Northcote, K.E. (1971): Rupert Inlet - Cape Scott Map- 
area: B.C. Minivtr~ of Enne,:~y. Mines und Pctr-o,l<~,w,, 
Resorrr~~es. Geology. Exploration and Mining in British 
Columbia 1970, pages 2.54-258. 

Northcote, K.E. and Robinson, W.C. (I 973): Island Copper 
Mine; B.C. Mitlistr:v of E nrr;yy. Mif7P.T md Permlelrm 
RrsowWY. Geology; Exploration and Mining in British 
Columbia 1972, pages 293.301. 

Panteleyev, A. (1986): A Canadian Cordilleran Model for 
Epithermal Gold-silver Deposits; Geos~~imce Canada, 
Volume 13, pages 101-l I I. 

Riddihough, R.P. (IY77): A Model for Recent Plate Interac- 
tions off Canada’s West Coast; Co~tadian ./our-~zul cti 
Eurrh S&nces, Volume 14, pages 3X4-396. 

RX 



REGIONAL GEOLOGICAL MAPPING NEAR THE 
MOUNT MILLIGAN COPPER-GOLD DEPOSIT 

(93Kh6, 93N/l) 

By JoAnne Nelson, Kim Bellefontaine, Kim Green and Mary MacLean 

KEYWOKDS: Regional geology, Mount Mill&m, porphyry 
Cu.Au, alkaline intrusions, Takla Gmup, Rainbow Creek 
formation, lntana Lake formation, Witch Lake formation, 
Chuchi Lake formation, Tertiary basins, Takla intrusions, 
structural geology, Mount Mill&m horst. metamorphism, 
alteration. mineralization. 

INTRODUCTION 
The Nation Lakes area of central British Columbia is 

located approximately 75 kilometres north of Fort St. James 
and is accessed by well-maintained logging roads from Fort 
St. James and MacKenzie (Figure l-IO-1 1. Its current 
exploration importance is due to the IYX7 discovery of the 
Mount Milligan porphyry copper-gold deposit by Lincoln 
Resources Inc. At present, the Mount Milligan deposit is 
nearing feasibility stage with grological reserves. currently 
under revision, of approximately 400 million tonnes grading 
0.48 grams per tonne gold and 0.2 per cent copper 
(Rebagliatti, 1090, DeLong of al., 1991, this volume). 
Exploration for other copper-gold porphyry deposits is very 
active in the area; by August 1990 approximately 90 per 
cent of the Wittsichica Creek (93N/I 1 and Tezreron Creek 
(93K/l6) map areas was staked. 

The Nation Lakes regional mapping project was started in 
1990 to assist exploration efforts by providing a geological 
database in this virtually unmapped area. Two I:50 000 map 
sheets were covered in the summer of 1990. They are 

available as Open File 1991.3 (Nelson ef ol., 1991). Thi!; 
high productivity was made possible due to the sparseness 
of outcrop, less than 5 per cent. and the excellent access tc’ 
much of the area by logging roads. Goals of the project are 
as follows: 

l To outline stratigraphic subdivisions of the Taklzl 
Group, which is undivided on previou?. 
reconnaissance-sea e I geological maps (Armstrong,, 
1949; Garnett, 1978). 

l To locate intrusions and alteration zone!, as an aid tc’ 
mineral exploration. 

0 To accurately locate previously documented mineral 
occurrences and add new ,ihowings. 

. To provide lithogeochemical and stream-sediment 
data. 

0 To evaluate the potential “f the area for new discov- 
eries of porphyry-style mineralization and other types 
of mineral deposits. 

REGIONAL GEOLOGIC SETTING 
THE TAKLA ARC 

The Nation Lakes area is predominantly underlain by 
Early Mesozoic Takla Group rocks of islancl-arc affinity. 
The Takla Group and its southern equivalent, the Nicola 
Group. define the Quesnel Terrane or Quesnellia (Monger et 
al., 1990). The northwest-elongate Hogem batholith is 
intruded into this terrane. The southern tip of this intrusion 
lies within the map area on the north shore of Chuchi Lake 
(Figure I-10-2). The main phas? of the Hogem batholith is 
dated by K-Ar methods as 176 t” 2 I2 Ma, and is considered 
to be an intrusive equivalent of at least part of the Takla 
Gr,up (Garnett, 197X). 

At the latitude of the mep axa the western border “t 
Quesnellia is the Pinchi fault. Here the Takla Group lies in 
tectonic c”ntact with oceanic rocks of the ‘Cache Creek 
Terrane (Figure I-10-2). The presence of Triassic blue- 
schists along the Pinchi fault (Pzrterson, 1977) suggests that 
a subduction zone lay west of the Takla arc. The eastern 
border of Quesnellia is a complex z”ne of faults that place 
lower Takla rocks against the Late Paleozoic Slide Moun- 
tain Tetnne (Ferri and Melville, in preparation) and meta- 
morphic rocks of autochthonous North America. notably the 
southern Wolverine complcn nex Carp Lake (Struik, 1990). 

Regionally. the Takla Group comprises a lower Late 
Triassic sedimentary unit which interfingers with and is 
overlain by voluminous volcanic, pyroclastic and epiclastic 
rocks. These rocks are intruded by coeval plutons which 
range up t” Early Jurassic in age. Augite-physic rocks pre- 
dominate, although plagioclase and hornblende are present 

ldegroot
1990



126 

I 

and can be abundant. Takla volcanics tend to be unusually 
pot;tss~um rich and are transitional to alkalic in their major- 

~aneous arc-volcanic rocks of the N&la Group in the 

element chemistry (Rebagliati, 1990: Ferri and Melville. in 
Qucsncl Tcrranc IMwtimer. IYX7) and the Stuhini Group in 

preparation). They share this characteristic with contempo- 
the Stikinr Taxme ,near Galore Creek (Logan and 
Koyanagi. IYXY). The Stikine Terrane is separated Itom 



Quesnellia either by major faults or by the strongly 
allochthonous Cache Creek Terrane (Monger C, <I/.. IYYO). 
These petrologic and petrochemical parallels between 
Quesnellia and Srikinia, two apparently disparate tectonic 
entities, pose an interrsring question in Cordilleran geology. 
Stratigraphics of the two Early Mesozoic arcs show further 
similarities us discussed la~rr. 

THE ALKALINE PORPHYRY 
COPPER-GOI.I) ASSOCIATION 

The potassiurn-rich volcunics of the Takla and Nicola 
groups have hcen classified as shoshonites by Mortimer 
(1987) and de Rosen-Spencr (19851. Shoshonites are 
thought 10 arise from unusual conditions within magmatic 
ttrcs. A variety of tectonic mechanisms have been culled 
upon to explain the strongly alkalic ~nature of these rocks, 
including the breaking off and ftnmdering of the downgoing 
slab (de Rosen-Spencc. 19851, mantle metasomutism 
(Foden and Vane. 19801 and the melting of \ubcontinental 
lithosphere during subduction (Verne. 19851. Whalever the 
ultimate origin of shoshonites. their coeval and cogcnetic 
alkaline intrusions tend to host or nucleate porphyry-style 
deposits that are enriched in both copper and gold. There are 
many excellent example\ of alkalic porphyry copper-gold 
deposits in British Columbia. most of them associated with 
I.& Triassic to Eurly Jurassic intrusive bodies in Qursnrllia 
and Stikinia (Barr cf ul.. 1976). Operating mines include 
Similco (Copper Mountain) and Afton: mine prospects 
include Mount Mill&m. Mount Polley and Stikinc Copper 
(Figure I-10-3). 

Barr rr ul. (IY76) outlined exploration parameters for 
alkalic porphyry copper-gold deposits. These are sun- 
marired here 1o pnwidr a context for the following discus- 
sion of local geology. One of the most important charac- 
teristics of alkaline porphyry deposits is that they tend TV be 
spatially related to long-lived faults. Faults that control 
early intrusive activity are later rcactivatrd and also control 
much younger feature\ such a\ Eocens exrensional basins. 
Both Copper Mounfain and AftoniAjnn lie near important 
Eocene hasin-bounding faults. which are interpreted as 
reactivated Triassic-Jurassic structures (V.A. Prcto. personal 
communication. IYYO). 

The alkalic intwsive bodies associated with porphyry 
copper-gold deposits are typically small and high level to 
subvolcanic. Their textures strongly resemble those of vol- 
canic flows. These intrusions consist of densely crowded. 
blocky plagioclase phenocrysts about 2 millimetrcs in dian- 
eter. and perhaps less abundant biotite. uugite. hornblende, 
or orthoclase, in a dense very fine gruined feldspar matrix. 
They are distinguished from surrounding flows by their 
limited arcul cxfcn1, lack of wlcanic features such as amyg- 
dules and pyroclastic facies. extremely crowded pheno- 
crysls and a relatively more felsic composition. Intrusive 
breccias and diatremes are also un important aspect of 
alkaline porphyry systems (Barr ef a/.. I Y76: Sillitoe, 1990). 

Alkalic porphyria often have associated pmpylitic and 
potassic alteration. Abundant magnetite, part of the potassic 
suite, makes airborne and ground magnetic surveys an 
important exploration tool. Extcnsivc pyrite haloes outline 
the porphyry systems and can aid the prospector who does 

Figurr 1~10&3. Diwibuliun 01 porphyry copper-gold 
depasirs associatrd v&h alkalinr: intrusions within the lnter- 
montane Belt of British Colum~~ia. Modified aftrr Legun ?i 
cl/. , IWO,. 

not have access to a petrographic microscope: or feldspar 
staining apparatus. Small, high-grade veins such as the 
Esker veins at Mount Milligan (Rebapliali, 1990) and tht 
gold-magnetilr veins and magnetite-matrix breccias at the 
Cat property. may signal the presence of nearby largest 
tonnage, lower grade zones. 

REGKBNAI. STRUCTURAI. .%:.I..I.INC; 

The Nation Lakes area lies between fwo regional-scale 
northwest-trending fault systems that probably had signifi-. 
cant dextral offsets in Late M?soroic to Eocene time; the 
Pinchi fault to the west and the Manson, McLcod and 
Northern Rocky Mountain Trench faults to the east. Struik 
(1990) lhas shown how trnnscur~nt motion in this arca ~‘a:, 
transferred from one fault system to the other through set!; 
of subsidiary faults in the block between. ‘The southern 
Wolverine complex, centred on Carp Lake 20 kilometre 
southeast of the present map .rrea (Figurr l-10-2). is an 
uplifted horst of basement gneisvs. it is bounded by a series 
of steep, northwest-trending dwaal faults and northeast-~ 
trending low-angle normal faults (Struik. 1989, 1990). Scv-, 
eraI of the northwest-trending Ibounding faults project inw 
the Nation Lakes map area (Figure l-10-2). 

CAPSULE EXPLORATION HISTORY 
Figure l-IO-3 shows the ~distribution of significam 

copper-gold deposits associated with alkaline lporphyry sys- 
tems in Quesnellia and Stikinia. The Nation Lakes region 
has seen two phases of intense: exploration zctivity in t~he 
last two decades. The first pulse, dating roughly from 1970 
to 1975, concentrated on depaits in and near the Hogcm 
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Figure I-10.4a. Generalized geology and lniner~l occurren~rs in rhc Nation Lakes mep area (Wittsichica Creek 93N/l and 
Terreron Creek 9iK/l6 map areas). Refer to MINFILE descriptions in text. 



batholith. This led to the discovery of the Lomaine deposit 
by Granby Mining Corporation (Wilkinson ef al., 1976) and 
the Takla Rainbow prospect. Porphyry systems were nix 
identified south of Chuchi Lake (reported in Campbell. 
1990). Interest in porphyry systems declined [until the mid- 
1980s when strong market prices for both copper and gold 
made alkaline porphyry deposits desirable exploration tar-, 
gets. Recent exploration effort>; have extended outside the 
Hogem batholith to the entire lntermontane Belt. The mosl. 
important result so far of this resumed interest in the Nation 
Lakes area was the 1987 discovery of the Mount Milligan 
deposit and its subsequent development to feasibility stage. 
Major drilling programs were conducted in the summer of 
1990 on the Cat property owned by BP Resources Canada 
Limited and Lysander Gold Corporation, on Cathedral Gold 
Corporation’s Takla Rainbow property, on Rio Algom 
Exploration Inc.‘s Klawli property, and on the BP-Digger 
Resources Limited Chuchi property north of Chuchi Lake. 
The Lorraine is being investigated by Kennc~~ Exploration!; 
(Canada) Limited. In addition, large alteration systems with 
anomalous copper and gold values are under investi&atiort 
south of Chuchi Lake by Rio Algom, Westmin Resource:~ 
Limited, and Noranda Exploration Company, Limited, on 
the Max claims by Rio Algom, on Grand America Mineral:i 
Ltd. Webb claims, and on Placer Dome Inc.‘:. Windy props 
erty. Noranda’s promising Tas property has been inactive 
since 1989, its potential still unclear. Most other properties 
and projects are in the early stages of exploration. 

LOCALGEOLOGY 

STRATKRAPHY OF THE TAKIA GROUP 
Mapping in the Nation Lakes area in 1990 resulted in a 

provisional subdivision of the ‘Takla Group into four infor- 
mal formations, the Rainbow Creek, lnrana Lake, Witch 
Lake and Chuchi Lake formations. A nearly complete strat- 
igraphic succession can be seen in the broad anticline that 
outcrops from south of Chuchi Lake to the sodthem limit of 
mapping near Dem Lake (Figure I-IO-4A). E.piclastic sedi- 
ments of the Inrana Lake fomlation are overlain by augite 
and other porphyritic volcan~cs and pyroclestics of the 
Witch Lake formation. Thesr in turn pass upward inm 
polymictic lahars and subaerial flows of the Chuchi Lake 
formation. Elsewhere, Takla units occur in incomplete, 
fault-bounded panels (Figures I-IO-4A, 48 and 5.) 

RAINBOW CREEK FORMATl,ON (uTrRC) 

The Rainbow Creek formation is a hesinal packagr c#f 
dark grey slate with lesser siltstone and, in sane exposure:;, 
epiclastic interbeds. It occurs :,n three fault-bounded strut- 
tural blocks in the Nation Lakes map area one north of 
Rainbow Creek, one near Dan Lake in the far southwest 
comer of the map area. and cone intersected in a drillhole 
southeast of the Mount Milligan deposit. 

The exposures north of Rainbow Creek are divided into 
two sub-blocks based on different trending schistosities and 
distinctive lithologic suites (Figures I-IO-r. and 5). The 
northern block consists mostly of monotonous grey s1at.e 
with sparse, thin siltstone interbeds and minor quartz sat& 
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Witch Lake fm. 
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stones. The southern block, next to Rainbow Creek. is also 
dominated by slate. but contains some volcanic and vo- 
caniclastic components. Near Dan Lake. the grey slate 
contains very common siltstone interbeds and also sedimen- 
tary breccias composed of slate interclasts. The black slate 
intersected in drill hole DDH-274. southeast of the Mount 
Milligan deposit, is limy, graphitic and soot-black. 

characteristically sparse, less than IO per cent in a sandy 
matrix. These units may represent an upward transition to 
the overlying augite porphyry tlows and coarse pyroclastic 
doposits. They contain fragments of augite and lesser 
hornblende (plagioclese) porphyry. Fresh olivine crystals 
are rare hut notable. 

All of these exposures are completely fault-bounded. 
Their original relationships to the rest of the Takla Group 
are not known. Regionally, the lowest unit of the Takla 
Group is a package of dark grey to black slates or phyllites 
with interbedded quartz-rich siltstones and sandstones and 

minor limy beds and limestones. Near Quesnel this unit is 
termed the “Triassic black phyllite” (Struik. 1988, Blood- 
good, 1987, 1988). More locally, Ferri and Melville (in 
preparation) recognize dark grey slates, limy slates, silici- 
elastics and limestones of Late Triassic age in the Manson 
Creek area, which they propose to include in the lower part 
of the Slate Creek formation. The Rainbow Creek formation 
is correlated to these on lithologic grounds. 

The sedimentary hreccias contain mostly intrabasiwrl 
clasts of argillite, sandstone and fine-grained, green sil- 
iceous tuff. Volcanic and high-level plutonic clasts are alsu 
present, including plagioclnsr and pyroxenc porphyry. At 
one exposure 300 mares ear of the Fort St. James- 
Germansen road and 200 metres north of the Germansen- 

Cripple subsidiary road, a broad channel in the sedimentary 
breccia is filled with a slump of rounded augite porphyry 
clasts. These hreccias attest to high-energy conditions 
within the basin, possibly induced by synsedimentary 
faulting. 

INZANA LAKE FORMATION (uTrIL) 

Extensive sedimentary, epiclastic and lesser pyroclastic 
rocks outcrop in the map area from north of lnrana Lake to 
the southern map border. Due to the lithologic monotony 
shown by this package over large areas, and to the tight 
folding within it, no subdivisions were made. It consists of 
abundant grey, green and black siliceous argillite with lesser 
green to grey volcanic sandstones and siltstones. green. 
augite bearing crystal and lapilli tuffs, sedimentary breccia, 
siliceous waterlain dust tuffs, heterolithic volcanic 
agglomerates and rare, small limestone pods. The argillite is 
siliceous and poorly cleaved: it contrasts strongly with the 
alumina-rich grey slzdtes of the Rainbow Creek formation. 
Although the sandstones tend to he thick bedded and 
relatively featureless, graded bedding and load casts are 
common within the thin-bedded siltstoncs. They provide 
extensive control on sedimentary tops. Two separate sets of 
flame structures, and imhricated volcanic agglomerates. 
indicate arc-parallel northwesterly transport into the basin, 
suggesting a volcanic centre to the south. 

The Inzana Lake f(mnation is transitionally overlain by 
augite porphyry agglomerates of the Witch Lake formation 
on the low ridge north of Mudzenchoot Lake. its low strat- 
igraphic position in the Takla Group and its character as 
facies equivalent of distant volcanic centres suggests that 
the Inzana Lake formation correlates with Unit 7 of the 
Takla Group near Quesnel (Bloodgood, 198X) and with the 
upper part of the Slate Creek formation of the Takla Group 
near Germansen Lake (Ferri and Melville, in preparation). 

WITCH LAKE FORMATION IuTrWLj 

The best-known lithologies of the Takla Group are augite 
porphyry flows and pyroclastics. In the Nation Lakes area 
they are included in the Witch Lake formation, named for 
the thick, well-exposed sequences around Witch Lake. The 
Witch Lake formation has two main areas of exposure. one 
between Mudrenchoot and Chuchi lakes, where if is in 
stratigraphic continuity with the underlying Inznna Lake 
and overlying Chuchi Lake formations; and a fault-hounded 
structural panel on the eastern side of the Wittsichica Creek 
map sheet, which hosts the Mount Mill&an deposit. 

Crystal and lapilli tuffs occur mostly along the western 
margin of the map area. Fragments in the lapilli tuffs are 

In addition to augite porphyry. a thick section dominated 
by plagioclase-porphyritic latites occurs in the Witch Lake 
formation south of Witch Lake. Acicular hornhlende- 
plagioclase porphyrirs are locally abundant, particularly 



Early Tertiary sediments 
and basalt 

Witch Lake fm. 

74’ 
Mt. Mill&an Ea,rly Tertiary 

intrusive complex sesdiments 
and basalt 

LAKE 



Cache Creek Terrane 
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Figure I-tO.ba. Regional comparisons of Takla Group stratigraphy. Locations of stratigraphic 
sections and their terranc context. 

south of Rainbow Creek and extending southward into the Wittsichica Creek. In the Mount Milligan panel. two thin 
northeastern corner of the Tezreron Creek map sheet. Here trachyte units can be traced over several kilometres. They 
hornblende porphyries are the dominant lithology tn are composite units that include pale-coloured tlows with 
agglomerates and in heterolithic aggregates that also contain large, ovoid amygdules, flow hreccias, and lapilli tuffs that 
the mot-e common augite porphyries. At one locality south contain deformed glass shards. 
of Rainbow Creek, hornblendite and amphiholite clasts The augite porphyry suite that dominates the Witch Lake 
occur within the hornblende porphyries. One clast consists formation is typical of explosive intermediate volcanism. It 
of clinopyroxenite in contact with amphiholite, reminiscent includes all gradations from flows and probable hypahyssal 
of Polaris-type ultramafic bodies (Nixon ef ol.. 1990). intrusions to coarse volcanic hreccias and agglomerates, 

Trachyte hreccia occurs near the top of the western Witch lapilli and crystal-rich luffs and thinly bedded, subaqueous 
Lake formation in the headwaters of the south fork of epiclastic sandstones and siltstones. Both small-augitc por- 
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phyry and large-augite porphyry variations are present. 
Plagioclase and hornblende phenocrysts are subordinate and 
olivincs rwc. In terms of composition. the wgitc porphyria 
contain hctween 20 and X0 per cent matrix and phcnocrystic 
plagioclasc and in rare examples, primary potassium feld- 
spar as II matrix phase. They are classified as andesites and 
basaltic andesites. The abundance of potassium feldspar in 
the volcanic rocks at and near the Mount Milligan deposit, 
has led past authors (Rehagliati, 1990) to classify them as 
augite-porphyritic 1atitc.s and banded trachytes. However, 
microscopic examination of andesites and derived sedi- 
ments up to 4 kilometres from the MBX and Southern Star 
stocks shows the invasion of secondary potassium feldspar 
occurring as veinlets. as clumps with pyrite and epidote. as 
seams in plagioclase phenocrysts. and as fine-grained 
aggregates along bedding planes in the sediments. Such 
replacement distal to the deposit suggests that the highly 
potassic nature of the rocks within the deposit is due to 
wholesale replacement, converting andesites to “latites” 
and bedded andesitic sediments to “trachytcs”. 

CHUCHI LAKE i.‘OKMATION (uTrCL.l 

The intermediate to felsic Chuchi Lake formation transi- 
tionally overlies the Witch Lake formation along a 

northwest-trending contact that can be traced for 25 kilo- 
mctrcs south of Chuchi Lake. The hest exposures arc seen 
north of Chuchi Lake: however, in this area tlx basal con- 
tact with the Witch Lake formation lies north of the Wit- 
tsichica Creek map sheet. In cor~trast with the lnarine Witch 
Lake formation, the Chuchi Lake formation shmaws widence 
of deposition in a partly subnenal environment. It is dom- 
natcd by polymictic plegioclase porphyry agglomerates and 
breccias. They are typically matrix supported and grey- 
green to pale maroon in colour. One of these lahers is in 
contact with a thin volcanic sandstone bed containing abun- 
dant wood fragments on bedding planes. Wo’sd fragments 
caught up in the hot Iahar are evidenced by black cores of 
remnant carbonaceous material with reaction rims. 

The plagioclase(iaugite~ht~mblende) porphyria con- 
tain from 70 to 80 per cent pl.agioclase and from zero to 
I5 per cent matrix potassium fteldspar. They are andesites 
and latitic-andesitcs. 

Another characteristic lithology of the Chwhi Lake for- 
mation is dark maroon, felsic I.itite to trachyw tlows with 
large, irregular, partly filled amygdules. Microscopically, 
the flows consist of potassium feldspar and plagioclase in 
varying proportions. Some are plagioclase phyric. The 
amygdules are filled with calcite and albite. A single large- 
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plagioclase intrusion and flow unit. with individual pheno- 
ctysts averaging several centimetres long, is exposed north 
of Chuchi Lake. Although megacrystic intrusions are fairly 
common, this is the only documented volcanic occurrence 
of megacrystic feldspar porphyry in the map area. Farther 
north and down-section, a partly welded trachyte tuff- 
breccia is cut by the Hogem batholith. 

Hornblende porphyry with acicular phenocrysts occurs as 
clasts in polymictic breccias at the base of the Chuchi Lake 
formation between Witch and Chuchi lakes, and also up- 
section north of Chuchi Lake. This textural variant is also 
seen in dikes. In some exposures the acicular homhlende 
porphyria contain small inclusions of homblendite and 
amphiholite. 

The basal contact of the Chuchi Lake formation is grade- 
tional: it lies within a zone where mainly augite porphyry 
agglomerates of the Witch Lake formation pass upwards 
into polymictic agglomerates with small, abundant plsg- 
ioclase phenocrysts in the clasts. As well, the dark green 

TABLE 1-10-I 
FOSSIL IDENTIFICATIONS 

Macrofossils identified by Elisabeth Mclver of the Institute 
of Sedimentary and Petroleum Geology. 

C-168233 
Sample Number: JN-90-34-l 
From thinly bedded, dark grey-black, volcanic-ash-rich 
mudstones and siltstones in drill hole DDH-X9-2 located on 
the Assunta claims near Gidegingla Lake. Sample taken 
from drill-hole interval 270-288.5 metres. 
NTS 93N/l 
UTM ZONE lo; N6107925 E422600 

Identifications: 

SUBDIVISION: Gymnospermophytina 
CLASS: Gymnospemopsida 
FAMILY: Taxodiaceae 

Mctascyuoiu occidmta/is - leafy twigs 

FAMILY: Pinaceae 
Pinus seeds, and probably leaves, but without fascicles, 

identification of the leaves as Pinus is impossible. 
P&a - seeds 

SUBDIVISION: Angiospermophytina 
CLASS: Magnoliospsida 
FAMILY: Betulaceae 

cf. Betulu - leaves betulaceous and could he B<w/u hut, 
as the leaves are poorly preserved or only fragments, they 
should not be assigned to the genus. 

FAMILY: Proteacaea 
Lomatia lirreutu (Lesquereux) MacGinitie - leaves and 

probably seeds (seeds are incomplete hut resemble those of 
the taxon). 

FAMILY: Myricaceae 
Comptmiu hrsperia Berry - leaves 

AGE: Eocene or Oligocene 
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colours of the Witch Lake formation change to maroon, 
reddish and green shades. The top contact of the Chuchi 
Lake formation is not observed in the map area. 

COMPARISON WITH OTHERTAKLA GROUP 
LOCALITIES 

In the Nation Lakes area dark grey to black siliciclastic 
and limy strata of the Rainbow Creek formation are inferred 
to pass upward into the mixed epiclasticibasinal lnzana 
Lake formation, which in turn is succeeded by the predom- 
nantly augite-phyric porphyritic volcanics of the Witch 
Lake formation, and finally by somewhat more felsic and 
polymictic subaerial pyroclastics and flows of the Chuchi 
Lake formation (Figure l-10-5). As shown on Figure 
l-10-6, this stratigraphy is closely analogous to the Takla 
Group near Quesnel (Struik. 19X8; Bailey, 198X; Blood- 
good, 1987; 1988) and in the Manson Creek area (Ferri and 
Melville, 1989 and in preparation). It also strongly rese- 
mbles the Takla stratigraphy outlined by Monger (1977) and 
Monger and Church (1977) in the McConnell Creek map 
area (Figure l-10-6). The Rainbow Creek and Inzana for- 
mations are equivalent to the Dewar Formation: the Witch 
Lake to the Savage Mountain Formation; and the Chuchi 
Lake to the Moosevale Formation. In both the McConnell 
Creek and Nation Lakes map areas Late Triassic marine 
sedimentation is succeeded by voluminous volcanism that 
becomes increasingly intermediate in composition and sub- 
aerial through time. The McConnell Creek map area lies 
within Stikinia (Figure I-IO-6A), therefore these stnt- 
igraphic parallels are present across a major terrane 
boundary. 

POST-TAKLA STRATICRAPHIC UNITS 
EARLY TERTIARYSEDIMENTARYROCKS 
AND BASAI,TS (Esb) 

Recessive Early Tertiary strata may underlie fairly exten- 
sive regions of the map area. Evidence for this comes from a 
few drill holes east of the Mount Milligan deposit 
(DDH-426, DDH-433, DDH-440. DDH-445, DDH-446, 
DDH-449) and one near Gidegingla Lake (DDH NR-89.2; 
Ronning, 1989). East of the Mount Milligan deposit 
lithologies include sandstone, mudstone, coal, pebble con- 
glomerate and basalt. Clasts in the pebble conglomerate are 
of Takla lithologies, some of which are altered, suggesting 
local derivation from the deposit area. This may he a slump 
hreccia associated with the Great Eastern fault (see discus- 
sion on faults). 

Near Gidegingla Lake, sandstone, siltstone and shale and 
thin-bedded volcanic ash form an interval I9 metnx thick 
between basalt flows. Abundant broad-leaf and Mere- 
squoia prints are well-preserved on bedding surfaces. A 
collection submitted to Elisabeth Mclver of the Institute of 
Sedimentary and Petroleum Geology, Geological Survey of 
Canada, includes Metosequoiu occidentalis. Pinus and 
Piccu seeds, Betulaceae (birch) family, Lomatia linemu, 
and Corn/>&n& hrsperia Berry (Table I-IO-I). This flora is 
of Early Tertiary age (E. Mclver, personal communication, 
1990). Samples of this material have been submitted for 



pollen analysis. The basalrs are brown to black and aphani- 
tic to finely plegioclase phyric. They contain partly filled 
vesicles that vary from pin-prick size to cavities several 
centimetres in diameter. Filling materials include chal- 
cedony, crystalline calcite, celadonite and zeolites such as 
mordenite. These basalts strongly rewmble Early Tertiary 
basalts in the Gang Ranch area as well as basal& of the 
En&k” Group. 

These subsurface date point to the existence of previously 
unrecognized Early Tertiary basins within the map area, 
probably controlled by penecontemporaneous block faults. 
This point is further developed in the discussion of struc- 
tures following. 

QUATERNAHY(?) BASALT (Qb) 

Fresh olivine-bearing basalt is exposed on an east- 
trending ridge near Willowy Creek in the southeastern COT- 
ner of the Tezeron Creek map area (Figure I-IO-4A). It 
uncomformably overlies the Inzana Lake formation on a 
bevelled surface. It may be a separate outlier of the young 
basalt mapped by Armstrong (1949, Unit ISA) on Hunitlin 
Mountain IS kilometres to the south, although he assigned it 
to the older Endako Group. The basslts are brown weather- 
ing and columnar or platey jointed. They contain xenoliths 
of dunite and also of gneissic leucogranite derived from 
North American basement that structurally underlies the 
Takla Group. 

QUATERNARY GLACIAL OVERBURDEN (Qal, 

A large north-trending belt of glacial and glaciotluvial 
deposits, approximately IO0 kilometres long and IO to 20 
kilometres wide, extends from Fort St. James to north of the 
Nation River (Armstrong, 1949). Glacial drift in the Nation 
Lakes area can reach thicknesses exceeding 200 metres 
(Ronning, 19X9) and can make geological, geophysical and 
geochemical interpretation extremely diflicult. Recent surfi- 
cial studies by Gravel PI ol. (1991, this volume) and Kerr 
and Bobrowsky (in preparation) at and near the Mount 
Milligan deposit have helped to explain its surficial geo- 
chemical signature. 

Geological interpretation in the heavily glaciated regions 
of the map area is based on small isolated outcrops that poke 
through the Quaternary cover and, on several key drill holes 
on the Mount Mill&n (DDH-426, DDH-433, DDH-440, 
DDH-445, DDH-446, DDH-449) and Assunta (DDH 
NR-89-2) properties. These drill holes show that significant 
thicknesses of glacial material overlie down-dropped Tett- 
ary basins. Thick glacial deposits may have an application 
as a regional-scale exploration tool for Tertiary basins in 
this part of the lntermontane Belt. 

INTRUSIVE ROCKS 
CLASSIFICATION: COMPOSITIONS AND TEXTURES 

Prior to this project, two intrusive bodies appeared on 
published regional maps of the Nation Lakes area; the 
Hogem batholith and the Mount Mill&an intrusion. Several 
other small intrusions had been located by exploration 
work. Presently, six bodies mappable at I:50 000 scale have 

Geolqical Fieldw’ork 1990, Paper 1991-l 

been located in the area, in addition tomany s~mall ones. The 
large intrusions are: the southern end of the Hogen, 
batholith north of Chuchi Lake:, the Mount Mill&an corn-, 
plex situated IO kilometres north of the deposit. the MBX 
and Southern Star intrusions at ~the Mount Milligan deposit. 
a complex monzonite-diorite intrusion on the Max claims 
northeast of Cripple Lake, the extensive plagioclase- 
megacrystic diorite south of Kalder Lake, and the Tas intru- 
sive complex. Most are multiphase, complex intrusive 
bodies. The highly variable nature of the intrusions is shown 
by the following classification scheme, in which we attempt 
to logically subdivide the rangt: of textures and composi- 
tions that are present. This chwification emphasizes hand- 
sample character, because we believe this to br: most useful 
to the field geologist. The rock jnames and modal composi- 
tions were confirmed microscopically. All but those noted 
below are considered to be part of the Triassic-Jurassic 
Takla intrusive suite. 

Using the classification scheme of Streckeisen (1967) the 
following compositions are represented in the area: (I) 
granite, (2) syenite, (3) monzonite/monrodioritt:, (4) diorite, 
and (5) gabbroimonzogabbro. This numbering scheme is 
used on the map (Figure I-IO-4A), however it does not 
imply relative ages for the intrusions. The variations in 
potassium feldspar content between and within individual 
intrusions makes sodium cobaltinitrate staining necessary 
for correct identification. Texturally, the intrwions may be 
(A) coarse-grained equigranular to somewhat porphyritic; 
(B) crowded-porphyritic; (C) po:rphyritic with megacrysts; 
or (D) porphyritic with sparse phenocrysts in a very fine 
grained matrix. Because of the abundance of ~Fine-grained 
matrix material in the sparsely porphyritic intrusions, they 
are named using volcanic terminology: (I) rhyodacitel 
dacite, (2)trachyte. (3) latite/latitic andesite and (4) andesite. 

THE GRANITE SUITE (1) 

Two phases of this lithology are seen on Mount Milligan 
peak. The first is a sphene-bearing hornblende granite, 
which is probably a quartz-rich differentiate cmf the main 
Mount Milligan monzonites (3A). The second phase forms 
discrete bodies near the southern end of the Mount Milligan 
ridge. Large plagioclase phenocrysts and smaller quartz and 
biotite crystals are spaced in a foliated. medium-grained (2 
mm) equigranular matrix of quartz, orthoclase and plag- 
ioclase. This texture is indicative of subsolidus 
recrystallization. 

SPARSELY P~RPHYRITIC RHYOD~~T~~./DACITF: (ID) 

These bodies may be partly or wholly of Late Cretaceous 
to Early Tertiary age. They are concentrated in two areas; at 
the Mount Milligan deposit north to the westetn flank of 
Mount Milligan peak, and around Dem Lake in the south- 
western comer of the map area. ‘They generally occur as 
dikes, except for one large body eat of Dem Lake. They are 
white, tan and grey in colour. Motet contain clear, round to 
embayed quartz phenocrysts. Plagioclase phenocrysts range 
from millimetre size to megacrystic. Biotite and hornblende 
form small phenocrysts. The rhyodacites and dacites may be 
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fine-grained textural variants of the porphyritic granite on 
Mount Milligan (1 A). 

THE SYENITE SUITE (2) 

These coarse-grained intrusive rocks contain sparse to 
fairly abundant 5 to 8.millmetre plagioclase phenocrysts in 
ioclase. They form small intrusions west of Dem Lake and 6 
kilometres south of Witch Lake, They are also found as 
cognate inclusions in a welded rrachyte luffibrecccia of the 
Chuchi Lake formation. 

In one dike south of Witch Lake, large, centimetre-sired, 
tabular white plagioclase and pink orthoclase(microcline?) 
phenocrysts occur in a felsic matrix. North of Heidi Lake, 
orthoclase megacrysts are present in a dike which occurs in 
a swarm with sparsely porphyritic monzonites and latites. 

THE MONZONITE SUITE (3) 

This is the most important intrusive suite in the map area. 
It dominates the Mount Milligan intrusion and the southern 

end of the Hogan batholith. The MBX and Southern Star 
stocks we monronite porphyria. 

Coarse-grained monzonite is seen most prominently on 
Mount Mill&m. It also occurs in the southern end of the 
Hogem batholith. as small intrusions immediately south of 
Chuchi Lake, and on the central ridge on the Max Claims. 
The large Mount Milligan body varies gradationally in min- 
eralogy and fabric. Constituents include plagioclase, 
clinopyroxene, hornblende and biotite with interstitial 
orthoclase and minor quartz (less than 10%). Hornblende 
and biotite are in some cases poikilitic to skeletal. 
Hornblende commonly forms mantles on early-crystallizing 
clinopyroxene. Also noteworthy in thin section are the rela- 
tively large (0.2-0.4 millimetre), abundant accessory 
sphene, magnetite and apatite. The Mount Milligan body 
also contains less abundant phases ranging from diorite to 
granite. Fabrics in the body vary from massive to foliated. 
The planar fabric is due to igneous plagioclase alignment 
and/or subsolidus recrystallization. 

The Chuchi monzonite is unfoliated and varies in texture 
from coerse-grained to medium-grained “salt-and-pepper” 

Plate I-10-1. Creek zone crowded monzonile porphyry, 
near 66 zone. Plagioclase and minor chlorite~sericite-altered 
biotite phenocrysts in dark-stained K-spar-rich matrix. Sta- 
tion 90.JN2-4. 

Plate I-10.2. Somewhal crowded plagioclese- 
hornblende porphyry monzonite, West zone north of Heidi 
Lake. Station 90JNl-I. 



textured to porphyritic. Diorite is also present in this body. 
The main mafic minerals are clinopyroxene and biotite. 

This lithology is key to porphyry copper-gold deposits in 
the Nation Lakes area. as it is throughout the Quesnel 
trough. It makes up the MBX and Southern Star stocks at 
the Mount Milligan deposit and is also seen north of Heidi 
Lake, on the hill immediately south of Cripple Lake, and on 
the ridge at the centre of the Max claims. In general these 
rocks are quite felsic and mafic poor. Plagioclase pheno- 
trysts 2 millimetres in size predominate, and hornblende, 
clinopyroxene and biotite may also be present (Plates 
l-IO-1 and I-10-2). The MBX and Southern Star stocks are 
plagioclase biotite porphyria. the only occurrence of 
phenocrystic biotite in crowded porphyritic monzonites. 
The matrix is mostly plagioclase and potassium feldspar. 
Because of their low potassium contents. textural equiv- 
alents of the crowded monzonite porphyria on the Tas 
claims are classified here as diorites. 

PlagioclasetHornblende, Clinopyroxene Porpbyritic 
Latite 

This lithology occurs mainly as dikes. Small, elongate 
plegioclase phenocrysts with subordinate hornblende and/or 
clinopyroxene are sparse in a very fine grained. pale green- 
ish matrix that consists of plagioclast:, potassium feldspar 
and mafic minerals. Many dikes of these lithologic types 
occur south of Heidi Lake on the western fringes of the 
Mount Mill&an deposit. They have also been mapped near 
Mitzi Lake, north and south of Chuchi Lake, on the Max 
claims. and near Cripple Lake. They occur either as isolated 
bodies or as parts of larger intrusive complexes. The com- 
position, mineralogy and texture of these intrusive rocks are 
comparable to some of the extrusive plagioclase-phyric 
latites within the Witch Lake and Chuchi Lake formations: 
they may be feeders to the more evolved volcanic flows. 

Acicular Hurnblende~Plagioclase Porphyritic Latite 

This highly distinctive intrusive type contains abundant 
needle-like hornblende crystals between 5 millimetres and I 
centimetre long. More irregular or blocky homblcndes may 
also be present. as well as nenoliths of homblenditc and 
amphibolitr. The matrix consists of plq$oclase. orthoclase, 
and smaller homhlende and augite crystals. Dikes of this 
lithology occur immediately west of the Mount Milligan 
deposit, new Mitzi Lake. south of Chuchi Lake, near Rain- 
bow Creek, and in the southwestern comer of the Wit- 
tsichica Creek map area. Their composition, mineralogy and 
texture are comparable to extrusive hornblende porphyria 
near Rainbow Creek and along the outlet of Witch Lake. A 
few andesite (potassium feldspar free) dikes exhibit an 
identical field character to these hornblende latites; they can 
only be distinguished by staining. 

THE DIORITE/MONZODlORlTE SUITE (4) 

A few examples of coarst:.grained diorite were dis- 
tinguished by potassium feldspar staining and thin-section 
examination. They are texturally similar to the orthoclase- 
rich monzonites and form in association with them. The,y 
occur on Mount Milligan, in the southern “tail” of th,z 
Hogem batholith, north of Benoit Lakes, and on the Max 
and Tas claims. Tas seems to be exceptional in that many of 
the intrusive phases are orthoclase poor. A large; multiphas,: 
pluton is shown in poor subcrop exposures east from the 
Free Gold zone. It is mostly diorite, although syenite with 
large orthoclase phenocrysts is also present. 

CnowuED PI.I\GIOCI.ASE- POWHYRITK DWRITF. (48) 

This lithology is seen on the top of the hill on the ‘Tas 
property, south of Chuchi Lake, and in a dike north of 
Chuchi Lake that cuts the ChLlchi Lake formation. On the 
Tas, plagioclase hornblende porphyry intrudes earlier, 
blocky hornblende porphyry andesite dikes. South of 
Chuchi Lake, the crowded porphyritic LIiorite shows 
intrusive-breccia and shattered textures in thin section. 

This lithology is restricted to one large body south of 
Kalder Lake. Large, pale greenish plagioclase phenocrysts 
over a centimetre in size, and much smaller blocky augites, 
occur in a fairly dark green. very fine grained matrix. The 
matrix contains plagioclase and secondary actinolite nee- 
dles. An accompanying phase contains smaller plagioclases. 

SPARSELY P~R~HYWIK AVDLSSITE (4D) 

Hornblende-porpbyritic Andcesite 

A swarm of hornblende-porphyritic andesite dikes is 
exposed on the hill at the centre of the Tas property. Wcll- 
formed blocky hornblende phenocrysts, roughly 5 milli- 
metres in Icngth, and smaller plagioclasr crystals are sparse 
to abundant in a dark green, nearly aphartic matrix of 
plagioclase and hornblende. Scattered examples of these 
“Tas” dikes are seen as far west as lnzana Lake. One 
acicular hornblende porphyritic andesite dike was mapped 
south of the Mount Milligan deposit. 

Clinopyroxene-porphyritic Andesite 

Intrusive equivalents of the Witch Lake augite porphyr& 
are rare and small, but notable. They occur north of Heidi 
Lake. north of the monronite intrusive complex on the Max 
claims, and at the Lynx showing. 

THE GABBRO AND MONZOGABBRO SUI’IW (5) 

C”AKSE-GKAINED, EQ,I1GRANULAH GABIJRlJ/ 
Mo~zo~~nnno (SA) 

Hornblende-rich gabbros form a small part of the intru- 
sive suite on Mount Milligan. 



Another small, but very interesting, variable-textured 
gabbroic dike crops out south of Hat Lake. Its composition 
ranges from monrodiorite to homblendite over a few 
metres; it varies in texture from an intrusive breccia to 
hornblende pegmatite. The gabbro and homblendite clasts 
that occur as xenoliths in the Tas crowded porphyries and in 
intrusive and extrusive acicular-hornblende biotite porph- 
yria may well have been derived from such a source. 

A small coarse-grained augite-biotite-magnetite gabbro 
body is exposed near the northwestern comer of the map 
area. 

IGNEOUSCLASTSIN VOLCANIC HOSTS 
Keying intrusive episodes to the volcanic cycle is an 

important aspect of porphyry deposit modelling. The exis- 
tence of plutonic and subvolcanic clasts in surface deposits 
gives stratigraphic constraint to the development of magma 
chambers. In the present map area. plutonic clasts other than 
homblendites and gabbros occur only within the Chuchi 
Lake Formation. Many of the plagioclase-phyric clasts in 
the lahars could be equally of hypitbyssal or volcanic origin. 
Coarse-grained monzonites and syenites are noted at three 
localities. The stratigraphically lowest locality south of 
Chuchi Lake contains acicular-hornblende monzonites in a 
host of plagioclase-hornblende polymictic breccias. The 
two localities north of Chuchi Lake contain coarse, equi- 
granular, felsic clasts that are hosted in plagioclase-phyric 
agglomerate and a partly welded trachytic tuff-breccia. 
Although clasts precisely equivalent in texture to the MBX 
stock were not seen, it is likely that the intermediate to felsic 
magma chambers that produced it were probably not active 
until after the transition to Chuchi Lake subaerial volcanism 
had occurred. The coincidence of elevation above wave 
base - and its implication of cmstal thickening with the 
development of evolved magma chambers carries a pleasing 
symmetry, which may be substantiated by zircon dates! 

METAMORPHISM 
Three distinct metamorphic facie are seen in volcanic 

and plutonic rocks of the Takla Group. The lowest grade is 
subgreenschist, developed in the western and southern part 
of the map area. Metamorphic minerals include chlorite, 
carbonate, albite and rare pumpellyite. In general 
clinopyroxenes are fresh, and plagioclases are fresh to 
albitized and sericitized. 

In the eastern part of the map area, including the vicinity 
of the Mount Milligan deposit and south to Cripple Lake, 
abundant clear to pale green actinolite indicates lower 
greenschist facies conditions. Actinolite occurs as mats of 
tiny acicular crystals and also as overgrowths on, and 
replacements of, clinopymxene phenocrysts. This facies is 
developed in the megacrystic diorite south of Kalder Lake, 
and thus is not a contact metamorphic effect of Takla 
intrusions. 

Near the peak of Mount Milligan, the lower greenschist 
passes into texturally destructive upper greenschist facies. 
Actinolites are more intense green. In many samples biotite 
and actinolite form well-oriented trains that wrap around 
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phenocrysts and lithic fragments. and appear to develop at 
the expense of randomly oriented clusters. Homfelses with- 
out visible fabric are also present. Within the Mount Milli- 
gan complex itself, there are screens of well-foliated 
hornblende-clinopyroxene-biotite-plagioclase-orthoclase 
granulites. The transition outwards from the Mo1.a Milli- 
gan plutonic complex seems to be in part a thermal, and in 
pan, a strain gradient. 

STRUCTURAL GEOLO~;Y 
A strong northwesterly structural grain manifests itself in 

the Nation Lakes map area. It is defined by formation 
contacts, faults and several generations of folds. Each stmc- 
tural element is discussed separately below. 

FOLDS 
The Takla Group in the western part of the map area 

occupies a regional-scale, gently northwest-plunging. 
upright anticline that extends from the south shore of 
Chuchi Lake to the southern limit of mapping. The trace of 
the fold is outlined by formational contacts between the 
Inrana Lake, Witch Lake and Chuchi Lake formations. 
They define a kilometre-scale fold closure near 
Mudrenchoot Lake and a northeastern limb that trends 
southeasterly to around Kalder Lake (Figure I-10-2). Rela- 
tively incompetent sediments of the Inrana Lake formation 
are exposed in the core of the anticline and are strongly 
deformed. Although the Inzana Lake formation is well bed- 

‘Wov to NW 
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Figure I-10-7. Sketches of F, and F, mesoscopic folds 
from the lnzana Lake formation. A) Ovenumed F, minor 
fold located on western limb of the major F, antiform. B) F2 
upright fold on the western limb of the major antiform. 



ded, it lacks marker units. Thus structural interpretation of 
the region relies on rare minor folds and folds inferred on 
the basis of dip direction changes and facing reversals. 
Facing directions and bed orientations can change many 
times in a single outcrop due to the small scale of the folds. 
This, together with soft-sediment deformation, inverse grad- 
ing, block fwlting and rotation can make structures difficult 
to interpret. None the less, two coaxial phases of folding are 
clearly evident in the Inzana Lake formation. 

The myjnr evidence for two discrete phases of folding is 
the presence of overturned beds in the hinges of large scale 
Fz upright folds, which indicate tight. recumbant refolded 
F, hinges. An excellent example of this occurs in the 
regional anticlinal hinge zone near Mlldzenchoot Lake. An 
earlier phase of tight folding is clearly apparent where a 
facing/dip reversal occurs in northeast&striking strata. Other 
examples of F, folds defined by changes in facing direc- 
tions in F2 fold closures occur near lnzana Creek, north of 
Benoit Lake and north of Chuchi Lake. Although F, and Fz 
folds are readily distinguishable in the closures of Fz folds, 
the two are not easily discernible on the limbs of F, folds 
due to their apparently coaxial orientations. 

Mesoscopic F, folds were only observed in a single 
outcrop nonh.of~Hat Lake (Figure I-IO-7a). Tight F, folds 
with gently northwest-plunging axes are overturned and 
show a northeast-directed asymmetry. These folds are 
superimposed on the southwest-dipping limb of a large- 
scale F, fold that has a well-developed axial planar cleav- 

age. At the Hat Lake locality the axial plan’es of the two 
phases are parallel due to their location on the limb of an F:! 
fold. A stereonet plot for the outcrop shows a great circle 
distribution of bedding around both F, and FL fold axe:; 
(Figure l-10-8). A small circle distribution of poles to 
bedding may be expected due to refolding, however, the 
lack of structural data from the hinge zone and northeast 
limb of the F, fold limits stereonet interpretat~ion. An over- 
turned bed that occurs close to the hinge of the F, fold also 
supports the existence of two phases of foldin,g north of Hat 
Lake. The pole to this bed plots in the axial region of the Frl 
fold on Figure l-10-7. 

Several examples of outcrop-scale Fz fold:. were seen in 
the field (Figure I-IO-7h). They have gently northwest- 
plunging fold axes similar to 17, and are characteristically 
open and upright. These folds appear to be parasitic to the 
regional anticlinal structure. 

The large-scale fold closures shown on the map probably 
represent an oversimplified structural interpretation. as they 
are based on minor structures with dimensions that are too 
small to he accurately represented at I:50 000 scale. The 
map pattern is still useful in that it shows the types of 
structures that are probably present in the map area. 

Plate l-10-3. Shear band defined by actinolile needles in 
megacrystic diorite, southeast of Kalder Lake. Station 
YOINIY-2. 
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The two phases of folding apparent in the Inzana Lake 
formation are probably part of a progressive deformation. 
F, and Fz folds are coaxial but not coplanar; their axial 
planes are approximately perpendicular to each other. F, 
folds are tight and recumbent. A regional northeast transport 
direction is suggested by their symmetry. The vergences of 
F, minor folds are geometrically related to the map-scale 
upright anticlinal structure. rather than to regional tectonic 
transport. Folding is probably late Triassic to early Jurassic 
in age and is most likely related to docking of the Quesnel 
Terrane (Rees, 1987). 

FAULTS 

Faults play an important role in the interpreted map 
pattern of the area. Most of them are conjectural. Their basis 
is in small exposures of strongly deformed rocks. and in 
offsets of stratigraphy and abrupt changes of structural 
grain. Fault zones outcrop on the northeast shore of Drm 
Lake, west of Mount Milligdn, in the valley of Rainbow 
Creek, on the ridge due east of Kalder Lake (Plate l-10-3), 
on the southeast spur of the ridge on the Max claims, and a 
kilometre east of the map area on the Gennansen-Cripple 
road. Except at Dem Lake, where deformation is purely 
brittle, all of these zones show strong penetrative fabrics. At 

Plate I-10-4. Biotite trains in deformed, schistose augltc 
porphyry lapilli tuff northeast of Mount Milliean peak. 
Station 9OJN8-I I. 

the Germansen-Cripple locality, large-augite porphyry 
agglomerate has been smeared into a northeasterly trending 
tectonite with moderately plunging stretching lineations. 
West of Mount Milligan peak, the intrusive complex is in 
faulted contact with slightly metamorphosed Takla rocks. 
Quartz-plagioclase-biotite porphyry dikes within this fault 
zone are strongly deformed to mylonitized and have steep, 
northwesterly-striking foliations parallel to the inferred fault 
trace. Subhorizontal lineations and asymmetric pressure 
shadows in the outcrop indicate a dextral strike-slip motion 
for the fault. These plastically deformed rocks lie in contact 
with foliated, green clay gouge. which shows later. post- 
uplift, brittle deformation. 

At the eastern edge of the Mount Milligan deposit, Takla 
stratigmphy is truncated by the “Great Eastern fault”. a 
broad zone of milling and brittle shear zones seen only in 
drill-core. The Great Eastern fault juxtaposes Takla rocks 
against Early Tertiary continental elastics, basalt and coal. It 
is crosscut by quartz and plagioclase-porphyritic dikes, 
which show only minor shearing (C. DeLong, persot~l 
communication, 1990). These dikes are texturally untque 
but still part of the rhyodacite/dacite suite. One dike is an 
amygdaloidal plagioclase porphyry; the other contatns 
white plagioclase and pink orthoclase megacrysts and 
smaller, rounded quartz phenocrysts. 

Other faults are inferred in order to explain map patterns. 
A northeasterly trending fault under Chuchi Lake is needed 
to separate the south-facing Chuchi Lake formation to the 
north from the east-facing Witch Lake formation to the 
south. The Early Tertiary sediments and basalts near 
Gidegingla Lake occupy a fault-bounded basin. The north- 
westerly trending bounding faults are necessary, in any 
event, to separate eastward-younging Chuchi Lake ftrma- 
tion to the west from Witch Lake formation near Mount 
Milligan to the east, while the inferred northeastrrly- 
trending faults are strong VLF linears (Ronning. 1989). 

The overall map pattern shows a series of long, but 
ultimately discontinuous northwest-trending faults, linked 
by shorter. second-order northeast-trending faults (Figure 
I-IO-4A). This pattern is exactly that predicted for an area 
in which motion is transferred between two different 
northwest-trending dcxtral faults. The map pattern implies 
the same stress regime as Struik (1990) envisages for the 
contiguous McLeod Lake area. 

l-HE MOUNT MILLIGAN HORST 

The Mount Milligan intrusive complex is far from an 
ordinary plutonic body. It consists of at least two separate 
intrusive. phases: sphene-bearing monronite with gabbro 
and hornblende granite end-members: and porphyritic gra- 
nite. Its wallrocks and numerous pendants include region- 
ally metamorphosed amphibolites and granulites as well as 
contact homfelses. The transition from the plutoniclhigh- 
grade metamorphic core of the complex into low-grade 
metamorphic, ordinary Witch Lake rocks occurs variously 
across both contact metamorphic zones and strain gradients 
(Plate l-10-4). The western contact of the complex IS a 
major tmnscurrent fault. 



The earlier of the two plutonic bodies on Mount Milligan 
is an equigranular, massive to foliated quartL-deficient 
monzonite. Near its southern margin this body is cut by a 
wide-spaced biotite or chlorite schistosity. This same strong 
but widely spaced schistosity is seen sporadically in the 
country rocks. The later plutonic body is a porphyritic, 
medium~grained granite with peripheral pegmatite and 
aplite stringers. This much smaller body crosscuts the 
amphibolite fclliation but is itself foliated in places. Some of 
its most felsic apophyses are postkinematic. Therefore, this 
intrusion was emplaced during the waning stages of 
deftnmation. 

The equigranular monzonite phesc on Mount Milligan is 
probably a Takla intrusion. Perhaps it is a deep-level equiv- 
alent of the MBX and Southern Star monzonites. The pres- 
ence of amphibolites among its wallrocks suggests that it 
was emplaced at a constderahly deeper crustal level then 
anything else now exposed in the map area. The juxtaposi- 
tion of these amphibolites against texturally unaffected 
augite porphyries outcropping in one case less than 
300 metres apart - requires significant uplift of the central 
Mount Milligan block. On the other hand, some Takla 
Group rocks south of the complex are strongly homfelsed. 
The late-kinematic granite is a likely culprit. Although its 
exposed extent is small. it may be an offshoot of a larger 
body. Rhyodaciteidacite porphyry dikes of inferred Cre- 
taceous to Early Tertiary age concentrate in the Mount 
Milligan area. All of them are recryslallired and many of 
them are strongly deformed. Plagioclace and quartz pheno- 
trysts are subgrained and partly recrystallized to aggregates 
of tiny neoblasts; the matrix shows an incipient to well- 
developed biotite schistosity. 

Uplift of the Mount Milligan complex as a horst, accom- 
panied by Late Cretaceous to Early Tertiary felsic intru- 
sions, fits well with the overall fault pattern of the Nation 
Lakes area. It also suggests an explanation for the nnoma~ 
lously young K-Ar dates (I094 Ma and 66.32.3 Ma) that 
have been obtained from the Mount Mill&an deposit 
(Faulkner cf ul., 1990). They were probably thermally 
updated by the quartz-bearing intrusions and by rapid uplift 
as well. 

Like other large nlkalic porphyry copper-gold deposits, 
the Mount Milligan deposit has hed a complex later strut- 
tural history. Its present structural setting near Early Tertiary 
downdropped sedimcnrary basins and an uplifted basement 
complex, is very like that of Copper Mountain and Afton. 
Speculatively, these later faults such as the Great Eastern 
fault may have had antecedents in early Mesozoic intrabasi- 
nal faults. 

AI:~WWTION AND MINISRAI,IZATION 
ALTERATION HALOES 

Broad alteration haloes occur throughout the mapped 
area. Most of them contain intrusive bodies and all coincide 
with magnetic anomalies. The alteration haloes are interest- 
ing as exploration targets on their own. Many of them 
contain known or newly discovered mineral occurrences, so 
they provide a context for discussing mineralization. They 
are given names for ease of reference. 

The Mount Milligan halo extends at least 3 kilometre:; 
from the deposit to the skarn occurrence west of Heidi Lake, 
and north along the ridge towards Mitzi Lake. It includes a 
complex suite of small monzonitic intrusive bodies. Very 
strong potassic alteration occurs in the core: of the halo. 
Secondary biotite clumps and pervasive fine-gwined inter,- 
locking secondary potassium feldspar are abundant. Near 
the periphery, secondary potawium feldspar forms veinier:; 
and clumps, as well as fine seams in plagioclase and augitc 
phenocrysts. It also penetrates along the bedding planes of 
epiclastic sediments. 

The Chuchi halo, north of Chuchi Lake, matends west- 
ward onto Noranda’s Chuchi property. It occurs mostly 
within monronites of the Hogem batholith. Disseminated 
pyrrhotite and pyrite and secondary potassium feldspar 
veins and veinlels arc locally abundant. 

The Chuchi-Witch halo lies between the two lakes it is 
named for and continues west onto Rio Algom’s Witch 
claim group. The halo conta:,ns several smilll, crowded 
porphyry diorite and coarse-grained monzonite bodies. 
Intense alteration is extensive. Actinolite-diopside hornfelj 
is overprinted by secondary biotite, potassium feldspar and 
epidote. Copper and gold showings occur within the halo 
off the westem edge of the map area (Campbell, 1990). 

The Taylor halo south of Witch Lake, inclu~zles the Taylor 
showing. Disseminated pyrite, pyrrhotite and stltctttcation 
are abundant. The eastern side of the halo disappears under 
cover; most of the associated tnagnetic anomaly is in an area 
covered by glacial overburden. 

The Mudrcnchoot halo north of Mudrenchoot Lake con- 
tains several small outcrops of fine-grained diorite and 
orthoclase-megacrystic syenite. The surrounding fine- 
grained volcanic rocks are silicified and stronglyy 
hornfelsed. Stringers and disseminations of pryite are 
abundant. 

The Max halo, which lies on and near the Max claims 
northeast of Cripple Lake, includes the Max, Lynx and K-2 
mineral showings. A complex intrusive systzm with local 
intrusion brcccia has areas of epidote flooding and associ- 
ated pervasive potassic and propylitic alteration. Abundant 
disseminated pyrite and pyrrhraire also occur. 

The Lynx halo south of Cripple Creek covers an area of 
bleached, silicificd and homfelsed sediment:, that host the 
Lynx showing. Pyrite, chalcopyrite, pyrrhotite, malachit5: 
and skam mineralization are present in the halo. 

The Tas halo, on and near the Tas claims, shows a strong, 
pervasive alteration in the vicinity of the E&t and West 
zones, where hornblende porphyry dikes and crowded por- 
phyry diorites are most abundant. To the south. a large body 
of coarse-grained diorite to syenite is mostly propyliticall:i 
altered but also has scattered potassium feldqnr veins. 

The HAI halo south of the Tas property consists of 
silicified sediments with minor pyrite and chalcopyrite. 

The Dem halo affects Rainbow Creek sediments south of 
Dem Lake. It hosts the Dem showing. It is characterized b:f 
hornfelsing, abundant dissemirlated pyrite, hairline magne- 
tite veinlets and local strong alteration with associated sye- 
nite dikes. 
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The most common feature of these alteration haloes is the 
abundance of disseminated pyrite and/or pyrrhotite. Second 
most common is propylitic alteration, expressed generally 
as epidote flooding. Secondary potassium feldspar is wide- 
spread but generally detectable only by chemical staining or 
in thin section as hairline veinlets and scattered patches. 
Pervasive, texture-destructive alteration occurs only in the 
centres of the haloes, where it succeeds early purple-brown 
biotite hornfels. 

The potential for undiscovered alteration haloes is still 
present in the map area due to extensive glacial overburden. 

MINERAL OCCURRENCES 
MOUNT MILLICAN (MINFILE 093N 194) 

The Mount Milligan deposit, with published reserves of 
400 million tonnes of 0.48 gram per tonne gold and 0.2 per 
cent copper (DeLong of a/., 1991). is one of the most 
exciting finds of the 1980s. More complete descriptions of 
the deposit can be found in Faulkner ef a/. (1990) and 
DeLong rral. (1991, this volume). At present, two potential 
orebodies have been identified on the property: the MBX 
zone associated with the MBX stock, which grades into the 
peripheral, gold-rich 66 zone; and the Southern Star zone, 
associated with the Southern Star stock. Gold and copper 
mineralization correlate with intense potassic alteration. 
The copper-to-gold ratio is highest in the Southern Star 
stock. The gold-rich 66 zone developed by bedding-parallel 
infiltration and replacement of volcanic sediments and 
and&es of the Witch Lake formation above, and spreading 
away from, the MBX stock. Rotation of northeasterly dip- 
ping and facing stratigraphy to horizontal shows the MBX 
stock as a vertical feeder to the laccolithic, sill-like Rainbow 
dike. Dilation along bedding planes may have controlled the 
emplacement of the Rainbow dike and also provided 
increased permeability, which channelled ore fluids to 
create the 66 zone. 

TAS (MINFILE 093K 080) 
The Tas (East zone) is located on a small hill just north of 

the Germansen-lnzana forest road, approximately IO kilo- 
metres from its junction with the Fort St. James- 
Germansen logging road. Homfelsed and bleached siliceous 
argillites of the lnzana Lake formation are intruded by 
texturally variable hornblende+biotiteiplagioclase por- 
phyry. The hornblende porphyry often forms intrusive brec- 
cia with xenoliths of sediments and hornblendite. It is 
weakly propylitized. Later, more felsic diorite intrudes this 
package. 

Mineralization in the sedimentary and intrusive rocks is 
confined to minor amounts (<2%) of disseminated pyrite 
and pyrrhotite. Semimassive sulphide pods are found in 
steeply dipping, north-trending shear zones, IO to 20 cen- 
timetres wide. On surface these zones contain up to 70 per 
cent sulphides: mainly pyrite and pyrrhotite with minor 
chalcopyrite and marcasite(?). 

An unmineralized diatreme containing milled fragments 
of tuffs, hornblende porphyry and monzodiorite appears to 
grade into a hydrothermal breccia containing quartz and 
fine-grained massive actinolite. No sulphides were noted. 
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FREE COLD ZONE (MINFILE 093K 091) 
The Free Gold zone is located on the Tas claims on the 

Germansen-Inrana forest road. A small zone of intense 
quartz-carbonate alteration is exposed in a quarry. Up to 
IO per cent pyrite with traces of magnetite and malachite 
and rare native gold occur in the rock. Propylitized 
hornblende diorite with sporadic potassium feldspar veins 
and traces of malachite on fractures outcrop near the show- 
ing. The diorite and the Free Gold zone are hosted by the 
lnzana Lake formation. 

MAX (MINFILE 093K 020) 
The Max claims are located east of the Fort St. James- 

Germansen logging road near Cripple Lake; approximately 
I4 kilometres east of the Tas property and 22 kilometres 
south of the Mount Milligan deposit. The property covers an 
extensive area of propylitic alteration and sporadic mineral- 
ization that is associated with acomplex polyphase intrusive 
body. The occurrence location recorded in MlNFlLE is at 
the highest elevation on the Max claims (I370 metres), the 
approximate centre of the alteration zone. The Max prospect 
includes several small showings in and around the main 
intrusive body. 

The complex intrusive suite includes texturelly variable 
monzonite, diorites and monzodiorites. Homblendite and 
aplite dikes have also been mapped on the property. In one 
locality homblendite apparently grades into amygdaloidal 
extrusive equivalents. Similar homblendite dikes have been 
documented on the Tas property. 

Propylitic alteration is extensive in the intrusive rocks; 
epidote and secondary chlorite are abundant. Minor potassic 
alteration also occurs. The intrusions contain up to 20 per 
cent pyrite in places, but average sulphide contents are 
closer to 3 per cent. 

The intrusions cut heterolithic augite?plagioclase por- 
phyry flows and agglomerates, black siliceous argillite and 
volcanic siltstones and sandstones of the Witch Lake forma- 
tion. The sediments are intensely homfelsed with abundant 
secondary biotite; the volcanic rocks are strongly epi- 
dotized. Up to 30 per cent pyrite occurs in these rocks. 
Minor disseminated pyrrhotite is found with chlorite in 
veinlets. Chalcopyrite and magnetite have also been 
identified. 

LYNX (MINFILE 093K 083) 
The Lynx showing is located on the southern portion of 

the Max claims south of Cripple Creek. It occurs within a 
large area (approximately 2 km by I km) of bleached, 
silicified and mineralized rocks. This alteration zone may be 
part of a larger propylitic alteration halo associated with the 
intrusive body on the Max claims to the north. 

The main part of the Lynx showing occurs in a trench 
adjacent to the Germansen-Cripple logging road. A three- 
metre square sulphide-rich oxidized zone occurs within 
light green. silicified and brecciated ash and dust tuffs of the 
Inzana Lake formation. The zone contains up to 30 per cent 
massive and crystalline pyrite, up to 5 per cent chalcopyrite 
and minor malachite. The rocks have a well-developed 
network of hairline fractures with alteration envelopes along 



them. Both propylitic and potassic alteration are present. 
The rocks are strongly hornfelsed and contain abundant 
secondary biotite, however, no intruive rocks have been 
identified on the property. Adjacent t” the gossan a north- 
west trending. steeply dipping fault contains a 30. 
centimetre gouge zone that hosts quartz but no sulphides. 

Stratigraphically above the main showing and approx- 
imately I .2S kilometres to the west~northwest. tufface”us 
siltstones and minor lapilli tuffs are sporadically converted 
to skem. Biotite and diopside hornfelsing are widespread 
for several hundred metres. One zoned garnet-epidote- 
diopside-biotite skarn contains c”ncentrations of massive 
pyrrhotite (SO t” 70%) with minor flecks of chalcopyrite and 
possibly covellite. The meta-tuffs are interbedded with 
intermediate plagioclasetaugiteihornblende porphyry 
flows or sills. They contain disseminated pyrite and abun- 
dant epidote in streaky veins. 

K-2 (MINFILE 093K 086) 
The K-2 showing is located near the western boundary of 

the Max claims, approximately 3 kilometres north-northeast 
of Cripple Lake. The showing is a hydrothermally brecci- 
ated quartz-carbonate vein which is exposed in a subcrop 
zone approximately 2 metres wide that trends south- 
southeast over 50 metres. The vein contains bleached and 
milled wallrock and is strongly hematite stained. Up to 
30 per cent chalcopyrite with minor malachite and an 
unidentified grey-silver-coloured sulphide occur in the rock. 
The vein is hosted by clinopyroxene-rich tlows and 
agglomerates of the Witch Lake formation. Secondary bio- 
tite and epidotc are locally abundant in the rocks around the 
showing. These alteration minerals are probably part of the 
large propylitic alteration halo around the multiphase intru- 
sion on the Max claims t” the east. 

DEM (MINFILE 093K 077) 
The Dem showings are hosted by metasomatically altered 

sediments of the Inzana Lake formation. within the Dem 
halo described above. Well-laminated sandstones and silt- 
st”nes are intruded, hornfelsed and altered by syeno- 
monzonite dikes. Areally extensive alteration in the sedi- 
ments ranges from local massive epidote-tremolite skaming 
t” biotite-diopside homfelsing. Samples contain up to 137 
ppm copper. 

The main showing is a pod-shaped subcrop exposure 
(20 centimetres by I mare) of brecciated quartz vein. The 
vein contains between 5 and IO per cent arsenopyrite that 
forms in clumps with epidote and tremolite. A grab sample 
of this vein contains 361 ppb gold, 2. I I per cent arsenic and 
66 ppm antimony. 

Approximately SO0 metres south of the arsenopyrite 
quartz-breccia vein; another massive skam pod (0.5 metre 
wide) occurs within the sediments close to syenomonzonite 
dikes. Skam mineralization consists of pyrite and pyrrhotite 
with secondary biotite and actinolite v&lets. A grab sam- 
ple contains 204 ppb gold and 41 ppm copper. 

Geological Fieldwork 1990, Paper 1991.I 

MITZI (MINFILE 093N 204) 
The Mitzi showing is located on the Phil claim group, 

I kilometre north-northeast of the east end of Mitzi Lake 
and 4.5 kilometres northwest of the Mount Milligan deposit. 
The showing is a tetrahedrite-chalcopyrite-bearing quartr- 
ankerite breccia vein hosted in homfelsed augite porphyry 
agglomerate of the Witch Lake formation. The 20- 
crntimetre vein trending 045”/65”NW contains up to 5 per 
cent tetrahedrite with minor chalcopyrite. Alkeration in the 
metavolcanics includes massive garnet and biotite. Promi- 
nent red-weathering z”nes occur within 500 metres of the 
vein, but contain no visible sulphides. 

Outcrops amund the showing include stmngly foliated 
biotite-rich mafic schists that are intruded by and occur a~ 
pods in coarse-grained equigranular diorite!syen”di”rite. 
These regionally metamorph”>,ed amphibolitic schists an: 
part of the Mount Milligan horst. 

CHIC (MINFILE 093N 2,02) 
The Chic showing is located on the Goklfinger claim 

group approximately 3 kilometres north of the outlet of the: 
Nation River on Chuchi Lake, 2.5 kilometres cast of the Wit 
prospect. The showing is a poddy epithermal vein that cuts a 
megacrystic-feldspar porphyry intrusion. The vein contain!: 
light green kaolinite and quartz with abundant blebs of 
disseminated pyrite and traces cnf chalcopyriti:. 

The feldspar porphyry is probably the intrusive equiv- 
alent of nearby potassium feldspw porphyritic andesites and. 
purple amygdaloidal dacitic tlows of the (Chuchi Lake 
formation. 

KRE (MINFILE 093N 203) 
This small, isolated showing is located approximately IO 

kilometres north-northeast of the east end of Inzana Lake 
and 5 kilometres southeast of Mudrenchoot Lake. The 
showing consists of less than I per cent disseminated mal- 
achite in a bleached and slightly g”ssan”u:c hornblende 
granite or granodiorite intrusion. No visible pyrite or other 
sulphides are associated with the malachite. A grab sample 
from this showing contains 196 ppb gold and 0.2 per cent 
copper. Minor amounts of epidote and magnetite occur in 
the granite within 100 metres of the showing. The granite 
intrudes epiclastic sediments of the lnrana Lake formation. 

HAT LAKE (MINFILE 093K 084) 
The Hat Lake showing is located on the Hat Lake claim 

group I.5 kilometres south of Hat Lake on the Germansen- 
Hat logging road. Bedrock is be:st exposed alvng road cuts 
and in trenches on the property. Silicified, hc~mfelsed and 
fractured black argillite, cherty tuffs and green sandstone of 
the Inzana Lake formation contain disseminated pyrite. The 
sediments are cut by texturally highly variable gabbro and 
diorite intrusions, gabbr” pegmatite and intrusion breccias. 
These mafic intrusive phases appear very sim,ilar to those 
that form xenoliths in crowded porphyry diorile on the T;ls 
property. A trench exposes a plagioclase-augitehomblende 
diorite dike that contains IO per cent pyrrhotite. Pale quartz 
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carbonate alteration and a shear zone were also noted at the 
showing. 

Several gold and silver geochemical anomalies are pres- 
ent in soils on the property: one coincides with a quartr- 
carbonate stockwork I mewe wide containing minor sui- 
phides. Sulphides at the showing include up to 5 per cent 
pyrite and pyrrhotite with traces of chalcopyrite (Schmidt. 
19X7). 

HA1 (MINFILE 093K 004) 

The HA I showing is located on the HAI claim near 
Taslinchecko Creek, approximately 5.5 kilometres south of 
the Tas property. The showing consists of 5 per cent pyrite 
and less than I per cent chalcopyrite disseminated in sil- 
iceous black argillite of the Inzana Lake formation. Quattz- 
carbonate stringers are abundant in the rocks; some of them 
contain minor pyrite. Abundant hematite-coated fractures ._ 
occur in sllntled sediments in a trench exposure. 

Previous drilling on the property has shown the presence 
of subsurface diorite and gahbro intrusions on the HAI 
claim. Fine to coarse-grained gahbro with 20 to 25 per cent 
hornblende phenocrysts contains 2 to 3 per cent pyrite and 
pyrrhotite. Fine to medium-grained, equipranular to weekly 
porphyritic diorite contain less than I per cent pyrite. 
Hornfelsed sediments contain 2 to 5 per cent disseminated 
pyrite and quartz-carbonate altered zones contain S to IO per 
cent (Maxwell, 1987). 

RAINBOW CREEK (MINFILE 093N 205) 

The Rainbow Creek showing is located on the Rain 
claims along a north-flowing tributary of Rainbow Creek, 
about I5 kilometres south of the Mount Milligan deposit. 
There is a strong base metal geochemical anomaly in silts at 
the creek junction. The following values have been identi- 
fied in a Regional Geochemical Survey (RGS) stream- 
sediment sample collected near the mouth of the tributary: 
21.5 ppm arsenic, 9.4 ppm antimony and 128 ppm zmc 

A grey to black fault-zone hreccia with quartz and carbo- 
nate veining and up to 20 per cent pyrite outcrops on the 
hanks of the tributary. The fault zone cuts through augite 
porphyry agglomerates and white-weathering tuffaceous 
black siltstone and mudstone of the Witch Lake formation. 
Gossanous zones contain 3 per cent disseminated pyrite 
with magnesite and traces of fuchsite. A few discontinuous 
chalcedony veins cut the pyritic hreccia. The fault hreccia 
itself is geochemically flat except for one sample that con- 
tains 140 ppm copper, but a grab sample of one of the veins 
returned an anomalous analysis of 1400 ppb gold and 
IX0 ppm arsenic. 

TAYLOR (MINFILE 093N 096) 
The Taylor showing lies on the Mitzi claim group, within 

the Taylor halo. It outcrops in a northeast-flowing tributary 
of Wittsichica Creek, 3 kilometres south of the outlet of 
Witch Lake. Diverse alteration assemblages including sec- 
ondary hiotite, chlorite, secondary amphibole, black tour- 
maline, garnet skaming and white bleaching are intermixed 
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in an outcrop less than 20 metres long. Up to IO per cent 
pyrrhotitc occurs with fine-grained pyrite and chalcopyrite. 
Assays of I .59 per cent copper and 4.93 grams per tonne 
gold have been obtained from grab samples (Roney and 
Maxwell, 1989). 

The showing is hosted in trachytic plagioclase-augite- 
porphyritic latites of the Witch Lake fortnation. Intrusive 
rocks on the Mitzzi claims include diorite and gabhro dikes 
(Roney and Maxwell, 19X’)). 

Ww (MINFILE 093N 141) 
The Wit showing was initially covered by the Wit and 

Wag claim groups, hut due to restaking in the 1980s is nw 
on the Skook claim group. The showing is located on the 
north shore of Chuchi Lake and is reached by a forest road 
that joins the Fort St. James-Germansen logging road 
5 kilometres north of the Nation River crossing. 

The main showing is an irregular epithermal vein 
(5 metres wide by 20 metres vertical extent) of banded 
white and grey quartz and chalcedony that is exposed in and 
around a trench. The vein hosts small pods and dissemina- 
tions of galena and sphalerite with possible argentite and 
tetrahedrite. Banded chalcedony and quartz with calcite, 
pyrite and trace galena occur IS0 metres east of the main 
vein outcrop. 

Exploration work on the property (Holcapek, 1981; 
Campbell, 1988) has delineated an estimated geological 
reserve of 20 000 tonnes grading 7 per cent combined lead- 
zinc. The surface showing seems to he the top of a larger 
epithennal system. Barite lenses and stockworks as well as 
strongly oxidized and limonitic zones have also been docu- 
mented by previous workers on the property. 

The hostrocks are maroon and green matrix-supported 
polymictic breccias and lahars of the Chuchi Lake fomr- 
[ion. The volcanics are in places scoriaceous and amyg- 
daloidal and have calcite, albite and celadonite vesicle infil- 
lings. Sulphides are also disseminated in the hostrocks and 
in fracture fillings. 

CONCLUSIONS AND SUMMARY OF 
MINERAL POTENTIAL 

Regional mapping in the Nation Lakes area has docu- 
mented the potential for alkaline porphyry copper-gold 
deposits throughout the entire area where the Takla Group is 
exposed. No firm stratigraphic or structural constraints on 
the Mount Milligan deposit are shown in the regional geol- 
ogy. Instead, small intrusions associated with strong 
potassic-propylitic-pyritic alteration haloes and coincident 
magnetic zinomslies occur scattered throughout the Takla 
Group. Recognition of these alteration zones, both through 
field tracing of sulphide-rich areas and through petrographic 
determination of potassic assemblages, is an important 
aspect of porphyry exploration effons. 
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INTRODUCTION 
This report discusses the geology and mineral occur- 

rences of the Lamprey Creek map area (Y3U3). These 
observations are based on I:50 000 mapping conducted as 
part of the Telkwa project (Figure l--l l-l) in 1990. The 
project area includes the Babine and Telkwa ranges; approx- 
imately six I:50 000 scale-map sheets have now been 
completed. 

REGIONAL GEOLOGIC SETTING 
The project area is located within the Stikine Terrane, a 

collage of Jurassic, Creteceous and Tertiary magmatic arcs 
and related successor basins (Maclntyre ef ul., IYXY). Min- 
eral deposits are associated with Late Triassic to Early 
Jurassic , Middle to Late Cretaceous and Eocene granitic 
intrusions (Carter, 19X1). The most economically important 
exploration targets are porphyry copper and molybdenum 
deposits and related mesathermal and epithermal precious 
metal veins. A few small massive sulphide occurrences 
have also been discovered. 

TECTONIC HISTORY 
The geologic history of the project area can he traced 

from Early to Middle Jurassic time when the area was part 

of the regionally extensive Haxlton calcalkaline island arc. 
From late Middle Jurassic to Early Cretaceous time thick 
deposits of molasse derived from an uplifted Skeena arch 
and Omineca crystalline belt were deposited in fault- 
controlled basins. A major plaie collision in Middle Cre- 
taceous time resulted in uplift of the Coast Range and 
extensive folding of rocks to the east. Debris was shed 
eastward across the area from the rising rnetamorphic- 
plutonic complex and this was followed by the growth of a 
north-trending Andean-type volcanic arc in Middle to Late 
Cretaceous time. A transtensional tectonic regime in Late 
Cretaceous to Early Tertiary time produced the hasin-and- 
range geomorphology that controls the current pattern of the 
map area. The latest tectonic event appears to he northeast 
shearing and tilting of fault blocks to the southeast. This 
shearing has offset earlier northwest-trending grahens and 
horsts (Maclntyre ef ul., 1989). 

LITHOSTRATIGRAPHY OF THE STUDY 
AREA 

The generalized geology of the Lamprey Creek area is 
shown in Figure l-l l-2. In this area Early Jurassic to Terti- 
ary volcanic and sedimentary rocks are preserved in a series 
of north-trending grabens and horsts. The yc’ungest rocks 
are Miocene and crop out as a northwest-trend,lng ridge east 
of Nanika Mountain. Tertiary sediments are preserved 
within the north-trending Thawit River grahen which fo- 
lows the southern reaches of the Thautil River and continues 
south to the Morice River. lnliers of Eocene Ootsa Lake 

-~:I~m,~ ::m:“‘- 
Figure I-I t-1. Location of the Lamprey Creek map sheet, (NTS 93W3) relative to the area covered by the Babine and Telkwa 

projects to date. 
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Figure 1-t t-2. General geology of the Lamprey Creek area. (NT.7 93L,l) 

HAZELTON GROUP 
OCCURRENCE NAME MINFILE NO. 

The Harelton Group (Leach, 1910) is a calcalkalinc 
island-arc assemblage that evolved in Early to Middle 
Jurassic time. Tipper and Richards (1976) divide the group 
into three major formations in the Smirhers map area (93L). 
These are the Sinemurian to early Plienshachian Telkwa 
Formation, the early Plienshachian to middle Toarcian 
Nilkitkwa Formation and the middle Toarcian to early Cal- 
lovian Smithers Formation. Only the Telkwa Formation i:i 
found in the Lamprey Creek nrap area. 

volcanics occur in the southeast part of the map area where 
they overlie Upper Cretaceous Kasalka Group volcanic 
rocks. Similar relationships occur northeast of Morice Lake. 
Lower Cretaceous sediments are exposed in the Chisholm 
Lake area and extend to the area south of McBride Lake. 
Lower Jurassic volcanics crop out on the eastern horder and 
southwest comer of the map area, and just east and south of 
Morice River. A generalized stratigraphic column is shown 
in Figure I-11-3. 

TELKWAFORMATION 
In the Telkwa Range north of the study area, a thick 

section of Early Jurassic volcanic rocks constitutes the type 
area for the Telkwa Formation of the Harelton Group (Tip- 
per and Richards, 1976; Desjardins ef al., 1990). Here the 
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Figure l-l 1-3. Cross-section showing typical structural style of the map area. Sue Figure 1-I 1-2 for location of section 

formation is predominantly subaerial and is mainly Sin- 
emurian or older. 

Mapping in the Telkwa range (Desjardins CI al., 1990) 
suggests the Telkwa Formation (UT) is divisible into five 
ma.jor lithostratigraphic units, each representing distinct 
cycles of arc volcanism. These units are characterized by 
their predominant lithologies although internal facies varia- 
tions are common. In ascending stratigraphic order they are: 
an and&tic pyroclastic unit comprised of thick-bedded, 
massive, maroon and&tic lapilli, crystal and ash tuffs with 
minor interbeds of siliceous, banded ash flows and grey, 
welded lapilli tuffs; a flow unit which is predominantly 
massive, cliff-forming, augite-feldspar-phyric to aphyric, 
dark green to maroon basalt; a siliceous pyroclastic unit that 
is well bedded and includes felsic epiclastics, welded lapilli 
tuffs, flow-banded ash flows, feldspathic breccias, pebble 
conglomerates, lahars, sandstones, air-fall lapilli and 
crystal-lithic tuffs; a marine sedimentary unit characterized 
by well-bedded, near-shore, fossiliferous limy sandstone, 
siltstone, conglomerate, grey bioclastic and massive lime- 
stone; and a recessive unit of well-bedded maroon to red 
crystal, lapilli and ash tuff and associated epiclastics with 
lesser flows of amygdaloidal augite-feldspar-phyric basalt. 
A similar stratigraphic sequence underlies the Middle 
Jurassic Smithers and Ashman formations on Ashman 
Ridge, 85 kilometres northwest of the map area. Only the 
siliceous pyroclastic (IJTc) and marine sedimentary (1JTd) 
units are recognized in the study area; other units of the 
Telkwa Formation are missing or not exposed. 

Sttxmus PYROCLASTK UNIT (IJTc) 

Well-bedded lapilli tuffs, with lesser breccias and flows 
occur throughout the map area. This unit is typically well 
bedded and consists of a mixture of maroon and green lapilli 
tuffs, grey welded crystal and lapilli tuffs, minor feldspar- 
phyric flows, and minor green and maroon feldspathic 
volcanic-clast breccias. The siliceous pyroclastic unit is 
widespread within the Lamprey Creek map area but its 
thickness is unknown. Tuff breccias consisting mainly of 
angular felsic, minor irregular-shaped feldspar-phyric 
and&e and basalt clasts crop out north of McBride Lake. 
White-weathering, tine-grained angular rhyolite clasts up to 
30 centimetres long, occur locally. Heterolithic lapilli tuffs 
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with mainly felsic, minor marwn or green basalt and flow- 
banded clasts are also exposed. Minor augite-feldspar- 
phyric basalt flows occur here as well. Maroon lapilli tuffs 
with quartz crystal fragments are exposed just northwest of 
Tableland Mountain. 

MARINE SEDIMENTARY UNIT (IJTo) 

Marine sedimentary strata with graded bedding and ripple 
marks are exposed near the top of Nanika Mountain, on the 
western margin of the map area. These rocks strat- 
igraphically overlie and are in part interfingered with well- 
bedded siliceous pyroclastic rocks. 

These sedimentary rocks are probably equivalent to the 
Sinemurian marine sedimentary unit (IJTd) recognized in 
the Telkwa Mountains north of the map area (Desjardins ef 
al., 1990). 

AGE OF THE TELKWA FORMATION 

The Telkwa Formation is Sinemurian or older based on 
sporadic fossil fauna within the stratigraphic succession 
(Tipper and Richards, 1976). In the map area, which covets 
part of the Skeena arch, the granitic Topley intrusions cut 
the Telkwa Formation. These intrusions give K-AI ages 
between 195 and 205 Ma (Carter, 1981). This is further 
evidence that the formation is predominantly Sinemurian or 
older. Fossils collected from the marine sedimentary unit 
(IJTd) in the Thautil River map area are early Sinemurian to 
early Pliensbachian in age (Desjardins et nl., 1990). No 
fossils were found in the study area, however. 

MOIJNT NW VOLCANICS 

In the Tahtsa Lake area amygdaloidal basal& confomx- 
bly underlie Early Cretaceous marine turbidites of the 
Skeena Group (Maclntyre, 1985). These volcanics are well 
exposed on the east flank of Mount Ney and the name 
Mount Ney volcanics has been proposed. Rocks correlative 
with this unit were mapped by Diakow and Drobe (1989) in 
the northern half of the Newcombe Lake map area where 
they crop out on the north flank of Tableland Mountain. 
Here the characteristic lithology is an augite-feldspar-phyric 
basalt. This rock is dark green in colour and contains IO to 
15 per cent feldspar laths between I to 3 millimetres long. 



Chlorite-altered augite crystals are 3 millimetres long and 
comprise 2 per cent of the rock. The rock is amygdaloidal 
and slightly magnetic. 

SKEENA GROUP 
The Skeena Group (Leach, 1910) comprises interbedded 

marine and nonmarine sedimentary strata of an Early Cre- 
faceous SUCCESSOR basin. West of Telkwa these rocks uncon- 
formably overlie the Telkwa Formation and contain impor- 
tant coal seams (Koo, 1984). The coal seams occur in 
upward-fining tluvial elastic sequences of conglomerate, 
sandstone, siltstone and mudstone. 

Strata of the Skeena Group crop out in the middle of the 
map area from north of Chisholm Lake to south of McBride 
Lake. Here lithologies include massive sandstone, con- 
glomerate, minor mudstone and siltstone. The predominant 
lithology is a fine-grained, equigranular, massive. blocky 
weathering sandstone. It is micaceous, commonly has con- 
cretions ranging from 4 to 30 centimetres in diameter, and 
weathers rrddish brown. Crossbedding and wisps of organic 
matter occur locally, particularly north of McBride Lake. 
Elsewhere in the region, this unit contains Albian macro- 
fossils, although fossils were not found in tht: study arca. 

Probable Early Cretaceous conglomerates crop out in a 
west-tlowing tributary of Lamprey Creek approximately 3 
kilometres north of Pimpemcl Creek. The clasts in the 

pebble conglomerate are mainly feldspar-pbyric and&t: 
and siltstone averaging 8 centimetres across. The rock is 
clast-supported with a sandy matrix. Medium-grained, 
green micaceous sandstone crops out in the central area. 
This rock, which has a exfoliation weathering style, also 
contains concretions 4 to 10 centimetres in diameter. Minor 
mudstone, siltstone, and well-jointed micaceous sandstont: 
with organic wisps paralleling bedding are exposed in the: 
same area. 

UPPER CRETACEOUS KASALKA GROUP 
The Kasalka Group is an itlfonnal name proposed by 

Maclntyre (1976) for an Upper Cretaceous volcanic succes- 
sion that unconformably overlies the Skeena Group in the 
Tahtsa Lake area. The succession varies from e:arly silicic to 
late mafic eruptive rocks that collectively represent a 
cauldron-forming eruptive cycle. Rocks lithologically sim- 
lar to the Kasalka Group occur in the Tagemchlain Lake 
area of the Newcombe Lake map sheet where a comagmatic 
Intrusion has been dated at X.ii Ma (Diakow and Drobe, 
1989). These sane volcanics extend northward into the 
southeast comer of the Lampreq Creek map area. There are 
also small inliers north of McBride Lake and on Nanika 
Mountain. 

The main Kasalka Group lithologies in the map area are 
porphyritic andesitr, lapilli tuff, breccia, and crystal tuff. In 



the Tagetochlain Lake area, the flows are hornblende- 
biorite-feldspar-porhyritic andesites containing I5 to 40 
per cent feldspar phenocrysts (4 to 15 millimetres) and 5 per 
cent hornblende plus or minus biotite phenocrysts (I to 2 
millimetres). Quartz-biotite-feldspar-phyric andesite flows. 
maroon crystal-lapilli tuffs containing irregular shaped 
angular volcanic clasts and feldspar crystal fragments, and 
luff breccias with irregular shaped volcanic clasts are also 
present. 

OOTSA LAKE GROUP 
The Ootsa Lake Group (DuffelI, 1959) is a succession of 

continental calcalkaline volcanic rocks and less abundant 
sedimentary rocks. Recent mapping has recognized six 
lithologic divisions in the Whitesail Lake area. The volcanic 
members are differentiated andesites, dacites and rhyolites. 
The dacites and rhyolites are sporadic, extrusive flow and 
tlow-breccia dome complexes while the andesite flows and 
tuffs are more extensive. Severat dates determined in the 
Whitesail Lake area constrain the timing of volcanic erup- 
tions. The Ootsa Lake volcanics erupted 50 million years 
ago for a period of I million years (Diakow and Mihalynuk, 
1987). The volcanic succession is capped by a polymitic 
conglomerate similar to the one that crops out in the Thautil 
River graben on the Lamprey Creek map sheet. 

Small inliers of predominantly flat-lying rhyolitic flows 
crop out in the Lamprey Creek area (Plate l-1 I-I). These 
rocks are correlated with the Eocene Ootsa Lake Group 
based on lithology. Biotite-phyric rhyolite, biotite-feldspar- 
quartz-phyric dacite, feldspar-hornblende-phyric rhyolite, 
flow-banded rhyolite, rhyolitic tuff and dacitic tuff are 
exposed in the southeast comer of the map area. Purple 
welded rhyolite with biotite phenocrysts crops out just north 
of Tagetochlain Lake. Feldspar-phyric andesite with vari- 
able biotite phenocrysts occurs locally. This rock usually 
has a fine foliated texture. Feldspar-quartr-phyric dacite 
with minor biotite phenocrysts is common just south of 
Pimpernel Mountain. 

Flow-banded feldspar-phyric rhyolite, biotite-phyric 
rhyolite and rhyolite tuffs crop out in the area near the head 
of Pimpernel Creek. The rhyolite has less than I per cent 
feldspar phenocrysts that are aligned parallel to the flow 
direction. This rock locally contains minor quartz crystals. 
Rhyolite flows may also contain up to 2 per cent biotite 
phenocrysts. Locally the flows are columnar jointed and 
bedded. The rhyolite tuff has 30 to 40 per cent subangular 
fragments ranging from I to 4 millimetres in length. 

A dull greyish white dacitic tuff, with minor aligned 
hornblende crystal fragments, is exposed in the Tag- 
etochlain Lake area. Dull grey to chalky white, well-banded 
feldspar-hornblende-phyric rhyolite crops out near Lamprey 
Lake. 

Tuffs with felsic clasts and biotite crystal fragments are 
exposed east of Lamprey Creek and are also mapped as part 
of the Ootsa Lake Group. These rocks are locally strongly 
fractured and brecciated with minor jasper occurring 
between clasts. Biotite-feldspar-porhyritic andesite with 
chalcedonic veins and veinlets crops out north of McBride 
Lake. 
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PAIXOCENE TO EOCENE THAUTIL RIVER 
SEDIMENTS 

Interbedded pebble conglomerate. sandstone and silt- 
stone. with minor coal seams, crop out in the northwest 
quadrant of the map area. within the Thautil River graben. 
These rocks are correlated with the Paleocene to Eocene 
Thautil River sediments described in a previous report (Des- 
jardins et ol., 1990). Exposures include a clast-supported 
heterolirhic pebble conglomerdte north of McBride Lake. 
Here clasts are feldspar-phyric andesite, amygdaloidal 
andesite, biotite-hornblende-feldspar-phyric andesite, mar- 
oon and red volcanics, and sandstone. Clasts range from 2 to 
20 centimetres across, averaging 6 centimetres; the matrix is 
green sandstone. Semiconsolidated, clast-supported, hetero- 
lithic conglomerates with a fine to medium-grained, ditty 
sandstone to mudstone matrix crop out west of Morice 
River. Clasts are well rounded, range from 2 to 20 cen- 
timetres across and make up 60 to 75 per cent of the rock. 
Lithologies include trachyte with feldspar laths 2 to 6 milli- 
metres long; biotite-phyric felsic intrusive; diorite; quanz- 
feldspar crystal tuff and green medium-grained sandstone. 
Well-bedded fine-grained black to dark green shale under- 
lies the conglomerate. Bedding is laminar and defined by 
wispy partings. Wood fragments occur locally. 

Lithologies similar to the Thautil River sediments also 
crop out in Gosnell River. Here beds of bright green to 
turquoise, medium-grained sandstone and medium-grained 
well-fractured siltstone, 30 to 50 centimetres thick, contain 
wood fragments, particularly near the top of the unit. Sand- 
stone is interbedded with siltstone and laminar-bedded 
mudstone. The sandstone and siltstone beds are 50 cen- 
timetres thick. This unit is overlain by a thick bed of pebble 
conglomerate. The conglomerate contains lapilli tuff, augite 
porphyry, basalt, maroon tuff and sandstone clasts. A layer 
of coal 25 centimetres thick overlies an organic-rich 
mudstone. 

Conglomerates in the Thautil River area contain 40 to SO 
per cent clasts of mafic, biotite or homblende-feldspar- 
phyric flows, ranging from I to 3 centimetres in diameter: 
feldspar-phyric, very magnetic basalt clasts, 2 to 8 cen- 
timetres in length; IO to I5 per cent micaceous sandstone; 
and 2 to 5 per cent wood fragments. There are minor clasts 
of chlorite and calcite-filled amygdaloidal basalt. The 
matrix is coarse grained, grey, green and white. Locally I to 
2.mewe beds of medium to coarse-grained arkosic sand- 
stone are interbedded in the conglomerate. The sandstone is 
mottled olive-green to white on fresh surfaces. Interbedded 
conglomerate, sandstone. siltstone, and very thin coal pan- 
ings contain abundant wood fragments. 

Some of the clasts in Thautil River conglomerates are 
tentatively recognized as specific older lithologies. 
Micaceous sandstone clasts are most likely from the Skeena 
Group; feldspar-phyric andesite clasts are probably from the 
Upper Cretaceous Kasalka Group. 

BUCK CREEK V~LCANICS 
lnliers of fine-grained dark green to black basalt crop out 

east of Nanika Mountain and in the Thautil River graben. 



Fine-grained, black olivine-phyric hasalt exposed on a ridge 
just east of Nanika Mountain, contains less than I per cent 
olivine crystals ranging from 2 to 3 millimetres in diameter. 
The rock is locally magnetic, columnar jointed and has less 
than I per cent feldspar crystals ranging from 3 to 4 milli- 
metres long. Calcite veining occurs locally. Fine-grained, 
dark green basalt also occurs in the Morice River area. 
Locally it is amygdaloidal with contorted quartz veining and 
flow breccias. Amygdules are chlorite filled. Fine-grained, 
massive pyroxene-hornblende-phyric basalt crops out in the 
centre of the map area. Subhedral pyroxene and hornblende 
make up 3 to 4 per cent of the rock. Quartz crystals, 2 to 3 
millimetres in diameter, comprise less than I per cent of the 
rock. Foliation with variable orientation and calcite-filled 
amygdules are present locally. 

The Buck Creek flows are distinguished from the Lower 
Jurassic and the Upper Cretaceous volcanic rocks hy their 
very fine grained texture, black to dark green colour, local 
columnar jointing and the presence ol olivine phenocrysts. 

INTRUSIVE ROCKS 
Quartz monzonite (qm), granodiorite (gd), diorite (dr), 

granite (gr), feldspar porphyry (fp), hornblende-quartz- 
biotite-feldspar porphyry (hqbfp). and rhyolite (rh) intru- 
sions are recognized within the Lamprey Creek map area. 
Few radiometric dates are available, but most intrusions are 
believed to be part of the Late Crctaceous Bulkley plutonic 
suite or Eocene Nanika plutonic suite (Carter. 1981). 

A medium to coarse-grained equigranular granodiorite, 
which has a mafic phase, underlies the northwest comer of 
the map area. It is an extension of an intrusion mapped in 
the Holland Lakes arca of the Thautil River map sheet 
(Desjardins er u/., 1990). The intrusion is locally weakly 
foliated and epidotized. Country rocks are hornfelsed. 

A medium to coarse-grained green diorite with creamy 
white feldspar, characterized by partially chloritized 
hornblende and hi&e, occurs in the northeast comer of the 
map area. 

Medium-grained. green diorite or gabbro crops out near 
Lamprey Lake. Locally, this intrusion is fine to mrdium- 
grained with a green. white and pink mottled texture. Rocks 
near the contact lhwe been hornfelsed. 

A multiphase intrusion is exposed in the Lucky Ship area 
just east of Moricc Lake. This intrusive complex includes a 
plug of mainly quartz feldspar porphyry and also a light 
grey porphyry containing feldspar, quartz and biotite pheno- 
trysts in an aphanitic groundmass. These phases do not 
necessarily represent separate intrusions and age relation- 
ships are not known (Sutherland Brown, 1966). 

A biotite plagioclase porphyry is expused on Tableland 
Mountain. Plagioclase phenocrysts average 7 millimetres in 
length and make up 25 per cent of the rock: biotite averages 
S millimetrcs in diameter and comprises IO per cent of the 
rock. Minor hornblende laths and quartz crystals occur 
locally. A K-Ar date on biotite yielded an age of 41.45 I .6 
Ma (C.I. Godwin, unpublished data). 

,Figure I-1 l-4. Generalized stratigraphic column for the 
map area. See legend, Figure l-l I-2 for explanation of 
symbols. 

STRUCTURAL STYLE 
The structural style of the Lamprey Creek map area i: 

similar to that of the Telkwa Range (Maclnty!-e eta/.. 1989). 
Extensive block faulting in Tertiary time produced a typical 
basin-and-range geomorphology (Figure I-I I-4). Brittle 
deformation and vertical tectonics has produced upliftec: 
mountain blocks and broad, linear valleys. Although rarel)~ 
exposed, bounding faults XF probably normal and high 
angle; they typically follow the break in slope betweeri 
valley tloor and hillside. The regular. orthog,onal pattern ,a’ 
block faults suggests an exterlsional regime resulting from 
domal uplift. Significant displacement is implied by jun- 
&positioning of Jurassic and ‘Tertiary rocks. Uplifted area:; 
are commonly cored by Upper Cretaceou:i to Paleocene 
plutons that intrude Lower Jurassic volcanic~~, whereas adja- 
cent depressions are gener;dly underlain by stratified, 
undeformed Creteceous and Eocene rocks. Block faulting 
may have begun as early a:; the Jurassic and continuzd 

through to the Oligocene. Miocene plateau basalts are not 
disrupted by faulting. 

MINERAL DEPOSITS 
Mineral deposits in the Smithers area may be divided inm 

four categories: (I) mesothermal and epithennal gold anJ 
silver-bearing quartz veins; (2) copper-silver veins and pods. 
in mafic volcanic rocks; (3) wpper-zinc-silver massive SIJI- 
phide deposits associated with bimodal submarine volcanic 
rocks; and (4) porphyry copper-molybdenum deposits IWC- 
ciated with monzonite to granodiorite intrusions (Maclntyr~ 
Pf ul., 1987). 

The mineral prospects in the Lamprey Creek map area ue 
essentially confined to Type,< 2 and 4. The two styles ef 
mineralization may be spatially and genetically related. 



Type 2 showings in the Smithers area are preferentially 
associated with the upper facie of the Telkwa Formation 
and the overlying Nilkitkwa Formation. In the Lamprey 
Creek map area showings are generally small and isolated. 
This results from the sparse outcrop and the scarcity of 
exposed upper Telkwa facies or Nilkitkwa Formation. Por- 
phyry deposits are confined to intrusions of Late Cretaceous 
and Early Tertiary age and adjacent homfelsed country 
rocks. 

KING (MINFLLE 93L 052) 

A plagioclase biotite porphyry intrudes and has 
homfelsed sediments of the Skeena Group. Disseminated 
and fracture-filling molybdenite, chalcopyrite and pyrite (as 
pyritohedrons) are hosted by the pervasively silicified por- 
phyry A narrow shear zone trending northwest and dipping 
moderately to the nonheast carries little mineralization. A 
breccia zone is reported to host arsenopyrite, pyrite and 
pyrrhotite (Helgesen, 1969). 

LUCKY SHIP (MINFILE 93L 053) 
The Lucky Ship prospect is located on a ridge between 

Morice Lake and the mouth of the Nanika River. It has been 
described by Sutherland Brown (1966) and Carter (1981). 

The Lucky Ship stock cuts and has homfelsed lapilli tuffs 
of the siliceous pyroclastic facies (IJTc) of the Telkwa 
Formation. The stock, like most other Nanika intrusions, is 
a multiphase body and has two porphyry and two breccia 
phases. Most of the plug is a white aphanitic rock with 
sparse quartz and feldspar phenocrysts. The other porphyry 
is unaltered, light grey and has abundant feldspar, quartz 
and biotite phenocrysts. One breccia is comprised largely 01 
fragments of the first porphyry, with some exotic fragments. 
The other breccia is homogeneous and composed of varia- 
bly sized fragments of the first porphyry. The four phases do 
not necessarily represent unique intrusions or episodes and 
age relationships are uncertain (Sutherland Brown, 1966). 
Molyhdenite mineralization is associated with the initial 
phase, but appears to have been nverprinted by a later, 
unmineralired rhyolite porphyry phase. Sulphides are con- 
centrated in an annular zone of intense silicification and 
quartz veining around the later stags quartz monzonite por- 
phyry plug. 

The prospect is marked by an extensive gossanous zone 
resulting from the oxidation of pyrite and chalcopyrite. 
Sulphides comprise 2 to IO per cent of some samples, but 
appea: to be preferentially concentrated in the more inter- 
mediate phases of the rhyolite breccia. This zone has under- 
gone phyllic and minor propylitic alteration and 
silicification. 

Mafic phases occur as dikes and have also been subjected 
to intense silicification. The dikes follow the domiwdnt 
northeasterly structural trend. Sulphide mineralization, 
associated with the mafic phases occurs in a stockwork of 
quartz veins which cut earlier, unmineralized quartz veins. 

A K-Ar whole-rock date on a biotite homfels sample 
from the Lucky Ship deposit yielded an age of49.9-t2.3 Ma 
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(Carter, 1981). This date corresponds well with whole-rock 
ages obtained from other Nanika intrusions in the Smithers 
area and the age of the Lucky Ship intrusion may be inferred 
from this. The age of mineralization is believed to be con- 
temporaneous or slightly younger than the age of intrusion. 

HAGAS (MINFILE 93L 221) 
Quartz stringers and fractures within propylitically and 

argillically altered maroon tuffs of the siliceous pyroclastic 
facies (IJTc) contain chalcopyrite, sphalerite and minor 
native copper. These shear zones trend east and dip steeply 
to the south. Malachite staining is associated with a sil- 
icified and propylitically altered gabbroic body. Follow-up 
trenching exposed an extensive gossanous zone, but little 
sulphide mineralization. 

FIRE LOOKOUT (MINFILE 93L 309) 
Malachite staining, discovered during the 1990 field sea- 

son, is extensive in a small gossanous zone and appears to 
follow bedding in the siliceous pyroclastic facies of the 
Telkwa Formation (JJTc). Bedding in the maroon lapilli 
luffs strikes easterly and dips moderately to the south. A 
prominent east-trending, north-dipping joint set may have 
acted as the conduit for mineralizing fluids. Augite-bearing 
basalt is also present and has been extensively altered to 
carbonate. No significant veining was noted. 

SUMMARY 
Conclusions basrd on this field season’s work arc: 
. North-trending horst-and-graben structures, such as 

the Thautil River graben, characterize the study area. 
. Clasts of Skeena Group and Kesalka Group in the 

Thautil River conglomerate suggest these sediments 
are Tertiary in age. 

. Ootsa Lake Group volcanics are present and overlie 
the Kasalka Group. 

l The siliceous pyroclnstic unit (IJTc) of the Telkwn 
Formation is more felsic in the Lamprey Creek arm 
than it is to the north. 

l Kasalka Group volcanics mapped by Diakow and 
Drobe (1989) in the northeast corner of the Newcombe 
Lake map area extend northward into the Lamprey 
Creek area. This unit has been informally named the 
Pimpernel Mountain volcanics. 
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STRUCTURE OF THE TAKLA GROUP EAST OF THE 
FINLAY-INGENIKA FAULT, MCCONNELL CREEK: AREA, 

NORTH-CENTRAL B.C. 
(94D/8, 9) 

By G. Zhang and A. Hynes 
McGill University 

K/?YWORDS: Regional geology, Takla Group, Johanson 
Lake, etratigraphy, Darb Creek, Goldway Peek, Osilinka 
Rengcs, Kliyul Creek, Dortatclle Creek, Wrede Range. 
transcurrcnt faulting, rotational structure. 

INTRODUCTION 
The study area is located northwest and south of Johan- 

son Lake. bounded to the northeast by the northwcst- 
trending Lay fault and to the west by the north-northwest- 
trending Finlay-lngenika fault. The Finlay-lngcnike fault is 
ii dextral transcurrent fault, and is part of the very prominent 
strike-slip fault system in north-central British Columbia 
(Gabrielse, 19X5). This project was undertaken to examine 
the structures on the cast side of the Finlay-lngenika fault, 
to provide geological evidence for the dextrid transcurrcnt 
displacement and to study local deformation associated with 
it. 

This report summarizes the results of I50 000.scale 
geological mapping in July and August 1990 in parts of map 
sheets Y4DiX and Y4D/9. Fieldwork concentrated on strati- 
graphic and structural relationships. 

GEOLOGICAL SETTING 
The study area is in the lntermontane Belt of Monger 

(19X4), and forms part of the Quesnellia tectonostrati- 
graphic terranc. North and south of the study area, rocks of 
Quesnellia arc separated from Stikinia rocks to the west by 
the Cache Creek Tcrrane, which is generally regarded as a 
subduction-related asscmblagc. These tcrrancs wcrc amal- 
gamated by latest Triassic to earliest Jurassic time, to form a 
large. composite tcrranc. Tcrrane I, that accreted to the 
ancient margin of North America in Jurassic time (Monger, 
1984). There is widespread evidence of dextral traxxrrent 
motion of Terrane I, and possibly part of the Omineca 
metamorphic belt, during the late Cretaceous (Gabrielse, 
19X5) and some workers have advocated as much as 2400 
kilometrcs of transport (q Umhoefcl-, 1987). The Finlay- 
lngenika fault, the boundary between Quesnellia and 
Stikinia in the prqject area, is one of the system of dextral 
strike-slip faults on which the motion occurred. 

The area is underlain predominantly by Upper Triassic 
Takla Group volcanic, volcaniclastic and sedimentary rocks. 
West of the Finlay-lngenika fault the Tilkla Group was 
subdivided during I:250 000 mapping of the McConnell 
Creek map area (Lord, lY48; Church. 1974. 1975: Richards, 
l976a. b; Monger. 1977) into a lower Dewar Formation 

consisting of volcanic sandstone, siltstone and black 
argillite, a middle Savage Mountain Formation of dark 
grcy-green basult. volcanic breccia and siltstone and an 
upper Moosevale Formation. consisting of red and green 01: 
reddish grcy marine and nonmarine volcanicli~stics togethel- 
with intermediate alkaline feldspar porphyry (Monger, 
lY77). Takla Group cast of the Finlay-Ingenika fault 
remains undivided. It is dominated hy grcy green, dark and 
pale grcy volcanic brcccia, sandstone and siltstone, inters 
bedded with minor augite an,d feldspar-potphyritic lava 
flows, with minor black argillite and dark grcy and purplish 
grcy limestone. No conclusive stratigraphic correlation:; 
have been made between the Takla Group rocks on cithu 
side of the fault. and Minehan (1989b) has aggested that 
the rocks east of the fault should be assigned to a different 
group (Johanson Group) because they arc geochemically 
very different (calcalkaline rather than alkaline) from the 
western Takla Group, despite their similar appearance. 

LOCAL STRATIGRAPHY 
The Takla Group cast of the Finlay-lngcnika fault i!; 

predominantly volcaniclastic, with minor volcanic and sedi- 
mentary rocks. Stratigraphic successions and rock 
assemblages vary greatly from one locality to another. The 
stratigraphy and petrology arc therefore described scpa- 
rately for three different region,; of the map arca: the north- 
west, southwest and southeast (Figure I-12-1). 

The stratigraphic succession in the Wredc Range in the 
northwest has been described by Bellefontaine and Minehan 
(1988) and Minehan (1989a. 1)). The typical stratigraphic 
section occurs within Minehan‘s (19X%1) Block C. It attain:; 
thicknesses of up to IX00 mctres and can bc divided into 
four units (Figure I-12.2a). 

A lowest Unit I has a minimum thickness of about X00 
mews but the base is not exprlsed. The lowrst pan of [hi:< 
unit is exposed along a small northeast-trending ridge in the 
south of the region and is dominated by dark green and 
greenish grcy, massive volcanic breccia, sand<tonc and silt- 
stone, together with minor clinopyroxene 01 plagioclase- 
porphyritic lava flows. The dark grcy to igreenish grq 
breccia is compositionally heterogeneous. There arc crystali 
of plagioclase and clinopyroxene together with fragments of 
porphyry, volcanic sandstone and siltstone. The fragments 
arc angular to subrounded, and average less than IO cen- 
timetrcs in diameter. The breccias are poorly bedded and 
poorly sorted. The grey-green volcanic sandstone is com- 
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Figure 1-12-I. Generalized geology of the Johanson Lake area. 
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Figure 1-12-2. Generalized stratigraphic columns of Takla Group in the northwest (a) southe;ist (b) and soutll~est (cl 
regions. Triangles: volcanic breccia: dots: vokxnic sandstone: horizontal lines: volcanic siltstones; dashed horizontal lines: 
black argillite and limestone: irregular circles: lava flow. 

posed predominantly of plagioclase, amphibole and 
clinopyroxene crystals. with minor small Ethic fragments 
similar to those in the breccia. It may occur as graded, 
upward-facing beds, typically 20 centimetres thick, or as 
massive units up to 300 metres thick. Volcanic siltstone is 
minor, greenish or pale prey, and commonly shows very 
fine, alternating dark and pale grey laminations, presumably 
reflecting alternation of clinopyroxene/amphibole and 
plagioclese-rich layers. Clinopyroxcnr and clinopyroxenr- 
plagioclase-porphyritic flows are greenish grey, dark grey 
or dark purple and are characterized by equant euhedral 
clinopyroxene and anhedral plagioclaae phenocrysts typ- 
ically up to 5 millimetres long but locally as long as I centi- 
mare. Commonly, clinopyronene is fresh, dark green to 
pale greenish yellow and displays sector twinning and 
pscudodimetric shape in cross-section These lava flows 
closely resemble the breccia in the field but are dis- 
tinguished by the complete absence of fragmentation, even 
on the weathered surfaces. 

The middle part of Unit I, exposed on the col to the 
northeast, consists of greenish grey and pale grey volcanic 
sandstone and siltstone interbedded with black, reddish 
weathering, thin-layered argillite and purplish grey lime- 
stone with individual beds up to 30 centimetres thick. The 
upper part of Unit I consists of characteristically greenish 
grey, massive lava flows of clinopyroxene and clinopyrox- 

ene plagioclase porphyry and volcanic sandstone. The flows 
contain fragments of purple limestone typically IO to 20 
centimetres and locally up to :I metres in d~lameter. It is 
therefore likely that the lava flow disrupted the limestone of 
the middle part of the unit. 

Unit 2, up to 400 metres thick, is well expwed along the 
northeast-trending ridge northest of Unit I. This unit is 
made up of greenish grey and pale grey, well-bedded val- 
canic sandstone and siltstone interbedded, with black, thin- 
layered argillite and marly limestone. The sedimentary 
rocks account for about 40 per cent of the unit and individ- 
ual argillite beds are typically 2 centimetres thick. Toward 
the top of the unit sedimentary rocks become progressively 
more abundant. 

Unit 3, a predominantly sedimentary package about 270 
metres thick, consists mainly of black, reddislb weathering, 
thin-layered argillite and dark grey or black, thin-layered, 
marly limestone. Thirty per cent of the unit is thick-bedded 
(40 to 50 cm), greenish grey and dark grey volcanic sand- 
stone and siltstone. 

Unit 4, the uppermost unit of the succession, is exposed 
on the highest peak in the southern pat of the region. It is 
dominated by massive, greenish grey volcanic sandstones 
and has a minimum thickness of 300 metres. To the north- 
east this unit is cut by the northwest-trending :Kathy’s fault 
(Figure I-12-1). 
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In the southeastern region, west of Kliyul Creek, four 
units are recognized and a minimum thickness of 1600 
metres is estimated for the whole succession, although the 
estimate is imprecise because of widespread shearing and 
fault truncation at its top. Thicknesses of Units 2 and 3 have 
been well defined and measured (Figure I-12.Zb). 

llnit I, exposed along the west side of Kliyul Creek. is 
dominated by grey volcanic sandstone. Most of this unit is 
covered by xgetation and moraine but a minimum thick- 
ness of 400 metres can be estimated. The top of the unit 
contains abundant recessive clats of carbonate. 

IJnit 2 is up to 170 metres thick, and consists mainly of 
black, reddish weathering argillite and dark grey or black. 
2 to IO-centimetre layered limestone. The unit also contains 
minor interbedded, grey or greenish grey volcanic sand- 
stone and siltstone. This unit extends to the south and is 
truncated by a northwest-trending fault which juxtaposes 
Unit 3 and Unit I. 

Unit 3, well exposed on the ridge west of the Kliyul 
Creek, consists of grey or greenish grey volcanic sandstone 
and siltstone interbedded with dark grey or black limestone 
and minor black argillite, and is up to 440 metres thick. The 
lower part is dominated by greenish grey volcanic siltstone 
which contains abundant fragments of dark grey or purplish, 
well-bedded limestone, ranging from several centimetres to 
several metres in diameter. The upper part is greenish grey 
or pale prey, medium-layered (IO to 20 cm) ~~olcanic sand- 
stone interbedded with dark grey or black, thin-layered 
limestone or argillite. These limestone beds are very wide- 
spread and are useful marker horizons in the region. At the 
top of the unit there is a thin-layered. fine-greined volcanic 
sandstone, which is the boundary between Units 3 and 4. 

Unit 4 consists mainly of massive, greenish prey volcanic 
sandstone and breccia with minor siltstone and clinopyrox- 
ene pqhyry and is well exposed in the western part of the 
region. Rocks of this unit are very resistant and commonly 
form high peaks and steep cliffs. In the west. near the 
Dortatelle fault (Monger, 1977), these rocks are sheared into 
protomylonite. Lineations defined by stretched mineral 
crystals and elongated breccia fragments are very common. 
Because of the intense shearing, the total thickness of the 
unit cannot be measured, but a minimum thickness of 600 
metres is estimated. 

The stratigraphic succession in the Osilinka Ranges, east 
ofJohanson Lake (Figure l-12-1). appears similar to that in 
the northwest, but exact correlations between them have not 
proved possible. 

The Goldway Peak and Dortatelle Peak area (Figure 
l-12-1), in the southwest, has a stratigraphic ~succession 
very different from that east of the Dortatelle fault. It is 
dominated by volcanics and volcaniclastics and can be 
divided into two parts. The lower part consists of greenish 
grey, thin-layered volcanic sandstone interbedded with pale 
grey, thin-layered volcanic sandstone and siltstone. corn- 
manly with individual bed thickness less than 2 centimetres. 
Nonvolcanic sedimentary rocks are rare, but are observed 
near the glacier southeast of Goldway Peak and on the 
eastern flank of Dortatelle Peak where there are small 

amounts of thin-bedded (2 cm) dark grey or black limestone 
and argillite. The upper part consists of massive or poorly 
bedded, greenish grey volcanic sandstone and breccia with 
minor clinopyroxene porphyry. The breccias are polymictic 
and made up of predominantly subrounded fragments of 
volcanic sundstone and clinopyroxene porphyry. Thickness 
of this succession has not been measured but a minimum 
thickness of 2000 metres can be estimated (Figure I-12.2~). 

INTRUSIVE ROCKS 
The upper Triassic Takla Group rocks are intruded by rhe 

Johanson Lake mafic-ultramafic complex, an Alaskan-type 
intrusive complex (Nixon and Hammack, 1990). the Darb 
Lake diotitic body which is located in the centre of the map 
area, and many intermediate to felsic dikes and sills, typ- 
ically less than 3 metres wide. These intermediate to felsic 
rocks are probably related to the Hogem batholith and 
Jurassic to Cretaceous in age (Monger, 1977). 

DEFORMATION 
Rocks in the map area experienced deformation prcdom- 

nantly. and perhaps exclusively, associated with the dextral, 
transpressive displacement along the Finlay-lngenike fault. 
This deformation is characterized by dextral strike-slip 
faults trending northwest. north-northwest and north- 
northeast, and sinistral strike-slip faults trending cast- 
northeast. The falts cut the rocks into a number of fault- 
bounded, weakly deformed blocks, in which cleavages and 
small-scale shear zones are the only visible structures. 
These characteristics are typical of continental crust~l defor- 
mation associated with large-scale transcurrent faulting (e.g. 
Nelson and Jones, 1986; Geissman of al., 1989). There arc 
also some large-scale. open to medium folds with axes 
trending northwest. 

FOLDS 

Two large-scale folds, an anticline and a syncline, have 
been recognized. The Wrede Range anticline, in the north- 
western region of the map area. has Unit I volcanics and 
volcaniclastics in its core and Unit 2 volcaniclastic and 
interbedded sedimentary rocks on the two limbs. Bedding 
attitudes measured in Unit 2 define a fold axis trending 32.5” 
and plunging 30’. Axial-surface cleavage is common on 
both limbs, especially in the Unit 2 argillitic beds. The 
anticline is truncated on both northeast and southwest sides 
by northwest-trending, dextral strike-slip faults. 

The Goldway Peak syncline is exposed around Goldway 
Peak, in the southwestern region. The core of the syncline 
consists of the upper, massive volcanic breccia and sand- 
stone and the limbs are dominated by the lower, well- 
bedded, thin-layered volcanic sandstone and siltstone. The 
fold-axis trends 340’ and plunges 40”. On both limbs near 
the nose, secondary, outcrop-scale folds are well developed. 
They are either box-type or chevron folds. The east limb of 
the Goldway Peak syncline is truncated by a northwest- 
trending. dextral strike-slip fault and the strata have been 
rotated clockwise through about 30” due to drag on the fault. 



In contrast, the west limb was sheared by noflh-northwest- 
trending dextral strike-slip faults, which are pamllel to the 
bedding surface, leading to steep dips for the strata. 

Small-scale folds are also common in the well-bedded, 
thin-layered units throughout the map area. especially in the 
Unit 3 thin-layered limestone interbedded with volcanic 
siltstone west of Kliyul Creek. Most folds have axial sw 
faces at small (<45”) angles to the bedding surfaces and are 
probably due to bedding-parallel slip. 

Timing of formation of the folds is uncertain. They pre- 
date the faults but may well have formed in the early stages 
of the dextml transpression ((:I: Wilcox <‘f ul., lY73; Sylves- 
ter, IY88). 

FAULTS 
Steeply dipping or vertical strike-slip fllults are the most 

significant structural features in the map area. The faults 
may be divided into northwest, north-northwest, north- 
northeast and east-northeast-trending structures, which 
show different slip senses. 

Northwest-trending faults are predominantly dextral and 
occur mainly in the Wrede Range and west of Kliyul Creek. 
In the Wrede Range, two northwest-Vending faults cut the 
northeastern limb of the Wrede Range anticline and bring 
reddish seditncntary rocks of Unit 3 into contact with vol- 
canic rocks of Units I and 4. These faults are well exposed 
to the northwest, where the volcanic rocks are sheared into 
protomylonite over a zone 20 mares wide. Drag folds and 
Riedel shears (Tchalenko, 1970; Sylvester, 1988) in the fault 
zone indicate dextral slip. By matching the offsets. a dextral 
displacement of I kilometre has been estimated along the 
faults. Some faults provide evidence of an early stage of 
dip-slip motion. For example, two sets of slickenlincs are 
observed on the cleaved rock surfxes in a fault zone on 
Darb Creek near the Dortatelle fault. The earlier is dip-slip 
with a thrust sense, and the later is horizontal. dextral. These 
faults may originally have been thrust faults that were 
associated with the initiation of dextral displacement on the 
Finlay-lngenika fault in the Ingenika valley west of the map 
areil (cl/: Sylvester, IO’%). 

North-northwest-trending faults are predominant in the 
southern part of the map area, and all show dextral displace- 
ment. The biggest and most obvious one is the Dortatelle 
fault. It extends 30 kilometres from north of Johanson Lake 
through Darb Creek to the south and is well exposed near 
the biggest lake rtorth of Dortatelle Creek. Rocks in a fault 
zone 40 mares wide were sheared into protomylonite. In 
the mylonitic rocks kinematic indicators such as mylonitic 
f6listion fish and S-C fabrics (Berthe et ul., 1979) are 
common (Plate I-12.1~). Ccntimctre-scale dreg folds, 
plunging steeply north-northwest, with axial planes striking 
northwest and dipping steeply northeast, are widespread. 
All the kinematic indicators are consistent with dextral 
strike-slip on the fault. To the south the fault pxses through 
a col in which the wlcttnic rocks tue mylonitic over a zone 
SO metres wide. A fault-parallel, horizontal mineral- 
stretching lineation is very well developed, especially in the 
sheared clinopyroxene porphyry. A similar lineation is 

defined elsewhere by elongated fragments of volcanic brec- 
cia (Plate I-l&lb). In a fault eat of the Darb Creek dioritic 
body, a quartz diorite dike is incorporated in t~he mylonhic 
zone, indicating that fault motion occurred alter emplace- 
ment of the extensive dioritic plutons in the map area, i.e. 
during the Jurassic or later (Monger, 1977). ‘Faults in this 
group are parallel to, and have the sane slip !senses as, the 
Finlay-lngenika fault west of the map area. They are also 
better developed and more closely spaced approaching the 
major fault to the west. It is therc:fore inferred that they were 
formed as a result of the dentral twnscurrent movement on 
the Finlay-lngenika fault. 

North-northeast-trending faults are not as common in the 
map area as those of the other two sets. This may be due to 
vegetation and moraine cover in north~nonheast-trending: 
valleys. Two large-scale, north-northeast trending fuults 
were mapped on the ridges w~:st of Dab Crsxk. They cut 
the lower part of the volcanic sandstone and are charac- 
terized by protomylonites, with a mineral-stretching linea- 
tion parallel to the fault strike. S-C structures in the myloni- 
tic zone, which is up to 20 metres wide, indicate dextral 
movement. Another shear zor~e with the same trend was 
mapped on the ridge behind the glacier west of Kliyul 
Creek. The Unit 4 greenish clinopyroxenr: porphyry is 
sheared into a narrow (IO cm) tnylonitic bend, in which S-C 
structures show dextral slip. On the east wall there is a small 
rotational structure, characterired by a number of curved 
cleavage planes that project to the soul., and diverge 
towards and converge away from the shexr zone (Plate 
I-12.Id). They are approximately parallel to the mylonitic 
foliation and die out outside the shear zone. The rotatiotul 
str”ct”re is therefore a local feature and was probably ttsso- 
&ted with dextral transpres:<ion. The attil.udrs and sl:f 
senses on this north-northeast trending fault set are consiq~ 
tent with their formation as Riedel shears (R) related to thr 
main motion on the Finlay-lngenika fault I,(?: Tchalenko. 
1970; Sylvester, 1988). 

East-northeast-trending i%lts generally display sinistrai 
displacement. Although faults of this group are not well 
developed, they were found at several places within the map 
area. One such fault lies in the valley west of Dab Creek 
and is inferred from stratigraphic relationships. A 75%metrq: 
sinistral displacement of the lower pan of the thin-laycr?d, 
greenish grey volcanic sandrtone and pale grey volcani~z 
siltstone unit is required to match stratigraphic offset:. 
Another fault, striking approximately easy:, was mappe~l 
within the Johanson Lake maficxtltramafic block, west of 
Darb Creek. It is characterized by a mylonitic zone, about I 
metre wide, and the drag fold:; of mylonitic foliation show a 
sinistral strike-slip sense. Approaching the Dortatelle fault, 
this small fault, together with the fault-bounded block, has 
been rotated clockwise through 35”. Small east-nonheas.- 
trending shear zones are also present in the area. A mylonc- 
tic done 40 centimetres wide, striking OSS”, observed on tte 
peak of the Osilinka Ranges in massive, greenish go-ry 
volcaniclastics, has S-C fabrics indicative of sinistral dii- 
placement. The east-northeast-trending fauhs may be conjw 
gate to the north-northeast-trending set, reflecting the R’ 
Riedel set (Tchnlenko, 1970; Keller e! ul., 1982; Sylvestw, 



Plate I- 12 (a) Cleavage defined by closely spaced shear plants; (h) Lineation of stretched volcanic 
hreccia in a nonh-nonhwest-trending, strike-slip Tault; pencil parallel to the line&m, looking at north- 
northwest down:(c) S-C fabrics of the mylonitic rocks in Dortatelle fault, pencil parallel to the C planes, 
looking at south down; (d) Transpressive rotational strwtwe consisting of curved cleavage planes; 
pencil parallel to the cleavage planes, hammer handle parallel to the small shear zone. looking at west 
down. 
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Figure I-12-3. Stereonet plots of conjugate cleavages from the ridge north of Croydon Creek (a) the southern margin of 

Darb Creek dioritic body (hj and Goldway Peak (c). Solid circles: slickenlines: lines: contours of poles 10 the cleavages; N: 
number of cleavage planes measured. 

1988) associated with faulting on the Finlay-Ingenika 
SYSklll. 

All the faults, although they trend differently and have 
different slip senses, may be explained by association with 
the Finlay-lngenika faulting. They cut the rocks into fault- 
bounded, weakly deformed blocks, ranging in size from 
several square kilometres to tens of square kilometres. With 
progressive displacement on the Finlay-lngenika fault, 
defomution was apparently concentrated in the previously 
formed faults, while the fault-bounded blocks remained 
only very weakly deformed. Typically the only visible 
deformation outside the fault zones themselves is a cleavage 
and weak shear zones. 

CLEAVAGE 

Cleavage is extensively developed in the map area. It is 
characterized by spaced shear planes and in the cleaved 
rocks no apparent fabrics have been found. The shear 
planes are usually steeply dipping and closely spaced, at 
intervals of 2 to IO centimetres (Plate I-12.la). They are 
commonly slickensides with slickenlines, and many are 
characterized by crystals of tremolite or patches of chlorite 
and epidote. Shear senses are evident from the slickenline 
steps and offset of such features as quartz veins or the 
conjugate cleavage. Most cleavage is regional but some is 
local in its distribution. The local cleavage is commonly 
associated with nearby faults and can be easily dis- 
tinguished from the regional by tracing away from the fault. 
Regionally distributed cleavage generally occurs in conju- 
gate sets trending north to north-northeast and east- 
northeast to east, although there is considerable variation. 
Assuming the regional cleavage was homogeneously distri- 
buted before the widespread faulting in this region, its 

Geologicul Fieldwork 1990. Paper 1991-I 

attitudes may be used to indicate the bulk rotation of fault- 
bounded blocks. 

Several hundred shear plane:; were measured in the field, 
and a preliminary analysis (Figure l-12-3) indicates signifi- 
cant variations between the tbn:e major fault blocks. On the 
ridge north of Croydon Creek two sets of conjugate cleav- 
ages trend north and east-noaheast, respectively (Figure 
I-12-3a), which are consistent with those caused by Finlay- 
Ingenika faulting. To the west, in the block near the south- 
em margin of the Darb Creek dioritic body, they tren,d 
north-northeast and east, respectively (Figure I-12-K). 
Near the Finlay-Ingenika fault. at Goldway IPeak, they are 
oriented northeast and east-southeast, respectively (Figure 
1-12-3~). Based on the above assumption, this variation of 
the orientations of the regional, conjugate cleavages indi- 
cates that the fault-bounded blocks have been rotated clock- 
wise, and the amount of block rotation varies, reaching a 
maximum close to the Finlay-lngenika fault. 

CONCLUSIONS 
The deformation observed in the Takla Glaup rocks east 

of the Finlay-lngenika fault an therefore all be explained 
by dextral transcurrent motions on the Finlay-IngenikiL 
fault. There is no compelling evidence for deformatior 
associated with the collision of Quesnellia with Stikinia to1 
of Termne I with North America. During the early stages 131‘ 
deformation, folds with axes trending northwest, northuat-. 
trending thrust faults and twcs sets of conjugate strike-slip 
faults, striking north-northeast and east-northeast, were 
formed, together with north-northwest-trending, secondar) 
dextral strike-slip faults. These structures cut the Takla 
Group rocks into a number of fault-bounded, weakI:! 
deformed blocks. With progressive displacement on the 
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Finlay-lngenika fault, deformation became concentrated in 
early-formed fault zones. The northwest-trending thrust 
faults may have been rotated and dextral strike-slip motion 
appears to have been superimposed on them. The fault- 
hounded, brittle. upper crustal blocks appear to have been 
rotated clockwise in response to the large amount of dentral 
tramcurrent displacement, the amount of rotation increasing 
toward the major faults. This rotation of discrete blocks is a 
mode of deformation common ar shallow crustal levels in 
many strike-slip zones (Nelson and Jones, 1986; Ron of al., 
19X6; Hudson and Geissman, 1987: Geissman er al., 1989) 
and may provide one means of rationalizing the disparities 
between estimates of the amo”nt of tectonic displacement 
derived from geological and paleomagnetic studies (Monger 
and Irving, 1980; lrving <‘f al., 19X5; Rees CI al., 1985; 
Gahrielse, 1985). 
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STRATIGRAPHIC NOTES FROM THE ISKUT-SULPHURETS PROJEC’T AREA 
(104B) 

By J. M. Britton 

KEYWORDS: Regional &eology, stratigraphy, Stikine 
assrmhlnge, Stuhini Group, Hazelton Group, Texas Creek 
intrusive suite. 

INTRODUCTION 
The Iskut&Sulphurets project (Figure I-13-1) completed 

its final field season with an abbreviated program “f fill-in 
mapping and examination of major mineral properties. This 
report emphasixs stratigraphic revisions based “n the map- 
ping and on new filssil identifications. 

PREVIOUS AND CURRENT WORK 
The list of published geological reports on the Iskut- 

Sulphurc& gold camp continues to grow. The regional 
geologic framework has been prcsentcd by Anderwn 
(IYXY), Anderson and Thorkelson (IYYO) and Anderson and 
Bevier (1990). The geology and mineralization of the Sul- 
phurets, Unuk and Snippaker areas have been described in 
maps and repwts by Alldrick and Britton ( 1988). Alldrick rf 
ul. (IYXY, IYYO), Britton and Alldrick (198X), Britton ef N/. 
(IYXY, IYYOb). Maps and reports “f contiguous areas 
include Alldrick (19X.5, 1987). Read erol. (1989) and Logan 
cf r/l. (1990;~. b). There are detailed geologic maps of the 
Brr)nson Creek - Johnny Mountain area by Lcfrbure and 
Gunning (IYXY) and Fletcher and Hiehert (1990). Published 
mineral deposit descriptions include the E&L nickel pros- 
pect (Hancock. 1990). the Colagh prospect (MacLean. 
1990). the recent dixovcries at Eskay Creek (Britton er ol., 
lY90a). and skarns (Ray and Webster, 199 I, this volume). 
New galcna-lead isotope data from many deposits of this 
region alp plesentcrl in Godwin rf ul. (I 99 I. this wlume). 

In addition t” these reports are rock and streawsediment 
geochemicul data (Lefehure and Gunning. 19X8. 1989; 
National Geochemical Reconnaissance. IYXX). MINFILE 
descriptions “f 360 mineral occurrences, and more than 22.5 
assessmtwt reports now in the public domain. 

The Ge”l”gical Survey of Canada will continue rcgionel 
mapping “I’ the lskut River shcel (1048) under the direction 
of R.G Anderson. In July, IYYO the recently established 
Mineral &posit Research Unit began studies of the major 
mineral deposits in the Iskur-Sulphurcts camp, including 
Sulphurets, Kerr. Eskay Creek, Snip and Johnny Mountain. 

Our IYYO field area cntended fmm Mwnt Vcrrett in the 
northwest f” MoQuillan Ridge in the southeast. mainly 
between Snippiker and Harrymel creeks (Figure I-13-2). 
This area had been only briefly reconnoitrcd in lY88 and 
IYXY and there remained the task of correlating our units 
with those of adjacent map areas (Read <‘I u/.. IYXY: Logan 
rf d, lYY0b). 

STRATIGRAPHIC NOMENCLATURE 

Stratigraphic nomenclature in this part “f the Intermon- 
tane Belt is evolving (Figure l-13-3). Anderson (1989) 
defined the regional stratigraphic framework in terms of 
four tectonostratigraphic assemblages: 

0 Paleozoic Stikine assemblage; 
. Triassic to Jurassic volcanic-plutonic an: complexes; 
0 Middle and Upper Jurassic Bowser overlap 

assemblage; and, 
. Tertiary Coast plutonic complex. 
The Paleozoic Stikine assemblage comprisa three sepa- 

rate lithologic sequences deposited, respectively, in the 
Early Devonian, Mississippian and Early Permian. 
Lithologics include coralline limestone, chen. mafic t” fel- 
sic volcanic and volcaniclastic rocks, and <derived sedi- 
ments. Of the four tectonostratigraphic assemblltges this is 
the least well known. None (.)I” its sequences has been 
named, nor have contilct relationships between them been 
defined. 

Triassic and Jurassic arc rock~s are divided into Tao main 
groups: the Upper Triassic Stuhini (Takla) C~roup and the: 
Lower (to Middle) Jurassic Hazelton Group. Read et ul, 
(1989) identified Middle Triassic rocks that may represent a 
third, as yet unnamed group. Lower to Middle Jurassic 
rocks (basinnl sediments and distal luffs) mark the end off 
arc volcanism. 

[Note: Before the early IYXtIs Takla was the usual name 
for Triassic strata in the pr”jec:t arca (Grove. 19X6). Since: 
then the term Stuhini has brcome more common. The 
Stuhini Group was first defined by Kerr in 1948; the Takla~, 
by Armstrong in 194’). The groups comprise lipper Triassi’z 
strata that fringe the Bowsrr basin. As terrawe concepts 
cmergcd and became entrenched in the literature, a new 
convention has developed. Stuhini is now the preferred ferm 
for Triassic strata west of the ‘Cache Creek Terrane (i.e. in 
Stikinia). Takls is used for similar strata eas; of the Cache 
Creek Terranc (i.e. in Quesnellia). There is little difference 
in age, lithology, rock i~ssociafinns or chemistry between the 
two groups.] 

The overlap assemblage “f &inal marine and nonmarine 
sedimentary rocks is the Middle to Upper Jurassic Bowser 
Lake Group. 

The Tertiary Coast ptutonic complex is mostly grenitic 
intrusive rocks hut includes some (probably older) mc&- 
morphic rocks and tectonites that have bee11 exhumed hy 
rapid uplift and erosion. 

Regional mapping ha\ added refinements t” this simple 
scheme. The IJpprr Triassic Stmhini Group has not yet beer, 
divided into formations but Anderson and Thotkelsorl 

ldegroot
1990



132 



Figure I-13-2. Location map for areas discussed in the text. 

(1990) discuss this group in terms of unnamed eastern and 
wesfem facies. 

Only Jurassic strata (Hazelton and Bower Lake groups) 
have been divided into named formations, most of which 
are not yet formally defined. The lowermost strata of the 
Harelton Group are mainly volcanic or volcanogenic units. 
In order of decreasing age these have been divided into the 
Unuk River, Betty Creek and Mount Dilworth formations. 
Upper Lower Jurassic basinal sediments and distal tuffs (the 
Salmon River formation) follow the end of arc volcanism. 
Because rocks of the Salmon River formation are transi- 
tional between mostly volcanic Hazelton Group and the 
wholly sedimentary Bower Lake Group they have been 
treated differently by different authors. Some consider them 
part of the Hazelton Group, others part of the Bowser Lake 
Group, still others part of the Spatsizi Group [defined by 
Thomson ?I a/. (1986) in an area I60 kilometres to the 
northeast]. Because of lithological similarities and the diffi- 
culty of defining the upper boundary of the Salmon River 

formation it may be best to include it as a basal formation of 
the Bowser Lake Group. So far, the only basal formation ot 
this group that has been recognized is the Ashman. 

MOUNT VERRETT/HEMATITE RIDGE 
North and south of the Iskut River, exten~ding from the 

southern flank of Mount Veuett to Snippaker, Lehto and 
Leroy creeks, are thick, monotonous sequences of massive 
andesitic tuffs and tlows, loca,lly with clasts and lenses of 
limestone, and interbeds of siltstone and wacke. Correct 
stratigraphic assignment of these rocks remains an unn:- 
solved problem, it creates the most noticable difference 
between various geological maps published to date. 

Based on lithostratigraphic correlations the rocks have 
been variously assigned to Jurassic Hazelton Group (Grove, 
1986: Alldrick of al., 1989), Triassic Stuhini Grouf~ 
(Lefebure and Gunning, 1989; Alldrick t’r al., IWO) and 
Paleozoic Stikine assemhlagt: (Read cf al., 1989; Logan 
et al.. 199Oh). As stratigraphic correlations have hew 



PERIOD FORMATION GROUP 

ST”HlNl 

developed north of the Iskut and extended south (e.,q. by 
P.B. Read, J.M. Logan and others) the tendency has been to 
place them in the Paleozoic. Based on correlations 
developed to the south and extended north they can be fitted 
without difficulty into Mesozoic sequences. If nothing else, 
these rocks serve as an object lesson in the limitations of 
lithostratigraphic correlation. To date the limestones have 
proven to be barren of conodonts and carry only rare, 
nondiagnostic crinoid fragments. 

Hard evidence for a Paleozoic age for some of these rocks 
comes from three Early Permian fossils found by Read et al. 
(1989) 5 kilometres south of the confluence of Forrest Kerr 
Creek and Iskut River, on the northeast end of “Hematite 
Ridge” (Unit “Ptf” of Read et a/.. 1989). Previously they 
were mapped as Lower Jurassic Hazelton Group (Unit “3a” 
of Alldrick er ol., 19X9). Hematite Ridge was r-examined 
this year and found to be very complexly Fadted. The fossil- 
bearing strata occur both structurally above and helow il 
volcanic conglomerate unit assigned to the Stuhini Group 
(Unit “Trs” of Read (‘f al., 1989). The fixsil locations were 
resampled for conodonts and it is hoped these samples will 
help resolve the apparent dixrepencies. 

Read era/. (1989) also assigned andesitic volcanics to the 
Paleozoic on the basis of greater structural deformation, 
such as zones of foliation or widespread phyllitr, that 
appear to be lacking in younger sequences. On these 
grounds rocks near Lehto Creek were assigned to the Upper 
Permian. Phyllonitic to mylonitic zones are fairly common 
along the major faults and splays off them. Given the 
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abundance of faults in the area, rock fabric is at best an 
equivocal criterion for dating the rocks. 

Lithostratigraphic association can also provide some help 
in assigning a relative age. 

A body of coarsely recrystallized limestone. 200 mews 
thick, on the east side of Mount Verrett, may correlate with a 
Permian limestone marker (Kerr, 1948) that occurs near the 
top of the Paleozoic succession. If so the Mount Verrett 
limestone may mark the PemnTriassic boundary at Verrett 
Creek. The unit strikes northerly and dips moderately to 
steeply to the west. Beneath it are mixed sediments and 
and&tic tuffs of probable Early Permian age, above it 
similar lithologies of probable Triassic age. The principal 
difference between andesites above the limestone and those 
below it is that the former have more prominent feldspar 
phenocrysts (A. Travis, personal communication, 1990). 
Minor limestone lenses also seem less abundant above the 
marker. 

Farther east, near Snippaker and Lehto creeks, and&tic 
rocks locally have pyroxene phenocrysts and are generally 
unfoliated, except near faults or shears. In some exposures 
they appear to he immediately overlain by dated Lower 
Jurassic strata. For these reasons they are more likely part of 
the Stuhini Group than the Paleozoic Stikine ~ssemhlage. 

SERICITE RIDGE 
The tentative identification of Weylu (H.W. Tipper, per- 

sonal communication, 1990) suggests an Early Jurassic age 
for a sequence of wackes and siltstones that crop out near 
the northern end of Sericite Ridge. These sediments can be 
assigned to the Harelton Group. Structurally beneath them 
we thin pyroxene-porphyritic and&tic tuffs that. on the 
hasis of phenocryst association, may be parr of the Late 
Triassic Stuhini Group. 

Monument Creek valley. especially its lower slopes along 
Monument and Pyramid glaciers. is underlain by quartz- 
poor monzonitic to dioritic intrusive rocks, locally with 
coarse potassium feldspar phenocrysts. These resemble an 
Early Jurassic (IX9 to 195 Ma) suite of plutons that includes 
the Texas Creek. Mitchell Glacier and McLymont Creek 
plutons (Anderson and Bevier. 1990) and may include the 
Lehto pluton (Britton P, al., 1989). lmponant base and 
precious metal deposits are spatially associated with these 
intrusives and a &enetic link seems probable. The extensive 
gossans found on Sericite Ridge, Pyramid Hill and Khyber 
Pass (and pcrhaps the Inel property) are developed in vol- 
canic and sedimentary rocks that form a roof over relatively 
fresh monrodiorite stocks and are probably caused by these 
intrusions. The Lrhto pluton has also generated several 
smilll skarns (Ray and Webster, 199 I, this volume). 

NICKEL MOUNTAIN 
Black, thinly bedded siltstone and shale cap the western 

slopes of Nickel Mountain in upper Snippaker Creek. Fos- 
sils collecrcd in I989 include an ammonoid of late Early 
Jurassic age (probably middle Toarcian; H.W. Tipper. per- 
sonal communication, 1990). These sediments have been 
intruded by small olivine and pyroxene-hearing gahhro 



plugs that host the E&L nickel-copper deposit (Hancock, 
1990). Fossil data thus confirm a post-Early Jurassic age of 
intrusion and sulphide mineralization. These gabbroic plugs 
are the youngcst mafic plutons in the map area (apart from 
basaltic dikes related to Pleistocene and Recent volcanism: 
Stasiuk and Russell, 19YO). Well daled Middle Jurassic 
plutons are not common in the lskut area (Anderson and 
Bevier, 1990). Magmatism of that age (I 75-l X0 Ma) may 
have a mainly volcanic expression in the pillow lavas of the 
Eskay Creek facies of the Salmon River fcxmation, of 
Anderson and Thorkelson (I 990). 

The northeast quarter of NTS 1048 (National Geochemi- 
cal Reconnaiswnce. 198X) is an area mostly underlain by 
Toarcian and younger siltstones and shales of the Salmon 
River fornxttion and Bowser Lake Group. Regional stream- 
sediment samples collected in this arca have consistently 
higher nickel values than the rest of the sheet. The source of 
the nickel is not known hut could he nickcliferous plugs 
intruded into this stratigraphic level. 

WEST OF HARRYMEL CREEK 
lmmediatcly west of Harrymel Creek, from the outflow 

of Copper King Glacier south to Fewright Creek. is a thick 
sequence of mainly fine-grained siliciclastic sedimentary 
rocks locally with thin to thick limestones and minor dacitic 
and andrsitic ruffr. Both Late Trias\ic and Early Jurassic 
fossils have hew reported from this sequence. 

Smith and Carter (IY90) reported Early Jurassic (upper 
Plienshachian, Kunae zone) fauna from a sequence of black 
siltstones and shales overlying a rusty huff limestone- 
mudstone unit, 180 men-es thick, that in turn overlies red 
and green mottled polymictic conglomerate. Along strike to 
the north, a Late Triassic (probably Camian) fauna was 
documented in 1961 (E.T. Torer in Grove, 1986). To the 
south. in tan-weathering fine-grained wackes and coarse 
polymictic conglomerate (with pyroxene porphyry and rare 
limestone clasts) another probable Triassic fauna was found 
this year (H.W. Tipper, personal communication, 1990). 
Higher in the section the sediments give way to 
unfossiliferous dacitic pyroclastic rocks, including airfall 
turss. 

The importance of these fossil discoveries is that they 
demonstrate a conformable. possibly even gradational tran- 
sition between the Stuhini and Hazelton groups. East of the 
Unuk River, between Storie and Treaty creeks. a similar 
contact relationship has also been descrihcd (Britton a ml., 
1989; Anderson and Thorkelson, lY90). More commonly 
this contact is a marked unconformity (Anderson. 1989). 

McQUILLAN RIDGE 
On ridges south of the confluence of Unuk and South 

Unuk rivers (McQuillan and Dot) a thick sequence of 
andesitic tuffs, tuffaceous siltstones and limestone lenses 
were included as part of the Hazelton Group (Unuk River 
formation; Alldrick c’f al., 1989). Dating of crosscutting 
dioritic stocks indicates that they are all at least Late Tri- 
assic or older (about 221 and 226 Ma; Anderson and Bevier, 
199Oj. In keeping with the current convention of including 

Plate I 13. I. Coarse hornblende-phyric andesite tuff of 
the Stuhini Group. near Cebuck Creek on McQuillan Ridge. 
X-ray diffrnctomctrr analysis indicates the phznocrysts are 
ferroan magnesia-hornblende. 

Upper Triassic rocks in the Stuhini Group and Lov+a 
Jurassic rocks in the Hazelton Group. all the:;e rocks should 
be assigned to the Stuhini Group. 

Dips of strata on McQuillan Ridge appear to define ;L 
broad syncline with a northerly trending axes. From oldest 
to youngest the lithologic sequence is: metasiltstone awl 
fine-graineti meta-andesite tuff; foliated to @neissic and&e 
wiih minor siltstone; foliated to layered andesitic ash and 
Inpilli tuff intercalated with siltstone and thin limestow 
lenses up to IO metrcs thick: overlain by andesitic to dec& 
ash and lapilli tuff, commonly with homhlcnde and pyrox- 
ene phenocrysts. Hornblende phenocrysls increase in abun- 
dance up-section and are locally very coarse (Plate I 13. I : 

Metamorphic fabrics incrxw down-section and have 
been attributed to thermal effects of the Coast plutonic 
complex which occupies the southern end of McQuillan 
Ridge, or to numerous faults. There appears to he a marked 
change in deformational intensity between the homblendc 



pyroxene-phyric pyroclastics above and mixed andesite- 
siltstone-limestone sequence below. In view of the obsrrva- 
tion of widespread phyllite in Permian and older rocks 
(Read ef ul., 1989) the possibility remains that these rocks 
are put of the Paleozoic Stikine assemblage. 
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LOW-TEMPERATURE THERMAL HISTORY OF THE COAST PLUTONIC 
COMPLEX AND INTERMONTANE BELT, NORTHWEST BRITISH COILUMBIA 

(104M, N) 

By Raymond A. Donelick and John R. Dickie 
Dalhousie University 

KEYWORDS: Geothermometry, Tagish Lake. fission-track 
age, apatite, zircon, Cache Creek Terrane, Whitehorse 
trough, Coast plutnnic complex, Llewellyn fault. 

INTRODUCTION 

Fieldwork completed in 1990 focused on Laberge Group 
sediments along the shores of southern Tagish Lake, north- 
western British Columbia (Figure 1-14-I). The objective of 
this study is to determine the low-temperature thermal eve- 
lution of this part of the lntermontane Belt, using apetite 
fission-track techniques and, if possible, place constraints 
on the timing ofmineraliration at the Engineer gold deposit. 
Sample analyses are currently underway, with new results 
forthcoming. The remainder of this paper focuses on pre- 
viously unpublished fission-track data for northwestern 

Figure t-14-I. Lucation map ofthe study ara (small box 
with dotted outline). CC = Cache Creek Twranc: WT = 
Whitehorse trough; NT = Nisling Terrane; CPC = Coast 
plutonic complex. 

Geological Fieldu~ork 1990, Paper 1991-I 

British Columbia, reported and discussed in two graduate 
theses by the.first author (Donelick, 19X6; 1988; see also 
Donelick and Miller, 1986). These data (constrain the 
regional low-temperature cooling pattern of the Coast plw 
tontc complex and Intermontane Belt in the vicinity of 
Tagish Lake. 

GENERAL GEOLOGY 
The studied area is situated in the Cordillera of north- 

western British Columbia between Atlin and the Alask, 
Panhandle (Figure l-14-1: NTS I:250 000 maps 104M and 
104N). Geological mapping of this area was conducted by 
Christie (1957), Aitken (1959), Bultman (1979). Mihelynuk 
and Rouse (198Xa, b), Mihalynuk et ol. (19X9a, b:l, 
Mihalynuk and Mountjoy (1990). and Mihalynuk et a!. 
(1990). From east to west, the area crosses parts of (a) the 
Cache Creek Terrane, (b) the Whitehorse trough, (c) the 
Nisling Terrane, and (d) the Coast plutonic complex. The 
Cache Creek Terrane is composed of upper Paleozoic rocks 
of oceanic affinity and is inferred to have been met:,- 
morphosed no later than pre.-Late Triassic time (Aitken, 
1959; Eisbacher, 1974; Monger, 1977: Bultman, 1979). The 
Whitehorse trough is compo:red primarily of the Lower 
Jurassic Laberge Group fore-arc sequence which was folded 
and thrusted by Early Cretaceous time (e.,q. Bultman, 1979: 
Dickie, 1989). The Nisling Terrane is composed of met:r- 
motphosed Proterozoic to Paleozoic volcanic: arc and conti- 
nental margin rocks (Mihalynuk and Mountjoy, 1990; Cur. 
rie, 1990). Numerous Mesozoic to Cenozoic granitoicl 
intrusions of the Coast plumnic complex foj-m the warea-r, 
part of the study area and are present in all of the eastern 
assemblages. 

LOW-TEMPERATURE HISTORY OF 
NORTHWESTERN BRITISH COLUMBIA 

No previous work is published concerning the low 
temperature thermal history of northwestern British Colurn- 
bia, however, relevant studies are reported for the southern 
part of the Coast plutonic complex (Harrison PI al., 1979; 
Parrish. 1982: 1983) and the Omineca crystalline belt (Par- 
rish et al.. 1988; Sevigney et al.. 1990). These studie:; 
primarily document large-scale cooling of much of the Cork 
dillera following latest Cretaceous to Eocene compressi.vc 
OJOgCny. Of greatest significalnce to the present study is f:hc: 
30.kilometre-wide belt of Late Cretaceous to Midd~lc: 
Eocene epizonal calcalkaline plutons situated along thf: 
lntemational Boundary between Atlin, British Columbia 
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Figure I-14-2. Sample location map. The patterned areas 
correspond to ma.ior granitoid inlrusive bodies that were 
preferentially sampled: dashed lines indicate approximate 
tenme boundaries from Figure I 14. I. 

Figure I-14-3. Summary ufapatitr fission-rreck agcc (after 
Donelick, I YK). Errors given as one standard deviation. 

and Jnneeu, Alaska (~.g, Bultman, 1979: Gehrels er o/., 
19X4: Brew, 1988). and several isolated plutons of the same 

age that intrude the Cache Creek Terrane to the east (Atlin 
Mountain, Birch Mountain; Aitken, 1959: Bultman, 1979). 
It is expected that the thermal histories recorded by these 
intrusions and adjacent country rock will rrtlect postintru- 
sive cooling, no older than the age of the respective intru- 
sive events. 

Twenty-seven samples were collected from throughout 
the study area for fission-track analysis; sample locations 
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are shown in Figure I-14-2 and listed in Table I-14-1. The 
samples represent: (a) vertical suites from four mountains 
collected over their accessible elevation ranges and (h) four 
additional samples collected from selected sites interspersed 
among the vertical suites. Apatite fission-track ages were 
measured for all 27 samples (Table l-14-2 and Figure 
I-14-3): etchoble fission-track length distributions in apatitr 
for nine samples (Table I-14-2); and zircon fission-track 
ages for twenty samples (Table I-14-3 and Figure I-14-4). 
Full details regarding thr mineral separation techniques, 
sample preparation procedures and analytical methods 
employed for the fission-track analyses are presented in 
Donelick (1986: l9RX). In this paper, each apatite fission- 
track age is interpreted as the time when its sample cooled 
through the 100°C crustal isotherm. ‘This interpretation is 
appropriate due to the limited degree of fission-track 
annealing present in the apatites as evidenced by the rek- 

tively long, mean etchahle track lengths (e.!:. Naeser and 
Forbes, 1976; Green ~trrl., 1986). Furthermon:. we interpret 
each zircon fission-track age as a minimum age of forma- 
tion of the igneous rock samples (either intrusive or vol. 
canic). as each age probably reflects the time when its rock 
cooled through the 200°C crustal isotherm (P.S. Harrison of 
01.. 19791. If is convenient to consider sepxuely, the dater 
obtained for the Cache Creek Terrane, th’r Whitehorse 
trough, and the Coast plutonic complex. 

CACHE CREEK TERRANIC 

Figure l-14-3 shows all aputite fission-track ages mea- 
sured in this study, including ,plots of apatite fission-t&< 
age versus sample elevation fix Mount Hitchcock. on the 
eastern shore of Atlin Lake, and Mount Minto, 5 kilometres 
from Mount Hitchcock on the western shore. It is apparent 
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from these data that opposite sides of northern Atlin Lake 
experienced markedly different Mesozoic to Cenozoic cool- 
ing histories. Apatite fission-track ages for Mount Hitch- 
cock range from 47.OZ4.0 Ma to 79.925.2 Ma (one stan- 
dard deviation). Mount Mint”, however, exhibits signifi- 
cantly older apatite fission-track ages, ranging from 
83.81_5.5 Ma to 158i 14 Ma. The Mount Hitchcock sam- 
ples and the three lowest elevation samples from Mount 
Mint” (samples 8403-7, 8, 9) are from the Black Mountain 
body, as mapped by Aitken (1959). The zircon fission-track 
ages for these samples range from 132-C IO Ma to 215220 
Ma (Figure l-14-4), indicating this intrusion is no younger 
than Triassic. The volcanic rocks that cap Mount Minro 
(samples X403-10, 11, 12) exhibit zircon fission-track ages 
that range from 1551-25 Ma to 235258 Ma (Figure l-14-4) 
indicating that these rocks are at least Mesozoic in age. 
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WHITEHORSE TROUGH 

Figure I- 14.3 also contains a plot of apatite fission-track 
age verws sample elevation for Jack Peak, an intrusion into 
Whitehorse trough stata for which Bultman (1979) reports a 
K-Ar biotite age of 9Oi3.0 Ma. The fission-track ages 
range from 46.724.3 Ma to 92.4-t 12.3 Ma, similar to those 
observed for Mount Hitchcock in the Cache Creek Terrane. 
In contrast, two Lower Jurassic Laberge Group samples 
from the western shore of Tagish Lake (samples 8403-13 
and 14; Figure I-14-2) yield apatite fission-track ages of 
98.1110.1 Ma and lOOi I Ma respectively (Figure 
I- 14-S. significantly older than those for Jack Peak. The 
zircon fission-track ages for the Jack Peak samples range 
from 79.027.3 Ma to 82.5~7.2 Ma (Figure l-14-4). The 
Laberge Group samples yield zircon fission-track ages of 
X4.4+10.9 Ma and 133217 Ma respectively (Figure 
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1-14-4). significantly younger than their depositional ages 
indicating that these rocks experienced postdepositional 
temperatures in excess of approximately 200°C. 

The apatitc fission-track age versus sample elevation plot 
for White Moose Mountain is included in Figure I-14-3. 
The ages range from 4X.324.6 Ma to 63.7f4.9 Ma, repre- 
senting the youngest age range of the vertical suites ana- 
lyzed. The zircon fission-track ages for these samples range 
from 39.623.8 Me to 75.01-7.4 Ma (Figure I-14-4). 

DISCUSSION 
The results summarixd above, in particular the apatite 

fission-track ages. indicate that the Whitehorse trough in the 
vicinity of Tagish Lake. and part of the Cache Creek Terrane 
near Mount Mint”. experienced a different cooling history 
relative to surrounding areas. The differential cooling, evi- 
denced by the LOX of 100 MB fission-trxk ages at low 
elevations along Tagish Lake and a+ Mount Minto (at or 
below 920 metros above m.s.l.: Table 1-14-l). most likely 
resulted from differential vertical motion in the region 
between approximately 100 Ma and SO Ma. It appears that 
an as yet unrecognized structure beneath the northern part of 
Atlin Lake fomx the eastern boundary of this zone of 100 
Ma aptdtite-cooling ages. The western boundary may be the 
Llewellyn fault, but this has yet to be proven. Mihalynuk 
and Hart (in press) document at least 100 kilometres of 
dextml motion on the Llewellyn fault zone Tally Ho shear 
zone coincident with the boundary between Stikine Terrane 
to the east and Nisling Terrane to the west. Furthermore. 
these authors state that “thick accumulations of coarse clas- 
tic sedimentary rocks of the Lower Jurrasic Whitehorse 
trough overlie the Stikine Terrane, but are thin and discon- 
tinuously exposed west of the fault zone on the Nisling 
Terrane.” Greater erosion on the west side of the Llewellyn 
fault zone between IO0 Me and SO Ma would account for 
both the fission track data summarized here and the greater 
preservation of Whitehorse Trough strata on the east side. 

Our current research in this region is aimed at delimiting 
the zone of 100 Ma apatite fission-track ages along southern 
Tag&h Lake. If this zone inch&s the Engineer mine. it may 
be possible to determine the timing of mineralization at this 
historically important deposit. Preliminary fluid-inclusion 
data from the Engineer deposit indicate homogenization 
temperatures of approximately IRS”C, sufficient to cotn- 
pletely anneal fission tracks in apdtite (M. Mihalynuk, per- 
sonal communication, 1990). If the hydrothermal activity 
was localized near the Engineer deposit and occurred 
post-IO0 Me, apatites from country rocks heated by these 
fluids will yield fission-track ages less than IO0 Ma, indicat- 
ing the timing of mineralization. 
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HIGHLIGHTS OF 1990 FIELDWORK IN THE ATLIN AREA 
(104N/12W) 

By M.G. Mihalynuk, K.J. Mountjoy, W.J. McMillan, 
C.H. Ash and J.L. Hammack 

KEYW(IRDS: Regional geology, Cache Creek complex, 
Peninsula Mountain suite, Graham Creek suite, Laberge 
Group, Sloko Group, Founh of July batholith, Nahlin fault, 
isotopic age, rare-earth elements, geochemistry, gold, 
metallogeny. 

Terrane distribution after 
Wheeler et al. (1988) 

CC = Cache Creek 
NS = Nisling 
ST = Stikinia 

NF = Nahlin 

Figure I-15-1. Tectonic elements of norrhwcstern British 
Columbia in the vicinity nf 104Nil2W. 

INTRODUCTION 
Fieldwork in the Atlin area was confined to a four-week 

period in 1990. About Tao weeks were spent on reconnais- 
sance mapping of the western half of the Atlin 150 000 
map-sheet (104Ni12W) incorporating mapping done in 
1989 as part of a study by Bloodgood and :Bellefontaine 
(IYYO). The contact zone between the Cache Creek Terrane 
and terranes to the west is exposed in this half map-sheet 
(Figure 1-15-l). This paper focuses on geological highlights 
of mapping along the contact .zone and presents new rare- 
earth element data, anomalous geochemical gold analyses 
and previously unpublished isotopic age data. 

GENERAL GEOLOGIC SETTING 
The geology of the area is dominated by three lithotec- 

tonic packages. From east to wezst these are: o~xanic crustal 
rocks and overlying sediments iof the Triassic to Mississip- 
pian Cache Creek complex; probable Middle to Upper Tri- 
assic intermediate to felsic volcanic-arc strata of the Penin- 
sula Mountain suite, and Lower to Middle Jurassic 
sedimentary rocks of the Laberge Group. In the southern 
part of the map area the Cache Creek rocks are juxtaposed. 
against the Laberge Group across the Nahlin fault. To the 
north. the Peninsula Mountain volcanic package separate:. 
these packages and displays ~ctructural and stratigraphic 
relationships with both the LJberge Group and Cache Creek. 
complex. The Fourth of July batholith intrudes deformed 
Cache Creek Complex and probable Peninsula Mountain 
lithologies. All of these rocks zwc overlain by at least two 
younger volcanic suites 

A more regional geological Iperspective call he found in 
Cairns (1913), Aitken (1959) arId Bultman (15179). Geolog) 
west of NTS mapsheet 104N/lZ,W is covered by Mihalynuk 
er al. (19XXa.b: lY8Ya.b; 1990:1, Mihalynuk and Mount;oy 
(1990) and Mihalynuk and R,suse (198&b), and to the 
immediate east by Ash and Arksey (l9YOb). Geological data 
compiled in Figure l-15-2 were augmented in specific area!; 
by property-scale mapping IAspinall, 1969; .4nuik, 1970). 

CACHE CREEK COMPLEX 
“Cache Creek complex” is used here in preference to ths 

more commonly used “Cache Creek Group” as component 
units include rocks of sedimentary, volcanic, metamorphic 
(ultramafic) and structural (fault m&mge) origin. 

Within the complex, units are generally fault bounded 
and vary in dimension from just a few metxs to several 
kilometres. In 104N/lZW, Cache Creek lithologies include 
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Figure I-15-2. Generalized geological map of the Tag&h area 
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massive, white carbonate, chat, mint-green basalt breccia, 
harzburgite, dunite (and serpentinized equivalents), and a 
variety of elastic sediments including silty argillite and 
coarse quartz-bearing wackes. 

Descriptions of lithologic units have been furnished pre- 
viously by Monger (197.5, regional geology and paleontol- 
ogy), Ash and Arksey (1990b. ultramafic rocks), and Blood- 
good and Bellefontaine (1990, sedimentary rocks) among 
others, and are not reproduced here. However, quartz-rich 
strata within the Cache Creek complex are less well known 
in this region. Such strata are potentially very useful for 
establishing linkages between the oceanic Cache Creek Ter- 
rane and adjacent, more evolved crustal masses. An inves- 
tigation of possible linkages is currently in progress. 

GRAHAM CREEK IGNEOUS SUITE AND 
PENINSULA MOUNTAIN VOLCANIC 
SUITE: RELATIONS AND 
CORRELATIONS 

Rocks of the Graham Creek and Peninsula Mountain 
suites form a northwest-trending belt beginning at Atlin 
Mountain, with best exposures on Table and Taku moun- 
tains. Along the northwest flank of the belt, tectonired 
harrburgite has a recurrent spatial association with chat and 
pillow basalt; together these rocks comprise the Graham 
Creek suite (Mihalynuk and Mountjoy, 1990). In most cases 
contacts between the two suites are verifiably faulted. There 
is some evidence for local stratigraphic continuity between 
the pillow basalts and lower Peninsula Mountain volcanics, 
but it is cmxmxpect (<f Mihalynuk and Mountjoy, 1990). 
Rare-e&~ element (REE) data emphasize the differences 
between the two suites. However, they represent two com- 
positionally distinct volcanic packages, with the Peninsula 
Mountain volcanic rocks tending to be porphyritic and more 
felsic overall, such that preliminary REE data from the two 
suites (Figure I-15-3) cannot be directly compared. The 
data do show that the Graham Creek pillow basalt and 

Middle to Upper Triassic Penninsula Mountain 
and Graham Creek Suites IQYO_ 

3 

Figure I-15-3. Chondrite normalized REE plot of 
selected samples from the Graham Creek igneous suite 
(squares) and the Peninsula Mountain volcanic suite (dia- 
monds). Normalizing factors used are those of Nakamura 
(1974); the shaded MORB field is adapted from Saunders 
and Tamey (1979). 

gabbm fall in the centre of the mid-ocean ridge basall: 
(MORB) field of Saunders and Tamey (I 979 ), confirming 
their genetic association with spatially affiliated tectonizecl 
harzburgites. 

Within the Peninsula Mountain suite, widespread emp-- 
tive units, particularly quartz-phyric ash flows and otha 
distinct lithologies, are marker horizons that allow fix t.he 
development of a tentative stratigraphy consisting of sir. 
eruptive packages. Stratigraphic relationships are not simple 
as interfingering and onlapping of units is probabl) 
C”lTllll”“. 

At the base of the succession are green and light grey to 
tan, epidote and chlorite-altered, coarse. vesskular and&tic 
breccias containing medium-grained feldspar and sparse 
medium to coarse-grained pyroxene. These rocks are well 
exposed in a steep valley that dissects Table Mountain, 
where they stratigraphically underlie feldspar-phyric lapilli 
tuffs and abundant feldspar-quartz-biotite-phyric ash flows. 

North of Table Mountain, fine to medium-gl-ained tabular 
feldspar-phyric lapilli tuffs of intermediate composition are 
interfingered with, and underlie, ash flows. Maroon, green; 
and orange varieties may be locally foliated, particularly 
near their contacts with pyritic .white rhyolite which occurs 
as small domes(?) or as chert-bearing breccias and interbed- 
ded epiclastics. 

Ash flows are mauve, tan, grey and light green and 
generally display crude flow layering and lapilli elongation. 
Individual cooling units are generally homogeneous and 
monolithologic. Thin, well-bedded epiclastic interbeds are 
c”mm”n. 

The rhyolite unit separates the bulk of the volcanic strata~ 
from sediments of the Cache Creek Terrane. Lithologically 
it resembles younger rhyolites. It is, however, thought to be 
part of the Peninsula Mountain suite as the provenance of 
associated epiclastics (particularly chert cobbles) appears tc’ 
be the same as for epiclastic beds within some of the oldest 
Peninsula Mountain lapilli tuffs. Relationship:; between the 
rhyolite breccia and other volcanics of the Middle to Upper 
Triassic package are illustrated in Figure l-154. 

Volcanic strata near the mouth of the Atlin River are 
included as part of the Peninsula Mountain suite on the basis, 
of limited lithologic similarities. These rocks are relatively 
undeformed and may actually be younger than the Peninsulas 
Mountain suite. They comprise massive, coarse, predomi- 
nantly clast-supported laharic breccias and lesser pyroclas- 
tic units with minor interbeds of well-layered epiclastics 
which dip gently to moderately eastward. They are bordered 
on all sides by Cache Creek lithologies, althc’ugh nowhere 
can the contact be observed directly. 

Blocks within laharic units are typically rounded and of 
decimetre size, but range up to several mews diameter. 
They are generally of one or two compositions. Rounded, 
red, purple, orange or green andesitic blocks containing 
about 35 per cent fine to medium-grained, trachytically 
aligned feldspar are most common. Less common are white, 
grey or light green blocks which may be slightly more 
angular, are flow layered and have a planar fracture and a 
waxy fresh surface. 
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Graham Creek 
/ 

Ear Mountain Taku/Table Mtn Safety Cove 

!‘ENINSULA MOUNTAIN “OLCANICS 
@-? plagioclase-phyric breccia and tuff 
oo@ felsic ash flow 
b:V coarse feldspar> pyroxene-volcaniclastic 

(epidote-chlorite altered) 
d+q hyaloclastite 

& rhyolite domes? and breccia 

SAFETY COVE SUITE 
‘~w?+- rhyolite flows and breccia 

““1 intermediate volcaniclastics 
,jg.~ conglomerate 

FOURTH OF JULY BATHOLITH 
:::; quartz diorite to granite 

P~~wuln MOUNTAIN SEDIMENTS 
,:.>t*: quartzose wacke 

Symbols 

-ze :r-- chert > > argillite (MTcc) 

GRAHAM CREEK SUITE 
Xxx pillow basalts 

tectonized harzburgite 

rr - erosional unconformity probably 
contemporaneous with volcanism 

@ Mid to Upper Triassic radiolarian 
-bearing chert 

Figure l-15-4. Schematic representation of strakigraphic rrlatiunships br~ween the Peninsula Mountain suite 
and the Graham Crerk suite which may buth be partly correlative with rocks of the Cache Creek cumplex. (Especially 
tectonized harzburgite and cherts). 

At the mouth of the Atlin River, pyroclastic breccia units 
from I mewe to greater than 5 metres thick are interbedded 
with dense, ochre-coloured flows that have vesicular tops. 
Pyroclastic units are distinctive in that they incorporate 
abundant charred plant fragments. In places they appear m 
grade into flow-top breccia, but are otherwise quite similar 
in t~ppearance to laharic units. 

AGE AND CORRELATION 
Just off the northwest comer of 104Nll2W homblende- 

quartz-phyric volcaniclastic rocks are interbedded with 
massive white to tan chert (Ear Mountain, Figure l-1.5-4. A 
few kilometres to the southwest, well-bedded, tan chert is 
interbedded with coarse quartz, feldspar and homblende- 
bearing wackes probably derived from the volcanics. These 
well-bedded chens yield radiolarians identified by Cordey 
(1990) as Middle m Upper Triassic age. Pyroclastic rocks 
associated with the massive cherts are believed TV be part of 
the intermediate and felsic Peninsula Mountain suite vol. 
canics. At Telegraph Bay, Peninsula Mountain volcanic 

strata are thermally metamorphosed by the 17 I Ma Fourth 
of July batholith. The same intrusive relationship is shown 
by Aitken (1959) on northern Graham Inlet: such relation- 
ships support the Middle to Upper Triassic age of these 
rocks. Furthermore, the Peninsula Mountain suite shares 
many charactrristics with the Upper Triassic massive sul- 
phide bearing Kutcho Formation in the Dease Lake area 
(Thorstad snd Gabrielse, 19x6; Mihalynuk and Mountjoy, 
1990). 

Despite a growing body of geologicel evidence that indi- 
cates a Middle to Upper Triassic age for the Peninsula 
Mountain suite, a Rb-Sr isochron, defined largely on the 
hasis of a silmple collected from Table Mountain, returned 
an age of 12.4t2.1 Ma (Grand tv al., 1984). At present we 
are unable to accommodatr this date. We do not recognire ii 
sepxate, younger volcanic package above the Peninsula 
Mountain suite, nor are we able to reasonably apply this 
date to the Peninsula Mountain suite as a whole. We suspect 
that either the sample was atypical, either a dike or a fault 
sliver, or it is chemically aberrant (perhaps altered). 
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FOURTH OF JULY BATHOLITH AND 
RELATED DIKES 

Just north of the t”wn of Atlin, the Fourth of July 
batholith underlies an area of approximately 650 square 
kilometres. In the map area, this polyphase intrusive body is 
composed primarily of pink granite, granodiorite and 
monronite. Zoning is apparent with varying abundances of 
porphyritic potassium feldspar, biotite and hornblende. Zon- 
ing is particularly evident near the margins, where biotite 
and, to a lesser degree, hornblende are much more abundant 
within a monrodiorite or monzonite phase (<:fi Airken 
(1959) for a more detailed description:l. 

Everywhere the batholith is crosscut by dikes that are 
thought to be residuals of late-stage magmatic intrusion. 
These dikes gencwlly have the same composition as the 
more mafic portions of the batholith. Very biotite-rich vari- 
eties have a distinctive knobbly weathering habit in which 
sparse, pink feldspar clots (xenocrysts’! or immiscible drop- 
lets) may form resistant spikes. Dikes are typically 0.3 to 
3 metres thick and trend 3 IS” with moderately steep dips to 
the east. They comprise IO to 20 per cent of the outcrop 
volume and extend into the Cache Creek section where 
abundance decreases and their orientation is less consistent. 

Until recently an inferred Jurassic age for the Fourth of 
July batholith was hased on relative geologic ngc constraints 
(Aitken, IYSY). Bloodgood t’i al. (lY89) refercnced K-AI 
(hornblende and biotite) dates of I IO:!4 and 73322.6 Ma 
from rocks collected within IS0 nwtres of the younger 
Surprise Lake batholith by Christopher and Pinsent (IYXZI. 
In the latter paper Christopher and Pinsent list these dates in 
“Table 2. KlAr Ages from the Surprise Lake Batholith” and 
they are indicated as having been obtained from a sample 
with “Reference Number A-KAR-S”. The wme sample is 
listed in their “Table I” of whole-rock geochemical data 
whcrr it is lahelled “Fourth of July” and displays a geo- 

0.03’ ) Fourth of July 
o,029 Batholith 

sample: MHG87~064 

,A’ 
-is0 

upper Intercept I 
o,02, I ,,I,.’ 

, ,.,,, ,,” 
171 tli-5 Ma 

, errors are 2 sigma 

“~“19 ,” ! ,’ Analysis by the University of British Columbia 

0.13 0.15 0.17 0.19 0.21 
Figure 1-15-S. Conchordia plot i‘or clear. coIourless, 

euhedral. doubly terminated zircons of the Founk of July 
batholith (analyzed hy The University of British Columbia). 
Analyses of bath fractions are essentially concordant giving 
a 2”hU/‘XPh dale of 171 +5 Ma. 

chemical signature that is radically differen; from other 
samples from the Surprise Lake batholith. Their written 
location description of Sample P,-KAR-5 places it as part of 
the Fourth of July batholith on both their map and the map 
of Sutherland Brown (1970). Thus, these data do appear to 
have been derived from Fourth ,of July rocks a inferred by 
Bloodgood et a/.; however, as implied by Christopher and 
Pinsent. the ages prohably reflect resetting during the intru- 
sion of the nearby Surprise Lake batholith. 

Donelick (198X) determined ;I zircon fission-track age of 
215220 Ma from the Fourth <of July batholith at Mount 
Hitchcock and l93i IX Ma and 12x5X.7 Ma were acquired 
from other Fourth of July localities. This Upper Triassic age 
indicates the time at which these rocks cooled through 
200°C and, if not misrepresentalive, should be the minimum 
age of the intrusive body. However, a sample collected h) 
the Geoloj$cal Survey Branch recently returned a Concord 
dant U-Pb zircon date of 17: 2.5 Ma. These new data. 
shown in Figure I-IS-S, are thought to most accuratel) 
reflect the age of the Fourth of July batholith and most 
closely replicate the early age assignment of Aitken (19SY) 
based upon geological relationships. However, since the 
Fourth of July batholith is a composite intrusive body, sornc 
variability in the isotopic age data is to be expected. 

TECTONIC IMPLICATIONS 
In the northeast corner of 104M/l2W, intermediate and 

fclsic pyroclastic rocks, like those on Atlin Mountain, sit 
ndjacent to well-bedded, defc!nned ribbon cherts of rhz 
Cache Creek complex (contact not exposed). Both are ther- 
mally metamorphosed and crosscut by the Fourth of July 
batholith as well as later dikes which also extensively at 
the batholith. This association indicates that: the volcanic 
rocks arc older than I71 Ma: unless the F%xtrth of July 
batholith is decapitated, it repraents a pin point that pierced 
the Cache Creek succession (u,hich is apparently a stack ctf 
thrust slices) during the Middle Jurassic and limils the age 
of ophiolite emplacement to before this time; North of Atlin 
volcanic and batholithic rocks cross Atlin Lake, indicating 
no major structural offset across this portion of the lake 
since the Middle Jurassic. Thus, any major Post-Middle 
Jurassic motion must have been accommodated along tb,r 
northward continuation 01. ttle Nahlin faull (Mihalynuk 
er ol.. 1990). 

Within a few hundred mefres south of Safety Cove. 
biotitr-rich dikes of the Fourth of July suil: are not only 
offset by extensive high-an& brittle fault!,. hut also cut 
these fault planes. Clearly this style of deformation BCCU~I- 
panied late stages of Fourth of July batholith emplacement. 
Furthermore. a very consistent dike swarm orientation ol 
about 3 lS”175”E suggests crwtal extension of IO to 20 P”, 
cent southwestward during their emplacement. 

JURASSIC TO TERTIARY VOLCANIC 
SUITES 

Two separate packages of volcanic strata appear to post. 
date the Fourth of July balholith. At Safety Cove. a 
deformed package of volcanic rocks has obscure contzti 



and can not be reliably correlated, whereas, in west-central 
104N/12W, undeformed volcanic rocks of the Slokn Group 
can be correlated with certainty. 

SAFETY COVEVOLCANICSUITE 

Probably the oldest of the two volcanic packages crops 
out on the western shore of Atlin Lake, at Safety Cove. 
These rocks vary compositionally from dark, andesitic(?), 
nonporphyritic ash and sparse-lapilli turfs, to rhyolite flows 
and breccia. Where well exposed they are extensively 
CIOSSCU~ by dikes of equally variable composition. 

The age of these rocks is not established. but is partly 
constrained by their relationship to the Fourth of July 
batholith. At Safety Cove, a significantly altered biotite-rich 
border phase of the batholith shares an enigmatic contact 
with structurally overlying and generally fine-grained, 
brown and green tuffs with sparse fragmental texture. 
Locally these rocks are highly strained and appear, in 
places, to contain blocks of the Fourth of July border phase. 
Several metres “above” the canact zone, a white rhyolite 
breccia displays thin (<IO cm) epiclastic interbeds contain- 
ing altered biotite-rich pebbles, presumably derived from 
the mafic border phase. It appears then, that though the 
contact is now deformed, originally it was probably an 
unconformity. Thus, alteration of the Fourth of July 
batholith at Safety Cove is probably due to weathering at or 
beneath an erosional surface, and rounded blocks of border 
phase intrusive are probably conglomerate boulders, not 
milled fault blocks. If this is correct, Safety Cove volcanics 
are post-Middle Jurassic in age and their unconformable 
contact with the Fourth of July batholith, like many other 
unconformities within the Tagish area, is rather strongly 
deformed. 

SLOKO GROUP 

The Sloko Group are the youngest rocks recognized in 
104N/lZW where they cxcur as erosional remnants on sev- 
eral of the highest mountains. They are composed mainly of 
rhyolite and derived epiclastic strata and rest on a well- 
exposed, deeply incised paleosurface on deformed Laberge 
Group strata. Numerous rhyolite dikes cutting the Laberge 
Group probably represent feeders to the Sloko rhyolite. 
Except where involved in high-angle faulting, they are flat- 
lying and undeformed. 
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Contact relationships, composition and the flat-lying 
nature of these strata are diagnostic. There is little doubt that 
they correlate with the main mass of Sloko Group rocks at 
the south end of Atlin Lake. 

METALLOTECTS IN 104Ni12W 
Metallotects of particular interest within 104Ni12W 

include altered ultramafic rocks, deep-seated faults, and 
acid volcanic rocks that may in part be submarine. 

Fault-bounded, carbonatized serpentinites along the west 
shore of Atlin Lake are potential candidates for the ultra- 
mafic lode gold association that is thought to be the source 
of placer gold in the Atlin camp (Ash and Arksey, 1990a, 
b). Of note, but not shown in Table l-15-1, are analyses 
from a northwest-trending belt of pillow basalts mapped as 
the Peninsula Mountain Group by Mihalynuk et al. (1990). 
Unaltered samples of these rocks yield high background 
gold values and, in combination with carbonaired ultra- 
mafia, may be the ultimate sources for the placer gold in 
Graham Creek. Along-strike continuation of these rocks 
may also explain a delapidated sluice operation on the 
unnamed drainage northwest of Graham Creek (UTM 
551450, 6615900). 

Deep-seated faults such as the Nahlin (c$ Mihalynuk and 
Mountjoy, 1990: Mihalynuk er a/., 1990), and perhaps 
related structures at the eastern margin of Peninsula Moun- 
tain suite exposures, are metallotects with largely undeter- 
mined potential. A silicified breccia zone of untested extent 
marks the contact between volcanic rocks on Taku Moun- 
tain and chats and argillites of the Cache Creek complex 
(Figure l-15-2). A single sample collected from the breccia 
yielded a gold assay of 1510 ppb (Table 1-15-I). Motion in 
this zone is difficult to assess. It could be regional in scale 
or merely localized at the contact of contrasting lithologies. 

Also near the eastern boundary of the Peninsula Moun- 
tain suite are small pyritic rhyolite domes(?) and breccia 
bodies closely associated with argillite and chert of the 
Cache Creek complex. Although the exact relationship 
between the two lithotectonic packages is not clear, the 
setting contains many of the lithologic elements typical of a 
Kuroko deposit setting (e.g. Urabe and Sam, 1978). Tenta- 
tive correlation of the Peninsula suite with the Kutcho 
Formation, host to the Kutcho Creek massive sulphide 



deposit (Thorstad and Gabrielse, 1986). underscores the 
importance of these strata as a potential metallotect. 
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PRELIMINARY Nd AND St- ISOTOPIC ANALYSES FROM THIE 
NISLING ASSEMBLAGE, NORTHERN STIKINE AND 

NORTHERN CACHE CREEK TERRANES, NORTHWESTERN 
BRITISH COLUMBIA AND ADJACENT YUKON (104M, N) 

By Jay L. Jackson, P. Jonathan Patchett and George E. Gehrels 
The University of Arizona 

KEYWORDS: Regional geology, gwchronology. neo- 
dymium isotopes. strontium isotopes. Nisling Terrane, 
Stikine Terranc. Cache Creek Terrane. Stuhini Group, 
Laherge Group. Tantalus Group. 

INTRODUCTION 
One of the ftmdamental tectonic problems in the western 

Canadian Cordillera is constraining the age of initial ,juxta- 
position of the disparate terranes that underlie this region. 
Understanding of the tcmpwnl and spatial relationships 
hctween termnes is hindered by the unique stratigraphy of 
each trrrimc and hy the f.wlt-hounded nature of thcsc frag- 
mcnts. To unravel relationships between terranrr. one must 
examine the evolution of a trrmne through time and look for 
changes that signal its proximity to another crustal 
fragment. 

The use of radiogenic isotopes is we method hy which 
we can examine changes in trrrilne stratigraphy through 
time. The Sm.Nd isotopic system is of particular value 
because most crustal rocks contain trxc quantities of these 
elements, and samarium and neodymium are not signili- 
candy fractionated within the sedimentary system or during 
metamorphism (c’.,q. DePaoIo. 148X). This latter quality 
idlows analysis and direct cumpwison <If vidues from all 
rock types that comprise a particular terrane. from sedimen- 
tary and volcanic rocks to plutons that intrude these frag- 
ments. as well as their metamorphosed equivalents. 
Although somctimcs subject to disturbance. Rh-Sr isotopic 
analyses are valuable for comparison with existing data sets 
,c.,q. Annstrong. I ww. 

In this paper WC report preliminary intcrprctations for 
data from 45 samples taken from the Nisling ;tssemhlage. 
northern Stikine Terranc and northcm Cache Creek Terrane 
in northern British Columhiu and adjacent Yukon. Full 
results of these analyses and prrcisc sample locations will 
he published elsewhere (Jackson vf ul.. 199Oh: in rwicw: in 
preparation). 

REGIONAL GEOLOGIC FRAMEWORK 
Researchers have long recognized the oceanic Cache 

Creek Terrane as one of the most cnignatic tcrrancs in the 
Conlillera, largely due to Permian Tcthyan fwn;t that are 
distinct from coeval North Amsricx forms (c.,~. Monger 
and Ross. lY7 I). The Qucsnel and Stikine termnes horder 
Cache Creek Terrane on the east and west respectively 
(Figure l-16-l 1. The Quesnel and Stikine terranes arc 
characterized by Upper Triassic strata characteristic of an 

intre-oceanic volcanic arc. including pyroxcnc-porphyritic 
basalt and related sedimentary rocks (Monger, 1977; Mor- 
timer, 1986). The area west of the Stikinc Terrane near 
Atlin, British Columbia, is urlderlain by the pcricratonic 
hasinal assemblage of metasedimentary and mrtavolcanic 
rocks termed the Nisling as!;emhlage by Wheeler and 
McFeely (1987). 

The initial juxtaposition of thcsc terrzmcs. with cxh other 
and with the North American margin. is geneally accepted 
to have occurred in early Mesozoic time (I\longer P, irl.. 
19821, hut the exact timing and method of this juxtaposition 

remains poorly constrained. Recent research lhas illustrared 
two additional reasons for examining the relations hetwcen 
these terranes: 

(I) Workers have shown that metamorphic rocks in and 
west of the Coast Range batholith (Figure I-16-l) have 
an ancient isotopic signature, both in neodymium iw 
topic studies (Samson, 1991)) and detrital and inherited 
U-Ph zircon geochronology (Gchrcls rf <I/., 1990~1, h). 
These studies suggest that a significant ~component of 
Precambrian material has hcen recycled into these met- 
amorphic rocks. Nisling rocks north and east of the 
Coast Range batholith also have this a~~cient crustal 
signature (Armstrong. 1988: Werner iti Monger and 
Berg, 1987; Jackson cr <I/.. 19YOh). The Nisling 
asscmhlage has been correlated with the lower section 
of the Yukon-Tanana Terranc (Mortensen, in press) and 
the latter has in turn heen correlated with portion\ of tht: 
North American miogeocline by isotol)ic and gee.- 
chronnlogic studies (c.,~. Bennerr and Hansen. 1%3X). H’ 
the Nisling asscmhlage represents a part of the North 
American margin. a comrllex accretionary history is 
required to place the Stikine, Cache Creek and Quesnei 
terranes inhoard of it. 

(21 In ccntwl and northwestern British Columbia, Ihi 
Upper Triassic Stuhini Group of the Stikine Terranc 
unconformably overlie!; the Paleoz:oic Srikint: 
assemblage which comprixs multiply deformed mafic 
and fclsic volcanic rocks, related sedimentary rocks, 
chert and marble (Andrrson. 19X9). Both the Sruhini 
Group and Paleozoic Stikinr assemblage in this region 
have ,juvenile neodymium and strontium i:;otopic signa-- 
tures, indicating a lack of any significant quantity of 
recycled Precambrian material in this part of the Stikine 
Terrane (Samson er ul.. 19X9). In contrast, Stuhinl 
Group and equivalent Lewes River Group rocks in 
extreme northwestern British Columbia and southern 
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Figure I-16-1. Generalized geology of the northcm Canadian Cordillera (modified after Wheeler and McFeely, 1987). 

Yukon htdve been interpreted to unconfwmdbly overlie 
the Nisling assemblage (Werner, 1978: Bultman, 1979; 
Mihalynuk and Rouse. 19%). Recent isotopic work 
shows that local elastic strata in the Stuhini Group of 
the northern Stikine Terrane contain a significant 
amount of ancient crustal material, seeming to confirm 
this interpretation (Jackson et u/., 1990h). This Nisling 

ISOTOPIC STUDIES 

We have analyzed 41 samples for Sm-Nd isotopic com- 
position and I9 samples for Rb-Sr isotopic composition. 
Neodymium data are summarized for this report by their 
depleted mantle model ages (DrPaolo, 1981). For igneous 
rocks, the model age is a measure of the time at which the 

northern Stikine Terrane link calls into question rela- 
tions between the northern and southern parts of the 

pluron or volcanic rock was removed from the mantle, plus 
any contamination from existing crustal material in the 

Stikine Terrane and their along-strike continuity. surrounding country rock which could have a very different 



model age. For sedimentary and metasedimentary rocks, the 
model age is a measure of the average age at which detritus 
that comprises these rocks was separated from the mantle. 
We use the depleted mantle fom> nether than the more 
traditional epsilon value because depositional ages or crys- 
tallization ages of many of the samples are poorly known. 

rocks: the Florence Range suie, dominated by quartz-rick 
metaclastic strata and mnrhle: and the Boundary Ranger; 
suite, primarily composed of metavolcanic and related 
metasedimentary rocks. Rclati\e ages of the I:WO suites art: 
unknown. 

Strontium data were obtained for igneous and meta- 
morphic rocks in the study. Data for wlcanic and plutonic 
rocks are reported by their initial ThPSr values because 
the crystallization ages of samples collected are fairly well 
known. Metamorphic rocks, however, are reported by their 
measured n’Srlx”Sr value because neither depositional ages 
of their protoliths nor the age of metamorphism are known. 

NISLING ASSHMHLAGE 
The Nisling assemblage comprises metamorphic rocks 

interpreted as a pericratonic basinal assemhlagc (Wheeler 
and McFeely, lY87). Curie (IYYO) described these rocks in 
detail and broke out two subdivisions of metiwxlimentary 

Neodymium isotopic data confirm that the rocks of the 
Florence Range suite contain a substantial amotmt of older 
Precambian material, with txodymium depleted mantle 
model ages ranging from 2700 Ma to I600 Ma (Figure 
I-16-2). Strontium data also show strongly evolved values, 

hut these numbers arc less meaningful due to severe distur- 
bance during metamorphism (Jackson, unpublished data). 
Rocks of the Boundary Ran~cs suite. on the other hand, 
show younger average depleted mantle model ages between 
I SSO and 800 Ma and lower measured strontium ratios. Thizc 
is consistent with, hut does not require, the interpretation 
that Boundary Ranges rocks are younger than those of the 
Florence Range suite. Alternatively, these rocks may simply 
he derived from a more primitive source are;r. 
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Figure l-16-2. Nd and Sr isotopic data from the Nisling assemblage. Black circles are carbonaceous schist, open circles 
are quartrite, black squares are chlorite-actinolite schist, black triangles are quartz-chlorite schist and open trianp,les are a 
chlorite schist clast within Stuhini conglomerate. 
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NORTHERN STIKINE TERRANK 

Samples analyxd from the northern Stikine Terrane 
include sedimentary and volcanic rocks from the Upper 
Triassic Stuhini and age-equivalent Lewes River goups, and 
elastic rocks from the Lower to Middle Jumssic Laberge 
Group and the Upper Jurassic to Lower Cretaceous Ta~&dus 
Group (Figure l-16-3: for stratigraphic descriptions .scr 
Mihalynuk and Mountjoy, IYYO: Hurt :md Kadloff. IYYO). 
In general. the Stuhini rocks have a primitive isoropic sign”- 
fwe quite similar to rocks in the southern srclions of 
Stikiniu (<:t: Samson rr ~1.. IYYO). With younger depohi- 
tionul ages. however, the neodymium data show a slight 
trend toward older depleted mantle model ages. Two Stuhini 
Group sandstonc samples in the northcm Stikinc Terrane. 
however, are a marked cnception to this pattern with model 
ages of 1410 and 1010 Ma (Figure I-16-3). The most likely 
wurce for the old detritus in this arkose is the adjaccnl 
Nisling assemblage which is interpreted to have heen iinked 
with northern Stikinr Terranc hy Late Triassic time iWerner. 
lY7X: Bultman. 1979: Jackson cf rri.. li)YOh). 

NORTHEKN CA~IHK CREEK TEKKANE 
A sample of lute Paleozoic (Pennsylvanian to Permian’!) 

wgillitr has a model age of 14.50 Ma which indicates a 

Nd data 

100 

Age 
(Ma) 200 

300 

significant component of Prewnhrian detritus (Figwe 
I-16-4). This retlec& either: pelagic deposition in an open 

ocean basin where elastic strata have been derived from the 
continents surrounding it (Ben Othman PI ul.. 1’2x9: Jackson 
cf ol., IYYOa): or deposition neal- a continent or continental 
fragment composed of rocks with Precambrian model ages. 
The Upper Triassic urgillite carries this xnne ancient crustal 
signature. retlecting a similar depositional setting. Interhed- 
ded Late Triassic. coarse cl&c :ttmta, howevel: huw youn- 
gcr model ages. This suggests inpul of detritus from a 
source uf juvenile crustal merial in the Late Triassic. 
periodically interrupting the pelagic deposition of chat and 
argillite. This juvenile sowx is most likely one of the 
tlanking volcu~ic-xc terwnes (Samson ef ul., 1989: Jackson 
61, al., IYYOh). 

An upper Paleozoic mctahasalt has an initial X’SrlVSr 
ratio of 0.7064. This slightly evolved signature is mos1 
likely due to alteration during g,reenschist-facies metamor- 
phism. Analyses of I4 additional Cache Creek samples, 
currently in progress, will add ,dctails to thex preliminary 
interpretations. 

PWTONIC ROCKS 
Felsic plutonic rocks that intrude the Nisling assemblage, 

northern Stikine and northern Cache Creek terranrs show 
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distinct differences in their neodymium and strontium iso- 
topic signatures. The oldest model ages, ranging from 710 
to 770 Ma, are found in Cretaceous grimodiorite and tonnlite 
plutons that intrude Nisling assemblage rocks southwest 01 
Atlin. (Figures 1-16-l; I-16-5). Northern Cache Creek 
granodiorite shows intermediate model ages of 610 to 680 
Ma. Northern Stikine granodiorite samples have young 
model ages of 450 to 490 Ma. Initial strontium data mimic 
the neodymium model age trends. Two possible controls on 
these isotopic ratios are as follows. First, wallrock con- 
tamination may aft?ct the model ages of these plutons. 
Nisling assemblage rocks have the oldest neodymium 
model ages, whereas those of Stikinia are the youngest. 
Strava in the Cache Creek Ternne are intermediate with old 
model ages for argillite and young model ages for interhed- 
ded siltstone and sandstone. Second, the data show an 
increase in model age with decreasing crystallization age 
(Figure I-16-5). This may be a function of plutons intruding 
a crustal section that has become progressively thickened 
through Jurassic and Cretaceous structural shortening 
(Monger. 1977: Monger PI al., 1982: Bloodgood and Belle- 
fontdine, IYYO). 

TECTONIC SIGNIFICANCE 
Examination of the neodymium and strontium isotopic 

signatures of three terranrs in the northern Canadian Cor- 
dillera can help place constraints on the timing ofjuxreposi- 
tion of these fragments. Local layers of Late Triassic sand- 
stone in the northern Stikine Terrane contain a significant 
component of older crustal material (Figure l-16-3) which 
provides a link between northern Stikine Terrane and the 
Nisling assemblage at this time (Jackson er u/.. IYYOb). 

In the northern Cache Creek Tenane, sandstone beds with 
isotopic ratios indicative of juvenile crust are interstratified 
with argillite carrying an ancient crustal signature. Two 
possible models can account for this pattern. In one model, 
the argillite could reflect pelagic deposition in an ocean 
basin as described above. whereas sandstone beds would 
demonstrate increasing proximity to a source of juvenile 
detritus, most likely from the Stikine Tetnne or the Quesnel 
Terrane. Alternatively, the ancient component of detritus in 
Cache Creek argillite could signal proximity to either the 
Nisling assemblage or the North American continental mar- 
gin, with sandstone beds representing periodic input from a 
nearby source of juvenile material (Quesnel Terrane or 
Stikine Terrane). Further isotopic and petrographic analyses 
will aid in discriminating between these models. 
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TERTIARY OUTLIER STUDIES: RECENT INVESTIGATIONS IN THE 
SUMMERLAND BASIN, SOUTH OKANAGAN AREA, B.C. 

(823/12) 

By B.N. Church, G.S.B., A.M. Jessop, Geological Survey of Canada, 
R. Bell, Geological Survey of Canada and A. Pettipas, G.S.B. 

KEYWORDS: Tertiary basins, geothermal resources, 
environment, uranium, molybdenum. 

INTRODUCTION 
The Tertiary basins in the interior of British Columbia 

present opportunities for the development of geothermal 
resources but not without appropriate regard for environ- 
mental considerations such as the dispersion of heavy met- 
als, the radioactivity of country rocks and the quality of 
groundwater. 

The main object of this project was to test the geothermal 
potential of the Summerland basin with a view to locating a 
low-grade thermal source for space heating (mainly the 
local greenhouses). To this end the first phase of a drilling, 
Hole No. EPB/GSC 495, began in March 1990 at Summer- 
land, sponsored by the South Okanagan Similkameen 
Community Futures Group (based in Penticton), the 
Geological Survey of Canada and the British Columbia 
Ministry of Energy. Mines and Petroleum Resources. 

The weakly lithified beds, characteristic of the Tertiary 
basins, are poor thermal conductors thar commonly blanket 
older more conductive crystalline basement rocks. The nat- 
ural dissipation of heat from the earth’s interior is impeded 
by this blanket, causing thermal accumulation. Combined 
with this, the inherent structural weakness of these young 
cover rocks facilitates faulting and fracturing allowing the 
entry of groundwater into the strata and the possible 
development of warm-water reservoirs at depth (N&n. 
Sadlier-Brown, Goodbrand Ltd., 1987). 

The mixing of mineral-laden ground waters from deep 
sources with surface waters may present environmental 
concerns in ranching and urban areas. For example specific 
concerns were expressed by Bates 6“ u/. (1979, page 4): 

“A problem exists at Enees Creek west of Summerland, 
where uranium in creek water at the present time appears to 
be naturally in excess of the proposed public drinking water 
standard (20 ppb uranium)“. 

Elevated uranium in surface water in the area, up to 2.5 
ppm, was also noted by Church, 19X0. ‘The ultimate source 
of the uranium is believed to be groundwater from 
surrounding hills. 

GEOLOGICAL SETTING 
The Summerland basin is an Eocene volcanic caldera that 

was once part of a larger contiguous mass of volcanic and 
sedimentary rocks known as the “Penticton Tertiary out- 
lier” (Church, 1982). The rocks in the Summerland basin 

Geolqicol Fieldwork 1990. Paper 1991-l 

consist of several major units of the Penticton Group such as 
the basal conglomerates (Kettle River Formation), massive 
volcanic beds (Marron Formation), feldspar porphyry 
trachyandesite Iwas (Kitley Lake member), fine-grained 
trachytic lavas and ash flows (Nimpit Lake member). dome- 
forming decitic lava and brecci,a (Mamma Formation) and 
fluvial and lacustrine sedimentxy rocks (White Lake For- 
mation). The total stratigraphic thickness of this assemblage 
is in excess of 1000 mares (Figures 2-l-l and 2-l-2). A 
drill hole through to the keel of the basin in a central 
location would be expected to wcounter mosl~ of the strat- 
igraphic units. 

Rifting and graben development caused by crustal exten- 
sion along the Okanagan valley occurred abwt SO million 
years ago (Church, 1973). At this time, and xtbsequently, 
the rocks of the Summerland area were tilted and folded into 
an elliptical 5 by IO kilometre :synclinal trough. forming a 
natural catchment area for resupply of groundwater. Down 
dip on the beds the lateral mc~vement of groundwater is 
impeded (and ponded?) along the Summerland fault at the 
southeast margin of the basin where down-faulted strata are 
juxtaposed against impervious massive granite. 

Eneas Creek enters from the north, through the breached 
rim of the basin. It becomes intemlittant and marshy toward 
the centre of the basin and eventually disappears into the 
glacial overburden. Elsewhere there are few streams: a 
number of ponds and marshes in closed depressions receive 
drainage directly from adjacent slopes. 

At depth, groundwater is channelled along joints, bedding 
planes and faults, becoming trapped in permeable units such 
as conglomerate and sandstone h’eds and lenses of breccia in 
fault zones. In the elastic beds permeability is greatly 
reduced because of carbonate cement and abundant intersti- 
tial volcanic ash. Consequently much of the available 
groundwater is believed to be contained in the fractures. 
Slippage, as the result of folding, between the individual 
beds and along formational contacts. is believed to be the 
most promising mechanism for the formation of aquifers at 
depth. 

DRILLING 

The search for renewable energy sources began prior to 
the energy crisis of the mid-70s. To this end, Energy Mines 
and Resources Canada and the British Columbia Ministry of 
Energy, Mines and Petroleum Resources have supported a 
number of geothermal energy projects. The Geothermal 
Potential Map of British Columbia (Church cf al., 1983) 
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Figure 2-l-l. Location of geothermal drill hale in the Summerland basin. 



DIAGRAMMATIC CROSS SECTION OF THE SUMMERLAND CALDERF\ 

Figure 2-1-2. Diagrammatic cross-sccfion of the Summerland basin. 

Plarc 2-I-I. Logging geothemual well at Summerland 
(Giant’s Head in background) 



The new well began as a 6.inch (15.2 cm) diameter rotary 
hole. It was drilled (March IO to May 15th) to a depth of 
544 mews, penetrating 56 metres of gravel and glacial till 
before entering bedrock. The hole was completed by BQ 
diamond drilling (July 2nd to July 3lst) to a depth of 712 
metres. 

The geological profile of the bed-rock in this hole shows 
mostly alternating ash flows and lava flows typical of the 
Nimpit member of the Marron Formation, that is tan to dark 
grey trachyte/trachyandesite with small phenocrysts of 
diopsidic pyroxene and microlites of plagiockdse and alkali 
feldspar in a fine-grained matrix. Quartz is rarely seen. 
Some admixture of shale and coal with the volcanic frag- 
ments recovered from the rotary drilling suggests penetra- 
tion of part of the White Lake Formation 01 intercalation of 
similar sedimentary rocks in the volcanic pile. 

The petrography of the lower, cored section of the drill 
hole is consistent with the chip samples obtained above. 
Most of this section appears to be Nimpit luff-breccia with a 
few interlayered lava flows and crosscutting dikes. Flatten- 
ing and welding of pumice fragments is seen at several 
levels. The angle between bedding and core axis averaged 
45”. 

A temporary water-flow of about IO0 litres per minute 
was reported at approximately 150 metres depth; a 
geophysical log of the hole indicated possible water move- 
ment at 523 metres and other disturbances at 50 and 350 
metres. Water movement is also believed to have been 
responsible for hematization in shear zones such as between 
569 and 573 metres and by the local abundance of calcite 
and laumontite-filled fractures between 554 and 557 metres. 

Preliminary results (Jessop, unpublished) gives a bottom 
hole temperature of slightly more than 33°C (at 706 mews) 
and a uniform thermal gradient close to 34 microkrlvins per 
metre in the lower part of the hole. 

ENVIRONMENTAL CONSIDERATIONS 
The first caution regarding the environmental hazard of 

uranium in the Summerland area was from Bates er ul. 
(1979, page 4): “A recent intensification of exploration and 
drilling in this area might have the effect of further increas- 
ing the uranium content in this (Eneas Creek) and other 
creeks”. 

In this regard it is noteworthy that testing rock samples 
and water from hole EPB/GSC 495 has shown no anoma- 
lous uranium concentrations nor high radioactive levels 
(Learning, personal communication, 1990). However, 
accumulation of young uranium in the peat of nearby Prairie 
Flats was noted by Culbert (1980) and Culbert and Leighton 
(1988). 

The Prairie Flats area is marshland on the edge of Sum- 
merland (Figures 2-l-l and 3). According to Culben et a/. 
(1984) concentration of uranium in peat samples from 
Prairie Flats locally exceeds 1000 ppm in the surface layer: 
a maximum of value of 623 ppm uranium was obtained by 
the writer from a suite of 28 samples collected from the 
same general area (Table 2-l-l). The total accumulation of 
U,O,, to a depth of 1 to 3 metres, is estimated to be 230 
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Figure 2-1-3. Sample locations, Prairie Flats marshland, 

tonnes (Culbert er al., 1984). It is believed that this uranium 
was deposited since the last ice age and mostly within the 
last 2000 years (Levinson er al.. 1984). 

Young uranium with few gamma-active daughter prod- 
ucts occurs in semi-arid regions of the southern interior of 
British Columbia and northeastern Washington State. The 
uranium was leached from felsic igneous rocks and fixed in 
organic-rich sediments. In the Flodelle Creek area of Wash- 
ington uranium has been recovered from organic-rich sedi- 
ments in a series of old beaver ponds - the source is a 
nearby uranium-rich grenodiorite (Johnson et al., 1987). 
Similarly, in the Eneas Creek area near Summerland the 
source of uranium appears to be groundwater feeding from 
fractured granitic rocks underlying the upper course of the 
stream. 

The semi-arid climate of the Okanagan region has facili- 
tated transport of uranium in streams. Evaporation has 
resulted in an increase in the alkalinity and bicarbonate 
content of these waters, both of which are important local 
factors for the solution of uranium at surface (Culbert and 
Leighton, 1978; Church and Johnson, 1978). Uranium was 
concentrated initially by evaporation and held by adsorption 
and ion exchange such as occurred in the Flodelle Creek 
deposit (Johnson et al., 1987). Zielinski and Meier (198X) 
indicate that uranium at Flodelle Creek may be held loosely 
on organic matter as uranyl carbonate and phosphate com- 
plexes, then fixed, together with other metals. by the reduc- 
ing action of bacteria. However, no specific uranium- 
bearing minerals have been identified and the exact mecha- 
nism of metal fixation on organic matter is not completely 
understood. 

These young deposits are not readily detectable by con- 
ventional scintillometer surveys because of the lack of sig- 
nificant radioactive daughter products. They are of environ- 



TABLE 2-l-l 
ANALYSES OF PRAIRIE FLAT PEAT SAMPLES 

NO. 

1 30603 549670 27.47 46.04 1106 58 6 34 39 8.8 
2 30588 549663 23.12 50.99 979 50 4 26 a2 9.3 
3 30560 549644 17.64 51.75 997 47 2 28 7 10.6 
4 30531 549643 20.97 52.53 1054 48 4 24 24 a.9 
5 30530 549620 12.85 56.70 1050 48 4 43 7 8.0 
6 30502 549621 13.80 55.33 a74 50 1 30 7 7.4 
7 30510 549650 35.33 31.78 402 1 13 1 3 1 a.7 
a 30511 549662 6.82 63.53 1193 72 0 39 1 5.1 
9 30533 549679 21.20 45.83 724 39 4 27 7 12.1 

10 30543 549680 30.47 35.80 764 23 12 24 5 18.2 
11 30550 549679 22.00 47.45 903 41 6 24 1 11.8 
12 30552 549661 25.02 48.61 937 56 3 37 5 7.7 
13 30536 549661 14.81 51.91 868 57 5 36 3 13.1 
14 30551 549709 40.16 37.69 509 30 6 19 13 9.6 
15 30562 549704 18.70 55.66 708 31 6 20 7 7.2 
16 30573 549698 49.23 30.93 609 28 7 15 72 7.5 
17 30572 549690 61.02 22.31 558 13 8 4 54 6.7 
16 30572 549678 50.77 25.69 657 16 10 9 36 10.3 
19 30609 549712 19.95 54.00 949 51 1 26 4 6.7 
20 30617 549698 17.01 52.96 908 46 3 30 27 0.5 
21 30630 549700 28.12 44.61 773 46 3 12 4 7.4 
22 30610 549726 12.22 60.92 1019 50 0 21 7 5.9 
23 30552 549632 14.18 55.55 916 37 1 15 7 7.8 
24 30530 549632 18.26 54.89 1145 56 2 32 7 7.7 
25 30600 549682 34.17 42.22 712 24 5 8 68 6.9 
26 30601 549697 33.20 41.43 684 28 5 15 49 8.4 
27 30588 549690 47.17 28.81 532 11 6 15 66 a.7 
2.5 30599 549708 19.72 56.49 969 46 2 0 3 6.9 

EASTING NORTHING ‘2’ 

mental concern because they contain significant 
concentrations of poorly fixed uranium and some other 
elements such as molybdenum, and inadvertanr cultural 
disruption may generate transient, perhaps harmful, levels 
of dissolved uranium in local ground and surface waters 
(Zeilinski ef al., 1987). 

ANALYTICAL RESULTS 
Table 2. I-1 gives the results of analyses of 28 samples of 

peat from Prairie Flats (Figure 2-1-3). Eleven chemical 
variables were chosen to characterize the deposit. the main 
variables being loss on ignition (LOI) representing organics 
(mostly carbon), silica (SiO,) representing the elastic sedi- 
mentary fraction: and uranium (IJ) representing chemical 
precipitate. Other elements analysed are barium (Ba), 
cerium (Ce), lanthanum (La), molybdenum (Mo), scandium 
(SC). thorium (Th) and vanadium (V). 

Loss on ignition is the weight loss of the sample after 
heating to 550°C. This is an indication of its organic 
content. 
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Silica ranges from 22.3 to 63.5 per cent and is generally 
the most abundant component in the peat. It is ~concentrated 
in the silty layers as detrital quartz and in silicates such as 
feldspar, the clay minerals and mica. 

Other major oxides and LO1 constituents comprise much 
of the remainder. These include alumina (AI:,O,), carbon 
(C). carbon dioxide (CO,), water (H,O), and probably 
minor amounts of lime (CaO), magnesia (MgO), potash 
(K,O), soda (Na,O) and phosphate (P,O,), alt~hough these 
variables have not been individually determined for this 
report. The LO1 ranges from 6.R to 61.0 per c’ent. 

The minor element values are mostly elevated compared 
to other sediments. It is well known that peatbogs and 
marshlands can be sites for anomalous concentrations of 
metals, especially heavy metals (Zeilinski ef al., 1987). This 
is especially true for uranium. molybdenum (Nlo), and van- 
adium which are concentrated up to two or three magnitudes 
above the levels in source rocks. The exception is thorium 
which averages S ppm, B value lower than some of the 
source rocks in the region (Ckwrch and Joh,nson, 1978). 



TABLE 2-l-2 
CORRELATION MATRIX OF CHEMICAL DATA* 

VARIABLE LOI SiO, Bo Ce Cs LO MO SC Th U V 

LIO 1 -.909 -.754 -57 .742 -.567 .611 .284 -.196 .742 .237 
SiO, .......... 1 .798 .684 -.736 .617 -.501 -.33 ,201 -.61 -.087 
Ba .................... 1 .829 -.652 .728 -.302 -.389 ,077 -.395 ,059 
Ce ..... . ....................... 1 -.592 .868 -.I38 -.495 -.07 -.248 .274 
cs ....................................... 1 -.428 ,361 .629 -.064 .508 -.014 
La ................................................. 1 -.15 -.23 ,118 -.325 ,124 
MO .......................................................... 1 -.125 -.134 .75 .542 
SC .................................................................... 1 .264 -.098 -.483 
Th ............................................................................. 1 -.109 -.073 
U .......................................................................... . ............ 1 .519 
V ................................................................................................. 1 

* Bused on /OK tm.\fimurio~~ ofdatu in Tub/r 2-I-I. 

Molybdenum is commonly associated with uranium and 
enrichment of vanadium is noted in some deposits (Lrvin- 

son of al.. 1984). In the sedimentary cycle, under oxidirmg 
conditions. molyhdate ions are mobile and towel together 
with vanadium. Under strongly reducing conditions, such as 
found in peat hogs and carbonaceous srdimrntary rocks. 
molybdenum may precipitate as molyhdenite (MO&) if 
hydrogen sulphide (H,S) is available. 

Thorium can also hc adsorbed hy organic material, 
however, this element is relatively insoluble in most surface 
and groundwaters and its presence can usually he explained 
by silicate variations in the tilt fraction. 

Table 2-I-2 presents the correlation matrix (r- 
coefficients) for the elements listed in Table 2-l-l (log 
transformed). It can he seen that the abundances of umnium 
and molybdenum arc positively correlated with LOI as is 
cesium (Cs), which is a heavy alkali metal absorbed in 
clays. Scandium adsorbs on clay explaining the posirivc 
correlation of this element with cesium - it may also 
substitute to some extent for ferrous iron, especially in 

micas. The association of clay and organic material in the 

peat deposit suggested by these data. is not surprising and 
the strong negative correlation of silica (representing elastic 
marerial) and LOI (that includes organics), r=-0.909. fits a 

D 400 METRES 

Figure 2-I-4. Trend surface map of uraniunl (UI, Prairie 
Flats area (6th order polynomial surface) 



model indicating that some of the peat is relatively free of 
elastic input. perhaps distal from the source area. The 
alkeline~earth and lanthanide elements, barium. l~mtl~imum 
and ccrium. are positively correlated with silica suggesting 
transportation in elastic minerals. perhaps in alkali feldspar. 
Lanthanum and ccl-ium are also known to concrntrilte in 
apatite which may survive transport as a clitstic component. 
togcthcr with quartz. 

Figure 2. I-4 is a twtd~surtitcr map of UI.BIIIUIII content 
bxscd on the random array of sampling stations in the 
Prairie Flats xea (Figure 2-1-3). The contours form an 
assymetric elliptical hull‘s eye rising abruptly on the south- 
east side of the deposit from IO0 to more titan 600 ppm over 
a distance of 2Oll mctrcs. This is a 6th order polynomial 
surface (coefficient r=O.S7): the procedure for preparation 
of trend~\urface maps is described in detail hy Krumhcin, 
1959. The gcncral shape of the contours coincides with the 
northcast elongation of the marshland. with the highest 
concentration of uranium in the ra~twentral part. Po\\ible 
erosion or leaching of the deposit alon~r the southeast side 
may x~ounr for the rapid change in uranium ~idues here. 
Altcmativcly. the uranium may already have migrated from 
the ccntre of peat accumulatiotl farther to the west. 

Figure 2-l-S is the result of trend~wrfacc analysis of 
nommalizcd silicit data for the Prairie Flats iwx The silica is 
normalized to a LO-free hasis to better reflect the distribu- 
tion of the elastic sedimentary fraction in the area. This 
assumes that the coarse clxstic fraction i\ mainly quxtr. 
Nwmalixd silica ranges from 5 I .49 to ‘70.17 per cent. with 
the highest values peripheral to much of the marshland ilrca. 
The map contours have a parabolic outline with values 
diminishing from the maximum (If about 70 per cent on the 
trorth and southcast margin\ of the Prairie Flats area to 
about SO per cent on the west. This is also a 6th order 
polynomial surf&c (coefficient r-0.61). It nppcars that 
these contours we roughly parttllcl to the original margin or 
strand line of the peat basin which evidently had a 
northeast-st,uthwcst elongation. 

In conclusion. variations in the abundance of selected 
clcmcnts show the influence of a comhincd elastic and 
chemical depositional cnvironm~nt on the formation of the 
Prairie Flats marshland ~ an environment where alkalinity 
and oxidizing/reducing conditions were important. 

The original gcomctry of the hasin is suggested by the 
shape of the trend-surface contours ft~l- norm;dized silica. 
These contours are parabolic in wtline and open to the west 
possibly defining the strand line of the original marsh. This 
suggests that tbc crntrr of the marshland may have been 
farther west (prior to erosion) than the prcscnt Prairie Flats 
location. 

The highest conwntratinn of uranium, over 600 ppm. is 
in the east&central part of the Prairie Flats arca. Steep ura- 
nium contours on the southeast side suggest some chemical 
remobilization of urilnium in the marshland to the southeast. 

This may have been caused hy inadvertent culturitl disttw 
bance such as farming or urban activities at the outer Sum- 
merland town limits. However, further studies in the area 
arc necessary to confirm these conclusions. 
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THE USE OF PRODUCTION DATA AS AN EXPLORATION GUIDE:LINE 
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NORTHERN KOKANEE RANGE, SOUTHEASTERN BRITISH COLIJMBIA 
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INTRODUCTION 
In a series of papers Orr (1971), Orr and Sinclair (1971). 

Sinclair (I 974, I Y7Y. I Y82). Goldsmith and Sinclair (I 985). 
and Goldsmith et al. (19X6) used production statistics to 
investigate metal grades, metal ratios, and deposit density 
zonations on a mining-camp scale and attempted to define 
statistical relationships between metal grades and the size of 
an orebody using multiple regression and discriminant anal- 
ysis. Goldsmith and Sinclair (1985) found that statistical 
models differed significantly from camp to camp and stan- 
dard errors could be reduced using multiple independant 
variables (i.e. metal grades). The most important variable 
controlling the variance of their models. although different 
from camp to camp, in each case was negatively correlated 
to tonnage and of minor economic importance. 

In the present study, we investigate the USC of production 
data as guidelines to the exploration for new mineral 
resources in a formerly very active mining area. The study 
area is located north of the city of Nelson, southeastern 
British Columbia, between Slocan and Kootenay lakes and 
comprises the old mining camps of Sloan, Slocan City and 
Ainsworth. The deposits consist of silver-lead-zinc-gold 
veins and replacements which occur in all sedimentary and 

intrusive rocks outcropping in the area, with the exception 
of a few of the Eocene lamprophyre dikes which are post 
mineralization. The deposits consist mainly of: veins and 
lenses in fault zones of various widths and fabrics, where 
mineralization typically displays open space filling textures 
and is commonly brecciated and deformed by later fault 
movements; and massive replacements of limestone SW 
rounding fractures. Although replacement deposits are less 
numerous than vein deposits, they account for about 55 per 
cent of ore production in the study area, with the Bluebell 
replacement deposit representing 46 per cent of total pro- 
duction. Mineralogy is predominantly galena and sphalerite 
with accessory pyrite, pyrrhotite, chalcopyrite and a varie- 
gated suite of silver minerals and sulphosalts in a gangue of 
siderite. dolomite, calcite or quartz. The reader is referred to 
Caimes (1934, 1935). Hedley (194.5, 19.52). Little (1960), 

Brown and Logan (1989). Beaudoin (1990) :and Beaudoin 
and Sangster (IYYU) for more details of individual deposits 
and regional geology. 

Cumulative production data for the study area are pre- 
sented in Table 2-2-l. Metals such as zinc wer- not mined ill 
the early years because their occurrence in the ore concen- 
trate resulted in a penalty from the smelter. Zinc production 
data must therefore be used with caution and we haw: 
limited its use to a minimum in this study. Similarly, cad- 
mium data are suspect because of the close association of 
the metal with sphalerite. Copper was recovered from only ;I 
few deposits and was not deemed to be sufficiently ubiq- 
uitous to warrant investigation in this study. Additionally. in 
small operations rich ore shoots were mine:d selectively, 
thus tending to increase overall ore grades. A~xordingly WI: 
tried to avoid the use of grades in our study and, instead, 
used cumulative tonnages of ore mined, metal recovered, 
and metal ratios. Data for silver, lead, zinc and gold were 
selected for this study. 

The British Columbia Ministry of Energy, Mines and 
Petroleum Resources MINFILE databa~se was used as our 
source of production data. Each of the 272 deposits selected 
produced more than one tonne of ore. No :,ttempts were 
made to verify the accuracy of lmdividual recc’rds except for 
the Silvana mine of Treminco Resources Limited, the only 
current producer in the area. fc,r which cumulative produc- 
tion to tYXX was used. 
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DESCRIPTION OF CUMULATIVE 
PRODUCTION DATA 

Deposits in the Slocan, Slocan City and Ainsworth min- 
ing camps are either hosted by the Middle Jurassic Nelson 
batholith or occur peripheral to it in sedimentary rocks of 

the Bedshot Formation, Lardeau. Kaslo, Milford and Slocan 
groups of Early Cambrian to Late Triassic age. Logan ?f ii/. 
(1987) found that lcad isotope ratios of galena from some of 
the deposits fell into three groups. This grouping was cow 
firmed using all published galerut lead isotope ratios. The 
three groups of deposits have a distinct geogaphical dis- 
tribution and we have used d-is grouping to study the 
production statistics. Due to lack of lead iiiotope data, 
however, only 24 per cent of the deposits could bc assigned 
to a group. The locations of the mineral deposits for which 
production data exist are shove? in Figure 2~2-1, with a 
broad outline of the geographical distribution of the three 
groups of lead isotopes. The three groups of I,:ad isotopes 
are named Sandon. Kokanee and Ainsworth, and production 
data will be discussed in relation to the location of the 
deposits within the areas defined by the three groups. 

The three most abundant metals, silver, lead and zinc 
display log-log linear relationships (Figure 2-I!-2). Scatter 
plots of the log of the amount of metal extrected from each 
deposit exhibit a sharp upper limit and a convex lower limit. 
The peculiar half-moon shape of the log-log arrays does not 
seem to be related to population statisl~ics but to 
anthropogenic artifacts as discusx ,d below. On t:ach of these 
plots the three lead isotope groups cannot be clistinguished 
from one another and will therefore be treated as a single 
statistical population. 

In Figures 2.2.2b and 2c the lower limit of the scatter 
plots comprises deposits with high contents of silver or lead 
relative to zinc. As zinc was an unwelc~mr commodity in 
the early days of mining (backfilling with :zinc-bearing 
waste is reported for the Payne deposit) selective mining 
probably resulted in lower cumulative production of zinc. 
The reasons for the irregular lower limit of the array in the 
log Pb versus log Ag (Figure :!-2.2a) is less obvious as 
galene was one of the ore minerals specifically sought 
during mining. For small deposits, it can be argued that 
selective mining of a specific l:exture of foliated galena 
(“steel palcna”), considered by miners to be rich in silver. is 
responsible for the scatter. Visible pyrargyrite is ttlmost 
always found in fuliated. fine-grained galena at the Silvana 
mine. whereas it is rarely found in large lcnse? of massive 
galena. Another explanation fix deposits with high cumula- 
tive production of silver relative tn lead and also zinc, is that 
these deposits represent the so-called “dry ores” of Cairnes 
(19341, which are characterized by quartz veins with dis- 
seminated silver minerals and sulphosalts and little galena 
01 sphalerite. Their lead isotopes. however. are similar to the 
other deposits richer in lead and zinc. 

Interestingly, gold does not show a linear relationship 
with either lead, zinc or silver. ‘There is a week nefaive 
correlation between copper and gold. The rea:.ons for the 
apparently different behavior of gold are unresolved. but 
may be related tt? its associated minerals. 

EXPLORATION GUIDELINES 
Production tonnage is a minimum estimate of the sire of a 

deposit because unrecovered rewves are excluded, and 
losses during beneficiation must have occurred. To some 
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Figure 2-2-3. Log total production tonnage per deposit 
relative to metal ratios. Shaded areas comprise the ranges of 
ratios of the large deposits. The horizontal line at 63 Ooo 
tonnes separates large deposits from the rest of the data. 
Symbols as in Figure 2-2-2, all metals in kg. See text for 
discussion. (A) Tonnage KTSUS (Ag lOOO)/[(Ag 
lOOO)+Pb] (B) Tonnage versus Ag/[Ag+(Au. 1OCQl. (C) 

Tonnage versus Pb/(Pb+Zn). 

extent, production tonnage is also a function of mining 
methods, especially in districts with a long mining history. 
For the purpose of this study, large orebodies are defined as 
those greater than 63 OOII tonnes, the 50th percentile value 
for Canadian lead-zinc vein and replacement deposits (San- 
gster, 1986). Metal ratios for these large orebodies were 
used to provide empirical exploration guidelines to identify 
former small producers that may have potential for being 
larger. The technique should, of course, be regarded as only 
one of many tools to evaluate mineral occurrences or past 
producers. Nevertheless, there is a striking consistency in 
the metal ratios of large producers and the use of their ratios 
in assessing mineral exploration targets in the study area is 
proposed. 

SILVER:LEAD RATIOS 
The graph of (Ag .1000)/[(Ag. lOOO)+Pb] versus log 

tonnage (Figure 2-2-3a) demonstrates that most of the large 
orebodies correspond with two ranges of ratios. The first 
range, between 0.47 and 0.57, comprises all the large 
orebodies of the Ainsworth group. The second range, from 
0.82 to 0.93, comprises most of the large orebodies from the 
Sandon group. The Cork-Province deposit (082FNWO94) 
ratio (0.74) is intermediate between Ainsworth and Sandon 
ranges. This deposit has lead isotope ratios typical of the 
Sandon group and the reason for its anomalous (Ag lOOO)/ 
[(Ag lOOO)+Pbl ratio remains unknown. The Hewitt 
deposit (082FNWO65), with a ratio of 0.97 is outside the 
Sandon range but is contained within the same fault zone as 
the Sandon group Van Roi deposit (082FNWO64). Both 
have similar lead, sulphur, carbon and oxygen isotope ratios 
(Beaudoin, unpublished data) whereas the Van Roi has a 
(Ag lOOO)/[(Ag lOOO)+Pb] ratio within the Sandon 
range. There is thus justification for regarding the Van Roi 
and Hewitt as parts of the same orebody and calculating a 
new, weighted, ratio of 0.94. This, in turn, would redefine 
the Sandon range to extend from 0.82 to 0.95. This results in 
a Sandon range which excludes only one. large orebody 
(Cork-Province). No deposit of the Kokanee group has a 
sufficiently large tonnage to qualify as a large orebody as 
defined in this study. The average (Ag lOOO)/[(Ag 

TABLE L-2-2 
STUDENT’S t TEST COMPARING THE DATABASE 

WITH THE AU SUBSET 

Pb/(Pb+Zn) Ag~tOW/(Ag~lOCO)+Pb 
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IOOO)+Pb] ratio of the Kokanee group, however, falls 
within the Sandon group range (Table 2-Z-2). 

SILVERGOLD RATIM 
The graph of Ag/l(Ag+(Au. loOO)I versus log tonnage 

(Figure 2-2.3b) also exhibits tw” ranges of ratios which 
contain all the large orebodies. One of the ranges, 0.X4 to 
I .OO, contains a majority of the large deposits of both the 
Ainsworth and Sandon groups. A large number of deposits 
possess a ratio of I .OO: this is caused either by very low gold 
content in the orebody or, more commonly, by the absence 
of gold production data. 

A second range of ratios, between 0.62 and 0.68, includes 
only three large orebodies. Two of them, the Victor 
(082FNW204) and Whitewater (082KSW033). are from the 
Sandon group whereas the other. the Kootenay Florence 
(082FNE016), is from the Ainsworth group. There is no 
obvious geographic or geologic reason for their higher gold 
content. 

LEAD:ZINC RATIOS 
A graph of Pb/(Pb+Zn) ratios versus log tonnage (Figure 

2-2-3~) indicates that this ratio has B wide range, even for 
large orebodies. All but one large deposit (Lucky Jim, 
082KSW023) are contained within tw” broad ranges 
extending from 0.37 I” 0.61 and 0.71 t” 0.97. Both contain 
deposits from the Ainswonh and Sandon groups. 

ANALYSIS OF EXPLORATION 
GUIDELINES 

Based on this analysis of metal rati”s and deposit size, it 
is suggested that those small deposits in the study area 
which possess all three metal ratios falling within the 
favourable ranges defined here be considered exploration 
targets with good potential to contain further, undiscovered, 
ore reserves. 

Gold data are available for 137 of the 272 deposits 
studied. We tested t” see if the deposits with gold data are 
from a representative subset of the database. We have 
applied the logistic transformation to (Ag lOOO)/[(Ag 
lOOO)+Pbl and Pb/(Pb+Zn) ratios since they are con- 

strained between 0 and I and have a skewed distribution. 
Student’s t tests indicate that there is no statistical evidence 
suggesting that the means of the tranfonned ratios from the 
gold data subset come from a different population than does 
the entire database (Table 2-2-2). Also, there are similar 
proportions in the gold data subset and the database of 
deposits within both favourable ranges of (Ag IOOO)/((Ag 
IOOO)+Pb] ratios. Accordingly we conclude that the gold 

date subset is representative of the database. 
Within the Ainsworth group, only one deposit falls within 

the favourable ranges of (Ag 1000)/1(,4g IOOO)+Pb], Ag/ 
[Ag+(Au’ IOOO)], and Pb/(Pb+Zn) ratios and hence, by 
this criterion. would be regarded as potentially larger than 
its past production would indicate (Table 2-2-3). Within the 
Sandon and Kokanee groups, 24 deposits are considered to 
have potential for being larger than their past production 

(Table 2-2-3). These 24 exploration targets represent 40 per 
cent of the deposits with favourable (Ag’ lOOO)/[(Ag. 
lOCG)+Pb] ratios from the gold [data subset. They represent 
18 per cent of the gold data subset and about 5’ per cent of 
the whole database. If, in fact, the gold data subset is 
representative of the database, as suggested above, the 
empirical exploration guidelines proposed in this paper 
should enable one t” select about 18 per cent of the known 
deposits as potential new devel”pment targets in the study 
area. We suggest that this percentage is als” a better esti- 
mate than the percentage (0.7%) obtained for the Ainsworth 
group because of the small number of deposits within the 
favourable ranges of ratios available in that group. 

The efficiency of these exploration guidelines can he 
checked by verifying the past production of the targets 
identified in the study area. Of the 25 targets identified, nine 
(36%) produced more than IO 000 tonnes of ore including 
one with production “ver 50 000 tonnes, twelve (48%) have 
produced between IO 000 tonnes and 1000 tonnes and the 
remaining four (16%) have produced less than 1~ 000 tonnes. 
There are 38 deposits with mcsre than IO 000 tonnes of 
production in the study area. Excluding the large orebodies 
as defined in this study, the nine deposits that have each 
produced more than IO 000 tonnes of ore represent 24 per 
cent of the deposits within this class of tonnage in the area. 
The proposed exploration guidelines are not biased by the 
larger scale mining operations and therefore permit selec- 
tion of targets which have produced varied quantities of ore. 

Figure 2-2-4 shows the locations of the 25 targets relative 
to the known large orebodies in the area. An obvious feature 
is the clustering of large orebodies in tw” r&tively small 
areas; one near Sandon and the other near Ainsworth. 

MINFLE NAME PRODUCTtON 
CJO”“CS, 

082FNE”“S “IGLANT 4684 
082FNWC”I8 ALAMO 3s7 
082FNW”15 AtxOONA Ro41 
“**FNW”2” LAST CHANCE 9445 
082FNWO21 SURPRlSE 44476 
082FNWO28 BELL 4146 
082MW035 RECO 6691 
082MW03h SLOCAN SOVERttON 4539 
082FNW037 NOBLE FIVE 39x12 
“X2PNW042 EtxHORN 301 t 
08?FNWO43 WONDERFUL *x3x2 
OXmwv”52 RUTH-HOPE 59753 
08ZFNWOS‘t RICHMOND-EUREKA 3665 I 
"R2MW057 I"ANHOE 40294 
082FNw060 MAMMOTH 19283 
OXZFNW063 LUCKY THOLKXT 895 I 
082FNWOhR NOONLMY 572 
082FNW”83 FLINT 111 
OX?FNWt4* ENTERPRISE ,068, 
“XZFNW I77 MO”Nr..IN CHlEF 2989 
“82FNW181 AMERlCAN BO’Y 5948 
OX2FNWtw CANADIAN 855 
082KSW”I t ANTOINE LO127 
OmKSW030 WELt.,NGTON 1779 
OR2KSWmt CHARLESTON 2324 
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Almost all the exploration targcts are. however, confined to 
the area near Sandrm. 

Some of the targets are hosted by the silmc structure as 
some large orebodies. The most striking example is the 
“Main Lode” near Sandon. The “Main Lode” has been 
interpreted by numerous mine geologists and Hedley (1952) 
its ii continuous fault zone containing several large 
orebodies: the Standard 1082FNE180). Silvana 
(OX2FNEOSO) and Silversmith (OX2FNEOS.I). Two of the 
proposed targets. the Ruth-Hope (082FNEOS2) and 
Richmond-Eureka (082FNEO54) al-e also contained within 
the “Main Lode” and occur respectively between the Sil- 
vana and Silversmith deposits and to the east of the Sil- 
versmith de&t. 

Metal zoning in the orebodies could reduce the accuracy 
of these exploration guidelines because a zoned deposit. if 
partially mined. would yield production mctal ratios not 
representative of the deposit as a whole. Venical minrr- 
alogical zoning is reported in the literature from nine 
deposits, although there is no quantitative infixmation on 
this zoning. Metal zoning has also not heen documented hut 
would be expected if, indeed, there is mineralogical zoning. 
Reponed vertical mineralogical zoning generally consists of 
increased abundances of sphalerite or siderite with depth 
relative to galena or qualtr. At Silvana, metal ratios in 
millhead assuys for individual stopes do not show evidence 
of either lateral or vertical zoning across the orehody. A 
poorly defined increase of (Ag IOOO)/[(Ag ItKK~)+Phl 
with depth may be present although detailed study of indi- 
vidual sections through the orehody shows similar. reverse, 
or nonsystematic variation of the same ratio. Careful inves- 
tigation of paragenesis has shown neither vertical nor lateral 
mineralogical zoning at Silvana. Therefore it is concluded 
that vertical mineralogical and metal zoning. although 

Channel samples 
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Figure 2-2-S. The histogram of (Ag. 1OOO)l 
[(Ag ~lWO)+Pb] ratio, using weighted millheed data for 
each slope, is superposed over a typical histogram of 
(Ag lOOO)/[(Ag IOtX))+Pb] ratios from channel samples 
n~ross the lode in stope 45-13-7, 8. Silvana Mine. Treminco 
Resources Limited. 

reported, have not been conclusivrly demonstrated and. 
where investigated, have heen shown to he nonexistent. 
Consequently, metal-ratio zoning is unlikely to have inflw 
encrd the exploration guidelines proposed he::e. 

Systematic channel sampling is a cormnon method 
employed in the determination c~f metal grades and has been 
carried out in some stopes in the Silvana orebody. A typical 
histogram of (Ag IOOO)/[(Ag IOOO)+Phl raios from one 
of the stopes at Silvana (Figure :2-2.5a) shows that the ratios 
cluster between 0.97 and 1.00. No sample had a ratio either 
in the previously determined favourahle unge for the 
Sandon group (0.X2-0.95) or cl,ose to the ratio for cumula- 
tive production data at Silvana i,O:YO). This contrasts with a 
strong mode for the (Ag 1000:1/[(Ag~ lWO)i~Ph] ratios of 
all millhead stope data between O.XX and O.!)O, similar tcs 
cumulative production data (Fi,gure 2-2-5). It thus appears, 
that channel sampling within individual stopes or lodes doer, 
not produce metal ratios directly comparable with produc- 
tion data. The reasons for the contrast remain obscure. It 
appears therefore that only production data should he used~ 
in conjunction with the exploration guidelines proposed~ 
here. 

CONCLUSIONS 
It is concluded that cumulative productiorl data can be 

useful to assess the potential of past producers when a large 
database exists for a group of deposits which may he con- 
sidered as a single populatiorl. In the study area, large 
deposits have a limited range of silver, lead, zinc, and gold. 
metal ratios. We suggest that these common p;vametewcan 
he used to identify those past producers which have the 
potential for being larger than indicated by their production 
record. The empirical exploratio,n guidelines developed here 
could be modified by the discovery of new large orebodies 
with different metal ratios. From the currently availtible 
database, we propose that deposits in the study area with 
metal ratios within the following ranges have potential tix 
being larger: 

i) Deposits from the Ainsworth group having (Ag IGOO), 
[(Ag’ IOOO)+Pb] ratios between 0.47 a~nd 0.57 and 
deposits in the Sandon group having (Ag tOOQ,l(Ag 
IOOO)+Pbl ratios ranging from 0.X2 to 0.95. 

ii) Deposits in the Ainsworth and Sandon groups having, 
Ag/lAg+(Au IOOO)] ratio:; ranging from 0.84 to I .OO. 
It is also apparent that some, deposits with ratios around 
0.62 to 0.6X are also more likely to he large, with the 
added interest of being richer in gold. 

iii) Deposits in the Ainsworth and Sandon groups having 
Ph/(Pb+Zn) ratios ranging from 0.36 to O.61 and from 
0.71 to 0.97. 
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HYDROTHERMAL ALTERATION ASSOCIATED WITH THE SILVER QUEEN 
POLYMETALLIC VEINS AT OWEN LAKE, CENTRAL B.C.* 

(93L12) 
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KEYWOKL)S: Economic geology, Silver Queen, hydro- 
thermal alteration, polymetallic vein. volcanic sequence, 
mineral assemblage, zoning. 

INTRODUCTION 
The Silver Queen polymetallic win deposit is in the 

lntermontane Belt in central British Columbia (54”OS’N: 
126”44’W) about 100 kilometres southeast of Smithers and 
35 kilometres south of Houston (sw Hood rf ~1.. 1991. this 
volume; Figure 2-3-l). The study area lies in the central 
portion of the Nechako trough. just south of the Skeena 
arch. The deposit OCCUTS near the rim of the Buck Creek 
basin, interpreted as a resurgent caldere delineated by intru- 
sions and a semicircular alignment of IJpper Cretaceous to 
Eocene volcanic centres (Church and Barakso. 1990). 

Hydrothermal alteration in the mine area has not pre- 
viously been studied in detail. Church (1970) noted that 
wallrock alteration included kaoliniration of feldspar and 
replacement of ferromagnesian minerals by fine-grained 
carbonates, epidote and pyrite: altered rock cbaracteristic- 
ally is nonmagnetic. Church and Pettipas (1990) noted that 
the veins commonly have an argitlic envelope and a broad 
aureole of propylitic alteration. Fyles (1984) indicated that 
kaolinite with or without sericite is common. and that the 
principal carbonate is siderite. 

This study concentrates on alteration mineral 
assemblages and their spatial relationships to the No. 3 vein, 
the most explored mineralized zone in the study area. 
Results are based on petrographic examination and X-ray 
diffraction analysis of rock samples collected during under- 
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Plate 2-3-l. (a) Weakly altered microdioritc from the central xgment ufthc No. 3 vein; (b) weakly altered andesire from 
the northern segment of thy No. 3 vein. Phoromicropraphs a and b show that chlorite replaces au&c, kaolinite partially replaces 
plagioclase along its margms and cleavages and aphanitic matrix remains unaltered; (c) moderatcly altered microdiorite from 
the cenlral scgmrnt of the No. 3 vein: (d) moderarely altered andesitr from southern segment of the No. 3 vein. Photomicro- 
graphs c arid d show that illi1.e and kaolinitc almost completely rcplacc primary plapioclasc, and the recrystalliration and 
silictfication Of aphanitic mstr~x. (2) strongly altered microdioritc from the central segment of the No 3 vein with kaolinire 
replacing plagioclase. carbonete rrpl$ng mafic mineral and matrix intensely rccrystalircd and silicifird. Disseminated pyrite 
1s common. (fI strongly altered andcute from the,southem segment of Ihe No. 3 vein with simple altcrafion mineral assemblage 
of sericire-quertz-pyrite. (Q = quartz; PI = plag~oclasc; K 7 kaolinilr: Sid = siderite; I = illile: Scr = scricite; Py = pyrite.) 
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ground mapping and drill-core logging. The sample base 
consists of 60 thin sections and their corresponding hand 
specimens, and 3X whole-rock analyse\ by X-ray diffrac- 
tion. These samples rcprcscnt northcm. central, and south- 
ern cross-sections of the No. 3 vein on the 2600.f&l under- 
ground level (Figure 2-3-l). Due to thr fine grain six, the 
X-ray diffraction method has been used to distinguish dif- 
ferent specie\ among the phyllosilicates and carbonates 
including sericite, illite, kaolinite, chlorite, calcite and sidcr- 
itc. after methods suggested by Moore and Reynolds (1989). 

DEPOSIT GEOLOGY 
Rocks hosting the Silver Queen deposit are thought to be 

correlative with Upper Crctaceous Kasalku Croup (Leitch L’, 
ul., 1990). At Silver Queen they consist mainly of porphyri- 
tic andcsitc tlows, hypahyssal microdiorite and various 
pyroclastic units. The hypidiomorphic microdiorite tex- 
turally grudcs into the porphyritic andeshe ilows and they 
are interpreted to be two facies of the same volcanic cvcnt. 
Epithermal, polymetallic quart~~carbon;~te~harite veins with 
associated hydrothermal alteration cut thcw rocks on north- 
westerly and southea\tly trends. 

No. 3 vein ha\ a southeasterly strike (, 135”) and a steep to 
moderate northeast dip (SS”). Width yaries from a few 
centimetre\ to I metre in the sections studied in detail. hut is 
locally greater. Pinching and swelling, branching and con- 
verging of the veins are common. The vein mincrnl 
assemblages are different in the northern, central and \outh- 
em segments of the deposit. Sphalerite and rhodochrositc 
are the dominant vein minerals in the northern segment. 
Pyrite, sphalerite and hematite are the major components in 
the central segment. Quartz, calcite, haritc and missive 
sph;llerite-galena-pyrite are characteristic of the southern 
segment (Hood rr 01.. 199 I, this volume). Correspondingly, 
the wallrock alteration varies from north to south, as dis- 
cussed helow. 

WALLROCK ALTERATION 
Hydrothermal alteration of the ho:;t microdiorite and 

andesite has heen characterixd as weuk, moderate and 
wong. 

Weakly altcrcd rock is ubiquitous throughout the study 

area (Figure 2-3-l). The rock is black, hard, and magnetic. 
Primary plagioclasc phenocrysts have limited alteration to 
clay along crystal margins and cleawges. Most primary 
mafic phenocrysts arc! extensively altered to chlorite and/or 
iron carbonate. Aphanitic matrix is largely unaltered (Plate 
2-3-l. a and h). Based on petrographic similarities to rarely 
noted unaltered microdiorite and andesite, these weakly 
altered rocks are assumed. for the purpose of this study. to 
hc the “fresh” rock parent to the moderately and strongly 
altered rocks described below. 

Moderately altered rock occurs as broad envelopes 
around veins. It is buff coloured, softer than weakly altered 
rock, and nonmagnetic. Primary minerals have been altered 
almost completely. Generally, pl;lgioclase is delicately 
pseudomorphed to sericite, illitc or keolinite. Mafic min- 
erals are altered to chlorite or iron carbonate. Recrystallira- 

tion and silicification are obvious in the matrix (Plate 2-3 I, 
c and d). The contact between weakly altered and moder- 
ately altered rock is relatively sharp. commmly grading 
over less than 2 centimetres. 

Strongly altered rock occurs us an cnvclopc adjacent to 
the vein. It is commonly pale apple-green when freshly 
broken and orange-yellow on weathered surfaces: it is mod- 
cratcly hard and nonmagnetic. All primary mincrels have 
hccn complctcly altered to quan:r. scricitc or k~aolinite, car- 
bonates and pyrite. Pseudomorphs of plagioclase are not as 
well defined as in moderately altered rocks. Recrystallira- 
tion and silicification of the matrix are more intense than in 
moderately altered rock. Disseminated fine-graincd pyrite is 
ubiquitous (Plate 2-3-1, e an?: f). The conwt between 
moderately and strongly altered rocks is typically 
gradational. 

As there is variation in the alteration assemblage perpen- 
dicular to the vein, so too thcrc is variation in the 
assemblage parallel to the vein. These wriations are 
described for each of the ma.jor segmenrs. 

In the northern segment of the No. 3 vein (north of 
section 24700N on the mine grid; Figure 2-3-I 1. the altera- 
tion envelope is nermw (about .i metres wide). There is ,no 
significant difference between the alteration envelope at the 
hangingwall and the footwall. Consequently. only the 
alteration data from the hangingwall are presented in detail. 
The strongly altered cnvelopc is I metre wide, followed 
outward by a moderately altered envelope 3 metres wide. 
Figure 2.3-21 presenrs the typical X-ray diffraction pattern 
charts for strongly, moderately and weakly altered samples. 

The alteration envelope in the central segment of the 
No. 3 vein (between sections 24700N and 2RhOON on the 
mine grid) is wider than to the north. It extends about 
30 meres into the hangingwall. but up to I00 metres into 
the footwall whcrc dikes and fractures arc mc~re abundant. 
The hangingwall data are presented. The strongly alrercd 
rock envelope, I.2 mctrcs wide. is f<lllowcd by the moder- 
ately altered envelope that is 3Cl metres wide. The weakly, 
moderately and strongly altered assemblages are not unlike 
those of the northern segmenr, as illustrated in Figure 
2-.-2h. 

Samples from the southern segment of thr No. 3 vein 
(south of section 216OON on th,: mine grid) are limited to 

the hangingwall due to problems of access. The alteration 
intensity is stronger then in the northern and central seg- 
merits of the vein. and the alteration mineral assemblage 
differs (Figure 2-3-2~). Kaolinlte and siderite are absent 
from the strongly altered envelope (0 to I .6 mctres from the 
vein), which consists of quartr. mixed-layer xricite(?M,)/ 
illite(2M,) and pyrite. Kaolinite and siderite appear in the 
moderately altered envelope (1.h to 35 metres from the 
vein). The weakly altered andeiite samples are similar to 
those from the north and central segments of the vein, 
however, the proportions of alteration minerals are rela- 
tively higher in the southern segment. 

DISCUSSION 
The mineralogical data prexnted above is preliminary 

and does not allow for rigorous treatment. However, the 





lateral or cross-section mineral zonation of weakly to 
strongly altered rocks, and the north to south mineralogical 
variation in the strongly and moderately altered envelope is 
significant. 

The process related to the distribution of weakly altered 
rocks is unclear. This assemblage may represent either a 
low-temperature regional metamorphic effect resulting from 
loading, or the waning stages of the 7X Ma volcanic event 
(Leitch ef al.. IYYO). Thus it might predate the ore-forming 
hydrothermal activity. or represent incipient alteration 
related to it. More detailed petrography of regionally distal 
rocks will resolve this issue. Important. however, is the 
recognition that weakly altered rock represents the back- 
ground or parent assemblage tu the moderately and strongly 
altered rock. 

The distribution of strongly to weakly altered rocks 
around the No. 3 vein is interpreted to be a function of 
decreasing intensity of alteration. Two processes may 
account for this decrrase. Simple difi’usion resulting in a 
chemical gradient, and therefore, reaction-front bounduries, 
may explain the variation on a small scale (less than 
I metre), but does not account ftn the large-scale alteration 
envelope up to 100 metres wide noted in this study. The 
second possible process involves varying water to rock 
ratios due to decreased permeability with distance from the 
vein. Thomson and Sinclair (1991, this volume) show that 
with decreased proximity to the vein, the intensity of fract- 
urmf. also decreases. High water to rock ratios result in 
complete alteration of the hosting microdiorite and andesite 
as represented by the strongly altered rock assemblage, and 
low water to rock ratios result in the weakly altered rock. 
Moderately altered rock formed in intermediate conditions. 

The processes accounting for the difference in the 
assemblage of quartz-sericiteiillitc-pyrite of the strongly 
altered rock in the southern segment compared to quartz- 
clay(kaolinite)-carbonatr-p),rite in the northern and central 
segments may be twofold: presence of quartz~sericitr-pyrite 
suggests the southern segment assemblage represent a 
higher temperature relative to the northern and central seg- 
ment: and the activity of K+ in the fluid increases to the 
south and Ca’+ decreases to the south. Further speculation 
on the specifics is beyond the scope of these data. 

More questions are proposed from these data than are 
answered. Isotope and fluid inclusion analyses will facilitate 
the interpretation of the apparent \‘ariations. 
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MINERALOGIC VARIATION OBSERVED AT THE SILVER QUEEN MINE, 
OWEN LAKE, CENTRAL BRITISH COLUMBIA (93L/2)* 

By C.T.S. Hood, C.H.B. Leitch and A.J. Sinclair 
The University of British Columbia 

KEYWOKIX Economic geology, Silver Queen, epither- 
md. Kawlka Group, paragenesis. mineralogy, sulphosalts. 
“Cl” nJnamn. 

INTRODUCTION 
The Silver Queen (Owen Lake. Nadina) vein system, lies 

within the Buck Creek basin near Houston, 100 kilomctrcs 
southeast of Smithers. in the Bulklcy Valley region of cen- 
tral British Columbia (Figure 2-4-l). The mine, which prw 
duced Y8 2RS grams of gold. 5225 kilograms of silver, 
405 000 kilograms of copper, 703 000 kilograms of lead, 
S million kilograms of zinc and IS X00 kilograms of cad- 
mium from IYO 700 tonnes of ore over a brief period from 
1972 to 1973. has current reserves of approximately 

500 000 kmnrs grading 3 grams gold and 200 grams silver 
per tonne, 0.23 per cent copper, 0.Y2 per cent lead and 6.20 
per cent zinc. Problems arising from the complex mineral- 
ogy and variability of the OTC zuncs were, to some extent, 
responsible for the closure of the mine. The mineralogic 
study of the Owen Lake property reported on here is part of 
a more extensive project dealing with the geology and 
origin of polymetallic vein deposits in the Owen Lake area. 

REGIONAL SETTING 
West-central British Columbia lies within the Stikine 

Terrane, which includes submarine calcalkaline to alkaline 
immature volcanic island-arc rocks of the Late Triassic 
Takla Group, subaerial to submarine c;rlcalkaline volcanic, 
volcaniclastic and sedimentary rocks of the Early to Middle 
Jurassic Hazelton Group, successor basin scdimcntary rocks 
of the Late Jurassic and Early Cretaceous Bowser Lake, 
Skccna and Sustut groups, and Late Cretaceous to Tertiary 
calcalkalins continental volcanic-arc rocks of the Kasalka, 
Ootsa Lake and Endako groups (MacIntyre and Desjardins, 
1988). The younger volcanic rocks occur sporadically 

throughout the temme, mainly in downthrown fault blocks 
and grabens. Plutonic rocks of Jurassic, Cretaceous and 
Tertiary ages form distinct intrusive belts (Carter. 1981). 
with which porphyry copper, stockwork molybdenum, 
mesothermal and epithermal base and precious metal veins 

are associated. 

The area surrounding the Silver Queen mine forms part of 
the Buck Creek basin. characterized ah a resurgent caldera 
with the Equity Silver mine (Figure 2-4-l) located within 
the central uplift area (Church and Barakso, 1990). The 
study area lies on the western mar&in of the basin, which is 
roughly defined by a series of rhyolite outliers and a remi- 
circular alignment of Upper Cretaceous and Eocene vol- 

canic centres. Block faulting is common within the basin, 
locally juxtaposing the various s’:quences of volcanic rocks. 

The Silver Queen veins are hosted by some ‘of the oldest 
rocks in the basin and the succession has been correlated 
with rocks of the Kasalka Group (Leitch cf al., 1990). 
However, Armstrong (1988) argues that this correlation is 
incorxct and that the rocks hosting the Silver Queen deposit 
are, in fact, part of the Tip Top Flill Formation. as suggested 
originally by Church (1970). The type so:tion of the 
Kasalka rocks, which are Late Cretaceous (Maclntyre, 
1985) or Early Crrtaceous (Amxtrong, 1988) in age. is in 

the Kasalka Range near Tahtsa Lake, approximately 
7.5 kilometres southeast of Howiton. 

PROPERTY GEOLOGY 
The stratigraphy hosting the Silver Queen deposit is sub- 

divided into five major units which form a gently northwest- 
dipping succession (Leitch er al., 1990). The oldest rocks 
are exposed near Riddeck Creek in tine south and the youn- 
gest in Emil Creek to the north (Figure 2-4-l :,. The lowest 
unit in the succession is B redd:,sh purple, polymictic con- 
glomerate (Unit I). It is ovcrlairl by fragmental rocks rang- 
ing from thick crystal tuff (Unit 2) to coarse lapilli tuff and 
breccia (Unit 3), which are succeeded upwards by a thick 
feldspar-porphyritic and&e flow unit (Unit 4.). The flows 
are intruded by microdiorite sills (Unit 5) and aher feldspar 
porphyry (Unit Sa) and quartz porphyry (Unit Sb) dikes and 
stocks. All the units are cut by dikes that can be divided into 
three groups: amygdaloidal dikes (Unit 6). bladed-feldspar 
trachyandesite dikes (Unit 7). and diabase dik~es. The suc- 
cession is unconformably overlain by basaltic to possibly 
trachyandesiric volcanic rocks that outcrop in Riddeck 
Creek and farther south. These volcanics may be correlative 
with the Goosly Lake Formation of the Equity Silver mine 
area (Church and Barakso, 1990). 

The bladed-feldspar trachyandesite (Unit 7) and amyg- 
daloidal dike (Unit 6) units are of particular importance in 
relation to age of mineralization. Rocks of Unify 7 are gener- 
ally unaltered in the vicinity <If major veins and give a 
whole-rock K-AI date of 51.9:t1.2 Ma, whereas Unit 6, 
which is commonly strongly altered near vein:;, produces a 
whole-rock K-Ar date of Sl.3t- 1.2 Ma. Thesr: dates allow 
for close bracketing of the age of mineralization, with all 
three dike types commonly paralleling the :;trike of the 
major vein systems. The major veins, including the No. 3 
vein (Figure 2-4-l) which is the most important econom- 
ically, tend to strike northwest and are controlled by both 
strike-slip and reverse faults. 
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Figure 2-4-l. Map of Silver Queen mine showing locations of geologic contacts (Leitch et al., 1990) and major 

mineralized structures. Legend: I=polymictic basal conglomerate; Z=crystal tuff; kmedium to coarse luff-breccia; 4=feldspar- 
porphyritic andesite: 5=microdiorite. 

Inset: Location of Silver Queen mine. 



VEIN MINERALOGY 
The Silver Queen vein system displays a great degree of 

complexity on the centimetre to metre scale, but, when 
examined over the strike lengths of individual stmctures, 
such as the No. 3 and George Lake systems, several large- 
scale patterns become evident. The No. 3 vein, with its 
extensive surface exposure, large number of drill-hole inter- 
sections, and structural continuity, provides the best oppor- 
tunity for analysis of a complete system. Despite differences 
in mineralogy within the No. 3 structure and other veins on 
the Owen Lake property, a surprising paragenetic continuity 
(summarized in Tables 2-4-l and 2) exists throughout the 
mineralized area. 

NO. 3 VEIN SYSTEM 

The No. 3 vein system is the largest and, to date, most 
intensively explored structure at the Silver Queen mine. It is 
well defined on surface, underground and in drill-hole inter- 
sections, and displays a wide range of mineralogies ova the 
length of the structure. Several smaller veins with similar 
mineralogy lie adjacent to the main vein. 

The No. 3 vein can be divided into five zones based on 
bulk mineralogical content (Table 2-4-l). The northernmost 
segment of the vein system (Zone I) consists of narrow, 
commonly multiple, smaller veins dominated by inter- 
banded rhodochrosite and quartz. Prominent, if irregular, 
bands of coarse-grained euhedral sphalerite and galena are 
an important distinguishing feature. Toward the south, 
hematite, chalcopyrite and the sulphosalts (matildite, 
aikinite and berryite) increase in abundance until a distinct 
new zone (Zone II) is entered. Chalcopyrite, comprising as 
much as 60 volume per cent of the opaque assemblage, is 
the definitive mineral for Zone II, with bismuth-bearing 
sulphosalts and tennantite present in significant amounts. 
Vein walls are generally brecciated in this segment, with 
hematite, pyrite and carbonate among the first minerals to 
be deposited. To the south of the relatively short 
chalcopyrite-rich zone, the mineralogy in Zone III becomes 
less complex. The vein attains widths of up to 2.5 metres in 
this central segment and is generally very lean (<IO per 
cent) in opaque minerals. The sulphide assemblage is domi- 
nated by pyrite and sphalerite, commonly occurring as col- 
loform masses overgrowing carbonate (manganosiderite) 
and quartz. Hematite is also present and in some places has 
been overgrown and replaced by later sphalerite, pyrite and 
galena. Seligmannite-boumonite and tetrahedrite-tennantite 
are present in minor amounts, generally as mymxkitic 
intergrowths with galena. 

The most unusual zone (Zone IV) within the No. 3 
system forms the southern one-third of the structure 
exposed underground. The vein displays well-defined 
boundaries, but locally splits into several closely associated 
narrower veins. The mineralogy is generally dominated by 
pyrite and sphalerite, with an earlier pyrite-quartz-barite 
phase frequently brecciated and surrounded by later, finer 
grained pyrite and quartz. Complexly intergrown galena and 
multiple-composition tetrahedrite-tennantite locally form up 
to 40 per cent of the opaque assemblage and are the princi- 
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pal host for gold (in the fwm of electrum grains within the 
galena) and silver (some tetrahedrite contains as much as 
8 per cent silver). Of particular interest is a northwesterly 
plunging section of the vein system. centred on the decline 
area, displaying anomalously high (up to 3 per cent of 
opaque minerals) amounts of aikinite intergrown with 
galena and tetrahedrite~tennantite. Myrmekitic intergrowths 
of seligmannite and galena are also widespread i:l the south- 
ern part of the vein. 

The least defined of the No. 3 vein segments is that 
known as the NG3 vein (Zone V). This part of the structure 
has only been intersected in a few widely spaced drill holes 
and few samples are available. The mineralogy appears to 
be dominated by coarse-grained galena. sphalerite and 
pyrite, with earlier barite and quartz ganguc. The whole 

IX8 

assemblage is cut and brecciated by calcite. Unusual exsolu- 
tion features, consisting of proustite and an unidentified 
silver-bearing sulphosalt, are present in galena from drill- 
hole NG3. Bismuthinite and cuprobismutite were recorded 
occurring in tetrahedrite from a pyrite-rich portion of the 
vein and appear to be penecontemporaneous with a period 
of silver-bearing tetrahedrite mineralization. 

PORTAL AND CAMP VEINS 
The Portal veins are a series of highly irregular structures 

near the entrance to the Silver Queen underground workings 
(Figure 2-4-l). Orientation, thickness and mineralogy vary 
from vein to vein; individual structures attain widths of up 
to a metre, only to disappear tens of metres away. The veins 



can, however, be roughly classified into three groups on the 
basis of mineralogy. The most important economically are 
those containing substantial amounts of chalcopyritc (up to 
60 per cent of the total sulphide) and associated later galena- 
matildite intergrowths. Widespread tennantite veining cttts 
this assemblage, with mangenosiderite and quartz making 
up the gangue mineralogy. In places, spectacular concentra- 
tions of electrum ire also associated with the galena- 
matilditc assemblage characteristic 01’ chalcopyrite-rich 
veins. 

Several of the westernmost veins within the Portal system 
have mineralogies closely resembling the nearby Camp 
veins (.xv description below). Early, bladed bsrite. with 
quartz, pyrite and rare arsenopyrite, followed by coarse- 
grained sphelerite and lesser galcna and chalcopyrite. are 
the dominant components of this group of veins. Later 
sulphosalts, electrum, rhodochmsite and pyrobitumen are 
conspicuously absent. Many of the eatemmost veins, and 
the Switchback vein (Figure 2-4. I), are dominated by early 
phases (barite, quartz. pyrite and sphalerite). with relatively 
minor anmunts of chalcopyrite. carbonate and tetrahedrite- 
tennantite usually confined to narrow bands near the foot- 
wall of each vein. 

The Camp veins lie to the West of the Portal vein system 
(Figure 2-4-I) and are known only from an extensive pat- 
tcm of drill-holes. They are distmctive because of their 
anomalously high silver gmdcs associated with pearcitc, 
acanthite and the ruby silvers. Many of the veins are actu- 
ally mineralized hrecciar. with the first episode of minrral- 
ization characterized by nal~ow drusy-quartz bands sur- 
rounding fragments. Bladed berite. pyrite, sphalerite and 
arsenopyritc follow. forming up to SO per cent of the min- 
eral assemblage. and g&ma. tetrahcdrite-tennantite and the 
silver-bearing minerals are the final phases of economic 
interest. A volumetrically important period of rhodochrositr 
deposition was the last major episode of mineralization in 
the Camp veins. 

GEORGE LAKE VEINS 
The George Lake veins (Figure 2-4-l) are part of the 

second most important vein system (next to the No. 3 vein) 
on the property. in terns of structural continuity and poten- 
tial reserves. Overall mineralogy roughly compares to that 
of the No. 3 system, with slightly greater abundances of 
fine-grained quartz and hematite being the chief difference. 
Sulphosults are generally absent in the available samples 
and pyrite is the most important sulphide constituent 
throughout the vein. Galena, tetrahedrite-tennantite and rare 
peercite-polybasite are most commonly found filling fract- 
ures within the pyrite and sphalcrite. As with the No. 7 vein 
system. chalcopyrite and manganoan carbonates generally 
appear to incrrnc in abundance towards the north. 

COLE LAKEVEINS 
The Cole Lake veins (Figure 2-4-l) are a widely spaced 

group of structures with a northerly trend and highly varied 
mineralogy. Mineralogy is somewhat similar to the Portal 
vein system; in the Cole Lake veins, the characteristic 

assemblage changes from hematite-carbonate-Tlyrite in the 
westernmost veins (Bear vein), through chalcopyrite and 
sulphosalt-bearing assemblages in the central veins (Copper 
and Lead veins) to sphalerite and barite-rich ,veins in the 
easternmost area (Cole vein). The Cole vein ha:; the longest 
strike length in the Cole Lake s!istem, but presents a rela- 
tively simple mineralogy in comrast to smaller but more 
complex veins such as the Coppet-vein. The sulphide miner- 
alogy in the Cole vein is dominated by coarse-grained, 
euhedral sphalerite and galena in a matrix of manganoan 
carbonate, barite and quartz. Toward the north, arsenopyrite 
becomes abundant, overgrowing pre-existing hematite 
grains that have been replaced by carbonate, pyrite and 
galena. Freibergite (argentian ,retrahedrite) also appears 
within this portion of the vein. 

In contrast to the relatively simple Cole vein. the adjacent 
Copper vein is mineralogically complex. Although the walls 
of the vein are similar to the Cole vein, the Copper vein is 
distinctive because of an important later chalcopyriti:. 
sulphosalt episode (possibly correlative with Stage IV of the 
No. 3 vein). Symplectic intergrowths of ~&XXI aikinite and 
matildite are widespread, with rare tennantite veinlets cut- 
ting the entire assemblage. To th,e west of the Copper vein, 
the Barite, NC6 and Lead veins, though chalcopyrite poor, 
contain unusual concentrations (to 1 per cent of total sul- 
phide) of pearcite-polybasite and seligmannite. The Bear 
vein is the westernmost vein within the system and is 
characterized by early stage mineralization dominated by 
hematite, carbonate, pyrite and quartz. 

OTHER VEINS 
The most important of the remaining wins are the 

Chisholm veins (Figure 2-4-l), located near the south 
boundary of the property. Mineralogy of these veins is 
similar to the Camp veins, dominated by early quartz, bar- 
itc, pyrite, arsenopyrite and sphalerite, followed by less 
abundant galena, carbonate, quartz and I:etrehedrite- 
tennantite. Up to 5 per cent of the galena in :;ections from 
the Chisholm veins and the nearby Owl vein (Figure 2-4-l) 
has undergone replacement by ruby silvers, pearcite- 
polybesitc and tcnnantitc. Very finr grainc,d symplectic 
intergrowths of seligmannire in galcna hew also been 
noted. 

The No. I and No. 2 veins sunlit off the northern segment 
of the No. 3 vein and retain many of its characteristics. The 
No. 2 vein, actually a set of closely associated parttIle:! 

veins, is quite similar to Zone I uf the No. 3 vein in that the 
mineralogy is dominated by banded rhodochrosite and 
quartz. with ‘prominent coarse-grained sphaleritc bands 
throughout. Farther north on the No. 2 system, arscnopyrite. 
pearcite-polybasite and the ruby silvers appear within the 
opaque assemblage. 

The No. I vein is singular ic, that arsenopyrite forms an 
important part of the assemblage (up to 10 per cent of the 
total sulphide), surrounding a~nd brecciating preexisting. 
pyrite while predating other sulphides. Pearcite-polybasite 
and possibly acanthite arc also present within the vein, 
representing the final stage of :sulphide mineralization. 



The remaining mineralized structures on the property are 
quite simple mineralogically, generally consisting of pyrite, 
sphalerite and galena with quartz-carbonate-dominated 
gangue. A vein intersected in Hole NG4 (near the south 
boundary of the property) containing an anomalous amount 
of late chalcopyrite (to 5 per cent of sulphide component) is 
perhaps the most unusual. 

DISCUSSION 
The mineral assemblages in the Silver Queen vein system 

present a pangenetic sequence that is remarkably consistent 
throughout the property (summarized in Table 2-4-2). This 
suggests that all veins at Owen Lake originated from a 
single source during a single mineralizing event, a concept 
that is generally supported by relationships with the series 
of dikes that closely bracket the time of mineralization 
(Leitch et al., in preparation). Evolution of the deposit can 
be divided roughly into four stages, each displaying typical 
characteristics of low-temperature, open-space deposition 
(i.e. colloform sphalerite, sparry quartz, vuggy nature 
throughout). The first stage (refer to Table 2-4-Z) is dis- 
tinguished by an initial minor quartz-pyrite episode, fol- 
lowed by hematite, pyrobitumen, barite, svanbergite and 
hinsdalite (the latter two minerals are unusual strontium- 
bearing sulphates). More voluminous influxes of pyrite, 
quartz and minor carbonate followed, with later arseno- 
Pyrite, pyrite and marcasite marking the end of this stage. 
The second stage is defined by the deposition of sphalerite 
(containing up to 0. I weight per cent germanium), galena, 
minor pyrite, and manganosiderite, followed by a stage of 
copper-bearing mineralization and associated manganoan 
carbonates. The latter stage is particularly prominent toward 
the north of the property. although isolated occurrences of 
relatively chalcopyrite-tetrahedrite-rich material occur in 
the southernmost areas as well. The final stage is charac- 
terized by rhodochrosite (or calcite in the south), galena and 
sulphosalts, and is associated with the deposition of elec- 
trum. the principal source of gold at Silver Queen mine. The 
galena-sulphosalt assemblage is cut by tennantite veining 
(consisting of bismuth and arsenic-bearing phases) in the 
nonh and a weak quartz-pyrobitumen event marks the end 
of mineralization in Stage IV and in the system as a whole. 

Textures within the individual veins indicate that the 
veins were deposited along fractures and joints that were 
repeatedly opened and sealed as mineralization proceeded. 
The initial quartz-pyrite vein material has, in many sites, 
undergone brecciation and has subsequently been sur- 
rounded by later pyrite. These breccias often show signs of 
renewed vein dilation and subsequent sealing by later 
phaes such as galena. Remobilization of the “soft sul- 
phides”, such as galena, has been discounted to a large 
extent due to the preservation of the more fragile open- 
space filling textures. A single exception to the above obser- 
vation was noted in the George Lake vein, where 
postmineralization fault movement has resulted in the for- 
mation of “sulphide slickensides”. Of particular note are 
offsets perpendicular to the veins that cut Stages I and II 
material, but are often filled by later minerals such as 
galena. Dilation and lateral motion were, therefore, active 
processes during mineralization. 
190 

Constraints on pressure, temperature and composition of 
the ore fluids are conjectural at this stage. A more in-depth 
examination of the more complex mineral assemblages 
(particularly where multiple compositions of the fahlore 
group are concerned) as well as stable isotope and fluid 
inclusion work, will be conducted. 

CONCLUSION 
The Owen Lake property covers a series of base and 

precious metal veins that display great consistency with 
respect to mineral pamgenesis. Four distinct stages of min- 
eralization are recognized within most of the major struc- 
tures and are interpreted to be derived from a single fluid 
source with deposition accompanied by repeated opening 
and sealing of the individual veins. 
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SYN-HYDROTHERMAL DEVELOPMENT OF FRACTURES IN THE 
SILVER QUEEN MINE AREA, OWEN LAKE,, 

CENTRAL BRITISH COLUMBIA* 
(93L/2) 

By Margaret L. Thomson and Alastair J. Sinclair 
The University of British Columbia 
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polymetalic vein, hydrothermal fracturing. 

INTRODUCTION 
The site and character of precious and basemetal epither- 

mal deposits is determined by several principal factors 
which include: structure, stratigraphy, lithology, pressure 
and temperature. hydrology, chemistry of the mineralizing 
fluid, and syn-hydrothermal development of permeability or 
changes in hydraulic gradient (White and Hedenquist, 
1990). This study investigates the syn-hydrothermal 
development of permeability by documenting the attitude 
and style of fracturing in the immediate area of the Silver 
Queen mine (Figure 2-5-l). This work represents a portion 
of a more extensive study investigating the mineralizing 
processes at the Silver Queen mine (see Cheng er al. and 
Hood el al., this volume). 

DEPOSIT GEOLOGY 
The Silver Queen (Nadina, Bradina) deposit is located 

100 kilometres southeast of Smithers, 30 kilometres south 
of Houston and 30 kilometres southwest of the Equity Silver 
mine (Figure 2-5. I, inset). It is hosted by Upper Cretaceous 
(77 to 75 Ma; Church and Barakso, 1990) andesitic volcanic 
rocks, tentatively correlated with the Kasalka Group (Leitch 
ef al., 1990). Mineralization is bracketed in age by altered, 
and therefore older, amygdaloidal dikes (5 l.3i I.8 Ma, 
K-Ar, whole-rock) which parallel the veins described 
below, and unaltered bladed-feldspar porphyry dikes 
(51.92 I.8 Ma, K-A& whole-rock). 

Mineralization occurs in veins varying in width from I 
centimetre to 2 metres and consisting of silver, copper, lead 
and zinc sulphides in a gangue of quartz, carbonate and 
barite (see Hood era/., this volume). The No. 3 vein (Figure 
2-S-i ), the focus of previous mining activity and the largest 
discovered in the immediate area, has a known length of I .S 
kilometres, a depth of at least 200 metres and a width 
varying from 0. I to 2.0 metres. Country rocks are Tip Top 
Hill feldspar porphyry at the north end, Mine Hill micro- 
diorite in the central segment, and medium to coarse tuff- 
breccia to the south (Figure 2-S-l). A distinct alteration 
envelope, consisting of strongly to weakly altered rocks, 
extends tens of metres into both the footwell and hanging- 
wall of the vein (Cheng et al., this volume). 

FIELD OBSERVATIONS 
The Wrinch Creek canyon west of the No. 3 vein, and a 

section 30 metres east of the vein along the underground 
Bulkley cross-cut (Figure 2-5-l) were chosen as study arca 
to obtain structural orientation <data. Complimenting these 
observations are regional determinations and measurements 
on several sequences of diamond-drill core through the 
No. 3 vein. 

DEFINITIONS 
Based on experimental deformation studies (reviews in 

Price, 1966; Hobbs et al., 1976) two general classes of 
fractures can be related to three ,axes of compressive stress: 
principal (0’). intermediate (u*) and minor (ox). The result- 
ing fractures are referred to as extension (E), and shear (S) 
fractures (Figure 2-5-2). The 20 angle for extension fract- 
ures is 0”. and for shear fractures it ranges from greater than 
0” to 90’. The acute bisector of (conjugate shear fractures is 
developed parallel to the princip:il compressive stress direc- 
tion (a’). 

As an aid to field interpretation of fracture patterns 
Hancock (1985) suggests classifying fractures by shapes of 
letters in the alphabet. Summarizing this work: I-shapes 
suggest unidirectional extension (E) fractures: K-shapes 
suggest extension fractures formed under conditions of near 
hydrostatic stress; T-shapes ‘suggest two episodes of 
orthogonal extension fracturin::; H-shapes suggest non- 
systematic overprinting of orthogonal extension; V, Y and 
X-shapes suggest conjugate shear (S) fractures and non- 
systematic crossfractures result@ in an A-shape. 

In this study, joints are defined as fractures with no 
megascopic indications of relative motion or accumulation 
of secondary minerals (Plate 2.:i-la). 

Veins are fractures filled with secondary minerals, with or 
without an envelope of alteration. Three group:; of veins are 
distinguished by width: less than I millimetre, I millimetre 
to I centimetre and greater than I centimetre (Plate 2.5.la, 
b, c). 

Faults are defined as fractures with evidence of relative 
motion. The most common type recognized in this study is 
identified by slickensides on planar surfaces with the sense 
of last motion determined by hxkle-marks, if present (Plate 
2.S-la). Strongly silicified bnxcia zones are restricted to 
the footwall and hangingwall of veins greater then I cen- 
timetre wide and the margins of amygdaloidal dikes (Plate 
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Figure 2-S I. Simplified surface geologic map of the Silver Queen mine, highlighting the surface trace of the No. 3 
vein and the other significant sulphide-bearing veins. Lcgcnd: I =polymictic basal conglomerate; 2=crystal tuff; 
3=medium to coarse tuff-breccia: 4=Tip Top Hill feldspar porphyry: S=Mine Hill microdiorie (after Lcitch PI ol.. 
1990). Inset: location map of Silver Queen Mine. 
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Figure 2-5-2. Block diagram showing the relatinnship of 
principal stress dircclions and extension lrec~urcs (E) and 
conjug!;nc shear lracturcs (S) devclopcd in a mechnnwlly 
isotropic brittle rock. 

Phtte 2-S. I. (a) Joint fracrurcs (I) in fresh feldspar porphyry Gently plunging slickensidrs (SS) on a plane parallel 
to Wrinch Creek canyon. (b) I-shaped. I millimettr to I cenlimetrr wide veins cutting weakly ;&red microdinrite. (c) 
Sulphidc-rich vein greater than I centimctre wide with foofrr,all (left) and hangingwall (right, brecciation. (d) Pencil-tip 
sticking into clay-rich fault gouge in the footwall of a vein greater than I cenlimette wide. Note the internal chaotic 
nature of the vein. 
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Figure 2-5-3. Lower hemisphere equal-area projection of fracture orientation data. (a) Joints and veins in unaltered 
to weakly altered rock 30 metres way from No. 3 vein, (b) Joints and veins in altered rock 20 metrr!s away from No. 3 
vein, (c) Veins 0 to 10 metres away from No. 3 vein, star is average orientation of No. 3 vein, (d) fad& 0 to 10 mefres 
away from No. 3 vein. 
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2-5-1~). Clay-rich gouge on faults is noted underground and 
in diamond-drill core (Plate 2-S-Id). 

STRUCTURAL ORIENTATION DATA 
Fractures in fresh feldspar porphyry and microdiorite, at a 

distance approximately 30 metres from the No. 3 vein, are 
orthogonally oriented, l-shaped joints (Plate 2.5.la). They 
are regularly spaced at 20 to 50.centimetre intervals, and are 
both steeply dipping and flat lying (Figure 2.5%). 

Close to the No. 3 vein (-20 III), narrow (less than 
I millimetre wide) vertical to steeply dipping quartL veins 
are characterized by buff-coloured envelopes of alteration I 
to 5 millimetres wide (Plate 2.S-lb). The veins are I-shaped, 
suggesting extension. They show a similar density and ori- 
entation to joints within the fresh rock (Figure 2.S-la). 

Within IO to 20 metres of the No. 3 vein the fracture 
density increases to a 5 to IO-centimetre spacing, and veins 
less than I millimetre wide become more abundant. The 
veins are X and A-shaped conjugate shear fractures, with a 
vertical acute bisector (Figure 2-5-3a, Plate 2-5-2~1). 

At approximately IO mews from the No. 3 vein, steeply 
and gently dipping X and A-shaped joints and 1 -millimetre, 
and I-millimetre to I-centimetre-wide X and A-shaped 
veins are more abundant than l-shaped joints and veins 
(Figure 2-S-3b, Plate 2-52b). The acute bisectors of the 
steeply and gently dipping conjugate joints and veins arc 
vertical and horizontal, respectively. 

The No. 3 vein and most adjacent veins greater than 
I centimetre wide are commonly I-shaped and steeply dip- 
ping (Plate 2-5-1~. d, Figure 2-5-3~). However, a second 
population of gently dipping conjugate shear veins (I milli- 
mare to greater than I centimetre wide) are cut by the 
I-shaped veins, more than I centimetre wide. 

Clay-rich fault planes are commonly developed marginal 
to veins greater than I centimetre wide (Plate 2.5-Id). The 
plunge of slickenside lineations is at a high angle and where 
heckle-marks are preserved, normal faulting is interpreted. 
A second set of fault planes has a shallow dip (Figure 
2.5.3d). similar in attitude to the low-angle shear planes 
illustrated in Figures 2.S-3b and c. 

The silicified breccias in the footwall of the No. 3 vein 
predate the vein. as the vein boundary is sharp against the 
breccia (Plate 2-5-1~ d) and postdate the amygdaloidal 
dike, as it is brecciated. Brecciation, however, was not a 
single event, but rather episodic, with evidence of internal 
brecciation within the No. 3 vein. 

INTERPRETATION 
Hubbert and Rubey (1959) and Secor (1965) have shown 

that the total effective stress (0’) across any plane can be 
resolved into a normal stress (~“1 less the tluid pressure (p). 
This relationship has dramatic consequences with regard to 
the brittle failure of a rock. Figure 2-S-4 illustrates that an 
increase in fluid pressure will result in a shift to the left 
(A-A’&B’) of the Mohr stress circle, without changing the 
differential stress value (rr’-~3). If the diameter of the stress 
circle (differential stress) is large (A). increases in Huid 
pressure will shift the stress circle tangent to the failure 
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normal stress 

Figure 2-5-4. Mohr diagram with modified Griffith 
failure cnvrlope and strew circles representing the influence 
of iluid pressure on the effective stress states. In the cast 
A-A’, increasing fluid pressure results in shear failure. In 
the case B-B’. the increasing tluid pressure results in exten.- 
sior failure. 

envelope, right of the ordinate (A’), the rock will fail 
through shear fracturing and conjugate shear planes will 
develop. If. however, the diameter of the stress circle is 
small (B), increases in fluid pressure will result in the circle 
becoming tangent to the failure envelope on the abscissa, in 
the tensile quadrant (B’), and the rock will fail through the 
development of extension planes. Simply stated, if (T? 
equals the tensile strength of the rock, extension will result. 

The joint and fracture system within the unaltered feld- 
spar porphyry and microdiorite (greater than 30 metres from 
the No. 3 vein) is assumed to reflect the regional stress field. 
The vertical and horizontal orientation of joint sets suggests 
that the orientation of a’ and ox have shifted from horizon- 
tal to vertical. This type of variation may be a product of 
unloading of the crttst under near hydrostatic conditions 
(Price, 1966). 

Approaching the No. 3 vein, the first indication of over- 
printing of the regional stress field comes with the develop- 
ment of conjugate shear veins with a vertical acute bisector 
(u’-vertical). The presence of an alteration assemblage mar- 
ginal to the conjugate shear veins suggests that an increase 
in fluid pressure in the rock may have resulted in shear 
failure as illustrated in Figure 2-5-4. 

With increased proximity to the No. 3 vein. steeply and 
gently dipping conjugate shear planes are both developed, 
indicating that u’ was both vertical and horizontal (Plate 
2-S-2a, b). One possible explanation for this is the intrusion 
of a magma at depth, causing the inflation and extension of 
overlying rocks (Shaw, 1980). Evidence for a contempo- 
raneous magma at depth comes from the occurrence of the 
amygdaloidal dikes parallel to the joint and vein attitudes. 

Brecciation within the footwall and hangingwall of the 
No. 3 vein may be explained by a model of seismic pump- 
ing (Sibson er ul., 1975). This model suggests that prior to 
seismic shear failure, the region around the focus of the 
subsequent earthquake dilates in response to rising tectonic 
shear stress. Extension cracks and fractures open normal to 
the least compressive stress. The development of fracture 



porosity causes the fluid pressure in the dilatant zone to 
decrease, inducing a slow inward migration of lluids from 
the surrounding rock mass. At the onset of dilatancy. the 
drop in the fluid pressure causes a rise in the frictional 
resistance to shear along the fault. The migrating fluids fill 
the cracks, the fluid pressure rises again and frictional 
resistance decreases. Seismic failure eventually occurs 
when the rising shear stress equals the frictional resistance. 
The fluids in the dilatant zone are expelled upward through 
the fault and adjacent fractures. Cooling of silica and metal- 
saturated fluids, near the surface, will result in the deposi- 
tion of quartz and sulphide-rich veins in the fault plane and 
adjacent fractures above the seismic epicentrc. The No. 3 
vein is therefore interpreted as a fault plane. which acted as 
a conduit for metal-bearing fluids, with the smaller veins of 
variable attitude hydraulically connected to the “seismic 
pump”. 

A model of an intruding magma at depth, with associated 
increased fluid pressure and seismicity, unifies most strut- 
turd1 elements described above into a single process. There 
are, however, several observations which have not been 
discussed. For instance, as Church and Barakso (1990) point 
out, strike-slip and normal faulting are noted in the area, 
however, the relationship between normal and strike-slip 
faulting is unclear. Future work will have to accommodate 
these observations into the broader Eocene geologic history 
of the area. 
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INTRODUCTION 
The Mount Milligan deposit, centred at latitude SS”O8’ 

north and longitude 124”04’ west, is 100 kilometres west- 
southwest of Mackenzie and 160 kilometres northwest of 
Prince George in central British Columbia. The deposit 
occurs in gently rolling topography (Plate 2-6-l) 5 kilo- 
metres due south of Mount Milligan. Access to the property 

is by a 93.kilometre logging road that connects with the 
Hart Highway 30 kilometres som:h of Mackenzie. 

Estimated geological reserves for the deposit, including 
the Southern Star deposit to the south, are 400 million 
tonnes grading about 0.20 per cent copper and 0.48 gram 
per tonne gold (Preto, 1990). 

The property was originally held by a joint venture 
between Continental Gold Corp. ;Ind B.P. Resources Canada 
Ltd. (69.X and 30.2 per cent, respectively). Placer Dome Inc. 
bought all of B.P. Canada Ltd.‘s interest in the property in 
October 1990. On October 22 Placer Dome acted on a 

Plate 2-h-l. Oblique \,iew looking westerly iwoss the main part of the Mount Milligan gold-copper porphyry deposit. The MBX 
stock (Figure 2-6-t j wxurs in the north-central pan of the photo. Coordinates (metrrs) for the borders of the grid used in Figures 2-h-3 
,a 2-f-X arc: north = 10 000, south = X.500, ~a\, = IX 750 and WCS, = I I 750. 

ldegroot
1990



Figure 2-h-l. Geology and alteration of the Muunt Millifan gold-copper porphyry deposit. Mineralization is concenlreted around the 
stock. especially its east flank. Geolugical plan 995.metre Icvel. 
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previous agreement with Continental Gold to purchase all 
its outstanding shares and now holds 97 per cent of all 
shares. 

This report incoiporatcs data from company reports with 
a compilation of drill-core data collecrcd by DeLong and 
Godwin. The latter data are the hasis of research by DcLong 
at The University of British Columbia. 

METHODS 
Figures 2-6-I. and 2-6-3 to 2-6-X were prepared by col- 

lecting and examining samples from drill-hole intersections 
at the IOOO-metre elevation in the Mount Milligan deposit. 
The area surveyed lies between coordinates X.500 and 
IO 000 metres north. and I I 750 and I :I 750 metres east on 
the property grid (SW Plate 2-6-l and Figures 2-6-l and 
2-h-3 to K). 

Holes sampled are on cast-west lines 200 rnctres apart. 
The vertical IO-metre interval, from 99.5 to 1005 metres 
around the piercing point for each hole, was described by 

examination of the core in the field, the samples in the 
laboratory and the existing geological logs. The values 
assigned to each IO-merre interval arc averages of assay 
data. Assays of postmineral dikes have been excluded. 
Ahout 100 piercing points on the 945-m&e level plan were 
examined. All data were collated into a computer file for 
statistical examination and computer plotting. Figures 2-6-S 
to 2-6-X define the qualitative geometry of the distribution 
of alteration minerals. The IOOO-metre level geological map 
(Figure 2-6-l) is constrained by geological interpretation of 
sections and adjacent levels. 

REGIONAL GEOLOGY 
The Mount Milligan property lies within the Qursnel 

Terranr in the lntennontane Belt of the Canadian Cordillera 
(Monger E, 01.. in press). The region is underlain mainly by 
Early Mesozoic Takla Group rocks (Armstrong. 1949; Gar- 
nett, 1978) of island-arc affinity (Mortimer, 19X6; Nelson ef 

ul., 1991, this volume). The Takla Group is equivalent to the 
Nicola Group in southern British Columbia. 

The Takla Group in the area studied is Late Triassic to 
Early Jurassic in age. It is represented by volcanic. pyroclas- 
tic and epiclastic rocks overlying and, m part. interfingering 
with, an early Late Triassic sedimentary unit (Nelson t’f ul.. 
IYYI, this volume). The volcanic rocks are mainly augite 

phyric, although plagioclase and hornblende phenocrysts 
are present and occasionally abundant. 

The Takla Group and Nicola Group are intruded by 
coeval plutons up to Early Jurassic in age (Mortimer, 1986). 
Most of these plutons are alkalic and closely related to 
alkaline copper porphyry deposits enriched in gold. such as 
the Copper Mountain, Ingerhelle, Afton and Ajax mines 
(Barr er ol., 1976). The Mount Milligan porphyry gold- 
copper deposit belongs to this clan. 

LOCALGEOLOGY 

Outcrops and suhcrops on the Mount Milligan property 
are Takla Group volcanic rocks intruded by small alkaline 

stocks and dikes. Three volcanic units, the MEIX stock and 
associated dikes, and three types of postmineral dikes are 
described below. 

VOLCANIC RICKS 

Volcanic rocks are divided into three units in Figure 2-6-l 
((5 Rchagliati of al., 1990): Unit I, andesitic flows and 
fragmentals; Unit 2, trachyte flows and tuffs; and Unit 3, 
latitic flows and fragmentals. The andesitic and latitic units 
are similar texturally. Rocks where more than one-third of 
the total feldspar is potassic (based on stainin.5) are classi- 
fied as latite. 

And&tic volcanic rocks (Unit 1). stratigraphically the 
lowest unit mapped. consist of flows, and commonly, 
monolithic fragmental rocks. Clasts are lapilli-sized and 
augite (altered to actinolite) phyric. Flow and fragmental 
units are often intcrbedded with ash to fine lapilli augite- 
crystal tuffs. 

Trachgte flows and tuffs (Unit 2) are potassic. Rocks 
interpreted as flows commonly contain over 70 per cent 

potassium feldspar as fine-grained felted microlites in the 
groundmass (Harris, 1989). Flows are massive but locally 
exhibit curvilinear handed textures defined b:y partings of 
pyrite with chlorite. This texture may mimic Primary tlow 
handing. Potassium feldspar rich ash to fine lapilli tuffs are 
well bedded. Sometimes they show sedimentxy structures 
such as crossbedding, grading and load casts. These units 
are lensoidal. Although thickneus of the trachyte flows and 
spatially related tuffaceous units varies abruptly, they are 
the best stratigraphic markers on the property. 

Latite flows and fragmental rocks (Unit 3) are augite 
(altered to actinolite) phyric. They host most of the copper 
and gold mineralization in the: Mount Milligan deposit. 
These rocks may he potassically altered andesite. If so, the 
stratigraphic interpretation of a lower andesite and a higher 
latite is a result of the geometry of the intruding stock and 
corresponding alteration patterns. Fragmental rocks vary 
from augite and augite plagioclase crystal ash tuff to lapilli 
tuff. Lapilli tuffs are commonly monolithic. Clasts are 
mainly augite-phyric fragments. Subordinate, discon- 
tinuous, heterolithic, coarse fragmental units ;arc occasion- 
ally associated with a turbiditic cap. Thcsc are interpreted as 
submarine debris flows and contain clasts of latite, andesire, 
trachyte, and rarely, monzonite. 

Most of the stratigraphy trends south-southsast and dips 
steeply (70”) east. Near the southeastern end of the Mount 
Milligan deposit (Figure 2-6-l) the strike swings east and 
dips shallow to 20” nonh. Based on textures within the 
tuffaceou?, and turbidite units, the stratigraphy is upright and 
faces east or north. 

INTKUSIVE: ROCKS 

Intrusive rocks at the Mount Milligan deposit include the 
MBX stock and Rainbow dike (Figure 2-6-l). Postminwal 
dikes are common throughout the property. 

The MBX stock and Rainbow dike (Unit 4,) occur in the 
centn of the area covered by Figure 2-6-l. Unit 4 also 



includes a swarm of smaller cogenetic stocks and dikes. 
These rocks are monzonitic and are contemporaneous with 
the associated porphyry-style alteration and gold-copper 
mineralization (Rebagliati et al., 1990). The MBX stock, 
about 400 metres in diameter at the 1000-metre level, is 
typically a crowded plagioclase porphyry with an aphanitic 
groundmass rich in potassium feldspar. Plagioclase phe- 
nocrysts, 1.0 to 4.0 millimetres long and locally trachytoid, 
make up 25 to 50 per cent of the rock. Hornblende and 
biotite are variable and, together, average IO per cent. They 
occur as single grains and aggregates. Quartz usually forms 
less than 3 per cent of the matrix (Harris, 1989). Accessory 
magnetite is often present in the matrix. 

The Rainbow dike is an extension of the east side of the 
MBX stock (Figure 2-6-l). It is up to 50 mews wide and 
forms an elongate bowl or trough with gently dipping sides. 
The southwest part is subparallel to stratigraphy. The north- 
east part cross cuts stratigraphy to the bedrock surface. The 
southwest part also follows a segment of the Rainbow fault, 
one of several large structures on the property. 

Postmineral dikes (Unit 6 and 7), volumetrically minor, 
occur throughout the deposit. Three distinct types are rec- 
ognized: grey fine-grained trachyte, augite-plagioclase- 
porphyritic monzodiorite, and plagioclase porphyritic 
diorite. 

ALTERATION AND MINERALIZATION 
Alteration and mineralization assemblages at Mount Mil- 

ligan are either potassic or propylitic - emphasized by 
correlation coefficients and the tree diagram shown in Fig- 
ure 2-6-2. This is compatible with detailed geological obser- 
vations, although detailed patterns are complex where 
alteration assemblages overlap. Locally, propylitic altera- 
tion overprints the potassic assemblage. The reverse is 
noted occasionally. The two-fold division of alteration is an 
important exploration guide because gold and copper are 
concentrated in the potassic assemblage 

Figure 2-6-2. Tree diagram (Wilkinson. 1989) generated 
from Gutman mu’ monotonicity coefficients (Shye, 1978). 
The potassic assemblage, in order of closest correlation. is 
copper ICU], chalcopyrite [CP]. bomite [BO], gold [AU], 
magnetite [MT], biotite [Bl] and potassium feldspar [KF]. 
The propylitic assemblage, in the same order, is albite [AB], 
epidote [EP], pyrite [PY] and calcite [CA]. Note that 
potassic alteration is independent of propylitic alteration. 
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POTASSIC ALTERATION 
Potassic alteration is concentrated around the contacts of 

the monzonite intrusions. Alteration may extend several 
hundred metes outward from the contact, into fractured 
volcanic rocks, for example, along structures such as the 
Rainbow fault. Potassic alteration also occurs within the 
monzonite. 

The potassic alteration assemblage (Figure 2-6-2) is 
characterized by widespread development of secondary 
potasssium feldspar. However, hydrothermal biotite, bor- 
nite, chalcopyrite and magnetite are better indicators of 
areas of intense potassic alteration. 

The potassic alteration is crudely zoned. Biotite is most 
abundant close to the stock and around parts of the Rainbow 
dike (Figures 2-6-l and Z-6-5). Figure 2-6-2 shows the close 
statistical correlation between gold and copper, bomite and 
chalcopyrite, and magnetite and biotite. The broader rela- 
tionship to potassium feldspar is also shown. Figure 2-6-2 
shows that potassic alteration is independent of the propyli- 
tic assemblage of epidote, albite and pyrite. 

Figures 2-6-3 to 2-6-6 show the distribution of gold and 
copper with respect to minerals characteristic of the potassic 
assemblage. Gold abundance in Figure 2-6-3 is represented 
by a smoothed surface such that the influence of neighbor- 
ing points decreases exponentially with distance. The other 
three-dimensional plots that represent abundances use sur- 
faces that are mope smoothed by a distance-weighted least- 
squares fit. The plots and methods are from the computer 
program SYGRAPH (Wilkinson, 1988). 

Fine-grained secondary biotite commonly forms 30 per 
cent (up to 60 per cent in places) of the volcanic rocks near 
the intrusive contact. It is most abundant in intermediate to 
basic protoliths. Biotite is usually pervasive, but it also 
occurs as envelopes to potassium feldspar v&lets. Perva- 
sive biotite alteration usually leaves relict porphyritic tex- 
tures. Augite phenocrysts are not biotitized, but are always 
actinolitized. Locally, intense biotitization has destroyed 
primary textures. 

Secondary potassium feldspar, present throughout and 
beyond the biotite zone, is the most abundant alteration 
mineral in the potassic assemblage. It occurs as veinlets and 
microveinlets, sometimes with accessory quartz. However, 
it is also present as patchy to pervasive, grey to occasionally 
pink, aphanitic alteration of the groundmass that obliterates 
primary textures. This type of alteration floods pans of the 
Rainbow dike. Some of the rocks mapped as trachyte could 
be pervasively altered units. 

Chalcopyrite (Figure 2-6-6) occurs as fine-grained dis- 
seminations, often in biotitic envelopes around veinlets 
especially near the MBX stock. Less commonly, it forms 
veinlets and s&ages of veins and veinlets. In veins and 
veinlets it is associated with either calcite, or quartz and 
potassium feldspar. 

Bomite is not abundant but occurs exclusively with 
potassic alteration. It is correlated with higher gold assays. 
Chalcopyrite has a broader association with potassic altera- 
tion and gold (Figures 2-6-2 and 2-6-6). 



Figure 2-6-3. Gold [AU] surface in parts per million. Edge 
effects in the northwestern comer should be ignored. 

Figure 2-6-4. Gold [AU] equivalent (gold in parts per 
million plus copper in per cent) surface in parts per million. 
This surface is more smoothed, but is clearly similar to 
Figure 2-6-3. 

Secondary magnetite occurs throughout the potassic 
assemblage, and only locally in the propylitic assemblage. 
Most commonly it occurs as disseminations in biotite-rich 
areas. Within the MBX stock some of the magnetite may be 
primary. Magnetite also occurs locally as flooding, as veins 
and microveins, and as matrix to small breccia bodies 
around the eastern contact of the MBX stock. It also forms 
partings in trachyte flows and is concentrated along bedding 
planes in some tuffs. Abundant magnetite is associated with 
high copper and gold contents, and low pyrite estimates 
(Figure 2-6-2). 

GdORiCd Fieldwork 1990, Paper 1991-I 

Figure 2-6-5. Biotite surface in visually estimatt:d per cent. 
The potassic core to the deposit is well outlined. 

Figure 2-6-6. Chalcopyrite surface in visually estimated 
per cent. Note that abundant chalcopyrite coincides with 
concentrations of gold and biotite. 

PROPYLITIC ALTERATION 
Propylitic alteration (Figures 2-6-7 and 2-6,-g) is wide- 

spread and characterized by epidote with varying amounts 
of calcite, chlorite. albite and pyr:ite. The greatest volume of 
propylitic alteration is peripheral, to the potassic alteration 
zone. Except for postmineral dikes, the rocks are never 
fresh; where they are not potassically altered, they are 
propylitized. 

Potassic and propylitic zones locally overlap. Propylitic 
alteration, in part, is contemporaneous with potassic altera- 
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Figure 2-6-7. Epidote surface in visually estimated pet 
cent. Epidote concentration is marginal to tnineral con- 
ccntrations in the potassic core (Figures 2-h-S and 2-6-6). It 
is the inverse of the gold and gold-equivalent surf;rcrs (Fig- 
ures 2-6-3 and 2-6-4) except for the anomaly mentioned in 
the text around 9100 north and I? X00 east. 

lion. It represents the peripheral part of the same hydrother- 
mal system that generated the potassic alteration. However, 
some of the propylitic alteration is later. Retrograde altera- 
tion formed during the collapse of the hydrothermal system 
may account for some overprinting relationships. 

Epidote (Figure 2-6-7) is the most common propylitic 
mineral. It is almost always associated with pyrite blebs and 
disseminations. Epidote forms in alteration envelopes up to 
1.5 centimetres thick around pyrite-calcite veinlets, as 
medium-&rained clots nucleated on mafic grains, as irregu- 
lar aggregates in the groundmass of volcanics, and as cores 
to circular porphyroblastic aggregates with albite and calcite 
that are up to 5 centimetres across. Epidote envelopes may 
crosscut potassium feldspar and biotite alteration. Thin- 
section observations show that epidote replaces actinolite. 
Late, minor epidote occurs along fractures in postmineral 
dikes. 

Albite forms irregular, creamy fine-grained patches of 
groundmass alteration. Maftc grains and phenocrysts are not 
albitized. Albite sometimes forms very fine grained pale 
yellow-green aggregates when intergrown with epidote. It 
has a negative correlation with gold and copper (Figure 
2-6-2). However, this relationship is locally inconsistent, 
because high-grade mineralization occurs around rare, 
intensely albitized pipe-like zones in the order of SO metres 
in diameter (Rebagliati er al., 1990). 

Calcite is present as groundmass alteration, replacement 
of actinolite. and in at least two generations of veins and 
veinlets. Both sparry and pink calcite veins crosscut most 
textures. 

Pyrite (Figure Z-6-8) is widespread. Although present in 
the potassic zone, it is more abundantly developed in the 
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Figure 2-f-X. Pyrite surface in visually estimated per cent. 
Pyrite distribution is similar to rpidotr (Figure 2-6-7). 

propylitic zone. It forms veins, microveins, disseminations 
in wallrock. and pseudomorphs mafic grains. Several gener- 
ations of pyrite veining are indicated by crosscutting rela- 
tionships. Figure 2-6-8 shows an irregular pyrite halo 
around the potassic core of the deposit. 

Carbonate, chlorite and clays occur in fault and fracture 
zones that locally show elevated gold and copper values. 
Most of the carbonate is calcite. Dolomite and iron carbo- 
nate form late crosscutting veins and the matrix of tectonic 
breccias. 

SUMMARY 
The Mount Milligan gold-copper alkaline porphyry 

deposit is large compared to Afton, Copper Mountain and 
other similar deposits. It formed by hydrothermal activity 
related to emplacement of the MBX stock into the Takla 
Group. On a property scale the alteration and mineral zon- 
ing are consistent with previously described models for 
alkaline porphyry deposits (cj:: diorite model of Lowell and 
Guilbert, 1970; Barr et al.. 1976; Fox, 1989). As in most 
porphyry deposits detailed patterns of alteration and metal 
zoning are complex where alteration assemblages overprint 
each other. The overprinting probably represents either sep- 
arate pulses of alteration, or changes of the physical and 
chemical properties of the hydrothermal solutions with time 
and distance. 

The highest gold assays and chalcopyrite estimates corm 
late directly with potassic alteration. This is particularly 
clear from the close correlation (Figure 2-6-2) between the 
distribution of gold and copper (Figures 2.6.3,4 and 6) and 
the biotite-rich zones (Figure 2-6-S). Gold distribution in 
the southeastern part of the deposit (Figure 2-6-l) is 
unusual. A gold zone, centred at 9250 north and I3 300 east 
(Figures 2-6-l and 2-h-3) is anomalous. Copper concentra- 
tions are low and gold values are high. Both potassic and 
propylitic alteration are associated with this mineralization. 



This might he explained by overprinting of earlier potassic 
alteration by later propylitic alteration. This anomaly, fold 
associated with epidote, is being investigated. 
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INTRODUCTION 
For the past decade, the Toodoggone district has been an 

active area of mineral exploration, and has recently become 
an important area of gold and silver production. The district 
contains one of British Columbia’s largest gold-silver mines 
(Lawyers), as well as smaller scale current and past- 
producers (Shasta and Baker mines, I-espectively). Several 
gold deposits have drill-indicated reserves and await pro- 
duction decisions (e.g. Bonanza), and numerous other gold- 
silver-copper prospects are in various stages of exploration. 

The deposits range from gold-rich porphyry-style 
deposits, to deep-seated precious and base metal bearing 
stockworks and veins, to near-surface replacement-type 
gold mineralization. The most economically significant 
deposits exhibit characteristics typical of epithermal altera- 
tion and mineralization of both adularia-sericite and acid- 
sulphate affinities. The former class of deposits is repre- 
sented by the Lawyers AGB and Cliff Creek zones and the 
Shasta deposit, and the latter by the Bonanza deposit. These 
four deposits also contain most of the known reserves in the 
district. 

The most important lithologic assemblage in the area is 
the “Toodoggone volcanics” (Carter, 1972). These consist 
of dominantly and&tic to dacitic pyroclastics and flows of 
apparent Early to Middle Jurassic age, and have been 
described by Schroeter (19X1; 1982). Panteleyev (1982; 
1983). Diakow (19X4), Forster (1984). Diakow P, a/. 
(1985), and Marsden and Moore (,198Y, 1990). The Toodog- 
gone volcanics are underlain by Upper Triassic mafic to 
intermediate volcanics of the Stuhini Group, and are over- 
lain by Cretaceous-Tertiary elastic sediments of the Sustut 
Group. Gold-silver mineralization is primarily hosted by the 
Toodoggone volcanics, and to a lesser extent, by the Stuhini 
and Asitka groups, and Lower Jurassic felsic to intermediate 
intrusive rocks. The major ore deposits in the district have 
been described by Vulimiri et al. (1987; Lawyers), Thiersch 
and Williams-Jones (1990: Shasta), Clark and Williams- 
Jones (19X6; Bonanza), and Barr ( 1978: Baker). 

The objective of the current study is to clarify the age of 
the Toodoggone volcanics and the related epithetmal gold- 
silver deposits. This report presents seven new ““Ar/“Ar 
age determinations, and discusses the results in terms of the 
implications for mineral exploration and metallogeny in the 
Toodoggone district. 

PREVIOUS DETERMINATIONS OF AGE 
RELATIONSHIPS 

Several K-Ar studies have been conducted on the 
Toodoggone volcanics, and have yielded ages that range 
from 204 to I82 Ma. When correlated with geological 
observations, these ages appear divisible into groups that 
correspond to two stages of volcanism: an older, lower stage 
with ages of 204?7 Ma (Pantele:yev, 1983), 20:!t7,200?‘7, 
2OOZ7, lYYZ7and 197?7Ma(Diakow, 198S:~,and lKYi:6 
Ma (Carter, 1972; age recalculated using the constants of 
Steiger and Jiiger, 1977); and a younger, upper stage with 
ages of 183-t8 and 1822X Ma (Gabrielse et a!., 1980; first 
value recalculated using const;mts of Steiger and Jtiger, 
1977). The lower volcanics are dominantly and&tic 
pyroclastic and flow rocks, and are characteri:xd by wide- 
spread propylitic and reolitic alteration. The upper vo- 
canics correspond to the “grey &cite” and eqrrivalent units 
of Diakow et al. (198.5). and overlying rocks recently 
mapped by Marsden and Moore (1990). These volcanics 
consist of dominantly and&tic to dacitic ash-flow tuffs that 
generally lack significant epithermal alteration. All epither- 
mal gold-silver deposits and pronpects discovered thus far in 
the district are restricted to the lower Toodoggone volcanics 
and underlying units. On the basis of these ge,ological rela- 
tionships, Clark and Williams-Jones (1987, lY88) proposed 
division of the Toodoggone volcanics into two stages, with 
mineralization having occurred during Stage I and/or 
between Stages I and II. 

The timing of Toodoggone Stage I volcanism is con- 
strained by K-Ar age determin:rtions spanning 204 to 1% 
Ma. However, the sample of tlte oldest Stage I rock (204 
Ma, Panteleyev. 1983: “Adoogttcho Formation” of Diakob 
ef al., 1985) was re-analysed by the 4”Arll’fir method bq 
Shepard (1986) and yielded a plateau age of 1!)7.6?0.5 Ma. 
This suggested that the Stage 1 volcanics range: between 198: 
and 189 Ma in age. Toodoggone Stage II volcanics are more 
poorly constrained by two K-Ar determinations of I83 and 
I82 Ma. The relatively wide mnge of K-Ar ages for vol.- 
canic rocks in the district is greater than that expected fol. 
Hazelton-equivalent volcanism elsewhere in north-central 
and northwestern British Columbia. There is a clear need 
for additional high-precision age determinations to elucidate 
the ages and relationships of the Toodoggone volcanics. 

Whereas the ages of the volcanics are at last somewhat 
constrained, there is poor agreement on the timing of miner- 
alization. Potassium-argon ages of epithermal alteration 
range from Early to Late Jurassic, and most d~ates appear m 
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be too young to be geologically reasonable. Schroeter ef 01. 
(1986) reported K-Ar ages for adularia from the Lawyers 
AGB deposit (18026 Ma), the Golden Lion prospect 
(176?6 Ma) and the Metsantan prospect (168?6 Ma). The 
K-AI ages of acid-sulphate alteration and related deposits 
have been determined for the Alberts Hump alunite zone 
(lY(li7 Ma, alunite; Schroeter, 1982). the Jan alunite done 
(l!J3?7 Ma, alunite; Clark and Willi;tms-Jones, 19X9), and 
the Bonanza and BV deposits (17126 and 152fS Me. 
sericite; Clark and Williams-Jones, 1989). Clark and 
Williams-Jones (1989) suggested that the adularia and 
sericite dates were minimum ages due to loss of small 
amounts of rediogenic argon. Whether Toodoggone gold- 
silver mineralization is restricted to mid-Toarcian 
(-190 Ma) and older rocks (Clark and Williams-Jones. 
19X7) or postdates the youngest volcanism in the area by 
several million years (Schroeter et al., 1986). remains to be 
clarified by our ““Ar/“Ar study. 

““ArPAr ANALYSES 
Step-heating 4”Ari’“Ar analyses were conducted on three 

sampler of hornblende separated from Toodoggone volcanic 
rocks, and four samples of potassium feldspar and sericite 
separated from hydrothermal alteration zones directly asso- 
ciated with gold-silver mineraliration. The samples from 
volcanic rocks were selected to evaluate the age relationship 
between the two main stages of Toodoggone volcanism. 
Samples from ore zones were chosen to accurately date the 
most important deposits in the area. to provide information 
on the relationship between deposits associated with both 
adularia-s&cite and acid-sulphate alteration styles, and to 
constrain metallogenic events in the district. 

SAMPLE DESCRIPTIONS 
Sample SH-I I is from an and&tic crystal-lapilli tuff unit 

(“Unit 9” of Marsden and Moore. 1990) located I.5 kilo- 
metres north of the Shasta mine (Figure 2-7-l). The tuff is 
the youngest unit of the Toodoggone Stage 1 volcanics in the 
Jock Creek area. Hornblende comprises 3 per cent of the 
rock, and consists of euhedral to broken crystals (200-1000 
pm) that exhibit no evidence of alteration. Lithic fragments 
in the tuff sample are similar in composition to the matrix 
and crystals, and contain optically identical hornblende 
grains. 

Sample BK87.03 was collected from the “Tiger Notch 
area”, 1.X kilometres north of the Baker mine (Figure 
2-7-l). The sample is from the basal part of an andesitici 
dacitic ash-flow tuff that forms the major unit of the second 
stage of the Toodoggone volcanics (“grey dacite” unit of 
Diakow er ul., 1985). Hornblende comprises 5 per cent of 
the rock and consists of euhedral to broken crystals 
(2001500 &m) with slightly oxidized rims (S-IO pm thick). 

The material used from sample GSC 76-77 consists of a 
hornblende separate, part of which has been previously 
analysed by the K-Ar method. The original sample was 
obtained from an outcrop mapped by Diakow et al. (I 985) 
as part of the “grey dacite” unit. located approximately 
9 kilometres north-northeast of the Kemess prospect (Figure 

2-7-l). The hornblende gave a K-Ar age of 18328 Ma 
(Gabrielse PI al., 1980: age recalculated using the constimts 
of Steiger and JHger, 1977). 

Sample LW-(137 is from an andesiticidacitic tuft. 
(“welded trachyte tufl”’ unit of Vulimiri ef al., 19X7) 
exposed in the 1750.level adit of the AGB zone at the 
Lawyers mine (Figure 2-7-l). The sample exhibits strong 
potassic alteration, brecciation and gold-silver mineraliz- 
lion. Alteration is complete, and no primary potassium- 
bearing phases remain from the original tuff. The sample 
consists of 40 to 50 per cent potassium feldspar as replacr- 
men& of plagioclase crystals (200-3000 &ml. and as altera- 
tion of the tuft’ matrix (20-100 wm). Minor sericite 
(<3 per cent) occurs as irregular alteration patches in the 
potassium feldspar. but is considered to be synmineralirn- 
tion in age. Fracture-controlled ankerite alteration locally 
overprints the potassium feldspar. 

A similar sample of material rich in potassium feldspar 
(LW-01 I) was obtained from a trench on the Cliff Creek 
zone at the Lawyers mine (Figure 2-7-l). The sample is 
from an andesiticidacitic tuff unit (“upper andesite” of 
Vulimiri er lri., 1987) that has been potassically altered and 
locally brecciated, and contains gold-silver mineralization. 
Alteration is complete, and no primary potessic phases 
remain in the rock. Potassium feldspar comprises 30 to 40 
per cent of the sample. and consists of replacements of 
plagioclase crystals (200-2000 p.m) and alteration of the tuff 
matrix (20.100 km). Sericitic alteration of the potassium 
feldspar is minor (<I per cent), and is considered to be 
associated with the mineralizing event. 
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Fi$urc 2-7-l. Distribution of the Toodoggone volcanics and 
locations of samples used for ~“Ar/“Ar analyses. 



Sample SHX4-03 is from 94.5 metres depth in drill hole 
X4-03 on the Crtxk zone ilt the Shasta mine (Figure 2-7. I ). 
The rock is a dxitic ash-flow tuff (“llnit 5” of Marsden 
and Moore. IYOO) that ha\ undergone intense potassic 
alteration. and contains quartz stwkrvorks and weak gold- 
silver mineralization. Potassium feldspar in the sample is 
well crystallized. and genel-ally appears to have been pre- 
crp~tatd in open space created by an earlier alteration and 
dis\olurion went. The potassium feldspar exhibits an 
adularia-type habit (Felsobanya), and comprises X0 to 90 
per cent of the sample. Adularitt occurs as euhrdral to 
suhbedral grains (SO-X00 +“I) and as fine-gwincd 
i<25 pa11 llooding of the matrix. Larger grains contain 
rlightly turbid ccntra due to finely disseminated hematite. 
Minor sericitic idtcrittion. (<5 per cent) occurs as irregulw 
patches throughout the sample. but is considered to have 
formed clascly after mineralization. 

Sample AXX-33 is fwm 73.X metrcs depth in drill hole 
XX-33 on the South Bonanza zane of the Bonnn~a deposit 
(Figure 2-7-l). The Bw~anza deposit is characterized by 
acid-sulphae alteration. hut locally contains sericitc at 
depth. The hostmck is an andesitic to dacitic ash-flow tuff 
that has undergwe complete alteration to a sericite-quartr- 
pyrite aswnblagc th”t contains gold. The sample comists of 
60 to 70 per cent sericite that X-ray diffraction indiatcs to 
he dominantly 1 M illite. The sericite grains a~ subhedrttl 
(20-200 ~JTI) and generally replace the wiginally feld- 
spathic components of the luff. Tr”ces of dickitc occur 
locally in quartz and sericire. 

ANALYTICAL METHODS 
M”st of the minclal separations. and all the argon drter- 

minations were conducted in the Department of Geology. 
University of Maine at Orono. under the direction of Daniel 
R. Lux. Samples were crushed and sieved to uniform grain 
sizes, and standard magnetic and density Imethods were used 
to extract hornblende. potassium feldspar and sericite. The 
mineral separates were encapsulated in foil and sealed in 
silica-glass tubes. and then irradiated in the HS facility of 
tbr Ford nuclear reactor at the University “1 Michigw. 
MMhb- I (Alexander (‘f ol., 147X) and everal internal sta- 
dards were used as irradiation monitors. The irrediatcd 
samples were heed in molybdenum crucibles in an ultril- 
high vac”“m system using a radio frequency induction 
furnace. Standard gcttering techniq”cs were employed to 
purify the rare gases from the sample. The argon isotopic 
compositions were measured with a Nuclide 6-60.SGA 
mass spectrometer. Peak height-time values were extrepo- 
lated to time-zero by both linear and quadratic routines. 
Aliquots of atmosphrric argon were analysed daily in order 
to determine mass discrimination values. Pmasium and 
calcium salts were analysed with each batch of samples to 
determine correction f:tctors for unwanted argon irradiation 
products. 

Ages and errors were calculated using the equations of 
Dalrymple of 01. (19X I), and the decay constants and iso- 
toptc compositions of Steiger and Jligcr (lY77). Errors are 
gtven for two standard deviations, plus a 0.5 per cent “ncer- 
tainty in the irradiation parameter (J). Plateaus were deter- 

mined “sing the criteria of Fleck et al. (1977), and the 
critical value test (Dalrymple and Lanphere, 1969) was used 
to evaluate concordance between successive increments. 

RESULTS 
The results of the ““Ar/?‘Ar :malyses and apparent ages 

of the gas fractions are given in Table 2-7. I. 
Sample SH-I I, from the upper strata of the first stage of 

the Toodoggone volcanics, has a total gas age of 197.952.2 
Ma. The high ages of the lowe: temperature gzas fractions 
show that the hrxnblende contains some excess 4”Ar. Stan- 
dard data treatment yields a plateau age of 19S.l? 1.6 Ma 
(Figure 2.7-2~1). Use of the isotope correlaticn data treat- 
ment (Fig. 2.7-2b) indicates th.a the sample has a nonat- 
mwpheric J”Ar/‘hAr ratio of 33’71-9, which allows calcula- 
tion of an adjusted plateau age of 193.8?2.d Ma (Figure 
2-7-2~). This result can be considered to approximate the 
mnmum age for the Toodoggone Stage I volcanic rocks. 

Hornblende (BK87-03) from near the bax of Toodag- 
gone Stage II wlmnics also contains minor excess argon, 
and has a total gas age of 197.X52.5 Ma. Standard tre;,t- 
merit of the data suggests a platen” age of 194.42 1.9 Ma 
(Figure 2-7-38). The isotope cotrelation mcthnd indicates a 
relatively high .“‘Arl’“Ar composition of 349127 (Figure 
2.7.3b3, and yields a recalculated plateau age of 192.Yi2.7 
Ma (Figure 2-7-3~). 

In order to check the apparc:nt closeness in age of the 
upper Stage I and lower Stage II volcanics, we analysed an 
additional hornblende separate (GSC 76.77) fil.)m the “grzy 
dacite” unit. The sample shows evidence of a disturbed 
argon history in the lower temperature gas frictions which 
may he due to a superimposed cxccss J”Ar component and a 
slight argon loss. The total gas age is 193.0?:2.4 Ma, and 
the plateau age is 193.812.5 M~a (Figure 2.7.4e). The ix- 
tape correlation treatment in&catcs a near-atmospheric 
““ArlZ”Ar ratio of 27X1- 12. and a concordant intercept age 
of 194.2t3.6 Ma (Figure 2-7.,4h). The age of the basal 
Toodoggone Stage II volcanics thus falls in the range of IY4 
to lY3 Ma, and must be only slightly younger than the 
underlying Stage I rocks. 

Semplc LW-037, :I potassiur~ feldspar separnte from the 
AGB deposit nt the Lawyers mme, yields quite stmightfor~ 
ward results. The lower temperature steps of the age spcc- 
trum show that the feldspar has undergone minor loss 01 
radiogenic argon (J”Ar); the sample has a total gas age 01 
1X6.05 1.5, Ma. The plateau age is 188.2-t2.3 Ma (Figure 
2-7-S). and the isotope correl;ttion method indicates an 
atmospheric 4”ArlZ”Ar composition of 291 277 and an 
intercept age of I X8.0? I .X Ma. 

A potassium feldspar separate (LW-01 I) from the Clif 
Creek zone of the Lawyers mine yields resu~lts similx to 
those for the AGB deposit. There is a very slight 4”Ar 10s:. 
suggested by the lowest temperature gas fracrions, and the 
total gas age is lxx.1 23.9 Ma. The plateau age i>, 
1X9.722.6 Ma (Figure 2-7-6). The main orebodies at the: 
Lawyers mine are therefore well constrdined. with an age oi 
190 to IXX Ma. 

The results from the Shasta mine adularia sample: 
(SHX4-03) are quite similar to those from the Lawyen. 
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mine. The lowest temperature gas fractions indicate that 
there has been minor loss of radiogenic argon; the total gas 
age is 187.1 i 1.9 Ma. The standard data treatment yields a 
plateau age of 188. I? I .R Ma (Figure 2.7.7a), but the iso- 
tope correlation technique suggests a slightly higher than 
atmospheric “‘JArPAr ratio of 326249 and an intercept age 
of 186.7ir2.0 Ma (Figure 2.7-7b). Applying the nonat- 
mospheric 4”APAr composition to the data results in an 
adjusted plateau age of 186.75 1.7 Ma (Figure 2-7-7~). 

Sample A88-33, consisting of sericite from the Bonanza 
deposit, gives a fairly complicated gas-release pattern. In 
addition, the sample was heated to relatively high tempera- 
tures prior to the first gas analyses, which further compli- 
cates interpretation of the results. Most of the argon was 
released from the &cite in the first three steps, and yielded 
unexpectedly old apparent ages for these gas fractions. 
Higher temperature increments give younger ages but 
involve only small amounts of argon. The total gas age for 
the sample is 206.8t2.3 Ma, and the plateau age by stan- 
dard calculation is 207.752.7 Ma (Figure 2-7-8~1). These 
ages are geologically unreasonable (i.e. older than the host- 
rocks), as is the intercept age from the isochron diagram. 
However, the age spectrum only provides a model age, and 
following the approach of Heirler and Harrison (1988). may 

be resolved into thermally and compositionally distinct 
argon components. For example, the last three gas fractions 
define an isochron which has an atmospheric ““APAr 
ratio of 291223, and an intercept age of 195.925.9 Ma 
(Figure 2.7.8b). Steps 1, 2 and 5 indicate a high 4°Ar/‘hAr 
ratio of 544% 192 and an intercept age of 196.4k4.7 Ma 
(Figure 2-7.Xb). The inclusion of steps 3 and 4 in the 
treatment of isotope correlation data results in unreasonably 
old ages. The preferred interpretation for the age of the 
sericite is thus approximately 196 Ma. As ages older than 
approximately 197 Ma are not geologically reasonable, the 
20 error limit allows for ages in the range of 197 to 190 Ma. 

Sample AR-33 may have been affected by processes that 
could have disturbed the argon systematics: excess argon, 
recoil phenomena and mixed phases. Excess argon could 
have been introduced into the sericite during emplacement 
of dacitic porphyry dikes thought to postdate, but be closely 
related to formation of the Bonanza deposit. Two narrow 
(l-2 m) dikes occur within IO metres of the sample location, 
and a larger dike (20-30 m thick) is projected to occur 
approximately 100 metres away. Argon, with a non- 
atmospheric ““ArPAr signature, may have affected the 
sericite during the thermal disturbance associated with dike 
emplacement, and be responsible for the difficulties in inter- 
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preting steps 3 and 4. It is not possible to resolve these steps 
without an additional heating experiment using a larger 
number of steps. A less likely problem, but one worth 
considering, is the possibility of recoil effects during irra- 
diation. For illite, Halliday (1978) has shown that J”Ar can 
be readily lost from fine-grained (<S +m) material during 
irradiation, which leads to anomalously high apparent ages. 
The illite in sample A%-33 is significantly coarser grained, 
averaging 20-200 micrometres, but some of the grains at the 
lowerend of this range could have been affected by recoil to 
some degree. However, the illite in sample AK-33 is domi- 

Geological Firldwrk 1990. Paper 1991-l 

nantly of the lm polytype, and may be less affected by 
recoil than more disordered illite. For example, Hunziker 
ef a/. (1986) found that 2m, illites were more resistant to 
recoil than IMd illite, even in similar size fractions. There- 
fore, recoil effects were probably not sufficient to control 
the distribution of argon in this sample. A final possible 
problem with sample AW33 is the purity of the mineral 
separate. Although every effort was made to attain a high 
degree of purity, the drop in calculated potassium/calcium 
ratios in the last few heating steps suggests dqassing of a 
small amount of a low-potassium mineral phase. The only 
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Figure 2-l-28. Age spectrum for hornhlrnde SH-I I. Figure 2-l-28. Age spectrum for hornhlrnde SH-I I. 
from the upper strata of the Toodoggone Stage I volranics, from the upper strata of the Toodoggone Stage I volranics, 
calculated assuminz an almosohcric comoosition calculated assuminz an almosohcric comoosition 
(“‘ArPAr=ZYS.S) forTrapped argon: T, is the lovai gas age, 
and 7, is the plateau age. 

Figure 2.7-2h. lsochron diagram for step-heating data 
from hornblende SH-II. The J”Arl~‘hAr,=3379. and the 
intercept age is lY3.8?1.3 Ma (MSWD=2.8). 

Figure 2-7-2~. Aye spectrum for hornblende SH-I I cal- 
culated using the trapped 4C)Ar13hAr ratio indicated hy the 
isotope corelalion data treatment. 

Figure 2.7-k Age spectrum for hornblende BKX7~03. 
from the lower slrala of the Toodoggone Stage II volcanics. 
calculatrd assuming an atmospheric argon compusilion. 

Figure 2-7-3 lsochron diagram for step-hcaring data 
from homhlende BK87-03. The “~Ar/i”Ar,=349k27. and 
the intercept age is lY2.9kl.7 Ma (MSWD=3.3). 
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Figure ?-7-4h. kochron diagram for sep-heating data 
from hornhlcnde GSC 76-77. The ‘“‘ArP”Ar,=278? I?. and 
the intercept age is 194.2kt3.6 Ma (MSWD=?.h). 

Figure 2-7-7h. kochron diagram for step-heating data 
from adularia SHX4-03. The ai’Ar/3GAr,=32hk49, and the 
intercept age is 1X6.722.0 Ma (MSWD=2.8). 



C”m”la,i”e % 3% Released 
Figure 2-7-7~. Age spectrum for adularia SH84-03 cal- 

culated using the trapped ~ArlxhAr ratio indicated by the 
isotope correlation data treatment. 
220 

Figure 2.7.Xa. Age spectrum for sericite A%-33, from 
the Bonanza deposit, calculated assuming an atmospheric 
composition for trapped argon. The total gas and plateau 
ages are too old to be geologically reasonable. 

Figure 2.7.8b. lsochron diagram for step-heating data 
from sericite A88-33. Two linear arrays are defined by the 
data which yield an age of 196 Ma, but appear to have 
different trapped 4”Ar/lhAr ratios of 5432 lY2 (MSWD=6) 
and 291 Z23 (MSWD=6). Steps 3 and 4 (circles) cannot be 
resolved without additional information. 
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possible contaminants are quartz and dickite. Both these 
minerals formed contemporaneously with the sericite: trace 
amounts of potassium from inclusions, and recoil-induced 
IsyAr may have been released from these minerals during the 
higher temperature heating steps. 

The concordance of isochrons using both low and high- 
temperature gas fractions (Figure 2.7.8b) suggests that, 
despite the complications discussed above, the 4”Ar/39Ar 
data provide a reasonable estimate of the age of alteration in 
the Bonanza deposit. 

DISCUSSION 
The results of this 4”Ar/‘gAr study have important 

implications for the age of both the Toodoggone volcanics 
and related epithermal gold-silver deposits. 

In general, the Toodoggone volcanics are older than was 
suggested by previous K-Ar data, and are much more 
restricted in their range of ages. The basal Toodoggone units 
have been fixed at - 197.6 Ma by the 40A1/~‘Ar analysis of 
Shepard (1986). and the youngest age determined in our 
study for rocks near the top of the volcanics (“grey dacire” 
unit) is -192.9 Ma. Although a small volume of younger 
volcanics overlying the “grey dacite” unit has been mapped 
by Marsden and Moore (1990), and erosion has not been 
taken into account, most of the Toodoggone volcanics 
appear to have formed during the earliest Pleinsbachian 
through the earliest Toarcian (i.e. entirely Early Jurassic; 
boundary estimates from Kent and Gradstein, 1985). Within 
this range it is possible to divide the volcanics into two 
stages on the basis of geological observations, but the stages 
cannot be distinguished from the geochronological data 
alone. Stage I rocks exhibit widespread, low-grade altera- 
tion, contain numerous gold-silver showings and range in 
age between 198 and 194 Ma. Stage II volcanics are less 
altered than Stage I, are not known to host significant 
mineralization, and have an age range in of 194 to 193 Ma. 
The 2n errors in the 4”Ar/79Ar ages are large enough to 
allow a hiatus of up to several million years between stages, 
but the stages are of essentially the same statistical age. For 
these reasons, we prefer to retain the division of the 
Toodoggone volcanics into two stages until such time as 
data clearly to the contrary become available. 

The timing of the gold-silver mineralizing event in the 
district is significantly older than was suggested by previous 
K-Ar data. Deposits related to adularia-sericite alteration 
(e.g. Lawyers AGB and Cliff Creek, Shasta) formed 
between 187 and 190 million years ago, that is up to several 
million years following cessation of the main part of 
Toodoggone volcanism. In contrast, deposits associated 
with acid-sulphate alteration may have formed earlier in the 
Toodoggone volcanic history. The Bonanza deposit has an 
age of -196 Ma and thus formed synchronously with 
Toodoggone Stage I volcanism. Although alunite 40Ar/3’Ar 
ages were not determined in this study, the previous K-AI 
ages for alunite of 19057 Ma (Alberts Hump; Schroeter, 
1982) and 19317 Ma (Jan; Clark and Williams-Jones, 
1989) are much older than K-Ar adularia and sericite dates. 
These alunitic alteration zones may also have formed during 
Stage I volcanism. A similar relationship, with adularia- 



sericite-related deposits forming up to several million years 
after the hostrocks, and acid-sulphate-type deposits forming 
almost contemporaneously with volcanism, has been docu- 
mented for a number of other epithermal districts (ct Neald 
Cf al., 1987). 

In spite of the paucity of alteration and mineralization in 
the Toodoggone Stage II volcanics, it appears that these 
rocks do constitute prospective units for exploration for 
Lawyers-type gold-silver deposits. Our revised metal- 
logenic model suggests that all Toodoggone volcanics, 
underlying units, and coeval intrusions could contain epi- 
thermal mineralization. Regional-scale, low-grade alteration 
and acid-sulphate style gold mineralization appear to be 
restricted to the older, Stage 1 volcanics and possibly under- 
lying units. However, all epithennal gold-silver mineraliza- 
tion in the district appears to have been related to 
Pleinsbachian to earliest Toarcian volcanic events, and mid- 
Pleinsbachian to mid-late To&an hydrothermal activity. 
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GEOLOGY AND NOBLE-METAL GEOCHEMISTRY OF THE LUNAR CREEK 
ALASKAN-TYPE COMPLEX, NORTH-CENTRAL BRITISH COLUM[BIA* 

(94303, 14) 

By J.L. Hammack and G.T. Nixon; 
W.P.E. Paterson and C. Nuttall, Consultants 
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INTRODUCTION 

Alaskan-type complexes in British Columbia are poten- 
tially important hosts for economic concentrations of 
platinum-group elements (PGEs: Ruhlee, 1986; Evenchick 
er al.. IYXh) as well as other commodities such as chrome, 
nickel, cobalt, gold. jade and asbestos. To date, only the 
platinum-rich placers of the Tulameen complex have been 
exploited economically, yielding some 680 000 grams of 
impure platinum nuggets hetwcen the years IXXS and 1932 
(O’Neil and Gunning, 1934). The source of the placer 
nuggets has been traced to chromitite horizons within the 
dunite core of the Tulameen complex (Nixon of al.. 199Oa), 
and the chromitite-PGE association appears to he one of the 
most favourahle exploration tergcts for lode occurrences of 
PGEs in British Columbia (Nixon and Hammack, 1990). 

The Lunar Creek complex is part of the “Polaris suite” of 
Alaskan-type intrusions, a series of mafic-ultramafic com- 
plexes concentrated in northern British Columbia along an 
arcuate zone around the northern and eastern margin of the 
Bowser basin (Figure 2-X-l). All lie within the 
allochthonous Quesnel and Stikine terranes which were 
amalgamated prior to accretion with the North American 
craton in the Mesozoic (Wheeler and McFerley, 1987) and 
form part of the lntermontane Supertemme. These intru- 
sions are typically spatially associated, and believed to he 
coeval, with augitc-phyric volcanic rocks of the Upper Tri- 
assic Takla and Stuhini groups (Irvine, 1976). The size of 
individual intrusive bodies ranges from less than I square 
kilometre to 60 square kilomews, and outcrop patterns vary 
from round or elliptical to markedly elongate. Elongate 
intrusions have a northwesterly orientation, parallel to the 
tectonic grain of the region. These intrusions generally 
exhibit a crude concentric zonation such that ultramafic 
lithologies in the came grade outward into gahhroic 
lithologies at the margins. In all, nine Alaskan-type intru- 
sions have been examined over the course of this project: 
the Polaris (Nixon E, al., IYYOd, e), Wrcde (Hammack of al., 
lY9Oa, b), Johanson (Nixon ef al., l99Oh), Turnagain 
(Nixon er ul., 1989a), Menard, Gnat Lakes. Hickman 
(Nixon ef ul., lYX9h) in northern British Columbia, and the 
Tulameen complex (Nixon and Ruhlee, 198X: Nixon, IYXX; 
Nixon ef ul.. 1989c, 1990a) in south-central British Colum- 

bia. Although similar in many respects, each has its own 

unique characteristics. 
Ultramafic lithologies characteristic of Alaskan-type 

intrusions lie along the join between olivine and clinopyrox- 
ene in Figure Z-X-2. This diagram essentially illustrates the 
IUGS classification scheme (Lt:Maitre, 19X9:’ with modi- 
fications to include the olivine wehrlite field (65 to 90 per 
cent olivinr and IO to 35 per cent clinopyroxcne) that was 
found to he useful for mapping purposes. 

Fieldwork at Lunar Creek was conducted during the 
summer of 1989, and this report summarizes tix geology of 
the previously published Open File map (Nixon ef al., 
1990~). The project area is covered at a scale ‘of I:250 000 

by the Finlay River map sheet (Y4E) and I:50 000 topogra- 
phy maps (Y4E/l3 and 14). Aeromagneric maps are not 
currently available. 

LOCATION AND ACCESS 
The Lunar Creek ultramufic complex (57”55’N, 

127”28’W) lies within the Stikine Ranges of the Omineca 
Mountains, approximately I kilometre northwest of the 
headwaters of Lunar Creek (Figure 2-X-3). Lunar Creek 
drains southward into the Chuckachida River, ,I tributary of 
the Stikine River. Access to the complex was lby helicopter 
from Sturdee airstrip in the Toodoggone River area, which 
is serviced by scheduled ilights from Smitherr,, or by vehi- 
cle along a well-maintained d&t road stretching from Fort 
St. James to the Cheni mine. Access to the northern part of 
the road is restricted and requires permission from mine 
management. The complex lies completely above treeline 
and is best exposed along ridge: crests and high on valley 
walls. Glacial till and talus aprons cover lower valley walls 
and tloors. 

GEOLOGIC SETTING .4ND 
GEOCHRONOMETRY 

The Lunar Creek ultramafic complex was first recognized 
in 1973 during regional geologic mapping by the Geological 
Survey of Canada (Gahrielse and Dodds, 19741. Later, more 
detailed mapping was completed by Irvine ( 19’76) as part of 
a study of Alaskan-type ultramafic hodies in the Finlay 
River map area (Irvine. 1974a. 1976). 

The complex lies within Quesnellia, at the boundary 
between the Stikine and the Quesnel tectonostratigraphic 
terranes. In the study area, this boundary is defined by the 
Kutcho fault which marks the western margin of the ultra- 
mafite (Figure Z-X-4). Zircon from diorite within the Lunar 
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Figure 2-8-1. Disrribution of major Alaskan-type ultramafic-mafic complexes in British Columbia and southeastern Alaska and 
coeval volcanic rocks in relation to tectonortratigraphic terranes of the Cordillcra. 



Figure 2-8-2. Classification of ultramafic rocks (modi- 
fied after Le Maitre, 1989). Lithologies encountered in 
Alaskan-type complexes in British Columbia lie along the 
olivine-clinopyroxenite join; other c~nmmn rock types 
include hornblende clinopyroxenite (<SO per cent 
hornblende), ctinopyroxene hornblendite (>SO per cent 
hornblende) and homblendite. 

Figure 2-X-3. Location of the Lunar Creek 
mafic-ulrramatic complex. 

Creek complex has yielded a U-Pb age of Middle Triassic 
(23722 Ma; L. Heaman, personal communication, 1990). 
Along its eastern margin, the ultramafite lies in contact 
with, and may intrude, foliated augite-phyric volcanic rocks 
which, on the basis of lithology, are assigned to the Upper 
Triassic Takla Group. Granitoids of the Early Jurassic Pit- 

man batholith, part of the Gllichon suite Iof intrusions 
(Woodsworth er al., in press), intrude these wlcanic rocks 
as well as ultramafic rocks of the complex. Potassium-argon 
ages, determined on hornblende from this batholith, are 
182% I3 (2 rr) Ma (Gabrielse cr al., 1980) and 190-CR Ma 
(Wanless et al., 1979; Gabrielse et al., 19X0). 

The Kutcho fault separates the southwest margin of the 
ultramafic complex, which lies in Quesnellia, from Pal- 
eozoic and younger rocks within Stikinia. Paleozoic rocks 
in the area are believed to range in age from Devonian to 
Permian (Thorstad, 1980; HGabrielse, personal communi- 
cation, 1990). Rocks of the Upper Triassic Stuhini Group 
are also represented west and wuth of the study area. These 
arc-derived volcanic and cl&c rocks have bee:” intruded by 
granitoids of the Late Triassic to Early Jurassic Stikine, 
batholith [222?lO (2 u) Ma, K-AI date on hornblende: 
Dodds in Wanless et al., 1979; Anderson, 19841 as well 81. 
granitoids of the previously mentioned Early Jurassic 
Guichon suite. Biotite from granite of the Mount Albert 
Dease pluton, which is pan of the Three Sisters suite 01 
intrusions found south of the ultramafic complex, ha:: 
yielded a K-Ar age of 167i-6 (2 u) Ma (Dodd, in Wanles:; 
et al., 1979; Woodsworth et al., in press). The Three Sister!; 
suite is spatially and temporally associated ,uith volcanic 
and elastic rocks of the Lower to Middle Jurassic Hazelton 
Gr0lJp. 

STRATIFIED ROCKS 
Stratified rocks within the stlJdy area inch& both met& 

volcanic and metasedimentary rocks of the Takla Group, 
which crop out north and east of the complex and lie within 
Quesnellia, and an unnamed package of metavolcanic and 
metasedimentary rocks of Paleozoic age, which lies south- 
west of the Kutcho fault, within Stikinia. 

TAKLA GROUP 
Rocks tentatively assigned to the Upper Triassic Takla 

Group crop out north and east of the complex (Figures 2-8-4 
and 2-8-5). To the north, augite-plagioclase porphyry, vol. 
canic wackes and siltstones halve been metalmorphosed to 
lower amphibolite grade. To the east, the country rock is 
strongly sheared and metamorphosed, and varies from it 
medium-grained biotite schist to well-foliated amphibolite. 

The contact between rocks ,of the Takla Group and tht: 
Lunar Creek complex is a ductile fault zone. .4long it, both 
lithologies have been mylonitized. Mylonitired meta- 
volcanic rocks of the Takla Group (near Localities 3 and 4; 
Figure 2-8-6) are medium to dark grey to green-grey augite, 
augite-plagioclase and plagioclase-porphyritic actinolite 
schists. Augite augen, up to 0.7 centimetre in diameter, have 
been partially to completely alt,:red to pale green actinolite. 
Actinolite, seen in thin section, is the most common constit- 
uent of the matrix, forming laths parallel to the foliation. 
The remainder of the matrix consists of albite, epidote and 
clay minerals. Northeast of Locality 2, away from the 
mylonitic zone, the most common lithology is dark grey 
augite porphyry that is metamorphosed to lower amphi- 
bolite grade. 
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Figure 2-X-6. Location of lithogeochemical sample sites, numbered sequentially from north to south (c$ Table 2-8-l). 
Units and symbols as in Figure 2-8-5. 



Medium grey weathering, medium to dark grey siltstones 
and fine-grained volcanic wackes at Locality 1 have been 
metamorphosed to lower amphibolite grade. These rocks 
are well bedded, dip moderately toward the northeast and 
have a weak bedding-parallel foliation. Common constitu- 
ent minerals are plagioclase, potassium feldspar, green 
pleochroic hornblende and abundant idioblastic biotite that 
is oriented within the foliation. 

UNNAMED PALEOZOIC ROCKS OF STIKINIA 
Paleozoic rocks west of the Kutcho fault have not been 

assigned to a defined stratigraphic unit. Conodont analysis 
has shown that some of them are Mississippian in age 
(Thorstad, 19X0), and may range from Devonian through 
Permian (H. Gabrielse, personal communication, 1990). 
Regionally, lithologies include chlorite schist, sericite 
schist, phyllite, rhyolite flows and tuffs, then, sandstone 
and carbonate (Thorstad, 1980). In the study area, these 
Paleozoic rocks crop out adjacent to the southwestern mar- 
gin of the ultramafic complex, west of the Kutcho fault. 
They have been metamorphosed to upper greenschist grade 
and include medium grey-green to dark grey quartz- 
potassium feldspar-actinolite schist, medium green-grey sil- 
iceous siltstone and medium grey, gritty micritic limestone 
with thin chert beds. 

LUNAR CREEK MAFIC-ULTRAMAFIC 
COMPLEX 

The Lunar Creek ultramafic complex is an elongate body 
which measures more than II kilometres in length and 
4 kilometres in width at its widest point. The northwesterly 
trending long axis of the body parallels the structural grain 
of the region. The southwestern margin lies adjacent to the 
Kutcho fault, a major structure that juxtaposes the Quesnel 
and Stikine terranes. 

Several attributes set the Lunar Creek complex apart from 
other Alaskan-type complexes: 

0 Two gabbroic phases are present, one of which is 
ductily deformed and older than the main part of the 
complex. 

. Cumulate layering is locally very well developed in the 
ultramafic rocks, a rare feature in the Alaskan-type 
intrusions of British Columbia. 

0 Quartz-rich pegmatitic segregations are common in the 
gabbroic to dioritic phases, which also appears to be 
relatively uncommon in Alaskawtype intrusions. 

ULTRAMAFIC RICKS 
All ultramafic lithologies which typify Alaskan-type 

ultramafic intrusions are represented in the Lunar Creek 
complex. Dunite, chromitiferous dunite, wehrlite, olivine 
wehrlite, olivine clinopyroxenite, clinopyroxenite and gab- 
broic rocks are found. Of interest is the relatively low 
abundance of massive wehrlitic lithologies relative to, for 
example, the Polaris complex (Nixon ef al., 1990d, e), and 
the presence instead of chaotically mixed wehrlite and 
clinopyroxenite units. These chaotic domains often occur in 

gradational contact with adjacent ultramafic rocks and are 
most common at the transition between massive dunite and 
olivine clinopyroxenite (Figure :I-8-S). 

DUNITE AND CHROMITITE 

Massive dunite crops out in three areas (near Localities 
35, 42 and 59; Figure 2-8-6). underlying a ttotal area of 
approximately 1.5 square kilomctres. Dunite al,so occurs as 
irregular blocks within chaotic mixed zones, interlayered 
with wehrlite, and as dikes within massive dunite, wehrlite 
and olivine clinopyroxenite (Localities 5 and 14; Figure 
2-8-6). 

Commonly dunite is medium, grained and weathers pale 
orange-brown. Outcrops are ch:aracteristically smooth and 
rounded. Contacts with clinopyroxene-rich lithologies 
(wehrlite and clinopyroxenite) are gradational and marked 
by a gradual increase in clinopyroxene crystals. Serpentiniz- 
ation is pervasive near faults alnd near contacts with gab- 
broic units and country rock. Away from these areas the 
rock is comparatively fresh and composed mailnly of glassy, 
dark olive-green olivine. 

Although the contact between dunite and country rock 
was not observed, relationships :ruggest that it may be intru- 
sive in at least one location (Lwality 60; Figure 2-8-6). In 
this area, dunite adjacent to the contact is weakly serpen- 
tinized but shows no evidence of shearing, implying that the 
contact here is not faulted. Further, amphiboliwgrade meta- 
morphism of adjacent country rock may reprexnt a contact 
metamorphic aureole. 

Disseminated chromite is ubrquitous in dunite, typically 
forming 1 to 2 per cent of the rock. Chromitite schlieren 
occur locally, generally in c1u:~t.w of two or more (Plate 
2-8-l). Individual schlieren range in thickness from I tc, 

Plate 2-X-l. Deformed chromitile schlieren in dunite 
at Locality 44, IFigure 2-X-6. 
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Plate 2-X-2. Olivine clinopyraxenite to 
clinopyroxenite dikes in dunite. 

4 centimetres and in length from 20 to 30 centimetres. 
Locally, these schlieren are very strongly magnetic, sug- 
gesting that some of the chromite has been altered to 
magnetite. 

Chromitite schlieren are known to host platinum group 
element mineralization within the Tulameen complex 
(Nixon et al., 1990~1) and the Wrede complex (Hammack ef 
al., 1990a. b). The Lunar Creek complex is no exception to 
this trend. However, the amount of chromitite observed is 
small, which minimizes the economic potential for platinum 
group elements. 

Dunite bodies are commonly cut by swamn of ana- 
stomosing wehrlite, olivine clinopyroxenite, clinopyrox- 
enite and rare dunite dikes (Plate 2-8-2). These dikes range 
in width from 1 to 20 centimetres and are most common 
near gradational contacts with clinopyroxene-rich litho- 
logies. 

OLIVINE CLINOPYROXENITE AND 
CLINOPYROXENITE 

Olivine clinopyroxenite is the most extensive of the ultra- 
mafic lithologies exposed at the Lunar Creek complex 
(greater than 5 square kilometres). It is characterized by 
dark green to rusty brown, knobby-weathering outcrops. 
Fresh surfaces are dark green-grey and the rock is weakly 
magnetic. Clinopyroxene crystals vary from 2 millimetres 
to 3 centimetres in diameter, with a modal grain size of 
approximately 0.5 centimetre. Olivine grain size is fairly 
constant at 1 to 2 millimetres. Locally. both minerals show 
cumulate textures. In some cases, clinopyroxene is inter- 
cumulus and poikilitically encloses olivine. Phlogopite 
exists locally as an accessory phase. 

Contacts between olivine clinopyroxenite and other ultra- 
mafic lithologies are gradational, marked by an increasing 

Plate 2-X-3. Layering of coarse-gained clinopyroxenire- 
olivine wehrlire offset by small syndepositional fault, mixed 
layered unit 2b. south of Locality 5, Figure 2-X-h. 

or decreasing olivine component. A gradational relationship 
is also seen between clinopyroxenite and feldspathic 
clinopyronenite, marked by the appearance of plagioclase as 
an intercumulus phase. Rare layering, showing composi- 
tional and/or sire grading, was observed in all of these 
lithologies (Plate 2-8-3). 

Pods of dunite and wehrlite, up to 8 metres in diameter, 
are fairly common within the olivine clinopyroxenite unit, 
and are most common near gradational contacts with the 
chaotic mixed units described below. These pods may repre- 
sent fragments of crystalline material that broke away from 
the walls or roof of the magma chamber, or they might be 
disrupted ultramafic dikes. Locally, pods have been flat- 
tened and stretched into schlieren which reach I metre in 
width and several metres in length. Locally these schlieren 
have a well-developed foliation parallel to their margins. 

Hornblende clinopyroxenite is a rare rock type within this 
complex. Microscopic examination has shown that much of 
the hornblende observed in hand samples of clinopyroxenite 
is secondary, after clinopyroxene. Primary hornblende in 
clinopyroxenite was observed only at the narrow, grada- 
tional contacts between clinopyroxenite and hornblende- 
clinopyroxene gabbro. 

MIXED ULTRAMAFIC ROCK UNITS 

Mixed units comprise a variety of distinct ultramafic 
lithologies that are not mappable at I :I6 000 scale. Three 
varieties of mixed ultramafic rocks are observed: layered 
units which are sequences of interlayered clinopyroxenite, 



rotation has occurred since deposition, possibly as a result 
of slumping within the magma chamber prior to complete 
solidification. 

CHAOTIC MIXED ZONES 
Chaotic mixed zones are more widespread than layered 

zones. They consist of blocks of massive olivine 
clinopyroxenite to clinopyroxenile, up to 5 metres in diame- 
ter, set in a matrix of wehrlite to dunite; or blocks of olivine 
wehrlite/dunite/wehrlite in a clinopyroxenite miltrix. Blocks 
are typically angular to subrounded (infrequently rounded) 
and commonly exhibit sharp contacts with their hosts. Con- 
tacts between mixed zones and massive peridotite are grxk- 
tional and expressed by the appearance of scattered, irregu- 
lar blocks in the massive hostrock. The mixed nx~es can be 
subdivided into wehrlite-dominated and clinopyroxeniti:. 
dominated domains. 

The chaotic mixed zones may represent density flows 
resulting from the spalling of crystalline material from the 
walls and roof of the magma chamber; in somc cases, they 
may have formed by dike intrusion into consolidated cumu- 
late rocks that subsequently were deformed plastically. 
Clinopyroxenite to wehrlite dike:< are very common in cha- 
otic zones and add to the chaotic nature of the rock by 
further subdividing large blocks. It is likely that some dik- 
ing resulted from overpressuring of the underlying crystal 
mush, causing expulsion and upward migration of residual 
pore fluid through the cumulate pile. In fact, diking may 
have been promoted in chaotic zones, where rlumping of 
large blocks from the chamber walls and roof ,would result 
in rapid loading. 

REPLACEMENT DUNITE 

Locally, in clinopyroxene-rich lithologies, clinopyroxene 
crystals have been partially tcs completely replaced by 
olivine. This process resulted in the development of irregu- 
lar bodies of dunite and wehrlire within clinopyroxenites 
and olivine clinopyroxenites. A similar replacement phe- 
nomenon has been observed at the Duke lsland~ complex in 
southeastern Alaska (Irvine, 1974b. 1986). Replacement 
dunite appears to have resulted from the migration of an 
olivine-rich magma through a porous, clinopyroxene-rich, 
crystal mush. The resulting disequilibrium between olivine- 
rich magma within the pore spaces and the adjacent 
clinopyroxene crystals likely led to replacement of 
clinopyronene by olivine. 

At Luner Creek, replacement dunite is most common in 
olivinc clinopyroxenite, particularly in the layel:ed and cha- 
otic mixed units. The effect is most spectacular in layered 
olivinc clinopyroxenite that grades from fine to coarse 
graincd (Locality 5, Figure 2-X-6). Here, irregular bodies of 
replacement dunite are up to a metre wide and cut layering 
at a high angle. Coarse-grained layers show pervasive 
replacement, whereas finer gra.ined layers are virtually 
unaffected. This strongly supports the hypothesis that 
porosity plays an imponant role in the development of 
replacement dunite. The lower porosity of line-grained 
layers restricted the amount of olivine-rich fluid in the pore 
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Plate 2-X-4. Fine modal layering of olivine and 
clinupyroxcnc in mixed layered unit 2h near Locality 5, 
Figure 2-X-h. 

olivine clinopyroxenite, wehrlite and dunite; chaotic units 
which consist of blocks of one ultramafic lithology mixed 
into another: and replacement zones which are sites where 
dunite has partially replaced clinopyroxenite. 

LAYERED MIXED UNITS 

Layering is locally well developed in peridotites of the 
Lunar Creek complex. Near Locality 5 (Figure 2-8-6). dun- 
ite, wehrlite, olivine clinopyroxenite and clinopyroxenite 
exhibit layering produced by modal and/or grain size varia- 
tions. Most layering in this area is discontinuous: layers 
vary from less than I metre to several metres in thickness. 
Centimetre-scale layering and rhythmic layering are 
observed locally (Plate Z-S-4). lnterlayered wehrlite, 
clinopyroxenite and rare dunite are seen farther south at 
Locality 14 (Figure 2-X-6). Here, dunite layers up to 
2 metros thick, with rare chromite accumulations. grade into 
wehrlite. The dunite layers have sharp. nongradational con- 
tacts with adjacent olivine clinopyroxenite. 

Soft-sediment deformation-like features are well exposed 
at Locality 5 (Figure 2-X-6). Locally, large blocks, possibly 
derived from the walls and roof of the magma chamber, fell 
onto layered material resulting in compressed and distorted 
layering. Further crystallization within the chamber led to 
deposition of more layers, which drape over both the block 
and the distorted material. Angular unconfonnitics caused 
by the truncation of layers were obscrvcd in several out- 
crops. These features bear many similarities to sedimentary 
crossbedding and undoubtedly reflect similar processes (i.e. 
the deposition of cumulate crystals by magmatic currents). 

Overall, there is no consistency in layer orientation 
between outcrops. Facing direction, determined by the trun- 
cation of layering and deformed layering below slumped 
boulders, is also variable. This suggests that significant 



spaces and thus limited the degree of replacement in these 
layers. 

Passive infiltration through pore spaces is one mechanism 
for magma migration through the cumulate pile. Where 
cumulates were consolidated, and pore spaces were closed, 
magma movement was accomplished by diking. Ultramafic 
dikes are fairly common in all of the ultramafic lithologies 
observed at Lunar Creek, as well as in most other Alaskan- 
type complexes within the Polaris suite of intrusions. 

Dynamic processes within the magma chamber (slump- 
ing, infiltration, diking, convection, etc.) might explain the 
lack of layering in most of the ultramafic rocks of this 
complex, and the scarcity of layering in the ultramafic rocks 
of the Polaris suite as a whole. 

GABBROIC ROCKS 

Two suites of gabbroic rocks arc found at the Lunar 
Creek complex. The oldest is a strongly foliated 
hornblende-clinopyroxene gabbro/diorite. Foliation in this 
unit predates the intrusion of the main body of the ultra- 
mafite and the emplacement of the younger suite of gab- 
broic rocks. The latter consists of massive equigranular 
gabbro and diorite which are virtually undeformed and 
appear to be the youngest rocks associated with the 
complex. 

FOLIATED GABBROiDIORITE 

Weakly to strongly foliated hornblende-clinopyroxene 
gabbroldiorite is similar in mineralogy to the younger 
unfoliated gabbros at Lunar Creek. However, crosscutting 
relationships demonstrate that this foliation predates crys- 
tallization of the massive gabbro. The age of deformation of 
the foliated gabbroic rocks is unknown, hut it is possible 
that they belong to an early phase of the ultramafic complex 

which was ductily deformed prior to emplacement of the 
remainder of the complex. 

Foliated rock consists of alternating matic and feldspathic 
foliae, typically less than I centimetre in width (Plate 
2-S-5). Mafic layers are composed of black hornblende or 
dark green clinopyroxene or both. Feldspathic layers are 
composed of white plagioclase with rare quartz. 
Clinopyroxenes are subhedral to euhedral and commonly 
rimmed by hornblende. In many cases, euhedral clinopyrox- 
ene crystals have grown across foliation. 

Where original igneous layering is preserved it is parallel 
to foliation; it is commonly boudinaged. Fabric orientation 
is variable throughout the complex. However, layering and 
foliation are crudely parallel to contacts with ultramafic 
components. This feature is well exposed southeast of 
Locality 58 (Figures Z-8-5 and 2-8-6) where the fabric 
appears to arch over a large body of dunite. 

GABBROiDIORITE 

Gabbro, diorite and quartz diorite underlie a total area of 
approximately I6 square kilometres (Figure 2-8-5). Of this. 
diorite to quartz diorite, exposed along the western margin 
of the complex, make up the majority of outcrop. Gabbrol 
diorite forms a large body on the southeast end of the 
complex, and a narrow band along its eastern margin. It is 
also found as thick units within layered, clinopyroxenite and 
gabbro sequences (e.g. 500 mews north of Locality 12; 
Figure 2-X-6). 

Gabbroldiorite forms massive, resistant, medium grey 
outcrops. Fresh rock varies in colour from medium grey to 
black, mafic minerals vary from 50 to 90 per cent. It is 
typically equigranular and medium to coarse grained, but 
fine-grained and pegmatitic varieties are also found. Sub- 
hedral to euhedral, cumulate hornblende and clinopyroxene 

Plate 2-t-5. Mytonitic fabrics in older. 
foliated g.abbro/diorite unit SC. 

Plate 2-8-6. Fine modal layering of polkllmc hornblende 
and plagioclase in leucocratic layer within the gabbml 
diorite unit 5a. 
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are the common mafic components, anhedral plagioclase 
occurs as an intercumulus phase. Minor net-textured sul- 
phides were observed locally. Hornblende is typically more 
abundant than clinopyroxene, except near gradational con- 
tacts with ultramafic rocks. Igneous layering, in the form of 
alternating mafic and feldspathic layers, is fairly common 
(Plate Z-8-6). Locally layers are leucocratic, with as little as 
20 per cent mafic minerals. This leucogahbrolleucodiorite 
also occurs as thick dikes which crosscut both gabbroic and 
ultramafic rocks. 

Gabbro/diorite has a narrow gradational contact with 
ultramafic lithologies along the northzxtstern edge of the 
complex. In this area, gabhroic rocks form a thin wedge 
along the margin and lie in fault contact with Takla Group 
rocks to the northeast. Massive gahhro is also found in 
gradational contact with zones of interlayered olivine 
clinopyroxenite. clinopyroxenite, feldspathic clinopyrox- 
enite, hornblende clinopyroxenite and gabbro. In addition, 
gahhro occurs its dikes which crosscut the foliated gabbro 
unit described above (Locality 22: Figure 2-8-S). 

Rocks of diorite to quartz diorite composition form 
medium to light grey weathering, blocky outcrops. Fresh 
surfaces are medium grey in colour. Grain size varies from 
medium to coarse; the rock is locally pegmatitic. Hom- 
blende+biotite, composes 30 to SO per cent of the rock. 
Vilriuhly altered plagioclase, together with quartz, constitute 
the felsic component. Quartz varies in abundance from I to 
25 per cent and forms an interstitial phase. 

Diorite/quartr diorite intrudes ultramafic rocks as well as 
rocks of the foliated gahbro unit. Contacts with massive 
gahbroidioritc appear to he gradational. It is thercfore 
believed to be the youngest and most highly differentiated 

Plate X-7. Zoned quartz-feldspar pegmatitr win cut- 
tmg coarse-grainrd hornblende gabbro/diorite (upper left) 
and tapering into feldspathic groundmass (lower right) 
where it is cominuous with its host (unit Sb). Note con- 
centration of quartz (pale grey) in centre of vein. 

component of the Lunar Creek complex. Zircon from this 
diorite has yielded a U-Pb age of Middle Triassic 
(23722 Ma; L. Heaman, personal communication, 1990) 
which therefore represents a minimum age for the complex. 

QUARTZ-PLAGIOCLASE VEINS 
Quartz-playioclase veins occur exclusively in ultramafic 

and mafic rocks of the complex. At one location they were 
observed to pinch out into, and become continuous with, 
pegmatitic hornblende-bearing <quartz diorite i:Plate 2-X-7). 
They are therefore believed to represent late-stage, silica- 
rich differentiates. 

Veins range from 2 to 20 centimetres in width; most are 
approximately 4 centimetres. Typically, vein margins are 
lined with white plagioclase crystals up to 2 centimetres in 
diameter. Light grey quartz forms vein cores. Graphic 
feldspar-quartz intergrowths are common in the marginal 
Z”“eS. 

PITMAN BATHOLITH GRANITOIDS 
Granitoids north and east of the complex are associated 

with the Early Jurassic Pitman batholith, part of the 
Guichon suite of intrusions (Gabrielse er al., IY80). Grano- 
diorite dikes emanating from this batholith intrude ultm- 
mafic and mafic rocks of the complex as well as Takla 
Group rocks to the north. Outcrops are commonly lichen 
covered and form resistant, d,ark grey cliff:<; where not 
covered by lichen, they iwe light grey. Fresh surfaces are 
light to medium grey and the rock is medium grained and 
equigranular. Composition of the granitoid varies from 
quartz monzonitc to granodiorite. Mafic minerals, chlo- 
ritired hiotite and hornblende, comprise approximately 
20 per cent of the rock and qurtz varies from IO to 25 per 
Ce”t. 

PLAGIOCLASE PORPHYRY DIKES 
Plagioclase porphyry dikes intrude ultramat’ic and mafic 

rocks in the study area, and xe intruded by hornblende 
microdiorite dikes described following. Euhzdral to suh- 
hedral plagioclase phenocrysts up to 2 centimetres in diame- 
ter lie in a dark grey, fine-grained to aphenitic groundmass. 
which locally has hornblende microphenocrystr. In some 
dikes, plagioclnsc crystals are aligned and flattened parallel 
to the dike walls. These plagioclase porphyry dikes are 
believed to he derived from granitoids of the Early Jurassic 
Pitman batholith. 

QUARTZ VEINS 
Quartz veins cut mafic and ultramafic rocks of the com- 

plex, as well as rocks of the Ta.kla Group to rhe northeast. 
They average 20 to 40 centimetres in width a~nd consist of 
massive white quartz with less than I per cent pyrite. These 
veins commonly follow pre-er.isting foliation planes and 
often are sheared and folded, illustrating the complex his- 
tory of deformation. 

The veins may represent fluids emanating from Pitman 
batholith granitoids OT they might be metamorphic dewater- 
ing features. Geochemical analysis of grab samples show 
no evidence of precious metals (Table 2-8-l). 
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HORNBLENDE MICRODIORITE DIKES 
OF DUBIOUS AFFINITY 

Medium to dark grey hornblende microdiorite dikes 
intrude Pitman batholith granitoids. plagioclase porphyry 
dikes (described above), Takla Group volcanic rocks and 
ultramafic and mafic rocks of the Lunar Creek complex, 
(Plate 2-N-8). These dikes were not observed southwest of 
the Kutcho fault, but this area was not mapped in detail. 

Dikes weather dark grey to pale brown and have an 
average width of approximately SO ccntimctres. They are 
fine grained to aphanitic with microphenocrysts of euhedral 

hornblende and rare euhedral to subhcdral white pIal;- 
ioclase. Dike margins are commonly foliated. implying ;II 
least some postemplacement deformation. 

STRUCTURE 
The Lunar Creek ultramafite is hounded on the west b) 

the Kutcho fault, a major structure that forms the houndal-) 
between the Quesncl and Stikine terranes. Transcurren 
movement on this fault may have been initiated as early ;a!, 
the Middle Jurassic and may have continued through to 
Eocene time, resulting in an estimated 100 kilometres of 



Plate 2-U-8. Hvrnhlrnde microdiorite dike culling Ieuc- 
ocratic gahhruldiorite unit 5a and enclosing xenoliths of its 
host. 

dextral displacement (Gabrielse, 19851. It is therefore 
believed to be one of the more important structwes in the 
northern Canadian Cordillera. 

Northwest-trending, steeply dipping faults, subparallel to 
the Kutcho fault, are the dominant structures in the study 
area. Less abundant, steeply dipping northeast and east- 
trending faults are also found. Intense faulting has resulted 
in an outcrop pattern which is a mosaic of disrupted, discon- 
nected blocks. This, coupled with the lack of any marker 
horizon within the complex, has made the detailed structure 
irresolvable at the scale of mapping. 

At the north and east margin of the complex, Takla Group 
volcanic rocks and Pitman batholith granitoids, lie in fault 
contact with gabbroic rocks. All three lithologies are 
mylonitized along this fault. North of this contact, both the 
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granitoid and volcanic rocks have a steeply dipping, 
northwest-trending penetrative foliation. Bedding in Takla 
Group ro<,ks dips moderately to the northeast. 

Rocks immediately adjacent to the Kutcho fault are not 
exposed. .\pproximatrly 250 metres southwest of the fault 
(near Locality 47, Figure 2.8.6), stratified rocks have a 
steeply dipping, northwest-,trending, penetrative foliation. 
(subparall~zl to the fault). Bedding within these rocks dips 
moderately to the northeast. Diorite and quartz diorite, 
approximately 100 metres north of the Kutcho fault are 
extensivel f altered but are not foliated. 

An old<:r episode of deformation is preserved in the 
foliated gabbro unit (Unit SC, Figure 2-X-S). Crosscutting 
relationships show that ductile deformation in this unit 
predates ir,trusion of the main body of the complex, that is, 
prior to the collision of the Stikine Terrane with Quesnellia. 
In other words, this fabric predates regional deformation 
events proposed for this area. 

The outcrop distribution of the foliated gabbro unit is 
commonly controlled by faults. The orientation of the folia- 
tion appears to be fairly consistent within individual fault 
blocks, but varies between blocks. Outcrops near the north 
and south margins of the complex tend to have a steeply 
dipping, ast-trending foliation, whereas most other out- 
crops have a steeply dipping, northwest-trending orienta- 
tiom The origin and timing of ductile deformation of this 
unit remains a mystery. 

MINERALIZATION AND 
LITHOGEOCHEMISTRY 

Analytical results for platinum, palladium, rhodium and 
gold in X4 representative rock samples from the Lunar 
Creek complex, its country rocks, and various dikes and 
quartz veins in the map area are presented in Table 2-g. I. 
Sample localities are shown on Figure 2-S-6. The noble 
metals were preconcentrated by fire assay using 30.gram 
splits of approximately 200 grams of rock powder (-200 
mesh) and analyzed by inductively coupled plasma emis- 
sion spectroscopy by Acme Analytical Laboratories, Van- 
couver. Accuracy was checked by international and in- 
house standards, and analytical precision (and any nugget 
effect) monitored by hidden duplicates. 

Platinum abundances are generally low except in dunites 
(up to 343 ppb) and a chromite-rich dunite (1017 ppb). 
Palladium abundances are low overall, and reach their high- 
est values in gabbroic rocks (GO ppb). With the exception 
of one weakly anomalous dunite (I 2 ppb), rhodium is ar or 
near the limit of detection. Gold abundances attain their 
highest levels in gabbroic rocks (216 to 442 ppb) but show 
no correlation with platinum-group elements. Quartz veins 
are uniformly low in gold. 

Anomalous abundances of platinum in chromitite and 
chromitiferous dunite have been documented in many other 
Alaskan-type intrusions including some in British Columbia 
such as Tulameen (St. Louis et al., 1986; Nixon and Ham- 
mack, 1990) and Wrede Creek (Hammack et al., 1990a). In 
the Tulameen complex, platinum in the chromitites occurs 



as discrete platinum-iron alloys enclosed within chromite 
(Nixon ef u/., 1990a). The high Pt:Pd ratio (39) in chromite- 
rich dunite (Sample 71 l6B, Table 2-8-l) suggests a similar 
mineralogical association. Unfortunately, chromite is scarce 
and dunite is not abundant, which suggests that the Lunar 
Creek complex is not a prime target for further prospecting 
for platinum-group elements. 

Potential for industrial minerals, such as asbestos and 
chromite, also appears to be low. Asbestiform serpentine 
“CCUTS as narrow veins within dunite, and near c”ntacts and 
fault zones. Overall, however serpentine is not abundant. 

Other mineralization has been described near the eastern 
margin of the complex. A copper showing, hosted in skam 
and porphyry-style alteration at the West property, was 
explored in the early 1970s and has been described in 
assessment reports (Jones, 1970; Ryhack-Hardy, 1972). 
These claims covered minor garnet-epidote skam that is 
locally enriched in copper (chalcopyrite, malachite and 
covellite; Jones, 1970). Malachite staining was also 
observed along fractures and foliation planes in biotite 
schists (Ryback-Hardy, 1972). Silt. soil and rock sample 
geochemistry outlined several z”nes with modestly anoma- 
lous copper values. Skam samples were also analysed for 
gold but were found to be barren (Jones, 1970). This miner- 
alization is probably unrelated to the ultramafic complex 
and is more likely associated with granitoids of the Pitman 
batholith to the east. 

SUMMARY AND CONCLUSIONS 
Economic potential for platinum-group elements and eco- 

nomic concentrations of chromite appear to be low at the 
Lunar Creek complex. Lithogeochemical analyses were 
completed on X4 samples from the study area (Table 2-X-l). 
Samples included ultramafic and mafic rocks, dikes and 
quartz veins which crosscut the complex, and stratified and 
granitoid rocks at the periphery of the complex. Anomalous 
platinum was found in some samples of all of the ultramafic 
rocks, dunite was particularly enriched. One sample of 
chromitiferous dunite contained 1017 ppb platinum, sug- 
gesting that platinum is hosted within the chromitite. This 
association of platinum-group elements with chromitite has 
been documented at other Alaskan-type intrusions in British 
Columbia (Nixon and Hammack, 1990). Unfortunately, 
chromitite horizons are rare at this complex, and economic 
platinum concentrations are unlikely. 

The Lunar Creek complex is set in a unique structural 
environment, at the juncture between the Qucsnel and the 
Stikine tcctonostratigraphic terranes. Movement on the 
Kutcho fault, which lies at the southwcstcm mar&in, is 
believed to have been responsible for as much as 
I00 kilometres of right-lateral displacement. Due to its 
close pmximity to this major structure, the complex is 
intensely faulted, and interpretation of the internal stratigra- 
phy is impossible at the scale of mapping done. 

A wide range of ultremafic and mafic lithologies arc 
represented in the Lunar Creek complex. Dunite outcrop is 
limited, and with only minor chromitite concentrations. 
Massive olivine clinopyroxenite is the most extensive ultra- 

mafic lithology exposed. Hornblende clinopyroxenite is 
present along narrow gradational contacts between 
clinopyroxenite and gabbro, but appears t” be absent 
elsewhere. Zones where blocks of one ultramafic lithology 
have been mixed into another, are common. Much of the 
mixing of these rocks appears to have resulted .from density 
flows within the magma chamber. Magmatic layering is 
locally very well preserved in the ultramafic rocks. Compar- 
able layering has been reported at the Duke Island complex 
in southeastern Alaska, but is rare in the Alaskan-type 
complexes in British Columbia. 

Gabbroic rocks formed during tw” phases. The oldest 
phase has a well-developed foliation which predates intru- 
sion of the ultramafic rocks. The younger phae is massive 
and includes rocks which range 1” lithology from gabbro to 
quartz diorite. This latter phase includes the youngest rocks 
of the complex. Silica oversaturation, rare in Alaskan-type 
complexes, is c”mm”n in the massive diotitic rocks at 
Lunar Creek. Characteristics indicative of “wsaturation 
are quartz-rich segregations and veins, as well as the pres- 
ence of interstitial quartz within gabbro/dioritc phases. 

Alaskan-type complexes are believed to be coeval with 
widespread Upper Triassic to Lower Jurassic xc volcanics 
of Stikinia and Quesnellia. The somewhat older Middle 
Triassic age (L. Heaman, persc~nal communic:ation, 1990) 
determined for the Lunar Creek complex, confirms that arc 
volcanism was ongoing within Quesnellia in Middle Tri- 
assic time. 
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INTERPRETATION OF GALENA LEAD ISOTOPES 
FROM THE STEWART-ISKUT AREA* 

(1030, P; 104A, B, G) 

By Colin I. Godwin, Anne D.R. Pickering and Janet E. Gabites 
The University of British Columbia 

and 
Dani J. Alldrick 

KEYWORDS: Galena lead isotope, lead fingerprint, deposit 
age, deposit origin, Jurassic, Hazelton Group, Tertiary, plu- 
tons, Stewart, Iskut, Stikine Terrane. 

INTRODUCTION 
The Stewan-Iskut area has had the most exploration 

activity in the Canadian Cordillera for the last decade. 
Consequently, this paper examines all available galena lead 
isotope data related to this area. These data are from LEAD- 
TABLE, a dBaselV tile of about 2000 deposits in British 
Columbia, Yukon Territory and adjacent Northwest Territo- 
ries (Godwin of al., 1988). 

Table 2-9-l has 197 galena lead isotope analyses from 60 
mineral occurrences. This represents less than IO percent of 
the almost X00 showings in the study area, as listed in 
MINFILE, the mineral inventory database of the British 
Columbia Ministry of Energy, Mines and Petroleum 
Resources. The importance of the Stewart-Iskut area is 
emphasized by the observation that it contains about eight 
per cent of the total mineral occurrence inventory of the 
province. 

This paper shows how galena lead isotope fingerprints 
can be used to date deposits in the Stewart-lskut area (Fig- 
ure 2-9-l). The isotope data in Table 2-9-l define two 
clusters of points (Figures 2-9-2 and 2-9-3). One represents 
Jurassic gold-silver-copper-zinc-lead mineralization that is 
cogenetic with the Hazelton Group and associated plutons. 
The second cluster identifies Tertiary silver-zinc- 
lead?molybdenum showings that are related to plutons. 
Historically, the Jurassic deposits have been of more eco- 
nomic significance than the Tertiary showings. So. galena 
lead isotopes provide a simple, effective method for eval- 
uating the economic potential of newly discovered or poorly 
exposed showings. 

GENERALGEOLOGY 
Most of the Stewart-lskut area is within the Stikine Ter- 

rane of the lntermontane Belt. The western edge of the area 
probably includes portions of the Wrangell Terrane of the 
Insular Belt. All rocks of the region have been intruded by 
Eocene plutons and dikes of the Coast plutonic complex. 
The following description of the general geology is con- 
fined to Stikinia because it contains most of the occurrences 
examined here. 

Stikine Terrane in the study area consists mainly of 
Mesozoic Hazelton Group that r’zsts on rarely <exposed Pal- 
eozoic “basement”. Triassic to Early Jurassic strata of the 
Harelton Group represent an evolving volcanic arc. This arc 
consists of a lower matic volcanic complex that evolved to a 
thick andesite package which grades upward into dacites of 
the Mount Dilwonh Formation. The Early Jurassic Texas 
Creek plutonic suite, characterized by potassium-feldspar 
megacrystic granodiorite, is cogenetic with Haxlton Group 
volcanics. In the Middle Jurassic the volcanic arc foundered 
and was covered by a thick succession of turbidites. In the 
mid-Cretaceous the entire ar~:a was regionally meta- 
morphosed to lower greenschist facies. 

LEAD FINGERPRINTS 
The lead fingerprints (Figures 2-9-2, and 3) divide all but 

IO per cent of the showings examined into two groups. 
Table 2-9-2 shows that 37 of the showings are Jurassic. 24 
are Tertiary, and 5 are not clearly defined. Table 2.9..4 
summarizes the galena lead isotope ratios for the two 
clusters. 

DISCUSSION 
The regional mid-Cretaceous metamorphism makes dat- 

ing of Triassic to Jurassic mineralization by simple radio- 
genie isotopes (potassium-argon or rubiduim-strontium) 
impossible. Galena lead isotopes, however, are not reset by 
thermal events alone. This emphasizes one of the advan- 
tages of the analyses presented h,ere. In addition, at $300 an 
analysis, the method is relatively inexpensive. 

Jurassic and Tertiary clusters of galena lead i:;otope ratios 
in the Stewart area were first recognized by Godwin et al. 
(1980). In 1986 Alldrick submitted a suite of samples from 
ten deposits on eight properties from the same area. The 
results of this work, reported in Alldrick et al. t 1987). were 
so definitive that additional samples were collected from as 
many showings in the Stewan-Iskut area as possible. A 
preliminary interpretation of resulting data was presented by 
Alldrick et al. (I 990). 

The clusters clearly define two separate, relatively short- 
lived metallogenic events. An Early Jurassic and a Tertiary 
interpretation for these events is consistent with strati- 
graphic information and other radiogenic dates. Brief 
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15.639 
15.632 
15.594 
15.61 I 
15.758 
15.738 
15.617 
15.611 
/5.6”2 
15.612 
15.619 
15.618 

15.619 
IS.605 

38.673 
38.651 
38.659 
38.724 
38.676 
38.824 
38.717 

38.489 
38.474 
38.535 
38.512 
38.53” 
38.456 
38.435 
38.458 
38.453 
38.373 
38.45” 
37.634 
38.464 
38.474 
39.057 
38.99” 

38.614 
38.656 
3X.624 

38.338 

38.433 

38.427 

38.426 

38.357 
38.551 
38.475 
38.494 
38.45” 
38.251 
39.201 
38.464 
38.421 
38.382 
38.421 
38.465 
38.45” 

38.474 
38.432 

38.456 

0.81656 
0.81690 
0.81677 

0.82797 

0.8282” 

0.83042 

“.83”“7 

“.X2746 
0.13297” 
0.x2977 
“.H3”93 
0.82891 
0.81947 
“.X1923 
0.82907 
“.X2926 
“.X2915 
“.82871 
0.82901 
0.82930 

0.82954 
0.82957 

“.X2781 

SLBAK PREMIER 
SLBAK PREMIER 
SLBAK PREMIER 
SLBAK PREMIER 

SILVER CONSOL 
SL”ER CONSOL 
TAM, 

2.0369 
2.04”” 

2.0377 

2.0373 

2.0391 

2.017” 
2.0158 
2.0177 
2.0166 

2.“22” 

2.0177 
2.“182 

2.“188 
2.0184 
2.“2”6 
2.0181 
2.0177 
2.“2”2 

XMI I 
2.0403 
2.048” 
2.04** 
2.0517 
2.0433 
2.0420 
2.043” 
2.“43” 

2.0414 
2.0707 
2.043” 
2.0435 
2.“827 
2.08 I3 

2.0181 
2.“2”1 
2.“187 

2.0362 

2.0392 

2.0439 

2.0435 

2.0376 
2.0453 
2.0423 
2.0512 
2.0417 
2.“412 
2.0406 
2.0420 
2.041” 
2.0397 
2.039s 
2.0416 
2.0416 

2.0435 
2.043” 

2.0394 



PACKER FRACT 
PACKER FRACT 

3089”-WIA 
30X9@W2A 
30X9”-W2B 
30x90-CmA I 
30X9”-003A2 
3”X9”~004A 
30X9”-CmA 
30X90-WbA 

30X91-WlA 
3”891-MnAI 
30x91.W2B 
3089L002A2 

30923-K I A I 
30923-m I A2 
30923-W2Al 
3092,-w*A* 
30923-003.4 
30921-0038 

ESK.4Y CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 
ESKAY CK 

FRANDUC 
GRANDUC 
GRANDUC 
GRANDUC 
GRANDUC 

TOM MACKAY Ix 
TOM MACKAY Ix 

“NUK 

MACK.4Y 
MACKAY 
MACKAY 

TWO BARREL 

JOHNNY MT 
JOHNNY MT 
JOHNNY MT 
JOHNNY MT 
JOHNNY MT 
JOHNNY MT 

KERR (NANCY) 

KHYBER PASS 
KHYBER PASS 
KHYBER PASS 
KHYBER PASS 

XSGA 
XSGA 
850.4 
850.4 

X70.4 

79RY 
X70.4 

!)OPI 
9OPI 
!9OPI 
9”PI 
9”PI 
‘9”PI 
9OPI 
90430 
9oco 
9”H 
9OPI 
9OPI 
9OPI 
9OPI 
9OPI 

X60.4 
87F.A 
79RY 
X70.4 
88GA 

79RY 
79RY 

9OPI 
9OPI 
9OPI 

79RY 

YOGO 
9”PI 
9”PI 

85OA 

*so* 
870.4 
X50.4 
850‘4 
9”PI 
9OPI 

850‘4 

XSG.4 
860.4 
87GA 
XSGA 
86GA 
X70.4 
X70.4 
88GA 

XSGA 
XSGA 
87GA 
*so* 

86GA 
X60.4 
XfG4 
86GA 
86GA 
RdGA 

2.0152 
2.0159 
2.0434 
2.0429 

2.043 

2.0675 
2.0160 

2.03X.( 
2.0395 
2.0380 
2.0410 
2.041 I 
2.0381 
2.037 I 
*.o‘m 
2.0401 

2.021'3 
2.02 I R 
2.0210 
2.02 IO 
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geological dcscriprions of hostrock and style of mineraliza- 
tion are in Table 2-9-2. An explanation of abbrrviations in 
Tables 2-9-l and 2-9-2 is in Table 2-9-3). 

.Jurassic deposits (Table 2-Y-2) include: Eskay Creek, 
Premier, Scatty Gold, Kerr, Johnny Mountain. Snip and 
Dolly Varden. Eskay Creek is Early Jurassic on preliminary 
fossil evidence (P.L. Smith, personal communication. 
1990). The Premier, Scatty Gold, Kerr and Johnny Moun- 

tain deposits are closely associated with granodiorites of the 
Texas Creek plutonic suite. This has been dated throughout 
the study area as Early Jurassic (U-Pb from zircon: Brown, 
19x7). The Dolly Varden and Snip deposits have the same 
lead and therefore are also Early Jurassic. 

1%~ Early Jurassic produced a wide variety of deposit 
types. First, they are precious metal rich. but most have 
associated copper, lead and zinc. Classification of deposits 
is varied and includes: mesothermal gold veins at Snip and 
Johnny Mountain, porphyry copper-gold systems at Kerr, 
epithermal gold-silver and base metill deposits at Sulphurets 
and Premier, and volcanogenic (Donnelly, 1976; Devlin. 
1987) precious metal rich deposits at Eskay Creek (gold 
rich) and Dolly Varden (silver rich). Overall metal associa- 
tion is gold and silver with copper, lead and zinc (Table 
2-9-4). 

Tertiary deposits (Table 2-9-2) include Indian, 
Prosperity-Idaho and Kitsault. These represent the two main 
deposit types associated with this Eocene metalloeenic 
event. Indian and Prosperity-Idaho are representative of 
silver-lead-zinc-rich mesothermal veins. These are abun- 
dant throughout the study area, but are generally smaller 
than these examples. Kitsault. dated as Eocene (K-Ar: Car- 
ter, 1982). is a porphyry molybdenum deposit with poten- 
tially recoverable silver. Thus, the overall metal association 
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is silver and lead with rinc and, sometimes, molybdenum 
(Table 2-9-4). 

Deposits with both Jurassic and Tertiary lead in Table 
2-9-2 are Snippaker, Sulphurets, BJ and Granduc. In all 
cases the area of these deposits contains Tertiary veins as 
well as mineralization that is apparently older. This empha- 
sizes the strong overprint hy Tertiary intrusions associated 
with the Coast plutonic complex throughout the study area. 

Undefined deposits in Table 2-9-2 are BJ. Granduc, 
Hidden Creek, Shaft Creek and Wilby. In all cases. addi- 
tional analyses are desirable. However, tentative ages are 
assigned in the table. The BJ deposit is hosted by Permian 
schist, and Granduc by Triassic basalt. As neither of these 
units are part of the Hazelton Group. their associated lead 
might reflect a different model of lead evolution. Shaft 
Creek lead plots at the lower, left-hand edge of the Jurassic 
cluster in Figures Z-9-2 and 3. Consequently, it is slightly 
anomalous given its Middle Jurassic age (Panteleyev. 1974). 
Wilby lead is more radiogenic than most deposits examined 
here. This deposit is stratabound. Markedly radiogenic lead 
can be characteristic of such deposits (Godwin cf ul., 1982; 
1988). 

CONCLUSIONS 
Distinctions between the Jurassic and Tertiary galena lead 

isotope clusters in the Stewart-lskur area are summarized in 
Table 2-9-4. Distinctive galena lead ratios conveniently 
discriminate Juressic from Tertiary deposits. Historically, 
the Jurassic deposits are more significant because they tend 
to be larger and richer in precious metals especially gold. 
Deposits with lead isotope ratios that are outside the well- 
defined Jurassic and Tertiary clusters need more analyses. 
Some of them formed from lead with a different source. 
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Figure 2-9-3. Lead-lead plot of galena lead isotopes as defined 
in Figure 2-9-2. However, different ratios are plotted. This plot 
minimizes effects of Z”4Pb wmr. 

TABLE t-9-3 
CODES USED IN TABLES 2-o-t AND *-o-2 

242 

ACKNOWLEDGMENTS 
Support to Colin Godwin for analytical costs was 

received from the British Columbia Ministry of Energy, 
Mines and Petroleum Resources, the Canada/British 
Columbia Mineral Development Agreement, the British 
Columbia Science Council and National Science and Engi- 
neering Research Council. Placer Dome Inc., Rio Algom 
Limited and Minnow Inc. gave grants to this research. 
Galena samples for this study were obtained from the Eco- 
nomic Geology Collection at The University of British 
Columbia, and from many geologists, in both government 
and industry. 

REFERENCES 
Alldrick, D.J., Gabites, J.E. and Godwin, Cl. (1987): Lead 

Isotope Data from the Stewart Mining Camp (104811); 
B.C. Minisfry of Ener,qy, Mines and Prrrolerrm 
Resourcrs, Geological Fieldwork 1986, Paper 1987.1, 
pages 93.102. 

Alldrick, D.J., Godwin, Cl., Gabites, I.E. and Pickering, 
A.D.R. (1990): Turning Lead into Gold - Galena Lead 
Isotope Data from the Anyox, Kitsault, Stewart, Sul- 
phurets and Iskut Mining Camps, Northwest B.C.; 
Gro/o,qica/ Association of’ Canada and Miner-o/o~ic<d 
Assoriarion of Cunado, Vancouver ‘90, Programs and 
Abstracts, Volume 15, page A2. 

Brown, D.A. (1987): Geological Setting of the Silbak Pre- 
mier Mine, Northwestern British Columbia (104A/4, 
B/l); unpublished MSc. thesis, The Univrrsig ofBrit- 
ish Columhiu, 216 pages. 

Carter, N.C. (1982): Porphyry Copper and Molybdenum 
Deposits, West-central British Columbia; B.C. Minisq 
of Enwgy. Mines and Petroleum Resnurw.~, Bulletin 
64, I50 pages. 

Devlin, B.D. (1987): Geology and Genesis of the Dolly 
Varden Silver Camp, Alice Arm Area, Northwestern 
British Columbia; unpublished M.Sc. thesis, The Uni- 
versity of British Columhiu, I3 I pages. 

Donnelly, D.A. (1976): A Study of the Volcanic Stratigra- 
phy and Volcanogenic Mineralization on the Kay 
Claim Group, Northwestern British Columbia; The 
University of British Columbia, unpublished B.Sc. 
thesis, 61 pages. 

Godwin. C.I., Gabites, J.E. and Andrew, A. (1988): LEAD- 
TABLE: A Galena Lead Isotope Data Base for the 
Canadian Cordillera, With a Guide to its Use by 
Explorationists; B.C. Ministry of Energy, Mines and 
Pef~olrum Rrsowces, Paper 1988.4, 188 pages. 

Godwin, Cl., Sinclair, A.J. and Ryan, B.D. (1980): Pre- 
liminary Interpretation of Lead Isotopes in Galena- 
Lead from British Columbia Mineral Deposits; B.C. 
Ministry of Emgy, Mines and Petrolrum Rcwurc~.s. 
Geological Fieldwork 1979, Paper 1980.1, pages 
171.182. 

Godwin, CL, Sinclair, A.J. and Ryan, B.D. (1982): Lead 
Isotope Models for the Genesis of Carbonate-hosted 



Zn-Pb, Shale-hosted Ba-Zn-Pb. and Silver-rich Exploration and Mining in British Columbia 1973, 
Deposits in the Northern Canadian Cordillera: Eco- pages 520-52s. 
nornil, Geo/o,qy, Volume 77, pages 82.92. Richards, J.R. (1981): Some Thoughts an the Time- 

Panteleyev. A. (1974): Stikine Copper; B.C. Minidr)r of dependence of Lead Iwtope Ratios: Geokhimiya, 
Emyqy. Miws und Pewol<un~ Kcw~um~.s, Geology, Number I, pages 17-36. 

Geological Fieldwork 1990, Paper 1991-l 



NOTES 



SKARNS IN THE ISKUT RIVER - SCUD RIVER REGION, 
NORTHWEST BRITISH COLUMBIA 

(104B, C) 

By I.C.L. Webster and G.E. Ray 

KEYWORDS: Economic geology, skam, cold. copper. ma& 
nctite. Iskut River, Scud River. 

INTRODUCTION 
This report describes a number of mineralized skarns in 

the Iskut Rivcr~Scud River region of northwest British 
Columbia. The study forms part of an on-going project 10 
detcrmine the distribution. controls and metallogeny of 
skams in the province. It i\ hoped co establish genetic 
model\ for skam l’onnation and examine the distribution of 
skarns with regard to tectonic belt5 and lithoslructural 
terranes. 

Nearly all the \kam occurraccs described in this paper 
iwe Iocnted along the upper reaches of McLymont and 
Forrest Kerr creeks and on the rasr and west side\ of lower 
Snippttker Creek (Figure 2. IO- I). Twr skams, the Devils 
Elbow (MINFILE lO4G 012). situated 30 kilomclres south 
of Telegraph Creek and another in the Scud River are;,. were 
invsstigalrd hut are no1 shown on Figure 2-10-l. The details 
in this paper are hased largely on field observations and on 
some preliminary trace element analysts (Tahlr 2.lObI j. 
Whole-rock analyses of the intrusirnx. and microprobe 
studies of skam minerals will be completed at a later date. 

GEOI,OCICAI, SETTING 
The study area i\ situated in the Boundary Ranges of the 

Coast Mounlains physiographic belt. It lies on the wstcm 
edge of Ihe Intermontane tectonic belt within the Stikinc 
lithostructuml tenmnr. The Quesnel l‘el-raw in southern 
British Columbia has produced over 90 per cent of the 
province’s gold derived from skam (Ettlinger and Ray, 
IYW), as vxll as major amounts of copper. Since the 
Quesnrl and Stikinc lerrancs are helievcd to hc con-elativc 
(Monger ef a/.. 1982) it suggests that the Iskut River-Scud 
River area ha\ potential for gold and copper skarn 
mineraliznlion. 

The geology of the area has been outlined hy Anderson 
( IYX9). Logan it ~1. (199Oa and b). Britton cr (11. (I YXY: 
1990). Brown anti Crcig (IYYO~. and Webster and McMillan 
l IYYO). Anderson propose\ a regional stratigraphy for the 
area comprising four frctono stratigraphic assemblages. 
each hounded by unconformities: 

0 Tertiary Coast plutonic complex 
0 Middle and Upper Jursssir Bowser overlap 

assemhlqc 
. Triassic - Jurassic volcanic-plutonic arc complexes 
0 Paleozoic Stikine assemblage 
The Paleozoic Stikine assemblage underlies most of the 

study arca in the upper McLymont and Forrest Kerr creek 

(;wlo,~;~l F;rlhn,il I YYO. PU~PI. I YY I-1 

area and is characterized by conlline reef limwonc mem- 
bers intercalated with mafic 10 felsic volcanic rocks. In the 
upper Forrest Kerr Creek area Mississippizw rocks are 
distinguished from the Lower to Middle Devonian rocks by 
the presence of thick hrds, local coarse hioclastic textures 
(large crinoidal columnals) and an asocialion with pillowed 
basalt flows (Anderson, 1989). 

Mesozoic strafa underlie most of the area of study on the 
south side of Ihe lskut River. They comprises a i-kilometre- 
thick sequence of volcanics and sediments that shows a 
decrease in its limestone conwnt toward the top ol’ the 
succession: it is distinguished from the Palco,:oic rocks by 
an absence of macrofossils (Britton ei al.. I9YO). 

Al least four intrusive episodes, spanning L;lte Triassic to 
Quaternary time, cut this strati::raphy. These include syw 
volcanic plugs. stocks. dike and bill swarms, as well as the 
batholithic Cowl plutonic complex (Britlon ,r?lf al.. 1990). 

SKARN PROSPECTS 

DIRK: MINFILE 104B 114 (KEN, CH~NIX, 
W.D., DIRK l-324, AIJ 1-2, BIX ANI) Nm) 

Skarn mineralogy: pyrite, chalcopyrite. homite. chal-, 
cocite. magnetile, hcmatitc, garnet, epidote. 

The Dirk skarn is located ,on the southcast side of a 
nunatak about 6.5 kilometres norlhwcst of N,wmont Lake 
(Figure 2-10-I). at an rlevatioll of approximalely 1700 10 
IX00 mefres (5581) lo 5900 feecl). The area is underlain h! 
Paleozoic limestone. ash and lapilli tuff, and tuff hreccia:; 
that strike north-northeaslerly and dip moderately to ths 
northwrsl. The white fo crcam~colourrd lime\tnnr is Ioc~~lly 
metamorphosed 10 a fine to medium~grained marhlc. Tec- 
tonically dismembered blocks of bedded limestone. up fo 3 
mrtres by 8 mews in six, occur in the tuff brcccia. Some 
blocks are surrounded by zone of pyrrhotite mincraliz;llioll 
IO centimetres thick. Higher in the sequence. lapilli and ash 
ruffs predominate over the luff !nrrccia and limestone. Thes,s 
rocks are intruded by early syenites comaining potassium 
feldspar megacrysrs and later sill-like hodies of orange- 
colourcd syetiile. The early polphyries form >,ills, dikes ;mmzl 
irregular plug. The e~hedral. platy feldspar megacrysts are 
up to 3 centimstres in length, znd are often aligned parallel 
to it::usive contacts: hostrock% immediately zadjncent to the 
porphyria are often hrecciared. The later syeniles are 
characterized by an aphanitic Imatrix with large. green hio- 
tile phcnocrysts and rare crystals of hornblende ;and 
potassium feldspar. 

Skam mineralization is locally developed within the early 
porphyria as subcircular 10 irregular shaped i:ones of brown 
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Legend 

i:i J, EJ = Jurassic. Early Jurassic 

2 T. LT = Tertiary, Late Tertiary 

;I 

i<d = diorite 
::: 
::: g = granite 
.:. 
:,: m = monzonite 

0 = undifferentiated supracrustal:; 

* = skam location 

+++ = regional fault 

I= approximate geological contact 

Figure 2-10-1. Generalized geological map of the study area with skam locations. (Geology after Logan et a/., 199Ob and 
Britton et al.. 1990) 

garnet and epidote that carry pyrite, chalcopyrite, chal- 
cocite, bomite, magnetite and hematite. These zones are 
generally less than 3 metres square in area and are heavily 
stained by malachite and azurite. Two diamond-drill holes 
put down by Newmont Corporation of Canada Limited gave 
assays of 0.3 per cent copper over 1.8 metres and 2.21 per 
cent over 6.0 mares. Channel samples from trenches 
returned assays of 0.8 per cent copper and 7.9 grams per 
tonne silver over 22 metres (Klesman and lkona, 1988). 

KEN: MINFILE 104B 027 (DIRK, GLACIER, 
ROPE, WARRIOR, CAR, CREVASSE, 
CONSOLIDATED AND SEA GOLD.) 

The Ken showing is exposed on several nunataks about 
3.2 kilometres northwest of Newmont Lake (Figure 2-10-l) 
between elevations 1500 and 1585 metres (4920 to 5200 
feet). Most of the property is underlain by bedded to mas- 
sive, mafic andesitic ash and lapilli tuffs of probable Per- 
mian age. These rocks strike easterly and dip moderately to 
steeply south. Epidote alteration is locally pervasive and 
also occurs in veins with pink potassium feldspar and cal- 
cite. Magnetite, chalcopyrite and specular hematite also 
occur in some of these veins. The higher western flank of 
the largest nunatak is underlain by an intrusive quartz 
diorite and partly covered by a moraine consisting of 95 per 
cent pink granite to granodiorite boulders; some of these 
boulders are epidotized and cut by potassium feldspar veins. 
and may represent endoskam. 

Skarn mineralogy: magnetite, pyrite. chalcopyrite, gold, A gametite skam zone, 5 metres wide, that trends north- 
ganet, carbonate, epidote, woliastonite, (?)barite. erly and dips steeply to the west, crosscuts the bedding in 

246 British Columbia Gtd~~i~d Survey Bmnch 



ASSAY RESULTS OF SKARN SAMPLES: HKUT RIVER-SCUD RIVER AREA 

the lower part of the sequence. Alternating garnet-rich and 
epidote-rich layers trend approximately east and dip moder- 
ately south. The coarse, brown gemet--epidote-calcite skam 
carries massive magnetite, chalcopyrite and coarse 
pyritohedrons and cubes of pyrite. The pyrite occurs as 
veins and as coarse crystals and blebs, up to 2 centimetres in 
diameter, which are intergrown with calcite and magnetite. 
Chalcopyrite forms veins subparallel to bedding and dis- 
seminations intergrown with coarse calcite. 

DEVILS ELHOW: MINFILE 104G 012 (STIKINE, 
PEACH AND APRICOT) 

Skarn mineralogy: magnetite, chalcopyrite, sphalerite, 
galena, pyrite, scheelite, pyrrhotite, garnet, quartz, epidote, 
wollastonite. 

This scheelite-bearing skam is located approximately 30 
kilometres south of Telegraph Creek on the northwest side 
of Devils Elbow Mountain at an elevation of between 600 
and 690 metres (I970 to 2260 feet). Three adits (two of 
which are now caved) and a number of open-cuts were 
opened during the early part of this century. 

The area is underlain by Stikine assemblage limestone, 
argillites and minor tuffs. of possible Carboniferous age, 
that are intruded by Mid-Jurassic granodiorites and the 
Eocene Sawback granite (Brown and Greig, 1990: Brown of 

al., 1990). Near the lowest adit (elevation 630 metros), 
biotite-homfelsed tuffaceous argillites trend northeasterly 
and dip approximately 60” northwest. These are intruded by 
a hornblende-bearing granodiorite body as well as 
numerous sills up to 2 metres wide; these are probabl:y 
related to the Mid-Jurassic granodiorite bodies that outcrop 
elsewhere on Devils Elbow Mountain. The 91.metre adi.t 
follows lenses rich in magnetite, pyrrhotite, sphalerite and 
copper minerals. The lenses reach I5 metres in length and 
1.5 metres in width and generally occupy the contact 
between the intrusion and sediments, although some endo- 
skam mineralization is also reported in the granodiorile 
(Kerr, 1948). Skam minerals ioclude quartz, ;gamet, epidote 
and wollastonite. Mineralization in the two upper adirs 
appears to be both lithologically and structurally controlled, 
and has an east-southeast strike and a steep northerly dip. It 
comprises galena and sphalerite with garnet, wollastonilx 
and quartz. 

Two other skam occurrence:s are reported in the vicini1.y 
of the Devils Elbow prospect (Kerr, 1948). One of these. the 
Apex (MINFILE lO4G 013), situated about 4 kilometn:!, 
southeast of the Devils Elbow skam, is hosted in limestone, 
The other, the Drapich (MINHLE lO4G 01 l), situated on 
the west side of the Stikine River, lies along the contact 
between hornblende-bearing diorite and limestone. It con- 
tains lenses of chalcopyrite mineralization up to I.5 metre:; 
thick. 
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SHAN: MINFILE 104B 023 (SHAN 1-6, SNIP, 
SNIP 5-6, JOSH AND MAY) 

Skarn mineralogy: sphalerite, chalcopyrite, magnetite. 
pyrite. galrna. tetrahedrite, epidote, actinolite, quartr. 
garnet. (‘?) bismuth tellurides. 

The Shan skam is situated I kilomrtre eiist of Snippaker 
Creek and 4 kilometres south OS the Iskut River at an 
elevation of 1125 metres (3690 feet). The area is underlain 
by dark green to black andesitic luffs which are intercnlatrd 
with beds of tectonically dismembered limestone and silt- 
stone. These strike ewterly and dip modcratrly north. To the 
south these rocks are intruded by tbc Early Jurassic Lehto 
pluton, a potassium feldspar megacrystic pophyry of quartz 
monzoniric to dioritic composition (Britton er 01.. 1990). 
The country rock\ adjxent to the pluton are cut by 
numerous dikes and sills of quartr diorite. The Shan skarn is 
located close to the northern contact of the pluton: it 
includes abundant, coarse radiating actinolite crystals inter- 
grown with lesser amounts of epidote. quartz and minor 
garnet. Metallic minerals include pods of sphalerite, pyrite. 
magnetite. gdlena and tetrahedrite. At one lwality. angular 
fragments of strongly hrecciatrd volcanic rocks are 
cemented by cockscomb quartz and chalcopyrite. Assays of 
chalcopyritr and sphalerite-bearing samples show no gold 
enrichment. although one sample contains anomalot~s 
bismuth and tellurium (Table 2-10-l 1. 

SCUD RIVER 

Skarn mineralogy: pyrrhotite. pyrite, chalcopyrite. 
sphalerite, gold, garnet, potassium feldspar. epidotr, 
lizardite. 

A train of mineralized skarn boulders occurs in a 
southeast-trending tributary to the Scud River (between 
UTM coordinates 354400E. 6348750N and 3535SOE. 
6349450N: Zone 9). These boulders. which are up to 
I .S metres in diameter. can be followed up the valley in a 
northwest direction for at least I.5 kilometres to the toe of 8 
receding glacier at an elevation of 1210 metres (3970 feet). 
The source of the mineralized boulders WI\ not discovered, 
although a helicopter traverse revealed gossanous nunataks 
farther up the glacier to the north. The boulders may come 
from these nunataks or from beneath the glacier. Mineralir- 
ation comprises massive pyrrhotite with lesser pyrite, chal- 
copyrite and sphalerite in a reddish brown gametite matrix. 
Some boulders contain irregular, pale green tni~~es of 
lirardite. 

The bedrock geology and float at the toe of the glacier 
were examined in some detail. Besides large boulders of 
sulphide-bearing skam, there are also numerous boulders of 
epidotized granodiorite which contain disseminated pyrite 
and pyrrhotite and some potassium feldspar and chloritic 
alteration. It is possible that this is endoskam alteration. 
Bedrock is exposed in a large, semicircular cliff at the toe of 
the glacier. Thick-bedded, impure. brownish grey 
tuffaceous and crinoidal limestone strikes southeast and 
dips steeply northeast. These sediments are cut by several 
intrusives, including an early irregular body of pranodiorite. 
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and later dikes and sills of altered diorite to quartz diorite. A 
set of prr-dike tension gash fractures in the early 
gmnodiorire are filled with irregular, muggy quartr- 
cilrbonatr-chloritr veins up to 10 centimetres in thickness. 
The granodiorite adjacent to the veins is highly chloritircd 
and weakly pyritic. 

Assay results of samples collected from assorted miner- 
alized skarn boulders are shown in Table 2-10-I. The 
pyrrhotite-rich skarn can ctlntain high copper and zinc 
values but is low in gold. One boulder of intensely chk- 
ritired granodiorite with pyritr and chalcopyrite contained 
over S grams gold per tonne. This boulder was collecred 
close to the toe of the glacier (UTM 353550E, 6349450Nl: 
it is uncertain whether it is skarn. or represents chloritic 
wallrock alteration similar to that adjacent to the quartz 
wins in the nearby granodiorite outcrops. 

TIC 

Skarn mineralogy: magnetite, pyrite, cpidote. garnet. 
quartz. potassium feldspar, carbonate, quartz. 

The Tic skarn is locatrd approximately 11.5 kilometres 
southeast of Newnont Lake at an elevation of 1430 mctres 
(4700 feet). The area is underlain by a steeply dipping. 
deformed package of andcsitic ash and lepilli turfs. bedded 
tuSfxeous sediments and thin marble beds. These arc 
losnlly epidotized and silicified, and are intruded by 
numerous sills and dikes of hornblende plagioclase- 
porphyritic quartz diorire and granodioritc. In places these 
intrusions contain elongate screens of the host tuffs. 

The skarn is developed along the southeast margin of it 
steeply dipping and northeast-striking marblr unit, 70 to 
I00 metres thick. The coarse-grained. recryslallized marble 
is strongly foliated and contains thin, deformed silty layers 
and pods of pink, crystalline calcite. A zone of massive 
magnetite, 5 to 7 metres wide. lies along the contact 
between the marble to the northwest and t&s and mafic 
quartz diorite to the southeast. The contact between the 
magnetite zone and the marble is generally sharp but locally 
it is marked by either a I-metre zone of orange-coloured 
ankeritic alteration or irregular pods of coarse crystalline 
pyrite up to IS cmtimetres in diameter. Deformed pods of 
pyrite up to 30 centimetres wide, and thin pyrite veins, 
occur within the magnetite unit and the adjacent marble. 
Locally, the magnetite also contains some carbonate clots 
and small, euhedral quartz crystals. 

A nearby till of mafic hornblende quartz diorite is moder- 
ately to extensively altered to endoskam; it contains wide- 
spread epidote. local pocket- rich in brown-colourcd garnet. 
and veins of pyrite and potassium feldspar. Farther from the 
skam, the intrusions tend to be fresher. Local silicification 
and epidote-carbonate-pyrite alteration occurs in both the 
intrusions and country rocks up to 400 metres south and 
southwest of the Tic skam, though no additional magnetitr- 
rich skam was seen. In places the rocks are overprinted by 
narrow, southeast-trending. frscture-controlled %ones of 
orange to brown-coloured ankeritic alteration. At one 
locality southwest of the skam, the altered tuffs are also cut 



by thin veins (12 centimetres) that contain calcite, epidote 
and coarse. black tourn~~line: X-ray diffraction analysis 
indicates the latter is dravite (M. Choudry, personal com- 
munication. IYYOJ. 

KERR 1 
Skarn mineralogy: magnetite. pyrite, chalcopyrite. 

hematite. epidotc. garnet, quartz, calcite, potassium l’el- 
dspar. pyroxcne, (?)baritc. 

The Kerr I skarn is situated approximately 5.5 kilometra 
east-northeast of Nrwmont Lake (Figure 2-10-I) “t an ele- 
vation of 1730 metres (5680 feet): it is on claims currently 
held by Pamicon Developments Limited. Only one 
m;lC’ltetite~pyritc-chsl~opyritc skam occurrence was exam 
ined, but abundant imd extensive skarn-altered float sue- 
gests that there xc other occurrences in the area. The 
vicinity of the Kerr I skam is underlain by highly altered 
mafic ash and crystal luffs that are massive to weekly 
bedded. These rocks xc cut by swarms of sills and dikes 
representing scvcral generations of intrusion: early mafic. 
feldspar-porphyrytic dioritc is c”t by ” phase of leucocratic. 
pink. granodiorile to quartz monzonitr which is cut in turn 
by ttndcsitic dikes u,ith chilled margins. The gr;“wdiorite to 
quartz monzonite contains abundant rowdrd to subangular 
xenoliths of tuff and diorite as well as crosscutting veins of 
potassium feldspar and epidote. 

The \karn occurrence enamincd is hosted hy epidorizcd 
mafic tuffs: no intrusive rocks were identified in the immc- 
diate vicinity. A done of magnetite and epidote skarn. I to 
2 mctre thick. stnkcs northeast and dip\ 45” ~wrthwest. 
Thih zone. which is irregular and discontinuou\, includes 
large pods of massive pyrite and trace chalcopyritr. It is 
structurally overlain by a /one of masive brown gametite 2 
to 3 mctrcs thick, which in turn passes upward into epidote- 
rich skam. The latter contains small. irregular pods of gar- 
netite its well a~ massive blrhs of hematite surrounded by 
dark green pyronrnr. Contacts between the magnetite. 
garnet and rpidote~pyn,xcne~rich zones are sharp. The 
occurrence is crossc”t by several weakly mincralired veins 
up to 7 centimetres wide. One set strikss southeast to east- 
southeast md is steeply dipping; these veins co~~t~~in calcite. 
dolomite, quartz. baritr and tract pyrite and chslcopyrire. 
The vein baritr seen in outcrop did not cxceed I.5 crw 

timetres in width, but float containing pods of barite up to 
Y centimctrcs wide occus in the arca Irregular. discon- 
tinuous veins with quartz. carbonate, magnetite and specular 

hematite also c”t the gametite skam. The quartz fortes 
cuhedral, elon&ate crystals intcrgrown with carbonate, while 
the magnetite is coarse and hladed. Awthcr set of ankeritic 
veins is associated with a minor, northeast-trending. 
southwest-dipping fault lone. 

KIRK MAGNWITE: MINFIIX 104B 362 
Skarn mineralogy: magnetite, pyrite, chalcopyrite. 

azurite. cpidotr, garnet. pyronene, chlorite. potnssium 
feldspar. lirardite. carbonate. (7)harite. 

The Kirk skam is situated east of Snippaker Creek (Fig- 
ure 2-10-I 1. about 53 kilomerres nortll-nurthwesr of Snip- 

paker airstrip, at an elevation of 1465 metres (4800 feet). It 
lies close to the toe of a receding glacier and appears to have 
been uncovered relatively recently. The area is underlain by 
a package of altered siltstone. bedded to massive mafic tuff 
and marble, rind lies close to the northern margin of the 
Early Jurassic Lehto pluton. Farther south, the pluton 
mainly comprises a fresh, pink, coarse-grained quartz 
monzonitc that is rich in potassium feldspar zmd contains 
hornblende phenocrysts. Approximately 200 metres south 
of the Kirk magnetite skam. however, the pluton becomes 
green colourcd and pervasively saltered: it contnins chlorite, 
epidote and veins of carbonate. Nearby, the tuffs and sedi- 
ments strike southeast to north-northeast and dip between 
30” and 55” easterly. They are WI by potassium feldspar rich 
granitic dikes that are presumed to he derived from the 
adjacent Lehto pluton. 

The mineralized stratiform skam is developed along the 
lower contact of a major unit of grcy to white, foliated and 
banded marble that is estimated to be at least I50 metres 
thick. A row of massive magtletite. 2 to 8 !netres thick. 
outcrops over a 15%metre strike length; like thms structurally 
werlying marble it dips northeastwards into the hillside at 
about 45”. The marble close to the magnetite contains thin 
stringers of magnetite orient&cl parallel to the banding. In 
the main magnetite zone, magnetite is intergrown with 
white calcite. minor epidote and chlorite, as well as with 
irregular masses and veins of a massive yellow-green min- 
eral which X-ray diffraction studies indicate to be lizardite 
(M. Chowdry, personal commur~ication, 19901. Locally, the 
magnetite zone contains thin, cliscontinuous interlayers of 
marble up to 0.6 mctre thick which contain coarse masses of 
crystalline. amber-coloured garnet that reach Y centimefres 
in diameter. The lower part of the zone contains some 
sulphides and the magnetite is intergrown with pods and 
stringers of pyrite up to I centimetres wide. Traces of 
chelcopyrite and aarite also occur together with malachite 
staining. Assay results of two mineralized samples from the 
Kirk skam are shown in Table 2-10-l. Gold and silver 
values are very low. 

Immediately beneath the magnetite-rich LOIIL‘ is a thin. 
discontinuous unit of hlreched, mass&c and Gliceous rock 
that con~Gns disseminations and veinlets of pyrite and car- 
bonate with traces of chalcopyrite. Locally, these veinlctr 

penetrate the overlying magnetite. 

Structurally underlying the mineralized skarn is a zone of 
pyroxene-gamet~epidl)te skarn that is at least 100 metres 
thick. The protolith of this unit comprises interbanded 

layers of feldspar crystal luff and bedded tuffweous sed- 
mat. The sediments are overprinted hy abundant pyroxene- 
garnet-epidote alteration that has preferenti:tlly replaced 
certain beds to produce banded skam: the brown garnet 
forms discontinuous bands up fcs 0.3 metre thick. This skarn 
contains patches of black to dark green chlorite, as well as 
sane white carbonate clots that are rimmed by bands of 
pyrite and epidote. The massive. mafic crystal tuffs in this 
unit, particularly those close to the magnetite skam. are less 
strongly altered to garnet-pyroxene skam. Inswad, they are 
partially to completely replaced by a dense vein network of 
bleached. siliceous alteration. 
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The magnetite skam is cut by a closely spaced set of 
steeply dipping, east-northeast-trending faults that are 
downthrown to the north. Where these faults displace the 
marble they are often marked by orange-weathering ankeri- 
tic zones up to 1 metre wide. Locally, the skxn is also cut 
by thin veins of dolomite and white barite; float of Lehto 
pluton cut by carbonate-barite veins was also observed at 
the occurrence. 

STU 

Skarn mineralogy: magnetite, pyrite, chalcopyrite, pyr- 
rhotite, galena, sphalerite, tremolite-actinolite, epidote. 
quartz, garnet, chlorite, ferrocarbonate. 

The Stu skarn occurrence is situated approximately 
5 kilometres south of the confluence of Snippaker Creek 
and the lskut River (Figure 2-10-l). at an elevation of 1390 
metres (4560 feet). In 1988 the property was trenched and 
sampled by Kestrel Resources Ltd., (Blanchflower, 1988). 
The area is underlain by a steeply dipping, east-northeast to 
northeast-trending package of massive to bedded tuffs, thin 
and&tic flows, flow breccias. and occasional bands of 
white to grey marble up to 20 metres thick. The volcaniclas- 
tic rocks include ash and lapilli tuffs as well as some tuff 
brecccias with clasts up to 0.3 metre across. Some rare, 
fresh-looking dioritic sills, less than 1.5 metres thick, 
intrude the sequence. 

An elongate zone of tremolite-actinolite-quartz-carbonate 
skam follows the contact between tuffs and a 20-metre- 
thick marble unit. The skam lies along the southeastern 
margin of the marble; it reaches 20 metres in thickness and 
is traceable along strike to the southeast for at least 600 
metres. It largely comprises veins, rounded pods and irregu- 
lar masses of tremolite-actinolite-epidote-quartz skam that 
cut the marble. Locally, the skam encloses subrounded to 
angular masses of marble several metres in diameter. The 
contacts between the skam and marble are sharp, except 
where they are separated by narrow zones of ferrocarbonate 
alteration. The tremolite-actinolite generally occurs as elon- 
gate, radiating crystals up to 10 centimetres long. The quartz 
forms coarse crystals intergrown with the tremolite- 
actinolite; where quartz grows adjacent to calcite it develops 
good, euhedral faces. The skarn is also cut by massive to 
vuggy quartz veins up to 0.3 metre wide that can contain 
abundant pynhotite and lesser pyrite and carbonate. Locally 
the tremolite-actinolite-quartz skarn includes minor 
amounts of massive brown garnet and disseminated epidote. 

Mineralization is characterized by magnetite with lesser 
pyrite and pyrrhotite and trace chalcopyrite. Blanchflower 
(1988) reports trace galena, sphalerite and possible 
scheelite. Metallic minerals occur as disseminations or lens- 
oid masses in the skam, as magnetite-sulphide veins up to 
IO centimetres wide, or in quartz veins that cut the 
tremolite-actinolite skam. Some quartz veins contain large 
blebs of pyrrhotite with minor pyrite, tremolite, chlorite and 
traces of chalcopyrite. Pyrite is often concentrated along the 
margins of the quartz veins. Assay results on two mineral- 
ized grab samples are listed in Table 2-10-l. The samples 

contain high copper and silver values, are weakly anoma- 
lous in arsenic, but contain only low quantities of gold. 

Late, orange-coloured ferrocarbonate alteration is exten- 
sive. It occurs in a vein network cutting the marble adjacrnt 
to the skam and as veins that postdate the tremolite- 
actinolite, the magnetite and the sulphides. The sequence of 
crystallization at the Stu skam was as follows: I) tremolite- 
actinolite, 2) magnetite, 3) pyrite and chalcopyrite, followed 
by 4) fenocarhonate. 

DUNDEE (CLA) 

Skarn mineralogy: magnetite, pyrrhotite, pyrite, chal- 
copyrite, sphalerite, gold. garnet, epidote, pyroxene, 
wollastonite. quartz, carbonate, potassium feldspar, (?) 
barite. 

The Dundee (Gla) property, currently held by Kestrel 
Resources Ltd., straddles the south fork of More Creek 
between elevations 730 metres (2400 feet) and 1500 metres 
(5000 feet) (Figure 2-10-l). The area is largely underlain by 
a deformed, highly altered package of tuffs, tuffaceous 
sediments, siltstones and argillites with lesser volcanics and 
rare limestone beds (Figure 2-10-2). Many of the tuffs and 
volcanics are massive; poorly preserved bedding is seen 
locally. The strike and dip of the bedding is highly variable 
throughout the area. The sedimentary and volcanic package 
is intruded by a body that varies compositionally from 
quartz monzonite to quartz diorite. The margins of this 
intrusion are irregular, but it reaches at least 500 metres in 
width in its southern section, and could be much wider to 
the north (Figure 2-10-2). The sediments and volcanics 
close to the intrusion are commonly homfelsed and sil- 
icified, making it difficult to recognize their origin. Miner- 
alized skams are preferentially developed where the intru- 
sion crosscuts limestone sequences. 

Numerous and&tic dikes cut both the volcanic- 
sedimentary package and the major intrusion. Dikes are 
particularly common close to the margin of the intrusion; 
they form densely packed, highly irregular, crosscutting 
swarms that disrupt bedding in the sediments. They include 
massive equigranular forms, and coarsely feldspar- 
porphyritic phases that display flow fabrics. These dikes 
postdate the main intrusive body, but may represent a late 
phase of the same magmatic event. However, their relation- 
ship to skam alteration is uncertain. Two narrow dikes of 
fresh potassium feldspar megacrystic syenite are seen in the 
area. These resemble the intrusion associated with the Dirk 
skam elsewhere in the district. 

Three fault sets are seen on the Dundee property. An 
early north-striking set trends parallel to the More Creek 
valley. A later east-trending set displaces the major intrusive 
body and cuts some skam zones. Slickensides on this set 
indicate subhorizontal dextral movement. The latest, 
northeast-trending set apparently displaces the east-striking 
faults (Figure 2-10-2). 

Three types of mineralization are recognized. Thin, irreg- 
ular veins of quartz, carbonate and pyrite, with sporadic 
chalcopyrite, cut both the intrusions and the volcanic- 



sedimentary package; these are locally weakly stained with 
malachite. In at least two localities, narrow veins also carry 
dolomite, chalcopyrite and barite. 

In addition to the veins, pervasive silicification with dis- 
seminated pyrite mineralization overprints the quartz 
monzonite and the country rocks. It appears to be related to 
the nearby intrusion and it is locally associated with sfmc- 
turally controlled zones of intense pyritic alteration, up to 
4 metres thick, that crosscut bedding. 

The third type of mineralization is related to skams, and 
appears to be the only type with economic potential. Four 
major areas of skam alteration are seen (Figure 2.IO-2), 
although numerous minor skam zones are present on the 

property. The northernmost skam, exposed at an elevation 
of 1375 mares (4520 feet) lies c:lose to the contact between 
quartz monronite, to the north, and an east-southeast- 
trending marble unit 30 to 35 metres thick. The skam is 
largely covered by talus, but above the scree slope, 
chalcopyrite-pyrite mineralization occurs alonp the sheared 
contact between the monzonite and a feldspar-porphyritic 
andesite dike. Immediately to the east of the scree, outcrops 
of steeply dipping marble pass gradationally into massive 
gametite skam that is cut by veins and lenses of magnetite 
and pyrite. At this locality, the wlphide and magnetite-rich 
zone tends to separate garneti% skam from sheared and 
homfelsed metasediments and plagioclase porphyry sills 
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and dikes. Assay results on a ch;tlcopyrite~hearin~ sample 
collected from this skam locality are shown in Table 2. I (I- I. 
The sample is enriched in gold. silver. copper and zinc, and 
contains anomalous antimony. 

The second area of extensive skarn alteration crops out 
about 600 metres fzvther east-southeast. Massive &rametite- 
epidote skarn is exposed over a ZOO-metre width. This skam 
is cut by numerous epidotired monzonite-dioritr dikes. 
Veins and masses of magnetite contain white clots of quartz 
and carbonate that are often rimmed with brow garnet. 
Both brown and yellowish green garnets are xeen in this 
skam, and several generations of garnet are recognized: late 
veins of garnetitr cut earlier. handed garnet-epidote skam 

The third extensive $arncr-epidote skarn on the property 
lies about 600 metres farther west at an elevation of 1250 
metres (4100 feet). It is developed at the contact between 
marble and the quartz monronite intrusion. Skarn 
assemblages include coarse brownish green euhedral garnet. 
up to 3 centimetres across, with variable amounts of cpi- 
dote, and carbonate. Metallic minerals include magnetite. 
pyrite, minor pyrrhotite and chalcopyritr. 

The fourth ma,jor skarn i\ located close to More Creek at 
the 76O-metre elevation (2500 feet). It lies along a northerly 
trending fault and differs from the other three mttjor skarns 
in that it does not lie close to the major quartr monronite to 
quartz diorite intrusion. It includes two types of mincr;Llizil- 
don. One of these forms semimassive pods and lenses of 
pyrrhotite. The hostrock is a silicified and cpidotirrd. green 
andesitic ash and lapilli tuff that is locally cut by quartz and 
carbonate veins. At least eight of the pyrrhotitc lenses have 
been mapped. They are up to 5 metres long and 2 metres 
wide, outcrop on both sides of More Creek and trend 
approximately north-northeast and dip 30 to 35” WCS~. The 
other type of mineralization. associated with pale. reddish 
brown earnetite skam, includes coarse. radiating magnetite 
crystals mtergrown with minor pyrite. as well as irregular 
pods of pyrite, up to 20 centimetres wide. 

To summarize, the Dundee (Gla) skarns include gtmet. 
epidote, quartz, potassium feldspar, carbonate with rare 
pyroxens and wotlastonite. Mineralization comprises mas- 
sive 2nd veined magnetite with variable amounts of pyrite. 
pyrrhotite, chalcopyrite, sphalcrite and gold. The west- 
ernmost skxn is charactcrinzd by semirnnssive lenses of 
pyrrhotite. Most of the Dundee skerns are garnet-rich 
exoskarns that replace limestone: they differ from many 
other skarns in the district in being locally pyrrhotits-rich. 

MCLYMONT NORTHWEST ZONE: MINFILE 
104B 281 (MCLYMONT 3, WAKHIOK 4, DIRK 
AND KEN) 

Skarn mineralogy: Magnetite, pyrite, chalcopyrite, gold, 
galena, sphalerite, tetrahedrite, chlorite, qwrtz. calcite, do- 
“mite. siderite. ,jasper, potassium feldspar. (?I harite. 

This property lies about 2 kilometrcs southwest of Ncw- 
mont Lake (Figure 2-10-l) and is currently being explored 
by Gulf International Minerals Ltd. The mineralogy and 
morphology of this gold deposit, which is described by Ray 
of al., (this volume). is distinct from most of the other skams 
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in the district. It is tentatively classified as a retrograde- 
altered gold-rich skam that contilins chimney and manto- 
type ore 2ones. 

UNNAMEI) SKARN 
Skarn mineralogy: magnetite, pyrite. chalcopyrite. 

garnet, cpidote, trcmolite-actinolite, potassium feldspar. liz- 
ardite. (‘?, barite. 

This skam is situated east of Snippaker Creek (Figure 
t-IO-I), about 4.5 kilometres north of the Snippaker air- 
strip, at an elevation of between 1575 and I725 metrrs 
(51x0 to 5660 feet). The area is underlain by a package of 
altered, massive to hedded ash tuffs, tuffaceous sediments 
and massive limestones that strike east-southcast and dip 
steeply north. These arc intruded by early sills and dikes of 
altered. porphyritic quartz monzonite, as well as thin, late 
sills of epidotized mafic andesite. The quartz monzonite 
contains variable amounts of mrgacrystic potassium fcld- 
spar. up to 2.5 centitnetres tong. together with some coarse 
hornblende phenocrysts. These intrusions. which locally 
contain nrnoliths, are sporadically epidotizrd and cut by 
veinlets of potassium feldspar and pyrite. Both the tuff- 
sediment package and the inrusions are cut by numcro~~s 
northeast to north-northeast-striking faults. 

The extensive gossanous skarn visited in this survey 
occurs on a steep, west-facing slope at an elevation of 
1725 mares. Farther upslope to the east. the mountaintop 
appears to be largely underlain by carbonate and there are 
numerous gossans that could mark other skams. The visited 
skarn is hosted by bedded tuff close to its faulted contact 
with a quartz monzonite intrusion. The banded skam is 
characterized by an assemblage of epidote, potassium feld- 
spar, tremolite-actinolite, quartz, carbonate and minor 
pyroxene cot by veinlets of epidote and potassium feldspar. 
Metallic miner:tls include magnetite, with moderate 
amounts of pyrite and traces of chalcopyrite. Pyrite veins 
ranging up to 4 centimetres in width also occur. No garnet 
WE seen in outcrop. hut mafic hornblende diorite and mar- 
hle float at the toe of the glacier below the skam outcrop 
contain veins of brown garnet rimmed with epidote. Boul- 
ders of magnetite-pyrite-hearing marble with yellow-green 
lizardite were also seen at this locality. 

Assay results on two mineralized samples collected from 
this skarn are shown in Table 2-10-l; they show only low 
values of’ gold, silver and base metals. 

CONCLUSIONS 
The lskut River-Scud Kiver area contains numerous min- 

eralized skarns that have only recently received serious 
exploration attention. Many of the occutrmces. based on 
their predominant economic wmmodity, appear to repre- 
sent copper or iron-copper skams, some of which are spo- 
radically enriched in gold. The McLymont Northwest LOIIC. 
however, may represent a retrograde-altered gold-rich 
skxo. The occurrence of lizardite at the Scud River and 
Kirk skams, together with the presence of dolomites in the 
region. suggests that some occut~ences may have magne- 
Sian skarn affinities. 



This preliminary field investigail,n suggests the follow- 
ing conclusions with respect to skarns in the lskut River- 
Scud River area: 

0 They are commonly associated with monzonite. quartr 
monzonite or quartr mnnzodiorite intrusions rich in 
potassium feldspar. Skam-related dioritcs and gahbros 
ax Talc. 

. They are commonly hosted in carbonatexich sedi- 
mew and rulfs where thrse rocks arc intruded hy 
either large plutons or small dike\ and sills. In some 
casts. however. (~.,v. McLymont) no imrusions have 
been identified immediately adjacent to the skarn. 

l The skam morphology varies from stratiiotm (Kirk 
magnetite) to irregular (Dirk) to chimney nnd manto- 
like (McLymont). 

0 Most skxns have high garnerlpymxrne ratios and low 
pyrrh~rtirsipyrite ratios. Pyroncnr-rich ussemhlages are 
seen only in the footwell of the Kirk !mapnetite skam. 
Some skarns, such as the Stu and Shun. contain coarse 
tremolite-ilctinnlitc. 

l Many skarns are characterized by abundant magnetite. 
and minor amounts of hematnc. Pyrite and chu- 
copyrite x6 the most abundant sulphides; no arscno- 
pyrite was positively identified. although trace 
arnounh m;ly cxisf in the Mrlymont Northwest done 
(Ray PI ol.. this volume). and at the Stu. 

l Preliminary trxe elrmcnt analyses indicate wme 
skams such as the Dundee. and possibly the Scud 
River. arc sporadically enriched in gold. The anon%- 
IOM hismuth and trllurium at the Shari skarn suggrts 
the prevsncr of bismuth tellurides. 

. Lute harite-cxhonate veining is seen at many skams. 
hut it is uncertain whether this is associated with the 
sham or to some Iax unrelnted mineralizing event. 

l The most common skam siliciues are garn” and epi- 
dote. Potassium feldspar is also a common minnr con- 
htituent. l‘hc McLymont mincraliatinn is associated 
with intense silicification and carbonate altcmtion of 
the wallrocks. 

. The low pyrrh(,titc/pyriw ratios, abundance of garnet 
and the presence of hematite sugl:est most skarns in the 
Iskut River area formed in a relatively oxidized 
environment. The Scud Rive, skam and some of the 
Dundrc (Gla) skarns are unusual in hcing pyrrhotite- 
rich. 
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THE McLYMONT NORTHWEST ZONE, NORTHWEST BRITISH COLUMBIA: 
A GOLD-RICH RETROGRADE SKARN? (104B) 

By G.E. Ray, Geological Survey Branch 
V.A. Jaramillo, Gulf International Minerals Limited 

and A.D. Ettlinger, Mineral Deposit Research Unit, IJ.B.C. 

KEYWORDS: Economic geology, skam, gold, lskut River, 
manto, retrograde skam, garnet microprobe analyses, sil- 
icification, galena-lead isotopes. 

INTRODUCTION 
The McLymont property is located close to the head- 

waters of McLymont Creek, a tributary of the lskut River; it 
lies at an elevation of approximately I I70 metres (3800 
feet), about 2 kilometres southwest of Newmont Lake (Fig- 
ure 2-l I-l) The property is currently being explored by 
Gulf International Minerals Ltd. It contains two styles of 
mineralization whose relationship to each other is uncertain. 
One of these, the “Camp zone”, consists of auriferous 
quartz-ankerite-pyrite-chalcopyrite veins hosted by a 
quartz-rich granite close to its contact with Triassic and 
Jurassic rocks. The second style, the “Northwest zone”, 
comprises steeply dipping and subhorizontal zones of 
magnetite-sulphide-gold mineralization hosted in Mississip- 
pian rocks. This paper describes the geology and mineraliz- 
ation of the Northwest zone, and is based on preliminary 
work that includes core logging, polished thin-section stud- 
ies, microprobe analyses of garnets, galena-lead isotope 
analyses, and some trace element analyses (Table 2-l l-l). 

REGIONAL GEOLOGY 
The first major geological study of the region was pre- 

sented by Kerr (194R). Recent work includes I :5O 000-x& 
geological mapping by Logan et al. ( IYYOa) as well as other 
work by Read et al. (1989). Anderson (1989), Britton et al. 

(1989, 19YO), Webster and McM:illan (I 990). Anderson and 
Bevier (I 990) and Logan er al. (I 990b). A descriptive report 
of the skam occurrences in the tdistrict is given by Webster 
and Ray (199 1, this volume). 

The area lies within the Stikine lithostructural terrane 
which represents a mid-Paleozoic to Mesozoic island-arc 
sequence of volcanic and sedimentary rocks. The Paleozoic 
rocks range from Devonian to P#ermian in age ;md form part 
of the Stikine assemblage, while the Mesozoic includes both 
the Upper Triassic Stuhini Gmup and the Jurassic Hazelton 
Group. These supracrustal rocks are intrud~ed by Early 
Jurassic to Cretaceous and Teniary plutons (Logan ef ul., 
19YOb). 

The region is cut by two setis of major faults. The most 
abundant are narrow, north-striking linear faults; one of 
these. the Forrest Kerr fault ((Logan et ol., 199Oa). has, 
influenced the lower course of the Forrest Kerr Creek (Rg- 
ure 2-l I-I). The other set forms complex, north-northeast to 
northeast-trending fault zones. The faults bounding the: 
Newmont graben belong to this set: the graben is I to ;! 
kilometres wide and contains downdropped Jurassic and 
Triassic sediments, tuffs and some intrusions that are jux- 
taposed against Paleozoic rocks to the east and west (Figure 
2-11-l). 

PROPERTY GEOLOGY 
Previous studies on the property have been by Grow 

(1986, 1989), who first identified the McLynmnt Northwest 
zone as a skam, and by Koyarlagi (1990). The Camp zone 

Lab No. Au C” Pb Zn Co Ni MO As Sb Bi Te Se 
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Legend 

i:: J, EJ = Jurassic, Early Jurassic 
:.: 
1:: T, LT = Tertiary, Late Tertiary 
1:: 

I, 

1.1 d = diorite 

2 g = granite 

:.I m = monzonite 

0 = undifferentiated supracrustals 

* = skarn location 

/+ = regional fault 

-_/-~- = approximate geological contact 

vein minerzzlization is exposed in the McLymont graben, 
east of the bounding McLymont fault (Logan of ul.. IWOa). 
By contrast, the McLymont Northwest zone lies imme- 
diately west of the McLymont fault (Figure 2-l I-I). The dip 
direction of the fault is unknown: consequently it is uncer- 
fain whether it represents a normal or high-angle revetx 
fault. Airphoto interpretation indicates that the rocks on 
both sides of the McLymont fault arc cut by northerly 
trending fractures that probably represent second-order 
splay structures off the main fall. Several sets of faults are 
recognized on surface ahove the Northwest zone. An early. 
north-striking. steeply east-dipping set is prohahly related to 
these second-order structures: slickcnslides on this set 
plunge steeply east. Thih set is cut by younger, east-trending 
faults with slickenslides indicating subhorizontal dextral 
tll”“tXll~“t. 

The deposit is hosted hy a Mississippian elastic marine 
succession that is scvcral hundred mctlrs thick. The uppa 
part comprises fresh. green, massive andrsitic ash and Inpilli 

tuffs with thin units of marble. Lower down. where the 
mineralization occurs, is a scqucncc OS hcddcd tulfs, thin- 
bedded tulTaceous siltstones, occasional units of massive 
ash and crystal luff, and some horizons of white to grey 
marble, some of which contain remnant crinoid% The 
lowest part of the sequence, which is xc11 in drill-core, 
includes lapilli and ash tuff, with minor tuff hrcccia and 
tuffaceous siltstone. Excellent grading in the tuffaceous 
siltstones indicates the Mississippian package hosting the 
mineralization is upright. Poorly defined bedding attitudes 
measured on surface suggest that the area of drilling lies 
close to a northerly striking and plunging fold: tbc wcstcm 
limb of this fold dips 35 to 75” northwest while the eastern 
limb apparently dips steeply southeast. This structure is not 
well understood but it has possibly controlled some of the 
ore zones. 

C?3 Location of drillhole 
mentioned in paper 
with drillhole number 

0 Vertical projection of 
significant gold 
mineralization 
intersected in drillhole 

MINERALIZATION IN THE 
NORTHWEST ZONE 

The deposit plunges north and has heen traced hy drilling 
fur OV~T 300 metres in a nonh-northeast direction (Figure 
2-I I-2). although it remains unexplored to the north and 
south. It occurs both in steep, generally narrow. possibly 
fracture-controlled zones, and in gently dipping, thicker 
zones that appear to have replaced units ofcoane, crinoidal 
marble and lesser amounts of calcareous siltstone and tufl: 
In one southern section. several s~:erply dipping mineralire,J 
zones pass upwards into an extetnive. sulphidvrich “mush- 
room zone” (Figure 2-l l-3 ): it is uncertain whether this 
represents a mineralized fold stwcture or is the result of 
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Figure 2-l i-3. Generalized geological cross-section 
across the southern part of the McLymont Northwest zone, 
(for location see Figure Z-11-3). Interpretation based on 
core logging by G.E. Ray. 

mineralization controlled by the intersection of steep fract- 
ures and a subhorizontal carbonate unit. At the nonhem end 
of the deposit, the ore zones are shallow dipping. Gold 
grades are sometimes very high. For example, the MINFILE 
database records that Drillhole 87-29, located north of the 
mushroom zone (Figure 2-l l-2), cut an 11.2.metre intercept 
that assayed 55.02 grams gold and 1362 grams silver per 
tonne, and 0.97 per cent copper. Trace element analytical 
results on unmineralized and mineralized drill-core samples 
are shown in Table 2-l l-l. Besides gold and copper enrich- 
ment, weakly anomalous antimony, arsenic, bismuth and 
tellurium values are recorded in some samples. 

Mineralization consists principally of pyrite and magne- 
tite, with subordinate chalcopyrite and trace galena, 
sphalerite and gold, in a carbonate-quanz-chlorite gangue. 
Other minerals present include hematite, sericite, jasper, 
garnet, mtile, sphene, covellite, tetrahedrite, barite and gyp- 
sum; graphite is sporadically present, particularly along 
fault zones. Trace amounts of a minute bladed mineral, 
tentatively identified as arsenopyrite. were noted in one thin 
secmn. 

The magnetite is irregularly distributed; it displays two 
habits: a rounded to nodular form which apparently replaces 
carbonate, and an acicular to bladed form that results in 
crystals up to 2 centimetres long (Plate 2-l l-l). Similar 
elongate magnetite crystals are observed in other skams 
such as those at the Merry Widow mine and Nanaimo Lakes 

25x 

on Vancouver Island, and the Texada Island iron mines 
(Ettlinger and Ray, 1989). At McLymont, this magnetite 
appears to replace an early, pale green mineral. which is 
tentatively identified as tremolite-actinolite. 

Small isolated remnants of garnet, as well as 
pseudomorphs after garnet (Plate 2-1 l-2), are observed 
throughout the deposit. Garnet is commonly fractured 
(Plate 2-l l-3) and retrograde-altered to jasper, carbonate or 
chlorite; generally, only millimetre-sized glassy fragments 
of unaltered garnet remain. Most garnet replaces marble, 
where it originally formed either isolated, euhedral crystals 
or small masses. Garnet pseudomorphs occur as concentric 
zones of deep red jasper alternating with brown jasper and 
carbonate. Thin-section studies show the unaltered garnets 
commonly have isotropic, yellowish brown cores and clear, 
birefringent, zoned overgrowths. Microprobe analyses indi- 
cate they are iron-rich and contain less than 5 per cent 
manganese. The isotropic cores are generally Ad,, to Ad,,, 
mole per cent while the overgrowths range from Ad,, to 
Ad,, mole per cent (Figure 2-l l-4). 

Pyrite also occurs in two habits, both of which carry gold. 
The commonest forms coarse, rounded subhedral crystals 
up to 1 centimetre in diameter; these may occur as single, 
isolated crystals within carbonate, or as large clusters and 
irregular masses that, in thin section, are seen to contain 
cataclastic textures (Plate 2-l l-4) and abundant inclusions. 
Some of this pyrite replaces either large carbonate crystals, 
remnant crinoid ossicles or garnet. The other pyrite is Sine 
grained and massive, and locally carries very high gold 
values. It occurs as veins and masses that postdate the 
coarse crystalline pyrite. In polished section it is seen to 
comprise densely packed clusters of small, euhedral, sub- 
hedral and anhedral crystals in a carbonate, quartz or chlori- 
tic matrix (Plate 2-l i-5). 

PYRALSPITE 

A 
!! \ 

/ \ 

GROSSULARITE ANDRADITE 

Figure 2-l t-4. Composition of garnets from the McLy- 
mont Northwest zone (25 analyses). Note andraditic cores 
and more grossularitic rims. Microprobe analyses by 
A.D.Ettlinger at The University of British Columbia. 



Plate 2. I 1~ I. Photomicrograph of elongate magnetite 
(ma@ in a tnatrix of dolomite (doll. chlorite (chl) and 
euhedrnl quartz crystals (qtrj, Drillhole XY-IX. Reflected 
PPL, x 100 magnification. 

Plate 2. I 1-4. Brecciatcd. cozrsc, first gcncrarion pyrite in 
B carbonete matrix, Drillhole W18. Reflected PPL, x 150 
magnification. 

Plate 2-I 1~2. Jasper-chlorite psrudomulphs after ruhedrel 
gamct in marble, Drillhole 88.36. 

Plate 2. I 1~5. Anhedra, to suhhedral, cccond generation 
pyrite (pyj wergrown hy chalcopyritc (cpy). Drillhole 
89-29. Reflected PPL. x IS0 rr,agnification. 

Plate 2-l l-3. Photomicrogtaph of fractured euhedral 
garnet crystals (gt) intergrown with carbonate (car). Dril- 
lhole 89-09. Transmitted PPL, x 100 magnification. 

Plate 2-l I-6. Brecciated, first generation pyrite tpyj, 
with overgrowths and veins of chalcopyrite (cpy), Drillhole 
89.18. Reflected PPL, x 100 magnification. 



Chalcopyrite is widespread throughout the mineralized 
zones. It occurs as overgrowths or veinlets that cut hoth the 
coarse and fine pyrite (Plates 2-l l-5 and 6). as small inclu- 
sions within sphalerite, or as late veinlets with baite, carho- 
“ate and quartz. Gale”& sphalerite, tetrahedrite and 
covellite are rare and tend to occur in small veins. ‘&lewd 
forms anhedral skeletal masses that are spatially associated 
with pyrite and chalcopyrite. Sphalerite forms coarse to fine 
clots, while covellite is fine grained and occurs with chal- 
copyrite and tetrahedrite. Hematite forms isolated crystals 
and veinlers that cut both the magnetite and the coarse and 
fine pyrite. 

Chlorite is sporadically distributed, but tends to show a 
spatial correlation with the magnetite-sulphide zones and 
can carry visible gold. It forms lx&e, black to dark green, 
irregular and deformed masses as well as fine-grained clots. 
It appears to replace and pseudomorph quartz, carbonate, 
garnet and possibly pyroxene. 

Quartz occurs in veins and as isolated, euhedral crystals. 
The irregular, thin white veins cut the coarse and fine pyrite; 
they contain vugs lined with elongate, euhedral quartz crys- 
tals. These crystals reach 2 centimetres in length and com- 
monly grow within carbonate (Plate 2-I I-1 ). 

Disseminations and small masses of sericite can make up 
to 20 per cent of the rock in some thin sections: it appears to 
be a relatively late alteration mineral and largely replaces 
original feldspx. Trace amounts of sphene and wile are 
present; the latter as disseminated. small (<20 micrometres) 
suhhedral crystals. 

The mineralized zones are also characterized by abundant 
white to cream to pale brow” carbonate that includes cal- 
cite, dolomite. ankerite and siderite. Carbonate occurs both 
as a groundmass to the magnetite and sulphides (Plate 
2-l I-l) and as late crosscutting veins. Some of the late 
dolomitic and ankeritic veins contain stringers of chal- 
copyrite and small masses of white haritc. 

Although some coarse visible gold is see” in chlorite, 
polished-section studies suggest that most of the gold is 
very fine grained (<IS micrometres). These minute grains 
of gold are see” in chlorite and as inclusions in both the 
coarse pyrite crystals and the younger, fine-&rained pyrite. 

The mineralized zones and the adjacent white marble can 
contain small amounts of red, p&form jasper that have 
replaced garnet. Isolated jasper pseudomorphs of large 
euhedral garnet crystals are occasionally see” in the marble 
(Plate 2-11-2). Locally, jasper is partially replaced by 
pyrite, and some jasper pseudomorphs are rilnmed with 
magnetite and chlorite. 

The mineralized zones are surrounded by irregular envel- 
opes of early silicificatio” and later ankeritic-dolomitic 
alteration up to 2.5 metres wide (Figure 2-l l-3). The sil- 
icified rocks vary from grey to pale green to pale brow” in 
colour. Silica can crosscut bedding or may selectively 
replace cenain beds in the tuffaceous siltstones. resulting in 
alternating layers of unaltered and silicified rock. Where 
complete silicificetio” has occurred, extensive zones of 
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massive chert-like rock are formed. Silicificatio” was fol- 
lowed by the introduction of brown-coloured carbonate that 
includes siderite. ankerite and dolomite; this occurs either as 
a massive overprinting or as fracture-related ferrocarbonate 
veins and breccias. Some of the carbonate veins contain 
small euhedral quartz crystals, stringers of chalcopyrite, and 
clots of white barite. 

Mineral textures suggest the following broad paragenesis: 
I. garnet, 2. jasper and chlorite, (the chlorite possibly 
replaced early pyroxcnet, 3. magnetite, 4. coarse pyrite. 5. 
fine-grained pyrite, 6. quarrz veining and silicificatio”. 7. 
pervasive and vein-carbonate alteration. 

There are at least two generations of chalcopyrite: the 
first is associated with, hut postdates pyrite, while the sec- 
ond is found in late quartz-carbonate-barite veins. 
Sphalcrite may postdate the early chalcopyrite. Specular 
hematite postdates both the magnetite and pyrite. The rele- 
tive age of the gold is uncertain although it appears to be 
associated with pyrite and chlorite, hut not with 
chalcopyritc. 

GALENA-LEAD ISOTOPES 
Sphalerite-galena veins tend to he more common on the 

outer margins of the Northwest zone and are interpreted to 
represenr a distal part of the hydrothermal system. A palena 
sample from a sphnleritc-gnlena vein in Drillhole 8X-20. at 
t!le north end of the deposit (Fi&“re 2-l l-21, was analysed at 
The University of British Columbia for its lead isotope 
ratios: 2”*Phi~““Pb and ““Pbi?““Pb ratios of 2.0429 and 
0.83223 respectively (&O.Ol per cent error for each) were 
nxisured (A.D.R. Pickering. personal communication, 
1990). 

When these galena-lead isotope ratios arc compared to 
similar data from other deposits in the lskut-Stewart area 
(sw Godwin rrol.. 1991, this volume), an Early Jurassic. or 
older age for the mineralization is indicated. The measured 
ratios are consistent with a tight cluster of precious metal 
deposits that are cogenetic with the Jurassic Hazelton 
Group. These include Eskay Creek, Premier, Scatty Gold, 
Kerr, Johnny Mountain and Snip. All but Eskay Creek and 
Snip are closely associated with the Texas Creek plutonic 
suite which has been dated as Early Jurassic (Brown, 19x7). 

DISCUSSION 
The silicate-sulphide mineral assemblages in the North- 

West zone deposit indicate it may represent a retrograde 
skam, while the abundant dolomitic alteration suggests it 
could have magnesia” skam affinities. The importance of 
retrograde activity it1 developing a” ore-grade skar” deposit 
has previously hecn described by Meinert (1986). Remnant 
early andradite garnet is preserved in the deposit, par- 
ticularly within the mushroom zone. although most of the 
garnet is now a retrograde assemblage of ,jasper, hematite. 
carbonate. chlorite and quartz. The mushroom zone is 
underlain and enveloped by a halo of intense silicification 
(Figure 2-l l-3) in which the mwhle and elastic rocks are 
replaced largely by silica and chlorite with lesser magnethe 



and pyrite. At the outer margins of this envelope. and distal 
to the deposit, are thin veins containing sphalerite and 
galma; one of these veins was sampled for galena-lead 
isotope analysis. 

Development of garnet skem close to a source of hydro- 
thermal fluids. with more distal hydrous silicate alterntion 
and silicification. and peripheral base metal mineraliration 
is well documented (Zharikov, 1970: Einaudi PI ul., 1981: 
Mcinert, 19x1). The alteration parafencsis observed in the 
Northwest zone suggests the mushroom zone was a gamet- 
hearing skam that ftrmed close to the source of the hydro- 
thermal fluids. Outwards from this feeder zone, pyroxenc 
may originally have crystellized and later hcen destroyed 
during the subsequent retrogression that accompanied sul- 
phide deposition. as no pyroxme has been positixly identi- 
fied in the deposit. 

The gold-rich Northwest zone is um~suttl in that it does 
not contain the reduced mineral assemblages that charac- 
terized other gold skams in British Cobmbia (Ertlinger and 
Ray, l98Y: Ray ef al.. 1990). Iron-hearing phases in the 
deposit arc hematite, jasper, magnetite and andradite which 
all contain abundant Fe*l. Pyrite is the mast abundant 
sulphidr. while pyrrhotite and arsenopyrite, which charac- 
terize other gold skams. are generally ahsent. Although 
pyroxcne has not been seen, the abundant chlorite suggests 
that if progrxle pymnenr was originally present. it was 
probably diopsidic in composition. This contrasts with true 
gold skams, such as those in the Hcdley district, which are 
mnrkcd by irott-rich, hedcnbergitic py’nxencs (Ray it al., 
1988: Ettlinger cr 01.. in press). 

To summarize, the oxidized asscmhlage at the McLymont 
Northwest zone is atypical for Hedley-type gold skams, hut 
instead resemhlcs those found in skams associated with 
porphyry copper systems. Similar, oxidized skarn 
assemblages occur in the gold-rich McCoy and Surprise 
deposits in Nevada (Brooks cf ol., 1990: J.W. Brooks, per- 
sonal communication. I Y90). 

CONCLUSIONS 
The McLymont Northwest zone is bclievc~ to represent a 

highly retro~mdc~altrred. gold-rich skam deposit. which, on 
the basis of gitlena-lead isotope analyses, is pmhably Early 
Jurassic or older in age. Although some coarse visible gold 
is present, much of the gold is fine prained (<IS micro- 
metres) and commonly OCCUIS as inclusions in pyrite. The 
pyrite-maEnetitc-hematite-andraditc assemblages indicate 
the deposit formed under onidizd conditions which are 
atypical of other gold skarns in British Columbia. Alteration 
envelopes of silicification and distal base metal veining are 
present around the deposit: extensive dolomitic alteration 
may indicate the deposit has magnesian skam affinities. 

Precise controls of the ox zones arc not yet fully under- 
stood. Mineralization is believed to he both lithologically 
and structurally controlled. and it is possible that the tla- 
lying and steeply dipping ore zones represent mantes and 
chimneys. It is uncertain, however, whether the richest part 
of the deposit, the mushroom row. represents a mineralized 
fold hinge, a stockwork feeder or a pipe. 
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TESTING ON PERLITE AND VERMICULITE SAMPLES FROM 
BRITISH COLUMBIA 

By Lucie Morin and Jean-Marc Lamothe 
CANMET Mineral Processing Laboratory, Ottawa 

KEYWORDS: Industrial minerals, perlitc, vermiculite. ther- 
mogravimetric balance, softening-point tempernture, bulk 
density. exfoliation tests. 

INTRODUCTION 
In November 1989. CANMET was approached by the 

British Columbia Ministry of Energy, Mines and Petroleum 
Resources to perform an assessment of potential perlite and 
vermiculite resourc~‘s, as represented by samples provided 
to us. The samples, totalling 521) kilograms. were from 
seven perlite occurrences (the Frenier deposit on the eastern 
slope of Blackdome Mountain, northwest of Clinton: the 
Francois Lake, Ootsa Lake and Uncha Lake prospects south 
of Bums Lake: and the Blackwater Creek, Florence Creek 
and Gold Creek occurrences in the Port Clements terra of the 
Queen Charlotte Islands) and two vermiculite prospects (the 
Joseph Lake o~c”rrence southeast of Fraser Lake and the 
Sowchea Creek showing near Fort St. James). The material 
for testing, as received, was a mixture of grab samples and 
chunk specimens shipped in jute bags. Brief descriptions of 
the geology of the sample sites arc given by White (1990). 

TESTING ON SAMPLES OF PERLITE 

PREPARAUON OF HEAD SAMPLE 
Because of the nature of the material, a preliminary 

examination was made by removing a scoopful of material 
from each bag and combining the scoops as one lot weigh- 
ing approximately 2 kilograms. This composite was reduced 
to less than 6 millimetres (I14 inch) in a jaw crusher. A IOO- 
gram sample was riffled and pulverized for thermal testing 
in a thermogravimetric balance. The rest of the material was 
used for subsequent bcnrficiation studies. 

DESCRIPTION OF TESTING 
The samples were subjected to three tests. The first used 

the thermogravimetric balance to determine the percentage 
water loss when heated to about 800°C. In the second test 
the samples were heated under a heating microscope for 
determination of the softening point and the results were 
used in the subsequent thermal treatment. Thermal treat- 
ment involved heating the sample to 700°C in a horizontal 
stationary furnace for 5 minutes, then transferring it to a 
vibrating tube furnace set at the softening-point tempera- 
ture. The small tuhe furnace. measuring IS by 30 inches 
(~40 by 80 cm) was set at an angle of 50’ to the horizontal, 
with a stainless steel tube 4X inches (== I20 cm) long and 
2 inches (-5 cm) in diameter, centred within it. The total 
time for the material to pass through the tube was about 
IS seconds, the retention time in the hot zone being about 

5 seconds. A portion of the sample from each of the deposits 
was passed through the tube. The approximate bulk density 
of the material recovered from ,cach test was obtained by 
measuring the weight in a 250 cubic centimetre graduate 
cylinder. 

RESULTS AND D~scuss~o~~ 
THERMOGRAVIMETRIC BALANCE 

Figure 3-l-l shows that samples from Uncha Lake, Ootsa 
Lake. Francois Lake and Blackwater Creek ax quite com- 
parable to the sample from the Frenier deposit. The Gold 
Creek sample showed much hi&r weight loss (7.9%‘) than 
the Frenier sample (3.6%). The lowest water loss, the Flo- 
rence Creek sample, was only I .2 per cent. 

SOFTENING-POINT TEMPERA:I‘URE 

Figure 3-l-2 shows softening-point temperatures; the 
Florence Creek sample was found to soften at the lowest 
temperature, between 1210 and 1235°C. Softening of the 
Gold Creek perlite occurred b’ztween 1235 and 1270°C. 
comparable to the Frenier perlite and other samples. Plate 
3-l-l is a series of photomicrographs illustrating the stages 
in the softening process 

PERLITE CONTENT 
PER SAUPLE 

Figure 3-l-l. Histogram showing perlite content of sam- 
pies from Gold Creek, Uncha Lake, Ootsa Lake, Frenier, 
Francois Lake, Blackwater Creek and Florence Creek. 
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1OOO'C 1130-c 1170-c 12OO'C 1235-C 

1270.C 1310-c 1350~C 1390-c 1420-C 

146O'C 1480.C 149o.c 15OO'C 1510-c 

REPORT OF A SERIES OF PHOTOMICROGRAPHS 

Plate 3-l-l. Photomicrographs showing silhouetres of a 
perlite sample under heating treatment. At 1270°C the out- 
line of the silhouette has rounded, indicating that at this 
stage the ashes have passed into the softening phase. The 
softening temperature ts found to be betwren 1235 and 
1270°C. After swelling slightly at 1350°C the specimen 
eventually melts. The photomicrograph obtained at 1420°C 
shows the “hemisphere point”, which is accepted as the 
melting point. 
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HEATING TREATMENT 

The results of the third test are illustrated by Figures 
3-l-3 and 4. The Gold Creek sample expanded the most, 
decreasing to a bulk density of 166 kilograms per cubic 
metre. Bulk densities of expanded Frenier and Blackwater 
Creek perlite were 258 and 450 kilograms per cubic metre 
respectively and the Florence Creek sample gave the highest 
value (928 kg/+). 

All results indicate that samples from Gold Creek and 
Florence Creek are significantly different from all other 
samples. The Gold Creek sample showed much higher 
water loss and was noticeably more expansible than all 
other samples. The Florence Creek sample shows very 
much lower water loss than the other samples and had the 
highest bulk density after the heating treatment. The other 
four perlite samples show similar and comparable results. 

The temperature of the furnace could not be controlled as 
closely as desired to permit uniform heat treatment and the 
firing conditions were therefore not necessarily those which 
would give the best results. Considering this, the Gold 
Creek sample has the best potential application as filler, and 
possibly in concrete and plaster aggregates. Further testing, 
using equipment permitting an optimum heat treatment, 
might give better results and would be necessary to mezwe 
the actual potential of all the sampled deposits. 



Figure 3-l-2. Softening temperatures of perlite samples 
from Gold Creek, Uncha Lake, Ootsa Lake, Frenier, Fran- 
cois Lake, Blackwater Creek and Florence Creek. 

TESTING ON SAMPLES OF 
VERMICULTE 

PREPARATION OF HEAD SAMPLE 
Five kilograms of material from each sample was riffled 

down to a l-kilogram portion which was scrubbed in a 
Wemco attrition scrubber for 10 minutes at 20 per cent 
solids. After scrubbing, the samples were wet screened aver 
an R mesh screen and crushed in a roll crusher to less than 
3.36 millimetres (-l/X inch). 

DESCRIPTION OF TESTING 
The vermiculite samples were subjected to exfoliation 

tests using the same small tube furnace as for the tests on the 
perlite samples. The total time for the material to pass 
through the furnace, and the retention time in the hot zone, 
were the same as in the perlite tests. A portion of each size 
fraction was passed through the tube with the maximum 
temperature of the furnace maintained between 930 and 
96OOC. 

RESULTS ANDDIS~USSION 
Each product contained material that did not exfoliate and 

which was removed from the sample by air separation using 
an air table. The percentage by weight of vermiculite was 
calculated and an approximate density of the exfoliated 
vermiculite obtained (Tables 3-1-l and 3-l-2). Figures in 
brackets under the heading “Vermiculite %” in the tables 

Geological Fieldwork IY90, Paper 1991.1 

Change in Bulk Density 
B 
‘: 

Due tO Expansion 

Figure 3-1-3. Change in bulk density due to expansion of 
perlite samples from Gold Creek, Uncha Lake. Frenier and 
Francois Lake. 

TABLE 3-t-t 
EXF”LlATl”N TESTS ON SOWCHEA CREEX SAMPLE 

TABLE 3-1-L 
EXFOLIATION TESTS ON JOSEPH LAKE :SAMPLE 



are the percentage of vermiculite in the whole minus 3.36 
millimetres fraction. The +50@micron fraction (35 mesh) 
had been discarded because of its lack of commercial value 
and the percentages were recalculated on the basis of grad- 
ing the material to obtain the total percentage of vermiculite 
in the whole -3.36.millimetre fraction. 

As in the case of the perlite tests. the conditions of 
crushing and exfoliation were not necessarily those that 
would give optimum exfoliation and recovery of 
vermiculite. 

CONCLUSIONS 
Neither of the samples tested shows significant promise 

of being suitable for use as loose insulation as both are too 
fine grained. More than 60 per cent of Canadian production 
was used for this purpose in 1980. Bulk densities greatly 
exceed ASTM specifications for this application which are 
in the range XX to 12X kilograms per cubic mews. 

The mtaterial tested might be used in other ways, such as 
filler or aggregates in insulating concrete or plaster, 
although the maximum bulk density permitted by AS’TM 
spccit.icafons for lightweight aggregates in insulating con- 
crete is I60 kilograms per cubic mctre. The Sowcha Creek 
sample contained the most vermiculite, but the density 
obtained in these preliminary tests was not close cnou@ to 
the specified limit to indicate that the material might be 
suitable for commercial purposes. The vermiculite content 
of the Joseph Lake sample appears to be too low to be of 
commercial value. 

REFERENCES 
White, G.V. (1990): Perlite and Vermiculite Occurrences in 

British Columbia; B.C. Minisr,?’ (!f Ene,:qy. Mimr und 
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GEOLOGY OF THE MOUNT BRUSSILOF MAGNESITE DEPOSIT, 
SOUTHEASTERN BRITISH COLUMBIA 

(825/12, 13) 

By George J. Simandl and Kirk D. Hancock 

KEYWOKLIS: Industrial minerals, rconomic geology. mag- 
nesitr. Cathedral Formation. Middle Cambrian. dolumitiz- 
tion, porosity. base metal association, deposit model. 

INTRODUCTION 
Magnesite (M&O,) is an induswial mineral that can bc 

converted into either caustic, fused or dead-burned magne- 
sia. Dead-burned magnesia is used mainly in the manufac- 
ture of refractory products; caustic magnesia is used in 
treatment of water, in animal feedstuffs, fertilizers. magne- 
sia cements, insulating boards and wood-pulp processing, in 
chemicals and pharmaceuticals and us a curing agent in 
rubber (Coope. 19X7). Magnesium metal is produced either 
from magnesite or from caustic mapnesia. 

In the short-term future. production of dead-burned mag- 
nesia is cxpectcd to remain constant. however, demand for 
caustic magnesia is increasing (Duncan, IYYO). With the 
increasing trend toward the use of high-perfomxmce “mag- 
carbon” refractories. future demand for fused magnesia 
looks promising. 

A number of magnesite deposits are known in British 
Columbia (Grzant, 19X7). the most important of these is the 
Mount Brussilof orebody. It is hosted by dolomites of the 
Middle Cambrian Cathedral Formation. 

HISTORY 
The Mount Brussilof deposit was discovered during 

regional mapping by the Geological Survey of Canada 
(Leech. 1965). Baykal Minerals Ltd. and Brussilof 
Resources L&l. staked and explored the dcpasit. In 1971, the 
two companies mrrgcd to form Beymag Mines Co. Ltd. In 
lY79, Refratechnik GmhH. acquired Baymag Mines (Mac- 
Lean, IYXX). In 19X0, proven and probable geological 
reserves were 0.5 million tonnes grading over 95 per cent 
magnesia in the calcined product and 13.6 million tonnes of 
93 to 95 percent magnesia in calcined product. Possible 
reserves were estimated at 17.6 million tonnes averaging 
Y2.44 per cent magnesia in calcinated product (Schultes, 
19X6). Previous investigations, including mapping, are 
described in detail by MacLcan (198X). 

LOCATION 
The Mount Brussilof deposit is located in southeastern 

British Columbia, approximately 3S kilometres northeast ot 
Radium Hot Springs. It is accessible from Highway 93 by 
an all-weather unpaved road (Figure 3-2-l). Elevations in 
the arca range from 1250 to 3045 mefres ahove see level. 

TECTONIC SETTING 
The Mount Brussilof deposit is located in the Forekm3 

rectonostratiEnlphic belt and within the “Kicking Horse 
Rim”, as defined by Aitken (1971, 1989). It is situated east 
of a Cambrian bathymetric feature commonly referred to as 
the Cathedral escarpment (Fritz. 1990: Aitken xnd 
Mcllreath, 19X4, 1990). Existence of the escarpment is 
challenged hy Ludwigscn (19X9, 1990) who suggests that 
this feature is a shale-carbonate facie chance on a ramp 
Leech (1966) described the wne feature in the Mount 
Brussilof mine area (Figure 3-2-2) as a “faulted facies 
change”. In any event, the carbonate rocks east of this 
feature, which host the magnesite mineralization, were 
deposited in a shallower mwinr environmcnl than their 
stratigraphic equivalents to tht: west. 

STRATIGRAPHY AND LITHOLOGY 
The stratigraphic relationsh~lp between rocks east of the 

Cathedral escarpment, and their deeper water equivalents to 
the west, commonly referred to as the Chancellor Form- 
tion, is described by Aitken and Mcllreath (I!)841 and Stew 
art (1989). 

All known occurrences of sparry carbonate, other than 
veins of calcite or dolomite .I few centimetres thick, alp 
located east of the Cathedral exarpment. A composite strati 
igraphic section of this area is shown on Figure 3-2-3 
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Figure 3-2-2. Geology of the Mount Brussilof area. 
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LEGEND 

Middle Cambrian 

Chancellor Formation: Argillaceous 
limestone and shales. Basinal equivalent 
of the Pika, Eldon, Stephen and 
Cathedral formations 

Arctomys Formation: Purple and red 
shales with beige dolomite. Overlain by 
the Waterfowl and Sullivan formations. 

Eldon and Pika formations (undivided): 
Buff, grey and black massive dolomite, 
argillaceous dolomite and limestone. 

Stephen Formation: Brown and tan 
shales. Fossiliferous. 

Cathedral Formation: Buff and grey 
dolomite and limestone 

Naiset Formation: Thin-bedded, brown 
and green shale. 

Lower Cambrian 

I Gag Formation: Massive, tan, quartz 
sandstone. 

SYMBOLS 

Magnesite 

Sparry carbonate 

Magnesite ( Lzech, 1966 ) 

I I I I r Cathedral Escarpment 

_,- _) . . . .  Geological contact: defined, 
approximate, assumed 

deformed. The deformation is characterized ksy numerous 
small-scale folds with subhorirontal fold axes oriented 160’ 
Minor thrust faults, and a well-developed steeply dipping 
cleavage striking 160” are other typicel features. Along the 
Cathedral escarpment, cleavage is subvertical, closely 
spaced and injected by dolomite, calcite an<J. siderite 
veins. 

-MM Fault: defined, approximate 

Stratigraphic thicknesses of the formations are appnximate. 
The formations are described below. in order from oldest to 
youngest. 

East of the Cathedral escarpment, cleavage is generally 
absent in carbonates (Cathedral, Eldon and Pika formn- 
tions), well developed in the Stephen Formation and 
strongly developed in the Naiset Formation. The rocks out- 
cropping immediately east of the escarpment strike 170” and 
dip 20” west. 

The Gog Formation is a rusty, grey or buff, medium to 
coarse-grained, massive to thick-bedded Lower Cambrian 

Farther east the bedding is subhorizontal and charac- 

sandstone more than 250 metres thick. 
terized, by minor, upright, open folds. Several subvertical 
faults transect this area (Figure 32.2). These faults have 

The Naiset Formation comprises thinly bedded, brown vertical displacements of tens to hundreds of metres. In the 
and green Middle Cambrian shale overlying the Cog For- northeastern corner of the stud:{ area, defomtation in the 
mation. It is 65 to 170 metres thick, chxacterized by blue- Naiset Formation is similar to that of the Chancellor Forma- 
green chlorite spots and by a well-developed cleavage tion. due to a thrust fault outcropping farther east. 

oblique to bedding. Near the Cathedral escarpment this 
shale may become grey or parti.rlly converted to talc and 
serpentine. 

The Cathedral Formation, wlhich hosts the magnesite 
deposits, is also Middle Cambri.m in age. It is about 140 
metres thick and consists of buff, white and grey limestones 
and dolomites. Laminations, ripple marks, intraformational 
breccias, yoholaminites (Mcllrealh and Aitken, 1976). algal 
mats, ooliths, pisolites, fenestrae and burrows we well pre- 
served. Pyrite is common either as disseminations or pods 
and veins. 

The Stephen Formation consists of tan to grey, thinly 
bedded to laminated shale about I6 metres thick, with a 
cleavage subparallel to bedding. It is of Middle Cambrian 
age and contains abundant fossil fragments and locally well- 
preserved trilobites and inarticulate brachiopodls. 

The Eldon and Pika formations cannot be subdivided in 
the map area. The lowermost beds of the Eldon Formation, 
overlying the Stephen Formation, are black limestones 
approximately 50 metres thick. This basal unit is very dis- 
tinctive, containing millimetre to centirnetre-scale 
argillaceous layers that weather to a red, msty colour; 
elsewere these formations cannot be readily distinguished 
from the Cathedral Formation, texcept by fosi.il evidence. 

The Arctomys Formation, also Middle Cambrian in age, 
is characterized by green and purple shales and siltstones 
interbedded with beige, fine-grained dolomites. Mud cracks 
and halite crystal prints are commonly preserved. The thick- 
ness of this formation was not determined, as the base 
marked the limit of mapping. 

All the formations are well exposed over the area, except 
the recessive Stephen Formation, which was no,: observed in 
the southern part of the map area. It is not clear if this lack 
of exposure is due to lack of ou!:crops or to nondeposition. 

STRUCTURE 
Rocks west of the Cathedral1 escarpment are strongly 
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LOWER 

CAMBRIAN 

Arctomys Formation Beige, thin bedded 
dolomite; basal purple, 
brown, green laminated 
shales. 

Eldon and Pika 
formations 

(undivided) 

White, buff, grey and black, 
mottled, fenestral 
laminated to ma&e 
dolomite. 

Stephen Formation Brown, tan and grey 
calcareous, fossiliferous 
shale. 

Cathedral Formation Buff, white and grey, 
massive to laminated 
limestone and dolomite. 
Contains magnesite 
mineralization and the Mt. 
Brussilof mine. 

Mt. Brussilof mine 

Naiset Formation Green and red, cleaved 
thin-bedded shales. 

Gog Formation Orange to buff, massive to 
crudely thick-bedded, 
matore, quartz sandstone. 



MAGNESITE DEPOSITS 
Sparry carbonate rocks occur within the Cathedral, Eldon 

and Pika formations (Figure 3-2-2). They consist mainly of 
cwrse dolomite and magnesite crystals in varying propor- 
tions. Magnesite-rich sparry carbonates are restricted to the 
Cathedral Formation, where they form lenses, pods and 
irregular mi~ws. 

Barren Cathedral Formation consists mainly of fine- 
grained, massive or laminated dolomite interbedded with 
limestones. It contains well-preserved sedimentary and 
diagcnrtic features. These fine-grained carbonates are 
locally brrcciated and cemented by conrse white dolomite, 
indicating ii strong secondary porosity (PIale 3-2-l). 

Parts of the Calhedral Formation are entirely altered to 
sparry magnesite. forming deposits oi economic interest. 

Sparry carbonates arc separated from limestone by light 
grey, massive dolomite, which may contilin needle-shaped 
quarrr crystals (Plate 3-2-2). The comacfs hetwcen sparry 
carbonate masses and the fine-grained dolornile are sharp 
and may hc concordant or discordant IPlates 3-2-3 and 4). 

Magnesitic sparry cal-honate is usually white or light grey 
in colour and huff when weathered. I( consists of regularly 
spaccd, altrmaring white and grry magnesitc layers (Plate 
3-2-S). randomly oriented cenfimetre-scale white magnesite 

crystals (Plate 3-2-6) or a mixture of light grt~y and white 
magnesite crystals. Common impurities in magnesite ore 
are isolated rhombohedral dolomite crystals, salcite veins. 
pyrite veins (Plate 3-2-7). suhvertical fractures filled by a 
mixture of beige ankerite, ulcilt: and chlorite, <coarse radiat- 

Plate 3-2-4. Discordant. sharp and irregular urntact 
between sparry carbonate (SC1 and fine-grairwd dolomite 
(DO). 
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Plate 3-2-5. White and grey, layered “perry magnesite ore 
from the Mount Brussilof mine. 

ing or single quartz crystals and coarse pyrite pyritohedrons 
and octahedrons disseminated within sparry magnesite. 
Chalcocite, fersmite, phlogopite, talc and coarse, white. 
acicular palygorskite were also observed in the mine. 
Boulangerite, huntite and brucite were reported from labo- 
ratory analysis by White (1972). 

Where fine-grained dolomite is not entirely converted to 
magnesite. replacement features such as coarse, white car- 
bonate crystals growing perpendicular to fracture planes 
(Plate 3-2-8) or partings (Plate 3-2-9) and lenses of fine- 
grained dolomite enclosed by sparry carbonates are com- 
mon. Bipolar growths of zoned magnesite crystals (Plate 
3-2-10). magnesite pinolite (Plate 3-2-l I), rosettes and 
coarse carbonate crystals having lozenge-shaped cross- 
sections (PIa 3-2-12). All these features are interpreted as 
replacement textures. Some long magnesite crystals are 
deformed, suggesting that at least some magnesite predates 
or is penecontemporaneous with the last period of 
deformation. 

Sparry dolomite rock consists mainly of dolomite 
rhombs. It forms lenses, veins or irregular masses in fine- 
grained dolomite and is believed to occur at the same 
stratigraphic horizons and to contain the same impurities as 
coarse sparry magnesite. 
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Plate 3-2-h. Randomly oriented sparly magnesite crys- 
tals, Cathedral Formation, 100 mettes cast of the Mount 
Brussiluf mine. 

Dolomite veins cutting magnesite ore occur at the mme. 
however, magnesite veins were never observed to cut sparry 
dolomite. 

CHEMISTRY OF CARBONATE ROCKS 
Analyses of I9 samples of magnesite and dolomite- 

bearing rocks were available in time for this publication. 
These samples were analyzed for MgO, CaO, FeO, SiO, 
and AI,O,. The major constituents are MgO and CaO, 
wjhich are negatively correlated (Figure 3-2-4). 

The magnesium content of the carbonate rocks varies 
continuously from dolomite to magnesite. Stoichiometric 
dolomite and magnesite are given for reference. Fine- 
grained massive or laminated carbonates are dolomitic in 
composition. Coarse and sparry carbonates have higher 
magnesia contents than fine-grained carbonates. 

ELEMENTS OF THE GENETIC MODEL 
Several elements of a genetic model explaining the origin 

of the Mount Brussilof deposit are indicated by the tectonic, 
stratigraphic and structural setting, secondary porosity fea- 
tures, replacement textures. paragenesis and absence of 
fine-grained magnesite, protodolomite or hydromagnesite, 
The presence of huntite (White, 1972) remains to be 
explained. 



Plate 3-2-l. Pyrite veinlets cutting magnesite rock: Mount 
Brussilof mine. 

It is suggested that the magnesite postdates early 
diagenesis of the Cathedral Formation and probably of the 
Stephen, Eldon and Pika formations as well. Widespread 
dolomitization and subsequent fracturing and brecciation 
contributed significantly to an increase in porosity. Some of 
the fracturing may be due to reactivation of a pre-Cathedral 
escarpment fault or to a difference in competence of deep 
and shallow-water sediments during the post-Middle 
Cambrian tectonic activity. However, most of the breccias 
were probably produced by a partial dissolution and col- 
lapse of the carbonate hostrock, caused by incursion of 
meteoric water or hydrothermal solutions in the manner 
described by Sangster (1988). 

Fluids responsible for crystallization of coarse sparry 
carbonates reacted with dolomitized, permeable and fract- 
ured reef facies along the Cathedral escarpment and moved 
up-dip along the permeable zones. The fluid cooled and 
evolved chemically along its path due to interaction with 
dolomitic hostrock. The most important parameters deter- 
mining the ability of the fluid to increase the magnesium 
content of carbonate rock are temperature, the mole Ca2+1 
mole Mg2f ratio of the solution, the fluid/rock ratio and the 
salinity of the fluid as well as the permeability, porosity and 
physical and chemical characteristics of the protolith. The 
relationship between temperature and mole Ca*+/mole 

Geolo,qical Fieldwork 1990, Paper 1991-l 

Plate 3-2-K Bipolar growth of sparry carbomtes from a 
fracture plane in fine-grained dolomite that hosts the Mount 
Bmssilof deposit. 

Mg2+ ratio is illustrated in Figure 3-2-5, high temperature 
and low mole CaZ+/mole MgZ+ ratio increases the potential 
of the fluid to convert carbonate:s to magnesia:. 

Predictions based on this model suggest that the highest 
grade magnesite deposits should be located along the edge 
of the Cathedral escarpment, within the reef facies. Lower 
grade magnesite deposits and sparry d&mites would be 
located at a greater distance up-dip from the Cathedral 
escarpment along the same permeable zones, or adjacent to 
the escarpment but in the zones of lesser pemteability. 

This model conforms well to the field obwvations. It 
requires confirmation and integration with the results of 
future petrographic work, geochemical (isotopic, REE, 
minor and major element) amdysis, fluid inclusion and 
crystallinity studies. mass balance determinations and fur- 
ther thermodynamic considerations. Future studies will 
focus on constraints on the ori,& temperature and com- 
position of the mineralizing fluid, geochemical gradients, 
paragenetic relationships and fluid/rock ratios. 

ECONOMIC CONSIDERATIONS 
Several new magnesite showi~ngs that are part of a contin- 

uous sparry carbonate belt parallel to the Cathedral escarp- 
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merit were identified in the course of fieldwork. Magnesia 
content varies considerably within this belt. About I kilo- 
metre north of the mine the favorable horizon of the Cathe- 
dral Formation is covered by barren Eldon Formation. 
However the continuity of the mineralization beneath this 
cover is proved by sparry carbonate showings along the 
Assiniboine Creek valley. The belt may extend south of the 
known Miller Pass showings (Figure 3-2-2). Very littlc is 
known about the grade of these occurrences and further 
exploration is justified. 

Mapping confirmed that magnesite is not confined to a 
single stratigraphic horiron within the Cathedral Formation. 
Sparry dolomite is widespread throughout the formation. 
and also occurs within the Eldon Formation. The possibility 
that the Cathedral escuqxnent is not the only permeable 
zone that was open to magnrsite-forming fluids should he 
considered by prospectors. 

The known association of base metal deposits with the 
Cathedral escarpment (Aitken and Mcllreath.l9X4), sim- 
ilarities between the dolomitiration styles in the Kicking 
Horse mine (Rasetti, I95 I) and in the Mount Brussilof area 
indicate that exploration should not be restricted to 
magnesite. 

Discovery of a fluorapatite float on Mount Brussilof. the 
identification of fersmite (a niobium-hearing mineral) and 
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Plate 1-2-10. Bipolar magncsite pinolitr: vestigial silty 
dolomitic protolith (hlack). zoned magnesitc crystals (white 
and light grey): Mount Brussilof mine. 

chalcocite, the previously reported occurrence of 
boulangerite (White, 1972) and abundant pyrite in the 
Mount Brussilof mine further encourage exploration pro- 
grams in the Mount Brussilof area. 
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RECENT MAGNESITE-HYDROMAGNESITE SEDIMEsNTATION 
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BRITISH COLUMBIA 
(92~) 

By Robin W. Renaut and Douglas Stead 
University of Saskatchewan 

KEYWORDS: Industrial minerals, magnesite. Cariboo 
Plateau, playa, Holocene, salinity, chemical composition, 
depositional environments. 

INTRODUCTION 
Deposits of sedimentary magnetite and hydromagnesite 

of Holocene age are common on the semi-arid Cariboo 
Plateau of interior British Columbia. They occur as surficial 
deposits in playas and many other small closed depressions, 
mainly between Williams Lake and Clinton. 

Reinecke (1920) and Cummings (IY40) have provided 
the only descriptions of the deposits to date. Grant (19X7) 
has reviewed these and other occurrences. Recent studies ot 
Carihno pleya sedimentation have shown that magnesium 
carbonates are fur more widespread than previously 
reported (Renaut and Long, IYX7. 198Y) Although 
Reinecke and Cummings speculated upon their genesis, no 
attempts have been made to determine their mode of forma- 
tion and the age of the deposits. 

Therefore, during June and July 1990, we began a study 
of the origins of the magnesite and hydromagnesite. This 
included it reconnaissance to determine the types of occur- 
rence, and a detailed survey of Milk Lake, a small playa 
basin where they are well developed. We summarirc results 
of the fieldwork at Milk Lake and provide some preliminary 
mineralogic;tl data. These show that magnesium carbonates 
are probably forming in many Cariboo basins today, hoth 
subaqueously and in zones of shallow groundwater 
discharge. 

GEOLOGY AND ENVIRONMENTAL 
SETTING 

The intcrmontane Cariboo Plateau (Figure 3-3-l) lies at 
an elevation of 1050 to 1250 metres above sea level. The 
plateau is underlain mostly by Neogene basalts (Campbell 
and Tipper. 1971: Mathews, 19X9), with a thin (0 to 5 m) 
mantle of till and glaciofluvial sediments (Tipper, 1971: 
Valentine and Schori, 1980). Ice retreated from the region 
about IO000 years ago (Fulton. 1984). The adjacent Marble 
Range (Figure 3-3-l) is composed of marine sediments, 
basic Iwas and ultramafic rocks of the Permian-Jurassic 
Cache Creek Terrane (Monger, 1989). lnliers of Cache 
Creek rocks occur locally within the plateau basalts (c.,~. 
hills northwest of Meadow Lake). 

The plateau surface is gently undulating with extensive 
coniferous forest cover, locally broken by grassy meadows. 

Drainage is disordered with few streams, abundant marshy 
ground. and several thousand lakes, both fresh and saline. 

The climate is semi-arid to sub-humid with a mean 
annual precipitation of 300 to 400 millimetrer;, which is a 
similar value to the mean annual moisture deficit (Valentine 
and Schori, 19X0). Mean July telnperatures range from I3 to 
17°C. compared with -Y to 11°C in January. Less than 90 
days ettch year are fi-ost free. Sncav and ice usually cover the 
plateau from November until late March. Further details of 
the environmental setting are given in Renaut and Long 
(1989). 

THE PLAYAS AND SALINE LAKES OF 
THE CARIBOO PLATEAU 

There are more than one thousand saline laker on the 
Cariboo Plateau, ranging from :imall ephemeral ponds and 
playas to large perennial meromictic lakes. Commonly they 
lie in small, closed basins between elongate mounds of till 
or eskers. or in small, kettle-like depressiotx. Many are 
clustered along pnleomeltwater channels produced during 
the last deglaciation. Most lakes have small catchments, 
lack channelled inflow, and are fed directly by groundwater, 
snowmelt and unchannelled ,wash. Subaerial and sub- 
lacustrine springs are present at several lakes. 

Although extensive magnesite-hydromagtwite deposits 
are also found around the margins of only a few perenmal 
saline lakes (c.,q, Meadow Lake, Figure 3-3-I). they are 
most common in the ephemeral lake (playa:~ basins. The 
playas are defined as those lakes that desiccate annually or 
every few years. 

Three main groups of pla]/as have been recognized 
(Renaut and Long, 1989; Renaut. 1990~1): 

l Siti~~idusric plows are small and fed predominantI) 
with elastic debris derived, from slopewsh and small 
slope fililures. 

l Cur-honaf~ pluyus are very shallow, alkaline lakes that 
desiccate producing hard, (dry mudtlats composed pre- 
dominantly of carbonates. but with a peripheral zone 
of mixed carbonate and siliciclastic debris. 

l Sdiw nwtflu~ et~hmvral take con~plexe.s have 
mixed carbonate-siliciclastic mudflats zurroundine. a 
shallow brine or pan in which wits (natron. mirabilite 
or epsomite, according to brine composition) PK 
precipitated. 
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More than 150 analvses have been made of Cariboo 
Plateau waters (Topping and Scudder, lY77: Renaut and 
Long, IYX7: Renaut, IYYObl. These have demonstrated a 
very wide range. both in salinity (-C I to >35O g L ’ TDS) 
and in chemical composition. Notable are the exceptionally 
high magnesium/calcium ratios. u’hich range from 0.7 to 
greater than 300. Evaporative concentration appears to be 
the dominant method of increasing salinity. 

The main ions in runoff. spring waters. and fresh lakes 
(<3 g Lo’) are usually Mg’+, Na*, HCO,~ and SO,‘~, and in 
many, Mg’+ and HCO, are dominant. Lake waters with 
moderate salinities (3 to SO g Lo’), including several carbo- 
nate playslakes, also have similar compositions. 

There are three nlilin types of hypersaline brine (150 g 
L~‘I on the plateau: highly alkaline brines (pH: X.5 to 10.5). 
poor in calcium and magnesium. with Na-CO,-(SO&Cl 
composition: more lneutrul brines (pH: 7.5 to X.8). poor in 
HCO, and CO,. with Mg-Na-SO, composition: and Na- 
Mg-SO,-CO, brines with somewhat lower salinities (pH: 
X.0 to Y.S). The origins of the brines arc discussed in Reneut 
(IYYOO~, 

THE MAGNESITE-HYDROMAGNESITE 
DEPOSITS OF MILK LAKE 

A reconnaissance of magnesite und hydromagnesite 
deposits across the plateau suggests that they are found in 
four main depositional settings: (I) as the dominant min- 
erals in carbonate-playa basins. where they precipitate sub- 
aqueously and in zones of shallow groundwater discharge; 
(2) in peripheral mudtlats surrounding chased perennial 
lakes lc,,q. Meadow Lake, Watson Lake of Cummings. 
1940): (3) in marshy valley-bottom sites (q. Clinton, Bas- 
que. Riske Creek); and (4) either alone or associated with 
other mineral precipitates in saline mudflat - ephemeral 
lake complcnes, where they may occur in peripheral 
mudtlats or near sites of spring water discharge (~.,q, Last 
Chance Luke). 

Only the first type will be discussed here, using the 
example of Milk Lake. However. the processes in the 
mudflats of Types 2 and 3 are believed to be similar to those 
operative in Type I. 

SETTING OF MILK LAKE 
Milk Lake is a small carbonate playa with well-developed 

magnesium carbonate muds (Figure 3..3.2). It lies on part of 
a southeast-trending paleodrainage channel network that 
extends from Long Lake. through Meadow Lake and 
Alberta Lake, and continues through to Sixtyonc Creek 
(Figure 3-3-I). Large hydromagnesite-magnesite deposits 
are found west of Meadow Lake (Reinecke, 1920) and are 
reported in Sixtyone Creek (Cummings, lY40). It appears, 
therefore. that Milk Lake is but one of several magnesite- 
hydromagnesite lake basins located along the paleochannel. 

Milk Lake has an irregular shape, consisting of three 

elongate lobes and a broad, central playa tlat. It has a 
surface awn of 0.3 square kilometre and the playa floor lies 
at an elevation of approximately 1095 metres. The playa is 

Figure 3-3-2. Depositional subcnvironments <of Ihc Milk 
Lake pley;~ hasin. 

confined by low vegetated Ihills, composed of glacial 
deposits. that rise abruptly from the shoreline on all side!.. 
At the northwestern margin, the valley continues across a 
low col, now crossed by a road (Figure 3-3.?.I. The eastern 
margin of the basin is defined by the Albema Lake eskev, 
which rises IO to IS metres above the valley floor. Several 
smaller ephemeral lakes are separated from Milk Lake by 
vegetated carbonate mudflats. 

The lake is fed mainly by groundwater. direct precipita- 
tion and unchannelled wash. Small lake-floor spring seeps 
are periodically visible. Milk Lake normally only holds 
water for 2 to 4 months a year, following spring snowmelt 
and for brief periods after heavy rains. During June 1990, 
which was exceptionally wet, the entire lake bed was suh- 
merged to an estimated maximum depth of 20 to 30 cert. 
timetres. The pH was 7.4 to 7,6. In contrat. in June IYXX. 
the lake bed was already dry mud with small residual pools 

with waters having a pH of 8.:‘. The lake bed is usually ice 
covered from November until late March. 

DEPOSITIONAL SURENVIKONMENTS 
Milk Lake is a typical Cariboo playa with three muin 

depositiona! subenvironments (Figure 3-3-3). The centre old 
the basin is u broad mudtlat that is seasonally occupied b) 
an ephemeral lake. This passes transitionally into peripher,xl 
mudtlets that, in turn, give way to vegetated hillslopes. 

HILLSLOPE 

The grass and tree-covered hillslopes are predominantl) 
sites of erosion. Siliciclastic sediment is moved to the adjd- 
cent mudtlats by slopewash. Periodically, wtall slumps and 
arcuate slope failures occur, projecting as lobes onto the 



mudflats and exposing the glacial sediments to rapid ero- 
sion. As the slopes retreat, coarse gravels remain as surficial 
tag aprons along the base of slope. 

PERIPHERAL MUDFLAT 

The contact between the hillslope and the peripheral 
mudflat is commonly abrupt. The peripheral mudflats are a 
site of extensive magnesium carbonate precipitation. They 
are a zone where groundwater fluctuates at or close to the 
surface and is seeping basinward. 

The peripheral mudflats are usually zoned with several 
types of surface (Figure 3-3-3). Below r&tively steep hill- 
slopes, the junction may be marked by dense, reedy vegeta- 
tion: locally. there is standing water. This passes lakeward 
into a .?one of vegetated hummocky ground on which sub- 
circular earthy hummocks rise up to 40 centimetres above 
the damp intervening hollows. The mounds range from 20 
to 100 centimetres in diameter. Most hummocks are par- 
tially covered by pink and orange, leathery microbial 
(cyanabacterial) mats, 1 to 2 centimetres thick. 

Sediments in this zone are typically a mixture of stope- 
derived siticictastic detritus, mixed with precipitated mag- 
nesium carbonates, and are commonly rich in organic mat- 
ter. They are massive to crudely bedded, may be granular. 
and are commonly disrupted by roots. Along the southern 

shore, three main units can be recognized in the upper 
metre: an upper, dark grey stromatolitic carbonate layer: a 
brown. middle ctastic unit with grey carbonate mottling and 
macrovegetal remains; and a lower, pale grey to cream 
carbonate layer (Figure 3-3-3). The intervening hollows are 
commonly rich in stromatotite intractasts. This zone ranges 
in width from a few metres to approximately 20 metres. and 
is typically 5 to 10 metres wide. 

Beyond the vegetated hummocks, there is usually a zone 
of white hummocky ground composed predominantly of 
magnesium carbonates. This differs from the former by 
being purer carbonate (often greater than 95%). having far 
less surficial vegetation, and displaying a more regular 
polygonal pattern (Plates 3-3-l and 2). The subcircutar 
hummocks (“cauliflowers” of Cummings, 1940) rise from 
a few decimetres to a metre above normal maximum lake 
level. They are typically SO to 120 centimetres acc~oss, and 
separated by narrow, often damp depressions, normally with 
tufted grasses. The hummock surfaces have stromatotitic 
crusts I to 2 centimetres thick that break up as the surface 
dries out, producing intraclasts and finely powdered mud. 
Below these friable crusts. there is a layer of grey to white, 
mottled massive carbonate mud, that progressively becomes 
more cream in colour and granular at depths of 60 to 80 
centimetres. 

HitMope Peripheral mudflats Ephemeral lake - central playa Peripheral mudflats 

Slope wash debris 

Vegetated httmmocky ground 

Stromatolitic crusts (Hm) 
Massive grey muds 

Sh,,ctureless brown sand 
with carbonate mottles and 
rootlets (Hm, M) 

Efflorescent crusts (Hm) 
Mudcracks f-k’ @$: : Stromatolitic 

;mi CNSt,$ (k) 

Pale grey, crudely 
laminated muds (M, Hm) 

Mottled grey and white 
muds (M); patchy sand 
lenses 

Massive grey muds 

Cream muds (M) 

. . . m.. ,.:::. . white muds (Hm, M) 
;;;;;;ix; 
..:;, .:.... . . . . . .:: . . . . . . . . . . :.:.:.:.:.j:.>:.:. ..:.. . . . . .:.:.:. 
:. : : : : :.._ 
::.::::I:: 
i!!iiijjji Creammuds 

Hm: HYDROMAGNESITE M: MAGNESITE D: DOLOMITE 
Figure 3-3-3. Schemaic section rhmugh the southern margins of Milk Lake, showing selected profiles 

through the near-surlacr sediments. 





This type of surface is common to most hydromagnesite- 
magnesite deposits across the plateau. including those at 
Meadow Lake, Watson Lake, Sixtyone Creek and Clinton 
Lake (Reinecke. 1920; Cummings. 1940; Rcnaut and Stead. 
1990). This zone is not continuous around most lakes. It 
typically develops on mudflats at the extreme ends of rlon- 
gate lakes, and may separate adjoining playa basins. as for 
example. between Milk Lake and Slime Lake (Figure 
3-3-2). 

Toward the shoreline, hummocky &round gives way to it 
broad zone of microbial mats tstromatolites) with extensive 
mudcracks (Plate 3-3-3). During June 1990 this nxr was 5 
to 20 metres wide and extended for at least 2 metres off- 
shore. The stromatolites themselves show morphological 
zonation from broadly domal and pustular mats to nearly 
horizontal mats as the shoreline is approached. Sediments in 
the upper mare of this zone are typically white and grry, 
massive muds. locally with stromatolitr intraclastr. bccom- 
ing cream coloured at depth. Significantly, all the microbial 
mats of the peripheral mudflat were developed above the 
maximum lake level for spring of 1990. 

CEUTRAL MUDFLAl 

The central mudflat, when dry, is a hard. flat surface of 
pale grey carbonate muds showing extensive. dense, small 
(2 to 20 cm) polygonal mudcracks. A fen, larger crack 
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networks also develop 2 to 4 metres apart. Although gener- 
ally flat, small saucer-like depressions a few metres across 
and less than IO centimetres deep. are scattered across the 
surface. They are commonly damp and are visible on aerial 
phorographs. It is unclear whether these are loci of upward 
groundwater seepage or withdrawal, or both. Recessional 
strandlines, marked by concentrations of vegetative and/or 
microbial debris, and. more rarely, small (I to 2 cm) wave- 
cut notches, are also present. Shallow rills less than 5 
centimetres deep and from IO to SO centimetres wide, are 
found normal to the recessional shorelines. White sftlorcs- 
cenr carbonate crusts from I to IO millimefres thick develop 
locally, particularly toward the shoreline. 

A shallow pit dug near the centre of the playa muds 
during June 1988 revealed massive grey muds which con- 
tinue to a depth of ar least 80 cemimetres, becoming mottled 
with whiter patches and lenses 40 to 60 ceotimetres below 
the surface. and cream at about I metre. Samples allowed to 
dry at room temperature, and split subvertically with respect 
to the lake bed. revealed a crude, but disrupted, coarse (0.5 
to I cm) lamination. 

INTERBEDDED CARBONATES AND SILICICLASTICS 
OF THE NORTHERN LAKE MARGINS 

The genrle grassy slopes along the northwestern playa 
margins are underlain by massive to weakly bedded. grey 



and white. magnesium carbonate muds that interfinger with 
slope-derived siliciclastic sands. The carbonate\ lie up 10 a 
meter above the ad,jacent plnyn mudflats and. unlike the 
other play;\ margins, they are incised by broad shallow 
pulleys. They are also truncated by an crosionnl bluff along 
the modern littoral 7one. Hummock? ground is only ““11 
developed close to the modern maxm~um lcvcl shoreline. 

The significance of these scdimcnts is uncerfa~n. 
Although carbonates nlay he forming nrx the shore LOW. 
the eroding sediments upslqx may hc somewhat older than 
those elsewhere in the basin. 

MINERALOGY 
Preliminary an;dyscs of the mineralogy of 30 hulk szm- 

pies of rhc carbonate imuds were made by X-ray diffraction. 
Sample\ were prcparcd as cavity mount\ and anal~v%l using 
a Rigaku X-ray diffractometer with Cu K-n radiatwn. These 
have confirmed that the muds are predominanrly magnrsitr 
(MgCO,) and hydromagnesite (Mg(OH),’ 4MgC0, 
41i10) (Figure 3-I-4). Dolomite is present in two of the 

muds. Although the sample size is still small. severi~l trends 
in the mineral distribution are apparent. 

Hydromagncsitc is the dominant, and commonly the 
wanly, mineral in the stromatolites and surficial sfflorescent 
crusts that surround the lake. Hydromagncsitc. normally 
mixed with some magnesite. is also the principal carbonate 
in the upper IO to 30 ccntimetres of the zones of white 
hummocky ground. The carbonates interbedded with sil- 
iciclastics along the northern shore are a mixture of hydro- 
rnagnesite and mapnesite. the latter increasing downward in 
the profile. 

Magnesite is the principal curhonare in the modern 
ephemeral lake muds. It is found at the surfacr of the dry 
lake bed (or below a thin. ephemeral hydromagnesitr 
efflorescence) and continues to depth\ of at least X0 cen- 
timrtrcs. Hydromagnesite was found in two cores at depths 
of IO to 20 centimetres below the central playa surface, 
accounting for about 25 to 30 per cent of the total carbonate. 

Magnesitc also occurs in the peripheral mudflats. 
Although an ;~ccessory in some surficial crusts and 
stromatolitcs, it usually increases in sbundancc about 20 to 

30 centimetres below the surface, down to ahout a metre, 
occurring as the only carbonate or xrompanied hy minur 
hydromugnesitr or dolomite. 

Partially ordered dolomite occurs at a depth of 40 to X0 
crntimetres below the stromatulitcs in the southern 
prriphcral mudflat sediments, associated with magnesite 
(Figure 3-3-4). At Milk Lake, no other carbonate minerals 
were found in the initial hatch of samples analysrd 
However, in the Clinton Luke basin (Figure 3-3-l ). whcrc 
similar hydmma~nesite-magnesite muds arc f~xming. ara- 
gonite, calcian dolomite and magnesian cnlciir are found 
mixed with hydromagnesite in peripheral mudflats (Renaut 
and Stead, 1990: Renaut rr ul., in press). Nrsquehonite 
(M&O,. 3H,O) and huntite ICaM&(CO,),j have been 
recorded from unnamed carbonate pla!‘as a few kilometra 
west of 70 Mile House. 
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Four lacustrine muds were examined using a scanning 
electron microscope (Plate 3-3-4). They show that the muds 
are extremely fine grained. For both magnesite and hydro- 
magnesite, individual crystals range trom subhedral to 
anhedral and are less than I micron. Most occur as agsre- 
gates from 0.5 to 2 microns across. 

The carbonates of the central mudllat are relatively pure. 
The acid-insoluble fraction of four samples ranged from I .2 
to 5.4 weight per cent. The principal impurities are clay 
minerals (mostly smectite), plagioclase silt. corroded 
diatom debris and organic detritus. 

The peripheral mudtlats generally contain a higher pcr- 
centage of non-carbonates, retlecting dctrital wash from 
adjacent slopes. The principal non-carbonate minerals 
detected by X-ray diffraction are plapioclase. quartz and 
clay minerals. Preliminary results suggest that smectites 
predominate ( 14..&). Palygorksite. sepiolitc and opnl-A have 
been found in samples from mudtlat\ west of Meadow 
Lake. and may account for the silica reported in hydromag- 
nesite analyses by Reinecke (1920) and Cummings (1940). 

OHIGIN OF THE MAGNESIIW 
HYDROMAGNRSITE DEPOSITS 

Magnesite and hydromagnesite deposits have been 
described from playa lakes on several continents. Both 
primary and diagrnetic origins for the minerals have brcn 
proposed (e.,~. van der Borch. 1965: lrion and Miiller. 1968: 
Miiller <‘f ul., 1972: Popov and Sadykov. 19X7: Pueyo-Mur 
and Ingles-Urpinell, 1987; Molnar. 1990). 

Although analyses we at a very preliminary stage, and 
chemical analyses of the basin waters xc incomplete. the 
field evidence indicates that the magnesium carbonates are 
probably forming today. Magnesium-rich groundwaters are 
discharging into the basin. and through evaporation and/or 
biomediation, magnesite and hydromagnesite (and/or possi- 
bly 3 calcium-bearing precursor) are forming both in 
peripheral mudflats and within the central playa-lake. 

The groundwaters acquire a high magnesium/calcium 
ratio on contxt with the underlying basaltic rocks. and by 
widespread precipitation of calcite and mafnesian calcite in 
soils and near-surface sediments (Renaut. IYYOb). Previous 
analyses of Cariboo groundwaters have revealed 
magnesium/calcium ratios of I.5 to 41, and salinities from 
<I to 40 g Lo’ TDS (unpublished darn). Although the 
hydrogeology is poorly understood. they move basinward 
through permeable layers within the tills and glaciofluvial 
deposits, or at their contact with the underlying Iavas. 
Elsewhere on the plateau. especially along paleomeltwater 
channels, permeable sands and gravels underlie playn sedi- 
ments and may also do so at Milk Lake. 

In the peripheral mudflats, shallow groundwaters seeping 
lakeward undergo capillary evaporation and perhaps 
degassing of carbon dioxide. Hummocky and self-rising 
ground are commonly associated with groundwater dis- 
charge in the capillary fringe (c.,~. Mot&, 1970). The 
upward growth of hummocks may be related to interstitial 
carbonate precipitation within granular permeable 
sediments. 
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Hydmmagnesite appears to be forming today at or close 
to the surface as a product of complete evaporation. 
Whether associated cyanobacteria mediate in precipitation 
is uncertain. but scanning elwtron microscope examination 
has shown that their filaments and mucila&e arc heavily 
encrusted by hydromagnesite. 

The origin of the underlying megnesite and dolomite 
requires investigation. Cumnlinps (1940) noted a common 
downward increase in calcium content of the muds which he 
attributed to differences in wlubility, the calcium-bearing 
carbonates being first to precipitate from waters pro- 
gressiucly concentrated as they are drawn upwards. There 
arc. however, other possibilities that require testing. For 
example. groundwater composition may have varied 
through time as a result of a climatic change. A relative 
increase in evaporation. for example. might increws early 
calcium carbonate precipitation in soils, thereby increasing 
the maft~esiumicnlcium ratio of the groundwaters. Dolom- 
tization of a calcium carbonate precursor might result. and 
magnesium carbonates could prccipitatr. The common 
downward transition from bydromagnesite to magnetite 
may be diagcnetic. due to dewntering of original hydromag- 
wsite. w,hich is the metastable phase (Christ and Hostetler, 
1970). The effects of seasonal changes in groundwater con 
position. already noted in other lake basins (Renaut, IYYOb), 
and tlushing of the sediment by runoff are also unknown. 

Most carbonate precipitation within the lake occurs a\ it 
gradually desiccates from its maximum level during May 
and June. During June 1990. the lake waters were milky 
with a fine suspension of white carbonate crysrels and had a 
pH of 7.6. 

A preliminary examinatiorl by scanning electron micro- 
scope of a small filtered sample collected at the shoreline 
rcvcaled very fine aggregates of subhedral magnesium car- 
bonate crystals, the individual crystals being less than 
0.5 micron in diameter. Qualitative energy-dispersive ax- 
lyses (EDS) on a JEOL JXA X600 microprobe, confirmed 
that these are calcium-free. X-ray diffraction analysis of a 
smear of the very small sample produced a dominant, but 
weak, reflection at 2.735 A. suggesting that they are magne- 
site. hut further confirmation is required. Whether this is 
evidence of primary precipitation of magnesite, or resuspen- 
sion of bottom muds, awaits investigation. 

Although evaporative concentration and warming are 
probably important factors in precipitation, biomediation 
may also occur. During June and July, the waters were 
locally green with dense blooms of algae and cyanobacteria. 
Photosynthetic assimilation of carbon dioxide may, there- 
frxe, contribute to carbonate precipitation (r.,~. Kelts and 
Hsii. 197X). Recently, Thompson and Ferris (1990) demon- 
strated cyanobacterinl mineralization of magnesite in the 
laboratory and speculated that it may occur in high pH (X.5 
to IO), saline aquatic environments, such as Milk Lake. 

It is unclear whether magnesite is the initial and only 
precipitate, or whether hydromagnesite also precipitates 
from the lake waters or central playa groundwaters after the 
lake desiccates. Elsewhere on the plateau, hydromagnesite 
is apparently precipitating from lake water. In a small 



gravel-pit pond I kilometre west of Clinton Lake, brief 
whitings of hydromagnesite have twice been observed dur- 
ing early summer. The sediments are nearly pure aggregates 
of hydromagnesite. 

CONCLUSIONS 
Magnesite and hydromagnesite are forming today at Milk 

Lake and in many other playa basins on the Cariboo 
Plateau. At Milk Lake, hydromagnesite is precipitating as 
surficial crusts from shallow magnesium-rich groundwaters 
in the capillary fringe of peripheral mudflats. and is com- 
monly associated with cyanobacterial mats. It overlies mag- 
nesite and dolomite at a few decimetres depth. 

Subaqueous precipitation of magnesium carbonates 
occurs in the desiccating playa lake. by evaporative con- 
centration and possibly by biomediation. The original pre- 
cipitate remains to be determined. The central playa muds 
are relatively pure and dominated by magnesite with sub- 
sidiary hydromegtwite. 
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INTRODUCTION 
Since the inception of the joint federal-provincial 

Regional Geochemical Survey (RGS) program in 1976, 
high-quality geochemical data have been effectively dis- 
seminated to the exploration and mining industry (Figure 
4-l-l). A great many new mineral prospects have been 
discovered, old ones have been re-evaluated and a number 
of areas previously thought to have little mineral potential 
have been investigated as a result of these surveys. Over 
time, the program has evolved in its scope and mandate in 
response to the changing demands of the exploration indus- 
try, the development of fast, inexpensive high-quality ana- 
lytical techniques, increased knowledge of trace element 
dispersion and the growing concern with environmental and 
land-use issues. 

The 1990 programs covering southeastern British Colum- 
bia reflect the continued efforts of the Applied Geochemis- 
try Unit to meet the needs of the exploration industry as well 
as to enhance the inherent qualities of the data as a tool for 
other research. Highlights of these programs include: 

l The completion of two regional geochemical surveys 
in southeastern British Columbia. covering NTS map 
sheets, Femie (UC) and Kananaskis Lakes (825). 

0 The expansion of the RGS stream-sediment analytical 
suite to include neutron activation analyses of 26 addi- 
tional metals and pathfinder elements. 

l The expansion of the stream-water chemistry database 
to include aoalytical results for copper, lead, zinc, 
mercury, cadmium and arsenic. 

l The analysis of 25 003 archived regional geochemical 
stream-sediment samples (seventeen 1:250 000 map 
sheets, Figure 4-l-l) for 26 previously undetermined 
elements. The I99 I release will include results from 
NTS map sheets Penticton (82E), Nelson (RZF), Lar- 
deau (X2K). Vernon (82L) and Seymour Arm (XZM). 

The forthcoming 1991 RGS release will present explora- 
tionists with the formidable tas k of assessing over 500 000 
analytical results from approximately X400 sites covering 
I IO 000 square kilometres of one of British Columbia’s 
most diverse geological regions (Table 4-l-l). Preliminary 
interpretation of the data indicates that sites occurring 
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within the Lower Paleozoic Lardeau group, Triassic- 
Jurassic Nicola and Rossland groups and Jurassic grano- 
diorites contain a high proporti,on of samples anomalous in 
base and precious metals. Additionally, the expanded 
stream-water database will aid in the evalllation of the 
background metal concentratiolw in this area of high min.- 
era1 potential. 

This repon will outline the regional geologic setting and 
the associated mineralization Found in the survey areas. 
Survey parameters (sample collection, preparation and ana-. 
lytical procedures) and a preliminary evaluation of the base 
and precious metal results are tdso presented. 

REGIONAL SETTING 
LOCATION 

The areas surveyed in 1976, 1977 and 1990 cover south-- 
eastern British Columbia from 49” to 52” north latitude and 
114” to 120” west longitude. The region is characterized by 
a varied physiography (Table 4-l-2) and complex geology 
(Figure 4-l-2). 

PHYWXRAPHY 

Southeastern British Columbia consists of two majol 
physiographic regions, the Columbia Mountains and South- 
em Rockies, and the Interior Plateau (Holland, 1976). 
Extending westward from the Alberta border to the Mon- 
ashee Range, the Columbia Mountains and Southern 
Rockies physiographic region xcommodates the majority 
of the survey area. These parallel mountain belts trend 
northwest and are separated by the Rocky Mountain Trench. 
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Figure 4-1-l. Current status oi British Columbia Regional Geochsmical Survey program. 

The Rocky Mountains are strongly faulted, folded and 
glaciated. Summit elevations range above 2500 metres and 
extremely rugged mountains are separated by deep, narrow 
valleys. The peaks and ridges are predominantly cxposed 
bedrock. The steeply sloping valley sidrs a~ covered u’ith 
talus or colluvium and the valley bottoms contain allwium 
and till. The primary and secondary stream drainages found 
in these high mountain areas are generally characterized hy 
a herringbone pattern. 

tain Trench, especially on their east-facing slopes. As a 
result, dry, overgrown creek beds, which no longer contain 
stream-sediment material. are commonly found in these 
ilreils. 

The Columbia Range averages 2000 metres in elevation. 
The peaks are well rounded and the corresponding stream 
patterns are primarily dendritic. Till and colluvitlm cover 
the middle to upper slopes and illluvium is found in the 
stream basins. 

The survey area also extends into the eastern margin of 
the Interior Plateau. The Shuziwap and Okanagan Highlands 
consist of well-mundcd ridg,es and summits ranging from 
IS00 to 2000 metres elevation. Glacial erosion has pro- 

duced deep valleys with steeply sloping sides. The higher 
elevations are characterized by relatively resistant bedrock 
and the valley floors xc covered with drift material. The 
drainage patterns are primarily dendritic. 

As many of the mountain ranges within this ma.@ 
physiographic region exceed 3000 metres elevation. they 
are very effective barriers to the eastward rnovcment of 
moist Pacific air masses. This rainshadow effect products 
drier climates in the major valleys such as the Rocky Moun- 

The survey arra includes parts of‘ three of the five ~mc- 
turally and physiographically distinct belts which constitute 
the Canadian segment of the North American Cordillera. 
From east to west. these are: the Foreland Belt. the Omineca 
Belt and the Intermontane Belt. 
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The Fwcland and Intennuntane belts are primarily com- 
posed ot unmetamorphosed and low-grade meramorphic 
stratified rocks. Scpnreting these two belts. and charec- 
tcristically distinct, is the Omineca Belt. a hish-grade metn- 
morphic and granitic belt that reflects a history of tectonic 
uplift and the intrusion of granitic rocks brtween mid- 
Jurassic and early Tertiary time. 

locally strongly metamorphosed Proterozoic and Palcort~ic 
miogeochnal rocks, younger volcamcs, pelitic rocks and a 
large number of Mesozoic intrusions (Hiiy. 1981). The 
Purcell anticlinoriurn. Kootenay arc. and Shuswap meta- 
morphic complex are structural provinces &fined within 
this helt and host several important mineral deposits. 

On the eastern margin of southern 13ritish Columbia lit 
miogeoclinal clxstic and carbonate sediments of mid- 
Proterozoic to Mesozoic age which comprise the Foreland 
Belt. Thttse were deposited on the western edge of cratonic 
North America and subxquently thrust eastward during 
Mesozoic and I‘ertiary times. Small Cretaceous intruGons 
are found within this belt. The region is hounded by the 
Omineca Belt to the west. 

Most of the study area lies within the Chnincca Belt. It is 
characterized by a succession of strongly deformed and 

The Purcrll anticlinorium comprises a succession ot 
northward-plunging rocks of Pmteroroic age, One oi the 
largest known stratifortn base metal deposits :n the world. 
the Sullivan mine, is hosted by Helikiun turbidites (AIdridge 
Formation) along the castern edge of the Purcell anti- 
clinorium und other deposits iwe: found to the south, in the 
United States, in rocks equivalrrlt to the Purcell Supergroup 
strata. 

The Kootenay arc is described as a north-wading arcuate 
belt containing sediments of Hadrynian to ca~ly Mesozoic 
age which have been folded and thrust faulted. A major 
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‘HYSIOGFIAPHIC PHYSIOGFWPHIC 
REGIONS SUBUNITS GEOLOGY AND ST!WCTURE 

INTERIOR Shuswap Highland gneiss and schistose metamorphic rocks 

PLATEAU Okanagan Highland metamorphic rocks (chiefly gneiss) with granitic intrusions 

Rocky Mountains folded and faulted sedimentary and metasedimentary (chiefly 
limestone, quartzite. schist and slate) rocks 

COLUMBIA 
MOUNTAINS 

AND 
SCUTHERN 
ROCKIES 

Rocky Mountain Trench chiefly Quaternary sediments 

Purcell Mountains folded sedimentary and metamorphic rocks (chiefly quart&e. 
argillite and limestone) with granitic intrusions 

Selkirk Mountains folded sedimentary and metamorphic rocks with granitic 
stocks and batholiths 

Monashee Mountains folded sedimentary and metamorphic (chiefly gneiss) 
rocks with intrusions 

Cariboo Mountains folded sedimentary and metamorphic rocks 

regional structure, it is primarily a lead-zinc belt as is 
evidenced by the Salmo mining camp, Bluebell and Wig- 
wam deposits, which are typified by shallow-water Lower 
Cambrian carbonate hosts. The Rossland volcanics of 
Jurassic age continue to be actively explored for large gold- 
bearing shear zones and the Cretaceous Nelson batholith is 
host to the old silver mining camp known as the “Silver 
Slocan”. 

Rossland volcanics; sedex deposits in the Upper Proterozoic 
Dutch Creek Formation; massive sulphide deposits in the 
Eagle Bay assemblage: strarabound copper deposits found 
in the Grinnell Formation of the Purcell Supergroup; and 
gold in Cambrian limestones adjacent to the Sheep Creek 
camp. 

The Shuswap metamorphic complex is separated from 
the Kootenay arc by the eastward-dipping Columbia River 
fault. The metamorphic complex consists primarily of Arch- 
can paragneisses which form domal structures containing 
core gneisses of Aphebian age. A number of large strata- 
bound lead-zinc deposits, such as Big Ledge and Ruddock 
Creek, are found along its eastern margin. 

In the Foreland Belt, recent exploration has centred on 
the Jubilee Formation carbonates which host lead-rinc- 
copper-(silver) mineralization at intrusive contacts; and on 
gold associated with Cretaceous alkalic intrusions in the 
Flathead area. 

The lntermontane Belt, west of the Omineca Belt, cmsses 
the extreme southwest comer of the study area. Moderately 
folded upper Paleozoic strata, overlain unconformably by 
folded and faulted Late Triassic volcanics, are intruded by 
Late Triassic to Early Jurassic plutons which have caused 
low-grade metamorphism of the strata (Schau, 1970). 

Most exploration within the Intermontane Belt is focused 
on porphyry deposits and gold-bearing skarns similar to the 
Nickel Plate deposit. Interesting posslbdmes also continue 
to be explored in the Eocene and Tertiary volcanic rocks of 
the area and several epithemul vein systems hosting gold 
have been discovered. 

1990 PROGRAMS 
RGS PROGRAM - 
SOUTHERN ROCKY MOUNTAINS(S~G,J) 

MINERAL DEPOSITS 
The styles of mineralization found in the 1991 RGS- 

release area can be categorized according to tectonic terrane 
and deposit type. Table 4-I-3 is a compilation of some past 
and presently active exploration properties within the sur- 
vey area (British Columbia Mineral Exploration Review 
1990, Information Circular 1990-l). 

STREAM-SEDIMENT AND STREAM-WATER 
SAMPLE COLLECTION 

The Omineca Belt remains the centre of exploration 
activity in southeastern British Columbia. Current explora- 
tion within the belt is concentrated on Sullivan-type 
deposits within the Purcell Supergroup. Other activities 
include the evaluation of lode gold deposits within the 

MPH Consulting Limited (Vancouver) was selected by 
competitive bid to carry out the 1990 RGS sampling pro- 
gram. The sample-collection team consisted of five 
samplers and a crew chief. Field operations were conducted 
from several strategically located base camps. Ministry 
representation was maintained throughout the 40.day pro- 
gram to ensure all aspects of sample collection, data record- 
ing, drying, packing and shipping were in accordance with 
standards set by the National Geochemical Reconnaissance 
Program. 
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:LASS SUBCLASS EXAMPLE COMMODITIES HOST ROCK - 
NTERMONTANE BELT 
‘OFIPHYRY ca,c alkaline Brenda cu. MO hosted within a zooned and co”lposRe quartz ,diolife 

body k”clW” a* tile Brenda 5kxk 
EN Epithermal “WI, AU a deep. structurally complex epithermal vein 

*y*mm ho*ted by Eocene wbanic rocks 

WARN Dividend- A” 
Lakeview 

Crystal Peak Industrial 
Garnet 

3MINECA BELT 
SHUSWAP METAMORPHIC COMPLEX 
PASSIVE St,atabO”“d R”ddG& Creek 2”. Pb. Ag. 
SULPHIDE CF. 64 

Stratiform Victory A&l. AU, cu. 
Zn, Pb 

Volcanogenic HOme*take Pb, Zn. Cu. 
Kuroko Type As, Ba 

iEN Epithermal “enner AU 

XARN Greenwmd Au. As. Cu 
camp 

<OOTENAY ARC 
!AASSI”E Sedex Reeves- Z”, Pb, AQ, 
UPHIDE McEQnald (Cd, Ga, Ge) 

“olcanogenic GOldSt,eW7l Cu, Z”. (Pb) 
Sesshi Type 

ElN Mesothermal 

;KARN 

‘ORPHYRY- ca,c alkaline 
3REcnA 
‘LACER Gold 

Rossland AU 
GamP 

S,ocan As. Pb. 2” 
hP 

Tillicum A”. Ag 
MO”“td” 

Wilh C”, Au 

Wild Horse A” 
River 

‘URCELL ANTICLINORIUM 
dASSl”E Sedex Sullivan Pb. Zn, Ag hosted by lower Middle Aldridge siltsfme 
;“LPHlDE 

‘K”pf~Whid?3,’ cu. ” stratabaund layers in Grimall Formation 
(A% Pb, MO) sandstone red beds 

EIN vine Zn, Pb, C” hosted by the Aldridge Formation; associated witk 
fault Pane 

‘ORELAND BELT 
XARN 

WWWRY Alkaline 
NDWTRIAL 
“INERALS 

2YS 



I 1 Detection 1 Sample 
Element 1 Limits 1 Weight 
GOId I 1 wbl 10 g 

1 a 
Chromium 5 bpm 
Bismuth I 0.2 wml 2 0 

I Antimony 
I 

0.2 Ppm ” 

1 9 

0.5 g 

Digestion Technique 
fire assay fusion - 
Palladium inquarting agen 

3 ml HN03 let sit 
overnight, add 1 ml HCI ir 
90°C water bath, for 2 
hrs. cool, add 2 ml H20, 
wait 2 hrs. 

Al added to above solutior 
HN03 - HCI - HF taken to 
dryness, hot HCI added to 
leach residue 
HCI - KC102 digestion, KI 
added to reduce Fe, MIBK 
and TOP0 for extraction 
sintered with NHql, HCI 
and ascorb,ic acid leach 
add 2 ml KI and dilute HCI 
to O.SM HN03. 0.2M HCI 

20 ml HN03 * 1 ml HCI 

K2SO4 fusion, HCI leach 

NaC03 . KN03 fusion, 
H20 leach 
nil 
ash sample at 500°C 
nil 
add 0.5 ml fluran solution 

FA-AA 

AAS 

AAS-H 

AAS 

AAS-H 

AAS-F 

COLOR 

ION 

NADNC 
GRAV 
GCE 
LIF 
ION 

Determination Method 
atomic absorption spectrophotometry after 
digestion of do& bead by aqua reqia 

atomic absorption spectrophotometry using air- 
acetylene burner and standard solutions for 
calibration, background corrections made for 
Pb, Ni, Co, Ag. Cd 

organic layer analyzed by atomic absorption 
spectrophotometry with background correction 

atomic absorption spectrophotometry 

2 ml borohydride solution added IO produce 
AsH3 gas which is passed through heated quartz 
tube in the light path of atomic absorption 
spectrophotometer 
10% stannous sulphate added to evolve mercury 
vapour, determined by atomic absorption 
spectrometry 
calorimetric: reduced tungsten complexed with 

toluene 3, 4 dithiol 
citric acid added and diluted with water, 
fluorine determined with specific ion electrode 

neutron activation with delayed neutron counting 
weight difference 
glass - calomel electrode system 
place in Scintrex UA-3 
fluorine ion specific electrode 



Stream-sediment and stream-water samples were col- 
lected from 922 sites within the Femie map area (X2G). and 
583 sample rites were sampled within the Kananaskis Lakes 
map area (825). The surveys covered approximately IX 000 
square kilometres at an average density of one sample site 
every I I .Y square kilometres. Sixty-five per cent of the sites 
were accessed by truck or trail hike, the remainder were 
reached by helicopter. The program included s;m>ple collec- 
tion in Kootenay National Park, Elk Lakes Recreation Arcs, 
Akamiml Kishinena Recreation Area and Height of the 
Rockies Forest Wilderness Area. However, samples were 
not collected from Mount Assinihoine. Elk Lakes and Top 
of the World provincial parks. 

In general. sample sites were restricted to primary and 
secondary dr;rinqcs having catchment h;isins of less than 
IO square kilometres. Contaminated or poor-qu;rlity smnple 
sites were avoided by choosing an :dtcmzitive stream or 
sampling il minimum of 100 metrer upstream from the 
identified problem. At each site fine-grained stream sed- 
mew weighing I to 2 kilograms were collected from the 
xtive (suh.ject to annual llooding) stream channel and 
placed in kwft-paper bags. Unfiltcrcd water sample\ were 
collected in sterilized ?SO-millilitre hottlcs. Precaution\ 
wcrc taken to ensure suspended solids were excluded from 
the water sample. Field observations regarding xtmple 
media. sample site and local terrain were recorded and. to 
nss~st follow-up. aluminum tags inscribed with il unique 
RGS s;onple identification number were fixed to permanent 
ob,jects at ench site. Numerous field-site checks were con- 
ducted to monitor. control nod ilssess sample-collection 
procedures. 

SAMPLE PREPARATIOI\. -FIELD 

Collected samples were field processed by the sample 
collection contractor at a central fxilitv in Cranbrook. Sedi- 
ment samples were dried and all sediment milteriill finer 
than I millimetre was recovered hy sieving each sample 
through a IX mesh ASTM screen. Samples were assessed 
for quality and content of fine-&wined sediment and sam- 
pter which ;tppearrd deficient in fine-grained !matrrii!l were 
routinely sieved through il -X0 mesh screen (less th:m 177 
microns). Sites yielding organic-rich samples and samples 
containing less than 40 grams of -X0 mesh stream scdimenr 
were resamplcd. 

SAMPLE PREPARATION - LAB 

Field-processed sediment samples and the water samples 
were shipped to Rossbacher Analytical Laboratory in Bur- 
naby for final preparation. Sediment samples were sieved to 
-80 mesh ASTM fraction :md hlind duplicate samples sod 
control reference materials were inserted into each analyti- 
cal hatch of 20 sediment samples. Control reference water 
standards were illso inserted into each analytical hatch of 
20 wafer samples. At this stage. a quantity of -80 mesh 
sediment and a representative sample of the +X0 to IX 
mesh fraction was archived for future studies. 

)etection 
Limits 

1 pm 
10 w 

5 wm 
0.5 ppm 
0.5 ppm 

I 

0.1 pet 
0.5 ppm 
0.5 ppm 
0.5 ppm 

2 fw 
0.2 ppm 

2 wm 
200 m 

ANALYTICAL PROCEDURES 

fihle 4. I-4 outlines the standard RGS procedures used to 
analyze the sediment and wter samples. These methods 
and specifications have been successfully employed in pre- 
vious surveys. In addition to the standard RGS analytical 
package, the sediment samples will idso be shipped to 
Becquerel Laboratories (Ontario) for analysis of 26 ele- 
ments (Table 4-l-S) by instrumcntel neutron activation 
XlEdYSCS. 

Instrumental neutron ilctivation analyses involves irra- 
diating the sediment samples, which on average weigh 
20 grams. for 20 minutes in 2~ neutron tlux. Most of the 
elements in the sample become radioactive and emit radia- 
tion in the form of gamma rays which have er,ergies (wave- 
lengths) characteristic of particular elements, Samples nrr: 
then removed from the neutron flux and placed close to it 
gamma-ray detector, commonly a germanium crystal held at 
the temperature of liquid nil:rogen. Cowling data ore 
accumulered on a computer rind converted to concentra~ 
“““b. 

Field site duplicates, blind analytical dupliczates and con- 
trol reference materials are use d to ensure that analytical 
data satisfy National Geochemical Reconnai:.sance qualit) 
control standards. 

EXPANDED STREAM-WATER CHEMISTRY 
DATABASE 
BACKGROUND 

Until quite recently, enplorationists have made relatively 
little use of stream water as a sample medium ~for geocherni- 
cal drainage surveys (Learned of ul., 19X.5:1. The recent 
availability of instrumentation allowing inexpensive. rapid 
and direct determination of metals in water to concentra- 
lions below the parts per billion level has made the collec-, 
tion and analysis of stream w&r more econolnically feesi-. 
ble. In order to test the relative effectiveness of stream ~atel 



as a geochemical exploration medium, and to funher the 
understanding of background metal concentrations (Cu, Pb, 
Zn, As, Cd, Hg) in stream waters, an additional water 
sample was collected from each RGS sample site. The 
results will also be used for developing water-quality objec- 
tives for existing and future mining operations, trans- 
boundary water-quality issues and the setting of water- 
quality criteria for fish habitat and human consumption. 

SAMPLE COLLECTION AND PREPARATION 

A total of 1259 water samples were collected and pre- 
pared according to Ministry of Environment (MOE) water- 
sampling protocols. 

A 250.millilitre unfiltered water sample was taken in 
midstream from the same stream drainages sampled during 
the RGS program. Samples were stored in coolers imme- 
diately after collection. On average, sample preparation was 
completed within 6 to 8 hours and involved the filtering of a 
125.millilitre portion of the unfiltered sample through B 
0.45 micron cellulose acetate filter. Both the unfiltered and 
filtered samples were acidified with I millilitre of nitric acid 
to produce a pH below 2. 

ANALYTICAL PROCEDURES 

Can Test Laboratory (Vancouver) was selected by com- 
petitive bid to analyze water samples according to MOE 
guidelines and quality control and assurance standards. 

Copper and lead concentrations in both field-filtered and 
unfiltered water will be determined by graphite-furnace 
atomic absorption spectrometry with a detection limit of 0.5 
ppb. Zinc concentrations in both field-filtered and unfiltered 
waters will be estimated by flame atomic absorption with a 
1.0 ppb detection limit. Cadmium and arsenic concentre- 
tions in unfiltered waters will be determined by graphite- 
furnace atomic absorption spectrometry with detection 
limits of 0.2 ppb and I ppb, respectively. Mercury con- 
centrations in unfiltered waters will be determined by cold- 
vapour atomic absorption with a 0.05 ppb detection level. 

ARCHIVE PR~CRAM - KO~TENAYS 

WE, E K L M) 
BACKGROUND 

During the initial development of the National Recon- 
naissance Program the Geological Survey of Canada (GSC) 
recognized the importance of preserving RGS stream- 
sediment samples for future studies. At the completion of 
each survey. remaining sediment was routinely saved and 
stored at GSC facilities in Ottawa. To encourage mineral 
exploration in previously surveyed areas (Figure 4-l-I). 
over 24 500 of these archived sediment samples have been 
retrieved and analyzed for a number of previously undeter- 
mined elements, including gold. The analyses of archived 
pulps have been performed through nondestructive instru- 
mental neutron activation analysis by Becquerel Laborato- 
ries in Ontario. The initiative has added over one million 
analytical determinations to the existing RGS database. Due 
to the size of the expanded data set, the results will be 
released over an extended period of time. The five Koote- 

29X 

nay map sheets, originally surveyed in 1976 and 1977. will 
represent the first RGS Archive Program release. 

1990 RGS ARCHIVE PROGKAM 

Approximately 6900 stream-sediment and water samples 
were collected in southeastern British Columbia during the 
1976 and 1977 Federal-Provincial Regional Geochemical 
Surveys (Figure 4-l-l). The samples were collected at an 
average density of I sample every I2 square kilometres and 
covered an area in excess of 82 CKIO square kilometres 
(Table 4-l-l). The field and analytical data were initially 
released as GSC Open Files 409 (82E). 410 (XZL). 514 
(X2F). 515 (82K) and 516 (82M) and are available in hard 
copy and floppy diskette. 

Original stream-sediment analytical data included results 
for Zn, Cu, Pb, Ni, Co, Ag, Mn, Fe, MO, W, Hg and Sn. The 
methods and specifications of analyses are similar to those 
listed in Table 4-l-4. The additional elements determined by 
instrumental neutron activation analyses are listed in Table 
4-l-S. 

PRELIMINARY RESULTS 

In order to assist explorationists in planning for their 
follow-up of the 1991 release of archive data, some pre- 
liminary comments and statistics for gold, copper. lead and 
zinc results are provided below. In addition, Figure 4-l -3 
identifies key geologic formations (Okulitch and Wood- 
sworth, 1977) within the survey area that contain a high 
proportion of anomalous base metal and gold samples. 

Over half of the gold analyses (n = 3060 samples) 
returned concentrations greater than the detection limit. The 
mean value is IO ppb and the 90th. 95th and 98th percentile 
concentrations are 14, 28 and 62 ppb, respectively. The 
maximum value obtained was 3530 ppb. Anomalous gold 
results are particularly associated with samples collected 
from the Lower Paleozoic Lardeau Group, Carboniferous- 
Permian Thompson assemblage, Triassic-Jurassic Nicola 
and Rossland groups, and Early Cretaceous granodiorites. 

COPPER (1976 AN” 1977 DATA) 

Over 99 per cent of the copper analyses (n = 6451 
samples) returned concentrations greater than the detection 
limit. The mean value is 24 ppm and the 90th. 95th and 9Xth 
percentile concentrations are 46, 59 and 81 ppm, respec- 
tively. The maximum value obtained was 1800 ppm. Anom- 
alous copper results are particularly associated with samples 
obtained from the Lower Paleozoic Lardeau Group, 
Triassic-Jurassic Nicola and Rossland groups, and Pro- 
terozoic Miette and Horsethief Creek groups. 

IXAD (1976 AN” 1977 DATA) 

Over X2 per cent of the lead analyses (n = 5396 
samples) returned concentrations greater than the detection 
limit. The mean value is 20 ppm and the 90th, 95th and 98th 
percentile concentrations are 25, 37 and 70 ppm, respec- 
tively. The maximum value obtained is 20 000 ppm. Anom- 
alous lead results are particularly associated with samples 





collected from the Proterozoic Windermere and Purcell 
belts, Lower Paleozoic Lardeau Group, Triassic-Jurassic 
Nicola and Rossland groups, and Cretaceous and Jurassic 
granodiorite intrusions. 

ZINC (1976 AND 1977 DATA) 
All samples (n = 6540 samples) returned concentrations 

greater than the detection limit. The mean value is 94 ppm 
and the 90th, 95th and YXth percentile concentrations are 
I I I, 156 and 275 ppm respectively. The maximum value 
obtained is 20 000 ppm. Anomalous zinc results are par- 
ticularly associated with samples obtained from the Lower 
Paleozoic Lardeau Group, Triassic-Jurassic Nicola and 
Rossland groups, and Cretaceous and Jurassic granodiorite 
intrusions. 

1991 RGS RELEASE INFORMATION 
The I99 I RGS release will include field and analytical 

data from the 1990 surveys. The Open File data packages 
will be identified as follows: 

0 RGS-27 Fernie (NTS 82G) 
0 RGS-2X Kananaskis Lakes (NTS 823). 
The 1991 RGS-archive release will include field and 

analytical data from the original 1976 and 1977 surveys, 
plus results of the INAA progran. The Open File data 
packages will he identified as follows: 

l RGS-29 Penticton (NTS 82E) 
. RGS-30 Nelson (NTS XZF) 
l RGS-3 I Lardeau (NTS R2K) 
l RGS-32 Vernon (NTS 82L) 
l RGS-33 Seymour Arm (NTS XZM) 
The Open File data packages will be released in the 

fnllowing hard-copy and digital data formats: 
l The hard-copy date packages will contain I:100 000 

and 1500 000.scale sample-location maps, I500 OOO- 
scale geochemical maps for each element, listings of 
field and analytical data, and summary statistics and 
data analyses. 

l Digital data packages will consist of MS-DOS format- 
ted, 5%” floppy diskettes containing listings of field 
and analytical data together with files outlining 
methods and specifications. A I:250 000.scale sample- 
location map will also be included. 

All seven Open Files are tentatively scheduled for release 
in the spring of 1991. Release centres will be established in 
Nelson and Vancouver. 
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EXPLORATION GEOCHEMISTRY - SEDIMENT !SUPPLY 
TO HARRIS CREEK (82L12) 

By J. M. Ryder and W. K. Fletcher 
The University of British Columbia 

KEYWORDS: Applied geochemistry. anomaly decay, 
catchment area, ccdiment supply, mass wasting. debris Ilow, 
stream bank erosion. sediment storage. 

INTRODUCTION 
Stream sediment geochemical anomalies xc often inter- 

preted with reference tu an idealized dilution model, based 
on catchment area. that supposes a smooth exponential 
decay of the anomaly away from its source (c.,~. Row ef u/.. 
1979. pages 399-400). The model involves several assump- 
tions, one of which is that supply of sediment to the stream 
by erosion is constant throughout the catchment. However, 
in streams in hilly or mountainous terrain. significant 
amounts of sediment are derived frrom individual mass- 
wasting events (c.,q. debris flows) or are locally stored in the 
stream channel and only intermittently released. The fre- 
quency and distribution of such events is Inot constant 
throughout a catchmax, and this will clearly influence 
decay rates for geochemical anomidies both locally and 
throughout the Icngth of the stream This has not hrcn 
studied. Our objectives. therefore. are to investigate the 
magnitude of these effects and to cstahlish practical limits to 
the idealized dilution model. We have initi;ttcd the study 
with an invrsti@ion of sediment supply in Harris Creek, 

east of Vernon (Figure 4-2-l). the site of ongoing studies of 
tluvial processes and transport of gold in stre.uns (Day and 
Fletcher, 19X9, in /we.xs: Fletcher, 1990: Fletcher and Day, 
198X; Fletcher and Wolcott, submitted). 

A preliminary inventory of sediment sources has heat 
conducted by terrain mapping ,zf the 225 square kilometrt: 
basin of Harris Creek. The 1:20000-scale terrain map 
shows the distribution of active mess-wasting and hank 
erosion. as well as the distribution ofsurficial materials and 
landforms. Many mass-wasting sites were exzxnined in tht: 
field in order to assess their relation to Harris Creek. 
Estimation was attempted of the volume of wdiment sup- 
plied, and the timing of events was investigated h) 
dendrochronology. 

PHYSIOGRAPHY OF THE STUDY AREA 
Harris Creek basin occupies part of the disxcted plateau 

of the Okanagan Highland. Th- gently unduiating plateau. 
surface, between 1300 and 2000 metres ahc,ve sea level, 
constitutes ahout two-thirds of the catchment (Figure 
4-2-2). The downstream sections of Harris Creek and itr 
ma,jor tributaries, however, occupy steep-sided valleys that 
are incised as much as 7.50 metres below the plateau sur- 
face. Mean valley side gradients range from Z!O” to 38”. 

Three types of stream course are clearly differentiated 
within this physiographic setting (Figure 4-2-2). 

l On the plateau surface, s~:ream gradients are gentle, 
generally between 1’ and 5”. Numerous lakes and hogs 
along the stream courses trap any sediment that is 
mobile. Consequently. s,:diment supply from the 
uplands to points downstrr:am is negligihlc. 

l Streams descend steeply (Ii” to 17”) from the uplands 
through V-shaped valleys where colluvial slopes 
adjoin the stream channel ztnd no valley flat is present. 

l On the main valley floor, stream gradient!; are hetwccn 
1” and 2”. and a vallq flat is present. This type of 
stream course is restricted to lower Harris Creek. 

Bedrock in the study area was meppcd by Jones (1959). 
The eastern part of the basin is underlain by Tertiary vo- 
canic rocks of the Kamloops Group. Tuffs and hreccias XL‘ 
widespread, as well as basalt and other kwis. Tertiary 
gravels (conglomerates) were noted in a few places. Thcw 
various lithologirs contribute a rmpe of detritu!;, including, a 
silty till matrix and abundant pebbles, to overlying Quatern- 
ary sediments. The volcanic rocks, particularly breccias, 
form prominent scerps along the plateau mar@ In several 
places, topographic features downslope from the scarps 
suggest that massive slope movements within the volcanic 
rocks have affected many square kilomctres of the study 
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Figure 4-2-2. Harris Creek basin: physiographic features and field sites. 
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area. The features arc till covered, however, suggesting that 
they predate the last glaciation. 

The northwestern and southwestern parts of the study 
area arc underlain, respectively, by acidic plutonic rocks 
and gneiss of the Shuswap complex. These provide rcla- 
tivcly large clasts and coarse sand to the sediment system. 

During Fraser Glaciation, the entire study area was buried 
beneath southward-flowing ice, and all but the steepest 
slopes still retain a drift cover. In many places, the chanc- 
teristics of this material determine the mode of sediment 
supply to Harris Creek. Till is widespread on valley sides. 
Its texture and lithology arc variable, being strongly influ- 
enced by the proximity and type of the underlying bedrock. 
Pockets of stratified drift arc scattered throughout the till. 

Within about 150 metres elevation of the valley floor 
along lower Harris Creek, terraces and undulating benches 
at several levels are underlain by thicker drift consisting of 
glacioiluvial gravels, glaciolacustrine silt and fine sand, and 
till. The till is sandwiched between two units of 
glaciolacustrinc sediments, suggesting that Harris Creek 
drainage was impounded by ice during both early and late 
phases of Fraser Glaciation. Well-defined terraces arc 
underlain by glaciofluvial sand and gravel. 

Relatively little modification of the landscape has 
occurred during the past IO 000 years. A broad floodplain 
(now forested) has developed along lower Harris Creek, and 
small alluvial fans have formed at the mouths of the larger 
tributaries. Mass movements such as rockfall and debris 
tlows on the steepest slopes have resulted in the accumula- 
tion of talus and colluvial fans. Widespread rock slumps 
(much smaller than the preglacial features mentioned 
above) have been active along the volcanic rock scarps 
during Holoccnc time. A few of these may influence sedi- 
ment input to the steep middle courses of some streams. 

THE SEDIMENT CASCADE 
A framework for the analysis of sediment supply to lower 

Harris Creek is represented schematically in Figure 4-2-3. 
This demonstrates that sediment mobilization on valley 
sides dots not necessarily coincide with sediment supply to 
a stream channel. For example, material moved in debris 
flows and landslides may reach a creek or it may be tcm- 
porarily stored on lower valley sides and fans. Sediment that 
is transported by tributary creeks may accumulate on 
alluvial fans, rather than being entrained by the trunk 
stream. Remobilization of stored sediment may occur after a 
few years (e.g. trunk stream erosion of the toe of a fan), or it 
may not occur until the next regional glaciation (c.,~. scdi- 
mcnt buried bcncalh the apical part of a Pan). The diagram 
also indicates that sediment supply from the upstream to the 
downstream reaches of lower Harris Creek is not a contin- 
uous process, but that channel material may be temporarily 
stored in the old floodplain or in channel bars for time 
periods ranging from one year to several miller% 

In view of these processes, and since research on scdi- 
merit transport has. so far, been concentrated at the down- 
stream end of Harris Creek, particular attention was paid to 
sediment supply to lower Harris Creek. 

Figure 4-2-3. Sediment cascade for Harris Creek. 

MASS MOVEMENTS 

SLUMPS AND SLIDES IN DRIFT 

Landslides in till and glaciolxustrinc sediments (Figure 
4-2-4) arc common on the scarp of a more or less contin- 
uous bench that extends along the north side of lower Harris 
Creek. Conditions contributing to slope failure include steep 
slopes, thick and weak materials (silt with minor fine sand 
and clay, and silty diamicton), and saturation by ground- 
water. Slope movements appear to have been triggered by 
undercutting by Harris Creek, because a stream channel 
(either the present channel or a rccmtly abandoned channel) 
abuts the toe of almost every landslide. 

Of the fourteen landslides of this type that were examined 
in the field (Figure 4-2-4, Table 4-2-I ), only four appear to 
be active (moving slowly) at present: one of these (SS 18) 
debouches into an abandoned channel, but tha other three 
(SS I b, SS7a, SS2X) feed directly into Harris Creek. Of ten 
inactive features, nine arc adjacent to abandoned channels 
and one (SSl7) is being undercut by the active channel of 
Harris Creek. Minor gully crobion and very small debris 
flows (<IO ml) have occurred on the toes of some of the 
inactive features within the past one or two years. 

Preliminary results from the ;malysis of increment cores 
from trees on stationary slump blocks suggest that they have 
not moved significantly for intervals that vary from 25 to X0 
years. Trees on inactive (but sparsely vegetated) slide scars 
and on the slump toes indicate that sites have been stable for 
6 to 80 years. Thus it appears that slumping occurs intcrmit- 
tently (Table 4-2-l). Consequently, the significzancc of these 
landslides as sediment sources (in the short term) dcpcnrls 
upon whether or not a period of active slope movement 
coincided with the presence of an active chamcl at the toe 
of the slump. More dcndrochronological dating of both 
slumps and fluvial features would possibly allow a more 



precise assessment of the frequency of sediment input to 
Harris Creek. Success of such a dating program would 
depend upon the presence of pioneer trees on the critical 
sites. 

Measurements were made of the approximate dimensions 
of most slump blocks and slide scars (Table 4-2-l) in order 
to attempt estimates of the volume of material displaced by 
slope movement. Determination of potential volumes con- 
tributed to the bedload (i.e. sand and gravel) of Harris Creek 
is complicated by the fact that the landslide materials 
include a high proportion of finer material that would be 
rapidly removed from the creek as wash load after a land- 
slide event. Proportional clast content in till was estimated 
visually and the relative volumes of till and glaciolacustrine 
sediments involved in a slope failures were estimated 

TABLE 4-2-t 
t.ANDSI.I”ES IN DRIFT ADSACENT TO 

I.0WF.R HARRlS CREEK 
C”ARACTER,STICS AND RATING AS SEDIMENT SOURChzS 

according to the area of their outcrops in the slide scar. 
These data were used to calculate approximate gravel vo- 
ume equivalents for a few sites. Individual slump blocks 
appear to contain in the order of hundreds of cubic metres of 
gravel; total volumes of gravel that have been displaced 
from landslide scars, that is the volume of the empty con- 
cavities, range from hundreds to thousands of cubic metros. 

DEBRIS FLOWS 

Evidence of recent debris-flow activity was found at only 
one site (25 on Figure 4.2~~2). although the presence of 
gullies cut into drift on steep slopes (both mountainsides 
and terrace scarps) suggests either that this process operates 
very sporadically or that it was more effective at some past 
period of time. Debris flows may also be contributing sedi- 
ment to Harris Creek indirectly if debris-tlow fans are being 
undercut by bank erosion (Figures 4-2-3). but no such sites 
were specifically noted. 

OTHER FORMS OF RAPID MASS MOVEMENT 

Collapse of undercut valley sides and rockfalls appear to 
contribute minor amounts of bed material to Harris Creek. 
Where the creek occupies a broad valley tlet, it rarely 
impinges on the valley side!; (except at sites where land- 
slides have occurred as described above). Only two under- 
cut banks in unconsolidated materials were identified: the 
one of these that was examined in the field had supplied 
about 1000 cubic mews of sediment directly to Harris 
Creek, but the time span over which this had occurred is not 
known. Along much of lower Harris Creek, the southern 
side of the valley tlat is tlanked by a bedrock scarp. Where 
the creek flows against the toe of this scarp. which is 
commonly a near-vertical cliff in such locations, angular 
blocks in the stream channel indicate where minor rockfalls 
(no more than a few cubic mares) have occurred. Very little 
mobile sediment seems to be contributed by this process. 

In a few places. mostly along tributary streams, minor 
(100s of cubic mews) amounts of logging road materials 
have moved downslope to a stream channel (Figure 4-2-2, 



SI~OW MASS MOVEMENT 
ON COLLUVIAL SLOPES 

Slow mass movement of colluvium toward stream chan- 
nels is occurring along the steep. mid-courses of Harris 
Creek and its tributaries (Figures 4-2-2 and 3). 

SEDIMENT INPUT FKOM TRIBUTARY STREAMS 

Bedload transport in tributary streams that enter lower 
Harris Creek was assessed visually at sites adjacent to 
Harris Creek and, for some creeks, at more distant locations. 
Volumes of sediment contributed were rated qualitatively 
according to the width of the stream channel and active 
tloodplttin, the apparent freshness of gravel in the channel, 
and the presence of features such as pools and riffles, bars, 
and logjams (Table 4-2-2, Figure 4-2-4). Fortuitous deposi- 
tion upstream of a culvert at Vidler Creek allowed an 
estimate of at least I20 cubic metros bedload transport 
during a recent flood. 

FLUVIAL PROCESSES ALONG LOWER 
HARRIS CREEK 

Lower Harris Creek occupies an active channel zone that 
is tlanked by an extensive old floodplain. In places gravel is 
being supplied to the active channel from the old fceaturr, 
and this appears to he a significant source of sediment for 
lower Harris Creek. 

The old llwdplain. which, together with the active chan- 
nel zone, constitutes a valley flat that varies in width from 
about 100 to 350 tttetrcs, typically stands 0.5 to I .S metres 
above the gravel bars of the active channel zone. It is 
occupied by mature forest, suggesting an age of at least 
several hundred years. The floodplain surface is underlain 
by overbank sediments, 0.5 to I.5 metres of thinly interbed- 

ded silt and sand, which commor~ly contain paleosols, layers 
of forest litter, charcoal or woc’d fragments (Plate 4-2-S). 
Channel gravels underlie the overbank sediments along a 
contact which ranges in elevation from below present 
stream level to approximate high-water levels. 

Preliminary assessment of the characteristics of the active 
channel zone suggest that it consists of alternating reaches 
of relatively active and less active sediment (largely bed- 
load) transport (Figure 4-2-4). In, active reacher, the stream 
channel is laterally unstable: the active channel zone is 
several times as wide as the stream channel ;tnd includes 
recently deposited (or reworked) gravel bars. The presence 
of numerous fallen trees attests to recent severe bank em- 
sion and broadening of the active zone at the expense of the 
old floodplain. Such instability progresses downstream, 
leaving behind pxtly eroded bars that are above normal 
flood levels and undergoing recolonization by vegetation. 
Detailed surveys of fluvial features and dendrochronologi- 
cal dating could be used to eximate the magnitude and 
timing of sediment movement in .these reaches. St is possible 
that instability in initially stable reaches could be triggered 
by the development of logjams or by a sudden influx of 

Plate 4-2. I. Overbank sediments exposed by recent erosion 
of Harris Creek about I km upstream from Research Site 
(Figure 4-2-2). Note well-defined paleosol at 31-35 cm, lower 
discontinuous paleosol (faintly defined at SO cm), arid underly- 
ing channel gravels (Z-60 cm). 
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sediment from a landslide, as well as by downstream pro- 
gression. Estimates based on a few measurements at one site 
suggest that from several hundred to a few thousand cubic 
metres of sediment could be mobile in a single unstable 
reach. This quantity is of similar order of magnitude as 
estimates of the total volume of gravel represented by a 
single landslide scar, and an order of magnitude greater than 
the volume of gravel likely to be contained in a single slump 
block or a single landslide event. 

In less active, laterally stable reaches, the active channel 
zone is relatively narrow, commonly no wider than the 
stream channel during tloods. Bank erosion occurs on 
bends, resulting in the transfer of relatively minor amounts 
of sediment-no more than a few cubic metres per site per 
flood event-from the old floodplain to the active channel. 

SUMMARY OF SEDIMENT SOURCES 
A preliminary clawification of sediment sources adjacent 

to lower Harris Creek is indicated in Tables 4-2-l and 2 and 
Figure 4-2-4. Sources are rated according to their relative 
magnitudes, and in the case of landslides, according to their 
proximity to the present channel of Harris Creek. Landslide 
and tributary sources cannot be compared directly, however, 
since the dates and magnitude of specific landslide events 
and the volumes of stream sediment transport are not 
known. 

CONCLUSIONS 
Sediment supply to Harris Creek is discontinuous both 

spatially and temporally. Sediment that is mobilized on 
slopes or along tributary streams may be supplied to the 
trunk stream or it may be stored temporarily on lower valley 
sides, in fans, or on the old floodplain and abandoned 
channels of lower Harris Creek; storage times range from 
one to tens of thousands of years. Only four of fourteen 
landslides along lower Harris Creek are currently supplying 
sediment to the trunk stream; other landslides are stable at 
present or debouch into inactive channels. Only the three 
largest tributaries appear to regularly contribute significant 
bedload to the trunk stream. Along lower Harris Creek, 

relatively large volumes of hedload material are being 
derived from the old floodplain by bank erosion in several 
laterally unstable reaches. The volume of mobile gravel 
within each unsrahle reach may be similar to the total 
volume of gravel supplied by a single landslide. 
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INTRODUCTION 
Interest in the contemporary geodynamic setting of south- 

western British Columbia stems from a concern that a large 
earthquake may impact the major urban centres of the 
province. Indeed, monitoring of seismic activity in western 
Canada indicates that numerous smaller magnitude (<M4) 
intraplate earthquakes affect the southern coastal region 
annually. and that very small tremors occur daily. Large 
(M6 to 7+) intraplate earthquakes are frequent, the most 
recent being the M7.2 event of 1946 near Comox on Van- 
couver Island. Recently, concern has been expressed that 8” 
unprecedented. great (>MS) earthquake could also occur in 
the eastern North Pacific Ocean near populated areas of 
British Columbia (Rogers, 1988). 

The dire consequences of a great earthquake, as per- 
ceived by the public through popular articles ($ Koppel, 
1989). are warranted insofar as previous MRf events 
elsewhere (r.g. M9.5 in Chile, 1960, and MX.6 in Alaska, 
1964) have caused considerable propeny damage and loss 
of human life. Our understanding of these rare but devastat- 
ing events has improved considershly during the last few 
decades. For example, they are now known to occur along 
zones of interaction between converging lithospheric plates. 
Commonly referred to as “megathrust” earthquakes, they 
result from the sudden release of large amounts of strain 
stored between two locked lithospheric plates (Rogers, 
IYXX). In the case of western Canada, the Cascadia subduc- 

tion zone west of Vancouver Island maks the interface 
between the eastward subducting Juan de Fuca plate and the 
over-riding North American plate. The Cascadia subduction 
zone shares many of the same attributes as other subduction 
zones bordering the Pacific Ocean that have experienced 
megathrust earthquakes in recorded history (Rogers, 19xX). 

Responding to concern that a megathrust event could 
effect southwestern British Columbia, the Geological Sur- 
vey of Canada and the provincial Geological Survey Branch 
have undertaken integrated geological investigations as part 
of a neotectonics program. The primary purpose of this 
research is to locate and interpret the geologic evidence for 
past earthquakes, and if possible determine the frequency 
and magnitude of these events. Such information could 
prove invaluable in formulating and implementing proactive 
policy and actions for safer building codes, emergency 
response procedures, as well as general land-use planning. 

SETTING 
During the summer of 1990, geological investigations 

were undewdken in coastal are% of southern and westan 
Vancouver Island. The primary objective of this work was 
to add to. and improve upon, the existing intertidal record of 
paleoseismicity and sea-level (changes doculnented pre- 
viously (Clague, 1989; Clagur and Bobrowsky. 1990). This 
report provides details of field ,xtivities conducted in the 
area of Tofino, British Columbia. 

Surficial geologic reconnaissance was restricted to the 
peninsula extending east from the town of Tofino to Grice 
Bay (Figure 4-3-1, Plate 4-3-1, Table 4-3-l). Marine and 
glaciomarine sand, silt and clay underlie low-lying areas of 
the peninsula, and veneers of colluviated till and marine 
sediments drape bedrock-cored hills. The West Coast fault, 
which extends in a northwest direction along the peninsula. 
separates the Pacific Rim Complex to the west: from rocks 
of Wrangellia to the east. The Pacific Rim Complex consists 
mainly of Jura-Cretaceous mudstone, sandstone and chert. 
which overlie Triassic volcanics. The Wrangell Terrane 
comprises a diverse assemblage of Paleozoic and Mesozoic 
rocks which were metamorphosed during the Late Jurassic 
(Brandon, 1985). 

I.“CATI”N OF s4MPt.E SITES 

RESULTS 
Six sites were examined in detail (Figure 4-3. I). Three of 

these provide good evidence for glaciation of the area. Site 
PTB90-91 (Plate 4-3-I). located on a prominenr 
topographic high called Radar Hill, consists of well-. 
developed striae etched into glacially polished bedrock,, 
Micro crag-and-tail features associated with the striae sug- 
gest ice flow toward 220”. 

Section PTB90-92 (Tofino dump), nonhwest of Radar 
Hill (Plate 4-3-l), provides a good stratigraphic and sedi- 
mentologic record of the last glacial maximum (Figure 
4-3-Z: Plates 4-3-l and 2). Basal. crossbedded coarse sand 
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over 3 metres thick contains minor pebble lenses and ripple- 
laminated silty clay lenses indicating tlow to the west (Unit 
I). The sand grades upwards into 3 metres of chaotic, clast- 
supported, pebble-cobble gravel. supporting boulders up to 
40 centimetres in diameter (Unit 2; Plate 4-3-2). Appron- 
imately 2 mews of poorly sorted. matrix-supported, 
crossbedded, sandy granules overlie the gravel (Unit 3). 
This unit, in turn, is overlain sharply by approximately 2 
metres of clast-supported, houldery cobble gravel (Unit 4). 
Finally, the gravel is overlain gradationally by approx- 
imately IO metres of stratified. matrix-supported diamicton 
(Unit S: Plate 4-3-3). Boulders up to 1.5 mctres in diameter 
are present in the diamicton, and well-rounded pebbles (up 
to approximately IO per cent of the sediment) accentuate a 
well-developed planar fabric. A radiocarbon age of 
I6 7002 150 years B.P. (GSC-2768) on wood (Pinus um 
rortu) from the top of Unit 4 at 37 metres elevation indicates 
the overlying diamicton was deposited during the Fraser 
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Glaciation (Clague ef ul., 1980). Units I to 4 are interpreted 
to be different Ihcies of advance outwash and ice-contact 
deposits. 

Section PTBYO-95 is a 2.mew-high road exposure of 
banded and locally deformed rhythmites consisting of silty 
sand and sandy silt. These sediments are interpreted to be 
glaciolacustrine or glaciomarine in origin. and were deposi- 
ted during the Fraser Glaciation. 

Several upright stumps with laterally extensive root sys- 
tems up to several metres gross are present in Malthy Bay 
(PTB90.93, 94; Plates 4-3-l and 4). The stumps appear to 
he rooted in dense marine or glaciomarine clay and are 
overlain by up to 2 metres of mud. Level surveying indi- 
cated the root boles of the stumps are approximately 0.5 to 
1.5 metres below Highest High Water. 

Intertidal accumulations were examined in detail in a 
small inlet of Grice Bay (PTBYO-90; Figure 4-3-3). Shovel 



holes and trenches, tidal-channel sections and cores along 
two transects provided stratigraphic and sedimentotogic 
infomxttion. Cores were obtained using an Oakfield soil 
corer with II 2.Xcenhmetre (I”) diameter sampling tuhe 
and extension rods capable of reaching over 2 metres in 
depth. Transect A-A’ consisted of six holes spaced IO 
metres apart along a line trending tht’ (Figure 4-3-4). 
Holes were dug to depths of about 25 centimetres and cores 
were then taken from the base of each hole. Except for some 
differences in facies thickness. the observed stratigraphy is 
essentially similar at all six sites. Briefly, the tnve~t unit in 
each hole is compact grey mud and silty mud, which in 
some cases contaitls marine gastropods and bivalves. Some 
sand and silt stringers are present in the mud. This unit is 
overlain by a prominent deposit of massive sand and silty 

sand. with minor shells, pebbles and cobbles. Organic 
detritus and silt increase in abundance in the lrpper pert of 
the unit. The sand unit is gradationally overlain by interbed- 
ded muddy peat, silt and organic mud. The upper few 
centimetres of each hole are exclusively muddy peat. Of 
particular note is a massive, fine sand bed. ti to I2 ten- 
timetres thick, with sharp contacts, in the upper peaty setti- 
merits of Holes 2 and 6 (Plate 4-1-5). 

A second, nonlinear transect (B-B’) of holes, cores and 
tidal-channel sections was esteblished almost perpendicular 
to the first transect (Figure 4-1-5 I. Adjoining sites along this 
transect were 20 to I25 metres apart. The stratigraphy along 
Transect B-B’, although more complex and variable than 
that of Transect A-A’, shows several similarities. The basal 
mud unit was not encountered at all sites, but its local 
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Figure 4-3-2. Composite stratigraphic section of site PTBYO-92 (Tofino dump). 

Plate 4-3-2. Section PTB90-92 (Toiino dump) showing 
Units I, 2, 3 and 4 (SW text for details). (GSB photograph 
PTB 90-16-14). 

Plate 4-3-3. Stratified diamicton at section PTB90-92 
(Tofino dump). Diamicton is > IO metres thick and overlies 
a sequence of poorly sorted sand and gravel deposits. Boul- 
ders up to I .S metres in diameter occur in the diamicton. 
Arrow points to knife. (GSB photograph mB 90.16.9’)). 



Plate 4-3-4. Stump at site PTBYO-Y4 (Maltby Bay). (GSB 
photogreph UB YO- I S-35). 

12945 125”40’ 

Figure 4~3-3. Locality PTBYS90 (Grice Bay). Locality 
is crntrcd at the intersection of two tranxct lines. Lengths 
of transect lines rxaggcratrd for clarity. Transect A-A’ COT- 
responds to Holes I to 6 (Figure 4-1-4). and Transect B-B’ 
corresponds to various core and bank sections (Figure 
4-1-S). 

absence is most likely a function of shallow probing and 
increasing thickness of the overlying sand unit seaward. The 
mud commonly contains molluscs and wood fragments. 
Where observed in its entirety, the overlying sand unit was 
generally thick, attaining a maximum thickness of 1.6 

Plate 4-3-5. View of upper pan of Hole 2 of Transect 
A-A’, locality PTBYO-90 (Grit- Bay), showing: clean sand 
bed (arrow) within muddy organic sediments. Vihitc cud is 
Y centimetres long. (GSB photograph PTB 90-16-17). 

metres in core 90-l 17. At some sites, signifiwnt amounts 01 
shell occur in the lower part of the sand unit. The sand unit 
is overlain by alternating beds and lenses of mud. organic 
silt and muddy peat. Samples for radiocarho’n dating and 
foraminiferal analysis were collected from the hank section 
at station 90-l IS. A series of samples for both foraminiferal 
and diatom study were also recovered from core 90.120. 

DISCUSSION 
The Pleistocene exposure at the Tofino dump indicates 

that there was at least one Late Wisconsinan ice advance! 
over the study area sometime after I6 700 years B.P. Ice 
probably tlowed from highlands northeast of the study area, 
across the peninsula southeast of Tofino, and out into the 
Pacific Ocean for an indeterminate distance, ,as interpretecl 
from striations (PTB90-91) %nd deposits of stratified 
diamicton (Section PTB90.921, As ice retreated from the 
area, glaciomarine and marine muds probably accumulated 
over much of the isostatically depressed area. Suhsequem 
uplift, resulting from isostatic and/or tectonic processes,, 
may have caused the deposition of sandy, nearshore facier. 
in Grice Bay (PTB90-90). Continued uplift during the late: 
Holocene may have isolated Grice Bay from the open 
Pacific Ocean, causing silt, mud and peat to he deposited on 
the sand. Accretion of these fine sediments and organics bar, 
continued to the present day, essentially uminterrupted. 
except for deposition of the prominent, thin sand hed~ 
observed in several holes along the two transects ate 
PTB90.90. 

A genetic interpretation for the thin sand bed at 
PTB90-90 points to three possible influences: ilood, storm. 
or tectonic. This bed is patchily distributed, massive. lacks, 
grading, displays sharp contacts and appeal-s to thicken 
seaward. Internal crossbedding, which might reflect oscilla- 
tory flow or traction-current transport, is ahsmt. There is no 



Figure 4-3-4. Stratigraphic sections along Transm A-A’, PTBWYO. 

Figure 4-1-S. Stratigraphic sections along Transect B-B’. PTBYO-90 

significanl iource of riverine water entering the tidal inlet, 
ruling out a flood origin. On a geologic scale, severe storm 
surges are considered frequent events, suggesting that 
resulting deposilional products should be common, where 
preserwtion permits; this seems to argue against a storm 
origin for the sand bed. In a similar setting in nortlwn 
Oregon, the absence of stratification in sand beds has been 
cited as evidence against them being flood or storm- 
generated features (Peterson and Darienro. lYX8). A simi- 
lar. laterally continuous. ungraded sand bed described from 
Scotland has been interpreted to be a tsunami deposit (Long 
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ct o/., I YXY). We suggest that the thin sand bed near the top 
of the Grice Bay sequence may also have been deposited by 
a tsunamt. 

Attention focused on large-magnitude earthquakes during 
the last reverul years has led to a better understanding of the 
geologic effects of seismogenic phenomena such as 
corasmic subsidence, coseismic uplift and tsunamis (r.p, 
Atwater, 19X7). For exxnple. sandy units sharply overlyink 
down-dropped pein.s in tidal sequences in Washington State 
have been interpreted as products of tsunami-genie earth- 
quakes (Reinhart and Bourgeois. IYXX). 



To date there is no geologic evidence to suppurt the 
contention that one or more megathrust earthquakes have 
occurred during the Holocene near Vancouver Island. 
However. tstu~umis from earthquakes occurring elsewhere 
in the Pacific Ocean have impacted the British Columbia 
coast in historic times (Murty, 1977). The March 27, 1464. 
earthquake centred under Prince William Sound, Alaska 
(M8.6), generated a tsunami that caused millions of dollars 
damage to communities on Vancouver Island. (Wigen “nd 
White. lY64: White, 1966). Although no tidal records are 
“vailable for Grice Bay. the tidal station at Tofino. recorded 
a maximum rise of 2.5 metres during this event (Murty, 
lY77). It is thus reasonable to conclude that u tsunami may 
have deposited the thin sand bed near the top of the 
Holocene sequence at Grice Bay. 

The stumps in Maltby Buy are presently undecipherable. 
Although unquestionably Holocene in age, they could 
represent relict, submerged soil surfaces (grndual sea level 
rise or rapid subsidence), organic lag deposits, or could be a 
product of some recent cultuml activity. These stumps and 
the thin sand bed are the focus of continuing rcscarch in this 
area. In particular, attempts are being made to date these 
feutures. 
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INTEGRATING BEDROCK GEOLOGY WITH STREAM-SEDIMENT 
GEOCHEMISTRY IN A GEOGRAPHIC INFORMATION SYSTEM (GIS): 

CASE STUDY NTS 92H 

By P.M. Bartier and C. P. Keller, University of Victoria 

KEYWORDS: Geographical information systems, GIS, 
geology, stream-sediment geochemistry, point transforma- 
tion, data transformation, catchment basins. Thiessen poly- 
gons, integration, overlay, spatial analyses. 

INTRODUCTION 

Two data sets commonly used for geological resource 
assessment include bedrock geology and stream-sediment 
geochemistry. Traditional methods for determining relation- 
ships between these data include both qualitative and quan- 
titative techniques. Qualitative interpretation and integra- 
tion is generally based upon visual observations of spatial 
coincidence between the data. Quantitative results can be 
derived by summarising point values according to the domi- 
nant lithology of a sample’s drainage area, or according to 
the geological unit it coincides with. Qualitative methods 
lack numerical explicitness, reproducability and rigour. 
Quantitative methods struggle with the fact that stream- 
sediment geochemistry sample points ax manipulated to 
represent areal distributions, where the area represented by 
each sample must somehow be inferred before quantitative 
analysis can take place. This study concerns quantitative 
techniques. 

Geographical infimnation systems (GIS) offer several 
methods for transforming geochemical points into areal 
coverage, allowing the resulting choropleth map to be inte- 
grated with maps depicting bedrock geology and used in the 
preparation of quantitative summaries or for further analy- 
sis. For example, points can be transformed into discrete 
homogeneous polygons (Thiessen polygons, drainage 
basins). or into continuous surfaces via interpolation (con- 
touring, moving averages). This capability obviously hes 

tremendous potential for geological interpretation and min- 
eral exploration. 

An ongoing research project at the University of Victoria, 
conducted in conjunction with the British Columbia 
Geological Survey Branch, is examining alternative meth- 
odologies for computationally integrating bedrock geology 
with stream-sediment geochemistry in GE, including com- 
paring and contrasting different results obtained. This 
research note presents a cursory discussion of general meth- 
odologies for interpolating stream-sediment geochemical 
sample points for integration with bedrock geology within 
GIS. Preliminary results are discussed. 

Use of commercial names in this paper is for descriptive 
purposes only. It does not constitute endorsement by the 
University of Victoria or the British Columbia Geological 
SUWCY. 

Geo/o,qica/ Fieldwor-k 1990, Pqwr 1991-I 

JUSTIFICATION FOR STREAM- 
SEDIMENT POINT TRANSFORMATION 

For the purposes of the following discussion, the basis f<lr 
transforming stream-sediment point samples into areal 
coverages can be discussed in terms of physical factors and 
spatial analytical concepts. Physical factors are those which 
are responsible for the sediment make-up of a sample site 
before collection takes place. They include sl~tiicial geo- 
morphology, bedrock geology, structure, atmospheric pollu- 
tants, fauna, flora and other physiographical variables. Spa- 
tial concepts entail upstream analysis, spatial auto- 
correlation, proximity, and distance decay. There are also 
other non-physical factors, including sampling and record- 
ing techniques. and analytical procedures. which may con- 
tribute to error and uncertainty in geochemical determina- 
tions, but these do not constitute a basis for spatial 
transformation. The latter non-physical factors are beyond 
the control of this study and will not be cons&red further. 

PHYSICAL FACTORS 
The catchment basin associated with a gi,ven stream- 

sediment sample is the dominant physical factor controlling 
input of material. It can be determined by including suc- 
cessively adjacent locations with elevations higher than the 
point of sampling. Within a basin, various other physical 
factors may influence the composition of the :;tream sedi- 
ment sample, or contribute to within-basin varizltion. These 
include slope, aspect, curvature, vegetation, differential 
weathering of bedrock, rainfall and wildlife. Th,ere are also 
factors which transcend drainage basin boundaries. 
Geological material from beyond the catchment boundary 
may be present due to glacial tramp”” or ;umospheric 
pollution; it is also possible for groundwater flow and bio- 

logical activity to transport material across watershed 
boundaries. 

SPATIAL ANALYSIS 
‘The first law of geography’ states “. everything is 

related to everything else, but near things are more related 
than distant things.” (Tobler, 1970). In map variables 
exhibiting spatial pattern due to proximity. spatial autocor- 
relation is said to exist (Johnston, 1986). Assuming spatial 
autocorrelation exists, how does It affect the nature of spa- 
tial patterns? Spatial autocorrelation is associated with the 
topological relationships and maric relationships between 
spatial phenomena. Spatial patterns can therefore be dis,- 
cemed based upon topological and metric analysis. inch& 
ing directional relationships (upweam versus downstream), 
adjacency, proximity and through metric-distance decay. 
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The role of stochastic processes, of course. should not be 
ignored. Given these constraints. a number of techniques 
have been developed to translate point data into areal 
coverage based upon the concept of spatial autocorrelation. 

TECHNIQUES FOR TRANSFORMING 
POINT DATA 

Techniques for transforming point data into thematic 
maps can be divided into discrete and continuous methods. 

Discrete methods assume that a distinct area can be associ- 
ated with each point, and that there is no variation within 
this arca: variation occurs abruptly along polygon bound- 
aries only. In contrast, continuous methods assume that 
variation is gradual between observation points or over the 
entire area of interest. A number of transformations are 
brietly introduced below. Most commercial GIS support one 
or a number these techniques. The reader is referred to 
Burrough (1987). George and Bonham-Carter (1990). 
McCullagh (198X). Davis (1986) or Lam (1983) for in- 
depth discussions. 

CATCHMENT BASINS 
Catchment basins have been used to define area-of- 

influence polygons for stream-sediment samples (.w, for 
example, Bonham-Carter c’r ul., 19X8; Dwyer and Nash. 
19X7; Rogers ef ol., 1990). Catchment basins assume eleva- 

tion to be the defining criterion for area-of-influence of a 
sample point. This is a discrete polygon method and there- 
fore assumes within-polygon uniformity of geochemistry. 
Catchment basins can be determined manually from eleva- 
tion contours, a time-consuming and tedious task, or digi- 
tally from a digital terrain model. Not all GIS support 
automatic digital watershed-identification routines. 

THIESSEN POLYGONS 
Thiessen polygons, also known as Voronoi or proximal 

polygons, assume that the extent of a point’s influence can 
be strictly defined by its proximity to neighbouring points. 
Thus, for a given distribution of points, Thiessen polygons 
are defined by joining right-angle bisectors of lines connect- 
ing all neighbouring points. All locations in resulting poly- 
gons are closer to the defining point than any other (assum- 
ing unweighted transformation). Thiessen polygons are a 
discrete method and the primary drawback in again their 
inability to reflect within-poly&on variation and gradual 
changes between sample points (Saxton Brenson, 1989). 
For a detailed discussion of Thiessen tessellations refer to 
Gold (1989) or Burrough (19X7). 

This method is analogous to manual contouring 
approaches traditionally employed by geologists. A contin- 
uous surface can be created by determining the values of 
unknown locations through linear interpolation between 
known values. This method assumes sample points repw 
sent exact locational values, and the method may not be 
appropriate ifcritical values (local maxima, minima) are not 
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defined by the point distribution. Interpolation between 
sample points can be both linear or nonlinear. 

WEIGHTED AVERAGES 
This represents a local interpolation method which con- 

siders the values of several points within a defined window 
(or kernel) to determine an average value for any point 
within it. Averaging can be linear or nonlinear by defining 
appropriate distance-decay parameters. The method is dis- 
cussed in detail by Burrough (1987) and George and 

Bonham-Carter (1990). A number of limitations have been 
identified. Problems may occur if the data points tend to bc 
clustered (Burrough. 19X7). and the original data values 
may be lost due to generalization. The user is also required 
to have some knowledge of the data which allows for the 
determination of appropriate kernel size and distance-decay 
parameters. 

OPTIMAL INTERPOLATION 
Optimal interpolation, or Kriging. assumes that variation 

is too complex to be modelled using mathematics, and that 
it therefore must be treated as a stochastic process. The 
technique depends upon the variogram for summarizing the 
lbrm of the variation, its magnitude and spatial scale (Oliver 
and Webster. 199Oj. Original data values are maintained and 
estimates of error can be obtained (Burrough, 1987). This 
type of optimal interpolation procedure is largely absent in 
commercial FIS software, however, Oliver and Webster 
(1990) believe it can be incorporated. 

TREND-SURFACE ANALYSIS 
Trend-surface analysis is a global interpolation technique. 

that is values for a given location are determined by consid- 
ering the entire data set (the methods listed above are local 
interpolators). This method employs multiple regression to 
determine a polynomial equation which can be used to 
estimate the value for any given location. It is susceptible to 
highly anomalous values (Burrough, 19X7) and original data 
values are not represented in resulting surfaces. 

CLASSIFYING CowINuous SURFACES 
Point data transformed into continuous surfaces can be 

made discrete through classification methods. This may be 
useful for display purposes but results in generaliation ;and 
loss of resolution if used for analysis. Classifying contin- 
uous data also requires an appropriate scheme for grouping 
data values based upon some underlying nature (e.g. statisti- 
cal). Refer to Burmugl~ (1987) for a discussion on tech- 
ntques and problems associated with classifying continuous 
data. 

INTEGRATING STREAM-SEDIMENT 
GEOCHEMISTRY WITH GEOLOGY 
IN A GIS 

The practical aspects of (data input, transformation and 
lntegratlon of the two geoscience data sets are described in 



this section. The study arca used is as defined by the 
boundary of Inap-sheet NTS 92H. located in southwestern 
British Columbia. 

DATA INPUT 
A I:250 W-scale bedrock peology map (NTS Y2H, 

Monger. 1989) containing 7Y I polygons was manually digi- 
tised. Attribute tags identifying map units were added to 

each polygon. Including water tlodies, there XL 62 classes: ii 
generalized description of each class is provided in Table 
4-4-l. Catchment basins were manually determined from 
elevation contours (NTS 92H) according to the location of 
stream-sediment sample points (BC-RGS-7), Of the 995 
sample locations for 92H. 55 are duplicate samples Andy 
another 27 lack elemental anal\ises; these sample locations 
were discarded. Of the remaming 913, two fell on the 
southern map-sheet boundary and appreciable catchmenr 
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basins could not be determined. A total of 91 1 stream- 
sediment catchment polygons were thus determined and 
digitized. Each polygon on the catchment map is treated as a 
unique class unto itself, and geochemical records in flat 
ASCII format were attached to corresponding catchment 
polygon tags. Both maps were digitised in a” arc-node 
vector format using PC-ARC/INFO software. Upon com- 
pletion of input, both polygonal data sets were formatted 
into an ASCII file and n-input to TYDAC SPANS GIS for 
further processing. The original geochemistry point file 
(913 points including the two points along the southern 
boundary) was input to SPANS as a third primary data set. 

DATA TRANSFORMATION 
In the SPANS GIS environment, both polygonal maps 

were raster&d to a resolution such that the accuracy of the 
digitized boundaries was not compromised (final resolution 
exceeds 100 metres on the ground). Using the coverage of 
the catchment basins as a binary template (coverage present, 
coverage absent), a second geology map was “cut out” such 
that the resulting area matched exactly with the catchment 
coverage. A Thiessen polygon map, totalling 913 separate 
polygons, was generated from geochemical point locations, 
and geochemical determinations were assigned as attributes 
to each polygon. A summary of each map variable is 
provided in Table 4-4-2. 

DATA INTECRATI~N 
Treating the geology and “cut-out” geology maps as 

dependent variables and the Thiessen and catchment maps 
as corresponding independent variables, each map-pair was 
overlaid to determine average elemenral concentration for 
each geology class, weighted to area. Overlay of map-pairs 
was performed ten times, using the following elements as 
attributes for the independent maps: zinc, copper, lead, 
nickel, cobalt, silver, manganese, iron, molybdenum and 
tungsten. A point-in-polygon overlay was performed using 
the geochemical point data set as the dependent variable and 
the geology map as independent, such that the geology 
classes were appended to spatially coincident points. Subse- 
quent processing on the updated point file using dBASE Ill+ 
allowed each geology class to be summarized according to 
average concentrado” for each of the ten elements listed 
above. 

The raw results from each overlay set are summarized in 
Table 4-4-3. The results for the polygon overlay sets are 
average values weighted to area; the point-in-polygon over- 
lay is averaged by the number of contained points in each 
geology class. Totals for the entire map are included. The 
Thiessen map covered the entire map area; therefore all 
geology classes contain summaries for this overlay set. The 
catchment map covered only those areas defined by catch- 
merit basins; therefore three geology units ucre missed and 
could not be summarized. The potential for “miss” is we” 
greater for the point-in-polygon overlay as it is dependent 
upon point-area intersections: ten units lack sutnmaries 
from this overlay. 

Included in Table 4-4-3 are summaries of the total area 
and point intersections for each geology map unit as well as 
total map areas. From this information it can be determined 
that stream-sediment catchment basins cover 57.7 per cent 
of the map area. However stream-sediment sample coverage 
of bedrock is very good as most of the missing coverage is 
accounted for by Harrison Lake, the city of Hope, samples 
lacking analyses and valley bottoms. 

Geoscience data sets tend to be collected and distributed 
according to NTS map boundaries. Such boundaries place 
limitations, or edge effects, when used as a basis for data 
integration. Catchment basins of stream-sediment samples 
are either cut off or not included, depending upon which 
side of the boundary they fall on. Points immediately adja- 
cent to the map area will also change Thiessen polygon 
configurations and affect the transformation of geochemical 
points into continuously varying surfaces through co”tour- 
ing. Kriging and weighted averages. The point-in-polygon 
method appears to be the only one that is unaffected by edge 
effects. 

SUMMARY AND PROSPECTS 
Geological interpretation and explanation of the data is 

not attempted here since this research note focuses upon the 
application of various techniques for transforming geo- 
chemical point data for subsequent integration with geol- 
ogy. However. a visual examination reveals obvious cor- 
relations between the three techniques. Further 
interpretation is left up to the reader for the purpose of this 
study, but will be reported in a future paper. 

Although there is a conceptual basis for both Thiessen 
and catchment-basin transformations. the latter is intuitively 
more appealing. Catchment basins account for a primary 
physical factor controlling the spatial influence of stream- 
sediment sample points. Strict proximity of Thiessen poly- 
gons is a more abstract concept based upon the assumption 
that spatial autocorrelation exists. In regions of high relief, 
where catchment basins are easily defined, it is difficult to 
understand how Thiessen polygons can offer any advantage. 
However. as relief becomes flat and drainage boundaries are 
not as easily defined, then proximity may offer some advan- 
tages. Neither method allows for within-polygon variation. 
If variation is perceived as being important. then techniques 
for interpolating points illto continuous surfaces will be 
more appropriate. 

In applying these techniques, basic questions are raised 
regarding the nature of geochemicel point samples are put 
forth. Do the samples represent point or areal coverage? Are 
the distributions discrete or continuous, stochastic or deter- 
ministic! What physical and spatial factors determine a 
sample’s area of influence? It is therefore important that the 
assumptions and limitations of the various methods are 
understood. Ongoing work includes expanding the study to 
include additional interpolation techniques and a study of 
the impact of edge problems on overlay results. Future 



research will include a quantitative comparison and explan- 
ation of the results each interpolation method products 
through overlay with geology. 

The techniques presented here offer considerable poten- 
tial to assist with geological research and mineral explora- 
tion. However, digital spatial integration of geological data 
sets currently is not widely practised. The harriers for doing 
so can he identified as expensive technologies and a lack of 
digital map databases (geology. topographyi. Price- 
performance ratios for computer hardware and softwxc are 
doubling every one to two years, and provinci;d coverage of 
geochemistry and terrain data in digital formats will soon he 
complete. Development of digital geological lmap database\ 
by the appropriate authorities must also take place. Such 
databases should include seamless concepts (geographical 
elements are logically connected across NTS boundaries) 
such that users are not restricted to ;malysis by NTS map- 
sheets. hut can choose regions more appropriate to the task, 
such as major watershed or geological terrane. The develop- 
ment and adoption of map database standards by various 
government agencies would also he helpful. 
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GEOCHEMICAL RESEARCH, 1990: COAST RANGE - 
CHILCOTIN ORIENTATION AND MOUNT MILLIGAN DRIFT 

PROSPECTING STUDIES* 
(920, 92N, 93N) 

By J. L. Gravel, S. Sibbick and D. Kerr 

KEYWORDS: Applied geochemistry, Coast Range, 
Chilcotin, orientation. stream sediment, multi-element. drift 
prospecting. alkaline porphyry, copper-gold, Mount 
Milligan. 

INTRODUCTION 
The Applied Geochemistry Unit undertook two new 

research programs in 1990 (Figure 4-S-l). The Coast Range 
- Chilcotin orientation study examined geochemical charac- 
teristics of mineralized drainage basins in the southwest 
interior of British Columbia. Resultant data interpretation 
will aid planning for a proposed Regional Geochemical 
Survey in the Mount Waddington (92N) map area and also 
serve as a guide for industry on geochemical exploration 
strategies in this region. The Mount Milligan project is the 
inaugural program in what is to become a series of drift- 
prospecting case studies integrating expertise from the 
applied geochemistry, suriicial geology, regional mapping 
and mineral deposits fields. These studies will evaluate 
various exploration techniques for more effective mineral 
exploration in areas of thick glacial drift in British 

Figure 4-5-l. Location of Applied Geochemistry 
Unit research Programs for 1990. 

Final output for both the Coast: Range-Chilcotin oriente 
tion and Mount Milligan drifl-prospecting studies will 
appear in the publication Explor-don in Rrirish Columhiu 
1990. 

COAST RANGE - CHILCOTIN 
ORIENTATION STUDY 

In anticipation of a Regional Geochemical Survey of the 
Mount Waddington map sheet (92N), a series of orientation 
surveys were conducted within map areas 920 (Taseko 
Lakes) and 92N during the 1990 field season. The Mount 
Waddington map area contains m~merous mineral showings 
within a variety of physiographic settings, yet remains 
largely unexplored; between 1985 and 19X8, only 0.4 per 
cent of the assessment reports filed in the province origi- 
nated in the 92N map sheet. Land-use concerns in the 
Mount Waddington area may be ;rddressed with the aid of a 
high-quality, multi-element geochemical database. 

Increased knowledge of the effects of geolo::y, mineral- 
ogy, climate, surficial material:; and physiography upon 
stream sediment dispersion will increase the effectiveness 
of a Regional Geochemical Surve:y. To this end, six deposits 
were selected to assess the effectiveness of multi-element 

Figure 4-5-2. Geologic setting and orientation study 
locations Mount Waddington (Y2N) and Taseko Lakes (920) 
map sheets. AL = Alexis; PE = Pellaire; FL = Fish Lake; 
EL = Elizabeth; PM = Poison Mountain: BD = Black 
Dome. 

ldegroot
1990



stream-sediment geochemistry within this area (Figure 
4-S-2). Five of the six deposits studied arc located in the 
adjacent Tascko Lakes (920) map area. These five deposits 

occur in geologic and physiographic scttin&s comparable to 
the Mount Waddington arca and arc more accessible. 

Objectives of the study are to: 

l Typify the downstream dispersion of anomalous clc- 
mcnts from the selected deposits. 

. Observe the behavior of gold with downstream 
transport. 

l Determine the impact of hydromophic dispersion (in 
solution) and scavenging by organic and inorganic 
compounds in low-energy streams. 

l Define the best sample media and analytical pro- 
cedures for a Regicmal Gcochemical Survey of the 
Mount Waddington (92N) map sheet. 

DESCRIPTION OF STUDY AREA 

PHYSIOGRAPHY 
The Mount Waddington and Tascko Lakes map areas arc 

characterized by a transition from the rugged. heavily gfaci- 
atcd Coast Range mountains to the semi-arid, subdued 
topography of the Chilcotin Plateau. Within the Mount 
Waddington map area, Coast Range mountains comprise 
approximately 75 per cent OS the total arca. Summit cleva- 
tions commonly exceed 2500 metres, with intcrvenlng val- 
leys averaging 1200 mctres above sea level. Upper to mid- 
slopes are steep; bedrock is either cxposcd or covered with a 
thin veneer of till, colluvium and talus. Streams define a 
trellised pattern and arc generally confined to narrow chan- 
nels cut into bedrock. Valley floors we covered by thick 
glaciofluvial sediments: broad, gravel floodplains are 
actively reworked by shifting braided streams. The 
Chilcotin Plateau consists of flat to rolling terrain. generally 
at an elevation of 1200 to 1500 mctres, dissected by 
glacially deranged, low-energy drainages with a moderate 
to high organic component. Precipitation decreases from 
over 3500 millimctrcs per year along the western edge of 
the Coast Range to 400 to 500 millimctres per year on tbc 
Chilcotin Plateau. 

GEOLOGY 
The Coast plutonic complex, composed of Crctaccous 

granites and grawdiorites, dominates the Mount Wad- 
dington area and is a significant feature in the Tascko Lakes 
map wea (Figure 4-S-2). Within the Coast Complex. root 
pendants of gnciss, amphibolitc, mctasedimmts and meta- 
volcanics represent metamorphosed remnants of volcanic- 
arc rocks (Roddick and Tipper. 1985). Bordering the con- 
plex to the northcast arc rocks of the Tyaughton trough, a 
beck-arc sequence marking the boundary suture bctwecn the 
Stikinia and Wrangcllia tcrranes (McLarcn, 1990). The 
Tyaughton trough, comprising successions of Late Jurassic 
to Early Crctaccous volcanic and scdimcntary rocks. 
stretches from north of Kleena Klccnc southwards to the 
Fraser River, where it is truncated by the Fraser River fault 
(Tipper. 1969). Northcast of the Tyaughton trough. Tcrtiwy 
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(and younger?) basalts and andcsitcs arc widespread, form- 
ing the subdued terrain of the Interior Plateau. 

Several significant faults transect the study area. The 
Eocene Yalakom fault, a northwest-trending strike-slip fault 
approximately 300 kilomctrcs long. displaces rocks within 
the Tyaughton trough by distances exceeding 100 kilo- 
rnetrcs (Tipper, 1969). A secondary structure, the 
Tchaikazan tiult. parallels the Yalakom for I50 kilomctrcs 
and has an estimated displacement of 30 kilometrcs (Tipper, 
1969) 

MINERALOCCURENCES 
At present, 4X mineral prospects, showings or occur- 

rences within the Mount Waddington map area are recorded 
in MINFILE. Most notable arc the Morris mine (Au, Ag, 
Sb). Alexis (Cu, Hg, Sb) and Daisie (Cu. W, Mo; Zn) 
prospects. Mcsothcrmal and cpithermal veins arc the most 
common deposit type in the region (McLarcn, 1990). Pcl- 
lairc (MINFILE 920 045). located 30 kilometrcs east of 
Chilko Lake, is ii mcsothcrmal(?) gold-silver deposit con- 
taining ?I 000 tonnes of ore grading 21 grams per towe 
gold and 73 grams per tonne silver (Skcrl, 1947). Two 
calcalkaline. copper-gold porphyry deposits [Fish Lake 
(MINFILE 920 052) and Poison Mountain (MINFILE 920 
046)] are found within Tyaughton trough rocks to the east of 
Mount Waddingtan. Fish Lake has estimated reserves of 
200 million tonnes grading 0.5 gram per tonne gold, I.0 
gram per tonne silver and 0.24 per cent copper: whereas 

Poison Mountain contains I93 million tonnes of ore grading 
0.3 g’am per tonne gold, 0.31 per cent copper and 0.015 per 
cent molybdenum (Schrocter and Panteleyev, 19X6). 

The Mount Waddington map sheet straddles a region of 
generally high mineral potential in British Columbia: the 
boundary between the Coast and lntermontanc belts. 
However, few mineral deposits arc known within the Mount 
Waddington area. The high mineral potential suggested by a 
clustering of mineral deposits north of Whitesail Lake and 
south of Tascko Lake has been extrapolated by McLarcn 
(1990) into the Mount Waddington sheet. The scarcity of 
mineral occurrences may bc attributed to the inacccssability 
of the area. The rugged beauty and inaccessibility have also 
prompted consideration of pans of the map sheet as rccrca- 
tional or wilderness areas. 

SAMPLIKG TKHNIQURS .&ND ANALYIICAI. 
PROCXDIIRES 

Six deposits were sclccrcd for dctailcd stream-sediment 
orientation studies (Table 4-S-I). These deposits wcrc 
chosen to rcprcscnt the most likely styles of mineralization 
and the characteristic physiographic regimes found in the 
Mount Waddington map area. Location of the deposit at or 
mar the head of a drainage and the presence of only one 
known mineral occurrence within that drainage were prc- 
requisites for selection. Sampling involved the collection of 
I to 2.kilogram stream-sediment samples at 500.mctre 

intervals downstream from the deposit. Moss-mat samples 
were also taken when av;dlablc. A duplicate sample was 



TABLE 4-S-1 
SUMMARY OF 0RIE:NTATION STUDY 

HIGHI>I(;HTING DEPOSIT TYPES. GlXO1.OGY 
ANDSAMPLING PROGRAM 

Sample 

Sieve to ; 
l-8O mesh ; 

~ Aqua regia 
digestion 

I 
~ Weak HCI Au by 

digestion FA-AA 

~!dpi 
log 

~ Sieve to three I 
size fractions ~ 

-40+80, -80+270 ~ 
and -270mesh i 

I 

Au by FA-AA 1 ~ ICP 
Aqua regia digeslion 

309 1 (-270 mesh only) 

collected at every second site. Bulk scdimcnt samples for 
heavy minerill analysis were collected at the lowermost 
sample site of each drainage (Table 4-S-l ). Major tributaries 
or adjacent streams draining similar geology hut lacking 
known mineralization were sampled for background 
determinations. 

Procedures for sample preparation and analysis are 
shown in Figure 4-S-3. Strong acid digestions are to be used 
on all samples. However, in cases where a hydromorphic 
component is suspected, a weak (10% HCI) cligestion will 
also he employed. 

PKELIMINARY CONCLUSIONS 

Several preliminary conclusions can he drawn from the 
1990 RGS orientation survey: 

. The arca is relatively inaccessible and will require 
extensive helicopter support to complete a Regional 
Geochemical Survey or other field programs. 

l Moss-mat sampling is feasible, however. the sporadic 
distribution of mats may ~~revent its use on an RGS- 
style pay-per-sample survey. 

l The presence of similar geologic environments found 
to the northwest and southeast of the map sheet suggest 
that areas of high mineral potential cxi:,t within the 
Mount Waddington map area. 

l An RGS program cove@ the Mount Waddington 
map ilrea would provide an excellent database for the 
resolution of potential land-use issues. 

MOUNT MILLIGAN: A DRIFT- 
PROSPECTING CASE STUDY 

Considerable research in drift prospecting in areas of 
continental glaciation has led to its regular USI: by industry 
in cxplomtion programs in eastern and central Canada. 
Conversely. a lack of research cn drift prospecting in areas 
of alpine glaciation, with particular reference to British 
Columbia, has impeded its use in this province. Notable 
exceptions include studies by Hoffman and Fletcher (I Y7?), 
Mehrtcns P, 01. (1973). Bradshaw (19751, L.evinson and 
Carter (1979) and Hicock (1986). Most geochemical inves- 
tigations, although recogniring the general nature of oxr- 
burden, have rarely conducted in-depth analysis. The fo- 
lowing case study, and those to follow, will attempt to 
provide guidelines that can be applied by the exploration 
community in British Columbia The Mount Milligan 
copper-gold drpnsits wcrc chosen for a detailed drill- 
prospecting study on the basis of several ntrributes: 

0 The deposit model (alkaline copper-gold porphyry). 
although known for some time (Barr er al., 19761, is 
prrscntly of great interest, to the cnploretion com- 
munity. Activity in the nortlwn Quesnel trough which 
hosts these deposits has more than quimupled in the 
last five years (E.L. Faulh.ner, personal communica- 
tion, 1990). 

l Given tbc scale (up to 300 million tonnes) of these 
deposits, mineralized dispersion trains in glacial drift 
should he detectable by cnploration geochemistry. 

0 The main orebodies are entirely covcrcd by stratified 
and unstratified glacial drift of variable thickness 
which presents a challenge tu routine exploration gel>- 
chemical methods. There is potential for discovery of 
uthcr alkaline porphyry deposits in the area. buried 
under similar drift. 



Figure 4-5-4. Summary of Mount Milligan soil geochemistry for copper and gold. and IcxntiOn of test pits. 

EXPLORATION HISTORY 
The Mount Milligan property lies along a northwest- 

trending mountainous ridge 60 kilometres north of Fort St. 
James. Initially explored in the 1970s as a porphyry copper 
prospect and subsequently dropped, the property was 
acquired in 1983 as an alkaline copper-gold porphyry target 
using the QR deposit as a model. Exploration from 19X4 to 
1986 defined several exploration targets (Figure 4-5-4): 

. Broad copper-gold soil anomalies in thin colluvium 
and till mantling the northern and southern slopes 
(North and South Slope anomalies) of a minor east- 
trending valley. 

l Discontinuous copper-gold anomalies following the 
meltwater paleocurrent direction in ice-contact mor- 
aine and stratified drift covering a terrace immediately 
east of the valley (Eastern Terrace anomalies). 

. High-grade copper-gold (tarsenic, silver, lead, zinc 
and molybdenum) mineralization in quartz veins 
exposed along the banks of King Richard Creek (Esker 
and Creek zones) flowing from the minor valley and 
dissecting the eastern terrace. 

By 1990 two well-mineralized alkaline porphyry stocks, 
the Mount Milligan and Southern Star deposits, and several 
smaller plugs, had been defined by extensive diamond- 
drilling (over 200 000 metres). Collectively, ore reserves are 
estimated at over 300 million tonnes grading 0.5 gram per 
tonne gold and between 0.25 per cent copper (Delong er al., 
1991, this volume). Disseminated and stockwork sulphides 
are hosted by monzonite stocks and the surrounding cogene- 
tic latite and andesite volcanics. For a complete overview of 
regional geology, local geology and mineralization. the 
reader is referred to contributions by Nelson ff ul. (1991) 
and DeLong et al. (1991) in this volume. 



Plate 4-5-I. View of Test Pit 75; 5-mrtrr section com- 
prising glacial nutwash overlying till. Samples were col- 
lected from the B and C soil horizons and from immediately 
ahove and below the outwashitill confact (dashed line). 

PROGRAM DESIGN 
Interpretation of soil anomalies prior to discovery of the 

main orebodies held that the North and South Slope anoma- 
lies vfere essentially fnnncd in situ and the Eastern Terrace 
nnomalics were dispersion trains of mineralized 
glaciofluvial sediments derived from either the Esker and 
Creek zones or a source on the North Slope. Subsequently 
the Eastern Terrace anomalies were found to directly overlie 
the Mount Milligan deposit: whether the anomalies are due 
to the underlying mineralization or simply coincidenral was 
unclear. In addition, il bedrock source for the North Slope 
zmomalies had not yet been located; could these ilnomalies 
be derived from a distant source? A drift-prospecting pro- 
gram was designed to study geochemiul and surficial geol- 
ogy indicators which would determine direction, relative 
distance travelled and thus potential source areas for the 
various anomalies. 

To resolve these questions, the f~~llowing program was 
conducted during July. 1990: 

0 Surficial mapping of glacial stratigraphy in road-cut. 
drill-pad and test-pit exposures. 

Surficial mapping and airphoto interpnztation of B 
I:.50 000.scale map area ce:ntred on the Mount Milli- 
gan deposits. 

Pebble counting to determine contributin,! lithologirx 
in available till sections. 
Sampling and counting of mineralized boulders in test 
pits. 
Sampling of soil and various glacial stratigraphic hori- 
zons in drill-pad and test-pit exposures. 
Bulk soil sampling in the North Slope anomaly. 
Profile sampling of a trench traversing the Esker Creek 
Lone. 

SAMPLING; PROGRAM 
Test pits (22) and drill-pad cut faces (4) were profile 

sampled. Two-kilogram samples were collecte?l from the B, 
upper C and lower C soil horizons and any distinctly dif- 
ferent glacial horizons (Plate 4-:5-l). Comparison of the B 
and C horizons will demonstrate if soil forming processes 
obscure geochemical trends. Comparison of ssrmples from 
stratified versus unstratified mate:rial may aid in distinguish- 
ing between these parent materials. Computer-assisted 
regeneration (i.e. outwash verw~s unstretified till) of geo- 
chemical patterns using original data (1984~19:35), but sub- 
divided on overburden type, nuy help to interpret disper- 
sion trends and potential source areas. 

Gold grains from bulk soil sa.mples (12) collected from 
strongly anomalous sites on the North Slope and the Esker 
zone will be recovered and examined by scanning electron 
microscopy (SEM). Shape and concentration uf grains col- 
lected from basal till have been employed with success in 
eastern Canada to determine distance of travel from source 
(Averill, 1978, Averill and Zimmerman, 1984; Gray, 1983: 
Sauerbrei er ol., 1987). 

Soil and rock-chip samples were collected down profile 
at intervals of 0.5 metre at sites spaced 20 metres apart 
along il trench which exposes the Esker Vein zone. This 
study will demonstrate the rapidity of anomaly <dilution with 
vertical and horizontal distance from source in outuwh 
materinl, much in the manner of Levinson and Carter 
(1979). 

SAMPLE PREPARATION AN” ANALYSIS 
Samples were submitted to Acme Anidyticii.1 Labs, Ltd., 

Vancouver. A flow-chart highlighting methods and specili- 
cations for analysis of the various samples is gi,ien in Figure 
4-5-5. 

TRACE METALS 

Determination of 30 trace, minor and major elements by 
inductively coupled plasma-emission spectroscopy (ICP- 
ES) will be conducted on the -40+80 mesh c-425 to 
+ I80 microns) and ~80 mesh (p IX0 microns) size frrac- 
tions of soil and unweathered werburden samples and on 
rock chips crushed and pulverized to - IO0 mesh (- IS0 
microns). Results will determine the contribution of boul- 
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IBulk Soils 1 

p&$+$&l 
-7 i -80+150 ~ 
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E$ 
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‘-1 

i dlg**m ~ 
Heavy mineral 
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1 Discard magnetics ’ 
I 

Au by FA-AA on 
all 3 size fractions 
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Esker Zone 
soils + drift 

1 Pulverize 
~ -100 mesh 

~ FA-AA ! 

3% I 

Figure 4-5-S. Flow chart detailing lmethods and specificutions for analysis of drift-prospecting samplrs. 

ders, coarse sand and matrix to the development of soil 
anomalies. Samples will be digested using hot aqua regia. 
To determine the hydromorphic component of anomalies, 
till samples (~80 mesh) will also be digested by warm 
dilute (10%) hydrochloric acid followed by ICP analysis. 

GOLD 

All soil. till and rock-chip samples will be analyzed for 
gold by tire assay using an atomic absorption determination. 
Till samples will be sieved to three size fractions (-40+X0 
mesh, -SO+ 150 mesh and - 150+270 mesh), concentrated 
by heavy liquid separation (2.96 SG) and separated into 
magnetic and nonmagnetic fractions, 30 grams of each size 
fraction will be analyzed. This will determine relative pro- 
portions of course to fine gold and reduce the influence of 
the nugget effect. Soil and till samples from the North Slope 
and Esker zones will be sieved into coarse (-40+X0 mesh) 
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and fine (-X0 mesh) size fractions, 30.gram unconcentrated 
subsamples will be analyzed. Rock-chip samples will be 
crushed and pulverized to 100 mesh and Wgram subsan- 
ples of the oversize and undersize will be analyzed. As 
mentioned above, bulk soils will be concentrated by heavy 
liquid separation followed by extraction of gold grains for 
SEM examination. 

SUMMARY OF PRELIMINARY RESULTS 
Sample analyses are incomplete at the time of writing. 

however, some preliminary statements on surficial geology 
can be made. based on field observations. 

The Mount Milligan area was glaciated during the last 
glacial episode and all glacial features observed in the study 
area are associated with this event. Ice-flow indicators such 
as drumlinoids and striae suggest a southwest to northeast 
direction of ice advance across the area. The surficial 



deposits, which may attain tens OF metres in thickness, 
consist mainly of matrix-supported diamictons in the form 
of a till blanket, as well as placiolluvial deposits of sand and 
gravel. The latter generally exhibit a swrhwesr trend as 
defined by sinuous rsker ridges and broad outwash plains: 
the dominant meltwater paleocurrent direction obtained 
from outwash sediments is to the northeast. Till veneer and 
colluvium deposits frequently mantle the steeper slopes of 
hills and valleys. whereas isolated deposits of fine 
glaciolacusrrine sand. silt and clay are found in several 
topographic depressions. Thickness of rurficial cover varies 
considerably over the copper-gold depwirs, from less than I 
metre to in excess of 90 mews Test pits. which were dug to 
a general depth of 2 tu 3 metres, exposed a complex stra- 
igraphic sequence. For a more complete discussion of the 
Quaternary geology and its relationship to drift prospecting. 
the reader is referred to Kerr and Bohrowsky (IYOI 1. 

Several gold anomaly sites visited on the North Slope 
suggest local derivation. Surficial deposits. comprising till 
and colluvium. varied from 0.1 10 I mrtre in thickness 
(Plate 4-S-2) and contained predominantly angular clasts 01 
the underlying lithology. 

Abundance, shape. size and composition of minrr;dized 
clasts encountered in trst pits over the Mount Milligan 
deposit indicate incorporation of local true&l into till and 
outwash Distance of trawl in some instaxes may he rela- 
tively short. clasts of easily comminutcd, onidizcd super- 
gene material were encountered in the upper layer of a till 
sheet in one test pit. The first drill-holt: intercept of the 
supergene cap lies IS0 metres to the southucrt. 
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STRATIGRAPHY AND GEOLOGIC SETTINGS OF GOLD PLACERS 
IN THE CARIBOO MINING DISTRICT 

(93A, B, G, W 

By V.M. Levson and T.R. Giles 

KEYWORDS: Economic geology, placer. Cariboo Mining 
District. gold, stratigraphy, auriferous gravels, exploration. 

INTRODUCTION 
This report provides details on field activities in placer 

geology conducted by the Surficial Geology Unit of the 
British Columbia Geological Survey Branch. In 1989. stud- 
ies of gold-hearing placer deposits at active mines were 
undertaken with the objective of identifying geological cri- 
teria useful for recognizing placer potential. This research 
was continued in I990 and a total of over 60 different placer 
properties have been studied (Figures 4-6-l to 3). Strat- 
igraphic, sedimentologic and geomorphic factors have been 
used to classify each of these placers by geologic environ- 
ment. A suite of geologic settings representative of each of 
these placer-producing environments is presented in this 
paper, whereas a complete report discussing the geology of 
each described site is forthcoming. The complexity of the 
observed geology indicates that detailed sedimentologic and 
stratigraphic studies are required to understand both the 
distribution of placer deposits in a regional sense and the 
location and extent of gold-bearing units at the local level. 

The Cariboo Mining District was selected for initial study 
because of its long history of placer gold production. Since 
1860, the district has produced 75 Ooo to 100 000 kilograms 
(about 2.5 to 3 million ounces) of gold, more than any other 
placer area in British Columbia (Anon., 1963: Boyle, 1979). 
Several large (200 cubic metres per day processed) placer 
mines are now active in the region, as well as over 200 
small operations. including hand mining and exploration 
projects. Sites selected for this study are producing mines 
offering good section exposure. Sections in the active mines 
were mapped and lithologic, pebble-fabric and sedimen- 
tological studies were conducted. Samples were collected 
for textural, mineralogical and geochemical analysis. Gold 
production in each stratigraphic unit was determined, where 
possible, by discussions with miners. 

PREVIOUS WORK 
General descriptions of placer deposits in the Cariboo 

area first appeared in 1874 in British Columbia Ministry of 
Mines Annual Reports. Johnson and Uglow (1926) com- 
pleted descriptions of placer and lode gold deposits in the 
Wells-Barkerville area. Regional bedrock mapping was con- 
ducted by Tipper (1971) and more recently by Struick 
(1982). The Quaternary geology of the region was mapped 
by Tipper (1971) and recent investigations on the Quatem- 
ary and placer geology have been made by Clague (1987% 
b, 1989) and Clague er al. (1990). Detailed sedimentologic 
evaluations of placer deposits have been completed in 

Gro/o~;ud Fieldwork 1990, Pqw 1991-I 

unglaciated terrains, such as on the White Channel gravels 
in the Klondike area of the Yukon Territory (Morison and 
Hein, 1987). However, the geology of placer deposits in 
glaciated terrains remains poorly understood. Regional 
studies in British Columbia have been done, but detailed 
sedimentological analyses are lacking. Depositional 
environments of Cariboo placer deposits have recently been 
discussed by Eyles and Kocsis (1988, 1989a, b! and Levson 
er al. (1990). 

STRATIGRAPHY AND GEOLOGIC, 
SETTINGS OF GOLD PLACERS 

TERTIARY PLACERS 
Gold-bearing gravels of Tertiary or presumed Tertiary 

age have been mined in recent years in the Cariboo 
(Figure 4-6-l). Rouse et al. (1990) associated ;a number of 
placer deposits in the Cariboo with the late Tertiary Fraser 
Bend Formation. Dating was based on the palynology of the 
sediments, principally the occurrence of C&us perilara 
which became extinct in North America in the la.te Miocene, 
and the association of placers with volcanic cliists and ash 
that are generally limited to Terti:uy successions,. Gravels of 
the Fraser Bend Formation occur at elevations below 
600 meres along the Fraser River in a north-south belt that 
is at least 150 kilometres long and less than 27 kilometres 
wide (Rouse and Mathews, 1979). 

Recent and historical mining of Tertiary placer gravels 
has been concentrated along the F’raw River valley north of 
Quesnel. Underground mining was conducted a~: the Allstar 
mine on the west hank of the Quesnel River (F:igure 4-6-1, 
Location 2) during the 1980s with reported approximate 
grades as high as 8.5 grams per tonne in the lowermost pa) 
zone. Tertiary gravels in this area: are confined by bedrock 
highs and 8.5 metres of the gravels are well exposed above 
river level (about 5 IO meres) at this location (Figure 4-6-4). 
At the base of the section up to 50 centimetrzs of sand, 
containing abundant fossil plant fragments, are overlain by 
cemented pebble gravels with some cobbly beds. The 
gravels are massive to crudely stratified and coarser beds 
exhibit scoured lower contacts. ‘Trough-crossbedded sand 
and gravel lenses and horizontally laminated silt lenses also 
occur. Wood, at various stages of petrification, and coal 
fragments are common throughoot the gravel succession. 

Texturally mature gravels, believed to be Tertiary in age, 
and at least two other distinct younger gravel ,units, have 
been identified along the Big Bend (Quesnel Canyon) por- 
tion of the Quesnel River (Figure 1-6-l. Location I). In the 
Horsefly area (Figure 4-6-1, Location 4), Mioce:ne gravels 
have been mined since the start of the Carihoo gold rush in 
the 1850s; their age determined by bracketing K-Ar dates on 
volcanics. The gravels are underlain by a thick succession 
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Figure 4-6. I. Location of the Carihon placer mining area and study sites: solid diamunds - Tertiary placers; open trianplcs - 
paleogulch placers: solid triangles - hurird channels: open squares ~- $acial placers: solid circles - outwash. colluvial and 
alluvial placers: open circles low-terncc placers. Insets A and R show locations of Figures 4-O-2 and 3. respectively. 

of horizontally laminated Eocene lacustrine sediments con- 
taining abundant plant fragments and fossil fish. Gold 
occurs mainly in the lower pan of the gravels. 

PREGLACIAL AND INTERGLACIAL PLACERS 

PALEOCHANNELSETTINGS 

Preglacial and interglacial placers stratigraphically undcr- 
lie till of the last (Late Wisconsinan) glaciation. Precise 
dating of these sediments is usually not possible as they are 
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beyond the limits of radiocarbon dating. A few finite radio- 
carbon dates have recently been recovered from Middle 
Wisconsinan interstadial sediments (Clague (if ol., 1990) but 
such dates are rare due to the typical absence of oganics in 
placer-gravel sequences. In addition, the coarse nature of 
mast placer deposits precludes good preservation of pollen 
and volcanic ash, limiting the usefulness of palynological 
and radiometric dating techniques. 

Preglacial and interglacial fluvial paleochannel placers 
occur in broad, low-gradient valleys and are potentially of 



Figure 4-h-2. Location of study sites in the lower Lightning Creek area. Symbols as on Figure 4-h-I. 
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large volume. Three different types of buried-channel placer 
settings have been recognircd in the Carihoo: abandoned 
trunk valleys, abandoned high-level valleys and buried 
channels in modem valleys. Abandoned trunk valleys are 
usually bedrock walled and infilled with stratigraphically 
complex sequrnccs of sand. grwel and diamicton. Ahan- 
doncd high-level valleys occur at elevations substantially 
higher than modern streams and may represent channel 
remnants from periods of relatively high base-level prior to 
more recent valley incision. Buried channels in modern 
valleys occur both below recent alluvium and in buried 
channel\ adjaccn~ to modern creeks. 

The valley excavated by hydraulic operations at the Bul- 
lion mine is a well-known example of a large abandoned 
Pleistocene valley in the Carihoo (Figure 4-l-1, 
Location 20). The Bullion mine occupies a bedrock-walled 
valley about I ki,lomewe long and over IO0 metres deep that 
is truncated at the north end by thr modem Quesnel River. 
Sediments from two glacial periods (tills and glaciofluvial 
sands and gravels) and intervening nonglacial deposits are 
locally preserved in the mint arcn (Clague, 19x7). The mine 

has produced over 3860 kilograms (120 OOCl ounces) of 
gold. Gold was recovered mainly from the lowermost 
gravels on bedrock (Sharpc. 1939) hut some gold also 
occurs in stratigraphically highs gravel units, probably 
overlying clay-rich till or lacustrine deposils that acted as 
false bedrock (Figure 4-6-S). Ncxth of Spanish Mountain, 
along the Caribou River, Clague (1987h) identified a buried 
channel similar to the Bullion clwnnel as a possible placer- 
exploration target. 

Actively mined deposits at Spanish Mountain 
(Figure 4-6. I, Location 2 11 appear to infill the supper part of 
an elevated erosional channel cut in bedrock. Drilling 
results indicate that the bedrock channel is up to 74 metres 
deep. The lower SO metres is infilled with clean pebble and 
boulder gravels. These gravels have not been mined extem 
sively hut there is a high potential that they are gold hearin;:. 
pariicularly at their base. The orientation of the channel is 
not well defined hut appears to he oblique to the regiorxrl 
northwesterly strike of hcdrock, topography and glacial ice 
flow. This orientation could provide an ideal situation for 
the development of a subglacial (cavity and may account for 
the preservation of the placer dt:posits in the paleochanncl 
(Levson c, ol.. 1990). 
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Figure 4-6-3. Location of study sites in the Wells-Barkerville area. Symbols as on Figure 4-6-l. 

Preglacial and interglacial wean-channel placers in the 
Cottonwood River area have been mined in recent years at 
Mary and Alice creeks. The size, number and orientation of 
the channel(s) are unknown but outcrops of the channel 
gravels are spread over a distance of several hundred 
metres. A preglacial age of gold-bearing gravels in the 
region has recently been corroborated by palynological data 
(Rouse et al., 1989). At Mary Creek (Figure 4-6-2. 
Location 15). the gold-bearing gravels are cemented, mod- 
erately to well sorted, imbricated, horizontally stratified and 
interbedded with trough-crossbedded sands (c$ Plate 6-3-l 
in Levson ef al., 1990). They contain rich pay-zones with 
nuggets up to about 100 grams in size. Pay gravels at Alice 
Creek (Figure 4-6-2, Location 14) are similar. consisting of 
horizontally stratified sands interbedded with poorly to 
moderately sorted, clast-supported and discontinuously 
cemented gravels. They have been interpreted as low- 
sinuosity braided-river sediments (Eyles and Kocsis, 
1989a). Gold values increase toward the base of the gravels 
with the main pay zone in the lower 3 to 5 metres over 
bedrock. Pay-streaks are sporadic, producing an average of 
4 grams per cubic metre with a maximum return of about 
9 grams. 

Gold-bearing paleochannel gravels at both Mary and 
Alice creeks are stratigraphically overlain by a thick succes- 
sion of Pleistocene sediments (c$ Figure 6-3-3 in Levson et 
al., 1990). At Mary Creek the gold-bearing gravels ax 
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overlain by two till units. Intertill sands and gravels and 
early postglacial gravels also contain some gold, probably 
reconcentrated from underlying units. At Mary Creek, gla- 
cial m&water incised a channel and removed much (at least 
20 metres) of the overburden. In contrast, gold-bearing 
gravels at the near-by Alice Creek mine are overlain by 
about 30 metres of overburden. 

ABANDONED HIGH-LEVEL Vat.t.ws 

An excellent example of a high-level buried valley 
placer is provided by the Streicek mine (Figure 4-6-3, 
Location 23). The southeast channel wall has been exposed 
down to a depth of 24 metrcs. The lowest exposed gold- 
bearing deposits are well-rounded to subrounded boulder 
gravels grading up into cobble to pebble gravels (Figure 
4-6-6). Sorting and stratification increase with depth as does 
the abundance of openwork beds reflecting the increased 
influence of fluvial action. Overlying gravel units, exposed 
along the channel wall, are poorly sorted and have been 
reworked by gravity. They are dominated by angular clasts 
of local shale that dip steeply (45”) into the channel centre 
due to down-slope colluvial processes during channel infill- 
ing. The uppermost pan of the gravel sequence was deposi- 
ted as the channel was infilled prior to the last glaciation. 
These gravels are imbricated, poorly sorted, medium to 
large pebbles with an abundant silt and fine sand matrix. 
They are crudely stratified and some thin, openwork, small- 



Plate 4-6. I. Airphoto stereo pair of gulch streams in the Antler Creek area. 

pebble lenses occur. The gold-bearing gravel sequence is 
unconformably overlain by massive matrix-supported 
diamicton interpreted as a till deposited during the last 
glaciation. 

Buried-channel gravels in modem valleys are commonly 
exploited placers. The paleochannels may be buried directly 
under, or adjacent to, modem alluvial channels. Buried 
channels adjacent to modem streams arc often segmented 
by recent erosion and their lateral extent is therefore often 
difficult to define. Paleochannels below modem streams 
commonly parallel the modern stream course but they can 
be deeply buried by alluvium and glacial deposits. In addi- 
tion, these peleoplacers may be difficult to mine because of 
groundwater or surface-water problems. 

Gold-bearing deposits at the Ballarat mine (Figure 4-6-2, 
Location 29) infill an ancient bedrock channel adjacent to 
Williams Creek, which is one of the richest gold-producing 
streams in British Columbia. The lowest exposed gravels 
(Figure 4-6-7) in the Ballarat pit are moderately sorted, 
clast-supported, stratified pebbly gravels. Multiple scour 

and channel-fill sfr~cf~res indicate deposition in a braiderl- 
river system. Lithologic analysi:< of these gravels suggests 
that they were not derived solely from a local tributary, but 
rather were deposited in the main valley sya:em (Levson 
er al., 1990). The gravels contain up to approximately 
2 grams of gold per cubic metre and, in general, gold 
content increases with depth. Seismic, drilling and excava- 
tion results indicate that a variable gravel unit on the order 
of IO mews thick is present lb&w the lowest exposed 
gravel beds. Discontinuous, thio (< 2 to 3 metres thick), 
diamicton beds overlie bedrock highs along the south and 
north sides of the paleochannel. They exhibit sedimentary 
characteristics typical of modem debris-flow deposits such 
as poor sorting, disorganized fabric, gradational bed con- 
tacts and folded and boudinaged beds (Bull, 1972; Kochel 
and Johnson, 1984). Deposition of these loc:ally derived 
debris-flow sediments along the margins of the channel was 
probably coeval with fluvial sedimentation in the channel 
Ce”ttE. 

The gold-bearing gravels and associated debris-flow 
deposits that infill the paleochxnnel at the Ballarat mine 
were probably deposited in the last interglacial period. They 
are overlain by a complex succession of alluvial fan 
deposits (ser below), ice-proximal gravels and an unconfor- 
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mahle capping sequence of till (Figure 4-6-7). Currently. 
economic gold placers occur only in reworked sediments 
that were deposited prior f” the last glaciation. 

Placer gravels in a buried channel adjacent t” Lightning 
Creek (Figure 4-6-2, Location 24) are currently being 
mined. Paleoflow in the gold-hearing gravels was to the 
west, similar t” the modem Lighting Creek channel which 
lies on the opposite side of the valley. Gravels yielding the 
highest gold concentrations are about 5 metres thick and sit 
unconformably on bedrock. More than 25 metres of 
glaciofluvial sand and gravel, with relatively low gold con- 
centrations, conformably Overlies the lower gravel 
sequence. 

PAL.EOGULCH SETTINGS 

Gulches are small narr”w valleys with steep sides that 
commonly occur as tributaries to larger trunk valleys in 
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areas of high relief (Plate 4-6-I). They typically have steep 
gradients and carry large v”lumes of water and sediment 
during episodic flood events generated by unusual snow 
melt or heavy rainfall events. These floods may recur at 
imervals of tens to hundreds of years and are capable of 
transporting large v”lumes of sediment. Large increeses in 
the am”unt and size of material that can he moved by the 
streilm occur as B result of the increased discharge and 
velocity. High stream capacity and competence are ideal fbr 
concentrating coarse plwxr gold and consequently gulch 
placers in the Cariho” have proven to he most productive. In 
many areas Holocene streams reoccupied preglacial and 
interglacial channels, ewding the overburden and, in some 
cases, reconcentrating the ancient placers. Holocene gulch 
placers were largely depleted in the 1800s due to ease of 
exploration and mining. Some paleogulch placers, however, 
were totally buried during the last glaciation. Locating. 



FRASER RIVER ( ALLSTAR MINE ) 

evaluating and mining these buried, hut potenlially rich, 
placers can he both difficult and costly and usually requires 
detailed geologic information. At most active gulch-placer 
mines the glacial overburden is thick or has been partially 
excavated by Holocene sfrcam erosion. Some of these pal- 
eoplacers were mined hydraulically in the past and modem 
workings commonly are either above the upper elcvxion 
reached by lhc hydraulic operations or along the valley sides 
where remnants of buried pay gravels are preserved. 

Several mines along Antler Creek are typical of opere- 
tions working buried gulch gravels (Plate 4-6-l) Mining at 
Stevens Gulch (Figure 4-h-3, Location IO) has cxposed 
approxlmalely I metre of poorly sorted. medium 10 large- 
pebble gold-bearing gravels sitting on bedrock. oxrlain by 
several mares of colluvial diamicton. sands and minor 
gravel (Figure 4-6-8). The lower gravel contains coarse 
nuggets (commonly 8 fo I6 grams) and is probably a rem- 
nant gulch placer left along the valley side by previous 
mining activities. A debris-tlow origin is suspected because 
of the massive structure. chaotic fabric, dominance of ango- 
lar local clasts and poor sorting of the j;ravels. 

At Californja Gulch (Figure 4-6-3, Loutjon I I) pcbhle to 
cobble gravels with some boulders are huried by over 
IO metres of glaciofluvial sand and gravel and 2 metres of 
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Figure 4-6-S. Stratigraphy of the Bullion mine (modified 
from Clague cf 01.. 1’390) (Site 20). 



HIGH BENCH ( STREICEK MINE ) BALLARAT MINE 
3c 

25 

I- 

Figure 4-6-6. High-level buried-valley gravels overlain by Figure 4-6-7. Palenchannel gravels overlain by till at the 
till at the Streicek mine (Site 21). Ballarat mine (Site 29). 
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STEVENS GULCH SPANISH MOUNTAIN 

1c 

5 

f 

Figure 4-f-X. Gold-hearing, poorly sorted gravels over- 
lain by c”lluvial diamicton, *ill. sand and gravel at Stevens 
Gulch (Site IO). 

matrix-supported diamicton interpreted as till. The lower 
gravels arc poorly sorted, clast-supported and massive to 
crudely bedded. They were probably deposited by a flow 
with high discharge and sediment load, possibly in a gulch 
scttmg predating the last glaciation. 

Mining activities in 1YXY and IYYO at Beg&s Gulch (Fig- 
ure 4-6-3, Location Y) targeted a buried system that may 
parallel, and lie to the northwest of, the modern stream 
channel. Underground adits in both bedrock and unconsoli- 
dated materials have hcen excavated in the past in attempts 
to locate the buried channel. Modern mining has proceeded 
from near the valley bottom at about the I 190.metre level 
and has exposed well-sorted sand beds that dip up to 50” to 
the northwest (300”) and grade vertically into i( sandy, 
boulder gravel. Sharp lateral and vertical variations in the 
gram size and sorting of the mined deposits are suggestive 
of highly variable flow conditions typical of gulch settings. 

In addition to large buried-gulch placers, small ahan- 
doned channels adjacent to modem gulches are potential 
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Figure 4-6-9. Gold-bearing gravels buried below till at the 
Spanish Mountain mine (Site 21). 

placer targets. A small paleochannel along the southeastern 
margin of Beggs Gulch, at an elevation of about 1220 
tt~etres, has been mined for coarse gold with one small 
plunge pool heing particularly lucrative. Bedrwk exposed 
at the base of the channel has been smoothed by wtet 
action and the channel was filled with coarse gravels, some 
clasts being up to a few metres it1 diameter. 

PALEOALLUVIAL FAN SETTINGS 

At the Spartish Mountain mine (Figure 4-6-l. 
Location 2l), gold is found in poorly sorted and crudely 
stratified coarse gravels interpreted as debris&w deposits 
(Figure 4-6-Y). Interbedded lense:; of better sorted gravel, 



sand and silt are interpreted as fluvial channel deposits. The 
gold-bearing gravels are capped by poorly exposed diamic- 
ton interpreted as till, suggesting that the placer deposits 
predate the last glaciation in the area. The sediments are 
mainly locally derived alluvium and may include some 
subglacial deposits. Gold content is generally consistent 
throughout the mined sequence, averaging about 1 gram per 
cubic metre, not including gold finer than IO0 mesh 
(0.149 mm), and the gold appears to originate locally 
(V. McKeown, personal communication, 19X9). 

At the Ballarat mine, a complex unit of sands and gravels 
with gold concentrations up to approximately 2 grams per 
cubic metre, stratigraphically overlies older pay gravels (,SW 
Figure 6-3-6 in Levson er al., 1990). Lithologic and pal- 
eoflow analyses of the lower gravels indicate that they were 
derived almost entirely from a small tributary stream. The 
characteristically steep (up to 25”) and consistent dip of 
massive gravel beds and the lateral continuity of strata 
suggest deposition in a fan-delta environment. Sedimentary 
structures representative of this unit, such as massive and 
normally graded sands, horizontally laminated silts and fine 
sands, climbing ripples and syndepositional deformation 
structures, are common in subaqueous environments. Inter- 
pretations of the overlying sediments indicate a progressive 
shift from a fan-delta to a dominantly subaerial alluvial fan 
environment. 

In the fan centre, fining-upward channel-fill gravel 
sequences with erosional lower contacts probably represent 
deposition in main channels (Figure 4-6-7). Near the fan 
margins, poorly sorted gravel and diamicton beds are inter- 
preted as gravelly debris-flow deposits (c,f: Larsen and 
Steel, 1978: Burgisser, 1984). Disorganized to weakly 
imbricated, large-clast clusters, such as those that occur in 
these beds, form during the waning stage of high-discharge 
events (Brayshaw. 1984). The uppermost deposits in the 
sequence are clast-supported, poorly sorted diamictons 
interpreted as debris-flow deposits. The diamictons exhibit 
crude horizontal bedding, minor openwork pebbly inter- 
beds, weak imbrication and normal grading. sometimes with 
a thin, inversely graded basal zone. These characteristics are 
typical of debris-flow deposits (Burgisser. 1984; Kochel and 
Johnson, 1984). Lithologic and fabric data (Levson <‘I a/.. 
1990) also support an alluvial-fan origin for these deposits. 

GLACIAL PLACERS (TILL AND 
GLA~~OFLUVIAL SEDIMENTS) 

Glacial placers occur in sediments deposited directly by 
glacial ice or by meltwaters flowing near glaciers. Glacial 
processes that result in the deposition of tills do not allow 
for the removal of light minerals and the concentration of 
gold and other heavy minerals. Dilution of gold concentra- 
tions also occurs due to mixing of distally and locally 
derived sediments. In rare cases. subglacial meltwaters can 
concentrate gold from previously deposited sediments but 
these placers are usually small. Tills deposited by glaciers 
over-riding older stream placers can be locally productive 
where the gold concentration in the original placer was 
exceptionally high. At Cunningham Creek (Figure 4-6-3, 
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Figure 4-6-10. Stratigraphic column of mined glaciotluvial 
sediments at Tregillus Lake (Site 37). 

Location 34). till and debris-flow deposits carry mineable 
quantities of gold. Glaciers flowing down the Cunningham 
Creek valley probably incorporated the gold from rich 
paleochannel placers upvalley. 

Economic gold concentrations are also rare in glacial 
outwesh deposits, usually being restricted to areas where 
meltwaters have reworked older placers. Outwash gravels 
along the northeast side of Tregillus Lake (Figure 4-t-3, 
Location 37) contain gold concentrations of approximately 
0. IS to 0.35 gram per cubic metre. Gold within the gravels 
was probably derived from older placer deposits upstream. 
Placers underlying lodgement till at the south end of Tre- 
gillus Lake (Eyles and Kocsis, 1988) are a possible source. 
The glaciofluvial deposits at the nonh end of the lake are 
poorly to moderately sorted cobble gravels with clasts up to 
2 metros in diameter overlying small to large-pebble gravels 
(Figure 4-6-10). Gold is most concentrated in the coarse 
gravels in the uppemwst I to 2 mctres, reflecting the typical 
association between coarse lag gravels and placer gold 
concentralions. 

POSIWACIAL PLACERS 
Postglacial placer deposits occur in a variety of deposi- 

tional environments. Postglacial gulch gravels were the 
most productive, accessible and easily mined of all the 
Cariboo placers and few remained beyond the turn of the 
century. Floodplain and low-terrace deposits were also 
largely mined out in the 18fJOs. However, fine gold carried 
many kilometres downstream from the original source area 
is still mined in a some areas. In addition, higher terrace 
gravels can be locally productive. Postglacial colluvial and 
alluvial fan placers are also mined locally. 
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BURNS CREEK HIGH TERRACRS 

Terrace gravels occurring well above modern river levels 
were commonly formed in early postglacial times. It is often 
difficult to differentiate glaciofluvial gravels deposited in 
terraces near the ice margin from proximal, proglacial 
stream sediments deposited shortly after local deglaciation. 
Sedimentation in proximal braided streams is largely 
aggradational and characterized by multiple shifting chan- 
nels. Consequently, the resultant: gravels form large-volume 
deposits with low gold concentrations. Gold content is high- 
est at the base of channel-fill sequences. Typical high- 
terrace gravels, are exposed at 3 mine on Burns Mountain 
(Figure 4-6-3, Location 41). Where the terrace gravels over- 
lie older gulch-placer deposits they contain mixable quan- 
tities of gold (Figure 4-6-l la). Elsewhere, the gravels are 
almost devoid of gold (Figure 4.6.Ilb). Glaciofluvial 
streams reworked and, to a cefldin extent, diluted the older 
placers. Paleocurrent data indicate that flow was perpen- 
dicular to the older streams and consequently gold occurs 
only downstream of the intersection with the paleochannel. 

LOW TERRACES 

Low-terrace gravels are presently being mined at several 
locations on lower Lightning Creek and the Quesnel and 
Cottonwood rivers (Figures 4-6-l and 2, Locations 4X-5?). 
The distribution of mines along the lower reaches of these 
rivers is only in part a reflection of geology. To a large 
extent, historical mining activity has depleted low-terrace 
placers in the upper reaches of these streams. Relatively 
coarse gold was recovered from these easily mined 
Holocene terrace placers. Progwssively finer gold is carried 
farther downstream where mining activities are limited by 
the efficiency of fine gold recovery. The ability of the miner 
to locate sedimentary environments and specific facies 
where fine gold is concentrated is also a critical factor in 
these downstream placers. 

Low-terrace gravels typicall:f are well-sorted, horizon- 
tally stratified, imbricated, well-rounded pebble to cobble 
gravels (Figure 4-6-12). Planx and trough-crossbedded 
gravel beds occur locally. Sandy interbeds and lenses ire 
common and the gravel sequences are typically capped ~by 
up to about I metrc of overbank fines. The latter commonly 
exhibit weak horizontal laminations and contain abundant 
organic material. Scoured lower contacts in gravel beds are 
often overlain by concentrations of coarse cI;ists. Channel 
lags formed during periods of wlative channel stability and 
are primary placer targets. Overlying bedded gravel 
sequences contain less gold and reflect bar xdimentation 
during aggradational phases. 

Productive postglacial collu\ial and alluvi;d placers are 
relatively rare in the Cariboo, A small operation along 
Williams Creek (Figure 4-6-3. Location 59) is recovering 
gold from a thin colluvial deposit overlying a bedrock 
surface that slopes IS” to 20” toward the valley centrf 
(205”). A clast-supported, sandj pebble-gravel directly ovet 
bedrock is the most productive unit (Figure 4-6-13). Some: 
gold is also recovered from oxrlying dredge: tailings left 
from a previous operation that mined a small paleochannel 

.?4.1 
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Figure 4-6-12. Low-terrace gravels on the lower Quesnet Information gathered from geologic studies at active 
River (Site 49). placer mines in the Cariboo region has identified several 
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WILLIAMS CREEK 
( DEVLIN BENCH ) 

Figure 4-6-13. Colluvial sediments along 
Williams Creek (Site S9). 

l&l 

on the valley bottom. In the Nelson Creek area 
(Figure 4-6-3, Location 61) postglacial alluvial deposits 
consisting of interbedded diamicton and poorly sorted 
gravels (Figure 4X-14) are gold bearing and currently being 
mined. Resedimentation of older deposits along the valley 
slope occurred by gravity-dominated processes with minor 
fluvial reworking. The reworked deposits include paleo- 
gulch gravels that were historically mined in the area and 
tills that incorporated older gold-bearing gravels during 
glaciation. Deposition occurred mainly in the period imme- 
diately following deglaciation, when lack of vegetation and 
climatic conditions enhanced slope instability. 

CONCLUSIONS 
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Figure 4-6-14. Alluvial and colluvial sediments near 
Nelson Creek (Site 61). 

important geologic settings that support productive gold 
mining. Placer gravels of Tertiary age in the Carihoo occur 
mainly west of the Carihoo Mountains in the Quesnel 
trough. They are commonly buried hy thick sequences of 
Quaternary sediments. Underground mining of these 
cemented gravels has been productive only in a few loca- 
tions in the Cariboo where grades as high as 83 grams per 
tonne gold have been reported. Locally, however, they can 
contain significant gold concentrations which warrant fur- 
ther exploration. In addition, gold reconcentrated in younger 
fluvial deposits, unconformably overlying Tertiary gravels, 
may support productive placer mines. 

The largest volume placers in the Carihoo are preglacial 
and interglacial fluvial deposits. They are being mined 
mainly in areas where they have been exposed by meltwater 
or postglacial fluvial erosion. The largest buried-valley sys- 
tems have little relation to modem drainage patterns and the 
main obstacle to mining is typically thick overburden. 

Paleochannel placers buried below modem alluvium have 
the additional problem of water drainage whereas high-level 
buried channels often need water. These mining problems 
are somewhat offset by the potential richness and large 
volume of the paleovalley placers. Geophysical (seismic, 
ground-penetrating radar and magnetometer) studies and 
drilling programs are needed to’ locate and evaluate these 
paleochannel placers. Detailed stratigraphic and sedimen- 
tologic data, such as thickness, depth and geometry of 
strata, paleochannel orientation, and paleotlow direction, 
are required to trace gold-bearing units. 

Although smaller in sire than buried-valley placers, 
paleogulch gravels commonly c:ontain significantly higher 
gold concentrations. They have historically been the richest 
gold producers in the Carihoo but these depcmsits are both 
difficult to locate and to mine because of th’e deep ovcr- 
burden. Most operations in the past have m~ined gravels 
buried below, or exposed by, modem gulch channels. Like- 
wise, present mining operations have focused on remnant 
paleogulch gravels left by previous hydraulic mining opera- 
tions in modem gulches. Potential exists for some high- 
grade buried paleogulch channels, especially in the high- 
relief regions along the upper reaches of creeks like Light- 
ning, Antler and Cunningham. 

Alluvial fan deposits predating the last glaciation support 
two of the largest mines in the Cariboo. There placers are 
large in volume hut generally lower grade than fluvially 
deposited placers of similar age. 

Placers deposited during the last glaciation are relatively 
rare and lower grade than older placers. Econ~xnically via- 
ble quantities of gold contained within till have been docu- 
mented only in areas where rhe glaciers overrode pre- 
existing, relatively rich fluvial placers. Similarly, gold-rich 
glaciofluvial deposits occur where older gold-bearing 
gravels have been eroded by the younger glacial meltwaters. 
Although lower grade, these placer deposits have the added 
advantage of occurring at or near the surface and therefore 
can he mined with minimal overburden removal costs. 

Placer mines exploiting postglacial terrace deposits are 
common in the Carihoo. High-level terraces typically sup- 
port large-volume, low-grade placer mines. The gravels 
were deposited in aggradational braided streams shortly 
after deglaciation. Gold is distributed throughout the 
deposits, mainly at the base of multiple channel-fill 
sequences. Low-terrace placers have been largely depleted 
by mining except on downstream reaches where mainly 
fine-grained gold is recovered. Some productix low-terrace: 
placers occur in areas with underlying Tertiary or intergla- 
cial gravels. 

This analysis of sedimentaT+ environments at Carihoo 
placer mines illustrates the highly varied geologic settings 
of placer gold deposits in glaciated areas. An understanding 
of the sedimentary origin of existing placers is needed to 
identify other sites where gold-bearing placers have been 
deposited and preserved. The potential for discovery of new 
placer deposits is good in the Carihoo. Preglacial and inter- 
glacial fluvial and alluvial deposits are the best targets, 
Detailed geologic studies of existing exposures are needed 
to help understand the paleodminage patterns of preglacial 
and interglacial tluvial systems and thereby identify probate 



ble gold-bearing deposits. Further development of these
placers will require seismic and drilling exploration
programs.
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INTRODUCTION 
Geologic investigations were undertaken in the area bor- 

dering the Peace River in northeastern British Columbia. 

Study was restricted to the regio’n extending from the town 
of Hudson Hope to directly east of the city of Fort St. John, 
and from Highway 97 to the north end of Charlie Lake 
(Figure 4-7-l). This area includes the northern half of NTS 
Sheet 91P (Dawson Creek) and the southern half of NTS 
Sheet 94A (Charlie Lake). E,risting surficial mapping 
coverage for the region is available at a scale 01‘ I: I 000 000 

ldegroot
1990



Plate 4-7-l. Section PTB90-43 (HalSw,ay River land- 
slide). View to south of recent Attach&like slope failure, 
which originally extended across the Halfway River and 
temporarily blocked drainage until breached several hours 
law. Note small channelline and leverine atow the surface 
Sormcd during and aft& the failure. (GSB photo 
PTBYO-13-15). 

Figure 4~7.2. Index map of I:50 000.scale NTS map 
sheets comprising study area. Shaded sheets indicate 
regions Inapped in 1990, and accompanying report by Catto 
(1991). 

for NTS Sheet 94 (Beatton River; Mathews rf ul., 1975) and 
at a scale of I :250 000 for NTS Sheet 94A (Mathews. 
1978a) and NTS Sheet 93P (Reimchen, 1980). Aggregate 
data for the area are poor, as are the data on peat deposits, 
both issues recommended as requiring attention (How, 
1988: Maynard, 1988). 

The objectives of this project are to provide detailed 
surficial geological maps (I:50000 scale) of practical use to 
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industry, as well as municipal, regional and provincial go,- 
emments; determine the occurrence of, and assess the 
exploration potential for, aggregate and peat deposits in the 
same area; study mass-movement deposits along the Peace 
River Canyon, and if possible determine the timing of 
occurrznce of these past events (Plate 4-7-l); to contribute 
to the provincial geoscience database by refining the 
Quaternary geologic history of the Peace District through 
stratigraphic investigation. Field activities during the 19’10 
season included surficial mapping of four map sheets (Fig- 
ure 4-7-Z). as well as extensive reconnaissance to locate 
exposures and sections suitable for further detailed study. 
This paper presents the results of the reconnaissance efforts 
and therefore addresses the latter two project objectives, 
whereas the surficial maps and their accompanying inter- 
pretation which are published separately will cover the first 
two project objectives (Catto. 1991). 

The earl&t published description of the Peace River 
Canyon appears in the journal of Sir Alexander Mackenzie 
during his trip through the region in 1793. Almost 100 years 
later, in 1872, Captain W.F. Butler provided a detailed and 
picturesque description of the Peace River valley, and in 
I X75. A.R.C. Selwyn provided the first geologic description 
of the area. concentrating on the bedrock geology: only 
passing reference was made to the unconsolidated sedi- 
ments by Selwyn (Beach and Spivak, 19433. The most 
significant contributions to the Quaternary geology of the 
Peace Region occurred in the period 1950-1980 by W.H. 
Mathews, and 1967.1977 by N.W. Rutter (Mathews, 1954, 
1962, 1972. 1973, 197Xa. b, 1980; Rutter, 196X, l96Ya, b, 
1974, 1976. 1977, 1980, 1981, 1984). However, recent 
geologic interpretations in the adjacent Rocky Mountain 
Trench (Bobrowsky, 1984, 1987, 1988, 1989% b: 
Bobrowsky and Rutter, 1989, 1990) and the Peace District 
of Alberta (Livennan, 19X7, 1989% b; Liverman it al., 
lYX9) may have significant effects on interpretations pres- 
ently applied to the study area. These recent investigations, 
coupled with the need for an assessment of aggregate and 
peat exploitation potential, and the continued threat of fre- 
quent nxtss movements, provide a necessary stimulus for 
renewed geologic work along the Peace River. 

SETTING 
The study area lies along the western edge of the Alberta 

Plateau within the Interior Plains (Mathews, 1986). Low- 
relief topography characterizes the region and consists of 
broad rolling plateaus and cuestas at elevations near 900 
metres. These upland areas are dissected by the Peace River 
and its major tributaries including the Halfway, Mabel-ly, 
Pine, Beatton and Kiskatinaw rivers, as well as Lynx, Far- 
rell and Cache creeks (Holland, 1976). The elevation of the 
Peace River is 520 metres at Hudson Hope and less than 450 
metm at the mouth of the Kiskatinew. The disorganized 
drainage in the uplands is imprinted upon unconsolidated 
glacial deposits which cover flat-lying or gently east- 
dipping sedimentary bedrock of Cretaceous age. Most of the 
sedimentary rocks in the area belong to the Fort St. John 
Group. The oldest rocks. which belong to the Gates Forma- 
tion, are composed of marine shale, siltstone and sandstone 
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and outcrop in the west, near Hudson Hope. Marine silt- 
smnc, silty shale and shale belonging to the Shaftesbury 
Formation overlie the Gates Formation and outcrop in sev- 
cm, places rhroughout the study ilrril. These rocks. I” turn, 
grade upward into more resistzmt siltstone and sandstone of 
the Dunvegan Formation (Mathew, 1978~1). 

The Pcxc River, which rises farther west at the Rocky 
Mounlain Trench, is part of the Mackenzie River system. 
and is a prcglecial feature which cuts across the Rocky 
Mountains perpendicular to the regional bedrock trend. If is 
likely thaw the course of the Peace River was established in 
the early Tertiary, and it is thus anteccdcnt to the Rocky 
Mountain uplift which formed, in this imz, during the lute 
Tertiary (Holland, 1976). The preglacial Peace River 
occupied it much bn,8der channel than the present river. 
Notable changes in its course include: ii preglacial channel 
between Bull and Portage mountains (now occupied by the 
Portage Mountain moraine): palzoriver-flow I to 2 kilo- 
metres south of the present channel between Hudson Hope 
and Halfway River; and. paleoriver-flow 4 to 5 kilomerres 
south of the present channel between Bear Flat arId Fort St. 

John (Beach and Spivak, 196:;; Mathews, 197X& 19X0; 
Rutter, 1977; Seyers and Buchanan, 1990). 

Historically the northwest put of British Columbia has 
lone been favored as a primary centre for Pleistocene ice 
build-up (c:f. Bobrowsky, 198% for a detailed review). 
Modifications to this theme are Iminor and include recogni- 
tion of other glacial ice accumulation cenfres such as the 
Cassiar, Cariboo and northern Rocky Mountains. The style, 
extent, intensity and timing of ghiciations, howwer, attract a 
greaw diversity of opinions and interpretations. The most 
contentious issue of the Pleistocr:ne history in the study xea 
centres on two aspects: the influence of Laurentide glacial 
ice in the province of British Columbia; and the number of 
glacial events. In the Peace Di!;trict, two primary models 
and their variants have been put forward to describe the 
Pleistocene glacial history of the region (Figure 4-7-3). 
Model I recognizes two to three Laurentide and three to four 
Cordillcran glacial events, whereas Model 11 recognizes onr 
Laurentide and two Cordilleran events. More importantly, 
Model I recognizes a coalescence of Cordilleran and Lao- 
rentide ice sheets, not recognized in Model II. 

3J7 
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Plate 4-l-2. Section PTB90-26. View to north illustrates 
bluff exposure consisting of late Quaternary glacial scdi- 
mmts. Majority of exposed sediment at this site is late 
Wisconsinan diamicton deposited by Laurentide ice sheet. 
(GSB photo PTBYO- I I-34). 

RESULTS AND INTERPRETATIONS 

Field reconnaissance in the study area during 1990 
resulted in the identification of 56 sites (Figure 4-7-l). 
providing some form of subsurface exposure of the uncon- 
solidated sediments (Plate 4-7-2). Table 4-7-l lists the cow 
dinates and elevations of these sites. Preliminary sedimen- 
tologic and stratigraphic work at a few of these locations 
supports the contention of a complex glacial history for the 
area, involving ice interaction from three independent 
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sources (Laurentide, Cordilleran and Montane). Descrip- 
tions and genetic interpretations for several localities are 
discussed below. 

DIAMICTON DEPOSITS 

SECTION PTB90-06 
Section PTBYO-06 is located 17. I kilometres west of Fort 

St. John. along Highway 29 (Figure 4-7-l). The 15.7 mews 
of sediment exposed at this locality comprises four units 
(Figure 4-7-4). Overlying the shaly bedrock along a brecci- 
ated regolith-like contact is a coarse, matrix-supported 
diamicton, 2.3 metres thick, containing planar silt lenses 
which are approximately 2 centimetres thick and 20 to 30 
centimetres in length (Unit I). Clasts in the unit are all 
angular and of local lithology. Unit 2 which is 8 metres 
thick, consists of 672, stone-free. normally graded silty sand 
and sandy silt rhythmite couplets, which are I to 5 cen- 
timetres thick. Both upper and lower contacts are sharp and 
erosional. The rhythmites are overlain by a stratified, 
matrix-supported diamicton. 4.3 metres thick, containing 
many planar and biconvex, fine silt lenses, which are I to 2 
centimetres thick and up to 20 centimetres in length (Unit 3: 
Plate 4-7-3). The diamicton grades upward into approx- 
imately I metre of silt and clayey silt rhythmites which 
show postdepositional disturbance and pedogenesis 
(Unit 4). Large clasts, up to boulder size, are present in the 
upper rhythmites. 

The lower diamicton. overlying bedrock. is interpreted to 
be local colluvium or debris-flow deposits. The remaining 
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units all represent facies formed in a glacial-l;lke ewirow 
mat. Unit 2 rhythmites probably represent sediment depos- 
ited during the early stapcs of glacial-lake formation as 
drainage to the east was blocked by Laurentide ice. The 
diamicton overlying these rhythmites is either a subaqueous 
sediment gravity-flow accumulation depwited in the 
impounded lake. or a deformation till of unknown prove- 
nance. The topmost rhythmitrs with drop-stones reflect the 
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Plate 4-7-3. Section PTB90-06 (Bear Flat section). Strat- 
ified glacial diamicton near top of section. approximately 
5 mctrcs thick, is interpreted to be either a subaqueous 
debris-flow deposit or deformation till related to the late 
Wisconsinan glaciation. (GSB photo PTB90-08-20). 

retreating stages of the glacial event and thus the later stages 
of the lake history. 

SECTION PTB90-09 
This section is located 13 kilometres northeast of Hudson 

Hope, 2.5 kilometres north of Highway 29 in a small 
unnamed ravine (Figure 4-7-l). Nine units are represented 
in the 27.2 metres of sediment exposed in the section (Fig- 
ure 4-7-5). At the base, 1 I metres of horizontally stratified 
pebble-gravel, with some boulders (Unit I), is gradationally 
overlain by 3.4 metres of massive matrix-supported diamic- 
ton containing silty sand lenses (Unit 2). The Unit 2 diamic- 
ton grades upward into 2 metres of pebble-rich, slightly 
stratified, clast-supported diamicton (Unit 3), which in turn, 
grades up into 0.7 metre of poorly stratified, open-work 
pebble-gravel (Unit 4). Unit 5 comprises 1.1 metres of 
massive to slightly stratified matrix-supported diamicton 
which rests upon a sharp lower contact marked by a well- 
cemented, pebble lag bed. The upper contact shows sheared 
horizontal bedding with slickenside structures. Unit 6 con- 
sists of I.8 metres of massive, matrix-supported diamicton 
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Figure 4-7-S Composite stratigraphic column for 
Section PTB90-09. 

with vertical jointing. Sharply overlying the diamicton is a 
1.9.metre fining-upward sequence of horizontally stratified 
sand and imbricated gravel beds (Unit 7). Discontinuous 
and thin silty diamicton lenses are intercalated within the 
sand and gravel. A 2.3.metre matrix-supported diamicton, 
with some crude stratification and sharp upper and lower 
contacts overlies the sand and gravel (Unit 8). The top of the 
section consists of approximately 3 metres of sandy silt and 
clayey silt rhythmite couplets. 

The complex sequence exposed at this section may reflect 
one or two glacial/nonglacial events. The interpretation that 
follows is tentative. The basal gravel represents fluvial 
deposition in a braided stream system, probably advance 
outwash (Unit I). Over-riding ice may then have deposited 
the massive diamicton which is interpreted to be a till 
(Unit 2). As ice retreated. local deposition of resedimented 
diamicton within gravel occurred, as interpreted from the 
sediments in Unit 3. A second depositional cycle in a 
braided stream system is then inferred for the Unit 4 
deposit. A period of erosion (= boulder lag) clearly pre- 
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crdcd accumulation of the resedimented diamicton beds in 
gravel (Unit S) and till (Unit 6) as ice once again advanced 
over the area. This was followed by addhional resedimcnta- 
tion in ice-contact gravel deposits during ice retreat 
(Unit 7). Continued ice retreat blocked the regional drai- 
nage, resulting in a proglacial lake environment into which 
a subaqueous sediment gravity-llow would have deposited 
the stratified diamicton (Unit 8) and subsequently 
&laciolacustrinc rhythmitcs iUnit 9). 

COARSE-GRAINED DEPOSITS 

SECTION PTB90-14 

Section PTB90.I4 is located 41.5 kilomrtres southwest 
of Fort St. John, along the north bank of Peace River (Figure 

Figure 4-7-7. Composite straligraphic column for 
Section PTBYO-53. 

4-7-l). With the exception of the upper I metre of sandy and 
clayey silt rhythmites, the remaining 14 mctres of sediment 
exposed at this location is predominantly composed of sand 
and gravel interbeds (Units I to IO) (Figure 4-7-h). Several 
fining-upward cycles are evident III the deposit. Much of the 
sediment ranges from massive, open-work coht’le-gravel to 
stratified and imbricated pebble-gravel with a sandy matrix. 
Horizontally laminated, well-sorted, medium sand is found 
near the base of the section (IJnit 2). 

This sequence is interpreted to represent flwvial deposi- 
tion in a relatively high-energy channel of :I braided or 
wandering stream system. The multiple fimng-upward 
cycles of gravel, and sporadic intxbeds of sand, reflect the 
shifting of channels and fluctuatinp energy levels which are 
characteristic of the braided stream environment. 

SECTION PTB90-53 

This section, located 27.2 kilomrtrcs west OC Fort St. 
John, along the north side of Highway 29, is a currently 
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Figure 4-7-8. Composite stratigraphic column for 
Section flB90-55. 

inactive borrow pit (Figure 4-7-l). Exposed sediment totals 
10.8 metres in thickness (Figure 4-7-7). At the base, Unit I, 
is dominated by coarse, imbricated pebble-gravel, and 
shadow structures indicating consistent flow toward 105”. 
This unit is at least 8 metres thick. An abrupt, erosional 
upper contact separates the gravel from an interbedded 
sequence of clayey silt, silty clay and fibrous or&anic detri- 
tal beds totalling 2.8 metres in thickness (Unit 2). All beds 
within Unit 2 are internally structureless. 

The sequence exposed in this section is interpreted to be a 
tluvial succession. The basal gravel unit is interpreted to 
represent thalweg deposition in a moderate to high-velocity 
stream, similar to the modem Peace River. The overlying 
unit represents overbank deposition in a similar environ- 
ment. The sharp contact between the two units is either 
erosional and produced under conditions of a continuous 
single fluvial system, or represents a discontinuity in time. 

SEmIoN PTB90-55 
Section PTB90-55, located 2.8 kilometres northwest of 

Highway 29, along Road 167, is in a borrow pit exposing 
8.7 metres of sediment (Figure 4-7-l). Three units are 
present at this site (Figure 4-7-S). Unit I is more than 
6 metres thick and fines upward from open-worked cobble- 
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Figure 4-l-9. Composite stratigraphic column for 
Section PTBYO-52. 

gravel to matrix-filled coarse pebble-gravel. Imbricated 
bedding indicates depositional flow to the east and east- 
southeast. The mineralogy indicates derivation from west- 
cm sources. The upper contact is erosional. Unit I is over- 
lain by a pebble-gravel, 2 metres thick, with coarse and 
medium sand, consisting of several graded cycles (Unit 2). 
The uppermost Unit 3 gradationally overlies the pebble- 
gravel and consists of structureless fine to medium sand 
which has been pedogenically altered in the upper part. 

This sequence is interpreted to represent fluvial deposi- 
tion in a relatively high-energy channel of a braided or 
wandering stream system. The absence of clasts from the 
Canadian Shield indicates that the exposure may lie beyond 
the limits of influence of Laurentide ice or the deposit 
predates Laurentide glaciation. 



PTB90-56 

Figure 4-l. IO. Composite stratigraphic column for 
Section PTR!W56. 

FINE&RAINED DEPOSITS 

SECTION PTB90-51 
This section is located 40.8 kilometres east of Hudson 

Hope, along the north side of Highway 29 (Figure 4-7-l). It 
consists of 18.6 mews of laminated silt and silty clay 
couplets. varying in thickness from I to 5 centimetres. 
Generally, the couplets at the base of the sequence arc 
thicker than those in the upper IO metres. Minor, structure- 
less sand beds, 2 to 8 centimetres thick. are present in the 
bnsal 2 metres of the sequence. A total of 576 couplets were 
identified. 

This sequence is interpreted as the product of low-density 
turbidity currents in a deep glaciolacustrine environment. In 
the basal part of the exposure, draped silt lenses. erosional 
structures and lateral fcxtural gradation in wmc silt mem- 
bers suggest that flow during deposition was toward the 
northeast or east. Glaciolacustrine depositional envirw- 
merits were common during the Pleistocene in the Peace 
District and most often resulted from drainage impound- 
ment to the east by the Laurentide ice sheet (Mathews, 
1980). The gredual upward decrease in couplet thickness 
reflects either deepening of the lake waters or expansion of 
the lake to the west. The absence of a rrgressivc sequence is 
probably due to subsequent erosion. 

ITBSO-04 
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SI3C.I.ION PTB90-52 
Section PTB90-52 is located 35.4 kilometres east of Hud- 

son Hope, along the north side of Highway 29 (Figure 
4.7. I). This exposure consists of 3.36 metres of silty clay 
and clayey silt units overlying bedrock at road level, with a 
gradational upper contact to colluvium near the surface 
(Figure 4-7-9). A total of 193 couplets were counted. The 
basal I.85 metres consists of silt and silty c:,ay couplets, 
with a modal thickness of 2 centimetres (Unit I). Contacts 
between the couplets are all sharp, but not necessarily em- 
sional. These couplets are overlain, along a planar upper 
contact, by I5 centimetres of laminated clayey silt (Unit 2), 
which grades upward into couplets of silty clay and clay 
totalling 96 centimetres (Unit 3). Couplets in this sequence 
are generally thinner and finer in texture than those of 
Unit 2. The Unit 3 couplets are overlain by the 2’). 
centimetre-thick Unit 4, along a gradational contact, by 
couplets similar to those of Urlit I. A gradetivnal upper 
contact separates Unit 4 from I I centimetres of structureless 
silt (Unit 5), which completes the exposed section. 

The units exposed at this locality are interpreted as the 
products of low-density glaciolacustrine turbidity currems, 



originating from the west. The fluctuations in couplet thick- 
ness and texture probably indicate changes in the energy 
regimes of the turbidity currents, induced either by fluctua- 
tions in shoreline position or by changes in the axis of 
deposition of the current. 

SECTWN PTB90-56 
Section PTBYO-56 is located 16.4 km east of Hudson 

Hope, along the north side of Highway 29 (Figure 4-7. 1). 
The exposure consists of three units and is 3.73 metres thick 
(Figure 4-7-10). Unit I is more than 67 centimetres thick. 
and is composed of an imbricated pebble-gravel indicating 
flow to the east. Clasts indicate a western provenance. 
Overlying Unit I along an erosional contact are I87 cen- 
timetres of complexly interbedded, mottled sandy silt, silt 
and silty sand beds (Unit 2). The upper part of this unit is 
truncated along an erosional contact. The uppermost 1 I9 
centimetres (Unit 3) consists of silt to clay couplets, with 
gradational contacts between silt and clayey silt members, 
and erosional contacts between clay and silt members. A 
total of 44 couplets were counted in the unit. with a modal 
average of 3 centimetres in thickness. 

Llnit I is interpreted to be the product of a moderate- 
energy fluvial system. The overlying sediments may repre- 
sent low-energy fluvial deposition, either as overbank 
deposits or in minor channels of a wandering stream. The 
high modal thickness of the uppermost rhyrhmites suggests 
that they represent periodic overbank sedimentation or palu- 
dal deposition in a fluvial system, rather than deposition in a 
lacustrine environment. 

SLUMP DEPOSITS 

SECTION PTB90-04 
Section PTB90.04 is located 41.5 kilometres southeast of 

Fort St. John. along the north bank of the Kiskatinaw River 

Plate 4-7-4. Section PTBYO-IS (Target section). View of 
Unit 1, stratified glacial diamicton, containing prominent 
sand interbeds, numerous blat-lying boulders, and grada- 
tionally overlying Unil 2 rhythmites. Pebble fabric in 
diamicton approximately east-west. Pick for scale. Diamic- 
tan interpreted to be basal meltout-till. (GSB photo 
PTBUO-I I-OR). 
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near the Highway 97 bridge (Figure 4-7-l). River erosion 
has resulted in a transverse section through the distal part of 
a slump. Approximately 9.5 metres of sediment is exposed 
(Figure 4-7. I I). Horizontally bedded and well-imbricated 
boulder-gravel grading up into pebble-gravel (Unit I) is 
conformably overlain by I.5 metres of ripple-laminated 
sand (Unit 2). Climbing ripple sets, 2 to I5 centimetres 
thick, show convolution in the upper 0.5 metre of the unit. 
Wood and other organic debris, which is abundant in the 
upper I metre of Unit 2, has been dated to I IO?90 years 
B.P. (AECV-1213C). A sharp, subhorizontal erosional con- 
tact separates Unit 2 from the overlying 2 metres of sand 
and clay interbeds of Unit 3. Approximately 4 metres of 
clay-rich, matrix-supported diamicton occurs at the top of 
the section. Numerous subhorizontal slickensided surfaces, 
brecciated beds and faults are evident in Unit 3 and the 
lower pan of Unit 4. 

Units I and 2 in this section are interpreted to represent a 
fining-upward channel-gravel sequence and fine overbank 
sedimentation, respectively, of a moderate to high-energy 
wandering braided-stream system. Unit 3 represents the 
lower cohesive sediment or contact zone of the slump which 
shears during sediment remobilization. In this unit, sorted 
beds are still preserved but overprinted with numerous shear 
planes formed during slumping. The overlying diamicton is 
interpreted to he the product of an upper zone of viscous 
resedimentation which also resulted from the same event. 

DISCUSSION 
SEDIMENT TYPE 

Based on a preliminary examination of several sections, 
Quaternary deposits in the study area can be grouped into 
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four broad textural groups including diamicton, gravel, sand 
and fines (silt and clay). Although additional work is 
required to identify and discuss all of the facie\ variations 
which may be present in these groups. a cursory review of 
.some of the ohsrrvations can be presented in this report. 

Diamictons observed thus far include those that arc strut- 
tureless, stratified or massive with some interbeds (Plate 
4-7-4). Their genesis is variable. For instance. the two 
diamictons (Units 2 and 6) observed at Section PTBYO-09 
are both interpreted to be basal till deposits, whereas the 
diamicton at the top of Section PTB90-04 is a debris-flow 
xcumulation formed during slumping. The Unit 3 diamic- 
ton at Section PTB90-06 is interpreted to have been deposi- 
ted by a subaqueous sediment gravity-flow. Detailed work 

is still pending to fully quantify the sediment characteristics 
of the diamictons. As a start, pebble-fabric was measured in 
diamicton beds at seven localdons. The results illustrate 
variation in fabric orientation and strength (eigenvalucsl 
which can be expected in sediments of differiog genesis, or 
sediments deposited under diffuent flow diretztions (Figure 
4-7-12; Tables 4-7-2 and 4-7-3). 

Gravel and sand deposits arc: ubiquitous but deep below 
surface, thus precluding easy extraction for a.ggregate use. 
All gravel accumulations are (either massive or stratified, 
and quite often normally graded; both open-work and 
matrix-filled deposits were obsxved (Plate 4..7-5). All sizt: 
fractions of sand are present, as are sedimants which an: 
either massive and stratified (horizontal, planx and trough- 

,355 



Plate 4-7-S. Section PTB9O-14 (Rib section). View of 
Unit 7 illustrating the massive to crudely stratified, oxidized 
gravel with sand interbeds. Minor manganese staining. 
(GSB photo PTBVO-IO-20 

Plate 4-7-6. Section PTB9O-12 (Red Paleosol section). 
View near base of section showing rhythm% variation in 
couplet thickness, and random interbeds of send and grant- 
lar diamicton. Couplets range from silty clay and clayey silt 
to sandy silt and silt textures. Charcoal wood fragments 
taken at top of paleosol (Sample PTBYO-12.02) and below 
upper diamicton, radiocarbon dated to 3400+90 yews B.P. 
(AECV-1204C). (GSB photo PTB90-10-04). 

Plate 4-7-7. Section PTB90-02. (Ostero Gravel Pit). 
View of Bison tibia (Sample PTB90-02-01) recovered 
5.5 metres above base of gravel pit and 12.8 mefres below 
upper ground surface. Proximal end of tibia broken during 
rcrovery: trowel for scale. Sample radiocarbon dad 10 
,024”rihO years B.P. (AECV-12060 (GSB photo 

PTB90-07-36). 

crass-stratified). Sand deposits occur either independently 

of the gravel or quite often interbedded with gravel LS 
discrete beds or lenses. Most gravel deposits examined 
reflect deposition by moderate to high-energy braided- 
stream systems including cyclic fining-upward sequences 
characteristic of shifting channels (q. Section PTB90-14). 
Most sand deposits represent waning-flow conditions in 
braided channels (6d.g. Section PTB90-14) or overbank sedi- 
mentation in general fluvial environments (q Unit 2 at 
Section PTBUO-53). 

A significant portion of the unconsolidated sediment 
blanketing the study area consists of texturally fine rhyth- 
mites. Rhythmites observed in section exposures display 
considerable variability in bed thickness and integrity, with 
couplets ranging in texture from coarse sand to clay (Plate 
4-7-6). Most of the couplet beds are nommlly graded and 
support scattered out-sized clasts. Load structures, rip-up 
clasts, graded beds and directional flow structures, as well 
as stratigraphic association with other sediment types indi- 
cate that the rhythmites represent episodic deposits resulting 
from sedimentation of turbid density-driven underflow into 
proglacial lake environments with intervening quiet-water 
sedimentation. 

The preliminary nature of the 1990 fieldwork restricts 
stratigraphic interpretations which would support either of 
the stratigraphic models presented earlier. Sections with 
multiple diamictons examined to date contain no more than 
two till units, but other sections with multiple diamictons 
(till?) have been recorded and have yet to be examined. 
Only a few radiocarbon dates were obtained during this 
season. Two mass movements were dated, indicating both 
recent [llOi90 years B.P. (AECV-121X) at Section 



PTB90-041 and Mid-Holocene [3400+90 years B.P. 
(AECV-l204C) at Section PTB90-121 slope-failure events. 

One Bisotr sp, bone was recovered from stratified pebble- 
gravel at Section PTB90-02 and resulted in a radiocarbon 
date of I02402 160 years B.P. (AECV-I206C; Plate 4-7-7). 
Bison sp. and other large mammals were common in the 
area as early as IO 000 years ago (Driver, 19X8). so the bone 
discovery is not unusual. In fact, large game occupied the 
Rocky Mountain Trench before 9000 years ago (Rutter er 
al., 1972). However, a previous date of 274OO-tSXO years 
B.P. (GSC-2034) on mammoth bone from this section led 
Mathews (1978a) to correlate the gravel with other gravel of 
mid-Wisconsinan age. In light of the new date, a reworked 
fauna1 assemblage in postglacial gravel seems warranted as 
a more plausible interpretation for the deposit. Spurious 
dates from elsewhere in the Peace District have resulted in 
considerable misinformation regarding late Pleistocene 
glaciation (e.,~. White er ol., 1979, 1985). 

SUMMARY AND IMPLICATIONS 
Quaternary geologic investigations in the Peace River 

region of northeastern British Columbia provide an oppor- 
tunity to address concerns of importance and interest to the 
general populace in the area and to Quatemary geoscien- 
tists. During the summer of 1990, 56 sites were located for 
further study to address the following issues: 

. Given the high frequency of slope failures in the Peace 
area. dating of historic and prehistoric failures can 
shed light on the mitigation of future slope-instability 
issues; 

l Detailed sedimentologic and stratigraphic study of 
these sites will improve understanding of the glacial 
and nonglacial history for the region. 

Surficial mapping, not discussed here, but presented 
elsewhere, addresses the following two questions: 

l What is the location and integrity of aggregate deposits 
in the Peace District’! 

l Do economically viable and potentially commercial 
peat deposits occur in the region? 

Field activities are planned for the sutnmers of 1991 and 
1992 to meet the ahove objectives. 
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TRACE ELEMENTS, MINERAL MATTER AND PHOSPHORUS IN 
BRITISH COLUMBIA COALS 

By D.A. Grieve and M.E. Holuszko 
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phorus. 

INTRODUCTION 
The objectives of the British Columbia Geological Sur- 

vey Branch’s Coal Quality Project are to collect, compile 
and interpret data concerning the intrinsic characteristics of 
the province’s coal resources. Cument studies fall into five 
categories, all of which are inter-related: 

0 Washability of coals - This study is concerned with 
the washability characteristics of coals from different 
seams, sites, geological formations, coalfields and 
regions. 

0 Trace elements and mineral matter in coals - This 
study addresses the nature of the inorganic constituents 
of coals, with emphasis on the trace element con- 
centrations and mineralogy. 

0 Phosphorus content in coking coals ~ This study 
stems from the second, and focuses on the quantities 
and forms of association of this element in British 
Columbia coals. 

. Coal petrography - Petrographic analyses to deter- 
mine reflectance (rank) and maceral composition 
(type) of coal samples form a component of all other 
studies listed here. Separate petrographic studies are 
also underway or planned. 

0 Utilization potential of coals - The combination of 
various coal quality parameters determines the suit- 
ability of a coal for various end uses. This new study, 
in effect, combines and extends the data from the other 
studier. We are endeavouring to determine potential 
uses for coals from different pans of the province. The 
implications of the new “Alpem Classification Sys- 
tem” (Alpem E, al., 1989) to our coals will also be 
addressed. 

One planned study will he concerned with sulphur con- 
tent and forms in British Columbia coals. 

The current status and early results of the trace elements 
and phosphorus studies are outlined below. Preliminary 
results of the washability study are described in Holusrko 
and Grieve (1991, this volume). 

Coals referred to in this paper are from two regions of 
British Columbia: the northeast or Peace River weta, and the 
southeast or East Kootenay area (Figures S-l&l and S-l-2). 
Peace River couls described here belong to the Gates For- 
mation of the Lower Cretaceous Fort St. John Group. 
Kootenay coals belong to the Mist Mountain Formation of 
the Jurassic-Crctaceous Kootenay Group. 

TRACE ELEMENTS AND MINERAL 
MATTER IN BRITISH COLUMBI~A COALS 

OR.IECl’IVES 

Knowledge of the mineral matter and trace elements in 
coals is important for both technological and environmental 
reasons. For example, problems during combtuition, such as 
slagging and ftmling. are affected by the mineralogy and 
chemistry of the inorganic material. Determining the forms 
of association of minerals ancl elements in coal is also 
important. Washability of coal, for example. is affected by 
the forms of mineral nntter ass~xiation (.wp Holuszko and 
Grieve, 1991, this volume). Potential for improving a coal’s 
quality with respect to concentrations of undesirable min- 
erals or elements is also dependent on their affinity in the 
coal. 

The aims of this study are to delineate both the amounts 
and forms of association of mineral matter sod trace ele- 
ments in British Columbia coals. These components are 
related, in the sense that it is impossible to discuss a trace 
element‘s associations in coals without knowing the min- 
erals, particularly accessory minerals, present. This is 
because the accessory minerals usually contain a dispropor- 
tionatrly large fraction of the trace elements in coal (Finkel- 
man, 1980). Micron and submicron-sized inclusions of cer- 
tain minerals also contain significant amounts of trace 
elements (Lyons of 01.. 1990: Swaine, 1990). 

To date, we have results of X-ray diffraction analysis of 
low-temperature ash (LTA) and analyses for the trace ele- 
ments chlorine, fluorine and mercury in coul samples cot- 
lrcted at operating coal mines in I989 (SCP V,ln Den Bus- 
sche and Grieve, 1990). These data have so far been 
evaluated with respect to the stratigraphic posil~ions of sam- 
pies. Determining the forms of .association of tbc minerals 
and trace clcments will be curried out at a later date. 

The results of analysis of a large suite of trace elements 
determined by neutron activation on the same samples have 
yet to be received. This latter work is being carried out in 
conjunction with F. Goodarri of the Geological Survey of 
Canada. The concentretions of phosphorus in the same 
samples are described in a subsequent section of this paper. 

METHODS 

SAMPLING; 

Channel samples wax collected in July, IY89 at newly 
exposed coil1 faces at the following mines: Wcstar Mining 
Limited’s Balmer and Greenhills operations, Esso 
Resources Canada Limited’s Byron Creek Collieries, Crows 
Nest Resources Limited’s Line Creek mine ;tnd Fording 
Coal Limited’s Fording River operations in southeast Brit- 
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Figure S-1-1, Distribution of coal deposits and locations of mines in the Peace River coalfield of northeastern British Columbia. 
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Figure 5-1-2. Distribution of coal deposits and locations of mines in the East Koolenay coalfields of southeastern British Columbia 
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ish Columbia; and Denison Mines Limited’s Quintette mine 
and Teck Corporation’s Bullmoose mine in northeast British 
Columbia (Figures 5-l-l and 5-l-2; Table 5-1-l: SH also 
Van Den Bussche and Grieve, 1990). The actual sample 
sites were chosen on the basis of availability on the day of 
sampling; consequently we were not able to acquire equal 
representation of the entire coal-bearing formation at all 
locations. 

An attempt was made to make each sample as representa- 
tive as possible, although at some locations, most notably at 
Byron Creek with its thick Mammoth seam, this WBS diffi- 
cult. Of the total of 69 samples, 30 represent entire seams 
and were collected at all locations except Line Creek. At 
this last location, each of four seams was sampled on a ply- 
by-ply basis, in average intervals 0.50 metre thick, for a 
total of 37 samples (Table 5-l. I). In addition. one grab 
sample of tailings material (fine plant rejects) was taken at 
each of the Balmer and Fording mine sites. 

SAMPI,E PROCESSING 

Sample drying, crushing, riffling and screening were car- 
ried out at a commercial laboratory in accordance with 
ASTM procedures (SW Van Den Busschc and Grieve, 
1990). A representative split of minus-60 mesh material was 
supplied to the authors for low-temperature ash&g. 

TRACE ELEMENT (Cl, F, Hg) DETERMINATIONS 

Concentrations of chlorine, tluorine and mercury in 
whole coal were carried out by a commercial laboratory in 
accordance with the following standard procedures: 

0 Chlorine determinations were done by burning with 
Eschka mixture (ASTM D2361). The detection limit is 
0.001 per cent by weight. 

0 Fluorine determinations were carried out using the 
oxygen-bomb digest method (ASTM D3761). The 
detection limit is 20 ppm. 

l Mercury determinations were also carried out using the 
oxygen-bomb digest method (ASTM D3761). Thf 
detection limit is 1.0 ppb. 

LOW-TEMPERATURE ASHING 

Low-temperature ashing of coal using radio-frequency,. 
generated (RF) oxygen plasma is a routine method of pro- 
ducing an ash with the original minerals essentially pre.- 
served (see for example, Miller ef al., 1979). The Branch’:; 
plasma asher is an LFE Corporation model LTA-504, which 
uses an RF power supply that qoperates at 13.56 megaherr. 
Five to ten grams of minus 60 mesh coal is placed in a silica 
sample boat. One boat is placed in each of the four IO- 
centimetre-diameter reaction chambers, which are then 
evacuated using a vacuum pump. Ashing is done using 200 
watts total RF power (50 watts per chamber), and a total 
oxygen bleed-rate of about 30 cubic centimetn:s per minute. 
Samples are left exposed to the oxygen plasma round-the 
clock, for a total of about 12 hours. They are stirred twice a 
day using a glass rod, in order to bring unreected coal to the 
surface. At the end of the reaction process a unall amount, 
less than 1 per cent (estimated.) per volume, of unreacted 
organic material is left in the residue. This is assumed to br: 
made up of inertinite. Low-temperature ashes are ground 
using an agate mortar and pestle, prior to X-ray diffraction 
analysis. 

RESULTS 

All results are reported on raw coals, and are not consid.. 
ered representative of product coals. 
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MINERAL MATTER 
Lists of minerals in the low-temperature ashes (in relative 

order of abundance detected) are given in Table 5-l-l. 
Quartz and kaolinite are ubiquitous and are the most abun- 
dant minerals in almost all cases. Lesser and trace amounts 
of illite, illitejmica, calcite, apatite (mainly fluorapatite), 
siderite, pyrite and dolomite/ankwite were also detected. 
Tentatively or rarely identified minerals, which appear 
mainly in trace amounts, include an&se, ilmenite, magne- 
tite, amphibole (species not identified), rhodochrosite and 
gorceixite. 

There are no obvious differences between tbe mineral 
suites from the two regions of the province, with one poss- 
ible exception. It appears that apatite is more commonly 
recognized in samples from southeast British Columbia. 
Within each region there are. no obvious differences 
between tbe mineral suites from the various mine sites. The 
various seams at each site also do not appear, at first inspec- 
tion, to be markedly different, and trends in variation within 
the seams at Line Creek are not apparent. Closer analysis 
may reveal systematic variations on some scale. The suites 
of minerals from the two tailings samples (Samples 8 and 
61) are indistinguishable from those in the raw coals. 

CHLORlNE 

Chlorine contents, on an air-dried basis, in the coal sam- 
ples from southeast British Columbia (excluding the two 
tailings samples) range from 0.004 to 0.022 per cent, with a 
mean of 0.0084 (Table 5-l-l). There are no consistent 
trends in chlorine variation throughout either the Mist 
Mountain Formation (Figure 5-l-3A), or within individual 
coal seams at Line Creek (Figure 5-lo-3B). 

Chlorine values in samples from northeast British Colum- 
bia, with a range of 0.015 to 0.035 and a mean of 0.025 per 
cent, are somewhat higher ,than those from the southeast. 
There does not appear to be a trend in chlorine values 
throughout the coal-bearing section of tbe Gates Formation 
(Figure 5-I-3C). 

FLUORINE 
Values of fluorine concentrations, on an air-dried basis, in 

samples of coal from southeast British Columbia (excluding 
the two tailings samples) range from 150 to 1350 ppm and 
have a mean value of 475 ppm (Table 5-l-l). Lowest 
flourine values appear to be associated with the base and top 
of the Mist Mountain Formation (Figure 5-l-4A). There are 
no consistent trends in fluorine values within individual coal 
seams at Line Creek (Figure 5-l-4B). 

Values in samples from northeast British Columbia are 
very similar to those in samples from the southeast region. 
The range of concentrations is from 190 to 690 ppm, and the 
mean is 385 ppm. No systematic variation in fluorine con- 
tents with stratigraphic position is apparent within the Gates 
Formation coals (Figure 5-l-4C). 

A cursory inspection of Table 5-l-l suggests that some of 
the samples containing the highest fluorine values also 
contain relatively high amounts of phosphorus, and are. 
likely to contain fluorapatite in their low-temperature ashes. 
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Figure S-1-3. Variations in concentration!; of chlorine in 
coal with stratigraphic position in southeast and no&east 
British Columbia. All resulu are based on raw coal samples 
are are not representative of clean, product coals. 

Samples 43 and 58 from the southeast are good examples. 
This may be significant, but we cannot be sure until correla- 
tion analysis is carried out. 

British Columbia Geological Survey LTranci~ 



Figure 5-l-4. Variations in concentrations of fluorine in Figure 5-1-5. Variations in concentrations of mewny in 
coal with stratigraphic position in southeast and northeast coal with stratihaphic position in southeast and northeast 
British Columbia. All results are based on raw coal samples British Columbia. All results are based on raw coal samples 
are me not representative of clean, pmduct coals. ate are not representative of clean, product coals. 
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MERCURY 
Mercury concentrations, on an air-dried basis, in the 

samples from southeast British Columbia (excluding the 
two tailings samples) range from IO to 180 ppb, with an 
average of 70 (Table 5-l-l). As was the case with fluorine, 
mercury values in the Mist Mountain Formation appear to 
be lowest at the base and top of the formation (Figure 
5.I-5A). No trends within coal seams at Line Creek are 
observed (Figure 5.I-5B). 

Values of mercury in samples from northeast British 
Columbia are very similar, with a range of 40 to 180 ppb, 
and a mean of 83 ppb. Again, no stratigwphic trends are 
observed in Gates Formation coals (Figure S-l-SC). 

DISCUSSION 
The predominance of quartz and kaolinite in the low- 

temperature ashes of samples from southeast and northeast 
British Columbia in this study is consistent with nonmarine 
depositional conditions (rep Pearson, 1980). This is also 
consistent with the generally low sulphur content of coals of 
the Gates and Mist Mountain formations (see British 
Columbia Geological Survey Branch Information Circulars 
19X9-22, British Columbia Coa/ Quality Crrtulog, and 
1990.5, Rritish Columbia Coal Spe@carions). 

The origins of the various mineral species identified in 
these coals will not be delineated until forms of association 
are determined. Minerals in coal are both syngenetic and 
epigenetic. 

Overall, chlorine values in the samples from both regions 
are relatively low. Finkelman, for example, cites 0.0629 per 
cent as the average of over 600 coal samples from the 
Appalachian region of the United States. Swine (1990, 
page 101) suggests the probable range in chlorine values in 
most world coals is 0.005 to 0.2 per cent. 

The causes of the difference between chlorine contents in 
samples from the two regions is not known at this time. 
Chlorine in coal can be an indicator of marine influence 
(Finkelman, 1980). A subtle marine influence (i.e. a slight 
brackishness) may be indicated for the Gates Formation 
coals of northeast British Columbia. Lamberson ef al. 
(1990) state that although predominantly nonmarine condi- 
tions prevailed during deposition of the Gates Formation 
coal sequence, the paleoshoreline was situated just north of 
the Bullmoose mine site. Goodarzi (unpublished data) has 
inferred a slightlv brackish deuositional environment for 

Average values of fluorine in these British Columbia 
coals fall within the probable range of most world coals (20 
to 500 ppm, Swine, 1990, page 113). Some of the fluorine 
in these samples must reside in fluorapatite, which was 
detected in many of the low-temperature ashes, including 
some of those with the highest phosphorus contents, as 
noted above. This association, together with corresponding 
high phosphorus values, has been noted in other parts of the 
world (Gluskoter et al., 1977; Finkelman, 1980). Finkelman 
notes that fluorine may have a very complex association in 
coals, although a strong organic affinity is not likely. Future 
work will delineate the forms of association of fluorine in 
these samples. 

These coals appear to contain relatively low average 
mercury values when compared with the probable range of 
most world coals (20 to 1000 ppb, Swaine, 1990, page 133). 
and the mean of American coals (180 ppb, Swanson er ul., 
1976, in Fink&mm, 1980). It is not possible, at this stage, to 
speculate on the modes of occurrence of mercury in these 
samples. Finkelman (1980, page 177) notes that there is 
good evidence that a “significant proportion” of the mer- 
cury in coal is associated with pyrite. The scarcity of pyrite 
in these samples may then account for the relatively low 
mercury levels. 

FUTURE PLANS 
Coal petrographic analysis will be applied to these sam- 

ples to determine both maceral compositions and forms of 
association of the minerals visible at standard magnifica- 
tion. 

Results yet to be received include further trace element 
analyses carried out by neutron activation. This work is 
being done in conjunction with E Goodarzi of the Geologi- 
cal Survey of Canada. When these data are available they 
will be treated in the same way as described here for 
chlorine, fluorine and mercury. 

Further interpretation of all trace element data will focus 
on the forms of association of each element within the coals. 
This will involve, at the first stage, looking for correlations 
between each element and other fundamental parameters, 
especially the amount of ash, low-temperature ash mineral- 
ogy and maceral composition, and also between the various 
elements. At a later stage, samples will be subjected to 
scanning electron microscopy to refine the understanding of 
the modes of occurrence of both elements and minerals. 

_ . 
coals of the Gates Formation in northeastern British Colum- 
bia, on the basis of geochemical data. 

PHOSPHORUS IN BRITISH COLUMBIA 

On the other hand. chlorine in coal has also been found to 
COKING COALS 

be sensitive to cum&t groundwater chemistry (Gluskoter 
and Ruth, 1971). in which case the data do not reflect solely 
the depositional conditions. 

No chloride minerals were found in the low-temperature 
ashes of samples used in this study. Minerals in coal which 
may contain chlorine include some clays and apatites 
(Finkelman, 1980). Finkelman (page 144) concluded, 
however, that it is possible that much of the chlorine in coals 
is associated with organic matter. Further study of these 
samples will be needed to discern its mode of occurrence. 

OBJECTIVES 
Phosphorus can be an undesirable element in coking 

coals because of its potential to impart a brittle quality to 
steel. Other variables in this phenomenon include the phos- 
phorus content of the iron ore, and the actual steel-making 
process used. Generally. eastern North American steel pro- 
ducers are more concerned about the amount of phosphorus 
in coals than are Asian producers, our traditional coking 
coal purchasers. Thermal coal users may also be concerned 
about phosphorus content in feedstocks. 



The aims of this study are. essentially identical to those of 
the previous study concerned with trace elements. We 
intend to determine the amount of phosphorus in British 
Columbia coals, and the nature of its association. To date we 
have the results of P,O, analyses on the same coal samples 
referred to in the previous section. These have been evalu- 
ated with respect to variations in stratigraphic position. 

In addition, the Branch’s coal exploration assessment 
report files contain phosphorus concentration data deter- 
mined by exploration companies. These data will be used, 
where not confidential, to complement phosphorus data 
described here. 

METHODS 
This study utilizes the same samples as the previous study 

on trace elements. Sampling and processing procedures 
were identical. Phosphorus contents were determined as 
P,O, in coal in per cent by ASTM method D2795. The 
detection limit is 0.01 per cent. 

RESULTS 
All results are reported on raw coals, and are not consid- 

ered representative of product coals. 
Phosphorus contents, on an air-dried basis, in the coal 

samples from southeast British Columbia (excluding the 
two tailings samples) range from 0.02 to 0.78 per cent P,O,, 
with a mean of 0.156 (Table 5-l-l). Phosphorus values are 
lowest at the base and top of the Mist Mountain Formation 
(Figure 5-l-6A). There are no clear trends within any of the 
four seams sampled at Line Creek (Figure 5-l-6B). 

Phosphorus values from northeast British Columbia sam- 
ples are in general lower than those from the southeast. The 
range is from 0.02 to 0.26 per cent P,O,, and the mean is 
0.099. There is a general increase in P,O, concentrations 
up-section in the Gates Formation coal-bearing section, 
although the highest value occurs in a sample from the 
middle part of the section (Figure 5-l-6C). 

As noted earlier, data in Table 5-1-l suggest that some of 
the samples containing the highest P,O, values also contain 
relatively high amounts of fluorine, and are likely to contain 
fluoroapatite in their low-temperature ashes. 

DISCUSSIONS 
Average phosphorus contents in raw British Columbia 

coking coals from both the Northeast and Southeast fall well 
within the probable range for most world coals (0.0023 to 
0.69 per cent P,O,, Swine, 1990, page 140). The reason for 
the contrast between phosphorus contents from the two 
regions of the province is not known, although it is probably 
related to the more common occurrence of apatite in the 
southeast coals. 

There is considerable disagreement in the literature con- 
cerning the modes of association of phosphorus in coal. 
Finkelman (1980, page 191) concludes that “substantial 
amounts of the phosphorus in many coals occur in rare-earth 
phosphates and/or apatite. The proportion of organically 
bound P is still to be determined.” Certainly the common 

Geological Fieldwork 1990, Paper 1991-l 
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Figure S-l-6. Variations in concentration of P,O, in coal 
with stratigraphic position in southeast and northeast E:ritish 
Columbia. All results are based on raw coal samples and are 
not representative of clean, product coals. 

occurrence of apatite and fluorapatite in thew coals, 
together with the observed correlation of phosphorus and 
fluorine in certain samples, argues for an inorganic associa- 
tion for a significant portion of the phosphorus. The tenta- 
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tive identification of gorceixite (Ba.Ca)AI,(PO,),(OH),. 
H,O) in the low-temperature ash of one sample is further 
proof. 

Studies of tonsteins in the southeast British Columbia 
coalfields (Grieve, 1984 and in preparation; Goodarzi E, al., 
1990) have indicated that high phosphorus contents of many 
tonsteins are related to the presence of gorceixite and spa- 
tite. It is conceivable that some of the phosphorus observed 
in coal samples has a similar source to that contained in 
tonsteins. One of the likely sources of the tonsteins (Grieve. 
in preparation) is volcanic ash or reworked volcanic ash. 

FUTURE PLANS 
As in the case of the trace element study, future work will 

focus on the forms of association of phosphorus in coals. 
Correlations between phosphorus and ash content, maceral 
composition, and other elements of known affinity (for 
example, sulphur) will he determined, on both the data 
derived from these samples, and those compilrd from the 
coal assessment reports. At a later stage, scanning electron 
microscopy will he used. 
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WASHABILITY CHARACTERISTICS OF BRITISH COLUMBIA COALS 

By M.E. Holuszko and D.A. Grieve 

KEYWORDS: Coal geology, coal quality, washability. sink- 
and-float tests, degree of washing, washability number. 
mineral matter, lithotypes. 

INTRODUCTION 

As part of the British Columbia Geological Survey 
Branch’s Coal Quality Pmject, washability characteristics 
of coals from all parts of the province are being compiled 
(see manuscript S-l, this volume, for descriptions of other 
ongoing coul quality studies). The interpretation of these 
data will provide insight into the geological basis of wash- 
ability. and hopefully provide practical information which 
will aid in the assessment and exploitation of our coal 
R?S”“ICCS. 

Coals described in this paper are from the Peace River 
coalfield of northeastern Briti.sh Columbia. They occur in 
the Gates Formation of the Lower Cretaccous Fort St. John 
Gr0lJp. 

BACKGROUND 
Washability is an essential factor in any coal seam or 

property evaluation. Washability provides practical infor- 
mation on those characteristics of coal that affect recovery, 
beneficiation and final use. It often determines the eco- 
nomic feasibility of a coal deposit. 

In an assessment of any coal it is necessary to categorize 
it according to its rank, type and grade. Rank and type are 
related to the organic matter composing the coal, whereas 
grade refers to the quality of coal in terms of size and ash 
content. Washability analyses are carried out to determine 
how much coal, of what quality (in terms of grade), can be 
produced at a given specific gravity, or what the separation 
gravity should be to achieve desired coal quality. 

Washability characteristics of a coal provide information 
to the design of the coal preparation processes. Most of the 
coal upgrading processes rely on gravity separation 
methods. This is because there is a significant difference in 
specific gravity between coal organic material (at any given 
rank of coal) and its associated mineral matter (specific 
gravity for macerals is I. I to I .4S, and for mineral matter is 
2.0 to 5.0). Depending on the association between the coal 
macerills and mineral matter, the process of separating higlt- 
ash particles from low-ash particles may be easy or difficult. 
In general, the density of unliberated coal particles is pro- 
portional to the content of mineral matter. 

Washability cttrves are constructed from sink-and-float 
analysis of a representative coal sample, carried out under 
ideal conditions, and are characterized by ash content and 
yield at a given density of separation. They are the best 
possible prediction of theoretical results for the gravity- 
based coal preparation processes. 

Geolqqicul Fieldwork 1990. Paper- 1991-l 

MINERAL MATTER 
The type and mode of occurrence of mineral matter in 

coal is particularly important to washability. The amount of 
inorganic matter associated with ~macerals has direct influ- 
ence on the density of composite coal particles, while the 
type of minerals, and their association with the coal mac- 
erals, will have direct impact on the ease of gravity 
separation. 

The mineral matter in coal occurs as inorganic matter 
from the original plant materi& detrital particles and 
authigenic deposits associated with the first stage oi 
coalification, or as deposits associated with the second stage 
of coalification after consolidatiott of the coal (Stach ~‘f ul., 
1982, pages 153-171). The minerals which have formed 
together with the coal, or authigenically, are referred to as 
syngenetic, whereas the minerals formed later are come 
manly called epigenetic. The syngenetic minerals tend to be 
fine grained and are intimately intergrown with the coal. 
whereas epigenetic minerals occur in the cracks and fissure% 
of macerals. 

Minerals deposited in cleats and fissures are easier to 
remove by means of crushing and washing operzxions. Lib-~ 
eration of this type of mineral matter is relatively easy and 
results in good density separation between clean coal and 
shale particles, with very small amounts of middlings. 

Syngenetic minerals occur either as finely disseminated 
mineral particles or in the form of larger species intimately 
intergrown with coal macerals. III western Canadian coals. 
pyrite occurs predominately in the latter form, whereas 

syngenetic minerals epigenetic minerals 

Figure S-2-l. Types of mineral matter association and its 
effect on the washability. Adapted from Falcon and Falcon 
(1983). 
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clays are found in both forms. Coals with fine syngenetic 
minerals will produce relatively equal amounts of light- 
density clean coal, middlings and high-density rejects when 
subjected to gravity separation. In this case liberation of the 
mineral matter can only be achieved by fine grinding. 

Coarser syngenetic minerals display much better wash- 
ability characteristics. Better washing characteristics are 
mainly due to greater degree of liberation of coarse minerals 
from coal. Figure 5-2-l shows the type of mineral associa- 
tion and its effect on the washability. Table S-2-l presents 
the types of mineral phases in coal and their relation to 
physical separation. 

LITHOTYPES 
Another factor which contributes to the washability is the 

lithotype composition of the seam. Lithotypes are defined as 
the macroscopic bands of different types of coal in a given 
seam (ICCP Handbook of Coal Petrology, 1963; Such P, 
al., 1982, page 376). The formation of various lithotypes is 
mainly a result of diverse enviromental conditions at the 
time of deposition and subsequently differing rates of subsi- 
dence of B swamp. The composition of lithotypes is strongly 
dependent on the maceral make-up as well as their associa- 
tion with different proportions of mineral matter (e.g. Dies- 
xl, 196.5). It is also known that different lithotypes are 
characterized by different density and hardness (Falcon and 
Falcon, 1987; Hover, 1988: Hewer and Lineberry 1988: 
Hover ef al., 1987; Hsiech, 1976 in Hoverer al., l987), the 
latter measured as the Hardgrove Grindability Index (HGI). 
It is expected that lithotype composition for a given rank of 
coal will influence the process of liberation of minerals 
as well as the density separation and washability 
characteristics. 

Among lithotypes from the same coal, durain is the 
toughest and the hardest and would concentrate in the 
largest size fractions, whereas vitrain tends to be brittle and 
reports to the fines. Fusain is the most friable and concen- 
trates in the dust, unless it is mineralized, in which case it 
will report to the coarse coal. Clarain is more resistant than 
vitrain and its hardness will depend on the thickness of 
liptinite bands or inherent mineral matter (Hewer, 1988) For 
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any sized run-of-mine or bulk composite sample, different 
lithotypes will be found in different sire fractions (Stach cf 
al., 1982, page 415). Since the washability tests are per- 
formed on different sires, it is important to realize that 
washability will be controlled to some extent by the lithol- 
ogy of the seam. 

Lithotypes also vary in density. Vitrain has the lowest 
density, unless contaminated with mineral matter, fusain is 
the next lightest, while clarain and durain, depending on 
their maceral and mineral composition, are the heaviest 
(Falcon and Falcon, 1987). Size fractions containing an 
abundance of one or the other lithotype will tend to have 
different washing characteristics as the washability depends 
on density. Figure 5-2-2 illustrates the effect of the micro- 
lithotype composition on washing characteristics (Falcon 
and Falcon, 1983). Microlithotypes form bands of lithotypes 
on the macroscopic scale. 

Microlithotypes 

vitrites.clarites vitrinerites,trimaceriies durites, inertites 

Figure S-2-2. The effect of the microlithotype composi~. 
tion on the washability. Adapted from Falcon and Falcon 
(1981). 



Coal A 

Figure 5~2-3. Plots of cumulative ash per ccnf versus cumulative yield per cent fur different size fractions from fair different 
British C”lumhia coals. referred to as A. B, C and D. For coats A, B and C size fraction I = SO-19 millimetres, 2, = 19-6.3 
millimetres. 3 = 6.3-0.6 millimetres. 4 = 0.6 -0.3. and 5 = 0.3-0.15 millimetre. For coal D size fraction I = 75-12.5 milllmetre. 2 = 

Plots of ash in clean coal versus yield, for four different 
British Columbia coals. are presented in Figure S-2-3. 
Washability improves as the particle size decrr;tses. One 
reason for the better washing characteristics of fines is the 

fact that as the size is decrexrd, the liberation of mineral 
matter increases and gravity separation becomes more effi- 
cient. When the size becomes tuo fix, however. gravity 
separation itself becomes less ideal as the very fine coal or 
mineral (clay) particles remain suspended in the separating 
medium. Better washability of finer size\ can also be 
attributed 10 the increased prcsencc of vitrain in the fines, 
vitrain being a natural concentmfion of light and low-ash 
vitrinite pwticles. It is important to he aware of the segrega- 
tion of lithotypes and their liberation characteristics when 
comparing washability of different srams. 

OBJECTIVES 
The ohjecfives of this coal quality study we to compile 

and study the washability characteristics of coals from dif- 
ferent coalfields within the province. 

Washability data from acrosn the province are already 
available in the Ministry’s collection of coal exploration 
assessmcnf reports. Mot of tha washability results arc in 
the form of sink-and-float analyses. These are: usually car- 

ried out either on core or bulk samples representing individ- 
ual seams. In accordance with ASTM D 437.14 methodol- 
ogy, sink-and-tloat tests are carried out on coarse and fine 
fractions separately. Frequently the analyses on the hulk 
samples are done on several six fractions, for more accu- 
rate predictions. All results reported in this paper are based 
on aSSeSSmr”t report data. 

Comparison of the washability of different coal seams 
and the coal regions of the pro~vince will he very useful in 
assessing coal quality. Coal washability data will be corn-, 
piled in the form of an in-house catalogue. containing all 
possible washability parameters. Lithotype composition mtl 
the mineral matter studies will be merged with the w;l!ih~~ 
ability waluation. Publications, arising out of washability 
data compilation and interpretation will honour the con- 
fidential nature of the data. 



Figure 5-2-4 Cumulative clean coal cuwrs for coarse and fine fractions from coals A, B, C and D: For cc& A. B and C size 
fraction I = jO-(I.6 millimetres tc~arse) and ? = 0.6-0.15 millimetre (fine). Frx coal D size fraction I = 75-W millimerres (coarse) 
and 2 = W-0.15 millimetre (fine). 

At this time a number of washability curie have been 
constructed for four different properties from the Peace 
River coalfield. Each of the properties has washability data 
on four or five different seatns. The form of the data is not 
uniform as different size ranges have been used for sink- 

and-float analysis for different properties. For the purpose 
of comparison. data have to be converted mto a more 
uniform format. 

A computer program in BASIC was used to obtain wash- 
ability calculations from sink-and-float tats. The set of 
washability curves for compiled data was plotted ustng in- 
house software. 

To discuss and compare washing characteristics of dif- 
ferent cwl seams. sets of washability &eta for each of the 
samples are used. For carrying out the comparison between 
seams the following criteria have been applied: 

. The washa.hility data on separate size fractions have 
been combined into two size ranges, coarse and fine 
(upper limit for coarse is I50 millimetrrs and the lower 
limit is 0.5 to 0.6 millimetre. whereas the range for 
fines is 0.5 to 0.15 millimetre): 
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l Only bulk samples are studied, being the most repre- 

entativc of a seam. 

For the comparison of different coalficlds or regions the 
same criteria as ahovc apply. As well, samples must he 
statistically representative of the region or coalfield. 

METHODS 
To compare washing characteristics of British Columbia 

coals, a number of parameters are used; yield and quality of 
clean coal and rejects at density of separation. near-gravity 
material, and densimetric distributions, together with the 
new washnhility measure\ such as degree of washing and 
washability number. 

WASHABILITY CURVES 

The mwt frequently used way of expressing concentra- 
tion results is either by rrcovery of a valuable component. 
or by yield of concentrate. accompanied by the grade of the 
concentrate. However. a concentration process, as in the 
case of sink-and-float separation. is not carried out to com- 



been reached. Points given by yield and grade (ash content) 
at each step of dcmiry separation are used 10 cws~ruct 
weshability curves. 

The primary curve is obrained by plotting incrementill 
ash content a1 each separation density versus incremental 
yield on the cumulalix yield scale. The clean cual cuwe is 
ohMned by plotting cumulative ash content at any given 

density versus cunwlative yield. The cumulative sink 
curve prcdicv ash content of the sinks at any yield of clean 
coal. The fourth curve is the cumulative density distribu- 
tion, which is plotted as density versus yield. The last curw 
is the curve of near-gravity material. II indicates the 
amount of material within ZO.1 specific gravity of separa- 
lion. For a full discussion of washability curvr~ r&r to 
Leonard (1Y7Y). Lnskowski and Walters (lYX7). 

Washability data are usually obraincd for several different 
six fractions within a coal sample. and then combined to 
plot the total curves for conrx and fins fractions separately. 

The clean-coal curve. as derived from sink-and-float 
uulysis, predicts the theoretical yield of clean coal product 
at any given ash conlent. For examplr. if the clean coal 
product has to merl markel requirements of IO per cent ash, 
then the yield of this product can be obtained from the 
curve. The higher lhe yield at the lowest ash content, the 
hettcr the quality of the cleaned coal. 

Figure 5-2-4 represents four different seams will1 dif- 
ferent washability characteristics. Cumulative ash per cent 
of the floats, versus cumulative yield per cent. are plolted 

separately for coarx and fine fractions. If there were eco,- 
nomic reasons for imposing arict limits on the yield of 
clean coal for there seams. as for instance SO per cent yield 
at 5 per cenl ash or 80 per cent yield at IO per cent ash. it 
would he not feasible to proces\ home of the seams. 

From a !heorctical point of view, reject is the coal which 
has higher ash contenl than feed sample ils a result of the 
concentration process. The quality of the rejects is usually 
measured by ash confenf. The ash confenr of rejects can alw 
be used as a measure of efficiaxy of the coal preparation. 
If, for example, the ash contcnl of rejects is not sufficiently 
hi&r rharl ash of the feed sample, this is an indication of 
the loss of combustibles inlo the (discard. Either the process 
of separation has not been efficient or liberation has not 
been adequate. Additional grinding would be required to 
liberate interlocked coal particle:;. 

Table 5-2-2 shows the relationship between yield of clean 
coal at selected levels of ash and quality of re.jects among 
four British Columbia coals.Industrial experience is that a 
reject ash content of about 65 per cent or more is expected 
for satisfactory recovery of combustibles from coal. 

The ‘*exe” of washing is a term to describe the way in 
which a given coal will respond to gravity separation. The 
difference in density between clean-coal particles and liber- 
ated mineral matter is sufficient TV achieve complete separa- 
tion. In this case, there will always be an intermediate 
density at which complete separation of tva distinctly dif- 
ferent components will occur. The difficulty il l ,w;tshing will 
be encountered with the particles of composite nature. Den- 
sity distribution within the buln sample may give some 
indication of the “case” of washing. Density distributions 
of f(wr coals arc presented in Figure 5-2-S. All .?our samples 
contain hi&h amounts of low-density material (I .3- I .4 rrla- 

tive density). very little of middlings (1.4-I .6 ~:elative den- 
sity) and varying amounts of high-density mineral matter 
particles. Therefore. coals A and C will be the easiest LO 
wash. with samples B and D being somewhat more difficult. 
It is also interesting to notice that coal A has less of the I,? 
specific gravity marerirrl as cornnurcd to rhr ulhrrs. This is 
in very good agreement with lithotype compo:;ition of this 
particular seam, which is known to be low in vitrain bands. 

The shape of Ihe primary curw: and the yield of rhe clean- 
coal curve are other indications of whether a coal is easy or 
difficulr fo clean. The grearer the change in shape of the 
primary or clean-coal curve in the range of low ash content. 
the more difficult if is ro clean Ihe coal (se Figure S-2-4). 
When comparing a number of washability cuws, it is 
difficult to assess the ease of washing by just comparing the 
shape of the different curves. A comparison of the yields of 
clean coal at selected ash levels and the quality of their sinks 
is more appropriate. The low al-1 content of the sinks at low 
separation densities indicates the presence ofrCddlings. but 
this is not quantitative information on the ease of washing 
(see Table S-2-2). 

The quantilive measure of Ihe ease of washirg is the new 
density material (0. I relative density) curve. The greater the 
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Figure 5-2-S. Density distribution for coals A, B. C and D. Total sample ash is given in the top right-hand comers. while ash contents 
for each density fraction are above the bars. 

yield of the 0. I fraction the more difficult it will be to carry 
out the separation at this relative density. The more the near- 
grwity material curve approximates the shape of a letter L. 
the easier it is to obtain good gravity separation. A sharp 
change in the shape of the curve indicates the presence of 
two different types of material: clean, low ash and heavy. 
mineral matter particles. This provides a basis f<,r easy 
separation. 

Figure S-2-6 compares the near-gravity material curves 
for the four coals under discussion. For coals B. C and D. 
fine fractions have less near-density material than the coarse 
fractions, at any given density of separation. This confirms 
that fine size fractions are easier to wash because of the 
greater liberation of coal from mineral matter. Coal A is an 
exception: the fines have more near-density material, which 
may indicate the presence of clays. In this case separation 
becomes less efficient and this is reflected in a decrease of 
the ease of washing. 

It is important to determine the amount of near-density 
material at the cut points required for good quality, clean 
COBIS. 

376 

DEGKE:E OF WASHING AS A NEW PARAMETEU 
OF WASHABILITY 

Washability takes into account a number of perameters 
such as ash, yield of floats and rejects, amount of near- 
gravity material and densimetric distribution. 

As discussed by several authors (Sarkar and Da, 1974: 
Sanders and Brooks, 19X6) it is useful to have a parameter 
which includes most of the variables. The degree of clean- 
ing, or degree of washing, has been introduced to supple- 
ment the washability parameters. The degree of washing is 
expressed as: 

N = w(a-b)/a 
where: a = the ash content of the feed 

b = the ash content of the clean coal at a given 
density of separation 

w = the yield of clean coal at a given density of 
separation. 

The degree of washing N values, calculated as above and 
plotted as a function of density of coarse and fine fractions 
are presented in Figure S-2-7. For each coal there is an 
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Figure 5-2-I Degree of washing plots (N value versus separation density) for cwals A, B. C and D. 

optimum N value which is equivalent to the maximum of 
ash rejection at u given density. Ash rejection is propor- 
tional to the recovery of the combustibles from a given coilI. 
The higher the rejection of ash the better the recovery of 
combustibles. For the coarse fractions the degree of wash- 
ing (N), and therefore ease of washing incrcuses in order D. 
B, C and A, whereas for the fines. the order is A. B, C and 
Il. 

The shape of the N-value curve indicates a change in ash 
rejection ability of a given coal for a different density of 
separation. For instance, the coarse fraction of coal A shows 
very little change in the N value wer the range of densities 
increasing from I.45 specific gravity. This means that ash 
rejection does not change in intertnediate densities. because 

A I.6” 68.63 7.64 68.92 50.45 66 
B I 4” 73.14 5.92 31.63 43.07 73 
c 1.5” 69.49 7.29 46.1 I 45.86 63 
D I 4” 73.42 6.89 31.16 ‘to.** s9 

there is very little middlings. and most of the material is 
either in the low-density fraction or in rejects. 

For other samples, the N values change with increase in 
density. As the amount of middlings is increased, the ability 
In reject the ash is reduced. N values for fines are much 
higher in the low-density ranges than in the case of the 
coarse fractions. This is indicative of much better ash rejec- 
tion in fines for light coal material, except for Sample A. 

The ash rejection value is the parameter which can more 
precisely quantify the “ease” of washing. 

For a better comptdrative measure, the N optimum value 
can be further developed (Sanders and Brooks, 19X6). The 
“washability number” is calculated as: 

W = W,,,ib,,,J 10 
where a,,,,, = ash content corresponding to the fraction at 
Y,,,. 

The washability number indicates differences in the ease 
of washing, taking into account conditions for the maximum 
ash reduction and the ash content of the product at the 
optimum. However. optimal conditions will not always sat- 
isfy the economic side of the processing, therefore the 
washability numbcr should only be considered as an add- 
tional indicator of washing ease. It must also be used in 
conjunction with all the other parameters of the washability 
data. to confirm its validity. Tdblc S-2-3 presents the calcu- 
lated washability numbers and other washability parameters 
which correspond to the optimum cut points. 

SUMMARY AND CONCLUSIONS 
The comparison between washability of coals or coal 

seutns should always be considered on a much broader scale 
than just comparing the washability numbers derived frown 
the sink-and-float analyses. The following factors should 
always be taken into account: 



mineral matter type and its mode of occurrence as the 
mo\t imporunt factor in the wnshahility: 

lithology of a particular seam: 

rhc parameters such as optimum degree of washing and 
washability numhrr, highlighting relative u’ashing dif- 
l‘icultics in relation to the optimal ash rejection, are 
recommcndcd as a supplementary mt‘ilsure to the tradi- 
tional washability parameters. 

FUTURE PLANS 
The compilation of the available vwhability data from 

coal seams across the province will continue. Washability 
curves will be obtained for a representative suite of coil1 
seams in the province. The available computer programs 
will he used to ohtnin all pwsihle combinations of wash- 
ability parameters, and to find relationships between them. 
Values such as yield ;md quality of re,jccts at prc\elected ash 
levels will be calculated and compared. Degree of washing. 
together with the other measures of “ease” of cleaning. 
wch as amount of near-gravity mattxial. density distrihu- 
tiun\. and the “washability” number. will he used to con- 
part different coitl~. 

The vushahility data will he entered into in-house. 
catnlogue-type files. where all washability parameters will 
he included. The computer wftware will he set up to main- 
tain all possible u’ashahilit\’ inftxmation 33 active files. The 
system will be computerized for ci~lculations and display of 
different washability parameters as needed. 

As the new’ Alpern Classification System is being 
developed and approved (Alpern it al.. 19X9) a further aim 
of this study i\ to compare British Columbia coals with 
cods from elsewhere. 

The mineral matter content and its mode of occurrence 
significantly affects washability characteristics of any given 
coal. therefore it will he necessdrq to study minerzill matter 
in conjunction with the washahlllty. For the wme reason, 
litholypr data will also he considered in conjunction with 
washability evaluations. 
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GEOLOGY AND COAL RESOURCES OF THE NANAIMO GROUP IN THE 
ALBERNI, ASH RIVER, COWIE CREEK AND PARKSVILLE AREAS, 

VANCOUVER ISLAND 
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tion, Trent River Formation, coalbed mineability. 

INTRODUCTION 
This report is part of an ongoing study, begun in 1987. to 

establish the distribution and resource stratigraphy of the 
Vancouver Island coalfields. Knowledge of the extent of 
potentially underground-mineahle coal resources will assist 
in the development of land-use guidelines for eastern Van- 
couver Island. 

In this year’s field program, we have investiga!ed the 
extent and coal resource potential of the Cornon Formation 
between Cowie Creek. Port Alberni and Parksville. in east- 
central Vancouver Island. We have also continued strat- 
igrttphic studies of the marine sediments of the middle 
Nanaimo Group, overlying the Comox Formation, in order 
to better ascertain the depth to the Comox in undrilled areas. 

LOCATION AND ACCESS 
The study area covers the cenrral part of the eastern 

coastal plain of Vancouver Island and extends wesl:ward into 
the Albemi and Cameron River valleys (Figure S-3-l). A 
dense network of public and private roads provides good 
access to most pans of the area, with the exception of the 
central peaks of the Beaufort Rangr:. where rugged topogre 
phy and low-grade timber resources have deterred road 
building. Elevations range from sea level to 1600 metres. 
Fairly gentle slopes on the coatal plain and in the large 
valleys are hounded by the steep slopes of the Beaufort 
Range. which forms a prominent mountain wall along the 
northeastern side of the Alberni Valley. Most of the region is 
covered by scrub forcst, with small patches of mcrchantablr 
timber along the higher slopes of I,he Beaufort Range. 

Port Albemi is the major population centre in the study 
area; Qunlicum and Parksvillr arc the largest of several 
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resort communities along the eastern cwst. Logging and 
pulp production are the major resource industries in the 
area, with tourism and real-estate development becoming 
increasingly important as the fwsst resources decline in 
volume and quality. 

FIELDWORK 
As in past years, geological mapping wits done on aerial 

photographs and the observations transferred to base maps 
at l:ZOOOO scale. Forest maps at the same scale. obtained 
from MacMillan Bloedel Ltd. and the Ministry of Forats. 
were used for orientation purposes in recently logged areas. 

Samples of coal and carbonaceous mudstone were co- 
lected for petrographic study, and sandstones were collected 
for thin sectioning. Specimens were also collected, u,here 
appropriate, for paleontological and paleobotanical studies 
which should assist in refining the biostratigraphy of the 
lower Nanaimo Group. 

GEOLOGICAL SETTING 

The study area comprises the southerly half of the Comon 
x&basin of the Late Cretaceous Georgia basin. The coal 
measures occur in the Cumberland and Dunsmuir members 
of the Comox Formation (Bickford and Kenyon, 19Xx). The 
Comor Formation outcrops on the eastern slopes of the 
Beaufort Range, and dips gently to modsrately eastward 
beneath younger Cretacccous rocks and thick unconx~lidoted 

Pleistocene sediments. Dikes and sills of probable Tertiary 
age frequently cut the Cn:taceous rocks in the southeastern 
part of the area. at the headwaters of the Englishman River. 

Large ottfliers of the Comox Formation and younger 
Cretaceous rocks occur in the Cameron River and Alberni 
valleys, west otthe Beaufon Range. These rocks dip moder- 
ately to the east and northeast. and are locally warped into 
asymmetric, wuthwcst-verging folds. Overthrusts form the 
enstcm margins of both the Alberni and Cameron River 
outliers: pre-Cretaceus basement rocks have heen thrust 
over the Cretacrous rocks and the resultant fault scarp forms 
the steep southu,cstem face of the Bcaufort Range. 

STRATIGRAPHY 
Lithostratigraphic units of the lower Nanaimo Group wt 

shown in Table S-3-l and illustrated in Figure S-3-2. Fontx- 
tions and members have been traced into the study arr:a, h) 
mapping. from both the Cumberland (Bickford rf u/.. IYYOj 
and Nanaimu (Bickflwd and Krnyon, IYXR) coalfields 

Contrary to the position presented by England (IYXY), the 
lower units of the Nunaimo Group may be readily traced 
from the Comon to the Nanaimo sub-basins of Georgia 
basin. The traceability of C:retaceoos rock units between the 
two sub-basins su ggests that the onshore portion of the 
Nanoose uplift (Muller and Jeletzky, 1970: Yorath and 
Suthrrland Brown, 19X4), at Icast during the Santonian and 
early Campenian stages. did not fom a substantial hwrier 
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between the twu sub-basins. There is nc evidence to suggest 
that the Comox and Nanaimo sub-basins were ever srparate 
depositional arens. and their existence as geographically 
separate entities can be wholly explained by post- 
Cretacrous erosion along the Nanoosr uplift. 

CONGI.OMERAWS NKAR PARKSVIIAX 
Ridge-forming conglomerates near Parksville were 

assigned to the Parksville member of the Trent River For- 
mation by England (198Y). In the course of this year’s 
mapping, we have heen able to distinguish three different 
types of congtomeratic units near Farkcville. Two of these 
units we have wigned to the Millstream and Tsablc mem- 
bers of the Trent River Formation, while the third we assign 
to the Protection Fomx~tion. 

MILLSTREAM MEMBER 

The Millstream member at Parksville consists of at least 
90 metres of quartz, chert and basalt-pebble conglomerate 
and pebbly gritstone. It is well exposed along the Alherni 
Bypass Highway near Craig’s Crossing and forms Little 
Mountain, a prominent hill south of the outskirts of Parks- 
villa. Distinguishing features of the Millstream cong!ome- 
rates are absence ot bioturhation, other than rare rootmg at 
bed tops, excellent framework sorting and well-developed 
medium to very thick plansr stratification and low-angle 
trough cross-stratific;ltion. We interpret the Millstream 
member near Parksville to be a delta-front deposit, sourced 
by streams carrying large tunount~ of gravel and grit as bed 
load. 

The Millstream member was previously assigned to the 
Extension Formation of the Nanaimo coalfield (Bickfonl 
and Kenyon. 1988). Although WC: can confidemly map thi? 
conglomeratic unit across the erosional gap of the Nanoose 
arch into the Parksville area. we cannot trace it across the 
remainder of the type Extension Formation and we therefore 
consider the Millstream member at Parksville to be a mem- 
ber of the Tent River Formation. 

TSABLE MEMBKR 

The Tsable member at Parksville consists of Imud-matrix, 
chert-pebble conglomerates with abundant interbeds ofpeh- 
bly siltstone. It is well exposed in the canyon of French 
Creek above the Alherni Highway bridge at Coombes vii- 
lage where it is 20 to 30 metrrs thick. Distinguishing fea- 
tures of the Table conglomeratet and pebbly siltstones are 
moderate hioturbation of bed tops (chiefly irregular grazing 
trails), good framework sorting with disorganized sedimen- 
tary fabric. and the sparse preseta of broken pelecypod and 
ammonoid shells. We interpret the Tsahle member at French 
Creek to he a submarine-canyon fill, sourced b’y the north- 
westward collapse of the Millstream delta-front. 

PROTECTION VORMATION 

The Protection Formation at F’arksville consists of at least 
30 metres of quartz-chert-basalt gritstone and sandy pebble 
conglomerate with abundant whole and broken pelecypod 
shells. It is well exposed along, the coastline east of the 
mouth of French Creek and also forms low, north-dipping 
cursta ridges at the east and west ends of the town of 
Parksville. Distinguishing featu:es of the Protection con- 
glomerates include their greenish or greenish grey colorer- 
tion and their abundant contat of shell debris. We interpret 
the Protection conglomerates at Parksvillr to be delta-front 
or barrier-bar deposits. 

Only four significant coal showings were identified dur- 
ing the I990 field season. The lack of coal showings is 
partly due to poor exposure, but also to the general lack of 
suitable depositional conditions in the southern part of the 
Comox sub-basin. Three of the four showings arc along the 
northern rdge of the study area and represent extensions of 
prospective areas identified in previous studies. Details of 
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Figure S-3-3. Measured sections of significant coal outcrops. southern Comox wb-basin. 

the four coal showings are presented in Table S-3-2, while 
graphic sections are shown as Figure S-3-3. 

The best showing is on Cowie Creek where an adit has 
been driven into the south bank of the creek. exposing a 
relatively clean bed of coking coal. This coal, which we 
correlate with the No. 3 bed of the type Comox section, is 
locally known as the Lower Seam and the adit is known as 
Herd’s Prospect. Tests conducted on a hulk sample taken 
from the adit yielded a coke button which was described as 
“very hard, expanded. with metallic Iustre (good coking)” 
(U.S. Steel Co., 1949). Although the U.S. Steel tests indi- 
cate that this coal is of good quality, its roof, which has 
caved near the portal of the adit. consists of a sheared 
carbonaceous mudstone with a thin rider coal hand. Such a 
roof could be expected to cause problems in underground 
mining (Stan Lawrence, retired colliery manager, personal 
communication, 1990). 

3x4 

A short distance to the south, another old adit has been 
driven into the Comox No. 2 coal bed (locally known as the 
Upper Seam) on the south hank of Wilfred Creek. Despite 
an earlier report (Atchison, 196X) of thick and clean coal, 
this coal bed contains numerous partings of mudstone and 
on the whole is sheared and dirty. It has B strong sandstone 
roof which has stood, essentially unsupported, with only 
minor spalling, since the adir was driven in 1908. The net 
coal content of this bed, at 64 per cent, is marginal for 
underground mining, hut should be an encouragement to 
further exploration in the area. 

Approximately I8 kilometres to the east of the Wilfred 
Creek showing, a thick zone (>3.6 meres) of coal and shale 
is exposed on Kathlandir Creek, a south-tlowing tributary to 
Ash River. This coal, discovered at the turn of the century, 
is locally known as the Ash River Seam; it is tentatively 
correlated with the Comox No. 2 and 2 Rider coal beds. 



Only the lower, (No. 2) portion of this thick, dirty zone 
contains sufficient coal to have hcen considered its worthy 
of further investigation. Drilling in 14x5 by Canadian Occi- 
dental Petroleum was aimed at estahli\hing the continuily of 
the coal bed: results were not encouraging as the drilling 
showed the coal to be pockety and of local extent only. 

On the eastern shore of Alberni Inlet. in Port Alberni city 
proper. a cod bed (possibly the Comox No. 3 bed) has been 
extensively prospected by trenching trnd underground 
development. and was unsuccessfully worked hy the Port 
Albemi Colliery in IYl I and 1912 (Wilkinson. 1922: Mac- 
Kenzie, IY23). Although the adit is now caved, the material 
dumped at the penal was sampled. The dump material 
consists of platy to blocky. bright coal with 30 per cent thin 
interbeds of black. coaly mudstone. Much of the coal shows 
woody surface markings. and it appars to he 01 
allochthonous origin. 
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THE SUQUASH COALFIELD, VANCOUVER ISLAND 
(92L/ll) 

By Candace Kenyon 

KEYWORDS: Coal geology. Vancouvel- Island, Squash, 
sub-basin, vitrinite reflectance, coalbed methane. 

hills. It is heavily forested with c&r, fir and hemlock, and 
has many swampy areas, which hamper access. The Keogh 
and Cluxewe rivers tlowing to the Queen Charlotte Strait 

INTRODUCTION 
This report is part of an ongoing project, begun in IYX7, 

drain the district. Most of the coalfield is covered by till 
which limits exposures to the showline, rivers and roadcuts. 
Climate is fairly mild and wet, and snowfall is common 

to update knwledge of the coal basins of Vancouver Island. 
Limited information exists pertaining to coelmeasures of the 
Squash crudfield or snh-basin (the terms coalficld and sub- 
basin are used interchangeably here). Geological descrip- 

during the winter months. 

GEOLOGICAL SETTING 
tions by G.M. Dawson (1Xx6) and Charles H. Clapp (IY 12) The coal measures of eastern ‘Vtmcouver Island are con- 
are contained in Geological Survey of Canada papers and a mined in Nanaimo Group rocks, which occupy the western 
few unpublished reports are on file in Victoria with the B.C. erosional margin of the Late Cretaceous Georgia besin, 
Ministry of Energy, Mines and Petroletlm Resources. The which is largely concealed beneath the waters of Georgia 
Buckham Collection, at the Provincial Archives of British Strait. The Squash is a coal-hearing sub-basitt within the 
Columbia, contains lithologic descriptiom for some of the Georgia basin. Crystalline basement rocks of ‘Triassic and 
old boreholes. Due to recrnt industry interest in this area, Jurassic age unconfotmably underlie the coal measures. 
this paper will summarize past activities and discuss recent 
coal-sampling results. 

Sediments generally dip 5 to IO” to the northeast and 
consist mainly of sandstone, some shale, and minor amounts 

The coalfield is an isolated basin which covers 120 of conglomerate and coal. The total thickness of the sedi- 
square kilometres near the northeast end of Vx~couver rents is unknown, but a borehole (BH I), drilled in 1908, 
Island (Figure 5-4-l). Access is possible by water, the intersected weathered volcanics at a depth of 369 metres 
Jsland Highway (No. IY), and secondary and logging roads. (Figure S-4-l). Drilling has provided very little information 
It is an area of predominantly low relief, with gently rolling concerning the paleotopography and how it affects sediment 
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distribution. There is also very little structural information 
available, but Clapp (1912) indicated that sediments in the 
coalfield are essentially flat-lying in what appews to be a 
broad, open syncline plunging at a low angle to the norrh- 
east. There are small intrusions ofgranitic and other igneous 
rocks alone the coastline. Some localized folding has taken 
place. and there is probably localized faulting. 

There are several cozal zones in the Suquash coalfield, but 
individual seam thicknesses rarely exceed I mare. Eighteen 
drilling logs indicate coal or coaly material in all bur two 
holes. S-2 and S-7. It cannot be described as clean coal 
because of multiple shale and mudstone penings in the 
zcmes. It appears that some zones may be laterally exten- 
sive. The coal in Hole MC I, intersected at 166 metes, is 
thought to be the same zone as that worked at the &quash 
mine. 

HISTORY 
The first samples of coal, from Beaver Harbour, were 

shown to the Hudson’s Bay Company by native Indians in 
1X35. An exploration crew was sent to investigate the area 
and when fuel demands multiplied due to increased steam- 
ship fleets working on the west coast, it was decided to mine 
the deposit. In 1849. the company brought a party of 
workers from Scotland to operate the Suquash mine which 
was in production from 1849 to I X52. Three holes were 
drilled in 1852.1853, but only one location is known (HBC 
hole, Figure 5-4-l). When a richer deposit was discovered 
in the Nanaimo area, the company relocated its mining 
activities to the south. 

There is evidence that a hole was drilled in IX90 and 
another in IXYX, but unfortunately there are no logs or 
locations for these holes (Buckham, 1953). 

Pacific Coast Coal Mines Ltd. drilled four exploratory 
holes in the old Suquash mine area in 190X (BH holes). On 
the basis of the drilling results, it decided to work the 
property. At some time between 1908 and 1917. two holes 
were drilled on Malcolm Island. Only one is shown on 
Figure 5-4-l (MC l), the other is off the map. Two holes 
were drilled in the Port McNeil1 area (PC holes), but loca- 
tions of these are \‘ague. The outbreak of World War I and 
litigation regarding finances caused a shutdown of the mine 
in 1914 (Freeman, 1952). Following the war, small areas 
were mined until the closure in 1922. Total production fi’orn 
the coalfield, during the two mining stages was 23 600 
tonnes. tonnes. 

Suquash Collieries Limited re-evaluated the underground Suquash Collieries Limited re-evaluated the underground 
mining potential in 1952 and dew&red an area of the old mining potential in 1952 and dew&red an area of the old 
workings for a feasibilitv studv of the deoosit (Saunders. workings for a feasibilitv studv of the deoosit (Saunders. 

,  I  

1975). This was completed, hut there were no m&g opera- 
tions to follow. 

From October to November 1974, British Columbia 
Hydro and Power Authority drilled ten exploratory holes in 
the Suquash coalfield totulling 1910 metres (S holes). A 
total of 6X coal samples were taken from the drill core for 
proximate analysis. Geophysical logs were not run. Explor- 
ation activity ended as it appeared that the deposit was not 
economic for an underground coal mine at that time. due to 
relatively low calorific values. 
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RECENT WORK 
In IOXY, B.C. Hydro infcrnxd the Ministry of Energy. 

Mines and Petroleum Resources that it intended to dispose 
of the core from the 1974 drilling program (T. McCullough. 
personal communication). Hydra indicated that any core of 
interest to the ministry would bc r-boxed and scnf to 
Charlie Lake for storage. Only two of the holes (S-2 and 
S-S. Figure 5-4-l) were salvageable. as much of the core 
had deteriorated. Core from these two holes was sax for 
pemxment storage. Coal in this core provided samples for 
the first vitrinite retlectance study of the Suquash coalfield. 

Borehole S-2 did nor contain any coal intervals. but ten 
coal samples were taken from S-S. The best possible sam- 
ples were selected for vitrmite reflectance tests: in some 
intervals, much of the coal had already been removed for 
proximate analysis tests. Samples were crushed using a 
mortar and pestle. The -20 mesh fraction was combined 
with a mounting medium and pellitired. A Leitz MPV-3 
reflecting microscope with an automated stage was used to 
detemline the retlectance of the polished coal surfaces. On 
each sample. SO randomly oriented vitrinite particles were 
measured for maximum and minimum apparent reflectance. 
A computer program developed by Kilby (1988) was used 
to produce on-screen crossplots for determining rcflectunce 
values. 

RESULTS 
Proximate analysis run on the B.C. Hydro samples (on an 

as-received basis), resulted in the following averaged 
values: moisture. 5.98 per cent: volatile matter, 23.31 per 
cent: fixed carbon, 25.3X per cent: ash, 45.34 per cent: 
sulphur. 2.21 per cent; and calorific value, 5969 Btuilb. 
(Saunders. 1975). 

A summary of the reflectance data from Boreholr S-S is 
presented in Table S-4-l. Vitrinite retlectance values ranged 
from .63 to .X1 per cent mean maximum and .60 to .X0 per 
cent mean random. An examination of the coal pellets 
indicated that vitrinite was the predominant maceral, except 
for the uppermost sample in which the predominant maceral 
group was liptinite. 

DISCUSSION 
There is limited distribution of exploration holes in this 

coalfield, and with the exceptron of one hole, none intersect 
basement rocks. There do not appear to be any useful 
horizons for correlating the c:oal zones from the available 
horehole inform&m, with the exception of those close to 



available IO provide a clear picture of rhc strarigmphy. 
structure, thickness and areal extent of the coal measures. 

Vitrinite reflectance values and nlactral c*ntenr deter- 
mined by this year’\ study indicate that the coal in the 
Suquash coalfield straddles Ihe boundary hrtwecn high vu- 
atile A and B hituminws rank (Figure S-4-2). The muist 
ash-free calorific value places the coal in a high volnlile C 
bituminous c;ttegory based on B.C. Hydra’s average values 
using A.S.T.M. standards (Saunders. 147%. 

The area does not hold promie for devrlopmrnt oi an 
underground coal mine. When compared to other deposits. 
the diny nature of the coal. due fo multiple parting\. and the 
relatively thin scans. do not make this an attractive venlure. 

An accurafe estimate of reserves is difficult without suffi- 
cient data. B.C Hydra calculated mineahle reserves. from its 

1074 drilling program, of 45 million tonnes of coal. The 
quality parameters used to determine this numbed-were 6000 
Btu/lh minimum and SO per cenr ash maximum (Saunders. 
1975). 

The recent vilrinite retlectance work places the coals ol 
the Squash sub-basin in the wirldow of coalhcd methane 
generation (Figure S-4-2). Freeman (1952) slated. “I an-i 
certain when the mine has hcen cleared of gas, you will not 
he bothered with gas providing you have sufficient ventila~- 
lion.” This area deserves invatigation of its coalbed metlv 
ane potential. Certainly, more work is necessary. 
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SUBSURFACE COAL SAMPLING SURVEY, BOWRON RIVER 
COAL DEPOSITS, CENTRAL BRITISH COLUMBIA 

(93H/13) 

By Alex Matheson and Mansour Sadre 

KEYWORDS: Coal geology, Bowron River, Tertiary 
deposits, coal measures, stratigraphy, drilling, sampling, 
analysis, coalbed methane, desorption tests. 

INTRODUCTION 
The 1990 coal subsurface sampling survey of the Bowron 

River coal deposits represents the third year of the program 
and the second year in which funding was provided jointly 
by the Institute of Sedimentary and Petroleum Geology and 
the B.C. Ministry of Ener&y. Miner and Petroleum 
Resources. A total of 300 metres of core (diameter 
3.5 centimetres) was recovered from three diamond-drill 
holes. The drilling program was conducted, as in previous 
years, by Neill’s Mining Company using a Prospector XY 
drill manufactured by Hydrocore Drills Ltd. 

Coal exposures on the west bank of the Bowron River, 
near the drill sites. were sampled. in addition to all the coal 
seams and bands recovered from the drill cores. Methane 
desorption tests were carried out on coal core from several 
horizons. 

EXPLORATION HISTORY 
The existence of coal on the Bowron River was first 

reported by G.M. Dawson in IX71 However, it was not until 
1910-11 that development work started. with the con- 
struction of an adit and survey of the area. After a 35-year 
period of inactivity, diamond drilling and trenching was 
undertaken in 1946 and continued for a three year period. In 

1 1 

Figure S-S- I. Location map. 

1967 work restarted with two exploration adits and several 
diamond-drill holes completed, an,d continued in a desultory 
manner until 1981. A total of about I40 holes, some as deep 
1222 metres, were drilled over the entire exploration period 
from I946 to 198 I. The licenses were forfeited in 19X2 and 
at present none are held in the ~:a. 

LOCATION OF THE STUDY AREA 
The Bowron River coal deposit is within the lnteriot 

Plateau, in east-central British Columbia (Figure S-S- I) 
SO kilometres east-southeast of Prince George. Access is via 
a dirt road 55 kilometres east of Prince George on 
Highway 16 (Yellowhead Highway). The old adit site is 
reached by travelling 7 kilometres along this road to the 
south and a further 7 kilometres eastwards on a good fords 
estry road. The adit is on the west hank of the Bowron 
River. 

GEOLOGICAL SETTING 
The Tertiary coal measures of the Bowron River graben 

overlie and are bounded by Micsissippian volcatics and 
sediments of the Slide Mountain Group, Outcrop is sparse 
in the immediate vicinity of the g:raben due to the Quatem- 
ary overburden of alluvium and glacial deposits, which 
varies in thickness from a few metres to 300 metres. 

The graben trends in a northwesterly directi’nn. It is 2.5 
kilometres wide and about 25 kilometres long. The coal 
measures occupy the lower 100 tcs I50 metres of the Tertiary 
sequence and consist of siltstone, sandstone, conglomerate 
and coal. The reported average thicknesses of the coal zones 
are: Upper, 2.4 metres; Middle, 3.4 metres: Lower, 4.0 
metres (Borovic, 1980). 

The regional strike varies front 325” to 330” and the dips 
along the western flank vary from 30” to 35,” northeast, 
though dips appear to lessen with depth. The strike of 
the western boundary fault, as indicated by outcrop and 
drill-hole data, is roughly parallel to that of the Tertiary 
sediments. The position of the eatem boundary fault, which 
probably has a greater displacement. is inferred beneath the 
extensive overburden. Two minor, subparallel liwlts down- 
drop the strata toward the centre of the basin (Figure 5-5-2). 

The 1981 drilling added little to this general picture, other 
than the fact that the basement wrface below the area east of 
the Bowron River is very uneven. The lower coal zone has 
greater lateral continuity than the upper two, in which the 
coals are discontinuous and variable. Despi,te the close 
proximity of the three drill holes to one another along strike, 
correlation is difficult. A moderately active period of depo- 
sition is indicated by rapid facies changes, and flaser- 
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Figure 5-S-3. Simplified stratigraphic log of hole 
GSB-YO-3. 

bedded quartz arenites, accompanied by burrowing and 
other bioturbation. The presence of grits and conglomerates 
suggests various periods of high-energy sedimentation. 
Podrols containing distinct root structures and coalified 
plant remains occur throughout the section (Figure S-S-3). 

COAL QUALITY 
The coal is described as a high-volatile B bituminous 

with an average R,, max of0.65. A typical proximate analy- 
sis on an as-received basis is: moisture, 4.0 per cent; ash, 
35.7 per cent; volatile matter, 26.4 per cent; fixed carbon, 
33.9 per cent. The Hardgrove grindability index is 53 per 
cent and the average sulphur content is 1.6 per cent. 

In outcrop, the cleat spacing is close (2 to 3 millimetres) 
suggesting a friable coal. This, however, is not consistant 
with the low Hardgrove Index. The total resin content is 
reported to be 8 per cent (Borovic, 19X0), composed of 4 per 
cent Canadian resin-soluble and 4 per cent of insoluble 
resin. Sulphur bloom is abundant on coal outcrops. 

DRILLING AND SAMPLING 
The two major constraints regarding the siting of the drill 

holes were the highly variable thickness of overburden and 
the depth of the coal zones. Another consideration was the 
capability of the small drill which, in this instance, pene- 
trated to depths of 140 mares. The coal zones are at their 
shallowest near the western fault. As a result. the holes were 

Geo/o,qica/ Fieldwwk 1990. Paper- 1991.I 

sited along strike, close to the fa.ult (Figure S-:5-4) and the 
southwest bank of the Bowron River. The r,pacing was 
about 100 metres to 120 metres. Depths of the holes are as 
follows: GSB-90.01, 130.3 metxs; CSB-90.02. abandoned 
in overburden after two attempts; GSB-90-03, L39.0 metres: 
GSB-90.04, 24.5 metres. 

The proximity of the coal zones to the fault decreased 
with depth in all holes. Coal bmands greater l:han 5 ten- 
timetres thick were sampled, and the thicker seams were 
sampled in about 20.centimetre increments. Five grab sam- 
pies of outcrop coal, exposed by the river, wer<s taken near 
the site of GSB-90-04. Seventy samples were taken from 
GSB-90.01. thirty-five from GSEI-90-03 (Figw: S-5-6) and 
thirty-three from GSB-90-04. All samples were forwarded 
to the Institute of Sedimentary and Petroleum Geology in 
Calgary for analysis. Eight samples were used for methane 
desorption tests. 

SAMPLE ANALYSIS 
All coal samples will be crushed to -20 mesh. 

Petrographic rank determinatiorls will be carried out in- 
house by the vitrinite retlectsnce method. Analyses will also 
be made using X-ray defraction on low-temperature ash 
samples. The following analyse:; will be carried out by a 
private laboratory under the joint auspices of the Geological 
Survey Branch and the Institute of Sedimentary and 
Petroleum Geology: proximate; ultimate; sulphur forms; 
calorific value; ash analysis; chlorine, flourine ,and mercury 
contents; and ash fusion. At the request of Dr. Fari Goodarzi 
the remainder of the core, after the coal had been removed, 
was sent to the Institute of Se,dimentary and Petroleum 
Geology in Calgary, primarily for petrographic examination 
of the carbonaceous material in the mudstones, siltstones 
and shales, and trace element determination will be done 
on the coal using, among other techiniques, neutron 
activitation. 

METHANE DESORPTION TESTS 
1990 was the first year that the Geological Su.rvey Branch 

attempted desorption tests, and we were more concerned 
with the methodology than the actual assessment of the 
methane potential of the coal (deposit at this, stage. Test 
carmisters were made up from PVC plumbing pipe, with an 
internal diameter of 3.8 centimetres, and various plumbing 
accessories (Plate 5-5-l). The camisters were tested for an 
air-tight seal by sealing in bak.ing soda and water, then 
holding them under water to detect any escaping gas. This 
check was made after the complrtion of each test. To ensure 
an effective seal the “0” ring was carefull,y examined. 
Teflon tape was wrapped around the thread off the sealing 
cap and all coal panicles, which would prevenr an efficient 
seal, were removed. 

There are three components in the measurement of meth- 
ane gas in coal (McCullough ef a/., 1980): 

0 “Lost gas” is the methane which is given off from the 
time the coal sample is halfway out of the hole until the 
time it is sealed in the container (A in Figure 5-S-5). as 
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Plate I. Drsorption equipment. 

m this case. where water is the drilling medium. If air 
or mist is used in drilling, it is assumed that the coal 
begins giving off gas immediately it is penetrated by 
the drill. This value is calculated by extrapolation back 
to zero time from the desorbed gas measurements. (E.R. 
Figure S-S-S. McCullough of ol.. 1980). 

l “Desorbed gas” is the methane given off by the sam- 
pie while in the cannister, and is the quantity measured 
as described below. 

l “Residual gas” is retained by the COBI and depends 
upon the fracture network that defines coal friability. 
The quantity is measured, in a scaled box filled with 
nitrogen, after desorption is completed by crushing in a 
mechanical grinder to about 200 mesh. This quantity is 
determined by gas chromatography and was not con- 
sidered in this study. 

Measurements were made of the desorbed methane at 
regular time intervals by releasing the gas through a valve 
mto an inverted graduated cylinder filled with w~ater (Plate 
S-5-l). The volume of water displaced is then determined. 
Readings for the first two or three hours are taken at 
15 minute intervals for an acccuratr determination of the 

lost gas (Figure 5-5-5, Line I) as the subsequent rate of 
desorption decreases (Figure 5-5-5, Line II). At Bowron 
River it was minimal, as the water table was just below 
surface and the hydrostatic pressure inhibited the release of 
gas during core recovery (Figure 5-5-5, Line 1). 

There should be a pressure gauge on the carmister to 
register the build up of pressure, as high pressure also 
inhibits the release of gas. The samples should be kept at a 
constant temperature of about 22”C, to allow free desorp- 
tion. It was not possible to meet this condition in the field 
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during the 1990 field season, with noticeable results 
(Table 5-5-l). 

During this period, the night temperatures dropped to 
about 4°C. The time difference between the first and second 
reading is 22 hours and 10 minutes. Though the atmospheric 
temperature for the second reading was 22°C the sample 
temperature lagged well below this level and there was no 
emission of methane. The third reading, taken only two 
hours later, by which time the temperature of the sample 
was probably appreciably higher, was IO cubic centimetres. 
The same pattern was repeated the next day. Details of the 
procedures and calculations are given in various reports 
(McCullough er a/., 1980; Diamond and Levine, 1985). 

TABLE 5-5-t 
METHANE GAS EMMlSSlONS INHlBlTED BY 

LOWER SAMPLE TEMPERATURES 

21-,x 3:m p.m. 8 cc 35 cc 22°C 
22-,x 1:30 pm. 0 35 CC 22°C 
22.IX 330 pm. 1” EC 45 cc 28°C 
23-,x 1”:45 a.m. 0 4s cc 23°C 
23-m 3:m p.m. 4 cc 49 EC 28°C 

TABLE 5-5-2 
COALBED METHANE DES”R,V,ON TESTS 

RESULTS 
Due to the attitude of the strata, it was necessary to place 

the holes close to the fault, with predictable results with 
respect to the methane emitted (Figure 5-5-5; Table 5-5-2). 
The deeper the coal samples, the closer they were to the 
fault, and the less the coalbed methane retention, contrary to 
normal conditions where coalbed methane content increases 
with depth (Eddy er ul., 1982). 

RESOURCES 
It has been postulated that the Tertiary sequence occurs as 

an asymmetrical syncline (Borovic, 1981). There is little 
evidence of this in the existing drill-hole data. Assuming, 
however, that it is not a syncline, the thickness of the 
Tertiary deposit would be I200 metres, which is not unrea- 
sonable. The beds strike 325” to 330’ and dip 30” to 35” 
northeast near the western fault boundary, but flatten 
towards the centre of the basin. 

The resource calculations are based on the most simple 
monoclinal structure. The coal resource of the lower coal 
seam only, assumed to be a constant 4 metres thick, is 
estimated at 400 million tonnes (SG 1.5) down to a depth of 
1200 metres [where drill hole Xl-22 (Norco) penetrated the 
lower coal seam at a depth of 1172 metresl. If the beds are 
folded into an asymetrical syncline, the figure for the coal 
resources is not appreciably different, though it would be 
less for coalbed methane. Table 5-5-3 gives a breakdown of 
the coal resources for each 200.mere depth increment and 
two methods of assessing the coalbed methane potential. 

CONCLUSION AND 
RECOMMENDATIONS 

Despite the badly broken core and abundant slickensid- 
ing, recovery at 95 per cent was good. Further drilling 
would resolve the structure and delineate the resources. 
More accurate desorption tests should be carried out on coal 

TABLE 5-5-J 
BOWRON RIVER COAL DEPOSITS 

COAL RESOLIRCES AND POTENTIAL COALBED METHANE RESOURCE 

FROM 
TO 

TOTAL 
(million tonnes) 

TOTAL 
(million cubic feet) 

A 
B 

GENERALIZED SECTION 

DEPTH IN METRES 
TOTALS 

0 200 400 600 x00 1000 0 to 
200 400 600 800 1000 1200 1200 

COAL 
33.75 60.0 64.5 64.5 7X.7.5 91.5 393.0 

METHANE 

4219 9300 122.55 13868 I8900 23790 82332 
423 8100 12384 14835 20239 25620 81651 

A - Values calculated from Figure S-5-8 (Ryan, this volume). 
B - Values calculated fmm Equation 2, Table 5-5-l (Ryan, this volume) R, max = 0.65. 



at greater depths and distance from the boundary fault. 
Rigorous desorption tests would take several weeks, con- 
tinuing until the rnte is less than 0.05 cubic centimetres per 
gram for five consecutive days. Indications are that the 
Bowron River coal is blocky in nature. in which case it 
would only emit about 60 per cent of its total gas by 
desorption (McCullough ef ul., 19X0). On the other hand. 
friable coals emit nearly 96 per cent of the total gas. Hydro- 
fracturing would release most of the residual gas within an 
area with a diameter of 50 metres to 100 metres, depending 
upon the severity of the fracturing. virtually converting a 
blocky coal to a friable coal (personal communication. D. 
Richardson, 1990). 

It is unlikely that the Bowron River deposit is capable of 
supporting a viable mining operation. An interesting alter- 
native for the exploitation of the existing energy resources 
may lie in coalbed methane extraction. 
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DENSITY OF COALS FROM THE TELKWA COAL PROPERTY, 
NORTHWESTERN BRITISH COLUMBIA 

(93L/ll) 

By Barry Ryan 

KEYWORDS: Coal geology, coal density, in sitrr moisture, 
porosity, Telkwa. 

INTRODUCTION 
It is important, for mining feasibility studies, to be able to 

accurately convert in situ coal volumes to tonnages using 
coal densities. The density of coal of c”nstant rank varies 
depending on the am”unt of included rock (mineral matter), 
water, and void porosity. Actual measurements of density 
often require adjustment because data are needed at dif- 
ferent ash, water or porosity values. Data from the Tclkwa 
Coal property are used t” validate a density equation. The 
equation predicts density given per cent ash or, per cent ash 
given the density. It requires the following constants to be 
defined: density of dry zero-ash coal (DC), density of dry 
mineral matter (DMM), weight per cent water (TM), v”I- 
ume per cent void porosity (VP) and the ratio weight of 
mineral matter divided by weight “f rewltant ash 
(WTLOS). The equation (Equation I, Table S-6-l) has the 
form; 

BD = 100XDCXDMM/[DCXDMMX(TM+VP)+MMX 
(DC~DMM)+DMMXtIUO~TMI1: 
MM is the weight of mineral matter, and is given by; 

MM = WTLOS X per cent ash. 

The Telkwa coal property is located in northwstem Brit- 
ish Columbia, IS kilometres south of Smith.%. In the area, 
Cretaceous sediments of the Skeena Group conl~ain a coal- 
bearing succession which includes ten seams over approx- 
imately 300 metres of section (Figure 5-6-l). Exploration 
on the property by Crows Nest Resources Limited (geologi- 
cal assessment reports submittzd to B.C. Ministry of 
Energy, Mines and Petroleum Resources. 1981 to 1989) has 
culminated in a submission to the provincial government 
seeking approval to develop an open-pit coal mine on the 
property. The data discussed in this study were collected as 
part of the mining feasibility study for one of the proposed 
“pen pits which is located on the north side of the Telkwa 
River (Pit 7). One hundred and eighty seven samples of NQ 
diamond-drill core from Seams 2 to 8 (Figure 5-6-l). repre.- 
senting approximately 50 metres of section, were analyzed 
on an air-dried basis (ADB) for apparent specific grwity 
(AX), per cent ash, per cent sulphur and per cent moisture. 
The apparent specific gravity was measured “n 60.mesh 
sized particles, using ASTM procedure Dl67. 

Previous discussions of coal density versus a,sh relation- 
ships have taken two general directions. Some fit mathe- 
matical curves to data sets of ash and density msasurements 
(Ward, 1984). This approach lucks ilexibility and requires a 
new set of sample analyses if rank or moisture content of 
coal change. Other papers take a more theoretical approach 
and develop equations which predict coal density using real 
variables such as per cent ash and per cent moisture (Smith, 
1989). This paper takes the latter approach; Equation I was 
developed over a number “f yean; while worki”;; in industry 
and is similar to, though less r~.g”rous than that used by 
Smith. 

COAL DENSITY 
A number of concepts require zclarification before embar- 

king on a discussion of the subtleties of coal density versus 
ash relationships. Analytical laboratories measure per cent 
ash in coal: a coal seam actually contains mineral matter. 
When ash is extracted by burning off the cozl there is a 
weight loss experienced by the mineral matter as it is in part 
volatilized and converted t” ash. The ratio, weight of min- 
eral matter divided by weight of resultant ash, is referred t” 
in this study as the “weight loss value” (WTLOS). Coal in 
the ground or in a stockpile may contain air or gas-filled 
fractures or spaces which make up a volume referred to in 
this study as “void porosity”. Void porosity (VP) is a 
volume which is in addition I.“, and does not include 
“water-filled porosity”. The water content of the coal (TM) 
is expressed as it weight per cent; some of the water is in 
fractures, s”me in small-scale porosity and s”me is associ- 
ated with the microporosity. In lough terms, total moisture 
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is equivalent to “in siru moisture”, water in small-scale and 
microporosity is equivalent to as-received or equilibrium 
moisture and water in microporosity only is equivalent to 
air-dried or inherent moisture. 

The true density of dry, zero-ash coal cannot. in reality, 
be measured. It is possible to remove all the water from coal 
but it is not possible to remove all the ash. It is also very 
difficult to measure tme density corrected for microporosity 
(coal pores up to 200 A” units in size). The microporosity is 
filled with water, methane or other gases and density mea- 
surements which do not take microporosity into account 
will be lower than true density and should be referred to as 
“apparent density” or “apparent specific gravity” (AX). 

The terms density and specific gravity are often used 
interchangeably. Density is mass divided by volume often 
expressed as grams per cubic centimetre; the specific grav- 
ity of a substance is the ratio obtained by dividing its density 
by the density of water and is therefore dimensionless. In 
the rest of the text, general discussion may refer to densities, 
but all detailed discussion will refer to specific gravity, 
sometimes abbreviated to SG. 

Measurements of apparent SG are usually made on sam- 
ples with air-dried moisture and variable ash contents. Data 
are projected to give a values of apparent SG at zero pa 
cent ash and moisture (DC) and specific gravity of the 
mineral matter at zero per cent void porosity and moisture 
(DMM). 

It is important to differentiate between the concept of iw 
situ SG or “bulk density” (BD) and particle apparent SC 
(ASG). Measurements of in situ SG incorporate open or 
water-filled fracture porosity. Measurements of apparent 
SG, utilizing ho-mesh sired grains, do not take into account 
fracture porosity and are normal~ly higher than in situ SC; 
measurements on the same coal. Romaniuk (1987) disk- 
cusses the concepts of true, apparent and in situ SG. He also 
discusses the difficulties in making direct measurements of 
in situ SG and presents the limited amount of in situ SG data 
he could locate in the literature. 

The in situ SG of a sample is usually le:ss than the 
apparent specific gravity (AX) on an air-dried basis 
(ADB). If this difference is because of the destruction of 
void porosity during preparation of the samp’le for ASG 
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measurements then the per cent void porosity volume 
change is given by: 

100x(I~BD/ASG) (Equation 2, Table 5-6-I j, 
On the other hand, if the decrease is because of destruc- 

tion of water-filled fracture porosity then the per cent poros- 
ity volume change is still given by Equation 2 and the 
change in weight per cent water (or water-filled volume) is 
given by: 

MD=100X(ASG-BD)/lBDx(ASG~l)l. 
(Equation 3. Table 5-6-l). 

A plot of X axis = ASG, left Y axis = BD/ASG and right 
Y axis = void porosity (Figure 5-6-2) can be contoured 
using the two relationships above with &o-volume and iso- 
weight of water-filled porosity lines. An example point 
[X = 1.5 (ASG): left Y =.98 (,BD/ASG = 1.47/l 5); Figure 
S-6-21 predicts a void fracture porosity of 2 per cent (right Y 
axis) or a water-filled porosity volume of 6 per cent corre- 
sponding to 4 weight per cent water. The 6 per cent porosity 
volume and 4 per cent water content are in addition to the 
porosity or water values in the sample measured on an air- 
dried basis. Actual fracture porosity will probably be close 
to the 6 per cent by volume value, indicating close to 100 
per cent saturation. 

DEVELOPMENT AND JUSTIFICATION 
OF THE DENSITY EQUATION 

Equation I incorporates values of apparent specific grav- 
ity of dry zero-ash coal (DC); apparent specific gravity of 
dry mineral matter (DMM); volume of void porosity (VP) 
weight per cent of total water (TM), and a method of 
converting per cent ash to per cent mineral matter. Per cent 
ash can be converted to per cent mineral matter using the 
Pan Equation (Rees, 1966) or by using the value WTLOS. 
Equation I has the general form; 

BD=I/[A+(BXash)], 
where BD is in situ SG or bulk density. The values A and B 
are constant if per cent ash and BD are the only variables; in 
which case; 

A = (VP+TM)+(I-TM)/DC (Equation 4, Table 5-6-l) 
B = -(DMM~DC)/(DMMxDC)xWTLOS 

(Equation 5, Table S-6-l). 
Constant A provides a unique value for DC and constant B 
provides a set of paired DMM and WTLOS values. 

TABLE 5.61 
APPARENT SPECIFIC GRAWTY ANALYSES. 

TELKW PROPERTY 

Seam Data ASG Moisture M&we AdI Sulphur 
taunt ARB% ADLt% ADB% ADB% 

8 6 I .47 3.29 0.7 18.00 t 62 
6 s2 I.49 3.49 0.83 17.56 1.51 
5 33 1.58 3.74 0.79 23.99 1.23 
4 22 I .7” 3.46 0.63 30.45 1.38 
3 25 1.6” 4.25 0.95 25.72 1.54 
2 49 1.50 3.97 0.84 21.09 I .m 

Totai 187 
A”eia~es 1.547 3.75 0.81 22.2 1.33 

TABLE S-6-3 

Fsphm mted fO all ash verxu &Ansi,y da,% 
N”. Q”?JiO” 12 

I Y = I,(A.(X + El)‘2 + C) ,983 
2 Y = td((X B),2) ,983 
3 Y = ,,(A + B.X) ,982 
4 Y = A.X‘(B.X) ,982 
5 Y = A.B’X.X‘C ,982 
6 Y = A(X/B~‘C.e‘(X,B~ ,982 
7 Y = A + B.X + c.x.2 .980 
8 Y = A.B’X ,980 
9 Y = A.e’(Ln(X) - B)‘Z,C) 372 

1” Y = A + B.X + c,x 91 
II Y = A + B.X ,960 

constants from equation No. 3 Y = ,,(A + 8.X) 
oara Conitanl Canllan, 9 Clean-hi 

A 8 Iknsily DC 
All seams .x230 -~.“0450 .98? 1.315 
Seams 6 + 8 .X376 -‘.xQ463 ,975 1.313 
Seams 2 + 3 .x97 - .0”439 .981 1.32” 

Calculated paired YBIUCS of DMM an* WTLOS 
using Equations 4 and 5. Table M-1 (VP=“% TM=“.X%l 

DMM All Seams Seams 6 + 8 Seams 2 + 3 
2.6 1.198 1.23 I.18 
2.62 I .98 1.22 1.17 
2.64 1.179 1.21 I.lh 
2.66 1.171 1.20 1.15 
2.68 I.162 1.19 ,.14(b, 
2.7 1.154 1.18 1.13 
2.72 1.146(b) 1.17 1.13 
2.74 1.13x 1.17 1.12 
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TABLF. 5-6-4 
PLASMAASHlNG XRDANDREFLECTANCEDATAFORFOURTELKWASAMPLES 

The Telkwa data are plotted on Figure S-6-3 and averaged 
in Table S-6-2. Data in the plot of apparent specific gravity 
(ADB) versus per cent ash (ADB) (Figure 5-6-3) scatter 
along a curve rather than a straight line. A freeware pro- 
gram, CURVEFIT based on equations in Kolb (1984), fits 
25 different equations to X versus Y data. Using regression 
analysis and rz values it assigns the best constants to each 
equation and ranks the equations in terms of their ability to 
fit curves through the data. The results of applying the 
CURVEFIT computer program to the Telkwa data are 
presented in Table 5-6-3. Equations are ranked based 
on rz values from the best (r2 = ,983) to a straight line 
(I* = ,960). An equation of the form Y = l/[A + (B X X)] 
which has the structure of Equation 1 is ranked third. 
Obviously Equation 1 has B structure which enables it to fit 
the Telkwa data well, which, to some extent, validates the 
theory and assumptions used to develop it. The constants A 
and B from Equation 3 (Table S-6-3) provide a unique value 
of 1.315 for DC and a set of possible paired values for 
DMM and WTLOS (Table 5-6-4). 

Generally, Equation I is used to generate data sets of 
apparent specific gravity (ASG) versus per cent ash at 
different void porosity volumes and weight per cent mois- 
ture contents. Data sets can be tabulated or plotted as 
curves: usually it is assumed that values DC, DMM and 
WTLOS remain constant for a single data set. In fact the 
density of the inherent mineral matter in coal seams is 
probably different from the density of rock splits that con- 
tribute to the per cent ash at high ash concentrations. The 
value DMM probably varies with the ash content. It is also 
dangerous to assume total moisture is constant over a range 
of ash concentrations. The inherent moisture in coal is 
unlikely to be the same as the inherent moisture in rock, nor 
is the fracture porosity likely to remain constant as the ash 
content of a seam varies from IO to 50 per cent. Thus, in 
reality, in situ moisture content probably varies with ash 
content. 

Computer programs were written to calculate the various 
specific gravity versus ash relationships and to plot the 
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results. These programs and thr: CURVEFIT :freeware pro- 
gram are available from the author on an informal basis. 

TELKWA COAL 
APPARENT SPECIFIC GRPIVITY OF COAL AND 
MINERAL MATTER 

The curw generated using Equation I (Figure S-6.-3:1 
represents the ASG versus ash relationship for Telkwa coals 
at ADB moisture averaging about 0.8 weight per cent (Table 
5-6-2) and zero volume void porosity. Once values of DC, 
DMM and WTLOS are established, it is possible to vary the 
weight per cent water and volume void porosity in Equation 
1 and develop a curve of in situ specific gravity (BD) versus 
ash (ADB) which can be used for in situ tonnage calcula- 
tions. It is therefore important to confirm the accuracy of the 
value DC and to choose the most appropriate paired values 
of DMM and WTLOS. 

The predicted value of apparent specific gravity for dry 
zero-ash coal (DC) for Telkwtt coal is I.315 (Table S-6-4) 
which is reasonable, based on the rank of the coal (high 
volatile bituminous A) and agrees with density ranges sut:- 
gested by Smith (1989). Clean coal density is rank depemi- 
ent, higher rank seams lower in the stratigraplnic section wil: 
have higher densities. To test if variations in the value DC 
are contributing to data scatter in Figure 5-6-3, data were 
divided into upper-seam data l:Seams 618) and lower-seam 
data (Seams 2+3). The upper and lower seam data set:; 
represent an average stratigraphic separation of 40 metres. 
The upper-seam data predict a DC value of 1.31 and the 
lower-seam data a value of 1.32 (Table 5-6-3). It is unlikel:i 
that this is a statistically significant difference, certainly it 
contributes very little to the &a scattering on Figure 5..6.-?. 

The mean maximum reflwtance of vitrinite in oil was 
measured on the four composite samples of Seams 6, 5. 3 
and 2. Values range from .9:3 per cent to .9 per cent and 
average .95 per cent (Table 5..6-4) indicating a rank of high 
volatile bituminous A. Values do not correlate with stmr- 
igraphic position. 
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The values of DMM and WTLOS are higher for the upper 
seams than for the lower seams (Table 5-6-3). This implies 
that mineral matter associated with the upper seams is 
composed of heavier minerals which undergo a greater 
weight loss when ashed than minerals associated with the 
lower seams. Such minerals could be carbonates and pyrite. 
Data collected for an acid rock-drainage study (Norecol. 
1990) indicated a net neutralizing potential of 35 and pyritic 
sulphur content 2.49 per cent for a composite Seam Six 
sample compared to 25 and 0.25 per cent for a composite 
Seam Two sample. The net neutralizing potential is usually 
proportional to the amount of carbonate in a sample. 

PLASMA ASHINC ANDX-RAYDEFRACTION 
RESULTS ANDTHE WTLOS VALUE 

The four composite samples of raw coal from Seams 2.3, 
5 and 6 were ashed in a plasma furnace. Sample weights 
ranged from 9 to 12 grams. Samples were oxidized in an 
oxygen atmosphere at a pressure of less than I millimetre of 
mercury and a temperature of 50°C for four days. The 
resulting mineral matter consisted of fine, white to grey 
powder with no visible coal. One split of the mineral matter 
was used for X-ray defraction analysis and another split was 
ashed in the conventional manner at 850°C in air. 

Data are presented in Table 5-6-4. The average WTLOS 
value calculated from the mineral matter after plasma ash- 
ing is 1.135. This value may be low because of the difficulty 
of recovering all the sample from the quartz boat used in the 
plasma furnace. The average WTLOS value obtained after 
conventional ash&g of the mineral matter is 1.157, which 
may be high because of incomplete oxidation of carbon in 
the plasma furnace. The average WTLOS value obtained 
from both procedures is I. 145 which implies a DMM value 
of 2.72 for all the data (Table 5-6-3). The average WTLOS 
for the tw upper-seam samples is 1. I56 and I, I36 for the 
two lower-seam samples. These values are flagged in Table 
S-6-3 and imply DMM values of 2.76 (upper seams) and 
2.68 (lower seams). 

The X-ray defraction analyses of the four samples identi- 
fied a simple suite of minerals which arc listed in order of 
abundance in Table 5-6-4. Also listed in Table 5-6-4 is the 
theoretical maximum weight loss experienced by each min- 
eral if totally oxidized. Obviously mineral matter composed 
of quartz experiences no weight loss whereas mineral matter 
composed of carbonates may experience a weight loss of up 
to 50 per cent. All samples contain snme carbonates, conse- 
quently DMM values greater than 2.61 are to be expected. 

IN SITU SPECIFIC GRAVITY AND MOISTURE OF 
TELKWA COALS 

Down-hole sidewall geophysical logging, using a cali- 
brated long-spaced density sand, can provide reasonably 
accurate values of in situ specific gravity of coal or rock. 
Generally it is difficult to establish a range of ash versus in 
situ specific gravity readings because of the resolution of 
the sand. In situ specific gravity values were read off 
Telkwa geophysical logs for thicker, cleaner seams where 
the interval could be matched to a sample interval and the 
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thickness was greater than the limit of resolution of the 
sand. This provided a set of values for ash (ADB), ASG 
(ADB) and matching in situ specific gravity measurements. 
The data provide average values for the upper seams of 9.01 
per cent ash, 1.382 (ASG) and I.351 (BD) and for the lower 
seams of I I .25 per cent ash, 1.397 (ASG) and I.369 (BD). 
In all, thirteen values from the upper seams were averaged 
and nine values from the lower seams. 

The difference in weight of water between in siru samples 
and samples at ADB can be read from Figure 5-6-2 and is a 
measure of the water-filled fracture porosity. The difference 
can also be calculated using; 

MD = IOOX(ASG~BD)/(BDX(ASG~l)1 
(Equation 3, Table 5-6-l). 

Total in sitar moisture is given by; 
TM = (ADMX(lOO-ADM)+MDX100)/100 

(Equation 6. Table 5-f. I); 
where ADM = air-dried moisture, which in this case is 0.8 
per cent. Using the average upper and lower seam data from 
above, the average in situ moisture for the upper and lower 
seams is 7 per cent and 6 per cent, respectively. Average 
equilibrium moisture for the seams is 3.4 per cent and 
average as-received moisture (Table 5-6-2) is 3.7 per cent. 
The moisture difference from an ARB of 3.7 per cent to an 
ADB moisture of 0.8 per cent is a measure of the small- 
scale water-filled porosity of coal fragments. The moisture 
difference from an in situ moisture of about 7 per cent to an 
ARB moisture of 3.7 per cent is a measure of the water- 
filled fracture porosity. A water-filled fracture porosity of 
about 3.5 per cent (upper seams) and 2.5 per cent (lower 
seams) is implied. Three per cent water by weight at IO per 
cent ash corresponds to about 4 per cent volume for water- 
filled fractures; at higher ash contents, 3 per cent water by 

Figure S-6-J. Apparent specific gravity at 6% and 0.8% 
moisture versus per cent ash at 0.8 % moisture. 



TABLE 5-6-S 
APPPARENT SPEClFIC GRAWTY AND IN SITU DENSITY 

FOR TELKWA COALS 

weight will correspond to a greater volume of water-filled 
fractures (Figure 5-h-2). 

The average interburden rock in situ specific gravity read 
from the geophysical logs is 2.45; if a dry specific gravity of 
2.67 for interburden rock is assumed, then this predicts an in 
situ moisture content for the rock of 5 per cent. 

The estimate of in situ moisture of 6 to 7 per cent for the 
coal does not contradict equilibrium moisture data and rock 
density data. An apparent specific gravity (at 6 weight per 
cent moisture) versus per cent ash (ADB) awe is plotted on 
Figure S-6-4 and for comparison the curve for ASG (at 0.8 
weight per cent moisture) versus ash per cent (ADB) is also 
plotted. The same data are tabulated in Table S-6-5. 

In siru specific gravity versus per cent ash (ADB) rela- 
tionships are essential for converting in situ volumes to 
tonnages. In situ coal tonnages represent the starting 
database for all mine feasibility studies: if in situ tonnages 
are not well defined then all subsequent analysis is suspect. 

Once values of DC. DMM and WTLOS are established it 
is possible. using Equation I, to construct in situ specific 
gravity versus ash ADB at a number of possible in situ 
moisture weight pa cents for comparison purposes. It is 
also possible to construct curves which incorporate volume 
of void porosity for stockpile bulk densities. 

It is important to know in sir11 weight of water in order to 
estimate “run-of-mine moisture”. An in situ moisture con- 
tent of 6 to 7 per cent for Telkwa coals probably translates 
into a “run-of-mine moisture” of about 8 per cent. If prod- 
uct coal were to be shipped at IO per cent moisture then the 
company would in effect he selling 2 per cent water as coal. 

DISCUSSION 
The proceeding discussion outlines a way of combining 

laboratorv analvses. a densitv eauation and eeophvsical lee 

which is not necessarily the case. Coal contans a back.- 
ground concentration of inherent ;ash which varies from 0 to 
5 per cent. Inherent ash is derived from material that may be 
hound elementally with the organic material or exist as 
oxides dispersed within it. Ashing inherent ash will not 
result in a weight loss and may in fact result in a weight 
gain. The WTLOS value for low-ash samples may therefore 
approach I or he less than 1 (Gray, 1982). At intermediate 
ash concentrations the ash is probably derived from 
authogenic minerals such as carbonates and F’yrite which 
will ensure high values for DMM and WTLOS. At high ash 
concentrations, the ash is dominated by interlourden rock 
which is likely to have intermediate values of DMM and 
WTLOS. 

Much of the data scatter at higher ash concentrations in 
Figure 5-6-3 is probably caused by variation in individual 
WTLOS values. Mineral matter composition varies from 
sample to sample, independently of variation in per cent 
mineral matter. It may be possible to reduce the scatter by 
using the simplest form of the Parr Equation (Table 5-6.~1) 
to convert ash to mineral matter. This requires a pyritic 
sulphur analysis for each ash analysis. It shoul#3. be realized 
that if a constant sulphur value is used then this forces the 
Parr Equation to predict higher WTLOS values at low ash 
contents, which is unrealistic. If I:he sulphur is in the mineral 
matter then the sulphur content of the coal sample will 
decrease as the per cent ash decreases. Data from a separate 
acid rock-drainage study at Telkwa (Norecol, 1990) estab- 
lished the relationship, per cent pyritic sulphur = 0.9935 X 
per cent total sulphur - 0.206, f,or Telkwa co& Using this 
relationship, the Parr Equation and data from Table 5-6-3, 
average WTLOS values were calculated for each seam 
(Table S-6-6): values average I.1 I which is di!;tinctly lower 
than the measured values in Tattle 5-6-4. It ap:pears that the 
simple version of the Parr Equation provides unreliable 
estimates of the WTLOS value for Telkwa coal. 

The WTLOS value can be derived without resorting to 
the use of a plasma furnace. The relationship between vol- 
atile matter, dry mineral matter free basis (VM dmmf), and 
ash, and volatile matter (VM), a-received basis (ARB) and 
moisture content (TM) can he ,uritten as: 

“M drnrnf= “M,,t-TM~(WTLOSxash~].~ 
(WTLOS-l)xash. 

On a plot of volatile matter versus ash the Y intercept is VM 
dmmf (1 -TM) and the slope is WTLOSX(l-VM 
dmmf)- I. These equations can he solved f<x VM dmmf 

Average Aveqe Avm?p 
seam Ash T”tat sutptlur Ppritir sutptlur WTLOS 

r, % % 
8 18 I.62 1.23 t.ttx 
6 17.56 1.51 1.29 1.12” 
5 23.99 1.23 1.02 I.103 

data to dwive i situ spec& g&vity v&s ash’ relation‘ 4 30.45 I.SX 1.17 l.i”l 
ships. A number of potentially complicating factors have 3 25.72 I.54 1.32 *.I”* 
been ignored. 

2 2, .,I4 I.“3 0.82 ,.I”, 

Equation 1 assumes that mineral matter density, and the WTLOS = 1.08 artI + 0.55 Pyrilc,Ash Pm Equation) 

value WTLOS, remain constant as per cent ash varies, 
Pyriiic rulphur cvlcuidled “sing 
Pyrilr = .w?s x lml, ruiphur - .2”6 



and WTLOS. In practice, a good data set with a range in ash 
values is required. Normally volatile matter is measured on 
washed samples which have a limited range of ash contents, 
making it difficult to fit a line through the data. This 
approach assumes that the weight loss incurred by mineral 
matter during a volatile matter analysis is the same as the 
weight loss incurred during an ash analysis. The two ax- 
lyses are performed under different conditions and the 
assumption is not always correct. 

In most cases reasonable estimates of the DMM and 
WTLOS values will suffice for in situ specific gravity 
calculations because most studies are of coal with less than 
40 per cent ash. Table S-6-3 outlines a range of possible 
DMM, WTLOS pairs from 2.6, 1. I98 to 2.8, I .I 16. Table 
5-6-6 illustrates the effect on in situ specific gravity calcula- 
tions of choosing either of the two extremes. At 50 per cent 
ash results are 1.7 per cent low to 1.2 per cent high. 
Obviously, for ash concentrations less than SO per cent 
DMM and WTLOS values can generally be estimated using 
previous experience without incurring large errors in the 
calculation of in situ specific gravity. 

The apparent specific gravity of dry zero-ash coal (DC) at 
constant rank varies with changes in petrographic composi- 
tion. Different macerals have different densities and micro- 
porosities. Coal with higher contents of fusinite and semi- 
fusinite have higher densities than vitrinite-rich coals. It is 
difficult to quantify the variation in DC caused by changes 
in petrographic composition but it is probably not 
significant. 

CONCLUSIONS 
Equation 1 fits specific gravity measurements from the 

Telkwa property well. The combination of Equation I, a set 
of apparent specific analyses on an air-dried basis and data 
from geophysical logs is sufficient to fully describe the in 
situ specific gravity or bulk density versus ash relationships 
required for mine planning. Equation 1 can generate in situ 
specific gravity versus ash curves at different in situ mois- 
tures for comparison purposes, and can also be used to 
predict stockpile bulk densities which incorporate a void 
porosity. 

Coals in the Telkwa deposit have a clean coal apparent 
specific gravity of 1.31 to 1.32 on an ADB of about 0.8 per 
cent moisture. In situ moisture is approximately 6 per cent. 

The WTLOS value for Telkwa coals is higher than is 
predicted by the Parr Equation and is influenced by the 
presence of carbonates in the mineral matter. In most cases 
it is not necessary to independently measure the values of 
WTLOS and DMM; reasonable estimates do not introduce 
large errors. 

Reserve calculations and mining feasibility studies repre- 
sent a sequence of calculat~ion steps, like links in a chain, 
each of which has its own associated errors and possible 
bias. These errors and biases accumulate to effect the uncer- 
tainty and possible bias in the final conclusions. It seems 
that in many studies the unappreciated weak link in the 
chain is the conversion of volumes to tonnages. This note 
may help to ensure that the weak link is elsewhere in the 
chain, at a point less easy to quantify and more deserving of 
the notoriety. 
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BURNT RIVER MAPPING AND COMPILATION PROJECT 
(93 P/5, 6) 

By D.J. Hunter and J.M. Cunningham 

KEYWORDS: Coal geology, Peace River, Burnt River, 
Gwillim Lake. Boulder Creek, Gates, Gething, structure, 
coal rank, coalbed methane. 

INTRODUCTION 
This study continues the I:50 (KM-scale geologic map- 

ping program in the Peace River coalfield. The study area is 
adjacent to the recently completed mapping of the Bull- 
nmase and Kinuseo map sheets to the south (Kilhy and 
Wrightson, 1987~1, h, c; Kilhy and Johnston, I9XXa, h, c; 
Kilby and Hunter, 1990). The objective is to produce Open 
File maps of 93P/5 and the southwest half of Y3P/6 to be 
released in early 1991 (Figure 5-7-l). These maps will 
display data collected in the field in June, July and Auglnt 
IYYO, as well as substantial outcrop and horehole data from 
coal and gas exploration reports. 

LOCATION 
The study area encompasses approximately 1300 square 

kilometres in the Rocky Mountain Foothills of lnortheastern 
British Columbia. Located midway between Chetwynd and 
Tumbler Ridge, the area is predominantly tree covered with 
topography ranging in elevation from 600 to 1700 metres. 
Vegetation varies from alpine tundra (in the extreme south- 
west) to mature stands of pine and spruce. 

The Burnt River map area is tris&d at the confluence of 
Burnt and Sukunka rivers which provide the main drainage:. 
The rivers follow, U-shaped valleys carved during the 
Pleistocene glaciation. Geologically, the area is bounded by 
the Rocky Mountains just west of the southwest comer of 
Y3P/5 and the outer foothills structure of the G~willim Lake 
area to the east. Access to most Iof the area is provided by a 
network of cut lines, logging, drilling and well-site roads, 
all accessible from the major highways. 

Figure 5-7-l. Location map. Dark stipple shows previous mapping, light stipple shows area of 1990 mapping. 
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‘igure 5-7-2. Locations of a) outcrops b) coal boreholes and c) petroleum exploration wells in Burnt River database. 
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DATA 
Mapping was aided by surface and subsurface data from 

several sources. The complete database includes 3084 out- 
crop locations with orientation data. 325 coal company 
boreholes and associated maps, and 23 petroleum company 
exploration wells (Figure 5-7-2). Outcrop ad coal-borehole 
data were obtained from assessment reports on file with the 
Geological Survey Branch. Gas-well data was created by 
analysis of geophysical logs available through the 
Petroleum Resources Division of the Ministry of Energy, 
Mines and Petroleum Resources. Microcomputers are king 
used for the storage and manipulation of these data. A 
standardized format has been established for all the surface 
and subsurface information so that it may be released in 
conjunction with the Open File maps. The geological maps 
are also stored digitally in the form of CAD files. 

In several areas with limited access or outcrop, mapping 
has been based on air-photo interpretation and the informa- 
tion contained within this database. 

STRATIGRAPHY 
The Foothills of the map area are underlain by Upper and 

Lower Cretaceous strata with progressively older forma- 
tions exposed southwestward. This succession is predomi- 

nantly an alternating series of marine and nonmarine elastic 
sediments with dark grey marine shales (Figure S-7-3). This 
represents several transgressive-regressive cycles deposit- 
ing a complete suc,cession of over 4500 metres thickness. 
Triassic carbonates of the Rocky Mountain Front Ranges 
are exposed southwest of the Burnt River map area. Field- 
work during 1990 covered all formations from the Pusk- 
weskau Formation to the Minnes Group. Coal occurrences 
were noted in the Boulder Creek, Gates and Gething forma- 
tions as well as the Minnes Group. Regionally, coal is ialso 
present in the Dunvegan, Cardium and Wapiti formations. 
The major coal-bearing sequence of the map area is the 
lower Gething. Regional stratigraphy of the Cretaceous 
sequence has been extensively described by Stott (1967, 
1968, 1973, 1982). by Kilby and Wrightson (1987a. b, c) 
and Kilby and Johnston (1988a, b, c). 

There are sotne significant stratigraphic variations found 
within several formations between the Burnt River area and 
previous geological investigations to the southeast. These 
are best illustrated by a comparison of the geophysical log 
traces for these formations (Figure 5-7-4). The figure show 
three types of geophysical log. The gamma ray log (CR) 
measures the natural radioactivity of rock. Clay-rich rocks 
such as shales have a high gamma reading while clean 
sandstones, conglomerates and coal will move the cuwe to 
the left, retlecting their low radioactivity. The sonic tool 

GOODRICH BOULDER CREEK GATES 

GETHING CADOMIN 
E SNIE em 

Figure 5-1-4. Geophysical log comparisons for Goodrich, Boulder Creek, Gates, Gething and Cddomin formations. 
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records the “interval transit time” for a sound wave to pass 
through a formation and return to the t”“1. The travel time is 
partly dependant on the density of the rocks. The low 
density of a coal seam will give a long travel time which 
appears as a strong kick t” the left on the sonic log. The 
density tool emits gamma rays and c”unts the number which 
are scattered back t” the tool. This is dependant on the 
number of electrons in the rock which, in turn, is related t” 
the bulk density. Higher densities are reflected by a log 
reading to the right. Coal, consisting mainly of carbon and 
hydrogen with low atomic numbers, gives a low hulk- 
density reading showing up as a sharp kick t” the left on the 
density log. 

STRATIGRAPHIC VARIATIONS 

The Goodrich Formation becomes increasingly important 
as a prominent ridge-capping formation to the northeast. 
Regionally, the formation shales out t” both the south and 
east (Stott, 1982). South of the Murray River (911115). the 
Goodrich consists of only of a few thin sands. Mapping in 
Y3P/S indicates the fine-grained Goodrich sandstones and 
interhedded shales increase to over IS0 metres in thickness 
(Figure 5-7-4) and they are best developed on the western 
limb of a broad syncline west of Gwillim Lake. Subsurface 
geophysical logs show three distinct coarsening-upward 
cycles which can he correlated laterally to the eastern edge 
of 1990 mapping. 

BOULDER CREEK 
The Boulder Creek Formation is a prominent ridge- 

forming unit of conglomerates, sandstones and car- 
bonaceous sediments. It is easily recognized in the subsur- 
face by the presence of the two thick conglomerates that 
generally define the upper and lower boundaries of the 
formation. These units are known as the Paddy and Cadotte 
formations in the subsurface (Figure 5-7-4). Most coal in 
the Boulder Creek Formation is found between the upper 
and lower conglomerates as shown in the figure close t” 
Borehole F. North of the Sukunka River, however, car- 
bonaceous sediments and coal seams up to I .5 metres thick 
have been deposited above the upper conglomerates, and 
this package has been named the Walton member. Coal 
seams from both stratigraphic intervals were sampled. 

GATES 
The m”st dramatic stratigraphic variation is the loss of 

thick, laterally extensive coal seams in the Gates Formation. 
Mapping this seas”” identified only a few thin coals seams 
(<I metre thick) at the southern edge of the map area. 
Northward from that point, the Gates Formation is com- 
posed dominantly of m”re marine-intluenced shelf-facies 
sediments (Stott, 1982). The geophysical log comparison 
shows only a few thin carbonaceous horizons in Well B, 
compared t” the thick coal seams of Well I in the Kinuseo 
Creek area. 

Geolo@~~l Fieldwork 1990, Paper 1991-l 

GETHINC 
The major target for coal explot-ation in the Burnt River 

area is the Gething Formation. As with the Gates IFormation, 
the southern limit of the map area also marks a mq”’ 
change in deposition for the Gething. Previous work in the 
southern area has divided it into three distinct units. The 
upper and lower Gething are mainly coal-bearing non- 
marine sediments which are separated by the coarsening- 
upward middle Gething marine package (Figure 5-7-4). 
Gas-well logs clearly show the pinching “ut of the upper 
coal measures and thickening of the middle Gething in the 
Gwillim Lake region (Legun, 1985). 

The lower Gething coals have been extensively explored 
for in the Burnt River map area. The thickest seams (>S 
metres) are found in the Burnt River deposit just north of the 
Sukunka River. This prospect has been closely drilled and 
sampled as a high-rank thermal coal deposit. 

CADOMIN 
The Cadomin Formation within the 1990 map area is in a 

transitional location as far as stral:igraphic nomenclature is 
concerned. While the authors have: kept the formation defi- 
nitions used previously (Kilhy et a/.) and as set Out by Stott 
(1982) it became apparent that the Cadomin becomes a less 
distinct marker horizon north of the Sukunka River. The 
conglomerates are not as thick or as laterally continuous and 
may be absent in s”me areas. Mapping farther to the north 
may have t” use the stratigraphic divisions set up by Hughes 
(1964) which redefine the lower Bullhead Group and suh- 
divide the Minnes Group into three separate formations. 

Figure 5-7-4 shows the typical log signature of a thick 
Cadomin conglomerate from the southern regior~ at Well G. 
Well E, however, has only tw” thinner conglomerates defi- 
ning the top and bottom of the formation, with sands and 
siltstones in between. This well was previously interpreted 
as a thrust-faulted Cadomin section, however, log signatures 
for the formation do not indicate any repetition of units. 

STRUCTURE 
The map area covers the complete range of structures in 

the inner and “uter Rocky Mountain Foothills. Structural 
traces of faults and fold axes generally follow the nonh- 
westerly regional trends (Figures 5-7-5 and 6). 

In the Gwillim Lake area the IJpper Cretaceous Smoky 
Group is exposed by the broad gentle folds of the “uter 
foothills. Westward, folding of the Dunvegan Formation 
and Fort St. John Group becomer: increasingly ‘narr”w and 
m”re complex. The Boulder Cxek, Hulcross and Gates 
fomx+tions, being relatively competent units, are exposed as 
tight chevron folds that are clearly visible on air photo- 
graphs. Farther west is a broad area of the nmre subdued 
topography underlain by the Gething Formation. The lack 
of outcrop and traceable resistam horizons in the Gething 
make determination of structure extremely difficult. Folding 
is believed t” he fairly complex and is complicated by more 
faulting than is seen farther east. Structural interpretations 
of the &thing Formation are based mainly upon drilling 
results, especially for the Burnt River deposit north of the 
Sukunka River. 
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Figure 5-7-S. Geologic map - Burnt River map sheet (93Pb). Adjoins Figure S-l-6, For legend set Figure 5-7-3. 

The southwest comer of the map shows Bullhead and 
Minnes group strata deformed into a broad syncline outlined 
by the Cadomin Formation. Exposures of Minnes Group 
rocks generally exhibit extremely complex, short wave- 
length folds that extend for only short distances. Figure 
5-7-1 shows a plot of poles to bedding for all outcrops in the 
study area. Eigen-vector analysis shows the regional fold 
axis has a trend of 314” and plunges at 1.4” and indicates 
that bedding has been cylindrically folded. 

moose thrust displaces lower Gething strata against the 
Gates and Moosebar formations. 

Significant evidence for east-dipping underthrust faulting 
usually associated with triangle-zone geometries 
(McMechan, 1985) has also been noted. East-dipping thrust 
faults have been seen in outcrops ranging from the 
Kaskapau Formation to the I$nnes Group, including the 
east limb of an anticline of Boulder Creek Formation just 
north of the Sukunka River (Figure 5-7-5). A number of 
folds with east-dipping axial planes have also been mapped, 
giving a further indication of the prevalence of these faults 
in the region. 

Field mapping has shown only two major faults in the 
area. Preliminary evidence indicates that the Gwillim Lake 
fault may terminate northwards within the map area. This 
fault has previously been traced southeast to 931/15 (Kilby 
and Johnston, 19&X%1, b, c). Mapping has also extended the 
Bullmoose thrust fault northwards to the Sukunka River 
where it may be represented by a number of splay faults 
west of the Burnt River deposit (Figure 5-7-5). The Bull- 

COAL OCCURRENCES 
Coal samples were taken from coal seams in the Boulder 

Creek and lower Gething formations and the upper Minnes 
Group. Mean random vitrinite reflectance values (Rm) have 
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Figure S-7-6. Geologic map Gwillim Lake 

been recieved for all samples. Rm Readings range from 1.03 
to 1.76, placing all samples in the high to low-volatile 
bituminous rank using the ASTM (American Standard Test- 
ing Methods) classification scheme (Stach, lYX2). 

Reflectance values for samples from the Boulder Creek 
Formation ranged from 1.06 Rm for Walton member coal, 
to I. 19 for thin sauns in the lower stratigraphic horizons. 
This places the coal at or near the high-medium volatile 
boundary. 

forming the vitrinite into the anisitropic mosaic of micrinite 
particles (Kilby, 1989). 

Samples taken from the Minncs coal measures have Rm 
values ranging from I.10 to 1.69. The low-rank samples 
were taken from the most wexern coal outcrops in the 
southwest corner of 93PIS on Mount Jilg. This decrease in 
rank is attributed to thrust faulting early in the coalification 
process as has been noted previously for &thing coals in 
the subsurface (Karst and White. 1980). 

Most lower Gething Formation coals ranged from I .3X to 
I.16 Rm, placing them in the low-volatile or upper-medium 
volatile bituminous categories. The one sample falling out- 
side this range has an Rm value of I .03 with over 80 per 
cent of the macerals being thought to be coarse micrinite. 
Samples with similiar characterisitics have previously been 
associated with devolatization of the coal macerals, trxw 

Gmlo~icul Fiddwwk IYYO, Paper IYYI-I 

ECONOMIC GEOLOGY 
Exploration in the region ha:; mainly been limited to 

conventional structural gas-traps and surficial coal prospec- 
ting in the lower &thing Formation. Vitrinite reflectance 
values (all in the bituminous range), and the number of coal- 
bearing formations, also make the area of potential interest 
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Figure S-7-7. Pi diagram of poles to bedding for all 
outcrops in Burnt River Project database. 

for the development of coalbed methane production. The 
most obvious targets would be the thicker seams of the 
lower Gething and the thinner but more numerous seams of 
the Minnes Group. The Burnt River thermal coal deposit is 
apparently not economically viable at this time, but future 
development of the Sukunka deposit ,just south of 93PlS 
may improve that situation. 
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COAL-BEARING FACIES IN THE NORTHERN BOWSER BASIN 
(104A, H) 

By H. 0. Cookenboo and R. M. Bustin 
The University of British Columbia 

iWYW’U/?US: C(ul geology, Groundhog coalfield. Arhman 
Formation, Currier Formation. McEvoy Formation, Devils 
Claw Formation, facics variations, coal-bearing facie% 
deltaic deposition. d&-plain deposits. 

INTRODUCTION 
Strata exposed in the drainage of the Klappan and Nass 

rivers were examined during the 1990 field season as part of 
an ongoing sedimentological study of the Groundhog 
coalfield and the surrounding area in the northern Bower 
basin (Figure 5-8-I). The field program consisted of meit- 
surement. sampling and detailed description of outcrops 
chosen from airphotos and airborne reconnaissance based 
on their continuity and location relative to sections mea- 

wide area of the northern Bowser basin and to better under- 
stand the depositional history of the rocks. Coal-bearing, 
strata studied during the 1990 field season belong to the 
Currier and McEvoy formations as originally described and 
defined in the Groundhog coalfield (Bustin and Moffat,, 
1983; Cookenboo and Bustin. 1989). Based on their grosr: 
lithology and facies characteristics;. rocks examined south of 
Maitland Creek, near the headwatrers of Konigus Creek, and 
south of Currier Creek are assigned to the Jura:;sic Currier 
Formation and strata at the southern end of Konigus Creek 
and west of the Nass River are assigned to the Cretaceous 
McEvoy Formation. 

STRATIGRAPHY 
sued during prior field seasons. Sections examined are now Four lithostratigraphic units outcrop in the vicinity of the 
being integrated with earlier sections to delineate the geo- Groundhog coalfield (from oldest to youngest): Ashman, 
graphic limits of coal-bearing stratigraphic units across a Currier, McEvoy and Devils Claw formations. 

Figure S-8-l. Map of the study area showing outcrops examined as part of this study and the Groundhog ~coalfield. 
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Figure 5-X-2. Outcrop patterns based on sections measured in this study. 

The lowermost unit is correlated with the Jurassic Ash- 
man Formation as described in the southern Bower basin 
(Tipper and Richards, 1976). The Ashman Formation is 
exposed around the margins of the coalfield. It is a full) 
marine, elastic unit composed mostly of dark bluish grey to 
black shale that coarsens upwards repetitively to shallow- 
marine sandy mudstone and sandstone. The name Ashman 
Formation. as it is used here, may include coarser grained 
strata in its upper portions than are included elsewhere in 
the formation. 

The Currier and McEvoy formations are coal-bearing 
deltaic and fluviodeltaic units. The thickest couls are 
restricted to the lower part of the Currier Formation. The 
Cretaceous Devils Claw Formation is a dominantly con- 
glomeratic unit more than 600 metres thick that caps the 
succession exposed in the Groundhog coalfield. 

OUTCROP EXTENTS 

Exposures examined during the 1990 field season were 
chosen, in part, to establish the southwestern and western 
limits of coal-bearing strata in the Groundhog coalfield as 
well as to document variations in the deposition4 facie% 
The transition from coal-bearing rocks of the Currier For- 
mation to underlying fully marine strata of the Ashman 
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Formation was established in the western part of the 
coalfield, but the southwestern limit of the Currier Forma- 
tion was not determined. Thr most southwestern sections 
examined are assigned to the McEvoy Formation, sug- 
gesting that either more coal-bearing rocks of the Currier 
Formation, or its marine equivalents, may outcrop farther to 
the southwest. The geographic limits of the Currier, 
McEvoy and Devils Claw formations, based on sections 
measured last season and prior fieldwork. are shown in 
Figure S-X-2. 

COAL-BEARING STRATA 

CURRIER FORMATION 
The Currier Fortnation was originally defined for coal- 

bearing strata exposed between the Skeena and Nass rivers. 
from Mount Klappan in the north to Currier Creek in the 
south (Cookenboo and Bustin, 1989). Study during the 19X9 
and 1990 field seasons has extended the range of known 
Currier Formation occurrence north to the Klappan River 
watershed, southeast to Mount Godfrey (east of the Duti 
River). and west to the headwaters of Konigus Creek (Fig- 
ure S-8-2). 



The formation consists of up to IOOO mrtres of alternat- 
ing beds of shale and sandstone, with lesser amounts of 
siltstone, conglomerate and coal. Strata are arranged in 
generally coarsening-upward units ranging from 30 to 
60 metres thick in the lower part of the formation. The 
coarsening-upward units thin to 6 to IO rnetres toward the 
top of the section. Thick (I to 4 m) seams of anthracile coal 
are notable in the lower part of the formation, although coal 
is only a minor component (,comprising less than .Z%) of the 
total stratigraphic thickness. Marine trace fossils (including 
7i~ir~h~ou~~. Zwphwus and Hrlnrinrh/~/~.~is), a diverse suite 
of dinotlagellate cysts and marine macn,fauna are common 
in the lower Currier Formation. Higher in the formation, 
plan! fossils are common, trace fossils are rare and marine 
macrofauna arc absent. The diversity of dinocysts and an 
oyster bed identified at the headwaters of Konigus Creek 
suggest that marine and brackish water conditions persisted 
during Currier deposition. Criteria used to recognize the 
formation are dominance of shale in the fine-grained 
deposits, local occurrence of thick coals, and increasing 
plant fossils and decreasing marine shells and trace fossils 
up stratigraphy. 

The amtact of the Currier Formation with lhe underlying 
marine rocks of the Ashman Formation is gradational and 
placed a the first occurrence of coals or abundant ftxil 
leaves. The contact with the overlying McEvoy Formation 
is recognized by a change from Currier Formation facies to 
a dominance of siltstone in the fine-grained deposits, lack of 
thick coals. and an increase in conglomcr;rtes. 

The Currier Formation is interpreted to be deltaic in 
origin. recording a change to alternating marine and non- 
marine deposition from fully marine deposilion in the 
underlying Ashman Formation. The coarsening-upward 
units that comprise the Currier indicate repeated aggrada- 
tion and progradalion of deposition, and are interpreted as 
delta or subdelta (crevasse splay) lobes. In the lower Cur- 
rier, the thickness of coarsening-upw;lrd units and wide- 
spread mar-ins inlluence suggests that each individual unit 
represents a prograding delta lobe. Higher in the formation. 
marine influence is less clear. although saline to brackish 
conditions we sugge\tcd by the dinoflagcllatc nsscmblages. 
and the thinner coarscninp~upward units probably represent 
splay or subdelta lobes. Pcrvxsive marine inllucnce suggests 
most of the deposits nccnmulnted in the subaqueous delta 
and lower delta plain. 

COAL-RbXRIN(; E’ACIb:S OF THE: CLlRRIF:R 
FOKMATIOI\ 

Coals of the Currier Formation occur within a black shale 
facies and commonly directly overlie sandstones that form 
the top of the underlying delta lobes. The black shales are in 
part carbonaceous and homogeneous, and in part laminated 
with lighler brown silty layers. The black shale facies is 
commonly rich in plant ft)ssils and some beds are intensely 
burrowed hy Hrln~inr/i~~~~.\~i,r. Although the shslcs commonly 
overly delta sandstones. the peals that were the direct pre- 
cursors ofCurrier Formation coals may have accumulated at 
considerable distance from active drltaic deposition, as sug- 
gested by depositional models proposed by McCabe (1986). 

McEvou FORMATION 
The McEvoy Formation was originally defined for rocks 

exposed in the Groundhog coalfield. Fieldwork. during the 
last two seasons has expanded its extent westward fo 
include rocks in the Konigus ‘Creek watershed (Figure 
5-8-2). The formation consists of between 600 and 1001) 
metres of siltstone, shale, sand,stone. conglomerate and 
minor thin coal of subanthracite to anthracite rank. 
Coarsening-upward silty mud!;tones are the dominant 
facie\. The mudstones occur in stacked units, typically 3 to 
5 metres thick, which grade upward from black or dark grey 
and often carbonaceous claystone at the base, LO dark grey 
to brown siltstone with increasing sand content. The unit:s 
may or may not be topped by trough-crossbedded. very fine 
grained sandstone. The top and bottom contxxs are sharp, 
with the top surfix~e commonly rooted. Thick black shale 
beds (up to 20 m thick) OCCUT interspersed within the 
coarsening-upward siltstone. These shales are variously 
silty to carbonaceous snd we rich in plant remains. 

Coax-grained deposits form resistant layers in the 
McEvoy Formation and include line-grained sandstones and 
chert-pebble conglomerates which become thic4rr and more 
common higher in the formation. Erosive based and lens- 
shaped sandstone and conglomerate beds, and consistent 
southwesterly directed current indicators (measured from 
cross laminae) are common. indicating McEw~y deposition 
is dominantly tluvial. 

The lower contact of the formation is recognized by a 
marked upward increase in the occurrence of silt in the 
mudstones relafivc to the Currier Formation. a dearth of 
thick coals, and an increase in the proportion Iof conglome- 
rate above the contnct. The upper contact with the overlying 
Devils Claw Formation is gradaional. and recognized by a 
further increase in conglomerare to the extent that the Devils 
Claw Formation is dominantly conglomerate. 

Plant remains including plant debris, wood. and wcll- 
preserved leaves arc common in the McEvoy Formation: nc’ 
marine macrofossils are known. A broad suite of dinollagel~ 
late cysts ~.ecoveretl from throughout the fine-grained 
deposits suggests a brackish to marine depositional 
environment. 

McEvoy strata are interpreted as paralic marine or 
brackish water deposits of a fhtvially dominated delta sys. 
tern. The repeated vertical stacking of coarsening-upward 
mudstones are analogous to overbank or crevasse splay 
deposits of the Mississippi River and other tluvially dom- 
nated delta sys,ems (Coleman, 19X2). Lack of marine funri 
suggests a tluvially dominated upper della plsin. above thl: 
reach of open-marine conditions. A similar depwitional 
environment was recently sug&:ested by Macleod and Hills 
(lY90). 

COAL-BEARING FACIES OF THE McEVOY 
FORMATION 

Coals occur within two facies of the McEboy Formation. 
The thickest coals are in the thick shale facies interbedded 
with carbonaceous shales, and are associated with a wide 
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variety of well-preserved fossil leaves and wood. The best 
developed coals in this facies are exposed southeast of 
Sweeney Creek, where six seams in excess of I metre thick 
crop out. The thick shale facies is interpreted as fine-gmined 
bay or lacustrine-fill deposits in an upper delta plain 
environment. 

The second coal-bearing facies is a sequence ol 
coarsening-upward siltstones. Coals in this facies are gener- 
ally less than 20 centimetres thick and argillaceous. These 
thin coals may have accumulated following emergence of 
ovetbank splay deposits more closely associated with the 
active depositional system than the somewhat thicker coals 
of the thick shale fxies. 
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GEOLOGY AND POTENTIAL COAL AND COALBED METHANE RESOURCE 
OF THE TUYA RIVER COAL BASIN 

(1045/Z, 7) 

By Barry Ryan 

KEYWORDS: Coal geology. Tuya River, coal basin, 
coalbed methane. 

INTRODUCTION 
This article forms pan of an ongoing study of the coal and 

coalbed methane resource potential of northwestern British 
Columbia. Other areas under study include the Bower 
basin coalfield, Telkwa coalfield and Tertiary coalfields of 
the Bulkley Valley. 

Tertiary sediments survive in many major watersheds in 
British Columbia. The sediments are generally not well 
consolidated, poorly exposed and their subcrop extent is 
arbitrarily delineated by adjacent high ground underlain by 
pre-Tertiary rocks. Many of these Tertiary basins contain 
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Figure S-9-l. Tuya River coal basin location map: 
northwestcm British Columbia. 

coal, varying in rank from lignite to medium-volatile 
bituminous and seam thickness varies from a few cen- 
timetres to many metres. 

The Tuya River Tertiary coal b,xsin is located between the 
communities of Dease Lake and Telegraph Creek in north- 
western British Columbia (Figure 5-9-l). The basin strad- 
dles the drainage of Tuya River and its tributaries Little 
Tuya River and Mansfield Creek. Tuya River ~flows south, 
joining the Stikine River 60 kilornetres southwsst of Dease 
Lake. Access is via the Dease Lake to Telegraph Creek 
gravel road, which at 52 kilometres is 5 kilometres south of 
the coal basin, or by a 15.minute helicopter flight from 
Dease Lake. 

The Tuya River basin is potentially quite large, yet it has 
escaped detailed study. Limits of the basin are poorly 
defined and in places it is overlain by Recsznt volcanic 
rocks. However, it is estimated tb~at the basin covers approx- 
imately I50 square kilometres and contains over 600 mil- 
lion tonnes of high-volatile B bituminous coal; a sireable 
coalbed methane resource up to 11.04 Tcf (trillion cubic feet) 
may also exist. 

Five field days were spent in the area. All known coal 
outcrops were sampled and the major drainages mapped. 

PREVIOUS WORK 
The earliest recorded description of coal in the Tuya 

River area is by R.D. Featherstonhaugh in 1904 (Dowling, 
1915). He describes large seams in Tuya River (1 1.6 metres 
and 7.9 metres) and a l2.2-metn: seam probably in and near 
the mouth of Little Tuya River. Dowling notes the existence 
of I3 coal leases and provides a single coal analysis which, 
based on analyses of ash and heating value, indicates a high- 
volatile bituminous C rank. Smitheringale (1953) mapped 
Tuya River and had only partial success in locating the coal 
outcrops described by Dowling. He also mapped the Tahltan 
River canyon where he located, Tertiary lignite coal zones 
ranging up to 4 metres in thickness. The Tahltan River coal 
occurrences are about 20 kilometres southwest of the Tuya 
River coal basin and may be part of an outliar to it. 

The Tuya River coal basin was drilled and mapped in 
detail in the period 1979 to I980 when interest in coal was 
high. PetroCanada mapped and drilled the western half of 
the basin (Reid, 1980: De Ny:r, 1980) and I&o Minerals 
Canada (Vincent, 1979) mapped the eastern half. Ten cored 
holes were drilled and a number of hand trenches dug. 
Analytical results indicate a coal rank of sub-.bituminous B 
to high-volatile bituminous C. A potential cmf 200 million 
tonnes of surface-mineable coal was outlined in the western 
half of the basin to a depth of 500 metres. Data were 
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insufftcient to define measured reserves. The low rank of defined by thick postglacial drift and absence of outcrop. 
the coal, geographic isolation and general down-turn in coal The basin is covered by the regional map of Gabrielse and 
utilization made the property unattractive to coal com- Souther (1962) and is mentioned hriefly in a number of coal 
panies, and all coal licences in the area were allowed to compilation articles, the most recent of which is by Smith 
lZ+Xe. (1989). 

REGIONAL GEOLOGY 
The Tuya River coal basin is within the lntermontane 

Belt of the Cordillera. Basement is composed of deformed 
Paleozoic and Mesozoic strata. Palynolo&y (Vincent, 1979; 
De Nys, 1980) dates the coal-bearing rocks as not younger 
than early Eocene and not older than Paleocene. They may 
be equivalent to the Tango Formation of the Sustut Group 
(Eisbxher, 1974). 

The basin lies within the Stikine Plateau physiographic 
division. The topography in the Tuya River area is subdued 
with an average elevation of 800 metres. The area is lightly 
treed with patches of swamp. The Tuya and Little Tuya 
rivers and Mansfield Creek have incised meandering can- 
yons up to 200 metros deep. Outcrop is restricted to the 
canyon noors. 

LOCALGEOLOGY 
The basin is bounded on the north by basic rocks, possi- 

bly part of the Recent Level Mountain Complex. The east- 
ern and western bounduris are probably fault-controlled. 
with pre-Tertiary rocks to the east and younger volcanic 
rock to the west. The southern boundary is arbitrarily 

Sediments within the basin are generally coarse grained 
and poorly consolidated. In order of decreasing abundance. 
rock types are: sandstone, conglomerate and mudstone. ‘The 
sandstones are medium to cowse grained, orange weather- 
ing and greyish when fresh. They contain ““mero~s pebble 
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and grit bends and coal fragments: clasts are usually quartz 
or chert in a grey clay matrix; some lithic fragments have 
weathered to limonite. Conglomerates contain rounded vol. 
canic and chert clasts ranging in size from granules to 
boulders, with pehhles predominating. They are yellow to 
orange weathering and form cliffs along the hanks of the 
Little Tuya River. The mudstones are brown, sideritic and 
soft, and generally contain fine silty laminations. Vesicular 
basalts and diabases crop out in the basin. 

It is difficult to establish a detailed stratigraphy in the 
area because of the lack of outcrop. Rocks structurally low 
in the succession in Mansfield Creek are mudstones, sand- 
stones and a d&base sill, whereas rocks low in the succes- 
sion in Tuye River are sandstones. Generally rocks high in 
the succession are conglomerates with volcanic clasts or 
basalt tlows. Coal seams appear restricted to a zone fairly 
low in the succession. 

A tentative stratigraphic succession is outlined in Figure 
5-9-2. A lower unit, 200 to 300 metres thick, is composed of 
mudstones and sandstones in the west and sandstones and 
chert-pehhle conglomerates in the east: it contains a single 
coal zone. The coal zone, described in detail later, is about 
100 metres thick and contains from 5 to 30 metres of coal. 
The lower unit is overlain by an upper unit at least 300 
metres thick which is composed of volcanic-pebhle con- 
glomerate, sandstones and volcanic% 

There are insufficient data to adequately describe 
regional faults or folds. The simplest interpretation, pre- 
sented here, represents the basin as an open. northerly 
plunging syncline, complicated by smaller scale faults and 
folds. Beds in Little Tuya River and Mansfield Creek dip to 
the east; beds in Tuye River dip to the north or west (Figure 
S-9-3). 

All available bedding orientation data are plotted on 
Figure S-9-4; the eigen valuesieigen vector technique was 
then used to calculate a best-fit cylindrical fold axis of 
019”/13” (trend/plunge) for the data. Local, open, low- 
amplitude folds are outlined hy bedding in Mansfield Creek. 
and isolated outcrops with steep hedding in Tuye River are 
probably evidence of faulting. Generally, interpretation of 
structures is complicated by extensive block-slumping off 
the valley walls and toward the rivers, causing detachment 
and rotation of some outcrops. 

COAL (;EOLOGY AND ~IJALITY 

No detailed depositional model is postulated for coal in 
the Tuya River coal basin: certainly it would not be the 
same as that for Cretaceous coals. Depositional models for 
Cretaceous coals in British Columbia postulate large coastal 
swamps and cyclic deposition leading to fining-upwards 
sequences topped with coal. At Tuya River the surrounding 
rocks are sandier and contain evidence of rapid deposition 
in high-energy environments. Long (I 98 I) suggests that the 
boundaries of Tertiary intermontane coal basins in the Cor- 
dillera and the type of sedimentation found in them were 

controlled by penecontemporaneous faulting. The abundant 
coarse detritus and apperent lateral and/or temporel vari-. 
ability of depositional environment lend support to this 
suggestion. 

In outcrop the coal is blocky, well banded ;md usually 
clean. It is often harder than the enclosing poorly consoli- 
dated sandstones. A burn zone was noted above one coal 
seam in Mansfield Creek, hut in general the coal does not 
appear susceptible to rapid oxidaion or spontaneous com- 
bustion. Seams vary in thickness ‘up to 20 metre:;. Mudstone 
hands are common in the coal seams: bentonite layers are 
also conspicuous but are not mdioactive on geophysical 
logs. The coal seams do not ftxm part of fining-upwards 
sequences, and hanging and footwall contact:; are sharp, 
with no particular enclosing rock type predominating. The 
coal is vitrain rich and contains ian unusually high percenl~- 
age of resin; some hands contain up to S per cent resin blebs 
ranging up to 5 millimetres in diameter. In places, the vitrain 
bands have a waxy lustre and Iconchoidal fracture which 
forms a distinctive eyed pattem on the fracture surfaces 
(Plate S-Y-I). 

Coal seams were trenched and were intersected by three 
drill holes (Figures S-Y-2 and 3) ‘.n the Little Tuya and Tuya 
rivers and Mansfield Creek areas. Correlation of coal seams 
is made difficult by the sparsity of drill and surface data and 
by the lateral variability of the coal stratigraphy. A conser- 
vative approach is adopted in this report and most of the 
coal is assigned to a single coal-bearing zone. :Stratigraphic 
sections (SW Figure S-9-2) measured in outcrop. represent 
approximate thickness, except for coal-seams. All coal- 
seam thicknesses include minor rock bands; where possible 
rock hands thicker than SO centimetres are noted separately. 

Coal seams forming part of the coal-bearing done are 
exposed in Mansfield Creek. A thick seam outcropping 
below a 5.metre-thick diabase sill was trenched in three 
locations, providing: 3.89 metres of coal (hanging and foot- 
walls not exposed); 6.6 metres of coal in a 7.7.metre zone; 
and a 2.7.metre zone of coal and mudstone below a burn 
zone. Above the diabase sill a 4.22-metre coal seam was 
trenched without exposing the hangingwall. The total coal- 
bearing section is ahout 100 metres thick and contains about 
9.5 metres of coal. 

The lower part of the coal-bearing zone is i~ntersected by 
holes 79-3 and X0-4 (Figure S-9-2). It is assumed that both 
holes are collared below the 4.22-metre seam, which is 
above the diabase sill in Mansfield Creek. In this case, the 
total coal-bearing zone at location 79.1 should he 200 
metres thick with 16 metres of coal and, at l#xation 80~~4, 
120 “etres with 31 metres of coal. Hole 79-l (Figure S-9-3) 
is collared near an outcrop in L.ittle Tuya River which has 
6.1 metres of coal over 7. I mrtres. The hole intersects this 
seam, and others lower in the section, for a culnulative coal 
thickness of 31 metres over an 83.metre section, which is 
assumed to he the full width of the coal-hearing zone. 

The coal-hearing zone exte~nds across the syncline to 
Tuya River where a zone 100 to I50 metres thick contains 
three coal seams with a cumulative coal thickness of I I 
metres (Figures S-9-2 and 3). A second coal zone. down 
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Plate S-9. I. Eyed coal from Tuya River. 
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river. contains approximately 6 metres of coal and car- 
bonaceous shale over 300 metres of section; it is not corrc- 
lated with any other outcrop. 

Existing coal-quality data are available from Dowling 
(1915), Vincent (1979) and De Nys (1980). Data from the 
western side of the basin were obtained from NQ diamond- 
drill core and on the eastern side from hand trenches. Sam- 
ples were analyzed for per cent moisture (as received basis; 
ARB and air dried basis, ADB), ash, volatile matter, fixed 
carbon, sulphur and heat value. Data from the drill holes 
provide average, as received vaIues of 12.4 per cent mois- 
ture, 19.1 per cent ash, 30,7 per cent volatile matter, 37.X 
per cent fixed carbon and 0.5 per cent sulphur. Some spe- 
cific gravity (S.G.) and Herdgrove index (HGI) data are also 
available from some drill-core samples. Eight petrographic 
analyses will be carried out during the present study and 
will be described in detail in a later report. 

Eight S.G dererminetions on air-dried core samples are 
reported by De Nys (1980); data are plotted in Figure 5-9-S 
and a curve derived from il theoretical density equation 
(Equation I, Table 5-9-l) is fitted to the data. A dry, clean 
coal specific gravity of I.37 is calculated from the curve, 
based on the eight data points. This dry ash-free specific 
gravity is high for low-rank coals which usually have values 
in the range 1.2 to 1.3. The S.G. data were measured on air- 
dried core with a moisture content averaging 8 per cent: the 
thin line (Figure 5-9-5) illustrates the ash (DB) versus S.G. 
relationship at an in situ moisture of 12.5 per cent and 
provides an S.G. of I .48, for an ash of 22.5 per cent ADB 
and 8 per cent moisture. This value is used as an average for 
deriving tonnages from in situ volumes in the resource 
calculation (next section). 

Hardgrove index values are a measure of the friability ol 
coal; small numbers indicate hard or non-friable coal, large 
numbers indicate soft or friable coal. Two HGI values from 
drill core (De Nys, 1980) average S2.5, indicating a moder- 
ately hard coal in agreement with outcrop observations. 

Rank can be estimated from the projected moist, ash-free 
heat value of the coal. The western and eastern surface data 
sets were treated separately and lines fitted to each using the 
method of York (1969) (Figure 5-Y-6). The western data 
predict a moist, ash-free heat value of 27 89X kilojoules per 
kilogram and the eastern data 23 322 kilojoules per kilo- 
gram. These values are compatible with ranks of high- 
volatile bituminous C on the west and sub-bituminous B on 
the east. Oxidation of surface samples may have lowered 
the heat content of coal for the eastern side of the basin. 

Seven samples from the coal basin were analyzed for per 
cent mean maximum reflectance of vitrinite in oil (referred 
to in the text as reflectance). Reflectances of the samples 
from Tuya River and Mansfield Creek range from 0.60 to 
0.79 and average 0.68 per cent, indicating a rank of high- 
volatile bituminous B. The reflectance value of a single 
sample of float from the mouth of the Tahltan River, 20 
kilometres southwest of Tuya River, is 0.71; previous refer- 
ences to coal in the area postulate a rank of lignite to sub- 
bituminous. If the sample is representative of coal from the 
Tahltan River then there is a possibility that the high- 
volatile coal of the Tuya River coal basin extends to the 



southwest. The preliminary petrographic data indicate a 
rank of high-volatile B extending to high-volatile A based 
on rank versus retlectance relationships provided by Ward 
(1984). This rank is higher than previously expected and 
increases the potential for a coalbed methane resource. The 
preliminary data indicate reflectances of 0.61 from Tuya 
River above Little Tuya River, 0.72 from the Tuya River 
south of Little Tuya River and 0.79 from Mansfield Creek. 

POTENTIAL COAL AND COALBED 
METHANE RESOURCE 

COALBED METHANE IN COAL 

It is unlikely that the Tuya River coal basin will he of 
interest as a source for surface-mineahle coal for a long 
time; however, the deposit could he a source of coalhed 
methane. Natural gas is 74 per cent methane, while the gas 
desorbed from coal is 98 per cent methane and is invariably 
low in SO, (despite varying sulphur contents in the coal) 
and has a heat value similar to natural gas. Coalbed methane 
is a safety hazard in underground mining. Its presence has 
long been monitored and steps taken to vent it safely. More 
recently,,erpecially in the U.S.A., coelhed methane is cot- 
lected as a viable replacement for natural gas. Wells drilled 
into deeply buried coal seams decrease the overburden 
pressure on the coal and allow methane to desorh from the 
coal and rise to the surface. The process has similarities to 
natural gas exploration: the technology, depth of holes and 
gzas composition, are all similar; differences exist in the 
process of recovering the methane. 

Coalhed methane is released slowly after water is 
pumped out of the seam and the overburden pressure 
reduced. The amount of methane trapped by coal is in part 
proportional to the surface area of the coal structure. To use 
an analogy, coal is like a hook in which the amount of 
methane retained is proportional to the cumulative surface 
area of all the pages, while a sandstone reservoir is like a 
block of Styrofoam in which the amount of natural gas 
retained is proportional to the cumulative volume of voids 
in the styrot’oam. It is easy to imagine how, on a volume to 
volume comparison. coal can retain up to five times more 
gas than a sandstone reservoir. 

Coalhed methane occupies three general sites in the coal 
seam: (I) fractures and large pores in the coal; (2) adsorbed 
onto the coal structure: and (3) absorbed into the coal 
structure. When coalbed-methime measurements are made 
on core, Type I methane is lost prior to the desorption 
measurement and is referred to as “lost gas”; Type 2 meth- 
ane, which usually accounts for most of the reservoir poten- 
tial, is referred to as the desorbed component, and Type 3 
methane is the residual component which is generally not 
measured. Theoretical estimates of coalhed methane 
attempt to estimate the content of Type 2 and some of the 
Type 3 methane and refer to this as the “adsorbed 
component”. 

Coal rank and depth of burial are important controls on 
the amount of gas coal can retain. Figure 5-9-7. adapted 
from Hunt (19791, tracks cumulative and incremental meth- 

Figure S-9-7. Methane generation and retention hy temperature, 
modified from Hunt (1970). 

ane generated by coals from Lignite to anthracite rank. It 
illustrates the limited proportion of methane that is retained; 
the rest being available to charge sandstone reservoirs. A 
cubic mete of coal can charge up to 60 cubic metres of 
sandstone reservoir with expelled coalbed methane. The 
figure shows that for low-rank coals, methane generated is 
close to or less than retention capability. This means that the 
coal will not have charged the surrounding rocks by expell- 
ing methane. The coalhed gas expelled at greater depths 
from coals of higher rank can migrate upwards and actuali) 
he adsorbed by lower rank coals with a retention capacit) 
exceeding their cumulative m’zthane generation value. Figs- 
ure S-Y-8, derived from Eddy P( al. (1982) with minor 
extrapolation of some lines by the author, plots lost and 
de-sorbed gas contents of fresh drill-core coal samples of 
different ranks against depth. ‘The lost gas component is lost 
before the desorption test but ‘I& value can he detemlined is? 
extrapolation. The methane retention curves in Figure S-9-3 
can he approximated by a single equation developed hy the 
author, which has reflectance and depth as variables (E.qu~- 
tjon 2, Table S-9-l). The equation provides approximate 
values of coalbed methane for any combination of reflex:. 
tance and depth (reflectance >0.6) and therefore offrs 
more flexibility than the six curves in Figure S-9-8. K.i’n 
(1977) developed a theoretical equation (Equation 3 in 
Table 5-9-l) which predicts methane adso@m capacity by 
rank and depth. 

The experimental approach of Eddy a ul. (1982) and the 
theoretical approach of Kim (1977) measure different com- 
binations of the types of methane in coal. Figure S-9-8 
provides information on the amount of lost and desorhsd 
gas; residual gas is assumed to remain in the core. EdseJy 
et a/. indicate that residual gas can vary iiom 5 to 32 per 
cent of the total with low-rank coals having more than 
higher rank coals. McCulloch et al. (1975) estimate residual 
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METHANE RETENTION AS A FUNCTION OF RANK AND DEPTH 
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Figure S-Y-8. Merhane retcntiun by rank and dcplh. modified from Eddy ef ul. 11982). 

gas using HGI values. A value of 52.5 defines the coal as 
blocky, which represents a potential residual gas content of 
39 per cent. Diamond et al. (19X1) found a less reliable 
relationship between HGI and residual gas. McCulloch 
ef al. note that the lost gas component for blocky coals is 
smaller than for friable coals. Eddy P/ ~1. indicate that lost 
gas ranges from 5 to 17 per cent of the total gas. Equation 3 
(Table 5-9-l) from Kim (1977) does not predict lost gas 
components. It is a theoretical estimate of the adsorptive 
capacity of coal and corresponds with the desorption com- 
ponent measured by Eddy er al., and some of the residual 
gas component which is not incorporated in Figure S-9-8. If 
residual gas is greater than lost gas for Tuya River coals 
then Equation 3 may tend to overestimate recoverable 
methane. 

CALCULATION OF COAL AND 
COALWD METHANE RESOURCE 

The amount of methane retained by Tuya River coals is 
limited by the low rank (though the rank is higher than 
previously repofled). However, the large tonnage of coal 
and permeable interburden lithologies, all point to the pos- 
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sibility of a sizeable coalbed methane resource. Volcanic 
flows and sills in the succession may have raised the rank 
and helped contain the methane. 

An estimate of the potential resource requires first a coal 
tonnage calculation and then information on how gas reten- 
tion varies with depth. The coal resource at Tuya River was 
estimated using six I:10 000.scale sections (Figure S-9-3). 
The coal-bearing zone was drawn on the sections using the 
sparse surface and drill data and assuming fold plunge 
orienration 019”113”(trend/plunge). The numerical average, 
vertical coal-thickness in the coal-bearing zone is 19.6 
mews; this was converted to an estimated true thickness of 
I? metres assuming an average dip of 30”. The true thick- 
ness was reduced by 20 per cent to account for rock splits. 
Coal volumes were calculated for each IOOO-metre section- 
strip using 200.mare vertical slices; volumes were con- 
verted to tonnages using an S.G. of 1.48. Table S-9-2 tabu- 
lates the results: there is a total potential coal resource of 
over 600 million tonnes, of which 416 million tonnes are 
within 1600 metres of surface (Table 5-9-2). 

Variation of methane retention with depth has been inves- 
tigated in a number of ways. Coals of sub-bituminous to 



high-volatile bituminous rank do not generate or retain 
much methane. Meissner (19X4) states that catagenic meth- 
ane generation starts when the volatile matter (dry, ash-free 
basis) is less than 37.X per cent, equivalent to a rank of high- 
volatile A. The dry, ash-free volatile matter of Tuya River 
coals is about 45 per cent though the rank may be as high as 
high-volatile bituminous A. Figure 5-Y-X indicates that 
high-volatile bituminous C coals can retain up to 150 cubic 
feet of methane per short ton (4 cubic centimetres per gram) 
at depths of 1500 metres. Equation 2 provides ranges of 0 to 
250 cubic feet per short ton (reflectance=O.h) and 0 to 350 
cubic feet per short ton (retlectance=O.7) for depths 0 to 
1500 metres. These values nswme that the rank of coal at 
1500 metres is not higher than that at surface. in the case of 
Tuya River, if folding predates coalification, then the rank 
in the core of the syncline could be as high as medium- 
volatile bituminous and the coal at depth capable of 
retaining two to three times more methane. A high-volatile 
bituminous C rank is assumed for the purpose of estimating 
the coalhed methane resource at Tuya River. 

The resource has been estimated for other low-rank coal 
basins. Choate P, ul. (19X9) estimate an average gas content 
of 25 cubic feet per short ton for coals in the Powder River 
basin where rank is sub-bituminous to high volatile C. 
Recently, desorption tests from the Powder River basin 
have provided values of 56 and 74 cubic feet per short ton 
(McBane, 1990) McCord (1989) uses a range of 0 to 100 
cubic feet per short ton for sub-bituminous coal when esti- 
mating the methane resource of the Greater Green River 
coal region. Equation 3 (Table 5-Y. I) from Kim (I 977) is 
described later, but it predicts B range of gas contents of 69 
to 151 cubic feet per short ton from 100 metns to I500 
metros depth. Obviously there is a wide range of uncertainty 
in trying to predict the methane contents for low-rank coals. 

The coalbed methane resource was calculated in this 
study in three ways. A minimum estimate was obtained by 

multiplying the total tonnage to a depth of I600 metres by 
25 cubic feet per short ton derived from Choate ef al. 
(1989). to give a resource value of 0.01 trillion cubic feel. 
The second and third approaches involved multiplying the 
coal tonnages, distributed by depth of burial, by methane- 
retention values derived from the data of Eddy cf a/. (1982; 
Figure 5-9-X high volatile bituminous C line) and from 
Equation 3 (Table 5-Y-l) from Kim (1977). 

Application of Equation 3 to Tuya River coals predicts a 
methane resource of 0.03X trillion cubic feet, with retention 
values ranging from 67 to 151 cubic feet per short ton. 
Equation 3 requires coal-quality data and ezrtimates of the 
pressure and temperature acting on the crawl as well as an 
estimate of the ratio of gas-ad;xxption capacity for wet coal 
divided by gas-adsorption capacity for dry coal (Vw,Wd. 
Table S-9-l). The coal-quality data were averaged from coal 
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Figure 5-9~9. Plot of fixed carhonivolatile nwtter ratio rerws 
reflectance and desorption constants Sruw Kim (1977). 
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intersections in the drill holes which provided values of 12.4 
per cent moisture, 19.1 per cent ash, 30.7 per cent volatile 
matter, 37.8 per cent fixed carbon (all AR). These data are 
incorporated into Equation 3 (Table S-Y-1) using constants 
K and N which are derived from the ratio of fixed carbon 
divided by volatile matter. This ratio is related to rank and 
reflectance measurements in Figure 5-9-9 (data from Stach. 
1982) which also illustrates the relationship of K and N to 
reflectance. 

The pressure acting on the coal sea” is an important 
constraint on methane retention. Usually pressure will equal 
hydrostatic pressure, but drill results indicate cases where 
pressures are less than hydrostatic or “ore than hydrostatic 
and approach lirhostatic pressure (over-pressure situations). 
For this study hydrostatic pressure is assumed. 

Methane retention decreases as the moisture content of 
the coal increases. High moisture contents are an important 
limiting factor on methane retention by low-rank coals. The 
effect of moisture content on methane retention is accounted 
for in Equation 3 by the ratio Vw/Vd which was derived for 
Tuya River coals by curve fitting and extrapolarion using 
data in Table B-l of Kim (1977); a value of 0.25 was 
determined. Methane retention decreases with remperature, 
which increases with depth. The factor B (Table 5-9-l) 
takes into account temperature and the term following B in 
the equation assumes a geothermal gradient of 18” C per 
1000 metres. 

Coalbed methane retention values from Figure S-9-X 
(high-volatile bituminous C line) range from 72 cubic feet 
per short ton at 100 “etres depth to 150 cubic feet per short 
ton at 1500 “ares: the upper value was fixed at 150 cubic 
feet per short ton because the original diagram by Eddy er 
al. (1982) does not extrapolate beyond this point. Using 
these values a coalbed methane resource of 0.039 trillion 
cubic feet is calculated (Table 5-9-2). The resource calcu- 
lated using Equation 2 would be even larger because reflec- 
tance values, on average, indicate a rank up to high-volatile 
A. A resource of 0.062 trillion cubic feet is predicted using 
Equation 2 and an average reflectance of 0.68. 

The three methods of estimating coalbed methane 
resources to a depth of I600 metres produce values of 0.01, 
0.038 and 0.039 trillion cubic feet. These values are based 
on minimal data and are at the low end of the scale for 
methane retention. This approach was taken because at the 
moment no desorption data are available for Tuya River 
coals. The same approach is being applied “ore usefully to 
the Telkwa deposit where coal rank for the lowest ?&I” is 
favorable for methane retention. 

It is useful to make some order of magnitude comparisons 
between coal and coalbed methane as fuels. A tonne of coal 
mined and burned will provide about sixty times “ore 
energy than the methane extracted fro” one tonne of coal. 
This means that extracting methane decreases the energy 
content of the coal by about 2 per cent and represents about 
I per cent of the volatile matter in the coal. Therefore its 
extraction has little if any effect on the quality of the coal 
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because the ga would probably also be lost during conven- 
tional mining. 

A single house using elecrricity derived from coal for all 
its energy needs requires from I to 5 tonnes of coal per year: 
in contrast, if the house were using coalbed methane. the 
coal requirement would be from 40 to 200 tonnes. The 
increased requirement of coal may be offset as the end--use 
efficiency for natural gas or coalbed methane can be much 
higher than for coal. A resource of 400 million tonnes or 
0.04 trillion cubic feet is sufficient to service up to 5000 
houses for 100 years. 

The environmental impact of burning coal is greater than 
the impact of burning the same energy-equivalent of 
coalbed methane. Burning methane provides two times 
“ore energy than coal per unit COz generated (Fulksrson, 
1990). Although using coal only as a source of gas requires 
a larger coal resource, and may be considered an inefficient 
use of the resource, it is environmentally much cleaner. 
Recovering the methane does not detract from the value of 
the coal for future use when coal-burning technologies have 
improved. Also, on a molecule for molecule basis, methane 
is twenty times more potent as a greenhouse gas than CO, 
(although its residence time in the atmosphere is one-tenth 
that of CO>). Collecring and burning methane that might 
otherwise escape into the atmosphere should help to reduce 
the overall impact of greenhouse gases. 

SUMMARY 
A review of existing data, with the addition of some I990 

fieldwork, indicates that the Tuya River coal basin is large 
with a potential resource of 650 million tonnes of high- 
volatile B bituminous coal and a possible coalbed-methane 
resource of up to 0.04 trillion cubic feet. A resource of this 
magnitude could make a significant contribution to the 
energy requirements of the region, as it develops, while 
minimizing impact on the environment. 

In the long term, the isolation of the basin might be a 
positive factor in its development; it might be “ore eco- 
nomic and environmentally sound to sustain development in 
northwestern British Columbia using a local energy source 
than to continue to use high-priced petroleum products and 
build expensive transmission systems. The methane could 
be distributed by truck as pressurized gas and used for local 
industry as well as to run motor vehicles and heat houses. 

Petrographic and coal-quality analyses of the 1990 sam- 
ples are ongoing and will be discussed in depth in a later 
report. The next stage in clarifying the potential for a 
coalbed-methane resource should be a drilling program to 
provide fresh samples for methane desorption tests, 
petrography and coal quality analyses. Some existing drill 
sites could be used and new ones cleared in Tuya River. The 
program would have to be helicopter supported from Dease 
Lake which is IS minutes flying lime away. 

There are numerous poorly explored Tertiary coal- 
bearing sedimentary basins in British Columbia. It is 
intriguing to speculate that some may. in the future, provide 
local, environmrntally smmd sources of energy to help in 
the development of the province. 

British Columbia Geolo&d Survey Bmnch 
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