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FOREWORD 

Geological Fieldwork: A Summary of Fieldwork and Current Research, 1997 is the twenty-third edition of this annual 
publication. It contains reports of Geological Survey Branch activities and projects during 1977. The base budget of the 
Branch for the 1997-98 fiscal year was $4.6 million, down from $6.6 million the previous year. The Branch also received 
$135 000 from the Corporate Resource Inventory Initiative to maintain the Mineral Potential database of the province and 
for mineral potential studies of the CassiwIskut-Stikie planning area. In addition, a new Geoscience Partnership Program 
with external clients was initiated in 1997. Results ofthe Moyie Partnership are reported on in this volume. 

The contents of this year’s volume reflect the emphasis of Branch programs. Highlights were: 
l Continuation of the Nechako Plateau NATMAP project, which is a collaborative effort with the Geological 

Survey of Canada and various universities. The focus of GSB work is the Babine porphyry belt with its important 
mineral potential; 

. Regional geochemical sampling of the Mesilinka River Map Sheet (94C) in east central British Columbia; 
. Year 2 of the multidisciplinary Eagle Bay Project which is utilizing surticial geology and geochemistry to look 

for clues for buried mineral deposits in the Adams Plateau area; 
l The Moyie industrial partnership project which will result in new 150 000 scale compilation maps for areas 

underlain by the Aldridge Formation; 
l The Devono-Mississippian VMS project which continued to test potential extensions of strata that host the Kudz 

Ze Kayah and Wolverine deposits in northern British Columbia; and 
l The McConnell Range regional mapping project which extended existing coverage of the Toodoggone volcanic 

belt southward from the area of the Kemess deposit. 
A variety of mineral deposits and deposit types are profiled in this year’s volume, including a stratabound zinc 

deposit in the Caribou terrane, an epithermal gold deposit in northern-most British Columbia, nickel mineralization in the 
Turnagain Alaskan ultramatic complex, sediment-hosted gold mineralization near Watson Bar and mineral occurrences 
near Bella Coola. There is also a report on Tertiary mineralization in the Queen Charlotte Islands and results of a study of 
the Slocan ramp, as well as three reports on mineral deposit studies and age dating from MDRU at the University of 
British Columbia. 

The Mineral Potential project completed coverage of the Queen Charlotte Islands, hence the province is now 
completely covered at I:250 000 scale. Much information from the project is posted on the Ministry Internet site (address: 
http://ei.gov.bc.c~g/geology). The intent is to have geology, mineral potential estimates, MINFILE, mineral titles 
information and other data available on the Internet. Through the Map Guide viewer (downloadable at the site) data posted 
may be viewed and manipulated. The geology and some associated datasets may also be downloaded in Arc Export (EOO) 
format from the site. 

The Branch is now employing print-on-demand technology for its geoscience publications. Material will also be 
posted on the Ministry Internet site for viewing or downloading. Production of Geological Fieldwork to the camera-ready 
stage has been done in Microsoft WORD by the authors using a template prepared by Brian Grant and updated by Dave 
Lefebure and Bill McMillan. Thanks are due to Dave Lefebure and Bill McMillan for editing and guiding the process, and 
Dorthe Jakobsen for administrative backup to ensure completion of this report on schedule. 

W. R. Smyth 
Chief Geologist 
Geological Survey Branch 
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NECHAKO NATMAP PROJECT - 1997 OVERVIEW 

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

A Contribufion to the Nechako NATMAP Project 

KEYFI’ORDS: Nechako plateau, Eocene, extension, 
Natmap, Babine porphyry belt, Sitlika Assemblage, 
Nechako map, Fort Fraser map, End&, plutonism, 
multidisciplinary, bedrock mapping, surticial mapping, 
biogeochemishy, till geochemistry, geochronology, 
conodonts, radio&an, geophysics. 

INTRODUCTION 

The Nechako NATMAP project is a joint mapping 
venture between the GSC, BCGSB, universities and 
industry (McMillan and Shuik; 1996, Stmik and 
McMillan, 1996; Stmik and Maclntyre, 1997; Maclntyre 
and Shuik, 1997; Stuik and Maclntyre, 1998). The 
project encompasses over 30,000 square kilometres in 
central British Columbia (Figures l-l, l-2). Its main 
focus is to improve the quality and detail of bedrock and 
surticial maps to help resolve several geological 
problems. In particular it addresses the following 
questions: I) the extent and nature of Tertiary crustal 
extension, 2) Mesozoic compression and the manner of 
accretion of exotic terranes, 3) the geological and 
geophysical definition of the temmes, 4) the sequence of 
changing Pleistocene glacial ice flow directions, and 5) 
the character and dispersion of glacial deposits. 

In this third field season of the Nechako NATMAP 
project, bedrock mapping was done in eleven NTS map 
areas and surticial mapping was done in five (Figure l- 
2).The scale of mapping varied from 1:20 000 to 
regional 1:100 000 scales. In addition, detailed 
sampling, and stratigraphic studies were undertaken in 
these map areas. Samples were collected for till, silt, 
lake, biological and lithological chemistry, 
paleomagnetic studies and paleontological and radio- 
isotopic geochronology. Stratigraphic studies 
concentrated on sections within the Cache Creek Group 
near Fort St. James and mainly volcanic sequences of the 
Ootsa Lake and End& groups. Digital GIS projects 
included compilation of mapping data from Placer Dome 
Incorporated, construction and addition to the digital 
field mapping databases, cartography of geological 
maps, and the initiation of the internet GIS data sharing 
(Figure l-3). 

This paper outlines research that in many cases is 
preliminary. References are given to more in depth 
summaries in this volume and Current Research of the 
Geological Survey of Canada. The continuing research 
will lead to more comprehensive government and 
journal reports and maps. No analytical data is reported 
in this paper. 

Figure 1-I. Location of theNechako N&map project. 

BEDROCK MAPPING 

Babine Porphyry Belt and Sitlika Studies 

Bedrock mapping in the Babine-Takla lakes area 
built on previous mapping by Don MacIntyre and crew 
in the 93Li16 and 93M/I map sheets of the Babine 
Porphyry belt (Maclntyre ef al., 1996; MacIntyre et al., 
1997) and Paul Schiariua and crew in the 93N/I2 and 
93N/l3 maps sheets of the Sitlika belt east of Takla Lake 
(Schiarizza and Payie, 1997). Don Maclntyre, Paul 
Schiarizza, and Nick Massey of the BCGSB were the 
project leaders in 1997. Excellent geological field 
assistance was provided by sumner students Michele 
Lepihe (UBC), Ryanne Metcalf (UBC), Sheldon 
Modeland (UVIC), Stephen Munzar (WC) and Deanne 
Tackaberry (UVIC). From late June until the end of 

Geological Fieldwork 1997, Paper 1998-I 1-l 
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Figure l-2. Geographic localities referred to in text 

August this crew completed bedrock mapping of NTS 
map sheets 93M/8, 93N/5 and 93W13 plus most of 
93N/4 and parts of 93Ml7, 93Nl6, 93N112 and 93Nl3 
(Figures l-2,1-3). 

Helicopter service was provided by Pacitic Western 
Helicopters from their base at Love11 Cove. Daily 
set-outs and pickups were used to cover less accessible 
areas. Other areas were mapped using logging road 
access. A 17 foot zodiak was used to map extensive rock 
exposures along the shores of Takla Lake and the B.C. 
Rail line, which is located along the east shore of Takla 
Lake. Base camp for the project was at the Takla 
Rainbow lodge situated at Takla Narrows. 

Bedrock mapping in the project area was done at 
I:50 000 scale in 93M/8 and 93N/5, and at a more 
regional l:lOO,OOO scale in 93N/4 and 93W13 
(MacIntyre, 1998; MacIntyre ef al., 1998; Schiarizza er 
al., 1998). Samples were collected throughout the map 
area for micro and macro paleontology, isotopic age 
datiig, paleomagnetic determinations, whole rock and 
trace element geochemishy. All mineralized outcrops 
were sampled to determine base and precious metal 
content. 

The following are the main highlights of the Babine 
and Sitliia mapping of 1997: 

1. the Trail Peak and Nak porphyry copper 
deposits, are associated with northwest trending 
biotite-feldspar porphyry dikes that are part of 
the Eocene Babine Intrusions. The dikes cut 

both an earlier granodiorite to quartz diorite 
phase and homfelsed Hazelton Group volcanics 
and sediments. High angle normal faults, which 
are Eocene or younger, offset the intrusions and 
surrounding rocks (Maclntyre, 1998). 

2. the belt of Lower to Middle Jurassic bimodal 
volcanics, first recognized in the area west of 
Granisle in 1995, was traced into the 93Mi8 
map sheet. However the unit appears to be 
thinning and contains less felsic volcanics 
going northward toward the Bower Basin. This 
coincides with a general change in the nature of 
Lower to Middle Jurassic sediments from 
shallow to deep water facie% 

3. an area of hornblende-biotite-feldspar porphyry 
flows was mapped northwest of Trail Peak. 
These rocks are tentatively correlated with the 
Late Cretaceous Kasalka Group. Previous 
mapping suggested these flows were pat of the 
Tertiary Babine Intrusive suite. 

4. a large stock of porphyritic quartz monzonite 
with a border phase of hornblende diorite was 
mapped east of Tochcha Lake in the 93W13 
map area. This stock, which does not appear on 
previous maps, is considered part of the Topley 
suite; it intrudes volcanics of the Takla Group. 
Other large plutons north and south of the 
northwest arm of Takla lake in the 93N/4 map 
sheet also intrude Takla rocks and have similiar 
lithologies to the Topley suite with which they 
are tentatively correlated (MacIntyre ef al., 
1998). 

5. the three lithologic divisions of the Sitlika 
assemblage were traced southward from 
93N/l2, through 93N/5 and into the northern 
part of 93Ni4 (MacIntyre et al., 1998). The 
western elastic unit traces into rocks previously 
included in the Upper Triassic Takla Group. 
Because lithologically similar sedimentary 
rocks are intercalated with typical Takla Group 
volcanics, it is suspected that the western elastic 
unit is not Sitlika but might be a fault-bounded 
sliver of Takla rocks. The Sitlika volcanic unit 
and overlying eastern elastic unit were traced 
southwards into volcanic and sedimentary rocks 
that had previously been mapped as Cache 
Creek Group. 

6. the ulhamafic unit that marks the boundary 
between the Sitlika assemblage and Cache 
Creek Group in 93Nl12 and 13 continues 
southward through 93N/5 and into 93N/4. This 
unit is a serpentinite melange in the north but 
to the south includes relatively coherent 
intervals of tectonized harzburgite and dunite, 
confirming an ophiolitic origin for the 
ultramafic belt. 

7. the contact between the Cache Creek Group 
and Sitlika assemblage was observed east of 
Tsayta Lake (93N/5) where it is a low-angle 
fault that places the Cache Creek ultramatic 
unit above Sitlika eastern elastic unit. This fault 

1-Z British Columbia Geological Survey Branch 



contact is truncated by monzogranite of the 
Mitchell pluton (Schiarizza ef al., 1998). 

8. Sitlika assemblage in 93N/4 and 5 is separated 
from the Upper Triassic Takla Group of Stikine 
Terrane by a system of north to 
northwest-striking faults of uncertain sense of 
displacement. This fault system is truncated by 
the north-striking Takla Fault, which marks the 
western boundary of the Sitlika assemblage in 
93Ni12 and 13. 

Cache Creek Group Tectono-Stratigraphic 
Studies in Northeastern Fort Fraser Map 
Area 

Studies in the Cache Creek Group of eastern Fort 
Fraser map area consisted of bedrock mapping, 
biostratigraphy, lithogeochemishy, and 
geochronological sampling. This work was conducted 
by Bert Struik (GSC), Hiroyoshi Sane (Kyushu 
University, Japan), Mike Orchard (GSC), Fabrice 
Cordey (Universite Claude Bernard a Lyon, France), 
Wayne Bamber @SC), Henriette LaF’ierre (Universite 
Claude Bernard a Lyon, France) and Marc Tardy 
(Universite de Savoie, France). Excellent geological 
mapping assistance was provided by students Mike 
Hrudey (Univ. of Alberta), Crystal Huscroft (UBC), 
Andrew Blair (Okanogan College), Angelique Justafsen 
(Camosun College), and Samara Lewis (UBC). Primary 
access was by forest service roads branching from Fort 
St. James, and the extensive lake system. 

Bedrock mapping of sheets 93K/9, 10, and 15 was 
completed at 1:lOO 000 scale (Figure I-3). That 
mapping built on recent mapping by Ash ef al. (1993) in 
93W9, IO and Nelson ef al. (1993) in 93K/l6. 
Hiroyoshi Sane spent 3.5 weeks doing detailed 
biostratigraphic mapping of the Cache Creek Group’s 
Mount Pope formation near Fort St. James. Mike 
Orchard, Fabrice Cordey and Wayne Bamber joined 
Hiroyoshi Sane to map and sample Cache Creek Group 
limestones and cherts for condont, radiolarian and coral 
assemblages in the context of the sedimentalogical 
environments interpreted from depositional textures 
(Orchard ef al., 1998; Sane, 1998).. Lithogeochemical 
sampling of basal& of the Cache Creek and Takla Group 
was done by Henriette LaPierre and Marc Tardy to 
constrain the basalt petrogenesis. 

The following are the main highlights of the Cache 
Creek studies of 1997: 

I. Upper Triassic and possibly Lower Jurassic 
basalt tiff, greywacke, siltstone, conglomerate 
and minor limestone straddle the Pinchi Fault 
zone along Pinchi and Tezzeron lakes. These 
rocks formerly mapped as Takla Group are 
tentatively differentiated as the Tezzeron 
assemblage. They are interpreted to have been 
a” overlap assemblage onto oceanic 
assemblages of the Cache Creek Group. 

2. the Pinchi Fault probably cuts the former suture 
between the oceanic Cache Creek Group and 
the island arc Takla Group. The suture itself is 

exposed along Pinchi Lake as the blueschist 
terrace documented by Patterson (1973). Cache 
Creek Group ultramafic rocks overthrust 
Tezzeron assemblage hlff and greywacke on 
either side of the Pinchi Fault. 
all of the contacts of the Mount Pope formation, 
which consists of limestone, chert and minor 
basalt, are probably thrust faults. Where the 
Mount Pope limestone and underlying units 
have been dated, the underlying rocks are 
younger. 
the limestone of the Cache Creek Group has 
been constrained to three time intervals: earliest 
Upper Carboniferous to Early Permian, Late 
Permian and Early Triassic. 
Upper Carboniferous to Early Permian Cache 
Creek Group limestone is generally, elastic, 
formed in shallow to moderately shallow water 
and thought to have developed on basaltic 
ocean islands. 
diorite, and quartz diorite plutons intrude a 
large area of the Cache Creek Group near 
Tachie River north of Stuart Lake. These 
plutons called the McElvey and Tachie plutons 
we generally unfoliated and cross-cut all 
structures in the Cache Creek Group including 
m&sediments of the Middle and Upper 
Triassic Sowchea assemblage (Hrudey and 
Struik, 1998). 
new lithochemistry of Cache Creek Group 
basalts indicate they are mainly ocean island 
type. 

Endako Plutonism and Tectonics 

Detailed bedrock mapping of the Endako map area 
(93W3) was conducted at 1:50 000 scale using previous 
End& Mines mapping (Kimura et a/. 1980; G. 
Johnson, personal communication, 1997) as a guide and 
template. Joe Whalen (GSC) and Bert Stmik (GSC) 
ably assisted by Nancy Grainger (Univ. of Alberta) and 
the student assistants of the Cache Creek Group-east 
study. They concentrated on the intrusive and genetic 
relationships of the Jura-Cretaceous plutonic suites and 
tectono-shatigraphy of the Tertiary volcanic rocks. 
Randy Enkin and Judith Baker (GSC) continued Tertiary 
paleomagnetic tilt studies in the Endako area (Lowe et 
a!., 1998). Carmel Lowe (GSC) interpreted the magnetic 
signature of the Endako molybdenum camp (Lowe ef al., 
1998). The area was accessed through forest roads and 
highways. 

Sufficient geological data was gathered to complete 
a detailed bedrock map of the Endako map area 
(93W3)(Whalen ef al., 1998). Stratigraphic sequences 
in fhe Ootsa Lake and Endako groups were constrained 
within the limits of the poor exposure. Nancy Grainger 
and Mike Villeneuve (GSC) sampled igneous suites for 
U-Pb and Ar-Ar isotopic dating throughout the area 
concentrating on the Tertiary volcanic units to constrain 
their stratigraphy and the tectonic events that generated 
them. Representative samples of each of the Tertiary 
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Figure 1-3. Projects active in the Nechako Nabnap area in 1997. See text for details 

volcanic units and the Jura-Cretaceous plutonic phases 
were taken for detailed lithogeochemishy to constrain 
interpretations of the genetic history of those rocks. 
Sample were taken by backpack diamond drilling from 
within the Endako Mine and from Tertiary dikes and 
flows of the surrounding area for paleomagnetic 
measurements to quantitatively constrain Tertiary block 
rotations about horizontal and vertical axes. 

The following are the main highlights of the Endako 
study of 1997: 

1. Endako Group basalt OCCUTS in small areas 
mainly in the southern and central Endako map 
area. In the central part of the sheet, the basalt 
forms a thick hyaloclastite breccia overlying 
andesite and biotite-hornblende-plagioclase 

dacite of the Ootsa Lake Group (Whalen et al., 
1998). 

2. The Eocene age Ootsa Lake Group in the 
End& area contains transitions from andesite 
through rhyolite to dacite cyrstal tuffs, 
conglomerates and basalts. Contacts between 
mafic to intermediate ash flow and lahar, and 
rhyodacitic crystal tuffs were observed, and 
these units were in turn intruded by Eocene 
quartz-feldspar rhyolite dikes. A chert, 
and&e, dacite clast conglomerate to sandstone 
unit was found interlayered with Eocene 
rhyolite and rhyodacite in the eastern part of the 
map area. 

3. Regional tilting of the Endako and Ootsal Lake 
Groups as determined from bedding attitudes 
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4. 

5. 

has been confirmed by paleomagnetic 
measurements of Eocene dikes within the 
Endako Mine. The tilting is controlled by 
closely spaced extensional faults across which 
block rotations vary from 10 to 40 degrees 
(Enkin ef al., 1997; Lowe ef al., 1998). 
the Franc& Lake and Endako phases of the 
Late Jurassic Franc& Lake plutonic suite 
appear to be the same age and may be 
regionally indistinguishable from one another 
(Whalen ef a!., 1998). The End& phase is tbe 
host rock for the molybdenum of the Endako 
Mine. 
The Francois Lake and Glenannon granodiorite 
phases each appear to have finely crystalline 
subphases (Whalen ef al. 1998). Miarolitic 
subvolcanic granodiorite east of Endako Mine 
may be the carapace to the Francois Lake 
phase. 

Nechako River Map Area 

Bedrock mapping in the Nechako River (NTS 93F) 
map area was done by Bob Anderson (GSC) and crew. 
The crew was comprised of senior mapper Lori Snyder 
(Univ. of Wisconsin), and junior mappers Jonah Resnick 
(UBC) and Shireen Weammuth (Upper C&do& 
College, Kamloops) and was reinforced by volunteers 
Elspeth Barnes (exchange student from University of 
Glasgow), Michelle Haskin (Univ. of Wisconsin), and 
Samara Lewis and Shin Yi Siew (exchange students 
from University of Melbourne). They concentrated on 
the Hallett Lake (NTS 93F/lS), Big Bend (NTS 93F110) 
and Knapp Lake (93F114) map areas (Anderson and 
Snyder, 1998; Anderson ef al., 1998~1; Anderson er al. 
1998b). This work linked with previous mapping in the 
south (93F/07) by Diakow (1997), to the east (93F/O9 
and 16) by Wetherup (1997), and to the north in 93K/Z 
by Struik ef al. (1997) and in 93W3 by Whalen ef al. 
(1998). 

Stratigraphic sections of the Endako Group basalts 
were measured in detail at Mount Grew (93F/15). 
Nautley (93K/2), and Kenney Dam (93F/lO)(&skin e; 
ai., 1998). These units were also extensively sampled 
for lithogeochemistry and Ar-Ar age dating. In addition 
a concerted effort was made to visit all outcrops located 
by the surticial mapping crew. 

Nancy Grainger, Mike Villeneuve and Bob 
Anderson re-examined scnne of these contacts as well as 
the nature and relationships between Ootsa Lake Group 
and Eocene(?) Copley Lake Pluto” as part of Nancy 
Graingers reconnaissance for her 1998 Masters thesis 
research. Derek Thorkelson (Simon Fraser Univ.) 
completed a 2 week reconnaissance of Tertiary volcanic 
rocks in the Cheslatta Lake (93F/lO) map area which 
will be one focus of mapping in 1998. 

The following are the main highlights of the 
Nechako River mapping of 1997: 

1. Moderately- to steeply-dipping and deformed 
volcanic and sedimentary rocks of the undivided 
Hazelton Group, Naglico Formation, and Bower 
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2. 

3. 

4. 

Lake Group were extended north from NTS 
93Fi07 (Diakow ef al., 1995a,b, 1997) in the Big 
Bend Creek map area (Anderson ef al., 1998a). A 
system of Tertiary block faults deform Mesozoic 
and Tertiary basement rocks as a north-trending 
graben developed synchronously with eruption of 
the End& Group. 
In Hallett Lake area (Anderson and Snyder, 199X), 
Tertiary faults have protracted down-to-the- 
southeast motion predating and synchronous with 
Ootsa Lake and Endako Group volcanism. These 
faults apparently localized the distribution of the 
Tertiary volcanic units and may be an upper plate 
manifestation of northwesterly-directed ductile 
extension recorded in the western part of the 
structurally lower, EOCe”e Vanderhoof 
Metamomhic Comulex as described by Wetherup 
(1997). - 
Preliminary mapping in the Knapp Lake area 
(Anderson et al., 1998b) revealed significant 
variations in Ootsa Lake Gram stmtizraDhv noted 

-  .  I  

in the Endako map area (93K/O3) to the north. The 
group rests unconformably on Lower and Middle 
Hazelton Group rocks. Chilcotin Group olivine- 
phyric and nodule-bearing glassy basalt is 
widespread in the southern part of Knapp Lake 
map area and is mineralogically distinct from 
Eocene End& Group clinopyroxene-plagioclase- 
phyric basalt. 
Detailed studies of Eocene Endako Group basalts 
in the Nechako River and southern Fort Fraser 
areas (Haskin et al., 1998) established the rocks as 
aphyric to plagioclase-, pyroxene-, and rarely 
&vine-physic and commonly amygdaloidal. The 
Kenney Dam (NTS 93F110) locality provides the 
thickest section of End& Group basalt. 

SURFICIAL MAPPING 

Nechako River Map Area 

Surticial mapping concentrated on the northwest 
quadrant of Nechako River map area and the north half 
of 93F/05 and provided ground veritication of aerial 
photograph interpretations. That work was done by 
Alain Plouffe (GSC) and student assistant Jean Bjomson 
(UO) and in the southwest by Andrew Shunpf (UNB) 
and Vie Levson (BCGSB) (Levson &al., 1998). 

During the 1997 field season, Alain Plouffe and 
Jean Bjomson (Univ. of Ottawa) completed the surficial 
geology mapping of the northwestern sector of Nechako 
River map sheet (93F/ll, F/13, and F/14). More than 
180 till samples were collected and the extent of glacial 
lake sediments was mapped in the lowest valleys of this 
region including the Francois Lake valley. This 
summer’s findings corroborate the observations by 
Plouffe (1997) that the maximum elevation of 
continuous glacial lake sediment cover decreases to the 
west. Sites interpreted to be susceptible to instability 



when disturbed were investigated in conjunction with 
the British Columbia Minishy of Forests. 

Abundant striated outcrops in this region reveal a 
general ice movement to the east and northeast with 
minor local fluctuations. Very little Quaternary 
shatigraphy is exposed and no pre-Fraser sediments 
(pre-late-Wisconsina) were found. 

GEOCHEMICAL STUDIES 

Steve Cook (BCGSB) conducted various 
geochemical studies as followups to previous surveys 
done in the Nechako NATMAP project area. 

RGS Interpretation Studies 

As an assessment of the usefulness of element sum 
ranking in the search for volcanogenic massive sulphide 
(VMS) deposits in Carboniferous-Jurassic Cache Creek 
Group and Upper Triassic Kutcho Formation rocks, two 
Takla Lake area watersheds identified as being in the top 
five percentiles of the combined Cu-Zn-Pb-Ag data 
ranking for the western half of the Manson River (NTS 
93N) map area were investigated and resampled. 

Till Dispersal Studies 

Till dispersal studies in cooperation with Vie 
Levson were carried out in the vicinity of Babine 
Porphyry Belt copper prospects, The study, initiated in 
1996, continued in 1997 near the Dorothy and Heame 
Hill prospects. Till and profile sampling was conducted 
at these sites to document glacial dispersal, and copper 
concentrations in various soil horizons. Previous work 
in the Babine Porphyry Belt was conducted near the 
Nak, Trail Peak and Lennac prospects. 

Lake Sediment Orientation Studies: 
Hill-Tout Lake 

Lake sediment orientation studies conducted in 
1992 at Hill-Tout Lake, near the Dual porphyry copper 
prospect, identified wide variations in sediment metal 
concentrations between the three distinct sub-basins of 
the lake. An Open File documenting these variations, 
and their implications for regional geochemical 
exploration, is currently being prepared. Original water 
samples collected at the lake were analyzed by ICP-ES 
methods. Fieldwork this season obtained additional 
surface and bottom-water samples to be analyzed by 
ICP-MS methods, which yield superior data for trace 
elements such as copper. 

Biogeochemical Surveys 

Colin Dunn (GSC) and Rob Scagel (Pacific 
Phytometric Consultants, Surrey, BC) conducted a 
reconnaissance level, lodgepole pine sampling program 
(late July). The sampling extends 1996 northeastern 

coverage throughout the northwest quadrant of Nechako 
River. Samples were the outer bark of lodgepole pine. 
Samples were collected from 282 sites; 265 at 2 km 
intervals along all driveable roads and trails, and 17 
from sites remote from trails (by Alain Plouffe). 

Biogeochemical work with Bob Anderson is testing 
the possibility of ‘fingerprinting’ pluton compositions. 
Vegetation was collected from sites on plutons where 
samples for lithogeochemical analysis were previously 
obtained. In particular we will look at rare earth 
elements (REE) and high field strength elements (HFSE) 
to determine their patterns. If this technique works, it 
will provide a quick and economical means to help 
differentiate underlying rock types (where overburden is 
thin). 

Follow-up sampling was done of last year’s 
reconnaissance biogeochemical survey along the 
Kluskus forest service road in northeast Nechako River 
map area (NTS 93F/9, 16). This was to establish the 
source of Co and Cr enrichment in samples f?om this 
area. Enquiries at local forestry offices found that prior 
to about 1990 parts of the Kluskus road were paved with 
oxidized volcanic rocks (basaltic) from borrow pits at 
km 35 and km 36. Samples of the oxidized material and 
road dust were collected to test for enrichment in Co and 
Cr. Vegetation was sampled at several sites eastward 
from the road for a distance of 1 km to ascertain the 
potential maximum extent of contamination by road 
dust. 

Metals in the Environment (MITE) 

As part of the GSC Metals in the Environment 
(MITE) Initiative, reconnaissance field work was 
conducted in August 1997 by Cohn Dunn, Pat 
Rasmussen (GSC), and Alain Plouffe in the area of the 
old Takla Bralome mercury mine, located approximately 
4 km northwest of the confluence of Silver and Kwanika 
creeks, on the 93Nlll NTS map sheet. 

The main purpose of the work undertaken by A. 
Plouffe was to (I) determine if there is any 
anthropogenic mercury in the humus horizon; (2) 
identify the different phases of mercury in soil profiles 
developed on till and glaciofluvial sediments; (3) 
establish the mobility of these phases; (4) develop 
criteria to distinguish behveen natural and anthropogenic 
mercury; and (5) provide a framework to measurement 
of mercury flux to the atmosphere (by Pat Rasmussen). 
This summer, humus, B-horizon, and, till and/or 
glaciofluvial sediments were sampled at a total of 13 
sites in the Silver Creek and Kwanika Creek valleys, and 
detailed sampling of soil profiles was done at two sites. 

Pat Rasmussen, Colin Dunn and Grant Edwards 
(Univ. of Guelph, School of Engineering) collected 
biogeochemical samples at the same sites as Alain 
Plouffe and at additional sites along the Pinchi fault zone 
as part of a nation-wide survey of natural mercury 
emissions to the atmosphere. Results will be used to 
evaluate the Takla Bralorne site and other areas as 
potential mercury flux monitoring sites. 
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INDUSTRIAL MINERALS 
INVESTIGATIONS 

Dani Hors and George Simandl (BCGSB) 
continued followup on both previously known and 
newly located industrial mineral and precious stone sites 
in the Nechako project area. Dimension stone, 
decomposed lapilli tuffs (for clays), ornamental and 
landscaping rock (basalts mainly), perlite, vermiculite, 
opal, and agate were investigated. 

GEOGRAPHIC INFORMATION 
SYSTEMS 

Stephen Williams (GSC) and Nicki Hastings (GSC) 
continued to develop the Nechako Project digital point, 
line and area1 database and query system. Work 
focussed on digital integration of the bedrock mapping 
data donated by Placer Dome Ltd, the digitization and 
cartography of geological maps, and the initiation of an 
intemet GIS data sharing svstem. 

Some of the accom@unents to date include; 
Creation of a GIS data base of the Placer Dome 
bedrock geology maps for the End& Mine and 
surrounding region has been completed. This 
database includes half of the field notes gathered 
during that project. All of this information will be 
combined with Nechako Project mapping. 
Several new geological maps are in the process of 
production as coloured 1:lOOOOO and 1:50000 
scale bedrock maps. 
This summer the Nechako Project supported and 
initiated the acquisition and installation of 
MapGuide and its appropriate server hardware and 
software at the Vancouver Office. MapGuide is a 
collection of software packages (Server, Author and 
Reader) that provides real-time WEB browser 
access to maps and their associated databases. 
MapGuide has been used extensively by the 
BCGSB to make the Mineral Potential of British 
Columbia project-data accessible over the World 
Wide Web. We hope to use MapGuide first to 
distribute the digital data for the Nechako Project to 
its participants to facilitate research. Later we hope 
to be able to use it for broader distribution of the 
data. 
For monthly updates in Nechako NATMAP Project 

developments, see the Nechako Newsletters posted on 
the Nechako Project website (ei.gov.bc.ca/nabnap.html) 
during the life of the project. 
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BABINE PORPHYRY BELT PROJECT: BEDROCK GEOLOGY OF THE 
NAKINILERAK LAKE MAP SHEET (93M/S), BRITISH COLUMBIA 

By Don Machtyre 

(British Columbia Geological Sw-vey Branch contribution to the Nechako NATMAP Project) 

KEYWORDS: bedrock mapping, Nechako NATMAP, 
Nakinilerak Lake, Babine Porphyry Belt, EOWIK 

extension, Babine Igneous Suite, Babine Intrusions, 
Ootsa Lake group, porphyry copper deposits, Nak, Trail 
Peak. 

INTRODUCTION 

The Nechako National Mapping Program 
(NATMAP) project, which began in 1995, is a joint 
mapping and geoscientitic research project between the 
British Columbia Geological Survey Branch (BCGSB) 
and the Geological Survey of Canada (GSC) that also 
includes participation by universities and industry 
(McMillan and Stmik, 1996; MacIntyre and Struik, 
1997, Maclntyre and Struik (this volume). The co- 
coordinators of this project are Don MacIntyre (BCGSB) 
and Bert Struik (GSC). Work done by BCGSB field 
crews is funded wholly by the Energy and Minerals 
Division of the Ministry of Employment and Investment; 
GSC funding is from the Cordilleran division in 
Vancouver supplemented with additional funding from 
the National Mapping Program (NATMAP). 

The Babine porphyry belt project, which is a 
multidisciplinary project with separate components for 
bedrock and swficial geology, till and silt geochemistry 
is part of the Nechako NATMAP project (Figure 2-l). 
The primary objectives of this project are to improve the 
geological database in the Babine Porphyry belt, to 
define new areas with potential for additional deposits 
and to attract new exploration expenditures in the 
district. To meet these objectives we will produce 1:50 
OOO-scale bedrock and surricial geology maps of the 
Fulton Lake (93L/16), Old Fort Mountain (93Mll) and 
Nakinilerak Lake (93MiS) map sheets (Figure 2-1) and 
define areas of possible buried metallic mineral deposits 
using till, lake and silt geochemistry. This report 
summarizes the results of bedrock mapping completed in 
1997 and builds on previous reports that describe the 
results of mapping done in the Fulton Lake (Maclnty~e 
ef al., 1996) and Old Fort Mountain (Maclntyre et al., 
1997) map sheets. 

PROJECT DESCRIPTION 

The Babine porphyry belt is located in west-central 
British Columbia and is centered cm the northern third of 
Babine Lake (Figure 2-l). The belt is approximately 80 

Figure 2-l. Location of the Nechako Natmap project, central 
British Columbia. Dark grey area was mapped in 1997 and is 
the subject of this report. 

kilometres long and includes twelve significant porphyry 
copper deposits and prospects including the Bell and 
Granisle past producers. Previous work and access 
routes into the Babine Porphyry belt have been 
described in detail in previous reports (Maclntyre et. al., 
1995, 1996). 

One of the objectives of the current project is to 
stimulate additional exuloration in the belt bv moviding 
an integrated package’ of geoscientitic ma&’ Bedmc~ 
and surficial mapping in the belt is now complete. In 
addition there are completed lake geochemical and till 
geochemical surveys that cover the entire belt. Most of 
this data has now been released or is in preparation for 
release. The Quaternary geology and till and lake 
geochemical sampling completed in 1995, 1996 and 
1997 are discussed in separate reports (Huntley et al., 
1996, Stumpf et al, 1996, Levson et al. , 1997, Levson 
et al. (this volume) and Cook et of., 1997, Jackaman ef 
al. (this volume). 

The 1997 bedrock mapping crew consisted of Don 
MacIntyre and student field assistants Ryanne Metcalf, 
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Figure 2-2. Location of the Babine Porphyry Belt 
project area and major porphyry copper deposits in the 
district. Shaded area is the Nakinilerak Lake map sheet 
(93M/8) which was mapped in 1997. 

Stephan Munzar and Dame Tackaberry. This crew 
spent approximately 4 weeks working in the Babine 
Porphyry Belt. Logging roads provided access to the east 
side of the Netalzul Mountain (93M/7) and southeast 
and southwest comers of the Nakinilerak Lake’(93MI8) 
map sheets. The remaining part of the area was mapped 
using daily helicopter set-outs and pickups from a base 
camp located at Takla Narrows on Takla Lake. In 
addition, Mike Villeneuve and Nancy Grainger of the 
Geological Survey of Canada helped field crews 
collected samples for Ar-Ar and U-Pb radiometric 
dating. Randy Enkin and Judith Baker also visited the 
project area and did sampling for paleomagnetic studies. 

ACCOMPLISHMENTS 

Major geological accomplishments made during the 
1997 field season are summarized below. 
. revised the geology, stratigraphy and structure of 

the east side of the Netalzul Mountain (93MI7) and 
all of the Nakinilerak Lake (93M/8) map sheets. 

l the Trail Peak and Nak porphyry copper deposits, 
which are the most important mineral properties in 
the 93M/8 map area, were examined and mapped. 

. the belt of Lower to Middle Jurassic bimodal 
volcanic rocks fust recognized in the area west of 
Granisle in 1995 was extended into the 93M/8 map 
sheet. However the unit appears to be thinning and 
contains less felsic volcanic rocks going northward. 
This coincides with a general change in the nahre 
of Lower to Middle Jurassic sedimentary rocks from 
shallow to deep water facie% 

. an area of rhyolitic ash flows and vesicular basalt 
belonging to the Eocene Ootsa Lake and End& 
groups respectively was mapped in the low lying 

region west of Takla Lake in the 93Mi8 map area 
and along the southern edge of the 93W13 map 
sheet. These areas represent zones of Tertiary 
extension and volcanism and may have some 
epithermal potential. Two Ar-Ar isotopic age date 
samples were collected from the ash flow members 
of the Ootsa Lake group. 

. Randy Enkin and Judith Baker collected core 
samples from three sites in the Upper Cretaceous 
sedimentary rocks of the Sustut Group for 
paleomagnetic studies. These samples may shed 
light on Tertiary displacements and rotations in the 
area near the Takla fault. 

FUTURE PLANS 

Bedrock mapping in the Babine Porphyry Belt has 
now been completed. Any additional work in 1998 will 
focus on mineral deposits in the belt and on areas where 
more fill-in mapping or sampling is needed. 

REGIONAL GEOLOGIC SETTING 

The Babine Porphyry Belt is entirely within 
Stikinia, the largest terrane of the Intermontane tectonic 
belt. This terrane includes Early Devonian to Middle 
Jurassic volcanic and sedimentary strata of the Asitka, 
Stuhini, T&a, Lewes River and Hazelton assemblages 
and related comagmatic plutonic rocks. East and in fault 
contact with Stikina are Paleozoic and Mesozoic oceanic 
rocks of the Cache Creek terrane; to the west are the 
Mesozoic and Cenozoic plutonic and metamorphic rocks 
of the Coast Belt. 

LITHOLOGIC UNITS 

The geology of the study area, based on mapping 
completed in 1997 and the earlier mapping of Carter 
(1973), Tipper and Richards (1976) and Richards (1980; 
1990), is shown in Figure 2-3. Figure 2-4 illustrates our 
current understanding of the stratigraphic relationships 
between the different map units. 
The physiography of the Babine Lake area reflects the 
effects of Tertiary extension. A northwest trending range 
in the center of the Nakinilerak Lake map sheet is an 
uplifted, tilted and folded block of Jurassic volcanic and 
sedimentary rocks. The uplift forms a broad, fault 
bounded syncline with an axial fault that cuts Middle 
Jurassic sedimentary rocks of the Nilkitkwa and Ashman 
formations in its core. These rocks overlie Lower 
Jurassic volcanic rocks of the Telkwa Formation which 
are exposed on the east and west limbs of the syncline. 
To the west and east of this uplift are low lying, 
downdropped areas that are underlain by Cretaceous and 
Tertiary sedimentary and volcanic rocks of the Skeena, 
Sustut, Ootsa Lake and Endako groups and their 
comagmatic intrusive equivalents. These grabens, are 
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truncated and offset by northeast and northwest-trending 
high angle faults of Eocene or younger age. 

Lower to Middle Jurassic Hazelton Group 

The oldest rocks in the Nakinilerak Lake map area 
are part of the Hazelton Group. The Hazelton Group 
(Leach, 1910) is a calcalkaline island-arc assemblage 
that evolved in Early to Middle Jurassic time. In the 
Babine Lake area, and McConnell Creek map area to the 
north (94D), it sits unconformably to disconformably on 
volcanic and sedimentary strata of the Upper Triassic 
Takla Group (MacIntyre et al., 1996). 

Tipper and Richards (1976) divided the Hazelton 
Group into the Telkwa, Nilkitkwa and S&hers 
Formations based on lithology, fossil assemblages and 
stratigraphic position. The Lower Jurassic Telkwa 
Formation is comprised of subaerial to submarine, 
predominantly c&alkaline volcanic rocks, the Lower 
Jurassic Nilkitkwa Formation is mainly marine 
sedimentary and volcanic rocks and the Middle Jurassic 
Smitbers Formation is mainly shallow water, marine 
sedimentary rocks. In the Babine lake area there is also a 
Lower to Middle Jurassic, marine to subaerial volcanic 
succession which Richards called the Saddle Hill 
volcanics. In the Nakinilerak Lake area the lower part of 
the Hazelton succession is not well-exposed and the 
predominant formations are the Saddle Hill volcanics 
and the S&hers Formation (Figure 2-4). 

Lower Jurassic Telkwa Formation 
The best exposures of the Telkwa Formation crop 

out along the crest and east facing slopes of a north 
trending ridge that extends from Sinta Creek to Flypan 
Peak (Figure 2-2) The pedominant lithology, which is 
typical of the upper part of the Telkwa Formation, is 
amygdaloidal basalt with areas of strong flow top 
brecciation. Interbedded with the flows are maroon 
lapilli and crystal toffs, volcanic wacke and volcanic 
conglomerate. The volcanic members are overlain, 
apparently conformably, by well-bedded siltstones, 
wackes and pebble conglomerates of the Nilkitkwa 
Formation. To the east, the Telkwa volcanic rocks are in 
fault contact with a downdropped area of Tertiary 
volcanic rocks. 
The best exposure of Telkwa Formation volcanic rocks 
is in the vicinity of Frypan Peak. Here, a moderately 
west dipping section of basaltic flows and lapilli tuffs is 
overlain by well-bedded siltstones and mudstones of the 
Nilkitkwa Formation. The contact runs across the top of 
Frypan Peak. Correlation of the volcanic strata with the 
Telkwa Formation is based on a fossil locality east of 
Frypan Peak (GSC locality C-90981) which is reported 
to be Late Sinemurian in age. 

Lower Jurassic Nilkitkwa Formation 

Tipper and Richards (1976) assigned thick sections 
of Pliensbachian to Toarcian shale, greywacke, red tuff, 
breccia and minor limestone to the Nilkitkwa Formation. 
This succession is well exposed in the Nilkitkwa and 
Bait ranges, the type area, which is just north of the map 
area. Here, the formation is as much as 1000 metres 
thick. Limestone and chert beds in the lower part of the 
section help distinguish Nilkitkwa rocks from younger, 
1itho1ogically similar formations. Shallow-water, 
fossiliferous limestone, with interbedded pebble 
conglomerate and feldspatbic sandstone, is a particularly 
common sequence where Nilkitkwa sedimentary rocks 
onlap Telkwa volcanic rocks. 

The best exposure of the Nilkitkwa Formation in the 
current study area occurs on the west side of Frypan 
Peak. Here, moderately west dipping, well bedded, 
siltstone, mudstone, cherty argillite, and calcarenite with 
minor volcanic pebble conglomerate and occasional tuff 
beds conformably overlie Telkwa volcanic rocks. Both 
the volcanic and sedimentary rocks are intruded by a 
number of fine-grained, greenish grey diorite sills. 
Further south, similar, well-bedded sedimentary rocks 
are exposed in near continuous outcrop (1500 me&s) in 
Sinta Creek. Unlike exposures of Nilkitkwa sedimentary 
rocks in the Old Fort Mountain map sheet (93IWl) to the 
south, which are typically shallow water, fossiliferous 
beds, those in the Nakinilerak Lake map area are fossil 
poor and appear to represent a deeper, water, tiner- 
grained marine facies. The only known fossil localities 
in the Nilkitkwa Formation in the current study area are 
on a ridge 3 kilometres northwest of Frypan Peak where 
dark grey siltstones interbedded with amygdaloidal, 
chloritized submarine basaltic flows are reported to 
contain Middle Toarcian macrofossils (GSC fossil 
localities C90984, C90949). These volcanic rocks, 
which are characterized by the presence of submarine 
basaltic flows and flow top breccias, were mapped 
previously as the Ankwell Member of the Nilkitkwa 
Formation (Richards, 1990). 

Lower to Middle Jurassic Saddle Hill volcanics 

The Saddle Hill volcanics, as defined by Richards 
(1990), consist of Early to Middle Jurassic, interbedded, 
reddish, subaerial toffaceous mudstone, basalt to 
rhyolitic flows, ash-flows, ash and lapilli toff, breccia, 
lahar and minor volcaniclastic sedimentary rocks. In the 
type area, at Saddle Hill, which is located in the Old Fort 
Mountain map sheet south of the current study area 
(Maclntyre er al., 1996), the volcanic rocks overlie 
Nilkitkwa Formation and are overlain by Aalenian to 
Bajocian sedimentary rocks of the Smithers Formation. 
Zircons extracted from rhyolitic ash flows interbedded 
with basal& west of the town of Granisle gave a 184.5 
Ma U-Pb isotopic age. The Saddle Hill volcanics are 
therefore Toarcian in age based on stratigraphic position 
and limited age dating. 
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Figure 2-3. Generalized geology of the Nakinilerak Lake map area (93W8) 

In the current study area, rocks lithologically similar 
to the Saddle Hill volcanics are well-exposed near the 
southern end of the Bait Range. Here, massive flows of 
chloritized basalt and basalt breccia with caIczueous 
siltstone interbeds form the core of an anticline. The 
anticline is assymetrical with a moderately east dipping 
eastern limb and a nearly vertical to slightly ovemuned 
westem limb. On the east side of the ridge well-bedded 
siltstones, mudstones and shales conformably overlie the 
volcanic rocks. Numerous feldspar porphyty dies and 
sills cut the sedimentary section. According to GSC 

records, Early Bajociao fossils occur at GSC locality C- 
91067 which is up section and to the east of the 
volcanic-sedimentary contact. Therefore, based on the 
occurrence of these fossils, the sediientary rocks are 
mapped as Smithers Formation. Richards (1990) 
previously mapped the volcanic rocks as the Ankwell 
member of the Nilkitkwa Formation which is 
predominantly subaqueous basalt of Middle Toarcian 
age. Based on apparent age, stratigraphic position and 
lithology we correlate these volcanic rocks with the 
Saddle Hill volcanics. Overall, there appears to be a 
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trend from a thick bimodal, partly subaerial section near 
the type area in the 93M/l map sheet, to a thinner, 
predominantly submarine basalt section in the Bait 
Range to the north. 

Smithem Formation 
The Lower to Middle Jurassic Saddle Hill volcanics 

are conformably overlain by green to dark gray, marine 
sedimentary rocks of the Smithers Formation. In the 
93M/l map sheet, the Smithers Formation is very 
fossiliferous and contains abundant bivalves, ammonites 
and belemnites that indicate an Early Bajocian age. In 
the current study area, the best exposures of this 
formation occur on Scorched Hill, west of Nakinilerak 
lake and at the south end of the Bait Range (Figure 2-3). 
Bajocian age fossils have been collected from both 
areas. In general, the Smithers Formation appears to 
become finer-grained and more deep water going 
northward towards the Bower Basin. Fine-grained, 
well-bedded siltstones and shales at the south end of the 
Bait Range were mapped by Tipper and Richards (1976) 
as the Bait member to distinguish them from more 
shallow water, fossiliferous, coarser-grained and poorly 
bedded members of the Smithers Formation. 

Upper Jurassic to Lower Cretaceous Bowser 
Lake Group 

The Bowser Lake Group, as defined by Tipper and 
Richards (1976), includes marine sedimentary rocks and 
minor volcanic rocks ranging in age t?om Late Bajocian 
to Kimmeridigian. The group is thickest and most 
continuous in the Bower basin located northwest of the 
current study area. Within the Bower Basin fme- 
grained elastic rocks of Late Bajocian to Early 
Oxfordian age are mapped as Ashman Formation 
(Tipper and Richards, 1976). Along the southern margin 
of the basin Late Oxfordian conglomerates overlie 
Ashman Formation and are mapped as the Trout Creek 
Formation. 

Ashman Formation 
The Ashman Formation is the basal member of the 

Bower Lake group and was deposited during an 
extensive mid to late Jurassic marine transgression that 
ultimately covered all of west central British Columbia 
including the Skeena Arch. The formation, which ranges 
in age from Late Bajocian to Early Oxfordian, consists 
predominantly of tine-grained dark gray to black shale, 
with lesser feldspathic to quartzox siltstone and 
greywacke. On Ashman Ridge, the type area for the 
Ashman Formation, it sits conformably on the Smithers 
Formation. South of Ashman Ridge and along the 
southern margin of the Skeena Arch the Ashman 
Formation is as old as Late Bajocian and is a more 
fossiliferous, coarser elastic shallow water f&es. The 
Ashman formation is overlain by Late Jurassic to Early 
Cretaceous, westward prograding, non-marine elastic 
sedimentary rocks that were derived from rising 

landmasses north, east and southeast of the Bower 
Basin. 

In the current study area, the Ashman Formation, 
which is predominantly dark gray, fine-grained siltstone, 
is sporadically exposed in the wre of a northwest 
trending, uplifted syncline that extends from the Bait 
Range to the southern limit of the Nakinilerak lake map 
sheet. Early Callovian to Early Oxfordian fossils have 
been collected at three localities, two east of Scorched 
Hill (C-89593, C89648) and the other just north of Trail 
Peak (C90816). These ages are similar to those obtained 
in the 93M/l map sheet. Like the S&hers and 
Nilkitkwa formations, the Ashman Formation appears to 
become finer-grained and more deep water moving 
northward toward the Bower Basin. 

Trout Creek Formation 

The Trout Creek Formation includes coarse 
sandstone and conglomerate beds containing mid to late 
Oxfordian bivalves that overlie fme-grained elastics of 
the Ashman Formation (Tipper and Richards , 1976). 
These rocks represent a period of marine regression in 
mid Oxfordian time and a coincident shedding of coarse 
volcanic detritus northward into the Bower Basin. 
Lithologies include marine and non-marine thick-bedded 
conglomerate, sandstone, siltstone, shale and coal. The 
conglomerates contain predominantly volcanic clasts 
mixed with chert but locally contain granitic clasts as 
well. Cross-bedding and channel cut and fill structures 
are common and characterize deltaic sequences. The 
Trout Creek rocks are overlain and in part interbedded 
with Upper Jurassic basalt and and&e of the subaerial 
Netalzul volcanics. 

In the current study area, good exposures of 
conglomerates that occur on a ridge immediately east of 
Friday Lake were previously mapped by Richards 
(1990) as Trout Creek Formation. Here, thick beds of 
heterolithic conglomerate containing feldspar phyric 
volcanic and chert cl&s up to 20 centimetres in 
diameter are exposed at the top of the ridge. The 
conglomerate beds, which are locally cross-bedded and 
till channels in finer-grained beds, dip around 60 
degrees to the northeast. The stratigraphic position of 
these beds is uncertain due to lack of outcrop away from 
the ridge. Presumably they are underlain by Ashman 
Formation to the west and are in fault contact with older 
Telkwa Formation volcanic rocks to the east. 
Alternatively, they may be younger and correlative with 
Lower Cretaceous Skeena Group conglomerates. 

Lower Cretaceous Skeena Group 

The Skeena Group (Leach, 1910) is characterized 
by well-bedded, quartz, feldspar and muscovite-bearing, 
marine sedimentary rocks that overlap Jurassic and older 
rocks along the southern margin of the Bower Basin. 
The main Skeena lithologies are dark gray shaly 
siltstone, greywacke, carbonaceous mudstone and chert- 
pebble conglomerate These sedimentary rocks were 
deposited in a fluviodeltaic, near-shore to shallow 

2-6 British Columbia tieological Survey Branch 



..~.................................... Oots’a’,Lk~..Gp: Bab[nctnt: -extension_ - 

Tango Crk. Fm. 
conlractionluplifvemsion 

Rocky Ridge VOIC. 

Trout Creek Fm. co”lRc6o”? 

, ST,., 
Ashman Fm. 

_ - 

% Smithers Fm. 
178 5 

Ma @+/$!;%p’ phase 

bj 
E / Pliensbachia”\ 

I~.,~.,~,~~.,~ .,..,..,..,..,,.,,.,,.., ,..,, 
$ Ej Nilkitkwa 

Saddle Hill volt. 

I* o ~,Te,kwa Fm, Topley Intrusive Suite 

Q Q c&191-193.7 

Figure 2-4. Generalized stratigraphy for the Nakinilerak Lake map area, 93Mi8. See Figure 2-3 for legend. 

marine environment (Basset, 1991). Although fossils are 
rare, the Skeena Group appears to range from 
Hauterivian to late Albian OI early Cenomanian in age. 
Paleocurrent measurements indicate south, east and 
northeast sediment transport with the source area located 
in the Omineca belt. Bassett and Kleinspehn (1996) 
suggest that this belt was the main axis of a mid- 
Cretaceous continental arc and that the Skeena Group is 
a forearc succession. The Skeena rocks were folded, 
uplifted and eroded during a mid to late Cretaceous 

contmctional event related to evolution of the Skeena 
Fold Belt. 

Richards (1990) subdivides Skeena Group rocks in 
the Hazelton map area (93M) into six formations DI 
mappable units. These are from oldest to youngest the 
Kitsuns Creek Formation, the Kitsumkalum shale, the 
Hanawald conglomerate, an unnamed unit of 
subaqueous volcanic and volcaniclastic rocks, the Rocky 
Ridge Formation and the Red Rose Formation. In a 
recent paper Bassett and Kleinspehn (1996) propose a 
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new stratigraphic nomenclature based on lithofacies. 
These are the fluvial to deltaic Rocher Deboule 
Formation which would include both the Red Rose 
Formation and Hanawald conglomerate, the volcanic arc 
Rocky Ridge Formation, the deltaic Bulkley Canyon 
Formation which includes the fluvial Kitsuns Creek 
Member and the subtidal, turbiditic Couture Formation. 
Table 2-1 attempts to rationalize this new stratigraphic 
nomenclature with that of Richards (1990). 

Table 2-1. Skeena Group facies and comparison of 
stratigrapbie divisions used by Richards (1990) and 
Bassett & Kleinspehn (1996). Age ranges and facies 
from Bassett & Kleinspehn (1996). 

Richards Bassett & Facies Age 
(1990) Kleinspehn Range 

(1996) 
Red Rose Fm. Rocher fluvial, Albian- 

Deboule deltaic Ck”O”Xl”- 
F”l. ian 

Hanawald 
co”glo”lerate 
Rocky Ridge Rocky volcanic 
volcanics Ridge Fm. arc 
Kitsuns Creek Bulklev deltaic Hauteriv- 

shale turbidi& ian-Albian 

Skeena Group sedimentary rocks in the Nakinilerak 
Lake map map sheet have previously been corxlated 
with the Kitsuns Creek Formation, the Hanawald 
conglomerate and the Red Rose Formation or mapped as 
undivided Skeena Group. A small area of alkaline basalt 
and rhyolite in the southwest and southeast corners of 
the map area, have been mapped as Rocky Ridge 
Fornxtion. 

In the curent study area, Skeena Group sedimentary 
rocks are generally poorly exposed because they arc 
only preserved in down-dropped fault blocks or grabens 
which tend to be low-lying areas with extensive cover. 
Although exposure is limited the broad valley extending 
from the end of the northwest arm of Babine Lake 
northward along the Babine River appears to be filled 
with Skeena Group sedimentary rocks. The Skeena 
rocks are folded and have a moderate to steep dip. 

Kitsuns Creek Formation 

The Kitsuns Creek Formation, which includes 
feldspathic and volcanic sandstone, siltstone, shale and 
polymictic, volcanic clast conglomerate underlies a 
large, relatively flat area extending from Fort Babine to 
the northern limit of mapping. Although these rocks are 
poorly exposed, good outcrops do occur along the 
Morrison Main and Nilkitkwa haulage roads and “ear 
the height of land just east of the Fort Babine village. 
These feldspathic sedinxntary rocks are apparently 

overlain by the Hanawald conglomerate; the Rocky 
Ridge Formation and Kitsumkalum shale members 
appear to be missing. 

Rocky Ridge Formation 

The Rocky Ridge Formation includes Early Albian 
to Early Cenomanian submarine alkali basalt flows, 
breccias and lapilli tuffs that were erupted along the 
southern margin of the Bower Basin (Bassett and 
Kleinspehn, 1996). In the Old Fort Mountain map sheet 
(93M/l), a chain of rhyolite domes that intmde marine 
sedimentary rocks of the Skeena Group have U-Pb 
isotopic ages around 107 Ma (mid Albian) suggesting 
they are also correlative with the Rocky Ridge 
Formation. These rhyolite domes will be the subject of a 
B.Sc. thesis by Deane Tackaberry at the University of 
Victoria. Rhyolite domes in the southwest corner of the 
study area are also mapped as part of the Rocky Ridge 
Formation. 

Hanawald Conglomerate 

In the Hazelton map area fluvial-deltaic chert pebble 
conglomerate beds of the Hanawald Conglomerate 
member are interbedded with, and overlie, feldspathic 
elastic sedimentary rocks of the Kitsuns Creek formation 
(Richards, 1990) and, where present, the Rocky Ridge 
Formation. The conglomerates are thick-bedded and are 
more resistant than finer-grained beds of the Kitsuns 
Creek Formation. The interval of conglomerate beds is 
probably not more than 200 metres thick at its 
maximum. The age of the conglomerates, based on 
stratigraphic position, is late Albian to early 
Cenomanian. They are, in part, interpreted to be 
correlative with Sustut Group chat-pebble 
conglomerates (Tango Creek Formation) which are 
found on the east side of the map area. 

In the current study area, the Hanawald 
conglomerate member is exposed in road cuts along the 
Morrision main haulage road “ear the western edge of 
the 93MI8 map sheet, as a series of northwest trending 
hogback ridges located east of the northern end of 
Morrison Lake and in Tahlo Creek. Unlike Trout Creek 
conglomerates which have a high proportion of volcanic 
clasts relative to chat, the Hanawald conglomerate is 
composed mainly of well-rounded clasts of dark and 
light grey chert and white quartz Locally there are also 
clasts of soft, altered felsic volcanic or intrusive rocks, 
chloritized granite and feldspar porphyry. Carbonaceous 
wood fragments are also common. The conglomerate 
can be either clast or matrix supported and is poorly 
sorted with clast sizes ranging from 1 to 6 centimetres in 
diameter. The matrix is predominantly greenish-grey 
sand and is less resistant to weathering than the clasts. 
The conglomerates are interbedded with brow” 
weathering greenish grey wackes and granule 
conglomerates of a similar composition. 

The Hanawald conglomerate was probably 
deposited in a “ear shore, deltaic to fluvial environment 
along the northwestern edge of a landmass. Facies 

2-8 British Columbia Geological Survey Branch 



changes to the northwest suggest deeper water, marine 
conditions in that direction (Bassett and Kleinspehn, 
1996). The composition of the Hanawald conglomerate 
suggests a source area with abundant chat and quartz, 
possibly the Cache Creek terrane to the southeast. 

Red Rose Formation 

The Red Rose Formation sits stratigraphically above 
the Rocky Ridge Formation and includes well-bedded, 
quartzo-feldspathic and muscovite bearing sandstone, 
siltstone, argillite, chat-pebble conglomerate, reddish 
sandstone and gritty mudstone (Richards, 1990). It is 
mainly fluvial and is in part correlative with the Tango 
Creek Formation of the Sustut Group. The formation is 
found mainly west of the map area and is probably the 
distal, fmer-grained equivalent of the Hanawald 
conglomerate. The only strata mapped as Red Rose 
formation in the current study area are located in the 
northeast corner of the 93M/7 map sheet. Bassett and 
Kleinspehn (1996) have redefined the Red Rose 
Formation and Hanawald conglomerate as the Rocher 
Deboule Formation. 

Mid Cretaceous Intrusions 

Other than the rhyolite domes mentioned earlier 
under Rocky Ridge Formation, intrusions of Mid 
Cretaceous age are rare in west central British Columbia. 
However, in the current study area, Carter (1976) 
reported a K-Ar isotopic age of 105*4 Ma (revised 
decay constants) for an equigranular biotite granodiorite 
stock exposed at Trail Peak. The stock is cut by a 
mineralized, biotite-feldspar porphyry dike that gave a 
49.8+4 Ma K-Ar isotopic age (Carter, 1976). The older 
age is very similar to the age determined for feldspar 
porphyry flows at the former Bell mine and rhyolite 
domes elsewhere in the Old Fort Mountain map sheet 
(MacIntyre ef al., 1997) and is coeval with Rocky Ridge 
volcanism in west central British Columbia. The close 
spatial association of intrusions with such disparate ages 
suggests reactivation of magmatic centers after a lull of 
some 50 million years. 

Lower to Upper Cretaceous Sustut Group 

The Sustut Group includes Cretaceous and Tertiary 
non-marine elastic rocks that overlap rocks of the 
Stikine Terrane and the Bowser Lake Group. The area1 
distribution of these rocks defmes the northwest trending 
Sustut Basin which extends from the Stikine River in the 
northwest to Takla Lake in the southeast. The type area 
is along the Sustut River in the McConnell Creek map 
area (Lord, 1948). The Sustut Group is divisible into the 
Tango Creek and Brothers Peak formations (Eisbacher, 
1974). Only the Tango Creek Formation is present in the 
Nakinilerak Lake map area. 

Tango Creek Formation 

The Tango Creek Formation includes poorly sorted 
non marine conglomerates, sandstones and mudstones 
that sit unconformably on Bowser Lake Group and older 
rocks. Spores and pollen collected from the formation 
indicate an age range from mid-Albian to Campanian 
(late Early to middle Late Cretaceous). Paleocwrent 
directions indicate an eastern to northeastern source area 
as does the presence of metamorphic chat clasts which 
are probably derived from the Cache Creek terrane. The 
formation thickens westward to a maximum of 1500 
m&es as a prograding deltaic sequence. 

Chat pebble conglomerates of the Tango Creek 
Formation underlie the northeast corner of the current 
map area. The best exposures are on the shores of Takla 
Lake and in the area along the eastern edge of the 
Nakinilerak Lake map sheet. Here, the conglomerates 
dip moderately to the northeast and form a series of 
sparsely timbered hogback ridges between the two arms 
of Takla Lake, a distance of 15 kilometres. This 4 
kilometre wide, north trending panel is bounded to the 
east by the Takla fault and to the west by an unnamed 
fault. Both of these faults have strong topographic 
linears and are presumably high angle. The Takla Fault 
juxtaposes Tango Creek conglomerates against an uplift 
of Late Triassic Takla volcanic rocks; the western fault 
separates the conglomerates from a narrow, fault 
bounded uplifted slice of Lower Jurassic volcanic and 
sedimentary rocks. This uplift or horst, is bounded on 
both sides by Tango Creek chert pebble conglomerates 
and can be traced northward across Takla Lake, and into 
the Love11 Cove area where Middle Jurassic Smithers 
Formation sedimentary rocks are exposed in the uplift. 
On the east shore of Takla Lake, the fault bounded panel 
is exposed at Red Bluff where it contains a highly 
fractured, sheared and brecciated, pink weathering 
monzonite intrusion that is probably Jurassic in age and 
related to the Topley intrusions. Along the shore, north 
of White Bluff, white weathering chat pebble 
conglomerates are overturned and dip steeply to the east. 
Distinctive beds of red weathering siltstone or tuff occur 
in the conglomerate section and were sampled for 
paleomagnetic studies by Randy Enkin of the Geological 
Survey of Canada. The steep dipping, overturned 
orientation of these conglomerate beds may be due to 
drag on a nearby high angle normal or reverse fault that 
bounds the north trending uplift. 

Northeast-dipping beds of chat pebble 
conglomerate are also exposed in several other localities 
in the northeast comer of the study area where they are 
partly overlain by relatively flat-lying Tertiary volcanic 
rocks. 

Assuming no structural repeats, the Tango Creek 
conglomerate section exposed along the eastern edge of 
the map area could be up to 5 kilometres thick. This 
sedimentary succession becomes finer-grained up 
section and consists predominantly of mudstone and 
siltstone where it is exposed on the shores of Takla 
Lake. Well-preserved plant fossils have been collected 
from these rocks and have previously been identified as 
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Cenomanian in age (Armstrong, 1949) suggesting the 
underlying chat pebble conglomerates are Cenomanian 
or older. 

In the current study area, the Tango Creek 
Formation is predominantly poorly to moderately sorted, 
moderate to thick bedded, brown to grey weathering 
conglomerates that were probably deposited in a fluvial 
environment. The conglomerates contain well-rounded 
pebble to cobble sized clasts of chat and quaru of a 
probable metamorphic provenance with lesser matic and 
felsic volcanic and granitic clasts in a gritty, sandstone 
matrix of similar composition. Conglomerate beds are 
often cross-bedded especially where they till channels in 
underlying strata and typically fme upward into intervals 
of granule conglomerate and quartz sandstone, Thin 
beds of red weathering siltstone or h&f are locally 
present and were the target of paleomagnetic sampling 
by Randy Enkin of the Geological Survey of Canada. 

Upper Cretaceous Kasalka Group 

The Kasalka Group, as defined by MacIntyre 
(1985), is comprised of talc-alkaline continental 
volcanic rocks that sit with angular discordance on 
Skeena Group and older strata. The type area for the 
Kasalka Group is at Tahtsa Lake where a volcanic 
section up to 1500 metres thick overlies a basal 
conglomerate member. These volcanic rocks are part of 
a north-trending continental volcanic arc that transected 
west-central British Columbia in Late Cretaceous time. 
The predominant rock types are hornblende-feldspar- 
phyric latite-andesite and andesite, volcanic breccia, 
lapilli toff end l&r. Sutherland Brown (1960) mapped 
similar rocks as the Brian Bore Formation in the Rocher 
Ddboul6 Range north of Smithers, and Maclntyre and 
Desjardiis (1988) documented Kasalka Group rocks in 
the Babine Range west of the study area. 

In the northwest corner of the Nakinilerak Lake map 
sheet, coarse porphyritic andesite flows are exposed 
along a northwest-trending fault scarp and in clear-cuts 
east of the scarp. These rocks, which apparently 
unconformably overlie Lower Cretaceous chat pebble 
conglomerates, are lithologically identical to flows near 
the Lennac Lake porphyry prospect described in a 
previous report (MacIntyre et al., 1996). The flows, 
which display sheeted jointing and are generally 
unaltered and onmineralized, contain 25 to 30 percent 
hornblende laths, biotite “books” and equant plagioclase 
in a finer-grained, greenish grey groundmass. Although 
previously mapped as a Babine intrusion, the coarse 
porphyritic texture and presence of books of biotite are 
features atypical of the Eocene Babine intrusions. 
Rather, these features are more characteristic of Kasalka 
Group volcanic rocks and related Bulkley Intrusions. A 
2 to 3 metre wide, northeast-trending dike of similar 
composition to the flows was observed cutting the 
underlying chat pebble conglomerates and may have 
been a feeder to the flows. 

Late Cretaceous Bulkley Intrusions 

The term Bulkley Intrusions was fast used by 
Kindle (1954) for granitic rocks in the Hazelton area. 
This suite of intrusions is Late Cretaceous in age and 
includes large porphyritic and equigranular stocks of 
quartz monzonite, granodiorite end quartz diorite and 
smaller plutons and dikes of feldspar porphyry, 
hornblende-biotite-quartz-feldspar porphyry end quartz 
porphyry. Potassium argon isotopic ages range from 70 
to 84 Ma (Carter, 1976). The plutons define a north- 
trending belt that extends from north of the Babine River 
southward to the Eutsuk Lake area. They are believed to 
be the exhumed roots of an Andean type magmatic arc 
that formed during a period of oblique plate subduction 
in Late Cretaceous time. Volcanic centers were probably 
localized in areas of crustal extension along dextral 
strike slip faults. 

The only intrusions in the Babine Lake area that are 
known to be pert of this suite are exposed at the Lennac 
Lake porphyry copper prospect (Maclntyx ef al., 1996). 
One of these intrusions was dated using the laser Ar-Ar 
technique at 78.3 i 0.8 Ma (MacIntyre ef al., 1996), 
identical to a previous 78.3 i 2.5 Ma K-Ar age 
detenhined by Carter (1973). There are no known 
occurrences of Bulkley Intrusions in the Nakinilerak 
Lake map area. 

Cretaceous to Tertiary Intrusions 

Several small stocks, sills and dikes of medium to 
coarse-grained greenish grey diorite end gabbro crop out 
in the map area. Best exposures are on Frypan peak and 
in the southern Bait Range where diorite sills up to 10 
m&es thick intrude Lower end Middle Jurassic 
sedimentary rocks and volcanic rocks. For the most part 
the intrusions have been emplaced passively with little 
disruption of regional bedding attitudes. Zones of biotite 
homfels are locally present, especially around larger 
bodies. In places the diorite contains 1 to 2 millimetre 
phenocrysts of feldspar and less commonly pyroxene 
and hornblende. Generally the diorite is weakly to 
moderately cbloritized and in places has poorly 
developed mineral line&ion. Compositionally these 
intrusions range from gabbro to granodiorite, but most 
are apparently true diorites or quartz diorites. 

‘Ihe age of diorite intrusions in the map area is 
uncertain. They are found cutting rocks ranging from 
Early Jurassic through to Early Cretaceous in age. 
Therefore, assuming there is only one episode of dioritic 
magmatism, these intrusions must be Early Cretaceous 
or younger. It is possible, however, that some of the 
diorite intrusions are Eocene, and represent the earliest, 
least differentiated phases of the Babine Intrusions. 

Eocene Babine Igneous Suite 

The Babine Igneous Suite is divisible into two main 
units - the Babine Intrusions and the Newman volcanics 
(Carter, 1976; 1981; Ogryzlo, 1994). Both are early 
Eocene in age as indicated by isotopic age dating 
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(Villeneuve and MacIntyre, 1997). New isotopic dating 
as part of the Nechako Natmap project suggests the 
Babine Igneous Suite is slightly older (2-3 million 
years.?) than the Ootsa Lake Group volcanic rocks (Mike 
Villeneuve, personal communication). 

Babine Intrusions 

The Babine Intrusions include small plugs and dies 
of crowded biotiteihomblende feldspar porphyry, 
quartz+biotite feldspar porphyry and equigranuhu 
hornblende-biotite granodiorite to quartz diorite that 
occur as multi-phase intrusive centies in a north-trending 
belt that extends from F&on Lake to Trail Peak (Figure 
2-l). Potassium-argon isotopic ages biotite and 
hornblende physic phases range from 50.2 to 55.8 
indicating the intrusions are early Eocene in age 
(Villeneuve and MacIntyre, 1997). The intrusions, which 
are believed to be the subvolcanic roots of a calcalkaline 
magmatic arc, cut volcanic and sediientay strata 
ranging in age from Triassic to Early Cretaceous. The 
Newman volcanics are the extrusive equivalents of the 
intrusions and these rocks are preserved close to 
intrusive centres on the Newman Peninsula and at 
Saturday Lake. The fact that the volcanic edifices have 
not been completely removed by erosion is tiuther 
evidence that the Babine intrusions and associated 
porphyry copper deposits such as Bell and Granisle are 
exposed at a subvolcanic level. 

Compositionally, the Babine intrusions and 
Newman volcanics are very similar to the older Bulkley 
intrusions and Kasalka volcanic rocks found further to 
the west. This suggests similar, tramtensional, volcanic 
environments prevailed during the Late Cretaceous and, 
into the early Eocene, and that locus of volcanism 
moved progressively eastward with time. 

Biotite-hornblende quark diorite to granodiorite 

Stocks of medium-grained, equigranular to sub- 
porphyritic biotite-hornblende quartz diorite to 
granodiorite are exposed at the Nak and Trail Peak 
propelties and in the southeast corner of the 93M/7 map 
sheet (Figure 2-2). Zones of biotite hornfels and 
disseminated and fracture controlled pyrite, up to several 
hundred m&es in width enclose the equigranular stocks. 
Although the equigranular phase of the Babine 
inhvsions can host low-grade copper mineralization, 
better grades are typically associated with younger 
porphyritic phases. 

Biotite-feldsparporphyry 

The most characteristic rock type of the Babine 
intrusive suite is a crowded, dark grey biotite-feldspar 
porphyry which typically occurs as small plugs and 
dikes. This rock type contains 40 to 60 percent of 2 to 3- 
millimetre phenocrysts of biotite, plagioclase and rarely 
hornblende and quartz, in a groundmass of plagioclase, 
quartz, biotite and minor potassium feldspar. The 
porphyries are quartz diorite to granodiorite in 

composition and are typical of plutonic rocks found in a 
continental calcalkaline magmatic arc environment. 

Northeast to north trending dikes of biotite-feldspar 
porphyry cut earlier equigmnular granodiorite and quartz 
diorite stocks and surrounding wall rocks at the Nak and 
Trail Peak porphyry copper prospects. These dikes have 
associated copper mineralization and are locally strongly 
altered. 

Quartz-biotite-feldspar porphyry and quariz felo3popar 
Pwfwv 

Quartz-phyric intrusions, with or without biotite, 
post-date the main phase of stockwork mineralization at 
the Bell mine and apparently cut the earlier biotite- 
feldspar porphyry phase (Dirom ef al., 1995). The 
quartz-phyric rocks, which contain partially resorbed 
quartz phenocrysts, are weakly mineralized relative to 
the biotite-feldspar porphyry phase. This intrusive phase 
is most common around the Bell pit but also occurs as 
small stocks and dikes in the Old Fort Mountain map 
sheet (Figure 2-2). No quartz phyric Babine intrusions 
were mapped in the Nakinilerak Lake map sheet. 

Newman Volcanics 

In the Babine Lake area, talc-alkaline, hornblende- 
biotite-feldspar porphyry flows, breccias and lahars sit 
with angular discordance on folded Triassic, Jurassic and 
Lower Cretaceous volcanic and sedimentary rocks. 
These volcanic rocks were given the name Newman 
volcanics by Tipper and Richards (1976) because they 
are well-exposed on both sides of the Newman Peninsula 
in the Fulton Lake map sheet (93L116). The Newman 
volcanics are Early Eocene, with Ar-Ar isotopic ages 
ranging from 49.9i0.6 to 52.7i0.6 Ma. (Villeneuve and 
MacIntyre, 1997). These ages overlap those determined 
for lithologically identical porphyries of the Babine 
Intrusions and the volcanic rocks are, therefore, 
considered to be the extrusive equivalent of these rocks 
(Villeneuve and MacIntyre, 1997). Typical homblende- 
b&i&feldspar phyric and&es of the Newman 
Volcanics crop out sporadically along the western shore 
of Babine Lake and on Bear Island in the 93W16 and 
93h4/1 map sheets. The only known occurrence of 
Newman volcanics in the Nakinilerak Lake map sheet is 
at Trail Peak where hornblende-biotite-feldspar 
porphyry flows cap the ridge southeast of the main 
showings. 

Eocene Ootsa Lake Group 

The Ootsa Lake Group, as defmed by Duffel1 
(1959), is a succession of continental c&alkaline 
volcanic rocks with minor nonmarine sedimentary 
interbeds. In the type area around Ootsa Lake, the 
volcanic members are basalts, and&es, dacites and 
rhyolites. The dacites and rhyolites occur both as flows 
and flow-breccia dome complexes of limited area1 
extent; the and&es and toffs are more extensively 
distributed. Several dates determined in the Whitesail 
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Lake area indicate that the Ootsa Lake volcanic rocks 
erupted 50 million years ago for a period as short as 1 
million years (Diakow and Mihalynuk, 1987). 

In the relatively flat, northeast corner of the current 
study area, brown, maroon and red weathering aphanitic 
to feldspar phyric vesicular and anygdaloidal basalt 
flows, flow top breccias, maroon lapilli hlffs and 
volcanic conglomerates are exposed in road cuts and 
along the north banks of Sinta Creek. Although 
exposures are poor, these mafic volcanics appear to be 
relatively flat lying and sit unconformably on chat 
pebble conglomerates of the Upper Cretaceous Tango 
Creek Formation and fossiliferous siltstones of the 
Middle to Upper Jurassic Smithers and Ashman 
formations (Figure 2-3). The basaltic flows have a shong 
aeromagnetic response relative to underlying 
sedimentary rocks and this has been used to defme their 
area1 extent in areas lacking outcrop. A distinctive 
lithology within this succession is a basalt flow with 5 to 
10 millimetre, aligned plagioclase laths. The flows are 
very vesicular in places and locally have calcite and 
chlorite filled amygdules that are flattened and elongated 
parallel to flow directions. These basaltic rocks are 
tentatively correlated with the Ootsa Lake Group based 
on stratigraphic position and lithology. 

Rhyolite to rhyodacite flows, breccias and inhusive 
domes occur sporadically in the northeast corner of the 
Nakiiilerak Lake map sheet and in a” area north of 
Friday Lake. These rocks are also tentatively correlated 
with the Ootsa Lake Group. The rhyolites are cream to 
white weathering, flow banded and have 10 to 15 
percent of 2 to 3 millimetre phenocrysts of biotite, 
hornblende and plagioclase in a pink to grey, siliceous 
aphanitic groundmass. The rhyolitic rocks occur both as 
flows interbedded with vesicular basalt and as 
subcircular, columnar-jointed domes that form isolated 
topographic highs. 

In the northeast corner of the map area, “ear Takla 
Lake, a biotite-hornblende-feldspar phyric rhyodacitic 
ash flow is well exposed on a northwest trending scarp 
and appears to be in fault contact with chat pebble 
conglomerates of the Tango Creek Formation. A sample 
was collected from the ash flow for Ar-Ar isotopic age 
dating. 

STRUCTURE 

The structure of the Babine Lake area reflects the 
effects of at least four major tectonic events. The oldest 
took place in mid to late Jurassic time when rocks of the 
Hazelton and Takla Groups were folded and uplifted in 
response to the collision of Stikinia with the Cache 
Creek Terrane. This was followed in mid Cretaceous 
time by a contractional event that produced northwest- 
trending folds and northeast directed thrust faults. I” the 
Bowser Basin and in the current study area, rocks as 
young as Cenomanian were involved in this folding 
event. In the southern part of the Bowser Basin, just 
north of the study area, folds are cut by plutons as old as 
82 Ma thus constraining deformation to the early part of 

the Late Cretaceous. This is consistent with observations 
in the Tahtsa Lake area, where relatively flat-lying Late 
Cretaceous volcanic rocks of the Kasalka Group sit with 
angular discordance on Albian Skeena Group rocks 
(MacIntyre, 1985). The unconformity is marked by a” 
erosional conglomerate. Crustal extension and 
development of north trending grabens and horsts took 
place in Late Cretaceous to Eocene time during a period 
of oblique subduction and transpression along the 
Skeena Arch. The latest episodes of block faulting are 
Eocene or younger because Late Cretaceous and Eocene 
plutons and their extrusive equivalents, the Kasalka and 
Newman volcanics, have been tmncated and displaced 
by high angle faults that bound the grabens. Within the 
grabens, the younger rocks can have moderate tilts and 
form broad open folds. This contrasts with Cenomanian 
and older rocks which are more tightly folded, and in 
pat, imbricated by thrust faults. The latest event, which 
may be as young as Miocene, involved northwest- 
southeast crustal extension and tilting of fault blocks 
between north to northwest trending strike slip faults. In 
general, because of the Eocene and younger subsidence 
of fault blocks, younger rocks typically OCCUT at lower 
elevations within north trending valleys while older 
rocks compose the ridges that bound the valleys. 

MINERAL OCCURRENCES 

The most important mineral occurrences in the 
Babine Lake area are porphyry copper deposits 
associated with the Eocene Babine inbusions and Late 
Cretaceous Bulkley intrusions (Carter, 1981; Carter et 
al., 1995). ‘Ihe Nak and Trail Peak properties are the 
main porphyry copper occurrences in the 1997 study 
area (Table 2-2). In addition, the Bear Hill epithermal 
prospect occurs “ear the eastern boundary of the map 
area. 

Nak (Minfile 93M 010) 

The Nak porphyry copper prospect is located 
approximately 3 kilomehes east of Nakinilerak lake 
(Figure 2-2) and is accessible by helicopter or via an 
overgrow” foot trail connecting to the end of the Nak 
haulage road. Noranda exploration first explored the 
property between 1960 and 1970, duing the main phase 
of porphyry exploration in the district. Over this time 
period they did geochemical, geophysical and geological 
surveys and drilled 28 holes totaling 1837 m&es. Tri 
Alpha Invesbnents acquired the property and cut a new 
grid in 1992 and 1993, but subsequently cancelled their 
program. Hera Resources Inc. subsequently rest&cd the 
ground and completed induced polarization and 
magnetic surveys in late 1994 and early 1995. Their 
work defmed a large, chargeability low rimmed by an 
area of higher chargeability that coincided with the 
known distribution of disseminated pyrite. Hera then 
drilled 43 BQ size holes totaling 8007 m&es in 1995 
and an additional 28 holes totaling 5304 m&es in 1996. 
The property was not active in 1997. 
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bt;thb feldspar porphyry h outcrop 
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m Trout Creek Fm. -conglomerate, siltstone. ““? area of bfp dikes 8 Cu min. I--.~, 

mudstone, minor coal 
LOWER -MIDDLE JURASSIC 
a Nilkitkwa Fm. - siltstone, argillite. mudstone 
m Telkwa Fm. - amygdaloidal basalt, andesite, tuff 

Figure 2-5. Generalized geology of the Nak property. See Figure 2-3 for property location. 
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Volcanic rocks also crop out sporadically in the area 
north and northeast of the stock. Tbe volcanic rocks at 
Nak are tentatively correlated with the Lower Jurassic 
Telkwa Formation based on litbologic similarity. This 
correlation implies a high angle fault contact with 
younger Upper Jurassic Trout Creek sedimentary rocks 
that were intersected in drilling between the two ridges 
and also crop out to the west along the shores of 
Nakiiilerak Lake. Both the volcanic rocks and 
sedimentary rocks are cut and have been homfelsed by 
several northwest trending, moderately northeast dipping 
dikes or sills of biotite-feldspar porphyry that are typical 
of the Eocene Babine Intrusions. 

The geology of the Nak property, based on 
company reports (Bridge, 1997) and mapping done in 
1995 and 1997, is shown in Figure 2-5. The property 
covers the area between hvo north trending ridges that 
are located east of Nakinilerak Lake. Here, porphyry 
copper mineralization is associated with north to 
northwest trending biotite-feldspar porphyry dikes and a 
subcircular stock of biotite quartz diorite to granodiorite 
that intrude volcanic and sedimentary rocks of the 
Lower Jurassic Telkwa and Nilkitkwa formations and 
sedimentary rocks of the Upper Jurassic Trout Creek 
Formation. The volcanic rocks crop out on the western 
ridge, which is an uplifted block bounded by north- 
trending high angle faults and in the area north of the 
quartz diorite stock. Good exposures of amygdaloidal, 
feldspar phyric andesite or basalt, with varying amounts 
of chlorite and epidote alteration and disseminated pyrite 
occur along the crest of the ridge. The south end of the 
ridge is truncated by a regional, northwest trending fault 
that is the contact between volcanic rocks exposed on 
the ridge and conglomerates and sandstones that crop 
out down slope towards Nakinilerak Lake. The 
sedimentary rocks are tentatively mapped as Late 
Jurassic Trout Creek Formation. Drill hole (N96-61), 
which was collared in volcanic rocks on the southeast 
nose of tbe ridge and drilled to the west at a -56 degree 
inclination, intersected the sedimentary rocks at depth 
suggesting the fault contact dips moderately to the north 
and places older rocks c~er younger. 

The eastern ridge has less outcrop but appears to be 
a northeast dipping section of bomfelsed fragmental 
volcanic rocks that, near the crest of the ridge, are 
overlain by mudstone, siliceous shale, and siltstone of 
the Nilkitkwa or Ashman Formation. These rocks have 
up to 5 percent disseminated pyrite and chlorite-epidote 
veinlets. 

The main area of copper mineralization is located in 
the drainage basin between tbe two north trending 
ridges. Sporadic outcrop and drill intersections indicate 
that a semi-circular, hornblende quartz diorite stock, 1.0 
kilometres in diameter, intrudes and has homfelsed 
volcanic rocks and sedimentary rocks of probable Late 
Jurassic age. The contact of the quartz diorite stock 
apparently dips steeply outward as indicated by drilling 
(Bridge, 1997). A small stock of hornblende diorite 
crops out in the northeast ccaner of the property and may 
be an early phase of the Babine Intrusions or an older 
Cretaceous intrusion. 

The western side of the quartz diorite stock is cut by 
a north trending, high angle fault that is coincident with 
a prominent topographic lineament. Drill holes 
intersected this fault, and other parallel faults in the 
ravine along the western side of the deposit (Bridge, 
1997). These faults are mineralized indicating they 
predate or are the same age as the main period of 
sulphide mineralization. Retrograde, late stage clay 
alteration, observed in drill core, may be associated with 
circulation of low temperature fluids along these fault 
conduits as the porphyry system cooled. 

Drill boles located southwest of the quartz diorite 
stock intersected mainly siltstones, sandstones and 
mudstones that are interbedded with heterolitbic pebble 
to cobble conglomerate. These rocks have pervasive 
argillic and phyllic alteration, and are cut by north 
trending faults and dikes of biotite feldspar porphyry. 
These sedimentary rocks, which are in a fault bounded 
graben, are mapped as Trout Creek Formation because 
of the presence of poorly sorted, clast to matrix 
supported heterolithic conglomerate beds and the 
absence of marine fossils. 

The discovery outcrop on the Nak property is 
located just north of a small creek that drains the 
mineralized area. This outcrop is a biotite feldspar 
porphyritic quartz diorite or granodiorite with moderate 
to strong clay alteration and pyrite, cbalcopyrite and 
minor bomite disseminations, fracture coatings and 
quartz veinlets. 

Drilling has defined two main zones of copper 
mineralization - the Northern and Southern zones, both 
of which are siNated west of the quartz diorite stock 
(Figure 2-5). The southern zone is at the southwest 
corner of the quartz diorite stock and is defined by the 
presence of potassic alteration superimposed on 
homfelsed sedimentary rocks with disseminations and 
veinlets of chalcopyrite, bomite, molybdenite and 
magnetite. Mineralization is spatially associated with a 
swarm of hiotite-feldspar porphyry dikes of uncertain 
orientation. A resource estimate for this zone is 54 
million tonnes grading 0.17 percent Cu and 0.254 grams 
per tonne Au (Bridge, 1997). The northern zone is 
immediately west of the quartz diorite stock and is 
defined by disseminated, fracture and vein controlled 
chalcopyrite, bomite and molybdenite in zones of 
potassic, phyllic and argillic alteration. Mineralization 
and alteration are spatially associated with biotite- 
feldspar porphyry dikes that cut volcanic and 
sedimentary rocks and the quartz diorite stock. Like the 
southern zone, a late, fault-controlled argillic alteration 
has been superimposed on the earlier alteration and 
mineralization. A resource estimate for the northern 
zone, which is gold poor relative to the southern zone, is 
217 million tonnes gradiig 0.187 percent Cu and 0.0398 
grams per tonne Au (Bridge, 1997). 

A north trending vein or tabular zone of high grade 
copper was intersected southwest of the quartz diorite 
stock. The discovery hole (N96-58) intersected the vein 
obliquely and returned 2.614 percent Cu and 0.143 
grams per tonne Au over a 12.5 metre intersection. A 
second hole (N96-65) collared 200 metres further north 
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Table 2-2. hfINFILE Mineral Occurrences 

I No. I PRN”;TY 1 STATUS 1 MET% 1 rI 

1 I I I 
010 ( NAK Showing 1 Cu,Mo,Au ( Porphyry 

Zn,Pb 

011 Trail Peak Showing AMLC~, Porphyly 
Pb 

137 Bear Hill Showing Cu,Ag,Ba, Shear vein 
Zn, Pb 

163 Friday Green Showing Cu ? 

164 Friday Red Showing Cu 7 

and drilled in the opposite direction intersected a 
conglomerate partially replaced with tourmaline and 
chalcopyrite that graded 1.3 18 percent Cu over 18.28 
metres (Bridge, 1997). This intersection is on strike with 
the vein intersected in hole N96-58. Other than these 
high grade intersections, the best and longest intersection 
obtained in 1996 was drill hole N96-55 which is located 
southwest of the quartz diorite stock. This hole had a 
24.69 metre intersection grading 0.439 percent Cu and 
0.704 grams per tonne gold. 

Alteration at Nak is comprised of an early prograde 
potassic alteration overprinted by a late stage, retrograde 
phyllic to argillic alteration. The potassic alteration is 
characterized by the presence of veinlets of biotite and 
K-feldspar, accompanied by magnetite, quartz, 
chalcopyrite, pyrite, bomite and rare molybdenite in 
homfelsed sedimentary rocks along the southern contact 
of the quartz diorite stock. 

Advanced argillic alteration is peripheral to and 
superimposed on the potassic zone. It extends north and 
south of the zone along northerly trending faults. This 
alteration assemblage includes pervasive, feldspar 
destructive clay-quartz-tourmalinne alteration and veinlets 
of quartz and tourmaline with or without chalcopyrite, 
pyrite, magnetite and sericite. Argillic alteration is also 
common in the fault zone and consists of clay-carbonate 
alteration with rare arsenopyrite-pyrite-calcite with or 
without quartz veins. Trace amounts of dumorterite are 
reported to occur in sedimentary rocks west of the quartz 
diorite stock (Bridge, 1997). 

Phyllic alteration is also common and is 
characterized by light grey zones of sericite and quartz 
associated with carbonate-pyrite-chalcopyrite-bornite 
veins that cut dark grey, biotite hornfelsed volcanic and 
sedimentary rocks. 

Propylitic alteration, which is comprised of chlorite, 
epidote, calcite and pyrite veinlets and disseminations, 
occurs mainly in volcanic rocks on the west, north and 
east sides of the property. 

Trail Peak (Minfile 93M 011) 

The Trail Peak porphyry copper prospect (CAVZ), 
which is located approximately 13 kilometres north of 
Nakinilerak Lake, is an isolated, conical, topographic 
high on a broad northwest trending uplift. Texas Gulf 

Sulphur Company conducted geological mapping, 
geophysical and soil surveys, bulldozer trenching and 
1080 metres of diamond drilling in 12 holes between 
1968 and 1975. 

Most of the Trail Peak property is at or above tree 
line. Good exposures of bedrock occur on Trail Peak and 
on a lower, parallel ridge to the east. Gossanous outcrops 
on Trail Peak are homfelsed siliceous siltstones with 
disseminated pyrite. Crystal lithic tuffs are interbedded 
with the siltstones west of Trail Peak. The sedimentary 
rocks are mapped as part of the Middle to Late Jurassic 
A&man Formation (Richards, 1990). Siltstone and 
mudstones that crop out in the southeast corner of the 
property and these may be an inlier of Skeena Group 
rocks (Carter, 1990). 

A small stock of biotite granodiorite crops out on 
the south end of Trail Peak and is exposed in a series of 
east west trending trenches downslope to the south. Both 
the hornfelsed sedimentruy rocks and granodiorite stock 
are cut by north to northwest trending, altered biotite- 
feldspar porphyv dikes. Carter (1976) reports a 105*4 
Ma K-AI isotopic age for the granodiorite stock and a 
49.8+4 Ma K-Ar isotopic age for one of the biotite- 
feldspar porphyry dikes. 

Hornblende-feldspar phyric andesite, with crude 
columnar jointing caps the ridge southeast of Trail Peak. 
These rocks may be the extrusive equivalent of the 
porphyry intrusions and therefore, correlative with the 
Newman volcanics. If this correlation is correct, it 
implies that the northeast trending faults that cut the 
property bound successively downdropped fault blocks 
going to the southeast. 

Although disseminated pyrite is widespread in 
homfelsed sedimentary rocks at Trail Peak, chalcopyrite 
and minor bomite are only found as fracture controlled 
disseminations and in quartz-tourmaline veinlets near 
and within biotite-feldspar porphyry dikes and along 
northeast trending fault zones (Carter, 1990). Potassic 
alteration is coincident with copper mineralization and is 
comprised of secondary biotite, some K-feldspar and 
sericite. Pervasive retrograde clay alteration, similar to 
that observed at Nak, appears to be spatially associated 
with late, northeast-trending faults. 

Bear Hill (Minfile 93M 137) 

The Bear Hill property is located in the northeast 
comer of the map area, approximately 5 kilometres 
north of the end of Takla Lake (Northwest Arm). The 
main area of interest is around Bear Hill, a small, 
northerly elongate knoll of Lower Jurassic Telkwa 
Formation volcanic rocks protmcimg from a broad, flat, 
north trending valley (Findlay and Hoffman, 1981). Bear 
Hill is one of a chain of knolls that occur along a long, 
narrow, north-trending, uplifted fault block of Jurassic 
and older volcanic and sedimentary rocks. This fault 
block, which at its maximum is 4 kilometres wide, can 
be traced from the end of the Northwest Arm of Takla 
Lake to around Lovell Cove, a distance of 30 kilometres. 
It is bounded to the east and west by downdropped 
blocks of Late Cretaceous Sustut chert pebble 
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conglomerate and Eocene Ootsa Lake Group and 
Endako Group volcanic rocks (Figure 2-2). 

The Bear Hill property was first staked by BP 
Minerals Limited in late 1980 after they located 
malachite and pyrolusite staining in fractured andesitic 
volcanic rocks on Bear Hill. They subsequently did 
geological mapping and sampling in 1981. Placer 
Development Limited optioned the property in late 1981 
and in 1982 did an induced polarization survey and 
additional geochemical sampling in the vicinity of Bear 
Hill. Placer then drilled two west dipping holes 
approximately 100 metres apart near the base of Bear 
Hill on its eastern side. Tbis drilling intersected a steep, 
east dipping zone of barite and quartz veining with 
minor chalcopyrite, galena, sphalerite and rare bomite, 
tetrahedrite and cuprite. The mineralization occurs as 
tiny grains, blebs and stringers in intensely fractured and 
locally silicified andesitic to dacitic flows and 
volcaniclastic rocks (Gareau and Kimura, 1982). One of 
the higher grade chip samples from the property assayed 
0.73 percent Cu, 117 grams per tonne Ag, and 5.4 
percent Ba across 5 metres (Kimura et al., 1982). The 
main commodity of interest on the property is silver. 

The mineralogy and style of alteration and veining 
at Bear Hill suggests the mineraliiation is epithennal. 
Hydrothermal activity was apparently localized along, 
steep, north trending fault zones that bound a long, 
narrow, uplifted block of Jurassic volcanic and 
sedimentary rocks. These faults, which are Eocene or 
younger in age, might be favourable targets for 
additional epithetma mineralization elsewhere in the 
area. 

Friday Green (Minfile 93M 163) 

The Friday Green occurrence is approximately 5 
kilometrcs northeast of the Nak porphyry copper 
occurrence. The property is underlain by gently dipping 
mudstones and siltstones of the Early Jurassic Nilkitkwa 
Formation that are intruded by small dikes of biotite- 
feldspar porphyry presumably related to the Eocene 
Babine Intrusions. The porphyry, which contains minor 
disseminated chalcopyrite, has locally hornfelsed the 
sedimentary rocks. Pyrite occurs on fractures in the 
hornfels. 

Friday Red (Minfile 93M 164) 

The Friday Red wcurrence is located approximately 
I kilometres northeast of the Nak porphyry copper 
occurrence. The property is underlain by green volcanic 
flows, tiffs, tuff-breccia and minor intercalated 
mudstones of the Lower Jurassic Telkwa Formation. 
These rocks are intruded by a strongly magnetic feldspar 
porphyry dike that has been mapped as an Eocene 
Babine Intrusion. Trace amounts of disseminated 
chalcopyrite are reported to occur in the amygdaloidal 
flows. 
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PRELIMINARY BEDROCK GEOLOGY OF THE TOCHCHA LAKE MAP 
AREA (931(/13), BRITISH COLUMBIA 

By D.G. Maclntyre, P. Schiarizza and L.C. Struik (GSC) 

KEYWORDS: bedrock mapping, Nechako NATMAP, 
Tochcha Lake, Tetiialy volcanic rocks, Takla Group, 
Topley Intrusions, Cache Creek Group, Sitlika assemblage, 
Ootsa Lake Group, Endako Group. Mac porphyry 
molybdenum deposit. 

INTRODUCTION 

The Tochcha Lake map area (93K/l3), which is 
located east of the Babine porphyry belt prqiect 
(Maclntyre, 1998, this volume) and south of the Sitlika 
project area (Schiarizza ef a/., 1998, this volume), was 
mapped at I: 100,000 scale during the 1997 field season as 
part of the Nechako Natmap project (Maclntyre and Struik, 
1998, this volume). Prior to the current mapping, the only 
published geologic maps for this area were by Armstrong, 
(1949) as part of his Fort St. James compilation. Don 
Maclntyrc, Ryanne Metcalf, Stephan Munzar, and Deanne 
Tackaberry spent approximately 3 weeks mapping the 
Tochcha Lake maps area. They were assisted by Paul 
Schiariza and Michele Lepitre of the B.C. Geological 
Survey Branch and Bert Struik of the GSC and his 
mapping crew for 5 days in late August. This report 
describes the results of this mapping. The information 
contained in this report is preliminary; samples submitted 
for radiometric dating and microfossil extraction have not 
yet been processed. This new information may 
significantly change the conclusions put forth in this paper. 

PROJECT LOCATION 

The Tochcha Lake map area (93Ki13) is located in 
central British Columbia (Figure 3-l) between Babine and 
Takla Lakes. The closest towns are Burns Lake and 
Granislc. Tochcha Lake is located in the northwest corner 
of the map sheet in an area of rolling hills. This area has 
been extensively logged and is accessible via a network of 
private logging roads that connect to the barge crossing at 
Nose Bay on Babine Lake. The highest ground in this area 
is Deescius Mountain which is located east of the lake. The 
southeast, central and southwest parts of the map area are 
accessible by private logging roads which connect to 
Burns Lake via the southern barge crossing on Babine 
Lake. A northwest trending range, which includes Tsitsutl 
Mountain, crosses the northeast quadrant of the map area. 
This area was mapped by helicopter from a base camp 
located at Takla Narrows on Takla Lake. 

Figorc 3-l. Location of the Nechako Natmap Project aen (light 
grcy shading). central llritish Columbia. Dark grcy square is the 
‘I’ochcha Lake map sheet (Y31(/13) which was mapped in 1997 
and is the subject of this report 

ACCOMPLISHMENTS 

Major geological accomplishments made during the 
1997 field season in the Tochcha Lake area are as follows: 
. completed bedrock mapping of the Tochcha Lake map 

sheet at I : 100,000 scale. 
. mapped several new intrusions of monzonite to quartz 

monzonite with hornblende diorite border phases 
between Tochcha Lake and Deescius Mountain. These 
intrusions, which do not appear on previous maps, Cut 
Takla volcanic rocks and are correlative with the 
Topley intrusions mapped in the 93Lil6 map sheet. 
They were sampled for Ar-Ar isotopic dating. 

. mapped a belt of Takla volcanic rocks in the western 
half of the map area. Several limestone beds were 
located and sampled for conodonts. Coarse augite 
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physic flows were also sampled for Ar-Ar isotopic 
dating. 
mapped a belt of Cache Creek rocks underlying the 
eastern half of the map sheet. Several limestone beds 
were located and sampled for conodonts. Large 
plutons cutting the Cache Creek section were sampled 
for Ar-Ar dating. 
mapped a narrow belt of elastic rocks correlative with 
the Sitlika assemblage between the Cache Creek and 
Takla Groups. This indicates that Sitlika rocks extend 
farther south than was originally thought. A limestone 
member was sampled for conodonts. 
mapped Tertiary volcanic rocks correlative with the 
Ootsa Lake and Endako Groups in the southwest 
corner and along the southern boundary of the map 
area. These rocks unconformably overlie Topley and 
Takla Group rocks 

FUTURE PLANS 

We plan to extend regional bedrock mapping eastward 
and southward into the 93K/14, 93K/12 and 93Wll map 
sheets in 1998. The objective of this work will be to 
complete mapping of the northwest quadrant of the Fort 
Fraser map sheet (93K) to evaluate its mineral potential 
and to tie in with ongoing mapping by the GSC as part of 
the Nechako Natmap project. 

REGIONAL GEOLOGIC SETTING 

The northwest-trending boundary between the Stikiie 
and Cache Creek terrane cuts diagonally across the map 
area. Rocks west of the boundary include basaltic volcanic 
rocks and interbedded sedimentary rocks of the Upper 
Triassic Takla Group. These rocks are cut by monzonite, 
quartz monzonite and hornblende diorite of the Late 
Triassic to Middle Jurassic Topley intrusions. Cache Creek 
rocks include metavolcanic, metasedientary and 
ultramafic rocks that are cut by post deformation plutons 
of Jurassic or younger age. Separating the strongly 
deformed Cache Creek rocks and Takla Group volcanic 
rocks of Stikinia is a belt of metasediientary rocks 
correlated with part of the Permian and younger Sit&a 
assemblage. Both Stikine and Cache Creek Terrane rocks 
are overlapped by relatively flat-lying Tertiary volcanic 
rocks of the Ootsa Lake and Endako Groups to the south. 
The Cache Creek rocks have a strong northwest trending, 
steeply dipping, bedding parallel foliation. These rocks are 
strongly deformed, often to the point that their protolith is 
unrecognizable. This deformation may be related to 
southwest directed structural transport. Rocks of the 
Stikine Terrane are folded and cut by high angle faults but 
otherwise are not penetratively deformed. 

The current physiography of tbe study area is due to 
Tertiary block faulting. Strong northeast trending linears 
truncate the north to northwest trending ranges and appear 
to offset geologic units as well. Along the southern border 
of the map area, a high angle normal fault marks the 
boundary between uplifted Takla and Topley intrusive 
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rocks, and low lying regions covered by Tertiary volcanic 
rocks of probable Eocene age. A downward vertical 
displacement of Eocene rocks is indicated south of the 
fault suggesting it is Eocene or younger. 

LITHOLOGIC UNITS 

The geology of the study area, based on mapping 
completed in 1997 is shown in Figure 3-2. Figure 3-3 
illustrates our current understanding of the stratigraphic 
relationships between the different map units. 

Stikine Terrane 

Rocks exposed in the western part of the Tochcha 
Lake map sheet are part of the Stikine Terrane, the largest 
terrane of the Intermontane Belt. This terrane includes 
Lower Devonian to Middle Jurassic volcanic and 
sedimentary strata of the Asitka, Stuhini, Takla, Lewes 
River and Hazelton assemblages along with comagmatic 
platonic rocks. Along the eastern margin of the Stikine 
Terrane the oldest rocks exposed are late Paleozoic 
carbonates and island-arc volcanic and volcaniclastic rocks 
of the Asitka Group. Overlying the Asitika Group are 
basaltic talc-alkaline to alkaline island arc volcanic and 
sedimentary rocks of the Late Triassic Takla Group and 
matic to intermediate talc-alkaline volcanic and 
sedimentary rocks of the Lower to Middle Jurassic 
Hazelton Group. Overlap assemblages include Middle 
Jurassic to Early Cretaceous sedimentary rocks of the 
Bower Lake and Skeena Groups and Late Cretaceous and 
Eocene volcanic rocks of the Kasalka, Ootsa Lake and 
Endako Groups. 

Late Paleozoic Asitka Group 

Although Upper Pennsylvanian to Lower Permian 
limestones are exposed in a small uplifted thrust plate in 
the Fulton Lake map sheet (MacIntyre ef al., 1996) which 
lies immediately west of the study area, no correlative 
rocks were observed in the Tochcha Lake map area. 

Upper Triassic Takla Group 

The Takla Group was fvst defined by Armstrong (1946, 
1949) in tbe Fort Sf. James map-area. The type area is 
located west of Takla Lake in the 93N/4 and 93Ni5 map 
sheets (Armstrong, 1949). As originally defmed, the Takla 
Group included upper and lower divisions of arc related 
volcanic and sedimentary rocks ranging in age from late 
Triassic to late Jurassic, a subdivision also used by Lord 
(1948) in the McConnell Creek map area. Monger (1976) 
and Monger and Church (1977) redefmed the Takla Group 
to include only sedimentary and basaltic volcanic rocks of 
Late Triassic age; the Jurassic part of the Takla Group was 
assigned to the Hazelton Group. Monger and Church 
further subdivided the Takla Group into the Dewar, Savage 
Mountain and Moosevale Formations. The Dewar 
Formation, which occurs at the base, is the most 
widespread, and includes thin to medium-bedded dark grey 
or greenish grey, brown weathering volcanic sandstone or 
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bedded tuff, siltstone and interbedded argillite. It is a 
marine turbiditic succession up to 300 mares thick, end, 

top of a large clearcut, a thin foliated conglomerate that 
contains flattened cl&s of limestone and chat is 

near its base, consists mainly of graphitic and pyritic 
argillite with silty and sandy laninae and interbeds of 

interbedded with massive augite phyric flows and volcanic 
breccias. The limestone and chat clasts may be derived 

argillaceous limestone and cherty argillite. Fossils 
collected from the Dewar Formation are upper Camian in 

from the Late Paleozoic Asitka Group. A sample of 

age (Monger and Church, 1977). 
limestone clasts extracted from the conglomerate will be 
processed for conodonts. 

The Dewar Formation is overlain by and in part 
interbedded with the Savage Mountain Formation. This 
succession is up to 3000 metres thick and includes massive 
submarine volcanic breccias, aphanitic and augite-feldspar 
phyric pillowed and massive basalt flows and minor 
interbedded volcaniclastic sedimentary rocks and tuffs. 
The volcanic rocks are characterized by the presence of 
augite phenocrysts, which occasionally reach I centinwtre 
in diameter. Coarse, bladed feldspar phyric basalt flows, 
with feldspar phenocrysts up to 3 centime~es, are also 
locally present. 

Late Triassic to Middle Jurassic Topley Intrusive 
Suite 

The Savage Mountain Formation, which in places 
becomes subaerial “ear its upper contact, is overlain by the 
Moosevale Formation. The contact varies from gradational 
to sharp. Fossils from the Moosevale Formation, which is 
up to 1800 mews thick, are Late Triassic (Norian). 
Overall, the formation is more intermediate in composition 
than the underlying Savage Mountain Formation, and 
includes varying amounts of massive, red, green and 
maroon volcanic breccia, graded red and grey sandstone, 
argillite, fossiliferous mudstone, red volcanic 
conglomerate and k&r. Clasts in the fragmental volcanic 
rocks and conglomerates are typical of the underlying 
Savage Mountain Formation. The Moosevale Formation is 
mainly marine “ear its base, becoming “on-marine up 
section. 

The Topley intrusions, as defmed by Carter (1981), 
include quartz diorite to quartz monzonite of Late Triassic 
to Early Jurassic age. Earlier studies (Car, 1965; Kinmra 
ef al., 1976) used the term Topley intrusions for granite, 
quartz monzonite, granodiorite, quartz diorite, diorite and 
gabbro intrusions of probable Jurassic age that inbude 
Triassic volcanic rocks from Babine Lake to Quesnel. 
Included in this Topley suite were high-potassium 
intrusions associated with the Endako porphyry 
molybdenum deposit. However, subsequent K-Ar isotopic 
dating showed most of these high-K intrusions were Late 
Jurassic to Early Cretaceous in age. Consequently, the 
intrusions around Endako were renamed the Francois Lake 
intrusions to distinguish them from the older Topley suite. 

Augite phyric dark green to grey basaltic flows, 
volcanic breccias, tuffs and minor interbedded 
volcaniclastic sedimentary rocks crop out along the 
western half of the Tochcha Lake map sheet and are 
correlated with the Savage Mountain Formation of the 
Takla Group. These rocks are at the southern end of a 65 
kilometre long belt that can be traced northward into the 
93N/4 and 93N15 map sheets, terminating at Takla 
Landing on T&a Lake. East of Tochcha lake the basaltic 
flows are cut by hornblende diorite and pink weathering 
monzonite to quartz monwnite. Although there are not yet 
any isotopic dates available for these inhusions, similar 
intrusions to the west, which are part of the Topley 
Intrusions, give Late Triassic and Early Jurassic ages and 
are clearly intrusive into volcanic rocks that have a 208 Ma 
Ar-Ar isotopic age (MacIntyre et al., 1996). Similar cross- 
cutting relationships are implied for the Tochcha Lake 
area. 

Potassium-argon isotopic dates for the Topley 
intrusions, as defmed by Carter (IPSI), would include ages 
as young as 178 Ma, but most are between 199 and 210 
Ma “sing the old decay constants (MacIntyre ef al., 1996). 
Most of these dates are from large plutons in the Topley 
area and southwest of Babine Lake. In the current study, 
we consider the Topley intrusions to be a” intrusive suite 
that is characterized by typically pink, potassium feldspar 
rich granite, quartz monzonite and monzonite of apparent 
Late Triassic to Middle Jurassic age. We consider the type 
area to be the southeast corner of the Fulton Lake map 
sheet where a large, composite intmsive body, the Tachek 
stock, is well exposed in clear-cuts and along the shores of 
Babine Lake. The high-potassium composition of these 
rocks distinguishes them from younger plutonic suites in 
Babine Lake area, that are mainly granodiorite to quartz 
diorite. Isotopic dating as pert of the Babine project 
indicates that there is a significantly younger suite of 
intrusions with isotopic ages ranging from 179-169 Ma. 
(MacIntyre ef al., 1996) These intrusions are spatially 
associated with, and are lithologically similar to older 
phases of the Topley intmsive suite but are at least 20 
million years younger. They are discussed below as the 
Tachek Creek phase. 

Previous (Wanless, 1974; Carter, 1974)) and current 
isotopic dating (MacIntyre ef al., 1996) suggest that the 
Topley suite is divisible into 4 main phases. These are; 
. a” early hornblende diorite phase that occurs as a 

border phase of large, composite stocks in the 
Tochcha Lake (93IU13) and Takla Lake areas (93N/4, 
5). May also occurs as smaller, isolated intrusions. 
Limited isotopic dating indicates a Late Triassic age 
(ca 219 Ma?). 

. megacrystic granite as a” early to intermediate phase 
of the Tachek stock (ca 215 Ma?) 

The best exposures of Takla Group rocks in the 
Tochcha Lake area are on the west slo”e of Deescius 
Mountain where several hundred metres ok massive flows 
are exposed. Thin sedimentary interbeds behveen flows 
indicate the succession dips moderately to the northeast. 
The volcanic rocks apparently overlie a lower sediientary 
succession which is exposed along logging roads at the 
south end of Deescius Mountain. These sedimentary rocks 
may correlate with the Dewar Formation of the Takla 
Group. Near the western base of Deescius Mountain, at the 
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Figure 3-2. Generalized geology ofthe Tochcha Lake map area (93K/13). 
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Legend for Figure 3-2 
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l porphyritic monzonite to quartz monzonite, as a late 
phase in large stocks and as isolated dikes cutting 
Takla Group rocks. These intrusions give isotopic 
ages between 194-191 Ma. 

. pink aplitic to rhyolitic dikes and small porphyritic 
quartz monzonite to granite stocks cutting the Tachek 
stock and Takla Group volcanic rocks. These 
intrusions, named here the Tachek Creek phase, are 
the youngest intrusions of the Topley suite and have 
isotopic ages ranging from 179-169 (Middle Jurassic). 
Porphyry copper mineralization is associated with 
dikes ofthis age at Tachek Creek (Carter, 1981; 
Maclntyre ef al., 1995) 
Locally the Topley Intrusive suite contains numerous 

xenoliths. The xenoliths vary from a few centimetres to 
several metres in diameter and are composed either of 
maiic volcanic rocks of probable Triassic age or an earlier 
hornblende diorite phase. In one locality, a xenolith of 
dark grey matic volcanic flow, with 1 to Z-millimetx 
feldspar laths, grades into a fme-grained flow-top breccia 
with recessive calcite-filled cavities. Such lithologies are 
typical of the Upper Triassic Takla Group. 

Most of the Topley intrusive rocks have some degree 
of alteration, the most common being chlorite after biotite 
and hornblende. This has made it difficult to fmd material 
suitable for Ar-Ar isotopic dating. In addition, fractures 

sometimes have potassium feldspar alteration envelopes 
around them, typically a few millimetres wide. This 
alteration is probably related to discharge of volatile-rich 
fluids during the final stages of crystallization. Epidote 
veins and clots are locally observed and generally have no 
consistent orientation. Rarely a criss-crossing network of 
chloritic veinlets penetrates the rock. 

The high potassium content of the Topley intrusions is 
reflected in the presence of potassium feldspar either as 2 
to 3-centimetre equant megacrysts or as a major 
component of the groundmass. Previous workers (Carter, 
1981) felt these intrusions were comagmatic with the 
Lower Jurassic Telkwa Formation but isotopic dating 
indicates that the Topley suite, for the most part, is older 
and is probably coeval if not comagmatic with the Takla 
Group. Younger phases of the Topley suite may be 
comagmatic with the Telkwa Formation and Saddle Hill 
volcanics of the Hazelton Group but this seems unlikely 
since both of these volcanic successions are predominantly 
low-K basalt and and&e. However, since the Topley 
intrusive suite is only found intruding Takla volcanic rocks 
and direct links with younger strata which may, at one 
time, have overlain the Takla rocks, are no longer 
observable, the nature of extrusive equivalents to the 
Topley intrusive suite is unknown. 

Hornblende Dioriie Phase 

Hornblende diorite, locally with a weak mineral 
lineation, is well exposed in clearcuts east and west of 
Tochcha Lake. The diorite occurs both as isolated 
intrusions and as a relatively narrow border phase to large 
monzonite to quartz monzonite stocks. The contact 
between the two phases is a zone of intense diking with 
fingers of pink monzonite to quartz monzonite injected 
into the diorite. There is some evidence of cooling and 
thermal metamorphism associated with the dikes, 
indicating the diorite was largely crystallized and cooled 
prior to intrusion of the monzonite phase. The diorite has 
intruded and thermally metamorphosed Takla Group 
volcanic and sedimentary rocks. Similar intrusive 
relationships were observed further to the north in the area 
between the hvo arms of Takla Lake (Schiarizza ef al., 
1997, this volume). 

Medium-grained equigranular, hornblende-biotite 
diorite underlies the hills along the west side of Tochcha 
lake. Here, the diorite has a pronounced mineral line&ion 
that is defined by the alignment of hornblende and biotite. 
Xenoliths of biotite microdiorite, up to 10 centimetres in 
diameter, have indistinct (resorbed?) margins and are 
abundant in the intrusive. Fine-grained, pink aplitic dikes 
cut the diorite. An Ar-Ar isotopic age of 219 + 2 Ma was 
determined on hornblende collected from this locality in 
1995 (Maclntyre ef al., 1996). If this age is representative 
of the hornblende diorite found elsewhere in the Tochcha 
Lake area it indicates that the diorite is approximately the 
same age as the Takla volcanic rocks that it intrudes and 
may be comagmatic with the volcanic rocks. Additional 
dating is required to verify this correlation. The 219 Ma 
Ar-Ar isotopic age is similar to dates determined for 
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diorites of the Boer Lake intxusive suite in the Endako area Babine Lake (MacIntyre ef al., 1996). The granite is more 
(Mike Villeneuve, personal communication, 1997). monotonous in composition and visual appearance than the 

quartz monzonite phase. It typically has a medium to 
Granite Phase coarse-grained equigranular texhxe and weathers pale 

pink. Locally the granite is sparsely porphyritic with 
The granite phase comprises the largest proportion of scattered orthoclase megacrysts up to 2 centimetres long. 

the Tachek stock and is well exposed east and west of Quartz phenocrysts up to 1 centimetre long occur as 
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irregular, elongate crystals that are intergrown with a 
groundmass of orthoclase, plagioclase and lesser quartz. 
This phase also carries up to 2 percent biotite and/or 
hornblende phenocrysts. A very weak foliation, defined by 
the alignment of quartz and mafic minerals, locally occurs 
in the granite. The granite phase is not well represented in 
the Tochcha Lake area and only crops out sporadically in 
the southwest comer of the map sheet, 

The granite phase of the Tachek stock is not well 
dated. In 1995, a sample for U-Pb isotopic dating was 
collected from an excellent exposure in a quarry near the 
Port Arthur landing on the west shore of Babine Lake, 
south of Topley Landing. This sample gave a poorly 
defined Late Triassic U-Pb isotopic age of 215 to 230 Ma 
(Maclntyre ef al., 1996). The Tachek stock intrudes Takla 
Group volcanic rocks, which are presumed to have a 
similar Late Triassic age. 

Monzonite to Quartz Monzonite Phase 

The early granite and hornblende diorite phases of the 
Topley suite are intruded by a younger, leucocratic, 
medium to coarse-grained, equigranular to plagioclase- 
phyric phase that is monzonite to quartz monzonite in 
composition. This phase is locally porphyritic and contains 
10 to 15 percent, 2 to 8 millimetre plagioclase phenocrysts, 
and up to 3 percent biotite and rare hornblende in a 
groundmass of intergrown potassium feldspar and quartz. 
Miarolitic cavities, which range from several millimetres 
to 2 centimetres in diameter, are also common. The 
cavities are typically tilled with terminated quartz crystals 
which may have a black coating, and less frequently with 
epidote crystals. 
The monzonite to quartz monzonite phase occupies the 
eastern part of the Tachek stock on the Fulton Lake map 
sheet (93L06). It typically weathers orange and forms 
some of the conspicuous, large orange outcrops seen in 
clear-cuts on the east side of Babine Lake. The Tachek 
stock extends eashvard into the Tochcha Lake area. This 
phase is also exposed in clearcuts east of Tochcha Lake 
where it intrudes an earlier hornblende diorite border 
phase. This composite intrusion was not shown on 
previous geologic maps of the area. 

Currently there are only two isotopic age dates for this 
phase of the Topley intrusions. An Ar-Ar age of 19 1.1 + 
1.9 Ma was determined on biotite from the quartz 
monzonite phase of the Tachek stock, east of Babine Lake 
(MacIntyre ef al., 1997). This age is close to another Ar-Ar 
age of 193 + 1.9 Ma determined on hornblende from a 
biotite-hornblende porphyritic monzonite dike that intrudes 
Takla volcanic rocks north of Granisle. In the current study 
area, an Ar-Ar sample was collected from the quartz 
monzonite stock east of Tochcha Lake but results are not 
yet available. 

Pink Aplite lo Rhyolite Phase 

There are several later dike phases that intrude both 
the quartz monzonite and granite phases of the Tachek 
stock and surrounding rocks. The dikes appear to have a 
potassium-rich composition like the main granitoid phases 
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and are therefore included as part of the inhusive suite. 
They typically have vertical contacts and predominantly 
northeast and northwest trends. All of the dikes have an 
aphanitic to sugary-textured groundmass that can be pink, 
orange, orange-brown, orange-tan or light grey in colour. 
The dikes are locally sparsely porphyritic with two distinct 
phenocryst assemblages. One has orthoclase phenocrysts 
up to 4 millimetres long, the other has both orthoclase and 
glassy quartz eyes up to 3 millimetres. The latter may be 
part of the younger Tachek Creek phase. 

The composition of these tine-grained, dense rocks is 
difficult to determine. Rock names such as aplite, rhyolite, 
syenite and monzonite all seem appropriate, depending on 
the colour of the rock, its mineralogy and grain size. This 
apparent variation in dike chemistry may mimic the range 
of compositions in the main phases of the Topley suite. In 
several localities, the borders of dikes are flow banded 
and/or sphemlitic, suggesting these are high-level, volatile- 
rich intrusions. 

Tachek Creek Phase 

The Tachek Creek phase, as defined here, includes 
rocks that are lithologically similar to older phases of the 
Topley suite but are Middle Jurassic in age and therefore 
some 20 million years younger. This phase, like older 
phases, is only observed cutting Takla Group volcanic 
rocks even though it is young enough to cut Hazelton 
Group strata as well. It also has the same areal extent as 
older phases, extending from Topley Landing on Babine 
Lake to north of Takla Landing in the T&la Lake area. 

Cater (1981) first recognized intrusions of Middle 
Jurassic age at the Tachek Creek porphyry copper prospect 
where biotite from a biotite-quartz-feldspar porphyry dike 
gave a 176 + 7 Ma (178 Ma revised) K-Ar isotopic age. 
This age is &nilar to two other isotopic dates determined 
as part of the Babine project. Hornblende from a small 
hornblende feldspar porphyritic monzonite stock exposed 
in a clearcut west of Tochcha Lake gave an Ar-Ar isotopic 
age of 175.7 + 1.7 Ma. (MacIntyre ef al., 1996) Zircon 
extracted from a biotite granite phase within the Tachek 
stock east of Babine Lake gave a U-Pb isotopic age of 
178.7 + 0.5 Ma. Further north, in the Takla Lake area, 
Schi&za and Payie (1997) describe a red to pink- 
weathering granite cut by feldspar porphyry dikes just east 
of the Takla Fault. Zircons extracted from this intrusion 
gave a U-Pb isotopic age of 169.1 + 1.0 / -4.8 Ma 
(Schiarizza ef al., 1998, this volume), slightly younger 
than ages determined for similar intrusions in the Babine 
and Tochcha lake areas. This age is also similar to the Stag 
Lake-Twentysix Mile Lake plutonic suite in the Hallet 
Lake area (Anderson ef al., 1997) although this suite is 
predominantly hornblende diorite and therefore, 
lithologically different from the Tachek Creek phase of the 
Topley Intrusive suite. 

The Topley Intrusive suite is part of a long lived, 
magmatic arc that was active periodically over a time span 
of up to 60 million years. Its close spatial association with 
Takla and possibly Hazelton Group volcanic rocks 
suggests it is genetically associated with formation of these 
volcanic terranes. Although orientation of subduction 



zones is difficult to establish because of post Jurassic strike 
slip fault displacements, it is permissable that the Topley 
Intrusive suite is pat of a Late Triassic to earliest 
Cretaceous magmatic arc that formed above an east 
dipping subduction zone. In terms of age, composition and 
geologic setting the Topley Intrusive suite is similar to 
composite stocks of the Hogem batholith that occur east of 
the Pinchi Fault and are part of the Quesnel terrane. It is 
possible that the Topley suite and associated Takla rocks 
are actually a northwardly displaced fragment of Quesnel 
terrane that has been positioned west of the Cache Creek 
Terrane by dextral strike slip fault motion. 

Cache Creek Terrane 

Sirlika Assemblage 

The term Sitlika assemblage was assigned by Paterson 
(1974) to greenschist facies metavolcanic and 
metasedimentary rocks on the east side of Takla Lake that 
had previously been included in the Cache Creek and 
Takla Groups by Armstrong (1949). Schiarizza and Payie 
(1997) re-examined that area and described these rocks in 
more detail, and Schiarizza ef al. (1998) traced the 
assemblage southward to about 10 km north of the 
Tochcha Lake map area. This Sitlika belt, which is 
bounded by the Cache Creek Group to the east, and Stikine 
Terrane to the west, is apparently truncated by a major 
northeast-striking fault that follows the valleys of 
Gloyazikut and Bivouac creeks near the south end of the 
93N/4 map sheet. Rocks tentatively identified as the offset 
southern extension of the belt within the Tochcha Lake 
map area underlie a narrow north to northwesterly trending 
zone along the east side of Gloyazikut Creek (Figure 3-2). 

Rocks assigned to the Sitlika assemblage in tbe 
Tochcha Lake map area include sandstone, siltstone, slate 
and limestone. These rocks are correlated with the Triassic 
and/or Jurassic eastern elastic unit of Schiarizza and Payie 
(1997) and Schiarizza ef al. (1998) which, in the type area, 
stratigraphically overlies Permo-Triassic bimodal tholeiitic 
volcanic rocks of the assemblage. The succession along 
Gloyazikut Creek is inferred to be a fault-bounded panel 
juxtaposed against the Cache Creek Group to the east and 
the Takla Group and Topley Intrusive suite to the west. It 
faces to the east, as determined from grading and 
cleavage/Lxdding intersections in the sandstone and slate 
units, and can be divided into three units, based on the 
dominant rock type. These are, stratigraphically upward 
from west to east: sandstone, slate and limestone. 

Westernmost exposures of the Sitlika eastern elastic 
unit are dominated by brown and grey-weathering, grey 
sandstone. It occurs as massive beds, 3 to 15 centimetre 
thick, that consist primarily of quartz and chat grains 
(0.25-1.0 millimetre). The sandstone beds are separated by 
interbeds of slate and siltstone; locally these are more 
prevalent than the sandstone. 

To the east of the sandstone are exposures of slate and 
siltstone with minor amounts of limestone. The slate is 
banded in various shades of grey on a centimetre scale and 
breaks in thin sheets parallel to cleavage. Siltstone forms 
thin interbeds in portions of the slate sequence, and 

limestone forms widely spaced 20 to 70 centimetre beds, 
with sharp contacts with the slate. The limestone is light 
grey weathering, dark grey to grey, finely crystalline and 
permeated with calcite veinlets. 

The upper pat of the exposed Sitlika succession is 
dominated by light grey weathering dark grey to grey 
limestone and minor light grey weathering white sugary 
textured dolostone. The carbonates are bioclastic, locally 
with 2-15 millimetre, well preserved crinoid stem 
fragments. Depositional features have mostly been 
destroyed or are obscured by a shear fabric that strikes 350 
degrees and dips steeply to the east. Subcrop of dark grey 
slate overlies the limestone to the east. 

Cache Creek Group 
The Cache Creek Terrane is represented mainly by the 

Late Paleozoic to mid-Mesozoic Cache Creek Group, 
which includes structurally imbricated carbonate, chat, 
argillite, basalt, gabbro and alpine ultramafic rocks. This 
assemblage of deformed oceanic rocks is generally 
interpreted to represent remnants of subduction complexes 
and dismembered ophiolite successions. The terrace is a 
prominent component of the Intermontane Belt over most 
of the Canadian Cordillera, where it occurs behveen the 
coeval arc terranes of Stikinia to the west and QuesneIlia to 
the east. These terranes were amalgamated and juxtaposed 
against the western margin of North America in early to 
mid-Mesozoic time. 

The Cache Creek Group in central British Columbia 
(Stuart Lake belt of Armstrong, 1949) includes 
polydefonned chett, siliceous argillite, limestone, phyllite, 
slate, siltstone, sandstone, and mafic m&volcanic and 
meta-intrusive rocks. Thick limestone units contain 
fusulinids, corals, brachiopods, bryozoans, gastropods and 
conodonts that are Pennsylvanian and Permian in age 
(Armstrong, 1949; Thompson, 1965; Orchard and Stmik, 
1996); radiolarian chat and cherty mudstone range from 
Early Permian to earliest Jurassic in age (Cordey and 
Struik, 1996a,b). Ultramafic rocks within the Stuart Lake 
belt were referred to as the Trembleor intrusions by 
Armstrong, who interpreted them to be intrusive bodies 
cutting the Cache Creek sedimentary and volcanic rocks. 
These rocks are now included within the Cache Creek 
Group, and interpreted to be the tectonically emplaced 
upper mantle and lower crustal portions of dismembered 
ophiolite sequences (Paterson, 1977; Ross, 1977; 
Whittaker, 1983; Ash and Macdonald, 1993; Struik et al., 
1996). 

The Cache Creek Group rocks in the northeast comer 
of the Tochcha map area include ultramatic rocks, 
greenstone, amphibolite, limestone, phyllite and quartzite. 
The latter two lithologies were largely derived from 
metamorphosed ribbon chat. These rocks are interlayered 
throughout the area and appear to be fault bounded slivers 
in a highly imbricated or translated sequence. This 
contrasts with the Cache Creek Group farther to the north, 
where ultramafic rocks are restricted to a single belt that 
separates the metasedimentary part of the Cache Creek 
Group on the east from the Sitlika assemblage to the west. 

Most of the ultramafic rocks are moderately to highly 
serpentinized. The serpentinite has a well developed 
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foliation in places, but elsewhere is massive. Protolith 
compositions are generally not apparent, but massive, 
blocky, reddish-brown weathered harzburgite, with local 
dunite pods, outcrops on the east flank of Tsitsutl 
Mountain. Elsewhere, the protolith apparently includes 
partially serpentinized pyroxenite or harzburgite. 
Serpentinite foliations are defmed by distended, broken 
and flattened pymxenes and chromite, and aligned 
serpentine. In places, strongly foliated serpentinite, locally 
grading to magnesite-serpentine-talc schist, contains 
knockers, from a few meties to tens of metres in size, of 
greenstone, anphibolite, limestone, and cherty 
metasedimentay rocks. On the map scale, the ultramafite 
is largely distributed as distinct, north-northwest trending 
linear z”nes that are separated from each other by 
amphibolite and greenstone similar to the rocks form the 
knockers. Lenses of lishvanite border sane of the 
serpentinite bodies. Where contacts are see” or can be 
inferred, the serpentinite has a shear fabric, and each of the 
contacts is inferred to be a fault. 

The greenstone is everywhere well foliated. It is dark 
grey and variably olive to dun weathering. It can be 
massive and finely crystalline or appear fragmental with 
auge” (Z-15 millimetre) of m”re darkly coloured 
greenstone. The finely crystalline variety generally has a 
phyllitic texture. The greenstone is locally interlayered 
with antphibolite and gabbro. lhe gabbro is “range to dark 
grey weathering and has 2 to 8 millimetre amphibole 
crystals. The amphibolite weathers dark green-grey and is 
dark grey on fresh surfaces. It consists mainly of 0.2 to 4 
millimetre acicular and blocky hornblende or ortho- 
amphibole, and has very little plagioclase. 

M&sedimentary rocks occur mainly within eastern 
exposures of the Cache Creek Group, where they are 
commonly intercalated with greenstone, that is in part 
derived from pillowed metabasalt. Metasedimentary 
intervals are dominated by light to dark grey platy quartz 
phyllites and quatzites, comprising plates and lenses of 
fme-grained recrystallized granular quartz, typically a 
centimetre or less thick, separated by phyllitic, mica-rich 
partings. Locally these platy rocks grade into less siliceous 
and m”re homogeneous medium to dark grey phyllites, or 
into light to medium grey thin-bedded chert. Less 
common, are light to dark grey recrystallized limestone 
intervals ranging in thickness from a few metres to a few 
tens of mehes that occur within the siliceous 
m&sedimentary successions. 

Late Jurassic to Early Cretaceous (?) 
Intrusions 

The northeast caner of the Tochcha Lake map sheet is 
underlain by a large pluton of biotite granodiorite. This 
Pluto”, which extends northward to Takla lake in the 
93N/4 map sheet is unnamed. We propose the name 
Pyramid Peak pluton because it is well exposed at this 
locality. This pluton intrudes intensely deformed rocks of 
the Cache Creek Group. Emplacement appears to have 
been passive with little thermal metamorphism of the 
surrounding rocks. Although not observed in the current 
map area, further to the north, near Takla Lake, rafts of 
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Cache Creek rocks are found in a coarse-grained, 
leucocratic, biotite granite border phase of the pluton. 

Most of the Pyramid Peak pluton is monotonous, 
massive, blocky, grey to pink weathering, coarse-grained 
equigranular biotite * hornblende granodiorite. In places 
the biotite is arranged in clusters which give the rock a 
spotted appearance. This phase tends to break down to 
pinkish colared sand comprised mainly of feldspar and 
quartz. The early, c”ar$e grained granodiorite phase is cut 
by a younger, subporphyritic to crowded porphyritic 
biotite-hornblende granodiorite or quartz monzonite phase. 
The younger phase is m”re quartz rich and white to light 
grey weathering. Locally, both phases of the pluton are cut 
by porphyritic andesite dikes comprised of lo-15 percent, 
2-3 millimetre feldspar and less than I millimetre 
hornblende needles in a dense, dark grey groundmass. 
These dikes have well-developed chill margins and were 
clearly emplaced after crystallization and cooling of the 
main granodiorite body. The youngest dikes are fme- 
grained pink aplite and grey feldspar physic rhyolite to 
rhyodacite. 

The age of the Pyramid Peak pluton is not lcnown at 
this time but it resembles other plutons in the area which 
have been mapped as the latest Jurassic (~.a. 145-147 Ma) 
Francois Lake Suite. Samples were collected from the 
pluton for U-PI, and Ar-Ar radiometric dating. 

Small stocks of quartz-biotite-hornblende feldspar 
porphyritic granodiorite to quartz-feldspar porphyritic 
rhyodacite crop out on the peak southeast of Tsitsutl 
Mountain and at the Mac porphyry molybdenum property 
near Tilldesley Creek (Figure 3-2). The Tsitsutl mountain 
stock intrudes ductilely deformed, greenschist facies, 
Cache Creek metavolcanic and m&sedimentary rocks. 
There is a z”“e of disseminated pyrite enclosing the stock 
and in places the Cache Creek rocks appear to he 
homfelsed. The porphyry is a white to pink weathering, 
light to medium grey, siliceous rock with IO-15 percent, l- 
2 millimetre quartz eyes and in places, up to 20 percent, 10 
millimetre feldspar phenocrysts. 

At the Mac property, small stocks and dikes of quartz- 
+biotite*homblende-feldspar porphyry intrude Cache 
Creek m&sedimentary and metavolcanic rocks and have 
associated molybdenum mineralization. Biotite from the 
stock in the Camp zone gave a 142.5 + I.4 Ma (earliest 
Cretaceous) Ar-Ar isotopic age (Maclntyre ef al., 1997). 
This age is slightly younger than those of the Francois 
Lake suite (145-147 Ma) and suggest the porphyries and 
associated molybdenum mineralization at Mac may be the 
latest phase of the Francois Lake intrusive suite. Some of 
the late dikes in the Pyramid Peak pluton may also have 
similar ages to the porphyria at Mac and Tsitsutl 
Mountain. 

Tertiary Overlap Assemblages 

Tertiary volcanic rocks crop out along the southern 
margin of the Tochcha Lake map sheet where they overlie 
Late Triassic to Early Jurassic Topley intrusions and Late 
Triassic volcanic rocks of the Takla Group. The Tertiary 
succession is divided into three map “nits. These are; 



. fragmental volcanic rocks and flows containing clasts 
of Topley Intrusions exposed at Wright Bay on Babine 
Lake 

l hornblende and biotite phyric rhyodacitic ash flows 
and tuffs that are correlated with the Eocene Ootsa 
Lake Group 

. vesicular and amygdaloidal basalt flows, flow 
breccias, tuffs and epiclastic rocks that are correlated 
with the Eocene Endako Group 

Wright Bay volcanic rocks 

The Wright Bay volcanic rocks, which were 
previously mapped as Jurassic Hazelton Group, appear to 
sit directly on pink weathering monzonite of the Late 
Triassic to Early Jurassic Topley intrusions. The volcanic 
rocks, which are flat-lying to gently dipping, are 
comprised of lapilli taff, volcanic breccia, lahar and 
basaltic flows. In places the lapilli tuffs are welded and 
may be ash flows. The lapilli tuffs and breccias contain 1 
to 5 centimetre, subrounded to angular clasts of the 
underlying Topley intrusions plus white weathering 
rhyolite clasts in a greenish gray crystal-ash matrix. In 
places these rocks resemble the Nose Bay Intrusive breccia 
which is located east of Wright Bay. This bra&a, which 
was described in a previous report (Maclntyre et al., 
1996), may have been a feeder vent for the Wright Bay 
volcanic rocks. Similar breccias containing Topley clasts 
crop out south of Tachek Creek on the west side of Babine 
Lake, and these too may be related to tbe Wright Bay 
volcanic rocks. The latter were mapped as the Tachek 
Group by Armstrong and were thought to be Jurassic. 
Because of the relationships observed at Wright Bay, we 
feel these breccias are more likely Tertiary in age and may 
in part be correlative with the Ootsa Lake or Endako 
Groups. 

Ootsa Lake Group 

Grey to pinkish gray weathering, homblende-biotite- 
feldspar phyric to aphyric rhyodacitic ash flows, with 
lesser, thin, andesite and brown weathering basalt flows 
crop out as a series of knolls along the southern edge of the 
Tochcha Lake map sheet. The ash flows locally contain S- 
10 percent hornblende and biotite phenocrysts that are up 
to one centimetre in diameter. Granitic inclusions are also 
common in some cooling units. The lower contact of the 
ash flow succession, which appears to be flat lying, was 
not seen but it is likely they sit unconformably on either 
Topley intrusions or Takla volcanic rocks. ‘Ihe ash flows 
are overlain by vesicular basalts which are tentatively 
correlated with the Endako Group. A sample of ash flow 
with fresh hornblende and biotite was collected for Ar-Ar 
isotopic dating. 

Endako Group 

BrOWn weathering, flat-lying, vesicular to 
amygdaloidal basaltic flows cap a northwest trending ridge 
along the southern margin of the Tochcha Lake map sheet. 
Locally, the flows contain small crystals of pyroxene. The 

vesicules range from I to 10 milliietres in diameter and 
comprise 20 to 35 percent of the rock. Vesicules and 
amygdules are often flattened parallel to the flow direction. 
Similar rocks are exposed in road cuts in the broad valley 
south of the ridge. On the ridge crest the flows are well 
exposed as a series of near vertical cliffs which may be 
fault scarps. Here, individual flows, separated by thin 
interbeds of volcaniclastic material, are 5 to 15 metres 
thick and sit unconformably on Takla volcanic rocks or 
Topley intrusive rocks. These rocks are correlated with the 
Eocene Endako Group based on lithologic similarity. 

STRUCTURE 

The structure of the Tochcha lake area reflects the 
effects of at least four major tectonic events. The oldest 
event included Jurassic (?) ductile deformation and 
metamorphism during southwest directed thrust 
imbrication of Cache Creek Group with Sitlika 
Assemblage and then emplacement above Stikine Terrane 
(Monger ef al., 1978) This was followed in mid Cretaceous 
time by a contraction.4 event that produced northwest- 
trending folds and northeast directed thrust faults in 
Stikinia. Crustal extension and development of north 
trending grabens and horsts took place in Late Eocene or 
younger time as both the Babine intrusions and Newman 
volcanic rocks have been tnrncated and displaced by 
movement on faults bounding the grabens. The latest 
event, which may be as young as Miocene, involved tilting 
of fault blocks to the southeast along northeast trending 
faults. In general, because of the Eocene and younger 
movement of fault blocks, younger rocks typically occur at 
lower elevations within north trending valleys while older 
rocks are found at higher elevations on the ridges 
bounding the valleys. In the southern part of the Tochcha 
Lake map area Tertiary volcanic rocks cap a northwest 
trending ridge. The same volcanic rocks are exposed in 
road cuts in the broad valley south of the ridge. This 
suggests that the Tertiary volcanic rocks, which are 
probably Eocene Endako Group, were displaced and 
possibly rotated several hundred metres downward to the 
south across a west to northwest trending fault. Similar 
displacements of Eocene volcanic rocks were noted in the 
Babine Lake area (MacIntyre ef al., 1996). 

MINERAL OCCURRENCES 

The most important mineral occurrence in the 
Tochcha Lake area is the Mac porphyry molybdenum 
deposit which is actively being explored by Spokane 
Resources. Other occurrences consist of chromium, tin and 
copper showings in Cache Creek rocks (Table 3-l). Only 
the Mac property is discussed here. 

Mac (Minfile 93K 097) 

The Mac porphyry molybdenum prospect, which has 
recently been described by Cope and Spence (1996), is 
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Figure 3-4. Geology of the Mac porphyry molybdenum property. Modified from Cope and Spence, 1996. 
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Table 3-l. Mineral Occurrences, 93Kll3 

located on the crest of the ridge north of Tilldesley Creek 
(Figure 3-2). The area was first explored in the early 
1980’s by Rio Algom Exploration Inc. (then Riocanex 
lnc,). They staked the property in 1982 after boulders of 
granitic rock with molybdenite mineralization were located 
in an area that also had anomalous MO, Cu and Ag metal 
values in lake and soil samples. Additional soil sampling, 
geophysical surveys and trenching were done in 1983 and 
1984. No further work was done until 1989, when 12 
diamond drill holes totaling 1489 metres were completed. 
Although results were encouraging, Riocanex did no 
additional work and in early 1995 the property was 
acquired by Spokane Resources. In late 1995 and early 
1996, they contracted Fox Geological Services to do more 
geological mapping, prospecting and induced polarization 
surveys. This was followed by 3600 metres of drilling in 
19 holes. Based on drilling to date, indicated reserves are 
52.4 million tonnes with an average equivalent grade of 
0.12 percent MoS, using a 0.040 MO cutoff. There is an 
additional inferred resource of 47.5 million tonnes of 
similar grade (Spokane Resources Ltd. News Release, 
April 23, 1997). 

The Mac property is underlain by m&volcanic, 
metasedimentary and serpentinized ultramafic rocks of the 
Pennsylvanian to Jurassic Cache Creek Group. The Cache 
Creek rocks have a strong, regional foliation that trends 
130 to 160 degrees and dips steeply to the southwest. 
These rocks are intruded by stocks of biotite granodiorite 
to porphyritic quartz monzonite that are part of the latest 
Jurassic to earliest Cretaceous Francois Lake intrusive 
suite. These intrusions also host the Endako porphyry 
molybdenum deposit in the Fraser Lake area, 
approximately 90 kilometres south-southeast of the Mac. 
As at End&o, molybdenum mineralization at Mac is 
associated with these intrusions and occurs in three areas - 
the Peak, Camp and Pond zones (Figure 3-4). Drilling to 
date has mainly focused on the Camp zone. Here, a 300 by 
500 metre, northerly elongate stock of porphyritic quartz 
monzonite intrudes m&volcanic and metasedimentary 
rocks of the Cache Creek Group. The southern end of the 
stock is truncated and possibly offset southeastward by a 
northwest trending, high angle, sin&ml strike-slip fault. 
The intrusion is medium-grained, leucocratic, and 
porphyritic to equigranular with 15 percent, 1-3 millimetre 

feldspar, 25 percent, l-2 millimetre quartz and 35.45 
percent, 1-4 millimetre K-feldspar and up to 5 percent 
biotite, muscovite and hornblende (Cope and Space, 
1996). 

As part of the current study, a 142.5 * 1.4 Ma (earliest 
Cretaceous) Ar-Ar isotopic age (MacIntyre et al., 1997) 
was determined on biotite from the Camp zone stock. This 
is older than the previous 136 i 5 Ma K-Ar age obtained 
by Godwin and Cann (1985) from the w.tne stock but close 
to the 141 i 5 Ma K-AI age they determined for an 
unmineralized stock of biotite granodiorite that crops out 
on the south facing slope below the Camp and Peak zones 
(Figure 3-4). As mentioned above, the 142.5 Ma age is 
slightly younger than the new Ar-Ar isotopic ages 
determined for the Francois Lake suite (145-147 Ma) 
(Mike Villeneuve, personal communication, 1997). This 
suggests that the Camp zone stock may be a late, 
porphyritic phase of the Francois Lake intrusions. 

Molybdenum mineralization at Mac occurs as 
molybdenite on fractures, as disseminations and in quartz 
veinlet stockworks peripheral to and within the porphyritic 
quartz monzonite or granite stock. Where the quartz 
monzonite stock is exposed on surface it is leached and has 
only minor ferrimolybdite staining on fractures. 
Disseminated chalcopyrite also occurs in the mineralized 
zones at Mac. Drill results indicate that the best 
molybdenum grades occur in 50 m&e wide zone of biotite 
bearing, homfelsed rocks along the east, north and west 
contacts of the stock,. One of the best drill intersections 
from this zone was 90 metres grading 0.308 percent MoS, 
and 0.256 percent Cu. A pyritic halo also encloses the 
stock and is roughly coincident with the biotite hornfels 
zone. Limited drilling in the Peak and Pond zones has 
intersected similar styles of mineralization. These zones 
are still relatively untested. 
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GEOLOGY OF THE SITLIKA ASSEMBLAGE IN THE TAKLA LAKE 
AREA (93N/3,4,5,6,12), CENTRAL BRITISH COLUMBIA 

By Paul Schiarizza, Nick Massey and Don MacIntyre 

(British Columbia Geological Survey Branch contribution lo the Nechako NATMAP Project) 

KEYIVORDX Sitlika assemblage, Cache Creek Group, 
Takla Group, Sustut Group, Takla fault, chromite, copper 

INTRODUCTION 

The Sitlika bedrock mapping program was initiated as 
part of the Nechako Natmap project in 1996 (Schiarizza 
and Payie, 1997; Childe and Schiarizza, 1997; Schiarizza 
et al., 1997). Its purpose is to update the geologic database 
for the western Manson River map area and, in particular, 
to determine the stratigraphy and stmctllre of the Sitlila 
assemblage (Paterson, 1974), the validity of its correlation 
with the Kutcho assemblage of northern British Columbia 
(Monger ef al., 1978; Gabrielse, 1985), and its potential to 
host volcanogenic massive sulphide mineralization similar 
to the Kutcho Creek deposit (Bridge ef al., 1986; Childe 
and Thompson, 1995; Thompson et al., 1995). The 1996 
mapping program covered most of the Sitlika assemblage 
where it was originally defined by Paterson (1974). This 
resulted in an improved understanding of the composition, 
distribution and mutual relationships of Paterson’s three 
divisions of the assemblage, and an improved 
understanding of the structural relationships between the 
Sitlika assemblage and terranes to the east and west. 
Furthermore, this mapping and associated radiometric 
dating and geochemical analyses established that the 
volcanic rocks of the Sitlika assemblage are readily 
corr&ed with metavolcanic rocks of the Kutcho 

Figure 4-1. Location of the Sitlika Project Area. 

Formation on the basis of lithology (matic and felsic 
volcanics with associated intmsions), Permo-Triassic age, 
and primitive tholeiitic geochemistry (Schiarizza and 
Payie, 1997; Childe and Schiarizza, 1997). 

This report summarizes the findings from the second 
year of regional mapping within and adjacent to the Sitlika 
belt, carried out from late June to the end of August, 1997. 
This mapping extends the Sitlika assemblage southward 
from where it was originally defined by Paterson (1974) to 
the south end of Takla Lake, where rocks now included 
within the assemblage had been assigned to the Cache 
Creek and Takla groups by Armstrong (1949). It is 
planned to continue mapping southward along the Sitlika 
belt in the 1998 field season, and to establish the 
relationships between the Sitlika and Cache Creek belts 
mapped as part of this project with the Cache Creek units 
studied by the Geological Survey of Canada’s Nechako 
Natmap team to the southeast (see MacIntyre and Stmik, 
1997, 1998). 

The 1997 map area is situated mainly within the 
Hogem Ranges (including the Takla and Mitchell ranges) 
of the western Omineca Mountains, and encompasses the 
southern hvo-thirds of Takla Lake, including most of the 
northwest arm of the lake (Figure 4-2). The lowlands 
bordering Takla Lake in the northwestern corner of the 
area comprise part of the northern end of the Nechako 
Plateau. The only permanent residences are along Takla 
Lake, at the village of Takla Landing in the northwest 
comer of the area, and at Takla Narrows in the south- 
central part of the area. A network of logging and Forest 
Service roads that originates at Fort St. James, I25 
kilomehes southeast of Takla Narrows, provides access to 
much of the southern, eastern and northern parts of the 
map area. Boat ramps at Takla Narrows and Takla Landing 
provide access to excellent bedrock exposures along much 
of Takla Lake, as does the BC Railroad line along the east 
shore of the lake. Access to the interior part of the Mitchell 
and Takla ranges, east and west of the main arm of Takla 
Lake, respectively, was by helicopter. This was facilitated 
by a seasonal base established by Pacitic Western 
Helicopters at Rustad Limited’s Lovell Cove logging 
camp, near the north end of T&a Lake. 

REGIONAL GEOLOGIC SETTING 

The Takla Lake map area is situated within the eastern 
to central part of the Intermontane Belt, which includes a 
number of tectonostratigraphic terranes that were 
amalgamated and tied to the western margin of 

Geological Fieldwork 1997, Paper 1998-l 4-l 

ldegroot
1997



Figure 4-2. Geologic Setting of the T&la Lake map area. Modified from compilations by Maclntyre er al. (1994, 1995) and 
Bellefontaine et 01. (1995). Note that the geology in and around the 1997 map area has not been moditied to reflect this new mapping. 
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North America by Middle Jurassic time (Monger ef al., 
1982). At this latitude the eastern Intennontane Belt 
includes early to mid-Mesozoic arc volcanic and plutonic 
rocks of the Quesnel Terrane flanked to the west by late 
Paleozoic and early Mesozoic oceanic rocks of the Cache 
Creek Terrane (Figure 4-Z). The two terranes are in large 

CACHE CREEK TERRANE 
Pennsylvanian to Triassic 

Quartz phytlite. chert, argillite. limestone, sandstone, 
greenstone, gattm 

QUESNEL TERRANE 
Late Triassic to Early Jurassic 

SLIDE MOUNTAIN TERRANE 

Creek Group: chert. argiliite. basalt, bmcia, gabbro. 

CASSIAR TERRANE 
Hadrynian to Permian 

Sandstone, Siltstone, shale. conglomerate, limestone. 
d&stone; local tuff 

Legend to accompany Figure 4-2. 

Part separated by the Pinchi fault zone, which also includes 
slivers of deformed and altered sedimentary rocks of 
probable Late Cretaceous to Paleocene age. Latest 
movement is therefore inferred to be Tertiary, and may 
have been linked to a system of dexhal strike-slip faults 
that was active over much of the length of the Canadian 
Cordillera during this time period (Gabrielse, 1985; Struik, 
1993; Umhoefer and Schiarizza, 1996). Late Triassic 
blueschist-facies rocks are exposed along the fault zone at 
Pi&hi Lake, suggesting that, at least locally, the Pinchi 
fault zone coincides with the early Mesozoic plate 
boundary behveen the Cache Creek accretionary wedge 
and the Quesnel Terrace magmatic arc (Paterson, 1977; 
Ghent ef al., 1996). 

The Cache Creek Terrane is represented mainly by the 
Late Paleozoic to mid-Mesozoic Cache Creek Group, 
which includes stmchaally imbricated carbonate, chert, 
argillite, basalt, gabbro and alpine ultramatic rocks. 
Faulted against the Cache Creek Group to the west is a belt 
of metavolcanic and metasedimentary rocks that are 
assigned to the Sitlika assemblage (Paterson, 1974). These 
rocks, which are the focus of the present study, record 
primitive Permo-Triassic bimodal magmatism and 
subsequent elastic sedimentation within or adjacent to 
Cache Creek Terrane (Childe and Schiarizza, 1997; 
Schiarizza and Payie, 1997). They are apparently part of a 
much more extensive tract that is also recognized in 
northern and southern British Columbia (Childe et ol., 
1996). 

The Sitlika assemblage and Cache Creek Group are 
faulted to the west against the Stikine Terrane, which 
includes three successive assemblages of arc-derived 
volcanic, sedimentary and plutonic rocks that are assigned 
to the Lower Permian Asitka Group, the Upper Triassic 
T&la Group and the Lower to Middle Jurassic Hazelton 
Group (Tipper and Richards, 1976; Monger, 1977a; 
MacIntyre et al., 1996). These arc successions are overlain 
by predominantly marine elastic sedimentary rocks of the 
upper Middle Jurassic to Lower Cretaceous Bower Lake 
and Skeena groups, which in turn are overlapped by Upper 
Cretaceous to Eocene nonmarine elastic sedimentary rocks 
of the Sustut Group or age-equivalent continental arc 
volcanic rocks of the Kasalka and Ootsa Lake groups. 
Stikine Temme and overlying elastic basin and continental 
arc assemblages cover the western two-thirds of the 
Intermontane Belt at the latitude of the study area, 
extending westward to the Coast Mountains. 

The earliest deformation documented within Cache 
Creek Terrane in central British Columbia is related to 
subduction, probably beneath adjacent magmatic arc rocks 
of Quesnel Termne, as indicated by blueschist facies rocks 
along the Pinchi fault that yield Late Triassic K-Ar and 
Ar-Ar cooling dates (Paterson and Harakal, 1974; 
Paterson, 1977; Ghent et al., 1996). Subsequent uplift of 
Cache Creek Termne is recorded by chert-rich cl&c 
detritus that was shed westward into the basal part of the 
Bower Lake Group in late Middle Jurassic to Late 
Jurassic time. This uplift may relate to the early stages of a 
deformational episode that generated greenschist facies 
metamorphism and penetrative deformation within the 
Cache Creek Termne and the Sitlika assemblage, and 
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ultimately resulted in Cache Creek Ten’ane being thrust 
westward over Stikine Terrane (Monger et al., 1978). 
Monger ef al. suggest that the final stages of this 
contractional episode occurred in latest Jurassic to earliest 
Cretaceous time, based on the involvement of Oxfordian 
strata in west-directed thrusting to the northwest of the 
present study area, and a IlO+ Ma K-Ar date on 
synkinematic metamorphic biotite from a sample of the 
Sitlika assemblage collected in Ominicetla Creek. Younger 
deformation in the region involved Late Cretaceous(?) to 
early Tertiary dextral strike-slip and related extension, in 
part along major stmct”res such as the Pinchi and Takla 
faults (Monger el al., 1978; Gabrielse, 1985; Stmik, 1993; 
Wethemp and Stmik, 1996). 

LITHOLOGIC UNITS 

Sitlika Assemblage 

The Sitlika assemblage was named by Paterson (1974) 
for greenschist facies metavolcanic and metasedimentary 
rocks on the east side of Takla Lake that had previously 
been included in the Cache Creek and Takla groups by 
Armstrong (1949). Paterson noted that they were 
stmct~~ally and lithologically distinct from the Cache 
Creek Group, and were separated from the main belt of 
Cache Creek rocks to the east by a zone of serpentinite 
melange. He did not establish the age of the assemblage, 
but suggested that it might correlate with Upper Triassic 
and Jurassic rocks that were assigned to the Takla Group in 
the McConnell Creek area to the northwest (Lord, 1948; 
Monger and Paterson, 1974). The Sitlika assemblage was 
subsequently traced northwestward as a “arrow belt that 
extends through the northeastern comer of the Hazelton 
map area (Richards, 1990) and into the southern 
McConnell Creek map area (Monger, 1977a; Monger el 
al., 1978), where it was inferred to correlate with a 
stratigraphic succession that included Lower Permian, 
Upper Triassic and Lower Jurassic rocks of the As&a, 
Takla and Hazelton groups. Monger ef al. (1978) also 
recognized a strong lithologic and structural similarity 
between the Sitlika assemblage and the Kutcho Formation, 
which occurs in the eastern part of the King Salmon 
allochthon in northern British Columbia. They suggested 
that the King Salmon allochthon and structurally overlying 
Cache Creek Group had been displaced northward from 
the Sitlika assemblage and adjacent Cache Creek rocks, on 
Late Cretaceous or early Tertiary dextral strike-slip faults. 

Recent studies of the Kutcho Formation, which 
previously had also been correlated with either the Lower 
Permian Asitka Group (Panteleyev and Pearson, 1977b; 
Monger, 1977b) or the Upper Triassic Takla Group 
(Thorstad and Gabrielse, 1986), have established that the 
volcanic and intrusive rocks are of Pemm-Triassic age and 
primitive tholeiitic nature (Childe and Thompson, 1995; 
Thompson ef al., 1995). Schiarizza and Payie (1997) 
confirmed that the Sitlika assemblage resembles the 
Kutcho Formation and overlying m&sedimentary rocks 
(Sinwa and Inklin formations) in general lithology and 
stratigraphy, while Childe and Schiarizza (1997) 

documented that the two assemblages are also similar in 
age, geochemistry and Nd isotopic signature. Furthermore, 
Childe ef al. (1997) and Schiarizza and Payie (1997) 
suggest that Kutcho-Sitlika-correlatives also occur in at 
least two places in southern British Columbia. It appears, 
therefore, that the Sitlika assemblage may be part of a” 
extensive tract within or adjacent to Cache Creek Terrane 
that occurs over most of the length of the Canadian 
Cordillera. 

Paterson (1974) subdivided the Sitlika assemblage 
into three divisions. Schiarizza and Payie (1997) adopted 
this scheme and informally referred to the subdivisions as 
the volcanic “nit (equivalent to Paterson’s volcanic 
division), the eastern elastic “nit (equivalent to Paterson’s 
greywacke division) and the western elastic “nit 
(equivalent to Paterson’s argillite division). They 
established that the eastern elastic “nit rests depositionally 
above the Penno-Triassic volcanic “nit, but suggested that 
the western elastic “nit, which is structurally beneath the 
volcanic “nit, might be a fault-bounded panel of younger 
rocks. During the 1997 field season, these same three “nits 
of the Sitlika assemblage were traced southward a” 
additional 50 km to the south end of Takla Lake. This 
work confnns the stratigraphic relationship between the 
volcanic and eastern elastic “nits. The age and 
shuctural/stratigraphic relationships of the western elastic 
“nit remain uncertain. 

Volcanic Unit 

The Sitlika volcanic “nit was traced continuously from 
Hogem Pass, at the south end of the belt mapped by 
Schiariua and Payie (1997), to the southwest side of Takla 
Lake (Figure 4-3). The northern part of this belt, 
represented by excellent exposures along the east shore of 
Takla Lake, includes rocks that were assigned to the Sitlika 
volcanic division when it was originally defined by 
Paterson (1974). Southward from there, the “nit crops out 
along the west side of T&a Lake, from Dominion Point to 
Takla Narrows, and includes rocks mapped by Armstrong 
(1949) as Cache Creek volcanics (as were correlative 
volcanics to the north, prior to their inclusion in the Sitlika 
assemblage by Paterson). The volcanic “nit is not well 
exposed southward from there, but extends for at least 10 
km south of Takla Narrows, where it includes rocks that 
Armstrong assigned to the Takla and Cache Creek groups 
on the southwest side of Takla Lake. 

The volcanic “nit in the Takla Lake area is dominated 
by a monotonous sequence of actinolite-epidote-chlorite 
schists and semischists derived from maiic volcanic rocks. 
Plagioclase, and less common pyroxene, are widespread as 
relict phenocrysts. Pillow stmctures, in places outlined by 
concentric zones of epidote amygdules, are commonly 
preserved, and locally grade into monolithic mafic 
fragmental schists that probably represent pillow breccias. 
Fragmental schists containing feldspar crystals and light 
grey to pale green felsic volcanic fragments also occur, 
typically as intervals several metres to tens of m&es thick 
interleaved with matic volcanics. I” the Maclaing Creek 
area, however, schists containing felsic fragments 
dominate a” interval about 1000 m thick, with a strike 
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length of about 10 km, near the base of the unit. These 
rocks include s&cite-chlorite schists and quartz-chlorite- 
sericite schists containing variable proportions of feldspar, 
quartz and pyroxene crystals, together with matic to felsic 
volcanic-lithic fragments and, locally, dioritic to tonalitic 
plutonic fragments. The fragmental schists are generally 
not conspicuously stratified, but are locally intercalated 
with narrow intervals, up to 5 m thick, of thin-bedded tuff 
or volcanic sandstone and siltstone. 

Metasedimentary rocks are a very minor component 
of the volcanic unit, but are intercalated with the volcanics 
at a number of widely scattered localities within the Takla 
Lake area, and locally form intervals approaching 100 
m&es in thickness. They are most common in the vicinity 
of Maclaing Creek, where they occur directly above the 
felsic fragmental schist unit, and as intercalations within 
pillowed basalts that overlie the fragmental schists. The 
metasedimentary rocks are mainly dark grey, rusty 
weathered, thin-bedded slates and slaty siltstones, with 
local intercalations of tine to coarse grained sandstone and 
granule conglomerate containing feldspar, quartz, and 
flattened volcanic or sedimentary lithic grains. Also 
present are narrow intervals of black argillite interbedded 
with pyritic chlorite-sericite phyllite, and thin-bedded, dark 
grey to pale green chert, cherty argillite and slate. 

Volcanic and sedimentary rocks within the Sitlika 
volcanic unit are intruded by a variety of maftc to felric 
sills and dikes that are inferred to be broadly 
contemporaneous with the volcanics. They include fme to 
medium-grained feldspar-chlorite schists to semischists, 
chloritized hornblende-feldspar porphyries, and pyroxene 
porphyries, of intermediate to maiic composition. Felsic 
rocks are less abundant, but dikes of variably foliated 
quartz-feldspar porphyry and tonalite occur locally. These 
resemble tonalite of the Maclaing Creek pluton (described 
later), which also includes an older phase of metadiorite 
that resembles some of the intermediate dikes and sills. 
The most mafic intrusive rock observed within the unit, 
possibly derived from a clinopyroxenite or wehrlite, 
comprises relict clinopyroxene crystals interleaved with 
foliated phyllosilicate-like material that may include 
chlorite, serpentine and talc. This rock, together with 
associated microdiorite, forms a series of sill-like bodies 
that intrude elastic metasedimentary rocks and pillowed 
metabasalt 4 km south of the Maclaing Creek pluton. 

As reported by Childe and Schiarizza (1997) the age 
of the Sitlika volcanic unit is in part constrained by a U-Pb 
date of 258 +10/-l Ma on zircons from a weakly foliated 
quartz-plagioclase-phyric rhyolite north of Mount Bodine. 
This Permian date is corroborated by Permian radiolarians 
(Lofentibifstda sp.) extracted from a narrow chert interval 
intercalated with the volcanic rocks south of Mount Olson 
(Fabrice Cordey, written communication, 1997). A U-Pb 
zircon date of 241k-1 Ma from a ton&e plug that intrudes 
the Sitlika volcanic unit east of Diver Lake indicates that 
magmatism continued into the Triassic (Childe and 
Schiarizza, 1997). Additional samples were submitted for 
both microfossil extraction and U-Pb dating following tbe 
1997 field season, in an attempt to further constrain the age 
of the volcanic unit. 

Maclaing Creek Plulon 

A composite stock of metadiorite and tonalite intrudes 
the Sitlika volcanic unit across the middle reaches of 
Maclaing Creek, about 6 km east of Takla Landing (Figure 
4-3). It measures about 12 km long, parallel to the strike of 
the volcanic unit, and up to 4 km wide. The western and 
northern parts of the stock consist of moderately to weakly 
foliated, fine to medium-grained epidote-chlorite-feldspar 
schist and semischist, locally grading to weakly foliated 
chloritized hornblende diorite and hornblende-feldspar 
porphyry. Dikes and sills of similar metadiorite are 
common within the volcanic rocks peripheral to the stock, 
and also occur elsewhere within the volcanic unit. The 
southeastern part of the Maclaing Creek pluton consists of 
light grey, massive to weakly foliated chlorite-epidote- 
altered tonalite, characterized by a medium to coarse 
grained, equigranular to slightly quartz-porphyritic texture. 
The tonalite intrudes metadiorite to the west and 
northwest, and apparently cuts the upper part of the 
volcanic unit to the east, although this contact was not 
observed. The tonalite was included by Armstrong (1949) 
in his Late Jurassic to Early Cretaceous Omineca 
Intrusions, but is here included in the Sitlika assemblage 
due to its lithologic similarity to the Early Triassic Diver 
Lake pluton (Childe and Schiarizza, 1997). This 
correlation is currently being tested by U-PI, dating of 
zircons extracted from a sample of the Maclaing Creek 
tonalite. 

Eastern CIastic Unit 

The Sitlika eastern elastic unit occupies a wide 
outcrop belt that extends continuously from Kenny Creek 
to the south end of Takla Lake (Figure 4-3). It rests 
stratigraphically above the volcanic unit to the west, and is 
faulted against the Cache Creek ultramafic unit to the east, 
although the latter contact is in part truncated by the 
Mitchell batholith. The eastern elastic unit is well exposed 
on ridges adjacent to the upper Nation River, on the east- 
west ridge system north of Klowkut Peak, and along the 
eastern shore of Takla Lake, between 5 and 15 km north of 
Takla Narrows. Armstrong (1949) included the 
metasedimentary rocks throughout this belt in his ribbon 
chert lithologic division of the Cache Creek Group. 

Schiarizza and Payie (1997) established that the 
eastern elastic unit rests stratigraphically above the 
volcanic unit, based on unfaulted sections southeast of 
Mount Olson and west of Mount Bodine. There, the 
contact is marked by a basal conglomerate containing 
felsic volcanic clasts, together with clasts of limestone, 
mafic volcanic rocks, felsic plutonic rocks and phyllitic 
rocks of possible sedimentary origin. The conglomerates 
pass up-section into green chloritic phyllite containing 
layers and lenses of buff to rusty dolomitic marble, which 
in turn pass up-section into grey phyllite containing lenses 
and layers of grey marble and silty calcarenite. This 
calcareous interval is several tens of metres thick in the 
Mount Olson area, where it is overlain by predominantly 
thin-bedded sandstone and dark-grey slate, typical of rocks 
found throughout the higher stratigraphic levels of the 
eastern elastic unit. 
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In the Takla Lake area, the base of the eastern elastic 
unit was observed only along the east shore of Takla Lake, 

includes abundant carbonate and green chloritic phyllite, 
which resemble rocks found within the calcareous interval 

about 15 km north of Takla Narrows. There is no basal 
conglomerate developed, but the lower part of the unit 

that lies directly above the basal conglomerate seen to the 
north. The actual contact is marked by about 2 m of pale 

Figure 4-3. Generalized geology ofthe Takla Lake map illea 
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silvery-green calcareous sericite-chlorite schist with 
abundant stringers and lenses of carbonate. These rocks, 
which are included in the eastern elastic unit, are in abrupt 
contact with medium green, tuffaceous(?) chlorite schist of 
the volcanic unit, which passes down section into pillowed 
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Sostut Group 

lurassic and/or Cretaceous (?) 
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iarly to Middle Jurassic (?) 

;TlKlNE TERRANE 
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m&basalt. The basal 2 m of the sedimentary section is 
overlain by about 10 m of grey slate containing narrow 
limestone interbeds, which in turn is overlain by several 
tens of metres of alternating grey slate and green chloritic 
phyllite units, each containing lenses of carbonate. 
Whereas grey slate, commonly containing interbeds of 
siltstone, sandstone or limestone, continues to be abundant 
higher in the section, the green chloritic pbyllite with 
carbonate (commonly dolomitic) lenses is characteristic of 
the basal part of the unit. 

Above the calcareous chloritic phyllites at the base, 
most of the eastern elastic unit consists of dark grey slate 
intercalated with thin beds of siltstone and slaty siltstone. 
Intercalations of sandstone, calcarenite, limestone and 
conglomerate are common, but their stratigraphic 
dish-ibution is not well understood as the unit is not well 
exposed through much of the area, its top is nowhere 
exposed, and it is deformed by numerous folds and faults 
where exposure is good. Fine to coarse-grained sandstone 
and granule conglomerate occur as thin to thick, massive 
to graded beds intercalated with thinner interbeds of slate 
or siltstone. The sandstones range from schistose wackes, 
containing quartz, feldspar and volcanic(?)-lithic elastic 
grains, to quartz-rich wackes and arenites. Locally the 
sandstone-rich intervals include beds of conglomerate or 
schistose conglomeratic sandstone, ranging from tens of 
centimetres to several metres thick. The conglomerates 
contain pebbles and small cobbles of felsic volcanic rock, 
with or without quartz and feldspar phenocrysts, along 
with mafic volcanics, phyllite, siltstone and limestone. 

Calcareous rocks, including layers and lenses of 
calcareous sandstone, calcarenite, calcareous phyllite and 
medium to dark grey marble, arc scattered throughout the 
eastern elastic unit, and locally dominate intervals many 
tens of metres thick. One such calcareous interval, 4 km 
northwest of Klowkut Peak, includes two or more units of 
light-grey weathered marble-matrix conglomerate or 
breccia, containing flattened pebbles and cobbles of felsic 
volcanic rock, as well as pebbles, cobbles and angular 
blocks of grey marble similar to the matrix. One of these 
conglomeratic marble intervals, which contains blocks of 
marble up to 1 m across, is about 20 m thick and was 
traced for more than a kilometre. Similar conglomeratic 
carbonate intervals are exposed on the ridge 3.5 kilometres 
northeast of Mount Olson, and are described by Schiarizza 
and Payie (1997). 

The eastern elastic unit is not dated. It appears to be 
shucturally concordant with the underlying volcanic unit, 
but the contact is abrupt, and the elastic rocks contain 
volcanic and platonic detritus that was probably derived 
from the underlying unit. This suggests that the contact 
might be a disconformity or an unconformity. In any case, 
the eastern elastic unit apparently postdates the Permian to 
Early Triassic magmatism recorded in the underlying 
volcanic unit, and is therefore Middle Triassic and/or 
younger. The stratigraphic top of the unit is not exposed, 
but it is intruded by the Mitchell pluton, of suspected Late 
Jurassic or Early Cretaceous age. Therefore, the eastern 
elastic unit was most likely deposited sometime in the 
Middle Triassic through Middle Jurassic time interval. 
Limestone and chert samples analysed for microfossils 
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after the 1996 field season were not productive, but 
additional samples were collected in 1997 and are 
currently being processed. In addition, a sample of 
medium to coarse-grained sandstone from the unit was 
sampled for de&al zircon analysis. This may help 
constrain the age of the unit and provide additional insight 
into its provenance. 

Western Clastic Unit 

The western elastic unit of the Sitlika assemblage 
consists of dark grey slate, with local intercalations of 
sandstone, limestone and chert-pebble conglomerate. It 
apparently forms a narrow continuous belt from Takla 
Landing to south of Takla Narrows, although it is not 
exposed for a length of 15 km where it follows the main 
arm of Takla Lake (Figure 4-3). These rocks were assigned 
to a sedimentary interval within the Takla Group by 
Armstrong (1949). Only the northern part of the belt was 
mapped by Paterson (1974), who assigned it to his argillite 
division of the Sitlika assemblage. Schiarizza and Payie 
(1997) traced the unit northward from near Takla Landing 
to the west flank of Mount Olson. They referred to these 
rocks as the western elastic unit, and suggested that they 
might be in fault contact with, and younger than, the 
structurally overlying volcanic unit. 

Within the Takla Lake area the western elastic unit is 
dominated by dark grey slate and pyritic slaty argillite, 
with thin beds or laminae of slaty siltstone or fme-grained 
sandstone. Coarser grained sandstone occurs locally as 
medium to thick, massive or graded beds that may contain 
rip-up clasts and flute casts along their bases. Pebble 
conglomerate dominated by clasts of chert and limestone 
also CICCUIS, as do rare lenses of dark grey, finely 
recrystallized limestone and phyllitic limestone. 

The age of the western elastic unit is unknown. No 
macrofossils were found in the unit, and limestone samples 
submitted for microfossil analysis in 1996 were not 
productive; additional samples were collected during the 
1997 field season and are currently being processed. 
Because it separates the generally east-facing Permian 
volcanic unit from Triassic rocks of Stikine Terrane to the 
west, one or both contacts of the intervening western 
elastic unit must be faults. The western contact was not 
observed, but the lithologic similarity between the western 
elastic unit and Upper Triassic sedimentary rocks within 
and beneath the Takla Group volcanics suggests a possible 
correlation. The eastern contact, between the western 
elastic unit and the Sitlika volcanic unit, is exposed along 
the railway tracks about 7 km southeast of Takla Landing. 
There, massive to weakly foliated feldspar-phyric 
metabasalt of the volcanic unit passes abruptly down- 
section into several metres of strongly foliated, green 
chlorite schist (possibly derived from the same basalt 
protolith) containing abundant veins and pods of quartz. 
These schistose rocks are in sharp contact with underlying 
dark grey slates of the western elastic unit. The contact 
dips steeply east, and is concordant to schistosity in both 
the western elastic unit and the overlying volcanic unit. 
The contact between the volcanic and western elastic units 
has a similar character where seen near Mount Olson, 40 

km to the north. There, it was interpreted as a reverse fault 
by Schiarizza and Payie (1997). It is not clear, however, if 
it is actually a significant fault (in which case the age of 
the western elastic unit is unconstrained), or if it is a 
slightly sheared stratigraphic contact (in which case the 
western elastic unit is Permian or older). 

Correlation of the Sitlika Assemblage 

Volcanic Unit 

Correlation of the Sitlika volcanic unit with volcanic 
and plutonic rocks of the Kutcho Formation (Thorstad and 
Gabrielse, 1986; Childe and Thompson, 1995), as 
proposed by Monger et al. (1978), is strongly supported by 
the present shldy. The correlation is based on lithologic 
and geochemical similarity (bimodal tholeiitic volcanic 
and plutonic rocks), similar Permo-Triassic age of 
magmatism, and similar primitive REE and Nd isotopic 
signatures (Childe and Schiarizza, 1997). 

Correlative rocks also occur to the northwest of the 
Kutcho Formation, in rocks of northern Cache Creek 
Terrane, where felsic volcanic rocks occur locally within 
the predominantly matic volcanic succession assigned to 
the French Range Formation (Monger, 1969, 1975). 
Rhyodacite in the French Range is Upper Permian, as it 
occurs within a stratigraphic succession that includes 
underlying and overlying fossiliferous strata of Early and 
Late Guadalupian age, respectively (Monger, 1969; 
Mihalynuk and Cordey, 1997). It has recently yielded a U- 
Pb zircon date of 263.1 +l.O/-1.4 Ma (M. Mihalynuk, 
personal communication, 1997) which is, within error, the 
same as the U-Pb date of 258 +10/-l Ma for the Sitlika 
rhyolite near Mount Bodine. 

The volcanic unit of the Sitlika assemblage may also 
correlate with an assemblage of rocks that lies with thrust 
contact beneath the Cache Creek Group in the northeastern 
part of the Taseko Lakes map area, 400 km south of Takla 
Lake. There, Read (1992, 1993) documented a succession 
of Upper Permian metadacite flows and tuffs that is 
overlain by m&a-and&e and m&basalt flows and 
intmded by a Late Permian leucoquartz monzonite pluton. 
The dacitic volcanics yielded a U-Pb date of 259+2 Ma 
(Read, 1993), almost identical to the date from the Sitlika 
rhyolite north of Mount Bodine, and the associated 
leucoquartz monzonite pluton has been dated at 254i1.2 
Ma. Correlation ofthis succession with the Sitlika volcanic 
unit is based on similarities in age, general lithologic 
character (matic and felsic metavolcanic rocks plus 
comagmatic intrusions) and structural position along the 
western margin of the Cache Creek Group. 

Childe ef al. (1996, 1997) suggest that the Kutcho and 
Sitlika successions may also correlate with one or more 
fault-bounded panels of felsic and mafic volcanic rocks 
that are juxtaposed against the Cache Creek Group in the 
Ashcroft map area, south of the town of Cache Creek. 
They report that a tonalitic body that intrudes volcanic 
rocks in one of these panels yielded a preliminary U-Pb 
zircon age of 242+2 Ma, which correlates with the age of 
magmatism in the Kutcho Formation, and with the dated 
tonalite body in the Sitlika assemblage. 
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Eastern Chstic Unit 

The eastern elastic unit is undated, but is known to rest 
stratigraphically above the Permian to Lower Triassic 
volcanic unit. It is provisionally correlated with 
lithologically similar sedimentmy rocks that overlie the 
Kutcho volcanics in northern British Columbia. The latter 
include undated conglomerates that are included in the 
upper part of the Kutcho Formation, as well as rocks that 
have been included in the Upper Triassic Sinwa and Lower 
Jurassic Inklin formations (Pearson and Panteleyev, 1975; 
Panteleyev and Pearson, 1977a,b; Thor&ad and Gabriel%, 
1986). Points of similarity include the presence of a basal 
conglomerate unit containing clasts derived from the 
underlying volcanic rocks; an overlying limestone unit 
gradational with the conglomerates (Sinwa Formation); 
and an upper interval of slate, siltstone and calcareous 
greywacke with local conglomerate intervals (Inklin 
Formation). Correlative sedimentary rocks may also occur 
in the northeastern Taseko Lakes map area, where they are 
represented by Lower Jurassic siltstone and sandstone 
assigned to Unit 1Js by Read (1993). These rocks rest 
depositionally above the Upper Permian volcanic 
succession that is correlated with the Sitlika volcanics and, 
like the eastern elastic unit, contain felsic volcanic detritus 
that is inferred to have been derived from the underlying 
volcanics. 

Western Clastic Unit 

The age of the western elastic unit is unknown. As 
discussed previously, if its contact with the shwh~rally 
overlying volcanic unit is a slightly sheared stratigraphic 
contact then the western elastic unit is Late Permian and/or 
older. Although this interpretation cannot be entirely 
dismissed, it is not presently favoured, in part because 
there are no sills or dikes of the overlying volcanic unit 
present in the metasedimentary rocks, despite the fact that 
mafic to felsic intrusive phases are common throughout the 
volcanic unit itself. Furthermore, Schiarizza and Payie 
(1997) suggest that there is a gradual truncation of the 
volcanic unit along its contact with the western elastic unit 
in the central part of the Kenny Creek - Mount Olson area. 
The contact between the western elastic unit and the 
volcanic unit may therefore be a significant fault, in which 
case the age of the western elastic unit is unconstrained, 
and the most likely correlation is with Upper Triassic 
sedimentary rocks of the Takla Group, as suggested by 
Armstrong (1949). Alternatively, the western elastic unit 
may be a fault-bounded panel of younger rocks, perhaps 
correlative with the Middle to Upper Jurassic Ashman 
Formation of the Bower Lake Group (Schiarizza and 
Payie, 1997). 

Cache Creek Group 

The Cache Creek Group within and adjacent to the 
T&a Lake map area was referred to as the Stuart Lake 
Belt by Armstrong (1949) in order to distinguish it from a 
separate belt of rocks that he also included in the Cache 
Creek Group farther to the east. The latter, which he 

referred to as the Manson Creek belt, includes rocks that 
are presently assigned to the Cassiar, Slide Mountain and 
Quesnel termnes (Ferri and Melville, 1994). The Stuart 
Lake belt can be traced southward for 400 kilometres into 
the type area of the Cache Creek Group in southern British 
Columbia (Wheeler and McFeely, 1991). It is truncated by 
the Takla-Ingenika fault system about 60 km north of 
Takla Lake, along which it is separated by about 300 km 
from a belt of Cache Creek rocks exposed in northern 
British Columbia (Gabrielse, 1985). 

The Cache Creek Group includes polydeformed chat, 
siliceous argillite, limestone, phyllite, slate, siltstone, 
sandstone, and matic metavolcanic and met&intrusive 
rocks. Thick limestone units contain fusulinids, corals, 
brachiopods, bryozoans, gastmpods and conodonts that are 
Pennsylvanian and Permian in age (Armstrong, 1949; 
Thompson, 1965; Orchard and Shuik, 1996); radiolarian 
chat and chaty mudstone range from Early Permian to 
earliest Jurassic age (Cordey and Stmik, 1996a,b). 
Ultramatic rocks within the Stuart Lake belt were referred 
to as the Trembleur intrusions by Armstrong, who 
interpreted them to be intrusive bodies cutting the Cache 
Creek sedimentary and volcanic rocks. These rocks are 
now included within the Cache Creek Group, and 
interpreted to be tectonically emplaced upper mantle and 
lower crustal portions of dismembered ophiolite sequences 
(Paterson, 1977; Ross, 1977; Whittaker, 1983; Ash and 
Macdonald, 1993; Shuik et al., 1996). 

In the Takla Lake map area the Cache Creek Group is 
subdivided into an ultramatic unit and a sedimentary unit. 
These units are continuous with the same subdivisions of 
Schiariza and Payie (1997) to the north. 

Paterson (1974) identified a belt of ultmmafic rocks 
and serpentinite melange that separates metasedimentary 
and metavolcanic rocks of the Cache Creek Group from 
the Sitlika assemblage to the west. This belt was mapped in 
more detail by Schiarizza ef al. (1997) who assigned it to 
the ultranafic unit of the Cache Creek Group. During the 
1997 field season this unit was traced as a more or less 
continuous belt to the southern end of the T&la Lake map 
area. It is separated from the underlying Sitlika assemblage 
and the overlying Cache Creek sedimentary unit by 
systems of easterly-dipping thrust faults. This belt includes 
rocks that were mapped as Trembleur intrusions by 
Armstrong (1949), and later studied in more detail by 
Elliot (1975) and Whittaker (19X3), who interpreted them 
to be structurally emplaced alpine-type peridotites. 

The ultramatic unit comprises a relatively narrow, 
possibly discontinuous belt in the northern part of the map 
area, between Kenny Creek and Tsayta Lake. There, it 
consists of serpentinite, talc-magnesite schist, and 
serpentinite melange, as described by Schiarizza and Payie 
(1997) for the area along strike to the north. Knockers and 
lenses in the serpentinite melange include serpentinized 
ulhamatite of uncertain protolith, greenstone, amphibolite, 
gabbro and a variety of metasedimentay rocks. Silicified 
argillite, slate, metachert and marble are the dominant 
metasedimentary lithologies encountered. A sedimentary 
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lens exposed on the south shore of Tsayta Lake, however, 
includes foliated pebble conglomerate, bioclastic limestone 
and fossiliferous quartzose sandstone. A previous fossil 
collection from this lens included Pusfula sp. and a large 
striated brachiopod suggestive of Me&l/a kueichowensis 
Hung, indicating a probable Permian age (A.E. Wilson in 
Armstrong, 1949, page 46). These rocks were resampled 
for both macrofossils and microfossils during the present 
study. 

The ultramafic unit is considerably wider in the 
eastern Mitchell Range, although it is in part truncated by 
the Mitchell batholith (Figure 4-3). This part of the belt 
includes foliated serpentinite and serpentinite melange, 
similar to that in the northern part of the belt, but also 
includes large areas of more coherent ultramatic and matic 
rock, which probably represent a sampling of both mantle 
and crostal elements of a dismembered ophiolite suite. The 
dominant ultramafic rock is variably serpentinized 
harzburgite, which commonly contains irregular pods and 
lenses of dunite. Locally the harzburgite displays a 
penetrative foliation that may represent a mantle tectonite 
fabric (Whittaker, 1983). Clinopyroxenite was observed in 
several areas east of Klowkut Peak, where it is separated 
from harzburgite by narrow faults or wider zones of 
serpentinite melange. Relatively large blocks of layered to 
isotropic gabbros are likewise separated t?om harzburgite 
by faults. Gabbro and microgabbro also occur as 
boudinaged dike-like bodies, partially altered to rodingite, 
within harzborgite, clinopyroxenite and layered gabbro. 

The sedimentary unit of the Cache Creek Group is 
dominated by grey platy quartz phyllites, but also includes 
metachert, cherty argillite., slate, limestone, greenstone and 
chlorite schist. It crops out mainly along the eastern edge 
of the Takla Lake map area, and similar rocks apparently 
dominate the Cache Creek Group eastward all the way to 
the Pinchi fault (Armstrong, 1949). These rocks are 
juxtaposed against the ulhamatic unit to the west. The 
contact is not well exposed anywhere in the Takla Lake 
area, but is inferred to be a system of predominantly east- 
dipping faults based on relationships seen to the north 
(Schiarizza and Payie, 1997). A panel of similar 
metasedimentary rocks that is enclosed by ultramafic rocks 
south of Nesabut Peaks is interpreted as a stmctoral repeat 
of the sedimentary unit, exposed in the core of a synfonn 
along the southeastern margin of the Mitchell batholith. 
The sedimentary unit is also represented by exposures on 
the southwest side of southern Takla Lake. There it is 
faulted against the Sitlika eastern elastic unit to the west, 
and intruded(?) by the Purvis Lake stock and Pyramid 
Peak pluton to the east (Figure 4-3). 

The sedimentary unit consists mainly of light to dark 
grey platy quartz phyllites, comprising plates and lenses of 
fine-grained recrystallized granular quartz, typically a 
centimetre or less thick, separated by phyllitic mica-rich 
partings. Locally these platy rocks grade into less siliceous 
and more homogeneous medium to dark grey phyllites. 
Less commonly they include intervals of light to medium 

grey or green chert that occurs as beds and lenses, from 1 
to 5 centimeties thick, separated by phyllitic partings. 

Light to dark grey recrystallized limestone is locally 
intercalated with the siliceous metasedimentary rocks, and 
occurs as units ranging from a few m&es to more than 
100 metres thick. It is most common in the synformal lens 
on the southeast flank of the Mitchell batholith, and in a 
potentially correlative interval west of Purvis Lake. 
Armstrong (1949) included these rocks in a limestone unit 
that extends southeastward to Mount Copley, north of 
Trembleor Lake, where it contains Middle Permian 
fusulinids. None of the limestones encountered in the 
Takla Lake map area contain well-preserved macrofossils, 
but samples were collected and are currently being 
processed for microfossils. 

Mafic metavolcanic rocks, including chlorite schist, 
pillowed greenstone and fragmental greenstone, occur as 
intervals ranging from a few metres to several tens of 
metres thick within the sedimentary unit. These are 
widespread, but are not volumetrically a major component 
of the unit. The matic metavolcanic rocks typically form 
lenses parallel to the symnetamorphic foliation and 
transposed compositional layering in surrounding 
metasedimentary intervals. Locally they are associated 
with weakly foliated, fine-grained chlorite-feldspar 
semischists that were probably derived from mat? dikes or 
sills. 

Stikine Terrane 

Takla Group 

Armstrong (1949) used the name Takla Group for 
occurrences of Upper Triassic and Jurassic volcanic and 
sedimentmy rocks exposed west and southwest of the main 
arm of Takla Lake. In addition to the exposures around 
T&la Lake, he also included in the Group a more 
extensive belt to the east of the Pinchi fault, which 
extended t?om Pinchi Lake north-northweshvard to beyond 
Germansen Lake. Subsequent revisions to the 
nomenclature of the western belt, based largely on 
excellent exposures in the McConnell Creek map area to 
the northwest, restricted the name Takla Group to Triassic 
rocks, and included the overlying Lower to Middle 
Jurassic volcanic-sedimentary succession in the Hazelton 
Group (Tipper and Richards, 1976; Monger, 1977a; 
Monger and Church, 1977). Likewise in the eastern belt, 
Nelson and Bellefontaine (1996) restrict the name Takla 
Group to Triassic rocks and assign the disconformably 
overlying Lower lurassic volcanic and sedimentary rocks 
to several informal successions. As noted by Nelson ef al. 
(1991) the hvo belts of Takla rocks are lithologically and 
stratigraphically similar, although the eastern belt is part of 
Quesnel Terrane and the western belt is part of Stikine 
TUTa”e. 

The Takla Group is exposed on the southwest side of 
Takla Lake, from the shoreline south of Takla Landing to 
the southern boundary of the map area. This belt is 
bounded by the western elastic unit of the Sitlika 
assemblage to the east and, at least in part, by the Takla 
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fault to the west. Within this belt, the volcanic and 
sedimentary rocks of the Takla Group are intruded by 
Jurassic? diorite, granodiorite and quartz monzonite of the 
large, composite Northwest Arm pluton, and also by the 
smaller Takla Landing pluton. 

The Takia Group is dominated by basaltic flows and 
associated breccias that occur in dark shades of green, grey 
and maroon. The volcanics typically contain phenocrysts 
of plagioclase and pyroxene, but may be aphyric. They 
lack the penetrative foliation that characterizes the 
volcanic rocks within the adjacent Sitlika assemblage, but 
commonly display varying degrees of chlorite-epidote 
alteration. Sedimentary rocks occur locally within the 
volcanics, as intervals ranging from a few metres to more 
than 100 metres thick. These intervals are dominated by 
thin-bedded siltstone, slate and cherty argillite, but also 
include pebble to cobble conglomerates containing clasts 
of chert and limestone. In contrast to the massive volcanic 
rocks, the sedimentary rocks are typically foliated, and are 
lithologically similar to rocks within the adjacent western 
elastic unit of the Sitlika assemblage. 

The Takla rocks exposed in the Takla Lake area are 
correlated with the upper Carnian to lower Norian Savage 
Mountain Formation of Monger and Church (1977). As 
discussed previously, the western elastic unit of the Sitlika 
assemblage may be a fault-bounded(?) panel of the Dewar 
Formation, which underlies and interfingers with the 
Savage Mountain Formation in the McConnell Creek map 
area. 

Swtut Group 

The Sustut Group (Lord, 1948; Eisbacher, 1974) 
consists of Upper Cretaceous to Eocene nonmarine elastic 
sedimentary rocks and intercalated tiffs that were 
deposited above Stikine Terrane and overlying Bowser 
Lake Group in central and northern British Columbia. The 
group is represented by exposures along the western 
boundary of the Takla Lake map area, west of the Takla 
fault. These rocks extend westward into the Hazelton map 
area (Richards, 1990; Maclntyre, 1998), at the south end of 
a belt that extends northwestward to the type area of the 
group along the Sushlt River in the McConnell Creek map 
area (Lord, 1948). 

The Sushrt Group in the Takla Lake map area is 
entirely sedimentary, and has yielded collections of 
Cenomanian plant fossils (Armstrong, 1949). These rocks 
are therefore assigned to the basal unit of the group, the 
Tango Creek Formation, as defined by Eisbacher (1974). 
Most exposures are dominated by light brownish- 
weathering, well-indurated conglomerate containing clasts 
of chert, vein quartz, quartz tectonite, matic to felsic 
volcanic rock, and a wide variety of plutonic clasts, 
including granite, granodiorite and monzonite. The 
conglomerates are generally poorly to moderately sorted, 
with rounded to subrounded cobbles and pebbles in a gritty 
sandstone matrix of similar composition. They occur as 
medium to very thick beds, locally intercalated with 
thinner beds of medium to coarse-grained sandstone and 
gritty sandstone. In some intervals conglomerate is absent 
and coarse sandstone occurs as thick to thin, planar to 

lenticular beds that commonly contain abundant woody 
material. Both conglomerate and coarse sandstone- 
dominated intervals are interspersed with finer-grained 
rocks, at least in part as distinct fining-upwards sequences. 
The tine-grained rocks comprise thin beds of grey to green 
concretionary mudstone, siltstone and tine-grained 
sandstone, commonly containing fossil plant remains. 

Jurassic and Cretaceous Plutonic Rocks 

Northwest Arm Pluton 

The Northwest Arm pluton is a large, composite 
intrusion that cuts the Takla Group in the western part of 
the map area. It is well exposed along both shorelines of 
the Northwest Arm of Takla Lake, and also in the T&a 
Range to the north. Less extensive exposures are scattered 
through the area of more subdued topography south of the 
arm, north of Natowite Lake and the Sakeniche River. 

The northern and western portions of the Northwest 
Arm pluton consist mainly of pink to red weathering, 
medium to coarse-grained quartz monzonite and 
monzogranite. These rocks typically comprise 
equigranular intergrowths of pink K-feldspar and lesser 
amounts of grey-green saussuritic plagioclase, together 
with 10 to 20 per cent quartz and 5 to 10 percent 
chloritized mafic grains. Grey, medium-grained 
hornblende diorite constitutes an older phase that occurs as 
screens within the quartz monzonite and locally forms an 
eastern border phase in the central part of the pluton. 
Similar diorite, together with monzodiorite and monzonite, 
forms much of the southeastern part of the pluton, in the 
area north of the Sakeniche River. Grey biotite 
+homblende granodiorite is a third important phase that 
outcrops in the central part of the pluton on both shores of 
the Northwest Ann. It is in contact with quartz monzonite 
to the west, north and northeast, and with diorite and 
monzodiorite to the southeast, but its chronological 
relationship to these phases was not established. 

Westernmost exposures of plutonic rock on the south 
shore of the Northwest Arm comprise diorite and 
microdiorite that are in contact with quartz monzonite to 
the east. These dioritic rocks are in part heavily fractured 
and pervaded by quartz stockwork veins. They may be a 
western border phase of the Northwest Arm pluton, or 
might be part of a different plutonic body that is 
juxtaposed against the Northwest Arm pluton across the 
southern continuation of the Takla fault (Figure 4-3). 

The age of the Northwest Arm pluton is presently 
unknown, but U-Pb isotopic dating of samples collected 
during the 1997 field season is in progress. It is suspected 
that these plutonic rocks correlate with either the Late 
Triassic-Early Jurassic Topley intrusive suite, or the 
Middle Jurassic Tachek suite described by MacIntyre et al. 
(1998). 

Takla Landing PIuton 

Sparse exposures of pink-weathering monzogranite 
and quartz-feldspar porphyry directly east of Takla 
Landing comprise part of a narrow wedge that has been 
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traced for almost 20 km to the north (Schiariza and Payie, 
1997; Figure 4-3). The plutonic rocks within this wedge 
are juxtaposed against the Sustut Group to the west, across 
the Takla fault, and are in contact with the Sitlika western 
elastic unit to the east. Pink-weathering monzogranite that 
outcrops on the south side of Takla Lake, directly south of 
Takla Landing, is presumed to be part of the same platonic 
body (Figure 4-3). These rocks are also truncated by the 
Takla fault to the west, but are in presumed intrusive 
contact with Takla Group volcanics to the east. They are 
lithologically very similar to the northern and western 
portions of the Northwest Arm pluton, and contain 
xenoliths of diorite and monzonite that likewise resemble 
older phases of the larger pluton to the south. A sample of 
monzogranite from the Takla Landing pluton, collected 
about 11 km north of Takla Landing in 1996, has yielded a 
U-Pb zircon date of 169.1 +l.O/-4.8 Ma (R. Friedman, 
written communication, 1997). This late Middle Jurassic 
date is somewhat younger than U-Pb and Ar-Ar ages 
reported for the lithologically similar Tachek intrusions, 
which cut the Takla Group to the south in the vicinity of 
Babine and Tochcha lakes (MacIntyre et al., 1998). 

Pun& Lake Stock 

A small intermediate to matic stock, measuring about 
3.5 km by 1.5 km, intrudes the Cache Creek 
m&sedimentary unit a short distance northwest of Purvis 
Lake. It consists mainly of medium-grained, equigranular 
hornblende diorite to quartz diorite. Older phases include 
clinopyroxenite and gabbro, which are locally common as 
xenoliths and screens within the diorite. Younger phases 
are represented mainly by dikes, and include microdiorite, 
monzonite and tonalite. The Purvis Lake stock is undated, 
but is suspected to be Middle Jurassic based on tentative 
correlation with the Stag Lake - Twentysix Mile Lake 
plutonic suite described from the Fort Fraser and Hallet 
Lake map areas to the south (Whalen and Struik, 1997; 
Anderson et al. 1997). 

Granitic rocks of the Mitchell batholith underlie the 
core of the Mitchell Range, and intrude both tbe Cache 
Creek Group and the Sitlika assemblage. The batholith is 
about 25 km long, north to south, and up to 15 km wide. 
The northern part is dominated by light gray, massive, 
coarse-grained, *hornblende-biotite monzogranite, 
commonly with potassium feldspar phenocrysts up to 1.5 
cm in size. An earlier phase, consisting of fme to medium 
grained, ma&rich biotite-hornblende quartz diorite to 
diorite, is common along the east-central and northwestern 
margins of the pluton. The southern part of the batholith, 
south of Nesabut Peaks, consists mainly of massive, 
equigranular, medium to coarse-grained biotite 
granodiorite, locally with conspicuous muscovite flakes. 
This phase, which is thought to be younger than the K- 
feldspar megacrystic monzogranite that dominates the 
northern part of the pluton, is locally intruded by thick 
dikes of quartz-feldspar porphyry. 

The western part of the Mitchell batholith intrudes the 
eastern elastic unit of the Sitlika assemblage, while to the 

east it intrudes both the ultramafic and sedimentary units 
of the Cache Creek Group. The thrust contact between the 
Cache Creek ultramafic unit and structurally underlying 
Sitlika metasedimentary rocks is truncated by the batholith 
3 km southeast of Klowkut Peak. This same contact abuts 
the southern end of the pluton 10 km east of Takla 
Narrows, but there the contact is defmed by a relatively 
young northeast-striking fault. Contact metamorphic 
effects of the batholith were stadied in the Cache Creek 
ultramafic unit east of Nesabut Peaks by Elliot (1975). He 
found that serpentinite changed to talc-olivine rock within 
2.5 to 3 km of the batholith contact, which in turn 
progressed to an olivine-enstatite-anthophyllite zone about 
I .5 km from the contact. Contact metamorphic effects on 
the Sitlika eastern elastic unit are generally conspicuous 
for about a kilometre from the batholith contact, where 
semi-p&tic rocks become biotite-quartz homfels and 
calcareous intervals are characterized by talc-silicate 
homfels and marble, locally with small garnets. 

The Mitchell batholith is not yet dated, but is 
suspected to be Late Jurassic or Early Cretaceous based on 
its lithological similarity to the Francois Lake platonic 
suite which outcrops extensively near Fraser Lake, 130 km 
to the south-southeast (Whalen and Struik, 1997; Anderson 
ef al., 1997). A sample of K-feldspar megacrystic 
monzogranite, collected from the northeastern part of the 
pluton, has been submitted for IJ-Pb dating of zircons. This 
will establish the age of the main phase of the Mitchell 
batholith, and will provide a minimum date for west- 
directed thrusting of the Cache Creek ultramatic unit above 
the Sitlika eastern elastic unit. 

Leo Creek Stock 

The Leo Creek stock consists of medium to coarse- 
grained l muscovite-biotite granodiorite that is exposed 
along the lower reaches of Leo Creek, on the northeast side 
of southern Takla Lake (Figure 4-3). It resembles 
granodiorite that comprises the southern part of the 
Mitchell batholith, just 3 km to the north, and is presumed 
to be the same age. The Leo Creek stock intrudes the 
Sitlika eastern elastic unit to the north. It is apparently in 
contact with the Cache Creek sedimentary unit to the 
southwest, but the natare of this contact is obscured by 
Takla Lake. 

Pyramid Peak Pluton 

Biotite granodiorite exposed on the southwest side of 
southern Takla Lake is part of a large pluton that extends 
southward into the Tochcha Lake map area, where it is 
referred to as the Pyramid Peak pluton by Maclntyx el al. 
(1998). The granodiorite intrudes homfelsed argillite just 
west of the southern tip of Takla Lake, and locally contains 
screens and pendants of similar homfelsed argillite, 
together with talc-silicate rock and marble. These rocks 
are tentatively assigned to the eastern elastic unit of the 
Sitlika assemblage. To the west, however, the pluton is in 
contact with the sedimentary unit of the Cache Creek 
Group. This contact is not exposed in the Takla Lake area, 
but is locally well-defined in the Tochcha Lake area, where 
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it is interpreted as an intrusive contact (Maclntyre ef al., 
1998). 

The age of the Pyramid Peak pluton is presently 
unknown, but samples have been submitted for U-Pb and 
Ar-Ar radiometric dating. It is lithologically similar to the 
Leo Creek stock, and is likewise thought to be Late 
Jurassic or Early Cretaceous. Fmtbennore, like the Leo 
Creek stock it intrudes the Sitlika eastern elastic unit to the 
east, and is in contact with the Cache Creek sedimentary 
unit to the west. The two intrusive bodies are therefore 
suspected to be offset portions of a single pluton, presently 
separated from one another by about 8 km of apparent 
dextral displacement along the northeast-striking Purvis 
Lake fault. 

STRUCTURE 

Mesoscopic Fabrics 

All three units of the Sitlika assemblage are 
characterized by a single penetrative cleavage or 
schistosity defined by the preferred orientation of 
greenschist facies metamorphic minerals and variably 
flattened elastic grains or volcanic fragments. The cleavage 
dips steeply to the east or east-northeast through most of 
the Sitlika belt, although steep westerly dips prevail 
locally. It is axial planar to upright folds of bedding, most 
commonly observed in the well-bedded eastern elastic “nit, 
with axes that plunge north-northwest or south-southeast. 
Younger folds and crenulations with similarly oriented 
axes deform the cleavage locally, as do rare east or west 
plunging kink folds and crenulations. 

Volcanic flows and breccias of the Takla Group do not 
generally display a tectonic foliation. Associated tine- 
grained sedimentary rocks, however, commonly contain a 
moderately to strongly developed slaty cleavage, and 
intercalated conglomerates contain clasts that are variably 
flattened in the plane of this cleavage. Although their 
metamorphic mineralogy has not been studied, these 
elastic sedimentary rocks do not appear to differ 
significantly from m&sedimentary rocks within the 
western elastic “nit of the Sitlika assemblage. 

The Cache Creek Group comprises greenschist facies 
rocks that are of comparable metamorphic grade to the 
Sitlika assemblage, but contrast markedly in structural 
style (Paterson, 1974; Schiarizza and Payie, 1997; Wright, 
1997). Mesoscopic stmctmes are best displayed in the 
sedimentary “nit, where compositional layering has been 
transposed into parallelism with a prominent metamorphic 
foliation. In the main belt of Cache Creek rocks, along the 
eastern margin of the map area, this schistosity most 
commonly dips at moderate angles to the east or northeast, 
and may be related to east-dipping thrust(?) faults that 
separate the Cache Creek ultramafic unit from the 
overlying sedimentary unit and the underlying Sitlika 
eastern elastic unit (see later section). In detail, however, 
the schist&y and compositional layering are variable in 
orientation, largely due to reorientation by later structures. 
These younger strwtmes are represented mainly by a set 

of east-verging folds with moderately west-dipping axial 
surfaces, generally marked by a crenulation or fracture 
cleavage. The axes of these folds, along with associated 
crenulation lineations, plunge gently north to north- 
northwest through most of the area, but display southerly 
plunges in the south. Metamorphic minerals that define the 
fust generation schistosity are, at least in part, bent and 
kinked by these younger stmctures, indicating that these 
folds postdated most of the metamorphism. 

Macroscopic Structure of the Sitlika 
Assemblage 

The volcanic and eastern elastic “nits of the Sitlika 
assemblage are folded through a southerly-plunging 
anticline/syncline pair in the vicinity of Mount Bodine 
(Schiarizza and Payie, 1997; Figure 4-3). The volcanic “nit 
on the western limb of the syncline extends southward for 
more than 50 km through the Takla Lake area as a simple 
homocline. Schistosity dips steeply east to northeast 
through most of the belt, but locally fans through the 
vertical to attain steep westerly dips in the eastern part of 
the unit. Bedding was observed only locally within the 
belt; it dips at moderate to steep angles eastward, typically 
with shallower dips than the associated schistosity. 

The eastern elastic unit fornu a relatively wide 
outcrop belt to the east of the volcanic “nit. Where 
observed, west of Mount Bodine and on the shore of Takla 
Lake, the base of the unit is a” east-dipping stratigraphic 
contact with the underlying volcanic unit. The eastern 
contact of the unit is an east-dipping thrust fault at the base 
of the Cache Creek ultramafic unit. Internally, the eastern 
elastic unit is folded through numerous north-northwest to 
south-southeast plunging synmetamorphic folds, although 
“one of these structmes has been mapped out in detail. 

The western elastic unit forms a continuous “arrow 
belt west of the volcanic unit. It is characterized by steeply 
east-dipping schist&y and subparallel to more gently 
east-dipping bedding. Where observed, on the railway 
tracks southeast of Takla Landing, the eastern contact dips 
steeply east, and is concordant to schistosity in both the 
western elastic unit and the overlying volcanic unit. As 
discussed previously, there is some evidence for shearing 
along this contact, but it is not clear whether or not it is a 
major fault. To the west, the western elastic unit is in 
contact with Takla Group volcanics southeast of Takla 
Lake, and with plutonic rocks of the Takla Landing pluton 
to the north. These contacts were not observed, but are 
suspected to be faults. 

East-dipping Thrust Faults along the Sitlika - 
Cache Creek Contact 

Monger et al. (1978) referred to the contact between 
the Cache Creek Group and Sitlika assemblage as the Vital 
fault, which they described as “a zc~ne of imbricated 
alpine-type peridotite and basalt up to 3 kilometies wide 
with fault planes dipping easterly at about 50 degrees”. 
This fault mne corresponds to the Cache Creek ultranmfic 
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unit of this report. Observations made during the 1996 and 
1997 field seasons confirm that the Cache Creek ultramafic 
unit is, at least in part, bounded by east-dipping faults. 
Locally however, such as along the northerly-trending 
fault segment east of Diver Peak (Figure 4-2), the Sitlika - 
Cache Creek contact is marked by a system of dextral 
strike-slip faults (Schiarizza and Payie, 1997). These 
dextral faults are inferred to be relatively young structures, 
perhaps contemporaneous with the Tertiary Takla and 
Pinchi fault systems, which postdate the east to nmtheast- 
dipping fault that marks the contact elsewhere. 

Structural relationships between the mappable units of 
the Cache Creek Group are best exposed in the Kenny 
Creek - Mount Olson area, where east-dipping faults, 
parallel to the penetrative east-dipping foliation, were 
observed at the contact between the ultramafic unit and 
overlying sedimentary and volcanic rocks in several places 
(Schiarizza and Payie, 1997). Kinematic indicators were 
observed at only one locality, east of Mount Bodine, where 
asymmetric fabrics within east-dipping shear zones 
indicate west-directed thrust movement along the fault that 
separates the sedimentary unit from the underlying 
ultramafic unit. This same fault contact has been traced 
southward for more than 50 km through the eastern part of 
the Takla Lake map area (Figure 4-3). The actual contact 
was not observed along this segment, but the 
predominantly easterly-dipping foliation is consistent with 
the interpretation that the sedimentary unit is structurally 
above the ultramatic unit throughout most of the belt. A 
narrow panel of metasedimentary rocks that outcrops to 
the west of the ultramafic unit, south of Nesabut Peaks, is 
interpreted as an outlier of the sedimentary unit, repeated 
by a synformal strucmre along the southeast margin of the 
Mitchell batholith. 

The contact between the ultramafic unit and the Sitlika 
eastern elastic unit is fairly well constrained in the northern 
part of the Takla Lake map area, between Kenny Creek 
and the Mitchell Range, but was actually seen only to the 
east of Klowkut Peak (Figure 4-3). There, the ultramafic 
unit rests above the eastern elastic unit across a gently to 
moderately-dipping fault that is folded through an 
antiformlsynform pair just north of its truncation by the 
Mitchell batholith. No kinematic indicators were observed 
along this segment of the fault. Just to the north however, 
south of Tsayta Lake, easternmost exposures of the eastern 
elastic unit contain east-northeast dipping thrust faults that 
are sub-parallel to foliation. These mesoscopic faults are 
inferred to be parallel, and related to, the contact with the 
immediately adjacent ultramafic rocks. The Cache Creek _ 
Sitlika contact is obscured by the Mitchell batholith in 
most of the Mitchell Range, but was also mapped over a 
limited area south of the pluton. The contact was not 
observed in this area, but is mapped as a northeast-dipping 
thrust fault based on relationships to the north. 

The northeast-dipping faults discussed above are 
apparently part of an extensive west-directed thrust system 
that places the Cache Creek Group above the Sitlika 
assemblage and its correlatives. This thrust system has 
been mapped in the western Axelgold Range at the north 
end of the Stuart Lake belt (Monger, 1977~1; Monger ef al., 
1978); in northern British Columbia where it separates the 

Cache Creek Group from the Sitlika-correlative King 
Salmon allochthon (Nablin fault: Monger ef al., 1978; 
Thorstad and Gabrielse, 1986); and in southern British 
Columbia where it separates the Cache Creek Group from 
Sitlika-correlative rocks in the northeastern Taseko Lakes 
map area (Read, 1992, 1993). The timing of thrusting is 
not well constrained in central British Columbia, but may 
be Late Jurassic or younger based on the involvement of 
Oxfordian strata in west-directed thrusting northwest of the 
present stady area (Monger er al., 1978). The pending U- 
Pb date from the Mitchell batholith may farther constrain 
the timing of this deformation, as the batholith truncates 
the east-dipping fault that juxtaposes the Cache Creek 
ultramatic unit above the Sitlika eastern elastic unit. 

Contact Between the Sitlika Assemblage and 
the Takla Group 

The contact between the Sitlika assemblage and the 
Takla Group is interpreted as a fault because the Permian 
volcanic unit faces east, but is juxtaposed against the 
younger Takla Group to the west. The western elastic unit 
is the general locus of this fault but, as discussed 
previously, it is not clear if the main fault is located at the 
eastern, western or both contacts. The presently preferred 
interpretation is that the western elastic unit correlates with 
Triassic sedimentary rocks of the Takla Group, and the 
main fault separates these rocks from the structurally 
overlying Sitlika volcanic unit. The SO-kilometre-long 
strike-length of the narrow western elastic unit suggests 
that these relatively weak sedimentary rocks might 
correspond to a flat within a westerly-directed thrust 
system, possibly related to the system that imbricates the 
Cache Creek Group and juxtaposes it above the Sitlika 
eastern elastic unit at higher structural levels to the east. 
This is consistent with relationships farther to the north, 
where westerly-directed thrust faults imbricate Stikine 
Terrane and Bower basin strata, as well as structurally 
overlying Sitlika and Cache Creek rocks (Monger ef al., 
1978). The steep dip of this fault system in the Takla Lake 
area may relate to rotation during translation and gradual 
northward truncation of the foohvall along the younger 
Takla fault system (Figure 4-3). 

Takla Fault 

The Takla fault (Armstrong, 1949) is interpreted as 
one component of a Late Cretaceous to early Tertiary 
dextral strike-slip fault system that may have a cumulative 
displacement of about 300 kilometres (Monger et al., 
1978; Gabrielse, 1985). It is not exposed, but its north- 
striking trace is fairly well defined near the western edge 
of the Takla Lake map area, where it separates the Upper 
Cretaceous Sushlt Group from the Takla Group and 
associated plutonic rocks of the Northwest Arm and Takla 
Landing plutons. South of Takla Landing, monzogranite of 
the Takla Landing pluton adjacent to the inferred trace of 
the fault is cut by numerous northerly-striking faults 
containing gently-plunging slickensides and mineral tibres, 
some with accretion steps indicating dextral movement. 
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Northeast-trending folds mapped within the Sustot Group 
directly west of the fault (Schiarizza et al., 1997) and in 
the Takla Group directly east of the fault (Armstrong, 
1949) are of an appropriate orientation to be related to 
dextral movement on the Takla fault (Wilcox ef al., 1973). 

Northeast Striking Faults 

Northeast striking faults, commonly along prominent 
topographic lineaments, correspond to apparent dextral 
displacements of the northwest trending stratigraphic and 
structural contacts at several places within the Takla Lake 
map area (Figure 4-3). These include a four-kilometre- 
offset of the thrust contact between the Cache Creek Group 
and Sitlika assemblage east of Tsayta Lake, and an eight- 
kilometre-offset of plutonic rocks and adjacent Cache 
Creek and Sitlika rocks along the Purvis Lake - Bivouac 
Creek - Gloyazikut Creek lineament near the southern 
boundary of the map area. These northeast striking faults 
are relatively young features, as they offset the Takla fault 
and related structures (Schiarizza ef al., 1997) which are 
probably of Tertiary age. They might be broadly related to 
strike-slip faulting on the Takla system, or might reflect a 
discrete younger event. 

MINERAL OCCURRENCES 

Chromite Occurrences within the Cache 
Creek Ultramafic Unit 

Cache Creek ultramafic rocks in the Stuart Lake belt 
host a number of chromite occurrences, many of which 
were discovered in the early 1940s during regional 
mapping of the Fort St. James map area by the Geological 
Survey of Canada (Armstrong, 1949). A large proportion 
of these occurrences are in the present map area, mainly in 
the wide belt of ultramafic rocks that borders the eastern 
margin of the Mitchell batholith, east of Nesabut Peaks 
(Figure 4-4). These occurrences were studied in detail by 
Whittaker (1982, 1983; Whittaker and Watkinson, 1984), 
who identified 17 separate chromite concentrations. Some 
of these have been combined for the purposes of 
MINFILE, which lists 8 chromite occurrences in this area 
(093N 033, 034, 035, 036, 037, 038, 039, 129). Other 
chromite occurrences in the map area, identified by 
Armstrong but not included in Whittaker’s study, are the 
Leo Creek showing (093N 040) directly south of the 
Mitchell batholith, and the Cyprus showing (093N 016), 
about 3.5 km east-southeast of Klowkut Peak, directly 
north of the batholith. 
The Simpson prospect (093N 033), southeast of Nesabut 
Peaks, was staked by Hunter Simpson and Associates in 
1941, but no work was recorded and the claims were 
allowed to lapse (Armstrong, 1949). The area of the 
Cyprus occurrence (093N 016), which had previously been 
staked by the Magnum Corporation, was restaked by 
Imperial Metals Corporation in 1986 and evaluated by a 
program of soil sampling, geological mapping and 
lithogeochemical analyses (Taylor, 1987). However, no 

Figure 4-4. Locations of MINFILE occurrences in the TaklaLake 
map area. For legend see Figure 4-3. 

anomalous metal targets thought to be worthy of follow-up 
were defined, and the claims were allowed to lapse. No 
other exploration work has been recorded on the ultramafic 
rocks in the Mitchell Range (Hancock, 1991). 

The chromite occurrences in the Mitchell Range 
comprise discontinuous layers and pods of massive (more 
than 95%) to heavily disseminated (more than 75%) 
chromite (Whittaker, 1983; Whittaker and Watkinson, 
1984). The host rocks are mainly tectonized harzburgite, 
although one layer of heavily disseminated chromite at the 
Bob prospect (MINFILE 093N 034) is hosted by dunite. 
Some chromite layers and pods are in sharp contact with 
harzburgite, while others are separated from the 
harzburgite by a thin dunitic selvage. Individual layers and 
pods range from a few centimetres to a few metres in 
longest dimension, are typically aligned with the 
harzburgite foliation, and display a range of deformational 
features, including schlieren structure, pinch-and-swell, 
boumimage and folding. Whittaker and Watkinson (1984) 
suggest that the Mitchell Range occurrences were derived 
from a chromitiferous zone in refractory harzburgite of 
upper mantle origin, which became extended and 
deformed during upper mantle tectonism and also during 
later abduction of the ultramatic rocks. 

Ultramatic rocks in the vicinity of the Cyprus 
occurrence (093N 016), southeast of Klowkut Peak, locally 
display discontinuous zones of listwanite or quartz- 
carbonate alteration, Taylor (1987) reports that a sample 
taken from a copper-stained quartz-carbonate fracture- 
tilling, 150 m east of the fault contact with the Sitlika 
eastern elastic unit, yielded 345 ppb Au. Veins and 
listwanite-altered zones containing anomalous gold 
concentrations are also known from the Cache Creek 
ultramatic unit east and northeast of Mount Bodine, 25 to 
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30 km north-northeast of the Cyprus occurrence 
(Schiarizza and Payie, 1997). 

Copper Occurrences within Stikine Terrane 

Chalcopyrite mineralization has been reported from 
three separate areas within Stikine Terrane “ear the 
western edge of the Takla Lake map area (Figure 4-4). The 
northernmost is the Bol occurrence (MINFILE 093N 108), 
located on the southwest side of Takla Lake about 8 km 
south of Takla Landing. This area was explored by 
Helicon Explorations Limited and Magnum Consolidated 
Mining Co. Lfd. in 1966 and 1967 (Annual Report of the 
Minister of Mines for 1966, page 119; Annual Report of 
the Minister of Mines for 1967, page 119). The 
mineralization apparently comprises chalcopyrite within 
intrusive rocks along the eastern margin of the Takla 
Landing Pluto”. However, no detailed descriptions of the 
mineralization or exploration work arc available. 

The Adda occurrence (MINFILE 093N 013) is “ear 
the south shore of the Northwest Arm of Takla Lake, 18 
km west-northwest of Takla Narrows, where several 
narrow veins of chalcopyrite were reported to occur within 
andestitic volcanics (Almual Report of the Minister of 
Mines for 1930, page A149). There has been no recent 
work on this showing, and it was not located during the 
present study. Outcrops along the shoreline “ear the poorly 
constrained MINFILE location are of fractured diorite 
containing quartz stockwork and quartz-calcite-chlorite 
veins. These rocks may be a western border phase of the 
Northwest Arm pluton, or may represent a separate ““it, 
juxtaposed against the Northwest Arm pluton across a” 
important splay of the Takla fault. 

The Lucy occurrence (MINFILE 093N 090) is 4 km 
north of Natowite Lake and 15 km west-southwest of 
Takla Narrows. It is hosted by volcanic rocks of the Takla 
Group which are partially enclosed by two different phases 
of the Northwest Arm pluton; granite on the northwest and 
diorite to monzonite on the east. The showing was first 
described in 1968, as minor pyrite and chalcopyrite in 
small quartz veins and shears cutting intermediate volcanic 
rock, following a program of geological mapping and soil 
sampling conducted over the Lucy claims by Texas Gulf 
Sulphur Company (Annual Report of the Minister of 
Mines and Petroleum Resources for 1968, page 148). 
However, no assessment report was filed and the claims 
were allowed to lapse. The area was restaked as the Nato 
claims by Rio Algom Exploration Inc. in 1991, after 
anomalous copper values were discovered during a 
regional lake sediment survey. A program of 
reconnaissance soil sampling, rock sampling, geological 
mapping and prospecting was conducted over these claims 
in 1992, and rocks in the vicinity of the showing were 
described as and&es showing moderate chloritization, 
silicitication and epidote-calcite veining, with up to 5% 
pyrite and traces of chalcopyrite and magnetite (Casselman 
and Campbell, 1992). There has been no subsequent work 
reported, and the Nate claims lapsed in 1993. 

Don Molybdenum Occurrence 

The Do” OCCWT~IC~ (MINFILE 093N 181) is within 
the east-central part of the Mitchell batholith, about 4 km 
north of Nesabut Peaks (Figure 4-4). Quartz-molybdenite 
veinlets, 1 mm to 2 cm thick, form a stockwork across 
several widely spaced, weakly kaolinized zones within a 
medium-grained, equigranular, biotite quartz monzonite 
stock that intrudes coarse-grained porphyritic 
monzogranite that forms the dominant phase of the pluton 
(Kimura, 1978). The Endako Mines Division of Placer 
Development Limited explored the area with soil 
geochemical surveys in 1978 and two short drill holes in 
1980. One of the drill holes intersected a quartz vein 
containing a small clot of molybdenite, chalcopyrite and 
pyrite (Buckley, 1980), but the results did not encourage 
further work and the claims were allowed to lapse. 

Gold Nation Occurrence 

The Gold Nation occurrence consists of gold-bearing 
quartz veins within syenite dikes that cut the Sitlika eastern 
elastic unit, 4.5 km due west of the west end of Tsayta 
Lake. The main showing is accessed by a short spur road 
that branches westward from the Driftwood Forest Service 
road “ear the 54 kilometre marker. The mineralization was 
discovered by prospector Efrem Specogna in July 1992, 
and staked as the Julio I-16 mineral claims. Huntington 
Resources Inc. expanded the property with the addition of 
the Gold Nation 1-5 claims in the fall of 1983, and carried 
out a geological, geochemical and geophysical exploration 
program in the summer of 1994 (Gruenwald and 
Montgomery, 1994). No further assessment work was 
recorded, however, and the claims have lapsed. 

The Gold Nation property is underlain mainly by 
medium to dark grey phyllite, recrystallized limestone and 
sandstone of the Sitlika eastern elastic unit. The 
metasedbnentary rocks are cut by a system of fme-grained 
syenitic dies, ranging from 0.5 m to almost 3 m in width. 
Dike rocks commonly contain finely disseminated pyrite, 
and locally are heavily veined with milky quartz 
containing pyrite and traces of chalcopyrite and altaite 
(PbTe). Gold values reportedly range up to ,280 w/to” at 
the Main showing, and ,667 w/ton at the Creek showing, 1 
km to the south (Gruenwald and Montgomery, 1994). A 
sample of vein material collected from the main showing 
during this year’s mapping program contained 434 ppb 
AU. 
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QUATERNARY GEOLOGY AND ICE-FLOW STUDIES IN THE SMITHERS 
AND HAZELTON MAP AREAS (93 L AND M): IMPLICATIONS FOR 

EXPLORATION 

By Victor M. Levson, B.C. Geological Survey, Andrew J. Stumpf, University of New 
Brunswick, and Andrew J. Stuart, University of Waterloo 

KEYWORLX: Applied geochemistry, ice-flow history, 
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INTRODUCTION 

This paper provides an overview of surficial geology, 
ice flow history, Quatenwy stratigraphy and preliminary 
till geochemistry studies conducted in the Smithers and 
Hazelton map arcas (NTS 93 L and M) by the British 
Columbia Geological Survey in 1997. These studies ate 
part of the Nechako National Mapping (NATMAP) 
Project, coordinated by the Geological Survey of Canada 
and the British Columbia Geological Survey. A summary 
of results of associated surf&l geology mapping and 
regional till geochemistry surveys previously conducted 
in parts of the Anahim, Nechako, Smithers and Hazelton 
map areas (93 C, F, L and M, rcspeztively) was provided 
by Levson and Giles (1997). 

The main objectives of these swficial geology studies 
arc to understand and map the distribution of Quaternary 
deposits, decipher the glacial history and ice-flow 
patterns, and locate areas most suitable for conducting 
drift exploration programs. Stratigraphic and 
sedimentologic studies of Quaternary deposits are 
conducted in order to define the glacial history and aid in 
interpreting till geochemical data. 

RELATED STUDIES 

Reconnaissance (1250 OOO-scale) mapping of 
Quaternary deposits in the Interior Plateau was conducted 
by Tipper (1971). Wittneben (1981) completed 1:50 000 
scale terrain mapping in palts of the Hazlton map sheet 
(NTS 93 M/NW, NE, SW). More recently, Plouffe 
(1994, 1996) completed several 1:lOO OOO-scale suticial 
geology maps in the central part of the Nechako Plateau. 
The surficial geology of the Babine region (93L/16, M/l, 
M/8) was described by Levson et nl. (1997a). A summary 
of 1:50,000 scale surf&l geology mapping, conducted as 
past of the NATMAP and Interior Plateau programs, was 
provided by Levson and Giles (1997). Nine regional 
(1:500O+scale) surticial geology maps have been 

published as part of this work throughout the study aa+a 
(Figure 5-l). Regional geochemical surveys conducted in 
the province in 1997 are discussed by Jackaman ef al. 
(1998). 

FIELD PROCEDURES 

Procedures used in these surticial geology studies 
included compilation of existing terrain-mapping data, 
interpretation of air photographs, field checking, and 
stratigraphic and sedimentologic investigations of 
Quaternary exposures in the study areas. Ice-flow history 
was largely deciphered from measurement of the 
orientation of crag-and-tail features, flutings, drumlins 
and stiae. Reconnaissance ice flow studies were 
conducted in the S&hers (93 L) and Hazelton (93 M) 
map areas, and to a lesser extent in the Terrace (103 I) and 
Whitesail (93 E) map areas. 

PHYSIOGRAPHY AND LANDFORMS 

The study area is largely within the Nechako Plateau, 
anarea of low relief, flanked by the Hazelton Mountains 
to the west, the Skeena Mountains to the north and the 
Omineca Mountains to the east. Surface elevations 
generally range from about 1200 to 1500 metres in the 
Necbako Plateau. Flat lying or gently dipping Tertiruy 
lava flows, locally forming steep escarpments, cover older 
rocks throughout much of the plateau. Glacial drift is 
extensive and often as little as 5 per cent of the bedrock is 
exposed. 

Well developed flutings and dmmlinoid lidges m 
dominant landform features on the plateau. Stagnant ice 
topography, large esker complexes, glaciofluvial deposits 
and meltwater channels that developed during deglaciation 
are also present in many arcas. Much of the variation in 
topography and differences in swticial geology in the 
plateau are due to these features. Extensive belts of 
glaciolacustrine sediments occur in low-lying regions, 
generally below 950 mctres elevation, in valleys such as 
those now occupied by Nechako River, Babine Lake, and 
Nechako Reservoir. Topography in these areas is subdued 
and older glacial landforms are often difficult to identify. 
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Figure 5-l. Location map of the study region. Outline shows area of suficial geology mapping conducted in 1997 
(93F/5, 12); shaded blocks are previously mapped 1:50,000 scale map areas. 

1997 TILL GEOCHEMISTRY SURVEYS elsewhere in the area was largely removed during the last 
glaciation. 

The primary objectives of till geochemical studies Morainal sediments in the Nechako Plateau region 
conducted in the region were to identify gec&emically were assigned by Tipper (1971) to the Fraser glaciation 
awmalous sites that might reflect areas of buried which is dated in several ptis of British Columbia as 
mineralization and to investigate patterns of glacial Late Wisconsinan (Ryder and Clague, 1989). A Late 
dispersal. Several regional till geochemisny surveys have Wisconsinan age for the last glaciation in the region is 
been conducted in the Necbako Plateau for this purpose also indicated by radiocarbon dates on wood and 
(Levson and Giles, 1997; Levson ef al., 1997b). Regional mammoth bones recovered from lacushine deposits under 
till geochemical sampling in 1997 was initiated on the till at the Bell Copper mine (NTS 93 L/16) on Babine 
TetachuckLake (93 F/S) and Maxilla (93 F/12) 1:5O,ooO Lake. Single fragments of spruce (Picea sp.) and fir 
map sheets (Figure 5-l) where over 100 samples wre (Abies sp.), yielding dates of 42 900&1860 years B.P. 
collected. The 1997 regional program was combined with (GSC-1657) and 43 800+1830 years B.P. (GSC-1687), 
preliminy smficial geology mapping. Descriptions of and a date of 34000%90 years B.P. (GSC-1754) on 
the sampling medium, sampling methods used, types of mammoth bone collagen from the interglacial sediments 
data collected, laboratory analyses and quality contro1 @rington et al., 1974), indicate that the overlying till 
methods are provided by Levson et al. (1997b). was deposited during the Late Wisconsinan glaciation. 

QUATERNARY STRATIGRAPHY 

The Quaternary stratigraphy of the study area has 
been reconstructed from a number of exposures in the 
region. Quaternary sediments underlying till ax rarely 
exposed in the region. The most complete stmtigmphic 
sections encountered mainly occur in the vicinity of the 
Nechako Reservoir (Levson and Giles, 1997). The 
stratigraphic record of pre-Late Wisconsinan events 

The Quatem stratigraphy of the Nechako Reservoir 
area was described by Levson and Giles (1997) and is 
summarized here. A widespread, massive diamicton unit, 
interpreted as a till, is stmtigmphicaUy underlain both by 
stratified sands and gravels, of inferred fluvial and 
glaciofluvial origin, and by horizontally bedded sand, silt 
and clay sequences, intelpreted to be advance-phase 
glaciolacustine sediments. The upper part of the older 
glaciofluvial sequetlce locally contains sand wedges and 
dikes that may be relict permafrost features formed in cold 
environments just prior to the last glaciation. Advance- 
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lto 5-l. lntentadial site on Chclaslic Arm of T&chuck Lake. Organic-baring Ixnstrine silts and clays in the lower 
of the section (dark ““it) arc ovcrltin by glaciolluvial sands and gravels (light “nit) and capped by a lhin lill (l-2 I” 

thick at section lop). Rare fragmcn~s of wood occur in lhc sand and gravel sequence (see text for discussion). 

plnsc glnciolacuslrinc deposits arc mrcly seen. but the) 
arc locally well presclved and include well bcddcd fiic 
sands and sills with dropsloncs. Comprcssivc 
deformation stmchmx. such as shcx plnncs, occor bails 
lhc base of the till, and overturned folds and thrust faults. 
interpreted as glaciotcctonic st111ch1res. arc locally present 
in the upper part of the underlying scdimcnts. 

Loose, massive to stratified. sandy dinmiclons of 
inferred debris-flow origin arc commonly intabcddcd 
with gravels and sands that both underlie and overlie till. 
They often have loaded or gradational conlnc~s with lhc 
intcrbcdded sediments. These deposits indicate thal 
debris-flow deposition occurred during both the advance 
and rctrcal phases of the last glaciation in bath subaerial 
glaciolluvial and subaqueous glaciolacustrine 
~“,‘l~o”l”lZ”lS. 

A new intcrstadiol silt discovcrcd on the shores of 
Chclaslic Arm on the Ncchako Rcscnoir. rcvcals a thick 
scqwncc of lacustrine, glaciolacustrinc and glaciofluvial 
dcposils (Pholo S-l) that are overlain by till dcpositcd 
during lhc lasl glaciation. These deposits arc locall) 
capped by posl-glacial gravels and sands. The lowest 
cxposcd “nit consists ofwcll stratified. locally defomxd, 
dense, fine sands, silts and clays. Thcsc scdimcnls an: 
interprctcd as lacustrinc and glaciolacustrine deposits. The 
lacustrinc deposits “car lhc middle of the lower wit 
(Photo 5-I) contain lint org,anic dctrilu that yielded a 
radiocarbon date of 27.790 i 200 BP (Beta-101017). 

A lhick “nil or grwcls and sands (Photo S-1) that 
ovcrlics lhc Incustrinc and glaciolacustrine deposits is 

inlcrprctcd as a glaciofluvial scq”cncc that was deposited 
during the advance phase of the last glacialion in the 
region. The sand and gravel seqnence is sharply overlain 
by a massive, matrix supported, dense, silty diamicton. 
intqretcd as till. The uppcr pal of lhc dianicton is less 
dcnsc, has a gr”vcllg-sand nmtrix and locally is crodcly 
bcddcd. This ““it probably was deposited as a scrics ol’ 
debris flows during deglaciation. 

ICE-FLOW HISTORY 

During Late Wisconsinan glaciation, ice moved cast 
and rrorlhcasl into the Ncchako Plateau frown the Cons1 
and Hazclton mounmins and southeast from lhc Skcarn 
Mounlains, bcforc flowing easterly and northcastcrly 
towards the Rocky Mountains (Tipper. 1971, Lcvson and 
Giles. 1997). In the astern Ncchako Plalcau, results of 
ice-flow sludies indicate thal in mosl alas there was one 
dominant flow direction d”ring the Late Wisconsin”” 
glaciation, that shifted from southeast, in the north part of 
the plateau (Babine Lake region), to easl in lhc ccnlml 
pnrt (Francois Lake ‘arca) and cast-northeast in the soulh 
(Nechako Reservoir area; Levson and Gilcs, 1997). 
Howwcr, in lhc wcstcm Ncchako Plateau and in the 
adjoining Babine Range and Hazelton Moonlams, 
anomalous westerly ice-flow indicators arc prcscnl ‘and 
indicate a rcgiot~l. west to southwal flow cvcnl, 
cslcnding over “iwh of west ccnlml British Columbia 
(Figure S-2; Lcvso” el al., 1997a). Rcsulls suggest this 
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Figwe 5-2: Infcrrcd ice flow directions in west central British Columbia at the last glacial maximum. Pal&low 
directions shown in the Nass River valley, and west of Terrace and Kitimat are from McCuaig (1997) and Claguc (1984), 
respcctivcly. Da&d lines represent the easternmost position of ice divides infcrrcd from available data. Ice divides may 

have extended further cast at the glacial maximum and, during late glacial times, they locally shifted further west. Shaded 
contour intervals arc 1000, 1500 and 2000 m above sea level. Star in lower right shows location of section in Photo 5-1. 
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was a more recent and widespread event than previously 
thought (Starnpf et OI., in prep). This new data is 
significant for drift exploration programs in central 
British Columbia and may be useful for modelling ice 
sheet dynamics and climate change. 

Indications of this westerly ice-flow event include 
well developed roche-moutonn&e, dmmlinoids and mt- 
tails (Photos 5-l and 5-2) that indicate ice-flow toward 
the west over the Babine Range and Hazelton Mountains. 
In many areas this westerly flow was independent of 
topography as indicated, for example, by upslope flows in 
the Dome Mountain area (Figure 5-2, see also Levson et 
al., 1997a, Photo 9). Similar westerly ice-flow indicators 
were previously reported in the Babine Range and in the 
vicinity of the Equity Silver mine (Tipper, 1994). This 
study has extended their distribution further to the south, 
west and east and new evidence on the timing of this 
event has important implications for the Qoatemafy 
history of the region. West ice flow extends across the 
am bounded to the north by the Skeena Mountains, to 
the northeast by the Chnineca Mountains, and to the 
southeast by FranGois and Ootsa lakes. The northwest and 
southern limits of this anomalous westerly flow have not 
yet been defined. 

At the Late Wisconsinan glacial maximum, ice 
covered all but the highest peaks in the region amI 
movement appears to have been relatively unaffected by 
topography. In the Bait Range for example, the ice surface 
was in excess of 1950 metres as indicated by glacial 
erratics and regionally trending striae and flutings on top 
of Frypan Peak (elevation 1931 m, Levson et al., 1997a). 
At the height of the last glaciation, ice flowed from ice 
domes/divides located to the east of the Babine Lake 
valley toward the Coast. Ice overtopped most mountain 
peaks with elevations up to at least 2200 m (upper limit 
of ice defined by striae at sites on Hudson Bay Mountain 
(HB) at 2212 m or 7300 feet; Southern Babine Mountains 
(BM) at 2239 m or 7390 feet; Howson Range (HR) at 
2206 m or 7280 feet, Figure 5-2). Preserved evidence of 
west flow is not restricted to elevations above 2000 m but 
wars at lower elevations on mountains such as Mount 
McKendrick (1742 m) and Mount Leach (1822 m, sites 
MK and ML, respectively on Figure 5-2), and also is 
present locally along valley bottoms such as the Babine 
Lake valley, especially in the lee of topographic 
obstructions, where it was preserved from later valley- 
parallel flow. Cross-xtting striae observed at several 
locations suggest that the westward event occurred at the 
maximum of the Late Wisconsinan glaciation, after 
glacier advance along valleys and prior to late-stage, 
r&eat-phase flow that was topographically controlled in 
some areas. Topographic control of ice flow in a few areas 
in the Necbako Plateau during early glacial phases is 
indicated by local, valley-parallel striae on bedrock 
surfaces that are buried by thick till sequences (Levson 
and Giles, 1997). 

Westerly ice flow in this region appears to have 
continued into fhe later stages of the last glaciation as 
indicated by stratigraphic, lithologic and geomorphic 
criteria (Levson et a!., 1997a). This includes the pmserxze 
of westerly ice-flow indicators at the surface in areas 
where preservation from later ice erosion would not likely 

occur (e.g. in stoss-side positions). For example, westerly 
ice-flow indicators in the Dome Mountain area (Pigare 5- 
2) are preserved on the top of the mountain as well as on 
the east side at relatively low elevations. During the last 
glaciation, ice flowed along the east side of the mountain 
from the Babine Lake atea and would have eroded or at 
least partially obscured the exposed features on the east 
side of the mountain. In addition, investigations of 
glacial dispersal in surface tills in these areas indicate 
westerly dispersal. Tracing of em&s with distinctive 
lithologies and known source areas in the Babine 
Mountains, for example, has shown substantial westerly 
and upslope transport of the erratics from their source 
areas. At sites northwest of Mount ThomIinson and 
northeast of Mount Qoiolan (MT and MQ, respectively, 
on Figure 5-2), indicator lithologies were identified which 
have sources to the northeast. Similarly, previous stodies 
in the vicinities of the Bell (Stompf ef al., 1997) and 
Equity Silver mines (Ney et al., 1972) have identified 
southwest directed transport of material in till and soil 
from mineralized bedrock. 

Tipper (1994) postulated that westeriy ice flow 
patterns in the southern Babine Mountains and in the 
Equity Silver area (Figure 5-2) represented a relict flow 
pattern from an earlier glaciation or possibly from an early 
phase of the last glaciation when movement of ice 
towards the Coast Mountains occurred as the result of the 
development of an ice dome in the central part of the 
InteriorPlateau. Levson et al. (1997a), however, infened 
that the westerly ice-flow features that they observed in 
1996 formed during the later part of the Late Wisconsinan 
glaciation. The main evidence of this is the preservation 
of westerly trending paleoflow indicators at low 
elevations in the Babine and Bolkley valleys at sites that 
would not have been protected from later valley-parallel 
(southeasterly) flow. Levson er al. (1997a) suggested that 
rapid calving of tidewater glaciers in large valleys on the 
west side of the Coast Mountains, such as the Skeena 
River valley, may have resulted in a draw-down of ice in 
that area. Rapid calving and significant lowering of the 
ice sorfacz in these valleys may have resulted in the 
eastern migration of ice divides, the ‘capture’ of glacial 
ice from east of the Coast Mountains and reversal of ice 
flow into valleys such as the Skeena and its tributaries. 
This hypothesis is consistent with the development of 
westerly ice flow indicators late in the last glaciation and 
with their relatively limited extent. However, the full 
extent, timing and doration of this westerly ice flow event 
and its intlaence on glacial dispersal was the subject of 
fwiher research in 1997 and it is now known that the 
westerly ice-flow event was more extensive than 
previously thought. Evidence for late westerly flow was 
found not only in the southern Babine Mountains but 
also in the central and northern Babine Range and over a 
large area in the Hazelton Mountains (Figure 5-2). In 
addition, westerly ice flow indicators were found at a 
number of low elevation sites in east-trending valleys 
such as fhe Morice Lake and Trout Creek valleys (Pigux 
5-2). The main exception to this was found in a few 
valleys with headwaters in high mountain areas, such as 
the Telkwa River valley, where indicators of late-stage, 
down-valley (easterly) flows were observed. These 
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Photo 5-2. Striae with directional indicators on bedrock in tbc Bait Range (site BR on Figure 5-2). 

Pbolo 5-3. Fluted ridges and dmmlinoid forms on a unnamed mountain top nortlnvest or Smithers in llre Hazclton 
Mountains (nc;~r site MQ on Figure 5-2). Palcoflow is left to right (nest) at this site. 
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observations have led to the expansion of our hypothesis 
for the westerly event. We now propose a working model 
suggesting that an extensive, maximum phase, ice divide, 
or series of smaller divides, formed in tbe central part of 
the Nechako Plateau (east of the Babine Mountains). This 
ice divide persisted until near the end of the Late 
Wisconsinan and was not modified by late-stage, 
topographically-controlled, ice flow except in areas of 
strong alpine glaciation. Valleys in the Hazelton 
Mountains such as the Morice Lake and Skeena River 
valleys and their tributaries, that have low elevation 
passes that open westward into Pacfic Ocean drainages, 
did not experience late-stage flow reversals, unlike nwe 
constricted valleys fed by high mountain alpine glaciers 
such as the Telkwa River valley. 

During deglaciatio& ice flow was increasingly 
controlled by topography as the glaciers thinned. Striae 
and other ice-flow indicators that locally diverge from the 
regional trend reflect tbis topographically influenced ice- 
flow during waning stages of glaciation. A more complex 
local ice-flow history is indicated by highly variable striae 
trends at a few sites. Topogmphic control of ice flow 
during the latter phases is also apparent in many areas of 
high relief. In these areas, ice flow is clearly indicated by 
the presence of well developed cirque basins on the north 
and east facing sides of large mountains. During 
deglaciation, ice flow was increasingly controlled by 
topography as the glaciers thinned. Cirque glacier activity 
dominated during the later phases of the last glaciation 
and this activity may have extended into the Holocene. 

SUMMARY 

Results of ice-flow studies indicate that for most 
areas in the eastern part of the Nechako Plateau, the 
dominant flow-direction was easterly. Glacial dispersal 
patterns appear to be dominated by this regional ice-flow 
direction. However, in the Babine and Hazlton 
Mountains and in the noahwest part of the Nechako 
Plateau, a regionally anomalous, westerly ice-flow event 
occurred and dispersal directions are much more complex. 
Westerly ice flow in this region appears to have occurred 
at the last glacial maximum when ice centers over the 
Hazelton and Coast mountains migrated eastward into the 
interior plateau areas. The full extent and timing of this 
event and its effects on dispersal are concntly being 
investigated (Stompf et al., in prep.). Evidence for west 
flow is most readily found west of the Babine Lake valley 
and diminishes eastward suggesting that the Babine 
valley was near the eastward limit of the divide or that 
ice-xx& migration east of that atea was not long-lived. 
Consequently, westward flow apparently did not influence 
glacial dispersal to any great extent in valleys such as the 
Babine Lake valley but it did have a significant effect 
further west. 

Westerly ice-flow locally extended to the end of the 
last glaciation, especially in valleys with large passes 
opening westward to the Pacific Ocean, such as the 
Skeena and Morice valleys. A postulated mechanism for 
maintenance of an interior ice-divide late into the last 
glaciation, is due to the mpid calving of tide-water 

glaciers fed by ice in the interior. This may have allowed 
for significant lowering of glaciers in those valleys 
relative to ice in the interior and inhibition of 
topographically controlled, ice-flow reversals. Late glacial 
ice-flow, back to the east from the Hazelton Mountains, 
did occur in valleys with high or relatively restricted 
mountain passes such as the Telkwa River valley. For&r 
east in the Babine Lake valley, late-glacial 
topographically controlled, eastward flow also occurred. 
However, since evidence for westward flow is preserved in 
the Babine Lake area and in other valleys at unprotected, 
low elevation sites, the erosional effects of the later, 
topographically-controlled flows must have been 
minimal. These observations suggest that the maximum 
buildup of interior ice extended late into the last 
glaciation and that a topographically controlled, late- 
glacial, ice-flow phase was short-lived in this part of the 
Nechako Plateau. In the Babine and Hazelton mountains, 
late-phase glaciers flowing down valleys that presently 
drain eastward, were probably restricted to alpine ciqoes 
and to valleys with relatively confined, high mountain 
passes. In other east-draining river valleys with wide 
passes to the Pacific, upslope westward flow apparently 
continued to the end of the last glaciation. 
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REGIONAL GEOLOGY AND MINERALIZATION OF THE 
BIG SALMON COMPLEX (104N NE AND 1040 NW) 

By Mitchell G. Mihalynuk, JoAnne Nelson and Richard M. Friedman 

KEYWORDS: Big Salmon Complex, volcanogenic massive 
sulphide, regional geology, mineralization, Nisutlin 
Assemblage, Yukon-Tanana Ternme, Kootenay Terrane, 
Atlin, Jennings River 

INTRODUCTION 

Reconnaissance mapping in the Big Salmon Complex 
in northwestern British Columbia (104N NE and 1040 
NW, Figure la) was initiated in 1997 to test long-standing 
correlations (e.g. Mulligan, 1963) with rocks of the 
Yukon-Tanana Terrane (formerly Yukon Group) in 
southern Yukon (Figure lb). Such correlations are 
especially important t?om an economic standpoint (e.g. 
Nelson, 1997) because of the recently recognized potential 
for volcanogenic massive sulphide deposits in these rocks 
following discovery of the Kudz Ze Kayah, Wolverine and 
Fyre Lake deposits in the Yukon. A single traverse of the 
Big Salmon Complex by Nelson (1997) served to highlight 
similarities between stratigraphic elements in northern 
British Columbia and those at the Wolverine deposit. This 
report provides details on the stratigraphic and structural 
setting of the Big Salmon Complex, as well as mineral 
potential in light of strengthened correlations with Yukon- 
Tanana Termne (YTT) in the Yukon. 

Mapping was conducted over a six week period in 
July and early August. More than 90% of the region is 
below treeline in broad fluvially-modified glacial valleys 
occupied by the lower Swift River and its tributaries (Plate 
1). Although fluvial and glacial deposits are tens to 
(?)hundreds of metres thick in the main Swift River valley, 
above an elevation of about 900 m, there is only a thin 
veneer of alluvium, colluvium or organic debris and 
bedrock exposures are common. Outcrop is much more 
abundant than indicated on previous maps. Most road 
construction, unless following valley bottoms or perched 
glacial terraces, exposes semi-continuous outcrop at 
elevations above 900m. Thus the deep roadwork along the 
new Alaska Highway Route and burrow pits (circa 1988) 
and access roads to mineral properties both north and south 
of the highway, provide good sections through 
stratigraphy. Logtung and Pure Silver access roads are 
washed out at 6.5 km and 5 km respectively and the 
Arsenault road is washed out at the Swift River, but all are 
passable by foot. 

TECTONIC FRAMEWORK 

In British Columbia, ptotoliths of the Big Salmon 
Complex are composed primarily of quartz-rich sediments, 
matic to felsic volcanic rocks and diorite, tonalite and 

leucogranite intrusions; all are polydefonned and 
metamorphosed to grades ranging from greenschist to 
lower amphibolite facies. Previous work in the Big Salmon 
Complex of British Columbia show them to underlie a 
roughly triangular area bounded to the west by Teslin Lake 
(Teslin fault) in the Atlin area (Aitken, 1959) and to the 
southeast by the Simpson Peak batholith end other plutons 
in the Jennings River area (Gabrielse, 1969). Both Aitken 
(1959) and Gabrielse (1969) separated thick sections of 
crystalline limestone from the remainder of the Big 
Salmon Complex, and both considered the Big Salmon 
Complex to be at least partly correlative with the Sylvester 
Group. Prior to our 1997 mapping program, further 
regional subdivision and correlations had not been 
attempted in British Columbia. 

Tempelman Kluit (1979) interpreted the Yukon rocks 
as a subduction/collisional complex (Teslin suture zone) 
comprised of dismembered ophiolite of the Anvil 
allochthon and siliceous &a&site of the Nisutlin 
allochthon. Discovery of high pressure eclogite (Erdmer 
and Helmstaedt, 1983; Erdmer, 1985) supported the 
collisional concept and work along the western part of the 
Big Salmon Complex (Hansen, 1989, 1992a, 1992b; 
Hansen et al. 1989, 1991) appeared to outline a fossil 
Permo-Triassic subduction zone with offscraped sediments 
affected by tectonic backflow. Most recently, work by 
Stevens (1992, 1994), Stevens and Erdmer (1993), Stevens 
and Harms (1995) and Stevens et al. (1996) shows that the 
Teslin “suture zone” is comprised not of disparate 
offscraped oceanic sediments, but of continental margin 
strata (Creaser et al., 1995) with relatively coherent 
stratigraphic relationships that correlate with Lower to 
Middle Units (senru Martensen, 1992) of the Yukon- 
Tanana Terrane father north. These workers have 
accordingly renamed the Teslin Suture zone as the Teslin 
Tectonic zone. In an even more extreme departure from 
the subduction zone interpretation, DeKeijzer and 
Williams (1997) subsequently remapped pat of the Teslin 
Tectonic zone as a polydeformed nappe. 

Strata of the YTT Lower and Middle Units do appear 
to extend south into British Columbia where they underlie 
most of what was formerly mapped as the Big Salmon 
Complex. Despite polyphase deformation and 
metamorphism, a good, persistent shatigraphy is preserved 
across the area and direct correlations can be made with 
the Lower and Middle units farther north (Figures 2, 3 and 
4). Thus, rocks of the Big Salmon Complex in British 
Columbia are at least partly equivalent to those in the 
Finlayson Lake area which host the newly discovered 
deposits mentioned above. Our mapping does not support 
assignment of the Big Salmon Complex in British 
Columbia to the Slide Mountain Terrane as suggested by 
Wheeler and McFeely (1987), but would be more 
consistent with inclusion in their Kootenay Terrane 
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values Ihr average barium content in sandstone (IO-IO0 
ppm; Lcvinson, 1980). Thus, contained Ba may be a useful 
criteria for distinguishins highly recrystallized crinkle 
chert from other quartzites. especially where pledmontitc is 
absent. 

At ~nost localities the crinkle quart& is underlain by 
carbonate and overlain by greenstone. At 2.6 km up the 
Logtong Road well preserved protolith textures show the 
crinkle chert grading into overlying tinely laminated tuff 
of the greenstone unit. 

Barium Content in assay samples 

0 500 ,000 1500 2000 2500 
Barium content ppm interval 

Greenstone (600-18OOm) 

Resistant. dark green lo black weathering basalt and 
intermediate to matic tuff comprise the most voluminous 
unit west of Mount Francis and Lo&m Creek. Well 
preserved protolith textwcs are common near Logjam 
Creek and cast of southern Teslin Lake. Volcanic ash and 
dust ruff ttuftitc’?) display exquisitely preserved laminae, 
elastic testurcs including abundant facing indicators and 
mesoscop~c scale shears and folds which show the unit is 
significantly thickened. Well-bedded. bright green, 
aphanitic lapilli luff is perhaps the most common lithology. 
Massive flows can bc lunequivocally identified in only a 
few instances: most massive matic units could bc sills. One 
such flow and flow hreccia succession is comprised of 
medium to coarse-grained pyroxene porphyry. Near Mount 
Francis, metamorphic grade increases to lower amphibolite 
facies and two generations of schistosity affect the 
greenstonc; prorolith textures arc obliterared. 

Upper immature elastic succession 

Light grey. Inn and brown. immature. quartz-rich 
claxics marit the top of more-or-tcss contmuous 
stratigraphy within the snap arca. Stratigraphically iowesr 

units of the succession arc quanzite granule and pebble 
conglomerate and arkosic congiomerate interbedded with 
brown wacke containing aggregates or metamorphic 
biotite. Overlying units are black slate with a locally 
developed weak phyllitic fabric and interbcdded 

Plalc 7. Strctchcd quartritc pebble congtomcraw ot’the upper 
dirty elastic succession. 

intraformational conglomerate containing angular argillite 
rip up clasts, carbonate, aphanitic green tuff(?) and sparse 
crenulated phyllite. The top of this succession was not 
mapped. 

Slatey cleavage differs from bedding orientation by 
only a few degrees, suggestive of large, high amplitude 
and wry tight folding. In wackes with a high tuffaceous 
content the lmetamorphic mineral assemblage includes 
actinolite. epidote and biotite. but more typically a 
subgreenschist assemblage is developed. Granules and 
pebbles are elongated with typical strain ratios of 4 to 8 
(Plate 7); although strain ratios up to 20 occur rarely in the 
lower, quartz-pebble-rich conglomerate. 

No unequivocal depositional contact with the 
underlyin!: greenstone has been observed, and one may not 
exist. On ‘Two Ladder ridge (informal) the contact is 
covered, but ticld traverses crossed it at least four times 
along strike and the character of rocks on either side of the 
contact are consistent from one place to another. Phyllite 
clasts in pebble conglomerate of the lower elastic package 
suggest an erosional unconformity. Maximum pebble 
elongation strain of 8 to IO (length/width) near the contact 
is bedding parallel, suggestive of low angle fault motion. 
The wntact is almost exoosed 2 km west of Coconino 
Lake where extensive outcrops of both i~oclinally folded 
tuff of the greenstone unit and wackc of the immature 
elastic unit are separated by a covered interval of only a 
few metrcs. Although excellent and independent faong 
indicators in the tuffs show that it has been isoclinally 
folded (as is common elsewhere), and layering in the 
wackc is concordant, no clear examples of inrerfolding of 
the two have been observed. However. in isolated road cut 
exposures near an elevation of 1100 metres on the 
Arsenault Road. the distribution of lithologies might 
indicate that such infolding occurs. 

Hazel Orthogneiss 

Strongly foliated white to green or light pink- 
weathering orthogneiss underlies at least 250 km’ along 
the northern margin of the map area, from the peak of 
Mount Hazel to 8 km south of Highway 97. Compositions 
range from diorite to alaskite, but tonalite dominates. 
Schistosity is outlined by tine-grained biotite (15%), which 
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is 90% chloritired. Medium-grained quartz and albite are 
intergrown to weakly porphyritic, and 1.2% tine-grained 
epidotc is generally present. Volumetrically, minor quartz 
porphyry occurs as layers a few 1netres to, rarely, tens of 
metres thick. These are light t” dark green muscovitc- 
chlorite-quartr-feldspar schist containing I to 20% 
conspxuous milky blue quartz eyes (to 3 mm). Porphyritic 
zones appear to be concentrated near the margins of the 
body; tbbr example. at Mount IHazel where orthogneiss is in 
contact with piedmontitc schist of the crinkle chcrt unit, 
and are infolded with the greenstone unit 

Pink Granite orthogneiss 

granitoid ~nay represent a volcanic feeder, but the nearest 
potential c”xse proximal units arc pyritic quartz &cite 
schists on the shore of Teslin Lake. 

About I km east of Tcslin Lake, near the Yukon 
border. a northwest trending body of chloritizcd granitoid 
is at least 20111 thick and can be traced for more than half a 
kilomctre. It is medium-grained to slightly porphyritic, 
pink to light grccr~weaihering and moderateiy to strongly 
foliated. Although compositionally variable, quartz and 
feldspar comprise approxm~ately 25 and 50% of the rock 
respectively. Presumabiy the original mafic minerals are 
chloritized and smeared out into the foliated matrix. llost 
rocks are quartrite and tuffaceous chlorite schist. ‘The 

Slaughterhouse quartz diorite 

Dark grcy to red-weathering quartz diorite underlies 
Southern T&in Lake. It is weakly t” moderately foliated 
with rare strongly foliated zones. It is comprised of green 
hornblende (25%). biotite (10%). sphene (up to I%), 
piagioclase (60%) and quartz (10%). IHornblende 
commonly displays cores of pyroxene. Bnd biotite may 
occur as single grains or many clustered subgrains. 
Medium-graincd sphene occurs as idiomorphic grains 
comprising up to I% of s”me samples. Plagioclase is 
turbid due to alteration t” white mica, prehnite and epidotc. 
Plagioclase crystals occur as interlocking elongated 
lozenges that are moderately well aligned in foliated 
S.WlpleS. 

Alignment of plagioclase may indicate either 
subsolidus tlow foliation or syntectonic intrusion. 
I lowcver, polygonized. quartz grains broken into domains 
with undulatory extinction and mortar-textured quanz at 
feldspar borders represenr textures formed at subsolidus 
temperatures. Such deformation textures are supportive of 
late syntectonic emplacement. 

Tonalite sill 

A foliared tonaiitic sill that is at least 5m thick intrudes 
:greensi”nc about six kilometres southeast of southern Four 
Mile Lake. It is light green weathering and strongly 
foliated. Contacts have been affected by two phases of 
deformation (Plate Xj; no crosscutting relationships are 
preserved. Porphyritic margins on the tonalitic body and 
indurated grecnstone at the contact support an originally 
intrusive relationship. 

‘irabie 1) were performed at the Ge”chronol”gxal 
Laboratory ar the erniversity of British Columbia. High 
quality clear, pale pink, prismatic (stubby t” elongate and 

Sample crushing, 

multifaceted) and tabular zircon, and also clear pale 

mineral separation, and isotopic 

yellow, broken fragments of euhedral tit&e grains were 

analysis of weakly foliated Slaughterhouse diorite 

recovered. Six analysed fractions (four zircons and two 

collected from west of southern T&in Lake(MMI96-2-l I, 

titanites. Table 1. Figure 6) plot on or near concordia at 
about 170 Ma. ‘Three of the zircon fractions are slightly 
discordant, suggesting the presence of inherited zircon 
components, and superimposed Pb loss for fraction C. Fine 
elongate zircon fraction D is concordant at about 170 Ma. 
Both titanite analyses are concordant: fraction TP 1s 
relatively imprecise but is in agreement with zircon 
fraction 0, whiie ‘1-2 is slightly older at about 171 Ma. The 
170.211.2 Ma age suggested for this sample IS a good 
conservative estimate based on the average 2u0Pb/238U age 
of concordant fractions D and T2, with associated 
precision derived from the total range of overlap of these 
analyses with the concordin curve. Note the possibility of 
Iminor Pb loss for fractions D and Tl, which would render 
the older portion of the err”r envelope. based on ‘T2. as the 
m”st likely age tbr this rock. 

PLUTONIC ROCKS 

Pyroxene cored hornblende is characteristic of both 
the Slaughterhouse pluton and various phases of the circa 
172 Ma (Mihalynuk et ai., 1992j Fourth of Juiy batholith 
near Atlin (part of the m”rc rcg~onal Three Sisters plutonic 
suite of Woodsworth and Anderson, 1991). The new U-Pb 
isotopic age determination from a sample of weakly 
foliated Slaughterhouse dioritc performed at, is 170.2-tl.2 
Ma, confirming the Fourth of July suite association. 
Preliminary YJ-Pb age determinations from a sample 
collected at the south end of Teslin Lake suggest an age of 
168 to 175 Ma. 

~.~~ .-. 
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TABLE 1. U-Pb ANALYTICAL DATA 

FraCtiOn’ Wt U’ Pb’l WJ’ Pb’ l”8PbG Isotopic ratios (Lo,??)’ Apparent a&w (2qim) ’ 
w mm wm ‘“Pb PS 0% =+PbP’%U ‘O’Pb,“‘” *O’Pbr.U6Pb *mPb/=YJ ‘“Pb/‘“Pb 

MMI96-2-11 TTZ Granitoid 
A cc,NZ,p,s 0.228 292 8.0 5599 20 I2.t 0.02668(0.10) 0.1825 (0.17) 0.04961 (0.09) 169.8 (0.3) 176X(4.4) 
B c,NZ,p,e 0.148 259 7.1 1162 56 12.4 0.02678 (0.12) 0.1835 (0.26) 0.04968 (0.18) 170.4 (0.4) 180.3 (8.4) 
C m,NZ,p,e 0.196 300 8.2 4727 21 12.4 0.02645 (0.11) 0.1811 (0.18) 0.04966(O.L0) 168.3 (0.4) 179.3 (4.8) 
D fW,p,e 0.115 266 7.3 3732 14 12.4 0.02662 (0.11) 0.1815 (0.18) 0.04946 (0.11) 169.4 (0.4) 169.9 (4.9) 
T1 cc,NZ,b 0.465 403 10 383 851 3.3 0.02656 (0.41) 0.1819 (1.07) 0.04967 (0.81) 169.0 (1.4) 179 (38) 
Tl cc,NZ,b 0.470 422 II 416 834 3.0 0.02687 (0.15) 0.1833 (0.50) 0.04950 (0.41) 170.9 (0.5) 171 (19) 
Notes: Analytical techniques are listed in Mortensen et al. (1995). 
1 Upper case letter = fraction identitier; All zircon fractions air abraded; Grain size, intermediate dimension: cc= <I80 
pm and 7134pm, c=<134pm and >104pm, mX104vm and >74pm, f=74pm. Magnetic codes:Franz magnetic 
separator sideslope at which grains are nonmagnetic (N) or Magnetic (M); e.g., Nl=nonmagnetic at I”; Field strength 
for all fractions =l.SA; Front slope for all fractions=20°; Grain character codes: b= broken fragments, velongate, 
eq=equant, p=prismatic, s=stubby, t=tabular, ti=tips. 
2 U blank correction of IJpg + 20%; U fractionation corrections were measured for each run with a double 233~. 
235U spike (about O.OOS/amu). 
3Radiogenic Pb 
4Measured ratio corrected for spike and Pb fractionation of 0.0043iamu i- 20% (Daly collector) and O.OOl2lamu + 7% 
and laboratory blank Pb of IO pg + 20%. Laboratory blank Pb concentrations and isotopic compositions based on total 
procedural blanks analysed throughout the duration of this study. 
sTotal common Pb in analysis based on blank isotopic composition 

hRadiogenic Pb 
‘ICorrected for blank Pb, U and common Pb. Common Pb corrections based on Stacey Kramers model (Stacey and 
Kramers, 1975) at the age of the rock or the 207PbRO6Pb age of the fraction. 

Simpson Peak batholith Midshore granite 

Simpson Peak batholith marks the southeastern limit Coarse tan to pink granite crops out along 2.5 km of 
of the Big Salmon Complex. Potassium feldspar the eastern shore of Teslin Lake, midway between its 
porphyritic granite is typical, although marginal phases are southern end and the Yukon border. It is comprised of 
compositionally heterogeneous, ranging from dark, 30% ccarse perthitic potassium feldspar, 2.5% smoky grey 
hornblende-rich diorite to granodiorite. Near Simpson quartz with undulatory extinction, 35% strongly zoned 
Peak the body is weakly foliated and strongly jointed. It is plagioclase, 10% biotite and accessory tourmaline and 
white to grey-weathering with a greenish or pinkish cast. zircon (100 microns in diameter). Alteration minerals 
Idiomorphic pink potassium feldspar crystals are 
conspicuous as they are up to 3 centimetres in diameter. 
These crystals are microperthitic and, together with 
medium to tine-grained potassium feldspar, comprise 
about 30% of the rock. Plagioclase (30%), polygonized 
quartz (25%) and chloritized patches of biotite (10%) are Average ‘“Pbl”‘U Age 
other major constituents. Subidiomorphic sphene of Concordant D and T2 
comprises about 1%. Epidote (2%) is the dominant 
alteration mineral. 

zz 

Although the Simpson Peak batholith is generally % 

weakly deformed, and well foliated at its northern margin, 
a 

2 
it clearly postdates deformation of the Big Salmon 
Complex, cutting across fold axes, skarning deformed 
limestone, and hotnfelsing other Big Salmon Complex 
lithologies. Published K-Ar age determinations for the 
Simpson Peak Batholith (Wanless et al., 1970) are 
recalculated using modem decay constants as 185 +I4 
(hornblende) and 169 *8 (biotite, reset). Recalculated ages 
from the adjacent Nome Lake batholith are essentially 
concordant at 187 *9 (both hornblende and biotite; ibid.) 

0.17 0.18 
207Pbi23sU 

Figure 6. Concordia plot showing isotopic ratios with error 
estimates for four zircon (A to D) and two titanite (Tl, T2) 
mineral fractions from the Slaughterhouse pluton. 
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include chlorite aitcr biotite and white mica. prchnite and 
calcite after feldspars. 

Two Ladder Tonalite 

Fine lo Imedium-grained dark grcy weathering 
hornblende tonalite forms n scrics of northwest-elongate, 
kilomctre-long bodies on the ridges above Two Ladder 
Creek. Locally the bodies arc sparsely hornblende 
porphyritic (up to 5 mm diameter), but arc m”re typically 
cquiyranulnr. Near their margins they may display a weak 
foliation; although they are discordant with respect to the 
enclosing strara, which are hornfelsed. Away from their 
contacts, the bodies are not foliated. 

Coconino Ton&e 

Foliated hornblende-biotite tonalitc, lithologically and 
lpetrographically indistinguishable from parts of the 
Slaughterhouse pluton, underlies the low ridges east and 
south of Coconino Lake, extending ISkm south of the 
Swift River. It forms a roughly equidimenssional body 
with a no~~hwestcm apophysis that may lhave been drawn 
into the Teslin Fault with dextral shear. A sample collected 
from within a few hundred metres of its northern contact 
displays chill texrures wth idiomorphic feldspars (up to 
2cm. 50%), sphcne (up to O.lcm. 2%) and minor 
idlomorphlc apatite runmed with interstitial quartz (20%). 
Weakly-“txntcd. fine-grained hiotite forms elongated 
clots (20%) up to lcm long after original biotitc. Some of 
the biotite clots are cored with epidote, probably replacing 
hornblende. Most playioclase is strongly replaced by 
epidote and muscovite. 

A new. unpublished U-Pb age date Indicates that the 
Coconino tonnlite is about 25m.y. older than the 
Siaughterhouse pluton: perhaps age equivalent to the 
Simpson Peak and related plutous (I 85 f  I4 to 18119 Ma: 
K-Ar hornbiende ages recalcuiated from \Naniess er ai., 
1970), but only at the oldest limit “fthe K-Ar error. 

STRUCTURE AND METAMORPHISM 

In general, the Big Salmon Complex consists of a 
northwest-trending “amphibolite” grade core zone, in 
which protolith textures arc destroyed. flanked by 
greenschist grade rocks in which protolith textures are 
moderately to well preserved. Upper grecnschist to 
transitional greenschist-amphibolite facics conditions arc 
recorded in the dominant stable regional metamorphic 
mineral assemblages throughout the area. Ilowever, in the 
c”re zone. relicts of staurolitc. andalusite. and possibly 
kyanite. point to an amphibolite grade. cariy peak 
mzianrorphlc event (F2. Plates 9 and lOi. Amphibolitc 
grade peak meramorphlc mmeral assemblages are typically 
ietrograded to cpidote. chlorite. Imuscwite, and calcite. 

A strong, nearly layer parallel schistose “I- phyllitic 
fabric dommates the Big Salmon Complex. Evidence of at 
least tw” phases of deformation is everywhere presen+. and 
m the higher grade c”re z”ne an additlonai distinct. 
Inoncoaxial fold set IS deveiopcd. Third phase folds are 

Plate 9. Earliest schistosity is recorded hy~inclusion~ trails in 
kilomorphic staurolitc porphyroblnsts (SI in msct) that are 
mantled by cpidotc. Sl is Soldrd by S2 crcnulation cleavage. 
Grccnschist grade minrmls: epldotc and chlorite gmw along the 
S2 plants. Mineral abbreviations arc those recommended hy 
tirctz (1983). Lone dimension of ohotomicroaranh is 4mm. 

S2 crcnulation .This mineral is strongly scricitized along 
clcavagc piancs (pholomicmgraph long dimension represents 
4mmi. 

further modified by local kinking and warping, especially 
in the hiyh grade c”re region. At least on” other 
dcformationai event can be recognized petrographically. It 
is cryptic, expressed mainly as deformed pre-regional Sl 
inclusion trails within quartz, feldspar, garnet and 
staurolite crystals (Plates 9, I I). So far, the extent and 
overall effects of this earliest event are largely unknown. 

A rigorous domain by domain structural analysis of 
the Big Salmon Complex is beyond the scope of this paper. 
NW~rthdXS, a gencralired deformational history is 
offered here (Figure 7). It is important t” n”te that this 
interpretation is biased by the arcas of best exposure, and 
may be inaccurate at the domain level. 

Earliest deformation, here designated as DO. is only 
sporadically recorded in the highest grade c”re zone rocks 
as deformed inclusion trails of metamorphic minerals 
within porpyroblasts (Plates 9. IO). It has not been 
recognized m rocks younger than the Crinkle Chert unit. 
Preservation of DO may be controlled by a number of 
factors: sufficiently argillaceous protoliths to produce 
schistosity, bulk Irock composition suitable f”i 
porphyroblast growth, conditions permitting physical 
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Figure 8. Stereonet plots of poles to bedding (So), first regional schistosity (Sl), second schistosity (S2), first ph.ase folds (Fl), second 
phase folds (F2) and third phase folds (F3). Data are contoured by Gaussian counting using a weightl?g function equivalent to a 

fractional counting area of 0.01. Contour intervals are 2. 4. 6, 8, IO, I2 and I4 sigma. 
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strata 
3ffected 

DO -Si 
-cryptic- represented by Si 
in porphyroblasts 

-lower greenschist grade 
poikilocrysts are common 

m-s1 
-intrafolial isoclines at high 
structural levels 

- may have produced strong clast 
elongation lineations (later transpose 

-first pervasive fabric 

mineral stretching 

D2-F2-S2 
-peak pressure metamorphism 
-stable garnet, biotite, actinolite 
relict staurolite, andalusite, 
?kyanite, NO sillimanite 
-folds NE and lesser SW-verging chevron 
to transposed near recumbenffisoclinal 
-dominant preserved fabric 
(in F3 reference frame) 
-144/20 is statistical pole to Pi girdle 

D3-F3-S3 
-interlimb translation of F2 
(=non-coaxial) 
-rare ?cordierite in S3 
-tight to isoclinal, inclined, 

gently plunging, parabolic 
-W-verging 
-principal direction 146/20 

Indistinct 04 - F4 
-broad warping/uplifts, open, 
gently plunging folds 

-retrograde metamorphism: 
chlorite, muscovite, calcite 
-local rotation and minor transposition 
and flattening of earlier folds 
-dispersion of poles to SZS3 
produce clusters (no statistical girdle) 

Figure 7. Deformational history. Note that lithologic patterns are consistent with those in Figure 4. Contoured stereonet plots of 
elongation lineations (El) and mineral lineations (Ml, M2) follow the methodology used for structural plots in Figure 8 (see also text 

for discussion). Mineral abbreviations are those recommended by Kretz (1983). 
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are semi-elliptical to parabolic in shape with high 
amplitudes and relatively straight limbs. Parasitic folds and 
an axial planar fabric are commonly developed and can be 
recognized in mountain scale F3 folds. However, unless 
fold-fabric relationships can be established at the outcrop, 
it is not always possible to distinguish F2 and F3 
schistosities, even though they are here designated as S2, 
and S3 respectively. S3 can be recognized 
petrographically because it formed during retrograde D3 
and is commonly outlined by the growth of chlorite (Plate 
13), muscovite, calcite f epidote (Plate 9). In some cases 
chlorite-lined S3 surfaces can be distinguished in outcrop. 
The dispersion of poles to S2 shown in Figure S is the 
result of inclusion of S2 with S3 data, and a concentration 
of measurements from domains most strongly affected by 
F4 warping. 

F4 folds are broad warps with little preferred 
orientation. They appear unrelated to a distinct 
deformational event, but probably reflect the combined 
effects of tectonic exhumation and stress transmitted from 
large bounding strike slip faults, like motion on the Teslin 
lineament. One large, northwest-trending warp may be 
responsible for uplift of the Big Salmon Complex cnre 
zone as indicated from outcrop distribution in Figures 3 
and 4. Local strong development of kink bands in chlorite 
and muscovite schist (retrograde S3) formed during this 
late warping. While kink bands are relatively common, 
conjugate kink band sets are not widely developed within 
the map area. in this study, only one set was measured near 
Four Mile Lake. In controlled experiments, conjugate kink 
bands are oriented such that the obtuse and acute angles 
between the two kink band arrays face the shortening and 
stretching directions, which are approximately parallel to 
the major and minor principal stress directions respectively 
at that site. Figure 7 shows the maximum and minimum 
principal stresses orientations that might have existed at 
the time of the kink band formation. Interestingly, the 
maximum and minimum principal stresses are orogen 
parallel and orogen normal respectively. 

Age of deformation 

Like the protoliths within the Big Salmon Complex of 
British Columbia, there are currently no concrete 
constraints on the age of deformational events within the 
Big Salmon Complex. K-Ar (muscovite) cooling ages have 
been reported from similar rocks immediately north of the 
Yukon border: 222 (Mulligan, 1963; no uncertainty 
quoted; from Mile 778 (about 1.5 km west of Morley 
River), 214 125 (R.K. Wanless in Mulligan, 1963; no 
location reported) and from British Columbia in the 
northwestern corner of 1040: 194 +15Ma (Leech et al., 
1963; GSC Paper 44-25). The reliability of all these ages 
must be considered suspect since ‘“AI was not determined. 

Regional fabrics are cut by the Early Jurassic Simpson 
Peak batholith (K-Ar hornblende is 185 *14 Ma, 
recalculated from Wanless et al., 1970). It intrudes, skams 
and hornfelses previously deformed and metamorphosed 
rocks of the Big Salmon Complex and thus provides a 
minimum age constraint on the ductile fabrics. However, 
the batholith locally displays a weak tectonic foliation 

indicating that the latest deformation outlasted its 
intrusion. Weak to rarely moderately strong foliation is 
also developed in the Middle Jurassic (170 Ma, Figure 6) 
Slaughterhouse pluton at the south end of Teslin Lake. 
However, the body where it has been dated cannot be 
shown to cut the Big Salmon Complex. 

MINERALIZATION 

Within the entire Big Salmon Complex in British 
Columbia, the only base metal mineral occurrences 
recorded in MINFILE are those on the Arsenault and 
adjacent claims about 14 km south of the Smart and Swift 
River confluence. Copper mineralization was discovered 
on the Arsenault property by Wilf McKinnon of Hudson’s 
Bay Mining and Smelting in the 1940’s (Sawyer, 1979). 
Geological and geochemical work performed in 1967 
included the excavation of 16 trenches: 0.10 oz/t Au over 3 
m&es was reported from one trench (Sawyer, 1967). 
Between 1970 and 1972 a major exploration program was 
conducted by Bolivar Mining Corporation (subsidiary of 
Cyprus Mines Corp. Ltd.) that included construction of an 
access road, airborne EM, magnetometer, induced 
polarization and geochemical surveys, geological mapping 
and IO80 m&es diamond drilling on the four best 
anomalies. A further 440m of diamond drilling was 
conducted in 1979 and 235.5m in 1981 by Rebel 
Developments Ltd. (Sawyer, 1979; Phendler, 1982.). 

Mineralization exposed at surface is dominated by 
chalcopyrite and pyrite with associated epidote, garnet, 
actinolite, magnetite (Plate 14) and wollastonite (Plate 15) 
in quartz-rich strata at their contact with carbonate. 
Mineral textures preserved suggest static crystallization. 
Traces of bomite, molybdenite, piedmontite (Mn-epidote) 
and spessartine (Mn-garnet) have also been reported 
(Sawyer, 1979). Tourmaline is commbn in both the 
quartzite and tuff. 

Although the quartz-carbonate association and calc- 
silicate mineralogy and textures are suggestive of skam, no 
causative intrusion has been found. Pink quartz-feldspar 
porphyry dikes, one within 200111 of two mineralized 
trenches, others up to a kilometre away, cut the succession 
but they clearly post-date deformation that has affected the 
talc-silicate mineralogy. Furthermore, there is no 
correlation between soil geochemical Cu anomalies and 
the location of the closest dike (Sawyer, 1979). If 
Arsenault is a skarn, then the best candidate for an 
associated pluton is the dioritic complex that crops out 
over 2 km away, in the north face of Mount Francis, but 
the diorite is strongly foliated and folded, whereas calc- 
silicate mineralization at the Arsenault appears to have 
developed under mainly static conditions. Alternatively, if 
talc-silicate development is a product of regional 
metamorphism, the source of copper remains in question. 
Clearly, metamorphic grade and reactive lithologies alone 
do not form copper-rich talc-silicate zones. 

The only quartzite-carbonate contacts within the area 
with associated chalcopyrite are those adjacent to the 
Arsenault dacite. Such occurrences extend from the 
western Arsenault showings to the east.flank of Mount 
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Francis. a distance of 2.5 km Chalcopyritc also “ccws as 
disseminations and veinlcts within the Arsenault dacite, 
both in the eastern trenches and where it crops “ut about 
0.5 km fwthcr to the south-southeast. This rather 
widespread and consistem lithoiogicai association suggests 

a syngenetic origin for the copper imineralization. as 
“riginally proposed by Sawyer (1979). In support of this 
interpretation is the association of Mn-bearing minerals, as 
well as tourmaline, with ihe mineralized horizon. Once B 
clearer understanding of protolith ages within the Big 
Salmon Complex emerges. it should be possible t” 
determine whether the Arsenault mineralization Rb 
signature (in progress) is syngenetic or a product of a. 
cryptic, younger magmatic-related event. 

Four previously unrecorded mineral occurrences were 
encountered during the course of mapping. The first two of 
there are interpreted to occur in roughly the same 100~ 
stratigraphic interval as the Arscnault, and each display 
some evidence of having been previously sampled. 
Samples collected from the lncw “ccurrences were 
analyzed by aqua reg~a digestion and inductively coupled 
piasma emission spectroscopy. Note that the digestion 
In&hod is incomplete for m”st elements, part~cula<iy those 
marked with an asterisk. Some of the outstanding results 
arc listed below, and the complete data set may be viewed 
01 downloaded from our web site at 
http:l/www.ei.gov.bc.ca/geosmin/fieldpgm/97-9X/6br- 
dm.htm. 

On the east flank of Mount Francis, near the eastern 
limit of the now lapsed Arsenauit I claim, IS a moderately 
steeply east-dippmg. strongly deformed section “1’ 
decimetre thick interbeds of limestone and tuff. These 
are infolded with clean q,uartzite. Withm the carbonate. 
near the quart&e contact, ‘is a well developed vein 
replacement zone of garnet-epidote-quartz-calcite- 
magnetite-actinolite-chalcopyritc. The zone is 2.5 m wide 
and is exposed for IO m along strike. Chalcopyrite is 
concentrated in the northern third of the z”ne in pods and 
irregular veins up to 4 cm wide and as much as 30 cm 
long. Mineralized chips collected acr”ss the 2.5m wide 
row yielded 4.6% Co. 0.3% Zn*, 9.5 ppm Ag, 322 ppnl 
CO*, 26 ppm Cd and i I5 ppm Bi. 

Along east shore of northern T&in Lake, 2 km south! 
ot the Yukon border, a series of mafic t” felsic tuffaceous 
rocks, quartz-sericite schists and siltsrones are exposed 
along a kilometre-long section pf lakeshore. All arc 
phyllitic to schistose and relict textures are rare. Several 
~“nes display widespread pyrite and trxcs of chaicopyrite. 
I;O~ exampie. at the south end of the outcrop belt a 20 m 
thickness of locally strongly pyritic felsic metatutt LS 
sandwiched between malic mctatuff. The gossanous layers 
arc up r” 30 cm thick and typically contain 10% or ~more 
pyrite. ChaYcopyrite occurs as spars” cm-sized clots and 
in-egular stringers. It is evident at several l”calities that the 
zone has been previously sampled. Analysis of a single 
grab sample yielded 2.2% Cu and 2X ppm Ag. 
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Copper in the Crinkle Quartzite 

Two occurrences of minor sulphide mineralization and 
copper staining include consist of chalcocite and 
specularite at the peak of Mount Hazel, and chalcopyrite 
on the west end of the low ridge containing the Arsenautt 
showing. At the fast locality, deformed chalcocite and 
specularite occur as fist-sized patches in a 0.9 m thick bull 
quartz vein on the southeast side of Mount Hazel near the 
contact between crinkle qua&he and tuffaceous rocks of 
the greenstone unit. A similarly mineralized vein occurs on 
the northwest side of the peak, although it could be an 
along-strike continuation of the southeast vein. The second 
locality is below tree line about 2 km west of the old 
exploration camp where a few chalcopyrite veins up to a 
centimetre thick occur within the upper third of a 10 m 
cliff exposure of crinkle quartzhe. No signs of prior 
sampling are evident. 

Highway 97 

Extensive upgrading and straightening of Highway. 97 
in 1988 resulted in a number of new roadcut exposures and 
some extensive outcrop in burrow pits. In one new 
exposure, about 3.5 km west of Swan Lake, a 3 m wide 
gossanous zone occurs within the greenstone unit. Several 
north-northwest trending quartz-chlorite-magnetite-pyrite- 
chalcopyrite veins cut the zone. The veins attain a 
maximum thickness of 30 cm. There is no sign of this zone 
having been previously sampled. Mineralized chips 
collected across a 1.5m true thickness that is 80% vein 
material retamed 0.2% Co, 165 ppm Co*, 210 ppm As and 
45 ppm w*. 

SUMMARY 

Mapping along the British Columbia-Yukon border 
leaves little doubt that the Big Salmon Complex extends 
into the Yukon as suggested by earlier workers (Mulligan, 
1963), and must extend into rocks recently mapping by 
Gordey (1995) who includes them in the Kootenay 
Terrane. Rocks assigned to the Kootenay Termne in 
Yukon are considered to be part of the Yukon-Tanana 
Terrane, but the Kootenay Terrane in southeastern British 
Columbia is a separate tectonic entity that has 
demonstrable stratigraphic ties to North America (e.g. 
Colpron and Price, 1995). It is clear that the Big Salmon 
Complex bears little resemblance to classical Slide 
Mountain terrane (e.g. Ferri, 1995), and the assignment of 
Big Salmon Complex to Slide Mountain Termne (Wheeler 
et al., 1991) is here considered incorrect. However, on the 
basis of lithological comparison alone it is not possible to 
unequivocally assign the Big Salmon Complex to the 
Yukon Tanana Termne. Certainly the lower quartz-rich 
succession, Mount Hazel orthogneiss and felsic volcanic 
strata are lithologically similar to parts of the Yukon 
Tanana Terrane, but until some age control on these units 
is available, such correlations are speculative. 

New age data from the Slaughterhouse diorite show 
that it is temporally equivalent to the Three Sisters plutonic 
suite. 

Two stratigraphic intervals appear most prospective 
for base metal sulphide exploration: (1) porphyritic blue 
quartz-eye dacite tuff with interlayered limestone/quart&e 
that are stratigraphically equivalent to rocks that host the 
Arsenault occurrence and (2) barium-manganese-rich 
rocks of the crinkle chert unit. An exhalative origin for 
piedmontite schist of the crinkle chert unit was suggested 
by Nelson (1997). The elevated barium contents in 
samples from this unit supports its exhalative origin, but it 
also contains fine dark zircons of probable detrital origin. 
Scattered copper mineralization within the unit is a further 
indication of the importance of this unit as a potential 
pathway to base metal sulphide deposits. 

Despite strong development of talc-silicate minerals 
and skam textures with copper mineralization at the 
Arsenault occurrence, its classification is equivocal. 
Copper mineralization occurs locally over an area of about 
IO km’ and, if correlation with strata along Teslm Lake is 
correct, the copper-rich nature of this horizon is regional in 
extent. This suggests a syngenetic control and potential for 
volcanogenic massive sulphide mineralization. Blue quartz 
eyes are conspicuous not only in the Arsenault dacite, but 
interestingly also occur in graphitic quartz-granule 
conglomerate as well as porphyritic phases of the Hazel 
orthogneiss. It is possible that the Arsenault dacite and 
Mount Hazel orthogneiss are comagmatic and provide a 
detrital OT pyroclastic source of blue quartz eyes for the 
quartz granule conglomerate. However, the simplest 
structural interpretation (the one preferred here) places the 
blue quartz-eye elastic rocks stratigraphically below the 
Arsenault dacite. 
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EXTENSIONS AND AFFILIATES OF THE YUKON-TANANA TERRANE IN 
NORTHERN BRITISH COLUMBIA 

By JoAnne Nelson, B.C. Geological Survey, Tekla Harms, Department of Geology, 
Amherst College, and James Mortensen, Department of Earth and Ocean 

Sciences, University of British Columbia 

KEYWORDS: Mississippian, Dorsey Terrane, Yukon 
Tanana Termne, Northern British Columbia 

INTRODUCTION 

Kudz Ze Kayah (KZK) and Wolverine are 
volcanogenic massive sulphide deposits hosted by Early 
Mississippian meta-rhyolites, marine metasediientmy 
rocks and intermediate to mafic met&offs of the Yukon 
Tanana Terrane in the Finlayson Lake area, southern 
Yukon (Figure 1). This area became a focus of intense 
exploration in late 1994, following Cominco’s discovery 
of significant massive sulphides associated with 
metarhyolites in the ABM zone, at what later became 
their Kudz Ze Kayah project. Reserves at Kudz Ze 
Kayah now stand at 11.3 million tonnes of 6% Zn, 1% 
Cu, 1.3% Pb, 125 g/tonne Ag and 1.3 g Au. In 1996, 
reserves at Westmin-Atna Resources Wolverine deposit 
were 5.3 million tonnes of 1.8 g/tonne Au, 360 g/tonne 
Ag, 13% Zn, 1.4% Cu and 1.5% Pb; new discoveries in 
1997 will upgrade this figure. Columbia Gold’s Fyre 
Lake deposit, located in the Finlayson Lake district 50 
km south of Kudz Ze Kayah, contains a significant 
copper-cobalt-gold resource within a complex series of 
massive sulphide lenses enclosed by a mafic 
m&volcanic host (Blanchflower ef 01,. 1997). 

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, Wolverine, and 
(?)Fyre Lake. In 1996, six widely scattered target areas 
were mapped and evaluated for this potential (Nelson, 
1997). In 1997 the focus was narrowed to two areas and 
systematic, detailed geological mapping was begun 
(Figure 2). Most of the work was done on the Big 
Salmon Complex in northwestern Jennings River (1040) 
and northeastern Atlin (104N) map areas, the direct 
strike continuation of Yukon Tanana rocks from the 
Teslin map area of southern Yukon into northern B.C. It 
is the subject of a companion paper (Mihalynuk ef al., 
this volume). This paper describes the results of 
preliminary mapping in the stmctumlly lower part of the 
Dorsey Termne in central Jennings River map area 
(1040). 

REGIONAL CORRELATIONS AND 
CONTEXT 

Besides the crucial Early Mississippian rocks that 
host the volcanogenic massive sulphide deposits, the 
Yukon Tanana terrane is characterised by pre- 
Mississippian continentally-derived siliciclastic meta- 
sediments, Early Mississippian intrusions that are coeval 
and probably cogenetic with the volcanic stmtigraphy, 
Pennsylvanian and Permian limestone, Permian volcanic 
and plutonic rocks, and cross-cutting Early Jurassic 
plutons (Mortensen, 1992). This capsule geologic 
history provides a “thumbprint” of the terrane that can 
be used to help identify its correlatives. 

The Dorsey Terrane has been divided into several 
assemblages (Harms and Stevens, 1996). The lower 
Dorsey Terrane in the southern Yukon comprises the 
Ram Creek and Dorsey assemblages. The stmctorally 
lowest Ram Creek Assemblage is a suite of matic and 
intermediate to felsic metavolcanic rocks with lesser 
quart&e, marble and metaplutonic bodies. The 
overlying Dorsey Assemblage consists of quartzox, 
pelitic, matic (to possibly felsic, muscovite-quartzhe?) 
metavolcanic and intermediate metaplutonic rocks, 
which underwent high-temperature, high-pressure 
metamorphism (609-732’C, 7.7-14.1 kilobars) prior to 
emplacement of the mid-Pennian Ram Stock (Stevens, 
1996). The Dorsey Assemblage is overlain structurally 
by the Klinkit and Swift River assemblages, which show 
lower metamorphic grades and less penetrative 
deformation (Stevens and Harms, 1995, Harms and 
Stevens, 1996). Fossil ages in these upper assemblages 
of the Dorsey Temme range i?om late Mississippian to 
Triassic (Harms and Stevens 1996). Limestones at 
different shuctural levels contain Pennsylvanian 
conodonts (Abbott. 1981): this may indicate fault and/or 
fold repetition. 

The lower part of the Dorsey Terrane shares a 
number of common elements with the Yukon Tanana 
Terrane (Stevens, 1996). Near the Little Rancheria 
River, pyrite-bearing, felsic metatuffs are interbedded 
with intermediate metatuffs and a limestone that 
contains early Mississippian conodonts (Nelson, 1996). 
A highly deformed porphyritic tonalite, collected in 
1996 from near the base of the terrane west of the 
Cottonwood River (Figure 3), returned an early 
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Figure 1. Location of this project (Dorsey Terrane) and Big Salmon Complex in the contcxt of 
Devonian-Mississippian tectonics and mctallogeny ofthe Canadian Cordillera 
Ternme outlines modified from Wheeler efal.(l991) 
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Mississippian U-Pb zircon age (Table I, Figure 4 and 
discussion below). This age and the lack of Precambrian 
inheritance compare closely with the Simpson Range 
plutonic suite in the Finlayson Lake area (Mortensen and 
Jilson, 1985; Mortensen, 1992). Mid-Permian and Early 
Jurassic(?) intrusions cut the lower Dorsey Terrane near 
the Seagull Batholith in southern Yukon (Stevens, 
1995). 

On the eastern side of the Dorsey Terrane, the 
Klinkit and Swift River assemblages lie structurally 
above the Dorsey Assemblage in a southwesterly 
dipping structural stack (Stevens and Hams, 1995; 
Stevens, 1996). There is regional dip reversal within the 
Klinkit Assemblage, such that northeast-dipping low- 
grade chert, quartz sand-stone, slate and tuff in its 
western extent lie structurally above metamorphic rocks 
of the Big Salmon Complex (unpublished data, this 
project; see also structural data of Gabriel%, 1969 and 
Abbott, 1981). The Big Salmon Complex of Gabrielse 
(1969) was the subject of a detailed study during this 
project (Mihalynuk el al., this volume). It consists of a 
sequence of stratified rocks cut by a highly deformed 
Pluto”, the Hazel orthogneiss. All of the units, including 
the Hazel orthogneiss, have been metamorphosed at 
grades ranging from greenschist to amphibolite, and all 
have undergone several episodes of folding. From 
lowest to highest, the stratified units in it are: siliciclastic 
rocks and interbedded felsic tuffs, limestone, chat that is 
locally highly manganiferous, a thick greenstone unit 
that includes both flows and pyroclastic material, and 
chat-quartz greywacke. The Big Salmon Complex was 
assigned to the Slide Mountain Terrane by Wheeler ef al. 
(1991); Hams and Stevens (1996) termed it the Hazel 
assemblage and suggested a correlation with the Yukon- 
Tanana Terrane, with which it lies .directly along strike. 
Mihalynuk et al. (this volume) document this 
correlation. Although no age is yet available for the 
Hazel orthogneiss, it may be equivalent to Early 
Mississippian tonalites that intrude the Yukon Tanana 
Terrane (Kootenay Terrane) in Teslin map-area (Gordey 
and Stevens, 1994). 

The actual contact between the Klinkit Assemblage 
and the underlying Big Salmon Complex has not been 
observed; however “ear this contact north of the Alaska 
Highway and east of Logjam Creek, the westernmost 
Klinkit rocks are deformed into major recumbent, 
southwest-verging folds, like the D3 folds that have 
affected the rocks of the Big Salmon Complex to the 
west (Mihalynuk ef al., this volume). This suggests that 
the Klinkit Assemblage and Big Salmon Complex were 
deformed together, and thus were adjacent to each other 
at least by the time of this deformation. The Early 
Jurassic Simpson Peak and Nome Lake batholiths 
intrude the Dorsey Assemblage “ear the Little Rancheria 
River (Nelson, 1997), the Klinkit Assemblage in the 
headwaters of Hook Creek and elsewhere (Gabrielse, 
1969), and the Big Salmon Complex southeast of Mt. 
Francis (Mihalynuk et al., this volume); therefore all 
three were contiguous by Early Jurassic time at the 
latest. 
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The possibility of a” early connection between the 
Dorsey assemblage and the Big Salmon Complex raises 
interesting questions. Although the well-developed 
stratigraphy of the Big Salmon Complex is not see” in 
the Dorsey Assemblage, they do share a number of 
cOmmO” elements, such as orthoquartzites, matic 
metavolcanics, highly deformed Early Mississippian 
intrusive bodies, metamorphism up to amphibolite grade 
and recumbent folding. Do they represent originally 
adjacent but strongly contrasting facie belts? What are 
the ages of the units involved, and what timelines are 
present to constrain correlations? These will only be 
answered in further geological and geochronological 
studies. 

LOCAL GEOLOGY 

In the central Jennings River map area, the 
structurally lower part of the Dorsey Terrane is 
represented by four distinct lithologic packages in two or 
more separate thrust panels. They rest structurally on 
metamorphosed basinal strata that resemble rocks of the 
Kechika Trough and are assumed to represent the outer 
fringes of the Cassiar Terrane, the western edge of the 
North American passive continental margin. Near the 
headwaters of the Cottonwood River the basal contact of 
the allochthons over presumed continental margin strata 
is a dramatic juxtaposition of green rocks above black 
rocks, exposed in cirque walls and mountainsides over 
tens of kilometres. 

Field mapping in 199.76 identified three separate 
units in the lower Dorsey Terrane (Figure 3). From 
structurally lowest to highest they are the following: 

I. “Greenstone-inhusive unit”: Greenschist-grade 
intermediate to matic metatuff, pyritic felsic metatuff, 
and tonalite/quartz diorite 

2. “M&sediment-amphibolite unit”: This unit 
consists of a lower, amphibolite-dominated part (2L on 
Figure 3) and a” upper metasedimentay part (2U on 
Figure 3). The contact between the two, albeit 
tectonised, appears to be gradational. The lower part 
consists of amphibolite and garnet amphibolite, 
interlayered (interbedded?) with metatuffs, fine grained 
quart&e, biotite-muscovite%raphite schist, and 
quartzofeldspathic schist (metamorphosed chat, argillite 
and orthoquartzite, respectively), and marble. The upper 
part consists of thinly layered impure quart& with 
biotite-muscovite partings (meta-argillite), thin bedded 
limestone, dark grey meta-chert; and interlayered 
chlorite+muscovite?gamet schist and quartz-muscovite 
schist that probably represent intermediate to felsic tuff 
protoliths. Both the upper and lower parts of this unit are 
intruded by pods of deformed tonalite, diorite and 
gabbro. Ultramatic pods are restricted to the lower, 
amphibolite-dominated unit. 
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3. “Phyllitic metasedimentary unit”: Phyllitic 
argillite, m&quartz@ limestone, metatuff, and diorite. 

North American marginal strata 

Dark grey to black slate to argillite are exposed 
extensively in the mountains north of the headwaters of 
the Cottonwood River (Figure 3). These rocks form a 
homoclinally southwest-dipping succession. At the base, 
a thick section of blocky to slabby-weathering slate and 
silty slate contains sparse beds of buff quart.& and 
white limestone. The siliciclastic rocks in this sequence 
are dark grey to black. They form rugged cliff outcrops 
and slabby to platey talus. Dark iron stains coat 
weathered surfaces. Muscovite is present on some 
bedding planes. In a few localities, large-scale current 
ripples are preserved on the bedding surfaces of thick- 
bedded silty slates. These features suggest correlation 
with the upper Proterozoic-Cambrian basinal rocks of 
the central Kechika Trough (for description see Ferri el 
ol., 1996). This unit is overlain by a few metres of black 
calcareous argillite, and then by a thick, monotonous 
unit of black, rusty-weathering, platey, carbonaceous, 
siliceous slatey argillite, black porcellanite, and at one 
locality, siltstone with graded beds. These two upper 
units closely resemble, respectively, the Ordovician- 
Lower Devonian Road River Group and the Devono- 
Mississippian Earn Group of the central Kechika 
Trough. More locally, they are probably correlative with 
exposures of siliceous, pyritic black argillite, pyritic and 
baritic chert, and limestone on the COT claims IS 
kilometres to the south (Nelson, 1997). 

A strongly foliated and lineated, highly 
heterogeneous pluton intrudes the base of the sequence, 
roughly following bedding and cleavage. It ranges from 
diorite to tourmaline-bearing granitic pegmatite. Fairly 
homogeneous granodiorite with plagioclase and/or 
orthoclase phenocrysts is interspersed with areas of 
gneissic, compositionally banded intrusive. The margins 
of the pluton are extensive sill complexes. 

Structurally, the m&sedimentary sequence is 
characterised by a ubiquitous, moderately southwest- 
dipping cleavage. Bedding parallels this cleavage, as 
shown in their general parallel attitudes in outcrop and in 
Figure 5, and microscopically by the limbs of isoclinal 
folds. An earlier crinkled cleavage, not parallel to the 
dominant cleavage, is seen only in thin section, 
preserved in the cores of and&site porphyroblasts. 
Minor to mesoscopic, northeasterly-verging folds (F2) 
fold earlier tight to isoclinal folds in a few outcrops. 
These folds and also crenulations parallel the west- 
northwesterly regional strike (Figure 5). The youngest 
(F3) chevron-style folds, which refold F2 at a few 
localities, have southwesterly plunging axes with 
northwesterly vergence. Perhaps related to these, top-to- 
the-northwest shear, determined from C and S fabrics 
and asymmetrical pressure shadows around relict 

plagioclase phenocrysts, was noted at in granite at one 
locality along the margin of the pluton. Sills and dikes 
related to the pluton are involved in F2 and F3 folds, and 
foliation in the pluton is parallel to that in the 
surrounding rocks (Figure 5), indicating that it had been 
emplaced prior to much of the deformation. 

Metamorphic and&site and cordierite are 
widespread throughout the metasedimentary sequence. 
Their distribution bears no spatial relationship to the 
pluton. In some cases elongate andalusite porphyroblasts 
up to several centimetres in length show very little or no 
preferred orientiation. Andalusite cores, however, 
contain a crinkled cleavage that is not parallel to the 
dominant rock fabric. Their later growth follows 
crenulations, and the crenulations themselves are 
deflected around the porphyroblasts. These textural 
relationships indicate that and&site growth occurred 
throughout a sequence of progressive deformation, and 
even outlasted it in some localities. 

A set of multielement stream sediment anomalies 
was determined in this area by the Regional 
C&chemical Survey (Geological Survey of Canada, 
1978). During follow-up geochemical work, several 
strong northwest-trending soil anomalies were defined 
(Smith and Gillan, 1980). An iron spring occurs in the 
Earn Group a few hundred metres below the base of the 
allochthons (Figure 3). Our prospecting work did not 
locate any specific sedimentary-exhalative occurrences, 
although wispy pyrite and/or pyrrhotite laminae are very 
common in the metamorphosed black shales. In some 
samples, the stringers form tiny rootless isoclines, and 
follow the earliest recognized cleavage. For the most 
part this cleavage is parallel to bedding; however in one 
petrographic section, both the cleavage and the sulphide 
stringers clearly cut across bedding in isoclinal fold 
hinges, indicating that the sulphide stringers are not 
bedding-parallel laminae, but rather the result of 
sulphide migration into a solution cleavage. 

“Greenstone-intrusive unit” 

The “greenstone-intrusive unit” forms the lowest of 
the allochthons in the Cottonwood River area (Unit I on 
Figure 3), resting directly above inferred Earn Group- 
equivalent strata on a surface that is very gently dipping 
over tens of square kilometres and truncates steeper 
cleavage and bedding in the autochthonous rocks below. 
It consists of two lithologic suites: a supracrustal, 
metavolcanic suite, and a suite of heterogeneous 
intrusions. The metavolcanic suite consists prima-rily of 
metatuffs, mostly mafic to intermediate but with pyritic 
quartz-sericite schist (meta-rhyolite tuff) in places. Some 
of the felsic metatuffs contain recognizable primary 
quartz and/or plagioclase phenocrysts. Quartz-sericite 
schist localities are shown on Figure 2 by stars. 
Sedimentary compo-nents of the “greenstone-intrusive 
unit” include volumetrically minor grey argillite and 
grey to sea-green chett. The metavolcanic- 
m&sedimentary suite is intruded by deformed plutonic 
bodies. They range from gabbro and diorite to tonalite 
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and quartz diorite. Foliation in them is variably enclosing rocks. Original textures are generally 
developed. It ranges from weak to protomylonitic, obliterated and they appear as coarse aggregates of 
particularily near the base of the allochthon. actinoliteltremolite and talc. 

The “greenstone-intrusive unit” resembles the 
quartz-sericite schist-intermediate metatuff-limestone- 
chat sequence mapped near the headwaters of the Little 
Rancheria River (Nelson 1997). They are correlated on 
Figure 3, although the Little Rancheria sequence is 
isolated by Quaternary cover and Mesozoic plutons, and 
may be separated from the Cottonwood River 
allochthons by a major normal(?) fault. Similarities 
include: predominance of m&tiffs and cogenetic high- 
level pre-tectonic intrusions, presence of pyritic quartr- 
sericite schist with plagioclase and less abundant quartz 
phenocrysts, and greenschist grade metamorphism with 
widespread biotite, chlorite, epidote and sericite. The 
Little Rancheria sequence contains a Mississippian 
limestone (Nelson, 1997). 

The relatively high metamorphic grade of the lower 
part of the unit is indicated by hornblende 
(~amet+epidote)-plagioclase-quartz-rutile in meta- 
basites, and assemblages of coarse biotite-muscovite- 
quartz-feldspar in pelitic rocks. In thin sections of the 
matic rocks, trains of rutile and (?)ilmenite of the peak 
metamorphic assemblage are heavily mantled by 
retrograde sphene. 

“Metasediment-amphibolite unit” 

This unit overlies the “greenstone-intrusive unit” 
above a sharp, nearly flat contact (Figure 3), and is 
distinguished from it by strong contrasts in metamorphic 
grade and lithologic components. The “metasediment- 
amphibolite unit” is divided into a lower part and an 
upper part (Units 2L and 2U on Figure 3). The lower 
part contains thick, dark green tabular amphibolite 
bodies and small pods of ultramafic rock, both of which 
are absent in the upper part. Both upper and lower parts 
contain very siliceous metasedimentary rocks and 
marble interbeds. Chlorite phyllite (metamorphosed 
inter-mediate tuft?) and quartz-sericite schist (felsic 
metatuff?) commly occur together in the upper part. The 
contact between the upper and lower parts is gradational, 
and is mapped at the top of the highest amphibolite 
body. 

The upper part of the “metasedimentary- 
amphibolite unit” overlies the amphibolite-bearing lower 
part along a lithologically gradational contact that is also 
a zone of comparatively strong deformation. This may 
be due to remobilization of an original depositional 
contact. Above the contact, siliceous schists are the most 
abundant rock type, and amphibolite and ultramafites are 
rare. Three rock types dominate the upper part of the 
unit: siliceous, platey-layered semipelites, which are 
probably meta-argillites and metacherts; thin-bedded 
limestone; and chlorite schist with quartz-sericite schist, 
which reflect a metamorphosed intermediate to felsic 
tuffaceous protolith. These components repeat across 
strike, probably because of fold and/or fault repetition; 
however without “way up” indicators and spotty 
exposure the exact mechanism of the thickening is not 
Clear. 

The metamorphic grade in the upper part of the unit 
is somewhat lower than in the lower part: chlorite- 
biotite~arnet+actinolite assemblages predominate in 
metamorphosed intermediate tuffs, although this appears 
to be in part due to strong retrograde metamorphism in 
which garnet and biotite have partly reverted to chlorite. 

Thick bands of amphibolite and garnet amphibolite 
form prominent cliffside and knob exposures in the 
lower part of the unit (unit 2L). In petrographic section, 
the amphibolites consist of lepidoblastic aggregates of 
forest green hornblende with interstitial albite and in 
some cases large splotchy garnet poikiloblasts; trains of 
rutile and ilmenite-magnetite are heavily overgrown by 
retrograde sphene. The amphibolites are interlayered 
with quartz-rich to pelitic metasediments, some of which 
display protolith textures that identify them as meta- 
argillites, metacherts, and quartz sandstones. Small 
amounts of thin-bedded marble are also present, 
interlayered with either meta-argillite or matic 
(tuffaceous) rocks. A few thin units of quartz-muscovite 
schist within the amphibolite are may be meta-rhyolite 
tuffs, although there are no relict primary textures to 
support this assertion. Pods and slivers of ultramatic 
rock occur in the lower part of unit 2. Except for one 
fairly intact serpentinized harzburgite tectonite near its 
base, these have been metamorphosed along with their 

Both the upper and lower parts of the unit are 
intruded by small matic to tonalitic pods and sills, 
typically coarse grained diorites, gabbros, and white 
leucotonalite and granite (leucosome?), which 
themselves arc strongly foliated, folded and refolded. A 
highly foliated and deformed tonalite to diorite pluton, 
mapped in 1996 (Nelson, 1997), intrudes rocks that are 
considered to be within the lower part of the unit (Figure 
3). This body returned a UiPb zircon age of 349.9 i 4.2 
Ma (Table I, Figure 4). 

The base of unit 2 exhibits widespread 
crystalloblastic textures and fabrics typical of 
metamorphic rocks, including coarse-grained, schistose, 
mica-rich rocks; compositionally banded orthogneiss; 
and foliated and lineated amphibolite. The rest of the 
unit, including rocks of both the lower amphibolite-rich 
and the upper siliceous parts, is characterized by very 
fine grain size and a fabric of paper-thin, laterally 
continuous compositional bands and rodding typical of a 
zone of high shear strain. 
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TABLE 1 

96JN-32-6. Dorsey Assemblage metatonalite 
Three fractions of clear colourless zircon define an array characteristic of Pb loss with no evidence for inheritance. 
The best age estimate for this rock is 349.9 f 4.2 Ma, based on the weighted average of the three 2”7Pb/2”6Pb ages, 

U-Pb ANALYTICAL DATA 

Fraction’ wt U’ Pb*’ ‘“& Phi 2uaPbb Isutvpic ratios (lo.%)’ Apparent ages (20,Ma) 
mg ppm ppm Z”Pb pg % l~Pb/“Q mpb,“i” =“PblZ”Pb 2wPbl”sU ‘“‘Pb/2aaPb 

Dorsey Assemblage metstonalite 
A c.NS.%s 0.036 284 16 1161 30 14.1 0.05492mt1, “.4052,0.25, 0.05351 fO.18) 344.6fO.7) 350.7fX.l) 
l3 c,NS,;;s 0.032 333 19 1117 33 14.1 0.05466 io.l3j 0.4032 io.mj 0.0535oio.22j 343.1 io.9j 350.2 i9.9j 
I: m, NS,p,s 0.144 279 16 1553 X7 14.1 0.0532, (0.36) 0.3924 (0.42) 0.05348 (0.13) 334.2 (2.3) 349.4(5.9) 
Notes: Analytical techniques are listed in Martensen et al. (1995). 
’ Upper cast letter = fraction identifier; All zircon fractions air abraded: Grain size, intermediate dimension: 
c= < 149pm and > 105pm and m= < 105pm and >74pm: Magnetic codes:Franz magnetic separator sideslope at 
which grains are nonmagnetic (N) or Magnetic (M); e.g., Nl =nonmagnetic at 1”; Field strength for all fractions 
= 1.8A; Front slope for all fractions=20”; Grain character codes: h= broken fragments, e=elongate, eq=equant, 
p=prismatic, s=stubhy, t=tabular, ti=tips. 
2 U blank correction of Ipg + 20%; U fractionation corrections were measured for each run with a douhlc 233~1.235~ 
spike (about O.OOS/amu). 
3Radiogenic Ph 

4Mrasurrd ratio corrected for spike and Ph fractionation of0.0035iamu + 20% (Daly collector) and O.OOliamu * 
7% and laboratory blank I’h of IOpg * 20%. Laboratory blank Ph cowentrations and isotopic compositions based on 
total procedural blanks analysed throughout the duration of this study. 

5Total common Ph in analysis based on blank isotopic composition 
%adiogenic Ph 
7Corrcctcd for blank Pb, II and common Ph. Common Ph corrections based on Stacey Kramcrs model (Stacey and 
Kremers, 1975) ~1 the age of the rock or the 207Ph/2”“Ph age of the fraction. 

Wd avg. of 3 Ph,Pb ages) 

0.37 0.38 0.39 0.4” 0.4, 0.42 0.43 0.44 

Figure 4. *06Pb/ *3RU v. *n’Pbl ‘35U 
concordia diagram for sample 96.IN-32.6. 
Fractions as in Table 1. 

Large, mountainside-scale recumbent folds occur 
within this unit, particularily in cliff exposures of the 
lower part, where compositional layering in amphibolite 
bodies outlines the noses of recumbent isoclines. 
Mesoscopic northeasterly-verging chevron folds with 
gently northwest-plunging axes also occur (Figure 5). 
On Figure 5, the axes of small-scale isoclinal, intrafolial 
folds and also mineral lineations form a diffuse girdle 
ranging from gently northwest-plunging to steeply 
southwest-plunging. 

“Phyllitic metasedimentary unit” 

This structurally highest unit overlies the upper part 
of the “metasediment-amphibolite unit” across a covered 
contact. In the northern part of the mapped area, where 
the two units arc seen in closest proximity, bedding 
attitudes above and below the contact show some 
angular discordance: possibly they lie in faulted contact. 
The base of the “phyllitic m&sedimentary unit” there 
(subunit “3a” on Figure 3) consists of medium to thick 
bedded buff-coloured micaceous orthoquartzites with 
interbedded grey slate and silty slate, a section typical of 
Early Cambrian siliciclastics of the miogeocline. A 
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minor but notable feature of this section is one 
dismembered bed, 0.5 to I m&e thick, of coarse quartz- 
feldspar grit that forms slump blocks in impure 
carbonate. Towards the southwest in continuous ridge 
CXpOSlWS, the quartzite-pelite section p?WSS 
gradationally upward into finer metasedimentary strata 
including grey phyllite and chert (subunit “b” on Figure 
3). 

The main exposures of the “phyllitic meta- 
sedimentary unit” are southwest of Parallel Creek. 
There, the unit is dominated by grey, black and light 
green phyllitic argillite with subordinate buff, dark grey, 
or white quartz grit and sandstone, and thin-bedded pale 
green to grey chat. A few prominent bands of 
recrystallized limestone are present. In one continuous 
layer, meta-diorite grades into amphibolite and metatuff. 

The “phyllitic metasedimentary unit” shows less 
development of metamorphic minerals and textures than 
the underlying “metasediment-amphibolite unit”. Garnet 
is not seen, except in the lowermost exposures of unit 3a 
northeast of Parallel Creek. The structural style of this 
upper unit reflects deformation at a higher crustal level 
than the lower units. Outcrop-scale concentric folds with 
axial planar cleavage are common, and multiple tiny 
crenulations typify the phyllitic argillites. 

Structural style of the allochthonous units 

Prevailing dips of bedding, compositional layering, 
cleavage and schistosity throughout the allochthonous 
units are moderately to the southwest (Figure 5). Ridge- 
and outcrop-scale isoclinal folds, common within the 
“metasediment-amphibolite unit”, suggest that this 
uniformity results, at least in part, from isoclinal folding 
and accompanying axial planar fabric development. 
Axes of outcrop-scale isoclinal, intrafolial Fl folds and 
mineral elongation line&ions throughout all of the 
allochthonous units have dominantly shallow west- 
northwest plunges but are variably dispersed about that 
trend within the plane of foliation (Figure 5). This 
pattern is consistent with the observed isoclinal folding. 
More open to chevron-type, in many cases notieasterly- 
verging minor folds refold the earlier cleavage and 
mineral lineations: they are designated F2. Their axes, 
which plunge gently to the northwest, do not coincide 
with the second-phase, northeasterly vergent minor folds 
in the North American sequence, which plunge gently to 
the southeast (Figure 5). On the other hand, the 
consistency of orientation of fabric elements throughout 
the allochthons in the study area suggests that all ofthem 
underwent a uniform oriention, if not degree, of 
deformation. 

Correlations and relationships between 
units 

Each of the three units of the lower Dorsey Terrane 
described here differs from the others in lithologic 

makeup and metamorphic grade. One possible common 
element is the early Mississippian age of the tuff- 
limestone sequence near the Little Rancheria River and 
of the felsic pluton that cuts the “amphibolite-quartzite 
unit” west of the Cottonwood River. Perhaps the 
“m&sediment-amphibolite unit” was originally 
basement to the “greenstone-intrusive unit”, but now lies 
structurally above it. Another “common theme” between 
different thrust slices is the presence of metamorphosed 
tuffs, including quartz-sericite schists, in both the 
“greenstone-intrusive” unit and in the upper part of the 
“metasediment-a.mphibolite” unit. Planned UiPb dating 
will hopefully clarify inter-allochthon relationships. 

Correlations with other allochthonous 
assemblages in southern Yukon and far 
northern B.C. 

The “greenstone-intrusive unit”, the lowest of the 
allochthons in central Jennings River area, occupies an 
equivalent structural position to the Ram Creek 
Assemblage, which lies immediately above the Earn 
Group along the Swift River in southern Yukon (Stevens 
and Harms, 1995; Harms and Stevens, 1996). They are 
lithologically similar as well: both are dominated by 
matic to intermediate metatuffs and intrusive rocks. 
Quartz-sericite schist, exposed a few metres west of the 
Lucy prospect on the Swift River property of Birch 
Mountain Resources, may be a metamorphosed felsic 
tuff like those in the “greenstone-intrusive unit”. 

The “metasediment-amphibolite unit” resembles the 
Dorsey Assemblage in metamorphic grade. They share a 
lithologic suite of pelitic schist, quartzite and 
metaplutonic rocks, amphibolites and garnet 
amphibolite. The gross distribution of rock types in it, 
with matic protoliths more abundant in its lower part, is 
a further point of similarity with the Dorsey Assemblage 
(Stevens and Harms, 1995). Stevens (1996) reports high 
temperatures and PRSS”P% for pre-Permian 
metamorphism of the Dorsey Assemblage in the 
southern Yukon. Garnet-bearing amphibolites texturally 
and mineralogically very similar to those in unit 2L 
occur within the “Anvil allochthon” ofthe St. Cyr klippe 
(Fallas, 1997) and within the Rapid River Tectonite in 
the Sylvester Allochthon (Figure 2; Nelson, 1997). 
Contact relationships both here and in the Rapid River 
Tectonite show clearly that the metabasites are 
interbedded with metamorphosed siliciclastic rocks and 
very aluminous, mica-rich pelites as well as argillite, 
chert and limestone. This overall protolith differs very 
markedly from the Slide Mountain Terrane in its classic 
exposures. The oldest rocks known in the Slide 
Mountain Temme are latest Devonian-Early 
Mississippian basalts interbedded with cherts and 
argillites, and the bulk of the microfossil ages in the 
terrane are Early Mississippian to Late Triassic (Nelson 
and Bradford, 1993). The “metasedimentanphibolite 
unit” is intruded by an Early Mississippian pluton: thus 
it is reasonably Devonian or older, and predates the 
Slide Mountain Terrane. Its age and tectonic setting are 
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problematic. The timing of the metamorphic event that 
this sequence experienced is also so far unknown. Is it 
indeed correlative with pre-mid Permian metamorphism 
and major deformation in the Dorsey Assemblage, or is 
it younger, for instance, Jurassic? Future work will 
address these questions. 

The “phyllitic metasedimentary unit” west of 
Parallel Creek, correlates in lithologies and style and 
degree of deformation and metamorphism with the Swift 
River Assemblage as defined by Harms and Stevens 
(1996). 

Mineral potential 

Quartz-sericite schists, considered to be 
metamorphosed rhyolite tuffs, have been identified at 
nunerous localities within the allochthons in the central 
Jennings River area. Several examples are found in the 
“greenstone-intrusive” unit, as shown by the Little 
Rancheria locality (RI on Figure 3; Nelson, 1997) and a 
new discovery 2 kilometres northwest of the lake that 
forms the headwaters of the Cottonwood River (R2, 
Figure 3). Quartz-sericite schists also occur at scattered 
localities in the upper part of the “metasediment- 
amphibolite unit”. The most extensive exposure in this 
unit consists of a set of small outcrops and subcrops 
spread over a 400 by 150 metre area on a hillside 5 
kilometres northeast of Parallel Creek (R3 on Figure 3). 
The exposures consist of white, rusty-weathering finely 
laminated siliceous exhaiite(?) with pyrite stringers. So 
far the age of the presumed feisic metatuffs is 
constrained by a single early Mississippian conodont 
collection near RI (Nelson 1997). Those in the 
“metasediment-amphiboiite unit” are not dated, and their 
relationship to those in the “greenstone-intrusive” 
allochthon is not known. 
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TOODOGGONE - MCCONNELL PROJECT: 

GEOLOGY OF THE MCCONNELL RANGE - SERRATED PEAK TO JENSEN 
CREEK, PARTS OF NTS 943/2 AND 94D/15 

By L.J. Diakow and C. Rogers 

KEYWORDS: Asitka Group, Takla Group, Black Lake 
intrusive suite, copper-gold porphyry, Kemess Mine, 
McConnell Range 

INTRODUCTION 

The Toodoggone-McConnell Project was inititated in 
1996 to map and evaluate a tract of Early Jurassic plutons 
and surrounding arc volcanic successions of Paleozoic to 
Jurassic age for base and precious metal mineralization. 

Bedrock mapping during the first year of the program 
focussed on a region south of the Finlay River and east of 
Thutade Lake, documenting local geology near known 
copper-gold porphyry targets - the Kemess South deposit 
and Kemess North and Pine prospects (Diakow and 
Metcalfc, 1997). The current 1:ZOOOO scale mapping 
program expands this geology to the east and south into the 
McConnell Range, between latitudes 57’06’ and 56”39’ 
north, and longitudes 126’39’ and 126”25’ east (Figure I). 

The McConnell Range was divided into two 
contiguous map areas along the drainage line of Jensen and 
Theme creeks. The northern map segment, described in 
this report, ties into geological work completed in 1996 in 
the vicinity of the t&mess South mine. It illustrates the 
extent of older, Paleozoic strata as far south as Jensen 
Creek, and also provides a glimpse of strata low in the 
overlying Upper Triassic succession. Geology in the 
southern map segment of the McConnell Range between 
Jensen and Johanson creeks is reported by Legun (1998). 
The southern region is underlain by Upper Triassic strata 
that are progressively younger towards the south, which 
affords stratigraphic comparison to correlative rocks that 
host important stratabound copper deposits in the Upper 
Triassic Takla Group in the type-area to the west. 

Staging for this program was the Kemess South 
minesite. It is situated along the northwestern periphery of 
the study area, and requires only a short helicopter ferry 
into the McConnell Range. 

LITHOSTRATIGRAPHY 

The McConnell Range was previously mapped in 
regional programs undertaken by the Geological Survey of 
Canada (Lord, 1948; Richards, 1976). Present detailed 
mapping and subdivision of Paleozoic and Mesozoic units 
build upon this excellent earlier work. Local geology ofthe 
McConnell Range and outlying areas is summarized in 

Figure 2 with representative stratigraphic sections 
illustrated in Figure 3. 

The oldest layered rocks in the McConnell Range are 
assigned to the upper Paleozoic Asitka Group based on 
lithologies and paleontology similar to those described by 
Lord (1948) and Monger (1977) in the adjoining region to 
the west. Upper Triassic strata belonging to the Takla 
Group unconformably overlie the Asitka Group. Volcanic 
rocks of the Lower Jurassic Toodoggone formation 
unconformably overlie probable Upper Triassic strata at 
the northernmost part of the study area, just south of the 
tailings impoundment at the Kemess South mine. Farther 
to the south, in the McConnell Range, these distinctive 
Lower Jurassic volcanic rocks are absent. It is possible that 
volcanic rocks of the Toodoggone formation once overlay 
older strata in the McConnell Range, but have been 
removed by subsequent erosion that has cut down, 
exposing the tops of comsgmatic epizonal granitic rocks. 
The youngest strata exposed is. a continental elastic 
assemblage assigned to the Upper Cretaceous Sustut 
Group. Several small exposures of these rocks are found 
along the lower west side of the McConnell Range in fault 
contact with, and possibly unconformable on older strata. 

Mid-Pennsylvanian to Early Permian - Asitka 
Group 

The Asitka Group was originally named for a 
sequence of interbedded silica bimodal volcanic rocks, 
chert, limestone and argillaceous strata exposed mainly 
between the Asitka and Niven rivers in northeast 
McConnell Creek map area (Lord, 1948). Monger (1977) 
remapped part of this area and although emphasis was on 
the overlying Triassic stratigraphy, he introduced a three- 
fold division for the Asitka Group, comprising a middle 
unit dominated by rhyolite, and some breccia and feldspar 
porphyry, which grade into underlying basaltic rocks. 
Basalts are also common in the uppermost and lowermost 
units, accompanied by limestone, in places tuffaceous and 
chert. Argillite is present in the lower unit. 

New fossil and U-Pb isotopic data confirm that 
Paleozoic rocks are considerably more widely distributed 
than previously mapped in the southern Toodoggone River 
map area (Gabrielse, 1977). They underlie a broad region 
that extends from the northwestern side of Thutade Lake, 
southeastward across Duncan Ridge, through the Kemess 
mine area, and as far east as Serrated Peak. Near Serrated 
Peak they are folded and involved in west-directed thrust 
faulting. Southward from Serrated Peak, into the 
McConnell Creek map area, Paleozoic strata are uplifted 
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and exposed mainly along the west side of the Fredrikson 
pluton where they are affected both by thermal contact 
metasomatism and numerous steep faults. The most 
southerly exposures are scattered along a creek that marks 
the trace of a major north-trending fault located 
immediately north of a drainage divide separating Thome 
Creek from Jensen Creek. 

The thickness of the Paleozic sequence is not known 
since the base has not been observed. Chat and lesser 
argillitc comprise the youngest unit of the Paleozoic 
sequence. The upper contact is placed at the first 
occurrence of grey-black platey weathering limestone 
containing the distinctive Late Triassic fauna, Halobia. 
These fossiliferous beds are observed at four widely 
spaced localities, where they are either faulted against or 
stratigraphically overlying the Paleozoic succession. 
However, the upper contact may be an unconformity. This 
is indicated where there are local folds in immediately 
underlying Paleozoic strata but planar beds in overlying 
Triassic strata. 

Paleozoic stratigraphy south of Serrated Peak is 
informally subdivided into two units that have a consistent 
relative stratigraphic position and are in gradational 
contact. The lower unit is dominated by basaltic flows, 
lesser and&e, both as flows and as fragmental deposits, 
and rare rhyolite was exposed in a single section. 
Sedimentary rocks may occur in intervals up to 100 mehes 
thick within this predominantly matic succession. The 
upper unit consists of a varied sedimentary assemblage that 
includes: chert, limestone, siliceous and pyritic black shale, 
and tuffaceous siltstone and sandstone. 

Lower Volcanic Unit 

The volcanic unit is typified by dark green basalt and 
basaltic and&e flows that form massive sections devoid 
of obvious layering. Flows representative of this unit are 
best observed outside the map area on the southwest-facing 
slope immediately to the north of a small lake adjacent to 
the lower camp at Kemess Mine. Most flows are aphanitic, 
imparting a massive appearance. Subordinate varieties may 
contain several percent pyroxene phenocrysts, tine 
plagioclase phenocrysts, and rare amygdaloidal members. 
The latter have elliptical chlorite and lesser silica-tilled 
amygdules. Due to their massive nature, these flows 
sustain an irregular pattern of fractures that may be lined 
with epidote and a chalky mixture of silica and carbonate. 

Fragmental and felsic rocks constihlte a volumetrically 
minor component within the matic flow unit. A SO-m&w 
thick pyroclastic unit bounded by flows is well exposed on 
a ridge located 3.7 kilometres at 287’ azimuth from 
Fredrikson Peak (section D in Figure 3). The base of this 
section comprises aphanitic basalt overlain by bedded and 
laminated andesitic to dacitic m&a-tiffs. The tuffs are 
composed mainly of layers of mixed ash and crystals that 
pass upwards into predominantly lapilli-rich layers 
containing finer grained, graded interbeds. Flattening of 
pyroclasts along a narrow horizon suggest incipient 
welding, possibly as a result of compaction of hot subaerial 
fallout. Above a sharp, conformable contact with the tuffs 
is rhyolite about 60 metres thick; it is grey and aphanitic 
with thin, faint flow laminae. A sample of this rock has 

been collected for U-Pb geochronometry. Conglomerate 
composed of matrix-supported cobbles derived from the 
underlying rhyolite marks the base of an overlying 
recessive 30metwthick sedimentary interval. Rusty 
pyritic black mudstone dominates the sedimentary unit but 
there are subordinate interbeds composed of well sorted 
feldspathic sandstone immediately above the 
conglomerate, and grey-black limestone lenses containing 
solitary corals, near the top of the sequence. More than 150 
metres of aphanitic basalts, not unlike those found beneath 
the pyroclastic unit, stratigraphically overlie the sediments. 

Sedimentq rocks also occur within the basaltic flow 
unit at a lower stratigraphic level. This sedimentary section 
consists of alternating light and dark metasedimentary 
layers that occupy an interval between I5 and 75 mehes 
thick traceable for more than 3 kilometres along a west- 
facing cliff dominated by basalt. This banded section 
consists of recrystallized siltstone and fine-grained 
sandstone interbedded with more distinctive laminated 
black mudstone that contains some feldspathic sandstone. 

The top of the volcanic unit is placed where 
bedded sedimentary rocks predominate. The change from 
underlying volcanic to overlying sedimentary units is 
typically abrupt with the exception of several localities 
where limestone interbeds in basalt mark a gradational 
upper contact. 

Upper Sedimentary Unit 

The upper sedimentary unit of the Asitka Group is 
characterized by thinly bedded chert and diagnostic 
massive limestone. Limestone, which generally OCCUIS 
nearest the base, is locally interleaved with basalt. This 
passes upsection into chats with or without thin limestone, 
tuffaceous siltstone and sandstone interbeds, then finally 
into an uppermost sequence dominated by black chat and 
siliceous mudstone. Various combinations of these 
lithologies are present in the northern McConnell Range, 
where they are generally tilted and complicated by steeply 
dipping faults. Possibly the most complete sequence is a 
composite section reconstructed from outcrops exposed 
sporadically along the north slope of an u,nnamed 
mountain in the central part of the study area (see section E 
in Figure 3). At this locality, the lower contact of the 
sedimentary unit consists of limestone found both as lenses 
within, and beds depositionally overlying, aphanitic 
basal&. The upper contact of the sedimentary unit is 
behwen locally folded siliceous mudstone and interbedded 
black chat, representative of the uppermost Paleozoic 
stratigraphy, and grey-black micritic limestone containing 
Upper Triassic macrofossils. 

Limestone F&es 

Limestone occupying the lower part of section E is 
about 5 metres thick and consists of tan and grey beds 5 to 
20 centimetres thick. Along strike they are interlayered 
with subordinate calcareous green siltstone and medium 
grained sandstone that locally rest directly on aphanitic 
basalt. This differs from the more typical limestone of the 
sedimentary unit observed in isolated structural blocks 
throughout the northern McConnell Range. The typical 
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limestone is massive, weathers light grey or streaky grey- 
white, and is recrystallized. Fossils in the limestone include 
solitary corals, bryozoans and shell debris usually too 
recrystallized for specific identification. Underlying 
opposing slopes of a mountain immediately to the south of 
Attichika Creek, this limestone forms a distinctive band 
that is locally interlayered with aphanitic basalt. At this site 
massive grey, recrystallized limestone comprises several 
lenticular bodies; the thickest is estimated at more than 100 
metres. It is either overlain by (?) or passes laterally into a 
distinctly laminated and bedded section about 25 metres 
thick which is composed of light green limestone that 
weathers grey with protruding siliceous laminae. 
Elsewhere, particularly east of Serrated Peak, strongly- 
folded massive grey limestone, presumed to be quite thick, 
is repeated in a series of imbricated thrust panels. 

Chert Facies 

Regionally, a chat dominant succession containing 
variable quantities of fine-grained elastic beds 
gradationally overlies carbonate rocks. The transition is 
seen where chert layers form scarce interbeds in massive 
limestone then pass into sections dominated by chert 
containing lenses and thin beds of carbonate. In several 
areas, limestone is missing and chat beds directly overlie 
basalt. At section E, bedded siliceous mudstone, siltstone 
and medium to coarse-grained feldspathic sandstone are 
interlayered with the chat. In general, elastic rocks 
diminish upsection where only scarce mudstone or light 
green siltstone interbeds occur within the chat. Chat is 
mainly light &my-green or clear and transluscent. 
However, local ribbon jasper causes colorful alternating 
green, red and maroon layers. Individual chert layers are 
typically between I and I5 centimetres thick. Near the top 
of the chert subunit, black mudstone predominates. Mud 
combines with silica forming siliceous mudstone which 
contains scarce lenses and thin layers of black micritic 
limestone. Pyrite disseminated throughout these black beds 
oxidizes to produce rusty exposures readily distinguished 
from a distance. 

Age and Correlation 

A representative locality of the Asitka Group is 
located along the northeastern side of Duncan Ridge, an 
informal name given to the flat ridge bounding Duncan 
Lake in the west (section B in Figure 3). This locality 
contains massive grey limestone originally interpreted to 
be overlain by interbedded limestone, calcareous ash tuff 
and lapilli tuff stratigraphically above a base of aphanitic 
basalt (page I04 in Diakow and Metcalfe, 1997). Based on 
field relationships in the McConnell Range, this bedded 
sequence probably underlies the massive grey limestone 
and represents stratigraphy low in the upper, sedimentary 
subdivision of the Asitka Group. Solitary, rugose corals 
collected from the lowest bedded interval above basalt 
suggest that the stratigraphic lowest carbonates recognized 
in the study area are probably Early Permian; Asselian or 
early Sakamarian (Collections GSC C-14372X, 143729, 
143732 and 143734; E.W. Bamber, internal report I-EWB- 
1997). Associated fusilinaceans identified as Schwageina 

sp. ex. gr. S. sustutensis (Ross) confirm an Early Permian 
age; Sakamarian or early Artinskian [Collection GSC C- 
143733 (corresponds with coral collection GSC C- 
143732); L.Rui, internal report I-Rui-19971. Identical 
fusulineans are reported from limestone north of Sustut 
Peak (Ross and Monger, 1978) that was assigned to 
Monger’s (1977) lowest stratigraphic subdivision of the 
Asitka Group. The age of basaltic flows dominating the 
lower subdivision of the Asitka Group in the McConnell 
Range is presently unknown. However, a sample of the 
aphanitic rhyolite from west of Fredrikson Peak, which 
interfingers similar basaltic flow members, has been 
collected for U-Pb geochronometry. 

Outside of the current map area, west of Thutade 
Lake, a locally prominent fragmental member composed of 
rhyolitic ash-flow tuff underlies an and&e-basalt flow 
member (section A in Figure 3). It also includes sporadic 
exposures of intermediate variegated maroon and green 
ash tuff, lapilli tuff and rare accretionary tuff. Lithic-rich 
ash-flow tuff dated by U-Pb on zircons at 308.4eO.7 Ma 
[(mid-Pennsylvanian to Moscovian); R.M. Friedman, 
U.B.C. Geochronology Laboratory, written 
communication, 19971 indicate this felsic interval 
represents the oldest known strata of the Asitka Group. 
The bottom of this sequence has not been recognized, 
implying that older stratigraphic components of the Asitka 
Group may exist. 

In summary, the oldest rocks assigned to the Asitka 
Group are felsic volcanics of mid-Pennsylvanian age. The 
contact of these rocks with overlying porphyritic and&e 
is apparently stratigraphic, but this is not proven. The 
andesites west of Thutade Lake extend toward the east into 
the McConnell Range where they have been included in a 
predominantly basaltic volcanic succession which also 
contains volumetrically minor rhyolite flows and 
pyroclastic rocks that are designated as the lower volcanic 
unit. Sedimentary rocks in this succession are not common 
but clearly occupy several intervals. An upper sedimentary 
sequence composed mainly of chemical sedimentary rocks 
gradationally overlie the volcanic unit. Limestones near the 
base of the sedimentary succession contain Early Permian 
fauna; they pass upsection into chat which is capped by a 
stratiform, rusty pyritic zone. 

Environment of Deposition 

Earliest strata of the Asitka Group record 
Pennsylvanian felsic and intermediate volcanic activity 
during an explosive subaerial event. Subsequently, the 
buildup of monotonous basaltic lava, at times interrupted 
by deposition of comparatively thin shale, siltstone and 
sandstone, took place in a shallow marine basin. As matic 
volcanism waned, carbonate rocks, locally accompanied by 
influx of fine-grained elastic rocks dominated. Limestone 
appears to have accumulated in small patch reefs upon a 
low-relief volcanic platform. Carbonate deposition was 
supplanted by chat and by periodic influxes of tine 
grained elastic rocks in response to increasing sea level or 
basin subsidence. Anoxic conditions led to deposits of 
black pyritic siliceous mudstone and chat near the top of 
the Early Permian sequence. 
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Upper Triassic-Takla Group 

Upper Triassic strata overlie Permian stratigraphy in 
the McConnell Range. In general, the Triassic strata pass 
from lowest to highest stratigraphic levels in a north to 
south transect along the axis of the range. Starting south of 
Attichika Creek to the Theme Creek-Jensen Creek divide, 
recessive micritic limestone, representing the lowest 
stratigraphic member, is recognized at three localities 
where it is either faulted against or depositionally overlies 
locally deformed black pyritic siliceous mudstone and 
chert of the Asitka Group. The contact may be 
unconformable. This lower sedimentary unit is in turn 
abruptly overlain by a middle unit characterized by a 
massive accumulation of basaltic flows containing 
subordinate pyroclastic and volcanic epiclastic rocks. 
South of the Thorne Creek-Jensen Creek divide, where the 
geology is described in a separate report (Legun, 1998), 
the middle, mainly matic succession apparently thickens 
and changes with the principal addition of coarse feldspar 
phyric mafic volcanic members and increased reddish 
oxidation of the volcanic pile. Near the southern limit of 
mapping, north of Johanson Creek, the matic succession is 
conformably overlain by a volcaniclastic succession 
composed mainly of red oxidized tuffs interspersed with 
sedimentary rocks. These strata are tentatively designated 
as the topmost unit of the Upper Triassic sequence. 

Marine Sedimentary Rocks 

Marine, dark grey to black micritic limestone that 
weathers to platey angular fragments comprises the base of 
Upper Triassic succession. At four localities where these 
rocks crop out, the closest underlying strata are rusty 
weathering black siliceous mudstone and black chat from 
the uppermost Asitka Group. Distribution of these rocks 
ranges from the most northerly exposure on a ridge crest 
immediately above the open pit at Kemess Mine to a 
cluster of sites in the south, four to seven kilometres due 
east of Thome Lake. These rocks weather recessively and 
appear to be relatively thin, probably less than 20 m&es. 
In section E, these rocks directly overlie Permian strata 
composed of thinly bedded black chat layered with pyritic 
and siliceous mudstone which outline tight Z-style folds. A 
similar unconformable relationship behveen identical rock 
units also exists about 2 kilometres to the southeast of 
section E. Upslope, and slightly obscured by scree, is a pod 
of black limestone surrounded by black, friable mudstone 
which passes upsection over about 4 metres into a one- 
half-metre thick bed of undeformed platey black micritic 
limestone. This limestone contains the diagnostic Late 
Triassic bivalve Halobia and associated scarce belemnite 
and ammonoid fragments. 

Augite Phyric Basalf arid Associated Epiclastie 
Rocks 

The Takla Group is characterized by pyroxene-bearing 
basalt flows and associated epiclastic and volcaniclastic 
deposits that form castellated physiography where thickest. 
The predominant volcanic component typically weathers 

dark green in fractured blocky exposures that rarely reveal 
clear indications of layering or significabt compositional 
variability. Consequently, subdivision of the unit and 
reliable thickness determination are difficult. In the 
southwestern part of the map area, north of Theme Creek, 
massifs are underlain almost entirely by lavas, estimated to 
be at least 400 metres thick, a calculation estimated from a 
rough measure of maximum relief, and assuming nearly 
flat layering in a presumably unfaulted section. The actual 
lower contact of the volcanic rocks has not been observed. 
However, an abrupt topographic rise corresponds with a 
change from the underlying recessive limestone, described 
above, into overlying competent volcanic sections. This 
probably reflects a conformable stratigraphic relationship. 

Massive lava flows dominate the volcanic sequence. 
They are composed for the most part of distinctive basaltic 
porphyries with blocky augite phenocrysts. Augite 
phenocrysts range in size from several millimeters to sub- 
equant grains up to 5 millimenes in diameter in 
concentrations varying from a few sparse grains to 25 
volume percent. Usually basalt flows containing only 
augite have a very dark green color which becomes lighter 
as randomly oriented, slender feldspar phenoclysts 
increase in abundance in rocks that are designated augite- 
plagioclase porphyry. A distinctive variety of porphyritic 
basalt containing plagioclase laths as long as 2 centimetres 
in a dark green or maroon aphanitic groundmass have been 
observed in a few places. These may represent thin flow 
members or sills and dikes. They become a significant 
mappable unit in the region south of Theme Creek (Legun, 
1998). Epidote, quartz, calcite and laumontite line fractures 
that cut the basalts. 

Significant accumulations of pyroclastic rocks are 
notably absent in the Triassic volcanic sequence north of 
the Theme Creek-Jensen Creek divide. Where present, 
they consist of aphanitic basaltic lapilli in a dark green 
groundmass. 

Erosion of the volcanic pile occurred throughout 
volcanism resulting in scattered epiclastic interbeds. At one 
locality, more than 160 metres of sandstone and siltstone 
apparently rest on chat of the Asitka Group. Elsewhere, 
similar sedimentary rocks occur at a higher stratigraphic 
level within the basaltic volcanic sequence. There they 
range from individual beds a few m&es thick to sequences 
over 100 metres thick. Everywhere they are immature and 
dominated by broken pyroxene and plagioclase grains in 
alternating dark and and medium green layers 1 to 10 
centimetres thick. The beds characteristically display 
parallel lamination and internal grading from sandstone to 
siltstone, with delicate cross laminations in the finer, upper 
parts of beds. Conglomerates are more r&ricted, but are 
well exposed in large talus blocks spalling from cliffs 
immediately north of the headwaters of Jensen Creek. The 
conglomeratic deposits locally occupy discontinuous layers 
up to 20 metres thick bounded stratigraphically by massive 
augite pbyric basalts. Rounded clasts up to one-half metre 
in diameter and composed exclusively of pyroxene phyric 
basalt are suspended in a matrix of similar, smaller clasts 
and pyroxene-bearing sandstone. 

8%8 British Columbia Geological Survey Branch 



Environment of Deposition 

The preponderance of angular pyroxeoe and 
plagioclase detritus comprising the sedimentary rocks 
indicates derivation from the proximal basaltic volcanic 
sequence. Lithologic features and structure in the 
sediments resemble those of volcanic wackes and possibly 
represent mass flow turbiditic resedimentation. 

Interpretation of the environment of deposition for 
volcanic and associated sedimentary rocks in the northern 
McConnell Range is conjectural. Shallow marine 
conditions prevailed prior to the outpouring of volcanic 
rocks. These are represented by fossiliferous mudstone and 
limestone that locally mark the basal unit of the Upper 
Triassic succession. In the overlying basalt& features that 
are common in submarine mafic sequences do not occur; 
for example, pillow lavas and pillow fragment breccias. lo 
some marine sequences, massive lava flows have been 
documented which represent proximal facies that pass 
laterally to more distal facies dominated by pillows 
(McPhie et al., 1993). However, because the basaltic rocks 
in the study area lack submarine features and locally 
contain interbeds of fluviatile conglomerate and finer 
elastic rocks, the mafic sequence is therefore interpreted to 
be deposited mainly in a subaerial setting. 
Contemporaneous erosion of the flows is indicated by 
sections of well sorted, immature pyroxene-bearing elastic 
rocks. Consequently, these sediments could record 
deposition in either shallow marine or lacustrine 
environments. However, there is an absence of marine 
fauna. 

Correlation 

Upper Triassic rocks in the northern McConnell Range 
are represented by two lithostratigraphic divisions - marine 
sediments conformably overlain by subaerial basaltic 
volcanic and associated sedimentary rocks. They are 
equivalent in age and lithologic character to the Dewar and 
Savage Mountain formations of the Upper Triassic Takla 
Group (see Takla Group stratotype in Figure 3). The 
Dewar Formation is a time stratigraphic equivalent of the 
Savage Mountain Formation. They are interpreted as a 
distal, sediment-dominated facies and volcanic-dominated 
facies, respectively (Monger, 1977). Stratigraphic 
relationships are well documented in a series of 
representative sections between Sustut Peak and Dewar 
Peak, about 6 kilometres west-southwest of the McConnell 
Range (columnar sections in pocket of Monger, 1977). 
Evidently, both marine and subaerial facies of the Takla 
Group are traceable outside the type area, underlying a 
broad area towards the north and northeast between the 
Kemess South minesite and the northern McConnell 
Range. Farther north in the Toodoggone River map area, 
similar facies have been mapped at Castle Mountain, west 
of the Baker Mine (Diakow et al., 1993). Regional 
distribution of the marine facies is not well defined. It may 
be more extensive than presently known, but is 
overshadowed by the more resistant and easily recognized 
subaerial matic volcanic unit. 

Upper Cretaceous-Sustut Group 

Sedimentary rocks of the Sustot Group are exposed at 
two localities along the lower west slope of the McConnell 
RwF, marking the present erosional edge of 
conglomerates and sandstones deposited in the Sustut 
Basin (Eisbacher, 1974; Lord, 1948). At the latitude of the 
study area, they possibly extended farther toward the east, 
blanketing older rocks, as indicated by outliers mapped to 
the north in Toodoggone River map area (Gabrielse et al., 
1977; Diakow el al., 1993). The Sustot Group underlies 
much of Moose Valley, west of the McConnell Range, 
where it is largely concealed by cover but exposed along 
incised creeks. Exposure improves to the west toward 
Mount Forrest where westerly-inclined, uniformly-bedded 
sedimentary rocks hundreds of m&es thick comprise east- 
facing cliffs. 

Three kilomehes east of Thoroe Lake, conglomerate 
and sandstone beds are nearly horizontal in several creek 
exposures near treeline on the lower mountain slope at 
about 1500 metres elevation. The contact separating 
topographically lower Upper Cretaceous sediments from 
Upper Triassic volcanics upslope is concealed by a 
vegetated interval several hundred metres wide. The 
contact relationship might be an angular discordance or a 
major fault. At the same elevation on a southwest facing 
slope several kilometres to the north, flat-lying Sustot 
Group are clearly faulted against the Asitka Group. 
However, because this fault zone is oblique (i.e. 140” 
azimuth) to the general northerly trend of faults that are 
prominent in the McConnell Range, it is highly unlikely 
that an extension can be projected southward to account 
for distribution of the Sustot Group adjacent to Upper 
Triassic strata. 

From a distance, the conglomerates appear to be 
relatively well bedded. However, up close they are 
typically crudely-layered aggregates composed of rounded 
cobbles and randomly distributed boulders, present both as 
a supporting closed framework or,suspended largely in a 
finer elastic matrix. The clasts, particularly augite 
porphyry, chert and granitic rocks, closely resemble locally 
exposed map units. White vein quartz is also an abundant 
clast type. Coarse sandstone cemented by calcium 
dominates the matrix in conglomerates and occupies 
thinly-bedded, sometimes graded intervals between 
conglomeratic beds. 

PLUTONIC ROCKS 

Plutons in the McConnell Creek map area were 
originally assigned to a single batholithic body comprising 
part of the Omineca intrusions (Lord, 1948). Woodsworth 
(1976) subdivided granitic rocks mainly in the Swannell 
Ranges north of the Hogem batholith, but also examined in 
reconnaissance fashion the continuation of this plutonic 
belt westward into the northern McConnell Range at 
Fredrikson Peak. 

Two intrusive suites have been mapped in the 
McConnell Range. They include: a composite body of 
probable Early Jurassic age composed of unfoliated 
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monzogranite, coextensive and probably comagmatic with 
a dominantly quartz monzodiorite phase; and smaller, 
Alaskan-type diorite-gabbro-ultramatic complexes that 
locally intrude Upper Triassic volcanic strata and are 
faulted against the intermediate plutons. 

Early Jurassic - Intermediate Plutons 

The Fredrikson pluton is named for a north-south 
elongated body, exposed the length of the current map area 
from approximately Serrated Peak in the north to Jensen 
Creek in the south. Between Jensen and lohanson creeks, a 
number of similar but smaller stocks and plug-sized bodies 
coincide with a characteristically strong aeromagnetic 
response, similar to that over the main body to the north. 
These smaller granitic bodies may represent apophyses of 
a southward-plunging extension of the Fredrikson pluton, 
which may be concealed by Upper Triassic strata. The 
Fredrikson pluton possibly extends well into the 
Toodoggone River map area to the north, where granitic 
rocks, informally named the Giegerich pluton (Diakow and 
Metcalfe, 1997), appear to be similar, suggesting they are 
part of a homogenous batholithic body stretching from at 
least the Finlay River in the north to Johanson Creek in the 
south. The best estimate of the age of the Giegerich pluton 
is 197.5Y2.0 Ma based on a concordant titanite fraction 
from a sample collected near Giegerich Peak (R.M. 
Friedman, U.B.C. Geochronology Laboratory, written 
communication, 1997). A sample of monzogranite from 
the vicinity of Fredrikson Peak has been collected for U-Pb 
geochronology. 

Monzogranite is the dominant phase of the Fredrikson 
pluton,. The main body crops out over an area more than 
23 kilometres long by 4 kilometres wide between Jensen 
Creek and Serrated Peak. In general, the monzogranite 
forms a more differentiated quartz-rich core zone that 
passes outward into a more mat%-rich, probable 
comagmatic, quartz monzodiorite phase. East of Serrated 
Peak and north along the eastern side of the range, a 
number of parallel, north trending steep faults have been 
mapped and coincide with a change from dominantly 
monzogranite on the west to quartz monzodiorite in the 
east. The contact between phases, which tends for the most 
part to be near vertical and abrupt, is traceable for 
kilometres between a series of ridge transects. Some 
contacts are clearly faults with polished surfaces. However, 
many are simply abrupt changes in lithology with no 
evidence of chilled or faulted margins. Parallelism of these 
abrupt lithological boundaries with demonstrable high- 
angle faults suggests that emplacement of these intrusive 
phases was controlled to a large degree by these structures. 

Where monzogranite and quartz monzodiorite phases 
are both found in the same outcrop, the contact is typically 
abrupt with no clear indication of temporal relationship. 
However, north of Serrated Peak, narrow, isolated bodies 
of monzogranite are faulted against and, in places, cut 
quartz monzodiorite. If this relationship holds regionally, 
then monzogranite represents the slightly younger phase, 
although textural evidence indicates that both were hot 
when they were juxtaposed. 

Xa-IO 

The contact of the monzogrardte intrusive into Upper 
Triassic and older rocks is steep and traceable along most 
western and southern exposures of the pluton. Alteration of 
country rocks adjacent to the intrusive margin is restricted 
to a zone tens of metres wide, in which mai% country 
rocks may be weakly bleached and are contact 
metamorphosed to a uniformly tine-grained hard homfels. 
At several localities, where limestone is exposed near the 
pluton, skam alteration produced gametiferous marble. 
The intrusive contact is particularly well exposed along a 
ridge about 3.4 kilometres due west of Fredrikson Peak, 
where pendants and smaller xenoliths of dioritized m&c 
country rocks are included in the monzogranite. Dikes 
composed mainly of light pink aplite and lesser pegmatite 
commonly project outward into the hornfelsed country 
rocks. Immediately north of Jensen Creek, narrow diabasic 
dikes, not seen elsewhere, comprise a north-northeast 
trending set cutting monzogranite. Contact features of the 
monzogranite suggest epizonal emplacement. An 
exception may be rare biotite-garnet schist adjacent to the 
pluton that may represent a deeper zone of the pluton 
emplaced into a probable sedimentary protolith. 

Monzogranite of the Fredrikson pluton is texturally 
and compositionally uniform. Light pink, coarse grained 
and equigranular, it is composed of behveen 25 and 30 
percent quartz, nearly equal amounts of potassium and 
plagioclase feldspar, and between 10 and 15 percent mafic 
minerals. Fresh hornblende generally exceeds the modal 
abundance of biotite by a factor of two to three times. 
Titanite and apatite are ubiquitous as minute prisms. In 
contrast, quartz monzodiorite is typically off-white 
weathering, medium grained and composed of less than 10 
percent quartz, 50 to 60 percent plagioclase, less than IO 
percent potassium feldspar and between 20 and 30 percent 
matics. Hornblende is the dominant matic mineral and is 
present as relatively unaltered grains, unlike biotite that is 
commonly replaced in part by chlorite. Like monzogranite, 
titanite and apatite are common accessory minerals. 

Late Triassic to Early Jurassic - Alaskan-type 
Ma%ultramafic Complexes 

Four small mafic-ultramatic intrusions have been 
mapped along the eastern margin of the study area in the 
McConnell Creek and Toodoggone River map areas. These 
bodies extend the distribution of Alaskan-type complexes 
more than 30 kilometres northward from the Menard Creek 
complex, which is part of a belt that extends farther 
southeast into the Mesilinka River map area (94C). There, 
many of the larger complexes have been studied in varying 
detail and evaluated for their potential to contain platinum 
group elements (Irvine, 1976; Nixon ef al., 1997). 

In the study area, the size of the intrusions ranges from 
roughly four to less than one square kilometre in area. 
Except for one body that is a flat-lying sill or laccolith, the 
bodies are elongated and bounded for the most part by 
steep faults which are part of the north-northwest regional 
structural fabric. Lithologies comprising these bodies have 
not been mapped in detail although certain features are 
common to all. Diorite-gabbro is volumetrically dominant, 
containing hornblende and abundant magnetite. Diorite- 
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gabbro pass imperceptibly into less voluminous 
clinopyroxenite, with or without biotite and hornblende. 
However, it is uncertain whether this is pti of a regular 
internal zonation. At the largest body in the north, late 
differentiates, rich in prismatic hornblende and feldspar, 
are locally associated with magnetite-rich layers, These 
form pegmatitic segregations in hornblende gabbro and 
also late dikes. Fine-grained f&ire and feldspar porphyry 
comprise the youngest dikes cutting the northernmost 
body. 

Regionally, Alaskan-type complexes have a close 
spatial association with mainly volcanic rocks of Upper 
Triassic age. Irvine (1976) postulated a genetic relationship 
with at least some compositionally similar Upper Triassic 
volcanic rocks. This hypothesis is supported in part by age 
determinations for some of the major Alaskan-type 
complexes in British Columbia (Nixon, 1997). Alaskan- 
type complexes have a broad range of ages in the Canadian 
Cordillera, varying from the oldest, Lunar Creek complex, 
at 237i2 Ma to the youngest, Polaris complex, at 186f2 
Ma. No emplacement ages for the small bodies in the study 
area have been determined. The age and distribution of 
these complexes in Toodoggone River, McConnell Creek 
and Mesilinka River map areas is intriguing. They 
comprise a unique suite of similar intrusions distributed in 
a continuous belt that straddles adjacent 
tectonostratigraphic terranes (ie. Quesnellia and Stikinia), 
and is apparently little affected by postulated dextral 
motion (Gabriel% 1985) along the Ingenika-Finlay 
interterrane fault. 

STRUCTURE 

The structural fabric of the McConnell Range is 
broadly similar to that documented to the north in adjacent 
southern Toodoggone River map area (Diakow and 
Metcalfe, 1997). The pattern is dominated by north 
trending, high angle brittle faults. Unlike the area to the 
north, conjugate subsidiary faults that trend northeast were 
not recognized in the central and northern McConnell 
Range. Farther to the southwest, across Moose Valley, 
significant facie and thickness trends in Upper Triassic 
strata presently coincide with major northeast trending 
valleys that may approximate the location of early 
syndepositional faults. One such fault is presumed to 
parallel the Sustut River behveen Sustut Peak and Savage 
Mountain (Monger, 1977); it may extend to the northeast 
across Moose Valley, cutting obliquely across the southern 
McConnell Range, north of Johanson Creek. Interestingly, 
in the southern McConnell Range, the youngest 
depositional unit of the Upper Triassic sequence is exposed 
only in the massif immediately south of this assumed 
northeasterly structure. 

Several major north-northwest faults, parallel to the 
western margin of the Fredrikson pluton, are mapped 
between Attichika and Thome creeks. These structures are 
nearly vertical and defined by a series of interconnected 
fault segments that juxtapose Paleozoic and Upper Triassic 
stratigraphic units. As distinctive bedded rocks of the 
Asitka Group are traced into fault zones comprised of one 
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or more en echelon stmctures, the beds typically become 
tilted to near vertical, folded and locally overturned by 
drag. Surprisingly, the brittle chat is generally not 
granulated along major faults planes. Typically, zones of 
breccia and gouge are rare along these stmch~res, and 
seldomly more than a few centimetres wide. 

The Moosevale fault or Moose Valley fault is a 
regional-scale structure that was proposed to delimit the 
McConnell Range in the west (Monger, 1977; Richards, 
1976). No field evidence was found to support such a 
structllre along the lower slope of the northern part of the 
range. In the south, sparse outcrops of a granitic plug are 
flanked on the west by a small area underlain by 
recrystallized Paleozoic limestone. Although the contact is 
buried, absence of deformation argues against a major 
fault. Projection of a hypothetical fault from this site 
toward the north is also unlikely.since exposures along 
strike consist of Upper Cretaceous strata which appear to 
unconformably overlie Upper Triassic rocks. Still farther 
north, correlative Upper Cretaceous sediments have clearly 
been faulted against Paleozoic limestone along a fault zone 
with azimuth about l40”, that presumably post dates 
regional north-trending faults. Finally, there is no 
indication of a major fault extension north beyond 
Attichika Creek into the Toodoggone River map area 
where recent detailed mapping was conducted between 
Thutade Lake and the Kemess South minesite (Diakow and 
Metcalfe, 1997). 

A series of northerly trending, steeply dipping faults, 
similar to structures west of the Fredrikson pluton, also 
mark much of the eastern border of the pluton. The faults 
locally juxtapose Alaskan-type mat%ultramatic complex 
lithologies against phases of the Fredrikson pluton. For 
example, parallel high-angle faults north of Jensen Creek 
bound a probable extension of the Menard Creek 
ultramafic complex in a narrow band of diorite-gabbro and 
lesser pyroxenite that is less than 1 kilometre wide and 4 
kilometres long. To the north, steep faults also separate the 
Fredrikson pluton from other ultramatic bodies. 

Along the lower slope east of Serrated and Fredrikson 
peaks, Paleozoic and Upper Triassic strata are folded and 
the stratigraphy repeated and inverted by a series of west- 
verging thrust panels. Deformation is most prevalent in a 
thick greyish white carbonate, part of a bedded Paleozoic 
succession with chat and aphanitic basalt. The carbonate 
layers locally outline large amplitude isoclines and other 
tightly appressed folds. These contractional structures are 
in turn cut by high-angle brittle faults that place the 
deformed rocks against unstrained monzodiorite of the 
Fredrikson pluton. A similar style of deformation is 
recognized west and northwest of Serrated Peak where 
deformed Paleozoic sequences occur in west-directed 
thrusts that are segmented by later high-angle faults. 

The timing of the contractional deformation is 
unknown. However, west of Serrated Peak, basal strata of 
the Toodoggone formation, presumed to be around 200 
million years old, apparently occupy the footwall to a 
thrust fault carrying overriding Paleozoic rocks (Diakow 
and Metcalf% 1997). This relationship is equivocal since, 
although the Paleozoic rocks are in faulted contact with the 



Toodoggone formation, it is not certain that they overlie 
the younger rocks. 

The McConnell Range passes immediately to the east 
into a broad U-shaped valley oriented roughly north-south. 
This valley supposedly marks the trace of the major dexhal 
Ingenika-Finlay fault which corresponds with separation of 
the tectonostratigraphic temmes Stikinia and Quesnellia 
(Wheeler and McFeely, 1991). Except for the odd traverse 
along the west side of this valley, a” objective comparison 
of adjacent terranes and a” evaluation of their common 
boundary requires further mapping and analysis. 

MINERAL POTENTIAL 

Early Jurassic magmatism manifest in stocks and 
smaller hypabyssal plutons of the Black Lake talc-alkaline 
suite and comagmatic volcanic rocks of the Toodoggone 
formation are important host rocks for both copper-gold 
porphyry and epithemml precious metal deposits in the 
Toodoggone mining district (Diakow ef al., 1993). The 
Kemess South gold-copper porphyry deposit is near the 
southern end of this district. Based on a limited view of the 
deposit in a test pit that exposes hypogene ore, the host 
rocks bear a striking resemblance to crystal-rich dacitic 
volcanic rocks of the Toodoggone formation. Pervasive 
replacement of plagioclase by tine-grained potassium 
feldspar accompanies disseminations of pyrite and 
chalcopyrite and cross-cutting quartz-pyrite-chalcopyrite 
veins in hypogene ore. A sample of this rock, returned a 
U-Pb date of 199.6+0.6 Ma (R.M. Friedman, U.B.C. 
Geochronology Laboratory, written communication, 
1997), dating crystallization of the host rock, but not 
necessarily the age of hypogene mineralization. Nearby 
volcanic rocks of the Toodoggone formation yield 
equivalent U-Pb dates of 199.1~kO.3 Ma and 200.41tO.3 Ma 
(R.M. Friedman, U.B.C. Geochronology Laboratory, 
written communication, 1997). The equivalence of these 
dates implies that either mineralized rocks sampled at the 
Kemess South deposit are strongly altered and mineralized 
country rock in the aureole of the main pluton or the 
sampled material is a” evolved crowded porphyritic 
subvolcanic intrusion. 

Recent mapping of the Fredrikson pluton showed that 
it is like biotite-hornblende bearing intermediate epizonal 
plutons typical of the Early Jurassic Black Lake suite 
found elsewhere in the Toodoggone River map area. It is 
composed of differentiated monzogranite and quartz 
monzodiorite phases that probably represent the southern 
segment of a larger batholithic body that includes granitic 
rocks mapped farther north near Giegerich Peak (Diakow 
and Metcalfe, 1997). Contact alteration, with sporadic 
“armw rusty z”“es containing minor pyrite as well as 
quartz veinlets that may contain malachite is localized “ear 
the margin of the intmsion. This, coupled with the notable 
absence of hydrothermal alteration, diminishes the 
likelihood of associated economic mineralization in the 
Fredrikson pluton. This is supported by typically low 
copper and gold stream sediment geochemistry from 
watersheds sourced in the main granitic body (Cf: B.C. 
Regional Geochemical Survey; Jackanmn, 1997). West of 

the intrusion, samples from several watersheds draining 
mainly Paleozoic and lesser Upper Triassic rocks display 
multielement base metal and several gold anomalies. These 
anomalies were not followed up during the course of 
mapping. 

ACKNOWLEDGMENTS 

We are exceedingly grateful to Royal Oaks Mines and 
particularly staff at the Kemess South mine who have, in 
the midst of their own busy schedules, always offered 
tremendous support to this program. It was also a pleasure 
to fly once again with Canadian Helicopters and their 
professional, courteous pilots. This manuscript has 
benefitted from the editorial comments of W.J. McMillan 
and A. Leg”“. 

REFERENCES 

Diakow, L. J., Panteleyev, A. and Schroeter, T.G. (1993): 
Geology of the Early Jurassic Toodoggone 
Formation and Gold-Silver Deposits in the 
Toodoggone River Map Area, Northern British 
Columbia; B.C. Ministry of Energy, Mines and 
Petroleum Resources, Bulletin 86, 72 pages. 

Diakow, L.J. and Metcalfe, P. (1997): Geology of the 
Swannell Ranges in the Vicinity of the Kemess 
Copper-Gold Porphyry Deposit, Attycelley Creek 
(NTS 94E/2), Toodoggone River Map Area; in 
Geological Fieldwork 1996, B.C. Ministry of 
Employment and Investment, Paper 1997-1, pages 
101-116. 

Eisbacher, G.H. (1974): Sedimentary History and Tectonic 
Evolution of the Sustut and Sifton Basins. North- 
Central British Columbia; Geological Survq of 
Canada, Paper 73-3 1,57 pages. 

Gabrielse, H. (1985): Major Dextial Transcurrent 
Displacements Along the Northern Rocky Mountain 
Trench and Related Lineaments in North-central 
British Columbia; Geological Society of America 
Bulletin, Volume 96, pages 1-14. 

Gabrielse, H., Dodds, C.J., Mansy, J.L. and Eisbacher, G. 
H. (I 977): Geology of the Toodoggone River (94E) 
and Ware West-Half (94F); Geological Survey of 
Canada, Open File 483. 

Irvine, T.N. (1976): Alaskan-Type Ultramatic-Gabbroic 
Bodies in the Aiken Lake, McConnell Creek, and 
Toodoggone Map-Areas; in Report of Activities, 
Part A, Geological Survey of Canada, Paper 76-lA, 
pages 76-81. - 

Jackaman, W. (1997): British Columbia Regional 
Geochemical Survev. NTS 94D-McConnell Creek: 
B.C. Minishy of ‘hnployment and Investments 
BCRGS 45. 

Leg”“, A.S. (1998): Toodoggone-McConnell Project: 
Geology of the McConnell Range - Jensen Creek to 
Johanson Creek, Parts of NTS 94D/9,10,15,16; in 
Geological Fieldwork 1997, B.C. Ministry of 

Sa-12 British Columbia Geological Survey Branch 



Employment and Investment, Paper 1998-1, this 
volume. 

Lord, C.S. (1948): McConnell Creek Map-Area, Cassiar 
District, British Columbia; Geological Survey of 
Canada, Memoir 25 I, 12 pages. 

McPhie, .I., Doyle, M. and Allen, R. (1993): Volcanic 
Textures: A Guide to the Interpretation of Textures 
in Volcanic Rocks; Centre for Ore Deposit and 
Exploration Studies, University of Tasmania, 196 
pi?@. 

Nixon, G.T., Hammack, J.L., Ash, C.H., Cabri, L.J., Case, 
G., Connelly, J.N., Heaman, L.M., Laflamme, 
J.H.G., Nuttall, C., Paterson, W.P.E. and Wong, 
R.H. (1997): Geology and Platinum-Group-Element 
Mineralization of Alaskan-Type Ultramafic-Matic 
Complexes in British Columbia; B.C. Ministry of 
Employment andlnvestment, Bulletin 93, 142 pages. 

Monger, J.W.H. (1977): The Triassic Takla Group in 
McConnell Creek Map-Area, North-Central British 
Columbia; Geological Survey of Canada, Paper 76- 
29,45 pages. 

Richards, T.A. (1976): Takla Project: McConnell Creek 
Map-Area (94D, East Half) British Columbia; in 
Report of Activities, Part A, Geological Survey of 
Canada, Paper 76-1A. pages 43-50. 

Ross, C.A. and Monger, J.W.H. (1978): Carboniferous and 
Permian FUSUliIXXeallS from the Ominica 
Mountains, British Columbia; in Contributions to 
Canadian Paleontology, Geological Survey of 
Canada, Bulletin 267, pages 43-55. 

Wheeler, J.O. and McFeely, P. (1991): Tectonic 
Assemblage Map of the Canadian Cordillera and 
Adjacent Parts of the United States; Geological 
Survey of Canada, Map 1113A. 

Woodsworth, G.J. (1976): Plutonic Rocks of McConnell 
Creek (94D East Half and Aiken Lake 94C West 
Half) Map-Areas, British Columbia; in Report of 
Activities, Part A, Geological Survey of Canada, 
Paper 76-IA, pages 69-73. 

Geological Fieldwork 1997, Paper 1998-l 8~13 



8~14 British Columbia Geological Survey Branch 



TOODOGGONE-MCCONNELL PROJECT 

GEOLOGY OF THE MCCONNELL RANGE 

JENSEN CREEK TO JOHANSON CREEK, PARTS OF NTS 94D/9,10,15,16 

By AS. Legun, B.C. Geological Survey 

KEYWORDS: Volcanic redbed copper, Moosevale 
Formation, Menard ultramatic, Omineca intrusions, 
Savage Mountain Formation, Takla Group. 

INTRODUCTION 

The southern McConnell Range program is part of the 
Toodoggone-McConnell mapping project, initiated in 
1996. The area is about 20 km. south of the rapidly 
developing Kemess mine site of Royal Oak Mines Inc. 

The McConnell Range is within the northern Omineca 
Mountains, at about 56 45 north latitude and 126 30 west 
longitude in north-central B.C. The range lies parallel to 
the Omineca Mining access road where it follows the 
Moose valley at about kilometre 425. The Omineca 
Mining access road is a continuation of the Finlay Forest 
Service Road which originates near Windy Point on 
Highway 97, 155 kilometres north of Prince George. 

The project area is between Jensen Creek in the north, 
Johanson Creek in the south, the Ingenika valley to the east 
and the Moose Valley to the west (Figure 8.1). The area 
comprises about 125 square kilometres overlapping 
portions of NTS 94Di9, D/IO, D/l 5 and D/16. 

Parts of the range may be reached by access road. At 
km 421 on the Omineca road a side 4X4 road (the 
McConnell Creek access road) follows a deep glacial 
valley eastward and then swings north up the Ingenika 
valley to parallel the range on the east side. 

The range is well dissected and back to back headwall 
retreat of watersheds has formed numerous sharp ridges. 
These are traversable with some exceptions. Elevations 
range from 1200 m&-es to 2 100 m&-es with the treeline at 
about 1650 metres. 

The writer assisted by Brian Untereiner completed 
about 35 traverses, with mostly good weather. The work 
involved mostly fly camps coordinated with Larry 
Diakow. 

PREVIOUS WORK 

The area was covered by 1:250 000 mapping by the 
Geological Survey of Canada during the mid 1940’s (Lord, 
1948). A number of copper rich vein showings (eg, 
Marmot) were located during this effort. Sporadic work 
followed over the next two decades. In the late 1960’s 
significant exploration activity focused on porphyry 
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copper and molybdenum mineralization. A large gossan 
was discovered in 1966 at the present site of the Kemess 
North prospect and led to similar exploration on nearby 
ground. Southwest of the McConnell Range In 1971 
Falconbridge Nickel discovered a malachite stained bed 
that was traceable for over 2500 feet during a 
reconnaissance helicopter flight. The area is just north of 
the Sustut River southwest of the McConnell Range. 
Subsequent assessment revealed a replacement copper 
deposit in volcaniclastic rocks in the upper part of the 
Takla Group. Numerous junior and major resource 
companies acquired ground in the area looking for either 
volcanic redbed copper mineralization in porous 
volcaniclastics or copper and molybdenum porphyries. 
Detailed mapping with minor drilling was conducted in 
the southern McConnell Range during this period. In 1973 
the B.C. Geological Survey conducted a mineral deposit 
study of the Sustut copper area (Church, 1974a). The 
Geological Survey of Canada returned to pursue detailed 
studies within the McConnell sheet (Monger, 1977; 
Richards, 1976). In the north, follow up of a gold-copper- 
molybdenum soil geochemical anomaly led to the 
discovery of the Kemess South porphyry deposit in 1983. 

In 1996 a regional geochemical survey of the 
McConnell mapsheet included sampling of watersheds in 
the McConnell Range. Results indicated multielement 
precious and base metal anomalies within the general 
project area (Jackaman, 1997). 

The setting of the McConnell Range between major 
deposits at Kemess to the north and Sustut copper to 
southwest, and its proximity to developing infrastructure, 
suggested that mapping at a I :20000 scale work was 
appropriate. 

GEOLOGIC SETTING 

The McConnell Range is bounded by the Ingenika 
fault to the east and a splay of that fault, the Moosevale 
fault, to the west. This fault wedge lies at the edge of the 
lntermontane Belt and the tectonostratigraphic Stikine 
Terrane. The lngenika fault is a dextral strike slip fault, 
part of a prominent strike-slip sysytem in north-central 
British Columbia (Gabrielse 1985). Gabrielse suggested 
cumulative movement of about 300 kilomehes along the 
Kutcho, Finlay, Ingenika, and Takla faults. The volcanic 
sequences east and west of the fault are thus considered to 
be laterally offset some 300 kilometres. In spite of this the 
rocks are of the same age with similar trace element 
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figure 8.1, hcation of recent and previous mapping in the southern Toodoggone River (94E) and northeastern McCnnnell 
Creek (94D) map areas. 
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geochemistry (Gale, 1996). The problem of fortuitous 
juxtaposition of grossly similar rocks across terrane 
boundaries is outside the scope of this paper. Suffice to say 
that the volcanic sequence in the McConnell Range can be 
related to a well studied sequence to the southwest in 
Stikinia while the stratigraphy east of the fault is not 
readily correlated (Zhang and Hynes 1991, Richards, 
1976). 

The stratigraphic sequence in the vicinity of Sustut 
copper deposit has been the focus of detailed stratigraphic 
study (Monger and Church 1976). The Takla Group in the 
vicinity of Mount Savage is about 3400 m&es thick and 
subdivided into the Dewar, Savage Mountain and 
Moosevale formations. The Dewar formation is relatively 
thin (<= 300 m.), and the remaining thickness is about 
equally divided between the Savage Mountain and 
Moosevale formations. 

Correlative strata of the Dewar Formation apparently 
thin towards the northern part of the McConnell Range 
(Diakow 1998). The Savage Mountain and Moosevale 
formations are present; the former may be reduced in 
thickness. Other rocks mapped include the cogenetic 
Menard matic-ultramafic complex and granitic stocks and 
plugs of probable early Jurassic age. 

Strata of the Takla Group are in the zeolite (prehnite- 
pumpellyite) facies of regional metamorphism. This 
contrasts with generally higher greenschist to amphibolite 
grades found east of the lngenika fault. 

The Sushrt Copper deposit, immediately west of 
Sustut Peak contains reserves of 43.5 million tonnes 
grading 0.82 per cent copper (Harper 1977). The deposit 
consists of tine grains of hematite, pyrite, chalcocite, 
bomite, chalcopyrite and native copper in decreasing 
abundance dispersed in matrix and clasts of volcaniclastic 
rocks in the Moosevale formation. Gangue minerals 
include epidote, quartz, prehnite and carbonates. The 
mineralized zone is partially concordant with bedding, and 
lies just below the transition from green to red 
volcaniclastics, high in the Moosevale Formation (Harper, 
1977). 

The Kemess South deposit located north northwest of 
the McConnell Range near Kemess Creek is hosted by a 
flat-lying, porphyritic quartz monzodiorite intrusion that is 
underlain by Takla Group volcanic rocks (Rebagliati ef al. 
1995.). In conhast Diakow (1998) interprets the ‘intrusion’ 
as altered Toodogone volcanic rocks. Pyrite, the dominant 
sulfide accompanies quartz stringers. Chalcopyrite occurs 
as disseminated grains and in quartz stockworks. Reserves 
are approximately 220 million tons grading 0.22% copper 
and 0.18 ounces per ton of gold (1995 Annual Report, 
Royal Oak Mines). 

MAPPING ACCOMPLISHMENTS 

Takla Group 

The Geological Survey of Canada mapped the Savage 
Mountain Formation of the Takla Group and the 
Toodoggone Formation of the Hazelton Group in the 
southern McConnell Range. However the author concludes 

that the southward Savage Mountain Formation passes 
conformably and stratigraphically into the Moosevale 
Formation of the Takla Group. 

To the north, in the vicinity of Jensen Creek, structural 
attitudes are difficult to discern. Dips vary from subvertical 
to shallow. The steep dips are at the margins of Early 
Jurassic intrusions and in the vicinity of the Menard 
ultramafic complex. Stratigraphic elements are overprinted 
by homfelsing and alteration. No cumulate thickness can 
be calculated. To the south a simpler structural style is 
evident in gentle to flat dips and block faults. Stratigraphic 
elements of the upper Savage Mountain Formation and 
Moosevale Formation can be recognized and traced. 

Jensen Creek to Menard Creek 

Takla Group rocks include feldspar lath and augite 
porphyria, tine grained basalt, and minor tuff breccias in 
the Jensen Creek area. All subtypes are basaltic and with 
the exception of the lath porphyries, carry augite. Any 
subtype may be amygdaloidal. Amygdule fillings include 
epidote, chlorite, calcite, zeolites and albite. 

The subtypes are closely associated with each other 
and individually do not form mappable units. Some trends 
however can be discerned. On the western slopes of the 
Marmot area lath porphyries dominate. Amygdaloidal 
phases are common west of the Menard complex but were 
not observed north and east of the complex. 

Gale (1996) described the variation in petrographic 
composition of various basaltic subtypes. Phyric flows 
display varying proportions of phenocrysts of 
clinopyroxene, plagioclase, and pseudomorphs of olivine 
within a holocrystalline groundmass. 

South of Menard Creek the volcanics are variably 
hematized. They are occasionally knobby textured, rich in 
fragments and densely amygdaloidal. Fragments are 
coarsely to finely vesiculated fragments, or may be vesicle 
(amygdule) free clasts in a fluidal textured matrix defined 
by swirls of amygdules and aligned feldspar laths. Knobby 
texture in part is due to concentric hematitic bands about a 
dark amygdule core. Bands, lenses and irregular masses of 
massive red aphanitic material were also noted. These 
oxidized and hematized porphyria are interpreted to be 
distal ends of blocky and scoracieous subaerial flows, 
possibly intermixed with fine red tuff or baked mud. 
Although there is no discernible bedding of sedimentary 
origin, contacts behveen amygdule rich layers suggests the 
volcanics are shallow dipping. A few amygdule rich dikes 
are present. 

Menard Creek to Johanson Creek 

South of the Menard Cr. watershed a southern 
highland is isolated from the interconnected ridges to the 
north. In contrast to the adjacent segment volcanic 
stratigraphy is mappable on this highland. The Savage 
Mountain Formation, dominated by coarse lath porphyly 
flows, passes upward into the Moosevale Formation, 
dominated by lithic tuffs. There is one significant interval 
of well bedded waterlain sediments at the conformable 
contact. These waterlain sediments may correspond to unit 
3a of Harper (1977) in the vicinity of Sustut Copper. 
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Discontinuous sedimentary beds are found throughout the 
lithic toffs of the Moosevale Formation. 

Savage Mountain Formation 

In this area the Savage Mountain Formation is a 
composite unit of lath porphyry flows and some interbeds 
of lithic toffs. Contacts and sedimentary bedding suggest 
the Savage Mountain Formation is flat lying to undulating 
on the northern flank of the highland. A pyroxene bearing 
phase is exposed on the lower northern slopes and believed 
to be at a low stratigraphic position. It is similar to phases 
found in the main part of the range and described as basalt 
porphyry or augite-feldspar porphyry. 

Thickness calculations from base to ridge top in the 
northeast indicate at least 400 metres of lath porphyry 
flows are present. To the southwest calculations indicate 
the flow sequence has thinned to about 200 m&es. There 
it is underlain by a wedge of lithic toff which is absent in 
the north. 

A tuff breccia unit of rather unusual geometry and 
lithic composition occurs in the north. Its mapped trace 
extends from the ridge top near a small granitoid dike 
(body g-5 in Figure 8.2) westward to the valley floor as an 
elongate body. The southern contact of this elongated body 
is steep, judging by its straight transect with closely spaced 
contours Contacts of flow rocks measured about 300 
metres to the east and southwest of this area indicate flat to 
gentle dips. The southern contact may thus be crosscutting, 
perhaps a small fault. Near the northern contact within the 
toff breccia a coarse grained diorite mass, a few m&es 
across (base not exposed), is exposed in a gully wall. 
Above it there are fragments of diorite within the toff 
breccia. Other clast types include augite porphyry, lath 
porphyry, green laminated siltstone, dark to maroon tuft?, 
white chert, microdiorite, and pale sericitized fragments. 
No diorite, white chert, and tine pale sericitized clasts were 
seen in other tuff breccias. The distribution of clast types is 
not uniform. For example lath porphyry clasts are 
abundant near the margin but uncommon elsewhere. Most 
clasts are very angular but a few are rounded. One round 
chert clast has a dark alteration rim. 

Further work is needed to determine the hue nature of 
this unit. Any interpretation must explain the origin of the 
coarse diorite. Possibly this tuff breccia represents a vent 
breccia or diatreme. 

Moosevale Formation 

As mentioned above the Savage Mountain formation 
passes stratigraphically upward into the Moosevale 
Formation on the southern highland, and that contact is 
marked by a locally developed well bedded sequence. The 
contact is exposed in the central area of the highland. The 
top of the Savage Mountain Formation is reddish and 
amygdaloidal lath porphyry. Nearby drilling (diamond 
drillhole ZD 76-1, Bates 1976) indicates that the top of the 
lath porphyry consists of several successive flows, which 
are reddened at the top and include flow fragments. The 
base of the overlying sequence is represented by toff and 
tuff intercalated with siltstone. 

The well bedded sequence does not persist laterally 
for more than a few hundred metres. The sequence 
comprises thick beds of calcareous tuffaceous sandstones 
(with crossbeds and mudchips), lithic toffs with sandy 
intervals, horizontally laminated grit, clast supported 
conglomerate, thin to very thin beds of red and green 
siltstones, banded tuff, argillaceous limestone and 
laminated chert. Minor dehital quartz occurs in the 
sandstones. The clast supported conglomerate has rounded 
clasts to 20 cm and is weakly stratified with grit lenses. 

The stratified and “water washed” sediments which 
are about 50 metres thick, are overlain by at least 800 
m&es of lithic tuffs, massive tuffs and tuffaceous 
breccias cut by occasional sills of augite porphyry. In 
tuffaceous breccias clasts are not easily discernible from 
matrix. The matrix typically has a lower density of crystals 
and these are finer and broken. 

Sedimentary intervals within the lithic tuff of the 
Moosevale include locally developed graded beds, channel 
forms, and matrix and clast supported conglomerates. 

Some matrix supported elastic units with angular 
clasts contain siltstone rip-ups together with crystal 
fragments. Reddish siltstones mantle beds with coarse 
clasts to boulder size. The origin of these siltstones is 
uncertain. They may represent suspension drapes, sheet 
wash deposits, or reworking of the tops of debris flows. 
Discontinuous siltstone beds may also occur as elongate 
tilted slabs within these beds. These slabs must have been 
at least partially lithified to remain coherent. 
Conglomeratic masses also were observed to project 
through siltstone bands as if they were injected. These 
features suggest slumping to the writer. An association 
with graded beds indicates a submarine rather than 
subaerial environment. Resedimentation in the context of a 
slumping slope facies is clear in either case. Blunt nosed 
and spindle shaped volcanic clasts were noted associated 
with graded beds rich in rip ups. These clasts are 
interpreted to be air sculptured volcanic bombs though 
they could conceivably represent disaggregated remnants 
of pillowed lava. 

Alteration 

Propylitic alteration is widespread within the volcanic 
sequence. Epidote is the most conspicuous mineral of this 
assemblage that includes carbonate and hematite. In some 
cases epidote zones can be related to shear zones, contacts 
or other discontinuities. However there are many instances 
where lenses of massive epidote rock is within a 
homogenous unit such as massive lath porphyry. 

Propylitic alteration also is well developed in small 
intrusive or subvolcanic bodies of dacite porphyry to 
microdiorite. The microdiorites are characterized by 
epidotized and sericitized feldspar phenocrysts in a tine 
microcrystalline to fine blocky lath matrix. Chloritized 
ma&. are common together with calcite, opaques and 
granular epidote. 
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Menard Ultramafic complex 

The Menard ultramafic complex was studied recently 
by Nixon ef al. (1989) who focused on its petrology 
and relationship to other Alaskan-type bodies in the 
region. The body is teardrop shaped in plan and 
elongated northward (Figure 8.2). 

The following units were mapped by the writer: 
I) clinopyroxenite 
2) clinopyroxenite and (olivine) gabbro 
3) gabbro with minor banded diorite 
4) layers of pyroxenite, gabbro and basalt. 
Clinopyroxenite forms a north trending lens on the 

west margin of the complex. Massive pyroxenite passes 
northeast and southeast to pyroxenite and gabbro. The 
transition is marked by north trending interlayering of 
gabbro and coarse pyroxenite. Eastward massive 
pyroxenite passes abruptly to gabbro. The gabbro is an 
oval plug-like mass whose long axis swings from north to 
northeast giving it an arcuate shape. 

A panel of interlayered bands of pyroxenite, basalt, 
gabbro and lath porphyry lies on the northeast flank of the 
complex in uncertain contact relationship with the eastern 
margin of the gabbro “plug”, and gabbro with pyroxenite. 
The contact relationship is obscured by diorite dikes and 
magnetite rich zones. Layers trend at about 335 degrees. 
The conformable interlayering of these units suggests the 
comer grained rocks are sills and part of the Takla 
assemblage. The interlayered sills appear to pass 
stratigraphically eastward into Takla volcanics. The 
volcanic package consists of massive basal& and weakly 
porphyritic basalts with scattered small phenocrysts of 
feldspar and pyroxene. The panel of sills also appears to 
pass laterally into Takla volcanics to the northwest, 
perhaps by pinching out of sills or fining of textures. 

In one location the lath porphyry shows pilotaxitic 
texture at its contact with the pyroxenite indicating it is a 
younger phase of sill intrusion. 

The ultramafic complex apparently tapers southward, 
the southward extension being inferred from ground 
magnetometer data (Meyer and Overstall 1973). Exposure 
on the south side of Menard valley is poor and restricted 
to a creek gully. Here serpentinized gabbro and pyroxenite 
(high magnetic susceptibility) are present near a fault 
structure that disappears northward into the complex 
(approximately in line with the gabbro/pyroxenite contact). 

The gabbro “plug” in its northeastern terminus 
comprises massive diorite and banded hornblende diorite. 
The banding, defined by mineral layers rich in hornblende, 
trends east across the overall northerly trending regional 
structures. 

According to Irvine (1976) the intrusive phases of 
Alaskan type bodies develop by crystallization 
differentiation. The pyroxenite body appears to represent a 
crystal cumulate. Its form suggests the complex may have 
originally formed as a laccolith. Irvine suggested the 
juxtaposition of inhusive phases in such bodies is a result 
of diapiric re-emplacement. The gabbro plug-like gabbro 
mass may represent such a re-emplacement. Nixon noted 
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sharp linear contacts along phases (such as the gabbro) and 
suggested some fault control. 

Late in its history the intrusive complex may have 
undergone deformation and metamorphism as suggested 
by the foliation of the banded diorite and the swing of the 
gabbroic body to the northeast along this trend. 

More work is required to understand the fundamental 
geometry of the intrusive suite and the juxtaposition of its 
phases. 

Jurassic Intrusions 

Several Jurassic intrusive bodies were delineated. The 
largest occupies the northwest portion of the upper Menard 
Creek valley. The introsives are part of a 20 kilometre 
wide belt of scattered plutons that extend north from the 
Hogan batholith and continue through the southern and 
northern McConnell Range. 

Marmot Intrusive (g-l in figure 8.2) 

The Marmot intrusion is slightly elongate in a north- 
south direction. A penetrating lobe of homfelsed volcanic 
rock on the north margin suggests there may have been 
two centres of igneous intrusion. Overburden in the 
Menard valley obscures the trace of the contact in the 
south. However on its northwest margin the contact is 
marked by transition to an igneous stockwork of dikes 
within the Takla. Elsewhere contacts are sharp or include 
volcanic rafts near the margin. A satellite body to the north 
arcs east to west. The western limit of this satellitic “ring 
dike” is obscured by cover in the topographic saddle 
between the Jensen Creek and Theme creek watersheds. 

White granodiorite to quartz diorite dominates the 
main inhusive mass. Near its western boundary (Marmot 
claims) Church (1974b) reports the intrusive consists of 
mostly tabular plagioclase and subhedral quartz with 
interstitial orthoclase, some euhedral prisms of hornblende, 
a few chloritized biotite books, and scattered accessories 
such as magnetite, sphene, and apatite. Woodsworth 
(I 976) considered the intrusion to be more mafic and finer 
than others to the north. He described it as a massive 
quartz diorite to quartz monzodiorite with hornblende 
more abundant than biotite. The writer also noted a biotite 
dominant phase and considerable variation in quartz 
content (from 5 to over 20%). 

Other intrusive phases include a pinkish quartz poor 
subhorizontal mass along a ridge on the western border, 
and a quartz rich porphyritic phase near the northern 
margin and within the satellite dike. The porphyritic phase 
consists of feldspar phenocrysts in a fine quartz rich 
matrix. Associated with this feldspar porphyry are minor 
silica flooded pyrite zones in the wallrock. The best 
example is at the east margin of the homfelsed lobe of 
volcanic rock described above. 

Marmot Southeast (g-t in figure 8.2) 

A granodioritic body on the south side of the Menard 
valley contains abundant suspended blocks of volcanics. 
Numerous dikes and sills project outward from its border. 
A similar but smaller body lies immediately to the east. 



Both igneous masses and associated stockworks trend 
north northwest and are truncated by a fault (see 
STRUCTURE). 

Marmot Southwest Intrusive (g-3 in figure 8.2) 

A third intrusion on the south side of Menard valley is 
poorly defined because exposure decreases below treeline. 
On its north margin there is a silicic and pyritic gossan 
where it is in contact with a chloritized felsitic porphyry. 
Church (1974b) described the body as hypidiomorphic 
granular granodiorite composed of 23% quartz, 22% 
orthoclase, and 44% plagioclase, with accessory biotite, 
hornblende and magnetite. 

Johanson Creek Intrusive (g-4 in figure 8.2) 

A fourth truncated body outcrops at the south end of 
the mapped area facing Johanson Creek. Like the 
intrusions on the south side of Menard valley one margin 
of the body is sharp and at an acute angle to the long axis 
of the intrusion. This sharp contact is traceable along 
gullies that align on either side of a ridge divide. In the 
north the intrusion is thin and dike-like and shearing is 
evident along the contact. 

STRUCTURE 

A north trending line of introsives and connecting 
faults transect the southern end of the McConnell Range. 
The elongate Menard complex is the major intrusive body. 
North of Jensen Creek another elongate maiic inhxsion is 
colinear with the Menard complex (Diakow, 1998). South 
of the complex a north trending fault extends across the 
Menard valley (Figure 8.2). There in a creek valley altered 
granitic rocks, serpentinized pyroxenite, chloritized 
volcanics are exposed. The fault truncates the Marmot 
Southeast introsives, whose long axes are at an acute angle 
to the fault. 

The fault can be traced to the Johanson highland. On 
the west side of the highland the fault is marked by altered 
volcanic wallrock, a subvertical mass of lath porphyry, and 
a resistant band of quartz stockwork within hematized 
agglomerate and tuff. A lath porphyry flow, present 
immediately east of the fault, is absent west of the fault. 

A second fault on the Johanson highland trends 
northeast and lies east of the one described above. Related 
to it is an elongate intrusion (g-4). The strata east of the 
fault are tilted to the east and a sequence of Savage 
Mountain pyroxene bearing lavas that is overlain by lath 
porphyry similar to that found in the north is exposed. It 
appears that igneous intrusion exploited a fracture and 
subsequently beds were tilted as a block when the fracture 
was reactivated. 

PROSPECTING RESULTS 

A weak skarn that was found this summer in the 
Northern McConnell Range is described separately under 
Regional Mineral Potential. 

In the area mapped by the writer there are numerous 
small copper showings. Mineralization occurs as: 

l Fracture veinlets, single or in sets related to small 
shears, narrow carbonate breccias, lithologic 
contacts, or zones of massive epidote alteration. 

l Banded quartz-epidote-calcite veins up to a metre 
wide but discontinuous. Examples of these include 
Marmot and Menard Pass. Drusy quartz ribbons 
suggest this is a late fissure type mineralization. 

l Widely spaced fracture zones in intrusive and 
adjacent wallrock. 

These types of copper mineralization appear to be 
related through alteration mineralogy and sulfide minerals. 
The minerals include variations of malachite, azurite, 
chalcocite, native copper and bomite. Accessory minerals 
include quartz, calcite, specular hematite, and epidote. 
Native copper and bornite occur but are relatively 
““common. 

A comparison of showings with the record in 
assessment reports and Mintile maps indicates that the 
following showings are not documented. While 
individually not significant, they may have some relevance 
in association with a review of ground geochemical and 
other data. 

The South side of Menard valley, ridge furthest to the 
east (2 km ESE of Mintile 94D 090): 

On the ridge top, fracture coatings of malachite and 
azurite are found in massive epidote rock over several 
square mares. The UTM coordinates are 654934E, 
629136lN. Nearby is a silicified shear zone with 
disseminated pyrite (but no signs of copper). Traces of 
copper stain occur further south along the ridge. 

Near Menard Pass (Minjile 094D 049): 

The Menard Pass showing is on the southwest side of 
the Menard valley on a ridge top. Just below the ridge top 
on the east side is an oval patch of epidotized rock about 
10 metres by 3 with abundant staining. The UTM 
coordinates are 649405E, 6290249N. This is within 100 
metres of the Menard Pass fissure vein and within the 
bounds of a copper anomaly noted in Church 1974, figure 
41, pg. 434. No indication of mineralization is noted on 
aSSeSSme”t report maps. 

REGIONAL MINERAL POTENTIAL 

The McConnell Range is near the developing 
infrastructure related to the Kemess mine. Claims cover 
about one-third of the area mapped by the writer. 

Volcanic Redbed Copper 

The Moosevale formation is prospective for volcanic 
redbed copper. The Sustut Copper deposit lies for example 
900 metres above the base of the volcaniclastic sequence 
in the stratigraphic framework of Harper (1977). The 
nearby Willow prospect (094D 082) lies closer to the 
lower contact and is comparable to the stratigraphic 
interval mapped at the southern end of the McConnell 
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Range. Stratigraphic position in a volcanic&tic sequence associated with the Maple Leaf intrusion at the Kemess 
may not be critical. The presence of porous beds near a South orebody. Also absent in the McConnell Range are 
redox boundary, a structural trap for fluid flow, the any persistent pyritic zones, either within or bordering the 
p*eSe”‘X of either metamorphic m&somatic or intrusions; only local minor zones are present. The bodies 
hydrothermal fluids and copper source beds are more within the map area do not appear to be good candidates 
mlportant. for porphyry mineralization. 

In the McConnell Range there is a clear increase in the 
number of small copper showings from Jensen Creek to 
Johanson Creek. This appears to correspond to the increase 
in reddish oxidized volcanics and the presence of the 
Moosevale Formation. Such showings continue to Asitka 
Peak, where Moosevale Formation is inferred to be present 
from descriptions in assessment reports. 

In spite of extensive prospecting no examples of 
Sustut-type mineralization have been demonstated in the 
southern McConnell Range. At best there is an allusion to 
incipient mineralization of this kind by Mustard and Bates 
(assessment report 5256). In this report an exception to 
“shear-zone mineralization” is described as disseminated 
and microfracture filling bomite and chalcocite over an 
area of 10 by 20 feet in a green tuff adjacent to bladed 
feldspar porphyry. Several holes were drilled in nearby 
areas. These intersected lithic tiff-lath flow contacts. 
Diamond drillhole ZD#l intersected 0.34% copper over 3 
m&es in epidote altered tuff (Mustard and Bates, 1975). 

In the southern McConnell Range there is potential 
for a small blind stratiform orebody to be present. A halo 
of weak silicification and pyrite that might point to 
underlying Sustut-type mineralization is absent. 

A small monzonitic or granodioritic intrusion on the 
northeast arm of the southern highland (g-5 in figure 8.2) 
may merit re-examination. The body has widely spaced ( a 
few m&es apart) epidotized fracture surfaces with 
malachite and azurite. The malachite and azurite are also 
present in shears and fractures within Takla wallrocks. 
Originally reported in Lord (1948, pg. 61) the 
mineralization assayed a few per cent copper in the 
intrusion and wallrock fractures, with minor silver and 
trace gold. A number of assessment reports refer to this 
intrusion, which is not well delineated. The dike-like 
intrusion is difficult to trace as it cuts across steep slopes, 
but it is clearly elongate on a northwest trend The 
interesting point is that though the wallrock mineralization 
is fracture controlled it appears to be spatially related to the 
intrusion. On the eastern arm along the trend but separated 
by a kilometre another small intrusive is noted in 
assessment reports. Possibly these dike bodies represent 
the spire of a larger, yet unroofed body. The eastern 
watershed of the ridge is shown as anomalous in stream 
sediment copper by the RGS anomaly. 

Skam 
The presence and distribution of Moosevale 

Formation east of the Ingenika fault is not known. 
Stratiform copper may be found in non-elastic units. 

The Red or Sping prospect (Minfile 094D 104) suggests 
stratabound potential within carbonates. The Red consists 
of disseminated copper within a locally developed 
dolomite that is up to 230 feet thick within the Hazelton 
Group. The dolomite is part of a larger sequence of 
intravolcanic sediments deposited in a small basin 
southwest of dominantly volcanic terrain. Some affinity to 
volcanic redbed copper and the copper bearing carbonate 
facies of Kupferschiefer mineralization (Zechstein 
limestone) is speculated. This also is compatible with 
Kipushi type mineralization, presently being documented 
as a deposit type for British Columbia (Trueman, in press). 
In that model copper-zinc-lead mineralization is deposited 
in karstic features within a carbonate to dolomite host 
under rather low temperature diagenetic conditions. 
Nearby basalts may provide copper and deposits are an 
integral part of basin evolution and burial. 

Work in the McConnell Range suggests regional 
potential for skarn mineralization. Suitable host rocks 
though not extensive, are present. Limestone beds and 
calcareous beds (tiffs etc.) occur locally in the Dewar 
Formation, Asitka Group, undivided Takla (east of the 
Ingenika fault) and Moosevale Formation. 

Some assessment of calcareous units within Takla 
Group and Toodoggone Formation is merited, particularly 
where local facies suggest the possibility of closed 
shxctural-lithologic basins. 

A weak skarn found this summer in a well prospected 
area gives some encouragement for this target. The skarn 
was found on the western spur of Frederickson peak at the 
head of a small creek that drains into Attichika creek. The 
skarn is developed in a drag fold at the faulted margin of 
the Frederickson pluton. A roof pendant of Takla volcanics 
is nearby. A prominent gossan is developed over the drag 
fold on steep difficult slopes. The gossan is developed 
from siliceous pyritic skarn where accessed. Very thin talc 
silicate bands and fme biotite? create a weak locally 
contorted banding. The skam protolith is not known and 
granite outcrops within the zone. Either this skarn or a 
dacitic body further downstream may be responsible for an 
RGS gold anomaly in this drainage. 
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THE MOYIE INDUSTRIAL PARTNERSHIP PROJECT: 
GEOLOGY AND MINERALIZATION OF THE YAHK-MOYIE LAKE AREA, 

SOUTHEASTERN BRITISH COLUMBIA 
(82F/OlE, 82G/04W, 82F/08E, 82Gi05W) 

By D. A. Brown, B.C. Geological Survey Branch, and 
R.D. Woodfill, Abitibi Mining Corp and SEDEX Mining Corp 

KEYWORDS: Regional geology, Proterozoic, Purcell Supergroup, Aldridge Formation, Moyie sills, peperites, SEDEX 
deposits, tourmalinite, fragment&, mineralization, aeromagnetic data. 

INTRODUCTION 

This article summarizes results of the Moyie 
Industrial Partnership Project after completion of two 
months of fieldwork in the Yahk, Grassy Mountain, 
Yahk River, and Moyie Lake map areas (82F/l, 8; 
8264, 5) in 1997. The primary focus of this project is to 
provide updated compilation maps for the Aldridge 
Formation. The project will provide new I:50 OOO-scale 
Open File geologic maps based on compilation at I :20 
OOO-scale. These maps draw extensively from Cominco 
Ltd.‘s geological maps, recent work by Abitibi Mining 
Corp. in the Yahk area; and Kennecott Canada 

Exploration Inc., SEDEX Mining Corp., H6y and 
Diakow (19X2), and H6y (1993) in the Moyie Lake area. 
Generous financial, technical and logistical support by 
these companies allowed for the success of this project. 
New drill hole, tourmalinite and fragmental databases 
are another contribution of the Moyie Project. 

Access to the map area is provided from Cranhrook 
via Highway 3 and by a network of logging roads that 
range from well maintained to overgrown. Mapping 
focused on hvo areas that are dominated by the Aldridge 
Formation, the core of the Moyie anticline, and the 
structural panel between the Moyie and Old Baldy faults 
(Figure I). Geological features pertaining to each area 

Figure 9-l. Simplified geology for the bulk of the Purcell 
Anticlinorium (modified from H6y eral., l995), and an 
illustration of the geological framework for the Moyie project 
area. HE = Hellroaring Creek pluton, HLF = Hall Lake fault, 
KF = Kimberley fault, GR = Greenland Creek pluton, MA = 
Moyie anticline, MF = Moyie fault, OBF = Old Baldy fault, 
PF = Purcell fault, SMF = St. Mary fault, SRMT = Southern 
Rocky Mountain Trench. 
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are discussed after a brief review of the regional 
stratigraphy, intrusive rocks, struchue and 
metamorphism. 

Physiographically, most of the map area consists of 
broad valleys and rounded mountains. The highest and 
lowest features in the Yahk area correspond to an 
unnamed peak 6 km south of Yahk (2057 m elevation) 
and Kingsgate (823 m); and in the Moyie area, Grassy 
Mountain (2491 m) and Elizabeth Lake (930 m). Relief 
is subdued with extensive glacial, alluvial and colluvial 
cover southwest of Mf. Olsen throughout The broad 
Hawkins Creek/Meadow Lake valley. The area 
northwest of Moyie Lake is dominated by two major 
northeast-trending, structurally-controlled valleys, 
occupied by the Moyie River and Lamb Creek. Moyie 
Lake lies in a north-trending, U-shaped valley but has no 
known structural control. The region is blanketed by 
locally dissected glacial and glacioflnvial deposits of 
variable thickness. An example of this is the drainage 
system from Kiakho Lakes to Palmer Bar Creek and 
Moyie River where a series of prominent incised valleys, 
visible on airphotographs and Landsat images, are 
interpreted to represent meltwater channels. 

Previous Geological Mapping 

Geological mapping in the Nelson East Half map 
area was completed by Rice (1941), and in Ihe Femie 
West Half by Daly (1912a), Schofield (1915) and Rice 
(1937), and later, Leech (1960; Figure 2). Recent I:100 
OOO-scale mapping has been published by H6y (1993) 
and Reesor (1996). South of the international boundary, 
1:250 000 scale maps were produced by Harrison el al. 
(1992), and Aadland and Bennett (1979; Figure 2). Hiiy 
et al. (199%) produced a I:250 OOO-scale coloured 
compilation map of the entire British Columbia” Purcell 
anticlinorium. More detailed mapping adjoining and 
including part of the project area includes work by 
Brown ef al. (1995a and c), Doughty et al. (1997), 
Burmester (1985), Hay and Diakow (1981, 1982), and 
Reesor(l98l;Figure2). 

Geological Setting 

The project area lies in the center of the Purcell 
anticlinorium, a broad, gently north-plunging structural 
culmination cored by the Proterozoic Purcell Supergroup 
(Figure 1). The supergroup comprises a siliciclastic and 
lesser carbonate sequence at least I2 kilometres thick, 
that initially accumulated in an intracratonic rift basin. 
The strata are preserved in an area 750 kilometres long 
and 550 kilometres wide, that extends from southeastern 
British Columbia to eastern Washington, Idaho and 
western Montana. The original extent and geometry of 
the basin is poorly known, partly because the western 
and northwestern limits are poorly exposed, and partly 
due to Laramide contractional deformation. 

The project area is underlain primarily by the lower 
strata of the Purcell Supergroup; the conformable 
succession of Aldridge, Creston and Kitchener 

v IbiLISPELL 

Figure 9-2. Location ofMoyie project area (shaded rectangle) 
relative to areas of previously published geologic maps. The 
1:250 000 to 1 :I00 OOO-scale map coverage includes: Fernie 
West-half (82Glwest) -- Leech (1958, 1960), HOy (1993); 
Nelson East-half (82Fieast) -- Rice (1941), Reesor (1996); 
Sandpoint -- Aadland and Bennett (I 979); Kalispell -- 
Harrisonelnl. (1992). The l:SOOOO, and I:48 OOO-scale 
maps in the immediate vicinity of the Yahk-Moyie Lake map 
area include: Brown et al. (1995~1, Burrnester (1985), 
Cressman and Harrison (1986), H6y and Diakow (1982), and 
Reesor (1981). 

formations. These units have been discussed by H6y 
(1993) for the Femie west half, and by Brown ef al. 
(1994) and Brown and St&on (1995) for the Yahk map 
area. Therefore, synoptic lithological descriptions are 
presented here, followed by key geological features, 
mineral occurrences and exploration activity highlights. 

PROJECT AREA STRATIGRAPHY 

Aldridge Formation (Pa) 

The Aldridge Formation is over 3000 m thick in the 
project area and was the focus of the mapping (Figures I 
and 3). It is divided into lower, middle and upper 
members in the Sullivan Mine area (H&y, 1993). 
However, distinction of lower and middle members 
becomes ambiguous to the southwest of the mine (i.e. in 
the Moyie project area). This is due to the absence of 
the distinctive, thin-bedded rusty weathering quartz 
wacke of the lower Aldridge that is evident in the 
Sullivan area. 
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Lower Aldridge Formation (PM) 

Lower Aldridge Formation exposures occur in two 
parts of the project area; along Rabbit Foot Creek (Htiy 
and Diakow, 1982); and along Hawkins Creek, where 
the strata are included in the Rampart Facies, a siliceous, 
thicker-bedded western facies of the Lower Aldridge 
proper (see Brown et al., 1995). The former is more 
typical of the lower Aldridge as seen in the Sullivan 
area, 45 km to the north. Outcrops along the Rabbit 
Foot road are uniformly rusty brown weathering fine- 
grained quartz wacke. This thin bedded to laminated 
unit contains a thick bedded quattzite over I5 m thick 
that could be equivalent to the Footwall Quart&e at 
Sullivan. The facies change from typical lower Aldridge 
to the Ramparts Facies remains poorly defined but must 
lie between Marysville and the South Moyie River area. 

Middle Aldridge Formation (Pu2) 

The middle Aldridge underlies most ofthe map area 
and comprises a medium- to thick-bedded sequence of 
tine siliciclastic turbidites, dominantly planar-bedded, 
tine-grained quartzofeldspathic wacke to quartz wacke, 
with lesser argillite. It contains less pynhotite and hence 
is not as rusty brown weathering as the lower Aldridge 
Formation. Uncommon medium-grained units occur, 
and rare coarse-grained quartz are&e; for example, as 
exposed near Sundown Creek. Based on estimates from 
map distribution, the total thickness of the middle 
Aldridge is at least 3000-4000 m&es. In the Cranbrook 
area it is about 2500 metres thick and farther north near 
the Sullivan mine area, only 2100 metres thick (Hiiy, 
1993). This apparent thinning of the section is 
compatible with north to northeast-directed 
paleocurrents and the interpretation of a southwest 
source feeding northeast-prograding, submarine turbidite 
fans. 

An atypical middle Aldridge argillaceous facies is 
poorly exposed along a new logging road 10.5 km 
southeast of Cold Creek South Hawkins Creek junction 
(Figure 3b). It comprises thin bedded to laminated 
siltstone and argillaceous siltstone with rusty fractures. 
Extensive trough cross-bedding (medium scale, 2-7 cm) 
is unique to this local facie, and suggests a higher 
energy, perhaps shallower-water environment. 

Over twenty distinct laminated siltstone marker 
units that occur in the middle Aldridge Formation 
provide stratigraphic control across the Purcell (Belt) 
basin (Edmunds, 1977; Huebschman, 1973). Each 
marker unit comprises a unique sequence of alternating 
light and dark grey, parallel siltite laminae that can be 
correlated over distances up to several hundred 
kilometres. They are analogous to merchandise bar 
codes. Individual laminae consist of quartz and feldspar 
grains with disseminated biotite, muscovite and 
pyrrhotite. The marker units range from a few 
centimetres to over 9 metres thick and they can be 

expanded by turbiditic wacke or sill intrusion. The rusty 
weathering markers contain anomalous amounts of Pb 
and Zn relative to the background turbidites. A number 
of new marker laminate occurrences were located and 
identified during the project. This information is critical 
for detailed correlations and accurate map projections. 

The origin of the marker units is a subject of debate 
as reviewed in Brown ef al. (1994). Episodic 
sedimentation of terrigenous material from dust storms 
as recorded in the Gulf of California (Turner ef al., 
1992) appears to be one of the better potential modem 
analogues. The duration required to deposit these units 
is unknown. 

Upper Aldridge Formation (Pa3) 

Good exposures of the upper Aldridge Formation 
occur along the trace of the Moyie anticline, east of St. 
Eugene Mine, and west of Moyie Lake along Etna Road 
(Figure 3a). The upper Aldridge is a distinctly dark 
rusty brown weathering, thinly bedded to laminated 
argillaceous siltstone unit. It is planar bedded with a 
platy to tissile cleavage. The absence or rare occurrence 
(~5%) of thicker bedded (>I0 cm) quartzofeldspathic 
wacke turbidite beds distinguish upper from middle 
Aldridge. 

Creston Formation (PC) 

The Creston Formation underlies about 20% of the 
map area within the Moyie anticline; exposures north of 
the Old Baldy Fault were not examined (Figures I and 
3a). The Formation is divided into a lower argillaceous 
member (-1000 m thick), a middle qua&tic member 
(-1000 m thick) and an upper siltite and argillite (< 300 
m thick). It represents shallow-water, reworked 
sediments accumulated on northward prograding deltas 
or fans (Hrabar, 1973). To the south, the Revett 
Formation, the middle Creston Formation equivalent, 
hosts several stratabound copper-silver deposits 
including Spar Lake, Montanore and Rock Creek in the 
western Montana copper belt. 

Excellent exposures of the middle Creston 
Formation occur along Highway 3 east of Moyie Lake, 
along the shore of Moyie Lake, and along West Yahk 
River near the U.S. border. In the southeast, trough 
cross-bedded, light green tine-grained quartz arenite is 
interbedded with mudcracked mauve argillite. Mudchip 
breccia beds occur within apple green laminated to thin 
bedded quartz arenite. Wavy to lensoidal bedding is 
common. A measured section of most of the Creston 
Formation west of Moyie Lake was completed by HOy 
(1993, Section IO; location shown on Figure 3a). 

The lower and middle Creston Formation produces 
prominent aeromagnetic anomalies in numerous areas, 
for example in much of the Moyie anticline (see Figure 
6). This is due to tine disseminated magnetite, and 
quartz-magnetite veinlets and stringers. For example, 
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thin irregular fractures (< 2 mm wide) tilled with black 
magnetite in pale green phyllitic argillite crop out in the 
lower Creston along Highway 95, 5.5 kilometres south 
of Curzon. Disseminated magnetite euhedra (<2%) 
occur in pale green, cross-bedded siltstone of the middle 
Creston at the north end of Etna Road, west of Moyie 
Lake. 

Kitchener Formation (Pk) 

The Kitchener Formation overlies the Creston 
Formation and comprises green dolomitic siltite, 
argillite, carbonaceous dolomite, dolomite and 
limestone. It forms a succession 1600 to 1800 metres 
thick that is divisible into two members, a lower pale 
green dolomitic siltstone unit, and an upper dark grey, 
carbonaceous, silty dolomite and limestone unit. 
Typical lithologies and deposition in a shallow-water 
shoal environment are discussed in Hb;y (1993). 
Kitchener Formation is exposed in the footwall of the 
Moyie fault around Moyie Lake. Prominent but thin, 
brown-weathering dolomitic siltstone beds distinguish 
basal Kitchener Formation from uppermost Creston 
Formation. 

Molar-tooth structures are a common feature of the 
formation, and are well exposed along Highway 3, 8.5 
km north of Moyie. They were also noted in the 
southeast comer of the map area. The irregular, calcite- 
tilled features occur in argillaceous dolomite. Their 
presence within small argillaceous rip-up fragments in 
dolomitic breccia, and as folded wedges perpendicular to 
bedding, indicate that they formed during diagenesis. 
This has led to the interpretation that they formed by gas 
bubble migration and expansion crack development 
perhaps from CO,, H,S and CH, gas generation (Fumiss 
et al., 1994). These structures are illustrated in Plate 28 
ofHay(l993,p.29). 

The Wallace and Helena Formations in the United 
States are correlative with the Kitchener Formation. 
Shallowing-upward cycles, consisting of siliciclastics 
overlain by tan-weathering dolomite have been studied 
in detail by Eby (1977), Grotzinger (1986), Winston 
(1993) and others. Their work suggests the cycles 
represent repeated changes in water level such that the 
deeper water siliciclastics are overlain by shallower 
water dolomitic sediments. Whether these cycles 
represent lacustrine or marine transgressions and 
regressions continues to spark debate. 

The age of the Kitchener Formation is presumed to 
be roughly equivalent to that determined for a be&mite 
horizon in the uppermost Middle Belt Carbonate, 1449 + 
IO Ma (Aleinikoff ef al., 1996). 

Van Creek and younger strata (PVC, Pnc, Pg, 
Cc, DP) 

Van Creek, Nicol Creek and Gateway formations 
underlie a small part of the northeastern margin of the 
project area. Lower Cambrian Cranbrook Formation 

white quartzite to pebble conglomerate occurs in the 
northwest corner of the map area (Reesor, 19X1), and 
isolated, fault-bounded slivers of Devonian (?) Peavine 
polymictic conglomeratelbreccia and carbonate lie along 
the hangingwall of the Moyie fault (Leech, 1962; H6y, 
1993; Reesor, 1996). None of these units were 
examined during the course ofthis project. 

INTRUSIVE ROCKS 

Moyie intrusions (Pm) 

Moyie intrusions, sills and rarely dikes, occur within 
the lower and middle Aldridge formations. The sills 
were first discussed by Daly (1905, 1912a) and more 
recently described by Hiiy (1989, 1993) and dated by 
Anderson and Davis (1995). They are commonly 50 to 
100 m thick but can reach over 500 m thick, and extend 
laterally over tens of kilometres. The fine- to medium- 
grained sills range in composition from hornblende (+ 
pyroxene) gabbro to hornblende quartz diorite and 
homblendite. Mafic phenocryst contents vary up to 
70%. Pyroxene is rare and due to pervasive alteration 
only found as relict cores surrounded by amphibole. 
Some of the thicker sills (>20 m) contain irregular 
patches of coarse pegmatitic hornblende and feldspar. 

Moyie sills (meta-gabbro) are distributed 
throughout the project area, they reach a maximum 
cumulative thickness of about 800 m east of Cold Creek. 
In the subsurface, a 900 m thick sill within the lower 
Aldridge Formation was intersected south of Moyie 
Lake in a drill hole by Duncan Energy (Anderson, 1987; 
Schultz, 1988). 

A model for emplacement of Moyie sills into wet, 
unconsolidated sediments was first proposed by Htiy 
(1989). The zones of thickest accumulation of Moyie 
sills are currently considered to be closest to the feeder 
zones or rift axis. However, the opposite scenario is 
demonstrated for matic sills in a late Carboniferous 
basin in northern Britain (Francis, 1982). The saucer- 
shaped bodies are thickest in the central part of the basin 
and the feeder dikes occur on the flanks, where the sills 
are thinnest. Therefore, more detailed observations are 
required to determine whether this model holds true for 
the Purcell Basin. 

Cranophyre is the term used for zones of intensely 
altered, biotite-rich metasediment and rare gabbro 
associated with the margins of meta-gabbro sills. In thin 
section, the rock displays a characteristic micrographic 
intergrowth of quartz and plagioclase (Craig Leitch, 
pen. comm., 1997). These granoblastic-textured rocks 
contain more quartz and less K-feldspar than Cretaceous 
intrusive rocks. Several exposures previously 
interpreted to be underlain by granitoid rocks, for 
example the small plug along America Creek (see H0y 
and Diakow, 1982) are currently interpreted to be zones 
of granophyre. For some unknown reason granophyres 
are restricted stratigraphically to the lower Aldridge 
Formation (Peter Klewchuk, per. comm., 1997). Locally 
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they contain disseminated base metals and fine 
tourmaline needles (Craig Kennedy, per. comm., 1997). 

Similar granophyre textures have been documented 
where matic sills intruded wet arenaceous sediments of 
mid-Proterozoic age in Antarctica. Krynauw er al 
(1988) used the field term “granosediment” for partially 
fused and homogenized sediments along sill margins. 
The features they describe and illustrate in these 
“reconstituted sediments” are identical to macro- and 
microscopic textures found in the Aldridge Formation; 
in particular are ovoid structores and intergrowths of 
quartz with albite and K-feldspar. They speculate that 
boron or fluorine from trapped seawater may have acted 
as a flux to cause incipient melting in the quartz-albite- 
orthoclase system. 

Sundown Creek sill-sediment confact 

Supportive evidence of the interpretation that sills 
were emplaced into wet, unconsolidated sediments is 
well exposed along Stone Creek road at Sundown Creek. 
The medium to thin bedded quartz wacke beds are 
contortedidisharmonically folded along the upper 
contact of the sill on the east side of Sundown Creek. 
The sharp, undeformed basal contact of the sill is 
exposed on the west side of the creek. Peperite textures 
described later (see Sedimentary fragmental units) also 
suggest synsedimentary emplacement ofthe sills. 

U-P6 dates 
The most accurate date for the Moyie sills, yielding 

a 1467.2 f I.1 Ma age, has been obtained from two 
concordant single zircon grain analyses (Don Davis, 
written comm., 1997). The amphibolite-grade meta- 
gabbro sample is correlated with the Moyie sills, and 
was collected IO.5 km west-northwest of Creston along 
Highway 3 near the Summit Creek bridge (see Brown el 
al., 1995a). Four other Moyie sill samples from the 
lower and middle Aldridge Formation have yielded an 
upper intercept U-Pb date of 1468 +3-2 Ma (Anderson 
and Davis, 1995). A younger 1445 * II Ma zircon U- 
Pb age of emplacement was reported by Hijy (1993) for 
the Lumberton sill hosted in the middle Aldridge 
Formation (Figure 3a). In addition, a sill collected 6.5 
km southwest of Cooper Lake yielded a slightly younger 
titanite U-Pb date of circa 1350 Ma (Ross et al., 1992; 
Figure 3a). This result was re-interpreted as reflecting 
the East Kootenay event by Anderson and Davis (1995). 
Previous K-Ar dates ranged from 845 f SO to 1585 + 95 
Ma (Hunt, 1962) and reflect partial resetting by younger 
thermal events and, less commonly, excess argon. 

“Upper” Mafic sills and dikes 

Gabbroic to dioritic sills and rare dikes also occur in 
the Creston and Kitchener formations, however, they are 
fewer and less voluminous than the Moyie sills. A 200- 
300 m thick sill in the Upper Kitchener Formation 
underlies the hinge zone of the Moyie anticline northeast 
of Moyie Lake (Hay and Diakow, 1982; Figure 3a). 

Another narrower (at least 75 m thick), medium-grained, 
massive sill with prominent joints is well exposed along 
new logging roads to the southwest, near the Lower- 
Upper Kitchener contact. 

A similar 30-40 m thick, dioritic sill within the 
Kitchener Formation occurs in the southeast corner of 
the map area (Figure 3b). The dull brown weathering, 
pale olive green sill is fine to medium-grained, massive 
meta-diorite. Unlike the sills northeast of Moyie Lake, 
this unit has equant, white K-feldspar megacrysts (up to 
2 cm) that form about 5% of the rock, in a dark green, 
chloritic groundmass. 

Contact relationships have not been studied during 
this project, however, unlike the Moyie sills there have 
been no sot+sediment features observed (Trygve Hiiy, 
pen. comm., 1997). These sills and dikes are interpreted 
to be subvolcanic equivalents to the Nicol Creek lava 
that lies 6 km farther to the northeast. 

In an effort to help constrain the age of the upper 
Purcell Supergroup the 75 m thick sill was sampled 
northeast of Moyie Lake for U-PI, dating (Figure 3a). It 
has yielded a 1439.1 f 2.4 Ma zircon U-Pb date (Don 
Davis, written comm., 1997; Figure 4). This date is 
interpreted to represent the age of sill emplacement and 
probably the age of the Nicol Creek laws. The new 
1439 Ma age is concordant with the age of 1443 + 10 
Ma obtained by Aleinikoff et al. (1996) for the 
correlative Purcell Lava in Montana. 

STRUCTURE 

The project area is naturally divided into two 
structural domains that comprise the footwall and 
hangingwall of the Moyie fault (Figure 5). The Moyie 
fault is an important transverse thrust fault that trends 
obliquely across the Purcell anticlinorium. It extends 
from the east side of the Rocky Mountain Trench, where 
it is called the Dibble Creek fault, southwestward 
through the project area and southward into northern 
Idaho. It is one of a family of transverse contractional 
faults that include the St. Mary, Hall Lake and Purcell 
faults (Figure I; Benvenuto and Price, 1979). Its arcuate 
trace in the map area is mimicked by the Moyie- 
Sylvanite anticline in the footwall domain. The fault 
records a complex history of normal displacement that 
began in the Proterozoic and continued with younger 
reverse motion (Benvenuto and Price, 1979; Hay, 1993; 
McMechan, 1981). Leech (1962) believed that the fault 
followed a Devonian gypsum horizon that overlies the 
Peavine conglomerate. A portion of the fault zone in the 
Yahk area was examined and described by Brown and 
Stinson (1995). 

Footwall Domain 

The footwall domain (equivalent to part of the 
“Moyie Block” of Benvenuto and Price, 1979) is 
represented by the Moyie anticline, an open, gently 
northeast-plunging upright parallel fold (orthogonal 
thickness is constant). Its southern extension, the 
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Figure 9-4. Concordia diagram showing U-Pb data points from analyses of zircon (dark shaded ellipses) and baddelcyitc (light grey 
ellipse) in the matic sill hosted in Kitchener Formation provided by Don Davis (Royal Ontario Museum, Nov.. 1997). The regression 
line to all the data points is also shown. 

Sylvanite anticline, plunges gently southeast and results 
in the overall arcuate-shaped anticline, with a hinge zone 
over 100 km long and about 60 km across (at surface), in 
the footwall of the Moyie fault. The Moyie anticline is 
clearly defined by the distribution of lithologic units. 
The oldest exposed stratigraphy within the core 
comprises gently-dipping lower Aldridge strata, locally 
called the Rampart Facies in the Hawkins Creek area. 
The northwest and southeast limbs of middle Aldridge 
strata dip moderately. However, strata steepen abruptly 
and bend into a north trend adjacent to the Kingsgate 
fault, which bounds Creston Formation in the Kingsgate 
graben (Brown and Stinson, 1995). The anticline is cut 
by numerous north-northeast, north, and northwest- 
trending known and inferred faults. 

The Moyie anticline was investigated in 1979 by 
Duncan Energy Inc. as a potential hydrocarbon trap. 
They were searching for Paleozoic carbonates in the 
core of the fold, and conducted seismic and gravity 
surveys before drilling a 3477 m deep vertical hole south 
of Moyie Lake (Figure 3a; Anderson, 1987; Schultze, 
1988). Cook and van der Velden (1995) combined this 
data with Lithoprobe seismic studies to suggest that the 
lower Aldridge Formation, including a series of mat% 
sills, was at least 8 km thick and the anticline was cored 
by crystalline basement. 
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Hangingwall Domain 

The Hangingwall domain (equivalent to a portion of 
the “St. Mary Block” of Benvenuto and Price, 1979) 
extends northwest from the trace of the Moyie fault to 
the Old Baldy fault, the limit of this project’s mapping. 
The domain is dominated by gently-dipping middle 
Aldridge Formation (Figure 5), which form the 
northwest limb of a moderately northeast-plunging half 
anticline (Ibid). In a few specific areas bedding is 
tightly folded and overturned, for example near the 
Palmer Bar fault (H6y and Diakow, 1982). The area is 
cut by a series of faults, at least some of which appear to 
have been active in the Proterozoic, an important 
consideration for SEDEX mineral deposit exploration. 

Northeast-trending faults 
There are a series of northeast-trending faults in this 

domain. The Old Baldy, and Palmer Bar faults are the 
two most prominent after the Moyie fault. The Old 
Baldy fault is a northwest-side-down, normal fault that 
is well exposed on the David property south of the North 
Moyie River (Figure 6). It comprises a zone 8 m&es 
wide of sheared, intensely silicified and/or albitized 
meta-wacke with fine disseminated pyrite and minor 
galena (Peter Klewchuk, written comm., 1997). 
Extensive quartz veins occur within the cataclastic to 
mylonitic shear zone. A steeply, northwest-dipping 
sericitic foliation (195175 NW) developed in bleached 
quartz-sericite altered wacke delineates the fault. Local 
tight, steeply north northeast-plunging minor folds and 
chlorite schist zones (sheared Moyie sill gabbro) occur 
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along the fault zone. Dip-slip slickensides suggest 
nomal movement late in the fault history. The Palmer 
Bar fault is a northwest-dipping fault with overturned 
beds in the hangingwall that suggest reverse 
displacement (Benvenuto and Price, 1979), however, 
stratigraphic offset implies normal movement. Discrete 
chlorite-sericite-pyrrhotite-bearing shear zones lie 
parallel to the northeast-trending Moyie fault in the 
Panda Basin area, which is at the headwaters of Lewis 
Creek (Figure 3a). Narrow, tine-grained, magnetic 
mafic dikes (ex. near Goodie fault; see below) in these 
zones are correlated with the Moyie intrusions and 
therefore suggest a Proterozoic age for some of the 
structures. This implies that the early and probable 
extensional movement on the Moyie fault could have 
occurred in the middle Proterozoic. 

North-trending faults 
The north-trending McNeil fault is the most 

apparent fault of this orientation in the hangingwall 
domain. It corresponds to a linear airborne magnetic 
anomaly that extends north of the Moyie River fault 
without any lateral offset (Figure 7). The fault zone is 
poorly exposed, but includes albite-altered, iron-oxide 
breccia along a northeast-trending shear zone adjacent to 
the McNeil fault at the head of McNeil Creek (Steven 
Coombes, pus. comm., 1997). The breccia resembles 
Iron Range mineralization near Creston as described by 
Stinson and Brown (1995). 

Northwest-trending faults 
A series of northwest-trending faults were mapped 

by Hay and Diakow (1982) and Cominco Ltd. east of 
the McNeil fault. These faults terminate at the Moyie 
fault but may continue on the north side of the Moyie 
River fault. They commonly contain gabbro dikes, for 
example at the Vine vein (Peter Klewchuk, per. comm., 
1997), which implies some Proterozoic movement. This 
is supported by extensive drilling on the Fors property 
which indicates that the northwest faults controlled sub- 
basin deposition during Aldridge time, localized 
fragmental units and caused arching of a gabbro sill. 
The thick sill (up to 500 m) lies close to the lower- 
middle Aldridge contact and may correlate with the 
Mine Sill at Sullivan. 

METAMORPHISM 

Much of the middle Aldridge Formation in the 
project area comprises meta-wacke with biotite (+ 
muscovite) porphyroblasts in the bedding planes. In 
addition, several areas have prominent, biotite flakes 
aligned semi-randomly perpendicular to bedding. 
Locally the biotite is partially to completely retrograded 
to chlorite. Coarse hornblende porphyroblasts (up to 8 
mm long) concentrated along calcareous layers within 
thin bedded to laminated meta-siltstone and wacke OF the 
;~:;a, part of the middle Aldridge crop out near Mt. 

These biotite and hornblende porphyroblasts are 
being dated using the “Ar-“Ar method in an attempt to 
refine age constraints on the Proterozoic burial 
metamorphic event. Previous dating in this region 
produced a biotite K-Ar date of 720 * 3 Ma (from 
Wanless ef a!., 1967 hot recalculated using the Steiger 
and Jager (1977) decay constants). This result is 
interpreted to reflect partial resetting of older 
metamorphic minerals by younger thermal events. 

It is speculated that these metamorphic minerals 
developed during the East Kootenay Orogeny. If 
correct, the Ar-Ar dates should approach the circa 1370 
Ma ages obtained from metamorphic monazite in the 
Matthew Creek area near Sullivan (R. Parrish, unpub. 
data, 1996), and titanite from a Moyie sill near Cooper 
Lake (Figure 3a; Ross ef al., 1992). The East Kootenay 
Orogeny has recently been interpreted to involve 
bimodal magmatism, basin rifting, and subsidence and 
sedimentation (Doughty and Chamberlain, 1996). 

SULLIVAN GEOLOGICAL INDICATORS 

Sullivan indicators are features associated with the 
Sullivan orebody. They include the obvious stratiform 

Figure 9-5 Structural domains of the Yahk-Moyie project area. 
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massive sulfide mineralization and less directly linked 
features such as structural control, sedimentary 
fragmental units (referred to as “conglomerates” by Hdy, 
1993), tourmalinite (tourmaline replaced rock), sericite, 
albite, and other alteration types, manganese-rich garnet 
horizons, syndepositional faults, and gabbro arches. 
Individuals have placed different values on any 
particular feature. When these indicators occur in 
combination, or are closely related in a regional context, 
a higher exploration significance is assigned. The goal 
of the Aldridge mineral explorationist is to sift through 
those features mentioned above to identify those related 
to a mineralizing system; rather than those related to 
background in the basin succession which are barren. 

Structural control 

Structural control plays a vital role and most if not 
all Sullivan indicators are related to strucmre. Basic 
geologic mapping and geophysics are commonly the 
most valuable tools for defining favourable structures. 
Structural intersections, cross-structures, transfer zones 
and graben trends maybe identified from regional 
studies. The best example is the intersection of the 
Sullivan-North Star comidor and the Kimberley fault 
which are interpreted to be important Proterozoic faults. 
This intersection controlled the locus of the Sullivan 
hydrothermal system (Turner el al., 1992). The Vine 
property area is another example of a sub-basin 
controlled by intersecting structures (HSy el al., in 
prep.). 

Sedimentary fragmental units 

Sedimentary fragmental units, referred to as 
“fragment&” (or “conglomerates” in HBy, 1993, p. l9- 
20), occur sporadically in the otherwise well bedded, 
fine- to medium-grained, homogeneous quartz wacke 
Aldridge Formation. Fragments consist of sedimentary 
clasts that range in size up to 2 m, and in degree of 
roundness, from completely angular to rounded. 
Fragmental units fall into three basic descriptive types: 
(1) stratabound, (2) discordant, and (3) massive. The 
stratabound units are further divided into disrupted beds 
and biotite-rich breccia. At the Sullivan Mine there are 
also sulfide-matrix fragmental units. This classification 
scheme is modified from detailed studies around the 
Sullivan Mine as summarized in Turner el al. (in press), 
and in a regional synthesis by H6y er al. (in prep.). 
Some fragmental occurrences also include tourmalinite 
and albite alteration (flooding), albite polphyroblasts, 
actinolite, sericite, and manganese-rich garnet. Locally, 
where fragmental occurrences contain sulfide-rich cl&s, 
clasts are interpreted to be derived from a massive 
sulfide horizon (ex. Vine Vein area, Dave Pighin, per. 
comm., 1997). Other fragmental terms include “Choatic 
breccia” as found under the Sullivan orebody (Jardine, 
1966), and bedded pebble fragmental. A model relating 
fragmental development to dewatering and sill intrusion, 
and demonstrating the continuum from discordant to 
stratabound units is presented in H6y et al. (in prep.). 

Commonly, fragmental occurrences are poorly 
defined and difficult to recognize due to lack of 
exposure, therefore. they can not be accurately classified 
geometrically or genetically. However, careful mapping 
allows some of the fmgmentals to be divided into 
genetic classes. For example, they can represent 
sedimentary till along active, fault-bounded sub-basins 
as determined along the North Star corridor (Turner ef 
al., 1992). Other discordant fragmentals include 
dew&ring shwtues as interpreted at the Highway 3A 
exposure at Moyie Lake (Figure 3a; HOy, 1993). 
Fluidized sediments along or near Moyie sill contacts 
(some examples best defined by the term pep&e, see 
below) form another variety. An excellent example of a 
pep&e lies near the upper contact of a sill in the 
Payday Basin (Figure 3a; Photo 9.lc, d, e). Irregular- 
shaped pods of gabbro occur in a coarse, sediment-clast 
dominated fragmental sheet that parallels the sill contact. 
The most laterally extensive fragmentals include a group 
of the coarsest fragment& known that are concordant 
with the lower-middle Aldridge contact, for example in 
the Doctor Creek area (see Brown and Termuende, this 
volume). 

Emplacement of hot matic sills into water-saturated, 
unconsolidated sediments results in boiling of 
superheated pore water and fluidizing of the host 
sediment. The fragmented rock produced is known as 
pep&e. These pep&es suggest that the Aldridge basin 
water column was less than 3150 metres deep, assuming 
the basin was filled with salt water (or 2 160 m if there 
was fresh water); the hydrostatic pressure of the water 
column would prevent boiling below these depths (Gas 
and Wright, 1987, p. 45). 

Stratabound fragment& are massive to bedded 
units that are parallel to the regional bedding attitudes. 
Turner et al (in prep.) also use the term “conglomeratic 
siltstone” for these units. Lithic clasts dominate; 
commonly argillite fragments are sericite-rich. 

Disrupted beds 

Disrupted beds, a variety of the stratabound 
fragment&, are discontinuous zones of laminated to 
bedded material broken into centimetre to millimetre- 
scale tabular blocks. Beds above and below remain 
intact and undeformed. Sot&sediment deformation of 
argillaceous layers and slump folds occur rarely within 
these beds. These fragments are contorted which 
suggests they were ductile (unlithitied) during 
fragmentation. Hagen (1985) used the terms “collapse” 
and “slump” fragments for similar units. 
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Clast-supported. biotite-rich. fine-grained. angulx 
to rounded wackc clasts form a vnl-iety of fragmental 
that is common in the Payday Basin area. 2.75 km south 
of Cooper I.ake (Figure 9-3,; Photos 9-1~. d, c: 9-2). 
They are stratabound, conlair albitc-altered clasts and 
arc spatially associated with Moyie sills. It is spcculatcd 
that they formed during sill emplacement. 

Discordant fragmental occurIeIIcc‘s cl-ass-cut 
bedding at high angles. They arc cquivnlent to elastic 
dikes/sandstone dikcr found in shale basins esccpt they 
include ccntimetre and smaller-scale siltstone fragments. 
I lagcn (198s) used the term “cross-cutting” fwgmentals 
liar this type. 

A well exposed discordant fragmental outcrops 
along Highway 3A at Moyie Lake (Figure 3~1). The IO 
em wide elastic dike cuts bedding at a high an& It is 
lmassivc wcathering in contrast to the well bedded host 
strata. Diffuse, subangular siltstone and mudstone 
fragments (up to ahout 2 cm) are supported in a tine 
sandstone matrix. The subvertical contacts arc irregular 
and suggert emplacement hefore complete lithification 
(see Stop l-6 in ‘Turner el a/.. 1992. p. 20). This unit 
probably resulted from dewatcriny. either caused by a 

seismic event or by lluidiration related to sill 
emplacement at a lower stratigraphic level. 

The discordant Coodie fragmental in the Panda 
Basin arca lies sub-parallel to the Moyie fault and is 
similar to the Moyie Lake unit discussed above. 

Masrivc fraymentals arc structureless with no 
internal stratification, and commonly form knobs or 
knolls because they lack bedding planes and therefore 
resist erosion. Commonly, their geometry rclatiw to 
host strata is unknown due to lack of exposure. Two of 
the largest massive fragmental units known in the district 
are the Clair conglomerate in the St. Mary Lake area and 
the Cold Creek conglomerate exposed 01, the cast flank 
on the Moyie anticline. The Clair is over 70 in thick and 
is exposed over 7.5 km, along a north-trending fault. 
The zone contains stratahound fragmcntals. disrupted 
beds. discordant fragmcntals and low-grade Ph-Zn 
mineralization with abundant pyrrhotite clasts. ‘ThC 
Cold Creek liagmental is over I50 m thick and has been 
traced northward over 5.5 km along strike. 

Massive fragncntals also occur along the St. 
Eugcnc vein system. They form at icast three 
fragmental units. two within the St. Eugene Mint 
workings. and the third lies stratigraphically above the 
St. Eugene Mint and hclow the Society Girl MIX 



(Figure 3a; Hiiy el al., 1995c, p. 30). This highest 
fragmental is unusual because it occurs near the upper 
Aldridge - Creston formation contact. It is not known to 
the authors whether these are stacked sheets or 
discordant bodies. The uppermost St. Eugene 
fragmental is massive with angular fragments up to 3 cm 
long supported in a tine wacke matrix (Photo 9-10. 

Tourmalinite alteration occurrences 

Tourmalinite alteration is signiticant because it is 
spatially and genetically associated with the Sullivan 
deposit (see Hamilton et al., 1982, 1983; Slack, 1993), 
therefore, it may provide a regional exploration vector. 
Tourmaline occurrences are divided into two basic 
types: stratabound and discordant. They vary from 
aphanitic tourmaline to zones of tourmaline needles. 
Stratabound occurrences include alternating beds or 
laminations of aphanitic toummlinized mudstone and 
fragmented zones where clasts are variably replaced by 
toummline. Black tourmaline is more common than 
brown but co-existing brown and black tourmalinite, 
considered an indication of high fluid to rock ratios 
(Slack, 1993), may discriminate potentially mineralized 
from barren tourmalinite showings. The size of 
tourmaline alteration zones varies. 

Other alteration types 

Several alteration types occurring in the Sullivan 
Mine area are found elsewhere in the Aldridge 
Formation. They include sericite-chlorite alteration, 
albitization, biotite-chlorite alteration, 
actinolite/tremolite alteration, and silicification. Readers 
may refer to Leitch ef al. (1991; 1995) for additional 
information. 

Manganiferous garnet-rich beds 

A narrow concentration (up to 6 cm thick) of pink, 
manganiferous euhedral garnets in sericitic quartz wacke 
on the south flank of Mount Mahon and farther south 
across Hawkins Creek (for locations, see Brown, 1995a) 
may have an exhalative origin. No sulfide mineralization 
has yet been identified with these garnets, despite their 
occurrence near the stratiform Mt. Mahon tourmalinite 
and the presence of faults that may have been active in 
the Proterozoic. 

Gabbro arch 

Moyie sills locally cut up or down section to 
produce arches; the best example is at the Sullivan Mine 
(Hamilton ef al., 1982). These changes in attitude 
indicate Proterozoic structural contlols that are important 
in SEDEX models and mineral exploration. 

Geological Fieldwork 1997, Paper 1998-I 

MINERAL OCCURRENCES AND 
EXPLORATION 

The following discussion reviews producers, past 
producers, placer operations and mineral occurrences of 
the project area, and summarizes exploration history and 
activity for several properties. Sullivan-type SEDEX 
deposits (Hamilton, 1982; Hamilton ef al,, 1983; H&y, 
1993; Leitch el al., 1991; Turner and Leitch, 1992; 
Leitch and Tuner, 1992) are the prime exploration 
target throughout the Purcell Basin. Several new 
alteration and fragmental zones have been discovered 
recently and warrant further mapping and prospecting. 
In addition, gold-bearing shear zones and placer deposits 
have attracted exploration attention in this area. 

The 1997 exploration programs included geological 
mapping, soil and lithogeochemistry, detailed gravity 
surveys and diamond drilling. Selective results from this 
work are incorporated in this report. In addition, an 
extensive drilling program was completed by Citation 
Resources Inc. on the Fors Property. 

Producers 

Swnnsen Ridge Ballast Quarry (Minjile 
082GSWO45) 

The Canadian Pacific Railway operates a ballast 
quarry at Swansea, about I5 km southwest of 
Cranbrook. The quany extracts and crushes an 
estimated 400,000 tonnes of railway ballast annually to 
supply the CP Rail System in eastern British Columbia, 
southern Alberta and parts of Saskatchewan. At the 
facility, the moderately, northeast-dipping succession of 
middle Aldridge Formation rocks includes a 60 m thick 
Moyie diabaseigabbro (Sill D of H6y and Diakow, 1982) 
that is mined, crushed, stockpiled and loaded into 
railway cars. 

Past producers 

St. Eugene vein system (Minjik 082GSWO23, 
025,027, 030) 

The St. Eugene vein system lies in the core of the 
Moyie anticline and its southeast-trending shwture 
(about 110”) hosts four past producers, St. Eugene, 
Aurora, Society Girl and Cuindon (Figure 6; Table 1). 
St. Eugene is the largest vein deposit to be mined in the 
Purcell Supergroup (excluding the Coeur d’Al&ne 
deposits in Idaho); its regional setting, the vein 
characteristics and mineralogy are reviewed by Hljy 
(1993). A M. SC. thesis study of alteration mineralogy 
and geochemistry, including local garnet-chlorite 
metamorphosed alteration assemblage, and isotope 
geochemistry of the vein materials is in progress by 
lsabelle Jonas (Dgpartement de gkologie et de gPnie 
gtologique, Universitt Laval, Quebec). 

The vein system extends 3.3 km laterally and 1.3 
km vertically. Locally, subrounded quartz clasts (broken 
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quartz vein material) supported in a flow foliated sulfide 
matrix (durchbewegung texture) illustrate that there has 
been movement along parts of the vein system. A matic 
dike exposed at surface above 1475 m elevation trends 
northerly, it is correlated with the Kitchener sill unit 
discussed above. If this dike cuts the vein then it 
provides strong support for Proterozoic mineralization 
(St. Eugene Mine plans may illustrate this). 

Galena Pb isotopic signatures from ore samples at 
St. Eugene fall along the linear array of Proterozoic 
epigenetic vein deposits defined by the Coeur d’Al&ne 
deposits. Galena cores surrounded by metamorphic 
garnet rims along the St. Eugene vein margins yield 
similar Pb isotopic compositions. This suggests that the 
St. Eugene mineralization and alteration are pre- 
metamorphic, and older than the East Kootenay orogeny 
(circa 1370 Ma; Beaudoin, 1997). 

Midway Mine (Mittfir 082GSWO21) 

The Midway Mine is a former gold producer that 
was mined in the early 1930’s. An east-dipping (30-50’) 
quartz vein cuts middle Aldridge Formation torbiditic 
wacke beds. The vein was developed by upper and 
lower adits, 381 m and 320 m long, respectively. The 
vein ranges up to about 2.4 m wide and contains pyrite, 
arsenopyrite, chalcopyrite and minor galena and 
sphalerite (Jim Fyles, 1974, Property File). The vein 
extends at least 200 m upslope from the adits but lower 
gold values are reported at this level (H. Sargent, 1938, 
Property File). 

The mine produced ore for seven years in the period 
1933 to 1962; yielding 1,168 tonnes averaging 7.7 @‘I 
Au, 73.2 gm/T Ag (Table I). It is also the only tin 
producer, other than the Sullivan Mine. More 
information is available in the Minister of Mines Annual 
Reports from 1929 to 1962. Exploration and drifting 
were reported on the property in 1986 by Consolidated 
Sea Gold (George Cross Newsletter, Oct. 24,1986). 

Placer Operations 

Moyie River (Minfile 082FSE102) 

Fiorentino Bras. Contracting operate a placer 
deposit along the Moyie River valley. Placer gold 
occurs in competent gravels. The auriferous channel is 
about I.8 m thick by SO m wide as defined by drilling 
and seismic data. It is covered by IO to 15 m of glacial 
till, gravel and clay (Leitch, 1996). Eight years of 
sporadic production between 1880 and 1945 yielded a 
reported 148 844 grams Au (Leitch, 1996). In 1988 and 
1989 a total of 53,901 cubic metres were mined that 
produced 137 051 grams of Au (Ibid.). Large nuggets 
(sold to jewellers) and finer-grained gold are recovered; 
the gold is about 92% pure. 

Weaver Creek (k&file 082FSEO84) 

The Weaver Creek placer deposit produced gold 
between 1874 and 1930 (Table 1). Exploration 
programs in 1992 and 1994 included reverse circulation 
drilling that outlined a glaciofluvial channel, additional 
drilling was recommended to define a minable resource 
(Clarkson, 1994). 

Mineral Occurrences 

Vine Vein (Minfile 082GSWO50) 

The Vine Vein occurrence lies in the hangingwall of 
the Moyie fault and it has been described in H6y (1993) 
and H6y and Pighin (1995). The vein is hosted in a 120’ 
trending fault zone that dips 65”-75” southwest. Most of 
the ore is hosted in quartzite correlated with the Footwall 
Quart&e, and has been explored in detail in recent 
years. Drill indicated reserves are about 240 000 tonnes 
proven grading 5.20 % Pb, 2.24 % Zn, 67.23 g/t Ag and 
I .92 g/t Au, and 307 000 tonnes probable grading 4.22 
% Pb, 2.51 % Zn, 39.77 g/t Ag and 1.75 g/t Au (Pighin, 
1991; in Hiiy and Pighin, 1995). 

Table 9-l. Production data for mineral occurrences in the project area. 

1 MINFII F NO 1 NAME IMINED (TI I Pb (kg) 1 Zn (kg) ICu (kg)1 Ag (gm) 1 Au(w) 1 YeA 

Note: All production is from vein deposits except those placers marked by ‘i*n. 
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Fors (Minfe 082GSWO35) 

Mineralization and alteration on the Fors Property is 
described by Britton and Pighin (1994, 1995). An 
extensive drilling program in 1996 and 1997 included 16 
diamond drill holes, totaling over 12,000 m&es. 
Citation Resources Inc. conducted the work and report 
that hole #2 intersected 42 m of disseminated Pb-Zn 
mineralization including 7 m of pyrrhotite that resembles 
the Concentrator Hill horizon in the Sullivan area (distal 
Sullivan Mine stratigraphy; Mike Leask, pers. comm., 
June, 1997). The property is part of a 1 by 4 km 

northwest-trending corridor with several different 
sedimentary fragmental units, disseminated and massive 
sulfides, and a gabbro arch. One of the fragmental units, 
which is over 125 m thick and occurs at the lower- 
middle Aldridge contact, is restricted to a sub-basin 
bounded by northwest-trending faults (Gordon Leask, 
pus. comm., Nov., 1997). Tourmalinite replacement 
occurs sporadically throughout 200 metres of drill core 
and there is an important change from brown to black 
tourmalinite near the lower-middle Aldridge contact 
(“Sullivan time”). The Fors, located 400 m above the 

Figure 9-6 Minfile mineral occurrences of the Moyie project area. Those named on the figure are discussed in the text. 
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lower-middle Aldridge contac1. comprises 8 zone 01 
intense and varied alteration (c.t.. Britton and Pighin, 
1995) within a lhorst block. Ilalf-grabcns on the Ilanks 
of the intense alteration zone contain over 100 m of 
Sullivan-like black mudstone, underlain by 60 m 01. 
zinc-bewin: liagmental near the lower-middle Aldridge 
contact (Mike Lcask. pers. comm.. Nov.. 1997). 

No~lhcast-trending. steeply nortilwe,t-dippi”~ 
shears that arc pa~mllel to the Old Bald? fadI host 
aurifcrous quarlr-sericite alteration zones. The David 
propert!, OCCUI’S 4.5 km north of Cooper Lake and was 
explored by Dragoon Resources Ltd. as summarized by 
Hiiy (IYYZ: afier Klwvchuk. IYYI) and hy Ixitch (1996). 
The alteration zones arc hosted in middle Aldridgc 
I;ornmtion and Moyic sills. Mineralization comprises 
pyrite, galena. chalcopyrite and sphalerite with rare 
visible zold. The shear zone avcragcs about 2 111 wide; 
mineralization has been traced fi,r n strike Icnzth of I50 
rm and to n depth of anore than 120 111. Drill-indicated 
reserves stand at YI 000 tonnes of IO p,‘l Au (Mike 
Bapty, ,)cr. comn.. I Y96). 

Prospector’s Dream was discovered in IXYX and at 
that time two declines, two shafts and ~n~nwous hand 
trenches were completed (Minister of Mines, Annual 
Report, 1898: Appendix 2. p. 1013). ‘I’hc workings lie 
between 1675 and IWO nr clcwtion and arc hosted in 

both Imiddle Aldridse arenite and Moyic sills. 
Mineral&tion comprises pyritic quartz veins containing 
Iminor visible gold in limonitic vugs, and lninor 
chalcopyrite and hematite. Grab samples run up to 
72.99 g/T gold (O’Grady, 1991) and trench sampling 
rcsuhs from 1991 are summarized in O’Grady (1992). 
The property is important because it demonstrates the 
potential of gold-bearing veins in the region. 

Pq Roll (Minjile 082GS WO3 7) 

The Pay Koll occurrence consists of a series of. 
narrow (< 5 cm), steeply, southwest-dipping quartz 
veins. They crop out on the northeast side of Negro 
I,ake and arc easily accessed via an old wagon trail at 
the Moyie River logging road Negro Creek junction. 
The veins contain pyrite, chalcopyrilc, altaitc (a lead 
tellwide), and raw visible sold. 

Exploration activity and results 

‘l’he Panda Basin is located 7 km southeast of 
Cooper Lake; where several fragmental and tourmalinitc 
occurrences were identified by prospectors Mike and 
~1”rll K:ennedy. A series of fi-agmenlals lrend 
northwesterly and include the Miss Pickle. The Miss 
Pickle stratabound fragmental sheet and discordant zone 
lics cas~ of the Bear IIikc along the southern Ilank of a 
ridge (Photos Y-la; b: Y-3). It weathers light grc); and is 
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massive at outcrop scale (i.e. no bedding evident). In 
this area, tine white spots (up to 2 mm across) developed 
in grey quartz are&e and argillite beds are believed to 
be albite porphyroblasts. A black, aphanitic tourmalinite 
occurrence lies on the southern end of the Miss Pickle 
fragmental sheet. It is an isolated exposure, about 2 
metres across. The relationship to the fragmental is 
unknown. 

The Bear Dike, part of a gabbro arch, comprises a 
medium to coarse-grained gabbro that produces a 
moderate to strong magnetic anomaly. Locally it hosts 
quartz veins with rare arsenopyrite. Another magnetic 
feature that lies within the Moyie fault zone comprises 
albite-chlorite-magnetite breccia and stringers. Between 
the fault zone and Bear dike the middle Aldridge 
wackelarenite contains tine disseminated tourmaline 
needles over at least 70 m of stratigraphic thickness. 
Narrow (up to 2 cm) white quartz veins here contain 
abundant tourmaline needles with minor arsenopyrite. 

Drilling in this area has intersected a sequence of 
bedding parallel and discordant bands of massive, 
coarsely crystalline sulfides consisting almost entirely of 
sphalerite and galena with very minor chalcopyrite and 
pyrrhotite (diamond drill hole K-97-03; Peter Klewchuk, 
per. comm., 1997). The mineralization contains no 
quartz which is atypical for most vein-type 
mineralization in the region. This intersection consists 
of 2.55 m of 15.47 % combined lead and zinc, including 
0.65 m of massive sphalerite with minor pyrrhotite and 
fracture-filled chalcopyrite. The area has numerous 
fragmental bodies and extensive zones of albite- 
tourmaline-chlorite-sericite alteration with associated 
Zn-Pb-As anomalies. 

Mount Mahon Property 

In 1979, St. Eugene Mining Corporation Ltd. first 
mapped tourmalinite occurrences on Mt. Mahon. In 
19X0-8 I they conducted a drill program of thirteen holes 
(YA-I through Y-13-81) totaling 1767 metres of core 
drilling. Diamond drill hole YA-6 intersected a massive 
sulfide zone and was the target of follow-up drilling. In 
1984 Chevron Canada Resources Ltd. optioned the 
property and drilled two holes (MM-84-l and MM-87-l) 
totaling 1084 metres to test the lower-middle Aldridge 
contact on Mt. Mahon for sulfide mineralization. In 
1991 Minova Inc. optioned the property and drilled six 
holes (MM-91-I through MM-92-06; Burge, 1991) 
totaling 1819 metres in search of extensions of the 
massive sulfide horizon intersected in YA-6. 

Pink garnet-rich beds on the sooth flank of Mount 
Mahon, correlated with similar beds farther south across 
Hawkins Creek, were traced for over 2000 metres by 
prospector, Craig Kennedy. This garnet-rich horizon lies 
stratigraphically below stratiform tourmalinite on Mt. 
Mahon and is near the projected trace of the lower- 
middle Aldridge contact. The horizon could be a distal 
exhalite comprised of mixed wacke and exhalative 
material. 

Cold Creek fragmentals and tourmalinite 

In 1996, Abitibi Mining Carp initiated prospecting 
in the Cold Creek area based on company and 
government airborne magnetic surveys. New tourmaline 
and fragmental occurrences were located and followed 
up by a soil survey. In 1997,, Abitibi completed 
prospecting and mapping the area m conjunction with a 
regional gravity survey. 

Three tourmalinite occurrences and several 
fragmental exposures occur in a 2 km northeast-trending 
belt east of Cold Creek (Van Angeren, 1997; Figure 3b). 
The pale brown and black aphanitic tourmalinite 
replaces a fragmental unit (Leitch, 1997) and locally 
contains disseminated galena and sphalerite. In contrast, 
in another part of the system, sericite alters a fragmental 
to produce a waxy green, soft altered rock. Another 
interesting feature in this area is that marker laminite 
occurs as clasts within the one of the fragmental units. 

AEROMAGNETIC IMAGE 

The aeromagnetic image for the project area (Figure 
9.7), provided by Cannel Lowe of the Geological 
Survey of Canada, includes regional 1:250 000 scale and 
recently acquired I:50 000 scale data as indicated. The 
latter data set, part of the East Kootenay Geophysical 
Survey, extends 13.5 km to the west toward Creston and 
is reviewed in Lowe et al. (1998). In addition, a detailed 
airborne magnetic survey at 200 m line spacing was 
completed in 1996 by the AbitibiiSEDEX joint venture. 
Part of their data was provided in Woodtill (1997). The 
main features of this image as labeled on Figure 7, and 
those in the industry data, are summarized below. The 
data allows more accurate extrapolation of contacts into 
covered areas and has led to modifications of previous 
surface mapping. 
Feature 1: The Creston Formation in the Moyie 
anticline is strongly magnetic and is delineated on Figure 
7. Oddly the magnetism varies from the lower to middle 
Creston as currently mapped. North-trending faults, for 
example along Irishman Creek, offset units and displace 
the magnetic feature. Feature 2: A broad magnetic 
anomaly is centered in the core of the Moyie anticline in 
an area that exposes the deepest stratigraphic levels of 
the Aldridge Formation, south of Yahk in the Hawkins 
Creek area. This area also corresponds to a thick 
accumulation of Moyie sills but they have no elevated 
magnetism at surface suggesting a buried source for the 
anomaly (Lowe ef al., 1998). Feature 3: An isolated 
magnetic high in the Panda Basin area corresponds to 
the Bear Dike (Figure 3a). Feature 4: Another isolated 
high 4 km north of feature 3 is a clearly defined U- 
shaped anomaly on the SEDEX Mining Corp. images. 
The feature occurs at the intersection of the Ice and Kid 
faults and corresponds to a buried gabbro body. Drilling 
in 1997 intersected a series of albite-magnetite-rich 
veins hosted in Moyie 
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gabbro and overlying Aldridge wackes. Feature 5: A Haldy Sault zone. Much ot” the exposure in this area is 
linear, north-trending anomaly corresponds to the unaltered ~niddlc Aldridgc Formation with rare to IJO 
surface trace of the McNeil fault (Figure 3a). ‘rllc Moyie sills. however, locally there arc lnagetic sills on 
anomaly terminates at the Palmer Bar fault to the north the David property and quartz-epidote veins and 
and at lhe Moyie fault to the south Feature 6: This liiactures along the upper contact of a Moyie sill within 
northcast-trcndin~, elongate anomaly lies along the Old the cniddle Aldridgc I:mnation meta-wackc. A 



Cretaceous intrusion could lie at shallow depths below 
the present erosional surface to produce the large and 
intense magnetic feature. Feature 7: Most of the 
anomaly corresponds to the Creston Formation north of 
the Old Baldy fault and as in the Moyie anticline 
anomaly, it varies in intensity along strike. Feature 8: 
This feature in the northwest corner of the Figure 6 is 
underlain by a small Cretaceous stock that intrudes the 
Creston and Kitchener formations (Reesor, 1981). The 
magnetic anomaly extends across lithologic contacts at 
surface which suggest there is a magnetic halo related to 
the pluton. Feature 9: The Kiakho Pluto” and 
surrounding host-rocks form this anomaly. The pluton 
is a member of the middle Cretaceous suite of plutons 
with magnetic phases, the most prominent magnetic 
anomaly on a regional scale is related to the Reade Lake 
pluton (Lowe ef al., 1997; Hliy, 1993) located 15 km to 
the northeast. Feature 10: The lower Aldridge around 
Rabbit Foot Creek produces a weak anomaly that is 
believed to be related to the disseminated pyrrhotite 
occurring in the rusty weathering exposures of that area. 
Feature 11: The weak oval anomaly acquires a linear, 
north-trending geometry on the more detailed industry 
survey data and it correlates with the uppermost sill in 
the middle Aldridge Formation. The columnar jointed 
sill has highly magnetic pats in outcrops along Branch 
I7 of the Freeman Creek road. 

Other Features 

A series of narrow (<lOm wide) meta-gabbroic 
dikes produce distinct linear magnetic anomalies that are 
evident on the more detailed surveys of AbitibiiSEDEX 
but not on the regional data. One of these dikes extends 
northward and is exposed on the Upper Mahon road. 
Here, the steeply-dipping, north-trending dike cuts 
gently, southwest-dipping middle Aldridge quartz wacke 
beds. The fine-grained massive gabbro ranges from 
extremely to weakly magnetic. The dike in thin section 
comprises tine-grained unaltered plagioclase and 
clinopyroxene with interstitial magnetite grains. 
Secondary amphibole occurs in the groundmass. This 
dike was sampled for U-Pb dating which is in progress. 

GRAVITY DATA 

A broad regional gravity anomaly encompasses the 
Moyie anticline and extends north to the Sullivan Mine 
area (Cook and Van der Velden, 1995) where it 
terminates against the westward projection of the 
northern border of the Vulcan Low (Woodtill, this 
volume). The source of this anomaly has been 
interpreted to be a basement sliver (Cook and Van der 
Velden, 1995) or matic Moyie sills accumulated along 
the ancient Purcell rift axis (Sears, 1995: Woodtill, this 
volume). A secondary anomaly, part of this broad 
anomaly, lies along the east flank of the Moyie anticline 
within the study area. It is interpreted to be related to 
gently, east-dipping gabbro sills in the lower and middle 
Aldridge Formation. 

CONCLUSIONS 

The Sullivan deposit projected to surface covers a 
I .5 by 1.7 km area but only the old open pit area was 
visible mineralization at surface. Discovery of a blind 
deposit of similar or smaller size will require 
determination and utilization of all the available data for 
the Purcell Basin. The Moyie Project provides new map 
data and Sullivan indicator databases that will be utilized 
in continued mineral exploration in the region. 
Additional studies on fragmental types, their genesis and 
classification would be useful. 
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THE FINDLAY INDUSTRIAL PARTNERSHIP PROJECT: 
GEOLOGY AND MINERAL OCCURRENCES OF THE FINDLAY - DOCTOR 

CREEK AREAS, SOUTHEASTERN BRITISH COLUMBIA 
(parts of 82F/16,82Wl) 

By D. A. Brown, B.C. Geological Survey Branch, and 
Tim Termuende, Eagle Plains and Miner River Resources Ltd. 
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INTRODUCTION Previous Work 

This article is designed primarily to inform clients 
that new 1:50 000 scale maps are currently being 
completed for the Findlay-Doctor Creek area (Figure IO- 
1). A summary of preliminary results is presented for 
the Findlay Industrial Partnership Project after 
completion of three weeks of fieldwork in the Dewar 
and Findlay creeks map areas (82F/16, 82Wl) during 
1997. The focus of the project is to provide updated 
I:20 000 scale map compilations to be published at I:50 
000 scale, digital databases and prepare descriptions of 
mineral occurrences for the area underlain by the 
Aldridge Fommtion. In addition, a IJ-Pb dating and 
lithogeochemistry study of the Greenland Creek pluton 
and White Creek batholith were undertaken as part of a 
B.Sc. thesis (see Smith and Brown, this volume). 
Financial support was provided by Kennecott Canada 
Exploration Inc., Eagle Plains Resources Ltd. and Miner 
River Resources Ltd. Cominco Ltd. contributed their 
I:20 000 scale geology maps. A summary of Purcell 
Supergroup stratigraphy can be found in H6y (1993) and 
Brown and Woodtill (this volume). 

Initial reconnaissance scale mapping in the region 
established the general stratigraphic framework (Rice, 
1941). More detailed mapping in the early 1950’s by 
Reesor (1958) in the Dewar Creek area (82F/l6) and 
later, in the Lardeau east map area (82Weast, Reesor, 
1973) including a portion of the current study area 
(Figure IO-l, IO-2), permitted subdivision of the 
Aldridge Formation. For example, near Dewar Creek, 
the Aldridge Formation was divided into lower and 
upper divisions, and were estimated to be over 1370 and 
3350 m&-es thick, respectively. A quarter of the lower 
division comprises Moyie sills (about 330 m). The 
upper division, including the uppermost Argillite 
member, is correlated with the middle and upper 
Aldridge Formation as currently defined. The overlying 
strata consisting of Creston, Kitchener, Siyeh and Dutch 
Creek formations were also described by Reesor (1958) 
and Hiiy (I 993). 

Access to the map area is provided by a network of 
gravel roads extending west from Highway 3 near Canal 
Flats. Several relatively new roads along Doctor Creek 
allow truck access to much of the project area. Partially 
overgrown roads/trails along Skookumchuck and 
Greenland creeks make it possible to get to the eastern 
part of Rusty Ridge on foot or by all terrain vehicle. The 
western and southern sections of the map area lie within 
the Purcell Wilderness Conservancy (Figure 10-2) and 
no new traverses were conducted in this region. 

The physiography of the project area changes 
radically from northeast to southwest. The Findlay 
Creek valley east of Doctor Creek is a broad, open 
grassland area filled with glacio-fluvial outwash and silt 
to about II00 m elevation. Farther west, topography is 
more rugged with ridges up to 2830 metres in elevation 
with abundant exposures in the alpine and subalpine 
(Doctor Peak; Figure I O-2) separated by deeply incised 
valleys. The largest drainages include Findlay, 
Skookumchuck and Doctor creeks 

McLaren et al. (1990a and b) completed a mineral 
potential assessment across the region and produced a 
1:50 000 scale geology map that incorporated Reesor’s 
work. A federal-provincial multiparameter airborne 
geophysical survey of much of the map area was 
undertaken in 1996, digital data and hardcopy maps are 
available from the Geological Survey of Canada 
(includes total field aeromagnetics, conductivity, 
potassium, thorium/potassium, and ternary radioelement 
maps; B.C. Ministry of Employment and Investment 
Open File 1996-23). The digital data set is available 
from the National Geophysical Data Centre in Ottawa 
(613-995-5326). Exploration companies have 
concentrated their efforts in the Rusty Ridge area, the 
headwaters of Doctor Creek, and the Greenland Creek 
areas; some of their results are incorporated in this study. 

GEOLOGICAL SETTING 

The Findlay-Doctor Creek project area straddles in 
the central axis of the Purcell anticlinorium, a broad, 
gently north-plunging structural culmination cored by 
the Proterozoic Purcell Supergroup (Figure 10-I). The 
supergroup comprises a siliciclastic and lesser carbonate 
sequence at least 12 kilometres thick, that initially 
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accumulated in an intracratonic rift basin. The strata are 
preserved in an area 750 kilometres long and 550 
kilometres wide, extending from southeastern British 
Columbia to eastern Washington, Idaho and western 
Montana. The original extent and geometry of the basin 
is poorly known in part because the western and 
northwestern margins are poorly exposed and in part due 
to Laramide contractional deformation. 

Stratigraphy 

Most of the project area is underlain by the Aldridge 
Formation, the lowermost Purcell Supergroup strata, 
although the base is not exposed. Excellent examples of 
the lower and middle parts of the Aldridge Formation 
occw in the Rusty Ridge area between Middle Findlay 
Creek and the headwaters of Greenland Creek (Figure 
10-2). The lower Aldridge is thin bedded to laminated 
and rusty brown weathering, in contrast to the medium 
to thick bedded, grey weathering turbidites of the middle 
Aldridge Formation. Middle Aldridge tirbidite beds 
display normal grading, flame structures, load casts and 
rare ripples. 

The contact behveen lower and middle Aldridge 
rocks is gradational and includes an extensive 
fragmental unit, here called the LMC fragmental (see 

below). An important change from the more evenly 
bedded lower energy units of the lower Aldridge to 
rapidly deposited turbiditic sedimentation characteristic 
of the middle Aldridge suggests a fundamental change of 
the Purcell Basin sedimentation/tectonics at this time. 

Much of the lower Aldridge succession exposed in 
the area is muscovite-biotite schist (meta-wacke) 
adjacent to the White Creek Batholith, in the vicinity of 
the Silver Key occurrence (Mint& 082KSE053; Figure 
10-2). Minor quartz pods and lenses with black 
tourrnaline crystals occur within the most schistose 
zones of this area. 

The upper Aldridge comprises less than 250 m of 
dark grey argillaceous phyllite that weathers dark rusty 
brown. Tight southeast-verging minor folds and coarse 
crenulations are evident in outcrops along the access trail 
to the Alpine occurrence (Mintile 082KSE081). 

The Creston Formation consists of pale grey to 
green argillite with interlaminated greenish siltstone, and 
minor pale grey quartz arenite. Lenticular and wavy 
bedforms, argillaceous rip-up clasts, and tectonically 
flattened mudcracks distinguish the Creston from the 
Aldridge Formation. The medium to thin bedded quartz 
wacke and argillite commonly displays a sericitic 
phyllitic foliation. The formation was only examined 
around the Alpine showing and west of the Dot 

Figure 10-1. Simplified geology for the bulk of the 
Purcell Anticlinorium (modified from H6y ef al., 19951, 
and an illustration of the geological framework for the 
Findlay-Doctor Creek project area. HE = Hellroaring 
Creek pluton, HLF = Hall Lake fault, KF = Kimberley 
fault, CR = Greenland Creek pluton, MF = Moyie fault, 
OBF = Old Baldy fault, PF = Purcell fault, SMF = St. 
Mary fault, SRMT = Southern Rocky Mountain Trench. 
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occurrence (Mint& 082KSE060). In these areas 
discrete schistose shear zones and southeast-verging 
minor folds are common. Narrow (<IO m thick), dark 
green matic sills and dikes locally intrude the Creston 
Formation. 

Intrusive Rocks 

Two contrasting Middle Proterozoic magmatic 
suites intrude the lower and middle Aldridge Formation: 
the laterally extensive gabbroic Moyie sills and small 
bodies of leucocratic pegmatite, and quartz monzonite 
that comprise the Greenland Creek stock. The middle 
Cretaceous White Creek Batholith dominates the 
southeastern quarter of the map area. 

Middle Proterozoic Moyie Intrusives 

Middle Proterozoic Moyie Intrusives are the oldest 
magmatic rocks in the area (cf Brown and Woodtill, this 
volume). They are massive to locally well foliated meta- 
diorite and amphibolitic gabbro forming dark green to 
brown weathering sills. Amphibole has largely replaced 
primary pyroxene phenocrysts (Mackenzie, 1971). The 
sills provide good local markers that have been clearly 
offset in excellent exposures along Rusty Ridge. The 
majority of the sills in the study area are about IO to 100 
m thick and cumulatively comprise up to 25% of the 
lower Aldridge section. They rarely cut up or down 
section to form dikes. Albite alteration along sill 
contacts is well developed, especially at the headwaters 
of Greenland Creek. U-Pb isotopic dating of the Moyie 
sills have returned zircon ages of 1468 Ma (Anderson 
and Davis, 1995; see Brown and Woodtill, this volume). 

Middle Proterozoic Greenland Creek intrusions 

The Greenland Creek intrusions are a series of 
small, discordant irregularly-shaped stocks that cut 
Moyie sills and lower Aldridge Formation rocks (Figure 
10-2; see Smith and Brown, this volume). The 
westernmost body displays a zoned contact; coarse- 
grained pegmatite grades sharply outward through a 3 m 
wide zone of tourmaline-quartz-rich material to aplite to 
a muscovite-rich s&age at the gabbro contact. Coarse- 
grained pegmatite contains sheets of muscovite and rare 
tourmaline crystals. Phyllitic to schistose fabrics 
developed in thin-bedded meta-wacke adjacent to the 
intrusive bodies suggest a narrow zone of contact 
metamorphism developed during emplacement of the 
bodies. 

The geometry of scattered, isolated bodies of 
pegmatite and quartz monzonite hosted in Moyie sills 
and lower Aldridge rocks is analogous to that of the 
Hellroaring Creek stock and a series of smaller 
pegmatite bodies in the Matthew Creek area southwest 
of the Sullivan Mine (Figure 10-l). Compositionally, 
the Greenland Creek and Hellroaring Creek stocks are 
similar (Reesor, 1996). They also produce a similar 
airborne radiometric signature -- a very low ThiK ratio 
(see Lowe et al., 1996). Therefore, they are considered 
part of the same Hellroaring Creek plutonic suite and are 

presumed an equivalent in age, about 1370 Ma (see 
Smith and Brown, this volume). 

Middle Cretaceous White Creek batltolitk 

The Middle Cretaceous White Creek batholith is 
divided into four broadly concentric phases by Reesor 
(1958): biotite granodiorite, hornblende-biotite 
granodiorite, porphyritic quartz monzonite and leuco- 
quartz monzonite. A fifth phase, equigranular quartz 
monzonite, intrudes the western two phases of the 
batholith. The K-feldspar megacrystic (porphyritic) 
quartz monzonite phase underlying the Doctor Creek 
area produces a strong aeromagnetic anomaly (see B.C. 
Ministry of Employment and Investment Open File 
1996-23). 

A biotite lamprophyre (minette) dike cuts the 
Creston Formation and probably represents the youngest 
intrusive rocks in the study area. The recessive 
weathering, dark green dike is exposed along the access 
road to the Alpine showing. 

STRUCTURE 

The study area is dominated by broad, open folds in 
strata of the Aldridge and Creston formation. They 
plunge moderately to the west and north. However, 
adjacent to schistose shear zones bedding dips steepen, 
and tight to isoclinal minor folds with rare overturned 
limbs (Anderson, 1988) are present. Southeast- to east- 
verging minor folds we common in the Creston 
Formation near the Alpine showing. Local isoclinal 
minor folds occur near the MC showing (Mintile 
82FNEl07), however, it is unclear whether they are 
related to a discrete fault zone or a larger structural 
culmination. Early penetrative phyllosilicate foliation is 
overprinted locally by coarse crenulations or kink folds. 
The phyllitic to schistose shear zones locally host quartz 
veins and pods. 

The Hall Lake fault is one of several right-lateral, 
reverse faults that cut obliquely across the northerly- 
trending structural grain of the Purcell anticlinorium 
(Figures IO-I and 2). It puts Creston on Kitchener 
Formation and is truncated by the White Creek 
Batholith, in the Buhl Creek area (Reesor, 1996). Its 
northern continuation projects to where middle Aldridge 
Formation lies on Creston Formation (Reesor, 1973). 

A reverse fault that parallels the Hall Lake fault and 
underlies the area near the intersection of Findlay and 
Doctor creeks has been mapped by Cominco Ltd., and is 
here called the Doctor Creek fault (Figure 10-2). It 
results in an apparent 6 kilometres of lateral offset of the 
upper Aldridge Formation. The western continuation of 
the fault is obscure. 

A series of north-trending faults are evident between 
Middle Findlay and Doctor creeks, where they locally 
displace Moyie sills. These faults also displace the 
quartz vein at the Alpine showing as discussed above. 
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Figure 10-2. Simplified geology ofthe Findlay Project area modified from Recsor (1958, 1973) and Cominco Ltd. Minfilc mineral 
OCCU~~C~ locations are shown with numbers that are prefixed with 082KSE, north oC50” latitude and 082FNE to the south. DCF = 
Doctor Creek fault, HLF = Hall Lake fault; Purcell Wilderness Conservancy indicated as Purcell Park on this figure. 
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MINERALIZED FACII~:S 1977 a. The liagmen~al body was not ::samined in detail 
but it warlants addilional study and mapping. Similar 
stratahound fragmental units lie in the same stratiyraphic 
position, along the lower-middle 4ldridgc contact, 
farther south at lhc Sullivx Minx, at the Vulcan 
showng (Miniile 082l~NEO93), and ai the Clair showing 
(Dou< Anderson. per. comm., 1996). I’hesc deposits are 
interpreted to herald an e.\Lensional <episode within the 
Purcell basin by Htiy CI ul. (in prep,). 

Tourmalinite Ridge 

A dark grey to black silty m’.,ta-argillite facicr 
occurs 4 km northea,t of IIoctor Peak (Photo 10-2). In 
1996. Craig Lcitch Idcntitied abundant, fine,, 
disscmmated needles in the unit as tourmaline. The 
facie eslends over 5 km along slrikc and is eslimated to 
bc ~117 to SO m thick (I 990 drilling ds~termined it to be 
:) I Xn; thick; Downic, 1997). ‘I !IC horizon dips 
Inwderatelq to the north-mrthwcst an.1 was traced inlo 
the unnamed creek to the n,xth of the I )oc showing. The 
same facie crops out alon% the ridge between the Dot 
and Alpine showing. The dark grcy IU black argillite is 
(issilc; silty medium to thin bedded and ~cessive 



Phyllitic, west-dipping 
/shear zone 

wcathwing. 11s stratigraphic position remains unccr&tn 
becnusc of a shear zone (interprctcd to be a rcvcrse fault) 
betwern it and the upper Aldridxe to the east (Figure IO- 
2). It is an important, mineralized argillaceous facics 
tentatively included in the upper part of the middle 
Aldrid~c Formation. This nrgillire unit may indialc a 
local, more restricted and anoxic fxics oi the upper 
Iniddli: AIdridge Formation. Alternatively, it could bc a 
mstamorphosed distal tourmaline-rich erhalativc 
horizon. The iacics is important because it is 
~cochemically anomalous in i’b and Zn and it ha& a 
series of quartr wins that locally contain disseminated 
~alena and/or toummaline needles (we Dot Showing. 
Minfile 82KSEO60 below). 

MlNERAL OCCURRENCES 

.I’hcrc are I3 mclallic mineral ~~ccurr~nccs in the 
Minfile database for the Findlay-Dw:lor Cresk map area 
(T~ablc IO-I). ‘The Silver Key and 3. Anthony are par 
producers (Table 10.2). 

St. Anthony past producer (Minfilc 
82KSEO41 j 

The St. Anthony base lmetal occ~rrcnce is Ioca~cd in 
the Doctor Creek watershed. Five tonnes 01 lmafcrial 
we’re reportedly extracted from a small pit in 1963 

I O-6 

(Table IO-2j. ‘She occur~‘cncc consists of disseminated 
and veins of pyrite, pyrrhotitc. magnetite, geothile, 
sphalcrite alld chalcopyritc (Mackenrie, 1971). These 
workings were not locawd in the tisld. howcvcr, 
~numerous n;~rrow discontinuous quartz veins occur in 
the irmnediate area. The veins, containin: minor pyrite, 
pyrrhotite :md arsenopyrite. and rare ~alena and 
sphalcrite, occur in sheared meta-wacke and meta- 
gabbro sills i:Anderson, 1988). 

Silver Key past producer (Minfile 
82KSE05.3) 

The Silver Ksy workings lie at the hcaduaters ofthe 
east fork 01’ Doctor Creek. Several adits lhavc been 
driven along bedding-parallel veins within quartz wacke 
and Moyie sills, west of the western contact of the 
norlhern porphyritic quarlz molzonirc phase of the 
White Creeh Batholith. A total of 29 tonnes of ore were 
mined from Silver Key (Table 10-2). Narrow quartz 
veins (2-S cm wide) containing disseminated galena and 
pyrite occur in tightly folded and sheared country rock. 
At lcast 6 veins dip about 48” to the west. The age of 
mineralization is unknown but its proximity to the 
margin ofthz Whire Creek Batholith suggests it could bc 
Middle Cretaceous. 
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Dot Showing (Minfile 82KSE060) 

The Dot showing comprises a series of white, 
galena-bearing quartz veins cutting the dark grey 
tourmalinite needle-rich meta-argillite facies of the 
middle Aldridge Formation, on a ridge 7 km north of 
Doctor Peak (Figure 10-Z). It was originally explored 
by Kerr Addison Mines Ltd. in the 1970’s when they 
outlined a large Pb soil geochemistry anomaly (Kerr 
Addison, 1972). Angular blocks of vein material occur 
within the argillite felsenmeer along the ridge. The 
northwest-and lesser northeast-trending veins are up to 
100 cm wide (average IO to 20 cm wide) and have been 
traced for about 100 m. Veins contain galena, lesser 
sphalerite and traces of chalcopyrite. Disseminated 
sulphides also occur in the host meta-argillite (Pautler, 
1991). 

Alpine/Rocky Top Property (Minfile 
82KSEOSl) 

The Alpine, also known as the Rocky Top property 
is hosted in rocks correlated with the Creston Formation, 
based on wavy bedforms, local abundant mudcracks, 
interbeds of argillite and faint green colour. It has been 
explored by Cominco Ltd. (Mawer, 1986) and Tech 
Exploration Ltd. (Pautler, 1991). A moderately, 
northwest-dipping sericitic phyllite shear zone hosts a 
shallow-dipping stratabound to slightly discordant zone 
of alteration comprising silicified, albitized and clay- 
altered rocks with disseminated pyrite and lesser 
sphalerite and galena. A semi-concordant boudinaged 
quartz-ankerite vein in the shear zone with disseminated 
pyrite and irregular blebs of sphalerite and minor galena 
ranges from 20 cm to 2 m thick. 

The vein is cut by a series of younger, north- 
trending normal faults that offset portions of it by up to 
about 5 m. The zone is exposed in a bulldozer trench 
about 6 m high and 80 m long that has been mapped in 

detail by Mawer (1986). The grade of the zone is 0.5% 
Pb and 0.6% Zn across a 3.5 m width and over the 
length, with a higher grade band containing 16 g&T Ag, 
2.2% Pb and 3.7% Zn (Mawer, 1986). 

MC showing (Minfile 82FNE107) 

Two old hand trenches at the MC showing have 
recently been reinvestigated by Eagle Plains/Miner 
River Resources Ltd. A stratabound zone of banded and 
brecciated sulphides, locally with over 0.5 m of 
sphalerite, galena and pyrrhotite, is hosted in thin- 
bedded siltstone of the lower Aldridge Formation. Part 
of the occurrence displays “durchbewegung fexfure”, 
where pyrrhotite-rich sulphide contains rounded quartz 
fragments. Samples of typical sulphide material 
returned up 130.0 g/t Ag, 9.17% Pb and 6.27% Zn over 
25 cm (Miner River Resources data). Rare colourless 
vuggy quartz veins cut the zone and are interpreted to be 
younger, Mesozoic features. 

The showing was drilled in late 1997 by Miner 
River/Eagle Plains Resources. Seven short drill holes 
totaling 580 mares intersected several stratabound 
massive sulphide intervals of variable thickness (less 
than I cm). Assay results were not available during 
preparation of this report. 

Streams draining the showing area are in the 99” 
percentile for the Nelson RGS survey for the 82F map 
sheet (Matysek ef a/., 1991) for the elements cesium, 
cobalt, copper, molybdenum, tin, tungsten, and zinc. 
The highest finite conductors detected for the entire 
Findlay Creek Area (Area 3; B.C. Ministry of 
Employment and Investment Open File 1996-23; lo-20 
siemens; 7200 Hz, coplanar), interpreted to be narrow 
bedrock conductors, lie adjacent to the MC showing. 

Table 10-l. Minfile mineral occurrences for the Findlay-Doctor Creek area, location at-e plotted on Figure 10-2. 

MINFILE NAME Commodities 
082FNE073 MOLLY W, MO 
082FNE089 PICO W, Sn, Pb, Zn 
082FNE090 VAL w. Sn 

TYPE 
W skam 
W skam adjacent to Moyie sill 
W skam 

92 1 PIMACO 1 Sn veins and g&ens 
ns Ag-Pb-Zn&Au 

-2 pegmatite 
&,. yuly.l -” ‘:,;ns Ag-Pb-Zn 

.--..---I1 1 ST.ANTHONY Ag, Pb, Zn, Cu Veins Ag-Pb-Zn 
n”rrr’nrnin ’ SILVERKEY Ag, Zn, Pb, Cu Veins Ag-Pb-Zn 
“LLKSb”b” DOC Ag, Pb, Zn, Cu Veins Ag-Pb-Zn 
082KSE063 ECHO LAKE W, Zn, Pb W veins 
082KSE075 PICO W W veins 
082KSEOXl ALPINE/ROCKY TOP Ph. Zn. Ae Veins Ae-Ph-Zn+Au 
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Table 1 O-2. Past Production data for the Findlay-Doctor Creek area. 

MINFILE NO. NAME MINED (T) Pb (kg) Zn (kg) Cu (kg) Ag km) Year 
082KSE053 Silver Key 29 11,145 ___ 887 

99,499 1926-l 940 
082KSE041 St. Anthony 5 82 25 25 12,006 1963 

Total 34 11,227 912 25 111,505 

Greenland Creek Tungsten Showings 

Three broad areas of scheelite-wolframite 
mineralization were evaluated by AMAX in the late 
1970’s; north and south of Greenland Creek, and at the 
confluence of Greenland and Skookumchuck creeks 
(Parry and Hodgson, 1980). Some of the showings 
north of Greenland Creek had been previously explored 
by Kerr Addison Ltd. Most showings comprise narrow 
quartz veins in Moyie sills, however, those near 
Skookumchuck Creek include quartz-gamet-diopside- 
scheelite skam. A scheelite-bearing breccia dike 
consisting of angular fragments of phyllite, diorite, and 
porphyritic quartz monzonite clasts in a tine-grained 
pyritic matrix crops out in the latter area (ibid.). 

Possible ages for tungsten mineralization were 
suggested by Parry and Hodgson (1980) as synchronous 
with Moyie sill intrusion, or during emplacement of the 
White Creek Batholith. The sill most highly mineralized 
with scheelite, tourmaline and cassiterite, lies near the 
LMC contact, which corresponds to the stratigraphic 
position of the Sullivan deposit, which contains those 
same minerals. This points to a Middle Proterozoic 
mineralization age. Alternatively, tungsten-bearing 
breecia dikes and skams near the batholith contact 
support a Middle Cretaceous plutonic connection. 

CONCLUSIONS 
The Findlay-Doctor Creek area Open File map is 

the primary product that will be generated from this 
project. The map area hosts a number of provocative 
mineral occurrences that continue to receive exploration 
attention, for example, the Rusty Ridge area, and Dot 
and Alpine occurrences. The extensive LMC fragmental 
unit, zones of base-metal enrichment for stream 
sediments and rocks illustrate that the Findlay-Doctor 
Creek area is a favourable SEDEX environment. 
Updated I:50 000 scale mapping conducted under the 
auspices of this project provides a new framework for 
exploration. 

ACKNOWLEDGMENTS 

The success of this project stems from the participation, 
collaboration and cooperation of Cominco Ltd. (Ken 
Pride and Paul Ransom), and Kennecott Canada 
Exploration Inc. (Eric Finlayson, Steven Coombes and 
Martine Bedard). Crestbrook Forest Products provided 

updated road maps for the project area. The Ministry of 
Employment and Investment’s Cranbrook regional 
office provided office space for the field season. Vema 
Vilkos patiently produced the figures. Reviews by Bill 
McMillan and Mitch Mihalynuk improved the foal 
manuscript. 

REFERENCES CITED 

Anderson, D. (1988): Geological report, Echo Group, Echo 1 
through 6 claims; B.C. A4inislry of Energy. Mines and 
Petroleum Resources. Assessment Report 16, 925. 

Anderson, H.E. and Davis, D.W. (1995): U-Pb geochronology 
of the Moyie sills, Purcell Supergroup, southeastern 
British Columbia: implications for the Middle 
Proterozoic geologic history of the Purcell (Belt) basin; 
Canadian Journal of Earrh Sciences, v. 32, p. 1180. 
1193. 

Downie, C.C. (1997): Diamond drilling report on the Eastdoc, 
Westdoc and Fin claim group; B.C. Ministry of 
Employment and Investment, Assessment Report 
24,801. 

HBy, T. (1993): Geology of the Purcell Supergroup in the 
Femie West-half Map Are& Southeastern British 
Columbia; B.C. Minisoy of Ener~, Mines and 
Peholeum Resources, Bulletin 84. 

Hay, T., Anderson, D., Turner, R.J.W., and L&h, C.H.B. (In 
prep.): Tectonic, magmatic and metallogenic history of 
the early synritl phase of the Purcell Basin, southeastern 
British Columbia; Geological Survey of Canada, 
Sullivan Volume. 

Kerr Addison (1972): Report on geological and geochemical 
survey DOC Nos. l-6 Mineral claims; B.C. Ministry of 
Energy, Mines and Petroleum Resources, Assessment 
Report 3,924. 

Leitch, C.H.B. (1997): Petrographic Report for Miner River 
Resources Ltd. 

Lowe, C., Brown, D.A., Best, ME. and Shives, R.B.K. (1997): 
The East Kootenay Geophysical Survey, southeastern 
British Columbia (82F. G, K): Regional synthesis; 
Geological Survey of Canada, Current Research, Part E, 
Paper 97-IA, p. 167-176. 

10-S British Columbia Geological Survey Branch 



Mackenzie, D.E. (1971): Geological survey, Ace claim group; 
B.C. Ministry of Enera, Mines and Peboleum 
Resources, Assessment Report 3,287. 

Matysek, P.F., Jackamen, W., Gravel, J.L., Sibbick, S.J. and 
Feulgen, S. (1991): British Columbia Regional 
Geochemical Survey, Nelson (NTS 82F); B.C. Ministry 
of Eneqy, Mines and Petroleum Resources, BC RGS 
30. 

Mawr, A.B. (1986): Geological - soil geochemical report, 
Alpine Group; B.C. Ministry of Energy Mines and 
Petroleum Resources, Assessment Report 15,195. 

McLaren, G.P., Stewart, G.G. and Lane, R.A. (1990a): 
Geology and Mineral Potential of the Purcell 
Wilderness Conservancy; B.C. Ministry of Energv. 
Mines and Petroleum Resources, Geological 
Fieldwork 1989, Paper 1990-1, p. 29-37. 

McLaren, G.P., Stewart, G.G. and Lane, R.A. (1990b): 
Geology and Mineral Occurrences of the Purcell 
Wilderness Study Area; B.C. Minisfry ofEnergy, Mines 
and Petroleum Resources, Open File 1990-20. 

Parry, S.E. and Hodgson, C.J. (1980): Greenland Creek 
Property; Internal Company Report, AMAX. 

Pautler, J. (1991): Geological and Geochemical Assessment 
Report on the Dot Property; B.C. Ministry of Energy, 
Mines and Petroleum Resources, Assessment Report 
21,275, 12~. 

Reesor, J. E. (1996): Geology of Kootenay Lake, B. C.; 
Geological Survey of Canada, Map 1864-A 

Reesor, 1. E. (1973): Geology of the Lardeau Map-area, east- 
half, British Columbia; Geological Survey OJ’ Canada, 
Memoir 369, 129 pages. 

Reesor, 1. E. (1958): Dewar Creek Map-ares with special 
emphasis on the White Creek Batholith, British 
Columbia; Geological Survey of Canada, Memoir 292, 
78 pages. 

Rice, H.M.A. (1941): Nelson Map Area, East Half; Geologico[ 
Suwey of Canada, Memoir 228,86 p. 

Smith, M. and Brown, D.A. (1998): Preliminary repot? on a 
Proterozoic (?) stock in the Purcell Supergroup and 
comparison to the Cretaceous White Creek Batholith, 
Southeastern British Columbia (82F116, 82WOl); in 
Geological Fieldwork 1997, B.C. Ministry of 
Employment and Invedment, Paper 1998s 1. 

Webber, G.L. (1977): Geological report, Echo Group of I, 2,3 
and 4 claims; B.C. Ministry of Energv. Mines and 
Petroleum Resources, Assessment Report 6,413. 

Geological Fieldwork 1997, Paper 1998-l 10-9 



10-10 British Columbia Geological Survey Branch 



PRELIMINARY REPORT ON A PROTEROZOIC (?) STOCK IN THE 
PURCELL SUPERGROUP AND COMPARISON TO THE CRETACEOUS 
WHITE CREEK BATHOLITH, SOUTHEASTERN BRITISH COLUMBIA 

(82F/16,82K/Ol) 

By Mark Smith, University of Alberta, and D. A. Brown, B.C. Geological Survey Branch 

KEYFVORDS: White Creek Batholith. Hellroarine Creek Stock, Greenland Creek Stock, Proterozoic, Purcell Supergroup, 
Aldridge Formation, Geochronology. 

INTRODUCTION 

In southeastern British Columbia many inhusive suites 
lack conclusive radiometric age dates. The purpose of this 
BSc. project is to study three of the intrusions in the 
Purcell Mountain Range and provide uranium-lead 
geochronological results on two of these to refme the 
igneous magmatic history of the region. 

The White Creek Batholith (WCB) and the Greenland 
Creek Stock (GCS) are located approximately 45 km 
northwest of Cranbrook. B.C. The H&oaring Creek 
Stock (HCS) is situated 15 km west of Cranbrook(Figure 
II-I). All three intrude lower greenschist grade 

regionally metamorphosed Aldridge Formation, a middle 
Proterozoic basin till succession (Hey, 1993), and cut the 
1467 + 3 Ma Moyie Sills (Anderson and Davis, 1995). 
Reesor (1958) completed previous mapping and a 
comprehensive study of the White Creek Batholith. Since 
that time, mining companies conducted a number of 
exploration projects searching for economic deposits of 
tungsten and massive sulphides. The Hellroaring Creek 
Stock was originally located by Rice (1941), during a 
regional study, and a more detailed map was published by 
Leech (1957). It was regarded as an intrusive of possible 
economic interest with exploration projects focusing in on 
the potential for beryllium and industrial minerals. 

J 

Figure 11-l. Simplified geology for most of the Purcell 
Anticlinorium (modified from HGy ef al., 1995), and an 
illustration of the geological framework for the study area. 
HE = Hellroaring Creek pluton, HLF = Hall Lake fault, KF 
= Kimberley fault, GR = Greenland Creek pluton, MA = 
Moyie anticline, MF = Moyie fault, OBF = Old Baldy fault, 
PF = Purcell fault, SMF = St. Mary fault, SRMT = Southern 
Rocky Mountain Trench. 

Geological Fieldwork 1997, Paper 1998-I 11-l 

ldegroot
1997



PROJECT COMPONENTS Previous Work 

The thesis project consists of three main components. 
The first involved mapping the Greenland Creek Stock 
during August 1997. The second is a petrological and 
geochemical study of the pegmatite intrusions, the HCS 
and the GCS. This aspect of the project will compare the 
mineralogy and abundance of major elements, trace 
elements, and rare earth elements to classify and determine 
the tectonic setting for the two stocks. The third aspect of 
this study is to obtain precise and accurate U-Pb ages for 
the Greenland Creek Stock and the White Creek Batholith. 
An accurate emplacement age for the GCS will link it to 
either the middle Proterozoic HCS suite or the middle 
Cretaceous WCB suite. These components will answer 
questions concerning the Proterozoic tectonic setting, how 
the intrusive suites are related in the Purcell Supergroup 
and lead to new constraints on the timing of igneous 
activity in the area. 

The White Creek Batholith has been the focus of a 
number of geochronological studies summarized in Figure 
11-2 and Table 11-l. The study by Wanless er al. (1968) 
emphasized mineralogy, geochemical characteristics and 
the geologic history of each of the phases. They document 
a decrease in the content of plagioclase, biotite, 
hornblende, epidote, and accessories and an increase in 
microcliie, quartz, and muscovite towards the inner core. 
A Rb-Sr study of the WCB shows that each one of the 
distinct lithologic zones have different initial *‘Sr/% 
isotopic compositions, indicating that the lithologic 
variations could not be produced solely by inward 
fractional crystallization during cooling (Wanless et al., 
1968). 

The Rb-Sr study by Wanless ef al. (1968) determined 
the first accurate emplacement age on one of the phases 
from an Rb-Sr whole rock isochron. They calculated the 
age of the leucocratic monzonite core at 111 + 5 Ma (“Rb 
= 1.47 x IO-” yr.‘) which has since been recalculated to 
115 Ma (*‘Rb = 1.42 x IO-” yi’; Brandon and Lambert, 
1992). Combining all the mineralogical, geochemical and 
geochronlogical data, they established four major events: 
emplacement of the outer margins (126 Ma), consolidation 
of core rocks (115 Ma), an initial thermal episode (-85 
Ma), and a second thermal episode (-65 Ma). 

WHITE CREEK BATHOLITH 

Description 

The White Creek Batholith was originally mapped by 
Reesor (1958), who published a detailed megascopic and 
microscopic description of the five phases. It is an oval, 
concentrically zoned igneous body that outcrops over an 
area of approximately 225 km (Figure 1 l-2). The oldest 
unit, forming a rim along the western margin, is biotite 
granodiorite that grades into hornblende-biotite 
granodiorite. Inward from these hvo is a large body of 
potassic feldspar porphyritic quartz monzonite that 
comprises most of the eastern half of the batholith. The 
inner core is a leucocratic quartz monzonite. The fifth 
phase is a medium grained quartz monzonite that intrudes 
the hvo older granodiorite units in the western portion of 
the body. Aplite and pegmatite dikes are also common in 
parts of the batholith, especially the porphyritic quartz 
monzonite phase. 

Figure 1 l-2. Generalized geology and sample locations within the 
White Creek batholith (aAer Reesor, 1996, 1958). 

The work of Brandon and Lambert (1992) further 
constrained the mid-Cretaceous episode by four Rb-Sr 
combined whole rock-apatite isochron ages; these were 
105-I 15 Ma, including a 105.9 * 1.2 Ma obtained on the 
porphyritic granodiorite zone of the WCB. Following this 
paper, Brandon and Lambert (1994) conducted major 
element, trace element, and Sr, Nd, Pb, and 0 isotopic 
studies to determine the source for the generation of all 
WCB granitoids. They concluded that at least three pulses 
of isotopically and chemically distinct magma were 
present. The first was responsible for the two outer 
granodiorites, the second for the porphyritic phase, and the 
third for the monzonite core. From their results, the model 
calculations favored anatexis of crustal sowces, with little 
geochemical influence of mantle-derived magma. This 
anatexis was interpreted to have resulted from intra-crustal 
melting in response to temme accretion and collision along 
the western margin of North America. 

Current Research 

As part of this study, samples were collected from the 
central and border phases, presumably the youngest and 
oldest intrusive units, respectively (Figure 11-2). A 
sample of the biotite granodiorite rim was obtained 1 km 
west from Price Lake and one from the leucocratic quartz 
monzonite core 4.5 km north of Skookumchuck Mountain. 
(Table 11-2) These hvo phases will be radiometrically 
dated using isotope dilution thermal ionization mass 
spectrometry U-Pb methods at the geochronology 
laboratory, University of Alberta. Concise ages 
documenting the duration of emplacement of the White 
Creek Batholith will augment the established geochemical 
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Table 11-I. Sample localities from studies on the White Creek Batholith after Wanless er al., (1968) and Brandon and 
Lambert (1994). WRX = whole rock sample 

iock Unit 

&lartz 
nonzonite 

Leucoquartz 
nonzonite 

porphyritic 
quartz monzonite 

Hornblende-biotite 
wmodiorite 

Biotite granodiorite 

# 

19 
20 
21 

Sample Method a 

WRX Rb-Sr 
WRX Rb-Sr 
Biotite K-Ar 

6 
I 
A 

WRX Rb-Sr 
WRX Rb-Sr 
WRX Rb-Sr 
WRX Rb-Sr 
WRX Rb-Sr 
Biotite K-Ar 

Muscovite K-Ar 
WRX Rb-Sr 
WRX Rb-Sr 
Zircon U-Pb 

8 

9 

IO 
11 

12 
22 
24 
25 

WRX Rb-Sr 
WRX-apatite Rb-Sr 

WRX Rb-Sr 
WRX-apatite Rb-Sr 

WRX Rb-Sr 
WRX Rb-Sr 
Biotite K-Ar 
WRX Rb-Sr 
Biotite K-Ar 

WRX-apatite Rb-Sr 
WRX-apatite Rb-Sr 

13 WRX Rb-Sr 
14 WRX Rb-Sr 
23 Hornblende K-Ar 

1s 
16 

17 

18 

B 

WRX Rb-Sr 
WRX Rb-Sr 
Biotite K-Ar 
WRX Rb-Sr 
Biotite K-Ar 
WRX Rb-Sr 
Biotite K-Ar 
Zircon U-Pb 

18 

115 
115 
115 
115 
115 
82 
SO 
115 
115 
N/A 

105.9 

105.9 

60 

29 
105.9 
105.9 

87 

13 

19 

56 
N/A 

I R&lWlC~ 

Wanless et al. (1968) 
Wanless ef al. (1968) 
Lowdon (1961) 

Wanless ef al. (196X) 
Wanless er al. (1968) 
Wanless et al (1968) 
Wanless ef al. (196X) 
Wanless et al. (1968) 
Lowdon et al. (I 962) 
Lowdon ef 02. (1962) 
Wanless ef al. (1968) 
Wanless ef al. (1968) 
Current Study 

Wanless et a[. (1968) 
Brandon and Lambert (1992) 
Wanless ef al. (I 968) 
Brandon and Lambert (1992) 
Wanless ef al. (1968) 
Wanless ef al (1968) 
Lowdon (1961) 
Wanless a al. (1968) 
Lowdon (1961) 
Brandon and Lambert (1992) 
Brandon and Lambert (1992) 

Wanless ef al. (1968) 
Wanlessetal. (1968) 
Lowdon (1961) 

Wanless et al. (1968) 
Wanless ef al (1968) 
Lowdon er al. (1962) 
Wanless ef al. (I 968) 
Lowdon (196 I) 
Wanless ef al. (I 968) 
Lowdon (1961) 
Current Study 

data by Brandon and Lambert (1994) and Wanless ef al 
(1968), constraining the magmatic evolution ofthe WCB. 

HELLROARING CREEK STOCK 

Description 

The Hellroaring Creek Stock outcrops over an area of 
10 km* and generally is composed of medium- to coarse- 
grained granodiorite pegmatite. Ryan and Blenkinsop 
(1971) recognized four phases based on differences in 

composition and texture. The first was a coarse- 
grained albitic granodiorite that consists of feldspar, 
muscovite and tourmaline phenocrysts in a feldspar-quartz- 
muscovite groundmass. The second was a granophyre 
unit, the third a medium-grained tourmaline-free 
granodiorite. The fourth phase sampled was a medium- to 
coarse-grained toummline-rich granodiorite. Some of the 
phases were only locally developed and it is likely that 
others exist as well. For example, a fine-grained aplite unit 
consisting of tourmaline and garnet was observed along the 
contacts with the surrounding country rock. 

Geological Fieldwork 1997, Paper 1998-l 1 l-3 



Previous Work 

Earlier geochronological studies on the Hellroaring 
Creek Stock yielded imprecise ages. The first attempt at 
radiometric dating was using K-Ar methods on a 
muscovite sample. Lowdon (1961) obtained an age of 705 
Ma followed by Hunt (1962), who obtained an age of 769 
Ma.. These ages could reflect K-Ar resetting due to a 
metamorphic event. 

The work of Ryan and Blenkinsop (1971) contradicted 
the previous K-Ar dates and provided the most reasonable 
age until recently. Using the Rb-Sr whole rock method, 
they obtained an isochron of 1260 f 50 Ma. The 
implications from this data were significant because it 
indicated that the Hellroaring Creek stock was the oldest 
intrusion in the Purcell Supergroup. Although more recent 
work has produced a -1370 Ma U-Pb monazite age 
(Mortensen, written comm., 1997) Ryan and Blenkinsop’s 
result was the first indication of a Proterozoic magmatic 
event in this region. 

Current Research 

Due to the fact the Greenland Creek Stock may be 
linked to the Hellroaring Creek Stock, samples were 
collected from the HCS for geochemical studies. The 
major elements, trace elements, and rare earth elements of 
phases with similar mineralogy and texture will be 
compared to determine if the two pegmatites have similar 
source magmas. 

GREENLAND CREEK STOCK 

Description 

The Greenland Creek Stock crops out 1 km north of 
the core phase of the White Creek Batholith (Figure 11-3; 
Photos 1 l-l and 2). It is a typical granitoid pegmatite of 
variable texture and coarseness (0.5 mm to 4 cm). The 
dominant phase is coarse-grained with interlocking 
feldspars, and quartz and large sheets of muscovite. The 
second is a relatively equigranular unit composed of 0.5 to 
1 cm grains of feldspar, quartz and muscovite. The third 
and fourth phases appear to occur in conjunction with each 
other near the contacts of surrounding lower Aldridge 
Formation and Moyie Sills. The chilled margins of the 
pluton are aplite with tourmaline needles and coarse sheets 
of muscovite. A coarse-grained tourmaline-rich pegmatite 
is associated with this phase. 

Although similar in composition, there are a few 
differences between the HCS and the GCS that were 
recognized in the field. The first is the abundance of large 
quartz lenses in the GCS that were rare in the HCS. The 
second is the presence of garnet (and trace pyrite) that was 
common in the aplite phases of the HCS, but rarely found 
in the GCS. And lastly is the size of the tourmaline 
crystals. The crystals in HCS frequently were up to 8 cm in 
size but the GCS rarely had tourmaline larger than 4 cm. 

‘j Sample Locations (this study) 

Figure 1 l-3. Geological compilation map for the Greenland Creek stock area. 
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Photo I l-1. View to 340” to the westernmost salellitic phase ofthe Greenland Creek stock where it intrudes lower 
Aldridgc Formation and a Moyic sill. Contacts are sharp and intrusive with no evidence of faulting. Access trail to the 
Greenland Creek tungsten occurrcr~ccs (see Perry and Hodyson. 19X0) is evident along the right side of the photo. 

Photo I l-2. View to 340” to a scrics of white weathering, leucocratic tourmaline-lnuscovite pegmatite and !nedium- 
grained quartz monzonite dikes hosted in a massive Moyie sill gabbro along the southern contact zone of tbc lnain 
Greenland Creek stock (see Fiqre I I-3 Ibr location marhcd as “l’egmatite Dikes”). 

Geological Fieldwork 1997, Paper 199X-l 1-s 



Previous Work 

Although originally mapped and described by 
Reesor (1958) as part of the mid-Cretaceous White 
Creek batholith, his more recent compilation map 
designates it as a Proterozoic intrusion (Reesor, 1996). 
Since his original mapping, work on and near the 
Greenland Creek Stock has been limited to exploration 
companies searching for economic deposits. A number 
of detailed maps were produced, most notably by 
AMAX (Peny and Hodgson, 1980), and were used in 
conjunction with this study (Figure I l-3). 

In 1995 a government geophysical survey was 
conducted in the Purcell Mountains. One of the 
interesting anomalies was a Th/K low over the 
Greenland Creek Stock that was strikingly similar to the 
signature over the HCS (Lowe ef al., 1997). These new 
data, along with geological comparison, has led to 
speculation that the GCS is mid-Proterozoic in age, and 
part of the Hellroaring Creek suite rather than part of the 
mid-Cretaceous suite. 

Current Research 

The main focus of this thesis study is to compare the 
Greenland Creek Stock to the Hellroaring Creek Stock 
and the White Creek Batholith. Geological mapping was 
conducted in the area, and a detailed map was compiled 
using earlier work done by AMAX (Perry and Hodgson, 
1980). From this study, four intrusive phases were 
recognized and sampled in the field. These phases are 
mineralogically and texturally very similar to those 
present in the Hellroaring Creek Stock, located 45 km to 
the south. Each of these phases was sampled and 
geochemical analyses of major elements, trace elements, 
and rare earth elements will be performed to more 
accurately provide comparisons. The equigranular 
sample (location in Table 1 l-2) will be used for the U- 
Pb age date and determination of an epsilon Nd value. 
The epsilon Nd value will help measure the amount of 
influence mantle or crustal sources had in the formation 
of the magma. These will be compared to the values 
obtained by Brandon and Lambert (1994) for the WCB. 
The geochemical data will be used to classify the units 
and pegmatite to attempt to resolve the question of the 
source of the stock and its tectonic setting. 

DISCUSSION 

The lack of conclusive U-Pb radiometric dates on 
many of the intrusive suites in southeastern British 
Columbia has led to a great deal of speculation about the 
geologic history of the region. If successful, the U-Pb 
ages obtained in this study on the White Creek Batholith 
will provide an accurate estimate of emplacement 
history and constrain the timing of this mid-Cretaceous 
magmatic event. The age date on the Greenland Creek 
Stock, used in conjunction with the geochemical 
analyses will attempt to determine its tectonic 
environment and link it to either the Proterozoic or 
Cretaceous plutonic episode. 

The Proterozoic history of the Purcell Supergroup 
has recently been the source of debate. The collisional 
tectonic event associated with the HCS magmatism is 
known as the East Kootenay Orogeny (McMechan and 
Price, 1982). However, Doughty and Chamberlain 
(1996) concluded that an extensional event occurred in 
the Belt Supergroup (correlates to the Purcell 
Supergroup) further south in Montana. They show that 
the circa 1370 Ma tectonothemxxl event involved burial 
metamorphism, bimodal magmatism and partial melting 
of high grade metasedimentary rock. They also showed 
that extensional deformation was concentrated in the 
deeper level high grade rocks. If an extensional event 
caused the plutonism, then the term orogeny is incorrect. 

The goal of this study is to analyze the mineralogy 
and geochemistry of the two pegmatites and obtain a 
precise and accurate age on the GCS. The U-Pb age on 
the GCS will resolve whether the inhusion is linked to 
either, the mid-Proterozoic HCS or the mid-Cretaceous 
WCB. Although pegmatites may not be good 
discriminators for a granitoids’ tectonic environment, 
they potentially are the only evidence of Proterozoic 
plutonism at -1370 Ma. The new data should help to 
classify the stocks, correlate the magmatic episodes in 
the Belt-Purcell Supergroup and lead to insights as to 
whether there was an East Kootenay erogenic or 
extensional event. 
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Table 1 l-2. UTM coordinates for U-Pb samples collected for the current study (t 50 m; in NAD83). 

Sample # Rock Type Easting (m) Northing (m) 

Green1 Equigranular granitoid pegmatite 558170 5536800 

WCB-A Biotite granodiorite 543250 5525700 

WCB-B Leucoquartz monzonite 543450 5525700 
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PURCELL GRAVITY ANOMALY--IMPLICATIONS FOR MINERAL 
EXPLORATION 

By Robert Woodfill, Sedex Mining Corporation, 
Cranbrook Field Oftice, P.O. Box 215, Main Station, Cranbrook, B.C., VlC 4H7. 

KEYWORDS: Purcell anticlinorium, gravity anomaly, Purcell (Belt) Supergroup, Aldridge Formation, new density data, 
Moyie sills, Sullivan deposit, sedimentary exhalative (SEDEX) deposits. 

INTRODUCTION NEW DENSITY DATA 
This study is part of Sedex Mining Corporation’s 

exploration program for Sullivan-type, sedimentary 
exhalative (SEDEX) massive sulphide deposits in 
southeastern British Columbia. 

Density detemGmtions were made on eighty-six 
representative samples of rock units in the area to 
provide better control on the gravity interpretations. 
Twenty-seven of the density measurements were from 
core and the remainder on hand-size samples from the 
field. Results are summarized in Table 12-l. PURCELL ANTICLINORIUM 

The Purcell anticlinorium is a broad, gently north- 
plunging structure that is cored by the middle 
Proterozoic Purcell (Belt) Supergroup and flanked by 
late Proterozoic Windermere Supergroup rocks in 
southeastern British Columbia and northwestern United 
States (Price, 1981). Regionally extensive seismic 
reflections imaged beneath the anticline in the upper 
crust correlate with ca. 1468 Ma gabbroic sills 
(Anderson and Davis, 1995) in the Aldridge formation 
of the Purcell (Belt) Supergroup. The reflectors define 
broad folds and thrusts, and support an interpretation 
that the anticlinorium formed during Mesozoic 
contraction when imbricate thrust faults carried up to I5 
km of Purcell (Belt) and Paleozoic margin sedimentary 
rocks, and basement in some areas, eastward over a 
prominent basement ramp (Cook and Van der Velden, 
1995). 

PURCELL GRAVITY ANOMALY 

Combined U.S. Geological Survey and Geological 
Survey of Canada Bouguer gravity data (no terrain 
correction applied) define a 50 by 300 km positive 
gravity anomaly with an amplitude of approximately 20 
mgals in southeastern British Columbia and 
northwestern Montana (Figure 12-I). This anomaly is 
outlined by the -150 mgal Bouguer gravity contour and 
shows a steep gradient on the northeast side. The 
gravity anomaly terminates against the westward 
projection of the strike of the northern border of the 
Vulcan Low on the north and against the Lewis-Clark 
lineament and westward projection of the Scapegoat- 
Bannatyne lineament on the south (Figure 12-2). This 
gravity anomaly, here named the Purcell gravity 
anomaly, appears to core the geographical outline of the 
Purcell anticlinorium. 

INTERPRETATION 

The Purcell gravity anomaly, which cores the 
Purcell anticlinorium, is here interpreted to represent a 
buried complex consisting entirely of Moyie-type 
intrusions and may represent the location of the rift axis 
of the Purcell (Belt) basin. Isopachs of the cumulative 
thickness of Moyie sills and turbidites of the middle 
Aldridge and unit G, Prichard formation (Hiiy, Turner 
and Leitch, 1995) from data by Cressman (19X9), H6y 
(1993) and Turner et. al. (1993), also define a sill 
injection axis along the core ofthe Purcell anticlinorium. 

IMPLICATIONS FOR MINERAL 
EXPLORATION 

If the Purcell gravity anomaly can be interpreted to 
identify the location of the incipient phase of Purcell 
(Belt) basin rifting, the Purcell gravity anomaly may 
define the limits of hydrothermal systems and 
sedimentay exhalative (SEDEX) deposits emplaced 
prior to the Moyie sill event (Anderson and Davis, 1995) 
in the lower and middle Aldridge formations. 

The Sullivan mine and other sedimentary exhalative 
(SEDEX) occurrences (Kootenay King, Vulcan, Fors 
and Panda) appear to be positioned along stmctures that 
are within or parallel to broad northeast-trending 
structural zones that cut the Purcell anticlinorium. Hb;y 
(1982) defined such a structural zone, which he termed a 
transverse zone, lying between the Hall Lake and Moyie 
faults. The zone contained northeast-trending structures, 
boron (tourmalinite) concentrations and intraformational 
conglomerate occurrences. The Sullivan mine is located 
along the central part of this transverse zone. Hey’s 
transverse zone lies along the northern border of the 
western 
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Table 12-I. Density data for the Purcell Supergroup samples 

Rock Type Host Unit Number of Range (g/cm3) Mean 
measurements Density 

Moyie Sills M-A 14 2.85-3.14 2.97 
Moyie Sills L-A 8 2.87-3.02 2.96 
Moyie Dikes M-A 3 2.98-3.02 3.00 
All Moyie Intrusives M-L-A 25 2.85-3.14 2.97 
Quartzites M-A 5 2.69-2.74 2.73 
Quartzites L-A 12 2.66-2.83 2.73 
Argillites U-A 1 2.79 2.79 
Argillites M-A 9 2.67-2.79 2.74 
Siltstones M-A 2 2.55-2.57 2.56 
Siltstones L-A 3 2.73-2.80 2.76 
Schists L-A 7 2.63-2.84 2.78 
Fragmental Rocks M-A 5 2.67-2.72 2.70 
Laramide Intrusives M-A 3 2.60-2.73 2.67 
Cambrian Intrusives M-A 3 2.57-2.62 2.60 
Granophyres L-A 2 2.66-2.71 2.69 
Lamprophyres L-M-A 3 2.91-2.94 2.92 
Hellroaring Intrusives M-A 4 2.60-2.65 2.63 
Massive Sulphide L-M-A 2 4.14-4.20 4.17 

A = Aldridge Formation, L = lower, M = middle, U = upper. 

projection of the Vulcan Low (Figure 12-2), as defined 
by Clowes et. al. (1997). By analogy, the western 
projection of the southern boundary should also be 
considered a highly prospective area for sedex-type 
mineralization. Are there other Vulcan Low-type 
continental structures that control mineralization along 
the Purcell (Belt) basin? Detailed gravity surveys may 
be a useful tool to locate and define other northeast 
transverse zones or rift axis offsets within the basin. 
Such studies may provide new exploration targets. 
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Figure 12-1 is a plot of 11,638 U.S. Geological 
Survey records and 904 Geological Survey of Canada 
records. The Canadian gravity data is available from the 
Geophysical data Centre (fdostaler@gsc,NRCan.gc.ca) 
at $O.OlCND/point and the USA gravity data is available 
from NOAAiNational Geophysical Data Center 
(info@ngdc.noaa.gov) for approximately $200 USD. 
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used for data reduction. Data is presented as simple 
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STRATABOUND BASE METAL DEPOSITS OF THE 
BARKERVILLE SUBTERRANE, CENTRAL BRITISH COLUMBIA 

(093Amw) 

By Trygve Hiiy and Filippo Ferri 
B.C. Geological Survey Branch 

gEywoRDs Economic geology, massive sulphides, 
sedex, carbonate-hosted lead-zinc, goldquartz veins, 
Ace, Mac, Barkewille sobterrane, Snowshoe Group, 
Downcy succession, Ramos succession. 

INTRODUCTION 
The Barketille subterrane is part of the peri- 

cratonic Kootenay termne, deposited along the western 
edge of ancestral North America. The Kooteoay 
temme, and possible correlative rocks of northern 
British Columbia and Yukon, contain numc~ous 
volcanogenic massive solphide deposits, concentrated 
largely in EoCambrian to Early Cambrian and Middle 
Devonian to Early Mississippian times. These periods 
represent contrasting tectonic regimes along the 
continental margin, with distinct volcanic assemblages 
and characteristic massive solphide deposits. 

Tholeiitic and alkalic matic volcaoism in latest 
Precambrian through early Paleozic time records 
episodic extensional tectonics along the rifted, western 
margin of North America. Matic volcanics occur locally 
in the EoCambrian part of the Hamill Group, as Unit 
EBG in the Eagle Bay Assemblage and in the basal part 
of the Index Formation in the Goldstream area north of 
Revelstoke. A number of Cu-Zn Besshi-type deposits of 
the Goldstmm camp are the best examples of 
volcanogenic massive sulphides in these mafic 
volcmidmetasedimentary successions. 

Bimodal arc volcanism occured along the preserved 
western margin of the Kootenay terrane in middle to late 
Paleozoic time, in response to eastward subduction of a 
paleopacific ocean Within the Eagle Bay Assemblage, 
this volcanism is recorded as thick accumulations of 
II&C and felsic pymclastic rocks. In the Omineca 
Mountains in northern British Columbia, the Gilliland 
totT records similar volcanism (Ferri, 1997). Rhyolitic 
and rhycdacitic tot% of Unit EBA of the Eagle Bay 
Assemblage contain numerous small, polymetallic 
massive sulphide deposits. 

The objective of this study is to evaluate the 
potential for massive sulphide mineralization in the 

Barketille subtemme. This paper describes and 
classfies a number of known mineral occurrences and 
attempts to correlate stratigraphic packages in the 
Barkewille with other parts of the Kootenay terrane. 

REGIONAL GEOLOGY 
The Barkerville-Likely area is underlain by three 

fault-bounded geological termnes (Struik, 1988). The 
Barketille subterrane is separated from more inboard 
rocks of the Car&o subtemme by the west-verging 
Pleasant Valley thrust fault. The oceanic Slide 
Mountain temne has been stmctorally emplaced along 
the western margin of the Barkeaville subtemme, carried 
on the cast-verging Eureka Thmst fault (Figure 1). It 
also stmctorally overlaps the Barketille and Car&w 
terraoes along the Pundata thrust (Stmik, op. cif.). 
Rocks in these terranes have been polydeformed and 
metamorphosed, possibly as early as middle Paleozoic 
time (Sutherland Brown, 1963) but certainly during the 
Mesozoic (Stndk, 1981, 1988). 

The stratigraphy of the Barketville subterrane has 
been assigned, almost entirely, to the Proterozoic to 
Paleozoic Snowshoe Group (Stmik, 1986; 1988). This 
package of rocks is dominated by distal, tine grained 
siliciclastics with lasser carbonate and volcanics. It has 
been subdivided into several informal wits: Ramos 
succession, Tregillos elastics, Kee Khan marble, 
Keithley succession, Barveys Ridge succession, Goose 
Peak quart&e, Agnes conglomerate, Eaglesnest 
succession, Downey succession, Bralco limestone, 
Bardscrabble Mountain succession, unnamed carbonate, 
Island Mountain amphibolite and Tom succession 
(Figure 2). 

Units of assumed Proterozoic age include the 
Ramos, Tregillus, Kee Khan and Keitbley packages. 
Lithologies are dominated by feldspathic quart&e and 
phyllite in the Ramos and Tregillus successions and grcy 
qoartzite and phyllite of the Keithley succession. These 
lithologies have similarities with Windennere sequences 
in the Cordillem. 
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Figure 1: Regional geology of the BarkerdIe - Likely am showing major temne boundaries and massive sulphide occerences 
(afier stnlik et al., 1992). 
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Hardscrabble ~ 

Figure 2: Stratigraphic chart of the Barker&e sub-e 
(q?er Stmik, 1988); see text for suggested revision. 

The age of the Paleozoic part of the succession is 
problematic as it is based primarily on a few fossil 
localities and correlations of several units with sections 
of the Eagle Bay Assemblage farther south. The 
Harveys Ridge succession (Figure 2), a package of black 
micaceous quartz&e, siltite, phyllite, conglomerate, 
limestone and ma& metavolcanics, is correlated with 
Unit EBS of the Eagle Bay Assemblage (Struik, 1988; 
Schiariva and Preto, 1987). The age of unit EBS is 
bracketed between Early Cambrian and Middle 
Devonian. Micaceous feldspathic quart&e, phyllite, 
marble and matic metavolcanics of the Downey 
succession are also correlated, in part, with unit EBS. 
The Downey contains several microfossil localities of 
broadly Paleozoic age. The Bralco limestone is 
interpreted to sit stratigraphically above these 
successions. It contains Paleozoic echinoderm 
fragments and has been correlated with the Early 
Cambrian Tsbinakin ‘limestone of the Eagle Bay 
Assemblage (Stmik. 1988; Scbiariva and Preto, 1987). 

~CM&NIC ROCKS: SNOWSHOE 

Our work concentrated on examining and sampling 
the volcanic successions and immediate host rocks 

within the Snowshoe Group in order to attempt to 
correlate these with volcanic rocks elsewhere within the 
Kootenay Terrane. Due to intense deformation and 
moderate to high grades of regional metamorphism, 
recognition and interpretation of volcanic rocks can be 
diflicult in the area. However, two distinct successions 
have ken identified (Stndk, op. cit.), within the 
Downey and Ramos successions. 

Downey Succession 

The Downey succession is “characterized from 
others of the Snowshoe Group by its abundant marble 
and toiT’ (Stndk, 1988, page 59). Volcanic rocks 
include “green chlorite phyllite”, “volcanic W, and 
diorites” that may also be tu& (Stndk, op. cit.). 

Green phyllites of the Downey succession are 
interlayered with marbles, calcsilicate schists, phyllites 
and impure quart&es. They are commonly massive, 
consisting mainly of quaaz, muscovite and chlorite with 
variable but minor garnet, actinolite, carbonate, 
clinozoite and/or opaques. Locally, green chlorite 
phyllites contain prominent augens, several centimetres 
in length, of quartz, feldspar and chlorite. Phyllites may 
weather a pale brown colour due to alteration of fine 
iron-rich carbonate. 

At higher metamorphic grades, volcanic rocks of 
the Downey succession are ampbibolites. These were 
recognized at the Mae prospect (Figure 1) and as thick 
competent units within phyllite and marble on Barker 
Mountain (Struik, 1988). Amphibolites on the h&e 
property are thin, massive to finely laminated layers 
within coarse-grained garnet-s&cite-biotite schist. 
They are rusty weathering due to finely dispersed 
pyrrhotite. 

Analyses of a few samples of Downey succession 
metavolcanics are given in Table 1. Major element 
analyses suggest that they are subalkaline; however, 
these elements can be relatively mobile during regional 
metamorphism and, hence, plots with less mobile trace 
elements are typically more reliable. On a ZrffiO* 
versus NbN diagram, Downey metavolcanics appear to 
be alkaline, with compositions ranging from alkali 
basalts to trachy andesites (Figure 3a), whereas on an 
Si02 versus Zr/ri02 diagram (Figure 3b), these same 
samples plot mainly in the subalkaline fields. 

Discussion 

Mafic volcanic rocks are recognized in at least three 
separate stratigraphic levels in ancestral North 
American and Kootenay terrace rocks of southern and 
central British Columbia: (1) Late Proterozoic to Early 
Cambrian Hamill Group, Mohican Formation or 
correlative(?) EBG of the Eagle Bay Assemblage, (2) 
Early Paleozoic Index Formation of the Lardeau Group 
and matic volcanics of EBS in the Eagle Bay, and (3) 
the middle (7) Palezoic Jowett Formation of the Lardeau 
Group and EBM of the Eagle Bay. 
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TABLE 1: MAJOR AND TRACE ELEMFNT ANALYSES OF SAMPLES OF METAVOLCANIC ROCKS 
OF THE SNOWSHOE GROUP 

Preliminary geochemical data of Downey matic 
volcanic rocks suggests they are comparable to the 
dominantly alkali basalts of the Late Proterozoic Hamill 
Group (Logan et al., 1996). However, two ondiagnostic 
fossils, colkxted from the Downey succession, indicate a 
Paleozoic (but less likely Cambrian) age (Stmik, 1988, 
p. 60), reskting correlations to the La&au Group. 

A correlation of Downey metavolcanics with Jowett 
Formation basalts near the top of the exposed L.&em 
Group in both the Goldstream &ogan and Rees, 1997) 
and Fergwon (Fyles and Eastwcod, 1962) areas is also 
possible. However, the close association of matic 
volcanics, limestone, impure quart&e and phyllites is 
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most comparable to the Index Formation at the base of 
the Paleozoic Lardeau Group. This is supported by a 
stratigraphic contact with a white marble, the B&co, 
which may correlate with the Early Cambrian Tshinakin 
limestone (Stmik, op. ci< Schiarim and Preto, op. cit.) 
or Badshot (Mural) Formation. A correlation of the 
Bralw - Downey with the Badshot - Index implies that 
the Snowshoe Group is inverted and may generally 
young to the west. Considerable more sampling, 
analyses and interpretation are required to characterize 
Dowaey metavolcanics and to make comparisons with 
the dominantly Mid-Ocean ridge basalt (MORB) 
compositions of the Index Formation. 
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Figure 3: (a): Zr/TiOz versus NbiY and (b) Si& versus 
i!.rlrioZ plots of samples of metavolcfmic rocks of the Downey 
succession, data ia Table 1 (plot after Winchester and Floyd, 
1977). 

Correlating the Downey with the basal Lardeau has 
considerable implications regarding metallogeny of the 
Barketille sobterrane. The Index Formation contains 
numerous volcanogeoic massive sulphide deposits, 
including Goldstream (Hay, 1979; Logan and Colpron, 
1995), and therefore the Downey succession most be 
considered prospective ground for exploration of this 
deposit tupe. The restriction of most gold 
mineralization of the Barkewille camp to the Downey 
succession (Struik, 1988) may also, by analogy, point to 
the potential for discovery of lode gold deposits in the 
Index Formation to the south. 

Ramos Succession 

The Ramos succession comprises micaceous 
quart&es, phyllite and siltstone with minor 
amphibolite, marble and tu&ceoos units. Tuff near the 
top of the Ramos succession in Ramos Creek and Swift 
River “includes 1 to 2 metre thick beds in black and 
olive phyllite and fine grained quart&e. Along 
KeithIey Creek h&T is interlayered with dark grey and 
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Figure 4: Siolversus ZuTiG plot of samples of metavolcanic 
rocks of the Amos succession; data ia Table 1 (plot after 
Winchester and Floyd, 1977). 
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Figure 5 (a): NbTh-Zr plot (at& Wood, 1980) and 
(b) Rb versus Y+Nb plot (after Pearce et&.,, 1984) of samples 
of metavolcanic rocks of the Amos successmn, showing their 
volcanic arc &ii@ A - N-type MORB; B - Etype MORB, 
C - alkaliie within plate, D - destructive plate margin. 
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olive phyllite near the upper contact of the Ramos with 
the Harveys Ridge swxasion” (Stndk, 1988, p. 52). 

A poorly exposed s&ion of Ramos h& on a 
logging road along the western slopes of Ramos Creek 
includes several tens of metres of tan to brown 
weathering quartz-eye &cite phyllites with minor 
interteds of argillite or argillaceous phyllite. In thin 
section, they comprise crystals of quartz and feldspar in 
a matrix of s&cite, biotite, quartz, feldspar and minor 
chlorite; other samples contain small clasts, up to a 
millimetre in length, of intergrom quartz and feldspar. 
These rocks are interpreted to be intermediate to felsic 
ash and crystal tuffs. However, separated zircons appear 
to have a detrital origin, suggesting either considerable 
reworking of these units or a sedimentary origin (J. 
Mortemon, personal communication, 1997). An 
attempt to date these zircons is now in progress. 

Analyses of P.amos toffs (Table 1) support felsic 
compositions. Analyzed samples are calcalkaline 
rhyolites (Figure 4). On a trace element tectonic 
discrimination diagram, Rantos tuEs plot in the volcanic 
arc field (Figure 5a) and on a Rb versus Y+Nb plot, 
designed for intrusive rocks, they also plot in the 
volcanic arc granitoid field (Figure 5b). 

DiSCUsSion 

The P.amos succession has been assigned a Late 
Proterozoic age, based largely on stmctoral 
interpretations, regional correlations and superposition 
of onits (Stmik, 1988). We suggest, however, that a 
Devonian age for the Ramos is possible, supporting a 
model that the Snowshoe Group tends to young to the 
west. 

Arc volcanism in the Kootenay terrane was first 
documented in Devonian rocks of the Eagle Bay 
Assemblage. These comprise thick accumulations of 
felsic and matic pyroclastic rocks, containing a number 
of Late Devonian subvolcanic plutons. It is possible that 
felsic arc volcanics of the P.amos succession are thin, 
distal carrelatives of these Eagle Bay volmnics. 
Furthemore, the Quesnel Lake orthogneisses may be 
subvolcanic intrusions related to this volcaoism. Tbis is 
supported by the similar volcanic arc signatures of these 
gneisses (in preparation) and their restriction to western 
exposures of the Snowshoe Group. 

The suggestion that Ramos taffs are Devonian in 
age allows correlation with felsic arc volcaoics in the 
Yukon-Tamma terrane, host to the Kudz Ze Kayah and 
Wolverine deposits, the Gilliland tuffs in the Big Creek 
Group, and the massive solpbide host rocks of the Eagle 
Bay Assemblage. 

Summary: Stratigraphic Correlations 

Struik (1988), in his definitive work on the 
Snowshoe Group, correlates certain parts of this 
succession with similar litbologies in the Eagle Bay 
Assemblage. This includes equating the Bralco and 
Tshinakin limestones and the Harveys Ridge and 

Downey successions with unit EBS. More precise ages 
on parts of the Eagle Bay Assemblage (Schiarizza and 
Preto, 1987), and reevaluation of volcanic successions, 
allow for possible reinterpretation of the stratigraphic 
succession of the Snowshoe Group. Sbiarizza and Preto 
(op. cif.), based on the presence of arc~ds, 
assigned an Early Cambrian age to the Tshinakin 
limestone and placed unit EBS broadly in the Early 
Cambrian to Middle Devonian due to its stratigraphic 
position above the Tshinakin and below Middle 
Devonian felsic volcanics. 

Hence, we suggest revisions to the assigned ages of 
some members of the Snowshoe Group. The Devono- 
Mississippian age of the Hardscrabble Mountain 
succession is probably correct, based on similarities of 
its black siltites and abundance of Pb-Zn-Ba sedex 
showings with Devono-Mississippian black elastic 
successions (the Earn Assemblage) elsewhere in the 
miogeocline. The relative ages of the Ramos to Keithley 
successions become problematic. We suggest tbat the 
felsic tuiT intercalated with gritty to phyllitic rocks of the 
Ramos succession may be Devonian to Mississippian in 
age and correlative, in part, with unit EBA of the Eagle 
Bay Assemblage. The Tregillus, Kee Khan and 
Keithley successions would then be Paleozoic in age. 
Finally, we suggest that the Downey may correlate with 
the basal part of the Lardeau Group. 

DEPOSITS 
Cunningham Creek occurrences 

Numerous small, conformable lead-zinc showings 
occur in the Cunningham Creek valley south of 
Barkerville (Figure 1). These showings comprise 
argentiferous galena, spbalerite, pyrite +/- barite in a 
dark graphitic &ale sequence that bas been correlated 
with the Late Proterozoic Midas Formation (Hodgson, 
1978; Longe et al., 1978; tinge, 1979). Stroik (1988), 
however, places similar occurrences on the south side of 
the Cunningham Creek in the Late Pale&c 
Hardscrabble Mountain succession. We suggest that the 
nature of these deposits, similar to sediment-hosted 
massive sulpbide deposits, and their close spatial 
association, argues for a common host and, hence, 
include all of them in Hardscrabble Mountain. 

The Cunningham Creek showings were discovered 
between 1971 and 1976 by Coast Interior Ventures Ltd. 
and Riocanex Ltd. in a follow up of both stream and soil 
gcochemical anomalies. Extensive trenching, sampling 
and limited drilling has recognized both the stratabcwd 
nature and the extent of mineralization in the Roundtop 
Mountain area. 

Showings on the northeast side of Cunningham 
Creek are within a stractorally complex succession of 
phyllites, sandstones, slates, dark shales and minor 
carbonates (Hodgson, op. cit.). Holland (1954) and 
Sutherland Brown (1963) map this succession as right 
way up whereas Stmik (1988) interprets it to be 
inverted. The sulphide-barite layers are in either dark 
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limestone or associated black pyritic shales that locally 
contain minor chert. 

The Vie showing (093A 070) comprises massive, 
fine-grained galeoa and sphalerite in a siliceous unit in 
grey banded limestone of a black graphitic shale 
succession (Lange et al., op. cit.). The showing is 
conformable with layering, of variable width, and 
exposed strike length of 20 metres. 

The Evening showing, located approximately 1200 
metres south of Vie, is similar, with fine-grained 
sulphides, but is in black cherty shales. A geochemical 
soil anomaly suggests mineralization is more extensive 
than that exposed in trenching. Samples of the Vie and 
Evening showings, from Lange et al. (op. cit.) assayed: 

% Fb % Zn oz/t Ag sample width 
Vie 1 3.3 3.65 0.41 30 cm 
Vie 2 13.1 7.6 1.72 20 cm 
Evening 0.99 3.25 0.23 40 cm. 

A number of other showings in the immediate area 
also have similar mineralogy as Vie and are hosted in 
either black siliceous shales or dark limestone. Due to 
extensive overburden and stn~chual complexity it is not 
possible to determine if these are structoral repetitions 
or separate stratigraphic horizons. The X anomaly, 3 
kilometres southeast of the Evening showing, is hosted 
in dark limestone and consists of minor disseminated 
sphalerite and galeoa, and some massive barite with 
pyrite. Drilling intersected green chloritic phyllite that 
may b-e a matic volcanic unit, as well as some coarse, 
probable volcaniclastic onits (Hodgsoa, 1978). The 
B&.x zinc showing comprises massive to wispy 
sphalerite with less galena, also in siliceous dark 
limestone. Grades of two grab samples averaged 5.3 % 
Pb, 15 % Zn and 0.9 oz /t Ag (Lange, 1977). 

Showings south of Cunningham Creek (A-l, A-2 
and Ten Dollar) occur in silicified dolostone or 
limestone that Struik (1988) correlates with the 
Hardscrabble Mountain succession. Detailed mapping 
by Hodgson (in Lange et al., op. cit.), correlates these 
successions with those north of Cunningham Creek, 
supporting a model that all conformable sulphide 
deposits are in Hardscrabble Mountain. 

The conformable (stratabound) natore of many of 
these showings, their simple mineralogy, tine grain size, 
host stratigraphy and lack of replacement textures 
suggest that they may be sedimentary exhalite deposits. 

Mae (093A 087) 

Introduction 

The Mae property comprises a number of layers of 
stratabound Pb-Zn-Cu mineralization in a calcsilicate- 
amphibolite assemblage of the Downey succession. It is 
located north of the 8400 logging road, just west of 
Maeford Lake (Figure 1). 

The prop&y was initially staked in 1988, following 
the discovery of sulphide-bearing float and a follow-up 
soil geochemical survey (Pride, 1989). Subsequent soil 
surveys outlined three zones with coincident lead-zinc 
anomalies. Despite limited outcrop, mineralization was 
discovered in two of the anomalous zones (Ride, op. 
cit.). 

The area is underlain by a northwest dipping 
succession of garnet schist, black phyllite, c&silicate 
gneiss and minor marble and amphibolite ofthe Downey 
succession. Although interpreted to be middle Paleozoic 
in age (Stmik, 1988), it is suggested that the Downey 
may correlate with the Early Paleozoic Index Formation. 
Immediately to the north, this succession is overlain by a 
thick limestone-marble unit, the Bralco limestone. Late 
northwest trending faults, with displacements of a few 
tens of metres, cut these units. The regional 
metamorphic grade is high, with garnets and stawolites 
developed in p&tic units and amphibole in calcsilicates 
and matic metavolcanics. 

Mineralization in the lower anomalous zone 
comprises dispersed sulphides in hvo thin, msty- 
weathering, fine-grained quartz-garnet amphibolite 
layers. High Mn content is reflected in the abundant 
spessartine (+ almandine/grossular) garnets in the 
amphibolite (Table 2). The amphibolites are 
interlayered with coarse-grained gamet-biotite schist, 
minor c&silicate gneiss and thin impure marble layers. 
Petrographic study of a piece of float from this showing 
contained approximately 10 percent opwes, 
comprising 60 % pyrite, 20 % pyrrhotite, 12 % 
magnetite, 5 % chalcopyrite 2 % galeoa and 1 % 
sphalerite (Pride. 1989). Pyrite (and marcasite) occurs 
in late veiolets and replacing pyrrhotite. 

The second anomalous zone, on the slopes above 
the lower zone, is underlain mainly by the Bmlco 
limestone. The only discovered mineralization is minor 
galena in a spany dolomite filled frachne within the 
marble. It is not believed to lx the source of the Zn-Pb 
geochemical anomaly (Pride, 1989). 

These showings and host succession have 
similarities with Mn-rich, stmtaboond Pb-Zn showings 
of the Bend prospect @ask, 1982; Reddy and Godwin, 
1987) north of Golden. They also have similarities with 
volcanogenic sulphide deposits, in particular Be&i-type 
deposits. These include a mixed matic volcanic(?)/ 
metasedimentary host succession and a copper, zinc and 
lead metal content. 

Big Gulp (093A 143) 

Big Gulp is a new discovery by Barker Minerals 
Ltd. It is located approximately 1.5 kilometres south of 
Cariboo Lake, along “C road”, a spur of the 8400 
logging road. Work on the property is limited, with 
only reconaissance mapping, some sampling, and a soil 
geochemical smvey. 
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TABLE 2: ASSAYS OF HAND SAMF’LES OF MASSIVE SULsPHlDE PROSPECTS IN THE SNOWSHOE GROUP, 
BARKERvILL.suBTERRANE 

Sample Description source MO C” Pb zn Ag Au Ni Co Mn Sr Cd Si V La cr Ba 

pm m ppm ppm wm fvb m wm m m pm pm pm pm pm pm 

BIG GVLP 

1197BC-K py-se schist 1 C2 674 6, 45031 c.5 14 42 62 2343 457 171 19 56 15 96 125 

ACE 
1197BC-IO po-chl schist 1 M 630 17 393 0.5 6 123 70 6055 158 c .4 ~5 431 26 77 26 
H97SC-I-E-I pyqtz schist 1 3 427 39 524 1.6 6 253 22 6537 279 1 ~5 669 27 67 1W 
H97BC-1-E-2 poqtz schist 1 2 673 56 131 1.4 ~2 214 <2 17624 249 0.6 7 1336 41 64 66 
RAL 97-9 qlz-bi schist 2 5 361 11 95 c.5 ~5 124 62 9162 216 4 5 797 27 163 74 
RAL 97-10 q&se schist 2 60 5065 617 c.5 6 54 9 1204 246 9 ~5 144 22 117 612 
1133 sulphide schist 3 5 3249 ~2 306 1.4 35 23 55 1590 24 cl <5 159 40 29 15 
,362 gnqtzchl schist 3 4 ,281 10 35 3.2 75 474 158 ,586 37 2 <5 107 40 72 50 

MAE 
1197SC-46-2b po-amph schist 1 c2 403 57 159 c.5 13 104 13 43955 22 1.5 6 206 27 76 1 
1197BC-462c pc-amph schist 1 6 772 30 112 c.5 8 130 25 21236 26c.4 ~5 144 33 76 3 
1197BC-46% po-amph schist 1 -=2 326 10 77 < .5 132 45 7 26360 6 x.4 9 100 27 39 cl 

Sample Fe Ca P Ti Na K 

% % % 96 % % 

BIG GULP 
1197BG6C 10.57 6.57 0.04 0.03 0.46 0.7 

ACE 
1197BG10 18.11 2.44 0.592 0.2 0.93 0.9 

H97EJC-I-E-I 23.15 3.46 0.476 0.13 0.76 1.34 

H97SC-1-E-2 17.24 6.93 0.246 0.11 0.72 I.& 

RAL 97-9 MO 5.92 0.06 0.32 1 .O! 

RAL 97.10 3.03 2.13 0.05 2.05 0.5; 

1133 9.41 0.39 0.19 c.01 C.04 c.0 

1362 26.3 2.04 0.49 -co1 -co1 

MAE 
,197BC46-2b 18.46 3.04 0.309 0.1 

t 197BC-l6-2c 17.46 2.6 0.306 0.11 

1197BC-46-3a 12.64 1.49 0.097 0.09 

Notes: Analyses of float sampler of Barker Minerals are by Echo-tech lab% Kamlwpr 
Analyses of samples, this report are by MIC, Acme Analytical Laboratories. Vancouver 
MIC = HCL04-HN05HCCHF digestion and ICP 
FAC = Fire assay-ICPlgraphite furnace finish 
data source: 1. this report: 2. R. Lane, personal communication. 1997: 3. Barker Minerals Ltd. 
arsenic: Big Gulp = 16 ppm. all other values below 10 ppm 
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Big Gulp is a stratabound semi-massive sulphide 
occurrence in the Downey succession. Immediate host 
rocks are pale grey to green sericite phyllite and darker 
chlorite phyllite; both contain abundant dispersed 
ankerite and variable amounts of calcite. These 
phyllites are interpreted to be altered matic toffs 
(samples H97BCda, 6b, Table 1). The phyllites overlie 
Quesnel Lake orthogneiss immediately to the southwest 
and are strachxally overlain by a “chert to cherty tu@ 
horizon and then argillite (Roach, 1997). 

Mineralization comprises a number of thin layers 
with dark sphalerite, and minor chalcopyrite and pyrite, 
dispersed in a siliceous, sericitic matrix. It is streaked 
parallel to a prominent west-plunging mineral lineation. 
Solphides also occur in thin, discontinuous foliation- 
parallel quartz stringers. A grab sample assayed 4.5 % 
Zn and 0.06% Co (H97BC-6a; Table 2), and a sample 
by Roach (1997) contained 3.17 % Zn and 0.04 % Cu. 

The host soccession and Zn-Co tenor suggest 
similarities with Be&i-type massive sulphide 
mineralization. Alteration, including sericitic, 
silicitication and “brownish-white carbonate” just 
northwest of the showing, is also characteristic of this 
deposit type. 

Ace 
Introducti5n 

The Ace property is located on the south side of the 
Little River, approximately 35 km northeast of Likely 
(Figure 1). It is readily accessible by the Welwood 8400 
logging road that cots through the property. Exposures 
in the area are minimal, largely restricted to isolated 
outcrops along the banks of the Little River, on the 
higher slopes of Mount Barker, in logging roadcuts and 
in recent trenches. A considerable part of the property 
has been logged; the remainder is covered by stands of 
fir, spruce and pine, and by considerable thicknesses of 
glacial till. 

High gold values in sands of the Little River as well 
as solphide float boulders, first recognized by Louis 
Doyle, led to the acquisition of the Ace property and 
formation of Barker Minerals Ltd. in 1994. Subsequent 
detailed prospecting, line cutting and soil geochemism 
outlined a sulphide boulder float train and coincidental 
geochemical anomalies that paralleled the regional 
structural trend. More recent work, during the summer 
of 1995, including additional prospecting, geochemim, 
geophysical sorveys and some geological mapping, 
defined more clearly exploration targets on the property. 
As a result of successful regional work, the property was 
expanded significantly in 1996, and now includes 
prospects such as Big Gulp and the May& (see HOy and 
Ferri, 1998). Work in 1997 included considerable 
trenching, geological mapping and sampling. The 
following description of the Ace property incorporates 
results presented in assessment reports as well as 
unpublished internal reports by Barker Minerals Ltd. 

Two main targets are apparant on the Ace claims: 
massive sulphides and goldquartz veins. Both of those 
were recognized in the float train and have since been 
discovered in trenches. Geochemical soil surveys 
identified coincident Zn and Pb anomalies, with 
threshold values of 100 and 25 ppm respeztively, along 
the northern margin of the float train. A moderately 
anomalous Cu zone was identified to the south, along 
the lower slopes of Mount Barker; it is locally associated 
with high As values. The regional extent of these 
anomalies, their tenor and their orientation parallel to 
regional stmchual and stratigraphic trends, suggest that 
they may be related to massive sulphide targets. Local 
Bi anomalies, and erratic Au highs, may be related to 
vein mineralization. 

Geologv 

The Ace property is underlain by phyllitic rocks of 
the Downey succession. These have been assigned an 
early to middle Paleozoic age, possibly correlative, in 
part, with the Broadview Formation of the Lardoau 
Group (Stmik, 1986); however, as described above, they 
may correlate with the Index Formation at the base of 
the Lardeau. The succession trends easterly, with 
moderate dips to the north. It has been cot by at least 
two prominent northeast trending faults (Stndk, 1988), 
referred to informally as the GSC-1 and GSC-2 faults by 
Barker Minerals Ltd., that may define a horst in the 
central part of the Ace claims (Lamrole, 1997). 

Dominant rock types in trenches include tan to pale 
grey or green phyllites and dark grey graphitic phyllite, 
both interpreted to be fine grained m&sediments. 
These are interlayered occasionally with impure &cite 
qoartzites or orthoquartzites and rare dark limestone 
beds. Green, massive chlorite phyllites are interpreted 
to be matic volcanics. At higher metamorphic grades on 
the northern slopes of Mount Barker, these occur as 
amphibalites that are referred to as “diorites” or “diorite 
tuW (Stndk, 1988). 

The two dominant deposit types on the Ace 
property, semimassive salphides and goldquartz veins, 
have been found in numerous float samples, in trenches 
and in a few of the natural exposures. 

Pyrite and pyrrhotite are commonly dispersed 
throughout phyllites on the Ace property. Semimassive 
sulphides, dominantly pyrite and pyrrhotite, are also 
concentrated parallel to foliation in coarse, qaartzo- 
feldspathic schists. Sulphide concentrations greater 
than 50 per cent are cOrmnon and, therefore, the term 
“massive solphide” is locally appropriate. The solphides 
are deformed, along with their gangoe and host 
succession, in a ductile manner. A crude banding is 
often apparent, defined by variable sulphid&ilicate 
concentrations. Chalcoppite and sphalerite contents are 
variable, but generally less than a few per cent each. 

The sulphide host rock is typically a granular 
quartz-feldpar schist or phyllite, with grain size up to 
several millimetres. In the tield it has been variously 
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referred to as an exhalite, leuwcratic diorite, qoartzite 
or siliceous alteration zone. However, as these various 
rock types are not all at a single stratigraphic horizon, it 
is possible that they represent, in part, distinct units. 
The schist is commonly banded due to either variable 
sulphide or possibly biotite content. This banding 
appears to be a tectonic rather than a primary fabric. 
The schist comprises dominantly plagioclaae (andesine 
and albite) and quartz with varying amounts moscovite, 
sericite, biotite, ankerite, calcite and opaques (Payne, 
1997). Several per cent apatite is common, with local 
concentrations greater than 20 per cent. 

Petrographic work (Payne, opcit.) suggests that the 
original rock is an intrusive leuocodiorite? that has 
undergone various degreea of alteration, deformation 
and mineralization. These include albitization, 
producing aggregates of fine-grained, eqoant, non- 
twinned albite, silicification with introduction of quartz, 
and potassic (mosmvite / s&cite and minor K-spar) and 
magnesia (phlogopite) alteration. Late chlorite 
commonly replaces biotite. Early solphides include both 
pyrrhotite and pyrite, with minor finely dispersed 
chalcopyrite and sphalerite. Subhedral pyrite grains 
appear to have formed as a replacement of pyrrhotite; 
chalcopyrite and pyrite are both commonly remobilii 
into thin discontinuous veinlets. Marcasite may occor as 
a late replacement of other iron sulphides. 

Analyses of a number of sulphide host rock samples 
are listed in Table 2. Of note are the high Co/Pb and 
Zn/Fb ratios and relatively high Mn values, typical of 
some Besshi deposits. However, Co/Ni ratios are 
considerably lower than those typical of Besshi deposits. 

Numerous white quartz veins, locally with abundant 
sulphides, occur on the Ace property. Some are folded 
along with their host rock while others are clearly post 
tectonic, cutting across foliation. These may be folded 
during deformation that crenulates foliation. Veins 
contain variable amounts of quartz and pyrite, generally 
minor base metal solphides and moscovite, biotite, 
chlorite and tourmaline. “Mineralogical studies indicate 
the presence of c&mite, various telhuides, msalite, 
native bismuth and native gold and prismatic 
toarmaline. Geochemical analyses indicate presence of 
Fe, As, Au, Ag, Zn, Cu, Bi and Te and locally at least 
some Ni, Co and Cr. For the most part, the microscope 
studies reveal that native gold is sometimes associated 
with native bismuth, native telleriom and with Bi and 
Te minerals. In others, gold is enclosed in qoartz, in 
sulphide minerals and along the edges of sulphide 
minerals” (internal Barker Minerals report, August, 
1997). 

Analyses of numerous quartz-solphide float 
samples, collected and analyzed by Barker Minerals 
Ltd., indicate variable but locally appreciable gold 
content; 53 samples had an average gold content of 3106 
ppb, with a range from 220 ppb to 28,972 ppb (Lamrole, 
1997). 

Semimassive to massive sulphide mineralization on 
the Ace claims has similarities to Besshi style 
volcanogerdc massive solphide deposits. Host rocks 
include a succession of sericite phyllites, impure 
quart&es, minor calcareaus units and chlorite phyllites. 
These are interpreted to be metasediments and mafic 
metavolcanic units. They are similar to and may 
correlate with the basal Index Formation in the 
Goldstream area, host to a number of massive solphide 
deposits. 

Sulphides, dominantly pyrrhotite and pyrite with 
minor chalcopyrite and sphalerite, are in a granular 
feldspathic schist. The protolith of this unit is 
unknown; however, it has similarities to the siliceous 
alteration zone that hosts Goldstream massive solphides 
(Hay, 1979) and the albite envelope around other Be&i 
style deposits (Slack, 1993) and is, therefore, interpreted 
to be largely an alteration envelope. More regional 
alteration includes potassic (sericite +/- K-spar), 
magnesium (chlorite and phlogopite), and widely 
dispersed pyrite and pyrrhotite. 

The metal content, domininaotly Co and Zn with 
low Pb, is also similar to Besshi deposits. As well, 
anomalous concentrations of a variety of metals, 
including Co, MO, Bi, As and Ni are typical of many 
Besshi deposits (Slack, 1993). These deposits can also 
contain high precious metal content, with typical grades 
of 5 to 20 ppm Ag and variable but locally high gold 
values. 

The gold-quartz veins have some similarities with 
vein mineralization of the Barkerville-Wells camp. 
These deposits include both early replacement deposits 
and younger gold-sulphide veins. They all occor in the 
Downey succession, in rocks of greenschist facies 
regional metamorphism, and in fold hinges or along 
consistent fault or frachze patterns. By analogy, veins 
on the Ace property may have similar stratigraphic, 
metamorphic and structural control. Their distribution, 
coincident with semimassive sulphide mineralization 
and targets, and somewhat similar base and precious 
metal content, suggest that they may be, in part, 
remobilized from these early deposits as has been 
suggested for deep level veins associated with deposits 
in the Besshi distria Japan (see Slack, 1993). 

SUMMARY AND DISCUSSION 

The Snowshoe Group of the Barkerville subterrane 
contains at least two separate and distinct packages of 
metavolcanic rocks. Correlation of these successions 
with volcanics elsewhere in the Kootenay terrane allows 
possible revision of the recognized Snowshoe Group 
succession. 

We suggest that the metavolcmics of the Downey 
succession may correlate with tholeiitic basalts of the 
Lower Paleozoic Index Formation and with some of the 
greenstones of unit EBG of the Eagle Bay assemblage. 
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Fortbermore, we propose that felsic volcanics of the 
Ramos succession correlate with Devono-Mississippian 
arc volcanics of the Eagle Bay Assemblage. 

Revised correlation of the Snowshoe Group has 
considerable metallogenic implications. The Downey 
succession, host to numerous gold veins and 
replacement deposits in the Barketille-Wells area, also 
has potential for Be&i-type volcanogenic massive 
sulpbide deposits similar to those that - in the Index 
Formation in the Goldstream camp. Recognition and 
correlation of Ramos succession toi% with arc volcanics 
of the Eagle Bay and possibly Devono-Mississippian 
volcanics of the Yukon-Taaana terrane enhances its 
potential for discovery of Kuroko-type (polymetallic) 
massive sulphide deposits. 

Recent discovery by Barker Minerals Ltd. of Cu- 
Zn+/-Au occurrences in the Downey, including the Ace 
and Big Gulp prospects, may be examples of stratabound 
volcanogenic deposits. 
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Zn-Pb DEPOSITS IN THE CARIBOO SUBTERRANE, 
CENTRAL BRITISH COLUMBIA (93A/NW) 

By Trygve Hiiy and Filippo Fen-i 
B.C. Geological Survey Branch 

KEYWORDS: Economic geology, massive sulphides, 
carbonate hosted Zn-Pb, Maybe, Comin Thmu Bear, 
Caribw subterrane, Barkenille subtermne, Kootenay 
terrane, Cassiar terrane, Cmiboo Group, Black Stuart 
Group. 

INTRODUCTION 
The Cmiboo subterrane comprises dominantly 

Precambrian to Early Mesozoic elastic and carbonate 
rocks that were deposited along the western margin of 
North America (Stmik, 1988). It correlates with parts 
of the Cassiar Platform and Selwyn Basin of the Yukon 
and northern British Columbia, and with Proterozoic 
and Paleozoic rocks in the Selkirk and Purcell 
Mountains of southern British Columbia. These rocks 
include both basinal and platformal sediments with 
demonstrated stratigraphic ties to North America. They 
contain numerous mineral deposits, including a variety 
of veins, Pb-Zn and W skams, and carbonate and 
sediment-hosted massive sulphide OccuTIences. These 
massive sulphide deposits are the focus of this paper. 

This paper overviews known Zn-Pb massive 
sulphide deposits of the Cariboo subterraue in the 
Likely-Barkerville area (Figure l), focusing on the 
Maybe (MINFILE no. 093A 110) prospect. The paper is 
part of a regional study of both volcauogenic and 
sediment-hosted massive sulphide deposits in adjacent 
Kootenay termne and correlative Yukon-Tanana 
termnes (Nelson ef al., 1997). A companion paper (Hay 
and Feni, 1998) overviews the geology of the 
Barkerville subtermne, compares it to the other parts of 
the Kootenay termne, and describes, classifies and 
compares contained massive sulphide deposits, 

MASSIVE SULPHIDE DEPOSITS 
Massive sulphide deposits in miogeoclinal rocks 

correlative with those in the Cariboo subtermne include 
stratiform sediment hosted deposits and carbonate 
replacement deposits. Sediment hosted deposits (sedex 
deposits) are concentrated during periods of extensional 
tectonics, typified by marine transgressions, pronounced 

facies changes from shallow to deeper water, and locally 
with mafic volcanism. Carbonate-replacement deposits 
are also commouly controlled by tectonics, localized 
near regional nnconfonnities and along major structural 
breaks. 

EoCambrian to Early Cambrian time is marked, 
locally, by rifling, volcanism and submergence along the 
ancestral continental margin. Sedex deposits occur in a 
variety of rock types in British Columbia including the 
Bend in platformal carbonate rocks (Leask, 1982), 
Cottonbelt and other Shuswap deposits in high grade 
metamorphic rocks of the Monashee Complex (Pyles, 
1970; Hay, 1987) and Lucky Coon and Mosquito King 
in a metasedimentaxy / metavolcanic succession of the 
Eagle Bay Assemblage (Schiarizza and Preto, 1987). As 
well, c&on&-replacement deposits characterize Early 
Cambrian platfonnal carbonates in the Kootenay Arc; 
those in Middle Cambrian rocks, including Monarch 
and Kicking Horse in the Rocky Mountains, occur at a 
platform margin. 

A marine transgression in Middle Ordovician time, 
also marked locally by mafic volcanism, is associated 
with sedex deposits in Road River Group rocks of the 
Gataga District (McIntyre, 1991). In southern British 
Columbia, a few small carbcmate-hosted Pb-Zn 
occurrences, such as Hawk Creek (082N 021), may be in 
Ordovican rocks. 

In Middle Devonian to Early Mississippian time, 
opening of the Slide Mountain ocean to the west is 
believed to have occured in response to arc volcanism 
along the distal continental margin, remnants of which 
are found in the Eagle Bay Assemblage of the Kootenay 
terrane (Ferri, 1997). Continental margin rocks are 
characterized by extensional tectonics, isolated rifl 
basins, minor volcanism and major unconformities, an 
event referred to as the “Little Diastrophism” by Stmik 
(1980). These rocks host numerous large sedex 
deposits, including Pb-Zn-bar&e deposits in the 
Ketchika trough and Selwyn basin in northern British 
Columbia and Yukon. 

Known massive to semi-massive sulphide deposits 
in the Caribou subtermne include a number of 
carbonate-hosted Zn-Pb deposits (Figure 1). They are in 
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Figure 1. Map of the Caritm and Barkerville subtemnes (after Stmik, 1988), ~4th location of stratatand Zn-Pb occurrences. 

14-2 Brilish Columbia Geological Survey Branch 



carbonate rocks that range in age from Late Proterozoic 
to Middle Devonian. The Maybe and Comin Throu 
Bear (093A 148) prospects are interpreted to be 
carbonate replacement deposits above a Late Silurian to 
Early Devonian unconformity. Numerous small 
concordant sulphide deposits in dark calcareous shales 
in the Cunningham Creek area have been interpreted to 
be in the Fxambrian Midas Formation (e.g., Lange, 
1977). However, they may be in the Barkewille 
subterrane which hosts correlative? barite occurrences in 
the Devonian Hardscrabble Mountain succession 
(StmikJ988). 

CARD!00 SUBTERRANE 
The Cariboo subterrane includes: the Late 

Proterozoic Kaza Group, a succession of dominantly 
impure quartz&s, phyllites and conglomerates; the 
overlying Late Proterozoic to Early Paleozoic Caribw 
Group; and the Early to Late Paleozoic Black Stuart 
Group (Stmik, 1988). Much of the Barkerville-Likely 
area underlain by the Caribw subterrane has been 

Early Cambrian 

Figure 2. Table of formations for the Car&w and Black Shut 
Gmup, Car&w sub-e (nfrr Struik, 1988), showing 
position of stratabound Zn-Pb cwwrcaces. 

mapped by Sutherland Brown (1963), Campbell ef al. 
(1973) and Stmik (op. cit.). Debate concerning the 
internal stratigraphy, paleotectonic environment and 
regional correlations of the Caribw Group, as discussed 
in Stmik (1988), is beyond the scope of this paper; as 
such, the most recent nomenclature of St&k is used. 

The Car&w and Black Stuart successions are 
illustrated in Figure 2. The Cariboo Group includes 
phyllite, slate, limestone and minor quartzite of the 
Isaac, Cunningham and Yankee Bell formations, 
quart&es of the Yanks Peak Formation and limestone 
of the Lower Cambrian Mural Formation. These 
correlate with the North American Windermere Group, 
Hamill Group and Badshot Formation respectively in 
southern British Columbia. Conformably overlying 
slate and shale of the Dome Creek Formation may 
correlate with similar lithologies in the Chancellor 
Group of the southern Rocky Mountains (see Struik, 
1986) and perhaps with the base of the Index Formation 
of the Lardeau Group in the Kcotenay terrane. 

The Black Stuart Group unconformably overlies the 
Caribw Group (Stmik, 1986, 1988); it ranges in age 
from Late Ordovician to Mississippian. A discontinuous 
chert and dolostone breccia unit, host to Comin Throu 
Bear mineralization, commonly defies the base of the 
group. It is overlain by dark shales, slate, cherty 
argillite, phyllite and minor limestone of the “black 
pelite unit”, host to the Mayte prospect. A thin 
succession of matic volcaniclastics, the Waverly 
Formation, and a prominent Devono-Missisissippan (7) 
conglorneratic facies, the Guyet Formation, occur near 
the top of the Black Stuart Group. 

MAYBE (093A 110) 
The Maybe prospect is one of a number of 

stratabound Zn-Pb occurrences in Early Paleozoic 
platfomuI carbwates of the Cariboo subterrane. It is 
located 5 kilometres northeast of the confluence of the 
Caribou and Little Rivers and 35 kilometres northeast of 
the town of Likely (Figure 1). The deposit occurs on the 
steep eastern slopes of the Cariboo River, at elevations 
ranging from just over 1000 metres to 1400 metres. 
Most of the area has been recently logged, and 
exposures of mineralization are largely restrict=xl to 
logging roads. Access is provided by a road that leaves 
the Likely-Barkerville (8400) road at km 21.2, then 
crosses the Little River. 

Exploration History 

Exposures of Pb-Zn mineralization, discovered in 
1986 on new outcrops created by logging roads, were 
drilled in 1987 by Gibraltar Mines Ltd. Twenty N.Q. 
holes, totaling 3,044 metres, intersected “numerous” 
lead-zinc horizons and associated veinlets and 
mineralized quartz veins (Bysouth, 1988). Three main 
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Figure 3. Geological map of the Maybe pmspect, Cariboo subterrane (data sources: tbis repoti, Struik, 1988; Spencer, 1989). 
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miueralized layers vfe~e defined, with estimated 
geological reserves of 400 000 tonnes containing 4 
percent combined lead and zinc. 

Sable Resource Ltd. optioned the property in 1988 
and undertook au exploration program of detailed 
geological mapping, trenching and limited geochemical 
soil surveys. This program concluded that the 
minemlization was dominated by fracture controlled 
veins, but that several of the showings were similar to 
“metamorphosed strata-bound lead-zinc carbonate- 
hosted occurrences” (Spencer, 1989). 

The Maybe claim area has been acquired recently by 
Barker Minerals Ltd. Additional geological mapping 
and sampling has extended known mineralization and 
discovered higher grade massive sulphide zones. The 
recognition of anomalous values of antimony and 
mercury suggested to Roach (1997) that mineralization 
had similarities with an epithermal system. Test 
geophysical smveys concluded that the mineralization 
has a positive response to VLF-EM but no magnetic 
signature (Lammle, 1997). 

Stratigraphy 

The Maybe deposit area has been mapped at a scale 
of 150 000 by Struik (1988). The geology is dominated 
by northwest plunging, tight overturned folds that are 
cut by s&ply dipping, northwest trending faults. A 
more detailed map, illustrated in Figure 3, attempts to 
adhere to the stratigraphic nomenclature of Struik (op. 
cit.). Several mineralized horizons are recognized 
within dark calcamous units of the Middle Devonian (?) 
black pelite unit; these are interpreted to be in an 
overturned north dipping succession, structurally 
overlain by dark siltstones and qusrtzites of the 
Eocambrian Midas Formation (Struik, op. cit.). Spencer 
(1989) places a fault rather than an inferred 
unconformity behveen these successions (see Figure 3) 
an& hence, the facing direction of the mineralized 
succession is not known. 

Late Roterozoic and Early Cambrian: Yankee Belle, 
Yanks Peak and Midas Formaths 

The Yankee Belle, Yanks Peak and Midas 
formations are exposed south of the Maybe deposit. 
These units have been mapped as the northern limb of 
an overturned, northwest plunging fold with Midas 
rocks in its core and Yanks Peak and Yankee Belle 
formations on its limb (Struik, 1988). The discontinous 
nature of orthoquartzites in this foohvall succession 
(Pigwe 3) may be due to structural complexity such as 
interfolding between Yanks Peak and Yankee Belle 
formations or, less likely, to rapid lateral facies changes 
in Yanks Peak. 

The Late Proterozoic Yankee Belle Formation 
(Sutherland Brown, 1963) includes phyllite, calcareous 
phyllite, argillite and minor limestone and quartzite. In 

the Maybe deposit area, it comprises tau coloured 
phyllite with minor phyllitic siltstone and very minor 
grey to dark grey phyllite. The contact with the 
structumlly underlying Yanks Peak is sharp, placed the 
base of a white orthoquartzite. 

The Yanks Peak is dominated by quart&e with 
minor interlayered siltstone, phyllite and argillite. It is 
inferred to be tightly folded along the north limb of a 
syncline, structurally beneath the Yankee Belle 
Formation (Figure 3). It comprises ridge-forming, 
thick-bedded white to tan orthoqumtzite, interlayered 
with thinner bedded impure quartzites and tau to 
medium grey phyllite and silty phyllite. A thin, 
discontinous green chlorite phyllite within the Yanks 
Pcakmaybeamafictuffunit. 

The Midas Formation is exposed south of the Yanks 
Peak and in the structural hangingwall north of the 
deposit (Figure 3). The more northern exposures are 
dominated by dark grey phyllite, slate, and graphitic 
argillite, interlayered with dark, fine-grained quartzite. 
These quart&s may be argillaocow and are commonly 
cut by numerous 2-3 cm quartz veins. Sericite phyllites 
are less common. P.are grey to greenish phyllite units, 
less than a metre thick, containing dispersed ankerite 
and minor msripasite, may be thin matic tuff layers. 

Paleozoic: Blackpelih? unit 

The black pelite unit is interpreted by Struik (1988) 
to be inverted, and to unconformably overlie the Midas 
Formation in the deposit area. Alternatively, as 
suggested above, a fault may separate these units, as 
mineralized layers in the younger black pelite uuit 
appear to be truncated along tbis contact; however, it is 
possible that the contact is locally fault reactivated. The 
Midas and black pelite unit are differentiated by the 
abundant limcy units in the latter. 

The black pclite unit comprises dark grey phyllite, 
fissile graphitic phyllite and interlayered limestone. The 
limestone is typically streaked light and dark grey, 
although locally a tan to pale grey limestone occurs. 
Minor pale green cbloritic phyllite may have a volcanic 
origin. Lead-zinc mineralization is hosted by tan, 
siliceous carbonate units, interlayered with medium grey 
to tan calcareous and scricitic phyllite. 

The black pelite unit, as defined by Struik (1988), 
includes both graptolitic slates of Ordovician age and 
dark phyllite and argillite that overlies an Early 
Devonian chert-xbonate. unit. Its age in the deposit 
area is not known; however, the abundance of included 
dark limestone suggests a Middle Devonian or younger 
age rather than an Ordovician age (L.C. Struik, personal 
communication, 1997). 

Mineralization 

The Maybe prospect comprises at least three thin, 
continuous layers of dominantly ankerite, dolomite and 
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quartz that contain stxaky sphalerite, galena and minor 
pyrite. These layers are within dark grey limey intervals 
in the more typical dark phyllite of the black pelite unit. 
Drill intersections, illustrated in Figure 4, indicate tbat 
mineralized layers commonly have a higher grade core, 
up to one metre thick, of locally semimassive sphalerite 
and galena, with dispersed and vein mineralization 
extending two to three metres on either side. 

Figure 5 is a detailed section through one of tbe 
mineralized intervals exposed at surface (see Figure 3). 
The stratigraphic top is not known, but based on 
regional work by Stroik (1988), the section may be 
imwted. Two tbin carbonate layers, separated by 
sericite phyllite, host sulphides. 

The host carbonate layers comprise dominantly 
brown weathering, grey ax&rite and quartz, with minor 
sericite, dolomite, calcite, trace fucbsite and locally 
actinolite. These minerals are typically sheared or 
foliated or, less commonly, brecciated with dolomite or 
a&rite clads in a granular anketitequartz 

Sulphide minerals include dark brown sphalerite 
and galena, with minor pyrite and trace chalcopyrite and 
pyrrhotite. Sphalerite and galena are commonly 
streaked parallel to layering (and foliation) and/or 
disseminated in the carbonate matrix. Less commonly, 
they - in both early sheared quartz-carbonate 
veinlets and late, discontinuous, post-shearing veins. 
However, most of the late veins are barren or contain 
only pyrite. 

Petrographic shzdy (Payne, 1997) cont%ms that 
many sulphides and carbonates are foliated or strained. 
Sphalerite and galena are intimately intergrown and 
typically concentrated in thin, discontinuous lamellae 
that parallel foliation. They also occw as extremely fine 
inclusions in a&e&e. Some spbalerite grains contain 
fine inclusions of chalcopyrite or pyrrhotite. Galena and 
sphalerite may also wcur as coarser, recrystallized 
grains with ankerite and quartz. 

Galena can also occur as inclusions in pyrite, 
replacement of anketite, and rarely in late veiolets that 

%re 4. Vertical section tbroogbt the Maybe prospect, based on tillin by Gibraltar Mines Ltd. (Bysouth, 1988); see Figure 3 for 
loCation. 
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Figure 5. Schematic section through a mineralized interval of 
the Maybe prospect; we Figure 3 for location. 

cut foliation. Pyrite is commonly late, ocauing as 
euhedral grains and in late. veins. Dendritic hematite 
and limonite form late veinlets and irregular alteration 
patches. 

Analyses of a number of hand samples of the 
mineralized layers are given in Table 1. Lead and zinc 
values are highly variable, with selected massive 
sulphide samples containing greater than 10 per cent 
combined lead and zinc. Silver content is variable, but 
commonly 15 to 30 ppm. Gold values are low, with a 
maximum obtained value of 109 ppb. Roach (1997) 
reports anmnalous mercury, with samples typically 
containing more than 2-3 ppm (Table 1). Antimony and 
selenium are also anomalous. 

Discussion 
The origin of mineralization at the Maybe 

occurrence is difticolt to determine due to 
metamorphism and deformation. Solphide and gangue 
textures suggest a pamgenetic sequence of early 
intergrowth of @ale&e, galena, ankerite and possibly 
pyrite; cbalcopyrite may be due to exsolution from 
sphalerite. This mineralization is clearly prekinematic. 
Syn to post kinematic mineralization includes pyrite 
overgrowths, and possibly layer-parallel ankerite- 
sulphide veining. Late, post-kinematic mineralization 
includes pyrite, as well as discordant quartzdolomite 
veins that contain minor pyrite and rtie sphalerite and 
galena. 

TABLE 1 
ASSAYS OF SELECTED SAMT’LES OF MINERALIZELI LAYERS FROM THE MAYBE PROSPECT, 

SEE FIGURES 3 AND 5 FOR LOCATIONS 

Sample Description Sourc Cu Pb Zn Ag Au Ni Co Mn As Sb Cr Se Hg 
m 16 % ppm ppb ppm ppm ppm ppm ppm ppm ppm ppb 

4009 massive sulphide 1 58 4.64 210 22.3 25 9 11 2273 1.4 21.2 258 9.1 318! 
4012 cabarea” chefI 1 59 1.4 3.46 8.7 19 9 3 638 2.3 17.9 64 0.5 25x 
4013 cakareQ”6 Chwt 1 73 4.51 5.24 25.4 49 22 4 832 2.4 61.4 93 1.6 234( 
4081 massive sulphide 1 99 2.36 210 53 59 33 36 2213 3.7 61.2 192 24.6 92M 
4139 qz-carb. stwhwork 1 233 1.25 4.54 11.6 12 28 6 3259 177 14 41 2.6 Km 
4164 massive sulphide 1 136 3.47 >I0 117.2 83 IO 59 2266 8 154 4 0.4 9999s 

H97BGZSb semi-mass&e sulphide 2 M 2.85 9.95 25.8 87 7 4 595 <5 18 72 

H97BC26d semi-ma*ssive wlphide 2 69 3.33 9.15 28.1 109 12 6 586 <5 14 73 
H97Bc-l& semi-masseive rulphidefvei 2 78 1.15 210 8 82 IO 6 ,642 25 18 101 
H97BC4sb semi-ma68sive sulphide/vei 2 140 3.4 .m 19.9 44 11 IO ,800 20 14 79 
H97BC50 seini-ma*ssive *ulphide/vei 2 90 3.31 .10 33.7 34 IO 11 2713 8 17 93 
H97BG71b brecciated sulphide*eins 2 112 2.36 .I0 16.1 24 7 16 3404 26 16 84 
H97BC84 di66. to ma*sive sulphide 2 37 0.87 1.21 4.6 38 12 2372 5 <5 76 
H97BC103a massive sulphide 2 182 3.44 >I0 43.3 16 13 1199 11 47 189 
H97BC103b massive sulphide 2 24 0.41 .I0 < .5 6 8 1247 11 <5 42 
H97BC-110 semi-massive sulphide 2 77 2.54 4.3 18.6 14 2 834 -z5 15 60 

Notes: Analyses of samples of Roach (1997) are by ICP, Acme Analytical Laboratories, Vancouver 
Analyses of samples from this report are by MIC, Acme Analytical Laboratories, Vancouver 
Source: 1. Roach. 1977; 2. this repolt 
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The restriction of all mineralization to specific 
carbonate horizons within the black pelite unit, the 
recognition that considerable mineralization is 
prekinematic, and the pseudolayered nature of this 
mineralization suggest a syngenetic origin. However, 
comparisons with other carbonate-hosted Zn-Pb 
deposits, the dominant ankeritic host, chemistry and 
abundant vein mineralization suggest that Maybe is a 
replacement deposit. 

The metal content of the Maybe deposit, with high 
ZnPb ratios, moderate silver content, and low gold, is 
similar to many Cattmnate-hosted Zn-Pb deposits, 
including those in the Early Cambrian platformal 
carbonates in the Kwtenay Arc in southern British 
Columbia and the Irish deposits in Early Carboniferous 
rocks. However, in these deposits the dominant host is a 
fine-grained granular dolomite or, less commonly, silica 
in contrast to the ankeritic host of Maybe 
mineralization. A considerable portion of the 
mineralization in the Maybe occurs in sheared, foliation 
parallel veins, other includes later cross-cutting veins. 
It is possible that this vein mineralization records 
remobilized solphides and gangoe, as it is restricted to 
carbonate host. 

In sommary, Maybe is a carbonate-hosted Pb-Zn 
deposit and, as is common to many of these deposits, its 
origin remains enigmatic. Detailed work on the Irish 
deposits, often considered examples of syngenetic 
sulphide deposition in carbonate rocks, now suggests 
that they are largely structurally controlled diagenetic to 
epigenetic replacement mineralization (e.g., Hitzmaq 
1995). We suggest that mineralization of the Maybe 
prospect is also largely replacement/vein in origin. Its 
unusual characteristics are similar to some manto style 
deposits. 

COMIN THROU BEAR (093A 148) 
The Comin Throu Bear showings comprise galena 

and barite replacement of a Late Silurian to Early 
Devonian chertdolostone breccia in the Black Stuart 
Group (Pigore 2). The property is located at an 
elevation of approximately 1800 me&es on Black Stuart 
Mountain, approximately 18 kilometres northeast of 
Caribx Lake. Past work on the property includes 
mapping, trenching, sampling and diamond drilling 
totalling 465.6 metres in 16 holes (Reed et al., 1981). 
The properly was not visited this past summer, and these 
descriptions are summarized from assessment reports. 

The showings occur in fine grained elastic 
dolostone that overlies the Mural Formation. The 
dolostone is recessive weathering due to high pyrite 
content. It contains lenses of limestone and two 
showings of coarse-gmined barite and galena. It is 
underlain by a grey weathering limestone of the Moral 
Formation, and overlain gradationally by a dolostone 
breccia that grades upwards to chertdolostone breccia. 

The breccia is highly variable both vertically and 
laterally, and mzords an unconformity within the basal 
Black Stoart Group (Stroik, 1988). It is overlain by 
black slates of the Black Stoart Formation. 

Mineralization has been located in two areas (Reed 
et al., 1981), separated by a strike length of 
approximately 1200 metres. Five of eleven trenches in 
the eastern “Area B” expose coarse-gmined bar&e with 
interstitial galena, with widths up to eight me&s. 
Mineralization is at the contact of dolostone and 
overlying laminated grey limestone. Trenching at the 
western “Area A” exposes a similar zone 15 cm thick. 

Reed et 01. (1981) suggest that these occurrences 
are early (diagenetic?) carbonate replacement and 
possible open-space fill deposits. Alteration inch&s 
early dolomitization, concentrated in breccias and elastic 
units, followed by silicitication, then sulpbide 
deposition. The simple mineralogy, textures, 
brecciation and stratigraphic control, suggest 
similarities with Mississippi Valley type deposits. 

SUMMARY AND DISCUSSION 

The &rib00 subterrane comprises Late Proterozoic 
to Paleozoic basinal to platformal successions that were 
deposited on the North American continental margin. 
Massive sulphide deposits in these and correlative rocks 
include both syngenetic sediment-hosted and 
replacement carbonate-hosted lead-zinc f barite 
mineralization. These types of minemlization are 
typically concentrated during periods of extensional 
tectonics; sedex deposits form in rift-controlled basins 
and carbonate replacement deposits - along 
stmchml breaks commonly at or above unconformities 
or along platformal margins. 

Known massive sulphide deposits in the Caribou 
subtermne are within carbonate successions that 
immediately overlie a Late Silurian to Early Devonian 
unconformity, locally marked by conglomerate and 
breccia facies and removal of underlying stratigraphy. 
They include the stratabound Maybe and Comin Throu 
Bear prospects, both interpreted to be replacement 
deposits. Maybe is unusual because it has an ankeritic 
host and a geochemical signature that includes 
anomalous trace element concentrations such as 
mercmy, antimony and selenium. 

Exploration for new sulphide discoveries in the 
Car&w sobtermne should focus on recognized 
stratigraphic intervals that host deposits in correlative 
rocks elsewhere, such as the EoCambrian to Cambrian 
Midas and Mural Formations, and the Early Devonian 
carbonate elastic succession or black pelite unit above 
the Late Silurian to Early Devonian unconformity. 
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GEOCHEMICAL PATHFINDERS FOR MASSIVE SULPHIDE DEPOSITS IN 
THE SOUTHERN KOOTENAY TERRANE 

By R.E.Lett, P.Bobrowsky, M.Cathro 
and A.Yeow (University of British Columbia) 

KEYWORDS: Kootenay Terrane, geochemistry, sulphide hydrogeochemical anomalies were detected by the stream 
deposits, pathfmder elements, soil, till. water survey. 

INTRODUCTION 

A variety of geochemical methods have proved 
effective exploration tools for base metal massive sulphide 
deposits. The most extensive geochemical expression from 
massive sulphide mineralization is characteristically shown 
by those elements most mobile in the near surface 
environment (e.g. copper, zinc, sulphate). These elements 
combined with changes in surface water pH may be 
detected by regional stream sediment, stream water or lake 
sediment surveys. However, massive sulphide bodies are 
small compared to many other styles of mineralization and 
are difficult to locate especially where bedrock is covered 
by glacial deposits. Soil and till geochemical geochemical 
surveys commonly use the ore-related elements (e.g. gold, 
copper, lead, silver, zinc) to detect mineralization. 
Hydromolphic dispersion of the geochemically immobile 
elements (e.g. gold, lead) is limited compared to more 
mobile elements (e.g. copper). Immobile element soil 
anomalies can be the most direct indicator to the location 
of a concealed base metal sulphides or mineralized 
material in till (Cameron, 1977). However, element 
patterns in soil and till are typically small and therefore 
difficult to detect without a detailed survey. Anomaly size 
can be increased and the character of the sulphide mineral 
source better established by using pathfinder elements 
commonly found associated with the sulphide ore. Typical 
pathfmders are arsenic for gold and mercury for copper- 
lead-zinc sulphides. 

Studies of the Southern Kootenay Terrane continued 
during the summer of 1997. Geochemical studies included 
a regional till survey of the western half of two 1:50,000 
NTS sheets, 92Pl and 8 (Paulen ef al., 1998) and detailed 
geochemical sampling within NTS 821114 and 5 outlined in 
Figure 1. 

Figure I. Location of the project area. 

The aims of the detailed sampling were: 

. To establish the geochemical expression in soil 
and till near different sulphide occurrences. 

. To discriminate between different mineral sources 
within down-ice dispersal plumes. 

Preliminary results of detailed geochemistry for three 
occurrences are described in this paper. 

A regional stream water survey, detailed geochemical 
studies, a regional till geochemical survey, surficial 
mapping and mineral deposit studies were carried out by 
the Geological Survey Branch in 1996. These projects 
were part of an integrated study of the Eagle Bay 
Assemblage within NTS sheets 82M 4 and 5 (Dixon- 
Warren et al., 1997; Bobrowsky et al., 1997; Sibbick &al., 
1997; HSy, 1997). Surficial mapping, mineral deposit 
studies and the geochemical surveys covered hvo l:SO,OOO 
scale map sheets (82M 4 and 5). Strong arsenic, copper, 
cobalt, gold, lead and zinc geochemical dispersal plumes 
were revealed in till samples collected down-ice from a 
number of massive sulphide deposits within these map 
sheets. More subdued copper, zinc, sulphate 

TOPOGRAPHY AND GEOLOGY 

Detailed geochemical studies were carried out at 
several locations on the Adams Plateau and near North 
Barr&e Lake. The moderate to high relief of the region is 
typical of the Shuswap highlands. West of Adams Lake the 
undulating land surface is dissected by several major east- 
trending valleys, such as those occupied by Simax Creek 
and the North Barr& River. Valley sides are often steep 
and have extensive talus below cliff sections. A varying 
thickness of till, deposited by an ice advance from the 
northwest, covers bedrock on the more subdued plateau 
topography. Vegetation ranges from cottonwood stands in 
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valley bottoms to a western hemlock, red cedar and 
Douglas fir canopy on the plateau. (Rowe, 1972). Organic 
and gleysolic soils are common in poorly drained areas 
whereas luvisolic and regosolic soils are typically 
developed on hill slope and plateau regimes. The 
predominant surticial deposits are basal till, ablation till, 
glaciofluvial sediment, glaciolacustine sediment, fluvial 
sediment, organic accumulations and colluvium 
(Bobrowsky ef a/., 1997). Till, colluvium and glaciofluvial 
sediments are most common on the rolling plateau and hill 
slopes. Fluvial, glaciofluvial and glaciolacushine deposits 
mantle the valley floors. 

The Adams Plateau-North Barr&e Lake area is 
underlain by Paleozoic rocks of the Eagle Bay Assemblage 
and Fennel1 Formation. The western part of the area is 
dominated by the Fennel1 Formation, a Devonian to 
Permian sequence of oceanic bedded cherts, gabbro, 
diabase, pillow basalt, sandstone, quartz-porphyry rhyolite 
and conglomerate. The Fennel1 Formation forms part of 
the Slide Mountain Terrace and has a thrust contact with 
the Cambrian to Mississippian Eagle Bay Assemblage to 
the east. The Eagle Bay Assemblage is part of the 
Kootenay Terrane that was originally deposited along the 
ancestral margin of North America. Older Eagle Bay rocks 
range from quart&es, quartz-rich schists and limestone. 
These are overlain by grit, phyllite and quartz mica schist 
and coarse grained c&tic metasediments interbedded with 
felsic volcanic rocks. Above the metasedimentary rocks 
are limestone and calcareous phyllite, calcsilicate schist 
and skam, pillowed greenstone and chlorite-sericite-quartz 
schist of felsic origin. At the top of the sequence are slates 
and siltstone. The Eagle Bay Assemblage has been 
intmded by quartz monzonite of the Cretaceous Baldy and 
Raft batholiths (Schiarriza and Preto, 1987). 

MINERAL DEPOSITS 

A variety of massive sulphide deposits occur within 
rocks of the Eagle Bay Assemblage and Fennel1 Formation 
(Nelson ef al., 1997; H6y, 1991, 1996; Schiarriza and 
Preto, 1987). The deposits have been a source of base and 
precious metals in the past and continue to be an attractive 
exploration target. Among the more significant sulphide 
deposits and occurrences are: 

. Kuroko-type volcanogenic massive sulphide gold- 
copper-lead-zinc-barite deposits hosted by felsic 
volcanic rocks of the Eagle Bay Assemblage. 
Typical of this type are the Homestake (MINFILE 
82M025), Rea Gold (MINFILE 82M191), 
Samatosum (MINFILE 82M244) and Harper 
(MINFILE 82M60). 

l Besshi-type volcanogenic massive sulphide 
copper-zinc deposits hosted predominantly by 
metasediments of the Eagle Bay Assemblage. The 

Mount Amour occurrence (MINFILE 92PO50) is 
most likely an example of this type of deposit. 

l Cyprus-type volcanogenic massive sulphide 
copper-zinc deposits in matic volcanic rocks. The 
Chu Chua deposit (MINFILE 92P140) hosted by 
matic flows and tuffs of the Fennell Formation is 
an example of this type. 

l SEDEX-type lead-zinc-silver sulphide deposits 
hosted by metasedimentary rocks of the Eagle Bay 
Assemblage. An example of this type is the Spar 
occurrence (MINFILE 82M017). 

DETAILED GEOCHEMICAL STUDIES 

Detailed geochemical orientation studies were 
conducted at nine locations (Figure 2). The locations were 
selected to include sulphide mineralization typical of the 
Kootenay Terrace and to include examples of gold, arsenic 
and copper glacial dispersal trains. The metal association 
of each occurrence and the types of sample collected are 
listed in Table 1. 

Legend 
I -Harper 
2. Homestaks _ _ 

Fig 2. Location of the orientation studies. 

Objectives of the orientation studies were to determine 
the effectiveness of various geochemical sampling media 
and pathfinder elements for detecting sulphide 
mineralization. Soil, till and bedrock samples were 
collected from pits or profiles excavated at intervals on 
lines that traversed the deposits. Vegetation samples were 
also collected at the Harper, Homestake and Spar deposits. 
The vegetation types included tree bark from Lodgepole 
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pine (Pinus contorta) and Douglas fir (Pseudotsuga 
glauca) and twigs from Subalpine fir (Abies hiocarpa). 

Table 1, Mineralization and Sample Types for Stody Areas 

Arca Mineralization Sample Type 

Broken Ridge Cu-Pb-Zn-Ag 

Cam-Gloria Au-Ag-Bi-Pb 

Harper Cu.Pb-Zn-Ag-Au 

HO!tl~St*~ Au-Cu.Pb-Zn-Ba 

Mt Amour Cu-Pb-Zn 

Sama*os”m -Rea Au-Ag-Cu-Pb-Zn 

SPX Au-Ag-Pb-Zn-Cu 

Win Cu-Pb-Zn 

Soil samples (minus 63 

Soil, Till, Rock, 

Soil, Till, Rock 

Sail, Till, Rock, Tree Bark 

Soil, Till, Rock, Tree Bark 

Soil, Till, Rack 

Soil, Till, Rock Element “I..UICP DL-ICP 
Soil, Till, Rock, Tree Bark 

..__- _.______~ 

Soil, Till, Rock 

micron fraction) were 
analysed for 50 elements including gold, arsenic, barium, 
cobalt, copper, molybdenum, nickel, mercury and zinc by 
thermal neutron activation at Activation Laboratories, 
Ancaster Ltd., Ontario and by aqua regia digestion- 
inductively coupled plasma emission spectroscopy (ICP) at 
Acme Analytical Laboratories Ltd., Vancouver. Tree bark, 
leaf and hvig samples were macerated and part of the 
sample compressed into a briquette. A second portion of 
the macerated material was ashed at 480°C and the ash 
analysed for 30 elements by aqua regia digestion-ICP at 
Activation Laboratories Ltd. Selected soil and till samples 
were analysis for up to 70 trace metals by enzyme leach- 
inductively coupled mass spectroscopy at Activation 
Laboratories Ltd. Rock samples collected in 1997 were 
prepared and analysed for gold by tire assay and trace 
metals by aqua regia digestion-ICP at Eco-Tech 
Laboratories Ltd., Kamloops. 

in phyllite and schist of the Eagle Bay Assemblage. The 
lenses are up to 8 mehes wide and can be traced for up 210 
mehes along strike. The contact between the batholith and 
felsic metalvolcanic rocks of the Eagle Bay Assemblage 
lies approximately 500 metres north of the main sulphide 
occurrence. Bedrock is covered by a thin (1-2 metres) 
veneer of a light brown to grey sandy till. The overburden 
texture and the abundance of monzonite clasts in the till 
suggests that the source is mainly the Baldy batholith. 

Table 2. Detection limits (DL) for elements by aqua-regia- 
ultrasonic nebulizer-ICP (UICP)and direct ICP 

Soil, till and rock samples were also analysed for 
molybdenum, copper, lead, zinc, silver, arsenic, cadmium, 
antimony, bismuth, thallium, tellurium, mercury, selenium 
and gallium by aqua regia digestion-solvent extraction and 
ultrasonic nebulizer-inductively coupled plasma emission 
spectroscopy at Acme Analytical. Detection limits for 
direct ICP and ultrasonic nebulizer ICP are compared in 
Table 2. 

RESULTS 

Preliminary results for soil, till and rock samples from 
the Harper, Broken Ridge (Birk Creek) and Cam-Gloria 
occurrences are shown here to illustrate the typical 
geochemical response to base and precious metal 
mineralization. 

1. Harper Property (MINFILE 82M60) 

At the Harper property two northwest trending lenses of 
pyrrhotite, pyrite, chalcopyrite, sphalerite and galena occur 

A predominantly luvisolic soil has developed on a 
gentle, south facing slope. Lodgepole pine (Pinus 
contorta), Douglas fir (Pseudotsuga glauca), and paper 
Birch (Betdo papyrifera ) are the main canopy species 
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growing in the area. The hill side has been disturbed by 
uenching, excavation of a short adit and the construction 
of logging roads (now largely overgrown). 

The rock samples were collected to help establish 
background element concentrations in the soil and till. 
Sample 97RLl7R is a dark grey schist containing 
magnetite and pyrrhotite. Sample 97RLlSR is a very rusty 
weathered, siliceous, light grey phyllite containing pyrite. 
Both taken 97RLl7R and 97RL18R were taken close to 
the adit. Sample 97RLl9R from a trench 250 metres east 
of the adit is a dark grey-green siliceous schist with banded 
pyrite and minor chalcapyrite. Element concentrations in 
these samples and in an oxidized till samples collected 
within IO mehes of 97RLl7R are shown in Table 3. The 
highest gold detected in rock is 20 ppb whereas the till 
contains 179 ppb gold. Bismuth, mercury, lead and 
selenium are also higher in the till. The enhancement of 
gold and other elements in the till relative to bedrock may 
reflect glacial dispersal of sulphides from an up-ice source 
rather than the geochemistry of the underlying bedrock. 

TM 
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Figure 3. Median and range values for gold, silver, copper, lead 
and zinc in combined Harper-Broken Ridge soil and till samples. 
TM indicates median value for 1996 regional till survey. 

Median and range gold, silver, copper, lead, zinc, 
arsenic, mercury, bismuth, selenium and antimony values 
in soil and till samples from the Harper and Birk Creek 
Broken Ridge (Birk Creek) occurrences are compared by 
box and whisker plots shown in Figures 3 and 4. 
Geochemical data for samples from these areas has been 
combined because the occurrences arc less than 5 

kilometres apart and occur in a similar host rock. Also 
shown in Figure 3 for comparison are median copper, 
silver, gold, zinc and lead values for the 1996 regional till 
survey. 

I 8 
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Figure 4. Median and range values for pathfinder elements in 
combined Harper-Broken Ridge soil and till samples. 
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Figure 5. Copper in soil, till and tree bark, Harper occurrence. 
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Table 3. Geochemistry of Harper area samples. Gold by 
INA. Other elements by aqua regia-ICP 

E,Llll~“nt Tin978111 RwRrm RWRI,III RWRLL9 

The distribution of copper in soil, till and tree bark 
along a north-south traverse crossing the strike of the most 
easterly sulphide lens is shown in Figure 5. Also shown in 
Figure 5 is the copper extracted from soil using an enzyme 
leach. The decrease of copper directly over the 
mineralization could reflect increasing mobility in the 
mcne acid soil due the weathering of the sulphides. 
Increased copper down-slope from the mineralization in 
soil and till can be most likely explained by the transition 
from till to colluvium that contains a larger amount of 
locally derived mineralized bedrock. 

2. Broken Ridge (MINFILE 82111130) 

The Broken Ridge occurrence, located north of the 
confluence between Birk and Harper Creeks, was selected 
as a detailed study area because a regional till sample 
collected in 1996 near the occurrence contained 3653 ppm 
copper. Mineralization consists of banded pyrite, 
pyrrhotite, chalcopyrite, minor sphalerite and galena in 
dark green actinolite schist of the Eagle Bay Assemblage. 
In Table 4 geochemical results for rock, soil and till 
samples taken from close to the occurrence are shown. The 
rock samples are respectively a banded sulphide (97RL3R) 
and a grey-green gneiss (97RL5R). Bedrock is partly 
covered by basal till and, locally, by colluvium on the 
steeper parts of the east facing hill slope above Harper 
Creek. Variation of elements down a soil-till profile close 
to the occurrence is illustrated by samples 978065 and 
978066 in Table 4. The distribution of gold, copper, silver, 

Table 4. Geochemistly of Broken Ridge samples Gold by 
INA. Other elements by aqua regia-ICP.Col.-Colluvium 

Ekmrnt SOi Co1.978066 Rock 97RW noe!i 97RLS 

arsenic, bismuth and mercury in till and colluvium is 
shown in Figures 6-l I. 

The highest gold, silver, arsenic, and selenium values 
occur in oxidized colluvium 50 metres to the south of the 
occurrence. Increased iron, copper, lead, bismuth, thallium 
and tellurium are also found in the colluvium at this site. 
Most element levels decrease to the southeast of the 
anomalous sample although high copper levels persist 
beyond the limit of the sampling. The decreased values to 
the southeast of the highly anomalous site can be explained 
by down-slope transport and dilution of mineralized rock 
in the colluvium. 

The most anomalous copper occurs in a weakly 
oxidized till 800 m&es to the west of the Broken Ridge 
occurrence. This anomaly is close to the site of a 1996 
regional till sample containing over 3000 ppm copper. 
Other 1996 till samples collected I kilomehes northwest 
and up-ice from the peak anomaly have less than 50 ppm 
copper. However, a till sample 400 metres southeast 
(down-ice) has 550 ppm copper indicating glacial dispersal 
of copper-mineralized rock can be up to 2 kilometres from 
the s&e. 

Only weakly anomalous mercury levels were found in 
soil and till close to the Broken Ridge occurrence. The 
highest mercury (93 ppb) with enhanced bismuth occurs in 
basal till I .5 kilometres southwest and this weak anomalv 
has no apparent sulphide source. Interpretation of soil &I 
till geochemical patterns is complicated by the existence of 
other small base-metal sulphide bodies in the Birk Creek 
area similar to the Broken Ridge occurrence. 
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Figure 6. Gold in Till Samples, Broken Ridge Area. 

Arsenic 
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Figure 7. Arsenic in Till Samples, Broken Ridge Area 

Figure 8. Copper in Till Samples, Broken Ridge Area. 
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Figure 9. Silver in Till Samples, Broken Ridge Area 
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Figure IO. Mercury in Till Samples, Broken Ridge Area 
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Figure Il. Bismuth in Till Samples, Broken Ridge Area 

Cam-Gloria Property 

Several new mineral c~ccurt-ences have been 
discovered near Honeymoon Bay on Adams Lake by 
prospector Camille Bembe through follow up of hvo till 
samples from the 1997 till release (Bobrowsky et al., 

1997). The till samples were strongly anomalous in gold 
(215 and 43 ppb), and very weakly anomalous in silver 
(0.6 ppm), bismuth (5 ppm), arsenic (IS ppm), 
molybdenum (II ppm) and tungsten (6 ppm). Prior to 
Bembe’s work there were no MINFILE occurrences or 
records of previous work in this area. 

The Honeymoon area is underlain by biotite quartz 
monzonite of the Cretaceous Baldy batholith which intrude 
amphibolite grade micaceous quartzite, quartz-mica schist 
and rare calcareous schist of the Eagle Bay Assemblage, 
and Devonian granitic orthogneiss (Schiarizza and Preto, 
1987). 

A large, rusty auiferous quartz vein (Honeymoon or 
“012” vein, Cam-Gloria claims) is the most interesting new 
mineral occurrence. It is located at about the 7 kilomehe 
point on the north fork of the Grizzly Forest Service road, 
approximately 3 kilometres west of the Honeymoon Bay 
campsite on Adams Lake. The vein strikes at 050’ and dips 
steeply northwest. The main body of quartz is up to IO 
metres wide and approximately 200 metres in length. 
Other quartz outcrops and float have been found over an 
additional 150 metres of strike length. Concentrations of 
sulphide minerals occur within the vein, particularly on its 
southeast side and include pyrite, galena and minor 
chalcopyrite. Grab samples of this sulphide-rich material 
have returned values as high as 27.4 ppm gold, 28.4 ppm 
silver, 120 ppm bismuth, 534 ppm lead, 427 ppm copper, 
35 ppm arsenic, and 26 ppm molybdenum (Camille 
Berube, personal communication, 1997). 

A random grab sample (97RL33R) from the whole 
quartz vein outcrop was taken during the detailed 
geochemical studies in July, 1997. The grab sample 
contained I.38 ppm gold, 7.8 ppm silver, 55 ppm bismuth, 
430 ppm lead, I18 ppm copper and 21 ppm molybdenum. 
Results for this and a second grab sample of vuggy quartz 
vein (CAM I) collected by Trygve Hay are shown in 
Table 5. Also shown in Table 5 are results for till and soil 
samples collected within 2 m&es from the vein. Element 
concentrations in a till sample (978219) reflect the rock 
geochemistry, but there is no increase of gold or other 
pathfinder metals in the B soil horizon (978220). A 
horizontal profile of gold, arsenic, bismuth, antimony, lead 
and zinc in till samples down-ice from the vein (Figure 12) 
reveals that most elements can be detected up to I 
kilometer to the southeast. 

Approximately 1000 metres to the northeast, at the 
five kilometre mark on the road one of the authors (MS. 
Cathro) tentatively identified pyrrhotite-bearing gamet- 
pyrcwne skam in float. This skam may originate from the 
contact between Eagle Bay metasediments and monzonite 
to the northwest. In addition, roadcuts between the two 
areas expose several narrow (<4 centimehes wide) 
monzonite-hosted quartz-fluorite veins (strike 290’; 
dip70’S) and a 30 centimetre wide quartz-pyrite-pyrrhotite 
vein (strike 015” ; dip90”). 

The Honeymoon prospect has broad similarities with 
intrusion-related mesothennal gold deposits such as those 
near Fairbanks, Alaska (McCoy ef al., 1997) and those 
associated with Tombstone suite intrusions in the Dawson- 
Mayo area of Yukon Territory (Paulsen ef al., 1997). The 
most important similarities are the gold-bismuth- 
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molybdenum association, the nearby occurrence of 
pyrrhotite-bearing skam and fluorite-bearing veins, and the 
hostrock of Ci-&CCXXlS monzonite intruding 
metamorphosed, carbonate-bearing pericratonic rocks. 
Honeymoon Bay appears to differ, however, in its lack of 
sheeted veins and its relatively low content of arsenic and 
antimony. Few of the Honeymoon Bay rocks have been 
analysed for metals such as tellurium and selenium. These 
elements are known to be present in the northern 
Cordillera deposits. 

A possible analogue for the Honeymoon Bay vein 
may be the poorly described, but potentially economically 
significant, Pago (Stoneboy) deposit near Fairbanks which 
is currently being explored by Sumitomo Metal Mining 
Arizona Inc. and Teck Corporation. There, a large, flat 
lying, high temperature quartz vein system is reported to 
be hosted by a mixed package of gneiss and Cretaceous 
monzonite over an 8 kilometre strike length. It carries very 
high gold values associated with pyrite, pyrrhotite and 
minor chalcopyrite, bismuthinite, arsenopyrite and stibnite 
(Tom Schroeter, personal communication, 1997). 

0 l-km Southeast 

Figure 12. Geochemical Profiles for Elements in Till, Cam-Gloria 
Property. 

CONCLUSIONS 

Element concentrations are typically higher in till and 
colluvium compared to levels in the B soil horizon. 
Comparison of geochemical p&ems surrounding the 
Broken Ridge copper-lead-zinc-silver sulphide occurrence 
reveals a close spatial relationship behveen anomalous 
gold, silver, arsenic, copper and bismuth levels in till 
samples. The gold, silver and arsenic dispersal pattern are 
relatively short and most likely reflect down-slope 
transport of mineralized material in colluvium from the 
Broken Ridge occurrence. However, anomalous copper 

values can be detected for up to 2 kilometres indicating a 
more extensive dispersal of copper mineralized bedrock in 
basal till. Selenium and arsenic in soil and till are 
geochemical pathfinders for precious-base metal 
mineralization typical of massive sulphide deposits in the 
Kootenay Terrane. However, mercury does not appear to 
be an effective pathfmder. 

Copper anomaly contrast is not increased using tree 
bark as a sample type or by enzyme leach analysis. 

Table 5. Cam-Gloria geochemistry. Gold by INA. Other 
elements by aqua regia-ICP.ND=Not Determined. 

Gold, bismuth, lead, arsenic and antimony can be 
detected in till up to 2 kilometres down-ice from the 
quartz-vein gold mineralization on the Cam-Gloria claims 
close the Honeymoon Bay on Adams Lake. However, 
element levels in the corresponding B-soil horizon of the 
till were lower or could not be detected. Anomalous 
bismuth also occurs in surficial material at the Broken 
Ridge and at the Harper Occurrence. The presence of 
anomalous bismuth could indicate reflect another 
mineralized source such as a skam or vein associated with 
the Baldy batholith-Eagle Bay contact 

Interpretation of data for the other study areas is in 
progress to identify additional geochemical pathfinders for 
mineralization and to compare the geochemistry of 
different grain size fractions of soil and till. 
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SURFICIAL DEPOSITS IN THE LOUIS CREEK AND CHU CHUA CREEK AREA 

By Roger C. Paulen, Peter T. Bobrowsky, Edward C. Little, 

Amy C. Prebble and Anastasia Ledwon 

B.C. Geological Survey Branch 

REWORDS: Quaternary, surticial geology, terrain 
mapping, till, drift exploration, geochemistry, exploration, 
prospecting, North Thompson River, Louis Creek, Chu 
Chua Creek, Eagle Bay, Fennell. 

INTRODUCTION 

Surficial geological mapping and drift exploration 
studies were undertaken in the summer of 1997 north of 
Kamloops in NTS map sheets 92Pil (Louis Creek) and 
92P18 (Chu Chua Creek), as a continuation of the Eagle 
Bay Project initiated in the previous year (Bohrowsky et 
al., 1997; Dixon-Warren er al., 1997). The surticial 
component is pat of an integrated regional study centred 
on Devono-Mississippian rocks of the Eagle Bay 
Assemblage and Permian to Devonian rocks of the Fennell 
Formation. Massive sulphide deposits hosted in stratiform 
volcanogenic assemblages of the Fennell Formation at Chu 
Chua (MINFILE 092P 140) and syngenetic sedimentary 
rocks of the Eagle Bay Assemblage at Mount Armour 
(MINFILE 092P 051) suggest the region has considerable 
mineral potential. Polymetallic gold-bearing veins hosted 
in volcanic and volcanogenic rocks of the Fennel 
Formation at Windpass (MINFILE 092P 039) also suggest 
a high potential for gold in the area. Several placer 
occurrences of Au have also been recorded in the region. 

Recent exploration and successful mineral discoveries 
in the Yukon (i.e. Kudz Ze Kayah and Wolverine) in 
correlative rocks to the Eagle Bay Assemblage provided 
the impetus for a Geological Survey Branch integrated 
project in the Kamloops district. This exploration project 
includes, mineral deposit studies (HBy and Ferri, 1998), 
detailed ice-flow dispersal studies (L&t ef al., 1998), till 
geochemistry sampling, and 150 000 scale surticial 
geology mapping. The latter two components provide vital 
information for mineral exploration in regions where 
unconsolidated sediments of variable thickness mask the 
underlying bedrock (Bobrowsky el a!., 1995). 

The purpose of the drift exploration program was to 
map the surticial geology of the area and to document 
results of a reconnaissance level till geochemistry sampling 
survey. The goal of the surficial geology research was to 
map approximately 1000 square kilomehes of rugged, high 
relief, glaciated terrain, by documenting the type and 
distribution of Quaternary sediments present. The surficial 

maps for both 92 PilE and 92P18E are available at a 
1:50000 scale as separate Open Files (Paulen ef al., 1998a; 
Paulen ef al., 1998b). 

The objectives of the project were: 
. to stimulate new exploration and economic activity in 

the area; 
. to define new anomalies which may be used in the 

discovery of mineralization; 
. to document ice-flow indicators and both local and 

regional ice-flow patterns which will aid drift 
prospecting in the area; 

. to provide information that will be of use in other 
areas where mineral exploration has been hampered 
by thick glacial drift cover. 

This paper describes the surficial mapping methods 
and preliminary results focusing on the types, distribution 
and character of Quatemaly deposits. We also summarize 
the 1997 till geochemistry activities. Discussion of the ice- 
flow history and the Quaternary stratigraphy are provided 
to supplement the analytical results of the survey which 
will be released as a separate Open File with digital data on 
disc in 1998. 

Figure 16-l. Location of the Eagle Bay drift exploration project 
(1997) study area in south-central British Columbia. 
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15ACKGROlJND AND SETTING 

Located in soutl~-cenlral British Colunlbia, the 
I.ouis Creek and Cho Chua map area (Figure 16-l) Iii‘s in 
the s~~~th~cste~-n part of the Shuswp Highland and the 
northeastern part of the Thompson I’intcau within the 
lntcrior Plateau (Holland, 1976). This rerjw is 
characterized by moderate to high rclicf, glaciated, and 
tluvially dissected topography (Photo 16-l). Elevalions 
range Srom 360 mctres above sea level in the North 
‘Thompson River Valley in the west to about 2290 ~mefri‘s 
above sea level at Raldy Mountain in the northeast. 
Topography IS variable with many flat arcas inlcrspersed 
wilh low to lhigh r&f. There IS a rclntivcly large platenu 
approximately tiO0 nuxrcs abovc sea level which is 
heavily dissected by numerous prominent valleys. ‘The 
hryest i~ailey. the North ‘Thompson R,vcr occurs along the 
Louis Creek Fault and is the boundary between the Adams 
E’la~ciu 10 the east and the Bonapwr Hills to the west. 

Most of <he area IS covered by drift of mixed gcncsis 
and of variable thickness. Ground ~noraine (of various 
fac~es) dominates the landscape. followed in +urn by 
colluvial. ~laciofluvial, fluvial and glac~olacustrme 
wdimcnrs which collectively lnokc the arca esrrcmely 
i,lvorable for a till galchemistry sampling survey. 

margin ol the Onincca Belt. This belt is tlankcd by high 
grade metamorphic rocks of the Shuswap Complex to the 
cast and by rocks of the Intermontane Belt to the west 
(Sc,hiarriz/il and I’reto, 1987). I.owcr Paleozoic to 
Mississippian rocks of the Eagle Bay Assemblage 
(Kootenuy Tel-rane) underlie a significant part of the area. 
The rocks consist of calcareous phyllite, talc-silicate schist 
and skam, or matic metavolcanics overlain by f.elsic 
nxtavolcanic rocks, interrncdiate wxavolcanics and elastic 
Imetascdiments. To the north, the Permian to Devonian 
rocks of the Fennell Formntiorl comprise imbricatcd 
oceanic rocks of the Slide Mountain Terrane. These consist 
of bedded cherts, ga bbro, diabase, pillowed basalt and 
volcanogenic nletasediments. To the northeast and 
I”“rttweSt, [mid-Creraceous granodiorite and quwtz 
monzonitc intrusions of the Baldy Batholith and the late 
Triassic early Jurassic monro-gmnite and granodiorite ol 
‘I’huya Batholiih (Campbell and Tipper, 1971) underlie the 
arca, respectively. The fX northwestern lnargin of the map 
arca is undcrlnin by llpper Triassic Nicola Group (Quesnel 
Terrnnc) andesilc, tuff, argillite, gwywacke and limestone, 
generally in faulted contact with the rocks of tbc Fennel 
Formation. 

A ~najor Inorthtrending Ihult within the North 
Thompson River valley separates the Kootcnay and Slide 
Mountain tcrranes from the younger Quesnel terranc to the 
west. Eocene breccias occur sporadically along the western 
edge of the Thompson River valley and also at Skull Hill. 

Polymetailic precious and base merat massive 
suiphides occurrences are hosted by Dcvono-Mississippiall 
fclsic to inrcrmediatc imetnwlcilnic rocks of the Eagle Bay 
Assemblage. Massive sulphides are hosted in oceanic 
haralts of the I:enncll I’ormation; skarn mineralization and 
silver-Icad-zinc win mincraliration occur as numerous 
dep<xits wilhin the Fennell Formation near the Cretaceous 
granitic intrusions. ‘There xc a total of I9 lninernl 
occ~~rrcnces in the srudy area (Figure 16-Z), seven occur in 
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the Eagle Bay Assemblage and eight occur in the Fennel 
Formation. There are four occurrences within the Baldy 
and Thuya batholiths containing MO and Mo-Cu-Ni. In 
total, there are 11 gold occurrences, of which two are 
placer deposits. 

METHODS 

Fieldwork was based from one camp at Tod Mountain. 
Access to the map area is excellent with Yellowhead 
Highway #5 bisecting both the study area. There is a” 
extensive network of logging roads except for the steeper 
slopes. Only in the northeast in the higher alpine areas of 
Baldy and Chu Chua mountains are roads infrequent and 
access poor. 

Fieldwork was conducted with 4wheel drive vehicles 
along all major and secondary roads and trails of varying 
condition. In some cases, traverses were completed on foot 
where access was blocked or non-existent. One helicopter 
traverse was conducted to examine large-scale feahlres, as 
well as to evaluate terrain polygons that were inaccessible 
otherwise. 

Initial work consisted of compiling and evaluating all 
existing terrain information available for the area. Regional 
Quaternary mapping completed by the Geological Survey 
of Canada (Tipper, 1971) and soil and landscape maps 
produced by the Resource Analysis Branch of the B.C. 
Ministry of Environment (Gough, 1987a, 1987b) provided 
preliminary information on the types and distribution of 
the surficial sediments. Air photographic analysis 
contributed to the regional ice-flow history through the 
identification of lineations and drumlinoid forms on the 
plateaus. Detailed local ice-flow directions were obtained 
by measuring and determining the directions of striations, 
grooves and local roche moutonn&s. 

Air photographic interpretation and ‘pretyping’ 
followed the methodology of the Resources Inventory 
Committee (1996) and the terrain classification system of 
Howes and Kenk (1997). Air photographs at a scale of 
1:30 000 (approx.) (flight lines lSBCC-95009, 95014, 
95017) were used in the map generation. Final terrain 
maps were produced at a scale of I:50 000. Preliminary 
terrain polygon interpretations were verified through 
ground-truthing. Approximately seventy-five percent of 
the polygons were evaluated on the ground, thereby 
corresponding to a Terrain Survey Intensity Level B 
(Resources Inventory Committee, 1996). 

At each ground-tmthing field station some or all of the 
following observations were made: GPS-verified UTM 
location, geographic features (i.e. creek, cliff, ridge, 
plateau, etc.), type of bedrock exposure, if present, 
unconsolidated surface material and expression (terrain 
polygon unit), general slope, orientation of 
striations/grooves on bedrock or of bullet-shaped boulders, 
large scale features of streamlined landfornu, elevations of 
post-glacial deposits (glaciofluvial and glaciolacustrine) 
and active geological processes. 

Bulk sediment samples (l-5 kg in size) were collected 
for geochemical analysis over much of the study area. 
Emphasis was placed on collecting basal till deposits (first 
derivative products according to Shilts, 1993), although 
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Figure 16-2. Mineral occurrence locations forNTS 92PilE and 
92P/aE from the MINFILE database. 
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ablation till, colluviated till and colluviated till was also 
collected under certain circumstances. Nahxal exposures 
and hand excavation were used to obtain samples from 
undisturbed, unweathered C horizon (parent material) 
deposits. At each sample site, the following information 
was recorded: type of exposure (gully, roadcut and so on), 
depth to sample from top of soil, thickness of A and B soil 
horizons, total exposed thickness of the surficial unit, 
stratigraphy of the exposure, clast percentage, matrix or 
clast supported diamicton, consolidation, matrix texture, 
presence or absence of struchmx, bedding, clast angularity 
(average and range), clast size (average and range), clast 
lithologies, and colour. The sample was evaluated as being 
derived from one of the four categories; basal till, ablation 
till, basal/ablation till derived from the Baldy Batholith, or 
colluviatetireworked basal till. Sediment samples were 
sent to Eco Tech Laboratories in Kamloops for processing. 
This involved air drying, splitting and sieving to <63 pm. 
The pulps, ~63 pm sample and unsieved split were 
subsequently returned to the BCGS. The ~63 pm fraction 
of each sample was further divided into IO and 30 gm 
portions. The smaller portion was sent to Acme Analytical 
Laboratory, Vancouver, where samples were subjected to 
aqua regia digestion and analysis for 30 elements by ICP 
(inductively coupled plasma emission spectroscopy) and 
for major oxides by LiBO, fusion - ICP (I I oxides, loss on 
ignition and 7 minor elements). The larger portion was sent 
to Activation Laboratories, Ancaster, Ontario for INA 
(thermal neutron activation analysis) for 35 elements 
(Table 16-l). 

TABLE 16-l: ANALYTICAL METHODS 
EMPLOYED AND ELEMENTS ANALYZED FOR 

TILL GEOCHEMISTRY SURVEY. 

ANALYSIS 

Whole Rock 

INA 

ICP 

ELEMENTS 

SiO2, Al2O3, Fe2O3, CaO, 
MgO, Na20, K20, MnO, Ti02, 
P205, Cr2O3, LOI, Ba, C, Ni, 
Nb, S, Sr, SC, Y, Zr 

Au, Ag, As, Ba, Br, Ca, Co, Cr, 
‘2, Fe, Hf, Hg, Ir, MO, Na, Ni, 
Rb, Sb, SC, Se, Sn, Sr, Ta, Th, 
U, W, Zn, La Ce, Nd, Sm. Eu, 
Tb, Yb, Lu 

MO, Cu, Pb, Zn, Ag, Ni, Co, 
Mn, Fe, As, U, Au, Th, Sr, Cd, 
Sb, Bi, V, Ca, P, La, Cr. M8, Ba, 
Ti, B, Al, Na, K, W, TI. Hg, Se, 
Te, Ga 

RESULTS 

A total of 530 field stations were examined for ground 
truthing during the survey. The density of the stations for 
the total map area is approximately one station per I.8 
km’. A total of 352 bulk sediment samples were collected 
for the till geochemistry study (Figure 16-3). Samples were 
collected at an average depth of 1.7 metres below the soil 
surface. Till sample density averaged one per 2.8 km” for 
the total survey. This level of survey and sampling 
provides a high level of reconnaissance information for the 

Figure 16-3. Till geochemistry 1997 survey sample sites. 
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Most of the smplcs mken for gcochcmica analysis 
were representative of basal till (MI ). 111os1 likcl) 
lodgemenl till (Photo 16-2). Of the 352 samples, 255 01 
72% represented this sediment type (Table 162). Ahla[iw 
and hasal till derived from the Daldy Untholilh rocks (M3) 
only accounled for 2 samples or cl% of the total. Dasal till 
which has undergone slight downslopc movcmcnt was 
identified as colluviated till (CM). Samples of this Inlatcriid 
accounted for 9 or 3% of the total. ‘l’ogethcr thcsc ~rou,,’ 
(76%) represent the best media to sample for drift 
exploration. The remaining 86 or 24% of tllc smples 
which were collected from ablation till (MZ) are also valid. 
but more difficult to inrerprel. Results and interpretation 01 
the till geochemistry survey for this study will he released 
elsewhere. 

Previous gcochcmical studies m the area provide an 
early indication as ~0 fhe style of mineralization. 
confiiguration of the anomnly plumes and regional 
dispersal patterns one can expect for this region. Two 
examples of property scale gcochemical sampling t?om 
two separate occurrences, are presented here iis p~ccursors 
to the cxpectcd regional dispersal pnttcrns. 

Ceolo~ical Fieldwork 1997. Paper 199X- I 

At the Cedar I to VI !mineral claims (MINFILC 02P 
055). located tight km northwest of Little FOI-t rind directly 
ahwe Lahin Creek. soil saml~lcs taken ii-on1 the C horizon 
illustrates two lixms 01 gewzhen~ical dispcrsnl palterns 
(Yorston and Ikon;r. 19X5). ‘l’he gold dispersnl pattern 
shows a small. lawshaped. down-ice dispcrsnl pattern on 
the higher ground with the axis of symmetry paralleling 
the regional ice-flow liom northwcrt to swrhenst and thus 
rcllccts a typical elastic dispersal (IIiLahio, 1990). On the 
slopes ahovc Eakin Creek, a secondary downslopc 
dispersion Ihas modified the wiginal dispersal fan 
stretching the southern boundary of the anomnly. This 1s 
shown in Figure 16.4 where the gold illustrates a 
compound two \;cctor configuration cons~stmg of ciaslic 
plus Ihydromorphic dispersal. 

TABLE 16.2. FREQUENCV DlSTRlBUTlON FOR 
DRIFT PROSPECTING SAMPLES ACCORDING TO 

PRIMARY GENETIC MATERIAL. 

I I 
352 100 

At the CM I’ropcr~ (MINFILE 921’ IOI), locatcd 15 
km north of Harricre and lnear the cont~ucncc of Cold and 
Ncwhykulstor Creeks, soil geochemistry shows sevcrnl 
ribbon anomalies of copper (Cassclnw~. 1993). The 
dispersal parrun parallels the local ice-llow which was 
dire&d down the North Thompson River valley in the 
early and late srngcs of the Frxer Glaciation. ‘There is little 
or ,no indication of regional dispersal to the southcart 
during the peak glacial period. As in the previous case. the 
anomaly sho\vs secondary downslopc dispersion due to 
h?;dromorphic extension (Figure 16-j). 

GI,ACIAL HISTORY AND 
STRATIGRAPHY 

According 10 t‘ulton and others (Fulton. 1975; Culton 
iuld Smith. 197X: Ryder CI 01.. I99 I), the prcscnt day 
landscape of said-central British Columbia is the result of 
wo glacial cycles. one interglacial period and vigorous 
early-I Iolocenr cl-osion and sedimentation 011ly the latter 
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glacial deposits and the post-glacial deposits are present in 
the study area. Although not necessarily present in the 
study area, the following lithological units and their 
correlative geological climate units have been identified in 

the present-day surface cover of postglacial deposits. This 
unit consists of silt, sand, gravel and till deposited during 
the Fraser Glaciation (Late Wisconsinan). 

south-central British Columbia, 
I- 

Figure 16-4. Gold soil anomaly for the Cedar I to VI min 
claims (E&n Creek). Modified after Yortson and lkona ( j), 

Stratigraphically the oldest and identified only at two 
locations some 60 and 100 km to the south. are the 
interglacial Westwold Sediments. The deposits consist of 
cross-stratified gravely sand capped by marl, sand, silt, and 
clay, all of which are equivalent to the Highbury non- 
glacial interval in the Fraser Lowland (Sangamonian). 
Next youngest are Okanagao Centre Drift deposits, 
consisting of coarse, poorly stratified gravel, till and 
laminated silt, currently identified at Heftley Creek (20 km 
south of the map area), and elsewhere farther south. The 
sediments were deposited during the Okanagan Centre 
Glaciation, equivalent to the Semiahmoo Glaciation in the 
Fraser Lowland (early Wisconsinan). Middle Wisconsinan, 
Olympic Non-Glacial Bessette Sediments overlie the 
Okanagan Centre Drift. They consist of nonglacial silt, 
sand and gravel with some organic material and up to two 
tephras. The Kamloops Lake Drift (25.2 ka; Dyck and 
Fyles, 1963) overlies the Bessette sediments, and underlies 

Figure 16-5. Copper soil anomaly for the CM Properly (L.K.) 
Modified after Casslemao (1993). 

An outlier of sculpted rock and erratics, possibly from 
the Penultimate glaciation, occurs 2500 m&es above 
present day sea level near the northeastern margin of the 
map area. Rare, older striae preserved on bedrock surfaces 
suggest an early glacial advance from the northeast to the 
southwest, but there is no evidence of this in the surticial 
record. The surface and near-surface sediments mapped in 
the Louis Creek and Chu Chua Creek area directly result 

16-6 British Columbia Geological Survey Branch 



from the last cycle of glaciation and deglaciation (Fraser 
Glaciation), as well as ensuing post-glacial activity. 

Fraser Glaciation 

The onset of Fraser glaciation began in the Coast, 
Cariboo and Monashee Mountains. Valley glaciers 
descended to lower elevations to form Piedmont lobes in 
the Interior Plateau and eventually coalesced to form a 
mountain ice sheet (Ryder et al., 1991). Ice sheet margins 
reached a maximum elevation behveen 2200 and 2400 
metres along rimming mountains; the entire Shuswap 
Highland, except for perhaps Dunn Peak (2630 m&es) 
and higher peaks to the north, was completely buried 
beneath an ice cap by approximately I9 ka. At Fraser 
Glaciation maximum, regional ice-flow was to the south- 
southeast, with deviations up to 45” (Fulton ef al., 1986). 
Ice-flow was initially diverted down the North Thompson 
River valley and again diverted during deglaciation. Basal 
till deposits, which range widely in textore with the 
underlying bedrock, blanketed the land surface. 

Deglaciation of the Interior Plateau was rapid; the 
equilibrium line rose considerably, reducing the area of 
accumulation for the Cordilleran ice sheet, and the ice 
mass decayed by down-wasting. Ablation till was 
deposited by stagnating ice in several high-elevation 
portions of the region. As uplands were deglaciated prior 
to low benches and valleys, m&water was channeled to 
valley sides, resulting in kame terraces and ice-contact 
sediments that mainly occur below 540 m&es elevation. 
Valleys clear of ice above the stagnating glaciers became 
areas of confinement for meltwater blocked from drainage, 
thereby resulting in local mantles of glaciolacustrine 
sediments. Observations show that these ice-dammed lakes 
attained a minimum elevation of 425 metres (above present 
day sea level). Radiocarbon dates of I I .3 ka to the north at 
McGillivary Creek (Clague, 1980), and IO.1 and 9.84 ka 
on Mount Fadear Plateau (Blake, 1986) in the southeast 
indicate that deglaciation began about I2 ka and that the 
modem drainage pattern was established by 9 ka. A minor 
m-advance of ice from local peaks and summits to the 
north occurred between I I and 6.6 ka (Duford and Osbom, 
1978). 

Holocene Post-Glacial 
Once ice-dammed lakes were released, melt-waters 

carrying heavy sediment loads deposited thick units of 
stratified sand and gravel in valleys. As sediment loads 
decreased, deposition was replaced by erosion, and water 
courses cut down through valley tills, leaving glaciofluvial 
terraces abandoned on valley sides. Following the 
complete deglaciation of the region, unstable and non- 
vegetated slopes were highly susceptible to erosion. 
Intense mass wasting of surface deposits on oversteepened 
valley slopes resulted in the deposition of colluvial fans 
and aprons along valley bottoms. Most post-glacial 

deposition occurred within the first few hundred years of 
deglaciation, and certainly before the eruption of Mt. 
Mazama, 6.6 ka, which deposited tephra near the present- 
day ground surface. Fluvial plain deposits and active talus 
slopes typify the modem sedimentation in the area. 

SURFICIAL SEDIMENTS 

Eight types of surticial deposit associations were 
defined and observed in the map area including: ground 
moraine (basal till), ground moraine (ablation till), 
colluvial, fluvial, glaciofluvial, glaciolacustrine, organic, 
and anthropogenic. General observations suggest the 
plateaus and hills are mainly covered by combinations of 
till, colluvium and minor glaciofluvial deposits, whereas 
glaciolacustrine, glaciofluvial and fluvial sediments occur 
mainly in the valleys. Bedrock outcrops account for less 
than 5% of the total map area, and these are predominately 
found in the northeast near Baldy and Chu Chua 
mountains. Anthropogenic deposits are not widespread and 
can be found only near developed prospects and the larger 
communities. Organic deposits occur locally, but in minor 
amounts in all types of terrain. 

Basal Till 

Throughout the region, the bedrock topography is 
mantled by variable amounts of massive, very poorly 
sorted matrix-supported diamicton (Photo 16-3). Deposits 
range in thickness from thin (<I m) veneers to thick (>I0 
m) blankets. Characteristics of this diamicton suggest that 
it is most likely a lodgement depositional environment 
(Dreimaois, 1988). Basal till facies were variable with 
respect to the underlying bedrock, but not areally extensive 
enough to be subdivided into mappable units. 

In general, basal till (lodgement till) deposits are 
primarily massive to poorly-stratified, light to dark olive 
grey, moderately to highly consolidated and derived from 
greenstone metavolcanics and metasediments of the Eagle 
Bay Assemblage and Fennell Formation. The matrix is 
tissile and has a clayey silt to a silty sand texture. Deposits 
are dense, compact, cohesive with irregular jointing 
patterns. Clast content ranges from 15-35%, usually 
averaging about 25%, and clasts range in size from 
granules to boulders (over 2 metres) averaging 1-2 
centimetres. The clasts are mainly subrounded to 
subangular in shape and consist of various lithologies of 
local and exotic source. A number of clasts of have striated 
and faceted surfaces. 

To the west and northwest, basal till in the vicinity of 
the Thuya River Batholith is characteristically sandier in 
texture and the clasts reflect the nature of the source 
material. Modal grain size is much higher than basal till 
derived from the finer-grained greenstone rocks of the 
Eagle Bay Assemblage and the Fennell Formation and is a 
result of the coarse crystals of the monzonite intrusion. 
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Clast content rancp t~orlr 2s.45?6, usually 
averaging 35%. and clasts range in size from granules to 
very large boulders (over 4 metres) averaging 2-4 
ccntimetres. The cl&s are mainly rounded to subangular 
in shape and due to the nature of the suurcc rock, are 
rarely striated or facctcd. 

Massive to uudely stratilied. clart-supported 
diamicton (Photo 16-4) occurs frequently throughout the 
study area. Most commonly. deposits of ablation till 
occur as n thin mantlc overlying basal till and/or bedrock 
on lhe higher plateaus. Deposits also occur in arcas of 
Ihummocky terrain where evidence of recessional ice and 
Imass-wasting occurred durlny deglaciation. In contrast 
to the basal tills, these diamictons are Ii@ 10 medium 
grey, nmderntely compact and cohcsivc. The sand), 
lmatrix is poorly consolidated usually contains less than 
5% silt and clay. 

Clast content ranges liom 30-60’!% and avernze clast 
size Is 2-5 centimerres. Clast lithoiogy is variable but 
ortcn deposits are monolithulogic. primarily 
granodioritcs and monronite de]-ivrd from the Thuya 
Riyer, Baldy and Kaft Batholiths. Only till derived from 
the Baldy Batholith (M3) is considered areally extensive 
enough to be mapped as n separate till facies. This 
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feature is common to the west and northeast but mixed 
litholo+s increase in abundance gradually to the south. 
‘Thcsc diamictons are interpreted as supraglacial or 
ablation till deposits, resulting from deposition by 
stagnating glacier ice (Dreimanis, 1988). 

Deposits of massive to stratified sand, gravel and silt 
occw in upland valleys and as terraces in the North 
Thompson River valley. Deposit characteristics vary 
considerably from kame ten’accs to meltwater channels 
or large deltaic sequences in the lower valleys. ‘The inrge 
glaciotluvial terraces in the North Thompson Rivo 
valley primarily occur below 540 mctres elevation and 
provide a Iwar-maximom elevation for the northern 
extent of the glaciolacustrine lake that existed in the 
Knmloops arca at the close of the Fraser Glaciation 
(Fultun, 1965). The coarse gravel beds range from open 
framework clast-supported beds to very well-stratified 
beds with normal, reverse or no grading exhibited. 
Pebble imbricatlon, cross-stmtiticd beds, ripples and 
other structures provide evidence for paleo-stl-earn tlow. 
‘These are often intcrstratified with finer beds of silty 
sand. to coarse pebbly sand occasionally with cross- 
bedding. They likely represent ice-proximal to ice-distal 
t;lcics deposited during dqlaciation. In rare cases, eskers 
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consist 01 rhythmically laminated, horizontal, tabular 
beds of massive to normally graded beds of tine sand, 
silt and clay. Ripple laminations, ball and pillow 
S~~-UC~UKS, and tlame structures are common. Ice-rafted 
stows are common nod the surrounding sediments 
exhibit penetralivc struc+urcs. Individual rhytbmites have 
sharp basal contacts and vary in thickness from a few 
Imillimelrcs to several tens of ccntimetres. Variations in 
dcposlt cba!mcteristics indicate differing proximity to the 
rctreatmy ice liont. 

occur-rmg as terraced landforms or discontinuous 
sediment veneers over modern day floodplains. 

‘fix intense erosion of the I lolocene and the high 
relict topography of the rc!jon has produced sigCficant 
alll”L1111s of colluvial debris. Deposition and 
accumulation of colluvial sediment.? is a result of 
gravity-induced downslope movement of fractured 
bedrock nnd!or unconsolidated sediments. The source 
material contrihoting to the deposil strongly influences 
its cbi~racter. As B result, colluvium vwies from massive 
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to crudely stratified, poorly-sorted to rnildcl-nlcly-s[)l-lcd, 
matrix to clasl-supported, and mollolithologic to 
polylithic. Deposits ofcolluvium in the region vary from 
a thin veneer to scv~ral mctres thick and overlie all other 
types of surficial sediments and bedrock. Clast size 
ranges from granules to boulders and shape ranges from 
subroundcd to angular, depending on source provenance. 
Deposits can occur as massive cones on bedrock slopes. 
to broad stratified fans, to a thin veneer OK steep till 
slopes. 

River. Organic deposits are alw common around major 
1meltwater channels. where modern day drainage is very 
poor. On the hiyh plateaus, organic deposits are formed 
h-between the drumlinoid landforms and roche 
~moutonnt!es where the bedrock topography traps surface 
water and forms small highland bogs (Photo 16-S). 

Anthropogenic deposits consist of Imaterials 
moditied bv human activities to the extent that their 
mwd phy&al [properties and surface expression are 
drastically altered. Such deposits occur in the mine 
dumps of the Windpass and Sweet Home developed 
prospec+s and within the town of Rarrierc as fill. 

DRIFT EXPLORATION IMPLICATIONS 

The thin drift mantling the upland plateaus and the 
delined valley systems provides an excellent landscape 
for drift prospecting. The lower-lymg iwas abovc the 
wraces of the North Thompson K~ver valley have thin 
vcnccrs of C~~~UYIU,~ that arc urually derived Ii-om local 
basal till. Basal tills in this rcg~un dircclly werlie the 
bedrock and arc rcprescntativc of the last glaciation to 
lhavc affected the region. No sediments that prcdatc this 
cvcnt wcrc observed in the area. ‘Thin deposits of basai 
tills, like that observed on the upland plateaus, usually 

reflect a swore proximal source area fol- the sediments 
(Bobrowsky el (I/., 1995). Basal tills are the dominate 
sediment type and this media lhas been recognized as the 
most ideal sampling media for drift prospecting @hilts, 
1993). I f  there al-e no complications related to multiple 
EC-flow directions. then a dispersal plume should retlect 
the last glacial event. Finally. the ice-flow direction is 
gcncr-ally east-southeast to south-southeast over the 
phneau and ~may vary from south to swthwest in the 
Nwth Thompson River valley. Such characteristics 
provide ideal conditions for both reconnaissance and 
property scale drift prospecting. 
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Reported geochemical anomalies from known 
mineral occurrences indicate that the dispersal plumes 
conform to classic down-ice shapes, usually proximal to 
the source bedrock. It is expected that elastic dispersal 
patterns associated with any anomalous values detected 
from this reconnaissance survey will most likely parallel 
ice-flow, but may be imprinted with minor fluctuations 
from hydromorphic downslope dispersal. Given the 
nature of the sediment genesis and deposit 
characteristics, it is further expected that these anomalies 
will occur within a 100 metres from source rock. 
Particular care must be observed when working in the 
North Thompson River valley because evidence suggests 
ice-flow was locally diverted during the onset and retreat 
of the Fraser Glaciation. 

CONCLUSION 

A drift exploration program was initiated and 
completed during the summer of 1997 focusing on 
surficial geology mapping and till geochemistry over 
potentially polymetallic rocks of the Eagle Bay 
Assemblage and base metal and gold-bearing rocks of 
the Fennel1 Formation north of Kamloops. Two 1:SO 000 
scale terrain geology maps have been completed for the 
area, showing the type and distribution of surficial 
sediments present. A total of 352 samples were collected 
for the till geochemistry survey and subjected to ICP, 
INA and whole rock analysis. A total of 26 mineralized 
float and gossan samples were collected for analysis as 
well. 

The landscape of the Louis Creek - Chu Chua Creek 
region is the product of a well-documented glacial and 
postglacial geological history. Although the region has 
experienced several glaciations, it is only the effects of 
the tinal glaciation during the Late Wisconsinan coupled 
with extensive modification during the Holocene that 
has had the most significant impact on the type and 
distribution of the surticial sediments in the area. Much 
of the area is covered by ground moraine, often veneers 
or thin blankets of basal till and veneers and hummocks 
of supraglacial till. Colluviun is the next most abundant 
and areally extensive surticial material. It most 
commonly occurs as a thin (a5 centimehes) veneer on 
moderate to steep till slopes and occasionally occurs as a 
thick colluvial fan deposit at the base of a slope and 
hanging valleys. Stratified ouhvash deposits are found in 
small valleys at higher elevations and as kame deltas and 
glaciofluvial deltas from p&o-streams that once flowed 
into an ice-dammed lake in the present Thompson River 
valley. These deltas now form terraces at a common 
elevation along the length of the North Thompson River 
and this could be useful for potential aggregate source 
material. Glaciolacustrine sediments are found in small 
areas of ponding in some of the smaller valleys and as 

thick deposits in the North Thompson River valley. 
Finally, in flat-lying areas of poor drainage, organic 
deposits are commonly found. 

The type, character, thickness and distribution of the 
suficial sediments is an important element in any 
regional and local exploration program. The lack of 
bedrock exposure in some areas implies that the proper 
genetic interpretation of glacial overburden is essential 
in delimiting and understanding potential areas of 
mineralization. Knowledge of ice-flow history is very 
critical for a drift exploration program and known 
geochemical anomalies that exhibit classic down-ice 
dispersal patterns follow the regional ice flow patterns. 
This indicates that the local terrain is highly suitable for 
drift exploration studies. Local and regional ice flow 
patterns are readily determined in the field at the site 
level. The recorded showings of placer gold also warrant 
investigation of unknown source rock material. 
Integration of the surticial geology maps and this 
reconnaissance till survey should now be pursued at the 
property scale of exploration to locate potential sites of 
buried mineralized zones. 
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THE NIZI PROPERTY: A CLASSIC (EOCENE?) EPITHERMAL GOLD 
SYSTEM IN FAR NORTHERN BRITISH COLUMBIA 

By Heather Plint, Shear Quality Consulting Ltd., 
William J. McMillan and JoAnne Nelson, B.C. Geological Survey Branch, 

and Andre Panteleyev, XDM Consultants Ltd. 

Keywords: Nizi, epithermal gold, northern British 
Columbia, Rapid River tectonite. 

INTRODUCTION 

Tbe Nizi property is located 80 kilometres northeast 
of Dease Lake, British Columbia and 60 kilometres 
southeast of Cassiar (Figure 1). The Nizi hosts gold- 
bearing epithermal-type veins associated with felsic 
volcanic rocks (Cavey and Chapman, 1992; Paul 
Wodjak, personal communication 1995). The Nizi lies 
within a poorly understood, highly metamorphosed 
geologic unit, the Rapid River tectonite (Gabrielse, 
1994). which, like the Yukon Tanana Terrane 
(Mortensen, 1992), is intruded by early Mississippian 
plutons (Gabrielse et al., 1993). The presence of f&c 
volcanic rocks within the Rapid River tectonite 
suggested a comparison with the volcanogenic massive 
sulphide systems of Kudz Ze Kayah and Wolverine 
(Nelson, 1997). 

This paper is based on a field examination of the 
property by Nelson and McMillan in 1996 and on more 
thorough geological study by Plint in 1997 as part of a 
major exporation program conducted by Madrona 
Mining Limited. Panteleyev’s overview of the 
epithermal system is based field observations and 
interactions with Plint during a brief visit to the property 
in 1997. The overall result of our work is to show that 
the Nizi mineralization, along with the volcanic rocks 
that host it, post-date the early Mississippian 
metamorphic and mid-Permian plutonic bodies that 
enclose them. The system may be as young as Eocene. It 
presents a type of mineralization, comparable to Mt. 
Skukum and the epithermal systems associated with the 
Carmacks Group in the Yukon, that was not previously 
known in this area. Consideration of this model may 
shed light on the source of some multi-element 
geochemical anomalies defmed in the recent Cry Lake 
RGS release (Jackaman, 1996). 

PROPERTY HISTORY 

J. Atenbury first staked claims on the Nizi property 
in 1969. The claims covered a gossanous zone of 
polymetallic mineralization hosted by quartz veins in 
“shear” zones. In 1970, a soil-geochemistry survey (84 

samples) and reconnaissance geological mapping was 
conducted. Anomalous concentrations of lead and zinc 
were discovered associated with a gossanous area 
immediately northwest of Zinc Lake and with north- 
trending topographic lineaments near the northwest end 
of the property (Zimmerman, 1970). The property was 
optioned to Sumac Mines Limited in 1972 who explored 
for a porphyry-style copper deposit by systematic 
geological mapping and soiVsilt geochemical surveys. 
Although several silver-zinc anomalies and a gold 
anomaly were identified (Rodgers, 1972), the claims 
were allowed to lapse in 1973. 

Regional Resources Limited x-staked the area in 
1979. Detailed geological mapping (15 000 scale) and 
geochemical surveys were carried out to assess the 
precious metal potential. Several gold and silver-bearing 
veins were outlined during this program (Rowe, 1980). 
In 1982, Regional Resources conducted a prospecting 
and rock sampling program in geochemically anomalous 
areas and reported that the highest gold values were 
obtained fmm massive galena-sphaleritepyrite vein 
material. 

The claims were allowed to lapse. The property was 
x-staked in 1987 by Izumi Exploration Limited (later 
renamed Gold Giant Minerals Incorporated). A 36.4 
kilometre grid was established. Geological prospecting, 
geochemical and geophysical surveys were undertaken 
to m-define known anomalies and veins and to locate 
new ones. Six main zones of mineralization were 
identified and named Zones A through F. Precious and 
base metal mineralization in quartz and quartz- 
carbonate-sulphide veins associated with north to 
northwest-trending faults was reported. Additional 
exploration in 1991 outlined quartz vein stockworks 
termed the “G Zone” and later the “Discovery Vein” 
(Figure 2a). Assay values up to 41.0 g/t Au and 764.6 
g/t Ag over 1.5 metres were obtained for this area 
(Cavey and Chapman, 1992; McIntosh and Scott, 1991). 
A VLF-EM conductor was interpreted to reflect 
pyritization associated with the quartz stockworks 
(Cavey and Chapman, 1992). 

An airborne geophysical survey was completed in 
the spring of 1992 (Woolham, 1992) followed by soil 
sampling, geological mapping and diamond drilling 
during the 1992 field season. Base and precious metal 
mineralization associated with minor faults and fractures 
was reported. The highest assay values were obtained 
from an area of quartz veining in siliciiied rhyolite in the 
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Discovery Vein area and the nearby, newly identified 
Surprise Vein (Figure 2). The most significant surface 
soil gold anomaly coincided with the Discovery Vein, 
Five drill holes, with a total length of 957.38 metres 
were drilled. Two holes (NZ92-1, 2) tested the 
Discovery Vein/Surprise Vein area. The remaining three 
holes (NZ92-3, 4,s) tested the H Zone, Grizzly Ridge 
Vein and Gully A Zone, respectively. Three additional 
holes were drilled in the Discovery Vein area by Gold 
Giant Minerals Incorporated. Drilling indicated the 
continuity of gold-bearing structures. Significant gold 
assays were reported from intervals of smoky blueigrey 
quartz veins, from grey to black, quartz-flooded rhyolite 
cut by quartz-carbonate-sulphide veins, and from 
adjacent fault zones. Since gold assays from drill core 
were generally lower than surface values (Bond, 1993), 
the claims were allowed to lapse. 

In 1994, claims were x-staked in the Nizi area by 
Lawrence Barry of Hunter Explorations. The property 
was optioned by Ore Grande Resources Inc. in 1995. 
Madrona Mining Limited entered into an agreement with 
Oro Grande Resources in July 1996. In September 1996, 
six diamond drill holes with a total length of 921.1 
metres were drilled by Madrona Mining in joint venture 
with Oro Grande Resources. Five holes were drilled in 
the vicinity of the Discovery and Surprise Veins. One 
hole was drilled to test the southeastern extension of the 
Zinc Lake Zone (Zone E of Augsten, 1987 and Bond, 
1993). Significant gold mineralization was encountered 
in holes NZ96-9, 10 and 12. Base-metal mineralization 
(sphalerite and galena) was encountered in holes NZ96- 
IO, 12 and 13 in a steeply-dipping, northwest-striking 
zone of fault breccia. The breccia is characterized by the 
presence of sphalerite-galena-rich and carbon cl&s. 

In 1997, Madrona Mining undertook further 
exploration on the property. Plint remapped and 
relogged preexisting core prior to a 3000-foot drill 
program that was completed in September. 

REGIONAL GEOLOGY 

The Nizi property lies within the Sylvester 
Allochthon, a set of thrust-bounded termnes that lies on 
top of the Cassiar Temme (Figure 1). The stmcturally 
lowest termne, the Slide Mountain (Mississippian to 
Permian ocean basin or marginal basin), is overlain on a 
major thrust fault by Harper Ranch Temme 
(Mississippian to Permian island arc) (Nelson, 1991). 
Highest in the stack is the Rapid River Tectonite 
(Gabrielse, 1994; Harms, 1990, 1993), which occupies 
the southeastern portion of the Sylvester Allochthon and 
surrounds the Nizi claims (Figure 1). It is an assemblage 
of amphibolite grade, intercalated mylonitic tectonites 
and intrusive rocks. Rock types include amphibolite, 
serpentinized ultramafic rock, marble, gamet-muscovite- 
zoisite and garnet-biotite-staurolite schists, and quartzite, 
intruded by plutons of quartz diorite, monzodiorite, 
diorite and gabbro. Metamorphism and mylonitization 
predate Late Devonian to Early Mississippian 
synkinematic quartz diorite (362 to 350 Ma); mid- 

Permian plutons are also present (Gabrielse el al., 1993). 
The Rapid River tectonite may have correlatives in the 
allochthonous terranes west of the Cassiar Batholith 
(Nelson, this volume). 

PROPERTY GEOLOGY 

The geology of the Nizi property (Figure 2a) is 
divided into four major map units. In order of oldest to 
youngest they are: 

I. the Rapid River tectonite: a pre-Mississippian 
metamorphic sequence of metasedimentary and 
metavolcanic schist and gneiss, mthogneiss, and 
ultramatites, 

2. an Early Permian(?) intrusive unit of fine- to 
coarse-grained, non-foliated granodiorite, quartz diorite 
and diorite, 

3. a sequence of felsic to mafic volcanic flows and 
pyroclastic rocks (hereafter the “Nizi volcanic 
sequence”), and 

4. kaolinitized megacrystic orthoclase-quartz- 
(biotite) porphyry dikes. 

Diorite dikes of unit 2 intrude the metamorphic 
sequence, and dikes resembling the Nizi volcanic 
sequence intrude the diorite. The volcanic sequence is 
thus considered younger than the diorite. Geophysical 
data and field observations indicate that subsequent 
faulting (see below) has modified the diorite-volcanic 
contacts. The timing of intrusion of the kaolinitized K- 
feldspar-quartz porphyry relative to the Nizi volcanic 
sequence is unknown. However, it apparently occupies 
much of the fault zone between the volcanic sequence 
and quartz diorite to the northeast. As the porphyry is 
not tectonized, it is likely a late intrusion into the fault 
zone and therefore younger than all other map units. 

Unit 1: Metamorphic Sequence (Rapid 
River Tectonite) 

The metamorphic sequence includes quartzite, 
quartz-feldspar-hornblende-biotite tectonite and mtho- 
gneiss, amphibolite, metacarbonate and c&-silicate 
rock, massive to fish-scale-textured serpentinite and 
minor muscovite-biotite schist. Compositional layering 
in the metamorphic sequence varies in scale from one 
millimetre to several metms. Foliation is moderately to 
well-developed and defined by hornblende, micas, 
and/or compositional variation between quartz-feldspar- 
rich and hornblende-rich lamellae and layers. Locally, 
the foliation is accentuated by white to grey quartz 
lenses up to 2 centimetre thick and quartz veins up to IO 
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centimetres thick. The latter also cut the foliation. In 
some areas, granitic layers or diffuse lensoidal patches in 
quartz-feldspar-hornblende tectonite, oriented broadly 
parallel to the foliation, give the rock a migmatitic 
appearance. The metamorphic sequence is intruded by 
metre-scale dikes of granodiorite to diorite of Unit 2 and 
by dikes of fme-grained, feldspar-quartz porphyry dacite 
that are probably related to the Nizi volcanic sequence. 

The contact behveen serpentinite and other 
metamorphic rocks in the sequence is assumed to be 
faulted due to the extreme compositional difference of 
their protoliths, the lens-shaped map pattern of the 
serpentinite and the presence of numerous slickensided 
surfaces in serpentinite. 

The strike of foliation in the Rapid River tectonite 
varies from northwest to west to, less commonly, 
northeast; dips are predominantly to the south and 
southwest. Rootless centimetie-scale folds with axial 
surfaces parallel to the foliation were observed in 
boulders of quartz-feldspar-amphibolite orthogneiss, and 
at one location, a closed fold with a moderately 
southeasterly plunging axis and a steeply southwest 
dipping axial plane is exposed in quartz-feldspar- 
amphibole tectonite. These observations indicate that the 
foliation in the metamorphic sequence is at least a 
second generation feature. 

Unit 2: Diorite, Quartz Diorite, Granodiorite 

Diorite is exposed to the northeast and southwest of 
the Nizi volcanic sequence (Figures 2a, 2b). To the 
southwest, the diorite is massive, fme- to coarse-grained 
with pyroxene and minor amphibole or biotite. Trace 
amounts of disseminated pyrite are common. To the 
northeast, the unit consists of white to beige weathering, 
medium- to coarse-grained quartz diorite to granodiorite 
with randomly oriented, acicular amphibole crystals. 
Biotite, commonly chloritized, is present locally. Grain 
size and compositional variations at the outcrop scale are 
common in the diorite unit. Inclusions of tine-grained 

diorite in coarse-grained diorite and quartz diorite, very 
coarse-grained patches in otherwise medium-grained 
diorite, and small dikes of granodiorite cutting diorite 
are common. A fine-grained quartz diorite phase is 
present along the contact with the Nizi volcanic 
sequence in outcrop south of Zinc Lake and in creek 
exposures in the northwestern part of the map area. 

In outcrop immediately northeast of Zinc Lake and 
along the north-northwesterly trending ridge north of 
Ziic Lake, the quartz diorite is cut by fine grained to 
aphanitic, feldspar-phyric matic dikes and by rusty to 
dirty green weathering, pale green to pale green-grey, 
feldspar-quartz porphyry dykes. Phenocrysts in the 
matic dikes and porphyry are subhedral and generally 
less than 5 millimetres long. The matic dies locally 
enclose angular clasts of the quartz diorite. In outcrop 
immediately northeast of Zinc Lake, a maiic dike grades 
into the feldspar-quartz porphyry suggesting that both 
rock types are part of the same intrusive event. These 
dikes are interpreted to be part of the Nizi volcanic 
sequence. On the mountain southwest of Zinc Lake, 
dacitic and rhyolitic dikes related to the Nizi volcanic 
sequence intrude diorite. 

Dikes of Unit 2 intrude the Rapid River tectonite 
and thus are younger than the Late Devonian to Early 
Mississippian deformation in the tectonite. Permian 
diorite is common in the Rapid River Tectonite. Bodies 
of mid-Permian foliated hornblende diorite (266+ I.5 
Ma) and massive diorite to granodiorite (262+ 0.5 to 
270+ 4 Ma) are exposed to the northwest and west of 
the Nizi properly (Gabrielse and Harms, 1989). 
Therefore, Unit 2 is interpreted to be mid-Permian. 

Unit 3: Nizi Volcanic Sequence 

The Nizi volcanic sequence crops out in a west- 
northwest trending, wedge-shaped belt that widens to the 
northwest and pinches out to the southeast (Figure 2a). 
The sequence is composed of approximately 80% 
intermediate to mafic feldspar phyric and amygdaloidal 
volcanic flows, 10% intermediate lapilli-crystal tuffs and 
10% rhyolite flows and dikes. These rocks, in contrast to 
the Rapid River tectonite, are unmetamolphosed and 
unfoliated; although in part they are affected by very 
intense, texture-obliterating silicitication. 

Rhyolitic volcanic flows and minor tuffs are 
exposed in an irregular map pattern along the easterly- 
trending ridge immediately northwest of Zinc Lake 
(Figure 2a). This occurrence is referred to informally in 
this report as the Telephone Hill rhyolite. A second 
discrete rhyolite body hosts mineralization in the Zinc 
Lake Zone. Northwest, north and northeast-trending, 
subvertical rhyolitic dikes cut the volcanic sequence. 
They are commonly less than 5 metres, but locally up to 
30 m&es, wide. Rhyolite weathers rusty yellow to white 
or pale pinkish orange. It is pale grey, pale green or 
white on the fresh surface and typically aphanitic with 
conchoidal, angular or blocky fracture patterns. 
Disseminated pyrite, generally less than 3%, is common. 
Rhyolite flows typically contain blocky and minor lath- 
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shaped feldspar phenocrysts or glomerophenocrysts, 
heavily altered to microcrystalline quartz, and subhedral 
quartz phenocrysts. Phenocrysts are typically less than 
0.5 millimetres in the largest dimension and comprise 
approximately 15% of the rock. They define a flow 
foliation in the Telephone Hill rhyolite. The strike of the 
flow layering is highly variable, but dip angles are 
consistent at about 40 to 50 degrees. 

Intermediate, polylithic, lapilli-crystal tuff and very 
minor ash tiff underlies the Telephone Hill rhyolite. 
Lapilli are typically less than 5 millimetres long but 
locally range up to 2 centimetres and consitute about 
15% of the rock. At one locality, a crystal-lithic lapilli 
tuff contains large tabular, subrounded feldspar crystals 
up to 1.5 centimetres diameter, angular microcrystalline 
quartz fragments, rounded fine-grained, dark green 
volcanic fragments, rhyolite fragments with flow 
foliation and rare, rounded igneous fragments composed 
of medium-grained quartz, feldspar and biotite. Angular, 
cuspate fragments altered to dark green chloritic material 
in tuff are interpreted to be glass shards on the basis of 
their shape. 

The intermediate (? dacitic) volcanic flows weather 
rusty orange to a brownish olive green. They range from 
green-grey to pale green on the fresh surface. Feldspar 
phenocrysts are interpreted to be plagioclase and K- 
feldspar based on their lath-like and blocky outlines, 
respectively, and on polysynthetic twinning in 
plagioclase. Feldspar phenocrysts, generally <I .O 
millimetre in their longest dimension, are replaced by 
milky white or grey microcrystalline quartz and/or 
altered to dark green chloritic material. In thin section, 
sericitic alteration of feldspars and microcrystalline 
quartz pseudomorphs after feldspar are observed. Rare 
anhedral clots of quartz observed in thin section may be 
amygdules or partly resorbed and pseudomorphed 
feldspar phenocrysts. 

Intermediate (and&tic?), amygdaloidal, plagioclase 
hornblende, and locally augite-phyric volcanic flows are 
most common in the northwest corner of the map area, 
where they apparently grade vertically and laterally into 
intermediate (dacitic?) flows and tuffs. Intemtediate 
flows are also exposed along the base of the ridge 
northwest of the Discovery Vein area. The flows 
weather a dark grey to maroon color and are grey- 
maroon to green-grey on the fresh surface. Although 
generally aphanitic, they locally contain plagioclase 
phenocrysts (<So/) less than 0.5 millimetres in diameter, 
and amygdules tilled with dark green chlorite and milky 
white, microcrystalline quartz. The plagioclase 
phenocrysts define a flow foliation that strikes northeast 
and dips gently to moderately southeast. They are 
typically altered to a mixture of carbonate, sericite, 
pyrite and chlorite. 

A general volcanic stratigraphy for the Discovery 
Vein area is evident in drill core. The stratigraphic 
sequence (from the base) consists of: 

(a) mafic (and&tic), green, amygdaloidal, 
plagioclase-phyric flows and minor intercalated lithic 
lapilli toffs , 

(b) intermediate (dacitic), grey-green to grey, 
lithic-crystal lapilli tuffs, 

(c) intermediate to mafic, grey to green-grey 
(dacitic to andesitic) amygdaloidal-feldspaphyric flow, 
which is commonly hematized and limonitized. 

Contacts range from sharp and irregular to 
gradational over 5 to 10 centimetres. Flow foliation is 
uncommon in flows of units (a) and (c). Measurement of 
the angle between flow foliation and the core axis, 
together with flow foliation attitudes observed in 
outcrop, indicate that the volcanic stratigraphy is 
moderately dipping (average about 40’). Not all units are 
present in each drill hole. Lithic lapilli toff is 
encountered only in holes NZ96-11, 12 and 13. In 
addition to the volcanic units, a near-vertical grey, 
feldspar-phyric rhyolite dyke is present in all but drill 
hole NZ96-11, between units (b) and (c). 

The Nizi volcanic sequence is younger than the 
quartz diorite that it intrudes, although no absolute age 
determinations exist for the sequence. No zircons were 
recovered from a sample of Zinc Lake Zone rhyolite 
collected in 1996. 

Unit 4: Kaolinitized Quartz-K-Feldspar 
Porphyry 

A buff to locally maroon weathering quartz-K- 
feldspar porphyry is exposed in isolated outcrops along 
the northeastern contact of the Nizi volcanic sequence 
with the quartz diorite. K-feldspar phenocrysts are 
subhedral and range from 5 millimetres to 2 centimetres 
in diameter, averaging 1 centimetre. The K-feldspar 
phenocrysts are entirely altered to kaolinite in most 
exposures and commonly only subhedral pits remain on 
the weathered surface. Quartz phenocrysts are clear, 
vitreous, subhedral to anhedral and from 1 to 5 
millimetres in diameter. Minor biotite phenocrysts are 
observed locally. The matrix is pale pink to buff 
weathering, slightly greenish beige on the fresh surface 
and aphanitic. 

The contacts of the kaolinitized porphyry are not 
exposed, however its extrapolated map pattern on Figure 
2a shows that it is a dike. Along most of its length it 
separates the Nizi volcanic sequence to the west from 
the acicular amphibole quartz diorite to the east. 
However, at its northern end it is enclosed within the 
quartz diorite, and probably intrudes it. The absence of a 
tectonic fabric in the porphyv and its coincidence with 
the regional strike-slip fault identified from apparent 
resistivity contours (see below), suggest that it intruded 
along the fault after motion ceased. It is thus younger 
than the Nizi volcanic sequence. However, if faulting 
was largely synchronous with the extrusion of the Nizi 
volcanic sequence, the porphyry may be a late 
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subvolcanic intrusion related to the Nizi volcanic 
sequence. Considering that rhyolite dikes intrude the 
Nizi volcanic sequence, the latter interpretation is 
plausible. Gabriel% (1994) mapped the kaolinitized 
feldspar-quartz porphyry as belonging to the same 
intrusive suite as the Early Eocene Major Hart pluton, 
which is exposed about 20 kilometres to the southeast of 
the Nizi property (Figure 1). 

Depositional setting of the Nizi volcanic 
sequence 

The Nizi volcanic sequence consists of 
amygdaloidal and porphyritic flows and lapilli, lithic and 
crystal tuffs. No pillowed flows, pillow breccias or 
intercalated elastic sedimentary rocks are present. These 
observations suggest that the Nizi volcanic sequence was 
erupted subaerially. The map pattern of the rhyolite 
exposed at Telephone Hill and the wide variation in flow 
foliation attitude supports the interpretation that the 
rhyolite is a flow dome (Figure 2b). The presence of 
lithic and ash Hoff, locally showing planar layers 
(“beds”) underlying the rhyolite probably represent 
explosive pyroclastic activity that predated extrusion of 
the rhyolite. The Zinc Lake Zone rhyolite lacks flow 
foliation and is spatially associated with the Telephone 
Hill rhyolite. It may be a small feeder dike related to the 
Telephone Hill rhyolite. 

Structural geology 

The Nizi volcanic suite lies within a southeasterly- 
tapering graben bounded on both sides by steeply- 
dipping faults with normal sense of stratigraphic 
separation, as indicated by the outcrop patterns on 
Figure 2a and illustrated in the cross section in Figure 
2b. Wherever contacts between the Nizi volcanics and 
adjacent plutonic bodies are seen, they are faulted, with 
zones of shearing, chloritic fiactares, and slickensides. 
Analysis of apparent resistivity contour maps indicates 
that northwest-trending fault zones and sets of northeast- 
trending and north-trending fractures or faults dissect the 
Nizi property (McGowan, 1997). Comparison of the 
resistivity contours with field data suggests that the 
northeastern contact of the Nizi volcanic sequence with 
the quartz diorite is a regional, dextral strike-slip fault. 
The fault dextrally offsets three, northeast-trending, 
negative resistivity anomalies by 300 to 400 metres. 

Jointing in and near the Nizi volcanics probably 
formed in response to several processes, such as igneous 
cooling in magmatic and volcanic rocks, hydrothermal 
fracturing and subsequent tectonism. Compilation of 
joint orientations from Bond (1993) and data collected 
during the 1997 field season shows a wide variety of 
strike orientations of both joints and fracture cleavage, 
with moderate to vertical dips predominating. In the 
mineralized areas north, northwest and northeast- 
striking, steeply dipping to vertical joints and fracture 
cleavage are well developed. 

Centimetre-scale, strike-slip offset of 
mineralized quartz veins indicates that at least some of 
the joints and fracture cleavage are related to faulting. 
Commonly, motion along the northwest-striking faults is 
dextral whereas along northeast-striking faults it is 
sinistral. This is best illustrated in the Discovery Vein 
area. There, a northwest-striking, vertical, dextral strike- 
slip fault offsets a contact behveen an intermediate flow 
to tuff and a rhyolite dike by 27.5 metres. The fault also 
offsets and has brecciated the Discovery Vein. Smaller 
scale, northeast-striking, subvertical to vertical, sinistral 
faults offset the Discovery Vein on the order of 50 
centimetres or less. All the faults are marked by fracture 
cleavage. The dextral and sin&al strike-slip faults are 
interpreted to be largely coeval as no offset of either 
fault is observed where they intersect. 

Bond (1993) reported northwest-trending, dextral 
strike-slip faults and northeast-striking, sin&ml strike- 
slip faults in the H Zone area. A brief examination of the 
H Zone by Plint confmed that it is a nmth-northeast- 
trending, recessive weathering, fault zone of uncertain 
displacement, offset dextrally by northwest-trending 
faults. 

Most of the northeast-trending faults/fractures occur 
to the southwest of the regional, northwest-striking, 
dextral strike-slip fault that bounds the Nizi volcanic 
sequence to the northeast (McGowan, 1997). This 
observation suggests that the northeast system is either 
older than, or controlled by the regional northwest- 
striking fault zone. This interpretation is consistent with 
laboratory analyses of strike-slip systems. Models show 
that deformation is taken up along synthetic and 
antithetic shears (“Riedel” shears) prior to motion along 
the principal fault zone, although motion on the Riedel 
shears may continue after motion along the principal 
fault (e.g. Sylvester, 1988). Antithetic shears develop at 
angles of 60 to 75 degrees to the principal fault zone and 
synthetic shears at an angle of 15 to 20 degrees to the 
principal fault zone. Therefore, the northeast-striking 
faults are probably antithetic shears (R shears) to the 
more through-going, northwesterly-striking dextral 
strike-slip fault. 

Fault motion along zones of north-trending, 
subvertical to vertical fracture cleavage and joints has 
not been unequivocally documented in the field. At one 
outcrop in the Gully A Zone, brecciation and steeply 
plunging slickensides are developed in a 3 metre wide 
zclne of vertical, north-striking fractures. This 
observation suggests that some fault motion has 
occurred. In a northwest-striking, dextral strike-slip fault 
system, north-trending normal (extensional) faults are 
expected to develop. Therefore, it is probable that any 
fault motion along the north-trending fracture/fault 
system is normal. The northerly-striking H Zone may 
also be a normal fault. 

We conclude that the Nizi volcanic sequence 
records deformation related to regional strike-slip 
faulting. The northwest, nmth and northeast-trending 
fracture cleavage and joints that dominate in mineralized 
areas are interpreted to reflect this faulting, although 
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documentation of displacement is hindered by the lack 
of marker beds. 

Mineralization and alteration 

Mineralization on the Nizi property is a vein- 
stockwork system with associated hydrothermal 
brecciation. Two distinct styles are present: sulphide- 
poor, gold-silver-quartz veins and stockworks associated 
with pervasive silicification, and sulphide-rich iron 
carbonate-sphalerite-galena veins associated with 
pervasive carbonate alteration. 

There are six main mineralized areas outlined to 
date on the Nizi property: Zinc Lake Zone, Discowy 
Vein/Surprise Vein, Grizzly Ridge Vein, H Zone, Gully 
A Zone and B Zone. In addition, the Hill Zone is 
introduced here as an area of interest on the basis of 
1997 mapping and assays reported by Gold Giant (Bond, 
1993). 

Gold-Silver-Quartz Mineralizafion 

The Discovery /Surprise Vein area is chamcterised 
by multistage, microcrystalline quartz-carbon-sulphide 
barite stockworks. The Discovery Vein is the largest 
surface expression of the mineralization, although small 
areas to the southeast (Surprise Vein) and to the 
northwest (“DV2” of Bond, 1993) are also exposed. ‘Ihe 
Discovery Vein is actually a stockwork zone which is 
most evident only at the northwestern and southeastern 
ends of the “vein”. The stockworks trend west-northwest 
and are steep to vertical. The zone pinches and swells 
along strike and reaches a maximum true width of 2.5 
metres. It cuts across a contact between a rhyolite dike 
and an intermediate volcanic hlff or flow. Very tine- 
grained pyrite, galena, sphalerite, chalcopyrite, 
tetrahedrite and acaothite are disseminated or follow 
microfractores in the quartz stockworks. Pyrite also 
occurs in tine veinlets up to 5 millimetres wide. 

In 1997 drill core, sulphide-carbonate veins are seen 
to crosscut the gold-quartz veins (holes NZ-97-16 at 17- 
18 metres and NZ-97-18 at 115-118 mehes). This 
relationship shows that gold-enriched quartz veining 
preceded the sulphide-carbonate style of mineralization. 

Channel samples of the Discovery vein have 
returned the following selected high-grade values: 27.09 
g/t Au and 1220.6 g/t Ag over 2.0 metres; 15.09 g/t Au, 
1073.2 g/t Ag over 3.5 m; 8.91 p/t Au, 596.6 g/t Ag over 
1.0 metres, 1.54 g/t Au, 190.3 g/t Ag over 1.0 metres. 
Channel samples from the Surprise Vein area ran 6.5 g/t 
Au over 1.3 m, 462.9 g/t Ag over 0.8 m and 2.16 p/t Au, 
496.8 g/t Ag over 1.0 metre (Bond, 1993). The 
Discovery Vein area represents the best exploration 
target identified to date on the Nizi Property. Of the 
fourteen drill holes have been completed in the area, 
assays in all but hvo have confirmed the presence of 

significant gold-silver mineralization in microcrystalline 
quartz-carbon-pyrite-b&e veins and stockworks, 
although the values are erratic and on the whole 
somewhat lower than the best surface results, with 
notable exceptions such as 3.54 g/t Au, 49.1 g/t Ag over 
6.1 metres in DDH NZ-96-9 and 1.44 g/t Au, 27.21 g/t 
Ag over 6.88 m&es in DDH NZ-96-10 (Day, 1996). 

Zinc Lake Zone 

The Zinc Lake Zone is hosted by white to pale grey 
to green, quartz physic, silicitied rhyolite, cot by north 
and northwest-striking, steep to vertical joints. Zones of 
fracture cleavage, generally less than 1 metre wide are 
developed parallel to the north-striking joint set. The 
rhyolite is silicified and locally pyritized with 1 - 10% 
disseminated pyrite along the fracture cleavage zones. 
Minor iron carbonate veins occur along some zones of 
fracture cleavage. Steep to vertical lenses of white to 
grey microcrystalline quartz, carbon and pyrite trend 
parallel to the joints. The lenses, typically less that 20 
centimetres wide, pinch out along strike and are 
confined to an area of intense iron-staining in the 
rhyolite. 

The largest quartz lens is approximately 3 metres 
wide by 10 metres long in outcrop. It is composed of 
microcrystalline quartz cut by randomly oriented, 
carbon-filled, hairline fractures that are in tom cut by a 
network of irregular pyrite veinlets. Two grab samples 
from the main quartz lens, collected by Madrona Mining 
Limited, returned values up to 3.14 g/t Au and 950.0 g/t 
Ag. Microcrystalline quartz-barite stockworks enclose 
angular centimetre-scale clasts of bleached rhyolite. 
They broadly follow northeast-striking, vertical 
fractures. Grab samples returned values of 0.39 g/t Au 
and 1.3 g/t Au. One hole (NZ96-14) has been drilled in 
the area of Zinc Lake Zone. It intersected a sequence of 
intermediate, heterolithic lapilli toffs and minor silicified 
amygdaloidal to massive flows. The failure of this hole 
to intersect rhyolite may retlect the steeply inclined 
contacts of a subvolcanic intrusion. 

Grizzly Ridge Vein 

The Grizzly Ridge vein was examined briefly by 
Plint and Panteleyev. It is a northerly-trending quartz 
vein exposed in two small outcrops and in felsenmeer 
over a distance of 125 m&es, located on the ridge top 
100 metres south of the Discovery vein. The Grizzly 
Ridge vein consists of white, massive, fine-grained 
quartz cot by minor carbon-tilled hairline fractures. In 
talus surrounding the vein, the rock is strongly altered to 
a pale yellow/chalky white material cut by tine, 
microcrystalline quartz veinlets, up to 3 mares from the 
vein. This alteration was previously reported to be 
“sericitic” although no sericite was observed in hand 
sample. Similar alteration envelopes less than a m&e 
wide are present along nearby northeast-striking, 
subvertical, fracture cleavage zones. Unlike other gold- 
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bearing veins on the property, it formed as a single stage 
vein containing little carbon or sulphides and no barite. 
A 2.5 m chip sample assayed 0.270 g/t Au; all other 
samples ran less than 0.1 pit (Bond 1993). 

Hill Zone 

Bond (1993) reported quartz veins that crop out 1.50 
m sooth of the Gully A Zone. Mapping in 1997 
identified northerly-trending quartz-b&e-pyrite 
stockworks cut by carbon-tilled hairline fractores in a 
strongly silicified host rock and an east-striking, 40 
centimetres wide, quartz-barite-pyrite-chalcopyrite vein 
in a matic, plagioclase-physic flow. Grab samples of 
quartz vein returned low values of 3.58 g/t, 0.86 g/t , 
and 204 ppb Au (Madrona Mining Ltd., unpublished 
data). 

Iron Carbonate-Sphalerite-Galena Mineralization 

HZone 

Sheer cliffs make much of the H zone inaccessible. 
It is interpreted to be a northerly-trending fault zone 
marked by well developed planar, subvertical joints that 
strike north-northwest to north-northeast. A banded 
carbonate-quartz-sphalerite-galena-pyrite vein with an 
exposed true width of 2 me&s occupies part of the fault 
zone. The vein orientation is parallel to planar joints in 
the host rock. Within 50 centimetres of the vein the host 
rock is altered to a pinkish beige, granular material cut 
by randomly oriented limonitic fractores. In general, 
gold values are low although a 1.8 metre chip sample of 
sphalerite-galena- pyrite-carbonate-rhyolite breccia 
returned values of 2.26 g/t Au, 278.1 g/t Ag, 1900 ppm 
Pb and 32.1% Zn (Bond, 1993). 

Gully A Zone and B Zone 

The main showings of both the Gully A and B zones 
are iron carbonate-microcrystalline qualtz- 
rhodochrosite-sphalerite-galena-pyrite veins controlled 
by north-striking subvertical fractures. Both exhibit a 
pinkish-beige, granular alteration of the host rock 
identical to that observed in the H Zone. The alteration 
contains disseminated blebs of pyrite and trace galena 
and is cut by numerous, randomly oriented limonitic 
fractures. The mineralized interval at the Gully A 
showing is a 20 centimetre wide zone of hydrothermal 
breccia. It consists of angular clasts of sulphide 
(sphalerite, pyrite and minor gale@ and of host rock in 
an iron carbonate matrix. The host rock to the zone is 
silicitied green-grey, plagioclase-phyric maiic volcanic 
flow which is altered within 2 metres of the eastern 
margin of the breccia.Tbe best assays for Gully A Zone 
were 11.38 git Au and 22.4 g/t Ag (Bond 1993). 

Zone B consists of a vertical, north-trending, 
banded carbonate-sphalerite-quartz vein exposed over 
0.5 metres. Host rocks to the vein are intermediate to 

matic volcanic flows. The host rocks within 1.5 me&es 
of the vein show the same granular alteration as those at 
the Gully A and H zones. Carbonate alteration that is 
subparallel to a vertical, east-striking, 2 m wide zone of 
fracture cleavage cuts the host rock and the alteration. 
Bond (1993) reports grab sample assays of 1.2 to 3.63 
g/t Au and 3308.6 to 5485.8 g/t Ag for B Zone veins. 

Alteration 

Rocks underlying the Nizi property are weakly to 
moderately altered over a wide area. Some of the 
alteration appears to be aligned along the contact of the 
mid-Permian(?) intrusion that bounds the Nizi volcanic 
sequence on the northeast (Fig. 2a). Moderate to intense 
silicification and microscopically visible sericitic 
alteration is best developed in the area of the Discovery 
Zone and related showings, and carbonate alteration and 
veining occurs with varying intensity throughout the 
area sampled. An area of patchy to pervasive 
silicification, sericite alteration and destruction of 
primary igneous textures encloses the main area of 
rhyolite domes, quartz stockwork mineralization and 
precious metal mineralization. To the west, 
mineralization includes more base metals and is related 
to carbonate veining and alteration. As a generalization, 
there seems to be a zoning outward from intense 
silicification near the rhyolites, through sericitic 
alteration to a fringe of carbonate alteration. This 
corresponds to the metal zoning pattern from precious 
metal-enriched quartz veins and stockworks, outward to 
lower precious metal contents in sulphide-carbonate 
veins. In the outer part of the zone, chlorite occurs as an 
alteration product after feldspars, tills amygdules and 
forms fractures and veinlets with carbonate. Epidote is 
present locally as veinlets, with or without carbonate. 
Epidote alteration is particularily strong adjacent to the 
faulted contacts between the Nizi volcanic sequence and 
the surrounding plutonic rocks. Conclusive evidence is 
lacking, but the sericitized and silicitied zones may be 
overprinted on an earlier propylitic assemblage that 
could be of regional metamorphic origin, or be 
intrusion-related. The carbonate alteration event or 
events are more widespread and spanned the 
development of the other alteration assemblages. 

Summary of vein types and distribution 

Gold and silver-bearing quartz veins and 
stockworks consist of microcrystalline to very tine- 
grained white to grey quartz and carbon, commonly with 
white subhedral to euhedral barite, finely disseminated 
veinlet pyrite, and minor iron carbonate. They occur in 
the Zinc Lake Zone, the Discovery Vein/Surprise Vein, 
and in the Hill Zone. In these low-sulphide veins (total 
sulphides less than 5%), disseminations of sphalerite, 
galena, acanthite, tetrahedrite and rare chalcopyrite are 
identifiable in polished section and rarely in hand 
sample. Gold and silver are in electrun, which forms 
tiny grains intergrown with the sulphides and 
sulphosalts, or included within them. The gold and 
silver-bearing quartz veins show minor quartz comb 
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texture, visible with a hand lens or in thin section, and 
rare vugs, but otherwise exhibit few void-fill textures. 

Sphalerite-galena, gold-bearing, iron carbonate- 
quartz veins are present in the Gully Zone, B Zone and 
H Zone. These veins, with total sulphides from 20 to 
40%, commonly exhibit collofonn banding, 
crustitication, cockscomb textures and multistage, 
hydrothermal breccia textures. On the basis of textures 
and mineralogy, mineralization on the Nizi Property is 
best described as low sulphidation (or “adularia- 
sericite”), sulphide-poor, epithennal mineralization. 

The key result of the 1997 exploration program is 
recognition that significant gold mineralization is 
consistently associated with discrete zones of 
microcrystalline quartz-carbon-pyrite-bar&z-carbonate 
silicitication (e.g. Zinc Lake Zone, Surprise Vein, 
Discovery Vein, Hill Zone) rather than pervasive quartz 
flooding. Carbon, previously reported as tounnaline, is 
present in both the gold-bearing quartz and in the host 
rocks, commonly spatially associated with pyrite. It 
occurs as disseminations or along fine, dark grey, 
hairline fractures that may be planar and parallel to 
jointing, oriented perpendicular to vein walls, or in 
random networks. Gold grades appear to be independent 
of the amount of pyrite and immediate host rock type. 
HOWVeI, the areas of strongest gold-quartz 
mineralization cluster near the Zinc Lake and Telephone 
Hill rhyolite bodies (Figure 2a). In outcrop, the silicitied 
zones are discontinuous, commonly lensoid and consist 
predominantly of quartz stockworks with lesser quartz 
matrix in hydrothermal breccias and silica replacement 
(“quartz-flooding”) of wallrock. The iron carbonate- 
sulphide-quartz veins and hydrothermal breccias are 
apparently late-forming features, compared to the 
silicitication and gold-(silver)-quartz mineralization. 
“Massive sulphide clasts” identified by Day (1996) are 
part of a multistage, epithermal carbonate-sulphide- 
quartz breccia and do not reflect a volcanic massive 
sulphide system at depth. 

PhysicaI Controls on Mineralization 

Epithermal deposits vary widely in form because of 
the low pressure, hydrostatic conditions under which 
they form (Sillitoe, 1993). Rock permeability and 
rheology control the sites of fluid flow and metal 
deposition. Rock permeability may be controlled 
lithologically, hydrothemmlly and/or shucturally 
(Sillitoe, 1993, 1997). Typical shuctural controls are 
steeply-dipping faults, ring fractures in calderas 01 
fractures in rhyolite flow domes. Overpressured 
hydrothermal fluids result in hydrothermal brecciation, 
particularly in highly competent rocks. The 
hydrothermal fluid, if highly acidic, may also dissolve 
the host rock. Contrasting rock types may focus fluids 
by providing a system of aquifers and acquitards. 

The presence of carbonate-sulphide-quartz veins, 
pyritization and bleaching alteration along fractures in 
the Gully A and B zones and “sericite” alteration along 
NE striking fractures north of the Discovery Vein, 

indicates that pre-existing struchres have influenced 
hydrothermal fluid flow in the Nizi volcanic sequence. 
This influence is most apparent in the carbonate- 
sulphide-rich mineralization. In one core intersection, 
NZ96-9, carbon-bearing chalcedonic quartz occurs in 
tension gashes related to a small-scale fault. In several 
instances, strike-slip faults offset and brecciate the gold- 
bearing quartz veins and stockworks, so at least some of 
the faulting postdated the mineralization. 

The gold-bearing quartz veins and stockworks are 
invariably microcrystalline, multistage, and locally 
brecciate and/or incorporate fragments of the host rock. 
Texturally, they show little evidence of open space 
filling. Locally, carbon-filled black hairline fractures are 
oriented normal to vein walls indicating extensional 
opening of fractures after growth of the quartz. More 
commonly, however, carbon-tilled fractures are planar 
with no preferred orientation or form branching irregular 
networks in veins or quartz flooded zones. The gold- 
bearing quartz veins and stockworks are not restricted to 
a specific rock type. In the subsurface, they concentrate 
in rhyolite, but also occur in lithic-crystal lapilli tuff and 
in amygdaloidal, feldspar phyric intermediate to matic 
(7) flows. The only consistent correlation is between 
gold-bearing quartz veins and rhyolite dikes, which at 
least near the Gully A Zone occupy the same structures 
(Figure 2a). The migration of gold-bearing fluids may 
have been controlled largely by dilation presumably 
caused by overpressured, hydrothermal fluids, rather 
than filling of pm-existing open spaces. 

Age of mineralization 
Galena was collected from the H Zone in 1996 for 

lead isotopic analysis. Its lead-lead isotopic signature 
(Figure 3) plots above, and near the very young end of 
the shale curve defined by Godwin and Sinclair (1982). 
It is similar to lead from veins and skams near the 
Seagull Batholith, the Cassiar gold-quartz veins, 
Midway, Butler Mountain and other Cretaceous-Early 
Tertiary epigenetic deposits in the Cassiar area 
(Bradford, 1988). The Midway manto system is 
associated with a cryptic granite; alteration there is about 
70 Ma by K/AI methods. Butler Mountain is associated 
with 50-Ma quartz porphyry dikes. Both are hosted by 
carbonate strata of the continental Cassiar Terrane. By 
contrast, the Early Cretaceous Table Mountain veins and 
Seagull Batholith deposits occur in isotopically more 
primitive, allochthonous, non-cratonic host rocks. This 
difference in host rocks may contribute more to their less 
evolved lead signatures than do the small difference in 
ages of epigenetic mineralization.. Similarly, the slightly 
less radiogenic nature of the Nizi lead than Midway and 
Butler Mountain may well be due, not to an older age, 
but to the more primitive nature of the rocks in the 
Sylvester Allochthon, as opposed to the Cassiar Terrane. 
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Figure 3. Lead isotopic signature for galena from Nizi sulphide-carbonate vein: 

comparisop with other Cassiar area epigenetic deposits. 

CONCLUSIONS 

The Nizi vein system has many points of affmity 
with classic epithennal systems. It is a set of gold- 
bearing chalcedonic quartz-bladed barite vein- 
stockworks and sulphide-carbonate vein, developed 
within an intermediate to felsic volcanic sequence in a 
structural regime of strike-slip and related faulting. The 
highest grade vein-stockworks are associated with 
rhyolite flow domes and a zone of intense silicitication 
and pyritization. They are sinuous, lensoid, multi-stage 
chalcedonic vein swarms, in places with breccia textures 
involving wall rock fragments. Sulphide-carbonate veins 
occur peripheral to the central gold-quartz stockwork 
zone. Sulphide-carbonate also occurs as a late phase 
within the Discovery Vein in the central zone, 
crosscutting the gold-bearing chalcedonic quartz. It 
probably signifies cooling of the hydrothermal system. 

The very young inferred lead isotopic age of the 
sulphide carbonate veins suggests that the mineralized 
system is Cretaceous-Tertiary in age. The coincident 
centering of the alteration halo and the gold-quartz veins 
around the rhyolites near Zinc Lake strongly favors 
cogenesis between Nizi volcanic activity and the 
epithermal event. If this inference is correct, then the 
Nizi volcanics are, like the veins, Cretaceous-Tertiary in 
age. The association of this system with northwest- 
trending dextral strike slip faults is certainly consistent 
with regional tectonics in Cretaceous-Tertiary time, 
when northern British Columbia was slivered and 
dextrally shuffled along such major northwesterly faults 
as the Kechika, the Cassiar and the Tintina (Figure 1; 
Gabrielse 1985). 

The nearest known body of this age is the Major 
Hart pluton (Figure l), described by Gabrielse (1994) as 
partly miarolitic granite. Gabrielse assigned the 
kaolin&d quartz-Kspar porphyry on the Nizi property 
to the Eocene suite, although in large-scale mapping he 
did not have the opportunity to trace out its remarkable 
strike length: on sheet 1041115 it appears as a small blob. 
The spatial association of the porphyry dike with the 
Nizi volcanic suite suggests that it was a late phase of 
the sequence. We therefore tentatively assign the entire 
Nizi volcanic sequence to the Eocene. By this we also 
infer an igneous-epithemxd system that potentially 
extends from the Major Hart pluton as far north as the 
Four Mile River. 

This suite correlates with other post-erogenic, mid- 
Cretaceous to Eocene, matic to felsic volcanic suites in 
the northern Cordillera. The post-erogenic volcanism 
clusters into three age groups: mid-Cretaceous (e.g. Mt. 
Nansen Group, 105 Ma), Late Cretaceous (e.g. 
Carmacks Group, 70 Ma) and Eocene (e.g. Sloko Group, 
Skukum Group and unnamed bimodal volcanic rocks 
along the Tintina dextral strike-slip fault system). Gold- 
silver epithermal mineralization is associated with all of 
these units (e.g. Christie ef al., 1992). 

A strong multi-element stream geochemical 
anomaly is associated with the Nizi (Jackaman, 1996). 
Other multi-element anomalies identified by the Cry 
Lake regional geochemical survey and not associated 
with known bedrock showings, particularily those on the 
northwest trend defined by the Nizi and the Major Hart 
pluton, may also be attributable to epithemml-type 
mineralization. 
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NI-CU SULFIDE MINERALIZATION IN THE TURNAGAIN ALASKAN-TYPE 
COMPLEX: A UNIQUE MAGMATIC ENVIRONMENT 

By G. T. Nixon, B. C. Geological Survey 

KEYWORDS: Ni-Cu sulfides, magmatic sulfides, Alaskan- from the rocks that host the intrusion, and hence have 
type, Turnagain complex fundamental significance for exploration. 

INTRODUCTION GEOLOGICAL ENVIRONMENTS FOR 
MAGMATIC SULFIDE DEPOSITS 

Nickel is a scarce commodity in the Canadian 
Cordillera, and there are currently no active nickel mines 
in British Columbia. The most notable past producer was 
the Giant Mascot (Pacific Nickel or Pride of Emory) mine 
(1958-1974) near Hope which processed some 4.2 million 
tonnes of sulfide ore averaging 0.77 wt. % Ni, 0.33 wt. % 
Cu, 0.68 g/t Au and 0.34 p/t PGE (platinum-group 
elements). The ore resided in an ultramatic phase of the 
Spuzzum pluton (seeNixon and Hammack, 1991). 
The Turnagain ultramafic complex (Figure 1) hosts one of 
the few magmatic nickel occurrences of economic 
potential in British Columbia (Hancock, 1990; Nixon and 
Hammack, 1991). The geological setting of the sulfide 
mineralization is unusual in that it is hosted by an Alaskan- 
type complex, a magmatic environment that is not 
gener@lly noted for its sulfide potential. In the case of the 
Turnagain complex, it appears that a unique set of genetic 
circumstances were responsible for the precipitation of 
substantial Fe-Ni-Cu sulfides from the parental magma 
The principal factors that appear to have promoted sultide 
saturation in the Alaskan-type environment are considered 
below. It is suggested that the most important control on 
the formation of magmatic sulfides may ultimately derive 

Magmatic sulfide ores hosted by matic and ulhamafic 
rocks have historically been the principal source of world 
nickel production. Considering the recent discway of 
high-grade Ni-Cu-Co deposits at Voisey’s Bay, Labrador, 
such sulfides seem destined to remain the dominant 
producer of nickel in the foreseeable future. However, with 
the advent of innovative leaching and electrorefining 
techniques for metal extraction in recent years, low-grade, 
bulk-tonnage operations are now feasible for low-cost 
recovery of nickel and associated base and precious metals 
in sulfide ores. Owing to these developments, there are 
several prospective environments for mafic-ultramaiic- 
hosted nickeliferous sulfide deposits in the Cordillera that 
warrant further attention. The most significant matic- 
ultramatic rock packages occur in the oceanic (ophiolitic) 
and volcanic-arc terranes that were accreted to the margin 
of North America in the Early Mesozoic. 

The geological environments of magmatic sulfide 
deposits may be classified according to tectonic and 
petrochemical affiliations. The vast majority of the world’s 
magmatic nickel deposits are hosted by tholeiitic to 
komatiitic extrusive rocks and their intrusive equivalents 
(reviewed by Naldrett, 1989). These include important 
occurrences in Archean greenstone belts (e.g. Kambalda, 
Western Australia), rift-related settings (e.g. Thompson 
Nickel Belt, Manitoba), intrusions related to flood basalts 
(e.g. Noril’sk-Talnakh, Siberia), and large stratiform 
inhusions (e.g. Bushveld Complex, South Africa and 
Sudbury, Ontario). Among the environments traditionally 
regarded as least favourable for significant magmatic Ni- 
Cu sulfide deposits are those associated with ophiolites, 
kimberlites, carbonatites and other alkaline associations, 
and Alaskan-type complexes. 

Figure 18-t. Location of the Turnagain Alaskan-type complex. 

In this respect, it is interesting to note that the 
anorthositic Voisey’s Bay intrusive suite was also formerly 
categorized as an unfavourable exploration environment 
for important Ni-Cu sulfide deposits. Yet, if predicted 
reserves are accurate, the Voisey’s Bay troctolite body 
hosts one of the richest Ni-Cu sulfide deposits in the world. 
The lesson from Voisey’s Bay is that, given apparently 
favourable genetic circumstances, even traditionally 
unimportant environments for magmatic Ni-Cu sulfide 
deposits, like that of the Alaskan-type Turnagain complex, 
may contain economically important sulfide 
mineralization. The impact of specific geologic variables 
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conducive to sulfide saturation in Alaskan-type parental 
magmas are considered below following a review of the 
exploration history and geology of the Tumagain complex. 

EXPLORATION HISTORY OF THE 
TURNAGAIN COMPLEX 

Fe-Ni-Cu sulfides in the Tumagain complex were fust 
discovered in 1956 at a showing on the banks of the 
Turnagain River. Little work was done until 1966 when 
Falconbridge Nickel Mines Limited acquired the claims. 
Between 1966 and 1973 extensive geological and 
geophysical surveys identified a number of sulfide 
showings (MINFILE 1041 014, 038, 051, 117-120 and 
references therein) that were subsequently tested by a 
program of short diamond drill holes (McDougall and 
Clark, 1972; Clark and McDougall, 1973}. Many 
mineralized outcrops were tested only by packsack drilling 
and some important semi-massive sulfide zones, such as 
the “Discovery” showing on the Turnagain River, were 
apparently never drilled successfully. The geological 
studies initiated by Falconbridge culminated in a Ph.D. 
dissertation by Clark (1975) and resulting publications 
(Clark, 1978, 1980). Interest in the PGE potential of the 
Tumagain complex in the mid to late 1980’s led to 
additional geochemical sampling and geological mapping 
(Page, 1986; Nixon er al., 1989). Maximum PGE values 
for the sulfide showings were reported as 461 ppb PI and 
1455 ppb Pd (Page, 1986). Renewed interest in the 
property began in 1996 when Bra-Mar Resources Limited 
initiated geophysical and geological work, including 
diamond drilling to more adequately test mineralized areas. 
To date, some 2500m of drilling have identified narrow 
(lm) intersections of semi-massive sulfides grading up to 
1.4 wt. % Ni and 0.07 wt. % Co within much broader 
zones of disseminated mineralization (Livgard, 1996). 
Chalcopyrite-rich grab samples from the Discovery 
showing have yielded maximum grades of 1.6 wt. % Cu. 
From both the recent drilling and surface sampling, it is 
clear that disseminated sulfide mineralization in the 
Tumagain complex is more widespread than previously 
indicated. 

REGIONAL SETTING 

The regional geological setting of the Tumagain 
complex is somewhat enigmatic (Figure 2). In the most 
recent revision of the Cry Lake map sheet (Gabrielse, in 
press and personal communication, 1997), which builds 
upon earlier work (Gabrielse, 1985, 1991), the Tumagain 
complex is shown to be hosted by a westward-facing, 
folded and faulted, Cambrian to Mississippian 
m&sedimentary succession that defines the miogeoclinal 
margin of Ancestral North America (Figure 2A). The 
wallrocks of the Turnagain complex, in part, are taken as 
equivalents of the fine-grained elastics of the Road River 
and Earn Groups. These rocks are overlain in turn by 
Upper Paleozoic to Triassic metavolcanic and 
m&sedimentary sequences of unknown terrane affinity. 

The Kutcho Fault separates the latter rocks from the Early 
Jurassic Eaglehead pluton that forms part of Quesnellia, 
and oceanic accretionasy complexes of the Cache Creek 
Terrane. Mid-Cretaceous plutons of the Cassiar Batholith 
intrude Lower Paleozoic and older strata of the 
miogeocline. 

This interpretation of the regional geology implies that 
the Turnagain body, and an associated ultramafic to 
dioritic “ring complex” to the south that has a well-defined 
metamorphic aureole (Clark, 1975), have intruded rocks of 
the miogeocline. In all other cases (in British Columbia at 
least), Alaskan-type complexes are confined to the 
accretionary arc terranes of Quesnellia and Stikinia, and 
these terranes are faulted against Ancestral North America. 
Thus, a supra-subduction zone setting is required for the 
North American margin at the time of intrusion of the 
Tunagain complex. The age of the Turnagain complex 
potentially places constraints on this interpretation and is 
currently being investigated using “0Ar-“9Ar dating 
techniques. 

An alternative interpretation of the regional geology 
proposed in Figure 2B, places the Turnagain complex 
within an imbricated sequence of rocks thrust eastward 
onto the miogeoclinal margin of North America. This 
interpretation is possible because stratigraphic assignments 
are based largely on lithological similarities, and the 
contentious units (discussed below) have no age control. 
The rocks next to the Kutcho Fault that are designated as 
Upper Paleozoic to Triassic comprise a tightly folded 
package of interbedded felsic (“quartz-eye”) to 
intermediate volcanic rocks, shale, siltstone, chat, 
volcanic greywacke and conglomerate, and minor 
carbonate (Clark, 1975; Gabrielse, in press). Their 
lithological mix and structural style strongly resemble 
rocks found further south that form the Lay Range 
Assemblage (Mississippian to Permian), widely regarded 
as the basement of Quesnellia (Monger, 1973; Ferri ef al., 
1993), and this correlation is favoured here.. However, 
another possibility (not shown in Figure 2) is that these 
rocks are atypically deformed and metamorphosed 
volcanic-sedimentary assemblages of the Upper Triassic 
Nicola-Takla arc. 

The wallrocks of the Turnagain complex are black 
carbonaceous slates and grey graphitic phyllites. In Figure 
28, these rocks are considered to be correlative with the 
Middle to Late Triassic “black phyllite” unit which occurs 
near the base of the Nicola Group in the Quesnel Lake area 
(Bloodgood, 1987, 1988; Bailey, 1988; Panteleyev ef al., 
1996). This interpretation, therefore, requires a fault 
(thrust?) behveen the Cambro-Ordovician Kechika Group 
and Triassic slate and phyllite. The exact location of this 
inferred fault is unknown and has been arbitrarily placed at 
the top of the Kechika Group where it delineates the 
easternmost limit of Quesnellia. 

The eastern margin of the Turnagain complex is 
marked by a reverse fault; shear-bands observed in 
footwall slates indicate an eastward direction of motion. 
The nahlre of the southwestern contact of the Turnagain 
complex, observed only in drill core and inferred from 
aeromagnetic data, is uncertain (Clark, 1975). However, 
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the northwestern contact of the complex is interpreted 
herein as a thrust fault that places Lay Range Assemblage 
on ultramafic rocks. Strongly laminated metasedimentary 
and metavolcanic rocks in the hangingwall of this fault 
contain garnet, amphibole and oligoclase-andesine, 
indicating a metamorphic grade of uppermost greenschist 
to lowermost amphibolite f&es. Similar lithologies also 
containing amphibole-bearing assemblages were mapped 
south of the Turnagain River by Clark (1975), and allow 
this fault to be extended along strike where it separates 
these higher grade rocks from underlying slate and phyllite 
of lower to middle greenschist facie% The inferred 
geomehy of this fault plane at the northwestern extremity 
of the ultramatic complex, and difference in metamorphic 
grade, is consistent with an easterly directed thrust fault. It 
is noteworthy that the Polaris Alaskan-type complex, 
which intrudes similar lithologies farther south in the Lay 
Rwx is also involved in an eastward-verging 
deformation (cu. 186 Ma) at the leading edge of Quesnellia 
that reflects the earliest stages of accretion (Nixon ef al.. 
1997). 

IS THE SULFIDE-RICH TURNAGAIN 
INTRUSION REALLY AN ALASKAN- 
TYPE COMPLEX? 

As indicated above, the Turnagain intrusion is 
unusually well-endowed in sulfides for a Alaskan-type 
complex. The only other sulfide deposit of presumed 
Alaskan-type affmity known to the author is found in the 
Early Paleozoic Salt Chuck intrusion, Prince of Wales 
Island, southeastern Alaska. In contrast to the Tumagain 
Ni-Cu sulfides, the Salt Chuck ore is Ni-poor and Cu-rich 
[Cu/(Cu+Ni) = 0.991 and hosted by biotite-bearing 
magnetite clinopyroxenite and gabbro (Gault, 1945; Loney 
and Himmelberg, 1992). During its intermittent mining 
history, the Salt Chuck mine (1905-1941) produced some 
0.3 million tonnes of sulfide ore with an estimated grade of 
0.95 wt. % Cu, 1 ppm Au, 5 ppm Ag and 2 ppm Pd (Holt 
et al., 1948). The principal ore minerals are bomite and 
lesser chalcopyrite. Minor platinum-group minerals (PGM) 
identified by Watkinson and Melling (1992) include 
kotulskite (PdTe), temagamite (Pd,HgTe?), sopcheite 
(Pd,Ag,Te,) and auriferous sperrylite (PtAs,). Although 
the &-rich nature of the ore and origin of the PGM have 
been related to hydrothermal remobilization of magmatic 
sulfides, the mechanism for concentrating the copper and 
precious metals is debatable: Loney and Himmelberg 
(1992) advocated a magmatic process (fractional 
crystallization) whereas Watkinson and Melling (1992) 
favoured a hydrothermal origin. 

The classification of matic-ultramatic complexes as 
Alaskan-type is nof based on the presence or nature of 
sulfides or PGM but rather on silicate mineralogy, as 
outlined by Taylor (1967) and Irvine (1974). The IUGS 
classification scheme for ultramatic rocks is shown in 
Figure 3. Cumulate silicate assemblages that characterize 
the Alaskan-type association lie along the olivine- 
clinopyroxene join and comprise dunite, wehrlite, &vine 

clinopyroxenite and clinopyroxenite; orthopyroxene is 
characteristically lacking. The only other common silicate 
to appear in ultramafic lithologies is amphibole, which 
forms hornblende clinopyroxenite, clinopyroxene 
homblendite and minor homblendite. Plagioclase may be 
found in minor amounts in olivine-poor ultramafic 
lithologies and becomes a dominant constituent in 
associated maiic rocks (hornblende- or clinopyroxene- 
bearing gabbro and diorite). Accessory phases commonly 
include mica (phlogopite-biotite), apatite, and spine1 
(chromite in olivine-rich rocks; magnetite in amphibole- or 
clinopyroxene-rich rocks); primary sphene, ilmenite and 
rare zircon and quartz may appear in feldspar-rich 
cumulates and/or late-stage segregation veins. Magnetite 
may locally become a dominant cumulate phase and an 
economically viable commodity (e.g. Tulameen complex, 
Findlay, 1969; Nixon ef al., 1997). 

CLASSIFICATION OF ULTRAMAFIC ROCKS 

Figure 18-3. Classification of ultramatic rocks (modified 
after Le Maitre, 1989). 

Other features typical of Alaskan-type complexes 
include a crude internal zonation of ultramafic and matic 
lithologies (hence the commcm reference to zoned 
complexes in the literature), a general lack of layering in 
outcrop (Duke Island is a notable exception) which is so 
typical of stratiform complexes, an absence of high- 
temperature tectonite fabrics like those that pervade 
abducted ophiolitic mantle, the common occurrence of 
fault-bounded contacacts, and, where intrusive contacts have 
been established, thermal aureoles of hornblende hornfels 
(or amphibolite-grade regional metamorphism where 
deformation occurred while the intrusion was still hot, e.g. 
Polaris complex, Nixon er al., 1997). 

The key featares of Alaskan-type complexes portrayed 
by the Turnagain intrusion include the following: 

. ultramafic cumulates are restricted to mixtures of 
olivine and clinopyroxene with minor chromite, 
rare amphibole and trace phlogopite; 
orthopyroxene is absent 

. centimetre-scale layering is comparatively rare 
l localized chromitite layers (<lm in length) in the 

dunite have been entirely remobilized to form 
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schlieren and syndepositional folds, features that 
are characteristic of all Alaskan-type occurrences 
in British Columbia 

. clinopyroxene compositions are diopsidic (Clark, 
1975, 1978) and comparable to other Alaskan- 
type intrusions 

Taken together, these features are sufficient to warrant 
the Alaskan-type classification for the Turnagain complex. 

GEOLOGY OF THE TURNAGAIN 
COMPLEX: A SYNOPSIS 

The generalized geology of the Tumagain complex is 
shown in Figure 4. The body is elongate (Skm x 3km) and 
broadly conformable to the northwesterly-trending 
structural grain. The principal lithologies comprise dunite, 
wehrlite and olivine clinopyroxenite and represent crystal 
cumulate sequences. Minor hornblende clinopyroxenite 
and homblendite appear restricted to the northwestern and 

southwestern parts of the complex, and 
clinopyroxenite commonly forms dikes. Unlike many other 
Alaskan-type complexes, gabbroic to dioritic members of 
the intrusive suite are lacking. Common accessory 
minerals include chromite in dunite, and trace amounts of 
phlogopite, especially in clinopyroxene-rich rocks. Among 
the oxide phases, cumulus or intercumulus magnetite is 
conspicuously absent, except for grains intergrown with 
primary sulfides, and primary ihnenite has only been 
identified in hornblende-rich rocks (Clark, 1975, 1978). 

Dunite occupies the eastern and central portions of the 
body and is flanked by wehrlite and olivine 
clinopyroxenite. The ultramafic rocks are generally fresh 
to mildly serpentinized; however, more intense 
serpentinization and talc-carbonate alteration are common 
along faults and restricted zones within the complex. The 
central part of the ultramatic body is intruded by 
granodiorite to diorite, and homblende~clinopyroxene- 
plagioclase porphyry dikes and sills. The latter are 
documented in drill core near the southwestern contact of 
the complex (Clark, 1975). 

Primary layering in clinopyroxene-rich cumulates, 
reflecting variations in the modal abundance of olivine and 
pyroxene, is comparatively well-developed in outcrop, and 
at a larger scale, at the northwestern end of the complex 
(Figure 4). The layering has moderate to steep dips and is 
truncated by the faulted eastern boundaxy of the complex. 
Millimetre- to centimetre-scale layering in the dunite core 
is evident locally where concentrations of chmmite crystals 
have accumulated. These chromitite horizons are 
discontinuous and commonly remobilized and intruded by 
thin dunite dikes. Despite localized zones of well- 
developed layering, way up criteria are inconclusive and 
the internal stmcture of the Turnagain complex is poorly 
understood. 

Co”tacts between dunite and surrounding 
clinopyroxene-rich rocks are gradational to sharp. The 
latter relationship, observed at the northwestern margin of 
the dunite, was interpreted as evidence for intrusion of 

wehrlite-clinopyroxenite cumulates by the dunite (Clark, 
1975). Such relationships, however, may be of local 
significance only, and confmed to a narrow time interval 
when dunite and pyroxenite were being deposited 
penecontemporaneously in different parts of the complex. 
Another possibility is that the dunite at this contact is a 
discordant metasomatic body formed locally by 
replacement of pre-existing cumulates, as documented in 
other Alaskan-type complexes (e.g. Duke Island, Irvine, 
1974). In general, the gradational contacts observed 
elsewhere, the cwxrrence of interlayered dunite and 
wehrlite, and the wehrlite-clinopyroxenite dikes so 
prevalent throughout the main dunite mass are consistent 
with deposition of clinopyroxene-rich cumulates after the 
dunite was formed. In this regard, it is also worth noting 
that olivine compositions determined by Clark (1975) in 
the dunite are generally more magnesian (Fo>88 mol. %) 
and more enriched in nickel than those in pyroxenitic 
cumulates (Fo<88 mol. %), as would be expected during 
the normal course of fractional crystallization. It was also 
shown by Clark (ibid.) that olivines coexisting with 
primary sulfides are more depleted in nickel than olivines 
in sulfide-free rocks due to the preferential partitioning of 
nickel into the sulfide phase. 

SULFIDE MINERALIZATION 

The main occurrences of massive to semi-massive Fe- 
Ni-Cu sulfide mineralization are shown in Figure 4. In 
addition to these prospects, disseminated primary sulfides 
are widespread in pyroxenitic rocks. With few exceptions, 
economically interesting sulfide concentrations are largely 
hosted by wehrlite, olivine clinopyroxenite and 
clinopyroxenite. Dunite is practically devoid of significant 
sulfide mineralization. However, sulfides in the Discovery 
and Cliff showings, in particular, are hosted by serpentinite 
that may originally have been dunite. In the case of the 
Davis #2 showing at the northwestern end of the complex, 
primary sulfides are hosted by clinopyroxene homblendite 
and hornblendite. 
Primary sulfides, in decreasing order of abundance, 
comprise pyrrhotite, pentlandite, chalcopyrite and trace 
bomite (Clark, 1975). Their textures are diagnostic of the 
precipitation of an immiscible sulfide melt from a silicate 
liquid: intercumulus and blebby sulfides in disseminated 
zones coalesce to form continuous networks enclosing 
cumulate silicate grains, and these net-textured sulfides 
locally occlude silicates altogether to form massive 
accumulations. In coarse-grained rocks, spheroidal to 
amoeboid sulfide globules are poikilitically enclosed in 
clinopyroxene or hornblende. Drill intersections reveal 
centimetre-scale layering of massive and semi-massive 
sulfide concentrations in zones up to one metre wide, and 
these concentrations yield the highest assays (>I wt. % 
Ni). Locally, there is evidence in drill core for limited 
remobilization of primary sulfides along fractures and 
veins, correlated with a general increase in the 
pyrrhotite/pentlandite ratio (Clark, 1975). Thus, 
remobilized sulfide appears to be comparatively Ni-poor 
but may be relatively Cu-rich. 
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Secondary sulfides include violarite (FeNi&), 
valleriite 4(Fe,Cu)S,3(Mg,Al)(OH),, pyrrhotite, pyrite, rare 
molybdenite and possibly mackiiwite [(Fe,Ni),S,] (Clark, 
1975). These minerals are widely distributed as fine 
disseminations of irregular grains in variably serpentinized 
rocks, or concentrated in veins and fractures. Clark related 
their origin to precipitation from hydrous fluids during 
serpentinization. 

It is noteworthy that both primary and secondary 
sulfides in the Turnagain complex are associated with 
graphite. The fact that graphite preferentially OCCUIS in 
serpentinized zones with fine-grained secondary sulfides, 
forms halos around sulfide veins, and commonly coats 
fractures and faults, led Clark (1975) to suggest that the 
graphite was introduced from a” external source by CO*- 
rich aqueous solutions that became reduced and deposited 
graphite during the serpentinization process. A viable 
source of carbon is the graphitic sediments that host the 
intrusion. Although most of the textural evidence points to 
a hydmthemml origin for the graphite, the inclusion of 
graphite flakes in semi-massive to massive primary 
sulfides, albeit in partially serpentinized host rocks, 
suggests that some of the carbon may have been 
introduced at the magmatic stage. This may have been 
effected by incorporation of xenoliths and/or screens of 
fine-grained graphitic wallrocks which have been 
encountered in recent drilling (B. Downing, personal 
communication, 1997). As indicated below, contamination 
by carbon-rich wallrocks may be a key mechanism 
whereby magmas of Alaskan-type affinity precipitate 
economically significant quantities of primary Fe-Ni-Cu 
sulfides. 

ORIGIN OF MAGMATIC SULFIDES IN 
ALASKAN-TYPE MAGMAS: PROBLEMS 
AND POSSIBILITIES 

On the basis of the sulfide mineralogy and textural 
evidence summarized above, it is clear that the main 
concentrations of Fe-Ni-Cu sulfides in the Tumagain 
complex are of magmatic origin, and conform to the 
products predicted to form during fractional crystallization 
of both silicate and sulfide melts. Clark (1975, 1980) 
concluded that the key factor responsible for unusual 
concentrations of sultides in the Turnagain intrusion was a 
high initial content of sulfw in the primitive magma(s), 
reflecting extensive melting of a sulfide-enriched region of 
the upper mantle. 

The bulk composition and oxidation state of a magma 
have been shown to be important factors, among others, 
governing the separation of a” immiscible sulfide liquid 
from a silicate melt (e.g. Naldrett, 1989). It is suggested 
below that: 

. the extremely high MgO content previously 
proposed for primitive Tumagain magma(s) may 
be seriously overestimated 

. external factors may have played a crucial role in 
determining the oxidation state of the melt, and 
thereby promoting conditions conducive to the 

formation of sulfide deposits in Alaskan-type 
magmas with nominal amounts of dissolved 
SUlf”r 

Primitive Alaskan-type magmas 

The primitive magma that produced Alaskan-type 
complexes are generally considered to be highly 
magnesia” [in terms of the ratio lOOMg/(Mg+EFe ) or 
Mg#] with high MgO contents (ultrabasic), and mildly 
alkalic and hydrous (e.g. Findlay, 1969; Irvine, 1974; 
Clark, 1980). These compositional attributes have to be 
deduced from crystal compositions since no direct samples 
of primitive Alaskan-type magma have been identified, 
and few volcanic equivalents have been proposed (e.g. 
Irvine, 1973). It is therefore extremely important to 
distinguish cumulus from post-cumulus (ix. intercumulus) 
minerals, since only the former potentially yield 
compositional infamatio” that is directly pertinent to 
initial liquid compositions, assuming subsolidus re- 
equilibration of such phases is insignificant. ‘Ihe 
composition of primitive magma deduced for the 
Tunagain complex is easily the most magnesia” 
(Mg#t85) and MgO-rich (32 wt. %; Clark, 1980) of any 
parental liquid composition inferred for Alaskan-type 
complexes. In fact, these particular attributes match those 
of komatiitic melts. 

‘Ilx hydrous and alkali-rich character postulated for 
primitive Turnagain magma seems reasonable in view of 
the occurrence of phlogopite and hornblende in olivine- 
rich rocks. In the case of the Turnagain complex, however, 
these phases appear to be exclusively infercumulus in 
“atwe and thus yield information that is only directly 
relevant to pore fluids within the cumulate pile rather than 
presumably more primitive melt in the main magma 
chamber. The author has observed trace amounts of rare 
euhedral phlogopite enclosed by olivine in the dunites of 
both the Tulaneen and Polaris Alaskan-type complexes. In 
these cases, at least, the alkalic (potassic) natwe of their 
primitive magmas is fumly established. Another facet 
commonly regarded as evidence for a” alkaline affinity is 
the diopsidic nature of clinopyroxene, which usually 
occurs as both a” intercumulus and cumulus phase. 
Pyroxenes of this composition, however, are not restricted 
to alkaline magma For example, recent experimental 
work has shown that diopsidic clinopyroxenes similar to 
those found in Alaskan-type complexes may crystallize 
from subalkaline melts under high water pressures 
(Gaetrmi et al., 1993). From these considerations, the 
hydrous natwe of primitive Alaskan-type magmas appears 
to be well established, and it is probably necessary to 
consider a range of alkali contents appropriate to both 
alkali-rich subalkaline and mildly alkaline magmas. 

The interpretation that the primitive liquid for the 
Turnagain complex was komatiitic rests exclusively on the 
composition of the most Mg-rich olivine in dunite 
(reported as -95 mol. % Fo; Clark, 1980). For comparison, 
the most Mg-rich olivines in other complexes are -91 mol. 
% Fo (e.g. Duke Island, Irvine, 1974; Tulameen complex, 
Findlay, 1969). Although the Turnagain olivine is indeed a 
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cumulus phase, such an Mg-rich composition is not 
necessarily representative of the liquid from which it 
crystallized. The total range of olivine compositions in 
dunite varies from 87 to -96.5 mol. % Fo. Clark showed 
that the most Mg-rich olivine compositions (-95-96.5 mol. 
% Fo) were the result of subsolidus cooling and Fe-Mg 
exchange between olivine and chromite in chromite- 
enriched dunite, with the result that olivine within and 
adjacent to chromitite layers became markedly more Mg- 
rich. This process has also been documented in the 
Tulameen complex where olivine in chromitite layers 
changed composition from - 91 to 95 mol. % Fo (Nixon er 
ai., 1990). Excluding chromite-enriched samples, only two 
dunites in the Turnagain complex, both with normal 
proportions of chromite (l-2 vol. %), have olivine 
compositions in the range 93-94 mol. % Fo, whereas 11 
dunites have olivines in the range 90-92 mol. % Fo. With 
one exception, the more Mg-rich &vines (Z-92 mol. % 
Fo) lie within the central part of the Turnagain dunite 
where there is abundant evidence for disturbance of 
chromitite layers, reflecting gravitational collapse and 
transport of cumulates previously deposited on the walls of 
the magma chamber. It is therefore likely that such 
processes have redistributed Mg-rich olivine grains that 
were formerly equilibrated with chromitite layers during 
subsolidus cooling. Such cryptic Mg-rich olivine 
accumulations would be expected to be localized and 
relatively thin (centimetie-scale). Also, for such olivines to 
preserve their heritage, sedimentation and cooling at the 
site of deposition must have been fairly rapid so as to 
effectively expel pore fluid and prevent re-equilibration 
with more Fe-rich olivine in surrounding cumulates. The 
fact that these cryptic olivine xenocrysts are less 
magnesian than olivines in chromitites implies either that 
subsolidus re-equilibration with chromitite was 
incomplete, or that they have partially re-equilibrated to 
their new chromite-poor environment. Thus, the 
composition of olivine that crystallized from primitive 
magmas may have been significantly less Mg-rich than 
Fo,,. Small differences in olivine composition are 
extremely important because they translate into extremely 
large differences in the estimated MgO content of 
coexisting melt. For example, all things being equal, an 
olivine composition of 91 mol. % Fo would be expected to 
crystallize from a primary mantle-derived melt containing 
about 12-15 wt. % MgO (i.e. basaltic to picrobasaltic 
composition; cf: Irvine, 1973) as compared to the 
komatiitic values of 32 wt. % MgO that have been 
proposed. There is therefore no compelling evidence to 
support the proposition that unusually high-MgO liquids 
were responsible for the deposition of sulfides in the 
Tumagain complex. The question as to whether these 
magmas were anomalously enriched in sulfur, as suggested 
by Clark, cannot be addressed with the data presently 
available. However, other factors that control sulfide 
precipitation, such as oxidation state, are explored below. 

Oxidation State and Sulfide Precipitation 

It has been shown that the oxidation state of a magma, 
as reflected, for example, by the Fe”lFe’* ratio of the melt, 

strongly influences the speciation of sulfur in the melt, 
which in turn governs the precipitation of magmatic 
sulfides (reviewed by Wallace and Carmichael, 1992). It 
has been shown in recent years that certain types of 
magmas are intrinsically more oxidized than others, and 
that the oxidation state of the upper mantle is 
heterogeneous (e.g. Carmichael, 1991). In general, 
tholeiitic magmas and their differentiation products, such 
as the large stratiform intrusions associated with major 
magmatic Ni-Cu deposits, have relatively low oxidation 
states, near or significantly below the synthetic quartz- 
fayalite-magnetite (QFM) oxygen buffer. In comparison, 
volcanic arc magmas typically have higher oxidation states 
appropriate to that of the nickel-nickel oxide (NNO) buffer 
or higher, and strongly alkaline magmas are inherently the 
most oxidized, commonly extending well above NNO to 
the magnetite-hematite (MH) buffer. Observations from 
natural magmatic systems indicate that the relative redox 
states of parental magmas are generally maintained over 
the course of crystallization, and over the high-temperature 
part of the subsolidus cooling interval. 

The dissolution of sulfur in a given melt composition 
is sensitive to the redox state of the melt. At redox 
conditions near the NNO buffer, there is a marked 
solubility minimum for sulfur in silicate melts. Under 
reducing conditions below this transition point, the main 
dissolved sulfur species is sulfide (S2-) whereas in melts 
more oxidized than the transition point, the dominant 
species is sulfate (SO,‘.). Experimental studies have shown 
that the fugacity of oxygen exerts the dominant control on 
sulfur speciation, the effects of temperature, pressure and 
melt composition being relatively minor (e.g. Carroll and 
Rutherford, 1988). For tholeiiitic magmas crystallizing at 
or below the QFM buffer, for example, the dominant sulfur 
species at magmatic temperatures will be sulfide 
(>SO%ZS), and sulfur saturation will produce an 
immiscible Fe-Ni-Cu sulfide liquid phase. It is important to 
note that immiscible monosulfide solution may dissolve 
appreciable amounts of oxygen (largely controlled byfO,), 
and that on cooling, such melts crystallize Fe-Ni-Cu 
minerals accompanied by a small quantity of magnetite (<4 
wt. %; Doyle and Naldrett, 1987). The amount of 
magnetite exsolved is directly dependent upon ambient 
redox conditions. 

At progressively higher oxidation states, the capacity 
of the same melt composition to produce immiscible 
sulfides on cooling is dramatically impaired. In extreme 
cases, such as the sulfur-rich trachyandesite magmas 
erupted in 1982 from El Chichon, Mexico, and dacitic 
pumice ejected in 1991 from Mt. Pinatubo, Philippines, 
highly oxidizing conditions (near the MH buffer) induced 
the crystallization of primary anhydrite. Thus, other things 
being equal, the oxidation state of the magma may play a 
deterministic role in the ability of silicate melts to produce 
magmatic sulfide deposits. 

In the case of Alaskan-type complexes, the oxidation 
state of their primitive magmas is poorly known. From 
their hydrous and relatively alkali-rich nahzre inferred 
above, and supra-subduction zone environment (valid for 
complexes in British Columbia, at least), they would be 
expected to have oxidation states appropriate to NNO or 
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higher. This would, of course, explain to some degree why 
such complexes are generally devoid of magmatic sulfide 
deposits. 

Some indication of the oxidation state of Alaskan-type 
magmas appears to be reflected in the composition of 
chrome spinel. Irvine (1974) showed that chromites in 
Alaskan-type complexes have moderately high Cr/(Cr+AI) 
ratios, similar to those of the major stratiform intrusions, 
but that their ferric iron contents expressed as 
Fe”/(Cr+AI+Fe”) are distinctly higher, which he related to 
an intrinsic property of the parental magma. Irvine also 
noted that one such property that could account for 
chromites enriched in ferric iron was the oxidation state of 
the melt. Thus, the compositions of early formed chromite 
in many Alaskan-type complexes is compatible with 
inferences made above concerning the oxidation state of 
their primitive melts. 

The compositions of early crystallizing chrome spin& 
in the Turnagain complex appear anomalous in that they 
have higher Cr/(Cr+Al) ratios and lower ferric iron 
contents than other Alaskan-type complexes (Clark, 1978). 
In particular, their Fe”/(Cr+AI+Fe”) ratios are comparable 
to the chromites of stratiform intrusions. Following Irvine 
(1974), Clark cautioned against interpreting these spine1 
compositions solely in terms of a lower oxidation state for 
primitive Turnagain magmas, but noted that such an 
explanation would be consistent with the unusual absence 
of magnetite in crystal cumulates and the low proportion of 
magnetite (l-2 vol. %) exsolved during the cooling of 
primary immiscible sulfide ores. From the available data, 
therefore, it appears that an anomalously low oxidation 
state for Turnagain magmas relative to other Alaskan-type 
complexes is a tenable hypothesis. The higher chrome 
contents of Tumagain spin& may reflect a slightly mxe 
magnesian parental magma composition. 

Given the general proposition that primitive Alaskan- 
type magmas are relatively oxidized (at or above the NNO 
buffer), either the Tornagain magma represents partial 
melting of an anomalously reduced upper mantle source 
region, or some process operating after melts left their 
source served to reduce their oxidation state to levels more 
appropriate for sulfide-enriched matic magma. The latter 
possibility is particularly intriguing since the wallrocks of 
the Turnagain complex are slates and phyllites enriched in 
graphite, and significant contamination by wallrocks 
appears to be a likely mechanism. As noted earlier, 
evidence that graphitic wallrocks were in fact incorporated 
into the Tumagain magma chamber has been observed in 
drill core. Since it has been found that carbon dissolves in 
mafic melts primarily as carbonate (CO,‘.) species (Fine 
and Stolper, 1985), it could promote the reduction of 
formerly more oxidized melts. For example, addition of 
carbon at magmatic temperatures may induce the 
formation of a vapour phase because of the extremely low 
solubility of carbon dioxide in basaltic melts at shallow 
crustal pressures. The composition of the initial vapour 
will be rich in carbon species (CO-CO,) and relatively 
poor in water (Mathez, 1989). In the case of a relatively 
oxidized magma (e.g. NNO buffer), the dominant species 
in the vapour phase will be CO, (Mathez, ibrd.) and 
degassing reactions of the type: 

CO,“(melt) = CO,(vapour) + 02.(melt) 

would lead to net loss of oxygen from the magma 
chamber. Moreover, processes that tend to change the 
oxidation state of a melt will have more impact on the 
potential for sulfide saturation if the original oxidation 
state of the magma was near the sulfide-sulfate transition 
point. As pointed out above, this redox condition (i.e. near 
the NNO buffer) seems appropriate for the primitive 
magmas associated with Alaskan-type complexes. If the 
intimate intergrowths of graphite and sulfides noted earlier 
in olivine-rich cumulates of the Turnagain complex were 
formed at magmatic temperatures, this could place 
rigorous constraints on the maximum oxidation state of the 
graphite-sulfide-silicate melt system. If the inferences 
drawn above are correct, then clearly other types of matic 
magma that are not normally associated with significant 
sulfide deposits could be emplaced in environments that 
induce economic mineralization. 
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EPITHERMAL GOLD DEPOSITS OF THE 
QUEEN CHARLOTTE ISLANDS 

By David V. Lefebure, B.C. Geological Survey 

KEYWORDS: Queen Charlotte Islands, Tertiary 
magma&n, gold, mineral deposits, epithermal veins, hot 
spring deposits. 

INTRODUCTION 

The Queen Charlotte Islands (QCI), located off the 
west coast of British Columbia (Figure l), host a variety of 
mineral deposit types including skams, precious metal 
veins, hot spring gold, perlite, bentonite, alluvial sands and 
coal. Since the 1970s most of the mineral exploration 
effort has been directed towards finding gold-rich deposits 
on the Islands. Descriptions of many of the mineral 
occurrences are documented in company assessment 
reports and have been incorporated into MINFILE, the 
provincial mineral occurrence database. This information 
is used in this article, in conjunction with the wealth of 
geological and geochronological data produced by the 
Frontier Geoscience Program of the Geological Survey of 
Canada (Woodsworth, 1991), to reassess the setting and 
potential of the gold and silver-bearing mineral 
occurrences. 

The structural controls, host rocks and age dates 
associated with the precious metal occurrences on the 
Queen Charlotte Islands are interpreted to link almost all 
of them to Tertiary volcanic and intrusive rocks. This 
relationship can be used to explain many of their 
characteristics and to model the different styles of 
mineralization. There is considerable potential to discover 
new precious metal deposits on the QCI, particularly if the 
prospective areas with relatively limited outcrop and dense 
vegetation cover are reevaluated. 

REGIONAL GEOLOGY 

The Queen Charlotte Islands are located along the 
margin of the North American plate which is bounded to 
the west by the Queen Charlotte dextral transform fault 
and the Pacific plate (Irving, Soother and Baker, 1992). 
The oldest reported rocks on the islands are Permian 
sediments (H&hammer et al., 1991) which are very 
restricted in extent. Volcanic rocks of the Late Triassic 
Karmutsen Formation are a widespread succession of 
tholeiitic pillow basalts and breccias that are approximately 
4 000 metres thick (Sutherland Brown, 1968). Overlying 
the Karmutsen Formation are Triassic to Early Jurassic 
sediments and limestones of the Kunga Group, Early 
Jurassic sediments of the Maude Group and Middle 
Jurassic sedimentary and volcanic rocks belonging to the 

Yakoun Group; all these units are regionally extensive. On 
the other hand, the Early Cretaceous cl&c sediments of 
the Longann Formation and Cretaceous Queen Charlotte 
Group sediments and minor matic volcanic rocks are more 
restricted in extent. Unnamed Tertiary volcanic and 
sedimentary rocks occur throughout the Queen Charlotte 
Islands (Figure 2, Lewis ef ul., 1991). Tertiary Skonun 
Formation sediments and the mainly Miocene Masset 
Formation volcanic flows and pyroclastic rocks are 
restricted to the northern half of the archipelago. Cenozoic 
sedimentary rocks are present throughout the Queen 
Charlotte Basin (Figure 1) that is interpreted to be a 
Tertiary extensional basin which is now largely below sea 
level (Yorath and Chase, 1981, Irving, Soother and Baker, 
1992). The reader is referred to summary volume for the 
Frontier Geoscience Program (Woodsworth and Tercier, 
1991) for up-to-date descriptions and interpretations of 
many of the units described above. 

The Cretaceous and older rocks are variably deformed 
and can be subdivided into discrete structural domains 
separated by major faults. The older rocks are cut by 
Tertiary plutons and dike swarms and overlain 
unconformably by Tertiary volcanics and sediments and/or 
Quaternary sediments (Sutherland Brown, 1968; Hickson, 
1991). 

The stratigraphy is intruded by the Middle Jurassic 
San Christoval and Bumaby Island plutonic suites and the 
Tertiary Kano Plutonic Suite and dikes (Anderson and 
Reichenbach, 1991). The Bumaby Island Plutonic Suite, 
which is commonly intensely fractured and hydrothermally 
altered, is believed to be the source of fluids that formed 
the numerous iron and base metal skams that are found 
proximal to these intrusions (Anderson, 1988). Various 
company reports show that some Tertiary dikes and 
intrusions are strongly altered to disseminated pyrite and 
other minerals and can have zones with anomalous gold, or 
rarely, copper concentrations. 

The Tertiary volcanic rocks and related intrusive rocks 
formed from Eocene to Miocene time. The analysis of a 
suite of Tertiary igneous samples using U-Pb isotopic 
dating by Anderson ef al. (1995) has distinguished four 
pulses of Tertiary magmatism - Middle Eocene, Late 
Eocene, Early Oligocene and Late Oligocene. The age 
dates show that the locus of magmatism generally migrated 
northwesterly over time, a point first made by Young 
(1981). Therefore, erosion has generally exposed 
increasingly deeper stratigraphic levels and more intrusive 
rocks in the southern islands of the QCI archipelago. 

The Late Tertiary Skonun Formation consists of 
marine and non-marine sand, sandstone, shale and 
conglomerate (Sutherland Brown, 1968). In some locations 
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Figure 1. Location of Queen Charlotte Islands. 

it overlies volcanic rocks of the Mass& Formation; 
however, the deeper, older units are believed to be coeval 
(Lewis ef al., 1991). 

TERTIARY MAGMATIC SUITE 

Tertiary Intrusive Suite 

Kane Pluionic Suite 

The Kano Plutonic Suite (KPS), a series of small 
monzodiorite, diorite and granite stocks, crop out on the 
east and west coasts of Moresby Island and the west coast 
of Graham Island (Figure 3). These Late Eocene to 
Oligocene epizonal plutons are se&e to porphyritic, 
homogeneous, and commonly contain miarolitic cavities 
(Anderson and Reichenbach, 1991). Some KPS intrusions 
exhibit hypabyssal textures and intrude Tertiary volcanic 
rocks, both characteristics of a relatively high level of 
emplacement. 

Tertiary Dike Swarms 

Numerous Tertiary dikes are found throughout the 
QCI (Sutherland-Brown, 1968); they are typically steeply 
dipping to vertical, vary from less than a metre to 20 
metres in thickness, and can form composite dikes up to 
100 metres wide (Soother and Jessop, 1991). Columnar 
jointing perpendicular to flow contacts occurs in many 
dikes while others exhibit marginal flow banding. The 
dikes are often concentrated in broad regional swarms that 
are from IO-20 kilometres across and up to 40 kilometres 
long. Within a swarm, the dikes display a dominant trend 
with relatively minor variation. Soother and Jessop (1991) 
identified seven major swarms called informally the 
Rennell Sound, Selwyn Inlet, Tasu Sound, Lye11 Island, 
Bigsby Inlet, Bumaby Island and Carpenter Bay dike 
swarms. New mapping indicates a north-northwesterly 
trending sheeted dike swarm near Redtop Mountain, that 
cuts across the east-trending Selwyn Inlet dike swarm, is 
related to the Tasu Dike swarm (Anderson et al., 1995). 
Towards the centre of some swarms, dikes coalesce into 
sheeted complexes with associated KPS plutons. The best 
examples of these “central igneous complexes” are at 
Carpenter Bay, Lyell Island and southern Louise Island 
(Souther and Jessop, 1991). 

The dikes are frequently aphanitic to weakly phyric. 
Most are basaltic to and&tic in composition, but there are 
some dacites and rhyolites. Detailed mapping by Soother 
and Jessop (1991) established that the dikes comprise from 
I to 1% of the rock exposed across a transect of a 
particular dike swarm. The dikes have experienced 
relatively little deformation - minor offsets on faults or 
possibly minor post-emplacement tilting. The dike swarms 
formed during periods of extension and strike north, 
northwesterly, northeasterly and easterly. Souther and 
Jessop (1991) describe alteration associated with dikes in 
the Renell Sound, Bigsby Inlet, Selwyn, Lye11 Island, 
Bumaby island and Carpenter Bay swarms. Some dikes 
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Figure 2. Simplified geology map of the Queen Charlotte Islands, from Lewis et al. (1991). DCF- Dawson Cove fault, 
LIFS - Louscoone Inlet fault system. 
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are altered to a variety of minerals including disseminated 
pyrite, quartz, zeolites and carbonates. 

The composition and spatial distribution, as well as a 
number of age dates link the dike swarms to Tertiary 
volcanism and the KPS (Anderson and Reichenbach, 1991; 
Souther and Jessop, 1991). As such, the KPS stocks and, in 
some cases, dikes represent the subvolcanic intrusions 
which lay beneath Tertiary volcanic accumulations that 
have been largely eroded. 

Tertiary Volcanic Rocks 

A mixed suite of Tertiary matic and felsic volcanics 
occurs throughout the northern two-thirds of the Queen 
Charlotte Islands, with the greatest volume on Graham 
Island (Sutherland Brown, 1968). These volcanic rocks 
consist of columnar basalt flows, matic breccias, felsic 
lava flows and pyroclastic rocks and are cut by intimately 
related hypabyssal intrusions (Sutherland Brown, 1968; 
Souther, 1991, 1993). The volcanics are predominantly 
subaerial in character; submarine textures have only been 
noted locally. The flows are subhorizontal and believed to 
be largely undeformed, although some post-emplacement 
tilting may have taken place (Hickson, 1991). While 
Sutherland Brown identified three different f-&s, a 
regional Tertiary volcanic stratigraphy has not been 
developed due to numerous local variations (Souther, 
1993; Hickson, personal communication, 1997). 

Earlier workers included all the Tertiary volcanic 
rocks in the Masset Formation (Sutherland-Brown, 1968 
and Cameron and Hamilton, 1988). More recently Hickson 
(1991) restricted the Masset Formation to aphyric to 
sparsely phyric, c&-alkaline volcanics and associated 
epiclastic sediments found on Graham Island. These 
volcanics are estimated to be about 3 000 metres thick. K- 
Ar and a few U-Pb age dates indicate that older Tertiary 
volcanic rocks are essentially coeval with the KPS and 
dike swarms (Anderson ef a/.,1995). The Masset 
Formation, as defined by Hickson, is currently interpreted 
to be Miocene in age (25 to 20 Ma) based on a large 
number of K-Ar dates. 

Within the pre-Tertiary rocks of the Queen Charlotte 
Islands, only the western part of Moresby Island south of 
Bigsby Inlet is relatively free of Tertiary dikes and 
intrusions (Souther and Jessop, 1991). This suggests that 
the Tertiary volcanic rocks were originally considerably 
more extensive on Moresby Island than at present. Hickson 
(1991) believes that a significant portion of the western 
Mass& Formation has been displaced north along the 
Queen Charlotte Fault to Alaska. Matic volcanic rocks 
cropping out on islands on the eastern side of Hecate 
Strait have been equated by some with QCI Tertiary 
volcanic rocks because they are an equivalent age and have 
similar geochemistry and composition (Woodsworth, 
1991). Possible Tertiary volcanic rocks have also been 
identified in drilling in Hecate Strait (Hyndman and 
Hamilton, 1991). 

Several styles of volcanism are interpreted for the 
Tertiary volcanic units of the QCI based on their 
morphology, textures, distribution, relationship to 

structures and geochemistry. Jessop and Souther (1991) 
envisioned central volcanoes along a continental margin 
arc, like the Cascades, spaced approximately 30-50 
kilometres apart. In an interesting extension to their model, 
Jessop and Souther (1991) integrated the dike swarms and 
“central intrusive complexes” into a three-dimensional 
model which suggested that the dikes extended possibly 
ten times as far laterally as vertically. In contrast, based on 
mapping on Graham Island, Hickson (1991) suggests that 
Masset volcanic centres were large, low profile shield 
volcanoes on the order of 20-30 kilometres in diameter and 
almost contiguous. 

Tertiary Magmatic Suite Geochemistry 

Initial petrographic and geochemical work on the 
Tertiary volcanic rocks by Sutherland Brown (1968) 
identified alkali basalts and sodic rhyolites. More recent 
work has identified a mixed parentage for the Tertiary 
igneous suite, which appears to be the product of both 
talc-alkaline and tholeiitic magmatism (Souther and 
Jessop, 1991). The Masset Formation has an erogenic, 
c&-alkaline to tholeiitic signature according to Hickson 
(1991). On the other hand, Hamilton and Dostal (1993) 
examined analyses from all the Tertiary rocks on the QCI 
and suggested the basalts are depleted oceanic tholeiites to 
variably enriched tholeiites which are often found in rifted 
continental margins and within-plate settings. They believe 
the dacites and rhyolites formed by fractional 
crystallization. 

TERTIARY TECTONIC SETTING 

During the Eocene to Miocene period in the Queen 
Charlotte Islands region, western North America was 
converging with the Farallon Plate to the west. Some 
workers believe the Tertiary magmatic rocks formed in a 
volcanic arc related to this convergence (Souther, 1991), 
possibly as part of the Pemberton Volcanic belt which 
extends from the Chilliwack Batholith in southern British 
Columbia to the QCI (Souther and Yorath, 1991). This arc 
is now represented by widely spaced epizonal plutons and 
deeply eroded volcanic piles. 

A more complex interpretation of plate movements 
during the Eocene to Miocene period is tied to migration 
of the Farallon-Pacific-North American plate triple 
junction, which was close to the QCI during that time. One 
possibility is that the triple junction was north of the QCI 
until Early Miocene. This would result in back arc 
extension in the QCI Basin and an eastward shift in the 
Farallon-Pacific spreading axis with production of 
tholeiitic igneous rocks (Souther and Jessop, 1991). 
Alternatively, Hyndman and Hamilton (1991) suggested 
the Tertiary volcanism could result from oblique plate 
extension which would produce tramcurrent movement 
along the continent margin and orthogonal extension 
inland. 
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QCI MINERAL OCCURENCES 

More than 140 mineral occurrences are documented in 
the Queen Charlotte Islands in the provincial MINFILE 
database, including skams, precious metal veins, perlite, 
bentonite, alluvial sands and coal.. Iron and copper skams 
containing magnetite, chalcopyrite, pyrite and pyrrhotite 
are the most abundant mineral deposit type (Figure 4). The 
skams are hosted mainly by Kunga Formation limestones 
and Karmutsen Formation maiic volcanics (Sutherland 
Brown, 1968: Ray and Webster, 1997). They are related, 
and found proximal, to intrusions of the Late Jurassic 
Bumaby Island Plutonic Suite (Anderson, 1988). The only 
major mineral production in the QCI has been from these 
skams. Behveen 1914 and 1983 the Tasu mine produced 
20.8 Mt containing 12.2 Mt of iron, 59 866 tonnes of 
copper, 50 394 kilograms of silver and 1 339 kilograms of 
gold, while the Jessie deposit produced 3.9 Mt containing 
2.1 Mt of iron (MINFILE). The skams have attracted little 
exploration attention in recent years. 

5% limestone 
5% 

epithermal 
19% 

A variety of epithemml precious metal occurrences, 
commonly associated with faults and/or Tertiary dikes, are 
the next most abundant style of mineralization on the QCI. 
Most of them have been found in the last thirty years. 
Higher grade mineralization is typically confined to quartz 
veinlets, veins and stockworks, while some alteration 
zones contain approximately one or more grams per tonne 
gold over tens of m&es. Disseminations and occasional 
veinlets of tine grained pyrite and arsenopyrite are found 
in almost all the veins and often occur in the associated 
wallrock alteration zones. Many occurrences have 
associated broad zones of silicification and/or clay 
alteration with geochemically anomalous gold and arsenic 
Vi3llXS. 

These precious metal occurrences are both epitbermal 
hot springs and veins. The differences between these two 
styles of mineralization relate primarily to the original 
depth of emplacement in the earth’s crust. Hot spring gold 
occurrences formed near, or at the surface, while 
epithermal gold-silver veins formed at up to a kilometre 
below the surface (Panteleyev, 1991). Epitbermal and hot 
spring deposits can generally be distinguished from each 
other by their mineralogy, form, alteration, geochemistry 
and Au:Ag ratios. These precious metal deposit types 
continue to attract exploration attention and are discussed 
in more detail below. 

There are a number of other mineral deposit types on 
the QCI (Table I), including possible mesothermal gold- 
bearing quartz veins, volcanic redbed copper (basaltic 
copper) occurrences hosted by Triassic volcanic rocks, 
placer gold and heavy mineral accumulations, coal and a 
variety of industrial mineral deposits (Sutherland Brown, 
1968). The Early Bird was the first lode mine in British 
Columbia and produced I71 tonnes grading 51 g/t gold 
and 7.3 g/t silver. Along with the Haida Gold and 
Highgrade occurrences, the Early Bird is interpreted to be 
a mesothemnl gold-bearing quartz vein. These veins may 

Figure 4. Relative abundances of the more common deposit 
types 0” the Queen Charlotte Islands. 

Table 1. Number of occurrences of different deposit types in the MINFILE database for the Queen Charlotte Islands. 

Deoosit Twe 

iron skam 
copper skarn 
garnet skam 
epithermal hot spring Au-Ag 
epithermal Au-Ag: low 
epithemnl Au-Ag - unassigned 
epithermal manganese 
limestone 
perlite 
coal 
volcanic redbed copper (basaltic 
marine placer 
gold-quartz veins 

-of 
Deposits 

25 
23 
1 
I7 
7 
4 
1 
8 
8 
7 
5 
5 
2 

Deposit Tvpe 

porphyry (7) 
polymetallic veins Ag-Pb- 
porphyry Cu+MoSu 
carbonate-hosted disseminated 
oil shale 
bitumen, tar seeps 
peat 
bentonite 
sedimentary kaolin 
diatomite 
agate 
hot spring 
unclassified 

No.1 

Deposits 
2 
I 
1 
1 
2 
2 
I 
I 
I 
I 
1 
1 

16 
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Table 2. MINFILE occurrences ofthe Queen Charlotte Islands ofpresumed Tertiary age. The status of the occurrence is 
classified as follows: S - showing, P - prospect, DP developed prospect and PP past producer. Some host lithologies 

could not be determined and this is indicated by the abbreviation N/D. 

m MINFILE No. Status Deposit Twe 
I April l03B 064 
2 Gumbo 103F 001 
3 Point 103F 002 
4 C0Wte 103F 003 
5 Needles 103F 006 
6 Stib 103F 009 
7 Marie Lake 103F 010 
8 Marie Lake 103F 011 
9 Dome 103F 027 
IO Specogna (Cinola) 103F 034 
I1 Inconspicuous 4 l03F 043 
I2 Inconspicuous 6 103F 044 
I3 Bateaux (B & D) 103F 049 
I4 Marina l03G 008 
I5 Bella 103G 028 
I6 SHG 103c 007 
I7 Ellen 1038 012 
I8 Carpenter 103B 056 
I9 crescent 103B 062 
20 Colinear Creek 103B 068 
21 Security (AB) 103F 028 
22 Security (Overproof) 103F 029 
23 Security (B) 103F 033 
24 Seven 103F 045 
25 Cumshewa (L.1223) l03G 009 
26 Locke 103B 066 
27 Bateaux (C) 103F 042 
28 Bateaux(A) l03F 050 
29 Baxter Creek (Snow) l03G 005 
30 Shag Rock l03K 001 
31 Alder Gold I038 007 
32 Brenda l03F 032 
33 Raspbeny Cove l03B 055 
34 Blackwater Creek 103F 024 
35 Yakoun River 103F 025 
36 Cape Ball 103G 003 
37 Ironside Mountain 103F 019 
38 Co&s Creek l03F 020 
39 Skelu Bay l03F 021 
40 Blackwater Perlite l03F 022 
41 Canoe Creek l03F 023 
42 Ship Kieta Island l03F 036 
43 luskatla inlet 103F 037 
44 Florence Creek 103F 053 
45 Skonum Point 103K 002 
46 Ramsay Island I038 005 
47 Tian Point l03F 048 

P hot spring Au-Ag 
S hot spring Au-Ag 
S hat spring Au-Ag 
S hot spring Au-Ag 
S hot spring Au-Ag 
S hot spring Au-Ag 
S hot spring Au-Ag 
S hot spring Au-Ag 
S hot spring Au-Ag 

DP hot spring Au-Ag 
S hot spring Au-Ag 
S hot spring Au-Ag 
S hot spring Au-Ag 
S hot spring Au-Ag 
S hot spring Au-Ag 
S hot spring Au-Ag? 

PP hot spring Au-Ag? 
S epithermal Au-Ag 
S epithermal Au-Ag 
S epithermal Au-Ag 
S epithermal Au-Ag 
S epithermal Au-Ag 
S epithermal Au-Ag 
S epithermal Au-Ag 
S epithermal Au-Ag 
S unassigned epithennal 
S unassigned epithermal 
S 
S 
P 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
P 
S 
S 

Host Litholoey 
Tertiary volcanics 
Yakoun Group 
Tertiary Mass&, rhyolite tuffs 
Yakoun volcanic5 
Yakoun volcanics and sediments 
Yakoun volcanics and sediments 
Kane intrusives 
Tertiary Masset felsic pyroclastics 
Mass& Formation 
Skonun and Skidegate Formation 
Masset - andesite and 
Masset Formation 
Tertiary volcanics? 
N/D 
Tertiary volcanics? 
Kunga limestone 
Karmutsen Formation 
Yakoun Group 
Yakoun volcanics 
N/D 
Karmutsen Formation 
Yakoun Group, Karmutsen 
fault breccia 
Yakoun volcanics 
Yakoun Group 
Kunga Group, Kamutsen 
Kannutsen volcanics 
N/D unassigned epithemxd 

unassigned epithermal? N/D 
epithermal Mn Masset Formation 
carbonate-hosted Au-Ag Kunga, Yakoun, Kartmutsen 
porphyry West Kane pluton 
porphyry CuztMotiu Kane Pluton 
bentonite Tertiary Masset, rhyolite 
diatomite Skanun sediments 
agate N/D 
p‘dite Tertiary Masset, rhyolite 
perlite Tertiary Mass& rhyolite 
perlite Tertiary Mass&, rhyolite 
perlite Tertiary Mass&, rhyolite 
pcrlite Tertiary Masset, rhyolite 
perlite Tertiary Masset volcanics 
pcrlite Tertiary Masset volcanics 
perlite Tertiary Masset volcanics 
Cd N/D 
bitumen Tertiary volcanics 
bitumen N/D 
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be Tertiary or older. Although polymetallic veins 
constitute more than 20% of the known mineral 
occurrences in British Columbia, the QCI has only one 
known example, the Southeaster. It was developed with 
underground workings in the 1920s and 1930s and 
produced 459 tonnes grading 2.8 g/t gold and I.8 g/t silver 
with minor copper and lead (MINFILE). 

TERTIARY MINERAL, OCCURRENCES 

Over 40 mineral occurrences on the Queen Charlotte 
Islands are interpreted to be have formed at the same time 
as the Tertiay volcanism (Table 2, Figure 5). Their ages 
are inferred from the geology of the occurrences, the age 
of the host rock, the association with Tertiary stmctllres 
and the absence of any younger igneous events. 
Champigny and Sinclair (1982) obtained hvo K-Ar age 
dates of I4 Ma for silicitied and sericitized porphyxytitic 
rhyolite from the Specogna (also called Cinola or Babe) 
deposit. They interpret the dates as the minimum age of the 
emplacement of the rhyolite and the timing of the 
mineralization. Since there are no other published dates 
from mineral occurrences, it is fortunate that there are 
numerous dates on the associated Tertiary magmatic suite 
that provide quantitative constraints on the age of 
mineralization. The following discussion focuses on the 
precious metal occurrences, but includes a brief discussion 
of several porphyry occurrences. 

Information concerning the Tertiary precious metal 
occurrences are available in company reports filed with the 
provincial government for assessment credits and 
distributed on microfiche. Several articles and one thesis 
have been published on the Specogna deposit which 
provide more complete descriptions of this deposit 
(Champigny and Sinclair, 1980; Champigny, 1981; 
Christie; 1988; Tolbert and Froc, 1988). It is worth noting 
that many of the occurrences have high AwAg ratios, 
hence exploration geologists frequently reported only the 
gold values from bedrock samples described in these 
reports. 

Hot Spring Au Occurrences 

The following description of hot spring precious metal 
deposits is drawn largely from work by Panteleyev (1991, 
1996). For more information, the reader is referred to 
articles by Sillitoe (1993), White (1981) and Lehrman 
(1986). Hot spring deposits consist of chalcedonic silica 
and fine-grained quartz in veins, stockworks and breccias 
which commonly show evidence of multiple periods of 
fracturing and deposition. The mineralization is gold or 
electrum, often microscopic, which occurs with very fine 
grained, disseminated pyrite and marcasite. Stibnite, 
realgar and/or cinnabar can occur with the mineralization. 
The wallrocks are commonly strongly silicified with 
argillic or, less commonly, advanced argillic assemblages. 
Propylitic alteration occurs distal from, or deeper than the 
argillic assemblage. Hot spring deposits have relatively 
Hedenquist and Reid (1985) used Au:Ag ratios of more 

than I to IO to separate hot spring deposits from 
epithermal veins. 

Hot spring deposits form at the top of epithermal 
systems due to boiling of hydrothermal fluids at shallow 
depths and in hot springs at surface. The hydrothermal 
fluids tend to follow faults or fractures, hydrothermal 
breccias and permeable stratigraphic units. The deeper 
hydrothemnl fluid systems can be developed along active, 
high-angle faults and volcanic and subvolcanic intrusion- 
related structures. While individual veins can contain high 
grade, bonanza gold over narrow widths, these deposits are 
currently more attractive as lower grade, bulk tonnage 
targets which typically contain more than IO Mt grading I 
to 2 g/t gold. 

The Point, Courte, Stib, Marie Lake (Rockhound and 
Prospector showings), Specogna, Inconspicuous (4 and 6), 
Bateau (B & D), Marina, Bella, April and Dome can be 
classified as hot spring occurrences (Figure 5, Table 2). 
The majority of these occurrences are located on Graham 
Island and a few are found at the northern end of Moresby 
Island. The April mineralization is located on northern 
Lye11 Island and inside South Moresby National Park. It is 
hosted by Tertiary pyroclastic rocks and significantly 
farther south than the other hot spring occurrences. 

The Specogna is the only hot spring gold deposit on 
the QCl with calculated reserves. Current reserves are 3 1 
Mt grading 2.05 g/t gold with a I.2 g/t gold cut-off (News 
Release, May 12, 1997, Misty Mountain Gold Limited). 
Exploration in the late 1980s and early 1990s defined 
reserves of 40.7 Mt grading 1.65 g/t Au with a cutoff of 
I.1 g/t Au (Tolbert and Froc, 1988). A bulk sample 
weighing 2.4 t shipped to the Tacoma smelter in 1975 
contained 116.5 g/t gold, 52.1 g/t silver, trace quantities of 
copper lead and zinc and anomalous amounts of arsenic 
and bismuth (MINFILE). Within the larger deposit there 
are some veins which grade over IO g/t gold. For 
descriptions of this deposit the reader is referred to Christie 
(1988) and Tolbert and Froc (1988). 

A number of the hot spring occurrences are hosted by 
Tertiary volcanic or intrusive rocks and the Specogna 
deposit occurs in the Miocene to Pliocene Skonun 
Formation (Table 2). Given the inferred Tertiary age of the 
mineralization and shallow depths of emplacement 
required to form these deposits (usually less than a 
kilometre, Panteleyev, 1991), these strata are at the 
erosion level expected to host this style of mineralization. 
However, there are other hot spring gold occurrences 
which are hosted by Middle Jurassic Yakoun Group 
sediments or volcanics or the underlying Kunga Group 
limestone or sediments. The Bateau (B&D) occurrence is 
even cited as occurring in the Karmutsen Formation 
(Pattison, 1981), but this is likely incorrect as the company 
report cites felsic volcanics intercalated with the basalts. 
Felsic volcanics are common in the Tertiary sequence, but 
not found in the Karmutsen Formation (Sutherland Brown, 
1968). These older host rocks could reflect the fact that the 
mineralization sometimes formed in areas with few or no 
Tertiary volcanic rocks. 

The Specogna deposit and other hot spring 
occurrences in the QCI exhibit similarities in mineralogy, 
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alteration, relationship to felsic volcanic activity and 
chemistry to the active geothermal system at Steamboat 
Springs in Nevada (White, 1981). For example, at 
Steamboat Springs the contemporaneous felsic volcanism 
is spatially restricted, strongly controlled by shxctures, and 
there are no extrusive igneous rocks in direct association 
with the top of the hot spring system. Stibnite occurs in 
veinlets and cavities to depths of 45 metres at Steamboat 
Springs and there is an absence of base metal sulphides. 
Gold, arsenic, antimony, mercury and thallium are 
anomalous in the upper parts of the of the Nevada 
geothermal system (drilling was to depths of 558 m&es), 
while silver favours middle and deeper parts. Mercury is 
only found within 15 m&es of surface. 

Epithermal Vein Au-Ag Occurences 

The other style of precious metal mineralization on the 
QCI that has attracted considerable exploration interest 
comprises gold and silver-bearing epithermal veins, 
stockworks and breccias. The Carpenter, Crescent, 
Colinear Creek, Security (AB), Security (Overproof), 
Security (B), Seven and Cumshewa (L. 1223) are classified 
as epithermal gold-silver occurrences based on MINFILE 
descriptions and assessment reports (Figure 5). All except 
for the Seven are located on Moresby Island, extending 
from near the southern tip to the northwest comer. The 
Seven is located south of Specogna on Graham island. The 
Cumshewa is the only occurrence with past mining 
activity. It was discovered in 1907 and 1,800 feet of 
underground development had been completed by 1913 
(Sutherland Brown, 1968). Apparently a small quantity of 
hand-picked ore was shipped. Five MINFILE occurrences 
exhibit epithermal characteristics and are judged to be 
Tertiary age; however, they are poorly described and have 
not been assigned to specific deposit type (Table 2). 

The epithermal vein occurrences are hosted by 
Yakoun Group sediments or volcanics, Karmutsen 
Formation volcanics, or in one case a fault breccia with 
fragments of Tertiary volcanics and Karmutsen basalt. 

Porphyry Occurrences 

Given the presence of relatively numerous Tertiary 
and Jurassic intrusions with coeval volcanic rocks, the 
Queen Charlotte Islands have remarkably few porphyry 
occurrences (Figure 5). The Brendar and Raspberry Cove 
0CC”lTe”CeS are possible examples of porphyry 
mineralization that are hosted by Tertiary intrusions. There 
is also a quartz stockwork occurrence with molybdenite, 
pyrite and chalcopyrite, the Yakulanas, hosted by a middle 
Jurassic Burnaby Island Plutonic Suite intrusion. 

The Tertiary igneous complexes identified by Soother 
and Jessop (1991) commonly have associated zones of 
hydrothermal alteration. They noted one such rusty brown 
weathering zone on southeastern Lyell Island associated 
with a large plagioclase quartz dacite porphyry unit which 
contains pyrite as disseminations and along fractures 
(rarely with bornite) and widespread epidote alteration 
(Anderson ef al., 1992). 

The small number of Tertiary porphyry occurrences 
likely reflects the limited amount of erosion experienced 
by younger Tertiary rocks on the northern half of Moresby 
Island and on Graham Island. The preservation of fairly 
extensive Tertiary volcanic rocks in the QCI despite the 
relatively thin original accumulations (see below) is 
congruent with modest amounts of erosion since the 
Tertiary. As the Tertiary intrusions are small, often 
aphanitic to weakly porphyritic, and have been emplaced 
in an extensional environment, they may not have 
experienced much differentiation before solidification. 
This could also explain both the small number and limited 
development of the porphyry occurrences found to date. 

There may be potential for intrusive-related gold 
deposits. For example, on the Bateau property the felsic 
dikes are reported to consistently carry high gold values 
(Lickley and Vincent, 1980). This association between 
anomalous gold values and Tertiary felsic intrusive rocks 
warrants further investigation. 

Carbonate-hosted Au-Ag Occurrences 

During the first years after its discovery, Specogna 
was thought to be a Carlin-type gold deposit because the 
mineralization is hosted by sediments, has a similar 
geochemical signature, and is a bulk tonnage, low grade 
gold deposit (Richards ef al., 1976; Champigny and 
Sinclair, 1982). Subsequent studies have shown that 
Specogna is a classic hot spring gold deposit (Christie, 
1988). However, there are at least two carbonate-hosted 
gold occurrences on the Queen Charlotte Islands that 
represent possible Carlin-type deposits. The Alder Gold 
occurrence has visible gold with minor sphalerite within 
silicified Kunga Group limestone (Shearer, 1980), while 
the Locke showing, near Crescent Inlet, has anomalous 
gold in a jasperoid zone with disseminated pyrite and 
arsenopyrite. These small occurrences have not been well 
explored. 

The style of mineralization appears to be disseminated 
pyrite within silicitied Mesozoic sediments, primarily 
limestones, associated with regional and/or local faults. 
The most common host rocks are flaggy black limestone 
and limy argillites in the upper part of Kunga Group. 
These rocks are similar lithologies to the Roberts Mountain 
Formation, the main host of the Carlin-type deposits in 
Nevada (Teal and Jackson, 1997). There are other 
carbonate units in the Mesozoic sequence which could also 
be attractive host rocks for this style of mineralization 
(Lewis el al., 1991). 

EXPLORATION MODELS 

During the 1970s and into the 1980s a number of 
major companies, including Chevron, City Resources, 
Energy Reserves, Placer, Noranda, Quintana Minerals and 
UMEX, and a variety ofjunior companies and prospectors 
carried out exploration programs for gold on the Queen 
Charlotte Islands. The geologists involved in these 
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exploration plays were often using deposit models and 
exploration methodologies developed in the United States 
and/or the southwest Pacific to explore for Tertiary 
epithermal deposits. They were successful in identifying 
new occurrences (Richards ef al., 1979); unfortunately, 
very little information about the conceptual models 
employed by these prospectors and geologists was 
published. 

Frederick Felder and geologists at UMEX had 
developed a model for gold mineralization related to 
Tertiary dikes. They recognized the importance of a 
variety of features, including altered hypabyssal dike 
swarms intruding variably altered Yakoun Formation rocks 
(referred to by Wilson ef al., 1986). The recognition of the 
importance of this relationship led to one of the 
exploration projects being called the Golden Dike property 
(Wilson et al., 1986). Virtually all the companies were 
using anomalous gold, arsenic, antimony, mercury and 
silver values in stream sediments and soils to target areas 
of interest. As well, geologists were searching for 
silicitication and clay alteration. 

More recently, information from the Frontier 
Geoscience Program provides support for the correlation 
between felsic Tertiary intrusions and gold mineralization. 
Soutber and Jessop (1991) analysed seven major dike 
swarms to determine a variety of characteristics, including 
the percentage of felsic dikes. The Carpenter Bay and 
Bumaby Island swarms contain 7 % felsic dikes, while the 
Lye11 Island, Tasu Sound and Renell Sound swarms 
contain 8%, 15% and 19% respectively. In contrast the 
Selwyn Inlet swarm is mostly andesite and the Bigsby Inlet 
swarm contains only matic dikes. The two dike swarms 
with no fclsic dikes have no known gold occurrences, 
while all the other swarms, except Bumaby Inlet, have 
associated precious metal occurrences. Furthermore, 
Souther noted during his mapping that the felsic dikes 
were much more likely to be altered than the mafic dikes 
(personal communication, 1997). 

The association between gold mineralization and felsic 
intrusions is perhaps the most important key to 
understanding the setting of these epithemul deposits. 
Sillitoe (1989) argues for a magmatic connection for gold 
deposits hosted by volcanic arcs in the western Pacific, 
which could explain the relationship. On the other hand the 
association could reflect only a common structural control 
for the igneous inhusions and precious metal 
mineralization. A simple schematic model for the 
epithermal mineralization in the QCI emphasizes the 
connection to Tertiary magmatism (Figure 6). It is similar 
to an unpublished conceptual section for the Specogna 
deposit prepared independently by Misty Mountain Gold 
Limited (1996). 

TERTIARY METALLOGENY 

Epithemml gold occurrences are found throughout the 
QCI and many are intimately related to Tertiary 
magma&m. This close spatial association suggests they 
formed at the same time. Descriptions of the deposits 

clearly demonstrate that many are related to felsic intrusive 
rocks, a relationship that was identified by exploration 
geologists in the 1970s and 1980s. Epithermal gold 
mineralization occurs in hot spring and vein environments 
and these grade into each other. Minor base metal 
mineralization occurs with the epithermal veins and 
several porphyry-style copper occurrences are hosted by 
the Tertiary Kane Plutonic Suite. The limited number of 
Tertiary porphyry occurrences in the QCI is believed to 
reflect both the limited depth of erosion and the style of 
magmatic activity. Given the anomalous levels of gold in 
some felsic aphanitic to phyric dikes, the KPS stocks may 
represent targets for low grade, bulk tonnage, intrusion- 
related gold deposits. 

Since epithermal precious metal occurrences are 
found throughout the QCI and are related to Eocene to 
Miocene magmatism, it appears that conditions favourable 
for this style of mineralization existed for tens of millions 
of years. The mineralization and alteration are associated 
with the more differentiated, felsic Tertiary igneous rocks. 
Therefore, there could be a link between precious metal 
mineralization and more evolved igneous activity during 
this extended period, although not all these rocks are 
mineralized. 

In contrast to many epithemml deposits which are 
hosted by roughly coeval volcanic rocks, the hot spring 
and vein occurrences on the QCI are often hosted by much 
older Jurassic rocks. This suggests that any Tertiary 
volcanic cover rocks in the immediate area of the 
occurrences must have been less than a kilometre thick at 
the time of mineralization. In fact, the lengthy dike swarms 
may have extended beyond the associated extrusive rocks, 
as suggested by Souther and Jessop (1991). Therefore, 
epithermal mineralization related to these dykes would be 
hosted by the Tertiary Skonun Formation sediments, like 
the Specogna deposit, or Cretaceous and older units. Since 
the Cretaceous rocks are not widely distributed in the QCI, 
this could explain the abundance of epithermal oc~ul~ences 
hosted by Jurassic rocks. 

Geological criteria that can be used to identify 
prospective areas for hot spring deposits in the QCI are: 

permeable and/or porous host rocks 
Kunga Group or younger host rocks 
proximity to Tertiary structures 
existence of Tertiary intrusive rocks at depth 
large zones of silicitication, extensive breccias or 
quartz stockworks which can form areas of positive 
relief 
gold occurrences with gold to silver ratios greater than 
1:lO 
presence of tine-grained pyrite + marcasite and 
stibnite 
advanced argillic alteration 
anomalous mercury in rock, soil or stream sediment 
samples 
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Prospective areas for epithermal veins are likely to 
have some of the following characteristics: 
. Cretaceous or older host rocks, typically the Jurassic 

Yakoun Group 
. proximity to Tertiary stmctures 
. evidence of Tertiary intrusive activity, particularly 

felsic dikes directly associated with mineralization 
. envelopes of silicification, propylite and other 

alteration assemblages 
l precious metal occurrences with gold to silver ratios 

of less than I:10 
l pyrite, arsenopyrite and minor base metal sulphides 
l presence of quartz veins, veinlets and stockworks 

As has been noted, both types of deposits share some 
characteristics and grade into one another. For example, 
stibnite occurs in both types, although it is more common 
in the hot spring gold deposits. 

CONCLUSIONS 

Tertiary intrusions and related volcanics in the Queen 
Charlotte Islands formed in an extensional environment 
which resulted in numerous dike swarms, small stocks and 
shield volcanoes. In some cases the magmatic suites 
evolved to felsic end members. Associated with some of 
the Tertiary magmatic events, particularly those with felsic 
dikes, are epithermal hot spring and vein gold-silver 
occurrences and porphyry-style mineralization. The 
relationships between these styles of mineralization are 
particularly well displayed in the QCI because the volcanic 
and intrusive rocks generally become older and more 
deeply eroded from north to south. 

Using a combination of mineral occurrence 
descriptions and recently published geological data, it has 
been possible to construct a metallogenic model for the 
Tertiary gold mineralization on the Queen Charlotte 
Islands. In addition, there is interesting potential for 
carbonate-hosted gold deposits of the Carlin-type 

Main Features 

Silica sinter 

Vertical Extent of 
Sulphide Mineralogy 

aradational 

Epithermsl 
Vein 

Au-As 

Figure 6. Schematic model of the epithermal precious metal mineralization on the Queen Charlotte Islands. 
More than one type ofmineralization will not necessarily be present at a single locality. 
Figure modified from Berger and Simon (1983). 
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INTBODUCTION 

The Nii Zn-Pb-Ag-Ba prospect is located in 
the headwaters of the Noosegolch River valley, 
approximately 23 kilometms north-east of Hagensborg 
in west-central British Columbia (Figure 1). The area 
lies within the Stikine Termne of the Coast Belt and is 
mostly underlain by various packages of matic to felsic 
volcanic, volcaniclastic and sedimentruy m&s @gore 
1). Many of these packages are of uncertain age and 
they am intruded by, and form mof pendants within, 
plutons of the Coast Belt. The volcanic rocks host 
several mineral cccnrmnws, of which the Nifty 
prospect (B.C. Miniile number 093D) 006) is the most 
important and best explored. Other occurrences in the 
area include the Jamtart, Bella Coola Chief and 
Malachite clii owwrences as well as the Keen soil 
geochemical anomaly (Pigore 1). 

Despite exploration and drilling by various 
mining companies, the origin and age of the Nii 
prospect have remained uncertain, and little has been 
reported about the chemistry of either the h&m&s or 
the mineralization. This paper describes the geology of 
the Nifty prospect. It also presents chemical data on 
the hosting volcanic rocks, the mineralization and its 
associated alteration halo, as well as some other 
intrusive and volcanic rocks elsewhere in the district. 
U-Pb data for zircons from a suite of quartz porphyry 
dikes that cuts the Nii mineralization is also 
presented. The character and chemistry of the Nifty 
mineralization and its hostmcks suggest it represents a 
volcanogenic disseminated sulphide exhalite deposit, 
although an epigenetic origin has been also suggested 
(Mmtoa aad Birkland, 1993). 

FIELD PROGRAM 

The following was accomplished during the 1996 
summer field pmgram: 

(1) Assay samples were collected of mineralized and 
altered rocks from the Nifty, Keen and Jamtart 

occurrences (Pigore l), and other solphide-rich 
outcrops in the district. 

(2) In order to d&tine the composition of the rocks 
hosting the mineral occurrences, samples of the 
nnaltemd volcanic, volcaniclasxics and intmsive 
rocks were collected for major and trace element 
analyses. The bulk of this sampling effort was 
concentrated over the NilIy prospea. 

(3) Two samples each of the felsic volcanics and qoartz 
porphpy dikes at the Nifty prospect were collected 
to attempt age determination by U-Pb methods on 
zircons. 

(4) A previously onrecorded copper showing named the 
Malachite CliE occurrence. was discovered at 3500 
feet elevation on the Western slopes of the 
Noosegulch River valley at UTM 5816950N; 
677070E. 

(5) An area of rock slide potential was noted in CM% 
high on the western flanks of the Noosegolch River 
ymy; a&z 58272OON, 67425OE, close to the 

occwence. The hazardous area is 
at an elevation of 1400m and comprises a number 
of high, unstable cliffs that lie above a scme slope 
which stretches down to the river. A large area of 
bedrock (400 m by 500 III) immediately above the 
cliffs shows evidence of chaotic subsidence and is 
cut by a series of wide, crevasse-like fissures. These 
tension fissures trend parallel to a northerly 
trending fault passing along Noosegulch River; they 
reach up to lm wide and are estimated to be 
hundreds of metma deep. A landslide in this area 
could temporarily dam the Noosegulch River and 
lead to damage downstmam. 

PREVIOUS WORK 

The Nii claims were first staked and 
explored in 1929-1930 (Ma&y, 1931) after 
prospectors working for Consolidated Mining Smelting 
Co. (now Cominco Ltd.) were at&acted to the 
extensively rut-stained cliffs on the east side of the 
Noosegulch River. Trenching revealed a zone of 
sphaIerite-galena-barite mineralization and, 
subsequently, a 9 metre-long adit was driven beneath 
this zone (Figure 2). 

Baer (1973) geologically mapped the region at 
a scale of 1:250 000 and considered the volcanic rocks 
hosting the Nii prospect to be part of the Middle 
Jurassic Hazelton Group, as defined by Tipper (1963). 
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LEGEND FORFIGURE 1 
(numbers in brackets represent rock units of Baer, 1973) 

CENOZOIC 

m Olivine basalt (18) 

I::::::I + + + l + i Intnswe rocks-granite, syenite, gmmdiorite (13,14,16) 
and dacitic volcmics (11) 

CRETACEOUS 

Andesitic volcmics; minor black slates (12) 

CRETACEOUS AND/OR JURASSIC 

m 
Andesltrc volcanics and h&5 moor sediments 

and daciticvolc&s (11) 

Black slate and argillite (10) 

TRIASSIC OR OLDER 

m Schistose m&sediments (8) 

I 
Greenstone and chlorite schist (7) 

m Grmodiorite, commonly foliated (56) 

ma 
Dnmte and qua& diorite, commonly foliated (3,4) 

m 
Ortho and paragneiss (1,2) 

--- Fault 
2!? Strike and dip of sedimentmy bedding or volcanic layering 
a Mountain or mxk 
u Mineral occurrence 

N=Nifty 
K=Keen 
MC=Malachite cliff 
BC=Bella Coola Chief 
J=Jamtati 

* Middle Jurassic (mid Bajccian) fossils 
(Baer, 1973) 
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Figure 1. Regional geology of the Bella Coola district showing locations of the Nifty and other mineral occurrences. 
Adapted after Baer (1973). 
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*at = And&tic ash t&s; massive to bedded 
Alt = And&tic lapilli tot&; massive 

m B&e, massive to bedded, 
commonly sheared 

.4v = And&tic ~olctics; massive to flowbanded Dat = dkd d&ic to &&tic a.41 
Dlt = Dacitic lapillitiffs, massive 
Dv = Dacitic volcanics; Fsive to flow 

tnffs, minor lapilli tuff and possible 
volcanic flows 

banded to sphemldlc 
* = Veins and pods of red jasper 

Dlt = altered da&c to andesitic la 
.% 

illi 
tutk minor ash tuff and pow le 

Intrusive rocks 

Es3 An&site dies 
m c a Q”;” y&y d&s 

Figure 2. Generalized geology in the vicinity of the Nifty prospect, Bella Coola. Adapted largely from Bailes and 
McArthur (1978, 1979) and olwervations of the authors. 
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However, Glen Woodsworth of the Geological 
Survey of Canada, in a talk presented in 1980, 
suggested that the rocks belong to the Early cretaceous 
Gambier Group. In southern British Columbia the 
Gambier hosts the Brittania volcanogenic massive 
solphide deposit (McCall, 1987). This latter 
correlation was accepted by many company geologists 
who subsequently explored the area. However, U-Pb 
dating presented in this paper demonstrates a pm-164 
Ma (Middle Jurassic) age for the rocks hosting the 
Nifty prospect; this age is supported by the recent 
discovery of Jurassic marine fossils in the vicinity of 
Compass Lake, approximately 4 kilometrcs northeast of 
the Nifly prospect (Glenn Woodnvorth personal 
communication, 1997). 

In the late 1970’s, Pan Ocean Oil Ltd. mapped 
and soil sampled an extensive area around the Niirty 
prospect and the immediate vicinity of the prospect was 
mappedatascaleof1:1OObyJ.RWoodcock(Figum3; 
Bailes, 1977). The company completed five drill holes, 
collared in hangingwall rocks, in an attempt to 
intersect downdip extensions of the sphalerite-galeoa- 
bark zone (Figme 3). The results of that work have 
been summarized by Lewis (1979, 1981). Although 
this drilling did not intersect economic mineralization 
at Nifty (Bailes, 1977; Bailes and McArthu& 1978), 
mnnaissauce work resulted in the discovery of 
another small l%-Zn showing (later called the Jamtart 
or West Side occurrence) situated west of Noosegulch 
Creek, approximately 2.4 kilomcUes south-west of 
Nifty (Figure 1). In addition, Pan Ocean discovered a 
Zn-Pb geochemical anomaly in soils about 6 kilometms 
south of the Nifty which is called the Keen occurrence 
(Figure 1; Bailes and McArthm, 1979). 

In 1980 and 1981, Rio Tint0 Canadian 
Exploration Ltd. conducted an exploration program 
over the Nifty and Keen properties (Holtby and 
Campbell, 1980; Lohmao, 1981). The work included 
drilling in hangjngwall rocks to test for downdip 
extensions of the Nifty mineralization. The first hole 
was abandoned at 175 metres due to ground problems; 
a second parallel hole drilled immediately nearby 
reached a depth of 495 m&es. Both holes intersected 
squcnces of andesitic and dacitic ash and Iapilli tat% 
with lesser amounts of intrusive rocks, but no economic 
mineralization was encountered. 

Imperial Metals Corporation completed some 
soil, rock and stream sediment sampling on the Keen 
and Nifty properties in 1984 and 1989 respeaively 
(Morton, 1984; Taylor 1989). It is believed that 
Imperial Metals drilled into altered footwall rocks 
immediately east of the Nii adit but the results of this 
program are not available. In 1985, Cominco Ltd. 
once again wmpleted a large program of mapping and 
sampling over the Nifty and Keen properties without 
economic success (Anonymous, 1985; Blackwell, 
1985). The most recent exploration activity was in 
1992 when the area was restaked and a geological and 
geochemical program was completed for Inw 
Exploration and Technical Services Inc., and E&field 
Resources Ltd. (Morton and Birkeland, 1993). 

DISTRICT GEOLOGY 

The geology of the Bella Coola area, adapted 
al& Baer (1973) is presented in Figure 1. The area is 
underlain by varied packages of volcanic and lesser 
sedimentmy rocks that generally form north to 
northwesterly trending pendants witbin intrusions of 
the Coast Plutonic Complex. The stratigraphic and 
structural relationships of these packages to one 
another are poorly understood and their ages range 
from Cenozoic to Triassic or older. The volcanic rocks 
are mostly of basaltic-andesitic composition but those 
hosting the Nifty prospect arc distinct in containing 
some felsic lavas and tot% (Figure 4). The sedimentary 
rocks in&de small, gcnemlIy highly deformed units of 
black slate, argillite and greywackes. Some gmywackes 
in the no-m part of the Bella Coola mapsheet 
(Figure 1) contain fossils of middle Jurassic age 
(Tipper, 1963; Baer, 1973). 

The roof pendant country rocks arc intruded 
by, and in some instances thermally overprinted by, 
numerous plutons and small stocks of the Coast 
Platonic Complex. These are largely of diorite- 
granodiorite composition and vary from massive rocks 
to intensely foliated orthogneisses. There is a westerly 
increase in both the regional metamorphic grade and 
stmchml deformation across the district. 
Consequently, in the southwestern part of the area 
@gore 1), the country rocks and some of the older 
intrusions have been converted to schists and goeisscs. 
North to north-westerly trending horizons of strongly 
foliated rock am interpreted to be ductile shear zones. 

Our geological investigations and sampling 
were concentrated in four separate areas in the district. 
Most of the detailed work and sampling were conducted 
in and around the Nifty prospect (Figures 2 and 3) 
although some time was spent examining and sampling 
themckshost&boththeJamtart occurrence further 
west and the Keen Pb-Zn soil geochomical anomaly 
tinther south. In addition, some mafic volcaoics and 
homfelsed metasediments close to the Nusatsum 
ploton, south-west of Mat&horn Mountain (Figure 1) 
were also sampled. The analytical data for the rocks 
are presented in Table 1. Chemical plots indicate that 
the volcanic rocks adjacent to the Nusatsmn pluton and 
those hosting the Jamtart and Keen properties are 
largely &alkaline, c&alkalinc basalts and andesites 
that have a medium to high KzO content (Figure 4). 

GEOLOGY AND CHEMISTRY OF THE 
ROCKS HOSTING TEE NIFTY 
PROSPECT 

The geology of the Ni@ area, compiled from 
the work of Bailes and McArthor (1978,1979), 
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Andes&c ash tufFs and ttiaceous m .” sedlmentq, commonly epidote-altered 

Altered dacitic-andesitic ash tufts, minor 
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Footwall rocks (commonly silicifkd and pyritic) 
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D Altered da&tic tuffs with galena- 
sphalerite-barite mineralization 

Altered dacitic-and&tic ash tuffs, minor 
I .. laplll~ tuff and possible volcanic flows 
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..... . . . . . . . . . .“.....” \ 
Intrusive rocks 
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Z== Adit 
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- Drillhole with drill number 
_...._ Contour in metres 

Figure 3. Geology of the Nii prospect, Bella Coola. Adapted from the mapping of J.R. Woodcock (Bailes, 1977) and 
the authors. Note: distribution of the silicified and pyritic fwtwall rocks is shown in Figure 5. 
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0 Volcanics & tuffs stratigraphically overlying the Nifty Prospect 

l Volcanics & tuffs south of the Keen occurrence 

A Volcanic rocks in the vicinity of the Jamtart occurrence 

+ Homfelsed volcanics adjacent to the Nasatsum pluton 

Figure 4. Geochemical plots of some volcanic rocks in the Bella Coola district: 
(A) Si@ versus log (ZrmiQ) plot (after Winchester and Floyd, 1977). 
(B) Alkali wsus silica plot (after Irvine and Baragsr 1971). 
(C) Triangular N&O + KzO - Fe0 - MgO plot (tier Irvine and Baragar 1971). 
(D) K,O versus SiOz plot (a&r Le Ma&, 1989). 
(E) Triangular Zr - Tl/lOO - Y x 3 plot (after Pearce and Cann, 1973). 
(F) Triangular Zr - Ti/lOO - S/2 plot (a&r Pearce and Cann, 1973). 
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TABLE 1 
MAJOR AND TRACE ELEMENT ANALYSES OF VOLCANIC ROCKS HOSTING THE JAMTART AND KEEN 

F’b-Zn OCCURRENCES AND INTRUDED BY THE NUSATSUM PLUTON, BELLA COOLA DISTRICT 

Volcanic rwks hosting the Jamtart occwence. 
G8.96.85 GR96-88 GR96-89 GR9.5.90 GR96-9, GR96.9,R GR96-92 OR9693 

67.89 
13.21 

1.94 
3.89 
0.19 
5.96 
Cl.70 
0.29 
1.77 
1.07 
0.01 
2.85 

99.77 
322 

38 
55 

132 
13 
40 
53 

48.36 
17.25 
5.61 
3.14 
0.16 
9.18 
1.72 
0.32 
8.54 
1.13 
0.02 
4.96 

99.89 
623 

24 
69 
138 

17. 
18 

203 

53.65 
16.78 
4.27 
4.81 
0.13 
8.06 
0.91 
0.43 
5.13 
1.88 
0.01 
3.72 

99.78 
915 

23 
390 
136 

13 
43 

177 

68.32 
16.40 

0.49 
3.69 

2.09 
029 
0.08 
3.16 
3.92 
0.01 
1.20 

99.71 
,302 

17 

184 
17 
32 
34 

Volcanic rocks hosting the Keen soil geochemical anomaly. 
GR96-5 GR96-6 GR96-7 GR96-8 GR96-9 GR96.I2 GR96-16 GR9.5.94 

54.25 
17.96 
3.68 
3.55 
0.13 
7.54 
0.7, 
0.31 
7.61 
0.54 
0.01 
3.17 

99.46 
383 

13 
886 

94 
11 
32 

138 

50.77 
19.79 

3.35 
3.88 
Cl.14 
8.70 
0.67 
0.32 
5.84 
1.78 
0.01 
4.38 

99.63 
734 

20 
,028 

53.92 
18.56 

3.85 
4.35 
0.10 
7.88 
0.77 
0.34 
5.63 
0.79 
0.01 
3.64 

99.84 
436 

18 
818 

93 
8 

41 
142 

53.24 
19.54 
3.95 

Homfelsed volcanic rocks 
adjacent to the Nasatwm Pluton 

GR96.97 GR96.98 GR96-99 GR96-100 

54.46 50.08 

17.29 18.42 
4.92 4.76 
3.24 4.17 
0.11 0.28 
8.00 8.82 
0.90 1.42 
0.34 0.54 
7.48 6.92 
1.30 1.14 
0.02 0.02 
1.69 2.81 

99.75 99.38 
499 634 

22 30 
538 486 
140 188 

14 I5 
30 21 

189 221 

55.86 
16.79 

5.47 
3.63 
0.18 
7.56 
0.82 
0.30 
6.29 

73.11 
13.99 

0.14 
3.93 
o.cl4 
0.76 
0.06 
0.03 
1.46 
4.30 
0.01 
1.68 

99.51 
869 
<5 

329 
75 
11 

7 
c5 
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Blackwell (1985) and our own observations is 
illustrated in Figures 2 and 3. The area is underlain by 
a moderate to steep northerly dipping and east to north- 
east striking package of dust, ash and lapilli to% with 
subordinate amo!mts of volcanic flows, volcanic 
brecciaa and toffaceous sediments. No sedimentaty 
younging indicator have been recognized. However, 
based largely on the orientation of the interpreted 
foohvall and hangingwall alteration at Nifty, the 
stratigmphy is believed to face northwards with no 
sign&ant structural repetition. 

A general stratigraphic succession is 
recognized. The lowest part of the succession occurs 
immediately south and south-west of the Nifty property. 
Due to the pervasive alteration related to the Nifty 
hydrothermal system, the original lithologies and 
composition of the rwks in the lower footwall sequence 
are uncertain. However, they are believed to include 
massive to well bedded lapilli, ash and dust tuffs of 
rhyodacitedacite to basalt composition, as well as some 
m, thin units of fine-grained, possibly silty or 
argillawous sediments. 

The lower sequence is overlain by a thin barite 
unit (Figure 3) which also forms a capmck to the 
mineralization. This in tam passes up to a 500 to 600 
metre-thick hangingwall sequence of mafic this with 
minor matic flows and rare, thin units of rhyodacitic- 
dacitic flows, to@ and volcanic breccias. At the base 
of this hangingwall package, the matic taffs tend to be 
well layered, cpidote-altered rocks that arc dark to 
medium green in colour. Further north however, and 
higher in the sequence, the matic rocks include maroon 
colored units that are commonly more massive; this 
change suggests that they were deposited in an 

emerging basin and that the environment altered from 
shallow submarine to subaerial and highly oxidized. 

Most of the to& in the area are massive, but 
well preserved layering and sedimentary bedding are 
seen locally, particularly in the lower part of the 
sequence, in the immediate hanging and footwall rocks 
of the Nii prospect. Tat% form dark green to maroon 
colored rocks with angular to well-mm&d clasts that 
are generally less than 10 centimetres in diameter. 
Coarser varieties of volcanic toff breccia contain 
fragments exceeding 0.3 metres in size. The volcanic 
and toffaceous clasts are generally matrix supported 
and vary from monomictic to polymictic. In the latter, 
clasts vary considerably in texture, colour and 
composition; grey, pink, red, green and black 
porphyritic and non porphyritic fragments are present. 
They are mainly massive to flow banded matic 
volcanics and ash and lapilli toffs with lesser amounts 
of leucocratic and felsic material of presumed 
rhyodaciticdacitic composition. Where felsic daats are 
abundant in the tuffs, broken quartz crystals are also 
common. Many of the massive and bedded mafic tot% 
are characterized by epidote alteration. 

The MC volcanic flows are mostly massive 
and tine-grained. They locally contain random to well 
orientated feldspar phenomysts up to 4 millimetres in 
length. Rarely, well rounded quartz phenoctysts up to 
2 millimetres in length are present, and pervasive 
epidote alteration is a common featme. The felsic 
flows generally form thin (< 10 metres thick) units 
ranging from pink to grey to greenish brown in colow. 
They comprise tine grained siliceous rocks that vary 
from massive to flow banded and from eqaigran~ to 
porphyritic; the latter varieties contain phenocrysts of 
feldspar as well as rounded crystals of quartz. Some 
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metres east of the Nifty prospect (Figure 2) indicate late 
dextral tra”8verse movement. some “0rth-east 
trending faults are relatively old and have controlled 
the emplacement of the quartz porphyry and andesitic 
dikes, although post-intrusion reactivation of these 
frachms is commonly seen along the dike margins. 
Some north-east striking faults and dikes that cut the 
Nitly footwall rocks are believed to have followed 
precursor fractures that were conduits to the 
hydrothermal system. 

Many of the late faults, particularly those 
along dike margins, are associated with sets of shallow 
and steeply dipping milky white quartz veins up to 10 
centimetres thick. Irregular, sigmoidal tension gash 
vein8 are present, as well as regolar, parallel vein sets 
spaced between 1 to 5 centbnetres apart. They contain 
minor epidote and pink potassic feldspar but no 
solphides were identified. An epidote-rich alteration 
halo is present around some veins. They OCCUT both in 
the Nii area and in the vicinity of the Keen soil 
geochemical anomaly approximately 6 kilometres 
further south. 

MICROPROBE ANALYSES OF THE 
NIFTY MINERALIZATION 

Two samples of strongly altered and 
mineralized tuff (GR96-38 and GR%-95) containing 
sphalerite and galena in a gangae of quartz, pyrite, 
barite and feldspar were subjected to microprobe 
analysis, and the data are presented in Tables 4A to 4E. 
The sphalerite has low quantities of iron and cadmium 
(cl.5 weight per cent and ~0.6 weight per cent, 
respeaively), and the galena contains less than 0.17 per 
cent silver (Tables 4A and 4B). Some sphalerites 
contain exsolution blebs of chalcopyrite up to 30 
microns in diameter. Rarely, galena is cut by 
microfrachues containing various unidentified silver 
and/or lead-bearing minerals, some of which are 
believed to be late oxides and sulphates. Small, 
micron-sized grains of t&ah&he-tennantite, 

polybasite-pearcite (9Ag&jb&) and some other 
unidentified minerals were also detected and analyzed 
(Table 4C). 

The barite crystals in the gangue contain up to 
2.67 weight per cent SrO. One crystal containing 0.5 
per cent PbG was detected, but in most of the bar&e 
analysed, the CaO and PbO values were extremely low 
or undetectable (Table 4D). The gangue also includes 
feldspars containing up to 16.6 weight per cent K,O 
and 9.6 weight per cent BaO (Table 4E). Within 
individual feldspar crystals, the barium content exhibits 
extreme variations on a micron scale. 

U-Pb GEOCHRONOLOGY OF THE 
IGNEOUS ROCKS 

Two felsic volcanic flows in the hangingwall sequence 
together with a post-ore quartz porphyry felsic dike at 
the Nii prospect were sampled for U-Pb 
geochronology. Unfortunately, both samples of the 
felsic flows yielded insufficient zircons for dating. 
However, the 30 kilogram sample of quartz-feldspar 
porphyry dike yielded an abundant amount of good 
quality, clear, colourless, stubby prismatic zircon 
crystals. Mineral separation and U-Pb analytical 
techniques are described by Mortensen el al. (1995). 
All mineral separation and analytical work was carried 
out at the Geochronology Laboratory at the University 
of British Columbia. 

U-Pb data are listed in Table 5 and plotted on 
Figore 7. Five of the strongly abraded zircon fractions 
are concordant or slight discordant, the latter having 
apparently lost a minor proportion of their radiogenic 
lead. Furthermore, the data suggests there are no older 
inherited zircon components within the analyses 
fractions. The weighted average ‘?bYPb age of 164.3 
f 4.4 Ma provides a good age estimate, but the overlap 
of concordant ellipses A and C with concordia provides 
the best age estimate at 164.2 +1.2/-0.9 Ma (Figure 7). 
These data indicate that the Niffy 
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ost-ore intrusive rocks 

An&site dikes .___ Fault 

. . . . . Altered d&tic-andesitic lapilti tuffs, 
l::: ~~ashtuffandpossiblevolcanic 

Figure 5. Geology of the Nifty area showing distribution of the silicified and pyritic footwall rocks 
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TABLE 3 
MAJOR AND TRACE ELEMENT ANALYSES OF SELECTED h4INERALLZED GRAB SAMPLES 

FROM THE NIFTY PROSPECT, BELLA COOLA DISTRICT 
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1w ram lccma ,mDmD 10 

q Samples from barite cap . Samples from pyritic footwall 
o Samples from mineralized zone 

Figure 6. Chemical changes noted in the Nii Prospect: 
A. Vertical chemical variations from the bar&e cap down into the footwall alteration. 
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Figure 6. Chemical changes noted in the NitIy Prospect: 
B. Lateral chemical variations through the footwall silicified and pyritic alteration zone. 
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Point 
Description 

605-l 6054 605-5 605-11 605-13 605-14 605-16 605-19 605-24 605-25 
1 1 1 2 3 1 1 4 5 6 

Zn 67.00 66.48 66.56 64.97 65.32 66.58 66.08 64.90 63.35 65.43 
Cd 0.33 0.35 0.28 0.40 0.33 0.27 0.61 0.46 0.44 0.59 
Fe 0.10 0.13 0.18 0.48 0.88 0.14 0.19 0.93 1.43 0.44 
Mn 0.00 0.00 0.03 0.02 0.03 0.02 0.03 0.00 0.02 0.01 

4 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.00 0.09 0.03 
Sb 0.00 0.00 0.00 0.04 0.00 0.04 0.03 0.01 0.06 0.04 
AS 0.02 0.01 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.04 
s 32.86 32.81 32.78 33.00 32.92 32.37 32.85 32.52 32.63 33.27 
TOtal loo.31 99.78 99.83 98.90 99.48 99.43 99.82 98.81 98.02 99.87 

TABLE 4A 
REPRESENTATIVE MICROPROBE ANALYSES OF SPHALERITE AT THE 

NIFTY PROSPECT, BELLA COOLA DISTRICT, B.C. 
Sample Sample 
GR96.38 GR96-95 

4011056 338/040 324/033 408/342 468/082 4071037 4171368 4261246 4201068 4201068 

Data in weight percent. 
D‘2SCliptiOlY 
1 = massive @&rite 
2 = 3op @&rite grain. 
3 = 60~ sphalerite grain with pyrite inelusions. 
4 = massive sphalerik with minute chalcopyrite inclusions. 
5 = 100~ sphaletite grain with minute chalcopyite inclusions. 
6 = 60~ s~haletite emin. . I 

TABLE 4B 
REPRESENTATIVE MICROPROBE ANALYSES OF GALENA AT THE NIFlY PROSPECT, 

BELLA COOLA DISTRICT, B.C. 

As 
zn 
ml 
S 
CU 
Sb 
Pb 
Fe 
Cd 
% 

Sample Sample 
96GR-38 96GR-95 

4121346 385/336 358/319 417/286 404/090 388/105 391060 473/237 472/311 418/063 
606-l 606-1 606-6 606-9 606-14 

1 2 3 4 5 
606-18 606-19 606-20 606-21 607-l 

0.00 0.00 0.00 0.00 0.03 0.01 0.00 0.05 0.05 0.17 
0.02 0.14 0.08 0.00 0.53 0.24 0.01 0.10 0.00 0.00 
0.03 0.00 0.01 0.00 0.00 0.05 0.00 0.02 0.00 0.00 

13.41 13.35 13.47 13.37 13.39 13.27 13.53 13.63 13.51 13.40 
0.01 0.00 0.05 0.03 0.06 0.00 0.00 0.04 0.01 0.08 
0.02 0.00 0.10 0.06 0.05 0.00 0.00 0.02 0.00 0.01 

85.92 85.85 84.99 86.74 85.61 86.94 85.66 85.80 85.53 86.68 
0.06 0.04 0.09 0.01 0.00 0.00 0.09 0.03 0.00 0.00 
0.16 0.04 0.06 0.01 0.08 0.06 0.00 0.02 0.07 0.01 
0.16 0.13 0.03 0.04 0.13 0.00 0.02 0.01 0.04 0.15 

99.79 99.56 98.88 100.26 99.88 100.57 99.31 99.72 99.21 100.49 

Data in weight percent. 
LkSCIipti0ll 
1 = 2op grain 5 = 15op grain 
2=5Opgmin 6=lOO~grain 
3=15pgmin 7=2C@grain 
4=25vgrain 8 = massive gakna 
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TABLE 4C 
REPRESENTATIVE MICROPROBE ANALYSES OF Ag-BEARING SUL.PJdlDES AT THE 

NIFTY PROSPECT. BBLLA COOLA DISTRICT, B.C. 

SamDIe 
GR96-38 

point 606-Z 606-3 606-S 606-7 606.12 606-15 
DeSCl$iOIl 1 1 2 3 4 5 

CU 
Fe 
AX 
ZIl 
Mn 
Pb 
Cd 
Sb 
As 
S 
TOtd 

0.81 
6.44 
6.98 
0.01 
0.00 
0.20 

11.34 
12.89 
25.11 
99.43 

34.28 32.44 35.27 0.28 8.47 
0.69 0.73 0.67 0.23 0.13 
6.96 5.69 6.49 64.79 59.48 
6.79 6.64 7.06 0.16 0.04 
0.00 0.00 0.00 0.01 0.01 
0.00 0.00 0.00 15.29 4.61 
0.24 0.17 0.26 4.93 0.08 

12.32 11.12 11.80 0.70 3.21 
11.96 11.95 12.74 3.12 4.84 
25.41 24.11 15.38 ll.s5 15.73 
98.64 92.84 99.66 101.40 96.60 

Sample 
GR96-95 

606.24 607-S 607-6 
6 7 7 

17.66 3.05 2.73 
1.30 0.03 0.06 

10.14 65.12 64.96 
3.55 0.07 0.06 
0.00 0.00 0.03 

29.17 1.98 0.88 
0.78 0.04 0.19 

14.48 11.07 12.52 
2.97 0.88 0.65 

18.93 15.93 16.46 
98.98 98.17 98.53 

Data in weight percent. 
Description 
1 = 20~ grain of tetmhedrite-temmtite 

2 = lop grain of tetrabedrite-tetmantite 
3 = 15~ grain oftetrahed 

4 = 2~ grain of u&mm mineral. Approx. (Ag,M),S where M is a metal 

5 = Polybasite-pearceite? Approx. 9Ag&Sb& 
6 = Un!amwn mineral. Approx. (Cupe),(Pb~g,Zn,Cd),(Sb~s)S, 
7 = Unknown mineral. Approx. (Ag,CuXSb,S) 

TABLE 4D 
REPRESENTATIVE MICROPROBE ANALYSES OF BARITE GANGUE, 

THE NIFIY PROSPECT, BELLA COOLA DISTRICT, B.C. 

Sample Sample 
GR96.38 GR96.95 

Crystal 4681225 4691223 478l225 4671224 401M30 3941197 3991195 4241295 4251122 
Point 97-608-l 97-6084 97-608-5 97-508-7 97608-q 97-608-10 97-608-11 97-608-12 97-608-15 

BaO 62.68 62.70 61.64 62.15 63.76 64.18 64.71 64.05 63.53 
SIO 1.95 1.96 2.44 2.67 1.31 1.23 1.18 1.33 1.14 
cao 0.11 0.00 0.02 0.03 0.00 0.02 0.00 0.01 0.01 
PW 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 
so3 34.19 34.49 34.41 33.84 34.54 34.21 34.84 34.76 34.81 
TOtd 98.94 99.14 98.51 98.68 99.60 99.63 loo.73 100.15 100.03 

Data in weight percent 
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TABLE 4E 
REPRESENTATIVE MICROPROBE ANALYSES OF FELDSPAR GANGUE 

THE NIFTY PROSPECT,. BELLA COOLA DISTRICT, B.C. 

Sample Sample 
GR96-38 96GR-95 

Clystal 4101074 415/125 416/175 440/200 4431236 4281257 411/144 413006 41X/084 4191267 418/270 454/245 
Pt. 11 13 14 15 17 18 2 4 5 8 9 10 

N%O 0.19 0.20 0.21 0.29 0.25 0.30 0.22 0.26 0.27 0.28 0.29 0.23 

W 16.59 15.60 12.34 14.24 15.59 12.16 14.47 12.77 12.48 14.07 13.52 16.39 

FezOx 0.05 0.14 0.04 0.03 0.05 0.26 0.02 0.03 0.05 0.01 0.03 0.04 
BaO 0.09 0.99 1.34 4.41 1.46 9.59 3.90 8.00 8.74 5.57 6.83 0.08 
cao 0.00 0.00 0.00 0.00 0.01 0.05 0.00 0.00 0.00 0.01 0.01 0.00 
-WA 18.71 18.73 13.99 19.82 18.43 21.45 19.33 20.51 20.01 20.10 20.19 18.24 
Si02 64.53 6464 72.01 60.21 64.17 57.65 63.53 59.67 56.68 60.14 58.34 64.90 
T&l 100.16 100.30 99.94 99.00 99.97 101.46 101.47 101.24 98.24 100.18 99.22 99.88 

Data in weight percent 

164.2 +1.2/-0.9 Ma 

0.027 Based on Concordant A and C 

-> 

Sample 
GR96- 124 

(Post-ore quartz porphyry dike) 

Weighted Average 207Pb/Z”Pb age: 164.3*4.4 Ma 

0.175 0. 

Figure 7. Concordia diagram for a quartz porphyry dike at the Nifty prospect. 
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TABLE 5 
U-PI, ANALYTICAL DATA OF QUARTZ PORPHYRY DlKE, 

NIFTY PROSPECT. BELLA COOLA DISTRICT 

Fraction’ wt “’ Pb” ‘W’ Pb’ zoek’bs isotopic ralios(ls%)’ Apparent ages (2sMa)’ 

ms ppm ppm run PS % ~~PW’W ,07&n3’” mrpb/206pb ‘T’bFW ‘9bf”Pb 

0.1766 A c,N5,w 0.005 112 3.0 131 8 13.9 0.02588(0.22) 
C c,N%~ 0.063 194 5.2 1129 L8 13.0 0.02572 (0.11) 0.,749 (0.29) 0.04933 (0.22) 163.7 (0.4) 163 (10) 

D m,NQ 0.080 332 8.8 3581 12 14.2 0.02531 (0.10) o.r,22(0.,9) 0.04934(0.13) 161.1(0.3) l-54.2(6.0) 
E m,NS,w 0.020 336 9.1 213s 5 14.6 0.02557(0.,2) 0.1740 (0.27) 0.04936(0.22) 162.8 (0.4) 165(10) 
F m,NS,w 0.030 239 6.3 381 31 ,x7 0.02522 (0.16) 0.1717(0.54) 0.04938(0.44) 160.6 (0.5) 166(21) 

Description and location of sample No. GR96-124: Fine grained felsic dike, approximately 2m thick, containing 
phenocxysts of feldspar and rounded, glassy quartz up 4 mm in diameter. Die intrudes hangingwall andesitic t&s 
and volcanics approximately 100 m east+xxtbeast of the NitIy Prospect at UTM 67515OE; 582885ON. 

Notes: Analytical techniques are listed in Mortemen et al. (1995). 
1 Upper case letter = fraction identifier, ~1 zircon fractions air abraded, Grain size, intermediate dimension: 
cc=>l34mm, c= >I34 mm and ~104~ m=<lMmm and >741nm, f=(lrlmm; Magnetic ccdes:Fraw magnetic 
separator sideslope at which grains are nonmagnetic (N) or Magnetic (M); e.g., Nl=nonmagnetic at 1’; Field strength 
for all fractions =l AA; Front slope for all tiactions=20°; Grain character c&s: p-+~matic, s=stubby. 
2 U blank correction of lpg f 20%; U fractionation corrections were measured for each run with B double 233U- 
235U spike (about O.O04/amu). 
3Radiogenic Pb 
4Measured ratio corrected for spike and Pb fractionation of O.O035/amu l 20% (Daly collector) and O.O012/~u11u + 
7% and laboratory blank Pb of 3.5pg + 20%. Labaatoq blank Pb concentrations and isotopic compositions based on 
total procedural blanks analyzed throughout tbe duration of this study. 
5Total common Pb in analysis based on blank isotopic composition 
kadiogmic Pb 

7Conected for blank Pb, U and common Pb. Common Pb corrections based on Stacey Kmmers model (Stacey and 
Kmmers, 1975) at the age of the rock or the 20’F’Wo6Pb age of the fraction. 

mineralization and its hostrocks are pre-164 Ma 
(Middle Jurassic) in age. 

MWOR INTRUSIONS 

INTRUSIVE ROCKS 
The volcanic and volcaniclastic package 

hosting the Nifty prospect are cut by two contrasting 
suites of minor intrusions. both of which oostdate the 

Four suites of intrusive rocks in tbe district 
were examined and gmchemically sampled. Two of 
these represent minor intrusions comprising post-ore 
dike.8 of quartz porphm and andesite which are well 
developed around the Nii prospect (Figure 2). The 
other two suites occor as larger plutons, one of which is 
informally named the Tseapseahoalz Creek pluton 
(Figure 1) and hosts the Malachite Cliff Cu ocwrencc. 
The other, informally named Nwatsam pluton, intrudes 
a package of mafic talc-alkaline basalts (Pigare 4) and 
minor metasediments that outcrop south of the Bella 
Coola River (Figare 1) but is not associated with any 
known mineral wxurrences. 

mineralization and hydro&mal alteration’. The oldest 
suite is a pale grey weathering quartz f feldspar 
porphyry that forms dike swarms and isolated bodies 
generally less than 25 m&es thick (Figures 2 and 3); 
U-Pb dating on zircons reveals the suite to be Middle 
Jurassic in age. These leucocratic, fine to medium 
grained rocks are characterized by euhedral to 
subhedral phenocrysts of feldspar and rounded crystals 
of glassy quartz up to 5 millimetres in width; quartz 
ctystak are more common in the central portions of the 
dikes. Most of these rocks are massive but a thin- 
layered flow foliation is seen in some dikes, and 
angular xenoliths of country rock are present locally. 
Fine grained, chilled margins are seen on the edges of 
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some dikes, and many bodies are cut by tension gash 
veins of milky quartz. The country rocks immediately 
adjacent to some quartz porphyry dikes are silicified. 

Analytical results of unaltered samples of 
quartz porphyry are presented in Table 6. This suite is 
subalkaline and c&alkaline and the rocks are 
peraluminous granodiorites (Figure 8A, B, C and D). 
Trace element plots (Figure 8E and F) show that the 
quartz porphyry dikes represent “volcanic arc” 
intrusions as defined by Pearce et al. (1984). 

Younger matic dikes, up to 15 m&es in 
width, are also extremely common and widespread on 
the Nifty claims (Figures 2 and 3); in many cases these 
intrusions have been controlled by, and have followed, 
the margins of the older quartz porphyry dikes. They 
are dark grey to green coloored, massive to well flow 
banded and fine to medium-grained rocks that vary 
from eqoigranolar to porphyritic; the latter contain 
plagioclase phenoclysts up to 4 millimetres long. Some 
dikes also have spherical to elongate vesicles up 1 
centimetres in length Where feldspar phenocrysts and 
vesicles are present in the same dike, it is common for 
the vesicles to be more abundant in the centre of the 
body while the phenwrysts tend to be better developed 
closer to the dike margins. Many dikes are cut by veins 
of milky quartz. similar to those cutting the quartz 
porphyry dikes or younger veins of epidote. These 
rocks are subalkaline, catcalkaline and metaluminous 
(Table 6; Figure 8A, B and D). Most range in 
composition from gabbro to quartz diorite and tonalite 
and trace element plots show them to be “volcanic arc” 
intrusions as defined by Pearce et al. (1984) (Figure 
8C, E and F). 

MAJOR INTRUSIONS 

TSEAPSEAITOOLZ CREEK PL UTON 
(Unit 4 of Baer, 1973) 

This body lies about 10 kilometres north-east 
of Hagensborg and is exposed in the southern part of 
Tseapseahoolz Creek valley and on the slopes of 
Salloom Peak (Figure 1). It forms an elongate, north- 
west trending pluton that includes rocks described by 
Baer (1973) as “foliated, chloritized quartz diorite” 
with lesser amounts of granodiorite and diorite. Our 
work establishes that the north-eastern margin of the 
pluton west of Noosegulch River extends considerably 
further northwards than is shown by Baer (1973); in 
this area it hosts the Malachite Cliff Co occurrence 
(Figwe 1). 

In exposures along logging roads up the east 
side of Tseapseahoolz Creek the rocks in the pluton are 
generally coarse grained, massive and highly 
epidotized. They vary from a biotite-bearing 
granodiorite with less than 5 percent matic minerals to 
a dark colored dioriteqoartz diorite with more than 20 
percent biotite and amphibole. Some rocks in this area 
are cut by pink veins of coarse grained potassium 

feldspar and quartz, as well as late, narrow dike of tine 
grained and&e. 

Three lithochemical samples were collected 
from the east side of Tseapseahoolz Creek; plots 
indicate these rocks are subalkaline and c&alkaline 
(Table 6; Figure 8A and B). Two of the leucocratic, 
biotite-bearing samples have a granodiorite 
composition and are peraluminous whereas a more 
mtic, hornblende-bearing sample is a metaluminous 
quartz diorite (Figure 8C and D). Trace element plots 
show all samples fall within the “volcanic arc” field as 
defined by Pearce et ul. (1984) (Figure 8E and F). 

NlJSATSUMPLUTON(Unit 13ofBaer, 1973) 

This northerly trending, elongate body, which 
Baer (1973) believed to be of Eocene or Palaeocene age, 
lies about 20 kilometres south-south-east of Hagensborg 
and 7 kilometres south-west of Matterhorn Mountain 
(Figure 1). The central parts of the body comprise 
massive, coarse grained and eqoigranolar biotite- 
hornblende-bearing rocks containing 5 to 8 percent 
mafic minerals. These rocks are s&alkaline, 
calcalkaline, perahoninous granodiorites (Table 6; 
Figure XA, B, C and D) that are volcanic arc-related 
(Figure 8E and F), similar to the other intrusions 
sampled in the district. 

The marginal rocks in the Nusatsmn pluton 
are considerably more matic than those in the main 
body; they contain up to 20 percent hornblende and 
biotite, and are believed to be of dioriteqoartz diorite 
composition. The matic volcanic and metasedimentary 
country rocks adjacent to the pluton have been 
converted to a biotite homfels that locally contains fine 
disseminated pyrite and some rare garnet. The thermal 
aureole contains irregular dikes of maf~ diorite that 
probably originated from the adjacent pluton. 

GEOLOGY OF THE MALACHITE CLIFF 
OCCURRENCE 

Whilst flying by helicopter, the senior author 
noted malachite staining on some cli& high on the 
western slopes of the Noosegulch River valley. The 
cliffs are located at an elevation of 3500 feet at UTM 
5816950N; 677070E (Figure 1). This copper 
occurrence, which was previously unreported, has been 
named the “Malachite Clitr’ occurrence. A field 
traverse down to the occurrence from the overlying 
ridge-top passed over massive, coarse grained pinkish 
grey, leucocratic and eqoigramdar granodiorites of the 
Tseapseahoolz Creek pluton. These rocks are generally 
unaltered and contain between 4 and 6 percent mafic 
minerals comprising coarse biotite with minor 
hornblende. In the vicinity of the occurrence, the 
pluton locally contains abundant xenoliths and large 
screens of homfelsed metasediments and greenstone. 
The pluton is also cot by numerous dies of fine- 
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TABLE 6 
MAJOR AND TRACE ELEMENT ANALYSES OF INTRUSIVE ROCKS, 

BELLA COOLA DISTRICT 

63.34 
15.40 

2.13 
3.5, 
0.13 
6.97 
0.68 
0.20 
2.56 
1.77 
0.01 
3.15 

99.85 
532 

24 
175 

89 
12 
21 

126 
40 

53.84 
16.73 
4.60 
3.64 
0.17 
8.22 
0.73 
0.28 
5.30 
1.54 
0.0, 
4.12 

99.H 
757 

21 
566 

88 
12 
18 

178 
7.5 

6.28 
2.11 
0.01 
3.35 

99.22 
865 

19 
536 

88 
12 
12 

187 
55 

71.17 

13.90 
0.87 
2.72 
0.07 
2.63 
0.28 
0.10 
2.13 
2.69 
0.0, 
3.00 

99.57 
959 

21 
108 
141 

II 

69.69 
13.38 

1.05 
2.79 
0.10 
3.29 
0.30 
0.08 
2.95 
2.54 
0.01 
3.68 

99.86 
807 

21 
125 
*1* 

15 

70.32 

13.30 
0.87 
3.48 
0.07 
3.42 
0.32 
0.08 
2.45 
2.16 
0.01 
3.26 

99.74 
1263 

18 
120 
128 

10 

1.66 
2.34 
0.0, 
2.06 

99.73 
116!? 

26 
209 
129 

12 

72.33 71.97 J6.46 
14.48 14.58 17.08 
0.67 0.58 3.70 
4.56 4.46 3.32 
0.07 0.07 0.13 
2.02 2.06 7.67 
0.21 0.21 0.69 
0.09 0.10 0.18 
1.99 1.93 6.98 
2.43 2.59 1.72 
0.01 0.0, 0.01 
0.82 0.94 1.83 

99.68 99.50 99.77 
908 947 515 

106 108 98 
11 10 11 

9 <5 11 
20 27 191 
JO 7.5 42 

72.96 72.79 

14.73 14.64 
0.44 0.40 
4.67 4.62 
0.07 0.07 
1.60 1.55 
0.19 0.18 
0.09 0.09 
1.87 1.83 
2.70 2.71 
0.01 o.o* 
0.46 0.70 

99.79 99.60 
1076 ,071 

6 10 
3% 389 

82 79 
15 11 
(5 <5 
IS 26 

7.5 7.5 
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TABLE 6 CONTINUED 

Sample descriptions 
Andesite dikes at the Nifh’ Prosoect. 
GR96-28 Grey, massive, fine grained and equigranular rock with 1 percent disseminated pYr;te. 
GR96-34 GEy-gnWI, massive, fme grained, equigranulu and visicular dike with rare, small xenolitbs, 
GR96-l6 Gray-green, massive, fine grained, equigmmdar dike with some feldspar veinlets. 
GR96-50 Grey-green, tine gmined, weakly flow banded dike with feldspar phenocrysts up to 3 mm. 
GR96-51 Grey-green, tine grained, weakly flow banded dike with feldspar phenocrysts up to 3 mm. 
GR96-55 Grey-green, tine grained, visicular dike 
GR96-56 Grey-green, fine grained, visicular dike 
GR96-66 Dark green, massive, tine grained, visicular dike 
GR96-57 Dark green, massive, visicular dike 
GR9668 Dark green, massive, visicular dike 
GR9669 Dark green, massive, visicular dike 

Quartz mmhvrv dikes at the Nitiv Prow& 
GR96-27 white to grey, massive dike with quartz phenwrysts up to 4 mm. 
GR96-33 White to grey, massive dike with quartz phencaysts up to 2 mm. Slightly weathered. 
GR96-64 White to grey, massive dike with quartz phencaysts up to 3 mm. 
GR96-65 white to grey, massive dike with quartz phenocrysts up to 5 mm. 
GR96-124 White to grey, massive dike with quartz pbenocrysts up to 4 mm. 

Tseawahcnlz CreckPluton 
GR96-75 Grey, massive, CDBTS~ grained, equigramdar granodiorite with 5 percent biotite 
GR96-76 Grey, massive, coarse grained, equigranular gnmodiorite with 5 percent biotite 
GR96-77 Matic, massive, coarse grained quartz dioritcwith IS to 20 percent biotite and hornblende 

Nusatsum Pluton 
GR96-101 Pale grey, massive, coarse grained, equigranular grancdiorite with 8 to 10 percent biotite 
GR%-102 Pale grey, massive, coarse gmined, cquigranular granodiorite with 5 to 8 pzcent biotite 
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w Andesite dikes at the Nifty Prospect 

X Quartz porphyry dikes at the Nifly Prospect 

X Tseapseahoolz Creek pluton 

+ Nusatsum pluton 

Figure 8. Gochemical plots of some major and minor intrusive rocks in the Bella Coola district: 
(A) Alkali versus silica plot (after Irvine and Baragar 1971). 
(B) Triangular Na,O + K20 - Fe0 - MgO plot (after Irvine and Bamgar 1971). 
(C) Plot (after Debon and Le Fort, 1983) illustrating intrusive rock compositions. 
@) Plot (after Man& and Piccoli, 1989) differentiating metaluminous and peraluminous intrusive rocks 
(E) Triangular Zr - Ti/lOO - Y x 3 plot (after Pearce and Cann, 1973). 
f.F) Triangular Zr - TV100 - Sr/2 plot (after Pearce and Cann, 1973 
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graincd andesite which arc generally less than 1 metre 
wide. 

At the occnrrence, there is an estimated 30 to 
40 metre high cliff of leucocratic granodiorite. The 
plutonic rocks are cut by a subvertical set of narrow 
shear fractures and joints that trend north, subparallel 
to the cliff-face. These fractures have controlled some 
narrow (5 centimetre to 1 metre) dikes of greenstone 
that show no chilled margins or thermal haloes. The 
source of the malachite staining occurs approximately 
20 metres up the cliff face, and is inaccessible. 
However, malachite-stained float at the base of the cliff 
comprises granodiorite cut by thin (< 1 centimetre) 
shear fractures filled with euhedral quartz, minor pyrite 
and traces of chalcopyrite. Two grab samples of 
granodiorite with quartz-sulphide veinlets gave 
maximnm assays of 530 ppm copper, 1.1 ppm silver, 32 
ppm molybdenum and 10 ppb gold. Mineralization at 
the Malachite Cliff occurrence is probably related to a 
northerly-striking fault set, and it may be similar in 
origin to the Bella Coola Chief copper occurrence (Day, 
1987) situated further northwest (Figure 1). It 
probably has little economic potential, but suggests that 
the north trending faults visible in air photographs 
along the Noosegulch valley have a potential for 
hosting copper-bearing veins. 

CONCLUSIONS 

The Nitty Zn-Pb-Ag-Ba prospect represents a 
shallow-marine, low temperature volcanogenic massive 
sulphide system that is characterized by disseminated 
mineralization with an atypical VMS metal tenure. An 
exhalative origin is indicated by: (1) the stratifonn and 
conformable nature of the barite cap which probably 
represents a chemical sedimentary unit; and (2) the 
sporadic occurrence of pyritic, red jasper pods and 
veins in the hosting sequence (particularly in the 
hangingwall rocks). 

The prospect is hosted by a package of 
bimodal (basalt-andesite and rhycdacitedacite) 
volcanic rocks that contains both tholeiitic and calc- 
alkaline signatures. Variations in the colour and 
character of the stratigraphic section suggest the 
hostrocks were deposited in an oxidized, emerging 
basin environment that progressively changed from 
shallow marine to subaerial. 

A U-Pb date of 164 Ma on zircons from a suite 
of post-ore quartz porphyry dikes demonstrates that the 
Nifty mineralization and its hosting package are 
Middle Jurassic or older. This radiometric age date, 
the bimodal chemistry of the volcanics, and the 
presence of Jurassic fossils at Compass Lake, four 
kilometres north-east (Glen Woodsworth, personal 
communication, 1997) and in another roof-pendant 
approxunately 50 kilometres to the north-northeast 
(Figure 1), supports Baer’s (1973) view that the 
package hosting the Nii prospect belongs to the 
Middle Jurassic Hazelton Group. 

The Nifty prospect comprises a capmck of 
massive barite which passes down into a zone of 
strongly altered tntTs containing sporadic sphalerite, 
galena and pyrite in a gangne dominated by quartz, 
bar&e and feldspar. This mineralization is underlain by 
a thick and extensive zone of barren silicification that 
contains disseminated, fine-granted pyrite. This zone 
probably represents fc&vall alteration developed 
adjacent to the original hydrothermal conduits 
responsible for the overlying Zn-Pb-Ag-Ba 
mineralization. These conduits are now probably 
occupied by younger, post-ore dikes. 

Micmprobe analyses show that the barite in 
both the barite cap and in the underlying mineralized 
zone contains moderate amounts of St0 (up to 2.61 
weight per cent). The ore minerals consist primarily of 
sphalerite and galena with trace amounts of 
tetrahedrite-tennantite, polybasite (9AgaSSb&), 
chalcopyrite and some other unidentified Ag or Pb-rich 
sulphides, oxides and sulphates. The chalcopyrite 
occurs as small (~30 microns) inclusions in other 
sulphides whereas the other trace minerals form either 
minute and discrete grains in the gangne or late 
microscopic veinlets. Sphalerite has a low Fe and Cd 
content and wne crystals contain minute exsolution 
blebs of chalcopyrite. Galena is Ag-poor and is cut 
rarely by microfractures containing various unidentified 
Ag or Pb-rich minerals. The gangne includes 
potassium and barium-rich feldspars which may 
indicate that the hydrothermal fluids were highly 
saline. 

As well as having anomalous quantities of Ba, 
Zn and Pb. Ae and Cd. the mineralization is weaklv 
enriched in As: Hg and Sb. The very low values of Au 
and Cn, and anomalons amounts of Hg (up to 15 ppm) 
suggests that the NiSy formed in a relatively low 
temperature hydrothermal system. No Hg-bearing 
minerals were detected. However, tetrahedtite- 
tennantite and sphalerite can contain Hg in their crystal 
lattice and this may account for the moderate Hg 
anomalies in the mineralization at the Nifty prospect. 
The distribution of NazO, MgG and KaO in the fwtwall 
rocks indicates the existence of various vertically and 
laterally distributed alteration zones rich in either 
albite, chlorite or K-feldspar. 

The massive, non-bedded nature of the barite 
cap, which lacks sedimentary reworking, suggests it 
precipitated in sea water above a hydrothermal vent or 
vents. Both the barite and the sulphides were possibly 
deposited in narrow, fault-controlled topographic 
depressions on the sea floor, resulting in elongate ore 
zones (Figure 9). The presence of red jasper veins and 
pods in the hangingwall succession (Figure 2) shows 
that hydrothermal activity continued in the area well 
after the formation of the Nifty mineralization. 

A postulated model for the Nifty prospect 
involves oxidised, saline and low temperature 
hydrothermal fluids rising to the shallow sea floor 
along conduits that cut tnffs and tuffaceous sediments 
(Egnre 9). Later, these conduits were reactivated by 
northeast-trending faults which subsequently controlled 
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- - Fm.ture -related hydrothermal conduit 

Figure 9. Postulated model for the Nifty Prospect: Volcanogenic hydrothemnl fluids rising to the sea-floor along 
fractures. Precipitation of barite cap in elongate, stmchnally controlled seafloor depressions, accompanied by deposition 
of disseminated Pb-Zn-Fe sulpbides immediately under the cap and development of an extensive barren footwall 
alteration zone. The conduits later wntrolled the emplacement of various post-ore intrusions, including a 164 Ma 
(Middle Jurassic) suite of quartz porphyry dikes, 
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the emplacement of the quartz porphyry and younger 
andesitic dikes. 

The Nifty rocks have been folded and 
deformed; they currently lie on the northern, steeply 
dipping limb of a major anticline. Small-scale fold 
measurements demonstrate that the major fold has 
gently (15 to 25 degrees), east to south-east plunging 
axes. Although the exposed mineralization is relatively 
minor, blind and elongate orebodies could be present. 
The plunge of these postulated linear orebodies would 
be partly controlled by: (I) the strike of the faults 
marking the original hydrothermal conduits, (2) the 
orientation of the original sea floor surface, and (3) the 
easterly trending fold axes. Consequently, detailed 
geological mapping to determine the geom&y of the 
fold stmctores, to outline the mineral alteration zones 
and locate the original hydrothermal conduits are 
essential prerequisites to any future drilling at the 
prospect. 

The age, bimodal tholeiitic and talc-alkaline 
chemistry and oxidized shallow-marine depositional 
environment of the Nifty ho&c&s are similar to the 
Hazelton Group package hosting the Eskay Creek 
deposit in northwestern British Columbia (Al&&, 
1993; Roth, 1993; MacDonald et al., 1996), and a 
correlation is possible. Thus, the volcanic roof 
pendants in the Bella Coola area and those elsewhere 
along the Coast Belt should be re-evalwted as potential 
hostrocks for E&y Creek-type VMS deposits. 
Furthermore, because the volcanic rocks that 
stmtigraphically overlie the Nifty prospect show local 
evidence of hydrothermal activity in the form of jasper 
veins, it suggest that the subaerial rocks in the package 
warrant exploration for epithermal targets, 
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one of several arsenopyrite showings on the current Mad 
claims (Figure 1). 

Placer gold was discovered on Stirrup Creek at the 
north end of the belt during World War I, and although 
exact production figures are unknown, Warren (1982) 
estimated that approximately 3000 to 5000 ounces of gold 
was produced by about 1940. Old placer workings in 
Watson Bar Creek probably correspond to this period also, 
and small scale placer mining continues to the present 
day. Since 1924, prospecting for the bedrock source of the 
gold in the headwaters of Stirmp Creek has resulted in the 
discovery of the Buster (Sb, Ag), Astooisher (Au, Sb, As, 
Hg, Co), GB (Hg, Sb, Pb, Zn) and several other minor 
showings (Lisle and McAllister, 1989). 

In May 1980, E & B Explorations Inc., staked the 
Carolyn l-8 claims over the Madsen and Second Creeks 
area and identified several large alteration zones of silica 
and carbonate, with sporadic stibnite, arscnopyrite, pyrite, 
cinnabar and other sulphides (Price ef nl., 1981; 
Livingston, 1982). Follow-up work outlined tmmerous As, 
Hg and Au soil anomalies including one over the Zone V 
area. Following a 1982 release of government stream 
sediment survey data which showed anomalous Co, As, 
Au and Hg in the area, Utah Mines Ltd. staked the Mad l- 
11 claims to the west of the Carolyn group. The Carolyn 
claims later lapsed and the ground was rcstaked in 19X6- 
87 as the Second-Ulcer claims (Watson Bar property) by 
R.M. Diirfeld and J.A. McClintock, and as extensions to 
the Mad property by Utah Mines Ltd. 

The Watson Bar property was optioned by Cyprus 
Gold (Canada) Ltd. in 1987 which conducted soil 
sampling, geological mapping and induced polarization 
smveys to define 14 targets. In 1988, test pitting and 
trenching of gold-arsenic soil anomalies at Zone V 
discovered a shallow dipping zone of quartz veins 
containing visible gold (McClintock and Diirfeld, 1988). 
The first drill hole, WB-89-l intersected the vein zone 20 
metres downdip of the trench and assayed 4 metres 
grading 24.5 ppm Au and 67 ppm Ag, as well as several 
deeper zones of lower grade mineralization (Diirfeld, 
1990). Cyprus Gold (Canada) Ltd. further explored Zone 
V and other targets with trenching and drilling before 
relinquishing the property in 1992. A 91 tonne bulk 
sample grading 39.74 ppm Au was mined from the Zone 
V trench and processed at Westmin Resources’ Premier 
Mill at Stewart in 1993-94. 

The current operator, Stirrup Creek Gold Ltd., 
optioned the property and drilled 14 holes at Zone V in 
1996 (Dtirfeld, 1996). A further 11 holes were drilled on 
Zones I, V, X and XI in 1997 and exploration is 
continuing. 

REGIONAL GEOLOGICAL SETTING 

The Watson Bar gold belt is hosted by elastic 
sedimentary rocks of the Early Cretaceous Jackass 
Mountain Group (JMG) which forms part of the accrctcd 
Methow terrane. The belt occurs southwest of the Slok 
Creek fault (SCF)> a southeast-trending stmcturc that 

merges with the Fraser Fault near Lillooet (Figure 1). To 
the northeast of the SCF are andesites and dacites of the 
Cretaceous Spences Bridge Group and andesite flows and 
tuffs and bentooitic sediments of the Eocene Ward Creek 
Assemblage (Trettin, 1961, Hickson et al., 1994). 

The JMG is a shallow to moderately southwest- 
dipping package of volcaniclastic sedimentary rocks 
which is at least 5000 m&es thick. It was probably 
deposited in a submarine fan setting on tbe margin of the 
Tyaughton Basin, a 150 kilometre long, southward- 
narrowing synclinorium (Trettin, 1961; Kleinspehn, 1985; 
Hickson ef al., 1994). The Watson Bar gold belt is mainly 
underlain by the informally named “Member 3” of 
Hickson et al. (1994) which comprises thick-bedded to 
massive, medium to coarse-grained feldspathic and 
volcanic lithic arenite with intercalated pebble 
conglomerate, siltstone and argillite. 

Coincident with the gold belt is a southeast trending 
belt of small stocks, dikes and sills which intrude the JMG 
(Figure 1). These. intrusions range in composition from 
diorite to rhyodacite and are most commonly granodiorite. 
They are commonly porphyritic but are locally medium- 
grained and equigranular in texture. PhenocIysts are 
generally hornblende and/or plagioclase, and less 
commonly quartz. The intrusions are locally deformed and 
weakly altered. On the Watson Bar property the largest 
stock is about 1 kilometre in diameter. The intrusions 
have not been radiometrically dated but field relationships 
suggest they are post-Early Cretaceous and preEocene in 
age. 

The SCF has been interpreted to be a high-angle splay 
of the Fraser Fault with latest motion being strike slip 
(Hickson ef al., 1994). The paucity of Eocene strata west 
of the fault suggests that at least some of the movement 
was post-Eocene with a minimum, east-side-down 
displacement of 1000 metres. To the northwest, near 
French Bar Creek, the SCF disappears under Tertiary 
volcanic rocks (Tipper, 1978). 

South of Watson Bar Creek, the SCF cuts the Watson 
Bar thrust (WBT), an imbricate zone of sooth southwest- 
dipping thrust faults mapped by Hickson ef al. (1994). 
The WBT is described as a highly disrupted, iron stained 
zone, approximately 500 metres thick. It is exposed 
between the 72 and 75 kilometre marks on the West 
Pavillion road. where it consists of boudinaged sandstone 
blocks surrounded by sheared and contorted carbonaceous 
material (Figure 2). Here, the WBT strongly resembles the 
mineralized thrust at Zone V. Tectonic indicators suggest 
north or northeasterly directed movement on the structure. 
To the west, near Madsen Creek, the sheared 
carbonaceous material is uncommon and it appears the 
WBT either dies out, is covered by overburden, or is 
focused into a few narrow thrust planes which have not yet 
been identified. The easterly orientation of the WBT 
suggests that it may be an accommodation structure 
associated with movement on the Fraser fault system (J.M. 
Journeay, personal communication, 1993, cited in Hickson 
ef al., 1994). 
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GEOLOGY OF WATSON BAR PROPERTY 

The Watson Bar (Second) propcr(y has been mapped 
al :I scale of I :5000 by Diirfcld and McClin(ock (10X7). 
McClintock and Diirfcld (19Xx), Diirfcld and Jackson 
(1’100). Diirfcld (I990. 1092) and Read (unpublished 
data). All pclrographic dcscripGons prcscn(cd hcrc xc 
summarized from unpublished thin and polished drill- 
section reports done by J. G. Payne for Cypms Gold 
(Canada) Ltd. or b!~ R~ C. Wells and J.F~ llarris for Stirrup 
Creek Gold Ltd. X-rav diffracGon (XRD) rcsuhs for four 
samples wcrc prwidcd by M. Chnodw (personal 
commonicalion 1907)~ The following dcscripiion rcl& lo 
Ihc immcdintc arca ofZoncs V. IV and I. 

Structure and Lithologies 

Bedding in the JMG al the propen? slrikcs 
sonthcnstcrl~ (I 70 dcgrccs) and dips sh:dlo\\Iy ( Ij-jO 
dcgrccs) lo the sonth\\~cst. In the vicinily of Zone V. lhc 
JMG consists mainly of thick-bcddcd to m:~ssi~c. grcy lo 
grc!~istl-grcc”. lint- 10 mcdillm-~mir~cd. ;Illcrcd 
fcldspalhic arcnite. siltslonc and minor argillitc and 
conglomcr;~tc. Pcriphcrat lo Zone V. many of the 
sandstonc/sii(stollc units conlain calcite veins and/or 
sccondn5 cwbomltc in lhc nulrix. 

21-i British Cohmrbia Geological Snrvc~~ Branch 

In thin-section. lhc arcnilcs arc seen lo bc grain- 
slupporlcd and composed mainly of 0.1-I .O millimclre 
dctrital grains of feldspar. lesser quartz. biotilc. and lilhic 
fi-agmcnts in a secondary marix of calcite. ankcrlle, 
scricilc. biotitc and chlorite. Conglomcralcs are matrix 
supported and polymictic with inlrusivc and volcanic 
clasps up lo IO ccnlimclrcs in diamclcr. 

Al lcasl six sills and scvcral small dikes intrude Ihc 
xmdslonc succession :,I the Zone V occurrcncc (Figure 3). 
The intrusions arc paphyitic. containing phcnocgsls up 
to tivc millimctrcs in Icngh of plagioclasc and/or 
hornblcndc. Quarlz phcnocrysts wc locally prescnl. The 
s:~lls range in rhickncss from 2 lo IS metres and have a 
s:imilar strike and dip lo the mincralizcd zone. Dikes in 
lhc arc:! arc slccpl!; dipping with strikes trending roughly 
nor01 or cast ID southcastcrly. The dikes and sills are fresh 
IO weakly altcrcd: allcrcd varictics nre moNtcd. grccrrish- 
grey. weakly to mcdcratcl~ sericitizcd and chloritizcd. and 
walkI!; calcarco~~s. Plagioclasc is altcrcd to tint scricIIc. 
clay and carbonatc and hornblcndc is partially replaced b) 
chlorilc, carbonate and fine opaqncs. At Zone I; qunrlz- 
fcldspnr porphyry sills have been inlcrscclcd by drillholcs 
al about the same slraligraphic lcvcl as the Zone V lhrul. 
llcrc they arc modcrittcly scricirizcd. siliciticd and locally 
mincralizcd wilh weakly anrifcrous (500-2110 ppb Au) 
qll:lrtz-:lrscnop~ritc-p?ritc veins. AI Zone IV, B porph!;r! 
border phase of the stock has iron carbonalc alteration and 
fine calcite veins culling il. 
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Figure 3. Cross-section 93+00E through %one V (looking northwest) 

Geological Fieldwork 1997, Paper 1998-l 21-5 



Alteration 

Wallrock alteration at the Watson Bar property includes 
locally developed pervasive zcmes of carbonate, sericite- 
pyrite and silica alteration, together with some biotite, 
argillic and propylitic alteration. The identification of 
these alteration types has been aided by x-ray diffraction 
analyses (XRD) and by whole rock analyses presented in 
Table 1. 

Carbonate Alteration 

At Zones I and IV, large areas (>500 metres wide) of 
the sandstone are brown weathering due to pervasive iron 
carbonate and/or dolomite alteration, and calcite is 
common on fractures. Similar, extensive zone of iron 
carbonate alteration arc also seen in the Madsen Creek 
and Watson Bar drainages to the northwest. Although 
calcite or dolomite may be present as a minor constituent 
of quartz veins at Zone V, wallrock directly adjacent to 
these veins is generally not carbonate-rich, probably due to 
later overprinting by more advanced alteration types. 
Above and below the mineralized zone, however, strong 
pervasive calcite-iron carbonate alteration is present. 
Thin-section examination of drill core specimens indicates 
that feldspar grains and matrix are altered to fine 
carbonate, sericite, chlorite, and possibly clay. 

Silicification 

In addition to the auriferous quartz-sulphide veins 
and stockworks described above, there is local pervasive 
replacement by massive chalcedonic quartz. At Zone IV, 
small zones (up to a few metres wide) of chalcedonic silica 
with quartz-calcite-realgar-arsenopyritc-stibnite veins and 
weakly anomalous gold values arc present, and occur 
within a broad iron carbonate alteration zone. Whole rock 
analysis shows this rock to be mainly composed of silica, 
aluminum, iron, magnesium and calcium, a composition 
which is consistent with quartz, dolomite, iron carbonate 
and mica minerals (sample GR97-44, Table I). 

Sericite-&rite Alteration 

Sericite-pyrite alteration occurs as selvagcs adjacent 
to auriferous quartz-carbonate-sulphide veins. It generally 
lacks carbonate minerals, suggesting it has overprinted 
and replaced the earlier, more widespread carbonate 
alteration. Muscovite has been identified by XRD in black 
carbonaceous material, and in light gray “clay” alteration. 
In thin-section, sericite is seen replacing both dctrital 
grains and matrix in the sandstones, and pyrite occurs as 
subhedral to euhedral grains up to 0.3 millimetrcs in size. 
In general, intrusive rocks at Zone V show only weak 
sericite-chlorite-carbonate alteration, however, porphyry 
sills mineralized with quartz-arsenopyritc-pyrite veins in 
the deeper part of Zone I to the south show pervasive 
quartz-sericite-pyrite alteration and are locally silicitied. 

Argillic AIteration 

Zones of pervasive argillic alteration of sandstone 
have been identified in the main trench at Zone V. Pale 
grey to white, mineralized sandstone adjacent to 
cockscomb quartz veins is rich in silica, aluminum and 
potassium (samples GR97-48, 49, Table 1). An XRD 
analysis of sample GR97-48 indicates that 
illite/muscovite, quartz, scorodite, and kaolinite-smectite 
are present. In addition, an unweathered, clay-altered 
sample, taken from DDH 97-05, contains muscovite/illite, 
kaolinite and pseudorutile. Small patches of similar 
argillic alteration are exposed in road cuts at Zones 1 and 
IV. These contain white clay or kaolinite alteration 
adjacent to siliciiied zones within larger zones of 
pervasive iron carbonate alteration. A sample of clay- 
altered rock from Zone IV is high in Al2O1 and Si02 
(sample GR97-43, Table 1) and XRD analyses indicates 
that the minerals quartz, kaolinite, scorodite and chlorite 
are present. Some of the kaolinite in surface exposures 
was probably formed by weathering rather than hrpogene 
pXC?.SfS. 

Biotite Alteration 

At Zone V, minor brown biotite occurs as both 
detrital grains and in the sandstone matrix. However, it is 
not clear if the biotite in the matrix represents minute 
detritus, is a hydrothermal alteration related to the nearby 
mineralization, or is a weak hornfels related to the 
porphyry sills and dikes. 

Mineralization 

Geometry and Structure 

Zone V consists of an assemblage of bedding-parallel 
shears, brecciated quartz-sulphide vein material, gouge, 
carbonaceous material and altered and unaltered 
sandstone blocks. It varies from a few metres to as much 
as 35 mctrcs in thickness, strikes southeasterly and dips 
shallowly southwest, conformable with the local strike and 
dip of the sandstone bedding. 

The upper plane of the zone is marked by sheared, 
pyritic, carbonaceous material and is undulating in cross- 
section (Figure 3), ranging in dip angle from 15 to 35 
degrees but averaging 20-E degrees. To date the zone has 
been defined by trenching and drilling over a strike length 
of 150 mctres and a dip length of 350 metres. In the main 
trench (Figure 4), the zone consists of a numerous 
tectonizcd blocks of quartz-sulphide vein material, altered 
and mineralized wallrock and unmineralizcd sandstone 
country rock, all surrounded by contorted and sheared 
carbonaceous material and gouge. Individual unaltered 
sandstone blocks are locally boudinaged and show 
rounding, milling and rotation (Figure 4). Most blocks are 
ellipsoid and have an apparent northerly elongation. 

21-6 British Columbia Geological Survey Branch 



Table 1. Whole rock geochemical data, Zones I, IV and Watson Bar Property. 

Element 
SiO2 
Ti02 
A1203 
Fe203 
MIIO 
WJ 
cao 
Na20 
K20 
P205 
Ba 
LOI 
Total 

GR97-43 GR97-44 GR97-46 GR97-47 GR97-48 GR97-49 GR97-53 GR97-54 
IV IV V V V V I I 

67.97 53.61 
1.21 0.18 

M.72 4.65 
0.43 6.03 
0.01 0.16 
0.16 4.73 
0.15 11.78 
0.01 0.01 
0.28 0.31 
0.11 0.05 
0.01 0.04 
8.89 17.48 

99.95 9903 

81.92 
0.02 
0.95 
5.53 
0.03 
1.31 
0.17 
0.02 
0.11 
0.02 
0.01 
5.32 

95.41 

83.69 69.08 66.72 46.35 58.35 
0.02 0.51 0.97 0.82 0.89 
0.84 16.18 17.83 17.46 19.21 
4.37 2.05 1.95 5.66 7.65 
0.02 0.01 0.01 0.09 0.11 
0.68 1.24 1.24 3.5 0.11 
0.19 0.19 0.22 7.26 2.03 
0.02 0.15 0.08 0.02 0.04 
0.06 4.33 4.71 0.09 0.16 
0.02 0.03 0.13 0.24 0.28 
0.01 0.04 0.05 0.01 0.02 

4.9 4.48 5.12 18.39 10.78 
94.82 96.29 99.03 99.91 99.83 

Table 2. Trace element geochemical data, Zones I, IV and V, Watson Bar Property. 
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Locally, gently southdipping, coarsely bladcd 
cockscomb quartz-sulphide veins are scparatcd by thin 
gouge layers (Figure 5). Thcsc veins appear lo bc 
sygmoidal tension veins, however, it is unclear whcthcr 
the veins are prc-shear in age or whclher they dcvclopcd 
in dilational zones during the thrusting movement. In 
other places, greyish-white clay-altcrcd sandstone is cut 
by a stockwork of coarsely bladed. cockscomb, 
auriferous quartz wins (Figure 6). Overall, this zone 01 
sharing and brecciation is interpreted to be a north or 
northeast-directed thrust fault, and could represent the 
upper plane of the Watson Bar thrust. 

Drill hole cross-sections also suggest, in R larger 
sense, that the carbonaceous/quartl.-sulphide zone is an 
undulating, ~“~St~“l”Zi”g series of parallel. 
conformable thrusts (Figure 3). However. there arc 
lypically two dislincl mineralized zones lhat locally 
merge to form one thick zone up lo 35 mctrcs {hick 
(Figure 3). The upper zone is typically richer in Au and 
is situated from five to ten metres bcloa lhc 
carbonaceous hangin~vall and is less than ten mctres in 
thickness. The lop of the lower zone lies from 20 to 30 
metres beneath lhc upper plane and il can bc as much as 
lifleen mclres thick. 

A contoured plan of Au grade timcs thickness in 
drill inlcrseclions shows that thcrc are two or three 
trends of gold enrichment and/or lhickcning of lhc 
mmeralizcd zone (Fiyrc 7). Thcsc trends hwc 
northerly, castcrly. and southeasterly azimuths. These 
enriched zones may bc due lo smearing and/or 
elongation of the gold mineralization due to the norlh or 

northeaslcrly directed shearing. Alternatively, lhcy may 
represcnl unrecognized cross faults which could have 
acted as channelways for mineralizing fluids. 

Gold al the Zone V trench occur in the following 
settings: (I) in deformed, fractured, coarse-bladed, 
druy, cockscomb quanz-carbonale-sulphide veins, (2) 
in black carbonaceous gouge malcrial which contains 
broken-up quartz-sulphide veins, and (3) less 
commonly, in bleached. clay-altered sandstone which 
locally forms wallrock to lhc quartz veins. Analyses for 
gold and olher metals are presented in Table 2. 

Visible gold is seen locally in lhc quartz veins, and 
free gold can be panned from scoroditc-rich quartz vein 
material taken from the main trench (Figures 5, 6). The 
quartz veins grade up lo 233.8 ppm Au in grab samples 
(Dtirfcld. 1996). Individual veins arc generally less than 
20 centimclres in width and consist of bladed, 
cockscomb quartz crystals up lo S centimctres in length 
and interstitial carbonate and sulphides. The quartz is 
commonly deformed and brccciated and contains 
abundant coarse-grained euhcdral arsenopyrite. pyrite 
and lcsscr galena, sphalcritc and chalcopyrite (samples 
GR97-46, 17, 57. Table 2). Ganyc minerals are 
predominantly quartz with lcsscr calcite and/or 
dolomite. The bladed habit of the quartz crystals suggest 
that they arc pseudomorphs after early formed calcite 
and this is one fcature suggcsling it developed in an 
cpithcmmal cnvironmcnt. 
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Ore-grade gold values also occur in various types of 
gouge including black, foliated carbonaceous material that 
often contain fragments of fractured quartz-solphide vein 
together with disseminated tine grained pyrite and 
arsenopyrite (sample GR97-56, Table 2). An XRD 
analysis from DDH 97-08 indicates that graphite, 
muscovite, chlorite, and quartz arc present, with possibly 
some realgar and ankerite. 

Gold values also occur in the greyish-white, clay- 
altered sandstone wallrock lying adjacent to quartz veins 
(samples GR97-48 and 49, Tables 1 and 2; Figure 6). 
Whole rock data show these rocks to contain abundant 
SiOz, Al,O,, FQO~, and K,O. This is consistent with XP.D 
analyses indicating the presence of illite/muscotite, 
quartz, scorodite, kaolinite-smectite and pseudorutile. 

LITHOGEOCHEMISTRY 

Most drill core from the Second-Ulcer property has 
been subjected to comprehensive fire assays and multi- 
element ICP analyses and these results are presented by 
Dttrfeld (1992, 1996). A review of these data shows that in 
addition to gold, the mineralization at Zone V contains 
high quantities of silver (to >200 ppm), arsenic (to 
>lOOOO ppm) and lead (to >l%). Locally, the gold-rich 
zones may be moderately to highly enriched in bismuth (to 
329 ppm), cadmium (to ~100 ppm), copper (to 3216 
ppm), antimony (to 225 ppm), zinc (to >l%), and 
tungsten (to 61 ppm). The Ag/Ao ratio at Zone V is 
variable, ranging between 0.1 and 25.3 but averages 2.0, 
based on 47 tire assays from drill core. 

The highest gold, silver and associated metal values 
in Zone V correlate with the quartz-carbonate-sulphide 
veins, carbonaceous material and gouge. In general, the 
content of all metals increase sharply below the 
hangingwall of the uppermost, thick, brecciated, quartz 
and sulphide-bearing, carbonaceous thrust fault zone in 
each hole. In most holes there are upper and lower 
mineralized zones separated by up to 20 mews of barren, 
weakly to unaltered sandstone. In some holes, consistently 
anomalous gold values (>500 ppb) extend for as much as 
35 metres, across the entire thrust zone. 

As part of this study, a small number of multielement 
geochemical analyses were completed on mineralized, 
weakly mineralized and anmineralized samples collected 
from Zones V, I and IV (Table 2). Mineralization at Zone 
V is highly enriched in Au, Ag, As and Pb, and 
moderately enriched in Sb, Co, Zn, Cd, Bi, Se, Tl and Hg. 

By contrast, the altered rocks from Zone IV contain 
high levels of Sb and Hg but only weak to moderate 
amounts of As, Pb and Zn and background values in Au, 
Ag and Cu. The high Sb and Hg values and the presence 
of chalcedonic silica and kaolinite alteration suggest that 
Zone IV formed part of a epithennal hot spring system, 
and perhaps lay above the level where an enrichment in 
Au-Ag-Cu-Pb-Zn values could be expected. 

Intrusive sills in Zone V arc generally devoid of 
anomalous metal values, although 800 metrcs to the sooth, 

at Zone I, drillholes have intersected mineralized sills at 
the same stratigraphic position as Zone V. These sills are 
sericitized and silicified qoartz-feldspar porphyries and 
are cut by auriferoos quartz-arsenopyrite-pyrite veins and 
carbonaceous material. 

DISCUSSION 

The Zone V gold-silver-base metal occurrence is a 
stroctarally controlled, low sulphidation, epithermal 
deposit similar to those described by White and 
Hedenquist (1995). Evidence for this origin include (1) the 
predominant Occurrence of gold in coarsely bladed, 
cockscomb, cavity-filled quartz-carbonate-sulphide veins, 
(2) the association with sericite-pyrite and local clay 
(illite, smcctite, kaolinite) wallrock alteration, and (3) the 
consistent association of Au-Ag-As& with local zones of 
moderate to highly anomalous Bi, Cd, Cu, Hg, Sb, Se, Tl, 
W, and Zn values. The deposit is unusual in its occurrence 
in a thrust fault zone, its feldspathic arenite host rocks, 
and the abundance of carbonaceous material. In addition, 
its Ag/Au ratio of about two is anomalously low for 
epithermal deposits which are generally more silver-rich. 

The timing of mineralization in relation to intrusion 
of porphyry sills, thrust faulting and alteration is so far 
poorly constrained. In the Watson Bar gold belt regionally 
extensive iron carbonate alteration is spatially, and 
possibly temporally, associated with a belt of small 
porphyry bodies. Sills at Zone V are unmineralized, only 
weakly altered, and exhibit no obvious association with 
the gold mineralization. However, at Zone I, to the south, 
similar quartz-feldspar porphyry sills are silicified, 
sericitized and cut by auriferous quartz-solphide veins. 
Therefore, we believe that the main phase of Au 
mineralization in the area is genetically related to the sills. 

The thrusting event at Zone V is probably in part 
older or coeval with, and in part younger than the 
mineralization. Some of the veins have the appearance of 
sygmoidal tension veins which have grown in place 
during movement on the thrust (Figure 5). These veins dip 
shallowly south, are oblique to the thrust surface, and 
consist of cockscomb quartz-carbonate-sulphide veins 
separated by thin gouge layers. The cockscomb quartz 
veins are delicate and it seems unlikely that blocks of this 
material could have remained intact during extensive 
thrusting. Other evidence, however, suggests that some of 
the thrust movement took place after mineralization, such 
as the presence of (1) brecciated vein material in sheared 
carbonaceous gouge, and (2) large, rounded and milled 
blocks of unaltered sandstone intermixed with blocks of 
altered and mineralized rock (Figures 5, 6). Although the 
amount of movement is unknown, the upper plate of the 
thrust apparently moved in a northerly or northeasterly 
direction. Thus, the source of the mineralized blocks was 
probably to the south or southwest of the current Zone V 
drilling. 
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Figure 7. Grade times thickness plot of drill hole pierce points in Zone V showing northerly, easterly and southeasterly enrichments. 
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CONCLUSIONS 

This study has the following implications for 
exploration at Zone V and the Watson Bar gold belt: 

*Low snlphidation, epithennal precious-metal 
mineralization, comprising the Watson Bar gold belt, 
occurs over a 25 kilometres long area. Regionally, the 
cc~~ences are spatially associated with small intrusive 
bodies and widespread iron carbonate alteration. On a 
local scale, however, some occurrences such as the Zone 
V mineralization, are associated with sporadic s&cite- 
pyrite and clay alteration which overprints the older 
iron carbonate alteration. These mire advanced 
alterations are a better guide to gold mineralization. 

*The mineralization discovered at Zone V indicates 
that thrust faults are a” excellent structural host for 
mineralization in the Watson Bar gold belt. The Watson 
Bar thrust and other low angle structures in the belt 
have the potential for similar mineralization. 

*A strong association exists between the auriferous 
quartz-snlphide veins and sheared carbonaceous 
material at Zone V. It is possible that the carbon has 
acted as a chemical trap for gold and other metals. This 
CXbO”WXWS material may represent sheared 
argillaceous sedimentary rocks, or alternatively, it may 
have formed through hydrothermal transportation and 
re-deposition of carbon during or prior to gold 
mineralization. 

*Barren silicitication and kaolinite alteration with 
anomalous Hg, Sb and As at Zone IV may represent 
epithermal mineralization formed at a very high level. 
Blind epithermal deposits containing Au, Ag, Cu, Pb, 
and Zn may underlie these barren alteration zones. 

*Mineralization discovered at Zone V provides 
evidence that the Watson Bar gold belt has the potential 
for hosting both high-grade, bonanza veins, as well as 
bulk tonnage gold deposits. 
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METALLOGENY OF THE SLOCAN CITY MINING CAMP (82F11/14) 

By B.N. Church (P.Eng.), B.C. Geological Survey 

KEYWORDS: Slocan veins, silver-lead-zinc, Nelson 
batholith, Kootenay Arc. 

INTRODUCTION 

The Slocan area has had a long and illustrious mining 
history which has fluctuated from periods of intense 
exploration to inactivity (Figure I). Prospecting in the 
West Kootenays dates back to the 1820’s when the 
Bluebell deposit near Riondel on Kootenay Lake was 
discovered. Active exploration began around 1865. In 
1883 Thomas Hammil located the Lulu and Spring claims 
at Ainsworth and Jim Brennan, a prospector working west 
of A&worth in the late 1880’s, collected some high grade 
silver samples which attracted considerable attention to 
this new and virtually unexplored area. After initial interest 
at Sandon, prospectors extended their range of exploration 
to the south and west, discovering several deposits 
containing appreciable gold on Memphis Creek and 
locating the Dayton claim near Slocan City in 1893. 

During this period, sustained mining throughout the 
Sloan area provided the incentive for the Canadian Pacific 
Railway to extend their line south and east from Nakusp to 
Kaslo and Cody in 1895, and connect Slocan City with the 
Nelson line in 1897. Sloan soon became one of the most 
productive mining camp in the province. The ore was 
shipped to smelters at Trail and Nelson from numerous 
local concentrating mills. Peak production in the Slocan 

,s attained in 1918 

Figure I. Location map, Slocan City mining camp 

GEOLOGICAL SETTING 

The geology of the Slocao area (82FNw) comprises 
diverse lithological elements belonging to several tectonic 
temmes (Figure 2). On a regional scale, the Sloan Mining 
Camp is within the Kootenay Arc which lies between the 
Precambrian Purcell anticlinorium on the east and the 
Monashee and Valhalla metamorphic complexes to the 
west and northwest (Reesor, 1965). 

The Kootenay arc is a 400 km long curving belt of 
early Paleozoic to Mesozoic sedimentary, volcanic and 
crystalline metamorphic rocks trending northeast for 160 
kilometres across Washington state into British Columbia, 
then north along Kootenay Lake and northwest into the 
Revelstoke area. 

In the Kootenay Lake area, the arc succession 
comprises the Hamill, Lardeau, Milford, Kaslo, Slocan and 
Rossland groups. The Hamill and Lardeau constitute the 
early Paleozoic pericratonic Kootenay terrane; the Milford 
and Kaslo belong to the accreted late Paleozoic Slide 
Mountain terrane. The Hamill is mostly quartzite; the 
Lardeau has a lower calcareous section overlain by a thick 
succession of schists and quart&es with lenticular masses 
of volcanic rock. The Milford and Kaslo groups are late 
Paleozoic oceanic assemblages that include phyllites, 
thinly bedded c&-silicate metasedimentary rocks, chert 
beds, basic volcanic rocks and serpentinites (Fyles, 1967). 

The Mesozoic formations constitute the Quesnel 
terrane that lies along the western side and within the 
curvature of the Kootenay arc. The Rossland volcanics 
(Hoy and Dunne, 1997) and the Slocan argillite, slate and 
limestones we important units in this terrane and contain 
significant mineral deposits such as found in the Slocan 
silver-lead-zinc camp. 

Granitic plutons including several small batholiths, 
many stocks and sill-like masses, interrupt the continuity 
of the older deformed stratigraphic succession throughout 
the Kootenay Arc. These include the Nelson batholith and 
many smaller stocks and sill-like masses. They are 
predominantly granite and granodiorite although the 
compositions range widely. The Nelson plutonic rocks are 
generally considered to be Upper Jurassic or Lower 
Cretaceous (Sevigny and Parrish, 1993). 

The Nelson batholith and many of the granitic stocks 
have local zones of intense deformation around their 
margins. On the north and western edge of the Nelson 
batholith older strata are buckled downward within 1 
kilometre or so of exposed granitic rock. Regional 
structores are deflected into near parallelism with the 
margins of the intrusion. It may be that the warps 
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preceeded and controlled the emplacement of the granitic 
masses or, possibly, forceful intrusion deformed the 
wallrocks accompanied, or followed by, marginal zones of 
faulting. 

Small Tertiary intrusions are common in the southern 
part of the arc and west of it. These include stocks of fresh 
granite and augite-biotite syenite and monzonite 

Figure 2. Geology ofthe Slocan City area (after Cairnes, 1934; 
little, 1960): contours are 3rd order polynomial fit of AulAg 
ratios (Orr and Sinclair, 1971). 

All the rocks are cut by lamporphyre dikes which 
follow fractures, faults or prominent foliation planes and 
range from small discontinuous masses to bodies a few 
tens of mehes wide and a few thousand metres long. They 
are dark greensih grey or brownish rocks commonly with 
subhedral phenocrysts of biotite, feldspar, hornblende or 
augite. These dikes are undeformed and mainly Tertiary 
age (Beaudoin, 1991). 

Nelson Plutonic Rocks 

The Nelson batholith underlies much of the western 
part of the Kootenay district where it is a complex of 
intrusives rocks differing in structore, texture and 
composition. It was first examined by Dawson (1890), and 
named the “Nelson granite” by McConnell and Brock 
(1904). The batholith is the principal rock type within the 
Slocan City camp and in this area it is subdivided into 
three phases (Cairnes, 1934) - gmnitic porphyry, crushed 
povhm and massive equigranular granite and 
granodiorite (Figure 2). 

The granitic porphyry is the predominant phase and 
hosts most of the ore deposits (Photo 1). It is 
characteristically coarse-grained and distinguished by 
rectanglular phenocrysts (megacrysts) of K-spar, 
commonly several centimetres long and comprising up to 
50 per cent of the rock. The K-spar megacrysts are simple 
or C&bad twins of perthitic orthoclase replaced locally 
by microcline. Exposed surfaces of the rock are light grey 
with a flesh-colour hue due to weathering of the K-spar. 
The megacrysts are set in a coarse grained groundmass 
comprising subhedral plagioclase (An,,,,), anhedrel 
quartz, irregular clots of amphibole and biotite, interstitial 
microcline, and minor amounts of apatite, sphene, 
magnetite and sulphides. Thin sections and chemical 
analyses indicate that the rock is a silica-poor granite 
verging to monzonite composition, having roughly equal 
amounts of alkali feldspar and plagioclase and an 
alkali/lime index greater than 1 (Table 1). The granite 
facies, such as found at the Meteor, Arlington and 
Enterprise mines, is light coloured (colour index 5-8 per 
cent), compared to the monzonite facies at the Little Tim, 
Ottawa and Westmont mines, where the rock typically has 
less than 20 per cent quartz and a colour index of 9-15 per 
cent. Pegmatitic facies ale confined to small, irregular 
masses in the porphyritic granite, fragments of which are 
seen in outcrops, the rock dumps and core samples from 
the Ottawa, Arlington and Chapleau mines. 

The crushed porphyry forms a 100-300 metre wide 
band adjacent to the Slocan Lake fault along the west 
margin of the Nelson batholith. It is the same composition 
as the normal graniteimonzonite porphyry and is believed 
to be the result of deformation caused by erogenic forces 
such as the intrusion of the Nelson batholith (Columbia0 
or detachment faulting (Laramide) associated with the 
development of the Valhalla metamorphic complex west of 
the batholith (Car et al., 1987). The rock is commonly rust 
coloured as a result of alteration of fen-omagnesian 
constituents by hydrothermal solutions moving along 
numerous fractures and shear planes (Parrish, 1984). 

22-2 British Columbia Geological Survey Branch 



Photo I. Nelson granitic porphyry 

Non-porphyritic facies of the Nelson batholith occur 
as dark coloured diorite and amphibolitic border facies and 
as xenoliths within the porphyry facies. Also, a large 
equigranular granite - granodiorite body underlies Lemon 
Creek and the area to the south. The dark coloured facie% 
containing as much as 50 per cent amphibole, may 
represent wholly or partially digested walls (Slocan or 
Rossland rocks?) of the batholith. The Lemon Creek 
granitic rocks may be slightly older or younger than the 
Nelson porphyry. 

Structural Geology 

The Slocan Lake fault is a 100 kilometre long, linear 
detachment structure exposed above the east shore of 
Slocan Lake (Figure 2). It dips moderately to the east and 
juxtaposes a ductilely deformed ‘lower plate’ of 
retrograded gneissic rocks of the Valhalla complex with an 
‘upper plate’ of brecciated, fractured and hydrothermally 
altered granitic rocks of the Nelson batholith (Parrish, 
1984). The lack of penetrative fabric distinguishes plutonic 
rocks of the Nelson batholith from the gneisses of the 
lower plate. Fabrics in the shear zone associated with the 
fault indicate easterly down dip displacement of the upper 
plate. Geochronological data suggest that scnne ductile 
strain exhibited in the gneisses and faulting is early 
Tertiary age and superimposed on considerably older 
deformation structures possibly related to the original 
emplacement of the Nelson batholith. 

The fracture frequency pattern displayed by the 
Nelson batholith in the Slocan City area has three principal 
directions based on 318 measurements. These are (I) 
030”/70”SE; (2) 105”/8O”S and (3) 160”/8S”SW (Figure 3). 
Fracture sets (I) and (2) are cross joints, steeply inclined to 
the gently dipping Slocan Lake fault and footwall gneiss 
complex. The northeast-striking fracture set (I) is the main 
direction, similar in strike and dip to the veins at the 
Enterprise, Arlington and Little Tim mines (Table 2). 
Subsidiary fractures (2) trend easterly similar to the veins 
at the Meteor and Chapleau mines. Fracture set (3) 
coincides with a sinistral fault that cuts the main vein at the 
Enterprise mine. It may also be related to the listric 
movement associated with footwall complex as shown in 
Figure 4 

- 

Figure 3. Fraclurc frcqucncy plot 

Parrish (1984) and Carr (1985) have explained the 
mechanism of listric normal detachment faulting as related 
to the Valhalla metamorphic core complex and the 
overlying westerly lobe of the Nelson batholith. According 
to these authors, the uplift of the core complex in the early 
Tertiary resulted in detachment of the batholith along the 
lower contact of the intrusion to form the Slocan Lake 
fault, resulting in downward movement of the granite slab 

- 
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Comprehensive dcscriptionr oFthe lnineral deposits 01 
the region are by Caimes (1934). Mnconachie (1940). 
I.ittle (1960) and Brown and Logan (1989). Sprcific 
details oIthe history and geology of the various propelties 
xc rccal-ded in the numerous B.C. Minister of Mines 
reports and assessn~ent reports covering the camp. 

Entcrpri.w (L. 1014; MINFILE iIXZFNWI4X) 



The main vein was discovered in 1894 and mined by 
Enterprise (B.C.) Mines Co. Ltd. until 1901 and then by 
lessees. In 1928 the property was purchased by Yankee 
Girl Consolidated Mines Ltd. which was obliged to close 
operations in 1930. From 1941 to 1943 the property was 
leased, during which time the mine tailings and dump were 
re-worked. In 1944 Western Exploration Co. Ltd. 
purchased the property and operated it until 1953. 
Subsequently, until 1977, there has been intermittant 
production from a number of mining and salvage 
operations. Production from the property began in 1896 
and 10,687 tonnes of ore were mined by 1977 yielding 
32,676,718 g of silver, 1,674 tonnes of lead, 1,068 tonnes 
of zinc and ancillary gold, cadmium and copper. 

The Enterprise lode has been developed by nine adits, 
several intermediate levels and two shafts. One shaft was 
sunk on the lode about 15 m&es above and 90 m&es 
southwest of the uppermost adit, and the other shaft from a 
point about 10 metres below and a short distance northeast 
of the lowest adit - the difference in elevation behveen the 
collar of the upper shaft and the bottom of the lower shaft 
being about 335 metres. 

The rock underlying the property is a light coloured, 
coarse grained porphyritic granite of the Nelson batholith 
(Table 1, Number 2). More basic phases of the batholith, 
found locally in the mine workings, form irregular bodies 
of varying size that appear to be either digested inclusions 
or differentiates of’the granitic magma. The Nelson rocks 
arc intruded by a few small, hornblende porphyry and 
olivine-pyroxene lamprophyre dikes. Some of these dikes 
cut across the Enterprise lode whereas others are pre- 
mineral and disrupted by the same faults that cut the vein. 

The main vein, averaging less than 0.3 metres wide, is 
continuous for more than 600 metres striking 050°, dipping 
70’ to 85” southeast (Table 2). On the upper levels of the 
mine the vein is tilled with varying proportions of quartz 
and ore minerals, especially galena and tetrabedrite. On the 
lower levels, siderite and other carbonate gaogue minerals 
are more abundant than quartz, and sphalerite is the 
predominant ore mineral. Most of the silver is believed to 
be contained in tetrahedrite and ruby silver (Photo 3). 

The vein is interropted by a major fault, or fault zone, 
and several minor faults and slips. The major fault 
intercepts the vein nearly at right angles about midway 
between the two shafts. The zone of faulting is 6 to 9 
metres wide, strikes 160° and dips 90” to 75’ northeast 
The apparent displacement of the vein is about 30 metres 
to the left. 

Aside from the extensive developments on the main 
Enterprise lode, some work has been done on a second 
lode outcropping 115 m&es to the west. lo 1927 it had 
been drifted on for about 45 metres. It is a wide shear zone 
composed mostly of crushed granitic rock partly cemented 
by quartz gangue with some calcite. lt strikes 040” and 
dips 70” southeast. In character and width, this lode bears 
some resemblance to a vein developed at the Arlington 
mine which may be on part of a continuous structure. It 
seems that both lodes at the Enterprise mine and those on 
adjoining properties are within a single, wide zone of 

fissuring, shearing and brecciation, and that to the 
southwest this zone passes through the Arlington, 
Speculator and intervening properties. 

Photo 3. Sulphides and quartz tilling, Enterprise vein (solid circle 
= I cm.). 

Arlington (L. 3648; MINFLE 082FNW152) 

The Arlington property comprises the Arlington, 
Burlington No. 2 and Stephaoite Crown granted claims and 
fractions sitoated on the north slope of the valley near the 
confluence of Speculator and Springer creeks, 8 kilometres 
east-northeast of Slocan. Access to the property from the 
Slocan highway is via the Spinger Creek road. 

The Arlington mine was worked extensively from 
1899 through 1903, then intermittently until 1971. In 1969 
and 1970 Arlington Silver Mines Ltd. stoped and shipped 
OE, which was mainly salvaged from the old wokings, and 
what appears to be the northern extension of the vein 
system was explored by diamond drilling. 

The mine was developed by eight adits over a vertical 
range of about 200 metres. In the early years the bulk of 
the ore was taken from the iiftb to seventh levels and from 
the original discovery at surface near the shaft. In the latter 
years, underground work was confined to the lowest two 
levels. 

The Arlington lode is a mineralized shear zone, about 
20 m&es wide, in coarse-grained hornblende granite of 
the Nelson batholith with basic monzonite inclusions 
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(Table I, Numbers 3 and 13). The zone includes a “umber 
of parallel fissures and maintains a uniform strike of 040’, 
dipping 60’ to 70” southeast (Table 2). 

The ore is largely replacement of the country rock 
occurring as thin sulphide lenses on continuous fractures. 
The chief ore minerals are coarse to medium grained 
galena and sphalerite associated disseminated pyrite, 
chalcopyrite, stephanite, tetrahedrite and native silver 
(Photo 4). 

Photo 4. Replacement sulphides in shear, Arlington mine (solid 
circle = 1 cm.). 

Westmont (L. 89.29; MINFILE 082FNW145) 

The Weshnont property, comprising the Westmont (L. 
X929), Eastmont (L. 8924), Oddfellow, White Cloud, Lily 
G., Yankee Girl and Clipper Crown granted claims and 
fractions, is situated on the north slope of the valley of 
Enterprise Creek, 12.5 kilometres northeast of Slocan. 
Access to the property is from the Slocan highway via the 
main Enterprise Creek road. The 0.8 kilometres of old road 
between the main road and the mine was reopened in 1958 
and a bridge was conshucted over Westmont Creek. 

Development work on the Westmont property began 
in the 1890s although production stated in 1907 and 
continued until 1914. the property was worked 
continuously. Subsequent mining until 1971, mainly by 
lesses, was intermittent. The mine workings consist of at 
least four adits, located east of Westmont Creek, ranging in 
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elevation from 150 to 400 metres above the main road 
along Enterprise Creek. In 1958, the No. 4 adit was 
retimbered from the entry to the intersection of the main 
vein, a distance of 60 metres. At this time caved ground 
was cleared west of the intersection, for about 300 metres, 
to provide sufficient access to the bottom of the old stope 
area to re-establish natural ventilation. East of the 
intersection, 30 metres of drifting was done on the main 
vein and about 400 tonnes of ore was removed from the 
stope above the drift. Production from the mine to 1980 
totals 3,2l I tonnes of ore that yielded 11,0X4,830 grams of 
silver plus 2,058 grams of gold, 199,781 kilograms lead 
and 65,920 kilograms of zinc. 

Photo 5. Tetrahedrite-rich ore, Westmont mine (solid circle = I 
cm.). 

The property is underlain chiefly by coarse grained, 
porphyritic Nelson monzonite (Table 1, Number 9). The 
granite is traversed by basic dikes along which some 
renewed faulting has occurred. Faulting follows two 
principal directions, one striking northeast and steeply 
dipping, the other striking northwest and dipping steeply 
northeast. 

The main lode, as exposed in the lower No. 3 and NO. 
4 adits, is mostly a steeply dipping fault-fissure zone that 
strikes northeast, however, at about 120 metres from the 
portal of these two adits the lode swings to a more easterly 
strike and dips 70” north (Table 2). It varies up to 2.4 
metres in width and averages 1.2 metres wide. The lode is 
composed of broken and crushed rock partly cemented by 
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quartz which also forms veins and lenses 0.5 m&es or 
more thick. The quartz is banded and also shows some 
comb structure. It carries disseminations, pockets and 
streaks of galena, sphalerite, pyrite, tetrahedrite, ruby 
silver, and native silver intimately associated with one 
another in varying proportions (Photo 5). The richest ore 
was found between No. 2 and No. 3 levels. In some places 
high silver is associated with galena but elsewhere 
combinations of tetrahedrite, sphalerite and native silver 
yield the best silver values. 

Slocan Prince (L. 582); (MINFILE 082FNWl40): 

The Slocan Prince property, comprising the Slocan 
Prince (L. 582), Two Friends (L. 1020), Black Prince (L. 
584), Bank of England (L. 2214) and Moonraker (L. 8939) 
Crown granted claims and fractions, is situated at the head 
of Crusader Creek, IO kilometres east of Slocan. Access to 
the property from the Slocan highway is via the Lemon 
Creek and Crusader Creek roads. 

This property was among the first staked in the Slocan 
City mining division and much work was done on it prior 
to 1900. The first production recorded was in 1896 from 
the Two Friends claim and this consisted of 36 tonnes of 
ore averaging 10,000 g/t silver and 50 per cent lead. The 
Slocan Prince and Black Prince had greater output, 
especially in the years 1901, 1905 and 1906 when ore 
shipments from these claims ranged to several hundred 
tonnes. Total ore production from the property up to 1970 
amounts to 1,754 tonnes containing 7,045,304 grams of 
silver plus 128,781 kilograms of lead and 11,852 
kilograms of zinc. 

The property is underlain by cc~arse grained, 
porphyritic phases of the Nelson batholith. Granite and 
monzonite are the most cmnmon rocks but locally more 
basic phases of this intrusion are present (Table I, Number 
12). These granitic rocks are traversed by a few acid and 
basic dikes and many faults and shear zones, along which 
mineralization has occurred. 

The workings comprise seven or more crosscut adits 
driven northerly to northwesterly and distributed from west 
to east across the claim group. The workings develop, 
principally, two fissure-vein systems referred to as the 
North and South lodes. The North lode outcrops on both 
the Bank of England and the Two Friends claims and has 
been traced for about 450 m&es in an easterly direction 
almost parallel with the north and south boundaries of 
these claims. The north lode is intercepted by two adits on 
the Bank of England claim and, farther east, by two or 
three adits on the Two Friends claim. The lode strikes 060” 
to 070’ and dips steeply northwest. In the Bank of England 
workings the mineralization is about 0.5 metre wide, 
nearly continuous for about a hundred m&es, and consists 
of quartz with some calcite carrying galena, sphalerite and 
probably high-grade silver minerals. The lode intersects 
and slightly displaces a small basic dike. The Two Friends 
adits are situated about 135 m&es to the east of the Bank 
of England workings by the west boundary of the claim. 
These adits are crosscuts to the North lode that is 1 to 3 
metres wide containing a well defined galena-sphalerite 

rich ore body, varying in width from a narrow streak to 35 
centimetres. 

The South lode is exposed in the workings on the 
easterly claims of the group. A crosscut adit driven 130 
metres on the Slocan Prince claim intercepts this lode 
which strikes 020” to 030” and dips 60’ northwest. The 
lode, which is about 6 metres wide, has been drifted on for 
more than 120 me&es. The ore occurs on both walls but 
mainly along the footwall. A second adit on Black Prince 
ground is a crosscut for 39 m&es, beyond which it follows 
the lode for about 120 metres. The lode is a strongly 
crushed zone as much as 10 m&es wide. Abundant quartz 
partly cements and replaces the crushed rock and forms 
veins in places. Ore minerals OCCUT both as disseminations 
and concentrations included in and associated with quartz, 
some siderite, and a little calcite. They comprise 
argentiferous galena, sphalerite, tetrahedrite, pyrite, some 
native silver and possibly other silver-rich minerals. No 
appreciable gold occurs in the ore. 

Meteor (L. 2893; MINFILE 082FNW137) 

The Meteor property, comprising the Meteor, Ottawa 
and Cultus claims and fractions, is situated at the head of 
Tobin Creek on the northwesterly slope of the divide 
between Lemon and Springer creeks, 8 kilometres east of 
Slocan. Access to the property from the Slocan highway is 
via the Lemon Creek and Chapleau Creek roads. 

The Meteor Crown granted claim was staked in 1895. 
The initial production of ore, amounting to about 70 
tonnes, was shipped in 1897 yielding 1182 grams of gold 
and 466,500 grams of silver. Since this time mining 
continued intermittently, until 1967, achieving greatest 
production of 1,715 tonnes of ore in 1964. Total 
production from the Meteor mine is 2,659 tonnes of ore 
yielding 4,724,994 grams of silver, 13,177 grams of gold 
and a small amount of lead and zinc. 

The rocks underlying the property are a light c&wed, 
coarse-grained granite porphyry phase of the Nelson 
batholith (Table 1, Number 1). The granite is sheared and 
altered near the mine workings and intruded by felsic and 
basic dikes. Faults, shears and joints are oriented north and 
north-northeast with moderate to steep dips. 

The workings of the Meteor mine consist of six adits 
that intersect a 5-50 centimetre wide vein that strikes 105” 
and dips 35” north. Vein mineralization is associated with 
the sheared upper contact of a 3 metre wide dike and 
narrow off-shoot fissures. 

The vein is largely quartz carrying some sphalerite, 
galena, tetrahedrite, stephanite, argentite and native silver 
(Photo 6). Pyrite and chalcopyrite are also present and 
associated with significant gold values. The dike, 
containing up to 2 per cent disseminated pyrite, is 
pervasively sericitized in vicinity of the vein. Both the vein 
and dike are dislocated by faulting that shows dip slip 
downward movement to the south. 

Scheelite was discovered on the Nos. 2 and 4 levels as 
small solitary lens-shaped bodies on the Meteor vein and 
on No. 6 level as disseminated grains in the granitic host 
rocks on a well developed fracture system striking 105” 
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dipping 35” northerly and 140”, dipping 80” northeast 
(Table 2). Also, molybdenite was discovered in a fragment 
of quartz stockwork hosted by sericitized granite from the 
Meteor mine dump. 

Photo 6. Sulphides in banded quartz, Meteor mine (solid circle = 
I cm.). 

Ottawa (L. 4968); (MINFILE 082FNW155): 

The Ottawa mine is centred on a group of about 20 
Crown granted claims and fractions on the north slope of 
the valley of Springer Creek (elev. - 1500 m&es), 5 
kilometres northeast of Slocan. Access to the mine site is 
from the Slocan highway via the Springer Creek road. 

The history of the Ottawa mine dates back to 1896 
when the Ottawa claim (L. 4968) was located, however, it 
was not until 1902 that major development work was 
attempted. The production of high grade silver-lead ore 
followed in 1903 and continued steadily through 1909. In 
1913 the mine was purchased by Consolidated Mining and 
Smelting Co. Ltd. and in 1920 a 50-ton per day mill was 
constructed. In 1935 the property was obtained by the 
Ottawa Silver Mining and Milling Co. Ltd. who, in 1937, 
built a loo-ton per day floation plant. Much of the work 
after 1938 was done under lease or option. In 1950 and 
1951, options were held by Violamac Mines (B.C.) Ltd. 
and subsequently by Harrison Drilling and Exploration Co. 
Ltd. Total recorded production between 1903 and 1984 
amounts to 22,438 tonnes mined yielding 55,940,682 

grams of silver plus significant amounts of gold, lead and 
zinc. 

The property is developed on nine levels, five of 
which are serviced by adits driven at vertical intervals of 
about 30 metres. These workings explore a broad shear/ 
breccia zone in coarse-grained, porphyritic, Nelson quartz 
monzonite (Table 1, Number 8) cut by felsic and 
lamprophyre dikes. The zone trends nearly north and dips 
easterly from 25” to 45’ (Table 2). The zone comprises 
two rather well defined lodes known as the West or Noble 
and East or Ottawa veins, respectively. Mining at the 
surface and underground indicates that these lodes are not 
exactly parallel, but approach each other towards the south 
and may join. On the No.5 level the lodes are about 10 
metres apart. Most of the work has been done on the East 
lode that is 0.6 to 6 m&es wide, composed of crushed and 
broken granite, gouge and vein material - the latter having 
been stoped in places across a width of as much as 2.4 
m&es. The West lode is as much as I5 metres wide in 
places and it is reported to have produced some good ore 
in the uppermost workings. On No. 8 level, the stoped vein 
on the West lode, strikes 025” to 040” and dips 20” 
southeast. The vein is up to 0.3 metres wide and bounded 
by a sharply defined gouge-filled slip along the footwall 
and an irregular hanging wall. The East lode on the No. 8 
level is strong and composed of about 1 metre of gouge 
and beccia cemented by quartz. It strikes 170” and dips 30” 
to 400 east. 

The ore minerals consist mostly of mixture of galena, 
pyrite, sphalerite and a little chalcopyrite, native silver, 
argentite and tetrahedrite disseminations in quartz gangue. 
In some high grade ore, barite is reported to be 
predominant gangue mineral. Beryl (aquamarine) in 
fragments of pink pegmatitic host rock has been found on 
the Ottawa mine dump. 

Link Tim (MINFILE 082FNW157) 

The Little Tim mine is situated east of Ottawa Hill at 
the head of Little Tim Creek (elev. -2070 m&es), 8 
kilometres northeast of Slocan. Access is from the Slocan 
highway via the Springer Creek logging road system on 
the Memphis Creek - Ottawa Hill branch leading to the 
Little Tim Creek mine road. 

The Little Tim claim was staked in 1918 and worked 
intermittently until 1947 by the owner. Hardex Mines Ltd. 
held an option on the property from 1951 to 1953, during 
which time considerable drifting and diamond drilling was 
done. Several individuals have held leases since the early 
1950’s and all shipments from the property consist of hand 
sorted ore. Approximately 300 m&es of drifts, crosscuts 
and raises were developed in the original mine and by 
1981 a total of 339 metres of new drifts and crosscuts were 
added. 

The property is underlain by coarse grained 
porphyritic quartz monzonite of the Nelson batholith 
(Table I, Number 4). These rocks are traversed by two, 
nearly parallel fissure vein lodes, on which considerable 
work has been done. The lodes ale 90 metres apart and 
strike 055’ to 070’ northeast, and dip 45” to 70’ southeast 
(Table 2). 
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The mine, located just southwest and downslope from 
an unnamed summit, is comprised of a shaft and three adits 
on the northwest lode, and three adits and an intermediate 
level on the southeast lode - the shaft being the lowest 
working at an elevation of approximately 2040 m&-es. The 
shaft is reported to have followed a vein to a depth of 
about 15 metres. The vein, about 0.3 me&es wide, consists 
of vuggy quartz containing disseminated, gala+, 
sphalerite, pyrite and tetrahedrite. The same vein is heavily 
stoped to a point about 90 m&es above the shaft. On the 
southeast lode, the main adit is 75 metres long and follows 
a fissure which is well developed at the face but not 
mineralized. The orebody on this level, about 8 metres 
long, was stoped through to an intermediate level 12 
m&es above, where the ore was exposed for a length of 15 
metres and width ranging from IO to 30 centimetres. This 
ore forms a streak of nearly solid galena, sphalerite, 
conspicuous tetrahedrite and a little chalcopyrite. The 
gangue is principally quartz but some calcite and barite are 
also present. Some of the quartz appears to be chalcedonic. 
The veins are commonly flanked by a chloritic alteration 
envelope up to 1.2 metres wide grading into the granite. 

Chapleau (L. 4963); (MINFILE 082FNW130): 

The Chapleau property comprises the Chapleau and 
Chapleau Consolidated fraction and several other Crown 
granted claims centred 6 kilometres southeast of Slocan 
City. The Chapleau mine may be reached by a short access 
road about I .5 kilometres long connected to the main road 
at a point about 13 kilomehes from the Slocan highway. 

Chapleau was one of the first properties in Lemon 
Creek area to receive attention. In 1896 the initial shipment 
of ore yielded 435 grams of gold and 11788 grams of 
silver. Until 1900, development was rapid and an aerial 
tramway and stamp mill were erected. However, in 1904 
the mine was closed as a result of decreasing value of the 
ore and difficulties were encountered because of faulting 
of the vein. Until 1941 ore was shipped intermittantly by 
lessees. In 1946 and 1947 the workings were rehabilitated 
and a new road was constructed to the property, but there 
were no shipments of ore. 

The country rock is porphyritic Nelson quartz 
monzonite (Table 1, Number 5) bounded a short distance 
to the north and northwest by a large pendant and other 
inclusions of argillaceous quart&e. These rocks are cut by 
small dikes of tine grained granite, pegmatite, and aplite. 
The phenocrysts of orthoclase and microcline in the 
porphyritic granite are up to a centimetre long. Larger 
feldspar phenocysts, up to 7 centimetres in length, occur in 
the pegmatite dikes, elongated parallel to the walls. Some 
pegmatites contain small crystals of garnet and magnetite 
but no mica or ferromagnesian minerals. 

The vein strikes I IO’ and dips 25” northeast (Table 2). 
Its width ranges from 7 centimetres to 1.2 metres. The 
gangue is quartz that in places forms drusy cavities. Pyrite 
is the most abundant metallic mineral followed by 
sphalerite and galena. Minor chalcopyrite, free gold and 
ruby silver (?) are also reported. 
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Style of Mineralization 

As can be seen from the preceeding descriptions, 
silver-lead-zinc ores predominate in the Slocan City camp. 
The ore minerals are mainly galena and sphalerite. There is 
a small amount of pyrite, chalcopyrite, and pyrrhotite. 
Silver is the most important commodity occurring in 
argentiferous tetrahedrite, galena and less commonly as 
native silver and sporadically in argentite, polybasite, ruby 
silver, stephanite and electrum. Gold is present in small 
quantities and rarely seen as native gold or electrun. 
Quartz is the dominant gangue mineral, but carbonates 
such as siderite, calcite and/or dolomite are significant 
gangue components in some deposits. Fluorite and barite 
are less common. The deposits are characterized by open- 
space tilling, with minor evidence of replacement. In a few 
deposits, where replacement of wall rock has been 
extensive, carbonate gangue is relatively abundant. 

Caimes (1934) recognized several types of veins, the 
most common of which are the so-called “wet ore” 
composed of massive galena-sphalerite with some siderite, 
quartz or calcite gangue, such as found at the Enterprise 
mine, and “dry ore” comprising veins of quartz with 
galena, sphalerite and tetrahedite, characterized by high 
silver values, (qutiz greatly exceeded the abundance of 
sulphides), such as found at the Little Tim, Meteor and 
Ottawa mines. The “dry ores” are mostly confined to the 
Nelson intrusion. 

Discussion 

Combined field and laboratory evidence indicates that 
the Slocan City mineral deposits formed over a long 
period. The mineralizing process began at time of the 
intrusion of the Nelson batholith dated mid-Jurassic 
(Armstrong, 1988). This effected the adjacent country 
rocks such as on Mount Alywin, where the Willa gold- 
silver-copper deposit (dated I65 - I84 Ma) is hosted in 
skamitied Rossland Group rocks (Ray and Webster, 1997; 
Hoy and Dunne, 1997). The mineralizing events continued 
during cooling of the intrusion and resulted in the 
development of veins within the batholith. 

The Ag-Pb-Zn vein and replacement deposits of the 
Slocan area have long been thought to be genetically 
related to the Nelson batholith (Caimes, 1934; Little, 
1960). More recent work by Orr and Sinclair (1971) using 
AuiAg ratios from 43 mineral occurrences in the camp 
supports this interpretation. Relatively high silver values 
are in ores hosted by a K-spar porphyry lobe of the Nelson 
granite at the centre of the camp, and the highest relative 
gold values are associated with ores from the distal parts of 
the porphyry and outer boundaries of the camp between 
Mount Aylwin and Slocan City (Figure 2). This suggests 
that the hydrothemml plumbing system is geographically 
related to the granitic body. 

LeCouteur (1973) also noted a concentric zonal 
pattern in his study of lead isotope ratios (Pb “YPb”‘) from 
the Slocan region. He attributed this pattern to leaching of 
lead from country rocks by rising ore fluids. Apparently 
the original isotope composition of lead in the fluid was 
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progressively changed en route to depositional sites, 
depending on the proportions of the original and leached 
components. The amount of leachable lead is related 
simply to the volume of the rock traversed, and thus to 
distance from the centre of the circulation system. 
Accordingly, the difference in metal values (Ag-Pb-Zn, 
A&Au, Au-Ag) in the Slocan City camp (Caimes, 1934; 
Little, 1960) may be the result of different proportions of 
the elements being scavenged by a single wide-spread ore 
fluid. The model is not unique, however, and other models 
relating compositional changes to time or to decreasing 
availability of leachable lead have been proposed (Austin 
and Slawon, I96 I; and Sinclair and Walcott, 1966. 

Indeed, detailed lead isotope investigations indicate 
that the lead in the Kootenay arc ores went through several 
stages of redistribution beginning with the introduction of 
uranium and thorium in the upper crust 1,700 million years 
ago (Sinclair, 1964; L&out&, 1973; Bevier, 1987). 

Beaudoin (1991) shows that some hydrothermal 
activity is coeval with the Paleocene-Eocene crustal 
extension in the region. At this time the Valhalla 
metamorphic core complex was rapidly uplifted along the 
Slocan Lake fault - (an east dipping ‘transcrustal’ listric 
normal fault zone). Accordingly, “Pb isotopic ratios from 
veins display regional zonations revealing fluid flow paths 
of a large, fossil hydrothermal system. Regional isotopic 
zonations are controlled by deep fracture zones, such as the 
Slocan Lake fault, which channelled lower crustal and 
mantle Pb, and mantle CO, to higher crustal levels where 
mixing occurred with upper crustal fluids which had 
leached local sulphur and upper crustal Pb.” 

Analyses of the Nelson granitic porphyry (Table I) 
shows a range of relatively low lead (2 to 22 ppm), zinc 
(80 to 142 ppm) and only moderate levels of barium (0.06 
to 0.16 per cent). These levels appear to preclude the 
Nelson intrusion as a source of these elements in the 
Slocan City camp. However, Sangster and Vaillencourt 
(1990) show that trace amounts of lead, zinc , barium and 
iron can be leached by meteoric waters from weathered 
and altered granitic rocks and redistributed to form ore 
bodies. Fractured and crushed granitic rocks in the Slocan 
Lake fault zone could provide a source. The continued 
passage of meteoric waters through the elastic granite 
could result in K-spar alteration to clay releasing lead and 
barium from the feldspar lattice, and zinc and iron from 
hornblende. These elements combine with sulphur to 
produce pyrite, galena, spalerite and barite. (Pb and Ba are 
ionically substituted for K in feldspar, and Zn with Fei2 in 
hornblende). Silica, released by the same breakdown of 
feldspar, may precipitate as quartz gangue. 

Figure 5 shows hypothetical cross-sections of the 
Slocan City camp during (A) intrusion of the Nelson 
batholith and (B) the development of the Slocan Lake fault 
zone. By this model, the west margin of the Nelson 
batholith was broken and crushed during the process of 
intrusion and again during listric-normal detachment 
faulting/facturing associated with crustal extension. 
Prolonged movement in the crushed contact zone of the 
batholith is believed to have sustained a channelway for 
hydrothermal solutions. 

m 
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CONCLUSIONS 

The silver-lead-zinc veins of the Slocan City camp are 
characterized by mineralogy, metal ratios and structural 
setting. The veins, consisting mostly of galena and 
sphalerite in a quartz-carbonate gangue, are hosted in the 
Nelson batholith. Early workers regarded these granitic 
rocks as the singular magmatic - hydrothermal source of 
lead-zinc mineralization, however, recent studies suggest a 
more complicated genesis. Lead isotope investigations 
indicate that the lead of the Kootenay arc IX-X went 
through several stages of redistribution beginning in the 
Proterozoic through Jurassic to early Tertiary. 

The veins formed at about the time of the Nelson 
intrusion and subsequently. The veins are fillings and 
replacements in frachxes that appear to be related to the 
Slocan Lake fault that occurs at the west boundary of the 
batholith. Prolonged movement on the Slocan Lake fault is 
believed to have sustained a channelway for hydrothermal 
solutions, which are the result of commingling of 
metamorphic and magmatic fluids and meteoric water. The 
main source of zinc and sulphur in the ores is believed to 
be the local country rocks (Nelson batholith) hut, based on 
isotope data, a significant amount of lead in some deposits 
is derived from the lower crust and older rocks. 
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Table 1 Chemical Analyses of Nelson Granitic Rocks 

Si02 Ti02 A1203 Fe203 MnO MgO CaO Na20 K20 P205 Sa LOI SUM Pb Zn Ag 

Sample % % % % % % % % % % % % % wm wm m 

1 68.4 0.3, 15.11 2.59 0.05 0.68 2.68 3.64 4.46 0.1, 0.11 1.27 99.38 16 80<0.4 

2 68.3 0.40 15.0 3.18 0.06 0.95 2.26 3.00 5.50 0.19 0.09 0.84 99.75 22 142 <0,4 

3 67.4 0.43 14.74 3.68 0.06 1.07 3.25 3.66 3.54 0.18 0.08 1.25 99.29 6 86 <0,4 

4 65.0 0.47 16.08 3.84 0.08 1.22 3.14 3.63 5.03 0.26 0.16 0.96 99.83 16 84 <0,4 

5 63.6 0~61 16.54 4.86 0.06 1.37 3.92 3.64 3.75 0.23 0.12 0.61 99.4, 12 108 <0,4 

6 62.9 0.56 16.12 4.63 0~08 1.60 4.1, 3.61 3.36 0.23 0~13 1.94 99.29 8 104 ~0.4 

7 63.5 0.55 16.23 4.64 0.10 1.57 4.09 3.75 3.66 0.27 0.13 1.16 99.66 12 108 ~0.4 

8 61.6 0.66 16.43 5.3, 0.09 1.73 4.44 3.68 3.53 0~34 0.16 1.60 99.57 IO 102 co.4 

9 62.1 0.61 16,4 5.15 0.10 1.69 4.09 3.59 3.77 0~32 0.15 1.35 99.32 10 118 a4 

10 61~3 0.65 16.82 5~47 0.11 1.85 4~53 3.81 3.63 0~34 0.14 1.03 99.63 12 122 a4 

11 62.0 0.65 16.67 5.56 0.09 1.79 4.36 3.99 3.70 0.32 0.14 0.61 99.87 16 104 co.4 

12 61.2 0.86 16.94 6.52 0.10 2.09 4.69 3.17 2.60 0.32 0.08 1.07 99.62 2 128 eO.4 

13 57.0 0.88 17.45 7.68 0.13 2.72 5.69 4.57 2.20 0.44 0.06 0.91 99.75 6 142 ~0.4 

22-12 British Columbia Geological Survey Branch 



Table 2 Principal Vein Attitudes at Mines and Prospects 

Occurrences ‘~ Location 
(MINFILE No.) Lat. Long. 

Chapleau (130) 49044.0 117"23.5 

Kilo.(131) 
Hollinger (132) 
Goldstream (134) 
Tailholt (135) 
Meteor (137) 
Elk (138) 
Alice (139) 
Slocan Prince (140) 
B&R (142) 
Westmont (145) 
Dalhousie (146) 
Neepawa (147) 
Enterprise (148) 
Mabou (149) 
Bondholder (150) 
Speculator (151) 
Arlington (I 52) 
Lily B (153) 
Ottawa (155) 
Tamarak (156) 
Little Tim (157) 
Molly (158) 
Myrtle (159) 
Coronation (162) 
Whitehope (165) 
Lakeview (172) 
Smeralda (231) 

49044.0 

49043.7 

49044.4 

490 44.9 

49045.6 

49" 45.9 

49O46.4 

49046.7' 

49047.3' 

490 49.7' 

49045.0' 

490 49.3' 

49049.3' 

490 48.9 

49048.7 

49048.0 

49047.4 

49' 46.9 

49047.1' 

49047.3 

48048.4' 

49'48.6 

49'48.6 

490 49.2' 

49049.4' 

49O46.2' 

49045.7' 

117O22.7 

117022.2' 

117022.2' 

117'21.7 

117'21.3 

117"21.1' 

117"21.1' 

117"19.8 

117O 19.6' 

117' 19.6' 

117"15.0' 

1170 19.9' 

1170 19.5' 

117020.2' 

117"21.4' 

117021.2' 

117'21.7' 

117'21.4' 

117'23.7 

117O24.5' 

1170 22.0' 

117'23.1' 

117' 24.7' 

117'25.4' 

117O26.6 

117'26.7 

117"25.0' 

Vein Attitudes 

l10°/25"NE 

145°/350NE 

180°/15"NE 

075"/20°NW 

135V20°NE 

105°/350NE, 140°/800NE 

115"/3o%w 

095v70~sw 

065"/60°NW 

065°/450NW 

045"/70°SE 

070V45"SE 

030°/65%E 

053"/70°SE, 040V85"SE 

055V75%E 

065°/580SE 

030"/65'%E 

040"/58'SE, 034"/70°SE 

075“/55%E. 105"/50°SW 

030°/200SE, 170'/35"NE 

030"/25TE 

055770'NE. 073°/450SE 

050°/800SE 

047°/380SE 

090°/650N 

14ov5o%w 

167"/80"NE 

024"/43"SE 
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THE ALLIN PROPERTY AND EQUITY-TYPE MINERALIZATION, 
CENTRAL BRITISH COLUMBIA 

B.N. Church, Ph.D., B.C. Geological Survey Branch, and G.H. Klein P.Eng., Consultant 

KEYWORDS: Equity-type mineralization, Houston area, 
copper, silver, gold, drift prospecting. 

INTRODUCTION 

The Allin discovery is approximately 4.5 kilometres 
east of the Equity Silver mine and 38 kilometres southeast 
of Houston (Figure 1) in central British Columbia 
(Latitude 54”11.3’, Longitude 126’11.5’). Access to the 
area is by an all-weather gravel road from the town of 
Houston and seasonal logging roads from the village of 
Colleymount on the north shore of Franc& Lake. 

This report outlines evidence of additional Equity-type 
replacement mineralization related to the Goosly 
syenomonzonite-gabbro stock. The study is based on drift 
sampling guided by a thorough knowledge of the local 
geology. The discovery of high grade boulders in drift on 
the Allin property represents a success for the British 
Columbia Prospectors Assistance ‘94195 Program which 
provided funds for prospecting. 

ALLIN PROPERTY 

The alteration on the east side of the Goosly intrusion 
above Allin Creek has been known since 1964 when 
Summit Oil Limited first staked the area. In 1969 Kennco 
Exploration Limited cut lines to test the alteration zone, 
however, a thick till ccwer hampered investigations (Ney ef 
al., 1972). The property was rest&d by Kengold Mines 
Limited in 1986 as the DEV and GO claims, then the 
property was optioned to Nonnine Resources Limited. In 
1987 work was commissioned to Westview Resources 
Limited and subsequently several programs were 
completed including geochemical, resistivity and 
magnetometer surveys and diamond drilling. The drilling 
revealed that the same Mesozoic-age rocks hosting the 
Equity ore bodies west of the Goosly stock also occur east 
of the stock on the Allin property, although with a 
somewhat greater ratio of lava flows to elastic rocks 
(Garagan, 1988). Additional drilling in 1993, by Equity 
Silver Mines Limited, traced a zone of pyritization and 
propylitic alteration eastward onto the Allin claims (Wall, 
1993). Recent logging in the Allin Creek area has 
facilitated access to the property and has led to the 
discovery of well mineralized float, similar to Equity ore, 
associated with a silver soil anomaly. The discovery 
encouraged further work on the Allin property by the 
second author supported by the British Columbia 
Prospectors Assistance Program in 1994195. The property 
was optioned to Hudson Bay Exploration and 
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Development Co. Ltd. in 1996/97 and is the focus of 
continuing exploration (Wojdak, 1997). 

Mineralization 

Mineralization on the Allin property is not well 
defined because of thick forest cover and overburden. 
Westview Resources was able to outline a silver anomaly 
covering a south-trending elongated area (-1 kilometre by 
200 m&es) of glacial drift having a local source (Figure 
2). Drilling on the Allin property intersected moderately to 
intensely altered volcanic rocks (quartz-s&cite and quartz- 
chlorite alteration) containing up to 15 per cent pyrite 
(Wall, 1993), which are similar to clasts in the overlying 
glacial drift and the host rocks at the Equity deposit. Pyrite 
OCCUTS as fracture fillings and disseminations throughout 
the host rocks accompanied by pyrrhotite and minor 
amounts of sphalerite, chalcopyrite, arsenopyrite, galena 
and tetrahedrite. 

The Allin property covers part of the alteration halo 
adjacent to the Goosly stock east of the Equity Silver 
Mines property (Kowalchuck er al., 1984). The Equity 
and Allin mineralization / alteration occurs in a 
lithogeochemical halo that surrounds the Goosly stock 
(Church and Barakso, 1990). The halo is believed to be the 
result of activation of hydothermal solutions during 
intrusion of the stock. 

Recent drift prospecting in the Allin Creek area 
(Klein, 1994 and 1995) found nunwow subangular 
fragments similar in mineralogy and chemical composition 
to the Equity ore (Photos 1, 2 and 3; Tables 1 and 2). For 
example, drift sample no. 5 (Table 1, this report) assays 
0.48 ppm gold, 54 ppm silver, 1.23 per cent copper, 123 
ppm lead, 1137 ppm zinc and 571 ppm arsenic. This is 
similar to sample SG-67A collected from the discovery 
exposure at the Equity deposit which yielded 0.28 ppm 
gold, 50 ppm silver, 1.36 per cent copper, 280 ppm lead, 
450 ppm zinc and 684 ppm arsenic (Church and Bamkso, 
1990). In general, the ore samples from the Equity mine 
are similar to drift clasts from the Allin area (Tables 1 and 
2, Figure 5). 

The drift samples are typically enriched in sulphides 
with replacement textures, have relatively minor gangue 
minerals and average 1.6 ppm gold, 125 ppm silver and 1.8 
per cent copper. The rocks hosting the sulphides in these 
samples are generally similar to the tine grained sericitized 
and chloritized Jurassic volcanic rocks that occur 
immediately east and west of the Goosly inh-usion and host 
the Equity ore deposit. 
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Figure 1. Geological map of the Buck Creek basin, Houston area, Central British Columbia. 
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Figure 2. Anomalous silver-soil geochemistry and location bf 
mineralized drift samples (dots -bold numbers correspond to 
assays in Table I) Allin prospect. 

The source of the drift samples was originally thought 
to be the Equity ore body. This is consistent with 
interpretations that the Fraser pulse of Pleistocene regional 
glaciation moved easterly across the area scraping the 
bedrock exposures west of the Allin property (Church and 
Barakso, 1990; Fulton, 1995). However, the authors found 
no entrained mineralized boulders extending eashvard 
from the Equity deposit. Furthermore this direction of ice 
movement does not explain the south-trending silver soil 
anomaly with which the drift samples on the Allin property 
are associated. 

There is evidence of a second glacial event in vicinity 
of the Equity ore deposit (formerly the Sam Goosly 
prospect) where glacial erratics appear to have moved 
southerly (Church, 1970). Ney ef al. (1972) concluded 
that the silver soil anomalies in this area were for the most 
part ice-transported, and a very close correspondence was 
obtained between the up-ice cutoff in soil sample values on 
the northeast and the projected surface trace of the ore 
deposit. According to Tipper (1994) a second pre- or post- 
Fraser glaciation event from an ice dome may be 
responsible for apparent glacial reversals in the area as 
noted by previous authors. This scenario could also explain 
the dispersion of mineralized drift on the Allin property 
where local glaciation may have eroded bedrock from an 

altered and mineralized zone located east of the Goosly 
intrusion and deposited the debris in south-trending 
alignments. 

EQUITY DEPOSIT 

The Equity deposit is similar to the Allin Creek 
mineralization located 4 kilometres to the east. The Equity 
deposit was a significant gold, silver and copper producer 
for 13 years. The Equity Silver mine began production in 
1980 on what was originally known as the Sam Goosly 
prospect. Early exploration in the 1960’s was centred 
mostly on a small granitic body that hosts low grade 
porphyry-style mineralization. By 1969 attention was 
refocussed on an area located about a kilometre to the east 
near the Goosly syenomonzonite-gabbro stock (Figure I; 
Dostal et al., 1998). The area adjacent to the Goosly stock 
subsequently became the site of the Main, Waterline, 
Southern Tail and Northern ore zones of the Equity deposit 
(Figure 3). Mining of these zones was completed in 1993. 
Production from the Equity mine is summarized in Table 
3. 

Figure 3. Plan view of the Equity Silver mine showing the ore 
wonrs (stippled) and sampling stations (dots bold numbers 
correspond to assays in Table 2). 
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Lab. 
NO. 
1 

TABLE 1 
ANALYTICAL RESULTS OF DRIFT SAMPLING, ALLIN PROPERTY 

AU Act CU Pb al Ni CO As 
ppm pm % fm pm ppm wm pm 
0.78 145 1.78 484 2,138 40 46 1,158 

2 5.09 505 10.00 59 13,175 44 16 575 
3 0.51 79 1.15 329 387 148 19 3,653 
4 1.56 136 0.63 400 14,755 65 15 592 
5 0.48 54 1.23 123 1,137 60 17 571 
6 2.61 257 1.26 512 240 35 27 1,200 
7 1.24 23 0.48 46 137 57 24 510 
6 2.05 119 2.36 179 30,136 33 11 1,657 
9 2.62 210 2.08 752 558 19 9 265 
10 0.25 19 0.96 34 5,226 17 11 1,032 
11 0.17 4 0.99 24 53 17 8 15 
12 0.97 55 1.89 43 1,505 36 13 732 
13 1.38 65 1.34 363 5,071 16 6 918 
14 3.69 77 0.37 1,324 1,158 90 17 989 
15 0.69 40 5.93 18 9,205 6 2 354 
16 0.49 229 5.11 103 9,761 22 17 2,460 
17 0.18 2 0.64 17 53 89 113 16 
16 12.42 395 8.16 846 1,152 36 11 2,999 

(Samples collected by G.H. Klein; results from unpublished reports by Klein 1994, 1995) 

AU 

TABLE 2 
ANALYSES OF ORE SAMPLES, EQUITY MINE 

Ag CU Pb Zn Ni co As 
No. r-w PP~ 

1 0.96 178 
% 
7.30 

ppm 
63 

tm 
4,500 

ppm 
119 

rw 
20 

wm 
1,800 

2 2.14 157 3.59 48 1,500 164 65 1,300 
3 7.09 103 3.47 65 9,900 26 11 410 
4 3.06 211 0.28 734 120 24 9 1,400 
5 4.04 203 0.36 396 140 20 a 910 
6 6.69 203 4.50 69 5,700 38 17 450 
7 2.44 114 1.67 105 690 138 155 650 
6 16.10 164 7.60 67 11,809 49 25 199 
9 0.28 50 1.36 260 450 300 96 684 

(Samples colleded by B.N. Church; Nos. 1-6 from Church and Barakso, 1990; Nos. 7-8, this report) 
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TABLE 3 
PRODUCTION STATISTICS (Company Data) 

Au AQ Cu 
OreZones Tonnes Qn Qn % Pit Area 
Southern 6 860 000 1.3 121.8 0.42 750 x 250111 
Main 24 205 000 0.9 96.5 0.32 850 x 500m 
Waterline 2 614 000 1.2 86.9 0.33 450 x 200m 
Northern 226 600 4.2 147.8 0.46 underground 
Waste Tip 76 000 000 tonnes 

Mineralization 

The Equity mine is located in a window of Mesozoic 
age rocks in a small uplifted area near the centre of the 
Buck Creek basin. The elliptical or elongated ore zones at 
the mine are aligned north-northeast (025’) subparallel to 
the steep westerly dipping strata. The total strike length of 
the deposit is approximately 2 kilometres (Figure 3). The 
Main zone, at the centre of the Equity deposit, is in contact 
with the Goosly stock that is also the locus of a major 
magnetic anomaly (Figure 4 this report; Church and 
P&pas, 1990). The Equity ore occurs in a brecciated 
tongue of dust-tiff within a succession of dacitic volcanic 
breccia and conglomerate beds containing chat pebbles. 
Similar units are exposed southeast of the mine on the 
north shore of Francois Lake and contain fragments of 
Weyla fossils of Jurassic age. Brecciation of the Jurassic- 
age pyroclastic rocks caused by the intrusion of the 
Goosly stock, has provided channelways for metalliferous 
hydrothermal solutions that caused the alteration and 
formed fracture tilling and replacement-type ore (Church 
and Barakso, 1990). 

Figure 4. The Goosly stock and mineralized zones pro.ected onto 
aeromagnctic contours (contours are nanateslas on a 6 i h order 
polynomial surface based on data from Church and P&pas, 
1990). 

The age of mineralization is similar to the age range of 
Goosly stock and adjacent altered rocks - 48.3 k I.7 to 
54.3 k 2.2 Ma based on WAr analyses of micaeous and 
whole rock samples (Church, 1970; Ney ef al., 1972; 

Church and Barakso, 1990). However, the country rocks 
contain multiple generations of sericite inherited from 
repeated cycles of metamorphism/alteration at the distal 
extremities of the Southern Tail zone beyond the main 
mineralization and thermal halo of the Goosly stock 
(Wodjak and Sinclair, 1984). In this area, the Southern Tail 
zone is a narrow vein-like body that formed at relatively 
cool temperatures of < 2OO’C - below the temperature of 
formation of some muscovitelsericite (Deer et al., 1962). 
Consequently, the K/Ar ‘age’ of sericitized host rocks in 
the area, reported to be 58 f 2 Ma by Cyr et al. (1984), is 
probably an average age of multiple metamorphic and 
mineralizing events including the age of the nearby 
granitic intrusion that ranges from 56 f 2.3 to 61.1 Ma 
(Church, 1970; Ney et al., 1972). It may be incorrect, 
therefore, to accept this as the age of mineralization for the 
Equity deposit as suggested by Cyr et al. (1984). 

The Equity Silver orebodies consist of discordant 
lenses of massive sulphides which range from a few to 
several metres thick within the alteration envelope. In the 
Main zone the massive sulphide lenses consist mostly of 
coarse to medium-grained pyrite, pyrrhotite and 
chalcopyrite tilling fissures, and replacement ore 
comprised of the same minerals together with minor 
amounts of sphalerite, tetrahedrite, arsenopyrite and locally 
magnetite. The alteration envelope is an aluminous 
assemblage several hundred metres wide composed of 
medium to high-temperature minerals that include 
andalusite, scorzalite, pyrophyllite, corundum, tourmaline, 
sericite and clay minerals; silicification is minor. Fine- 
grained disseminated pyrite, chalcopyrite and tetrahedrite 
occur throughout the zone of alteration. Mineralization 
temperatures, determined from fluid inclusions, decrease 
markedly from 625°C in the Main zone to 2OO’C in the 
Southern Tail zone (Wojdak and Sinclair, 1984). The 
Southern Tail zone is a narrow orebody with sharp 
contacts and a relatively thin alteration envelope of 
sericitic and chloritic metavolcanic rocks. Fragments of 
brecciated host rock are rimmed and replaced by 
arsenopyrite. The Waterline zone is a narrow extension of 
the Main zone ore body and has a similar mineralogy but 
contains somewhat higher gold values. The North zone 
was discovered and delineated by several drilling programs 
between 1983 to 1987 in the area 900 metres northeast of 
the Equity mill site (Figure 3). The North zone strikes 
northward from the Waterline zone where it is accessed by 
a 300-metre drift adit driven into the floor of the open pit 
in October 1992. The North orebody is I5 metres wide, 
dips steeply to the west and plunges north. As in the Main 
and Waterline zones, the massive sulphide ore of the North 
zone consists mostly of coarse- to medium-grained pyrite, 
pyrrhotite and chalcopyrite replacing dacitic tuff and tuff 
breccia (Photo 4). A well mineralized grab sample from 
near the portal of the lower adit returned the following 
assay result: 2.44 ppm gold, 114 ppm silver, 1.67% 
copper, I05 ppm lead, 690 ppm zinc, 39.4% iron, 850 ppm 
arsenic, 33 ppm antimony, 155 ppm cobalt and I38 ppm 
nickel. A second sample taken midway between the portal 
and face assayed 16.1 ppm gold, 164 ppm silver, 7.6% 
copper, 87 ppm lead, 1809 ppm zinc, 26% iron, 199 ppm 
arsenic, 163 ppm antimony, 25 ppm cobalt and 49 ppm 
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nickel. These new assay values are added to the previously An evaluation of the samples solely from the Equity 
published data for the Equity mine shown in Table 2; deposit (Table 2 and SG-67A) yields a somewhat different 
sample locations are plotted on Figure 3. equation: 

CHEMICAL SIGNATURE OF EQUITY- 
TYPE MINERALIZATION 

The chemical signature of the Equity mineralization 
can be investigated by using a correlation matrix for the 
ore forming and pathfinder elements. As well, multiple 
regression of element variables can be performed using 
methods adapted from Sinclair (1982), Matysek ef al. 
(1982) and Church (1987). The product moment 
correlation matrix is determined (Table 4) using log 
transformed values for gold, silver, copper, lead, zinc, 
arsenic, cobalt and nickel from the assay data in this report 
and Church and Bar&o (1990). Of the 28 pairs of 
elements generated by this procedure Cu-Zn, Ag-Pb and 
Co-Ni are among the pairs that show a good positive 
correlation. There is also a three-way positive correlation 
between As-Ag-Pb. These correlations reflect common 
associations of the principal ore-forming chalcophile 
elements. The low Pb-Ni correlation is explained by the 
usual occurrence of nickel with high temperature sulphide 
deposits and the usual association of lead with low 
temperature ores. Some of the other low and negative 
correlations, especially Zn-Pb and Cu-Pb, and may be a 
feature of the Equity-type in common with some high 
temperature pyrometasomatic deposits that also show 
strong negative Cu.Pb correlations (Ray et al., 1988). 

TABLE 4 
CORRELATION MATRIX (12) 

1 Au Ag Cu Pb Zn As Co Ni 
Au 11.00 0.73 0.31 0.44 0.18 0.31 -0.05 -0.06 
Ag 1.00 0.41 0.58 0.38 0.72 -0.10 0.05 
CU 1.00 -0.29 0.59 0.15 -0.06 -0.04 
Pb 1.00 -0.10 0.53 -0.09 0.06 
Zrl 1.00 0.34 -0.26 -0.13 
As 1.00 -0.08 0.16 
CO 1.00 0.77 
Ni 1 .oo 

The mineralization can be characterized by multiple 
regression analysis (Ostle, 1960, page 202). Tnis is 
expressed in terms of the ore forming and important 
ancillary elements by the following equation based on 26 
assays from Tables I and 2: 

Log (Au) = -5.54 + l.OOLog(Ag) - 0.0386 Log(&) + 
O.O623Log(Pb) - 0.449Log(As) 

where Au, Ag and Pb are given in terms of ppm and Cu 
and As are reported in per cent. 

Coef. of Determination = 0.637 (Ostle, p. 180) 
Coef. of Multiple Correlation = 0.799 (Ostle, p. 223) 
Standard Error of Estimate = 0.801 (Ostle, p. 215) 

Log(Au) = -7.5 + 1.79 LogfAg) - 0.563 Log@) - 0.7 
Log(Pb) 1.355 Log(As) 
which is similar to that for selected samples from the Allin 
Creek area (Table I; nos. 2,3, 5, 6, 12, 13, 14, I5 and 16): 

Log (Au) = -7.06 + 0.82 Log(Ag) - 0.226 Log(G) + 
0.286 Log(Pb) - 0.919 Log(As). 

The first equation, based on the most comprehensive 
collection of samples obtained from the area by the 
authors, is believed to best represent the Equity-type 
deposit profile. 

Figure 5. Comparison &Equity ore samples (diamonds) and 
Allin drift samples (squares). 

GENESIS OF THE EQUITY DEPOSIT 

The various theories on the origin of the Equity ore 
deposit were outlined by Ney ef al. (1972), Wojdak and 
Sinclair (1984), Cyr er al. (l984), Church and Barakso 
(1990). 

Cyr a al. (1984) adopted the hypothesis, first 
suggested very early in exploration, that the mineralization 
on the Equity Silver property occurs as part of a porphyry 
system related to a small late Cretaceous / early Tertiary- 
age granitic stock near the west boundary of the property. 
Schroeter and Panteleyev (1988) amplified this line of 
argument and classified the deposit as ‘Transitional 
between porphyry copper and epithemml systems (also, 
see Cox and Singer, 1996; Panteleyev, 1995). 
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However, this model and classification is in sharp 
contrast to the earlier view of Ney, Anderson and 
Panteleyev (1972). They suggested that the mineral 
deposition had volcanogenic affiliations related to the 
Jurassic-age volcanic pile hosting the deposit (no black 
ores hut Kuroko-like in geological setting and style of 
mineralization). With the beginning of mining in 1980, 
new exposures showed that the ore was comprised mostly 
replacement sulphides and discordant fissure fillings and 
was clearly not syngenetic. Textures and stmctures of the 
Equity deposit give strong evidence of metasomatism in 
keeping with Lindgren’s metasomatic classification and 
Gilbert and Parks (1996) description of replacement ores. 

This was more consistent with an intrusion-related, 
porphyry style of mineralization, however, the Main ore 
zone is more than a kilometre from the proposed ‘source’ 
granite body and the mineralization and alteration bears 
little similarity to that in porphyry copper environments 
Nielson (1969). 

Wojdak and Sinclair (1984) propose that the principal 
ore mineralization represents a late high temperature 
hydrothermal mineralizing episode that resulted in 
widespread wall-rock alteration. Wojdak and Sinclair 
imply that no direct link need exist between the weak early 
phyllic alteration related to the porphyry mineralization 
associated with the granitic body and the strong acid 
leaching alteration associated with the silver-copper-gold- 
arsenic deposition in the Jurassic volcanic rocks. Salinity 
and temperature data from fluid inclusions suggest that 
circulating meteoric waters were involved in the ore 
mineralization. The convective hydrothemal system 
apparently developed subsequent to fracturing and 
hrecciation induced by shallow igneous intrusions. Nielson 
(1969) favours the Eocene-age Goosly stock as the thermal 
engine and concentrating agent for the mineralizing 
solutions. The breccia zone at the Equity deposit, which 
bears a geometrical relationship to the margin of the 
intrusion, is believed to be the principal control for ore 
emplacement. 

The sequence of events leading to mineralization on 
the Equity Silver property, summarized by Church and 
Barakso (1990), combines the main elements of the 
epigenetic theories. Initially a small granitic stock intruded 
Jurassic volcanic and m&sedimentary rocks resulting in 
weak porphyry copper mineralization in the immediate 
vicinity of the stock (no associated volcanism). Several 
million years later the larger Goosly syenomonzonite- 
gabbro intrusion, with several phases and many offshoot 
dikes, was emplaced a few kilometres east of the granite, 
brecciating the adjacent host rocks. Outward movement of 
hydrothermal solutions from the Goosly stock produced a 
broad aureole of alteration and sulphide dissemination, 
replacement and fracture filling. A late stage hyrothermal 
event followed accompanied by a resurgence of igneous 
activity that intruded earlier formed parts of the mineral 
deposit. These events produced silver, copper and arsenic 
litbogeochemical halos about the Equity deposit and 
Goosly intrusion. 

CONCLUSIONS 

Drift prospecting combined with geochemical 
methods and a knowledge of local geology and glacial 
history has been successful in delineating a new 
exploration target for Equity-type mineralization in the 
Allin Creek area, southeast of Houston B.C.. 

A large southerly-trending silver-soil geochemical 
anomaly, east of the Goosly stock near Allin Creek, 
appears to be caused by a zone of mineralization similar to 
the Equity deposit. Diamond drilling on the Allin property 
intersected Jurassic dacitic breccia and dust tuff formations 
similar to the rocks hosting the ore at the Equity mine. 
Drift samples from the area of the soil anomaly on the 
Allin property include many subangular clasts with 
sulphide disseminations, replacements and fracture fillings 
characteristic of the Equity mineralization. 

To aid in the search for similar deposits, a description 
of Equity-type mineralization is presented in this report 
which includes a chemical signature expressed in terms of 
a correlation matrix and multiple regression analysis of 
available assay results. 
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Photo I Mineralized float from Allin prospect; pyrite mcgacrysts ill matrix of +inc grained mixed sulphides of pyrite, chalcopyrite, 
sphalerite, tetrabedrite and galena, replacing tuff breccia. 

Photo 2 Mineralized float from Allin prospect; chalcopyritc, pyrite and sphaleritc dirscmination. 
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BRITISH COLUMBIA MINERAL DEPOSIT PROFILES 

By David V. Lefebure, B. C. Geological Survey 

KEYWORDS: Deposit models, deposit profiles, Cordillera, 
~esowce data. 

INTRODUCTION 

Seventeen deposit profiles are included in this volume 
(see following articles), bringing the total number of 
descriptive models completed by the British Columbia 
Geological Survey to 76. These profiles provide a concise 
introduction to deposit types that are found in Cordilleran 
environments. 

The initial 60 profiles were published in two Open 
File publications (Lefebure and Ray, 1995, Lefebure and 
H6y, 1996) and have also been posted to the following 
British Columbia Geological Survey web site under the 
Economic Geology section. 

http://www.ei.gov.bc.ca/geology/ 

Survey staff are continuing to work towards 
completing approximately 50 more deposit models. This is 
being done in conjunction with geologists from industry, 
government and academia. The BCGS welcomes any 
criticisms of the deposit profiles which will be used to 
improve future versions. 

B.C. DEPOSIT PROFILES 

Several indexes for the deposit profiles have been 

The British Columbia Geological Survey (BCGS) 
started a provincial mineral potential assessment in 1992. 

published and posted to the BCGS web site. A listing of 

A fundamental pat of this process was the compilation of 
information concerning British Columbia’s mineral 

all the profiles by lithological affinity is particularly 

deposits, including descriptions, classification and resource 
data. A large number of in-house models were developed 

pertinent to mineral potential assessments (Lefebure and 

for deposits types found in the Cordillera of North and 
South America. These are called ‘deposit profiles’ to 

Ray, 1995; Table 4). A commodity index of profiles was 

distinguish them from other published descriptions, such as 
the United States Geological Survey (USGS) ‘deposit 

included in the second Open File (Lefebure and Hiiy, 

models’ (Cox and Singer, 1986). They have a standard 
format (Lefebure and Ray, 1995) intended to make them 

1996; Table 23). A third index is organized by deposit 

useful to geologists, prospectors and students, as well as 
land use planners. 

group (Lefebure and Hiiy, 1996; Table 22). 

The BCGS has compiled grade and tonnage data for 
21 profiles, based largely on British Columbia deposits 
(Lefebure and Hiiy, 1996, page 121). For more 
comprehensive resource figures, the reader is referred to a 
number of USGS publications listed in the bibliography, 
including Cox and Singer (I 986). 
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CARBONATE HOSTED CU+PbkZn E02 

by E.A.G. (Ted) Truemanl 

IDENTIFICATION 

SYNONYMS: Tsumeb or Kipushi type. 

COMMODITIES (BYPRODUCTS): Cu, Pb, Zn, Ge (Ag, Ga, As, Cd) 

EXAMPLES (British Columbia - Canada/International): Blue (Mint% 94F005); Grinnell and Kanuyak Island 
(Northwest Territories, Canada), Kennecott, Ruby Creek and Omar (Alaska, USA), Apex (Utah, USA), 
Gortdrum (Ireland), Tsumeb and Kombat (Namibia), Kipushi (Zaire), M’Passa (Congo), Timna 
(Israel). Nfi (Australia). and portions of Dongchuan deposits (China). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Irregular, discordant bodies of Cu sulphides (bomite, chalcopyrite, chalcocite, 
tennantite), sometimes with significant galena and sphalerite, form massive pods, breccitifracture 
fillings and stockworks in carbonate or calcareous sediments. Igneous rocks are absent or unrelated to 
the deposition of metals. 

TECTONIC SETTING: Intracratonic platform and rifted continental margin sedimentary sequences; typically 
gently folded and locally faulted. 

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: Host carbonate sediments were deposited in 
shallow marine, inter-tidal, sabkha, lagoonal or lacustrine environments and are often overlain 
disconformably by oxidized sandstone-siltstone-shale units. Largest deposits are within thick 
sedimentary sequences. 

AGE OF MINERALIZATION: Hosts rocks are Middle Proterozoic to Triassic; the largest deposits are in 
Upper Proterozoic rocks. Mineralization is at least slightly younger than host lithologies and may have 
spanned a large time interval. 

HOST/ASSOCIATED ROCK TYPES: Dolomite or limestone, often stromatolitic or arenaceous, hosts the 
mineralization within a sequence which typically includes tine to coarse grained elastic sediments and 
evaporite. Occasionally basalt flows are nearby or part of sequence. Intrusive rocks are absent or 
different age than mineralization. 

DEPOSIT FORM: The pipe-like to tabular deposits are irregular, discordant and often elongated in one 
direction up to 2 000 m or more. In cross section, deposits can be up to 100 by 200 m or 60 by 500 m 
in size. Sometimes Zn-Pb rich mantes project from the main zone of mineralization as replacement 
bodies parallel to bedding. 

’ Trueman Consulting Ltd., Denman Island, British Columbia. 
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CARBONATE HOSTED CUkPbkZn E02 

TEXTURE i STRUCTURE: Massive, stringeristockwork and disseminated mineralization styles occur and 
grade into one another; clots of sulphides are common. Features characteristic of a karst environment, 
including collapse breccias, are typical. Two or more breccia types may be present as a result of karst 
dissolution and hydrothermal fracturing. Open spaces within deposits are common. Narrow bodies or 
irregular masses of arenaceous sediment may occur within deposit. These elastics may have developed 
as a result of dissolution of an arcnaceous carbonate host, with accumulation of elastic lag sediments, or 
by elastic sedimentation into karst openings as a result of submergence. 

ORE MINERALOGY (Principal and subordinare): Chalcopyrite, bornite, chalcocite, tennantite (tefrahedrite), 
galena, sphalerite, pyrite, enargite, renierite, germanite, arsenopyrite, marcasite, magnetite, gall& Co- 
Ni amenides, carrollite, molybdenite and others. Deposits contain low to moderate Fe; pyrite may be 
common or virtually absent. Cu is sometimes crudely zoned vertically in deposits relative to Fe with 
the Cu-rich phases closer to surface. Cu may also be spatially partitioned with respect to Pb-Zn. 

GANGUE MINERALOGY (Principal and subordinate): Dolomite, quartz, calcite, barite, fluorite, clay 
minerals, sericite, hematite, siderite and minorpyrobitumen. 

ALTERATION MINERALOGY: Dolomite, silica, calcite and argillic alteration. Deposits are usually 
coincident with a zone of dolomitization. Dolomitization may be pre-, syn- and/or post-mineralization. 
and may extend 100’s of m&es beyond mineralization. Vuggy openings are often lined with calcite or 
baroque dolomite. 

WEATHERING: Wide variety of secondary products form especially limonite, goethite, Cu minerals 
(malachite, azurite, dioptase), cerussite and smithsonite. Some deposits are deeply oxidized 
(Kennecott, Tsumeb, Apex) as a result of fluid circulation through/along solution cavities, 
faults/fractures and bedding planes. Oxidation is typically developed at surface but there may also be 
an oxidized profile at considerable depth (>l,OOOm) as a result of continuation/reactivation of fluid 
flow along bedding planes aquifers. 

ORE CONTROLS: The openings in carbonate rocks are created by brecciation, karsting, faulting, and/or 
alteration. Deposits form in proximity to a redox boundary between reduced carbonates and oxidized 
cl&c sediments or ocassionally oxidized basalt. Evaporites in the sedimentary sequences may have 
enhanced brine salinity and contributed sulphur. 

GENETIC MODEL: Pre-mineralization plumbing systems were created by karsting, collapse zones, 
faulting/fracturing, collapse related to evaporite removal, and/or bedding plane aquifers and were 
enhanced by volume reduction during dolomitization, ongoing carbonate dissolution and hydrothermal 
alteration. Oxidized, diagenetic fluids scavenged metals from elastic sediments and their source area, 
with deposition in open spaces in reduced carbonates, often immediately below an unconformity. In a 
few examples, nearby basalts could have provided Cu. Fluid inclusion data indicate mineralizing 
solutions were saline and generally low temperature, in the 100~240°C range. Mineralization may have 
been initiated soon after host sediments became indurated and was likely a prolonged event, possibly 
continuing intermittently over 100’s of millions of years in larger deposits. Deposits are basically 
formed through diagenetic processes and are an integral part of basin evolution. In some deposits, 
different fluids could have prevailed within oxidized and reduced strata leading to different metal 
sources-this could explain why only some deposits have a significant Zn-Pb-Ge component. 
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CARBONATE HOSTED CU-tPbfZn E02 

ASSOCIATED DEPOSIT TYPES: Genetic processes which form carbonate-hosted Cu+Pb?Zn may be 
analogous to stratiform Cu (E04), carbonate hosted Zn-Pb (E12), unconformity U (116) and sandstone 
U (DOS) deposit types. Carbonate hosted Cu+PbfZn deposits have many similarities with carbonate 
hosted Zn-Pb deposits (El2), and are possibly a link behveen these deposits and stratiform Cu (E04). 

COMMENTS: Deposits often occur in the same basin as stratiform Cu or carbonate-hosted Zn-Pb deposits 
Other possible candidates for this type include: Mount Isa Cu, Kilgour, Yah Yah and Co&y 
(Australia), Nite and Ellesmere (Northwest Territories, Canada), Lord Aylmer and Acton Vale 
(Quebec, Canada). 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: Dominantly elevated Cu but Zn, Pb, As, Ag and Ge are key indicators in rock 
samples; subtle Cu-stream silt geochemical anomalies occur in proximity to some deposits. Other 
elements which may be useful pathfinders are Co, Ga, Bi, Cd, V, MO and Ba. 

GEOPHYSICAL SIGNATURE: Resistivity, IP and gravity could be useful but there are no definitive tools. 

OTHER EXPLORATION GUIDES: Tectonically disturbed zones and karsted areas within carbonate/oxidized 
elastic couplets of major basins arc regional targets. Dolomitized zones should be carefully examined. 
Deposits often occur in clusters and/or in proximity to associated deposit types. Deposits oxidize 
readily forming gossans with secondary Cu and Fe minerals; many other secondary products and 
malachite-coated nuggets of copper sulphides may be present. Thermal maturation anomalies and clay 
mineral zoning, as applied to carbonate hosted Zn-Pb and unconformity uranium deposits, may be 
useful tools. 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: Tsumeb produced -30 million tonnes at 4.0% Cu, 9.0% Pb and 3.2% 
Zn. Production plus reserves at Kipushi are believed to be about 70 million tonnes at 4.8% Cu, 8.8% 
Zn and 0.5% Pb. Kennecott production was 4.4 million tonnes at 12.4% Cu and 95 g/t Ag. These three 
deposits are the most significant producers and also reflect the highest average grades for Cu 
(Kennecott), Pb (Tsumeb) and Zn (Kipushi). The Ruby Creek resource is 90 million tonnes grading 
1.2% Cu. Ge and Ga were produced at Tsumeb, Kipushi(?) and Apex; Apex grades were in the order 
of 0.06% Ge and 0.03% Ga. 

ECONOMIC LIMITATIONS: Although several deposits have been partially mined by open pit methods, the 
elongate morphology usually requires underground mining. The complex suite ofmetallic minerals in 
some deposits could complicate metallurgy. 

IMPORTANCE: Gross and unit metal values can be very high. Few significant deposits are recognized; 
however, the type is poorly understood and exploration efforts have been minimal. 
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BENTONITE E06 

bv Z.D. Hora 

IDENTIFICATION 

SYNONYMS: Sodium and calcium montmorillonites, montmorillonite clay, smectite clay, volcanic clay, soap 
clay, mineral soap. Other terms for sodium montmorillonites are sodium bentonite, swelling bentonite, 
Wyoming or Western bentonite, while calcium montmorillonites are referred to as calcium bentonites, 
non-swelling bentonite, Southern bentonite or fuller’s earth, sub-bentonite. 

COMMODITY: Bentonite (many different grades for a variety of applications and end uses). 

EXAMPLES (British Columbia (MINFILE #)- Canada/lnfernationa[: Hat Creek (092lNW084), Princeton 
(092HSEl5 I), Quilchena (0921 SEI 38), French Bar (0920099); Rosolind (Alberfa, Canada), Trum 
(Saskatchewan, Canada) Borden (Manitoba, Canada). Black Hills District, Big Horn Basin (Wyoming, 
USA), Gonzales and Lafqette Counties (Texas, USA), Iwambaand and Monroe Counties (Mississippi, 
USA), Miles (Greece), Landshut (Germany), Sardinia (Italy). Annalka (Japan), Campina Gronde 
(Brazil). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Montmorillonite-rich clay beds intercalated with shales, sandstones and marls 
which are part of shallow marine or lacustrine environment deposits. 

TECTONIC SETTINGS: Virtually all continental or continental platform settings; also common in island arcs. 

DEPOSITIONAL ENVIRONMENT I GEOLOGICAL SETTING: Bentonite deposits form when volcanic ash 
is deposited in a variety of freshwater (sometimes alkaline lakes) and marine basins characterized by 
low energy depositional environments and temperate climatic conditions. 

AGE OF MINERALIZATION: Mostly Cretaceous to Miocene age, but are known to be as old as Jurassic and 
as recent as Pleistocene. 

HOST/ASSOCIATED ROCK TYPES: Bentonites are hosted by and associated with argillite, mudstone, 
siltstone, sandstone, tuff, agglomerate, ignimbrites, marl, shale, zeolite beds and coal. 

DEPOSIT FORM: Beds range in thickness from several centimeters to tens of meters and can extend hundreds 
of kilometres. In island arc environment, bentonite can also occur as lens-shaped bodies with a limited 
lateral extent. 

TEXTURE/STRUCTURE: Bentonite is bedded, with a soapy texture and waxy appearance. It ranges in colour 
from white to yellow to olive green to brown to blue. In outcrop, bentonite has a distinctive “popcorn” 
texture. 

ORE MINERALOGY [Principal and subordinate]: Montmorillonite, beidellite, illi@ 

GANGUE MINERALOGY [Principal and subordinate]: Mica, feldspar, quartz, calcite, zeolites, gypsum, 
opaline silica, cristobalite, unaltered volcanic glass. These minerals rarely constitute more than 10% of 
a commercially viable deposit. 

ALTERATION MINERALOGY: Alteration consists of devitritication of the volcanic ash with hydration and 
crystallization of the smectite mineral. In some instances there is evidence of a loss of alkalies during 
the alteration. Also, silicification ofbeds underlying some bentonites indicates downward migration of 
silica. There is also sometimes an increase in magnesium content compared to parent material. Besides 
smectite minerals, other alteration products in the volcanic ash include cristobalite, opal& silica, 
zeolites, calcite, selenite and various iron sulphate minerals. 
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BENTONITE E06 
WEATHERING: Yellow colouration (the result of oxidized iron ions) may improve the colloidal properties of 

bentonite. Also, weathering may decrease exchangeable calcium and increase exchangeable sodium. 
Some soluble impurities like calcite, iron sulphates or selenite may be removed by weathering process. 

ORE CONTROLS: The regional extent of bentonite deposits is controlled by the limit of the regional deposition 
environment, paleogeography and distribution of the volcanic pyroclastic unit. Porosity ofthe host 
rocks may be important for the alteration process. Deposits in the continental and continental platform 
settings are the largest. 

GENETIC MODELS: Volcanic pyroclastic material is ejected and deposited in shallow marine or lacustrine 
setting. Bentonite is a product of alteration of the glass component of ashes and agglomerates. 
Alteration of the glassy pyroclastic material possibly starts when the ash contacts the water or may 
occur soon after the ash reaches the seafloor or lake bottom. Wyoming bentonites, however, were 
altered after burial by reaction with diagenetic seawater pore fluids 

ASSOCIATED DEPOSIT TYPES: Other clays, zeolite (DOI, D02), lignite coal (A02), sepiolite, palygorskite 
(FOS). 

EXPLORATION GUIDES 

GEOCHEMICAL SlGNATURE: Nil 

GEOPHYSICAL SIGNATURE: Apparent resistivity and refraction seismic survey may help to interpret the 
lithology. 

OTHER EXPLORATION GUIDES: Sedimentary basins with volcanic ash layers. In some locations bentonite 
layers can form a plane of weakness that results in landslides. Montmorillonite displays popcorn 
texture on the dry surface. 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: Montmorillonite content is usually more than 80%. Other properties 
depend on specifications for particular applications. Published data on individual deposits are very 
scarce. Typically, commercial beds in Wyoming are 0.9 to 1.5 m&es thick. Individual bentonite beds 
are continuous for several kilometres. The Wilcox mine in Saskatchewan has three bentonite seams - 
61, 46 and 30 centimetres thick within a 6 metre thick sequence of shale. In Manitoba, another mine has 
6 beds which have a cumulative thickness of about 76 centimetres within a I meter sequence. 

ECONOMIC LIMITATIONS: Value of the product depends on the type of impurities, colour, size of clay 
particles, cation exchange capability, rheological properties and structures ofthe clay. Sodium 
bentonites are of more interest because of swelling properties and in general higher cation exchange 
capacity. Calcium bentonites are frequently activated by acids or soda ash to provide better performing 
product. Economic viability is often determined by the thickness of the overlying strata and 
overburden. The Wyoming deposits are mined with up to 12 metres of overburden. The 1997 quoted 
price for Wyoming be&mite is from US$25 to 40 a short ton. 

END USES: Main uses for bentonite are in foundry sands, drilling muds, iron ore pelletizing and absorbents. 
Important applications are also in civil engineering for a variety of composite liners and as a food 
additive for poultry and domestic animals. (Special uses include filtration in food processing, cosmetics 
and pharmaceuticals.) 

IMPORTANCE: Bentonite is an important industrial mineral; about 6 million tonnes are produced annually in 
North America. Declining markets in drilling mud and pelletizing will likely be easily offset by 
increasing use in environmental applications like liners and sealers. 
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BENTONITE 
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SEDIMENTARY KAOLIN E07 

by Z.D. Hors 

IDENTIFICATION 

SYNONYMS: Secondary kaolin deposits, tireclay, underclays, high-alumina clay, china clay, 

COMMODITIES (BYPRODUCTS) Kaolin (many different grades for specific applications), ceramic clay, ball 
clay, refractory clay (cement rock, bauxite, silica sand). 

EXAMPLES (British Columbia (MINFILE #) - Canadallnternationa~: Sumas Mountain (92GSE004, 
92GSE024), Blue Mountain (92GSE028), Lang Bay (92F137), Quinsam (92F319), Giscome Rapids 
(93JO20); Cypress Hills (Alberta, Canada). Eastend, Wood Mountain, Ravenscrag (Saskatchewan, 
Canada). Moose River Basin (Ontario, Canada), Shubenacadie Valley (Nova Scotia, Canada), Aiken 
(South Carolina, USA), Wrens. Sandersville, Macon-Gordon, Andersonville (Georgia, USA), Eufaula 
(Alabama, USA). Weipa (Queensland. Australia), Jari, Capim (Brazil). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Beds, lenses and saucer-shaped bodies of kaolinitic claystones hosted by elastic 
sedimentary rocks, with or without coaly layers or coal seams. They usually occur in freshwater basins 
tilled with sediments derived from deeply weathered, crystalline feldspathic rocks. 

TECTONIC SETTINGS: Low-lying coastal plains at continental edge; extension basins in erogenic belts; stable 
continental basins; back arc basins. 

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: Clay beds are generally deposited in low 
energy environments within freshwater basins. Temperate to tropical climatic conditions can produce 
intensive kaolinitic weathering of feldspathic rocks of granitic composition. The kaolin is then eroded 
and transported to estuaries, lagoons, oxbow lakes and ponds. 

AGE OF MINERALIZATION: Most ofthe world class deposits are Upper Cretaceous to Eocene age. Some 
“tireclay” and “underclay” deposits arc Late Carboniferous. 

HOSTiASSOClATED ROCK TYPES: Kaolin beds are associated with variably kaolinitic, micaceous 
sandstones within mudstone, siltstone, sandstone and conglomerate sequences which often are cross- 
bedded. Coal (sub-bituminous and liqnite) may be associated with kaolin beds. Diatomite may also be 
present. 

DEPOSIT FORM: Beds exhibit variable thickness, usually a few m&es; sometimes multiple beds have an 
aggregate thickness of approximately 20 men-es. Deposits commonly extend over areas of at least 
several square kilometers. 

TEXTURE/STRUCTURE: Kaolin is soft and exhibits conchoidal or semiconchoidal fracture; it can be bedded 
or massive. Most kaolins will slake in water, but some “flint” varieties break into smaller angular 
fragments only. Depending on kaolin particle size and presence of organic matter, some clays may be 
very plastic when moist and are usually called “ball clays”. 

ORE MINERALOGY [Principal and subordinate]: Kaolinite, halloysife, quartz, dickiie, nacrite, diaspor, 
boehmite, gibbsife. 

GANGUE MINERALOGY [Principal and subordinate]: Quartz, [imonite, go&We, feldspar, mica, siderite, 
pyrite, illmenife, leucoxene, anatas. 

WEATHERING: The kaolin forms by weathering which results in decomposition of fcldspars and other 
aluminosilicates and removal of fluxing components like alkalies or iron. Post depositional weathering 
and leaching can produce gibbsitic bauxite. In some deposits, post depositional weathering may 
improve crystallinity of kaolin particles and increase the sire of crystal aggregates. 
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SEDIMENTARY KAOLIN 
ORE CONTROLS: The formation and localization of clay is controlled by the location of the sedimentary basin 

and the presence ofweathered, granitic rocks adjacent to the basin, particularly rapidly eroding 
paleotopographic highs. 

GENETIC MODELS: Ideal conditions to produce kaolinitic chemical weathering are high rainfall, warm 
temperatures, lush vegetation, low relief and high groundwater table. The kaolin is eroded and 
transported by streams to a quiet, fresh or brackish, water environment. Post-depositional leaching, 
oxidation, and diagenesis can significantly modify the original clay mineralogy with improvement of 
kaolin quality. 

ASSOCIATED DEPOSIT TYPES: Peat (AOI), coal seams (A02, A03, A04), paleoplacers (CO4), some 
bentonites (E06), lacustrine diatomite (F06). 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: None. Enrichment in Al does not provide sufficient contrast with host 
sediments. 

GEOPHYSICAL SIGNATURE: Apparent resistivity and refraction seismic surveys can be used in exploration 
for fireclay beds. 

OTHER EXPLORATION GUIDES: Most readily ascertainable regional attribute is sedimentary basins with 
Upper Cretaceous and Eocene unconformities. Within these basins kaolin occurs with sediments, 
including coal seams, deposited in low energy environments. 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: Published data on individual deposits are very scarce. Deposits in 
Georgia, USA contain 90 to 95% kaolinite. Individual Cretaceous beds are reported to be up to 12 m 
thick and extend more than 2 km while those in the Tertiary sequence are 10 to 25 m thick and up to 18 
km along strike. The Weipa deposit in Australia is 8 to 12 m thick and contains 40 to 70% kaolinite. 
The Jari deposit in Brazil is reported to contain more than 250 Mt of “good, commercial grade kaolin”. 
Over 200 Mt of reserves “have been proven” at Capim deposit in Brazil. Ball clay deposits in 
Tennessee and Kentucky consist of kaolin with from 5 to 30% silica; individual deposits may be more 
than 9 m thick and extend over areas from 100 to 800 m long and up to 300 m wide. 

ECONOMIC LIMITATIONS: Physical and chemical properties affect end use. Physical properties include 
brightness, particle size distribution, particle shape and rheology. Limo&e staining is a negative 
feature. The high level of processing required to meet industv specifications and minimize 
transportation cost to the end user are the main limiting factors for kaolin use. While local sources 
compete for low value markets, high quality products may be shipped to users several thousand km 
from the plant. Most production is from open pits; good quality tireclay seams more than 2 meters thick 
are sometimes mined underground. Typically, paper coating grade sells for up to US$I20, filler grade 
for up to US$92 and sanitary ceramics grade for $USSS to $65 per short ton (Industrial Minerals, 
1997). Refractory and ball clay prices are within the same range. 

END USES: The most important use for kaolin is in the paper industry, both as a filler and coating pigment. A 
variety of industrial tiller applications (rubber, paints, plastics, etc.) are another major end use. 
Kaolin’s traditional use in ceramic products is holding steady, but the refractory use has 
declined substantially in the last two decades because of replacement by other high 
performance products. 

IMPORTANCE: One of the most important industrial minerals in North America. Over I1 Mt is produced 
annually and production is on a steady increase. 

24D-2 British Columbia Geological Survey Branch 



SEDIMENTARY KAOLIN E07 
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SPARRY MAGNESITE E09 

by G.J. Simandl and K. Hancock 

IDENTIFICATION 

SYNONYMS: Veitsch-type, carbonate-hosted magnesite, crystalline magnesite. 

COMMODITY: Magnesite. 

EXAMPLES (British Columbia (MINFILE) - Canada/lnternationa~: Mount Brussilof (OSZJNWOOl), 
Marysville (082GNWOOS), Brisco area and Driftwood Creek (082KNE068); Veitsch, 
Entachen Aim, Hochfilzen, Radenthein and Breitenau (Austria), Eugui (Navarra Province, 
Spain), deposits ofAshan orea, Liaoning Province (China), Satka deposit (Russia). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Stratabound and typically stratiform, lens-shaped zones of coarse-grained 
magnesite mainly occurring in carbonates but also observed in sandstones or other elastic 
sediments. Magnesite exhibits characteristic sparry texture. 

TECTONIC SETTING: Typically continental margin or marine platform, possibly continental settings, occur in 
belts. 

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: The host sediments are deposited in a shallow 
marine environment adjacent to paleobathymetric highs or a lacustrine evaporitic environment. 

AGE OF MINERALIZATION: Proterozoic or Paleozoic. 

HOST/ASSOCIATED ROCK TYPES: Magnesite rock, d&stone, limestones, shales, chert. Associated with 
sandstone, conglomerate and volcanics and their metamorphic equivalents. 

DEPOSIT FORM Commonly strata, lenses or rarely irregular masses, typically few hundred m&es to several 
kilometres in strike length. Shortest dimension of the orebody (metres to tens of metres) is 
commonly normal to the bedding planes. 

TEXTURE/STRUCTURE: The magnesite-bearing rocks exhibit sparry, pin&tic, zebra-like, or xenotopic 
(anhedral) textures on the fresh surface. Magnesite or dolomite pseudomorphs after sulphates. 
“Box-textures”, rosettes, monopolar and antipolar growths are locally present. 

ORE MINERALOGY: Magnesite. 

GANGUE MINERALOGY (Principal and subordinate): Dolomite * quartz i chert + talc -t chlorite + sulphides 
l sulphosalts, *calcite, + mica, ipalygorskite, * aragonite, f clay (as veinlets), organic 
material. In highly metamorphosed terrains, metamorphic minerals derived from above 
precursors will be present. 

ALTERATION MINERALOGY: Talc may form on quartz-magnesite boundaries due to low temperature 
metamorphism. 

WEATHERING: Surface exposures are typically beige or pale brown and characterized by “granola-like” 
appearance. Most sulphides are altered into oxides in near surface environment. 

ORE CONTROLS: Deposits are stratabound, commonly associated with unconformities. They are typically 
located in basins characterized by shallow marine depositional environments. Lenses may be 
located at various stratigraphic levels within magnesite-hosting formation. 
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SPARRY MAGNESITE 
GENETIC MODELS: There are two preferred theories regarding the origin of spray magnesite deposits: 

I) Replacement of dolomitized, permeable carbonates by magnesite due to interaction with a 
m&somatic fluid. 
2) Diagenetic recrystallization of a magnesia-rich protolith deposited as chemical sediments 
in marine or lacustrine settings. The sediments would have consisted of fine-grained 
magnesite, hydromagnesite, huntite or other low temperature magnesia-bearing minerals. 
The main difference between these hypotheses is the source of magnesia; external for 
m&somatic replacement and in situ in the case of diagenetic recrystalization. Temperatures of 
homogenization of fluid inclusions constrain the temperature of magnesite formation or 
recrystalization to I IO to 240°C. In British Columbia the diagenetic recrystalization theory 
may best explain the stratigraphic association with gypsum and halite casts, correlation with 
paleotopographic highs and unconformities, and shallow marine depositional features of the 
&posits. 
A number of recent cryptocrystalline sedimentary magnesite deposits, such as Salda Lake in 
Turkev and the Kunwarara deoosit in Oueensland. Australia. huntite-maenesite- 
hydr&agnesite deposits of Kbzani Basin, North&n Greece,‘and the ma&site- or 
hydromagnesite- bearing evaporitic occurrences from Sebkha el Melah in Tunesia may be 
recent analogs to the pre-diagenetic protoliths for British Columbia sparry magnesite deposits. 

ASSOCIATED DEPOSIT TYPES: Sediment-hosted talc deposits (E08) and Mississippi Valley-type deposits 
(E12) are geographically, but not genetically, associated with sparry magnesite in British 
Columbia. The magnesite appears older than cross-cutting sparry dolomite that is commonly 
associated with MVT deposits. 

COMMENTS: Magnesite deposits can survive even in high grade metamorphic environments because of their 
nearly monomineralic nature. 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: Tracing of magnesite boulders and blocks with pinolitic texture. Magnesite 
grains in stream sediments. 

GEOPHYSICAL SIGNATURE: N/A. 

OTHER EXPLORATION GUIDES: Surface exposures are beige, pale brown or pale gray. White tine-grained 
marker horizons are useful in southwest British Columbia. “Granola-like” weathering texture 
is a useful prospecting indicator. Magnesite may be identified in the field using heavy-liquids. 
In British Columbia the deposits are c&en associated with unconformities, paleotopographic 
highs within particular stratigraphic horizons. 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: Grades range from 90 to 95% M,gCO, with the resources ranging from 
several to hundreds ofmillion tonnes. British Columbia deposits are characterized by lower 
iron content than most of the European deposits. 

ECONOMIC LIMITATIONS: There is large but very competitive market for magnesia-based products. China 
is the largest exporter of magnesite. Quality of primary raw materials, cost of energy, cost of 
transportation to markets, availability of existing infrastructure, and the quality of finished 
product are major factors achieving a successful operation. 

END USES: Magnesite is used to produce magnesium metal and caustic, dead-burned and fused magnesia. 
Caustic magnesia, and derived tertiary products are used in chemical and industrial 
applications, construction, animal foodstuffs and environmental rehabilitation. Fused and 
dead-burned magnesia are used in high-performance refractories. Magnesium metal has wide 
range of end uses, mostly in the aerospace and automotive industries. The automotive market 
for magnesium metal is expected to expand rapidly with current efforts to reduce the weight of 
vehicles to improve fuel economy and reduce harmful emissions. 
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SPARRY MAGNESITE 
IMPORTANCE: Spay magnesite deposits account for 80% of the world production. Significant quantities of 

magnesite are also produced from ultramafic-hosted deposits and tine grained or nodular 
deposits. 
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SEDIMENTARY-HOSTED, STRATIFORM BARITE El7 

by S. Paradisl, G.J. Simandl, D. Ma&hire and G.J. Or& 

SYNONYM: Bedded barite. 

COMMODITIES (BYPRODUCTS): Barite (possibly Zn, Pb, f Ag). 

EXAMPLES (British Columbia (MINFILE #)- CanadaUnternationa~: Kwadacha (094F020), Gin (094F017), 
Gnome (094F02E); Tea, Tyrala, Hess, Walt and Cathy (Yukon, Canada), Walton (Nova Scotia, 
Canada). Fancy Hill (Arkansas, USA), Mountain Springs, Greystone (Nevada, USA), Jixi and Liulin 
(China). Fig Tree and Mabiligwe (South Africa). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Sedimentary-hosted, stratiform or lens-shaped barite bodies, that may reach over 
ten metres in thickness and several kilometres in strike length. B&e-rich rocks (baritites) are 
commonly lateral distal equivalents of shale-hosted Pb-Zn (SEDEX) deposits. Some barite deposits are 
not associated with shale-hosted Zn-Pb deposits. 

TECTONIC SETTINGS: Intracratonic or continental margin-type fault-controlled marine basins or half-grabens 
of second or third order and peripheral foreland (distal to the continental margin) basins. 

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: Deep, starved marine basins to shallow water 
shelves. The barite-rich rocks (baritites) were deposited on the seafloor and commonly grade laterally 
into either shale-hosted Pb-Zn (SEDEX) deposits which formed closer to the submarine hydrothermal 
vents, or the more distal cherts, hematite-chert iron formations, silica and manganese-enriched 
sediments. 

AGE OF MINERALIZATION: Deposits are hosted by rocks of Archean to Mesozoic ages but are most 
common in rocks of Phaneroroic, especially in the mid to late Paleozoic age. 

HOST/ASSOCIATED ROCK TYPES: Major rock types hosting barite we carbonaceous and siliceous shales, 
siltstones, cherts, argillites, turbidites, sandstones, dolomites and limestones. 

DEPOSIT FORM: Stratiform or lens-shaped deposits are commonly metres thick, but their thickness may 
exceed 50 metres. Their lateral extent may be over several square kilometres. 

TEXTURE/STRUCTURE: The barite ore is commonly laminated, layered or massive. Barite may form 
rosettes, randomly oriented laths or nodules. Some of the barite deposits display breccias and slump 
structures. In metamorphosed areas, barite may be remobilized (forming veinlets) and/or recrystallized. 

ORE MINERALOGY[Principal and subor&&]: Barite. 

GANGUE MINERALOGY [Principal and subordinate]: Quartz, clay, organic material, c&an, hyalophane, 
cymrite, barytocalcite, calcite, dolomite, pyrite, marcasite, sphalerite, galena, and in some cases 
witherite. 

ALTERATION MINERALOGY: None in most cases. Secondary barite veining. Weak to moderate sericitization 
reported in, or near, some deposits in Nevada. 

WEATHERING: B&e-rich exposures sometimes create vegetation “kill zones”. 

’ Geological Survey of Canada, Sidney, British Columbia. 
’ U.S. Geological Survey, Tuscan, Arizona. 
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SEDIMENTARY-HOSTED, STRATIFORM BARITE El7 
ORE CONTROLS: Sedimentary depositional environment is mainly half-grabens and basins of second or third 

order. While Zn-Pb-barite (SEDEX) deposits may require euxinic environment to stabilize sulphides. 
more oxidized depositional environment may be the key for deposition of high-grade (nearly sulphide- 
free) barite deposits. Syndepositional faults are extremely important for SEDEX deposits that are 
commonly proximal to the vents, but may not be essential for all sediment-hosted stratabound barite 
deposits. 

GENETIC MODEL: Some stratiform barite deposits form from hydrothermal fluids that exhaled on the seafloor 
and precipitated barite and other minerals (sulphides, chat, etc.) as chemical sediments. The chemical 
sediments change composition with distance from the vent reflecting changes in temperature and other 
parameters of the hydrothermal fluid as it mixed with seawater. Barite-rich sediments can reflect 
hydrothermal fluids deficient in metals (lack of base metals in the source rock or insuffIcient 
temperature or unfavorable physical-chemical fluid conditions to carry base metals) or discharge of 
hydrothermal fluids in a shallow marine environment that does not favor precipitation of sulphides. 
Some of the sedimentary-hosted barite deposits are interpreted as chemical sediments related to 
inversion of stratified basin resulting in oxygenation of reduced waters. Others formed by erosion and 
reworking of sub-economic chemical sediments (Heinrichs and Reimer, 1977) or of semi-consolidated 
clays containing barite concretions (Reimer, 1986), resulting in selective concentration of barite. 

ASSOCIATED DEPOSIT TYPES: Shale-hosted Zn-Pb deposits (El4), Irish-type massive sulphide deposits 
(El3), sedimentary manganese deposits (FOI) and vein barite deposits (110). In oxygen-starved basins, 
barite deposits may be stratigraphically associated with black shales enriched in phosphates (Fog), 
vanadium, REE and uranium mineralization and possibly shale-hosted Ni-Mo-PGE (E16) deposits. 

COMMENTS: There is a complete spectrum from sulphide-rich to barite-rich SEDEX deposits. The Cirque 
deposit in British Columbia, represents the middle ofthis spectrum and consists of interlaminated 
barite, sphalerite, galena and pyrite. Its reserves are in excess of 38.5 million tonnes averaging 8% Zn, 
2.2% Pbl 47.2 g/tonne ofAg and 45-50% barite. Wither&, a barium carbonate, occurs as an accessory 
mineral m some barite deposits and rarely forms a deposit on its own. There has been no commercial 
with&e production in the western world since the mines in Northumberland, England closed. 
Recently, the Chengkou and Ziyang witherite deposits have been discovered in China (Wang and Chu, 
1994). With&e deposits may form due to severe depletion of seawater in SO-‘, and enrichment in Ba 
(Maynard and Okita, 1991). Alternatively, these deposits could have formed by high temperature 
replacement of barite by witherite (Turner and Goodfellow,l990). 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: Barium enrichment on the scale of the basin and other indicators of shale- 
hosted Zn-Pb deposits, such as high values of Zn, Pb, Mn, Cu and Sr, in rock and stream sediment 
samples. Strongly anomalous Ba values in stream sediments and heavy sediments are only found in 
close proximity to barite mineralization because barite abrades rapidly during stream sediment 
transportation. The difference between “Sr/*‘Sr ratios of barite and coeval seawater may be used to 
distinguish between cratonic rift (potentially SEDEX-related) harite occurrences and those of peripheral 
foreland basins (Maynard ef a/.,1995). 

GEOPHYSICAL SIGNATURE: Deposit may correspond to a gravity-high. 

OTHER EXPLORATION GUIDES: Appropriate tectonic and depositional setting. Proximity to known 
occurrences of barite, shale-hosted SEDEX or Irish-type massive sulphide occurrences, exhalative 
chat, hematite-chert iron formations and regional Mn marker beds. Vegetation “kill zones” coincide 
with some barite occurrences. 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: Deposits range from less than 1 to more than 25 million tonnes grading 
30% to aver 95% barite with a median size of 1.24 million tonnes containing 87.7 % B&O, (Orris, 
1992). Portions of some deposits may be direct shipping ore. The Magcobar mine in the Silvermines 
district of Ireland produced 4.6 Mt of 85% BaS04 lump. Barite is produced at some metal mines, 
including the Ramelsburg and Meggen (8.9 Mt) mines in Germany. 
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ECONOMIC LIMITATIONS: Several modem applications require high brightness and whiteness values and 

high-purity products. There are different requirements for specific applications. Abrasivity, grade of 
concentrate, color, whiteness, density and type of impurities, oil index, water index, refractive index 
and base metal content are commonly reported for commercially available concentrates. Transportation 
cost, specific gravity and content of water-soluble alkaline earth metals, iron oxides and sulphides are 
important factors for barite used in drilling applications. Currently sulphide-free barite deposits are 
preferred by the barite producers. Some ofthe barite on the market is sold without complex upgrading. 
Selective mining and/or hand sorting, jigging, flotation and bleaching are commonly required. It is 
possible that in the future, due to technological progress, a substantial portion of barite on the market 
will originate as by-product of metal mining. 

END USES: Barite is used mainly in drill muds, also as heavy aggregate, marine ballast, a source of chemicals, a 
component in ceramics,, steel hardening, glass, fluxes, papers, specialized plastics and radiation shields, 
in sound proofing and m friction and pharmaceutical applications. With&e is a desirable source of 
barium chemicals because it is soluble in acid, but it is not suitable for applications where inertness in 
acid environments is important.. 

IMPORTANCE: Competes for market with vein-type barite deposits. Celestite, ihnenite, iron oxides can replace 
barite in specific drilling applications. However the impact ofthese substitutes is minimized by 
relatively low barite prices. 
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UNCONFORMITY-ASSOCIATED U 116 

by R.H. McMillanl 

1DENTIFICATION 

SYNONYMS: Unconformity-veins, unconformity-type uranium, unconformity U. 

COMMODITIES (BYPRODUCTS): U (Au, Ni). 

EXAMPLES (British Columbia - CanadaUnternationaI): None in British Columbia; Rabbit Lake, Key Lake, 
CluffLake, Midwest Lake, McClean Lake. McArthur River, Cigar Lake and Maurice Bay in the 
Athabasca uranium districi (Saskatchewan, Canada). Lone Gull (Kiggavik) and Boomerang Lake, 
Thelon Basin district (Northwest Territories, Canada), Jabiluka, Ranger, Koongarra and Nabarlek, 
Alligator River district (Northern Territory, Australia). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Uranium minerals, generally pitchblende and coffinite, occur as fracture and 
breccia fillings and disseminations in elongate, prismatic-shaped or tabular zones hosted by 
sedimentaryimetasedimentary rocks located below, above or across a major continental unconformity. 

TECTONIC SETTING: Intracratonic sedimentary basins. 

GEOLOGICAL SETTlNG/DEPOSITIONAL ENVIRONMENT: Structurally-prepared and porous zones within 
chemically favourable reduced or otherwise reactive strata. 

AGE OF MINERALIZATION: Mid-Proterozoic, however, there is potential for younger deposits. 

HOST/ ASSOCIATED ROCK TYPES: Shelf facies m&sedimentary (amphibolite 01 gramdite f&s) rocks of 
Early Proterozoic age (graphitic or sulphide-rich m&p&es, c&silicate rocks and metapsammites), 
regolith and overlying continental sandstones of Middle Proterozoic age. The Early Proterozoic 
hostrocks in many cases are retrograded amphibolite-facie metamorphic rocks on the flanks of 
Archean gneiss domes. The overlying continental sandstones are well sorted fluviatile quartz-rich 
psammites; generally with a clay or siliceous matrix and red or pale in colour. Dikes and sills, 
commonly diabases and lamprophyres, occur in some districts. 

DEPOSIT FORM: Orebodies may be tabular, pencil shaped or irregular in shape extending up to few @lometres 
in length Most deposits have a limited depth potential below the unconformity of less than a 100 m, 
however, the Jabiluka and Eagle Point deposits are concordant within the Lower Proterozoic host rocks 
and extend for several hundred m&es below the unconformity. 

TEXTURE/STRUCTURE: Most deposits till pore space 01 voids in breccias and vein stockworks. Some 
Saskatchewan deposits are exceptionally rich with areas of “massive” pitchblendeicoftinite. Features 
such as drusy textures, crustification banding, colloform, botryoidal and dendritic textures are present 
in some deposits. 

’ Consulting Geologist, Victoria, British Columbia 
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UNCONFORMITY-ASSOCIATED U 

ORE MINERALOGY (Principal and subordinate): Pitchblende (Th-poor uraninite), coftinite, uranophane, 
thucolite, brannerite, iron sulphides, native gold. Co-N; arsenides and sulpharsenides, selenides, 
tellurides, vanadinites. jordesite (amorphous molybedenite), vanadates. chalcopyrite, galena, 
sphalerite, native Ag and PGE. Some deposits are “simple” with only pitchblende and coftinite, while 
others are “complex” and contain Co-Ni arsenide% and other metallic minerals. 

GANGUE MINERALOGY: Carbonates (calcite, dolomite, magnesite and siderite), chalcedonic quartz, sericite 
(illite) chlorite and dravite (tourmaline). 

ALTERATION: Chloritization, hematization, kaolinization, illitization and silicitication. In most cases 
hematization is due to oxidation of ferrous iron bearing minerals in the wallrocks caused by oxidizing 
mineralizing fluids, however, the intense brick-red hematite adjacent to some high grade uranium ores 
is probably due to loss of electrons during radioactive disintegration of U and its daughter products. An 
interesting feature of the clay alteration zone is the presence of pseudomorphs of high grade 
metamorphic minerals, such as cordierite and garnet, in the retrograded basement wallrock. 

WEATHERING: Uranium is highly soluble in the +6 valence state above the water table. It will re-precipitate as 
uraninite and coftinite below the water table in the +4 valence state in the presence of a reducing agents 
such as humic material or carbonaceous “trash”. Some U phosphates, vanadates, sulphates, silicates and 
arsenates are semi-stable under oxidizing conditions, consequently autunite, torbernite, carnotite, 
zippeite, uranophane, uranospinite and numerous other secondary minerals may be found in the near- 
surface zone of oxidation, particularly in arid environments. 

ORE CONTROLS: A pronounced control related to a mid-Proterozoic unconformity and to favourable 
stratigraphic horizons within Lower Proterozoic hostrocks -these strata are commonly graphitic. Local 
and regional fault zones that intersect the unconformity may be important features. Generally found 
close to basement granitic rocks with a high U clarke. 

GENETIC MODEL: The exceptionally rich ore grades which characterize this type of deposit point to a 
complex and probably polygenetic origin. 
. Some form of very early preconcentration of U in the Archean basement rocks seems to have been 
important. 
l The hoshocks are commonly Lower Proterozoic in age, and are comprised of metamorphosed rocks 
derived from marginal marine and near-shore facies sedimentary rocks which may have concentrated U 
by syngenetic and diagenetic processes. 
l Although the behaviour of U under metamorphic and ultrametamorphic conditions is poorly 
known, it is possible that U could have been mobilized in the vicinity of Archean gneiss domes and 
anatectic granites and precipitated in pegmatites and stratabound deposits as non-refractory, soluable 
uraninite. 
l Supergene enrichment in paleo regoliths, that now underlie the unconformity, may have been an 
important process in the additional concentration of U. 
l Typically the overlying quartz-rich fluviatile sandstones have undergone little deformation, but are 
affected by normal and reverse faults that are probably w-activated basement faults. In Saskatchewan, 
these faults carry ore in several deposits and in others appear to have facilitated the transport of U 
within the cover sandstones. 
l Hydrothennalidiagenetic concentration of U through mixing of oxidized basinal and reduced 
basement fluids appear to have resulted in exceptional concentrations of U and Ni. There is a possibility 
that radiogenic heat developed in these extremely rich deposits may have been instrumental in heating 
formational fluids and in remobilizing the metals upwards above the deposit. 
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l Diabase dikes occur in faults near some deposits and some researchers have suggested that the dikes 
might have provided the thermal energy that remobilized and further upgraded U concentrations. 
Recent age dates of the Mackenzie dikes in the Athabaska district do not support this interpretation. 

ASSOCIATED DEPOSIT TYPES: Sandstone-hosted U deposits (D05) are found in associated supracrustal 
quartz-rich arenites. Stratabound disseminated or skam deposits, such as the Dudderidge Lake and 
Burbidge Lake deposits (Saskatchewan) and pegmatitic occurrences are commonly present in the 
metamorphosed basement rocks. In arid or semi-arid environments surticial deposits may be present in 
the overburden. The deposits have affinities to “Classical” U veins (115). 

COMMENTS: Virtually all the known unconformity-associated uranium deposits are found in the Athabasca 
Basin, Alligator River district and Thelon Basin. In British Columbia favourable target areas for this 
style of mineralization might be found within strongly metamorphosed shelf-facies Proterozoic strata 
near gneiss domes, particularly in plateau areas near the Cretaceous-Tertiary paleosurface. The Midnite 
mine, located 100 km south of Osoyoos, British Columbia, may be an unconformity-associated U 
deposit. The ore comprises fracture-controlled and disseminated U and alteration minerals (pitchblende, 
cofflnite as well as auhmite and other secondary minerals) within metamorphosed shelf-facies pelitic 
and calcareous rocks of the Precambrian Togo Formation. Production and reserves prior to closing at 
the Midnite mine are estimated at approximately 3.9 Mt grading 0.12% U. 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: U, Ni, Co, As, Pb and Cu are good pathfinder elements which can be utilized 
in standard stream silt, lake bottom sediment and soil surveys. Stream and lake bottom water samples 
can be analyzed for U and Ra. In addition, the inert gases He and Ra can often be detected above a U- 
rich souxe in soil and soil gas surveys, as well as in groundwater and springs. In Saskatchewan, 
litbogeochemical signahues have been documented in Athabasca Group quartz arenites for several 
hundred me&es directly above the deposits and in glacially dispersed boulders located “down ice” -the 
signature includes boron (dravite) and low, but anomalous U as well as K and/or Mg clay mineral 
alteration (illite and chlorite). 

GEOPHYSICAL SIGNATURE: During early phases of exploration of the Athabasca Basin, airborne and 
ground radiometric surveys detected near surface uranium deposits and their glacial dispersions. 
Currently, deeply penetrating ground and airborne elecromagnetic surveys axe used to map the graphitic 
argillites associated with most deposits. The complete spectrum of modem techniques (gravity, 
magnetic, magneto-telluric, electromagnetic, VLF-EM, induced polarization, resistivity) can be utilized 
to map various aspects of structure as well as hostrock and alteration mineral assemblages in the search 
for deep targets. 

OTHER EXPLORATION GUIDES: Standard techniques using sensitive gamma ray scintillometers to detect 
mineralization directly in bedrock 01 in float trains in glacial till, frost boils, talus or other debris 
derived from U mineralization remain the most effective prospecting methods. 
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ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: Individual deposits are generally small, but can be exceedingly high- 
grade, up to several percent U. The median size for 36 Saskatchewan and Australian deposits is 260 
000 t grading 0.42% U (Grauch and Mosier, 1986). Some deposits are exceptionally high grade such as 
the Key Lake Gaertner-Deilmann deposits (2.5 Mt @ 2.3% U), Cigar Lake deposits (900 000 t @ 
12.2% U) and McArthur River (1.4 Mt @l2.7% U). 

ECONOMIC LIMITATIONS: Since the early 198Os, average ore grades have generally risen to exceed 0.25% 
U. Problems related to the pervasively clay-altered wallrocks and presence of radon gas and other 
potentially dangerous elements associated with some high-grade uranium deposits in Saskatchewan 
have resulted in exceptionally high mining costs in some cases. 

IMPORTANCE: The Rabbit Lake mine, opened in 1975, was the fust major producer of unconformity-type ore. 
Since then the proportion of the world’s production to come from unconformity-type deposits has 
increased to 33% and is expected to rise in the future. 
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Au WARNS K04 

by Gerald E. Ray 

IDENTIFICATION 

SYNONYMS: Pyrometasomatic, tactite, or contact m&somatic Au deposits 

COMMODITIES (BYPRODUCTS): Au (Cu, Ag). 

EXAMPLES (British Columbia - Canada/lnternationaf): Nickel Plate (092HSE038), French (092HSE059), 
Canty (092HSE 064), Good Hope (092HSE060), QR - Q uesnel River (093A121); Forfifude, McCoy 
and Tomboy-Minnie (Nevada, USA), Buckhorn Mountain (Washington, USA), Diamond Hill, New World 
district and Butte Highlands (Montana, USA), Nixon Fork (Alaska, Us), Thanksgiving (Philippines), 
Browns Creek and Junction Reefs-Sheohan-Grants (New South Wales, Australia), Mount Biggenden 
(Queensland, Australia), Savage Lode, Coogee (Western Australia, Australia). Nambija (Ecuador). 
Wabu (Irian Jaya, Indonesia). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Gold-dominant mineralization genetically associated with a skam gangue 
consisting of Ca - Fe - Mg silicates, such as clinopyroxene, garnet and epidote. Gold is often intimately 
associated with Bi or Au-tellurides, and commonly occurs as minute blebs (<40 microns) that lie within 
or on sulphide grains. The vast majority of Au skams are hosted by calcareous rocks (calcic subtype). 
The much rarer magnesian subtype is hosted by d&mites or Mg-rich volcanics. On the basis of 
gangue mineralogy, the calcic Au skams can be separated into either pyroxene-rich, garnet-rich or 
epidote-rich types; these contrasting mineral assemblages reflect differences in the hostrock lithologies 
as well as the oxidation and sulphidation conditions in which the skams developed. 

TECTONIC SETTINGS: Most Au skams form in erogenic belts at convergent plate margins. They tend to be 
associated with syn to late island arc intrusions emplaced into calcareous sequences in arc or back-arc 
environments. 

DEPOSITIONAL ENVIRONMENT i GEOLOGICAL SETTING: Most deposits are related to plutonism 
associated with the development of oceanic island arcs or back arcs, such as the Late Triassic to Early 
Jurassic Nicola Group in British Columbia. 

AGE OF MINERALIZATION: Phanerozoic (mostly Cenozoic and Mesozoic); in British Columbia Au skarns 
are mainly of Early to Middle-Jurassic age. The unusual magnesian Au skams of Western Australia are 
Archean. 

HOST/ASSOCIATED ROCK TYPES: Gold skams are hosted by sedimentruy carbonates? calcareous elastics, 
volcaniclastics or (rarely) volcanic flows. They are commonly related to high to mtermediate level 
stocks, sills and dikes of gabbro, diorite, quartz diorite or granodiorite composition. Economic 
mineralization is rarely developed in the endoskam. The I-type intrusions are commonly porphyritic, 
undifferentiated, Fe-rich and talc-alkaline. However, the Nambtja, Wabu and QR Au skams are 
associated with alkalic intrusions. 

DEPOSIT FORM: Variable from irregular lenses and veins to tabular or stratiform orebodies with lengths 
ranging up to many hundreds of me&s. Rarely, can occur as vertical pipe-like bodies along permeable 
structures. 

TEXTURE/STRUCTURE: Igneous textures in endoskam. Coarse to fine-grained, massive granoblastic to 
layered textures in exoskam. Some homfelsic textures. Fractures, sill-dike margins and fold hinges 
can be an important loci for mineralization. 
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Au SKARNS 
OR!? MINERALOGY (Principal and subordinate): The gold is commonly present as micron-sized inclusions in 

sulphides, or at sulphide grain boundaries. To the naked eye, ore is generally indistinguishable from 
waste rock. Due to the poor correlation between Au and Cu in some Au skams, the economic potential 
of a prospect can be overlooked if Cu-sulphide-rich outcrops are preferentially sampled and other 
sulphide-bearing or sulphide-lean assemblages are ignored. The ox in pyroxene-rich and garnet-rich 
skams tends to have low Cu:Au (<2000:1), Zn:Au (<lOO:l) and AgiAu (<l:l) ratios, and the gold is 
commonly associated with Bi minerals (particularly Bi tellurides). 
Magnesian subtype: Native gold f pyrrhotite f chalcopyrite + pyrite + magnetire l galena I 

tetrahedrite. 
Calcic subtype: 

Pyroxene-rich Au skams: Native gold * pyrrhotite * arsenopyrite f chalcopyrite f tellurides (e.g. 
hedleyite, tetradymife, altaite and hessite) -+ bismuthinite f cobaltite f native bismuth *pyrite + 
sphalerite * maldonite. They generally have a high sulphide content and high pyrrhotite:pyrite 
ratios. Mineral and metal zoning is common in the skam envelope. At Nickel Plate for example, 
this comprises a narrow proximil zone of coarse-grained, gam&skam containing high Cu:A; 
ratios, and a wider, distal zone of finer grained pyroxene skam containing low Cu:Au ratios and the 
Au-sulphide orebodies. 
Garnet-rich Au skams: Native gold l chalcopyrite f pyrite f arsenopyrite -t sphalerite + 
magnetite + hematite + pyrrhotite I g&m k tellurides f b;smuthinife. They generally have a low 
to moderate sulphide content and low pyrrhotite:pyrite ratios. 
Epidote-rich Au skam: Native gold f chalcopyrite + pyrite i arsenopyrite * hematite f magnetite 
* pyrrhotite * galena + sphalerite l tellurides. They generally have a moderate to high sulphide 
content with low pyrrhotite:pyrite ratios. 

EXOSKARN MINERALOGY (GANGUE): 
Magnesian subtype: Olivine, clinopyroxene (Hd2-50), garnet (Ad7-30)? chondrodite and monticellite. 

Retrograde minerals include serpentine, epidote, vesuvianite, tremollte-actinolite, phlogopite, talc, 
K-feldspar and chlorite. 

Calcic subtype: 
Pyroxene-rich Au skams: Extensive exoskam, generally with high pyroxene:gamet ratios. 
Prograde minerals include diopsidic to hedenbergitic clinopyroxene (Hd 20-loo), K-feldspar, Fe- 
rich biotite, low Mn grandite garnet (Ad lo-loo), wollastonite and vesuvianite. Other less 
common minerals include rut&. axinite and sphene. Late or retrograde minerals include &dote. 
chlorite, clinozoisite, vesuvianit$ scapolite, tremolite-actinolite, s&cite and prehnite. . 
Garnet-rich Au slams: Extenswe exoskam, generally with low pyroxene:gamet ratios. Prograde 
minerals include low Mn grandite garnet (Ad lo-IOO), K-feldspar, wollastonite, diopsidic 
clinopyroxene (Hd O-60), epidote, vesuvianite, sphene and apatite. Late or retrograde minerals 
include epidote, chlorite, clinozoisite, vesuvianite, tremolite-actinolite, sericite, dolomite, siderite 
and prehnite. 
Epidote-rich Au skams: Abundant epidote and lesser chlorite, tremolite-actinolite, quartz, K- 
feldspar, garnet, vesuvianite, biotite, clinopyroxene and late carbonate. At the QR deposit, epidote- 
pyrite and carbonate-pyrite veinlets and coarse aggregates are common, and the best ore occurs in 
the outer part of the alteration envelope, within 50 m of the epidote skam front. 

ENDOSKARN MINERALOGY (GANGUE): Moderate endoskam development with K-feldspar, biotite, Mg- 
pyroxene (Hd 5-30) and garnet. Endoskam at the epidote-rich QR deposit is characterized by calcite, 
epidote, clinozoisite and tremolite whereas at the Butte Highlands Mg skam it contains argillic and 
propyllitic alteration with garnet, clinopyroxene and epidote. 

WEATHEJI;Ci: In temperate and wet tropical climates, skams often form topographic features with positive 

ORE CONTROLS: The ore exhibits strong stratigraphic and structural controls. Orebodies form along sill-dike 
intersections, sill-fault contacts, bedding-fault intersections, fold axes and permeable faults or tension 
zones. In the pyroxene-rich and epidote-rich types, ore commonly develops in the more distal portions 
of the alteration envelopes. In some districts, specific suites of reduced, Fe-rich intrusions are spatially 
related to Au skam mineralization. Ore bodies in the garnet-rich Au skams tend to lie more proximal to 
the intrusions. 
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Au WARNS 
GENETIC MODEL: Many Au skams are related to plutons formed during oceanic plate subduction. There is a 

worldwide spatial, temporal and genetic association between porphyry Cu provinces and calcic Au 
skams. Pyroxene-rich Au skams tend to be hosted by siltstone-dominant packages and form in 
hydrothermal systems that are sulphur-rich and relatively reduced. Garnet-rich Au skams tend to be 
hosted by carbonate-dominant packages and develop in more oxidising and/or more sulphur-poor 
hydrothermal systems. 

ASSOCIATED DEPOSIT TYPES: Au placers (COl,CO2), calcic Cu skams (KOl), porphyry Cu deposits (L04) 
and Au-bearing quartz and/or sulphide veins (101,102). Magnesian subtype can be associated with 
porphyry MO deposits (LO5) and possibly W skams ( K05). In British Columbia there is a negative 
spatial association between Au and Fe skams at regional scales, even though both classes are related to 
arc plutonism. Fe skams are concentrated in the Wrangellia Terrane whereas most Au skam 
occurrences and all the economic deposits lie in Quesnellia. 

COMMENTS: Most Au skams throughout the world are calcic and are associated with island arc plutonism. 
However, the Savage Lode magnesian Au skam OCCUTS in the Archean greenstones of Western 
Australia and the Bane Highlands magnesian Au skam in Montana is hosted by Cambrian platformal 
d&mites. Note: although the Nickel Plate deposit lies distal to the Toronto stock in the pyroxene- 
dominant part of the skam envelope, the higher grade ore zones commonly lie adjacent to sills and 
dikes where the exoskam contains appreciable amounts of garnet with the clinopyroxene. 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: Au, As, Bi, Te, Co, Cu, Zn or Ni soil, stream sediment and rock anomalies, as 
well as some geochemical zoning patterns throughout the skam envelope (notably in &/Au, Ag/Au 
and ZniAu ratios). Calcic Au skams (whether garnet-rich or pyroxene-rich) tend to have lower ZniAu, 
Cu/Au and Ag/Au ratios than any other skam class. The intrusions related to Au skams may be 
relatively enriched in the compatible elements Cr, SC and V, and depleted in lithophile incompatible 
elements (Rb, Zr, Ce, Nb and La), compared to intrusions associated with most other skam types. 

GEOPHYSICAL SIGNATURE: Airborne magnetic or gravity surveys to locate plutons. Induced polarization 
and ground magnetic follow-up surveys can outline some deposits. 

OTHER EXPLORATION GUIDES: Placer Au. Any carbonates? calcareous tuffs or calcareous volcanic flows 
intruded by arc-related plutons have a potential for hostmg Au skams. Favorable features in a skam 
envelope include the presence of: (a) proximal Cu-bearing garnet skam and extensive zones of distal 
pyroxene skam which may carry micron Au, (b) hedenbergitic pyroxene (although diopsidic pyroxene 
may predominate overall), (c) sporadic As-Bi-Te geochemical anomalies, and, (d) undifferentiated, Fe- 
rich intrusions with low Fe,O,iFeO ratios. Any permeable calcareous volcanics intruded by high-level 
porphyry systems (particularly alkalic plutons) have a potential for hosting epidote-rich skams with 
micron Au. During exploration, skams of all types should be routinely sampled and assayed for Au, 
even if they are lean in sulphides. 

ECONOMIC IMPORTANCE 

TYPICAL GRADE AND TONNAGE: These deposits range from 0.4 to 13 Mt and from 2 to 15 g/t Au. 
Theodore ef al. (1991) report median grades and tonnage of 8.6 g/t Au, 5.0 g/t Ag and 213 000 t. Nickel 
Plate produced over 71 tonnes of Au from 13.4 Mt of ore (grading 5.3 g/t Au). The 10.3 Mt Fortitude 
(Nevada) deposit graded 6.9 g/t Au whereas the 13.2 Mt McCoy skam (Nevada) graded I.5 g/t Au. The 
QR epidote-rich Au skam has reserves exceeding 1.3 Mt grading 4.7 g/t Au. 

IMPORTANCE: Recently, there have been some significant Au skam deposits discovered around the world 
(e.g. Buckhorn Mountain, Wabu, Fortitude). Nevertheless, total historic production of Au from skam 
(more than 1 000 t of metal) is minute compared to production from other deposit types. The Nickel 
PIare deposit (Hedley, British Columbia) was probably one of the earliest major Au skams in the world 
to be mined. Skams have accounted for about 16 % of British Columbia’s Au production, although 
nearly half of this was derived as a byproduct from Cu and Fe skarns 
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GARNET WARNS K08 

by Gerald E. Ray 

IDENTIFICATION 

SYNONYM: Pyrometasomatic or contact m&somatic garnet deposits. 

COMMODITIES (BYPRODUCTS): G amet (wollastonite, magnetite). 

EXAMPLES (British Columbia - CmmfofInternational): Mount Riordan (Crystal Peak, 082ESW102); San 
Pedro (New Mexico, USA). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Garnet-dominant skam hosted by calcareous rocks generally near an intrusive 
contact. 

TECTONIC SETTINGS: Virtually any setting. 

AGE OF DEPOSIT: May be any age. 

HOST/ASSOCIATED ROCK TYPES: Garnet is hosted by carbonate or altered calcareous matic volcanic 
sequences that are intruded by relatively oxidized plutons. 

DEPOSIT FORM: Irregular zones of massive garnet developed in exoskam close to plutonic contacts. The 
shape of the deposit may be controlled partly by the morphology of the original conformable units. 

TEXTURES: Coarse grained, massive granoblastic texhrcs in exoskam. 

ORE MINERALOGY (Principal and subordinate): Abundant and massive, coarse grained garnet (grossuhr- 
andradite) + wollastonite * magnefife. 

ALTERATION MINERALOGY (Principal and subordinate): Garnet, clinopyroxene, quartz, feldspar, calcite, 
sphene, apatite, aninite, vesuvianite and sericite. 

OPAQUE MINERALOGY: Economically viable garnet deposits typically have very little or no sulphides. 

ORE CONTROLS: Plutonic contacts and oxidized carbonate host rocks. The Mount Riordan garnet skam lies 
proximal to the intrusion. 

ASSOCIATED DEPOSIT TYPES: Cu, Fe, Au and wollastonite skarns (KOI, K03, K04 and K09). 

COMMENTS: The best industrial garnets (due to higher specific gravity and hardness) are ahnandine-pyrope 
composition. These generally occur in high grade metamorphic rocks and require secondary 
concentration in beach or stream placers to be mined economically. Examples include the Emerald 
Creek deposit located in Idaho, USA, and a 6 Mt beach-sand deposit situated near Geraldton, Western 
Australia that grades 35 per cent garnet. The Mount Riordan deposit is one of the largest and highest 
grade garnet skams yet identified; its garnet is suitable for the production of sandblasting and other 
abrasive products that require high angularity and a wide range of grain sizes. In British Columbia, 
there have been intermittent attempts to process the garnet-rich tailings from the Iron Hill-Argonaut Fe 
skam (092F075). 
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GARNET WARNS 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: May get very weak W, MO, Zn and Cu geochemical anomalies. 

GEOPHYSICAL SIGNATURE: Gravity and possible magnetic anomalies. 

ECONOMIC FACTORS 

GRADE AND TONNAGE: To be economic, garnet skam deposits should be large tonnage (>20 Mt) and high 
grade (> 70% garnet). The Mount Riordan (Crystal Peak) deposit contains reserves of 40 Mt grading 
78% garnet and San Pedro is a 22 to 30 Mt deposit with 85% andraditic garnet. 

ECONOMIC LIMITATIONS: The garnet should be free of inclusions, possess a relatively high specific gravity 
and high angularity, and be present as discrete grains that can be processed easily by conventional 
benetication techniques. Economic concentrations of clean and industrially suitable grossularite- 
andradite garnet in skam are rare. This is because skam garnets tend to be relative soft and many 
contain fme-grained carbonate inclusions. Easy access, low cost transportation and a ready and reliable 
market for the product are essential features controlling the economic viability of a deposit. 

END USES: Sandblasting, water-jet equipment and abrasives, such as sandpaper. Grossular-andradite garnets 
have more restricted uses than almandine. 

IMPORTANCE: World production in 1995 of industrial garnet was approximately 110 000 tonnes, of which just 
under half (valued at $US 11 million) was produced in the U.S. Worldwide, most garnet is obtained 
from placer deposits or as a byproduct during hard rock mining of other commodities. The demand in 
North America for industrial garnet is growing; skams are expected to be an important future source for 
the mineral. 
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MAGMATIC Ti-FekV OXIDE DEPOSITS 

By G.A. Gross1 , C. F. Gower2 and D.V. Lefebure 

IDENTZFZCATION 

SYNONYMS: Mafic intrusion-hosted titanium-iron deposits 

COMMODITIES (BYPRODUCTS): Ti, Fe 

EXAMPLES (British Columbia - Canada/international): None in B.C.; Methum, Unfravile, Manhews-Chaffry, 
Kingston Harbour (Ontario, Canada); Lac-du-Pin-Rouge, Lac Tie, Magpie (Quebec, Canada). Sanford 
Lake (New York, USA), Telines, Egersund (Norway), Smaalands-Taberg , Ulvno (Sweden). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Ilmenite, hemo-ilmenite or titaniferous magnetite accumulations as cross-cutting 
lenses or dike-like bodies, Ia> ers or disseminations within anorthositiclgabbroicinoritic rocks. These 
deposits can be subdivided into an ilmenite subtype (anorthosite-hosted titanium-iron) and a 
titaniferous magnetite subtype (gabbro-anorthosite-hosted iron-titanium). 

TECTONIC SETTING: Commonly associated with anorthosite-gabbro-norite-monzonite (mangerite)- 
charnockite granite (AMCG) suites that are conventionally interpreted to be anorogenic and/or 
extensional. Some of the iron-titanium deposits occur at continental margins related to island arc 
magmatism followed by an episode of erogenic compression. 

DEPOSITIONAL ENVIRONMENT i GEOLOGICAL SETTING: Deposits occur in intrusive complexes which 
typically are emplaced at deeper levels in the crust. Progressive differentiation of liquids residual from 
anorthosite-norite magmas leads to late stage intrusions enriched in Fe and Ti oxides and apatite. 

AGE OF MINERALIZATION: Mainly Mesoproterozoic (1.65 to 0.90 Ga) for the ihnenite deposits, but this 
may be a consequence of a particular combination of tectonic circumstances, rather than any a priori 
temporal control. The Fe-Ti deposits with titaniferous magnetite do not appear to be restricted in time. 

HOST/ASSOCIATED ROCKS: Hosted by massive, layered or zoned intrusive complexes - anorthosite, norite, 
gabbro, diorite, diabase, quartz monzonite and hornblende pyroxenite. The anorthosites are commonly 
emplaced in granitoid gneiss, granulite, schist, amphibolite and quart&e. Some deposits associated 
with lower grade rocks. 

DEPOSIT FORM: Lensoid, dike-like or sill-like bodies of massive ore, or disseminated in mafic host rocks. 
Some ore is disseminated as layers in layered intrusions. Typically the massive material has sharp, 
cross-cutting contacts with its anorthositic hosts, forming lenses tens to hundreds of metres wide and 
several hundred m&es long. The massive ore may have apophyses cutting the host rock, be associated 
with intrusive breccias and contain anorthositic xenoliths. In layered deposits individual layers range in 
thickness from centimetres to metres and may be followed up to several thousand tnetres. Lean 
(disseminated) ore grades into unmineralized host rock. Lac Tio and Tellnes ore bodies are very large 
examples of the ilmenite subtype. Lac Tio is an irregular, tabular intrusive mass, 1100 m long and 1000 
m wide. The Tellnes ore body, which is 400 m thick and 2.5 km long, is part of a 14 km long dike. 

’ Geological Survey of Canada, Ottawa. 
2 Newfoudland Department of Mines and Energy, St. John’s, Newfoundland 
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MAGMATIC Ti-FekV OXIDE DEPOSITS 
TEXTURE/STRUCTURE: Massive, disseminated or locally in layers. No zoning of ore minerals, but there may 

be variation in modal proportions of associated silicates. Medium or coarse grained, primary magmatic 
textures. Exsolution intergrowths of either ihnenite and hemo-ilmenite, or titanomagnetite, titaniferous 
magnetite or ihnenite in magnetite. Locally the massive ore, particularly near contacts with host rock, 
contains abundant xenoliths and xenocrysts derived from the associated intrusive. 

ORE MINERALOGY (Principal and subordinate): Ilmenite, hemo-ilmenite, titaniferous magnetite and 
magnetite. Proportions of ilmenite and magnetite generally correlate with host rock petrology. Fe- 
sulphides such as pyrrhofite, pentlandite and chalcopyrite. 

GANGUE MINERALOGY (Principal and subordinate): Silicate minerals, especially plagioclase, 
orthopyroxene, clinopyroxene and olivine, with apatite, minor zircon andpleonaste spinel. 
Orthopyroxene is rare to absent in the island arc-related titaniferous magnetite deposits. 

ALTERATION MINERALOGY: Not normally altered. 

WEATHERING: Rarely residual enrichment may occur in weathering zone. 

ORE CONTROLS: The key control is the development of a late, separate Ti and Fe-rich liquid from a 
fractionating magma under stable conditions. Many deposits occur in elongate belts of intrusive 
complexes emplaced along deep-seated faults and fractures. Ilmenite deposits are associated with lower 
magnesian phases of anorthositic intrusions. Titaniferous magnetite deposits are commonly associated 
with magnesiao, labradorite phases of anorthositic intrusions or gabbroic phases near the margins of the 
stock. In layered intrusions the titaniferous magnetite seams are commonly within the upper 
stratigraphic levels and in marginal zones of complex intrusive bodies. 

GENETIC MODELS: Progressive differentiation of liquids residual from anorthosite-norite magma leads to 
late enrichment in Fe and Ti. Typically plagioclase crystallization results in concentration of Fe and Ti 
in residual magmas which typically crystallize to form ferrodiorites and ferrogabbros. Layers form by 
crystal settling and accumulation on the floors ofmagma chambers and the disseminated deposits are 
believed to have formed in-situ. The origin of the discordant deposits, primarily associated with the 
Proterozoic anorthosites, is not well understood. Two genetic models have been suggested - 
remobilization of the crystal cummulates into cracks or fractures or emplacement as a Fe-Ti-oxide-rich 
immiscible melt with little silica. 

ASSOCIATED DEPOSIT TYPES: Ni-Co-Co magmatic sulphide deposits (M02), chromite deposits (e.g. 
Bushveld Complex), platinum group deposits (e.g. Stillwater Complex, Bushveld Complex), and placer 
ilmenite, magnetite, rutile and zircon (COI, C02). 

COMMENTS: Titaniferous magnetite deposits associated with zoned ultramafic complexes in Alaska and 
British Columbia, such as Lodestone Mountain (092HSE034) and Tanglewood Hill (092HSE035), are 
included with Alaskan-type deposits (M05). Some authors would include them with magmatic Fe-TifV 
oxide deposits. In California in the San Gabriel Range occurewes ofthe ilmenite-subtype are hosted by 
anorthosite and ferrodiorite intrusions within a metamorphic complex composed of gneisses. 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: Ti, Fe, V, Cr, Ni, Co, Co geochemical anomalies. 

GEOPHYSICAL SIGNATURE: Magnetic or EM response, although ifthe deposit is particularly ilmenite-rich it 
may exhibit either a subdued or a strong negative anomaly. Sometimes the subdued response displays 
characteristic irregular patterns of negative and positive anomalies that show broad smooth profiles or 
patterns. 

OTHER EXPLORATION GUIDES: Heavy mineral concentrations of ilmenite and titaniferous magnetite in 
placer deposits. Abundant apatite in some deposits. Association with anathosite and gabbro intrusive 
complexes along deep fracture and fault zones. 
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MAGMATIC Ti-Fe+V OXIDE DEPOSITS 

ECONOMIC FACTORS 

GRADE AND TONNAGE: Both grade and tonnage vary considerably. The ilmenite deposits are up to several 
hundreds of millions of tonnes with from IO to 75% TiO,, 32 to 45% Fe and less than 0.2% V. The 
Tellnes deposit comprises 300 Mt averaging 18% TiO? The Lx Tio deposit, largest of 6 deposits at 
Allard Lake, contains more than 125 mt of ore averagmg 32% TiO, and 36% FeO. Titaniferous 
magnetite deposits can be considerably larger, ranging up to a billion tonnes with grades between 20 to 
45% Fe, 2 to 20% TiO, and less than 7% apatite with V contents averaging 0.25%. 

ECONOMIC LIMITATIONS: The economic deposits are typically coarse, equigranular aggregates which are 
amenable to processing depending on the composition and kinds of exsolution textures of the Fe-Ti- 
oxide minerals. 

USES: Titanium dioxide is a non-toxic, powdered white pigment used in paint, plastics, rubber, and paper. 
Titanium metal is resistant to corrosion and has a high strength-to-weight ratio and is used in the 
manufacturing of aircraft, marine and spacecraft equipment. 

IMPORTANCE: Apart from placers? this type of deposit is the major source of TiO,. These deposits were an 
important source of iron (pig iron) in the former Soviet Union. They have been mined for Fe in Canada, 
however, the grades are genemlly lower than those in iron formations and iron laterites. The only 
current iron production is as a coproduct with TiO, in pyrometallurgial processing of ilmenite ore. 
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ULTRAMAFIC-HOSTED CHRYSOTILE ASBESTOS MO6 

by Z.D. Hors 

IDENTIFICATION 

SYNONYMS: Quebec-type asbestos, serpentine-hosted asbestos, ultramatic-intrusion hosted asbestos. 

COMMODITIES (BYPRODUCTS): Chrysotile asbestos (nephrite jade at Cassiar). 

EXAMPLES (British Columbia (MISFILE #) - Canadian/international): Cassiar (104POO5), McDame 
(104PO84), Letain (1041006), Ace (104KO25), Asbestos (082 KNW075); ThetfordMines, Black Lake, 
Asbestos (Quebec. Canada), Belvidere Mine (Vermont, USA), Coalinga (California, USA), Cam Brava 
(Brazil), Pam Amiandes (Cyprus), Bazhenovo (Russia), Barraba (New South Wales, Australia). 
Barberton (Transvaal, South Africa). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Chrysotile asbestos occurs as cross fibre and/or slip fibre stockworks, or as less 
common agglomerates of finely matted chrysotile tibre, in serpentinized ultramafic rocks. Serpentinites 
may be part of ophiolite sequence in erogenic belts or synvolcanic intrusions of Archean greenstone 
belts. 

TECTONIC SETTINGS: Chrysotile deposits occur in accreted oceanic terranes, usually part of an ophiolite 
sequence, or within Alpine - type ultramafic rocks. They are also found in synvolcanic ultramatic 
intrusions of komatiitic affinity in Archean greenstone belts. In British Columbia the significant 
occurrences are found in the Slide Mountain, Cache Creek and Kootenay terranes. 

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: The serpentine host must have a nonfoliated 
texture and must be situated near a fault that is active during a change in the orientation of the regional 
stress from dip-slip to strike-slip fault motion. The serpentinite must be in the stability field of 
chrysotile when the change in orientation occurs. Subsequent deformation or temperature increase may 
destroy the tibre and result in a different mineralogy. 

AGE OF MINERALIZATION: Precambrian to Tertiary. Deposits in British Columbia are considered Upper 
Cretaceous, deposits in southeastern Quebec formed during a relatively late stage of Taconic orogeny 
(late Ordovician to early Silurian), deposits in Ungava and Ontario are Precambrian. Chrysotile 
asbestos deposits are generally considered to be syntectonic and to form during the later stages of 
deformation. 

HOST/ASSOCIATED ROCK TYPES: Serpentinite, dunite, peridotite, wehrlite, harzburgite, pyroxenite. 
Associated rocks are rodingite and steatite. 

DEPOSIT FORM: In plan orebodies are equidimensional to somewhat ablate zones from 100 to 1000 m&es in 
diameter within masses of serpentinized ultramafic rock. The vertical distribution of mineralized zones 
may be in the order of several hundreds of metres. 

TEXTURE/STRUCTURE: Asbestos veins till tension fractures in serpentinized ultramatic rocks or form a 
matrix of crushed and brecciated body of serpentinite. Usually, the orebodies grade from numerous 
stockwork veins in the centre to a lower number of crosscutting veins on the fringes. Cross-tibre veins, 
where the chrysotile fibres are at a high angle to the vein walls, are more abundant than slip fibre veins 
which parallel the vein walls. Individual veins are up to several metres in length and for the mnst part 
less than 1 cm thick, but may be up to 10 cm thick. In some deposits, powdery agglomerates of finely 
matted chrysotile form the matrix for blocks and fragments of selpentinite rock. 

ORE MINERALOGY [Principal and subordinate]: Chrysotile. 
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ULTRAMAFIC-HOSTED CHRYSOTILE ASBESTOS MO6 
GANGUE MINERALOGY [Principal and subordinate]: Gangue minerals in chrysotile veinlets are brucite and 

magnetite. Antigorite and lizardite may also be present in association with chrysotile veining, 

ALTERATION MINERALOGY: Chrysotile and associated minerals are alteration products of ultramafic rocks. 
This process which starts as serpentinizatio?, may be pervasive, but also fracture controlled and 
incomplete with serpentine surrounding perldotite (or other rock) cores. In relationship to changes in 
temperature, pressure and the fluid chemistry a variety of minerals from lizardite to talc and antigorite, 
or tremolite can be produced. Since the serpentinization of ultramafic rocks is frequently a multiple 
stage process, which can be either prograde or retrograde, many deposits contain minerals which do not 
form in the same stability field. Therefore, the alteration and gangue mineralogy are practically 
identical. 

WEATHERING: In northern climates, only physical weathering of chrysotile and the serpentinized host rock 
takes place. Brucite and carbonates may be removed in solution and precipitated as hydromagnesite 
elsewhere. Lateritic soils should be expected in tropical climates. 

ORE CONTROLS: Chrysotile veinlets are often best developed in massive serpentinite bodies with no schistose 
fabric. Chrysotile stability field; proximity to a fault that is active during change in the orientation of 
stress field, limited subsequent deformation and no subsequent medium to high grade metamorphism 
after the asbestos formation. Asbestos veins fill tension fractures in serpentinized ultramatic rocks or 
form a matrix of crushed and brecciated body of serpentinite. 

GENETIC MODELS: Chrysotile asbestos deposits develop in nonfoliated, brittle ultramatic rocks under low 
grade metamorphic conditions with temperatures of 300 f 50°C and water pressures less than I kbar. 
The chrysotile forms as the result of fluid flow accompanied by deformation where water gains accw 
to partly or wholly serpentinized ultramatics along fault and shear zones. 

ASSOCIATED DEPOSIT TYPES: Spatial association (but no genetic relationship) with podifonn chromite 
deposits (M03) and jade (QOl) in ophiolitic sequences. Cyptocrystalline magnesite veins (117), 
ultramafic-hosted talc-magnesite (M07) and anthophyllite asbestos deposits may be genetically related. 

COMMENTS: Anthophyllite, a variety of amphibole, is another asbestiform mineral. Production of 
anthophyllite has been limited; Green Mountain mine in North Carolina is the only North American 
past producer. 

EXPLORATION GUIDES 

GEOCHEMKAL SIGNATURE: None. 

GEOPHYSICAL SIGNATURE: Magnetite, which is a product of both sepentinization and the formation of 
chrysotile, can produce well defined, magnetic anomalies. Gravity surveys can distinguish serpentinite 
from the more dense (-20%) peridotite. 

OTHER EXPLORATION GUIDES: Asbestos tibres found in soils. Massive, brittle and unsheared ultramafic 
bodies which are partly or fully serpentinized in proximity to faults and shears. 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: Total tibre content of commercial deposits is between 3 and lo%, the 
tonnage is behveen 500 000 to 150 million tons (in the asbestos industry fibre length is a critical 
parameter as well). In British Columbia, company reports indicate the Cassiar mine produced 3 I Mt 
grading 7 to 10% fibre. There are however 25 Mt oftailings with 4.2% recoverable short tibre. Another 
1.3 Mt geological reserves was left in the pit. The adjacent McDame deposit has measured reserves of 
20 Mt @ 6.21% fibre and estimated geological reserves of 63 Mt. In the Yukon Clinton Creek 
produced I5 Mt @ 6.3% tibre. The following figures are from Duke (1996) and include past production 
plus reserves: Jeffrey, Quebec: 800 Mt @ 6% fibre, Bell-Wing-Beaver, Quebec: 250 Mt @ 6% tibre, 
British Canadian, Quebec: 150 Mt @ 6% tibre, Advocate, Newfoundland: 60 Mt @ 3% tibre. A 
relatively few deposits have been developed to mine agglomerates of finely matted chrysotile fibre 
which have much higher grades. 
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ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE (continued): The very large Coalinga deposit i? California has reported 
sh&t.fibre recoveries m the order of 35 to 74%. The Stragarl mine in Serbia 1s recovering SO-60% 

ECONOMIC LIMITATIONS: Fibre lengths may vary significantly within and between deposits; stockwork 
mineralization is typically more economically attractive ifthe proportion of longer tibres is higher. 
Typically, the tibre value starts at CDN$lSO/ton for the shortest grade and reaches CDN$l750 for the 
longest (Industrial Minerals, 1997). 

END USES: Asbestos-cement products; filler in plastics; break lining and clutch facings; asbestos textiles; 
gaskets; acoustic and electric and heat insulation. 

IMPORTANCE: Ultramafic-hosted chrysotile is the only source of asbestos in North America and considered 
the least hazardous of commercial asbestos minerals. During the 1980s the market for asbestos in many 
countries declined due to health hazard concerns. 
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KIMBERLITE-HOSTED DIAMONDS 

bv Jennifer Pelll 

IDENTIFICATION 

SYNONYMS: Diamond-bearing kimberlite pipes, diamond pipes, group I kimberlites. 

COMMODITIES (BW’RODUCTS): Diamonds (some gemstones produced in Russia from pyrope garnets and 
olivine). 

EXAMPLES (British Columbia - CanadnNnternational): No B.C. deposits, see comments below for prospects; 
Koala, Panda, Sable, FOX and Misev (Northwest Territories, Canada), Mir, International, Udachnaya, 
Aikhal and Yubilenaya (Sakha, Russia), Kimberly, Premier and Venetia (South Africa), #rap and 
Jwaneng (Botswanaj. River Ranch (Zimbabwe). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Diamonds in kimberlites occur as sparse xenocrysts and within diamondiferous 
xenoliths hosted by introsives emplaced as subvertical pipes or resedimented volcaniclastic and 
pyroclastic rocks deposited in craters. Kimberlites are volatile-rich, potassic ultrabasic rocks with 
macrocrysts (and sometimes megacrysts and xenoliths) set in a fine grained matrix. Economic 
concentrations of diamonds occur in approximately 1% of the kimberlites throughout the world. 

TECTONIC SETTING: Predominantly regions underlain by stable Archean cratons. 

DEPOSITIONAL ENVIRONMENT I GEOLOGICAL SETTING: The kimberlites rise quickly from the mantle 
and are emplaced as multi-stage, high-level diatremes, tuff-cones and rings, hypabyssal dikes and sills. 

AGE OF MINERALIZATION: Any age except Archean for host intrusions. Economic deposits occur in 
kimberlites from Proterozoic to Tertiary in age. The diamonds vary from early Archean to as young as 
990 Ma. 

HOST/ASSOCIATED ROCK TYPES: The kimberlite host rocks are small hypabyssal intrusions which grade 
upwards into diatreme breccias near surface and pyroclastic rocks in the crater facies at surface. 
Kimberlites are volatile-rich, potassic ultrabasic rocks that commonly exhibit a distinctive 
inequigranular texture resulting from the presence of macrocrysts (and sometimes megacrysts and 
xenoliths) set in a fine grained matrix. The megacryst and macrocryst assemblage in kimberlites 
includes anhedral crystals of olivine, magnesia ilmenite, pyrope garnet, phlogopite, T&poor chromite, 
diopside and enstatite. Some of these phases may be xenocrystic in origin. Matrix minerals include 
microphenocrysts of olivine and one or more of: monticellite, perovskite, spine], phlogopite, apatite, 
and primary carbonate and serpentine. Kimberlites crosscut all types of rocks. 

DEPOSIT FORM: Kimberlites commonly occur in steep-sided, downward tapering, cone-shaped diatremes 
which may have complex root zones with multiple dikes and “blows”. Diatreme contacts are sharp. 
Surface exposures of diamond-bearing pipes range from less than 2 up to 146 hectares (Mwadui). In 
some diatremes the associated crater and tuff ring may be preserved. Kimberlite craters and tuff cones 
may also form without associated diatremes (e.g. Saskatchewan); the bedded units can be shallowly- 
dipping. Hypabyssal kimberlites commonly form dikes and sills. 

TEXTURE/STRUCTURE: Diamonds occur as discrete grains of xenocrystic origin and tend to be randomly 
distributed within kimberlite diatremes. In complex root zones and multiphase intrusions, each phase is 
characterized by unique diamond content (e.g. Wesselton, South Africa). Some crater-facies 
kimberlites are enriched in diamonds relative to their associated diatreme (e.g. Mwadui, Tanzania) due 
to winnowing of fines. Kimberlite dikes may display a dominant linear trend which is parallel to joints, 
dikes or other structures. 

’ Consulting Geologist, Ottawa, Canada. 
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KIMBERLITE-HOSTED DIAMONDS 
ORE MINERALOGY: Diamond. 

GANGUE MINERALOGY (Principal and subordinate): Olivine, phlogopite, pyrope and eclogitic garnet, 
chrome diopside, magnesian ilmenite, enstatite, chromite, carbonate, serpentine; monticellife, 
perovskite, spin4 apafite. Magma contaminated by crustal xenoliths can crystallize minerals that are 
atypical of kimberlites. 

ALTERATION MINERALOGY: Serpentinization in many deposits; silicification or bleaching along contacts. 
Secondary calcite, quartz and reolites can occur on fractures. Diamonds can undergo graphitization or 
resorption. 

WEATHERING: In tropical climates, kimberlite weathers quite readily and deeply to “yellowground” which is 
predominantly comprised of clays. In temperate climates, weathering is less pronounced, but clays are 
still the predominant weathering product. Diatreme and crater facies tend to form topographic 
depressions while hypabyssal dikes may be more resistant. 

ORE CONTROLS: Kimberlites typically occur in fields comprising up to 100 individual intrusions which often 
group in clusters. Each field can exhibit considerable diversity with respect to the petrology, 
mineralogy, mantle xenolith and diamond content of individual kimberlites. Economically 
diamondiferous and barren kimberlites can occur in close proximity. Controls on the differences in 
diamond content between kimberlites are not completely understood. They may be due to: depths of 
origin of the kimberlite magma (above or below the diamond stability field); differences in the 
diamond content of the mantle sampled by the kimberlitic magma; degree of resorption of diamonds 
during transport; flow differentiation, batch mixing or, some combination ofthese factors. 

GENETIC MODEL: Kimberlites form from a small amount of partial melting in the asthenospheric mantle at 
depths generally in excess of 150 km. The magma ascends rapidly to the surface, entraining fragments 
ofthe mantle and crust, en route. Macroscopic diamonds do not crystallize from the kimberlitic 
magma. They are derived from harrburgitic peridotites and eclogites within regions of the sub-cratonic 
lithospheric mantle where the pressure, temperature and oxygen fugacity allow them to form. If a 
kimberlite magma passes through diamondiferous portions of the mantle, it may sample and bring 
diamonds to the surface provided they are not resorbed during ascent. The rapid degassing of carbon 
dioxide from the magma near surface produce fluidized intrusive breccias (diatremes) and explosive 
volcanic eruptions. 

ASSOCIATED DEPOSIT TYPES: Diamonds can be concentrated by weathering to produce residual 
concentrations or within placer deposits (COI, CO?, C03). Lamproite-hosted diamond deposits (N03) 
form in a similar manner, but the magma are of dlfferent origin. 

COMMENTS: In British Columbia the Cross kimberlite diatreme and adjacent Ram diatremes (MINFILE # 
082JSEOl9) are found near Elkford, east of the Rocky Mountain Trench. Several daimond fragments 
and one diamond are reported from the Ram pipes. 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: Kimberlites commonly have high Ti, Cr, Ni, Mg, Ba and Nb values in 
overlying residual soils. However, caution must be exercised as other alkaline rocks can give similar 
geochemical signatures. Mineral chemistry is used extensively to help determine whether the 
kimberlite source is diamondiferous or barren (see other exploration guides). Diamond-bearing 
kimberlites can contain high-Cr, low-Ca pyrope garnets (GlO garnets), sodium-enriched eclogitic 
garnets, high chrome chromites with moderate to high Mg contents and magnesian ilmenites. 

GEOPHYSICAL SIGNATURE: Geophysical techniques are used to locate kimberlites, but give no indication as 
to their diamond content. Ground and airborne magnetometer surveys are commonly used; kimberlites 
can show as either magnetic highs or lows. In equatorial regions the anomalies are characterized by a 
magnetic dipolar signature in contrast to the “bulls-eye” pattern in higher latitudes. Some kimberlites, 
however, have no magnetic contrast with surrounding rocks. Some pipes can be detected using 
electrical methods (EM, VLF, resistivity) in airborne or ground surveys. These techniques are 
particularly useful where the weathered, clay-rich, upper portions of pipes are developed and preserved 
since they are conductive and may contrast suftiaently with the host rocks to be detected. Ground 
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based gravity surveys can be useful in detecting kimberlites that have no other geophysical signature 
and in delineating pipes. Deeply weathered kimberlites or those with a thick sequence of crater 
sediments generally give negative responses and where fresh kimberlite is found at surface, a positive 
gravity anomaly may be obtained. 

OTHER EXPLORATION GUIDES: Indicator minerals are used extensively in the search for kimberlites and 
are one of the most important tools, other than bulk sampling, to assess the diamond content of a 
particular pipe. Pyrope and eclogitic garnet, chrome diopside, picroilmenite, chromite and, to a lesser 
extent, olivine in surticial materials (tills, stream sediments, loam, etc.) indicate a kimberlitic source. 
Diamonds are also usually indicative of a kimberlitic or lamproitic source; however, due to their 
extremely low concentration in the source, they are rarely encountered in surticial sediments. 
Weathered kimberlite produces a local variation in soil type that can be reflected in vegetation. 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: When assessing diamond deposits, grade, tonnage and the average value 
($/carat) of the diamonds must be considered.. Diamonds, unlike commodities such as gold, do not 
have a set value. They can be worth from a few $/carat to thousands of $/carat depending on their 
quality (evaluated on the size, colour and clarity ofthe stone). Also, the diamond business is very 
secretive and it is often difficult to acquire accurate data on producing mines. Some deposits have 
higher grades at surface due to residual concentration. Some estimates for African producers is as 
follows: 

m Tonnaee (Mt) Grade (carats*/100 tonne) 
Orapa 117.8 68 
Jwaneng 44.3 140 
Venetia 66 120 
Premier 339 40 

* one carat of diamonds weighs 0.2 grams 

ECONOMiC LIMITATIONS: Most kimberlites are mined initially as open pit operations; therefore, stripping 
ratios are an important aspect of economic assessments. Serpentinized and altered kimberlites are more 
friable and easier to process. 

END USES: Gemstones; industrial uses such as abrasives. 

IMPORTANCE: In terms of number of producers and value of production, kimberlites are the most important 
primary source of diamonds. Synthetic diamonds have become increasingly important as alternate 
source for abrasives. 
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LAMPROITE-HOSTED DIAMONDS NO3 

by Jennifer Pelll 

IDENTIFICATION 

SYNONYMS: None. 

COMMODITY: Diamonds. 

EXAMPLES (British Columbia (MINFILE #) - Canada/lnrernationa/): No B.C. examples; Argyle, Ellendale 
(Western Australia), Prairie Creek (Craier of Diamonds, Arkansas, USA). Bobi (C&e d’lvoire). 
Kapamba (Zambia), Majhgawan (India). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Diamonds occur as sparse xenocrysts and in mantle xenoliths within olivine 
lamproite pyroclastic rocks and dikes. Many deposits are found within funnel-shaped volcanic vents or 
craters. Lamproites are ultrapotassic matic rocks characterized by the presence of olivine, leucite, 
richterite, diopside or sanidine. 

TECTONIC SETTING: Most olivine lamproites are post-tectonic and occur close to the margins of Archean 
cratons. either within the craton or in adjacent accreted Proterozoic mobile belts. 

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: Olivine lamproites are derived from 
metasomatized lithospheric mantle. They are generally emplaced in high-level, shallow “maar-type” 
craters crosscutting crustal rocks of all types. 

AGE OF MINERALIZATION: Any age except Archean. Diamondiferous lamproites range from Proterozoic 
to Miocene in age. 

HOST/ASSOCIATED ROCK TYPES: Olivine lamproite pyroclastic rocks and dikes commonly host 
mineralization while lava flows sampled to date are barren. Diamonds are rarely found in the magmatic 
equivalents. Lamproites are peralkaline and typically ultrapotassic (6 to 8% K,O). They are 
characterized by the presence of one or more of the following primary phenocryst and/or groundmass 
constituents: forsteritic olivine; Ti-rich, Al-poor phlogopite and tetraferriphlogopite; Fe-rich leucite; Ti, 
K-richterite; diopside; and Fe-rich sanidine. Minor and accessory phases include priderite, apatite, 
wadeite, perovskite, spinel, ilmenite, armalcolite, shcherbakovite and jeppeite. Glass and mantle 
derived xenocrysts of olivine, pyrope garnet and chromite may also be present. 

DEPOSIT FORM: Most lamproites occur in craters which are irregular, asymmetric, and generally rather 
shallow (often the shape of a champagne glass), often less than 300 metres in depth. Crater diameters 
range from a few hundred metres to 1500 metres. Diamond concentrations vary between lamproite 
phases, and as such, ore zones will reflect the shape ofthe unit (can be pipes or funnel-shaped). The 
volcaniclastic rocks in many, but not all, lamproite craters are intruded by a magmatic phase that forms 
lava lakes or domes. 

TEXTURE/STRUCTURE: Diamonds occur as discrete grains of xenocrystic origin that are sparsely and 
randomly distributed in the matrix of lamproites and some mantle xenoliths. 

ORE MINERALOGY: Diamond. 

GANGUE MINERALOGY (Principal and subordinafe): Olivine, phlogopite, richterite, diopside, sanidine; 
priderite, wad&e, ilmenite, chromite, perovskife, spinel, apatite, pyrope garnet. 

’ Consulting Geologist, Ottawa, Canada. 
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LAMPROITE-HOSTED DIAMONDS 
ALTERATION MINERALOGY: Alteration to talc f carbonate f sulphide or serpentine -septechlorite + 

magnetite has been described from Argyle (Jacques er al., 1986). According Scott Smith (1996), 
alteration to analcime, barite, quartz, zeolite, carbonate and other minerals may also occur. Diamonds 
can undergo graphitization or resorption. 

WEATHERING: Clays, predominantly smectite, are the predominant weathering product of lamproites. 

ORE CONTROLS: Lamproites are small-volume magmas which are confined to continental regions. There are 
relatively few lamproites known world wide, less than 20 geological provinces, ofwhicb only seven 
are diamondiferous. Only olivine lamproites are diamondiferous, other varieties, such as leucite 
lamproites presumably did not originate deep enough in the mantle to contain diamonds. Even within 
the olivine lamproites, few contain diamonds in economic concentrations. Controls on the differences 
in diamond content between intrusions are not completely understood. They may be due to: different 
depths of origin of the magmas (above or below the diamond stability field); differences in the diamond 
content of the mantle sampled by the lamproite magma; differences in degrees of resorption of 
diamonds during transport; of some combination of these factors. 

GENETIC MODEL: Lamproites form from a small amount of partial melting in metasomatized lithospheric 
mantle at depths generally in excess of 150 km (i.e., within or beneath the diamond stability field). The 
magma ascends rapidly to the surface, entraining fragments of the mantle and crust en route. Diamonds 
do not crystallize from the lamproite magma. They are derived from harzburgitic peridot&s and 
eclogites within regions of the sub-cratonic lithospheric mantle where the pressure, temperature and 
oxygen fugacity allow them to form in situ. If a lamproite magma passes through diamondiferous 
portions ofthe mantle, it may sample them and bring diamonds to the surface provided they are not 
resorbed during ascent. 

ASSOCIATED DEPOSIT TYPES: Diamonds can be concentrated by weathering to produce residual 
concentrations or by erosion and transport to create placer deposits (COI, C02, C03). Kimberlite-hosted 
diamond deposits (N02) form in a similar manner, but the magmas are of different origin. 

EXPLORATIONGUIDES 

GEOCHEMICAL SIGNATURE: Lamproites can have associated Ni, Co, Ba and Nb anomalies in overlying 
residual soils. However, these may be restricted in extent since lamproites weather readily and 
commonly occur in depressions and dispersion is limited. Caution must be exercised as other alkaline 
rocks can give similar geochemical signatures. 

GEOPHYSICAL SIGNATURE: Geophysical techniques are used to locate lamproites, but give no indication as 
to their diamond content. Ground and airborne magnetometer surveys are commonly used; weathered 
or crater-facies lamproites commonly form negative magnetic anomalies or dipole anomahes. Some 
lamproites, however, have no magnetic contrast with surrounding rocks. Various electrical methods 
(EM, VLF, resistivity) in airborne or ground surveys are excellent tools for detecting lamproites, given 
the correct weathering environment and contrasts with country rocks. In general, clays, particularly 
smectite, produced during the weathering of lamproites are conductive; and hence, produce strong 
negative resistivity anomalies. 

OTHER EXPLORATION GUIDES: Heavy indicator minerals are used in the search for diamondiferous 
lamproites, although they are usually not as abundant as with kimberlites. Commonly, chromite is the 
most useful heavy indicator because it is the most common species and has distinctive chemistry. To a 
lesser extent, diamond, pyrope and eclogitic garnet, chrome spine], Ti-rich phlogopite, K-Ti-richterite, 
low-Al diopside, forsterite and perovskite can be used as lamproite indicator minerals. Priderite, 
wad&e and shcherbakovite are also highly diagnostic of lamproites, although very rare. 
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LAMPROITE-HOSTED DIAMONDS 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: When assessing diamond deposits, grade, tonnage and the average value 
($/carat) of the diamonds must be considered. Diamonds, unlike commodities such as gold, do not 
have a set value. They can be worth from a few to thousands of $/carat depending on their quality 
(evaluated on the size, colour and clarity of the stone). Argyle is currently the only major lamproite- 
hosted diamond mine. It contains at least 75 million tonnes, grading between 6 and 7 carats of 
diamonds per tonne (I .2 to I .4 grams/tonne). The Prairie Creek mine produced approximately 100 000 
carats and graded 0.13 c/t. Typical reported grades for diamond-bearing lampmites of CO.01 to .3 carats 
per tonne are not economic (Kjarsgaard, 1995). The average value of the diamonds at Argyle is 
approximately %US 7/carat; therefore, the average value of a tonne of ore is approximately $US 45.50 
and the value of total reserves in the ground is in excess of $US 3.4 billion. 

END USES: Gemstones; industrial uses such as abrasives. 

IMPORTANCE: Olivine lamproites have only been recognized as diamond host rocks for approximately the last 
20 years as they were previously classified as kimberlites based solely on the presence of diamonds. 
Most diamonds are still produced from kimberlites; however, the Argyle pipe produces more carats per 
annum (approximately 38,000 in 1995), by far, than any other single primary diamond source. 
Approximately 5% of the diamonds are good quality gemstones. 
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ANDALUSITE HORNFELS PO1 

By Z.D. Hora 

IDENTIFICATION 

SYNONYM: Chiastolite homfels 

COMMODITIES (BY PRODUCTS): Andalusite (staurolite, garnet) 

EXAMPLES [BRITISH COLUMBIA (MINFILE #) - Canada4 n f ernafiona[l: Kootenay (082FSE099), Kwoiek 
Needle (092ISWO52), Atna Peak (103H040): Kiglapaif (Labrador, Canada), Canso (Nova Scotia, 
Canada). McGerrigle Pluton (Quebec, Canada). Groat Marico-Zeerust, Thamazimbi, Lydenburg 
(Tranvsaal, South Africa), Glomel (France), Tomduff (Ireland), Spargoville (Western Au~tralia)~ Aktash 
(Uzbekistan). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Andalusite occurs in metamorphosed rocks of originally clay-rich composition 
(usually pelitic) in thermal aureoles formed in the proximity of igneous intrusions. Andalusite is 
formed under conditions of high temperature and low pressure. 

TECTONIC SETTINGS: Mostly in erogenic belts, but also may occur in a platformal environment. Orogenic 
plutonism intruding pelitic sedimentary sequence. 

DEPOSITIONAL ENVIRONMENT/GEOLOGICAL SETTING: Andalusite homfels is a product of thermal 
recrystallization of rocks with high alumina and low calcium contents. The protolith is usually 
argillaceous sediment, but may also be hydrothermally altered volcanic or volcaniclastic rock. The 
whole spectrum of granitic to gabbroic igneous rocks can act as a source of heat may cover the whole 
spectrum from granitic to gabbroic composition. Metamorphic zonation of the contact aureole is 
characterized by distinct mineral assemblages and textural features, where andalusite may be major or 
minor component, tine grained or as crystal porphyroblasts several millimetres or even centimetres in 
size. 

AGE OF MINERALIZATION: Precambrian to Tertiary. The largest producing deposits are related to intrusion 
ofthe Bushveld Igneous Complex (South Africa) about 1.95 billion years old. The deposit in France, 
the second largest producer in the world is related to granite of Hercynian age. The occurrences in 
British Columbia are Cretaceous and Eocene in age. 

HOST/ASSOCIATED ROCK TYPES: The host rocks are chiastolite metapelite. The associated rocks are 
spotted slates, andalusite-cordierite hornfels, staurolite homfels. spin&corundum hornfels, silimanite 
hornfels, skarns and a variety of igneous intrusions. 

DEPOSIT FORM: Large intrusions into pelitic sedimentary units may produce tabular deposits 20 to 60 metres 
wide and up to 6 kilometres long. Majority of occurrences are small and irregular in shape. Primary 
deposits may be associated with alluvial and &vial accumulations. 

TEXTURE/STRUCTURE: Andalusite forms euhedral crystals as porphyroblasts in a line grained matrix. 
Individual crystals may reach the size of 60 millimetres in length Randomly oriented minerals are 
characteristic of decussate texture. The chiastolitic rocks are characterized by fairly homogenous 
distribution and size of the andalusite crystals. 
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ANDALUSITE HORNFELS 

ORE MINERALOGY: (Principle and subordinate): Andalusite, staurolite, garnet. 

GANGUE MINERALOGY (Principle and subordinafe): Fine grained hornfels matrix - usually cordierite, 
biotite, muscovite, chlorite and quartz. 

ALTERATION MINERALOGY: Retrograde metamorphism results in andalusite being altered to mica and 
staurolite or mica and chlorite. Such alteration (even partial) may render the and&site unusable for 
industrial applications. 

WEATHERING: And&site is not highly susceptible to chemical weathering and as such, may accumulate in 
alluvial sediments or as a residual deposit. 

ORE CONTROLS: And&site development is a factor of the composition of the protolith and the high 
temperature/low pressure conditions adjacent to an igneous intrusion. The chemical nature and 
thickness of the original sedimentary layers and their respective distance from the intrusive contact are 
the main controls on the formation of andalusite homfels orebodies. Although the metamorphic 
aureole may extend a large distance, typically only a few areas within the aureole satisfy the conditions 
necessary to produce economic accumulations of andalusite. 

GENETIC MODELS: And&site deposits develop in p&tic rocks with high alumina and low calcium contents 
at temperatures of 550” to 6OO’C and low pressures of about two kilobars. Such conditions usually 
develop within the contact aureole of an intrusive. At higher temperatures, sillimanite or corundum and 
spine1 would form at the expense of andalusite. 

ASSOCIATED DEPOSIT TYPES: Wollastonite (K09) and garnet (KO8) skams form under similar 
circumstances from calcium-rich protoliths. Andalusite hornfels deposits can be the source for placer 
andalusite (CO], C02). Microcrystalline graphite (PO3) and gem corundum (QO9) are also found in 
contact aureoles of igneous rocks. 

COMMENTS: Under special conditions, regional, low pressure metamorphism can result in crystallization of 
sufficient and&site to be a commercial grade. Some contact aureoles of large intrusive complexes, like 
the Bushveld Complex, are so extensive that they have features similar to regional low-pressure 
metamorphism. 

EXPLORATION GUIDES 

GEOCHEMlCAL SIGNATURE: None. 

GEOPHYSICAL SIGNATURE: None. 

OTHER EXPLORATION GUIDES: Andalusite, corundum and spine1 in alluvial deposits; geological contacts 
of p&tic sediments with plutonic rocks; sedimentary roof pendants in large plutonic complexes. Most 
deposits are found within one km of the related igneous intrusion. Economic deposits are more likely in 
prospective regions with well developed weathering profiles. 
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ANDALUSITE HORNFELS 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: South African deposits contain approximately 35 Mt of economically 
recoverable reserves. The Andafrax deposit is a 60 m thick zone with 5 to 20% andalusite crystals and 
with production of about 36 ktpy. The Grootfontein mine contains 15% and&site with annual 
production capacity estimated at 140 kt. The Kmgerspost deposit has an average width of20 m with 
andalusite content X to 12% and annual mine production about 30 kt. The Havercroft mine has a 50 m 
thick hornfels ore zone with 7 to 8% and&site and annual mine capacity about 50 kt. The Hoogenoeg 
mine ore contains between 8 and 12% andalusite; production capacity is 35 kt per year. The Kerphales 
deposit in France contains 15% andalusite crystals and is about 400 m thick. It has proven and possible 
reserves of 10 Mt and produces 65 kt per year. 

ECONOMIC LIMITATIONS: And&site concentrate should contain from 57 to 61% A&O, and 0.6 to 0.9% 
Fe,O, and is priced between US$180 and US$l40 per tonne (Industrial Minerals, 1997). Because of 
extreme hardness, some fresh andalusite homfels are uneconomic to process in spite of high andalusite 
content and only the weathered zones are mined (Hoogenoeg mine, South Africa). And&site recovery 
generally ranges from 50 to 60%, some production from primary deposits is supplemented from 
adjacent alluvial accumulations. 

END USES: The most important use of andalusite is in monolithic refractories and untired bricks for blast and 
glass furnaces, cement kilns and combustion chambers. Smaller quantities are used in specialty 
ceramics, like spark plugs, acoustic tiles, etc. 

IMPORTANCE: And&site is a high quality, raw material for high-alumina refractory products. It can be 
substituted by synthetic mullite, kyanite and sillimanite. 
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MICROCRYSTALLINE GRAPHITE 

G.J. Simandl and W.M. KenanI 

IDENTIFICATION 

SYNONYM: “Amorphous graphite” is a technically incorrect but commonly used commercial term for the 
same product. 

COMMODITY: Microcrystalline graphite. 

EXAMPLES (British Columbia (MINFILE #) - CanadaNnternational): Kellog Mine in Moradillos (State of 
Sonora, Mexico), Kaiserberg, Syria region (Austria) and Velk& Vrbno-Komtantin (Czech Republic) 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Most amorphous graphite deposits are formed by contact or regional 
metamorphism of coal beds or other highly carbonaceous sedimentary rocks. Deposits may consist of 
several beds or lenses, each a few metres thick and up to several kilometres in length. Typical host 
rocks are quartz&s, phyllites, schists and metagraywackes. 

TECTONIC SETTINGS: Continental margin or intracratonic basins. 

DEPOSITIONAL ENVIRONMENT/GEOLOGICAL SETTING: Near shore sedimentary rocks with 
intercalated coal seams, or other highly carbonaceous sedimentary beds, that are metamorphosed by 
nearby igneous intrusions or affected by regional metamorphism. 

AGE OF MINERALIZATION: Most of the deposits are Mississippian to Cretaceous in age or younger. 

HOST/ASSOCIATED ROCK TYPES: The host rocks are coal seams or other highly carbon-rich rock types 
and their low to medium grade metamorphic equivalents. Amorphous graphite deposits occur within 
sequences of chlorite and muscovite schists, phyllites, quartzites, metagraywackes, limestones, 
sandstones and conglomerates which may be cut by diabasic or granitic intrusions with associated 
and&site-bearing homfels. 

DEPOSIT FORM: Shatiform or lens-shaped; beds may be deformed and/or repeated by folding and faulting. 
Pinching and swelling of beds is common. Deposits may consist of several beds, each one to few 
m&es thick. They may be exposed for hundreds of metres to several kilometres in strike length. 

TEXTURE/STRUCTURE: Graphite-bearing beds may contain lenses of hangingwall or foohvall host rocks and 
are characterised by abundant slickensides. Graphite ore is schistose or massive. 

ORE MINERALOGY [Principal and subordinate]: Microcrystalline graphite 

GANGUE MINERALOGY [Principal and subordinate]: M&-anthracite _+antbracite + quartz _tmica i coke _t 
clay f pyrite and other sulphides f apatite *gypsum. 

ALTERATION MINERALOGY: N/A. 

WEATHERING: Weathered outcrops ofmicrocrystalline graphite are typically dull, porous and dark-gray to 
black. 

’ Asbury Graphite Mills Inc., Asbury, New Jersey. 
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MICROCRYSTALLINE GRAPHITE 
ORE CONTROLS: Coal beds invaded by intrusive rocks or sedimentary sequences with coal seams or other 

carbon-rich rocks metamorphosed typically to greenschist facies. Size, grade and mineral impurities of 
the graphite deposit depend on the characteristics of the original coal seams and carbon-bearing or 
carbonaceous sediments. Degree of metamorphism controls the degree of graphitization. Graphite may 
grade into coal with increasing distance from the heat source. Temperatures required for graphitization 
are lower under shear conditions. Faults and folds may control the thickness or repetition of graphite 
beds. 

GENETIC MODELS: Graphitization can be described as an extreme case of coal maturation. Coal maturation 
involves the following sequence: peat - lignite - bituminous coal - semi-anthracite - anthracite - meta- 
anthracite - microcrystalline graphite. Source of heat in contact-metamorphic environment may be 
plutons, dikes or sills adjacent to coal beds. 

ASSOCIATED DEPOSIT TYPES: Coal deposits, (A03, A04, A05). Some coal beds may be only partially 
converted into graphite. Expending shale (R02) and bentonite deposits (E06) are commonly associated 
with coal. And&site deposits (POI) may be present in cases where graphite is formed by contact 
metamorphism. 

COMMENTS: Although several areas appear favorable for the formation of amorphous graphite there are no 
known deposits in British Columbia. Meta-anthracite is reported at Guess Creek near Smithers and Flint 
Creek near Hazelton. 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: Graphite may be present in residual soils. Positive vanadium and nickel 
anomalies and negative boron anomalies associated with graphite beds were reported by Tichy and 
Turnovec (1978). This enrichment is probably related to the trace element content ofthe protolith, 
therefore, each deposit may have its own geochemical characteristics. It is unlikely that the chemical 
signature could be used effectively in grassroots mineral exploration 

GEOPHYSICAL SIGNATURE: Graphite deposits have been located using induced polarization (IP), 
resistivity, ground and airborne electromagnetic (EM), spontaneous potential (SP) and 
audiomagnetotelluric (AMT) surveys. Outcrops may have associated radioactivity because of trace 
amounts of uranium. 

OTHER EXPLORATION GUIDES: The most important regional exploration guides for high-grade amorphous 
deposits are: I) coal beds invaded by igneous rocks or 2) coal seams traced across regional 
metamorphic isograds into low to medium-grade metamorphic areas. 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: The mean size ofthe deposits reported by Bliss and Sutphin (1992) is 4 
900 000 tonnes. Major active mines contain over 80 per cent carbon, but the average grade of some of 
the European deposits may be as low as 55%. Some beds may be only partly graphitized. 

ECONOMIC LIMITATIONS: Mines are mainly open pit, however underground mining is possible depending 
on the thickness and orientation of the ore. Prices of amorphous graphite are substantially lower than 
the prices ofthe crystalline flake graphite. The ore is commonly hand-sorted. Quantity and type of 
impurities and ash content are major concerns. The degree of graphitization varies from one deposit to 
an other and as a result, proportions of microcrystalline graphite to carbon also varies. 

END USES: Microcrystalline graphite is used in brake linings, foundry applications, lubricants, pencils, 
refractories, and steel making. The graphite may contain several percent volatile material. In fact, 
some meta-anthracite from South Korea is marketed as microcrystalline graphite, but it may be due 
largely to export restrictions on energy exports from Korea. 

IMPORTANCE: Metamorphosed coal beds are the main source of microcrystalline graphite. For most 
applications, synthetic graphite and crystalline graphite may be substituted for amorphous graphite but 
at increased cost. 
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CRYSTALLINE FLAKE GRAPHITE PO4 

by G.J. Simandl, and W.M. Kenanl 

IDENTIFICATION 

SYNONYM: Disseminated flake graphite deposits. 

COMMODITY: Crystalline flake graphite and crystalline graphite powder. 

EXAMPLES (British Columbia (MINFILE #) Canada/lnrernar;onaf): AA prospect (092M Ol7), Black 
Crystal (82FNW260), Man (093N 203); Lac Knife deposit, Asbury Graphite mine andPeerless Mine 
(Quebec, Canada), Graphite Lake and Black Donald mines (Ontario, Canada); American Graphite 
Company mine (New York State, USA). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Disseminated flakes graphite deposits are commonly hosted by porphyroblastic and 
granoblastic marbles, paragneisses and quartzites. Alumina-rich paragneisses and marbles in upper 
amphibolite or granulite grade metamorphic terrains are the most favourable host rocks. Highest grades 
are commonly associated with rocks located at the contacts between marbles and paragneisses and 
deposits are thickest within fold crests. Minor feldspathic intrusions, pegmatites and iron formations 
also contain disseminated flake graphite. 

TECTONIC SETTINGS: May be found in any setting with favourable paleo-environment for accumulation and 
preservation of organic materials, such as intracratonic or continental margin-type basins. 

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: M&sedimentary belts of granulite or upper 
amphibolite facies invaded by igneous rocks. 

AGE OF MINERALIZATION: Known deposits are mostly of Precambrian age, hut could be of any age. 

HOST/ASSOCIATED ROCK TYPES: Marbles, paragneisses, quart&s, magnetite-graphite iron formations, 
clinopyroxenites, amphibolites and pegmatites can host flake graphite deposits. Associated lithologies 
are orthogneisses, chamockites, orthopyroxenites, amphibolites, granulites and variety of intrusive 
rocks. 

DEPOSIT FORM: Stratiform lens-shaped or saddle-shaped. Individual, economically significant deposits are 
several m&es to tens of metres thick and hundreds of mehes in strike length. 

TEXTURE/STRUCTURE: Strong foliation, schistosity and lepidoblastic texture for paragneiss and schists. 
Granoblastic, equigranular or porphyroblastic textures in marbles. 

ORE MINERALOGY [Principal and subordinate]: Crystalline flake graphite f microcrystaNine graphite. 

GANGUE MINERALOGY [Principal and subordinate]: In carbonate-hosted graphite deposits: calcite, 
clinopyroxene, pyrite and other sulphides + dolomite l anorthite *chlorite + clinozoisite * zoisite i 
garner. In paragneiss-hosted graphite deposits: feldspar,, quartz, biotite, f clinopyroxene -t garnet f 
sillimanite i kyanite f sulphides f clinozoisite f scapohte f secondary gypsum. 

ALTERATION MINERALOGY: Chlorite, prehnite, zoisite and clinozoisite are common retrograde minerals in 
porphyroblastic marbles. 

WEATHERING: Jarosite is a common weathering product of disseminated pyrite-bearing, gneiss-hosted 
graphite deposits. 

’ Asbury Graphite Mills Inc., Asbury, New Jersey 
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ORE CONTROLS: LOW grade, large tonnage deposits are hosted mainly by paragneisses and are stratabound. 
Higher grade portions of these deposits are commonly located in fold crests; along paragneiss-marble, 
quartzite-marble and quartzite-paragneiss contacts; or along other zones that acted as channels for 
retrograde metamorphic fluids. 

GENETIC MODELS: Low-grade, stratabound and stratiform deposits are believed to be a product of 
graphitization of the organic material within pre-metamorphic protolith (carbonates and shales). The 
crystallinity of graphite is linked to the degree of metamorphism. Higher grade portions of these 
deposits are usually structurally controlled, and were probably enriched during the retrograde phase of 
the regional or contact metamorphism. Late graphite precipitation (enrichment) may have been 
triggered by internal or external buffering or fluid mixing. 

ASSOCIATED DEPOSIT TYPES: Commonly associated with vein-graphite deposits (P05). 

COMMENTS: Can be spatially associated with kyanite, sillimanite, mica and garnet (PO2), dimension stone 
(RO3), wollastonite skarn (K09) and abyssal (ceramic) pegmatite (404) deposits. 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: Graphite concentrations in residual soils and stream beds. Geochemical trace 
element methods were pioneered in USSR although these methods do not rival with geophysical 
methods in effectiveness. 

GEOPHYSICAL SIGNATURE: Effective methods for detecting high grade mineralization (where at least 
locally the individual flakes are touching) are airborne EM, ground VLF and other EM methods. 
Induced polarisation, applied potential and self potential are also used, although IP is considered 
relatively expensive and in many cases too sensitive. 

OTHER EXPLORATION GUIDES: Graphite deposits commonly form clusters. Overall quality of graphite 
flake increases with the intensity of regional metamorphism. Metasedimentary rocks of upper 
amphibolite or gram&e facies represent the best exploration ground. Traces of graphite within a 
metasedimentxy sequence indicate that the oxidation-reduction conditions were favourable for the 
preservation of graphite deposits. High-grade ores are associated with fold crests and contacts between 
adjacent lithological units. In some regions, blue quartz is found in close spatial association with 
crystalline-flake graphite deposits and could be considered as an empirical indirect indicator of 
favourable environment for graphite exploration. 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: Grade and tonnage of producing mines and developed prospects varies 
substantially. The median grade and size is 9.0% and 2 400 000 tonnes respectively (Bliss and Sutphin, 
1992). Depending on market conditions, large deposits containing high proportions of coarse flakes, 
which can be easily liberated, may be economic with grades as low as 4%. 

ECONOMIC LIMITATIONS: Price of the commercial concentrate is determined by ilake size, degree of 
crystallinity (toughness), graphitic carbon content, ash content and type of the impurities. Crystalline 
flake graphite is commonly chemically-and heat-treated to enhance its properties. Depending on the 
applications, the most common limiting technical parameters are the carbon content, the diameter ofthe 
graphite flakes, the degree of crystallinity (which is related to the flake toughness), the type of 
impurities and the ash content. Metallurgical and consumer tests are therefore required to market flake 
graphite. 

END USES: Main uses are in refractors, lubricants, brake linings, foundry moulds and dressings, crucibles, 
electrodes! pencils and others. Graphite use in non-traditional applications, such as expanded graphite 
and graphite foils, is increasing, while the demand for use in refractors is highly cyclical. 

IMPORTANCE: Flake graphite can be substituted for in most of its applications, however substitute materials 
are more expensive and do not perform as well. 

24P-2 British Columbia Geological Survey Branch 



CRYSTALLINE FLAKE GRAPHITE PO4 

SELECTED BIBLIOGRAPHY 

Krauss, U.H., Schmitt, H.W., Taylor, H.A., Jr. and Suthphin, D.M. (1988): International Strategic Minerals 
Inventory Summary Report- Natural Graphite; U.S. Geological Survey, Circular 930-H, 29 pages. 

Marchildon, N., Simandl, G.J. and Hancock, K.D. (1992): The AA Graphite Deposit, Bella Coola Area, 
British Columbia: Exploration Implications for the Coast Plutonic Complex; in: Geological Fieldwork 
1992, Grant, B. and Newell, J.M., Editors, B.C. Ministry ofEnergy, Mines andPetro/eum Resources, 
Paper 1993-l. pages 389.397. 

Riddle III, H.M. and Kenan, W.M. (1995): Natural and Synthetic Graphite Powders; industrial Minerals, 
Number 338, pages 61-65. 

Rogers, R.S. (1995): Graphite; in Descriptive Mineral Deposit Models of Metallic and Industrial Mineral 
Deposit Types and Related Mineral Potential Assessment Criteria; M.C. Rogers, P.C. Thurston, 3.A. 
Fyon, R.I. Kelly and, F.W. Breaks, Editors, Open File Report 5916, Ontario Geological Survey, pages 
167-171 

Simandl, G.J., Paradis S., Valiquette, G., and Jacob, H.-L. (1995): Crystalline Graphite Deposits, 
Classification and Economic Potential, Lachute-Hull-Mont Laurier Area, Quebec; in Proceedings of 
28th Forum on the Geology of Industrial Minerals, Matinsburg, West Virginia, May 3-8, 1992, pages 
167-174. 

Simandl, G.J. (1992): Gites de Graphite de la Region de la Gatincau, Qukbec; Unpublished Ph.D. Thesis. 
EC& Polyfechnique, Montrt%l (in French), 383 pages. 

Sutphin, D.M. (1991): Descriptive Model of Disseminated Flake Graphite; in Some Industrial Mineral 
Deposit Models; Descriptive Deposit Models, G.J. Orris and J.D. Bliss, Editors, U.S. Geological 
Survey, Open File Report 91-1 IA, pages 49-51 

Bliss, J.D. and Sutphin, D.M. (1992): Grade and Tonnage Model of Disseminated Flake Graphite: Model 
371; in G.J. Orris and J.D. Bliss, Editors; US, Geological Survey, Open File Report 92-437, pages 67. 
70. 

DRAFT# 3a -December 15, 1997 

Geological Fieldwork 1997, Paper 1998-I 24P-3 



24P-4 British Columbia Geological Survey Branch 



VEIN GRAPHITE IN METAMORPHIC TERRAINS 

by G.J. Simandl and W.M. Kenanl 

IDENTIFICATION 

SYNONYMS: Lump and chip graphite, epigenetic graphite. 

COMMODITY: Crystalline lump and chip graphite. 

EXAMPLES (British Columbia (MINFILE #) - CanadalInternationa[): Calumet. Clot, Walker and Miller mines 
and St. Sauveur occurrences (Quebec. Canada), Dillon (Montana, USA), Bog& Mine (Sri Lanka), 
deposits of South Kerala (India). 

GEOLOGICAL CHARACTERISTICS 

CAPSULE DESCRIPTION: Graphite veins currently mined are from few centimetres to a m&e thick. 
Typically they cut amphibolite to granulite grade metamorphic rocks and/or associated intmsive rocks. 

TECTONIC SETTING(S): Katazone (relatively deep, high-grade metamorphic environments associated with 
igneous activity; conditions that are common in the shield areas). 

DEPOSITIONAL ENVIRONMENT/GEOLOGICAL SETTING: Veins form in high-grade, dynamothermal 
metamorphic environment where metasedimentary belts are invaded by igneous rocks. 

AGE OF MINERALIZATION: Any age; most commonIy Precambrian. 

HOST/ASSOCIATED ROCK TYPES: Hosted by paragneisses, quartzites, clinopyroxenites, wollastonite-rich 
rocks, pegmatites. Other associated rocks are chamockites~ granitic and intermediate intrusive rocks, 
quartz-mica schists, granulites, aplites, marbles, amphibohtes, magnetite-graphite iron formations and 
anorthosites. 

DEPOSIT FORM: Veins are from a few millimetres to over a metre thick in places, although usually less than 
0.3 meter thick. Individual veins display a variety of forms, including saddle-, pod- or lens-shaped, 
tabular or irregular bodies; frequently forming anastomosing or stockwork patterns. The mines in Sri 
Lanka are from 30 m&es to 400 m&es deep; individual veins rarely extend mare than tens of 
metres.TEXTURE/STRUCTURE: Rosettes, crane flakes, “fibers” or “needles” oblique or 
perpendicular to wall rock, 01 in some cases schistosity subparallel to the vein walls. 

ORE MINERALOGY [Principal and subordinate]: Crystalline and microcrystalline graphite. 

GANGUE MINERALOGY [Principal and subordinate]: Depends largely on the host-rock. 
In marble or skam: calcite _i wollastonite fiedenbergite izoisite iclinozoisite fprehnite fquartz i 
titanite fsulphides fdiopside rtscapolite iprehnite. 
In,!:;’ of other rocks: feldspar Tapatite _+garnet _+scapolite f biotite isiNimanite Tsecondmy iron 

ALTERATION MINERALOGY: Most veins are not surrounded by macroscopically distinguishable alteration 
halos, while some veins have narrow (< Icm thick) alteration halos that are not well documented. 
Sillimanite, graphite-sillimanite or graphite-tourmaline alteration is reported adjacent to the veins in Sri 
Lanka and New Hampshire. In Quebec, some of the veins cut rocks with contact metamorphic or skam 
characteristics. Sillimanite, graphite-sillimanite or graphite-tommaline alteration is reported adjacent to 
the veins in Sri Lanka and New Hampshire. 

’ Asbury Graphite Mills Inc., Asbury, New Jersey 
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VEIN GRAPHITE IN METAMORPHIC TERRAINS PO5 
WEATHERING: In the near surface environments, graphite grades are enhanced by weathering out of gangue 

minerals. 

ORE CONTROLS: Veins form along joints, breccia zones, crests of folds, decollements along geological 
contacts and foliations. Joints in brittle lithologies (such as homfels or skams in contact metamorphic 
aureoles associated with deep seated intrusive rocks) are particularly favourable. Relatively reducing 
conditions (within the graphite stability field). 

GENETIC MODELS: The origin of graphite veins is controversial. The ultimate source of carbon may be vary 
from one deposit to other. Although most of the veins are hosted by high grade metamorphic rocks, the 
graphite precipitation may take place during the retrograde phase ofthe regional OT contact 
metamorphism. This is suggested by coexistence of low temperature minerals such as prehnite with 
vein-graphite. Depending on the occurrence, the interaction of fluid with the host rock (internal or 
external buffering), such as oxidation of CH,-bearing fluids by wall rock, cooling of a hot fluid nearly 
saturated with respect to graphite, or fluid mixing are the most probable causes of vein formation. 

ASSOCIATED DEPOSIT TYPES: Commonly associated with disseminated crystalline flake graphite deposits 
(P04) and in some cases with wollastonite deposits (K09) and abyssal (ceramic) pegmatites (004). 

COMMENTS: 1) Crystalline graphite veins hosted by ultmmatic rocks are relatively uncommon and are not 
covered by this profile. 
2) Portions of the AA crystalline flake graphite deposit, located near the southern tip of Bentick Arm, 
British Columbia, contain microscopic graphite veinlets, suggesting that graphite veins may also occur 
in the metasedimentary roof pendants of the Coast Plutonic Complex. 

EXPLORATION GUIDES 

GEOCHEMICAL SIGNATURE: Veins may have in some cases narrow (< Icm thick) alteration halos that axe 
not well documented and are to thin to be of use in exploration. The chemical composition of ore is 
influenced mainly by the composition of gangue minerals. 

GEOPHYSICAL SIGNATURE: Ground electromagnetic methods (VLF in initial exploration stage, horizontal 
or vertical loupe at later stages) and resistivity are the most appropriate methods to locate large graphite 
veins. “Mise a la masse” is useful in vein delineation. 

OTHER EXPLORATION GUIDES: Graphite veins are most common in highly metamorphosed terrains and in 
several cases are associated with crystalline flake graphite deposits. Because graphite is inert in the 
weathering environment, boulder tracing and use of electomagnetic mats may be effective. 

ECONOMIC FACTORS 

TYPICAL GRADE AND TONNAGE: Veins contain 40 to 90% graphitic carbon before hand sorting. No 
reliable data is available on the tonnages for individual veins. 

ECONOMIC LIMITATIONS: Since the deposits are relatively narrow veins, the mines are typically small scale, 
labour intensive and underground. The ore is hand sorted, washed and screened. Where possible, 
consumers substitute the less expensive and readily available crystalline flake graphite for vein 
graphite. The main technical parameter ofthe vein-graphite concentrate is its ability to mould to any 
shape and flow when exposed to extreme pressures. 

END USES: Graphite from veins is used mainly in: powder metals, special refractories, copper graphite and 
carbon graphite brushes for electrical applications. 

IMPORTANCE: The only current source of crystalline lump graphite is Sri Lanka; it is exported world-wide 
British Columbia has no documented vein graphite occurrences. 
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BLUE BERYL ! AQUAMARINE OCCURRENCES IN THE 
HORSERANCH RANGE, NORTH CENTRAL BRITISH COLUMBIA 

(NTS 104PO7,lO) 

By G.J. Simandll, G. Payi& and B. Wilson3 
1 B.C. Geological Survey and School of Earth and Ocean Sciences at University of Victoria, Victoria, 

British Columbia 
2 B.C. Geological Survey, Victoria, British Columbia 

3 Alpine Gems, Kingston, Ontario 

INTRODUCTION 

This paper describes part of a reconnaissance study 
carried out on the MRX and Harvey Lake prospects in the 
Horseranch Range of north-central British Columbia. The 
main objective of this study was to test the potential of the 
area to host emerald or other gem-quality beryl deposits. 
The prospects are located about 70 and 85 kilometres 
southeast of Watson Lake, Yukon (Figure I) and are 
accessible by helicopter. 

Beryllium was fust detected by the British Columbia 
Department of Mines in 1949, in the area called the MRX 
prospect and previously referred to as Cassiar Beryl 
(MINFILE # 104P 024). The first beryl crystals were 
discovered by prospector Einx Hagen in 1953; numerous 
be&bearing pegmatite blocks were found in talus by 
Holland (1956). The prospects now belong to Esmeralda 
Exploration International Inc. and were staked to cover 
ultramafic rocks described by Gabrielse (1963) and Plint 
(1991). The six pale-blue betyl occurrences in the Harvey 
Lake area described in this paper represent new 
discoveries. 

Figure I. Location of Harvey Lake and MRX properties, 
Horseranch Range, north-central British Columbia. 

Gem-quality bay1 (Be,AI,,Si,O,,) designations 
according to colour are aquamarine (light blue), heliodor 
(yellow-green), morganite (pink), emerald (green) and red 
beryl (informally known as bixbite - red). Emerald is a 
highly-prized, grass-green coloured variety of beryl. Only 
red beryl from Utah is more valuable than emerald. The 
green colour is caused by the substitution of trace amounts 
of chromium and/or vanadium for aluminum, nevertheless, 
0dy chromium-coloured, gem-quality beryls are 
universally accepted as emeralds. In nature, the 
coexistence of beryllium with chromium is not common. 

Emerald mineralization is known to occur in 
“Colombia-type” shale hosted deposits, pegmatites and 
“schist-hosted” ultramatic or mai% rock hosted deposits 
(Simandl and Hancock,l996). The Horseranch Range is 
worth investigating for either pegmatite- or schist-hosted 
emerald mineralization. In this area, ultramafic rocks 
(potential sources of chromium) are closely associated with 
granitic rocks or pegmatites (potential sources of 
beryllium). 

GEOLOGICAL SETTING 

The general geology of the Horseranch Range area 
(Figure 2) is described by Gabrielse (1963, 1985), Plint 
and Erdmer (1988, 1989) and Plint (1991) and detailed 
geology is given by Plint (1991). The Horseranch Range is 
underlain by the Proterozoic and/or Cambrian Ingenika 
Group, Cambrian Atan Group, Cambrian and Ordovician 
Kechika Group and Ordovician and Silurian Sandpile 
Group. The lngenika Group consists mainly of medium to 
high-grade schists, quartzites, marbles and minor 
orthogneiss. The overlying Atan Group consists mainly of 
quartzite. The Kechika Group is composed mainly of 
chloritic phyllite and schists and the Sandpile Group of 
dolostones and dolomitic limestones. Foliation and 
synchronous early Cretaceous or younger regional 
metamorphism was followed by mesoscopic to 
macroscopic, upright folding about northwest and 
southeast-plunging axes that define the overall structure of 
the range. Rapid Eocene uplift and cooling occurred during 
dextral, oblique-slip mylonitization along the western 
margin of the Range that is believed to be related to 
regional mid-Cretaceous to Tertiary strike-slip motion 
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BERYL 

Ultramofic to mofic rocks 

ORDOVICIAN AND SILURIAN 

Sandpile Group: mainly d&stone 
and dolomitic limesfone 
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Kechika Group: mainly chloritic 
phyllite and schist 

CAMBRIAN 
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pelife and quartzite 
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INGENIKA GROUP 
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quortzite, marble and granite 

Mainly chlorite-muscovite-gornet 
schist 

I 

I. 

Figure 2. General geology of the northern portion of the Horseranch Range showing the MRX and Harvey Lake properties 
(modified from Plint, 1991). 

along the nearby Kechika fault (Plint, 1991; Plint and 
Parish, 1994). 

The igneous rocks in the Horseranch Range consist of 
granite dikes, pegmatites and ultramatic and maiic rocks. 
Granites are dated by U-Pb zircon to be mid-Cretaceous 
and Eocene age. These granitic dykes occur in the 
lngenika Group and Eocene granite is mylonitized in the 
mylonite zone 

Ultramatic and matic rocks are exposed as 
undeformed bodies in the lngenika and Kechika Grroup 
and mylonitized to undeformed bodies in the mylonite 
zone (Plint 1997, personal communication). They are 
undated but assigned an Eocene age (Plint,l991) based on 

their field relations with the mylonite zone. Plint(l991) 
reports sharp but ambiguous contacts between granite and 
the matic to ultramatic rock in the MRX area. A mylonite 
zone, hending northwest- southeast, (Figure 2), is 
interpreted to be a Riedel shear or splay of the mid- 
Cretaceous dexhal slip Ketchika fault. Radiometric and 
fission tracks record Eocene mylonitization and cooling 
(Plint, 1991; Plint and Parish, 1994). The tield 
relationships between felsic dikes and matic and ultramatic 
rocks in the Harvey Lake and MRX areas, the age of these 
rocks relative to mylonitization are important criteria for 
emerald exploration and are discussed below in light of our 
field observations. 
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Figure 3. Geological setting of the Harvey Lake beryl 
showings. Note the distribution and orientation of the 
pegmatite and granite dikes. For location see Figure 2. 
For the detailed descriptions of ulramatic and mafic rocks 
see the text. 

ULTRAMAFIC COMPLEX 

The ultramatic and mafic rocks in the Harvey Lake 
area were briefly described by Gabrielse (1963). 
Additional outcrops, southeast of Harvey Lake, were 
discovered during regional mapping by Plint (1991, Figure 
2). It is not yet clear, if these rocks are pai of a larger 
igneous complex connected at depth, or if they are slivers 
of the single body, displaced by tectonic activity. Plint 
(1991) describes sharp contacts behveen the matic rocks 
and surrounding lithologies. In the Harvey Lake area, the 
contacts are only rarely exposed. An electromagnetic 
geophysical survey is scheduled to be released by the 
Geological Survey of Canada later this year and could be 
useful to clarify the situation. 

Based on 1997 field observations, the Harvey Lake 
ultramaticimatic zone (Figure 3) is divided into two units 
depending on the dominant rock textures. The first unit is 
a coarse-grained, phenocrystalline, commonly biotite- 
bearing ultramafic unit with a knobby weathered 
appearance. The second unit is medium-grained, nearly 
equigranular and dominantly matic rock. The contacts 
between these hvo units and enclosing lithologies are 
poorly exposed. Where a contact is exposed, both units are 
commonly separated from the gneissic rocks by granitic 
dikes or sills having locally lepidoblastic texture and 
foliation. No metasomatic or contact metamorphic effects 
were recognised in the wallrocks adjacent to the complex, 

however, this may be masked by the relatively high 
metamorphic grade of the surrounding lithologies. 

The coarse-grained, porphyritic, biotite-bearing, 
ultramatic unit is weathered surfaces and a knobby 
appearance caused by resistance characterised by a dark 
brown or rusty colour on of phenocrysts to weathering. On 
a fresh surface they are dark green, nearly black or dark 
brown. The main constituents are clinopyroxene (possibly 
diopsidic), olivine, biotite/phlogopite, hornblende and 
orthopyroxene. Biotite, hornblende and clinopyroxene 
exhibit poikilitic textures and contain rounded olivine 
grains. Accessory minerals are plagioclase, titanite, apatite, 
sulphides and oxides. Locally, carbonate (<<OS%) appears 
to till microfractures. The Cr,O, content of these rocks 
attains 0.28 weight percent, indicating that these rocks are 
indeed a potential source of chromium needed for emerald 
formation. 

The lithologies of the medium-grained unit are beige, 
green or brown on weathered surfaces and dark green or 
beige on a freshly broken surface. They have 
subequigranular and hypidiomorphic texture and consist 
mainly of feldspar (10 to 60%), pyroxene (<40%), 
hornblende (<25%), biotite (0 to 10%) and rounded olivine 
crystals (0 to 25%). Reaction rims separate olivine from 
plagioclase. The cores of some of the plagioclase crystals 
are sericitized. Minor constituents are secondary chlorite 
after biotite and rarely serpentine after pyroxene or olivine. 
Oxides, sulphides, apatite and titanite generally form less 
than 1% of the rock. 

The rocks of these two units may be classified as 
amphibolites, olivine mica pyroxenites, olivine pyroxene 
homblendites, pyroxene hornblendites, olivine pyroxene 
gabbros or possibly diorites, depending on the proportions 
of the mafic minerals and the composition of the feldspars. 
The matic and ultramafic rocks of the Harvey Lake and 
MRX sites, if viewed as a single complex, have similarities 
with Alaskan-type intrusions, as defined by Taylor (1967) 
and Nixon ef al. (1997). Both the rocks of the Horseranch 
Range and Alaskan-type intrusions contain olivine, 
member of spine1 group, diopsidic (?) clinopyroxene and 
phlogopite mica in what may be early cumulates. 
Hornblende, biotite, magnetite and plagioclase dominate in 
mesocratic units. More detailed petrology and mineral 
chemistry studies are in progress in order to confirm this 
Alaskan-type affinity, as first proposed by Plint (1991). 

Pegmatites and Granitic Rocks 

Dikes of granitic composition crop out throughout the 
MRX and Harvey Lake claim groups and were also 
described elsewhere within the northern half of the 
Horseranch Range by Plint (1991) and Gabrielse (1963). 
According to Plint, these dikes commonly cut the main 
foliation in all units and also the folds in the schist 
complex. They are also deformed in the mylonite zone. 

The pegmatitic and granitic dikes, lenses and pods, in 
the study areas, are less than 3 metres thick and some of 
them are interpreted to extend along strike more than a 
hundred m&es. Most of them, however, are less than I 
metre in thickness and outcrop less than 10 mares along 
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strike. These rocks are white or cream-coloured on a fresh 
surface and white on weathered surfaces. They weather 
with a positive relief and crop out along cliff faces or form 
knob-like features and frost-heaved block-trains in areas 
with moderate relief. These granitic rocks were observed to 
crosscut not only schists and marbles, but also 
matic/ultramatic rocks. In the MRX area, they are mostly 
parallel to, or cut foliation at low angle. They were 
described to occur over an area of 750 metres by 5 
killometres (Holland, 1956). In the Harvey Lake area 
virtually all our work was concentrated within the 
ultramatic complex, where the level of rock exposure does 
not permit to determination of the contact orientations of 
many of the coarse-grained granite and pegmatite dike. 
The orientation of dikes (Figure 3) suggest that substantial 
proportion of dikes trod discordantly to the schistosity and 
mylonitic foliation. Some of the dikes within mafic rocks 
have lepidoblastic textures and display C/S (“Cisaillement” 
/ “SchistositC”) fabric as defined by Hanmer and Passchier 
(1991), suggesting that matic and ultramatic rocks of the 
aea may be older than previously interpreted. Matic rocks 
may be more competent than granitic rocks, which are 
preferentially mylonitized. The tectonic fabric is only 
rarely observed in matic rocks. Most contacts between 
granitic dikes and maticiultramatic rocks are sharp and 
bear no signs of interaction, however there are two 
exceptions. One of the pegmatites in the MRX area is 
separated from the matic host by I centimetre thick 
schistose, biotite-rich zone. An other exception occurs on 
the Harvey Lake claim group, where in a single outcrop, 
the contacts of irregular pods and lens of pegmatite rocks 
within the more differentiated end-members of the matic- 
ultramafic suite are diffuse and gradual over IO to 20 
centimetres. 

Most of the granitic rocks are relatively homogeneous 
and fine-grained (1 to 3 millimetres), particularly those 
with well developed lepidoblastic texture. Granitic and 
pegmatitic dikes consist mainly of alkali and perthitic 
feldspars, plagioclase (probably albite), quartz and pale 
green muscovite. The muscovite may form coarse books 
up to 5 centimetres in diameter within pegmatites or occur 
as disseminated flakes in foliated or massive, tine-grained 
dikes. Minor black tourmaline is widespread within the 
dikes. It may be microscopic to over IO centimetres in 
length and the size of the crystals appears to be in some 
cases independent of the size of matrix-forming minerals. 
Large tourmaline crystals are often fractured. Fine-grained, 
red or brown, euhedral garnet (<2mm) appears to be 
widespread but not universally present throughout. Where 
present, it forms less than one percent ofthe granitic rocks. 
Locally, in pegmatites, individual garnets may exceed 4 
millimetres in diameter. Light-coloured beryls, varying in 
length from a few millimetres to 7 centimetres, are 
described below in the section on mineralization. Zircon 
and apatite are present in trace amounts. Some of the dikes 
are zoned, in terms of mineralogy, granulometry and 
textures. 

A sketch of a zoned, beryl-bearing dyke from the 
Harvey Lake area is shown in Figure 4. The central zone 
of the pegmatite consists of randomly oriented crystals of 
muscovite (<I cm, < I%), quartz (~2 cm, <5%), feldspar 
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Figure 4. Sketch of a symmetrically zoned, beryl-bearing 
granite dike, Harvey Lake area. Vertical section looking 
west. 

(3-4 cm, >90%), tourmaline (<I5 cm, <5%), beryl(<2 cm, 
trace), garnet (co.5 cm, trace). Only the coarsest 
tourmaline and mica books are shown at scale. The central 
zone is surrounded by a muscovite (~3 cm, 50%), quartz 
(<I cm, 30%) feldspar (<I cm, 20%) zone with local 
planar fabric, which is in turn in contact with medium- 
grained (2 mm) “mylonite-like” tourmaline-bearing and 
tourmaline-free zones. There is no readily observed planar 
fabric in the equigranular matic host rock. 

Figure 5 shows a zoned, beryl-bearing pegmatite with 
a quartz core from the Harvey Lake area, surrounded by a 
muscovite (14 cm, 20%) feldspar (~3 cm, SO%), quartz 
(~8 mm, ~10%) zone with traces of garnet (2-8 mm). 
Beryl was observed in the feldspar-quartz-muscovite zone. 
C/S fabric developed at the contact between coarse mica 
and feldspar zones. 

Figures 6 shows a number of granitic dikes. The 
thickest dike has a pegmatitic core (pod). The pegmatite 
core consists mainly of quartz, feldspar and muscovite 
books I to IO centimetres in diameter. Tourmaline (<I cm) 
and garnet (~2 mm) are present in traces. Granitic dike 
consists mainly of feldspar (75-85%), quartz (IO -2O%), 
muscovite (~2%) and garnet (<0.5%). One of the few beryl 
crystal found in an outcrop in the MRX 
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TABLE I 
CHEMICAL COMPOSITION OF THE GRANITlC INTRUSIVE ROCKS; MPxX (MRX SERIES) 

AND HARVEY LAKE (GS97 SERIES) AREAS. 
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Figure 5. Sketch of a zoned, bay-bearing pegmatite with 
quartz core. Vertical section looking west. 

Figure 6. Granitic dike within a pegmatitic pod. One of 
the few in-sit” aquamarine crystal found in the MRX area 
is within this granitic dike. Vertical section looking west. 

Spatial distribution of beryl-bearing granitic dikes 
within the Harvey Lake area is shown on Figure 3. The 
bay1 is pale blue in colour and mostly translucent, but in 
several cases crystals are nearly colourless and 
transparent. The individual crystals vary in size from a 
few millimehes to several centimetres in length and 
were not observed to form more than 0.5% of the rock 
on the outcrop scale. There appears to be no relationship 
behveen the colour of the bay1 and the distance from a 
contact with ultramafic rocks. Most of the beryl crystals 
are transluscent to subtransluscent and microfractured. 
Unlike tourmaline, the microfractures do not appear 
healed or tilled-in. As a result, only small crystals or 
portions of some larger crystals can be cut as gemstone. 

area is in the thin granitic dikes (Figure 2). It is glassy, 
transparent, pale blue-green in color about 8 mm in 
length. It occurs within a 3 to 4 centimetre thick 
apophysis of a larger granite dike. 

Figure 8 shows three cut stones from the MRX 
claims. The largest of these gems is 0.94carat. No 
extensive m&somatic zones, such as those described by 
Frantz eta/. (1996) and Martin-lzard (1995, 1996) in the 
Franqueira alexandrite, emerald and phenakite 
occurrence in northwestern Spain, were observed in our 
study areas. This suggests little, or no element exchange 
between the granitic rocks and ultramafic rocks. 

Overall, the internal structure of pegmatites in the 
Harvey Lake area is more complex than that of those in 

The chemical compositions of the pegmatites and 

the MRX area. There are also more in sit” beryl 
be&bearing and beryl-free fine-grained dikes are 

occurrences relative to the number of pegmatite and 
shown in Table 1. The beryllium (Be) content ranges 

granite dike outcrops in the Harvey Lake area than in the 
between 17 and 206 ppm. The latter value corresponds 

MRX area. These observations suggest a possible 
roughly to the minimum concentration required to form 

zoning within the pegmatite field on the scale of the 
beryl in a granitic rock (0.050 weight % BeO) as 

Horseranch Range. 
described by Solodov (1971). However, the beryllium 
content is too low to be of interest as a source of ore for 

Representative chemical analyses of the granitic 
and pegmatitic rocks are given in Table I. Eight out of 
the nine dikes analyzed can be referred to as 
peraluminous and one as subaluminous (Figure 7). 

MINERALIZATION 

Most of the beryls in the MRX area, previously 
described by Holland (1956), were found in the coarse- 
grained blocks of granite dike and pegmatite in talus 
slopes of the Camp Creek valley that were probably 
derived from local dikes. Eight of such talus block 
occurrences and few bluish beryls were found in outcrop 
during OUT reconnaissance work in 1997, but only one 
aquamarine crystal was found in outcrop. This contrasts 
markedly with the Harvey Lake area where all beryls 
discovered in 1997 were in outcrops. 
Both in the MRX and in Harvey Lake areas, pale-blue 
beryl is irregularly distributed in the granitic and 
pegmatite lithologies. Beryl was observed in zoned 
pegmatites, as well as in fine- to medium-grained 
homogeneous granitic dikes. BayI crystals are entirely 
enclosed by hostrock, except where exposed on outcrop 
surfaces by weathering. No beryl was observed in 
foliated dikes. Miarolitic cavities, such as those bearing 
aquamarine-beryl in the famous pegmatite province of 
Minas Gerais in Brazil, or those bearing emerald as 
described in the emerald mines of Byrud, Norway 
(Werner, 1995), were not observed during this 
reconnaissance study. 
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Figure 7. Shand index diagram showing granitic and pegmatitic rocks from MRX and Harvey Lake claims (modified from 
Maniar and Piccoli, 1980 and Cemy, 1991). 

beryllium hydroxide production, which can be 
subsequently converted to beryllium metal alloys or 
oxide. 

DISCUSSION 

Beryl deposits can be important for gemstones or as 
sources of beryllium hydroxide. Emerald deposits are 
known to occur in pegmatites cutting relatively unaltered 
maiic rocks, such as the Shelby deposit in the United 
States where emerald-bearing pegmatite is enclosed by 
olivine gabbro and hornblende gabbro (Sinkankas, 
1959). However, most mafic or ultramatic rock-hosted 
emerald deposits are of the “schist-hostes’ variety, 
where maiic or ultramafic rocks were transformed into 
talc-chlorite-carbonate schists, chlorite-serpentine-biotite 
schists, etc. The “schist-hosted” deposits may be 
associated with suture zones, such as the Pakistan 
deposits described by Kazmi et al. (1989), and may not 
be spatially associated with pegmatites. 

In the Horseranch Range, the cross-cutting 
relationships suggest that mafic and ultmmafic rocks are 
older than most of pegmatites and granitic dikes. If both 
ultramatic and granitic rocks predate or are of the same 
age as the mylonites, then the possibility exists that 
Wore-related, “schist-hosted” emerald deposits could be 
present in the area. 

Both ulhamafic rocks and pegmatites are curretly 
being dated to complement the data of Plint (1991). The 
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geochemistry, mineral chemistry and petrology in 
progress will permit the classification of the pegmatites 
and confirm or reject the hypothesis that the Horseranch 
ultramafic/mafic rocks belong to an Alaskan-type 
complex. Such complexes are known to be favourable 
hosts for platinum group element mineralization and are 
a source of PGE placers (Nixon er al., 1997). 

SUMMARY 

Several gmnitic dikes and pegmatites with low 
concentrations of pale blue beryl were discovered in the 
Harvey Lake and MRX claim area. The number of the 
beryl-bearing dies is encouraging. Some of the small 
crystals are transparent and relatively fracture free. 
Portions of some of the large crystals could be judged 
near gem-quality beryl or aquamarine. No 
accompanying emerald mineralization was discovered. 
However, the properties were not adequately covered by 
mapping and prospecting to establish their gem beryl 
potential.. Be@-bearing pegmatites are not restricted to 
ultramafic and matic hosts and more pale blue beryl and 
aquamarine-bearing pegmatites will probably be 
discovered in the area. The uniformity in color of the 
beryl throughout the area suggests that it is less likely 
that emerald mineralization will be encountered in 
pegmatites. On the other hand, if the felsic dikes and the 
ultramafic complex are pre- or syn- mylonitic, then 
there is a possibility that “suture-related” emerald 
mineralization will be encountered. There is also a 
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USE OF HEAVY MINERALS IN EXPLORATION FOR SAPPHIRES, 
EMPRESS Cu-AU-MO DEPOSIT, BRITISH COLUMBIA 

C.J. Simandl, B.C. Geological Survey, P. Jones, Carleton University, 
J.W., Osborne, Westpine Metals Ltd., 

G. Payie, B.C. Geological Survey and J. McLeod, Cominco Ltd. Laboratory 

KEYFVORDS: Corundum, sapphiie, heavy minerals, gold, 
base metals, exploration methodology. 

INTRODUCTION 

One of the most commonly used exploration methods 
in regional reconnaissance is the sampling of stream 
sediments. In most cases, stream sediment anomalies are 
due to mechanical dispersion of metallic or indicator 
minerals, and to a lesser extent, to transport of metals in 
solution followed by their precipitation or adsorption on 
iron oxides and hydroxides, clay particles or organic 
material. Stream sediment anomalies are generally 
restricted in extent and decrease rapidly down stream due 
to dilution by sterile sedimentary particles (Wilhelm and 
Artignan, 1988). In northern environments, heavy mineral 
sampling amplifies anomalies that could have been missed 
using stream sediments. Heavy mineral surveys have 
become an important component in exploration for base- 
metals, niobium, tantalum, gold, tin (Fletcher and Loh, 
1996), b&e, chromite, platinum group elements 
(Salpeteur and Jezequel, 1992), kimberlite pipes (Fipke, 
1989 and Schulzel 1994) and other mineral commodities. 
This paper deswbes a heavy-mineral survey over the 
Empress, a copper-gold-molybdenum porphyry deposit 
located 225 kilometres north of Vancouver and 50 
kilometres northwest of Goldbridge and the Bralome 
mining camp (Figure 1). The primary objective of the 
survey was to determine if corundum mineralization 

LOCATION 
OF EMPRESS 

DEPOSIT 

1 

Figure 1. Location of the Empress Cu-AU-MO deposit 
with an associated corundum occurrence. 

described by Simandl et a[. (1997) could be detected. A 
secondary objective was to test for the signature of the 
porphyry copper-molybdenum-gold deposit described by 
Osborne and Allen (1995). 

Corundum is an alumina-rich mineral (A&&) that 
may be of variable color due to substitution of metal ions 
for A?‘. It is usually gray, blue-gray, brown, yellow, 
green or colorless. Its gemstones are known by their 
colors, red for ruby and blue for sapphire. The red colour 
is linked to Cr” content, while blue and green corundum 
have sigSniticant contents of Ti”, Fe’+ and Fe”+ and in some 
cases V ‘, Co”+ or Ni” (Phillips and Griffen, 1981). Gem- 
quality corundum was documented in variety of geological 
settings and lithologies such as dikes and lava flows or 
intrusive rocks of alkaline affinity; strongly 
metamorphosed, alumina-rich sediments; partially melted 
gneisses; desilicated dikes of pegmatitic affiity in contact 
with marbles and ultramafic rocks (Simandl and Hancock, 
1997). Most corundum gemstones are produced from 
placer or residual deposits derived by weathering and 
reworking of primary corundum-bearing rocks. 

In the Empress deposit area, corundum, in association 
with andalusite-pyrophyllite rock, was reported in several 
drill holes (Lambert, 1989, l991a and b) located south of 
Taseko River and east of Granite Creek (Figure 4a). A 
float boulder measuring approximately 15 centimetres in 
diametre containing coarse corundum was found in a 
nearby trench in 1990. New concentrations of angular and 
friable boulders, containing from trace to 1% of coarse 
corundum (greater than 3 millimetres), were found nearby 
during our visit to the property in 1996. Because the 
Empress property is largely overburden covered, the 
bedrock corundum potential is difticult to assess. However, 
the overburden contains corundum and should also be 
assessed as a potential source of sapphire. 

A number of corundum occurrences associated with 
porphyry-type deposits are reported in the literature 
(Gustafson and Hunt, 1975; Lewder and Dow, 1978; 
Brimhal, 1977, Wojdak and Sinclair, 1984, and Price, 
1986). In most cases, the corundum is either very tine 
grained or not described in detail. Except for recent studies 
by Simandl er al. (1997), the potential for gem-corundum 
mineralization in porphyry-type deposits has not been 
described. 

GEOLOGICAL SETTING 

The Empress deposit is located near the eastern 
margin of the Coast Plutonic Complex in rocks of the 
Tyaughton basin. The regional geology of the area has 
been described by Tipper (l978), Glover er al. (1986), 
McLaren and Rouse (1989) and Schiariazza ef al. (1997). 
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Figure 2. Geological setting of the Empress Cu-AU-MO deposit (A) with an associated corundum occurrence; modified 
from Schiariava ef al. (1993). Other selected deposits occurring in the area are B - Bur, Mintile # 920- 039, Porphyry 
(Cu, MO); C - Buzzer, Minfile # 920-038, Porphyry (Cu, MO, Au, Ag); D -Taylor Windfall, Minfde # 920.028, 
Polymetalic vein (Au,Ag); E - Spokane, Miniile # 920-004, Porphyry (Cu, Au, Ag, W); F- Phair, Minfile # 920-029; G 
Teek, Minfile # 920.063, (Cu); H - Mohawk, Minfile # 920-001, Porphyry (Cu, Ag, MO); 
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Rocks outcropping in the deposit area belong to the 
Upper Cretaceous Powell Creek and Lower to Upper(?) 
Cretaceous Paradise formations. The deposit is located 
within an alteration zone that is 11 kilometres long and up 
to 3 kilometres wide (Figure 2). There are substantial 
changes in the nature and intensity of alteration within the 
outlined zone (McMillan, 1976; Bradford, 1985; Price, 
1986). Because of the high degree of alteration of the few 
available outcrops, the nature of the protolith within the 
alteration zone in the Empress area is not well established. 
Large masses of Late Cretaceous granodiorite of the Coast 
Plutonic Complex outcrop south of the alteration zone. 
Smaller intrusions (Figure 2) of Early Cretaceous to Early 
Tertiary age consist of hornblende-feldspar porphyry 
which locally grades into diorite and quartz diorite. 

DEPOSIT GEOLOGY 

The Empress deposit occurs in an area with very little 
outcrop and nearly all information was acquired from drill 
core. There are three copper, gold and molybdenum- 
bearing zones totaling 10 004 000 tonnes grading 0.61 per 
cent copper and 0.789 grams per tonne gold using cut-off 
grade of 0.4 per cent copper (Osborne and Allen, 1995). 
Near surface, the contact between rocks of the Powell 
Creek Formation and the Late Cretaceous granodiorite is 
nearly sub-vertical. Drilling indicates that it is sub- 
horizontal at depth, towards the Taseko River. Westpine 
Metals Ltd. geologists divide the host rocks into four 
alteration assemblages and one intrusive unit: quartz rock, 
quartz-magnetite rock, plagioclase-quartz-pyrophyllite- 
andalusite rock, quartz-andalusite-pyrophyllite rock and 
granodiorite-quartz monzonite (Osborne and Allen, 1995). 
These rock types are the product of hydrothermal alteration 
of a volcanic or volcaniclastic protolith in a porphyry 
system (McMillan, 1976). A brief description of these 
lithological units follows. 

Quartz rock (QR) is typically light grey and weathers 
brown. It consists of quartz grains (90 to 95 per cent), 
minor quantities of magnetite (1 to 5 per cent) and trace 
amounts of pyrophyllite, clay, chlorite, carbonate, titanite, 
pyrite and chalcopyrite. In various areas of the property, 
Westpine geologists interpret QR as an altered volcanic 
rock, explaining relict planar textures as banded rhyolite 
and welded tuff(Lambert, 1988, 1989, 199la and b). 

Quartz magnetite (QM) rock consists mainly of quartz 
and magnetite with chlorite and hematite as minor 
constituents. The magnetite content varies from 5 to 70 
percent by volume, but typical content varies from 10 to 7.0 
volume percent. The distinction between the QM and QR 
units is based on the magnetite content. 

The plagioclase-quartz-pyrophyllite-andalusite 
(PQSA) unit consists of several distinct alteration 
assemblages that are too limited in extent to be treated 
separately at the current scale. The most characteristic 
lithology of this unit is relatively coarse-grained (2 to I50 
millimetres), cream-colored, grey or white albite-rich, 
orthoclase-bearing lenses, layers or irregular masses 
(Hudon ef. al., 1996). These masses are rarely more than a 
few metres in apparent thickness in drill core. At surface, 
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large blocks of this material are several metres across, 
They are intimately associated with pale green, tine- 
grained to aphanitic zones consisting mainly of muscovite, 
pyrophyllite, tine sericite and andalusite-rich areas that are 
highly irregular in shape. The pyrophyllite-andalusite 
zones are bluish grey. Corundum, magnetite and chlorite 
are the most common accessory minerals. 

Corundum typically occurs in quartz-free zones within 
this rock unit. Detailed examination of corundum-bearing 
rocks indicates that this mineral is found adjacent to a light 
grey or pinkish, coarse-grained feldspathic rock comprised 
mainly of albite and strongly zoned otthoclase. Corundum 
comprises trace amounts to two percent of the rock over 
widths of 0.6 to 21 m&es, with one intersection of 34 
metres, most of it within andalusite-pyrophyllite-sericite 
rock. Usually, corundum occurs within andalusite but a 
few corundum grains are encased directly in feldspar. The 
corundum observed in drill core is dark to light blue in 
color and the grains are commonly less than two 
millimetres in size. However, blue-black, euhedral crystals 
up to 3 centimetres in length with hexagonal prism or steep 
hexagonal dipyratnidal forms, approaching barrel-shaped 
crystals, occur in surface float overlying the 76 zone. A 
heavy mineral concentrate of overburden from the 76 zone 
contains dark-blue corundum and colorless corundum 
crystals that have commonly light blue patches or blue, 
hexagonal cores. Petrographic examination of corundum 
from the host rock indicates that most of the fine-grained 
crystals are microfractured or contain inclusions of 
pyrophyllite or diaspore. Some of the coarser crystals have 
relatively fracture-free zones several millimetres across 
that may be of gem quality. Individual corundum crystals 
are separated from the host by pale grey halos, 2 to 5 
millimetres wide, that consist mainly of coarse muscovite. 
Some corundum grains within copper-gold mineralized 
zones are rimmed by sulphides (Simandl er nl. 1997), 
others are zoned. 

Quartz-andalusite-pyrophyllite (QAS) rock is 
equigranular with grains less than I millimetre in size to 
aphanitic. Minor mineral constituents include magnetite, 
clay, chlorite and gypsum. Weathered surfaces are 
typically yellow-stained from the weathering of pyrite and 
fresh surfaces are sugary and grey. This unit does not 
contain the coarse plagioclase observed in PQSA. 

Granodiorite-quartz monzonite weathers buff and is 
white to bluish on fresh surface, It is medium to coarse 
grained and equigranular. It consists of feldspar, quartz, 
hornblende and biotite with minor titanite. This intrusive 
rock is the footwall to the deposit and forms the southern 
limit to the deposit. 

Heavy Sediment Sampling and Laboratory 
Procedure 

Sediments from the several active streams draining the 
deposit area (Figure 2) were sampled. Sample sites were 
chosen in areas that favoured the deposition of heavy 
sediments. Natnrally concentrated gravel and fmes were 
screened to less than 6 millimetres. The standard volume 
of sediment sampled equaled 7.0 litres. The samples were 
washed, removing light minerals and leaving an 
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enriched heavy sediment concentrate; the sire of the 
samples was reduced to approximately l/4 of their original 
volume. Tbis on site pre-concentration was necessary to 
permit backpacking the samples to camp, as the program 
was not helicopter-supported. 

Samples were dried in an oven and screened into -100 
mesh, +I00 to -20 mesh and +20 mesh fractions. The 
finest tiaction was analysed for major and trace elements 
using INA and ICP. 

The +I00 to -20 mesh fraction was passed through a 
magnetic separator. Tetmbromethane (TBE) was 
subsequently used to separate minerals with a density 
greater than 2.96 g/cm’ and methylene iodine (Ml) was 
used to separate heavy minerals with density greater than 
3.32 g/cm’. The heavy liquid methodology used is similar 
to that described by Muller (1977). The mixture of 
mineral particles and appropriate heavy liquid is stirred 
inside a beaker to ensure complete wetting. The minerals 
with densities greater than heavy liquid (in our case TBE 
first and then with MI) sink. The float and sink are 
recovered and washed with acetone and all heavy liquids 
are recycled. Samples are dried at low temperature for 15 
to 20 minutes 

The heavy mineral concentrates (the sink from Ml 
heavy liquid separation stage) were examined using a 
binocular microscope and transparent corundum was 
identified in 4 samples. Other heavy minerals readily 
identified include bright red-rutile, sulphides, epidote and 
magnetite. Selected grains were removed, placed on 
electrically conductive carbon tape, and coated with a 250 
angstrom conductive film of carbon. 

The grains were then placed in the vacuum chamber of 
the scanning electron microscope (SEM) and examined. 
Identification of smaller grains was made by examining the 
x-ray spectrum collected from each specimen. Corundum 
grains were confirmed in a number of samples by this 
method. 

For each heavy element concentrate, a representative 
aliquot was selected, mixed with epoxy and glued to a 
standard petrographic glass slide. The epoxy was then 
cured on a hot plate and the slide ground to a thickness of 
about 40 microns. A series of polishing stages then 
followed to produce a polished thin section. These slides 
were then coated with conductive carbon and viewed in the 
electron microscope in back-scattered electron (BSE) 
mode. Minerals with a high mean atomic number reflect 
back more electrons than minerals with a low atomic 
number. These variations in brightness (grey-level) are 
most useful in discriminating between mineral species in 
polished thin sections. Within the context of this study, 
corundum appears dark grey when viewed in BSE mode. 
Rutile, Fe-oxides, and sulphides are much brighter (Figure 
3). 

In one mode of analysis, a digital image is collected 
by the X-ray analyser and the electron beam placed upon 
the grain or grains of interest. An X-ray spectrum is 
collected and the mineral identified from its spectrum. This 
combination of BSE imaging and X-ray analysis is 
effective in mapping a section and determines quantitative 
proportions of mineral constituents within a given sample. 
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Specimens were analysed on a JEOL 6400 digital 
scanning electron microscope interfaced to a Link Systems 
eXL x-ray analyser equipped with stage automation and 
digital beam control. Operating conditions were 20 
kilovolts accelerating potential and a beam current of 2 
nanometres. 

A second mode of analysis employed involved 
automated counting and classification of grains. This 
included detection of grains from a digital image made by 
the x-ray analyser and the collection of a x-ray spectrum 
from each grain. A previously defined elemental window 
tile for elements of interest is employed and the proportion 
of these elements of the total x-ray spectrum for each grain 
is determined. A series of criteria for each element as a 
proportion of the total x-ray spectrum collected are 
defined, based upon minimum and maximum values 
expected. A series of criteria for several elements are then 
used to define a mineral class. In the case of corundum, 
for example a criterion such as high Al (e.g. >70%) may be 
employed together with other criteria such as low Mg, Zn, 
and Fe. The additional criteria would block any other Al- 
bearing phases such as spin& from being incorrectly 
classed as corundum. The entire operation is controlled by 
the x-ray analyser computer which is interfaced to the 
electron microscope. It is a powerful tool for automating 
repetitive operations previously used to identify mineral 
grains. 

Results 

The stream sediment samples contained between 271 
and 1557 grams of non-magnetic heavy fraction in 
category -20 to + 100 mesh after TBE separation. After MI 
processing this translated to 1.2 to 40 grams of heavy 
minerals denser than 3.32 g/co?. 

The selected trace element composition of tine- 
fraction (-100 mesh) not treated by heavy liquids is 
presented in Table I. The copper, molybdenum, gold and 
tungsten values are also displayed on Figures 4a, b, c and 
d. These results indicate that the metal concentrations in 
the Empress deposit area are high, and probably the 
deposit would have been detected using this methodology. 
Since most of the samples lie in the proximity of the 
deposit, and within regional-scale alteration zone (Figure 
2) no background values are available. The high gold 
concentrations are particularly interesting, however, 
corresponding silver values remains below the detection 
limit. Follow-up work will be carried out to locate gold- 
bearing grains using the scanning electron microscope. 
Anomalous concentrations of tungsten are also of interest. 
Drill core was not analysed for tungsten during exploration 
of the Empress deposit. 

Under the binocular microscope corundum occurs 
either as, transparent, angular grains that are grey, colorless 
or bluish, or as white, translucent aggregates of grains with 
a sugary appearance. Corundum was detected in I7 out of 
26 samples (Table 2, Figure 4e) and represents I-30 per 
cent of all heavy mineral particles denser than 3.32 g/cm’. 



TABLE 1 
TRACE ELEMENT COMPOSITION OF HEAVY MINERAL CONCENTRATES 

(PARTIALLY CONCENTRATED BY PANNING, NO HEAVY LIQUIDS USED). 
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Fi, gure 4a. Copper values in the heavy mineral fraction (-100 mesh size) from the Empress deposit area. Samples 
concentrated by panning. 

Known corundum 
Occ”rrence 

Figure 4b. Molybdenum values in the heavy mineral fraction (-100 mesh) of samples from the Empress deposit area 
Samples concentrated by panning. 
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Figure 4~. Gold values in heavy mineral concentrates (-100 mesh grain size) of samples from the Empress deposit area. 
Samples concentrated by panning. 

I Tungsten (ppm) 
+ D]a&d drill hole 

with corundum 

0 Cl0 (3 IO-50 @ 51-100 . >I00 Known corundum 
OCC”~~.?“C~ 

Figure 4d. Distribution of samples analysed for tungsten. Heavy mineral concentrate (-100 mesh fraction) was 
produced by panning only), Empress deposit area. Samples concentrated by panning. 
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Figure 4e. Distribution of Corundum concentrations (pre-concentration by panning & heavy liquids); Empress deposit 
area. 

Several samples contain a transparent variety of 
corundum, as colorless, blue or zoned (colorless with blue 
core) grains. The large number of composite grains and 
their angular shape indicate that corundum is locally 
derived. 

The other minerals observed are yellowish and light 
green epidote (0 to 75 per cent), iron oxides other than 
magnetite (O-100 per cent), pink nrtile (0 to 30 per cent), 
ihnenite (o-17.8 per cent), orthopyroxene (0 to 26 per 
cent), clinopyroxene (0 to 14 per cent), amphibole (O-7.8 
per cent), titanite (0 to 7 per cent), aluminasilicate (0 to 7 
per cent; kyanite and andalusite should have been removed 
during heavy liquid separation), barite (~1 per cent), zircon 
(0 to 1.8 per cent), allanite (cl per cent) and unidentified 
silicate minerals. The variations in the proportion of the 
heavy minerals over a small area demonstrate the 
importance of large samples and the need for careful 
microscopic examination. Minerals that are characteristic 
of the metalliferous Empress deposit are pyrite, magnetite, 
chalcopyrite and pink rutile. 

Of particular interest is the presence of scheelite 
detected in samples TA96-4, IO, 11, and 13 and 
coinciding with above normal tungsten contents in the fine 
fraction detected by chemical analysis. The sample TA96- 
82 is anomalous in corundum and gold. This sample was 
collected from the stream that drains the area of the 
Spokane porphyry Cu-Au-Ag-W prospect, where 
corundum was not previously reported. 

In summary we can say that analysis of the -100 
mesh fraction of panned mineral concentrate using 7 litre 
samples is adequate to detect corundum mineralization, if a 
relatively tight sampling pattern is used in the Taseko Lake 
area. The survey also detected the metallic signature of the 
Au-&-MO deposit and points to areas where follow-up is 
warranted. However, larger samples would be necessary if 
the spacing between the samples was relaxed or if larger 
catchment areas were involved.. 

- 
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CONCLUSIONS 

Fine grains of corundum are present in most of the 
heavy mineral concentrates from the stream sediments 
collected in the Empress deposit area. Some of the 
corundum fragment recovered from the concentrate are 
transparent and colorless or blue, suggesting potential for 
gem-quality mineralization. 

A next step in the assessment of the gem-corundum 
potential of the property would require collection and 
processing of large samples of overburden, with special 
attention paid to the size, shape and quality of the crystals 
recovered. 

The methodology developed during this study can be 
used in exploration for gem-quality corundum in the 
Taseko Lake area and is well worth considering for other 
regions with appropriate modifications to the minimum 
size of the samples needed. 

The source of the scheelite in the heavy mineral 
sediments near the Empress deposit, coinciding with the 
above background tungsten content in the panned samples, 
remains to be established. 
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FLUIDITY OF WESTERN CANADL4N COALS AND ITS RELATIONSHIP TO 
OTHER COAL AND COKE PROPERTIES 

By Barry Ryan, B.C. Geological Survey 
and 

John Gransden and John Price CETC, CANMET Energy Technology Centre. 

KEYWORDL? Fluidity, petrography, coke quality, coke 
textures. 

INTRODUCTION 

This paper is intend.4 to provide the reader with an 
understanding of Gieseler Plastomctcr measurements of 
coal fluidity and how they are influenced by other coal 
properties. It uses data from western Canadian coals and 
consequently is also a review of the fluidity of western 
Canadian coals (WCC). The paper introduces some new 
data but it also makes extensive use of data that are 
available in scattered and less accessible articles. One 
of the most important sources for data on Canadian 
coking coals is the Canadian Carbonization Research 
Association, which has advanced the understanding of 
the quality characteristics of WCC to the great benefit of 
the companies marketing metallurgical coal overseas. 

In simply terms there are three types of coal 
differentiated by rank (maturity): thermal (low-rank 
steaming coal), bituminous (middle-rank metallurgical 
coal) and smokeless coal (anthracite rank). The 
bituminous coals, which cover the rank from high- 
volatile to low-volatile bituminous, are so called because 
bihunen can be obtained from them. In fact, the coke 
making process involves the destructive distillation of 
bitumen derived t?om coal es it is heated in a coke oven. 
The coal goes through a plastic phase in the coke oven 
as bitumen is distilled out of the coal. As the 
temperature continues to rise the bitumen is destroyed 
and the coal is fmally annealed into coke at temperatures 
of over IOOOT. The formation of a plastic or sticky 
phase is critical to the formation of quality coke. One 
measure of coal’s ability to make quality coke is fluidity 
is fluidity, a test which measures the rheological 
properties. test, which measures rheological properties. 

The fluidity of bituminous coal samples is important 
in predicting coke quality but oflen its importance as one 
technical parameter for predicting coke quality is 
overshadowed by its importance as a bargaining chip in 
the high-stakes game of coal sales. A recent paper (Coin 
end Broome, 1997) de-emphasizes the importance of 
fluidity and suggest that its usefub~ess for predicting 
coke quality is extremely limited. They point out many 
problems with the various models that use coal rheology 

or petrography to predict coke properties. They suggest 
that the two most important coal properties arc rank and 
ash chemisby because they correlate strongly with coke 
strcngtb after reaction (CSR), which they consider to be 
the most important coke quality parameter. 

Intense efforts are underway in countries lie Japan 
to reduce the costs of raw materials. For example, the 
use of pulverized coal injection (PCI) allows use of 
weak or soft coking coals in the coke blend to reduce the 
overall cost of the blend. This means that there is 
increased emphasis on quality control es it pertains to 
the coal leaving the mines and the coke made in the coke 
ovens. Contracts include reference to an increasing 
number of quality parameters, which are increasingly 
more rigorously defmed. 

One can measure the quality of coke by its 
performance in the blast furnace. This is too late for the 
coke oven operator to respond to changes in coke 
quality. It is better to test coke before it gets to the blest 
furnace. ‘Ihis requires making test coke and establishing 
tests that duplicate conditions in the blest furnace. The 
data are reasonably expensive to obtain but provide a 
good prediction of the performance of coke in the blest 
furnace. The least costly method is to predict the quality 
of coke by using data from tests on coal. Fluidity is one 
of the tests used to predict the quality of the coke end the 
blending potential of coals used to charge coke ovens. 

COAL RHEOLOGY 

Many of the performance characteristics of coke, 
that are measured by tests on cold rather then hot coke, 
are heavily influenced by the coal rank end rheology 
(i.e. dealing with flow end deformation) of the parent 
coals. Consequently the three tests, described in the next 
paragraph, that measure the rheological properties of 
coal, are frequently used to predict coke properties. The 
coke property most oflen determined is the resistance of 
cold coke to abrasion end impact. This property is 
measured by tumbling sized coke in a drum under fuced 
conditions and then measuring the amount of material 
remaining on a screen. There are two frequently used 
variations of the test. In America the 
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Figure 2: An example of a log fluidity ddpm YWSUS 
temperature plot for data obtained from a Gieseler 
Plastometer. 

Stability Factor (ASTM test) is measured while in 
Japan the JIS din 30/15 drmn test is performed. Results 
for the two tests are compared in Figure 1; it is useful to 
be able to convert from the Japanese index to the 
ASTM index. Many diagrams exist relating cold coke 
tests to various coal properties. Because the two tests 
involve slightly different procedures there is no exact 
relationship between the tests as indicated by the data 
scatter in Figure 1. 

The three tests that measure rheological properties 
are FSI, dilatation and fluidity. The FSI test is the 
oldest and most universal, though its usefulness is 
limited because there are only 20 possible increments 
to the range of FSI values. In some countries FSI is 
referred to as CSN (crucible swelling number). In 
Europe the dilatometer test, in which a small pencil of 
coal powder is heated through a contraction and 
expansion phase, is preferred as a measure of coal 
rheology. In North America the Gieseler Plastometer is 
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more widely used. In this test a sample is slowly 
heated and measurements made of its fluidity 
(viscosity) at elevated temperatures. 

The most extensive investigation of the rheological 
properties of western Canadian coals is by Price and 
Gransden (1987). It indicates that dilatation is the 
least accurate way of predicting cold coke strengths 
followed by fluidity and then FSI. This means that as 
long as a sample has good FSI there is a good chance it 
will make acceptable coke. If the dilatation is low, 
fluidity and F’S1 measurements should be made to see if 
they contradict the initial prediction of poor coke 
quality. 

SIGNIFICANCE OF MAXIMUM 
FLUIDITY AND FLUID TEMPERATURE 
RANGE MEASUREMENTS USING A 
GIESELER PLASTOMETER 

Fluidity is measured using the Gieseler Plastometer 
@pure 2), which documents the changing fluidity of a 
coal sample in air as it is heated at a constant rate of 2O 
to 3Wminute through its softening and melting 
temperature. The sample is 5 grams of coal crushed and 
screened to pass 35 mesh (0.5 mm) and loosely 
compacted. The heating rate is similar to that 
employed in commercial coke ovens. The temperature 
range extends from about 35OT to 550°C. The 
maximum fluidity is recorded as are the temperatures at 
which the coal reaches maximu fluidity, fust starts to 
soften, and ftily solidifies. The difference between 
the last two temperatures is the fluid temperature range 
(FIR). The flnidity is measured using a paddle, under 
constant torque. The paddle is inserted in the sample 
and as it softens the paddle starts to rotate, rotating 
faster as the sample becomes more fluid. Eventually at 
high temperatures the coal sample hardens and the 
paddle stops rotating. The speed of rotation is 
measured in dial divisions per minute (ddpm). There 
are 100 divisions per revolution, consequently a fluidity 
of 100 ddpm corresponds to a speed of 1 revolution per 
minute of the paddle. Most instruments can not record 
a rotation of more than 280 revolutions per minute, 
therefore, fluidities above 28 000 can not be measured 
and measurements over 10 000 probably are not 
reproducible. 

Measurements of maximum fluidity (MF) and F’TR 
are used to predict the behaviour of the plastic phase 
during coking. The property of “fluidity” measured by a 
spinning paddle is not completely analogous to the 
properties of softening, sticking, smearing and binding, 
that in loose terms describe what is happening in a coke 
oven. Based on the heating rate of about 3Wminute 
coal is plastic for about 10 to 30 minutes (bottom scale 
in Figure 2) in the plastometer or in the coke oven. If 
the maximum fhddity is 300 ddpm, which is above 
average for most British Columbian coals, then the 
paddle is turning once in 20 seconds. Considering these 
conditions one can envisage a transitmy phase in which 
the reactive macetals become soft, sticky and swell as 
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- Figure 3: (a) Relationship of maximum fluidity to rank at 
constant total reactives content. Data are plotted for sample 
suites containing 80% and 60% total reactives and for ranks 
fmm 0.96% to 1.35%. (b) Variation of fluid temperature 
range with total reactives content for coals of different rank; 
(c)Variation of maximum fluidity with total reactives 
content for coals of different rank; Data from Canadian coals; 
open square and star Rmax=O.96%, diamond 1.054%, cross 
1.33% dash 1.35%. The solid square is for a single low- 
volatile bituminous coal. 

vesicles form. This phase forms a front, which moves 
slowly inwards towards the centre of the coke oven, 
leaving behind it semicoke heated to temperatures 
greater than the solidification temperature of the coal. 
The process is not one in which large volumes of coal 
become fluid for long durations during coke making. 

The MF is an empirical and approximate measure 
of the minimum viscosity of the sample achieved at a 

particular temperature. Unfortunately the instrument 
sets up shm forces in viscous coals and in fluid 
coals forms froth so that the paddle stirrhtg a mixture of 
coal and gas. Consequently fluidity measurements do 
not correlate exactly with the true viscosity of the 
sample and the results for highly fhdd coals probably 
do not correlate well with coke-making processes. 

There are many variations of the plastometer but 
they have not gained wide acceptance and do not 
provide a basis for comparing coals. For example. 
there have been attempts in France to use a constant 
speed variable torque version of the Gieseler 
Plastometer to over-come some of the problems 
described above, 

The fluidity measurement is an attempt to provide 
a practical test for comparing the rheology of coals. It 
is important that coal samples are prepared consistently. 
Samples are crashed to pass 35 mesh (0.5 mm). This is 
much finer than the 80% minus 3.35 mm size consist 
used in commercial coke ovens. The finer size inhibits 
fluidity, samples would exhibit greater fhddity if 
crushed to a coarser size consist. The softer nature 
(higher HGI) and susceptibility to cash to fme size 
consists are two possible reasons why some WCC 
exhibit fltddities lower than expected based on rank and 
petrography. ,Values of FTR sod MF are improved if 
the heating rate is faster. In fact the FTR can increase 
by as much as 20°C if the heating rate is increased from 
2 ‘Thin to 5 “C hht (Loison et al, 1988). 

In general fltidity is controlled by the relative 
proportions of plastic components (vitrinite+liptinites) 
and inert components (htertinite + mineral grains). The 
plasticity does not survive at higher temperatures 
because the plastic bitumen looses hydrogen and 
solidifies into &on grahx that cement the sample. 
The instrument is therefore providing information on a 
number of processes. 

l Generation of a plastic/fluid component that is 
mobile enough to move through the mixture of 
plastic and solid fragments and coat them so 
that the combination is plastic. 

l The temperature range over which the sample 
remains plastic. 

l The maximum fluidity or minimum viscosity 
obtained. 

In the coke-making process the coal must provide a 
phase that also eventually acts as a cement. A 
hydrogen-rich material might provide very high 
fluidity, but after the hydrogen evolves at high 
temperatures there is not enough carbon cement to stick 
the inert grains together. For example a mixture of the 
hydrogen-rich hydmtions tar and anthracite, will not 
make coke. There is therefore an optimum amount of 
fluidity required by a coal blend to make good cbke. 

Coin and Broome (1997) suggest a slightly 
different model for coke formation, in which vibinites 
swell and become sticky as the charge is heated. The 
swelling is caused by the development of pores. The 
vitrinite grains eventually partially enclose the inert 
fragments and stick the heterogeneous solid together. 
This model obviously emphasizes dilatation behaviour 
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rather than fluidity. There is a strong correlation 
between the two properties. 

CONTROLS ON MAXIMUM FLUIDITY 
AND FLUID TEMPERATURE RANGE 

Fluidity of coal is controlled by: 
l petrography and rank. 
l grainsize. 
. chemistry. 
l the amount, grain size and chemistry of ash. 
. aging and oxidation. 

Petrography and rank 

At constant rank, fluidity increases as the amount 
of total reactives increases in a sample (Figure 3~). The 
rate of increase varies depending on rank, probably 
iofluewed by the hydrogen content of the vitrinite. 
High-volatile coals are characterized by bigb values of 
floldity that are insensitive to changes in petrography. 
This may in part be due to limited amounts of in 
medium-volatile coals. Medium to low-volatile coals 
are characterized by low floidity values, that are zero at 
intermediate concentrations of total reactives and 
increase rapidly at higher concentrations. The 
approximate linear relationships of total reactives to log 
MF and FTR for Canadian coals is apparent in a 
number of plots in Figure 3b and 3~. It should be 
remembered that there is no natural law, which states 
log MF ver.nu total reactives relationship should be 
linear and many exponent relationships may give a 
better empirical relationship. The apparent linear 
relationship has some very important implications for 
WCC, which are characterized by major variations in 
total reactives withii and between seams. An increase 
in total reactives from 50% to 60% changes floidity 
from 5 to 20 ddpm whereas the same 10% increase 
from 70% to 80% reactives changes tbe MF from 100 
to 700 ddpm. High-volatile coals will exhibit some 
fluidity even if they are rich in ineainite where as 
medium-volatile coals have zero fluidity if total 
reactives are below about 45%. This threshold 
probably rises for low-volatile coals. It is very 
important to monitor changes in petrography of low 
fluidity medium-volatile coals, especially when they 
have high contents of inertinite. 

Using the linear relationships in Figure 3c, it is 
possible to produce a plot of MT versus rank for 
samples with constant total reactives content (Figure 
3a). Apart from the very fluid, low raok coal data, log 
MF is roughly linearly related to raok of coals with 
similar total reactives content. Fluidity is therefore a 
measure of the combined effect of petrography and 
rank. If a version of Figure 3a was constructed 
containing more tracts of coals with similar reactives 
contents but varying rank, then it would be possible to 
estimate the fluidity of any coal. It is not clear if 
Figore 3a will work for a blend of samples of dierent 
rank. 

mix 
A bright 

a 70 75 8” *5 90 
Figure 4: Maximum fluidity and petrography ofb&ht, 
banded and dull litbotypes of n single medium-volatile seam. 
Solid diamonds are maximum fluidity of lithotypes; V = 
vitrinite, I=inertiaite. 

Three samples of a single high-volatile seam Rmax 
= 1.03%) representing average seam (banded 
litbotypes), bright lithotype bands and dull lithotype 
bands were collected. The bright and dull lithotype 
samples were also combined in equal proportions to 
make a mixed sample. For these samples the macerals 
were grouped petrographically into structored vitrinite 
(tellinite and telocollinite), unstructured vitrinite 
(desmocollinite and detrovittinite), stmctored inertinite 
(semifasinite and fosinite) and unstmctared inertioite 
(macrinite, inertodettinite and micrinite). The most 
strikiig difference between the bright and dull 
litbotypes is the increased amount of structured vitrinite 
in the bright lithotype (Figure 4). The amount of 
inertinite increases in the dull lithotype. Fluidity is 
very sensitive to changes in total reactives, more so 
than for other high-volatile data suites (Figare 3~). 
This suggests that it is the larger changes in percent 
structured vitrinite that are controlling the fltidity and 
this maceral has the highest fluidity. This may be 
because the cell stractare of tellinite is often filled by 
other maceral material, such as resinite and liptinite, 
which have high fluidities. It appears that maximum 
fluidity is very sensitive to small additions of bright 
lithotypes, which contain higb concentrations of 
structured vitrinite. 

Cameron and Babu (1968) measured fluidity of 
whole coal and bright lithotype samples from a 
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medium-volatile seam. Generally the bright lithotypes 
had fluidities 2 orders of magnitude higher than the 
whole coal samples. Coke breeze is added to some coal 
blends to increase the inert content of the blend and 
because it is available as a waste product from the coke 
ovens. Their data illustrate that fluidity is decreased 
and the FTR shrinks symmetrically about the maximum 
fluid temperature as the amount of inerts increases. 

Fluidity is dependent on rank, which is measured 
by vitrinite reflectance. But for any coal, vitrinite 
reflectance measurements produce a range of values. 
Some grains have higher than average reflectance and 
others lower. This range of values is composed of the 
V types also used to calculate the stability index 
(Schapim and Gray, 1964). Probably each V type has 
its own characteristic fluidity with low V types having 
high MF, large FTR and low T,., temperatures and 
high V types having low MF, small FIR and high T,., 
temperatures. It is the mix of V types and the amount 
of inert material in a sample that control its fluidity. 
The fluidity characteristics of a particular V type 
vitrinite may be the same irrespective of whether it is 
from the upper part of a histogram from a low-rank coal 
or from the lower part of a histogram from a high-rank 
coal. 

The fluid temperature range (FTR) decreases as 
rank increases (Figore 3b) and in general has similar 
relationships to rank and petrography as maximum 
fluidity. At a rank of medium-volatile, FIR is sensitive 
to changes in total reactive content whereas at lower 
ranks it is relatively insensitive. If coke quality is 
related to FTR, then the coking properties of WCC 
coals of medium-volatile rank may be susceptible to 
small changes in petrography or ash contents. 

Petrographic composition can vary within a seam 
and there are a number of papers that document 
increased inertinite in the upper parts of seams 
(Lamberson and Bustin, 1997; Ryan, 1997). It can also 
be influenced by washing as illustrated by Bustin 

(1982) who analyzed the petrography of a number of 
seams from the Fording River coal mine. The samples 
were subjected to float-siok analysis and individual 
specific gravity (SG) increments analyzed (Figore 5). 
The inertinite/reactives ratio on an ash-free basis 
reaches a maximum at intermediate SG values. 
Petrography is also influenced by crushing and sizing, 
which concentrates the inert macerals in the 
intermediate sizes (Table 1). The fltidity of a sample 
may be improved if either the intermediate sized 
material, or the material with SG values in the 1.4 to 
1.6 range, is removed. 

Fluidity is very sensitive to the amount of exinite in 
high-volatile coals (Figure 6). Unfortunately exinite is 
usually destroyed by the time the rank reaches medium 
to low-volatile bituminous. However for coals with 
Rmax values less than 1.3X, small changes in the 
amount of exinite may explain unexpected variations in 
fluidity. 

Grain size 

The grain sizes of both the maceral components 
within the solid coal and the fragments of coal can 
potentially influence fluidity. No data were located on 
the relative significance of maceral sizes. Macerals 
such as telliite and telocollinite usually occur as large 
masses where as desmocollinite and detrovitrinite 
usually occor in small masses. Similarly within the 
inert macerals, micrinite and inertodetrinite form 
smaller fragments within the solid coal than macrinite, 
fusinite and semifbsinite. A high proportion of 
inertodetite and low proportion of fusinite plus 
semifosinite in the inertinite component of a coal 
significantly increases the surface area of inert material 
that must be cemented. Changing proportions of 
macerals can effectively change the relative 
homogeneity of the coal blend without even 
considering particle size. The size of the maceral 
fragments compared to the size of coal fragments 
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Figure 5: Variation of inerts/reactives ratio for different 
specific fractions. Data from Bustin (1982). 
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Figure 7: Relationship of hydrogen content to maximum 
fluidity for Canadian coals of different ranks. 

probably plays an important part in aiding or inhibiting 
the ability of the reactive macerals to coat and cement 
inert fragments. Possibly the most important factor is 
the number of coal particles that are composed of a 
combination of reactive and inert maceral components. 
These coal particles will have much less difficulty 
sticking together than coal fragments composed of a 
single maceral. Crushing to a fmer size increases the 
number of monomaceral coal fragments. 

It is also possible that the fme fragment size speeds 
the distillation process, shrinks the FTR and gives the 
reactive components less time to coat the inert 
fragments. Decrease in grain size lowers fltidity and 
the effect is particularly pronounced in the case of dull 
coals (Lowry, 1963). There have been a number of 
studies by the CCRA in which vitrinite-rich coal from 
the fme circuits of wash plants has been added to the 
clean single coal product in an attempt to improve coke 
quality. The results were generally not as good as 
predicted by petrography, indicating, that for a single 
coal, fme size may have a negative effect on coal 
rheology, in particular fluidity and coke strength. 
However finer size does not lower FSI values, possibly 
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because of the higher heating rate (Price and Gramden, 
1987). 

There are data that indicate that crushing blend 
coals to a fmer size-consist improves coke quality 
(Leader el al., 1997). It is not clear why this diiers 
from the single coal data. Possible factors influencing 
coke quality are that these blends were crushed to an 
overall fmer size where as additional fme coal was 
added to an existing size consist for the single coals. 
Obviously the average coal fragment separation is 
influenced by fragment size and size distribution. 

Hydrogen chemistry 

Hydrogen is concentrated in the reactive macerals, 
especially the liptinites, and is less abundant in higher 
rank coals. Since these are coals with poorer rheology 
for making coke, it could theoretically provide a good 
indication of the ,fluidity of a coal. Fluidity is very 
sensitive to small changes in hydrogen content in 
medium-volatile coals but much less sensitive to 
changes in high-volatile coals (Figure 7). In general the 
hydrogen content of coals can not be used to predict 
fluidity or coke properties. Hydrogen can effect 
fluidity, if it is available to be donated to solvent 
species (Clemens and Matheson, 1991). The process is 
similar to what happens when hydrogen is introduced to 
help liquefy coals. 

The relationship of fluidity to the general chemistry 
and molecular structure of coal is complex.. In simple 
terms as rank increases coal molecules become larger 
and take on the form of interlocking hexagonal plates 
(aromatic structures), which inhibit the formation of 
fluidity in the coal. 

Ash 

Ash contents are reported as weight percents but 
fluidity is probably more dependent on the relative 
volume of inerts in the sample. An ash content of 10% 
by weight is equivalent to about 6% by volume. Price 
and Gransden (1987) studied the effect of ash on a 
number of rheological and coking properties of WCC. 
They washed three coals (Rmax 0.91%, 1.32%, and 
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Figure 8: Maximum fluidity YB)JUS total reactives for 
samples washed to different ash concentrations. Dash points 
with liue are from medium-volatile data set. Ash 
cbncentmtions are plotted on the diagram with the ash 
contribution to total in&s calculated on a weieht oercent 
basis (solid triangles) and volume percent ba& (&pen 
triangles, circles and squares). 

1.36%) to different specific gravities to produce 
different ash concentrations. Three samples of similar 
petrography but different ash concentrations were 
derived from each coal (Figure 8). The medium- 
volatile data set for the thre coals has a similar trend to 
data for a number of medium-volatile samples if the ash 
effect is calculated on a volume percent basis, but not if 
it is calculated on a weight percent basis. This means 
that, for example, a 5% increase in volume percent 
inertinites is equivalent to about a 10% increase in 
weight percent ash; emphasizing the important 
influence of change in volume of reactive and inert 
macerals on fluidity. 

Experiments indicate that minerals generally act 
lie additional inert material, but for some compounds 
there also seems to be a chemical infhxnce on fluidity 
(Price et al. 1992). As little as one percent addition of 
minerals can cause maximum fluidity to decrease as 
much as 36%. Quartz and kaoliite caused minor 
increases in MF where as additions of inert compounds, 
such as sulphur and FeZO, caused larger decreases in 
MF. Most of these changes in MF seem large but are 
similar to expected decreases based on an equivalent 
1% increase in inherent ash content (Figure 9). 

The mineral additions can effect fluidity in three 
ways. Thev increase the total surface area of in&s 
that must be’incorporated into the plastic phase and in 
this case the size of the grains is very important. The 
introduced grains may have different surface tension 
characteristics with respect to the plastic phase. The 
mineral additions may react chemically with plastic 
components. It appears that in most cases the mineral 
additions mimic changes in ash content in a normal 
sample. The sulphur and Fe,O, (magnetite) additions 
change fluidity much more, probably indicating a 
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chemical reaction with the plastic components in the 
coal. 

Minerals in the experiments were added as a fine 
powder and therefore mimicked natural ash occurring 
as finely dispersed extraneous fragments. Natural ash 
in washed samples can occur finely disseminated in 
desmocollinite, tilliig cells in semifusinite, or as ions 
forming part of the coal molecules. The mineral matter 
that is locked in inert coal fragments can have 
negligible effect on fluidity where as that dispersed in 
desmocolliite or external to mace4 fragments can 
have a pronounced effect on fluidity. In this regard a 
sample with calcite filling cells in semifusiiite may 
have a reasonable fluidity, but the calcium oxide will 
have a devastating effect on CSR at higher 
temperatures. The way mineral matter is dispersed in 
the macerals will effect the way it influences MF and 
other coke properties. 

The main effect of mineral addition is to decrease 
MF and FTR in amounts comparable to normal coal ash 
with the exception of additions containing sulphur and 
iron. These substances obviously get involved in 
chemical reactions, which inhibit MF but do not have 
an equivalent effect on stability factor. In contrast the 
1% additions of some minerals caused major changes in 
CSR illustrating the ash chemistry control on this 
property. Obviously fluidity will be a poor indicator of 
stability factor if there is a chemical reaction between 
the mineral matter and the plastic components in the 
coal. This is the case for coals with Fe-rich ash, which 
lowers fluidity causing an under estimation of stability 
factor. CSR is even more sensitive to ash chemistry 
than fluidity, therefore in some cases it will be over 
estimated if based on fluidity data. 

Aging and oxidation 

Fluidity is more sensitive to oxidation than FSI, 
though when MF values are plotted on a log scale the 
effects are of the same magnitude as those experienced 
by FSI values. Pyrite has a moderate effect on fluidity 
but F%O, has a major effect (Figure 9). Obviously if 
pyrite oxidizes, or if magnetite is introduced by heavy 
medium cleaning, fluidity will be effected. Price et al. 
(1992) measured the deterioration of fluidity over 200 
days (Figure 10). Log MF decreased slightly where as 
stability factor and CSR values were unchanged and 
FSI values varied from 7.5 to 8.5 with no downward 
trend. When plotted on an MOF diagram (Figure 10) 
the changes in fluidity appear insignificant. There has 
been a lot of emphasis on the rapid deterioration of 
fluidity as samples oxidize. For many coals, the 
changes due to oxidation are irrelevant in terms of coke 
quality. The initial decrease in fluidity may be 
associated with adsorption of oxygen, which occurs 
rapidly to all coals when they are brought to surface as 
a result of mining. This occurs long before they are 
used for coke makiig. Fhddity is probably a very 
sensitive, but expensive, test for oxidation. The alkali 
extraction test is becoming widely accepted by the coal 
industry because it is faster and, cheaper. 
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Figure 9: Effect on fluidity of 1% mineral additions to coal 
samples. Data from Price ef rrl. (IYYZ). The vertical line is 
the decrease in MF expected for a 1% increase in weight 
percent ash based on the data from Figure 8. 

COAL BLENDS AND THE ADDITIVE 
PROPERTIES OF FLUIDITY 

A number of experiments aimed at calculating the 
fluidity of coal blends indicate that fluid properties are 
not additive. It is not possible to derive an average 
fluidity by calculating the weighted average of log 
fluidity values of a number of samples. In fact this 
process nearly always predicts average fluidities that 
are too low. This can be explained by the fact that 
fluidity is proportional to VM (daf), which has a non 
linear relationship to reflectance. Averaging ranks 
produces an intermediate rank that is higher than would 
be calculated from the average VM (da@ value for the 
mixture. 

The 50/X) mix of lithotypes (open square, Figure 4) 
produced a noticeably greater fluidity than predicted 
(solid square), based on averaging the log fluidity 
values of samples with identical rank. 

One blending experiment looked at the effect of 
mixing a sample containing 84% exinite (cannel or 
needle coal from the Elk Formation in south-eastern 
British Columbia) with a medium-volatile coal 
containing 0.2% exinite. Addition of small amounts of 
cannel coal produced m@r changes in MF that could 
not be predicted by adding the log Iv!3 values of the two 
coals (Figure 6 and 11~). In fact this process 
consistently predicted MF values that were too low. 
Additions of cannel coal in amounts of less than 1% can 
increase fluidity significantly. Consequently varying 
amounts of exinite in high-volatile coals may destroy 
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Figure 10: (a) Effect of oxidation/aging on fluidity, stability 
factor and coke strength after reaction for up to 200 days. 
(b) fluidity data plotted into an MOF diagram. Data from 
Price etol. (1992). 

the linear log MF versus total-reactives relationship 
seen in medium-volatile coals. 11 should be noted that 
exinite-rich coals often have high contents of inherent 
ash and organic sulphur. Additions of exinite-rich 
cannel coal have been found to decrease coke oven 
pressure~and coke strength (Stell, lYX6). 

A similar blending experiment was conducted by 
Fawcett and Dawson (1990: Figures I la bi b). They 
blended high and low-volatile coals and were unable to 
accurately predict MF by weighted log averages. 
However the errors when comparing log MF values are 
less significant. Plotting the results on an MOF 
diagram illustrates that 2 component blends do not plot 
on chords joining the plotted positions of the 
component coals. 

Generally very little attention is given to the MF 
temperature relative to the start and final temperatures. 
If it is not mid way between these two temperatures 
then the fluidity cmve is asymmetric. There is some 
indication that blending produces asymmetric log MF 
ver.xu temperature plots. It is apparent in Figure 6 that 
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F&Ire 11: MOF plot of bhds of coals of different. ranks; 
HV= high-volatile, LV= low-volatile. 

as the amount of exinite in the blend increases the start 
temperature is largely unaffected but the MF 
temperature decreases. Figure 11 b, illustrates the 
effect on MF temperature (T,,d and FTR of blending 
the coals. The FTR of the blend is increased but not as 
much as the full overlap. 

It is not surprising that fluidities can not be 
predicted by weighted averages of log values because 
fluidity is a measurement of the amount of plastic 
material in the coal sample at a particular temperature. 
For a single coal the amount of plastic material starts at 
zero at a low temperature, reaches a maximum at T,, 
and then decreases to zero as the temperature continues 
to increase. A second coal goes through the same 
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process but over a different temperature range and with 
a different relationship of plastic components to 
measured fluidity. Any attempt at predicting blend 
fluidity should start by summing the plastic and inert 
components of the individual coals in the blend over a 
range of temperatures. The resulting plot of proportion 
of plastic phase versus temperature can then be 
converted into a fluidity wwus temperature plot and the 
maximum fluidity determined. Generally fltidity data 
are not reported on a continuous basis as the 
temperature increases, so that there are no data on the 
shape of fluidity versw temperature plots for blends of 
coal to use. to help the modeling. 

Sakurovs ef al. (1994) modeled blend fluidity and 
in cases where there was no chemical interaction 
between components that enhanced or suppressed 
fluidity, the predicted results were close to 
experimental results. 

Simple plots of Log MF ver.xu.s total reactives are 
approximately linear for coals of similar rank (Figure 
3). This means that if the total reactives of the 
component coals are known then it is possible to 
calculate the total reactives of the blend. The data on a 
total reactives versus log MF diagram can be used to 
predict the MF value for the blend. This method for 
predicting blend fluidity will probably only work for 
coals of similar rank. 

The MOF diagram, which plots log MF ver.ws 
mean maximum reflectance (Rmax) is used to predict 
blend fhddities for coals of different rank. It appears 
that blend coal values plot near the line joining the two 
end members based on calculating the average Rmax. 
But as discussed earlier, the blends will generally plot 
above the lie. It is therefore not possible to accurately 
predict h4F values of blends of coals with different 
Rmax values using the MOF diagram. It is also 
questionable if the tern) average rank has any 
significance. It does not necessarily indicate what the 
average petrography is in terms of the distribution of V 
types. 

COKE FORMATION 

Coke is made by crashing coal to 80% minus 6 
mesh, 118 inch or 3.5 mm and then charged into a slot 
oven. During the coking process, the coal charge goes 
through a number of changes over a period of 15 to 25 
hours as the temperature rises to a maximum of about 
1100°C. Initially at temperatures up to about lOOY!, 
water and CO2 evolve with some increase in pressure. 
As the temperature rises to 35(X the coal expands. At 
temperatures above 350°C the outer layer of the coal in 
the coke oven starts to form a plastic layer 
characterized by the distillation of bitumen, tars and 
oils. As the temperature increases the distillation 
products evaporate and the plastic layer moves inwards 
leaving behind, on the outer side, semi-coke, which 
continues to evolve gases such as CH+ The plastic 
layer meets in the middle OF the oven, either trapping 
gases to form a tinal pressure surge (test oven) or 



r 

allowing the last gas to escape upwards (commercial 
oven). As the temperature increases towards 1100°C 
hydrogen gas is evolved, the charge usually shrinks and 
true coke forms. 

The various rheology tests attempt to provide 
information about different stages in the coke forming 
process as indicated in Table 2, which is adapted from 
Lowry (1963). As the coal is transformed into coke it 
initially expands and then contracts. The amount of 
expansion is very important in terms of coke oven 
pressure and the amount of contraction is important in 
terms of ease of pushing (removinp coke from oven). 
The balance of expansion and conhxtion depends on: 

l porosity of the charge. 
. porosity of the coke. 

weight of volatile matter lost. 
>so based on the chemistry of the ash there may 

be a tendency of the coke to stick to the brick liniig of 
the ovens. 

The expansion or contraction of a coke charge 
varies with rank. When a high-volatile coal is coked 
there is an increase in pomsity as the plastic layer forms 
vesicles, but this is more than offset by the substantial 
loss of volatile matter. The charge will generally not 
generate a lot of pressure. The plastic components in 
higher rank coals loose less volatile matter so that there 
is a tendency to generate more oven pressure and to 
contract less. in the final stages of coking. 

Reactive macerals in the coal swell, soften and 
melt during coking and the 1 ss viscous components 
flow around the inert fragment eventually solidifying 
into a mosaic of anisotmpic c i on grains that cement 
the inert particles together. These grains can have a 
number of shapes that generally indicate the amount of 
plastic flow that took place. A classification for coke 
textures is suggested by Gransden et al. (1991; Table 
3). Vitiite from high-rank coal (Rmmax>2%) does 
not melt and forms large anisotmpic grains with little 
change in shape from the original coal fragment. 
Vihinites from low-volatile coals form large highly 

anisotmpic grains described as domains; usually with 
length to width fa,ctors greater than 2 (Photo 1). 
Vitrinites from medium-volatile coals form a lot of 
medium-sized, an&tropic mosaic grains (Photo 2). 
Vitiite from high-volatile coals fomls fine anisotropic 
mosaic grains and isotropic areas indicating high 
fluidity (Photo 3). Gransden el nl. (IYYl) studied the 
relative proportions of textares in cokes made from 
coals of different ranks (Figare 12). 

At any rank there is a distribution of reflectance 
values of the vitrhdte. These are the V types that are 
fundamental to predicting stability index using 
petrographic data. Generally there appears to be a 
reasonable correlation between vitrinite V type and 
coke texture it generates. For example V types of I to 
9 will produce a lot of isotropic. very fme or fine’ 
mosaic texture whereas V types of 10 to 15 produce 
medium mosaic and domain textures. As the rank of a 
coal increases the V type distribution shifts to the 
higher numbers and the proportions of coke texture 
types changes accordingly. 

The volatile content of the reactive macerals can 
decrease by 30% from high-volatile rank to low-volatile 
rank reactives which results in 30% less carbon cement 
left after loss of the volatile component. Strong cokes 
require a balance between medium and fine mosaics, 
domain struCture and inert material. The inert 
mace&, fusinite and inert semifusiite, remain 
isotropic and undergo little change in shape. Mineral 
matter contained in cells in the semifusinite will have 
minimal effect on fluidity or coke textures, but may 
cause fracturing of the inert carbon grains at higher 
temperatures. Mineral matter that is disseminated in 
desmocollinite may inhibit fluidity and formation of 
medium mosaic stmctares. In fact Cameron and 
Botham (1964) found that the accuracy of predicted 
stability indexes is improved by considering 
desmocollinite to be a semi inert maceral. Mineral 
matter or inertinite fragments that are large can 
severely weaken the coke. 
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Photo I: Coke from low-volatile coal with large highly 
anisotropic grains described as domains; usually with length to 
width factors greater than 2. 

PREDICTING COKE QUALITY USING 
PETROGRAPHY OR RHEOLOGY 

Most models that predict cold coke strength (ASTM 
coke stability factor or JIS DI 30115 index) use 
petrographic or rheological criteria. The petrographic 
methods can be made to predict accurate results for coal 
with high concentrations of semifusinite by empirically 
choosing the proportion of semifusinite that is 
considered reactive. This proportion is more than 113 
but varies from one coal to another. CANMET assumes 
that 50% of the semifusinite is reactive when making the 
calculations and Pearson (1984) calculates the amount of 
reactive semifusinite based on the rank of the coal. 
Figure 13 illustrates the agreement between predicted 
stability index and measured stability factor for a 
number of western Canadian coals using the CANMET 
50/50 method of assigning inerts. 
Coin and Broome (1997) have recently called into 
question the usefulness of plots which use petrography 
to predict coke stability index, such as those of Schapiro 
and Gray (1964). The data set used by Schapiro and 
Gray is quite restricted and the vitrinite 

Photo 2: Medium-sized anisotropic mosaic grains formed from 
a medium-volatile coal. 

contents of the samples are strongly correlated with 
rank. Vitrinite contents increase from about 60% at 
Rmax of 0.8% to 75% at an Rmax of 1.8%. This trend is 
counter to that found in coal from the Mist Mountain 
Formation in south-east British, in which vitrinite 
contents decreases as the rank increases (Ryan and 
Khan, 1998). Coin and Broome suggest that, based on 
data from Australian coals, stability factor is almost 
independent of vitrinite content at constant rank (Figure 
14). Experince with WCC suggests that stability factor 
is influenced by variation in petrography at constant 
rank but that the influence may be less than previously 
thought. 

Predictive methods based on measurements of coal 
rheology include the MOF diagram and the FSI versus 
volatile matter diagram. Noticeably absent from all 
models for predicting cold coke strength is any 
consideration of ash chemishy, particle size effects and 
operational parameters. Ash chemistry has a major 
effect on CSR but has not been shown to have much 
effect on cold coke strength indexes. Particle size can 
have a major effect on coke quality as can changes in 
coke battery operating conditions. 
Price era/. (1987) have attempted to put iso-stability 
factor lines on the MOF diagram (Figure lob) 
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Figure 12: Relative proportion of coke textures for coals oi 
different ranks from (iransden ef al., 199 1, 

osehdness of Gieseler Plastometer results in predicting 
coke quality. This is not completely born out for WCC 
based on the limited data in Figore 16b in which there 
is some tendency for stability factors to increase as 
maximum fluidity increases at constant rank. There is 
an approximate linear relationship between total 
reactives and maximum fluidity at constant rank 
(Figure 3), implying an increase in stability factor with 
increasing total reactives content. Cenainly the general 
steepness of the iso stability factor contour lines in the 
MOF diagram indicates a large measure of insensitivity 
of stability factor values to changes in fluidity at 
constant rank. 

Without attempting to quantify the usefulness of 
the MOF and VM (daf) ver.w.v FSI plots, it appears that 
the data are more consistent with the contour pattern in 
the FSI ver.w.v VM (daf) plot in agreement with the 
conclusion of Price et al. (1987). Data in Figures 16~ 
and 17~ are for blends of coals of diering ranks and in 
both cases the diagrams do not appear to be useful in 
predicting blend stability factor values. 

COMPARISONS BETWEEN EASTERN 
USA, AUSTRALIAN AND WESTERN 
CANADIAN COALS 

mils ,RefcaamrK 
Figure 14: Relationship behweo stability factor, raok and 
vitrinite content for Australian coals; fmm Coin and Bloome 
(1997). 

The fluidities of Western Canadian coals (WCC) content of the vitrinite sub macemls. Possibly 
are generally less than that of eastern USA coals of desmocollinite contains less hydrogen that telocollllte. 
similar rank. Part of the reason may be because WCC Mastalerz and Bustin (1993) measured the hydrogen 
generally have less vitrinite. It has also been suggested content of individual macenl grains and found no 
that vitite from the USA coals has more hydrogen statistically significant difference (telocolliite 2.64% 
than vihinite fmm WCC of similar rank (Price and H and desmocollllte 2.63% H). If there is a variation 
Gransden, 1987). This would explain the lower fluidity in the fluidity of the sub macerals, then probably 
of WCC because there is a moderate correlation of telocollinite and tellinite arc more fluid than 
fluidity to hydrogen content for medium-volatile coals. desmocollinite. Reflectance is measured on 
The average hydrogen content of vihinite from WCC at telocollinite, which may have similar hydmgen contents 
Rmax = 1.22% is approximately 5.05% and that of in both coals. If WCCs have more desmocolliite, then 
Appalachian coals is 5.25%. This is somewhat the overall hydrogen content of WCCs may be lower 
surprising because usually vitrinite reflectance than that of Appalachian coals. Unfortunately most of 
corresponds with the hydrogen content of vitrinite. One the literature that provides petrography and rheology 
possibility is that there are variations in hydrogen data does not differentiate the vitrinite sub mace&. 
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Figure 15: FSI ver~u Vh4 (daf) diagram with iso-stability 
factor contours fmm Pearson (1980). 

The Rmax is rank dependent, but also tends to increase 
as the amount of inertinite in a sample increases (Ryan, 
1997). 

A partial explanation for the different hydrogen 
contents of the vitrinites from the two areas may be 
found in the biaxiality of the WCC compared to the 
possible uniaxial negative optical properties of vitrinite 
from the eastern USA coals. It is possible that the rank 
of the Carboniferous eastern USA high-vitrinite coals 
was imposed dating a simple burial history and they are 
uaiaxial negative, whereas the more complicated 
matoration history of WCC ensured that they are 
predominantly biaxial negative. Bustin et al. (1986) 
heated and deformed samples of anthracite and was 
able to increase the reflectance, as well as the biaxial 
negative component of the reflectance indicating 
surface. Clearly deformation does change a tmiaxial 
negative reflectance indicating surfaces into a biaxial 
negative one, possibly with higher Rmax% values. 

The value Rmax% (true maximum reflectance) is 
greater than Rmmax% (mean maximum reflectance) for 
biaxial coals and the relationship for Mist Mountain 
cods (Grieve, 1991) is given by: 

Rmax%=Rmmax% x 1.044. 
Grieve suggests that the biaxiality is caused by a 

differential stress factor imposed upon the hydrostatic 
stress, which is responsible for the uniaxial component 
of the reflectance indicating surface. If this is the case, 
then coals that experienced a simple burial history will 
have uniaxial reflectance indicating surfaces, Rmmax% 
will equal Rtnax%, and Rtmnax% will be a true 
measure of rank. However for coals whose rank was 
established during folding, Rmmax% will be an 
underestimate of rank and the true rank will be 
indicated by Rmax%. Vitrinites from WCC have 
approximately 2% less volatile matter and 0.1% less 
hydrogen than their Appalachian counterparts. Many 
WCCs are biaxial negative consequently their 
Rmmax’X values could have been under estimated by 
about 0.05%. This, based on the hydrogen ver.w 
Rmmax% relationship in Stach et al. (1982) could 
explain about 0.06% of the missing hydrogen. If the 
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true rank of the western Canadian vittinites is used, 
then they may appear to be less anomalous in terms of 
rheology and hydrogen content. 

There is some data that indicate that Australian 
coals of the same rank as WCC are more fhdd (Leeder 
et al, 1997). Part of this effect may be due to variations 
in petrography. A limited amount of fluidity and 
petrographic data grouped by average rank are plotted 
in Figure 18. It appears that at a rank of high-volatile 
bituminous there is a distinct difference between WCC 
and Australian coals, however at higher tanks the 
apparent difference may be due to higher 
concentrations of inettinite in WCC. 

Gransden et al. (1991) sludied the relative 
proportions of reactive coke textures in cokes made 
from WCC and eastern USA coals of different ranks 
(Figure 12). There is a strong correlation between 
vitrinite V type and the type of coke texture generated. 
They found very little difference in the proportions of 
textures for cokes derived from the two types of coals at 
similar rank. If the amount of reactive coke and the 
relative proportions of the textural types are important 
in determining the quality of the coke, then the 
proportions of vitrinite V types must be more important 
than any subtle changes in fluidity or chemistty of 
vibinite. This point is very important for WCC because 
it means that fluidi’y, at a particular rank is not as 
important in determmm g coke quality as petrography 
especially V type distribution. This conclusion is 
similar to that reached by Coin and Broome (1997) with 
regards to fluidity but there is still the implication that 
petrography in terms of the amount of reactives and 
their V type distribution are important. 

CONCLUSIONS 

Fluidity is one of three primary measures of coal 
rheology, the other two being FSI and dilatation. The 
fluidity of a coal is dependent on rank and the content 
of reactive macerals. For medium-volatile coals there 
is a threshold reactive maceral content below which the 
coal has no fluidity. Above the threshold fluidity can 
increase rapidly as the content of reactive macerals 
increases. 

Fluidity data provide information about the 
formation of a plastic phase during coke making. This 
is only one of the processes that takes place as coal is 
converted into coke and its usefulness in predicting 
coke quality has been questioned by Coin and Broome 
(1997). The steepness of the iso stability factor 
contours in the MOF diagram also indicates that coke 
quality is insensitive to changes in coal fluidity over a 
wide range of rank values. 

There is no simple way of predicting the fluidity of 
a blend of coals. It is not possible to weight average 
the log values of MF, though it may be possible to 
derive a blend fluidity using petrographic data for the 
component coals. More complicated methods of adding 
reactives exist but they do not take into account 
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Figure 16: (a) MOF diagram with posted stability factor 
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the data.. (b) Window of (a) showing data for a number of 
single seam samples of similar rank. (c) data for blend 
samples composed of seams of different ranks. The data are 
for single coals but not necessarily product coals. ‘Ihe A 
following a stabi!ity factor values indicates an average value 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 I VM(daf)% ; 

22 24 26 26 30 32 34 36 

fbr overlapping data points. 

Figure 17: (a) VM (daf) versus FSI diagram with posted 
stability factor values for a number of Canadian coals. @) 
Window of (a) showing extra data indicating some agreement 
between posted stability factor values and iso-stability factor 

-’ contour lines. (c) Data for blend samples composed of seams 
of different ranks. 

Vhl (d&)X 

16 18 20 22 24 26 28 30 32 34 36 38 

IO, I 

VM (daf)% 

20 22 24 26 26 30 32 34 36 

Geological Fieldwork 1997, Paper 1998-l 27-15 



x 

50 60 70 80 90 1W 
1000 

medium-volatile 
. AA 

1 4 I 
40 50 60 70 80 90 

Figure 18: Fluidity Y~VSUS total reactives for Canadian and 
Australian coals of different ranks. l=Appalachian 
Z=WCC. 3=Australian. 4=Eastem Canedian coals. 

interaction between the reactive particles from the 
different component coals. 

As with petrography and other measures of 
rheology, fluidity is used to predict coke quality, iu 
particular cold coke strength as measured by ASTM 
stability factor or the JIS DI 30/15 index. Coke quality 
is strongly dependent on coal rank and somewhat 
dependent on petrographic composition. It also depends 
on coal size consist and coke battery operational 
parameters. No single measure of coal rheology will 
consistently and accurately predict coke quality. 

If a single measure of rheology suggests that a coal 
will make poor coke, thii should not be taken at face 
value. Other measures of rheology should be checked 
for consistency. Low FSI is probably the best current 
coal-derived indicator of poor coking potential for a 
single coal. In fact the FSI versus VM (daf) diagram, 
can be much more useful than the MOF diagram in 
provklmg a rough estimate of coke quality. It has the 
added advantage that it is much cheaper. 

Western Canadian coals contain high proportions of 
semifusinite and as yet there is no accepted way of 
predicting what proportion of thii material will become 
plastic. This introduces a level of uncextainty in 
petrographic techniques for predicting coke quality; 
Measures of coal rheology effectively take into account 
the semifusiuite problem but the results are often 
inconsistent because they utilize small samples. No test 
approaches the quality of the data obtained from a 
movable wall coke oven test which links coal rheology 
data to industrial coke oven experience. 
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MACERAL AFFINITY OF PHOSPHORUS IN COALS FROM THE 

ELK VALLEY COALFIELD, BRITISH COLUMBIA. 

By Barry Ryan, B.C. Geological Survey and Mohammed Khan, Fording Coal Limited, Calgary 

KEYWORDS: Elk Valley coals, phosphorus, coal 
macerals, seam stratigraphy 

INTRODUCTION 

British Columbia exports about 25 million tonnes per 
year of metallurgical coal from two coalfields, which 
follow the Rocky Mountains along the eastern edge of the 
Province. In the north there are two mines in the Peace 
River coal&Id and in the south, five mines in the east 
Kootenay coalfields (Figure I). The east Kootenay 
coalfields are divided into the Elk Valley, Crowsnest and 
Flathead fields (Figure 2). Three mines are situated in the 
Elk Valley coalfield, the most important coal-producing 
area in British Columbia, and they account for about 15.7 
million tonnes of export coal. All the economic seams in 
the Kootenay coalfields are contained in the Mist 
Mountain Formation of late Jurassic to early Cretaceous 
age. 

Phosphorus in steel reduces its llexibility and is 
generally considered to be an undesirable element in coal. 
Most steel mills blend coals to achieve a phosphorus 
concentration in coal of less than 0.04%. 

Data collected during this study are not located with 
respect to any particular mine and the seams sampled are 
identified by sequential letters from A near the base of the 
section through the Mist Mountain Formation to near the 
top. The lettering system does not correspond exactly with 
the seam numbering in any particular mine, but does retain 
the relative stratigraphic positions of all the data discussed 
in this paper. 

PREVIOUS WORK 

The comprehensive paper by Gluskoter ef al. (1977) 
used washability analysis to assign elements a coal 
(organic) or ash affinity. He found that phosphorus 
sometimes had an inorganic affinity, but in a majority of 
the cases followed the coal. Finkleman (1980) reviewed 
the existing literature and used XRD and SEM techniques 
to identify the modes of occurrence of many elements, 
including phosphorus in coal. Powell (1987) suggested 
that ionic potential can be used to separate elements into 
organic or inorganic affinities and that based on this, P’* 
should have an organic affinity and Psi an inorganic 
affinity. 

Studies of phosphorus in British Columbia coals 
include Van Den Bussche and Grieve (1990), which 
provided information on average phosphorus 

,_lwm 
‘3”, Lr 

concentrations in the Gates, Gething and Mist Mountain 
formations; Grieve and Holuszko (1991), which provided 
phosphorus and trace element data and Grieve (1992), 
which compiled all previous data. Ryan and Grieve (1995) 
discussed the origin of phosphorus in coal and analyzed 
incremental samples through a number of seams in the 
Mist Mountain Formation. 

A number of papers describe the distribution of 
elements, including phosphorus in seam sections. These 
include Karner et al. (1986) who studied the distribution of 
elements in a North Dakota lignite of Paleocene age and 
described phosphorus as having an uncertain or inorganic 
association. Other papers include Harris el al. (1981) who 
studied coals in eastern Tennessee and Hills (1990) who 
studied the Hat Creek deposit in British Columbia. 

The distribution of phosphorus in Australian coals has 
been studied by Ward ef al. (1996). They found a bimodal 
distribution of phosphorous in coals from Queensland. A 
bimodal distribution is not evident in coals from the Elk 
Valley coalfield. 
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ORGANIC OR INORGANIC AFFINITY OF 
PHOSPHORUS 

There is considerable literature on major oxides, 
minor and trace elements in coal. Unfortunately a lot of 
phosphorus data is reported as P,O, in ash without 
providing the concentration of ash in the sample, making it 
impossible to calculate the concentration of phosphorus in 
the total sample. Also it is often not clear if the samples 
were of raw or washed coal. In short, there is deceptively 
little useful published phosphorus data. 

There have been a number of studies of the occurrence 
of phosphorous in coal but there is no direct evidence of a 
true organic bonding (Burchill ef al., 1990), though classic 
washability studies such as those of Gluskoter ef al. (1977) 
indicate in part a coal affinity In the classic saw organic 
affinity means that the element is part of the organic 
molecules that make up coal. In practice, elements that are 
difficult to remove by conventional washing methods and 
tend to remain with the coal are described as having an 
organic affXty. These elements may occur in very small 
mineral grains dispersed in the coal in a way not related to 
the amount of ash in the coal. Consequently the term 
organic affinity may be somewhat misleading and a better 
way of describing the occurrence of elements may be to 
simply to refer to them as elements that follow the coal, or 
the ash, during washing. Those following the coal will be 
difficult to remove and may be a problem for the 
purchaser. Those removed by washing may provide 
problems for the producer when disposing of the tails and 
coarse reject material. 

PHOSPHORUS CONCENTRATIONS IN 
VEGETATION AND COAL 

The main phosphorus minerals in coal are a calcium 
phosphate (apatite) and the two crandallite group minerals 
gorceixite (barium aluminum phosphate) and goyazite 
(strontium aluminum phosphate). It is not always possible 
to differentiate between goyazite and gorceixite and they 
are sometimes jointly referred to as crandallite. 

The average phosphorus content of world coals is 
estimated by Bertine and Goldberg (1971) to be about 
0.05% (500 ppm). Concentrations vary around the world 
and through time and there is a tendency for Permian coals 
from India and Australia, and Cretaceous coals from 
Western Canada, to have higher phosphorus concentrations 
than Carboniferous coals from Europe and USA (Ryan and 
Grieve, 1995 and Ward et al., 1996). These authors 
suggest that most of the phosphorus in coal originates from 
the parent vegetation. 

The tendency for Cretaceous and Permian coals to 
have higher phosphorus contents may be because of higher 
concentrations in the parent vegetation, either because of 
different species, or because of colder climates, in which 
vegetation requires more phosphorus to grow. There is a 
distinct shift to cooler climates and more polar latitudes 
from the Carboniferous to Permian and younger times 

Figure 2: Coaltields and coal mines in southeastern British 
Columbia. 

(Diessel, 1992, page 26). Alternatively the coal-forming 
swamp environment and maceral composition of these 
coals may have been less favourable for the removal of 
phosphorus. 

Cretaceous coals could also contain phosphorous from 
bones, shells or guano, which generally contain more than 
10% P,O, and would probably dissolve in an acid swamp 
environment allowing the phosphorus to be redistributed. 
Flying reptiles, which appeared in the Jurassic, are known 
to have populated the western shoreline of the Fernie sea, 
which covered much of Alberta and parts of British 
Columbia in the Cretaceous. It has been suggested that 
high-phosphorus coal seams higher in the Mist Mountain 
Formation were derived from more woody vegetation than 
seams low in the section, which are low in phosphorus. 
The flying reptiles were not strong fliers and would have 
needed tall trees to perch on and glide from. Pterosaurs, 
which are known to have had a wing span of up to 23 
m&es, could have contributed a reasonable amount of 
phosphorus to the coastal swamp. Based on assuming, 
values for body weight, amount of guano produced, 
population density, vegetation accumulation rate and 
compaction factor, they could have contributed a minor 
amount of phosphorus to the coal. 
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Figure 3: Mist Mountain seam sections for the E!k valley 
coalfield from Grieve (1993), Taplin (1976) &Itch (1981) and r _.. , 

A comparison of phosphorus data for vegetation and 
coal indicates that concentrations in vegetation are much 
higher than those observed in coal. The phosphorus 
content of dried modern plants is estimated to be about IO 
times higher than the concentration in coal (Francis, 1961). 
Phosphorus occurs in vegetation in low levels and is an 
essential nutrient. S&bury and Ross (1969) indicate that 
0.2% is the amount required in higher plants. Plants 
absorb phosphorus as the orthophosphate anion (H,PO,~ or 
H,PO,J or as inorganic phosphorus compounds, possibly 
finely dispersed varieties of apatite. The carbon content of 
dry conifers is about 49.6% (Ledig and Botkin, 1974) and 
for hard-woods varies from 50% to 53% on a dry basis 
(Shah et al., 1992). 

Grasses probably have a higher phosphorous/carbon 
ratio than trees (Marschner, 1986) and this implies possible 
phosphorous contents in coal averaging over 0.5% (5000 
ppm). The phosphorus contents for a number of small 
plants range from 0.1% to 0.645% (daf basis) and for 
wheat range from 0.3% to 0.5% (Wedepohl, 1970). 
Generally there is more phosphorus in deciduous trees than 
pines, and within a single species the phosphorus is not 
uniformly distributed. Because it is an essential plant 
nutrient, it is usually found in those parts of the plant that 
grow most rapidly. For example, it is concentrated in bark 
and leaves of a number of different species (Kramer and 
Kozlowski, 1979). 

The phosphorus to carbon ratio of woody vegetation is 
about 0.004 for woody vegetation. Medium-volatile 
bituminous coals have over 85% carbon on a dry ash-free 
basis, so that if all the phosphorus stays in the coal and the 
same phosphorous/carbon ratio is maintained, then 0.2% 

phosphorus in vegetation would be equivalent to about 
0.36% phosphorous in coal (daf basis) compared to a 
world average of about 0.05%. Either there is a process at 
work that removes variable amounts of phosphorus from 
the dead vegetation (Ward ef al, 1996 and Ryan and 
Grieve, 1995), or there may be a process of recycling the 
phosphorus upwards from rotting vegetation to overlying 
growing vegetation. In this case the amount of phosphorus 
required to account for all the vegetation that made a coal 
seam may be much less than expected. 

Based on data in this study, it appears that phosphorus 
distribution in coal is controlled by petrographic 
composition. Different macerals have the potential to 
retain or attract phosphorus minerals. In this context it is 
useful to divide the vitrinite macerals into structured 
vitrinite (tellinite and telocollinite) and unstructured 
vitrinite (detrovitrinite and desmocollinite). lnertinite is 
divided into structured inertinite (semifusinite and fusinite) 
and unstructured inertinite (macrinite, micrinite and 
inertodetrinite). In a rough way these divisions separate 
maceral groups that may retain organic phosphorus 
(structured vitrinite) or have the phytal porosity available 
for secondary deposition of phosphorus minerals 
(structured inertinite) from those that probably lost 
phosphorus (unstructured vitrinite and inertinite). 

REGIONAL GEOLOGY AND 
STRATIGRAPHY OF THE ELK VALLEY 
COALFIELD 

The Elk Valley coal&Id is composed of a north- 
trending synclinorium of Jura-Cretaceous rocks situated in 
the Front Ranges of the Rocky Mountains and over thrust 
by older rocks from the west. On the local scale the 
geology varies from broad open synclines to tight folds 
complicated by many thrusts, that often repeat the coal 
section. The Mist Mountain Formation, which ranges in 
thickness from 425 to 700 metres in the Elk Valley 
coalfield, is the main coal bearing formation (Grieve, 
1993). Coal makes up approximately IO volume % of the 
formation, which contains over 29 seams in the Greenhills 
syncline, I5 seams in the Eagle Mountain block east of the 
Erichson fault and a thinner section of seams in the south 
(Figure 3). Donald and Bustin (1987) divided the Mist 
Mountain Formation at Eagle Mountain into three informal 
units. The lowest unit contains 2 seams, which formed 
behind beach and dune ridge deposits, and is dominated by 
sandstones. Unit 2 is 200 m&es thick and includes coal 
seams and sediments, which were deposited in a fluvial- 
flood plain environment. Sedimentation was dominated by 
three major river systems that frequently flooded coal- 
forming swa.mps causing partings in the seams. Unit 3 
formed in a flood plain environment, which did not contain 
major rivers in the area studied. 
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SAMPLE COLLECTION AND ANALYSIS 
Data for this study were collected from a number of 

mines to provide a wide distribution of samples from 
seams so that lateral distribution patterns of phosphorus in 
a number of seams could be documented. Generally full- 
seam samples were collected, though for some seams an 
additional sample representing about I metre of 
hangingwall coal was also collected. Coal samples were 
analyzed for ash, volatile matter, fixed carbon and 
phosphorus on a raw basis and washed samples (1.5 
specific gravity) were analyzed for sulphur and FSI. Some 
raw samples were analyzed for barium and strontium. For 
some seams, 5 centimetres of the hangingwall rock was 
sampled and analyzed for phosphorus. Analytical data for 
hvo mines is reported in Table I. 

Some samples were prepared for petrographic and 
SEM work. Samples were crushed to pass a 20 mesh 
screen, mixed 50150 with a binder and compacted under 
pressure and a temperature of 14OOC. Petrographic 
analyses involved counting 300 grains using oil 
immersion. This number is only sufficient to estimate 
petrographic distributions. Where ever possible 
geophysical logs were collected for holes close to the 
sample sites. 

A MODEL FOR PHOSPHORUS MOBILITY 
IN COAL-FORMING ENVIRONMENTS 

Phosphorus may be removed from vegetation during 
humification as H,PO; 2 If it remains in solution it may 
leave the peat as the interstitial water is expelled during 
compaction. If  it remains in the peat it may recrystallize as 
aluminium or iron phosphates in low pH environments or 
as apatite in moderate pH environments, assuming that the 
required cations are available. It is possible to match these 
environments in general terms to those that form different 
ITlXWilS. 

In dry environments, that f&our the formation of 
inertinite and destruction of woody tissue, the phosphorus 
may remain largely insoluble, finely dispersed in inertinite 
or authogenic mineral matter. Phosphorus has low 
volatility and remains in coal during carbonization or 
ashing in an oxidizing environment (Mahony ef al., 198 I) 
and consequently it probably also remains in inertinite 
formed by forest tires. In this case the phosphorus content 
of inert macerals may approach that of the original 
vegetation if it is not subsequently leached out. I f  the 
vegetation is completely destroyed by fire then the 
phosphorus will be dispersed as fine particles, that may or 
may not settle back into the swamp. 

In wet acid environments phosphorus will be leached 
out of the vegetation during humitication as H,PO,- and in 
more strongly acid environments as H,PO,~. At pH values 
of 4 to 5 crandallite group minerals are stable but apatite is 
soluble. As phosphorus is leached out of the vegetation it 
combines with aluminum in part extracted from the 
vegetation and strontium, barium and calcium, either 
derived from the vegetation or from the interstitial water. 
Because ofthe insolubility of crandallite minerals they will 

tend to form close to source. Other minerals that will 
form using the Ali3 , Fe+” , Ca”, Ba” and Sri* in solution 
with the available orthophosphoric acid are waverlite 
AI,(OH),(P0,),*5H20 and vivianite Fe,(PO,),* XH,O. 
Vivianite has been reported in recent sediments (Coleman, 
1966) in association with pyrite. It has not been identified 
in British Columbia coals, but is reported in other coals 
(Mahony ef al., 1981). At higher pH values aluminum and 
iron are not soluble, the solubility of orthophosphoric acid 
is less, and the phosphorus probably crystallizes as apatite 
(Ca,(P04),) using available calcium. 

The environment that is ideal for the formation of the 
maximum amount of vihinite and minimum amount of 
inertinite is one of moderate pH and saturation below the 
water table. Within this environment higher pH values are 
characterized by high contents of structured vitrinite 
(tellinite or telocollinite) with finely dispersed 
phosphorous and low contents of inherent mineral matter 
and unstructured vitrinite. I f  the pH is somewhat lower, 
then unstructured vitrinite (gelovitrinite and detrovihinite, 
or vitrinite B) will predominate. The phosphorus will be 
dissolved from the gellitied humic material and either, 
removed from the peat, or redeposited as apatite in 
available porosity in semifusinite or fusinite when pH 
values increase. It is reasonable therefore to expect higher 
phosphorus concentrations in structured vitrinite than in 
unstructured vitrinite, which has been completely gellified. 
Phosphorus contents will be higher in inertinite-rich seams 
if they contain a high proportion of porous semifusinite 
and fusinite, which are generally generated by burning or 
charring woody material. 

Environments which are generally wet with moderate 
pH, but have dry periods when inertinite macerals form, 
will experience some mobilization of phosphorus. If  the 
inertinite has a high percentage of semifusinite derived 
from woody plants, then some of the phosphorus may be 
redeposited as apatite in semifusinite lumen. If  at a later 
time there is introduction of less acid water, then apatite 
may crystallize on fractures in the coal and the surrounding 
rocks. If  it crystallizes in coal on cleats it will be 
preferentially concentrated in the structured vitrinite 
because this maceral usually develops the best micro- 
cleats. 

Liptinite material probably contained high 
concentrations of phosphorus prior to peatification. 
Concentrations could be in the percent range, in which 
case 1% liptinite could account for 0.01% phosphorus in 
the peat. In medium-volatile coals the liptinite is largely 
destroyed but variations in phosphorus content related to 
variations in original liptinite content may remain and 
produce unpredictable variations in concentration. 

Phosphorus is most easily removed from highly acid 
peat swamps, in which there is not a lot of Ca, Al and Fe 
available to form insoluble compounds with the 
orthophosphate. As the interstitial water is removed 
during compaction the phosphorus is carried into the 
surrounding rocks. There are a number of studies 
indicating that hangingwall and footwall rock is sometimes 
enriched in phosphorus (Dixon ef al., 1964). 
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FWe4: Total vitrinite w-w distance from base of Mist Mountain formation roar a number of sections in the EI~ Valley cuatfield. TV 
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Figure 5: Maceral versus maceral and maceral vwsus depth relationships: (a) structured vitrinite wr.ws total vitrinite and ratio of 
structured vitrinitel total vitrinite versus total vitrinite; (b) semifusinitc-tfusinite YCI.WS total incrts; (c) structured ineninite 
(semifusinite+fusinite) YW.WS distance from base of Mist Mountain Formation; (d) liptinite YWSUS distance from base of Mist Mountain 
Formation. SF = semifusinite. F = fusinite TV = total vitrinite. SV = structured vitrinite II = total inerts. 

It appears that the phosphorus distribution in coal is 
probably complex. Phosphorus mobilized out of gellitied 
humic material (unstructured vitrinite) may precipitate as 
apatite in semifusinite porosity or crystallize as apatite on 
cleats, which are concentrated in structured vitrinite. Some 
structured vitrinite and possibly liptinites may retain near 
original contents of phosphorus. Semifusinite based on its 
porosity may contain high concentrations of remobilized 
phosphorus, where as unstructured vitrinite may be largely 
flushed of phosphorous. Phosphorus in structured vitrinite 
and semifusinite will be very difficult to remove, whereas 
phosphorus on cleats may be more easy to remove. 

If the phosphorus is removed from the peat (mainly 
the gellitied humic material), then it may be recycled 
upwards from the dead vegetation into the overlying 
growing vegetation and therefore effectively migrate 
upwards through the swamp. In this case, because a small 
initial source of phosphorus is constantly reused by new 
vegetation the total phosphorus content of the seam may be 

less than expected, based on the amount of vegetation 
represented by the seam. In this situation there need be no 
process of phosphorus removal at work to explain 
phosphorus contents of coal that are lower than those of 
vegetation. If the upper part of the seam is rich in 
semifusinite, then the phosphorus will be trapped in the 
hangingwall coal, otherwise it may move into the 
unconsolidated overlying sediments or be redispersed 
through decomposing vegetation by acid peat waters. In 
this case it will probably crystallize as crandallite between 
macerals in the lower pH environments deeper in the peat 
swamp. The phosphorus content of a seam will be 
controlled by the initial amount of phosphorus leached 
from the footwall rocks. There need be no additional 
source of phosphorus as the peat accumulates as long as 
the phosphorus is effectively recycled upwards into the 
growing vegetation. If the process is effective, then there 
should be an inverse correlation between thickness and 
phosphorus content of the seam and there should be a 
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tendency for the phosphorus contents to be higher in 
hangingwall coal. There is sometimes a weak tendency 
for higher phosphorus in hangingwall coal as seen in 
striplog data in Ward el aL,(1996), Ryan and Grieve, 
(1995) and Gluskoter et al. (1977). No inverse correlation 
of phosphorus content and seam thickness has been 
observed, but variations in rank and petrography may have 
masked the effect. 

REGIONAL PETROGRAPHY 

A total of 38 petrographic analyses were completed on 
full seam samples (Table 2) from two general areas in the 
Elk Valley coalfield. There is a general tendency for 
vitrinite to increase and inertinite to decrease up section 
(Cameron, 1972); Grieve, 1993; Donald, 1994) and is 
seen in the present study (Figure 4). Cameron and Donald 
suggest that this is related to a progressive change in 
vegetation type from grasses low in the section to trees 
higher in the section. Grieve suggests that it may be due to 
higher ground water levels in coal forming environments 
higher in the section. A swamp dominated by grasses, if 
burnt over by summer tires, would probably generate a 
higher proportion of fine inertinite (inertodetrinite) derived 
from charring and seams low in the section are 
characterized by high percentages of inertinite and 
inertodetrinite (Figure Sd). 

There are a number of other progressive changes in 
petrography up section that are important. The proportion 
of structured vitrinite to total vitrinite increases as the 
amount of total vitrinite increases (Figure 5a). This is also 
documented by Diesel (1992, page 99) for Carboniferous 
and Permian coals. There is an increase in the amount of 
liptinite up section (Figure SC), which is largely related to 
rank. Few papers discuss the relationship between the 
petrographic composition of a seam and the lithology of 
the footwall and hangingwall rocks. Cameron (1972) did 
observe a correlation behveen the amount of sandstone in 
the hangingwall and the amount of inertodetrinite in the 
seam. If there is a relationship between interburden 
lithology and seam petrography, then this might provide a 
preliminary way of estimating phosphorus content and 
other coal-quality parameters that depend on petrography. 

PETROGRAPHY AND PHOSPHORUS 
DATA 

As a start to analyzing the data, raw phosphorus vw~us 
distance from base of Mist Mountain Formation. profiles 
are constructed for a number areas (Figure 6). There are 
general similarities and it appears that there are at least 
three intervals in the coal section (at about 200, 400 and 
550 metres) where the phosphorus tends to be higher. 

The model discussed above proposes that there should 
be a correlation between structured vitrinite plus structured 
inertinite and P contents. Correlation matrixes for 
phosphorus and maceral data from this study and that of 
Ward er al. (1996) indicate that for data sets with higher 

r 

phosphorus contents, phosphorus correlates with structured 
vitrinite (tellinite or telocollinite) and structured inertinite 
(semifusinite and fusinite) (Table 3). Phosphorus 
correlates with mineral matter in one data set (hole 15177), 
which is characterized by low phosphorus contents. 
Phosphorus does not correlate with liptinite or micrinite 
which is probably developed from liptinite. There are 
therefore two major variables, the amount of structured 
vitrinite and structured inertinite, that influence the 
concentration of phosphorus in a coal. A plot of structured 
vitrinite plus structured inertinite Y~SUS P% for data set 1 
(Table 3) does in fact have a slightly better correlation 
coefficient (0.38) than values for telocollinite (0.33) or 
semifusinite (0.31) (Figure 7), though all these coefficients 
are marginally significant. 

The data can also be displayed using triangular plots, 
in which the three corners of the triangle are inertinite, 
structured vitrinite and unstructured vitrinite plotted on an 

Geological Fieldwork 1997_ Paper 1998-l 28-7 



Figure 6: Phosphorus prOfileS for generalized stratigraphic sections of the Mist Mountain Formation, ilk Valley Coalfield. 
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Figure 7: Raw phosphorus Y~IYUS (structured vitrinite + 
structured inertinite) plot for coals from Elk Valley coalfield, 
Australia and eastern USA. Diamonds = Elk Valley data, Cross 
= Australian data from Ward er al. (1996), dash = data from 
Queensland Coal Board, Triangle = Appalachian data from Price 
et al. (I 987). 

ash free basis. Phosphorus contents are posted next to the 
plotted position of the data (Figures 8, 9 and 10). Though 
there is considerable scatter in the data there is a distinct 
tendency for phosphorus concentmtions to decrease 
towards the unstructured vitrinite comer. The petrography 
of the I.5 specific gravity wash samples is somewhat 
different from that of the raw petrographic samples, 
however by posting a phosphorus ease-of-washing number 
next to the data in a triangular plot it is possible to estimate 
the ease of extraction of phosphorus from the three 
maceral groups (Figures 8 and 9). This approach 
differentiates phosphorus disseminated in structured 
vitrinite from phosphorus on cleats in vitrinite, because the 

later will be easier to wash out. Phosphorus is very 
difficult to remove from unstructured vitrinite and about 
equally difticult to remove from inertinite and structured 
vitrinite. 

The petrographic data and phosphorus data add 
support to the model outlined above and provide an 
explanation for why, though apatite is present in the 
porosity in semifusinite and fusinite, the total phosphorus 
content often correlates with the reactive content of seams. 
Previously Ryan and Grieve (1995) and Ward ef al., 
(1966) explained this by assuming that inertinite in 
&i&e-rich seams contained a higher proportion of 
phosphorus than inertinite in vitrinite-poor seam. Apatite 
contains about 17% phosphorus and therefore a 
semifusinite grain with 10% porosity could have a 
phosphorus content of 1.7% and if grains of this 
composition made up 10% of the seam then they would 
contribute 0.17% phosphorus to the sample. High 
phosphorus concentrations in vitrinite-rich samples can be 
explained if the remaining small percentage of inertinite 
has apatite tilled porosities in the range of 5 to 20% and 
that in inertinite rich, phosphorus poor, samples the 
apatite-filled porosity is less than I%. Obviously the 
explanation is feasible but it is difficult to derive a process 
that cawes inertinite-poor samples to have a higher 
proportion of semifusinite and fusinite. In fact data from 
this study indicates either no correlation between 
structured inertinite and total inertinite or at low inertinite 
contents the proportion of structured inertinite decreases 
(Figure Sb). Other authors (Grieve, 1993) have found that 
the ratio of semifusinite+fusinite to total inertinite is 
constant for varying concentrations of inertinite. 

Some samples were analyzed for barium and 
strontium concentrations (Table 1). A number of studies 
indicate that despite reported occurrences of apatite in 
coal, phosphorus often correlates with strontium 
(Gluskoter a al., 1977), probably because of the presence 
of goyazite. Generally phosphorus concenhations in 
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plants are 20 to 40 times higher than concentrations of 
aluminum, barium and strontium and 10 to 20 times less 
than that of calcium (Mason, 1966, page 2.28). The 
proportions of these elements in Goyazite is Sr/P=1.4, 
Ba/P=2.2 and AI/P=1.3. Consequently there has to be an 
external source of barium, strontium and aluminum to 
crystallize goyazite or gorceixite using phosphorus from 
the vegetation. Average concentrations of strontium in 
vegetation and fresh water are <IO0 ppm and 1 ppm 
respectively, whereas the average content in samples from 
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Figure 8: Triangular plots of maccral composition with posted 
phosphorus contents from Greenhills mine samples. Triangles B 
and C are the area enclosed by dahed lines in triangle A. 
Contour lines separate higher P concentrations from lower 
concentrations (plot B) and difficult to wash samples from easier 
to wash samples. 

this study is I I3 ppm. Correlation matrixes 
indicate that both strontium and barium correlate weakly 
with structured vitrinite and mineral matter but do not 
correlate with inertinite or unstructured vitrinite (Table 4). 
This supports an association of crandallite minerals with 
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igure 9: Triangular plots of maceral composmon wth posted 
~~phoms contents, Fording mine. Format similar to Figure 8. 

Figure IO: On right. Triangular plots of maceral composition 
with posted phosphorus contents; data from Ward el al. (1996) 
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structured vitrinite and also in that phosphorus does not 
correlate with ash that the source for the barium and 
strontium is probably the extraneous ash. 

The strontium and barium data do not correlate well 
with raw phosphorus because of the presence of apatite. 
There is however a better correlation of Sr+Ba with wash 
phosphorus indicating that some apatite is being removed, 
but crandallite minerals are remaining. Assuming that all 
the strontium and barium occurs in crandallite minerals 
and that the average ratio of Ba+Sr to phosphorus in these 
minerals is about 2, it is then possible to estimate the total 
amount of phosphorus present in crandallite minerals 
rather than apatite. It appears that the crandallite minerals 
account for up to 0.02% phosphorus and therefore account 
for less than half the phosphorus present in most samples. 

SCANNING ELECTRON MICROSCOPE 
WORK 

A number of samples were studied using back 
scattered electron imaging technique on a Philips XL30 
scanning electron microscope @EM). Pellets analyzed by 
the SEM were made with a binder doped with one part in 
five of calcium fluoride. This increased the average 
atomic number of the binder and provided a better back 
scattered definition of the coal grains. The effect was to 
outline grains of the transoptic binder and produce a 

groundmass mosaic pattern, which made it easier to locate 
coal fragments. The polished surfaces of pellets were 
photographed using a close-up lens. The colour print film 
negatives were then mounted as slides and the negative 
image enlarged using a projection and colour photocopy 

SCANNING ELECTRON MICROSCOPE 
WORK 

A number of samples were studied using back 
scattered electron imaging technique on a Philips XL30 
scanning electron microscope @EM). Pellets analyzed by 
the SEM were made with a binder doped with one part in 
five of calcium fluoride. This increased the average 
atomic number of the binder and provided a better back 
scattered definition of the coal grains. The effect was to 
outline grains of the transoptic binder and produce a 
groundmass mosaic pattern, which made it easier to locate 
coal fragments. The polished surfaces of pellets were 
photographed using a close-up lens. The colour print film 
negatives were then mounted as slides and the negative 
image enlarged using a projection and colour photocopy 
technique. This provided a cheap enlargement of the 
mount surface that was used as a map to locate grains 
under the microscope and in the SEM. Generally it was 
easier to locate grains in the SEM, which at minimum 
magnification has a field of view of approximately 3 mm, 
than under the microscope, which with a 20 power 
objective has a field of view of I mm. Grains were 
photographed under the microscope and then probed using 
the SEM after carbon coating. AI&x SEM analysis, by 
carefully removing the carbon coating it was possible in 
many cases to reveal the etching caused by the EDS 
(energy dispersive spectrometer) full frame scan and locate 
and re-photograph the grains under the optical microscope 
(Photo 1). It should be noted that the photomicrograph is a 
mirror image and the SEM videoprint is a true image. This 
procedure ensured that the petrography of the grain areas 
probed could be completely described. 

Using back scattered electron images, minerals with 
higher average atomic number appear bright where as the 
coal fragments remain dark. It is easy to adjust the 
brightness for the coarser grains to differentiate between 
quartz, kaolinite, carbonates and phosphorus minerals. 
The EDS provided X-ray spectra of individual minerals 
allowing positive identification. 

Back scattered electron scans of the mounts identified 
phosphorus minerals within maceral fragments, often in 
semifusinite, and occasionally as isolated grains. No 
phosphorus minerals were observed tilling microfractures. 
The most conspicuous phosphorus mineral identified was 
apatite (Photo 2), which filled lumen in semifosinite, often 
in association with kaolinite. Kaolinite is probably the 
most common cell-tilling material, sometimes completely 
and other times partially filling cells (Photos 3 and 4). 
Occasionally rounded grains of gorceixite were identified 
It was noticeable that whereas the apatite tilled cell lumen 
the gorceixite formed rounded grains and was much rarer 
and did not obviously fill cells (Photo 2). 
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Photo 1: Grain of tellinite tilled with liptinte: photomicrographs 
(PM) of grain before and after SEM EDS analysis showing 
square bum area on photomicrograph. Also videoprint (VP) of 
grain in SEM. Frame area analyzed was tellinite with minor 
liptinite. Scan revealed presence of aluminum, silica, phosphorus 
and possibly Strontium. The 0.1 millimetre scale bar applies to all 
photomicrographs and scale bar and operating conditions are also 
provided for the SEM videoprint. 

An EDS X-ray scan in spot mode was used to identify 
elements in the mineral grains. Phosphorus minerals were 
differentiated by the relative proportions of calcium, 
barium, strontium and aluminum accompanying the 
phosphorus. Detection of calcium and phosphorus and 
absence of aluminum was assumed to confirm the presence 
of apatite where as the presence of phosphorus and 
aluminum and absence of a large calcium peak was 
assumed to confirm the presence of the crandallite group 
minerals (Figure I I). Vivianite, (Fe,(PO,),.SH,O) was not 
identified. In a number of cases it appeared that siderite 
was associated with crandallite minerals and they might be 
derived from the alteration of vivianite. It is not always 
possible to distinguish between gorceixite (barium rich) 
and goyazite (strontium rich). Generally the crandallite 
minerals contained both elements and it is difficult to 
estimate relative proportions of strontium because its peak 
is masked by the silica peak. 

Photo 2: Apatite in phytal porosity in semifusinite. Duller 
mineral half tilling cell in centre is kaolinite and rounded grains 
on left and right edge of coal fragment are crandallite posstbly 
gorceixite. 

Photo 3 : Kaolinite partially tilling cells in semifusinite; note the 
mcreasc in brightness of cell walls. 

Small areas of macerals, tree tram mcms~ons, were 
analyzed in EDS mode using a spot scan, in which an area 
of less than 5 microns is x-rayed in an attempt to measure 
dispersed phosphorus levels in different macerals. Spot 
EDS scans of different macerals failed to detect any 
phosphorus while at the same time detecting moderate 
sulphur peaks (Figure 12). The organic sulphur content of 
these coals averages about 0.6%, and therefore the 
phosphorus peak should be in the range of 1150 to l/l0 the 
size of the sulphur peak based on phosphorus 
concentrations of 0.012% to 0.06%. Peaks of this size 
were within detection range based on the size of the 
sulphur peak. Consequently it appears that phosphorus in 
all macerals is no longer uniformly distributed and has 
either been removed, or has concentrated into distinct 
phosphorus minerals within the macerals. 

Some fragments of tellinite and telocollinite contained 
very small, micron-sized, inclusions of minerals, 
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Figure I I : X-ray scans of apatite and crandallite group minerals 
(goyazite and gorceixite) from samples in this study. 

sometimes outlining internal maceral structure. Spot 
scans of these grains identified them as crandallite 
minerals, kaolinite or apatite. The grains were so tine 
that it was easy to miss the fact that they were of 
varying composition. The occurrence of very small 
grains of goyazite dispersed in structured vitrinite is 
important because it explains the correlation of 
strontium and phosphorus seen in the work of 
Gluskoter et al. (1977) and the correlation of 
phosphorus with structured vitrinite seen in some of the 
data in Ward el al. (1996) and in this study (Figures 8, 
9 and 10). The preferential presence of crandallite 
group minerals finely dispersed in structured vitrinite 
also explains why strontium and barium tend to 
correlate with these macerals (Table 4). The small 
grains appear to have crystallized out of the enclosing 
maceral. It is likely that the strontium and aluminum 
were derived from an external sourc.e because the 
macerals are deficient in these elements compared to 
phosphorus. 

As mentioned, semifusinite contains easily identifiable 
apatite in cell lumen. Other mace& such as tellinite, 
telocollinite and desmocollinite contain finely dispersed 
mineral matter. In an attempt to get integrated phosphorus 
concentrations of these macerals, EDS scans of 20 x 20 
micron frames were made with a count time of 300 
seconds real time, which is equivalent to about 200 
seconds live time (dead time varied from 30% to 33%). A 
scan of a mass of liptinite (Photo 5) did not detect 
phosphorus and apparently this maceral does not contain 
high levels of dispersed phosphorus. Other macerals do 
contain measurable amounts of phosphorus within 20 x 20 
micron frames that include fine inclusions. The EDS scans 
on 20 x 20 micron liwnes indicate that the phosphorus 
content of structured vitrinite grains (Photo 6a, 6b) is very 
variable depending on how many dispersed crandallite 
grains were in the EDS frames. However the average 
phosphorus counts were about I13 that of sulphur counts. 
The average counts for unstructured vitrinite were about 
I16 that of sulphur. The numerical average wash sulphur 

Telcwllinite 

* 
1 L 

Figure 12: EDS spot scans of inclusion-free areas of macerals. 

for the data in Table 1 is 0.62%. If the sulphur and 
phosphorus Ka peaks have roughly the same relationship 
to concentration, then this implies a background 
distribution of phosphorus of very roughly of up to 0.3% 
in tellinite. This agrees with the data in Ward et al. (1996), 
which indicates about 0.25% phosphorus in 100% 
telovitrinite. This concentration is not excessive in terms 
of what would be expected in the original vegetation and 
therefore adds weight to the argument that the phosphorus 
is in the process of being “sweated out” of the maceral and 
not being added to it. In unstructured vitrinite the SEM 
data indicates up to 0.1% phosphorus, which appears to be 
associated with the finely dispersed mineral matter as 
indicated by strong aluminum and silica peaks (Photo 7) 

It is not possible to quantify the amount of phosphorus 
occurring in semifusinite and structured vitrinite and 
compare the total to the phosphorus content of the sample; 
however the SEM work indicates that much of the 
phosphorus is as apatite in semifusinite or as crandallite 
minerals in structured vitrinite. The data indicates that 
very little phosphorus remains uniformly distributed in the 
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Photo 4: Grain of scmifusinite with cells tilled with kaolinite, 
SEM videoprint and spot scan of kaolinite. 

macerals or scattered as detrital or cleat filling material. 
Ward el al. (1996) identified some phosphorus minerals 
occurring in late fractures but this does not appear to he a 
common occurrence in the Australian coals and has not 
been observed in this study. The amount of apatite in 
semifusinite grains varies based on the phytal porosity and 
on percentage tilled by apatite. If semifusinite grain 
contained 5% apatite filled lumen then the grain as a whole 
would contain about 0.85% P. Porosities of 5% or higher 

‘” 8,’ 
,i ‘s 

Photo 5: Desmocollinite with large area of liptinite. 
Photamicrograph, SEM videoprint and x ray spectra of a 20 x 20 
micron area of liptinite. Some area of desmocollinite was 
scanned hut no phosphorus was detected. 

are not uncommon and consequently these grains 
contain more phosphorus than the original vegetation 
and clearly indicate addition of phosphorus to the 
maceral. 

The SEM data confirms the association of 
phosphorus with structured inertinite and structured 
vitrinite as seen in Figures 8, 9 and 10 and eliminates 
the apparent contradiction of phosphorus appearing in 
semifusinite but the total concentration often 
correlating with percent reactives as discussed Ryan 
and Grieve (1995) and Ward ef al. (1996). 

LATERAL VARIATIONS OF 
PHOSPHORUS WITHIN SINGLE SEAMS 

Data (Figure 6) indicate that certain seams 
consistently have higher phosphorus concentrations. 
Based on Figure 7 this is explained by the average 
petrography in terms of the sum of structured vitrinite plus 
structured inertinite. However variations within a seam are 

28-14 British Columbia Geological Survey Branch 



not explained by this relationship and appear to be 
dependent on variations in the smaller component of 
semitiwinite. A small percentage of semifusinite 
mineralized with apatite has the potential to drastically 
increase the phosphorus-content of a seam. For example a 
1% increase in semifusinite with a 20% apatite filled 
porosity can increase the phosphorus content of a sample 
by 0.035%. Much larger changes in the proportion of 
structured vitrinite would be required to produce the same 
change in phosphorus concentration. 

It is suggested that the regional water table at the time 
of coal formation controls the general petrography of a 
seam, which in turn controls the average phosphorus 
content. Lateral changes in the phosphorus content of a 
seam are caused by variations in the amount of 
4semitisinite. Variations in the amount of semifusinite are 
related to the availability of trees and the degree of 
charring by forest tires. Seams derived predominantly 
from grasses may have high inertinite contents but low 
semifusinite and fusinite contents and therefore will have 

Photos 6a and 6b: Photomicrograph, SEM videoprint and x ray 
spectra of desmocollinite or tellinite grain with dispersed 
kaolinite and crandallite minerals. Upper x-ray scan is a spot 
scan and lower scan is a frame scan of the area outlined in the 
photomicrograph. 

moderate or low phosphorus contents. For example the 
base seam in the Mist Mountain section (Ryan and Grieve, 
1995), which is characterized by low phosphorus and high 
inertinite contents is composed predominantly of macrinite 
and inertodetrinite with low phytal porosity. 

There is sufficient data for three seams to produce 
phosphorus content maps covering an area of 
approximately 120 square kilometres (Figure 13). There is 
some uncertainty concerning seam correlation but the data 
sets do ccmx from seams occupying similar levels in the 
stratigraphy. For fwo of the seams the phosphorus 
contents are quite consistent but the third seam data is 
more variable. 

There is a high phosphorus seam in the lower part of 
the section in most of the mines in southeast British 
Columbia that extends north to the Elk River property at 
the northern end of the Elk Valley coalfield (Grieve, 
1992). It is not known if the seams represent the same 
stratigraphic horizon. 
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Piwe 13: Maps indicating position and concentration of phosphorus in three seams. 

Photo I: Photomicrograph, SEM videoprint and x ray spectra of 
desmocollmite with finely dispersed kaolinite and minor 
phosphorus. 

RELATIONSHIP BETWEEN IN SEAM 
PHOSPHORUS CONTENT AND 
HANGINGWALL LITHOLOGY 

Lateral variations in phosphorus content of seams are 
related to petrography. But it is little help in a mining 
environment to know that a petrographic analysis will 
provide some indication of changes in phosphorus content. 
What would be more helpful would be some flag in the 
regional lithology or structure that signals changes in both 
petrography and phosphorus content. The observation that 
the amount of inertodetrinite correlates with the amount of 
sandstone in the hangingwall (Cameron, 1972) may mean 
that seams with sandstone hangingwalls have less 
structured inettinite and therefore less phosphorus. 

If there is a relationship between interburden lithology 
and seam petrography, then this might provide a 
preliminary way of estimating phosphorus content and 
other coal-quality parameters that depend on petrography. 
In an attempt to find useful field criteria for flagging seams 
with high phosphorus contents, a number of drill holes 
were examined where a gamma log and phosphorus 
concentration of the coal were available. Various features 
such composition, sharpness of hangingwall and footwall 
and presence of overlying fining or coarsening upwards 
successions were noted. An unsuccessful attempt was 
made to correlate these geophysical log features with the 
phosphorus content of the enclosed seam. If the enclosing 
rock lithology is correlated with the phosphorus content of 
the coal seam, then the features defining the correlation 
appear to be too subtle to be identified on geophysical 
logs. 
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Fi8ure 14: Plot of average seam phosphorus content versus 
hangingwall rock samples and in-seam tonsteins and side&e-rich 
bands. 

A number of in-seam tonstein and side&e-rich bands 
and hangingwall rock samples were collected. The latter 
represented about 5 centimetres of contact rock. These 
samples provide some insight into the movement of 
phosphorus. In nearly all cases the hangingwall samples 
contain more phosphorus than the ~eatns as whole (Figure 
14) and in that the seam phosphorus content is less than 
believed to be in the original vegetation, this implies an 
outward movement of. Most of the hangingwall rock 
samples have higher phosphorus contents than the average 
for shale (0.065%). The phosphorus did not originate 
from, or find a home in, the tonstein bands, which 
generally have lower phosphorus contents than the seams. 
There is an association of siderite with phosphorus, which 
probably relates to temporary low pH environments in the 
swamp that cause the precipitation of siderite and apatite. 

COMPARISON TO OTHER COALFIELDS 

Phosphorus concentrations in coal from the Gates and 
Gething formations in the Peace River coaltield are 
generally lower than those in the Elk Valley coaltield 
(Grieve 1992). In fact there is a consistent decrease in 
average raw phosphorus content with age of the Jura- 
Cretaceous coal-bearing formations. The oldest Mist 
Mountain Formation has an average of 0.076% followed 
by the younger Gething Formation (0.063%) and the 
youngest Gates Formation (0.043%). This may correlate 
with the amount of structured inertinite in coals from the 
different formations. A preliminary examination of 
Gething Formation coals indicated that a lot of the 
inertinite is macrinite (Ryan, 1997). The amount of 
structured inertinite in a coal is related to the frequency of 
wildfires (Lamberson and Bustin, 1966) and is therefore 
related to climate; specifically the amount of precipitation 
and the oxygen content of the atmosphere, which has 
varied over geological time. 

There is insufficient data to compare phosphorus 
concentrations in the Elk Valley with those in the 
Crowsnest coalfield to the sooth. The lowermost seam in 
the Crowsnest coalfield has low phosphorus concentrations 
phosphorus but data on seams higher in the section is 
SpXS~. 

Some data has been located for some Australian coals 
(Ward ef al., 1996 and Queensland Coal Board, 1995) and 
for Appalachian coals (Price and Gransden, 1987). The 
Elk valley coals are distinguished from the Australian 
coals by the presence of some high values (Figure 7). 
Appalachian coals have distinctly lower phosphorus 
concentrations. There is no obvious petrographic reason 
for the difference in concentrations; for example the Elk 
Valley coals do not have more semifusinite than the 
Australian coals. However there is some uncertainty in the 
petrographic data because of differences in the way the 
macerals were described and there is a mixing of raw and 
wash data. The difference in average phosphorus 
concentrations may be explained by global climate or 
vegetation changes over time. 

CONCLUSIONS 

It is proposed that much of the phosphorus in coal 
originates from the parent vegetation, in which there is 
ample to account for all that is found in coal. In fact 
vegetation contains on average IO times as much 
phosphorus as coal and either phosphorus is lost from 
vegetation during coalification or growing vegetation 
scavenges phosphorus from underlying humus. Within the 
coal, macerals are divided into three groups based on their 
phosphorus content. The phosphorus content of structured 
inertinite is variable to high depending on how much 
apatite is introduced into the phytal porosity. The 
phosphorus content of structured vitrinite is moderate and 
probably close to that of the original vegetation. It is 
partially sweated out of the original vegetation and finely 
dispersed as crandallite minerals. Phosphorus has been 
largely removed from unstructured vitrinite and inertinite 
but some may remain associated with kaolinite. 

Petrography and analytical data confirm that, in coal 
from the Elk Valley coalfield, the structured inertinite and 
vitrinite phosphorus association. Correlation data indicates 
that the barium and strontium tend to be associated with 
the finely dispersed phosphorus in structured vitrinite. 

Scanning electron microscope work confirms that 
much of the visible phosphorus OCCUIS as apatite or 
occasionally as gorceixite occupying lumen (cells or phytal 
porosity) in the semifosinite or fusinite. However there are 
also finely dispersed grains of apatite and goyazite in 
tellinite and telocollinite. This explains why regional 
studies reveal a positive correlation between phosphorus 
and reactive maceral contents of seams. 

The phosphorus content of seams in the Elk Valley 
Mist Mountain Formation is related to the sum of 
structured vihinite plus structured inertinite. However 
variations within a single seam are related to small changes 
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in the amount of semifusinite, which can have very high 
concentrations of phosphorus. 

Because much of the phosphorus is present as 
phosphorus minerals enclosed by coal macerals it is 
difficult to liberate and remove during washing. Inert 
maceral fragments tend to accumulate in the intermediate 
size range in crushed coal and in the intermediate specific 
gravity splits. However it will be difficult for a wash plant 
to make use of these differentiation’s The best way of 
reducing the average content of phosphorus in the clean 
coal is by blending the ROM coal. This will require good 
advanced knowledge of phosphorus concentrations in the 
seams so that the information can be built into long range 
mine plans. 
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THE TELKWA DEPOSIT, NORTH-WESTERN BRITISH COLUMBIA 
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INTRODUCTION 

The Jura-Cretaceous coal seams of the Currier, Mist 
Mountain, &thing and Gates formations generally 
formed in delta or strand plain environments with little 
marine influence. The sulphur contents of coal from 
these formations is therefore generally low, nearly 
always less than I % and often less than 0.5 %. Coal- 
bearing formations of the Cretaceous Nanaimo and 
Skeena groups were deposited in coastal areas with more 
marine influence. Consequently sulphur contents are 
more variable and tend to be higher. It is therefore 
important to study aspects of sulphur in Cretaceous coal 
seams such as the seams in the Skeena Group at Telkwa 
(Figure I). 

This paper studies sulphur in some of the Telkwa 
coal seams and also provides a short review of some of 
the voluminous literature on sulphur in coal. 

TYPES, SOURCES AND EVOLUTION OF 
SULPHUR IN COAL 

Types of sulphur in coals 

Sulphur occurs in coal as sulphides, organic 
sulphur, elemental sulphur and sulphate. The most 
important forms are sulphide, mainly as pyrite (Fe&), 
and organic sulphur. Sulphate sulphur usually occurs in 
small amounts, often in sulphate minerals formed during 
oxidation of coal. Pearson and Kwong (1979) suggest 
that, in coals with low pyrite concentrations, organic 
sulphur can oxidize to form gypsum, which can also be 
introduced by ground-water. Elemental sulphur occ”rs 
in trace amounts. 

Organic sulphur is bound in a number of forms. 
Markuszewski et al. (1980) classifies organic sulphur 
into four types. 

. Aliphatic or aromatic thiols. Aromaticity refers to 
the tendency of carbon in coals of higher rank to 
form hexagonal rings similar to the stnxtwe of 
graphite. Aliphacity refers to the ability of carbon 
hydrogen complexes to form chains as in most of 
the oils. This molecular structure tends to disappear 
at higher ranks. Thiols are hydrogen sulphur pairs, 
which in this case are incorporated into the above 
structures. 

. Aliphatic, aromatic or mixed sulphide (thioethers). 
This is a radical+sulphur+radical bond, in which the 
ring or chain stmctures form the radials. 

. Aliphatic aromatic or mixed disulphides. This a 
radical+sulphur+sulph”~radical molecule; 

. Heterocyclic compounds of thiophene type. This is 
a ring structured molecule containing carbon and a 
single sulphur atom. The thiophenic group is 
thennally the most stable and predominates at 
higher ranks, whereas the thiols are converted or 
lost. During carbonization much of the thiol-held 
sulphur is lost. For medium-volatile coals about 30 
% of the organic sulphur is lost during 
carbonization. 
Sulphur in sulphides OCCUTS in coal predominantly 

as pyrite and sometimes marcasite. Many other 
sulphides can occur, but usually in trace amounts. Often 
trace metals in coal are associated with the pyrite 
fraction. 

Sources of sulphur in coal 

Primary sulphur (S) in coal can originate from sea 
water, fresh water, vegetation and extraneous mineral 
matter. Secondary sulphur can be introduced during 
(syngenetic) or after (epigenetic) coal formation by 
ground water, which is probably remobilizing sulphur 
that originated in sea water or as loosely held organic 
sulphur in the vegetation. 

Fresh water contains 0 to IO ppm S and therefore, 
eve” if there is prolonged circulation of fresh water 
through the peat, can not donate much sulphur to the 
coal. 
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Tt is unlikely that much sulphur in coal comes from 
extraneous mineral matter. If the mineral matter 
contains sulphides, then they could provide a source of 
SO, and H,S to the coal, hut amounts would usually be 
small. Even though pyrite is often found in parting 
material in coal, the sulphur probably originated in the 
coal. Partings formed by degradation of biomass may 
contain high concentrations of sulphur liberated from the 
biomass. Partings composed of extraneous mineral 
matter will have variable sulphur contents depending on 
the degree of marine influence and introduction of 
sulphur. 

Vegetation generally has between 0.01 % and 0.5 % 
S on a dry basis with marine influenced vegetation 
having higher concentrations. Plants that grow in 
brackish water have higher organic sulphur contents than 
fresh water species, probably because they have adapted 
to a high sulphur environment. A number of authors 
quote average concenhations of sulphur in vegetation; 
Salisbury (1969) considers 0.1 % S to be adequate for 
higher plants; Altschuler ef al. (1983) provides sulphur 
concentrations ranging from 0.01 % to 0.15 % for dry 
grass with the root material having the highest 
concentrations; Rankama and Sahama (1950) give an 
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average of 0.4 % S for angiosperms; Wedepohl (1978) 
quotes an average for mean concentration plants of 0.5 
% s. These concentrations will increase as the 
vegetation is coalified and volatile matter lost. Even 
with a 50 % weight loss, which would double these 
concentrations, there is not enough sulphur in most 
vegetation to explain sulphur concentrations in coal of 
over 0.5 % 

If a coal seam contains more than about 0.5 % 
sulphur, then some of the sulphur was probably derived 
from sea water, which contains on average 0.265 % SO, 
or 885 ppm S (SO, contains 33.4 % S). If a swamp 
contains 40 % sea water, then this accounts for a total 
amount of introduced S of: 0.4 x 0.265 x 0.334 = about 
0.035 % s. 

Water-saturated peat can compact by a factor of 5 or 
more as it is transformed into bituminous coal. If all the 
sulphur from the water is taken up by the coal, then 
0.035 % S in the peat could increase to a concentration 
of 0.2 % S or more in bituminous coal. This could 
account for about 0.37 % pyrite if all the S was used to 
make pyrite. Many coal seams, with sulphur 
concentrations in excess of 1 % formed over a protracted 
time, during which sea water was percolating through 
the peat and continually providing additional SO,. 
Sulphur was extracted from sea. water and formed pyrite 
or increased the organic sulphur content of the coal. 
This implies repeated influxes of sea water and a hiatus, 
during which the swamp vegetation did not sink into a 
hydrological environment isolated from sea water. 

Sea water is denser than fresh water and it is 
interesting to consider various ways that it can be 
introduced into a paralic environment. One possibility is 
that occasional high tides cause an influx of sea water 
over the top of the fresh-water saturated swamp. The 
sea water sinks and mixes with the underlying fresh 
water aided by the density difference and various gases, 
such as methane and carbon dioxide, that are migrating 
upwards through the swamp. The result is a temporary 
brackish water environment, that increases the sulphur 
content of the interstitial water. Over a period of years 
repeated high tides are able to supply sufficient SO, to 
the swamp to explain sulphur concentrations higher than 
I %. Because the influxes are repeated only once or 
twice a year they do not inhibit plant growth. Other 
scenarios exist for the introduction of sea water, such as 
the percolation of sea water through unconsolidated 
permeable hangingwall rocks. Models of the hydrology 
of salt water influxes mixing with fresh water may give 
some insights as to how sulphur contents vary laterally 
within seams. 

Sea water also introduces large quantities of 
sodium (I0500 ppm), chlorine (I900 ppm), magnesium 
(1350 ppm) and potassium (380 ppm) along with the 
885 ppm sulphur (average concentrations for sea water, 
Mason, 1966). These extra elements introduced into the 
swamp generally stay in solution and are eventually 
dew&red from the peat or expelled as the rank 
increases. The magnesium, iron and calcium may be 
trapped in the coal as carbonates, though generally sea 

water does not introduce much iron ( ~1 ppm) or 
calcium (400 ppm). 

Secondary sulphur includes sulphur remobilized 
during coalification to form syngenetic pyrite, which is 
often found on cleats. This sulphur may originate from 
less stable, organic sulphur compounds that break down 
at low rank or from sulphate rich interstitial water that is 
squeezed out of the coal as it is compacted and rank 
increases. 

Various studies summarized by Chou (1990) 
indicate that most of the sulphur in coals with less than I 
% sulphur comes from the original vegetation. For coals 
with more sulphur, an increasing proportion comes from 
sea water. Price and Shieh (1979) using sulphur isotope 
data found that 63 % of the sulphur in high sulphur coals 
(>0.8 % sulphur) is derived from sea water by sulphate 
reduction and the rest is derived from the original 
vegetation. For low sulphur coals the proportion of 
sulphur derived from sea water decreases to I3 %. 

Origin of pyrite in coal 

It is important when visually estimating the amount 
of pyrite in a seam to understand the relationship to 
sulphur contents. Pyrite (Fe&) has a density of 5.01 
g/cc and therefore is about 3.5 times denser than coal. A 
1 % visual estimate of the volume of pyrite in a coal 
seam translates into 3.5 weight % Fe&, or about I.9 
weight percent sulphur. 

Pyrite in coal typically forms from H,S and Fe in 
solution. The process involves bacterial reduction of 
SO, to H,S at pH values of 7 to 4.5 followed by the 
combining of H,S, elemental sulphur and ferrous iron 
oxide (FeO) to form pyrite and water. This is the only 
way pyrite can form in peats and low rank coals. 
Consequently the presence of bacteria and the required 
pH range are very important controls on pyrite formation 
in coals. The so, may come from sea water or 
vegetation, but neither of these sources provide iron, 
which is usually in plentiful supply and comes from 
other sources. It is probably derived from the 
breakdown of clay minerals and is possibly carried in 
solution as stabilized organic colloids (Price and Shieh, 
1979). 

The availability of iron influences the amount of 
pyrite and of secondary organic sulphur formed. 
Sulphur derived from H,S is much more easily 
converted into pyrite than into organic sulphur. 
Therefore if an iron source is not available, then some of 
the H,S may stay in solution and escape the swamp. 
Sources of iron can be limited in a number of ways. The 
water feeding the swamp may be clean fresh water 
containing little clay. The water may have a very low 
pH, which makes it easier for humic acids to flocculate 
clays before they have a chance to disperse through the 
swamp. Alternatively the water may be saline and saline 
water flocculates iron containing colloids (Price and 
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Photo 3: Coarse pyrite in a matrix of detrovitrinite and finely 
dispersed mineral matter: I Upper seam. 

Photo 4: Pyrite tilling fractured inertinite in I seam 

and Shieh, 1979). The last case explains why marine- 
influenced swamps do not have the highest sulphur 
contents for coal-forming environments. Despite the 
availability of a lot of H,S, there is not a lot of iron 
available to make pyrite and though some H,S is 
converted to organic sulphur some escapes from the 
SWiUllp. 
The Eh and pH environments required by the bacteria to 
generate H,S determine the relative amount of pyrite 
formed in coal. They also influence the preservation of 
vegetation and the formation of vitrinite and inertinite. 
At optimum pH conditions (7 to 4.5) bacteria can use 
SO, from sea water or true organic sulphur to generate 
H,S, which is then used to make pyrite. Therefore, the 
organic sulphur content can decrease in some high 
sulphur coals because it is used to make pyrite (Diessel, 

1992). For Australian Permian coals with total sulphur 
contents above about I per cent, organic sulphor 
contents decreases and pyrite 
contents increase markedly. This effect, which has 
implications for acid rock drainage (AM) because it 
increases the ratio of pyrite to total sulphur, is not seen 
in coals from Telkwa. 
Within a maceral the concentration of organic sulphur 
tends to decrease in proximity to pyrite grains; the 
extent of the affected area increases as the size of the 
grain becomes larger. This is interpreted to indicate that 
H,S is more easily combined with Fe to form pyrite than 
in being adsorbed into the maceral as organic sulphur 
(Harvey and Demir, 1992). After the coal was heated 
the sulphur content around pyrite grains increased 
because sulphur, released as the pyrite oxidized, was 
infused into the surrounding coal as elemental sulphur. 
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Pyrite morphology and genesis 

Pyrite can have at least four easily recognized forms 
as described by Diessel(l992): 
. framboidal pyrite composed of fine radiating 

octahedral crystals, which form spheroids within the 
macerals; 

. euhedral pyrite, which occurs as small (l-10 
microns) isolated crystals and cell-filling pyrite 
within macerals; 

. coarse pyrite, which generally surrounds maceral 
fragments; 

. late pyrite in cleats fractures or as nodules. 
Other forms include cauliflower pyrite, which 

appears to develop from framboidal pyrite and dendritic 
pyrite, which may also be a development from 
framboidal pyrite. Concretions and cone-in-cone pyrite 
are late forming and till cell voids, mainly in 
semifusinite. The different forms of pyrite crystallize at 
different times during peat formation and probably 
under slightly different conditions. 

Framboidal pyrite (Photo 1) is composed of 
spherical clusters of very tine, needle-shaped pyrite 
crystals (a pm). The H,S used to make framboidal 
pyrite is usually derived from bacterial reduction of 
sulphor in vegetation and therefore this form of pyrite 
forms at the beginning of diagenesis of the peat swamp. 
Its formation probably does not depend on the 
availability of SO, from sea water. It is usually 
associated with vitrinite, though its formation predates 
vitrinite formation as indicated by evidence of 
compaction and flow of the maceral around the pyrite. 

Cohen et al., (1984) suggest a close association of 
framboid formation and microbial activity. They found 
that pyrite framboids often formed in rootlet material in 
mangrove swamps, indicating that the H,S generating 
bacteria were part of the root system and were not 
introduced later during peat accumulation. Love (1957) 
has noted the common morphology between framboidal 
pyrite and microbial organisms and it is possible that the 
pyrite is actually replacing bacterial structures. Caroccio 
et al., (1977) describe a situation where framboidal 
pyrite formed in submerged vegetation over a period of 
30 years. Obviously, if ideal conditions of low pH, 
available SO, and available ferrous iron exist, then 
framboidal pyrite can form rapidly. 

Altschuler er al. (1983) found that the amount of 
framboidal pyrite increased downwards through peat at 
the expense of organic sulphur, indicating that sulphur 
for making framboidal pyrite was being derived from the 
vegetation by bacterial activity. This reflects pH 
conditions, which were more favourable for bacteria 
deeper in the swamp. They suggested two ways of 
releasing the sulphur as H,S from the vegetation: one, 
indiscriminate release of all organic sulphur in anaerobic 
conditions followed by reduction of any sulphate 
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available; or two, degradation of organic sulphur by 
heterotropic sulphur reducing bacteria. If the swamp is 
rapidly submerged the increase of framboidal pyrite with 
depth at the expense of the organic sulphur will be 
preserved. If, however, there is a hiatus during which 
saline water is introduced into the top part of the buried 
peat, then there will be an increase in total sulphur and 
pyrite in the top part of the seam. 

Fine, euhedral pyrite is often found in what appear 
to be cavities in desmocollinite (Photo 2) or tilling cells 
in semifusinite, which sometimes also contains 
amorphous pyrite. Euhedral pyrite can also occur 
associated with disseminated mineral matter. This form 
of pyrite therefore must crystallize after formation of 
semifusinite, which may form by chming or burning 
vegetation during a period of low water table in the 
swamp (Lamberson ef al., 1996). The peat is then 
submerged, possibly in brackish water, and pyrite 
crystallizes in the cell porosity. 

Inertinite is enriched in the upper part of many 
seams and consequently euhedral pyrite may 
predominate in the upper part of seams. Euhedral pyrite 
found in vihinite may have the same origin as 
framboidal pyrite, but the larger crystals and association 
with cavities imply existence of a stable, probably 
aqueous environment and a some what later origin. 

Euhedral pyrite may form from the direct 
precipitation of Fe&, which forms from elemental 
sulphur and ferrous iron. The elemental sulphur is 
formed from the oxidation of bacterially-generated H,S 
(Altschuler ef al., 1983); the ferrous iron is available 
because higher pH has reduced solubility. These 
conditions, initially moderate to low pH followed by 
higher Eh and pH values, are similar to those required 
for the formation of inertinite and suggest a fluctuating 
water table. 

Coarse pyrite, large clusters of framboids or 
cauliflower pyrite probably form late in diagenesis when 
permeable roof rock permits an influx of sulphate-rich 
sea water. Conditions still permit the bacterial reduction 
of SO, and the formation of pyrite. The peat has 
undergone some humification, which makes it more 
susceptible to addition of organic sulphur. The pyrite 
forms between maceral grains and there is less evidence 
of compaction around the pyrite. At Tenas Creek this 
form of pyrite is associated with detrovitrinite clearly 
indicating a late emplacement (Photo 3). 

Coarse pyrite is nearly always found in the seams 
adjacent to the roof and less commonly the floor. Its 
concentration will depend in large part on the lithology 
of the roof rocks. Rocks that indicate a marine 
incursion, or are more permeable, may signal increased 
coarse pyrite in the upper part of the underlying seam. 
This will not necessarily increase the wash sulphur 
content of the seam, because coarse pyrite is not 
intergrown with the macerals and is relatively easy to 
remove in a wash plant. 

Epigenetic pyrite forms along fractures and cleats in 
the coal. It therefore forms after biogenic coalification 
when the coal is mature enough to fracture or form 
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cleats. In coal from Tenas Creek pyrite forms on 
fractures or surrounding fragments of inertinite in seam 
1 (Photo 4). Spears and Caswell, (1986) suggest that 
pyrite forms on cleats at temperatures of less than 35OC 
and is one of the earliest forming cleat fillings, predating 
kaolinite and calcite, which deposit at temperatures of 

the hangingwall or footwall part of the seam. It will be 
easier to wash out of the coal than euhedral or 
framboidal pyrite, but may still be deceptively difficult 
to remove because cleats are often in reality a network 
of tine interconnecting fractures. 

over 35°C and 100°C respectivdly. 
Formation of epigenetic pyrite may utilize H,S 

formed by bacterial reduction of SO, at shallow depths. 
In this case the sulphate is probably contained in 
brackish interstitial water (bed moisture) that is 35 
weight percent of lignite but is only 10 weight percent in 
high-volatile coals. Part of this fluid must be expelled 
along cleats as the coal is compacted and rank increases. 
The H,S may also be a component of the interstitial 
water surviving from an earlier period of bacterial 
reduction or come from the breakdown of sulphur 
bearing organic molecules in the coal (Aliphatic or 
aromatic thiols). The iron probably comes from 
surrounding mudstones, in which biochemical reduction 
of Fe oxyhydroxides releases Fe ( Spears and Caswell, 
1986). 

Cleats are preferentially developed in vitrinite but 
will be developed through the whole seam. 
Consequently epigenetic pyrite will not be restricted to 

Organic sulphur in coal 

The term organic sulphur refers to how the sulphur 
is bound to the coal molecules; it does not mean that all 
the sulphur was necessarily derived from the original 
vegetation. Obviously in many coals the concentration 
of organic sulphur is increased by the addition of 
marine-derived sulphate sulphur, which was first 
reduced to H,S and then combined with coal molecules. 

Sulphur is not evenly distributed through 
vegetation. Spores, seeds and resin, which later form the 
liptinite macerals, are enriched in sulphur and resistant 
to oxidation. Sulphur concentrations in other parts of 
the vegetation probably vary, but the variation is masked 
by variable redistribution in the peat swamp and the 
effects of diagenesis. In general organic sulphur is 
concentrated in the liptinite and vitrinite macerals with 
less in the inert macerals. 
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In limnic coals, which do not contain sulphur 
introduced by sea water, there should be a positive 
correlation between the contents of reactive macerals 
and organic sulphur and an inverse relationship between 
the contents of organic sulphur and fine framboidal 
pyrite. The total amount of sulphur in the seam should 
remain fairly constant, decreasing somewhat as the 
percentage of semifusinite and fosinite increase, because 
formation of these macerals is probably accompanied by 
tire and some volatilization of sulphur. The ratio of 
pyritic sulphur to total sulphur should tend to increase as 
the percentage of inert macerals increases. 

In paralic coals, the organic sulphur content of coal 
can be increased by the addition of sulphur derived from 
sea water. If ferrous iron oxide is not readily available, 
or is highly soluble because of lower pH conditions, then 
bacterially generated H,S can react directly with the 
vegetation to form organic sulphur compounds (Chou, 
1990). 

Sulphur is taken up by the pre-liptinite macerals, 
especially sporinite, which are very efficient at 
incorporating sulphur. Demir and Harvey (1991) found 
that the sulphur content in sporinite was higher than in 
all other mace& and the vegetal precursor. They 
suggest that macerals rich in hydrogen and aliphatic 
constituents, which remain fairly stable during the early 
stages of coalification, are very efficient at taking up any 
sulphur available as H,S. The concentration of sulphur 
in these macerals can range up to 5 % (Demir and 
Harvey, 1991), but because they make up generally less 
than 10 % of the coal, they do not effect the average 
organic sulphur concentration of the coal as much as 
organic sulphur in vitrinite. 

The organic sulphur concentration of vitrinite, 
which usually makes up more than 50 % of the coal, 
varies from about 0.4 % to 5 %. Consequently variation 
in vitrinite contents have a significant effect on the total 
sulphur content of the coal. Sulphur contents of some 
vitrinites are higher than in the original vegetation, 
indicating addition of sulphur from sea water sulphate or 
redistributed of the original organic sulphur. 

The inert macerals generally have less organic 
sulphur than the reactive macerals and contents range 
from 0.2 % to 3.5 %. The mean organic sulphur 
contents decrease in the order semifusinite > fusinite > 
macrinite (Demir and Harvey, 1991) and are generally 
less than in the precursor vegetation. Burning of the 
peat causing sulphur volatilization can explain the low 
sulphur content in fusinite, but not necessarily in 
macrinite, from which sulphur may have been removed 
by bacterial activity prior to charring. 

ASSOCIATION OF MACERALS AND 
SULPHUR 

The previous sections partially discuss the 
relationships between pyrite and organic sulphur and the 
different macerals. The general environmental processes 
that influence these relationships are discussed here. 
The key word is influence; there may not be strong 
linkages between maceral composition and the 
environment in which the original vegetation grew, died 
and matured into coal. The more important processes 
considered here are changes in water salinity, effects of 
tire, oxidation, humitication, gellification and 
putrefaction (Diessel, 1992) and sediment influx. On 
the more specific and local scale they can, in part, be 
represented by; 
l the presence of SO, from sea water; 
l changes in the level of the water table level, which 
influences the risk of fires in the swamp; 
l changes in the Eh of the water; 
l changes in the pH of the water, which together with 
Eh influence the processes of humitication, gellification 
and putrefaction; 
. the amount of clay available, which provides iron for 
making pyrite. 
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These five parameters are used to help demonstrate 
possible relationships between coal compositions and 
various environments (Figure 2). Figure 2 combines 
diagrams proposed for maw-al formation by Diesel 
(1992) and diagrams proposed for pyrite formation by 
Roberts (1988), Price and Shieh, (1979, Figure 3) and 
Ryan (1997). The five parameters are organized in a 
hierarchy such that 28 branch-ends are formed. The end 
of each branch represents a particular coal type, which is 
described in terms of the relative contents of sulphur, 
ash, inertinite, vitrinite and liptinite. Figure 2 provides a 
rough template for working from environment to coal 
composition or backwards from composition to a 
number of possible environments. 

The level of the water table is one of the most 
important factors influencing coal formation. Under 
conditions of high water table, influxes of sea water may 
be frequent (paralic environment) increasing total 
sulphur content. The Eh is generally low and tires are 
rare decreasing the inertinite content and increasing the 
preservation of vitrinite. If pH conditions are in the 
range 4.5 to 7, bacterial activity will reduce available 
SO, to H,S. If the SO, originates from sea water, then 
the coal will have higher sulphur and pyrite 
concentrations than if the SO, originates from 
vegetation. If the paralic environment does not have 
periodic influxes of clays to provide iron to make pyrite, 
then H,S will either stay in solution and migrate out of 
the swamp or remain in the coal as additional organic 
sulphur. 

Low water tables, which are associated with a 
higher potential for fires and a” increased inertinite 
content, are more likely to be found in limnic 
environments. There will be less chance for introduction 
of marine SO, and sulphur and pyrite contents should be 
low. Fluctuations in the water table level may result in 
high Eh and variable pH environments, which will effect 
vitrinite and organic sulphur contents. A low water table 
may be associated with a lot of bio-degradation, which 
will increase the inherent ash of the remaining biomass 
and contents of inertinite and pre-exinite macerals, 
which are very resistant to decay and enriched in 
sulphur. Therefore, higher inherent ash contents may 
accompany higher sulphur and low vitrinite contents. 

In water with intermediate pH values preservation 
of vitrinite, especially structured vitrinite, is favoured. 
Under higher pH conditions, which do not favour the 
solubility of Fe’* , bacterial or fungal attack of vegetation 
decreases vitrinite content and pyrite is less likely to 
fornl. In this case, if the water table is low or 
fluctuating, the” the H,S may form a gas and escape. 
The resulting coal will have low organic and pyritic 
sulphur concentrations and a high content of inertinite. 
The H,S can also move downwards in solution through 
the peat layers into low pH environments where bacteria 
are not active and in this case the H,S may combine with 
the organic material to form organic sulphur. This 
environment is one of gellitication and preservation of 
unstructured vitrinite. The resulting coal will have a 
high content of organic sulphur and vitrinite and low 
pyrite contents. 
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The pH, Eh and water table levels also influence the 
composition of the ash. Peats deposited in a marine 
influenced environment often have higher pH values and 
increased bacterial activity. This results in high 
concentrations of H, N and S originating from bacterial 
remains in the coal. Marine influenced coals are also 
often associated with alkali-rich ashes because clays are 
less degraded in high pH environments. At low pH 
values, often associated with limnic environments, 
montmorillonite is altered to kaolinite, which flocculates 
at swamp margins and not their interiors. 

There is a relationship between the availability of 
calcium and concentrations of ash and pyrite in seams. 
The availability of Ca from sea water increases pH 
values and makes the swamp waters alkaline favouring 
the activity of bacteria. Pyrite-rich seams are often 
associated with alkaline floor sediments or 
penicontemporaneous marls. This may act to balance 
the ARD potential of high pyrite coals. 
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Ryan (1996) discussed possible environments for 
the formation of coals in the Gething Formation from 
northeast BC, using a pH versus Eh diagram derived 
from Baas-Becking (1960). Many Gething coal seams 
have low concentrations of pyrite and ash and moderate 
to high inertinite contents. The inertinite has a high 
proportion of macrinite, which has lost its cell structure 
and probably formed from biomass that had previously 
experienced some humification. Based on these 
characteristics Gething coals should plot in area F in 
Figure 4 and branches 13 to 16 (Figure 2). The low pH 
values inhibit bacterial activity and the formation of 
pyrite and flocculate clays at the margin of the peat 
swamp helping to keep waters in the rest of the swamp 
clear. They would also alter clay minerals to kaolinite. 
The end result is that the inherent mineral matter will be 
kaolinite-rich with low base/acid ratios. 

Roberts (1988) studied paralic coals from South 
Africa, which do not have a strong marine influence. He 
discussed the effects of high and low water tables on the 
composition of coal. His models are illustrated by 
branches 9-12 and 21-24 (Figure 2). He found that total 
sulphur correlated with vitrinite in coals, which probably 
formed under high water table conditions and moderate 
pH conditions. Coals formed under low water table 
conditions, high Eh and low pH values were 
characterized by high inertinite and low sulphur 
contents. Inertinite-rich coals of Australian cratonic 
basins (Hunt, 1989) are characterized by moderate 
sulphur contents that also correlate with vitrinite content. 
They may have formed in environments 21-24, Figure 2. 

Based on a study of the Upper Freeport coal seams 
in Pennsylvania, Cecil et al. (1979) proposed three 
environments. the first, an intermittent aerobic peat 
environment, is characterized by low pH, high ash, 
semifusinite and macrinite contents and low sulphur 
concentrations. The intermittent oxidizing conditions 
inhibit the formation of H,S and therefore pyrite, but 
increase the amount of in&s and ash in the coal 
(branches 9, 10,23,24 on Figure 2 and area B on Figure 
4). 

The second is an anaerobic peat environment with 
pH values >4.5. This environment is characterized by 
high ash, sulphur, exinite and micrinite contents. The 
intermittent pH value is ideal for the production of H,S 
and bacterial destruction of vitrinite. Removal of 
vitrinite increases the percentage of exinite (branches 5 
to 8 on Figure 2 and area C on Figure 4). 

Tbe third is an anaerobic peat environment with pH 
values ~4.5. The low pH in this environment coupled by 
the high water table produces a coal with low ash and 
sulphur contents and high vitrinite contents (branches 9 
and 10, Figure 2 and area A, Figure 4). 

Renton and Bird (1991) state that the swamp 
environment plays a large part in defining both the 
content of pyrite and the maceral composition of the 
coal. In swamp environments with pHs > 4.5, high ash, 
pyritic sulphur and exinite concentrations are associated 
with peat that evolves to coals with low vitrinite contents 
(branches 5 and 6 in Figure 2 or area D in Figure 4). 
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The vitrinite will probably be desmocollinite associated 
with a lot of disseminated mineral matter. Environments 
where pH is less than 4.5, the resulting coals have low 
pyrite contents and high contents of bright vitrinite 
(tellinite and telocollinte) (branches 3 and 4 in Figure 2). 

Lamberson et al. (1996) suggest that most inertinite 
is formed by tires, which bum the peat surface when it 
dries out. Many authors correlate low water tables 
during peat formation with the increased development of 
inertinite in coals, but often the exact process 
responsible for forming the inertinite is not well 
explained. Lamberson ef al. point out that it is difficult 
to find a process other than burning, charring or 
smoldering that will increase the reflectance of organic 
material. This method of forming inertinite may make it 
easier to form inertinite-rich coals that are not associated 
with a lot of fine mineral matter or sulphur. In this case 
the inherent mineral matter could be carried away as 
smoke and the sulphur volatilized as SO,. It is harder to 
understand how burning or smoldering in the dried peat 
bed can produce coals with large amounts of macrinite, 
which has lost most of its cell structure. 

I- / 

SULPHUR FORMS IN COALS OF 
DIFFERENT RANK 

The way organic sulphur is held in coal changes as 
rank increases, but this is not necessarily associated with 
a release of sulphur. Hydrogen sulphide gas is not 
generated from coal below temperatures of above 200°C 
(Hunt, 1979). As rank increases, so does the 
aromaticity of the coal so that some of the sulphur bound 
as thiols is restructured into heterocyclic compounds of 
thiophene type. If the sulphur is lost from coals, then on 
average the amount of organic sulphur in coal should 
decrease as the rank increases. Data from a number of 
seams from the Mist Mountain Formation (Figure 5) do 
not reveal any change in the relationship between total 
sulphur and organic sulphur for seams ranging in rank 
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from 0.9 % to I .38 %. It is not clear what happens to the 
organic sulphur in liptinite when it is progressively 
destroyed at higher ranks. Any organic sulphur lost 
during this transformation probably escapes in bitumen 
that moves out of the coal and leaves behind sulphur- 
free grains of micrinite. 

THE TELKWA COALFIELD 

The Telkwa coalfield is in cenaal British Columbia, 
centered on the town of Smithers. It extends from north 
of Smithers to south of Telkwa for about SO kilometres 
along the Bulkley River (Figure 1). The coalfield 
contains a potential coal rescurce of approximately 850 
million tonnes (Ryan and Dawson, 1994). The Telkwa 
coal property, which occupies less than 10 percent of the 
whole field, is 15 kilometres south of Smithers and is 
centered on the confluence of the Telkwa River and 
Go&horn Creek. Coal on the property is generally high- 
volatile A bituminous and is considered to be an 

excellent thermal coal with some weak coking coal 
potential. Exploration in the last few years has been 
successful in finding more reserves in the southwest 
corner of the license block near Tenas Creek (Figure I) 
and about 21 million tonnes of raw, surface mineable 
coal have been outlined in this area. This increases the 
raw coal, surface mineable reserve at Telkwa to about 50 
million tonnes which makes the property more attractive 
for development as a thermal coal mine. At present 
Man&a Coal Limited is proceeding with development 
plans and has submitted a report to various ministries of 
the British Columbia Government as part of the 
environmental impact assessment process. 

The geology of the Telkwa Coalfield is discussed in 
a number of papers (Koo, 1984, Bustin and Palsgrove, 
1997) and is shown on regional geology maps of Tipper 
(1976), MacIntyre et al. (1989) and Ryan (1993). Coal- 
bearing rocks belong to the Skeena Group of Lower 
Cretaceous age and are assigned to the Red Rose 
Formation of Albian age and possibly also to the older 
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Kitsun Creek Formation of Hauterivian age. Coal- 
bearing rocks outcrop north of Smithers, south of 
Smithers in the Bulkley River, north of the Telkwa River 
in the vicinity of Pine Creek, east and west of Go&horn 
Creek, and at the headwaters of Tenas and Cabinet 
Creeks (Figure 1). Cretaceous rocks of Hauterivian age 
outcrop along the northeast edge of the coaltield and 
contain only traces of coal. 

Sulphw in the coal at Telkwa and Quinsam was 
studied by Holuszko et al. (1993). This study continues 
this investigation at Telkwa, specifically in the Tenas 
Creek area. In 1996 a test pit was dug in the Tenas 
Creek area, which is now considered to contain the best 
mining potential on the property and is expected to be 
the frst area mined. The authors sampled the three 
mineable seams during the bulk sampling and collected 
increment and full seam samples. Samples were 
subjected to a number of analyses, petrographic 
investigation and scanning electron microscope work. 

EXPLORATION HISTORY 

There is a long history of exploration and mining in 
the southern part of the Telkwa coalfield. In the Telkwa 
area coal seams were mined in 1903 on Go&horn Creek, 
previously called Goat Creek (Dowling, 1915). From 
1913 to 1915 the Transcontinental Exploration syndicate 
sank a shaft and constructed 2 tunnels in the Cabinet 
Creek area (previously Cabin Creek), which intersected 

five seams of semi-anthracite (Dowling, 1915). During 
the period from 1930 to 1970, six small underground 
mines and one surface mine operated in the Telkwa 
River-Go&horn Creek area and about 480 000 tonnes of 
coal were mined. More recently a small tonnage of coal 
was mined in the Goathorn Creek area by Lloyd &thing 
during the 1970s and early 1980s. 

The recent exploration activity at Telkwa is 
recorded in a number of geological assessment reports 
submitted to the B.C. Ministry of Energy, Mines and 
Petroleum Resources (now part of the Ministry of 
Employment and Investment) and on tile in Victoria 
(Handy and Cameron, 1982, 1983, 1984; McKinstry, 
1990 and Ledda, 1992, 1993, 1994). The property was 
intensively explored in the period 1978 to 1989 by 
Crowsnest Resources Limited, when over 350 
exploration holes were drilled and a large test pit 
excavated in the area east of Goathom Creek. In 1992 
Manalta Coal Limited acquired the property. Since then 
it has carried out a number of major programs, which 
concentrated on the areas north of the Telkwa River, east 
of Goathom Creek and east of Tenas Creek. Mixable 
coal reserves have now been outlined in all three areas. 

LOCAL STRATIGRAPHY AND 
STRUCTURE 

The stratigraphy of the Cretaceous Skeena Group on 
the Telkwa Coal property was divided into four units by 
Bustin and P&grove (1997). The lowest unit, which is 
20 to 100 metres thick, rests unconformably on a 
basement of Lower Jurassic volcanic rocks of the 
Telkwa Formation, Hazelton Group. The unit is non- 
marine and is distinguished by an abundance of coarse 
elastics. It contains a single coal zone composed of up 
to 12 component coal beds, together referred to as Seam 
1, which has a cumulative coal thickness ranging up to 
12 metres and averaging 7 m&es in the Tenas Creek 
area (Figure 1). 

The coal formed in poorly drained areas adjacent t 
braided rivers. The combination of basement relief and 
poorly defined drainage patterns accounts for the 
variable character of Seam 1. There were occasional 
influxes of sea water, which periodically flooded, part or 
all, of the coal swamps causing both lateral 



sandstone. The cumulative coal thickness in unit 3 
averages 20.5 metres in areas considered for 
development. 

Unit 3 is overlain by the sandstone-rich unit 4, 
which is over 100 m&es thick, contains no economic 
coal and represents a major shallow marine 
transgression. 

Outcrop on the Telkwa coal property is sparse and 
an understanding of the structural geology and seam 
stratigraphy has evolved as information from drilling 
and a number of geophysical surveys have became 
available. Bedding generally dips shallowly southeast or 
east and is disrupted by at least two generations of 
faulting. The first generation of faults occurred in the 
Late Cretaceous and are represented by east-dipping 
thrusts and reverse faults, that offset the east dip of the 
sediments east of Go&horn Creek. The younger 
Tertiary, steep-dipping faults trend northwest or 

northeast. Folding in the Late Cretaceous (Evenchick, 
1991) has produced open folds that trend northwest 
with shallow plunges, shallow-dipping west limbs and 
steeper-dipping east limbs. 

The Tenas Creek area, which is underlain by Unit 
1, is folded into an open northwest trending syncline. 
Dips on the west limb range from 9’ to 22’ and those on 
the east limb are steepened up to 45”. The resource in 
the area is contained in Seam I, which contains a 
number of coal beds, three of which feature in the mine 
plans. The lowest bed (1 seam ) averages 3.45 m&es in 
thickness and is overlain by a siltstone parting, which 
attains a maximum thickness of 2.5 meters. I Upper 
seam, which averages 1.9 m&es in thickness, overlies 
the siltstone split. The upper-most C seam averages 1.5 
metres and is separated from 1 Upper seam by 13 m&es 
of interbanded sandstone and mudstone. Open pit 
mineable reserves at Tenas Creek are estimated to be 21 
million tonnes based on data from 187 drillholes, which 
provide a hole spacing of about 150 metres (Man&a 
Coal Limited, 1997). 

The quality of coal from Unit 1 has been studied in 
the Go&horn Creek- Telkwa River and Pine Creek areas, 
but not in the Tenas Creek area. In 1989 Matheson 
(Matheson and Van Den Bussche, 1990) drilled a 
number of short holes, 6 of which intersected 1 seam 
near the Telkwa River and Go&horn Creek. In 2 of the 
holes sulphur contents range from 0.23 to 3.52 and 
increase towards the hangingwall but for the rest of the 
seam are less than 0.5 %. 

Holuszko ef al., (1993) studied 9 samples of coal 
from Hole GSB89-1 (Matheson and van Den Bussche, 
1990) now considered to have penetrated unit 1 coals. 
The sulphur content averaged 3.53 % and reached 9.7 % 
in the hangingwall coal. The upper pat of the seam was 
enriched in vitrinite (94.6 %), which was associated with 
increased amounts of coarse pyrite. The size and 
amount of pyrite decreased downwards through the seam 
in conjunction with the vitrinite content, which averages 
65 % in the lower pats. More of the data collected as 
part of the 1989 drill program is described in Matheson 
ef al. (1994). Holes GSB89-3 and GSB89-4, which 
intersected splits of 1 seam, both have low sulphur 
contents of 0.42 % and total reactives contents of 76 % 
and 84 %. 

SAMPLING PROGRAM 

Samples were collected from the three major seams 
(C Seam, 1 Upper and 1 Seam) in the Tenas Creek area. 
Seven samples were collected from C seam, nine from 1 
Upper, and fourteen from 1 Seam. Sampling increments 
averaged about 30 centmetres. In addition full seam 
channel samples were collected. Raw and samples 
washed at 1.6 specific gravity were subjected to 
proximate and sulphur form analyses (Table 1). The 
petrographic compositions of most of the samples were 
measured using polished samples and an oil immersion 
lens. Three hundred grains per sample were identified, 
which is sufficient to provide an estimate of trends in 
petrography (Table 2). The major macerals were 
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identified included the vitrinite sub macerals tellinite, 
telocollinite, detrovitrinite and desmocollinite and the 
inertinite sub IWUXdS semifusinite, fusinite, 
inertodetrinite and macrinite. No attempt was made to 
quantify the small quantities of micrinite and 
gelovitrinite or to subdivide the liptinites. 

DATA INTERPRETATION 

Coal quality data 

The average raw total sulphur contents of the three 
seams decrease downwards, with C seam being 

characterized by high sulphur in the hangingwall coal 
and a rock split (Figure 6). Sulphur in 1 Upper is 
concentrated above a rock split and sulphur in 1 seam, 
which is the thickest seam, correlates with low ash 
increments. The striplog pattern indicates that the two 
upper seams each experienced influxes of sulphur from 
the hangingwall and associated with deposition of a 
mudstone split. 

The weighted average sulphw content of all the C 
seam samples is 1.91 % compared to a channel sample 
value of 3.01 %. The difference probably indicates the 
difficulty of collecting a representative sample of the 
seam because it contains irregularly distributed 
concentrations of coarse pyrite. The total sulphur 
content of C Seam is higher in hangingwall coal, 
indicating that there was some marine influence. Also 
the organic sulphur content is higher than in 1 seam 
(Table 1) indicating sane hydrogen sulphide in seams C 
and 1U was generated in the coal swamp below the 
mudstone split, hut that there was insuffkient iron 
available to combine with all the H,S as pyrite. The 
coarse pyrite in the hangingwall coal and associated with 
the split is easily removed (Figure 6). 

The weight averaged sulphur content of 1 Upper is 
2.61 % using the increment samples, which agrees quite 
well with the single full channel result of 2.71 %. The 
highest sulphur content (7.3 %) occurs just above a 
mudstone split. If the 28 centimetres of coal and 5 
centimetre mudstone split are removed then the average 
seam sulphur drops to 1.9 %. The high sulphur above 
the split indicates that a lot of sulphur has percolated 
downwards through permeable hangingwall rocks into 
the upper part of the seam after it was buried. The 
mudstone split isolated the lower part of the seam from 
the sulphate-rich waters. The hanging wall portion of 
the coal could be mined separately, but the high raw 
sulphur values are deceptive because a lot of it is coarse 
pyrite that is easily washed out. In fact in this case the 
float sulphur for the increment samples (heavy dashed 
lines, Figure 6) above the mudstone are no higher than 
float sulphur values below the split and separate 
handling of the upper part of the seam would not effect 
the clean coal sulphur content. 

The channel sample of 1 seam has sulphur content 
(1.67 %) higher than for the average of the increment 
samples (0.68 %) suggesting that there is some coarse 
pyrite in the seam. Sulphur contents are not higher in 
the hangingwall coal consequently there is no evidence 
of marine sulphate percolating downwards into the 
seam. Sulphur contents (Figure 6) are only slightly 
reduced by washing. 

Raw and wash total sulphur data from drill cores is 
of necessity used to predict the sulphur contents of 
planned product coal from a wash plant. This introduces 
the problems of size consist and specific gravity (SG). 
Drillcore is washed at a top size of about 10 milliietres 
and experiences better liberation than coal entering a 
wash plant, which is usually crushed to a size range of 
50-O millimetres. The second problem results from the 
fact that the core is washed to a fixed SG whereas a plant 
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operates at variable densities to produce a constant ash 
concentration. The average wash ash concentration of 
the drillcore data rarely matches the clean coal ash 
specifications from a wash plant. The average sulphur 
concentration of the drillcore data, therefore, must be 
increased to account for the decrease in wash plant 
liberation and must be adjusted to reflect SG variations 
between the wash drillcore ash concentration and clean 
ash specifications for the plant. 

Sulphur vewu ash tieline plots provide one way of 
adjusting sulphur contents to different ash 
concentrations and they also give insights into the form 
of the sulphur. Tieline plots for the three seams (Figure 
7 a, b, c) indicate clearly the different washing tracts for 
sample with coarse pyrite and those with finely 
dispersed pyrite or organic sulphur. The former form 
steep lines with positive slope and the latter flat lines 
some with negative slope. The background sulphur 
concentrations in seams C, 1 Upper and 1 are about 1.2 
%, 1.2 % and 0.7 %. The tielines for seam 1 are 
projected to lower ash concentrations with dashed lines. 
An approximate estimate of sulphur at a lower ash 
concentration could be derived by averaging the 
projected sulphur intercepts on a vertical ash line in this 
case 4 % (chosen for the sake of clarity). In comparison 
Figure 7d is a plot of all sulphur data YG+SUS ash and 
estimating sulphur from this diagram would provide a 
higher sulphur concentration than the technique above. 
Neither technique is without faults, but the tieline 
approach may provide a better estimate. 

In general the Tenas Creek samples tend to have a 
lower organic/total sulphur ratio than coals from the 
Mist Mountain Formation (Figures 5 and 8b). With the 
exception of two samples with very high organic sulphur 
contents, there is more organic sulphur in the wash than 
raw samples (Figure 8a) and organic sulphur contents 
tend to increase as the ash decreases. The hvo samples 
with high organic sulphur are the hangingwall coal from 
C (1.62 %) and coal above the split in 1U (3.62 %). The 
organic sulphur contents of both these samples, which 
also have high pyritic sulphur, are reduced to less than 1 
% after washing without extensive loss of coal. This 
means that some of the coal has very high organic 
sulphur contents. Removing small quantities of it with 
the ash does not drastically decrease the yield, but does 
decrease the total sulphur content of the wash product. 

A lot of the coarse pyrite is associated with 
detrovitrinite and finely disseminated ash (Photo 1). The 
association of detrovitrinite, tine ash and coarse pyrite 
could indicate an environment of moderate pH, in which 
vitrinite formed, followed by generation of H,S at a 
fairly high pH with limited introduction of iron and a 
moderate amount of disruption and biodegradation of 
the humus. 

The pyritic sulphur concentrations of most of the 
samples increase as the coal is washed (Figure 8a) 
because most of the pyrite is finely dispersed in vitrinite 
and is concentrated as the ash is removed. The sulphur 
content of the ash is low, probably less than 0.2 % and 
consequently it would be better to wash the coal to a 

higher ash concentration to maintain clean coal sulphur 
contents at the 1 % level. 

Some useful information about weathering, rank 
and petrography can be deciphered from inherent or bed 
moisture content of coal. It is always useful to generate 
a plot of as-received moishlre versus ash to see if there 
are any significant variations in these parameters on a 
seam by seam basis because this infornmtion is always 
readily available. The predicted as-received moistures at 
zero percent ash vary from 11 % to 7 % (Figure 9) and 
decrease to zero at ash values varying from 65 % to 81 
%, which is equivalent to about 100 % mineral matter, 
because of the weight loss that occurs when the mineral 
matter is ashed. The lower ash at zero moisture for 1 
Upper Seam may indicate a more calcareous ash, which 
often signifies a marine influence and more sulphur, 
especially pyritic sulphur. The higher moisture in 1 
seam at zero ash may indicate that the samples were 
weathered or that the seam contains a higher proportion 
of vitrinite. In fact the mineral matter free average total 
reactives contents of the seams are 79 % for seams 1 and 
1U and 70 % for C. The easiest way of separating the 
effects of petrography from those of weathering is by 
using an ash verxa FSI plot (Ryan, 1996) or by doing 
oxidation tests (the light transmittance test is the best for 
high-volatile A through medium-volatile bituminous 
ranks). Another important aspect of as-received 
moisture is the fact that it can give an indication of the 
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Run-Of-Mine moisture content of the coal. Based on a 
20 % ash and the data in Figure 6, a moisture content 
averaging about 7 % seems reasonable. This value in 
conjunction with product moisture specifications should 
be factored into plant recovery calculations. 

Petrography data and relationship to 
sulphur distribution 

The petrographic composition of 6 samples from C 
seam, 8 samples of 1 Upper seam and 12 samples of 1 
seam were measured (Table 2) and the data presented as 
striplogs for the three seams (Figure 10). The seams are 
characterized by total reactives contents that range from 
70 % to 80 % on a mineral-matter-free basis. A lot of 
the inatinite occurs as macrinite or inertodetrinite and 
there is not much semifusinite with well preserved cell 
structure and very little fusinite. Samples contain 
moderate to low contents of liptinite considering their 
rank of high-volatile bituminous. 

The striplogs indicate that there are no major 
variations in petrography through the seams. There is a 
tendency for the upper part of the seams to be vitrinite 
poor and this correlates with the presence of coarse 
pyrite which occurs above the splits in C and IU seams. 
There are also some correlations in cross plots that 
provide hints to the controls of maceral formation. 
There is a good correlation between semifusinite plus 
fusinite versus total inerts (Figure lle), which is also 
apparent in data sets for Mist Mountain coals (Cameron, 
1972 and Grieve, 1993 ). But the proportion of 
semifusinite+fusinite is higher in the Elk Valley samples 
(dashes in Figure lie). The correlation between 
semifusinite+fusinite in both areas implies a similar 
origin, or inter-relationship of origins for the formation 
of structured inertinite and massive inertinite and 
consequently both may be related to tire, smoldering or 
charring. There is a similar relationship between the 
amount of structured vitrinite versus total vitrinite 
(Figure 1 la) and the proportion of shuctured vitrinite 
increases as the amount of total vihinite increases. The 
formation of desmocollinite and inertovitrinite implies a 

c. 
high degree of degradation of humus. There is a weak 
negative correlation of liptinite with total reactives 
(Figure 1 lb) implying that, as observed by other authors, 
liptinite is more resistant to biodegradation than pre- 
vitrinite material. 

It is easy to recognize the various forms of pyrite in 
the three seams. Coarse pyrite is concentrated in the 
upper part of Seam 1 Upper above the split (Photo 3). 
Below the split the pyrite occurs as fine framboids or 
euhedral grains usually scattered in vitrinite (Photo 1,2). 
The euhedral pyrite tills cavities in desmocollinite or 
semifusinite and generally the coal does not appear to 
have compacted around the grains implying a latter 
origin than framboidal pyrite around which the coal is 
compacted. There is very little visible pyrite in 1 Seam, 
which contains some pyrite filling fractures in inertinite 

(Photo 4). This is evenly distributed through the seam 
and was probably the last morphology of pyrite to be 
implaced. It is difficult to quantify the various forms of 
pyrite and compare the amounts to changes in 
petrographic composition. This can be done in an 
approximate fashion by generating a correlation matrix 
between macerals proportions and the sulphur analytical 
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data (Table 3). This reveals some weak correlations 
between pyritic and organic sulphur and the various 
macerals. This is probably because there is not a lot of 
sulphur form data and there is not a lot of variation in 
the maceral data. 

Organic sulphur in high sulphur seams C and 1U 
tends to correlate with liptinite content whereas in the 
low sulphur 1 seam there are no consistent correlations. 
Coarse pyrite, which is a large component of the raw 
pyrite contents in seams C and lU, does not appear to 
correlate consistently with any particular maceral. A 
better measure of coarse pyrite is the difference between 
wash and raw pyrite and this value does tend to correlate 
with total reactives (Figure 1 Ic). Fine pyrite, which is 
probably well represented by the wash pyrite contents in 
seams C and IU, correlates with liptinite and other 
reactive macerals in seam 1U. 

Washability data 

The washing characteristics of the three seams at Telkwa 
are estimated using a plot of wash ash versus coal 
recovery (Figure 12), which gives an indication of the 
relative ease of washing. Coal recovery is calculated as: 
coal recw3y = 
yield x (100.wash ash x R)/(lOO-raw ash x R) 
where R=wt mineral matteriwt ash. 

Data for easy washing seams plots in the top left 
comer of the diagram and seams that are more difficult 
to wash plot in the lower right. It is apparent that 
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relative ease of washing of the three seams is I Upper > 
C > 1 Seam. This sequence agrees with the ash vwsus 
yield plots from full washability data for the seams 
(Figure 13). Coal recovery correlates positively with the 
inert macerals and negatively with detrovihinite 
probably because of the association of finely 
disseminated mineral matter with this maceral. 

Full seam samples of the three seams were subjected 
to size analysis and washability incorporating 11 SG 
fractions. Samples were crushed and screened at top 
sizes of 9.6 , 6.0, 0.6 and 0.15 millimetres. Sulphur data 
for the three seams indicates that there is some liberation 
of pyrite into the finer sizes, but only from the 6.0 to 
0.15 millimetre size range (Table 4). The 9.6 to 6.0 
millimetre size material experienced a net pyrite gain, 
because there was little liberation of pyrite into finer 
sizes and some pyrite-free fine coal or ash particles 
ended up in finer sizes after the crushing and screening 
prOCC?SS. Pyrite is liberated from the 6.0 to 0.6 
millimetre size range and this pyrite is pushed into the 
0.15 to 0.0 millimetre size range. 

It is possible to estimate the amount of coarse and 
fine pyrite in the samples using the washability data. 
For example, the total sulphur of seam 1 for the upper 
9.6 to 6.0 millimetre size range is 3.13 % and this is 
easily reduced to about I .65 % (Figure I3), probably by 
the removal of cause pyrite. The organic sulphur 
content ofthis sample is 0.95 % so that 1.65% - 0.95% = 
0.7% is an estimate of the amount of tine pyrite in the 
sample. Table 4 documents the sulphur form and 
liberation data interpreted from the washability data. 
The 1 Upper seam contains more coarse than fine pyrite, 
whereas C seam contains about equal amounts of coarse 
and fine pyrite. The I seam, which contains low 
concentrations of both coarse and fine pyrite, is the 
easiest to wash. The coarse pyrite is concentrated in the 
9.6 to 6.0 millimetre size fraction of all three seams. 

The form, association and size of pyrite grains in the 
Telkwa seams are all critical to estimating how easy it 
will be to remove the pyrite and lower the sulphur 
concentration of the clean coal. It is important to know 
the sulphur concentration that can be achieved by 
practical washing methods. It can be uneconomic to 

crush coal to a fine size-consist, or to intensely wash it 
with a low recovery, to obtain a low sulphur product. It 
might be more practical to remove the sulphur during 
the end use of the coal, for example by scrubbers in 
modem coal power plants. 

Xx sulphur is distributed in the coal as organic 
sulphur, fine pyrite (framboidal or euhedral) and coarse 
pyrite. The tine pyrite is enclosed by vitrinite and will 
be difficult to liberate it tends to occur through out the 
seam. The coarse pyrite, which is concentrated in the 
hangingwall coal, appears to be easily liberated and 
occurs detached grains in the petrographic mounts. 

ACID ROCK DRAINAGE 
IMPLICATIONS 

This paper does not address the issue of acid rock 
drainage (ARD) at Telkwa. There are a number of 
consultant reports covering the ARD included in the 
Telkwa Coal Project Report (Man&a Coal Limited, 
1997). However because the title does include the two 
words sulphur and Telkwa it is appropriate to emphasize 
some very general points. 

Mining disturbs much larger volumes of interburden 
rock than coal seams. It is therefore important to 
concentrate acid rock drainage studies more on the 
interburden rock rather than on the coal. Sulphur in coal 
occurs in organic and pyritic forms. The organic sulphur 
does not oxidize and does not take part in acid forming 
reactions. Pyrite can oxidize to form sulphuric acid and 
ferrous iron hydroxides This is the basis of the acid rock 
drainage problem 

When coal seams are mined, they produce three 
controlled product streams; the clean coal, which leaves 
the site; the coarse refuse and the fine tailings material. 
Only pyrite is that is easily washed out of the coal stays 
on the mine lease, either in tailing material (tine 
framboidal or euhedral pyrite) or in the coarse rejects 
(coarse pyrite). 

Different forms of pyrite are more or less 
susceptible to oxidation under similar conditions. 
Framboidal pyrite composed of many very small crystals 
has the highest surface area to volume ratio and 
therefore can oxidize rapidly. The rapid generation of 
acid can overwhelm the natural neutralizing capacity of 
surrounding rock even if on a stockiometric basis it 
contains sufficient capacity to do the job. Luckily most 
of the framboidal pyrite will end up in the tailings and 
can therefore be placed in a non-oxidizing environment. 

Coarse pyrite oxidizes slower than fine pyrite and 
therefore places less stress on the neutralizing capacity 
of the surrounding rocks. This type of pyrite is most 
likely to end up in the coarse rejects. When determining 
a safe ratio of neutralizing potential to acid generating 
potential it is important to consider the relative 
percentages of the various forms of pyrite. This can be 
estimated for coal, either from core samples, or from 
bulk samples using sulphur form data and wash sulphur 
concentrations (Table 4). 
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Figure 13: Washability data fbr seams 1, 1 upper md C. Sulphur and ash vevsu.~ yield data is illustrated for three size rangrs. 

O&en it is hangingwall rock material that contains seam is moderately enriched in marine sulphur, which 
elevated concentrations of pyrite. Some of this material with available iron has formed framboidal and euhedral 
is mined as hangingwall dilution and is trucked with the pyrite through out the seam. The limited supply of iron 
raw coal to the-plant where it will be rejected at the has resulted in high concenlmtions of organic sulphur in 
breaker and can then be handled separately from general hangingwall coal. 
interburden rock. The upper part of 1 Upper seam is enriched in 

marine sulphur and coarse pyrite, indicating an influx of 
CONCLUSIONS brackish water soon after burial. The formation of the 

coarse pyrite post dates formation of the framboidal and 
The average sulphur contents of the three seams euhedml pyrite because it is external to the macerals and 

sampled at Telkwa vary from 0.7 % to 3 % on a raw often associated with delmvitrinite. The organic sulphur 
basis and 0.6 % to 1.4 % on a 1.6 SG float basis. The C content is moderately high through out the seam 
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indicating a marine influence during accumulation of the 
vegetation in an environment lacking a ready source of 
iron but suitable for the generation of HzS. 

The lowest 1 seam, which is the thickest, has the 
lowest concentration of sulphw. Pyrite concentrations 
are low and OCCUI as fracture filling in inertinite, 
indicating crystallization after some amount of 
coalitication. 

Tbe hangingwall rock lithology may well be a good 
indication of how much coarse pyrite exists in 1 Upper. 
Unfortunately there may be no tield clues as to 
variations in the organic sulphur content of the seam 
Any obvious increase in bright lithotypes in 1 seam will 
probably correlate with an increase in organic sulphur. 
In the other seams an increase in bright litbotypes may 
correlate with an increase in framboidal and euhedral 
pyite, both of which are difficult to wash out. 

Coarse pyrite is moderately easy to wash out of the 
coal. Other forms of pyrite are more difficult to wash 
out because they are associated with the coal. It is better 
to wash the coal to a higher ash content rather than to 
force coal into the reject stream in order to achieve 
minor reductions in sulphur concentrations 

Table 4 

Sulphur liberation and sulphur form data 
I Upper Seam 

size mm A TS PS OS ws CP FP 

9.1 3.13 2.14 0.95 1.65 1.48 0.7 

-13.2 2.41 1.57 0.82 1.6 0.81 0.78 

1 Seam 

9.5 x 6.” 10.6 2.18 1.44 0.72 0.9 1.28 0.18 

6 x 0.6 -8.1 1.51 0.84 0.66 0.95 0.56 0.29 

“.6x”.,5’ -4.9 1.25 0.53 0.71 0.96 0.29 0.25 

“.15X0 -0.4 1.7 0.89 0.74 
4 = pyrite liberation from size as % oftotal pyritic sulphur 

a minus sign indicates pyrite loss 
rs tota, su,pilur PS pyritic sulphur OS organic sulphur 
WS wash rulphur CP coarse pyritic sulphur 

FP fine pyritic sulphur ..- 
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OKANAGAN AGGREGATE POTENTIAL PROJECT 

By Alex Matheson, Roger Paulen, Peter T. Bobrowsky and Nick Massey 

KEYWORDS: Aggregate potential, Okanagan, sand and 
gravel, inventory, database. 

INTRODUCTION 

The Okanagan Aggregate Potential Project was 
initiated in 1996 by the Geological Survey Branch of the 
Ministry of Employment and Investment (Matheson et al, 
1996). The aim is to evaluate the aggregate potential of 
the Okanagan from the United States/Canada border to the 
Shuswap Lakes. The major parts of sixteen, 1:50,000 map 
sheets were covered over a five week period, and a total of 
267 pits were examined. An additional 41 sites had yet to 
be evaluated. 

Additional funding made available to the Ministry of 
Employment and Investment by the Minishy of Municipal 
Affairs and Housing, the Regional District of Central 
Okanagan, the City of Kelowna and the Ministry of 
Transport and Highways, enabled the Geological Survey 
Branch to complete the site examinations of the remaining 
41 pits from the previous year, as well as an additional 19 
new pits. The 60 pits were examined in the field over a 
ten day period in August, 1997. 

GEOGRAPHIC LOCATION 

The demand for aggregate is greatest near densely 
populated areas where the need for sand and gravel reflects 
the active construction industry. Numerous pits in the 
Shuswap area and near settlements such as Salmon Ann 
(82 L/l l), Vernon (82 L/6), Kelowna (82 E/14), Penticton 
(82 E/5), and Keremeos (82 E/4) form the majority of 
active aggregate extraction operations. 

The sixteen map sheets covered for this study include 
821 E 3,4, 5, 6, 11, 12, 13, 14, and 82/L 3, 4, 5, 6, 11, 12, 
13, 14, covering a north/south corridor some 80 kilometres 
wide and 200 kilometres long. 

Field Work 

Pits identified in the study area were photographed 
and documented under the following notations: name of 
pit, unique identity number and license, licensee or 
operator and development status. Additional data included 
measuring pit dimensions and exposed sections that would 
allow the interpretation of facies, depositional history and 
quarry type. A hand-held global positioning system unit 
and the 1:50,000 N.T.S. maps were used to accurately 
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define the pit location which was then plotted using UTM 
coordinates on the N.T.S. maps and soil maps for the 
Okanagan Valley. 

Data Compilation 

A database was compiled consisting of the licensing 
information, field observations, air-photo interpretations, 
delineation and identification of landforms. The aggregate 
pits have been digitized as points on the sixteen map 
sheets. This information will later be combined with water 
well-logging and previous geotechnical reports to create 
attributes for each pit for display in ARC-view, and the 
GIS sot%vare used for plotting the data. 

CONCLUSIONS - DISCUSSION 

Locating Future Deposits 

Exploration for future deposits should be in the 
low-lying areas where glaciofluvial deposits tend to be 
common. When urban development and expansion have 
limited the aggregate potential for these areas, smaller but 
similar deposits located adjacent to the large valleys could 
be used in the future. Such landforms may be located on 
the aggregate potential maps, and with ground truthing 
and more detailed air-photo interpretation, will allow 
accurate identification of aggregate resources for future 
“SC 

Value of Aggregate Program 

There will always be a demand for aggregate and 
consequentially it is essential to have a well documented 
inventory for future use in general development planning 
for construction, and the resulting infrastructure of 
transportation networks. Thus, an inventory and 
evaluation of potential aggregate resowces in areas of 
British Columbia should be completed, so that they may 
be used in a more effective manner. 
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REGIONAL GEOCHEMICAL SURVEY PROGRAM: 
REVIEW OF 1997 ACTIVITIES 

By Wayne Jackaman, Stephen Cook and Ray Lett 

KEYWORDS: Applied geochemistry, stream sediments, 
lake sediments, till, mineral exploration, multi-element, 
reconnaissance-scale, Regional Geochemical Survey. 

INTRODUCTION 

British Columbia’s Regional Geochemical Survey 
(RGS) program is a valuable source of high-quality 
baseline geochemical information. The program supports 
the exploration and development of B.C.‘s mineral 
resources by providing geochemical results from 
reconnaissance-scale surveys that arc used to map regional 
geochemical trends, assist mineral potential evaluations 
and aid regional metallogenic studies and geologic 
interpretations. 

Since 1976, the RGS program has conducted stream 
sediment and water surveys in over forty I:250 000 NTS 
map areas (Figure 30-I). In addition, several lake sediment 
and water surveys and numerous geochemical research 
studies have been completed. At present, the RGS database 
contains analytical determinations, field observations and 
sample location information for 41 981 stream sediment 
and water sample sites and 2343 lake sediment and water 
sample sites. All components of sample collection, 
preparation and analysis are closely monitored to ensure 
consistency and conformance to standards set by the 
National Geochemical Reconnaissance (NCR) Program. 

This report provides a summary of 1997 geochemical 
data releases for British Columbia, and outlines new 
projects initiated during the 1997 field season. During 
1997, new geochemical data was published for stream 
sediment and water surveys conducted in the McConnell 
Creek (NTS 94D) and Toodoggone River (NTS 94E) map 
areas. In addition, lake sediment and water geochemical 
data was released for surveys completed in the Pinchi Lake 
area of the Nechako Plateau (parts of NTS 93K) as part of 
the federal-provincial Nechako NATMAP project, and for 
the Gataga River area of the northern Kechika Trough 
[parts of NTS 94M and 104P). Results of a lake sediment 
and water survey covering the Babinc porphyry belt (parts 
of NTS 93L and 93M) as part of the NATMAP project are 
scheduled to be released in January 1998. Till geochemical 
data for two survey areas in the Babine Lake and Adams 
Plateau area were also released this year. 

Project activities during I991 included a 
reconnaissance-scale stream sediment and water program 
in the Mesilinka River (NTS 94C) area of north-central 
British Columbia, plus regional till surveys and other 
geochemical studies conducted as part of multi- 
disciplinary mapping and lnineral resource programs in the 
Nechako-Babine and Eagle Bay regions (Figure 30-I). 

Figure 30-l. Location map of RGS and related projecls. 

STREAM SEDIMENT SURVEYS 

McConnell Creek and Toodoggone River 
RGS Data Releases 

Reconnaissance-scale RGS programs were completed 
in the McConnell Creek (NTS 94D) and Toodoggone 
River (NTS 94E) I:250 000 map areas in September, 1996. 
This region is well known for its geological and 
metallogenic diversity and is considered to have high 
potential for additional discoveries of gold-copper 
porphyry, gold silver epithermal, skam, vein and basaltic 
copper deposits. 

Stream sediment samples, stream water samples and 
field observations were systematically collected from 1885 
sitrs over a total area of I8 500 square kilometres. Survey 
results were released as Open File B.C. RGS 45 and 46 on 
July IO, 1997. Immediately following the release over 750 
claim units were staked by exploration companies and 
prospectors targeting the numerous base and precious 
metal anomalies identified in the data packages (Jackaman, 
1997a,b). 

1997 Mesilinka River RGS Program 

During July and August, a truck and helicopter 
supported sample collection program was conducted in the 
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Mesiliika River (NTS 94C) I:250 000 map area. Over the 
13 500 square kilometre survey area stream sediment, 
stream water and field observations were collected from 
1008 sample sites at an average density of 1 site every 12 
square kilometres. 

Stream sediment samples will be analyzed for precious 
and base metals, pathfinder and rare earth elements (Table 
30-I). Water samples are being analyzed for pH, fluoride, 
uranium and sulphate. Survey results are scheduled to be 
released in July, 1998. 

LAKE SEDIMENT SURVEYS 

Pinchi Lake and North Gataga Data Releases 

Geochemical data from two lake sediment surveys in 
central British Columbia were released in 1997. Results of 
the Pinchi Lake survey (413 sites; Cook ef al., 1997a), in 
the Fort St. James area of the Nechako Plateau, were 
released in January, while results of the North Gataga 
survey (445 sites; Cook ef al., 1997b) in the northern 
Kechika Trough were released in August. The surveys are 
joint projects of the Geological Survey Branch and the 
Geological Survey of Canada. 

The Pinchi Lake survey area straddles the Pinchi fault 
zone between the Quesnel and Cache Creek terranes. 
Geochemical results of this survey, a contribution to the 
Nechako NATMAP Project, outline prospective new areas 
for porphyry gold-copper and molybdenum mineralization. 
Maximum element concentrations of up to 65 ppm 
molybdenum (median: 4 ppm), 250 ppm copper (median: 
50 ppm), 650 ppm nickel (median: 35 ppm), 17 ppb gold 
(median: 2 ppb), 316 ppm arsenic (median: 5.9 ppm) and 
8.4 ppm antimony (median: 0.8 ppm) in lake sediments 
were recorded. The North Gataga survey covers an area of 
Devonian-Ordovician siliciclastic and carbonate rocks 
which are prospective for sedimentary-exhalative (sedex) 
zinc-lead-barite deposits. This survey, together with a 
stream sediment geochemical survey (Jackaman ef al., 
1996) that covered more mountainous terrain to the sooth, 
complement recent bedrock mapping in the Kechika 
Trough by Ferri ef al. (1997, in press). Maximum 
concentrations of 6600 ppm zinc (median: 112 ppm), 30 
ppm lead (median: 4 ppm), 3100 ppm barium (median: 
680 ppm), 100 ppm molybdenum (median: 6 ppm), 500 
ppm nickel (median: 16 ppm), 28 ppb gold (median: 1 
ppb) and 9 ppm antimony (median: 0.7 ppm) occur in lake 
sediments of this area. 

New Data Release: Babine Porphyry Belt 

Results of a lake sediment geochemical survey of the 
Babine porphyry belt (Cook et al., 1998) are to be released 
at the Cordilleran Roundup in January 1998. The Babine 
survey (332 sites) was conducted in June 1996 in 
conjunction with bedrock mapping, surticial geology 
mapping and till geochemistry programs of the Nechako 
NATMAP Project. The survey area is centred on northern 
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ROUTINE STREAM SEDIMENT AND WATER 
ANALYTICAL SUITE 

Babine Lake, immediately east of Smithers, and covers all 
or part of six 1:50,000 scale map areas. This area includes 
the past-producing Bell and Granisle copper mines as well 
as exploration prospects such as the Heame Hill, Nak, 
Morrison and Lennac Lake porphyry copper deposits. 

TILL SURVEYS 

Eagle Bay and Babine Data Releases 

Till geochemical data for two areas in central B.C. 
were released during 1997. Regional data for a survey of 
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the Adams Plateau area (Adams Lake Plateau and North 
Bar&e Lake areas; NTS 82M14, 5) of the Shuswap 
Highland (Bobrowsky ef c&1997) in southern B.C. was 
released in April. In addition, regional till geochemical 
data for a part of the Babine porphyry belt (Old Fort 
Mountain map area; NTS 93M/l), was released via the 
intemet in May (Levson ef al., 1997a). 

1997 Till Geochemical Surveys 

Till geochemical surveys were conducted in two areas 
during 1997: the Adams Plateau area (Bobrowsky et al., 
this volume), and the Ootsa Lake-Nechako River area 
(Levson ef al., this volume). Results of the two surveys 
will complement previous till geochemical studies just 
released in the Eagle Bay and Nechako-Babine areas, 
respectively. 

OTHER GEOCHEMICAL PROJECTS 

Massive Sulphide Geochemical Pathfinders 
Project 

Geochemical sampling initiated in 1996 (Sibbick ef 
a/., 1997) and completed in 1997 (Lett ef al., this volume) 
was designed to study the geochemical expression of 
typical Kootenay terrane soil, till and vegetation. Soil, till, 
rock, tree bark and twig samples were obtained for eight 
target areas in conjunction with regional till geochemical 
surveys in the Eagle Bay area (NTS 82M/4, 5; 92Pl1, 8; 
Bobrowsky ef al., 1997a,b; this volume). The study areas 
are Birk Creek, Cam Claims, Harper property, Homestake 
Mine, Samatosum Mine, Spar property and Win Property. 
Samples were analysed for up to 50 elements by thermal 
neutron activation, aqua regia digestion-inductively 
coupled plasma emission spectroscopy and aqua regia 
digestion-ultrasonic nebulizer inductively coupled plasma 
emission spectroscopy. A small number of soil and till 
samples from the Harper and Homestake areas were also 
analysed for up to 70 elements using enzyme leach- 
inductively coupled plasma mass spectroscopy. The lower 
detection limits obtainable with aqua regia digestion- 
ultrasonic nebulizer inductively coupled plasma emission 
spectroscopy reveal arsenic, bismuth, silver, selenium and 
mercury variations that improve the effectiveness of till 
and soil geochemistry for detecting different types of 
massive sulphide and gold mineralization. 

Collection of New Control Reference Standard 

All geochemical samples submitted to contract 
laboratories for analytical work contain a range of control 
reference standards to monitor analytical accuracy. Ideally, 
the standards used in any given survey span a 
concentration range, from background to anomalous 
levels, for elements associated with target mineral deposits. 
In the case of lake sediments, a variety of in-house and 
certified CANMET control standards are used, but there is 

a dearth of gold standards at appropriate concentration 
levels. Natural gold concentrations in most lakes are very 
low ( generally about 1 ppb), and sediment standards with 
moderately high gold concentrations in the 10 ppb range 
are rare. Furthermore, artificially mixed and diluted 
standards generally yield imprecise and unsatisfactory 
results. To fulfill this requirement for an appropriate 
control standard, a bulk lake sediment sample was 
collected in August 1997 from Clisbako Lake, located 
approximately 100 kilometres west of Quesnel near N&o 
in the Fraser Plateau. This lake is adjacent to the Clisbako 
epithermal gold prospect. Prior orientation studies here 
(Cook, 1997) identified elevated concentrations of gold 
(median: 9 ppb), arsenic (median: 25.5 ppm) and antimony 
(median: 3.1 ppm) in organic sediments. The standard was 
collected by repeatedly dropping a Hornbrook sampler 
from a zodiac anchored at several locations in the western 
part of the lake, where earlier work had identified 
particularly homogenous elevated gold concentrations in 
the lo-12 ppb range. Approximately 125 litres of wet 
sediment were obtained. When dry, the sediment will be 
disaggregated in a ceramic ringmill and mixed to create the 
standard. 

RGS Interpretive Studies 

Several types of interpretive methods, including 
element sum ranking, may be used to interpret regional 
geochemical data. To assess the usefulness of element sum 
ranking in the search for volcanogenic massive sulphide 
(VMS) deposits in Carboniferous-Jurassic Cache Creek 
Group and Upper Triassic Kutcho Formation rocks in the 
Nechako NATMAP study area, this technique was used to 
identify RGS stream sediment sites with elevated 
combined copper-zinc-lead-silver data rankings in the 
western half of the Manson River (NTS 93N) map area. 
Sites were ranked, and two watersheds in the Takla Lake 
area within the top five percentiles of the combined data 
rankings were selected for follow-up investigations. A 
variety of geochemical media were sampled in an effort to 
verify and enhance the anomalies. Stream sediments, moss 
mats, stream waters and rock samples are presently being 
analyzed for trace elements by a variety of methods; results 
will be available in 1998. 

Till Dispersal Studies 

Till dispersal studies in the vicinity of Babine 
porphyry belt copper prospects, initiated in 1996 in 
association with V. Levson (Levson ei al., 1997b), 
continued during 1997 near the Dorothy and Hearne Hill 
prospects. Till and profile sampling was conducted at these 
sites, as part of the Nechako NATMAP Project, to 
document glacial dispersal and investigate copper 
concentrations in various soil horizons. Studies were also 
previously conducted near the Nak, Trail Peak and Lennac 
prospects in the Babine belt. Results will be reported in 
1998. 
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Lake Sediment Orientation Studies: 
Hill-Tout Lake 

Lake sediment orientation studies previously 
conducted at Hill-Tout Lake (Cook, 1997), near the Dual 
porphyry copper prospect south of Houston, identified 
large variations in sediment metal concentrations between 
the three distinct sub-basins of the lake. Additional 
fieldwork was conducted in 1997, as part of the Nechako 
NATMAP Project, to further investigate the stream 
sediment and water geochemical inputs to the lake basins. 
It is expected that this information will help to further 
refine regional geochemical exploration guidelines for 
lakes, such as Hill-Tout, which are located in the rugged 
western margin of the Nechako Plateau. As original water 
samples collected at the lake were analyzed by ICP-ES 
methods, additional surface and bottom-water samples 
were obtained for ICP-MS analysis, which yields superior 
data for relevant trace elements such as copper. An Open 
File report documenting sediment and water geochemistry, 
and implications for regional geochemical exploration, is 
currently being prepared (Cook and Wyatt, in preparation). 
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THE STYLE AND ORIGIN OF ALTERATION ON THE LIMONITE CREEK 
PROPERTY, CENTRAL BRITISH COLUMBIA (93L/12) 
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W.D. Tompson, Telkwa Gold Corporation. 
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INTRODUCTION 

This report mmmmizes the nature and mineralogy of 
alteration zones on the Limonite Creek Property in north 
central British Columbia. Research to date has included 
two field seasons involving extensive sampling of drill 
core, minemlogicai classification of alteration, and limited 
geochemis0y. Dating of intrusions that occur in the area 
of alteration has been initiated and one result is reported 
herein. Extensive deposits of exotic limonite also occur 
on and adjacent to the Liionite Creek property. These 
deposits are assumed to have been derived from the 
weathering and oxidation of extensive pyrite in the 
alteration zones. Research is also being directed towards 
the nature and origin of the limonite, but only a brief 
smnmaq of these results is included in this paper. 

Figure 1. Location of the Limonite Creek property 
within Stikinia, Central British Colombia. 

The Limo&e Creek property is located in Tekwa 
Pass, approximately 50 kilometres southwest of So&hers, 
in the Omineca Mining District of British Columbia. The 

property lies along a mountain ridge at an elevation of 
1275 to 1400 metres, approximately one to two kilometres 
north of Liionite Creek, a tributary of the Zymoetz 
(Copper) River. Access is by helicopter only, although the 
Tellova River logging road runs within seven kilometres 
south of the prospect. 

The Limo&e Creek property has been owned and 
explored by Telkwa Gold Corporation since 1994. 
Exploration activities have included over 6ooO feet of 
diamond drilling, airborne geophysics, induced 
polarization and soil geochemical smveys. Previously, 
Cypms Canada Inc. conducted geological mapping, rock, 
water and soil geochemical analyses, a transient 
electromagnetic (TBM) smvey, and diamond drilling in 
1992. Noranda Exploration Co. Ltd., Evergreen 
Explorations, and Pacific Petroleum Ltd. also evaluated 
the prop&y in the 1960’s. 

REGIONAL GEOLOGY 

The Limo&e Creek property is located within the 
Stikine termne (Figure 1) and is underlain by Lower to 
Middle Jurassic volcanic rocks of the Telkwa Formation. 
The Telkwa Formation consists of a varied assemblage of 
marine and non-marine talc-alkaline volcanic rocks, 
which form the basal part of the Hazelton Group. Five 
distinctive facies are recognized in the Telkwa Formation 
(Tipper and Richards, 1976). The Howson Subaerial 
Facies dominates the Telkwa Pass area, the Howwn 
Range, and most of the Telkwa Range. This facies is 
described by Tipper and Richards (1976) as an assemblage 
of bright red, maroon, purple, pink, grey and green, well- 
tedded, slightly deformed pymclastic flows and 
sedimentmy rocks, dominantly of andesitic to dacitic 
composition. 

Volcanic rocks of the Telkwa Formation are locally 
intruded by talc-alkaline stocks and batholiths of Early 
Jurassic age. These intrusions, termed Topley intrusions 
(Wordsworth et al., 1993), are thought to be 
contemporaneous with the Teikwa Formation and have K- 
At ages ranging from 173-205 Ma (Tipper and Richards, 
1976). The intrusions form a series of bodies coincident 
with the Skeena Arch, of which the Howson Batholith is 
one of the largest. This batholith comprises mainly 
tooalite and gmnodiotite and has a K-AI hornblende age 
of 193i8 Ma (recalculated from Wanless et al., 1974). 
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Younger introsions in this region include the Late 
Cretawous Buldey (ca. 70-88 Ma) and Eocene Nanika 
intrusive suites of the western Skeena Arch, as well as the 
Eocene Babine Igneous suite in the Babine Lake area to 
the east. coeval upper cretaceous voIcmic nxks of the 
Brian BON Formation are locally preserved in the western 
Skeena Arch and Eocene volcanic rocks of the Ottsa Lake 
Formation are widespread across the west-central British 
Colombia region. Both Late Cretacwos and Eocene 
intrusive suites are associated with mineral deposits in the 
region. A quartz moozonite associated with the Equity 
Deposit (CUT et al., 1984) gave an U-PI, age of 60.1i0.2 
Ma, which is likely part of the Nanika intrusive suite. 
prior to this study, U-F% dating of rocks in the Telkwa 
Pass-Limonite Crock area has not been carried out. 

PROPERTY GEOLOGY 

The geology of the Limo&e Creek property has been 
determined from mapping and drill core logging during 
exploration programs (Tompson (1997); Tompson and 
Cuttle (1994)) and fieldwork during this study. 

The Limo&e Creek prospect area is dominated by 
green and lesser maroon rhycdacitic, dacitic, and andesitic 
hdTs and flows which are interpreted to belong to the 
Telkwa Formation. The volcanic rocks are dominated by 
matic to intermediate fragmental units with lesser massive 
and flow-banded units usually of more felsic composition. 
Bedding is difficult to recognize and most units exhibit a 
strong foliation trending 060-090”. As shown in Figure 2, 
these volcanic rocks are intruded by several stocks of 
dioritic to gmnodioritic compositions. An irregular body 
of porphyritic gmnodiorite occurs in the eastern part of the 
property, approximately 300 metres south of the camp. 
The intrusion is weakly altered with biotite partially 
replaced by chlorite and traces of disseminated pyrite. 
The intrusion was sampled for U-p\, dating (sample LC- 
08). 

The Limo&e Creek prospect is bounded to the east 
by a coarse to medium grained diorite to gmoodiorite and 
to the west by a weakly porphyritic gmnodiorite. The 
intrusion to the east shows weak to moderate pmpylitic 
alteration and abundant epidotc veins close to the contact 
with the altered volcanic rocks. The majority of 
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Figure 2: Generalized geological map of the Limo&e Creek area showing intense alteration zones, exotic limo&e 
occurrences, drill holes, sample sites for U-Pb dating, and line of section for Figure 4. 
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this intmsion displays only minor alteration but does 
contain rare milky white quartz veins with minor 
chalwpyrite. This intrusion was also sampled for U-Pb 
dating (sample L&39), but results are not available at 
this time. 

Both extrusive and intrusive rocks witbin the 
Limo&e Creek prospect area are cross-cot by numerous 
late narrow basalt and diorite dike swarms. In the 
eastern part of the map, a prominent dike with northerly 
strike cuts across altered and unaltered volcanic rocks 
and various intrusive units (Figure 2). 

GEOCHRONOLOGY 

The sample of porphyritic granodiorite (sample LC- 
OS) was prepared for U-Pb dating using standard 
mineral separation techniques. The sample yielded 
abundant, high quality, clear, colourless, stubby 
prismatic zircon with rounded cross sections and simple 
terminations. No cores or zoning were obselved in 
these grains. The highest quality and coarsest 
nonmagnetic grains were selected for analysis and were 
air abraded to reduce the effects of surface-correlated Pb 
loss. These grains were split into three fractions which 
were dissolved, chemically separated and analyzed 
employing the techniques listed in Mortcnsen et al. 
(1995). All work was carried out at the Geochronology 
hboratoly of the Department of Earth and Ocean 
Sciences at the University of British Colombia. 
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Figure 3: Concordia diagram for sample LC-08. 
Ellipses are plotted at the 20 level of precision. 

Three analyzed zircon fractions for sample LC-08 are 
plotted on Figure 3 and the U-P\, data are listed in Table 
1. The beat estimate for the a&e of the rock, 52.2ti.l 
Ma, is based on the *“Pb/ U age for concordant 
fraction C. Fractions A and B give older PbRT and 
Pb/F% ages, which suggests the presence of minor 
inherited zircon. A regression line through the data 
give a poorly constrained upper intercept of ca. 300 Ma, 
which is interpreted as the average age of inherited 
zircon in fractions A and B. 
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ALTERATION 

The characterization of alteration assemblages at 
Limo&e Creek is based on drill core logging and 
petrography, as well as analyses by X-ray DillYaction 
(XRD), Scanning Electron Microscopy (SEM), and a 
hand-held i&a-red spectrometer (PEvlA). Alteration 
zones identified on the property include intense acid 
salphate and advanced argillic zones and widespread 
sericitic and propylitic assemblages. The mineralo~ of 
each alteration type is given in Table 2. 

The location of intense alteration at surface is 
shown on Figure 2. Relationships among alteration 
assemblages observed in drill core are complex (Figure 
4) although based on the limited data, regions of strong 
alteration appear to form subvertical zones (the lightly 
shaded areas in Figure 4). In individual drill holes, 
intervals of siliceous and acid solphate alteration are 
generally bound by advanced argillic alteration. This in 
tam grades to sericitic and fmally propyliticdominated 
assemblages. Alteration zones containing anhydrite 
(and/or gypsum) are generally cmtined to the periphery 
of the alteration system and are concentrated at depth. 

Acid Sulphate Alteration (AS) 

Acid sulfate alteration is characterized by the 
presence of abmite in the alteration assemblage. This 
alteration type is concentrated near the Ridge Zone, on 
the sooth side of the Limonite Creek property, and 
particularly in DH 94-5, 94-8, and 94-9. It also occurs 
at much greater depth (approximately 200 metres) in 
DH 96-2 but the relationship between these zones is 
unclear. AS altered rocks display a variety of textures 
from massive and sugary to fine-grained and distinctly 
foliated units. Original rock textures are rarely 
preserved and ahmite crystals are found either in 
massive abmiteqoartz (+/- pyrophyllite) clusters or 
concentrated in linear zones. 

As noted in Table 2, ahmite is always associated 
with quartz, in varying amounts, and vev commonly 
with pyrophyllite. Simple to complex zoning patterns 
are evident in alunite crystals from both transmitted 
light petrography as well as detailed SEM examinations. 
Energy Dispersive Spectrometxy (EDS) analyses show 
alunite compositions always have mixed K and Na 
contents and commonly may approximate natroalunite 
compositions. EDS analyses also show complex zoning 
patterns of Ca and Sr within individual ahmite gmins. 

Accessory minerals associated with the AS 
assemblage are listed in Table 2. Pyrophyllite contents 
in AS altered rocks are highly variable, ranging from 
trace amounts to greater than 30 volume 
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Table 1: U-pb Analytica data 
ihciim’ Iv, LP Pw yy w =Fw 

w 4m m =+F+ PP % 
WC-%-O8 
A C,Nl,P,S 0.117 173 1.9 198 77 13.3 0.01076 (0.27) 0.0722 (1.0) 0.04865 (0.88) 69.0 (0.4) 13,(41142) 

B c.Nl,w 0.130 196 1.8 279 52 14.7 0.00845 (0.12) 0.0552 (0.97) 0.04741 (0.90) 54.2 (0.1) 70 (4U43) 

C c,Nl.~~ 0.128 160 1.4 259 43 15.5 0.00813 (0.14) 0.05z*(0.93) 0.04710 (0.84) 52.2 (0.1) 54(40/41) 

percent in zones transitional between AS and AA 
alteration. Minor kaolinite/dickite is locally associated 
with the AS assemblage. Where is does occur, it tends 
to form fine-grained aggregates and patches interstitial 
to the quartz-ahmite assemblage. Occurrences of topaz 
are also noted, particularly in DH 94-8 and DH 94-5. 
Zoned woodhoosite-svanbergite [CaAl@04)(S0,)(OH)s 
- SrAl,(po4)(S0,)(OH)s] grains occur only in DH 94-4. 

Sulphide minerals associated with the AS 
assemblage include pyrite and locally traces of 
chakqyite., covellite, colasite [CU~~V~(A~, Sn, 
Sb)&], sphalerite, and enargite. Trace sphalerite and 
eaargite are found at approximately 220 me&es depth in 
DH 96-2 (Tompson, 1997). Colusite is slightly more 
abundant, but only occurs in this zone. 

Advanced Argillic Alteration (AA) 

Advanced argillic alteration is characterized by the 
presence of quartz and pyrophyllite with other accessory 
minerals (Table 2). This alteration type is concentrated 
roughly in the same area as AS alteration, but is also 
found locally north of the Ridge Zone in DH 94-7 and 
94-2. AA zones arc also found at greater depth in DH 
96-2, as well as in DH 96-1 and 96-3. AA assemblages 
most commonly occur as massive to highly broken, 
mottled, pale white to cfeam-wlonred units. Original 
rock textures are commonly destroyed, but where 
preserved, pymphyllite commonly replaces plagioclase 
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phenouysts. F’yrophyllite veinlets are also found locally 
cutting siliceous or AS assemblages. 

Minor diapsore has been found in AA altered rocks 
from localities across the Limonite Creek property. 
Kaoliaite/dickite occurrences are rare, aad woodhousite- 
svanbergite grains have been recognized only in DH 94- 
4. pyrite is the only common solphide mineral found 
within this assemblage. Traces of covellite are noted in 
core from the 1996 drill holes. Hematite occurs locally 
in significant concentrations, forming a distinct dark 
grey to black, massive quartz-pymphyllite-hematite 
rock. 

Aluminous Alteration (AL) 
Aluminous alteration is defined by the presence of 

aluminous minerals such as ax&&site and lamlite. 
Lazolite is found only rarely in outcrop within Lazolite 
Canyon as well as locally in DH 94-6. Andahwite is 
much more common, although its distribution is limited 
to an area west of the Ridge Zone in DH 94-6 and 94-7. 
Quartz is always found associated with andahuite in 
this assemblage, with variable amounts of pyrophyllite 
and pyrite. Where associated with pymphyllite, 
andaluaite grains commonly exhibit ragged edges and 
are surrounded by masses of fine grained pyrophyllite. 
This may indicate retrograde reactions. Due to the 
range of accessory minerals associated with this 
assemblage, AL textures are highly variable. 
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Table 2 Alteration hws and mineral assemblaees at Limo&e Creek __ 
Alteration Type 

Acid Sulphate (AS) 

Advanced Argillic (AA) 

Aluminous (AL) 

Major Minerals 

aluniteqaartz 

pymphyllite - quartz 

qomtz - andalositc +/- 
lazulite 

Associated minerals 

pyrophyllite, muswvite, rutile, pyrite, 
kaolinit&ickite, +I- topaz, zany&, woodhousite- 

Svanberghe, chalwppite, c&&e, covellite, 
enargite 

alunite, mwovite, kaolinit&lickite, diaspxc, 
pyrite, mtile, +/- covellite, woodhousite-svanbergite 

pyrophyllite, moscovite, pyrite +/- 
kaolinite/dickitc, diaspxe, hematite, chalcopyrite, 

-bade 
Silicic (SL) 

Sericitic (SR) 

AnhydrikQuartz (AQ) 

Propylitic (PR) 

9- 

moscovitequartz 

anhydrite (+A gypsu”l) - 
Pm 

chlorite and/or epidote - 
Pm 

moscovite, ahmite, pymphyllite, pyrite, r&e +/- 
bade 

pyrite, hematite, anhydrite/gypsom +/- ndile, 
ilmenite 

moscwite, pyrite, pamgonite +/- pymphyllite, 
topaz, kaolin&e 

muscovite, albite, carbonate, anhydrite, pyrite 
+/- kaolinite, montmorillonite 

Textures may range from massive and clay-rich to 
strongly foliated, usually soft and s&cite-rich, to green, 
massive, and strongly veined rocks with chlorite-filled 
amygdules. 

presence of illite, as noted in Tompson (1997) and 
Tompson and Cuttle (1994), has not been contirmed. 

Anhydrite-Quartz Alteration (AQ) 

Silicic Alteration (SI) 

Silicic alteration (SI) is defined by significant 
silitication and minor accessory minerals in the 
alteration assemblage. SI zones are concentrated in DH 
94-5 and 94-7, and arc also found locally in brccciated 
zones at surface in the Ridge Zone. Common accessory 
minerals in this assemblage include muscovite, found 
either concentrated in veins of goethite (after pyrite) or 
locally intergrown through the matrix. SI alteration is 
always partially to strongly oxidized and commonly cross- 
cut by extensive gwthite-filled fmctmes; only trace 
amounts of fresh pyrite are preserved within quartz clasts. 
Locally, quartz brcccia zones contain quartz grains and 
fine-grain4 clasts set in a goethite matrix. 

Anhydriteqwtz alteration is found distal to the most 
intense altered zones. The assemblage is concentrated at 
depth in DH 96-1 and near surface in the vicinity of DH 
92-2 and DH 94-2. Where present, AQ alteration is 
intermediate between sericitic and propylitic assemblages. 
Significant amounts of montmorillonite occur in DH 92-2 
(with lesser amounts in 94-2), associated with gypsmn- 
muscovitequartz alteration. At greater depths in DH 96- 
1, the AQ assemblage is found as massive zones 
intermixed with lesser SR alteration. Veins of anhydrite- 
quartz arc also commonly found cross-cutting SR and/or 
PR assemblages in zones located to the east of the Ridge 
Zone, particularly in DH 92-1, 94-1 and 94-2. 

Propylitic Alteration (PR) 

Sericitic Alteration (SR) 

Sericitic alteration is characterized by a muscwite- 
quartz assemblage with variable amounts of pyrite, 
chlorite and locally anhydrite&psum, pamgonite, 
hematite, and ilmenite. SR alteration is widely distributed 
across the Limonite Creek property, commonly occurring 
in a u)ne transitional between AS, AA or SI zones and 
propylitic alteration. Textorally, the SR alteration 
assemblage is highly variable, ranging from massive 
muscovitequartz to chlorite-rich zones with original 
porphyrtic textures preserved. Where SR alteration is 
transitional to AS or AA abcration, minor amounts of 
ahmite and/or pyrophyllite may occur associated with the 
muscovitequartz assemblage. Pamgonite, identified by 
XRD, is found only at depth in DH 96-1 and 96-Z. The 

Propylitic alteration assemblages are widely 
distributed peripheral to zones of more intense alteration 
and are commonly gradational into SR assemblages. The 
most common pmpylitic assemblage consists of chlorite 
with variable moscovite, quartz, and pyrite. Epidote-, 
carbonate-, and alhite-rich assemblages occur locally. 
Secondary albite has only been recognized in narrow 
intervals from DH 94-4 and 94-9 where it is usually 
associated with abundant hematite. Epidote is a common 
accessory mineral in chlorite-rich propylitic alteration and 
locally forms massive zones in DH 92-2 and rarely in DH 
94-2. Epidote is also a common constituent of quartz-rich 
veins which cross-cot propylitic and locally sericite-rich 
assemblages. Carbonate is present in only a few samples 
of epidote-bearing alteration from localities to the NE of 
the Ridge zone in DH 92-2 and DH 94-l. 
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Figure 4: Cross-section through the southwest end of 
the Ridge zone showing the dominant alteration 
assemblage in each interval (see Figure 2 for location). 

EXOTIC LIMONITE 

Exotic limonites are defined by Blanchard (1968) as 
those that have “precipitated from iron-bearing solutions 
which have moved so far from their source that the source 
can no longer be identified specifically”. The term is used 
at Limo&e Creek for three major surface limo& 
deposits, The largest of these is exposed on the slopes 
north of Limo&e Creek and covers an area of 
approximately 50 acres. It was repotted to be up to 10.5 
metres thick (British Columbia Minister of Mines, 1957). 
Drilling of this limo&e zone during 1997 indicated a 
thickness of at least 7 metres. Two other limo&e zones 
occur on the property to the north and south of the 
alteration zones (Figure 2). The ‘h4iddle Deposit’ is 
located near the camp and is actively forming from 
groundwater discharging along its northern edge. 
Drilling in 1997 determined a minimum thickness of 6 
metres. The third deposit is exposed along the southern 

The alteration at Limo&e Creek consists of irregular 
zones of acid-solphate, advanced argillic, aluminous and 
silicic alteration within broader zones of sericitic and 
widespread propylitic alteration. These alteration mineral 
assemblages and their distribution are characteristic of 
high sulphidation systems (e.g., Amibas, 1995). Although 
significant mineralization has not been found to date on 
the Limo&e Creek property, extensive pyrite and minor 
amounts of copper-rich sulphides and solphosalts occur; 
these minerals are also characteristic of high solphidation 
systems. 

The presence of a&&site-rich ahuninous alteration, 
and the predominance of pymphyllite with only minor 
kaolinite, suggest that most of the alteration formed at 
temperahues above 250°C (Reyes, 1990, Hemley et al., 
1980). This suggests that the alteration formed at greater 
depths than typical high solphidation epithermal deposits. 
Alteration assemblages of these types occor in the upper 
parts of some porphyry deposits (e.g., El Salvador; 
Gustafsoo and Hunt, 1975) and are characteristic of parts 
of the Equity Silver deposit (Wojaak, 1974), which is 
located approximately 90 kilometres southeast of Limo&e 
Creek (Figure 1). The presence of locally extensive 
anhydriteqomtz alteration at Limonite Creek, particularly 
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banks of Many Bear Creek and appears to be a relatively 
thin blanket oflimonite developed on coarse talus. 

In all three of the exotic deposits, limo&e is actively 
forming from acidic, iron-rich solutions as sheets, layers, 
and terraces parallel to the slope in each area. The 
measured pH of so&% waters associated with the 
limonites ranges from 3.4 to 6.5. As the limo&e 
precipitates, it commonly incorporates abundant organic 
matter in the form of pine needles, twigs, and leaves 
which remain trapped as successive layers accumulate. As 
a result, the limo&e often consists of friable, very porous, 
light, relatively sot? masses with abondant visible organic 
matter. Locally however, the limonite forms much denser, 
competent, and compact layers. Along the banks of Many 
Bear Creek, limo&c also hxally occurs as a matrix in 
masses of limonite-ccmented pebbles and cobbles. 

XRD analyses on selected limo&e samples indicate 
that the exotic deposits are dominated by pore goethite.. 
Sequential extraction techniques using a buffered 
ammonium oxalate solution (Schwertmann et al., 1982) 
however demonstrate that the limonite is precipitated from 
solution at surface initially as fenihydrite, which over 
time transforms to crystalline goethite. Trace element 
analyses of limo&e depth profiles have shown that 
limonitcs contain trace amounts of Cu, Zn and Mn 
(maximum of 518,38 and 90 ppm respectively). Analyses 
of surface waters actively precipitating the limonitic 
material are currently in progress. 

DISCUSSION 



at depth in DH 96-1, is also consistent with a porphyry 
environment. 

The U-Pb age for sample for the porphyritic 
granodiorite (LC-08) of 52.2ti.l Ma is interpreted to be 
post-alteration, due to the lack of sigoificant alteration 
within this intrusion. The age of alteration, therefore, is 
probably early o* pre-early Eocene. The date of the major 
granodiorite intrusion to the east (sample L&09), which 
shows moderate epidote alteration at the contact with the 
altered volcanic rocks, may constrain the age of the 
alteration more closely. At the Equity Silver deposit, the 
Eocene (ca. 50-52 Ma) intrusions are largely post-mineral 
but the 60 Ma intrusion appears to be related directly to 
mineralization. The alteration at Limo&e Creek may be 
similar in age to Equity Silver, but a significantly older 
age cannot be ruled out. Direct dating of alunite is 
required to determine the actual age of alteration at 
Limo&e Creek. 

The alteration zones at Limonite Creek are 
extensively oxidized at surface with in-situ replacement of 
pyrite by goetbite and local redistribution of goetbite. 
Oxidation persists to at least 135 metres in structures 
intersected in drill holes. Surface oxidation generated low 
pH waters that transported dissolved iron to exotic 
limo&es where iron was first precipitated as fenihydrite 
subsequently converting to goethite. The extent and 
thickness of exotic limo&es attests to the amount of pyrite 
in the Limonite Creek alteration zones and the efficiency 
of transport of iron in low pH waters. Mobilization of iron 
is a characteristic of the weathering of many high 
sulphidation alteration systems, which are dominated by 
pyrite-rich zones with negligible buffering capacity. 
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GEOLOGY AND U-Pb GEOCHRONOLOGY OF INTRUSIVE ROCKS 
ASSOCIATED WITH MINERALIZATION IN THE NORTHERN TAHTSA 

LAKE DISTRICT, WEST-CENTRAL BRITISH COLUMBIA 

By M.E. Lepitre, Mineral Deposit Research Unit, J.K. Mortensen, R.M. Friedman, 
Department of Earth and Ocean Sciences, University of British Columbia, and S.J. Jordan, 

Mineral Deposit Research Unit. 

KEYWORDS: Bulkley Suite, U-Pb, porphyry deposit, drive road. The Bergette property is located along the 
Huckleberry, Whiting Creek, Bergette, Tahtsa Lake access road to the Berg property and is accessible by all 
District, Cretaceous, Stikine Terrane. terrain vehicle. 

INTRODUCTION REGIONAL GEOLOGY 

The Bulkley Suite of intrusions are spatially associated 
with numerous important mineral occurrences in west- 
central British Columbia. Previous K-Ar dating studies 
indicated that the Bulkley Suite ranges in age from 70 to 84 
Ma (Carter, 1981). The purpose of this study is to better 
constrain the timing of Bulkley Suite magmatism and 
associated mineralization in the northern Tahtsa Lake 
District. The mineral deposits in the study area that are 
suggested to be related to Bulkley Suite intrusions include 
Huckleberry, Whiting Creek, Emerald Glacier and 
Bergette. There are six closely related intrusive phases in 
the Whiting Creek area, several of which have associated 
mineralization. In order to resolve the timing of 
emplacement of the different intrusive phases in the 
Whiting Creek area, as well as any regional trends in 
magmatism, precise age constraints arc needed. Uranium- 
lead geochronological studies were undertaken in order to 
obtain the necessary precision. 

The project area is located near the western 
margin of the Intermontane Belt within the Stikine 
tectonostratigraphic terrane (Figure 32-l). Stikinia is 
composed of volcanic and sedimentary strata of Lower 
Devonian to Middle Jurassic age (Monger et al., 1991), and 
supracrustal sequences of Middle Jurassic to Early Tertiary 
age, which are intruded by several suites of intrusive rocks. 
Monger et al. (1991) suggested that all of the components 
of Stikinia are interrelated components of a complex island 
arc terra”e. Stikinia is in fault contact with the Cache 
Creek Terrane to the east, whereas the nature of the contact 
with the terranes to the west has been largely obscured by 
Cretaceous and Tertiary intrusions. Stikinia is thought to 
have been accreted to the North American continent by late 
Middle Jurassic time or possibly earlier (Monger et al., 
1991). 

LOCATION AND ACCESS 

The northern Tahtsa Lake District is located in west- 
central British Columbia (Figure 32-l), within the 
Whitesail Lake map sheet (NTS 93E). The study area is 
situated near the western margin of the Intermontane 
morphogeological belt, within the transitional zone 
between the Coast Plutonic Complex to the west and the 
Interior Plateau to the east. Access to the area is by means 
of forestry service roads south of Houston, British 
Columbia. The forestry service roads are generally in good 
condition, and are well maintained due to continuing 
forestry activity and the impending opening of Huckleberry 
mine. The Whiting Creek property is accessible by four 
wheel drive vehicle on an exploration road from the main 
access road. Although there are roads to the north of 
Whiting Creek, vehicle access is not always possible 
beyond the creek due to occasional high water levels. 
Access to the inactive Emerald Glacier mine and areas to 
the north (the Sib& Stock) are by asteep, four wheel 

Stikinia is comprised of arc assemblages consisting of 
interbedded volcanic and marine strata. Triassic volcanic 
assemblages (Takla, Stuhini and Lewes River groups) are 
unconformably overlain by Lower to Middle Jurassic 
Hazelton Group volcanic and sedimentary rocks. These 
rocks, which arc dominantly volcanic rocks (pyroclastic) of 
talc-alkaline composition, were deposited in both marine 
and non-marine settings. 

Overlying the volcanic and marine strata are Middle 
Jurassic to Early Tertiary supracrustal sequences, which 
record the effects of the amalgamation and collision of the 
Stikine terrane (Yorath, 1991). In the study area, the 
supracrustal sequences are represented by the Ashman 
Formation of the Bower Lake Group overlain by the 
Skeena Group. 

Intrusive suites of various ages and compositions were 
emplaced into the rocks described above. These suites 
include the Late Triassic Stikine Suite, the Early to Middle 
Jurassic Topley Suite, the Middle Jurassic Three Sisters 
Suite, the Late Jurassic to Early Cretaceous Francois Lake 
Suite, the Late Cretaceous Bulkley Suite, and the Tertiary 
Nanika, Babine, Quanchus, and Goosly Lake Suites 
(Woodsworth et al., 1991). 
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Figure 32-l. Location map for the study area with res~ecf tu the main morphogeological belts in the Canadian Cordillera, and showing 
the main access road. 

LOCAL GEOLOGY Intrusives in the Huckleberry Area 

The general geology of the northern Tahtsa Lake 
District is shown in Figure 32-2. The following geological 
description is taken mainly from MacIntyre (1985). The 
most areally extensive unit in this region is the Telkwa 
Formation of the Lower to Middle Jurassic Hazelton 
Group. These rocks consist of lapilli tuff, lithic tuff, crystal 
tuff, tuff breccia and minor amounts of porphyritic augite 
and&e, dacite, tuffaceous siliceous argillite and pebble 
conglomerate. The Hazelton Group rocks are overlain by 
the Middle Jurassic Ashman Formation of the Bowser Lake 
Group, which are in turn overlain by the Early Cretaceous 
Skeena Group. The Bowser Lake Group marine 
sedimentary rocks, which occur in a fault-bounded block 
just south of the Sibola Stock (Figure 32.2), consist of 
interbedded pebble conglomerate, sandstone, siltstone, 
shale, and minor tuff. In the project area the Skeena Group 
consists of a basal conglomerate unit, an amygdaloidal 
basalt unit and a marine sedimentary unit. The Skeena 
Group is unconformably overlain by the Kasalka Group. 
The Kasalka Group as defined by MacIntyre (1985) 
comprises both volcanic and comagmatic plutonic rocks. 

Two small stocks of hornblende-biotite-feldspar 
porphyry intrude and hornfels Hazelton Group 
volcanic rocks in the Huckleberry area. Both intrusions 
have associated Cu +I- MO mineralization. Post-mineral 
lamprophyre and microdiorite dykes crosscut both 
intrusions. 

Intrusives in the Whiting Creek Area 

Several intrusions including small stocks and 
northwest trending dykes that belong to the Bulkley Suite 
were emplaced into Hazelton Group volcanic rocks in the 
Whiting Creek area (Figure 32-3). The intrusive phases in 
the area consist of: quartz porphyry, quartz monzonite 
porphyry, monzonite porphyry, quartz monzonite of the 
Whiting Stock, hornblende-biotite-feldspar porphyry 
dykes, and rhyolite dykes (Cann and Smit, 1995). 

Sibola Stock 

Several intrusive suites were emplaced into the 
volcanic and sedimentary strata described above. These 
include the Bulkley Suite intrusions, the Coast intrusions 
and the Nanika intrusions (Woodsworth et al. 1991). The 
known distribution of the Bulkley intrusions defines a 
vaguely north-south trend. Although the intrusions occupy 
back arc position with respect to coeval plutonism in 
the Coast Plutonic Complex, they are talc-alkaline in 
composition (Maclntyre, 19X5), suggesting generation in 
an arc setting, rather than in a back arc setting. 

The Sibola Stock is a large intrusive body that is 
compositionally zoned from relatively minor quartz 
monrodiorite to more typical quartz monzonite. It is 
similar in both composition and texture to the Whiting 
Stock. Dykes of several compositions, including biotite- 
feldspar porphyry and aplite, crosscut the Stock 
(Figure 32-2). 

Intrusives in the Bergette Area 

The Bergette property is located near the northern 
margin of the Sibola Stock. There are several intrusive 
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Figure 32-2. Map showing the general geology of the northern Tahtsa Lake District, the locations of the deposits studied, and the 
locations of U-W samples dated in this study. I. Huckleberry (a) Main Zone (b) East Zone; 2. Whiting Creek (a) Ridge Zone 
(b) Rusty Zone (c) Creek Zone (d) Sweeny Zone; 3. Emerald Glacier; 4. Bergette. 

I M&par PhynC oyre 

h4onmnite Porphyry h4onmnite Porphyry 

anme OCCIIO” 

< ” ” < ” ” 
1 + + f * 1 + + f * 

+ * + + * + + 
” ” ” + ” + + + 

“” ++* “” ++*+ 
** ++* 

“““+++**t+* 
” ” “” f ” f + + + t +++t+ “” 

” ” ” “““I*** ” ” ” ” 

\--:------“I 

” /, ,I ” /, ,I ” ” -0” ” moo” 
. ” _ 

,swueeny 
zone ” ” ” ” ” ” ” 7” 

Figure 32-3. Map of the geology of the Whiting Creek area, 
showing the mineralized zones and the U-Ph sample locations. 

phases assigned to the Bulkley Suite in the Bergette arca 
(Figure 32.4). The intrusive phases as described by 
Church (1971) include a tine grained biotite-hornblende 
quartz diorite (border phase of Sibola Stock), a porphyritic 
biotite hornblende quartz monzonite, a quartz porphyry, a 
breccia body, and northwest-trending feldspar porphyry 
dykes. 

MINERALIZATION 

The Late Creraceous Bulkley Suite intrusions are 
associated with numerous mineral occurrences in west- 
central British Columbia, including copper-molybdenum 
and molybdenum-tungsten porphyry deposits (McMillan 
et al., 1995). Several different styles of porphyry-style Cu 
and/or MO mineralization are observed in the study area, as 
well as a quartz-base metal vein deposit. 

Huckleberry 

Mineralization occurs in two zones in the Huckleberry 
area: the Main Zone and the East Zone (Jackson and 
Illerbrun, 1995). The sulfide mineralization occurs as a 
system of stockwork fractures and veins hosted both within 
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Figure 32-4. Geology of the Bergette area after Church (1971). 
U-Pb sample location is shown as a circled star. 

hornfelsed volcanic rocks and the East Zone Stock. 
Copper mineralization occurs as chalcopyrite and rare 
bornite, and minor molybdenum mineralization is present 
as molybdenite. 

Whiting Creek 

In the Whiting Creek area, mineralization is divided 
into four zones: The Ridge Zone, the Rusty Zone, the 
Creek Zone, and the Sweeny Zone (Figure 32-3). In the 
Ridge Zone, mineralization occurs as a quartz-molybdenum 
stockwork hosted by both the quartz porphyry and the 
surrounding hornfelsed volcanic rocks. Copper is 
relatively minor in this zone, except where it is associated 
with the monzonite porphyry which intrudes the quartz 
porphyry. The Rusty Zone is a poorly defined zone of Cu- 
MO mineralization that appears to be spatially associated 
with an altered quartz monzonite porphyry stock, which 
lies immediately to the north of the mineralized zone. 
Copper grades appear to be somewhat higher here than in 
the Ridge Zone (Can” and Smit, 1995). Mineralization in 
the Creek Zone occurs peripheral to a small stock of 
monzonite porphyry that lies entirely within the Whiting 
Stock. Sweeny Zone mineralization occurs in hornfelsed 
volcanic rocks near a small granodiorite intrusion to the 

south of the Whiting Stock. The area is covered in 
overburden and the mineralized zone is very poorly 
defined. Minor disseminated Cu and MO mineralization is 
present and appears to decrease rapidly away from the 
intrusion. 

Emerald Glacier 

The Emerald Glacier deposit is a northwest-trending, 
sheared quxtz vein which cuts the Bower Lake Group 
south of the Sib& Stock (Figure 32-2). Sulfides present in 
the vein include galena, sphalerite, chalcopyrite and pyrite. 
MacIntyre (1985) suggested that the Emerald Glacier 
deposit is genetically related to the Sibola Stock based 
mainly on the close spatial association. 

Bergette 

Two styles of mineralization were observed in the 
Bergette area by Church (1971). These styles were: 
(1) healed cracks containing gypsum, pyrite, and minor 
molybdenite with quartz and fluorite hosted in the quartz 
porphyry; and (2) thin fracture fillings and disseminations 
of pyrite, chalcopyrite and minor molybdenite with quartz 
hosted within the west marginal section of Sib& Stock. 
Although the copper mineralization at the Bergette 
property appears to be associated with the porphyritic 
quartz monzonite and the margin of Sibola Stock, formally 
described mineralized zones have not been assigned 
(MacIntyre, 1985). 

PREVIOUS GEOCHRONOLOGICAL 
STUDIES 

Several previous geochronological studies have been 
completed on Bulkley Suite intrusions in the northern 
Tahtsa Lake District. Results of these studies are 
summarized in Table 32.1. Carter (1981) obtained a K-AI 
biotite age of 82 +/- 6 Ma for the Main Zone Stock at 
Huckleberry. New U-Pb zircon dates of 83.5 +/-0.3 Ma for 
both the Main Zone and the East Zone stocks were reported 
by Friedman and Jordan (1997). Several intrusive phases 
at Whiting Creek have been dated by K-Ar methods, 
including the quartz monzonite (Whiting Stock), the 
monzonite porphyry, and a biotite-feldspar porphyry dyke. 
The K-At ages obtained for these intrusions are 81.3 +/- 
5.4 Ma, 84.1 +/- 5.8 Ma, and 76.0 +/- 4.4 Ma, respectively 
(MacIntyre, 1985). No isotopic dating studies have 
previously been undertaken for the Sibola Stock. Church 
(1971) reported a K-Ar age of 76.7 +I- 5 Ma for the quartz 
monzonite porphyry at Bergette. Based on this previous 
work in the study area and other more regional studies 
(summarized in Christopher and Carter, 1976) the Bulkley 
Suite is considered to range in age from 70 to 84 Ma 
(Carter, 1981). 
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Table 32.1 Summary of previous geochronological studies completed on Bulkley Suite intrusions in the northern 
Tahtsa Lake District. 

WHITING CREEK 

Main Zone Stock 

Quartz Monronite (Whiting 
Stock) 

Monzonite Porphyry 
Quartz-biotite-feldspar 

U-Pb (zircon) 83.5 +0.3/-0.4 Ma Friedman and Jordan, 1997 

K-AI (biotite) 81.3 +/-5.4 Ma MacIntyre, 1985 

K-At (biotite) 84.1 +/-5.8 Ma Maclntyre, 1985 
K-AI (biotite) 76.0 +I-4.4 Ma Maclntyre, 1985 

BERGE’ITE 
podwry We 
Quartz Monzonite Porphyry K-AI (biotite) 76.7 +/-5.0 Ma Church, 1971 

U-PI, GEOCHRONOLOGY 

Previous geochronological studies completed in the 
Northern Tahtsa Lake District have consisted mainly of 
K-AI biotite ages (Table 32.1). These analyses are 
relatively imprecise, and biotite, which has a relatively low 
closure temperature, is susceptible to resetting during even 
minor thermal events. With the existing database it was 
therefore impossible to resolve individual intrusive events 
in the region. A uranium-lead geochronological study of 
the various intrusive phases in the project area was 
undertaken in order to better constrain the timing of 
magmatism and related mineralization. 

Analytical techniques 

Accessory minerals were separated from the samples 
using conventional crushing, grinding. Wilfley table, heavy 
liquid, and magnetic separation techniques. All sample 
preparation and analyses were completed in the 
Geochronology Laboratory at the University of British 
Columbia as described by Mortensen et al. (1995). 

Analytical Results 

Seven samples were collected for U-Pb dating from the 
northern Tahtsa Lake District. Five of these samples are 
representative of the various intrusive phases in the 
Whiting Creek area. The other two samples are from the 
Sib& Stock and the quartz monzonite porphyry at 
Bergette. Sample locations are shown on Figures 32-2, 
32-3 and 32-4. 

Whiting Stock (CB-HK96-JO83) 

Abundant high quality zircon was recovered from a 
sample of the Whiting Stock. The zircon grains form 
euhedral stubby to elongate prisms (Ix = 2-3), with rare 
clear inclusion and no visible zoning or cores. Three 
fractions were analyzed (fractions A-C, Table 32.2). Two 
fractions of clear, honey yellow euhedral titanite were 

also analyzed (fractions Tl-T2, Table 32.2). All fractions 
of both zircon and titanite gave concordant analyses 
(Figure 32-5a), although fractions B and TI appear to have 
experienced minor Pb loss. A crystallization age of 81.9 
+I- 0.5 Ma, based on the total range of *osPb/238U ages for 
the three oldest concordant fractions that did not suffer Pb 
loss, is assigned to the rock unit. The titanite age is 
identical to the zircon age, indicating that the Whiting 
Stock cooled rapidly through the closure temperature of the 
U-Pb system in titanite (-6OO’C; Heaman and Parrish, 
1991). 

Monzonite Porphyry (CB-HK96-JlI7) 

Good quality, clear, euhedral zircon in the form of 
stubby to elongate prisms (1:~ = 2.3). was recovered from a 
sample of the monzonite porphyry. Excess pyrite in the 
sample was removed prior to hand-picking the zircon 
fractions for dating by floating it off in dilute nitric acid. 
Three zircon fractions were analyzed (Table 32.2), all of 
which yielded overlapping concordant ages (Figure 32-Sb). 
Fraction A gave an imprecise analysis, and the best 
estimate for the crystallization age of the unit, based on the 
total range of 206Pb1238U ages for the other two fractions, is 
80.4 +/- 0.3 Ma. 

Biotite Feldspar Porphyry Dyke (CB-HK96-J119) 

Abundant good quality clear, euhedral zircon with few 
inclusions and no visible zoning or cores was recovered 
from a sample of the biotite feldspar porphyry dyke. Three 
zircon morphologies were observed: elongate prisms 
(Ix = 3), stubby prisms (1:~ = 2), and equant grains. One 
fraction of each morphology was analyzed (Table 
32.2). Fraction A and B yielded concordant ages with 
overlapping error ellipses (Figure 32.5~). Fraction C falls 
to the right of concordia and gives older PblU ages and is 
interpreted to have contained an inherited zircon 
component. The crystallization age for this sample, based 
on the total range of 2osPb12isU ages of concordant fractions 
A and B, is 79.6 +I- 0.5 Ma. 
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Table 32.2. U-Pb Analytical Data. 

wt v  Pb*’ 2MPb/2MPb4 Pb’ 208Pbo uaPb,Z’““’ Z”7pb,Z’iu7 20’Pblz06Pb’ ‘“‘PblmPb Age’ 
Ow) @pm) (mm) (Pd (%I (+/- % IO) (+/- % I a c+/- % IO) (Ma +/- % 20) 

Whiting Stock (sample: CB-HK96-J083) 

A: Nl,+l*o,s 0.15 454 6 3153 17 8.8 0.01278 (0.16) 
B: Nl,+l*o,s 0.097 469 6 2518 14 8.6 0.01260 (0.13) 
C: N1,+180,e 0.069 469 6 2174 I2 8.9 0.01274 (0.10) 
Tl: 0.6.1.8,eq.u 0.32 353 5 481 196 16.6 0.01262 (0.14) 
7'2: 0.6.1.8,eq.u 0.54 475 7 541 402 I7 0.01283 (0.19) 

Monzonite Porphyry (sample: CB-HK96-J117) 

A: N1,+134.e 0.094 239 3 103 214 12.5 0.01262(0.65~ 
R:N1,+134,s 0.105 229 3 970 20 12.1 0.01254(0.11j 
c: N1,+134,s 0.118 251 3 2784 8 12.9 0.012S7(0.12j 

Biotite Feldspar Porphyry Dyke (sample: CB-HK96-J119) 

A: N2. +180,e 0.48 629 8 6631 35 10 0.01244(0.21) 
EhN2.134.180,s 0.238 720 9 4576 29 9.4 0.01238(0.13) 
C:N2,134-180.q 0.166 766 10 7323 14 10 0.01260(0.11, 

Quartz Porphyry (sample: CB-HK96-J122) 

A: N2;lW.e 0.06 894 11 3629 12 8.3 0.01288(0.09) 
B: N2;104,~ 0.057 851 II 4833 8 8.2 0.01296(0.13) 
C: N2;104s 0.048 1108 14 2529 17 7.1 0.01284(0.09) 

Quartz Monzonite Porphyry (sample: CB-HK96-J167) 

A:iv1,+134,e 0.108 541 7 5541 9 8.8 0.01320(0.10) 
El N1,+134,s 0.132 552 7 5026 12 8.5 0.01294(0.08) 
c: NI;134.e 0.152 550 7 9467 7 8.8 0.01285 (0.09) 

Sihola Stock (sample: CB-HK96-J190) 

A: N1,+134,eq 0.11 165 2 1543 9 11.6 0.01230 (0.27) 
B:N1,+134,s 0.17 177 2 2121 II 11.7 0.01233 (0.08) 
c: N1,+134,e 0.098 191 2 1677 9 13.4 0.01230(0.09) 
D:Nl,+134,t,u 0.101 220 3 1472 12 12.1 0.01221 (0.09) 

Bergette Quartz Monzonite Porphyry (sample: CB-HK96-J205) 

A:N1,+134,e 0.2 577 7 3159 28 11.2 0.01212(0.11) 
B: Nl,+134,e 0.155 505 6 4203 14 11.6 0.01169 (0.25) 
c: N1,+134,s 0.18 SO9 6 3246 22 II.1 0.01218(0.10j 

0.0842 (0.23) 
0.0827 (0.22) 
0.0838 (0.24) 
0.0831(0.51) 
0.0843 (0.45) 

0.0828 (2.2) 
0.0822 (0.28) 
0.0827 (0.22) 

0.0816 (0.23) 
0.0812 (0.22) 
0.0831 (0.18) 

0.0846(0.19) 
0.0852(0.20) 
0.0844 (0.21) 

0.0873 (0.17) 
0.08Sl (0.17) 
0.0849 (0.16) 

0.0808 (0.53) 
0.0809 (0.21) 
0.0807(0.23) 
0.0801 (0.24) 

0.0796 (0.22) 
0.0775 (0.29) 
0.0799(0.19) 

0.04777 (0.16) 
0.04762(0.15) 
0.04768 (0.20) 
0.04771 (0.42) 
0.04767 (0.33) 

0.04758 (1.9) 
0.04758(0.21) 
0.04772 (0.16) 

0.04761 (0.08) 
0.04755 (0.14) 
0.04781 (0.09) 

0.04766 (0.13) 
0.04767 (0.10) 
0.04767(0.15) 

0.04796 (0.10) 
0.04766 (0.11) 
0.04793 (0.09) 

0.04766 (0.39) 
0.04759(0.15) 
0.04757(0.17) 
0.04759 (0.18) 

0.04765 (0.16) 
0.04807 (0.16) 
0.04757 (O.llj 

87.9 +7.6/-7.7 
803 +7.2/-7.2 
83.5 +9.4/-9.5 

8.5+20,-20 
83+16/-16 

78 +86,-91 
79 l lO,-10 

85.5 +7.4,-7.4 

79.8 +3.8/-3.8 
76.7 +6&6.6 
89.8 +4.3/-4.3 

82.4 +6.0,-6.0 
83.1 +4.9/-4.9 
83.0 +7.U-7.2 

97.S +47/-4.8 
82.4 +S.O,-5.0 
95.6 +4.1/-4.1 

83+18/-19 
79.0 +7.1/-7.1 
77.8 +8.0/-8.0 
78.8 +8.4/-8.5 

82.0+7.4/-7.4 
102.6 +7.7/-7.7 
78.1 +5.4/-5.4 

D: NLl34.e 0.127 372 5 2202 16 II.6 0.01209 (0.12) 0.0793 (0.26) 0.04759 (0.19) 78.8 +9.2,-9.2 

‘Upper case letter = fraction identifier; All zircons are air abraded, except were indicated (uanabraded); Nl, N2 = non-magnetic at 
given degrees side slope on the Frantz isodynamic separator; 0.6-1.8 = magnetic at 0.6 amps field strength and non-magnetic at 1.8 
amps field strength (20° side slope) on the Frantz; Front slope for all fractions = 200; Grain size (intermediate dimension) is given in 
microns; Grain character codes: eelongate; s=stubby; eq=equant: t=tabular. 
* U blank correction of Ipg +I- 20%; U fractionation corrections were measured for each run with a double 2i’U-2”5U spike 
(approximately O.OOS/amu). 
’ Radiogenic Pb. 
a Measured ratio corrected for spike, Pb fractionation of 0.0035 to O.O043/amu +/- 20% (Daly collector; based on repeated analysis of Pb 
standard NBS 9811, and laboratory blank Pb of 1Opg +/- 20%. Laboratory blank Pb concentrations and isotopic compositions based on 
total procedural blanks analyzed throughout the duration of this study. 
’ Total cmmnon Ph in analysis based on blank isotopic composition. 
’ Radiogenic Pb. 
’ Corrected for blank Pb, U and common Pb. Common Pb corrections based on Stacey Kramers model (Stacey and Kramers, 1975) at 
the age of the rock or the 2”‘Pb/2”“Pb age of the fraction. 

32-6 British Columbia Geological Survey Branch 



CB-HKSSJ063 (Whiting Stock) 84 

0.0130 83 

3 
:: BZ r1 I: “2 A 
II 

81 = 

0.0126 TI 80 6 81.9 +I- 0.5 Ma 

CB-HKS6JllS (Biotite Feldspar Porphyry)1 

79.6 +I- 0.5 Ma 

0.080 0.081 0.082 0.063 0.064 0.065 
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80.4 +I- 0.3 Ma 

82.6 +I- 0.5 Ma 
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0.0125 
CB-HKS6-JlSO (Sib& Stock) 

0.0124 

78.9 +I- 0.2 Ma 

0.079 0.080 0.061 0.082 

37 

Figure 32.5. U-Pb concordia plots for samples from the Whiting Creek area (Figure 32.5se). Sibola Stock (Figure 32-50 and the 
Bergette area (Figure 32.Sg). 
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Quartz Porphyry (CB-HK96-Jl22) 

Clear, elongate (lx = 3-4) euhedral zircon with no 
visible inclusions, zonation or cores was recovered from a 
sample of the quartz porphyry. Excess pyrite was removed 
using dilute nitric acid. Three fractions were analyzed 
(Table 32.2), all of which gave concordant ages 
(Figure 32.5d). The age based on the total range of 
206Pb/z38U ages for these three fractions is 82.6 +/- 0.5 Ma. 

Quartz Monzonite Porphyry (CB-HK96-J167) 

Abundant clear, euhcdral zircon was recovered after 
excess pyrite was removed by nitric acid floatatio”. Zircon 
was elongate (1:~ = 2-3) with no visible zonatio”, cores or 
inclusions. Three fractions were analyzed (Table 32.2). 
The data shows considerable scatter (Figure 32.5e), and the 
following interpretation is preliminary. Fraction A is 
interpreted as having contained a” inherited zircon 
component, whereas fraction C appears to have suffered Pb 
loss as well as having contained a” inherited component. A 
preliminary age of 82.9 +I- 0.1 Ma is assigned to this unit, 
based on concordant fraction B. 

Sibola Stock (CB-HK96-J190) 

Abundant excellent quality, euhedral zircon was 
recovered from a sample of the Sib& Stock. Four zircon 
morphologies were observed, including elongate (1:~ = 4), 
stubby (1:~ = 2), equant and tabular grains. No zoning, 
cores or inclusions were visible. One fraction from each 
morphology was analyzed (Table 32.2). All of the analyses 
plot on concordia (Figure 32.5f). The analysis for fraction 
A is relatively imprecise and ““abraded fraction D displays 
minor Pb loss. An age of 78.9 +I- 0.2 Ma, based on the 
range of 2”Pb/Z38U ages for overlapping concordant 
fractions B and C, is therefore assigned to the unit. 

Quartz Monzonite Porphyry (CB-HK9GJ205) 

Abundant good quality euhedral zircon was recovered 
from a sample of the quartz monronite porphyry from 
Bergctte. Zircons were elongate to stubby (1:~ = 2-3) and 
showed no visible zoning, COT~S “I inclusions. FOIX 
fractions were analyzed (Table 32.2), three of which 
yielded overlapping concordant ages (Figure 32.5g). 
Fraction B is interpreted as having undergone Pb loss. An 
age of 77.8 +/- 0.5 Ma is assigned to the rock unit, based 
on the range of 2osPb/238U ages for the three concordant 
fractions. 

DISCUSSION 

The new high precision data generated in this study, 
together with the U-Pb data reported by Friedman and 
Jordan (1997) clearly demonstrates that magmatism in the 
northern Tahtsa Lake District spanned at least 5 to 7 
million years. The data also shows a younging trend in the 
age of magmatism from south to north within the project 
area. Porphyry-style mineralization with wide variations in 
CuIMo ratios has been recognized in the area. Friedman 

and Jordan (1997) argued that the age of mineralization at 
Huckleberry is approximated by the age of the associated 
intrusions (83.5 +/- 0.5 Ma), based on inferred rapid 
cooling through the biotite closure. temperature (Carter, 
1981). The mineralization in the Bcrgette area cannot be 
older than 77.8 +/- 0.5 Ma, which is the age of the host 
intrusion. The main phases of mineralization in the 
Whiting Creek area occurred at 82.6 +/-0.5 Ma in the 
Ridge Zone and 82.9 +/- 0.1 Ma in the Rusty Zone, based 
on the ages of the associated intrusions. Mineralization in 
the Whiting Creek area is therefore intermediate in age 
between that at Huckleberry and that at Bcrgctte. Although 
mineralization at the Ridge and Rusty z”“es is very similar 
in age, the two zones have quite different proportions of Cu 
and MO, possibly suggesting two separate mineralizing 
events. The intrusive contact relationship of the Whiting 
Stock into the quartz porphyry in the Ridge Zone inferred 
from drill hole data by Can” and Smit (1995) is confirmed 
by the new age data. 

As previously noted, the talc-alkaline nature of the 
Bulkley Suite in the study area (MacIntyw 1985) suggests 
generation in a” arc rather than a back arc setting. Broadly 
coeval magmatism has been documented in the Coast 
Plutonic Complex up to 100 km to the west of the study 
area (Woodsworth et al., 1991). However, the isotopic age 
constraints for the igneous rocks to the west are relatively 
imprecise, and it is therefore possible that the intrusions in 
the study area represent a brief eastward excursion of the 
locus of arc magmatism. It is interesting to note that 
Engebretso” et al. (1985) have postulated a” increase in 
orthogonal relative motion between the subducting oceanic 
plate to the west (Kula Plate or Farallo” Plate) and the 
North America” Plate from 100 to 75 Ma, based on fixed 
hotspot reference frame studies. This could provide a 
possible mechanism for the suggested eastward shift of the 
locus of arc magmatism. Further geochronological and 
geochemical studies of both the Bulklcy Suite intrusions 
and the Coast Plutonic Complex to the west of the study 
area are necessary in order to fully evaluate this hypothesis. 
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U-Pb GEOCHRONOLOGY, Pb ISOTOPIC SIGNATURES AND 
GEOCHEMISTRY OF AN EARLY JURASSIC ALKALIC PORPHYRY 

SYSTEM NEAR LAC LA HACHE, B.C. 

By Robin J. Whiteaker, Getty Copper Corporation, Vancouver, B.C., J.K. Mortensen and 
Richard M. Friedman, Department of Earth and Ocean Sciences, University of British Columbia 

Keywords: Ann property, Quesnel Terrane, Lac La Hache, 
alkalic porphyry, U-Pb geochronology, Pb isotopes, 
geochemistry, Early Jurassic, mineralization, alteration. 

INTRODUCTION 

The Ann property is located within the Quesnel 
Terrane of the Intetmontane Belt in south-central British 
Columbia (Figures 33-1 and 33-2). It is approximately 19 
kilometres northeast of Lac La Hache, B.C., near the 
northwestern edge of map sheet 92P14W (approximate 
coordinates: latitude 51”58’N, longitude 121’19’W). 
Topography in the region consists of moderately sloping 
hills and wide densely forested valleys. 

Previous field work has shown that the geology of the 
Ann property resembles that of other alkaline copper-gold 
porphyry systems in the Quesnel terrane (most notably Mt. 
Polley, Copper Mountain and Afton/Ajax) in terms of 
overall lithologies and styles of mineralization. 

The focus of this study was to constrain the timing of 
mineralization, and to place the volcanic and intrusive units 
in the study area into a regional tectonic framework. New 
U-Pb dates, trace-Pb isotopic analyses and some whole 
rock geochemistry are reported for rocks within the 
Spout/Peach Lake study area (Figure 33-2). It is hoped 
that possible correlations with other copper-gold porphyry 
deposits in the southern Canadian Cordillera may be made, 
ultimately leading to a more focused and improved 
approach to mineral exploration in this region. 

The southern half of the Ann property (Figure 33.3) 
was chosen for detailed study based primarily on the fact 
that this includes areas of less subdued relief and 
reasonably good exposure, and was also the focus of recent 
trenching and drilling activity. Field samples used for 
geochronologic, trace-Pb isotopic and geochemical work 
were collected from the Ann property and other localities 
within the Spout/Peach Lake study area. 

Detailed petrology, structural data, distribution of 
lithologic units, and the nature of hydrothermal alteration 
and mineralization for rocks at the Ann property study area 
are not presented in this paper; for further discussions 
concerning this research the reader may refer to Whiteaker 
(1996). 

Figure 33-l. Location of the Ann property and the distribution of 
significant alkalic copper-gold porphyry systems in the Canadian 
Cordillera. 

PREVIOUS WORK 

Previous regional-scale mapping in the study area 
(Campbell and Tipper, 1971) shows it to be underlain by 
Early Jurassic alkalic plutons, dykes and small dioritic to 
syenitic stocks. These rocks intrude broadly coeval 
volcanic rocks and sediments of the Late Triassic-Early 
Jurassic Nicola Group, which consist mainly of augite- 
phyric andesite to basaltic flows, volcanic breccias and 
tuffs and associated argillite, greywacke, limestone and 
elastic breccias. Regionally developed plutonic rocks 
include granodiorite to quartz-monzonite (Takomkane 
batholith), quartz diorite and syenodiorite. Subsequent 
detailed mapping and exploration throughout the study area 
was performed by Asarco Exploration Co. (Gale, 1991) 
and Regional Resources Ltd./GWR Resources Inc. (van 
Guttenberg, 1994; Blann, 1995), who recognized similar 
lithologies. 

No previous isotopic ages are available for rocks at the 
Ann property. Leech et al. (1963) reported a K-Ar biotite 
date of 187?14 Ma for the Takomkane batholith that lies to 
the east of the study area. Calderwood et al. (1990) 
reported a preliminary U-Pb zircon upper intercept age of 
207*5 Ma for the same body. 
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REGIONAL GEOLOGY 

The Nicola Group is an assemblage of submarine and 
subarea.1 arc volcanic and volcaniclastic rocks and related 
sediments that is interpreted to have been produced above 
an east-dipping subduction-accretion zone. This arc 
apparently developed outboard of ancestral North America 
during the Late Triassic and was active into Early Jurassic 
time (Matimer, 1987). The volcanic rocks were 
subsequently intruded by broadly coeval intrusions of 
alkalic to talc-alkalic composition that may in part 
represent plutonic roots to the arc volcanoes (Preto 1979, 
Saleken and Simpson, 1984). 

The Nicola Group has been divided into four lithologic 
assemblages (Monger 1989): a western volcanic 

belt composed of mafic to felsic, talc-alkalic volcanic and 
volcaniclastic rocks; a central volcanic belt consisting 
predominantly of alkalic to talc-alkalic basalt and and&e 
flows, volcanic breccias and lahars; an eastern volcanic belt 
composed primarily of alkalic intermediate and mafic flow 
and fragmental rocks; and an eastern sedimentary 
assemblage of greywacke, agillite, tuff and limestone, 
which is overlain by volcanic rocks of the eastern volcanic 
belt. Lithologies within the Nicola Group across the study 
area suggest correlation with the central and/or eastern 
volcanic belt of Monger (1989). Preto (1972) suggests that 
active faulting during Nicola volcanism may have 
controlled the emplacement and shape of subsequent 
intrusive bodies. East-west and northwest trending faults 
are interpreted to be cut by north trending structures (Preto, 
1979). 
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Figure 33-2. Regional geology of the southern Canadian cordillera near the Ann property study area (modified from Wheeler and 
McFeely, 1991). 
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LOCAL GEOLOGY 

The general scarcity of outcrop and extensive 
overburden in the study area, coupled with the fact that 
almost all of the rocks on the property display weak to 
intense propylitic to potassic alteration, make field 
identification and correlation of lithologic units difficult. 
On the basis of detailed surface mapping, drill core 
logging and petrographic studies several distinct 
lithologic units, alteration types and styles of 
mineralization have been defined. 

Nicola Group rocks which underlie the study area 
include massive basalt and basalt-dominated polymictic 
breccias, and augite- and hornblende-physic and&e and 
basalt. These rocks commonly display pervasive 
propylitic alteration (chlorite-epidote-calcite-s&cite), 
but where directly in contact with intrusive bodies are 
intensely potassically altered (potassium feldspar + 

biotite f magnetite), and locally hornfelsed. Very strong 
propylitic and potassic alteration of Nicola Group 
volcanic rocks has destroyed much of the primary 
textures which often makes petrographic distinction 
between basaltic or and&tic protoliths difficult. 

Local outcrops of pyroclastic beds, limestone and 
minor elastic breccia outside of the Ann property (Figure 
33-3) exhibit weak to strong propylitic alteration and/or 
skaming. 

Feldspar-porphyritic andesite (possibly a high-level 
comagmatic Nicola intrusion) also occurs on the 
property. This unit is interpreted to be Late Triassic- 
Early Jurassic in age based on both local stratigraphic 
sequences and evidence which suggests that propylitic 
alteration throughout this unit may be related to an 
adjacent, cross-cutting monzonite intrusion (considered 
to be Early Jurassic in age; see later discussion). 
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Figure 33-3. Simplified geology of the Spout/Peach Lake study area near the Ann property (after Campbell and Tippcr,l97 1; wn 
Guttenberg.1994; Blann,1995; White&r, 1996), showing geochronologic, trace.Pb isotope and geochemical sample sites. 
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Several intrusive bodies are exposed within the 
study area and appear to be part of a large polyphase 
intrusive suite that consists of dominantly fine-medium 
grained diorite, monzonite and syenite, with minor 
pyroxenite and gabbro. Locally, this intrusive suite 
contains abundant, variably resorbed, angular xenoliths 
of matic volcanic, gabbroic and gmnitic composition. 
On the southeast portion of the Ann property, the 
intrusive suite is cut by a medium-grained, 
unmineralized, quartz-hornblende-feldspar porphyry 
(QHFP) dyke. In addition, numerous 5 to 20 cm wide, 
hydrothermal breccia bodies cut the diorite-monzodiorite 
complex. One of these breccia bodies has been 
intercepted in a recent drillhole adjacent to the QHFP 
dyke; at this locality the breccia contains tine-coarse 
grained blebs of pyrite-chalcopyrite-magnetite + bornite 
(White&x, 1996), as well as elevated gold and silver 
values (Blann, 1995). 

Intrusive rocks throughout the study area display 
both pervasive and structurally-controlled hydrothermal 
alteration. Generally the rocks show moderate to intense 
propylitic (chlorite-epidote-calcite-sericite) to potassic 
(potassium feldspar-biotite-magnetite + chlorite + 
epidote f albite) alteration. In places, severe potassic 
‘flooding’ of diorite-monzodiorite has entirely 
obliterated primary rock textures and mineralogy. In 
outcrop, these rocks weather a distinctive chalky pinkish- 
white colour and commonly contain abundant resistant 
circular green epidote ‘patches’ and veins enclosed by 
pink potassium feldspar. 

Mineralization in the study area appears to be 
intimately associated with zones of strong-intense 
potassic and propylitic alteration. The mineralization 
occurs primarily within dioritic to monzodioritic 
intrusive rocks, but is locally common within Nicola 
volcanic rocks adjacent to these. intrusions. Sulphides 
(pyrite-chalcopyrite t born&) occur mainly as sparse 
disseminations and replacements of mafic minerals, but 
are also prominent within potassium feldspar epidote- 
chlorite - magnetite c albite veinlets. Some malachite 
fracture coatings are present across the Ann property 
where roadcuts have exposed mineralized Nicola 
volcanic rocks. 

Unmineralized, multilithic intrusive breccias (mafic 
volcanic, diorite and syenite fragments), crop-out locally 
throughout the southern portion of the Ann property and 
are exposed for widths of up to 150 m. The relationship 
between these breccias and the polyphase intrusive suite 
is not known. 

Numerous red-orange to pinkish, narrow (<15cm 
wide) syenite-monzonite dykes occur aaoss the Ann 
property and cross-cut both the Early Jurassic intrusions 
and the Late Triassic volcanic rocks. These dykes may 
suggest a deep late-stage potassic (syenitic) core to the 
intrusive complex. 

The Takomkane batholith crops on the eastern side 
of the study area (Figure 33-3). The subsurface lateral 
extent of this large granodiorite to quartz-monzonite 
body, with respect to the rocks and stratigraphy at the 
Ann property, is presently unknown. 

Relatively fresh matic volcanic rocks of presumed 
Tertiary age unconformably overlie both the Late 
Triassic Nicola volcanic rocks and the Early Jurassic 
intrusions on the Ann property. These rocks include 
dark-grey to black amygdaloidal hornblende porphyritic 
basalt and feldspar porphyritic basalt. Although these 
units are regionally widespread, they have been almost 
entirely removed from the immediate study area by 
Pleistocene glaciation. 

GEOCHRONOLOGY 

No previous isotopic age data exists for any of the 
intrusive bodies or volcanic rocks on the Ann property. 
Dating of other alkalic copper-gold porphyry systems 
within the Quesnel Terrane has produced U-Pb dates that 
mainly range from 210 to 200 Ma (Early Jurassic; 
Mortensen et al., 1995). The only exceptions are 
intrusions in the Mount Milligan area, which have 
yielded U-Pb zircon ages of 183+3 Ma (Mortensen et al., 
1995). 

Age control for rocks at the SpoutlPeach Lake study 
area was essential to help determine the relative timing 
of the emplacement of intrusions into the Late Triassic 
Nicola Group volcanic rocks and the genesis of 
mineralization on the property, and to facilitate 
correlation of associated Cu-Au mineralization on the 
Ann property with that of other alkalic porphyry systems 
in the Canadian Cordillera. In addition, the age of the 
Takomkane batholith, a large talc-alkalic pluton, which 
lies directly to the east of the Ann property is, at present, 
poorly constrained. Available dates for the Takomkane 
batholith are a K-AI biotite age of 187t14 Ma (Leech et 
al., 1963) and a U-Pb zircon upper intercept age of 
207t5 Ma (Calderwood et al., 1990 

U-Pb zircon and titanite analytical data for a diorite 
phase of the diorite-monzodiorite intrusive complex, a 
quartz-hornblende-feldspar porphyry dyke, a porphyritic 
and&e (possibly a high level, subvolcanic intrusion) 
and the Takomkane batholith are presented here. Sample 
localities are shown on Figure 33-3. Mineral separations 
and isotopic analyses were carried out at the University 
of British Columbia Geochronology Laboratory, using 
analytical methodology as described in Mortensen et al. 
(199.5). The analytical data are given in Table 33-l and 
plotted on convential U-Pb concordia diagrams in Figure 
33-4 (a), (b), (cl ad (0 

Feldspar-Porphyritic Andesite 

A small outcrop of pmphyritic and&e occurs on 
the west side of the study area (sample RW-95-73, 
Figure 33.3). Contacts with surrounding units are not 
exposed, and the aphanitic groundmass and moderate 
alteration masks the exact nature of this unit. It is 
interpreted to represent a high-level (sub-volcanic) 
intrusion associated with Nicola Group volcanic rocks. 
Field relationships suggest that it cross-cuts basalt- 
dominated polylithic breccia and has itself been intruded 
and propylitically altered by an adjacent xenolithic 
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monzonite stock. A small amount of inclusion-free, pale 
amber, subhedral to euhedral zircon grains was 
recovered from the sample. Three fractions form a linear 
array just below concordia between 20@187 Ma (Figure 
33.4~1). A weighted average of the Z0’Pb/2”Pb ages of 
the three analyses is 203.9k4.2 Ma, which is interpreted 
to be the crystallization age of the unit. Two unabraded 
fractions of titanite were also analyzed (Table 33-l). 
The analyses are discordant with 206Pb/2’*U ages of 194 
Ma and 172 Ma, likely reflecting post-crystallization Pb- 
loss. 

Diorite 

A sample of diorite was collected from an outcrop 
recently exposed by the construction of a drill-road near 

an outcrop of the QHFP dyke (sample RW-95.97, Figure 
33-3). Based on are logging, extensive feldspar 
staining and observed field relationships, this diorite is 
interpreted to be a phase of the main diorite- 
monzodiorite intrusion. The sample yielded a small 
number of tabular to equant, pale yellow zircons as well 
as clear to amber-yellow, broken, subhedral titanite 
grains. Two fractions of abraded zircon were analyzed. 
Both yielded discordant results indicative of the presence 
of an older inherited zircon component. No meaningful 
age could be determined from the zircon analyses. Three 
fractions of unabraded titanite were also analyzed. All 
three fractions ive concordant analyses, with a total 
range of age of 5, Pb?‘Pb ages of 203+4 Ma which is 
interpreted as the age of crystallization for the diorite 
phase (Figure 33.4b). 

Fraction’ 
Table 33-l. U-Pb analytical data. 

Wf U’ Pb*’ mPb4 PbS z”sPb - Isotopic ratios (,a,%)’ Apparent ages (20,Ma)’ 
6 

w PP~ Ppm iwPb PE R io6PbpW *oipb,*‘i” 

RW-95-73: Porphyritic andesite; UTM 616750E, 5757500N 
AA: t.200.s 0.135 90 4 242 105 35.2 0.03055 (0.24) 0.2094 (0.87) 0.04972 (0.72) 194.0 (0.9) 182 (33) 
BB: t,,*o,s 0.118 388 I2 115 814 17.8 0.02705 (0.55) 0.1904 (1.7) 0.05107 (1.4) 172.0 (1.9) 244 (64) 
A: N1.80.100,s.a 0.046 592 20 5129 IO 15.4 0.03155 (0.10) 0.2183 (0.20) 0.05018 (0.13) 200.3 (0.4) 203.4 (5.9) 
a: N1,80-l00,s 0.049 668 2, ,021 62 14.6 0.02983 (0.10) 0.2065 (0.19) 0.05020(0.15) 189.5 (0.4) 204.5 (6.9) 
c: N1.80.100,s 0.028 736 23 909 43 15.4 0.02950 (0.11) 0.2042 (0.37) 0.05019 (0.30) 187.4 (0.4) 204 (14) 
RW-95-97: Diorite; UTM 61785OE, 5757720N 
A.., 00.180,s 0.300 105 5 72 1202 40.7 0.03201 (1.0) 0.2129 (3.7) 0.04825 (3.1) 203.1 (4.0) 1 I2 (146) 
Em f.90.180,s 0.265 108 5 106 668 40.3 0.03202 (0.61) 0.2198 (2.2) 0.04978 (1.8) 203.2 (2.5) 185 (86) 
cc: t,90-180,s 0.290 117 6 94 918 39.6 0.0323, (0.71) 0.2214 (2.6) 0.04969 (2.1) 205.0 (2.8) 18, (100) 
a: N5,+134,s 0.032 570 18 916 39 10.5 0.0305, (0.15) 0.2276(0.32) 0.054,0@22) 193.7 (0.6) 375 (10) 
c: le,+,34,s 0.030 484 18 986 34 11.0 0.03626 (0.12) 0.3522 (0.26) 0.07046 (0.18) 229.6 (0.5) 94.7 (7.2) 
RW-95-98: Quartz-hornblende-feldspar porphyry dyke; UTM 61785OE, 5757750N 
A: N5.90.12O.e 
a: N5.90.120.e 
c: N5,70-100,s 
A2: N5.70.,W,s 
82: N5,70-100,s 
RW-95- 122: 
AA: t,+149,s 
Eta: t,+,49,s 
A: N,,+149,s,a 

0.113 990 22 719 236 6.0 i.OZi27 (0.18) ~0.1602 (0.40) 0.04995 (0.28) 
0.166 954 26 847 350 5.7 0.02888(1.0) 0.1992(1.1) 0.05003 (0.25) 
0.179 1236 28 811 413 6.8 0.02328 (0.26) 0.1601 (0.34) 0.04987 (0.17) 
0.020 ,162 27 925 40 6.4 0.0244, (0.10) 0.1683 (0.31) 0.0500, (0.23) 
0.034 1394 32 ,000 71 6.9 0.02386 (0.10, 0.1646 (0.4”) 0.05002 (0.34, 
Takomkane batholith: UTM 63575OE, 5743‘12iN 
0.940 92 4 235 78 37.1 0.03053 (0.27) 0.2119 (0.94) 0.05033 (0.77) 
0.810 71 3 253 472 36.5 0.03045 (0.25) 0.2111 (0.87) 0.05027 (0.70) 
0.584 278 8 7996 38 8.7 0.03048 (0.14) 0.2097 (0.15) 0.04989 (0.0.0 

148.3 (0.5) 193 (13) 
183.5 (3.8) 197 (12) 
148.3 (0.8) 189.1 (8.1) 
155.5 (0.3) 195 (II) 
152.0 (0.3) 196 (16) 

193.9 (1.0) 210 (36) 
193.4 (0.9) 207 (33) 
193.6 (0.5) 189.8 (2.1) 

a: ii1,+,49,s,a 0.525 226 7 7187 31 8.4 0.03004(0.28) 0.2088(0.31) 0.05041(0.18) 190.8(,.1) 214.1 (8.5) 
c: N,,+149.s.a 0.092 247 7 3099 14 8.3 0.03045 (0.11) 0.2097 (0.23) 0.04996 (0.15) 193.3 (0.4) 193.3 (6.9) 
Notes: Analytical techniques are listed in Monensen et al. (1995). 
’ Upper case letter(s) = fraction identifier; t=titanite; all others zircon. Nl, NS = nonmagnetic at given degrees side 
slope on Franz isodynamic magnetic separator. Front slope for all fractions=20”. Grain size given in microns. 
a = abraded, eelongate prisms, s=stubby to equant grains. 
2 U blank correction of ,pg + 20%; U fractionation corrections were measured for each run with a double 2331~235~ 
spike (about O.O05/amu). 
3Radiogenic Pb. 
4Measnred ratio corrected for spike and Pb fractionation of 0.0043lamu ? 20% (Daly collector) and 0.0012lamu * 7% 
(Faraday collector) and laboratory blank Pb of IOpg f  20%. Laboratory blank Pb concentrations and isotopic 
compositions based on total procedural blanks analysed throughout the duration of this study. 
5Total common Pb in analysis based on blank isotopic composition. 
6Radiogenic Pb. 
7Corrected for blank Pb, comnwn Pb, and U. Common Pb corrections based on Stacey Kramers model (Stacey and 
Kramers, 1975) at the age of the rock or the z”‘Pbp06Pb age of the fraction. 
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Figure 33-4. U-Pb concordia plots for samples from Ann property study area and the Takomkane batholith. Ellipses are plotted at the 
20 level of precision. 

Quartz-Hornblende-Feldspar Porphyry 
(QHFP) Dyke 

A quartz-hornblende-feldspar porphyry dyke 
(QHFP dyke) was sampled in a freshly uncovered 
outcrop in a road cut near an area of recent drilling in the 
diorite unit (sample RW-95-98, Figure 33.3). A 
relatively fresh sample was collected which provided a 
small number of small transparent light-yellow to 
orange-amber euhedral zircons of tabular and prismatic 
morphology. This unit had previously been inferred to 
be of Tertiary age. However, five fractions of unabraded 
zircons define a linear array with upper and lower 
concordia intercept ages of 199 +23/-13 Ma and 24 Ma, 
respectively (MSWD=0.3) (Figure 33-4~). Because of 
the fine grain sire of the zircons and the small amount 
recovered, none of the fractions were abraded prior to 
dissolution. The data array reflects moderate to strong 
post-crystallization Pb-loss, however there is no 
indication of any inherited zircon component present. 
The upper intercept of 199 Ma is therefore interpreted as 
the best etimate for the crystallization age of the rock. 

Takomkane Batholith 

Medium-grained, equigranular, fresh to very weakly 
altered granodiorite was collected from a steep outcrop 
at the southern end of Ruth Lake approximately 19 
kilametres southeast of the study area (Figure 33-3; 
approximate coordinates: latitude 51’49’30” N, longitude 
121°01’30” W). The Takomkane batholith is exposed 
nearer to the Ann property but in heavily forested, low, 
marshy areas where the granodiorite shows moderate 
weathering and is therefore unsuited for 
geochronological study. The granodiorite sample 
yielded abundant high-quality, coarse, transparent and 
pale amber, euhedral zircons. Inclusion-free zircons 
were chosen and divided into three fractions which were 
strongly abraded. Two of the three zircon fractions were 
concordant with 2osPb/218U ages of 193.5+0.6 Ma (Figure 
33-4d), which is interpreted to be the crystallization age 
of the unit. A third zircon fraction is slightly discordant, 
reflecting a trace amount of inheritance coupled with 
minor Pb-loss. Two fractions of euhedral, medium- 
yellow titanite were also analyzed and yielded 
concordant analyses with a “6Pb/z3 U age of 193.7+1.2 
Ma. 
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Geochronology Discussion 

New U-Pb ages reported here for rocks on and near 
the Ann property lead to the following conclusions: 

The presumed Early Jurassic age of diorite on the 
Ann property has been confirmed at 203+4 Ma. 
An Early Jurassic age of 203.9k4.2 for a feldspar- 
porphyritic and&e body suggests that intrusive 
rocks and at least some of the Nicola Group 
volcanic rocks in the area are coeval. 
Although the new U-Pb age for the QHFP dyke is 
not tightly constrained, it indicates that the dyke is 
also an Early Jurassic intrusion and clearly not 
Tertiary as previously suggested by Blann (1995) 
and “on Gutenberg (1994). 
The tightly constrained U-Pb zircon age of 193? 
0.6 Ma for the Takomkane batholith supercedes an 
earlier reported U-Pb age of 207?5 Ma for this 
body (Calderwood et al., 1990). Both samples 
were collected from essentially the same outcrop 
near Ruth Lake, close to the centre of the batholith. 
Different phases of the Takomkane have been 
reported (Campbell and Tipper, 1971) and may 
result in slight variations in cooling histories from 
the core to the outer edge of the pluton. A K-Ar 
biotite date of 187?14 Ma for the Takomkane 
batholith (Leech et al, 1963) was done on a sample 
collected near the northeast corner of the pluton and 
probably reflects relatively slow cooling of the 
batholith through the argon blocking temperature of 
the biotite. The talc-alkalic Takomkane batholith 
therefore is clearly younger than the smaller alkalic 
intrusions on the Ann property. 

TRACE Pb ISOTOPIC ANALYSIS 

Trace Pb isotopic compositions were determined for 
potassium feldspars from intrusive bodies and for 
sulpbide samples collected both regionally and within the 
study area (Figure 33-3). The purpose of this study was 
to attempt to relate the different styles of regional and 
local mineralization and alteration with intrusive suites 
interpreted to be genetically linked with mineralization. 
Analytical results are presented in Table 33-2 and plotted 
on Figure 33.5 (a), (b) and (c). Several conclusions can 
be drawn from the data set: 

Pb isotopic compositions of sulphide samples 
collected from hydrothermal breccia bodies in the study 
area, as well as veins hosted within the diorite- 
monzodiorite intrusive complex (samples 10, 11, 15, 16 
and 18), and a mineralized monzodiorite body (samples 
12 and 13) to the southwest of the study area are very 
similar to those from feldspar from both altered diorite in 
the study area and altered monzonite (sample 2) 
collected west of Peach Lake. The feldspar Pb 
compositions are thought to represent primary igneous 
compositions, whereas the sulphide Pb compositions 
provide an isotopic ‘fingerprint’ for the hydrothermal 
system that produced the mineralization. The data 

suggest that the mineralizing fluids were ultimately 
derived from the dioritic to monzonitic magma. 

Sulphides that occur in fracture-controlled veins 
(sample 14) within a moderately altered monzonitic 
intrusive body southwest of Peach Lake (Figure 33-3) 
give much more radiogenic Pb isotopic compositions 
than other sulphides and feldspan analyzed from the Ann 
property. This likely indicates that the Peach Lake 
occumnce. is unrelated to other occurences in the study 
area, and may be considerably younger. 

Feldspar Pb analyses from unaltered massive 
granodiorite and from a potassium feldspar-pegmatite 
phase of the Takomkane batholith (samples 5 and 3, 4 
respectively) define a field that is distinct from the other 
feldspar and sulphide samples analyzed from the study 
area. These data suggest that the Takomkane batholith 
was not genetically related to mineralization and 
alteration in the study area. 

A bornite-chalcopyrite skarn (sulphide sample 17) 
that occurs northeast of the Ann property less than 300 
metres from an outcrop of the Takomkane batholith 
(Figure 33-3) shows a similar trace Pb isotopic signature 
to those within the study area. This suggests that the 
skam-forming event was related to the same 
magmaticihydrothermal event that formed other mineral 
occurences in the area, rather than to the Takomkane 
batholith, as had previously been thought. 

WHOLE ROCK GEOCHEMISTRY 

Whole rock chemical compositions for a limited 
suite of intrusive and volcanic rocks on or near the Ann 
property are given in Table 33-3. Samples comprise 
Nicola Group basalt, porphyritic andesite, diorite, 
gabbro, quartz-hornblende-feldspar porphyry (QHFP), 
monzonite, monzodiorite, Takomkane granodiorite and 
Tertiary (?) basalt. An attempt was made to select the 
freshest samples available for each unit of interest. 

Nicola Group volcanic rocks and intrusions of the 
diorite-monzodiorite suite are alkaline to mildly sub- 
alkaline. However, the QHFP dyke and the Takomkane 
batholith both lie in the sub-alkaline field of an alkaline 
affinity diagram (Figure 33.6~1). 

Widespread m&somatic overprinting and the tine 
grained nature of Nicola group volcanic rocks mask 
geochemical differences between and&tic and basaltic 
protoliths; however whole rock geochemical analysis 
suggests a basaltic composition (Table 33-3) for at least 
some of the volcanic rocks. 

A plot of NazO versus KS0 subdivides intrusive 
alkaline rocks into high-potassic, potassic and sodic 
series (Figure 33.6b). All intrusive samples collected at 
the Ann Property (with the exception of the QHFP dyke) 
plot in the potassic field. Trace element compositions 
place all intrusive bodies sampled within the volcanic arc 
granitoid field on a Rb versus (Y+Nb) discrimination 
diagram. 
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Fipe 33.5. Trace-Pb isotope plots of@ Z08Pb/2wPb vs. 
*O Pb/ZwPb 

,1 versus “‘Pbl 
b) 207Pb,=‘Pb vs. Z”Pb/2 Pb and (c) “8Pb/2”Pb 
OsPb for sulphide (circles) and feldspar (crosses) 

samples collected across the Ann Property study area. 
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Figure 33-6. Classification of intrusive and volcanic rocks as 
plotted on (a) alkaline affinity diagram (Irvine and Barager, 
1971). (b) NazO vs. K20 (Middlemost, 1975) and (c)on a 
tectonic affinity diagram which plots Rb vs. Y+Nb (Pearce et 
al., 1984); abbreviations arc volcanic arc granite (VAG), ocean 
ridge granite (OR’S), within plate granite (WPG) andsyn- 
collisional granite (syn-COLG). 
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Sample Description’ /Occurrence 
Number 

Table 33-2. Common-Pb isotopic data. 
Location 20sPb/204Pb ‘O’Pb/=‘Pb z”6Pb/2”Pb 
(UTW (* 14 %) (2 lo, %) (r 10, %) 

208Pb/*@Pb 
(+ 10, %) 

2”7Pb/2wPb 
(It 10, %I 

617850E 38.375 (0.071) 
57S7750N 

614240E 38.307 (0.004) 
5760200N 

6215OOE 38.456 (0.012) 
5760400N 

15.622 (0.067) 18.89 (0.069) 

15.604 (0.003) 18.745 (0.003) 

15.635 (0.008) 

20.315tO.018) 

20.435 (0.002) 

20.563 (0.005) 

83.242 (0.001) 

83.604 (0.007) 

6215008 38.535 (0.005) 
5760400N 

15.665(0.003) 18.722 (0.003) 20.583 (0.004) 83.674 (O.OOt, 

635750E 38.780(0.019) 
5743125N 

61675OE 38.193 (0.065) 
S7578OON 

6t785OE 38.401 $l.Ocl7) 
5757750N 

15.712(0.016) 

15.612 (0.009) 

15.532 (0.065) 

15.617 (0.003) 

18.842 (0.01) 

18.737 (0.065) 

18.796(0.005) 

20.525 (0.009) 

20.379 (0.004) 

20.384 (0.007) 

20.431 (O.OOSj 

83.158(0.006) 

82.860 (0.003) 

82.897 (O.OOSj 

83.088(0.003) 

61785OE 38.438 (0.005) 
5757750N 

15.626(0.003) 18.804 (0.004) 20.44, (0.003) 83.100(0.003) 

617woE 38.419 (0.03) 
5756125N 

15.615(0.03) 18.772(0.03) 

6170OOE 38.419 (0.005) 
5756125N 

15.626 (0.005) 18.790 (0.005) 83.164 (0.002) 

19.585 (0.003) 61424OE 38.502 (0.01) 
5759700N 

15.665 (0.009) 19.659 (0.01) 

617850B 38.402 (0.01) 
5757750N 

15.620(0.005) 18.789 (0.008) 20.439 (0.006) 83.136 (0.006) 

617850E 38.405 (0.005) 
5757750N 

15.616 (0.005) 18.784 (0.005) 20.446 (0.001) 83.139(0.001) 

62127% 38.362 (O.OOSj 
57603WN 

617850E 38.3219 (0.03) 
5757750N 

15.597 (0.003) 

15.596 (0.026) 

18.893 (0.004) 

18.760 (0.03) 

20.305 (0.003) 

20.427 (0.007) 

82.553 (0.003) 

c,py;vein-fill associated with 
hydrothemalbreccia hosted 
within study area intrusive 
compten 

’ o=outcrop sample; c=core sample;f=feldspar; py=pyrite; cp=chalcopyrite; bozbornite; a=altered; u=unaltered 
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A plot of NqO versus K20 subdivides intrusive 
alkaline rocks into high-potassic, potassic and sodic 
series (Figure 33.6h). All intrusive samples collected at 
the Ann Property (with the exception of the QHFP dyke) 
plot in the potassic field. Trace element compositions 
place all intrusive bodies sampled within the volcanic arc 
granitoid field on a Rh versus (Y+Nh) discrimination 
diagram (Figure 33.6~). 

Alkalic porphyry deposits of the Canadian 
Cordillera have been divided into silica-saturated and 
silica-unsaturated categories by Lang et al. (1995). 
Silica-unsaturated types are associated with alkalic rocks 
that have leucite and/or nepheline in their modal or 
normative mineralogy, (e.g., Mount Polley, Galore 
Creek and Lorraine); whereas silica-saturated systems 
(e.g., Copper Mountain, Afton-Ajax and Mount 
Milligan) are associated with alkalic rocks with modal or 
normative quartz and lacking feldspathoids. No quartz or 
feldspathoids were observed during petrographic 
examination of intrusive and volcanic rocks from the 
study area. Normative mineralogy, however, shows that 
samples of gabbro and diorite from the Ann property are 
nepheline-leucite-normative and nepheline-normative 
respectively (Table 33-3). As well, samples of Nicola 

Group basalt and porphyritic andesite are nepheline- 
normative. Except for a monzodiorite sample. collected 
from an adjacent property none of the rocks on the study 
area are quartz-normative. Preliminary normative 
chemical analyses of rocks at and near the Ann property 
therefore suggest that it should be classified as a silica- 
undersaturated alkalic porphyry system. 

DISCUSSION AND CONCLUSIONS 

Lithological assemblages, and styles of alteration 
and mineralization throughout the Ann property study 
area indicate that it is an alkalic Cu.Au porphyry system 
similar to other alkalic deposits within Quesnellia. The 
study area is underlain by an Early Jurassic diorite- 
monzodiorite intrusive suite emplaced into Late Triassic- 
Early Jurassic Nicola Group volcanic rocks. The latter 
rocks consist of massive and polymictic mafic volcanic 
breccia, augite-phyric andesite, feldspar-hornblende- 
physic basalt and porphyritic andesite. Collectively these 
rocks are interpreted to form part of a comagmatic 
volcanic sequence (Figure 33-7) that is thought to be 
coeval with the local stocks, sills and dykes. 

2Km Intrusive Complex Volcanic Sequence 

r3 Takomkane batholith m Intrnsive breccia m Syenite to monzonite 

% QHFP dyke el Syenitic dykes Monzodiorite 

fl Diorite 

Figure 33-7. Idealized cross-section through the Late Triassic to Middle Jurassic volcanic and intrusive complex at the Ann property 
study area. Spatial relationships between volcanic and intrusive rocks at the study area, the quartz-hornblende-feldspar porphyry dyke 
(QHFP), and the Takomkane batholith are speculative. 
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Geochemically all the intrusive and volcanic rocks at 
the Ann Property are of alkaline affinity with the 
exception of the younger Takomkane granodiorite 
batholith and a quartz-hornblende-feldspar porphyry 
dyke (QHFP dyke) which are talc-alkaline. On an Rb 
versus (Y+Nb) diagram all intrusive rocks in the study 
area, as well as the Takomkane batholith, plot within the 
island arc granitoid field. The volcanic rocks and the 
diorite-monzodiorite intrusive suite ale cut by a large 
unmineralized polylithic intrusive breccia containing 
angular to subrounded fragments of matic volcanic and 
intrusive rocks of dioritic to syenitic composition. An 
unmineralized talc-alkalic quartz-hornblende-feldspar 
porphyry dyke (QHFP dyke) cross-cuts the intrusive 
complex and may be related to regional talc-alkaline 
magmatic activity. 

Hydrothermal alteration throughout the study area is 
complex and variable. Pot&c alteration has affected 
primarily plutonic rocks and is characterized by 
potassium feldspar-biotite-magnetite ? chlorite ? epidote 
f sulphide + albite assemblage. Within this alteration 
package are small, generally east-west trending zones of 
intense potassic feldspar ‘flooding’ where alteration is 
characterized by a secondary potassic feldspar-epidote- 
biotite-magnetite and sparsely disseminated pyrite- 
chalcopyrite + bornite assemblage. Surrounding the 
potassic zone are propylitically to potassically altered 
intrusive phases, Nicola Group volcanic rocks and 
intrusive breccias. These most commonly contain a 
secondary mineral assemblage of epidote-magnetite- 
chlorite-potassium feldspar-calcite-s&cite-biotite ? 
albite * pyrite + chalcopyrite + bornite. 

Mineralization at the Ann property study area is both 
fracture-controlled and disseminated. It is most closely 
associated with zones of moderate to intense potassic- 
propylitic alteration. Sulphides (pyrite-chalcopyrite +_ 
bornite) occur mainly as disseminations and matic 
replacement but are locally abundant in veinlets with 
potassic feldspar-epidote-chlorite * magnetite 2 albite. 

Elevated copper-gold values are known to exist 
within narrow zones of hydrothermal breccia that cut the 
diorite-monaodiorite suite at the Ann property adjacent 
to the QHFP dyke. This type of mineralization (pyrite- 
chalcopyrite-bornite with gold and abundant magnetite), 
occurs in veinlets (cl-2 cm), and as disseminated blebs 
interstitial to brecciated and potassically to albitically 
altered breccia clasts. The role, if any, of the nearby 
QHFP dyke in concentrating and remobilizing sulphides 
and gold associated with hydrothermal brecciation is 
uncertain. 

Trace Pb isotope analyses were performed on 
feldspars from intrusive bodies and sulphide samples 
collected both regionally and from the Ann property. 
The data suggests that the mineralizing fluids that formed 
the Co-Au mineralization within the diorite-monzodiorite 
intrusive complex and regionally were derived from 
dioritic to monzonitic magmas. Feldspars from the 
Takomkane batholith have distinctly different isotopic 
signatures than the other feldspar and sulphide samples 
analyzed and therefore may be unrelated to 
mineralization and alteration in the study area. 

New U-Pb zircon and titanite ages for rocks at the 
Ann property and for the Takomkane batholith support 
previous tectonostratigraphic interpretations that these 
plutonic bodies represent intrusions emplaced into 
Quenellia during Middle Jurassic time either during, or 
just prior to, accretion with cratonic North America. The 
alkalic diorite-monzodiorite intrusive complex was 
emplaced during Early Jurassic (20324 Ma) time into a 
Late Triassic-Early Jurassic Nicola Group volcanic 
sequence. The Early Jurassic age for a porphyritic 
and&e (203.9k4.2 Ma) suggests that Nicola Group 
volcanism continued into Early Jurassic time in the area. 

The alkaline intrusive bodies of the Ann Property 
most closely compare to the mainly Early Jurassic (20X- 
199 Ma) Copper Mountain Suite of plutons, as defined 
by Woodsworth et al. (1991). This plutonic suite forms 
a roughly linear, northwest-trending belt of small alkalic 
intrusions stretching the length of Quesnellia and 
typically range from diorite to syenite in composition 
(Lang et al., 1995, and Woodsworth et al., 1991). The 
Copper Mountain Suite of intrusions hosts several 
important Cu-Au t MO porphyry-style deposits, 
including Mount Polley, Afton-Ajax, Copper Mountain 
and Galore Creek. The Guichon Plutonic Suite is a 
mainly latest Triassic to Early Jurassic (210-200 Ma) 
group of large, primarily talc-alkalic, granodiorite 
plutons which also scatter along the length of Quesnellia. 
These intrusions typically have elongate shapes 
suggesting emplacement may have been controlled by 
either pre- or synplutonic faults (Gabrielse, 1991). 
However, the new U-Pb zircon date of 193kO.6 Ma 
(Early Jurassic) reported here for the talc-alkalic 
Takomkane batholith indicates a slightly younger age 
than the rest of the Guichon Plutonic Suite in which it 
has previously been included. This younger date alone 
does not preclude the possibility of inclusion within the 
Guichon Suite but rather may indicate emplacement of 
this suite over a longer period of time than had 
previously been thought. 

Both the Copper Mountain and Guichon Suites are 
spatially and temporally related to volcanic rocks of the 
Nicola Group (Mortimer,l986). The Guichon Suite has 
been linked to the talc-alkalic western facies of the 
Nicola Group island arc assemblage (Monger, 1985), 
and the smaller, alkalic plutons of the Copper Mountain 
Suite may be related, as comagmatic equivalents, to the 
alkaline rocks of the central and eastern Nicola volcanic 
facies (Barr et al., 1976). Petrographic observations of 
both volcanic and intrusive rock types coupled with new 
geochronology for the Ann property alkalic diorite- 
monzodiorite intrusive Complex support the 
interpretation that the system correlates with the Copper 
Mountain Suite of intrusions that were emplaced into a 
central or eastern facies of the Nicola Group. Preto 
(1979) concluded that these intrusions represent 
subvolcanic roots of a Late Triassic to Early Jurassic, 
west-facing island arc. 

Despite strong geochemical differences, the alkalic 
intrusions at the Ann Property and the talc-alkalic 
Takomkane batholith show a relatively close spatial and 
temporal relationship. This indicates that both alkaline 
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and subalkaline magmatism occurred during Early Leech, G.B., Lowdon, J.A., Stockwell, C.H., and 
Jurassic time in this area, but does not resolve the Wanless, R.K., (1963): Age determinations and 
question of whether a genetic link exists between these geological studies; Geological Survey of Canada, 
two intrusive suites. Paper 63.17, 140 pages. 
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