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INTRODUCTION 

This paper !;ummaries geophysical characteristics of 
the Sullivan-Ncrth Star area of southeastern British 
Columbia, based on a preliminary examination of new 
multiparameter airborne data acquired as part of the East 
Kootenay Geophysical Survey. It complements a paper 
summarizing regional results of the survey (Lowe ef al., 
1997). The new geophysical data offer improved 
screening of exploration targets in the region. 

The contracted, helicopter-based survey was funded 
by the Government of British Columbia and coordinated 
by the Geologiwd Survey of Canada. It provides high- 
quality, public-domain geoscience data to assist mineral 
exploration and enhance understandiig of the geology 
and known mineral deposits of the region. 
Electromagnetic (EM), total field magnetic, gamma ray 
spectmmetric, and VLF data were acquired in three areas 
(Figure 1). The surveying was completed by Dighem I 
Power, a division of CGG Canada Ltd., of Mississauga, 
Ontario. Data wre collected in the St. Mary and Findlay 
Creek areas io 1!)95 and in the Creston area in 1996. 

The survey areas lie within the Purcell anticlinorium 
of southeastern British Columbia and are underlain 
primarily by the prospective Aldridge Formation (Figure 
I). The St. Mary River area covers approximately 2000 
km* and inclu~vles the Sullivan Mine, a world class 
sedimentary exbalative (SEDEX) deposit. The Findlay 
Creek area cove::s about 400 km2 south of Findlay Creek, 
and west of Canal Flats and includes Rusty Ridge, a 
promising area near the lower-middle Aldridge Formation 
contact with fra;gmental units and tourmalinite alteration. 
The Creston area comprises about 600 km2 and extends 
east from Creston to Yabk and south to the U.S. border. 

This paper discusses some of the more obvious 
features that are presented on B.C. Ministry of 
Employment and Investtnent Open File 1996-23 
hardcopy maps released July 11, 1996. Tbis release 
includes total field aeroinagnetics, conductivity, 
potassium, thor:,umipotassium, and ternary radioelement 
maps. A comprehensive digital data set for the survey 
area is availabl,e from the National Geophysical Data 
Centre in Ottawa ((613) 9955326). The quality and high 
resolution of new data collected over prospective geology 
warrant additional industry analysis. 

uPw Upper Proterozoic 
- Windermere Supergroup 

DL:c~ Creek MT. 

Figure 1. Regional geological setting of Pur.:ell Super$:roi,p 
showing the location of the three geophysical survey i.re:n 
within the Purcell anticlinorium (moditied fr:nn Hay e! a’., 
199%). 1 = St. Mary Ever area; 2 = Findlay -reek area; 3 = 
Creston area. GR = Greenland Creek stock, H 3 = Hellrorrirlg 
Creek stock, HLF = Hall Lake fault, KF = Kim xrley failii, WF 
= Moyie fault, RL = Reade Lake pluton, SMF = St. Mv fxlt. 
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U-PB AGES FROM THE SELKIRK ALLOCHTHON, SEYMOUR ARM MAP 
AREA, SOUTHEAST BRITISH COLUMBIA (82MX3 AND 9) 

By J. M. Logan, B.C. Geological Survey Branch and RM. Friedman, University of British 
Columbia 

--.-- 

KEYWORDS: Goldstream pluton, Downie Creek 
orthogneiss, Clachnacudainn complex, Lardeau Group, 
Badshot Formation, geochro”ology, radiogenic 
isotopes, U-Pb. 

INTRODUC’FION 

During the COUIX of I :50 000 scale regional 
mapping in the Northern Selkirk Mountains (NTS 
082M) various granitic rocks were sampled for U-Pb 
geochronology. This report presents new U-Pb data, 
interpreted ages, and the implications of these results for 
hvo such samples from the Selkirk Allochthon: the 
Downie Creek otihogneiss, and the Goldstream Pluto”. 

The Downie Creek orthogneiss consists of a series 
of foliated granix and granodiorite sheets which intrude 
a quartz-rich sequence of garnet-muscovite-biotite and 
chlorite bearing paragneiss and schist within the Selkirk 
Allochthon. These orthogneisses were affected by 
regional ductile polrphase contractional deformation 
and related metamorphism and later overprinted by 
brittle deformation associated with the Columbia River 
fault. They are lithologically and structurally similar to, 
and likely currelative with, Devono-Mississippian 
gneisses of the Clachnacudainn suite exposed near 
Revelstoke (Parrish, 1992). U-Pb geochmnology of the 
Downie Creek orthogneiss was undertaken to strengthen 
or refute this correlation. 

The Goldstream Pluto” is an elongate, east-trending 
plutonic complex consisting of granitic to monzodioritic 
sills intimately mixed with meta!;edimentaq pendants, 
septa and xenolithr. These granitoids commonly have 
foliated margir.s and massive interior zones. The 
Goldstream Pluton was previously thought to have been 
emplaced prior to, or during regional deformation, 
based largely on its regional structural concordance 
with surrounding foliated counhy rocks, (Htiy, 1979). 
However, the presence of a chiefly retrograded contact 
metamorphic aureole, which overprints penetrative 
foliations in the country rocks, indicates that this body 
post-dates most of the ductile deformation in the area. 
This conclusion is further supported by the presence of 
foliations in xenoliths and pendants, which are 
interpreted to b’: correlative with regional deformation 
fabrics, and zre cut by tie Goldstream pluton. 
Hornblende and biotite 40Ar/3!‘Ar plateau ages of 
114+4.5 Ma ac,d 100&l Ma, respectively, have been 
previously reported for the Goldstream pluton, 
indicating a relatively slow cooling rate for this body 
(Logan and Cclpron, 1995). U-Pb geochronology of 

this body was carried out to ldetermine its crystallizx:ion 
age, and to complement these 4oAr/39Ar c soling datr.. 

REGIONAL GEOLOGY 

The Downie Creek area, within the n~.~rthem Selcirk 
Mountains, straddles the boundary b:hveen r:~ck:s 
assigned to the North American mioge~vcline ar.d the 
pericratonic Kootenay Terrane (Wheela et al., 199’ ; 
Wheeler and McFeely, 1991). The area lit:!. in 
southeastern British Columbia, in he Omireca 
Morphogeologic Belt, an uplifted region extendin:: tie 
length of the Canadian Cordillera thaw is underlain 
extensively by metamorphic and qmitic m&s 
(Gabrielse ef ai, 1991). 

Figure I: Geological setting and location of the Goldstre;r> 
River (southeasterly dashed), Downie Creek (31 ,uthwesterl~ 
dashed) and La Forme Creek (hatched) map-an as along .ht: 
western flank of the Selkirk fan structure, with; ii the Selkirk 
allochthon; modified after Brown and Lane (1988). I = 
Illecillewaet slice, G = Goldstream slice, C = 
Clachnacudainn slice. CRF = Columbia River ?ault. DCF == 
Downie Creek fauls SCF = Standfast Creek fa IIt, MD = 
Monashee dlcallement, ERD = Eagle River d~:tachment, 
BRB = Battle Range batholith, AS = Albert st,xk, FS = 
Fang stock, PS = Pass Creek pluton, GP = Go idstream 
pluton, AP = Adamant pluton, DCG = Downi: Creek gnciss, 
TCH = Trans-Canada Highway 
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NORTHERN SELKIRK PROJECT, 

GEOLOGY OF THE LAFORME CREEK AREA 

(NTS 082lWOl) 

By J. M. Logan and C. Rees 

KEyuIoRDS: LaForme Creek, Canes Creek, 
Clachnacudainn complex, Lardeau Group, Index 
Formation, Bbdshot Formation, Hamill Group, 
Mastodon Mine, stratabound massive sulphides. 

INTRODUCTION 

Lower Paleozoic rocks of the northern Selkirk 
Mountains host numerous volcanogenic massive 
sulphide occurrmces. These include the Goldstream 
copper-zinc mix: which has produced 70 000 tonnes of 
copper and 49 000 tonnes of zinc from 1 738 500 
tonnes milled b~ztween April, 1991 and October, 1995 
(S. Robertson, personal communication, 1995), and the 
arsenical, gold-rich J&L deposit which has probable and 
possible reserves in excess of 5 million tonnes 
averaging 2.71 9’0 Pb, 4.33 % Zn, 7.23 g/t Au and 72 g/t 
Ag. The stratiform nature of these deposits makes 
understanding the regional stratigraphic and structural 
setting fbndamental to exploration for new deposits. 
The main objectives of the Northern Selkirk project are 
to establish the stratigraphic and structural framework 
of known volcanogenic massive sulphide deposits in the 
northern Selkirk Mountains, and to assess the potential 
for similiar deposits in correlative successions 
elsewhere. 

This report presents the results of regional bedrock 
mapping in the LaForme Creek area (NTS 82iWl) 
during the summer of 1996. The 1996 field season 
marks the completion of fieldwork in the Selkirk 
Mountains. Reconnaissance mapping and deposit 
studies were ini,tiated in 1993. Mapping in 1994 and 
1995 covered the areas east of the Columbia River on 
82M/X, 9 and piart of IO. The short 1996 program was 
designed to corrplete mapping coverage of the Downie 
Creek map axa and trace prospective stratigraphy 
southward to the northern boundary of Mount 
Revelstoke Park. This area hosts carbonate replacement 
Pb-Zn deposits and is on strike with several new 
massive rulphide occurrences discovered during the 
1995 mapping season. Mapping was focused on 
prospective stmiigraphy in the areas north and east of 
LaForme Creek. The geology farther west, and along 
the slopes overlooking the Columbia River was 
compiled from mapping carried out last year with 
Maurice Colpron and Bradford Johnson, and from 
published sources. 

GEOLOGY 

The Selkirk Mountains straddle the boundary 
between rocks assigned to the Noirh Am,xcan. 
miogeocline and the pericratonic Koo:enay T~:nare 
(Wheeler et al, 1991; Whealer and McFxly, 19!>:.). It 
lies along the western flank of the Selkir ( fan stmch~e 
(Wheeler, 1963, 1965; Brown and Tippen, 1978; Price 
et al., 1979; Price, 1986; Brown and Lane, 19:3:3), a 
zone of structural divergence that follow ; the Omirec a 
Belt, and the suture zone between North Fmerica ar.(l 

Figure I. Geological setting and location of the 
Goldstream River (southeasterly dashed): Downie C::ek 
(southwesterly dashed) and La Fomx Crc.:ek (hatchej) 
map-areas along the western flank of the Selkirk fan 
structure, within the Selkirk allochthon; r:lodified aAr:r 
Brown and Lane (1988). I := Illecillewae~~ slice, G := 
Goldstream slice, C = Clachnacudainn si .ce, CRF ‘= 
Columbia River fault. DCF = Downie 0 eek fault. XF 
= Standfast Creek fauit, MD = Monashe : d.$collern~:nt, 
ERD = Eagle River detachment, BRB = Bartie R;u.;ge 
batholith, AS = Albert stock, FS = Fan8 stock, PS =i 
Pass Creek pluton, GP = Goldstream plu on, AP = 
Adamant pluton, DCG = Downie Creek q&s, TCH = 
Trans-Canada Highway 
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NECHAKO NATMAP PROJECT - 1996 OVERVIEW 

By D.G. MacIntyre and L.C. Struik (GSC, Vancouver) 

KEYWORDS: Nechako Plateau, NATMAP, 
multidisciplin~~ bedrock mapping, s&i&l mapping, 
biogeochemistry, till geochemistry, geochronology, 
conodonts, radiolarian, geophysics, Babine Porphyry 
Belt, Eocene extension. 

INTRODUCTION 

The Nechako NATMAP project, which began in 
1995, is a joint mapping and geoscientific research 
projea between the British Columbia Geological Survey 
Branch (BCGSE%) and the Geological Survey of Canada 
(GSC) that also includes participation by universities and 
industly (Stroik: and McMillan, 1996; McMillan and 
Stroik, 1996). The co-cordinators of this project are the 
authors of this report. Work done by BCGSB field crews 
is funded wholly by the Energy and Minerals Division of 
the Minishy cd Employment and Investment; GSC 
funding is from. the Cordilleran division in Vancouver 
supplemented with additional funding from the National 
Mapping Program (NATMAP). 

The projecl, area, which encompasses over 30,000 
square kilometr:s in central British Colombia, includes 
NTS map sheets 93F, 93K, and parts of 93L, 93M, 93N 
and 93G (Figore 1). The primary objective of the project 
is to improve the quality and detail of bedrock and 
s&i&l maps while focusing on several geological 
problems. In particular it will address questions of 
Tertiary crustal extension, Mesozoic compression and the 
manner of accretion of exotic terranes, the geological and 
geophysical definition of the terranes, the sequence of 
changing Pleistocene glacial ice flow directions, and the 
character and dispersion of glacial deposits. This new 
data will be used to better understand structural controls 
on the distribution of known mineral deposits and to 
identify target ueas favourable fur the discovery of new 
mineral resources by integrating geological, geophysical 
and geochemical data using a GIS. 

In this second field season of the Nechako NATMAP 
project, mapping crews did 1:50 000 scale bedrock 
mapping in ten areas and swficial mapping in five areas 
(Figure 2). This work was enhanced by detailed 
geophysical and remote sensing surveys and stratigraphic 
studies based ton micro and macro paleontology and 
radio-isotopic age dating. Stratigraphic studies 
concentrated on sections within the Cache Creek Group 
near Fort St. James and mainly volcanic sequences of the 
Ootsa Lake and Endako groups. Field crews also 
collected samples of till, silt i lake water and vegetation 

Figure 1. Location of the Nechako Namxlp project 

in selected areas in order to assess the potential for 
detecting known and new mineral deposit;. Geophy:brxl 
line surveys included ground-based mag~letics, grwiy 
and electromagwics. Digital GIS projens included fin,4 
compilations of data on the Quesnel Troug,h, compilHit,n 
of mapping data from Place:r Dome Inwrporated, ard 
cartography of some existing geology map:;. 

OVERVIEW OF RESULTS TO 1:lATE 

Bedrock mapping 

Don MacIntyre, Ian Webster and Pal. Desjardix of 
the BCGSB with the assistance of soruner students 
Joseph Schmnk and Susan Hand completed 1:5O OOI- 
scale geologic mapping of NTS map sheet 93M/l (Figure 
2, D) (MacIntyre et al., lYY7, this vohune). Betlrol:k 
mapping of the F&on Lake map sheet (93Lll6) was 
completed in 1995 (Maclntyre et al., 19>6). The: main 
objective of this work is 1~0 acquire a better understanding 
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BABINE PORPHYRY BELT PROJECT: BEDROCK GEOLOGY 0:iF THIC 
OLD FORT MOUNTAIN AREA (93M/l), BRITISH COLUMBIA 

By D.G. Machtyre, I.C.L. Webster and M.Villeneuve (GSC, Ottawa) 

(British Columbia Geological Survey Branch conrribution to the Nechoko .NAlMAP Project) 

ktEYWOFDS: bedrock mapping, Nechako NATMAP, 
Old Fort Mountain, Babine Porphyry Belt, Eocene 
extension, Babine Igneous Suite, Babine Intrusions, 
Newman volcanics, porphyry copper deposits, Bell, 
Hearne Hill, MolTison, Wolf, Dorothy, Fireweed. 

INTRODUCTION 

The Babine porphyry belt project is part of the 
Nechako National Mapping Program (NATMAP), a 
joint effort of th: Geological Survey of Canada and the 
British Columbia Geological Survey Branch of the 
Miniswy of Employment and Investment (McMillan and 
Struik, 1996; MncIntyx and Struik, 1997, this volume). 
This is a multidisciplinary project with separate 
components for bedrock and surficial geology, till and 
silt geochemisqi. The primary ob.jectives of the Babine 
Porphyry Belt project are to produce I:50 OOO-scale 
bedrock and surticial geology maps of the Fulton Lake 
(93L/16), Old Fon Mountain (93bUl) and Nakiiilerak 
Lake (93MiS) map sheets (Figure 1) and to defme areas 
of possible buried metallic mineral deposits using till, 
lake and silt geochemistry. This report summarizes the 
results of bedrock mapping completed in 1996 and 
supplements a previous report on mapping done in the 
Fulton Lake map sheet in 1995 (MacIntyre era/., 1996). 

PROJECT DESCRIPTION 

The Batiine porphyry belt is located in west-central 
British Columbia and is centred on the northern third of 
Babine Lake (Figure 1). The belt is approximately 80 
kilometres long and includes twelve significant 
porphyry copper deposits and prospects including the 
Bell and Granisle past producers. The mineral potential 
of the area was ranked the fourth highest of the 97 tracts 
evaluated in the: Skeena-Nass mineral potential project 
(MacIntyre era/., 1995). The estimated value of known 
in-ground mineral resources in the area is % 1.96 billion 
and the value of past production is estimated at $1.13 
billion (1986 dollars). In spite of the high mineral 
potential and obvious economic significance of the area, 
the most recem published geological mapping in the 
belt was by Carter (1973). Since then there has been 
extensive logging in the area, providing new access and 
better bedrock exposure, especially in areas of extensive 
drift cover. This, coupled with renewed interest in 

Figure 1. Location of the Babine Porphyry :Iselt projec: area, 
West-central British Columbia. Shaded area was mapp:d in 
1996 and is the Subject of this report 

porphyry copper deposits as an exploration target and 
the need for economic diversification in itle econorry of 
the area, make this project particularly timely. It is 
hoped that new bedrock and surficial mqping, to;:cthcr 
with regional till and lake geochemisQ, and airborre 
geophysical surveys, w:ill stimulate addition;4 
exploration in the belt and lead to new dir;coveries. ‘Drift 
prospecting, lake geochemisuy and airborne geophysics 
will be especially important in defming new targets in 
drift-covered areas. The Quatemaq geology and til: and 
lake geochemical sampling completed in 1995 and. 1996 
are discussed in separate reports (Hun&y ef a/., l!%, 
Stumpf er al., 1996, Levson ef al. , 199:’ (this voluml:) 
and Cook et al., 1997 (this volume). 

ACCOMPLISHMENTS 

The 1996 bedrock mapping crew con;isted of :Dt,n 
Mac1ntyr.e and Ian Webster accompamed by student 
field assistants Susan Hand and Jo:zeph Schrank. 
Additional mapping support was prwided by Pat 
Desjardins and Paul Wojdak. This crew qcompleted 1::iO 
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U-PB GEOCHRONOLOGY, GEOCHEMISTRY AND ND ISOTOPIC 
SYSTEMATICS OF THE SITLIKA ASSEMBLA.GE, 

CENTRAL BRITISH COLUMBIA 

By Fiona C. Childe, 
Mineral Deposit Research Unit, Department of Earth and Ocean Sciences! 

The University of British Columbia, 
and Paul Schiarizza, Geological Survey Branch 

--.-- 

(MDRU contribution 82) 
fBrirish Columbia Minishy of Employment and Invesrmeni contribution to the Nechako Notionul A%pping Pr~~pram) 

KEYWORDS: Sitlika assemblage, U-Pb geochronology, 
Permian, Early Triassic, tonalite, rhyolite, bitnodal, 
tholeiitic, Kutcho Assemblage 

INTRODUCTION 

Rocks of the Sitlika assemblage occur within the 
eastern Sitlika Range and adjacent parts of the Hogem 
Ranges, east of Takla Lake in central British Columbia 
(Figs. 1 and 2). The Sitlika assemblage is currently the 
focus of a two year 1:5O,OOO scale mapping project 
headed by one af the authors of this report (Schiarizza 
and Payie, 199:‘; Schiarizza et al., 1997). This report 
presents U-Pb z,ircon geochronology for felsic volcanic 
and intrusive rocks, major and trace element analyses for 
the principal igneous lithologies of the Sitlika assemblage 
and Nd isotopic and rare earth analyses for rocks dated in 
this study. 

Figure 1. Lowtim of the Sitlika assemblage, nonhcentnJ 
British Columbia. 

PREVIOUS WORK 

Volcanic and sedimentary rocks, direc :ly east 01’ the 
Takla Fault, were originally correlated wuth the Cache 
Creek Group (Armstrong, 19.49). Furthe,. mapping by 
Paterson (1974) identified the presence of three principal 
lithologies within and south of the Sit&a Rmge: argillitc, 
volcanic rock and greywacke. Based on the occwxce 
of felsic volcanic and volcaniclastic rocl:s within tlxs 
sequence, Paterson (1974) concluded that these rxks 
were not part of the Cache Creek Group, and h:nce 
informally named them the Sit&a assemblage. 

On the basis of similarities in 1i~hologi.z and 
stmchlral style Monger et ai. (1978) sug:;ested tha!. the 
Sitlika assemblage may represent an offset portion of the 
Kutcho Assemblage, a fault-hound’:d VOl~CZKl- 

sedimentary sequence which lies some 300 km north of 
the Sitlika assemblage. The Kutcho Assemblage i:s hoit 
to the Kutcho Creek volcanogenic marsive sul:#iCe 
deposit, with reserves of 17 Mt, grading 1.6% Cu and 
2.3% Zn, 29 g/t Ag and 0.3 g/t Au (Bridge ef al., :1!156); 
the identification of displaced slivers of the K:~l.cho 
Assemblage in the Cordillera has implications fol- bax 
metal exploration. Recent stndies have d~xumentetl ti.e 
precise age and geochemical characteristics of the K~tcto 
Assemblage and provide a basis for comp;:rison between 
the Kutcho and Sitlika assemblages (Childe ard 
Thompson, 1995; Thompson et al., 199j; Childe ard 
Thompson, submitted). One of the mxt distin:tive 
characteristic of the Kutcho Assemblage is the Permo- 
Triassic to earliest Triassic age of magmati:m (Childt: ar.d 
Thompson, submitted). This time peritd is typic:al.y 
characterized by a regional unconformity in terranos of 
island-arc affiity in the Cordillera (Gab&se and 1.cnath, 
1991). 

GEOLOGY 

The Sitlika assemblage comprises gxenschist filcies 
metavolcanic and metasedimentary rocks in the ~srxmal 
part of the Intermontane Belt. They are in fault wntxt 
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GEOLOGY OF THE SITLIKA ASSEMBLAGE IN THE 
KENNY CREEK - MOUNT OLSON AREA (93N/12,13), 

CENTRAL BRITISH COLUMBIA 

By Paul Schiarizza and Gamy Payie 

(British Columbia Ministq. ofEmployment and Invertmew contribution fo the Nechnko Nation01 Mopping Pro,:ram) 

KEYE’ORDS: Sit&a assemblage, Cache Creek Group, 
Hazelton Group, Sustut Group, Takla fault, Vital fault, 
Mount Bodine, Mount Olson, volcanogenic massive 
sulphides, gold-quartz veins, listwanite, nephrite. 

INTRODUCTION 

The Sitlika assemblage was named by Paterson 
(1974) for greenschist facies metavolcanic and 
metasedimentaty rocks that outcrop east of Takla Lake, 
between the Takla fault and the Stuart Lake belt of the 
Cache Creek Group (Figure 1). Monger et al. (1978) 
recognized a strong lithologic and structural similarity 
between the Sitliia assemblage and the Kutcho 
Formation, which occurs in the eastern part of the King 
Salmon allochtlwn in northern British Columbia. They 
suggested that the King Salmon allochtbon and 
structurally overlying Atlin belt of Cache Creek Terrane 
had been displaced northward Tom the Sitlika 
assemblage and adjacent Stuart Lake belt, on Late 
Cretaceous or early Tertiary dextral strike-slip faults. 
Gabrielse (1985) accepted this correlation, and suggested 
that restoration of about 300 kilometres of dextral offset, 
distributed on the Kutcho, Finlay, Ingenika and Takla 
faults, would match the Atlin belt and Kiig Salmon 
allochthon with the Shari Lake belt and Sit&a 
assemblage (Figure 2). 

Figure 1, Location of the Sitlika project area 

The Kutcho Formation is host to the Kutcho Creek: 
volcanogenic massive sulphide deposit, with reserve!; o:? 
17 Mt grading 1.62% Cu, 2.32% Zn, 29.2 g:‘t Ag and IO.:, 
g/t Au in the main sulphide lens, and an additional 11 M: 
of variable grade in two smaller lenses (1!3ridge et ,d., 
1986). Correlation of the Sit&a assembl,lge with ,tht: 
Kutcho Formation suggests that the Sitlila assembl;~gt: 
has potential to host similar volcanog~aic massivr: 
sulphide mineralization. The Sitlika bednxk mappn1: 
project, part of the Nechako Natmap program, via!; 
therefore designed to update the geologic da,tabase for the 
western Manson River map area and, in particular. to 
determine the stratigraphy and structure <bf the Sitlika 
assemblage, the validity of its correlation with the Kutchu 
Formation, and its potential to host volcano;;enic mas,;im: 
sulphide mineralization. Recent work on the Kutcho 
Creek deposit, by the Mineral Deposit Rexarch Unit of 
the University of British Columbia, has established a 
Penno-Triassic age for volcanic and inhusik $ rocks of the 
Kutcho Formation, and documented their geochemical 
characteristics (Childe and Thompson, 1995; Thompson 
ef al., 1995). This new database pmvides some 
quantitative constraints with which to test the Kutcho 
Sitlika correlation. 

This report summarizes the fmdings :iiom the fiist 
year of regional mapping within and ad,jacent to tht: 
Sitlika belt, can&d out from late June ti) the end of 
August, 1996. It also incorporates data fr~.nn 9 dayi of 
reconnaissance mapping and sampling by the s&or 
author in August 1995. The map area cover i the northen~ 
part of the Sitlika assemblage where it was originall:/ 
studied and defmed by Paterson (1974). It is plan& to 
continue mapping southward along the Sitlika belt in th: 
1997 field season (see Figure 3). 

The Kenny Creek - M~ount Olson map iirea is situjteli 
mainly within the Hogem Ranges (including parts of th: 
Sitlika and Vital ranges) of the west~xn Omineca 
Mountains. The lowlands bordering Takla Lake in th: 
southwestern comer of the area compriw part of th: 
northern end of the adjacent Nechako Plat~.au. Accw t’) 
the southwestern part of the are:.? is provideci by a nelwoic 
of logging and Forest Service roads that ori;:inates at t:olt 
St. James, 160 kilometres to the southezast. A majcr 
logging road also extends eastward througt, the marl uea 
along the Fall River, and a seasonal four-wheel-drive: ::sazl 
follows Kenny Creek along the area’s southeztern 
boundary. Access to other parts of the area was by 
helicopter, facilitated by a seasonal base cstablishad by 
Pacific Western Helicopters at Rustad Lti:lited’s Lovell 
Cove logging camp, 5 kilometres west of the map :xea. 
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EVID:ENCE FOR EARLY TRIASSIC FELSIC MAGMATISM IN THE 
ASHCROFT (921) MAP AREA, BRITISH COLUMBIA 

By Fiona (3. Childe, Richard M. Friedman, James K. Mortensen and John F.H. ‘I hompson, 
Mineral Deposit Research Unit, Department of Earth and Ocean Sciences, 

The University of British Columbia 

KEYWORDS: W-Pb geochmnology, geochemistry, Early 
Triassic, tonalite, rhyolite crystal tuff, tholeiitic, P.EE, 
Kutcho Assemblage, Nicola Group 

INTRODUCTION 

This report presents U-Pb geochronology, and major, 
trace and rare earth element data for a package of felsic 
to intermediate composition volcanic and intrusive rocks. 
These rocks, previously correlated with the Nicola 
Group, occur within the western portion of the Ashcroft 
(921) map area in southwestern British Columbia (Figure 
1). 

Rocks examined in the current study include silicic 
ash and crystal toI&, and an intrusion of dioritic to 
tonalitic composition. These units are lithologically 
similar to volcanic rocks of the Kutcho Assemblage and 
contemporaneous plutonic bodies which intrude the 
Kutcho Assemblage, 950 km to the north (Marr, pus. 
comm, 1995; Childe and Thompson, 1995b). The 
objectives of this study were to obtain precise age and 
geochemical data for these rocks, to determine if they 
could represent an offset portion of the Kutcho 
Assemblage. 

NICOLA GROUP 

The Nicola Group is a Late Triassic to Early Jurassic 
island arc assemblage within the Quesnel terrace. It is 
comprised of submarine to subaerial, predominantly 
matic volcanic and volcaniclastic rocks, their intrusive 
equivalents and associated elastic and chemical 
sedimentary rocks (Pareto, 1977:, Monger et al., 1991). 
The Nicola Group has been broadly divided into western, 
central and eastern belts on the basis of lithology and 
lithogeochemistry (Mortimer, 1986; Monger et al., 
1991). Variation from talc-alkaline to shoshinitic 
compositions from west to east has been interpreted to 
reflect eashvard dipping subduction in the Nicola arc 
(Monimer, 1986). 

Mafic and lesser felsic volcanic and intrusive rocks 
previously assigned to the western belt of the Nicola 
Group have been mapped in the Ashcroft (921) and Hope 
(92H) map areas by Preto (1977), Grette (1978), Travers 

(1978), Shannon (1982), and Monger and Mchlillan 
(1984). 
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Figure 1. Generalized geology between Lilkoet and P.S~ICIO~~, 
the outlined area is detailed in Figure 2 (TR-‘ii = Fraser P&r - 
Yalakom); (modified from Mon,er et al., 199 ). 
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LAST SEEN HEADING SOUTH: EXTENSIONS OF THE YUKON-TANANA 
TERRANE INTO NORTHERN BRITISH COLUMBIA 

by JoAnne Nelson 
--.-- 

Keywords: Yukon-Tanana Termne, Big Salmon 
Complex, Dorsey Terrane, Volcanogenic Massive 
Sulphides, Dewno-Mississippian 

INTRODUCTION 

Kudz Ze Kayah (KZK) and Wolverine are 
volcanogenic massive sulphide deposits hosted by Early 
Mississippian meta-rhyolites, marine metasedimentary 
rocks and intermediate to mafc metatuffs of the Yukon 
Tanana Terrane in the Simpson Range, southern 
Yukon (Figure I). This project aims to pinpoint, within 
central northern B.C., stratigraphy favorable to the 
formation of Early Mississippian volcanogenic massive 
sulphide deposits similar to Kudz Ze Kayah and 
Wolverine, and also Dewno-Mississippian sedex 
environments ,in basinal stratigraphy west of the 
Cassiar batholith. 

In the Simpson Range, the Y&n-Tanana Termne 
forms a large klippe cut off to the southwest by the 
Tintina Fault. Figure 2 illustrates the history of the 
termne and the elements that make up its distinctive 
character, based on geology by Martensen and Jilson 
(1985). Besides; the crucial Early Mississippian rocks 
that host the vslcanogenic massive sulphide deposits, 
the Yukon Tanana Terrane is character&d by pre- 
Mississippian continentally-derived siliciclastic 
metasediments, Early Mississipp:ian intrusions that are 
coeval and probably cogenetic with the volcanic 
stratigraphy, Pennsylvanian and Permian limestone, 
Permian volcanic and plutcmic rocks, and cross-cutting 
Early Jurassic plutons. This capsule geologic history 
provides a “thwnbprint” of the terrane that can be used 
to help identify its correlatives. 

The closer;t “look-alikes” to the Yukon-Tanana 
Termne in no~h-cenual B.C are the Dorsey Termne, 
the Teslin Te,:tonic Zone (called the Big Salmon 
Complex in the Jennings River Map Area), and the 
Rapid River Tectonite in the Sylvester Allochthon 
(Figures 1, 2, 3). Although modem geologic map 
coverage in &se areas is rudimentary at present, they 
all are know to bear suflicient similarities to the 
Yukon Tanana. Terrane to warrant investigation for 
Early Mississippian volcanogenic environments. For 
the 1996 field iseason, targets were picked within these 
termnes, with consideration of added encouraging 
indicators, suc:h as rhyolites or known exhalative 
mineralization (Figure 3). The specific targets and the 
rationales for Their selection are as follows (listed in 
order of mapping): 

1. COT claims, along Cottonwood River, 11l40/8 
Known sedex mineralization. in rocks de:xribed as Earn 
Group (Catlro 1985; Gal and Nicholson 19 12) 

2. Dorsey Terrane new Blue Light claims. 1040/9 and 10 
Quartz-s&cite schist and Exiy Mississi >pian limrr;to:le 
encountered during 1986 field visit by the author 

3. Dorsey assemblage near McNaughton C -eek (104CI.‘l!) 
Possible stratigraphic equiva.lent of Target 2. 

4. Big Salmon Complex. Hazel Ridge, 104CV15 
Piedmontite schist (R. Stevens, personal :omnmnication); 
perhaps a metamorphosed Mu-rich exhalitc:? 

5. Nizi claims near Nizi Creek in th’i: Rapid :RLver 
tectonite, 104P/14-15 
Felsic volcanics reported to host epithenlal reins il3cnd 
1993) and by E&I Regional Geologis: Paul XJoQik 
(personal communication 1994) 

6. Southern Rapid River Tectonite mar Cry Lake, 
104P/lS 

Felsic metavolcanic float rerorted by H. (.abrielse, GS.C. 
(personal communication 1996) 

RESULTS 

Mapping of meta-rhyolite at two of the targa::;, ~12 
in the Dorsey Termne and #4 in th: Big E~alm~m 
Complex, shows that these two tectonic units are: ~.:kc:ly 
to COlltiIl appropriate stratigrap hy to host 
KZK/Wolverine-we \‘MS deposits. 

In target area #2, pyritic quartz-s&cite :;chist 
(meta-rhyolite tufo forms two tabular bodies viiU,in 
metamorphosed matic to intermediate tl,ti, interlxdded 
with limestone from which one Early Mississippian 
conodont age was obtained in 1986 (se: Table 1). On 
Hazel Ridge (target #4), quartz-sericite :;chist cxx~~rs in 
transitional contact with piedmontite-h~xnatite-bearing 
meta-chert. This meta-rhyolitelmeta-:iron formation 
couplet is identical to the snatigraphii.: setting of ihe 
Wolverine deposit. At target #l, extemive outcrops of 
siliceous black argillite strongly resembl : the Earr~ 
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AGE OF ‘THE WILLISON BAY PLUTON AND OVERLYING SEDIMENTS: 
IMPLICATIONS FOR THE CARNIAN STAGE BOUNDARk 

By M.G. Mihalynuk, B.C. Geological Survey Branch 
J.E. Gabites, University of British Columbia 

M.J. Orchard and E.T. Tozer, Geological Survey of Canada 

KEYWORLX geochronology, paleontology, Triassic, 
Camian, Norian, Willison Bay pluton, Skagway, Bennett, 
regional geology 

INTRODUCTION 

A nonconformity between the granodioritic Willison 
Bay pluton and Triassic sediment ins well exposed near the 
south end of At:iin Lake, northwestern British Columbia 
(NTS 104M/8; Ecigues 1 and 2). Earliest comprehensive 
mapping in the region (Christie, 1957) recognized this 
nonconformity and attributed a possible pre-Pennian age 
to the Willison Bay Pluton on the basis of overlying 
sediments that cemtain clasts of the pluton, which in hxn 
are capped by a l.imestone layer, believed at the time to be 
of Permian age. ‘Bulbnan (1979) considered the limestone 
to be Upper Triassic (Norian or Camian) in age based 
upon several fossil collections identified by John Wells 
(Cornell University) and himself. He correlated the 
limestone with the Sinwa Formation along southwest 
structural trend in the Tulsequah area. Subsequent 
mapping in the Atlin Lake (Mihalynuk el al., 1990, 1996) 
and Tulsequah :regions (Mihalynuk ef al., 1994, 1995, 
1996) confmt:d this correlation and led to the 
recognition of Camian fossils within strata behveen 
Sinwa Formation and the eroded top of the Willison Bay 
pluton (Figures Z! and 3). 

Bultman obtained K-AI age determinations on 
hornblende from two samples of the Willison Bay pluton 
which gave 180 +3 and 222 i5 Ma (recalculated from 
175 h-3 and 215 *5 Ma, using revised decay constants of 
Steiger and JBger, 1977). Argon loss during alteration of 
hornblende in th: less fresh sample, probably accounts for 
the younger age. The older age is consistent with Norian 
fossils in the overlying strata based on the Norian age 
limits of Harland et al (1990, 223.4 to 209.5; Figure 3), 
but is too young to be overlain by Carnian strata, unless 
the error limits for Camian stage boundaries are 
considered (235 *‘s/.,g to 223,4 *‘/., Ma; Harland et al. 
1990, Table 5.4). New data presented here provides better 
control on the age of the pluton. 

Absolute ages for Late Triassic stage boundaries are 
relatively unconstrained. They are lnterpolated from 
bracketing data sets, and as such, have large uncertainties. 
Imprecise Upper Triassic stage boundaries have been a 
source of confwion for mineral explorationists working 
in rocks from this important metallogenic time frame. 
Conflicting isotopic and biochronologic w 
determinations are recognized from geological 
investigations of the Guichon Creek Batholith (McMillan, Figure 1. Location of the study area, southern A tlin Lake 
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Figure 2. Generalized geology of area around Willison Bay (from Mihalynuk et al., 
1996) and location of fossil localities and U-Pb geochron sample site. 

1976); Lost Horse intmsions of Copper Mountain (Preto, 
1979); and plutons of the Missemla Lake area (Preto, 
1972). Thus, it is impottant to establish precise age 
determinations for all Upper Triassic magmatic rocks 
with corresponding biostratigraphic age control, such as is 
the case for the Willison Bay pluton. 

WILLISON BAY PLUTON SETTING 

The Willison Bay pluton covas about 42 km2 and 
extends from north of Willison Bay to the telminus of the 
Llewellyn Glacier (Figure 2). Resistant blocky outcrops 
tqpical of the pluton (Photo I) weather grrey to tan and are 

white, pink OI tan on fresh surfaces. Some joint surfaces 
are coated with epidote and chlorite. A weak to moderate 
foliation may be displayed. Potassium feldspar 
megacrysts up to 5 centimetres long (normally 2.5 cm, 
10%) may be weakly pathitic and commonly contain 
concentric zones of plagioclase and hornblende 
inclusions. Fresh, prismatic hornblende comprises up to 
4% (3 mm), altered biotite to 3% (~2 mm), and fine to 
medium-grained titanire 2% of the rock. Locally, all 
major mineral phases are phenocrystic. At such localities 
K-feldspar megacrysts (10 to 15%) occur together with 4 
mm tabular plagioclase phenocrysts (up to 60%), and 
grey quartz eyes (15%) in an aphanitic grey to pink 
groundmass. Modal mineralogy and X-ray fluorescence 
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Photo 1. Massive: non-porphy%tic phase of the Willison Bay 
pluton at the U-Pb age date sample site. Notm Graham for scale. 

analysis of major oxides indicate that the Pluto” is a 
metaluminous calcic granite (Figure 4). 

Western ant. southeastern CO”taCtS of the pluton are 
bounded by the Llewellyn Fault (Photo Z), a long-lived, 
high-angle crustal scale dip-slip fault, and a subsidiary, 
coalescing fault i:o the east. Southwestern pluton contacts 
are intrusive into greenstone of the Boundary Ranges 
Metamorphic Suite and foliated, polyphase leucogabbro 
that is probably #:omagmatic (\C’erner, 1978 unpublished; 
Wilto”, 1971; M:ihalyn”k et ai., 1996 and unpublished). 
The pluton also ,&rude-s leucogabbro on its northwestern 
margin. At its northern extremiq, the Willison Bay 
Pluto” is cut by the post-kinematic Cathedral Pluto” of 
probable Late Cretaceous age. Contacts on the 
northwestern margin of the Willison Bay pluton are “on- 
conformable with local, tier, sy”-(?) and post- 
depositional fault disruption. A sample for U-Pb age 
detamination was collected from central Willison Pluto” 
where it crops a”t on the alpine plateau south of Willison 
Bay (NTS 104M/l, UTM 553200E 6567000N, Zone 8V; 
Photo 1). 

Photo 2. (a) View to the north of the Willison ~luton’s fated. 
eaStem ccmtact at the terminus of the Lieu :Ilym Glxier. 
Conglomerate is visible at the fat astern foregw md. @) Close- 
up of the exposed faulted contact at Llewellyn Ir let. Craig IIan 
of the Yukon Geoscience Office for scale. 

U-PI, age determination 

Six zircon fractions from sample MM 192-50-l have 
bee” analyzed. Complete U-Pb analytic.,1 procedures 
employed at the UBC Cieochronology a: reporterj in 
Mortensen et al. (1995). Raw (data are pres::nted in Table 
1, and the analyses are plotted on a concor~:lia diagram in 
Figure 5. Five of the six samples lie on or ~:ear concwdia 
along a chord which passes through zero an:I.has a” ‘wpcr 
intercept age of 216 +4 Ma. The sixth fimction, which 
consisted of “nabraided tine non-magnetic zircon!;, 
appears to have lost lead. Now of the fraci .o”s appzar ta 
contain significant amounts of inherited zL!con, although 
fractions B and C may contain minor xenoxystic z:i:on. 
The linear array formed by fractions A, B a,nd C sug~;~:sts 
some degree of lead loss. 

A best age estimate for this rock is 215.6 l 4 MI, as 
defined by the correlated emxs regresr;ion (Ludwig, 
1980) that, is forced through zero and all fracfom;. 
Support of this age is given t#y the mean 106Pb/“81J and 
‘“‘Pbl’o”Pb ages for the two concordant fraaions F and G 
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Figure 3. Stratigraphy of the Willison Bay area, location of the Willison Bay pluton chronostratignphic tie point, and locations of 
micro and macrofossil faunas. Geologic time scale is that of Harland et al. (1990). 

CARNIAN-NORIAN VOLCANO- 
SEDIMENTARY SUCCESSION 

more comprehensive information about the Willison Bay 
section may wish to refer to these reports. Only selected 
parts of the succession are detailed here. A section from 
near the Llewellyn Glacier terminus is described here for 
the first time. 

Volcano-sedientary units that lie atop the Willison 
Bay pluton are described in Bultman (1979) and 
Mihalymk and Mountjoy (1990). Readers interested in 
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Figure 4. (a) Modzl mineralogy plot of the Willison Bay Pluton 
where Q = quanz, A= alkali feldspar and P = plagioclase. (b) 
Granite classification diagram of Ma,niar and Piccoli (1989) 
shows the ratio of A/@‘+K) versus AI(C+N+K) where A= 
Al2O3, C=CaO, X=Na20, K=K20. I(C) Granite classification 
diagram of Peacocl< (1931) showing the ration of Si02 versus 
K20 and Na20. Data are from X-ray fluorescence analysis of 
sample MMl89-2-2. 

0.17 0.19 0 23 20, 1'.22L 
Pbl U 

Figure 5. Concordia diagram for Willisan Bay pluton sarrpl~: 
number MM192-50-l. Six fractions are phtted. D&i ii 
summarized in Table 1. 

One of the most complete and best exI: osed sec.t on:; 
of Stuhini Group strata is exposed along rhe shore:; of 
Willison Bay. Between 2.5 (north shore) an’:1 3 km (:;cr~th 
shore) of strata are preserved above the Willison :Ela!, 
pluton. Clast populations exhibit a ‘reverse stratigr,%phy’ 
recording exhumation of the Stuhini xc. Volc:mic 
derived clasts dominate the lower conglorrerates (Photo 
3), plutonic clasts and finally metamorphic clasts gain 
importance in higher conglomerates. Where conglomerate 
directly overlies the Willison Bay pluton it is lc~cr.11:~ 
comprised of only pluton cl&s. This makes it difflcul: to 
determine the exact contact location. Mming ouhwrd; 
from bona fide igneous textures in the plu,ton, felds::w 
become turbid and grain boundaries indistinct. At ;about 
2m, vague boulder outlines (up to lm dianeter) wit. K- 
feldspar phenocrysts truncated at boulder margins, an: 
apparent in what otherwise appears to be an intiuiiw 
rock. A few mews farther upsection, Ibedding w;ith 
hydrodynamic sorting of mineral granule:: is apparent, 
and rare quartz& cobbles are present. Father up section, 
intermediate volcanic clasts become an impxtant, locall:i 
dominant, component. Some volcanic c&t,. are rec,~:led 
volcanic conglomerate, all are apparently derived from 
the exhumed Stuhini arc as probable source rocks can be 
mapped to the north. Metamorphic clasts ‘iecome IXIII: 
important upward, and at about 450m fr,,m the bise, 
pyritic. siliceous phyllite chipn dominate a 5.20m thicl: 
layer. Fine-grained elastic layexbecome m’xe prominent 
and are punchlated by maroon and green tuf ite (Photc, 4). 
Increasingly sparse pluton clar:ts and comr,on layer:; of 
pymxene crystal-rich elastics mark a transition fmrn an: 
erosion to another constructional phase.. Sheets of 
pymxene-phyric basalt (Z-20m thick I punc.tuatc 
deposition of calcareous siltstone and argillite (1.3m 
thick). About 350m above the first basalt flxvs (-1’lOOm 
above the base) are flows comprised of larg: pillow; ;2m 
diameter) with interpillow micrite (Photo 5). These, sit 
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TABLE 1. U-PB ANALYTICAL DATA FOR WILLISON BAY PLUTON SAMPLE MMI92-50-l. 

Fracti~n’~~ Wt. u 3 pb 3 206pb” PbS 2ospb Isotopic Ratio (i %la) Apparent Age (Ma, i20) 
mg ppm pp m ‘O’Pb pg % 6 mph, mu mpt,, 23s” io7PbP06Pb *oap+p~ ?07ptppb 

A +a 0.709 420 14 3193 185 8.2 0.03265 0.227 (0.24) 0.05042 207.1 214.6 (6.4) 
(0.18) (0.14) (0.7) 

B -b+c 0.491 485 16 10571 45 8.7 0.03286 0.229 (0.22) 0.05054 208.4 220 (2.2) \ , 
(0.22) (0.05) (0.9) _ ’ 

C -c+d 0.170 552 18 4176 46 9.3 0.03308 0.2308 0.05061 209.8 223.2 (12) ~ 
(0.27) (0.36) (0.25) (1.1) 

D -dna 0.278 795 23 3280 122 9.4 0.02884 0.1998 0.05025 183.3 206.4 (3.8) 
(0.19) (0.22) (0.08) (0.7) 

F +b 0.182 408 14 2831 55 8.7 0.03362 0.2341 0.05051 213.1 218.7 (2.7) 
(0.07) (0.09) (0.06) (0.3) 

G +b tim 0.208 402 13 5027 35 8.3 0.03376 0.2346 0.05039 214.1 213.1 (3.6) ~ , 
(0.10) (0.13) (0.08) (0.4) 

Notes: Analyses by J.E. Gabites, in the Geocbmnology Laboratory, Deparnnent of Earth and Ocean Sciences, U.B.C. 
IUGS conventional decay constants (Steiger and JBger, 1977) are: “8Uh=1.55125x10-‘oa-‘, 

23’Uh=9.8485x10~‘0a~1, “8U/‘3sU =137.88 atom ratio. 
1. Column one gives the label used in the Figure. 
2. Zircon fractions are labelled according to magnetic susceptibility and size. NM = non-magnetic at given 

amperes on magnetic separator. Side slope is given in degrees. All fractions are NM2A/l”, abraded except 
where indicated (na). Size fractions are: a 149, b 104, c 74, d 44pm. The - indicates zircons are smaller than, 
+ larger than the stated size. 

3. U and Pb concentrations in mineral are corrected for blank U and Pb. Isotopic composition of Pb blank is 
206:207:208:204 = 17.299:15.22:35.673:1.00, based on ongoing analyses of total procedural blanks of 
37 + 1 pg (Pb) and 6 + 0.5 pg (U) during the time of this study. 

4. Initial common Pb is assumed to be Stacey and Kramers (1975) model Pb at the 20’Pb/206Pb age for each 
fraction. 

5. Radiogenic Pb. 
6. Total Common Pb in analysis. 
7. Errors are % lo except 207Pb/2”Pb age errors which are 2 CT in Ma. 

above a scoured bed of Halo&z-bearing siltstone- 
argillite. The interpillow micrite contains Camian 
conodonts (see below). 

Approximately 7OOm of basalt flows and interflow 
sediments overly the Camian fossil locality and are in 
abrupt contact with a distinctive, 200m thick, continuous 
belt of bright green, poorly lithified hyaloclastite breccia. 
These cause pyroxene-phyric rocks display a sheared 
contact with overlying cherty, Nffaceous argillite and 
succeeding planar-bedded, quartz-rich, volcanic 
conglomerate and coarse lithic sandstone. Near the mouth 
of Willison Bay the volcanic conglomerate is st~cturally 
overlain by Sinwa Fm. carbonate, but the contact is 
intruded by The Cathedral pluton. On the south shore 
carbonate clasts within the conglomerate are common, 
suggesting a depositional tie with the overlying carbonate, 
but the contact is not exposed. Similar nebulous contact 
relations between Sinwa Formation and underlying 
volcanic conglomerate exist farther south along Atlin 
Lake. 

Llewellyn Glacier terminus 

Near the terminus of the Llewellyn Glacier, the 
Willison Bay pluton is in fault contact with up to 26Om of 
basal conglomerate. Like the section north of Willison 

Bay, the lower part of the basal conglomerate is 
dominated by clasts derived form the pluton. Contained 
withii the conglomerate are layers of red ash tuff, 
disrupted argillite and oncolitic carbonate. Metamorphic 
clasts are abundant at the top of the conglomerate, where 
it is overlain by pyroxene-feldspar crystal tuff and 
pyroxene-porphyry flows and flow breccia. Overlying, 
dark green, pillow basalt flows are porphyritic with 
medium to coarse-grained, crowded pyroxene (25%) and 
medium to fine-grained, tabular plagioclase (20%;). 
Laminated micrite at pillow intersections contains 
Camian conodonts (Table 2). An approximate 800m 
thiclaess of flows is exposed in semi-continuous outcrop. 
A covered interval separates them from’ presumably 
overlying maroon lapilli hlff comprised mainly of fme 
plagioclase porphyry. 

Siliceous argillite and fme siltstone containing 
Halobia (NWI89-4-3~ and MMI89-4-3~; Table 2) are 
directly overlain by pillow basalt with intelpillow miclite 
containing Camian conodonts (MMI89-4-3; Table 2; 
Photo 5). Hal&la are not sufficiently well preserved to 
permit identification to the species level. Thus, an age no 
more precise than Late Triassic can be assigned. 
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Photo 3. Polymicdc conglomerate derived in part from the 
Willison Bay plut~an. Farther down section this conglomerate is 
composed entirely of pluton-derived clasts. 

Conodonts were exfxtcted from samples of 
interpillow micrite from tlx U’illison Bay and Llewellyn 
Glacier terminus areas. They occur 1OOOm and 300111 
respectively, above the main conglomerate unit (MMI89- 
4-3 and MMI9’1.29-Z-3, Table 2; Figures 1, 2). Both 
samples contain Metapolygnathus identifiable only to the 
genus level; nevwtheless, a Camian age can be assigned. 

Photo 4. Tuffaceous interbeds within the ba ial congl’xnerate 
indicates the onset of an arc constructional p ,ase. Note wt ite 
granitoid boulders at right. 

DISCUSSION 

New age data from the Willison Plutw and over:yirlg 
strata indicate that the present age as:;igned to the 
Camian-Norian stage boundary is too old. Revision is :n 
order if the following conditions are true: (1) the 
estimated isotopic age is an accurate refleaion of the tnle 
age of the pluton, and (2) there are no crypiic thrust f:ults 
between plutonic conglomerate and fossil-bearing strata. 

Condition 1 appears satisfied since the U-Pb a(:e 
reported here (216.6 i4Ma) is the mo:t precise al:e 
determination from this body to date, is concordant wih 
an earlier K-Ar age determination (222 *5 Ma; Bultrxal, 
1979), and is concordant with a U-Pb date from the T&y 
Ho leucogabbro along the Llewellyn fault in the lilktmn 
(213.6 +0.6 Ma; Hart, 1995). Tally Ho :leucogabb,:o is 
correlated with the leucogabbro at Willisr,n Bay W>iC>, 
based upon textural evidence, is believed :o be a w:v~l 
precursor intrusive pulse of the: Willison Ba y pluton, 

Condition 2 also appears to be satisfied Althou:g:~ the 
section contains a mapped fault, it is a high angle fault 
which does not repeat stratigraphy. Presvwation of in 
original stratigraphic succewion without repetition is 
supported by: (1) lack of any near be,ldiig pamll:l 

TABLE 2. CARNIAN-NORIAN FOSSIL COLLECTIONS FROM THE: WILLISON BAY 
AND NEARBY CORRELATIVE STRATA. 

Field No. 
--.--. 

GSC No. UTM E UTM N Fossil Genus and Species Determine, d Age 
Zone 8 =i=-: 

Norian Conodcnts 
87JR-45-5 C-153920 52375 6625350 Epigondolella ex gr. bidentata Masher Late Norian 
Carnian Conoc’onts 
MMI89-4-3 C-153954 553500 6572000 Metapolygnatbus sp. 
MMI91-29-3-2 C-153992 559450 6555800 Metapolygnatbus sp. 
Carnian Macrofossils 
NW89-4-3c C-153949 553500 6572000 Halobia sp. 
MMI89-4-3c C-153962 553500 6572550 Halobia sp. 

Camian 
Camian 

Upper Triwsic 
Upper Triassic 
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fossil site would have a minimum absolute age of about 
214.4Ma. 

A more precise Late Triassic time scale for the 
British Cohnnbian Cordillera will be of benefit to mineral 
explorationists, regional mappers and researchers with 
interest in this important metallogenic epoch. Ongoing 
revision of the Late Triassic time scale will also 
complement the work of J. Pilfy (e.g. Pblfy, 1996) which 
focuses on revision of the Jurassic Time Scale. 
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19921 Youneesr Exwsed Granitold Pluton on 

Photo 5. Pillow basalr with interpillow micrite containing 
Camian conodonts sits atop a scoured set of silty argillite beds 
containing Halobia. 

foliated zones, (2) upsection decrease in abundance of 
igneous clasts derived from the Willison Bay pluton, (3) 
upsection increase in pyroxene crystal tuff component of 
sediments upon approaching pyroxene basalt flow units. 

Exposed sections indicate that at least 1 km of strata 
was deposited atop the eroded Willison Bay pluton prior 
to deposition of strata containing Camian fossils. Hence, 
the Camian fossils must be younger than 216.6 +4 Ma. 
The Camian-Norian boundary set by Harland er al., at 
223.4 *‘ij Ma, is concordant with the new U-P\, date, but 
only at the very limit of combined errors. A downward 
revision of the Camian-Norian boundary by a minimum 
of 2.8 Ma is required to agree with the maximum age 
indicated by the U-Pb date (220.6 Ma). This still assune~ 
that no time elapsed while the Willison Bay pluton was 
intruded, cooled, exhumed, eroded and buried by 1 km of 
sediment. The youngest exposed granitoid pluton known 
on Earth has a solidification age of 2.2 i0.3 Ma and was 
probably exposed in middle Pleistocene time (Harayama, 
1992). If Willison pluton exhumation was equally quick, 
and if immediately following exhumation, the overlying 
sediments were instantaneously deposited, the Camian 
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THE PALEOZOIC MASSIVE SULPHIDE PROJECT: 

AN INVESTIGATION OF YUKON-TANANA CORRELATIVES IN 
BRITISH COLUMBIA 

JoAnne Nelson, Steve Sibbick, Trygve H6y, Peter Bobrowsky, and Michael Catbro 

INTRODUCTION 

Cominco’s 1994 annooncement of the 
discovery of significant stratiform sulphide 
mineralization in the ABM zone, later called the 
Kudz Ze Kayah project, generated a strong swell 
of staking and exploration in the Finlayson Lake 
area of the sourhem Yukon. One result was 
Westmin’s optioning of claims held by Ama 
Resources Ltd., near Wolverine Lake 20 
kilometres southeast of Kudz Ze Kayah. In 1995 
Westmin announced several ore-grade sulphide 
drill intersections at Wolverine. These dual 
soccesses have spurred Yukon exploration to an 
all-time high in 1996, in terms of both 
expendimres and claims staked (J. Hunt, 
personal communication, 1996). 

Kudz Ze Kayab and Wolverine lie 
within the Yukon Tanana Terrane. The 
volcanogenic massive sulphide orebodies are 
hosted by metamorphosed sequences of Early 
Mississippian rhyolite, argillite, matic toff and 
coeval, probably cogenetic plutons The Yukon 
Tanana Terrane is not confined to Yukon. In 
Alaska it extends into the Alaska Range, where 
it hosts the VMS deposits of the Delta and 
Bonnifield districts. In British Columbia, Yukon 
Tanana extensions and correlatives include the 
Nisling Terrane in the Coast Mountains, which 
hosts the Ecstall deposit and which may be 
related to the Stikine Assemblage around the 
Tolsequah Chief deposit,; pericratooic terranes 
of far northern B.C.; and the Kootenay Terrane, 
which hosts Late Devonian(?) VMS deposits in 
the Eagle Bay Assemblage north of Kamloops 
(Nelson, this volume, Figure 1). 

This multidisciplinary project was 
undertaken by the Geological Survey Branch to 
emphasise the exploration opporhmities afforded 
by these large tracts of promising but 
underexplored pericratonic terranes in British 
Columbia. The various component studies are 
designed i:o fill gaps in the present state of 
knowledge about parts of these terranes, 

particularily in the style and distribution of 
known mineral deposits, and offer new .deas 
about how additional discoveries might be made. 

The Yukon Tanana correlative ten’anes 
in the far north are poorly known, with little 
geologic mapping since initial 1:2511,000, 
coverage by the Geological Survey of Canala in 
the early 1960’s. They arc also underexplxed: 
prior to the 1994-95 discoveries, the Yukon 
Tanana Terrane was not considered to be highly 
prospective ground. Therefore, the norhern 
bedrock project aimed at reconnaiwnce 
mapping of target areas scattered through these 
terranes, in order to locate Devona- 
Mississippian volcano-sedimentary units that 
might host VMS deposits. This projeszt is 
conducted by JoAnne Nelson. 

In contrast, the Eagle Bay Assem Jlage 
in the southern part of the Kootenay Temne is 
well-mapped and has been extensively explored 
by traditional methods. It is likely that new 
discoveries will be in drift covered or forested 
areas. The current focus there is on establi;;hing 
geochemical dispersal signatures for known 
deposits via detailed till geochemistry swveys 
and biogeochemical orientation stud& of 
selected examples of the region’s key mineral 
deposit wes, and on providing rel:ional 
hydrogeochemical (stream ‘water chemistry) 
data Peter Elobrowsky and Steve Sibbicit are 
responsible for this work. 

The Kootenay Tenane as a whole, 
because of its easy accessibility, migllt be 
assumed to be well explored; but the disc:overy 
of a sulphide boulder train near Barkeni:le by 
Barker Minerals in 1994 (Ace pro!~erty) 
emphasised that new grassroots finds an: still 
possible. In a third contribution to this pl;oject, 
Trygve HOy is documenting the highly varied 
stratigraphic settings of syngenetic mnera- 
Ii&ion in the Kootenay ‘Terrane. More tlwn the 
Yukon Tanana, the Kootenay Terrane sh’ws a 
prolonged history of continent margin extr: nsion 
and related hydrothermal systems, from 
Cambrian to Mississippian. These offer 
alternative models for exploration that should be 
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pursued along with the currently popular deposits in both Middle Cambrian and Devonian 
Devono-Mississippian scenario. volcanic rocks. 

RESULTS 

NORTHERNBRITISH COLUMBIA 
RECONAISSANCE 

With restoration of 450 kilometres of 
dextml displacement on the Tintina fault, the 
rocks of the Finlayson Lake area are on strike 
with the Teslin Tectonic Zone, which extends 
south into the Jennings River map area of 
northern British Columbia. Its equivalents there 
are the Big Salmon Complex (Gabrielse, 1969) 
and the lower pan of the Dorsey Termne, which 
forms a belt a few kilometres west of the Cassiar 
batholith. A third possible Yukon-Tanmm 
correlative in northern B.C. is the Rapid River 
Tectonite in the Sylvester Allochthon, an 
assemblage of highly deformed rocks intruded 
by Early Mississippian plutons (Gabrielse and 
Hams, 1989). This year’s brief reconnaissance 
of these three terranes yielded metamorphosed 
felsic volcanic rocks analogous to the 
stratigraphy hosting Kudz Ze Kayah and 
Wolverine at two separate localities, one in the 
Big Salmon Complex and one in the lower part 
of the Dorsey Terrane (Nelson, this volume). At 
the tist locality, piedmontite-hematite meta- 
chert interbedded with the metarhyolite is 
similar to the hanging wall iron formation at 
Wolverine. 

Massive Pb-Zn deposits occur in basal 
Eagle Bay rocks of the Kcotenay terrane on 
Adams Plateau and in possibly correlative 
Cambrian successions in marginal North 
American rocks Large, highly deformed and 
metamorphosed Pb-Zn deposits, some with 
Broken Hill-m characteristics, also occur 
+thin paragneisses of the Shuswap Complex. 
One of these, Cottonbelt, is currently being 
explored by Canquest Resources, Inc. 
Volcanogenic massive sulphide deposits in the 
Index Formation, the basal unit of the Lardeau 
Group, record hydrothermal activity during 
Lower Paleozoic regional extension. The 
Goldstream deposit has closed recently; 
however, Rain continues to be actively explored 
as does the Ace prospect in the Barketille 
Tmane near Likely. 

Late Devonian arc volcanics in the 
Eagle Bay assemblage contain a number of 
p+ne%dlic VMS deposits, including Rea and 
Homestake. Work this Past SummeI 
concentrated, in pan, on a disseminated copper 
sulphide deposit, Harper Creek, located near 
Vavenby (Hay, this volume). Reconnaissance 
work in the Barkewille terrane recognized 
possibly similar volcanic arc stratigraphy, 
associated with Late Devonian intrusive rocks, 
enhancing the exploration potential for massive 
solphide deposits here as well. 

EAGLE BAY HYDROGEOCHEIkfICAL 
SURVEYAND ORIENTATIONSTUDIES 

METALLOGENY OF THE KOOTENAY 
TERRANE, SOUTHERNAND CENTRAL 
BRITISH COL lIiMBL4 

The Kootenay Terrane comprises 
intensely deformed, variably metamorphosed 
elastic sediments, subordinate volcanics and 
limestones ranging in age from Proterozoic to 
Triassic. Major rock packages in the Kc&may 
terrane include the Lower Paleozoic Lardeau 
Group, the Eagle Bay Assemblage, eastern 
assemblages of the Late Paleozoic Milford 
Group, and equivalent rocks in the highly 
metamorphosed Shuswap complex to the west. 
The Barkewille and Caribou terranes flier 
north are similar pericratonic terranes. 
Reconnaissance work this past summer focused 
on the variety of massive sulphide deposits in 
these terranes, including SEDEX deposits in 
dominantly Cambrian successions and VMS 

The Eagle Bay Assemblage of the 
Kootenay Termne is a 40 by 80 kilometre belt 
located between Shuswap Lake and Clearwater 
in south-central B.C. The area is well known for 
its volcanogenic massive sulphide deposits. 
Small, high-grade deposits such as Homestake 
(Kamad) have been explored and mined since 
the early pan of the century. Exploration activity 
boomed from the mid-1960’s to the late 1980’s, 
fueled by the discoveries of Harper Creek, Chu 
Chua, Rea and Samatosum in 1966, 1978, 1983, 
and 1986 respectively. Despite the demonstrated 
high mineral potential, exploration has waned in 
recent years: since 1991 very few significant 
drilling programs have been conducted and 
numerous claims have lapsed. Numerous 
prospects and deposits are currently available for 
kptiin. 

The Eagle Bay Assemblage shares a 
similar geologic and tectonic history with the 
Yukon Tanana Terrane. Both termnes embrace 
a moderately to strongly deformed and 
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metamorphosed package of sedimentary and 
volcanic rocks deposited in a rifted continent- 
margin setting horn Cambrian up to Late 
Devonian time, with a superimposed Devono- 
Mississippian magmatic arc. Common elements 
include Devono-Mississippian mafic to felsic 
metavolcarncs and associated Kuroko-type 
polymetallic deposits and large areas of 
associated quartz-s&cite-pyrite alteration; and 
plutons tha: are coeval and probably cogenetic 
with this magmatic event. Adjacent late 
Paleozoic oceanic terranes - the Anvil 
Assemblage: in southern Yukon and the Fennel1 
Group in southern B.C. - contain Cyprus-rype 
massive sulphide copper deposits. The newly 
disovered Ice prospect of Expatriate Resources 
Ltd. in the .Anvil Range is similar in setting and 
metal content to the Chu Chua deposit in the 
Fennel1 Group. 

The Adams Lake- Clearwater area has 
moderate terrain, excellent infrastmctore and 
access, and a very good database of geological 
and exploration information (Schiarizza and 
Preto, 1987). The completion of a Land and 
Resource ivtanagement Plan for the area in 1995 
means that the land use situation is relatively 
stable, with no new alienation issues likely. 

Exploration in the area has been 
hampered by the obscuring effects of 
metamorphism and deformation and the 
relatively small size of the target deposits in the 
region. The presence of carbonaceous interbeds 
in many of the prospective rock units makes the 
interpretatiun of electromagnetic geophysical 
data problematic. Extensive overburden cover is 
probably the most significant obstacle to mineral 
exploration. In future, geochemical exploration 
techniques will play a key role in new mineral 
discoveries. 

Two exploration geochemistry programs 
were conducted as part of the Eagle Bay project 
(Sibbick et al., 1997). These included a regional 
hydrogeocbemical (stream water chemistry) 
survey and a detailed soil and biogeochemical 
otientation study of selected examples of the 
region’s key mineral deposit types. The goals of 
the Eagle Bay Exploration Geochemistry 
program are to: 

. Produce regional stream water geochemistry 
maps of major and minor elements. 
l Determine critical geochemical exploration 
parameterr~ for massive sulphide mineralization 
in overburden covered areas. 

Details of this survey are reported in 
Sibbick ef al. (1997). The hydrogeochemical 
survey involved the collection of stream waters 

from primary and secondary drainages and the 
in-field measurement of the field parameter:; pH, 
redox potential, conductivity and temperance. 
Filtered and acidified water samples ‘Nere 
analysed by ICP-MS for approximately 70 
elements; sulphate was also determined on 
unfiltered sample splits Results are curmntly 
being compiled for release in early 1997. 

EAGLEBAYSURFICIAL GEOLOGY 
AND TILL GEOCHEiKZSTRY SClRM Y 

Quaternary geologic mapping and till 
geochemistry surveying was initiated and 
completed in 1996 by the B.C. Geological 
Swey Branch with assistance from the 
Department of Earth Sciences, Simon F:aser 
University The study area, located northeast of 
Kantloops includes most of NTS 82MI4 (A~:tams 
Plateau) and 82M/5 (North Barriere Lake), or 
approximately 2000 square kilometrez, of 
wgd drift-covered terrain, over, ymg 
economically interesting Devono-MississilPpian 
rocks of the Eagle Bay Assemblage. Work 
centred on two related components which, rely 
on the use of drift covered terrain exploration 
methods: 

Surficial mapping at a scale of 130 000 
including airphoto interpretation and upwards of 
50% polygon checking for ground truthing and 
sampling of basal till deposits as part of a 
reconnaissance level till. geochemistry 
exploration project for analysis of major and 
minor elements by ICP and IN.4. 

Surf&l mapping completed on both sheets 
resulted in the identification of several types of 
deposits, which in order of abundance inc uded 
basal till, ablation till, colluviated till, 
collwium, glaciofluvial, fluvial, glaciolacu:;trine 
and organic sediments. Terrain geology maps 
have been published for the two map sheers (cf 
Dixon-Warren et al. 1997b, Leboe ef al. 1997). 
A total of 660 field stations were used to -reri@ 
air photo interpretations. Details of the stnficial 
mapping efforts are given in Dixon-Warren er 
al. (1997a). Samples collected as part cf the 
survey were only obtained from de;losits 
representative of the first four types. A t&l of 
525 samples were collected and analyzed. 
Details regarding the till geochetaistry 
component are presented in Bobrowsky ?f al. 
(1997). 

Results of this work indicate that although 
the area was glaciated more than once, exposed 
sediments overlying bedrock are products af the 
final glaciation during the Late Wiscon;inar. 
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Glacial ice which covered this area originated in 
the northwest and expanded south and 
southeastward towards the USA border between 
22 000 and 11 000 years ago. This simple ice 
flow history is ideal for drift exploration 
purposes, as is the fact that overburden cover in 
the area is minimal, rarely exceeding a few tens 
of metres and commonly being less than a few 
metres thick. Coupled with the obselvation that 
most sediments are basal till in origin, the 
reliance on the smficial maps and till 
geochemistry swey maps thus provides a very 
good oppixtunity for further exploration activity 
directed toward buried mineralization. 
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SUB-BASIN RECOGNITION IN THE PURCELL ANTICLINORIUM 

By Andrew Legun 

KEYWORDS: Aldridge Formation, Sullivan Deposit, 
Moyie sills, synsedimentary faults, marker laminites, 
Fringe marker, stratigraphic isopachs 

INTRODUCTION 

This study traces the stratigraphy above and below 
the Sullivan deposit. Thickness trends are assessed within 
a regional context. The presence of marker laminites 
within the Middle Aldridge facilitates such a study. 
Cominco has identified more than twenty marker zones, 
some of great lateral extent (Heuhschmann, 1973). Hagen 
(1981) used the markers to evaluate sedimentation 
patterns between time lines. He concluded, “It should be 
possible to assess the role of syndepositional faulting in 
the evolution of the basin and in ore formation.” The 
present study pursues this theme. It considers the 
stratigraphic interval from the Fringe marker to the 
footwall quartzite below the deposit. The area of study 
extends from the Kiiberley area to Moyie Lake (Figure 
I). 

THE SULLEVAN DEPOSIT 

The Aldridge Formation hosts the Sullivan deposit, a 
large stratified lens of iron-lead-zinc sulphides. The lens 
rests on intrafonnational conglomerate which in n~71 
overlies a tourrnalinite pipe consisting of breccia, altered 
strata and veinlet sulphides. 

The orebody is up to 100 metes thick and about 
2000 metres in diameter. The orebody consists of massive 
sulphides that grade vertically and laterally into 
interbedded sulphides and elastic rock. The sulphides 
comprise pyrrhotite, sphalerite, galena and pyrite in 
bands, which are very finely laminated over distances of 
two kilometres. Synsedimentary features include delicate 
monomineralic bands, clasts of pyrrhotite indenting 
sediment lamir.ae, and soft sediment slumps of sulfide 
rich sedtient (Hamilton et a!.. 1982; Ransom 1989, see 
photo 15) 

The Sulliwn deposit formed as a result of discharge 
of metal-bearinz hvdrothemml fluids to the seafloor 
through a ventYsy&n. The well-bedded eastern ore 
formed as a result of precipitation from a convecting 
brine cell developed over the vent (H6y et al., 1990). 

The depor;it grades laterally into a fme grained 
sequence of rocks, the Sullivan facies, located at the top 

of the Lower Aldridge Formation and lyin;: directly under 
coarser sediments of the Middle Aldridge. 

‘Regionally the Sullivan facies has elevated valws of 
Pb, Zn, Ag. For this reason there has :xen exterlsie 
drilling to the Sullivan “horizon” in search sf other v,:nt:;. 

THE DEPOSIT MODEL 

The model for shale-hosted submal,ine exhaiatiue 
deposits stresses the importance of sub-l:,asins wit?in a 
host extensional basin. Subbasins are bounded by fsults, 
and such basins may host ore deposit:,. The H&:u 
embayment is a second order basin; a rf,-entrant 2~: t:x 
eastern edge of the Aldridge basin in Mont ma. The Sae,:p 
Creek Cu-Co camp is related to the Volc~:mo fault at tx 
edge of the embayment (Himes and P<,:terson, 1990). 
Here, dramatic facie changes within the Newland 
Formation mark the fault. 

Winston (1986) notes that it is not eas:, to discem t,le 
faults of the Helena embayment away :liom the basin 
edge. Their principal signature within tx main basin 
appears to be dramatic thickness changes a Id areas of soft 
sediment deformation. 

The Sullivan deposit I:& well wihin the main 
Aldridge basin (Hey, 1993) within a second order twin. 
The trace of the Kiiberley fault relates to the or:&11 
bounding fault. The faulr parallels offsets in isopachs of 
overlying Middle Aldridge turbidites (HO Y 1993) and is 
associated with anomalous concentration >f toumalin te 
and conglomerate (Hay ef al 1993). Howev~:~~ tx 
Kimberley fault may differ in trend frc:m an or:giral 
stmcrure. Thickness isopachs as in Figure 2 are a <dire:ct 
means to locate and determine the trend of wch a 
st~cture. Figure 2 shows the eastern margin of tx 
Sullivan sub-basin defmed by a rapid twinning of’ tie 
Fringe to Sullivan horizon intsrvat. 

The Sill Factor 

Numerous sills and minor dikes intmle the Al,drid:e 
succession. Locally sills may occupy a hign proportion of 
the stratigraphic interval. For ~example, TUI ner ef al, 1922 
estimate the aggregate thicknass of gabbro exposed. ~1 the 
Lower Aldridge near Bootleg Mountain us 1000 menes 
within a sequence 3000 metres thick. 

The sediment adjacent to the sills shows ferhues 
ranging from original beddblg, to disturxd areas wth 
fluid escape struch~~s, ‘to homogenized .md chemica!ly 
altered sediments. HBy (11989) concluded that sonu: sills 
intruded wet unconsolidated sediments at sihallow depths. 
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NORTHERN r.7 .: AREA 

Figure 1. Location of data 
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Figure 2. Isopach map of Fringe marker to Sullivan horizon ( after Delaney 1983). 

‘These syxsedimentary sills are part of the history of 
subsidence in the Aldridge basin. H&y (personal 
comnnmication, 1996) suggests they record periods of 
basin extension, deepening and increased heat flow. 
Buckley and Sears (1995) give evidence of growth fault 
development as a result of sill inhusion near Perma, 
Montana. Such growh faults may be a consequence of 
differential loading by the dense magma. 

The writer sought evidence for changes in the 
thickness of stratigraphic units at the margins of thick sills 
where growth faults may occur. 

METHODS UTILISED 

‘The writer gathwed drill log data from the Vine, 
Fors, McNeil, Eng, Bar, McNeil, Mt. Mahon properties, 
as well as Cominco p,ropenies extending east and west of 
the Sullivan mine. The author examined core from the 
Vine, McNeil and IFors properties, examined a type 
section at Rabbit Foot Creek with Trygve Htiy, and 
reviewed Cominco exploration reports. 

Marker laminite data was collated. The trigonometric 
formulae found in Ragan (1985) were applied to specific 
drill hole data. For example holes drilled to intersect the 

Vine vein were not drilled in a strike-normal c~.irection. 
The result is an apparent bedding dip in drill core. In 
these cases, mx bedding orientation was sou;:ht t?om 
geologic maps. 

A contouring program - Quikgrid, by W.J. (1 oulthard 
(Internet address: w.j.coulthard@ubc.ca) was used to 
delineate trends. Due to proprietary interests th,: data is 
not complete, ie. marker data is not available. 

STRATIGFCAPHY 

The stratigraphic subdivisions utilised in tllis study 
are as follows (Figure 3): 

In the Lower Aldridge- Foohvall quartzit~::, Upper 
Siltstone and Sullivan f&es; 

In the Middle Aldridge- U quart&e axl Fringe 
marker. 

Lower AIdridge 

The Lower Aldridge is dominated by rusty wacke 
which is interbedded with siltstone and quartz wacke. 
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Figure 3. Stratigraphic subdivisions utilised to assess thickness trends in the study area. Not to scale. 

The footwall auartzite is similar to the Middle 
Akhidge, consisting of quartz wacke with thin mudstone 
tops. Thin quartz lminae separated by pyrrhotite-biotite 
microlamime form markers of local extent. 

The Uooer Siltstone consists of interbedded siltstones 
and fme gmined wacke, subwacke with an occasional 
quartz wacke bed. The top of the Upper Siltstone is 
characterised by slates at the foohvall of the Sullivan 
deposit 

The Sullivan facies at the top of the Lower Aldridge 
consists of laminated to non laminated argillite, 
mudstone, siltstone and wacke. The wacke may be 
graded. Flat, parallel laminations of pyrrhotite are 
common. Intervals of slumped sediient are often seen in 
core as sets of intersecting laminae. The upper contact 

may be sharp or grade into the U quamite. In the area of 
the deposit, the Sullivan facies includes thick tubidite 
beds, locally derived from slumping, and sulphide bands, 
intimately associated with argillite. 

Middle AIdridge 

Beds of quartz wacke and wacke interbedded with 
siltstone and argillite dominate the Middle AIdridge. 
Locally the thicker quartz wacke layers have flute or load 
casts at their bases. The occasional unit is crossbedded, 
very thick bedded or lenticular. The quartz wackes 
commonly srade into wacke in the top few centimetres. 
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HARPER CREEK: A VOLCANOGENIC SULPHIDE DEPOSI’r 
WITHIN THE EAGLE BAY ASSEMBLAGE, KOOTENAY TERRhNE, 

SOUTHERN BRITISH COLUMBIA (82M/12) 

Trygve Hiiy 

KEI’R’OJZDS: Volcanogenic disseminated sulphide 
deposit, volcanogenic m&ye sulphide deposit, 
Devonian, Kootanay Terrane. 

INTRODUCTION 

Harper Creek is a volcanogenic stilphide deposit 
within highly deformed Late Devonian metavolcanic 
rocks of the Eagle Bay Assemblage (Figure 1). As well as 
disseminated cbalcopyrite, it includes a number of 
massive to semlmassive magnetite-sulphide or sulphide 
IayerS. 

The deposit is located near the headwaters of Harper 
Creek, 10 km southwest of Vavenby and approximately 
100 kilometres n.orth of Kamloops in south-central British 
Colombia. The area is in heavily wooded mountainous 
terrain within the Shuswap Highlands, at elevations 
ranging from approximately 1400 to 1700 mews (Plates 
1 and 2). Overburden in the immediate deposit area is 
extensive and exposures are mainly restricted to trenches 
and logging or exploration road cuts. A large part of the 
deposit area has been recently logged. 

Access to the property is provided by the Lost Creek 
road south from Vavenby, then the Jones Creek (11.1 km) 
and Barr&e L&e (2 km) logging roads. 

rkerville Terrane 

otenay Terrane 

Figure I: Terrane map showing location of selected massive 
sulphide deposits in the Kootenay terrane, southern British 
Columbia. 

This paper is part of a regional smtiy of mwive 
sulphide deposits and mineral potential of the Kootcnay 
Terrane of southern British Columbia and ,lhe correkrzive 
Yukon-Tanam Terrane in the northern part of the 
province and Yukon Territory. It smnmarizr:s four day,: cf 
detailed trench and road mapping in laie Septembe:~, 
1996; results of exploration drilling, just commenced. are 
not included. 

EXPLORATION HISTORY 

Noranda Exploration Company Ltd. staked th: Sue 
and Goof claims in 1966 as a result of a reconnaiss,mce 
geochemical survey, followed immediately by staking cd 
the Hail claims to the east and south by (:!uebec Catic:r 
Mining Company. Exploration of the two !rroperties ,wz,s 
carried out independently until 1970, folkwed by a ,ioirlt 
venture under Noranda’s supervision. Th,is explorxiion 
included soil geochemishy, geophywal surwyzr, 
trenching, geological mapping, and more I XUI 25 8C~O m 
of diamond drilling in 163 drill holes. Two ad.jsr:ent 
mineralized zones were defmed, the East Z~.lne on Qu:bec 
Cartier property and the West Zone on the Namnda 
property (Figure 2) with combined reswes of 85.5 m 
tonnes containing 0.388 percent copper (KG&, 1974). 

Based in part on recognition of volcano: genie mawi\ e 
sulphide potential and precious metal content, Aruun 
Mines Ltd. acquired the Hail claims in 19% and 
continued trenching, geological mapping md sampling. 
Phillips Barr&t Kaiser Engineering Ltc:.., in a :?n:- 
feasibility study, calculated total “mineable resent:; of 
65.3 million tomes grading 0.36 percent copper, 0.040 
g/tome gold and 2.2 g/tonne silver”. The: Noranda and 
Quebec Cartier properties, collectively ref!xred to a; tke 
Harper Creek deposit, have been inactive lmtil work this 
past fall by American Comstock Explomtions Ltd of 
ibCOW& 

Initial work proposed by Americm Conu~totk 
includes a UTEM geophysical sorvei, base line 
environmental studies. metallweical studies and diamor~d 
drilling. Diamond drilling con&enced in I.ae September, 
1996 to determine the northeastern extent and gr;ub: of 
mineralization. 

,--_-- 
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AGE OF MINERALIZATION, CITY OF PARIS VEINS, GREENWOOD ARE:A 
(82E/2E) 

By B.N. Church, P.Eng. 

--.-- 

REWORDS: Cieochronology, K/AI age, City of Paris 
vein, Lexington property, Greenwood area 

INTRODUCTION 

This report is an update on the age of the City of 
Paris vein system on the Lexington property, Greenwood 
mining camp, south central British Columbia (Figure I). 
The Greenwood camp is located at the north end of the 
Republic graben,, one of a number of Tertiary grabens in 
southern British ‘Columbia and northern Washington State 
which have associated precious metal vein mineralization. 
For example, the Knob Hill mine at Republic, 
Washington, exploits a significant gold-silver deposit 
associated with Tertiary faulting and related shuctures 
(Lasmanis, 1996). Similar occurrences in British 
Columbia include the Brett and Dusty Mac mines .in the 
Okanagan area, and the Picture Rock and Tam ‘0 Shanter 
occurrences nezr Greenwood (hleyers, 1988; Church, 
1973, 1986 and 1996). 

r- 

Figure 1. Location Map, Greenwood camp 

Exploration on the Lexington property in the 
Greenwood area first focussed on the gold and silver- 
bearing quartz veins and stockworks associated with the 
Lexington quartz porphyry and serpentinite. At the turn of 
the century, workers at the City of Paris mine developed a 

1 

system of discontinuous quartz veins extencing for ialmut 
400 “IetreS along the upper contact of t,e Lexin~:toIl 
intrusion and in the overlying serpentinite. At this time: 
the City of Paris mine yielded ‘1639 tonnes <of ore gmding 
13.7 grams per tonne gold, 71 grams per torme silver and 
3.12 per cent copper. Porphyry-style ‘r~dneralizition, 
similar to the nearby Lone Star mine in W&i&on :E:;ite, 
is the subject of ongoing development by I!&annia Gold 
Corporation and Bren-Mar Resources Ltd. (Seraphirr. ef 
al., 1996) 

r- 

.P 
-0 

/ 

Figure 2. Geology of the Greenwood - Bouildary area tier 
Chewy ef al. (1994), Fyles (1990) and Church (1986), shwaing 
interpretation of late Cretaceous-early Terti;;ry stress fields 
(ellipsoids); Tp - Penticton Group (Eocene);, Trb - Bro:kl:in 
Group (Tmassic); Pa - Athvoad Group (Pemu III); Pk .. Iae,b 
Hill Group (Paleozoic); urn - ultramafic rocks. 

GEOLOGICAL SETTING 

The City of Paris vein system is associated with tne 
No. I fault zone and a belt of serpenti&: that tnw:rses 
the Lexington property on the Canada United :Ital,es 
border (Little, 1983). The fault zone is an :ulck:nt 
structure believed to be a possible contnuation uf the 
Chesaw thrust in Washington State (Chewy ef al., 1994). 
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U-Pb AGES FOR INTRUSIVE ROCKS AT THE HUCKLEBERRY 
PORPHYRY COPPER DEPOSIT, TAHTSA LAKE DISTRICT, WH~ITESAII, 

LAKE MAP AREA, WEST-CENTRAL BRITISH COLUMBIA (93E/ll) 

By RM. Friedman and S. Jordan, Department of Earth and Ocean Sciences and Mineral 
Deposit Research Unit, University of British Columbia 

(MDRU Conttibution 085) 

KEYWORDS: U-Pb, zircon, Huckleberry deposit, 
porphyry copper, Bulkley intrusions, Hazelton Group 

INTRODUCTION 

The Huckleberry porphyq copper deposit is 
located about 85 km southwest of Houston, in the 
Tahtsa Lake district of west-central British Columbia 
(Whitesail Lake map area; 93E) (Figure 1). Previous 
workers have associated mineralization at the 
Huckleberry deposit with the intrusion of two small 
porphyry stocks into Hazelton Group countq rocks 
(Carter, 19741 James, 1976; Jackson and Illerbrun, 
1995). In this report we present new’ U-Pb data and 
interpreted ages for samples from these intrusions. 

This work: is one component of a regional U-Pb 
dating shldy of mineral deposits in central British 
Columbia. A more focused mapping, metallogeny and 

geochronology study continues at ihe Hucklebt:rry 
deposit and in the Whiting Creek area to the nwth 
(Figure 2). Both of these investigations an: being 
conducted under the auspices of the Magmatic- 
Hydrothermal Project of the Mineral 1:eposit Rrr,earch 
Unit. The U-Pb ages reported herein ‘were deteunixd 
at the Geochronology Laboratory of thl: Depannw: of 
Earth and Ocean Sciences: at the University of lilrilish 
Columbia. 

PREVIOUS WORK 

The first regional bedrock m.lpping cf the 
Whitesail Lake map area ‘was condo&d in the 1930’s 
(Medley, 1935). Mapping continued during the 1940’s 
and 1950’s, culminating in the publil::ation of 6; fbur 
mile map sheet and an accompanyin.; report by the 
Geological Survey of Canada (&tTell, 19t;9). 

Figure 1. Location map of west-central British Columbia showing the Whitesail Lake map area (NfS 93E) and thr area of Fiyx: 2. 
Inset shows regional position of the ‘Tahtsa Lake area in west-central British Columbia. 
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STRATIGRAPHY OF THE TATOGGA LAKE AREA 
NORTHWESTERN BRITISH COLUMBIA 

(104W12&13,104G/9&16) 

By C.H. Ash and R.W.J. Macdonald, B.C. Geological Survey Branch 
and R.M. Friedman, Department of Earth and Ocean Sciences, U.B.C. 

KEYWORDS: stratigraphy, economic P&Y, 
porphyry copper-gold, Red-Chris, Tatogga Lake, 
Stikiie Assembl;ige, Stuhini Group, Hazelton Group. 

INTRODUCTION 

This report summarizes preliminary results from 
the third year of field mapping as part of the Tatogga 

Figure 1. Regicmal geological setting of the Tatogga Lake 
project area. 

Figure 2. Geographic location of the Tatq,:a Lake pr<cect 
showing area covered in this repon. 

Lake project. This is a geologic and1 metalltq:en:c 
mapping program initiated in 1994 to !nvestigatc tie 
geology and associated mineral deposits of the S,t:ltir.e 
Temne along the northern margin of the Bower Etasin 
in northwestern British Columbia (Figurt 1; Ash ef a,‘., 
1995, 1996a). The project area is located, 80 kilonxtrcs 
south of Dease Lake and is transected tsy the Stswart- 
Cassiar Highway (Highway 117; Figure 2) 

During 1996, tieldwork~ was conduted from ,Ju:y 
6th to September 12th and focused on compMrg 
1:20 000 scale mapping of the prqect area ard 
evaluating selected mineral occurremxs. Results of 
mapping for the Tatogga Lake area will x available ‘n 
Open File format at a I:50 000 scale ‘:Ash et ,g.‘,, II 
preparation). 

Based on this years mapping, combined with nwly 
obtained geochronological and geocher nical d&i:, an 
updated stratigraphic framework is pres :nted. Gewral 
descriptions of the various rock units hroughout the 
map area have been given previously (A ;h ef al., ; 995, 
1996a and references therein). For siiscussionr If 
previous work, physiography and region;:1 setting o:Fthe 
project area, refer to Ash et ol. (1995). 
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A NEW SODALITE OCCURRENCE: MOUNT MATHER CRICEK, 
BRITISH COLUMBIA (82N/lOW) 

Z. D. Horn and K. D. Hancock 
--.-- 

KEYWORDS: Sodalite, alkaline intrusions, sodalite 
syenite. 

INTRODUCTION 

The Mount Mather Creek sodalite prospect is 
located 30 kilametres north of Golden at latitude 
51°33’C@” north and longitude 116”53’12” west 
(Figure 1). The property is delineated by the Hope 
group of four claims, The site can be accessed via the 
Blaeberry River Forestry Road thence following a trail 
north at kilometre 39%. Sodalite outcrops in a steep, 
narrow canyon cut by a small Blaeberry River hibum 
called Molmt Mather Creek. The creek is a typiical 
snow-fed stream with high flow in the early summer 
changing to a trickle in the fall. During a typical 
summer day, the morning flow is small compared to 
the water flow in the afternoon. 

Figure 1, Location of alkaline syenites in the Golden area. 
1: Mount Mather Creek, 2: Ice River complex; 3: Solitude 
Mountain: 4: Trident Mountain 

GEOLOGICAL SETTING 

The Mount Mather Creek area is within a syncliie 
of the western “shaly facies” of Middle and Upper 
Cambrian ChanceUor Group carbonate rocks (Price, 
1967). Although the broad regional structure is a 

syncline, the beds exhibit complicated folding ;at, the 
Pmpm de. 

The lower units of the Chancellor Group, which 
host the sodalite showing, are massive well-be&led, 
fine-mined carbonates. One main blwxia dike: of 
sedake syetdte with two tributary dicelets cat the 
carbonate host rock across bedding platxs. The sy:nh~ 
dikes weather brown due to the preaettc!: of pyrite and 
the host limestone exhibits a yellow to but7 weatlxxing 
alteration halo in contrast to its otherwise ~grey 
weathered surface. The yellow weatlxring is 10ftcn 
more extensive along some bedding planes. Freshly 
broken rocks, altered and unaltered, 1 we the :;stne 
dark grey c&or and can not be distin&shtd 
macroscopically from each other. 

MOUNT MATHER CREEK SODALITE 
-E NUMBER 082N090) 

Sodalite is a major component of the 
syenit&arbonate breccia body. It is up to 10 ~rrr:tr& 
wide and outcrops over a distance of apjxoximately 110 
metros in a vertical rocky cliff on the ‘western siZle of 
the creek (Figures 2 and 3). It is also present as a 
minor component in the two thin independent di&x~ ss 
tine-grained disseminations where albite is the 
dominant mineral. 

While the main breccia outcrop is practcaJly 
inaccessible, large boulders that have fallen off’ tie 
cliff and accumulated along and whhin the :re& 
channel provided material ,for thin sectims and iare the 
smroe of most macroscopic observatilms. The: main 
body is part breccia and part stockwork The host ro:k 
consists of fine-gtained, bedded carbonate r&e of 
very fine-grained (5-25 microns) c:llcite, vxiatle 
amounts of feldspar (O-SO%) and pass bly very mull 
amounts of quartz. Eled thickness varies from ahcut 
one to 10 miUim&es and in thin s&on is ~c&y 
defined. It is characterized by slight average graiu size 
differences and is sometimes accented ty iron staining 
either along bedding planes or throug:lout indi\i.dual 
beds. Brexia clasta, from :I to 10 centimetres long; and 
1 to 4 centimetres in diameter, are comprised trf the 
same rock. The fragments exhibit fiatores wmally 
observed in plastic flow regimes, such as bmdina~:e, 
rounded shapes and preferential orientation of clasts 
(Figure 4). 

.-_.-- 
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THE EMPRESS CU-AU-MO DEPOSIT - 
GEMSTONE AND INDUSTRIAL MINERALS POTENTIAL. 

G.J. Simandl and K.D. Hancock, B.C. Geological Survey 
E. Lambert, Consultant 

P. Hudon, McGill University 
J. Martignole, UniversitC de Montrkal 
W.W. Osborne, Westpine Metals Ltd. 

--.-- 

KEYWOFZK: Gemstones, corundum, sapphire, 
pyrophyllite, ardalusite, industrial minerals, Rare Earth 
elements 

INTRODUCTION 

This article describes the geology and industrial 
mineral potential of corundum, pyrophyllite and 
andaluite at the Empress deposit in the Taseko Lakes 
area (Figure 1). The Empress is a copper-gold- 
molybdenum porphyry deposit located 225 kilometres 
north of Vancouver and 50 kilometres northwest of 
Goldbridge and the Bralorne mining camp. Fine-grained 
corundum, in association with andalusite-pyrophyllite 
rock, was reported in several drill holes (Lamb&, 1989, 
1991a and b) and a boulder containing coarse corundum 
was found in a trench in 1990. The potential of 
corundum mineralization has not been previously 
investigated. Corundum is closely associated with 
andalusite/pyrophyllite-bearing rocks that may also have 
commercial applications. 

Corundum is an alumina-rich mineral (A1203) that 
may be of variable color due to substihxion of metal ions 
for A?+. It is usually grey, blue-grey, brown, yellow, 
green or colourless. Its gemstones are known by their 

Coast Plutonic complex 

Tyaughton groups 

0 Icim 50 

Figure 1. Location and regional setting of the Empress deposit. 

colours, red for ruby and blue: for sapphire:. The red color 
is linked to Cr” content, while blue and green corundum 
have significant Ti4*, Fe- and Fe2’ and in some cases 
V%, Co” or Ni2’ (Phillips and Gtier:, 1981). Most 
corundum gemstones are produced fram plawr or 
residual deposits derived by weathering u.d reworking of 
primary deposits. Primary sapphire and ruby are fumed 
at depth in association with intrusive rocks suc::h as 
syenites, nepheline syenites and monzorlites or qoanz- 
free, “desilicated” pegmatites emplaced into ultrama-Bc 
rocks or carbonates. Sometimes corundum is folund as 
xenocrysts, from the above sources, in alkaline ~dilozs, 
lava flows or diatremes that originated at depth. ‘They 
may also be formed by regional or contact metamoq~hiun 
of alumina-rich sediments and paleoreg,Aiths. Pr,:mxy 
corundum, typically not of gem quality, also has been 
reported in several relatively shallou porphyry or 
epithermal deposits by Gustafson and Hunt 1:1!)75), 
Lewder and Dow (1978), Brimhall (19T’), Wojda;c and 
Sinclair (1984) and Price (1986). The Empress porph!?y 
occurrence may be of this ‘ype. 

Andalosite and pyrophyllite are minerals with 
industrial applications including refractories, whitware, 
chemical and agricultural uses. Andalwite-pyrophyllite- 
quartz rock has been mined in the Urited States :Cor 
ceramic applications. Since pyrophyllib.: is commonly 
associated with other minerals from whiczh it may not lx 
readily separated, mineral assemblages and chemical 
composition are important parameters that may limit or 
enhance a potential market from any given suce. 
Refractory grade py?ophyllite presently soid in the Ilni~:ed 
States comprises 40 to 50 percent pyroplyllite, 31) ‘:o 45 
percent quartz, 5 to 15 percent kaolixte and 1 to 3 
percent moscovite. Low-grade pyrophyl; ite-quanz reek 
with trace kaolinite, d&pore, moscovite., a&ah&c: and 
corundum is sometimes used in c:eramics, tiles, 
agricultural-grade pesticide carriers. feriil,izer and animal 
feed preparations (Ciullo and Thompson, 1994). 

GEOLOGICAL SETTING 

The Empress deposit is located war the ea.st~:rn 
margin of the Coast Plutonic Complex in rocks, of the 
Tyaughton basin (Figure 1). The regional geology of the 
area has been described by Tipper (197f,), Glow et al. 
(1986), McLaren andRouse (1989) and I~chiariazo~ et al. 

.-- 

Geological Fieldwork 19%. Paper 1997-I 3.?9 

ldegroot
1996

















ldegroot
1996













ldegroot
1996

























ldegroot
1996

















ldegroot
1996





















































ldegroot
1996









ldegroot
1996

















ldegroot
1996





















EAGLE BAY PROJECT: REGIONAL HYDROGEOCHEMICAL SURVEY 
AND GEOCHEMICAL ORIENTATION STUDI:ES 

(82iW4 AND 5) 
By S.J. Sibbick, J.L. Runnells and R.E.W. Lett 

KEYWORDS: Adams Plateau, Eagle Bay, Exploration 
Geochemistry, :Hydrogeochemical Survey, Massive 
Sulphide, Orienlation Survey, Regional Geochemical 
Survey, RGS. 

INTRODUCTION 

Geological Survey Branch staff conducted hvo 
exploration geoc,hemishy programs as part of the Eagle 
Bay project (Figure 1). These included a regional 
stream water geochemistry (hydrogeochemical) survey 
and a detailed soil and biogeochemical orientation study 
of the significant mineral deposit types in the region. 
These activities ‘were co-ordinated with 1:50 000 scale 
surticial mapping (Dixon-Warren ef al, 1997), a 
regional till geochemistry survey (Bobrowsky, et oL, 
1997) and mineral deposit studies (Hoy, 1997). The 
project aTea corresponds to a region of previous 
Geological Survey Branch bedrock mapping (Schiarizza 
and Preto, 1987) covering NTS map sheets 82M/O4, 05 
and 12 (Figure 2:). 

The Eagle Bay project area hosts Devono- 
Mississippian age rocks of the Eagle Bay Assemblage 
which are identical in many respects to rocks hosting 
the Kuroko-type volcanogenic massive sulphide 
deposits (K&z Ze Kayah and Wolverine) recently 
discovered in the Yukon. The known deposits in the 
survey area, including the Homestake (MINFILE 82M 
02S), Twin Mountain (MINFILE 82M 020) and Rea 
Gold (MINFILE 82M 191) deposits, are highly similar 
to these Yukon examples and provide excellent targets 
for exploration. In addition, Cambrian-age Eagle Bay 
Assemblage rocks in the south-east corner of the project 
area host sawal significant SEDEX Pb-Zn-Ag and 
Besshi Co-Zn-Ag deposits. Details of these deposits are 
reported in Schiwiua and Preto (1987). 

However, the extensive overburden cover and the 
relatively small size of the target deposits are obstacles 
to new mineral discoveries. This suggests that 
geochemical e:rploration t+niques can play a 
significant role in detecting new mineralization. 

The goals of the Eagle Bay Exploration 
Geochemistry program are to: 

l Produce regional stream water geochemistry 
maps of major and minor elements. 

. Determine critical exploration geochemistry 
parameters for massive sulphide exploration in 
overburden covered areas. 

Figure 1. Location of the Eagle Bay Iroject 

HYDROGEOCHEMICAL SURVEY 

Stream water surveys offer the sdvantage of 
detecting subtle anomalies derived frorrl groundwter 
sources. The sources may be from conwded or tariefi 
mineralization. Critical to the swcess of 3 
hydrogeochemical survey is the use of an analy:icr,l 
method that provides a low detection limit for th: 
elements of interest. The declining cost If inductively 
coupled plasma mass spectrometry (~:CP-MS) has 
provided an analytical technique that can provide 
detection limits in the parts per trillion (ppt) range. TJ 
date, few regional stzxm water geoche nica1 sur+eys 
have been conducted in British Columbia. Recently, the 
Geological Survey Branch releawd Regional 
Geochemical Survey (RGS) data on the G staga area .tilt 
included ICP-MS data on waters collecl.ed during the 
survey (Jackaman, ef a!., 1996). In a relaled shldy, 1x1 
et al. (1996) released data eon spring water chemistry 
from mineralized and non-mineralized wepages :~r tbe 
Gataga area. 

The Eagle Bay hydrogeochemical swvey is a pilot 
project to test the applic:ability of regional stream water 
geochemistry as an exploration tool in Ehitish 
Columbia. Data from this survey can aIs<; be utilizui ils 
a baseline database for environmental asessments and 
reclamation activities. 
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EVALUATING THE USE OF TILL GEOCHEMISTRY TO DEFINE BURIEIll 
MINERAL TARGETS: A CASE STUDY FROM THE BELL MIR’E 

PROPERTY (NTS 93L/16,93 M/l), WEST-CENTRAL BRITISH COLlJMB1.A 

By A.J. Stumpf’, B.E. Broster’ and V.M. Lqson’ 

’ University of New Brunswick, Fredericton 
* British Columbia Geblogical Survey 

(B.C. .Miinistry ~?fEmploymenr and Jnvesrment Conmribution fo rhe Nechoko NAl’MAP Projecf) 

KEYWORDS: Bell mine, drift exploration, geochemistry, 
porphyry copper mineralizarion, surficial geology, 
Quaternary history, Babine Lake 

INTRODUCTION 

Mineral exploration progmms conducted in the Interior 
Plateau of British Columbia have typically been hampered 
by the presence of thick glacial tills mantling bedrock. In 
these areas, trenching, rotary drilling and soil sampling can 
be used to obtain a better understanding of the underlying 
geology Unfomutately the use of these techniques are 
often limited ky an inadequate understanding of the 
Quaternary geology and regional glacial history. 

In support of mineral exploration. regional surficial 
geolo,~ studies were undertaken in central British 
Columbia, by the Geological Survey of Canada and the 
British Columbia Geological Survey. This joint- 
governmental study was part of the much larger Nechako 
NATMAP Project. Two main objectives of this study are, 
to determine changes in the regional ice flow directions, 
during the Pleistccene in central Bri,tish Columbia and also 
to examine the use of till geochemistry in mineral 
exploration. In the summer of 1995 and 1996, regional till 
geochemistry surveys were conducted by the British 
Columbia Geological Survey, in the Babine Lake area; 
encompassing lhe Fulton Lake (93, L/16), Old Fort 
Mountain (93 M/01) andNakinilerak (93 M/08) map areas 
(Figure 1). 

The Bell mine, a porphyry copper deposit was chosen 
as a model for this studv because of its well defined zone of 
mineralization and the occurrence of an extensive blanket 
of glacial till. In this repon the effectiveness of till 
sampling for the delineation of buried mineralization is 
examined by a comparison of till geochemistry with the 
known ore-body ;at Bell mine. The study will contribute to 
the development of a model of glacial dispersal, which can 
be used in future exploration programs in the region and in 
other glaciated areas. 

STUDY AREA LOCATION AND 
PHYSIOGRAPHY 

The Bell Mine study area is located in th : central put 
of the Babine Lake basin, approximately IO km northeast 
ofthe town ofGranis1e (Figures 1, 2). It is s:ihtated on the 

Figure I - Location of study wea in British Columbia.. 

Newman Peninsula which straddles the Fulton Lak.e (93 
U16) and Old Fort Mountain (93 M/01) NJ S map sheet!;. 
The mine property can be accessed by the Hagan I:ore!;t 
Service Road, via the Northwoods barge f?on 1 Mitchell :3ay 
or by private barge operated by Noranda Mines Limited 
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TILL GEOCHEMICAL STUDIES IN THE BABINE PORPHYRY BELT: 
REGIONAL SURVEYS AND DEPOSIT-SCALE STUDIES 

(NTS 93 L/16, M/l, M/2, M/7, M/S) 

By Victor M. Levson, Daniel G. Meldrum, Stephen J. Cook, Andrew J. Stump& Erin I;. 
O’Brien, Craig Churchill, Anna M. Coneys and Bruce E. Broster 

KEYWORDS: Applied geochemistry, smficial mapping, 
till, mineral deposits, porphyxy copper, mineral 
eXpl0mti0ll 

INTRODUCTION 

Two appnmches to till geociwnical studies in the 
Babine porphy:ly belt have been employed by the British 
Columbia Geological Survey: 1) regional geochemical 
surveys to identify geochemically anomalous sites for 
follow-up by the mineral exploration industq and 2) 
detailed investigations around areas of known 
mineralization~to evaluate the effects of smficial processes 
on geochemical distribution patterns, refine models of 

glacial dispersal in montane and plateau a yeas and dwlop 
methods of drift exploration applicable: to the Interior 
Plateau. This paper provides an oven&v of thera: IWO 
components of the Babine till geochemir;try progmm. 

The study area is centered on mxtlwm Babim: Lake 
and coven the entirety of the Babim porphyq belt 
(Figure 1). Copper porphyry mineralization in the study 
area is hosted in the F3cew Babine bltmsives, :tioor 
deposits include the former Bell and Gmnisle c:orper 
mines. Porphyry copper deposits mmzdn the pdmmy 
exploration target in this region antI several active 
porphyry properties, including the Heam: Hill, Nzik .md 
Trail Peak prospects, am within the bouds of the shady 
XW. 

Figure 1. Location map of the study region and case study areas. 
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EARTHQUAKE HAZARD ASSESSMENT IN GREATER VICTORIA, 
BRITISH COLUMBIA: DEVELOPMENT OF A SHEAR-WAVE VE:!LOCII’Y 

MODEL FOR THE QUATERNARY DEPOSITS 
(92B/6 & B/l 1) 

P.A. Monahan and V.M. Levson 
British Columbia Geological Survey 

--.-- 

KEl’L+‘0,?DS; Victoria, earthquakes, geological hazards, 
seismic microzonation, geotechnical engineering, cone 
penetration testing, shear-wave modeling, surficial 
geology, Quaternary 

ABSTRACT 

In order to assess the earthquake ground-motion 
amplification hazard in Greater Victoria, a field testing 
program was conducted in the spring of 1996 to obtain 
shear-wave velocity data in the principal Quaternary 
geologic units. Twelve seismic cone penetration tests 
(SCPTs) were conducted to depths ranging from 4 to 41 
metres and four tests using the spectral analysis of surface 
waves (SASW) technique were conducted where the soils 
are too dense for cone penetration. Based on these data, a 
shear-wave Kocity model was developed that will 
provide the basis both for estimating ground-motion 
amplification locally and mapping the amplification 
hazard regionally. Shear-wave velocities in the grey clay 
facies of the late glacial glaciomarine Victoria Clay are 
generally betwaen 100 and 160 m/sac. These deposits 
occur in low lying areas, where they are commonly 
greater than 10 metres thick. Where these deposits are 
present, high amplification of ground-motion could occur 
during an earthquakel particularly where they are overlain 
by Holocene or,:anic clay and peat. The fundamental site 
periods for sites underlain by grey clay range from 0.27 to 
I second, so that resonance will occur at ground motion 
periods less than I second at most sites. Generally, shear- 
wave velocities in the dessicated brow clay facies of the 
Victoria Clay are between 160 and 270 m/set. These 
deposits are gerwally less than 6 metres thick, so that site 
effects will be primarily controlled by the underlying 
materials. In Ihe sands and gravels of the late glacial 
Colwood delta, shear-wave velocities are generally 
between 280 and 390 m/set, and where these deposits are 
sufticiently thiczk, moderate ground-motion amplification 
could occur. In the till of the Late Winsonsinan Fraser 
Glaciation and older Pleistocene deposits shear-wave 
velocities are generally between 400 and 600 mlsec and 
sites underlain by these deposits have low susceptibility 
to ground-motion amplification. 

INTRODUCTION 

Greater Victoria, on the southern tip of Vancouver 
Island, is located in one of dx most sei:.mically a&/e 
regions of Canada. Vancouver Island h.is experienced 
two large historic earthquakes, in 1918 (M=7.0) and 1946 
(M=7.3). The latter was the most damaz:ing in wec;ten 
Canada and caused minor damage in thr Victoria ar:a 
(Hodgson, 1946; Wuorinen, 1974, 1976; Rogers, 1?91.). 
In addition, there is the potential for a ve y large (M-3) 
earthquake on the Cascadia subduction zone west 3f 
Vancouver Island (Rogers, 1988, 1994). 

Because the effects of earthquakes vzly considerably 
due to variations in local ground conditit.,ns, the :Briti;h 
Columbia Geological Survey is preparing an earthc!~lalte 
hazard map of the area. The principal ear~:hquake :h.xard 
here is the amplification of ground-motion that can ~occur 
at sites underlain by thick deposits of soft r~~diment:;. 

Shear-wave velocity (Vs) data for unli hified depos ts 
overlying bedrock are critical to the aswssment of tie 
ground-motion amplification hazard. Fo- example: tx 
National Earthquake Hazard Reduclion Procmm 
(NEHFZ) site classes for susceptibility to ground-m&on 
amplification in the United States are detirled primarily in 
terms of Vs (Table 1, Finn, 1!)96). In ordx to assess this 
hazard in the Greater Vicoxia area, a program was 
conducted to determine shear wave velocities in tx 
principal Quaternary geologic units in the spring of ‘19’26 
(Figure 1). The objective of .this paper is :o present a ‘Js 
model of the Quaternary geologic units (of the Victwia 
area based on this testing pro8~am. 

An earthquake hazard map of the City of Victol,ia 
was prepared by Wuorinen (1974, 1976). His asse:xment 
was based on the distribution of the Quat :mary deposits 
using a large volume of geotechnical testh&s and also ,,n 
the accounts of eyewitnesses to the I’:46 Vancou\er 
Island earthquake. Damage in Victoria W;IS concemrat:d 
in low lying areas that are underlain by tt:ick deposits of 
soft clay and organic soils, and the effects mcr7 the 
earthquake were the least where bedrock is close to the 
surface. The objectives of the current earhquake hazard 
mapping program are to extend the mapping throu:shc’ut 
the Greater Victoria urban area and to asses:; the 
earthquake hazard in ways that were unavailable to 
Wuorinen, in particular by the applicatior of shear.wave 
velocity data. 
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