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FOREWORD
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This is the twenty-fifth edition of Geological Fieldwork: A Summary of Fieldwork and Current Research. An an-
nual publication, it contains reports summarizing results from B.C. Geological Survey (GSB) projects completed
throughout the province during the past year. As well, there are several contributions by associated researchers from the
Mines Branch, University of Victoria and The University of British Columbia.

The contents of this volume reflect the emphasis of the Geological Survey Branch’s field surveys. Highlights in-
clude:

� Initiation of the Ancient Pacific Margin NATMAP project, a joint venture with the Geological Survey of Canada,
universities and industry. Bedrock mapping, surficial mapping and geochemical programs demonstrate that favour-
able Yukon-Tanana stratigraphy, with potential for volcanogenic massive sulphides, extends from the Yukon into
British Columbia. Mineral deposit studies in comparable rocks in central British Columbia were also completed.

� Studies started in the southern part of the province used geology and geochemistry to identify regions having poten-
tial for plutonic-related gold deposits, such as Pogo and Fort Knox.

� Another new project was started in the Ecstall Belt within the Coast Plutonic Complex with the objective of more
clearly identifying the controls on VMS mineralization.

� An innovative provincial assessment to identify potential copper and gold-rich iron oxide deposits in British Colum-
bia, such as Candelaria and Olympic Dam, was conducted.

� Continuing coal quality and washability studies help to understand the nature of coal deposits, the province’s most
valuable commodity in 1999.

� Gemstone potential within the province continues to be evaluated.

� Mineral occurrences were examined and key areas in the Coast Ranges and Queen Charlotte Islands were covered
with regional geochemical sampling programs as a contribution to Land and Resource Management Plans..

� Geologic mapping in the Mt. McCusker-Robb Lake area was completed as part of the GSB commitment to the Fore-
land Belt NATMAP project.

The GSB continues to work on upgrading provincial geoscience databases, including those for mineral occurrences
(MINFILE), assessment report files (ARIS) and regional geochemical samples (RGS). Access to these databases im-
proves with continual revisions and enhancements to the Ministry’s internet site.

The Terrain Stability and Soils projects, funded by Forest Renewal BC, continued during 1999. The B.C. Geologi-
cal Survey Branch audits digital terrain data submitted by forest companies in compliance with the Forest Practices
Code and makes this data available over the internet. Terrain and soil maps are increasingly being used in mineral explo-
ration, for example as an aid in interpreting geochemical surveys. These products are also valuable for land-use plan-
ning.

Our thanks to all the authors whose professional skills in the field and office make this publication possible. The ar-
ticles have been edited and improved due to feedback from their colleagues and GSB managers. Special thanks go to
Janet Holland and Brian Grant, the Branch’s publications staff, who have worked long hours to meet difficult deadlines.

W.R. Smyth

Chief Geologist

B.C. Geological Survey
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Nechako NATMAP Project, Central British Columbia - 1999 Overview

D.G. MacIntyre1 and L.C. Struik2

KEYWORDS: Nechako Natmap, maps, chemistry,
mercury, fossils, plutons, geophysics, Quaternary, ice-flow,
CD-ROM, isotopes, petrography, terrane, tectonics.

INTRODUCTION

The Nechako NATMAP project is a joint mapping
venture between the Geological Survey of Canada (GSC)
and the British Columbia Geological Survey Branch
(BCGSB). This was the fifth and final year of the project
which encompasses more than 30 000 square kilometres
in central British Columbia (Figure 1). The primary ob-
jective of the project has been to improve the quality and
detail of bedrock and surficial maps to help resolve sev-
eral geological problems. In particular it addresses the
following questions: 1) the extent and nature of Tertiary
crustal extension, 2) Mesozoic compression and the man-
ner of accretion of exotic terranes, 3) the geological and
geophysical definition of the terranes, 4) the sequence of

changing Pleistocene glacial ice flow directions, and 5)
the character and dispersion of glacial deposits.

This final year of the Nechako NATMAP project was
used to research information collected in the field and
laboratory, to compile and document the study results
through various publications, and to present ideas on the
geology at various conferences. In addition we have en-
hanced our website to include more output from the pro-
ject including complete published articles, viewable
maps and photographic images. The website address is
http://www.em.gov.bc.ca/natmap/

As this is the last year of the project and essentially
no fieldwork was done, efforts have gone into producing
open file and final maps, articles for refereed journals,
government bulletins and conference presentations. This
article reviews the upcoming products and provides a di-
rectory of new and future sources of information on pro-
ject results.

PROJECT OUTPUT (1999-2000)

Maps

Bedrock, surficial, combined bedrock and surficial,
biogeochemistry, and geophysical maps are being com-
pleted and will be released as colour open file maps (Fig-
ure 2). Drafting of these maps is being done mainly by
Steve Williams and Nicky Hastings at the Vancouver of-
fice of the Geological Survey of Canada (GSC), Don
MacIntyre and Paul Schiarizza at the British Columbia
Geological Survey (BCGS), Carmel Lowe at the Pat Bay
office of the GSC, and staff of the Geoscience Informa-
tion Division of Earth Science Sector Ottawa

An annotated lithology map that addresses the rela-
tionship between geology and the natural environment
has been released for the Fort Fraser map area (93K;
Hastings et al., 1999). The map, Geoscape Fort Fraser, is
1:250 000 scale, has a pictorial legend and addresses is-
sues such as material properties, molybdenum and mer-
cury in the environment, impact of geology on fish habi-
tat and the dispersion of glacial material.

Several bedrock geology maps have been, or will be,
open filed this year. These are summarized in Table 1.
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These maps are being supplemented with data tables that
elaborate on fossil sites, isotopic age dates and mineral
occurrence information (MINFILE database of the Brit-
ish Columbia Ministry of Energy and Mines). In some
cases data tables of lithochemistry will also be included.

Surficial geology maps include that of the 1:50 000
scale Marilla map area (93F/12; Mate and Levson,
1999a), and the 1:100 000 scale Nechako River southeast
map area (93F/1, 2, 7, 8; Plouffe and Levson, in prep.)

Maps of biogeochemical survey data have been made
available for 2 more areas. The maps include a bedrock
geology base of 1:250 000 scale derived from the most
current complete compilation, and panels that contain

from 6 to 9 maps, each showing the chemical concentra-
tions of a particular element. Areas covered include
Nechako River northeast map area (93F/9,10,15,16;
Dunn and Hastings, in prep.), and Fort Fraser south-cen-
tral (93K/2,3; Dunn and Hastings 1999).

Steve Cook (BCGS) is preparing a series of 1:100 000
geochemical compilation maps for the Babine porphyry
belt, incorporating available stream sediment, lake sedi-
ment, lake water and till geochemical data for the area.
Release is tentatively scheduled to coincide with the Min-
erals North annual meeting in the spring of year 2000.

A number of integrated geological and geophysical
images are in preparation and are tentatively scheduled to
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be released as open files. These include combined
RADARSAT and Digital Elevation Model (DEM) im-
ages which provide useful information for analysis of ice
flow directions and surficial structures (E. Grunsky, O.
Niemann, C. Lowe and V. Levson); artificially-illumi-
nated aeromagnetic base maps with bedrock lithology
overlays (C. Lowe, L. Struik, and R. Kung) which pro-
vide insight on the shallow crustal structure; and artifi-
cially-illuminated aeromagnetic base maps with gravity
overlays which emphasize deeper crustal structures (C.
Lowe, L. Struik and R. Kung).

Articles

Several manuscripts deal with the economic geology
of the region, particularly the Endako molybdenum camp
(93K/3). The latter describe the hydrothermal alteration
and fluid chemistry (Selby et al., 1999), the plutonic geo-
chronology (Villeneuve et al., in prep.) genesis of the
Endako Batholith (Whalen et al., in prep.), molybdenum
distribution in local lake sediments (Cook, in press), and
structure of the Endako mine area and batholith using
paleomagnetic and aeromagnetic data (Lowe et al., in
prep). Work continues on dating molybdenite from the
Endako mine and surrounding François Lake Plutonic
Suite using the Re-Os technique (D. Selby, personal com-
munication, 1999).

A final report on the Babine Porphyry copper belt
(93L/9, 16; 93M/1, 8) will focus on new geochronologic
dating and tectonic evolution of the district in Late Creta-
ceous to Eocene time (MacIntyre et al. in prep). A sepa-
rate article will discuss the economic potential for
volcanogenic massive sulphide deposits associated with
mid Cretaceous felsic volcanic centers that were identi-
fied by geochronologic dating done as part of the Babine
project (MacIntyre et al., in prep.)

Studies of the chemical patterns within the Pinchi
mercury belt (93K/8, 9, 14) have documented the distri-
bution of mercury concentrations in lake sediments
(Cook and Jackaman, in prep.) and till (Plouffe, 1999). As
well, manuscripts describing the evolution of the Eocene
felsic volcanic rocks and associated plutons (Grainger et
al., in prep.), mafic volcanic rocks of the Endako Group
(Anderson et al., in prep.) and Neogene nodule-bearing
alkaline basaltic intrusive and volcanic rocks (Resnick et
al., in prep.) are expected. Lowe et al. (in prep.) assess the
utility of airborne radiometric data for bedrock and
surficial mapping and molybdenum exploration over the
Capoose (93F/6) and Endako (93F/15; 93K/2, 3, 4, 5, 6,
7) batholiths.

A summary paleontology article for the Canadian
Journal of Earth Science (CJES) is underway as a prelude
to a thoroughly documented and fully illustrated GSC
Bulletin (M. Orchard, F. Cordey, L. Rui, W. Bamber).

The Quaternary geology of the northern sector of the
Nechako River map sheet (93F) is currently being docu-
mented (Plouffe, in prep.).

Presentations

Participants of the Nechako NATMAP project pre-
sented results of their mapping and research at several
conferences and workshops throughout the year (Table
2). Project results will continue to be highlighted in the
coming year. In particular, a symposium on the Nechako
NATMAP project will be hosted at the Geological Soci-
ety of America Cordilleran Section meeting to be held in
Vancouver, April 27-29, 2000. The symposium is ex-
pected to consist of approximately 20 talks and a range of
posters on the geological history and in part its metallo-
genic significance. Papers from the symposium are
planned to be compiled and to appear as a special volume
of the CJES to be released early in the year 2001.
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Computer Products

CD-ROM

ACD-ROM product will be used to highlight the geo-
chemical data collected through the Nechako NATMAP
project area. All lake, till, biochemical, and MINFILE
data have been compiled for the project area. Some of the
lithochemical data has also been gathered. Geology base
maps for the CD will be at 1:250 000 scale.

Surficial geological maps, reports, and till geochem-
istry for the Fort Fraser (93K) and Manson River (93N)
areas are being compiled onto CD-ROM for interactive
use with computers (Plouffe, A. and Williams, S.P., in
prep.) The GIS product will include a Windows compati-
ble map and data viewer; the reports are compiled in web
browser format.

Internet

Nechako NATMAP project hosts a web site that con-
tains project information and scientific results. The web
site was revised this year, and new material and categories
of material have been added. The site now hosts scientific
reports, project area photographs, some internet viewable
maps and updated lists of references to publications de-
rived from the project (Williams and MacIntyre, 1999).
The material on the project web site will be transferred to
the CORDLink website when all the work on the project is
over.

ON-GOING RESEARCH

Several avenues of research are being pursued in the
final stages of the project. Each of these is intended to
constrain interpretations of the field mapping and to un-
derstand the genesis and evolution of the various rock
suites. The research includes isotopic chemistry and age
dating, combined chemical and petrographic studies, fos-
sil determinations, structural analysis, and ice flow and
aquifer characterization.

Isotopic, Chemical and Petrographic
Characterization

Several isotopic studies in Nd, Sr, Pb and O concen-
trations are being used to understand the genesis and
sources of the Permian through Eocene magmatic suites
(Lapierre et al., 1999; R. Anderson, personal communica-
tion 1999; N. Grainger, personal communication,1999).
Age dating of these and other plutonic and volcanic suites
continues to be used to constrain some of the more appar-
ent critical events (N. Grainger and M. Villeneuve).

Petrographic characterization of the minerals in the
Eocene Endako Group (primary and amygdaloidal) has
been completed (Barnes and Anderson, 1999).

A detailed study of Eocene volcanic rocks within the
Fort Fraser and Nechako River map areas by Nancy
Grainger (University of Alberta), has included 4 U-Pb

and 7 Ar/Ar ages of units within the Ootsa Lake Group, 25
geochemical analyses, 28 Sm/Nd and Rb/Sr analyses of
the Newman volcanics, and Endako and Ootsa Lake
groups. An accompanying study of the Oligocene and
Miocene volcanic rocks includes 4 Ar/Ar age determina-
tions and Sr and Nd isotopic analyses of basalts and
lherzolite xenoliths from three different volcanic centers.
Those analyses complement extensive geochemical char-
acterization of the suite and permit comparisons with ap-
parently co-magmatic suites farther south (Resnick,
1999). Ar/Ar and geochemical analytical work was com-
pleted at the Geological Survey of Canada (Ottawa) and
all other isotopic work was completed at the Radiogenic
Isotopic Facility at the University of Alberta. Preliminary
data was presented at the Cordilleran Tectonics Workshop
(Grainger and Anderson, 1999) and complete data is re-
ported in an unpublished thesis (Grainger, 1999).

A suite of newly recognized Late Cretaceous plutons
in southwestern Nechako River map area extends the
known distribution of the commonly-mineralized
Bulkley plutonic suite farther east than previously known
(Billesberger et al., 1999; Friedman et al., 1999)

Paleontology

Subsequent to data published by Orchard et al.
(1999), an additional 22 conodont microfaunas were re-
covered from samples collected by Hillary Taylor during
the summer of 1998, 6 of them in conjunction with field
crews of the BCGS. In addition, BCGS geologists col-
lected samples that added 5 additional conodont faunas.
The collections included faunas with Late Carboniferous,
Permian and Triassic ages which were not known in this
area prior to the Nechako project. Amongst these were
Middle to Late Permian conodonts both from Mount Cop-
ley, and from recollections in the Leo Creek area. More
evidence of both Permian and Triassic conodonts were
found in the Necoslie River breccia, and well defined
Tethyan fauna were collected from west of Stuart Lake.
Well-preserved Late Triassic fauna were recovered from
limestone along Pinchi Lake. BCGS collections included
new Middle to Late Permian and Late Triassic sites from
the south shore of Trembleur Lake.

Preparation of these samples and SEM photography
of key elements of the conodont fauna was undertaken
during the Spring and a summary of the data was pre-
sented at the International Congress on the Carbonifer-
ous-Permian, held in Calgary, August 17-21 (Orchard et
al., 1999).

Research, evaluation and documentation continues
on the radiolaria (Fabrice Cordey), fusulinid (Lin Rui),
and coral and brachiopod (Wayne Bamber) collections
from the Cache Creek Group of the project area. All the
fossil studies will be integrated into an evaluation of the
Cache Creek Group paleontological character.
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Terrane characterization

As part of research on the Sitlika assemblage of
Cache Creek Terrane, Nick Massey and Paul Schiarizza
(BCGS) have been interpreting the geochemistry of
Sitlika volcanic and plutonic rocks and diabase dikes and
gabbros from the adjacent Cache Creek ophiolitic sec-
tion. Petrography of the sedimentary and volcanic suc-
cessions is being used to assist in establishing the
depositional environments and to differentiate and corre-
late these successions with those to the southeast.

Tectonics and Structure

Analysis of the structural history and geometry, in
combination with the genesis of the various rock suites is
being done to further constrain the tectonic evolution of
the central Canadian Cordillera. Particular attention has
been focussed on the transtensional and magmatic events
of the early Eocene, and the Jurassic imbrication of the
Quesnel, Cache Creek and Stikine terranes (R.G. Ander-
son, D.G. MacIntyre, P. Schiarizza, L.C. Struik). Interpre-
tation of paleomagnetic and aeromagnetic data (R.J.
Enkin, C. Lowe) are being used to test and constrain the
Eocene transtensional model. Cretaceous compression
and possibly extension is less well understood due to
poor exposure.

Quaternary Geology

Studies of the glacial materials and incorporation of
field and high resolution DEM information constraining
ice-flow directions are being used to assist in drift pros-
pecting techniques in central British Columbia (V.
Levson and A. Plouffe), and to constrain the source areas
and distribution of anomalously rich concentrations of
cinnabar (A. Plouffe and G. Hall).

Quaternary geology studies conducted by the BCGS
in 1999 included the analysis of till geochemical data for
the Babine porphyry belt (93 M/1, 2, 7, 8, L/9,16) and the
west-central part of the Nechako map area (93F/5, 12).
Other work analyses Quaternary stratigraphic data and
ongoing landslide hazard studies (e.g. Levson, 1999;
Levson et al., 1999a; Mate and Levson, 1999a; Stumpf
and Broster, 1999a, b, in prep; Stumpf et al., in prep a, b).

Recent research has focused on landslide hazard
studies including work towards a Ph.D. thesis by Don
McClenagan and a M.Sc. thesis by Dave Mate. Both these
theses will also contribute to regional Quaternary strati-
graphic studies in central British Columbia.

A. Stumpf is completing an investigation of the Fra-
ser Glaciation ice-flow history of west–central British
Columbia (Stumpf and Broster, 1999a, b, in prep; Stumpf
et al., in prep a). New interpretations suggest that during
the maximum-phase of glaciation, glaciers moved west-
ward to the Pacific Ocean, and eastward into Alberta from
an ice divide/dome situated over the interior of the prov-
ince. These ice-flow directions are discordant with earlier
and later glacier movements; in some areas ice-flow di-

rections shifted by up to 180 degrees). These results are
significant, and have applications not only to drift explo-
ration models/techniques, but also to our understanding
of subglacial processes, dynamics of large ice sheets,
paleoclimatic models, and isostatic tectonics.

D. Mate is currently investigating translational and
rotational landslides along the shores of the Nechako
Reservoir and banks of the Cheslatta River. Cross-sec-
tions compiled for rotational slides along the Cheslatta
River show slumps up to 230 m wide and about 25 m high
with main scarps as much as 6 m high. The slumps are ac-
tive and characterized by amphitheatre-shaped main
scarps, backward-tilted slump blocks, earthflows, small
sag ponds, and slickensided basal slip surfaces in
glaciolacustrine sediments (Mate and Levson, 1999d).
These slides have been locally reactivated subsequent to
logging and road construction (Levson et al., 1999).

Surficial geological mapping of the Marilla map
sheet (93F/12) is nearly completed. Compilation of one
of the most complete Quaternary sections in the region
shows the presence of two exceptionally rare strati-
graphic units interpreted as: 1) a till deposited during the
penultimate glaciation and 2) nonglacial, organic bear-
i ng , l a cus t r i ne sed imen t s o f p robab l e Midd l e
Wisconsinan age (Mate and Levson, 1999a, b, c).
Large-scale troughs oriented transverse to the regional
ice flow direction are readily apparent on small scale
DEM’s and air photos and are associated with ice-paral-
lel, streamlined ridges (crag-and-tail forms) (Mate and
Levson, 1999a, c).

In the Fulton River map area, a large area of
hummocky moraine and associated incised meltwater
channels has been identified (Stumpf, in prep). From the
distribution of ice-contact sediments, the orientation of
channels, and paleocurrents directions (in some areas ev-
idence of stream piracy and reversals in flow), suggest
that an ice lobe stagnated in the central Babine Lake val-
ley during deglaciation (Stumpf in prep.; Stumpf and
Broster, in prep.). Also, numerous, sinuous cross-valley
ridges identified in the Bulkley River valley, near
Smithers are similar to crevasse-squeeze or “De Geer”
type moraines, possibly formed during glacier readvance
and surging, or massive ice sheet drawdown.

Ten days of fieldwork were completed by A. Plouffe
and J . Mayber ry in the v ic in i ty o f P inch i and
Bralorne-Takla mercury mines, as part of the GSC Metals
in the environment initiative. Soils weathering profiles
were sampled in detail in the vicinity of both mine sites,
but also at sites removed from the mines where mercury
concentrations are known to be naturally high and low in
till.

A study of the Vanderhoof groundwater aquifer
(Jennifer Mayberry of GSC Pacific in Vancouver) will
determine the feasibility of making contributions to the
understanding of aquifers from existing data sets derived
from regional surficial and bedrock mapping and well
drilling.

Collaborative research between Andrew Stumpf
(UNB) and A.J.T Jull (University of Arizona) was under-
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taken to date carbonate concretions, sampled from
proglacial glacial lake sediments in the Bulkley River val-
ley. Using Accelerator Mass Spectrometry (AMS), ages
of these concretions may provide a minimum date for gla-
ciation in central British Columbia.
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Ancient Pacific Margin Part I:
BCGS Contributions and Collaborative Activities with

GSC and Yukon Geology Program

By JoAnne Nelson

INTRODUCTION

The Ancient Pacific Margin NATMAP project
(Thompson et al., 2000) is a collaboration between the
British Columbia Geological Survey Branch, the Geolog-
ical Survey of Canada and the Yukon Geoscience Office.
It aims to advance understanding of the Cordillera-long
belt of complexly deformed pericratonic rocks that made
up the Pacific margin of North America in Paleozoic to
early Mesozoic time (Figure 1). This is the first opera-
tional year of the joint project.

Beginning in 1994, discoveries of volcanic-associ-
ated massive sulphide deposits in the Yukon-Tanana
Terrane near Finlayson Lake, Yukon created significant
exploration interest in the pericratonic terranes. These
deposits, Kudz Ze Kayah, Wolverine, and Fyre Lake,
along with Wolf in the nearby Cassiar Terrane, form a
mineral camp of previously unsuspected importance
(Hunt, 1997, 1998). Provincial and territorial surveys re-
sponded to these developments by commencing mapping
in the Finlayson Lake belt (Murphy and Timmerman
1997; Figure 1), and by examining possible extensions of
favorable stratigraphy along strike in the Yukon (Glen-
lyon area; Colpron, 1999; Figure 1) and south of the B.C.
border (Nelson 1997; Nelson et al., 1998; Mihalynuk et
al., 1998; Figure 1). During this time, the Geological Sur-
vey of Canada was revising the geology of the Vernon
map sheet, which lies within the pericratonic belt of
southern B.C., near the Eagle Bay Assemblage with its
volcanogenic massive sulphide deposits - Rea Gold,
Homestake, and Samatosum (Thompson and Daughtry,
1998).

These physically disparate projects share a concep-
tual basis: the analysis of the complex and poorly under-
stood assemblages that once represented the active mar-
gin of North America. These assemblages include
remnants of arcs and marginal basins with the potential to
host syngenetic massive sulphide deposits. The Ancient
Pacific Margin Project, designed in 1998 and approved in
1999, brings together ongoing work in the pericratonic
belt by all three organizations, as well as adding major
new initiatives. Geological Survey of Canada contribu-
tions to the Ancient Pacific Margin Project are divided
geographically into three components, Southern, Central
and Northern, along with a belt-long metallogenetic

study (Thompson et al., 2000; Figure 1).

BRANCH CONTRIBUTIONS TO THE
ANCIENT PACIFIC MARGIN PROJECT

The Central Component included four BCGS contri-
butions in 1999 (Figure 1): geological mapping of the
Big Salmon Complex in northern Jennings River map
area (Mihalynuk et al., this volume), glacial mapping of
the same area (Dixon-Warren and Hickin, this volume),
geochemical studies (Cook and Pass, this volume), and
geological mapping in the southeastern Dorsey Terrane
in south-central Jennings River map area (Nelson, this
volume).

Other BCGS contributions to the study of the
pericratonic belts and their mineral potential include both
regional mapping and detailed deposit studies (Figure 1).
Trygve Höy collaborated in 1999 with Suzanne Paradis of
the Geological Survey of Canada and others, in continu-
ing analysis of the metallogeny of the Kootenay terrane in
southern British Columbia. He coauthored a joint paper
on the setting of the Rea-Homestake volcanogenic mas-
sive sulphide deposits in the Eagle Bay assemblage
(Bailey et al., 2000). His current work focusses on the po-
tential for Broken Hill-type and related massive sulphide
deposits in the southern Kootenay Terrane (Höy, 1987).

Fil Ferri investigated extensive rhyolites within the
Earn Group in the westernmost Cassiar Terrane of
north-central British Columbia (Figure 1; Ferri, this vol-
ume). The presence of felsic volcanics interbedded with
Mississippian clastic rocks is geologically analogous to
the setting of volcanogenic mineralization on Atna Re-
sources’ Wolf property in the Pelly Mountains, Yukon
(Holbeck and Wilson 1998), except that the volcanic suite
there is alkalic.

The Ecstall volcanogenic massive sulphide belt, lo-
cated in the Coast Mountains near Prince Rupert, is
hosted by Devonian volcanic arc strata similar to
pericratonic volcanosedimentary sequences of the Yu-
kon-Tanana Terrane such as the Finlayson Lake belt and
the Delta VMS district in the Alaska Range. This belt is
the subject of a new, multi-year mapping and mineral de-
posit study led by Dani Alldrick (Figure 1; Alldrick and
Gallagher, this volume).
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BRANCH CONTRIBUTIONS TO THE
WOLF-JENNINGS PROJECT
(CENTRAL COMPONENT)

The largest BCGS contribution to the Ancient Pa-
cific Margin project was to the Central Component in far
northern British Columbia, with four interrelated field
studies in 1999 (Figure 1). The impetus for this degree of
attention comes from interesting discoveries made dur-
ing recent BCGS mapping of the Big Salmon Complex in
northwestern Jennings River map area. In 1997,
Mihalynuk and coworkers traced out a metamorphosed
silica-(manganese-iron) exhalative unit over 40 kilo-
metres of strike length (Mihalynuk et al., 1998). This
unit, the crinkled chert, is regionally anomalous in bar-
ium and locally in base metals. In addition, a large pluton,
the Hazel orthogness, was dated as Devono-Mississip-
pian by U-Pb methods (362.3+7.9/-6.8 Ma, Mihalynuk et
al., this volume), and felsic tuffs were dated as late Mis-
sissippian (325.1±3.0 Ma , Mihalynuk et al., this vol-
ume). These positive indicators of a Devono-Mississip-
pian volcanogenic environment reinforced the perceived
potential of the area based on extrapolation of known
metallotects (Nelson, 1997).

In 1999, geological mapping of the Big Salmon
Complex was completed (Mihalynuk et al., this volume);
this work resulted in significant increase of the known
strike extent of the crinkled chert, and the discovery of
several new showings and areas of quartz-sericite schist.
A complementary surficial project produced a map of the
Big Salmon Complex in British Columbia (Dixon-War-
ren and Hickin, this volume). The surficial geology map
can be used to identify unconsolidated units suitable for
geochemical sampling, and as a guide for tracing geo-
chemical anomalies to their bedrock sources. Multimedia
geochemical studies focussed on the crinkled chert, RGS
anomalies, and known sulphide occurrences, with some
regional stream data (Cook and Pass, this volume;
Dixon-Warren and Hickin, 2000a, this volume;
Dixon-Warren and Hickin, 2000b). The geochemical
case studies aim to highlight the potential for VMS min-
eralization in Yukon-Tanana correlative rocks of the Big
Salmon Complex by characterizing the surficial geo-
chemical responses of known VMS prospects and their
felsic and mafic volcanic host rocks.

Extensions and possible correlatives of the Big
Salmon Complex were the subject of a continuing re-
gional bedrock mapping project in southern/central
Jennings River area (Nelson, this volume; Figure 1). Late
Mississippian felsic tuffs coeval with those in the Big
Salmon Complex, and rocks similar to Big Salmon green-
stones near the southern border of the Jennings River
area, suggest that the potential Mississippian VMS envi-
ronment extends well into British Columbia.

The 1999 BCGS program was integrated with a new
G S C 1 : 2 5 0 0 0 0 m a p p i n g p r o j e c t i n t h e Wo l f
Lake/Jennings River map area, which traced Big Salmon
Complex stratigraphy along Hazel Ridge north of the Yu-
kon border (Roots et al., 2000; Figure 1). Continued map-

ping projects by Don Murphy and Maurice Colpron of the
Yukon Geology Program in the Finlayson Lake and Glen-
lyon map areas in Yukon also form part of the Central
Component (Figure 1). In the Finlayson project, Murphy
and collaborators have covered the area of the Kudz Ze
Kayah and Wolverine VMS properties, providing a pre-
liminary stratigraphic template that is useful for workers
in parts of the terrane where volcanogenic potential is less
well known (Murphy and Piercey 1999, 2000). Colpron
has mapped two areas in the Teslin Zone, the continuation
of Yukon-Tanana Terrane southwest of the Tintina Fault
(Colpron, 1999, Colpron and Reinecke, 2000).

Collaboration between participants in the Central
Component of the Natmap project is already leading to a
better understanding of the regional relationships. We are
starting to see how stratigraphic sections from different
parts of the pericratonic belt from Finlayson Lake to
southern Jennings River map area may correlate (Nelson
et al., this volume). The geologic history of this region,
albeit complex, is decipherable through systematic geo-
logical mapping supported by geochronological studies.
This is good news for explorationists interested in pursu-
ing the metallogenetic possibilities of the ancient conti-
nental margin.
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Ancient Pacific Margin Part II:
A Preliminary Comparison of Potential VMS-hosting Successions of the

Yukon Tanana Terrane, from Finlayson Lake District to
Northern British Columbia*

J.L. Nelson1 and M.G. Mihalynuk1, D.C. Murphy and M. Colpron2, C.F. Roots3

and J.K. Mortensen and R.M. Friedman4

INTRODUCTION

The Yukon-Tanana Terrane of Yukon, Alaska and
northern British Columbia consists of poorly understood,
lithologically diverse successions of metasedimentary
and metavolcanic rocks and voluminous mid- and late Pa-
leozoic granitic metaplutonic bodies (Mortensen and
J i l s o n , 1 9 8 5 ; M o r t e n s e n , 1 9 9 2 ) . S i g n i f i c a n t
volcanogenic massive sulphide deposits occur in the
terrane in the Delta and Bonnifield districts in Alaska and
in the Finlayson Lake belt in southeastern Yukon, and the
potential for further discoveries is considered to be high.
However, exploration for new deposits has been hindered
by the paucity of stratigraphic information from the
terrane as a whole.

One of the goals of the Ancient Pacific Margin
NATMAP project is to address the deficiencies in strati-
graphic information from the Yukon-Tanana Terrane.
The Central Component of the Ancient Pacific Margin
Project, which spans both Yukon and British Columbia,
includes bedrock geological mapping of the Finlayson
Lake belt (Murphy and Piercey 1999, 2000; location 1 on
Figure 1), the Glenlyon area in central Yukon (Colpron,
1999; Colpron and Reinecke, 2000; locations 2, 3 on Fig-
ure 1), the Wolf Lake/Jennings River map area straddling
the Yukon/B.C. border (Roots et al., 2000; location 4 on
Figure 1), the Big Salmon Complex in northern Jennings
River map area (Mihalynuk et al. this volume; location 5
on Figure 1), and the southeastern Dorsey Terrane in
south-central Jennings River map area (Nelson, this vol-
ume; location 6 on Figure 1). The Finlayson Lake belt is
currently separated from the other areas by the Tintina
Fault. Restoration of about 425 kilometres of displace-

ment on the fault (Roddick, 1967; Murphy,Mortensen
and Abbott, in prep.) aligns all of these areas in a continu-
ous belt from the Finlayson Lake area to the southern
Jennings River (Figure 1). The Yukon-Tanana Terrane
along this belt represents a target for volcanogenic mas-
sive sulphide deposits that extends over 500 kilometres of
strike length.

Sufficient geological mapping and uranium-lead dat-
ing have now been done to construct preliminary strati-
graphic sections for areas scattered along the extent of the
southeastern Yukon-Tanana Terrane (Figure 2). In the
Finlayson project, Murphy and collaborators have cov-
ered the area of the Fyre Lake, Kudz Ze Kayah and Wol-
verine volcanogenic massive sulphide deposits. Their
work provides a preliminary stratigraphic template that is
useful for workers throughout the terrane where the po-
tential for volcanogenic massive sulphide deposits is less
well known. This template is used in this paper as a point
of comparison for the stratigraphic columns farther south
along the restored pericratonic belt. Figure 2 shows fun-
damental similarities between these areas and the
Finlayson Lake district, as well as highlighting signifi-
cant differences in the ages of volcanism along the belt.

STRATIGRAPHIC SUMMARIES

Finlayson Lake District
(Figure 2, Column 1)

Stratified rocks in the Finlayson Lake massive sul-
phide belt have been subdivided into three first-order suc-
cessions, each hosting volcanogenic massive sulphide
deposits and prospects (Murphy and Piercey, 1999; Fig-
ure 2). The lower succession comprises pre-Late Devo-
nian quartz-rich metaclastic rocks, marble and pelitic
schist; Late Devonian to early Missisissippian mafic
metavolcanic rocks with lesser amounts of carbonaceous
metaclastic rocks, felsic metavolcanic and volcaniclastic
rocks, and marble; early Mississippian felsic metavol-
canic and volcaniclastic rocks and carbonaceous phyllite,
and early Mississippian carbonaceous phyllite, quartzite,
quartz-feldspar pebble meta-conglomerate and mafic
metavolcanic rocks. These units were intruded by early
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Mississippian peraluminous granitic metaplutonic rocks,
deformed, and re-intruded by slightly younger, late-kine-
matic, early Mississippian granitic metaplutonic rocks,
before the unconformable deposition of the overlying
middle stratigraphic succession. The lower succession
hosts both the Fyre Lake Cu-Co-Au deposit and the Kudz
Ze Kayah Cu-Pb-Zn-Au-Ag deposit, the former in the
Late Devonian to early Mississippian mafic metavolcan-
ic unit and the latter in overlying early Mississippian fel-
sic metavolcanic rocks.

The middle succession, also of probable early Mis-
sissippian age, comprises carbonaceous metaclastic
rocks, felsic schist and quartz-feldspar metaporphyry of
volcanic, volcaniclastic and subvolcanic intrusive
protolith. A distinctive, laterally persistent felsic tuff and
exhalite unit caps the middle succession. The Wolverine
Cu-Pb-Zn-Au-Ag deposit occurs near the top of the unit,
just below the tuff/exhalite unit.

The upper succession corresponds to the Campbell
Range belt of Mortensen and Jilson (1985). It consists of
two intervals of basaltic volcanic and volcaniclastic
rocks separated by a lithologically diverse and laterally
variable unit of carbonaceous phyllite, greywacke,
diamictite, variegated chert, chert-pebble conglomerate
and limestone. Mid-Pennsylvanian to Early Permian
radiolaria have been obtained from chert in the upper ba-
salt (Harms, in Plint and Gordon, 1997) and Pennsylva-
nian conodonts were obtained from limestone (M.J. Or-
chard in Tempelman-Klu i t , 1979) . The Money
occurrence is hosted by the upper Campbell Range basalt
and the Ice Cu-Au volcanogenic massive sulphide de-
posit occurs in lithologically similar rocks about 70 kilo-
metres northwest along strike from the Campbell Range
succession.

Glenlyon Area
(Figure 2, Columns 2, 3)

Detailed mapping in Glenlyon map area has identi-
fied two mid-Mississippian volcanic arc sequences of
slightly different ages (Colpron, 1998; 1999a; 1999c;
Colpron and Reinecke, 2000). In Little Kalzas Lake area,
to the northwest, Early Visean calc-alkaline volcanic and
volcaniclastic rocks conformably overlie a thick
orthoquartzite unit (location 2 on Figure 1). This se-
quence was apparently deformed and metamorphosed
prior to intrusion of the Tatlmain batholith in mid-Visean
time. To the southeast , in Litt le Salmon Range,
mid-Visean (and younger) volcanic and volcaniclastic
rocks have mixed calc-alkaline and alkaline affinities (lo-
cation 3 on Figure 1). The Little Salmon volcanic se-
quence rests unconformably on two different clastic
units, exposed on the east and west limbs of a gentle
synclinorium. On the east, it overlies arkosic grit intruded
by a 353 Ma-old pluton (Oliver and Mortensen, 1998). On
the west, it overlies a heterogeneous sequence of un-
known age, which consists of quartzite, psammitic and
pelitic schists, marble, greenstone and abundant discon-
tinuous sills of meta-igneous rocks. The Little Salmon

volcanic sequence contains Mn chert horizons and hosts a
massive sulphide occurrence (Colpron, 1999b).

Northwestern Jennings River
(Figure 2, Column 4)

Polydeformed pericratonic and overlying continen-
tal arc rocks of the Big Salmon Complex underlie the
northwest and northeast corners of the Jennings River
(104O/12,13,14W) and Atlin (104N/9E, 16) sheets re-
spectively, and extend northwards into the Yukon (cf.
Roots et al., 2000). A northwest-trending, amphibo-
lite-grade core zone is flanked by greenschist grade rocks
in which protolith textures are locally well preserved.

The inferred oldest unit in the Big Salmon Complex
consists of quartz-rich clastic strata, locally with arkosic
intervals, thin carbonate layers and, in its upper parts, fel-
sic tuffaceous horizons. It is succeeded by voluminous
subaqueous mafic volcanic strata, with structural thick-
nesses of up to 2 kilometres. Geochemical analyses show
that these mafic volcanics formed in a continental arc.
They were intruded by the 362 Ma Mt. Hazel body, and
are thus dated as Latest Devonian in part. They are over-
lain by one of three lithologies:

� local felsic meta-volcanics a few metres to perhaps
a hundred metres or more thick, commonly with
pyritic quartz-sericite schist intervals;

� a regionally extensive chert with exhalative charac-
teristics, known as “crinkle chert” because of its
folded habit, is generally 5 to 10 metres thick, to
200 metres where structurally thickened; and

� a quartz-rich conglomeratic and turbiditic unit,
known as the “dirty clastics”, that is at least 250
metres thick.

These three units all show evidence of having been
deposited during waning of the late Devonian to Early
Mississippian arc. Juxtaposition of radically different
sedimentary facies calls for isolation of depocentres,
probably on a rifted arc substrate. Sulphide lenses within
the crinkle chert may be relicts of volcanogenic exhala-
tive accumulations during syn-sedimentary faulting.

Regionally persistent, fossiliferous carbonate depo-
sition above the crinkle chert and felsic volcanic units
marks the recovery of reef-forming organisms following
their demise in the Late Devonian. Clastic sedimentation
appears to have persisted in adjacent basins.

Reefal carbonate deposition is punctuated by one or
more conglomeratic horizons, which may represent uplift
associated with a mid-Mississippian deformational event
that affects the 354 Ma Logjam intrusion (Gleeson et al.,
2000). In places, the regional carbonate has been nearly
stripped away during uplift. Deformation may have
peaked with emplacement of 346 Ma eclogite and
blueschist (cf . Erdmer et al . , 1998) into the Yu-
kon-Tanana Terrane arc complex. The deformation event
is recorded in the Big Salmon Complex by folded strata
that are cut by ~335 Ma dikes (unpublished data).
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Post-deformational sedimentation is highly varied.
Both mafic and felsic distal tuffs and tuffites were depos-
ited in both carbonate and clastic-dominated facies.
Pulses of proximal felsic volcanism are recorded by
coarse ignimbritic horizons such as those associated with
base metal sulphide accumulations at the Arsenault prop-
erty. A high degree of lithologic variability in the youn-
gest Big Salmon Complex strata makes correlations diffi-
cult. However, the youngest dated Big Salmon Complex
strata recognized in the Jennings River area are 326 Ma
dacitic tuffs in carbonate of the heterolithic succession.
No indications of a depositional hiatus exist at this point
in the stratigraphy, so it is likely that younger Big Salmon
Complex strata exist.

Southern Wolf Lake and West-central
Jennings River Area (Figure 2, Column 5)

This section is derived from two areas, one straddling
the Yukon/British Columbia border near Swift River (lo-
cation 5a on Figure 1), and one in the west-central
Jennings River map area (location 5b). It spans the Ram
Creek, Dorsey, Swift River and Klinkit assemblages
(Harms and Stevens, 1996). As suggested by Harms and
Stevens, and corroborated in 1999 field mapping (Roots
et al, 2000), each assemblage consists of related sedimen-
tary and volcanic s t ra ta tha t are mappable and
lithologically distinct from adjacent assemblages.

The oldest known rocks are included in the Dorsey
assemblage (location 5a, Figure 1), which is exposed as a
narrow, elongate strip near the northeastern side of the
pericratonic belt. It is a siliceous succession including
quartzite and quartzo-feldspathic metasedimentary
protoliths, interspersed with quartz-augen felsic
meta-tuff and marble layers, as well as foliated, sill-like
leucocratic intrusions. It is characterized by a medium- to
high-pressure metamorphic mineral assemblage. The
Dorsey assemblage in Yukon was deformed prior to the
emplacement of the mid-Permian Ram Stock (Stevens
and Harms, 1995). Its oldest protoliths are probably
pre-Devonian-Mississippian, the age of intrusions in
southern Dorsey assemblage in British Columbia (see be-
low).

The Swift River assemblage comprises several hun-
d r e d m e t r e s , i n s t r u c t u r a l t h i c k n e s s , o f d a r k
meta-siltstone and argillite with interbeds of quartzite;
and thick-bedded, dark-coloured chert. There is no age
control, except that a distinctive chert-pebble conglomer-
ate facies at the top interfingers with, and is conformably
overlain by Carboniferous (in part lower Pennsylvanian)
Screw Creek limestone.

The Screw Creek limestone is white, thick-bedded,
and contains abundant macrofossil debris. As mass flow
deposits from a reef environment, this limestone is not a
direct stratigraphic marker, but the Bashkirian conodonts
(Abbott, 1981) provide an approximate age.

The Klinkit assemblage in central Jennings River
area (location 5b, Figure 1) contains dark-coloured,
thick-bedded chloritic meta-tuffs and breccias, volca-

nic-derived meta-siltstone and minor mafic flows,
light-coloured limestone and siltstone-argillite layers.
One or two prominently red quartzite (possible metamor-
phosed chert) layers lie several tens of metres above the
base, which is locally a limestone that contains Carbonif-
erous macrofauna, correlated with the Screw Creek lime-
stone. The top of Klinkit assemblage, as used here, is a
variable succession of meta-siltstone through quartzite
with chloritic meta-tuff layers of unknown age.

The Triassic succession in west-central Jennings
River area (The clastic assemblage; location 5b, Figure 1)
consists of interbedded black argillite, meta-siltstone and
quartzite, with minor chert, fetid limestone and conglom-
erate (T. Harms, personal communication, 1999). One
limestone bed yielded a single Triassic conodont (M. Or-
chard, personal communication to T. Harms, 1997). This
single age is considered preliminary. Moreover, although
rocks that visually resemble this lithologic succession are
found in several places in direct contact with Klinkit as-
semblage, field evidence for their stratigraphic relation-
ship and even their stratigraphic order remains to be
found.

East-central Jennings River
(Figure 2, Column 6)

In east-central Jennings River area, rocks of the Big
Salmon Complex disappear eastwards below less-meta-
morphosed younger strata of the Klinkit and Swift River
assemblages. Possible equivalents, including Mississip-
pian felsic volcanic units, reappear from beneath these to
the east. They are assigned to the Dorsey and Ram Creek
assemblages (Location 6 on Figure 1). The Dorsey assem-
blage, also described in the Wolf Lake map area (Location
5a), structurally overlies the Ram Creek assemblage
across a post-mid Permian thrust fault (Nelson, this vol-
ume). For this reason, sections from these two assem-
blages are presented separately (Figure 2). The Dorsey as-
semblage is a metamorphic complex containing a variety
of protoliths that range from siliciclastic to basinal sedi-
ments and tuffs, with isolated metabasic and ultramafic
bodies. It is intruded by early Mississippian deformed
granitoids. Early Mississippian intrusions also form part
of the underlying Ram Creek assemblage. It is possible
that during Mississippian time, the Dorsey assemblage
was basement to the Ram Creek magmatic arc (Nelson,
this volume). The Ram Creek assemblage contains tracts
of mafic to rhyolitic meta-tuffs with local limestone and
chert sequences. Two uranium-lead dates from the felsic
tuffs are late Mississippian, coeval with tuffs in the Big
Salmon Complex (Figure 2, column 4) and Little Salmon
Lake sequence (Figure 2, column 3).

CONCLUSIONS

The columns described above demonstrate both the
integrity and the variability of the southeastern Yu-
kon-Tanana Terrane. Mafic to felsic arc activity in a
pericratonic setting ranges in age from early Mississip-
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pian (circa 360-350 Ma) to late Mississippian-early
Pennsylvanian (circa 335-320 Ma). The Finlayson Lake
district contains significant volcanogenic massive sul-
phide deposits associated with the early Mississippian
event (Murphy and Piercey, 2000). This syngenetic event
is represented in the Big Salmon Complex near the Brit-
ish Columbia-Yukon border by the “crinkle chert”, a sili-
ceous meta-exhalite containing anomalous barium and
manganese, and by small felsic accumulations with asso-
ciated base-metal geochemical anomalies (Mihalynuk et
al., this volume). Late Mississippian felsic tuffs occur in
the Ram Creek assemblage, in the upper part of the Big
Salmon Complex, and near Little Salmon Lake, where a
small massive sulphide showing and cherty exhalite like
the “crinkled chert” are also reported (Colpron, 1999b,
Colpron and Reinecke, 2000). The late Mississippian
volcanic suite, not apparently present in the Finlayson
Lake district, represents a new, largely unexplored host
for volcanogenic massive sulphide deposits in northern
British Columbia and south-central Yukon.
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Ancient Pacific Margin Part III:
Regional Geology and Mineralization of the Big Salmon Complex

(NTS 104N/9E,16 & 104O/12,13,14W)

By Mitchell G. Mihalynuk1, JoAnne L. Nelson1, Charlie F. Roots2,
Richard M. Friedman3 and Martin de Keijzer4
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volcanogenic massive sulphide, mineralization, Atlin,
Teslin, Jennings River.

INTRODUCTION

Regional geological mapping of the Big Salmon
Complex in northwestern British Columbia (104N/09 &
16 and 104O/12, 13 & 14W, Figure 1) was conducted in
1999 under the aegis of the Ancient Pacific Margin Na-
tional Mapping Program (NATMAP, cf. Nelson, et al.,
2000, this volume; Roots, et al., 2000). This mapping
builds on 1997 reconnaissance mapping (Mihalynuk et
al., 1998) that confirmed long-standing correlations be-

tween the Big Salmon Complex in British Columbia and
the Yukon (e.g. Mulligan, 1963; Gabrielse, 1969; Figure
2).
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In southern Yukon, Big Salmon Complex rocks have

subsequently been included with the Kootenay Terrane

(Gordey, 1995) which include the Lower and Middle

Units of the Yukon-Tanana Terrane as used by Mortensen

(1992). This correlation is important because Yu-

kon-Tanana Terrane rocks, historically ignored by min-

eral exploration geologists, have been the focus of min-

eral exploration programs since 1993 with the discovery

of mineralized float at what came to be the Kudz Ze Kayah

deposit. Other exploration successes include the Wolver-

ine and Fyre Lake volcanogenic massive sulphide depos-

its.

Highlights of the 1999 field program are reported

here together with descriptions of map units and geologi-

cal relationships, and new insights. Mihalynuk et al.

(1998) describe units encountered in the 1997 field sea-

son and present a structural synthesis, the details of which

are not repeated here.

LOCATION AND PHYSIOGRAPHY

During the six week field program (early July to
mid-August), mapping concentrated on low-lying, tree or
swamp-covered areas (Photo 1) that occupy more than
90% of the area bounded by the British Columbia-Yukon
border on the north, Teslin Lake on the west, Mount Char-
lie Cole to the south and Simpson Peak to the east (Figure
3). Most of the area is covered by fluvial and glacial de-
posits that attain thicknesses of 40 metres or more
(Dixon-Warren and Hickin, 2000, this volume); although,
air photo analysis and fixed wing aerial reconnaissance
revealed that outcrop is more abundant than indicated on
previous maps (Gabrielse, 1969). Reaching the outcrops
can, however, be a challenge, usually requiring foot travel
between swamps that provide the only helicopter landing
spots.

The map area is accessed from the Alaska Highway,
which crosses it near the Yukon border, between Watson
Lake and Whitehorse (Figure 1). Only three rough sec-
ondary roads reach more than a kilometre from the high-
way. These mineral exploration roads; each extend about
10 kilometres in British Columbia. Two lead into the Yu-
kon, up the west side of Logjam Creek and east side of
Smart River valleys. However, washouts on the Smart
River Road render it impassable after a few kilometres.
Another road, constructed to provide access to the
Arsenault property, can only be traveled as far as the Swift
River where the bridge has long since washed away. Fuel
and rudimentary supplies are available at Swift River and
Morley River Lodge, just outside the eastern and western
limits of the map area, respectively.

Charter fixed wing aircraft are available year round at
Teslin from Teslin Lake or at a converted military gravel
strip, both, about 45 kilometres west of the map area.
Charter helicopters are available year round from Atlin,
about 80 air kilometres west of the map area.

GEOLOGIC FRAMEWORK

Most of the field area is underlain by the Big Salmon
Complex (Figure 3). Dominant protoliths are mafic vol-
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canic rocks, quartz-rich clastic sediments, and intrusive
rocks of diorite, tonalite and leucogranite composition.
Felsic tuff, crystalline limestone and chert-exhalite units
are volumetrically minor, but conspicuous and mappable
units. A lower amphibolite grade “core zone” in which
protolith textures are mostly destroyed, is broadly paral-
lel to the northwest trend of the Big Salmon Complex, and
is flanked by greenschist grade rocks to both the south-
west and northeast in which relict protolith textures may
be relatively well preserved. Metamorphosed tonalite,
lesser diorite and minor leucogranite, herein called the
Hazel orthogneiss, dominate the north-central part of the
“core zone” (Figure 3).

Big Salmon Complex rocks are bounded to the south-
west by Teslin Lake (Teslin fault, see de Keijzer et al.,
2000) and Cache Creek Terrane in the Atlin area (Aitken,
1959; Figure 3). They clearly extend northwest into the
Yukon (Roots et al., 2000) and are probably equivalent to
Mississippian volcanics in the Teslin area (unit Mv of
Gordey and Stevens, 1994; Gordey, 2000). Relationships
with rocks to the southeast and northeast are less certain
(see Discussion).

Both Aitken (1959) and Gabrielse (1969) considered
the Big Salmon Complex to be at least partly correlative
with the Sylvester Group (Slide Mountain Terrane) based
upon the abundance of mafic volcanic protoliths, but this
assignment is not supported by more recent data. For ex-
ample, Mihalynuk et al. (1998) showed that the Big
Salmon Complex greenstones are geochemically like
continental arc volcanics, not mid ocean ridge basalts
typical of the Slide Mountain Terrane. Along strike in the
Teslin zone, Creaser et al. (1997) showed that the geo-
chemistry of both sedimentary and volcanic rocks
lithologically correlative with the Big Salmon Complex
is not permissive of genesis in the Slide Mountain ocean
basin because �Nd values are strongly negative (+0.5 to
–26.2), indicating a significant continental component.

Tempelman-Kluit (1979) interpreted rocks in the Yu-
kon that are equivalent to, and along strike with the Big
Salmon Complex as part of a subduction/collisional com-
plex (Teslin suture zone), a contention supported by dis-
covery of relict high pressure metamorphic assemblages
including eclogite (Erdmer and Helmstaedt, 1983;
Erdmer, 1985; Erdmer and Armstrong, 1989). Working
along the western part of the Big Salmon Complex,
Hansen (1989, 1992a, 1992b) and Hansen et al. (1989,
1991) claimed to outline a fossil Permo-Triassic
subduction zone with off-scraped sediments affected by
tectonic backflow. More recent work by Stevens (1992,
1994), Stevens and Erdmer (1993), Stevens and Harms
(1995), Stevens et al. (1996) and Colpron (1999) shows
that the Teslin “suture zone” is comprised not of mélange
of off-scraped oceanic sediments and subduction zone
tectonites, but of continental margin strata (Creaser et al.,
1997) with relatively coherent stratigraphic relation-
ships. This coherent stratigraphy has enabled the defini-
tion of a polydeformed nappe (deKeijzer and Williams,
1999) within the former Teslin suture zone. Likewise, a
persistent stratigraphy can be traced throughout the study

area, and none are composed of scaly subduction
mélange.

STRATIGRAPHIC FRAMEWORK

A persistent stratigraphy provides the foundation for
correlating from one area to another in the Big Salmon
Complex. In British Columbia, three distinctive and con-
trasting units are recognized as forming a marker succes-
sion (Mihalynuk et al., 1998; Figure 4). Based on new
isotopic and geologic constraints, their stratigraphic or-
der, from oldest to youngest is now known to be:

� 1200 m of tuffite-dominated greenstone;

� 30-150 m of buff to grey weathering limestone with
metre-thick tuffaceous and thin centimetre to
decimetre quartzite layers;

� 20-50 m of thinly bedded, finely laminated
manganiferous crinkle chert/quartzite with musco-
vite partings;

This marker succession persists in southeast and
northwest 104O/13 and south-central 104O/12. In north-
ern 104N/16 a hybrid unit having some characteristics of
felsic tuff mixed with crinkle chert occurs in place of the
crinkle chert unit.

Two other more broadly defined rock packages are
recognized:

� >150 m of dirty clastics: brown to tan wacke,
stretched quartzite-pebble and granule conglomer-
ate and slate;

� >1000 m of heterolithic, quartz-rich clastics
interbedded with thin limestone and mafic and fel-
sic tuffs.

Lacking age control, Mihalynuk et al. (1998) con-
cluded that the “dirty clastics” were considerably youn-
ger than the unconformably underlying greenstone unit,
because they contained clasts that appeared to be derived
from the older polydeformed and polymetamorphic units.
And because the “dirty clastics” unit was observed to sit
only on the greenstone unit, greenstone was considered
the next youngest unit, prompting the conclusion: “A
thick greenstone and overlying clastic strata within the
Big Salmon Complex of British Columbia have no obvi-
ous correlatives within the Yukon-Tanana Terrane and
may be considerably younger.”

Subsequent petrographic analysis showed that
polydeformed phyllite clasts within the “dirty clastics”
succession were deformed in situ, and were not derived
from a previously deformed terrain. Two fabrics shown
by the phyllite clasts are seen in thin section to be weakly
developed in adjacent, phyllosilicates-poor quartzite
clasts (Photo 2). Furthermore, new isotopic age data from
samples of the former lower (Mt. Francis dacite at 325
Ma) and upper (Hazel orthogneiss at 362 Ma) parts of the
stratigraphy require that the stratigraphy of Mihalynuk et
al. (1998) is inverted, with important consequences for
regional correlations (see Geochronology and Discus-
sion). A revised stratigraphy is shown in Figure 4.
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Facing indicators are among the textures commonly
preserved on the relatively weakly metamorphosed flanks
of the Big Salmon Complex. However, unless they can be
observed at the interface of the units being compared,
they must be considered suspect because isoclinal folds
are pervasive. In particular, the “dirty clastics” unit,
which displays good graded bedding, is strongly de-
formed near its contact with the greenstone due to high
rheological contrast (Photo 3).

A heterolithic succession, dominated by quartz-rich
clastics with minor, grey-weathering carbonate layers
1-10m thick and quartz-phyric volcanic tuff layers up to
40m thick, are now considered to sit near the top of the Big
Salmon Complex stratigraphy as they include the 325 Ma
daci te layers . A lower quar tz and feldspar-r ich
metaclastic unit that is lithologically similar, but not iden-
tical to some metaclastics of the upper unit, apparently
underlies the greenstone unit upstream of the Big Bend
(104O/12 south). Immediately to the north, a basalt-gab-
bro-ultramafite succession occurs within the greenstone
near Teh Creek, where rock units belonging to the
“Klinkit assemblage” are well exposed. Layered and in-

trusive units not previously described by Mihalynuk et al.
(1998) are described here, beginning with the oldest lay-
ered rocks.

Lower Quartz and Feldspar-Rich
Metaclastic Unit

In southern 104O/12, a > 350 m thick (structural) suc-
cession dominated by quartz-rich and lesser quartz-feld-
spar-rich metaclastic rocks lies structurally below the
greenstone unit. In order of abundance, the rock types
are: muscovite-quartz schist; biotite-muscovite±garnet
quartz schist; muscovite-quartz±chlorite±feldspar schist,
and biotite-chlorite-feldspar-quartz-schist. Feldspathic
schists may be strongly deformed granitoid bodies, but
the gradual appearance of feldspar down section from the
greenstone argues for a sedimentary source. Sinistral
shear bands are well developed in the feldspathic schist;
about 2.5 kilometres north of the presumed trace of the
Teslin fault (Figure 3).
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Photo 2. Photomicrograph of stretched quartzite pebble
conglomerate of the dirty clastic succession shows that the
phyllitic fabric displayed by argillaceous clasts (S1) continues into
the adjacent quartzite clasts. A second fabric (crenulation
cleavage, S2) is also printed on both phyllite clasts and quartz
clasts. Such fabric development demonstrates that the
conglomerate was deposited prior to at least two phases of
deformation, and that the phyllite clasts need not have been
derived from a previously deformed and metamorphosed terrain.
Width of the photomicrograph represents 4 mm.
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Photo 3. Sheath fold in turbiditic siltstones of the “dirty clastics”
unit from within 5 metres of the greenstone contact (8x
magnification).



Ultramafite-Gabbro-Basalt-Porphyry

A nor th to sou th success ion of u l t ramaf i t e
(70-600m), gabbro (150-700m) and basalt (>20-2000m)
can be traced for about 13 kilometres (Figures 3 and 4, all
thicknesses are structural). It extends from the eastern
limit of the map area, the Butsih Creek valley, and ex-
tends west almost to Bareface Mountain (informal, on
Figure 3) where serpentinite was previously recognized
by Gabrielse (1969). Farther west, the serpentinite disap-
pears and the gabbro-basalt complex merges with the Big
Salmon Complex greenstone unit. Greenstone with gab-
bro intervals is well exposed on both the long south ridge
and the southwest flank of Bareface Mountain. At the
eastern end of the belt, exposures are lost beneath glacial
cover of the Butsih Creek valley. The easternmost 2 kilo-
metres of serpentinite outcrops are bordered to the north
by distinctive, coarsely porphyritic andesitic volcanic
and hypabyssal rocks. All contacts of the ultramafite are
faulted; they are either intrusive contacts that have been
structurally modified, or original tectonic contacts.

Ultramafite exposures are typically orange, waxy
yellow or dark green-black on both weathered and fresh
surfaces. They are dominantly strongly foliated serpen-
tinite, but lozenges of less foliated lherzolite are common
on “1865m peak” (Figure 3) where the unit is thickest and
best exposed. Where first encountered, the lherzolite was
described as a wherlite, but geochemical anlaysis shows
the rock to be too Mg-rich to support an abundance of
clinopyroxene, so the pyroxenes are probably deformed
hypersthene. At a locality 1.8 km west of the peak,
coarsely crystalline lherzolite cumulate is preserved as a
septa bounded to the north and south by gabbro. Expo-
sures are not sufficient to determine whether this relation-
ship is due to structural interleaving or is a relict of an
originally intrusive contact. A series of outcrops on the
north side of Teh Creek valley displays trains of
serpentinized pyroxenes that may be a relict mantle
tectonite fabric, but a pervasive late foliation renders this
interpretation tenuous. (Harzburgite tectonite erratics are
common along the belt. When first encountered, the errat-
ics were suspected to be of local derivation. However,
they occur throughout the map area and beyond, and are
evidence of a once extensive, preglacial ophiolite ter-
rain.)

The gabbro and basalt comprise an intrusive com-
plex. Gabbro is cut by basalt and basalt is cut by gabbro.
At the northern margin of the complex, gabbro predomi-
nates and at the southern margin, basalt predominates.
Gabbro is white to green on fresh or weathered surfaces,
although it can also be ruddy weathering. It is medium to
very coarse-grained; locally it is pegmatitic. Plagioclase,
pyroxene, and hornblende are epidote- and chlorite-al-
tered and comprise more than 90% of the rock. Pyroxene
is probably largely altered to hornblende, but this is not
yet confirmed by petrographic analysis. Contacts with
the ultramafite are best exposed within 0.5km of “1865
Peak” where they are clearly tectonic. Gabbro grain size
is cataclastically reduced from greater than 1 cm to less
than 0.01 cm over a width of 4 metres at the ultramafite

contact. Shallowly-plunging mineral lineations suggest
transcurrent motion, in support of map-scale sinistral
shear bands; however, these lineations are folded and
macroscopic kinematic indicators are inconsistent or
equivocal.

The basalt is dark green weathering, aphanitic or
microporphyritic. Flat chlorite disks up to 1 cm across are
probably relict amygdales. They may comprise as much
as 3% of the rock and are best displayed at one outcrop on
the southern flank of “1865 Peak”, where they are con-
centrated in concentric zones in what appear to be
stretched pillows (Photo 4).

Basalt outcrops are lost beneath thick colluvial and
glacial deposits in the valley south of “1865 Peak”.
Green-weathering basalt and andesite lapilli tuff domi-
nate the next ridge to the south. They are extensively
epidote-chlorite altered, foliated, and plagioclase-
phyritic, with locally preserved pyroxene and hornblende
phenocrysts. Less abundant, strongly planar beds of dust
tuff or tuffite are conspicuous because of alternating,
centimetre-thick, lime yellow and dark green bands. Pil-
lowed and subaqueous sheet flows are also locally pre-
served. Similar units occur within the Big Salmon Com-
plex greenstone unit along strike to the west (Figure 3),
where they show higher degrees of strain.
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Photo 4. Stretched pillows(?) within the basalt-gabbro-
ultramafite complex. If these are pillows, then part of the complex
was deposited in a submarine environment.



Coarsely Porphyritic Andesite

A package of distinctive, coarsely porphyritic,
green-weathering, volcanic and hypabyssal andesitic
rocks underlie most of the northern spur of “1865 Peak”
where they are structurally admixed with serpentinite
along their southern contact. They are separated from
tuffite-dominated succession of “lower Klinkit assem-
blage” north of the spur by a colluviated valley. A stream
occupies the valley bottom 1.6 km to the east where out-
crops of dark green, fine-grained tuff are washed clean. In
places, the tuff appears autoclastic. Broad zones, tens of
metres across, are plagioclase-porphyritic, and in one 20
cm wide zone, flattened pyroxene crystals up to 4 mm
across (average 2-3 mm) are preserved. Near the serpen-
tinite, the unit is megaporphyritic. Plagioclases up to 4 cm
long are strongly zoned, possibly to K-feldspar. Blocky
black hornblendes range up to 2.5 cm long. Both feldspar
and hornblende megacrysts are aligned down dip in a

green, fine-grained foliated matrix (305°→65° to verti-
cal). Some broken phenocrysts display an asymmetry that
suggests north-side-up reverse motion, but most show
ambiguous shear sense.

These tuffs could have provided the source for
epiclastic deposits in the “lower Klinkit assemblage”, al-
though such a contention cannot be proven at this time.
Granodioritic intrusives hornfels both porphyritic tuffs
and epiclastics and chalcopyrite (<0.25%) is widely dis-
seminated in the porphyritic tuffs.

Klinkit Assemblage

Rocks of the “Klinkit Assemblage” (Stevens and
Harms, 1996) crop out in the eastern portions of the map
area (104O/12E, 13NE, 14W; Figure 3). Harms mapped
much of the “Klinkit assemblage” near Teh Creek
(104O/12E, Figure 3; Harms, written communication,
1999) and established a useful subdivision which aided
our 1999 mapping in the area. In 104O/13NE and 14W the
“Klinkit assemblage” includes a lower unit equivalent to
the “dirty clastics” and higher (?) units described by
Gleeson et al. (2000, this volume; not described here).
The fossiliferous Screw Creek limestone apparently sits
near the top of the “Klinkit assemblage”, although exist-
ing age data suggest protracted limestone deposition. Ob-
servations from the Teh Creek succession and Screw
Creek limestone are presented here, from oldest to youn-
gest.

Tuffite (240 m)

Well-preserved graded planar beds 10 to 100 cm
thick of fine-grained tuffiteare characteristic of this unit.
Approximately 200 metres of rhythmic deposits consist
mainly of sets that average 3 metres thick and grade up-
wards from massive hornblende-feldspar-phyric lapilli
that form 2/3 of their thickness, through fine-grained, pla-
nar-bedded ash and into laminated dust tuff. Sets may be
capped by cross-stratified volcanic siltstone. Fine-
grained detrital hornblende and plagioclase are abundant

enough in some layers to produce a felted texture. In some
cases, fine mafic grains are equant and may originally
have been pyroxene, now replaced by actinolite. Fresh,
coarse augite porphyry was observed in talus. Some inter-
vals are very fine grained and cherty, resembling pelagic
deposits. They are interpreted as dust tuff layers and may
preserve ball and pillow structures. Sparse decimetre-
scale calcareous layers are accentuated in thermal aure-
oles of thick sills and stocks by the development of
light-coloured calc-silicates (grossular, diopside, epidote
and quartz). One gossanous laminated white calcsilicate
is, at a minimum, 6 metres thick.

Exceptionally well-preserved bedding and fine
depositional features including cross-stratification,
graded bedding, various water escape features, and scours
permit assessment of facing directions. The succession is
right way up and deformed by upright open to close folds
in which foliation is only weakly developed, except for
the fold core regions in which protolith textures are in part
obliterated. Rhythmic deposits resemble thick turbidites,
possibly ABC Bouma sequences; however, the predomi-
nance of reverse grading in planar-bedded ash layers sug-
gests water lain tuffs that have not been reworked.

This unit has yielded neither fossil nor isotopic ages
from within the map area. Similar tuffite in the Teslin
sheet (Gordey, 2000) contain minor interbedded lime-
stones with Middle Mississippian (Viséan) conodonts
(M.J. Orchard in Poulton et al., 1999; see Figure 2 in Nel-
son et al., 2000, this volume). However, the reliability of
this distant extrapolation is questionable.

Near both the eastern and western limits of the tuffite
displays apparent stratigraphic contacts with overlying
conglomerate of the transitional unit.

Transitional Unit(s)

The transitional unit is so named because it marks a
distinct change from volcanic to carbonaceous and
quartz-rich clastic sedimentation. Two units define this
transition: a light grey tuff/tuffite, and a conglomerate
with quartz-rich clasts.

Acomplete section of grey, fine lapilli and coarse ash
tuff and tuffite has not been observed. It is probably about
40 metres thick and is partly interbedded with the con-
glomerate unit. Some tuffaceous layers appear felsic, due
to their siliceous nature, however, no quartz phenocrysts
have been observed. Tuff is probably subordinate to grey
or purple-brown phyllitic siltstone, which in places re-
sembles microdiorite due to thermal alteration and
growth of fine biotite. Siltstone is generally very well
bedded on millimetre to centimetre scales, and may dis-
play cross laminae, but clear way-up indicators are rare,
and these show that the unit is isoclinally folded. High
strain zones are common and their orientation with re-
spect to strongly transposed bedding indicates that they
are axial-parallel and focused at fold hinges. In contrast,
later, near-vertical mylonitic zones cut across folded
limbs.
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Granules to cobbles of quartzite, quartz-rich phyllite
and possibly recrystallized chert are the principal compo-
nents of the conspicuous conglomerate unit (Photo 5) that
marks the transitional unit north of “Nasty Peak” (infor-
mal, Figure 3). Conglomerate matrix material varies from
light grey-green phyllite to grit. Clasts are typically
slightly stretched. Structural complexity makes thickness
estimates difficult, but it is at least 5 m thick, and proba-
bly attains thicknesses of 30 m.

Highly strained, probable equivalents occur 4 km
east of Bareface Mountain and on the southern ridge of
the mountain. Quartz cobbles are flattened to sub-milli-
metre thicknesses (Photo 6), but low strain zones show
good preservation of grey ash tuff interbeds.

Black Argillite-Quartzite

Rusty, pyritic and locally graphitic black argillite and
thinly interbedded siltstone is the most abundant lithol-
ogy within the black argillite-quartzite unit. Centimetre
to decimetre thick beds of vitreous black sandstone are,
however, characteristic, and at least one conspicuous, 4-8
m thick layer of tan, carbonate matrix-supported quartz
grit occurs near the top(?) of the unit. Total thickness of
the unit is difficult to assess due to the affects of at least
one phase of isoclinal folding overprinted by upright
folds. It is probably in excess of 200 m thick with struc-
tural thicknesses of more than a kilometre.

Screw Creek Limestone

One of the most complete sections through the
fossiliferous Screw Creek limestone in British Columbia
is east of Screw Creek, near the border with Yukon
(104O/14W; Figure 3). Along this transect the structur-
ally lowest outcrops are decimetre thick limestone beds
with planar, centimetre-thick cherty maroon and green
layers, probably silicified tuffs. Facing indicators in these
brightly coloured layers are not well preserved, but trun-
cated layering gives the impression that the units are right
way up. The next highest unit is calcareous sharpstone
conglomerate which are clearly upside-down based on
well-developed channel scours and lags (Photo 7a).
Intraclasts predominate; they appear to have been derived
from the cherty tuff layers. Overlying corall ine
boundstone is also upside-down as indicated by corals in
growth position (Photo 7b). At yet higher elevations a
west-closing recumbent fold hinge is traversed and the
sharpstone conglomerate is repeated. Athird repetition of
the sharpstone conglomerate is succeeded by highly
fossiliferous limestone indicating a return to inverted
stratigraphy. Highest limestone exposures enclose a 2-5
metre thick tuffaceous interval containing 2 – 10 cm thick
planar bedded white tuff layers interlayered near the top
of the succession with decimetre thick carbonate. These
lithologies are joined by black siltstone beds several
centimetres thick. The highest carbonate layers contain
black phyllitic clasts. Carbonate content diminishes
abruptly over several metres until well-bedded black and
brown siltstone and feldspathic sandstone predominate.
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Photo 5. Conglomerate of the “transitional unit” of the “Klinkit
assemblage”.

Photo 6. Strongly flattened quartz clast conglomerate, probably
the “transitional unit”.



This latter lithology apparently belongs to the “Swift
River assemblage” (see Nelson et al., 2000). If this is true,
then the contact between the lowest Screw Creek lime-
stone (“Klinkit assemblage”) and “Swift River assem-
blage”, is gradational.

GEOCHRONOLOGY

Critical age data from two units are presented here. A
sample of Hazel orthogneiss was collected near a repeater
tower on the south flank of Mount Hazel (located on Fig-
ure 3). Hazel orthogneiss occurs within the greenstone
unit, which it apparently cuts, thereby providing a mini-
mum age on the greenstone which underlies more than
half of the map area.

A second data set is reported for a sample of interme-
diate to dacitic tuff that is interbedded with limestone on
the north flank of Mount Francis (see Figure 3). It is be-
lieved to occupy one of the highest stratigraphic positions
within the Big Salmon Complex (Figure 4).

Mount Hazel Orthogneiss

A sample of a massive to weakly deformed, granite
from the Mt. Hazel orthogneiss yielded a modest quantity
of cloudy, metamict, to less commonly clear, pale pink

prismatic zircon. Eight fractions of the clearest and coars-
est grains available all gave discordant results (2-10%
discordant), with ellipses aligned in a linear fashion (Fig-
ure 5, Table 1). An upper intercept of 362.3+7.9/-6.8 Ma
(eight-point Davis regression) is interpreted as the best
estimate for the igneous age of the Mt. Hazel pluton. A
well-defined lower intercept of 189+16/-17 Ma may corre-
spond with the time of Pb loss. Lead loss may be due to a
late deformational event which produces a strong fabric
in the circa 196 Ma Coconino tonalite (Mihalynuk, et al.,
1998), whereas the circa 185 Ma Simpson Peak batholith
(recalculated from Wanless et al., 1970) is mostly
undeformed.

Mount Francis Dacitic Tuff

This foliated metadacite yielded a moderate amount
of cloudy to rarely clear, pale pink prismatic zircon.
Seven strongly abraded fractions of the clearest grains
available were analysed (Figure 6, Table 1). All of these
likely show the effects of Pb loss, despite the strong abra-
sion. Four fractions (A, F, G and H) are discordant, and are
inferred to contain significant inheritance; they give
207Pb/206Pb ages of ca. 546-1235 Ma. Fractions B and C
give 207Pb/206Pb ages of about 325 Ma. The weighted av-
erage 207Pb/206Pb age for these two fractions, 325.1±3.0
Ma, provides the best estimate for the age of the rock.
Slightly discordant fraction D is interpreted to contain mi-
nor inheritance. Another tuff bed from the same outcrop
yields concordant fractions giving the same circa 325 Ma
age.

PLUTONIC ROCKS

The Coconino tonalite, Simpson Peak batholith,
Slaughterhouse quartz diorite, Two Ladder tonalite and
Midshore granite bodies (Figure 3) were described previ-
ously by Mihalynuk et al. (1998). New observations in the
Simpson Peak batholith show it to be compositionally and
texturally variable, and the Midshore granite is now be-
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Photo 7. Screw Creek limestone: (a) cross stratified overturned
sharpstone conglomerate with clasts cannibalized from lower
beds, and (b) rugosan boundstone with fossils preserved in
overtuned growth position. Both photos are taken on the
overturned limb of a regional recumbent fold.
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lieved to be part of a syenitic intrusive suite. These obser-
vations, together with descriptions of plutons encoun-
tered during mapping in 1999, are reported here from
presumed oldest to youngest:

Charlie Cole Pluton (EJCg)

A large body of strongly foliated light grey to
white-weathering granite underlies Mount Charlie Cole
(Gabrielse, 1969), and a few outcrops on its northern
flank extend onto southwestern 104O/12 in the present
map area. It consists of medium-grained quartz (30%)
and plagioclase (30%), with K-Feldspar as phenocrysts
(20%) and matrix (10%), and 15% smeared, chloritized
mafics (biotite?). S-C fabrics are well developed for
nearly a kilometre across strike. They indicate sinistral
motion on C-planes (Photo 8), but the fabric appears
folded in at least one locality where shear sense switches
rapidly. Charlie Cole pluton is 4 kilometres south of the
inferred trace of the Teslin Fault, which trends 300°. Ori-
entation of most of the C-planes is 185° to 020° such that
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TABLE 1
ISOTOPIC DATA FOR TWO SAMPLES OF THE BIG SALMON COMPLEX

Fraction
1

Wt U
2

Pb
*3 206

Pb
4

Pb
5 208

Pb
6

Isotopic ratios (1σ,%)
7

Apparent ages (2σ,Ma)
7

(mg) (ppm) (ppm)
204

Pb (pg) (%)
206

Pb/
238

U
207

Pb/
235

U
207

Pb/
206

Pb
206

Pb/
238

U
207

Pb/
206

Pb

Mt. Francis Dacite, MMI97-35-1a: 325.1±3.0 Ma

A c,N2,p,b 0.067 450 29 11032 10 13.2 0.06041 (0.09) 0.5265 (0.15) 0.06321 (0.08) 378.1 (0.7) 715.2 (3.5)

B m,N2,p,b 0.036 361 16 3496 10 13.6 0.04333 (0.10) 0.3163 (0.18) 0.05294 (0.10) 273.5 (0.5) 326.0 (4.5)

C f,N2,p 0.038 493 26 9843 6 14.5 0.05042 (0.14) 0.3677 (0.19) 0.05290 (0.09) 317.1 (0.8) 324.3 (4.1)

D ff,N2,p 0.010 592 33 5489 4 15.9 0.05248 (0.10) 0.3849 (0.17) 0.05320 (0.11) 329.7 (0.6) 337.4 (4.9)

F m,N2,p 0.007 493 30 2902 4 14.0 0.05577 (0.11) 0.0627 (0.18) 0.08156 (0.11) 349.8 (0.8) 1234.9 (4.4)

G f,N2,p 0.007 470 18 2041 4 10.7 0.03776 (0.14) 0.3042 (0.23) 0.05843 (0.17) 269.7 (1.1) 546.0 (7.3)

H f,N2,p 0.009 490 25 3579 4 13.2 0.04869 (0.15) 0.4661 (0.22) 0.06943 (0.13) 306.5 (0.9) 911.5 (5.4)

Mt. Hazel Pluton, MMI97-29-1: 362.3+7.9/-6.8 Ma

A m,N2,p 0.037 349 20 7988 6 13.3 0.05438 (0.10) 0.4010 (0.16) 0.05349 (0.09) 349.5 (3.9) 349.5 (3.9)

B m,N2,p 0.025 413 21 1039 32 13.5 0.04952 (0.08) 0.3631 (0.18) 0.05317 (0.14) 336.0 (6.5) 336.0 (6.5)

C f,N2,p 0.016 534 25 6861 4 11.2 0.04586 (0.12) 0.3339 (0.18) 0.05280 (0.12) 320.1 (5.2) 320.1 (5.2)

D m,N2,p,b 0.032 719 33 8566 8 12.4 0.04499 (0.10) 0.3260 (0.16) 0.05254 (0.09) 309.1 (4.0) 309.1 (4.0)

E m,N5,p,s 0.013 599 35 4269 6 16.4 0.05366 (0.11) 0.3959 (0.20) 0.05350 (0.13) 350.2 (5.9) 350.2 (5.9)

F m,N5,p,e 0.014 240 12 1870 6 13.0 0.04875 (0.09) 0.3565 (0.26) 0.05304 (0.21) 330.5 (9.6) 330.5 (9.6)

G m,N5,p,e 0.010 489 27 4429 4 15.1 0.05144 (0.12) 0.3779 (0.19) 0.05328 (0.12) 340.8 (5.5) 340.8 (5.5)

H f,N5,p,b 0.010 560 31 2391 7 16.5 0.05045 (0.18) 0.3701 (0.29) 0.05321 (0.20) 317.3 (1.1) 337.7 (8.9)
1

Upper case letter = zircon fraction identifier. All zircon fractions air abraded; Grain size, intermediate dimension:

c=>134µm, m=<134µm and >104µm, f=<104µm and >74µm, ff <74µm;

Magnetic codes:All zircons are nonmagnetic on Franz magnetic separator at field strength of 1.8-2.0A and a sideslope of 5°.

Front slope for all fractions=20°; Grain character codes: e=elongate, p=prismatic, s=stubby.

2
U blank correction of 1pg ± 20%; U fractionation corrections were measured for each run with a double

233
U-

235
U spike

(about 0.005/amu).

3
Radiogenic Pb

4
Measured ratio corrected for spike and Pb fractionation of 0.0035/amu ± 20% (Daly collector) and 0.0012/amu ± 7%

and laboratory blank Pb of 1-3pg ± 20%. Laboratory blank Pb concentrations and isotopic compositions based on

total procedural blanks analy

5
Total common Pb in analysis based on blank isotopic composition

6
Radiogenic Pb

7
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
207

Pb/
206

Pb age of the fraction.
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their development cannot be attributed to simple kine-
matic linkage with the Teslin Fault. Because of apparent
late folding of the S-C fabrics, their use in constraining
any regional structural interpretation would be suspect.
However, a sample collected for isotopic age dating
should provide a maximum age for this fabric.

Simpson Peak Batholith
(EJSg1, 2, 3, EJSgd)

Four li thologies comprise the Simpson Peak
batholith. These are described from oldest to youngest
based on field relationships:

Hornblende>biotite granite (EJSg1) with flattened
pink K-feldspar megacrysts is well foliated, but poorly
lineated. This unit was sampled at two localities and van-
tage point mapping suggests that rocks with similar
weathering characteristics crop out in a gently northwest
tapering wedge of pluton in northeastern 104O/12.

Medium-grained grey to tan granite (EJSg2) contains
white to pink intergrowths of plagioclase and K-feldspar
(60%), fresh biotite (10%, or up to 5% chloritized) and
coarse smoky quartz (30%). It is blocky weathering with
distinctive low angle jointing, and weathers to abundant
grus. Joint surfaces may be chlorite coated. Foliation is
weak to absent. It is the most abundant unit in the
batholith.

Biotite porphyry dominates a gently northwest-dip-
ping tabular complex about 240 metres thick (EJSg3). It is
medium-grained,with subequant feldspar and grey quartz
phenocrysts and medium to fine-grained rusty biotite, in a
tan to flesh coloured, non-foliated, sucrosic siliceous ma-
trix. Numerous 0.5 to 3 metre thick quartz dioritic sills cut
the complex, giving it a strongly jointed appearance from
a distance. The complex clearly cuts foliated K-feldspar
megacrystic granite as do irregular fleshy pink aplitic
dikelets interpreted as coeval.

Weakly to non-foliated quartz-diorite to granodiorite
(EJSgd) forms medium-grained tabular zones within the
batholith, and occurs as fine to medium-grained dikes that
cut the sill complex porphyry.

Teh Creek Pluton (KGg)

White hornblende < biotite granodiorite, granite and
lesser grey quartz diorite comprise this elongate, west
northwest-trending body that stretches across mapsheet
104O/12. Mafics, including about 1% yellow-brown
sphene, comprise about 16% of the rock. Slightly porphy-
ritic K-feldspar comprises 10% (to 30% including ma-
trix), plagioclase ~25% and xenomorphic quartz about
30% of the rock.

Originally mapped as belonging to three separate
suites, including parts of the Klinkit and Simpson Peak
batholiths (Gabrielse, 1969), the Teh Creek pluton is most
likely an extension of the Klinkit batholith, a satellite of
which is mapped east of upper Butsih Creek (just east of
104O/12). Although, the Klinkit batholith is described as
foliated (Gabrielse, 1969), no planar fabric is developed
within the map area. Thus, the Teh Creek pluton is treated
separately. It appears to have intruded by stoping of
blocks controlled by two sets of joints; north and
west-northwest sets, resulting in pluton margins that are
demarked by sets of orthogonal dikes (see headwaters of
Teh Creek, Figure 3).

Early Eocene Syenite (EEsy)

Pink, varitextured, unfoliated syenite occurs as two
elongate, high-level plutons east of Teslin Lake. The
southern body gives way on its southern margin to a sill
complex. Xenoliths of complexly folded Big Salmon
Complex are common. Textures range from fine-grained,
felted intergrowth of feldspar and amphibole in which
feldspar phenocrysts may range from a sparse to domi-
nant component. Feldspars are up to 3 centimetres across
and are typically zoned; they have white calcic? cores and
pink potassic rims. The northern pluton was called the
Midshore granite by Mihalynuk et al. (1998). A
compositionally distinctive zone at its northern end is
composed of 75% coarse, zoned feldspar and is pink with
tan weathering. Amphiboles are typically acicular. The
southern syenite body is reported to contain the sodic
pyroxene aegerine (Aitken, 1959). U-Pb isotopic analysis
of zircons extracted from the Midshore granite indicate an
Early Eocene age (unpublished). A sample collected from
the southern body should confirm correlation with the
dated pluton to the north.

New Occurrences and Mineral Potential

Several new mineralized zones were discovered dur-
ing the course of mapping in 1999. They are either intru-
sion-related gold veins or stratabound copper-rich lenses
in crinkle chert. The most prospective examples are re-
ported below together with analytical results where avail-
able (analyzed by Instrumental Neutron Activation and
Inductively Coupled Plasma Emission Spectroscopy
(note that ICP digestion is by aqua regia which is incom-
plete for most elements); see also Table 2). One pyritic
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Photo 8. S-C fabrics are well displayed in outcrops on the north
flank of Mount Charlie Cole about 4 kilometres south of the Teslin
Fault.



sericite schist is geochemically unremarkable, but it is
extensive and is included below.

Assay Data from Three Mineralized Zones

West Teslin Lake border area. Along west shore of
northern Teslin Lake, 6 km south of the Yukon border
(just west of the map area, “1” on Figure 3), a set of mod-
erately to steeply west to northwest dipping brittle shears,
spaced about 5-10 metres apart within an Eocene
granitoid body, show evidence of west-side-up move-
ment. They are invaded by quartz veins and rusty, pyritic
mineralization with rare malachite staining and variably
developed alteration envelopes. One 2-3 cm thick vein
with a somewhat wider than average 20 centimetre alter-
ation envelope was chip sampled for 2.5 metres along the
vein. It returned values of 1320 ppb Au, 0.4% As, and 194
ppm Sb (MMI99-22-3; Table 2; location 1 on Figure 3).

Copper in the Crinkle Chert. Numerous occur-
rences of minor sulphide mineralization and copper stain-
ing were encountered in the crinkle chert unit, further in-
dication of the high mineral content of this unit as
previously established by mapping in 1997. Most signifi-
cantly, a chlorite-porphyroblastic, 6 metre by 0.5 metre
lens with disseminated chalcopyrite returned 0.9% Cu;
0.3g Au, 2.9g Ag, 6.8% Fe, and 0.17% Ba from a chip
sample across its width (MMI99-27-19, Table 2; location
2, Figure 3).

Jennings River “knee”. Pyrite-rich sericite schist
crops out at many localities within the map area. Most ex-
tensive are those at locality “3” on Figure 3, near the
Jennings River “knee”. Here it is well developed within a
regional quartz-phyric horizon of probable dacite compo-
sition. Old claim posts indicate that the mineralization
was known previously, but the claims were apparently
never registered. The one sample analyzed did not return
anomalous metal values (99JN-27-1C, Table 2). Despite
scant exposures, the felsic host unit is intermittently ex-
posed for at least 16 km (Location 3 on Figure 3). If it is
indeed continuous, it could represent a significant miner-
alizing system that warrants further work.

DISCUSSION

In southern Yukon and British Columbia, the Big
Salmon Complex can be reliably mapped on the basis of
the stratigraphy presented herein. In British Columbia, it
is possible to walk Big Salmon Complex greenstone from
transitional greenschist-amphibolite facies near the core
of the Big Salmon Complex, either southeast or north-
west into greenschist-grade rocks that display good
protolith textures. Stevens and Harms (1996) include the
former, relatively high grade rocks with the “Hazel As-
semblage”, and the latter, lower grade rocks with the
“Klinkit assemblage”. This raises two questions: what is
the usefulness of the term Big Salmon “complex” given
that a coherent stratigraphy is present?, and what is the
utility of this assemblage given that it is possible to trace

units (like the greenstone) from higher grade “Hazel as-
semblage” to lower grade “Klinkit Assemblage”.

Is Big Salmon Complex a Complex?

Use of the term “complex” is recommended in the
North American Stratigraphic Code “…where the map-
ping of each separate lithic component is impractical at
ordinary mapping scales. “Complex” is unranked but
commonly comparable to suite or supersuite, therefore,
the term may be retained if subsequent, detailed mapping
distinguishes some or all of the component lithodemes or
lithostratigraphic units.” (NACSN, 1983, page 861).
Clearly, resolution of regionally mappable units within
the Big Salmon Complex does not in itself justify aban-
donment of the name. Future work may demonstrate jus-
tification, but in the interim, we have elected to retain the
original name of “Big Salmon Complex” rather than
adopt the nomenclature of Stevens and Harms (1996).
Dual nomenclature is confusing and prone to misleading
interpretation especially when the assemblages are im-
plicitly fault-bounded with distinct stratigraphies and
structural and metamorphic characteristics (see defini-
tions of Stevens and Harms, 1996). Rigorous unit defini-
tions together with reference sections or type localities
need to be established in order to address this problem.

Big Salmon Complex-“Klinkit Assemblage”
Relationships

Gabrielse (1969) showed the Big Salmon Complex
as bounded to the northeast by a belt of Mississippian
“Sylvester Group”, including massive greenstone, chert,
agglomerate and metadiorite which he designated as
“unit 7”; and he showed Big Salmon Complex bounded to
the southeast by the Simpson Peak batholith and other
plutons in the Jennings River area. However, it is now
clear that to the northeast, some “unit 7” rocks north of the
Alaska Highway belong to the Big Salmon Complex. To
the southeast, marker units can be traced to the “Big
Bend” of the Jennings River (Figure 3, location 18), and
the enclosing strata probably extend an additional 20
kilometres farther east southeast where they apparently
merge with the “Klinkit assemblage” of Stevens and
Harms (1996). These authors included both “unit 7” as
well as the presumably younger “unit 12” chert, argillite,
limestone and conglomerate of Gabrielse (1969) and
units Mv and Ml of Gordey and Stevens (1994) in their in-
formal “Klinkit assemblage”. The age of the “Klinkit as-
semblage” is constrained by Middle Mississippian
(Viséan) conodonts from limestone layers in the volcanic
division (unit “Mv” of Gordey, 2000; fossil age compiled
by M.J. Orchard in Poulton et al., 1999), by Triassic cono-
donts in the dark clastic division (M. Orchard in Harms
and Stevens, 1996), and especially by the fossiliferous
Screw Creek formation limestone (informal; Poole,
1956) which contains Early to Middle Carboniferous
macrofossils (Abbott, 1981), early Pennsylvanian
fusulinids (Gabrielse, 1969), and is structurally underlain
by thin limestone layers with conodonts of Middle Penn-
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sylvanian age (Abbott, 1981). Stevens and Harms (1996)
suggest that carbonate units within the “Klinkit assem-
blage” contain conodonts as young as Early Permian.
However, at least part of “unit 12” of Gabrielse (1969)
that Stevens and Harms (1996) included in the “Klinkit
assemblage” must be older than the Screw Creek lime-
stone based on the findings of Gleeson et al. (2000, this
volume) who mapped four ridges underlying the north-
eastern limits of “unit 12”. They report U-Pb isotopic age
results that constrain the age of the clastics to between
Earliest Mississippian and Silurian, much older than pre-
viously expected, and much older than any lithologically
comparable units in the “Klinkit Assemblage”. Such fun-
damental departures from recent stratigraphic interpreta-
tion show that our understanding of the Big Salmon Com-
plex is not yet mature and that detailed tectonic syntheses
involving the eastern Big Salmon Complex must be con-
sidered speculative.

Effects of Structural Complexity

Direct age comparisons are made difficult by isocli-
nal, mountain scale, south and southwest-verging folds
and parasitic folds that exert a fundamental control on the
distribution of different units. For example, the new isoto-
pic ages reported here together with structural observa-
tions show that substantial parts of the stratigraphy are in-
verted by large-scale nappes, but even so, some age

conflicts cannot be reconciled. Distribution of units is fur-
ther complicated by both older and younger folding.

Recognition of intense, regional strain partitioning
(in part related to nappes) shows that correlations cannot
be reliably based on degree of strain, although local dif-
ferences in metamorphic history may warrant division of
units into separate assemblages. An early, nearly
layer-parallel fabric is folded by the large scale folds and
is commonly overprinted by a second or third schistosity
imparted during subsequent deformational events.

A mid-Mississippian deformational event is well
documented to the north in the Glenlyon area (M. Colpron
in Nelson et al., 2000) and in the Finlayson area (Murphy
and Piercey, 1999; although it could be slightly older).
This same event might have affected the Jennings River
area, but the age is less tightly constrained. It is repre-
sented by deformational discordance above and below a
conglomerate within the regional carbonate unit. A dike
cuts folded strata that predate the conglomerate, thus pro-
viding an upper constraint on the age of deformation ~335
Ma (unpublished). The conglomerate is interpreted as a
post-deformational basal facies. Amaximum age limit for
early deformation in the area is provided by the 354 Ma
Logjam pluton (Gleeson et al., 2000, this volume). This
deformation may correspond to a regional collisional
event during which blueschist and eclogite facies rocks
were emplaced within the Yukon-Tanana Terrane circa
346 Ma (Erdmer et al., 1998). As suggested by Murphy
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TABLE 2
ANALYTICAL RESULTS FROM MINERALIZED ZONES

Element Au Mo Cu Pb Zn Ag Co Fe Fe As As

Units ppb ppm ppm ppm ppm ppm ppm % % ppm ppm

Method
1

INA AICP AICP AICP AICP AICP AICP AICP INA AICP INA

Lab.
2

ACT ACM ACM ACM ACM ACM ACM ACM ACT ACM ACT

Dect'n Limit 2 1 1 3 1 0.3 1 0.01 0.02 2 0.5

Field No. Mapsheet Northing Easting

99JN-27-1C 104N/9E 6613006 667397 18 7 32 157 4 0.3 1 1.6 1.7 3 3.5

MMI99-22-3 104N/16 6648136 645330 1320 4 42 < 3 17 0.7 3 1.88 2.01 4420 4290

MMI99-27-19 104O/13E 6646808 349969 311 1 8786 14 155 2.9 24 6.83 8.42 < 2 4.5

Element Sb Sb Bi V P Mn* Al Na K Ba Ba

Units ppm ppm ppm ppm % ppm % % % ppm ppm

Method
1

AICP INA AICP AICP AICP AICP AICP AICP AICP INA AICP

Lab.
2

ACM ACT ACM ACM ACM ACM ACM ACM ACM ACT ACM

Dect'n Limit 2 0.1 2 1 0 2 0.01 0.01 0.01 50 1

Field No. Mapsheet Northing Easting

99JN-27-1C 104N/9E 6613006 667397 < 3 0.2 < 3 27 0.023 183 0.57 0.11 0.33 580 88

MMI99-22-3 104N/16 6648136 645330 145 194 8 12 0.038 351 0.95 0.07 0.28 820 94

MMI99-27-19 104O/13E 6646808 349969 < 3 1.6 10 104 0.066 2044 3.99 0.07 0.27 3400 1731

1 Methods: AICP = Inductively coupled plasma, Aqua regia digestion; INA = Instrumental neutron activation

2 Lab.: ACM = Acme Analytical Laboratories Ltd., Vancouver; ACT = Activation Laboratories Ltd., Ancaster, Ontario



and Piercey (1999), this deformational pulse may prove
to be a useful feature for regional correlations.

Broader map coverage and new kinematic data show
that the deformational history culminated in an important
north-south compressional event that affects the southern
margin of the Simpson Peak batholith, although this
event is not everywhere in evidence. New discovery of
superb exposures of the Teslin fault along Jennings River
reveal a broad zone of mylonite with sinistral kinematics,
overprinted by quasi-ductile dextral fabrics (de Keijzer et
al., 2000), but the age and duration of these kinematic
events and how they relate to deformational events in the
adjacent rocks are unknown.

Stratigraphy Inverted, or Not?

The revised stratigraphy here relies heavily on the in-
trusive relationship of Hazel orthogneiss into greenstone,
providing a minimum age of 362 Ma for the greenstone
and underlying rocks. However, the contact relationship
between the main body of the Hazel orthogneiss and
greenstone has not been unequivocally established. Out-
crop patterns support such an interpretation as do thin
apophyses of orthogneiss within greenstone, but such
apophyses have not been traced back to the main body of
Hazel orthogneiss. No such apophysies have been recog-
nized in presumably younger units. Neither are presum-
ably younger units cut by the main body, even though the
outcrop pattern on Figure 3 would seem to show this for
both the crinkle chert and carbonate units. At three locali-
ties, the margin of the Hazel body follows and does not
cross-cut crinkle chert (at Mount Hazel, and near locali-
ties 2 and 7 on Figure 3), or carbonate (north of locality
12). Where outcrop control is best, from Mount Hazel to
the BC-Yukon border, the crinkle chert apparently occurs
within a synformal keel immediately northeast of the Ha-
zel orthogneiss. At Mount Hazel a septa of strongly foli-
ated felsic, muscovite- and magnetite porphyroblast-rich
tuff (?) or intrusive border phase (not shown on Figure 3)
separates the chert from less deformed Hazel pluton.

Syndepositional Faulting?

The “dirty clastics” unit and crinkle chert unit are
both observed to record the same deformational events
and both rest depositionally atop greenstone. They rest on
no other units. Crinkle chert is clearly overlain by lime-
stone and a succession of other lithologies. In contrast,
the “dirty clastics” unit is not overlain by other units west
of Two Ladder Creek. If the “slate, chert, argillite, con-
glomerate” unit of the “Klinkit assemblage” that extends
eastward from Two Ladder Creek (where it was origi-
nally included with the “dirty clastics” unit by Mihalynuk
et al., 1998 because of close lithologic similarity) is cor-
relative with the “dirty clastics”, then it is overlain by a
“phyllite and minor limestone” unit and both are intruded
by the 354 Ma Logjam intrusion (Gleeson et al., 2000,
this volume). Thus, the crinkle chert may have been de-
posited at the same time as the conglomeratic “dirty
clastics”, suggesting that the extents of these contrasting

facies were controlled by syndepositional faults. Crinkle
chert may have accumulated as mixed hydrothermal and
biogenic sediment in a rift graben, protected from the in-
f l u x o f v o l u m i n o u s “ d i r t y c l a s t i c s ” . S i m i l a r
synsedimentary faults are suggested to control mineral-
ization controls at the Fyre Lake and Kudz Ze Kayah de-
posits (Murphy, personal communication, 1999). This
rift event apparently marks a fundamental change in the
continental arc in which the greenstone was deposited,
because younger volcanic rocks in the Big Salmon Com-
plex are much less voluminous.

An enigmatic basalt-gabbro-ultramafite succession
between Teh and Butsih Creeks (southeastern 104O/12)
is 2 kilometres thick and 13 kilometres long and envel-
oped by Big Salmon Complex greenstone. If it is an oce-
anic crustal fragment, the structure that emplaced it does
not appear to extend west of Bareface Mountain, because
greenstone crops out over extensive areas both north and
south of where such a hypothetical structure should exist.
Alternatively, it could have been emplaced during arc
rifting and cessation of circa 362 Ma volcanism in the
continental arc, which led to exhalative contributions and
crinkle chert deposition. It does appear to sit near the top
(termination?) of the greenstone succession. Alterna-
tively, it may be a differentiated sill that pinches out to the
west, in similar fashion to those believed to have been
emplaced along syndepositional faults in the Finlayson
area (Murphy and Piercy, 1999). In either case, such
faults are important conduits for mineralizing fluids and
the coincidence of 95th percentile regional geochemical
results in this area (Cook and Pass, 2000, this volume)
may reflect such a mineralizing system. Geochemical re-
sults aimed at this problem are pending.

SUMMARY

U-Pb isotope geochronological data is key to unrav-
eling the stratigraphy and geological history of the Big
Salmon Complex and adjacent terrains. Two new age
dates are reported here. A 362 Ma age from the Hazel
orthogneiss provides a minimum age for the greenstone,
which it appears to intrude, and underlying rocks. The
other isotopic age is 325 Ma from some of the structurally
highest felsic tuffaceous units. These ages require that
most of the stratigraphy outlined by Mihalynuk et al.
(1998) is inverted. Regardless of the stratigraphic
younging direction, the greenstone-chrinkle chert-lime-
stone marker succession can be confidently traced
throughout the Big Salmon Complex in British Columbia
and southernmost Yukon (cf. Roots et al., 2000), and a
crude metallogenic history can be pieced together.

Vigorous continental arc volcanism in the late Devo-
nian to Early Mississippian (circa 370-360 Ma) resulted
in the accumulation of voluminous, submarine, domi-
nantly mafic tuff and tuffite on a substrate of pericratonic
strata. A pulse of felsic volcanism and arc rifting and
probably marks the end of the magmatic cycle and the for-
mation and preservation of a regionally developed exha-
lative chert horizon known as the “crinkle chert” as well
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as coeval clastic facies preserved in fault-bounded basins.
Felsic volcanic intervals immediately beneath the crinkle
chert commonly contain pyritic quartz-sericite schist in-
tervals. These may serve as potential pathways to
volcanogenic massive sulphide deposits. Within the crin-
kle chert, a Cu-Zn-Fe-Mn-Ba-rich lens several metres
long points to the potential for volcanogenic exhalative
deposits.

Carbonate deposition atop crinkle chert probably
marks a rise in carbonate productivity in the Early Missis-
sippian, following the Late Devonian crisis and extinc-
tion reef organisms. Thick carbonate banks probably co-
existed with basins in which terrigenous clastics were
deposited. Complex facies may have been linked by
pulses of volcanism and widespread tuff deposition. A
mid-Mississippian deformational event (between 354 and
335 Ma) may have peaked with emplacement of 346 Ma
eclogite and blueschist (cf. Erdmer et al., 1998). It caused
uplift and erosion of units and deposition of widespread
conglomeratic facies. The ensuing strata display at least
as much lithologic variability as do pre-deformation sedi-
ments, but felsic volcanism is again proximal as it was at
the close of greenstone deposition. Base metal sulphides
are associated with these felsic volcanics such as at the
Arsenault property.

The youngest Big Salmon Complex strata recognized
in the Jennings River area are 325 Ma dacitic tuffs in car-
bonate. They do not correspond in any way to a clear
break in deposition, and much younger Big Salmon Com-
plex strata could exist in other areas. Peak metamorphism
predates the 196 Ma Coconino tonalite and may have oc-
curred around 270 Ma when blueschist and eclogites were
incorporated into the Yukon Tanana Terrane (Erdmer et
al., ibid.). The youngest regional deformational event
produced a strong fabric in the ~196 Ma Coconino
tonalite, but affected only the southern margin of the circa
185 Ma Simpson Peak batholith. Youngest magmatism is
Eocene, and one Eocene pluton west of north Teslin Lake
hosts a set of veins with elevated gold values. Clearly, the
area has a long and complex history and significant min-
eral potential.
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Appendix I: Notes on Figure 3

Thick Quaternary deposits completely blanket some
parts of the map area for tens of square kilometres. These
are problem areas in which tenuous extrapolations are re-
quired to produce the map of Figure 3. Many extrapola-
tions, if correct, carry important implications. Other ex-
trapolations, drawn to mimic local structural style, imply
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detailed knowledge of unit distributions that does not ex-
ist. Most limitations of Figure 3 will become apparent
with future publication of 1:50 000 scale Open File maps
which will show inferred contacts and limits of outcrop;
however, many of the following remarks are germane to
those maps as well. The numbered points below corre-
spond to the numbers, ordered from north to south, en-
closed by triangles on Figure 3.

1. Western contacts of the Screw Creek limestone have not
been found in the Screw Creek valley bottom. Lowest
exposures of limestone are apparently right way up
based on poorly preserved grading in siliceous
tuffaceous layers. Structurally higher parts of the lime-
stone are clearly upside down (described above).

2. Crinkle chert occurs in the old Alaska Highway road cut,
but the area to the west is swamp; no greenstone is
mapped.

3. This contact is well constrained between the elongate
pluton of presumed Jurassic age and the Alaska High-
way, but has not been observed north or south of those
points.

4. The syncline is constrained along the shoreline and near
“4”. However, closure could not be confirmed by map-
ping. Felsic volcanics on the southern limb are locally
very siliceous and might be a volcanic-crinkle chert hy-
brid.

5. Closure of the fold has not been demonstrated unequivo-
cally. However, all indications point to fold closure:
only greenstone is mapped along the Smart River road,
both limbs have been mapped to within a couple kilo-
metres of the hinge and layer-cleavage relationships on
the limbs are consistent with closure.

6. Mapping of 104O/14W is incomplete. Low outcrops in
the downstream stretches of the Screw Creek valley in-
clude small areas of limestone, perhaps hinges of folds
developed on the lower limb of the Screw Creek lime-
stone.

7. Crinkle chert occurs as a large area of angular boulders
atop Hazel orthogneiss where it is assumed to be locally
derived. Crinkle chert is known to occur along the con-
tact of the Hazel orthogneiss at location 2 and near the
Peak of Mount Hazel.

8. Only small lenses of carbonate are found in the axial zone
of the fold. Carbonate on the fold limbs apparently
grades laterally into graphitic wacke near the fold core.

9. Only three areas of outcrop constrain the eastern lime-
stone belt south of the Alaska Highway. One is near the
north margin of the Simpson Peak batholith another is
south of central Swan Lake on Hook Creek (creek not
shown on Figure 3), and third is an area of sparse out-
crops in the forest west of Swan Lake. At none of these
localities is the crinkle chert unit exposed.

10. Geology near “10” and an equal distance due north of the
highway has been compiled mainly from vantage point
mapping. It requires confirmation by direct observa-
tions.

11. Orthogneiss near Mt. Francis is lithologically similar to
the Hazel orthogneiss in many respects; however, it ap-
parently cuts younger stratigraphy. It is presumably be-
tween 362 and 335Ma, because it is younger than the
greenstone, but is overlain by conglomerate believed de-
rived subsequent to a deformational event around 345
Ma. (see Discussion).

12. Only scattered outcrops of limestone and greenstone cut
by tonalite are present at the southern end of the carbon-
ate belt. More persistent outcrop near the northern end of
the belt leads to a map pattern that implies that the Hazel
orthogneiss also cuts the limestone, but this is probably
not the case. It appears more likely that the limestone
belt outlines a tight synformal keel that is bent to the
west and extends over the Hazel orthogneiss (see loca-
tion 7). The crinkle chert unit was apparently not depos-
ited at this locality below the limestone.

13. All contacts between Coconino tonalite and Simpson
Peak batholith are covered. Since Coconino tonalite is
older and more deformed than the Simpson Peak
batholith, the interpreted contact configuration is meant
to show the former cut by the latter.

14. Teh Creek pluton is shown as an elongate body trending
290°. In fact, most of the central portion traversed by
Teh Creek is covered and two separate bodies could be
present. However, the plutonic rocks exposed at either
end of the body lithologically indistinguishable, and the
body is known to continue in similar fashion to the east
beneath a carapace of Klinkit assemblage rocks to where
it is exposed in the Butsih Creek valley. Several corre-
lated geochemical anomalies coincide with carapace
rocks in easternmost 104O/12 (near 19; see also Cook
and Pass, 2000, this volume).

15. Felsic volcanics are not mapped north of “15”, but are
shown extending through a covered area to the lime-
stone belt because of their common association with
limestone elsewhere.

16. As is the case for locality “14”, no outcrop exists to sup-
port the interpretation of a continuous septa of
greenstone. However, clear relationships occur at both
the western and eastern ends of the septa. The contact
shown between greenstone and Klinkit argillite is purely
conjectural.

17. Teslin fault is beautifully exposed here (see deKeijzer et
al., 2000).

18. A tight synformal keel of crinkle chert and limestone is
enveloped by greenstone. In particular, limestone layers
are strongly folded and rodded, producing a “false
stretched monomict conglomerate” in which the appar-
ent stretched limestone “cobbles” are actually decapi-
tated, isoclinal interference folds. Protolith textures are
destroyed due to the coincidence of interference fold
cores; however, good protolith textures are displayed in
greenstone where it occurs out along the relatively pla-
nar fold limbs.

19.Teh Creek pluton in subsurface produces hornfels and
multielement geochemical anomalies in local stream
sediments (see “14” above and Cook and Pass, this vol-
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ume). Roof rocks are cut by abundant thick dikes and the
pluton is again exposed in Butsih valley to the east.

20. Cherty argillite believed to be part of the Cache Creek
Kedahda Formation is strongly hornfelsed near the in-
trusive contact.

21. Most of the unit is covered within 5 kilometres of the
River. Observations are restricted to within 2 kilometres
of the northern contact.

22. A few scattered outcrops of strongly foliated, blue grey
limestone occur in the middle of a broad glacial outwash
plain east of Kachook Creek. They are included with the
Permian Teslin Formation based only upon lithological
similarity. Thus, the trace of the Teslin Fault must run to
the north, down the Jennings River.

23. Both northwest and northeast contacts of the Charlie
Cole pluton are covered.
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Ancient Pacific Margin Part III:
Regional Geology and Mineralization of the Big Salmon Complex

(NTS 104N/9E,16 & 104O/12,13,14W)

By Mitchell G. Mihalynuk1, JoAnne L. Nelson1, Charlie F. Roots2,
Richard M. Friedman3 and Martin de Keijzer4

KEYWORDS: Regional geology, Big Salmon Complex,
Nisutlin Assemblage, Klinkit Assemblage, Swift River
Assemblage, Yukon-Tanana Terrane, Kootenay Terrane,
Dorsey Terrane, Slide Mountain Terrane, Teslin Fault,
volcanogenic massive sulphide, mineralization, Atlin,
Teslin, Jennings River.

INTRODUCTION

Regional geological mapping of the Big Salmon
Complex in northwestern British Columbia (104N/09 &
16 and 104O/12, 13 & 14W, Figure 1) was conducted in
1999 under the aegis of the Ancient Pacific Margin Na-
tional Mapping Program (NATMAP, cf. Nelson, et al.,
2000, this volume; Roots, et al., 2000). This mapping
builds on 1997 reconnaissance mapping (Mihalynuk et
al., 1998) that confirmed long-standing correlations be-

tween the Big Salmon Complex in British Columbia and
the Yukon (e.g. Mulligan, 1963; Gabrielse, 1969; Figure
2).
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In southern Yukon, Big Salmon Complex rocks have

subsequently been included with the Kootenay Terrane

(Gordey, 1995) which include the Lower and Middle

Units of the Yukon-Tanana Terrane as used by Mortensen

(1992). This correlation is important because Yu-

kon-Tanana Terrane rocks, historically ignored by min-

eral exploration geologists, have been the focus of min-

eral exploration programs since 1993 with the discovery

of mineralized float at what came to be the Kudz Ze Kayah

deposit. Other exploration successes include the Wolver-

ine and Fyre Lake volcanogenic massive sulphide depos-

its.

Highlights of the 1999 field program are reported

here together with descriptions of map units and geologi-

cal relationships, and new insights. Mihalynuk et al.

(1998) describe units encountered in the 1997 field sea-

son and present a structural synthesis, the details of which

are not repeated here.

LOCATION AND PHYSIOGRAPHY

During the six week field program (early July to
mid-August), mapping concentrated on low-lying, tree or
swamp-covered areas (Photo 1) that occupy more than
90% of the area bounded by the British Columbia-Yukon
border on the north, Teslin Lake on the west, Mount Char-
lie Cole to the south and Simpson Peak to the east (Figure
3). Most of the area is covered by fluvial and glacial de-
posits that attain thicknesses of 40 metres or more
(Dixon-Warren and Hickin, 2000, this volume); although,
air photo analysis and fixed wing aerial reconnaissance
revealed that outcrop is more abundant than indicated on
previous maps (Gabrielse, 1969). Reaching the outcrops
can, however, be a challenge, usually requiring foot travel
between swamps that provide the only helicopter landing
spots.

The map area is accessed from the Alaska Highway,
which crosses it near the Yukon border, between Watson
Lake and Whitehorse (Figure 1). Only three rough sec-
ondary roads reach more than a kilometre from the high-
way. These mineral exploration roads; each extend about
10 kilometres in British Columbia. Two lead into the Yu-
kon, up the west side of Logjam Creek and east side of
Smart River valleys. However, washouts on the Smart
River Road render it impassable after a few kilometres.
Another road, constructed to provide access to the
Arsenault property, can only be traveled as far as the Swift
River where the bridge has long since washed away. Fuel
and rudimentary supplies are available at Swift River and
Morley River Lodge, just outside the eastern and western
limits of the map area, respectively.

Charter fixed wing aircraft are available year round at
Teslin from Teslin Lake or at a converted military gravel
strip, both, about 45 kilometres west of the map area.
Charter helicopters are available year round from Atlin,
about 80 air kilometres west of the map area.

GEOLOGIC FRAMEWORK

Most of the field area is underlain by the Big Salmon
Complex (Figure 3). Dominant protoliths are mafic vol-
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canic rocks, quartz-rich clastic sediments, and intrusive
rocks of diorite, tonalite and leucogranite composition.
Felsic tuff, crystalline limestone and chert-exhalite units
are volumetrically minor, but conspicuous and mappable
units. A lower amphibolite grade “core zone” in which
protolith textures are mostly destroyed, is broadly paral-
lel to the northwest trend of the Big Salmon Complex, and
is flanked by greenschist grade rocks to both the south-
west and northeast in which relict protolith textures may
be relatively well preserved. Metamorphosed tonalite,
lesser diorite and minor leucogranite, herein called the
Hazel orthogneiss, dominate the north-central part of the
“core zone” (Figure 3).

Big Salmon Complex rocks are bounded to the south-
west by Teslin Lake (Teslin fault, see de Keijzer et al.,
2000) and Cache Creek Terrane in the Atlin area (Aitken,
1959; Figure 3). They clearly extend northwest into the
Yukon (Roots et al., 2000) and are probably equivalent to
Mississippian volcanics in the Teslin area (unit Mv of
Gordey and Stevens, 1994; Gordey, 2000). Relationships
with rocks to the southeast and northeast are less certain
(see Discussion).

Both Aitken (1959) and Gabrielse (1969) considered
the Big Salmon Complex to be at least partly correlative
with the Sylvester Group (Slide Mountain Terrane) based
upon the abundance of mafic volcanic protoliths, but this
assignment is not supported by more recent data. For ex-
ample, Mihalynuk et al. (1998) showed that the Big
Salmon Complex greenstones are geochemically like
continental arc volcanics, not mid ocean ridge basalts
typical of the Slide Mountain Terrane. Along strike in the
Teslin zone, Creaser et al. (1997) showed that the geo-
chemistry of both sedimentary and volcanic rocks
lithologically correlative with the Big Salmon Complex
is not permissive of genesis in the Slide Mountain ocean
basin because �Nd values are strongly negative (+0.5 to
–26.2), indicating a significant continental component.

Tempelman-Kluit (1979) interpreted rocks in the Yu-
kon that are equivalent to, and along strike with the Big
Salmon Complex as part of a subduction/collisional com-
plex (Teslin suture zone), a contention supported by dis-
covery of relict high pressure metamorphic assemblages
including eclogite (Erdmer and Helmstaedt, 1983;
Erdmer, 1985; Erdmer and Armstrong, 1989). Working
along the western part of the Big Salmon Complex,
Hansen (1989, 1992a, 1992b) and Hansen et al. (1989,
1991) claimed to outline a fossil Permo-Triassic
subduction zone with off-scraped sediments affected by
tectonic backflow. More recent work by Stevens (1992,
1994), Stevens and Erdmer (1993), Stevens and Harms
(1995), Stevens et al. (1996) and Colpron (1999) shows
that the Teslin “suture zone” is comprised not of mélange
of off-scraped oceanic sediments and subduction zone
tectonites, but of continental margin strata (Creaser et al.,
1997) with relatively coherent stratigraphic relation-
ships. This coherent stratigraphy has enabled the defini-
tion of a polydeformed nappe (deKeijzer and Williams,
1999) within the former Teslin suture zone. Likewise, a
persistent stratigraphy can be traced throughout the study

area, and none are composed of scaly subduction
mélange.

STRATIGRAPHIC FRAMEWORK

A persistent stratigraphy provides the foundation for
correlating from one area to another in the Big Salmon
Complex. In British Columbia, three distinctive and con-
trasting units are recognized as forming a marker succes-
sion (Mihalynuk et al., 1998; Figure 4). Based on new
isotopic and geologic constraints, their stratigraphic or-
der, from oldest to youngest is now known to be:

� 1200 m of tuffite-dominated greenstone;

� 30-150 m of buff to grey weathering limestone with
metre-thick tuffaceous and thin centimetre to
decimetre quartzite layers;

� 20-50 m of thinly bedded, finely laminated
manganiferous crinkle chert/quartzite with musco-
vite partings;

This marker succession persists in southeast and
northwest 104O/13 and south-central 104O/12. In north-
ern 104N/16 a hybrid unit having some characteristics of
felsic tuff mixed with crinkle chert occurs in place of the
crinkle chert unit.

Two other more broadly defined rock packages are
recognized:

� >150 m of dirty clastics: brown to tan wacke,
stretched quartzite-pebble and granule conglomer-
ate and slate;

� >1000 m of heterolithic, quartz-rich clastics
interbedded with thin limestone and mafic and fel-
sic tuffs.

Lacking age control, Mihalynuk et al. (1998) con-
cluded that the “dirty clastics” were considerably youn-
ger than the unconformably underlying greenstone unit,
because they contained clasts that appeared to be derived
from the older polydeformed and polymetamorphic units.
And because the “dirty clastics” unit was observed to sit
only on the greenstone unit, greenstone was considered
the next youngest unit, prompting the conclusion: “A
thick greenstone and overlying clastic strata within the
Big Salmon Complex of British Columbia have no obvi-
ous correlatives within the Yukon-Tanana Terrane and
may be considerably younger.”

Subsequent petrographic analysis showed that
polydeformed phyllite clasts within the “dirty clastics”
succession were deformed in situ, and were not derived
from a previously deformed terrain. Two fabrics shown
by the phyllite clasts are seen in thin section to be weakly
developed in adjacent, phyllosilicates-poor quartzite
clasts (Photo 2). Furthermore, new isotopic age data from
samples of the former lower (Mt. Francis dacite at 325
Ma) and upper (Hazel orthogneiss at 362 Ma) parts of the
stratigraphy require that the stratigraphy of Mihalynuk et
al. (1998) is inverted, with important consequences for
regional correlations (see Geochronology and Discus-
sion). A revised stratigraphy is shown in Figure 4.
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Facing indicators are among the textures commonly
preserved on the relatively weakly metamorphosed flanks
of the Big Salmon Complex. However, unless they can be
observed at the interface of the units being compared,
they must be considered suspect because isoclinal folds
are pervasive. In particular, the “dirty clastics” unit,
which displays good graded bedding, is strongly de-
formed near its contact with the greenstone due to high
rheological contrast (Photo 3).

A heterolithic succession, dominated by quartz-rich
clastics with minor, grey-weathering carbonate layers
1-10m thick and quartz-phyric volcanic tuff layers up to
40m thick, are now considered to sit near the top of the Big
Salmon Complex stratigraphy as they include the 325 Ma
daci te layers . A lower quar tz and feldspar-r ich
metaclastic unit that is lithologically similar, but not iden-
tical to some metaclastics of the upper unit, apparently
underlies the greenstone unit upstream of the Big Bend
(104O/12 south). Immediately to the north, a basalt-gab-
bro-ultramafite succession occurs within the greenstone
near Teh Creek, where rock units belonging to the
“Klinkit assemblage” are well exposed. Layered and in-

trusive units not previously described by Mihalynuk et al.
(1998) are described here, beginning with the oldest lay-
ered rocks.

Lower Quartz and Feldspar-Rich
Metaclastic Unit

In southern 104O/12, a > 350 m thick (structural) suc-
cession dominated by quartz-rich and lesser quartz-feld-
spar-rich metaclastic rocks lies structurally below the
greenstone unit. In order of abundance, the rock types
are: muscovite-quartz schist; biotite-muscovite±garnet
quartz schist; muscovite-quartz±chlorite±feldspar schist,
and biotite-chlorite-feldspar-quartz-schist. Feldspathic
schists may be strongly deformed granitoid bodies, but
the gradual appearance of feldspar down section from the
greenstone argues for a sedimentary source. Sinistral
shear bands are well developed in the feldspathic schist;
about 2.5 kilometres north of the presumed trace of the
Teslin fault (Figure 3).
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Photo 2. Photomicrograph of stretched quartzite pebble
conglomerate of the dirty clastic succession shows that the
phyllitic fabric displayed by argillaceous clasts (S1) continues into
the adjacent quartzite clasts. A second fabric (crenulation
cleavage, S2) is also printed on both phyllite clasts and quartz
clasts. Such fabric development demonstrates that the
conglomerate was deposited prior to at least two phases of
deformation, and that the phyllite clasts need not have been
derived from a previously deformed and metamorphosed terrain.
Width of the photomicrograph represents 4 mm.
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Figure 4. Generalized stratigraphy of the Big Salmon Complex in
British Columbia.

Photo 3. Sheath fold in turbiditic siltstones of the “dirty clastics”
unit from within 5 metres of the greenstone contact (8x
magnification).



Ultramafite-Gabbro-Basalt-Porphyry

A nor th to sou th success ion of u l t ramaf i t e
(70-600m), gabbro (150-700m) and basalt (>20-2000m)
can be traced for about 13 kilometres (Figures 3 and 4, all
thicknesses are structural). It extends from the eastern
limit of the map area, the Butsih Creek valley, and ex-
tends west almost to Bareface Mountain (informal, on
Figure 3) where serpentinite was previously recognized
by Gabrielse (1969). Farther west, the serpentinite disap-
pears and the gabbro-basalt complex merges with the Big
Salmon Complex greenstone unit. Greenstone with gab-
bro intervals is well exposed on both the long south ridge
and the southwest flank of Bareface Mountain. At the
eastern end of the belt, exposures are lost beneath glacial
cover of the Butsih Creek valley. The easternmost 2 kilo-
metres of serpentinite outcrops are bordered to the north
by distinctive, coarsely porphyritic andesitic volcanic
and hypabyssal rocks. All contacts of the ultramafite are
faulted; they are either intrusive contacts that have been
structurally modified, or original tectonic contacts.

Ultramafite exposures are typically orange, waxy
yellow or dark green-black on both weathered and fresh
surfaces. They are dominantly strongly foliated serpen-
tinite, but lozenges of less foliated lherzolite are common
on “1865m peak” (Figure 3) where the unit is thickest and
best exposed. Where first encountered, the lherzolite was
described as a wherlite, but geochemical anlaysis shows
the rock to be too Mg-rich to support an abundance of
clinopyroxene, so the pyroxenes are probably deformed
hypersthene. At a locality 1.8 km west of the peak,
coarsely crystalline lherzolite cumulate is preserved as a
septa bounded to the north and south by gabbro. Expo-
sures are not sufficient to determine whether this relation-
ship is due to structural interleaving or is a relict of an
originally intrusive contact. A series of outcrops on the
north side of Teh Creek valley displays trains of
serpentinized pyroxenes that may be a relict mantle
tectonite fabric, but a pervasive late foliation renders this
interpretation tenuous. (Harzburgite tectonite erratics are
common along the belt. When first encountered, the errat-
ics were suspected to be of local derivation. However,
they occur throughout the map area and beyond, and are
evidence of a once extensive, preglacial ophiolite ter-
rain.)

The gabbro and basalt comprise an intrusive com-
plex. Gabbro is cut by basalt and basalt is cut by gabbro.
At the northern margin of the complex, gabbro predomi-
nates and at the southern margin, basalt predominates.
Gabbro is white to green on fresh or weathered surfaces,
although it can also be ruddy weathering. It is medium to
very coarse-grained; locally it is pegmatitic. Plagioclase,
pyroxene, and hornblende are epidote- and chlorite-al-
tered and comprise more than 90% of the rock. Pyroxene
is probably largely altered to hornblende, but this is not
yet confirmed by petrographic analysis. Contacts with
the ultramafite are best exposed within 0.5km of “1865
Peak” where they are clearly tectonic. Gabbro grain size
is cataclastically reduced from greater than 1 cm to less
than 0.01 cm over a width of 4 metres at the ultramafite

contact. Shallowly-plunging mineral lineations suggest
transcurrent motion, in support of map-scale sinistral
shear bands; however, these lineations are folded and
macroscopic kinematic indicators are inconsistent or
equivocal.

The basalt is dark green weathering, aphanitic or
microporphyritic. Flat chlorite disks up to 1 cm across are
probably relict amygdales. They may comprise as much
as 3% of the rock and are best displayed at one outcrop on
the southern flank of “1865 Peak”, where they are con-
centrated in concentric zones in what appear to be
stretched pillows (Photo 4).

Basalt outcrops are lost beneath thick colluvial and
glacial deposits in the valley south of “1865 Peak”.
Green-weathering basalt and andesite lapilli tuff domi-
nate the next ridge to the south. They are extensively
epidote-chlorite altered, foliated, and plagioclase-
phyritic, with locally preserved pyroxene and hornblende
phenocrysts. Less abundant, strongly planar beds of dust
tuff or tuffite are conspicuous because of alternating,
centimetre-thick, lime yellow and dark green bands. Pil-
lowed and subaqueous sheet flows are also locally pre-
served. Similar units occur within the Big Salmon Com-
plex greenstone unit along strike to the west (Figure 3),
where they show higher degrees of strain.
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Photo 4. Stretched pillows(?) within the basalt-gabbro-
ultramafite complex. If these are pillows, then part of the complex
was deposited in a submarine environment.



Coarsely Porphyritic Andesite

A package of distinctive, coarsely porphyritic,
green-weathering, volcanic and hypabyssal andesitic
rocks underlie most of the northern spur of “1865 Peak”
where they are structurally admixed with serpentinite
along their southern contact. They are separated from
tuffite-dominated succession of “lower Klinkit assem-
blage” north of the spur by a colluviated valley. A stream
occupies the valley bottom 1.6 km to the east where out-
crops of dark green, fine-grained tuff are washed clean. In
places, the tuff appears autoclastic. Broad zones, tens of
metres across, are plagioclase-porphyritic, and in one 20
cm wide zone, flattened pyroxene crystals up to 4 mm
across (average 2-3 mm) are preserved. Near the serpen-
tinite, the unit is megaporphyritic. Plagioclases up to 4 cm
long are strongly zoned, possibly to K-feldspar. Blocky
black hornblendes range up to 2.5 cm long. Both feldspar
and hornblende megacrysts are aligned down dip in a

green, fine-grained foliated matrix (305°→65° to verti-
cal). Some broken phenocrysts display an asymmetry that
suggests north-side-up reverse motion, but most show
ambiguous shear sense.

These tuffs could have provided the source for
epiclastic deposits in the “lower Klinkit assemblage”, al-
though such a contention cannot be proven at this time.
Granodioritic intrusives hornfels both porphyritic tuffs
and epiclastics and chalcopyrite (<0.25%) is widely dis-
seminated in the porphyritic tuffs.

Klinkit Assemblage

Rocks of the “Klinkit Assemblage” (Stevens and
Harms, 1996) crop out in the eastern portions of the map
area (104O/12E, 13NE, 14W; Figure 3). Harms mapped
much of the “Klinkit assemblage” near Teh Creek
(104O/12E, Figure 3; Harms, written communication,
1999) and established a useful subdivision which aided
our 1999 mapping in the area. In 104O/13NE and 14W the
“Klinkit assemblage” includes a lower unit equivalent to
the “dirty clastics” and higher (?) units described by
Gleeson et al. (2000, this volume; not described here).
The fossiliferous Screw Creek limestone apparently sits
near the top of the “Klinkit assemblage”, although exist-
ing age data suggest protracted limestone deposition. Ob-
servations from the Teh Creek succession and Screw
Creek limestone are presented here, from oldest to youn-
gest.

Tuffite (240 m)

Well-preserved graded planar beds 10 to 100 cm
thick of fine-grained tuffiteare characteristic of this unit.
Approximately 200 metres of rhythmic deposits consist
mainly of sets that average 3 metres thick and grade up-
wards from massive hornblende-feldspar-phyric lapilli
that form 2/3 of their thickness, through fine-grained, pla-
nar-bedded ash and into laminated dust tuff. Sets may be
capped by cross-stratified volcanic siltstone. Fine-
grained detrital hornblende and plagioclase are abundant

enough in some layers to produce a felted texture. In some
cases, fine mafic grains are equant and may originally
have been pyroxene, now replaced by actinolite. Fresh,
coarse augite porphyry was observed in talus. Some inter-
vals are very fine grained and cherty, resembling pelagic
deposits. They are interpreted as dust tuff layers and may
preserve ball and pillow structures. Sparse decimetre-
scale calcareous layers are accentuated in thermal aure-
oles of thick sills and stocks by the development of
light-coloured calc-silicates (grossular, diopside, epidote
and quartz). One gossanous laminated white calcsilicate
is, at a minimum, 6 metres thick.

Exceptionally well-preserved bedding and fine
depositional features including cross-stratification,
graded bedding, various water escape features, and scours
permit assessment of facing directions. The succession is
right way up and deformed by upright open to close folds
in which foliation is only weakly developed, except for
the fold core regions in which protolith textures are in part
obliterated. Rhythmic deposits resemble thick turbidites,
possibly ABC Bouma sequences; however, the predomi-
nance of reverse grading in planar-bedded ash layers sug-
gests water lain tuffs that have not been reworked.

This unit has yielded neither fossil nor isotopic ages
from within the map area. Similar tuffite in the Teslin
sheet (Gordey, 2000) contain minor interbedded lime-
stones with Middle Mississippian (Viséan) conodonts
(M.J. Orchard in Poulton et al., 1999; see Figure 2 in Nel-
son et al., 2000, this volume). However, the reliability of
this distant extrapolation is questionable.

Near both the eastern and western limits of the tuffite
displays apparent stratigraphic contacts with overlying
conglomerate of the transitional unit.

Transitional Unit(s)

The transitional unit is so named because it marks a
distinct change from volcanic to carbonaceous and
quartz-rich clastic sedimentation. Two units define this
transition: a light grey tuff/tuffite, and a conglomerate
with quartz-rich clasts.

Acomplete section of grey, fine lapilli and coarse ash
tuff and tuffite has not been observed. It is probably about
40 metres thick and is partly interbedded with the con-
glomerate unit. Some tuffaceous layers appear felsic, due
to their siliceous nature, however, no quartz phenocrysts
have been observed. Tuff is probably subordinate to grey
or purple-brown phyllitic siltstone, which in places re-
sembles microdiorite due to thermal alteration and
growth of fine biotite. Siltstone is generally very well
bedded on millimetre to centimetre scales, and may dis-
play cross laminae, but clear way-up indicators are rare,
and these show that the unit is isoclinally folded. High
strain zones are common and their orientation with re-
spect to strongly transposed bedding indicates that they
are axial-parallel and focused at fold hinges. In contrast,
later, near-vertical mylonitic zones cut across folded
limbs.
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Granules to cobbles of quartzite, quartz-rich phyllite
and possibly recrystallized chert are the principal compo-
nents of the conspicuous conglomerate unit (Photo 5) that
marks the transitional unit north of “Nasty Peak” (infor-
mal, Figure 3). Conglomerate matrix material varies from
light grey-green phyllite to grit. Clasts are typically
slightly stretched. Structural complexity makes thickness
estimates difficult, but it is at least 5 m thick, and proba-
bly attains thicknesses of 30 m.

Highly strained, probable equivalents occur 4 km
east of Bareface Mountain and on the southern ridge of
the mountain. Quartz cobbles are flattened to sub-milli-
metre thicknesses (Photo 6), but low strain zones show
good preservation of grey ash tuff interbeds.

Black Argillite-Quartzite

Rusty, pyritic and locally graphitic black argillite and
thinly interbedded siltstone is the most abundant lithol-
ogy within the black argillite-quartzite unit. Centimetre
to decimetre thick beds of vitreous black sandstone are,
however, characteristic, and at least one conspicuous, 4-8
m thick layer of tan, carbonate matrix-supported quartz
grit occurs near the top(?) of the unit. Total thickness of
the unit is difficult to assess due to the affects of at least
one phase of isoclinal folding overprinted by upright
folds. It is probably in excess of 200 m thick with struc-
tural thicknesses of more than a kilometre.

Screw Creek Limestone

One of the most complete sections through the
fossiliferous Screw Creek limestone in British Columbia
is east of Screw Creek, near the border with Yukon
(104O/14W; Figure 3). Along this transect the structur-
ally lowest outcrops are decimetre thick limestone beds
with planar, centimetre-thick cherty maroon and green
layers, probably silicified tuffs. Facing indicators in these
brightly coloured layers are not well preserved, but trun-
cated layering gives the impression that the units are right
way up. The next highest unit is calcareous sharpstone
conglomerate which are clearly upside-down based on
well-developed channel scours and lags (Photo 7a).
Intraclasts predominate; they appear to have been derived
from the cherty tuff layers. Overlying corall ine
boundstone is also upside-down as indicated by corals in
growth position (Photo 7b). At yet higher elevations a
west-closing recumbent fold hinge is traversed and the
sharpstone conglomerate is repeated. Athird repetition of
the sharpstone conglomerate is succeeded by highly
fossiliferous limestone indicating a return to inverted
stratigraphy. Highest limestone exposures enclose a 2-5
metre thick tuffaceous interval containing 2 – 10 cm thick
planar bedded white tuff layers interlayered near the top
of the succession with decimetre thick carbonate. These
lithologies are joined by black siltstone beds several
centimetres thick. The highest carbonate layers contain
black phyllitic clasts. Carbonate content diminishes
abruptly over several metres until well-bedded black and
brown siltstone and feldspathic sandstone predominate.
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Photo 5. Conglomerate of the “transitional unit” of the “Klinkit
assemblage”.

Photo 6. Strongly flattened quartz clast conglomerate, probably
the “transitional unit”.



This latter lithology apparently belongs to the “Swift
River assemblage” (see Nelson et al., 2000). If this is true,
then the contact between the lowest Screw Creek lime-
stone (“Klinkit assemblage”) and “Swift River assem-
blage”, is gradational.

GEOCHRONOLOGY

Critical age data from two units are presented here. A
sample of Hazel orthogneiss was collected near a repeater
tower on the south flank of Mount Hazel (located on Fig-
ure 3). Hazel orthogneiss occurs within the greenstone
unit, which it apparently cuts, thereby providing a mini-
mum age on the greenstone which underlies more than
half of the map area.

A second data set is reported for a sample of interme-
diate to dacitic tuff that is interbedded with limestone on
the north flank of Mount Francis (see Figure 3). It is be-
lieved to occupy one of the highest stratigraphic positions
within the Big Salmon Complex (Figure 4).

Mount Hazel Orthogneiss

A sample of a massive to weakly deformed, granite
from the Mt. Hazel orthogneiss yielded a modest quantity
of cloudy, metamict, to less commonly clear, pale pink

prismatic zircon. Eight fractions of the clearest and coars-
est grains available all gave discordant results (2-10%
discordant), with ellipses aligned in a linear fashion (Fig-
ure 5, Table 1). An upper intercept of 362.3+7.9/-6.8 Ma
(eight-point Davis regression) is interpreted as the best
estimate for the igneous age of the Mt. Hazel pluton. A
well-defined lower intercept of 189+16/-17 Ma may corre-
spond with the time of Pb loss. Lead loss may be due to a
late deformational event which produces a strong fabric
in the circa 196 Ma Coconino tonalite (Mihalynuk, et al.,
1998), whereas the circa 185 Ma Simpson Peak batholith
(recalculated from Wanless et al., 1970) is mostly
undeformed.

Mount Francis Dacitic Tuff

This foliated metadacite yielded a moderate amount
of cloudy to rarely clear, pale pink prismatic zircon.
Seven strongly abraded fractions of the clearest grains
available were analysed (Figure 6, Table 1). All of these
likely show the effects of Pb loss, despite the strong abra-
sion. Four fractions (A, F, G and H) are discordant, and are
inferred to contain significant inheritance; they give
207Pb/206Pb ages of ca. 546-1235 Ma. Fractions B and C
give 207Pb/206Pb ages of about 325 Ma. The weighted av-
erage 207Pb/206Pb age for these two fractions, 325.1±3.0
Ma, provides the best estimate for the age of the rock.
Slightly discordant fraction D is interpreted to contain mi-
nor inheritance. Another tuff bed from the same outcrop
yields concordant fractions giving the same circa 325 Ma
age.

PLUTONIC ROCKS

The Coconino tonalite, Simpson Peak batholith,
Slaughterhouse quartz diorite, Two Ladder tonalite and
Midshore granite bodies (Figure 3) were described previ-
ously by Mihalynuk et al. (1998). New observations in the
Simpson Peak batholith show it to be compositionally and
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Photo 7. Screw Creek limestone: (a) cross stratified overturned
sharpstone conglomerate with clasts cannibalized from lower
beds, and (b) rugosan boundstone with fossils preserved in
overtuned growth position. Both photos are taken on the
overturned limb of a regional recumbent fold.
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texturally variable, and the Midshore granite is now be-
lieved to be part of a syenitic intrusive suite. These obser-
vations, together with descriptions of plutons encoun-
tered during mapping in 1999, are reported here from
presumed oldest to youngest:

Charlie Cole Pluton (EJCg)

A large body of strongly foliated light grey to
white-weathering granite underlies Mount Charlie Cole
(Gabrielse, 1969), and a few outcrops on its northern
flank extend onto southwestern 104O/12 in the present
map area. It consists of medium-grained quartz (30%)
and plagioclase (30%), with K-Feldspar as phenocrysts
(20%) and matrix (10%), and 15% smeared, chloritized
mafics (biotite?). S-C fabrics are well developed for
nearly a kilometre across strike. They indicate sinistral
motion on C-planes (Photo 8), but the fabric appears
folded in at least one locality where shear sense switches
rapidly. Charlie Cole pluton is 4 kilometres south of the
inferred trace of the Teslin Fault, which trends 300°. Ori-
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TABLE 1
ISOTOPIC DATA FOR TWO SAMPLES OF THE BIG SALMON COMPLEX

Fraction
1

Wt U
2

Pb
*3 206

Pb
4

Pb
5 208

Pb
6

Isotopic ratios (1σ,%)
7

Apparent ages (2σ,Ma)
7

(mg) (ppm) (ppm)
204

Pb (pg) (%)
206

Pb/
238

U
207

Pb/
235

U
207

Pb/
206

Pb
206

Pb/
238

U
207

Pb/
206

Pb

Mt. Francis Dacite, MMI97-35-1a: 325.1±3.0 Ma

A c,N2,p,b 0.067 450 29 11032 10 13.2 0.06041 (0.09) 0.5265 (0.15) 0.06321 (0.08) 378.1 (0.7) 715.2 (3.5)

B m,N2,p,b 0.036 361 16 3496 10 13.6 0.04333 (0.10) 0.3163 (0.18) 0.05294 (0.10) 273.5 (0.5) 326.0 (4.5)

C f,N2,p 0.038 493 26 9843 6 14.5 0.05042 (0.14) 0.3677 (0.19) 0.05290 (0.09) 317.1 (0.8) 324.3 (4.1)

D ff,N2,p 0.010 592 33 5489 4 15.9 0.05248 (0.10) 0.3849 (0.17) 0.05320 (0.11) 329.7 (0.6) 337.4 (4.9)

F m,N2,p 0.007 493 30 2902 4 14.0 0.05577 (0.11) 0.0627 (0.18) 0.08156 (0.11) 349.8 (0.8) 1234.9 (4.4)

G f,N2,p 0.007 470 18 2041 4 10.7 0.03776 (0.14) 0.3042 (0.23) 0.05843 (0.17) 269.7 (1.1) 546.0 (7.3)

H f,N2,p 0.009 490 25 3579 4 13.2 0.04869 (0.15) 0.4661 (0.22) 0.06943 (0.13) 306.5 (0.9) 911.5 (5.4)

Mt. Hazel Pluton, MMI97-29-1: 362.3+7.9/-6.8 Ma

A m,N2,p 0.037 349 20 7988 6 13.3 0.05438 (0.10) 0.4010 (0.16) 0.05349 (0.09) 349.5 (3.9) 349.5 (3.9)

B m,N2,p 0.025 413 21 1039 32 13.5 0.04952 (0.08) 0.3631 (0.18) 0.05317 (0.14) 336.0 (6.5) 336.0 (6.5)

C f,N2,p 0.016 534 25 6861 4 11.2 0.04586 (0.12) 0.3339 (0.18) 0.05280 (0.12) 320.1 (5.2) 320.1 (5.2)

D m,N2,p,b 0.032 719 33 8566 8 12.4 0.04499 (0.10) 0.3260 (0.16) 0.05254 (0.09) 309.1 (4.0) 309.1 (4.0)

E m,N5,p,s 0.013 599 35 4269 6 16.4 0.05366 (0.11) 0.3959 (0.20) 0.05350 (0.13) 350.2 (5.9) 350.2 (5.9)

F m,N5,p,e 0.014 240 12 1870 6 13.0 0.04875 (0.09) 0.3565 (0.26) 0.05304 (0.21) 330.5 (9.6) 330.5 (9.6)

G m,N5,p,e 0.010 489 27 4429 4 15.1 0.05144 (0.12) 0.3779 (0.19) 0.05328 (0.12) 340.8 (5.5) 340.8 (5.5)

H f,N5,p,b 0.010 560 31 2391 7 16.5 0.05045 (0.18) 0.3701 (0.29) 0.05321 (0.20) 317.3 (1.1) 337.7 (8.9)
1

Upper case letter = zircon fraction identifier. All zircon fractions air abraded; Grain size, intermediate dimension:

c=>134µm, m=<134µm and >104µm, f=<104µm and >74µm, ff <74µm;

Magnetic codes:All zircons are nonmagnetic on Franz magnetic separator at field strength of 1.8-2.0A and a sideslope of 5°.

Front slope for all fractions=20°; Grain character codes: e=elongate, p=prismatic, s=stubby.

2
U blank correction of 1pg ± 20%; U fractionation corrections were measured for each run with a double

233
U-

235
U spike

(about 0.005/amu).

3
Radiogenic Pb

4
Measured ratio corrected for spike and Pb fractionation of 0.0035/amu ± 20% (Daly collector) and 0.0012/amu ± 7%

and laboratory blank Pb of 1-3pg ± 20%. Laboratory blank Pb concentrations and isotopic compositions based on

total procedural blanks analy

5
Total common Pb in analysis based on blank isotopic composition

6
Radiogenic Pb

7
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
207

Pb/
206

Pb age of the fraction.
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entation of most of the C-planes is 185° to 020° such that
their development cannot be attributed to simple kine-
matic linkage with the Teslin Fault. Because of apparent
late folding of the S-C fabrics, their use in constraining
any regional structural interpretation would be suspect.
However, a sample collected for isotopic age dating
should provide a maximum age for this fabric.

Simpson Peak Batholith
(EJSg1, 2, 3, EJSgd)

Four li thologies comprise the Simpson Peak
batholith. These are described from oldest to youngest
based on field relationships:

Hornblende>biotite granite (EJSg1) with flattened
pink K-feldspar megacrysts is well foliated, but poorly
lineated. This unit was sampled at two localities and van-
tage point mapping suggests that rocks with similar
weathering characteristics crop out in a gently northwest
tapering wedge of pluton in northeastern 104O/12.

Medium-grained grey to tan granite (EJSg2) contains
white to pink intergrowths of plagioclase and K-feldspar
(60%), fresh biotite (10%, or up to 5% chloritized) and
coarse smoky quartz (30%). It is blocky weathering with
distinctive low angle jointing, and weathers to abundant
grus. Joint surfaces may be chlorite coated. Foliation is
weak to absent. It is the most abundant unit in the
batholith.

Biotite porphyry dominates a gently northwest-dip-
ping tabular complex about 240 metres thick (EJSg3). It is
medium-grained,with subequant feldspar and grey quartz
phenocrysts and medium to fine-grained rusty biotite, in a
tan to flesh coloured, non-foliated, sucrosic siliceous ma-
trix. Numerous 0.5 to 3 metre thick quartz dioritic sills cut
the complex, giving it a strongly jointed appearance from
a distance. The complex clearly cuts foliated K-feldspar
megacrystic granite as do irregular fleshy pink aplitic
dikelets interpreted as coeval.

Weakly to non-foliated quartz-diorite to granodiorite
(EJSgd) forms medium-grained tabular zones within the
batholith, and occurs as fine to medium-grained dikes that
cut the sill complex porphyry.

Teh Creek Pluton (KGg)

White hornblende < biotite granodiorite, granite and
lesser grey quartz diorite comprise this elongate, west
northwest-trending body that stretches across mapsheet
104O/12. Mafics, including about 1% yellow-brown
sphene, comprise about 16% of the rock. Slightly porphy-
ritic K-feldspar comprises 10% (to 30% including ma-
trix), plagioclase ~25% and xenomorphic quartz about
30% of the rock.

Originally mapped as belonging to three separate
suites, including parts of the Klinkit and Simpson Peak
batholiths (Gabrielse, 1969), the Teh Creek pluton is most
likely an extension of the Klinkit batholith, a satellite of
which is mapped east of upper Butsih Creek (just east of
104O/12). Although, the Klinkit batholith is described as
foliated (Gabrielse, 1969), no planar fabric is developed
within the map area. Thus, the Teh Creek pluton is treated
separately. It appears to have intruded by stoping of
blocks controlled by two sets of joints; north and
west-northwest sets, resulting in pluton margins that are
demarked by sets of orthogonal dikes (see headwaters of
Teh Creek, Figure 3).

Early Eocene Syenite (EEsy)

Pink, varitextured, unfoliated syenite occurs as two
elongate, high-level plutons east of Teslin Lake. The
southern body gives way on its southern margin to a sill
complex. Xenoliths of complexly folded Big Salmon
Complex are common. Textures range from fine-grained,
felted intergrowth of feldspar and amphibole in which
feldspar phenocrysts may range from a sparse to domi-
nant component. Feldspars are up to 3 centimetres across
and are typically zoned; they have white calcic? cores and
pink potassic rims. The northern pluton was called the
Midshore granite by Mihalynuk et al. (1998). A
compositionally distinctive zone at its northern end is
composed of 75% coarse, zoned feldspar and is pink with
tan weathering. Amphiboles are typically acicular. The
southern syenite body is reported to contain the sodic
pyroxene aegerine (Aitken, 1959). U-Pb isotopic analysis
of zircons extracted from the Midshore granite indicate an
Early Eocene age (unpublished). A sample collected from
the southern body should confirm correlation with the
dated pluton to the north.

New Occurrences and Mineral Potential

Several new mineralized zones were discovered dur-
ing the course of mapping in 1999. They are either intru-
sion-related gold veins or stratabound copper-rich lenses
in crinkle chert. The most prospective examples are re-
ported below together with analytical results where avail-
able (analyzed by Instrumental Neutron Activation and
Inductively Coupled Plasma Emission Spectroscopy
(note that ICP digestion is by aqua regia which is incom-
plete for most elements); see also Table 2). One pyritic
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Photo 8. S-C fabrics are well displayed in outcrops on the north
flank of Mount Charlie Cole about 4 kilometres south of the Teslin
Fault.



sericite schist is geochemically unremarkable, but it is
extensive and is included below.

Assay Data from Three Mineralized Zones

West Teslin Lake border area. Along west shore of
northern Teslin Lake, 6 km south of the Yukon border
(just west of the map area, “1” on Figure 3), a set of mod-
erately to steeply west to northwest dipping brittle shears,
spaced about 5-10 metres apart within an Eocene
granitoid body, show evidence of west-side-up move-
ment. They are invaded by quartz veins and rusty, pyritic
mineralization with rare malachite staining and variably
developed alteration envelopes. One 2-3 cm thick vein
with a somewhat wider than average 20 centimetre alter-
ation envelope was chip sampled for 2.5 metres along the
vein. It returned values of 1320 ppb Au, 0.4% As, and 194
ppm Sb (MMI99-22-3; Table 2; location 1 on Figure 3).

Copper in the Crinkle Chert. Numerous occur-
rences of minor sulphide mineralization and copper stain-
ing were encountered in the crinkle chert unit, further in-
dication of the high mineral content of this unit as
previously established by mapping in 1997. Most signifi-
cantly, a chlorite-porphyroblastic, 6 metre by 0.5 metre
lens with disseminated chalcopyrite returned 0.9% Cu;
0.3g Au, 2.9g Ag, 6.8% Fe, and 0.17% Ba from a chip
sample across its width (MMI99-27-19, Table 2; location
2, Figure 3).

Jennings River “knee”. Pyrite-rich sericite schist
crops out at many localities within the map area. Most ex-
tensive are those at locality “3” on Figure 3, near the
Jennings River “knee”. Here it is well developed within a
regional quartz-phyric horizon of probable dacite compo-
sition. Old claim posts indicate that the mineralization
was known previously, but the claims were apparently
never registered. The one sample analyzed did not return
anomalous metal values (99JN-27-1C, Table 2). Despite
scant exposures, the felsic host unit is intermittently ex-
posed for at least 16 km (Location 3 on Figure 3). If it is
indeed continuous, it could represent a significant miner-
alizing system that warrants further work.

DISCUSSION

In southern Yukon and British Columbia, the Big
Salmon Complex can be reliably mapped on the basis of
the stratigraphy presented herein. In British Columbia, it
is possible to walk Big Salmon Complex greenstone from
transitional greenschist-amphibolite facies near the core
of the Big Salmon Complex, either southeast or north-
west into greenschist-grade rocks that display good
protolith textures. Stevens and Harms (1996) include the
former, relatively high grade rocks with the “Hazel As-
semblage”, and the latter, lower grade rocks with the
“Klinkit assemblage”. This raises two questions: what is
the usefulness of the term Big Salmon “complex” given
that a coherent stratigraphy is present?, and what is the
utility of this assemblage given that it is possible to trace

units (like the greenstone) from higher grade “Hazel as-
semblage” to lower grade “Klinkit Assemblage”.

Is Big Salmon Complex a Complex?

Use of the term “complex” is recommended in the
North American Stratigraphic Code “…where the map-
ping of each separate lithic component is impractical at
ordinary mapping scales. “Complex” is unranked but
commonly comparable to suite or supersuite, therefore,
the term may be retained if subsequent, detailed mapping
distinguishes some or all of the component lithodemes or
lithostratigraphic units.” (NACSN, 1983, page 861).
Clearly, resolution of regionally mappable units within
the Big Salmon Complex does not in itself justify aban-
donment of the name. Future work may demonstrate jus-
tification, but in the interim, we have elected to retain the
original name of “Big Salmon Complex” rather than
adopt the nomenclature of Stevens and Harms (1996).
Dual nomenclature is confusing and prone to misleading
interpretation especially when the assemblages are im-
plicitly fault-bounded with distinct stratigraphies and
structural and metamorphic characteristics (see defini-
tions of Stevens and Harms, 1996). Rigorous unit defini-
tions together with reference sections or type localities
need to be established in order to address this problem.

Big Salmon Complex-“Klinkit Assemblage”
Relationships

Gabrielse (1969) showed the Big Salmon Complex
as bounded to the northeast by a belt of Mississippian
“Sylvester Group”, including massive greenstone, chert,
agglomerate and metadiorite which he designated as
“unit 7”; and he showed Big Salmon Complex bounded to
the southeast by the Simpson Peak batholith and other
plutons in the Jennings River area. However, it is now
clear that to the northeast, some “unit 7” rocks north of the
Alaska Highway belong to the Big Salmon Complex. To
the southeast, marker units can be traced to the “Big
Bend” of the Jennings River (Figure 3, location 18), and
the enclosing strata probably extend an additional 20
kilometres farther east southeast where they apparently
merge with the “Klinkit assemblage” of Stevens and
Harms (1996). These authors included both “unit 7” as
well as the presumably younger “unit 12” chert, argillite,
limestone and conglomerate of Gabrielse (1969) and
units Mv and Ml of Gordey and Stevens (1994) in their in-
formal “Klinkit assemblage”. The age of the “Klinkit as-
semblage” is constrained by Middle Mississippian
(Viséan) conodonts from limestone layers in the volcanic
division (unit “Mv” of Gordey, 2000; fossil age compiled
by M.J. Orchard in Poulton et al., 1999), by Triassic cono-
donts in the dark clastic division (M. Orchard in Harms
and Stevens, 1996), and especially by the fossiliferous
Screw Creek formation limestone (informal; Poole,
1956) which contains Early to Middle Carboniferous
macrofossils (Abbott, 1981), early Pennsylvanian
fusulinids (Gabrielse, 1969), and is structurally underlain
by thin limestone layers with conodonts of Middle Penn-
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sylvanian age (Abbott, 1981). Stevens and Harms (1996)
suggest that carbonate units within the “Klinkit assem-
blage” contain conodonts as young as Early Permian.
However, at least part of “unit 12” of Gabrielse (1969)
that Stevens and Harms (1996) included in the “Klinkit
assemblage” must be older than the Screw Creek lime-
stone based on the findings of Gleeson et al. (2000, this
volume) who mapped four ridges underlying the north-
eastern limits of “unit 12”. They report U-Pb isotopic age
results that constrain the age of the clastics to between
Earliest Mississippian and Silurian, much older than pre-
viously expected, and much older than any lithologically
comparable units in the “Klinkit Assemblage”. Such fun-
damental departures from recent stratigraphic interpreta-
tion show that our understanding of the Big Salmon Com-
plex is not yet mature and that detailed tectonic syntheses
involving the eastern Big Salmon Complex must be con-
sidered speculative.

Effects of Structural Complexity

Direct age comparisons are made difficult by isocli-
nal, mountain scale, south and southwest-verging folds
and parasitic folds that exert a fundamental control on the
distribution of different units. For example, the new isoto-
pic ages reported here together with structural observa-
tions show that substantial parts of the stratigraphy are in-
verted by large-scale nappes, but even so, some age

conflicts cannot be reconciled. Distribution of units is fur-
ther complicated by both older and younger folding.

Recognition of intense, regional strain partitioning
(in part related to nappes) shows that correlations cannot
be reliably based on degree of strain, although local dif-
ferences in metamorphic history may warrant division of
units into separate assemblages. An early, nearly
layer-parallel fabric is folded by the large scale folds and
is commonly overprinted by a second or third schistosity
imparted during subsequent deformational events.

A mid-Mississippian deformational event is well
documented to the north in the Glenlyon area (M. Colpron
in Nelson et al., 2000) and in the Finlayson area (Murphy
and Piercey, 1999; although it could be slightly older).
This same event might have affected the Jennings River
area, but the age is less tightly constrained. It is repre-
sented by deformational discordance above and below a
conglomerate within the regional carbonate unit. A dike
cuts folded strata that predate the conglomerate, thus pro-
viding an upper constraint on the age of deformation ~335
Ma (unpublished). The conglomerate is interpreted as a
post-deformational basal facies. Amaximum age limit for
early deformation in the area is provided by the 354 Ma
Logjam pluton (Gleeson et al., 2000, this volume). This
deformation may correspond to a regional collisional
event during which blueschist and eclogite facies rocks
were emplaced within the Yukon-Tanana Terrane circa
346 Ma (Erdmer et al., 1998). As suggested by Murphy

40 British Columbia Geological Survey

TABLE 2
ANALYTICAL RESULTS FROM MINERALIZED ZONES

Element Au Mo Cu Pb Zn Ag Co Fe Fe As As

Units ppb ppm ppm ppm ppm ppm ppm % % ppm ppm

Method
1

INA AICP AICP AICP AICP AICP AICP AICP INA AICP INA

Lab.
2

ACT ACM ACM ACM ACM ACM ACM ACM ACT ACM ACT

Dect'n Limit 2 1 1 3 1 0.3 1 0.01 0.02 2 0.5

Field No. Mapsheet Northing Easting

99JN-27-1C 104N/9E 6613006 667397 18 7 32 157 4 0.3 1 1.6 1.7 3 3.5

MMI99-22-3 104N/16 6648136 645330 1320 4 42 < 3 17 0.7 3 1.88 2.01 4420 4290

MMI99-27-19 104O/13E 6646808 349969 311 1 8786 14 155 2.9 24 6.83 8.42 < 2 4.5

Element Sb Sb Bi V P Mn* Al Na K Ba Ba

Units ppm ppm ppm ppm % ppm % % % ppm ppm

Method
1

AICP INA AICP AICP AICP AICP AICP AICP AICP INA AICP

Lab.
2

ACM ACT ACM ACM ACM ACM ACM ACM ACM ACT ACM

Dect'n Limit 2 0.1 2 1 0 2 0.01 0.01 0.01 50 1

Field No. Mapsheet Northing Easting

99JN-27-1C 104N/9E 6613006 667397 < 3 0.2 < 3 27 0.023 183 0.57 0.11 0.33 580 88

MMI99-22-3 104N/16 6648136 645330 145 194 8 12 0.038 351 0.95 0.07 0.28 820 94

MMI99-27-19 104O/13E 6646808 349969 < 3 1.6 10 104 0.066 2044 3.99 0.07 0.27 3400 1731

1 Methods: AICP = Inductively coupled plasma, Aqua regia digestion; INA = Instrumental neutron activation

2 Lab.: ACM = Acme Analytical Laboratories Ltd., Vancouver; ACT = Activation Laboratories Ltd., Ancaster, Ontario



and Piercey (1999), this deformational pulse may prove
to be a useful feature for regional correlations.

Broader map coverage and new kinematic data show
that the deformational history culminated in an important
north-south compressional event that affects the southern
margin of the Simpson Peak batholith, although this
event is not everywhere in evidence. New discovery of
superb exposures of the Teslin fault along Jennings River
reveal a broad zone of mylonite with sinistral kinematics,
overprinted by quasi-ductile dextral fabrics (de Keijzer et
al., 2000), but the age and duration of these kinematic
events and how they relate to deformational events in the
adjacent rocks are unknown.

Stratigraphy Inverted, or Not?

The revised stratigraphy here relies heavily on the in-
trusive relationship of Hazel orthogneiss into greenstone,
providing a minimum age of 362 Ma for the greenstone
and underlying rocks. However, the contact relationship
between the main body of the Hazel orthogneiss and
greenstone has not been unequivocally established. Out-
crop patterns support such an interpretation as do thin
apophyses of orthogneiss within greenstone, but such
apophyses have not been traced back to the main body of
Hazel orthogneiss. No such apophysies have been recog-
nized in presumably younger units. Neither are presum-
ably younger units cut by the main body, even though the
outcrop pattern on Figure 3 would seem to show this for
both the crinkle chert and carbonate units. At three locali-
ties, the margin of the Hazel body follows and does not
cross-cut crinkle chert (at Mount Hazel, and near locali-
ties 2 and 7 on Figure 3), or carbonate (north of locality
12). Where outcrop control is best, from Mount Hazel to
the BC-Yukon border, the crinkle chert apparently occurs
within a synformal keel immediately northeast of the Ha-
zel orthogneiss. At Mount Hazel a septa of strongly foli-
ated felsic, muscovite- and magnetite porphyroblast-rich
tuff (?) or intrusive border phase (not shown on Figure 3)
separates the chert from less deformed Hazel pluton.

Syndepositional Faulting?

The “dirty clastics” unit and crinkle chert unit are
both observed to record the same deformational events
and both rest depositionally atop greenstone. They rest on
no other units. Crinkle chert is clearly overlain by lime-
stone and a succession of other lithologies. In contrast,
the “dirty clastics” unit is not overlain by other units west
of Two Ladder Creek. If the “slate, chert, argillite, con-
glomerate” unit of the “Klinkit assemblage” that extends
eastward from Two Ladder Creek (where it was origi-
nally included with the “dirty clastics” unit by Mihalynuk
et al., 1998 because of close lithologic similarity) is cor-
relative with the “dirty clastics”, then it is overlain by a
“phyllite and minor limestone” unit and both are intruded
by the 354 Ma Logjam intrusion (Gleeson et al., 2000,
this volume). Thus, the crinkle chert may have been de-
posited at the same time as the conglomeratic “dirty
clastics”, suggesting that the extents of these contrasting

facies were controlled by syndepositional faults. Crinkle
chert may have accumulated as mixed hydrothermal and
biogenic sediment in a rift graben, protected from the in-
f l u x o f v o l u m i n o u s “ d i r t y c l a s t i c s ” . S i m i l a r
synsedimentary faults are suggested to control mineral-
ization controls at the Fyre Lake and Kudz Ze Kayah de-
posits (Murphy, personal communication, 1999). This
rift event apparently marks a fundamental change in the
continental arc in which the greenstone was deposited,
because younger volcanic rocks in the Big Salmon Com-
plex are much less voluminous.

An enigmatic basalt-gabbro-ultramafite succession
between Teh and Butsih Creeks (southeastern 104O/12)
is 2 kilometres thick and 13 kilometres long and envel-
oped by Big Salmon Complex greenstone. If it is an oce-
anic crustal fragment, the structure that emplaced it does
not appear to extend west of Bareface Mountain, because
greenstone crops out over extensive areas both north and
south of where such a hypothetical structure should exist.
Alternatively, it could have been emplaced during arc
rifting and cessation of circa 362 Ma volcanism in the
continental arc, which led to exhalative contributions and
crinkle chert deposition. It does appear to sit near the top
(termination?) of the greenstone succession. Alterna-
tively, it may be a differentiated sill that pinches out to the
west, in similar fashion to those believed to have been
emplaced along syndepositional faults in the Finlayson
area (Murphy and Piercy, 1999). In either case, such
faults are important conduits for mineralizing fluids and
the coincidence of 95th percentile regional geochemical
results in this area (Cook and Pass, 2000, this volume)
may reflect such a mineralizing system. Geochemical re-
sults aimed at this problem are pending.

SUMMARY

U-Pb isotope geochronological data is key to unrav-
eling the stratigraphy and geological history of the Big
Salmon Complex and adjacent terrains. Two new age
dates are reported here. A 362 Ma age from the Hazel
orthogneiss provides a minimum age for the greenstone,
which it appears to intrude, and underlying rocks. The
other isotopic age is 325 Ma from some of the structurally
highest felsic tuffaceous units. These ages require that
most of the stratigraphy outlined by Mihalynuk et al.
(1998) is inverted. Regardless of the stratigraphic
younging direction, the greenstone-chrinkle chert-lime-
stone marker succession can be confidently traced
throughout the Big Salmon Complex in British Columbia
and southernmost Yukon (cf. Roots et al., 2000), and a
crude metallogenic history can be pieced together.

Vigorous continental arc volcanism in the late Devo-
nian to Early Mississippian (circa 370-360 Ma) resulted
in the accumulation of voluminous, submarine, domi-
nantly mafic tuff and tuffite on a substrate of pericratonic
strata. A pulse of felsic volcanism and arc rifting and
probably marks the end of the magmatic cycle and the for-
mation and preservation of a regionally developed exha-
lative chert horizon known as the “crinkle chert” as well
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as coeval clastic facies preserved in fault-bounded basins.
Felsic volcanic intervals immediately beneath the crinkle
chert commonly contain pyritic quartz-sericite schist in-
tervals. These may serve as potential pathways to
volcanogenic massive sulphide deposits. Within the crin-
kle chert, a Cu-Zn-Fe-Mn-Ba-rich lens several metres
long points to the potential for volcanogenic exhalative
deposits.

Carbonate deposition atop crinkle chert probably
marks a rise in carbonate productivity in the Early Missis-
sippian, following the Late Devonian crisis and extinc-
tion reef organisms. Thick carbonate banks probably co-
existed with basins in which terrigenous clastics were
deposited. Complex facies may have been linked by
pulses of volcanism and widespread tuff deposition. A
mid-Mississippian deformational event (between 354 and
335 Ma) may have peaked with emplacement of 346 Ma
eclogite and blueschist (cf. Erdmer et al., 1998). It caused
uplift and erosion of units and deposition of widespread
conglomeratic facies. The ensuing strata display at least
as much lithologic variability as do pre-deformation sedi-
ments, but felsic volcanism is again proximal as it was at
the close of greenstone deposition. Base metal sulphides
are associated with these felsic volcanics such as at the
Arsenault property.

The youngest Big Salmon Complex strata recognized
in the Jennings River area are 325 Ma dacitic tuffs in car-
bonate. They do not correspond in any way to a clear
break in deposition, and much younger Big Salmon Com-
plex strata could exist in other areas. Peak metamorphism
predates the 196 Ma Coconino tonalite and may have oc-
curred around 270 Ma when blueschist and eclogites were
incorporated into the Yukon Tanana Terrane (Erdmer et
al., ibid.). The youngest regional deformational event
produced a strong fabric in the ~196 Ma Coconino
tonalite, but affected only the southern margin of the circa
185 Ma Simpson Peak batholith. Youngest magmatism is
Eocene, and one Eocene pluton west of north Teslin Lake
hosts a set of veins with elevated gold values. Clearly, the
area has a long and complex history and significant min-
eral potential.
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Appendix I: Notes on Figure 3

Thick Quaternary deposits completely blanket some
parts of the map area for tens of square kilometres. These
are problem areas in which tenuous extrapolations are re-
quired to produce the map of Figure 3. Many extrapola-
tions, if correct, carry important implications. Other ex-
trapolations, drawn to mimic local structural style, imply
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detailed knowledge of unit distributions that does not ex-
ist. Most limitations of Figure 3 will become apparent
with future publication of 1:50 000 scale Open File maps
which will show inferred contacts and limits of outcrop;
however, many of the following remarks are germane to
those maps as well. The numbered points below corre-
spond to the numbers, ordered from north to south, en-
closed by triangles on Figure 3.

1. Western contacts of the Screw Creek limestone have not
been found in the Screw Creek valley bottom. Lowest
exposures of limestone are apparently right way up
based on poorly preserved grading in siliceous
tuffaceous layers. Structurally higher parts of the lime-
stone are clearly upside down (described above).

2. Crinkle chert occurs in the old Alaska Highway road cut,
but the area to the west is swamp; no greenstone is
mapped.

3. This contact is well constrained between the elongate
pluton of presumed Jurassic age and the Alaska High-
way, but has not been observed north or south of those
points.

4. The syncline is constrained along the shoreline and near
“4”. However, closure could not be confirmed by map-
ping. Felsic volcanics on the southern limb are locally
very siliceous and might be a volcanic-crinkle chert hy-
brid.

5. Closure of the fold has not been demonstrated unequivo-
cally. However, all indications point to fold closure:
only greenstone is mapped along the Smart River road,
both limbs have been mapped to within a couple kilo-
metres of the hinge and layer-cleavage relationships on
the limbs are consistent with closure.

6. Mapping of 104O/14W is incomplete. Low outcrops in
the downstream stretches of the Screw Creek valley in-
clude small areas of limestone, perhaps hinges of folds
developed on the lower limb of the Screw Creek lime-
stone.

7. Crinkle chert occurs as a large area of angular boulders
atop Hazel orthogneiss where it is assumed to be locally
derived. Crinkle chert is known to occur along the con-
tact of the Hazel orthogneiss at location 2 and near the
Peak of Mount Hazel.

8. Only small lenses of carbonate are found in the axial zone
of the fold. Carbonate on the fold limbs apparently
grades laterally into graphitic wacke near the fold core.

9. Only three areas of outcrop constrain the eastern lime-
stone belt south of the Alaska Highway. One is near the
north margin of the Simpson Peak batholith another is
south of central Swan Lake on Hook Creek (creek not
shown on Figure 3), and third is an area of sparse out-
crops in the forest west of Swan Lake. At none of these
localities is the crinkle chert unit exposed.

10. Geology near “10” and an equal distance due north of the
highway has been compiled mainly from vantage point
mapping. It requires confirmation by direct observa-
tions.

11. Orthogneiss near Mt. Francis is lithologically similar to
the Hazel orthogneiss in many respects; however, it ap-
parently cuts younger stratigraphy. It is presumably be-
tween 362 and 335Ma, because it is younger than the
greenstone, but is overlain by conglomerate believed de-
rived subsequent to a deformational event around 345
Ma. (see Discussion).

12. Only scattered outcrops of limestone and greenstone cut
by tonalite are present at the southern end of the carbon-
ate belt. More persistent outcrop near the northern end of
the belt leads to a map pattern that implies that the Hazel
orthogneiss also cuts the limestone, but this is probably
not the case. It appears more likely that the limestone
belt outlines a tight synformal keel that is bent to the
west and extends over the Hazel orthogneiss (see loca-
tion 7). The crinkle chert unit was apparently not depos-
ited at this locality below the limestone.

13. All contacts between Coconino tonalite and Simpson
Peak batholith are covered. Since Coconino tonalite is
older and more deformed than the Simpson Peak
batholith, the interpreted contact configuration is meant
to show the former cut by the latter.

14. Teh Creek pluton is shown as an elongate body trending
290°. In fact, most of the central portion traversed by
Teh Creek is covered and two separate bodies could be
present. However, the plutonic rocks exposed at either
end of the body lithologically indistinguishable, and the
body is known to continue in similar fashion to the east
beneath a carapace of Klinkit assemblage rocks to where
it is exposed in the Butsih Creek valley. Several corre-
lated geochemical anomalies coincide with carapace
rocks in easternmost 104O/12 (near 19; see also Cook
and Pass, 2000, this volume).

15. Felsic volcanics are not mapped north of “15”, but are
shown extending through a covered area to the lime-
stone belt because of their common association with
limestone elsewhere.

16. As is the case for locality “14”, no outcrop exists to sup-
port the interpretation of a continuous septa of
greenstone. However, clear relationships occur at both
the western and eastern ends of the septa. The contact
shown between greenstone and Klinkit argillite is purely
conjectural.

17. Teslin fault is beautifully exposed here (see deKeijzer et
al., 2000).

18. A tight synformal keel of crinkle chert and limestone is
enveloped by greenstone. In particular, limestone layers
are strongly folded and rodded, producing a “false
stretched monomict conglomerate” in which the appar-
ent stretched limestone “cobbles” are actually decapi-
tated, isoclinal interference folds. Protolith textures are
destroyed due to the coincidence of interference fold
cores; however, good protolith textures are displayed in
greenstone where it occurs out along the relatively pla-
nar fold limbs.

19.Teh Creek pluton in subsurface produces hornfels and
multielement geochemical anomalies in local stream
sediments (see “14” above and Cook and Pass, this vol-
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ume). Roof rocks are cut by abundant thick dikes and the
pluton is again exposed in Butsih valley to the east.

20. Cherty argillite believed to be part of the Cache Creek
Kedahda Formation is strongly hornfelsed near the in-
trusive contact.

21. Most of the unit is covered within 5 kilometres of the
River. Observations are restricted to within 2 kilometres
of the northern contact.

22. A few scattered outcrops of strongly foliated, blue grey
limestone occur in the middle of a broad glacial outwash
plain east of Kachook Creek. They are included with the
Permian Teslin Formation based only upon lithological
similarity. Thus, the trace of the Teslin Fault must run to
the north, down the Jennings River.

23. Both northwest and northeast contacts of the Charlie
Cole pluton are covered.
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Ancient Pacific Margin Natmap Part IV:
Surficial Mapping and Till Geochemistry in the Swift River Area,

Northwestern British Columbia

By Antigone Dixon-Warren1 and Adrian Hickin2
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INTRODUCTION

An integrated surficial mapping and detailed till
geochemistry project was conducted in the summer of
1999 by the British Columbia Geological Survey Branch
in northwestern British Columbia. Recent volcanogenic
massive sulphide (VMS) discoveries such as Kudz Ze
Kayah and Wolverine and intrusive related gold deposits
like Pogo within the Yukon-Tanana Terrane have pro-
vided an impetus for geological studies to examine simi-
lar age rocks in British Columbia. These deposits are an
important source of copper, zinc, gold and silver. Previ-
ous mapping indicates that the Big Salmon Complex
(Mihalynuk et al., 1998) and Dorsey Terrane (Nelson,
1999) are Yukon-Tanana equivalent and contain appro-
priate rocks/stratigraphy to host mineralization. Given
the widespread drift cover in the study area and high min-
eral potential, there was an obvious need to integrate
Quaternary studies to develop exploration strategies for
new buried targets. This study is a component of the
Ancient Pacific Margin NATMAP project and associated
work includes bedrock mapping (Nelson, this volume;
Mihalynuk et al., this volume) and multi-media geo-
chemical surveys (Cook and Pass, this volume).

Surficial mapping was completed over the Big
Salmon Complex to understand the local glacial history
and aid in the interpretation of geochemical data. Map-
ping of surficial sediments defines the distribution of pre-
ferred sampling media (e.g. till) and bedrock exposure.
Compilation of ice-flow indicator data enables the recon-
struction of local paleo-ice-flow history and can conse-
quently be used to define the methodologies for sampling
down ice dispersal patterns. Till sampling assists in defin-
ing the size and shape of geochemical anomalies over a
known mineral showings as well as select perspective
host rocks. Characterization of geochemical signatures
and dispersal in the study area will assist in the develop-
ment of future geochemical exploration projects.

The main objectives of the program were to stimulate
exploration and economic activity in the area by:

� producing a 1:100 000 surficial geology map, iden-
tifying unconsolidated units suitable for geochemi-
cal sampling and tracing of mineral anomalies to
their bedrock sources;

� collecting and mapping ice-flow indicators (e.g.
striae, drumlins) to establish paleo-ice-flow direc-
tions to assist in the interpretation of geochemical
trends;

� conducting till geochemical case studies at known
prospects to better develop and refine the geochem-
ical response of mineralization; and

� further defining areas of high mineral potential
through till geochemistry.

The results of the surficial mapping component, in-
cluding an interpretation of surficial deposits, and de-
tailed geochemical studies are briefly described in this
paper.

PHYSIOGRAPHIC AND GEOLOGIC
SETTING

The study area, covering about 4,000 square kilo-
metres, is located in northwestern British Columbia ap-
proximately 100 kilometres north-east of Atlin (Figure 1)
and is coincident with NTS map areas 104N/9, 16 and
104O NW. The gently rolling Nisutlin Plateau covers the
western half of the area, and the rugged Stikine Range of
Cassiar Mountains the eastern margin. Teslin Lake forms
the western margin of the area, whereas the northern
boundary is shared with the British Columbia-Yukon bor-
der. Elevations range from nearly 700 metres to more than
2,100 metres above sea level. Simpson Peak (2,173
metres) is the highest mountain in the region. The Alaska
Highway, the primary road access, crosses the northern
portion of the area.

The rolling topography of the Nisutlin Plateau is cov-
ered by thick glacial sediments. Several bluffs and ridges
composed of bedrock are found throughout the plateau,
but few rise more than 300 metres above their surround-
ings. Many lakes occur in the area, most ranging in size
from small ponds (10’s of metres) to 5 kilometres. Teslin
Lake, the largest water body in the study area is nearly
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200 kilometres long. Swamps and marshes cover areas
where drainage is poor.

Mountains of the Stikine Range have sharp peaks
linked by narrow arêtes. Their scree strewn slopes are
generally steep and cut by cirques. Deep, broad
north-south trending valleys are filled with thick deposits
of glacial sediments which are being reworked by modern
fluvial systems. Kettle lakes and moraine dammed lakes
are common.

VEGETATION AND CLIMATE

The Swift River area lies within the boreal white and
black spruce, spruce-willow-birch, and alpine tundra
biogeoclimatic zones (MacKinnon et al., 1992). Winters
are long and cold, and summers short, cool and wet. The
ground remains frozen for much of the year. Mean annual

temperatures are commonly below 0�C and precipitation
in the valleys averages 400 to 500 millimetres per year
(BC Ministry of Environment, 1978).

The relatively well-drained shores of Teslin Lake and
river valleys are covered with trembling aspen and
lodgepole pine. Where the topography is flat and poorly
drained, the landscape is typically a mosaic of black
spruce bogs and white spruce and trembling aspen stands.
In the subalpine areas, stands of stunted white spruce and
fir grow on the lower slopes. Above treeline (1500
metres), long, cold winters create conditions too severe
for the growth of most woody plants. This zone is domi-
nated by dwarf shrubs (e.g. birch, willow), herbs, mosses,
lichens, and grassland (MacKinnon et al., 1992).

BEDROCK GEOLOGY

Bedrock geology studies were initially completed
within the region by Gabrielse (1969), Aitken (1959) and
Watson and Mathews (1944). Most recently, detailed
mapping has been conducted by Mihalynuk et al.,
(2000b) in the Big Salmon Complex and by Nelson et al.
(2000) in the Dorsey Terrane to the southeas t .
Devono-Mississippian rocks of the Big Salmon Complex
underlie much of the study area (Figure 2).

The Big Salmon Complex is a sequence of stratified
rocks that have been metamorphosed and undergone sev-
eral episodes of folding (Mihalynuk et al., 1998; Nelson
et al., 1998). From youngest to oldest, stratified units in-
clude siliciclastic rocks and interbedded felsic tuffs, lime-
stone, manganiferous chert, quartz-rich greywacke,
orthogneiss and greenstone dominated by epiclastics
(Mihalynuk et al., 2000).

The Big Salmon Complex rocks have been intruded
by Jurassic and Cretaceous granitoids and are overlain by
Pleistocene to Recent basalt of the Tuya Formation. The
exact age of the basalts is unknown, however, volcanic ac-
tivity preceded and then continued during a time of glaci-
ation (Gabriesle, 1969). For a complete description of the
geology of the Big Salmon Complex, refer to Mihalynuk
et al. (this volume).

Mineral Showings

The Arsenault copper prospect (MINFILE 104O
011) is the only developed property in the area with poten-
tial for hosting VMS mineralization. It is located approxi-
mately 14 kilometres south of the Smart and Swift Rivers
confluence, on the west side of Mount Francis (Figure 2).
Copper mineralization was discovered on the property in
the 1940’s (Sawyer, 1979) and geological and geochemi-
cal work was performed on the property in 1967 (Sawyer,
1967) and 1970’s (Sawyer, 1979; Phendler, 1982). Explo-
ration work included trenching, geophysical surveys (air-
borne EM, magnetometer, induced polarization), soil sur-
veys, geological mapping and diamond drilling.

Host rocks include interbedded metasedimentary and
metavolcanic lithologies such as carbonates, quartzite
and schist. Mineralization at the surface is best exposed in
quartz-rich strata containing disseminated and blebs of
chalcopyrite and pyrite with associated epidote, garnet,
actinolite, magnetite and wollastonite in contact with car-
bonate. Sawyer (1979) also reported traces of bornite,
molybdenite, piedmontite (manganese-epidote) and
spessartine (manganese-garnet).

The type of mineralization forming the Arsenault
prospect is poorly understood. Although quartz-carbon-
ate association and calc-silicate mineralogy and textures
suggest a skarn association, there are no significant intru-
sive bodies exposed nearby (Mihalynuk et al., 1998). A
volcanogenic origin has also been proposed (Sawyer,
1979) and recent work has centred on the VMS potential
of the host rocks in the area (Traynor, 1999). Elevated se-
lenium in soils also supports a syngenetic origin as the
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VMS deposits in the Yukon Tanana Terrane (e.g. Kudz Ze
Kayah and Wolverine) are selenium-rich (Cook and Pass,
this volume).

Arsenault East (MINFILE 104O 047), a new mineral
occurrence interpreted as occurring in about the same 100
metres stratigraphic interval as the Arsenault prospect,
was discovered by Mihalynuk et al. (1998) on the east
flank of Mount Francis. The showing consists of a 10
metre-long chalcopyrite-bearing vein replacement zone
developed in carbonate rocks. Another new mineral oc-
currence discovered by Mihalynuk et al. (1998) includes
the Highway 97 Cu-bear ing gossum(MINFILE
104O 054; Figure 2).

METHODOLOGIES

During an initial compilation phase, all existing geo-
logical and geochemical information for the area was
evaluated. Surficial maps of Klassen (1982, 1978) and
Morison and Klassen (1997) provided background data
on the types of sediments expected. Regional mapping by
the Geological Survey of Canada (Gabrielse, 1969) and
British Columbia Department of Mines (Watson and
Mathews, 1944) provided additional information on the
type and distribution of surficial sediments as well as
paleo-ice-flow patterns. Regional Geochemical Survey
(RGS, 1978, 1979) stream and lake sediment data and
property scale geochemical surveys (e.g. Sawyer, 1967)
provided limited geochemical information for the area.

Airphoto analysis and ‘pretyping’ followed the ter-
rain classification system of Howes and Kenk (1997). Air
photos at a scale of 1:70,000 (flight lines BC88063,
BC88080 and BC37067) were used in the map genera-
tion. Thirty-three 1:20,000 digital TRIM maps were tiled
for the base map, produced at a scale of 1:100,000
(Dixon-Warren and Hickin, 2000). About 20 per cent of
the preliminary polygon interpretations were verified
through field checking, corresponding to a Terrain Survey
Intensity Level D (Resources Inventory Committee,
1996).

Field Methods

Fieldwork was conducted over a four week period
during July and August from a base camp on Morley
Lake, near the British Columbia-Yukon border. Most
fieldwork was helicopter supported. Road access was re-
stricted to the northern portion of the study area along the
Alaska Highway (Highway 97) and along spur roads to
borrow pits and mineral showings.

At each field verification station some or all of the
following was recorded: UTM location, elevation, gen-
eral slope, type of exposure (e.g. road cut, river cut), geo-
graphic landforms (e.g. terrace, floodplain, ridge), type of
bedrock (if present), unconsolidated surface material and
expression (terrain polygon designation), and orientation
of striations/grooves/stoss and lee forms. Surficial sedi-
ments were described and interpreted at relevant stations.
Logged information included: number of units, stratifica-

tion, bedding thickness, sorting, texture, structures, and
colour (wet and dry), clay content, clast content (per
cent), clast roundness and size, and dominant lithologies.

Forty-five bulk sediment samples (approximately 5
kilograms in size) were collected for geochemical analy-
sis at six sites in the study area. Basal till was the pre-
ferred media, although colluviated tills and colluvium
were sampled where necessary. Natural exposures and
hand excavation were used to obtain samples from undis-
turbed C horizon material. At each site, the above infor-
mation was recorded, in addition to: type of exposure
(e.g. roadcut, rivercut, excavated trench); depth to sample
from top of soil; matrix or clast-supported diamicton;
consolidation; matrix texture; structures; clast shape, size
and lithology; clast percentages; and colour. Table 1 com-
pares some the descriptive properties of each sample col-
lected.

Till samples were submitted to Bondar Clegg-
Intertek Laboratories, North Vancouver, for drying and
sieving to <63 microns (-230 mesh). A 5 gram and 25
gram portion split were taken from the <63 micron sam-
ples. Acme Analytical Laboratories, Vancouver, analyzed
the 5 gram split for a suite of trace elements by aqua regia
digestion-ICPMS (inductively coupled plasma mass
spectroscopy; Table 2) and for major element oxides by
lithium metaborate (LiBO2) fusion-ICP (11 oxides, loss
on ignition and 7 minor elements; Table 4). The 25 gram
split was submitted to Activation Laboratories, Ancaster,
Ontario, for thermal neutron activation analysis (INAA)
for 35 elements (Table 3). Data for 29 elements (gold, an-
timony, arsenic, barium, bromine, calcium, cerium, ce-
sium, chromium, cobalt, europium, hafnium, iron, lantha-
num, lutetium, molybdenum, neodymium, rubidium,
samarium, scandium, selenium, sodium, tantalum, ter-
bium, thorium, tungsten, uranium, ytterbium, and zinc)
are reported here. Additional data for six other elements
(silver, mercury, iridium, nickel, tin and strontium) are
not reported due to factors such as low elemental abun-
dance and inadequate detection limits.

Quality Control

Quality control is important for distinguishing geo-
chemical trends caused by geological features versus
those resulting from anthropogenic influences, spurious
sampling or analytical errors. In order to evaluate geo-
chemical sampling and analytical variability, field tripli-
cate samples, laboratory duplicate samples and reference
standards were incorporated in the sample suites submit-
ted for commercial laboratory analysis. The standards,
triplicates and duplicates are inserted into each batch of
20 prepared samples to measure accuracy and precision.
Each batch of 20 samples contained sixteen routine till
samples, a field triplicate collected adjacent to a routine
sample, a blind duplicate sample split from one of the six-
teen samples prior to analysis, and a control reference
standard containing material of known element concen-
trations (either Canada Centre for Mineral and Energy
Technology certified standard or a Geological Survey
Branch ‘prepared bulk standard’). Commonly, elements
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TABLE 1
DESCRIPTION OF TILL PHYSICAL PROPERTIES

Station Sample NTS UTME1 UTMN1 Material Structure Matrix Colour Clast Clast Range X-Size Roundness X- Sample

Mapsheet (NAD83) (NAD83) (%) (cm) (cm) Range Roundness Depth (m)

Crinkle Chert - North of Mount Francis

ADW99-120 996025 104 O/13 346065 6636115 M massive sdy-cly Grey 10 <1 - 30 2 A - R SR 0.45

ADW99-120 996026 104 O/13 346065 6636115 M massive sdy-cly Grey 10 <1 - 30 2 A - R SR 0.45

ADW99-120 996027 104 O/13 346065 6636115 M massive sdy-cly Grey 10 <1 - 30 2 A - R SR 0.45

ADW99-105A 996029 104 O/13 348746 6636773 CM massive sd Brown grey 35 <1 - >50 2 VA - WR SR 0.40

ADW99-106A 996030 104 O/13 348601 6636847 M massive cly-slt Olive grey 10 <1 - 75 0.5 A - R SR 0.40

ADW99-107 996031 104 O/13 348394 6636795 M massive cly-slt Olive grey 10 <1 - 75 0.5 A - R SR 0.40

ADW99-108 996032 104 O/13 348444 6636712 M massive slty-sd Brown grey 15 <1 - 10 1 A - R SR 0.40

ADW99-109 996033 104 O/13 348504 6636553 M massive silt-sd Brown grey 35 <1 - >50 2 VA - WR SR 0.30

ADW99-110 996034 104 O/13 348635 6636661 CM massive slty-sd Brown grey 35 <1 - >50 2 VA - WR SR 0.30

ADW99-113 996035 104 O/13 346247 6636142 CM massive slty-sd Tan grey 20 <1 - 5 <1 A - R SR 0.30

ADW99-114 996036 104 O/13 346247 6636142 CM massive slty-sd Tan grey 20 <1 - 5 <1 A - R SR 0.30

ADW99-115 996037 104 O/13 346247 6636142 CM massive slty-sd Tan grey 20 <1 - 5 <1 A - R SR 0.30

ADW99-112 996038 104 O/13 346303 6636214 M massive slty-sd Brown grey 10 <1 - 10 1 SA - SR SR 0.40

ADW99-118 996045 104 O/13 346137 6636074 M massive sdy-cly Brown grey 15 <1 - 8 0.75 A - R SR 0.60

ADW99-119 996046 104 O/13 346227 6636128 M massive sdy-slt Brown grey 25 <1 - 12 1 A - SR SA 0.65

Crinkle Chert - Logtung Road

ADW99-123 996047 104 O/13 355511 6645963 M massive sdy-cly-slt Tan grey 15 <1 - 10 1 A - SR SA 0.30

ADW99-124 996048 104 O/13 355421 6645940 M massive cly Olive grey 15 <1 - 6 0.5 A - R SR 0.40

ADW99-125 996050 104 O/13 355589 6645886 M massive cly Medium grey 10 <1 - 8 0.5 A - R SR 0.20

ADW99-126 996051 104 O/13 357515 6644440 M massive slty-cly Tan grey 30 <1 - 200 1 A - SR SA 0.30

Jennings River Quartz-Sericite Schist

ADW99-116 996039 104 N/9 667150 6612984 M massive slty-cly Olive grey 10 <1 - 30 2 VA - R SR 0.60

ADW99-117 996042 104 N/9 667080 6612977 M massive slty-cly Dark grey 20 <1 - 30 2 VA - R SR 0.50

ADW99-117 996043 104 N/9 667080 6612977 M massive slty-cly Dark grey 20 <1 - 30 2 VA - R SR 0.50

ADW99-116 996044 104 N/9 667150 6612984 M massive slty-cly Olive grey 10 <1 - 30 2 VA - R SR 0.60

Arsenault Prospect

ADW99-102 996020 104 O/13 347294 6632957 M? massive cly-slt Olive brown 10 <1 - 8 0.5 A - SR SA 0.50

ADW99-103 996022 104 O/13 347182 6632718 CM massive cly-slty-sd Grey 15 <1 - 7 0.5 A - SR SA 0.35

ADW99-104 996023 104 O/13 347391 6632697 CM massive sd-cly-slty Grey 25 <1 - 30 1 A - SR SA 0.40

ADW99-105 996024 104 O/13 347940 6633436 C massive sd Red brown 40 <1 - 50 2 VA - SR SA 0.60

ADW99-106 996028 104 O/13 347819 6633485 CM massive slty-cly-sd Grey 15 <1 - 3 0.5 SA - R SR 0.80

Mount Francis East

ADW99-091 996008 104 O/13 350388 6633477 CM massive slty-sd Brown 35 <1 - 40 2 VA - R SA 0.80

ADW99-092 996012 104 O/13 350289 6633424 CM massive slty-sd Brown 35 <1 - 40 2 VA - R SA 0.50

ADW99-093 996013 104 O/13 350427 6633480 CM massive slty-sd Brown 20 <1 - 25 1 VA - SR A 0.70

ADW99-094 996014 104 O/13 350735 6633273 CM massive sd Orange brown 15 <1 - 25 2 VA - R SA 0.80

ADW99-095 996016 104 O/13 350801 6633262 CM massive slty-sd Light grey 20 <1 - 30 2 VA - A SA 1.00

ADW99-096 996017 104 O/13 350780 6633180 CM massive slty-sd Grey 20 <1 - 25 2 VA - SA SA 0.20

ADW99-097 996018 104 O/13 351056 6632892 FG? massive sdy-cl Brown grey 20 <1 - 30 1 A - R SR 0.60

ADW99-098 996019 104 O/13 351018 6632982 FG? massive sd Brown 40 <1 - 25 2 VA - WR SR 0.50

Highway 97 Prospect

ADW99-049 996002 104 O/13 359017 6643685 M massive slty-sd Tan brown 10 0.5 - 20 1 SA - R SR 0.50

ADW99-050 996003 104 O/13 359032 6643716 M massive slty-cly Olive grey 15 <1 - 60 2 A - SR SA 0.30

ADW99-052 996004 104 O/13 359102 6643685 M massive slty-sd Tan brown 10 <1 - 10 1 A - SR SA 0.15

ADW99-051 996005 104 O/13 359029 6643772 M massive slty-cly Olive grey 15 <1 - 60 2 A - SR SA 0.30

ADW99-053 996006 104 O/13 358964 6643682 M massive cly-slt Grey 5 <0.5 - 1 <1 SA - SR R 0.45

ADW99-054 996007 104 O/13 359102 6643718 M massive slty-cly Olive grey 15 <1 - 60 2 A - SR SA 0.30

ADW99-055 996009 104 O/13 358959 6643684 M massive slty-cly Olive grey 15 <1 - 60 2 A - SR SA 0.30

ADW99-055 996010 104 O/13 358959 6643684 M massive slty-cly Olive grey 15 <1 - 60 2 A - SR SA 0.30

ADW99-055 996011 104 O/13 358959 6643684 M massive slty-cly Olive grey 15 <1 - 60 2 A - SR SA 0.30
1 values accurate within 50 metres

Notes

M = basal till X-Roundness = mean roundness

C = colluvium WR = well rounded

CM = colluviated till R = rounded

FG = glaciofluvial SB = subrounded

cly = clay SA = subangular

slt =silt A = angular

sd = sand VA = very angular

X-Size = mean size
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TABLE 2
DETECTION LIMITS AND GEOCHEMICAL RESULTS FOR INDUCTIVELY

COUPLED PLASMA MASS SPECTROSCOPY (ICPMS)

Element Mo Cu Pb Zn Ag Ni Co Mn Fe As U Au Th Sr Cd Sb Bi V

Units (ppm) (ppm) (ppm) (ppm) (ppb) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Sample Detection Limit 0.01 0.01 0.01 0.1 2 0.1 0.1 1 0.01 0.1 0.1 1 0.1 0.5 0.01 0.02 0.02 2

Crinkle Chert - North of Mt. Francis

996021 ADUP 996025 0.52 29.36 12.02 47.0 24 28.6 9.3 345 2.39 6.3 0.7 3 4.6 21.6 0.13 0.41 0.16 68

996025 FieldTRIP 1 0.49 27.09 11.76 45.2 41 27.8 9.0 338 2.31 6.4 0.7 3 4.5 21.0 0.08 0.39 0.16 67

996026 FieldTRIP 2 0.45 24.29 11.63 39.7 17 22.1 7.2 295 2.10 5.8 0.8 3 4.7 20.2 0.06 0.38 0.15 59

996027 FieldTRIP 3 0.42 24.51 12.62 40.6 17 22.6 6.9 281 2.19 5.6 0.8 3 4.9 19.6 0.09 0.40 0.16 61

996029 1.80 57.82 13.65 85.0 55 33.0 16.5 375 3.74 42.1 0.9 5 4.5 19.4 0.10 0.83 0.38 74

996030 1.74 56.69 13.79 83.8 48 32.8 15.9 373 3.67 43.7 0.9 4 4.6 19.6 0.09 0.74 0.40 72

996031 1.20 32.87 10.33 62.6 100 25.1 10.6 367 2.85 13.0 0.8 5 2.7 18.8 0.11 0.48 0.29 65

996032 1.56 28.25 12.37 65.4 68 31.1 12.9 456 3.32 41.0 0.6 3 4.6 13.7 0.15 0.77 0.77 66

996033 4.09 32.23 12.39 58.2 51 30.4 13.0 422 2.67 18.3 0.8 73 5.1 13.0 0.12 0.51 0.19 64

996034 10.73 64.65 8.01 88.5 86 22.9 15.1 368 5.09 13.4 0.8 13 5.8 20.0 0.11 0.46 0.13 56

996035 0.65 35.21 11.69 55.9 15 35.0 13.4 500 2.80 12.4 1.6 2 4.7 12.0 0.05 0.39 0.25 75

996036 0.73 41.93 12.68 65.3 10 36.1 14.3 430 3.06 17.7 1.0 2 5.4 11.0 0.12 0.42 0.19 83

996037 0.87 31.95 12.91 60.5 17 33.5 13.9 352 2.98 10.9 0.9 3 4.9 10.6 0.09 0.44 0.16 74

996038 0.58 29.92 8.83 49.7 32 35.4 12.2 392 2.49 6.5 0.6 2 3.6 22.7 0.12 0.35 0.14 69

996045 0.66 38.97 10.25 54.0 18 28.1 12.4 380 2.78 8.7 0.6 3 4.2 14.6 0.06 0.34 0.23 69

996046 0.59 29.10 9.89 50.6 27 38.2 13.7 521 2.53 10.3 0.5 3 3.4 22.1 0.03 0.34 0.14 73

Crinkle Chert - Logtung Road

996047 0.91 28.41 10.33 56.1 86 30.5 8.3 345 2.33 9.9 0.9 3 8.7 25.4 0.16 1.06 0.21 46

996048 1.04 39.51 14.12 66.4 130 39.1 10.9 562 2.68 12.8 0.9 3 9.6 30.9 0.41 1.25 0.24 52

996050 1.12 41.76 10.15 70.8 187 40.1 10.4 409 2.78 14.0 0.9 10 9.8 29.2 0.16 1.42 0.24 52

996051 1.00 39.84 14.84 72.3 127 33.1 16.8 1273 2.83 29.9 0.9 4 7.9 53.5 0.37 2.72 0.24 34

996041 ADUP 996051 0.96 37.79 13.16 71.5 126 32.4 16.1 1245 2.74 29.8 0.8 5 7.8 53.9 0.31 2.78 0.42 33

Jennings River Quartz-Sericite Schist

996039 5.57 82.57 11.92 104.7 242 88.7 21.0 715 3.97 14.4 1.4 3 2.9 104.0 0.55 1.16 0.23 75

996042 1.49 49.38 6.61 76.7 128 65.7 19.9 666 3.40 7.2 1.2 4 4.5 91.0 0.28 0.48 0.16 69

996043 4.78 74.97 10.05 90.5 242 90.3 23.0 790 3.67 10.4 1.7 4 2.9 106.0 0.47 0.90 0.19 75

996044 4.55 74.44 9.96 96.7 194 85.6 20.7 705 3.74 10.9 1.0 2 3.1 107.4 0.50 0.92 0.45 73

Arsenault Prospect

996020 2.44 589.98 13.83 236.2 168 47.7 16.5 647 3.65 15.2 1.0 8 7.8 24.3 2.41 0.52 0.50 75

996022 2.62 387.65 8.54 64.6 90 35.8 13.9 547 3.10 14.3 1.1 7 6.1 24.8 0.22 0.39 0.50 66

996023 2.60 227.26 12.88 71.2 101 38.2 16.1 558 3.21 35.4 1.4 15 8.8 19.0 0.26 0.65 0.33 63

996024 2.39 157.55 20.86 84.8 81 42.2 23.4 978 3.43 32.2 1.3 28 6.4 15.0 0.48 0.60 0.56 58

996028 2.32 104.35 19.44 67.1 66 25.3 13.8 701 3.03 22.8 1.5 2 2.5 28.8 0.21 0.39 0.44 72

Mount Francis East

996008 1.74 35.72 11.30 64.8 61 27.6 11.2 485 2.94 25.9 1.4 3 2.8 14.8 0.22 0.61 0.21 49

996012 2.06 93.88 10.14 74.4 130 52.2 15.5 649 2.84 41.1 1.6 2 4.2 16.4 0.27 0.75 0.50 56

996013 2.20 50.09 8.54 56.9 64 38.7 20.3 602 2.90 24.6 1.3 3 4.7 12.0 0.20 0.74 0.21 60

996014 2.12 116.38 11.14 90.1 114 74.0 19.8 537 2.76 54.3 2.0 6 6.2 21.0 0.38 0.63 0.32 47

996016 2.09 132.88 11.52 132.4 458 77.3 13.8 560 2.56 13.4 13.5 11 3.0 28.9 0.36 0.51 0.25 47

996017 2.46 97.23 13.71 116.8 249 49.1 17.5 927 3.19 26.0 3.7 3 3.4 23.5 0.66 0.58 0.29 65

996018 2.14 76.45 11.67 76.4 150 39.7 12.0 595 2.67 40.8 2.8 4 2.6 30.8 0.30 0.56 0.32 58

996019 1.69 39.63 8.50 86.9 117 29.4 10.4 491 2.22 12.2 2.6 2 2.1 35.9 0.26 0.36 0.18 50

Highway 97 Prospect

996002 0.72 53.05 11.54 50.4 37 36.9 11.1 361 2.77 13.3 1.3 4 10.1 19.2 0.08 0.95 0.28 61

996003 0.79 55.17 9.67 60.2 50 39.1 10.3 449 2.78 12.3 1.0 4 7.9 22.9 0.08 0.94 0.26 58

996004 0.58 54.01 9.65 57.5 99 35.1 11.7 307 2.72 8.1 0.8 3 6.6 15.7 0.06 0.58 0.21 59

996005 0.58 23.21 9.58 36.8 20 25.2 8.5 303 2.03 9.4 1.0 2 8.1 18.8 0.06 0.63 0.21 44

996006 1.03 24.14 8.60 61.3 54 37.7 13.5 411 2.62 6.4 1.3 3 5.4 33.8 0.11 0.53 0.20 55

996007 0.69 27.81 7.69 42.7 69 28.8 8.1 339 2.24 8.6 1.0 2 7.2 20.2 0.06 0.68 0.19 47

996009 FieldTRIP 1 0.64 22.32 7.90 39.0 42 23.1 7.2 319 1.92 7.7 0.9 < 1 6.9 24.7 0.07 0.62 0.38 40

996001 ADUP 996009 0.67 22.79 7.83 38.8 42 22.7 7.4 322 1.96 7.3 0.9 5 6.7 25.2 0.07 0.68 0.33 40

996010 FieldTRIP 2 0.71 22.62 8.14 39.1 38 24.3 7.6 319 2.02 8.5 1.0 3 7.6 26.6 0.09 0.66 0.24 41

996011 FieldTRIP 3 0.70 20.46 7.72 39.8 41 23.7 7.4 318 1.96 7.7 0.9 10 6.8 25.7 0.06 0.62 0.19 40

Median 1.56 49.38 11.14 65.4 81 35.8 13.7 485 2.83 13.4 1.0 3 4.7 21.0 0.16 0.60 0.24 63

Mean 1.95 80.64 11.30 73.9 101 41.1 14.1 525 2.96 19.0 1.5 7 5.4 29.7 0.27 0.70 0.29 61

Std. dev. 1.86 104.73 2.85 32.9 86 18.0 4.1 203 0.59 12.7 2.0 12 2.2 25.5 0.38 0.41 0.14 11

Minimum 0.49 22.32 6.61 36.8 10 22.9 7.2 303 1.92 6.4 0.5 <1 2.1 10.6 0.03 0.34 0.13 34

Maximum 10.73 589.98 20.86 236.2 458 90.3 23.4 1273 5.09 54.3 13.5 73 9.8 107.4 2.41 2.72 0.77 83
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TABLE 2 CONTINUED
DETECTION LIMITS AND GEOCHEMICAL RESULTS FOR INDUCTIVELY

COUPLED PLASMA MASS SPECTROSCOPY (ICPMS)

Element Ca P La Cr Mg Ba Ti B Al Na K W Tl Hg Se Te Ga S

Units (%) (%) (ppm) (ppm) (%) (ppm) (%) (ppm) (%) (%) (%) (ppm) (ppm) (ppb) (ppm) (ppm) (ppm) (%)

Sample Detection Limit 0.01 0.001 0.5 0.5 0.01 0.5 0.001 1 0.01 0.001 0.01 0.2 0.02 5 0.1 0.02 0.02 0.02

Crinkle Chert - North of Mt. Francis

996021 ADUP 996025 0.40 0.065 14.4 47.8 0.82 511.5 0.199 < 1 1.86 0.099 0.10 0.2 0.09 13 0.6 0.06 5.70 <0.01

996025 FieldTRIP 1 0.39 0.063 14.2 46.3 0.82 510.3 0.201 < 1 1.88 0.110 0.09 0.2 0.09 11 0.6 0.07 5.50 <0.01

996026 FieldTRIP 2 0.38 0.063 14.5 38.8 0.70 424.6 0.184 2 1.71 0.088 0.08 0.2 0.08 12 0.6 0.04 4.80 <0.01

996027 FieldTRIP 3 0.38 0.063 14.9 39.4 0.73 440.3 0.192 1 1.82 0.095 0.08 0.2 0.09 18 0.6 0.05 5.20 <0.01

996029 0.29 0.056 15.8 45.7 0.94 210.2 0.155 1 2.43 0.051 0.06 <0.2 0.09 9 1.7 0.32 6.10 <0.01

996030 0.29 0.054 15.8 46.3 0.94 210.2 0.157 < 1 2.44 0.051 0.07 0.2 0.09 11 1.6 0.29 6.10 0.01

996031 0.26 0.057 14.1 41.3 0.73 178.7 0.151 < 1 2.00 0.027 0.09 <0.2 0.09 15 0.9 0.15 6.90 0.01

996032 0.23 0.038 11.0 45.1 0.85 129.3 0.141 1 2.15 0.021 0.13 0.3 0.10 27 0.9 0.14 7.60 0.01

996033 0.18 0.022 11.9 42.6 0.83 132.0 0.141 1 2.28 0.027 0.11 0.3 0.11 25 0.6 0.07 6.40 0.01

996034 0.12 0.058 13.8 22.4 1.29 160.6 0.122 < 1 3.37 0.034 0.22 0.2 0.24 48 1.3 0.11 8.20 0.11

996035 0.16 0.024 8.8 44.4 0.81 251.5 0.173 2 2.66 0.027 0.10 0.2 0.10 34 0.7 0.08 6.50 <0.01

996036 0.16 0.033 9.6 46.2 1.00 303.8 0.177 1 3.18 0.035 0.15 0.2 0.11 39 0.8 0.09 7.50 <0.01

996037 0.16 0.037 8.8 46.5 0.89 308.8 0.154 1 3.23 0.026 0.13 0.2 0.11 39 0.8 0.06 7.20 <0.01

996038 0.30 0.026 11.1 44.2 0.71 210.7 0.192 1 1.75 0.048 0.07 0.2 0.08 20 0.6 0.06 5.10 <0.01

996045 0.28 0.043 8.9 39.0 0.95 336.6 0.158 < 1 2.41 0.048 0.13 0.3 0.08 23 0.6 0.06 7.00 <0.01

996046 0.30 0.022 9.0 44.7 0.81 458.2 0.196 < 1 1.98 0.057 0.09 <0.2 0.09 15 0.7 0.06 5.50 <0.01

Crinkle Chert - Logtung Road

996047 0.40 0.059 21.8 36.8 0.58 205.8 0.124 < 1 1.55 0.051 0.13 0.2 0.10 62 0.5 0.05 4.50 <0.01

996048 0.44 0.048 22.3 43.5 0.64 274.9 0.119 1 1.92 0.049 0.21 0.2 0.13 103 0.6 0.07 5.50 <0.01

996050 0.48 0.057 21.5 40.3 0.65 274.2 0.109 1 1.76 0.041 0.19 0.2 0.12 109 0.7 0.06 5.40 0.01

996051 3.09 0.061 18.8 26.5 0.69 232.3 0.070 < 1 1.44 0.017 0.18 0.5 0.06 37 1.1 0.08 3.00 <0.01

996041 ADUP 996051 2.99 0.059 18.4 26.9 0.64 222.0 0.068 < 1 1.38 0.018 0.18 0.5 0.07 42 1.4 0.11 3.20 <0.01

Jennings River Quartz-Sericite Schist

996039 2.08 0.085 10.7 73.8 1.45 480.5 0.217 3 1.61 0.059 0.13 <0.2 0.17 180 2.0 0.12 4.80 0.20

996042 1.64 0.085 13.2 56.9 1.44 344.0 0.261 1 1.69 0.090 0.16 <0.2 0.12 81 0.9 0.10 5.30 <0.01

996043 2.28 0.085 10.6 69.6 1.57 477.6 0.215 2 1.70 0.060 0.13 <0.2 0.15 189 1.3 0.12 5.00 0.11

996044 2.04 0.085 11.4 64.9 1.34 464.5 0.205 3 1.57 0.050 0.13 <0.2 0.17 143 1.9 0.13 5.10 0.02

Arsenault Prospect

996020 0.62 0.073 19.3 57.5 1.26 263.1 0.202 1 2.24 0.066 0.18 0.3 0.13 29 0.9 0.35 6.80 <0.01

996022 0.58 0.078 18.2 48.3 1.11 182.8 0.196 < 1 1.83 0.076 0.12 0.3 0.09 16 1.0 0.41 5.70 <0.01

996023 0.47 0.065 21.5 49.7 1.13 195.1 0.196 < 1 1.96 0.051 0.15 0.3 0.13 14 0.8 0.21 5.50 <0.01

996024 0.27 0.091 17.7 48.6 0.93 117.5 0.141 < 1 2.32 0.016 0.10 0.3 0.09 55 1.2 0.31 5.60 0.01

996028 0.74 0.056 16.1 56.3 1.52 157.9 0.155 < 1 2.30 0.015 0.08 <0.2 0.07 17 1.1 0.12 9.20 0.03

Mount Francis East

996008 0.35 0.042 17.8 38.5 0.53 124.0 0.112 1 1.38 0.011 0.10 0.2 0.07 24 1.0 0.09 6.20 0.02

996012 0.33 0.040 21.3 48.5 0.60 161.1 0.130 1 1.47 0.014 0.10 <0.2 0.08 19 1.3 0.10 5.20 0.02

996013 0.15 0.039 14.3 39.8 0.49 85.5 0.157 1 1.49 0.010 0.06 0.3 0.07 14 0.9 0.12 4.80 0.02

996014 0.41 0.055 23.5 36.2 0.56 118.1 0.108 1 1.27 0.015 0.07 0.2 0.07 18 1.3 0.13 4.30 0.03

996016 0.82 0.085 131.8 49.2 0.64 163.8 0.098 2 1.71 0.019 0.07 0.3 0.09 104 1.1 0.08 3.70 0.05

996017 0.59 0.062 34.8 53.3 0.66 336.9 0.145 1 1.82 0.015 0.13 0.2 0.08 44 1.4 0.11 6.80 0.03

996018 0.78 0.069 25.1 42.5 0.57 202.2 0.108 1 1.81 0.018 0.13 0.2 0.10 39 1.5 0.09 6.00 0.04

996019 0.99 0.076 17.4 39.1 0.47 192.4 0.101 2 1.57 0.019 0.11 <0.2 0.09 48 1.1 0.07 5.60 0.03

Highway 97 Prospect

996002 0.30 0.022 18.7 52.8 0.60 278.8 0.128 2 2.33 0.034 0.19 0.3 0.14 78 1.1 0.09 7.50 <0.01

996003 0.30 0.031 18.1 43.4 0.58 286.0 0.137 2 1.74 0.045 0.20 0.2 0.12 78 0.5 0.09 6.00 <0.01

996004 0.27 0.024 11.7 40.5 0.74 298.9 0.139 1 2.61 0.025 0.14 0.3 0.12 18 0.5 0.07 7.20 <0.01

996005 0.22 0.018 17.9 39.2 0.47 310.8 0.115 1 1.79 0.039 0.13 0.2 0.10 44 0.4 0.05 5.50 <0.01

996006 0.56 0.050 13.6 51.5 0.90 261.6 0.202 2 1.98 0.095 0.15 <0.2 0.11 18 0.6 0.06 6.00 <0.01

996007 0.30 0.025 15.6 38.5 0.50 224.8 0.123 1 1.65 0.038 0.13 0.2 0.10 47 0.7 0.06 5.20 <0.01

996009 FieldTRIP 1 0.33 0.018 14.6 32.6 0.45 168.3 0.115 2 1.44 0.041 0.15 0.2 0.10 30 0.6 0.07 4.60 <0.01

996001 ADUP 996009 0.33 0.018 14.3 32.0 0.44 166.4 0.114 2 1.41 0.041 0.15 0.2 0.09 30 0.6 0.06 4.80 <0.01

996010 FieldTRIP 2 0.33 0.018 16.4 31.6 0.47 185.6 0.121 1 1.50 0.043 0.16 0.2 0.10 35 0.8 0.08 5.20 <0.01

996011 FieldTRIP 3 0.33 0.019 14.7 31.7 0.45 171.6 0.115 2 1.46 0.042 0.16 0.2 0.09 27 0.7 0.07 4.90 0.01

Median 0.33 0.055 15.8 44.7 0.81 224.8 0.145 1 1.83 0.038 0.13 0.2 0.10 34 0.9 0.09 5.60 0.01

Mean 0.61 0.052 18.8 45.7 0.84 250.8 0.152 1 1.99 0.040 0.13 0.2 0.11 48 1.0 0.12 5.89 0.02

Std. dev. 0.66 0.022 18.9 9.9 0.31 108.7 0.041 1 0.50 0.024 0.04 0.1 0.03 44 0.4 0.09 1.21 0.04

Minimum 0.12 0.018 8.8 22.4 0.45 85.5 0.070 <1 1.27 0.010 0.06 <0.2 0.06 9 0.4 0.05 3.00 <0.01

Maximum 3.09 0.091 131.8 73.8 1.57 510.3 0.261 3 3.37 0.110 0.22 0.5 0.24 189 2.0 0.41 9.20 0.20

Notes:
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TABLE 3
DETECTION LIMITS AND GEOCHEMICAL RESULTS BY THERMAL

NEUTRON ACTIVATION ANALYSIS (INAA)

Element Au As Ba Br Ca Co Cr Cs Fe Hf Mo Na Rb Sb Sc

Units (ppb) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (%) (ppm) (ppm) (ppm)

Sample Detection Limit 2 0.5 50 0.5 1 1 5 1 0.02 1 1 0.01 15 0.1 0.1

Crinkle Chert - North of Mt. Francis

996021 ADUP 996025 2 8.1 1400 2.2 2 14 122 2 4.27 6 5 2.05 66 1.1 19.2

996025 FieldTRIP 1 9 7.0 1300 1.6 2 13 118 2 4.31 6 8 2.06 59 1.1 19.0

996026 FieldTRIP 2 4 6.8 1100 2.2 2 10 103 2 3.58 6 5 1.86 53 0.9 16.2

996027 FieldTRIP 3 12 6.7 1100 <0.5 2 11 98 2 3.74 6 8 1.91 50 0.9 16.9

996029 <2 44.3 1100 2.0 2 19 114 2 5.37 6 10 1.52 73 1.5 18.4

996030 <2 44.2 1000 2.4 1 18 114 2 5.24 6 8 1.48 65 1.1 18.2

996031 5 15.2 1000 5.6 2 13 120 3 4.44 6 10 1.45 70 0.9 16.7

996032 <2 42.3 960 6.6 1 16 118 3 5.27 6 9 1.36 66 1.2 16.1

996033 <2 20.4 770 5.7 2 17 113 3 4.47 6 11 1.64 64 1.2 15.8

996034 21 16.1 770 9.5 1 19 54 4 7.45 4 22 0.88 73 0.8 18.9

996035 12 13.2 1300 6.6 1 19 112 2 4.64 5 8 1.59 56 1.1 18.6

996036 7 18.3 850 9.3 2 18 102 2 4.59 5 5 1.57 60 1.0 19.4

996037 4 11.3 790 6.5 2 16 101 2 4.27 4 4 1.47 52 1.0 17.0

996038 4 7.5 790 1.7 2 16 135 2 4.14 5 7 1.83 52 0.8 16.7

996045 4 11.4 920 4.1 1 17 101 2 4.49 5 4 1.82 60 1.0 18.4

996046 6 12.2 1500 2.5 1 19 132 2 4.45 5 6 1.78 56 1.5 18.6

Crinkle Chert - Logtung Road

996047 <2 10.5 910 2.8 1 10 103 4 3.20 5 8 1.30 105 1.6 12.6

996048 <2 12.6 950 1.8 1 11 96 4 3.48 5 7 1.09 108 2.0 13.2

996050 3 15.0 970 4.1 1 12 113 5 3.93 5 8 1.20 102 2.3 14.5

996051 5 28.0 960 <0.5 4 18 76 3 3.87 5 9 0.69 103 4.1 15.4

996041 ADUP 996051 3 27.6 920 <0.5 4 17 77 2 3.79 5 11 0.66 93 4.0 15.5

Jennings River Quartz-Sericite-Schist

996039 9 16.0 1400 <0.5 4 26 181 2 5.89 4 13 1.32 51 1.9 17.0

996042 4 8.8 910 3.8 4 26 170 2 5.46 4 8 1.62 54 0.9 17.2

996043 6 12.3 1300 3.2 4 26 181 3 5.54 4 13 1.40 48 1.6 17.1

996044 4 12.2 1300 <0.5 4 24 172 3 5.45 4 12 1.29 53 1.5 16.7

Arsenault Prospect

996020 11 17.5 890 <0.5 2 20 127 2 5.88 6 8 1.47 78 1.0 19.0

996022 12 14.8 760 <0.5 2 17 123 2 5.11 6 10 1.55 77 0.9 17.3

996023 17 39.4 990 <0.5 2 20 142 2 5.39 7 16 1.34 91 1.2 19.2

996024 10 35.4 690 14.3 2 27 135 2 5.55 6 16 1.14 80 1.1 16.3

996028 14 24.7 640 6.4 2 16 136 2 4.72 6 12 1.09 71 0.8 16.4

Mount Francis East

996008 <2 27.8 910 10.4 2 13 123 2 4.44 7 11 0.86 95 1.2 13.1

996012 13 42.9 920 13.3 2 19 182 2 4.67 9 15 1.14 72 1.2 16.8

996013 5 26.7 930 4.8 2 23 170 2 5.14 9 14 1.36 73 1.3 15.0

996014 17 55.4 900 5.3 3 24 135 2 4.98 8 18 1.40 64 1.3 15.9

996016 13 16.0 900 14.8 3 17 161 4 4.43 8 23 1.28 71 0.8 20.7

996017 4 27.3 1100 8.4 3 21 151 3 5.01 7 19 1.24 109 1.3 16.4

996018 10 38.3 760 8.5 2 14 121 2 3.94 6 14 1.21 77 1.0 14.0

996019 7 13.0 760 6.4 2 12 104 2 3.54 6 13 1.42 70 0.7 12.7

Highway 97 Prospect

996002 5 16.1 1100 3.0 1 14 119 4 4.62 5 11 1.32 115 2.0 17.4

996003 8 15.9 1100 2.6 1 13 110 4 4.44 5 12 1.39 99 2.0 16.1

996004 7 9.7 880 3.3 1 14 98 4 4.30 5 9 1.20 69 1.3 13.7

996005 5 11.2 1000 2.7 1 10 91 3 3.42 6 <1 1.36 107 1.3 13.8

996006 <2 8.5 1200 2.3 1 17 128 3 4.29 5 <1 1.54 104 1.3 15.9

996007 <2 11.0 950 2.9 2 10 96 4 3.47 5 <1 1.30 87 1.3 13.7

996009 FieldTRIP 1 <2 8.8 960 2.7 2 10 94 3 3.38 6 6 1.43 109 1.3 12.5

996001 ADUP 996009 <2 7.9 940 2.9 2 10 95 3 3.30 5 10 1.41 102 1.1 12.3

996010 FieldTRIP 2 <2 9.4 920 3.3 2 9 103 3 3.41 6 10 1.44 95 1.2 13.1

996011 FieldTRIP 3 <2 8.3 910 2.5 2 9 95 3 3.22 5 10 1.37 82 1.1 12.1

Median 5 15.9 950 3.3 2 17 119 2 4.49 6 10 1.36 72 1.2 16.7

Mean 7 20.5 978 4.8 2 17 124 3 4.65 6 10 1.38 77 1.3 16.4

Std. dev. 5 12.6 196 3.8 1 5 29 1 0.84 1 5 0.26 20 0.6 2.1

Minimum <2 7.0 640 <0.5 1 10 54 2 3.20 4 <1 0.69 48 0.7 12.5

Maximum 21 55.4 1500 14.8 4 27 182 5 7.45 9 23 2.06 115 4.1 20.7
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TABLE 3 CONTINUED
DETECTION LIMITS AND GEOCHEMICAL RESULTS BY THERMAL

NEUTRON ACTIVATION ANALYSIS (INAA)

Element Se Ta Th U W Zn La Ce Nd Sm Eu Tb Yb Lu Mass

Units (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (g)

Sample Detection Limit 3 0.5 0.5 0.5 1 50 0.1 3 5 0.1 0.2 0.5 0.2 0.05 n/a

Crinkle Chert - North of Mt. Francis

996021 ADUP 996025 <3 1.6 8.4 2.6 <1 64 30.5 68 29 5.8 1.6 0.6 3.0 0.45 24.45

996025 FieldTRIP 1 <3 1.5 8.1 2.3 <1 112 30.1 64 27 5.6 1.5 0.8 3.0 0.47 24.23

996026 FieldTRIP 2 <3 1.1 7.9 2.4 <1 95 28.0 61 22 5.1 1.3 0.7 2.7 0.40 28.73

996027 FieldTRIP 3 <3 1.3 8.1 2.4 <1 89 28.3 63 24 5.0 1.4 0.6 2.8 0.42 30.44

996029 <3 1.0 8.4 2.5 <1 117 32.2 65 26 5.6 1.4 0.7 3.1 0.46 25.61

996030 <3 0.6 8.5 2.6 <1 124 32.0 64 24 5.5 1.4 0.7 3.1 0.46 26.81

996031 <3 1.7 8.7 2.5 <1 100 30.7 63 25 4.8 1.2 0.7 2.8 0.43 29.21

996032 <3 1.3 8.9 2.5 <1 129 25.8 59 19 4.4 1.1 0.6 2.3 0.36 26.42

996033 <3 1.4 9.7 2.7 2 127 27.3 59 20 4.4 1.2 0.6 2.4 0.37 26.70

996034 <3 1.0 9.8 2.3 1 124 26.2 47 14 3.5 0.9 0.5 2.4 0.36 27.15

996035 <3 1.1 7.7 3.4 2 100 23.5 54 19 3.8 1.1 <0.5 2.2 0.33 29.73

996036 <3 1.2 8.2 2.6 <1 100 21.9 50 16 4.0 1.0 0.7 2.2 0.33 28.10

996037 <3 0.9 7.6 2.4 <1 110 20.2 47 17 3.9 1.0 0.6 2.1 0.33 28.50

996038 <3 0.9 6.3 2.2 1 99 25.7 55 19 4.0 1.2 0.6 2.3 0.35 28.54

996045 <3 1.0 7.0 1.4 2 95 21.2 45 16 3.6 1.1 0.7 2.4 0.36 29.05

996046 <3 0.9 7.2 2.6 <1 92 23.6 50 15 3.9 1.2 0.5 2.5 0.37 27.62

Crinkle Chert - Logtung Road

996047 <3 1.8 14.2 2.9 <1 82 38.9 80 28 5.0 1.2 0.9 3.3 0.52 27.63

996048 <3 1.2 14.3 2.8 <1 59 38.9 75 30 6.6 1.2 0.8 3.3 0.52 28.80

996050 <3 1.9 15.1 2.5 2 118 39.8 76 27 6.9 1.3 0.9 3.8 0.57 29.14

996051 <3 0.7 10.9 2.1 3 114 35.1 74 25 5.8 1.3 0.8 2.9 0.49 26.48

996041 ADUP 996051 <3 1.0 10.7 2.1 2 96 33.2 71 25 5.3 1.3 0.8 2.8 0.43 29.59

Jennings River Quartz-Sericite-Schist

996039 <3 0.9 5.4 2.3 <1 156 24.5 52 23 5.1 1.5 0.7 2.7 0.40 25.27

996042 <3 1.2 6.9 2.6 <1 121 25.3 53 19 4.9 1.5 0.7 2.7 0.40 29.64

996043 <3 1.1 5.5 2.6 <1 139 23.5 48 20 4.7 1.5 0.7 2.7 0.39 26.40

996044 <3 1.3 5.3 2.0 <1 130 23.1 49 18 4.8 1.4 <0.5 2.6 0.38 27.79

Arsenault Prospect

996020 <3 1.8 10.9 3.0 3 285 38.0 75 31 6.4 1.5 0.9 3.4 0.53 28.87

996022 <3 1.6 9.8 3.4 <1 130 37.2 74 28 6.2 1.6 0.8 3.0 0.45 29.88

996023 <3 1.0 13.3 4.0 <1 128 46.9 94 35 7.0 1.6 0.8 3.4 0.50 26.28

996024 <3 1.4 13.6 3.8 2 135 37.4 102 30 6.5 1.6 0.8 3.1 0.46 26.96

996028 <3 1.6 11.1 3.9 <1 109 33.4 74 28 5.4 1.3 0.6 3.2 0.48 27.91

Mount Francis East

996008 <3 1.6 12.4 4.1 3 114 34.7 76 29 6.3 1.7 0.9 3.6 0.52 27.20

996012 <3 1.7 12.5 4.8 2 138 44.0 147 38 8.0 1.9 0.9 3.8 0.59 29.77

996013 <3 1.7 11.5 4.5 2 127 38.2 83 27 5.7 1.5 0.9 3.3 0.51 29.37

996014 <3 1.7 13.9 4.8 2 161 48.6 124 35 7.7 2.0 0.9 3.9 0.58 27.60

996016 <3 1.8 16.3 19.2 2 233 186.0 113 163 27.9 5.7 3.0 13.3 2.10 25.57

996017 <3 1.9 13.9 6.4 2 173 58.5 120 53 10.9 2.8 1.5 4.6 0.65 26.64

996018 <3 1.4 10.2 4.4 <1 116 41.8 74 30 6.5 1.6 1.0 3.2 0.47 30.58

996019 <3 0.8 8.4 4.2 <1 143 33.0 63 27 5.2 1.3 0.8 2.7 0.43 27.07

Highway 97 Prospect

996002 <3 1.2 16.1 3.5 2 128 38.2 81 26 5.5 1.2 <0.5 2.7 0.41 25.05

996003 <3 1.7 13.4 2.2 <1 114 37.1 74 31 6.7 1.6 1.0 3.7 0.57 26.29

996004 <3 1.2 10.4 2.6 2 77 25.8 54 20 4.1 0.8 0.5 2.3 0.35 26.48

996005 <3 1.6 13.5 3.2 <1 65 35.4 77 24 5.5 1.2 0.7 3.0 0.46 26.94

996006 <3 1.3 9.2 3.3 <1 136 27.9 61 24 4.9 1.3 0.7 2.4 0.38 25.06

996007 <3 1.9 12.3 3.8 <1 85 30.5 68 22 4.9 1.1 0.6 2.5 0.38 27.30

996009 FieldTRIP 1 <3 1.6 12.4 3.3 <1 100 31.2 74 22 5.0 1.2 0.7 2.5 0.38 27.09

996001 ADUP 996009 <3 1.9 11.8 2.8 <1 97 30.8 69 22 4.9 1.0 0.6 2.7 0.40 27.92

996010 FieldTRIP 2 <3 1.3 12.6 3.4 <1 90 33.1 70 25 5.3 1.0 0.7 2.7 0.41 26.33

996011 FieldTRIP 3 <3 1.5 12.5 2.8 <1 95 30.6 69 20 4.7 1.0 0.7 2.5 0.39 28.01

Median 3 1.3 10.2 2.8 1 118 32.2 68 25 5.4 1.3 0.7 2.9 0.45 27.20

Mean 3 1.3 10.5 3.5 1 123 36.4 72 29 6.0 1.5 0.8 3.2 0.48 27.48

Std. dev. 0 0.4 3.0 2.7 1 40 25.3 23 23 3.8 0.8 0.4 1.7 0.27 1.53

Minimum <3 0.6 5.3 1.4 <1 59 20.2 45 14 3.5 0.8 <0.5 2.1 0.33 24.23

Maximum 3 1.9 16.3 19.2 3 285 186.0 147 163 27.9 5.7 3.0 13.3 2.10 30.58

Notes:

ADUP = analytical duplicate

FieldTRIP = field triplicate
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TABLE 4
DETECTION LIMITS AND GEOCHEMICAL RESULTS FOR MAJOR OXIDES BY

LiBO2 FUSION INDUCTIVELY COUPLED PLASMA (ICP)

Element SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 Ba Ni Sr Zr Y Nb Sc LOI C/TOT S/TOT SUM

Units (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) (%) (%) (%)

Sample Detection Limit 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.001 5 5 5 5 5 10 1 0.1 0.01 0.01 0.01

Crinkle Chert - North of Mt. Francis

996021 ADUP 996025 67.26 12.85 5.32 2.24 2.47 2.54 1.48 0.96 0.18 0.07 0.014 1391 36 220 182 22 12 7 4.2 0.22 0.02 99.79

996025 FieldTRIP 1 68.71 12.23 5.07 2.48 2.35 2.31 1.34 1.07 0.19 0.04 0.014 1526 35 241 204 23 14 8 3.6 0.22 <0.01 99.64

996026 FieldTRIP 2 68.85 12.57 4.91 2.14 2.48 2.54 1.49 0.96 0.18 0.05 0.012 1315 26 216 191 21 13 7 3.3 0.24 <0.01 99.69

996027 FieldTRIP 3 68.68 12.94 5.05 2.09 2.49 2.59 1.56 0.95 0.17 0.08 0.012 1293 28 212 179 21 13 7 3.1 0.24 <0.01 99.92

996029 63.36 14.89 7.25 2.28 1.90 2.01 1.76 0.95 0.17 0.07 0.015 1419 45 202 213 23 13 8 4.9 0.54 0.02 99.77

996030 64.17 14.29 6.96 2.26 1.81 1.91 1.66 0.94 0.16 0.07 0.014 1406 36 209 209 24 14 8 5.3 0.54 0.02 99.77

996031 64.49 13.32 5.71 2.03 1.90 1.82 1.70 1.03 0.20 0.08 0.015 1289 28 223 225 21 15 7 7.4 1.63 0.02 99.90

996032 63.07 12.32 6.38 2.27 1.85 1.61 1.59 0.92 0.13 0.06 0.014 1180 34 203 218 16 12 7 9.4 2.41 0.01 99.81

996033 65.94 12.71 5.49 2.39 1.92 1.91 1.36 0.98 0.07 0.07 0.013 967 34 221 214 18 13 7 6.9 1.04 0.01 99.90

996034 53.95 15.25 9.28 2.95 1.57 1.03 1.54 0.84 0.19 0.12 0.007 1133 27 128 157 15 13 9 12.5 2.07 0.12 99.40

996035 61.39 14.90 6.57 2.40 2.10 2.32 1.60 0.94 0.07 0.19 0.013 1553 49 170 164 18 12 8 7.2 0.85 <0.01 99.92

996036 60.44 14.96 6.37 2.48 1.85 2.24 1.55 0.86 0.09 0.12 0.011 1034 37 143 156 17 11 8 8.8 1.04 <0.01 99.92

996037 60.96 14.58 6.12 2.19 1.96 2.15 1.41 0.80 0.10 0.09 0.011 985 38 160 143 16 11 7 9.4 1.27 0.02 99.93

996038 67.10 12.74 5.57 2.09 2.66 2.48 1.35 0.96 0.08 0.12 0.015 994 44 246 157 17 12 7 4.6 0.36 0.01 99.92

996045 63.51 13.92 6.00 2.53 2.29 2.44 1.43 0.83 0.12 0.08 0.011 1098 34 167 134 16 12 7 6.6 0.66 0.01 99.92

996046 66.59 13.09 5.89 2.36 2.50 2.31 1.35 0.95 0.07 0.15 0.015 1738 53 235 140 17 12 7 4.4 0.27 <0.01 99.92

Crinkle Chert - Logtung Road

996047 72.66 11.05 4.19 1.50 1.56 1.69 1.87 0.82 0.15 0.06 0.011 1053 31 155 151 27 16 5 4.2 0.36 <0.01 99.93

996048 70.45 11.24 4.61 1.63 1.57 1.38 1.96 0.83 0.13 0.08 0.012 1117 40 147 162 31 17 6 5.6 0.55 <0.01 99.67

996050 68.02 12.13 5.28 1.78 1.70 1.58 2.03 0.84 0.17 0.07 0.013 1220 48 160 163 34 17 6 6.0 0.55 <0.01 99.79

996051 59.59 14.15 5.49 1.58 5.35 0.98 2.98 0.68 0.15 0.16 0.009 1086 38 151 151 23 < 10 6 8.4 1.09 <0.01 99.68

996041 ADUP 996051 61.13 13.38 5.23 1.74 5.07 0.88 2.58 0.76 0.16 0.19 0.009 1195 37 169 172 25 10 7 8.2 1.10 0.02 99.53

Jennings River Quartz-Sericite-Schist

996039 59.78 11.22 7.57 3.29 4.85 1.78 1.48 1.05 0.23 0.13 0.020 1614 110 279 116 22 14 7 7.8 0.80 0.25 99.44

996042 60.19 11.67 6.85 3.66 4.96 2.04 1.36 1.28 0.23 0.16 0.020 1240 77 340 146 23 20 7 6.9 0.72 0.01 99.53

996043 58.52 11.43 7.22 3.60 5.20 1.86 1.48 1.07 0.24 0.13 0.023 1563 107 290 116 21 14 7 8.3 1.07 0.16 99.30

996044 59.32 11.49 7.35 3.26 4.80 1.81 1.53 1.06 0.24 0.14 0.020 1629 92 278 114 21 14 7 8.4 0.95 0.02 99.66

Arsenault Prospect

996020 60.55 14.07 7.63 3.17 3.18 1.93 1.81 0.95 0.20 0.11 0.016 1029 52 209 183 25 14 8 5.8 0.22 0.02 99.58

996022 64.11 13.16 6.75 3.11 3.32 2.08 1.66 1.02 0.20 0.07 0.016 964 40 238 204 24 15 7 4.2 0.18 0.01 99.85

996023 63.75 13.83 6.38 3.21 2.60 1.57 2.22 1.07 0.18 0.10 0.016 1166 43 199 246 28 16 8 4.6 0.23 <0.01 99.74

996024 55.00 12.35 6.96 3.05 2.44 1.38 1.43 1.04 0.29 0.15 0.018 858 47 206 211 23 16 7 15.5 4.19 0.05 99.75

996028 55.93 12.78 6.26 3.29 2.75 1.45 1.61 1.03 0.25 0.10 0.016 759 27 165 200 21 18 6 14.3 3.83 0.08 99.90

Mount Francis East

996008 61.22 12.54 6.14 2.17 2.12 1.12 2.27 1.08 0.20 0.10 0.017 1152 34 158 276 29 16 6 10.6 2.50 0.04 99.78

996012 62.08 13.24 6.35 2.30 2.63 2.14 2.23 1.15 0.16 0.10 0.024 1220 61 186 303 32 19 7 7.1 1.35 0.03 99.73

996013 64.51 11.86 6.77 2.10 2.60 2.30 1.65 1.18 0.13 0.16 0.020 1040 48 195 288 22 22 6 6.4 1.06 0.01 99.88

996014 64.26 11.76 6.15 2.71 3.60 1.69 1.63 1.03 0.17 0.13 0.016 1036 74 266 267 28 17 6 6.4 1.11 0.03 99.75

996016 55.98 11.12 5.66 2.74 3.58 1.59 1.29 1.08 0.35 0.10 0.021 973 88 259 291 126 17 9 16.0 4.35 0.02 99.72

996017 56.86 12.53 6.57 2.24 2.71 1.60 1.84 1.06 0.27 0.15 0.018 1183 53 192 221 44 19 7 13.7 3.56 0.05 99.75

996018 55.97 12.61 5.70 1.97 3.08 1.75 1.74 0.92 0.25 0.10 0.015 1043 45 233 231 28 14 6 15.6 4.38 0.07 99.88

996019 56.42 12.14 4.86 1.60 3.41 2.00 1.55 0.81 0.25 0.08 0.012 1014 28 281 215 22 12 5 16.6 4.83 0.01 99.91

Highway 97 Prospect

996002 67.63 12.71 5.63 1.59 1.50 1.57 1.72 0.85 0.07 0.02 0.012 1061 38 134 165 20 14 7 6.3 0.47 <0.01 99.78

996003 68.16 12.32 5.74 1.59 1.63 1.74 1.88 0.78 0.09 0.07 0.013 1191 47 162 155 29 16 6 5.6 0.34 0.02 99.79

996004 65.34 13.46 5.81 1.84 1.87 1.58 1.53 0.85 0.08 0.07 0.012 1079 39 152 143 17 14 5 7.1 0.77 0.03 99.69

996005 71.60 11.54 4.40 1.28 1.43 1.69 1.68 0.77 0.06 0.03 0.011 1148 32 169 170 21 14 5 4.9 0.40 <0.01 99.57

996006 65.43 13.34 5.55 2.28 2.20 1.96 1.95 0.97 0.15 0.07 0.014 1321 42 207 150 18 16 6 5.7 0.56 0.01 99.81

996007 71.01 11.13 4.50 1.39 1.55 1.65 1.67 0.75 0.08 0.07 0.011 1089 31 170 158 19 14 5 5.6 0.65 0.02 99.57

996009 FieldTRIP 1 72.02 10.91 4.13 1.36 1.73 1.75 1.75 0.77 0.06 0.07 0.010 1015 24 168 167 18 14 5 5.0 0.79 <0.01 99.70

996001 ADUP 996009 71.12 11.43 4.36 1.37 1.82 1.85 1.89 0.79 0.06 0.04 0.012 995 35 167 162 18 14 5 4.8 0.77 0.01 99.70

996010 FieldTRIP 2 72.11 11.10 4.23 1.30 1.72 1.79 1.80 0.71 0.06 0.04 0.010 987 23 159 155 19 13 5 4.7 0.62 0.01 99.71

996011 FieldTRIP 3 72.20 10.99 4.17 1.31 1.70 1.76 1.77 0.74 0.06 0.01 0.010 1013 25 164 154 17 14 5 4.7 0.67 0.03 99.58

Median 63.51 12.61 6.12 2.28 2.29 1.78 1.65 0.95 0.16 0.10 0.014 1117 40 199 167 22 14 7 6.9 0.80 0.01 99.77

Mean 63.17 12.76 6.08 2.34 2.60 1.81 1.69 0.95 0.16 0.10 0.015 1175 47 202 188 25 15 7 7.9 1.34 0.03 99.75

Std. dev. 4.99 1.22 1.04 0.65 1.09 0.36 0.32 0.13 0.07 0.04 0.004 222 21 50 50 17 3 1 3.6 1.32 0.05 0.16

Minimum 53.95 10.91 4.13 1.28 1.43 0.98 1.29 0.68 0.06 0.02 0.007 759 24 128 114 15 <10 5 3.6 0.18 <0.01 99.30

Maximum 72.66 15.25 9.28 3.66 5.35 2.48 2.98 1.28 0.35 0.19 0.024 1738 110 340 303 126 22 9 16.6 4.83 0.25 99.93

Notes:

ADUP = analytical duplicate

FieldTRIP = field triplicate



of field triplicates display a larger measure of variability
as compared to the analytical duplicates as the former
represent three different (but adjacent) samples, whereas
the latter is two parts of the same original sample. In gen-
eral, the key elements (e.g. copper, cadmium, lead, sele-
nium) showed good reproducibility in field triplicates
and analytical duplicates (Table 5). For example, two
field duplicates (996009, 996010) reported differences of
1.3 per cent and 0.3 per cent for copper and zinc, respec-
tively. Two analytical duplicates (996001 and 996009)
also showed good reproducibility for copper and zinc re-
cording differences of 2.1 per cent and 0.5 per cent, re-
spectively.

Results from the insertion of three CANMET refer-
ence material indicate acceptable levels of analytical pre-
cision (less than 10 per cent) for key elements in till. For
instance, copper and zinc recorded relative standard devi-
ations (RSD) of 1.8 and 2.1 per cent, respectively (Table
5).

GLACIAL HISTORY AND
STRATIGRAPHY

Ryder and Maynard (1991) and Clague (1989) pro-
vide a limited regional overview of the Quaternary geol-
ogy of northern British Columbia. Although there is little
chronological information for the northern Cordilleran
ice sheet available, evidence suggests processes were
similar to those in the south of the province (Ryder et al.,
1991). Dates collected from lavas flows and organics
show multiple glaciations, separated by warmer intergla-
cial periods, occurred during late Pliocene (1.64 to 5.2
Ma) and Pleistocene (0.01 to 1.64 Ma).

The Fraser glaciation (late Wisconsinan in age), the
last ice advance, largely obscured any evidence of earlier
glacial and non-glacial events. For example, reconnais-
sance work along the Kechika River to the east suggest
only one till sheet to be present in exposed settings
(Bobrowsky, pers. comm., 1999). Several other authors
also noted no evidence of multiple glaciations in northern
British Columbia (e.g. Watson and Mathews, 1944; Kerr,
1948). Where glacial and interglacial sediments are pre-
served, dates are obtained only at scattered localities. To
the southeast near Finlay River, Bobrowsky and Rutter
(1992) collected a series of dates spanning from early Ho-
locene to middle Wisconsinan time (10,000 to 37,190 ka)
from multiple glacial and non-glacial sediments. To the
east, in the Atlin area, Levson and Blyth (1993) collected
radiocarbon dates from organics lying stratigraphically
between till and placer gravels. Peat and wood fragments
yielded dates of 31ka BP and 36 ka BP (middle
Wisconsinan in age). Potassium-argon dates (0.5 to 3.6
Ma) attained from basalts interbedded with the placer de-
posits indicate some of the gravels are interglacial, al-
though most are preglacial in age. Aitken (1959) also re-
corded two tills and associated outwash overlying a third
till and outwash in a placer camp near Atlin. Peat radio-
carbon dates suggest the lowest till may be older than
37,000 years (Miller, 1976), corresponding to a early
Wisconsinan glaciation. To the south, Spooner et al.
(1996) estimated the age of a regional advance, beneath
basalt flows in the Stikine River valley. Potassium-argon
dates and paleomagnetic analysis imply the sediments to
be between 330-360 ka, corresponding to a pre-Illinoian
isotope stage 10.

Additional stratigraphic evidence of multiple
Cordilleran ice advances, but no absolute dating, has also
been noted in northern British Columbia. In the Atlin
area, Levson (1992) noted up to three auriferous gravel
sequences interbedded with till. In the Omineca Moun-
tains near Uslika Lake, glaciolacustrine silts deposited in
a moraine dammed lake are overlain by till (Roots, 1954).
In the Dease River valley, two separate ice advances are
suggested by a sequence where till is overlain by silts
with a superimposed esker complex (Gabrielse, 1969).
However, whether these represent two advances of the
Fraser Glaciation, as in the two upper tills Aitken’s study
area (see above), or two distinct glaciations is unclear.

Fraser Glaciation

Earlier workers noted that the development of the
last ice sheet appears to have been preceded by an episode
of alpine glaciation which was long enough for the devel-
opment or redevelopment of erosional landforms.
Gabrielse (1969) noted rounded spurs and cirque
headwalls modified by meltwater erosion in the Cassiar
Mountains. Aitken (1959) cited over-ridden cirques and
rounded aretes.

In the early phases of glaciation, ice built up due to
the growth of cirque and valley glaciers in the Coast
Mountains and higher parts of the Skeena Mountains. Al-
pine glaciers also developed in the Cassiar Mountains
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TABLE 5
PERCENT DIFFERENCES FOR KEY ELEMENTS FROM
ANALYTICAL (996001 AND 996009) AND FIELD (996009
AND 996010) DUPLICATES. RELATIVE STANDARD DE-

VIATION (%RSD) CALCULATED FROM 3 CANMET
REFERENCE STANDARDS

Element Detect. L. Anal. Dups Field Dups %RSD

(ppm) (%) (%)

Silver Ag 2 0.0 10.0 2.5

Bismuth Bi 0.02 14.1 45.2 2.0

Cadmium Cd 0.01 0.0 25.0 5.0

Cobalt Co 0.1 2.7 5.4 1.8

Copper Cu 0.01 2.1 1.3 1.8

Manganese Mn 1 0.9 0.0 1.6

Molybedum Mo 0.01 4.6 10.4 3.3

Lead Pb 0.01 0.9 3.0 3.1

Selenium Se 0.1 0.0 28.6 9.1

Zinc Zn 0.1 0.5 0.3 2.1

Detect. L. = Detection Limit

Anal. Dups = Analytical Duplicates

Field Dups = Field Duplicates

RSD = Relative Standard Deviation



and many parts of the Stikine Plateau. Due to the many
centres of ice accumulations, ice sheet morphology and
flow patterns were complex at the time of coalescence.
Local shifts in ice-flow directions did occur due to
changes in the relative influence of topographic control
on thickening and thinning ice (Ryder and Maynard,
1991).

Advancing glaciers from the local mountains
dammed river valleys forming lakes across the region
(Ryder and Maynard, 1991). As the ice overrode these ar-
eas and thickened, the extensive ice-sheet rose to an ele-
vation of at least 2000 metres as shown by erratics (Wat-
son and Mathews, 1944). Roots (1954) recorded glacial
limits up to 2300 metres in the Omineca Mountains
whereas Johnston (1926) and Gabrielse (1969) noted
heights of 2100 metres in the Cassiar Mountains.

Deglaciation occurred partly by frontal retreat of ice
tongues and partly by downwasting of stagnant ice.
Paleo-ice-flow directions altered according to increasing
topographic control. Widely distributed small bodies of
glaciolacustrine sediments indicate that numerous lakes
existed during deglaciation. Large esker complexes as
well as kames and kettles dot the valley floors, indicating
that ice stagnation was the dominant deglacial process in
the mountainous areas. Local re-advances or pauses oc-
curred during the late phase of the Fraser Glaciation. Re-
cessional moraines and kame terraces mark ice margins
during pauses in ice retreat. Morainal ridges bounding
cirques could also be attributed to the growth and decay of
alpine glaciers reoccupying cirques after the last ice sheet
disappeared (Aitken, 1959).

Since glaciation, previously deposited glaciogenic
sediments have been reworked by colluvial processes un-
der paraglacial conditions and resedimented at the base of
steep slopes. Similarly, paraglacial alluvial-fan sedimen-
tation was active during deglaciation and has continued
until the present. If Holocene glacial activity occurred it
was restricted to high cirques in alpine areas. Fluvial ter-
race, floodplain and active channel deposits have also
formed along valley floors during the Holocene.

SURFICIAL SEDIMENTS

The surficial sediments within the study area were
deposited during the last cycle of the Fraser Glaciation
and ensuing post-glacial activity. At lower elevations, on
gentle slopes and plateaus, the bedrock topography is
mantled by variable amounts of a massive, matrix-sup-
ported diamicton. Deposits range from a thin veneer (<1

metre) to a thick (�45 metres) mantle. The physical prop-
erties of these diamictons suggest they are basal tills de-
rived from lodgement processes (e.g. Dreimanis, 1988).

In general, basal till deposits are massive to very
poorly-stratified, dark olive grey (or brown) and moder-
ately to highly-consolidated (Photo 1). The matrix is com-
monly fissile with a high clay content. Deposits are dense,
compact, and cohesive. Clast content ranges from 5 per
cent to 40 per cent, with a mean of 15 per cent. Clast size
ranges from granular (<1 centimetre) to boulder

(>1metre), averaging 1 to 2 centimetres. Clasts occur in a
range of roundness, but most are subangular. Clast
lithologies are variable and include local bedrock. Many

clasts (�25 per cent) are striated and faceted. In some ar-
eas, particularly along or at the base of steep slopes, tills
are reworked and colluviated.

Lateral and recessional moraines are common in the
Cassiar Mountains (Photo 2). Till ridges range from 10’s
to 100’s of meters in length and are no more than 20
metres in width. Moraines mark the location of ice pauses
during local glacier retreat. Surficial sediments are com-
monly dissected by meltwater channels and can be used to
establish the sequential positions of the edge of the ice
(Photo 3).

Glaciofluvial, glaciolacustrine, modern fluvial and
organic materials dominate valley settings. Deposits of
massive to well-stratified sand, gravel and silt are evident
in upland valley and as terraces throughout the study area.
Coarse gravel beds range from open framework clast-sup-
ported beds to very well-stratified sands with normal, re-
verse or no grading (Photo 4). Ripples and cross-strati-
fied beds are common. Load structures are locally
preserved. Such sediments likely represent ice-proximal
to ice-distal facies deposited during deglaciation. In the
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Photo 1. Basal lodgement till exposed in a road cut along the
Alaska Highway.
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Photo 2. Lateral moraine in the Cassiar Mountains marking the ice margin during glacial retreat.

Photo 3. Meltwater channels developed on slope in Cassiar
Mountains composed of thick till. Photo 4. Glaciofluvial gravels exposed along the Jennings River.



deep, broad valleys in the Cassiar Mountains, esker com-
plexes and kame and kettle topography are abundant.
Eskers range from 10’s to 100’s metres in length. Kettles,
identified by their circular shape, have formed where
abandoned ice blocks were left to slowly ablate while sed-
imentation occurred around them (Photo 5).

Along the Swift River valley and Teslin Lake, thick
sequences of fine sand, silt and clay form terraces above
the modern day floodplain. The terraces occur below 900
metres in elevation. Exposures show rhythmically lami-
nated, horizontal, tabular beds. Rip-up clasts and
dropstones are common. Individual rhythmites have
sharp basal contacts and vary in thickness from a few
millimetres to several tens of centimetres. In select areas,
glaciolacustrine rhythmites lie stratigraphically between
two till layers (Figure 3). Occasionally, thin (<2 metres)
sequences of glaciofluvial sands and gravels cap the
rhythmites. The contact between the upper till and under-
lying unit is commonly abrupt and erosive. Rhythmites
are often convoluted and contain load structures. The two
diamictons exhibit similar physical properties such as
colour, texture, and structure. The glaciolacustrine sedi-
ments are the remnants of a lake formed by the damming
of the Teslin trench by advancing glaciers. Whether the
tills are the result of two advances of the same ice sheet, or
of two separate glaciations, is unclear without dating.

Modern fluvial, colluvial and organic deposits are
found throughout the study area. Large modern
floodplains dominate valley settings, with large alluvial
fans forming along valley margins. Deposits includes
clean, well-sorted and stratified sand and gravel. Clasts
are well-rounded and of variable lithologies.

Intense post-glacial erosion within the area has pro-
duced widespread colluvial debris. Deposition and accu-
mulation of these sediments result from direct, gravity-in-
duced movement involving no agent of transportation
such as water or ice, although the moving material may
have contained water and/or ice. Colluvium can be mas-
sive to crudely-stratified, poorly-sorted to moder-
ately-sorted, matrix to clast-supported and monolithic to
polylithic, depending on source material. Clast size
ranges from granular to boulder and shapes are variable.
Deposits commonly occur in veneer or blanket accumula-
tions or as large cones along steep valley walls and slopes.

Organic deposits commonly occur in areas of poor
drainage such as marshes and swamps. Deposits are com-
mon along floodplains, along old meltwater channels, and
between drumlinoid features. In areas of higher eleva-
tions, including plateaus, organic material accumulates
where bedrock topography traps surface water to form
bogs.
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Photo 5. Eskers and kettle lakes in Cassiar Mountains. Landforms are produced under stagnant ice during glacial retreat.



Ice-Flow

Mapping of ice-flow indicators (Photo 6) reveals
trends similar to those suggested by other authors (e.g.
Ryder and Maynard, 1987; Clague, 1989; Jackson, 1994).

At the glacial maximum, an ice divide developed over the
Cassiar Mountains between the Liard and Teslin Plateaus
(Figure 4). Ice flowed westerly from the mountains and
upon reaching the Teslin Depression, moved northerly
into the Yukon. In contrast, on the east side of the Cassiar
peaks, ice flowed northeast toward the Liard plateau and
into the Yukon. It is unclear if the Cordilleran Ice sheet
was influenced at all times by underlying topography or if
a true continental ice sheet, with flow directions inde-
pendent of underlying topography, developed. However,
local flow directions did alter in accordance with increas-
ing topographic control as the ice thinned.

A second set of cross-cutting striae and stoss and lee
forms was documented at seven locations along the shore
of Teslin Lake and the Alaska Highway corridor. A sec-
ond, older (?) northeasterly flow event may have oc-
curred across the study area.

TILL GEOCHEMISTRY

Forty-five till samples were collected for geochemi-
cal analyses in the area of six geochemical case study lo-
cations. The studies focused on sampling till over: 1) ex-
halative and felsic metavolcanics packages with potential
for hosting polymetallic massive sulphide deposits (e.g.
copper-bearing crinkled chert); and 2) mineral prospects
(e.g. Arsenault MINFILE 104O 011). The case studies
and collected samples are summarized in Table 6. Data
listed here complements the work of Cook and Pass (this
volume).

Felsic Volcanic and Exhalative Packages

The following case studies were conducted over ho-
rizons with perceived potential for hosting base metal
mineralization: a) copper-bearing crinkle chert (north of
Mount Francis and Logtung Road); and b) Jennings River
quartz-sericite schist. Results discussed are based on
aqua regia ICPMS determinations unless otherwise
stated.

Copper-Bearing Crinkle Chert

Minor sulphide mineralization and copper staining
have been found at select sites within a distinct marker
horizon of crinkle chert. This unit is characteristically
white to pink in colour, thinly bedded to laminated and
contorted. Least recrystallized beds have purple-grey to
greenish-coloured fresh surfaces comprised of silica,
lesser argillite and minor ash tuff. Recrystallized beds are
quartzite with white mica. Commonly, piedmontite (man-
ganese-epidote) has coloured the rocks pink and red.
Idiomorphic garnet, specular hematite and staurolite are
present. The unit is best exposed in the Mount Hazel,
Logjam Creek and Mount Francis areas in the Smart
River (104O/13) map area (Mihalynuk et al., 1998).

Two bedrock samples collected by (Mihalynuk et al.,
1998), have highly anomalous concentrations of barium
(average 2254 ppm, INAA) in the chert unit, compared to
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Figure 3. Stratigraphic section of two tills and glaciolacustrine
sediments exposed along the Jennings River.



many of the other lithologies in the study (average 59
ppm; N=28). Cook and Pass (this volume) also detected
anomalous values in 5 chert samples with barium ranging
from 1600 to 19,000 ppm (Cook and Pass, this volume;
Table 4). Elevated barium levels may be a useful element
to distinguish crinkle quartzite from other fine grained
quartzites within the study area (Mihalynuk et al., 1998).

1) North of Mount Francis

Two small bedrock knobs, located approximately 2
kilometres apart, are composed of metasedimentary
rocks, (east knob), and crinkle chert (west knob; Figure
2). The Arsenault prospect is about 3 kilometres to the
south and the Alaska Highway is 9 kilometres to the north.
Ten thin (<2 metres thick) till and colluviated till sites
were sampled within the area, six on the east knob, four on
the west knob (Figure 5). Three samples were also col-
lected from thin (<50 centimetres) colluvial debris di-
rectly over bedrock on the west knob. Eight soil profiles
were collected in select till pits by Cook and Pass (this
volume; Tables 5, 6, and 7). Ice-flow is inferred to be from
east to west, as indicated by striae observed within the
area.

Samples collected on the east knob have lower bar-
ium values (770-1100 ppm, INAA) than samples col-
lected over the chert unit (790-1500 ppm, INAA; Table 7).
The east knob is expected to have lower barium concen-
trations due to its up-ice location from the chert unit. Key
base metal concentrations, e.g. copper and zinc, were at or
near background (median) concentrations for all stations
(Table 2). High barium values were detected in both collu-
vial debris (e.g. 996035, 1300 ppm, INAA) over bedrock
and till (e.g. 996046, 1500pm, INAA) dispersed down-ice
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Photo 6. Striated and grooved bedrock surface, exposed along the Alaska Highway. Ice-flow was from east to west.



of the knob, indicating both sediment types are suitable
for sample media.

Although there is no regional till data to compare
these results against, several such surveys have been con-
ducted in central and southern British Columbia. Results
show median values between 380-850 ppm for barium
and 508-805 ppm for manganese (see Table 8; Cook and
Pass, this volume). Thereby, high barium concentrations
do appear unique in this area, particularly for the crinkle

chert unit. However, manganese concentrations (Table 7)
are indistinguishable from background levels in other
parts of the province. More information on soil and rock
geochemistry collected here is given by Cook and Pass
(this volume).

2) Logtung Road

The crinkle chert unit is clearly exposed along
Logtung Road, 1.5 kilometres north of the Alaska High-
way and 1 kilometres west of Logjam Creek. Three sam-
ples were collected along an east-west traverse, parallel
to paleo-ice-flow directions (Figure 6). Striated bedrock
within the case study area indicate ice-flow was from the
east to the west. The sampling medium, inferred to be
basal till, was gleyed and moist. At least 10 centimetres of
peat overlay the till. No samples were collected to the
east, as no suitable sampling media were available. One
grab sample (996051) was also obtained from a thick
unweathered basal till sequence exposed along the Log-
jam Creek, 150 metres north of the junction of the Alaska
Highway and Logjam Creek (Figure 6). Outcrop, bark
and twig, stream sediment and water samples were col-
lected by Cook and Pass (this volume), but results are not
yet available.

Base metal values were low in all samples collected
west of Logtung Road. Copper and zinc ranged from
28.41 to 41.76 ppm and 56.1 to 70.8 ppm, respectively.
Barium, the key signature element for the crinkle chert
unit, ranged from 910 to 970 ppm (INAA). Sample
996051, collected from unweathered till, recorded high
concentration of barium (960 ppm, INAA), but metal
concentrations; e.g. copper (39.84 ppm), and zinc (72.3
ppm) were also low (Tables 2 and 3).

Low base metal concentrations may reflect the re-
moval of more mobile metals from till by leaching; al-
though, results could also reflect a lack of mineralization
at this location. However, the elevated geochemically
less mobile barium values still successfully reflect the
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TABLE 6
SUMMARY OF TILL GEOCHEMISTRY

CASE STUDY SAMPLING SITES

Case Study NTS Mapsheet MINFILE Samples

Exhalative: Crinkle Chert - North of

Mount Francis

104O/13 n/a 996029, 996030, 996031, 996032, 996033,

996034, 996025, 996026, 996027, 996035,

996036, 996037, 996038, 996045, 996046

Crinkle Chert - Logtung

Road

104O/13 n/a 996047, 996048, 996050, 996051

Felsic Volcanic: Jennings River quartz-

sericite schist

104N/9 n/a 996039, 996042, 996043, 996044

Mineral Prospects: Arsenault Prospect 104O/13 104O 011 996020, 996022, 996023, 996024, 996028

Mount Francis East 104O/13 n/a 996008, 996012, 996013, 996014, 996016,

996017, 996018, 996019

Highway 97 Prospect 104O/13 104O 054 996002, 996003, 996004, 996005, 996006,

996007, 996009, 996010, 996011

TABLE 7
GEOCHEMICAL RESULTS FOR BARIUM (INAA) AND
MANGANESE AT THE CRINKLE CHERT, NORTH OF

MOUNT FRANCIS

Ba Mn

Sample (ppm) (ppm)

East Knob

996029 1100 375

996030 1000 373

996031 1000 367

996032 960 456

996033 770 422

996034 770 368

West Knob

996025 Field Trip. 1 1300 338

996026 Field Trip. 2 1100 295

996027 Field Trip. 3 1100 281

996035 1300 500

996036 850 430

996037 790 352

996038 790 392

996045 920 380

996046 1500 521

Field Trip. = field triplicate



proximity of the crinkle chert unit. Elevated barium val-
ues recorded at the site adjacent to Logjam Creek suggest
that a source area enriched in these two elements lies
nearby.

Jennings River Quartz-Sericite Schist

On the north side of the Jennings River, surficial sedi-
ments were sampled over a quartz-sericite schist, to test
its potential for associated polymetallic mineralization. A
composite rock sample (99-SJC-12), collected across a
1.5 metre-wide altered pyritic quartz-sericite schist hori-

zon yielded only background-level concentrations of cop-
per (20 ppm), zinc (17 ppm), cobalt (4.7 ppm) and barium
(320 ppm, INAA; Cook and Pass, this volume). The bed-
rock is overlain by a 12 to 14 metres thick sequence of
basal till, and is capped by 2 metres of glaciolacustrine
sediments (silt and clay rhythmites). Ice-flow was estab-
lished to be from the south-east based on ice-flow indica-
tors such as drumlins, striae and stoss and lee forms.

Two till profiles, comprised of two samples each,
were collected from the exposure to evaluate the geo-
chemical response to underlying bedrock (Figure 7 and
Table 8). Sample 996044, collected within 1 metre of bed-
rock was situated 3 metres below sample 996039 (Profile
A). Sample 996042, collected near the contact of the
glaciolacustrine sediments and till units, was sampled ap-
proximately 10 metres up section from sample 996043,
sampled within 2 metres of bedrock (Profile B). Profile A
is 30 metres to the east of Profile B. Cook and Pass (this
volume) also collected two soil profile from the overlying
glaciolacustrine sediments, to demonstrate the poor geo-
chemical response of this sample media.

Results indicate base metal elements detected in the
soils have weaker geochemical signature than in the un-
derlying till. For example, copper and zinc values in the B
horizon are 19.17 ppm and 50.7 ppm, respectively,
whereas, in the underlying till they are 74.97 ppm and
90.7 ppm (see Table 5 of Cook and Pass, this volume). As
basal till is generally a first derivative product of bedrock,
it will carry a strong geochemical signature of its parent
material and therefore is a preferred sampling media for
geochemical exploration (Shilts, 1976). In contrast,
glaciolacustrine sediments have been extensively re-
worked and more distally derived and consequently, trac-
ing an anomaly back to a source area is more complex.
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Tills sampled near bedrock report higher elemental
values than those collected up profile (Table 8). For ex-
ample, elevated copper (74.44-82.57 ppm), zinc
(90.5-104.7 ppm), cobalt (20.7-23.0 ppm), cadmium
(0.47-0.55 ppm) and selenium (1.3-2.0 ppm) occur in the
samples 996039, 996043 and 996044. In contrast, sample
996042 recorded comparatively lower values: 49.38 ppm
copper; 76.7 ppm zinc; 19.9 ppm cobalt; 0.28 ppm cad-
mium; and 0.9 ppm selenium. Close to the bedrock, the
geochemical signature from the parent material will be
more pronounced in overlying sediments as the source is
relatively close. In contrast, sediments higher in the pro-
file have been transported from farther up-ice, and the
concentrations detected are lower due to dilution (Miller,
1984). Sample 996039, collected approximately 4 metres
above bedrock, has consistently higher elemental con-
centrations than the two underlying samples. Sediments

collected may be part of a metal rich dispersal plume de-
rived from a source, up-ice to the south.

Mineral Prospect Studies

Till sampling was conducted over the Arsenault cop-
per prospect (MINFILE 104O 011) and Highway 97
(MINFILE 104O 054) showing to define their geochemi-
cal signatures. Sampling was also conducted on the east
side of Mount Francis to further characterize the geo-
chemistry of a RGS anomaly most-likely associated with
the mineralized rocks of the Arsenault prospect.

Arsenault Prospect

A previous soil geochemical study conducted by
Sawyer (1967) provides an indication to the configura-
tion of dispersal patterns one can expect around the
Arsenault prospect (Figure 8). Although ice-flow indica-
tors suggest a westerly regional flow in the area, ice may
have been locally deflected southward around the north-
east trending Mount Francis. The trend of copper dis-
persal plumes parallels ice flow, showing a broad discon-
tinuous zone of ribbon-shaped plumes extending
southwest. Secondary downslope dispersion has over-
printed the original dispersal plumes, attenuating the
southern boundaries of the plumes. These results should
be cautiously interpreted as no description of type of sedi-
ment sampled (e.g. B or C horizon, colluvium or till) was
provided in the original report.

To further characterize the geochemical signature of
the Arsenault showing, samples were collected adjacent
to two exploration trenches on a subsidiary western ridge
of Mount Francis. Cook and Pass (their Tables 5, 6 and 7;
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TABLE 8
CONCENTRATIONS OF KEY ELEMENTS FROM TILL

PROFILE DATA COLLECTED OVER THE PYRITIC
JENNINGS RIVER QUARTZ-SERICITE SCHIST

Sample Height1 Mo Cu Pb Zn Co Cd Se

(m) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Profile A

996039 4 5.57 82.57 11.92 104.7 21.0 0.55 2.0

996044 <1 4.55 74.44 9.96 96.7 20.7 0.50 1.9

Profile B

996042 10 1.49 49.38 6.61 76.7 19.9 0.28 0.9

996043 2 4.78 74.97 10.05 90.5 23.0 0.47 1.3

1 measured in metres above bedrock



this volume) sampled two soil profiles here, as well as col-
lected stream sediment and water samples to the north-
west. Three till samples were collected 200 metres south-
west of the trenches and two samples 200 metres to the
northeast (Figure 9). Samples were approximately 100
metres apart along an east-west traverse. Surficial materi-
als were thin (<1 metre), discontinuous and colluviated.
Ice-flow was from the east to west, based on the orienta-
tion of striae recorded in the area. However, ice may have
been locally deflected by topographic influences.
Solifluction lobes, resulting from slow downslope move-
ment of unconsolidated surficial material, indicates that
surface debris was subject to colluvial processes.

Soil data contained values as high as 4977 ppm cop-
per, 142 ppm molybdenum, 77 ppb mercury and 29 ppm
selenium in colluvium (sample 996509) over bedrock
(their Table 5, Cook and Pass, this volume). Mineral-rich
debris is also detected in the till, resulting in a strong cop-
per-zinc-cadmium-selenium signature (Table 9). Ele-
vated concentrations of copper (104.35-589.98 ppm),
zinc (64.6-236.2 ppm), cadmium (0.21-2.41 ppm), and
selenium (0.8-1.2 ppm) were recorded in all the samples.
Samples collected to the southwest (996020, 996022, and
996023) have higher copper values than the two samples
(996024 and 996028) collected northeast of the trenches.

These results echo the observations of Sawyer (1967)
who recorded anomalous zones (>200 ppm) of copper in
soil samples collected to the southwest of the property
(Figure 8). The thin, colluviated samples indicate trans-
port distance was limited and the potential source area, as-
sociated with the mineralized rocks surrounding this
prospect, lies up-slope towards the east.

Mount Francis East

Limited trace element data area available through
RGS program for the map area 104O (RGS, 1979). Cook
and Pass collected additional samples to verify the origi-
nal RGS anomalies, identify possible sources and investi-
gate metal speciation (Cook and Pass, this volume; Table
1; RGS, 1979). East of the Arsenault prospect, a RGS
stream water sample collected at approximately 1300
metres returned elevated values of copper (104 ppm), zinc
(130 ppm) and cobalt (8 ppm). To further define the anom-
aly and evaluate if high elemental values are reflected in
the surficial sediments above and below, eight samples of
thin colluviated material were collected along 3 north-
east-southwest transects in the drainage basin (Figure 9).
Sample spacing was approximately 30 metres, along
transects at about 1450 metres, 1300 metres and 1200

66 British Columbia Geological Survey

Copper in Soils

>1000 Trenches
500 - 1000
200 - 500 ppm

3 00047 m.E. 3 00049 m.E.

6
6

0
0

0
3

2
m

.N
.

6
6

0
0

0
3

3
m

.N
.

4400

4200

4700

metres

0 500

Figure 8. Copper in soils at the Arsenault prospect. Modified after Sawyer (1967).



metres. Regional ice-flow was inferred to be from the east

to the west, however, it was probably deflected to the

south by Mount Francis.

Key elements reached anomalous levels the tills (Ta-

ble 2). Copper concentrations ranged from low (35.72

ppm) to elevated levels (132.33 ppm). Other elements

such as zinc (56.9-132.4 ppm), cobalt (10.4-20.3 ppm),

arsenic (13.0-55.4 ppm, INAA) and selenium (0.8 to 1.3

ppm) showed similar patterns. More sampling is required

to accurately delineate the source area more sampling is

required; however, the colluvial nature of the surface ma-

terial requires that it be northwest, in the upper portion of

the drainage basin, along the strike of the slope. It is likely

genetically related to the Arsenault and Arsenault East

showings.

Highway 97 Prospect

A greenstone unit composed of resistant, dark green
to black-weathered basalt and intermediate to mafic tuff
lies west of Mount Francis and both east and west of Log-
jam Creek. Well-bedded, bright green, aphanitic lapilli
tuff is the most common lithology, with massive flows
equivocally identified in only a few localities.

Along Highway 97, a 3-metre wide gossanous zone,
c ross -cu t by nor th nor thwes t t r end ing quar tz -
chlorite-magnetite-pyrite chalcopyrite veins (<30 centi-
metres thick) was first reported by Mihalynuk (1998) in
the greenstone unit 3.5 kilometres west of Swan Lake.
Mineralized chips sampled collected returned 0.2 per
cent copper, 165 ppm cobalt, 210 ppm arsenic and 45 ppm
t u n g s t e n ( M i h a l y n u k e t a l . , 1 9 9 8 ) . T h i s u n i t
stratigraphically underlies the crinkled chert unit.
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Sample Mo Cu Pb Zn Co Cd Se

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Southwest of Exploration Trenches

996020 2.44 589.98 13.83 236.2 16.5 2.41 0.9

996022 2.62 387.65 8.54 64.6 13.9 0.22 1.0

996023 2.60 227.26 12.88 71.2 16.1 0.26 0.8

Northeast of Exploration Trenches

996024 2.39 157.55 20.86 84.8 23.4 0.48 1.2

996028 2.32 104.35 19.44 67.1 13.8 0.21 1.1

TABLE 9
CONCENTRATIONS OF KEY ELEMENTS IN TILLS AT THE ARSENAULT PROSPECT



Till sampling was conducted here to establish the ex-
tent of dispersal of mineralized debris from this source.
Seven till sites were sampled in area of thin basal till (<2
metres), four to the north of the highway and three to the
south (Figure 10). Cook and Pass (this volume) also col-
lected thin oxidized soil (996502) and rubble sample
(996503R) over the mineralization as well as a cobble
sample (99-SJC-03) at station 996002. Paleo-ice-flow di-
rections are inferred to be from the east to the west based
on striae and stoss and lee forms exposed along the Alaska
Highway.

Only the rock samples collected by Cook and Pass
(this volume) have elevated metal concentrations, (e.g.
copper 228.92 ppm), whereas the till samples show back-
ground (median) or near background concentrations of
copper and other base metals (Table 2). Detection of the
dispersal plume may have been disrupted during highway
construction.

CONCLUSIONS

Surficial mapping and geochemical studies over the
Big Salmon Complex and adjacent rocks in northwest
British Columbia has shown that:

� basal till, the preferred sampling medium, is abun-
dant on gentle slopes and plateaus at lower eleva-
tions

� an ice divide may have existed within the study area
between the Nisutlin and Liard plateaus complicat-
ing ice-flow patterns;

� till, a first derivative product of bedrock, carries a
stronger geochemical signature then other sam-
pling media;

� trace metals commonly associated with massive
sulphides, including copper, zinc, and cadmium as
well as important pathfinder elements such as sele-

nium and cobalt, detected over favourable host
rocks;

� high concentrations of barium were detected in
surficial media around the copper-bearing crinkle
chert and seems to be a useful pathfinder for the
unit; and

� a strong copper-zinc-cadmium signature was de-
tected in surficial media associated with the
Arsenault property; elevated selenium was also de-
tected in samples suggesting a VMS origin for the
mineralization .
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Ancient Pacific Margin Part V:
Preliminary Results of Geochemical Studies for VMS Deposits in the Big

Salmon Complex, Northern British Columbia
(104N/9, 16; 104O/11, 12, 13, 14)

By Stephen J. Cook and Heidi E. Pass

KEYWORDS: Geochemistry, soils, till, Big Salmon
Complex, Arsenault, copper, VMS, exhalite.

INTRODUCTION

The Yukon-Tanana Terrane extends southeasterly
from eastern Alaska to northern British Columbia. Suc-
cessful exploration for volcanogenic massive sulphide
(VMS) deposits (e.g. Kudz Ze Kayah, Wolverine) within
this prospective belt of rocks in the southern Yukon has
focused attention on the VMS potential of its proposed
southern extensions within northern British Columbia.
Recent mapping of these Yukon-Tanana correlative rocks
just south of the Yukon border, the Big Salmon Complex
and the Dorsey Terrane, by Mihalynuk et al. (2000; 1998)
and Nelson (2000; 1999), identified prospective Devo-
nian-Mississippian stratigraphy and reinforced their po-
tential for hosting VMS deposits. Volcanogenic massive
sulphide deposits are a major source of copper, zinc, gold
and silver in Canada and British Columbia, and over the
period 1995-1998 massive sulphide exploration repre-
sented 11.3 to 37.3 per cent of exploration targets in the
province each year (e.g. Schroeter, 1999). Other than
baseline Regional Geochemical Surveys (RGS), no sys-
tematic interpretative work or detailed geochemical stud-
ies have been conducted in this part of northern British
Columbia to characterize element signatures and geo-
chemical dispersal of either VMS deposits or their volca-
nic host rocks within the surficial environment.

The purpose of this project is to highlight the poten-
tial for VMS mineralization in Yukon-Tanana correlative
rocks of the Big Salmon Complex by characterizing the
surficial geochemical responses of known VMS pros-
pects and their felsic and mafic volcanic host rocks.
These results, and those of RGS interpretation studies,
will be used to formulate geochemical exploration mod-
els for the region. During the 1999 field season, seven
geochemical case studies were conducted in the Big
Salmon Complex using a variety of surficial media in-
cluding stream sediments, moss mats, stream waters, soil
profiles, vegetation and rock. This paper discusses avail-
able RGS data and briefly outlines preliminary geochem-
ical results of the case studies. Only soil profile and rock
results were available at the time of writing. Colluvial
soil profiles at the Arsenault copper prospect (MINFILE

104O 011), for example, contain highly elevated levels of
copper, molybdenum and selenium, among other ele-
ments. As well, soils on till and colluvium near exposures
of barium-rich exhalative crinkled chert units contain ele-
vated barium concentrations which, in tills, generally in-
crease down profile. Remaining results, including stream
water geochemical studies undertaken as part of a Uni-
versity of Victoria B.Sc. thesis (Pass, in preparation) will
be presented at a later date.

This project is a component of the Ancient Pacific
Margin NATMAP Project, and is being carried out in con-
junction with integrated bedrock and surficial geology
mapping programs (Mihalynuk et al., this volume; Nel-
son, this volume; Dixon-Warren and Hickin, this vol-
ume). It is a northern counterpart to VMS geochemical
studies conducted by Lett et al. (1999) in comparable
rocks of the Kootenay Terrane in southern British Colum-
bia.

PROJECT COMPONENTS AND
OBJECTIVES

This project has two components. The first involves
office compilation and interpretation of existing RGS
data, in both the Big Salmon Complex and adjacent north-
ern British Columbia terranes, to identify those areas po-
tentially favourable for VMS-associated alteration and
mineralization. The second involves site-specific field
and laboratory studies in the Big Salmon Complex. These
field studies, begun in 1999, are the subject of this paper.

Multi-media case study investigations were con-
ducted at regionally-anomalous groups of watersheds in
two parts of the Big Salmon Complex in 1999 (Figures 1
and 2). A further five case studies were conducted with
Dixon-Warren and Hickin (this volume) at known VMS
prospects (e.g. Arsenault copper prospect), some re-
cently-mapped felsic and mafic metavolcanic packages,
and at barium-manganese-rich chert horizons (Figures 1
and 2). Objectives of these studies are to characterize
geochemical signatures and responses of: i) VMS miner-
alization and associated hydrothermal alteration assem-
blages, and ii) potential felsic and mafic metavolcanic
host units and exhalative horizons, in various surficial
media such as soil profiles, tills, stream sediments, moss
mats and stream waters to determine which may be suit-
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able for geochemical exploration. Subsequent laboratory
studies will focus on size fraction analysis and heavy min-
eral concentrates of clastic sediments and soils to aid in
speciation of the mineralization, alteration and related el-
ements in the weathering environment. Characterization
of geochemical signatures and dispersal in this area will
aid in further interpretation of regional geochemical data
and will help in the development of more effective geo-
chemical exploration methods. Identifying the most ef-
fective geochemical exploration methods for VMS de-
posits is the principal objective of this project.

GEOLOGICAL SETTING AND MINERAL
DEPOSITS OF THE BIG SALMON
COMPLEX

Bedrock mapping of the Jennings River and Atlin
map areas was first carried out at 1:250 000 scale by
Gabrielse (1969) and Aitken (1959), respectively. More
recently, detailed 1:50 000 scale geological mapping has
been conducted by Mihalynuk et al. (in press, 2000, 1998)
in the Big Salmon Complex and by Nelson (2000, 1999)
in the Dorsey Terrane to the southeast. The Big Salmon
Complex underlies much of the study area (Figure 2) and
is situated east of Teslin Lake in the northwest part of the
Jennings River area and the northeast part of the Atlin
area. Geology has been described by Mihalynuk et al.
(this volume, 1998), and the following is taken from those
accounts.

The Devono-Mississippian Big Salmon Complex is a
sequence of five volcano-sedimentary rock units, all but
the oldest of which are correlable with Yukon-Tanana
Terrane rocks of the Finlayson Lake belt (Mihalynuk et
al., 1998; Nelson et al., 1998). They comprise: i) a vari-
able youngest succession of siliceous clastic rocks and
minor carbonates; ii) grey to white limestone with tuff and
conglomerate interbeds; iii) thinly bedded to laminated
manganiferous ‘crinkled’ chert; iv) a succession of
quartz-rich clastic rocks and immature greywacke, and v)
a thick oldest succession of greenstone, primarily mafic to
intermediate tuffs with lesser basaltic flows. The Early
Mississippian Mount Hazel orthogneiss is exposed in the
interior of the Big Salmon Complex. Intrusive rocks in the
study area include, among others, the Early Jurassic
Simpson Peak batholith and Coconino tonalite.

Surficial geology of the study area is described by
Dixon-Warren and Hickin (this volume, 2000) and will
not be discussed at length here. In general, thick till se-
quences mantle plateau areas and gentle slopes, with col-
luvium common on steep slopes and in areas of higher re-
lief. Thick accumulations of fluvial sediments occur in
valleys, and pockets of glaciolacustrine material are
found along Teslin Lake and the Alaska Highway.

Known mineral occurrences the Big Salmon Com-
plex area include the Arsenault copper prospect
(MINFILE 104O 011) and several small copper showings
described by Mihalynuk et al. (1998, this volume). These
are discussed in more detail in the case study sections of
this paper, and their locations are shown in Figure 2 and

72 British Columbia Geological Survey

104O

104N

YUKON

B.C.

Swift

River

Jennings River

TE
SLIN

Alaska Highway

Rancheria

R
iv

e
r

59
o

60
o

60
o

59
o

132
o

132
o 130

o

130
o

Tuya

Lake

LA
K
E

1999 Fieldwork: Case Studies

1

3

B

A

2

Mineral Prospects
Felsic volcanic and exhalative units
Watershed Characterization Studies

1. Arsenault Cu prospect
2. Hwy. 97 Cu-bearing gossan
3. Teslin Lake border area

A. Mn-Ba crinkled chert sites (3)
B. Jennings River qtz-ser schist

1.
2.

East Teslin Lake area (104N/16)
Teh Creek area (104O/11, 12)

Study
Area

RGS Interpretation Areas

0 10 20 30
km

Big Salmon
Complex

Dorsey
Terrane

1

2

Mineral prospects
Felsic volcanic and
exhalative units

Watershed characterization
studies

Figure 1. General location map showing 1999 field case study locations.



Geological Fieldwork 1999, Paper 2000-1 73

G
a

b
b

ro
-b

a
s
a

lt
c
o

m
p

le
x

S
e

rp
e

n
ti
n

it
e

,
m

in
o

r
w

h
e

rl
it
e

S
la

te
,

c
h

e
rt

,
a

rg
ill

it
e

,
c
o

n
g

lo
m

e
ra

te

B
la

c
k

a
rg

ill
it
e

,
b

la
c
k

q
u

a
rt

z
it
e

,
m

in
o

r
lim

e
s
to

n
e

,
T

ri
a

s
s
ic

?

F
o

s
s
ili

fe
ro

u
s

lim
e

s
to

n
e

;
m

in
o

r
tu

ff
,

in
tr

a
fo

rm
a

ti
o

n
a

l
c
o

n
g

lo
m

e
ra

te

G
re

e
n

p
h

y
lli

te
,

m
in

o
r

lim
e

s
to

n
e

,

P
h

y
lli

te
,

c
h

e
rt

,
o

rt
h

o
q

u
a

rt
z
it
e

B
a

s
a

lt
to

a
n

d
e

s
it
e

tu
ff
it
e

,
tu

ff

“T
ra

n
s
it
io

n
a

l
u

n
it
”

q
u

a
rt

z
it
e

,
q

u
a

rt
z

p
h

y
lli

te
c
o

n
g

lo
m

e
ra

te
&

la
p

ill
i
tu

ff

N
o

n
-c

a
rb

o
n

a
c
e

o
u

s
im

p
u

re
q

u
a

rt
z
it
e

C
le

a
n

q
u

a
rt

z
it
e

H
e

te
ro

lit
h

ic
s
c
h

is
t,

a
rg

ill
a

c
e

o
u

s
,

q
u

a
rt

z
it
e

,
m

a
fi
c

a
n

d
fe

ls
ic

tu
ff
,

lim
e

s
to

n
e

D
ir
ty

c
la

s
ti
c
s
,

q
u

a
rt

z
it
e

p
e

b
b

le
c
o

n
g

lo
m

e
ra

te
a

t
b

a
s
e

M
a

rb
le

,
ra

re
s
ili

c
if
ie

d
fo

s
s
ils

C
ri
n

k
le

c
h

e
rt

M
a

fi
c

(-
in

te
rm

e
d

ia
te

)
m

e
ta

v
o

lc
a

n
ic

s
,

tu
ff
it
e

C
a

rb
o

n
a

c
e

o
u

s
s
c
h

is
t

a
n

d
q

u
a

rt
z
it
e

P
o

ly
m

ic
ti
c

c
o

n
g

lo
m

e
ra

te

F
e

ls
ic

m
e

ta
v
o

lc
a

n
ic

s
,

p
y
ri
ti
c

q
u

a
rt

z
-

s
e

ri
c
it
e

s
c
h

is
t

B
ig

S
a
lm

o
n

C
o
m

p
le

x

G
e
o
lo

g
y

G
e

o
c
h
e
m

ic
a
l
C

a
s
e

S
tu

d
ie

s

“K
lin

k
it
”

a
s
s
e
m

b
la

g
e

C
a
c
h
e

C
re

e
k

T
e
rr

a
n
e

P
T

l
P

e
rm

ia
n

T
e

s
lin

F
o

rm
a

ti
o

n
lim

e
s
to

n
e

C
P

K
h

K
e

d
a

h
d

a
h

F
m

.
ri
b

b
o

n
c
h

e
rt

a
n

d
w

a
c
k
e

C
P

K
C

a
c
h

e
C

re
e

k
u

n
d

iv
id

e
d

131°30’

132°

5
9

°3
0
’5

9
°4

5
’

6
0

°

S
im

p
s
o

n
P

e
a

k
b

a
th

o
lit

n

C
o

c
c
o

n
in

o
to

n
a

lit
e

M
o

u
n

t
H

a
z
e

l
o

rt
h

o
g

n
e

is
s

T
e

h
C

re
e

k
p

lu
to

n

T
E

S
L
IN

F
A

U
LT

S
w

a
n

L
a

k
e

A
l a

s
k
a

H
i g

h
w

a
y

L
o

g
ja

m
C

re
e

k

S
m

a
rt

R
iv

e
r

S
w

if
t

R
i v

e
r

S
w

if
t

L
a
k
e

Te s l i n
L a k e

M
o
rl
e
y

L
a
k
e

F
o
u
r

M
ile

L
a
k
e

C
o
c
c
o
n
in

o
L
a
k
e

S
w

i
f
t

R
i
v

e
r

6
0
°

1
3
2
°

2
4
’

1
3
2
°1

2
’

4
5
’

5
9
°3

0
’

TESLIN
FAULT

Teh

C
re

e
k

L
o

g
ja

m
d

io
ri
te

/g
a

b
b

ro
,

3
5

2
M

a

M
o

u
n

t
H

a
z
e

l
o

rt
h

o
g

n
e

is
s
,

g
ra

n
it
e

to
d

io
ri
te

,
3

6
2

M
a

E
a

rl
y

J
u

ra
s
s
ic

p
lu

to
n

s
,

fo
lia

te
d

p
lu

to
n

s

C
re

ta
c
e

o
u

s
g

ra
n

o
d

io
ri
te

,
g

ra
n

it
e

E
a

rl
y

E
o

c
e

n
e

s
y
e

n
it
e

,
a

lk
a

li
g

ra
n

it
e

M
id

d
le

J
u

ra
s
s
ic

w
e

a
k
ly

fo
lia

te
d

to
n

a
lit

e

E
a
s
t

T
e
s
lin

L
a
k
e

S
tu

d
y

A
re

a

T
e
h

C
re

e
k

S
tu

d
y

A
re

a

1
.
A

rs
e

n
a

u
lt

C
u

p
ro

s
p

e
c
t

2
.

H
w

y.
9

7
C

u
-b

e
a

ri
n

g
g

o
s
s
a

n
3

.
T
e

s
lin

L
a

k
e

b
o

rd
e

r
a

re
a

M
in

e
ra

l
P

ro
s

p
e

c
ts

A
.

C
ri
n

k
le

d
c
h

e
rt

s
it
e

s
1

)
N

o
rt

h
o

f
M

t.
F

ra
n

c
is

2
)

S
o

u
th

o
f

M
t.

F
ra

n
c
is

3
)

L
o

g
tu

n
g

R
o

a
d

-L
o

g
ja

m
C

re
e

k
B

.
J
e

n
n

in
g

s
R

iv
e

r
q

tz
-s

e
r

s
c
h

is
t

E
x

h
a

la
ti

v
e

&
F

e
ls

ic
V

o
lc

a
n

ic
U

n
it

s

(a
,

b
)

B

A
2

A
1

A
1

A
3

3

1

2

A

B

0
5

1
0

1
5

K
il

o
m

e
tr

e
s

F
ig

u
re

2
.
G

eo
ch

em
ic

al
ca

se
st

u
d
y

lo
ca

ti
o
n
s.

G
eo

lo
g
ic

al
b
as

em
ap

o
f

th
e

B
ig

S
al

m
o
n

C
o
m

p
le

x
ar

ea
af

te
r

M
ih

al
y
n
u
k

et
a
l.

(T
h
is

v
o
lu

m
e)

.



on geochemical plot maps (Figures 4-6). For exploration
purposes, Mihalynuk et al. (1998) suggested two strati-
graphic intervals in the Big Salmon Complex as being
most prospective for VMS-style mineralization: i) por-
phyritic blue quartz-eye dacite tuff similar to that at the
Arsenault prospect, and ii) barium and manganese-bear-
ing piedmontite schist of the crinkled chert unit, which is
interpreted as partly exhalative in origin. Geochemical
dispersal studies of the crinkled chert are an important
component of this study.

RGS DATA RESULTS IN THE BIG
SALMON COMPLEX AREA

The British Columbia Regional Geochemical Survey
(RGS) program contains multi-element geochemical data
for over 42 000 stream sediment sites covering approxi-
mately 65 per cent of the province. RGS stream sediment
geochemical data is available for most of north-central
and northwestern British Columbia, with the exception of
the Dease Lake area (NTS 104J). RGS coverage is avail-
able for the Atlin (NTS 104N), Jennings River (NTS
104O) and McDame (NTS 104P) map areas, but is re-
stricted to a small suite of trace elements such as copper,
zinc and cobalt determined by atomic absorption spec-
troscopy (AAS). These are some of the earliest RGS sur-
veys completed in the province. Samples were collected
in 1977 and 1978 at a density of one site per 13 square
kilometres, and the data was released in the following
year (RGS, 1978, 1979). These results, and those of the
adjoining Wolf Lake (NTS 105B) map area in the south-
ern Yukon, were also presented graphically by the Geo-
logical Survey of Canada (NGR, 1981) as part of the
1:2 000 000 coloured compilation map series. The release
of corresponding instrumental neutron activation analy-
sis (INA) stream sediment data for gold, arsenic, anti-
mony, rare earth and other elements in these three areas,
reanalyzed by the British Columbia Geological Survey
Branch as part of the RGS Archive Program, is scheduled
for summer, 2000 (Jackaman et al. , this volume;
Jackaman, in preparation). Data packages will include the
earlier AAS data, and results for all elements will be
graphically portrayed using drainage basin geochemical
maps.

As part of this study, a subset of 252 stream sediment
and 33 lake sediment RGS sites covering all or part of six
1:50 000 map areas east of Teslin Lake (104N/9, 16;
104O/11, 12, 13, 14) was selected for regional data inter-
pretation in the Big Salmon Complex area. Summary sta-
tistics and boxplots for zinc, copper, lead, cobalt and addi-
tional elements are given in Table 1 and Figure 3,
respectively. Geochemical maps showing the regional
distribution of copper and zinc are shown in Figures 4 and
5. Numerous stream sediment sites have elevated geo-
chemical signatures, not associated with known show-
ings, which may reflect the presence of buried VMS min-
eralization. No subdivision of statistics on underlying
geology is attempted, as new geological maps of the area
are currently being prepared (Mihalynuk et al., 2000) to

replace that of Mihalynuk et al. (1996; Figures 4 through
6).

The following methods were used for preparation and
analysis of RGS stream sediments and lake sediments in
the Atlin (RGS, 1978) and Jennings River (RGS, 1979)
map areas. Stream sediments were prepared in and ana-
lyzed by contract laboratories. They were air-dried,
sieved through a -80 mesh (<177 microns) screen, and
ball milled prior to analysis for zinc, copper, lead, nickel,
cobalt, silver, manganese, iron and molybdenum by AAS
following aqua regia digestion. Tin and mercury (NTS
104N only) were also determined with an AAS finish.
Tungsten was determined colorimetrically following
pyrosulfate fusion and dithiolcarbonate complexing, and
uranium was determined by neutron activation. Analyti-
cal data for lake sediments, obtained from relatively
low-lying areas of the Teslin Lake region in both Atlin and
Jennings River map areas, is available for zinc, copper,
lead, nickel, cobalt, silver, manganese, iron, molybde-
num, mercury (104N only), tungsten and uranium. These
were determined by the same methods outlined for stream
sediments. In comparison to stream sediments, loss on ig-
nition (LOI) data is available for lake sediments, whereas
tin data is not. No INA data will be available for lake sedi-
ment sites. Water geochemical data for uranium, fluoride
and pH is, however, available for both streams and lakes
in these map areas.

Similar sample preparation and analytical methods
permit results of older RGS surveys of the late 1970s to be
compared to those conducted more recently, despite some
minor differences in the element suites. For instance, no
data is available in the Atlin and Jennings River areas for
LOI in stream sediments, or for sulphate in waters. Tung-
sten, formerly determined colorimetrically, is now deter-
mined by INA. Arsenic and antimony were not deter-
mined in the earlier surveys, but are routinely included in
both AAS and INAanalytical suites. Regional stream sed-
iment geochemical data is also available for adjoining ar-
eas of the southern Yukon as Geological Survey of Can-
ada Open File reports, but these are not considered.

DESCRIPTION OF THE STUDY AREAS

Three types of geochemical case study investigations
were conducted (Figure 1):

1) Watershed characterization of anomalous areas

2) Prospective felsic volcanic horizons and exhalative units
(e.g. crinkled chert)

3) Mineral deposit or prospect case studies (e.g. Arsenault
copper prospect)

Summary data for the number of samples of each of
the various sample media collected over the case studies
are given in Tables 2 and 3.
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Watershed Characterization Studies

Watershed characterization studies were conducted
in two areas of the Big Salmon Complex with elevated
RGS multi-element geochemical signatures: the East
Teslin Lake area of the Nisutlin Plateau and the Teh Creek
area of the Cassiar Mountains (Figures 1 and 2). They are
investigations of the comparative geochemical re-
sponses, in several adjoining watersheds, of different
types of drainage sediment and water samples in order to
quantify differences in geochemical contrast. The two
study areas are paired in that they have similar underlying
geology but are located in very different physiographic
environments. Similar projects to verify original RGS
anomalies and identify possible metal sources have also
been undertaken elsewhere in British Columbia (Cook et
al., 1992; Sibbick and Laurus, 1995; Cook, in prepara-
tion).

Area Selection

Element sum ranking of RGS data characteristic of
volcanogenic massive sulphide (VMS) deposits was used
to select the two areas. Briefly, the method used is as fol-
lows: zinc, copper, lead, silver, cobalt and iron data for
both RGS stream sediment and lake sediment sites were
independently summed using the following algorithm:
Zn + Cu + (10*Pb) + (100*Ag) + Co + (10*Fe). Lead and
iron results were multiplied by a factor of 10, and silver
by 100, to bring all elements to equivalent orders of mag-

nitude, as based on regional median concentrations. The
resulting site scores for both streams and lakes were
ranked and plotted (Figure 6), and two groups of adjoin-
ing watersheds in the upper five percentiles of combined
data rankings selected for further study. Similar element
combinations (Zn-Cu-Pb-Ag; Zn-Cu-Pb-Ag-Co) yielded
comparable results. Neither of the two areas are known to
host any VMS or related deposits, and no detailed geolog-
ical mapping had been conducted here prior to 1997.

Field Methods

A variety of drainage sediment and stream water
suites were sampled in each area. Original RGS stream
sediment sites in each drainage were resampled, and sev-
eral additional media including moss mats, bulk sieved
(-18 mesh) sediments and moss mats, stream waters and
suspended solids were also obtained at most sites. Some
adjoining watersheds not included in the prior RGS sur-
veys were incorporated into these studies. The water geo-
chemical component in the two study areas, focusing on
the suspended and dissolved loads in stream water, is the
object of a B.Sc. Honours thesis by Pass (in preparation)
at the University of Victoria.

a) East Teslin Lake Area (NTS 104N/16)

The study area is located in the Gladys River map
area (NTS 104N/16) in the Nisutlin Plateau along the east
shore of Teslin Lake, immediately south of the British
Columbia-Yukon border (Photo 1). The approximately
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TABLE 1
SUMMARY STATISTICS FOR SELECTED ELEMENTS: RESULTS OF RGS STREAM AND LAKE SEDIMENT

SURVEYS IN THE STUDY AREA, JENNINGS RIVER AND ATLIN MAP AREAS

Stream Sediments

Cu Zn Pb Ag Co Fe Mn Mo Ni W pH

(ppm) (ppm) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm)

Median 22 54 2 0.1 7 1.95 410 1 19.5 2 7.5

Mean 29.5 61.7 3 0.13 8.1 2.08 670.7 2 21.6 3.6 7.4

± 1s 30.3 41.5 3.4 0.08 5.3 0.84 1845.2 2.7 15.3 9.5 0.50

Min 4 14 1 0.1 1 0.60 80 1 2 2 5.5

Max 295 475 26 0.7 57 9.10 28500 23 162 120 8.4

C.V. 1.025 0.672 1.109 0.667 0.657 0.402 2.751 1.326 0.705 2.639 0.067

N=sites 252 252 252 252 252 252 252 252 252 252 252

Lake Sediments

Cu Zn Pb Ag Co Fe Mn Mo Ni W pH

(ppm) (ppm) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm) (ppm)

Median 52 84 2 0.1 11 2.65 525 8 46 2 8.0

Mean 60 84.5 2 0.12 11.8 2.81 845.8 10.1 46.8 2 8.1

± 1s 29.4 28.4 1.5 0.07 6.8 1.54 1186.8 8.0 19.9 0 0.32

Minimum 16 22 1 0.1 1 0.30 165 2 12 2 7.3

Maximum 140 152 7 0.4 27 6.65 6550 43 104 2 8.5

C.V. 0.490 0.336 0.734 0.534 0.580 0.550 1.403 0.790 0.426 0.000 0.039

N=sites 33 33 33 33 33 33 33 33 33 33 33



20 kilometre-long area is heavily drift-covered and ex-

tends from Four Mile Lake in the north to Coconino Lake

in the south (Figure 2). The plateau area is characterized

by rolling till-covered terrain (maximum elevation: 1485

metres) which drops steeply to the southwest within a few

kilometres of Teslin Lake, where the adjacent flats (eleva-

tion: approximately 700-760 metres) are floored by

post-glacial glaciolacustrine silts and till (Dixon-Warren

and Hickin, 2000, in press). Numerous small streams

drain into small lakes and wetlands in the low-lying base

of slope area. The plateau area and wetlands are heavily

forested with stands of white and black spruce, respec-

tively. Bedrock geology of this region was mapped as pre-

dominantly Mississippian greenstone and chlorite schist

by Aitken (1959) and Gabrielse (1969). Recent mapping

at 1:50 000 scale (Mihalynuk et al., 1998, in press) shows

the area is underlain by mafic volcanic flows and tuffs

such as greenstone and chlorite schist, with lesser

meta-argillite and marble units, which strike in a north-

westerly direction roughly parallel to Teslin Lake. Some
felsic volcanics are in the northern part of the study area
just south of the Yukon border.

RGS stream sediment geochemical data here be-
tween Four Mile and Coconino lakes exhibit an elevated
copper-cobalt±iron±manganese trend which, for the most
part, is within the upper five percentiles of data for most of
these elements in the regional study area. Copper concen-
trations in three adjoining RGS streams here are in the
range 90-114 ppm, approximately 4-5 times the regional
median copper concentration (22 ppm). Furthermore,
both Four Mile and Coconino Lakes, which bound these
stream sediment sites to the north and south, contain ele-
vated sediment Cu concentrations of 104 ppm and 140
ppm, respectively (Figure 4). Other, smaller lakes, in the
low-lying area along Teslin Lake which receive drainage
from the Nisutlin Plateau also exhibit locally high levels
of copper in sediment. In particular, three small lakes
northwest and southwest of Coconino Lake contain 54-90
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Figure 3. Boxplots showing distribution of zinc, copper, lead, cobalt, silver and iron (AAS) in RGS stream sediments (n=252 sites) and lake
sediments (n=33 sites) in the study area. See Table 1 for summary statistics.
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ppm copper in sediment. No RGS data were available,
prior to this study, for the streams draining the adjacent
plateau uplands here. In addition to the foregoing, ele-
vated cobalt concentrations up to 16 ppm in stream sedi-
ments and 27 ppm in lake sediments are also present in
this anomalous zone. Concentrations of other elements
such as zinc, lead and silver which may be constituents of
VMS deposits are generally lower. Only a single stream
sediment site, for instance, contains elevated zinc up to
325 ppm. Nevertheless, combined Zn-Cu-Pb-Ag-Co-Fe
element rankings (Figure 6) also show this trend.

Nine sites were sampled here in 1999. In addition to
resampling original RGS sites, infill sampling was con-
ducted north of, south of and between the three anomalous
RGS creeks to better define anomalous watershed pat-
terns and their relation to underlying geology. The pattern
of elevated copper and other elements is largely restricted
to westward or northward-draining watersheds, and back-
ground levels of copper in lake sediments, most of which
are in the Teslin Lake area, are relatively high (median: 54
ppm) compared to other parts of British Columbia. RGS
watersheds east of the plateau ridge axis contain much
lower copper concentrations, up to about 36 ppm. No data
for the background copper content of the greenstone unit
is available.

b) Teh Creek Area (NTS 104O/11, 12)

The study area is located in a rugged area of the
Cassiar Mountains (Photo 2), approximately 35 kilo-
metres south of the Alaska Highway, along the border of
the Klinkit Lake map area (NTS 104O/11) and another un-
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TABLE 3
SAMPLE MEDIA SUMMARY: CRINKLED CHERT

STUDY AREAS

TABLE 2
SAMPLE SUMMARY MEDIA: 1999 GEOCHEMIAL STUDIES IN THE BIG SALMON COMPLEX

Number of Sites

Watershed Stratigraphic Cu

Studies Units Prospects

Nisutlin Teh Creek a b 1 2 3 Total Total

Plateau area Sites Samples

Routine Drainage Stream sediments 9 10 4 - 4* - - 27 29

Sediments Moss mats 8 3 3 - 4* - - 18 20

Sieved Drainage Sieved stream sediments 4 7 3 - 2 - - 16 16

Sediments Bulk moss mats 5 - - - - - - 5 5

Soil Profiles Total No. of Soil Profiles - - 12 2 2 1 - 17

Mineral Soil Horizons** 18 4 4 1 - 27 29

Underlying rock or rubble - - 4 - 2 1 - 7 7

Waters RGS-Suite 9 10 5 - 6 - - 30 34

ICP-MS (cations only) - - 5 - 5 - - 10 10

ICP-MS full package 9 10 - - - - - 19 23

Vegetation Bark - - 3 - - - 1 4 4

Twigs - - 3 - - - - 3 3

Rocks Outcrop, till pit cobbles, etc. 3 4 8 1 1 2 3 22 22

a Crinkle chert localities (see Table 3) 1 Arsenault Cu prospect * 6 sites total (sediments and waters)

b Jennings River qtz-ser schist 2 Hwy. 97 Cu prospect ** figures do not include underlying till

3 Teslin lakeshore Cu prospect samples of Dixon-Warren and

Hickin (this volume)

Number of Sites

Each Study Area

1a 1b 2 3 Totals

Routine DrainageStream sediments - - - 4* 4

Sediments Moss mats - - - 3* 3

Sieved Drainage Sieved stream sediments - - - 3 3

Sediments Bulk moss mats - - - - -

Soil Profiles Number of Soil Profiles 4 4 4 - 12

Mineral Soil Horizons** 5 8 5 - 18

Underlying rock or rubble4 - - - 4

Waters RGS-Suite - - - 5 5

ICP-MS (cations only) - - - 5 5

ICP-MS full package - - - - -

Vegetation Bark - - - 3 3

Twigs - - - 3 3

Rocks Outcrop, till pit cobbles, 1 3 1 3 8
etc.

Crinkled chert sites: 1a Mount Francis North (North Arsenault area)

1b Mount Francis North (North Arsenault area)

2 Mount Francis South, southwest of the

Arsenault showing

3 Logtung Road-Logjam Creek area

* total of 5 sites

** figures do not include underlying till samples of Dixon-Warren

and Hickin (this volume)
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Photo 2. Fly camp in the Teh Creek area of the Cassiar Mountains.

Photo 1. View to the northwest of the Nisutlin Plateau and Teslin Lake, with Dawson Peaks in background.



named map area (NTS 104O/12). The area, approxi-
mately 7 kilometres by 7 kilometres, is centred on an un-
named mountain southeast of Teh Creek, a tributary of the
Jennings River. The geological setting is similar to that of
the East Teslin Lake area, but the physiographic setting is
different. The area is characterized by steep, roughly
east-west trending, ridges (maximum elevation: approxi-
mately 1900 metres) separated by tarn-filled cirques (ele-
vation: 1400-1600 metres). Much of the area is above
treeline. Extensive talus and colluvium deposits cover the
lower slopes. Stream drainage from the cirques flows
west and east into wide valleys and then to the Jennings
River, in the latter case via Butsih and Klinkit creeks.
Bedrock geology of the region, which is directly south of
the southern contact of the Simpson Peak Batholith, was
mapped as predominantly Carboniferous argillite, volca-
nic flows and tuffs by Gabrielse (1969). Recent detailed
mapping (Mihalynuk et al., 2000) indicates that the north-
ern and central parts of the study area are mainly under-
lain by argillite and volcanic rocks, respectively, while
the southern portion is underlain by newly-recognized
gabbroic and ultramafic units.

RGS stream sediment geochemical data in the study
area exhibit an elevated copper-cobalt-iron±zinc±nickel
trend which is within the upper five percentiles of data for
most of these elements in the regional study area. Copper
concentrations in four of five adjoining RGS streams at
the core of the study area (Figure 4) are in the range
104-196 ppm (regional 95th percentile: 90 ppm), approxi-
mately 5-10x the regional median copper concentration
(22 ppm). Sediment cobalt concentrations in the same
four streams are in the range 13-26 ppm (regional 95th per-
centile: 14 ppm), and are as high as 28 ppm in other ad-
joining watersheds. Nickel concentrations are also very
high in the southern part of the study area, in the range
44-162 ppm (regional 95th percentile: 42 ppm) in three ad-
joining watersheds. The elevated nickel and, in part, co-
balt content of RGS stream sediments in the south part of
the study area are attributed to the serpentinized ultra-
mafic and gabbroic rocks exposed here.

Ten sites were sampled in this area during 1999. The
field study area is centred on the copper-cobalt RGS trend
and does not encompass all of the anomalous area. Never-
theless two different, and somewhat weaker, element
trends are also apparent in watersheds to the east of the
immediate study area, neither of which was investigated
in the field. First, several watersheds to the immediate
northeast and east display elevated element signatures
more typical of sedex environments, with elevated zinc
concentrations in the range 120-200 ppm (regional 95th

percentile: 108 ppm), and silver concentrations locally in
the range 0.4-0.7 ppm. By comparison, 86 per cent of the
sites in the study region have only 0.1 ppm silver. Sec-
ondly, several watersheds located about 10 kilometres
east of the present study area contain elevated lead or
moderately elevated copper concentrations. Elevated
lead concentrations of 11-12 ppm (regional 95th percen-
tile: 10 ppm) are present in two of the watersheds, while
moderately elevated copper concentrations of 62-98 ppm
occur in five adjacent watersheds. In the latter case, most

copper concentrations are within the 90-95th percentile of
the regional data set.

Combined Zn-Cu-Pb-Ag-Co-Fe element rankings
(Figure 6) appear as a composite of the above copper-co-
balt, zinc and copper trends for this area. These rankings
are greatest in the core of the study area, where copper-co-
balt levels are highest, and progressively decrease east-
ward in watersheds where zinc-silver, and then copper
concentrations, predominate.

Felsic Volcanic and Exhalative Units Case
Studies

Case studies were conducted at two horizons with po-
tential for hosting polymetallic VMS deposits, the crin-
kled chert unit and a quartz-sericite schist unit exposed
along the Jennings River.

a) Crinkled Chert (NTS 104O/13)

A unit of crinkled chert occurs widely throughout the
nor thwes te rn par t o f the Big Sa lmon Complex
(Mihalynuk, 2000, this volume). The crinkled chert, or
crinkle quartzite as it is also known, forms a distinctive
marker horizon 25 to 60 metres thick and has been inter-
preted to have an exhalative origin (Nelson, 1997). It was
first described by Nelson (1997) and Mihalynuk et al.
(1998), and the following description is from those ac-
counts. The crinkled chert unit is white to pink-weather-
ing, thinly-bedded to laminated, and contorted; it has
been mapped as metachert, quartz-piedmontite-musco-
vite schist, and quartz-muscovite schist. It is resistant to
weathering and is distinguished by a localized pink to red
colour attributed to the presence of piedmontite, a manga-
nese-epidote (Mihalynuk et al., 1998). The most promi-
nent exposures of the crinkled chert unit are in the Mount
Hazel, Logjam Creek and Mt. Francis areas in the Smart
River (NTS 104O/13) map area (Mihalynuk et al., 2000).

The crinkled chert unit was suggested by Mihalynuk
et al. (1998) to be one of two Big Salmon Complex units
most prospective for base metal massive sulphide explo-
ration. An exposure of piedmontite-hematite metachert
overlying metarhyolite (quartz-muscovite schist) on Ha-
zel Ridge was reported by Nelson (1997) as analogous to
chert iron formation (exhalite?) stratigraphy at the Wol-
verine deposit in the Yukon, where the mineralized hori-
zon is above quartz-sericite schist and below chert-mag-
ne t i t e i ron fo rmat ion . To inves t iga te su r f i c i a l
geochemical signature and response of these chert units in
the Big Salmon Complex, geochemical orientation stud-
ies were conducted at three localities (Figure 2) in the
Smart River (NTS 103O/13) area where the unit is ex-
posed: i) north of Mt. Francis, ii) the southwest Mt. Fran-
cis area, and iii) the Logtung Road-Logjam Creek area.
These studies involved mostly soil profiling at the first
two sites, and stream sediment, water and vegetation sam-
pling at the latter.
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North of Mt. Francis

The study site is located on two small knobs, approxi-
mately 2 kilometres apart, situated about 3 kilometres
north of the Arsenault property and about 9 kilometres
south of the Swift River and the Alaska Highway. A total
of eight soil profiles were obtained from the vicinity of
crinkled chert exposures here (Mihalynuk, 2000), four on
the eastern knob and four on the western knob. Thin col-
luvial soils and additional tills were also sampled at sev-
eral locations at the western site (Dixon-Warren and
Hickin, this volume).

Southwest Mt. Francis

The study site is situated on a small knob of a ridge on
the southwest flank of Mt. Francis, approximately 8 kilo-
metres southeast of Swift Lake. It forms the southernmost
segment of a continuous band of crinkled chert mapped
by Mihalynuk et al. (2000). Thin, mostly colluvial soils
were sampled at four profile sites above this unit.

Logtung Road-Logjam Creek area

The study site is located adjacent to the Logtung de-
posit access road, west of Swan Lake, which joins the
Alaska Highway about 3 kilometres west of Logjam
Creek. The most comprehensive crinkled chert study was
conducted here, where the unit is exposed on either side
of the Logtung Road approximately 2.6 kilometres north
of the highway. Rock samples were obtained from expo-
sures east and west of the road, and outer bark and twigs
of lodgepole pine (Pinus contorta) at both localities were
also sampled. Outcrop, bark and twig samples were also
obtained from a quartzite exposure just west of the 1.2
kilometre point on the Logtung road. Stream sediment
and/or water samples were obtained at five sites in the
area. Samples were collected from a small east-
ward-flowing stream draining the immediate area of the
crinkled chert exposure, and at its confluence with Log-
jam Creek about 1.5 kilometres to the east. Sediments and
waters were also obtained from Logjam Creek, just up-
stream of the Alaska Highway, and from an unnamed
creek about 4 kilometres west of the Logtung road, oppo-
site the intersection of the Arsenault access road with the
highway. This stream catchment area overlies the same
crinkled chert unit on the western limb of a regional fold
(Mihalynuk et al., 2000).

b) Jennings River quartz-sericite schist

(NTS 104N/09)

An exposure of quartz-sericite schist was examined
on the north side of the Jennings River, about 4 kilometres
east of Teslin Lake. Bedrock here is overlain by till and
glaciolacustrine sediments which are exposed on the
river bank. Ice flow here is from southeast to northwest
(Dixon-Warren and Hickin, this volume). Two till pro-
files and two soil profiles were sampled above, and down
ice of, this exposure, respectively.

Mineral Prospect Case Studies

Case studies were conducted at three potential min-
eral prospects in the Big Salmon Complex, the Arsenault
copper prospect and two lesser showings described by
Mihalynuk et al. (1998), the Highway 97 copper-bearing
gossan and the Teslin lakeshore altered tuff.

a) Arsenault copper prospect

(NTS 104O/13; MINFILE 104O 011)

Stream sediments, waters and soil profiles were sam-
pled in several areas near the Arsenault copper prospect
(Photo 3), the best-explored mineral prospect in the Big
Salmon Complex of British Columbia. The Arsenault
prospect (elevation: approximately 1440 metres) is lo-
cated about 12 kilometres south of the Alaska Highway
and 7 kilometres east of Swift Lake (Figure 2). The pros-
pect was discovered in the 1940’s and has been described
in several assessment reports (e.g. Turnbull and Simpson,
1970; Sawyer, 1967, 1979; Phendler, 1982). It consists of
stratabound disseminated to layered chalcopyrite,
pyrrhotite and pyrite in complexly-deformed amphibo-
lite-grade chlorite-actinolite schist. The mineral assem-
blage is skarn-like, but no significant plutonic bodies are
exposed, and the prospect has been interpreted as initially
volcanogenic in origin (Sawyer, 1979; Phendler, 1982;
Traynor, 1999). More recent exploration work (Traynor,
1999) has focused on VMS potential of metasedimentary
and metavolcanic rocks exposed on the central ridge of
the property. Another prospect, the Arsenault East
(MINFILE 104O 047), is located on the east slope of Mt.
Francis and consists of a 10 metre-long chalcopy-
rite-bearing vein replacement zone developed in lime-
stone. Mihalynuk et al. (1998) interpreted it as occurring
in about the same 100 metre stratigraphic interval as the
Arsenault prospect; chip sampling across the 2.5 metre
width of the skarn-like zone returned copper, zinc and co-
balt concentrations of 4.6 per cent, 0.3 per cent and 322
ppm, respectively.

Extensive soil sampling on the Arsenault property
(Sawyer, 1967; Turnbull and Simpson, 1970) identified
zones of elevated copper concentrations up to 3620 ppm
(Figure 5 of Dixon-Warren and Hickin, this volume). In
addition, several RGS sites in streams on the eastern and
northern flanks of Mt. Francis have elevated copper, zinc
or copper-zinc concentrations (Figures 4 and 5). For ex-
ample, elevated copper concentrations of 70-104 ppm
(95th percentile: 90 ppm) are present in two streams drain-
ing the eastern flank of Mt. Francis. Elevated zinc con-
centrations here are more widely distributed, with four
sites draining the eastern and northern flanks of the ridge
with 100-130 ppm (95th percentile: 108 ppm).

Six additional stream sediment and water sites were
sampled in the Mt. Francis area during 1999 to supple-
ment available RGS stream sediment data, including one
site which was re-sampled. Four sites were sampled on
the eastern flank of Mt. Francis, infilling areas between
anomalous RGS streams and encompassing stream drain-
age from the Arsenault East prospect. Two sites were
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sampled to the west in intermittent streams draining the

area of Arsenault mineralization, where two colluvial

soils were profiled in old exploration trenches. Sediment

and water geochemical data for this area will be reported

at a later date.

b) Highway 97 Copper-bearing Gossan

(NTS 104O/13; MINFILE 104O 054)

One soil profile and six till sites were sampled above

a copper-bearing gossan exposed along the Alaska High-

way (Highway 97) about 3.5 kilometres west of Swan

Lake. Tills and soils were sampled north and south of the

highway in conjunction with Dixon-Warren and Hickin

(this volume) to test the dispersal, if any, of mineralized

material from this site. The presence of chalcopy-

rite-bearing veins in Big Salmon Complex greenstone

here was first reported here by Mihalynuk et al. (1998),

and the following summary is taken from that account.

Several north-northwest trending quartz-chlorite-magne-

tite-pyrite-chalcopyrite veins (maximum thickness: 30

centimetres) occur in a 3 metre wide gossanous zone in

the Big Salmon Complex greenstone unit. Mihalynuk et

al. (1998) reported chip samples taken over a 1.5 metre in-

terval of 80 per cent vein material to contain 0.2 per cent

copper, 165 ppm cobalt, 210 ppm arsenic and 45 ppm

tungsten.

c) Teslin Lake border area

(NTS 104N/16; MINFILE 104N 135)

Limited geochemical sampling was conducted at the
Teslin Lake border area occurrence to investigate the dis-
tribution of copper and other elements here. The occur-
rence was described by Mihalynuk et al. (1998). It com-
prises a series of copper-bearing pyritic gossan zones in
phyllitic to schistose mafic to felsic tuffaceous rocks,
quartz-sericite schists and siltstones which are exposed
over approximately one kilometre along the east shore of
Teslin Lake. Individual gossanous layers are strongly py-
ritic (up to 10 per cent), with trace chalcopyrite occurring
as clots and stringers. Mihalynuk et al. (1998) reported
that a single grab sample returned 2.2 per cent copper and
28 ppm silver, but upon repeat sampling equally
cupiferous zones could not be located.

No soil profiles or tills were developed or are present
over the occurrences, and no active stream drainages oc-
cur here. Geochemical sampling was restricted to the
outer bark of a single gnarled lodgepole pine (Pinus
contorta) growing on pyritic bedrock, and to sampling
gossanous bedrock.

FIELD SAMPLING, PREPARATION AND

ANALYTICAL METHODS

A brief description of field sampling, preparation and
analytical methods for various sample media is given be-
low:
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Photo 3. Excavating soil profile 2 in a trench at the Arsenault copper prospect.



Soil Profiles

A total of 17 soil profiles were sampled, mostly near
exposures of the crinkled chert unit, to determine the rela-
tive distribution of trace elements among various soil ho-
rizons. In all, samples were obtained from 27 mineral soil
horizons and 7 underlying bedrock or rubble levels (Table
1). Till samples, if present at any given site, were in most
cases collected and data reported for by Dixon-Warren
and Hickin (this volume) as part of surficial geological
studies of the Big Salmon Complex area. Soils in many
areas here, particularly those of greater relief, are thin and
relatively juvenile due to colluvial movement. Many soil
profiles comprise just a thin veneer of colluvium above
bedrock.

Soil horizons at profile sites were sampled from pits,
or from excavations in trench walls (e.g. Arsenault pros-
pect; Photo 3). Horizons were sampled from the bottom
up to avoid cross-contamination. Preparation and analyti-
cal procedures are identical to those of till samples
(Dixon-Warren and Hickin, this volume). Sample prepa-
ration was conducted at Intertek Testing Services-Bondar
Clegg, North Vancouver. Samples were air-dried and split
into two equal parts. One half was archived. The second
half was disaggregated and sieved through a -230 mesh
(<63 micron) stainless steel sieve until sufficient material
was obtained for analysis. Two splits of each sample were
taken. One 10 gram split was submitted to Acme Analyti-
cal Laboratories Ltd., Vancouver, for two analytical
suites: i) analysis of trace elements including zinc, cop-
per, lead, silver, molybdenum, cobalt, iron, manganese
and nickel (Table 5) by inductively coupled plasma-mass
spectrometry (ICP-MS) and inductively coupled
plasma-emission spectroscopy (ICP-ES) techniques fol-
lowing aqua regia digestion, and ii) determination of ma-
jor element oxides by lithium metaborate (LiBO2) fusion
and an ICP-ES finish (Table 7). Loss on ignition (LOI),
total carbon and total sulphur were also determined. A
second, approximately 30 gram, split of each sample was
submitted to Activation Laboratories, Ancaster, Ontario,
for analysis of gold and 34 additional elements using ther-
mal instrumental neutron activation analysis (INA). Data
for 29 elements (gold, antimony, arsenic, barium, bro-
mine, calcium, cerium, cesium, chromium, cobalt, euro-
pium, hafnium, iron, lanthanum, lutetium, molybdenum,
neodymium, rubidium, samarium, scandium, selenium,
sodium, tantalum, terbium, thorium, tungsten, uranium,
ytterbium and zinc) are reported here in Table 6. Data for
six other elements (silver, mercury, irridium, nickel, tin
and strontium) are not reported due to inadequate detec-
tion limits, low element abundance and/or poor precision.

Stream Sediments and Moss Mats

Collection, preparation and analysis of stream sedi-
ment and moss mat samples was conducted to the stan-
dards of the British Columbia RGS program. Field dupli-
cate samples were obtained in each block of 20 samples.
Preparation of sediment and moss mat samples was done
at Rossbacher Laboratory, Burnaby, using standard RGS

procedures. Stream sediments were air-dried (<35oC) and
dry sieved to -80 mesh (< 177 microns) using stainless
steel sieves. In preparation of moss mat samples (e.g.
G r a v e l a n d M a t y s e k , 1 9 8 9 ) , f i n e s e d i m e n t i s
disaggregated from the moss fronds in a ceramic mortar,
and passed through a -18 mesh (<1 millimetre) sieve prior
to sieving to -80 mesh (<177 microns). Two splits of each
sample were taken. One split was submitted to Acme An-
alytical Laboratories Ltd., Vancouver, for analysis of a
suite of trace elements including zinc, copper, lead, sil-
ver, molybdenum, cobalt and iron by inductively coupled
plasma-mass spectrometry (ICP-MS) and inductively
coupled plasma-emission spectroscopy (ICP-ES) tech-
niques following aqua regia digestion. Gold is also deter-
mined directly by ICP-MS on the 1 gram sample used in
this procedure; depending on sample mineralogy, not all
of the gold may be released by the acid. Loss on ignition
(LOI) was also determined. A second, approximately 30
gram, split of each sample was submitted to Activation
Laboratories, Ancaster, Ontario, for total analysis of gold
and 34 additional elements using thermal instrumental
neutron activation analysis (INA). Analytical results for
stream sediments and moss mats are not included in this
paper, and will be released at a later date.

Bulk Drainage Sediments

Bulk stream sediment and moss mat samples were
obtained, where possible, to aid in speciation of elements
of interest (e.g. copper, zinc, barium, manganese) with re-
spect to size and density fractions of the sediment, and to
compare results between these two varieties of drainage
sediment and routine -80 mesh sediments. Bulk sedi-
ments were obtained in the field by wet-sieving sediment
material through a Nalgene -18 mesh (<1 millimetre) ny-
lon sieve until a several-kilogram sample was obtained.
Owing to the practical difficulties in attempting to
wet-sieve fine-grained moss mat material in the field, a
bulk moss mat sample was instead collected at these sites,
where possible.

Sieved stream sediments were air-dried at the Ana-
lytical Science Laboratory of the Geological Survey
Branch, Victoria, disaggregated, and mechanically
dry-sieved to 5 size fractions (-10+40, -40+80, -80+140,
-140+230 and -230 mesh). In the case of bulk moss mats,
samples were transferred to large paper bags and air-dried
in Victoria, and then submitted to Rossbacher Labora-
tory, Burnaby, for disaggregation and dry sieving to -18
mesh (<1 millimetre) using a nylon sieve. Prepared sam-
ples were returned to Victoria for size-fraction sieving, as
above.

In both cases, the resulting sediment and moss mat
size fractions were weighed, and representative splits
submitted to Acme Analytical Laboratories Ltd., Van-
couver, and Activation Laboratories, Ancaster, Ontario
for analysis of trace and precious metals corresponding to
those of sediments and moss mats outlined in the previous
section. In addition, heavy mineral concentrates (HMC)
will be prepared from some size fractions using heavy liq-
uid techniques to separate any particulate barite and sul-
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phide grains which may be associated with nearby VMS
mineralization.

Stream Waters

At least two paired water samples were obtained at
each stream site using high-density polyethylene (HDPE)
bottles: i) a raw water sample (250 millilitre) similar to
that routinely collected during RGS surveys, and ii) a fil-
tered (45 millimetre, cellulose filter) and acidified water
sample (125 millilitre) for major element and trace ele-
ment analysis. All samples were kept in coolers for pres-
ervation. Unfiltered raw stream water samples were not
subjected to any additional preparation procedures, and
were analyzed for the standard RGS water analytical suite
(uranium, fluoride, sulphate, pH) at CanTech Labora-
tories, Inc., Calgary. An aliquot of unfiltered water was
retained for determination of conductivity and total dis-
solved solids (TDS) using a Corning Checkmate 90 con-
ductivity/TDS meter.

In addition to the foregoing, sampling for anions, cat-
ions, dissolved mercury, particulate organic carbon and
suspended solids (trace metals) were also conducted as
part of watershed characterization studies in the Teslin
Lake and Teh Creek areas (Photo 4). These sites are the
study of a B.Sc. thesis at the University of Victoria on the
geochemistry of dissolved, suspended and bed loads in
streams by the junior author (Pass, in preparation). Col-
lection and preparation methods used for these samples,

which comprise the majority of stream water sites, are
those of Telmer (1997) and are summarized below:

Trace Metals in Suspended load / Stream Water

Cations, Anions and Dissolved Mercury

Stream waters at depth were collected in a one litre
Nalgene HDPE bottle, and filtered to 0.45 microns using
vinyl filter paper (47 millimetre Millipore, HV Filter
type) in a Swinnex 47 millimetre filter holder with a 50
millilitre plastic rubber-less syringe. Samples were fil-
tered into a 125 millilitre HDPE bottle for a cation sam-
ple, a second 125 millilitre HDPE bottle for an anion sam-
ple, and into a 50 millilitre Fisher Brand disposable
centrifuge tube for the dissolved mercury sample. Dis-
solved mercury is defined as all BrCl-oxidizable mercury
forms and species in the filtrate of an aqueous solution
that has been filtered through a 0.45 micron filter (EPA,
1999). Up to approximately one litre of additional water
was filtered, but not retained (exact volume recorded), for
the collection of sufficient suspended solid matter for
trace metal analysis. The syringe type used was specially
chosen as it lacked the black rubber plunger tip, common
to most syringes, that could be a source of zinc contamina-
tion. Similarly, vinyl filter papers were used here as they
are less likely to absorb the dissolved load, have a more
repeatable tare and are resistant to acid digestion during
analysis (K. Telmer, personal communication, 1999).

The syringe and collection bottle were rinsed three
times in stream water prior to use. Cation and anion sam-
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Photo 4. Water sampling in the Teh Creek area, Cassiar Mountains.



ple bottles were transported into the field containing
deionized water and were only opened and emptied once
sampling began on site. These bottles were then rinsed
three times with an aliquot of filtered water before sample
collection. Prior to placing the filter paper into the filter
holder, the latter and a pair of tweezers were generously
rinsed with deionized water and the filter paper placed
into the holder with tweezers. Subsequent to sampling,
the filter paper was removed from the filter holder, using
tweezers, and stored in a watertight HDPE scintillation
vial (ESBE Scientific, 6.5 millilitre) for storage. After fil-
tration, cation samples were acidified with 0.5 millilitre
of Seastar Chemicals concentrated ultra pure nitric acid
(HNO3) at base camp that evening. Filtered water for
mercury samples were added to centrifuge tubes contain-
ing 0.5 millilitres of bromium chloride (BrCl) (EPA,
1999), added each morning from a stock bottle using a
Brinkmann Eppendorf repeater pipette with disposable
tip. All samples were kept in a cooler following collec-
tion. Solution samples of cations, minor elements, rare
earth elements and some major elements, as well as di-
gested suspended solids, were analyzed using a VG
Plasmaquad 2S ICP-MS. Dissolved anions and major cat-
ions were analyzed using a Dionex DX-120 liquid
chromatograph (Isocratic), with a AS-14 ion separation
column. Dissolved mercury was analyzed using a Perkin
Elmer 50A Mercury Analyzer System (cold vapor
flameless atomic absorption). The junior author con-
ducted all analyses at the University of Victoria.

To minimize contamination and maintain sample pu-
rity, two bottles of nitric acid and bromium chloride were
taken to the field. One set of chemicals was used for the
Teslin Lake study area and individual case studies, and
the other set for the Teh Creek study area. Chemicals were
kept in a separate cooler for storage. Deionized water was
transported to the field from the University of Victoria in
two ten gallon Nalgene carboys and dispensed as needed
into Nalgene LDPE squeeze bottles for daily fieldwork.
New syringes and one-litre collection bottles were used
as often as possible. To further minimize any potential
contamination during transportation and storage, the en-
tire suite of up to 6 samples types were packaged into a
large watertight Whirlpak bag at each sampling site.

Particulate Organic Carbon (POC) in the

Suspended Load

Stream waters were collected at depth in a one litre
Nalgene HDPE bottle in the exact position of the stream
in which the above-mentioned trace metal, cation, anion
and dissolved mercury samples were collected. The sy-
ringe was rinsed three times with stream water before
sampling began, while the collection bottle was rinsed
three times with steam water before and between
samplings. For these samples a 60 millilitre VWR plastic
syringe with black rubber plunger tip was used, as these
syringes are easier to use and the samples were not ana-
lyzed for metal content. Glass fiber filter papers (0.45 mi-
cron, 47 millimetre, Millipore Brand) were inserted into
the Swinnex 47 millimetre filter holder, pre-rinsed with

deionized water, using similarly-rinsed tweezers. Stream
water was filtered, although not retained, up to a volume
of about one litre (exact volume recorded). Deionized
water-rinsed tweezers were then used to place the filter
into a watertight HDPE scintillation vial (ESBE Scien-
tific, 6.5millilitre) for storage. The sample was then
placed into a watertight Whirlpak bag with the other site
samples.

Vegetation

A small number of vegetation samples were ob-
tained, primarily near exposures of the crinkled chert unit
along Logtung Road. In all, outer bark and twigs of
lodgepole pine (Pinus contorta) were obtained at four and
three sites, respectively. Sampling procedures were con-
sistent with those of Dunn (1995, 1999). Outer bark sam-
ples were collected by vertically scraping the back of
hand-held pruning snips along the bark, with the sample
collected in a small paper bag held beneath. Twig samples
were obtained by snipping about 30-40 centimetres of re-
cent growth from the ends of tree branches, and collected
in large paper grocery bags.

Vegetation samples were dried and then ashed at
4700-5000C for 24 hours at the Geological Survey of Can-
ada, Ottawa, using a Duncan pottery kiln. Needles were
separated from the twigs and ashed separately. Ashed
bark, twig and needle samples were submitted to Acme
Analytical Laboratories Ltd., Vancouver for analysis of
trace and precious elements by ICP-MS/ES techniques as
outlined above for sediments and soils. Data will be re-
ported at a later date.

Rocks

No systematic lithogeochemical studies were at-
tempted by the authors, but a small number of outcrop
grab samples, stream bed float and till pit cobbles were
collected and analyzed for trace and precious elements.
Rock samples were split into two bags. One was archived
for later reference; the second was crushed and pulver-
ized in the Geological Survey Branch Laboratory, Victo-
ria using a jaw crusher and steel ring mill, respectively.
One 10 gram split was submitted to Acme Analytical
Laboratories Ltd., Vancouver, for trace element determi-
nation by inductively coupled plasma-mass spectrometry
(ICP-MS) and inductively coupled plasma-emission
spectroscopy (ICP-ES) techniques following aqua regia
digestion. Asecond sample split (30 gram) was submitted
to Activation Laboratories, Ancaster, Ontario for INAde-
termination of gold and additional elements. No major el-
ement oxide determinations were conducted. Selected
ICP and INA rock geochemical data for crinkled chert
samples only are given in Table 4.
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QUALITY CONTROL PROCEDURES
AND RESULTS

Field and analytical duplicate samples were included
in the various sediment, soil, water and other analytical
suites, along with control reference standards containing
appropriate concentration ranges of copper, zinc and
other base metals. In the water studies, field blank sam-
ples were taken using distilled water to monitor for poten-
tial contamination during sampling (Pass, in preparation).
Only those results for soil profile and rock analytical
suites are discussed here. Refer to Dixon-Warren and
Hickin (this volume) for duplicate and triplicate results of
associated C horizon till samples.

In the case of soil profiles, field duplicate results, de-
noted as Rep ‘10’ (original) and Rep ‘20’ (duplicate) sam-
ples in Tables 5-7, indicate acceptable levels of combined
field, preparatory and analytical precision. For example,
two field duplicate pairs returned copper concentrations
of i) 1370.2/1258.9 ppm in a colluvial Bm horizon soil at
the Arsenault prospect, and ii) 50.3/41.9 ppm in an Ah ho-
rizon at crinkled chert locality 1b, indicating that preci-
sion is acceptable at both the upper and lower ends of the
concentration range. INA barium results for the same two
field duplicate pairs are 160/220 ppm and 910/970 ppm,
respectively. Interestingly, comparatively elevated and
precise INA gold concentrations are also present in these
two sample pairs, at 29/23 ppb and 16/20 ppb, respec-
tively.

Results for two analytical duplicate pairs in soils (Ta-
bles 5-7) also show acceptable precision. Precision of an-
alytical duplicate results is typically greater than that ob-
tained for field duplicates because they are a measure of
analytical precision only. To illustrate, coefficient of vari-
ation (CV) between analytical duplicates from the same
high-copper soil horizon at the Arsenault prospect
(996507) is just 0.8 per cent, compared to 6.0 per cent be-
tween the field duplicates mentioned above. Similar re-
sults occur for cobalt, manganese, arsenic, gold, molyb-
denum and numerous other elements, particularly for the
aqua regia-ICP suite (Table 5). In the case of rocks (Table
4), a crinkled chert sample (99-SJC-14) from the North
Mt. Francis area reported 19000 ppm barium (INA) ver-
sus 16000 ppm in a duplicate taken from the crushed field
sample. The crinkled chert also returned concentrations
of 853 ppm manganese (duplicate: 900 ppm), 11 ppm co-
balt (duplicate: 10 ppm) and 6.5 ppm antimony (dupli-
cate: 5.3 ppm).

Insertions of a CANMET certified reference mate-
rial, soil standard SO-2, and of two internal Geological
Survey Branch standards indicate acceptable levels of an-
alytical accuracy for relevant elements in soils. To illus-
trate, a single insertion of SO-2 returned an INA barium
concentration of 870 ppm, marginally lower than the cer-
tified value of 966 ± 67 ppm, as well as 134 ppm zinc (cer-
tified value: 124 ± 5 ppm) and 5.45 per cent iron (certified
value: 5.56 ± 0.16 per cent). Certified values are from
Bowman (1994). More control standards results will be
provided upon completion of all analytical work.

RESULTS AND DISCUSSION

Only rock (Table 4) and soil profile (Tables 5-7) geo-
chemical data were available at the time of writing. The
following results are confined to case studies where sev-
eral soil profiles were obtained, such as the crinkled chert
sites. Drainage sediment, water and vegetation geochemi-
cal data obtained for watershed characterization studies
in the Teslin Lake and Teh Creek areas will be given at a
later date.

Felsic Volcanic and Exhalative Units Case
Studies

Crinkled Chert (NTS 104O/13)

Rock and soil geochemical results are reported here
for the three crinkled chert study localities: north of Mt.
Francis, south of Mt. Francis, and Logtung road. No soil
profiles were conducted at Logtung road, where basal tills
are poorly distributed (Dixon-Warren and Hickin, this
volume), and results here are limited to bedrock geo-
chemical data. Analytical results for a single till pit cob-
ble are also shown, although they are excluded from the
summary statistics.

i) Rock Geochemistry

Selected ICP-MS and INA rock geochemical data
(Table 4) for five crinkled chert outcrop grab samples
show that this unit is characterized by highly elevated bar-
ium concentrations (mean: 5500 ppm; median: 2100
ppm) in the range 1600-19000 ppm (INA). They also have
moderately elevated, although variable, concentrations
of manganese (median: 612 ppm) in the range 218-2595
ppm, and of cobalt (median: 21 ppm INA) in the range
5-39 ppm. Barium is a lithophile element and is most
abundant in felsic magmatic rocks (up to 1200 ppm)
where it may substitute for K+. Barium concentrations in
sandstones, however, are in the range only 100-320 ppm
(Kabata-Pendias and Pendias, 1992), with a reported me-
dian concentration of 170 ppm for sandstone and quartz-
ite (Rose et al., 1979). Typical concentration ranges of
manganese and cobalt in sandstones are 0.3-10 ppm and
100-500 ppm, respectively (Kabata-Pendias and Pendias,
1992).

One crinkled chert sample (99-SJC-14), from the
North Mt. Francis area, returned 19000 ppm (1.9 per cent)
barium, suggesting the presence of barite. An analytical
duplicate of the same material returned similar barium re-
sults (16000 ppm). Results here support those of
Mihalynuk et al. (1998), who reported the presence of ele-
vated barium concentrations (mean: 2254 ppm; 2 sam-
ples) in the crinkled chert unit relative to other sedimen-
tary rocks sampled. Mihalynuk et al. (1998) suggested
that elevated barium content might be a useful means of
distinguishing crinkled chert from other fine-grained
quartzites in the Big Salmon Complex. Results here sup-
port that assertion. Elevated barium levels are present in
crinkled chert samples from all three study areas (Table
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4), but another quartzite otherwiser similar to crinkled
chert returned only low barium and manganese concen-
trations.

No detailed lithogeochemical sampling of crinkled
chert units was attempted. With regard to other elements,
crinkled cherts here exhibit, in most cases, only back-
ground-level concentrations of copper (mean: 30.7 ppm),
zinc (mean: 27.6 ppm), lead (mean: 3.4 ppm), molybde-
num (mean: 0.10 ppm), selenium (mean: 0.1 ppm) and
gold (mean: 1 ppb). However, one dark maroon-coloured
sample (99-SJC-11) from the South Mt. Francis area has,
in addition to elevated barium (2100 ppm), highest con-
centrations of copper (119 ppm), manganese (2595 ppm),
iron (2.06 per cent INA), cobalt (39 ppm INA), arsenic
(52.1 ppm INA) and antimony (3.6 ppm INA) relative to
other pink or grey specimens sampled.

ii) Soil Profile Geochemistry

Twelve soil profiles were sampled at crinkled chert
localities 1 and 2, in areas to the north and south of Mt.
Francis, respectively. Barium concentrations up to 1500
ppm (INA) occur in till and colluvial C-horizon soils sam-
pled at eight profiles (Table 6) north of Mt. Francis area
(localities 1a,b). The highest concentrations here are
present at site 1b (range: 790 - 1500 ppm) nearer the crin-
kled chert exposures, while somewhat lower barium con-
centrations (range: 680-960 ppm) occur in the more distal

profiles sampled at site 1a. Similar barium levels (range:
820 - 1500 ppm) are present in thin till and colluvial C-ho-
rizon veneer above crinkled chert at site 2 south of Mt.
Francis. INA reanalysis of remaining sample material
from the horizon with the highest barium content here
(996523; 1500 ppm) returned a similar 1600 ppm barium.
There is no regional till barium data available for adjacent
parts of northern British Columbia with which to compare
these results. However, many are elevated relative to pub-
licly-available barium data for regional geochemical sur-
veys of central and southern British Columbia tills (Table
8), for which survey medians are in the range 380-850
ppm barium. Most soil manganese concentrations in this
study do not differ appreciably from regional medians,
which are in the range 508-805 ppm.

Barium concentrations increase down profile in most
crinkled chert-area soils here (Table 6), particularly those
in tills. Down profile increases in barium are seen in both
till profiles at locality 1a, all four till profiles at locality
1b, and the sole multi-horizon till profile at locality 2.
Two examples of relevant profiles, a brunisol and a
podzol, from crinkled chert locality 1 are shown in Figure
7. In the first case (locality 1a, profile 3), barium concen-
trations increase down profile from 720 ppm in the
near-surface Ahe horizon, to 960 ppm in C horizon till,
and finally to 1100 ppm in underlying bedrock rubble. In
the second case (locality 1b, profile 1), barium concentra-
tions double down profile, increasing from 770 ppm in the

96 British Columbia Geological Survey

TABLE 8
BARIUM AND MANGANESE CONCENTRATIONS (PPM) IN VARIOUS BRITISH COLUMBIA TILLS

Big Salmon Babine Porphyry Fawnie Creek Chedakuz Creek Louis Creek-Chu Adams Lake Northern

Complex Belt, map area, map area, Chua Creek area Plateau Area, Vancouver Total

Nechako Plateau Nechako Plateau Nechako Plateau Southcentral B.C. Southcentral B.C. Island Sites
Dixon-Warren Levson et al. (2000) Levson et al. (1994) Weary et al. (1997) Bobrowsky et al. (1998) Bobrowsky et al. (1997) Bobrowsky

(this volume)* and Sibbick (1996)

Ba (ppm)

Median 930 780 660 - 770 850 380

Mean 942 786.7 677.7 - 773.8 885.5 394.8

SD 263 153.8 105.9 - 279.0 317.9 167.9

CV - 0.195 0.156 - 0.4 0.4 0.4

Minimum 210 360 430 - 50 260 50

90th pctile. - 980 820 - 1000 (87.3%) 1100 (87%) 600 (90.6%)

95th pctile. - 1100 850 - 1200 (95.5%) 1300 (94.2%) 680 (95.4%)

Maximum 1500 1600 960 - 2200 4600 1500

N=sites 45 937 171 - 331 500 434 2418

Mn (ppm)

Median 440 715 508 538 569 733 805

Mean 513 760.9 535.8 546.4 615.0 812.9 962

SD 228 380.2 231.0 206 388.7 448.1 699.6

CV - 0.500 0.431 0.377 0.6 0.6 0.7

Minimum 281 70 164 160 106 161 43

90th pctile. - 1238 834 786 869 1373 (90.5%) 1775 (90.3%)

95th pctile. - 1422 941 887 991 1773 (95.2%) 2320 (95.2%)

Maximum 1273 3664 1259 1156 6061 2759 5041

N=sites 45 937 171 151 331 496 435 2566

Determinations made on -230 mesh (<63 micron) fraction of tills * Not a regional-scale geochemical survey

Barium: total barium determined by INA

Manganese: aqua regia digestion - ICP-ES (ICP-MS for data of Dixon-Warren and Hickin, this volume)



surficial Ae horizon of the humo-ferric podzol (Photo 5)
through to 1500 ppm in C horizon till. There appears to be
a close relationship here between till geochemical results
and the type of entrained material. A subangular to angu-
lar cobble of pink piedmontite schist (99-SJC-13) from
this pit, one of several such clasts uncovered, returned
similarly elevated barium and manganese concentrations
of 2900 ppm (INA) and 708 ppm, respectively. Interest-
ingly, it also returned 172 ppb gold (INA), whereas the
enclosing soil horizons here have relatively low but uni-
form gold concentrations in the range 6-10 ppb. Subse-
quent reanalysis of remaining pulverized sample material
by INA returned corroborative high barium and gold con-
centrations of 3300 ppm and 325 ppb, respectively.

There are additional similarities between the two
profiles beyond the greater barium concentrations at
depth. First, differences in barium concentrations be-
tween the two uppermost horizons (e.g. Ahe and Bm; Ae
and Bf) are minimal compared to the much greater differ-

ences between these and the underlying C horizon tills.

This relation also holds for the barium distribution in till

from some other areas, such as profile 1 at the Jennings

River study area (Table 6). Secondly, several other ele-

ments also increase down profile. These include manga-

nese, zinc and, generally, iron and arsenic. Manganese

concentrations, for instance, in the two C horizon tills

(437-521 ppm) are 4 times greater than in the eluviated

Ae or Ahe horizons near the surface. Some elements are

distributed differently between the two profiles. Copper,

for instance, is relatively constant with depth in the

brunisol but increases with depth in the podzol. In this

case the podzolic Bf horizon (12.94 ppm) has 2 times the

copper content of the near-surface Ae horizon (5.49

ppm), but less than half that of C horizon till (29.1 ppm).

This is attributed to the characteristically much greater

clay content of till relative to near-surface mineral hori-

zons.

Geological Fieldwork 1999, Paper 2000-1 97

A) Crinkled Chert Site 1a: Soil Profile 3
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B) Crinkled Chert Site 1b: Soil Profile 1
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Figure 7. Manganese and copper (ICP-MS) and barium and arsenic (INA) concentrations in A) brunisolic and B) podzolic soil profiles in
till at crinkled chert site 1. See Tables 4-6 for complete data listings.



With regard to colluvial soils profiled adjacent to
crinkled cherts, most have just a single horizon so there is
insufficient data to compare barium distributions in till
versus colluvial profiles. However, barium behaves in an
opposite manner at one brunisolic profile (2) at locality
1a, decreasing with depth from 880 ppm (colluvial Bm
horizon) to 560 ppm in underlying bedrock rubble. This is
attributed to the downslope movement of higher-barium
colluvial material above bedrock with a lower barium
content. Interestingly, the highest gold concentrations in
crinkled chert-area soil profiles also occur here. Gold dis-
tribution is similar to that of barium, decreasing down
profile from 27 ppb in near-surface soil to just 1 ppb in
bedrock rubble (Table 6).

Jennings River Quartz-sericite Schist

(NTS 104N/09)

A composite rock sample (99-SJC-12) across the ap-
proximately 1.5 metre-wide altered quartz-sericite schist
horizon exposed on the north side of the Jennings River
yielded only background-level metal concentrations of 20
ppm copper, 17 ppm zinc, 4.7 ppm cobalt and 320 ppm

barium (INA). The rock outcrop is overlain by 12-14
metres of till and glaciolacustrine sediment, forming a
steep riverbank exposure. Irrespective of the low metal
concentrations in outcrop, till copper concentrations re-
ported here by Dixon-Warren and Hickin (this volume)
are in the range 49-83 ppm, with higher concentrations
occurring at higher levels in the till. Till barium (INA)
levels are similarly high here, in the range 910-1400 ppm.

Results here provide a good example of how an un-
derstanding of surficial materials and Quaternary pro-
cesses can be applied to interpreting geochemical data.
Neither of the two soil pits dug at the top of the riverbank
above altered quartz-sericite schist were deep enough to
in te rcep t t i l l benea th about 2 met res of exot ic
glaciofluvial sediment. However, till was sampled at a
site (996043) on the steep riverbank about 10-12 metres
below soil profile 1, and about 2 metres above the altered
horizon. Geochemical results for this composite profile
(Tables 5 and 6) provide a good illustration of the poten-
tial differences in metal concentrations between surficial
materials of varying origins, and of the pitfalls in sam-
pling soils, even when potentially close to mineralization,
without understanding their derivation. Differences in
metal concentrations between the near-surface brunisolic
Bm horizon, and the glaciolacustrine IC horizon from
which it developed, are relatively minor when compared
to metal concentrations in the underlying till. Till is a
first-derivative product of bedrock, and is inferred to have
formed here from the up-ice entrainment of relatively lo-
ca l ly -der ived mater ia l . Converse ly, low-meta l
glaciolacustrine sediments have typically been trans-
ported great distances and been extensively reworked.
C o p p e r c o n c e n t r a t i o n s , f o r e x a m p l e , i n t h e
glaciolacustrine Bm and IC horizons (996531 and
996532) are relatively low (19-35 ppm), but are 75 ppm in
the underlying till. Similarly, barium (840-930 ppm INA)
and mercury (23-42 ppb) levels in the glaciolacustrine
soils are considerably less than the corresponding till con-
centrations of 1300 ppm and 189 ppb, respectively. Simi-
lar differences between glaciolacustrine soil horizons and
underlying till are also evident for molybdenum, lead,
zinc, arsenic, silver and cobalt, among others.

Mineral Prospect Case Studies

Arsenault Prospect

(NTS 104O/13; MINFILE 104O 011)

Highly elevated concentrations of copper, molybde-
num and several other elements are present in two soil
profiles conducted at old exploration trenches at the
Arsenault prospect (Figure 8). Both profiles are charac-
terized by brunisolic soils developed in a thin colluvial
veneer above bedrock.

Highest metal concentrations are in soil profile 2 (Ta-
bles 5-7) in the eastern wall of the westernmost trench.
T h i s p r o f i l e i s c h a r a c t e r i z e d b y a C u - M o - F e -
Co-As-Se-Au-Ag-Bi geochemical signature. Elevated
copper concentrations increase down profile, from 1370
ppm in the near-surface Bm horizon to 4977 ppm in
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Photo 5. Soil profile 1 (humo-ferric podzol) at crinkled chert site
1b northwest of Mt. Francis.



deeper colluvium (45-65 cm depth). Molybdenum and
cobalt levels display similar relations, increasing down
profile in the ranges 53-142 ppm, and 31.7-74.4 ppm, re-
spectively. Similar down profile trends are also exhibited
by iron (maximum: 32.8 per cent) and manganese (maxi-
mum: 2869 ppm). Angular bedrock rubble sampled from
the bottom of the soil pit (996510R) contains lower, but
nonetheless highly elevated concentrations of copper
(1546 ppm), molybdenum (114 ppm) and iron (17.0 per
cent).

Profile 1, on the east wall of the easternmost trench,
is characterized by a more restricted Cu-Mo-Fe-
Co-As-Se-Au geochemical signature. Elevated copper
concentrations, although lower than in profile 2, simi-
larly increase down profile, from 586 ppm in the colluvial

Bm horizon to 809 ppm in underlying colluvium. Molyb-
denum, iron and arsenic display similar trends (Tables 5
and 6). As with profile 2, underlying gneissic bedrock
rubble (996506R) contains comparatively lower but
nonetheless elevated copper (196 ppm) and molybdenum
(19 ppm) levels. However, a significant difference here
are the lower cobalt, iron, arsenic, manganese, selenium
and gold concentrations in rock relative to overlying col-
luvial soils. For example, rock cobalt content is only 7.4
ppm relative to a range of 36.7 - 45.4 ppm in soils.

Other interesting similarities between the two pro-
files, beyond their base metal signatures, are elevated
concentrations of gold and selenium and relatively low
concentrations of zinc and barium. Gold concentrations
in the four colluvial soil horizons here (Tables 5 and 6) are
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B) Arsenault Property: Soil Profile 2
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Figure 8. Copper, manganese, molybdenum and selenium concentrations (ICP-MS) in two colluvial soil profiles at the Arsenault copper
prospect. See table 5 for complete data listings.



in the range 25-35 ppb (INA), and are relatively constant
with depth. Selenium levels are high here. They are in the
range 18.9-19.3 ppm in profile 1, and in the range
28.9-50.8 ppm in profile 2 where, interestingly, elevated
selenium (22.9 ppm) is also present in the underlying
rubbly bedrock. In contrast, relatively low zinc and bar-
ium concentrations in the mineral horizons do not exceed
67.4 ppm and 450 ppm, respectively.

The range of elements reported here and by
Dixon-Warren and Hickin (this volume), although limited
to a few sites, is much greater than those from previous
soil geochemical surveys of the Arsenault prospect. Soil
samples obtained by Sawyer (1967) and Turnbull and
Simpson (1970) were collected using hand augers or mat-
tocks, screened to -80 mesh using nylon screens, and ana-
lyzed for copper and/or molybdenum using colorimetric
or acid digestion-AAS techniques. Turnbull and Simpson
(1970) reported that elevated soil copper levels were co-
incident with known mineralization, particularly in the
east-west trending ridge area where skarn-like copper
mineralization is exposed at surface. However, no infor-
mation is given about the types of surficial materials sam-
pled (e.g. till versus colluvium) in either survey, which
might assist in indicating the glacial or colluvial transport
directions (e.g. downice or downhill) necessary for effec-
tive follow-up of geochemical anomalies. Similarly, there
is no indication that any orientation studies were con-
ducted which might indicate the most effective horizons
and/or sieve size fractions to sample at this deposit. Soils
of Turnbull and Simpson (1970) are reported to have been
from the B-horizon, while those of Sawyer (1967) are not
specified. Sawyer (1967) stated that sampling was in-
tended to have been from a common horizon, but that the
variable soil cover of the area made this difficult to
achieve. Property-scale copper results of Sawyer (1967)
are reproduced by Dixon-Warren and Hickin (this vol-
ume).

Highway 97 Copper-bearing Gossan

(NTS 104O/13; MINFILE 104O 054)

A single profile sampled immediately above the gos-
san exposure, on the south side of the Alaska Highway,
comprises a thin oxidized till (996502) above rubbly sili-
ceous pyritic greenstone (996503R; Tables 4 and 5) in the
bottom of the pit. Elevated concentrations of copper (229
ppm), cobalt (24.6 ppm), arsenic (70.6 ppm), antimony
(9.6 ppm INA) and bismuth (2.39 ppm) are present in the
greenstone rubble, but are considerably lower in the over-
lying soil material, which was likely disturbed and dis-
placed during road construction. Only background levels
of copper (42 ppm) are present. As outlined earlier, a simi-
lar though more pronounced geochemical signature was
reported by Mihalynuk et al. (1998) for the gossanous
outcrop here.

A similar suite of elevated metal concentrations was
also obtained for an angular limonitic cobble (99-SJC-03)
sampled from one of the till pits (996002; Dixon-Warren
and Hickin, this volume) south of the highway. Elevated
levels of copper (132 ppm), cobalt (27.4 ppm) and anti-

mony (24.2 ppm INA) were obtained. Dixon-Warren
(this volume) reported only background concentrations of
copper in till pits north and south of the highway. Dis-
persal patterns, if any, of copper-bearing till from this lo-
cality may never be conclusively established, as the orien-
tation of the Alaska Highway here is approximately
parallel to the glacial transport direction (Dixon-Warren
and Hickin, 2000).

Teslin Lake Border Area

(NTS 104N/16; MINFILE 104N 135)

T h r e e g r a b s a m p l e s o f g o s s a n o u s b e d r o c k
(99-SJC-06 to -08) were obtained on the east shore of
Teslin Lake. The most interesting results are from a site
about 3 kilometres south of the Yukon border, where a
grab sample (99-SJC-07) from an approximately 1
metre-wide pyrite-rich zone of altered limonitic schist re-
turned highly elevated concentrations of gold (338 pppb)
and arsenic (308 ppm), along with elevated antimony (4.7
ppm) and silver (0.4 ppm). These were determined by
INA on a 33.59 gram sample. A comparable result of 309
ppb gold was also determined directly by aqua regia di-
gestion - ICP-MS on a separate 1 gram split, suggesting
that the gold present in the rock occurs in a very
fine-grained form. No chalcopyrite was observed, as re-
flected in the very low copper content (7 ppm) of the sam-
ple. INA reanalysis of the remaining pulverized sample
material (22.46 gram sample) returned corroboratory
concentrations of 350 ppb gold, 325 ppm arsenic and 5.7
ppm antimony. A split of the original crushed sample ma-
terial is presently being reanalyzed by fire assay methods
at a second laboratory.

In the remaining cases, a grab sample of pyritic
quartz-veined garnet mica schist (99-SJC-06) obtained
from the northern end of the lake shore outcrop belt
(Mihalynuk et al., 1998) returned moderately high ar-
senic levels (43.1 ppm INA), but only background con-
centrations of copper (39 ppm) and cobalt (5.7 ppm). An-
other grab sample of limonitic rock (99-SJC-08) from the
vicinity of a prior assay site of Mihalynuk et al. (1998)
yielded elevated levels of copper (148 ppm), cobalt (28.1
ppm), silver (0.35 ppm), arsenic (62.8 ppm INA) and anti-
mony (4.6 ppm INA), somewhat lower than earlier-re-
ported results of 2.2 per cent copper and 28 ppm silver.
Relatively high levels of cerium (56-105 ppm INA) and
lanthanum (31.6-59.4 ppm INA) occur in all three rocks.
Barium concentrations are in the range 440-610 ppm
(INA).

METALLOGENY OF YUKON-TANANA
TERRANE VMS DEPOSITS:
APPLICATIONS TO GEOCHEMICAL
EXPLORATION IN THE BIG SALMON
COMPLEX

Volcanogenic massive sulphide deposits are typi-
cally polymetallic and high grade but often areally small.
They present a more difficult geochemical exploration
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target in glaciated regions relative to, for example, por-
phyry copper deposits, which are associated with large
hydrothermal alteration systems. An understanding of
the geological and mineralogical characteristics of VMS
deposits in general as well as those found elsewhere in the
Yukon-Tanana Terrane is a necessary prerequisite for
successful geochemical exploration in the Big Salmon
Complex. Each deposit type has geochemical signatures
related to host rock geology, alteration type and sulphide
ore mineralogy which can be used in locating the dis-
persed remnants of the deposits in the surficial environ-
ment. Kuroko-type copper-lead-zinc VMS deposits typi-
cally have thin chert or barite exhalative horizons at
upper levels and at peripheries, and have footwall alter-
ation zones with quartz, sericite or chlorite zoning out-
wards to clay minerals, albite and carbonate (Hoy, 1995).
They may have multi-element geochemical signatures
with elevated levels of copper, zinc, lead, barium, silver,
gold and other elements. Cyprus-type copper VMS de-
posits in mafic volcanics typically show iron and manga-
nese enrichment of footwall stringer zones and may have
overlying exhalative horizons of iron-rich mudstone or
chert (Hoy, 1995). These deposits may also have a sim-
pler sulphide mineralogy and a more limited copper-zinc
geochemical signature.

Metallogeny of Yukon-Tanana Terrane VMS
Deposits

Volcanogenic massive sulphide deposits and pros-
pects occur in three main areas of the Yukon-Tanana
Terrane other than the Big Salmon Complex (Hunt,
1997): the Finlayson Lake area (YT), the Dawson-Alaska
border area (YT) and the Delta district of eastern Alaska.
In the latter case, for instance, Devonian metavolcanic
and metasedimentary rocks of the Delta district host more
than 35 generally Kuroko-type copper-lead-zinc VMS
deposits (Lange et al., 1993). During the 1990’s, explora-
tion of the Finlayson Lake belt has uncovered several new
copper-zinc-lead massive sulphide deposits, including
the Kudz Ze Kayah (KZK), Wolverine, Fyre Lake, and
Money deposits. Exploration of the Finlayson Lake belt
is at a more advanced stage than in the Big Salmon Com-
plex. The following section outlines their distinctive geo-
logical features and the geochemical exploration meth-
ods used to help discover them, and offers some
preliminary suggestions for geochemical exploration in
the Big Salmon Complex.

Finlayson Lake belt VMS deposits occur primarily
within the ‘middle package’ of the Yukon-Tanana
Terrane: Late Devonian to mid-Mississippian Nasina As-
semblage quartzite, schist, marble and metavolcanic
rocks and their equivalents, (Hunt, 1997). The two larg-
es t , Kudz Ze Kayah (KZK) and Wolver ine , are
Kuroko-style VMS deposits within Early Mississippian
felsic metavolcanic and carbonaceous sedimentary
rocks. KZK (11 million tonnes grading 5.9% Zn, 0.9%
Cu, 1.5% Pb, 130 grams per tonne Ag and 1.3 grams per
tonne Au; Burke, 1999) and Wolverine (6.2 million
tonnes grading 12.7% Zn, 1.3% Cu, 1.5% Pb, 371 grams

per tonne Ag and 1.76 grams per tonne Au; Burke, 1999)
are characterized by relatively fine- to medium-grained
pyrite-sphalerite-chalcopyrite-galena massive sulphide
mineralization. High silver grades and selenium content
are present at Wolverine. The Fyre Lake deposit (Kona
deposit) is a Besshi-type copper-cobalt-gold deposit
within a chlorite schist host (Blanchflower et al., 1997;
Hunt, 1997). Mineralization occurs as massive py-
rite-pyrrhotite with subordinate chalcopyrite-sphalerite.
The Money copper-zinc prospect is hosted by similar, but
less metamorphosed, pillow basalt (Hunt, 1997), and may
be either a Besshi or Cyprus-type VMS occurrence. The
Eldorado prospect comprises massive sulphides,
pyrrhotite-pyrite stringers and quartz-arsenopyrite lenses
in black shale, argillite and phyllite (Hunt, 1997). Several
additional VMS prospects, Ice, Mamu and Wolf, also oc-
cur in the Pelly Mountains volcanic belt (Hunt, 1997),
which may be correlative with Yukon-Tanana rocks.

Some Geological Similarities: Host Rocks,
Alteration Mineralogy and Ore
Geochemistry

A common feature of several Finlayson Lake belt de-
posits, other than KZK, is their proximity to siliceous iron
formation marker horizons interpreted to be exhalative in
origin. The Wolverine deposit is associated with a sili-
ceous exhalite and baritic magnetite iron formation
(Murphy and Piercey, 1999). At Fyre Lake, massive sul-
phide float boulders and coincident soil geochemical and
geophysical anomalies are spatially associated with sev-
eral horizons of stratiform iron formation. These hori-
zons, hosted by metamorphosed mafic volcanic and
volcaniclastic rocks, have inferred surface traces over 3.2
kilometres in the Kona Creek cirque (Blanchflower et al.,
1997). At the Wolf deposit, a semi-massive barite/car-
bonate exhalite zone occurs stratigraphically just above
the overturned massive sulphide zone (Gibson et al.,
1999). At Mamu, fragmental felsic metavolcanics con-
tain pyrite-bearing horizons which weather to prominent
gossans. The pyritic cherts or tuffs here are also thought
to represent exhalative horizons (Doherty, 1997).

Direct comparisons of alteration and sulphide miner-
alogy between the Finlayson Lake belt and Big Salmon
Complex are more difficult to make because of the rela-
tively few prospects known south of the Yukon border.
With regard to alteration, Mg-chlorite footwall alteration
zones envelope pyrite-chalcopyrite-pyrrhotite stringer
mineralization at Wolverine (Tucker et al., 1997). Sul-
phide ore zones of Finlayson Lake area deposits such as
KZK and Wolverine are characterized by high silver and
selenium concentrations, and soil profiles at the
Arsenault prospect have relatively high levels of sele-
nium.
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Geochemical Exploration for VMS Deposits
in the Finlayson Lake Belt

Stream sediment and soil geochemical methods to-
gether with surface indications of mineralized float
played a major role in exploration of the Finlayson Lake
belt. The discovery of KZK by Cominco resulted from the
follow-up, in 1992 and 1993, of anomalous zinc, lead and
copper results from an NGR stream sediment survey
which had been conducted by the Geological Survey of
Canada in 1988 (Northern Miner, 1997). Elevated soil
geochemical results, together with the 1993 discovery of
mineralized sulphide float, led to the geophysical and
drilling programs which outlined the deposit. Interest-
ingly, an earlier low-density regional stream sediment
survey conducted by Cominco in the late 1970’s had
failed to locate the deposit (Northern Miner, 1997). Initial
reconnaissance exploration by Atna Resources, which led
to the 1995 discovery of the Wolverine deposit, was also
based on government regional geochemical data (North-
ern Miner, 1995). Drilling of subsequent multi-element
soil geochemical anomalies led to the discovery of the de-
posit (Tucker et al., 1997). NGR stream sediment geo-
chemical signatures around KZK, Wolverine and related
deposits were reported by Hunt (1998a).

Soil geochemical results, discovery of surface sul-
phide float and, in some cases, the position of natural veg-
etation ‘kill zones’ (Northern Miner, 1995; Hunt, 1998b)
have also been instrumental in the discovery and develop-
ment of other deposits in the Finlayson Lake belt. Doherty
(1997) stated that elevated molybdenum in soils is consid-
ered to be an indicator of felsic-hosted VMS mineraliza-
tion in the area. At Fyre Lake, a large massive sulphide
boulder found in 1960 on an esker near the south end of
Fire Lake led to the original discovery of outcropping
mineralization in Kona Creek (Blanchflower et al.,
1997). Massive sulphide float and coincident soil geo-
chemical anomalies here were spatially associated with
s e v e r a l h o r i z o n s o f s t r a t i f o r m i r o n f o r m a t i o n
(Blanchflower et al., 1997). Ferricrete was also reported
from nearby creeks (Hunt, 1997). At the Money deposit,
elevated copper (>100 ppm) in soils parallel prospective
stratigraphy for several hundred metres, and pyritic sul-
phide boulders occur as float in adjacent Boulder Creek.
According to Hunt (1997), the Cyprus-type Ice property
was discovered from a single 2000 ppm copper in soil
anomaly.

There is considerable scope for the use of other geo-
chemical methods in the Big Salmon Complex, including
l i t h o g e o c h e m i s t r y a n d v e g e t a t i o n s a m p l i n g .
Lithogeochemical sampling was considered by Sebert
and Hunt (1999) to be a useful tool in discriminating
chlorite schist hosting mineralization at the Fyre Lake de-
posit from barren chlorite schist units. They stated that
chlorite schist hosting the Kona zones originated from a
boninitic protolith, distinctive from the tholeitic nature of
other mafic metavolcanics of the area. Relative to other
chlorite schist units, the Kona Cirque chlorite schist host
exhibits a relatively distinctive major and trace element

geochemical signature (higher MgO, SiO2, Cr; lower
TiO2, Zr) and a distinctive rare earth element (REE) pat-
tern. A more comprehensive lithogeochemical study by
Piercey et al. (1999), results of which are beyond the
scope of this paper, outlined four volcanic rock units in
the Finlayson Lake area as being most prospective for
h o s t i n g V M S m i n e r a l i z a t i o n . I n c o n t r a s t t o
lithogeochemistry, there is little published information on
the use of biogeochemical exploration methods in the Yu-
kon-Tanana Terrane. Biogeochemical orientation studies
were conducted at two Yukon sites by Hunt et al. (1997):
Matson Creek, and Bradens Canyon south of Dawson. At
Matson Creek, an unglaciated area, black spruce twig
geochemical results for copper, zinc, silver, cadmium and
lead are generally coincident with B-horizon soil geo-
chemical anomalies associated with known mineraliza-
tion. At the glaciated Bradens Canyon site, however, twig
geochemical results for mostly white spruce were of
background levels only. They did not correlate with either
paired soil sample results or with anomalous concentra-
tions of lead, zinc, copper and other elements in NGR
stream sediments.

Soil geochemistry and surface prospecting have been
used successfully in the Finlayson Lake belt, but much of
the area where the deposits occur are bedrock-dominated
with only thin till and colluvial veneers (Jackson, 1994).
Thin soils are more likely to reflect the presence nearby
mineralization than are thick tills, where glacial dispersal
distances are typically greater. There is little detailed ori-
entation study information available on surficial materi-
als, soil types and glacial dispersal distances here which
might be applied to till-covered parts of the Big Salmon
Complex.

SUMMARY AND RECOMMENDATIONS

Geochemical studies were conducted in several lo-
calities near regionally anomalous RGS watersheds,
known mineral prospects and felsic volcanic units during
the 1999 field season. Preliminary results are limited here
to those obtained for soil profiles and rocks. Colluvial soil
profiles at the Arsenault copper prospect contain highly
elevated levels of copper, molybdenum and selenium,
among other elements. Till and colluvial soil profiles near
exposures of barium-rich exhalative crinkled chert units
contain elevated barium concentrations which, in tills,
generally increase down profile.

Preliminary recommendations are given here for
VMS geochemical exploration in the Big Salmon Com-
plex (Table 9). They are based on limited data available at
time of writing, and are derived in part from general geo-
logical characteristics and geochemical signatures of
Kuroko-style VMS deposits (e.g. Hoy, 1995), and from
those characteristics of the Finlayson Lake belt deposits
in particular. Recommendations are modified from those
of Allan et al. (1972) who, with reference to lake sediment
geochemical exploration in the Slave Province, proposed
that various scales of geochemical exploration (e.g. re-
gional to detailed) for Archean polymetallic massive sul-
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phide deposits in the Canadian Shield follow hierarchical
geochemical indicators related to geology, alteration and
mineralogy of progressively smaller target areas:

� favourable felsic volcanic belts

� exhalative sedimentary rocks

� VMS alteration assemblages

� VMS sulphide mineral zones

More comprehensive recommendations will be pre-
pared at a later date. Any sampling plan, particularly for
regional-scale surveys, should consider the relatively
small areal extent of VMS deposits and use a greater sam-
pling density than might be used for, for example, por-
phyry copper deposit exploration. Modern multi-element
analytical techniques such as ICP-MS provide a much
wider range of useful elements than were available to
explorationists previously, when often only a few ele-
ments such as copper and molybdenum were routinely
determined.

PROPOSED FUTURE WORK

Future studies and survey work will involve both of-
fice and field components, and will focus on i) thematic
compilation projects, ii) continued deposit-scale geo-
chemical studies, iii) release of RGS archive data, and iv)
collection and release of new RGS data:

i) Continued compilation and interpretation of existing
RGS data for adjacent terranes in northern British Co-
lumbia, notably a) those parts of the southeastern
Dorsey Terrane recently mapped by Nelson (this vol-
ume) and, b) those areas underlain by Slide Mountain
Terrane and northern Cache Creek Terrane rocks across
six 1:250,000 map areas (NTS 104I, K, M, N, O, P).
There is considerable potential for new VMS discover-
ies in these relatively unexplored parts of the province.
The Slide Mountain Terrane hosts the Ice deposit in the
southern Yukon as well as the Lang Creek showing
(MINFILE 104P 008) in northern British Columbia. In

the Cache Creek Terrane, Permo-Triassic bimodal
mafic-felsic volcanics and subordinate sedimentary
rocks host the Kutcho Creek (MINFILE 104I 060) cop-
per-zinc deposit (Childe and Schiarizza, 1997; Barrett et
al., 1996). The VMS potential of parts of the Cache
Creek Group has also been highlighted by recent map-
ping of rhyodacite units within the French Range For-
mation (Mihalynuk and Cordey, 1997). Thematic RGS
geochemical maps will be prepared for each terrane to
highlight those elements typically associated with VMS
deposits and their host rocks.

ii) Continuation of geochemical case studies in the Big
Salmon Complex, and new case study investigations of
geochemical dispersal at VMS and other prospects in
the Dorsey, Cache Creek and Slide Mountain Terranes.

iii) Release of new RGS stream sediment archive data for
the Atlin (NTS 104N), Jennings River (NTS 104O) and
McDame (NTS 104P) map areas is planned for early
summer, 2000.

iv) Stream sediment-lake sediment RGS coverage is pro-
posed for the Dease Lake (NTS 104J) map area, the last
remaining unsurveyed area in the region. Completion of
RGS coverage there would provide necessary regional
data to evaluate the VMS and Pogo-style deposit poten-
tial of the area, and allow completion of thematic geo-
chemical maps for the Cache Creek Terrane.
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Ancient Pacific Margin Part VI
Still Heading South: Potential VMS Hosts in the Eastern Dorsey Terrane,

Jennings River (104O/1; 7, 8, 9, 10)

By JoAnne Nelson

KEYWORDS: Mississippian, Dorsey Terrane, Yukon
Tanana Terrane, northern British Columbia, volcanogenic
massive sulphides.

INTRODUCTION

The goal of this project is to trace out, within central
northern B.C., stratigraphy favorable to the formation of
Early Mississippian volcanogenic massive sulphide de-
posits similar to Kudz Ze Kayah, Wolverine, and Fyre

Lake, which are hosted by the Yukon-Tanana Terrane in

the Finlayson Lake belt of central Yukon. Begun in 1997,

the project has focussed on two areas, the eastern Dorsey

Terrane near the headwaters of the Cottonwood River in

central Jennings River map area (Figure 1; Nelson et al.,

1998a, Nelson, 1999), and the Big Salmon Complex

(Mihalynuk et al., 1998 and this volume). Fieldwork in

the eastern Dorsey Terrane in 1999 extended the area of

coverage south into 104O/1, and taking advantage of the

expertise and logistical support provided by the new An-
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cient Pacific Margin Natmap Project, completed the area
covered in 1997-98 with specialized, problem-oriented
traverses. A map covering parts of 104O/7, 8, 9 and 10 is
now published as an open file (Nelson et al., 2000). This
report first summarizes the results of a month’s new field
mapping in 104O/1, and then presents new field and geo-
chronological data that modify and refine geological in-
terpretations from the the 1997-98 map area.

In the central Jennings River map area, the well-ex-
posed basal contact of the Dorsey Terrane rests structur-
ally on metamorphosed basinal strata of the Cassiar
Terrane, the western edge of the North American passive
continental margin (Nelson et al., 1998). Following the
usage of Harms and Stevens (1996) the eastern and cen-
tral Dorsey Terrane has been divided into four assem-
blages (Figure 2). From most easterly and structurally
lowest they are: the Ram Creek, Dorsey, Swift River and
Klinkit assemblages. It should be pointed out that the
Dorsey Assemblage is a sub-unit of the Dorsey Terrane.

The Ram Creek Assemblage, previously designated
the “greenstone-intrusive unit”, is confirmed to be of
Mississippian age on the basis of three new U/Pb ages on
quartz-sericite schist and tonalite. It is interpreted as a
Mississippian arc edifice, with a varied volcanic to
epiclastic suite ranging from andesite to dacite and rhyo-
lite, accompanied by limestone patch reefs and basinal
chert/tuff sequences, all intruded by coeval intermediate
plutons. It is comparable to the suite of rocks that hosts
VMS deposits in the Yukon-Tanana Terrane near
Finlayson Lake, Yukon (Mortensen and Jilson, 1985;
Hunt, 1997; Murphy and Piercey, 1999, 2000).

The Dorsey Assemblage, the “metasediment-amphi-
bolite unit”, like the Ram Creek Assemblage, is intruded
by early Missisippian intermediate to felsic plutons. Un-
like the Ram Creek, protoliths and the record of metamor-
phic/tectonic events in it also predate the early Mississip-
pian. Penetrative ductile fabrics in quartzite and metatuff
are cut by the intermediate to felsic intrusions, and
eclogite facies metamorphic assemblages are overprinted
by those formed at amphibolite grade. The Dorsey As-
semblage is overlain structurally by the “metachert-
metatuff-phyllite unit”, which is assigned to the Swift
River Assemblage. This assemblage, which also includes
the “dark phyllite-quartzite-marble unit” and the
“phyllitic metasedimentary unit” southwest of Parallel
Creek (Figure 2), shows lower metamorphic grades and
somewhat less intense penetrative deformation than the
upper Dorsey assemblage. A large body of limestone and
associated mafic metatuff and chert overlies metachert
and phyllite of the Swift River Assemblage in the north-
western corner of the map area (Figure 2). This “lime-
stone-tuff-chert unit”, considered part of the Klinkit As-
semblage, lies on strike with Klinkit limestones north of
Klinkit Lake (unit 11g, Gabrielse, 1969).

Mapping in 1999 extended into the southwestern
Dorsey Terrane. Greenstones in the mountains southeast
of Tuya Lake, tentatively assigned to the Triassic
Shonektaw Formation by Gabrielse (1969), strongly re-
semble metabasalts of the Big Salmon Complex east of

Teslin Lake (Mihalynuk et al., this volume). The green-
stones near Tuya Lake are separated by a Late Cretaceous
granite from lower Dorsey Assemblage metamorphic
rocks (Figure 2, 3).

MAPPING IN SOUTHEASTERN
JENNINGS RIVER (104O/1)

Mapping of a part of 104O/1 (between the Cotton-
wood River and Tuya Lake; Figure 3) in 1999 tested
strike continuity of units identified in 1997-1998 map-
ping farther north (Figure 2), and established a partial
east-west cross section of the southern Dorsey Terrane.
From east to west the following units are exposed: Earn
and McDame group equivalents of the westernmost
Cassiar Terrane; highly deformed metadiorite; a meta-
morphic complex of quartzite, grit and pelite with minor
ultramafites and metabasites that resembles the lower
part of the Dorsey Assemblage; and metabasalts similar
to those of the Big Salmon Complex. All of these units are
juxtaposed across high-angle faults. In the valley of the
Cottonwood River, major northwest-trending faults are
accompanied by gently plunging lineations in nearby out-
crops. They are probably splays of the Cassiar fault.

North American Marginal Strata
(Earn and McDame Groups)

Outcrops along and east of the Cottonwood River are
dominated by dark grey to black phyllite and argillite,
with lesser dark grey grit and limestone. These rocks are
assigned to the Earn Group based on lithologic similarity
to its exposures along strike to the north, except for one
band of pure grey limestone that may represent the
McDame Group. It occurs as a relatively wide, north-
west-trending antiformal hinge zone that is best exposed
along the banks of the Cottonwood River just below its
confluence with Ed Asp Creek (Figure 3). Earn Group ex-
posures typically weather very rusty, due to finely dis-
seminated pyrite. Small grains of andalusite indicate that
these rocks have been metamorphosed at low to moderate
pressures, like the Earn Group and underlying strata near
the headwaters of the Cottonwood River (Nelson et al.,
1998).

One small subcrop of yel low-white , pyri t ic
chert-barite exhalite was discovered on the northeastern
shore of Scaup Lake, a small lake 2 kilometres east of the
Cottonwood River (Figure 3). A representative grab sam-
ple contains 23,000 ppm (2.3%) barium, along with
somewhat anomalous copper (80 ppm) and zinc (154
ppm, INAA; Table 1). The presence of such exhalites al-
lies these rocks with those on the COT claims 5 kilo-
metres south of the Cottonwood River headwaters, where
baritic exhalites and anomalous base metals are a recur-
rent feature within the Earn Group (Nelson, 1997).
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Deformed Metadiorite: Ram Creek
Assemblage?

Along the Cottonwood River canyon near Ed Asp
Creek, Earn Group phyllites and argillites lie in fault con-
tact with a lensoid body of dark green, coarse grained,
highly foliated and lineated metadiorite (Figure 3). Its ap-
pearance in outcrop is distinctive, with dark green
actinolite and biotite streaks standing out in a paler green
matrix. This lensoid body can be traced over 5 kilometres

in strike length, but is only 500 metres across. Its western

contact is a fault against metamorphic rocks of the Dorsey

Assemblage. The metadiorite is somewhat variable in

texture and composition, ranging from very dark green

metagabbro to lighter, more felsic diorite. Mafic minerals

have been replaced by elongate smears of actinolite, per-

haps due to strike-slip motion on its bounding faults. It re-

sembles metadiorites and metatonalites of the Ram Creek

Assemblage near the headwaters of the Cottonwood

River.
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Dorsey Assemblage

Metamorphic rocks occupy most of the mapped area
between the Cottonwood River and North Creek (Figure
3). This unit is a fairly monotonous sequence of quartzite,
pelite, and grit, including about 2% ultramafite and gar-
net amphibolite as small lenses and thin tabular bodies
(Figure 2, 3). The sequence has undergone Barrovian
metamorphism, with biotite-muscovite- plagioclase+
kyanite+sillimanite developed in pelites and quartzites,
and coarse tremolite-talc in ultramafites. These thor-
oughly metamorphosed rocks retain little of their
protolith textures, and distinctions between, for instance,
granite and grit, are not trivial. All but a possible few of
the quartz-plagioclase-mica layers are interpreted as
grits, based on the paucity of plagioclase (typically
5-15%), and by their repetitive interlayering with
muscovitic quartzite. Photo 1 shows a particularily con-
vincing example of a quartz-pebble conglomerate from
the siliciclastic sequence.

Ultramafites and garnet amphibolites form a minor
but persistent and characteristic part of the package, oc-
curring as tabular bodies and lenses parallel to layering in
the metasediments. The ultramafic bodies are thin but lat-
erally continuous: the longest has a strike length of 3

kilometres. In one ridge-top exposure, ultramafite con-
tains a texturally intact gabbro pegmatite body with
comb-textured hornblendes up to 10 cm long. The
ultramafites and amphibolites have undergone the same
metamorphic and deformational history as the surround-
ing metasediments; thus their emplacement or juxtaposi-
tion must have been a relatively early stage event.

Metamorphism

Garnets are ubiquitous, accompanied by calcic
plagioclase (An 30-50), biotite and muscovite in the
metamorphosed siliciclastic rocks, and by dark green
hornblende±biot i te in the garnet amphibol i tes .
Ultramafites are coarse grained assemblages of radiating
tremolite and interstitial talc. Bright green actinolite in
talc, and massive biotite form discontinuous “blackwall”
at their margins.

Kyanite is rare in the metasediments. It forms prisms
and, in one sample, strained, recrystallized aggregates
with irregular extinction. All kyanite is pre-kinematic,
deeply corroded and heavily mantled with muscovite
(Photo 2). By contrast, fibrolitic sillimanite grows within
syn-kinematic muscovite as well-oriented sheafs and
bundles. It also forms sprays of radiating fibres that cut
across the foliation. In one key sample, 99JN9-3A, fibro-
lite is deformed by, and also grows within, top-to-the-east
shear bands (Photo 3; location on Figure 3). The succes-
sion of kyanite to sillimanite indicates pressure-tempera-
ture conditions above the aluminosilicate triple point.

Garnet amphibolites contain pre-kinematic garnet,
synkinematic hornblende and in some samples, biotite,
plagioclase, and blobby sphenes with tiny relict rutile and
ilmenite grains in their cores. In once instance,
clinopyroxene is present. These strongly resemble the
garnet amphibolites elsewhere in the lower Dorsey As-
semblage (Nelson 1999), which are now considered to
represent retrograde metamorphism of original eclogite
facies assemblages. As is the case farther north, amphibo-
lite-grade metamorphism was complete prior to the juxta-
position of these rocks with the greenschist-grade
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Element Au Ag Cu Pb Zn Zn As Ba Ca Co Cr Fe Rb Sb Sc La Ce

Units PPB ppm ppm ppm ppm PPM PPM PPM % PPM PPM % PPM PPM PPM PPM PPM

Method INA AICP AICP AICP AICP INA INA INA INA INA INA INA INA INA INA INA INA

Lab. ACT ACM ACM ACM ACM ACT ACT ACT ACT ACT ACT ACT ACT ACT ACT ACT ACT

Dect'n Limit 2 0.3 1 3 1 50 0.5 50 1 1 5 0.02 15 0.1 0.1 0.1 3

99JN1-4 -2 1.6 80 5 111 154 4.2 23000 5 19 251 3.69 98 1 30.4 21.2 34

Notes

Analysis of steel milled @ GSB. Sample. Fe (200-300 ppm) and Cr contamination possible

INA - Thermal neutron activation analysis

ACT - ActLabs, Ancaster, Ontario.

AICP = Aqua regia digestion-ICPES

ACM = ACME Analytical

BAL - Balance

TABLE 1
ANALYSIS OF ROCK SAMPLE OF SILICA-BARITE EXHALITE, SCAUP LAKE

Photo 1. Quartz-pebble conglomerate from a quartzite-grit
succession in the Dorsey Assemblage near Ed Asp Lake.
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Photo 2. Early kyanite and later sillimanite in metamorphosed impure grit, Dorsey Assemblage near Ed Asp Lake (Field of view 2 X 4 mm).

Photo 3. Top-to-the-east shear bands involving metamorphic sillimanite from locality southeast of Ed Asp Lake (Field of view 2 X 4 mm).



metatonalite and the Earn Group, which contains meta-
morphic andalusite.

Interpretation

The metamorphic sequence in 104O/1 between the
Cottonwood River and North Creek is assigned to the
lower Dorsey Assemblage, based on its metamorphic
grade and the presence of garnet amphibolite and
ultramafite. Although minor exposures of pelite and
quartzite with garnet amphibolite occur near the base of
the Dorsey Assemblage between 3 and 12 kilometres
south of the Cottonwood River headwaters, this broad re-
gion of dominantly coarse, silicicliclastic sediments is
unusual in the Dorsey Assemblage and indeed in the
Dorsey Terrane as a whole. The area is also anomalous in
the widespread preservation of original metamorphic as-
semblages. The chlorite overprint that is pervasive far-
ther north is not developed here, and thus these rocks pro-
vide a window into the early high-grade metamorphic
history of the Dorsey Assemblage.

The association of coarse siliciclastic metasediments
with minor, thin, layer-parallel ultramafic to mafic bodies
poses a conceptual problem. Are the ultramafites and
metabasites mantle materials that mark thrust faults? In
this case, why does the rock sequence not change across
them? What tectonic environment is being telescoped:
one of pure quartzite and grit deposited across an
ophiolitic basement? Alternatively, could the ultra-
mafites and garnet amphibolites have been sills and dikes
within a continental sequence, as described within the
Late Proterozoic Horsethief Creek Group by Sevigny
(1988)? Petrochemical studies in progress will give clues
to the origin of these rocks.

Big Salmon Complex?

Dark green metatuffs on the southwestern side of
North Creek are separated from the Dorsey Assemblage
by an elongate, northwesterly striking granite body. Al-
though this unit was tentatively assigned to unit 17, the
Shonektaw Formation, by Gabrielse (1969), it bears little
resemblance either in original volcanic textures and min-
eralogy, or in metamorphic and structural history to typi-
cal Shonektaw exposures. Protoliths for these rocks were
a monotonous sequence of laminated tuffs, some with
very small plagioclase crystals. Conspicuously absent are
the augite phenocrysts so typical of Triassic volcanics of
Quesnellia. Layering in the tuffs has been transposed, and
the transposition fabric outlined by actinolite, albite,
epidote and chlorite is itself refolded. Yellow-green
stripes of epidote subparallel to compositional lamina-
tions are common.

The metatuffs are intruded by small bodies of gab-
bro-diorite with highly variable composition and texture.
They range from pegmatitic to diabasic, from seriate por-
phyritic to coarse-grained equigranular, and from
hornblende-dominated to equal abundance of hornblende
and plagioclase. These variations occur over as little as a
few metres. The intrusive rocks are foliated, but they

cross-cut the intense transposition fabric of the metatuffs.
They in turn are cut by unfoliated, fine grained, acicular
hornblende-phyric andesite dikes. The gabbro-diorite
and acicular hornblende porphyries are texturally like
Triassic and Jurassic intrusive rocks seen elsewhere in the
Dorsey Terrane, as well as in Quesnellia. They also re-
semble gabbros near Logjam Creek in northern Jennings
River area, which are now known to be early Mississip-
pian (Gleeson et al., this volume). If either correlation is
correct, then the metatuffs are most likely Paleozoic,
since they were deformed and metamorphosed prior to
emplacement of the intrusions.

The laminated and epidote-striped textures of the
metatuffs are like those of the greenstone unit of the Big
Salmon Complex near Logjam and Two Ladder Creeks
(Mihalynuk et al., 1998). Mapping in 1999 (Mihalynuk et
al., 2000) has shown that this unit extends at least as far
south as the Jennings River and east to Butsih Creek (lati-
tude 59o30’), roughly on strike with the North Creek
metatuffs. It is possible that the greenstone unit lies along
the southwestern margin of the Dorsey Terrane through-
out the Jennings River map area. In northern Jennings
River and Wolf Lake map areas this unit is highly pro-
spective for volcanogenic massive sulphide deposits
(Roots et al., 2000; Mihalynuk et al., this volume). It
hosts occurrences of quartz-sericite schist, some accom-
panied by multi-element soil geochemical anomalies (Ed
Balon and Wojtek Jakubowski, personal communication
1998, 1999), and it is directly overlain by manganese-bar-
ium-bearing, metamorphosed siliceous exhalite, the crin-
kled chert unit of Mihalynuk et al. (1998).

Although it is now invaded by a Late Cretaceous
granite, the precursor contact between the greenschist-fa-
cies metatuff unit and the amphibolite grade siliciclastic
Dorsey Assemblage is interpreted to have been a steep
west-side-down fault.

Late Cretaceous granite

Both the Dorsey Assemblage and metatuff unit are
intruded by granitic plutons, apophyses of the Parallel
Creek batholith (Gabrielse 1969). This body has yielded a
biotite K-Ar age of 78+4 Ma (GSC 67-14). The granite is
medium grained, mostly equigranular, with biotite and
muscovite. It is unfoliated to very weakly foliated; its
apophyses interfinger extensively with the metamorphic
country rocks. The granite body at the head of North
Creek has a gently convex upper contact that has domed
the layered rocks above it (Figure 3 and cross section 4c).
Structural attitudes in the Dorsey Asemblage are de-
flected to northeasterly to the south of this dome, indicat-
ing forceful diapiric emplacement of the intrusion.

Structure

The gross structure of 104O/1 differs from that far-
ther north (see Nelson, 1999, and discussion in following
section of this paper). Near the headwaters of the Cotton-
wood River, layered rocks overall dip gently to moder-
ately southwest and major thrust contacts are less steep
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than layering within units (Figure 4 A-A’ and B-B’). The
Ram Creek and Dorsey/Swift River/Klinkit assemblages
form a gently southwest-dipping stack, a geometry that
reflects their emplacement as allochthons onto the margin
of the Cassiar Terrane. By contrast, layered sequences of
Cassiar Terrane and Dorsey Assemblage in 104O/1 form a
set of homoclinal, steep northeasterly dipping panels
(Figure 4, C-C’-C’’). Intact, top-to-the-east shear sense
indicators near the base of the Dorsey Assemblage in
104O/1 (Figure 3, photo 3) suggest that this configuration
represents the overturning of a once gently-dipping
east-verging thrust sequence like that shown in Figure 4,
sections A-A’ and B-B’.

Minor structures were formed during two phases of
deformation. Geometrically these show identical expres-
sions in the North American rocks, the metadiorite, and
the Dorsey and Big Salmon(?) assemblages. D1 created
transposition fabrics in all of the units, isoclinal
intrafolial folds, and mineral lineations. Although no ma-
jor D1 folds are recognized, the great apparent thickness
of Dorsey Assemblage metasediments, and converging
trends of some of the ultramafic bodies suggest that they

are present (Figure 3). Minor linear elements show a con-
tour density peak at 331o/15o and a subsidiary peak of
steep westerly plunges at 270o/75 o(Figure 5). Streaky bi-
otite lineations in the sample in which fibrolite displays
top-to-the-east shear (Photo 3) belong to the steeply
plunging population, with an orientation of 266o/66o.

Actinolite and biotite streaks in the metadiorite ex-
posed along the Cottonwood River (Figures 3 and 5)
plunge gently to the northwest. They are geometrically
and mineralogically like D1 linear structures; however
their intense development in proximity to cataclastic
zones interpreted as major steep faults suggests that they
may have developed during late transcurrent motion. No
kinematic indicators were observed associated with them.

The second deformational event, D2, folds the trans-
position fabrics. Outcrop-scale open to close folds are
common in quartzites of the Dorsey Assemblage. A
mountain-scale open synform affects the Big Salmon(?)
greenstone southwest of North Creek. McDame Group(?)
limestone is exposed in an open antiformal culmination
cut by the Cottonwood River. Minor folds show a well-de-
veloped contour density peak at 322o/06o. Southwesterly
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Photo 5. Photomicrograph of quartz-phyric quartz-sericite schist in the upper Ram Creek Assemblage (Field of view 2 X 4
mm).

Photo 4. Southwest-verging outcrop-scale fold in Dorsey Assemblage quartzites (D2).



vergences dominate in the Dorsey Assemblage (Photo 4).
Thin, weakly foliated granite sills are affected by the D2

deformational event. One of them was collected for ura-
nium-lead dating.

D2 is not recognized along strike farther north along
the Cottonwood River. The southwesterly vergences as-
sociated with it may relate to the inferred post-accretion
southwesterly overturning of the sequence that makes the
cross section in this area so different from those farther
north (Figure 4). The cause for this difference is unclear.
It could have arisen from local transpression related to the
regional Cassiar Fault.

NEW DATA AND INTERPRETATIONS
RELEVANT TO 1998 MAP AREA
(104O/ 7, 8, 9, 10)

The joint field program afforded by the Ancient Pa-
cific Margin Natmap in August 1999 brought a strong sci-
entific team to bear on some of the outstanding geological
problems in the 1998 map area. New radiometric data ob-
tained in 1999 have strengthened our interpretations of
some of the map units, in particular the potentially eco-
nomically significant Ram Creek Assemblage. These
new results and conceptual advances are summarized
here, as an update to Nelson (1999) and accompaniment
to the open file map (Nelson et al., 2000).

Ram Creek Assemblage

The Ram Creek Assemblage has two main outcrop
areas, one south of the bend in the Little Rancheria River
at the northern end of the map area, and one immediately
west of the lake at the headwaters of the Cottonwood
River (Figure 2). Pyritic quartz-sericite schist, with relict
quartz and plagioclase phenocrysts, forms a significant
part of both of these exposures. Samples were collected
by J. Mortensen for uranium-lead dating in 1998. The
northern quartz-sericite schist is 320-325 Ma with a max-
imum probable age of 336±4 Ma; the southern one is
334±6 Ma (Richard Friedman, personal communication
1999). These two dates are essentially coeval, and repre-
sent a previously unrecognized late Mississippian felsic
volcanic event in the area. This event has several regional
parallels, including tuffs near Mt. Francis in the upper
part of the Big Salmon Complex (Mihalynuk et al., 1998
and this volume), rhyolite bodies that hosts the Tulsequah
Chief deposit (Childe, 1995), and felsic volcanic rocks
near Little Salmon Lake (Colpron, 2000).

A strongly deformed, well-foliated metatonalite in
the Ram Creek Assemblage west of the Cottonwood
River headwaters has an early Mississippian U-Pb age of
356.3±6 Ma (R. Friedman, personal communication,
1999). It lies structurally higher than the dated late Mis-
sissippian felsic volcanic sequences, but structurally
lower than extensive quartz-eye porphyry tuffs and
flows/intrusions identified within the upper Ram Creek
Assemblage two kilometres west of the Cottonwood
headwaters (Photo 5; locality R3 on Figure 2). This indi-

cates that the Ram Creek Assemblage itself is internally
imbricated.

The Ram Creek Assemblage contains a record of
both early and late Mississippian arc-related igneous ac-
tivity. This range of igneous ages is like that of the Yu-
kon-Tanana Terrane in the Finlayson belt and central Yu-
kon (Murphy and Piercey, 1999, 2000, Colpron, 2000).

Dorsey Assemblage

The Dorsey Assemblage is a complex of metamor-
phic and intrusive rocks, including highly deformed Mis-
sissippian plutons (349.9±4.2 Ma; Nelson et al., 1998a;
355.3±.9; 340.4±5.5 Ma; R. Friedman, personal commu-
nication 1999). In its lower part, amphibolite-grade meta-
morphic assemblages are common. The upper Dorsey
Assemblage has been thoroughly metamorphosed at
chlorite grade, although relict garnets hint at earlier
high-grade metamorphism. The contact between upper
and lower parts is transitional, involving the upwards dis-
appearance of metabasites. Metamorphosed granitoids
also become rare in the upper Dorsey Assemblage.

The Dorsey Assemblage overlies the Ram Creek As-
semblage above a major thrust fault (Figure 4). The inter-
pretation of the Dorsey-Ram Creek contact as a thrust
fault is partly based on older-over-younger relationships:
the youngest rocks in the underlying Ram Creek Assem-
blage are late Mississippian; the oldest rocks in the
Dorsey Assemblage are pre-Mississippian. Other evi-
dence includes strong shearing near the contact, and em-
placement of amphibolite-grade over greenschist-grade
rocks. North of the Yukon border, this fault is constrained
to be post-mid-Permian because it truncates the Ram
Stock (Stevens and Harms 1995), but pre-Jurassic be-
cause it is sealed by a (locally undated) pluton of the Early
Jurassic suite (Stevens, unpublished mapping; and au-
thor’s field observations, 1999). Mississippian plutons
are a common element that link the Dorsey and Ram
Creek assemblages. Therefore the fault that separates the
Dorsey from the Ram Creek Assemblage is considered to
be a major intra-arc feature, not a terrane boundary.

High P/T Metamorphism in the Dorsey

Assemblage

The lower part of the Dorsey Assemblage contains
large bodies of garnet amphibolite. Prior to 1999, rem-
nants of eclogite facies metamorphism had been recog-
nized in a single thin section (Philippe Erdmer, personal
communication, 1998). Fieldwork by Erdmer in August
1999 resulted in the discovery of two new eclogite out-
crops within garnet amphibolite, showing a wider distri-
bution of eclogite than previously recognized. Garnet
amphibolites throughout the Dorsey Assemblage contain
abundant large titanites with tiny grains of rutile and/or il-
menite in their cores, which may represent the last ves-
tiges of eclogite-grade metamorphism. In general the
mineralogy and texture of the amphibolites are identical
to those described as retrograde products of eclogites
elsewhere on the fringes of the Yukon-Tanana Terrane
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(Erdmer 1992) The amphibolites show sharp, unsheared
contacts with surrounding schists and quartzites, and are
isoclinally interfolded with them. There is no evidence
that the eclogites were discrete slivers incorporated into
their matrix at a late stage. Rather, it is most reasonable
that first eclogite and then garnet amphibolite facies
metamorphism affected at least the lower part of the
Dorsey Assemblage. This probably requires that the
Dorsey Assemblage was partly subducted prior to its resi-
dence in a mid- to lower crustal setting.

The garnet amphibolite-facies metamorphism pre-
dated the thrusting of the Dorsey Assemblage on top of
the greenschist-grade Ram Creek Assemblage, and of the
juxtaposition of these with the underlying Cassiar
Terrane, which contains andalusite and cordierite as a
peak metamorphic assemblage (Nelson, 1998).

The overall thickness of the Dorsey Assemblage,
measured from its base to its upper contact with the Swift
River Assemblage, is only 1600 metres (Figure 4. Section
A-A’). This poses a problem with respect to the high grade
metamorphic assemblages in its lower part. What consti-
tuted the tectonic load necessary to create high pressures
within it? Where are the rocks now, and how were they re-
moved? By erosion? By detachment faulting? When did
this occur?

Relationship of the Dorsey and Swift River

Assemblages

Unlike its basal thrust fault contact, the nature of the
upper contact of the Dorsey Assemblage, and therefore
the relationship of the Dorsey to the overlying Swift River
assemblage, have not been well described or understood.
This problem formed a focus of interest for 1999 field
work both here and in the Yukon (Roots et al., 2000). Dur-
ing the re-examination the 1997-98 map area, two previ-
ously unknown exposures of the Dorsey-Swift River con-
tact were studied.

Regionally, the Dorsey Assemblage contains
pre-Mississippian rocks but also a post-Late Devonian
grit within the uppermost “quartzite-pelite” unit (Nelson
1999). The overlying Swift River Assemblage has no in-

ternal age control. It is probably post-early Mississippian
because it is not intruded by this prominent plutonic suite.
It is depositionally overlain by late Mississippian to early
Pennsylvanian limestone (Nelson, 1997, and 1999 field
observations).

The Swift River Assemblage overlies the Dorsey As-
semblage on a gently southwest-dipping, foliation-paral-
lel contact. This contact is exposed on a low hill south of
the Little Rancheria River in the northernmost part of the
map area (Photo 6), and on two ridges northeast of Paral-
lel Creek, where the “metachert-metatuff-phyllite unit”
o v e r l i e s t h e “ q u a r t z i t e - p e l i t e ” a n d t h e u p p e r
metasedimentary unit of the Dorsey Assemblage (Figure
2). Although regionally there are distinct differences be-
tween these units, locally the rock types above and below
the contact are not greatly dissimilar. Quartzites, green
chloritic metatuffs and metacherts occur in both assem-
blages. On the more northerly of the two ridges near Par-
allel Creek, a transitional contact is drawn below the
structural level where well-bedded chert and phyllitic
argillite become a dominant part of the section. This ap-
proximately corresponds to the upper limit of metamor-
phic garnet, although pre-kinematic garnets are present at
scattered localities in the lower Swift River Assemblage.

On the hill near the Little Rancheria River and on the
more southerly of the two ridges near Parallel Creek, the
Dorsey/Swift River contact is more abrupt. Near Parallel
Creek, a steep fault juxtaposes upper Dorsey chlorite-
muscovite-garnet phyllite with Swift River dark grey
argillite, siltstone and chert. Near the Little Rancheria
River, white bedded chert overlies chlorite-musco-
vite-garnet phyllite and orthoquartzite; rocks near the
contact are broken into a series of lensoid packages with
strong internal deformation. A series of low angle (nor-
mal?) faults is inferred (Photo 6).

The Dorsey/Swift River contact, where not obscured
by faults, appears to be a lithologic gradation. Although
mappably distinct, the Swift River and upper Dorsey as-
semblages represent similar depositional environments
of basinal sedimentation with periodic influx of distal
tuffs and quartz (-plagioclase) sandstones. Unusually
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Photo 6. Base of the Swift River Assemblage south of the Little Rancheria River. Strongly deformed quartzite (metachert) is broken into a
series of gently southwest-dipping panels. Structures within the panels are steep and discordant with each other. Gently dipping normal
faults are inferred between the panels.
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abundant tourmaline is seen in thin sections of metasedi-
ments and metatuffs from both assemblages. Their struc-
tural histories are similar (see below).

Unlike the Dorsey/Ram Creek contact, which is an
obvious thrust fault, the contact between the Dorsey and
Swift River assemblages is a shear-modified lithologic
and metamorphic gradient. It may have been the locus of
significant motion, but it does not show the character of a
terrane boundary.

Structural History of the Dorsey and Swift River

Assemblages

Deta i l ed work by Mar t in deKe i j ze r, Mi tch
Mihalynuk and Charley Roots has improved understand-
ing of the structural history of the Dorsey Assemblage and
its relationship to the Swift River Assemblage. The
Dorsey Assemblage has undergone a protracted deforma-
tion history, from pre-Mississippian to post-Late Triassic
(Nelson, 1999). The intensity of the deformation is shown
by isoclinal folds at scales ranging from microscopic to
mountain-size, refolded isoclines and sheath folds, and
mineral and quartz-elongation lineations. Although less
metamorphosed, the Swift River Assemblage exhibits a
similar structural style. In particular, early south-
west-plunging, “downdip” quartz lineations, refolded
isoclines and sheath folds have now been observed at sev-
eral localities in the lower Swift River Assemblage, sug-
gesting that it was affected by the same deformational
events as the Dorsey Assemblage.

Figure 6 shows structural data from the combined
Dorsey and Swift River assemblages in the central
Jennings River map area. The outlined sequence of four
structural events is simplified from that in Nelson (1999).

Widespread planar fabrics are assigned to D1, al-
though scattered remnants hint at an earlier and probably
intense deformation history. Very early planar fabrics in-
clude those in relict eclogites, foliations preserved within
garnets, and foliations cross-cut at a very low angle by
sill-like, highly deformed (Mississippian?) granitoids.
This early deformation involved layer transposition and
thorough development of metamorphic textures not seen
in the granitoids.

D1 includes transposit ion fabrics, intrafolial
isoclines, isoclines that are refolded by other isoclines,
sheath folds, and the development of linear fabrics in-
volving amphibole, muscovite, biotite, and quartz. Major
isoclinal hinge lines, such as those of folded garnet am-
phibolite bodies, trend west-northwest. Linear fabrics
(fold hinge lines, mineral and quartz lineations) form a
girdle from a maximum contoured density of 283o/06o to a
subordinate cluster near 230o/40o (Figure 6). Quartz
lineations in early Mississippian (349.9±4.2 Ma)
metatonalite plot in both clusters. Minor granitoid sills
form sheath folds.

D2 features include recumbent isoclinal folds,
isoclines that refold other isoclines, crenulations on S1,
and mineral lineations that involve retrograde minerals
such as chlorite or actinolite. Geometrically D2 linear fea-

tures are like those of D1, except that they cluster well
with a WNW trend and never show steep southwesterly
plunges (Figure 6). D1 and D2 were probably part of a sin-
gle episode of progressive shear deformation.

D3 features include open, upright and chevron-style
folds, and cleavages that are not parallel to the D1 and D2

transposition layering. F3 is coaxial with F2 (Figure 6),
and may represent the waning stages of deformation.
Folds with styles like these affect stratified units in the
Cassiar Terrane and also apophyses of mid-Cretaceous
granite. They are designated F2, as they only demonstra-
bly fold a single older transposition fabric. They are coax-
ial with F3 folds in the Dorsey Terrane (Figure 6), and it is
possible that they developed together.

D4 comprises sporadic west-southwesterly to south-
westerly kinks. The hinge lines of F3 kinks in Cassiar
Terrane rocks form a contoured maximum that plots
slightly to the southwest (Figure 6).

In the field and microscopically, three shear-sense
populations can be distinguished. The first occurs near the
base of the Dorsey Assemblage and is associated with
down-dip, west to southwesterly-plunging quartz
lineations. Top-to-the-northeast and east shear indicators
such as muscovite fish, asymmetric pressure shadows,
C-S fabrics and C’ shear bands are developed in assem-
blages that range from peak metamorphic through retro-
grade conditions. At a locality southeast of Ed Asp Lake
(Figure 3), synkinematic sillimanite is deformed by, and
also recrystallized into, top-to-the-east shear bands
(Photo 3). At the locality described in Nelson (1999), this
shear deformation affects an undated, but probably Mis-
sissippian, granitic orthogneiss. Mineral assemblages
syn-kinematic to the shearing range from muscovite-bio-
tite-clinozoisite-(garnet?) to late sericite-chlorite. One
sample from the top of the Ram Creek Assemblage shows
the effects of top-to-the-northeast motion. This episode
matches D1 in orientation and style. D1 sheath folding is
probably related to northeasterly transport.

The second shear-sense group, which only involves
retrograde assemblages, is more common in the upper
part of the Dorsey Assemblage. In samples with well-de-
veloped west-northwesterly chlorite and muscovite
lineations, top-to-the-west-northwest shear bands and
a s s y m m e t r i c p r e s s u r e s h a d o w s a r o u n d g a r n e t
porphyroblasts are seen microscopically (Photo 7). These
lineations correspond to the D2 episode. Perhaps the shear
sense is the expression of an orogen-parallel component
of motion.

Two sets of steep macroscopic shear bands were seen
in mapping in 1999 (Photo 8; Figure 6). They concentrate
in the upper Dorsey Assemblage, but are also present in
the Swift River, lower Dorsey and even in the Ram Creek
Assemblage. They indicate top-down-to-the-southwest
and top-to-the-west shear. Development of retrograde
chlorite-muscovite in the shear bands suggests that they
formed late in the kinematic history. Top-down-to-south-
west and west sense of shear would result in the structur-
ally higher, lower grade, and probably younger Swift
River Assemblage moving downwards with respect to the
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Dorsey Assemblage; in other words, tectonic denudation.
Normal faults at the Dorsey/Swift River contact may
have formed during this process. It would explain the oth-
erwise perplexingly condensed metamorphic facies, and
the presence of eclogite reverting to garnet amphibolite
less than 2 kilometres below purely chlorite-grade rocks.
The timing of the denudation event is not well known. It
must post-date D1, which is cross-cut by mid-Permian
granites. It could be as old as late Permian or as young as
Cretaceous. Future Ar-Ar work by M. Villeneuve is
aimed at resolving this important question.

DISCUSSION AND CONCLUSIONS

The eventful geological history of the Dorsey
Terrane continues to come to light through the findings of
this project and others (Mihalynuk et al., 2000, Roots et
al., 2000), following on the pioneering work of Gabrielse
(1969) and Harms and Stevens (1996). The terrane pres-
ents a regionally consistent internal anatomy. Its oldest
unit is the Dorsey Assemblage, in which eclogite facies
was overprinted by amphibolite facies metamorphism,
all prior to the emplacement of early Mississippian
plutons. Plutons of this age also occur within the Ram
Creek Assemblage, an arc edifice that is now known to in-
clude late Mississippian felsic to intermediate volcanic
rocks.

The overall volcanic-dominated character, early
Mississippian plutons and late Mississippian felsic vol-
canic rocks of the Ram Creek Assemblage suggest that
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Photo 7. Top-to-the-west shearing shown by assymmetric pressure shadows around retrograded garnet porphyroblast.
Retrograde chlorite and sericite participate in this fabric (Field of view 2 X 4 mm).

Photo 8. Macroscopic shear bands show late-stage
down-to-the-west-southwest motion in serpentinitized talc
schist, base of Dorsey Assemblage.
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Figure 7. Cartoon evolution of the Dorsey Terrane, from late Proterozoic to Early Jurassic.



they correlate with the Big Salmon Complex on the west-
ern side of the Dorsey Terrane. However, intervening ma-
jor rock sequences complicate this correlation. The
Dorsey Assemblage is a likely candidate for basement to
the Ram Creek, emplaced on top of it by a thrust fault of
post-mid-Permian but pre-Jurassic age (Figure 4). How-
ever the Dorsey Assemblage is not overlain by a repeated
Ram Creek Assemblage, but instead by basinal sedi-
ments, siliciclastic sediments and minor tuffs of the Swift
River Assemblage. Very minor quartz-sericite and
chlorite-quartz-sericite schist in the upper Dorsey As-
semblage could be a distal equivalent to the voluminous
Ram Creek igneous suite. In this scenario, a late Missis-
sippian Ram Creek arc to the east would be in part coeval
with Swift River sedimentation to the west (Figure 7d).

The external relationships of Big Salmon Complex
constitute a major remaining problem in the reconstruc-
tion of the Dorsey Terrane. Near Logjam Creek just south
of the B.C.-Yukon border, northeasterly-dipping clastic
rocks lie structurally above the Big Salmon Complex, but
the nature of the contact remains poorly understood
(Gleeson et al., this volume; Mihalynuk et al., this vol-
ume). One of the units that overlies the Big Salmon Com-
plex, Unit 3 of Gleeson et al., strongly resembles the
“phyllitic metasedimentary unit” southwest of Parallel
Creek, which is assigned to the Swift River Assemblage
(Figure 2). The base of unit 3 near Logjam Creek is cut by
an early Mississippian pluton, which also cuts previously
deformed schists that lie structurally below it. Perhaps
this contact is analogous to the upper contact of the
Dorsey Assemblage with the Swift River Assemblage.

Geologic History in the Regional Context of
Southern Yukon and Far Northern B.C.

Pre-Mississippian

New mapping of 104O/1 in the southeastern corner
of the Jennings River map area emphasises the variability
of the lower Dorsey Assemblage. Pre-Mississippian
protoliths are now seen to range from basinal sediments
and tuffs in the north, to a thick section of siliciclastic sed-
iments in the south with sparse amphibolite and
ultramafite, which strongly resembles relatively coarse
sections of the autochthonous Windermere Group. All of
these rocks are undoubtedly allochthonous to North
America, separated from the Cassiar Terrane by Missis-
sippian arc-related igneous suites. They may be rifted
blocks from the North American continental margin,
which partly underpin the pericratonic terranes (Figure
7a).

Remnant eclogite in the lower Dorsey Assemblage is
believed to record pre-early Mississippian subduction of
unknown polarity. Thorough overprinting by Barrovian
metamorphism and continued fabric development also
predated some of the early Mississippian plutons. A simi-
lar geological history, without (so far) documented
eclogite metamorphism, characterizes the Rapid River
Tectonite in the Sylvester Allochthon (Gabrielse and
Harms, 1989), where early Mississippian plutons

cross-cut early ductile fabrics in garnet-amphibolite fa-
cies rocks, but are themselves in part mylonitized (Nelson
et al., 1998b and unpublished data; Gabrielse et al.,
1993). Eclogites with early Mississippian cooling ages
also occur in a klippe near Stewart Lake in the southern
Yukon (Erdmer et al., 1998).

Other possible correlatives of the Dorsey Assem-
blage include the Anvil Assemblage in the Teslin Zone
near Quiet Lake (deKeijzer et al., 1999), and the St. Cyr
klippe (Fallas, 1997). However, the Last Peak eclogite in
the Teslin Zone has yielded a mid-Permian zircon age
(Erdmer et al., 1998), and St. Cyr eclogites are show to be
mid-Permian by Ar-Ar and possibly U-Pb methods
(Fallas, 1997 and personal communication to Erdmer
1998). These are significantly younger than the geologi-
cally suggested pre-Mississippian age of eclogite meta-
morphism in the Dorsey Assemblage. They belong to the
Permian tectonic history described below.

Mississippian

Intermediate to felsic plutons of early Mississippian
age, and late Mississippian intermediate to felsic
volcanics, are now well-documented within the Ram
Creek Assemblage. Coeval, cogenetic plutons occur in
the Dorsey Assemblage. This age range of arc-related ig-
neous-activity is one of the diagnostic attributes of the
Yukon-Tanana Terrane, and also provides the framework
for its volcanogenic metallogeny. The Ram Creek As-
semblage is a newly-defined piece of the puzzle.

Late Mississippian to Early Permian

Volcanism in the Ram Creek Assemblage is as young
as late Mississippian. The Swift River Assemblage struc-
turally overlies the Dorsey Assemblage, and is appar-
ently not cut by Mississippian plutons. Regionally it is
depositionally overlain by late Mississippian and early
Pennsylvanian limestone. These relationships suggest
that the Swift River Assemblage was Mississippian and
coeval with Ram Creek volcanism, yet it is dominantly a
chert-argillite-quartzite sequence with minor tuffaceous
components. A dramatic facies contrast is implied. The
facies boundary may have been linked to a through-going
crustal break, perhaps the one that later became the thrust
fault at the base of the Dorsey Assemblage (Figure 7f,g).
Late Mississippian volcanic activity is recorded in the
Big Salmon Complex yet farther west. The relationship
between these two coeval arc assemblages, separated
across the mainly sedimentary Swift River Assemblage,
is not known.

Permian

It has been argued in this paper that strong shear de-
formation affected the Dorsey Assemblage and the over-
lying Swift River Assemblage together. A minimum age
for the deformational event (D1-D2) is provided by
cross-cutting mid-Permian granite dikes in the lower
Dorsey Assemblage ( 269 Ma; R. Friedman personal
communication 1998). Post-kinematic plutons ranging
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from 262 to 270 Ma occur in the Rapid River Tectonite
(Gabrielse et al., 1993), and an undeformed 269 Ma
tonalite seals a thrust fault between Mississippian and
Pennsylvanian limestone in the panel immediately under-
lying the tectonite (Harms, 1985; Gabrielse et al., 1993).
Perhaps Permian ductile deformation in the Dorsey As-
semblage and Rapid River Tectonite culminated in their
eastward emplacement onto higher level rocks and gener-
ated imbrication of underlying late Paleozoic arc se-
quences such as the Ram Creek assemblage and Package
II of Harms (1985) in the Sylvester Allochthon.

A second episode of eclogite emplacement (exhuma-
tion?) accompanied this tectonic event. All of the
eclogites of Permian age, except for Last Peak, are ex-
posed on the eastern margin of the Yukon-Tanana Terrane
(Erdmer et al., 1998). DeKiejzer et al. (1999) have rein-
terpreted Last Peak as lying at the base of a klippe in close
proximity to rocks of Ancestral North America. Thus it
could occupy a structural position analogous to the oth-
ers, separating North America and the Slide Mountain
Terrane from a combined pericratonic terrane which in-
cludes Yukon Tanana, Dorsey, Rapid River Tectonite,
Ram Creek Assemblage and upper Paleozoic arc-related
strata of Division III of the Sylvester Allochthon (Nelson,
1993).

The movement of structurally higher rocks down to
the west and southwest could either have taken place dur-
ing a late stage of this event, or later during the early Me-
sozoic.

Mesozoic

In the lower Dorsey Assemblage, a Late Triassic
pluton transects the structural fabric and has mildly
folded apophyses (Nelson, 1999). Regionally, the Early
Jurassic Nome Lake and Simpson Peak batholiths cut all
units and post-date most structures in the Dorsey Terrane,
although the southern margin of the Simpson Peak
batholith is strong foliated with 290o-striking planar fab-
rics (Mihalynuk et al., this volume). Small bodies of
granodiorite south of the Little Rancheria River are pre-
sumed to be apophyses of the Nome Lake batholith. They
are unfoliated and generally cut across structures in the
upper Dorsey and lower Swift River assemblages, al-
though a few sills are involved in low-angle shears near
the contact.

The plethora of Early Jurassic intrusions in the
Dorsey Terrane, compared with their absence in the struc-
turally underlying Cassiar Terrane, is taken as evidence
that the allochthonous rocks were not emplaced on the
continental margin until after that time. Emplacement-re-
lated fabrics appear to be shears restricted to the immedi-
ate area of the basal thrust fault that separates the Ram
Creek Assemblage from Earn Group equivalents.

Near the headwaters of the Cottonwood River, a
strongly foliated pluton, which shows involvement in
easterly-verging minor folding and subsequent dextral
transport (Nelson et al., 1998), has a U-Pb zircon age of
108+3 Ma ( R. Friedman, personal communication 1999).
This is the inferred age of motion on the dextral Cassiar

fault (Gabrielse, 1985). The main strands of the Cassiar
fault are mylonite zones within and at the western margin
of the batholith. Steep faults in the valleys of the Cotton-
wood River and Parallel Creek (Figure 2) are probably
splays from this system.

Mineral Potential of the Eastern Dorsey Terrane

The preceding discussion of regional tectonics places
the local assemblages of the Dorsey Terrane firmly within
the broader context of an evolving Yukon-Tanana
Terrane. They should not be viewed in isolation, but
rather as part of that vast pericratonic terrane with its per-
sistent volcanogenic metallogeny, from the Alaska Range
to the Ecstall belt, from the Finlayson Lake district to
northern British Columbia. In turn, the Devonian-Missis-
sippian evolution of the Yukon-Tanana Terrane may well
have been linked to backarc extension and sedex mineral-
ization in the Earn Group along the western margin of
North America. From an economic perspective, the most
important achievement of this project has been to docu-
ment, within a remote area seldom visited by mineral
explorationists, arc suites and also autochthonous units
that are potential hosts for syngenetic mineralization.

The Ram Creek Assemblage hosts late Mississippian
felsic tuffs. This arc assemblage is a likely correlative of
the Big Salmon Complex on the western side of the
Dorsey Terrane, which similarly hosts quartz-sericite
schists and also a regional exhalative unit (Mihalynuk et
al., this volume; Roots et al., 2000). Some of the Ram
Creek felsic tuffs are highly pyritic, and traces of chalco-
pyrite were discovered within one of them in 1998 (Nel-
son et al., 1999).

The Earn Group is an interesting metallotect locally
as well as regionally, with a new exhalite occurrence at
Scaup Lake. This occurrence resembles showings on the
COT claims, where previous work has outlined geochem-
ical anomalies in Pb, Zn, and Ba, and disseminated
sulphides in black argillite (Gal and Nicholson, 1992;
Cathro, 1985). This summer several iron-aluminum oxide
seeps were seen in cliff-face exposures of the Earn Group
west of the lake that heads the Cottonwood River. Streams
draining this area are anomalous in zinc, lead, copper and
silver (Regional Geochemical Survey; Geological Survey
of Canada, 1978).

In the Yukon-Tanana Terrane in the Finlayson Lake
area, southern Yukon, Mississippian meta-rhyolites, ma-
rine metasedimentary rocks and intermediate to mafic
metatuffs host volcanogenic massive sulphide deposits
such as Kudz Ze Kayah, Wolverine and Fyre Lake
(Murphy and Piercey, 1999). This assemblage can be
traced southwards across a restored Tintina Fault into the
Teslin Zone, where Colpron (2000) and Mihalynuk et al.
(1998, 2000) have identified exhalative occurrences asso-
ciated with Mississippian volcanic sequences (Nelson et
al., this volume). These rocks, locally termed the Big
Salmon Complex, may extend into far southern Jennings
River map area. The Ram Creek and Dorsey Assemblages
can be considered a separate eastern extension of this
trend. As mapping this year has shown, we have not yet
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reached the limit of exposure for Yukon Tanana equiva-
lents in northern British Columbia: they are still heading
south.
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Devono-Mississippian Felsic Volcanism Along the Western Edge of the
Cassiar Terrane, North-Central British Columbia

(NTS 93N, 94C and 94D)

By Filippo Ferri

INTRODUCTION

The Late Devonian to Early Mississippian is an im-
portant metallogenic epoch within the Canadian cordil-
lera resulting in the production of significant sediment
exhalative massive sulphide (SEDEX) and volcanogenic
massive sulphide (VMS) mineral occurrences within
rocks of cratonic or pericratonic affinity. Major belts in-
clude the Late Devonian Earn-hosted SEDEX deposits of
the Selwyn and Gataga districts (Tom, Jason, Driftpile
Creek, Cirque) and the VMS occurrences within Eagle
Bay rocks of the Barriere area (Homestake, Rea). The re-
cent discoveries of the Kudz Ze Kayah, Wolverine, Fyre
Lake and Wolf VMS deposits hosted by Devono-Missis-
sippian pericratonic and cratonic rocks of the Yu-
kon-Tanana and Cassiar terranes (Figure 1) again under-
lines the economic importance of this geologic time
interval.

The British Columbia Geological Survey Branch ini-
tiated a mapping program focused on a sedimentary se-
quence with intercalated Devono-Mississippian felsic
volcanics in the Johanson Lake area. Previous geologic
mapping by the British Columbia Geological Survey
Branch between Manson Creek and Aiken Lake delin-
eated a belt of Devono-Mississippian felsic volcanics
along the western margin of the Cassiar Terrane (Figure
2; Ferri and Melville, 1994; Ferri et al., 1992a, b; 1993a,
b). These felsic volcanics, locally termed the Gilliland
Tuff, can be traced intermittently for approximately 150
kilometres and can exceed 1000 metres in thickness.
They are found within the Big Creek Group, part of the
Earn Assemblage, a package which contains both
SEDEX and VMS mineral targets. The presence of felsic
volcanics within Big Creek rocks may indicate VMS po-
tential.

The objectives of the mapping project were to: 1)
evaluate the Omineca Queen bedded barite occurrence
and determine its relationship to the felsic volcanism of
the Gilliland Tuff; 2) trace these felsic volcanics north-
ward; 3) determine the economic potential of the felsic
volcanics and enclosing lithologies for hosting VMS and
SEDEX deposits and 4) examine the Lay Range Assem-
blage, the lower part of which may be equivalent to the
Yukon-Tanana Terrane.

This paper summarizes initial results from the map-
ping program and some key points of the property visit to
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the Omineca Queen barite occurrence. The geology of
this property will be reported in greater detail in a later
publication.

The map area forms a narrow, northwest-trending
belt measuring 5 by 25 kilometres extending from the
headwaters of the Swannell River to the Fleet Peak area
(Figure 3). The centre of the map area is approximately 15
kilometres northeast of Johanson Lake which is roughly

400 kilometres by road to the towns of Fort St. James or
Mackenzie. The area is accessible by helicopter and by
foot or pack horse from the Omineca Mining Access
Road.

Mapping commenced along the western edge of the
Mesil inka River sheet (NTS 94C) and extended
northwestward into the McConnell map area (NTS 94D).
The southern part of the map area overlaps with a portion
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Figure 3. Geological map of the project area. (a) Southern portion. (b) Northern part. (c) Geological legend to accompany Figures 3(a) and
(b). Geology of the Wrede Complex taken from Nixon et al. (1998).



130 British Columbia Geological Survey

b



Geological Fieldwork 1999, Paper 2000-1 131

c



132 British Columbia Geological Survey

Big
Creek
Group

(uD - P)

Big
Creek
Group

(uD - P)

Otter Lks
Gp (mD)

Razorback Mtn
Gp (m O?)\ -

Atan
Gp (l )\

Stelkuz
Fm.

Stelkuz
Fm.

Espee
Fm

Espee
Fm

Tsaydiz
Fm

Tsaydiz
Fm

Swannell
Fm

Swannell
Fm

In
g

e
n

ik
a

G
ro

u
p

(u
)

=

In
g

e
n

ik
a

G
ro

u
p

(u
)

=

GILLILAND TUFF

GILLILAND TUFF (felsic)

Echo
Lake

Gp
(O - lD)

Nina Creek Group/
Lay Range
Assemblage

Lay Range
Assemblage

Wolverine
Metamorphic
Complex

m
e

tr
e

s

0

500

1000

limestone, fossiliferous

limestone,
sandy limestone

limestone, dolomite,
minor shale, breccia

slate, calcareous
slate, limestone

limestone

sandstone,
slate, quartzite

sandstone,
slate,
siltstone,
limestone

slate,
siltstone,
sandstone,
limestone

limestone,
minor dolomite

limestone,
minor dolomite
and slate

slate,
calcareous slate,
limestone,
sandstone

slate,
calcareous slate,
limestone

dark wacke, chert-quartz
sandstone

impure quartzite,
slate

quartz-feldspar
sandstone to
conglomerate,
slate, siltstone

quartz-feldspar
sandstone to
conglomerate,
slate, siltstone
impure quartzite,
slate

impure sandstone,
slate

Project Area

Regional

Slate, siltstone,
argillite

? ?

(A)

(B)

Figure 4. Simplified stratigraphic columns of Ancestral North American stratigraphy. (A) Regional stratigraphy of the Cassiar Terrane
between the Omineca and Swannell rivers. (B) Stratigraphic units found in the present map area.



of Open File Map 1993-2 (Ferri et al., 1993a, b). The ge-
ology in this section of the open file was originally repro-
duced from unpublished maps and field notes provided
by J.W.H. Monger from the Geological Survey of Can-
ada. Some of this information was also incorporated into
the present mapping. The opportunity to use this informa-
tion is gratefully appreciated.

REGIONAL SETTING

The map area straddles the boundary between dis-
placed Ancestral North American rocks of the Cassiar
Terrane to the east and volcanic arc and peri-cratonic?
rocks of the Quesnel Terrane to the west. In the map area,
the Cassiar Terrane is represented by the Ingenika and the
Big Creek groups (Figures 2 and 3). The Late Proterozoic
Ingenika Group represents a rift to shallow shelf se-
quence and is subdivided into, from oldest to youngest,
rift clastics of the Swannell Formation, upwards shoaling
slates and carbonates of the Tsaydiz Formation, shallow
carbonates of the Espee Formation and rift-related?
clastics and carbonates of the Stelkuz Formation (Mansy
and Gabrielse, 1978). Regionally, these rocks are over-
lain by a carbonate-rich, shallow shelf sequence of Early
Cambrian to Middle Devonian in age (Figure 4). These
rocks are missing in the map area and the Big Creek
Group sits directly atop the Ingenika Group.

The Middle Devonian to Permian Big Creek Group is
a dominantly argillaceous sequence. This unit belongs to
the Earn Assemblage, a deeper water shale succession.
The Earn Assemblage formed, in part, due to the founder-
ing of the ancient carbonate platform which is believed to
have occurred in response to rifting in the northern Cana-
dian Cordillera (Gordey et al., 1987). The upper part of
the Big Creek Group contains a Late Devonian to Early
Mississippian calc-alkaline felsic tuff or quartz-feldspar
porphyry, locally termed the Gilliland Tuff (Ferri and
Melville, 1994).

The Lay Range Assemblage sits structurally above
the Big Creek Group, the contact being an easterly di-
rected thrust fault (Ferri et al., 1993b; Nixon et al., 1993).
The Lay Range Assemblage represents a middle to late
Paleozoic arc-succession which forms basement to the
Late Triassic to Early Jurassic Takla Group volcanics
(Ferri, 1997). These rocks have been intruded by the Late
Triassic Wrede Creek Alaskan-type ultramafic complex
(Nixon et al., 1998). To the south, late Paleozoic oceanic
volcanics and sediments of the Nina Creek Group, be-
longing to the Slide Mountain Terrane, sit structurally
above rocks of the Big Creek Group (Ferri and Melville,
1994).

Rocks of the Lay Range Assemblage, Takla Group
and Wrede Complex, found along the southwest margin
of the map area, form rugged alpine areas in excess of
2000 metres. The terrane along the northeastern part of
the map area, underlain by rocks of the Swannell Forma-
tion, consists of rounded, glaciated peaks approaching
2000 metres in elevation. Recessive rocks of the Big
Creek Group, together with those in the upper part of the

Ingenika Group, form the subdued region between these
two areas. Carbonate of the Espee Formation forms
prominent ribs within this subdued area.

STRATIGRAPHY

Ingenika Group

The Late Proterozoic Ingenika Group is a domi-
nantly clastic sequence and is subdivided into four forma-
tions which are, from oldest to youngest; the Swannell,
Tsaydiz, Espee and Stelkuz formations. Regionally, rocks
of the Atan Group sit conformably atop those of the
Stelkuz Formation (Mansy and Gabrielse, 1978; Figure
4) and, based on trace fossil evidence, the Cambrian - Pre-
cambrian contact is believed to occur in the upper part of
the Stelkuz Formation (Gabrielse and Campbell, 1991).

Swannell Formation

The Swannell Formation was examined along ridge
tops located north and south of Wrede Creek (Ingenika
and Wrede ranges), on the west flank of a broad F2 or F3

antiform. These resistive rocks form prominent expo-
sures, particularly on north facing slopes (Photo 1). The
Swannell Formation comprises a monotonous package of
fine to coarse clastics, probably in excess of 2 kilometres
in stratigraphic thickness, although a true measure is dif-
ficult to determine due to tectonic thickening.

The Swannell Formation is characterized by thickly
bedded, grey-green to green, feldspar-bearing quartz
sandstones to wackes, quartz sandstones, slate, siltstone,
impure quartzite and rare limestone. These sandstones
commonly display graded bedding and are typically
coarse grained and locally granule conglomerates. Grains
are typically angular resulting in these lithologies being
referred to as ‘grits’ (Mansy and Gabrielse, 1978). Invari-
ably, the sandstones contain a micaceous matrix which
varies from 5 to 40 per cent of the rock. Quartz sandstones
and quartzites are less common . Feldspar, either
plagioclase or microcline, form conspicuous, chalky
weathering grains making up to 15 per cent of the sand-
stone units. Tourmaline is a minor, but prominent acces-
sory mineral. The upper part of the Swannell Formation is
dominated by sandstone sections with lesser sequences of
interbedded slate. Sections of predominantly grey-green
to green slate/schist, with lesser sandstone, up to several
hundred metres thick are common lower in the section.
Slate is commonly interbedded with sandstone and can
contain variable amounts of quartz and feldspar grains.
Slates are locally crenulated lower in the stratigraphic
section and can contain porphyroblasts of biotite.

Tsaydiz Formation

The Tsaydiz Formation typically forms a poorly ex-
posed, recessive sequence above the Swannell Forma-
tion. It is conformable with the underlying Swannell For-
mation and comprises slate, calcareous slate, limestone
and minor sandstone from 175 to 500 metres thick. South
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Photo 1. Looking southeast at typical exposure of Swannell Formation within the Wrede Range. This photo shows the
monotonous nature of this formation and the prominent ribs formed by the resistive sandstone sequences.

Big Creek Group

Upper Mafic
Tuff Division

Lower Sedimentary
Division

Espee Fm

Photo 2. Looking northwest from the northern Lay Range towards the Ingenika Range. The thrust contact between the Lay
Range Assemblage and Big Creek Group is shown in the foreground. Rocks of the Lay Range Assemblage are on the
overturned eastern limb of an early northeast-verging anticline. The trace of this thrust is shown in the middle ground
together with units of the underlying Ingenika Group.



of Wrede Creek, it is characterized by thinly interlayered,
grey to orange-brown weathering, grey to green-grey
slate, calcareous slate and grey to orange weathering,
grey limestone. The amount of limestone diminishes
down section resulting in thick sequences of grey, lus-
trous slate.

To the north, across Wrede Creek, the Tsaydiz For-
mation contains beds of limestone up to 20 centimetres
thick near the Espee contact. In its lower parts, dark grey
weathering limestone is from 2 to 5 metres in thickness,
comprises up to 30 per cent of the section and locally con-
tains up to 20 per cent dispersed, spherical quartz grains.
This limestone is interlayered with typical Swannell
sandstone at the base of the formation.

Espee Formation

Limestone of the Espee Formation forms prominent
cliffs or ribs between recessive lithologies of the Tsaydiz
and Stelkuz formations, and is an excellent marker hori-
zon within the Cassiar Terrane (Photo 2). Structural sec-
tions suggest thicknesses between 250 and 450 metres.
The unit is characterized by grey to buff weathering, platy
and blocky, finely recrystallized limestone and dolomitic
limestone. Sections of thinly interlayered limestone and
more resistant, orange weathering dolomite or dolomitic
limestone are also common. Bedding is typically difficult
to distinguish and the grey to buff weathering limestone
commonly appears massive. Where visible, beds can be
up to a metre thick and are typically discernible through
platy, phyllitic partings, as thin grey slaty interlayers, or
wispy, darker grey streaks. Grey, calcareous slate in lay-
ers 0.5 to 3 centimetres thick is interlayered with the lime-
stone in several localities. Large cross-cutting zones of
orange weathering, coarsely recrystallized dolostone can
be found within the limestone succession. Up to several
per cent dispersed quartz grains were observed within
some horizons north of Wrede Creek.

Stelkuz Formation

Regionally, the Stelkuz Formation contains thick
sections of sandstone, limestone and slate (Ferri and Mel-
ville, 1994; Ferri et al., 1993a; Mansy and Gabrielse,
1978). In the present map area it is dominated by rusty
brown weathering, greenish grey slate with lesser thin to
massively bedded cream impure quartzite and quartz
sandstone in sections up to 20 metres thick and thinly
bedded, grey limestone. Slate sections can display a dis-
tinctive bright green colour typical of the Stelkuz Forma-
tion (Ferri et al., 1993a). The dominance of slate renders
this unit quite recessive and poorly exposed (Photo 2).
Structural sections suggest thicknesses between 175 and
550 metres.

Big Creek Group

The Big Creek Group is dominated by dark grey and
black slate and argillite with minor quartz-chert wacke,
sandstone, felsic and mafic volcanics and limestone.

Volcanics towards the top of this unit are locally referred
to as the Gilliland Tuff (Ferri and Melville, 1994). Due to
the abundance of slate in this unit it is typically very re-
cessive and poorly exposed, occupying valley floors
(Photo 2).

The age of the Big Creek Group is thought to be Early
Devonian to Early Permian in age (Ferri and Melville,
1994). Generally Late Devonian to Early Mississippian
ages are indicated by fossils and U/Pb ages consistent
with dates from other members of the Earn Assemblage
(Ferri and Melville, 1994). Locally, as in the Nina Lake
area, slates in the upper part contain Early Permian fossil
assemblages (Ferri and Melville, 1994). In the Aiken
Lake area, rocks of the Middle Devonian Otter Lakes
Group are not present and slates assigned to the lower Big
Creek Group contain conodonts as old as Emsian (Late
Early Devonian).

This Big Creek Group is characterized by carbona-
ceous, dark grey to blue grey weathering, dark grey to
black slate which can be interlayered with thinly bedded
argillite or siltstone. The blue-grey colour, together with
a distinctive yellowish stain on weathered surfaces, is
typical of Late Devonian Earn Assemblage rocks found
throughout the northern Cordillera. The slate can be quite
friable and locally breaks into large, flexible sheets. Slate
in the lower part of the unit is more lustrous and has a dark
grey-brown colour.

Near the base of the Big Creek Group, rare 1 to 5
metres sections of grey to brown weathering, grey, thinly
bedded carbonaceous limestone and argillaceous lime-
stone occur interlayered with slate. Dark grey weather-
ing, platy, recrystallized limestone with slate and silt
partings up to 3 metres thick, is sporadically encountered
towards the top of the unit.

Coarse Clastics

Lenses of coarse siliciclastics from 5 to more than 40
metres in thickness are found within the upper part of the
Big Creek Group and are composed predominantly of
chert-quartz wackes to sandstones, conglomerates and
siltstones. Although these coarse units comprise only a
minor component of the Big Creek Group, their composi-
tion has implications for the tectonic evolution of the
northern Cordillera. Workers in the northern Cordillera
believe that these northerly and westerly derived clastics
were shed from uplifted blocks due to a regional rifting
event during the Late Devonian (Gordey et al., 1987).
Mapping in the southern Cordillera, primarily within the
Rober t s Mounta in Al loch thon , has shown tha t
contractional deformation was occurring during this time
period along the present southwestern margin of Ances-
tral North America. This has led some to interpret the
Earn Assemblage as a foredeep and the associated coarse
clastics as representing material shed from easterly
thrusted fault blocks (Smith et al., 1993).

These coarse clastics form a section over 40 metres
thick on the north side of Wrede Creek and are locally
graded granule conglomerates. Wackes within these and
other sequences contain between 20 to 40 per cent dark
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muddy matrix. Even the ‘cleaner’ sandstones contain up
to 10 per cent dark grey to black argillaceous matrix giv-
ing them a dark colour. Clasts can be angular to rounded,
although they are typically subangular to subrounded
(Photo 3). Quartz, either as single or polygonal grains,
usually is the dominant constituent comprising up to 60
per cent of grains and clasts. Light and dark grey to black
chert is the next most dominant clast-type forming up to
30 per cent of grains. Minor clasts include siltstone and
sandstone (approximately 10 per cent) and plagioclase
(1-2 per cent). One section of sandstone contained up to
40 per cent plagioclase and orthoclase? clasts, suggesting
it was produced, in part, from the weathering of an igne-
ous protolith.

Volcanics

Felsic and mafic volcanic units from 1 to more than
45 metres in thickness are found stratigraphically above
the coarse siliciclastics, within the upper-most part of the
Big Creek Group. These are identical to those found re-
gionally within the Big Creek Group and referred to as the
Gilliland Tuff (Ferri and Melville, 1994).

Gilliland Tuff

Felsic tuff and massive porphyry (flows or sub-volca-
nic intrusives) are best developed in the extreme south-
eastern part of the project area where it forms a sequence
over 45 metres thick (Figure 3). The unit is also encoun-
tered north of Wrede Creek where it ranges from 1 to 5
metres in thickness (Figure 3). It is typically light
grey-green or rusty weathering sericitic quartz-feldspar
tuff and/or porphyry. The unit contains sections of lapilli
and coarse lapilli tuffs in the southeastern part of the map
area (Figure 3). Phenocrysts comprise 5 to 20 per cent of
the rock with embayed quartz crystals being the most
common followed by plagioclase and poorly preserved
accessory minerals. The latter have been altered to
chlorite plus opaques, but in several instances residual
material, together with pseudomorphs, suggests these
were predominantly hornblende. The groundmass con-

sists of sericite, quartz, feldspar plus chlorite, carbonate
and opaques. Rip ups of black argillite from the surround-
ing sediments are locally abundant. Fine grained tuff in-
variably displays a weak to strong cleavage, although
massive porphyry appears relatively undeformed (Photos
4 and 5). Chemical analysis of the tuff collected during the
Manson Creek and Aiken Lake projects suggests these
rocks are calc-alkaline in composition and are generally
rhyolites to rhyodacites, (Ferri and Melville, 1994).

Mafic Volcanics

In the southern part of the map area, basalt and
quartz-diorite is exposed at roughly the same strati-
graphic horizon as the Gilliland Tuff. Pillowed? or
fragmental basalt was observed in one locality and
formed lenses and semi-continuous horizons approxi-
mately 50 centimetres thick within Big Creek argillites.
The massive basalt is dark green and aphanitic with minor
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Photo 3. Photomicrograph of coarse clastics within the Big Creek
Group. This sample originated from the south end of the Ingenika
Range. Width of the photo represents 4.5 millimetres. fs: feldspar,
ch: chert, qt: quartz, pq: polygonal quartz.

fs

bi

Photo 4. Photomicrograph of felsic volcanics of the Gilliland Tuff
from the northern Lay Range. Note the embayed nature of the
quartz phenocrysts. Textures visible in outcrop suggest this
volcanic is tuffaceous. Cleavage orientation is parallel to the length
of the photo. Width of the photo represents 4.5 millimetres. bi:
biotite, fs: feldspar.

Photo 5. Photomicrograph of felsic volcanics of the Gilliland Tuff
from the Wasi Lake area. This sample is very similar to that shown
in Photo 4 except that it lacks a penetrative cleavage. Texturally
this rock looks like a quartz-feldspar porphyry flow or
sub-volcanic intrusion. Width of the photo represents 4.5
millimetres.



calcite veining. Thin section examination reveals a pre-
dominance of finely crystalline feldspar together with
carbonate, chlorite, sericite and opaques.

A few kilometres southeast of the basalt occurs a ho-
rizon of greenish grey quartz-diorite and crowded
quartz-feldspar porphyry. The unit is approximately 15 to
20 metres thick and can be traced laterally into dark grey
argillites of the Big Creek Group. Green slates are found
within the argillites in the vicinity of these mafic rocks.
Thin section examination from the periphery reveals it is
composed of 30 to 50 per cent coarsely crystalline and
sericitized plagioclase, 10 per cent quartz, with the re-
mainder being finely crystalline feldspar, quartz, opaques
and up to 30 per cent chlorite. This finer groundmass dis-
plays a strong, ductile flattening fabric whereas the large
plagioclase phenocrysts behaved brittly and are merely
broken. Preliminary lithogeochemical analysis suggests
this rock is intermediate in composition.

The precise age of the Gilliland Tuff is poorly con-
strained. Stratigraphically it is found towards the top the
Big Creek Group suggesting it is Mississippian or youn-
ger in age. U/Pb geochronology on a zircon collected at
the type locality indicated a minimum age of 377±12 Ma
(Ferri and Melville, 1994). A sample collected on the
west bank of the Osilinka River returned a preliminary
minimum age of 342±3 Ma (J. Gabites, personal commu-
nication, 1993). The age reported for both samples is
based on a least square regression line as there were no
concordant fractions in either sample due to inheritance
and/or lead loss.

Although this data suggests there may be two periods
of volcanism, the similarity between the volcanics sug-
gests otherwise and the discrepancy is probably based on
the poor U/Pb systematics within the collected zircons.
At present the best estimate on the age of the Gilliland
Tuff is Late Devonian to middle Mississippian. More
samples were collected this summer in hopes of refining
the age of this unit.

Nature of the Big Creek - Stelkuz Contact

In the map area, the Big Creek Group sits directly
above the Stelkuz Formation and intervening strata of
Early Cambrian to Middle Devonian age are missing
(Figure 4). Due to the relatively recessive nature of these
two units, the contact was not exposed; no direct observa-
tions could be made on the nature of this contact. The pos-
sibilities for the lack of intervening stratigraphy include:
a steep normal fault; an unconformity or a shale-out of the
missing carbonate-dominated stratigraphy.

Mapping in the southern part of the study area ini-
tially suggested the presence of a late normal fault offset-
ting stratigraphy. Although locally this seems possible,
the position of the Big Creek above Stelkuz lithologies
would require a very persistent normal fault whose strati-
graphic and/or structural displacement remains constant
over 25 kilometres - a situation that seems rather unlikely.

Missing stratigraphy below the Big Creek Group was
also observed in the southern Lay Range during part of

the Aiken Lake Project. In this area, rocks of the Echo
Lake Group disappear north of the northeast-trending
Knoll normal fault, such that Big Creek rocks sit directly
above the uppermost Atan Group (Ferri et al., 1993a, b).
The presence of a normal fault was also postulated by
Ferri et al. (1993a) in this area, although stratigraphic evi-
dence suggested that the Early Paleozoic carbonate se-
quence in this area may be shaling out to the north. Amore
detailed account of this can be found in Ferri et al.,
(1993a).

Although a shale-out of the missing stratigraphy is a
possibility, an unconformable contact at the base of the
Big Creek Group is presently favoured and is consistent
with the present data. In the western Selwyn Basin, rocks
of the Earn Assemblage are found unconformably overly-
ing units as old as Late Proterozoic (Gordey and Irwin,
1987), a situation similar to that postulated here.

Extensions of the Big Creek Group Beyond the

Map Area

Rocks of the Big Creek Group most likely extend be-
yond the northern limit of the present mapping project,
and are probably traceable up to the Ingenika Fault where
rocks of Ancestral North America are juxtaposed against
volcanic rocks of Quesnellia (Gabrielse et al., 1977). Al-
though Big Creek rocks are not displayed on regional
maps of this area (McConnell Creek East-Half; Richards,
1976 and Ware West-Half; Gabrielse et al., 1977), the
northward continuation of the Stelkuz Formation at the
contact with the Lay Range Assemblage, taken in con-
junction with the recessive nature of the Big Creek
Group, suggests its presence may be masked by overbur-
den. This is supported by the trace of several large creeks
which have followed this relatively incompetent horizon.

Southeast of the Manson River, in the Pine Pass map
area, Struik and Northcote (1991) traced rocks similar to
the Big Creek Group, assigning them to the Earn Group.
They also described tuff and minor basalt within this se-
quence. Struik (1989) also reported felsic tuff up to 300
metres thick within dark grey argillites of Late Devonian
age within the McLeod Lake map area. These are found
east of the McLeod Lake fault zone and west of the North-
ern Rocky Mountain Trench fault zone and are probably
more akin to the Besa River Formation. Struik (1990)
suggests that this block of Ancestral North American
stratigraphy is transitional between typical carbonate
platform sequences observed to the west and more
basinal successions found east of the McLeod Lake fault
zone.

Lay Range Assemblage

The Lay Range Assemblage has been subdivided
into two broad packages: the Lower Sedimentary Divi-
sion (LSD) and the Upper Mafic Tuff Division (UMTD)
(Ferri, 1997). The LSD is a mixed sedimentary and volca-
nic sequence whereas the UMTD is almost entirely fine
and coarse grained mafic tuffs, volcanic breccia and
flows (Figure 5).
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The age of the Lay Range Assemblage is late Missis-
sippian (Namurian) to Permian based on fossil collections
made in the southern Lay Range (Ferri, 1997). Cono-
donts, corals, fusulinids and foraminifera recovered from
the LSD suggest a late Mississippian lower age limit and a
middle Pennsylvanian upper age limit for limestone at the
top of the unit. Radiolarians from chert within the green
and maroon siltstone and tuff unit above this limestone
have indicated Early Permian ages. Conodonts from the
remaining UMTD are broadly Permian in age. In the
southern part of the Lay Range tuffs of the UMTD were
believed to sit unconformably on the limestone below the
green and maroon siltstone suggesting an unconformity
of some 13 Ma between the two units (middle Pennsylva-
nian to Early Permian; Ferri, 1997). Stratigraphic rela-
tionships observed within the present map area suggest
the limestone and UMTD have a conformable relation-
ship. Although these two interpretations may seem at
odds, this is entirely consistent with the variability ob-
served along volcanic arcs.

Lower Sedimentary Division

The LSD is only exposed within the northern Lay
Range, in the southeastern portion of the map area (Figure
3) and is restricted to the core of a north-east verging fold
(Ferri, 1997). Generally, siliciclastics and carbonates are
found within the lower parts of this package with mafic
volcanics becoming dominant towards the top. The entire
sequence is capped by a limestone up to 50 metres thick.

The lower parts of the LSD are characterized by
interbedded quartz sandstone, argillite, siltstone, chert
and tuff. Sandstone forms prominent weathering ribs 5 to
15 metres thick within this section and comprises approx-
imately 30 per cent of the sequence. Laterally they appear
to pinch out within green siltstone and tuff. Thin to thick
or massively bedded sandstone to granule conglomerate
is beige weathering and grey in colour. Compositionally it
is an impure quartz sandstone and locally contains clasts
of feldspar and lithic fragments. The matrix typically is
calcareous and greenish, the latter suggesting it is partly
of volcanic origin.

Interbedded argillite or slate is dark grey and is asso-
ciated with platy dark limestone and dark grey to cream,
thin to thickly bedded chert. Associated with all these
lithologies is green to maroon siltstone grading into tuff
which makes up to 50 per cent of the section.

On the eastern limb of the overturned anticline, the
upper part of the LSD is intruded by a greenish-grey
quartz-diorite to monzonite up to several hundred metres
thick . This unit can be spatially associated with
grey-brown weathering, dark green aphanitic basalt and
brown to orange weathering, green feldspar-pyroxene
porphyry. Above these rocks is a distinctive package of
interlayered green and maroon siltstone, tuff and
jasperoidal chert up to 20 metres in thickness. This unit is
commonly associated with limestone and is found at the
contact with tuffs of the UMTD. The distinctiveness of
this unit and its presence at the LSD - UMTD contact
make it a local marker horizon.
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Figure 5. Simplified stratigraphic columns of the Lay Range
Assemblage within the map area.



Lenses of buff weathering, cream coloured,
recrystallized massive dolomite, with layers of green
slate, up to 20 metres in thickness is commonly found be-
low the green and maroon siltstone. This dolomite hori-
zon forms a semi-continuous unit which, together with
the succeeding limestone, can laterally pinch-out over
short distances (Figure 3; Photo 6). Massive to platy grey
limestone up to 50 metres thick, with distinctive ribs of
beige to light grey wavy chert lenses 1 to 5 centimetres
thick can be found stratigraphically above the green and
maroon siltstone unit. Although the limestone contains a
very strong fabric, textures are preserved locally; some
parts are bioclastic with poorly preserved crinoid ossicles
and fusulinids (J.W.H. Monger, unpublished notes,
1973). Sections of the limestone are tuffaceous and have a
maroon and green colour. Interbeds of green tuff between
10 to 50 centimetres thick are also present. The lower
contact of the limestone appears gradational with the un-
derlying green and maroon siltstone. The upper part of
the limestone displays a sharp, but interbedded contact
with tuffs of the UMTD. This limestone interfingers with
tuffs of the UMTD along ridge faces (Photo 6). Its thick-
ness changes drastically to less than a metre in the far
southeastern portion of the map area. There, maroon and
green siltstone, tuffs and chert are found on either side of
the limestone unit, a relationship also observed several

kilometres to the north where the limestone thickens to 50
metres.

Two bands of limestone are present along the top of
the eastern extent of the LSD. Although they appear to be
two separate units, they are remarkably similar and the re-
currence of the distinct maroon and green unit, together
with the monzonite and tuff, indicates a structural repeti-
tion.

Upper Mafic Tuff Division

The UMTD is a relatively homogenous package
dominated by thin to massively bedded tuffs with lesser
lapilli tuffs, volcanic breccia, basalt, diorite and rare
quartz-feldspar tuff or porphyry flows. Thinly bedded
tuffs are typically laminated and commonly graded.
Rocks of the UMTD are found on either side of the north-
east verging, overturned anticline within the northern
Lay Range. They can be traced to the north, along the sub-
dued valley east of the Wrede Ultramafic Complex and
across Wrede Creek where they form the high ground
along the northwestern part of the map area. South of
Wrede Creek, graded, well bedded tuffs (Photo 7) are the
most common lithology along the east side of the
anticline, with massive basalt flows accounting for ap-
proximately 10 per cent of the lower and middle section.
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Photo 6. Looking southeast at the contact between the UMTD and LSD of the Lay Range Assemblage along the northern Lay Range. The
interfingering between the limestone at the top of the LSD and tuffs of the UMTD has been highlighted. Also shown is the horizon of
maroon and green siltstone/tuff which sits stratigraphically below the limestone at this locality but can also be found between it and the
UMTD elsewhere, a configuration also observed in the southern Lay Range (Ferri, 1997).



A rare occurrence of rusty weathering, light greenish grey
quartz-feldspar sericite schist (originally tuff or porphyry
flow), approximately 20 metres thick (see Figure 3), was
encountered within this unit on the northeast flowing
creek immediately north of the Lay Range. This unit was
sampled for U/Pb and whole rock analysis. The UMTD is
much coarser on the southwest side of the anticline within
the Lay Range where it is composed of green and dark
green fine to coarse grained lapilli tuffs, volcanic brec-
cias and massive basaltic flows. Volcanic clasts are com-
monly flattened parallel to cleavage and consist of apha-
nitic and amygdaloidal basalt. Dark grey and black
argillite clasts and quartz grains also form accessories in
certain horizons. A rare, small rubbly outcrop of or-
ange-brown coarse grained quartz-feldspar sandstone
was observed within this succession.

North of Wrede Creek, the UMTD is found within an
upright, steeply southwest dipping panel with the graded,
laminated, fine tuffs in the stratigraphically lowest part of
the panel (eastern lower slopes) and these are succeeded
by lapilli tuffs, volcanic breccias and flows (Photo 8). The
contact between the two is gradational with a general
coarsening of the volcanic deposits up section until over
50 per cent of the sequence is composed of lapilli tuffs
and/or volcanic breccia.

Clasts within the volcanic breccia unit are more di-
verse than observed south of Wrede Creek. They are typi-

cally green to maroon in colour and consist of aphanitic
basalt together with fragments of pyroxene and/or feld-
spar porphyry basalt. Deposits can be monomictic to
polymictic and are locally associated, especially towards
the top of the ridge, with massive to pillowed basalt of
similar composition. Some feldspar porphyry flows are
quite distinctive due to the presence of phenocrysts up to
several centimetres in size. The coarse volcaniclastics are
locally intruded by small bodies of hornblendite and asso-
ciated gabbro probably related to the Wrede Ultramafic
Complex.

Correlations of the Lay Range Assemblage with
other packages throughout the Cordillera have been sum-
marized by Ferri (1997). Intermixed sediments and
volcanics of the LSD have the greatest potential of being
equivalent to rocks of the Yukon-Tanana Terrane which
host VMS occurrences. The oldest age known from the
Lay Range Assemblage consists of late Mississippian to
early Pennsylvanian conodonts recovered from the lower
parts of the unit in the southern Lay Range. This is some-
what younger than the Early Mississippian age for
quartz-feldspar meta-porphyry associated with the Wol-
verine deposit (Murphy and Piercey, 1999). As well, the
overall character of the LSD is different than that of the
Yukon-Tanana Terrane in the Finlayson Lake area. In gen-
eral, rocks of the LSD and UMTD correlate with the mid-
dle and upper parts of the Dorsey Assemblage as de-
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Photo 7. Photograph of typical well bedded and laminated fine grained, graded tuffs of the UMTD. This is the most common lithology
observed within the UMTD.



scribed by Stevens and Harms (1995) along the B.C. -
Yukon border and further south by Nelson (1997).

Takla Group

The Takla Group was observed in only a handful of
outcrops south of Wrede Creek. Regionally Takla rocks
sit unconformably atop those of the Lay Range Assem-
blage (Ferri, 1997). A steep fault zone, of possibly
strike-slip configuration, separates the two packages
within the present map area.

Rocks of the Takla Group consists of augite-feldspar
porphyry flows, pyroclastic breccia and tuff, all of which
have become sheared and foliated near their contact with
the Lay Range Assemblage. Small stocks of beige quartz
monzonite locally intrude these volcanics.

The Takla Group is Late Triassic to Early Jurassic in
age immediately to the south (Ferri and Melville, 1994;
Ferri et al., 1992b, 1993b). Augite-plagioclase phyric
volcanics observed within the map area belong to a se-
quence locally referred to as the Plughat Mountain Suc-
cession (Ferri and Melville, 1994) which is broadly Late
Triassic in age.

Wrede Ultramafic Complex

The Wrede Ultramafic-Mafic Complex is an Alas-
kan-type body of Late Triassic age intruding rocks of the
Takla Group just south of Wrede Creek (Figure 3; Nixon
et al., 1998). The complex is crudely zoned with a grada-
tion from dunite in the core to gabbro at the margins.
These rocks were not examined in any detail; the geology
of the complex shown on Figure 3 is taken from Nixon et
al. (1998). This ultramafic body is most likely related to
the Polaris Ultramafic Complex which intrudes rocks of
the Lay Range Assemblage within the southern part of the
Lay Range (Nixon et al., 1998; Ferri et al., 1993a, b).

STRUCTURE AND METAMORPHISM

The structural style within the map area is quite vari-
able and is a reflection of the different tectonic terranes
present. Generally, the degree of penetrative deformation
increases from west to east within the map area. Cleavage
is poorly developed or non-existent within coarse volca-
nic breccias and flows of the UMTD and Takla Group.
When presen t , a weak c leavage wi th in coa r se
volcaniclastics of the UMTD is one of the criteria used in
distinguishing these rocks from similar, but relatively
undeformed volcaniclastics in the Takla Group. Com-
monly a slaty cleavage is present within rocks of the un-
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Photo 8. Polymictic volcanic breccia of the UMTD. This lithology occurs in the lower part of the UMTD within the Wrede Range and is
characterized by maroon and green clasts of aphanitic basalt together with pyroxene and/or feldspar phyric basalt.



derlying Big Creek Group and the fine tuffs of the UMTD.
The intensity of cleavage and metamorphism increases
down section, into rocks of the Ingenika Group where
well developed, biotite-bearing schists occur in the lower
parts of the Swannell Formation. Although biotite
porphyroblasts were noted in several localities along the
eastern margin of the map area, not enough data points are
available to draw a metamorphic isograd. At one locality
poikiloblastic biotite porphyroblasts were up to several

millimetres in length. Although they grew in a random to
semi-random orientation, they were produced near the
end of S1 cleavage development as shown by the slight
wrapping of this fabric around the porphyroblasts.

Metamorphism is of regional or Barrovian-type and
dating of metamorphic minerals indicates it is Middle Ju-
rassic in age, although mid-Cretaceous and Tertiary cool-
ing ages are also encountered (Ferri and Melville, 1994).

Only one large scale fold was delineated within the
map area and consists of a tight, northeasterly overturned
structure outlined by the limestone marker between the
UMTD and LSD (Figure 3). This large fold is the north-
ward continuation of a structure mapped within the south-
ern Lay Range (Ferri et al., 1993a, b). The southwest dip-
ping axial plane of this fold is similar in orientation to the
average attitude of cleavage within rocks of the map area
(Figure 6). The fold structure is lost north of the Lay
Range and only a southwest dipping overturned panel of
volcanics belonging to the UMTD occurs north of the
Wrede Ultramafic Complex, suggesting the core of the
structure is located further to the west. The repetition of
the limestone at the top of the LSD along the eastern limb
of the structure is believed to be due to small scale folding.
Outcrop-scale versions of this large fold were observed
primarily within rocks of the Swannell Formation.

Early cleavage, together with the surrounding
lithologies, is locally broadly folded and/or crenulated.
This folding is best developed within rocks of the
Swannell Formation, although the spread of cleavage ori-
entation shown in Figure 6 indicates the entire map area
has been affected. This suggests the presence of at least
two distinct periods of fold formation. Cassiar rocks
within the map area are found on the west flank of a broad
antiform similar to others developed within strata of the
Ingenika Group (Figure 2). It is not clear if the latter, up-
right folds within the map area are related to these struc-
tures or represent a distinct fold episode. Comparison of
bedding-cleavage intersection attitudes and the beta di-
rection for poles to cleavage and bedding within the map
area suggest the two fold styles are coaxial.

The large, northeasterly overturned fold within the
Lay Range Assemblage is carried in the hangingwall of
the major, terrane bounding, northeasterly directed thrust
(Swannell Fault; Wheeler and McFeely, 1991), which
places rocks of the Lay Range Assemblage above those of
the Cassiar Terrane. The thrust is steeply dipping to the
southwest and is roughly parallel to bedding in bounding
units. This thrust delineates the western boundary of An-
cestral North American rocks within this part of the Cana-
dian Cordillera. Although no kinematic indicators were
observed in the map area, in the southern Lay Range these
display tops to the east directions (Nixon et al., 1993;
Ferri et al., 1993b). It is interesting to note that in the most
northern part of the map area folding of the fabric along
this zone, in conjunction with brittle pull-aparts, would
suggest late strike-slip motion, possibly dextral in nature.
The axial planes of these folds are steep and perpendicular
to the fault contact and the associated fold axes also ex-
hibit steep plunges. These structural features were local-
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ized and their regional significance is presently un-
known.

The contact between the Lay Range Assemblage and
the Takla Group is marked by a steeply dipping zone of
highly sheared volcanics up to 100 metres wide. Re-
gionally, the Lay Range Assemblage has been shown to
form the basement to Takla volcanics (Ferri, 1997). The
fault zone can be quite narrow, as observed in the northern
Lay Range where it is hidden below approximately 10
metres of glacial deposits. Typically the zone is marked
by a steep cleavage or schistosity with relic pyroxene,
feldspar or lithic clasts. Deformation appears ductile, al-
though certain components, such as feldspar and
pyroxene, behaved quite brittly. No kinematic indicators
could be discerned where the fault zone was examined in
the map area.

In the southern part of the map area the fault zone
trends north-northwesterly. It cuts out much of the Lay
Range Assemblage as it is traced northwards towards the
Wrede Range (Figure 3). It is likely the fault veers more to
the west across Wrede Creek due to the increased amount
of Lay Range volcanics and the lack of large shear zones
within Lay Range rocks.

This steep dipping fault structure probably connects
southwards with either the Polaris Creek or Lay Range
fault zones, two strike-slip fault zones with several kilo-
metres displacement (Ferri et al., 1993b; Ferri, 1997).
These faults are part of an en echelon fault array that to-
gether with the Manson fault zone and Pinchi and North-
ern Rocky Mountain Trench systems, record a major pe-
riod of Late Cretaceous to Early Tertiary dextral motion
in this part of the Cordillera.

MINERAL POTENTIAL

The Earn Assemblage, to which the Big Creek Group
belongs, is an important metallotect within the Canadian
Cordillera. In Selwyn and Kechika basins, it hosts signifi-
cant SEDEX deposits such as the Tom, Jason, Driftpile
Creek, Akie and Cirque. Further west, Earn Assemblage
rocks also contain important VMS deposits which in-
clude the Marg of northwestern Selwyn Basin and the
Wolf deposit found within the northern Cassiar Terrane.

In southeastern British Columbia rocks of similar
age to the Earn found within the western Kootenay
Terrane, a more distal part of the ancient continental mar-
gin, also hosts important VMS deposits such as Rea and
Homestake. Finally, Early Mississippian rocks of conti-
nental nature, but uncertain affinity within the Yu-
kon-Tanana Terrane, have recently been shown to contain
large VMS deposits including the Wolverine, Kudz Ze
Kayah and Fyre Lake. As stated earlier, all these occur-
rences taken together underlines the fact that the Late De-
vonian to Early Mississippian is an important period of
metalliferous deposition.

Major SEDEX mineralization within the Selwyn and
Kechika basins are Frasnian and Famennian (Late Devo-
nian) in age (Paradis et al., 1998) and found towards the
base of the Earn Group. SEDEX occurrences of Early

Mississippian age are reported in the MacMillan Pass
area of the Selwyn Basin (Irwin and Orchard, 1989). The
ore composition of these deposits is simple, being made
up of sphalerite and galena (+silver) with pyrite and bar-
ite as non-ore components. Barite is an important constit-
uent of these occurrences and is commonly found in distal
parts of the deposits or as the primary component of
low-temperature systems. The presence of barite by itself
within Earn lithologies is important in that it signifies the
presence of active exhalative systems.

In the Yukon, VMS deposits within Earn rocks are as-
sociated with calc-alkaline and alkaline to calc-alkaline
felsic volcanics. The Wolf deposit is found with the alka-
line to calc-alkaline Pelly Mountain volcanic belt which
is associated with several other VMS occurrences includ-
ing the MM, Mamu, Bnob, Chezpnough and Tree (Hunt,
1999). Mineralogically these are composed of sphalerite,
galena (+silver), minor copper, and with pyrite,
pyrrhotite, barite and minor fluorite as accessories. The
age of these deposits is uncertain and are broadly Late De-
vonian to Early Mississippian (Hunt, 1999).

The Marg VMS deposit of northwestern Selwyn Ba-
sin is associated with calc-alkaline felsic volcanics of
Early Mississippian age (Turner and Abbott, 1990). This
is a polymetallic occurrence composed Cu, Zn, Pb, Ag
and Au with a sulphide mineralogy made of pyrite, chal-
copyrite, sphalerite, galena and minor tetrahedrite and ar-
senopyrite. Ferroan carbonates and quartz are also impor-
tant constituents of the ore body. The presence of
sericite-carbonate-quartz-pyrite within footwall rocks
suggest hydrothermal alteration, a situation rarely seen
within the low temperature SEDEX deposits or reported
from the Pelly Mountain alkaline occurrences.

Mineral Potential of the Big Creek Group
and Gilliland Tuff

Known mineralization within the Big Creek Group is
SEDEX in nature although there are anomalous stream
sediment and soil geochemistry localities suggesting the
potential for mineralization within the Gilliland Tuff.
SEDEX mineralization is found at the Omineca Queen
bedded barite occurrence and in the Wasi Lake area.

Sedex Mineralization

The Omineca Queen (MINFILE number 093N 087)
bedded barite, located near Munro Creek, immediately
south of the Manson River, is the only documented
SEDEX occurrence within the Big Creek Group (Figure
2; Band, 1970; McCammon, 1975; Craig, 1992). The
Omineca Queen consists of up to 7 metres of bedded to
massive barite hosted within dark grey argillites and
slates. This SEDEX occurrence was visited to examine
the mineralization and its possible relationships to the
Gilliland Tuff. Old trenches and cat trails are severely
overgrown and only two sections of massive to poorly
bedded barite up to 3 metres thick were visible. Although
no felsic tuff was observed in the area, mapping showed
that the barite is found within black, fissile shale to
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argillite and sits stratigraphically below quartz-chert
wackes and sandstone which regionally are below the
Gilliland Tuff. This barite mineralization is probably part
of the Late Devonian SEDEX event found throughout the
Kechika and Selwyn basins of Ancestral North American.

Exploration by Cominco Exploration Ltd. east of
Wasi Lake, near the former PAR mineral claims, discov-
ered several other barite occurrences within the Big Creek
Group (Bruce Mawer, personal communication, 1993). In
this area, Big Creek argillites can be traced around a broad
syncline south of the Osilinka River (Figure 2). East of
Wasi Lake, anomalous levels of Pb, Zn and Ba in stream
silts were reported by Ferri et al. (1992a) and from the
RGS survey for 94C (Jackaman, 1998). Anomalous
stream sediments and soils were also collected on the for-
mer RAP mineral claims (Johnson, 1996) which are sev-
eral kilometres northeast of Wasi Lake. Together, these
indicate the potential for SEDEX style mineralization
within the Big Creek Group of the Wasi Lake area. Rock
geochemistry on several samples of the lower Big Creek
Group indicate weakly anomalous Ba levels in one area
and elevated levels of Ag (2.6 ppm), Pb (433 ppm) and Ba
(1928 ppm) in another area (Johnson, 1996).

Potential for VMS Mineralization

Mapping by the author has traced Gilliland Tuff fel-
sic volcanics from the Manson River area to the Wrede
Range, a distance of some 150 kilometres (Figure 2).
These volcanics are intermittently present within the up-
per part of the Big Creek Group and are from several
metres to some 50 metres in thickness. Textural features
commonly indicate the volcanics are tuffaceous and sub-
marine in nature, being interbedded with fine clastics of
the Big Creek Group. Sections in several localities are
quite thick and parts of the unit appear to be subvolcanic
and texturally resemble a quartz ±feldspar porphyry in-
trusion. Areas where thick volcanics occur include: the
type locality around Germansen Landing; the area south
of the Swannell River and the region between the Osilinka
River and Wasi Lake where the unit is well in excess of
1000 metres thick. The mapped extent of the volcanics
shown in Figure 2 would suggest that a volcanic centre
may be present in the Wasi Lake area with subsidiary cen-
tres in the Germansen Landing and Swannell River areas.
The thin horizons of tuff seen elsewhere within the Big
Creek Group would then represent distal deposits pro-
duced by these or other volcanic centres.

Although no mineralization has yet been attributed to
this unit, several drainages cutting the Gilliland Tuff have
returned anomalous stream silt geochemistry and anoma-
lous whole rock geochemistry for the tuff. In the Wasi
Lake area, the recent RGS release for NTS sheet 94C
(Jackaman, 1998) contains localities with anomalous lev-
els of Pb, Zn, Ba and ±Au for some of the drainages cut-
ting the unit. Rock sampling of carbonaceous breccia or
conglomerate from the Gilliland Tuff within the former
RAP mineral claims east of Wasi Lake returned anoma-
lous Ag (7.3 ppm) and Ba (greater than 2000 ppm; John-

son, 1996). Gilliland volcanics in the Wasi Lake area
locally contain sericite and/or carbonate alteration.

South of Swannell River, several drainages cutting
the Gilliland Tuff contain silts with anomalous levels of
Cu (24, 104 and160 ppm), Pb (10, 26 and 107 ppm) and Zn
(283, 1090 and 1453 ppm; Rhodes, 1994). Silts from sev-
eral streams cutting the Big Creek Group in the northern
Lay Range (Figure 3) contain sediments slightly anoma-
lous in Pb, Zn and Ba (Jackaman, 1998).

The high background level of barium in the Gilliland
Tuff, together with the associated barite in some of the
VMS occurrences in the Pelly Mountains suggests that
this mineral can be, as in the case of SEDEX deposits, a
useful indicator of nearby mineralizing systems. Bedded
barite of Early Mississippian age is known from the
Selwyn Basin and northern Cassiar platform and may be
time equivalent to some of the felsic volcanism (Gordey,
1991; Irwin and Orchard, 1990).

SUMMARY

In summary, mapping in north-central British Co-
lumbia has delineated the presence of a Late Devonian to
Early Mississippian sequence of argillite, slate and sand-
stone with proven SEDEX potential. The upper part of
this succession also contains felsic tuff similar in age and
general composition to volcanics in cratonic and
pericratonic rocks which are associated with VMS miner-
alization. These volcanics, locally called the Gilliland
Tuff, have been traced from the Manson River area to as
far north as Wrede Creek, a distance of some 150 kilo-
metres. Although no direct mineralization was observed
within these rocks, anomalous base metals values in silt
samples from several drainages cutting these rocks to-
gether with elevated base metals in rock analysis suggests
the potential for VMS-style mineralization.

Late Paleozoic arc volcanics and pericratonic sedi-
ments of the Lay Range Assemblage exposed between the
northern Lay Range and Ingenika River, have closer litho-
logic and age similarities with the middle and upper part
of the Dorsey Assemblage than with Yukon-Tanana rocks
seen in the Finlayson Lake area of the Yukon.
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Geology of the Mount McCusker-Robb Lake Area,
Northeastern British Columbia (94G/4W)

By A.S. Legun

KEYWORDS: Regional Geology, Paleozoic, , Sidenius
thrust, Skoki Formation, Beaverfoot Formation, Nonda
Formation, Muncho-McConnell Formation, Mississippi
Valley type (MVT) deposits, Robb Lake deposit, lead and
zinc mineralisation ,stratiform breccia, Ospika embayment,
stratiform sedex potential.

INTRODUCTION

The Mount McCusker-Robb Lake area of mapping
lies near the western margin of the MacDonald platform.
This tropical platform extended over much of northeast-
ern B.C. in late Silurian to Devonian time. The western,
ocean facing margin of the platform is host to numerous
showings and prospects of Mississippi Valley type
(MVT) lead-zinc mineralisation. The largest of these is
the Robb Lake deposit which has measured geological re-
serves of six and a half million tonnes at 7.1 per cent com-
bined lead-zinc. Fieldwork in 1999 extended the 1998
mapping southward to the vicinity of the Robb Lake de-
posit, as well as to the northwest and east. The mapping
project is a component of the multidisciplinary National
Mapping (NATMAP) Central Forelands Project of the
Geological Survey of Canada.

One of the more interesting results of the mapping is
indications of sharp breaks in the older Upper Ordovician

to Lower Sillurian platform margin. There is some poten-
tial for stratiform sedex deposits in the Lower Silurian
and Upper Ordovician marine beds of a basinal
embayment in the area. A few base metal geochemical
highs in host terrain appear to have been ignored, perhaps
because the emphasis was to explore using the MVT
model.

LOCATION AND ACCESS

The map area lies 80 km due west of the small settle-
ment of Pink Mountain on Highway 97 and 151 km north
of Fort St. John. The area is within the eastern Muskwa
Ranges, but close to the edge of the Rocky Mountain foot-
hills to the east. The surveyed area lies at an altitude vary-
ing from 1250 to 2500 m. It is only accessible by air, but a
few trails and seismic lines approach it from the east. The
map area is bordered on the north by Colledge Lake and to
the east by Mt. Bertha. To the south it extends to the vicin-
ity of the Robb Lake deposit and Mississippi Creek. The
main streams within the map area are the upper Sikanni
Chief River and Sidenius Creek. Secondary drainages in-
clude Bartle, Embree, Gautschi and Colledge Creeks. In
the following geological description of the area, major
ridges are referenced by using the name of a nearby drain-
age (Figures 3, 4). For example, the ridge extending south
from Sikanni Chief River, drained by Bartle and Embree
Creeks, is called Bartle Ridge. Sidenius Ridge is the
east-west trending ridge on the north side of the Creek of
the same name.

Fieldwork in 1999 involved twenty-one traverses, to
cover an area of about 600 square km. with helicopter
support provided by the Geological Survey of Canada.
The writer was ably assisted by University of Victoria ge-
ography co-op student, Panos Skrivanos. Due to foul
weather, some areas were not mapped with the desired
definition. The work was conducted from two fly camps,
one in the northern Gautschi River valley, the second
from a tributary on the south side of Sidenius Creek bor-
dering the Robb Lake mapsheet (94B/13), informally
named as Flycamp Creek.

PREVIOUS GEOLOGIC MAPPING

Early work in the area dates from the 1960’s and fo-
cused on the regional stratigraphic and structural frame-
work of the Paleozoic rocks for assessment of oil and gas
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potential. Mineral exploration received its impetus from
active sampling and drilling of the Robb Lake prospect 20
km to the south in the early 1970’s. This led to spin-off ex-
ploration for Mississippi Valley type deposits along the
entire eastern border of the Northern Rockies. In the study
area a number of showings were found and several, such
as Lad (Williams, 1974a) and Toll (Williams, 1974b)
have been drilled.

The area has not been mapped in detail, except for the
immediate vicinity of the Lad (Mt. McCusker) prospect at
a scale of 1:12000 (McHale and Pearson, 1974). The re-
gion is generally covered by a 1:250,000 scale compila-
tion by the GSC (Taylor, 1979). Bob Thompson mapped
and compiled the Halfway sheet south of the study area
(Thompson, 1989), publishing both 1:50,000 and
1:250,000 scale maps.

GEOLOGIC SETTING

The stratigraphic succession ranges from Ordovician
to Devonian. The succession in stratigraphic order (oldest
to youngest), comprises the Ordovician Kechika, Skoki
and Beaverfoot Formations, an unnamed early Silurian
facies, the early Silurian Nonda Formation, a Silurian
quartzite marker unit, the Siluro-Devonian Muncho-
McConnell Formation, the Devonian Wokkpash, Stone
and Dunedin Formations. Dolostones dominate, but there
are significant intervals of shale (Figure 2). The
lithologies can be ascribed to shelf and slope to basin en-
vironments. Biostromal dolostone, algal laminites, reef
boundstone, and cross bedded quartzite correspond to the

shelf. The offshelf is characterised by calcareous shales
with biohermal and bioclastic lenses. The slope to basin
facies includes graptolitic shales, quartz turbidites,
graded beds with rip-ups and pyritic shale.

Structurally, the area of study lies at the edge of the
northern Rocky Mountains at a transformation between a
fold and thrust belt characterised by tight overturned folds
and ramping thrusts, as at Mt. McCusker or Bartle Ridge,
and a belt of more open folds to the east, with fewer and
more shallow dipping thrusts such as at Mt. Bertha.

West of the map area in the Ware sheet (NTS 94F) Pa-
leozoic shales dominate from the Ordovician Kechika
Group to Devonian Earn Formation in the basin of the
Kechika trough. These are described in several reports,
including Cecile and Norford (1979), MacIntyre (1998).

The succession at Mt. McCusker preserves deposits
of a basinal embayment into the platform in the Ordovi-
cian and Silurian called the Ospika embayment (Thomp-
son, 1989). The facies boundary between the Skoki and
overlying shales outlines the embayment. The position of
the shelf edge in the Trutch and Halfway sheet is illus-
trated by Thompson (1989, Photo 3). In the study area the
basin to shelf transition can be followed via a series of
stratigraphic sections from Robb Lake to the Sikanni
Chief River.

The stratigraphic succession is broken by two princi-
pal unconformities. The oldest lies at the top of the late
Ordovician Beaverfoot. The younger unconformity is
marked by the base of “Silurian Siltstone” in the basin
and the base of the Muncho-McConnell on the platform.
Recently the “Silurian Siltsone” has been formally named
as the Kwadacha Formation (Pyle and Barnes, in press).

There are other unconformities of more local extent
noted by workers, for example, the top of the Stone For-
mation below the Dunedin (Morrow, 1978).

MT. MCCUSKER AREA STRATIGRAPHY

Kechika Group

The Kechika is an extensive offshelf facies consist-
ing of well recrystallised, thin to medium bedded calcare-
ous shale, limestone and dolostone. Flaggy cleavage
plates typically have a slight phyllitic sheen. The Kechika
varies little throughout the map area. In some areas (e.g. a
ridge above Sikanni Chief River east of Gautschi Creek)
the uppermost beds below the Skoki are thick bedded.
Barnes et al. (1998) noted trilobite debris in the Kechika.
Work in 1999 delineated the contact of Kechika with
Skoki Formation in the cirques northwest of Gautschi val-
ley and in the core of a box-like anticline at Sikanni Chief
River.

Skoki Formation

A complete section of Skoki, approximately 500
metres thick, was noted on Sidenius ridge in 1998
(Legun,1999).
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northeast (Mount McCusker) to southeast (Halfway River)
transect of map area. * Stratigraphic position of CT, ERN
stratiform mineral occurrences in Ware sheet to west (NTS 94F).



In 1999 the Formation was mapped south of Sidenius
Creek. The common oncolitic facies was noted, but the
chert facies was not evident. Uppermost beds (100 m or
so) show indications of current activity. Bedding surfaces
show patches of bioclastic crinoid debris and some beds
are rippled and crossbedded. Also evident on bedding
surfaces are drapes of reddish mudstone. In several lo-
cales near the top of the Formation there are beds with a
dense distribution of oncolites cored by brachiopod

valves. Macluritid planispiral gastropods are also found
in these beds and have been documented elsewhere in the
Skoki (Rohr et al. 1995).

The interpretation of these upper beds is uncertain,
but on the whole, the Skoki does not appreciably change
platformal character within the area of study. West of Mt.
Kenny in the Halfway sheet it becomes more argillaceous
(Thompson, 1989, p. 26). Closer to the Kechika Trough a

Geological Fieldwork 1999, Paper 2000-1 149

Figure 3. Geology of northern portion of map.



collapsing shelf edge has been described by Cecile and
Norford (1979).

Beaverfoot Formation

The Beaverfoot Formation shows a transition from
platform to basin depositional setting in the map area. Ba-
sically the quartz-dolomite unit of the platform (ibid.)
was followed into the basin where it corresponds to the
brown shale and quartzite unit (Thompson, 1989) near
Robb Lake. The writer describes lateral facies within the
single nomenclature of Beaverfoot. The quartz dolomite
unit, brown shale and quartzite facies of Thompson
(1989) are similarly overlain by basal Silurian facies both
on the platform and in the basin and are underlain by the
Skoki.

The platformal part of the Beaverfoot is well exposed
near the Sikanni Chief section of Norford et al. (1966) on
Bartle Ridge. Here a sequence of reddish (bioturbated)
dolomitic siltstones passes upward to laminated and
cross-bedded quartz arenite, arenaceous dolostone and
orange dolostone. Mudcracks and breccias with
ferricrete? nodules are present in the highest beds
(Legun, 1999). The sequence, about 200 m thick, indi-
cates an upward shallowing depositional environment.

In the hangingwall of the Gautschi thrust to the west,
graded beds and erosional features in arenites together
with interbeds of shell coquina suggest a subtidal slope fa-
cies. Lithologies include horizontal laminated sand-
stones, graded dolomitic sandstones with mudstone
rip-ups and erosional bases; dolomitic shale (some beds
rich in single valve shells); thin (5cm) pyritic beds, fine
dolostones, nodular and lensoid breccia, rusty dolomite
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Figure 4. Geology of southern portion of map.



and sandy dolomite with scattered black chert. The thick-
ness here is on the order of 250 to 300 m. Steep terrain and
scree precludes a good section but brownish dolomitic
shales are abundant.

Further to the south a nautiloid found in basal beds of
the Beaverfoot south on Sidenius ridge (Legun, 1999)
confirms open marine conditions at the time of the Ospika
Embayment. Dark sandy and shaly calcareous beds lie
abruptly on the Skoki. Only about 15m of Beaverfoot is
preserved.

On the south side of Sidenius Creek there are several
sections of a basinal facies of the marine embayment. In
each case there is a sharp contact of very pale dolostones
of the Skoki with brownish recessive beds of the
Beaverfoot Formation. The lower Beaverfoot at Flycamp
Creek (Photo 1) consists of sooty calcareous siltstone and
dark shale, brown dolomitic siltstones with intraclasts of
chert, and mud rip-ups from underlying beds. At least one
thick quartz turbidite with a fluted base is found in the
black shale, associated with rusty pyritic shales.

The black shale facies grades upward into a thicker
bedded sequence of dolomitic siltstone, variably calcare-
ous dolostone, chert and cherty siltstone. This may corre-
spond to the shallowing up cycle on the platform. There
appear to be lateral facies changes with banded cherty
siltstones being replaced by calcareous shale, or yellow
dolomitic mudstone within a kilometre of each other.

On airphotos and from a distant viewpoint, the transi-
tion from Beaverfoot to basal Silurian facies is evident as
a change from brownish or paler beds to grey beds. In tra-
verse the brownish or paler beds are a rhythmically
banded facies of alternating calcareous dolostone and
yellow dolomitic mudstone which develops lenses of
limestone and calcareous shale up section. On close ex-
amination the calcareous units are bioclastic, either shal-
low channel bodies of reef detritus or perhaps eroding
biohermal mounds. The presence of calcareous beds is a
principal feature of the transition zone. This may reflect
deepening conditions and other environmental changes.

The thickness from bedding dips and elevations at
contacts indicates the Beaverfoot is approximately 300 m
thick at Flycamp creek.

few kilometres to the south a ridge section exposes
strata from the Skoki Formation to a Silurian breccia unit.
A resistant bed of quartzite, lieing about 150 m above the
base of the Skoki, may be the same bed as mapped to the
north. Black shales above it are reported by Pyle (per-
sonal communication, 1999) to yield graptolites of the
clingani Zone which is Late Ordovician (Caradoc) in age.
Lithologically the upper contact of these beds with Lower
Silurian shale beds is not clear here. There is minor fold-
ing and a fault before the section ends at exposures of Si-
lurian breccia which form a near flat-lying cap to the high
part of the ridge.

It is not clear whether in the area south of Sidenius
Creek sedimentation was continuous from the Upper Or-
dovician to Lower Silurian. Ongoing biostratigraphic
evaluation by Barnes et al. (1999) should provide some
answers. In many basinal areas of the northern Cordillera
a disconformity is reported (Lenz and McCracken, 1982).
In the Halfway River sheet, Thompson (1989) distin-
guished basinal Lower Silurian beds from Upper Ordovi-
cian marine shales (Beaverfoot of this writer).

The disconformity in the basin apparently corre-
sponds to a regionally downcutting unconformity on the
platform. Norford (1966) noted that the unconformity
cuts down northward such that at 58 latitude the Nonda
sits on the Kechika.

Basal Silurian Facies

Basal Silurian beds suggest a transgression occurred
at the end of the Ordovician. Basal Silurian calcareous
shales, albeit thin, and somewhat oxidised, rest on the
quartz dolomite facies of the Beaverfoot and underlie the
Nonda Formation. The basal Silurian facies is unnamed
on the platform but basinward corresponds to the Carbo-
naceous limestone unit (Scl) of Thompson (1989) in the
Halfway River map sheet.

Norford et al. (1966) first recognised a recessive
basal Silurian facies. The writer examined Norford’s
Sikanni Chief section in 1998 and found the recessive
beds to be a mappable unit within the area of study.

In the Sikanni Chief section the basal Silurian beds
are thin (about 80 m), and comprise yellowish, rubbly,
nodular, shaly and calcareous dolostone, grey calcareous
shale and dolomitic siltstone. Immediately to the west in
the Gautschi valley the section thickens to circa 200 m,
(see Gautschi Creek section in Barnes et al. 1999), and is
comprised of a darker flaggy calcareous shale which
weathers similar to the Kechika. Further to the west, basal
Silurian facies outcrop in the hangingwall of the Gautschi
thrust. Exposures are accessible via a cirque at the head of
a tributary to Sidenius Creek. The upper contact against
the Nonda is sharp, and the base not exposed in the bottom
of the cirque. A calculated thickness of 160 m of low dip-
ping beds are present.
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Photo 1. Looking northeast across Flycamp Creek. Ridge section
of dipping beds of Beaverfoot Formation (light) to darker basal
Silurian facies. Section continues to Nonda shale-out outside of
picture to right.



The basal Silurian shows an increasing argillaceous
character both west and south from the Sikanni Chief sec-
tion.

Nonda Formation and Basal Silurian Facies

The Nonda is a platformal dolostone, often cherty,
with distinct biostromal beds. It is uniform in thickness
(about 320 m) and character across the McCusker map
area. The westernmost exposures in the Mt. McCusker
area are still platformal in character.

South of Sidenius Creek, Riddell (1972) first docu-
m e n t e d t h e b a s a l S i l u r i a n f a c i e s t h i c k e n i n g
diachronously at the expense of the Nonda. Thompson
(1989, Figure 8) described cliff exposures showing
tongues of the Nonda pinching into shaly basal Silurian
facies. At the shale-out the writer estimates the Lower Si-
lurian to be at least 500 m thick, comprising 200 m of thin-
ning Nonda and 300 m of shale.

South of the shelf break, basal Silurian beds (unit Scl
of Thompson, 1989) are overlain by bedded breccias,
which have been described as debris flows from a Nonda
reef (ibid). Exposures of breccia forming the ridge top
west of Mississippi Creek were briefly examined (Photo
4). The breccia consists of medium to dark grey, angular
to subangular and subrounded tabular dolostone and
“cobbles” of black chert in a grey dolomite cement. The
coherence of the fragments suggest a good degree of
induration in the host sediment. A discrete bed of breccia
is sharply outlined against thin beds of cherty laminated
dolostones and brown dolomitic siltstone above and be-
low. Similar brown siltstones occur as clasts. The chert
“cobbles” include some elongate pinch and swell shapes
suggesting they may be disaggregated nodular beds. The
writer noted dark reddish shale clasts, an uncommon
lithotype in the Nonda. Nelson et al. (1999) noted well
preserved fossil fragments of Halysites, Favosites.

Barnes et al. (1999) report that distinctive platform
conodonts from the breccias appear to belong to the
Pterospathodus amorphognathoides Zone, close to the
base of the Wenlock. This conodont age is a little younger
than the known age of the Nonda (Llandovery). The
equivalence of these bedded breccias to the Nonda may
need to be re-examined.

The total thickness of the Lower Silurian is reduced
in the area where breccia overlies the basal Silurian shales
(Thompson 1989, Figure 20). The reason for this is un-
clear. However the top of the breccia is overlain by Silu-
rian Siltstone facies and the contact is an unconformity.
This is further discussed below.

Marker Quartzite

The Silurian marker quartzite marks the top of the
Nonda and base of the Muncho-McConnell Formation.
Mapping in 1999 confirmed that it extends into the Robb
Lake area. It was recognised below Mississippi ridge and
in valleys on the south side of Sidenius Creek. At one lo-

cation it appeared to be missing, represented by a
dolomitic breccia with a sandy matrix.

This is the same unit mentioned by other workers in
the Robb Lake area. It corresponds to the 60 foot thick
quartzite band northeast of Mt. Kenny noted by Riddell
(1972, section C-1-72). Thompson (1989, section 3, p.
117) shows a thick orthoquartzite (81 m) at the base of the
Muncho-McConnell in the same area. Unit D of Mann
(1981) is clearly the same unit.

The quartzite marker may be equivalent to sandstone
beds at the base of the brown siltstone unit of Thompson
(1989). The brown siltstone facies overlies the breccia fa-
cies mentioned above. The quartzite marker and the Silu-
rian breccias may be related. Norford (1990) suggested
the Nonda Formation was attenuated by erosion prior to
the unconformity. The Silurian breccias may thus repre-
sent material that was eroded from subaerially exposed
Nonda and carried into the basin, rather than representing
debris flows from a reef front.

Thompson (1989) correlates his brown siltstone unit
with the Silurian Siltstone facies (SD unit of Cecile and
Norford 1979, p.224), also underlain by an unconformity.
The base of the SD, brown siltstone, Silurian marker
quartzite may represent the same unconformity or fall
within a comparable interval of time (?Wenlock sea level
low stand of Lenz, 1982). The base of the Muncho-
McConnell is reported to be an erosional surface by
Norford et al. (1966) downcutting eastward. MacIntyre
(1998) has suggested the Middle Silurian siltstone facies
in the Kechika Trough has its source in the erosion of the
eastern portion of the MacDonald platform at this time.

Muncho-McConnell Formation

The Muncho-McConnell Formation consists of pale,
fossil-poor, thick to medium bedded dololutites occasion-
ally with discontinuous sand laminae and scattered quartz
grains. It includes crinkly beds ascribed to algal mats and
scattered quartz ascribed to aeolian sand. MacQueen and
Thompson (1978) interpret the Muncho-McConnell as
representing dolomitised, high salinity, lagoonal,
intertidal, and supratidal carbonates with surfaces of
dessication. The Muncho-McConnell thickens towards
Robb Lake. It is on the order of 250 m thick near Mt.
Helen and over 450 m at Robb Lake.

The Formation has been described in detail by others
(e.g. Mann, 1981, Nelson et al., 1999). In the Mt.
McCusker area it is devoid of fossils. In the Robb Lake
area large brachiopods are present which Taylor (1977)
linked to the proximity of the Siluro-Devonian facies
front. The Muncho-McConnell is replaced by the brown
siltstone facies to the south between Robb Lake and
Laurier Lake. This is postulated to represent an
embayment (MacQueen and Thompson, 1978, p. 1741).

Breccia units within the Muncho-McConnell Forma-
tion are described separately under Economic Aspects.
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Wokkpash Formation

The Wokkpash was recognised last year in western
exposures in the footwall of the Gautschi thrust as a
crossbedded dolomitic sandstone unit with scattered gas-
tropods,. It was traceable for a km or so, 10 to 15 m thick,
in apparent conformable contact with Muncho-
McConnell beds underneath.

The Wokkpash is not a mappable unit on Bartle
Ridge but reappears further to the east in a broad anticline
in the Sikanni Chief River valley. Here several significant
areas of massive quartzite outcrop. They are well jointed
but bedding is difficult to discern. They are estimated to
be at least thirty m thick. East of that structure Taylor and
Mackenzie (1970, table II) measured 63 m (186 feet) in
the Mt. Bertha structure.

The Wokkpash is locally mappable in the McCusker
area. It represents at least two separate sand bodies.

Stone Formation

The Stone Formation consists of alternations of pale
crystalline dolostone and tan dolostones similar to the
Muncho-McConnell. The presence of paler (in some
cases almost light blue-grey) crystalline dolomites is one
of the few features that distinguish it from the more uni-
form Muncho-McConnell. Where the intervening
Wokkpash sandstone is missing, the map contact between
Muncho-McConnell and Stone Formations has a low
confidence. The upper contact with the Dunedin is fairly
sharp.

The Stone is relatively thick (100-150 m) in the broad
arch at Sikanni Chief mapped this year. Further to the east
at Mt. Bertha, Taylor and Mackenzie (1970) measured
140 m (459 feet). The Stone Formation thickens apprecia-
bly northward according to their regional isopach map
(ibid.).

To the south Mann (1981) did not recognise the Stone
as a mappable unit in the Robb Lake area and incorpo-
rated it with the upper member of the Muncho-
McConnell. Nelson et al. (1999) recognised the facies lo-
cally. Thompson (1989, p.117, sections 3,4) noted the
sand content of the Stone Formation increases toward the
Halfway River. South of Robb Lake he mapped a
dolomitic quartz sandstone unit (DqS) which is more or
less equivalent to the Stone Formation..

Dunedin Formation

The Dunedin ranges from a few tens of metres to over
100m at Mt. Bertha; but averages 50 to 60 m in the area of
study. The Dunedin tends to be poorly exposed and its
contact with Besa River shale is often covered. Its conti-
nuity is uncertain; for example Thompson (1989) sug-
gests the Dunedin is discontinuous along the edge of the
Robb Lake anticline. It is clearly thicker and more contin-
uous in the north part of the map area where new expo-
sures were located in 1999.

The Dunedin is a complex facies spanning reef, shelf
and offshelf environments. It includes reef boundstone
facies with dark red argillaceous fill (well exposed at Mt.
Helen), deeper water crinoid hash facies and sandy zones
of uncertain origin. Throughout the area, the lower half of
the Dunedin is often a grey, slightly fetid, fossiliferous
dolomite with zebra texture and its contact with the Stone
Formation is sharp. Its upper facies comprises dark
biostromal limestone with abundant fossil debris includ-
ing Amphipora, crinoids and bryozoa. Its contact with
Besa River shale can be quite gradational over 10 m or
more of dark calcareous shale. The gradational interval
locally includes finely laminated, pyritic shale. Areas
north of the map area have been subject to detailed study
by Morrow (1978).

Tebbut (1970) first described sections from Mt.
Helen, Mt. Bertha and Sheep Creek east of Robb Lake. A
north to south trending reef front was postulated to lie
near Mt. Helen and a thick shelf sequence further to the
east at Mt. Bertha (ibid.). Exposures mapped in 1999
around the periphery of an anticlinal arch between Mt.
Helen and Mt. Bertha should assist in relating reef facies
near Mt. Helen to the shelf at Mt. Bertha.

At Embree Creek the Dunedin is thinner and its fossil
content is reduced. A basin re-entrant, postulated by
Tebbut (1970), may be present south of Embree Creek. A
deep shelf facies of argillaceous crinoidal deposits at
Sheep Creek (Tebbut 1970; Thompson 1989), east of
Robb Lake, is part of the postulated re-entrant.

Dunedin exposures were found by the writer at the
northwest end of the Robb Lake anticline, in stratigraphic
cont inui ty with underlying Stone and Muncho-
McConnell beds of the anticlinal limb and in the footwall
of the Mississippi thrust.

To the south along strike there is a considerable
thickness of shale in the footwall of the Mississippi
thrust. Is this mostly basal Silurian (Road River) facies as
postulated by Nelson et al. (1999) or Besa River shale as
mapped by Thompson (1989)? Conodont samples at two
levels collected by the writer may help clarify the age of
calcareous shales and associated crinoid rich bioherms
(Dunedin Formation?). Additional thrusts may be present
in the tightly folded zone of shale and similar looking
shales of varyimg age could easily be juxtaposed. The
writer did not cross the stratigraphy further south at Webb
ridge.

STRUCTURE

Thrusts

The trace of the McCusker thrust was followed in de-
tail southward and its trace confirmed to coincide at the
south end with the Sidenius thrust at Robb Lake. The
thrust surface steepens to the west, both at Mt. McCusker
and at Robb Lake. At Mt. McCusker the thrust flattens to
the east, while at Robb Lake it undulates as a “folded”
thrust. The footwall geology has two segments. The
thrust appears to truncate the underlying Gautschi thrust
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at Sidenius ridge, the footwall to the Gautschi thrust then
becomes the footwall to the McCusker (Sidenius) thrust.
The probable explanation of these relationships is step
faulting or ramping. Such step faulting is expected in a se-
quence of competent and incompetent units such as
platformal dolomites with significant intervals of shale. A
number of areas of fault rampin have been identified, one
is well exposed below the arch of the Sidenius fault arch
on the south side of Sidenius Creek (Photo 2).

Normal Faults

A few normal faults of minor displacement were
noted in the northern part of the area (Legun, 1999).

The most significant normal fault lies in the south and
it truncates the west limb of the Robb Lake anticline. It
was mapped as a north-trending, normal fault by Thomp-
son (1989) and the writer has extended its trace north and
south via ground observations. The fault has more than
one component as a fault wedge of Nonda is preserved
against it. Displacement on the fault increases to the south
and Dunedin is juxtaposed against Beaverfoot at one
point. It appears to truncate the hangingwall Skoki beds of
the Mississippi thrust in an area of incomplete exposure.
On this basis the fault is mapped as displacing the thrust.

ECONOMIC ASPECTS

The McCusker map area lies along a trend of Missis-
sippi Valley-type (MVT) showings and prospects at the
platform edge of Siluro-Devonian rocks. The largest ex-
ample is the Robb Lake deposit hosted in breccias of the
Muncho-McConnell Formation near its shale-out to Silu-
rian Siltstone facies. At Robb Lake the main breccia unit
is near the junction of upper and lower members of the
Muncho-McConnell, At least 200 m above the base of the
Formation.

The Lad (Mt. McCusker) showing is associated with
a stratiform breccia situated only about 70 m above the
base (top of Silurian marker quartzite). The host
Muncho-McConnell is not near any facies front at this lo- cation. The breccia is also not related to a nearby thrust as

the breccia zone crudely maintains its position relative to
the quartzite marker rather than the thrust. A second less
well documented breccia near the Neil showing may rep-
resent the same stratiform zone as at Lad but on a separate
thrust plate.

The Lad breccia has some general similarities to
Robb Lake breccia (such as irregular vein-like masses
with sub-rounded fragments in a crudely stratiform
body), but the comminuted “trash breccias” are not appar-
ent.

At Robb Lake no breccia is noted at the Lad and
McNeil stratigraphic level. Mann (1981) described a local
disconformity known as the ASM or angular sand marker,
but at first assessment it appears to lie too high in the
stratigraphic section to correlate with the Lad breccia.

A small area of “trash” breccia (after Nelson et al.,
1999) occurs within Stone and Dunedin Formations adja-
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Photo 2. Looking north from Sikanni River along trace of fault
ramp below overturned succession of Besa River shale, Dunedin
Formation and undivided Stone/Muncho-McConnell Formations.

Photo 3. View north across Colledge Creek showing anticline
syncline pair exposing Dunedin (dark) and Stone (light)
Formations. To the right a normal fault cuts out the Dunedin
Formation.

Photo 4. Bed of breccia sharply outlined against evenly bedded
cherty dolostones. Photo taken at south end of ridge of Silurian
breccia unit (Sbx) in figure 4.



cent to the normal fault described in the Structure section.
The breccia appears confined to the Stone and Dunedin
and is probably cut by the fault. The outcrop may be worth
a visit as it does not seem to have been noted previously.

East of the mapped area the Dunedin Formation is
prospective for MVT deposits. Minor sphalerite bearing
bands are described in Dunedin Formation at Mt. Bertha
(Toll showing, Minfile 094G 015). To the north along the
same anticlinal structure pods of calcite and barite with
minor galena and sphalerite are found (Rb showing,
Minfile 094G 004).

The writer suggests the basinal Siluro-Ordovician
shales warrant some attention in the area. For that per-
spective it is necessary to jump west of the map area into
the Ware sheet. In the Ware sheet within the Akie River
area MacIntyre (1998) notes a few stratiform sedex pros-
pects within basal Silurian units near the shelf margin.
The Ern (Minfile 94F 001) is a stratabound sulphide zone
in the basal Silurian section, immediately above Ordovi-
cian graptolitic black shales. It includes a sulphide bear-
ing quartz breccia, stratiform zone of fine grained pyrite
with a silica-barite matrix and minor sphalerite. The CT
showing (Minfile 94F 010) is also found in basal Silurian
beds interpreted to lie closer to the platform edge. It is es-
sentially a bedded barite layer with zones of py-
rite-sphalerite-barite.

Rocks of similar age and character extend to the
Robb Lake area by way of marine embayments and re-en-
trants. A stratabound pyritic zone, associated with a
quartzite, and marked by iron oxide seeps along the val-
ley wall, occurs northwest of Robb Lake within the
Beaverfoot (Figure 4). One prominent seep is at about
UTM easting 450 000, UTM northing 6315700. The val-
ley has not been sampled except at one corner. Four silt
samples indicate raised lead (over 500 ppm) and zinc
(over 1000 ppm) but disappointing trace metals. There
has been no testing for barium. Reconnaissance geo-
chemical sampling is warranted in these valleys.

In the same general area, some high values (4000
ppm zinc, 4000 ppm lead, up to 9 ppm silver and 175 ppm
cadmium) are reported from rock and float in the general
vicinity of the Nonda shale-out and the normal fault de-
scribed above (Westoll and Sullivan, 1972). These results
were apparently ignored in pursuing younger platformal
dolostones. Conceivably the Nonda shale-out marks an
old growth fault or is near a basin edge structure.
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Geology and Mineralization of the Tchaikazan River Area
Southwestern British Columbia (92O/4)

By Steve Israel and Lori Kennedy
The University of British Columbia

INTRODUCTION

This paper presents preliminary results of bedrock
mapping in the Taseko Lakes area. This work represents
part of a Master’s project funded by International Jaguar
Equities (JAG), NWC Exploration Inc. and the Univer-
sity of British Columbia. Fieldwork was completed over
two summers; two months of reconnaissance mapping in
1998 and two and a half months of more detailed 1:15
000-scale mapping in 1999. Emphasis was placed upon
regional and local structure, their roles in localizing gold
and copper mineralization, and their larger scale tectonic
significance. More specifically the goals of the 1999 field
season were to:

1) work out a coherent stratigraphy for the area and com-
pare this to well-defined stratigraphic sections found to
the east of the field area.

2) map the geometry of faults, determine their kinematics,
and evaluate their role in the complex tectonic evolution
of the region; and

3) identify the structural controls on the Northwest Copper
(NWC) Cu-porphyry showing and the Pellaire gold
veins and determine if they are temporally linked.

The project area encompasses about 180 square kilo-
meters that is located southwest of upper Taseko Lake
and approximately 200 kilometers due north of Vancou-
ver (Figure 1).

It is within the Taseko Management Zone, along the
east side of Ts’yl-os Provincial Park. The first geological
compilation of the area is that of Tipper (1963), a 1:253
440-scale map covering the Taseko Lakes (92O) sheet.
Subsequent work resulted in a more detailed 1:250
000-scale map of the same area (Tipper, 1978). The most
detailed map of the project area prior to this study is a
1:100 000-scale map produced by McLaren (1990) as part
of a mineral resource assessment of the Chilko Lake
Planning Area.

Mineralization within the region includes epithermal
and mesothermal veins, porphyry systems and fault-con-
trolled mercury-antimony occurrences (McLaren, 1990).
A number of occurrences in advanced stages of explora-
tion are present in and around the project area. JAG has
completed a bulk sampling project on the Pellaire gold
and silver epithermal veins (MINFILE 092O 045) and is
actively exploring the Chita (MINFILE 092O 049) and

Northwest Copper (MINFLE 092O 043) occurrences.
The Pellaire and Northwest Copper occurrences are
found within the project area, whereas the Chita occur-
rence lies just outside of the project area on the southeast
side of upper Taseko Lake. For a more extensive over-
view of regional mineralization the reader is directed to
McLaren (1990).

REGIONAL GEOLOGIC SETTING

The field area is located within the southeastern
Coast Belt, which forms part of the boundary between the
Intermontane and Insular superterranes (Figure 1; Mon-
ger et al., 1982). This highly tectonized belt includes Pa-
leozoic to mid-Mesozoic oceanic and volcanic arc rocks
assigned to several different terranes, together with late
Middle Jurassic through mid-Cretaceous sedimentary
rocks of the Tyaughton-Methow basin, Upper Cretaceous
continental arc volcanic rocks of the Powell Creek forma-
tion and mid-Cretaceous to Tertiary intrusive rocks of the
Coast Plutonic Complex (Schiarizza et al., 1997).

The study area is near the southeast end of a distinc-
t i v e s t r u c t u r a l - s t r a t i g r a p h i c d o m a i n ( E a s t e r n
Waddington Domain) bounded by the Tchaikazan Fault
on the northeast and by mid-Cretaceous to early Tertiary
plutons to the southwest (Figure 2).

The oldest rocks within this domain are Upper Trias-
sic volcanic and sedimentary rocks that have been corre-
lated with Stikine Terrane (Mount Moore and Mosley for-
mations of Rusmore and Woodsworth, 1991). These
Triassic rocks are imbricated with Lower to Upper Creta-
ceous volcanic and sedimentary rocks across Late Creta-
ceous northeast-vergent thrust faults of the eastern
Waddington thrust belt (Rusmore and Woodsworth,
1994).

The Tyaughton basin, east of the present study area,
is characterized by upper Middle Jurassic to mid-Creta-
ceous clastic sedimentary rocks that are interpreted to
have been deposited above oceanic rocks of the Bridge
River Terrane (Schiarizza et al., 1997). Middle Triassic to
Middle Jurassic volcanic, plutonic and sedimentary rocks
of the Cadwallader arc terrane, which occur mainly east
and north of Bridge River Terrane, are likewise overlain
by thick Jura-Cretaceous clastic sedimentary rocks com-
prising the Methow portion of the Tyaughton- Methow
basin.
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Lower Cretaceous rocks on the southwest side of the
Tchaikazan fault, including those within the present study
area, are in part correlated with the upper Relay Mountain
and Taylor Creek groups of the Tyaughton basin to the
east. They differ, however, in their more restricted age
range (no Jurassic rocks are recognized), and in the pre-
dominance of volcanic rocks. In these aspects, they more
closely resemble Lower Cretaceous arc volcanic and re-
lated sedimentary rocks of the Gambier Group, which are
widespread within the southwestern part of the Coast Belt
(Monger and Journeay, 1994). Consequently, it has been
suggested that this area represents part of the transition
from the Early Cretaceous arc of the southswestern Coast
Belt to a related back-arc basin, represented by the upper
part of the Tyaughton basin (McLaren, 1990; Umhoefer et
al., 1994). Another interpretation, presented by Monger

et al. (1994), is that the Tyaughton basin is part of a
long-lived accretionary fore-arc complex, and the south-
western Coast Belt arc was emplaced to the west of it by
pre-mid-Cretaceous sinistral faulting.

The southeastern Coast Belt had a protracted and
complex structural history, extending from at least
mid-Cretaceous to Paleogene time, and involving an early
phase of contractional deformation followed by dextral
strike-slip and locally important extensional faulting
( Journeay and Fr iedman , 1993 ; Umhoefe r and
Schiarizza, 1996; Schiarizza et al., 1997). The north-
east-vergent structures of the eastern Waddington thrust
belt, which were active by at least 87 Ma and became inac-
t ive before 68 Ma, formed relat ively late in the
contractional episode, and are interpreted as back thrusts
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within the predominantly southwest-vergent orogen

(Rusmore and Woodsworth, 1994).

The dominant regional structures are north-

west-striking dextral strike-slip faults (Schiarizza et al.,

1997; Journeay et al., 1992; Figure 2). These include the

Yalakom fault, northeast of the study area (Figure 2),

which has a strike length of approximately 300 kilome-

ters, and an estimated 115 kilometers of right-lateral dis-

placement (Riddell et al . , 1993). Umhoefer and

Schiarizza (1996) suggest that the Yalakom fault system

was active from approximately 70 Ma to 40 Ma, with

most movement occurring in the early to middle Eocene.

Faulting during this latter time period included the devel-

opment of a series of en echelon left-stepping faults, in-

cluding the Fortress Ridge and Chita Creek faults, with

zones of contraction and uplift in the stepovers (Figure 2).

Prominent structures within the present map area, includ-

ing the Tchaikazan and Twin creek faults, may have

formed at the same time and represent a western exten-

sion of this left-stepping system (Umhoefer and

Kleinspehn, 1995; Figure 2).

STRATIGRAPHY

Volcanic, volcaniclastic and clastic sedimentary
rocks of Cretaceous age underlie most of the project area
(Figure 3).

These are assigned to the Relay Mountain and Taylor
Creek groups and the informal Powell Creek formation .
Below we describe the lithologic characteristics of each
unit. Emphasis is placed on the Taylor Creek Group as we
propose new stratigraphic subdivisions for this thick
package of volcanic and volcaniclastic rocks.

Relay Mountain Group (LKRm)

Jeletzky and Tipper (1968) first identified Lower
Cretaceous rocks belonging to the Relay Mountain Group
in the area southwest of the Tchaikazan fault. These rocks
are restricted to two localities mapped by Tipper (1978)
and McLaren (1990) on the ridge system northwest of the
Tchaikazan River. The eastern locality is in the present
map area (north of the Tchaikazan River and the Charlie
showing) and is interpreted as a fault-bound lens thrust
over the Powell Creek formation and itself overthrust by
rocks of the Taylor Creek Group. Here, the Relay Moun-
tain Group consists of dark brown to black shales,
interbedded with fine-grained grey to light brown sand-
stone. Abundant fragments of incoceramid bivalves and
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belemnites are present and a fossil collection from this
area was assigned an early Hauterivian age by J.A.
Jeletzky (McLaren, 1990).

Taylor Creek Group

In the main part of the Tyaughton basin, east of the
field area, mid-Cretaceous rocks of the Taylor Creek
Group either rest unconformably above the Bridge River
Complex, or disconformably above Lower Cretaceous
rocks of the Relay Mountain Group (Schiarizza et al.,
1997). Garver (1989) conducted a detailed study of the
group in the Big Creek - Bridge River area and subdivided
it into four distinct sedimentary units, mostly of mid-Cre-
taceous (Albian) age. A youngest fission-track peak of
113-114 Ma reported by Garver and Brandon (1994) sug-
gests that the Paradise formation, the lowest within the
Taylor Creek Group in the area studied by Garver, is
somewhat older (Aptian-Lower Albian). A detailed de-
scription of the group is given in Schiarizza et al. (1997)
where they add the informal Beece Creek succession and
a volcanic unit.

Within the field area, the Taylor Creek Group on the
southwest side of the Tchaikazan fault comprises more
than 2500 met r e s o f dominan t ly vo lcan i c and
volcaniclastic rocks. (Figure 4).

We tentatively divide this succession into four sepa-
rate units based on lithologic characteristics and strati-
graphic relationships.

Unit LKTCv1

Unit LKTCv1, the lowest part of the Taylor Creek suc-
cession exposed in the project area, is characterized by
medium to fine-grained well bedded to massive, green to
red volcaniclastics, silty grey to black turbidites and in-
termediate to felsic tuff horizons. The best section of this
unit is found on the south slope of the ridge north of Twin
Creek. The unit might continue to the east, towards the
Falls River valley where similar felsic and lithic tuff hori-
zons are found (Photo 1).

The lower part of the unit is not well exposed but
seems to be characterized by light grey-green to black
laminated silty turbidites and black shales. The turbidites
occur in beds up to 5m thick with laminations from less
than a centimetre to 5 cm. They typically form Tbd and
Tcd sequences. The shale is found in beds from one to
several metres thick interbedded with the turbidites.

The sediments quickly pass into dark grey
volcaniclastic and pyroclastic rocks. The contact with the
sediments is gradational. Sedimentary rocks are massive
too slightly layered and occur as beds up to 2 metres thick.
A distinctive felsic crystal-lithic tuff is present at this
level in the unit. It is characterized by fragments com-
posed of dark siltstone and intermediate to felsic volcanic
rock within an intermediate to felsic ash matrix.
Plagioclase crystals up to 1 millimeter in size occur
throughout the bed. This interval has variable thickness,
ranging from 1-2 metres in the Twin Creek area to over 20
m farther to the east, just west of the Falls River. A
clast-supported conglomerate (1-2 metres thick) is lo-
cated immediately above the tuff horizon. The clasts are
composed of abundant intermediate to felsic volcanic
rocks, chert and lesser amounts of siltstone. They are
sub-angular to sub-rounded and range from less than 1 cm
to 10 cm in size (Photo 2).

This stratigraphic position may be represented to the
east where a similar lithic tuff is found. However in that
locality the volcaniclastic conglomerate is absent and the
lithic tuff horizon is up to 40 metres thick. This may sug-
gest an easterly source for the volcanics, but structural
complications in the area still need to be resolved.

Above the conglomerate are alternating, layered
green to red volcaniclastics. These make up approxi-
mately half of the section totaling 250 metres of semi-ex-
posed outcrop. They occur in well-bedded horizons up to
2 metres in thickness and exhibit normal grading of sub
angular to rounded intermediate volcanic pebbles. In
places they become more massive and much coarser,
composed of angular to rounded intermediate to felsic
volcanic fragments in an andesitic volcaniclastic matrix.
Large chloritized hornblende crystals up to 1 cm in length
occur within these horizons, confined mainly to the
fine-grained pyroclastic matrix (Photo 3).
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Photo 1. Well-stratified rocks of unit lKTCV1, cut by Twin Creek fault.

Photo 2. Chert pebble conglomerate found near the middle of unit lKTCV1.



Fossils found in this unit consist of non-diagnostic
gastropods, belemnites and bivalves in argillites
interlayered with volcanic rocks (McLaren, 1990). Based
on the presence of the belemnites, McLaren assigned a
Hauterivian to Barremian age to the unit. This unit is
thought to also occur to the west of RCAF Peak, where it
apparently rests stratigraphically above rocks of the Re-
lay Mountain Group (McLaren, 1990).

Unit LKTCv2

The second unit of the volcanic section outcrops on
the ridge immediately south of the Tchaikazan River and
east of unit LKTCv1, as well as north of the Tchaikazan
River east of RCAF Peak. It is characterized by a more
m a f i c s u c c e s s i o n o f v o l c a n i c a n d a s s o c i a t e d
volcaniclastic rocks interbedded with marine sediments.
It may also be present in a slightly different form in the
northwest portion of the map area, where basaltic flows
are interbedded with mafic tuff horizons.

The base of the unit consists of laminated dark
grey-green to black turbidites and dark brown shales,
which pass upward into a cobble conglomerate consisting
entirely of sub-rounded to angular plagioclase-phyric in-
termediate volcanic clasts within a black shaly matrix.
Within this horizon a metre-thick bed of dark brown,
mafic pyroclastic rocks are host to a large number of bi-
valve fossils.

Apparently conformable above the conglomerates is
a 50-metre-thick section of columnar jointed mafic to in-

termediate flows capped by 30 metres of pillowed
volcanics (Photo 4).

The columns are roughly 50 cm across but locally
reach widths of more than a metre. The pillows become
less well defined higher in the section, until they pass into
a fine to medium grained, dark green volcaniclastic.
Chloritized hornblende crystals occur within the
volcaniclastics, similar to those seen in unit LKTCv1.

The stratigraphic position of this unit is somewhat
problematic, as the base of it seems to coincide with a
steeply dipping fault. However, the bedding dips and fac-
ing directions of unit LKTCv2 are similar to those within
unit LKTCv1 and the close proximity to the lower unit
could indicate a stratigraphic relationship between the
two units. There is no mention of pillows within the Tay-
lor Creek volcanic package by any other worker, suggest-
ing it may just be a small discontinuous unit between
LKTCv1 and LKTCv3.

Unit LKTCv3

The best exposure of LKTCv3 is on the western side of
the Falls River valley, directly west of the Pellaire gold
deposit. The base of the unit is not well exposed. The top
of the unit is involved in a large strike slip fault, but recon-
struction along the fault may bring rocks of LKTCv4 into
place on top of unit LKTCv3. Rocks within this unit are
generally volcanic breccias, volcaniclastics and marine
turbidites with few beds of tuffaceous sandstone.

Volcanic breccias of LKTCv3 consist of large (up to 40
cm) clasts of intermediate to felsic volcanic rocks within
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Photo 3. Chloritized hornblende crystals within green volcaniclastics near the top of unit lKTCV1.



a plagioclase-quartz crystal matrix of similar composi-
tion (Photo 5).

The breccias occur at the base of LKTCv3 and continue
for several tens of metres before grading into well-bedded
volcaniclastics of the same material. Beds range from 1
cm to 15 cm in thickness and are commonly graded. Thin,
1 cm, fine-grained ash tuff layers occur throughout this
section of the unit (Photo 6).

The volcaniclastics become increasingly sedi-
ment-rich higher up stratigraphically, ultimately grading
into finely laminated turbidites and shales. The turbidites
are dark grey-green to black and commonly show Tab and
Tce sequences. Shales are interbedded with the turbidites
and are generally massive and black. One, as of yet un-
dated, fossil was found. At the top of the section approxi-
mately 30-40 metres of fine-grained grey-green
volcaniclastic rock with small (1 mm) hornblende crys-
tals is found interbedded with the sediments.

Unit LKTCv4

The most complete section of LKTCv4 is located at the
Pellaire occurrence. Here it is roughly 500 metres thick
and is composed of volcanic breccias, volcaniclastics and
turbidites. It differs from unit LKTCv3 in that it does not
have shale, has a larger component of turbidites and con-
tains very distinct red jasper within the breccias (Photo 7)

The volcanic breccias of unit LKTCv4 are similar to
those of unit LKTCv3 except that the clasts are more
rounded and not as large. The red jasper suggests a differ-
ence in the provenance of the breccias. The breccias grade
into a fine-grained purple to green massive volcaniclastic,
with plagioclase crystals up to 2mm long. West of the
Falls River, the same jasper-rich breccias are found to
grade into a purple to maroon andesitic flow 30 metres
t h i c k , w h i c h i s o v e r l a i n b y t h e p u r p l e - g r e e n
volcaniclastics.

Conformably overlying the volcaniclastics is a large
package of Tab and Tbc grey-green to black silty
turbidites. The package is a monotonous continuation of
the same lithology for more than 200 m, eventually grad-
ing into more volcaniclastics with slightly larger interme-
diate to felsic volcanic clasts than seen lower down in the
section.

The stratigraphic position of unit LKTCv4 is some-
what suspect, but on the west side of the Falls River it ap-
parently overlies unit LKTCv3. However, the actual contact
is not exposed making certain interpretation difficult. The
lack of shale and higher sandstone content might suggest
a change to shallower waters and less volcanic activity.

Beece Creek Succession

The Taylor Creek Group to the east of Taseko Lakes
(Figure 2) is dominated by exposures of shale, micaceous
sandstone and chert-rich polymictic conglomerate that
have been assigned to the informal Beece Creek succes-
sion by Schiarizza et al. (1997) and Schiarizza and Rid-
dell (1997). The Beece Creek succession forms the upper
part of the Taylor Creek Group in this area, and is inferred
to represent, at least in part, a distal facies of Garver’s
(1992) Silverquick conglomerate. Within the present
study area, rocks that are confidently assigned to the
Beece Creek succession occur as a series of small out-
crops near the bridge over the Tchaikazan River, just
north of the extent of map in figure 3. These rocks are sep-
arated from the volcanic-dominated rocks of the Taylor
Creek Group described above by the Tchaikazan fault.
However, a mica-rich sandstone found on top of a ridge
south of the Tchaikazan fault, near the southwest side of
Upper Taseko Lake, may also belong to the Beece Creek
succession, although the exposure is limited due to the
presence of a felsite intrusion. This observation is signifi-
cant however, for if this unit is the Beece Creek succes-
sion, then it apparently overlies rocks belonging to unit
LKTCv3.

The exposures correlated with the Beece Creek suc-
cession near the Tchaikazan bridge include chert-pebble
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Photo 4. Columnar jointing found in volcanic rocks near the top of
unit lKTCV2.
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Photo 5. Large clasts of intermediate to felsic volcanic rocks within basal breccia of unit lKTCV3.

Photo 6. Well-bedded volcaniclastics with thin (1cm)-ash horizons in unit lKTCV3.



conglomerate, mica-rich sandstone and shale. The con-
glomerates are matrix supported and dominated by mot-
tled white-blue-green chert clasts. The chert clasts range
from 1 cm up to 7 cm in diameter. Small well-rounded
clasts of intermediate to felsic volcanics are rare. The con-
glomerate package is at least several metres thick, but true
thickness is unknown as the top is not exposed.

Sandstones within the Beece Creek succession are
characterized by light-grey-weathered, mica-rich, me-
dium-grained beds up to several meters thick, commonly
with scour marks. They are interbedded with a dark brown
to black sandy shale. A few of the shale horizons host
black tabular concretions up to a metre in length.

Taylor Creek Group Correlations

Provenance studies to the east of the project area by
Garver (1992) indicate that the lower formations, Para-
dise and Elbow Pass, of the Taylor Creek Group were de-
rived from a volcanic source to the west. The formations
described by Garver have components that are very simi-
lar to the units described in this paper. Up to 70% of the
clasts found within the coarser sections of the Paradise
formation are characterized by green-aphanitic, feld-
spar-porphyritic and siliceous volcanic rocks (Garver,
1992). Furthermore, a change from a more mafic and in-
termediate to a clearly andesitic source for the Paradise
and Elbow Pass formations, respectively, may reflect a
similar change in the project area as one travels up strati-
graphic section.

Two U-Pb isotopic dates from intrusive rocks re-
ported here suggest that the age of deposition for the Tay-
lor Creek volcanic rocks in this study area is older than

104 � 4 Ma, and a Taylor Creek volcanic rock within the
eastern Waddington thrust belt to the northwest has
yielded a U-Pb zircon date of 107 Ma (Albian; Mustard
and van der Heyden, 1997). Fossils described by Mc-
Laren (1990) suggest that unit LKTCV1 is as old as
Hauterivian or Barremian. These dates are compatible
with the Barremian to Albian range obtained by fission
track dating of detrital zircons from the Paradise forma-
tion (Garver and Brandon, 1994).

Figure 5 is a schematic representation of the correla-
tion between rocks found within the study area and rocks
found at two localities within the main part of the
Tyaughton basin to the east. The rocks found in the study
area likely form the western margin of a volcanic sub-ma-
rine fan, in which the Paradise and Elbow Pass formations
formed the more sediment dominated distal portions of
the fan (Garver, 1992). As the basin filled from the west,
uplift of the Bridge River complex within the basin to the
east reached a sufficient height to initiate deposition of an
easterly-derived chert-rich petrofacies, including the
Dash formation, Silverquick conglomerate and Beece
Creek succession (Garver, 1992; Schiarizza et al, 1997)
(Figure 5). These chert-rich units are intercalated with
arkosic rocks, found mainly in the Lizard formation,
which were derived from a continental sediment source
still farther east (Garver, 1992). The onset of extensive
upper Cretaceous volcanism within the Tyaughton basin,
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Photo 7. Red jasper within volcanic breccia at base of unit lKTCV4.



represented by the Powell Creek formation, reflects an
eastward migration of the Cretaceous Coast Belt arc with
time (Schiarizza et al., 1997).

Garver’s interpretation of a western volcanic domain
as the source material for the lower formations of the Tay-
lor Creek Group is essentially confirmed by this study.
Rocks found within the project area have the right com-
position and apparently span the appropriate time range
t o b e t h a t d o m a i n . T h e o n g o i n g i s o t o p i c a n d
paleontologic work from the study area will help further
constrain these ideas.

Powell Creek Formation

An extensive belt of pyroclastic and volcaniclastic
rocks crops out in the northwest corner of the map area,
directly southwest of the Tchaikazan fault. These rocks
were assigned to an unnamed Lower Cretaceous unit by
Tipper (1978) and McLaren (1990), but are here corre-
lated with the Upper Cretaceous Powell Creek formation
(informal, Schiarizza et al., 1997), which overlies the
Taylor Creek Group on the northeast side of the
Tchaikazan fault, and also occurs as fault bounded lenses
along the southwest side of the fault to the northwest of
the present study area (Figure 2). This correlation is based
on the markedly similar appearance of these rocks to
known outcrops of the Powell Creek formation, and simi-
lar structural relationships to those shown by Rusmore
and Woodsworth (1993) to the northwest, where the Tay-

lor Creek Group is thrust over the Powell Creek forma-
tion along the south side of the Tchaikazan fault.

The Powell Creek formation within the study area
occurs south of the Tchaikazan fault, just north of RCAF
Peak, where it forms the footwall to several large-scale
thrust faults which have Taylor Creek and Relay Moun-
tain groups in their hanging walls. It is composed of mas-
sive to well-bedded pyroclastic and volcaniclastic rocks
of a deep maroon to red colour. Bedded intervals can be as
thick as 2 metres, whereas the massive portions are sev-
eral tens of metres thick. A 20-metre-thick lahar is found
on top of an unnamed ridge northeast of RCAF peak and
assumed to be part of the Powell Creek formation. It lo-
cally has clasts of intermediate volcanic rock several
metres in diameter.

INTRUSIVE ROCKS

A large pluton of equigranular granodiorite to quartz
diorite crops out extensively in the southern portion of the
map area where it intrudes volcanic rocks of the Taylor
Creek Group. A preliminary U-Pb zircon analysis from
the intrusion at the Pellaire occurrence yielded an age of
104 Ma. Several titanite fractions are currently being se-
lected for analysis to confirm the preliminary zircon data.

Diorite and quartz diorite occur as intrusions scat-
tered throughout the central portion of the map area (Mc-
Laren, 1990) . These consis t of plagioclase and
hornblende phenocrysts within a fine-grained matrix of
the same material. Quartz is not common but was ob-
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served at some localities. Analysis of one of these plutons
near Mount Pilkington yielded a conservative U-Pb zir-

con age of 104�� �a. Age similarities between the
Pellaire and Mount Pilkington samples suggest a genetic

link between the two igneous bodies�

McLaren (1990) mapped a distinctive group of
white-weathering, biotite-feldspar porphyries that in-
trude sedimentary and volcanic rocks of the Taylor Creek
Group and the Powell Creek formation. Most of these in-
trusions are found north of the Tchaikazan fault, with the
exception of one that occurs at the southwest corner of
Upper Taseko Lake. No geochronological work had been
done on these rocks, but Tipper (1978) assigned them an
Eocene age.

Dikes of several different compositions are found
throughout the area. These include biotite-hornblende to
hornblende-biotite-plagioclase porphyries, diabases,
aplites and biotite-rich lamprophyres. Diabase, aplite and
lamprophyre dikes are most common in the area east of
the Tchaikazan River, whereas biotite-hornblende and
hornblende-biotite-plagioclase porphyries are found
mainly to the west of the river.

STRUCTURE

The map area is extremely dissected by several gen-
erations of faults. One of the primary goals of the 1999
field season was to identify fault geometries and kinemat-
ics with the aim of unraveling the structural evolution of
the study area. Interpretation of kinematically linked
faults is on going and, in part, contingent upon isotopic
dating (in progress).

The map area is characterized by undeformed panels
of rock separated by either thrust/reverse faults or
high-angle strike-slip faults. Open folding occurs within
the panels but is not common. Metamorphic grade is low
to non-existent and cleavage development is localized
around high strain zones, near strike slip faults or folds.

Below we describe the fault geometries and kinemat-
ics mapped in the field area.

Contractional Faults

Large north-northeast-verging reverse and thrust
faults are located in the northwest portion of the map area.
They have classic older-over-younger geometry, placing
rocks of the Taylor Creek Group over Powell Creek for-
mation. These faults are likely part of the eastern
Waddington thrust belt and are interpreted as the oldest
structures in the field area. This deformation event was
also likely responsible for eastward tilting of most units
and large northeast-verging folds within the Taylor Creek
Group south of the Tchaikazan River.

Reverse faults at Pellaire deposit host a series of epi-
thermal gold-silver-bearing quartz veins. These faults
verge to the southeast and are tentatively interpreted as
transfer structures between the Tchaikazan and Twin
Creek faults during left-stepping dextral movement (Fig-

ure 3). This interpretation is contingent upon further
structural analysis and isotopic dating. The reverse faults
must be younger than the 104 Ma (U-Pb) granodiorite
wall rock.

Several other contractional fault systems of limited
extent are found within the field area and are likewise in-
ferred to be linked to movement on the larger strike-slip
faults. This is based on the geometry of the thrusts with re-
spect to the strike-slip faults. They have varying
vergence, from north to south.

Strike-Slip Faults

The predominant northwest-trending lineaments in
the field area are strike-slip faults. Large-scale dextral
systems are the most obvious, however, less obvious and
possibly older sinistral faults are common.

Sinistral

Sinistral faults with well-developed shear fabrics
(Photo 8) are exposed in the southeast portion of the field
area (Figure 3).

They are oriented at low-angles to the north-
west-striking dextral faults. The strike lengths of the
sinistral faults are typically less than one kilometer, and
no easy correlation can be made for the faults across the
large glacial valleys, suggesting that younger faults offset
them.

The sinistral faults are relatively large structures,
with the shear zones reaching up to 200 m in width. The
shear zones consist of well-developed shear fabrics and
associated smaller scale folds and fault arrays. Both brit-
tle and ductile features are present within the fault zones.
The absolute timing of these faults is not yet determined,
although field relationships indicate that the sinistral
faults offset relatively small, north-verging thrust faults.
However, the age of these north-verging thrust faults is
not yet known; they might be related the eastern
Waddington thrust belt, but might be local structures that
formed during dextral or sinistral strike-slip faulting.
Recrystallized illite from the sinistral fault rock will be
dated to constrain timing of deformation.

Dextral

Most of the obvious, continuous lineaments in the
field area are interpreted as dextral strike-slip faults. The
major strike-slip faults in the field area are the Tchaikazan
fault and the Twin Creek fault (Figure 3). Dextral faulting
post-dates contractional structures, as exemplified by off-
setting relationships (Photo 9).

The Tchaikazan fault, with a strike length of close to
200 km (Figure 2), is the largest of the steeply-dipping
faults. It cuts through the northeast corner of the field area
with a northwest-southeast strike, although it is very
poorly exposed. Mustard and van der Heyden (1994) sug-
gest that the Tchaikazan fault to the west of the project
area was the locus of 7 to 8 kilometers of dextral offset.
This portion of the fault is inferred to be Eocene in age and
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broadly coeval with the Yalakom fault system to the north
(Umhoefer and Kleinsphen, 1995). Schiarizza et al.
(1997) show the Tchaikazan fault to the southeast being
truncated by the 92 Ma Dickson-McLure batholith, how-
ever, and suggest that the fault system had a long history
of movement that may have included a Late Cretaceous
sinistral component.

Within the project area the Tchaikazan fault is ex-
posed near the shore of the Tchaikazan River as a
semi-ductile zone within shale at least 300 m wide.
Gently-plunging (5o-15o) fault groove lineations suggest
strike-slip movement, and shear-sense indicators, such as
sheared calcareous concretions, indicate dextral move-
ment. The amount and timing of displacement, however,
is poorly constrained in the field area.

The Twin Creek fault is located in the southern por-
tion of the field area and extends the length of the mapped
region, parallel to the Tchaikazan fault. Dextral move-
ment on this fault is not proven, but is suspected, based
partly on its association with mercury showings which
elsewhere in the region are along dextral strike-slip faults
of the Yalakom system (Schiarizza et al, 1997).

Numerous smaller scale structures are interpreted as
transfer structures between the Tchaikazan and Twin
Creek faults. The reverse and strike slip faults exposed at
the Pellaire deposit are interpreted as components to a
Reidel geometry. Interpretation assumes left-stepping
movement from the Tchaikazan to the Twin Creek fault,
setting up a zone of compression where the reverse faults
were formed. Ar-Ar dating of syn-tectonic illite associ-
ated with the Pellaire thrust faults will place constraints
on the timing of deformation of this system. If the struc-
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Photo 8. Sinistral shear fabrics from high strain zone, west of Falls River.

Photo 9. Southwest verging reverse faults crosscut by high angle,
strike slip fault.



tures at the Pellaire occurrence are Eocene and are related
to the Tchaikazan, at least a part of the dextral movement
along the Tchaikazan must also be Eocene in age.

Extension Faults

Small extensional faults of varying strike occur
within the field area, and larger northeast-striking normal
faults were mapped by McLaren (1990) to the west of the
field area. The smaller normal faults have limited strike
length and have little offset associated with them. These
are interpreted as accommodation structures related to
strike-slip faulting.

Sinistral faults found on either side of the Falls River
show apparent dextral offset across a fault that may run
through the valley (Figure 3). The actual displacement
vector along this fault is unknown, but down-to-the-south
displacement with a slight dextral component could ac-
count for both the apparent dextral offset and the
down-dropping of the jasper rich unit of lKTCv4.

MINERALIZATION

Several mineral occurrences occur within the map
area (Figure 3), including copper porphyries and epither-
mal to mesothermal Au-Ag-bearing quartz veins. The oc-
currences most actively explored by JAG include Pellaire
vein system, Chita Cu-porphyry and Northwest Copper
Cu-porphyry. Discussion here is restricted to Pellaire and
Northwest Copper.

Pellaire Gold and Silver Bearing Quartz
veins (MINFILE 092O 045)

Exploration in the 1930’s led to the discovery of gold
and silver-bearing veins at Pellaire and subsequent under-
ground exploration. Exploration was initiated again in the
late 1980’s, leading to further underground work (Mc-
Laren, 1990). International Jaguar Equities acquired the
property in 1996 and began extensive underground and
surface exploration, followed by extraction of a 2000
tonne bulk sample of high-grade ore (34.2 grams per
tonne gold and 102.9 grams per tonne silver) from the No.
4 and No. 5 veins (MINFILE 092O 045 report). In 1998
JAG initiated further underground exploration which led
to a 10 000 tonne bulk sampling project in 1999.

The Pellaire occurrence is situated near the south-
eastern corner of the field area at the northern margin of
the large granodiorite pluton that occupies the southern
part of the map area. It consists of several epithermal to
mesothermal, gold-silver bearing quartz veins. The
quartz veins are found along steeply dipping, southeast
verging reverse faults, that juxtaposes rocks of the Taylor
Creek Group against the granodiorite. Extreme sericitic
alteration of both the Taylor Creek Group and adjacent
granodiorite occurs around the veins and is likely related
to vein formation rather than to the intrusion. The faults
are found within both units but quartz veins occur only
within the granodiorite. Veins attain widths range from

0.3 to 7.5 meters, have sheared margins, and are inter-
preted as having formed during thrusting. Mafic dikes are
found throughout the property and are found to both
crosscut and be cut by the veins. Where the dikes crosscut
the veins, grade generally increases and rare sulphide
mineralization in the form of chalcopyrite occurs. Areas
such as the joining of two veins or where the veins change
dip are also sites of increased grade.

The veins are post-104 Ma, as indicated by the U-Pb
date of the granodiorite. The brittle nature of the struc-
tures and the veins suggest they were formed well after
the crystallization age of the pluton. The orientation of the
thrust faults that host the veins is significantly different
than the majority of structures in the project area. As pre-
viously described these thrust faults are interpreted as
step-over structures related to large strike-slip faults.
However, southeast of the field area, mesothermal veins
of the Bralorne system are hosted in similar structures that
formed late within the major southeastern Coast Belt
contractional event (Schiarizza et al., 1997). The possi-
bility that the Pellaire veins are also related to this event
cannot be ruled out at this time. Isotopic ages from the
Pellaire veins are forthcoming and will place timing con-
straints on mineralization.

Northwest Copper (MINFILE 092O 043)

The presence of the Charlie Cu-Mo-Au prospect
(MINFILE 092O 043) found in the Tchaikazan valley
south of RCAF Peak led to exploration programs concen-
trating on the surrounding area. JAG undertook explora-
tion of the area in 1998 based on several copper showings
identified by McLaren (1990). The exploration program
of 1998 identified a mineralized area of at least 8 square
kilometers, which was identified as the Northwest Char-
lie occurrence and later as Northwest Copper (NWC).
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Showing Au Ag Cu

Name ppb ppm ppm

D&O 20 71.2 13200

D&O 10 41 4920

Chikapow <5 13.4 21100

Chikapow <5 3.8 8080

Crater <5 7.2 15800

Crater <5 1 3960

Far Side 35 110 9310

Far Side 80 234 18000

Far Side <5 17.8 88100

Leach Cap 10 1.2 13600

Leach Cap <5 <0.2 320

Leach Cap 90 211 44400

S.Acid Leach 145 90.4 20800

S.Acid Leach 95 125 19100

TABLE 1
SELECTED ASSAY RESULTS FROM MAJOR

SHOWINGS AT NORTHWEST COPPER
(COURTESY OF JAGUAR EQUITIES)



Subsequent geophysical exploration conducted in the
spring of 1999 confirmed a large geophysical anomaly in
the area. Several showings within the NWC property
were discovered during the field program of 1999. The
largest of these include Leach Cap, D and O, Far Side,
South Acid Leach, Crater and Chikapow (Table 1).

These showings are all characterized by malachite
and azurite with minor native copper (locally found in
seams up to 2 cm thick) and chalcopyrite found along
fracture planes, associated with quartz-epidote veins.
The showings cover and area of roughly 8 square kilome-
ters, with the individual showings only marginally de-
fined.

The Leach Cap is characterized by advanced argillic
alteration found in fine-grained tuffs. Drilling in the sum-
mer of 1999 has shown that hornblende porphyry intru-
sive rocks exhibit propylitic (epidote, chlorite, and seri-
cite) alteration in the vicinity of the leach zone. General
sequence of alteration seems to be hydrothermal alter-
ation (fracture-controlled quartz-carbonate, chlorite) to
argillic to advanced/extreme argillic (kaolinite) alter-
ation as one approaches the leach zone (Andrew Smith,
personal communication, 1999). There is abundant iron
within the system in the form of hematite, which is found
ubiquitously within the volcanic rocks of the Powell
Creek formation and may indicate a low sulphur system.
This characteristic is confirmed by the lack of pyrite and
may also be responsible for the absence of gold mineral-
ization. There is associated silicification in the area
around the leach cap, but is likely part of quartz-sericite
alteration found within the vertical structures (example
the D and O and the south acid leach showings) (Andrew
Smith, personal communication, 1999).

Mineralization is thought to be structurally con-
trolled. Mineralized hornblende-porphyry dikes are lo-
cated in the middle of steeply-dipping shear zones
thought to reach a source pluton beneath the Powell
Creek formation. The Tchaikazan fault sharply bounds
NWC to the northeast, and likely offsets it. Structures
splaying off the Tchaikazan may have provided weak ar-
eas for intrusion of the dikes.

SUMMARY

The oldest rocks in the map area, Hauterivian shale
and sandstone assigned to the Relay Mountain Group, are
restricted to a small lens bounded by south-dipping thrust
faults. Most of the area is underlain by volcanic,
volcaniclastic and associated sedimentary rocks assigned
to the Taylor Creek Group. These have been subdivided
into four distinct lithologic units. Present constraints sug-
gest they range from Hauterivian-Barremian to Albian
age (McLaren, 1990), but paleontologic and isotopic dat-
ing in progress may provide tighter constraints on some
of the units. Small exposures of conglomerate, sandstone
and shale on the northeast side of the Tchaikazan fault are
also assigned to the Taylor Creek Group, and correlated
with the Albian-Cenomanian Beece Creek succession of
Schiarizza et al. (1997). An extensive panel of non-ma-

rine volcanic and volcaniclastic rocks directly southeast
of the Tchaikazan fault, previously assigned to the Lower
Cretaceous, is here correlated with the Upper Cretaceous
Powell Creek formation, based on lithologic similarity
and structural position.

The first deformation event in the area is interpreted
as the northeast-directed contraction associated with the
eastern Waddington thrust belt. Discontinuous, but
well-developed sinistral shear zones crosscut north-verg-
ing thrust faul ts that may be rela ted to eastern
Waddington structures. Absolute timing of sinistral
movement is not yet known, but likely occurred before
dextral movement in the Eocene. Isotopic dating will
place constraints on the timing of sinistral movement.
The importance of sinistral faulting is not yet known,
however, their well-developed shear fabrics and shear
zone thickness suggest that these faults accommodated
significant displacement. Dextral strike-slip faulting, re-
sponsible for the prominent lineaments in the area, is
thought to represent the last deformation event. Numer-
ous small-scale thrust faults, normal faults and strike-slip
faults are interpreted to have formed during transfer of
displacement between the regional dextral strike-slip
faults.

Porphyry-style copper mineralization is hosted in
rocks of both the Taylor Creek Group and Powell Creek
formation associated with hornblende-porphyry intru-
sions of an unknown age. Epithermal-style gold-silver
veins are found along reverse faults within granodiorite
of the Coast Plutonic Complex. The faults (and associ-
ated mineralization) are suspected to be Eocene in age, an
interpretation that will be tested by isotopic dating.

FUTURE WORK

Future efforts will focus on the elucidation of the ki-
nematics and timing of deformation. This requires a more
thorough structural analysis and more detailed analyses
of fault geometries and kinematics. Both Ar-Ar and U-Pb
geochronology will be used to date fabrics within shear
zones and to date plutons. Illite from the Pellaire veins
and zircon or hornblende from syn-mineralization dikes
from NWC will constrain ages of mineralization at each
property.

A more robust stratigraphic column will be con-
structed based on future isotopic dates and fossil identifi-
cation.
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Geochronological and Lead Isotopic Constraints on the Age and Origin of
the Laidman Gold Prospect, Central British Columbia

By L.N. Poznikoff, J.K. Mortensen, R.M. Friedman and J.E. Gabites
The University of British Columbia

KEYWORDS: Laidman Lake Batholith, U-Pb age, Pb
isotopic analysis, Nechako arch, Stikine Terrane.

INTRODUCTION

Mineralization at the Laidman Gold Prospect occurs
in quartz veins and quartz breccias hosted within granitic
rocks of the Laidman Lake batholith (Figure 1). The
Laidman property occurs in the general vicinity of sev-

eral other precious metal epithermal, skarn, and porphyry
prospects in the Fawnie Creek map area (Figure 1).

This study focuses on the 110 Zone of the Laidman
property where granitic rocks have been affected by an
extensive east-west trending zone of sericitic to argillic
alteration that hosts locally gold-bearing quartz veins and
quartz breccias. The purposes of this study are to describe
the different phases within the Laidman property, place
constraints on the timing of magmatism and mineraliza-
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tion using U-Pb dating and Pb isotopic analyses, and use
this data to assess possible relationships with other min-
eral deposits and occurrences in the region.

Location and Access

The Laidman gold prospect is located on the gently
sloping south face of the Entiako Spur, a topographically
elevated ridge which intersects the northwest trending
Fawnie Range. The claims are within the Fawnie Creek
map area (NTS 93 F/3), 155 kilometers southwest of
Vanderhoof in the plateau region of central British Co-
lumbia. Access to the property from Vanderhoof is via the
Kluskus-Ootsa Forest Service road for about 140 kilome-
ters, then southwest along the Kluskus-Malaput Forest
Service road for 15 kilometers. Local spur roads built for
clear-cut logging purposes and four wheel drive roads to
drill sites allow access to the central portion of the claim
blocks.

Exploration History

Until recently the Nechako River region has been rel-
atively under-explored although the favourable geology
of the area suggests the potential to host many different
styles of mineralization. Past exploration efforts were
hampered by a lack of bedrock exposure, poor road ac-
cess, and a generally out-of-date geoscience database
(Lane and Schroeter, 1997).

Access to the area has greatly improved since the
completion of the Kluskus Forestry road in 1977. As part
of the Interior Plateau Project, ongoing geologic map-
ping, geochemical, geochronological, and metallogenic
studies by the British Columbia Geologic Survey Branch
and Geologic Survey of Canada has greatly increased the
database of knowledge for the interior plateau region of
British Columbia. With the release of this new data to the
public, a significant increase in staking and exploration
has ensued (Lane and Schroeter, 1997). Targets of recent
exploration efforts include precious metal-bearing epi-
thermal veins, skarns, and porphyry deposits.

Based on cross-cutting relationships and existing
geochronological data associated with specific suites of
intrusions, Lane and Schroeter (1997) have recognized
three mineralizing events in the interior plateau:

A Late Jurassic-Early Cretaceous event associated
with the emplacement of the plutons of the Francois Lake
Plutonic Suite which includes the Endako porphyry Mo
deposit, the largest molybdenum deposit known in Can-
ada (Woodsworth et al., 1991). Within the Nechako River
map area (NTS 93F) Late Jurassic-Early Cretaceous pros-
pects include porphyry (Paw), vein and porphyry related
(Laidman), skarn (Fawn 5), and epithermal vein (Fawn)
showings (Figure 1);

Late Cretaceous felsic dikes and sills which intrude
Hazelton Group rocks are the likely source of mineraliza-

tion for the Capoose porphyry(?)-related silver (�gold),
and the Blackwater-Davidson precious and base metal
prospect;

Mineralization of Eocene (or younger) age consists
mainly of epithermal precious metal prospects. These in-
clude the Wolf, Holy Cross, Trout, Uduk Lake, Loon, and
Oboy prospects. Porphyry-style mineralization of Eocene
age also occurs at the CH Cu-Au-Mo deposit (Figure 1).
The Equity Silver Mine (4.3 million tonnes grading 135
g/t Ag, 0.45 % Cu, and 1.3 g/t Au in Main Zone), 38 kilo-
meters southeast of Houston, B.C., is a classic high
sulphidation vein deposit associated with intrusive activ-
ity at approximately 60 Ma (Cyr et al., 1984, and Fried-
man, pers. comm., 1998).

Regional Geology

The Laidman gold prospect lies within the Nechako
Arch, a zone of regional uplift in the Stikine terrane near
the western margin of the Intermontane Superterrane.
Pre-Tertiary rocks exposed in the Nechako Arch include
arc-related calc-alkaline volcanic and volcaniclastic
rocks of the Middle Jurassic Hazelton Group, and east-
erly-derived clastic rocks of the Lower Cretaceous
Skeena Group. Intrusive rocks include augite porphyry
plugs of Middle Jurassic age, likely coeval with similar
volcanic rocks of the Hazelton Group, Late Jurassic to
Early Cretaceous quartz monzonite to granitic plutons of
the Francois Lake Plutonic Suite, and Late Cretaceous
quartz diorite and quartz porphyry dikes, plugs, and
stocks (Diakow & Webster, 1994).

Rocks of Tertiary and younger age include rhyolitic
to dacitic tuff, flows and breccias of the Ootsa Lake
Group, and Miocene Chilcotin Group plateau basalt flows
(Diakow &Webster, 1994). Tertiary and younger intru-
sive rocks include the CH granodiorite pluton of Eocene
age (Friedman, pers. comm., 1998.).

The oldest rock unit observed in the Fawnie Creek
map area (NTS 93 F/3) forms the lowest part of the
Hazelton Group. It has been informally named the
Naglico formation by Diakow & Webster (1994) and con-
sists of flows and volcaniclastic rocks interbedded with
Middle Jurassic sedimentary strata. The Naglico forma-
tion underlies the entire Fawnie Creek map area although
exposure is less continuous on the Entiako Spur. In this
area it comprises a relatively thin blanket of thermally al-
tered rocks in intrusive contact with the Laidman Lake
batholith (Diakow & Webster, 1994).

Mesozoic rocks which dominate the Fawnie and
Nechako ranges terminate abruptly to the north and south,
where younger volcanic successions underlie much of the
subdued topography. These dramatic changes in physiog-
raphy and stratigraphy delineate a broad horst, called the
Nechako uplift. The timing of structural uplift may be
contemporaneous with Late Cretaceous deformation that
imparted a pervasive penetrative cleavage and local
mylonitic fabric on Jurassic strata in the Nechako Range.
The structural fabric is cut by undated diorite plutons and
the Eocene CH pluton (Diakow et al., 1995). Regional
metamorphism in the Nechako River map area is limited
to low grade greenschist facies (Wetherup, pers. comm.,
1998).
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PROPERTY GEOLOGY

The western part of the Laidman property is under-
l a i n b y s o u t h w e s t - d i p p i n g s e d i m e n t a r y a n d
volcaniclastic rocks of the Middle Jurassic Naglico for-
mation. Lapillistone and tuff units of the Naglico forma-
tion have been intruded and contact metamorphosed by
the Laidman Lake batholith, which has converted them to
hornfels and local small bodies of skarn (Fox, 1996 un-
published report). During the 1997 field season the author
and Steve Wetherup mapped an 800 by 800 metre area
surrounding the ‘110 Zone’ on the Laidman property at a
scale of 1:2500 (Figure 2). The majority of the 110 Zone
map area is underlain by two granite phases of the
Laidman Lake batholith. Parallel trending rhyolite and
dacite dikes cut the granites and are themselves cut by
younger plugs of diorite and monzodiorite. A series of
south-facing scarps may be the result of Tertiary exten-
sion or movement along the Top Lake lineament immedi-
ately north of the Laidman prospect.

Alteration in the 110 Zone map area occurs as exten-
sive east-west trending zones of phyllic to argillic alter-
ation aureoles around quartz veins and stockworks which
locally contain chalcedonic quartz and clay-altered feld-
spar. Quartz veins are white to translucent, massive to
vuggy and contain disseminated aggregates of pyrite and
arsenopyrite. Rocks within these zones are locally
brecciated, containing fragments of granite, dacite, and
rhyolite.

Intrusive Phases

Five phases of intrusions were identified during de-
tailed surface mapping and logging of drill core. A suite
of least altered samples was collected to determine tex-
tural, compositional and petrological variations between
phases. Samples were examined petrographically, and a
subset of the samples were analyzed for major, trace and
rare earth elements (REE).
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Quartz Eye Granite

The quartz eye granite phase crops out sporadically
in the southern portion of the map area . It is light pink
where fresh and brown to grey on weathered surfaces. The
lack of outcrop in the southern part of the map area ob-
scures the contact relationship with the hypidiomorphic
granite phase which surrounds it. The main distinguish-
ing feature of this granite are 2 to 3 mm quartz eyes which
occur as agglomeracrysts up to 1.5 cm in size. The
agglomeracrysts are surrounded by a hypidiomorphic
growth texture of K-feldspar up to 3 mm in size,
plagioclase crystals up to 1.5 mm, and quartz grains less
than 1 mm in size. The mode of the rock is quartz 35%,
K-feldspar 45%, plagioclase 28%, and biotite approxi-
mately 2% of the rock. The quartz eye granite ranges from
fresh to phyllicly altered, with feldspar minerals partially
altered to sericite and biotite partially altered to chlorite.

Granite

The hypidiomorphic granite phase underlies the ma-
jority of the map area and surrounds the quartz eye granite
phase. The colours of the fresh and weathered surface
vary with alteration and proximity to east-west trending
quartz veins. Fresh granite is light pink to buff, and weath-
ered surfaces are grey with white plagioclase grains.
Where affected by alteration, the feldspars are pale green
to chalky white imparting a lighter overall colour to the
rock. The modal mineralogy ranges throughout the map
area with quartz (up to 3.5 mm in size) 25-35%, K-feld-
spar (up to 12 mm in size) 40-45%, plagioclase (up to 5
mm) 20-30%, 5-10% biotite, and up to 2% hornblende.
Alteration ranges from sericitic to argillic around quartz
veins with iron stained argillic alteration prevalent near
the monzodiorite plug (see below).

Rhyolitic and Dacitic Quartz-feldspar Porphyry

Dikes

Parallel, northeast-trending sets of rhyolite and
quartz feldspar porphyry dikes of dacitic composition
cross cut the quartz eye granite and hypidiomorphic gran-
ite phases (Figure 2). Clasts of both rock types are locally
found in quartz breccias and are observed in drill core as
xenoliths in the monzodiorite. Relatively fresh rhyolite
from drill core is dull grey and aphanitic. Fresh quartz
feldspar porphyry dacite from drill core is fine-grained
and medium-grey with approximately 20% quartz, 20%
K-feldspar, 50% plagioclase, 15% biotite, minor
hornblende, and locally up to 5% euhedral pyrite. In thin
section the plagioclase crystals show strong zoning, and
mafic minerals are partially to completely altered to
chlorite.

Hornblende-biotite Diorite

A plug of hornblende-biotite diorite intrudes into the
granite and cross-cuts the rhyolite and porphyritic dacite
dikes in the central portion of the 110 Zone. The diorite is
medium-grained with a salt-and-pepper appearance, with

fine-grained border phases near the sharp contact with the
granite. Locally the diorite has pervasive carbonate alter-
ation with 1-2 mm calcite veins and is generally weakly to
moderately magnetic. Mineral abundances include
15-20% quartz, 10-15% K-feldspar, 45-50% plagioclase,
15% biotite, 10% hornblende and locally up to 10% py-
rite. Fresh to weakly chloritized mafic minerals indicate
that the diorite has not been extensively altered.

Monzodiorite

F i n e t o m e d i u m - g r a i n e d o l i v e - c o l o u r e d
monzodiorite occurs as a small plug that intrudes granite
in the south-west portion of the map area. The extreme
w e s t e r n p o r t i o n o f t h i s p l u g i s s i m i l a r t o t h e
hornblende-biotite diorite unit indicating that there may
be a gradational contact between the diorite and the
monzodiorite. Breccia zones within the plug contain
clasts of granite, quartz monzonite, rhyolite, dacite and
diorite surrounded by a monzodiorite matrix. The
monzodiorite is fine to medium-grained, and comprises
10-15% quartz, 10-15% K-feldspar, and approximately
45% plagioclase. Mafic minerals include 15% biotite and
10% hornblende with pyrite and other opaque minerals
making up the remainder of the rock.

Mineralization

Extensive argillic alteration and quartz stockwork
zones were discovered in 1995 along logging roads and
within clear-cut blocks. Subsequent work lead to the ‘Dis-
covery Zone’, a zone of quartz veinlets bearing up to 19.6
g/t gold from bedrock and rubble crop exposures. Geo-
chemical soil sampling and prospecting during the 1996
field season defined a continuous gold anomaly (the 110
Zone) with peak gold contents reaching 5640 ppb. Coinci-
dent with the gold anomaly are locally high levels of sil-
ver, arsenic, and bismuth (up to 23832 ppb Ag, 465 ppm
As, and 57 ppm Bi). Initial work indicated that this anom-
aly coincided with a partially exposed quartz breccia zone
which graded up to 1440 ppb (Fox, 1996 unpublished re-
port).

During the 1997 field season, the 110 Zone was
mapped at a scale of 1:2500 in preparation for a diamond
drill program, which consisted of five holes, totaling
1004.5 metres. Drill hole 97-1 tested mineralization in the
original Discovery Zone, and holes 97-2 through 97-5
tested the 110 Zone. The drilling intersected mainly gran-
ite and diorite with lesser monzodiorite and dacitic to
rhyolitic dikes. The rock were commonly argillic to
chloritic altered with local sericitization and silicifica-
tion. Mineralization consisted of abundant pyrite as dis-
seminations, clots, fracture fillings, and veinlets with rare
traces of chalcopyrite and arsenopyrite. Gold content was
generally low with the best results from DDH 97-5 where
a heavily silicified interval between two dacite dykes av-
eraged 643 ppb gold over 4.1 metres and DDH 97-4 which
had an interval of 18 metres averaging 116.7 ppb gold
(Fox, 1997 unpublished report).
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Polished sections were made from a float sample of
quartz breccia with rust coloured granitic fragments
(sample LP-203), which assayed 19760 ppb gold, as well
as mineralized samples from drill core. Two phases of py-
rite are visible in polished section with the first being
highly fractured and partially to completely altered to li-
monite. Less abundant euhedral galena up to 2.5 mm and
fine-grained sphalerite are common. The sphalerite has
been partially to completely replaced by pyrargyrite
which also occurs as fine disseminations in the quartz.
Microscopic subhedral to euhedral (cubic) grains of gold
are commonly observed in close association with arseno-
pyrite which has been partially to completely altered to
scorodite and limonite. Pyrite from polished section in
drill core is euhedral and medium to coarse-grained.
Trace chalcopyrite exsolutions from sphalerite are lo-
cally observed.

Whole Rock Geochemistry

Whole rock chemical compositions and rare earth el-
ement (REE) data for the complete intrusive rock suite
are given in Tables 1 and 2 . An Irvine and Barager (1971)
plot of Na2O+K2O versus SiO2 is shown in Figure 3. All
rocks from the sample suite are calc-alkaline and
peraluminous. They plot in the subalkaline field in Figure
3 and define an array with the more felsic rocks having
only a slight increase in Na2O+K2O with increasing SiO2.
High field strength and rare earth element abundances for
rocks in the rhyolite/granite field from Figure 3 were plot-
ted on a normative graph (Figure 4) . All samples follow a
similar pattern throughout the element series, plotting for

the most part on top of one another. A normative plot of
representative samples from each rock type shows a gen-
eral correlation of peaks and troughs for the element
abundances with the exception of Sr which shows a sub-
stantial variation within the sample suite (Figure 5).

U-Pb GEOCHRONOLOGY

Studies undertaken by the British Columbia Geolog-
ical Survey Branch and the Geological Survey of Canada,
in conjunction with researchers in universities and indus-
try, have significantly increased the geochronological da-
tabase for the Nechako River map area. As a result, new
intrusive phases and sub-phases have been recognized
within the area. Dating of igneous rock units at the
Laidman property was undertaken to help determine the
relative timing of emplacement of intrusions and allow
correlation with other intrusions in the area.

The southern portion of the Capoose batholith, ap-
proximately 40 kilometers northeast of the Laidman
property, has previously yielded a K-Ar age of 141 Ma
(Diakow et al., 1995). A new U-Pb age of 148.1± 0.6 Ma
has since been determined (Friedman, pers. comm.,
1998) and suggests that the Capoose batholith is age
equivalent to the Francois Lake Plutonic suite to the
north. The Francois Lake Plutonic suite is interpreted to
have crystallized in two main pulses. The Glenannan
phase and its subphases were emplaced during the first
pulse at 157-154 Ma, and the Endako phase, i ts
subphases, and the Casey phase were emplaced during
the second pulse at 148-145 Ma (Whalen et al., 1998).
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TABLE 1
RARE EARTH ELEMENT DATA FROM THE LAIDMAN PROSPECT

110 ZONE INTRUSIVE SUITE

Sample

Name

Rock

Type Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

61266 granite 6.4 12.8 22.7 2.3 8.1 1.3 0.3 0.7 0 0.9 0.2 0.6 0.4 0.7 0

61267 granite 12.1 26.1 48.9 4.7 16.7 2.8 0.4 1.8 0.3 1.6 0.6 1 0.4 1.2 0.2

61268 granite 6.4 20.8 33.2 3.2 12.3 1.8 0.4 1 0 0.6 0.4 0.7 0.3 0.6 0

61269

altered

granite 2.3 4.4 9.6 1.1 4.6 0.7 0 0 0 0.3 0 0.6 0.2 0 0

61270 rhyolite 4.2 8.4 14.5 1.4 6.3 1 0.2 0.4 0 0.4 0.2 0.4 0.2 0.4 0

71031 granite 9.6 21.5 40.7 4 14.5 2.2 0.5 1.4 0.3 1.1 0.5 1 0.4 0.9 0.2

71032 diorite 14 23.6 45.1 5.5 22.8 4 1.3 3.2 0.3 1.5 0.8 1.6 0.5 0.9 0.2

71033 diorite 13.1 19.4 38.1 4.6 20.3 3.8 1.3 2.9 0.4 1.5 1 1.4 0.5 0.9 0.2

71034 granite 6.4 22.5 43.9 4 13.3 1.9 0.4 1.1 0.2 0.9 0.4 0.7 0.3 0.6 0

71036 diorite 11.2 23.7 44.6 4.9 20.4 3.4 1.1 2.1 0.3 0.6 0.5 1.3 0.5 0.7 0

71037 dacite 10.2 20.8 34.8 4.1 16.8 2.9 1 2.2 0.5 1.2 0.4 1.3 0.5 0.8 0

71038

altered

granite 3.3 15.1 23 2.4 8.5 1.3 0.3 0.7 0 0.4 0.3 0.4 0.2 0.4 0

71039

altered

dacite 9.5 23.4 35.8 3.8 15.4 2.5 0.7 1.5 0.2 1.1 0.6 1 0.4 0.9 0.2

71040 rhyolite 4.7 26.2 37.9 3.8 11.4 1.4 0.4 0.8 0 0.6 0.2 0.4 0.3 0.5 0

71041 monzonit 13.8 20.1 44.3 5.8 23.7 4.7 1.6 3.4 0.5 1.6 1 1.8 0.5 0.8 0
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Figure 3. Classification of intrusive rock in the 110 Zone of the Laidman property based on their silica and alkali contents (after Irvine and
Barager, 1971 and Cox et al., 1979).

TABLE 2
WHOLE ROCK GEOCHEMICAL DATA FROM THE LAIDMAN PROSPECT

100 ZONE INTRUSIVE SUITE

Sample

Name Rock Type SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 Ba Sr Zr LOI S SUM

61266 granite 74.92 12.76 1.41 0.38 0.38 3.92 4.71 0.21 0.08 0.01 0.013 962 105 102 1 300 99.74

61267 granite 75.5 12.77 1.41 0.66 0.66 3.76 4.43 0.19 0.06 0.05 0.007 999 87 104 0.7 0 99.92

61268 granite 75.46 12.72 1.55 0.46 0.46 3.43 4.7 0.2 0.07 0.06 0.01 1141 101 82 0.9 0 99.8

61269 altered granite 84.3 2.9 6.35 0.12 0.12 0.16 0.83 0.09 0.28 0.01 0.007 484 31 10 3.2 28900 98.42

61270 rhyolite 75.2 11.81 2.34 0.65 0.65 1.55 5.63 0.19 0.05 0.03 0.01 1344 65 89 1.7 12300 99.52

71031 granite 75.49 12.59 1.75 0.76 0.76 3.74 4.15 0.19 0.03 0.05 0.006 1085 96 111 0.5 0 99.66

71032 diorite 61.1 16.17 6.11 5.02 5.02 4.01 2.63 0.75 0.38 0.13 0.007 1441 857 83 1.2 0 100.5

71033 diorite 61.02 16.23 6.4 5.56 5.56 3.73 2.79 0.78 0.28 0.12 0.01 1544 843 100 0.8 300 100.6

71034 granite 76.08 12.78 1.78 0.34 0.34 3.58 4.56 0.2 0.06 0.02 0.011 1078 105 99 0.9 200 100.6

71036 diorite 56.09 15.96 5.1 5.12 5.12 0.17 5.19 0.65 0.29 0.22 0.004 911 223 113 9.2 1600 100.6

71037 dacite 64.96 14.96 5.51 3.05 3.05 3.39 3.61 0.5 0.23 0.08 0.008 1465 583 104 1.9 6000 100.3

71038 altered granite 80.46 10.61 0.77 0.27 0.27 0.71 4.88 0.12 0 0.02 0.01 842 77 48 1.5 1000 99.62

71039 altered dacite 63.45 14.54 4.91 2.19 2.19 2.9 4.99 0.46 0.22 0.06 0.011 1673 355 133 4.1 24500 99.61

71040 rhyolite 76.82 12.29 1.25 0.07 0.07 1.15 6.27 0.1 0.01 0.01 0.011 1288 116 60 1.2 200 99.62

71041 monzonite 55.75 16.62 7.62 7.39 7.39 4.07 2.22 1 0.43 0.15 0.011 1407 1041 74 1.3 100 100.5



Geological Fieldwork 1999, Paper 2000-1 179

Cs Rb Ba Th U K Nb La Ce Sr Nd Hf Zr Sm Eu Ti Gd Dy Y Er Yb Lu

.1

1

10

100

1000

71037 (dacite)71038 (granite) 71033 (diorite)

71036 (altered diorite)61269 (altered granite) 71039 (altered dacite)

Figure 5. Plot of high field strength and rare earth element abundances normalized to primitive conditions comparing abundances in
unaltered and altered rocks.
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Figure 4. Plot of high field strength and rare earth element abundances normalized to primitive compositions.
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TABLE 3
U-PB ANALYTICAL DATA
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Figure 6. U-Pb concordia diagram for the quartz eye granite, hypidiomorphic granite, and the dacitic quartz-feldspar porphyry.

Sample

Description Wt (mg)

U content

(ppm)

Pb content*

(ppm)

206
Pb/

204
Pb

(meas)**

Total

Common Pb

(pg)
%208

Pb***
206

Pb/
238

U****
207

Pb/
235

U****
207

Pb/
206

Pb****

206
Pb/

238
U

age***** (Ma)

207
Pb/

206
Pb

age***** (Ma)

LP-dacite

A: N2,+134,abr 0.067 276 5.4 1775 13 12.8 0.02310(0.11) 0.1561(0.25) 0.04899(0.19) 147.2(0.3) 147.4(8.9)

B: N2,+134,abr 0.036 186 4.1 666 13 13.1 0.02031(0.13) 0.1370(0.52) 0.04893(0.46) 129.6(0.3) 144.2(21.7)

C: N2,+134,abr 0.046 152 3.6 806 12 13.7 0.02235(0.14) 0.1510(0.34) 0.04899(0.26) 142.5(0.4) 147.5(12.2)

D: N2,+134,abr 0.04 94 2.2 567 9 15.7 0.02226(0.14) 0.1503(0.58) 0.04899(0.51) 141.9(0.4) 147.4(24.0)

LP-monzonite

A: N2,+134,abr 0.059 164 3.9 160 100 11.2 .02363(0.27) 0.1638(1.08) 0.05027(0.91) 150.5(0.8) 207.6(42.1)

B: N2,+134,abr 0.024 133 3.3 601 80 16.4 0.02325(0.24) 0.1588(0.82) 0.04954(0.72) 148.2(0.7) 173.4(33.5)

C: N2,+134,abr 0.041 191 4.2 187 62 12.7 0.02151(0.30) 0.1454(1.17) 0.04904(1.01) 137.2(0.8) 149.6(47.2)

D: N2,+134,abr 0.058 189 4.5 853 19 10.9 0.02326(0.10) 0.1572(0.31) 0.04902(0.24) 148.3(0.3) 148.6(11.2)

LP-granite

A: N1,+134,abr 0.06 262 6.1 2727 8 9.9 0.02317(0.12) 0.1566(0.21) 0.04901(0.15) 147.7(0.3) 148.3(6.9)

B: N1,+134,abr 0.062 220 5.2 3106 6 9.9 0.02337(0.10) 0.1580(0.20) 0.04903(0.14) 148.9(0.3) 149.0(6.6)

C: N1,+134,abr 0.055 132 3.3 1245 9 13.1 0.02330(0.11) 0.1575(0.25) 0.04902(0.18) 148.5(0.3) 148.8(8.4)

D: N1,+134,abr 0.039 93 2.1 894 6 11.5 0.02314(0.14) 0.1563(0.37) 0.04900(0.30) 147.5(0.4) 147.8(14.2)

Footnotes: *N1, N2 = non-magnetic at given degrees side slope on Frantz isodynamic magnetic separator, grain size in microns; **radiogenic Pb, corrected for blank,

initial common Pb and spike; ***corrected for spike and fractionation; ****corrected for blank Pb and U and common Pb errors at 1 sigma, *****errors at 2 sigma



Molybdenum mineralization at Endako is thought to be
associated with the later phase.

Analytical Results

Pb-U zircon ages were determined for the quartz eye
granite, hypidiomorphic granite, and dacitic quartz-feld-
spar porphyry. Mineral separation and isotopic analysis
were carried out in the University of British Columbia
Geochronology Laboratory, using the methods described
in Mortensen et al. (1995). Sample locations are indi-
cated on the 110 Zone geologic map (Figure 2), analytical
results are shown in Table 3, and a U-Pb concordia dia-
gram for the three samples is shown in Figure 6.

Quartz Eye Granite

Zircons recovered from sample 1 (Figure 2) com-

prise clear, colourless to pale yellow stubby prismatic

grains. No growth zoning or inherited cores were visible.

Zircon grains contained rare to abundant bubbles and

rod-shaped inclusions. The best quality grains were

picked from the coarsest, least magnetic fraction and then

strongly abraded. The abraded grains were split into four

fractions, from the coarsest, best quality grains (fraction

A) to the finest, poorest quality grains (fraction D). All of

the analyses are concordant. Fractions B and C yield the

oldest ages. The total range of 206Pb/238U ages for these

two fractions is 148.7± 0.5 Ma which is taken as the best

estimate for the crystallization age of the rock. The other

two fractions yield slightly younger 206Pb/238U ages re-

flecting minor post-crystallization Pb loss.

Granite

Zircon grains recovered from sample 2 (Figure 2) are

very similar in appearance to those in the previous sam-

ple. Four abraded zircon fractions were analyzed. Three

of the fractions yielded concordant ages. The oldest of

these (fraction D) has a 206Pb/238U age of 148.3±0.3 Ma

which is considered as the best estimate for the crystalli-

zation age for this rock. The analysis of fractions B and C

reflect minor Pb loss. Fraction A yields a slightly older

207Pb/206Pb age and appears to have incorporated a mi-

nor inherited zircon component.

Dacitic Quartz-feldspar Porphyry

Zircons recovered from sample 3 (Figure 2) are simi-

lar in appearance to the previous samples. All four frac-

tions of abraded zircons are concordant with the oldest
206Pb/238U age at 147.2± 0.3 Ma, which is considered to be

the best estimate for crystallization age of the rock. The

other three fractions yielded younger 206Pb/238U ages re-

flecting post crystallization Pb loss.

Discussion

T h e a g e s o f t h e q u a r t z e y e g r a n i t e a n d

hypidiomorphic granite of the Laidman Lake batholith

are similar to the U-Pb age of 148.1± 0.6 Ma for the south-

ern Capoose batholith. The dacite dikes (and presumably

the spatially associated rhyolite dikes) are slightly youn-

ger than the quartz monzonite and possibly represent a

later stage, more differentiated magma, likely derived

from the main Laidman batholith.

Pb Isotopic Analysis

Pb isotopic compositions were determined for ga-

lena, pyrite, and igneous feldspar, from samples taken

from float, outcrop, and drill core. The analytical data

from the Laidman property are listed in Table 4 along

with Pb isotopic data from other deposits and prospects in

the vicinity. The resulting plots of 208Pb/204Pb versus
206Pb/204Pb and 207Pb/204Pb versus 206Pb/204Pb are shown

in Figure 7 and Figure 8. Several important conclusions

may be drawn from the data set:

The Laidman sulphide Pb isotope data plot together

in Figure 7 and Figure 8 indicating that the high grade

(19760 ppb gold) LP-203 float sample is likely geneti-

cally related to mineralization found in drill core.

The quartz eye granite has more radiogenic Pb iso-

tope compositions and likely represents a more evolved

intrusive phase relative to the hypidiomorphic granite

which plots near the radiogenic end of the Laidman sul-

phide sample array. The isotopic data is consistent with

the source of sulphide Pb being derived from or geneti-

cally related to the hypidiomorphic granite phase.

The analyses from the Capoose Creek, Buck (Christ-

mas Cake) and Blackwater-Davidson (PEM) properties

give distinctly more radiogenic values relative to the

Laidman data and appear to reflect a younger (~70 Ma)

mineralizing event (Friedman et al., in prep.). One of the

Buck (Christmas Cake) analyses is non-radiogenic com-

pared to the rest of the samples; the reason for this is un-

certain.

Galena Pb isotopic data from the Tascha deposit plots

with the Laidman data suggesting that it may be of similar

age as the Laidman mineralization.

DISCUSSION AND CONCLUSIONS

The presence of vuggy quartz veining, quartz brec-

cias, and extensive alteration of host rocks suggests that

mineralization on the Laidman property is associated

with a high level porphyry system. U-Pb zircon ages de-

termined for the quartz eye granite, granite, and the

dacitic quartz-feldspar porphyry are identical to the U-Pb

age of the Capoose batholith approximately 40 kilome-

ters to the north. These dates correspond with the Late Ju-

rassic (148 Ma) Endako phase of the Francois Lake
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TABLE 4
LEAD ISOTOPIC COMPOSITIONS FOR SULPHIDES AND FELDSPAR SAMPLES FROM THE LAIDMAN PROPERTY

AND OTHER MINERAL OCCURENCES IN THE VICINITY

Laidman Property Samples

Sample

Number

Description/Oc

currence

Mineral 206
Pb/

204
Pb % error 207

Pb/
204

Pb % error 208
Pb/

204
Pb % error 207

Pb/
206

Pb % error 208
Pb/

206
Pb % error

LP-203 >15g/t quartz

breccia float

100m southwest

of central 110

zone

galena 18.7711 0.006 15.5529 0.014 38.2857 0.016 0.8286 0.006 2.0396 0.003

LP-204 Coarse-grained

pyrite (minor

chalcopyrite)

mineralization in

granitic host

(DDH 97-2)

pyrite 18.7812 0.011 15.5655 0.008 38.3114 0.014 0.8288 0.008 2.0399 0.009

LP-208 Medium -

grained

euhedral pyrite

in fractures in a

dacitic dike

(DDH 97-4) in a

dacitic dike

(DDH 97-4)

pyrite 18.8268 0.018 15.5962 0.014 38.4193 0.019 0.8284 0.011 2.0407 0.006

LP-57799 Vuggy, quartz

breccia with up

to 30% pyrite

200 m east of

the central 110

zone

pyrite 18.7874 0.053 15.5327 0.053 38.2535 0.053 0.8268 0.007 2.0361 0.005

LP-59888 Vuggy, quartz

breccia with up

to 30% pyrite

200 m east of

the central 110

zone

pyrite 18.8041 0.138 15.5744 0.137 38.3441 0.138 0.8282 0.02 2.0391 0.007

Hypidiomorphic

granite

Fresh granite

from bulk

sample used for

U-Pb age dating

feldspar 18.8372 0.0112 15.5877 0.011 38.4069 0.012 0.8275 0.003 2.0389 0.005

Quartz eye

granite

Fresh to slightly

altered granite

from bulk

sample used for

U-Pb age dating

feldspar 18.9373 0.0075 15.6120 0.006 38.4916 0.008 0.8244 0.004 2.0326 0.003

Deposits and Prospects in the Vicinity of the Laidman Property

Property name 206
Pb/

204
Pb % error 207

Pb/
204

Pb % error 208
Pb/

204
Pb % error 207

Pb/
206

Pb % error 208
Pb/

206
Pb % error

Blackwater-

Davidson (PEM)

18.8700 0.010 15.6060 0.010 38.4760 0.020 0.8270 0.000 2.0390 0.010

Blackwater-

Davidson (PEM)

18.8590 0.010 15.5890 0.010 38.4210 0.020 0.8266 0.000 2.0373 0.010

Tascha 18.7903 0.008 15.6006 0.006 38.4168 0.009 0.8303 0.005 2.0445 0.005

Buck (Christmas

Cake)

18.9157 0.000 15.5973 0.000 38.4798 0.000 0.8245 0.001 2.0341 0.001

Buck (Christmas

Cake)

18.6931 0.120 15.4187 0.120 38.0255 0.120 0.8248 0.021 2.0341 0.014

Capoose Creek 18.9030 0.000 15.6010 0.010 38.4820 0.000 0.8253 0.000 2.0358 0.000

Capoose Creek 18.8980 0.000 15.5880 0.010 38.4310 0.000 0.8248 0.000 2.0336 0.000

Capoose Creek 18.9000 0.000 15.5940 0.010 38.4560 0.000 0.8251 0.000 2.0347 0.000

Capoose 18.9070 0.010 15.6030 0.010 38.5060 0.000 0.8253 0.000 2.0367 0.010
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Plutonic suite the Late Jurassic to Early Cretaceous min-

eralizing event in the interior plateau. The Late Juras-

sic-Early Cretaceous mineralizing event in this area has

been suggested to be related to emplacement of plutons of

this suite (Lane and Schroeter, 1997).

Pb isotopic data is available from relatively few de-

posits in the Nechako River map area. Currently, data is

available only from the Blackwater-Davidson, Buck,

Capoose, and Tascha prospects. Previous work has sug-

gested that the Blackwater-Davidson and Capoose pros-

pects are related to a Late Cretaceous mineralizing event

(Friedman, pers. comm., 1998). This is evident on the
208Pb/204Pb versus 206Pb/204Pb and 207Pb/204Pb versus
206Pb/204Pb plots where the Late Cretaceous mineraliza-

tion has more evolved, radiogenic Pb compared to

Laidman Pb isotope data. However, the single Tascha ga-

lena Pb sample has a similar radiogenic Pb signature as

the Laidman data. This suggests that the Tascha and the

Laidman mineralization are a result of the Late Jurassic to

Early Cretaceous event.
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Lead Isotope Data From Epigenetic Sulphide Occurrences in the Purcell
Supergroup, Southeastern British Columbia, and Implications for

Exploration for Sediment-hosted Base Metal Deposits
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INTRODUCTION

This paper investigates Pb isotope and other data
from epigenetic base-metal vein occurrences in the
Shrink Lake study area, within the Mesoproterozoic
Purcell Supergroup in southeastern B.C. The Purcell
Supergroup is host to the world renowned Sullivan Pb-Zn
deposit, as well as the St. Eugene and other epigenetic
vein deposits thought to be of Proterozoic age. The study
aims to determine whether Pb isotope data from a number
of uneconomic base metal vein occurrences in the area re-
sult from remobilization of Pb from large tonnage, sedi-
ment hosted Proterozoic base metal deposits that have not
yet been discovered.

Field work for this project formed the basis of the
principal author’s Bachelor’s thesis at the University of
British Columbia (Marshall, 1999). All field work was
supported by Kennecott Canada Exploration Inc..

REGIONAL GEOLOGY

The main supracrustal rocks in the study area consist
of Aldridge and Creston formation argillites, siltstones
and sandstones that form part of the Mesoproterozoic
Purcell Supergroup. The Purcell Supergroup comprises a
sequence over 12km thick of siliciclastic and lesser car-
bonate rocks (Hoy, 1993) that is exposed in a large region
in southeastern British Columbia and southwestern Al-
berta.. The Supergroup is inferred to unconformably
overlie Proterozoic and Archean gneissic basement
rocks, and is unconformably overlain by Late Proterozoic
Windermere Group rocks and Cambrian clastic and car-
bonate rocks (Hoy, 1993).

The dominantly gabbro and diorite Moyie Sills in-
trude the lower Aldridge and the lower part of the middle
Aldridge formations. The cumulative thickness of the
Moyie sills exceeds 2000 meters. Hoy (1993) cites soft
sediment deformation, large scale dewatering structures
and coarse grained hornblende hornfels as evidence for
intrusion of at least some of the sills into wet, unconsoli-
dated sediments. Anderson and Davis (1995) report U-Pb

zircon ages of 1468 �2 Ma for Moyie sills. Gabbro and
diorite sills are also present higher in the Purcell stratigra-
phy, and are believed to be the result of a later magmatic
event than that responsible for the Moyie sills (Hoy,
1993).

The White Creek batholith (Reesor, 1958) is one of
several middle Cretaceous intrusions that cut the Purcell
Supergroup. The most extensive phase of the batholith is
a K-feldspar porphyritic biotite quartz monzonite, and
Brandon and Lambert (1992) report Rb-Sr whole
rock-apatite isochron ages of ~105-115 Ma for the body.
The batholith crops out within several kilometers south-
east of the study area.

Small biotite lamprophyre dikes (minettes) locally
intrude lower Purcell sediments (e.g., McClay, 1983;
LeCouteur, 1979; Hoy, 1993). An Early Cretaceous age
(~130 Ma) has been assigned to lamprophyres that cut the
Sullivan orebody (LeCouteur, op.cit.).

Tectonism

The earliest evidence for tectonism in the Purcell
Supergroup is recorded by syndepositional normal block
faulting associated with rifting of the Belt/Purcell basin
(Hoy, 1993). Evidence for renewed block faulting during
deposition of the Sheppard Formation, higher in Purcell
stratigraphy, is cited by Hoy (1993).

A Mesoproterozoic tectonic event termed the East
Kootenay orogeny has been interpreted by several au-
thors (White, 1959; Leech, 1962; Hoy, 1993) as a com-
pressive event, marked by folding and associated cleav-
age development. Anderson and Davis (1995), however,
suggest that the deformational features observed could
have been generated during an extensional event, if de-
formation had a strike-slip component to generate local-
ized folding. The younger Goat River extensional tec-
tonic event was marked by renewed block faulting, and is

thought to mark the initiation of Windermere Group de-
position (Hoy, 1993). The Goat River event is placed at
approximately 762 Ma (Devlin et al., 1988).

Following these events, the Purcell Supergroup was
subject to intermittent periods of extensional tectonism
through the Late Proterozoic and Early Paleozoic (Hoy,
1993).
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From Late Jurassic to Paleocene time, accretion of
tectonostratigraphic terranes to the west produced large
scale thrust faulting which led to compression, thickening
and eastward displacement of miogeoclinal sedimentary
packages along the western margin of North America.
The geology of the region is further complicated by syn-
to post-thrusting back thrusts and normal faults (Hoy,
1993).

Economic Deposits

The Sullivan deposit (Figure 1) is hosted in the lower
Aldridge Formation, at the contact with the middle
Aldridge (LMC) (Hoy, 1993; Leitch et al., in prep.). It is a
stratiform, sedimentary exhalative (SEDEX) Pb-Zn de-
posit which contained original reserves of approximately
160 million tonnes of ore, grading 6% lead, 6% zinc, 28%
iron and 67 grams per tonne silver (Ransom et al., 1985).
Over 125 million tonnes of ore have been extracted from
the deposit.

The St. Eugene deposit (Figure 1) consists of
epigenetic Ag-Pb-Zn veins that cut middle Aldridge, up-

per Aldridge and Creston Formation metasediments. Pro-
duct ion between 1899 and 1929 produced some
1,475,266 tonnes of ore, with average grades of 7.7% Pb,
1.0% Zn and 124g/tonne Ag and 0.05g/tonne Au (Hoy,
1993). Galena grains found within garnet porphyroblasts
in the deposit are interpreted by Beaudoin (1997) to con-
strain the age of mineralization to prior to East Kootenay
metamorphism. The St. Eugene is classified with similar
epigenetic deposits of the Coeur d’Alene District, Idaho
(Beaudoin, 1997).

LOCAL GEOLOGY

Sedimentary rocks of the middle Aldridge, upper
Aldridge and Creston formations crop out in the study
area. Contacts between these formations are all conform-
able, and dip at shallow to moderate angles to the north-
west.

The middle Aldridge Formation consists of medium
to thickly bedded , siltstones and sandstones, with inter-
mittent thinly bedded argillite layers. Upper Aldridge
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stratigraphy consists dominantly of thinly bedded
siltstones and argillites. Strong tourmaline alteration is
found locally within the Shrink Lake study area, and is
pervasive in the upper Aldridge in the vicinity of the Doc
mineral showing, northeast of the study area. The Creston
Formation is characterized by green, mauve and grey
siltstones and argillites.

Gabbro to diorite sills are present throughout the
study area. Within the upper middle Aldridge, upper
Aldridge and Creston formations, the intrusions are gen-
erally less than 10 meters in thickness, and relatively rare.
In the lower middle Aldridge Formation, intrusions are
commonly in excess of 100m in thickness, and are rela-
tively abundant.

Small discontinuous lamprophyre dikes were noted
at two locations in the study area. One dike was observed
to crosscut a gabbroic sill. The mineralogy of these dikes
is characterized by abundant biotite, lesser quartz and
plagioclase and minor calcite.

Numerous small fault zones were noted in the study
area. Most faults are moderately to steeply dipping to the
west-northwest.

Mineralization

Numerous discontinuous, sulphide-bearing quartz
veins are present in the study area. These veins commonly
occur along joint sets associated with faults. Veins exhibit
a wide variety of textures, degrees of deformation and
mineralogy, suggesting multiple veining events. Loca-
tions of vein samples for this study are shown in Figure 2.
Detailed descriptions of the veins are given by Marshall
(1999).

Two mineral occurrences, the Alpine showing
(MINFILE 82KSE081) and the Doc showing (MINFILE
82KSE060) are located several kilometres northeast of
the study area, within Creston Formation and upper
Aldridge Formation stratigraphy, respectively (Figure 2).
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Stratabound galena mineralization was intersected in
1998 by Kennecott Canada Exploration in DDH F98-05
northeast of the study area (Figure 2). Two samples were
obtained from drill core for this study.

The Alpine showing, also referred to as the Rocky
Top or Four Tops showing, has been investigated by sev-
eral companies, including Cominco Ltd. (Mawer, 1986).
Disseminated sulphides and high grade bands of pyrite,
sphalerite and galena occur within a silicified, albitized
and sericitized, shear-controlled alteration zone at the
showing. Uneconomic grades of 0.5% Pb and 0.6% Zn
across an average width of 3.5m and length of 80m have
been previously determined, based on the results of geo-
chemical sampling, geological mapping, bulldozer
trenching and diamond drilling (Mawer, op. cit.).

The Doc showing on Tourmalinite Ridge (Figure 2)
was first recognized by Kerr Adison Mines in the late
1970’s. The showing consists of quartz-galena veins with
minor sphalerite, arsenopyrite and chalcopyrite. Veins are
exposed in blocky felsenmeer, and are traceable for up to
100m along strike (Brown and Termuende, 1998).

Lead Isotopic Study

Adetailed Pb isotopic investigation of mineral occur-
rences in the study area was undertaken in order to assess
the possible sources for Pb, place constraints on the possi-
ble timing of mineralization and in particular, determine
whether any of the occurrences could represent
remobilized, syngenetic mineralization of Sullivan
(Mesoproterozoic) age.

Several potential reservoirs from which metals may
have been extracted are present in or near the study area,
including:

� Lead extracted at different times from Proterozoic
metasedimentary rocks of the Purcell Supergroup

� Lead remobilized from Sullivan-type SEDEX de-
posits contained within the Purcell Supergroup

� Lead remobilized from Proterozoic epigenetic oc-
currences such as the St. Eugene deposit

� Magmatic Pb from Moyie-type intrusions, Meso-
zoic granitoids or young lamprophyres.

� Lead introduced from lower crustal and/or mantle
reservoirs

Lead remobilized from Pb-rich deposits such as the
Sullivan or St. Eugene would be expected to retain the
original isotopic composition of those deposits. The iso-
topic signature of the Sullivan deposit can be approxi-
mated by data compiled by Beaudoin (1997) (Figure 3).
Beaudoin interprets the distribution of the Sullivan data
as a mixing of leads derived from the Lower Aldridge For-
mation and Precambrian basement gneiss. The St. Eugene
Ag-Pb-Zn vein deposit has been classified with deposits
of the Coeur d’Alene District, Idaho. Despite being
epigenetic, most of these deposits are characterised by Pb
isotopic ratios that are less radiogenic than those of the
syngenetic Sullivan deposit (Figure 3). Beaudoin (1997)
addresses this paradox by attributing the Coeur d’Alene

data array to a mixing of upper crustal and mantle Pb. He
suggests that mantle Pb was introduced into the Purcell
basin environment during intrusion of the Moyie sills.

The expected isotopic composition of Pb extracted
from Purcell Supergroup metasedimentary rocks at any
particular time can be estimated with some confidence us-
ing the “shale curve” (Godwin and Sinclair, 1982), which
models the evolution of Pb isotopic compositions in sedi-
mentary strata of the western Canadian miogeocline (Fig-
ure 3). The composition of lead derived from Moyie intru-
sions has been inferred by Andrew et al. (1984) from data
for epigenetic mineralization thought to be genetically as-
sociated with these intrusions (Figure 3). Magmatic Pb
from Mesozoic granitoids is expected to have the same
isotopic composition as Pb in feldspars contained within
the intrusions. Brandon and Lambert (1992) determined
Pb isotopic compositions for K-feldspar phenocrysts in
each of five major intrusive phases within the mid-Creta-
ceous White Creek batholith. No constraints are available
for the Pb isotopic composition of the young lampro-
phyres in the study area, although Bevier (1987) reports
Pb isotopic compositions for Eocene lamprophyres in the
Valhalla complex approximately 100 km west of the study
area. Lead introduced from lower crustal and/or mantle
reservoirs during or since deposition of Purcell strata can
be approximated by the lower crust and mantle curves
presented by Zartman and Doe (1981). These curves are
estimates made on a global scale and do not account for
regional heterogeneity. The possibility of other unrecog-
nized Pb sources for mineralization in the Shrink Lake
study area also cannot be ruled out.

Lead isotopic compositions were determined for ga-
lena and other sulphide minerals from ten sulphide-bear-
ing samples within the Shrink Lake study area. Addi-
tionally, isotopic data was obtained from the Alpine and
Doc mineral occurrences in the vicinity of the study area.
Two galena samples from a galena rich stratabound hori-
zon intersected in drill core obtained northeast of the
study area were also analysed. A K-feldspar phenocryst
from the K-feldspar megacrystic quartz monzonite phase
of the White Creek batholith was analysed to complement
the data from Brandon and Lambert (1992).

From the distribution of Pb isotopic data in Figure 3,
the following general observations can be made:

All analyses lie on or near the “shale curve,” suggest-
ing that upper crustal rocks represent a major Pb source
for the samples analysed.

Some analyses fall significantly below the shale
curve suggesting the introduction of at least a minor com-

ponent of lead from a lower-� reservoir.

Much of the data forms a roughly linear array, that
could represent a single mixing event between a non-ra-
diogenic upper crustal source, and a much more radio-
genic upper crustal source. Alternatively, the array may
represent complex mixing of Pb from several different
sources.

The sample suite likely includes mineralization
formed by more than one process, and of more than one
age.
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TABLE 1
PB ISOTOPIC DATA FROM THE SHRINK LAKE STUDY AREA (SL), STRATABOUND GALENA

MINERALIZATION IN THE UPPER ALDRIGE FORMATION (STRAT), THE DOC SHOWING (DOC),

THE ALPINE SHOWING (ALPINE) AND THE WHITE CREEK BATHOLITH (WCB)
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Figure 3. Pb isotopic diagrams for new data from the Shrink Lake study area, DDH F98-05, the Doc showing and the Alpine showing.
Previous data for selected reservoirs are shown as fields and model curves.

Sample Original Mineral Location Pb isotopic data

Sample No.* 206/204 207/204 208/204 207/206 208/206

1 zone 2 Galena STRAT 16.48817 15.42701 36.16196 0.935645 2.193222

2 zone 30 Galena STRAT 16.51753 15.44671 36.24876 0.935174 2.194578

3 zone 30 Galena STRAT 16.51894 15.44125 36.21776 0.934764 2.192515

5 LM-058 Galena ALP 17.72479 15.59184 38.09016 0.879666 2.148992

6 LM-120 Galena SL 18.52290 15.63239 38.71285 0.843952 2.090014

7 LM-158B Galena SL 17.35287 15.52122 37.44653 0.894450 2.157960

8 LM-160 Galena SL 16.97564 15.49678 36.82133 0.912887 2.169084

9 LM-160 Galena SL 16.97702 15.50324 36.84027 0.913193 2.170023

10 NT-184a Galena SL 17.62106 15.52770 37.74589 0.881204 2.142105

11 VR30307a Galena SL 16.52549 15.43508 36.25739 0.934020 2.194044

12 VR30311a Galena SL 18.27621 15.60639 38.53895 0.853921 2.108710

13 LM-126 Pyrite SL 18.44807 15.61731 38.66923 0.846558 2.096128

14 LM-129 Pyrite SL 18.54023 15.63409 38.73587 0.843255 2.089302

15 LM-139 Pyrite SL 18.09201 15.59063 38.28208 0.861745 2.115982

16 VR30264 Arsenopyrite DOC 16.73622 15.45765 36.52043 0.923608 2.182134

17 LM-171 K-Feldspar WCB 18.50368 15.67265 39.18572 0.847005 2.117741

* (Marshall, 1999)



Finally, some of the epigenetic samples have isotopic
compositions that are consistent with remobilization
from a Mesoproterozoic base metal deposit.

DISCUSSION

Stratabound Galena Mineralization in the
Upper Aldridge Formation

Samples 1, 2 and 3 are galena from mineralized hori-
zons within upper Aldridge sediments. Samples 2 and 3
contain fine grained galena associated with tourmaline
rich laminations, in a horizon that has been described as
being stratabound and possibly stratiform (Kennecott in-
ternal communication, 1998). Sample 1 contains coarse
grained galena associated with a siliceous horizon, or a
concordant quartz vein (Kennecott internal communica-
tion, 1998). Similar mineralization within the same sys-
tem exhibits irregular vein-sediment contacts that have
been interpreted to result from the injection of fluids into
wet sediments (Kennecott internal communication,
1999). The isotopic compositions of these samples plots
near the intersection of the Sullivan and Moyie arrays
(Figure 3) , and are therefore cons is ten t wi th a
Mesoproterozoic age of formation. Textural data suggests
that this occurrence is epigenetic, but likely formed be-
fore consolidation of upper Aldridge sediments, possibly
as a result of leaching of Pb from the sediments during ba-
sin dewatering (Kennecott internal communication,
1999). Alternatively, Pb in the occurrence may have been
remobilized from a syngenetic Sullivan-type deposit, or
another Mesoproterozoic base metal deposit. An
plutonic-related Pb source is not considered likely, as
gabbroic intrusions noted within the upper Aldridge ap-
pear to be volumetrically too minor to account for the ex-
tent of mineralization.

Doc Showing

Sample 4, from the Doc showing on Tourmalinite
Ridge, is slightly more radiogenic than the strongly min-
eralized samples 1, 2 and 3. This sample was obtained
from a quartz-galena-arsenopyrite-chalcopyrite vein
within upper Aldridge sediments, at approximately the
same stratigraphic level as samples 1, 2 and 3.

The upper Aldridge is a highly permeable formation
and is marked by significant geochemical soil anomalies
along its strike in the vicinity of Tourmalinite Ridge.
These anomalies suggest that the argillites of the upper
Aldridge may have acted as a conduit for mineralized flu-
ids at some time. It is conceivable that fluids leached Pb
from the nearby stratabound galena occurrence as well as
from upper Aldridge sediments, resulting in a shift away
from the isotopic ratios characteristic of samples 1, 2 and
3, towards a more radiogenic composition, as seen in sam-
ple 4. Alternatively, this shift may be explained by a mix-
ing of Proterozoic Pb with Pb associated with the White
Creek batholith, or other as yet unidentified radiogenic Pb
sources. Other possibilities for Pb sources for sample 4 in-

clude a mixing between upper crustal lead, and Pb derived
from either a mantle source, a lower crustal source, or
both.

Alpine Showing

Sample 5, from the Alpine Showing, plots immedi-
ately adjacent to the shale curve, indicating that all of the
lead in this sample may have been leached from lower
Purcell sedimentary strata. If this is in fact the case, a
model age of approximately 0.9 Ga obtained from the
shale curve can be inferred for mineralization at the Al-
pine showing. Analysis of additional samples from this
occurrence would be required to test this hypothesis.

Shrink Lake Study Area Mineralization

Sample 11 is from a quartz-calcite-galena-chalcopy-
rite vein within a Moyie sill. Isotopic compositions of this
sample plot at the intersection of the Sullivan and Moyie
arrays. Fluid inclusion studies (Marshall, 1999) indicate
that the vein contains very distinct carbonic fluids, in-
ferred to be genetically related to intrusion of the Moyie
sills. The isotopic data suggests that Pb in the sample may
also be derived from the Moyie sills.

Sample 8 was obtained from within middle Aldridge
rocks, near the base of the upper Aldridge, in a fracture
filling vein within a well developed joint set. The analyses
from this sample can be interpreted in the same way as
sample 4. If a mixing of Mesoproterozoic Pb with a more
radiogenic Pb source is responsible for the Pb composi-
tion of sample 8, a shift towards more radiogenic Pb can
be explained by a greater component of Pb leached from
Purcell sediments. This could be consistent with a greater
distance from the upper Aldridge stratabound galena oc-
currence . As with Sample 4, th is hypothes is is
non-unique, and other geologically reasonable explana-
tions are possible.

Interpretations of Pb sources for the remaining sam-
ples are more ambiguous. These occurrences likely repre-
sent several separate episodes, with Pb being derived
from multiple sources. Samples 6, 13 and 14 all plot
within the array from the White Creek batholith. As such
these veins may represent Pb derived wholly from the in-
trusion, although this remains unproven. Furthermore,
these samples are mineralogically and texturally differ-
ent, and may not be genetically related to one another.

Samples 7 and 10 plot near the field defined by analy-
ses of lamprophyre dikes from the Valhalla complex.
Lamprophyre dikes are also present in the study area, al-
though it is uncertain whether they are related to the dikes
in the Valhalla area. The dikes are volumetrically minor,
and are not exposed in the vicinity of the sample localities
for samples 7 and 10. No veins of any kind were noted in
close proximity to the exposed dikes. Omitting the lam-
prophyre dikes as a possible Pb source, mineralization in
samples 7 and 10 likely represents mixing of upper crustal
lead with Pb derived from one or more of the White Creek
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batholith, mantle, lower crustal, Moyie intrusion, and
Proterozoic Pb reservoirs.

CONCLUSIONS

Results of this study suggest that mineralization in
the study area and in adjacent mineral showings reflects
several different mineralizing events. These events may
be coincident with tectonic and/or intrusive events that
have affected the area. The major interpreted Pb sources
include Proterozoic syngenetic or epigenetic deposits,
Moyie intrusions, lower Purcell Supergroup sedimentary
rocks, and the White Creek batholith.Galena obtained
from drill core intersections of galena-rich stratabound
horizons within the upper Aldridge Formation contains
non-radiogenic Pb. Mineralization is interpreted to be
Mesoproterozoic in age, with Pb having been either
leached from the Aldridge sediments, or remobilized
from a proximal (syngenetic?) base metal deposit.

Lead compositions from an arsenopyrite-bearing
quartz vein from the Doc showing are interpreted to rep-
resent mixing between a non-radiogenic Pb source and a
more radiogenic Pb source. The non-radiogenic Pb
source is possibly the stratabound mineralization de-

scribed above.

If our interpretations of lead sources is correct, Pb
isotopic ratios from vein hosted sulphide mineralization
can be used as an indicator of remobilization of Pb from
potential SEDEX or other Proterozoic base metal targets
in the study area, and perhaps elsewhere in the Purcell
Supergroup. It is recommended that the analysis of Pb
isotopic compositions of vein hosted sulphide mineral-
ization be applied in subsequent exploration for SEDEX
mineralization in the region. Interpretation of future data
would be greatly enhanced if independent age constraints

on mineralizing events are available.

ACKNOWLEDGMENTS

The support and input of Kennecott Canada Explora-
tion Inc. geologists Steve Coombes, Eric Finlayson, Rick
Zuran and Nick Thomas is greatly appreciated.

REFERENCES

Anderson, H.E. and Davis, D.W. (1995): U-Pb geochronology of
the Moyie sills, Purcell Supergroup, southeastern British
Columbia: implications for the Mesoproterozoic geological
history of the Purcell (Belt) basin; Canadian Journal of
Earth Sciences, v. 32, p. 1180-1193.

Andrew, A, Godwin, C.I. and Sinclair, A.J. (1984): Mixing Line
Isochrons: A New Interpretation of Galena Lead Isotope
Data from Southeastern British Columbia; Economic Geol-
ogy, v. 79, p. 919-932.

Beaudoin, G. (1997): Proterozoic Pb Isotope Evolution in the
Belt-Purcell Basin: Constraints from Syngenetic and
Epigenetic Sulfide Deposits; Economic Geology, v. 92, p.
343-350.

Bevier, M.L. (1987): A Pb isotopic study of the Valhalla complex
and its surrounding rocks, southeastern British Columbia:
preliminary interpretations; Radiogenic Age and Isotopic
Studies: Report 1, Geological Survey of Canada, Paper 87-2,
p. 13-20.

Brandon, A.D. and Lambert, R.StJ. (1994): Crustal Melting in the
Cordilleran Interior: The Mid-Cretaceous White Creek
Batholith in the Southern Canadian Cordillera; Journal of
Petrology, v. 35, p. 239-269.

Brown, D.A., Termuende, T. (1998): The Findlay Industrial Part-
nership Project: Geology and Mineral Occurrences of the
Findlay-Doctor Creek Areas, southeastern British Colum-
bia. British Columbia Ministry of Energy and Mines, Min-
erals Division, Geological Survey Branch, Paper 1998-1, p.
10-1 to 10-9.

Devlin, W.J., Brueckner, H.K. and Bond, G.C. (1988): New Isoto-
pic Data and a Preliminary Age for Volcanics near the Base
of the Windermere Supergroup, Northeastern Washington,
U.S.A.; Canadian Journal of Earth Sciences, v. 25, p.
1906-1911.

Godwin, C.I. and Sinclair, A.J. (1982): Average Lead Isotope
Growth Curves for Shale-Hosted Zinc-Lead Deposits, Ca-
nadian Cordillera; Economic Geology, v.77, p. 675-690.

Hoy, T. (1993): Geology of the Purcell Supergroup in the Fernie
West-Half Map Area, southeastern British Columbia; Brit-
ish Columbia Ministry of Energy, Mines and Petroleum Re-
sources, Bulletin 84, 110p.

Höy, T., Price, R.A., Legun, A., Grant, B. and Brown, D. (1995):
Purcell

Supergroup, southeastern British Columbia; Ministry of Energy,
Mines and Petroleum Resources, Geoscience Map 1995-1,
1:250 000 scale.

LeCouteur, P.C. (1979): Age of the Sullivan Lead-Zinc Deposit
(Abstract); Geological Association of Canada, Cordilleran
Section, Program with Abstracts, p. 19.

Leech, G.B. (1962): Metamorphism and Granitic Intrusions of
Precambrian Age in Southeastern British Columbia; Geo-
logical Survey of Canada, Paper 62-13, 8p.

Leitch, C.H.B., Turner, R.J.W., Shaw, D.R., Hodgson, C.J., and
Brown, T.: Evolution of the vent complex, Sullivan
stratiform hosted Zn-Pb deposit: Part 2, wall-rock alteration
and sulphide mineralization. Geological Survey of Canada,
Mineral Resources Division, Vancouver, B.C., in prep.

Marshall, L.J. (1999); Lead isotope and fluid inclusion study of
vein mineralization in the Shrink Lake study area, Purcell

Supergroup, British Columbia, Canada; unpublished B.Sc.

thesis, The University of British Columbia, 91 pages.

Mawer, A.B. (1986): Geological – Soil geochemical report, Al-
pine Group, Golden Mining Division, Findlay Creek Area;
Geological Branch Assessment Report 15,195, 11 pages.

McClay, K.R. (1983): Structural Evolution of the Sullivan
Fe-Pb-Zn-Ag Orebody, Kimberley, British Columbia, Can-
ada; Economic Geology, v. 78, p. 1398-1424.

Ransom, P.W., Delaney, G.D. and McMurdo, D. (1985): The
Sullivan Orebody. in Stratabound Base Metal Deposits in
British Columbia; Geological Association of Canada, Field
Trip 11, p. 20-28.

Reesor, J.E. (1958): Dewar Creek Map-area with Special Empha-
sis on the White Creek Batholith, British Columbia; Geo-
logical Survey of Canada, Memoir 292, 78p.

White, W.H. (1959): Cordilleran Tectonics in British Columbia;
American Association of Petroleum Geologists, Bulletin, v.
43, p. 60-100.

Zartman, R.E. and Doe, B.R. (1981): Plumbotectonics – The
Model; Tectonophysics, v. 75, p. 135-162.

Geological Fieldwork 1999, Paper 2000-1 191



192 British Columbia Geological Survey



Plutonic-related Gold-quartz Veins in Southern British Columbia

By James M. Logan

KEYWORDS: Gold, tungsten, plutonic-related, bulk
tonnage, mid-Cretaceous intrusions, quartz veins,
Cam-Gloria, Valparaiso, Baldy Batholith, Mount Skelly
Pluton..

INTRODUCTION

Extending westerly across the Yukon territory and
into Alaska for more than 1000 km is a mid-Cretaceous
magmatic belt and associated gold mineralization. This

belt of rocks hosts plutonic-related gold deposits, such as
Fort Knox (127.5 106 g Au), Dublin Gulch (35.7 106 g
Au), Brewery Creek (28.7 106 g Au) and Pogo (162.0 106

g Au), and has recently been identified as the Tintina
Gold Belt (Figure 1). The intrusions belong to the Tomb-
stone-Tungsten Belt, in Yukon and the Fairbanks intru-
sions in Alaska.

Given the exploration interest in Pogo-type gold
mineralization (9.05 million tonnes grading 17.8 g/t Au;
Smith et al., 1999) and the prospective nature of the prov-
ince, the British Columbia Geological Survey initiated a
field project to provide more information about
plutonic-related gold deposits. The Shuswap and
Kootenay areas (Figure 1) were selected from the
Lefebure et al. (1999) data set because they share a num-
ber of similarities with the Tintina Gold Belt; including
mid-Cretaceous granitic intrusions, solitary, stockwork
and sheeted quartz veins with Au-W-Bi metal signatures,
and RGS anomalies for pathfinder elements. The
Shuswap study focused on the Baldy Batholith area lo-
cated west of Adams Lake in the Kootenay terrane, where
Teck Corporation is evaluating the Cam-Gloria property,
while theKootenay fieldwork concentrated on theMount
Skelly pluton, located north of Creston in North Ameri-
can rocks. These areas were mapped and sampled on a re-
connaissance basis to test their potential for Fort Knox
and Pogo-style deposits. The results are presented on
B.C. Ministry of Energy and Mines Open File maps
2000-7 and 8. In addition, Lett and Jackaman (this vol-
ume) carried out multi-media stream sediment sampling
to study the geochemical signature of plutonic-related
gold mineralization in these areas.

Plutonic-Related Gold-Quartz Deposits

The principal features of plutonic-related gold de-
posits are reviewed in a number of recent publications, by
Baker et al. (submitted), McCoy et al. (1997), Poulsen et
al. (1997) and Thompson et al. (1999). The major occur-
rences in the Yukon and Alaska comprise two distinct
styles of plutonic-related gold mineralization; the intru-
sion-hosted low grade, large tonnage sheeted and
stockwork low sulphide vein systems at Fort Knox
(Bakke, 1995; Bakke et al.,1998), Dublin Gulch and
Clear Creek, and the high grade quartz veins and bodies
that occur proximal to granitoid intrusions on the Pogo
claims (Liese Zone) (Smith et al., 1999). Themain distin-
guishing factor of this type of gold deposit is the associ-
ated metal assemblage of bismuth, tungsten and arsenic
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Figure 1. Tectonic assemblage map, after Wheeler and McFeely
(1991) showing the distribution of North American, plate margin,
oceanic and accreted rocks of the Canadian and Alaskan
Cordillera, the location of theTintinaGold belt and select deposits.

ldegroot
1999



and in Alaska and Yukon the association with dikes and
cupolas located in or near the apexes of mid-Cretaceous
intrusions.

Plutonic-related gold deposits are often associated
with a variety of other types of mineralization (Figure 2).
For example, peripheral to the sheeted gold-quartz veins
in the Eagle Creek Zone of the Dublin Gulch property are
gold and tungsten placers, solitary gold-sulphide quartz
veins and a tungsten skarn (Hitchins and Orssich, 1995).
The tungsten skarn and the gold-sulphide quartz veins are
spatially and genetically related to the Dublin Gulch
stock (Baker et al,. submitted). Further away from the
stock are silver-lead-zinc veins which they have inter-
preted to be distal mineralization related to the intrusion.
Similar veins were noted from 2 to 5 kilometres from the
source intrusion for other Fort Knox-type deposits by
Thompson et al. (1999). These associated styles of miner-
alization provide one of the best methods for identifying
areas to prospect for plutonic-related gold deposits.

The key exploration guide for plutonic-related gold
deposits is to explore in, and around, highly differentiated
granitic intrusions, specifically those intruded in conti-
nental marginal settings; a setting shared by tungsten and
tin magmatic provinces (Thompson et al., 1999). The
known prospective areas are underlain by Protero-
zoic-Paleozoic miogeoclinal rocks of ancestral North
America, and the pericratonic Yukon-Tanana and
Kootenay terranes. The rocks were deposited along the
margin of the North American craton, in shelf and mar-
ginal basin environments. Accretion of Quesnellia in the
Jurassic led to the deformation, metamorphism and ulti-
mate translation of these rocks along thrust faults onto the
craton. These rocks vary from sub-greenschist to amphi-
bolite grade metamorphism. Since the Liese Zone is
hosted by gneisses, it is possible that the Pogo-style min-
eralization is more likely to occur in higher grade meta-

morphic rocks than typically host other types of
gold-quartz lodes.

CORDILLERAN GEOLOGY

The Canadian Cordillera is comprised of five distinct
morphogeological belts (Gabrielse et al., 1991). In Brit-
ish Columbia, the Foreland belt is characterized by Pro-
terozoic to Upper Jurassic platformal and miogeoclinal
strata that were deposited on the rifted western margin of
ancestral North America and then translated northeast-
ward by thin-skinned thrusting and folding to form the
RockyMountain Fold and Thrust belt. Palinspastic recon-
structions indicate at least 200 km of post-middle Creta-
ceous shortening in the southern foreland belt (Bally et
al., 1966; Price and Mountjoy, 1970) and eastward dis-
placement in the north is estimated to be 50 km (Gabrielse
et al., 1991). The Omineca belt is the exhumed metamor-
phic-plutonic hinterland to the foreland belt. In southern
BC the Omineca belt consists of the Kootenay terrane and
the Barkerville subterrane, which consist of metamorphic
rocks probably equivalent to or deposited in proximity
with North American miogeoclinal strata (Gabrielse et
al., 1991).West of the Omineca belt are the Intermontane,
Coast and Insular belts, comprised primarily of Paleozoic
to Early Jurassic ocean and island arc terranes. Amalgam-
ation of these terranes and accretion to the westernmargin
of North America occurred in the Middle Jurassic and
Early Cretaceous (Monger et al., 1982, Gabrielse and
Yorath, 1991). Initial Sr ratios in the Omineca and Fore-
land belts are commonly greater than 0.705 and those in
the western belts commonly less than 0.705 (Armstrong,
1988). The transi t ion between the Omineca and
Intermontane belts roughly coincides with the western
margin of old radiogenic continental crust and the eastern
limit of allochthonous volcanic terranes.

Plutonic rocks comprise a substantial proportion of
the Canadian Cordillera, particularly in the Coast and
Omineca belts (Figure 3). The mid-Cretaceous plutons of
these two belts are markedly different. Those in the Coast
belt are primarily I-type, commonly contain hornblende
in addition to biotite, and are poor in large-ion lithophile
elements (Woodsworth et al., 1991). Those in the eastern
belt (Bayonne and Selwyn suites) are S-type, felsic, rich
in large-ion lithophile elements and have initial 87Sr/86Sr
ratios between 0.710 and 0.740 (Anderson, 1988,
Armstrong, 1988; Woodsworth et al., 1991). The eastern
belt of plutonic rocks intrude North American and mar-
ginal assemblage rocks comprising the pericratonic ter-
ranes of the northern Cordillera (Figure 1). Molybdenum,
tungsten and tin deposits in the northern Canadian Cordil-
lera are related primarily to the mid-Cretaceous (at 110
and 90 Ma) intrusive episodes of the eastern suite
(Sinclair, 1995). These include skarn tungsten deposits,
such as Cantung and Mactung, and porphyry tung-
sten-molybdenum deposits at Ray Gulch and Logtung.
This tungsten-tin±molybdenum province extends more
than 1000 km across the Yukon and into Alaska after res-
toration of the dextral motion on the Tintina Fault. It also
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Figure 2. Schematic model of plutonic-related mineral deposits,
showing different styles and metal assemblages of intermediate to
felsic plutons intruded into continental margin setting (modified
from Lefebure and Cathro, 1999).



follows the Omineca Belt southward 1600 km to Salmo
near the Canadian-US border.

Bayonne Plutonic Suite of Southeastern
British Columbia

In the southeastern Canadian Cordillera, mid-Creta-
ceous plutons of the Bayonne Suite intrude a wide area
extending from North America west across the Omineca
and Intermontane belts (Figure 4). Most are post-meta-
morphic and discordant with the country rocks. They
form an arcuate belt of batholiths and stocks, generally
composite bodies, comprising several distinctive phases,
which follow the eastern edge of the Kootenay Arc and
beyond as far northwest as Quesnel Lake. These intrude
miogeoclinal rocks of North America affinity.West of the
Kootenay Arc, batholiths and large stocks intrude rocks
of the Kootenay and Barkerville terranes. North of 51°
latitude the batholiths and plutons, such as Baldy and
Goldstream, are elongate in an easterly direction.

The mid-Cretaceous suite is comprised of medium to
coarse-grained, biotite-hornblende monzogranite to
granodiorite and biotite and biotite-muscovite granites.
The intrusions are often composite bodies consisting of
one or more of these granitoid types and from the avail-
able geochemical data there is no simple change from
metaluminous to peraluminous along the belt as observed
in the Tombstone-Tungsten suite in the Yukon. The
Bayonne suite are metaluminous to weakly peraluminous
hornblende-biotite granites and strongly peraluminous,
2-mica granites, aplite and pegmatite. Initial Sr and
Pb-isotopes suggest an extensive interaction with conti-
nental crust. Trace elements (discrimination diagrams of
Pearce et al., 1984) are indicative of within-plate tectonic
settings for the intrusions cutting North America rocks
(Brandon and Lambert, 1993, and this study), but also

display volcanic-arc signatures for some of the others
(i.e. Goldstream, Honeymoon Bay, Baldy).

At the southern end of the Omineca belt the Bayonne
suite intrusions have Sr, Nd and Pb-isotope compositions
and REE patterns that can be entirely derived from partial
melting of local crustal lithologies (Brandon and Lam-
bert, 1993, Brandon and Smith, 1994). Therefore, these
mid-Cretaceous intrusions are likely the result of crustal
melting without a mantle derived mafic precursor and
were probably generated in response to crustal thickening
initiated by thrusting during collapse and obduction of
the marginal basin.

REGIONAL GEOLOGY OF
SOUTHEASTERN BRITISH COLUMBIA

The present geological architecture of southeastern
British Columbia reflects the cumulative effects ofMeso-
zoic accretion of Quesnellia to North America and imme-
diately post-dating compression, substantial extension
and exhumation in the Tertiary. Obduction of Quesnellia
in the southern Canadian Cordillera began in the earliest
Middle Jurassic in response to collision and thrusting of
the Intermontane Superterrane over the western margin
of North America (Monger et al., 1982; Brown et al.,
1986; Murphy et al., 1995). Archibald et al. (1983) docu-
ment Barrovian metamorphism and major deformation
circa 165-175 Ma in the Kootenay Arc, followed by ex-
humation and rapid cooling to <300°C prior to the end of
the Jurassic. The same Middle Jurassic event was docu-
mented in the northernMonashee andCaribooMountains
(Rees, 1987; Murphy, 1987) and is preserved in the
hangingwall rocks of the Eocene extension faults (John-
son, 1994; Parrish 1995). Easterly vergent thrust faults
detached the supracrustal rocks from the North America
basement and translated them along a major sole thrust,
correlativewith theMonashee décollement (Brown et al.,
1992). Northeast directed motion along the Monashee
décollement continued during Cretaceous time, but
whether deformation was continuous or episodic is un-
clear. Contraction caused tectonic wedging that thick-
ened the crust and caused structurally lower rocks to be
metamorphosed and the production of anatectic
peraluminousmelts (in the Cretaceous and Paleocene). In
the northern Shuswap, Parrish (1995) evoked a foreland
propagating fold-thrust belt to explain the Late Creta-
ceous to Eocene deformation and metamorphism within
theMonashee complex (structurally below theMonashee
décollement) and the more varied and long-lived middle
Jurassic to Eocene tectonic history of the overlying
Selkirk allochthon. This involved westward thrusting of
the Monashee complex (basement and sedimentary
cover) beneath the hot allochthon in latest Cretaceous to
Paleocene. In the allochthon, progressively higher struc-
tura l leve ls c ross o lder thrus t fau l t s bounding
supracrustal rocks with consistently older ages of peak
thermal metamorphism. In the southern Kootenay Arc,
Leclair et al. (1993) provide U-Pb zircon, titanite and al-
lanite dates which constrain penetrative deformation and
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Figure 3. Distribution of Cretaceous plutonic rocks in the
Cordillera of British Columbia, showing relationship to the
morphogeological belts. Cassiar, Surprise Lake, Cascade and
Bayonne suites from Woodsworth et. al. (1991).
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Figure 4. Distribution of Paleozoic, Triassic, Jurassic, Cretaceous and Tertiary plutonic rocks, in southeast British Columbia, also shown
are the morphogeological belts and tectonic accretionary boundary. Eocene normal faults (Parrish et al., 1988, Johnson, 1994) bound
higher metamorphic grade Shuswap complex rocks, barb on hangingwall side. ANTF=Adams-North Thompson fault,
OERF=Okanagan-Eagle River fault, MD=Monashee décollment, MO=Monashee complex, CRF=Columbia River fault, SLF=Slocan
Lake fault, VC=Valhalla complex, GF=Granby fault, KRF=Kettle River fault, WF=Wanetta fault, AF=Argillite fault, BBF=Black Bluff
fault, PTF=Purcell Thrust fault, HLF=Hall Lake fault, MF=Moyie fault, SMF=St. Mary’s fault. Plutonic rocks include; B=Baldy,
P=Pukeshun, A=Anstey, G=Goldstream, BR=Battle Range, Bug=Bugaboo, H=Horsethief Creek, K=Kuskanax, FC=Fry Creek,
WC=White Creek, N=Nelson, MS=Mount Skelly. Number correspond to mineral occurrences; 1=Bizar, 2=San,
3=Cam-Gloria,4=Valparaiso, 5=Emerald Tungsten.



regional metamorphism to the mid-Cretaceous in amphi-
bolite facies footwall rocks of the Purcell Thrust fault,
west of Kootenay Lake (Figure 4). Contraction appears to
have continued until the latest Paleocene (Parrish et al.,
1988; Carr, 1992) at which time the southern Omineca
underwent extension. The wide zone of high-grade meta-
morphic rocks in the southern Omineca belt reflect the
substantial amount of extension the area has undergone.

Shuswap Area - Kootenay Terrane Rocks

The Kootenay terrane of the Adams Lake region
comprises Proterozoic and Lower Paleozoic sedimen-
tary, volcanic and plutonic rocks and their metamorphic
equivalents. Schiarizza and Preto (1987) subdivided the
stratigraphy into a lower sequence correlative with
Neoproterozoic and Lower Paleozoic ancestral North
American miogeoclinal strata and a stratigraphically
higher package of Late Paleozoic volcanic arc rocks.
West of Adams Lake in the hangingwall of the Eocene
Adams-North Thompson Fault (Figure 4), the rocks are
chiefly lower greenschist facies, with chlorite to biotite
assemblages, but to the east, footwall rocks are higher
grade amphibolite facies sillimanite-bearing rocks of the
Shuswap metamorphic complex (Read et al., 1991). The
Shuswap metamorphic complex is a large, northerly
trending metamorphic core complex (Armstrong, 1982).
It is bound on its west side, by the west-side-down
Okanagan Valley System (Parkinson, 1985; Johnson,
1994) and to the east by the east-side-down Columbia
River-Slocan Lake system (Read and Brown, 1981;
Parrish, 1984), both outwardly-dipping Eocene normal
faults (Figure 4). Adopting the nomenclature of Brown
and Carr (1990), the Shuswap complex includes only
those high-grade rocks which lie in the footwall of these
Eocene extension faults.

The Baldy Batholith is a west-trending, mid- to Late
Cretaceous post accretionary intrusive (Schiarizza and
Preto, 1987; Calderwood et al., 1990). It intrudes Pro-
t e r o z o i c t o m i d - P a l e o z o i c Koo t e n a y t e r r a n e
metasedimentary and metavolcanic rocks and postdates
most of the penetrative deformation in the area; however,
its emplacement coincidedwith some of the latest folding
and predated late faults which offset its northern contact
(Schiarizza and Preto, 1987). The country rocks host a va-
riety of mineral deposits which predate (mafic VMS, bi-
modal felsic VMS, disseminated Cu-Mo and stratabound
Ag-Pb-Zn) intrusion of the batholith and awide variety of
mineral deposits which may be related to its intrusion
(po lymeta l l i c base meta l ve ins , porphyry Mo,
Au-pyrrhotite veins, Au-quartz veins and W veins).

The Baldy Batholith is a multiphase granite intrusion
which covers approximately 650 km2. The western 2/3rd

of the batholith comprises two compositionally similar,
but texturally distinct granite phases, a potassium-feld-
spar megacrys t ic hornblende-biot i te grani te to
granodiorite and an equigranular biotite monzogranite
(Figure 5). The eastern third of the batholith is predomi-
nantly a leucocratic biotite-muscovite granite.Muscovite
occurs as euhedral and ragged grains associated with bio-

tite. Coarse grained, biotite-muscovite pegmatite and
fine grained feldspar-quartz aplite dikes cut all of these
phases.

The aeromagnetic survey map for the Adams Lake
area distinguishes a weaker magnetic signature for the
two-mica granite comprising the eastern end of the
batholith, than the two western phases. A ground survey
of magnetic susceptibilities of the batholith using a hand
held Exploranium KT-9 Kappameter shows the same
variation, with distinctive ranges and average values al-
lowing all three phases to be distinguished (Logan and
Mann, 2000a).

K-Ar, biotite dates for the Baldy Batholith include
the early work by Wanless et al. (1966), Kirkland (1971)
and Jung (1986) who reported ages of 99±5 Ma; 101±5
Ma and 106±5 Ma; and 104±3 Ma, respectively. These
samples provide ages for the north and westernmost bio-
tite ± hornblende granite portion of the Baldy Batholith.
Asingle U-Pb zircon date from this area gave an emplace-
ment age of 115.9±4.6 Ma for the Baldy Batholith
(Calderwood et al., 1990). K-Ar dates of biotite from
gneiss and orthogneisses located south of Baldy
Batholith andwest of Adams Lake give ages of 129±4Ma
and 99.7±4 Ma (Belik, 1973) and a small quartz
monzonite body also from this area (Figure 6), gave a bio-
tite age of 82±6Ma (Wanless et al., 1966). Schiarizza and
Preto (1987) correlate the granitic rocks located south of
the main body (i.e. Honeymoon stock) with the Baldy
Batholith.

South of the Baldy Batholith, between East Barriere
and Adams lakes (Figure 6), an irregular east-trending
granite body interfingers with Devono-Mississippian
orthogneiss and Neoproterozoic to Paleozoic micaceous
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Figure 5. Modal quartz-alkali feldspar-plagioclase feldspar plot
for Baldy Batholith and Honeymoon stock. Fields from LeMaitre
(1989).



quartzites of EBQ (Schiarizza and Preto, 1987). The con-
tacts are irregular and more complex than the steep,
clearly crosscutting relationships between the Baldy
Batholith and its country rock. Intrusive rocks include
h o r n b l e n d e p o r p h y r y mon zod i o r i t e , b i o t i t e -
hornblende-epidote quartzmonzodiorite and biotite gran-
ite. These may represent smaller individual intrusions,
but at the present scale of mapping could not be separated.
Coarse-grained gneissic units containing sillimanite-
staurolite-biotite-hornblende assemblages, calcsilicate
gneisses (Schiarizza and Preto, 1987) and rusty-weather-
ing migmatites with felsic leucosomes, pegmatites and
sugary-textured aplite dikes host the intrusions in this
area. It is not known whether these metamorphic mineral
assemblages represent contact or burial metamorphism.

The southeastern-most apophysis of this granitoid
body, here called the Honeymoon stock (shaded area in
Figure 6), hosts the gold-quartz Cam-Gloria vein. The
quartz monzodiorite is typically coarsely crystalline and
equigranular (Figure 5). Potassium feldspar megacrysts
occur randomly throughout forming as much as 5% of the
rock, but generally few megacrysts are visible in surface
outcrops. Major minerals include andesine plagioclase,
potassium feldspar, hornblende, biotite, quartz and
epidote. Accessories include apatite, sphene, magnetite,
and zircon. In thin section euhedral epidote grains, some
with amoeboidal intergrowths with plagioclase, are inti-
mately intergrown with hornblende and biotite (Photo 1).

The epidote is interpreted as being primary magmatic
grains. The mineral assemblage quartz, plagioclase, po-
tassium feldspar, hornblende, biotite, epidote, sphene and
magnetite suggest equilibrium pressures of at least 8 kbar
(Zen, 1989) and conditions of formation corresponding to
greater crustal depths, under fairly oxidizing conditions
(Zen and Hammerstrom, 1984). Other intrusions reported
to contain magmatic epidote in southeastern British Co-
lumbia are middle Jurassic in age and include; the Nelson
Batholith (Ghent et al., 1991) and Raft and Mount Toby
plutons (Brandon and Smith, 1994). The Honeymoon
stock was sampled and submitted to the University of
British Columbia, Geochronology Laboratory for min-
eral separation and U-Pb age-dating.

Mineralization

The Cam-Gloria gold prospect (MINFILE 82M 266)
is located three kilometres west of Honeymoon Bay, Ad-
ams Lake (Figure 6). The property was staked by prospec-
tor Camille Berubé in spring, 1997 following the release
of a till geochemical survey (Bobrowsky et. al., 1997)
which showed two anomalous sample sites (215 and 43
ppb Au) in the area. The main auriferous quartz vein was
discovered on an existing logging road (Photo 2, Cathro,
1998; Lett et al., 1998). The property was optioned to
Teck Corporation in early 1999 and surface mapping
started during the summer. Initial excavator trenching and
diamond drilling were conducted in September-October,
1999.

The Main vein occupies a 35 to 40 metre wide, 700
metre long zone of variable alteration, shearing and
quartz veining in quartz monzodiorite of the Honeymoon
Bay stock. The alteration zone strikes northeasterly 025 to
045and dips northwest from 45 to 70 and appears to pinch
and swell along strike. At the Discovery zone drilling in-
dicates theMain vein is up to 7.3metreswide. Drilling has
intersected two, and in places three, additional (>1 metre
wide) veins within the broad alteration zone. Subparallel
(sheeted) veins up to 10 cm wide have been encountered
over a width of about 20 metres in one drill hole. A sec-
ond, parallel alteration zone has been discovered by
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Photo 1. Photomicrograph of Honeymoon Bay - quartz
monzodiorite showing typical texture of epidote (E), its euhedral
contact with biotite (B) and wormy intergrowths with plagioclase
(P).

Figure 6. Geology southeastern Baldy Batholith showing location
of Honeymoon stock and mineralization at Cam-Gloria. Plutonic
rocks include: BB=Baldy, HBs=Honeymoon Bay stock,
P=Pukeshun.



trenching about 100 metres northwest of the main zone.
The alteration zones have been affected by moderate to
pervasive sericite and clay alteration of feldspars and
mafic minerals, and some veins have narrow (2-5 cm) bi-
otite and potassium feldspar selvages. This overprints a
low-grade, regional chlorite alteration of the rocks.

The veins contain an average of 1-5 percent,
coarse-grained sulphides, mainly pyrite and pyrrhotite,
with traces of galena, chalcopyrite, sphalerite and arseno-
pyrite. Gold values are variable but appear to be associ-
ated with galena, fine-grained, bluish-grey sulphides,
and local discordant gouge or brecciated zones.

Surface sampling of the Main vein have returned
anomalous values in Ag, Bi, Cu, and Pb and weakly
anomalous As, Mo, Sb, Te, and W values (Table 1).The
highest gold values come from the footwall and
hangingwall margins of the vein (samples I, M and J, Ta-
ble 1). At the southwest end of the Main vein, sericite-al-
tered quartz monzodiorite and vein quartz is exposed in
an 8m trench (sample H). Adjacent to the veins (2 to 8 cm
wide), pervasive sericite and coarse muscovite replace
feldspars and mafic minerals in the monzodiorite. The
footwall zone of the Main vein (exposed north of the
road), consists of a 0.2 to 0.5 m thick zone of brecciated
vein, flooded by dark grey silica and fine grained
sulphides. This is underlain by a variably mineralized,
dark grey fault gouge zone which abruptly passes into al-
tered quartz monzodiorite.

Pale green fluorite occurs in the footwall of the Main
vein, and as well in several narrow quartz-sulphide veins
exposed in road cuts some 100 to 200 metres to the east.
The latter (samples A-G) are apparently gold-poor, but do
contain locally anomalous Bi , Cu andW values. In addi-
tion, float boulders of garnet-pyroxene skarn with traces
of pyrrhotite and weakly anomalous Cu and W values
have been located on the road about 750 metres northeast
of the Main vein.

East of the Cam-Gloria in the higher grade metamor-
phic rocks of the Shuswap complex prospecting since
1997 has discovered stockwork and sheeted vein, shear
zone, manto and skarn showings containing Au, Bi, W,
Cu and other metals. The new showings, although gener-
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Au Ag As Bi Cu Mo Pb Sb W Zn Sample Description

-2 0.1 3.8 0.04 6 <0.2 10.5 0.2 18.7 26 A) grab silicified-sericite altered monzonite

17 0.05 2.3 0.13 14 <0.2 9 -0.1 1.7 28 B) 25 cm qtz vein, sericite altered HW-FW

-2 0.15 4 0.34 9 <0.2 18 1 3.7 44 C) 1 m chip sample across spaced fractures

20 0.25 10.3 398 229 0.2 9 1.1 4.6 18 D) 5 cm qtz vein, chlorite + trace po, cpy

6 0.2 6 1.35 31 <0.2 3.5 0.4 0.7 4 E) grab 3 sheeted cm-wide quartz veins

13 0.6 108 5.45 676 4.6 25.5 6.7 0.3 6 F) 25 cm qtz vein, massive po, trace pyrite

3 <0.05 1.4 0.2 17 <0.2 2 -0.1 0.3 2 G) 25 cm wide rusty qtz vein

Main Vein

20 1.9 5.9 7.7 27 0.2 52.5 0.2 1 4 H) grab silicified-sericite altered monzonite

1570 6.6 11.6 17.8 32 1 26.5 0.4 0.4 2 I) 3.3 m chip sample starting from the FW

902 9.6 31.4 9.45 49 0.8 169 0.4 1.6 2 J) 3.3 m chip from HW side of vein

67 13.2 23.5 31.2 116 0.6 271 0.6 0.3 6 K) grab, dissem of po, py, trace cpy, gn

1540 3.15 51.3 30.6 163 1.8 42.5 1.5 0.6 30 L) 1.5 m chip sample, SW end of the main vein

18300 15.5 22.5 196 381 3.2 354 2.5 7.8 378 M) chip, altered FW-monzonite, brecciated vein

73 11.4 20.8 71.8 251 4 277 2.3 2 526 N) 1.5 m chip, coarse and fine grained pyrite

892 60.6 193 240 203 11 1165 1.7 <0.1 576 O) grab, fracture filling blebs of po, py, gn

Au, As and Sb by INA; other elements by total digestion-ICP

Au in ppb, rest in ppm

TABLE 1
SELECTED GEOCHEMICAL ANALYSES, MAIN VEIN AND SURROUNDING ZONES,

CAM-GLORIA PROPERTY

Photo 2. Large surface exposure of the Main quartz vein at
Cam-Gloria gold prospect near Adams Lake, view to the east.



al ly poorly explored, indicate the potent ia l for
plutonic-related gold deposits in the region. Two other
new gold prospects with anomalous Bi, Cu, W, Te have
been discovered in amphibolite-grade quartzite and schist
of the Shuswap complex. The Goldstrike (Bizar) and GQ
occurrences are at a very early stage of exploration, but
earlywork byCathro and Lefebure (this volume) suggests
their setting in amphibolite-grade pericratonic rocks with
pegmatites is similar to that of the Pogo deposit inAlaska.

The Goldstrike (Bizar) property (MINFILE
82M 267) is located 16 kilometres northeast of the village
of Avola (Figure 4). Mineralization consists of semi-con-
cordant and sheeted quartz-sulphide veinlets hosted by
amphibolite grade micaceous quartzite and quartz-mus-
covite-biotite-garnet schist of the Shuswap complex. A
semi-concordant layer of auriferous massive pyrrhotite
and minor chalcopyrite, up to 20 cm wide, occupies the
west end of the Discovery showing. The layer is concor-
dant with dominant synmetamorphic foliation and has
been deformed together with the schists into southerly
plunging crenulation folds. Tight fractures and narrow
centimetre-wide grey quartz veins with limonite selvages
trend northerly and dip steeply, crosscutting the
micaceous quartzite and schists. Locally as many as 5
veinlets per metre are present, ranging from <1 to 10 cen-
timeters in width. Some high-grade gold assays and
anomalous gold values are reported for grab samples from
the concordant massive pyrrhotite layers, and quartz
veins respectively. Bismuth is particularly enriched and
values correlate well with gold values (1:1). In addition
anomalous Cu, Ni, Se, Te andWvalues are present (Table
2). Drilling in October, 1999 intersected narrow zones of
quartz sulphide mineralization (see Cathro and Lefebure,
this volume).

Kootenay Lake Area - North America Rocks

The southern Kootenay Arc coincides with the west-
ernmargin of the Purcell anticlinorium, a broad, northerly
plunging structural culmination of Middle Proterozoic
Purcell Supergroup sedimentary rocks. The lower strata
consist of the deep water, turbidites of the Aldridge For-
mation, and extensive Moyie - gabbroic intrusions. Over-
lying the Aldridge, but beneath the basal unconformity

separating the Windermere Supergroup rocks are the
fine-grained grey and green clastic quartz-rich rocks of
the Creston Formation and fine-grained calcareous rocks
of the Kitchener and Dutch Creek formations which un-
derlie the study area. Conglomerates of the Toby Forma-
tion, the basal Windermere, unconformably overlie this
succession northwest of Sanca stock and define a
west-facing succession of North American strata. West of
the Purcell Thrust fault are penetratively deformed and
metamorphosed Neoproterozoic and Paleozoic rocks of
the Kootenay Arc (Figure 4).

The Mount Skelly Pluton (MSP) is a Cretaceous
post-accretionary intrusive (Archibald, 1984; Archibald,
personal communication). It is another mid-Cretaceous
intrusion belonging to the Bayonne Plutonic Suite
(Woodsworth et al., 1991; Reesor, 1996). The pluton, lo-
cated 30 km north of Creston on the east side of Kootenay
Lake (Figure 7), trends northeasterly across the structural
fabric of Proterozoic Purcell andWindermere supergroup
rocks. It consists of three intrusive phases differentiated
on the basis of mineralogy, texture, grain size and mag-
netic signature (Logan and Mann, 2000b). From oldest to
youngest, these include a potassium feldspar megacrystic
hornblende-biotite granodiorite, a coarse or fine grained
biotite granodiorite and a biotite plagioclase porphyritic
leucogranite (Figure 8). Fine to medium grained
quartz-feldspar-garnet aplite and hornblende-bio-
tite-plagioclase phyric dikes, quartz veins and less com-
monly, coarse grained pegmatite dikes occur within the
plutons, commonly near the margins of the intrusive
phases. Biotite porphyry (lamprophyre) dikes occur, lo-
cally within and adjacent to mineralized structures. Au
quartz veins, W veins and Mo greisen veins are hosted
within the multiphase intrusion, while polymetallic base
metal veins are found in the surrounding country rocks.
Past production of gold is recorded from workings on the
Government and Valparaiso crown grants which are
hosted in a satellite body of coarse grained, biotite
monzogranite located between Sanca and Akokli creeks,
two kilometers east of Kootenay Lake (Figure 7).

K-Ar data for biotite and muscovite from the Mount
Skelly Pluton and the Sanca Creek stock of the Bayonne
Batholith yield conventional dates between 69 and 99Ma
(Archibald et al., 1984; D. Archibald personal communi-
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Au Ag As Bi Cu Mo Pb Sb W Zn Sample Description

63 0.05 0.8 77.2 19 76.3 16.5 -0.1 0.5 2 20 cm x-cutting qtz vein, trace py

41400 3.6 5.9 4200 2120 1 6 0.3 <10.0 28 grab, concordant sulphide layer

23400 1.8 3.3 2460 1230 <1.0 12 0.1 <10.0 56 grab, 20 cm massive po+qtz layer

50 0.2 0.7 9.69 383 0.6 0.5 -0.1 0.1 4 x-cutting qtz-plag-andalusite vein

-2 0.3 2 0.9 21 <0.2 16.5 -0.1 0.5 40 x-cutting qtz veins, 1-3 cm

5 1.7 15.2 1.22 393 1.2 24 0.1 4.7 18 grab, py+chlorite in rusty qtz vein

73 0.35 1.2 3.68 39 0.2 14 -0.1 10 12 sericite altered, silicifed bio-schist

Au, As and Sb by INA; other elements by total digestion-ICP

Au in ppb, rest in ppm

TABLE 2
SELECTED GEOCHEMICAL ANALYSES, GOLDSTRIKE (BIZAR) PROPERTY



cation, 1999). The age of the potassium-feldspar
megacrystic hornblende granodiorite phase of theMSP is
approximately 99 Ma and its southern tail of leucocratic
biotite granite averages 70Ma. Biotite granodiorite of the
Sanca Creek stock is approximately 80 Ma. 40Ar-39Ar
data yield plateau-shaped age spectra which do not record
evidence of a reheating event (Archibald et al., 1984).

The Mount Skelly pluton intruded the Creston For-
mation and developed a low-pressure, contact-metamor-
phic aureole. Andalusite and cordierite porphyroblasts
overgrow the penetrative fabric in country rock within
one kilometre of the northern contact. The presence of
adalusite suggests emplacement pressures of less than
about 4 kbar. Retrograded garnet-biotite-sericite-cordi-
erite schists are locally present, but for the most part,
characteristic pelite mineral assemblages are poorly de-
veloped due to the quartzose composition of the Creston
Formation. A rusty-weathering, muscovite-biotite,
sillimanite-bearing zone ofmigmatite occupies the inner-
most zone adjacent to the pluton. The zone is about 100m
wide and comprises ductile deformed, amoeboid-shaped
micaceous, quartzose, and calcsilicate country rocks. The
zone is cut by tourmaline-muscovite pegmatites and
quartz veins. The contact with the intrusion is steep and
sharp. The monzonite is neither foliated nor chilled near
its margin. The occurrence of sillimanite without kyanite

suggests that the pressure did not exceed about 6 kbar (at
600oC).

The major i ty of the MSP is comprised of a
coarse-grained, biotite-hornblende granodiorite charac-
terized by abundant euhedral potassium feldspar
megacrysts and rounded mafic xenoliths. Titanite is com-
monly visible in hand samples of coarse grained varieties,
as are trace amounts of magnetite and epidote. The mafic
xenoliths are lenticular to rounded, monzodiorite to
quartz diorite in composition, consisting mainly of bio-
tite, plagioclase, quartz and titanite. Close to the north-
western margin of the pluton, the inclusions and potas-
sium feldspar megacrysts define a north-trending,
east-dipping foliation which parallels the contact. This is
the oldest phase in the pluton and has a stronger magnetic
signature than the other phases of the MSP.

Fine to medium grained, generally equigranular, bio-
tite granite crops out between Mount Skelly and Jackson
Peak in the eastern portion of the pluton and immediately
south ofMount Sherman in thewest-central portion of the
pluton. This phase cuts the main hornblende biotite
megacrystic phase. The granite is leucocratic due to the
low amount of b io t i t e (~5%) . I t i s f ine to me-
dium-grained, equigranular to locally porphyritic, and
rarely contains sparse feldspar megacrysts.

The Sanca Creek stock is located northwest of the
Mount Skelly Pluton and is separated from the main body
by septa of metamorphosed country rock. It stands out as
a separate, low to moderate strength magnetic anomaly
on the aeromagnetic survey map suggesting the stock is a
separate body. It consists of a medium to coarse grained,
biotite± hornblende granodiorite with large (up to 1.5
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Figure 8. Modal quartz-alkali feldspar-plagioclase feldspar plot
for Mount Skelly Pluton (MSP), Sanca Creek stock (SCs) and
environs. Fields from LeMaitre (1989).

Figure 7.Geology of theMount Skelly pluton, intrusive phases and
mineralization related to the Sanca Creek stock. Mineral
occurrences include Au-W deposits; 1=Valparaiso/Government,
2= Sarah, 3= Lost Mine, 4= German Basin, molybdenum and base
metal + Au veins.



cm), rounded, violet to pale grey quartz grain aggregates
or anhedral crystals . Sparse potassium feldspar
megacrysts occur locally throughout.

Mineralization

Mineralization is hosted in all intrusive phases of the
Mount Skelly Pluton; the main hornblende-biotite potas-
sium feldspar megacrystic granodiorite, the younger bio-
tite granite and the biotite granodiorite of the Sanca
Creek. Gold-arsenic mineralized quartz shear zones have
been discovered in the oldest phase and sheeted veins of
molybdenummineralization are known from the younger
biotite granite, but the majority of gold-tungsten mineral-
ization is contained within the Sanca Creek stock. It hosts
the Valparaiso, Government, Sarah, Lost Mine, and Ger-
man Basin past producing gold mines (Figure 7). The
mineral occurrences are hosted in sub-parallel quartz ±
pyrite, sphalerite, galena, scheelite, wolframite, gold
veins filling prominent north-trending joint and fault
structures (Photos 3 and 4).

The Valparaiso-Government (MINFILE 82F 38)
vein was discovered in the early 1900’s and has received
the most exploration and development to date. Shipments
of ore are reported for 1900, 1901 and 1933 and tungsten
concentrate was produced in 1955. The vein is a well-de-
fined quartz-filled fissure in biotite granodiorite of the
Sanca Creek stock. It is exposed over a strike length of
800 metres in various open cuts and developed under-
ground by 160metres of drifting in theGovernment work-
ings and 200metres of drifting in the Valparaiso workings
at its north end. The main vein structure strikes northerly
and dips eastward at 40 degrees and averages between 1.6
and 2metres width. Surface sampling of the main and dis-
tal parallel veins returned anomalous Au, As, W, Bi, Cu,
Pb and Zn. Centimetre tometre wide parallel quartz-filled
sheeted fractures are hosted in hangingwall and footwall
sections of the main vein-fault. Two footwall-veins are
exposed underground in the Valparaiso workings; a 0.12
m scheelite-bearing vein and a 0.45 m sulphide-rich rib-
boned quartz vein. These underlie the main vein-fault, a
1.1 m oxidized zone comprised of six, 1-3 cm quartz
veinlets hosted in sheared hematite and limonite-stained

granodiorite. The granodiorite contains discrete, centi-
metre wide, clay altered shear planes. Sampling indicates
gold is associated with the higher sulphide content. Min-
eralization consists of pyrite, arsenopyrite, wolframite,
galena, sphalerite and rare chalcopyrite which occur as
streaks, blebs and disseminations irregularly distributed
along the vein, but appear concentrated along the vein
walls. Gold and silver values are proportional to the
amount of sulphides in the vein. A biotite lamprophyre
dike occupies the footwall to the vein at theGovernment.

East of, and 200 m above the Government shaft, are
the Imperial-Sarah workings (MINFILE 82F 55), which
explore a parallel mineralized quartz vein (Figure 7). Sur-
face cuts expose narrow, north-trending quartz veins
hosted by sericite altered biotite granodiorite. A 0.5 m
quartz vein with biotite lamprophyre hangingwall is ex-
posed in one trench located north of the caved adit.Miner-
alization consists of pyrite, arsenopyrite, wolframite,
sparse sphalerite and galena and traces of chalcopyrite.

The northern extension of theValparaiso veinwas ex-
plored by 40 metres of drifting in the Lost Mine workings
(MINFILE 82F 131) located approximately 1000 metres
north of the Valparaiso tunnel (Figure 7). Here the struc-
ture is comprised of two fractured quartz veins, 0.4 and
0.6 m thick and a narrow footwall gouge zone containing
oxidized pyrite.

The German Basin showing (MINFILE 82F 039) is
located 3.6 km east of the Vaparaiso-Government high on
the ridge between Sanca and Akokli creeks (Figure 7).
The vein strikes north, dips west and can be traced on sur-
face for 100 metres. It is developed by two adits and a
shaft, as well as numerous open cuts and several raises to
surface from the adits. The vein pinches and swells from 2
m at the portal to a minimum width of 0.15 m (Greene,
1981) . Ad jacen t to mine ra l i zed s t ruc tu re s the
granodiorite is altered; biotite is replaced by chlorite and
sericite, and feldspars are replaced by sericite. The quartz
contains sparse pockets and disseminations of pyrite,
sphalerite, galena and rare, orange-coloured scheelite.

Surface drilling to assess the extent of mineralization
in the Government showing has been hampered by broken
ground conditions which prevented completion of a 1981
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Photo 3. Sheeted fractures and quartz veinlets in biotite
granodiorite of the Sanca Creek stock.

Photo 4. Parallel quartz vein, mineralized with pyrrhotite and
aplite dike hosted by coarse-grained biotite granodiorite of the
Sanca Creek stock.
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Au Ag As Bi Cu Mo Pb Sb W Zn Sample Description

3 0.15 0.8 344 16 3.6 38.5 0.3 8.4 38 spaced fractures-sericite, py, qtz

6 0.25 4.3 2.74 10 1.2 41 3.7 5.2 46 silicified fault zone

-2 0.5 2.2 1.95 3 <0.2 32 0.7 4.7 28 brecciated chalcedony zone

4 0.05 4.6 0.32 3 0.2 26.5 5 1.9 78 0.35 m fault gouge

4 0.05 2.2 0.29 10 <0.2 24.5 0.3 0.7 52 grab silicified fractures

154 1.65 1100 1.98 45 0.6 517 6.8 1.2 478 drusy qtz with botryoidal hematite

247 20.8 38.5 22 765 <1.0 >10000 5.6 <10.0 2590 0.35 m chip alteration+qtz vein

287 >100.0 3 86 320 <1.0 >10000 2.6 <10.0 2000 grab mineralization from trench

3 0.6 2.5 1.56 158 63.9 92.5 0.1 22.4 30 1-2 cm altered fractures, qtz, py

4 0.05 2.1 0.89 12 1.6 43.5 0.1 0.2 14 grab-tight qtz fractures, py, chl

2 <0.20 2 778 24 18 52 0.5 <10.0 30 16 cm drusy qtz vein

21 6.9 32.8 20.4 114 15 490 1.3 3 28 vuggy silicified pyritized intrusive

138 1.2 47.8 2 12 3 86 1.2 10 146 grab - 0.75 m silicifed zone

35 1.3 38.2 1.79 27 1 247 1.6 7.8 116 grab- veins across 16 m zone

German Basin

954 83.4 13 56.1 211 2.8 7720 0.5 1.3 1780 grab qtz vein, py, sph, galena

Sarah-Imperial

132 8.9 33.7 0.6 340 0.2 315 1.9 67.4 4460 grab vein, drusy quartz, sph, gal

Valparaiso-Govertment Property

647 28.3 1470 26.2 718 9 8370 3.1 10.2 1145 5 cm qtz vein, sericite alteration

8 2.3 216 7.66 35 0.8 576 -0.1 96.1 372 0.5m limonitic drusy qtz, traces py

456 9.05 3790 14.85 406 1 441 -0.1 105.5 632 altered monzonite

371 8 10600 8 544 2 1160 2.2 10 730 0.9 m chip, altered-sheared HW

2690 23.6 26200 22 615 5 492 2.2 1150 162 0.50 m chip sample of qtz vein

10 1.2 9600 <2.00 2820 3 210 2.5 40 4050 lamprophyre dike Fw to vein

14400 >100.0 126000 140 8140 <1.0 234 5.2 3160 80 grab, high grade sulphide- in HW

95 3 1110 9.57 124 1.4 1065 3.1 41.7 2520 1.1 m chip granite+qtz veinlets

55 6.6 643 2 140 6 4680 4.1 1810 486 12 cm scheelite-bearing qtz vein

5310 71.8 41400 72 542 11 6350 7.8 7100 354 0.45 m sulphide-rich ribboned vein

1040 12.4 89.3 <2.00 285 4 1630 2.3 2130 16 scheelite, py 3-4 cm qtz vein

2330 24 12.8 0.45 144 12 8420 4 51 568 qtz vein, sericite alteration selvage

28 0.25 9.5 2.29 6 18.8 60.5 0.3 9.4 28 grab 3 veins & alteration selvage

157 3.4 9.3 2.93 21 0.2 113.5 0.2 5.4 18 grab, altered granite + qtz veins

Tungsten Creek vicinity

1040 12.4 89.3 <2.00 285 4 1630 2.3 2130 16 scheelite, py 3-4 cm qtz vein

2330 24 12.8 0.45 144 12 8420 4 51 568 qtz vein, sericite alteration selvage

28 0.25 9.5 2.29 6 18.8 60.5 0.3 9.4 28 grab quartz veinlets & alteration

157 3.4 9.3 2.93 21 0.2 113.5 0.2 5.4 18 2.5 m sericite-altered qtz veinlets

Au, As and Sb by INA; other elements by total digestion-ICP

Au in ppb, rest in ppm

Sample locations see Logan and Mann (2000b).

TABLE 3
SELECTED GEOCHEMICAL ANALYSES, MOUNT SKELLY PLUTON

REGIONAL AND PROPERTY SPECIFIC SAMPLES



diamond drill program. Percussion drillingwas attempted
in 1988 to completed the objectives of the 1981 program
but ground conditions again proved insurmountable. The
intersection of numerous centimeter to metre wide paral-
lel mineralized and altered fractures, however is encour-
aging and indicates that mineralization is not restricted to
the main zone (Valparaiso fault), but occupies sheeted
fractures over a wide vertical range in the intrusive
(Greene, 1981). The low-grade bulk-tonnage potential for
the showings has not been fully tested.

CONCLUSIONS

The 1999 mapping program carried out reconnais-
sance mapping, sampling and deposit studies in the vicin-
ity of two mid-Cretaceous Bayonne suite intrusions in
southern British Columbia. Results from age-dating,
Pb-isotopic studies and geochemistry are pending but
field observations and petrography support the permis-
siveness of the plutonic-related deposit model for gold
exploration in British Columbia.

Goldmineralization at Cam-Gloria is associatedwith
Bi, As, Pb, W and Cu metal assemblages in multiple vein
structures enclosed by wide pervasive sericite alteration
zones. The wide zone of pervasive sericite alteration ac-
companying quartz veining and mineralization is not a
well developed characteristic of Plutonic-related depos-
its.

Limited past production of gold and tungsten from
quartz-filled sheeted veins at the Valparaiso and Govern-
ment deposits and the distribution of low-grade mineral-
ization throughout the Sanca Creek stock indicate this is a
goodBritish Columbia example of a Fort Knox-type of in-
trusion-hosted, gold-quartz vein deposit. The distribution
of low-grade goldmineralization warrants assessment for
potential bulk tonnage resources.

This years study focused on intrusion-hosted,
gold-tungsten veins of the Fort Knox-type, where a direct
relationship between mineralized vein and the pluton is
apparent, subsequent work will attempt to establish crite-
ria that recognize areas peripheral to prospective intru-
sions with Pogo-type potential.

Exploration programs for plutonic-related gold de-
posits in British Columbia should focus inboard of the
accreted terranes in marginal basin rocks of the
pericratonic terranes or North American platformal
rocks, particularly in, and around, highly differentiated
granitic intrusions. As in Alaska and the Yukon, the best
targets are mid-Cretaceous plutons and batholiths in
structural settings which expose and/or juxtapose depos-
its formed at different crustal levels. The discovery of the
high-grade Pogo gold deposit within amphibolite grade
gneisses in Alaska indicates potential in equivalent high
grade metamorphic rocks of the Omineca Belt in the Ca-
nadian Cordillera.
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Several New Plutonic-related Gold, Bismuth and Tungsten Occurrences in
Southern British Columbia

By M.S. Cathro and D.V. Lefebure

INTRODUCTION

Exploration interest in plutonic-related gold deposits
in the Cordillera was initially sparked in the 1990s by the
discovery and development of the Fort Knox bulk ton-
nage gold mine located near Fairbanks, Alaska. It has
been rejuvenated by the discovery of the high-grade Liese
Zone gold deposit (Smith et al., 1999) on the Pogo prop-
erty in east-central Alaska, with a published resource of
8.89 million tonnes grading 17.83 g/t Au (Teck Corpora-
tion Annual Report, 1999). These deposits are part of the
“Tintina Gold Belt” and are associated with mid-Creta-
ceous granitoid rocks of the Tombstone Plutonic Suite.
They have a metal assemblage of gold-bismuth-tung-
sten-arsenic-tellurium-(molybdenum-antimony) and are
considered to be plutonic- or intrusion-related deposits,
as described in recent review papers by McCoy et al.
(1997), Poulson et al. (1997), Thompson et al. (1999),
and Baker et al. (submitted).

Recent prospecting in the Omineca Belt in southern
British Columbia has identified several new plutonic-re-
lated gold, bismuth and tungsten occurrences which ex-
hibit similarities to the well studied deposits in Alaska
and the Yukon. The potential for plutonic-related
gold-quartz veins in B.C. has been discussed by Lefebure
and Cathro (1999) and Logan et al. (2000) and a compila-
tion map of exploration indicators for these types of de-
posits was prepared by Lefebure et al. (1999).

The showings described here are at an early stage of
exploration, with only limited surface mapping, trench-
ing or drilling completed. This paper provides short de-
scriptions, based on brief field visits, of the local geology
and exploration history of the showings, along with
multi-element geochemical data from grab or chip sam-
ples collected by the authors or compiled from other
sources. More detailed studies of specific occurrences
have been started and the initial results are reported by
Logan (this volume), Logan and Mann (2000a) and Lo-
gan and Mann (2000b). The results of orientation geo-
chemical surveys conducted near several of the showings
are reported by Lett and Jackaman (this volume).

REGIONAL GEOLOGY

The Omineca Belt is a belt of metamorphic, plutonic
and sedimentary rocks which separates Proterozoic and
Paleozoic sedimentary rocks of the North American

miogeocline from Paleozoic and Mesozoic accreted ter-
ranes to the west (Monger et al., 1982). The belt includes
portions of allochthonous terranes and the North Ameri-
can Ter r ane bu t i s ma in ly compr i s ed o f pa ra -
au toch thonous te r ranes such as the Kootenay,
Barkerville, Nisling, and Yukon-Tanana Terranes (Mon-
ger and Berg, 1984). It has a complex metamorphic,
structural and intrusive history which records pre-Paleo-
zoic rif t ing and deformation, Paleozoic rif t ing,
Devono-Miss i s s ipp ian i s l and a rc magmat i sm,
Early-Middle Jurassic to Eocene compression and
obduction related to accretion of the Intermontane
Superterrane, and Eocene uplift and extension (Monger
et al., 1982, Parrish et al., 1988, Parrish, 1995).

The Omineca Belt in southern British Columbia is
comprised of Proterozoic metasedimentary rocks of the
Windermere and Purcell Supergroups and Proterozoic
and Paleozoic metasedimentary rocks of the Kootenay
Terrane. The Omineca Belt here also includes several
metamorphic core complexes, such as the Shuswap,
Monashee, Okanagan and Valhalla complexes.

Eocene extension in southern British Columbia re-
sulted in exhumation of high-grade metamorphic rocks in
domal culminations, such as the Shuswap metamorphic
complex, which are bounded by low- to moderate-angle,
outward-dipping faults including the Okanagan, Ad-
ams-North Thompson and Columbia River-Slocan fault
systems (Figure 1, Parrish et al., 1988; Johnson, 1994).
The Shuswap metamorphic complex has been tradition-
ally understood to include those rocks in the sillimanite
zone of regional metamorphism (upper amphibolite fa-
cies) as shown on Figure 1 (Okulitch, 1984). Brown and
Carr (1990), however, proposed that the term Shuswap
complex be used to refer to rocks that lie in the footwall of
Eocene extensional faults, which include the Okanagan
Valley and Adams-North Thompson faults shown on Fig-
ure 1. Johnson (1994) proposed that mylonitized
leucogranites of the Pukeashun suite represent the
left-stepping “Shuswap Lake transfer zone” which con-
nect the Okanagan- and Adams-North Thompson fault
systems.

Granitoid intrusive rocks in the southern Omineca
Belt are very common and are mainly Devono-Mississip-
pian, Early Jurassic, Middle Jurassic, middle Cretaceous
and Eocene in age. The Middle Jurassic granitoids range
in composition from quartz diorite to tonalite to granite,
and are thought to have formed as part of a magmatic arc
complex formed during accretion and subduction of
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allochthonous oceanic terranes (Brandon and Smith,
1994). Mid-Cretaceous intrusions (ca. 100 Ma) are
main ly meta luminous to weakly pera luminous
hornblende-biotite granites and strongly peraluminous
two-mica granites which probably formed by melting of
basement gneisses and metapelites in response to crustal
thickening (Brandon and Smith, 1994). Trace element
plots are indicative of within-plate tectonic settings for
inboard intrusions, and volcanic-arc settings for some of
the others, such as the Baldy batholith (Logan, this vol-
ume).

BALDY BATHOLITH AREA
OCCURRENCES

Numerous mid-Cretaceous granitic plutons of the
Bayonne suite intrude the Omineca Belt in southern B.C.
One of the larger of these is the east-trending Baldy
batholith (Figure 1), a multiphase, mid- to Late Creta-
ceous granitic batholith which intrudes oceanic rocks of
the Fennell Formation (Slide Mountain Terrane) and
Neoproterozoic to Paleozoic metasedimentary and meta-
volcanic rocks of the Eagle Bay Assemblage (Schiarizza
and Preto, 1987), part of the Kootenay Terrane. Radio-
metric age dating of the batholith has given a range of 99
+/- 5 Ma to 106 +/- 5 Ma by K-Ar methods, and 115.9 +/-
4.6 Ma by U-Pb methods (summarized by Logan, this
volume). Mapping by Logan and Mann (2000a) identi-
fied two compositionally similar, but texturally distinct
granite phases in the western 2/3 of the batholith, a potas-
sium-feldspar megacrystic hornblende-biotite granite to
granodiorite and an equigranular biotite monzogranite.
The eastern third of the batholith is predominantly a
leucocratic biotite-muscovite granite. Biotite-muscovite
pegmatite and aplite dikes cut all the phases (Logan this
volume).

South of the main Baldy batholith, between East
Barriere and Adams Lake, is an irregular body comprised
o f h o r n b l e n d e p o r p h y r y m o n z o d i o r i t e , b i o-
tite-hornblende-epidote quartz monzonite, biotite granite
and quartz monzodiorite. It has irregular contacts and in-
trudes Devono-Mississippian orthogneiss, micaceous
quartzite, grit, mica schist, gneissic units containing
sillimanite, staurolite, biotite and hornblende assem-
blages, calc-silicate gneisses and rusty-weathering
migmatites (Schiarizza and Preto, 1987; Logan and
Mann, 2000a). The southeastern-most apophysis, named
the Honeymoon Bay stock (Logan and Mann, 2000a), is
comprised mainly of biotite quartz monzodiorite with
sparse potassium feldspar megacrysts. Petrographic
work by Logan (this volume) suggests that the Honey-
moon stock formed at high pressure (>8 kbars) under
fairly oxidizing conditions, based on the mineral assem-
blage epidote, quartz, plagioclase, potassium feldspar,
hornblende, biotite, sphene and magnetite.

Cam-Gloria (Honeymoon)

The Cam-Gloria gold prospect (MINFILE 82M 266)
is located three kilometres west of Adams Lake (Figure
1). The property was staked by prospector Camille
Berubé in spring, 1997 following his discovery of a large
auriferous quartz vein on a logging road (Cathro, 1998;
Lett et. al, 1998). He was following up a British Columbia
government till geochemical release by Bobrowsky et. al
(1997) which showed two sample sites with 215 and 43
ppb gold values, located approximately 300 metres north-
east and 1200 metres east of Cam-Gloria, respectively.
Berubé optioned the property to Teck Corporation in
early 1999. During the summer, Teck staff completed sur-
face mapping, geophysics and excavator trenching. They
also drilled 7 holes totaling 835.9 metres in the fall.

The main quartz vein is up to 7.3 metres in width, but
locally pinches out or is missing. It occurs within a 35 to
40 metre wide zone of alteration, quartz veining, quartz
breccia and minor fault gouge. This zone strikes for 700
metres northeasterly (025 to 045 degrees) and dips
steeply northwest (45 to 70 degrees). Drilling has shown
that two to three additional large quartz veins (>1 metre
wide) also occur within the zone. Subparallel (possibly
sheeted) quartz veinlets up to 10 centimetres wide have
been encountered over a width of 20 metres in the
footwall of the main vein in one drillhole. A second, par-
allel alteration zone with a narrow quartz vein has been
discovered by trenching in one location about 100 metres
northwest of the main zone (Randy Farmer, personal
communication, 1999). Weak to moderate, pervasive
sericite and clay alteration has affected feldspar and
mafic minerals in the host quartz monzodiorite. In addi-
tion, some veins have narrow (2-5 cm) biotite and k-spar
selvages.

The veins typica l ly conta in 1 to 5 percent ,
coarse-grained sulphides, comprising mainly pyrite and
pyrrhotite with traces of galena, chalcopyrite, sphalerite
and arsenopyrite (Photo 1). Pegmatitic quartz and
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Photo 1 Drill core from Hole CG 99-01, Main vein, Cam-Gloria
prospect. The grey and white banded material at 44.8 metres is
brecciated quartz and fine grained sulphides at the upper
(hangingwall) contact. Coarse-grained white quartz is below and
sericitized quartz monzodiorite is above.
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TABLE 1
SELECTED GEOCHEMICAL ANALYSES OF GOLD,

BISMUTH AND TUNGSTEN PROSPECTS IN SOUTH CENTRAL BRITISH COLUMBIA

Property Showing Sample # Au Ag As Bi Co Cu Mo Ni Pb Sb Se Te W Zn Comments

Cam-Gloria Main vein 97RL33 1112 8.6 27.4 55 3 113 11.6 5 420 3.7 <0.3 3.5 n/a 27.1 Grab by R. Lett, GSB; Au by INA; qtz

with po, py

Main vein CAM-1 3746 61.4 87 56 <2 17 <2 <2 191 <5 n/a n/a 8 18 Grab by T. Höy, GSB; Au by INA; qtz

with po, py

Main vein C98-093 10 1.2 31 123 76 794 33 36 60 1.8 0.6 4.1 86 20 Grab; qtz with po, py

Lucky Bear Water Tank C99-052 <5 0.2 <5 205 14 30 24 23 18 10 n/a 1.2 4368 1515 Grab; float; garnet-bt-trem-qtz skarn

with 1% scheelite

Little Creek C99-059 20 <0.2 <5 5 7 18 2 7 6 <5 n/a 0.8 <1 237 Chip; 0-2 m; sheeted qtz vns in gd;

trace po and scheelite

Little Creek C99-060 20 <0.2 <5 <5 6 22 3 6 6 <5 n/a 1.3 8 95 Chip; 2-4 m; sheeted qtz vns in gd;

trace po and scheelite

Little Creek C99-061 15 <0.2 10 15 8 23 3 9 6 10 n/a 1.8 <1 95 Chip; 4-6 m; sheeted qtz vns in gd;

trace po and scheelite

Little Creek C99-062 370 <0.2 <5 35 8 22 3 7 8 <5 n/a 2.5 8 87 Chip; 6-8 m; sheeted qtz vns in gd;

trace po and scheelite

Little Creek C99-063 5 <0.2 5 10 9 25 3 9 8 <5 n/a 1.2 <1 129 Chip; 8-10.25 m; sheeted qtz vns in

gd; trace po and scheelite

Flat Rock C99-064 10 <0.2 <5 25 1 46 4 3 <2 <5 n/a 0.3 1480 46 Grab; dump; qtz vn with 1-3% po and

trace scheelite

E-D 1 Gossan 1 C98-092 3300 6 4 262 63 1146 26 24 <2 1.8 15 3.1 1487 1320 Grab of limonitic po-cpy manto

Gossan 1 ED-1 3697 8.7 <5 377 74 1348 2 42 14 5 n/a n/a 54 55 Grab of limonitic po-cpy manto by T.

Höy; Au by INA

Gossan 1 M1F 2340 7 <5 260 48 1105 19 17 <2 <5 n/a n/a 280* 1537 Grab of limonitic po-cpy manto by R.

C. Wells

Goldstrike #1 (Bizar) 99607 6000 2.2 <2 300 79 4660 5 60 2 <2 n/a n/a <10* 24 DDH 99-02, 59.2-59.4 m; 20 cm qtz

vn with 2-3% po, 1% cpy, 2% plag,

1% green sericite and trace pink

#1 (Bizar) C98-096 11690 2.2 36 769 318 1939 30 292 <2 2 4.8 1.5 62 24 Grab; 5 cm qtz-po-py-cpy vn

#1 (Bizar) C98-097 56800 5.4 6 5271 151 3423 13 140 <2 0.6 11.6 11.8 18 16 Grab; 20 cm wide qtz-po-py-cpy vn;

concordant with foliation

#1 (Bizar) C99-098 570 <0.2 6 70 6 169 2 8 4 0.4 0.4 0.3 <2 8 Grab; micaceous quartzite with trace

FeOx on sheeted fractures

#2 LBR-99-06 110 <0.2 >10000 <2 44 23 10 20 22 24 n/a n/a <10* <2 Grab by L. Lindinger; 25 cm qtz-aspy

vn

#3 (Road) LBR-99-32 1710 0.6 466 79 28 361 8 54 <2 2 n/a n/a <10* 37 Grab by L. Lindinger; float; bt schist

with trace-2% qtz, po and cpy

GQ SW WP 023R 1580 1.3 3 225 61.1 305 2.4 38.8 n/a 0.1 n/a 11.2 33.6 72 Grab by W. Gruenwald; 10 cm quartz-

po-py-cpy vein

SW C99-047 5 <0.2 <5 20 18 44 <1 25 16 <5 n/a 1.7 <20 42 Grab; po-bearing qtz-bt schist

SW C99-048 1730 1.8 <5 235 50 389 7 24 40 <5 n/a 5.7 <20 45 Grab; 10 cm qtz-po-py-cpy vn

SE WP 025R 115 1.85 <1 11.2 126 992 2.8 43.4 n/a 0.1 n/a 1.35 288 106 Grab by W. Gruenwald; qtz-calc-

silicate-po vn/lens adjacent to

SE WP 029R 6 <0.2 <1 <2 36 390 3 26 n/a n/a n/a <0.5 1210 90 Grab by W. Gruenwald; calc-silicate-

po vn/lens adjacent to pegmatite

SE C99-045 15 8.4 5 10 13 47 2 22 34 30 n/a 0.3 <20 35 Grab; po-bearing qtz-bt schist

SE C99-058 15 <0.2 <5 <5 16 57 17 33 <2 <5 n/a 1.2 37 340 Grab; 10 cm qtz-po layer at contact

between pegmatite and gneiss

NE WP 032R 1250 2.1 1 91.2 47.4 510 3.4 33.8 n/a 0.2 n/a 7.25 251 126 Grab by W. Gruenwald; 30 cm po-py-

qtz vein/lens

NE C99-046 1150 4.2 <5 45 73 734 14 45 12 <5 n/a 6.2 70 40 Grab; 30 cm po-py-qtz vein/lens



plagioclase crystals were noted in the main vein in one of
the deeper drill hole intersections. Pale green fluorite is
present locally in veins in the footwall of the main vein, as
well as in some narrow quartz-sulphide veins in road cuts
located some 100 to 200 metres east of the Cam-Gloria
discovery outcrop. Limited sampling suggests that the
latter are apparently gold-poor, although they do contain
locally anomalous Bi (to 1380 ppm), Cu (1198 ppm) and
W (48 ppm). In addit ion, f loat boulders of gar-
net-pyroxene skarn with traces of pyrrhotite and weakly
anomalous Cu and W values have been found on the road
about 750 metres northeast of the Main vein.

Surface grab samples of the main vein have returned
gold values varying between trace amounts up to 26.66
g/t (Table 1, Camille Berubé, personal communication,
1997). The vein is also moderately anomalous in Ag, Bi,
Cu, and Pb and weakly anomalous in As, Mo, Sb, Te, and
W. The gold content is highly erratic, but higher values
appear to be associated with galena, fine-grained, blu-
ish-grey sulphides, and local, discordant gouge or
brecciated zones. The assay results of the drilling pro-
gram have not been released by Teck Corporation.

Lucky Bear

Prospecting by Camille Berubé and Dave and Len
Piggin has located several new small W-Bi-Zn, W and
W-Au showings on the Lucky Bear claim group (Figure
1) near East and North Barriere Lakes. The showings oc-
cur about seven kilometres northwest of Teck’s
Cam-Gloria showing, and are within, or adjacent, to the
mid-Cretaceous Baldy batholith.

The “Little Creek” W-Au showing (Figure 1, UTM
11 0314393E 5688542N) is hosted by sericite- and bio-
t i t e - a l t e r e d g r a n o d i o r i t e . S t e e p l y d i p p i n g ,
north-trending, sheeted quartz veinlets range up to 10
centimetres in width in a 10 metre-wide blasted roadcut
exposure (Photo 2). The veinlets contain minor sericite
and pyrrhotite. Ultraviolet lamping has identified schee-
lite grains up to 1.5 centimetres long which occur in scat-
tered patches in the veins, and selected samples collected

by the owners have returned up to 6.15 % W (D. and L.
Piggin, written communication, 1999). One chip sample
by the senior author contained 370 ppb Au over 2 metres;
otherwise the results were not significant for Au, Bi or W
(Table 1).

Approximately 500 metres to the east at the “Flat
Rock” W showing is an irregular, half-metre-wide quartz
vein with 1-3% pyrrhotite and traces of chalcopyrite and
scheelite. The vein is hosted by quartz-feldspar-biotite
gneiss, part of the Devonian Orthogneiss (Schiarizza and
Preto, 1987). A grab sample of the vein taken by the au-
thor ran 1480 ppm W and selected samples taken by the
owners ran up to 0.39% W, 80 ppb Au, and 135 ppm Bi (L.
and D. Piggin, written communication, 1999).

S c h e e l i t e - b e a r i n g p e g m a t i t e a n d g a r-
net-tremolite-biotite-quartz skarn boulders ranging from
30 centimetres to 1 metre in diameter are found 2 kilo-
metres to the northeast of the Little Creek showing in the
“Water Tank’ area (UTM 11 0314806E 5690793N). A
grab sample of one of the skarn float boulders returned
0.437 % W, 205 ppm Bi and 1515 ppm Zn (Table 1). Al-
though this mineralization has not yet been found in out-
crop, the boulders suggest that skarn and pegma-
tite-hosted tungsten mineralization is associated with the
margin of the Baldy batholith.

E-D 1

The E-D 1 claims, owned by Manto Mining Corpora-
tion, are located approximately 500 metres south of the
southern contact of the Baldy batholith in the headwaters
of Birk Creek (Figure 1). The showings were discovered
in 1995 by Wayne Tyner, and have received limited map-
ping, hand trenching, sampling, and geophysical surveys
(Wells, 1998). Three holes were drilled in 1997, but no
logs or assays are available.

The mineralization occurs at the contact between a
grey limestone unit and an underlying green and
pink-banded rock, interpreted to be calc-silicate-altered
sediments. Regionally, these rocks are mapped as Missis-
sippian-aged Unit EBPl of the Eagle Bay Assemblage
(Schiarizza and Preto, 1987) and the faulted contact with
basalt of the Fennell Formation (Slide Mountain Terrane)
occurs a few hundred metres to the west. The Gossan 1
and 2 showings consist of stratabound pods of partially
oxidized, massive pyrrhotite with lesser pyrite, chalcopy-
rite and sphalerite (Photo 3). They are up to 2 metres thick
and several metres in length and dip moderately to the
southwest (Wells, 1998). Three surface grab samples in-
dicates that the sulphides contain significant Au (up to
3300 ppb), Bi (up to 377 ppm), Cu (up to 1348 ppm), Zn
(up to 1537 ppm), and W (up to 1487 ppm) values and are
also weakly anomalous in Ag, Cd, Mo, Se, and Te (Table
1).

The stratabound sulphide mineralization has the ap-
pearance and characteristics of a manto-style deposit.
The metal assemblage of Au-Cu-Zn-W-Bi with anoma-
lous Te and Mo, combined with proximity to the Baldy
batholith and the presence of weakly calc-silicate altered
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Photo 2. Sheeted quartz-sericite-pyrrhotite-scheelite veinlets in
mid-Cretaceous granodiorite, “Little Creek” showing, Lucky Bear
claims.



rocks in the footwall suggest that mineralization formed
by replacement of limestone adjacent to the batholith.

SHUSWAP AREA OCCURRENCES

Goldstrike (Bizar)

The Goldstrike property is located 16 kilometres
northeast of the village of Avola and 2.5 kilometres west
of Tumtum Lake in the upper Adams River drainage (Fig-
ure 1). Mineralization at the Goldstrike #1 showing
(Bizar, MINFILE 82M 267) was discovered and staked by
prospector/geologist Leo Lindinger in 1998 and the
claims are currently under option to Cassidy Gold Corp.
Five short holes were drilled in October, 1999.

The property is underlain by micaceous quartzite and
quartz-muscovite-biotite-garnet schist of the Shuswap
metamorphic complex (Unit 1c of Campbell, 1963). The
foliation in the schist is subvertical and strikes northwest-

erly at the Bizar showing. Orthogneiss of probable Devo-
nian age outcrops approximately 2.5 kilometres northeast
and southwest of the showing. Weakly to moderately
sericitized, unfoliated granodiorite of probable mid-Cre-
taceous age occurs approximately 3.5 kilometres south-
west of the showing (L. Lindinger, personal communica-
tion, 1999). Boulders of pegmatite float are common
throughout the area.

At the Goldstrike #1 showing a partially overgrown
roadcut exposes a 20 centimetre wide, strongly contorted,
quartz-sulphide band which is conformable with the en-
closing schist (Photo 4). This layer contains up to 50%
sulphides in places, mainly comprising pyrrhotite and py-
rite with minor chalcopyrite and traces of silvery grey,
acicular bismuthinite(?). Grab samples of this mineraliza-
tion returned 11.69 to 56.8 g/t Au, 769 to 5270 ppm Bi and
1939 to 3423 ppm Cu, along with anomalous values of Co,
Mo, Ni, Se, Te and W (Table 1). Adjacent to the
quartz-sulphide land is a 5 by 25 metre zone of stockwork
and locally sheeted, limonite-stained quartz veinlets
(Photo 5) which has also returned weakly anomalous Au,
Bi, and Cu values (Table 1, Sample C98-098). Up to 5
veinlets per metre are locally present and range from <1 to
10 centimetres in width. Their predominant orientations
are 360/30E and 300/40NE to 90.

Additional minor showings were discovered in 1999
but have had only limited sampling and exploration to
date. Approximately 1.1 kilometres SSE of Goldstrike #1,
a 25 centimetre wide, quartz-arsenopyrite vein dipping 65
degrees to the west, occurs in a roadcut and has returned
110 ppb Au and >10,000 ppm As (#2 showing, Table 1,
Gruenwald, 1999). Crenulated biotite schist boulders
with semi-concordant layers/veins of quartz, pyrrhotite
and minor chalcopyrite have been located 1.5 kilometres
SSE of the Goldstrike #1 showing. A grab sample of this
float returned 1.71 g/t Au, 466 ppm As, 79 ppm Bi and 361
ppm Cu. These showings contain significantly more ar-
senic than Goldstrike #1 and may represent a different
style or phase of mineralization.
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Photo 3. Shallowly west-dipping massive sulphide mineralization
containing Au-Cu-Zn-W-Bi at the Gossan 1 showing, E-D 1
claims, Upper Birk Creek area. The mineralization is hosted by
Mississippian-aged limestone of the Eagle Bay Assemblage, near
the southern contact of the mid-Cretaceous Baldy batholth.

Photo 4. Folded, concordant quartz-pyrrhotite layer with high Au, Bi and Cu values in gneiss, Goldstrike 1 (Bizar) showing.



The Goldstrike #1 quartz-sulphide mineralization
appears to trend southeasterly for at least 250 metres
based on anomalous gold in outcrop, float boulders and
soil samples (Gruenwald, 1999). Hole 99-2 was drilled
approximately 100 metres southeast of the showing and
intersected several narrow, pegmatitic quartz veins with
minor sulphides and anomalous Au, Bi and Cu values.
The best intersection graded 6 g/t Au over 20 centimetres
(Cassidy Gold Corp. news release, December 6, 1999)
and comprised a pegmatitic quartz vein with minor
pyrrhotite, plagioclase and green sericite and traces of
chalcopyrite and pink garnet.

GQ (Second Creek)

Several new pegmatite-related Au-W-Cu-Bi occur-
rences were discovered northeast of Shuswap Lake in
September, 1999 by geologist Warner Gruenwald. He
was following up silt samples with anomalous gold val-
ues that he had collected during the summer. The show-
ings outcrop on new logging roads in the Second Creek
drainage (82M/02), a northwest flowing tributary of the
Anstey River. The GQ claims were staked in fall 1999 to
cover the area.

Quartz-sulphide zones have been located in outcrop
over an area of about 1.5 by 1.5 kilometres on the GQ
claims, and anomalous gold values have been encoun-
tered at the SW, SE and NE showings (Table 1). The min-
eralization is hosted by garnet-bearing paragneiss,
orthogneiss and quartz-mica schist, and lesser calc-sili-
cate rock, marble and amphibolite of the Shuswap meta-
morphic complex (Wheeler, 1965). These high-grade
metamorphic rocks occur in the hangingwall of the
Monashee décollement, to the west of the Frenchman’s
Cap gneiss dome, part of the Monashee complex
(McMillan, 1973). Massive to foliated, granitic intrusive
rocks of the mid-Cretaceous Long Ridge pluton (92-94
Ma, U-Pb, Parrish, 1995) occur a few hundred metres to
the west of the SW showing. The schist/gneiss package is

also intruded by abundant pegmatite dikes, some of
which contain tourmaline and minor pyrrhotite.

Mineralization consists of 10 to 30 centimetre wide
lenses of quartz, calc-silicate and sulphides which occur
along the margins of conformable or slightly discordant,
locally tourmaline-bearing pegmatite sills, where they
are in contact with marble or schist. Sulphide content
ranges from a few percent up to 20-30% in semi-massive
pods, consisting mainly of pyrrhotite, minor pyrite and
traces of chalcopyrite and scheelite. In all cases, the min-
eralization has an unusual granular texture with euhedral
hexagonal to rounded apatite(?) and quartz grains sur-
rounded by sulphides (Photo 6). In addition to gold values
ranging from 115 ppb to 1.73 g/t Au, many of the grab
samples from the showings have anomalous geochemical
values for Bi (20 to 235 ppm), Cu (305 to 734 ppm), Te
(5.7 to 11.2 ppm), and W (33.6 to 1210 ppm).

It is interesting to note that the government Regional
Geochemical Survey (RGS) had no sample sites in the
Second Creek drainage, and that those few samples in the
general GQ property area showed low gold values. Nev-
ertheless, Gruenwald’s detailed stream sediment sam-
pling in this area identified several anomalous drainages,
including one very strong Au, W, Bi anomaly in a drain-
age where no mineralization has yet been found. This
case highlights the problem in relying on widely spaced
government RGS data for gold exploration, and demon-
strates the effectiveness of detailed stream sediment sam-
pling and roadcut prospecting.

NELSON-SALMO AREA OCCURRENCES

There are a wide variety of mineral deposits and oc-
currences and mid-Cretaceous and Middle Jurassic intru-
sions in the West Kootenays region. An evaluation of
British Columbia for the potential for intrusive-related,
gold-tungsten-bismuth quartz veins (Lefebure et al.,
1999) identified several prospective areas in the
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Photo 5. Goldstrike 1 (Bizar) showing. Sheeted quartz-limonite
veins cutting micaceous quartzite of the Shuswap metamorphic
complex.

Photo 6. Auriferous quartz-sulphide layer with anomalous Bi, Cu,
Te and W from the SW showing, GQ claims. Note granular texture
with euhedral hexagonal to rounded apatite(?) and quartz grains
surrounded by “net-textured” pyrrhotite.



Kootenays, including the Salmo Mining Camp, Bayonne
batholith and parts of the Nelson batholith. The same
study identified a number of occurrences in the region
with some of the characteristics of plutonic-related gold
deposits (Table 2).

In drawing comparisons to the Tintina Gold Belt in
Yukon and Alaska, the most promising targets are the Cre-
taceous granitic intrusions, such as the Bayonne batholith
and the Wallack, Lost Creek, Salmo and other smaller
stocks in the Salmo mining camp. Initial investigations of
the Bayonne batholith by Logan (this volume) and Lett
and Jackaman (this volume) have produced more evi-
dence for plutonic-related gold mineralization associated
with particular phases. In the Salmo mining camp at the
southern end of the Kootenay Arc, bismuth-gold zones
near the mid-Cretaceous stocks have been identified and
are described in the following section.

Other plutonic-related gold occurrences identified by
Lefebure et al. (1999) are associated with phases of the
Middle Jurassic Nelson batholith. One of these, the Rozan
(Figure 2), is also discussed below.

Bismuth-Gold Zone
(Jersey Emerald Property)

Lead-zinc-silver, tungsten and gold mineralization
occurs on the Jersey Emerald property which is located
approximately 10 kilometres south of Salmo (Figure 2).
The first claims on the property were staked in 1896 on a
high grade gold showing called the Emerald located in the
general vicinity of the Emerald tungsten deposit. Subse-
quent prospecting found lead-rich mineralization in 1906
at the Emerald lead deposit (082FSW310, Figure 3)
which produced more than 25 850 tonnes of ore contain-
ing 6 788 936 kilograms of lead, 705 292 grams of silver,
and 19 771 kilograms of zinc by 1925 (MINFILE). In
1938, skarn tungsten and molybdenum mineralization
was discovered in the area of original staking for gold.
This became the Emerald tungsten mine which was oper-
ated by a Federal Government Agency from 1942 until
1944 and from 1947 until 1958 by Canadian Exploration

Ltd. The Emerald deposit (082FSW010) provided the ma-
jority of the ore (about 74 %) with the rest coming from
the Feeney (082FSW247), Invincible (082FSW218) and
Dodger (082FSW011) deposits. Aggregate production
totaled 1.45 million tonnes of ore grading 0.76 % WO3

(Troup, 1994). Canadian Exploration Ltd. discovered the
Jersey zinc-lead deposit (082FSW009) and mined it from
1949 to 1970. It produced 7.23 million tonnes grading
1.95% Pb and 3.83% Zn with minor silver (Troup, 1994).

The oldest rocks on the property are micaceous
quartzites and quartzites of the Cambrian Reno Forma-
tion which outcrop southeast of the Jersey mine (Fyles
and Hewlett, 1959). Most of the Jersey Emerald property
is underlain by sedimentary rocks of the Cambrian Laib
Formation which conformably overlies the Reno Forma-
tion and has been subdivided into Lower and Upper parts
by Fyles and Hewlett (1959). The Lower Laib is com-
posed of three members - the Truman, Reeves and Emer-
ald, while the Upper Laib is not subdivided because it
lacks well-defined marker beds. It consists of green
phyllite and micaceous quartzite with minor beds of argil-
laceous limestone. The Truman Member is a sequence of
phyllite, argillite and minor limestone which is primarily
brown argillites on the property. The Reeves Member
consists of the calcareous rocks, typically grey and white
or black and white, fine to medium-grained limestone. It
has gradational contacts with the bounding units so the
basal contact is defined as the uppermost argillite or
phyllite of the Truman Member, while the upper contact is
placed at the lowest argillaceous bed of the overlying Em-
erald Member. The limestone is locally altered to dolo-
mite which is believed to be due to epigenetic replace-
ment associated with Pb-Zn mineralization (Fyles and
Hewlett, 1959). Black argillites and phyllites make up the
Emerald Member. On the eastern side of the property, the
Ordovician Active Formation outcrops as black argillite
and slate with minor limestone and dolomite. The sedi-
mentary units have been complexly deformed; Fyles and
Hewlett (1959) have identified three phases of folding
and thrust and high-angle faults. The principle structure
on the property is a north-northeast trending anticline
called the Jersey anticline (Figure 3) which has complex
recumbent isoclinal folding and thrust faulting (Thomp-
son, 1974).

The layered units are cut by the informally named
Dodger and Emerald biotite granite stocks of mid-Creta-
ceous age. The granitic stocks are coarse to medium
grained and cut by aplite or felsite dykes. Pegmatite oc-
curs as small patches (< 0.5 m) in some places in the gran-
ite; the Dodger stock has a 4 by 5 metre quartz pegmatite
outcrop exposed at the south end of the stock, near the
north adit. Apotassium-argon biotite age from the Dodger
stock yielded 100.0 +/- 3.0 Ma (Dandy, 1997). Under-
ground workings and drillholes show the Dodger and Em-
erald stocks are joined at depth (Lawrence, 1997). Other
intrusive phases are a two-mica granite of possible Creta-
ceous age that outcrops near the Jersey open pits and Ter-
tiary augite monzonite stocks of the Coryell suite (Figure
3).
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TABLE 2
POSSIBLE PLUTONIC-RELATED GOLD

OCCURRENCES IN THE NELSON-SALMO AREA

Name Status Commodities

ALPINE GOLD Past Producer Au, Ag, Pb, Zn, Mo, W

VALPARAISO Past Producer Zn, Pb, W, Au, Ag, Cu

GOLD BASIN Prospect Pb, Cu, W, Au, Ag

SARAH 2ND Past Producer Ag, Au, Pb, W, Cu, Zn

BUNKER HILL (L.2939) Past Producer Au, Ag, W, Mo

EMERALD TUNGSTEN Past Producer W, Mo, Bi, Au

DODGER (L.12083) Past Producer W, Mo, Au

KOOTENAY BELLE Past Producer Au, Ag, Pb, Zn, W

KENVILLE Past Producer Ag, Au, Pb, Zn, Cu ,Cd

VENANGO (L.4757) Past Producer Au, Ag, Pb, Zn, W

ROYAL CANADIAN (L.633) Past Producer Au, Ag, Zn, Pb, W

ATHABASCA (L.1569) Past Producer Au, Ag, Pb, Zn, Cu, W
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Figure 2. Generalized geology of the Nelson-Salmo area (modified after Wheeler and McFeely, 1991 and Höy and Andrew, 1989b)
showing locations of intrusion-related gold prospects and granitoid intrusions.



On the Jersey Emerald property the lead-zinc, tung-
sten and gold mineralization are hosted largely by calcar-
eous rocks of the Laib Formation. The Jersey lead-zinc
deposit has general ly been interpreted as either
syngenetic sedex (Höy, 1982) and/or Irish-type replace-
ment mineralization (Nelson, 1991), although Dawson
(1996) believes it is a distal lead-zinc skarn related to the
tungsten skarns. The ore occurs as five bands hosted by
dolomitic limestone near the base of the Reeves Member.
Dolomitic Reeves limestone also hosts similar base metal
deposits, including the HB to the north and Reeves Mac-
Donald to the south (Fyles and Hewlett, 1959) which have
no associated skarns. The tungsten skarn mineralization
at Jersey Emerald occurs as disseminated scheelite with
small amounts of powellite, rare wolframite and scattered
flakes of molybdenite (Rennie and Smith, 1957; Fyles
and Hewlett, 1959) replacing both Reeves Member lime-
stone immediately adjacent to the granite stocks (e.g. Em-
erald, Feeney, Invincible and Dodger 4400 orebodies), or
as replacement zones in limy argillite of the Truman
Member close to the intrusions (e.g. East Dodger; Law-
rence, 1997). Typically the skarn is a green and brown
banded rock containing diopside, garnet and calcite. The
skarns are believed to be mid-Cretaceous in age and youn-
ger than lead-zinc mineralization (Thompson, 1974). The
Bismuth Gold, Emerald and Leroy gold zones occur near,
or at, the base of the Reeves limestone. Both the Bismuth
Gold and Emerald zones are found within tens of metres
of tungsten skarns and mid-Cretaceous intrusions
(Dandy, 1997).

Canadian Exploration Ltd., while drilling off the Jer-
sey lead-zinc deposit in the 1940s and 1950s, intersected a
pyrrhotite-rich zone in several holes overlying the
lead-zinc mineralization (George Cross News Letter
No.27, February 7, 1997). The zone had a low base-metal
content and was not followed-up at that time, although in
1994 it was recognized to be part of the Bismuth Gold
zone (Sultan Minerals Inc. Annual Report, 1995). In
1963, Canadian Exploration Ltd. assayed four samples
from a native bismuth-arsenopyrite zone. These con-
tained up to 3.4 g/t Au (Troup, 1994); however, they did
not follow this up because of low gold prices. In 1983
Lloyd Addie and Bob Bourdon, both of Nelson, panned
fine particles of free gold from the tungsten tailings and
eventually identified three parallel gold-bearing zones
over the Dodger, Emerald and Leroy occurrences (Figure
3; Troup, 1994). Sultan Minerals Inc. optioned the prop-
erty in late 1993. Since that time they have investigated
both the gold and base metal potential of the property with
a combination of surface exploration and drilling. The
fol lowing descr ipt ion of the Bismuth Gold and
Leroy-Tungsten Gold zones is based largely on work by
staff of Sultan Minerals Inc.

The Bismuth Gold Zone is located on the east side of
the Jersey anticline and immediately east of the under-
ground workings of the Jersey lead-zinc deposit (Figure
3). The mineralization is at the contact between the lime-
stone and dolomite of the Reeves Member and is not ex-
posed on surface. The zone varies from 1.2 to 18.0 metres
thick and averages approximately 75 metres in width, al-

though it can be up to 200 metres wide (Linda Dandy, per-
sonal communication, 1999). It roughly parallels and
overlies part of the east limb of the Jersey lead-zinc
orebody (Figure 4).

The Bismuth Gold zone contains pyrrhotite, arseno-
pyrite, quartz, native bismuth and stibnite (Troup, 1994)
It is exposed in the Jersey mine workingsnear the east end
of the Dodger cross cut (Figure 3). Two grab samples from
underground exposures returned assays of 3.43 and 5.49
g/t Au across 4.0 and 1.0 metres respectively with 0.26%
and 0.14% tungsten (Troup, 1994). Two drill holes in
1996 by Sultan Minerals Inc. intersected a pyrrhotitic ho-
rizon up to 9 metres thick with gold grades ranging from
2.0 to 8.3 g/t Au, including intersections of 2.0 metres
grading 8.33 g/t Au and 3.0 g/t Ag in DDH G96-5 and 9.4
metres grading 3.23 g/t Au and 22.9 g/t Ag in under-
ground drillhole 1-96 (Sultan Minerals Inc. press re-
leases, October 10, 1996 and January 10, 1997). Sultan
Minerals Inc. traced the zone in four drill holes for a dis-
tance of 200 metres, and correlate it with Canadian Explo-
ration Ltd. drill intersections which would extend it an-
other 1100 metres to the south (Dandy, 1997).

Pyrrhotite is typically the most abundant sulphide in
the Bismuth Gold zone, however, there are areas where
arsenopyrite and bismuth minerals are more common, in-
cluding several underground exposures in the Jersey
mine. There is no visible gold in the zone; no petrographic
work has been done to identify the location of the gold.
Microprobe analyses of the pyrrhotite, arsenopyrite and
quartz mineralization from the Bismuth Gold zone from
site Aby Ray and Webster (page 60, 1997) identified other
minor to trace minerals, including Mg-rich sideritic car-
bonate, bismuth tellurides (tetradymite, pilsenite and
joesite-B), bismuthinite and bismuth selenides. Their
analyses also showed that the mineralization is anoma-
lous for Ag, Cu, As, Sb, Bi, Te, Se and Be (Table 3).

On the west limb of the Jersey anticline, Sultan Min-
erals Inc. has defined two other gold zones, called the Em-
erald and Leroy (Figure 3). The Emerald zone is coinci-
dent with the Emerald Tungsten skarn deposit workings,
although the gold mineralization is a separate body. The
horizon may be represented by bismuth-rich sulphides
(site B, Table 3) and/or a quartz zone hosted by argillite in
the south end of the Emerald open pit. The latter grades
5.39 g/t Au and 22 g/t Ag over a 1 metre width (Linda
Dandy, personal communication, 1999). It is believed that
the same zone is exposed as 1 to 2 metre wide, massive
pyrrhotite band in trenches and old pits which follow the
Reeves limestone and Emerald argillite contact for over
300 metres south of the open pit (Dandy, 1996). It was
also intersected in two drill holes located 300 and 600
metres south of the Emerald pit; the latter hole intersected
0.9 metres grading 27.3 g/t Au and 34.4 g/t Ag (October
10, 1996 press release).

The Leroy zone is exposed in a series of old trenches
and crosscut by a short adit. It consists of a quartz band,
sometimes with marginal pyrrhotite and minor pyrite
mineralization, that is well exposed on surface for 250
metres and may correlate with exposures in pits extending
another 450 metres (Dandy, 1996). The quartz/pyrrhotite
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Figure 3. Mineral occurrences of the Jersey Emerald property (derived from Fyles and Hewlett, 1959 and Webster, Ray and Pettipas, 1992).
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band is at the contact between the Reeves limestone and
Emerald argillite, the same stratigraphic position as the
Emerald gold zone. There are no intrusive rocks or skarn
exposed in the immediate area. The quartz band is gener-
ally about one metre wide, although locally it is up to 3
metres, with generally less than a couple of percent of ar-
senopyrite. The veins contain native bismuth which cor-
relates with the best gold values in the quartz (Dandy,
1996). Sulphides can occur over widths of up to a metre
on either, or both margins, of the quartz band. Grab sam-
ple assays from the Leroy Zone vary from below detec-
tion limits up to 30.8 g/t Au and 9256 ppm Bi (Dandy,
1996). A two metre chip sample along the wall of the adit
of both host rock and pyrite and pyrrhotite with quartz
stringers from the Leroy zone, contained 0.37 g/t Au, 7.4
g/t Ag, 106 ppm Cu, 163 ppm Bi and 100 ppm W (Dandy,
1997).

The importance of stratigraphic position in determin-
ing the location of the gold mineralization has been noted
by Troup (1994). The two favourable horizons occur in
the basal Reeves limestone (Bismuth Gold zone) or at the
Reeves limestone and overlying Emerald argillite contact
(Emerald and Leroy zones).

More work needs to be done to properly define the
characteristics of the three gold zones on the Jersey Emer-
ald property. Obvious common features are:
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Figure 4. Schematic cross section of the Bismuth Gold zone near
the Dodger 4200 crosscut (from Sultan Minerals Inc. 1995 annual
report).

TABLE 3

SELECTED GEOCHEMICAL ANALYSES OF GOLD-BISMUTH PROSPECTS
IN THE NELSON-SALMO AREA, BRITISH COLUMBIA

Property Showing Sample # Au Ag As Bi Co Cu Mo Ni Pb Sb Se Te W Zn Comments

Rozan Ridge Zone PD-55131 3100 1.4 1.9 14.2 3 18.1 1.9 2 8.7 0.2 1 11.3 40* 10.3 Phelps Dodge sample, Ridge zone

PD-55132 253 2.5 4.5 4.2 12 29.5 204 4 16.9 <1 <1.5 1.5 9* 3.4 Phelps Dodge sample, Ridge zone

DVL98-126 305 0.6 1.4 23.5 6 80 80 10 <2 0.2 0.2 21.1 2* <1 Grab; moly and py on fracture in qtz

vn from Main vein dump, Site A, Fig.

DVL98-127 15 <0.2 1.7 0.4 7 2 2 7 6 0.2 0.2 0.2 5 13 Grab; pegmatitic qtz veinlet (80%)

cutting granodiorite (20%), Site B,

DVL98-128 5 <0.2 0.9 0.2 4 2 2 8 4 0.1 0.1 <0.2 <2 37 Grab; bt qtz diorite with scattered qtz

pheno's up to 1 cm, Site C, Fig. 5

DVL98-129 5 <0.2 1.7 0.1 5 6 6 10 <2 0.1 0.1 <0.2 <2 7 Grab by D. Lefebure; laminated 2 cm

qtz vn - 5-10% dilution, Site D, Fig. 5

DVL98-130 10 <0.2 2.8 0.6 6 3 3 8 4 0.8 0.8 <0.2 <2 15 Grab; sheeted white qtz vns, up to 3

cm wide, trace py, Site D, Fig. 5

DVL98-131 5 <0.2 1.8 0.3 10 2 2 8 6 0.2 0.2 <0.2 <2 40 Grab; sheeted qtz veinlets, Site D,

Fig. 5

Jersey

Emerald

Emerald

Gold?

GR94-170 3510 4.7 250 823 200 838 55 52 6 7.3 0.1 25 8100 45 Grab, collected by G. Ray, bismuth-

rich sulphides, Site B, Fig. 3

Bismuth

Gold

GR94-171 2390 18.1 310 658 11 259 2 16 79 76 2.4 19 8 38 Grab; G. Ray, aspy-po-bismuthinite

sample, underground, Site A, Fig. 3

GR94-172 7630 43.2 160000 2159 45 22 2 9 459 520 12.8 0.3 10 26 Grab; G. Ray, aspy-quartz zone

underground, Site A, Fig. 3

GR94-173 9820 467 140000 9362 110 62 7 12 1651 740 24 6.7 10 45 Grab; G. Ray, aspy-quartz zone

underground, Site A, Fig. 3

Dodger

4400

IWE91-59 1380 19 17800 5 140 720 10 27 51 185 11 14 820 45 Grab; I. Webster, massive po-aspy,

portal, Dodger 4400 adit, Site C, Fig.

DVL98-138 10 0.4 42.9 2.8 2 5 10 23 4 0.3 0.1 0.2 <2 6 Grab; on road; 10 cm qtz vn with

vugs, Site D, Fig. 3

East

Dodger

DVL98-136 10 <0.2 12.6 1.5 2 5 1190 11 4 0.7 0.2 0.2 <2 <1 Grab; qtz vn with py, moly; 140' on

Dodger ramp, Site E, Fig. 3

DVL98-137 855 2.6 9910 15.2 10 12 23 8 152 25.3 0.1 0.2 2 799 Grab; py in white quartz vein, 52' on

Dodger Ramp, Site E, Fig. 3

Notes:

All values in ppm except Au in ppb

Samples collected by authors unless otherwise noted

All elements by ICP except Au (fire assay with AA finish), unless otherwise noted. GR and IWE samples - Au, As and W by neutron activation, Se and Te by hydride AAS

W by total digestion/ICP except: * by aqua regia (partial) digestion/ICP

n/a not available



� a generally conformable nature with stratigraphy;

� an association with contacts with Reeves Member
limestone;

� absence of faults and shears controlling ore lenses;

� the presence of pyrrhotite and arsenopyrite with
bismuth minerals (usually native bismuth);

� the existence of both sulphide and quartz-rich zones
that appear to grade from one to the other along
strike;

� generally similar mineralogy and geochemistry to
sulphide-rich tungsten skarn mineralization, al-
though certain minerals and elements are restricted
to one style;

� unpredictable anomalous gold values, unless bis-
muth minerals are present; and

� anomalous bismuth, antimony, arsenic, copper,
molybdenum, silver, tellurium and tungsten values.

These features and the close spatial association of the
Bismuth Gold and Emerald gold zones with granitic
intrusives and tungsten skarns have led Sultan Minerals
Inc. staff and Ray and Webster (1997) to interpret the Bis-
muth Gold zone as skarn-type replacement mineraliza-
tion. Given the lack of calc-silicate minerals and blan-
ket-like nature of the mineralization, these gold zones
could also be called mantos. Mantos are known to occur
much further from their related intrusives than skarns,
which may explain why the Leroy zone occurs a consider-
able distance from any known skarn or intrusive. It would
also increase the exploration potential of the property dis-
tal from intrusions.

The Jersey Emerald property exhibits many of the
characteristics of the geological environment of the
Tintina Gold Belt in Alaska and the Yukon, including
mid-Cretaceous granitic intrusions with associated
pegmatites and aplites cutting continental margin host
rocks. The presence of tungsten and gold-bismuth re-
placement zones is a positive metallogenetic indication
that the southern Kootenay Arc is prospective for
plutonic-related gold-quartz veins similar to deposits
found in the Tintina Gold Belt.

Rozan - Ridge Zone

The Rozan property (082FSW179) is located near
the summit of Red Mountain, 10 kilometres south-south-
west of Nelson (Figure 2). The first claim, called the
Golden Eagle, was surveyed on the lower slopes of Red
Mountain in 1899. However,serious exploration only be-
gan in 1928 when prospector Bill Rozan was attracted to
the area because of placer gold in nearby Hall Creek.
Rozan searched the mountainside for lode sources of the
placer gold for more than 40 years. He started on the
lower slopes and eventual ly discovered several
gold-quartz veins, including the Main vein, near the head-
waters of Rozan Creek (Figure 5). Following Bill
Rozan’s death in 1972, Eric Denny of Nelson and Frank
Cameron of North Vancouver purchased the property.
Since then they have explored the property and optioned

it at various times to Harrison Drilling, Hiawatha Re-
sources Inc. and Yukon Revenue Mines Ltd. who
completed surface mapping, sampling and trenching on
the property (Sevensma, 1988; Craig, 1997).

The region has been mapped by Höy and Andrew
(1989a) who show that the area is underlain by argillite
and siltstone of the Archibald Formation and andesitic
tuff and lapilli tuff of the Elise Formation, both of the
Lower Jurassic Rossland Group. These have been in-
truded by granodiorite and quartz monzonite which is be-
lieved to belong to the Middle to Late Jurassic Nelson
batholith (Höy and Andrew, 1989b). The biotite
granodiorite on the property has sparse quartz and
plagioclase phenocrysts up to 1 centimetre in length. It is
strongly magnetic and has a pronounced contact meta-
morphic aureole with disseminated pyrrhotite in
hornfelsed sediments that weather a distinctive red-
dish-brown colour (hence the name Red Mountain). Later
minor lamprophyre dykes of probable Cretaceous age
(Höy and Andrew, 1989b) cut the property. There are mi-
nor aplite, pegmatite and lamprophyre dykes on the prop-
erty that cut both the Elise Formation tuffs and the
granodiorite (Figure 5).

Gold in quartz veins has been the focus of all explora-
tion on the Rozan property. Until recently, the larger soli-
tary quartz veins have attracted the prospecting and de-
velopment activity. Gold assays and small shipments
from the solitary quartz veins vary dramatically from
traces to more than 90 grams per tonne gold. The quartz
veins have associated minor pyrite and rare visible gold,
molybdenum, sphalerite, galena and chalcopyrite. The
Main vein, hosted by granodiorite (Figure 5), produced
104 tonnes of hand-selected ore grading 38 g/t Au, 42 g/t
Ag, 1.95 % Pb and 1.04 % Zn (MINFILE) between
1928-1958 (Sevensma, 1988). It has been followed for
approximately 90 metres underground and is typically 10
to 30 centimetres wide, although it reaches more than a
metre in one location (mapping by Santos in Sevensma,
1988). Striking generally north, the Main vein dips from
54 to 70 degrees to the east. A grab sample of quartz from
the Main vein dump returned anomalous Au, Bi, Mo, and
Te values (Table 3). A number of other solitary quartz
veins on the property have been trenched or pitted; al-
though none have produced any ore. The largest is the
West vein, located approximately 200 metres west of the
Main vein and exposed in several trenches.

The current interest was sparked by the discovery of
a more than 1 kilometre-long gold-in-soil anomaly (>30
ppb Au with large areas with >90 ppb Au) with associated
anomalous tungsten and copper values (Sevensma,
1988). It extends southeastward from the western bound-
ary of the property along the southern side of Red Moun-
tain and covers most of the area shown in Figure 5, the
principle exception being the northeastern corner. Some
of the samples within the gold anomaly are also weakly
anomalous for bismuth (Jack Denny, personal communi-
cation, 1998). Ron Granger of Yukon Revenue Ltd. iden-
tified the Ridge zone of auriferous, sheeted quartz
veinlets on a ridge near the northeastern limit of the
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anomaly (along and near the road, southeast of sample site
D, Figure 5). Craig (1997) panned three soil samples on
the ridge; two showed fine gold dust and small grains of
scheelite in two samples. The grey to white veinlets are up
to 3 centimetres wide (Photo 7) and generally occur in
parallel or sheeted sets with numerous veinlets visible
over a 1 to 2 metre wide outcrop. Several sets trend from
140 to 178 degrees with steep dips. There are no obvious
wall rock alteration selvages on the veins, although all the
feldspars in the granodiorite hosting the veins appear to
be weakly altered to clay(?). Trace pyrite grains occur in
some veinlets, but not in the host rock. The veinlets are
typically featureless, although one quartz veinlet was
banded with grey and white quartz.

Seven of twelve samples by collected by Phelps
Dodge in 1997 from the Ridge zone carried more than 34
ppb Au and two contained 3604 and 5450 ppb Au with
anomalous Bi, Cu and W values (two anomalous samples
shown in Table 3). Chip sampling in trench #2, located
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Figure 5. Geology of the central part of the Rozan property (from Sevensma, 1988).

Photo 7. Sheeted quartz veinlets hosted in granodiorite from the
Ridge zone of the Rozan property. Field of view is 15 centimetres.



just west of the road along the Ridge zone and approxi-
mately 25 metres south of site D, returned 0.93 g/t over 17
metres, including a section with 2.37 g/t Au over 4.5
metres (unpublished report by Yukon Revenue Ltd., Eric
Denny, personal communication, 1999). The difficulty in
macroscopic identification of auriferous quartz veinlets
is shown by sampling at site D. These veinlets appear to
be identical to others on the ridge, however, the 3 samples
collected here do not contain anomalous Au values (Table
3).

The sheeted auriferous quartz veinlets of the Ridge
Zone on the Rozan property look identical to low grade
mineralization at the Fort Knox mine in Alaska and Dub-
lin Gulch property in the Yukon. The intrusive host, lack
of alteration selvages, low sulphide contents and anoma-
lous Bi, Mo and Te values are consistent with these types
of plutonic-related gold deposits.

DISCUSSION AND CONCLUSIONS

Several new showings of gold or tungsten mineral-
ization, with or without associated bismuth, copper, mo-
lybdenum, arsenic and tellurium values have been found
in southern British Columbia in recent years. In most
cases, these showings occur within, or have a close spatial
relationship, to mid-Cretaceous intrusive rocks. The ex-
ception is the Rozan which is hosted by the Middle Juras-
sic Nelson batholith. Preliminary work by Logan (this
volume) and Logan et al. (2000) suggests that some of the
mid-Cretaceous intrusions in southern B.C. have broad
similarities in age, petrochemistry and depth of emplace-
ment with the prospective Tombstone Plutonic Suite in
Alaska-Yukon, which is associated with significant gold
deposits such as Fort Knox and Pogo.

The styles of mineralization represented by the new
showings include intrusion-hosted solitary veins
(Cam-Gloria), intrusion-hosted sheeted veinlets (Rozan,
Cam Gloria and Little Creek), skarn (float in “Water
Tank” area, Lucky Bear claims), manto? (Bismuth-Gold
and E-D 1), and quartz-sulphide layers/veins in upper
amphibolite grade metamorphic rocks (Goldstrike and
GQ). This array of styles is broadly consistent with proxi-
mal to distal portions of plutonic-related gold systems as
described by McCoy et al. (1997), Thompson et al.
(1999) and Baker et al. (submitted).

The showings described in this paper are mainly gold
or tungsten prospects with anomalous values for some or
all of the following elements: bismuth, arsenic, copper,
molybdenum, lead, zinc and tellurium. The geochemical
association of gold with tungsten, bismuth and tellurium
in the new B.C. occurrences is a key similarity with the
well known deposits in Alaska and Yukon. One important
geochemical difference, however, is the relatively high
copper content (100 to 1000 ppm) and low arsenic con-
tent (<100 ppm) of the B.C. showings relative to the
“Tintina Gold Belt” deposits. The exceptions are the ar-
senopyrite-rich Jersey-Emerald gold occurrences and
two minor showings on the Goldstrike property. The ge-

netic significance of this geochemical difference is not
understood at this time.

The new discoveries provide useful insights into suc-
cessful exploration strategies. The importance of using
new deposit models to search for gold mineralization on
known properties is aptly demonstrated at the Rozan and
Jersey Emerald properties. In both cases, continued ex-
ploration on well known properties identified new gold
zones with many of the characteristics of plutonic-related
gold deposits.

In addition, several showings described here were
found by conventional prospecting in poorly explored,
plutonic and metamorphic terranes. Cam-Gloria was
found by follow-up of anomalous gold values in a govern-
ment till survey, however, several of the other occurences
(Goldstrike, GQ, Lucky Bear) were found in areas with
no regional geochemical anomalies. This may reflect the
poor reliability of gold and tungsten values in silt sam-
ples, lack of availability of data for the pathfinder ele-
ments bismuth and tellurium, and wide sample spacing
and large stream size of conventional government re-
gional geochemical stream sediment surveys. Signifi-
cantly, the Cam-Gloria and Goldstrike occurrences could
have easily been found some time ago as they are both on
partially overgrown logging roads.

Conventional grassroots prospecting should focus
on locating quartz zones with associated anomalous Au,
Bi, Te, W values, in and around mid-Cretaceous plutons,
with abundant pegmatite and aplite dikes. Intrusions of
Middle Jurassic age (e.g. Nelson batholith) also have
Au-Bi-W showings (e.g. Rozan, Alpine Gold) and should
not be ignored. Finally, high-grade metamorphic ter-
ranes, such as the Shuswap metamorphic complex, con-
tain multiple ages of intrusive rocks and are under-ex-
plored for gold in southern British Columbia. These belts
may be worthy of prospecting for deposits similar to
multi-million ounce gold, high-grade Liese zone on the
Pogo property, Alaska.
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Geochemical Exploration Techniques for Plutonic-related
Gold Deposits in Southern B.C.

(NTS 82M/4, M/5, M/6 and 82F/7)

By Ray Lett and Wayne Jackaman

KEYWORDS: Plutonic-related gold deposits, moss mat
sediment, stream sediment, Regional Geochemical Surveys.

INTRODUCTION

Discovery of the Liese Zone on the Pogo property in
Alaska (containing an estimated 9.98 million tons of ore
grading 0.52 oz gold/ton) where gold-arsenic-cop-
per-bismuth mineralization occurs in gneiss-related
quartz bodies close the margin of a Cretaceous batholith
(Smith et al., 1999) has stimulated exploration for similar
plutonic-related gold deposits in British Columbia. The
Pogo property was discovered by follow-up of a subdued
(35 ppb) stream sediment geochemical gold anomaly
(Robertson, 1998). Similarly, only 15 ppb gold was de-
tected by a regional stream survey in a sediment sample
collected from a creek draining the Cam-Gloria mineral
occurrence (MINFILE 82M 266), a gold-bismuth-lead
mineralized, granite-hosted quartz vein, in southern B.C.
(Matysek et al., 1991). This occurrence was found in
1997 by prospecting after anomalous gold values were
identified in a regional till sample close to the mineral-
ized vein (Bobrowsky et al., 1997).

There is presently limited published information
about the geology or the application of geochemistry for
plutonic-related gold deposits in British Columbia. These
deposits may be difficult to find by traditional stream sed-
iment surveys because the gold and associated pathfinder
elements such as tin, bismuth and tungsten are relatively
immobile and tend to be erratically distributed in the sedi-
ment. Drainage sediments in British Columbia are also
prone to dilution by barren glacial material (unlike the
non-glaciated area in Alaska where the Pogo property is
located) and therefore gold anomaly contrast may be
more subdued. In general, gold anomaly contrast can be
improved using more appropriate sample media such as
moss mat sediment or a heavy mineral fraction (Matysek
and Day, 1987).

A study was carried out in August 1999 by the au-
thors to compare the geochemical response of intru-
sive-related gold mineralization in different reconnais-
sance scale sample media such as stream sediment, moss
mat sediment and heavy mineral concentrates. The study
is part of a Geological Survey Branch initiative to exam-
ine the potential for intrusive-related gold deposits in the

Province. Results of the geological component are de-
scribed by Logan, 2000, Geological Fieldwork 1999,
Paper 2000-1, this volumes). Geochemical samples were
collected in two areas of southern British Columbia, one
near Adams Lake and the other east of Kootenay Lake.

Objectives of this study were to 1) develop a better
understanding of the stream geochemical response of
plutonic-related mineralization; 2) compare the merits
(cost effectiveness) of different stream sampling, sample
preparation and analytical methods to improve the ability
of stream sediment geochemistry to detect plutonic-re-
lated gold mineralization; 3) add value to the current RGS
database to stimulate future mineral exploration and; 4)
evaluate other factors such as element backgrounds in
different sample media and bedrock types for improving
methods of geochemical data interpretation.

This paper describes the survey areas, sampling tech-
nique, the sample preparation and analytical methods
used and discusses preliminary geochemical results.

ADAMS LAKE SURVEY AREA
DESCRIPTION
(NTS 82M/4, M/5, M/6 and 92P/8)

Location

Detailed stream geochemical studies in parts of NTS
map sheet 82M/4, M/5 and M/6 focused on the area
around the Cam-Gloria Gold occurrence (MINFILE
82M 266) located west of Honeymoon Bay on Adams
Lake. Regional stream sampling covered a larger 350
square kilometre area to the west and north-west. Three
sites were also sampled within the Newhykulston Creek
watershed in NTS 92P/8 (Figure 1).

Physiography and Climate

The survey area is within the Shuswap Highlands, a
region of broad forested mountains of moderate to high
relief (Holland, 1976). The region bounded by Gollen
Creek, Adams Lake, Fennel Creek and the East Barriere
River is a dissected plateau with an undulating surface av-
eraging 1700 metres above sea level and with hill tops
reaching 1800 metres. Principal drainage is by the west
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flowing Fennel Creek, East Barriere River and Bendelin
Creek and to the east by Spapilem, Fisher, Stratton and
Gollen Creeks. The creeks draining into Adams Lake typ-
ically have steep gradients (10-15 degrees), are fast flow-
ing and follow steep-sided, deep valleys. The two tribu-
taries of Newhykulston Creek, where samples were
collected, join to flow west into the North Thompson
River from a rolling plateau that has an average elevation
of 1700 metres above sea level.

The climate of the area is moist and temperate. Win-
ter temperatures typically range from - 10 to -15 oC, sum-
mer temperatures can reach 30oC. Annual precipitation
averages 417 mm (measured at Vavenby) falling as snow
in the winter months and as rain mainly between June and
July. The spring freshet occurs between mid May and late
June.

Bedrock Geology

The survey area is partly underlain by Cambrian to
Mississippian rocks of the Eagle Bay Assemblage and
Fennell Formation and by the mid-Cretaceous Baldy
Batholith. The Eagle Bay Assemblage, part of the
Kootenay Terrane, was originally deposited along the an-
cestral margin of North America. Older Eagle Bay rocks
range from quartzites, quartz-rich schists and limestone.
These are overlain by grit, phyllite and quartz mica schist
and coarse grained clastic metasediments interbedded
with felsic volcanic rocks. Above the metasedimentary
rocks are limestone and calcareous phyllite, calcsilicate
schist and skarn, pillowed greenstone and chlorite-seri-
cite-quartz schist of felsic origin. At the top of the se-
quence are slates and siltstone. The Fennell Formation is a
Devonian to Permian sequence of oceanic bedded cherts,
gabbro, diabase, pillow basalt, sandstone, quartz-por-
phyry rhyolite and conglomerate that forms part of the
Slide Mountain Terrane and has a thrust contact with Ea-
gle Bay Assemblage. The mid-Cretaceous Baldy

Bathol i th is predominant ly mass ive l ight -grey,
coarse-grained quartz monzonite. Xenoliths of country
rock are common close to the contact of the Batholith with
the Eagle Bay Assemblage. The eastern and northern mar-
gins of the Batholith are marked by medium-grey biotite
and muscovite Devonian orthogneiss. In addition to the
Baldy Batholith there are several smaller satellite intru-
sive granitic bodies and one of these has been mapped
close to the headwaters of Newhykulston Creek
(Schiarriza and Preto, 1987).

Surficial Geology

The uplands are mainly covered by till, colluvium,
and glaciofluvial deposits, whereas fluvial, glaciofluvial
and glaciolacustrine sediments have accumulated in the
valleys. These sediments were deposited initially by a
predominately northwest to southeast ice advance fol-
lowed by deglaciation processes during the late Wiscon-
sin. There are two types of basal till deposited in the area,
each reflecting a different bedrock source. South of the
survey area where geology is dominated by metavolcanic
and metasedimentary rocks basal till is massive to poorly
stratified with a sandy silt to silty clay texture. In most of
the stream survey area, however, the basal till is sandier
and light to medium grey in colour reflecting a granitic
bedrock source. Boulder fields and massive clast-sup-
ported ablation till covers bedrock and basal till on the
plateau. The ablation till is generally less compact, dense
and cohesive and the sandy matrix is poorly consolidated.
Clast content is higher than basal till (up to 45 per cent)
and clast size ranges from granule to boulder. Clast
lithologies are almost entirely of Baldy Batholith rocks
(Dixon-Warren et al., 1997).

Mineral Occurrences

The principal mineral occurrence in the survey area is
the Cam-Gloria Gold property (MINFILE 82M 266) dis-
covered in 1997 by follow-up of a regional till geochemi-
cal anomaly (Bobrowsky et al, 1997). The “discovery”
occurrence is a large, rusty auriferous quartz vein located
on the north fork of the Grizzly Creek Forest Service road,
approximately 3 kilometres west of the Honeymoon Bay
campsite on Adams Lake. The vein strikes at 50 degrees,
dips steeply northwest and is up to 10 metres wide and
roughly 200 metres in length. Pyrite, galena and minor
chalcopyrite occur in the quartz and samples of the sul-
phide-rich vein material contain 1.38 ppm gold, 7.8 ppm
silver, 55 ppm bismuth, 430 ppm lead, 118 ppm copper
and 21 ppm molybdenum (Lett et al., 1998). Within one
kilometre of the auriferous quartz vein there are several
narrow monzonite-hosted quartz-fluorite veins and a 30
centimeter wide quartz-pyrite-pyrrhotite vein.

Two other documented mineral occurrences within
or close to the Baldy Batholith are the NSP (MINFILE
82M 127) near the headwaters of Spapilem Creek where
chalcopyrite occurs as disseminations and in thin quartz
stringers in quartz-biotite gneiss and the SAN (MINFILE
82M 135) between North Barriere and Saskum Lakes
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where pyrite, galena, sphalerite and chalcopyrite occur in
a granite hosted, sheared quartz vein.

KOOTENAY LAKE SURVEY AREA
DESCRIPTION (82F/07)

Location

The geochemical survey covered roughly 150 square
kilometre southeast of Boswell on Kootenay Lake within
the watersheds of Akokli, Sanca and Skelly Creeks (Fig-
ure 1). Stream sampling included creeks draining known
mineral occurrences on Mount Sherman and Mount Dick-
son.

Physiography and Climate

The survey area is located in the southern Purcell
Mountains. Elevations range from 550 metres on the
shore of Kootenay Lake to 2700 metres on the peak of
Haystack Mountain. Principal watersheds are of those
Akokli and Sanca Creeks and east flowing Skelly Creek.
The height of land between Akokli and Sanca Creeks is
very rugged and the highest elevation (2700 metres) on
this ridge is Mount Sherman. South of Sanca Creek the
topographic relief is more subdued and above 1700
metres the land surface is a rolling, forested plateau.

Climate of the area is moist and temperate. Winter
temperatures average - 6oC and in summer reach 30oC.
Annual precipitation averages 580 mm (measured at
Bonners Ferry) falling mainly as snow at higher eleva-
tions in the winter months. The spring freshet occurs be-
tween mid-May and late June.

Bedrock Geology

Most of the survey area is underlain by rocks of the
Cretaceous Bayonne Batholith. This Batholith comprises
white to light-grey, medium to coarse-grained biotite
granite and quartz monzonite. These rocks intruded
siltstones and quartzites of the Creston Formation which
forms the lower part of the Proterozoic Purcel l
Supergroup. The contact between the Creston Formation
and Bayonne Batholith is located just south of Akokli
Creek and trends northwest to southeast (Borovic, 1987).

Surficial Geology

Glacial and recent surficial deposits range from talus
and colluvium above timber line and on steep slopes to
basal till at lower elevations. Thick glaciofluvial,
glaciolacustrine and fluvial deposits fill the major valleys
and the Kootenay Lake basin. The till, deposited by a pre-
dominately north to south ice advance parallel to
Kootenay Lake during the Fraser Glaciation is sandy tex-
tured reflecting a predominantly granite source rock
(Fulton and Smith, 1978). Glacial and inter-glacial de-
posits from earlier Wisconsinian glaciations including
Okanagan Centre till, paleosol and Bessette sediments

have been recognised at the north end of Kootenay Lake
(Alley et al., 1986).

Mineral Occurrences

Mineral occurrence in the survey area are typically
polymetallic gold-silver-lead-zinc-tungsten veins and
mineralized quartz vein stockworks hosted by the granite
and quartz monzonite. The Valparaiso occurrence
(MINFILE 82FSE 038), located north of Ginol Creek and
south of Akokli Creeks is a quartz-filled fissure contain-
ing pyrite, arsenopyrite, wolframite, galena, sphalerite
and chalcopyrite in granite and granodiorite locally al-
tered to chlorite and sericite. Gold and silver are dissemi-
nated in the quartz. The German (Gold) Basin showing
(MINFILE 82FSE 039) is also a gold mineralized quartz
vein in granodiorite at an elevation of 2133 metres lo-
cated on the western slope of Mount Sherman. The vein
contains scattered irregular bands and patches or pyrite,
galena, chalcopyrite and scheelite. Typical metal concen-
trations of the vein material are 39.7 percent lead, 366
grams per tonne silver and 3.4 grams per tonne gold. The
Elmo showing (MINFILE 82FSE 137), located in a
cirque west of Mount Dickson, is a stockwork of
quar tz -muscovi te ve in le t s in medium gra ined ,
equigranular and coarse- grained to porphyritic quartz
monzonite phases of the Bayonne Batholith. Within the
stockwork are scattered molybdenite, scheelite, fluorite,
magnetite, pyrite and chalcopyrite grains.

SAMPLING TECHNIQUES

An objective of the study was to compare the geo-
chemical response from plutonic-related gold mineral-
ization in different sample media at an average density of
1 sample per 12 kilometres typical of a routine regional
stream geochemical survey. Samples were taken from
larger, first and second order creeks draining catchments
covering 10 - 15 square kilometres and especially creeks
where previous regional stream sediment and till surveys
had detected anomalous gold levels. More detailed
stream sampling at a higher density was attempted around
known gold occurrences. Samples were collected in Au-
gust, 1999 following the spring freshet. The number and
type of samples collected in each are summarized in Ta-
ble 1.

A total of 68 stream water, 74 stream sediment and 74
moss mat samples (including field duplicates) were col-
lected from 40 sites in 82M/4, 82M/5 and 82M/6 (Adams
Lake area), 3 sites in 92P/8 (Newhykulston Creek) and 25
sites in 82F/7 (Kootenay Lake area). In addition 25 bulk
screened sediment samples were taken from selected
sites for analysis of gold and other elements in a -150
(<100 micron) mesh heavy mineral fraction. The bulk
samples were collected from the higher energy environ-
ment corresponding to a coarse gravel deposit in the
stream channel by wet-sieving sufficient material
through an 18 mesh (<1 millimetre) nylon screen to re-
cover 10 kilograms of <1 millimetre sized sediment. Wet
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sieving typically needed one hour to obtain 10 kilograms
of the <1 millimetre fraction and the material was then
stored in a heavy-duty plastic bag.

Fine textured sediment, typical of material routinely
collected during a regional survey was also taken, gener-
ally from the sandy part of a bar in the stream channel, and
stored in a high wet strength Kraft paper bag. Live moss
containing trapped sediment, collected from the surface
of boulders or logs in the active stream above the water
level, was also stored in Kraft bags. Abundant moss oc-
curred at almost all of the stream sites and was only sparse
in areas disturbed by logging. Water samples were col-
lected by filling a 125 millilitre high-density polyethyl-
ene bottle after previously rinsing the bottle with the
stream water. A two litre bulk water sample was collected
at selected sites (generally where a bulk sediment was
taken) and later filtered through a 0.45 micron filter to re-
cover the suspended sediment.

Considerable effort was made to chose sample sites
upstream of known anthropogenic disturbances such as
bridges or culverts or logged areas. This was often diffi-
cult in practice because of extensive logging in both sur-
vey areas. In fact, detailed stream sediment sampling
around the Cam-Gloria occurrence was limited because
of poorly developed primary drainages and considerable
surface disturbance of stream channels by logging. Dur-
ing regional sampling where a stream flowed through an
obviously disturbed area every effort was made to locate
the sample site in a undisturbed riparian zone or where
secondary timber growth had stabilized the terrain. Field
observations about sample media, sample site, local ter-
rain and float geology were recorded and an aluminum tag
inscribed with the sample identification number was
fixed to a permanent object at each sample site.

SAMPLE PREPARATION

Sediment and moss mat samples were prepared by
Eco-Tech Laboratories Ltd. (Kamloops, B.C). The sam-
ples were air dried and the - 80 ASTM mesh (<177 mi-
cron) fraction recovered by disagregating the sediment or
pounding the moss and then dry sieving through a stain-
less steel screen. Control reference material and analyti-
cal duplicate samples were inserted into each analytical
block of twenty sediment samples at the Geological Sur-
vey Branch Laboratory in Victoria. Any remaining - 80
mesh sediment was archived for future analyses.

The <1 millimetre fraction of bulk stream sediments
were processed by C.F.Minerals Research Ltd. (Kelowna,
B.C.) to recover heavy minerals. Samples were wet sieved
into the following size fractions: - 20+35, - 35 +60 and -
60 mesh and after drying, the - 60 mesh fraction was
s l o w l y f e d i n t o t h e m i d d l e o f a c o l u m n o f
tetrabromomethane (TBE), with a specific gravity of
2.96. The resultant heavy minerals that settled to the bot-
tom of the TBE column were then further separated by
methylene iodide (MI), with an effective specific gravity
of 3.27. The minerals with a specific gravity above 3.27
are called the heavy (H) fraction. The - 60 mesh heavy
fraction was then further sieved into - 60 +150 and - 150
(<100 micron) mesh fractions. A Frantz electromagnetic
separator was use to generate distinct -150 mesh, heavy
fractions based on variations in magnetic susceptibility,
as follows: magnetic (M), paramagnetic (P) and nonmag-
netic (N). The - 150 mesh, heavy, nonmagnetic fractions
(-150HN) were placed in vials for neutron activation anal-
ysis.

SAMPLE ANALYSIS

The prepared stream sediment, moss mat sediment
and quality control samples were analysed for bismuth by
aqua regia digestion - hydride generation atomic absorp-
tion spectroscopy (AAS-H) and for cadmium, cobalt,
copper, iron, lead, manganese, nickel, silver and zinc by
aqua regia digestion - flame atomic absorption spectros-
copy (AAS). Background corrections were made for lead,
nickel, cobalt and silver. The analytical methods are de-
scribed in more detail by Matysek et al., 1991. Fluorine
content of samples was determined by the sodium carbon-
ate-nitric acid fusion-fluoride ion electrode method
(FION) described by Ficklin (1970). The samples were
also analysed for molybdenum and vanadium by an aqua
regia digestion and atomic absorption spectroscopy using
a nitrous oxide acetylene flame. Aluminium chloride so-
lution was added to the digested sample solution as a re-
leasing agent before the determination of molybdenum
and vanadium by atomic absorption. Mercury was deter-
mined by aqua regia digestion - flameless atomic absorp-
tion (AAS-F) using the method described by Jonasson et
al. (1973). Samples were analysed for tin by ammonium
iodide fusion, trioctylphosphine oxide - methyl iobutyl
ketone extraction and flame atomic absorption spectrom-
etry (NAIAA) as described by Moldan et al. (1970). Loss
on ignition of sediment and moss mat samples (GRAV)
was determined by ashing the material at 500oC for three
hours and then weighing the residue. All of the atomic ab-
sorption, fluorine and tin analyses were carried out by
CanTech Laboratories (Calgary, Alberta). Reported de-
tection limits for the elements determined by atomic ab-
sorption, fluoride and loss on ignition are given in Table 2.

A representative split of each sediment, rock and
heavy mineral sample was analysed for antimony, ar-
senic, barium, bromine, cerium, cesium, chromium, co-
balt, gold, hafnium, iron, lanthanum, lutetium, nickel, ru-
bidium, samarium, scandium, sodium, tantalum, terbium,
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TABLE 1
SUMMARY OF SAMPLES COLLECTED

Element 82M/4,5,6 92P/8 82F/7 Total

Stream Sediment 42 4 28 74

Moss Mat Sediment 42 4 28 74

Bulk Sediment 17 2 6 25

Water 40 3 25 68

Water Filter 17 2 6 25

Rock 16 0 1 17



thorium, tungsten, uranium, ytterbium and zinc using

thermal, instrumental neutron activation analysis

(INAA) by Activation Laboratories (Ancaster, Ontario).

Instrumental neutron activation analysis involves irradi-

ating the sediment samples, which range from 1 to 46

grams for 30 minutes with neutrons (flux density of

7x1011 neutrons/cm2/second). After approximately 1

week, the gamma-ray emissions for the elements are
measured using a gamma-ray spectrometer with a high
resolution, coaxial germanium detector. Counting time
was approximately 15 minutes per sample. Table 2 lists
the detection limits reported for elements determined by
this method.

Water samples were analysed for pH, sulphate, fluo-
ride and uranium by CanTech Laboratories (Calgary, Al-
berta). Detection limits for each element are listed in Ta-
ble 2. The pH of water samples was measured using a
combination glass-reference electrode (GCE). Sulphate
was determined by a barium sulphate suspension
turbidimetric method (TURB). Water samples were ana-
lysed for fluoride by mixing an aliquot of the sample with
an equal volume of total ionic strength adjustment buffer
(TISAB II solution) and measuring fluoride ion content
using a Corning 101 meter with an Orion fluoride elec-
trode (ION). Uranium in waters was determined by la-
ser-induced fluorescence analysis (LIF) with a Scintrex
UA-3 uranium analyzer.

PRELIMINARY RESULTS

Neutron activation data for stream sediment and
moss mat sediment samples are discussed in this paper.
Because of the small number of drainage samples col-
lected only six field duplicate moss mat sediment and
eight analytical duplicate samples were analysed. The R2

correlation coefficients are greater than +0.9 for most ele-
ments in the field duplicate sample pairs and in the analyt-
ical duplicate sample pairs. This demonstrates good sam-
pling and analytical reliability. An exception is the poor
correlation (R2 coefficient + 0.227) between gold values
for moss sediment field duplicate samples (Table 3). This
large variation between duplicate samples has been ob-
served by Matysek, Gravel and Jackaman, (1988) and is
believed to reflect local differences affecting the entrap-
ment and sorting of sediment by the moss.

Statistics (mean, median, standard deviation, maxi-
mum value, minimum value) for gold, loss on ignition
and 39 other elements in stream sediment and moss mat
sediment samples are listed in Tables 4 and 5. Data from
both survey areas was combined to calculate the statis-
tics. The majority of elements demonstrate higher mean,
median and maximum concentrations in moss mat sedi-
ments compared to stream sediments. Most notable is
gold that exceeds 1000 ppb in moss mat sediment from
two sites, but only reaches 59 ppb in stream sediments.
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TABLE 2
REPORTED DETECTION LIMITS

TABLE 3
ARITHMETIC CORRELATION COEFFICIENTS FOR

ANALYTICAL AND FIELD DUPLICATE SAMPLES

Element N Mthd D.L. Unit

Antimony Sb INA 0.1 ppm

Arsenic As INA 0.5 ppm

Barium Ba INA 50 ppm

Bromine Br INA 0.5 ppm

Calcium Ca INA 1 %

Cerium Ce INA 3 ppm

Cesium Cs INA 1 ppm

Chromium Cr INA 5 ppm

Cobalt Co INA 1 ppm

Europium Eu INA 2 ppm

Gold Au INA 2 ppb

Hafnium Hf INA 1 ppm

Iron Fe INA 0.01 %

Lanthanum La INA 0.5 ppm

Lutetium Lu INA 0.05 ppm

Neodymium Nd INA 5 ppm

Rubidium Rb INA 15 ppm

Samarium Sm INA 0.5 ppm

Scandium Sc INA 0.1 ppm

Sodium Na INA 0.01 %

Tantalum Ta INA 0.5 ppm

Terbium Tb INA 0.5 ppm

Thorium Th INA 0.2 ppm

Tungsten W INA 1 ppm

Uranium U INA 0.5 ppm

Ytterbium Yb INA 0.2 ppm

Bismuth Bi AAS-H 0.2 ppm

Cadmium Cd AAS 0.2 ppm

Cobalt Co AAS 2 ppm

Copper Cu AAS 2 ppm

Iron Fe AAS 0.02 %

Lead Pb AAS 2 ppm

Loss on Ignition LOI GRAV 0.1 %

Mercury Hg AAS-F 10 ppb

Manganese Mn AAS 5 ppm

Molybdenum Mo AAS 1 ppm

Nickel Ni AAS 2 ppm

Silver Ag AAS 0.2 ppm

Tin Sn NAIAA 1 ppm

Vanadium V AAS 5 ppm

Zinc Zn AAS 2 ppm

Fluoride (waters) FW ION 20 ppb

pH (waters) pH GCE

Sulphate(waters) S04 TURB 1 ppm

Uranium (waters) UW AAS 0.05 ppb

Element Analytical Duplicates Field Duplicates

Gold R
2

= 0.998 R
2

= 0.227

Arsenic R
2

= 0.983 R
2

= 0.987

Chromium R
2

= 0.984 R
2

= 0.968

Tungsten R
2

= 0.955 R
2

= 0.973



Tungsten, iron and tantalum are also enhanced in moss
mat samples relative to the stream sediments suggesting
that the moss preferentially captures heavier minerals
(Matysek, Gravel and Jackaman, 1988). Other elements
such as antimony, arsenic and cobalt have almost identi-
cal mean, median and maximum concentrations in both
sample types or in the case of rubidium and sodium are
lower in the moss mat sediments. This difference could be
explained by the different hydraulic behaviour of individ-
ual minerals (e.g. gold, scheelite) as opposed to rock
grains (containing varying sodium and rubidium) when
these are transported by stream water. The relationship
between gold, arsenic and tungsten in moss sediment and
stream sediment is also demonstrated by the scatter plots
shown in Figure 2 where element concentration in moss
sediment is plotted as a function of element concentration
in stream sediment for samples collected at the same site.

The distribution of gold in moss mat sediment sam-
ples from the Adams Lake and Newhykulston Creek sur-
vey areas is shown in Figure 3. The highest gold (1140
ppb) detected in the survey area is in moss mat sediment
from a small stream flowing from the north into the head-

waters of Spapilem Creek. Duplicate moss mat samples
from this site have 1140 ppb and 159 ppb gold, respec-
tively, illustrating the potential for high variability of gold
in moss sediment. Sediment from the Spapilem Creek
headwaters stream only has 7 ppb gold by comparison to
1140 ppb in the moss mat sediment (Figure 4). Agold con-
centration of 1080 ppb was found in a moss sediment sam-
ple near the mouth of the creek over 6 kilometres down-
stream from the headwaters. Stream sediment gold levels
only reach 18 ppb at this site. By contrast to the high val-
ues in Spapilem Creek, 35 ppb gold occurs in the moss
sediment from a small stream draining the area around the
Cam-Gloria occurrence. No gold was detected in stream
sediment. Moss mat sediment from Grizzly Creek drain-
ing a larger watershed just north of Cam-Gloria has 25
ppb gold, but the sediment only contains 5 ppb gold (Fig-
ure 4). A previous regional stream sediment surveys
(RGS) reported by Matysek et al., (1991) found a similar,
low level of gold (15 ppb) in the stream sediment from
Grizzly Creek.
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TABLE 4
STATISTICS FOR MOSS MAT

TABLE 5
STATISTICS FOR STREAM SEDIMENT SAMPLES

Element Unit Mthd N Mean Med Std Dev Min Max > D.L.

Antimony ppm INA 68 0.3 0.2 0.3 0.1 1.6 39

Arsenic ppm INA 68 3.9 2.4 3.81 0.5 19.3 63

Barium ppm INA 68 636 600 153.9 300 990 68

Bromine ppm INA 68 8.4 5 10.64 0.5 65 59

Calcium % INA 68 2 2 3.04 1 25 38

Cerium ppm INA 68 135 99 91.13 29 401 68

Cesium ppm INA 68 5 4 2.1 1 12 67

Chromium ppm INA 68 38 23 38.22 5 178 64

Cobalt ppm INA 68 9 8 5.5 2 25 68

Europium ppm INA 68 1.7 1.4 1.05 0.2 5.5 14

Gold ppb INA 68 4 2 7.46 2 59 17

Hafnium ppm INA 68 15 8 18.92 1 84 67

Iron % INA 68 3.25 2.83 1.85 1.03 11.9 68

Lanthanum ppm INA 68 85.5 69.8 52.04 18.8 211 68

Lutetium ppm INA 68 0.69 0.48 0.5 0.24 2.24 68

Neodymium ppm INA 68 45.5 36 31.68 14 165 68

Rubidium ppm INA 68 96 90 45.72 15 234 66

Samarium ppm INA 68 9.2 7.2 5.66 3.4 29.7 68

Scandium ppm INA 68 10.7 9.6 6.44 2.5 31.1 68

Sodium % INA 68 2.29 2.39 0.54 0.65 3.19 68

Tantalum ppm INA 68 4.8 3 4.31 0.5 15.5 56

Terbium ppm INA 68 1.1 1 0.69 0.5 3.5 51

Thorium ppm INA 68 37.2 24.4 35.5 2.3 158 68

Tungsten ppm INA 68 9 1 17.42 1 77 32

Uranium ppm INA 68 27.6 11.4 35.35 1.4 155 68

Ytterbium ppm INA 68 4.5 3.4 3.21 1.5 14.2 68

Bismuth ppm AAS-H 69 1.1 0.3 1.59 0.2 7.5 43

Cadmium ppm AAS 69 1.2 0.3 4.2 0.2 25.6 37

Cobalt ppm AAS 69 6 5 2.76 2 14 68

Copper ppm AAS 69 19 12 29.36 6 233 69

Iron % AAS 69 1.24 1.2 0.43 0.5 2.4 69

Lead ppm AAS 69 10 7 7.83 2 38 68

LOI % GRAV 69 6.6 4.4 6.85 0.6 38.2 69

Mercury ppb AAS-F 69 29 30 19.86 10 150 63

Manganese ppm AAS 69 394 289 311.6 89 1800 69

Molybdenum ppm AAS 69 3 2 4.79 1 34 43

Nickel ppm AAS 69 9 6 7.19 2 32 62

Silver ppm AAS 69 0.3 0.2 0.16 0.2 1.2 10

Tin ppm NAIAA 69 1 1 0.12 1 2 1

Vanadium ppm AAS 69 29 25 12.66 11 65 69

Zinc ppm AAS 69 46 38 26.18 17 167 69

Element Unit Mthd N Mean Med Std Dev Min Max > D.L.

Antimony ppm INA 68 0.4 0.3 0.3 0.1 1.6 45

Arsenic ppm INA 68 3.9 2.6 3.9 0.5 18.2 60

Barium ppm INA 68 665 650 213.05 50 1300 67

Bromine ppm INA 68 9.3 6.8 11.11 0.5 67.2 62

Calcium % INA 68 2.63 2 1.72 1 7 44

Cerium ppm INA 68 201 165 125.2 50 575 68

Cesium ppm INA 68 4 4 1.99 2 11 68

Chromium ppm INA 68 48 34 45.62 5 208 67

Cobalt ppm INA 68 9 8 5.61 2 27 68

Europium ppm INA 68 2.2 1.9 1.12 0.9 6 26

Gold ppb INA 68 41 2 188.16 2 1140 28

Hafnium ppm INA 68 35 20 39.49 3 177 68

Iron % INA 68 4.26 3.83 2.24 1.4 11 68

Lanthanum ppm INA 68 132.5 104 87.45 24.8 463 68

Lutetium ppm INA 68 1.06 0.78 0.67 0.36 2.96 68

Neodymium ppm INA 68 65 53 36.37 24 160 68

Rubidium ppm INA 68 89 87 46.93 15 204 61

Samarium ppm INA 68 13.1 11 6.44 5.5 28 68

Scandium ppm INA 68 12.3 10.7 7.05 3.6 34.6 68

Sodium % INA 68 2.25 2.36 0.47 0.77 3.21 68

Tantalum ppm INA 68 7.6 5.9 6 0.5 28.2 62

Terbium ppm INA 68 1.6 1.5 0.9 0.5 3.8 57

Thorium ppm INA 68 67.8 35.9 65.21 6.1 278 68

Tungsten ppm INA 68 19 4 51.5 1 402 42

Uranium ppm INA 68 37.3 21.9 37.4 1.5 150 68

Ytterbium ppm INA 68 6.8 5.2 4.18 2.3 17.9 68

Bismuth ppm AAS-H 69 1.9 0.4 3.65 0.2 22 49

Cadmium ppm AAS 69 1.3 0.3 3.6 0.2 24.3 44

Cobalt ppm AAS 69 6 5 2.76 2 14 67

Copper ppm AAS 69 19 12 29.27 6 244 69

Iron % AAS 69 1.3 1.3 0.37 0.6 2.2 69

Lead ppm AAS 69 11 7 14.4 2 117 67

LOI % GRAV 69 7.8 6.6 6.42 1.1 45.6 69

Mercury ppb AAS-F 69 32 30 20.86 10 170 65

Manganese ppm AAS 69 433 295 345.85 126 2020 69

Molybdenum ppm AAS 69 3 2 4.47 1 33 38

Nickel ppm AAS 69 8 5 6.29 2 27 61

Silver ppm AAS 69 0.3 0.2 0.25 0.2 1.9 12

Tin ppm NAIAA 69 1 1 0.28 1 2 6

Vanadium ppm AAS 69 28 27 11.68 11 60 69

Zinc ppm AAS 69 45 39 25.17 17 155 69



A moss mat sediment sample from a branch of
Newhykulston Creek has 223 ppb gold, and values to 45
ppb could be detected 5 kilometres downstream. Only 5
ppb gold occurs in the stream sediment. However, moss
sediment and stream sediment have almost identical ar-
senic levels reaching 15.3 ppm. The headwaters of
Newhykulston Creek are underlain by a small granite in-
trusive and up to 51 ppb gold has been found in till
down-ice of the granite (Bobrowsky et al., 1998).

A moss mat sediment sample from a stream flowing
north into Gollen Creek (82M/5) has 92 ppb gold in the
moss sediment. Fisher and Stratton Creeks located to the
south have over 20 ppb gold in the moss sediment, but

only just detectable gold in the stream sediment (Figure
4). Stratton Creek water also contains 41 ppm sulphate
and 550 ppb fluoride. The combination of enhanced gold
in the moss sediment and anomalous water chemistry
suggest a sulphide-fluorite mineralized source in the wa-
tershed of Stratton Creek. The distribution of tungsten in
moss sediment is shown in Figure 7 and the highest value
(40 ppm) found in the area occurs in a north branch of
Bendelin Creek. There is only a weak spatial correlation
between moss sediment gold and moss sediment tungsten
anomalies.

Gold content in moss sediment samples from the
Kootenay Survey area is lower than in the Adams lake
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Figure 3. Gold in moss mat sediments, Adams Lake area.
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Figure 4. Gold in stream sediments. Adams Lake area.
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Figure 5. Gold in moss mat sediments, Kootenay Lake area.
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Figure 7. Tungsten in moss mat sediments, Adams Lake area.
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area and the highest value (34 ppb) occurs in stream flow-
ing into Akokli Creek from the German (Au) Basin show-
ing on the north west side of Mount Sherman (Figure 5).
No gold was detected in sediment from this stream al-
though 59 ppb occurs the sediment from a creek draining
the south side of Mount Sherman into Sanca Creek (Fig-
ure 6). Tungsten levels (Figures 7 and 8) are typically
higher in the Kootenay area moss mat sediment samples
and the highest value (402 ppm) occurs in moss sediment
from a creek flowing from the watershed containing the
Elmo occurrence. Almost no (less than 10 ppm) tungsten
is present in moss sediment and stream sediment from
creeks draining the German (Gold) Basin Showing on
south side of Akokli Creek (including “Tungsten”
Creek).

CONCLUSIONS

Preliminary results for the Adams Lake area reveal
that the gold content of moss mat sediment is much higher
than stream sediment collected at the same sample site.
However, gold is highly variable in duplicate moss sedi-
ment samples. This pattern of gold enhancement and high
variability is consistent with the results of previous geo-
chemical studies where both sample media were com-
pared (Matysek and Day, 1987). Other elements such as
tungsten and chromium are also enriched in the moss sed-
iment relative to stream sediment, but element variability
between field duplicate samples is smaller. In the
Kootenay Lake area the highest gold value occurs in
stream sediment rather than moss mat sediment. How-
ever, the gold anomalous stream sediment and moss mat
sediment samples are from different streams. Tungsten
values are much higher in moss mat sediment from the
Kootenay area and levels, to some extent, reflect known
tungsten mineral occurrences.

Further work to complete this study will involve: 1)
comparison of gold and other element values in heavy
mineral concentrates, stream sediments, suspended sedi-
ments and moss mat sediments. The heavy mineral sam-
ples are intended to assess the ability of streams to con-
centrate gold and other high density minerals in
stream-bed sediment; 2) evaluation of stream and moss
sediment data for other pathfinders (e.g. tin, bismuth, flu-
orine) for intrusive related gold mineralization; 3) com-
parison of aqua regia digestion - atomic absorption spec-
trometry and aqua regia digestion - inductively coupled
plasma mass spectrometry analysis of selected samples
for gold and pathfinder elements and; 4) field follow-up
to establish if the gold anomalies do indeed reflect intru-
sive related or other styles of gold mineralization.
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Exploration Significance of the Iskut River Fault

By Dani J. Alldrick

KEYWORDS: Regional mapping, structure, Iskut River,
Pitman fault, Iskut River fault, mineral exploration, Eskay
Creek.

SUMMARY

Large-scale aeromagnetic lineaments reveal major
faults that cut across northern British Columbia, extend-
ing from the Coast Plutonic Complex in the west to the
northern Rocky Mountain Trench in the east. These faults
are significant because:

� they are part of the record of Tertiary regional-scale
tectonic readjustments within the Canadian Cordil-
lera

� they characteristically occur as a set of parallel
faults

� they have a predictable orientation, sense of offset,
and amount of offset

� they pass near major mineral deposits, offsetting
prospective strata. Determination of fault offset al-
lows focused exploration efforts on the offset
block.

INTRODUCTION

An aeromagnetic map of northern British Columbia
(Figures 1 and 2), contoured and enhanced by low-angle
oblique illumination, was prepared by RGI (Resource
Geoscience and Imaging) in Vancouver. This map high-
lights two 500-kkilometre-long east-trending magnetic
lineaments that transect the Canadian Cordillera. Along
most of its length, the northern magnetic lineament coin-
cides with a mapped fault, the Pitman fault (Figure 3),
however, the extent of the coincident aeromagnetic
anomaly indicates that the Pitman fault continues west-
ward well beyond its mapped limits. A fault correspond-
ing to the southern magnetic lineament (Figures 2 and 3),
the Iskut River fault, is documented for the first time in
this paper.

PITMAN FAULT

The Pitman fault is located along latitude 57º 50’ N
(Figures 2 and 3). There is 3 kilometres of left-lateral off-
set along the fault, measured where it offsets the Thudaka
and Kutcho faults (Gabrielse, 1985). Vertical offset is mi-
nor with a small amount of north-side-down offset re-
corded along the western part of this fault. Movement oc-

curred during Eocene to Oligocene time. The sinistral
offset along the Pitman fault and the angular relationship
(~75º) between the Pitman fault and dominant north-
west-striking dextral faults (Kechika, Finlay, Ingenika,
Northern Rocky Mountain Trench) are consistent with
the interpretation that this is an antithetic fault associated
with the continental-scale displacement along the North-
ern Rocky Mountain Trench (Gabrielse, 1985). Anti-
thetic faults characteristically occur in parallel sets, and
there are other faults in the region with similar orienta-
tion, attitude, and offset, including a set of subparallel
faults that trend east from the north end of Dease Lake
(Gabrielse, 1985).

ISKUT RIVER FAULT

The southern magnetic lineament is located along
latitude 56º 40’ N (Figures 2 and 3). The possibility of a
fault lying along the lower (west-flowing) section of the
Iskut River has been debated for several years. Features
favouring the existence of an east-striking fault are the
linearity of the river valley, and it’s abrupt dogleg turn
from southwest-flowing to west-flowing at the junction
with Volcano (Palmière) Creek (Figures 4 and 5). How-
ever, arguments for existence of a fault have been diffi-
cult to support because there is no unequivocal evidence
for offset of lithologic units across the lower Iskut River.
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Three factors have made these apparent contradic-
tions difficult to resolve:

1. An expectation that any fault that localizes a major topo-
graphic depression such as the Iskut River valley must
have major offset;

2. The 1.8-kilometre-wide gravel-filled valley floor for the
lower Iskut River inhibits recognition and documenta-
tion of fault offsets; and

3. East of the broad Iskut River valley, the fault trace cuts
through the extensive, monotonous turbidite succession
of the Bowser Lake Group, where recognition of this
fault is difficult.

Several features support the interpretation of an
east-striking, left-lateral fault extending along the lower
Iskut River valley and continuing eastward:

� A prominent, coincident east-trending linear nega-
tive magnetic anomaly that extends from the
Stikine River (western limit of aeromagnetic cover-
age) to the northern Rocky Mountain Trench (Fig-
ure 2).

� Development of two major river valleys (the Iskut
River and an unnamed western tributary of
Ketchum Creek) along this easterly trend is in sharp

contrast to the regional drainage directions (Figures
4 and 5).

� Left-lateral offset of the Forrest Kerr and Melville
Glacier-Harrymel Creek fault zones, two offset
segments of a single major north-striking normal
fault (Figures 4 and 5)

� Features such as the sinusoidal Leroy Creek fault
are consistent with left-lateral offset (Figures 4 and
5)

� Within terrain underlain by Bowser Lake Group
strata, drainage directions are strongly influenced
by the inclined bedding of variably weathering
siltstone and sandstone. However, within the Iskut
River fault zone there are several minor, deeply-in-
cised, straight, east-trending gullies which contrast
with local drainage directions (Figure 5).

� Similar magnetic signature, orientation, sense of
offset, and scale of offset as the mapped Pitman
fault, 130 kilometres to the north (Figures 2, 3 and
8).

� When placed in a tectonic context, the fault dis-
plays the characteristic features of an antithetic
fault (Figures 6 and 7). The existence of additional,
parallel antithetic faults distributed along the entire
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l e n g t h o f t h e c o n t i n e n t a l - s c a l e K a l t a g -
Tintina-Rocky Mountain Trench fault system is
predicted by the tectonic model for formation of
these structures.

The Iskut River fault (Figures 2, 3, 4 and 5) is a
four-kilometre-wide zone that displays features suggest-
ing periods of both ductile and brittle offset. The distinc-
tive s-shaped outcrop pattern of the Leroy Creek fault
(Figures 4 and 5, and Alldrick and Britton, 1992) that
trends between the southern end of the Forrest Kerr fault
and the northern end of the Harrymel Creek fault demon-
strates ductile deformation (Davis, 1984, p.228-230;
Hodgson, 1989; Ramsay, 1980; Simpson, 1986). Several
narrow, east-trending gullies are evident on the DEM and
Landsat images in the area lying between the Unuk and
Iskut rivers (northwest of the Eskay Creek mine, Figures
5 and 10). These suggest additional parallel linear breaks
indicative of brittle deformation. The offset of the Forrest
Kerr and Harrymel Creek faults indicates that the total
left-lateral offset is 6 kilometres across the 4 kilometre
width of the Iskut River fault zone. Incremental offset
within this broad fault zone is illustrated schematically in
Figures 5 and 10.

North of this study area, a twin for the unusually
shaped Leroy Creek fault has been documented near Tele-
graph Creek. The northward continuation of the Forrest
Kerr fault is called the Mess Creek fault zone (Figure 7).
Combined, these two north-trending co-linear structures
extend 130 kilometres from the Iskut River fault to the
Pitman fault. South of the village of Telegraph Creek,
Souther (1972) mapped a curved fault trace (Figure 8)
where the younger Pitman fault cuts across the older Mess
Creek fault. This small fault segment is similar in scale,
shape and sense of offset to the outcrop pattern of the
Leroy Creek fault, and is interpreted as a drag-folded
(ductily deformed) segment of the Mess Creek fault zone
that was deformed during left-lateral offset along the
Pitman fault. The postulated north-striking continuation
of the Mess Creek fault, on the northern side of the Pitman
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Fault, has not been identified in the field. The westward
continuation of the Pitman fault, to the west of Telegraph
Creek, has not been mapped either, but this trend coin-
cides with a strong west-trending magnetic anomaly (Fig-
ure 2).

TECTONIC SIGNIFICANCE

Both the Pitman and Iskut River faults display the an-
gular relationships, direction of offset, and amount of off-
set that are consistent with their development as antithetic
faults associated with major dextral fault offset during a
compressional regime (Figure 6).

Anithetic faults are minor, subsidiary faults which
form adjacent to larger faults that have developed due to
oblique compression or `transpression’ (Figure 6a). The
amount of displacement along an antithetic fault is always
minor compared to the displacement along the main fault;
this difference can be an order of magnitude or more. An-
tithetic faults typically occur as sets of parallel faults
(Figure 6b). The terms `tiling’ and `domino effect’ have
been applied to describe the sense of movement and the
accompanying minor block rotation (Nicolas, 1987;
McClay, 1987).

The conceptual models for antithetic fault geometry
and sense of movement shown in Figure 6 can be com-
pared to the actual fault patterns documented in
north-central British Columbia (Figure 7). The models
(Figures 6b and 6c) predict that, outside the present study

area, there should be additonal east-trending antithetic
faults crossing the Canadian Cordillera.

EXPLORATION SIGNIFICANCE

Knowledge of these faults can be applied to mineral
exploration work:

� Faults that pass near mineral deposits offset pro-
spective terrain. Determination of the direction and
amount of fault offset will enable exploration ef-
forts to focus on the offset block.

� North of the study area, east-striking faults are loci
for gold-quartz veins. This suggests that similar
Tertiary age structures elsewhere may be prospec-
tive for precious metal mineralization.

Fault Offset of Prospective Geology

Figure 9 shows the distribution of mineral occur-
rences that lie near the trace of the Pitman and Iskut River
faults. For stratabound deposits like the Eskay Creek
(MINFILE 104B 008) and the Rock and Roll (MINFILE
104B 377) volcanogenic massive sulphide deposits (Fig-
ure 5), calculation of the direction and amount of fault off-
set will permit re-location of faulted-off favourable stra-
tigraphy. For other deposit-types, resolution of fault
displacement will allow investigations to continue within
the offset segment of favourable geologic tracts.
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Exploration Example - Eskay Creek Camp

At the Eskay Creek minesite, the 21A deposit
subcrops at an elevation of 1000 metres. The Eskay Creek
precious-metal-rich ore deposits lie along the western
limb of a flat-lying to northeasterly-plunging anticline,
the Eskay anticline (Figures 4 and 10). In the mine area
this anticline plunges 25º on an azimuth of 040º. With this
plunge, the depth to the `ore horizon rhyolite’ increases by
about 450 metres for every additional kilometre of hori-
zontal distance (Figure 11).

If these angular relationships remain constant, the
anticline would be cut by the Iskut River fault zone 4.0
kilometres down-plunge to the northeast of the minesite,
at a depth below surface of about 2200 metres (Figures 10
and 11). Assuming the width of the Iskut River fault zone
as 4 kilometres based on the interval of the Leroy Creek
fault that is drag-folded (see Figure 10), and allowing for
a progressive (incremental) left-lateral offset totalling 6
kilometres across this fault zone based on the measured
offset between the Harrymel and the Forrest Kerr faults,
the northeastward projection of the Eskay Creek anticline
is predicted to exit the northern side of the Iskut River
fault zone underneath a steep east-facing slope located
7000 metres north of the 21A zone on a bearing of 354º
(Figures 10 and 11). Surface elevation at this point is 1300
metres - well above treeline. Just 600 metres northeasterly
from this point, along the projected 040º trend of the
Eskay Creek anticline, the topography drops down into a
s t r e a m d r a i n a g e w h i c h o f f e r s e x p o s u r e o f
stratigraphically lower units.

At this point the distance from surface to the pro-
jected depth of the fold nose within the ore horizon rhyo-
lite along the crest of the Eskay anticline is about 4000
metres (Figure 11). A program of mapping, deep-penetra-
tion geophysics and mercury geochemistry in this area
could provide information necessary to justify an explo-
ration drill program to a maximum depth of 4000 metres.
However, this calculated depth is too great for routine ex-
ploration drilling and too great for all but the deepest min-
ing scenarios. The two following arguments are presented
in favour of conducting exploration work on this hillside:

1. The Eskay anticline plunges northeastward at 25º in the
immediate mine area. South of the mine area the fold
axis flattens abruptly and the Eskay anticline is flat-ly-
ing for more than 30 kilometres to the southwest (Lewis,
1996; Alldrick and Britton, 1992; Alldrick et al., 1989).
If the fold axis of this anticline also rolls flat
down-plunge to the northeast of the minesite, then the
depth to the ore horizon rhyolite will be substantially
less than 4000 metres.

2. In the immediate mine area, the down-plunge extensions
of the orebodies have been tested by an extensive grid
drilling program. This work revealed that there are a se-
ries of minor southward-verging thrust faults to the
north of the mine that lift the ore horizon slightly closer
to surface than predicted by calculations based solely on
the measured plunge of the fold axis (T. Roth, pers.
comm., 1999).

Either or both of these situations would place the ore
horizon at a shallower depth below the proposed explora-
tion area than the depth of 4000 metres calculated in this
study.

Fault-Hosted Mineralization

Tertiary antithetic faults like the Iskut River and
Pitman faults may be prospective for precious-metal min-
eralisation. East-trending faults to the north of the study
area are loci for gold-quartz veins (Mihalynuk et al.,
1994, p.192; Smith et al., 1993, Smith and Mihalynuk,
1992, p.141). The western part of these structures, closer
to the Tertiary Coast Range batholith and its satellite
plutons, will be more prospective.

CONCLUSIONS

Low-angle oblique illumination of contoured federal
government aeromagnetic maps has revealed anomalies
that coincide with mapped regional-scale geologic struc-
tures. Faults identified in this study are key components
of the structural and tectonic history of the Canadian Cor-
dillera.

In the Iskut River area, these faults offset highly pro-
spective strata. Resolution of the direction and amount of
fault offsets enables focused, property-scale exploration
work to continue onto the offset block. Fault zones may
also be a locus for precious-metal mineralisation.
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Geology and Mineral Potential of the Ecstall VMS Belt
(NTS 103H, 103I)

By D.J. Alldrick and C.S. Gallagher

KEYWORDS: Economic geology, mineral potential,
geologic mapping, Central Gneiss Complex, Coast Belt,
VMS, sulphide, metavolcanic, greenstone, Devonian,
Scotia, Ecstall, Packsack, Prince Rupert.

INTRODUCTION

The mid-coast region of British Columbia, extending
between Prince Rupert and Bella Coola, hosts 31
volcanogenic massive sulphide (VMS) deposits (BC
MINFILE; Massey, 1999). A multi-year project will in-
vestigate the geologic setting of many of these prospects,
starting in the Ecstall VMS belt near Prince Rupert (Fig-

ure 1). The Ecstall belt is part of the Central Gneiss
Complex, an anastomosing network of high-grade meta-
morphic rocks enclosed by younger granitoid rocks of the
Coast Plutonic Complex (Figure 2).

The Ecstall belt extends 80 kilometres from the estu-
ary of the Skeena River to the Douglas Channel fiord
(Figures 2 and 3); width of the belt varies from 3 to 20
kilometres. The belt is equidistant from the northern com-
munities of Prince Rupert, Terrace and Kitimat (Table 1).
In addition to its proximity to tidewater and to these com-
munities, the Ecstall belt is close to the Yellowhead High-
way, the Skeena Railway line of VIARail and the national

Geological Fieldwork 1999, Paper 2000-1 249

SCALE

0 50 100 km

Y
Terrace

Kitimat

Y

Y

Y

Y

Prince Rupert

53 30’°

54 00’°

54 30’°
129 00’° 128 00’°

130 00’°131 00’°

103I103J

103H

Gareau, 1997

Alldrick &

Gallagher

2000

100 200 300 km0

I

L

E

D

M

L

E

J

G

P

I

H

A

P

I

H

A

P

I

H

P

I

H

A

P

H

A

P

P
O

M

M

L

E

D

M

L

E

D

M

L

E

O

J

G

B

O

J

G

B

O

J

G

O

J

G

B

O

J

G

B

O

N

K

F

N

K

F

C

N

K

F

C

N

K

F

N

K

F

F

C

114

104

94

103

93

83

102
92 82

103G

Figure 1. Location of the Ecstall belt in British Columbia.

ldegroot
1999



250 British Columbia Geological Survey

Terrace

Kitimat

Prince
Rupert

Bella
Coola

N

Coast Crystalline Belt Intermontane and
Insular Belts

Coast Plutonic Complex

Central Gneiss Complex

Ecstall Belt

Mesozoic Strata

200 km1501000 50

Figure 2. Geology of the mid-coast region of British Columbia, highlighting the location of the Ecstall metavolcanic belt within the Central
Gneiss Complex and the Coast Plutonic Complex.



power grid. The northern and southern ends of the belt
have established networks of logging roads.

Elevation ranges from sea level to 1760 metres.
Smooth undulating ridgecrests are flanked by steep
slopes characteristic of glaciated valleys. Despite this
precipitous terrain, it is possible to traverse the entire belt
from north to south without exceeding 125 metres eleva-
tion by traveling up the Scotia River valley and through
the pass at Big Falls Lake, then up the Ecstall River valley
and through the pass at Ecstall Lake and finally down the
Quaal River valley.

Rainfall is heavy; average annual precipitation at
Prince Rupert is 244 centimetres (96 inches). The combi-
nation of low elevation and proximity to the coast leaves
the valley bottoms free of snow through most of the year.
Dense coastal rainforest covers all but the steepest slopes
where bedrock is exposed in cliffs or along avalanche
shoots. Ridgecrests above 1100 metres elevation are free
of trees and shrubs.

In the late 1890s local Indians lead prospectors to the
exposed sulphide lenses of the Ecstall deposit in Red
Gulch Creek. This deposit was investigated intermit-
tently from 1900 to 1952 by a variety of companies. A re-
gional exploration program conducted by Texasgulf Inc.
in 1958 discovered the Scotia and Packsack deposits and
the Horsefly showing. For the last 20 years there has been
continuous exploration work on the properties in this
belt, carried out by a series of companies. Discovery of
the 14 other sulphide occurrences in the Ecstall belt are
the result of these recent exploration efforts.

Regional scale mapping in this area was conducted
by the Geological Survey of Canada from 1962 to 1966
(Roddick 1970a, 1970b; Hutchinson 1970, 1979, 1982)
and from 1987 to 1989 (Gareau, 1991a,b,c, 1997).
Woodsworth, Crawford and Hollister (1983) produced a
geological field trip guidebook for the Terrace - Prince
Rupert corridor.

University research projects within, adjacent to and
along strike from the Ecstall belt have investigated a wide
variety of geological features. These studies are reported
in theses by Padgham (1959), Money (1959), Eldridge

(1983), Krage (1984), van der Heyden (1989), Heah
(1991) and Gareau (1991a) as well as in published reports
by Hutchinson (1970), Brew and Ford (1978), Crawford
and Hollister (1982), Sutter and Crawford (1985), Rubin
et al. (1990), Heah (1990), Crawford and Crawford
(1991), McClelland et al. (1991a), McClelland et al.
(1991b), Gehrels et al. (1991a), Gehrels et al. (1991b),
Gehrels et al. (1991c), Samson et al. (1991), Gareau
(1991c), Drinkwater et al. (1993), Dusel-Bacon et al.
(1996) , Gehrels and Kapp (1998) , Gehrels and
Boghossian (in press) and Boghossian and Gehrels (in
press).

Regional scale studies of VMS deposits have re-
cently been completed by Newberry et al. (1997) and
Massey (1999). Property scale maps and reports prepared
by industry geologists between 1912 and 1999 are listed
with the individual property descriptions in the BC
MINFILE database.

Objectives of the current mapping program include:
establish a more detailed lithological breakdown within
the four stratigraphic packages documented by Gareau
(1997), study the relationships between this detailed
lithostratigraphy and the many mineral occurrences of
the belt, trace out prospective felsic volcanic strata, and
investigate a possible coeval relationship between the
Big Falls orthogneiss and the metavolcanic package. In
the 1999 field season, three weeks mapping was com-
pleted by a team of two. Work concentrated on mapping
rock-cuts along the extensive logging road network at the
north end of the Ecstall belt and along the Yellowhead
Highway and Skeena Railway.

REGIONAL GEOLOGIC SETTING

The geologic setting of the Ecstall belt is shown in
Figures 2, 3, 4 and 5. The Ecstall metamorphic belt is part
of the Central Gneiss Complex, an anastomosing network
of high-grade metamorphic rocks enclosed by younger
granitoid rocks of the Coast Plutonic Complex (CPC;
Figure 2). Together, these two complexes comprise the
Coast Belt. The following summary is adapted from
Greenwood et al. (1992) and Woodsworth et al. (1992).

Plutonic rocks make up more than 80% of the Coast
Belt; the remainder is granitoid gneiss, metasediments
and metavolcanics. Plutonic rocks of the CPC range in
age from Late Silurian to Eocene. In general the oldest
plutons are exposed along the western edge of the CPC
and the ages of plutons young progressively to the east.
Rocks range in composition from granite to gabbro, but
70% of all plutonic rocks lie within the compositional
range of tonalite-quartz diorite-diorite. Among the
circum-Pacific plutonic terranes, the CPC is the largest,
the most mafic, and the most deficient in K-feldspar.

In the Prince Rupert - Terrace region, intrusions of
different ages have extensive flat-lying `sills’ developed
along their eastern margins (Figure 4). In the Ecstall belt
north of Big Falls Creek and on Hawkesbury Island, these
sill-like apophyses are preserved as erosional remnants
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TABLE 1
KEY DISTANCES FOR DEPOSITS IN THE

ECSTALL BELT

Deposit: Scotia Ecstall Packsack

Elevation 758 m 182 m 242 m

Distance to:

Ocean 27 24 18

Estuary / Tidewater 15 6 15

Hydro Powerline 10 19 29

Highway 15 39 49

Railway 15 39 49

Prince Rupert 49 72 82

Kitimat 67 60 59

Terrace 84 93 98
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Figure 3. Geology and volcanic-associated massive sulphide occurrences of the Ecstall belt (simplified from Gareau, 1997).



on hilltops and ridgecrests (Gareau, 1997), where they
overlie and obscure prospective metavolcanic strata.

Metamorphic rocks of the Coast Belt typically occur
as screens or pendants surrounded or intruded by the
plutonic rocks (Figure 2). The Central Gneiss Complex is
composed of rocks ranging and age from Proterozoic
through Paleozoic. Remnants of Paleozoic metamor-
phism are preserved locally, while most regional meta-
morphic overprints are Mesozoic and early Tertiary in
age. Intense Cretaceous and early Tertiary metamor-
phism, deformation and plutonism have obscured evi-
dence of earlier events in many places. Most metamor-
phic effects can be attributed to regional metamorphism,

but contact metamorphism from the adjacent plutons can
also create a late metamorphic overprint.

The Prince Rupert - Terrace corridor is the most ex-
tensively studied and best understood area of the Coast
Belt. This is the most deeply exhumed part of the Coast
Plutonic Complex, and metamorphic grades range up to
kyanite-amphibolite, sillimanite-amphibolite and
granulite facies in different parts of this area. Within the
Ecstall metavolcanic belt, Gareau (1991a,c) has docu-
mented a southwest to northeast progression from lower
amphibolite facies to granulite facies, with most rocks
falling within the kyanite amphibolite (upper amphibo-
lite) facies (Figure 5).

The Devonian volcanic arc that evolved into the
Ecstall metamorphic belt likely developed in a similar
pe r i c r a ton i c t ec ton i c se t t i ng as the ex t ens ive
volcanosedimentary rocks of the Yukon-Tanana terrane
(Gareau, 1991a,c). The regional geologic history of the
Ecstall belt is summarized in Figure 6; Devonian volca-
nism and sedimentation and comagmatic intrusions, are
followed by three poorly-constrained phases of deforma-
tion and four well-dated plutonic episodes. The Jurassic
to Eocene plutonic and metamorphic history of the CPC
is consistent with a model of east-dipping subduction be-
n e a t h a s i n g l e , a l l o c t h o n o u s A l e x a n d e r -
Wrangellia-Stikinia superterrane, emplaced against
North America in Middle Jurassic time (van der Heyden,
1989).

GEOLOGY OF THE NORTHERN
ECSTALL BELT

Mapping in the 1999 field season covered road net-
works within the area outlined on Figure 3. Figure 7
shows the simplified geological map and legend.

Stratified Rocks

Unit 1 - Metavolcanics

Metavolcanic rocks of the Ecstall belt host all the
known mineral occurrences (Figure 3). This sequence is
the largest unit defined by Gareau (1991a), and extends
the entire length of the belt, averaging four kilometres in
thickness. Metavolcanic rocks are in gradational contact
with the Big Falls orthogneiss (Unit C) and with
metasedimentary rocks; contact relationships with other
units were not determined. The metavolcanic unit is het-
erogeneous. Biotite schist, hornblende-biotite schist and
semi-schist comprise 70% of the unit. Interlayered with
these lithologies are 100-metre-thick heterogeneous
lenses of pyrite-quartz-sericite schist, amphibolite,
quartzite and calcareous muscovite-biotite schist. The
continuity of these smaller lenses has not been confirmed,
but they may extend along strike for several kilometres.

Unit 1a - Mafic Metavolcanics

The hornblende-biotite schist is a black to greenish
black recessive rock that is fissile and commonly highly
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weathered. It is the thickest of the metavolcanic units, av-
eraging several hundred meters thickness, and displays
gradational boundaries with surrounding metavolcanic
and metasedimentary lithologies. Also present within the
mafic metavolcanics are lenses of resistant, homoge-
neous, black to rusty-coloured, garnet-hornblende am-
phibolite interlayered on a 5 to 20 metre scale.

Compositional layering is typically non-existent, or
is very weak and defined by discontinuous milli-
metre-thick laminae. The rock contains more than 50%
medium-grained biotite and 10% to 20% hornblende.
Granular, fine to medium grained plagioclase comprises
up to 20% of the rock and is typically polygonal. Dissemi-
nated pyrite locally constitutes up to 5% of the rock and
accessory skeletal garnet porphyroclasts are preserved.
Euhedral titanite, that makes up to 10% of some thin sec-
tions, is a common mineral associated with sulphide
grains. Titanite occurs as well defined layers, as radial
masses cored by pyrite, or as interstitial clusters or indi-
vidual grains. Epidote-hornblende knots or pods are com-
mon within this unit; when present these knots make up
5% to 15% of the rock. The schist locally displays discon-
tinuous, orange, medium-grained, calcareous lenses that
are highly recessive.

The abundance of hornblende and biotite and the lack
of quartz is consistent with a mafic volcanic protolith.
The lithologic heterogeneity observed in the unit sug-
gests a highly dynamic depositional environment. Dis-
continuous carbonate lenses appear to be primary and are
indicative of a subaqueous environment.

Unit 1b - Intermediate Metavolcanics

Hornblende-diopside-biotite-quartz-plagioclase
semi-schist is common along the east side of the Scotia
Main logging road (Unit 1b in Figure 7). The unit has a
minimum structural thickness of 200 metres and un-
known contac t re la t ionsh ips wi th sur rounding
lithologies. Gareau (1991a) concluded that this is the
dominant lithology in the northern part of the Ecstall belt.
Semi-schist is fine to medium grained, granular, well
indurated and weathers dark grey to black.

This quartz-plagioclase rock has medium-grained
biotite partings spaced 1 to 5 centimetres apart.
Plagioclase and diopside microlithons have 5% to 10%
interstitial biotite. Titanite occurs as euhedral interstitial
grains making up less than 2% of the rock. Fine to me-
dium grained prismatic hornblende, ranging from 5% to
10% by volume, is concentrated along biotite parting sur-
faces.

The presence of biotite semi-schist members within
the mafic metavolcanic schists marks a decrease in mafic
minerals, and an increase in quartz from near zero to 10%
to 20%. This mineral assemblage suggests that the
protolith was a metamorphosed intermediate volcanic
rock, or a volcaniclastic sedimentary rock.

Unit 1c - Felsic Metavolcanics

This heterogeneous unit is composed of pyritic
quartz-muscovite schist interlayered with 10 to 20 metre
thick bands of muscovite-bearing quartzi te and
hornblende-biotite schist. The unit is shown in Figure 7 as
two discontinuous lenses a few hundred metres in thick-
ness that have gradational boundaries with the surround-
ing metavolcanic unit. These two lenses are roughly on
strike with one another and may be a continuous layer.
Contacts with adjacent lithologies are typically sharp but
may be gradational over half a metre to a metre. Both
bands of felsic metavolcanics lie well east of the Scotia
VMS deposit; however, the southern lens of this unit is
host to the Friday the 13th showing.

Quartz-muscovite schist is a medium to coarse-
grained rock with significant sulphides, containing on av-
erage 10% to 15% pyrite. These rocks also locally display
relict clastic or fragmental volcanic textures. Primary
compositional layering, on a 1 to 10 centimetre scale, is
defined by alternating quartz and phyllosilicate layers.
Pyrite seams or layers, up to 4 millimetres thick, are con-
cordant with compositional layering and characterize the
lithology. Subhedral garnet, with an average diameter of
5 millimetres, is commonly associated with the
sulphides, as is bioti te . Chlori te can be seen in
handsample surrounding the garnet porphyroblasts.
Quartz-rich metasediments associated with the felsic
metavolcanic rocks are similar in composition and rela-
tionships as those described in Unit 2.

Pyritic quartz-sericite schists are interpreted as
metamorphosed felsic volcanic flows, tuffs and
fragmental rocks associated with subaqueous extrusion.
Local thin units (1 to 5 metres) of thinly laminated (1 to 2
centimetres) quartz-rich rock that grades into the sericite
schist likely share a volcanic origin and are likely meta-
morphosed chert.

Unit 2 - Quartzite and Quartz Schist

Metasedimentary rocks mapped in this study consist
dominantly of muscovite-bearing quartzite. This unit
may be correlative with the quartzite of Gareau
(1991a,b,c; 1997), shown as Unit 3 in Figure 7. The unit
rarely exceeds 200 metres thickness, but attains a maxi-
mum structural thickness of one kilometre in one loca-
tion. Quartzite is in gradational contact with the sur-
rounding metavolcanic unit.

Quartzite contains greater than 95% quartz and is
very well indurated, resistant, homogeneous, light to me-
dium grey, and fine to very fine grained. The rock typi-
cally weathers light grey, but is rusty red when pyrite is
present. The unit locally contains lenses of matrix-sup-
ported conglomerate composed of stretched metatonalite
and other granitoid cobbles with an aspect ratio of 10:2:1
or more. Finely laminated compositional layering is de-
fined by light grey quartz-rich layers alternating with
dark grey to black layers of quartz, biotite and graph-
ite(?). Pyrite commonly occurs along partings as dissemi-
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LEGEND

Mafic to intermediate gneiss. Biotite epidote hornblende mafic gneiss. Resistant, black to
greenish black rock. Commonly migmatitic in northern areas. Medium grained, granular.
Locally contains pyrite-, garnet- and diopside-rich boudins and lenses. Medium grained,
granular, light grey weathering biotite q-f gneiss is present in southern portions of unit.

METASEDIMENTARY ROCKS

Mixed metasedimentary rocks of the Khtada Lake area. Not mapped in this study. See
Hollister (1977, 1982) for description.

Quartzite Unit of Gareau (1997). Not mapped in this study. May be correlative with unit 2.

Quartzite and Quartz Schist: Quartzite is a light grey, resistant rock, >95% quartz. Fine
grained to very fined grained. Laminations of muscovite with trace to minor pyrite.
Interlayered with garnet-biotite-quartz schist in the southern map area

Mafic Volcanic Rocks: Hornblende biotite plagioclase schist ± pyrite ± garnet; dark black to
rusty red recessive and commonly fissile, rare discontinuous carbonate lenses,
homogeneous on outcrop scale, locally displays relict volcaniclastic tecture.

Intermediate Volcanic Rocks: Hornblende biotite quartz feldspar semi-schist ± epidote. Dark
grey to black medium grained rock. Resistant. Hornblende biotite rich partings on cm-

METAVOLCANIC ROCKS

Felsic Volcanic Rocks: Pyritic quartz-muscovite schist to semi-schist; ± garnet.
Fissile and recessive. Forms prominent gossans which can be traced across terrain.
Commonly associated with quartz-rich metasedimentary members within the metavolcanic
unit: garnet-biotite-quartz schist to phyllite, and muscovite quartzite interlayered on the 5-to-
10 metre scale with mafic and felsic metavolcanic rocks.

± biotite,

GNEISS

PALEOZOIC (Devonian?)

INTRUSIVE ROCKS

STRATIFIED ROCKS

TERTIARY - 56.8 +6/-0.1 Ma (Late Paleocene)

Quottoon Pluton: hornblende ± biotite tonalite to quartz diorite with abundant screens of
gneiss and common rafts of metasedimentary rock. Medium to coarse grained. Strongly
foliated throughout and locally lineated along western margin.

CRETACEOUS - 93.5 ± 1 Ma (early Late Cretaceous)

Ecstall Pluton Bd Bqd: Epidote hornblende biotite metadiorite ( ) to metaquartzdiorite ( ) and
granodiorite, with minor biotite hornblende quartz diorite. Medium to coarse grained.
Moderately foliated. Up to 5% fine to medium grained epidote is a characteristic feature.

DEVONIAN - 385 ± 4 Ma (Middle Devonian)

Big Falls Orthogneiss. Biotite hornblende meta-tonalite/trondhjemite ± garnet ± epidote.
Light grey, fine to medium grained. Texture varies from plagioclase augen gneiss to fine
grained plagioclase porphyritic gneiss to mylonite. Probably co-magmatic with the volcanic
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nations or semi-continuous laminae, not exceeding 5% of
the rock.

South of Big Falls Creek, quartzite is interlayered
with lenses of fine to very fine grained garnet-bio-
tite-quartz schist. The gradational contact between the
quartzite and schist is marked by quartz-rich rock with
partings of medium-grained biotite and rare subhedral
garnets ranging from 0.3 to 1.0 centimetres in diameter..

Unit 3 - Quartzite unit (from Gareau, 1991a)

This unit crops out northeast of the 1999 map area
(Figure 7). The quartzite is a large lens, up to two kilo-
metres thick, hosted entirely within the gneissic unit (Unit
5). Quartzite is in sharp contact with the surrounding
gneissic rocks. The map unit is described as a “white to
grey, locally pyritic quartzite, interlayered with lesser
amounts of biotite-hornblende gneiss, fissile mica schist,
black phyllite to meta-argillite, semi-pelite to pelite and
marble” (Gareau, 1991a, p.14). The quartzite is a
granoblastic rock; biotite is present in thin layers or part-
ings less than 1 millimetre thick, or as minor interstitial
grains. Accessory minerals are plagioclase, zoisite,
cummingtonite, muscovite and carbonate. Gareau
(1991a, p.14) concluded that these potassium and cal-
cium-rich accessory minerals are consistent with a
protolith of quartz arenite rather than chert.

Unit 4 - Metasedimentary rocks

Intensely deformed (Crawford et al . , 1987)
high-grade metasedimentary rocks of the Khtada Lake
area have been metamorphosed to granulite facies (Kenah
and Hollister, 1983). These are the highest grade meta-
morphic rocks of the Central Gneiss Complex (Green-
wood et al., 1992). No stratigraphic correlation has been
proposed for these rocks.

Unit 5 - Gneiss

A substantial belt of gneissic and locally migmatitic
rocks are exposed along the western margin of the Ecstall
metamorphic belt. Composition varies from buff weath-
ering, grey, quartz gneisses in the south to migmatitic bio-
tite-hornblende mafic gneisses in the north. Transition be-
tween the two lithologies is gradational over 300 metres.

Intermediate Gneiss

These light grey, well indurated and resistant gneiss-
es are most common in the central western portion of the
mapped area, northeast of Mt. Hayward. They occur as a
north-northwest-trending belt with a maximum structural
thickness of one kilometre.

Gneissic layering is defined by alternating medium
grey and light grey layers averaging 10 centimetres thick-
ness. Medium grey layers consist of medium grained,
granular quartz-plagioclase matrix with substantial bio-
tite and chlorite that make up 40% of the rock by volume.
Light grey layers consist of approximately 60% quartz
and minor plagioclase with up to 30% interstitial biotite.

Sparse pyritic laminae are associated with the light grey
layers.

Mafic Gneiss

Homogeneous, black to greenish black biotite
hornblende plagioclase gneiss occurs as a north-
west-trending belt with an average thickness of two kilo-
metres. Along the southern bank of the Skeena River an
extensive exposure of mafic gneiss is intruded by a swarm
of discordant pegmatite dikes and sills (Woodsworth et
al., 1983, p.27-29).

Gneissic layering is well defined and typically 10 to
1 5 c e n t i m e t r e s t h i c k , w i t h s h a r p b o u n d a r i e s .
Compositional layering alternates between mafic biotite-
diopside-hornblende to felsic biotite- quartz-plagioclase
layers . Mafic layers consis t of medium grained
hornblende rock (60% amphibole) with interstitial
plagioclase and minor biotite and garnet porphyroblasts.
Light grey layers consist of 20% quartz, 60% plagioclase
with interstitial biotite and hornblende. Minor bands and
pods of hornblendite and epidote-garnet-pyrite-diopside
and bands of migmatite were also noted. Hornblende am-
phibolite (hornblendite) layers, averaging 30 centimetres
thick, consist entirely of medium to coarse grained, black,
subhedral hornblende. Locally present are discontinuous
pods of pyrite, garnet, epidote and diopside, typically 10
to 15 centimetres thick. Light grey to white migmatitic
layers, several centimetres thick, occur as wavy discon-
tinuous bands within the gneiss and consist of coarse to
very coarse grained plagioclase and quartz.

The gneissic rocks lack relict igneous textures, such
as flow banding and porphyroclasts, that would indicate
an igneous protolith. The mineral assemblage of
plagioclase, biotite, hornblende and minor quartz is con-
sistent with a protolith of intermediate to mafic volcanic
rock or immature volcanic sediment.

Intrusive Rocks

Ponder Pluton

The Ponder Pluton crops out to the northeast beyond
the study area, but it is shown schematically in Figure 4.
This is a mid-Eocene (47 Ma) hornblende-biotite granite
to granodiorite, that may have been emplaced at a rela-
tively high level (Hutchison, 1982; Sisson, 1985).

Unit A - Quottoon Pluton

This major pluton was mapped north of the Skeena
River along the Yellowhead Highway. It is a long narrow
body that extends north through southeastern Alaska,
where it is called the “foliated tonalite sill” (Brew and
Ford, 1978; Gehrels et al., 1991a). The Quottoon Pluton is
a medium to coarse grained hornblende quartz diorite to
tonalite and is intensely foliated close to its contact with
the gneissic rocks of the Ecstall belt. Age determinations
from this extensive pluton span Late Cretaceous (80 Ma)
to mid-Eocene (43 Ma) time (van der Heyden, 1989,
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p.158-160), with Gareau’s (1991a, p.184-185) age of
56.8 Ma collected from a site closest to the present study
area.

Unit B - Ecstall Pluton

The Ecstall pluton is the largest of a series of mag-
matic-epidote-bearing plutons (Zen and Hammarstrom,
1984; Zen, 1985) in the western Cordillera called the
Ecstall Suite (Woodsworth et al., 1992, p.518-519).
Along the western margin of the map area (Figure 7), the
early Late Cretaceous Ecstall pluton is a large homoge-
neous biotite-hornblende diorite to quartz diorite. Age
determinations span 98 Ma to 64 Ma (Gareau, 1991a, Fig-
ure 3-1) with the six most recent analyses averaging 93.5
Ma (unpublished data from van der Heyden, 1991, cited
in Gareau, 1991a, p.161-164). The rock is weakly foli-
ated, medium to coarse grained and weathers to a black
and white, granular-textured surface. Foliation is defined
by preferentially oriented biotite and hornblende. The
rock is commonly equigranular, but locally displays
plagioclase porphyroclasts. Prominent crystals and ag-
gregates of magmatic epidote comprise 5% of the rock
and are associated with knots of biotite. Dark grey to
black mafic schlieren are common and parallel the folia-
tion within the rock. Medium grained, euhedral, transpar-
ent titanite is also present. Contacts are sharp and discor-
dant to the foliation. The eastern contact of the pluton is
also discordant to the regional trend of map units. No
chilled margin or contact metamorphic aureole was
noted.

Unit C - Big Falls Orthogneiss

The Big Falls Orthogneiss is a Middle Devonian (385
Ma; Gareau, 1991a) medium to coarse gra ined
epidote-biotite-hornblende metatonalite exposed in the
southeastern corner of the mapped area. It crops out as ho-
mogeneous and resistant light grey rock with a maximum
structural thickness of 3.5 kilometres. The unit is in
gradational contact with the surrounding metavolcanic
unit. This contact zone is several hundred metres wide
and characterized by decreasing grain size and increasing
biotite content outward from the orthogneiss.

Tex tura l va r ia t ions range f rom gne i ss ic to
porphyroclastic to mylonitic. Gneissic zones are tens of
metres thick with 5 to 10 centimetre bands of alternating
quartz-plagioclase and biotite-hornblende layers.
Porphyroclastic orthogneiss consists of 0.5 to 1 centi-
metre diameter plagioclase porphyroclasts in a medium
grey fine to medium grained matrix consisting of biotite,
hornblende, quartz and plagioclase. Minor epidote pods
and layers are common. Up to 2% garnet is locally pres-
ent. A 20-metre-thick mylonite zone crops out south of
Big Falls Creek. Within this zone, millimetre-scale
plagioclase porphyroclasts are set in a very fine grained
matrix.

The composition, homogeneity, and presence of
clear, colourless, euhedral zircons led Gareau (1991a) to
conclude that this tonalite orthogneiss is an intrusion. The

gradational contacts, showing a variation from medium
to fine grainsize, and incorporating an exposure of
fragmental volcanic rock at one location, are consistent
with a large coeval subvolcanic pluton which fed the sur-
rounding and overlying volcanic pile.

Structure

Rocks of the Ecstall belt are highly deformed and
characterized by a northwest-striking, steeply dipping to
vertical, transposition foliation that is defined by
near-parallel compositional layering and cleavage. Coax-
ial, map-scale, upright, F1 and F2 isoclinal folds and up-
right to inclined F3 open folds are identified in the belt.
Hornblende mineral lineations and stretching lineations
are steeply northwest to southeast plunging and have
been rotated through the vertical. Stereographic projec-
tions of structural data collected during the 1999 field
season are plotted in Figure 9. The relative timing of ther-
mal and dynamic metamorphic events deduced from
analysis of textures and mineralogy are shown in Table 2.

Foliation

The oldest foliation preserved is S0, defined by
sub-centimetre to centimetre scale compositional layer-
i n g t h a t i s i n t e r p r e t e d t o b e p r i m a r y. Wi t h i n
metasedimentary and metavolcanic units, S0 is character-
ized by quartz-plagioclase layers alternating with
phyllosilicate layers. Within intrusive bodies, S0 is lo-
cally preserved as alternating centimetre-scale mafic and
felsic layering (interpreted as primary flow-banding),
mafic schlieren and rafts or sheets of country rock.

S1 foliation is a penetrative cleavage defined by pref-
erentially oriented biotite, muscovite and possibly
chlorite within metasedimentary and metavolcanic rocks
and by preferentially oriented biotite within intrusive
rocks. S1 cleavage is axial planar to F1 isoclinal folds and
therefore is parallel to S0 compositional layering in F1

limbs, but S1 cleavage remains at a high angle to S0 within
F1 hinge areas (Figure 8).

Together these two foliations define a composite
transposition foliation known as St (Figure 8). This trans-
position foliation is defined by near-parallel S0 and S1

foliations, and by centimetre-scale intrafolial isoclinal F1

folds. Transposed metatonalite dikes, epidote-diopside
seams and pods, and sulphide seams also define St. St is
the northwest-trending regional foliation observed in the
belt, characterized by near-vertical to steeply southeast or
steeply northwest dips (Figure 9a). Along the Skeena
River, this regional foliation swings to a west-northwest
trend.

An S2 crenulation cleavage, defined by biotite and
minor chlorite, is observed in thin section in the hinges of
F2 minor folds. This cleavage is not visible in handsample
(or is not distinguishable from St in handsample) and is
not considered to be regionally significant.

The youngest foliation identified in the map area, S3,
is a local, medium grained, crenulation cleavage axial
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St - transposition foliation, N = 238
Intersection lineation, N=25

Mineral lineation, N=11

Stretching lineation, N=2

Boudin Axis, N=1

Pole to S transposition foliation, N=25t

0-1 Intersection Lineation, N=6

F Crenulation Lineation3

F Hinge, N=31

F Hinge, N=102
F Hinge, N=23

F Axial Plane, N=52

A. Poles to regional foliation (S ) for the study areat
B. Plot of linear data collected throughout the field area

C. Plot of fold axis and axial plane data for the study area.
D. Plot of regional foliations and intersection lineations

from a map scale F fold hinge.3

Figure 9. Stereonet plots for the northern Ecstall belt



planar to F3 crenulations. This foliation was only identi-
fied in outcrops of quartz muscovite schist (felsic meta-
volcanics) near the Friday the 13th showing in the south-
ern portion of the map area (Figure 7). S3 is defined by
preferentially oriented muscovite and minor biotite with
an average spacing of 1 to 2 centimetres.

Folds

Minor Folds

F1 minor folds are preserved as rare, rootless,
intrafolial, isoclinal hooks and sheared hinges that fold S0

compositional layering. They are near-vertical upright
folds with steeply northwest-plunging hinge lines and
near-vertical northwest-striking axial planes (Figure 9c).

These folds are subtle and are most readily observed on
highly weathered surfaces, or on folded veins or dikes. S1

cleavage is axial planar to these folds.

F2 minor folds are the most common folds recorded
and are preserved as near-vertical, upright, tight to isocli-
nal folds with a one centimetre to half-metre wavelength.
They fold St (both S0 compositional layering and S1 cleav-
age) and have steep northwest-plunging hinge lines and
steep west-dipping to vertical axial planes (Figure 9c). F2

folds differ from F1 folds by the lack of axial planar cleav-
age in the F2 hinge zones at outcrop or handsample scales.

F3 minor folds occur as open to tight, asymmetric,
parallel folds that fold St and the axial planes of F2 folds.
The scale of these folds ranges from 15 centimetres to
several metres. Hinge lines of the F3 folds are vertically
plunging (Figure 9c) with near-vertical axial planes that
are oblique to the regional foliation trend.

Major Folds

Vergence reversals of both F1 and F2 minor folds are
consistent with major folds. Two upright, steeply
north-plunging kilometre-scale F2 closures have been
outlined in the southern part of the map area near Big
Falls Creek (Figure 7). Half-kilometre scale F3 folds are
well documented throughout the study area. These folds
define a fold belt of northeast-vergent tight to open folds
with an average wavelength of 500 metres. They are up-
right to inclined folds with moderately southeast-plung-
ing hinge lines and moderately northeast-dipping axial
planes. Hinge zones of these folds are characterized by
moderately southeast-dipping St foliations and common
F3 m-folds (Figure 9d). These folds are responsible for
the shifts in the northwest-striking regional foliation.

Lineations

Intersection lineations within the belt are preserved
as S0-S1 bedding-cleavage lineations that are interpreted
to be parallel to F1 hinge lines. They are typically steeply
northwest plunging, but do shallow up and plunge moder-
ately to the north-northwest in the northern section of the
map area (Figure 9b). Intersection lineations appear to be
folded by F3 map-scale folds in hinge areas.

Mineral lineations are the second most common
lineation. These are best displayed in the metavolcanic
unit where hornblende is abundant. These lineations are
defined by fine to medium grained elongate to prismatic
hornblende present on biotite partings and on St surfaces.
The orientation of these lineations tends to mimic that of
the intersection lineations (Figure 9b).

Stretching lineations are recorded from elongate
clasts in the metasedimentary and metavolcanic units
near Big Falls Creek. The near-vertical clasts have a mini-
mum aspect ratio of 10:2:1. Stretched clasts illustrate the
high degree of strain that these rocks have undergone. It is
unlikely that stretching lineations defined by individual
minerals could have survived the annealing that these
rocks have undergone.
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Faults

Northwest-striking faults with relative sinistral off-
set have been identified in a few outcrops. These expo-
sures lie along northwest-trending linear topographic de-
pressions that are readily evident on airphotos and which
divert sections of stream drainages. There are many more
northwest-trending topographic lineaments that have no
confirmed association with faults, but these lineaments
are suspected to be localized along similar north-
west-striking sinistral faults.

Metamorphism

Evidence for two metamorphic episodes has been
documented (Table 2). The peak M1 mineral assemblage
within mafic rocks consists of garnet, biotite, hornblende
and titanite. Plagioclase compositions range from An40 to
An45. Siliceous and metasedimentary rocks have an M1

mineral assemblage of muscovite, biotite and garnet.
Kyanite and cordierite were identified in one pelitic layer
within the metavolcanic unit. These assemblages are con-
sistent with peak metamorphic conditions of upper am-
phibolite facies (Figure 5).

A regional retrograde metamorphic event (M2), is in-
terpreted from microscopic textures. Biotite is typically
surrounded by wispy, fine grained, randomly oriented
chlorite; remnant skeletal garnet porphyroblasts com-
monly display rims of matted chlorite.

Matrix grains of quartz and plagioclase lack any
sub-grains and undulatory extinction within quartz is
rare. Plagioclase feldspar noticeably lacks polysynthetic
strain twins in thin section. Triple-point boundaries are
common in quartz and plagioclase grains. Hornblende
also displays polygonal grain boundaries in one section.
The presence of polygonal matrix grains and the absence
of microstructures indicating ductile deformation is con-
sistent with a strong annealing event. This metamorphic
event is most likely Cretaceous to Eocene in age, synchro-
nous with intrusion of the Ecstall pluton or Quottoon
pluton.

Relative timing of metamorphic and deformation
events are constrained by an array of textural features. In
the hinges of F1 folds, M1 biotite and muscovite grains are
undeformed and are preferentially oriented parallel to F1

axial planes. In F2 hinges, the same mineral assemblage is
kinked and has been rotated parallel to F2 axial planes.
Relative timing of garnet growth with respect to S1 cleav-
age development remains ambiguous; garnets are ob-
served truncating S1 foliation, although S1 foliation most
commonly wraps around garnet porphyroblasts. Skeletal
garnets also commonly display sinusoidal inclusion trails
consisting of titanite and quartz grains.

Retrograde chlorite is randomly oriented. Chlorite is
also common on brittle fault surfaces suggesting that late
faulting occurred at greenschist facies conditions. The ex-
act relationship between retrograde chlorite growth and
D2 and D3 deformation could not be determined.

MINERAL DEPOSITS

Six styles of sulphide mineralisation were noted dur-
ing this initial field season:

� volcanogenic massive sulphide deposits: VMS
lenses, footwall stockworks and distal exhalite ho-
rizons have been described in the Ecstall belt

� felsic metavolcanics: pyritic quartz-muscovite
schist

� pyritic cert

� quartzite: greater than 95% granoblastic quartz,
with minor pynated along muscovite partings

� intrusive contacts: disseminated pyrite is distrib-
uted for a few to hundreds of metres into country
rock

� faults: minor pyrite is commonly disseminated for 1
to 3 metres into the wallrock trace to minor dissemi-
nated pyrite is typical of most lithologies. In
gneissic rocks, sulphides are concentrated in bands
or boudins

In addition to these types of sulphide occurrences,
some potential may exist for intrusion-related gold veins
(Au-lithophile element deposits; Pogo - Fort Knox type
deposits) associated with the mid-Cretaceous plutons and
plugs that intrude the Ecstall belt at several locations
(Gareau, 1997).

There are 18 mineral occurrences identified within
Ecstall belt rocks; three of these are deposits with re-
serves. Seventeen of these are described in MINFILE, the
remaining showing was discovered by Bishop Resources
Ltd. during the 1999 field season. Industry geologists
have classified all these occurrences as volcanogenic
massive sulphides or related deposits such as footwall
stockwork zones or distal exhalite horizons. These occur-
rences are spread over a 42 kilometre strike length, but all
lie within the metavolcanic rock sequence of the Ecstall
belt (Figure 3, and Unit 1 of Figure 7).

The following descriptions of the three largest depos-
its are summarized from MINFILE; reserves for these de-
posits are summarized in Table 3.
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TABLE 3
RESERVES FOR ECSTALL BELT DEPOSITS

PROPERTY SIZE Cu Pb Zn Ag Au

(mT) % % % g/T g/T

Scotia 1,240,000 0.1 0.4 3.8 13.0 0.25

Ecstall 6,349,700 0.6 2.5 20.0 0.5

Packsack 2,700,000 0.5 0.01 0.2 34.0 0.3

TOTAL RESOURCE 10,289,700 0.5 0.05 2.1 22.8 0.4



Scotia (103I 007)

The Scotia property is underlain by felsic gneiss,
mafic gneiss and amphibolite. Deformed Zn-Ag-Pb-Au
volcanogenic massive sulphide mineralization occurs in
three stacked lenses extending over a 230-metre strike
length, mainly within felsic gneiss. These three lenses
may lie within parallel limbs of an overturned isoclinal
fold. Massive sulphide widths range up to 11 metres. The
sulphide zones strike 160 degrees, dip 40 degrees south-
west and plunge 9 degrees south. Exposed in a south-fac-
ing cliff, the deposit is open along strike to the northwest
and down dip to the southwest. Sulphide minerals include
sphalerite, galena, pyrite, pyrrhotite, bornite and chalco-
pyrite.

Ecstall (103H 011)

The Zn-Cu-Ag-Au Ecstall deposit occurs in hydro-
thermally altered metavolcanic rocks. Two tabular, con-
cordant, en echelon bodies, the North Lens and South
Lens, consist of pyrite with minor chalcopyrite and
sphalerite and lesser pyrrhotite, marcasite and galena.
The two lenticular bodies of massive pyrite strike north,
dip steeply east and plunge steeply south. The North Lens
measures 300 x 150 x 30 metres. The South Lens mea-
sures 400 x 360 x 7 metres. A smaller deposit occurs 760
metres north of the North Lens, where a 30 x 2.4 metre
lens of massive pyrite is exposed.

Property-scale exploration by Falconbridge in 1986
indicated significant stockwork copper mineralization in
felsic rocks south of the Ecstall River in the Thirteen
Creek area. This stockwork mineralization was inter-
preted as a possible feeder zone to a volcanogenic mas-
sive sulphide deposit.

Packsack (103H 013)

Two massive sulphide bodies, 170 metres apart along
strike, occur within quartz-sericite schist associated with
a 30-metre-wide shear zone. Disseminated pyrite is com-
mon throughout the quartz-sericite schist which has been
traced continuously for 600 metres along strike. The de-
posits average 4 metres in thickness. The southern lens,
up to 6 metres thick and traced for 365 metres, consists of
massive pyrite with minor chalcopyrite, chalcocite and
sphalerite. The northern lens is up to 0.6 metres thick

EXPLORATION AND MINERAL
POTENTIAL

All eighteen VMS prospects of the Ecstall belt crop
out. These showings have been located despite the fact
that rock exposure throughout this belt is limited, thus the
potential for discovery of additional deposits in the over-
burden-covered areas of this highly prospective belt are
excellent. All discoveries have been achieved without the
aid of regional-scale geological maps, geophysical sur-
veys or geochemical surveys - standard exploration tools
which have been particularly successful in the search for

blind (subcropping or deeply buried) VMS deposits else-
where.

Most showings have been discovered over the last 15
years from follow-up of property-scale stream sediment
geochemical surveys. These geochemical surveys have
not yet covered the whole of the prospective metavolcan-
ic rocks of the belt. Moss-mat geochemical surveys con-
ducted for the past three years have returned superior re-
sults compared to duplicate samples collected from
stream sediments (A. Birkeland, Arnex Resources Ltd,
personal communication).

Geological reconnaissance work and prospecting
programs by companies have been intermittent and cover
only portions of the belt. This point is exemplified by the
Friday the 13th Zn-Cu showing, discovered this season
during follow-up of stream sediment and moss-mat sur-
vey anomalies . The prospect was located in an
eight-year-old logging road-cut where it is exposed as a
50-metre-long highly gossanous band, now heavily over-
grown by roadside brush. For most of the last decade the
three major deposits and adjacent ground have been held
by three separate, competing companies and no compari-
son or synthesis of the detailed geological information
collected around each deposit has been attempted. Acom-
pany program designed to trace prospective pyritic
quartz-sericite units through the central and northern
parts of the belt commenced this season, but has limited
funding.

No reference to chert has been found in geologic re-
ports reviewed to date, yet two exposures were identified
during the short 1999 field season - both exposures were
strongly (> 5%) pyritic and part of the felsic metavolcanic
package. These units record periods of prolonged exhala-
tive activity in quiescent conditions and deserve careful
follow-up.

Recent global research into the geologic setting of
VMS deposi t s have s t ressed the impor tance of
subvolcanic plutons of tonalite/trondhjemite as the heat
source which concentrates VMS deposits at the overlying
paleosurface (Galley, 1996; Large, 1996). An exploration
program could be designed to investigate Gareau’s
(1991a,c) conclusion that the major Middle Devonian
tonalite/trondhjemite pluton within the Ecstall belt, the
Big Falls orthogneiss, is the coeval subvolcanic magma
chamber that fed the volcanic pile.

Ground electromagnetic (EM) surveys carried out
over known deposits generate clear anomalies that have
been used to guide drilling on the prospects. This con-
firms that regional airborne geophysical surveys can also
be effective in this belt, in contrast to many of the VMS
districts of the Cordillera where highly conductive carbo-
naceous sedimentary rock masks the expected responses
from sulphide accumulations.

Deposits discovered to date have significant tonnage
but overall low base metal grades (Table 3). However, the
higher grade section of the Scotia deposit has reserves of
224,000 tonnes grading 12.2% Zn, 1.2% Pb, 0.2% Cu, 23
g/t Ag and 0.55 g/t Au, indicating good potential in this
belt for VMS deposits of economic size and grade.

Geological Fieldwork 1999, Paper 2000-1 263



CONCLUSIONS

The Ecstall metavolcanic belt is a classic VMS-rich
greenstone belt. This Devonian age volcano-sedimentary
complex is clearly underexplored with excellent potential
for discovery of additional prospects and good potential
for discovery of economic Zn-Cu-Ag-Au VMS deposits.
With regional exploration work still at a relatively early
stage, exploration success can be expected from programs
ranging from prospecting, to regional stream geochemis-
try, to airborne geophysics, to regional-scale and prop-
erty-scale geologic mapping. Despite its location in the
heart of the rugged Coast Mountains the district has admi-
rable access and proximity to infrastructure.
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A Synopsis of Iron Oxide ± Cu ± Au ± P ± REE
Deposits of the Candelaria-Kiruna-Olympic Dam Family

By Gerald E. Ray and David V. Lefebure

KEYWORDS: Economic geology, mineral deposit model,
Olympic Dam, Candelaria, Kiruna, iron oxide, magnetite,
hematite, copper, apatite, deep-seated structures.

INTRODUCTION

The Fe oxide-rich family summarized in this synop-
sis includes a wide spectrum of deposits whose only ma-
jor common characteristic is the presence of abundant he-
matite and/or low Ti-bearing magnetite. These deposits
exhibit highly varied styles of mineralization, alteration
and chemistry, and they occur in geological settings that
range from rifted continental crust to volcanic-arc envi-
ronments. Consequently the validity of the family as a
deposit classification is still controversial. It could be ar-
gued, for example, that the Australian Cu-U-Au-Ag
Olympic Dam deposit is so unique that it has little in com-
mon with the sulphide-poor, magnetite-only deposits
such as El Romeral in Chile. Conversely, like the
well-known skarn family which also includes a spectrum
of equally diverse deposits, the Fe oxide family may
prove to be a valid grouping, as advocated by Hitzman et
al (1992), Williams (1999) and other workers. It is hoped
that this synopsis will, among other things, stimulate de-
bate on this question.

SYNONYMS

Synonyms for this class of mineral deposits include:
Olympic Dam, Kiruna, Ernest Henry or Candelaria types;
iron oxide breccias and veins; apatite iron ore; volca-
nic-hosted magnetite; iron oxide-rich deposits; Protero-
zoic iron oxide (Cu-U-Au-REE) deposits.

COMMODITIES

The important economic commodities in these de-
posits are Fe, Cu, Au, Ag, U and P. There is also a poten-
tial for byproduct REE’s, Ba, Mo and Co.

EXAMPLES

Olympic Dam (Gawler district, South Australia); Er-
nest Henry, Osborne (Cloncurry district, Australia);
Kiirunavaara (Kiruna district, Sweden); Candelaria,
Punta del Cobre, El Algarrobo, Boqueron Chanar, Manto
Verde and El Romeral (Chilean Iron Belt); Monterrosas,

Eliana, Raul, Condestable, Marcona (Peru); Cerro de
Mercado (Durango district, Mexico); Pea Ridge, Pilot
Knob and Boss-Bixby (Missouri, USA); Sue-Dianne and
Great Bear (Northwest Territories, Canada); Wernecke
Breccias (Yukon, Canada); Iron Range (082FSE014 -
028, British Columbia); Vergenoeg (South Africa);
Mangula (Zimbabwe); Shimyoka, Kantonga, and
Kitumba prospects (Mumbwa district, Zambia); Bafq
(Iran).

Other possible examples include the Heff prospect
(092INE - 096, British Columbia), Salobo and Igarape
Bahia (Carajas district, Brazil), and the Bulagidun pros-
pect (North Sulawesi, Indonesia).

CAPSULE DESCRIPTION

Hydrothermal hematite and/or low-Ti magne-
tite-rich mineralization which may be hosted by sedimen-
tary, igneous or metamorphic rocks. These deposits ex-
hibit a wide range of morphologies, including multiphase
breccia pipes and sheets, veins, stockworks, diatremes
and both concordant and crosscutting tabular bodies.
Mineralization varies from sulphide-poor magnetite±ap-
atite ore bodies (e.g. Kiirunavaara, El Algarrobo, El
Romeral) to more sulphide-rich hematite±magnetite de-
posits±Cu±Au±Co±U±REE’s (e.g. Olympic Dam, Er-
nest Henry and Candelaria).

TECTONIC SETTING

Proterozoic deposits are found in rifted cratonic set-
tings whereas many Phanerozoic examples lie close to
major linear structures in an Andean, continental margin,
volcanic arc setting.

DEPOSITIONAL ENVIRONMENT/
GEOLOGICAL SETTING

The depth-range in which these deposits form is un-
certain. Some deposits (e.g. Salobo) may have developed
in a very shallow, possible exhalite environment; others
(e.g. Olympic Dam; Cerro de Mercado) formed at near
surface levels <1 km), whilst depths down to 6 km are
speculated for some magnetite-albite dominated systems
(Oreskes and Hitzman, 1993). Deposits are commonly
associated with long-lived brittle-ductile fractures, nar-
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row grabens or rifts that may, in part, be coeval with
host-rock deposition.

AGE OF MINERALIZATION

Proterozoic to Tertiary. Many of the better known
deposits are mid-Proterozoic (1.2 to 1.9 Ga). However,
the Chilean and Peruvian Iron Belt examples are of Creta-
ceous age.

HOST/ASSOCIATED ROCK TYPES

The Fe oxide mineralization crosscuts, or is conform-
able with, a wide variety of sedimentary, igneous and
metamorphic rocks, including mafic flows, felsic volca-
nic breccias, tuffs, clastic sedimentary rocks, granites,
gabbros, diorites, granodiorites and syenites. Prograde
garnet-pyroxene±scapolite skarn mineral assemblages
may develop where the fluids are Ca-rich and high tem-
perature, or where reactive calcareous host-rocks are
present. Some deposits are associated with very coarse
grained actinolite-apatite veins and breccias (crystals >3
cm long), and large volumes of sediment-hosted hema-
tite-rich “ironstone” or iron oxide-bearing volcanic
rocks.

DEPOSIT FORM

Highly variable. Sub-horizontal to steeply inclined,
discordant to concordant pod-like zones, dike-like veins,
lenses, tabular bodies, pipes and stockworks. The
iron-rich veins and tabular zones may reach hundreds of
metres in width and have a strike length of many kilo-
metres.

TEXTURE/STRUCTURE

The Cu-Au mineralization may be hosted in the Fe
oxide matrix as disseminations, micro-veinlets and as
rare mineralized clasts. Textures indicating replacement
and microcavity filling are common (e.g. tuff lapilli may
be selectively replaced by iron oxides). Intergrowths be-
tween minerals are noted. Hematite and magnetite may
display well developed crystals, interlocking mosaics,
and tabular or bladed textures. Hematite varies from
specular to massive to botryoidal (kidney ore). Some de-
posits are characterized by matrix-supported hydrother-
mal, polymictic and multiphase breccias. Breccia tex-
tures are highly variable; they may grade from core zones
containing 100% Fe to weakly fractured and Fe-veined
host-rock on the margins. Breccias may be difficult to
recognize in hand sample as the same apparent Fe oxide
phase may comprise both the fragments and matrix.
Many breccias contain clasts of magnetite, hematite,
fresh to altered country rock, quartz, calcite and older
breccia material supported in a matrix of younger iron ox-
ides and /or calcite. If Ca-rich host-rocks are present,
fragments of garnet-pyroxene±scapolite skarn over-

grown by iron oxides may be seen. Breccia fragments are
generally angular to sub-angular although rounded and
mechanically milled clasts are not uncommon. They
range up to >10 m in diameter, but tend to be <15 cm wide.
Contacts with the unbrecciated host-rocks are frequently
gradational over scale of centimetres to metres. Hematite
breccias often display a diffuse wavy layered texture of
red and black hematite, and some microbreccias have
thin , hair- l ike veins of hemat i te . Replacement
(pseudomorphing) of early magnetite by hematite
(martite) may be a common feature.

ORE MINERALOGY

These vary from low sulphide-bearing magnetite-ap-
a t i t e d e p o s i t s w i t h a c t i n o l i t e ± p y r o x e n e ( e . g .
Kiirunavaara, El Romeral) to more sulphide-rich,
polymetallic hematite-magnetite deposits (e.g. Olympic
Dam, Candelaria). The principal ore minerals are hema-
tite (includes specularite, botryoidal hematite and
martite), low-Ti magnetite, bornite, chalcopyrite,
chalcocite and pyrite. Subordinate minerals include
digenite, molybdenite, covellite, native copper, carrolite,
cobaltite, Cu-Ni-Co arsenates, pyrrhotite, pitchblende,
uraninite, coffinite, autunite, brannerite, bastnaesite,
monazite-xenotime, florencite, native silver and gold and
silver tellurides. At Olympic Dam, the native gold,
uraninite, coffinite, bastnaesite and florencite are very
fine grained; gold is disseminated either in the breccia
matrix or as inclusions in the sulphides whereas
bastnaesite and florencite occur in the matrix as grains,
crystals and crystal aggregates.

GANGUE MINERALOGY

Gangue is intergrown with ore minerals as veins, as
clasts in breccias or as disseminations. Principal gangue
minerals include albite, K-feldspar, sericite, carbonate,
chlorite, quartz, amphibole, pyroxene, massive silica, bi-
otite and apatite. Lesser amounts of fluorapatite, fluorite,
barite, epidote, rutile, titanite, monazite, ilvaite, tourma-
line and allanite may also occur. The amphiboles include
hastingsite and tschermakitic varieties as well as Cl-rich
hornblende. Hematite breccias are frequently cut by
veins, up to 10 cm wide, containing fluorite, barite, sider-
ite, hematite and sulphides.

ALTERATION MINERALOGY AND
ZONING

Hitzman et al. (1992) note that at greater depths, al-
teration in these systems comprises large (>1 kilometre
wide) zones of Na-Fe metasomatism (early albite-
actinolite-magnetite, apatite and late epidote); if Ca-rich
host-rocks are present, Fe-rich garnet-clinopyroxene
±scapolite skarn assemblages may form (e.g. Heff pros-
pect, British Columbia; Candelaria, Chile; Kiruna, Swe-
den; Shimyoka and Kantonga prospects, Zambia).

268 British Columbia Geological Survey



Overlying the Na-Fe alteration, at intermediate
depths, are extensive haloes of K-Fe-rich alteration
(K-feldspar, secondary biotite, sericite, magnetite,
actinolite, chlorite); intense chloritization may result in
almost total destruction of the hydrothermal biotite. The
upper parts of the hydrothermal systems tend to be
marked by lower temperature Si-Fe-K assemblages (mas-
sive silica-quartz-sericite-specular hematite-chlorite).

Olympic Dam has intense sericite and hematite alter-
ation with increasing hematite towards the centre of the
breccia bodies at higher levels. Close to the deposit, the
sericitized feldspars are rimmed by hematite and cut by
hematite veinlets. Adjacent to hematite breccias the feld-
spar, rock flour and sericite are totally replaced by hema-
tite. Chlorite or K-feldspar alteration predominates at
depth. Quartz, fluorite, barite, carbonate, rutile,
orthoclase and epidote are also present.

The Kiruna orebodies contain scapolite and albite
with actinolite-epidote alteration in the mafic wallrocks;
up to 20 wt % apatite is also reported. Some Chilean and
Peruvian Phanerozoic examples contain tourmaline (e.g.
Manto Verde, Monterrosas) and this mineral also occurs
at Kiirunavaara and Olympic Dam.

WEATHERING

In certain weathering environments, pervasive ka-
olin-clay alteration may develop as well as some
supergene alunite veins. In arid environments, a blanket
containing secondary Cu, Cu-Mn and U phosphates, ox-
ides, sulfates and chlorides may be present (e.g. tur-
quoise, torbernite, brochantite, antlerite, atacamite).
Supergene enrichment of Cu and U is possible; examples
include the pitchblende veins in the Great Bear Magmatic
Zone.

ORE CONTROLS

There are strong structural ore controls in most de-
posits although in some (e.g. Candelaria) stratigraphy
also plays an important role. Deposits are hosted by rocks
adjacent to brittle-ductile fractures or narrow grabens
tha t have undergone repeated t ranscurrent and
extensional movement. They may cluster along linear ar-
rays more than 100 km long and >10 km wide and be
spaced 10-30 km along the trend. Many older deposits
(e.g. Kiirunavaara, Olympic Dam, Ernest Henry) are
hosted by mid-Proterozoic continental crustal rocks and
past exploration has focused largely on fractures that cut
these packages. However, recognition of younger depos-
its (e.g. Bafq, Chilean and Peruvian Iron Belts) demon-
strates that fault zones in Phanerozoic volcanic arcs are
also important exploration targets.

GENESIS

Recent work (e.g. Oreskes and Einaudi, 1990;
Hitzman et al., 1992; Oreskes and Hitzman, 1993;

Borrok et al., 1998; Gow et al., 1994) suggests that these
deposits are hydrothermal in origin. However, there is
disagreement about this interpretation and whether or not
these diverse orebodies should be grouped as a single de-
posit type. Barton and Johnson (1996) suggest that
evaporites provided a source for chlorides and the sodium
alteration in some deposits; this involves a process of
non-magmatic fluids circulating through evaporites, and
being drawn into an intrusion-centered hydrothermal sys-
tem. A magmatic-volcanic (syngenet ic) versus
epigenetic origin of the Kiruna (Sweden) and El Laco
(Chile) magnetite mineralization is still hotly debated
(e.g. Parak, 1975; Nystrom and Henriquez, 1994). In
some cases the mineralization appears to be younger
than, and unrelated to the hosting igneous rocks (e.g. Er-
nest Henry, Candelaria), but recent studies at Olympic
Dam (Johnson and Cross, 1995; Campbell et al., 1998)
suggest that the hosting granite is only slightly older
(circa 8 Ma) than the mineralization. Sm-Nd data from
Olympic Dam (Johnson and McCulloch, 1995) indicate a
mantle-derived origin for the mineralization. However,
many examples lack an identifiable plutonic source;
hence the origin of the hydrothermal fluids and composi-
tion of the assumed parent magmas are unknown.

ASSOCIATED DEPOSIT TYPES

O n a w i d e d i s t r i c t s c a l e , t h e s e F e o x i d e ±
Cu±Au±REE deposits may be associated with volca-
nic-hosted U orebodies, alkaline and calc-alkaline por-
phyry Cu-Au deposits, supergene U and/or Cu blankets or
veins, and hematite-rich massive iron-stones. Some
sedex-type Pb-Zn-Ag deposits are found in the same geo-
logical setting as Fe oxide deposits, although there is no
proven genetic relationship. Examples of this broad re-
gional association include Broken Hill and Olympic
Dam, Mount Isa and Ernest Henry (Australia), Kabwe
and the Shimyoka, Kantonga, and Kitumba prospects
(Zambia), and Sullivan and the Iron Range prospect
(British Columbia). In the latter case, however, the age of
the Iron Range prospect relative to the Sullivan deposit is
unknown.

COMMENTS

Hitzman et al. (1992) note that the magnetite in these
deposits is generally low in Ti (<0.5% TiO2), in contrast
to the magnetite associated with anorthosites, gabbros
and layered mafic intrusions. Some carbonate-hosted Fe
oxide-Cu-Au±REE deposits with a skarn gangue resem-
ble calcic island-arc Fe skarns; both deposit types contain
low-Ti magnetite, Fe-rich and Mn-poor garnets and
hedenbergitic clinopyroxenes, and sporadic Cu, Au and
Co geochemical anomalies. Also, both types tend to have
early albitic alteration, sporadic younger K-feldspar de-
velopment and similar textures (hydrothermally
brecciated magnetite and magnetite veins and dikes).
Unlike Fe oxide-Cu-Au deposits, however, island-arc Fe
skarns are strongly controlled by pluton margins, they
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contain relatively little hematite and lack anomalous
REE’s and U.

GEOCHEMICAL SIGNATURE

Anomalously high values for Fe, Cu, U, Au, Ag, Co,
REE’s (Ce, La, Nd, Pr, Sm, Gd)±P±F±B±Mo±Y±As ±Bi
±Te±Mn ±Se and ±Ba in associated rocks and in stream
sediments. The light REE’s tend to be concentrated in
minerals such as allanite, epidote, bastnaesite, florencite,
monazite, xenotime or apatite.

GEOPHYSICAL SIGNATURE

Large positive gravity anomalies related to the Fe ox-
ides. Regional aeromagnetic anomalies related to magne-
tite and/or coeval igneous rocks. Radiometric anomalies
(detectable by ground and airborne gamma-ray spectrom-
eter surveys) occur with polymetallic deposits containing
U mineralization or K alteration. IP was a useful tool in
exploring the Candelaria deposit (Ryan et al., 1995).

OTHER EXPLORATION GUIDES

Promising areas are those with narrow rift structures
and deep-seated brittle-ductile fault zones. Favorable fea-
tures along such structures include the presence of: (1)
extensional or trans-tensional movement, (2) zones of al-
bite, K-feldspar, sericite, chlorite, apatite, epidote, tour-
maline, fluorite, actinolite, garnet±pyroxene±scapolite
skarn or silica-rich alteration, (3) Fe oxides, particularly
in breccias , s tockworks and veins , (4) sodic or
potassically-altered intrusions, (5) U oxides and/or
REE-enriched alteration, and (6) secondary Cu phos-
phates. The favorable linear belts may exceed 100 kilo-
metres in length and be tens of kilometres wide.

TYPICAL GRADE AND TONNAGE

Deposits may exceed 1000 Mt grading >20 % Fe. Re-
serves for the following deposits are:

� Olympic Dam - 2000 Mt grading 1.6% Cu, 0.06%
U3O8, 3.5 g/t Ag and 0.6 g/t Au with a measured
and indicated resource in a large number of differ-
ent ore zones of 450 Mt grading 2.5% Cu, 0.08 %
U3O8, 6 g/t Ag, 0.02% Co and 0.6 g/t Au with
~2000 g/t La and ~3000 g/t Ce (Reeves et al.,
1990);

� Ernest Henry - 166 Mt averaging 1.1 % Cu and 0.5
g/t Au (quoted in Williams, 1999);

� Sue-Dianne - 8.16 Mt averaging 0.8% Cu, up to 150
ppm U and locally significant gold (Gandhi, 1989);

� Kiruna district - > 2000 Mt grading 50-60% Fe and
an average apatite content of 0.9 % (quoted in Wil-
liams, 1999);

� Candelaria - 366 Mt averaging 1.08 % Cu, 0.26 g/t
Au and 4.5 g/t Ag (Ryan et al., 1995).

ECONOMIC LIMITATIONS

The larger, sulphide-poor Fe oxide deposits are a po-
tential economic source for Fe and P in areas with easy ac-
cess and existing infrastructure. However, the more sul-
p h i d e - r i c h F e o x i d e d e p o s i t s w i t h C u - A u - A g
mineralization are currently more attractive economi-
cally.

IMPORTANCE

These deposits continue to be significant producers
of Fe and represent an important source of Cu, Au, P, U
and possibly REE’s.
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The Heff Prospect at Heffley Lake, South-Central B.C. (092INE096):
An Unusual Example of a Mafic-ultramafic-related

Cu-Au-REE-Bearing Magnetite Skarn

By G.E. Ray and I.C.L. Webster

K E Y W O R D S : H e f f P ro s p e c t , H e f f l e y L a k e ,
Magnetite-Cu-Au-REE skarn, Garnet-pyroxene skarn,
Alaskan-type mafic-ultramafic pluton, Heffley Creek
Pluton, Candelaria-Ernest Henry-Fe oxide deposits,
Geochemistry, Economic geology.

INTRODUCTION AND LOCATION

The Heff prospect (also known as Iron Range, Hal
and Mesabi claims, B.C. MINFILE No. 092INE096) is
located on the north side of Heffley Lake, approximately
26 kilometres northeast of Kamloops. It lies within the
Intermontane Belt and is hosted by calcareous metasedi-
ments of the Quesnel Terrane (Figure 1) and younger
mafic intrusive rocks. The road between the township of
Heffley Creek and the Sun Peaks ski resort passes imme-
diately south of the property (Figure 2).

In the summer of 1999 the authors spent 15 days
mapping and sampling the property and its surrounding
area (Figure 2). Previous sampling had revealed anoma-
lous quantities of REE’s in the Heff magnetite skarn (Ray
and Webster, 1997); the recent seasons’ study was part of
a program to investigate the potential for Fe-ox-
ide-Cu-Au-REE mineralization of the Candelaria-Ernest
Henry types (Hitzman et al., 1992; Ryan et al., 1995;
Marschik and Fontboté, 1996; Williams, 1999; Ray and
Lefebure, 2000) in British Columbia. Work included geo-
logical mapping at 1:5 000 scale of a 2.5 km2 area contain-
ing the skarn alteration and mineralization, using a previ-
ously cut exploration grid. In addition, a 30 km2 area
surrounding the property was mapped at a scale of 1:20
000 (Ray and Webster, 2000)

This report presents the preliminary conclusions of
the mapping program together with assay results of min-
eralization and whole rock chemical data of some intru-
sive rocks. An Alaskan-type mafic-ultramafic pluton and
several Cu occurrences were discovered (Figure 2; Ray
and Webster, 2000). The results of on-going work to ex-
tract conodont microfossils from the limestones and com-
plete microprobe analyses of the skarn mineralization
and alteration will be published at a later date.

PREVIOUS WORK

Past exploration and drilling have been concentrated
in a poorly exposed area that lies at the base of a series of

northwest trending limestone cliffs, immediately north of
Heffley Lake (Figure 2). Since the early part of this cen-
tury the property has undergone several name changes,
and there are discrepancies in the records regarding some
past exploration and drilling.

Copper mineralization was first noted in 1915
(MMAR, 1916) when the lake was then known as
“Hefferly Lake”. The Lake View and Monarch claims
were staked and trenched, and samples containing up to
51 percent Fe and trace Cu and Au were noted. By the
1940’s, more trenches had been cut on the “Iron Range
Group” property. In the early 1960’s the prospect was
known as the HAL group. At least four diamond
drillholes totalling 250 metres were completed in 1966
but only one hole was reportedly sampled and assayed
(Casselman, 1980; Arseneau, 1997). Two additional
holes apparently did not hit bedrock and were abandoned.
The drilling intersected over 10 metres of massive mag-
netite and another 4.5 metres thick zone of semi-massive
magnetite with chalcopyrite; the latter zone graded 1.67
percent Cu and 0.48 g/t Au. From this work, a resource of
63 Mt grading 30 percent Fe was calculated (Northern
Miner, 1967; B.C. MINFILE). Federal Government re-
cords also note that in 1976 (when the property was regis-
tered as the Freda 1 claim), diamond drilling totalling 72
metres was completed in deepening a pre-existing
drillhole.

In 1980, Cominco conducted a mapping and soil
sampling program over the “Heff Lake” property
(Casselman, 1980). This identified a broad, 600
metres-long Cu soil anomaly but no samples were appar-
ently assayed for Au (Arseneau, 1997). In 1985, a single
58 metres long hole intersected 16 metres of semi-mas-
sive magnetite, one 6 metre interval of which assayed 25
percent Fe and 0.5 g/t Au (Arseneau, 1997).

In 1994, the property was sampled as part of a project
to examine skarn occurrences throughout British Colum-
bia (Ray and Webster, 1997). This work revealed that the
Heff magnetite skarn, unlike the large Fe skarn deposits
on the west coast of British Columbia, contained anoma-
lous quantities of REE’s (up to 570 ppm La and 490 ppm
Ce). Subsequently, Echo Bay Mines optioned the claims
in 1997 (which they called the Mesabi property). A geo-
physical and soil sampling program was conducted over
east-west orientated grid lines spaced 100 metres apart.
This outlined several magnetic anomalies with coinci-
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dent soil geochemistry marked by values exceeding 1200
ppm Cu and 1000 ppb Au; these anomalies lay adjacent to
magnetite-rich skarn. Drilling was recommended but not
completed (Arseneau, 1997).

In 1999, whilst this mapping was in progress, a mag-
netometer and VLF geophysical survey was completed by
one of the present property owners.

Previous government mapping of the area includes
early work by Cockfield (1944, 1947) and, more recently,
a 1:250 000 scale geological map of the district has been
published (Monger and McMillan; 1989).

GENERAL GEOLOGY OF THE HEFFLEY
LAKE AREA

Stratified Rocks

The 30 km2 area mapped is extensively covered with
superficial glacio-fluvial deposits and is estimated to

have < 1 percent rock exposure. The stratified rocks were
originally mapped as Cache Creek Group (Cockfield,
1944, 1947) but more recently they are considered to be-
long, in part, to the Harper Ranch Group of the Quesnel
Terrane (Monger and McMillan, 1989). They mainly
comprise steeply dipping, northwest striking argillites
and calcareous siltstones with lesser andesitic ash and
lapilli tuff and some limestone. These rocks were intruded
by the Heffley Creek Pluton and then folded and over-
printed by lower to sub-greenschist metamorphism pro-
ducing slatey and phyllitic fabrics. Bleached marbles and
calc-silicate-rich metasediments are developed where hy-
drothermal or thermal alteration has occurred. The mag-
netite-bearing garnet-pyroxene skarn alteration compris-
i ng the Heff p rope r ty i s hos t ed by ca l ca reous
metasediments and a suite of dioritic minor intrusions; it
is best exposed in a number of overgrown trenches that lie
200 to 300 metres north of the Heffley Creek-Sun Peaks
road (Figure 2).

The southern part of the area includes units of
blue-grey crinoidal limestone and black argillites whilst
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the coarsely clastic to conglomeratic limestones in the vi-
cinity of the Heff skarn, north of Heffley Lake, lack cri-
noids and the argillites are less organic-rich. This and
other l i tho log ica l d i ffe rences sugges t tha t the
supracrustal rocks may be separated into northern and
southern packages; these are tentatively believed to rep-
resent the Nicola and Harper Ranch groups respectively.
The northwest trending contact between these packages
is thought to pass under the Heffley lakes and continue
south-eastwards along Armour Creek. This original
s t ra t ig raphic contac t has been in t ruded by the
mafic-ultramafic Heffley Creek Pluton and has subse-
quently been the locus of brittle movement along the Ar-
mour Creek Fault (Figure 2).

INTRUSIVE ROCKS

Introduction

Two intrusive phases are recognised. The oldest,
largest and most economically important of these is the
Heffley Creek Pluton and its marginal dike-sill swarm
(Figure 2), which is genetically related to the Heff skarn.
This either predates or was coeval with the district-wide
folding, and it was also affected subsequently by younger
brittle movement along the Armour Creek Fault. A youn-
ger generation, which post-dates the folding, resulted in
bodies of distinctive megacrystic, feldspar-porphyry
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syenites; these occur mainly 2 km southwest of Heffley
Lake (Figure 2).

Heffley Creek Pluton and its Related
Dike-Sill Swarm

Most of the pluton lies south and southeast of Heffley
Lake, where small, scattered outcrops of the intrusion are
traceable over a 10 km2 area. The true size and shape of
the pluton are unknown because its southern, eastern and
north-western margins have not been fully mapped (Fig-
ure 2). The pluton probably forms an elongate body that
intruded the Nicola and Harper Ranch groups. It contains
a variety of rock types, including early ultramafics, youn-
ger mafic and felsic gabbros, diorites and quartz diorites,
and minor amounts of late leucocratic monzodiorite. In
addition, a strongly altered swarm of sills and dikes on the
Heff property, north of Heffley Lake, is probably related
to both the pluton and the magnetite skarns.

The ultramafic rocks, which include pyroxenites and
hornblendites, appear to lie in the central part of the
pluton They are dark, coarse grained (up to 0.5 centi-
metres) and massive rocks that commonly contain up to 2
percent disseminated pyrite and up to 10 percent dissemi-
nated magnetite. The latter mineral produces an elongate
magnetic anomaly outlined by a 1:25 000 scale govern-
ment aeromagnetic survey (Map 4411G) that extends 6
km south-eastwards from Little Heffley Lake (Figure 2).

The late felsic monzodiorite is an extremely minor
part of the pluton. It forms irregular and narrow dikes, be-
tween 1 cm and 1.5 metres wide, that cut the ultramafics to
produce intrusive breccias comprising sharply angular
clasts of ultramafite in a matrix of felsic monzodiorite.

Thin sections reveal that the ultramafic rocks are
dominated by either cumulate clinopyroxene or inter-cu-
mulate hornblende, both of which are variably altered to
chlorite or light coloured secondary amphibole. The
pyroxene includes both colourless and highly pleochroic
varieties. Minor amounts of highly altered olivine were
tentatively identified in a few outcrops but its presence
has not been verified in thin section. Other cumulate min-
erals include sphene and euhedral to subhedral crystals of
magnetite. Secondary minerals include chlorite, epidote,
pyrite, phlogopite, talc and trace serpentine, chalcopyrite
and plagioclase.

Major and trace element analytical data for the vari-
ous rock types in the Heffley Creek Pluton are presented
in Table 1 and the chemical plots are shown in Figure 3.
The data can be subdivided into four compositional
groups, namely the ultramafic rocks, the gabbroic to
quartz-dioritic intrusives, the late felsic monzodioritic
phase, and the swarm of strongly altered sills and dikes on
the Heff skarn property. The two ultramafic samples
(GR99-30A and 51) are notable for their high Fe, Ca and
Mg contents, and one of these magnetite-bearing samples
contains more than 23 percent total iron (Table 1). The
gabbroic and dioritic samples from the main body range
from highly altered microdiorite on the margin of the
pluton (GR99-24A), to felsic quartz diorite (GR99-27A)

to more mafic gabbro-diorite (GR99-26A and 29A). The
total alkali content of the latter group indicates a weak
alkalic affinity (Figure 3A). However, other plots, includ-
ing ones using less mobile trace elements (Figure 3D and
E) suggest that these rocks are calc-alkaline and that their
higher alkali content is due to hydrothermal alteration.
The relatively low Fe and high Ca and Na contents of the
one felsic monzodiorite sample (GR99-52; Table 1) re-
flects the plagioclase-rich nature of this rock-type.

The limestone unit exposed in cliffs on the Heff prop-
erty are cut by a variety of minor intrusives, the most com-
mon and economically important of which occur as a
swarm of strongly altered dioritic sills and dikes (Figure
2). Individual bodies are usually less than 10 metres wide
but a few exceed 50 metres in thickness. Due to the ubiq-
uitous presence of up to 6 percent disseminated,
fine-grained pyrite, these rocks are rusty-weathering.
However, fresh samples are generally light grey coloured
and are weakly to moderately enriched (Table 1) in Si, Ca
and Na which reflects silicification with carbonate and
albitic plagioclase alteration. The relatively high loss on
ignition content also reflects the presence of carbonate in
these rocks.

Hydrothermal alteration in the sills and dikes varies
in intensity over short distances; some bleached and
strongly altered dikes contain rounded small (less than
1m diameter) remnants of dark coloured and less altered
igneous rock. The widespread overprinting has caused
difficulties in identifying the original composition of
these minor intrusions which, due to their siliceous ap-
pearance, have been mapped previously as “dacites”
(Arseneau, 1979). However, plots using immobile trace
elements (Figure 3D and E) show they are dioritic in com-
position; they are believed to be related to both the
Heffley Creek Pluton and the hydrothermal event that
produced the Heff Fe-Cu-Au-REE skarn.

The dike-sill swarm includes equigranular and por-
phyritic varieties; the latter are more common and contain
euhedra l to anhedra l , cor roded phenocrys t s of
plagioclase, clinopyroxene and hornblende up to 0.5
centimetres long. The north to north-northwest trending
swarm can be traced for 2 kilometres on the Heff property
(Figure 2). These intrusions are much more common in
the limestones than in the adjoining tuffaceous and
siltstone-argillite units. Most of the sills and dikes strike
north to northeast, but some of the more irregularly orien-
tated intrusions bifurcate or intersect one another. Their
margins are lobate and highly irregular, and many dikes
are folded and overprinted by a fracture cleavage. Whilst
the hosting limestones have undergone ductile deforma-
tion, boudinage has produced brittle rupturing in the more
competent intrusions.

Megacrystic Syenite

These are the youngest intrusives in the area and they
are believed to post-date the major folding event, al-
though they have undergone brittle faulting. They are best
seen south of Heffley Lake; in this area a single, 500
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metre-long syenitic body has been inferred from the spo-
radic small outcrops (Figure 2). However, north of
Heffley Lake, the limestones and the altered dioritic
dike-swarm are cut by a few syenitic dikes that are gener-
ally less than 3 metres thick.

These syenites appear as leucocratic, buff coloured
rocks; some contain up to 7 percent remnant mafic amphi-
bole and biot i te , both of which are extensively
chloritized, as well as trace to minor glassy quartz. Many
outcrops are cut by parallel veins of white quartz up to 1
cm thick. The syenites are characterised by abundant (up

to 30 percent) elongate euhedral to subhedral feldspar

laths that are generally between 2 and 4 cm long, although

some crystals exceed 15 cm in length. Some of these pale

brown phenocrysts have thin, light coloured margins and

are partially resorbed. Many crystals show a pronounced

parallel orientation due to igneous flow. Intrusive con-

tacts between the syenites and the sedimentary country

rocks were seen both north and south of Heffley Lake. No

chilled margins were observed, although thin (less than

0.5 m wide) zones of silicification and hornfels occur ad-

jacent to some dikes.
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TABLE 1
MAJOR AND TRACE ELEMENT ANALYSES OF THE HEFFLEY CREEK PLUTON, HEFFLEY LAKE, B.C.

Altered pyritic dikes & sills Samples from the main pluton

Sample GR99 GR99 GR99 GR99 GR99 GR99 GR99 GR99 GR99 GR99 GR99

No. 24 46 47 48 24A 26A 27A 29A 30A 51 52

SiO2 57.50 57.11 46.61 49.32 49.76 58.12 63.19 49.57 47.07 40.13 55.57

TiO2 0.59 0.55 0.81 0.78 1.00 0.83 0.34 0.78 0.61 1.29 0.46

Al2O3 17.46 15.87 15.71 14.74 18.51 16.23 16.61 16.91 4.61 5.25 17.58

Fe2O3 5.66 6.11 9.24 8.36 7.95 7.44 3.73 9.26 10.14 23.47 4.57

MnO 0.06 0.05 0.09 0.12 0.17 0.14 0.09 0.15 0.14 0.19 0.10

MgO 1.92 2.44 5.50 6.24 3.48 2.57 1.21 5.15 14.87 10.06 2.13

CaO 5.72 5.14 11.35 10.83 11.71 5.99 3.95 8.02 20.13 16.82 9.28
Na2O 4.34 5.40 2.02 3.09 3.89 4.47 4.69 3.69 0.26 0.33 6.05

K2O 2.23 3.84 3.13 2.09 1.09 2.74 4.17 1.77 0.10 0.16 0.75

P2O5 0.18 0.29 0.35 0.30 0.30 0.21 0.16 0.44 0.03 0.04 0.32

LOI 3.66 1.98 3.83 2.68 1.21 0.60 1.12 2.88 1.05 1.33 2.48

TOTAL 99.32 98.78 98.64 98.55 99.07 99.34 99.26 98.62 99.01 99.07 99.29

K2O/Na2O 0.51 0.71 1.55 0.68 0.28 0.61 0.89 0.48 0.38 0.48 0.12

Ba 1300 1665 1865 1030 310 1415 1890 760 75 140 495

Rb 56 66 80 64 28 56 100 46 12 16 18

Sr 588 1040 846 1025 842 650 966 630 38 980 1020

Nb 8 8 2 6 8 10 8 6 4 6 18

Zr 96 111 63 78 84 132 105 60 27 51 90

Y 20 24 20 18 22 24 20 20 12 8 12

F 270 460 1300 1200 640 300 410 500 50 80 170

Hg (ppb) 50 10 10 <10 10 <10 10 10 <10 <10 <10

Rb/Sr 0.10 0.06 0.09 0.06 0.03 0.09 0.10 0.07 0.32 0.02 0.02

Ba/Sr 2.21 1.60 2.20 1.00 0.37 2.18 1.96 1.21 1.97 0.14 0.49

Oxides in percent; Hg in ppb; other trace elements in ppm.

Sample description:

GR99-24 & 46 Moderately silicified, rusty weathering, pyritic and albite-altered intrusion.

GR99-47 & 48 Pyritic and carbonate-altered intrusion.

GR99-24A Altered, hornblende-microdiorite with minor pyrite.

GR99-26A Medium grained gabbro with 60% mafics and 2% pyrite.

GR99-27A Felsic diorite with 12% mafics and 1% pyrite. Minor quartz veining.

GR99-29A Coarse, horblende porphyry gabbro with 15% mafics and 1% pyrite.

GR99-30A Coarse grained pyroxenite with 5% magnetite & trace pyrite.

GR99-51 Coarse grained hornbende-pyroxene ultramafic with 10% magnetite.

GR99-52 Pale, feldspathic monzodiorite agmatite cutting ultramafics.

Analyses completed at Chemex Labs Ltd., 212 Brookbank Ave., North Vancouver, B.C.

Methods: Major & minor oxides = XRF; Au = Fire assay and AA finish;

Ba, Rb, Sr, Nb, Zr, Y = XRF; Hg = Atomic Absortion Specroscopy (AAS)

F = Specific Ion Electrode
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(A) Alkali-silica plot (after Irvine and Baragar, 1971

(B) AMF plot (after Irvine and Baragar, 1971)

(C) Q - P plot (after Debon and Le Fort, 1983)

(D) Silica versus Zr/titanium plot (after Winchester and Floyd, 1977)

(E) Zr/titanium versus Nb/Y plot after Winchester and Floyd, 1977)

(F) Alkali versus silica plot (after Le Maitre et al., 1989).



ALTERATION RELATED TO THE HEFF
SKARN

Most of the limestones on the Heff property show lit-
tle or no signs of thermal or hydrothermal overprinting,
despi te the presence of the pervasively al tered
dike-sill-swarm. Varying degrees of pyritic, albitic, car-
bonate and silica alteration are seen in all the dioritic
dikes and sills on the Heff property and this alteration
overprints the intrusions for at least 1.5 km north of the
Heff skarn occurrences. There is a progressive southerly
change in the intensity and style of alteration in the dikes,
and, to a lesser extent, in the limestones. This change re-
flects increasing proximity to the mineralised Heff skarn
occurrences and the northern margin of the Heffley Creek
Pluton, which is presumed to either underlie Heffley
Lake or its northern shore (Figure 2).

In the north part of the Heff property grid, the sills
and dikes are characterised by up to 3 percent by volume
pyrite, which is fine grained and disseminated. Further
south, however, in the vicinity of line 6700N and 6800E
(this and the following locations refer to the cut grid illus-
trated in Map 1, Arseneau, 1997), the pyrite content in-
creases; in addition to the disseminated sulphide, the mar-
gins of some sills and dikes contain haloes, up to 7
centimetres thick, of massive, coarse grained pyrite. Still
further south (close to line 6400N and 6950E), endoskarn
alteration is first recognised; the dikes are still pyritic but
they also contain trace amounts of magnetite together
with pyroxene, epidote and silica. The limestones in this
area have also undergone a recognisable colour-change.
To the north they are unaltered and dark to medium grey
in colour but further south they become pervasively paler.
Coinciding with the first southern appearance of
pyroxene-endoskarn, the pale grey limestones are cut by
irregular veins and stringers, up to 4 centimetres thick, of
white marble. These fracture-controlled bleached veins
in the limestones represent the more distal effects of hot,
metal-poor fluids from the Heff skarn hydrothermal sys-
tem.

Immediately to the south of this area, on line 6400N
and 6850E, coarse garnet-dominant skarn is first recog-
nised with massive to semi-massive magnetite and lesser
pyroxene and pyrite and trace chalcopyrite. Some of this
garnet-rich alteration appears to be endoskarn, although
in the majority of cases the alteration is so intense that the
protolith is unidentifiable. In this area, the fracture con-
trolled bleaching in the carbonates is so intense that some
rocks comprise mostly white, fine grained marble that en-
close small dark relicts of original limestone. In the
coarser skarns, the euhedral garnet crystals are
intergrown with calcite. Thin section studies show that
the garnets are moderately birefringent and they form
anhedral to euhedral crystals up to 1 centimetre in diame-
ter. Many contain small inclusions of pyroxene, calcite
and opaque Fe oxides; some garnet crystals are skeletal,
consisting of alternating growth zones of garnet-rich and
calcite-rich material. Other minerals identified in thin

section in the skarns include epidote, chlorite, quartz,
albitic plagioclase, zoisite and ilmenite.

MINERALIZATION AND
GEOCHEMISTRY

At least two types of Cu-bearing mineralization are
recognised in the area. These are: (1) magnetite-rich chal-

copyrite � Au � REE garnet-pyroxene skarns which occur
on the Heff property north of Heffley Lake, and (2) dis-

seminations and veins of chalcopyrite � magnetite-pyrite
mineralization in the Heffley Creek Pluton south of
Heffley Lake (Figure 2).

Unlike the Cu-showings in the Heffley Creek Pluton,
the Heff skarns have had a long history of exploration.

The more extensive pyroxene � garnet skarn horizons
reach up to 50 metres thick but most are generally less
than 2 metres wide. Surface mineralization in the skarn
consists of pods and massive lenses of magnetite with
lesser amounts of pyrite and pyrrhotite and trace of chal-
copyrite. The sulphides occur as disseminations and
veinlets, and pyrite is generally dominant to pyrrhotite.
Magnetite lenses up to 1 metre wide crop out on surface
but massive magnetite zones over 10 metres thick have
been intersected by drilling (Casselman, 1980). Mineral-
ization occurs locally in the intrusions and in what is be-
lieved to be the adjacent exoskarn. On a local scale, many
of the calc-silicate layers are mineralogically zoned with
a central core of coarser grained garnet-dominant skarn
and a wider outer halo of finer grained pyroxene-domi-
nant skarn. Magnetite-sulphide mineralization tends to
be better developed in the garnet-dominant skarn.

Assay results of grab samples of mineralised Heff
property skarn are shown in Table 2. Many samples con-
tain > 25 percent Fe which reflects the abundant magne-
tite, and some are weakly anomalous in Au (up to 445
ppb), Cu (up to 1195 ppm), Co (up to 467 ppm) and Mo
(up to 14 ppm) as well as being sporadically enriched in
REE’s (up to 490 ppm Ce and 570 ppm La) and P (up to
1560 ppm).

Assay data for pyrite-bearing grab samples from the
Heffley Creek Pluton and its dike-sill swarm are pre-
sented in Table 3. Two samples of magnetite-bearing
ultramafic pyroxenite were assayed for PGE’s but they
contained only 15 ppb Pt and 4 ppb Pd. However, there
are unconfirmed reports that Pt geochemical soil anoma-
lies are present in the area (Roed, 1988).

Samples collected from the altered pyritic dike-sill
swarm on the Heff property contain no economic quanti-
ties of Cu and Au, although one sample (GR99-24; Table
3) is weakly anomalous in Au (145 ppb) and some are
moderately anomalous in F (up to 1300 ppm F; Table 1).
Disseminated cumulate magnetite is common throughout

the main Heffley Creek Pluton but locally some pyrite �

chalcopyrite � secondary Cu oxides are also seen. Many
of these sulphide-rich zones are characterised by silicifi-
cation and plagioclase veining and they appear to be
fault-related. One chalcopyrite-malachite-K feld-
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TABLE 2
ASSAY RESULTS OF MINERALIZED SKARN, HEFF PROPERTY, HEFFLEY LAKE, B.C.

SAMPLE GR94- GR94- GR94- GR94- GR94- GR99- GR99- GR99- GR99- GR99- GR99- GR99- GR99- GR99- GR99- GR99- GR99-

No. 217 219 220 223 224 19 25A 27 28 29 32A 32 33 34 37 40 42

Au 96 55 49 176 445 36 <5 75 160 55 20 35 25 40 205 20 25

Hg 15 10 15 20 25 <10 40 <10 60 10 50 <10 10 <10 20 10 50

Sb 3.1 0.1 1.5 1 1.4 1.3 0.7 7 0.5 0.9 0.7 1.2 1 0.6 0.5 2.1 0.8

Ba >10 >10 >10 61 92 270 170 560 <10 30 10 <10 50 40 60 70 60

Be 1 4 1 4 1 0.35 9.65 0.85 <0.05 0.3 0.4 0.55 1 0.4 0.5 0.4 0.25

Bi <4 <4 <4 <4 <4 0.13 0.16 1.5 0.91 0.07 0.19 0.1 0.14 0.75 0.14 0.18 0.15

Cd 0.8 3 3.2 3.2 1.2 0.1 0.22 0.22 0.02 0.02 0.06 0.02 0.02 0.1 0.22 0.08 0.3

Ce 9 490 86 6 6 1.41 13.7 62.4 0.62 6.26 2.2 1.58 1.03 0.75 1.15 12.65 3.92

Cs >1 >1 >1 1 1 5.1 0.2 0.25 <0.05 0.7 0.35 0.15 0.9 3.95 5.8 2.2 0.75

Cr 130 48 38 120 120 30 71 61 3 27 54 16 23 7 27 35 80

Co 79 63 45 54 48 67 77.1 68.3 467 40.2 61.6 44.6 46.8 135 33.8 68.5 42.4

Cu 511 769 393 495 352 392 754 439 243 350 718 377 363 822 679 905 1195

Ga - - - - - 12.7 7.2 11.4 0.4 14.3 10.1 9.1 15.4 9.4 6.7 8.9 6.1

Ge - - - - - 0.6 3.2 1.2 0.3 0.6 0.9 0.7 1 0.8 0.5 1 0.9

La 7.2 570 100 2.8 2.9 0.5 6.5 47.5 <0.5 6 1.5 1 0.5 <0.5 0.5 9.5 2.5

Pb 4 4 4 4 4 3.5 20 8.5 6.5 3 3 2.5 6.5 5 2 3.5 2

Li - - - - - 0.6 23 2.4 <0.2 1.2 1.6 1.6 0.8 1.6 1 1.2 1

Mn 2738 571 896 2456 2721 1530 2730 1245 180 890 1770 1045 1560 1355 1205 2080 3060

Mo 8 2 2 10 14 0.2 0.6 0.4 0.4 <0.2 0.2 <0.2 0.2 0.2 1.6 <0.2 0.6

Ni 43 25 21 48 53 16.8 32.8 75.3 144.5 13.2 27.6 14 21.2 57.5 19.6 32.2 20

Nb 4 2 2 2 3 0.6 13.8 1.6 <0.2 0.2 0.8 0.2 0.4 0.2 <0.2 0.8 1.2

P 1500 700 300 1200 1000 670 760 1210 120 420 910 700 890 800 570 730 1560

Rb >5 7 10 >5 8 14.8 25.4 9.4 0.2 2.2 1 0.8 3.8 23.2 18.6 5.2 2.2

Ag 0.3 0.3 0.3 0.3 0.3 0.75 0.95 0.5 2.25 0.45 0.9 0.4 0.85 0.85 0.9 1 1.3

Sr 42 50 31 52 146 174.5 474 605 8.8 29.6 86.5 30.6 41.8 65.6 77.5 55.9 110.5

Ta - - - - - <0.05 0.05 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.05 0.05

Te 0.3 0.4 0.2 0.3 0.2 0.2 0.05 0.15 4.15 0.25 0.55 0.3 0.3 0.75 0.3 0.35 0.4

Tl - - - - - 0.02 0.14 0.08 <0.02 <0.02 0.02 <0.02 0.02 0.18 0.16 0.08 0.02

Th 1 1.4 0.6 1 1.1 0.6 0.8 2.4 <0.2 <0.2 0.2 0.2 <0.2 0.2 0.4 0.8 0.4

W 8 2 >1 >1 >1 1.1 0.2 0.8 0.1 0.3 1.8 0.3 1 0.3 0.1 0.9 2.7

U 2.8 0.5 2.3 3.6 3.8 1 3.8 2.6 <0.2 0.8 1.2 0.4 0.8 0.4 0.6 1.4 1.8

V 134 37 40 95 112 80 151 233 3 71 92 57 65 59 155 164 109

Y 18 4 3 13 15 5.1 12.3 10.7 0.3 2.8 7.5 1.3 2.4 2.4 1.6 9.5 13.9

Zn 24 31 30 30 20 20 126 36 <2 26 24 28 32 16 32 30 32

As 6.4 28 8 6.6 9.1 9 <1 79 <1 <1 <1 <1 <1 <1 2 <1 2

F 500 240 210 270 260 100 240 360 40 100 150 160 170 260 140 180 270

Total S 5.5 3.75 3.46 3.14 3.82 - - - - - - -
Al 3.32 0.7 0.7 2.62 2.76 1.88 2.34 8.05 0.21 0.95 1.78 0.75 1.38 0.79 1.09 2.5 3.41

Ca 14.27 3.53 5.07 12.43 15.94 7.93 10.25 11.95 0.75 3.85 11.7 6.77 6.84 5.35 3.39 9.19 17.75

Fe 16.3 49.5 39.5 28 18.1 >25.0 15.9 7.2 >25.0 >25.0 >25.0 >25.0 >25.0 >25.0 >25.0 >25.0 13.85

Mg 1.09 1.31 2.61 1.1 1.16 0.53 1.49 2.73 0.14 0.55 1.48 2.81 1.51 1.23 1.04 1.2 1.93

K 0.07 0.07 0.1 0.07 0.09 0.32 1.54 0.69 0.06 0.15 0.08 0.11 0.11 0.53 0.59 0.22 0.11

Na 0.06 0.1 0.12 0.05 0.05 0.24 1.73 0.89 0.15 0.23 0.09 0.18 0.13 0.17 0.19 0.15 0.11

Ti 0.18 0.04 0.05 0.12 0.12 0.07 0.14 0.42 <0.01 0.07 0.11 0.05 0.06 0.05 0.05 0.13 0.2

Au and Hg in ppb

Total S, Al, Ca, Fe, Mg, K, Na, & Ti in wt %

Other elements in ppm

Analyses completed at Chemex Labs Ltd., 212 Brookbank Ave., North Vancouver, B.C.

Methods:

Au = Fire assay and AA finish; F = Specific Ion Electrode; As = AAS; other elements = ICP-MS



spar-bearing occurrence was seen in a new road cut at
NAD 83, UTM location 11 2 89 285E; 56 34 320N. A
grab sample from this occurrence (sample GR 99-53;
Table 3) contained 0.8 percent Cu as well as anoma-
lous Mo, Co and Ag. This sample also contained the
highest quantity of Hg (250 ppb) recorded during this
survey. The pyritic mineralization in both the pluton
and its related dike-sill swarm are weakly anomalous
in P and possibly Ce (Table 3).

THE HEFF SKARN COMPARED TO
OTHER Fe SKARNS IN B.C.

In some respects, the Heff skarn resembles the
calcic Fe skarns on the west coast of British Colum-
bia, such as the Merry Widow, Tasu and Texada Island
deposits (Sangster, 1969; Meinert,1984; Ray 1995;
Ray and Webster, 1997). Similarities include:

(a) the presence of abundant massive magnetite with
variable amounts of Fe sulphides that are associated
with sporadic Cu and Au-rich mineralization;

(b) the presence of dark-coloured (probably Fe-rich)
garnet and pyroxene assemblages; and,

(c) the proximal development of magnetite skarn in cal-
careous rocks adjacent to mafic, Fe-rich intrusions.

However, the Heff mineralization is significantly
different from that in the west coast deposits which
suggests it is not a typical island arc Fe skarn. These
differences include:

(a) its location in the central part of the province where it
is hosted by Quesnel Terrane rocks whereas the ma-
jor Fe skarn deposits lie further west in Wrangellia
(Figure 1);

(b) unlike the west coast Fe skarns, the Cu-Au mineralization at
the Heff skarn lacks enrichment in Co, Ni, and As (Table 2);

(c) the Heff mineralization contains more Ti, REE’s, P, Sr and
Ba than the west coast Fe skarns (Figs. 4A, B and C); the
higher P content is probably related to the presence of apa-
tite, although this mineral has not been identified on the Heff
property;

(d) unlike the west coast Fe skarns, there are positive correla-
tions between Ti and P, Ba and Sr, and La and Ce in the Heff
mineralization (Figure 4); the latter has a higher average Cu
content (Figure 4D) but contains less Ag (Figure 4E and F);
and,

(e) there is a moderate to good positive correlation between Cu
and Ag in the west coast Fe skarns (Ray and Webster, 1995);
this correlation is less obvious at the Heff property (Figure
4E).

DISCUSSION

Previously, the Heff mineralization has been considered
to be either a skarn or to have resulted from syngenetic sub-
marine fumerolic activity (Casselman, 1980). We believe it is
a skarn that formed by the infiltration of hydrothermal fluids
from the Heffley Creek Pluton. The latter probably repre-
sents an Alaskan-type intrusion, similar to the Tulameen
body and other late Triassic to Jurassic mafic-ultramafic
complexes that intrude rocks of the Quesnel and Stikinia ter-
ranes elsewhere in British Columbia (Taylor, 1967; Nixon et
al., 1997).

The Heffley Creek Pluton is one of several major Fe-rich
intrusive bodies in the district that include the alkalic and
dioritic Iron Mask Batholith, located 33 km southwest of
Heffley Lake. The batholith is related to the Ajax and Afton
Cu-Au porphyry deposits (Ross et al., 1995) and, like the
Heffley Creek Pluton, it is controlled along a southeast
trending structure (Carr and Reed, 1976). Parts of the
batholith contain detectable amounts of Pd (Kwong, 1987) as
well as some magnetite-apatite vein mineralization, as seen
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TABLE 2 CONTINUED
ASSAY RESULTS OF MINERALIZED SKARN, HEFF PROPERTY,

For sample locations see Ray and Webster (2000)

GR94-217, 219 & 220 Garnet-pyroxene-magnetite skarn with pyrite and trace chalcopyrite

GR94-223 & 224 Drill core: magnetite-garnet skarn with pyrite and trace chalcopyrite

GR99-19 Pyroxene-magnetite-pyrite skarn; UTM 10 7067 80E; 56 365 18N

GR99-25A Magnetite-pyrite-garnet skarn

GR99-27 Ganet-pyroxene skarn with pyrrhotite, pyrite and trace chalcopyrite

GR99-28 & 29 Pyrite-magnetite skarn with trace garnet and chalcopyrite

GR99-32A Magnetite-garnet-proxene skarn

GR99-32 Magnetite-pyroxene skarn with pyrite and trace chalcopyrite

GR99-33 Magnetite skarn with trace garnet, pyrite and chalcopyrite

GR99-34 Magnetite vein with minor pyrite

GR99-37 Massive magnetite with pyrite and trace garnet

GR99-40 Magnetite-garnet-pyrite skarn with trace chalcopyrite

GR99-42 Garnet-pyroxene-pyrite skarn with minor chalcopyrite
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TABLE 3
ASSAY RESULTS OF MINERALIZED INTRUSIVE ROCKS, HEFFLEY LAKE, B.C.

Altered pyritic dikes & sills Heffley Creek Pluton

SAMPLE GR99- GR99- IW99- GR99- GR99- GR99-

No. 23 24 9 28A 30A 53

Au <5 145 5 <5 8 15

Sb 1.3 0.9 2.2 1.8 0.3 1.8

Ba 230 430 290 300 20 150

Be 0.5 0.7 1.2 0.75 0.1 0.8

Bi 0.2 0.06 0.12 0.28 <0.01 0.52

Cd 0.02 0.08 0.1 0.16 0.08 1.3

Ce 16.85 17.45 24 22.9 5.44 21.3

Cs 1.1 0.6 0.8 0.45 0.1 0.6

Cr 162 40 43 116 556 65

Co 21.8 21.4 30.6 26 46 83.8

Cu 116 85 141 144 <1 8230

Ga 12.5 14.7 20.6 13.4 7 12.6

Ge 1.3 1.2 1.5 1.5 1.5 0.8

La 7.5 8 10.5 9.5 1.5 10.5

Pb 3.5 5 7 8.5 2 9.5

Li 10.8 4.2 12.4 6.6 7.6 5.2

Mn 830 365 690 1525 875 300

Mo 1.4 0.6 2 20.2 <0.2 16.8

Ni 29.8 6.6 26 27.6 85.2 5.2

Nb 1.6 2.8 2.6 1 <0.2 3.8

P 1130 760 1460 1630 80 1170

Rb 34.2 37 64 25.6 1.2 100

Ag 0.95 0.65 0.5 0.45 0.2 14.4

Sr 811 591 789 834 58.8 331

Ta 0.05 0.2 0.05 0.05 <0.05 0.05

Te 0.2 0.15 0.2 0.05 <0.05 0.6

Tl 0.42 0.26 0.36 0.18 <0.02 0.54

Th 2 2.6 2.6 1.4 <0.2 2.6

W 0.7 1.1 1.6 0.9 0.1 22.5

U 1 1.2 1.6 0.8 <0.2 1.8

V 274 121 232 356 215 121

Y 12.3 11.9 16.3 17.8 7.7 11.4

Zn 30 16 22 64 30 122

As 1 1 6 20 1 20

F 930 270 550 480 50 310

Hg <10 50 <10 <10 <10 250

Al 7.09 8.76 9.1 6.41 2.1 5.98

Ca 7.37 4.06 6.67 7.07 11.2 0.83

Fe 5.79 3.62 5.05 7.46 5.5 5.49

Mg 3.64 1.1 2.55 3.95 7.81 0.83

K 1.46 1.7 2.08 0.82 0.05 3.25

Na 1.53 3.27 2.06 1.47 0.2 1.43

Ti 0.49 0.32 0.42 0.47 0.33 0.2

Au and Hg in ppb

Al, Ca, Fe, Mg, K, Na, & Ti in wt %

Other elements in ppm

Analyses completed at Chemex Labs Ltd., 212 Brookbank Ave., North Vancouver, B.C.

Methods:

Au = Fire assay and AA finish; F = Specific Ion Electrode; As = AAS; other elements in ICP-MS

Sample Descriptions, Heff Skarn

GR99-23 2m wide pyrite-bearing dike, 7100N-6775E

GR99-24 5m wide pyritic and sicified dike adjacent to garnet-pyroxene skarn, 5700N-7600E

IW99-9 15 cm-wide hornblende-pyroxene-porphyry dike with pyrite-pyrrhotite veinlets.

GR99-28A Altered, silicified mafic diorite with 10% pyrite and quartz veins.

GR99-30A Dark, clinopyroxenite with 5% cumulate magnetite and trace pyrite.

GR99-53 Silicified, altered and malachite-stainedgabbro with pyrite & chalcopyrite. UTM 11 2 89 285E; 56 34 320N

GR99-51 Dark, pyroxene-hornblende ultramafic with 10% cumulate magnetite and trace pyrite. UTM 10 7 08 482; 56 33 287
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Figure 4. Plots comparing the chemistry of magnetite-rich mineralization at the Heff property with the Fe skarn deposits in western British
Columbia. The plots include 21 samples from the Heff skarn and a total of 43 samples from the Merry Widow, Texada Island and Iron
Crown deposits (see Figure 1).



at the Glen Iron mine and the Magnet occurrence (Figure
1; MINFILE Nos. 092INE 025 and 022 respectively; Han-
cock, 1988) . The la t ter includes several south-
east-trending veins of massive magnetite that reach up to
10 metres in thickness and 400 metres in strike length.
The coarse crystalline magnetite is intergrown with
coarse pale apatite crystals up to 3 centimetres long; some
veins also include very coarse amphibole crystals over 5
centimetres in length. A magnetite-apatite-rich grab sam-
ple from the Magnet occurrence contained low quantities
of Au, Cu and Ag, but the mineralization is anomalous in
P (over 1 percent) and some REE’s and trace elements,
containing 172 ppm Ce, 20 ppm Ga, 76 ppm La, 57 ppm Y
and 1775 ppm V.

A few REE � U-rich skarns have been identified in
the Yukon (e.g. Yukon MINFILE Nos. 116B 056 and
117A 020), but skarns containing both magnetite and
anomalous quantities of REE’s similar to the Heff prop-
erty are extremely rare in the Canadian Cordillera. One
exception is the Guano skarn (Yukon MINFILE 105F
081), a magnetite-U-REE-F-bearing occurrence. The
H e ff s k a r n m a y h a v e r e s u l t e d f r o m a n F e - o x-
ide-Cu-Au-REE-P-rich hydrothermal system similar to
those responsible for deposits in the Ernest Henry (Aus-
tralia)-Kiruna (Sweden)-Candelaria (Chile)-Wernecke
Breccias (Canada) spectrum. These systems, which have
been described by Laznicka and Gaboury (1988), Einaudi
and Oreskes (1990), Hitzman et al. (1992), Oreskes and
Hitzman (1990; 1993), Bookstrom (1977, 1995), Ryan et
al. (1995), Jenkins et al. (1998), Williams (1998; 1999)
and Ray and Lefebure (2000), have the following charac-
teristics, some of which are seen at the Heff property:

(a) they are associated with large volumes of pervasive,
massive hematite and/or magnetite; the latter mineral
tends to have a lower Ti content than primary mag-
matic-related magnetite;

(b) they occur along major, long-lived brittle structures that
were deep enough to tap mantle-derived intrusions;

(c) they occur in a variety of tectonic environments and rock
types, ranging from rifts in intercratonic granitic base-
ment (e.g. Olympic Dam) to mafic volcanic arcs (e.g. the
Chilean Fe belt examples, including the Candelaria de-
posit);

(d) the orebody-morphology is highly variable; mineraliza-
tion may occur as veins, breccia sheets, breccia pipes,
tabular bodies or stockworks. Structure is the dominant
regional and local control, but mineralization may also
be strongly influenced by stratigraphy and host-rock li-
thology;

(e) they range in age from Proterozoic (e.g. Ernest Henry) to
Cretaceous (e.g. Candelaria) (Marschik and Fontboté,
1996; Marschik et al., 1996; Jenkins et al., 1998; Wil-
liams, 1998; 1999);

(f) they may contain elevated values of U, REE’s and trace
elements (La, Ce, Nd, Pr, Sm, Y, Gd); the latter elements
are commonly concentrated in mineral phases such as
allanite, monazite or epidote;

(g) many represent low-sulphur Fe-oxide systems and are
uneconomic for base metals. However, deposits such as
Olympic Dam, Ernest Henry and Candelaria are more
sulphide-rich and are an economic source of Cu and Au;

(h) the intrusions may be a critical source of the heat, fluids
and metals in these systems (Oreskes and Hitzman,
1993), but in many deposits there is a poor spatial rela-
tionship between the deeper-level plutons and the min-
eralization, which tends to form at higher structural
levels;

(I) where associated plutons are identified, they range in
composition from syenite to granodiorite to mafic gab-
bro-diorite; and,

(J) many of these deposits world-wide lack skarn. However,
where calcareous protoliths are present (e.g. Candelaria
in Chile, Osborne and Mount Elliot in Australia), gar-
net-pyroxene-scapolite skarn assemblages may develop
(Ryan et al., 1995; Adshead et al., 1998; Garrett, 1992;
Williams, 1999).

CONCLUSIONS AND
RECOMMENDATIONS

The Heffley Lake area contains two types of chalco-
pyrite-bearing mineralization, namely: (1) magne-
tite-rich garnet-pyroxene skarns on the Heff property, and

(2) pyrite � magnetite disseminations and veins south of
Heffley Lake in the Heffley Creek Pluton.

The Heff skarn represents an unusual Cu � Au � REE

� P-bearing magnetite skarn whose location and distinc-
tive chemistry (Figs. 1 and 4) suggests it differs from the
typical Fe skarns occurring along the west coast of British

Columbia. It possibly resulted from a Fe-oxide � Cu � Au

� REE � P-bearing hydrothermal system similar to those
r e spons ib l e fo r depos i t s i n the Ernes t Hen ry -
Candelaria-Wernecke Breccias spectrum. Struc-
turally-controlled Fe oxide mineralization of this type is
recorded at the Iron Range occurrences east of Creston,
British Columbia (Figure 1; MINFILE Nos. 82FSE
014-028; Brown et al., 1994; Stinson and Brown, 1995).
However, the Heff skarn lacks the extensive brecciation

and widespread Na � K metasomatism that characterises
many deposits of the Ernest Henry-Candelaria-Wernecke
Breccias spectrum.

The Heff skarn is genetically related to the Heffley
Creek Pluton, a pyroxene and magnetite-bearing
mafic-ultramafic body that exceeds 10 km2 in outcrop
area. The pluton, which contains several Cu occurrences,
is thought to represent an Alaskan-type body, similar to
the Tulameen and other Triassic-Jurassic complexes in
British Columbia.

A proposed model for the Heff skarn involves the em-
placement of the elongate Heffley Creek pluton and the
related skarns along a structure that may have marked the
original Harper Ranch-Nicola unconformity. Subse-
quently, large-scale folding resulted in the north-easterly
tilting of the skarn, the pluton, and its hostrocks. No
skarns or minor intrusions are seen along the southern
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border of the pluton, perhaps because this was the basal
margin of the body. Instead, late, Fe-rich hydrothermal
fluids from the pluton were channelled upwards along a
swarm of minor intrusions into overlying Nicola Group
limestones. Thus, the skarns and the dike-sill swarm seen
north and northeast of Heffley Lake are believed to have
formed along, and close to, the upper margin of the
pluton. The dominance of pyrite over pyrrhotite and the
abundance of magnetite suggests the presence of an oxi-
dised, low sulphur hydrothermal system.

Recommendations for further work in the area in-
clude:

(a) map the remainder of the Heffley Creek Pluton to accu-
rately determine its distribution and margins;

(b) prospect the interior of the Heffley Creek Pluton for Cu,
Au, Cr and PGE mineralization, and explore its margins
for Cu-Au-REE skarns similar to the Heff property;

(c) future exploration for blind skarn orebodies on the Heff
property should include a geophysical survey along the
presumed margin of the Heffley Creek Pluton, in the
poorly exposed area immediately north of, and under
Heffley Lake. The southerly change in mineral alter-
ation recognised in this survey, supported by the very
high Au and Cu soil anomalies previously outlined, sug-
gests that an economic skarn orebody could underlie
Heffley Lake and its alluvium-covered northern shore;

(d) the Heff skarns and their host rocks are strongly folded;
thus, future exploration for orebodies on the property
should commence with an attempt to determine the
structural controls; and finally,

(e) the recognition of a large Alaskan-type pluton in this
highly accessible part of southern British Columbia in-
dicates that the entire district needs to be re-mapped and
evaluated for its skarn, porphyry and PGE-potential.
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Geologic Setting of the Devonian-Mississippian, Rea and Samatosum
VMS Deposits of the Eagle Bay Assemblage, Adams Lake Area,

South Central British Columbia

Sean L. Bailey2, Suzanne Paradis3, Stephen T. Johnston2, and Trygve Höy4

ABSTRACT

Highly deformed, low-grade metasedimentary and
metavolcanic rocks of the Eagle Bay Assemblage host the
volcanogenic (?) massive sulphide Twin Mountain and
Rea deposits, and the Samatosum vein deposit. The Twin
Mounta in deposi t cons is ts of sulphide-bear ing
quartz-carbonate-barite lenses hosted by sericitized and
silicified schists of volcanic origin. The Rea deposit con-
sists of at least two massive sulphide lenses. The
Samatosum deposit is a stratabound sulphide-rich quartz
vein system that could be interpreted as a stockwork
zone. The Rea and Samatosum deposits occur within an
overturned metasedimentary sequence of sericitized and
silicified argillites structurally overlain by mafic
volcaniclastic rocks and flows. The stratigraphic se-
quences at Rea and Samatosum are very similar and we
suggest that structural repetition by faulting occurred,
and that the sedimentary and volcanic succession is of
Devonian-Mississippian age.

INTRODUCTION

Highly deformed Cambrian to Mississippian
metasedimentary and metavolcanic rocks of the Eagle
Bay Assemblage in the Adams Lake area host numerous
polymetallic sulphide deposits. The region has long been
recognized as favorable for various types of sulphide de-
posits, and is still today a prospective “ground” for min-
eral exploration. The Homestake barite-sulphide deposit
was discovered in 1893. Since then numerous sulphide
occurrences have been found in the district. Some of
these, including Samatosum, Rea and Homestake, have
had limited production, and others, such as Twin Moun-
tain, have had extensive exploration work over the years.

This paper briefly describes the Samatosum, Rea,
and Twin Mountain sulphide deposits located in the Ad-
ams Lake area of south central British Columbia, approx-
imately 80 kilometers northeast of Kamloops (Figure 1).
It defines their geological settings, and addresses some
fundamental structural and stratigraphic problems in the
region. This study was initiated during the summer of
1999 as the M.Sc. project of the first author (Sean L.
Bailey) and included 1: 5000 scale regional mapping of
an approximately 30 km2 area conducted over a 7 week
period. It is part of the Ancient Pacific Margin NATMAP

metallogenic study of syngenetic sulphide deposits of the
Kootenay Terrane and the correlative Yukon-Tanana
Terrane in northern British Columbia and Yukon.

The area is dominated by dense vegetation, thick till
coverage, and steep mountainous terrane. A series of log-
ging and drill roads allow good access to the plateau of
Samatosum mountain, with the best exposures found
along roadcuts, clearcuts, trenches remaining from past
exploration, and creeks.

EXPLORATION HISTORY

The first documented discovery of sulphide occur-
rence in the Adams Lake area dates back to 1893 with the
discovery of the Homestake barite-sulphide deposit. The
Homestake mine was worked intermittently between
1893 and 1984. In the 1920s, numerous sulphide occur-
rences were found in the Birk Creek and Harper Creek ar-
eas. In 1978, the Chu Chua massive cupriferous pyrite de-
posit was discovered in basalts of the Fennell Formation.
However, none of these discoveries resulted in signifi-
cant production.

In 1983, A. Hilton and R. Nicholls discovered the
Rea massive sulphide deposit. They optioned it to Rea
Gold Corporation who in turn optioned it to Corporation
Falconbridge Copper (presently Inmet Mining Corpora-
tion). Drilling carried out by Corporation Falconbridge
Copper in the 1980s outlined two small but fairly
high-grade massive sulphide lenses (known as the “Dis-
covery zone” or the “Rea horizon”). The most recent pub-
lished estimate of the mineralization was 376,000 tonnes
grading 0.33 percent copper, 2.2 percent lead, 2.3 percent
zinc, 6.1 grams per tonne gold, and 69.4 grams per tonne
silver (Northern Miner – November 30, 1987).
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Mapping in 1984 and 1985 by Corpora t ion
Falconbridge Copper produced a general understanding
of the stratigraphy and structure in the area. In addition,
horizontal-loop electromagnetic (HEM) surveys defined
several long stratiform conductors. By early 1986, a new
mineralized horizon (the “Silver zone”) was found, and
this was immediately followed by the discovery of the
Samatosum deposit.

Regional Geology

Metavolcanic and metasedimentary rocks of the Ea-
gle Bay Assemblage of the Kootenay Terrane host the Rea
and Twin Mountain sulphide deposits and the Samatosum
vein deposit. The Kootenay Terrane and correlative rocks
of the Yukon-Tanana Terrane farther north comprise dom-
inantly Paleozoic sedimentary and volcanic rocks that are
inferred to have been deposited on the distal western edge
of ancestral North America. The successions of the
Kootenay Terrane include the Lardeau Group, the Eagle
Bay Assemblage, eastern assemblages of the Late Paleo-
zoic Milford Group, and equivalent rocks within the
Shuswap metamorphic complex (Höy, 1999).

The Eagle Bay Assemblage, described by Schiarizza
and Preto (1987), comprises Lower Cambrian to Missis-
sippian rocks that are intruded by Late Devonian
orthogneiss and Jurassic-Cretaceous granodiorite and
quartz monzonite of the Raft and Baldy batholiths. Within
the study area, the Eagle Bay Assemblage is contained

within four west-directed thrust slices. The assemblage
consists of clastic metasedimentary rocks (units EBH and
EBQ Schiarizza and Preto 1987), mafic metavolcanic
rocks and limestone (unit EBG), and structurally overly-
ing clastic metasedimentary rocks, with minor carbonate
and volcanic rocks (unit EBS), all of which are interpreted
as Cambrian in age. These are in turn overlain by Devo-
nian-Mississippian mafic to intermediate metavolcanic
and metasedimentary rocks (units EBA and EBF, respec-
tively), which are overlain by metaclastic rocks (unit
EBP).

Numerous volcanogenic sulphide occurrences of the
Eagle Bay Assemblage, including Rea, Homestake,
Samatosum and Twin Mountain are within mafic to inter-
mediate metavolcanic and metasedimentary rocks of
units EBA, EBF, and EBG (Figure 2). Regional mapping
by Schiarizzia and Preto (1987) and this study indicate
that units EBA, EBF, and EBP between the Samatosum
and Homestake deposits are apparently right-way-up re-
gionally but locally overturned (Figure 2). These are
structurally overlain by mafic metavolcanic rocks of EBG
and the Tshinakin Limestone Member which is assigned a
Lower Cambrian age (Schiarizza and Preto, 1987). These
stratigraphic and structural relationships led to the infer-
ence by Schiarizza and Preto (1987) of the Haggard Creek
Thrust Fault, which places Cambrian rocks on Devo-
nian–Mississippian rocks. The Samatosum and Rea de-
posits are located near the inferred trace of this fault, and
controversy exists over which package(s) of rocks hosts
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the deposits and whether or not a major thrust fault exists.
This study will attempt to resolve these matters.

Local Stratigraphy

The main stratigraphic units encountered in the area
of the deposits are described below and their distribution
illustrated in Figure 3. An interpreted SW-NE cross-sec-

tion through the Rea and Samatosum zones is shown in
Figure 4. Lack of age control makes our interpretation
somewhat preliminary and hence other scenarios are pos-
sible.

Fossil archaeocyathids were found within limestone
at a single locality 50 kilometers north of the study area in
a different fault panel. Correlation of this limestone with
the Tshinakin limestone member at Johnson Lake sug-
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gests an Early Cambrian age for this unit (Schiarizza and
Pre to , 1987) . Maf ic volcanic rocks are loca l ly
interbedded with the limestone and consequently are in-
terpreted to be Early Cambrian (Schiarizza and Preto,
1987). U-Pb zircon age dates of 387 Ma (i.e., Middle De-
vonian) have been obtained from felsic metavolcanics of
unit EBA on the east shore of Adams Lake (Preto, 1981;
Preto and Schiarizza, 1985). Felsic to intermediate rocks
of unit EBF are interpreted to be younger (i.e., Devonian
and/or Mississippian), as they are stratigraphically above
rocks of unit EBA and below rocks of unit EBP, which
contains Mississippian conodonts (Schiarizza and Preto,
1987).

The deposit area is underlain by northeast-dipping
metasedimentary and metavolcanic rocks that, based on
well developed graded beds (Höy and Goutier, 1986; and
this study), display an overall younging direction struc-
turally down-section and toward the west (Figure 4).
Hence, much of the stratigraphy within this region is
overturned. From oldest to youngest, the stratigraphy in-
cludes the Tshinakin limestone, mafic metavolcanic
rocks, bedded cherts, mafic metavolcanic flows and
volcaniclastic rocks, metasediments, and mafic to inter-
mediate metavolcanic rocks.

Tshinakin Limestone

The Tshinakin limestone outcrops in the eastern por-
tion of the map area (Figure 3) and is best exposed in the
cliffs above Johnson Lake. It consists dominantly of
finely crystalline white to grey marble with minor
dolostone, which display a buff white to grey weathered
surface. It is usually massive; however, laminations de-
fined by light and dark bands are locally observed (Figure
5A). It is interbedded with calcareous chlorite schist at
other locations, such as nearby Adams Lake (Schiarizza
and Preto, 1987).

Mafic Metavolcanics

This unit is composed of greenstones and chlorite
schists derived from pillows, pillow breccias and
feldspathic crystal tuffs. Pillows locally exceed one meter
or more in length. The metavolcanics have a light green
color due to abundant epidote, and commonly have a
white or grey weathered surface. Tuffs contain crystals of
feldspar less than 1 mm in diameter.

Bedded Chert

A bedded chert unit occurs between two distinct
mafic volcanic packages (Figure 3). The chert is light
grey-white to black in color, locally graphitic, and has
well defined bedding (Figure 5B). Minor amounts of
pelites occur, which locally contain particles up to sand
size and display a c-s fabric along the contact with the
structurally overlying pillow breccias.

Mafic Metavolcanic Flows and
Volcaniclastics

The mafic metavolcanic rocks in the central portion
of the map area are dominated by calcareous chlorite-seri-
cite-quartz schists and chlorite schists derived from mafic
volcanic rocks. Abundant volcaniclastic rocks and rare
mafic massive flows and pillow basalts and breccias are
also present. The most common rock type is a lapilli-tuff
with average fragment size of approximately 4-5 centime-
ters. The lapilli are commonly bleached and are thought to
be of similar composition to the matrix. Locally, the frag-
ments are up to bomb size (Figure 5C) as exposed at the
Samatosum mine site. Fine-grained chlorite schists are
abundant throughout the unit. The massive flows contain
calcite and quartz amygdules. Pillows are approximately
1 meter in size, are amygdaloidal, and have been flattened
in the penetrative foliation plane. These display an outer
non-vesicular 2 to 3 centimeters rim. The entire unit is cal-
careous, and locally contains disseminated pyrite.

Major and trace element analysis of these mafic units,
indicate that they are dominantly alkali, within-plate bas-
alts (Höy, 1987). As most of the Devonian-Mississippian
volcanic rocks of the Eagle Bay Assemblage are calc-al-
kaline it was suggested that the Rea and Samatosum stra-
tigraphy represented deposition in a rifted volcanic arc
(Höy 1987).

Diorite sills or dikes were observed within this unit
and may have played a role in sulphide mineralization.
The Twin Mountain sulphide deposit occurs within py-
ritic, calcareous chlorite-sericite-quartz schists and
chlorite schists derived from mafic volcanic rocks.

Metasediments

The metasediments are phyllites and quartz-sericite
schists thought to have originally been fine-grained
argillites and quartz wackes. A quartz-lithic pebble con-
glomerate at the stratigraphic top of this sequence is com-
posed of clasts (commonly 2-3 centimeters in diameter)
of chert, chlorite schist, and vein quartz. This conglomer-
ate has been traced to the northwest, extending beyond the
map area where it appears to thicken.

Near the Samatosum and Rea deposits, the metasedi-
ments are part of a structurally complex sequence called
the “Mine Series”. The Samatosum and Rea deposits are
located within the metasediments near the contact with
the structurally overlying mafic volcanic rocks. Here, the
metasediments are highly strained and altered (i.e.,
sericitized ± clay, silicified, and carbonatized). They con-
sist of carbonaceous black argillites, sericitized yellowish
argillites containing chert lenses, and pyrite-rich silici-
fied greyish argillites. Some of the beds show graded bed-
ding and rip-up clasts. Locally distributed massive to
brecciated chert within the metasediments appears to be
spatially associated with base-metal sulphides.
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Figure 5. A.) Parasitic folding of layers in Tschinikan Limestone. B.) Bedded chert, (Pin for scale is 3 centimeters in diameter). C.)Mafic
flow breccia, fragments are bleached, and range from bomb to lapilli size. D.) Kink bands and reverse kink bands in mafic tuff. E.)
Mineralized quartz veins at the Samatosum deposit. F.) Quartz veins,(2 centimeters thickness) which have been folded by, and transposed
into the penetrative foliation, hosted within sericitized-silicified sediments, Samatosum deposit.



Felsic Metavolcanics

The felsic metavolcanic unit is composed of white
weathering, beige quartz-sericite schists derived from
quartz-feldspar porphyritic rhyolite, quartz-feldpar-crys-
tal-lithic tuffs and pyroclastics. The feldspar component
of this unit is mainly albite. The volcanics are bounded to
the east by quartz-lithic pebble conglomerate and appear
to be interlayered with phyllite and quartz wackes, which
commonly contain several percent euhedral pyrite.

Mafic to Intermediate Metavolcanics

Chlorite schists derived from mafic volcaniclastic
rocks are located in the western part of the map area. The
most common rock type is mafic volcanic breccia con-
taining 30-centimetre fragments. However, in the eastern
most section of this unit, the metavolcanics include frag-
ments of felsic volcanic rocks that locally account for 65
to 80 percent of the rock.

STRUCTURE AND METAMORPHISM

The structure of the area is dominated by a series of
northwest trending, shallow dipping, tight overturned
folds, with penetrative axial planar cleavage defined by
lower to middle greenschist metamorphic minerals.
These folds are west-verging, have parallel axial traces to,
and are likely related to a series of southwest-directed
thrust faults (Schiarizza and Preto, 1987). Bedding-cleav-
age relationships and stratigraphic top determinations in-
dicate that the western limbs of these folds are overturned.
Parasitic folds plunge at shallow to moderate angles to the
northwest.

The penetrative cleavage is crenulated by a second
cleavage. The crenulation lineation trends northeast, and
appears to have formed in conjunction with northeast-
ward trending low amplitude folds (Schiarizza and Preto,
1987).

Graded beds are the most commonly observed indi-
cators of stratigraphic tops. They are a series of fine sandy
layers, which abruptly overlie muddy layers, and grade up
into mud. In the coarser units, this gradation proceeds
from pebble conglomerate to coarse sand. Rare sedimen-
tary features such as rip up clasts, and scour-and-fill struc-
tures were also observed. Höy (1987) interpreted this as a
turbidite sequence developed on the distal continental
margin in deep marine conditions during rifting.

MINERALIZATION

Prospectors and geologists have long recognized the
Johnson-Adams Lake area as a favourable region for
base-metal sulphide deposits. Several significant mineral
occurrences including Samatosum, Rea, and Twin Moun-
tain are located within the map area (Figure 3). These de-
posits have been suggested to be volcanogenic sulphide
deposits (Höy and Goutier, 1986). The Twin Mountain de-
posit consists of sulphide-bearing quartz-carbonate-bar-

ite lenses hosted by sericitized and silicified schists de-
rived from mafic volcanic rocks (unit EBG of Schiarizza
and Pre to , 1987) . The Rea depos i t cons i s t s o f
volcanogenic massive to semi-massive sulphide lenses,
whereas the Samatosum deposit may be a stockwork sys-
tem related to stratabound volcanogenic sulphide lenses.

The Samatosum and Rea deposits are within a similar
overturned sequence of greenschist metamorphic grade
sericitized, silicified and carbonaceous argillites that are
structurally overlain by mafic volcaniclastics and flows.
We sugges t tha t the sulphide minera l iza t ion at
Samatosum and Rea occur within a fault repetition of the
same stratigraphic sequence. Alternatively, two distinct
but similar stratigraphic sequences may host the deposits.
Lead isotopes from the Rea deposit suggest a Late Devo-
nian age (Goutier, 1986), supporting the speculation that
rocks hosting the Rea and Samatosum deposits belong to
the Devonian-Mississippian succession of the Eagle Bay
Assemblage.

Rea

The Rea deposit was discovered in 1984 by local
prospectors, Alex Hilton and R. Nicholl, who optioned it
to Corporation Falconbridge Copper. Subsequent explo-
ration revealed two massive sulphide lenses, named RG8
lens and L100 lens. The RG8 lens is the southernmost and
has a surface strike of 75 metres with a downdip extension
of 80 metres. The northern lens (L100) or discovery zone
has a surface strike of 50 meters and a down dip extension
of at least 120 meters.

Combined reserves for the two massive sulphide
lenses totaled 376,000 tonnes grading 0.33 percent cop-
per, 2.2 percent lead, 2.3 percent zinc, 6.1 grams per tonne
gold, and 69.4 grams per tonne silver (Northern Miner –
November 30, 1987). Sulphides are pyrite, sphalerite, ga-
lena, arsenopyrite, chalcopyrite, and tetrahedrite. These
are fine to medium grained with banded to breccia texture
in the massive sulphide lenses. Gold and silver are associ-
ated with massive sulphide and barite.

Rea has been examined in considerable detail by Höy
and Goutier (1986) and Höy (1987; 1991. The deposit oc-
curs on the overturned eastern l imb of a north-
west-trending syncline. The stratigraphic footwall of the
deposit consists of metamorphosed mafic tuffs and chert,
which show sericite-quartz-carbonate alteration, likely
representing footwall alteration of a mafic volcanic pre-
cursor. The two massive sulphide lenses, one of which
contains a barite cap (RG8), are stratigraphically above
this horizon and overlain by a thin mafic tuff. These are
then stratigraphically overlain by a several hundred me-
ter-thick sequence of argillites and minor tuffs, which
grades into a quartz pebble conglomerate at the top.

Subsequent exploration of the Rea zone has shown
that it can be traced along strike for seven kilometers and
hosts at least five volcanogenic massive sulphide lenses
(Carmichael, 1991).
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Samatosum

The Samatosum Ag-Pb-Zn-Cu deposit originally
contained 634,984 tonnes of ore containing 1.9
grams/tonne Au 1,035 grams/tonne Ag, 1.2 percent Cu,
1.7 percent Pb and 3.6 percent Zn (Pirie, 1989). It was
mined by Inmet Mining Corporation between 1989 and
1992.

The deposit consists of a highly deformed quartz
vein system containing massive to disseminated
tetrahedrite, sphalerite, galena, and chalcopyrite. It lies
within altered and deformed metasediments close to the
contact with structurally overlying mafic volcaniclastic
rocks. According to Pirie (1989), structural evidence in-
dicates that the sequence is inverted and that the deposit is
on the overturned limb of a recumbent syncline.

The sequence is called the “Mine Series” by the min-
ing companies. Metasediments consist of carbonaceous
black argillites, sericitized yellowish argillites contain-
ing chert lenses, and pyrite-rich silicified greyish
argillites. Some of the beds show grading and rip-up
clasts. The metasediments are heavily strained and highly
altered; they display pervasive quartz-pyrite-seri-
cite-fuchsite-carbonate alteration, which is most intense
along the metasediment-metavolcanic contact. The
protolith of these rocks is difficult to recognize because
of intense alteration, deformation, and mineralization.
Future geochemical and petrographic studies will try to
resolve this issue.

Mafic volcaniclastic rocks structurally overlying the
sediments are most commonly tuffaceous to lapilli in tex-
ture. Some pillowed flows are present. Folded and
brecciated mineralized quartz veins crosscut the meta-
sediments and the metavolcanics in the vicinity of the de-
posit (Figures 5E and F).

Twin Mountain

The Twin Mountain occurrence consists of galena,
sphalerite, chalcopyrite, and pyrite mineralization within
carbonate-quartz veins, and sulphide barite lenses. The
host rock consists of sericitized and silicified schists de-
rived from mafic volcanic flows and volcaniclastic rocks.
The property was explored by Camoose Mines Ltd. dur-
ing the 1950’s, and was reexamined during the 1980’s by
Corporation Falconbridge Copper. A drill hole inter-
sected 2.37 meters assaying 10.6 grams per tonne gold,
335.3 grams per tonne silver, 3.13 percent zinc, 2.74 per-
cent lead and 0.55 percent copper (George Cross News-
letter #237, 1987).

DISCUSSION

The stratigraphic and structural setting of the
metasedimentary and metavolcanic rocks of the Eagle
Bay Assemblage in the Johnson Lake-Adams Lake re-
gion has important implications for understanding the
genesis of the sulphide mineralization.

Schiarizza and Preto (1987) inferred a major thrust
fault, the Haggard Creek Fault, between the structurally
overlying Cambrian mafic volcanic rocks (unit EBG of
Schiarizza and Preto, 1987) and the underlying Devo-
nian-Mississippian metasedimentary rocks (units EBF,
EBA and EBS). This thrust fault trends roughly along the
Samatosum and Rea horizons, i.e., along a package of
overturned metasedimentary-metavolcanic rocks re-
ferred to as the “Mine Series”. The Rea deposit was inter-
preted to be within the Devonian-Mississippian vol-
cano-sedimentary sequence, whereas the Samatosum
deposit was interpreted as hosted in Devonian-Mississip-
pian strata with Cambrian volcanics in thrust contact.

The stratigraphic sequences at Rea and Samatosum
are very similar. Moreover, the deposits have similar al-
teration and mineralogy. At Rea, the contact between the
mafic volcaniclastic rocks and the underlying metasedi-
ments is a stratigraphic one (Höy and Goutier, 1986).
These factors suggest that the stratigraphic sequence is
the same for both deposits and is repeated by faulting. It
also suggests that the sedimentary and volcanic succes-
sion hosting Rea, Samatosum, and possibly Twin Moun-
tain, is Devonian-Mississippian in age.

At Samatosum, the presence of quartz and carbonate
veins in the structural hanging wall (i.e., mafic volcanic
rocks) and the presence of stratiform mineralization
within the metasediments, along with pervasive seri-
cite-quartz-carbonate-pyrite alteration of both metasedi-
ments and metavolcanics, seems to indicate a strati-
graphic rather than structural contact between these two
units. This may be verified by geochemical studies, now
in progress. At the present, we have inferred the presence
of an overturned thrust fault (Figure 4.) to repeat this stra-
tigraphy. In the cross section (Figure 4) this appears to be
a normal fault. However the surface trace of the fault ap-
pears to strike parallel to the penetrative cleavage (Figure
3) and cleavage does not appear to vary across the fault,
which indicates that the fault predates folding and subse-
quent overturning of the units. Thus, the fault would have
been formed during early compression, and rotated into
its current orientation as the units were overturned.

Schiarizza and Preto (1987) have noted that Devo-
nian-Mississippian strata unconformably overlie Lower
Cambrian rocks at other localities within the Eagle Bay
Assemblage. It is possible that this relationship may ap-
ply here, although based on the overall regional stratigra-
phy (Figure 2), a thrust fault seems most likely. Further
work will attempt to date stratigraphic units and deter-
mine their tectonic settings and geochemical signatures.
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Stratigraphy, Structure, Geochronology and Provenance of the
Logjam Area, Northwestern British Columbia (NTS 104O/14W)

Thomas P. Gleeson1, Richard M. Friedman2, and KimWahl1

INTRODUCTION

The Logjam area covers four parallel ridges oriented
nearly perpendicular to the regional structural fabric be-
tween Screw Creek and Logjam Creek, approximately
300 km east of Whitehorse. The Logjam area is 30 km
from the Logtung deposit and ninety percent of the area is
above treeline (Figure 1). This area has been interpreted
as straddling the contact of the Big Salmon Complex
(Gabrielse, 1969) and the Klinkit Assemblage (Harms
and Stevens, 1996) and therefore is of key geological im-
portance (regional geology map in Mihalynuk et al.,
2000, this volume). In contrast to the schistose, com-
monly greenschist facies rocks of the Big Salmon Com-
plex immediately to the west, the Logjam area is under-
lain mostly by phyllitic metasedimentary rocks with a
small outcrop area of schists in the northwest (Figure 2).
Mapping was conducted during a ten-day period in Sep-
tember 1998, to gain a better understanding of the stratig-
raphy, structure, age and tectonic affinity of this poorly
known package and its relationship to the Big Salmon
Complex.

Field work focused on the documentation of strati-
graphic and structural features within the study area and
on the collection of key rock samples for isotopic and
microfossil age determination. A U-Pb zircon age of a fo-
liated tonalite and detrital zircon ages from a pebble con-
glomerate were determined. Provenance determinations

were made from point-counts of greywacke, grit and peb-
ble conglomerate samples.

REGIONAL GEOLOGY

The Logjam area lies within the belt of pericratonic
terranes that extends the length of the Canadian Cordil-
lera and is situated between North American miogeo-
clinal rocks to the east and accreted terranes to the west.
The recognition of pericratonic assemblages and changes
in terrane nomenclature of northern British Columbia and
southern Yukon are convoluted. Gabrielse (1969) in-
cluded these rocks in his unit 12, which he divided into
three members. The lower member (unit 12a) consists of
quartzite, argillite, slate, ribbon chert, and discontinuous
grey limestone. The middle member (unit 12b), lami-
nated to thickly bedded limestone with Pennsylvanian
fusilinids, is best exposed east of Screw Creek. Poole
(1956) described some of the conglomerate in the ‘Screw
Creek’ limestone as red or green chert pebbles in a lime-
stone matrix. Facing indicators in the limestone, includ-
ing channel scours and corals in growth position demon-
strate that the limestone is repeated by recumbent,
isoclinal folds (Mihalynuk et al., 2000, this volume).

Monger et al. (1991) considered the Logjam area to
be part of the Dorsey Terrane, a succession of Upper Pa-
leozoic sedimentary rocks that are not readily correlative
with assemblages elsewhere in the Cordillera. Harms and
Stevens (1996) subdivided the Dorsey Terrane into
Dorsey, Swift River and Klinkit assemblages. The Log-
jam area was considered part of the Klinkit assemblage
which has three informal units, from oldest to youngest:
1) Pennsylvanian Screw Creek limestone, 2) Butsih
volcanics, 3) Triassic Teh clastics (T. Harms, personal
communication, 1999). This assemblage was described
as lithologically heterogeneous such that individual beds
or composite horizons could not be followed along strike
for more than a few kilometres (Stevens and Harms,
1995). Geochronological constraints, discussed below,
preclude correlation of layered units with the Klinkit as-
semblage.
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LAYERED UNITS

Three mappable and divisible stratified rock units are
recognized in the Logjam area (Figure 2). In ascending
stratigraphic order they are: 500 metres of brown, thinly
bedded to massive siltstone, chert and impure quartzite
(unit 1); 200 metres of green and maroon to white
siltstone to sandstone (unit 2); and 300 metres of
grey-black to green phyllite, wacke and limestone (unit 3;
Figure 3). Insert Figure 3 here. Unit ePms is biotite schist
with unknown stratigraphic relations. Contrary to the de-
scription of Stevens and Harms (1995), these units were
found to be laterally continuous and were traced for more

than 20 km across the study area. Relative age assign-
ments are based on preserved way-up indicators within
the brown siltstone unit and the position within a region-
ally significant anticline-syncline pair. U-Pb ages re-
ported below indicate that units 1b to 3b were deposited
between middle Silurian and earliest Mississippian
(Claoué-Long et al., 1992).

Brown Siltstone, Chert and Impure
Quartzite (Unit 1)

Rusty brown siltstone and black chert of unit 1 under-
lie most of the two northernmost ridges of the Logjam

298 British Columbia Geological Survey

2a

3c

1c: Medium bedded black and white chert

with minor siltstone and conglomerate

PALEOZOIC

1b: Thinly bedded to massive fine to medium
grained siltstone (with graded bedding,
cross bedding, load casts), conglomerate
and grit; < 422 Ma

LAYERED UNITS

1a: Impure quartzite

2b: Fine siltstone with green and

maroon mottling

2a: Pale green to white arenite (commonly with

strong calcareous matrix component)

3a: Dark grey to black chert with minor

buff limestone

3b: Green to grey phyllite and argillite,

grey quartz wacke, minor buff limestone

DMi: Logjam Intrusion: granodiorite,

diorite, gabbro; 353.9 +/- 0.9 Ma

INTRUSIONS

3c: Buff limestone commonly with fine

quartz grains, black carbonaceous

limestone

EJp: Hornblende porphyry

ePMs: Metasediments, chlorite-biotite-muscovite

schist

22

18

6

15
51

5

21

13

26

37

4
33

12

21

22

24

9

10

2

8

18

4

3

6

26

5

26

26

21

49

73

48

54

34

40

48
44

34

58

40

38

46 51

40

16

42

48

43

34

40

48

30

42

22

48

13

55

12

66

72

54

42

44

50

18

25

63

80

30

9

56

37 34

45

57

54

41

25

44

24

3b

1c

98TGl19-10
353.9+.9

98TGl25-4

Detrital

zircon

_

0 62

Kilometres

84 10

2a

3b

3a

3b

1b
ePMs

DMI

1a

1a

1b

1c

2a

1b

2b

2b

2b

2b

DMI

ePMs

Figure 2. Regional geology map of the Logjam area with U-Pb sampling sites highlighted.



area. They are interbedded on the metre- to outcrop-scale
but can be separated at map scale into dominantly (>80%)
chert (unit 1c) or dominantly (>90%) siltstone (unit 1b).
A third subunit (unit 1a) consists of fractured, impure
quartzite. Unit 1c is characterized by 1 to 20 metre thick
beds of massive black and white chert interlayered with 1
to 4 metre thick beds of laminated to massive siltstone.
Unit 1b consists of rusty orange to brown siltstone with
scarce 0.5 to 3 metre thick beds of conglomerate,
dolostone and chert. Thinly bedded to laminated siltstone
of this unit contains primary sedimentary structures in-
cluding graded bedding, channel scours, cross bedding
and soft-sediment deformation features. At higher strati-
graphic levels, the siltstone of unit 1b is commonly black
and massive with a slightly calcareous matrix. A distinc-
tive, 1 to 3 metre thick, grit to pebble conglomerate bed
sits in unconformable sedimentary contact with siltstone
within unit 1b at roughly the same stratigraphic level. A
sample of grit from this dominantly conglomeratic hori-
zon was collected for detrital zircon analysis. A single,
thin interbed of green tuff containing mafic clasts (?) and
chlorite- muscovite partings provides the only evidence
within this unit for a distal volcanic source. A fractured,
impure quartzite (unit 1a) above unit 1b has sharp (uncon-
formable?) contacts with units 2b and 1b.

Green and Maroon to White Siltstone and
Sandstone (Unit 2)

Unit 2 consists of quartz-rich siliciclastics which
have been subdivided into members on the basis of colour

and grain size. This map unit is differentiated petro-
graphically from unit 1 by coarser, more rounded grains.
Unit 2b varies between siltstone to fine grained sand-
stone with bright olive green and maroon irregular
patches that cut bedding planes at random. These are
probably diagenetic. Unit 2b siltstone grades into coarser
unit 2a, which is a white to light green or pink arenite,
commonly with a calcareous matrix. Unit 2a fines up-
wards into beds of wacke and impure arenite that com-
prise the basal portion of unit 3b.

Phyllite-Greywacke-Limestone-Chert Unit
(Unit 3)

The phyllite-greywacke-limestone-chert unit is
lithologically diverse. Unit 3c is a 5 to 10 m thick marker
unit of tan, carbonaceous limestone within the compo-
sitionally variable package of phyllite, greywacke and
limestone (unit 3b). Stratigraphically higher, in the core
of a south plunging syncline, is a distinctive unit of black
chert and buff limestone (unit 3a). Like unit 2, sedimen-
tary grains in unit 3 are coarser and more rounded than in
unit 1. However, unit 3 is differentiated petrographically
from unit 2 by a higher matrix component and detrital bio-
tite. Unit 3 is characterized by a muscovite-chlorite
phyllitic cleavage but is differentiated from unit 1 and 2
by poorly developed biotite schistosity and epidote alter-
ation. Metamorphic grade is unknown because both
greenschist and sub-greenschist metamorphic assem-
blages are incomplete.

Two limestone beds, one black and the other
tan-to-buff coloured, (unit 3c) provide excellent markers
within unit 3b. The buff to orange massive limestone is
<1.5 m thick with disseminated, rounded, medium-sized
quartz grains (<5%). The black, massive to medium bed-
ded limestone is 1.5 - 2.5 m thick and is gradationally
interbedded above and below with thin phyllite or
argillite horizons. The two carbonates are separated by up
to 4 m of clastic sediments.

The siliciclastic component of unit 3b is green to
grey to black phyllite and argillite and grey to black
quartz wacke interbedded on the decimetre- to out-
crop-scales. Lenses (<3m) of grey, massive limestone are
common throughout unit 3b. Unit 3a is a distinct associa-
tion of grey to buff thick bedded limestone and black and
white, massive chert. Chert layers are up to ten times
more abundant than carbonate and interbedded on
decimetre- to metre-scale. Chloritic (tuffaceous?)
phyllite is also characteristic of unit 3a.

Quartz-Biotite Schist (Unit ePms)

Quartz-biotite schist is structurally lower than most
of units 1-3. Moderately to well developed schistosity, to-
tally recrystallized quartz, and abundant metamorphic bi-
otite (often retrograded to chlorite) differentiate these
rocks from those described above. Chloritoid, a defining
component of the meta-pelitic upper greenschist assem-
blage, was not observed so the metamorphic grade is un-
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Unit 3:
chert and limestone (3a)
green phyllite (3b)
limestone (3b)
wacke (3b)

Unit 2:
grit (2a)
siltstone (2b)

Unit 1:
impure quartzite(1a)
brown siltstone (1b) (< 422 Ma)
chert (1c)

100 metres

Logjam intrusion (353.9 +/- 0.9 Ma)

Limestone (3c)

Figure 3. Stratigraphy of Logjam area with approximate
lithological thicknesses.



cer ta in . Most of the quar tz domains are quar tz

segregations but some may be strained, coarse quartz

grains suggesting a protolith of variable grain size.

Metre-scale layers of grey-orange marble are inferred to

be former carbonate horizons in a dominantly siliciclastic

package. Unit ePms is a mappable unit but the protolith

may be similar to unit 3. Outcrops of schists are mostly at

higher elevations than the Logjam intrusion (described

below). One outcrop downslope of the Logjam intrusion

is marble and argillite; this is inferred to be part of unit

ePms. The contact of unit ePms cuts across the strike of

the units 1-3 so it may represent a disconformity or a fault

surface but there are no demonstratable difference in

metamorphic grade or degree of deformation across the

contact. Unit ePms may be representative of the Big

Salmon Complex.

INTRUSIVE ROCKS

Three plutons are found in the Logjam area. The larg-
est intrusion is a moderately foliated tonalite and gabbro
body informally called the Logjam intrusion. Foliated
tonalite occurs as irregular fingers and pods in a more ex-
tensive and equally foliated gabbro body. Mutually cross-
cutting intrusive relationships between tonalite and gab-
bro suggest that these phases are the same age and are
possibly comagmatic. Variability in grain size and fabric
intensity in the gabbro may be due to magmatic fluid en-
richment and strain partitioning. The gabbroic body in-
trudes both unit ePms and unit 3b. On two ridges, it has a
similar width and crops out at a similar altitude suggest-
ing it is a continuous, slender body. The intrusive contact
with unit 3b does not crop out but wacke flanks gabbro on
both sides. A structural discontinuity seems unlikely be-
cause foliations do not change from one side of the body
to the other. The foliation present in both plutonic phases
is interpreted to record post-crystallization (solid-state)

300 British Columbia Geological Survey

NEqual Area

(Schmidt)

Axial N = 41

E

+2S

+4S

+6S

+8S

+10S

+12S

S1

NEqual Area

(Schmidt)

Axial N = 25

E

+2S

+4S

+6S

+8S

+10S

+12S

+14S

D Linear Elements1

NEqual Area

(Schmidt)

Axial N = 7

E

+2S

+4S

+6S

+8S

F2

NEqual Area

(Schmidt)

Axial N = 45

E

+2S

+4S

+6S

+8S

+10S

+12S

+14S

S0

L1

M1

F1

Figure 4. Schmidt equal area stereographic projections showing contoured poles to (a) bedding - S0), and (b) foliation (S1) and contoured
plots of (c) intersection lineations - L1, mineral lineations - M1, and fold axes - F1, and (d) later fold axes - F2. Data contoured by Gaussian
counting using a weighting function equivalent to a fractional counting area of 0.01. Contour intervals are 2, 4, 6, 8, 10, 12 &14 sigma.



deformation. The foliation is less intense than the
schistosity in unit ePms suggesting that the intrusion is
late synkinematic. Both units show evidence for later
brittle microfractures (i.e. offset micas in unit ePms).

Two fine grained, unfoliated hornblende-porphyritic
gabbroic intrusions cut all stratigraphic units and defor-
mation fabrics. These intrusions exhibit medium grey
fresh surfaces and rusty orange weathering surfaces; in
the field they can be distinguished by the presence or ab-
sence of plagioclase phenocrysts. Trace element geo-
chemical analysis will be conducted in attempt to further
distinguish them and determine their tectonic affinity.

STRUCTURE

The Logjam area is a northeast-dipping homocline
(units 1-3) flanked by the structurally lower ePms unit to
the northwest. Although development of schistosity var-
ies, fabric elements indicate the entire map area experi-
enced the same deformational regime. The phyllite-
wacke-limestone unit (unit 3), interpreted as higher in the
stratigraphy, appears structurally lower than units 1 and 2
because it is the most pervasively deformed and is the
only unit displaying quartz rodding and boudinage. Rela-
tively intense foliation development in unit 3 can be ex-
plained by strain partitioning, or because a more suitable
composition for phyllosilicate growth, or both.

Evidence of the earliest deformation (D1) is a set of
NNW and SSE trending folds (F1) and related phyllitic
axial planar cleavage (S1; Figure 4). Insert Figure 4 here.
The phyllitic cleavage is nearly parallel to compositional
layers interpreted as transposed bedding (S1 within 10 de-
grees and commonly within 3 degrees of S0; Figure 4).
Such widespread near bedding-parallel foliation is due
either to transposition or to original high amplitude, iso-
clinal folding. Large-scale isoclinal folds probably
mimic millimetre to metre-scale isoclinal F1 folds. These
folds are inclined to recumbent, and subhorizontal to
shallowly plunging. S0 and S1 are asymmetric (Figure 4)
suggesting a southwestern vergence for F1. Strong coax-
ial quartz rodding lineations and stretched pebbles (5:1
aspect ratio) are interpreted as the transport lineations
parallel to F1 axis (Figure 4). All beds must be considered
potentially transposed because of the presence of attenu-
ated isoclinal folds. However, the local consistency of
facing directions and their limb position suggest these
data are significant. Metamorphism was likely to be
roughly coeval with D1 since metamorphic minerals such
as chlorite are axial planar to F1 folds.

Regionally important, kilometre-scale folds have
been identified in the Logjam area by recognition of unit
repetitions and a facing direction reversal. These folds
are close to isoclinal and plunge gently to the southeast.
Similar folds are observed in F1 microstructure (Figure
4), although plunges to the southeast are more common.
Units 3a and 3c appear to be cut off as they strike toward
the north into this anticline (Figure 2); these units may be
truncated by a fault that cuts up section to the north or may
be folded within a south-plunging anticline. The latter

possibility is favored, as it is supported by the repetition
of unit 3c.

Second phase folds (F2) are commonly at centimeter-
to decimetre-scales. They are open to close, upright to in-
clined and shallowly to moderately plunging (Figure 4).
Crenulated foliation surfaces are very common. D2

crenulations deform tight centimetre-scale F1 folds, pro-
viding age relations for these events. Rarely, later
crenulations deforms D2 crenulations folds. These sug-
gest a later deformational event (D3?), or more likely
these are a product of progressive D2 deformation be-
cause the crenulations have similar geometry. No mineral
lineations accompany F2 folds. Although northeast-strik-
ing phyllitic fabrics were identified in the field as S2;
these are never axial planar to F2. An S2 fabric that over-
prints S1 fabrics was only observed in one outcrop, but
even here the relationship was not clear. These observa-
tions and the fact that the style of fabric is indistinguish-
able suggest that S2 may actually be a folded S1. When all
foliation fabrics are plotted together they outline a small
circle suggesting that S1 is folded by a moderately to
weakly conical folds that are coaxial with F2 (Figure 4).
Therefore, phyllitic fabrics with northeastern orienta-
tions are considered to be S1 surfaces folded by outcrop
scale F2 folds.

Late-stage brittle kinks were observed on bedding
planes. A fault which juxtaposes units across a minor
creek on the north-central ridge is intruded by a
hornblende porphyry dike, characteristic of late dikes
that crosscut all deformational features.

U-Pb GEOCHRONOLOGY

Three samples from the Logjam area were collected
for U-Pb dating: a deformed tonalite from the Logjam in-
trusion, an undeformed hornblende-phyric intrusion and
grit from the conglomeratic facies of unit 1b. The sample
from a hornblende-phyric pluton (98TGL17-2) yielded
no minerals datable by the U-Pb method. Zircon and ti-
tanite concentrates from the other two localities were pre-
pared from representative ca. 10-20 kg samples using
conventional crushing, grinding, Wilfley table, heavy
liquid and magnetic separation techniques. The method-
ology for zircon grain selection, abrasion, geochemical
preparation and mass spectrometry are described by
Mortensen et al. (1995). U-Pb analyses were done at The
University of British Columbia (Table 1, Figures 5, 6). In-
sert Table 1 and figures 5 and 6 here. Errors attached to in-
dividual analyses were calculated using the numerical er-
ror propagation method of Roddick (1987). The decay
constants were those recommended by Steiger and Jäger
(1977).

Analytical Results

(1) Logjam intrusion deformed tonalite: 98TGL-19-10

A representative sample of foliated tonalite from the Log-
jam intrusion yielded abundant, high quality, clear,
colourless to pale pink zircons. Five analysed zircon frac-
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tions cluster on and off of concordia between about 353
Ma and 358 Ma (et al). An assigned crystallization age of
353.9 ± 0.9 Ma is based on the 206Pb/238U age for concor-
dant fraction C. Discordant fractions A, D and E give
older 207Pb/206Pb ages (Table 1) and are inferred to con-
tain minor inherited zircon.

The above age demonstrates that the Logjam intrusion is
the product of Devono-Mississippian magmatism, which
has been well documented throughout the pericratonic
terranes in the Yukon and British Columbia (Murphy and
Piercey, 1999; Mortensen, 1992). The Logjam tonalite in-
trudes unit 3b and its crystallization age thus constrains
the minimum depositional age for unit 3b and strati-
graphically lower units, and a maximum age for deforma-
tion in the area . The unfoliated Nome Lake batholith to

the south, with a K-Ar age of ca. 180 Ma (Wanless et al.,
1970), provides a mid-Jurassic minimum age constraint
on deformation.

(2) Unit 1b grit detrital zircon analyses: 98TGL25-4

A grit sample from the conglomerate bed of unit 1b
yielded abundant detrital zircons which vary from clear,
colourless, well-faceted euhedral prismatic crystals to
deep purple, naturally abraded ellipsoidal grains. Ten sin-
gle grains selected from euhedral and rounded popula-
tions gave 207Pb/206Pb ages of 2777 Ma to 422 Ma. The
207Pb/206Pb ages for six concordant or nearly concordant
analyses (2.0-0.1% discordant; Table 1, Figure 6) are in-
terpreted as crystallization ages for these grains . The
youngest concordant grain, (J), at 422 Ma, defines a maxi-
mum age for deposition of the conglomeratic facies of
unit 1b and all stratigraphically higher units. These age
constraints suggest that units between 1b and 3b are con-
strained to between Middle Silurian (ca. 422 Ma) and ear-
liest Mississippian (ca. 354 Ma). Implications of the de-
trital zircon data set are further discussed below.

BIOCHRONOLOGY

Fourteen conodont samples were collected from
limestone and dolostone beds and interbeds. All samples
were barren of conodonts and other microfossils, provid-
ing no chronological constraints (M. Orchard, personal
communication, 1999).

Provenance

To better constrain the evolution and provenance of
units 1 to 3, a point count study was undertaken. Detrital
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grain abundances help discriminate between possible tec-
tonic settings. Petrographic work was complimented by
U-Pb detrital zircon ages which give Early Paleozoic and
Precambrian crystallization ages (Table 1). The tectonic
setting exerts a primary control on sandstone composi-
tions, although relief, climate, transport mechanism,
depositional environment and diagenesis all can be im-
portant secondary factors (Dickinson, 1985). The point
counting methodology of Dickinson and Suczek (1979)
was followed. Ten greywacke, grit and coarse siltstone
samples, each representative of a unit, were point-
counted with more than 300 points per slide at a spacing
of 1 mm. Efforts were made to minimize uncertainty pre-
sented by differentiating matrix, identifying feldspars,
metamorphism and diagenesis (Dickinson, 1970); diffi-
cult grains were counted as ‘undifferentiated’ which is
not part of the tectonic discrimination. The detrital zircon
grit sample was counted and compared with other sam-
ples, even though its grain size is an order of magnitude
larger.

All three stratified units (1, 2 and 3) plot in the conti-
nental block or recycled orogen provenance on selected

ternary tectonic discriminate diagrams (Figure 7). Insert
figure 7 here. The total quartz-feldspar-lithics plot (Fig-
ure 7) best shows that each unit has a slightly different
provenance with unit 3 in the continental block field and
unit 1 and unit 2 in the recycled orogen field. The recycled
orogen field includes deformed and uplifted supracrustal
strata, dominantly sedimentary but also volcanic in part
(Dickinson, 1985; Dickinson and Suczek, 1979). Conti-
nental block provinces include both stable cratons and
basement rifts which yield arkosic sands. The grit of unit
1b plots well away from all other samples (Figure 7). This
may show that the methodology is grain-size dependent
because the provenance of a thin bed should compare to
the provenance of the rest of the unit. The grit has little
matrix and coarse sub-angular grains which suggest an al-
luvial setting and a proximal source.

Detrital zircon ages are also useful provenance indi-
cators (Table 1; Figure 6). Six of ten analysed grains are
concordant or nearly concordant (<2% discordance; Ta-
ble 1). 207Pb/206Pb ages for these analyses are interpreted
as crystallization ages of 2777, 1907, 1663, 1131, 940,
and 422 Ma. Reliable age interpretations are not possible
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TABLE 1
U-PB ANALYTICAL DATA FOR THE LOGJAM AREA

Wt U
2 206

Pb
4

Pb
5 208

Pb
6

Isotopic ratios (1s,%)
7

Apparent age

(2s,Ma)
7 %Discordant

8

Fraction
1 mg ppm ppm 204

Pb pg % 206
Pb/

238
U

207
Pb/

235
U

207
Pb/

206
Pb

207
Pb/

206
Pb (to origin)

98TGL19-10 deformed tonalite of Logjam intrusion: 353.9±0.9 Ma

A p,eu 0.104 347 19 27055 5 6.1 0.05628 (0.16) 0.4175 (0.19) 0.05381 (0.10) 362.9 (4.3)

B p,eu 0.11 371 20 10304 14 6.8 0.05631 (0.12) 0.4168 (0.18) 0.05368 (0.08) 357.8 (3.8)

C p,eu 0.092 172 10 9150 6 8.2 0.05643 (0.13) 0.4173 (0.18) 0.05363 (0.10) 355.8 (4.6)

D p,eu 0.112 281 16 17969 6 7.9 0.05686 (0.12) 0.4221 (0.17) 0.05384 (0.09) 364.2 (4.0)

E p,eu 0.094 165 9 8110 7 8.5 0.05651 (0.13) 0.4202 (0.18) 0.05393 (0.09) 368.2 (4.2)

98TGL25-4 Unit 1b grit: detrital single grain zircon analyses

A c,vp,r 0.032 167 67 17985 6 18.5 0.33743 (0.11) 5.4315 (0.17) 0.11674 (0.07) 1907.0 (2.6) 2

B c,vp,r 0.016 228 144 19970 6 13.7 0.53135 (0.11) 14.2203 (0.16) 0.19410 (0.07) 2777.2 (2.3) 1.3

C c,pp,r 0.015 179 56 7732 6 11.7 0.28915 (0.12) 4.0719 (0.17) 0.10213 (0.08) 1663.3 (3.1) 1.8

D c,pp,r 0.016 643 123 16785 7 8 0.18955 (0.11) 2.0221 (0.16) 0.07737 (0.08) 1130.8 (3.1) 1.1

E c,y,r 0.007 58 9 699 6 10.8 0.15168 (0.15) 1.8460 (0.36) 0.08826 (0.29) 1388 (11) 36.9

F c,y, eu,pr 0.011 570 44 4181 7 7.2 0.07810 (0.16) 0.6214 (0.26) 0.05771 (0.18) 518.6 (8.0) 6.8

G c,pp, eu,pr 0.011 276 41 2353 12 4.7 0.15512 (0.17) 1.5056 (0.25) 0.07040 (0.15) 940.0 (6.1) 1.2

H c,y, eu,pr 0.007 171 32 2002 6 20.6 0.16075 (0.13) 1.8941 (0.21) 0.08546 (0.12) 1326.0 (4.7) 29.6

I c,y, eu,pr,b 0.01 311 45 4491 7 3.3 0.15205 (0.12) 1.4863 (0.18) 0.07089 (0.11) 954.3 (4.3) 4.7

J c,pp, eu,pr,s 0.007 792 57 1892 12 14.3 0.06761 (0.15) 0.5150 (0.27) 0.05524 (0.19) 422.0 (8.4) 0.1

1
Upper case letter = zircon fraction identifier; All zircon grains >134mm, air abraded, and nonmagnetic

on Franz magnetic separator at 2.0A° fieldstrength and 1° sideslope; Grain description codes:

b= broken grain, c=clear, cls=colourless, e=elongate, eu=euhedral and faceted, g=grey, pp=pale,

pr=prismatic, r=rounded and frosted, s=stubby, t=turbid; vp=vivid pink; y=yellow.
2

U blank correction of 1pg ± 20%; U fractionation corrections were measured for each run with a double

233U-235U spike (about 0.005/amu).
3

Radiogenic Pb
4

Measured ratio corrected for spike and Pb fractionation of 0.0035/amu ± 20% (Daly collector) and

0.0012/amu ± 7% and laboratory blank Pb of 1-3pg ± 20%. Laboratory blank Pb concentrations and

isotopic compositions based on total procedural blanks analysed throughout the duration of this study.
5

Total common Pb in analysis based on blank isotopic composition
6

Radiogenic Pb
7

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 207Pb/206Pb age of the fraction.
8

Detrital zircon analyses only; 207Pb/206Pb ages interpreted as crystallization ages for fractions 2% or less discordant.



for the four more discordant analyses, especially highly
discordant grains E and H. The paucity of usable data pre-
vents meaningful statistical analysis. However, the six
grains that provide reliable age information allow us to
draw conclusions relevant to the geologic evolution of the
Logjam area, and more generally to strata of the
pericratonic terranes of the northern Cordillera.

Concordant ages of single grain zircons and the age
constraints on the strata, allow comparison of unit 1b to
the reference Devonian miogeoclinal sections of Gehrels
et al. (1995; Silurian clastic sedimentary rocks are rare or
absent in the miogeocline and not represented in refer-
ence sections). Gehrels et al. (1995) showed that age dis-
tributions of detrital zircons characterize different lati-
tudes of the Cordilleran miogeocline. The ages of grains
Aand B (2.78 Ga and 1.91 Ga, respectively) are consistent
with detrital ages that are common in Canadian and Alas-
kan reference miogeoclinal sections and rare or absent in
Nevadan and Sonoran sections (Gehrels et al., 1995). De-
trital zircons with similar ages, from pericratonic strata in
the Yukon-Tanana Terrane in Yukon (Mortensen, 1992)
and a correlative assemblage in the Coast Mountains of
northwestern British Columbia, have been interpreted as
consistent with derivation from northwestern North
American cratonic sources (Gehrels and Kapp, 1998).
The 1.66 Ga age for fraction C is consistent with deriva-
tion from recycled Belt Supergroup sediments in southern

British Columbia and Montana (Ross et al., 1992).
Gehrels and Kapp (1998) suggested this source for
metasedimentary assemblages in the Coast Mountains of
British Columbia with detrital zircons of a similar age.
However, Gehrels et al. (1995) also suggested that grains
of this age might have latitudinal significance for Nevada
and Sonora. Grenvillian-aged grains (fraction C; ca.1.13
Ga), occur in Paleozoic sedimentary rocks younger than
ca. 450 Ma throughout North America (Patchett et al.,
1999), and are thus not latitudinally significant. The 940
Ma age for detrital grain G has not been previously en-
countered in Paleozoic strata of the miogeocline (Gehrels
et al., 1995), and possible sources within the North Amer-
ican craton have yet to be identified. Finally, the age of
422 Ma (fraction J) matches detrital ages in Alaskan and
to a lesser extent the southern British Columbian
miogeoclinal reference sections (Gehrels et al., 1995) and
the Alexander terrane of southeastern Alaska (Gehrels et
al., 1996).

In summary, the ages of most detrital zircons from the
Logjam area are consistent with detrital ages from other
pericratonic terranes of the northern Canadian Cordillera
and with those from Devonian reference sections of the
North American miogeocline in Alaska and British Co-
lumbia. This suggests that strata from the Logjam area
and northern pericratonic terranes was likely derived
from the northwestern North American craton and Pre-
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cambrian to Lower Paleozoic rocks of the northern
miogeocline. The recycled nature of the grit from unit 1b
is further confirmed by its recycled orogen provenance
(Figure 7) and its primary constituent (sedimentary
lithics). These conclusions should be considered prelimi-
nary until further detrital zircon ages are determined for
the Logjam area and pericratonic terranes in general.

DISCUSSION

Mapping between Screw and Logjam Creeks pro-
duced a reliable local stratigraphy of three units: brown
siltstone and chert (unit 1); green and maroon to white
siltstone and sandstone (unit 2); and phyllite, wacke, and
limestone (unit 3). Geochronologic constraints suggest
that these units were all deposited in Middle Silurian to
latest Devonian and subsequently deformed by two Mis-
sissippian to Middle Jurassic deformational events. Stra-
ta of this age are quite uncommon among pericratonic as-
semblages. Two examples are the Nasina quartzite within
the Yukon-Tanana Terrane and an Upper Devonian
siliciclastic unit within the Harper Ranch subterrane of
the Quesnellia Terrane (Fritz et al., 1991). Mid-Paleozoic
age constraints preclude correlation to the Triassic Teh
clastics of the Klinkit assemblage roughly along regional
strike 30 km to the south. Another possible correlation is
with the units directly east of Screw Creek from the Log-
jam area. The black chert pebble conglomerate and red
and green argillite that lie below the Screw Creek lime-
stone may be correlative with the green and maroon
siltstone (unit 2b). In this case, both green and maroon
lithologies that were deposited between mid-Silurian and
Devonian and units above unit 2b (unit 2a and 3) on the
Screw Creek ridge must have then been removed by a
pre-Pennsylvanian erosion event represented by the con-
glomerate lowest in the Screw Creek limestone. Al-
though the Logjam area has a consistent stratigraphy and
structure, the lack of protolith age constraints and equivo-
cal regional stratigraphic correlations preclude a reliable
assemblage assignment.

Relationships between units 1-3 and unit ePms, to the
east, and the Big Salmon Complex, to the west, remain
enigmatic. The contact between unit ePms schist and
units 1, 2 and 3 might be due to compositional differences
or strain partitioning. The outcrop distribution of ePms is
not reconcilable with the geometry of fault emplacement.
Although unit ePms displays a more developed schis-
tosity than units 1-3, it may be the same metamorphic
grade (all metamorphic assemblages are incomplete).
Unit 3b may be a protolith for unit ePms; the relationship
between the schist and the less deformed metasediments
is the topic of an ongoing study. Deposition of units 1 to 3
might in part be coeval with the deposition of the lowest
greenstone unit of the Big Salmon Complex (which is
older than the ca. 366 Ma Mt. Hazel orthogneiss;
Mihalynuk et al. 2000, this volume). Future work should
be directed towards constraining protolith age, perhaps
from the tuffaceous rocks, and dynamothermal events by
dating the cross-cutting hornblende porphyry dikes.
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Bull River Copper-Silver-Gold Prospect, Purcell Supergroup,
Southeastern British Columbia

Trygve Höy, W.R. Smyth and Ray E. Lett
British Columbia Geological Survey, Ministry of Energy and Mines, Victoria, B.C.

INTRODUCTION

The Bull River deposit (also called the Dalton Mine
or the Gallowai Bul Mine) is a past producer of copper,
silver and gold. It is located approximately 30 kilometres
due east of Cranbrook on the eastern side of the Rocky
Mountain trench (Figure 1). It was operated by Placid Oil
Co. from 1971 to 1974, producing 7256 tonnes of copper,
126 kilograms of gold and 6354 kilograms of silver from
471 899 tonnes of milled ore (B.C. MINFILE).

The property and surrounding area, collectively re-
ferred to as the Gallowai Bul River claims, was acquired
by R.H. Stanfield in 1976. The Bull River mine is jointly
owned by Gallowai Metal Mining Corporation and Bul
River Mineral Corporation Ltd. It has undergone exten-
sive exploration by these companies since that time. This
exploration includes underground work, considerable
sampling, geological mapping, geophysical surveys and
more than 59 000 metres of percussion and diamond drill-
ing. Exploration in 1998 included advancement of a de-
cline 1100 metres and level advancement of 725 metres,
6508 metres of underground diamond drilling, 1144
metres of surface diamond drilling and 367 metres of per-
cussion drilling. Ongoing work in 1999 mainly involved
extending the decline by 554 metres, 1424 of level devel-
opment and 11 169 metres underground drilling, as well
as considerable sampling and anayltical work (Photo 1).

In 1998, the Stanfield Mining Group’s Consultant
and Project Engineer released to the Ministry estimates of
the measured and indicated, mineral resource of the
Gallowai Bul River as 5.3 million tonnes containing 2.25
percent copper, 1.06 oz/tonne (36 grams/tonne) silver and
0.35 oz/tonne (12 grams/tonne) gold (de Souza, 1998).
This resource was quoted in Ministry publications
(Schroeter, 1999, Wilton, 1999).

This study, based on a brief visit to the property in
June, 1999, was undertaken to better understand the geol-
ogy of the deposit and to attempt to verify reported re-
source grades.

REGIONAL GEOLOGY

The Bull River deposit is located in the Rocky Moun-
tain trench just east of the inferred trace of the Rocky
Mountain trench fault, a west-side-down Tertiary normal
fault with at least 5 kilometres of vertical displacement.

The area is within the Hosmer thrust sheet, the structur-
ally highest thrust package in the Western Ranges of the
Rocky Mountains (Benvenuto and Price, 1979). Broad,
open east-plunging folds dominate the structures in the
immediate area.

The deposit is within the Aldridge Formation, a thick
succession of mainly sandy turbidites and interbedded
laminated siltites and argillites that forms the basal part of
the Middle Proterozoic Purcell Supergroup (Höy, 1993).
A number of extensive gabbroic sills and less commonly
dikes, collectively referred to as the Moyie sills, intrude
this turbidite package. These rocks are overlain to the east
by mainly argillites and siltites of the upper Aldridge.
Several percent of finely disseminated pyrite and
pyrrhotite in the Aldridge result in typically rusty-weath-
ering outcrops.

The Creston Formation, a shallow water platformal
succession of mainly quartzites and siltites, is exposed
east and upslope of Aldridge exposures. To the southeast,
on the south side of the Bull River, the Creston Formation
is overlain by tan-weathering carbonate rocks of the
Kitchener Formation.

A number of small Cretaceous monzonite stocks in-
trude rocks of the Purcell Supergroup as well as younger
Paleozoic platformal rocks. One of these is exposed just
west of the Bull River deposit, intruding mainly carbon-
ate rocks of the Devonian Fairholme Group.

BULL RIVER DEPOSIT (082GNW002)

The Bull River deposit is the largest and probably
most important known mineralized zone on property of
the Stanfield Holdings. It is described as a massive chal-
copyrite vein and replacement deposit in a quartz-siderite
gangue (B.C. MINFILE). Placid Oil Co. estimated total
underground ore reserves, based on a cut-off grade of 1.0
percent copper and minimum thickness of 1.2 metres, as
664 000 tonnes containing 1.94% copper (Chiang, 1973).
These reserves were concentrated in two main zones, the
A zone with a strike length of 275 metres and a down dip
extent of 90 to 175 metres, and the E zone, 150 metres in
strike length and up to 275 metres dip extent. Neither gold
nor silver content were reported in these reserve esti-
mates.

The deposit includes a number of quartz-carbon-
ate-sulphide veins in shear or breccia zones that generally
trend easterly and dip steeply to the south (Photo 2).
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Figure 1. Regional geological map showing the location of the Bull River deposit, and other mineral deposits in the Middle Proterozoic
Purcell Supergroup, southeastern British Columbia (base map after Höy et al., 1995, in press)

Drill core Lab no. Location Sample type Description

(depth )

BRU-99-11 54661 51.2 - 51.8 m 0.6 m split core massive argillite, cut by thin qtz-cc veinlets

BRU-99-11 54662 51.8 - 52.6 m 0.8 m split core vein breccia, with cp, po in qtz-sid gangue

BRU-99-11 54663 52.6 - 53.4 m 0.8 m split core semi-massive po + cp in qtz-sid gangue; brecciated

BRU-99-11 54664 53.4 - 54.0 m 0.6 m split core massive siltstone, with thin qtz-sid + po, cp veinlets

BRU-99-11 54665 81.5 - 82.0 m 0.5 m split core massive cp-po with qtz-carb gangue

BRU-99-11 54666 82.0 - 82.5 m 0.5 m split core massive cp-po with qtz-carb gangue; late sid veinlets

BRU-99-11 54667 83.1 - 83.7 m 0.6 m split core semi-massive po + cp in qtz-sid gangue

BRU-99-11 54668 84.7 - 85.2 m 0.5 m split core sericite-altered siltstone, cut by thin cp veinlets

BRU99-16 54669 37.3 - 37.8 m 0.5 m split core altered quartzite?, cut by qtz-carb veinlets

BRU99-16 54670 37.8 - 38.5 m 0.7 m split core massive qtz-sid vein, with po and cp

BRU99-16 54672 38.9 - 39.4 m 0.5 m split core brecciated vein with cp, cut by carb veinlets

BRU99-16 54673 39.4 - 39.8 m 0.4 m split core argillaceous quartzite, with minor blebs of po

BRU99-16 54674 122.8 - 123.1 m 0.3 m split core qtz vein cut by po-cp veinlets

98L3-2 54650 91.1 - 91.7 m 0.6 m split core massive qtz vein, with patchy cp-po

98L3-2 54651 100 - 100.4 m 0.4 m split core massive cp, minor po in brecciated qtz vein

98L3-2 54653 98.6 - 99 m 0.4 m split core argillaceous siltstone, with minor qtz-carb-cp veinlets

98L3-2 54654 100.9 - 102.0 m 1.1 m split core massive cp, minor po; barite and qtz gangue

Underground samples

BR-UG-1 54655 Level 3, west wall grab semi-massive, brecciated po-cp-carb vein

BR-UG-2 54656 Level 3, Stn 189, -3m grab semi-massive, brecciated po-cp-carb vein

BR-UG-3 54657 Level 3, Stn 189, -5m grab semi-massive, brecciated po-cp-carb vein

BR-UG-4 54658 Level 3, Crosscut grab semi-massive, brecciated po-cp-carb vein

BR-UG-5 54659 Level 5, Crosscut grab semi-massive, brecciated po-cp-carb vein

Abbreviations: qtz - quartz; cc - calcite; cp - chalcopyrite; po - pyrrhotite; sid - siderite; do - dolomite; carb - carbonate

TABLE 1
DESCRIPTION OF SELECTED SAMPLES, BULL RIVER DEPOSIT
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Photo 1. A) Photo showing one of the open pits developed during mining of the Bull River deposit by Placid Oil Co. from 1971 to 1974.
B) Portal for underground development, Bull River deposit.
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A

B

Photo 2. A) Semi-massive chalcopyrite-pyrrhotite vein, Bull River deposit; note multiple vein episodes, with quartz-carbonate gangue,
and early ductile folding of veins followed by brittle deformation. Host is dark siliceous argillite of the Middle Proterozoic Aldridge
Formation. B) Similar intense brittle deformation of chalcopyrite-pyrrhotite vein; note rock hammer scale.



Widths of these brecciated vein zones vary from a few
centimetres to greater than ten metres, and are continuous
for several hundred metres in strike length. Common
sulphides include chalcopyrite, pyrite and pyrrhotite,
with variable but generally minor galena and arsenopy-
rite, and trace tetrahedrite and interstitial native gold. The
sulphides range from massive, irregular bodies within the
vein system, to thin discontinuous veins and veinlets, and
disseminations in host rocks. Secondary malachite and
azurite occur locally. The main gangue minerals are
quartz, siderite and dolomite. Sericite, quartz and chlorite
alteration occurs within and adjacent to many of the sul-
phide veins.

SAMPLING AND ANALYTICAL
PROCEDURES

Samples from four drill holes, shown by the Com-
pany logs to have intersected mineralized vein structures,

and from mineralized zones underground were collected.
Visible inspection of all samples, summarized in Table 1,
confirmed that they are typical of the vein mineralization
of the Bull River deposit.

Samples were crushed, split and pulverized in the
Ministry of Mines’ laboratory in Victoria, and sent to
Chemex Laboratories, Vancouver, for gold assay by fire
assay-atomic absorption spectrometry finish, and for
copper and silver assay by aqua regia digestion-atomic
absorption spectrometry. Several randomly selected sam-
ples, including a duplicate and a CANMET standard,
were also sent to Loring Laboratories, Calgary, for gold
by fire assay-atomic absorption spectrometry finish and
to Activation Laboratories Ltd. Ancaster, Ontario for
thermal neutron activation analysis. The Loring analyses
are comparable to those reported by Chemex Labora-
tories. Thermal neutron activation gold values are similar
to those obtained by five assay-atomic absorption spec-
trometry finish.
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TABLE 2
ASSAYS OF MINERALIZED AND HOST ROCK SAMPLES FROM

DRILL CORE AND UNDERGROUND, BULL RIVER DEPOSIT

Chemex Lab Loring Lab Act Labs

GSB Lab No Au-FAA (g/t)* Ag-ARAA (g/t)** Cu-ARAA (%)** Au-FAA (g/t)*** Au-INA (g/t)****

Drill hole 54662 0.030 4.8 0.45 0.048
samples 54663 0.145 7.5 0.72 0.171

54665 0.440 102.5 16.95 0.551
54666 0.180 55.8 8.75 0.305
54667 0.960 97.2 13.85 0.650 0.650

54670 0.070 9.3 0.55
54672 0.070 12.6 1.33

54650 0.390 18.0 2.41 0.445
54651 0.550 65.4 8.01 0.630
54654 4.770 161.5 13.00 4.690

range 0.030-4.77g/t 4.8-161.5 g/t 0.45-16.95 %
median value 0.285 g/t 36.9 5.21

Underground 54655 1.045 34.5 4.53 1.250
samples 54656 0.160 18.0 2.61

54657 1.135 95.4 9.24
54658 0.290 26.7 2.92 0.291
54659 0.710 13.2 1.17

range 0.16-1.135 g/t 13.2-95.4 g/t 1.17-9.24 %
median value 0.71 g/t 26.7 g/t 2.92

Table 2b: Assays of immediate host rock samples

54653 0.060 13.2 1.47
54661 <0.005 <0.3 0.01
54664 0.010 0.6 0.11
54668 0.010 2.4 0.37
54669 <0.005 0.3 <0.01 0.005
54673 <0.005 <0.3 0.01
54674 0.055 2.4 0.30 0.055

Notes:
Preparation: Samples jaw-crushed, split and ring-mill pulverized at the Geological Survey Laboratory, Victoria.
*Au-FAA=Fire Assay-AAS Finish at Chemex Ltd. , Vancouver.
** Ag and Cu assay by aqua regia digestion-atomic absorption spectrometry at Chemex Ltd., Vancouver.
*** Au FAA Fire Assay finished at Loring Laboratory, Calgary.

****Au-INA Thermal Neutron Activation Laboratories Ltd., Ancaster, Ontario.



Results

Assay results from Chemex Laboratories are given in
Table 2. Gold content in the 10 mineralized samples from
drill core ranged from 0.030 to 4.77 grams/tonne, with a
median value of 0.285 grams/tonne. The best intersec-
tion, a 1.1 metre interval of massive to semi-massive chal-
copyrite and pyrrhotite, with barite and quartz gangue,
contained 4.77 grams/tonne gold, 161.5 grams/tonne sil-
ver and 13 percent copper. Gold content in the five sam-
ples collected underground ranged from 0.16 to 1.135
grams/tonne, with a median of 0.71 grams/tonne. Silver
content in these samples ranged from 13.2 to 95.4
grams/tonne and copper, from 1.17 to 9.24 percent.

A number of samples of host rocks immediately adja-
cent to the sheared and brecciated veins were also ana-
lyzed, in an attempt to determine if these contained finely
dispersed gold. Although thin quartz-siderite-sulphide
veins, minor disseminated sulphides and some vein alter-
ation were apparent in these samples, gold content was
low (Table 2). Sample 54653 contained 0.06 grams/tonne
gold, probably concentrated mainly in a thin quartz-car-
bonate vein that contained visible chalcopyrite.

The correlation between gold and copper content,
and the essential restriction of gold values to vein struc-
tures that contained visible chalcopyrite, suggest that
gold is largely restricted to these veins.

CONCLUSIONS

The Bull River deposit is a brecciated and sheared
copper-gold-silver prospect in the Middle Proterozoic
Aldridge Formation in southeastern British Columbia.
Mineralization appears to be restricted to a series of es-
sentially east-trending, steep south-dipping veins just
east of the Rocky Mountain trench. The veins vary from
mainly massive chalcopyrite and pyrrhotite, to brecciated
or sheared quartz-dolomite-siderite veins with variable
sulphide content.

In 1998, a measured and indicated, mineral resource
for the Bull River deposit of 5.3 million tonnes containing
2.25 percent copper, 36 grams/tonne silver and 12
grams/tonne gold was reported to the Ministry (de Souza,
1999). This resource calculation was based mainly on a
volume of the exploration block, which contains both
mineralized veins and host rock.

Assays of selected hand samples from underground
and drill core, collected during this study, returned vari-
able copper and silver content and trace to minor gold.
Copper in these samples are comparable to those in origi-
nal reserve calculations of Placid Oil Co. Gold values in
the mineralized veins ranged from 0.03 grams/tonne to a
maximum of 4.77 grams/tonne for a sample collected
across 1.1 metres of core. These gold values are in the
same order of magnitude as those recovered during the
mining life of the deposit in the early 1970s. This brief
study, using standard fire assay techniques with atomic
absorption spectrometry finish, does not confirm the gold

grades reported by the company for the Bull River de-
posit. Further and more detailed study, using standard
techniques, would be necessary to confirm what grades
are in fact present.

In summary, the Bull River deposit is fairly typical of

the Cu�Ag quartz vein deposit class (I06; Lefebure,
1996). These veins are typically fault-controlled, com-
monly continuous for several hundred metres, and con-
tain variable copper and silver content, with trace to mi-
nor gold.
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B.C. Regional Geochemical Survey: 1999 Field Programs

By Wayne Jackaman, Stephen Cook and Ray Lett
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INTRODUCTION

The Exploration Services and Information Section of
the British Columbia Geological Survey Branch is re-
sponsible for administering the Regional Geochemical
Survey (RGS) program and providing complimentary re-
search and orientation studies designed to promote the ef-
fective use of exploration geochemistry by industry. Re-
sults are used by industry to pinpoint exploration
opportunities and by government for resource manage-
ment, land-use planning and environmental assessments.
The section’s contribution of applied geochemical infor-
mation to the exploration community during the 1999
field season is summarized in this paper.

REGIONAL GEOCHEMICAL SURVEY
PROGRAM (RGS)

RGS Archive Program

Since 1975, over 45,000 drainage sediment and wa-
ter samples have been collected and analyzed by the RGS
Program. Starting in 1991, the RGS Archive program has
routinely upgraded the RGS database with previously un-
available analytical information. Sediment samples
saved from surveys conducted from 1976 to 1985 have
been re-analysed by instrumental neutron activation anal-
ysis (INAA) for gold and twenty-five other metals not in-
cluded as part of the original data releases. To date, the
RGS Archive Program has compiled and published this
new data for over 18,735 samples covering 15-1:250 000
NTS map sheets. The most recent data release included
results from 1235 sediment samples collected during a
1979 Quesnel Lake (NTS 93A) RGS Program. New ana-
lytical data plus original field and analytical results were
published in June, 1999 (Jackaman, 1999). RGS archive
gold data for Atlin (NTS 104N), Jennings River (NTS
104O) and McDame (NTS 104P) 1:250 000 survey areas
are scheduled for release in the summer of 2000
(Jackaman, in preparation).

Drainage Sediment and Water Surveys

Four reconnaissance-scale drainage sediment and
water surveys were conducted in the Central Coast and

Queen Charlotte Islands during 1999 (Figure 1). Lake
sediment and water samples were collected from 133
sites covering an area of over 700 square kilometres near
Cape Caution (92L/14, 92M/3,4). In the Khutze River
area (103H/1,2,7), sediment and water samples were col-
lected from 111 sites covering an area of around 800
square kilometres. Moss sediment and water samples
were collected from 94 sites covering an area of approxi-
mately 800 square kilometres south of Bella Coola
(93D/1,2,7,8). On the Queen Charlotte Islands, moss sed-
iment and water samples were collected from 184 sites
covering an area of over 1700 square kilometres (103F/1,
103G/4, 103F/7,8,9,10).

These surveys are designed to provide baseline re-
gional geochemical data that can be used in the evaluation
of the mineral potential of the target areas. Funded under
the government’s Corporate Resource Inventory Initia-
tive (CRII), these surveys are part of the Ministry of En-
ergy and Mines’ contribution to the Central Coast and
Queen Charlotte Island Land Resource Planning process
(Pinsent, this volume). The projects are also an extension
of the RGS program, and the data would be incorporated
into any future surveys conducted in these regions. Re-
sults are expected to be published early in 2000.

GEOCHEMICAL RESEARCH AND
ORIENTATION STUDIES

Ancient Pacific Margin NATMAP Project

Exploration successes for volcanogenic massive sul-
phide (VMS) deposits in Yukon-Tanana Terrane (e.g.
Kudz Ze Kayah, Wolverine) and Slide Mountain Terrane
(e.g. Ice) rocks of the southern Yukon have focused atten-
tion on the possible VMS potential of correlative rocks of
the Big Salmon Complex in northern British Columbia.
As no detailed geochemical studies had been previously
conducted in this area to characterize the element signa-
tures and geochemical dispersal of either VMS deposits
or their felsic volcanic host rocks, preliminary field stud-
ies were initiated here during the summer of 1999 as part
of the Ancient Pacific Margin NATMAP Project (Cook
and Pass, this volume). A series of additional papers de-
scribing results of NATMAP bedrock and surficial geol-
ogy mapping programs conducted in this area are also
found in this volume.

The geochemical studies project has two compo-
nents: interpretation of available RGS data for the study
area and for adjacent terranes, and geochemical case
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studies. Both interpretive and field studies concentrate on

that part of the Atlin (NTS 104N) and Jennings River

(NTS 104O) map areas immediately east of Teslin Lake

and just south of the Yukon border, where most of the

1999 NATMAP bedrock and surficial geology mapping

programs were conducted. RGS stream sediment and lake

sediment data is available for both the Atlin and Jennings

River areas, and some preliminary interpretive results are

shown by Cook and Pass (this volume). The objective of

the case studies is to characterize the geochemical re-

sponses of known VMS showings and felsic metavolcan-

ic packages in the area. Case studies were conducted in

several areas, notably in the vicinity of meta-exhalative

crinkled chert units identified by Mihalynuk et al. (1998),

the Arsenault copper prospect (MINFILE 104O 011), and

several small copper showings. A variety of surficial me-

dia were collected here, including stream sediments,

moss mat sediments, stream waters, soil profiles, vegeta-

tion and rock, in an attempt to characterize the geochemi-

cal signature and dispersal of VMS-related metals at these

sites. Case studies were also conducted in groups of ad-

joining watersheds in two parts of the Nisutlin Plateau and

Cassiar Mountains which have anomalous RGS

Zn-Cu-Pb-Ag-Co-Fe results. The geochemistry of stream

waters and suspended stream sediments in these areas is

the object of a University of Victoria B.Sc. thesis by Heidi
Pass.

Cook and Pass (this volume) provide a brief outline
of some preliminary geochemical results for soil profiles
and rock samples. Geochemical data for other sample me-
dia are pending, and will be published as it becomes avail-
able In addition, Dixon-Warren and Hickin (this volume)
provide geochemical results for a suite of till samples.
The development of recommendations as to the most ef-
fective geochemical exploration methods for VMS de-
posits in the Big Salmon Complex area will be an impor-
tant outcome of this project.

Intrusion Related Gold Project

Discovery of gold mineralized quartz veins related to
Cretaceous granitic intrusions in Alaska and the Yukon
has generated new exploration interest for similar depos-
its in British Columbia. Deposits of this type are difficult
to locate using traditional stream sediment surveys be-
cause associated metals such a gold, tin, bismuth and
tungsten are relatively immobile and tend to be erratically
distributed in the sediment. In addition, the metal anom-
aly contrast may be subdued because of dilution from bar-
ren glacial material. Stream geochemical studies carried
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out to better understand this type of deposit in B.C. are de-
scribed by Lett and Jackaman (this volume).
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Mineral Potential of the Northern Coast Belt, Khutze River Area,
British Columbia (103H)

By R.H. Pinsent

K E Y W O R D S : E c o n o m i c g e o l o g y, s t r u c t u re ,
intrusion-related, shear-hosted vein, gold, silver, copper,
staking records, Khutze River, Aaltanhash River, regional
stream sediment survey, Surf Inlet, Hunter, Western Copper.

INTRODUCTION

This report discusses the geology and mineral poten-
tial of a segment of the Coast Mountains, east of Princess
Royal Island (in NTS area 103H) termed the Khutze
River area. The information presented is based on public
domain reports and old staking records. In 1999, a re-
gional stream sediment survey was conducted in the area
by the Ministry of Energy and Mines. The results of the
geochemical survey will be reported separately. The pro-
ject was funded under the Provincial Government’s Cor-
porate Resource Inventory Initiative (CRII), as part of the
Ministry’s contribution to the Central Coast Land and
Coastal Resource Management (CCLCRMP) planning
process.

The area is approximately 150 kilometres south of
the community of Terrace and includes the Khutze and
the Aaltanhash river drainages (Figure 1). The terrain is
varied and locally, exceedingly rugged. It includes moun-
tain peaks, alpine glaciers, wooded slopes and flat bot-
tomed valleys. Elevations range from sea level to 1500
metres. Although the coastal portion is readily accessible
by boat or float plane, much of the area is accessible only
by helicopter.

PREVIOUS WORK

Ministry records indicate that there was a consider-
able amount of exploration and mine development along
the British Columbia coast in the late 1800s and early
1900s. This is best illustrated by the work carried out be-
fore the Second World War at the Surf Inlet and Pugsley
mines (MINFILE 103H 027) located west of the Khutze
River area, on Princess Royal Island. The combined oper-
ation is reported to have produced 918 128 tonnes of
quartz vein material containing 12 095 368 grams of gold,
6 258 235 grams of silver and 2 834 461 kilograms of cop-
per between 1902 and 1943.

The Khutze River area, on the east side of Graham
Reach was mapped at 1:250 000-scale by the Geological
Survey of Canada in the mid 1960s as part of its Coast
Mountain Project (Roddick et al., 1965; Roddick, 1970).

This was well after the main period of exploration on the
coast, which was conducted without the benefit of good
quality maps.

GEOLOGY

The simplified geological map of the Khutze River
area shown in Figure 1 is based on government mapping
as shown on The MapPlace website (Bellefontaine and
Alldrick, 1994). The area is underlain by plutonic rocks
and by pendants of deformed and metamorphosed volca-
nic and sedimentary rocks. Although it has not been
mapped in detail, the geology appears to be fairly typical
of the core region of the Coast Mountains.

The stratabound rocks occur in two northwest-
erly-trending belts. One belt comprises a minor amount
of thinly laminated micaceous quartzite, crystalline lime-
stone, skarn, and greenstone and schist of possible Paleo-
zoic age (OTrAs). The greenstone and schist is intimately
associated with a gneissic and dioritic migmatite com-
plex (MKdn) near the mouth of Khutze Inlet. The other
belt is a broad zone of “granitoid gneiss” that includes
gneissic quartz diorite, rusty fine-grained gneiss and
schist. It is well exposed in the mountains at the head of
the Khutze River (PTcg). Some of the more schistose
components of the “granitoid gneiss” are clearly sedi-
mentary as they include a recognizable band of
thick-bedded recrystallized limestone (PTcs).

The plutonic rocks include the migmatite unit
(MKdn) found in the complex referred to above and also
broad, northwesterly trending zones of hornblende bio-
tite-rich quartz diorite (MKqd and ETqd), biotite
hornblende-rich granodiorite (MKgd) and both biotite
quartz rich and leucoquartz monzonite (MKqm, LKqm).
Although many of the plutonic rock ages are uncertain,
contact relationships suggest the early formation of a cen-
tral belt of quartz diorite followed by later intrusion of
granodiorite and a stil l later intrusion of quartz
monzonite. Most of the plutonic rocks to the southwest of
the granitoid gneiss unit are reported to be Middle Creta-
ceous in age. Those to the northeast may be Tertiary
(Roddick, 1970).

The rock units display a broad northwesterly trend
and the western contact of the “granitoid gneiss” unit ap-
pears to be defined by a major northwesterly-trending
fault (Figure 1). North to northeasterly trending faults
have not been mapped in the area; however, lineaments
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Figure 1. Generalized geology of the Khutze River area showing the location of mineral occurrences and lapsed tenure sites.



and contact relations suggest that there may be several
within the map area.

MINERALIZATION

There are three occurrences in the Khutze River
drainage listed in the Ministry’s MINFILE database (Fig-
ure 1). Two are metallic mineral occurrences (Western
Copper, 103H 033 and Hunter, 103H 034), and one is a
limestone deposit (Marmor, 103H 063). Figure 1 also
shows nine “areas of past exploration interest”. These are
sites that are known to have been staked at some point
over the past seventy years but are now lapsed and are no
longer located on tenure maps. In most instances, there is
insufficient information available on the site to warrant
its inclusion as an occurrence in the Ministry’s MINFILE
database.

The present report is primarily concerned with the
two metallic prospects, both of which show enrichment in
copper, gold and silver.

Hunter (MINFILE 103H 034)

The Hunter gold deposit (latitude 53º 11� ��� N, lon-

gitude 128º 23�� 06� W) is on the north fork of the Khutze
River approximately 22 kilometres from tidewater, at the
head of Khutze Inlet, 150 kilometres from Terrace. The
deposit is covered by crown granted mineral claims lo-
cated in the early 1900s.

The Hunter deposit consists of shear-hosted quartz
veins which were located in 1927 and prospected and
trenched in the late 1920s and early 1930s. The first un-
derground development took place in 1940. The then
owners drove a decline for 47 metres into the River vein
and drifted along it for a further 57 metres. The following
year, they drove an adit for 144 metres on the “Main”
vein. The old workings were rehabilitated and the veins
were sampled in 1980. Arnhem Resources Inc. further ex-
plored the property in 1983. The company mapped the
area, resampled the veins and conducted geochemical
surveys (Scott, 1984a). It continued the program the fol-
lowing year, diamond drilling seven holes for an aggre-
gate depth of 737 metres (Scott, 1984b).

The Hunter property straddles the north fork of the
Khutze River in the floor of a deep, northerly to north-
westerly trending, “U”-shaped valley formed along the
trace of a section of the possible fault on the southwestern
side of the granitoid gneiss (PTcg) unit. The property
straddles a contact between quartz monzonite (MKqm)
and “granitoid gneiss” (PTcg) (Figure 1).

The geology is described by Mandy (1932) and by
Scott (1984a,b). The principal feature is a north to north-
westerly trending pendant (or tectonic sliver) of biotite
gneiss that underlies the floor of the valley. The biotite
gneiss pendant appears to be largely metavolcanic in ori-
gin, although it is highly deformed and displays a pro-
nounced north to northwesterly trending foliation. The
pendant hasn’t been fully delineated, but it is about 700
metres wide. It is bounded by granitic gneiss and is cut by

a variety of plutonic rocks, including foliated quartz
diorite and quartz monzonite, and non-foliated aplite and
pegmatite.

The mineralized quartz veins are markedly discor-
dant to the foliation in the pendant and the foliated
plutonic rock. The veins display north to northeasterly
strikes and steep to moderate easterly dips. For example,
the “Main” vein is reported to have a strike of between 20
and 35 degrees and a dip of 55 to 70 degrees to the south-
east. The cluster of veins, as a whole, also displays a pro-
nounced northeasterly trend. It has been traced intermit-
tently for a distance of approximately 1.5 kilometres from
the “Main” zone, which cuts granite gneiss on the west
side of the Khutze River, to the River zone which cuts bio-
tite gneiss on the east side. Several veins are, at least in
part, located in or along narrow pegmatitic dikes (Scott,
1984a,b).

The Hunter veins pinch and swell along strike, but
rarely attain widths in excess of 0.25 metre. Some of the
veins display minor amounts of wall-rock alteration. Ad-
jacent host rocks are bleached and enriched in pyrite,
chlorite, sericite, carbonate and clay. The veins are com-
posed of milky-white, massive quartz, a variable amount
of pyrite and lesser amounts of chalcopyrite. The gold
content of the veins appears to increase with an increase
in the pyrite content. The higher values, in the order of
several tens of grams per tonne gold, are most commonly
found in sections of vein that contain semi-massive to
massive sulphides. These appear to be best developed
near flexures in the vein system (Scott, 1984a,b). Mandy
(1932) indicates that gold to silver ratios increase with an
increase in elevation. The River vein has a ratio of ap-
proximately 1:0.5. The “Main” vein, higher up the valley
wall, has a ratio of approximately 1:1.5. A three-tonne
sample, collected from an open cut on the River vein in
1933, yielded 933 grams of gold, 373 grams of silver and
40 kilograms of copper.

In 1984, Arnhem Resources Inc. established a re-
source of 94 338 tonnes grading 12 grams per tonne gold,
at a mine width diluted to 1.2 metres (MINFILE).

Western Copper (MINFILE 103H 033)

The Western Copper gold deposit (latitude 53º 05�

49� N, longitude 128º 20� 06� W) crops out on a precipi-
tous mountain side on the east fork of the Khutze River,
approximately eight kilometres from the head of Khutze
Inlet and 160 kilometres south of Terrace. It is covered by
a cluster of Crown Granted and reverted Crown Granted
mineral claims.

The property was located in 1908 and saw consider-
able development over the next few years and again in the
mid-1920s. The work included construction of a nar-
row-gauge railway from the head of the inlet to the prop-
erty, construction of camps connected by tramways and
ladder-assisted trails at three elevations. Also included
was the driving of approximately 370 metres of drifts and
crosscuts and 245 metres of shafts and raises. This early
work was followed by more limited development in the
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early 1930s (Mandy, 1932). After a prolonged break,
Noranda Exploration Company Limited examined the
property and carried out a stream sediment survey in the
area in 1987 (Maxwell, 1987).

The Western Copper deposit is a vein occurrence in a
biotite, hornblende granodiorite intrusion (MKgd) that is
cut by aplite and pegmatitic dikes. The principal vein oc-
cupies a joint in a shear zone that strikes 070 degrees and
dips at 20 to 30 degrees to the south, into the north-facing
wall of the Khutze River canyon. The vein has been traced
for approximately 1200 metres along strike. It pinches
and swells, and locally attains a maximum width of ap-
proximately 2.0 metres. The wall-rocks locally exhibit
minor amounts of quartz and sericite alteration (Mandy,
1932).

The vein is described as being “of pegmatitic affin-
ity” (Mandy, 1932). It contains quartz, feldspar and vari-
able amount of sulphides. Discrete zones of massive
sulphides, predominantly pyrite and chalcopyrite with
lesser chalcocite and covellite, grade outward into zones
of increasingly more sparsely disseminated mineraliza-
tion. These zones are separated by sections of quartz vein
that contain intermittent narrow streaks of high-grade
mineralization. Although these streaks produce values of
many tens of grams of gold and silver per tonne and sev-
eral percent copper, they are commonly only a few centi-
metres in width. According to Mandy, the mineralization
may be zoned. Streaks of sulphide found at the west end of
the vein contain more chalcopyrite than those at the east
end. The latter are more pyritic but are equally enriched in
gold and silver. The richest lens, so far identified, has a
strike length of 10 metres and a width of approximately
1.5 metres. Its down dip extent has yet to be determined
(Mandy, 1932).

According to MINFILE, a small, 215 - tonne bulk
sample, collected in 1928 and 1929, yielded 5319 grams
of gold, 45 193 grams of silver and 30 812 kilograms of
copper.

Lapsed Tenures

In addition to the MINFILE occurrences, Figure 1
shows the location of nine lapsed claim groups. Three
were staked by C.W. and J.M. Meldrum between 1931 and
1940, while Meldrum and Associates were working on
the Hunter property. They include two (1, 2) that follow
the trace of the main northwesterly trending structure to
the southeast of the Hunter prospect and one (3) that strad-
dles a possible north-northeasterly trending fault contact
a short distance to the northeast of the deposit (Figure 1).

Although there is no record of work conducted on the
Western Copper deposit in the 1960s, staking records in-
dicate that Mr. C. W. Hunt staked claims to the west (4)
and east (5) of the main block of Western Copper crown
grants in 1968. At the time, the south side of the Khutze
River was covered by claims for over ten kilometres, from
south of the head of Khutze Inlet in the west to well be-
yond Rat Lake in the east. At the same time, Mr. Hunt

staked another block (6) on the mountain across the east
fork of the Khutze River from Western Copper (Figure 1).

In 1928, Mr. E. C. Brooke staked three units (7) im-
mediately to the southeast of the head of Aaltanhash Inlet.
The tenures indicate no apparent relation to known miner-
alization, however they display an easterly to northeast-
erly trend and they appear to be approximately on strike
with the Hunter vein system. They are also close to a small
plug of probably post-tectonic, leucocratic monzonite or
granite (Figure 1).

An eighth group (8) was staked by United Pacific
Gold Limited in 1988. It covers the ridge that separates
the headwaters of the north fork of the Khutze River from
the headwaters of the Kiltuish drainage. The tenures
cover a postulated faulted contact between “granitoid
gneiss” and quartz diorite. The location and size of the
tenure group suggests staking in response to anomalous
results in a stream geochemical survey.

The ninth lapsed tenure (9) was also staked by J. M.
Meldrum in 1931. It straddles the height of land between
two small lakes on the southern boundary of the Khutze
drainage.

STREAM GEOCHEMISTRY

In July, 1999, the Geological Survey Branch con-
ducted a stream sediment and water sampling survey in
the Khutze River area. It sampled 111 sites over an area of
approximately 800 square kilometres including the
Khutze and adjacent Aaltanhash River drainages. The
program is described by Jackaman et al. (1999), this vol-
ume.

SUMMARY AND CONCLUSION

The Hunter and Western Copper deposits are
post-tectonic, shear-hosted vein deposits that formed in
approximately northeasterly trending fractures that are
markedly discordant to the regional trend of the plutonic
and metamorphic rocks in the area. They are both associ-
ated with aplitic and pegmatitic dikes and both contain
copper, gold and silver. In each case, the wall-rocks ex-
hibit minor amounts of propylitic alteration. The deposit
style and composition is consistent with intrusion-related
vein-type mineralization.

Although major northeasterly trending faults have
not yet been mapped in the Khutze River area, topo-
graphic and geological relations suggest that there may be
a significant, post-orogenic, north-northeasterly to north-
easterly trending fault and fracture system crossing the
drainage. This may have influenced the location of miner-
alized veins, such as those found at the Hunter and West-
ern Copper occurrences (Figure 1). The fault and fracture
directions are found in the regional drainage pattern and
in the contact relations displayed between the granitoid
gneiss unit and the adjacent quartz diorite and quartz
monzonite plutons. Figure 1 illustrates two postulated
faults that may have influenced the distribution of rock
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types and mineralization in the Khutze and Aaltanhash
River drainages.

Although the aplitic and pegmatitic dikes found at
the two showings have yet to be age-dated, they are de-
scribed as being undeformed. They are postulated to be
relatively young, possibly reflecting intrusion of felsic
rocks within broad north-northeasterly to northeasterly
trending zones of weakness underlying the drainage. The
small leucocratic quartz monzonite pluton that straddles
Aaltanhash Inlet may be a late-stage, high-level intrusion
emplaced along similar, easterly to northeasterly
trending structures.

There is no way of knowing why the lapsed claim
groups in the area were staked, but it is interesting to note
that several fall on, or are close to, postulated structures
(Figure 1). This may reflect a prospector interest in simi-
lar style mineralization.

The style and composition of the mineralization at
the Hunter and Western Copper occurrences suggest that
they are probably related to high-level, Tertiary intru-
sions. If they are, the geology of the Khutze River area
would appear to indicate considerable potential for addi-
tional quartz vein-hosted gold deposits and possibly also
for porphyry copper-style deposits.
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Mineral Potential of the Southern Coast Belt, Cape Caution Area,
British Columbia (092L, 092M)

By R.H. Pinsent
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sediment survey, Drury Inlet, Nugent Queen, Nugget
Queen/Bobmac, Bonanza.

INTRODUCTION

This report discusses the geology and mineral poten-
tial of a segment of the southern Coast Mountains, near
Cape Caution (straddling NTS areas 092L, 092M). The
information presented is based on field visits, public do-
main reports and old staking records. The area was cov-
ered by a Ministry of Energy and Mine’s lake sediment
survey in 1999. The program is discussed in Jackaman et
al. (1999), this volume. The project was funded under the
Provincial Government’s Corporate Resource Inventory
Initiative (CRII) as part of the Ministry’s contribution to
the Central Coast Land and Coastal Resource Manage-
ment (CCLCRMP) planning process.

The Cape Caution area covers approximately 1200
square kilometres of Hecate Lowland on the northeast
side of Queen Charlotte Strait, 20 kilometres northeast of
the northern-most tip of Vancouver Island (Figure 1). It is
low-lying (less than 700 metres elevation) but highly ir-
regular in topography and, locally, extremely rugged. The
terrain is glaciated and over-deepened valleys have been
flooded to create a patchwork of steep-sided marine
sounds, inlets, peninsulas and islands.

The area is readily accessible by boat, float plane or
helicopter from Port Hardy or Port McNeill; however, the
bush is thick over much of the area and there are few heli-
copter landing sites. There has been a considerable
amount of logging in the Mount Bullock area, at the north
end of Drury Inlet and in the Bamford Lagoon area. These
areas are readily accessible by road from ocean-based
forestry load-out sites. Road construction has, exposed a
considerable amount of rock.

PREVIOUS WORK

Ministry records, including Annual Reports, indicate
that there was a considerable amount of exploration inter-
est in the southern coastal region in the late 1800s and
early 1900s. This is best exemplified by the work carried
out on the Doratha Morton, Alexandria and other Crown
Granted mineral claims in the Loughborough Inlet area,

approximately 150 kilometres to the southeast of Cape
Caution.

Much of the early exploration in the area was carried
out without the benefit of geological maps. The Geologi-
cal Survey of Canada carried out reconnaissance surveys
along the coast in the early 1900s and produced a brief de-
scription of the geology of the Cape Caution area in 1909
(Graham, 1909). It did not map the area in any detail until
the 1960s, when it was covered by the Coast Mountain
Project (Roddick and Hutchison, 1967). The geology of
the southern part of the area (Alert Bay Map Sheet 092L)
is described at 1:125 000-scale by Roddick (1980) and the
northern part (Rivers Inlet Map Sheet 092M), is de-
scribed at 1:250 000-scale by Roddick (1996). Access to
the inland portion of the map area was exceedingly diffi-
cult in the 1960s and Roddick (1980) notes that individual
map units commonly include a variety of other rock
types. Despite their common provenance, there are sig-
nificant inconsistencies in nomenclature between the two
maps covering the northern and southern parts of the area.

GEOLOGY

A simplified geological map of the Cape Caution
area and adjacent parts of Vancouver Island taken from
government and industry mapping (Bellefontaine and
Alldrick, 1994) is shown in Figure 1. The mainland por-
tion is underlain by stratabound rock pendants, diorite
complexes and cross-cutting plutonic rocks.

The Cape Caution area is underlain by subparallel
belts of pendant rocks, diorite complex material and mas-
sive to foliated intermediate plutonic rocks. Together,
they define a broad regional fabric with a well-defined
northwesterly trend. The rocks display both tectonic and
intrusive contacts.

A major northeasterly dipping thrust fault that ex-
tends from Drury Inlet in the south to Belize Inlet in the
north, a distance of approximately 50 kilometres, is
shown in Figure 1. The Nenahlmai thrust has juxtaposed a
five-kilometre wide package of interleaved pendant,
diorite complex and younger plutonic rock against a large
body of locally schistose footwall granodiorite and
quartz diorite of the Burnett Bay Pluton (Roddick, 1996).

Locally, the rocks in the Cape Caution area display a
pronounced northeasterly to easterly fracture set that is
subparallel to a dominant set of local lineations. The
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Figure 1. Generalized geology map of the Cape Caution area showing precious metal occurrences and lapsed tenure sites.



structures are related to late faults, although there is little
evidence of disruption on the Nenahlmai thrust.

The pendants are fragments of weakly to strongly
metamorphosed volcanic and sedimentary strata of prob-
able Devonian to Cretaceous age (PMgn, DJsv). They in-
clude both relatively undeformed and more schistose and
gneissic varieties of greenstone, amphibolite, tuff,

argillite, chert and limestone. Many of the pendants are

spatially but probably not genetically related to “diorite

complexes” (JKdn). These are composed of intermixed

agmatite, gneiss and amphibolite of mainly gabbro to

diorite composition but which show local gradation to

quartz diorite and tonalite. Diorite complexes contain

slivers of pendant rock but, according to Roddick (1996),
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they are commonly too low in metamorphic grade to be
anything other than tectonically interleaved with the
diorite. The diorite complexes may be Jurassic and/or
Cretaceous in age. They are cut by coeval to younger Ju-
rassic and Early Cretaceous quartz diorite (JKqd) and
granodiorite (JKgd) plutons.

MINERALIZATION

There are four hard-rock MINFILE occurrences in
the survey area (Nugget Queen, 092L 178; Bobmac #6,
092L 179; Bonanza, 092L 292 and Nugent Queen, 092M
005) as shown in F igu re 1 . They appea r to be
shear-hosted, gold-bearing quartz vein prospects, al-
though there is very little data available on the Nugent
Queen occurrence and, as noted below, some of that may
be suspect. In addition, the figure shows numerous
“lapsed tenures”. These are small sites that are known
from old staking records to have been staked at some point
over the past 70 years but for which there is insufficient
information to warrant inclusion as a mineral occurrence
in the Ministry’s MINFILE database. The rationale be-
hind the staking isn’t known but, in most cases, the locator
is likely to have been a prospector who found traces of
mineralization.

The distribution of MINFILE showings and “lapsed
tenures” suggests considerable potential for gold miner-
alization in the hanging wall of the Nenahlmai thrust.

Nugget Queen (MINFILE 092L 178) and
Bobmac (MINFILE 092L 179)

The Nugget Queen and Bobmac gold prospects (lati-
tude 50º 59’ N and longitude 127º 12’ W) are separate oc-
currences in MINFILE but they cover a single cluster of
quartz veins near a pendant contact on the east side of
Nenahlmai Lagoon (Figure 2) approximately 36 km
northeast of Port Hardy.

Between them, the two prospects include eight veins,
seven of which were known in the 1930s. According to in-
formation in the Ministry’s Property File, they were ex-
tensively explored and trenched by the Mining Company
of Canada Limited, in 1938. The eighth vein was located
by Solaia Ventures Inc. in 1996.

Most of the veins are in a narrow, 200-metre wide
band of slaty, pyritic argillite that is intercalated with ba-
salt near the western margin of a pendant which is
bounded by weakly foliated granodiorite and quartz
diorite. Some of the veins are subparallel to bedding and
display a northwesterly strike and a steep to vertical
northeasterly dip. Others are markedly discordant and fill
east-southeasterly trending structures in the argillite and
adjacent meta-basalt. The discordant veins are also either
vertical or they dip steeply to the northeast. Most of the
exploration to date has been focused on six of the veins.
However, there are two lesser known outliers, an occur-
rence in basalt close to the pendant contact near the shore
of McKinnon Lagoon and a showing in granodiorite a
short distance to the south.

The veins are contained in silicified shear zones.
They are discontinuous, pinch and swell and reach a max-
imum width of approximately 2.0 metres. They are com-
prised of milky white, partially strained and recrystallized
breccia-type, quartz with a trace amount of sericite, car-
bonate and, locally, angular fragments of country rock
argillite. They also contain variable amounts of dissemi-
nated to semi-massive, blebby and stringer sulphide, prin-
cipally galena, sphalerite, chalcopyrite and lesser bornite
intermixed with pyrrhotite and pyrite. In most of the
veins, there is a positive correlation between sulphide and
gold content. Sulphide-rich samples commonly contain
in excess of thirty grams per tonne of gold (Grove, 1996;
Yacoub and Young, 1997).

The Mining Company of Canada stripped, trenched
and sampled several of the veins. One of the east-south-
easterly trending veins was exposed over a strike length of
approximately 76 metres. The company sampled the vein
at 1.5 metres intervals and, based on 43 samples, calcu-
lated a weighted grade of 5.69 grams per tonne gold over
an average width of 0.7 metre (Yacoub and Young, 1997).

There was no recorded production from 1938 but
ministry records indicate that a private individual shipped
604 tonnes of “higher-grade” material, taken from a
15-metre long, 5-metre deep surface cut along one of the
northwesterly trending veins, to the Tacoma smelter in
1940/1941. A further 5 tonnes were shipped from the
“main” vein in 1949. According to MINFILE, the samples
yielded 20 869 grams of gold, 44 758 grams of silver,
1755 kilograms of copper, 10 188 kilograms of lead and
234 kilograms of zinc.

In 1972, Q.C. Explorations Ltd. conducted a limited
VLF-EM geophysical survey in the vicinity of the pro-
ducing vein (Allen, 1972) and in 1980, Frank Beban
Logging Limited undertook additional geophysical and
regional mapping programs (Brownlee et al., 1980).
Three years later, it drilled five short winkie drill holes for
a total depth of 157 metres to test the previously sampled
vein immediately to the west of the old sample site. The
results were disappointing as the holes encountered
argillite and quartz but returned low gold values
(Soltermann, 1983).

More recently, in 1995, Solaia Ventures Inc. optioned
the property and commissioned Ashworth Explorations
Limited to conduct a variety of grid-based and other ex-
ploration programs. The next two years, Ashworth
re-sampled the old trenches, collected stream sediment
samples, conducted magnetometer and VLF-EM geo-
physical surveys over the main vein cluster, implemented
both wide spaced and in-fill soil geochemical surveys and
hand trenched and sampled several areas of anomalous
soil geochemistry (Grove, 1996; Yacoub and Young,
1997).

The soil survey located a pronounced polymetallic
(gold, lead, zinc and arsenic) soil geochemical anomaly
coincident with a newly discovered quartz vein, approxi-
mately 80 metres to the south of the “main” vein. The
anomaly displays an east-southeasterly trend and extends
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for a minimum strike length of 225 metres (Yacoub and
Young, 1997). It has not been drill tested.

Bonanza (MINFILE 092L 292)

The Bonanza gold prospect (latitude 50º 58’ N and
longitude 127º 07’ W) is located on the north side of
Mount Bullock (Figure 2), approximately 38 km north-
east of Port Hardy. The area has recently been opened up
for forest harvesting and the property is currently accessi-
ble by road from tidewater.

The Bonanza deposit is a shear-hosted quartz vein
prospect, similar to the Nugget Queen/Bobmac occur-
rence. It has a similar structural setting within the same
sedimentary and volcanic pendant. It is approximately
seven kilometres to the southeast. There is very little
known about the prospect’s early history other than that it
was hand trenched in 1945. The trenches were reopened
in 1979, and Cominco Limited acquired the area in 1980.
The trenches exposed a mineralized quartz vein in a
northwesterly trending, steeply, possibly northeasterly,
dipping shear zone in a narrow band of deformed gra-
phitic argillite in the pendant. The pendant, at this lati-
tude, is bounded by granodiorite and/or quartz diorite to
the southwest of the Nenahlmai fault and by gneissic
quartz diorite to the northeast. The sediment band is
interbedded with basalt and it is cut by a large number of
basalt sills (Dawson, 1987).

The mineralized shear zone is concordant with bed-
ding. It is silica flooded and contains mineralized quartz
veinlets, veins and boudins with disseminated to massive
sulphides including pyrite, sphalerite, galena and lesser
chalcopyrite and bornite. Most of the higher gold values
correlate with high levels of lead and zinc and with zones
of intense silicification (Dawson, 1987). The trenched
section of the vein is between one and two metres wide. It
displays an average width of 1.55 metres over a strike
length of approximately 280 metres. Surface samples in-
dicated an average grade of 3.39 grams per tonne gold
(Wiley, 1981). However, selected sulphide-rich samples
are reported to be appreciably higher in grade.

Cominco constructed a small grid and conducted de-
tailed magnetometer and VLF-EM geophysical surveys
over the trenched section of the vein (Jackisch, 1981). It
also diamond drilled seven angled holes from three sites
on the northeast side of the structure, looking for continu-
ity of grade to depth. The results were disappointing. The
holes encountered argillite with less quartz than found on
surface. Locally the core contained traces of sulphide but
the best drill intercept assayed 3.77 grams per tonne gold
over 0.3 metre (Wiley, 1981).

American Bullion Minerals Limited examined the
property in 1987 and concluded that, given the degree of
flexure exhibited by the vein, Cominco’s drill holes may
not have been deep enough to intersect the main part of
the vein system. The company acquired the property, con-
structed a 32-line kilometre grid and extended the earlier
magnetometer and VLF-EM geophysical surveys. It
identified a linear magnetic low over the argillite band

hosting the vein and a coincident electromagnetic con-
ductor, which was attributed to either graphite in the
shear zone or sulphide in the vein. The anomalies were
traced for a minimum 1.7 kilometres along strike beyond
the trenched section (Dawson, 1987), but they were never
drilled.

Nugent Queen (092M 005)

The Nugent Queen gold prospect (latitude 51º 5.39’
N and longitude 127º 23.22’W) is described in MINFILE
as being on the north shore of Nugent Sound, 5.5 km east
of the entrance to Seymour Inlet (Figure 1). However, its
precise location is uncertain. It may be marked by the
O.K. claims (locality 1, Figure 2) which were staked by
Mr. R. D. Smith as an agent for Mr. R.C. McCorkell in
July, 1938. If so, it is located between the southeast point
of Boydell Lake and Nugent Sound, approximately 45
kilometres north-northeast of Port Hardy.

The property is poorly documented and there are no
detailed geological descriptions. However, the O.K.
claims can be shown to have straddled a contact between
diorite complex rocks and quartz diorite.

The Minister of Mines Annual Report for 1939 docu-
ments that a bulk sample, comprised of three small test
lots from the Nugent Queen property, was processed in
Prince Rupert. The samples had an aggregate dry weight
of 0.867 tonne and an average grade of 48.7 grams per
tonne gold, 121 grams per tonne silver, 0.46 percent cop-
per, 3.2 percent lead and 0.9 percent zinc.

It is worth noting that the metal ratios are similar to
those obtained from bulk samples taken from the Nugget
Queen/Bobmac property a few years later, and there is a
possibility that the samples came from the latter property.
Mr. McCorkell had interests in both properties and data in
the Ministry’s Property File suggests that there may have
been confusion between the two properties as early as the
early 1940s.

Lapsed Tenures

With the exception of one site, the lapsed tenures
shown in Figures 1 and 2 are known only from staking re-
cords. The ministry has old claim records which docu-
ment where the claims were staked, when and by whom
but not why. Nevertheless, their distribution is informa-
tive.

The known site was staked by Mr. L. L. King to the
north of Jennis Bay on Drury Inlet in 1967 (locality 2,
Figure 2). He staked ten, two-post, (Jay Bee) claims along
a section of the Nenahlmai fault covering similar rocks to
those found on the Bonanza property, approximately
eight kilometres to the northwest. The site was covered
by an expanded claim group in the 1970s; however, the
tenures had lapsed by 1976.

Two lines of evidence suggest the presence of
gold-bearing quartz vein mineralization on the property.
American Bullion Minerals Limited indicates the pres-
ence of a gold occurrence in the area on a regional map
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(Dawson, 1987), and a regional geochemical silt sample
collected from a stream cutting the property and listed in
MEMPR BC RGS 23, 1988 (Sample # 887133) contains
12 parts per million lead and 32 part per billion gold.

Most of the remaining lapsed tenures cover pendant
or diorite complex rocks in the hanging wall of the
Nenahlmai fault. They include several sites that were
staked in the 1930s in the same geological environment as
the O. K. tenures mentioned previously. They cover a con-
tact between diorite complex rocks and quartz diorite
(Figure 1). There are also four sites covering granodiorite
on the footwall side of Nenahlmai fault. Most of these are
close to the fault and may reflect prospector interest in
splays emanating from it.

LAKE GEOCHEMISTRY

In June, 1999, the Geological Survey Branch col-
lected 157 lake sediment and lake water samples over an
area of approximately 1200 square kilometres, between
Pack Lake and the south end of Drury Inlet (see Figure 1).
The samples were collected to test for mineralization
along the trace of the Nenahlmai fault and elsewhere in
the Cape Caution region. The program is discussed in
Jackaman et al. (1999), this volume.

Preliminary data indicate that a few of the sediment
samples are weakly to strongly anomalous in one or more
element, including molybdenum, lead, arsenic and zinc.
Some lake water samples are enriched in flourine and/or
sulphate. Although most of these samples are isolated,
spot occurrences, many are located close to the
Nenahlmai fault.

SUMMARY AND CONCLUSIONS

Two of the three known mineral occurrences in the
Cape Caution area, the Nugget Queen/Bobmac and Bo-
nanza prospects are polymetall ic , gold-bearing,
mesothermal quartz veins that have a common setting.
They are located in sheared argillite in a large pendant in
the hanging wall of the Nenahlmai fault. The third occur-
rence, the Nugent Queen prospect may be similar in type
but it is poorly described and may be spurious.

Assessment report and other data suggest the pres-
ence of another mineralized site, near Jennis Bay, on
Drury Inlet. The data indicates intermittent mineraliza-
tion within the pendant over a minimum distance of ap-
proximately 15 kilometres.

The mineralization appears to be related to the
Nenahlmai fault, a major, deep-rooted, structure that can
be traced for approximately 50 kilometres. The known
showings are restricted to the southern part of the struc-
ture, but the same style of mineralization may continue to
the north. This concept was recently tested by means of a
lake geochemical survey. Although the results are far
from conclusive, spot anomalies are consistent with local
mineralization along the fault.

The results suggest potential for mesothermal
vein-type gold deposits in pendant rocks in the hanging
wall of the Nenahlmai fault, and possibly also for similar
deposits in the hanging wall of other deeply rooted thrusts
in the southern Coast Mountains.
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Mineral Potential of the Bella Coola Area,
Coast Mountains, British Columbia (093D)
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INTRODUCTION

This report reviews the geology and metallic mineral
potential of a segment of the Coast Mountains south of
the Bella Coola River (in NTS area 093D). It is based on
public domain reports and old staking records. In 1999, a
regional stream sediment survey was conducted in the
area by the Ministry of Energy and Mines. The program is
described by Jackaman et al. (1999), this volume. The
Bella Coola project was funded under the Provincial
Government’s Corporate Resource Inventory Initiative
(CRII), as part of the Ministry’s contribution to the Cen-
tral Coast Land and Coastal Resource Management
(CCLCRMP) planning process.

The area studied includes the communities of Bella
Coola and Hagensborg. It is bounded by the Bella Coola
River valley in the north, the Noeick and Nusatsum
Rivers in the south and east and by South Bentinck Arm in
the west (Figure 1). The area is extremely rugged and
mountainous and it is noted for sharp rocky peaks, alpine
glaciers and snow fields, wooded lower slopes and flat
bottomed valleys. Elevations range from sea level to
2908 metres (Mount Saugstad).

Unlike most of the Central Coast, the Bella Cool area
is linked by road to the interior of the province. It has lim-
ited logging road access through the Bella Coola River
valley and through a coastal load-out facility at the south
end of South Bentinck Arm. Otherwise, access is by heli-
copter or by boat.

PREVIOUS WORK

Although there has been exploration in the Bella
Coola area for over a century, it has been intermittent and
much of it has been focused on a few known occurrences
north of the Bella Coola River. The Ministry’s MINFILE
database describes work on the Bella Coola Chief (093D
009) property, the Nifty (093D 006) and adjacent Keen
(093D 007) occurrences, the Sure Copper (093D 010)
prospect and around the Burnt Bridge (093D 030) show-
ing.

The Bella Coola Chief is an intrusion-related copper
deposit developed in the early 1900s and explored inter-
mittently to the late 1980s. The Nifty and adjacent Keen
occurrences are volcanogenic massive sulphide show-
ings that were explored in the 1970s and 1980s and are
still of interest today. The Sure Copper prospect is a shear
or fracture-hosted copper occurrence explored in the
early 1900s and the Burnt Bridge prospect is a molybde-
num showing located in the 1960s.

The first three occurrences are reasonably well de-
scribed in public domain reports. However, the others are
less well documented. There is relatively little informa-
tion available on mineral occurrences south of the river.

The Geological Survey of Canada studied the geol-
ogy of the Central Coast intermittently in the late 1800s
and early 1900s and the coastal geology around Bella
Coola is described by Dolmage (1925). The Geological
Survey of Canada conducted a 1:250 000-scale mapping
program in the Bella Coola area in the early to mid 1960s
as part of its Coast Mountain Project. The rocks are de-
scribed by Baer (1967, 1973) and van der Heyden (1990).

GEOLOGY

The simplified map of the Bella Coola area, shown in
Figure 1, is based on mapping on the MapPlace website
(Bellefontaine and Alldrick, 1994). The area is underlain
by a variety of stratabound and intrusive rocks of predom-
inantly Mesozoic and younger age. It is on the eastern
flank of the Coast Mountains and it is bounded on the
west by a major fault that underlies South Bentinck Arm.
Rocks to the west of the fault include undifferentiated
paragneiss (PPn), schistose metasediment (PPsm) and
mafic orthogneiss and migmatite (PMdn) typical of the
core region of the Coast Mountains. Layered rocks to the
east of the fault are less highly deformed and metamor-
phosed. They comprise two major units. One is an older,
Jurassic and/or Cretaceous “greenstone” (JKv) that con-
tains a minor amount of intercalated sediment (JKs) and
is mapped as being widespread within the area studied
(Figure 1). The other is a younger, Lower Cretaceous
(lKG) volcanic and sedimentary unit that is mapped on
the eastern border of the study area (van der Heyden,
1990; Bellefontaine and Alldrick, 1994).

The “greenstone” (JKv) comprises weakly to
strongly deformed, greenschist facies, andesitic to ba-
saltic metavolcanic rocks that are locally cut by abundant
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Figure 1. Generalized geology of the Bella Coola area, showing the location of metallic mineral occurrences and lapsed tenure sites.



mafic dikes. The rocks grade into foliated diorite that is,
locally, difficult to distinguish from plutonic rock (Baer,
1973). The sedimentary component (JKs) consists of
black slate, argillite, conglomerate and limestone. Figure
1 shows that they are well exposed in the Nusatsum River
area, where they appear to occur near the base of the over-
lying volcanic package (Baer, 1973). They are also
mapped around the margins of several plutons.

The upper volcanic and sedimentary unit (lKG) is
largely undifferentiated but it contains basaltic andesite,
dacitic and rhyolitic tuff and breccias, and local intercala-
tions of slaty argillite (van der Heyden, 1990). It is less
deformed and metamorphosed than the underlying
“greenstone” and it may have been deposited on an
eroded basement that contains an abundance of plutonic
rock. According to van der Heyden (1990), much of the
“greenstone” (JKv) that Baer (1973) mapped along the
upper reaches of the Bella Coola and Talchako rivers is
granitoid plutonic rock intruded by mafic dikes. These
rocks may have contributed to the clasts he reports find-
ing in conglomerates near the base of the upper volcanic
unit. Although the age of the underlying “greenstone”
(JKv) unit is uncertain, it may be stratigraphically equiv-
alent to the Hazleton Group in Central British Columbia
(Baer, 1973). The upper volcanic and sedimentary unit
(lKG) is thought to correlate with Gambier Group strata
in southern British Columbia (van der Heyden, 1990;
Bellefontaine and Alldrick, 1994).

The stratabound rocks in the Bella Coola area are in-
truded by several phases and ages of intrusion. They in-
clude granodiorite (JKgd, LKgd and Egd), quartz diorite
(JKqd, Ekqd) and quartz monzonite (LKqm, Eqm). The
older phases are commonly weakly to strongly foliated;
however, the younger quartz monzonite plutons are more
massive.

Although the “greenstone” unit (JKv) is locally
strongly deformed and is reported to have a northwesterly
trending, moderate to steep northeasterly dipping folia-
tion throughout the Bella Coola area (Baer, 1973), the
only mapped faults are in the vicinity of South Bentinck
Arm (Figure 1). There may be other significant structures
in the area; lineaments and contact relations suggest the
presence of several north to northwesterly and northeast
to easterly trending structures.

MINERALIZATION

The Ministry’s MINFILE database describes two
metallic mineral deposits south of the Bella Coola River.
The Smit ley River (093D 013) occurrence is a
polymetallic prospect near the south end of South
Bentinck Arm and the Smitley-Oly (093D 022) occur-
rence is a precious metal-bearing quartz vein system on
Mount Saugstad (Figure 1).

Although there has been exploration elsewhere in the
area, it has not been described in the public domain.
Staking Affidavits filed with the Ministry of Energy and
Mines show that at least fifteen localities have been
staked at one time or another over the past seventy years.

However, most of these tenures have lapsed and are no
longer located on tenure maps. In most instances, there is
insufficient geological information to warrant the sites
inclusion in the Ministry’s MINFILE database.

Smitley River (MINFILE 093D013)

The Smitley River silver, copper, lead, zinc occur-

rence (latitude 52º 03� ���� �� longitude 126º3�� 29�W) is
close to the junction of the Noeick and Smitley Rivers,
approximately seven kilometres upstream from the south
end of South Bentinck Arm. It is known from a single ref-
erence in the Ministry of Energy and Mines Annual Re-
port for 1926. The report describes the staking of claims
and plans to follow up a sample that was reported to have
contained 891 grams per tonne silver, 3 percent copper,
12 percent lead, 10 percent zinc and a trace of gold. The
type of mineralization is unknown. The prospect has been
staked several times over the years. It was covered by the
Nomack claims in 1944, the Lead and Copper claims in

1956 and the TK claims in 1984.

Smitley-Oly (093D022)

The Smitley-Oly gold, silver, copper occurrence (lat-

itude 52º14�11�� �� longitude 126º 31� 34�� W) was staked
by Noranda Exploration Limited following a stream sedi-
ment geochemical survey in 1980. It staked two tenure
blocks close to a granodiorite stock on the west side of
Mount Saugstad. The Smitley Group (1) was staked over
a precious-metal bearing quartz-carbonate vein system
and the Snootli Group (2) was located over hornfels en-
riched in precious metals, copper and molybdenum
(Price, 1985). The company revisited the area but allowed
the tenures to lapse. The Smitley showing was restaked as
the Patch Group by Queenstake Resources Limited in
1982 (Price, 1985) and both showings were included in
the Aleeta, Bas and Nus tenures in 1984. They too were
allowed to lapse; United Pacific Gold Limited staked the
Oly claims over the Smitley showing in 1987 (Twyman

and Forgeron, 1988).

The Smitley (1) showing is comprised of a system of
sub-parallel, northwesterly to westerly trending quartz
veins that crop out on both sides of a westerly flowing
tributary to the Smitley River. The vein system straddles
an easterly trending intrusive contact that crosses the
floor of a cirque.

The main vein cuts silicified “greenstone” on the
cirque wall on the south side of the creek. It has been
traced for a minimum of 1500 metres but is open-ended,
as it disappears under ice and moraine. It is 2.0 to 5.0
metres wide, has a westerly strike and a moderate to shal-
low southerly dip. The vein is composed of rusty quartz
and carbonate with local, but erratic, concentrations of
coarse pyrite and chalcopyrite. It is difficult to get at and
it has not been systematically sampled. Price (1985) re-
fers to a sample, collected in 1982, containing 14.0 grams
per tonne gold, 118.3 grams per tonne silver and 0.15 per-
cent copper over 1.5 metres. However, he also notes that
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none of the samples collected from the east end of the vein
in 1984 were so enriched in precious metals. The highest
assay obtained at that time was 6.2 grams per tonne gold,
59 grams per tonne silver and 3.79 percent copper from a
sulphide-rich sample of quartz float (Price, 1985). United
Pacific Gold also had difficulty getting access to the vein.
It reports locating one sample containing 4.55 grams per
tonne gold and 62.0 grams per tonne silver (Twyman and
Forgeron, 1988).

United Pacific Gold explored a more accessible
quartz vein system in the floor of the cirque. It mapped
and sampled a quartz-carbonate vein stockwork in a
sheared, s i l ic i f ied and carbonat ized pendant in
granodiorite on the north side of the tributary. The pen-
dant is bounded by northwesterly trending quartz veins
that contain trace amounts of gold (Twyman and
Forgeron, 1988).

The Snootli (2) occurrence is in a pronounced linear
gossan that can be traced from the head of Snootli Creek,
where it appears to terminate against a quartz monzonite
pluton, for a distance of approximately 9.0 kilometres
across the summit of Mount Saugstad where it is adjacent
to a granodiorite intrusion (Figure 1). The underlying unit
is mapped by Baer (1973) as hornfelsed grey/black sili-
ceous argillite but Price (1985) considers it to be a
silicious contact phase of the “greenstone”. The unit con-
tains well-defined lenses of pyrite and epidote as well as
pods and veins of quartz that are locally enriched in gold,
silver, copper and molybdenum (Price, 1985). Noranda
identified a chalcopyrite and molybdenite occurrence in a
cliff face at the north end of the belt, near the head of
Snootli Creek (Figure 1).

Lapsed Tenures

Based on the distribution of lapsed tenures, there
would appear to have been considerable prospector inter-
est over the years in the ground along the Smitley River
and between the Smitley and Noeick Rivers. The three
lapsed tenure sites (3,4,5) were probably located to cover
or tie on to the Smitley River showing (Figure 1).

The rationale for staking the Chang claims (6), ap-
proximately 15 kilometres up the Smitley River, is un-
known. The tenures were located in 1959 as a narrow,
two-unit wide, north-south trending, claim group that
crosses a northwesterly trending contact between quartz
monzonite and “greenstone” (Figure 1).

Noranda Exploration Limited is known to have
staked the Smitley (1) and Snootli (2) tenures as a result of
stream sediment survey conducted in 1980 (Price, 1985)
and it is possible that several of the other tenure blocks
were staked as a result of similar surveys. They include
tenures staked over a metasedimentary rock pendant in
quartz monzonite on Big Snow Mountain (7) and over a
granodiorite-greenstone contact at the head of Clayton
Falls Creek (8).

The lapsed tenure site (9) near the mouth of
Nusatsum River, upstream from the Bella Coola River
junction (Figure 1), may have been located as a result of

prospecting. It was staked as the Bella property in 1970
and was known as the Brimstone occurrence in the early
the 1980s. The tenures covered a strongly pyritic,
hornfelsed argillite unit close to the contact of a quartz
monzonite pluton (Morton, 1983). The argillite is in-
truded by dikes of quartz feldspar porphyry and rhyolite
breccia and is described as being cut by sulphide-bearing
quartz-eye breccia veins. Morton conducted a limited soil
geochemical survey on the property in 1983 and obtained
erratic, weakly elevated, values of copper and zinc.

The two lapsed tenure sites (10,11) on the divide be-
tween the Nusatsum River and Cacoohtin Creek (Figure
1) could be either prospecting or stream sediment sam-
pling discoveries. The Jingle (10) tenures were staked at
the head of Cacoohtin Creek and the Nusatsum (11) ten-
ures were staked on the west flank of the creek. Both cover
a complex area of “greenstone”, metasediment and
granodiorite close to the postulated unconformity be-
neath the upper volcanic unit (Figure 1).

Three of the remaining sites are road accessible. The
Doris tenures (12) were staked to cover a granodiorite
contact with “greenstone” near the mouth of Thorsen
Creek, and the CFC (13) and Jay Group (14) tenures, near
the head of Clayton Falls Creek, were staked to cover mi-
nor quartz veins in outcrop along a logging road. They are
mapped as being underlain by “greenstone”. However,
prospecting reports by Krusche (1993a & b) suggest that
both are underlain by a mixture of “greenstone” and
granodiorite.

The Goman tenures (15) covered a linear depression
marking the trace of a fault that may be related to the ma-
jor structure that underlies South Bentinck Arm. They
cover a sliver of schistose metasediment that appears to
have been tectonically emplaced in a diorite pluton (Fig-
ure 1).

Stream Geochemistry

In September, 1999, the Geological Survey Branch
conducted a stream sediment (moss mat) and water sam-
pling survey in the Bella Coola area. It sampled 94 sites
over an area of approximately 1200 square kilometres.
The program is described by Jackaman et al. (1999), this
volume.

SUMMARY AND CONCLUSION

Although, there are only two metallic MINFILE oc-
currences in the area south of Bella Coola, old staking re-
cords show several areas of past exploration interest that
are not sufficiently well documented to warrant inclusion
in the MINFILE database.

The best described showings are on the Smitley-Oly
(093D 022) property on Mount Saugstad. Price (1985)
and Twyman and Forgeron (1988) describe a pre-
cious-metal bearing quartz-carbonate vein system on the
lapsed Smitley (1) tenures and Price (1985) describes a
possible skarn or intrusion-related copper and molybde-
num occurrence on the lapsed Snootli (2) claims (Figure
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1). There may be other intrusion or skarn-related occur-
rences in the area, as Morton (1983) documents an occur-
rence of this type near the mouth of Nusatsum Creek (9)
and other tenures were staked over rocks mapped as meta-
sediment. The geological setting appears to be similar to
that of the Bella Coola Chief (093D 009) prospect, where
andesite, rather than sediment, has been hornfelsed,
brecciated, intruded by felsic porphyry dikes and cut by
veins containing irregular pods and masses of chalcopy-
rite and pyrite (Krueckl, 1985).

The Smitley River (093D 013) showing is too poorly
described to determine its style of mineralization, but it is
located along a prominent topographic lineament and it
may be structurally controlled. Similarly, the Goman ten-
ure (15) is poorly documented but was most likely staked
to cover mineralization along a splay from the main South
Bentinck Arm fault.

The lapsed tenure sites south of the Bella Coola River
are poorly documented and in most cases one can only
guess as to why the tenures were staked. However, some
may have been located as a result of stream geochemical
surveys and the Ministry’s moss mat survey (Jackaman et
al., 1999) may provide insight into the significance of
some of the showings.
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Nephrite (Jade) Deposits, Mount Ogden Area,
Central British Columbia (NTS 093N 13W)
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INTRODUCTION

Jade

Jade is a commercial term encompassing green,
white, black or yellow-brown jadeitite or nephrite.
Jadeitite is a rock that consists essentially of jadeite
(Na-rich pyroxene), whereas nephrite consists of pris-
matic to acicular amphiboles of the tremolite-actinolite
series forming bundles that are randomly oriented and in-
terlocked. The density of British Columbia nephrite var-
ies from 2.95 to 3.01 g/cm3 (Leaming, 1978). Jadeitite is
slightly denser and harder than nephrite (7 compared to
6.5 on the Mohs scale) Nephrite is tougher (harder to
break) than jadeitite. Its fracture strength is about 200
MN/m

2
whereas that of jadeitite is about 100 MN/m

2
.

Nephrite and jadeitite are used in jewellery as gem-
stones and as carving and ornamental stones. The world
market for jade, both nephrite and jadeitite is estimated at
300 tonnes per year, and three quarters of this originates
in British Columbia (Scott, 1996). Nephrite accounts for

all of the current British Columbia production. The price
of raw jade varies from less than Can $10.00 to $100.00
per kilogram on the retail scale, depending on the quality
and importance of the transaction. In general, jadeitite
commands a higher price than nephrite.

The Mount Ogden occurrences are located in central
British Columbia (Figure 1) on the southwestern slopes
of Mount Ogden, approximate ly 40 ki lometres
north-northeast of Takla Landing (MINFILE No. 093N
165). The main objective of this paper is to document two
of these deposits which were examined during a two-day
visit in 1999. The main aspects covered are geological
setting, deposit controls, lithological relationships, pe-
trology and mineralogy. The nephrite and nephrite schist
samples that are described in this study are low grade. The
best material, which has been described as 99% nephrite
was previously extracted from the pits. The potential use
of industrial grade nephrite which was stockpiled on the
site for tile-making is also of interest.

Jade in British Columbia

In western North America, a belt favourable for jade
exploration extends intermittently from Alaska through
British Columbia and California to Mexico (Leaming,
1995). In British Columbia, the nephrite occurs as indi-
vidual blocks, boulder fields, talus blocks and in situ oc-
currences. There are over 50 known nephrite deposits

and occurrences in British Columbia.
The in situ deposits of nephrite occur at, or near the

contact of ultramafic/mafic rocks (mainly serpentinites)
with cherts, and other metasedimentary rocks of Missis-
sippian to Jurassic oceanic terranes such as Cache Creek
and Slide Mountain. There are at least 17 occurrences lo-
cated in southern British Columbia along the Coquihalla
River, Fraser River, Hozameen and Bridge River areas, in
Shulaps and Cadwalder Range. Important commercial
activity took place in Central British Columbia in the
Mount Ogden camp (Figure 1), where at least 9 occur-
rences were located and to a lesser extent, in the Mount
Sidney Williams area. Cry Lake and Dease Lake areas,
where 22 nephrite occurrences were reported, and the
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Cassiar Mine are the most productive camps of northern
British Columbia. Most of the known occurrences are de-
scribed by Leaming (1978), and all of these are contained
in “BC MINFILE” (www.em.gov.bc .ca /mining/
geolsurv/MINFILE).

British Columbia deposits occur mainly along tec-
tonic inclusions of country rocks, dikes and mafic rock
layers within serpentinites, or at the contact of sepentinite
with the country rock, as described in other parts of the
world by Coleman (1967). Tectonic and lithological con-
tacts seem to be predominant ore controls. Where the
nephrite is found in situ, it may be separated from the
country rocks by a “white rock” or it may contain irregu-
lar zones of such a rock. In the literature, the “white rock”
is commonly described as rodingite or calcsilicate rock
containing hydrogarnet, diopside, wollastonite and
tremolite (Coleman, 1967 and Leaming, 1978). In the
field, the British Columbia prospectors also use this term
to describe white-colored post-nephrite selvages and al-
teration zones which are fabric-controlled.

Good quality nephrite is a nearly monomineralic rock
consisting of very fine and interlocked bundles of acicular
tremolite crystals. It commonly contains small concentra-
tions of spinel group minerals (chromite, magnetite,
picotite), diopside, uvarovite, titanite, chlorite and talc.
Bright green specs of chrome diopside are characteristic,
but not restricted to Cassiar nephrite.

GEOLOGICAL SETTING OF MOUNT
OGDEN DEPOSITS

The Mount Ogden nephrite camp is located near Fort
St. James, in the northwest corner of the area described by
Armstrong (1949). The area was also studied by Paterson
(1974), and more recently by Schiarizza and Payie (1997)
and Schiarizza et al. (1997). It is situated within the Cache
Creek Terrane of the central Intermontane Belt. At this
latitude the Cache Creek Terrane includes the Sitlika as-
semblage in the west and the Cache Creek Complex to the
east. The Sitlika assemblage consists of Permo-Triassic
bimodal volcanic rocks overlain by Upper Triassic to
Lower Jurassic clastic sedimentary rocks. This assem-
blage is in fault contact with a poorly dated, but partially
age-equivalent ophiolitic sequence that forms the western
part of the Cache Creek Complex. Eastern elements of the
Cache Creek Complex include a Permian to Lower Juras-
s i c s u c c e s s i o n o f p r e d o m i n a n t l y p e l a g i c
metasedimentary rocks and thick Pennsylvanian - Perm-
ian carbonate sequences associated with ocean island bas-
alts.

The earliest deformation documented within the
Cache Creek Terrane in central British Columbia is re-
lated to subduction, probably beneath adjacent magmatic
arc rocks of the Quesnel Terrane, as indicated by local ex-
posures of blueschist facies rocks that yield Late Triassic
K-Ar and Ar-Ar cooling dates (Paterson and Harakal,
1974; Paterson, 1977; Ghent et al., 1996). Subsequent up-
lift of Cache Creek Terrane is recorded by chert-rich
clastic detritus that was shed westward into the basal part

of the Bowser Lake Group in late Middle Jurassic to Late
J u r a s s i c t i m e . T h i s u p l i f t m a y b e r e l a t e d t o a
deformational episode that generated greenschist facies
metamorphism and penetrative deformation within the
Cache Creek Terrane and the Sitlika assemblage, and ulti-
mately resulted in Cache Creek Terrane being thrust west-
ward over Stikine Terrane (Monger et al., 1978). Younger
deformation in the region involved Late Cretaceous(?) to
early Tertiary dextral strike-slip and related extension, in
part, along major structures such as the Pinchi and Takla
faults (Gabrielse, 1985; Struik, 1993; Wetherup and
Struik, 1996).

The nephrite occurrences in the Mount Ogden area
occur within a belt of ultramafic rocks and serpentinite
melange (Figure 2) that was informally referred to as the
Cache Creek ultramafic unit by Schiarizza and Payie
(1997). These rocks are part of an extensive belt of ultra-
mafic and related rocks that were referred to as Trembleur
intrusions by Armstrong (1949), who interpreted them as
intrusive bodies cutting Cache Creek volcanic and sedi-
mentary rocks. More recently, these rocks have been in-
terpreted to be tectonically emplaced upper mantle and
lower crustal portions of dismembered ophiolite se-
quences (Whittaker, 1983; Ash and Macdonald, 1993;
Schiarizza and MacIntyre, 1999). In the Mount Ogden
area, the ultramafic unit is characterized by serpentinite
melange comprising serpentinite and serpentine-carbon-
ate-talc schists containing abundant knockers and
fault-bounded lenses of greenstone, amphibolite and
metasedimentary rocks. Greenstone was in part derived
from mafic volcanic rocks, but also includes a large pro-
portion of diabasic to gabbroic rocks, locally grading to
w e a k l y t o m o d e r a t e l y f o l i a t e d a m p h i b o l i t e .
Metasedimentary rocks include bedded chert, quartz
phyllite and limestone.

The eastern margin of the ultramafic unit is an
east-dipping thrust fault. An assemblage of mainly
metasedimentary rocks forms the hangingwall of the fault
(Figure 2). This sedimentary unit is dominated by light to
dark-grey, platy quartz phyllites, but also includes
metachert, cherty argillite, slate, limestone, metabasalt
and metasandstone. Farther to the east, this unit includes
thick bodies of light-grey weathered limestone that con-
tain fusulinids of early Late Permian age (Paterson,
1974).

To the west of the ultramafic unit is an extensive belt
of metasedimentary rocks dominated by slate, siltstone
and sandstone, with local conglomerate (Figure 2). These
rocks belong to the Upper Triassic to Lower Jurassic
clastic sedimentary unit of the Sitlika assemblage (Pater-
son, 1974; Schiarizza and MacIntyre, 1999). The contact
between the two units is not exposed in this area. Re-
gionally, it is an east-dipping thrust fault (Schiarizza and
MacIntyre, 1999), but where observed about 10 kilo-
metres south of the present study area it is marked by a
younger dextral strike-slip fault (Schiarizza and Payie,
1997).

An elongate stock of coarse grained, biotite±musco-
vite granodiorite cuts through the eastern to central part of
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the ultramafic unit (Figure 2). Similar granodiorite forms
a small plug 2 kilometres southwest of the main stock, and
occurs as dikes and pods elsewhere in the ultramafic unit.
These rocks are undated, but are suspected to be Early
Cretaceous in age, based on their lithologic similarity to
parts of the Early Cretaceous Mitchell batholith, which
cuts the Cache Creek Complex and Sitlika assemblage 50
kilometres to the south (Schiarizza and MacIntyre, 1999).

GEOLOGY OF THE NEPHRITE
DEPOSITS

The three in situ, past producing deposits located
within the study area (Figure 2) are identified as (1), (2)
and (3). Deposit 1 is located at the contact of a
granodiorite pluton which forms a prominent knob with a
low relief ultramafic unit. The ultramafic unit consists of
serpentinites, serpentine-carbonate-talc schists and
melange containing knockers of greenstone, diabase, am-
phibolite, chert and limestone. Deposit 2 is located ap-
proximately 3.5 kilometres northwest of deposit 1. At the
scale of figure 2, deposit 2 seems to be located entirely
within the same ultramafic unit as deposit 1. Deposit 3 is
located about 800 metres northeast of deposit 1, along a
fault contact between the ultramafic unit and the sedimen-
tary unit. The sedimentary unit consists mainly of

phyllites, quartzites, metacherts, marble, and chlorite
schists. Deposit 3, also referred to as “main showing” by
Leaming (1978), was not studied because of flooding of
the pit and lack of good exposure. The cross section of
this deposit was published and described by Leaming
(1978). The nephrite lens in deposit 3 was 50 metres long,
3 metres wide and 5 metres high, with the total estimated
tonnage of 2250 tonnes (Leaming, 1978). Most of the ma-
terial was probably industrial grade. Deposits 1 and 2 are
described below in more detail.

Deposit 1

Deposit 1, which was referred to as the “new show-
ing” by Leaming (1978) is now almost completely mined
out (Photo 1), but a large quantity of industrial grade
nephrite is stockpiled at the site. The pit that contained the
deposit is oriented approximately 120º and is over 250
metres along strike. Along the nearly vertical wall, the ex-
cavation is in places more than 18 metres high and 5
metres wide. The exposed footwall is arcuate and follows
roughly topographic contours and the contact of
granodioritic pluton with the ultramafic unit (Photo 1).
The possible reserves before mining were estimated at
500 to 1000 tonnes. Probable reserves were estimated at
50 tonnes (Leaming, 1978). At this stage it is impossible
to determine what was the total tonnage extracted from
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this deposit and if any metasediments were originally
present within the pit limits.

Granodiorite Pluton

The granodiorite-diorite pluton is about 6.5 kilo-
metres in length and more than one kilometre in width. It
is a gray, pink or beige, medium-grained, equigranular
rock consisting of 29.6 % quartz, 20.4 % orthoclase,
41.1% oligoclase-andesine, 6.7 % chlorite and minor ti-
tanite and apatite (Armstrong, 1949). A sample of the
pluton near its southwest extremity collected during ear-
lier mapping, shows relatively fresh biotite and musco-
vite instead of chlorite. The plutonic rock, exposed less
than 10 metres from the pit, is strongly altered and cross-
cut by closely spaced sets of centimetre-scale thick frac-
tures, in-filled by a fine grained siliceous phase contain-
ing quartz (65-70%), feldspar (15-20%), epidote group
minerals (10-15%), sericite (15%) and chlorite (3%). The
altered pluton consists of feldspar (75%), epidote
(12-15%), zoisite (3-5%), chlorite (6-7%), limonite
(<1%), and carbonate and titanite in trace amounts.

White Rock

The main lithology exposed within the wall is a
white, hard, massive, granular, macroscopically homoge-
neous rock. Microscopically, this rock is quite heteroge-
neous consisting mainly of zoisite/clinozoisite (15-50%),
serpentine (1-40%), epidote (1-60%), and other minerals
which are loca l ly impor tant such as t remol i te ,
wollastonite(?), carbonate and minor constituents such as
talc, chlorite, titanite, apatite and pyrite.

Nephrite

There is currently no in situ nephrite exposed, with
the exception of three small remnants of nephrite, proba-
bly less than 30 centimetres thick and 2 metres along the
wall of the pit. Good quality nephrite from one of the rem-
nants is very hard, dark green semitransluscent, and con-
sists mainly of actinolite-tremolite microfibers (>90%),
serpentine (<10%), talc (6%), spinel group minerals
(<1%), and traces of titanite, ilmenite and hematite.
Lower quality nephrite is dark green, greenish-grey,
schistose and consists of larger proportions of serpentine
or talc and opaques. Leaming (1978) indicates that
chlorite was also present. Backfill or debris covers the
bottom of the pit, and no in situ rocks that formed the
hangingwall of the deposit are observed within the exca-
vation.

Nephrite-Host Rock Relationship

Several of the fresh and angular blocks near the exca-
vations were examined. Two representative examples
that show the relation of lower quality nephrite and coun-
try rock are shown below. The first example shows irreg-
ular contacts of nephrite (N) with the country “white
rock” (Photo 2). Nephrite (N) is aphanitic, compact, deep
green, vitreous and moderately schistose, comprised

mainly of tremolite (48-52%), serpentine (48-50%), and
less amounts of limonite, chromite and locally uvarovite
(1.5-2%) which forms bright green rims around chromite.
The country rock is pale greenish-pinkish white,
equigranular, very hard and massive. The coarse grained
“white rock” (CW) contains mainly epidote group miner-
als (74-80%), serpentine (13-15%) and titanite (7-9%).
The fine grained “white rock” (FW) also consists mainly
of epidote group minerals (84-90%), in addition to car-
bonates (13-15%), titanite (1-3%) and serpentine
(1.5-2%). Microscopic observations show that both the
coarse grained (CW) and fine grained “white rock” (FW)
are generally fine grained (less than 1 mm), however, in-
terlocking aggregates of epidote group minerals in com-
bination with the serpentine content results in a coarser
and more granular texture on the weathered surface.

The inferred lithologies that probably formed the
footwall of the pit are strongly serpentinized ultramafic
rocks that are now exposed in the southern part of the ex-
cavation. These rocks are almost black to yellow green,
aphanitic and consist mainly of serpentine (30- 85%), talc
(<15%) and opaques (<30%, locally <18% magnetite).

The second example shows the nephrite-serpentine
contact (Photo 3). Good quality, massive, deep green,
semitranslucent nephrite, comprised of tremolite-
actinolite (90-95%), serpentine (5-10%) and chromite
(1-1.5%), grades sharply into schistose, dark greenish-
greyish-white and mottled semi-nephrite (SN). Semi-
nephrite contains fine grained tremolite (50-52%), ser-
pentine (28-30%), talc (16-18%) and traces of limonite,
and grades progressively into serpentinite (S). Serpentin-
ite (S) comprises a dark green, fissile rock, of mainly fine
grained serpentine (88-90%), tremolite (8-10%), magne-
tite (1.5-2%), ilmenite (1%) and traces of titanite. Centi-
metre thick, anastomosing, fibrous white to pale green
tremolite veins cut, and are most abundant in, the
semi-nephrite, but extend into serpentinite, where they
pinch out gradually. These veins are thickest at the
semi-nephrite - nephrite contact, where they terminate
abruptly at high angles to the contact (Photo 3).

Deposit 2 (Far North)

On the regional scale, deposit 2, also refered to as the
“Far North deposit” is located entirely within the
ultramafics (Figure 2), however detailed investigation
(Figure 3) indicates that the nephrite follows the north-
west-trending contact of ultramafic rocks (in this case
serpentinite) with garnetite. The excavation trends 125º
and is approximately 100 metres long by 5-15 metres
wide, and less than 5 metres deep (Figure 3). It contained
approximately 500 tonnes of high quality nephrite (Kirk
Maakeppeace, Jade West).

The excavation area consists of a steeply north-
east-dipping lithological sequence comprising serpentin-
ite, nephrite, nephrite schist, chlorite schist, garnetite,
blue marble and metavolcanics / metasediments (in geo-
graphic order from south to north). No lithological con-
tacts between nephrite or nephrite schist with serpentinite
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CW N FW

Photo 2. Nephrite in sharp contacts with fine grained “white rock” and coarse grained “white rock”; deposit number 1, Mount Ogden area.
Nephrite (N) contains mainly tremolite and serpentine and less amounts of limonite, chromite and uvarovite. The fine grained “white rock”
(FW) consists mainly of clinozoisite, carbonate and some titanite; the coarse grained “white rock” (CW) consists mainly of zoisite and
epidote and less amounts of serpentinte, titanite and clinozoisite.

N
SN S

Photo 3. Nephrite - serpentinite contact, Jade West stockpile, Mount Ogden area (hammer handle is 25 cm in length). Coarse,
anastomosing, white to pale green tremolite veins cross cut the semi-nephrite (SN) and serpentinite (S). Nephrite (N) is massive and
comprised mainly of tremolite and less amounts of serpentine and chromite; semi-nephrite (SN) contains mainly tremolite, serpentine and
talc and traces of limonite; serpentinite (S) contains mainly serpentine and less amounts of tremolite, magnetite, ilmenite and titanite.



are observed because of the backfill and grading of the pit
floor. In the western portion of the pit, a less than 20 centi-
metre thick vein of fibrous mineral, tentatively identified
as wollastonite, separates nephrite schist from the
garnetite. All other lithological contacts are sub-parallel
or parallel to the regional fabric (Figure 2), to the
schistosity within the pit, and to the pit outline (Figure 3).
The contact between marble and garnetite is sharp and ir-
regular, and appears to be folded in the western portion of
the excavation. The orientation of the axis of this partially
exposed decametre-scale fold is expected to be collinear
with minor fold axes observed within the pit, which
plunge 20º towards 125º.

Nephrite/Nephrite Schist

No gem quality, and little good quality ornamental
grade nephrite remains in the pit. Most of the nephritic
rock exposed in the pit is a nephrite schist, characterized
by a green-grey colour and foliat ion parallel to
lithological contacts. Nephrite schist is generally aphani-
tic, comprising mainly of 50-55% interlocking subhedral
tremolite-actinolite fibres (0.03 mm), acicular prisms (up
to 0.4 mm long) and blades, and 35-40% fibrous and pris-
matic serpentine aggregates. The rock also contains

actinolite (3-5%), carbonate (5-7%), limonite (8-10%),
hematite (1.5-2%), pyrite (trace-0.5%), traces of chalco-
pyrite and spinel, and 0.5% of an unknown mineral. Car-
bonate forms in veins and pods parallel to the schistosity.

Chlorite Schist

Aphanitic, greyish-green chlorite schist is softer and
more fissile than the nephrite schist. It contains chlorite
(40-45%), serpentine (40-45%), clinozoisite (10-12%),
limonite (10-12%) and traces of magnetite and apatite.
The schist lenses are cut by folded carbonate veins and
are in contact with garnetite, which forms the northern
wall of the excavation.

Garnetite

Garnetite macroscopically resembles the “white
rock” in deposit number 1. It is the most prominent, ho-
mogeneous and continuous lithology exposed within the
pit wall, characterized by a white colour, rugous feel,
massive appearance and reacts weakly with HCl. The
rock is hard, fine to medium grained, equigranular, and
comprised mainly of garnet (probably hydrogarnet;
65-80%), carbonate (probably calcite; 15-25%), quartz
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(5%), and traces of talc, epidote, clinozoisite and apatite.
Carbonate forms mainly in garnet interstices and in garnet
fractures. Garnetite separates the nephrite from marble.

Blue Marble

Blue marble is distinctively dark bluish-grey, me-
dium grained, equigranular and massive. It reacts moder-
ately to strongly with HCl. The rock is a nearly
monomineralic and consists mainly of carbonate
(96-98%), limonite (2-3%), and traces of pyrite and he-
matite. Carbonate grains have folded twin lamellae and
wavy to embayed contacts.

Serpentinite

The serpentinite forms the footwall of the excavation
and is characterized by fine to medium grained, strongly
schistose and fissile rocks ranging from dark green-
ish-grey serpentinite (94-97% serpentine), to banded pale
greenish-greyish-white talc schist. The talc schist con-
tains up to 55% talc, serpentine (30-35%) and chlorite
(7%). Both serpentinite and talc schist contain traces to
minor amounts of garnet, pyrite, chromite and oxidized
magnetite. Serpentinite is cut by a hatch pattern of fibrous
and prismatic serpentine veins. Talc schist is cut by
anastamosing, fibrous talc and lesser serpentine veins that
are parallel to the schistosity and make up to 45% of the
rock.

Metavolcanics/Metasediments

Centimetricaly banded dark grey to pale grey, me-
dium grained and schistose metavolcanics / metasedi-
ments within the hangingwall of the excavation, were not
observed in direct contact with nephrite. Metavolcanics /
metasediments contain plagioclase (53-55%), serpentine
(in veinlets 33-35%), biotite (5-6%), epidote group min-
erals (3-4%), and traces of garnet and apatite. The unit
also contains an unknown mineral, tentatively identified
as anthophyllite (5-6%). Fine grained plagioclase and
epidote veinlets cut the serpentine-rich veinlets.

Origin

A variety of origins were proposed to explain neph-
rite deposits (Leaming, 1978). It is believed that most of
the British Columbia nephrite occurrences formed by
contact metasomatic exchange between serpentinized
ultramafics and country rocks (commonly metasedi-
ments).

There is a wealth of published data on the stability
field of tremolite in marbles and to lesser extent in ultra-
mafic rocks. The common range of PT conditions where
tremolite-actinolite amphiboles are reported extends
from less than 1 kilobar at 300°C (contact metamorphism)
to over 6 kilobars at 700°C (relatively high-grade regional
metamorphic environments). These limits are reasonable
for most geological situations where metamorphic fluids
are internally buffered, and thermodynamic equilibrium

is attained within carbonate or other homogeneous
protolith. The processes responsible for the formation of
the British Columbian nephrite deposits were probably
externally buffered, because of the association between
nephrite and faults. The relative spatial distribution of the
serpentinite, “white rocks”, nephrite and metasediments
is typical of metasomatic reaction zones, and in most
cases, thermodynamic equilibrium at the scale of the de-
posit was probably not attained. Furthermore, good qual-
ity nephrite rocks are nearly monomineralic, therefore
tremolite is expected to remain stable to higher tempera-
tures. The granodiorite was traditionally considered as
unrelated to the formation of nephrite (Leaming, 1978),
but more work is required to validate this statement.

Exploration Potential

The Mount Ogden area still has good economic po-
tential for the discovery of extensions to the existing de-
posits or new nephrite deposits, despite the extensive
overburden and repeated coverage in past years by tradi-
tional prospecting. The three deposits within the study
area trend approximately northwest and are parallel to the
dominant regional fabric; potential new discoveries are
expected to have the same orientation.

The main nephrite controls appear to be the contact
between the granodiorite pluton and ultramafic unit and
major tectonic contacts between metasedimentary / meta-
volcanic rocks and the ultramafic unit. It is possible that
VLF would turn out to be an efficient geophysical tool to
outline the controls described above. The “white rock” in
outcrops or boulder trains is itself an indirect nephrite in-
dicator.

Economic Potential

British Columbia is renowned for its nephrite pro-
duction. The value-added processing, which resides
mainly in carving and jewelry is also well established. To
sustain this industry, new high quality nephrite discover-
ies are needed.

Nephrite tile making offers an other opportunity. A
number of the nephrite mining camps, such as those of the
Mount Ogden area, were exploited by surface mining. As
a result, important quantities of industrial grade nephrite,
suitable for tile making, were left as stockpiles at the sites.
While nephrite tiles would not be able to compete with the
main-stream granite or marble tiles in terms of cost per
unit, they will represent an upscale niche product. Fur-
thermore, preliminary examination of the “white rock”
samples adjacent to nephrite deposit number 2, in the
Mount Ogden area, indicates that white garnetite or
hydrogarnetite zones may occur in close proximity to the
nephrite material and marble. Some applied research is
justified to determine if this unusual (hydro-) garnet rich
rock has any industrial applications.
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Gem-quality Cordierite Deposits, Slocan Valley, British Columbia
(NTS 82F/12E)

By George J.Simandl1, Dan Marshall2 and James Laird3

KEYWORDS: Economic Geology, Cordierite, Iolite,
Anthophyllite-gedrite, Gemstone, Sapphirine, Valhalla
Complex, Passmore Dome.

INTRODUCTION

Cordierite is typically an orthorhombic magne-
sium-iron aluminosilicate and its high temperature form,
indialite (alpha-cordierite), is isostructural with beryl
(Deer et al.,1963). It has the formula X0-1M2T9O18 where
X=H2O, CO2, Ar, Xe, Na and K may be present within
channels parallel to the c axis. M= Mg 2+, Fe2+ and possi-
bly Li+. T=Al4Si5 and possibly Be2+. Cordierite is a com-
mon constituent in contact metamorphosed argillaceous
or arenaceous sediments and in regionally metamor-
phosed settings where it occurs only in high grade gneiss
(Deer et al., 1963; Nathan et al., 1995; Nicollet, 1985;
Lal, 1997). Cordierite-anthophyllite assemblages or their
granulite facies equivalents have been identified and de-
scribed from many localities including the famous West
Uusinaa Complex, Finland (Escola, 1915). A number of
these localities are closely associated with base metal de-
posits, and this assemblage is considered an indirect pros-
pecting tool for volcanogenic massive sulphide deposits
in highly metamorphosed terrains (Schreurs and Welstra,
1985; Robinson et al., 1982). Cordierite also occurs in a
variety of intrusive rocks, including granites, pegmatites,
norites (Deer et al., 1963; Heinrich, 1950), where critical
parameters controlling its stability field are low tempera-
ture and pressure, high Mg2+ and Fe2+, A/CNK, aAl2O3,
and fO2 (Clarke, 1995).

Cordierite is commonly used by geologists as a meta-
morphic index mineral, but its stability field on petrogen-
etic grids remains controversial because of uncertainties
in its thermodynamic properties (Gunter, 1977; Skippen
and Gunter, 1996; Lal, 1997). Cordierite may also have a

potential as a CO2-H2O sensor for fluids and melts (Visser
et al., 1994; Harley, 1994; Carrington and Harley, 1996).

Iolite, dichroite and “water sapphire” are the names
used to designate the gem-quality cordierite in the gem
trade.

Gem-quality cordierite is much less common than its
rock forming equivalent. It is transparent to translucent
with vitreous to greasy luster and comes in a variety of
colours, mainly in shades of blue or violet, greenish, yel-
lowish, or colorless. It is strongly pleochroic making cut-
ting more challenging. No matter the shape of the rough,
iolite crystals have to be oriented exactly to take advan-
tage of the most desirable color and consequently the
weight of stone may be severely reduced during the cut-
ting. It is a hard mineral (7 to 7.5 on the Moh’s hardness
scale) with conchoidal fracture and one moderately
well-developed cleavage direction. This cleavage makes
it less durable than sapphire. Its density varies from 2.53
to 2.78 g/cm3. The main sources of gem-quality cordierite
are Sri Lanka, Mozambique, Madagascar, Burma and In-
dia. Other sources are Tanzania, Namibia, Canada and
USA.

In Canada, gem-quality material and excellent speci-
mens have been extracted from number of areas (Wight,
1999), including the Geco Mine (Ontario), Great Slave
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Figure 2. The geological setting of the Slocan Valley and cordierite occurrences (from Schaubs and Carr (1998). SLF: Slocan Valley Fault,
VSZ: Valkyr Sheer Zone, GCSZ: Gwillim Creek Shear Zone.
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Lake and Ghost Lake areas (Northwest Territories), Snow
Lake area (Manitoba) .

Other blue minerals, well established in the gemstone
trade, are sapphire, benitoite, spinel and tanzanite (a vari-
ety of zoisite). Gem-quality cordierite, currently avail-
able on the market, is considered as a moderately priced
stone. It is marketed and promoted as an affordable substi-
tute for tanzanite, benitoite or blue sapphire. According to
Wight (1999): “Iolite is not seen frequently in jewelry, but
it is not rare except in sizes over 30 carats”. This percep-
tion is now deeply anchored within the colored stone in-
dustry and may be difficult to change. As with other gem-
stones, exceptional stone quality in combination with
highly effective marketing programs may enhance the
price.

Gemstone Evaluation - General Comments

Conceptual and market studies by independent spe-
cialists should be done in the first stages of gemstone de-
posit evaluation. Such studies are essential to determine
if any follow-up work leading to the pre-feasibility stage
(including the grade and tonnage estimates) is warranted.
The grade and tonnages of hard rock gemstone deposits
are difficult to predict. A single large, high quality stone
may double cash flow of a mid-size gemstone mining op-
eration, when diamonds, emeralds, sapphires or other
high-value stones are involved. Bulk sampling and sort-
ing of the stones into facet, cabochon and specimen
grades provide the basis for grade estimates, evaluation of
potential product, recovery rate evaluation and the mate-
rial for test marketing. Bulk sampling also provides a use-
ful check on mining and gemstone extraction cost esti-
mates. The extraction of gemstones from small, “hard
rock” deposits tends to be relatively costly, technically
demanding and/or labour intensive because care must be
taken to minimize gemstone fracturing.

Location and History

The gem-quality cordierite in the Slocan Valley oc-
currences in southeastern British Columbia, were first re-
ported by Jim Laird, while working for of Anglo Swiss
Resources Inc. The occurrences were discovered during
the exploration for star corundum and are located on the
Blu Starr property (Minfile number 082FNW259) that be-
longs to Anglo Swiss Resources Inc., approximately 25
kilometres west of Nelson and 30 km south of Slocan near
highway 6 (Figure 1).

REGIONAL GEOLOGY

The cordierite occurrences are located within the
Omineca Belt and more precisely within the Valhalla
metamorphic core complex (Reesor, 1965) which is char-
acterized as a structural culmination with outward-dip-
ping metamorphic layering and foliation (Schaubs and
Carr, 1998; Simony and Carr, 1996). The complex con-
sists of the Valhalla and Passmore domes and is delineated

by ductile Valkyr shear zone to the north, west and south
and Slocan Lake fault to the east. The Valhalla complex
forms the footwall of the Valkyr and Slocan Lake shear
zones (legend of Figure 2 and Figure 3). It consists of
Castlegard Gneiss, metasedimentary rocks, Middle De-
vonian Trail Gneiss, Late Cretaceous Kinnaird Gneiss,
Late Cretaceous Mulvey granodiorite, Paleocene Airy
Quartz monzonite and Early Eocene Ladybird granite
(Legend of Figure 2). The complex contains three sheets
of supracrustal rocks identified as upper, middle and
lower. The upper sheet consists of the “Valhalla assem-
blage” metasedimentary rocks sandwiched between
Paleocene granitoids and the Mulvey granodiorite (Fig-
ures 2 and 3). The middle sheet and upper portion of the
lower sheet are interlayered with Mulvey granodiorite
(Figure 2).

The hanging wall of the Valkyr and Slocan Lake shear
zones (so called upper plate, legend of Figure 2) consists
of Middle Paleozoic to Early Mesozoic rocks of
allochtonous Quesnelia, Middle Jurassic and Late Creta-
ceous granitic rocks, Eocene College Creek granite and
Middle Eocene Coryel syenite and granite.

In the Passmore dome area, metasedimentary rocks
within the upper sheet are overlain by Airy quartz
monzonite (Figure 3) and are interpreted to be underlain
by Mulvey granodiorite gneiss (Schaubs and Carr, 1998).
The cordierite-bearing lenses lie within or near the
mylonites of the Gwillim Creek Shear Zone (GCSZ)
which separates the metasediments of the upper sheet
from the lower sheet (Figure 2).

The lenses occur within the metasedimentary se-
quence, described by Schaubs and Carr (1998) as consist-
ing of pelitic schists (biotite>50%, quartz, feldspar,
sillimanite and garnet), semipelitic schists (biotite <50%,
quartz, feldspar ± sillimanite and garnet) and psammitic
gneiss (mainly quartz and feldspar, with minor biotite)
and at least one quartzite layer more than 1 metre thick.
Mafic and ultramafic rocks form lenses. Most of these
lenses can be described as amphibolites with or without
garnet. Peak metamorphic assemblages in pelitic schists
contain garnet, sillimanite, alkali feldspar and melt indi-
cating temperatures over 800±20ºC and pressure of
8±1kb (Spear,1994). Further thermal history of the com-
plex is discussed by (Parish, 1995). Structural geology of
the metasedimentary rocks in the Passmore dome area,
where the cordierite deposits are located is covered in de-
tail by Schaubs and Carr (1998). These authors describe
metasedimentary rocks displaying nearly flat lying
subhorizontal transposition foliation and strong east or
west plunging stretching lineation, rootless folds with
strongly sheared limbs and sheet folds. All these features
were also observed during our visit at the deposit scale.

Geology of the Slocan Valley Cordierite
Occurrences

Three cordierite-bearing lenses are reported in the
area, however only two of these were examined during
our short visit. Both visited occurrences are exposed on
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the cliff faces approximately one kilometre apart. Lenses
are located within or near the Gwillim sheer zone (Figure
3).

Both lenses are located in or near noses of folds that
have subhorizontal fold axes plunging 65 to 85°E. The
long dimension of the lenses is expected to be collinear

with the fold axis and mineral lineations. The larger of the
lenses is only partially exposed for nearly 20 metres along
strike (Photo 1 and Figure 4). Its maximum exposed
thickness is nearly 6 metres with its extent in the third di-
mension unknown. The smaller lens is exposed for
greater than 10 metres along the cliff side and its maxi-
mum thickness exceeds 2 metres (Figure 5). The contacts
between the lenses and the surrounding gneiss are sharp
and irregular or sheared.

Cordierite-bearing, anthophyllite lenses have char-
acteristic rough hummocky appearance. The lenses are
brown to dark green on weathered and dark green on fresh
surfaces. They are coarse grained, typically 0.5 to 2 centi-
metres and characterized by interlocking blades of
gedritic anthophyllite and irregularly distributed heavily
included garnet porphyroblasts up to 5 centimetres in di-
ameter. The mineralogy is approximately gedritic-
anthophyllite (55 % or more), quartz (20%), garnet (0
-15%), biotite (0-90%) generally restricted to quartz vein
or pegmatite contacts with anthophyllite-rich rock,
plagioclase feldspar (5%) with minor clino-amphiboles
and cordierite (0-25%). Potassic feldspar may be also
present.

The lenses of anthophylite rock are cut by tourma-
line-bearing pegmatites, quartz veins and garnet-bearing
feldspar veins (Figure 4), fractures and irregular zones
consisting mainly of coarse-grained biotite are found ad-
jacent to pegmatite and quartz veins or controlled by the
same fractures. Coarse cordierite occurs mainly within
quartz veins, along the contact of these veins with the host
anthophyllite lens, or in biotite zones. The cordierite
crystals are completely embedded in the host rock. Cor-
dierite crystals, in many cases partially or entirely con-
verted to pinite may measure up to 10 centimetres in
length. There is a transition from transparent, blue or gray
cordierite in the unaltered core of the crystal to pale green
translucent to opaque aphanitic rim entirely consisting of
pinite.
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The intensity of the replacement decreases progres-
sively from the crystal edges inward. The cores are com-
monly clear, blue or bluish gray in color, but fracture net-
works reduce the maximum size of the stones suitable for
cutting. As a result, the majority of the cordierite exposed
at the site in July 1999 were of specimen quality. Few
stones up to 5 mm in longest dimension, of gem or
near-gem quality were extracted during our visit. Table 1
shows results of the microprobe analyses of the iolite.
Photo 2 shows an enlarged finished stone from this prop-
erty.

Terminated amethystine and colorless transparent
quartz and tourmaline crystals occur in cavities within the
anthophyllite rock and elsewhere on the property.

The gneiss, country rock to the lenses, is character-

ized by folds with severed limbs and centimetre- to

metre-scale layering. The leucosomes are thicker and

more continuous than melanosomes. Mineralogy is vari-

able, consisting of quartz (60%), green or brown biotite

(20%), plagioclase (8%), potassic feldspar (2%) and

si l l imani te , t i tani te , cordier i te , garnet (~10%).

Melanosomes are composed of quartz (30%) plagioclase

(30%), biotite (30%), potassic feldspar (7%), and garnet

(3%). The gneiss also contains centimetre to metre thick

lenses of clinoamphibolites that may also contain garnet.

Representative mineral analyses are given in Table 2.
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TABLE 1
ELECTRON MICROPROBE ANALYSES OF CORDIERITES FROM THE SLOCAN VALLEY

Photo 2. Raw and cut iolite from the Slocan Valley occurrences, the faceted stones (from left to right) weight 0.5, 0.5, 0.5 and 0.6 carat
respectively (courtesy of Anglo Swiss Resources Inc.).

SAMPLE SiO2 Al2O3 TIO2 Cr2O3 FeO MgO MnO CaO K2O Na2O Total

Cord 99-2-10 49.53 35.07 0.03 0.01 3.16 11.96 0.13 0.03 0.00 0.13 100.05

Cord 99-2-10 49.20 34.86 0.09 0.00 3.25 11.73 0.12 0.07 0.01 0.13 99.46

Cord 99-2-10 49.17 35.03 0.09 0.00 3.19 11.78 0.04 0.04 0.00 0.14 99.48

Cord 99-2-19 50.84 33.62 0.00 0.02 3.64 11.33 0.05 0.03 0.02 0.25 99.80

Cord 99-2-19 50.46 33.88 0.00 0.01 3.69 11.45 0.00 0.02 0.00 0.27 99.78

Cord 99-2-19 50.41 33.25 0.04 0.01 3.57 11.53 0.00 0.02 0.01 0.22 99.06

Cord 99-2-19 50.84 33.57 0.10 0.01 3.36 11.56 0.04 0.04 0.01 0.26 99.79



Exploration Potential

The Slocan Valley occurrences are the first discover-
ies of gem-quality cordierite in British Columbia. It is
probable that future prospecting activity within the
Passmore or Valhalla dome areas, or similar geological
environments elsewhere in British Columbia, will result
in new iolite discoveries. Non-gem quality cordierite is
also present in the country gneiss that contains
iolite-bearing lenses. Cordierite-orthoamphibole assem-
blages were also reported within Thor-Odin gneiss dome
(Smith and Duncan), 1995.

As far as the two occurrences described here, the cor-
dierite occurs mainly in association with quartz veins and
pegmatite contained within the anthophyllite lenses.
Quartz veins, pegmatites and cordierite bearing zones
represent probably about 10% of the exposed face (sur-
face) of the lens. The face of the main lens is still not fully
exposed. To evaluate the cordierite content of the lenses,
bulk sampling would be required. Small panel samples, if
taken adjacent to quartz vein may result in unrealistic
high cordierite content. Only a small proportion (<3%) of
the recovered cordierite is expected to be suitable for fac-
eting. At this stage it is impossible to estimate what the cut
stone to rough ratio will be. The largest faceted stone from
this property (Photo 2) is reported to have a weight of 0.6

carats (Anglo Swiss Resources Inc., personal communi-
cation). Less clear stones may be cut “en cabochon” (an
unfaceted, domed, smoothly polished stone). The largest
cabochon from this property weights 1.5 carat (Anglo
Swiss Resources Inc., personal communication). Wight
(1999) reports that cordierite cut in cabochons from these
occurrences display asterism (stars).

Constraints on the Origin

Peak metamorphic conditions are represented by gar-
net-hornblende-quartz-plagioclase and cordier-
ite-sapphirine-corundum-garnet-plagioclase and shown
approximately on Figure 6. Relative topology of the high
temperature equilibria shown on Figure 6 is correct, how-
ever, reactions make take place at slightly lower tempera-
tures. Until the problems highlighted by Gunter (1977),
Skippen and Gunter (1996) and Lal (1997) are addressed
the temperatures shown on Figure 8 are approximate.

These assemblages are consistent with peak meta-
morphic conditions in excess of 900°C and 9 kilobars, but
slightly higher than those reported by Spear and Parrish
(1996). This temperature is a maximum temperature for
cordierite stability in the study area, and possibly corre-
sponds to the highest temperature metamorphic rocks
ever reported in British Columbia. Geothermometry of
garnet-biotite pairs confirms post-peak reequilibration at
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TABLE 2
REPRESENTATIVE MICROPROBE ANALYSES OF MINERALS WITHIN

THE ANTHOPHYLLITE LENSES AND COUNTRY GNEISS

Sapphirine SiO2 Al2O3 TiO2 Cr2O3 FeO MgO MnO CaO K2O Na2O Total

Cord 99-2-10 11.45 65.23 0.03 0.26 9.02 14.93 0.16 0.03 0.00 0.00 101.11

Cord 99-2-10 11.01 65.17 0.06 0.32 9.04 14.94 0.09 0.10 0.00 0.00 100.73

Ortho-Amphibole SiO2 Al2O3 TIO2 Cr2O3 FeO MgO MnO CaO K2O Na2O NiO Cl F Total

Cord 99-2-4 48.38 11.86 0.29 0.04 14.64 19.90 0.37 0.75 0.00 0.77 0.00 0.02 0.05 97.07

Cord 99-2-4 47.61 11.92 0.40 0.11 14.54 19.63 0.39 0.70 0.00 0.84 0.00 0.01 0.02 96.17

Cord 99-2-4 47.70 11.89 0.22 0.05 14.57 19.79 0.48 0.69 0.00 0.83 0.00 0.04 0.01 96.27

Clino-Amphibole

Cord 99-6 #6 41.44 13.18 1.53 0.05 18.50 8.88 0.12 10.86 0.79 1.41 0.00 0.00 0.10 96.86

Cord 99-6 #7 41.50 13.31 1.43 0.05 18.66 8.68 0.11 10.97 1.03 1.33 0.00 0.00 0.05 97.12

Cord 99-6 #8 42.92 12.21 0.91 0.04 18.69 9.17 0.13 11.05 0.58 1.35 0.00 0.01 0.15 97.21

Cord 99-6 #9 42.99 12.44 0.96 0.04 18.34 9.19 0.12 11.00 0.55 1.34 0.00 0.01 0.12 97.10

Garnet SiO2 Al2O3 TIO2 Cr2O3 FeO MnO MgO CaO Total

Cord 99-2-1 38.58 21.75 0.00 0.00 27.02 0.88 9.46 1.63 99.32

Cord 99-2-10 40.71 22.77 0.00 0.08 18.35 0.73 13.60 3.13 99.37

Cord 99-2-10 40.71 22.78 0.00 0.07 18.34 0.79 13.63 3.30 99.62

Cord 99-5 #3 37.66 21.00 0.02 0.04 26.85 1.29 2.90 10.06 99.82

Cord 99-5 #5 38.53 20.51 0.00 0.05 24.09 1.91 2.68 11.93 99.70

Cord 99-5 #6 38.58 19.98 0.00 0.04 22.97 2.71 1.92 12.79 98.99

Cord 99-2-8 39.76 22.67 0.00 0.15 19.85 0.38 14.01 2.42 99.24

Biotite SiO2 Al2O3 TIO2 Cr2O3 FeO MnO MgO CaO K2O NiO Na2O BaO Cl F

Cord 99-2-10 37.91 18.18 1.59 0.11 10.89 0.01 17.22 0.03 8.85 0.00 0.47 0.05 0.09 0.11

Cord 99-2-10 38.17 18.20 1.75 0.09 10.36 0.03 17.45 0.03 8.83 0.00 0.50 0.00 0.08 0.13

Cord 99-2-1 37.97 16.32 1.42 0.07 12.74 0.08 16.02 0.01 8.23 0.00 0.43 0.00 0.02 0.18

Cord 99-2-6 37.96 16.45 1.37 0.07 13.39 0.07 16.07 0.01 8.29 0.00 0.41 0.00 0.04 0.10

Cord 99-2-8 37.78 17.88 1.69 0.13 9.85 0.06 18.41 0.00 8.51 0.00 0.58 0.00 0.08 0.14

Cord 99-5 36.62 15.97 3.00 0.05 20.24 0.15 10.34 0.02 8.66 0.00 0.37 0.54 0.11 0.22

Cord 99-2-19 38.08 16.89 1.93 0.05 11.59 0.05 16.60 0.00 8.85 0.00 0.47 0.01 0.08 0.17

Cord 99-6 #10 36.62 15.22 2.79 0.04 19.17 0.04 12.14 0.04 8.82 0.00 0.32 0.00 0.03 0.23

Cord 99-2-8 38.43 17.98 1.48 0.15 9.54 0.08 18.48 0.02 8.67 0.00 0.55 0.08 0.07 0.22

Feldspar SiO2 Al2O3 K2O CaO Na2O FeO Total



the deposit scale, previously documented on the regional
scale by Spear and Parrish (1996). Based solely on the
spatial association of iolite with pegmatite, quartz veins
and coarse biotite selvages , we can say that anthophyllite
lithologies are an important ore control and that
gem-quality cordierite is metasomatic or pegmatite-re-
lated. Abundant alteration and replacement of coarse
euhedral cordierite crystals suggest a retrograde
reequilibraion.
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In Situ Fracture Porosity and Specific Gravity of Highly Sheared Coals
from Southeast British Columbia

(82G/7)

By Barry Ryan1 and Mike Takkinen2

KEYWORDS: Coal density, specific gravity, fracture
porosity, tonnage reconciliation, petrography.

INTRODUCTION

Converting insitu volumes to tonnages available for
processing is an important step in coal reserve calculation
and in reconciling tonnages predicted to exist insitu with
those that arrive at the wash plant. An important first step
in the process is to assign a density or specific gravity
(SG) to the insitu volume. Coal companies use a number
of empirical equations, which provide SG values based
on air-dried ash contents, to convert insitu volumes into
insitu tonnages. Unfortunately many of these equations
predict SG values as measured in the laboratory and not
that of the insitu material. The problem is further com-
pounded when coal seams are effected by folding or
shearing, which are suspected of increasing the fracture
porosity of the coal and decreasing its effective insitu spe-
cific gravity (ISG). Papers by Smith (1989) and Ryan
(1991) use a more theoretical approach. The paper by
Ryan (1991) generated an equation, that in contrast to
some equations, predicts SG using the amount of mineral
matter, coal, free moisture and void space making up the
solid. This equation can therefore respond to changes in a
wider range of coal properties than empirical equations
and can predict ISG values effected by increased shearing
within coal seams.

The process of reconciliation involves the careful
consideration of many mining factors that influence the
amount of coal delivered to the wash plant. These factors,
such as, out-of-seam dilution (OSD), coal loss and
breaker rejects, are difficult to quantify accurately. Often
reconciliation is achieved by picking values for these fac-
tors that are within acceptable ranges and fit with the gen-
eral perception of the mining operation. Thus, if less coal
is reporting to the plant than is predicted by the insitu vol-
umes in the pit, coal loss or breaker rejects can be in-
creased to account for the difference. However, when the
mining parameters appear to be outside the range ac-
cepted by mining experience, one has to question the ac-

curacy of insitu tonnage calculations, which means ques-
tioning the volume determination, assigned ash content,
or SG values used to convert insitu volumes to tonnages.

This paper uses the Ryan equation, and a data set of
ash versus SG measurements for coal from a mine in
southeast British Columbia, to derive an ash versus SG
relationship. The equation provides a good fit to the data
and allows terms for SG ash-free coal, SG mineral-mat-
ter-free, moisture and void porosity to be derived. This
allows the SG used in the reconciliation calculation to be
checked for credibility. The data set includes measure-
ments of ash and SG on an air-dried basis using 60 mesh
(0.25 millimetre) sized fragments. The SG measured in
this way is not a true specific gravity because the coal
grains contain some void porosity that is not penetrated
by the liquid (kerosene) used in the SG measurement. The
SG measured is therefore referred to as an apparent spe-
cific gravity (ASG). However in that these micro frac-
tures are too small to be penetrated by ground water, ASG
is a good starting point for calculations of ISG and there is
no need to attempt to determine the SG of the coal solid
minus all porosity. The validity of this assumption was
checked by analyzing the ASG of 60 and 200 mesh sam-
ples. The petrography of some samples was measured to
see if varying percentages of inert macerals produced
measurable changes in SG.

It is difficult to measure insitu specific gravity (ISG),
but there are some approaches that may help derive ap-
proximate values of ISG. Useful data can be extracted
from washability data and from comparison of air-dried
and as-received moisture contents of samples.

A “reconciliation” excel spread sheet is constructed
to compare the effects of a number of parameters on the
tonnage and the ash content of the coal delivered to the
plant. Though the maths involved in this exercise is not
complex, care has to be taken over a number of points, in
particular, in converting tonnages to different water
bases, and in recognizing when percentages are referring
to volumes or weights.

SPECIFIC GRAVITY DATA

Proximate and SG analyses were performed on 28
air-dried raw coal samples from the mine (Table 1). The
ASG (apparent SG on air-dried samples) was measured
using the ASTM D167 test on 60 mesh coal (0.25 milli-
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metre) and in addition the ASG values of 6 samples were
measured using the ASTM test on 200 mesh coal (0.075
millimetre). Washability tests were performed on 5 sam-
ples and the ASG measured on a number of air-dried
washability increments to provide an additional 20 sam-
ples (Table 2). A single bulk sample from another mine,
(Mine 2) with similar rank but different petrography from
the first mine, was collected. Six washability increments
of this sample were analyzed (Table 2). Specific gravity
data from a previous study on the Telkwa deposit (Ryan,
1991) were also used.

A number of different equations were fitted to the
mine data set. It was found that an equation of the form
Y=1/(A-B*ash) fitted the data very well with an R2 value
of about 0.99 indicating that an equation of this form pro-
vides a very good representation of the data. The Ryan

equation also has the form ASG=1/(A-B*ash) and in this
case constants represent real terms:

A=1/DC where DC is the ASG of ash-free coal
(air-dried basis);

B=wtlos*(DMM-DC)/(DMM*DC) where DMM is
the ASG of mineral matter adb (air-dried basis);

wtlos is the ratio of mass of mineral matter divided by
mass of ash;

The constant B does not provide unique solutions for
either DMM or wtlos though if one is assumed the other
can be calculated.

The Ryan equation was fitted to the data sets and val-
ues of A, B and DC derived (Table 3, Figure 1). It is appar-
ent that there is very little difference in the clean coal ASG
values predicted for raw 60 mesh (0.25 millimetre) sam-
ples and the raw 200 mesh (0.075 millimetre) samples
and both predict clean coal ASG values of about 1.28.
The 200 mesh ASG data do however, predict a lower ASG
for mineral matter and the reason for this is not clear. In
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TABLE 1
MINE 1 RAW SG DATA

TABLE 2
MINE 1 AND 2 SG DATA FROM WASHED SAMPLES
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1 3.4 0.5 20.0 16.6 62.9 1.42

3 5.8 0.4 24.0 10.3 66.4 1.38

5 3.9 0.4 21.7 15.2 62.7 1.4

7 2.0 0.4 21.1 13.4 65.1 1.38 1.38

9 1.9 0.4 14.4 56.4 28.8 1.84 1.82

11 2.9 0.4 20.9 15.2 63.5 1.41

13 2.3 0.3 21.3 14.0 64.5 1.38

15 2.8 0.4 20.7 12.9 66.1 1.37

17 3.8 0.3 22.0 23.8 53.9 1.46 1.44

19 1.8 0.3 19.6 38.3 41.9 1.64 1.55

21 2.0 0.5 15.1 61.9 22.6 2.02

23 3.8 0.3 20.1 33.2 46.4 1.6

25 3.3 0.4 20.7 10.2 68.8 1.4

27 2.9 0.5 22.6 28.0 48.9 1.54 1.51

29 5.3 0.4 23.5 21.2 54.9 1.45

31 2.2 0.4 19.7 37.2 48.8 1.63

33 3.8 0.3 23.3 24.4 52.0 1.46

35 2.4 0.3 19.1 38.6 42.0 1.64

37 3.1 0.4 21.7 11.3 66.6 1.38

39 4.7 0.5 20.2 19.5 59.8 1.45

41 5.7 0.4 20.2 17.8 61.6 1.44

43 4.3 0.5 20.2 21.1 68.4 1.46

45 4.8 0.4 20.2 21.1 68.4 1.46

45a 2.2 0.3 20.0 38.0 41.7 1.63

47 1.6 0.3 16.8 58.3 24.6 1.92

49 1.7 0.3 16.1 61.6 22.0 1.98

51 3.3 0.2 20.8 30.7 48.2 1.54 1.52

53 3.9 0.4 22.8 20.6 56.2 1.44

M=moisture 200 and 60 refer to mesh size
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6 1.4 float 49.5 0.3 22.4 7.0 70.2 1.36

6 1.4-1.6 27.3 0.4 21.4 18.6 59.7 1.44

6 1.6-1.8 12.0 0.5 18.8 38.0 42.7 1.64

6 1.8 sink 11.3 0.6 14.6 64.5 20.4 2.02

16 1.4 float 54.6 1.1 24.0 6.7 68.2 1.34

16 1.4-1.6 29.5 0.9 21.4 15.8 61.9 1.42

16 1.6-1.8 6.7 0.8 18.5 37.4 43.3 1.64

16 1.8 sink 9.2 0.6 14.8 63.5 21.1 2.01

26 1.4 float 40.3 0.5 26.5 9.4 63.7 1.33

26 1.4-1.6 43.4 0.7 21.4 21.1 56.9 1.47

26 1.6-1.8 14.3 0.5 19.3 35.6 44.7 1.66

26 1.8 sink 1.9 0.6 16.2 51.4 31.8 1.92

36 1.4 float 49.3 0.7 24.3 6.5 68.5 1.35

36 1.4-1.6 28.3 0.7 21.3 19.1 59.0 1.45

36 1.6-1.8 8.9 0.5 19.4 37.9 42.2 1.67

36 1.8 sink 13.5 0.4 15.3 72.4 11.9 2.24

44a 1.4 float 19.0 0.4 26.3 8.3 65.0 1.33

44a 1.4-1.6 18.8 0.9 22.9 19.8 56.4 1.48

44a 1.6-1.8 16.3 1.5 20.4 36.6 41.5 1.66

44a 1.8 sink 45.9 1.2 15.7 65.2 17.9 2.09

A 1.4 float 59.7 0.4 22.7 7.5 69.4 1.33

A 1.4 1.5 27.2 0.4 20.3 23.7 55.6 1.48

A 1.5 1.6 7.1 0.3 20.1 27.1 52.5 1.52

A 1.6 1.7 3.1 0.3 19.7 37.1 42.9 1.61

A 1.7 1.8 0.7 0.3 18.6 45.4 35.7 1.73

A 1.8 sink 2.1 0.4 16.0 68.7 14.9 2.13



general it appears that crushing the coal to a finer size has
not destroyed any of the micro porosity in the coal, which
if destroyed would cause an increase ASG for the smaller
sized ash-free coal. Therefore, the 60 mesh analyses pro-
vide a reliable measurement of ASG on an air-dried basis
and any gas filled microporosity must exist on a scale
finer than the 60 to 200 mesh size.

Sometimes it is difficult to collect samples with a
wide range of ash concentrations required to establish
good ash versus SG curves. Incremental samples of dif-
ferent specific gravities (washability increments) over-
come this problem but may not be representative because
of variations in petrography or ash chemistry of the sam-
ples. A number of mine samples were separated into a
number of SG increments and the ASG of each increment
sample determined. The data define a similar ash versus
ASG relationship as the raw data (Table 3, Figure 1) indi-
cating that reasonable ash versus SG relationships can be
established from a limited number of samples subdivided
into a number of SG splits.

Having established that washed incremental samples
provide reliable ASG data, the Ryan equation was fitted
to the raw and wash data sets from the mine and the
smaller 200 mesh data set (Figure 1). The values of A and
B were derived and the clean coal ASG values calculated
(Table 3). The clean coal ASG values for the mine coal
(1.285) and for coal from the second mine (1.27) are simi-
lar and both somewhat lower than the Telkwa data suite
(1.31; Ryan, 1991). Coal from the second mine has simi-
lar petrography and rank to the first mine samples indicat-
ing that there are no marked differences between the ASG
values of coals of similar rank and petrography from the
two mines.

The wtlos factor and DMM have to be picked based
on the most likely paired values as they can not be deter-
mined independently. It appears that wtlos varies from
1.09 to 1.15 and DMM from 2.66 to 2.74 (Table 4).
Higher wtlos factors are associated with mineral matter
enriched in carbonates and this will also increase the
value of DMM. The wash data has higher values because
the carbonate material is concentrating in the higher SG
wash increments.
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TABLE 3
CONSTANTS DERIVED BY CURVE FITTING TO THE
SG DATA SETS FROM MINE 1, MINE 2 AND TELKWA

Figure 1. Plot of Raw ASG data versus ash % adb, Mine 1;
triangles represent 200 mesh data the rest is 60 mesh data with the
dashes being washed and the crosses being raw data.

Mine 1 data Mine 2 Telkwa

SG60 SG60 SG60 SG200 SG60 SG60

all raw wash raw wash raw

A 0.778 0.778 0.776 0.784 0.786 0.763

B -0.0045 -0.0044 -0.0046 -0.0040 -0.0046 -0.0046

DC 1.285 1.285 1.288 1.276 1.273 1.311

ASG=1/(A-B*ash)

A=1/DC B = wtlos*(DMM-DC)/(DMM*DC)

DC = ASG of ash-free coal (air-dried basis)

DMM = ASG of mineral matter (air-dried basis)

wtlos = ratio weight mineral matter / weight ash
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17 1.1 3.3 3.7 21.7 22.3 5.7 56.7 11.0 1.0 8.7 7.3 28.0 15.3 23.3

39 1.2 2.3 8.3 12.7 26.0 0.7 50.0 19.0 0.3 14.3 6.7 40.3 9.7 15.5

44a 1.4f 2.7 5.0 34.7 25.7 0.3 68.3 13.3 0.3 7.0 7.3 28.0 3.7 6.2

44a 1.4-1.6 2.7 4.7 13.7 30.3 4.7 56.0 17.7 0.3 7.7 11.0 36.7 7.3 12.0

44a 1.6-1.8 1.0 2.3 5.0 23.0 14.7 46.0 8.0 0.0 5.7 10.7 24.3 29.7 40.1

A 1.3 1.3 8.7 14.0 24.7 2.7 51.3 17.3 0.3 16.0 13.7 47.3 1.3 2.3

TABLE 4
REFLECTANCE AND PETROGRAPHY OF MINE 1 AND MINE 2 SAMPLES



PETROGRAPHY AND RANK OF
SAMPLES

The mean maximum reflectance (Rmmax%) of two
samples from the mine (1.11% and 1.12%) and one from
the second mine (1.13%) are similar (Table 5). Data were
obtained using the procedure of Kilby (1988), which al-
lows the shape of the optical indicatrix to be obtained.
The two samples are biaxial positive and the sample from
the other mine is biaxial negative. The Telkwa data have
Rmmax values that average 0.95% and range from 0.9%
to 0.98%.

The petrography of five mine samples and one from
the other mine were estimated using 300 point counts.
The petrography of the six samples are similar, all con-
taining moderate organic inert contents. Three samples
were SG splits of a single sample and these revealed inter-
esting changes in maceral composition as the SG in-
creases. Reactives are concentrated in the low SG frac-
tions mainly as vitrinite A or telinite and telocollinite.
Semifusinite is concentrated in the intermediate SG incre-
ments and in high SG increments, desmocollinite inter-
mixed with ash predominates. These trends in petrogra-
phy are similar to those seen by Bustin (1982).

EFFECT OF MACERAL COMPOSITION
ON COAL SPECIFIC GRAVITY

The SG of individual pure macerals varies as rank in-
creases. The SG of vitrinite is about 1.4 to 1.5 at lignite

rank and decreases to the range 1.25 to 1.35 for medium
and low-volatile bituminous ranks, before increasing to
over 1.6 in anthracite (Taylor et al., 1998). The SG varies
because of devolatilization and changes in the chemical
structure and amount and type of micro porosity. The SG
of fusinite is high, probably greater than 1.5 in most coals,
though it may increase with rank as the original organic
texture is destroyed. The SG of semifusinite will be in be-
tween that of vitrinite and fusinite and will depend on the
amount of fusinization or increase in reflectance experi-
enced.

The ASG of clean coal will be a minimum at me-
dium-volatile bituminous rank (Taylor et al., 1998). The
higher ASG at zero ash (1.31) for the Telkwa data com-
pared to the mine (1.285) is probably caused by the lower
rank of these coals (Rmmax about 0.95%). The difference
in clean coal ASG values may also reflect higher micro
porosity in the more deformed coals in southeast British
Columbia.

At any rank, SG will vary based on the relative
amounts of inert and reactive macerals in the coal.
Maroto-Valor et al. (1998) demineralized a medium vola-
tile (Rmmax=1.14%) coal and separated enriched
maceral fragments ( 0.075 millimetres) into various SG
splits. It is possible to use their data to estimate the ASG
values of the pure maceral types vitrinite, semifusinite
and fusinite. The best fit with the washability ASG incre-
ments was achieved by assigning ASG values of 1.265 to
vitrinite, 1.33 to semifusinite and 2.2 to fusinite. Based
on these values the predicted DC value for the coal is 1.36.
This value is higher than that calculated for the mine data
(1.285) and may reflect slightly higher rank or lower mi-
cro porosity.

Bustin (1982) studied the washing characteristics
and petrography of sheared and non sheared coals sized
less than 12.5 mm. It is possible to use his data to estimate
the difference in SG between the reactive and non reactive
macerals. Composite SG values were calculated for each
SG washability split by assigning SG values to three com-
ponents (mineral matter, reactive and non reactive
macerals). The assigned SG values were adjusted until
the predicted SG value for each sample fell within the SG
bracket for that split (Figure 2). The calculated SG of
mineral matter is in the range 2.55 to 2.4, that of reactives
is in the range 1.19 to 1.22 and inerts in the range 1.3 to
1.38. It also appears that compared to unsheared samples,
mineral matter and reactives have lower SG values and
inerts higher SG values in sheared samples. Possibly
shearing has mineralized inert macerals, increasing their
SG and introduced some additional micro porosity into
the reactive macerals, thus reducing their effective SG.
The lower SG values calculated from the Bustin (1982)
data compared to those calculated using the Maroto-Valer
et al. (1998) may reflect the difference in size of the two
sample sets and increased porosity in the coarser Bustin
samples.

The procedure described above does not provide
unique solutions for the SG of reactive and inert macerals
and mineral matter, but it does provide a rough estimate of
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TABLE 5
VALID VALUES OF WTLOS AND DMM FOR RAW,

WASH AND 200 MESH

B=(DMM-DC)/(DMM*DC)*wtlos DC=1/A ASG=1/(A+B*ash)
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A 0.77849 0.77629 0.77629 0.7629 0.78361

B -0.00439 -0.00456 -0.00449 -0.00457 -0.00403

DC 1.285 1.288 1.288 1.311 1.276

wtlos DMM DMM DMM DMM DMM

raw wash all Telkwa SG200

1.08 2.69 2.82 2.77 2.94 2.44

1.09 2.66 2.79 2.74 2.91 2.42

1.1 2.64 2.76 2.72 2.88 2.40

1.11 2.61 2.74 2.69 2.85 2.38

1.12 2.59 2.71 2.66 2.82 2.36

1.13 2.56 2.68 2.64 2.79 2.34

1.14 2.54 2.66 2.61 2.76 2.33

1.15 2.52 2.63 2.59 2.74 2.31

1.16 2.50 2.61 2.57 2.71 2.29

wtlos = wt mineral matter/wt ash

DC = SG ash-free coal DMM = SG dry mineral matter



the difference in SG values between reactives and inerts
of about 0.5 to 0.1 for the Bustin coal with a rank in the
range Rmmax=1.35% to 1.4% and for the Maroto-Valer
et al. coal with a rank of Rmmax=1.14%. Based on the
difference in SG values and the ranges in reactives/inerts
ratios found in Mist Mountain Formation coals, it is pos-
sible to construct a plot that illustrates the possible SG
values for samples with varying reactives/inerts ratios
(Figure 3).

The ASG values for the macerals in the Bustin study
seem to be low and this is probably because the heavy liq-
uid, used to wash the < 12.5 mm sized air-dried coal parti-
cles, does not penetrate air filled fractures in the particles.
This means that in an ash versus SG plot, a band repre-
senting a petrography variation from 30% reactives to

80% reactives on a mineral free basis, appears to be low
when compared to the mine data, which was crushed to
<0.25 millimetres. However, when the mine data are cor-
rected for 2% air filled fracture porosity, the data scatters
within the 30% to 80% envelope (Figure 3), calculated by
assigning SG values of 1.21 to reactives, 1.35 to inerts
and 2.6 to mineral matter. Apparently a lot of the scatter
seen in Figure 1can be explained by changes in the
reactives/inert ratio of the samples. Also the increased
size of the air-dried Bustin samples may be responsible
for an additional 2% porosity not penetrated by the heavy
liquids.

The effect of petrography on the SG of five mine
samples was checked by posting the values of the
reactives/inerts ratios of samples against their plotted po-
sition in an ash versus SG plot (Figure 4). It is apparent
that samples with high reactives/inerts ratios tend to plot
below the curve defined by all mine samples.

PRELIMINARY DETERMINATION OF
FRACTURE POROSITY IN COAL

It is exceedingly difficult to measure the insitu frac-
ture porosity of a coal seam. Ideally if one could cut out a
cubic metre of a seam, seal the sides and measure the
weight, then this might provide an answer. Amore practi-
cal approach involves using well calibrated geophysical
density logs to provide the insitu specific gravity of a coal
seam (ISG). By matching core from a seam to the log pat-
tern for the seam, ash concentrations corresponding to
geophysical log densities can be determined. The ASG of
the coal at the measured ash concentrations can be deter-
mined by laboratory measurement or by using the Ryan
Equation. It is then possible using Figure 5 and the values
of ISG and ASG to determine possible combinations of
volume of water, weight of water, and void volume in the
coal. Generally the method is difficult to apply because
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calibration of geophysical logs is not good enough and
core recovery of less than 100% introduces uncertainties
into the ash determination. The method does however of-
fer the possibility of estimating insitu fracture volume at
depth. Long spaced density logs can be well calibrated
and the density scale linearized. Short spaced density
logs are difficult to calibrate and the scale is not linear,
however it is possible in some cases to use a combination
of long and short spaced logs to determine the density of
quite thin coal layers.

Other types of logs can provide relative estimates of
fracture porosity. Resistivity of coal seams decreases
markedly as the water content increases so that a combi-
nation of density logs to identify coal seams and resistiv-
ity logs to identify water content can indicate areas in
seams of increased fracture porosity. Edwards and Banks
(1978) describe a way of using density and resistivity logs
to determine volumes of coal, water and wet ash. A resis-
tivity versus apparent density plot provides the apparent
density of dry ash-free coal and the resistivity of wet min-
eral matter. These data and data from the resistivity and
density logs are used in calculations of water volume. The
paper provides data on a 6 metre coal seam, in which the
calculated average water volume is 9.5%. The approach
is interesting because it does not require core, but it does
require an open hole for the resistivity log. Once the vol-
ume of water is determined it is easy to use the value to, ei-

ther calculate ISG based on measured values of ASG, or to
calculate the in place tonnage of coal minus free moisture.
In general neutron logs are not useful for detecting
changes of moisture content in coal seams.

Generally, in the 1980’s and 1990’s coal geophysical
logging concentrated on determining seam thickness and
general lithology and not many attempts were made to de-
termine insitu seam porosity. However, based upon the
recollections of Keith Banks of Roke Logging (personal
communication, Banks, 1999) the insitu fracture porosity
of coals in southeast BC is probably in the range of 4% to
7% and higher at a number of locations. At Sage Creek,
coal was carefully cut from an adit and immediately
weighed and then weighed after drying. The difference in
weights implied an insitu porosity of over 20%. In Al-
berta, near Grande Cache, geophysical logging provided
estimates of insitu fracture porosity of 15% and in a thrust
zone the porosity was estimated to be 32% to 38%. It ap-
pears that in deformed coals the insitu fracture porosity is
increased and can be much greater than 7%.

At depth, increase in fracture porosity in coal gener-
ated by shearing may survive because hydrostatic pres-
sure is similar to lithostatic pressure (over pressuring),
which is probably a requirement for thrust movement. As
the depth of cover decreases and over pressuring disap-
pears the fracture porosity may decrease. This means that
in some cases coal volumes calculated at considerable
depth may be greater than the volume eventually exposed
at surface and that fracture porosity at surface may be less
than that which existed at depth. This does not appear to
be the case at the mine.

It maybe possible to estimate fracture porosity in lab-
oratory samples using washability and SG data, as illus-
trated using data in Bustin (1982). The SG for clean coal
air-dried basis (adb) with average petrography is about
1.26, which is lower than that predicted by direct mea-
surements for the mine data (1.28). The difference may be
explained by the higher rank of the Bustin samples
(Rmmax=1.35% to 1.4%) compared to the mine samples
(Rmmax=1.12%). The increase in rank moves the Bustin
samples closer to the minimum vitrinite SG on the SG ver-
sus rank relationship described by Taylor et al. (1998).
Another explanation may be that the mine ASG measure-
ments were made by immersing 60 mesh air-dried sam-
ples in kerosene, which penetrates fractures in the
air-dried 60 mesh samples more than the heavy liquids,
used in washability tests, penetrated the fractures in <12.5
millimetre sized air-dried samples. In fact, by comparing
the SG values determined by two approaches it may be
possible to calculate the volume of fractures in the
washability samples.

The Bustin samples were crushed to minus 12.5
millimetres and immersed in heavy liquids whereas the
mine samples were crushed to minus 0.25 millimetres
and immersed in kerosene. Based on the difference in es-
timated SG values for clean coal (1.28 =ASG for the mine
and 1.255=ISG for the Bustin samples) this could indi-
cate, if water was removed from the fractures by air dry-
ing, an increase in volume of void porosity of 2%, or if the
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fractures remained filled with water an increase in weight
of free water of 7% equivalent to a water filled volume of
about 9% (Figure 5). It is apparent that, even if ISG is
only slightly less than ASG, this may still indicate quite a
large volume of fracture porosity, if it is water filled. In
this case, the argument is confused by the rank difference
between the Bustin samples to the mine samples.

Washability analyses of samples from the Telkwa
property were performed on suites of samples ranging in
size from 0.3 millimetres to plus 25 millimetres (Ledda,
1992). As sample size increases the ash content in each
SG increment increases, probably in part because preser-
vation of fractures decreases the effective SG of the

air-dried samples. The clean coal SG with no fractures is
1.31 (from Ryan, 1991); the SG for 0.3 to 2.0 millimetre
material appears to be about 1.26 to 1.28 and for the
coarser sized material, it decreases to 1.24 to 1.26. These
values were derived by assigning SG values to the coal
and mineral matter and attempting to calculate a com-
bined SG that fitted into the SG wash increments. The
difference in SG values implies an increase in air filled
fracture porosity from zero at SG=1.31 to 5.3% for the
coarse sized wash material with an SG of 1.24. This as-
sumes that the differences in SG derive from the fact that
the heavy liquids used in the washability analysis do no
penetrate air filled fractures in the larger sized air-dried
samples and in the smaller sized coal most of the fractures
are destroyed. If the fractures remained water filled then
the difference in SG would imply a water filled volume of
18%, which appears to be too high.

A volume percent porosity of 5.3% if water filled
would be equivalent to 4.3% weight of water. The total
water in the coal would therefore be 4.3% plus air-dried
moisture for a total of about 5% to 6%. This estimate is
similar to estimates of insitu water estimates and the aver-
age as-received moisture for Telkwa coal (Ryan, 1991).
The SG of the mineral matter in the Telkwa coal is esti-
mated to be between 2.4 and 2.5 from the washability data
and, as with the coal SG, appears to decrease as the size
consist increases. The estimated SG mineral matter from
the SG data (Ryan, 1991) is 2.7 this would imply a void
porosity of about 9% if air filled.

Using a combination of washability data, sized from
25 or 50 mm to 0.3 mm, and ASG data derived from 0.25
mm sized samples, it is possible to estimate fracture po-
rosity in the coarsest size washed coal based on a number
of assumptions. That it is possible to estimate the SG of
the wash samples in each SG increment: that variations in
the estimated clean coal SG of washed samples are caused
by the varying ability of the heavy liquids to penetrate
fractures in the coal and by the progressive destruction of
these fractures in finer sized coal: that the fractures in the
coarser sized fragments are devoid of water because the
samples were air-dried.

Another method of estimating minimum fracture po-
rosity from laboratory samples involves using the differ-
ence between as-received and air-dried moisture con-
tents. If samples are collected from fresh outcrops, in
which the coal still contains most of its insitu moisture,
then the as-received moisture content is higher than the
air-dried moisture in part because fracture spaces in the
coal still contain free water. Air drying the samples re-
moves this water and therefore the difference between
as-received and air-dried moisture contents may be a
minimum estimate of the weight of free water in small
fractures. The volume occupied by the free water is given
by:

Volume = weight percent free water x ASG

The as-received moisture content of samples de-
creases as the ash content increases. This appears to indi-
cate that the fracture porosity in high ash or rock samples
is much less than in low ash samples. However the data is
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Figure 6. Plots of as-received and air-dried moisture con-
tents versus ash contents.
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TABLE 6
RECONCILIATION CALCULATION SPREADSHEET

Enter data in shaded boxes only. Spread sheet calculates ROM, plant and insitu data depending on inputs.

SG CONSTANTS SG EQUATIONS DEFINITION OF TERMS

set for all calculations ASG =1/(A-B*wt%MM) ASG = SG at adm, no fractures no free water
wtlos DC DMM adm wt% MM = wtlos*ash/100 MM = mineral matter wtlos = MM / ash
1.09 1.285 2.66 0.4 SGfw=ASG/(1-wt%fw+wt%fw*ASG)SGfw = SG corrected for free water (fw) no void porosity

ISG = SGfw*(1-vp) ISG = SG of coal with free water and air filled fractures (vp)
A = 0.778 A=1/DC DC = SG of zero ash coal at adm
B = 0.402 B=(DMM-DC)/(DMM*DC) DMM = SG of mineral matter at adm

Ash db = Ash adb /(100-adm) Volume% water=wt% water x SGfw OSD = out-of-seam dilution

Ash ROMm = Ash adb/(100-adm)* (100-ROMm) adm = air-dried moisture

constants to convert tonnes from different water bases adb = air-dried basis

wt ratio adb/ROM and adb/insitu = insitu to plant 0.954 0.944 bcm = bank cubic metres
plant to insitu 0.954 0.944 lcm = loose cubic metres
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20 8 65 6 5.62 0 5 10 110 65.7 9.5 insitu

20 8 65 6 5.62 0 5 10 110 65.7 9.5 plant

DESCRIPTION

Insitu fracture vol 8.44 8.44 percent volume occupied by free water+void porosity

100000.0 100000.0 insitu coal volume bcm with free water and void porosity

30.00 30.00 insitu ash adb

1.546 1.546 ASG of insitu coal at adm no free water no void porosity

1.500 1.500 SGfw = SG of insitu coal with free moisture no void porosity

1.500 1.500 ISG = SG of insitu volume with free water and void porosity

8435.42 8435.42 weight of free water equivalent to volume of free water

150029.90 150029.90 insitu coal tonnes with free moisture

141594.48 141594.48 insitu coal tonnes at adb

28318.90 28318.90 in seam tonnes mining losses at adb

91564.58 91564.58 bcm insitu coal adb (no void porosity or free water)

20000.00 20000.00 bcm loss of in seam volume

18312.92 18312.92 volume of coal lost at adb

2.028 2.028 SG OSD rock at adb

8000.00 8000.00 volume of OSD at adb added as is to insitu volume

16220.55 16220.55 tonnes OSD rock at adb

129496.1 129496.1 ROM tonnes coal+rock at adb

135766.5 135766.5 ROM tonnes coal+rock at ROM moist

34.38 34.38 ROM ash adb

1.594 1.594 SG ROM coal and rock all at adb

81251.7 81251.7 volume of coal+rock at ROM moisture no void porosity

90279.6 90279.6 lcm=bcm ROM coal+rock adb corrected for swell factor

14811 14811 Number of trucks

110.0 110.0 truck capacity

6.1 6.1 truck load lcm

12302.13 12302.13 breaker reject tonnes at adb

2.040 2.040 ASG of breaker reject at adb

6029.67 6029.67 breaker reject volume at adb

1.558 117194.0 117194.0 1.558 plant delivered tonnes at adb moisture

75222.0 75222.0 plant delivered volume at adb

122868.7 122868.7 plant delivered tonnes at ROM

31.10 31.10 plant delivered ash adb
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NOTES FOR TABLE 6

check reconciliation

tonnages adb volumes adb

insitu 141594 91565

minus lost 28319 18313

plus dilution 16221 8000

minus rejects 12302 6030

equals plant 117194 75222

check 117194 75222

bcm = bank cubic metres ie volume as measured in bank before consideration of swell factor caused by mining and breakage.

bcm contains the fracture volume calculated on the first line of the spread sheet

lcm=insitu air-dried volume with a swell factor added to account for additional breakage during mining.

when swell factor =fracture volume then lcm=bcm with dilution

Solid is assumed to be coal+mineral matter+adm.

Non coal space is occupied by volume of free water plus volume of void porosity

void porosity = fracture or pore space not filled with water (fas filled) it does not include microporosity, which is factored into ASG.

Water is weight percent and porosity is volume percent.

To calculate total non coal space one must convert water wt% to V% in some calculations

It is assumed that adb moisture is an inherent component of coal and ASG. It does not add to coal volume

It does not effect non coal volume which is composed of free moisture and void porosity

The insitu volume available for mining is fixed by the value entered on line 1.

The volume% of non coal space (i.e free water volume+void porosity) depends on values of wt% insitu water and volume% void porosity

entered in the appropriate boxes at the top of the sheet. The actual percent total non coal space is calculated in the spread sheet

The basic SG equation for a mixture of coal+mineral matter is ASG=1/(1/DC-(DMM-DC)/(DMM*DC)*MM)

DC=SG pure coal at adm DMM=SG rock at adm MM= wt of mineral matter at adm

MM is converted to ash using wt ash=wt MM x wtlos where wtlos=wt MM / wt ash

The basic SG equation must be adjusted for free water (fw) and void porosity (pv)

SG=Mass /Vol (M/V). After adding water as wt fw% new wt is Mw and Mw=M / (1-fw) Mw-M=M x fw/(1-fw)

Note that fw is not a volume % but Mw is set to 100gm then fw is equivalent cc

SGfw=M/(1-fw%) / (V+M*fw/(1-mf)) but V=M/SG

SGfw=1/((1-fw)/SG+fw) or SGfw=SG/(1-fw+fw x SG)

To handle void porosity

SG=M/V new volume Vn has void porosity Vp Vn=V/(1-vp) ISG=M/Vn=M/(V/(1-vp)) ISG=SGfw x (1-vp)

To convert wt% water to volume% water

SGfw=Mw/Vw mass of water =Mw x fw% is equivalent to cc water therefore volume% water =fw% x Mw / Vw =fw x SGfw

Dilution: Because dilution is added on an ai-dried basis to coal that is at insitu moisture when the volume of dilution material

is recalculated to an insitu or ROM water basis its volume relative to that of coal increases

this means that it no longer is in the volume% given as the OSD% and the volume of ROM coal+rock at ROM moisture

will not equal insitu volume -loss% + OSD%

ROM volumes: the usefulness of ROM volumes is limited because in reality there is always added porosity or swell

generated when the coal is mined and moved. The concept is useful for estimating the size of truck loads.

The most important thing is to compare insitu volumes to tonnes adb delivered to the plant



somewhat deceptive because the effect of a decrease in

weight of water is partially offset by an increase in ASG as

the ash content of the samples increases. Therefore, a

smaller weight percent water can account for the same

volume as calculated in low ash samples. The mine as-re-

ceived moisture data show a moderate trend towards

lower values at higher ash contents whereas the air-dried

moisture content is almost independent of ash content

(Figure 6). By subtracting the as-received moisture from

the air-dried moisture and converting the weight percent

free water to a volume percent based on using the ASG of

the sample, it is possible to estimate the fracture porosity

of the samples and illustrate how it changes with increas-

ing ash (Figure 6). At low ash values the porosity is vari-

able ranging from 2% to a high of 8%. At high ash con-

tents the variability seems to decrease and the average

volume is about 3%.

RECONCILIATION

Coal reserves are measured in the ground as a volume
but the coal is sold as washed tonnes. It is therefore neces-
sary to be able to convert insitu volumes into insitu tonnes
on an air-dried basis and to track these tonnes as they are
mined, transported, crushed and washed. Once the insitu
tonnage on an air-dried basis has been calculated it is nec-
essary to estimate a number of mining factors such as coal
loss, out of seam dilution (OSD) and breaker rejects be-
fore estimating tonnage delivered to the plant. Con-
versely, if plant tonnage is accurately known, then by add-
ing back the breaker rejects and coal loss and removing
the OSD from the tonnage or volume delivered to the
plant it should be possible to calculate the insitu tonnage
or volume. The calculated value should match or recon-
cile with that estimated by the mine plan as long as all the
calculations are done at the correct water bases.

A detailed excel reconciliation spread sheet (Table 6)
was constructed to illustrate the effects of changing coal
and mining related parameters on coal tonnage delivered
to the plant. A number of definitions and equations are in-
cluded in the Table. The spread sheet uses the Ryan equa-
tion to calculate the SG values of tonnages under insitu or
air-dried conditions and adjusts tonnages and volumes
based on insitu, air-dried and ROM moisture contents.
The procedure does not involve elaborate mathematics
but does require a good understanding of the mining pro-
cess.

The value of air-dried moisture used in Table 6 is de-
termined from data in Table 1. The values of wtlos, DC
and DMM were determined by curve fitting to the mine
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Figure7. Various SG versus ash equations used by BC coal mines
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Figure 8. Plot of coal loss versus total fracture volume and
total weight water.
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ASG versus ash data and deriving the constants A and B
for the raw wash and combined data (Table 3). Valid com-
binations of DMM and wtlos are provided in Table 4.

The reconciliation process starts with estimates of
insitu volume, ash and ISG. When there is sufficient drill-
ing, estimates of insitu volume should be good, assuming
that the computer model used is appropriate for the type
of geology. These data are used to provide a value of the
insitu fracture volume either directly by comparing ASG,
ISG and ash or indirectly by using the weight of insitu wa-
ter and void porosity to calculate the total fracture poros-
ity. The spread sheet uses estimates of total insitu mois-
ture and void porosity to calculate total fracture porosity.
Insitu tonnage on an air-dried basis is then calculated by
using the appropriate SG and insitu volume. The key to
converting insitu volume to insitu tonnes adb is to know
the fracture volume at depth and whether it is filled with
water or air. The ISG used must take into account the
fracture volume and the degree to which it is water filled.
The weight of coal adb is calculated using:

weight of coal adb = ISG* insitu volume - weight of
free water

Alternatively the weight of coal adb can be derived
from:

weight of coal adb = ASG adb* (1-fv) * insitu vol-
ume; where fv is the total insitu fracture volume. The
spread sheet (Table 6) displays the total insitu fracture
volume and allows for variable filling of the fracture vol-
ume with water before performing the calculations.

If it is difficult to reconcile tonnages delivered to the
plant with estimates of insitu volume, then the temptation
is to decrease the available tonnage by decreasing the
value of SG used. However, it must be kept in mind that,
if the SG value is multiplied by insitu volume then the im-
plication is that:

SG=ASG * (1-fv);

This assumes a value of fracture porosity that must
be credible and that tonnages are calculated on an
air-dried basis.

The SG value is derived from a number of SG versus
ash relationships (Figure 7). Ash versus ASG curves
were established for Telkwa and the mine coal by analyz-
ing a number of air-dried samples. Ash versus ASG
curves for the Line Creek and Elkview mines plot close to
the mine data line indicating that these relationships are
probably modeling coal on an air-dried basis. Using these
SG versus ash relationships will tend to cause an over es-
timation of raw coal reserves by about 5% if the ASG
value for adb coal is multiplied by the total in situ volume,
which includes the total fracture porosity present in in
situ coal.

The Fording River, Quintette and Bullmoose data
sets predict lower ASG values for the same ash than the
air-dried mine data (mine ASG Figure 7), and therefore,
appear to be adjusted to provide ISG values. Compared to
mine adb data, the Fording River and Quintette data are
compatible with an air-filled fracture volume of 4% that
is ISG=ASG*(1-0.04) (Table 6), or if these values of ISG

are multiplied by in situ volume the result is an estimate
of tonnage at adb assuming a 4% in situ fracture porosity.
Alternatively, the SG values could be lower because
higher rank coals up to medium-bituminous rank have
lower SG values at similar ash contents. Coal Mountain
Operations predicts an ISG based on an 8% air filled po-
rosity. Quinsam uses a fixed SG of 1.3, which unless the
raw ash concentration is very low probably under esti-
mates in situ tonnage.

Depending on the mining conditions the coal may be
above or below the water table when mined. This means
that the coal may be completely or only partially satu-
rated. Measurements of ISG at depth derived from geo-
physical logs can be used, in conjunction with lab mea-
surements of ASG, to calculate the fracture volume,
usually assumed to be completely water filled (Figure 5).
By the time mining has exposed the coal, some of the wa-
ter may have drained or additional water added to the
fractures. The change in fracture volume does not matter
because the ISG value is multiplied by the insitu volume
measured at depth.

At Mine 1 attempts to reconcile insitu volumes with
the tonnages delivered to the wash plant have generally
required low SG values, implying high fracture porosi-
ties, and high coal loss values. In order to keep the coal
loss values within an acceptable range, a fracture porosity
of 8% has to be assumed. Based on conversations with
Keith Banks, a fracture porosity of 8% is probably a con-
servative value for the mine considering the amount of
shearing in the coal. The empirical curve (CM .92) pre-
dicts SG values very close to those predicted by the Ryan
equation based on the mine data and 8% air filled fracture
porosity. It does not model ISG versus ash as well if the
fracture volume is water filled except at the ash content of
about 25%. This does not matter as long as it is assumed
to be providing values of ASG*(1-fv) and not values of
actual ISG for the total insitu volume.

The spread sheet (Table 6) can model an 8% fracture
porosity by setting the total moisture equal to the
air-dried moisture and the void porosity to 8%, in which
case the spread sheet then makes no deduction for weight
of free water from the in situ tonnage, which is calculated
on an air-dried basis. Alternatively, the in situ moisture
could be set to 6 weight %, which provides about the same
fracture volume if the in situ ash content is about 25%,
and the spread sheet then subtracts the weight of free wa-
ter before calculating the insitu tonnage on an air-dried
basis.

Coal losses can be expressed as a percent of tonnage
mined, as an absolute thickness of the hangingwall and/or
footwall of the seam, or as a percentage of insitu volume.
In situations where the coal is highly deformed such as at
the mine it is probably better to use a percentage of insitu
volume, though this tends to under estimate actual loses
for thin seams and over estimate them for thicker seams.
A 10% loss of volume is equivalent to a 10% loss of ton-
nage whether the tonnage is calculated on an as-received
basis or air-dried basis.
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Coal loses should be apparent somewhere in the mine
(probably waste rock dumps). If high coal losses are sus-
pected, but the lost coal can not be located, then maybe
part of the solution is in increasing the estimate of fracture
porosity in the insitu coal, especially if there is evidence
of severe deformation. Increasing the fracture porosity in
the insitu coal decreases the tonnage delivered to the plant
by decreasing the amount of coal in the ground. A plot of
total fracture volume versus coal loss (Figure 8) illus-
trates the relationship between these factors, based on fix-
ing the other mining parameters at realistic constant val-
ues. If the in situ fracture volume is 5% then the coal loss
has to be 22.6% (Figure 8). However, when the insitu
fracture volume is increased to 15% the coal loss de-
creases to 13.6%, which is intuitively more reasonable.
The total insitu moisture is 10% in this example. A large
fracture volume could in part result from shearing or un-
derground mining in the area.

Ash is usually determined by analyzing chip samples.
In some instances fine coal is lost and the reported ash
analyses are high and in other cases erosion of fine coal
surrounding the hole can result in additional coal being re-
covered and the analyzed ash values being low. If the ash
concentration assigned to the insitu volume is too high
then insitu tonnage estimate will be high and there will be
a tendency to correct this by assuming a coal loss value
that is too high. However, this will result in the ash con-
centration of the coal reporting to the plant being lower
than predicted. As an example, using spread sheet (Table
6), if the predicted insitu ash content adb is 30% (true
value 25%), then in order to explain the tonnage reporting
to the plant a coal loss of 17% must be assumed as op-
posed to a true value 14.5% and the predicted ash content
of the coal reporting to the plant is 31.1% as opposed to
the actual value 26.3%. The actual over estimation of
insitu tonnage is about 3%. Obviously, if the predicted
coal loss and plant ash values seem high then the error is
probably in estimating the insitu ash content.

Out-of-seam dilution (OSD) is extraneous rock that
is incorporated in the coal as it is mined and is not consid-
ered when the insitu ash of the coal is calculated. It can be
defined as a thickness or as a percent of the insitu coal vol-
ume. In the spreadsheet (Table 6) it is assumed that the
OSD has no free moisture or fracture porosity and is
added to the coal as rock on an air-dried basis. Alterna-
tively, it could be assumed that the OSD has the same
moisture and fracture porosity as the coal. However, frac-
ture volume appears decrease as ash content increases as
indicated by the calculation of fracture volume using
as-received moisture (Figure 6). The more conservative
assumption, which has the effect of increasing percentage
dilution, is to assume that OSD is added on an air-dried
basis.

Because the coal in most BC mines is soft, rotary
breakers are effective at removing rock fragments, which
are mainly introduced as OSD. It is difficult to estimate
the relative tonnage or volume of breaker rejects, but gen-
erally the percentage of material is low and it has a high
ash content. It can be expressed as a percentage of the ton-

nage or volume presented to the breaker. Usually it is ex-
pressed as a tonnage, in which case it will be a percent of
ROM tonnage at ROM moisture.

The spreadsheet (Table 6) can be used to check vari-
ous combinations of parameters to see how they effect
reconciling insitu volume and ash content with tonnage
and ash content of the material delivered to the plant.
Generally, predicted plant tonnage is reduced by increas-
ing either fracture volume in the insitu coal or coal loss.
The effect of OSD and breaker rejects will tend to cancel
out especially in the situation at the mine where the coal is
very friable. As OSD increases so will breaker rejects if
they do cancel out then the ash at the plant will be the same
as insitu ash. If the ash concentration at the plant is higher
than insitu ash, then OSD is adding more ash than the
breaker is removing. This means that:

the value tonnes OSD x ash is greater than the value
tonnes breaker reject x ash.

It should be noted that, if breaker reject ash is low and
OSD ash high, then plant ash will be increased, and at the
same time, tonnage decreased by the net effect of adding
OSD and removing breaker rejects.

CONCLUSIONS

It is possible to derive an SG equation that fits labora-
tory data and provides the opportunity to vary input pa-
rameters such as weight of free water and volume of void
porosity. Fracture volume is the volume occupied by the
free water and void porosity. Fractures in the coal range in
size from those that can be penetrated by kerosene in 60
mesh sized particles to major fractures in the coal face.
They do not include the micro fractures that may be gas
filled but whose effect is incorporated in the calculation
of ASG.

The equation can be used to calculate insitu tonnages
on an as-received or air-dried basis. By increasing the
void porosity the equation can be used to help determine
tonnages in stock piles. Using differences in ASG and
ISG it is possible to estimate the volume of fractures (fv)
in insitu coal. This is important because to calculate ton-
nages on an air-dried basis from insitu volume requires
the values fv and ASG. If the fracture volume is not con-
sidered, then insitu tonnages will be over estimated by an
amount equal to the volume of the fracture porosity.

Some indications of fracture volume can be gained
from washability data, which indicates volumes of about
5%. Another way is to use the difference between as-re-
ceived and air-dried moisture measurements of fresh sam-
ples. Both these methods probably under estimate frac-
ture volume. Geophysical logging has indicated fracture
porosities of over 20% is some situations. These high po-
rosities survive at depth because hydrostatic pressure
equals lithostatic pressure.

The SG of vitrinite decreases from sub-bituminous
coal to medium-volatile coal and then increases as the
rank increases to anthracite. The SG of inert macerals is
higher than that of vitrinite and is probably proportional
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to reflectance. This means that at a fixed rank and ash
content the SG of coal varies depending on maceral com-
position. Also ash versus SG relationships at constant
petrographic composition must be established for each
rank of coal.

The process of reconciliation and prediction of
tonnes and ash content of coal delivered to a plant does
not require complex mathematics but it has to be thought
out carefully, otherwise mistakes will be introduced that
will mask the use of inappropriate values of some of the
mining constants.

The mine coal is highly deformed and at depth may
have a high fracture porosity of 10% to 20%. It is the vol-
ume at depth with the high fracture porosity that is used to
calculate insitu tonnes so that the ISG used must be cor-
rected for a fracture porosity, that may appear to be too
high based on outcrop observations.
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A Note on Difficult to Wash Coals from
Southeast British Columbia

(82G/7)

By Barry Ryan

KEYWORDS: Coal washing, ash chemistry, carbonate
contents, vitrinite reflectance, SEM on coal, petrography.

INTRODUCTION

Some coal seams in southeast BC are characterized
by fine size consist and a moderate amount of inherent
ash. Mining strategies and wash plants are designed to
handle these coals but sometimes seams are mined, that
are unusually difficult to clean. Samples of a number of
such coals were acquired and studied. Samples come
from a mine and an adjacent property ( samples GC in ta-
bles) near Sparwood in southeast British Columbia. Two
in-pit samples of coal were collected the mine from areas
where the seam was known to wash easily and one sample
from an area where it was known to be difficult to wash. A
bulk sample of coal from a property near then mine was
test washed at the mine wash plant and found to be diffi-
cult to wash and a sample of this coal was studied. Occa-
sionally fine coal in the froth floatation circuits in the
mine wash plant is difficult to wash. Raw, clean and reject
samples of this material were collected. All samples were
subjected to a range of chemical analyses, petrographic
analysis and in some cases scanning electron microscope
(SEM) analysis.

DATA

The three samples collected from the mine pit were
crushed and screened at 10 x 0.6, 0.6 x 0.15 and minus
0.15 millimetres (Table 1). The coarser size consists were
washed using four SG increments. Oxide analyses (Table
2) were performed on some of the samples to provide an
indication of how mineralogy varies between the easy
and more difficult to wash samples. Sample 1980-69 was
collected from an area where the coal was known to be
difficult to wash. Samples 1968-east1 and 1968-east2
were collected from areas where the coal has normal
washing characteristics.

The coal from the property is located in the hanging
wall of a fault. The seam is thickened and crushed by the
fault. A bulk sample of the coal was mined and test
washed in the mine wash plant. Washing results and indi-
cations of potential coking quality were disappointing, so
a sample was collected for further analysis. The sample
was screened at 0.6 millimetres and the 0.6 x 0.0 milli-
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TABLE 1
WASHABILITY DATA FOR THREE IN PIT SAMPLES

size mm SG wt adm VM Ash FC Cash Cwt

Sample 1968-east1

10x0.6 81.9 0.6 20.7 30.4 58.3 30.4 81.9

0.6x0.15 13.3 0.5 20.7 26.7 52.1 29.9 95.2

< 0.15 4.8 0.5 20.5 33.4 45.6 30.1 100

10x0.6 1.4F 41.5 0.1 22.5 6.8 70.6 6.8 41.5

10x0.6 1.4x1.6 15.9 0.2 21.1 20.3 58.4 10.5 57.4

10x0.6 1.6x1.8 6.6 0.3 19.7 40.8 39.3 13.7 64.0

10x0.6 1.8S 36.0 0.4 12.7 77.1 9.9 36.5 100

0.6x0.15 1.4F 54.8 1.0 24.3 4.9 69.8 4.9 54.8

0.6x0.15 1.4x1.6 15.5 0.6 21.0 17.4 61.0 7.7 70.4

0.6x0.15 1.6x1.8 4.9 0.8 19.8 36.9 42.6 9.6 75.3

0.6x0.15 1.8S 24.7 0.7 13.2 75.2 10.9 25.8 100

Sample 1968-east2

10x0.6 80.5 0.6 20.1 21.4 57.9 21.4 80.5

0.6x0.15 13.2 0.7 20.6 14.3 64.4 20.4 93.7

< 0.15 6.3 0.7 20.4 17.1 61.7 20.2 100

10x0.6 1.4F 55.6 0.2 21.6 6.5 71.7 6.5 55.6

10x0.6 1.4x1.6 26.3 0.2 20.4 18.2 61.2 10.3 81.9

10x0.6 1.6x1.8 5.4 0.3 20.2 37.3 42.3 11.9 87.3

10x0.6 1.8S 12.7 0.7 14.9 77.9 6.4 20.3 100

0.6x0.15 1.4F 61.1 1.1 23.1 5.0 70.8 5.0 61.1

0.6x0.15 1.4x1.6 27.3 1.2 19.7 15.4 63.7 8.2 88.4

0.6x0.15 1.6x1.8 4.2 0.8 19.7 34.3 45.3 9.4 92.5

0.6x0.15 1.8S 7.5 0.5 17.2 69.7 12.6 13.9 100

Sample 1980-69

10x0.6 67.9 0.5 17.6 44.9 37.0 44.9 67.9

0.6x0.15 20.8 0.6 20.6 27.9 51.0 40.9 88.7

< 0.15 11.3 0.7 20.3 27.1 51.9 39.3 100

10x0.6 1.4F 26.5 0.2 25.8 7.0 67.1 7.0 26.5

10x0.6 1.4x1.6 11.2 0.3 21.6 21.9 56.2 11.4 37.7

10x0.6 1.6x1.8 18.1 0.3 18.9 41.0 39.8 21.0 55.8

10x0.6 1.8S 44.2 0.3 11.0 74.3 14.4 44.6 100

0.6x0.15 1.4F 44.8 1.3 26.3 6.2 66.2 6.2 44.8

0.6x0.15 1.4x1.6 22.7 1.0 22.0 18.0 59.0 10.1 67.5

0.6x0.15 1.6x1.8 10.0 1.3 19.3 38.1 41.4 13.8 77.5

0.6x0.15 1.8S 22.5 1.4 12.8 68.7 17.1 26.1 100

Cash=cumulative ash% Cwt=cumulative weight %

ldegroot
1999



metre material washed using four SG increments (Table
3). Oxide analyses were performed on the various splits
(Table 4) and X ray diffraction analysis was used to iden-
tify the major minerals present in the ash. The samples
have moderately high CaO contents and X ray diffraction
indicates that this is present mainly in calcite. To see if the
calcite effected the rheological properties of the samples
they were leached in 2 warm molar HCl and then re ana-
lyzed (Table 4).

Samples of froth floatation coal were collected to see
if there was any obvious reason why it is sometimes diffi-

cult to produce a low-ash clean product from this mate-
rial. Clean, feed and reject samples were analyzed for
proximate values (Table 5) and subsequently studied us-
ing a Scanning Electron Microscope.

The reflectance of a number of samples was mea-
sured. The equipment at the Geological Survey Branch
has not been routinely used for some time so a number of
duplicate measurements were made. Reflectance stan-
dards were checked for internal consistency and then five
samples previously analyzed at another lab were analyzed
(Table 6). Reflectance analyses were performed on two
different microscopes (Leitz ortho plan pol and Leitz
MPV3). The measurement procedure involves measuring
the maximum reflectance on three standards then on 10
tellinite or telocollinite grains of the sample. The proce-
dure is repeated 5 times to provide 50 measurement of
sample grains and 18 measurements of standards. Indi-
vidual reflectance measurements are corrected for time
drift and scaling using the 6 sets of three standard mea-
surements. The 1 sigma SD of the mean for all samples is
less than 0.01.

The petrographic composition of some samples was
estimated using a counting stage to count 300 grains. The
continuous variation from telinite or telocollinite and
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TABLE 2
OXIDE DATA FOR INCREMENTAL

WASHABILITY SAMPLES

TABLE 3
ANALYTICAL DATA FOR SCREENED FRESH AND
ACID LEACHED SAMPLES, PROPERTY SAMPLES

millimetres Ash SiO2 TiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O P2O5 Ba

1980-69

10x0.6 1.8sink 74.3 68.8 1.3 23.2 1.04 0.5 0.3 0.1 1.9 0.1 0.1

10x0.6 1.8-1.6 41.0 64.8 1.7 28.5 0.83 0.3 0.2 0.2 0.6 0.1 0.1

10x0.6 1.6-1.4 21.9 65.5 1.7 28.7 0.57 0.3 0.1 0.2 0.9 0.1 0.1

10x0.6 1.4float 7.0 58.2 3.0 28.4 1.67 0.4 0.7 0.6 0.7 0.7 0.6

0.6x0.15 1.8sink 68.7 65.7 1.3 26.4 1.57 0.4 0.2 0.2 1.5 0.1 0.1

0.6x0.15 1.8-1.6 38.1 64.2 1.6 28.6 0.81 0.3 0.2 0.3 1.1 0.1 0.1

0.6x0.15 1.6-1.4 18.0 62.5 1.8 29.2 0.97 0.3 0.3 0.3 0.8 0.2 0.2

0.6x0.15 1.4float 6.2 57.9 3.8 28.8 1.48 0.4 0.7 0.6 0.9 0.8 0.6

1968-east2

10x0.6 1.8 sink 77.9 54.8 1.8 38.6 0.57 0.4 1.3 0.1 0.3 0 0.1

10x0.6 1.8-1.6 37.3 55.1 3.0 26.5 2.27 2.4 5.6 0.2 0.2 0.1 0.1

10x0.6 1.6-1.4 18.2 56.1 2.2 27.3 3.33 1.7 3.7 0.2 0.2 0.2 0.2

10x0.6 1.4float 6.5 52.1 2.5 26.2 6.19 1.4 3.1 0.7 0.3 0.9 0.7

0.6x0.15 1.6-1.4 15.4 59.5 2.6 27.3 2.78 0.9 2.2 0.3 0.3 0.3 0.3

0.6x0.15 1.4float 5.0 54.7 4.3 26.9 3.35 0.9 2.3 0.6 0.4 0.9 0.7

ar
m
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m
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GC1 fresh 4.9 0.7 23.8 31.7 25.0 50.5 4.0

leached 0.3 23.4 30.2 22.7 53.6 2.0

sample size mm wt

GC2 >0.6 fresh 46.5 0.6 20.6 31.7 34.9 43.9 2.5

GC3 0.6 x 0.0 fresh 53.5 0.7 25.4 30.7 17.2 56.8 5.0

GC2 >0.6 leached 0.3 20.1 31.3 35.8 43.8 1.5

GC3 0.6 x 0.0 leached 0.3 24.4 29.5 17.4 57.9 2.5

screened samples fresh

GC4 0.6 x 0.0 1.4F 64.8 1.2 27.9 29.5 5.3 65.6 5.5

GC5 0.6 x 0.0 1.4x1.6 14.1 1.4 25.8 29.7 13.2 59.6 1.0

GC6 0.6 x 0.0 1.6x1.8 7.7 1.4 24.0 34.5 30.7 44.0 0.5

GC7 0.6 x 0.0 1.8S 13.4 0.8 16.8 56.0 70.0 12.4 0.0

screened samples leached

GC4 0.6 x 0.0 1.4F 0.7 30.9 32.4 4.7 63.8 4.5

GC5 0.6 x 0.0 1.4x1.6 1.2 26.4 30.0 11.9 60.6 1.0

GC6 0.6 x 0.0 1.6x1.8 1.0 23.6 33.0 28.6 46.8 0.5

GC7 0.6 x 0.0 1.8S 0.6 13.7 47.0 70.8 14.9 0.0

arm = as-received moisture adm = air-dried moisture

F=float S=sink leached=leached in 2 molar HCl to remove carbonate

TABLE 4
OXIDE ANALYSIS FOR PROPERTY DATA, FRESH

AND LEACHED SAMPLES

Ash db SiO2TiO2 Al2O3Fe2O3 MgO CaO Na2OK2O P2O5 Ba

raw samples

GC2 >0.6mm fresh 35.2 66.9 0.86 19.6 3.18 1.52 4.24 0.01 2.30 0.19 0.15

leached 35.9 71.5 0.90 21.4 1.89 0.59 0.21 0.03 2.40 0.18 0.17

GC3 <0.6mm fresh 17.3 58.5 1.16 24.6 2.36 0.90 7.04 0.01 1.66 0.39 0.29

leached 17.4 66.5 1.26 26.8 1.63 0.51 0.32 0.15 1.89 0.38 0.33

washed <0.6mm samples

GC4 1.4F fresh 5.4 52.2 2.45 30.5 2.95 0.92 5.96 0.18 1.16 1.17 0.83

leached 4.7 55.9 2.63 34.0 2.05 0.34 0.71 0.18 1.28 1.14 0.87

GC5 1.4-1.6 fresh 13.3 54.6 1.40 30.6 2.63 1.00 5.74 0.08 1.16 0.88 0.55

leached 12.0 59.1 1.53 33.3 1.53 0.41 0.38 0.20 1.27 0.89 0.63

GC6 1.6-1.8 fresh 31.1 57.7 1.05 27.5 2.23 0.92 6.86 0.01 1.46 0.36 0.24

leached 28.9 63.4 1.14 30.7 1.31 0.44 0.21 0.07 1.60 0.39 0.29

GC7 1.8S fresh 70.6 62.5 0.74 21.6 2.21 0.85 7.83 0.01 1.96 0.10 0.10

leached 71.2 69.3 0.82 24.4 1.79 0.53 0.32 0.07 2.14 0.09 0.12

Data are corrected for loss on ignition, unleached samples have about 5-8% loss

and leached samples have 1.5-2.5% loss.

oxides that increase in % indicate no loss. They increase because there is a loss of other oxides

oxides that decrease in % have been removed by leaching

TABLE 5
ANALYTICAL DATA FOR FROTH

FLOTTION (FF) SAMPLES

sample yield adm VM Ash FC

ff feed 100 0.57 22.11 17.15 59.65

ff clean 75.5 0.89 22.59 12.9 63.62

ff reject 24.5 0.52 20.91 30.25 48.32

Y=yield calculated from

100*17.15=(100-Y)*30.25+Y*12.9 Y=75.5%

carbon recovery=CR calculated from

CR=(1-12.9/100*1.2)/(1-17.15/100*1.2)*75.5 = 80%

weight mineral matter/ash=1.2 assumed



from semifusinite to macrinite makes it difficult to pro-
duce consistent results in terms of maceral composition.
The process, despite the best efforts of the various classi-
fication schemes is very subjective. Attempts were made
to differentiate between inert plus semi inert macerals
and reactive macerals and to differentiate between
macerals retaining some original structure (semi fusinite
and tellinite) and those retaining no original structure
(macrinite and collinite).

DISCUSSION

Coals may be difficult to clean for a number of rea-
sons, but first it is important not to confuse washing diffi-
culty with problems caused by size consist. Coals diffi-
cult to clean in wash plants have large amounts of near
gravity material in a particular size range. This material
can easily be miss placed with higher ash content grains
ending up in the clean coal stream and lower ash content
grains ending up in the reject stream. The result is a de-
crease in yield, an increase in wash ash content and an in-
crease of carbon in the reject stream. Also when evaluat-
ing laboratory wash data it should be appreciated that the
average ash content of particles in the specific gravity
(SG) split can vary by about 10% for a 0.1 change in SG
and therefore in an SG bracket from 1.4 to 1.5, the ash
content of particles can range from about 18% to 28%.

Difficult to wash coals contain a large number of par-
ticles with SG values in the range of 1.4 to 1.5 and the ash

content of these particles is maximized. There have been
a number of papers suggesting ways of measuring wash-
ing difficulty prior to cleaning coals in a wash plant
(Sanders and Brookes, 1986, and Ryan, 1992). They gen-
erally emphasize the importance of measuring the
amount and ash content of near gravity material and at-
tempt to reduce washing difficulty to a single number.
This is a bit simplistic but it does provide a useful empiri-
cal scale for comparing coals.

The method introduced by Ryan (1992) uses ash
analyses on head and wash samples and is therefore a sim-
ple and rapid way of estimating relative washing diffi-
culty of samples. Data for the three in-pit samples are in
Figure 1, which contains iso washing difficulty lines. The
Figure clearly separates the 3 samples (1980-69,
1968-east1 and 1968-east2) based on their washing diffi-
culty in agreement with the way they washed in the wash
plant. It also indicates that finer material is more difficult
to wash than coarse material. Sample 1980-69 is more
difficult to wash in both size ranges than the other two
samples and it contains more minus 0.6 millimetre mate-
rial than the other two samples. Plant recovery will be
lower when washing 1980-69 type coal because of the
finer size consist and increased washing difficulty. There
is a rough correlation of raw ash with washing difficulty.
The difference in washing difficulty does not appear to be
caused by oxidation as the three samples 1968-east1,
1968-east2 and 1980-69 all have percent transmittance
values of 99%.

The oxide data for samples 1968-east2 and 1980-69
(Figure 2) can be used to illustrate possible mineral dif-
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TABLE 6
REFLECTANCE MEASUREMENTS, MINE AND
PROPERTY AND INTERNAL AND EXTERNAL

DUPLICATES

Sample Rmmax bif mic

1968-east1 1.4float 1.14 0.05 k

1968-east1 1.4float dup 1.14 0.07 g

1968-east1 1.4-1.6 1.14 0.11 k

1968-east1 1.4-1.6 dup 1.14 0.08 g

1968-east2 1.4 float 1.17 0.07 g

1968-east2 1.4-1.6 1.19 0.18 k

1968-east2 1.4-1.6 dup 1.18 0.09 g

1980-69 1.4 float 1.07 0.07 g

198- 69 1.4-1.6 1.12 0.10 g

1980-69 1.6-1.8 1.19 0.08 g

ff clean 1.01 0.07 g

GC 1.4 float 1.08 0.07 g

lab GSB Other

sample 1 1.6 1.65

2 1.59 1.58

3 1.09 1.09

4 1.04 1.00

5 1.04 1.03

dup=duplicate ff=froth floatation bif=bireflectance

mic=microscope

g=Leitz orthoplan pd k=Leitz MPV3
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Figure 1. Washing difficulty for samples. X axis is wash ash at 1.6
SG. Y axis is calculated carbon recovery.



ferences between the two samples. The Al2O3/SiO2 ra-
tios probably indicate the proportion of clays to free
quartz in the sample. The ratio tends to increase at lower
ash concentrations because of a tendency for vitrinite to
contain more dispersed kaolinite than inertinite. Often
washing difficulty is related to clay content. In this case
the difficult to wash sample 1968-69 appears to show
more of a tendency for the ratio to increase as ash de-
creases than the easier to wash sample 1980-east2 (Figure
2) but there is not a marked difference. Varying clay con-
tents probably do not fully explain the difference in wash-
ing difficulty.

Calcium oxide concentrations in the property sam-
ples are quite high and are substantially reduced by acid
leaching (Table 4). This indicates the presence of a car-
bonate, which was confirmed using XRD (Table 7). It is
possible to estimate the amount of carbonate in total or in
the ash component of samples by assuming, either that all
the Ca, Fe and Mg is in carbonate (maximum estimate) or
that only the Ca is in carbonate (minimum estimate). This
is done by calculating the elemental content of Ca, Mg
and Fe and then recalculating the molar content of these
elements as X,CO3 either in the total sample or in the ash
(Table 8, 9 and 10). Obviously this assumes that all the Ca
is in carbonate when in fact some is combined with phos-
phorus in apatite and also that all the Fe is in carbonates
where as a small proportion is combined with sulphur in
pyrite. The carbonate and calcite concentrations for the
three samples (property sample, 1968-east2 and 1980-69)

are estimated using the oxide data calculated for cumula-
tive rather than incremental wash samples. The first two
samples (property sample and 1968-east2), which wash
easily have high carbonate contents where as 1980-69,
which does not wash easily has a low content.

Carbonate in the property and 1968-east2 samples
appears to be concentrated in the ash (Figure 3). Contents
calculated on a total sample basis increase as ash in-
creases and contents calculated on an ash base are rela-
tively constant at about 15% carbonate in the ash. Under
the microscope there does not appear to be much calcite
associated with the coal and most found occurs as discrete
grains (Photo 1). In general it is difficult to locate the
amount of carbonate indicated in the oxide analysis and it
must be finely dispersed in the ash. In sample 1980-69
carbonate contents are low and when calculated on an ash
base tend to increase as ash decreases indicating in part a
coal association for the carbonate material (Figure 3).
Carbonate in this sample occurs as small blebs in
desmocollinite (Photo 2).
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Figure 2. Al2O3/SiO2 ratio versus ash % for samples 1968-east2
and 1980-69.

TABLE 7
X-RAY DIFFRACTION RESULTS FOR

2 PROPERTY SAMPLES

sample Ash Minerals detected

GC-2 >0.6 mm 37.7 abundant quartz, moderate kaolinite

minor mixed clays

moderate calcite and dolomite

GC-7 <0.6mm 1.8S 75.6 abundant quartz, moderate kaolinite

significant calcite some gypsum

TABLE 8
CUMULATIVE OXIDE AND CARBONATE
CALCULATIONS FOR THE PROPERTY
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ash 35.15 17.26 5.33 9.62 17.54 33.43

SiO2 66.90 58.50 52.20 52.63 53.08 54.34

Al2O3 19.60 24.60 30.50 30.52 30.25 29.09

Fe2O3 3.18 2.36 2.95 2.89 2.83 2.75

TiO2 0.86 1.16 2.45 2.26 2.15 1.97

P2O5 0.19 0.39 1.17 1.12 1.05 0.92

CaO 4.24 7.04 5.96 5.92 6.00 6.25

MgO 1.52 0.90 0.92 0.93 0.93 0.92

MnO 0.01 0.01 0.01 0.01 0.01 0.01

Na2O 0.01 0.01 0.18 0.16 0.15 0.13

K2O 2.30 1.66 1.16 1.16 1.19 1.29

BaO 0.15 0.29 0.83 0.78 0.73 0.65

LOI 5.03 5.28 8.06 7.01 5.86 5.80

B/A 0.17 0.21 0.23 0.23 0.22 0.22

alkalinity 0.06 0.04 0.01 0.02 0.04 0.07

wt% CB TS 5.23 3.03 0.89 1.59 2.89 5.52

wt% C TS 2.66 2.17 0.57 1.02 1.88 3.73

CO2 addition 2.37 1.35 0.39 0.70 1.28 2.48

mm/ash 1.07 1.08 1.07 1.07 1.07 1.07

wt% C in ash 7.57 12.56 10.64 10.57 10.72 11.15

wt% CB in ash 15.36 17.87 16.84 16.72 16.78 17.07

LOI = loss on ignition B/A = base acid ratio

Alkalinity = B/A ratio x ash%

CB = total carbonates C = calcite TS = total sample



Geological Fieldwork 1999, Paper 2000-1 377

TABLE 9
CALCULATED CUMULATIVE OXIDE DATA AND

CARBONATE CONTENTS FOR 1968-EAST 2
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ash 20.3 11.9 10.3 6.5 8.2 5.0

SiO2 53.7 53.5 53.4 52.1 56.2 54.7

Al2O3 28.1 26.5 26.5 26.2 27.0 26.9

Fe2O3 4.51 5.09 5.27 6.19 3.17 3.35

TiO2 2.38 2.47 2.44 2.53 3.80 4.32

P2O5 0.59 0.67 0.71 0.93 0.68 0.87

CaO 3.16 3.43 3.29 3.10 2.30 2.34

MgO 1.40 1.55 1.49 1.41 0.89 0.88

MnO 0.01 0.01 0.01 0.01 0.01 0.01

Na2O 0.44 0.49 0.51 0.67 0.54 0.64

K2O 0.23 0.23 0.23 0.25 0.34 0.37

BaO 0.45 0.50 0.53 0.68 0.57 0.72

LOI 5.03 5.28 8.06 7.01 5.86 5.80

B/A 0.19 0.17 0.21 0.24 0.14 0.15

alkalinity 0.039 0.021 0.022 0.015 0.011 0.008

wt% CB TS 3.02 1.98 1.69 1.13 0.86 0.54

wt% calcite TS1.14 0.73 0.60 0.36 0.34 0.21

CO2 addition 1.32 0.86 0.73 0.48 0.37 0.23

mm/ash 1.06 1.07 1.07 1.07 1.05 1.05

ash 20.3 11.9 10.3 6.5 8.2 5.0

wt% C in ash 5.60 6.09 5.85 5.52 4.09 4.17

wt% CB in ash 15.13 16.74 16.64 17.46 10.57 10.88

Photo 1. Calcite in property sample; field of view is about 0.25
millimetres.

TABLE 10
CALCULATED CUMULATIVE OXIDE DATA AND

CARBONATE CONTENTS FOR 1980-69
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ash 44.6 21.0 11.4 7.0 26.1 13.8 10.1 6.2

SiO2 64.9 61.8 60.3 58.2 61.3 60.1 59.5 57.9

Al2O3 26.1 28.5 25.3 28.4 28.3 28.9 28.9 28.8

Fe2O3 1.12 1.18 0.92 1.67 1.32 1.24 1.31 1.48

TiO2 1.83 2.29 1.42 2.96 2.53 2.89 3.08 3.75

P2O5 0.26 0.38 0.09 0.72 0.41 0.50 0.57 0.76

CaO 0.36 0.42 0.23 0.70 0.45 0.53 0.58 0.73

MgO 0.42 0.34 0.41 0.43 0.36 0.36 0.37 0.41

MnO 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Na2O 0.27 0.41 0.14 0.64 0.43 0.50 0.53 0.63

K2O 1.24 0.73 1.42 0.74 1.06 0.93 0.90 0.93

BaO 0.22 0.34 0.08 0.60 0.33 0.40 0.45 0.58

LOI 5.03 5.28 8.060 7.010 5.860 5.80 5.03 5.03

B/A 0.06 0.04 0.053 0.082 0.065 0.07 0.07 0.08

alkalinity 0.02 0.01 0.006 0.006 0.017 0.01 0.01 0.01

wt% CB TS 1.38 0.66 0.296 0.318 0.901 0.48 0.37 0.44

wt% C TS 0.28 0.16 0.047 0.087 0.211 0.13 0.10 0.13

CO2 addition 0.60 0.28 0.130 0.135 0.385 0.20 0.16 0.19

mm/ash 1.01 1.01 1.011 1.019 1.015 1.01 1.02 1.03

ash 44.6 21.0 11.4 7.0 26.1 13.8 10.1 6.2

wt% C in ash 0.64 0.74 0.416 1.249 0.809 0.94 1.03 2.14

wt% CB in ash 3.13 3.16 2.608 4.571 3.471 3.49 3.70 7.07
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Figure 3. Carbonate (CB) versus ash % for mine samples
1980-east2, 1968-69 and property sample. Data presented on an
ash basis and on a total sample (TS) basis.



If the carbonate material is associated with the ash,
then this will tend to increase the SG of ash and make it
easier to remove. When the carbonate material is associ-
ated with the coal, for example occurring as blebs in
desmocollinite or on cleats, it will tend to be washed out
attached to coal fragments in intermediate SG incre-
ments. This will cause loss of coal and deteriorate wash-
ing characteristics. Part of the reason for the increased
washing difficulty of sample 180-69 may be small
amounts of carbonate (calcite) associated with the coal.

The mode of occurrence of carbonate minerals in
samples has important implications for coke quality as in-
fluenced by base/acid ratio and alkalinity (base/acid ratio
times ash content). When carbonate is in the ash base/acid
ratios remain constant but alkalinity decreases as ash is
removed from the sample. This means that properties
such as CSR (coke strength after reaction) improve mark-
edly as a coal is cleaned. On the other hand if the carbon-
ate is associated with the coal part of the sample either as
cleat filling or impregnating one of the macerals then as
ash is removed carbonate content increases and both

base/acid ratio and alkalinity increase. This causes CSR
either to deteriorate or not improve as much as expected
based on reducing the ash concentration. For the three
samples discussed here, alkalinity decreases markedly at
low ash for the property and 1968-east2 samples but is
only moderately effected by decreasing the ash content in
sample 1980-69 (Figure 4).

The presence of carbonate minerals in the property
sample was also confirmed by leaching samples in warm
2 molar HCl. The oxide analyses before and after the
leaching (Tables 4 and 11) indicate removal of 95% of
CaO, 55% of MgO and 35% of Fe2O3 . The carbonate
contains some iron and magnesium though leaching does
not remove all the Fe and Mg indicating the presence of
non carbonate hosts for these elements. About 5% of the
Ca remains in the samples probably associated with apa-
tite.

The property coal has unexpected variations in qual-
ity that do not appear to be related to oxidation. The FSI
values for the fresh and leached samples were measured
to see if high carbonate content effects FSI (Table 3). In
most cases, leaching out the carbonate reduced the FSI
(Figure 5). The leaching was performed using dilute
warm HCl and it is assumed that this alone did not deterio-
rate FSI. If this is the case, then possibly the CO2 emitted
when the FSI sample is heated to a temperature of 820(C
and the carbonate breaks down, helps maintain the FSI
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Photo 2. Calcite in 1980-69 occurring as small blebs in
desmiocollinite; field of view 0.25 mm.
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Figure 4. Alkalinity versus ash % for mine samples 1968-east2,
1980-69. and property sample.
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Figure 5. FSI versus ash % adb for property samples before and
after leaching in warm dilute HCl.

TABLE 11
LEACHING RESULTS (WARM 2 M HCI),

PROPERTY SAMPLES

fresh leach loss fresh leach loss fresh leach loss

Fe2O3 Fe2O3 % MgO MgO % CaO CaO %

>0.6mm 3.18 1.89 40.5 1.52 0.59 61.1 4.24 0.21 95.0

<0.6mm 2.36 1.63 31.1 0.90 0.51 43.3 7.04 0.32 95.5

1.4 Float 2.95 2.05 30.4 0.92 0.34 63.4 5.96 0.71 88.1

1.4-1.6 2.63 1.53 42.1 1.00 0.41 59.3 5.74 0.38 93.4

1.6-1.8 2.23 1.31 41.3 0.92 0.44 52.7 6.86 0.21 96.9

1.8 Sink 2.21 1.79 19.0 0.85 0.53 37.8 7.83 0.32 96.0

Average % 34.1 52.9 94.2



button. Certainly in most cases the volatile matter content
decreased after leaching and removal of the carbonate. If
the FSI values are artificially high, then this could lead to
an initial deceptively good estimation of coking quality.

Despite the intense shearing, the prpoerty sample ap-
pears to wash very well (Figure 1) and the main problem
with the bulk sample is one of size consist. A very high
proportion of the coal is minus 0.6 millimetres. The ap-
parent low FSI of two of the wash samples may be caused
by clay coating fine coal particles. An effect apparently
seen in the SEM work and discussed later.

Bustin (1982) investigated the effect of shearing on
coal washability. In part he concluded that the main effect
was to increase the raw ash content of a seam by mixing
hanging and foot wall material into the seam and gener-
ally making the ash more difficult to remove. Data for the
sheared and non sheared samples of the two seams stud-
ied by Bustin are plotted in Figure 1. In one case shearing
has increased washing difficulty and in the other it ap-
pears to have had little effect. Shearing has had the effect
of increasing the ash content of the material in each SG in-
crement. This may be because shearing has decreased
coal density by introducing micro fractures and therefore
allowed more ash to be attached to each coal particle
within an SG increment. Alternatively shearing may have
skewed the distribution of particles in each SG increment
towards the high SG end. In general the main effects of
shearing are to incorporate extra ash into the seam and de-
crease the over all size consist.

SCANNING ELECTRON MICROSCOPE
STUDIES AND PETROGRAPHY OF
SAMPLES

Feed, clean and reject froth floatation samples were
studied using a petrographic microscope and a scanning
electron microscope(SEM). Generally the froth floata-
tion feed ( 0.15 x 0.0 mm material) can be washed to less
than 10% ash in froth floatation circuits. Some mine froth
floatation feed washes to a significantly higher ash, in
this case about 13% (Table 5). Based on the feed, wash
and reject ash contents the yield from the circuit is esti-
mated to be about 75.5% with about an 80% carbon re-
covery. The circuit is not loosing a significant amount of
coal but the coal floating is still associated with a moder-
ate amount of ash.

Generally there is very lit t le well preserved
semifusinite seen in the samples when studied using a re-
flecting microscope. The semifusinite that does occur has
very flattened cell structure nearly always mineralized
with kaolinite. A lot of the mineral matter occurs as fine
grains of quartz or kaolinite coating coal grains. The total
reactives content (vitrinite macerals only) (Table 12) on a
mineral matter free basis is slightly higher for the difficult
to wash sample 1980-69. This is mainly because of an in-
crease in detrovitrinite in the high ash vitrain lithotype.
The total reactives contents for these samples range from
52% to 77%. The property samples have higher reactive
maceral contents than the mine samples.

The fine grain size and continuous variation between
vitrinite and semifusinite makes it difficult to get repro-
ducible petrographic data for the samples. There is con-
siderable subjective judgment in separating semifusinite
from telinite and macrinite from semifusinite. Some
small vitrinite grains were observed in the petrographic
microscope and SEM to have high reflecting or high
atomic density rims characteristic of high temperature
oxidation (Photo 3). It is unlikely that the rims were
formed by the pellet making process because the rims
were also found in a pellet was made at lower tempera-
ture. The grains were seen in feed and wash samples so
the effect is not related to froth floatation. Most of the
grains were small and contained complete high reflecting
rims indicating that either only small grains were effected
or the effect post dates tectonic shearing or crushing at the
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TABLE 12
ESTIMATED PETROGRAPHY OF SOME SAMPLES.
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ff feed 3 9 24 24 4 10 0 17 0 9 64 36

ff clean 3 7 23 31 7 6 1 16 0 6 70 30

ff reject 3 8 17 35 5 12 1 10 0 9 68 32

1968-east1 1.4-F 6 7 16 21 2 18 0 23 0 7 52 48

1968-east 1 1.4-1.6 8 7 10 24 4 21 0 18 0 8 53 47

1968-east 2 1.4-F 2 15 13 33 0 15 0 16 0 6 63 37

1968-east 2 1.4-1.6 6 11 7 31 2 12 0 24 0 6 58 42

1980-69 10x.6 1.4-F 4 7 21 26 0 19 0 16 0 6 59 41

1980-69 1.4-1.6 7 7 13 25 25 10 0 6 0 7 77 23

GC grab 4 0 28 39 5 8 0 11 0 5 76 24

GC 1.4-F 4 11 29 30 1 9 0 10 1 4 76 24

Photo 3. High reflecting rim to vitrinite grain; field of view 0.25
mm.



plant. Some of the grains appeared to be partially coked
and to contain vesicles (Photo 4). The origin of these
grains is not clear; they may have been altered by fires as-
sociated with underground mining that occurred prior to
1950. If the coal contained a lot of these grains it would in-
crease the inert content of the coal and probably decrease
its coking ability.

In the SEM it appears that many coal grains are
coated by very fine kaolini te f lakes ( Photo 5).
Brecciation of semifusinite, which contains kaolinite cell
filling, appears to release fine kaolinite, that coats coal
fragments making them hard to separate in froth floata-
tion and increasing their ash contents. This also makes it
difficult to pelletize the samples because kaolinite also
coats the transoptic grains and they do not fuse very well.
Semifusinite is more brittle than the reactive macerals and
more likely to respond to shearing by brecciation rather
than flow. There is no indication that the coal has a high
ash content. It appears that shearing has dispersed the
kaolinite. This means that whereas before shearing a few

large fragments rich in kaolinite would be removed from
the clean coal, after shearing kaolinite is finely dispersed
partially coating coal grains that may remain with the
clean coal. If kaolinite completely coats coal grains, then
the effect would be to decrease yield and have marginal
effect on clean coal ash. If kaolinite partially coats coal
grains, then they may still be recovered with clean coal
and the effect is to increase clean coal ash and have mar-
ginal effect on yield. The dispersal of the kaolinite associ-
ated with tectonic shearing obviously predates the coal
entering the wash plant. The coating of the grains with
kaolinite may occur before or during crushing, screening
and washing the coal.

Generally the mineral matter in semifusinite is pre-
dominately kaolinite. When a seam rich in inertinite is de-
formed there is an increased release of fine kaolinite
which is subsequently very difficult to wash out because it
partially coats coal particles and ends up in with the clean
coal. The average raw ash content of the seam does not
change. The liberation of kaolinite, from mineralized
semifusinite, that would otherwise be removed in the
washing process appears to increase the amount of diffi-
cult to remove ash and to increase the wash ash content of
the froth product by about 3%.

WASHING DIFFICULTY AND
PETROGRAPHY

Washing difficulty increases the more the coal
macerals are intermixed with mineral matter. There are a
number of ways mineral matter can be included in
macerals, but they all relate to processes that occurred in
the coal swamp or during diagenesis. The formation of
semifusinite and fusinite by fire leaves the cells intact and
empty. They are often later filled by mineral matter during
diagenesis. In fact, if the cells in semifusinite are not
filled, then they will probably be collapsed later when the
coal seam is deformed. Fusinite is probably stronger and
more likely to survive with or without mineralized cells.
The presence of semifusinite or fusinite therefore implies
a certain amount of inherent ash, usually kaolinite. Mas-
sive vitrinite ( telinite or telocollinite) generally does not
contain much mineral matter, though sometimes cells in
telinite are mineralized with kaolinite. Desmocollinite in-
dicates a moderate amount of “soft sediment deforma-
tion” in the coal seam and as it forms, fragments of inert
macerals and mineral matter may be included in a vitrinite
ground mass. This is apparent in sample 1980-69, which
has a lot of heavily mineralized desmocollinite, that also
contains a lot of detrovitrinite. Fine mudstone bands may
also be incorporated into the macerals. The amount of
clay material entering the swamp and the amount of soft
sediment deformation during diagenesis influences the
amount of near gravity material formed (Ryan, 1996).

Early deformation in coal seams is apparent from the
rounding and compaction around macrinite grains em-
bedded in vitrinite (Photo 6). The cell structure in some
semifusinite grains is deformed and appears to have expe-
rienced simple shear (Photo 7). Higher reflecting
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Photo 4. Apparent vesicle in altered vitrinite grain; field of view
0.25 mm.

Photo 5. Fine kaolinite coating to coal grains; scanning electron
microscope image.



semifusinite generally deforms brittlely breaking into
shards that may be dispersed as inertodetrinite in
desmocollinite.

Tectonic shearing produces brittle deformation and
therefore reduces the size consist but does not produce
middlings material. However it does appear to be selec-
tive in how it breaks fragments in the coal seam producing
more very fine telinite particles and possibly releasing
kaolinite from semifusinite. Shearing and dispersing fine
clay bands through the coal seam can increase the wash-
ing difficulty and wash ash content with out increasing
the amount of ash in the seam.

VITRINITE REFLECTANCE

The Rmmax values of the washed splits of the three
mine pit samples and the froth floatation samples were
measured (Table 6). The reflectance increases with wash-
ing ease for the three pit samples but there is no obvious
reason why rank should effect washing difficulty. The

rank and bireflectance also tend to increase as the SG of
the wash increment increases. At higher SG values the
vitrinite appears more likely to contain finely dispersed
micrinite, which increases its SG and reflectance. This ef-
fect is probably restricted to coals of intermediate rank, in
which micrinite is just starting to form.

CONCLUSIONS

Many washing problems are caused by excessive
amount of fines. Though mining methods can reduce
fines generation a highly sheared coal will generate fines
how ever it is handled. It is probably possible to estimate
fines potential by looking at coal faces in the pit or to de-
sign a simple in pit attrition test. The as-received water
content of samples may also be an indication of the fria-
bility of the coal. In that the more fractured the coal the
more surface area available for wetting.

Coals are difficult to wash in any size consist when
there is an excessive amount of near gravity material.
This can originate from processes in the coal swamp and
during diagenesis of the coal or from shearing. Turbu-
lence and introduction of clay into the coal swamp can re-
sult in a lot of mineralized desmocollinite as in sample
1980-69. A combination of fires to produce semifusinite
and fusinite in the coal swamp and diagenetic in filling of
cells with kaolinite can increase the mineral matter con-
tent of the inert macerals, which tend to concentrate in the
intermediate SG increments.

Shearing can increase washing difficulty. It appears
to do it by generating fine kaolinite probably in part by
breaking mineralized semifusinite grains and releasing
the kaolinite contained in the cells. This material then
coats vitrinite grains making them difficult to float and
increasing their ash content. Shearing can also increase
the raw ash content of a seam by incorporat ing
hangingwall or footwall rock into the seam.

The association and amount of carbonate in coals can
effect washing difficulty. If the carbonate is associated
with ash it will probably help with ash removal. If it is as-
sociated with the coal it will cause loss of coal in interme-
diate SG increments and in crease the ash and Ca content
of the clean coal.

It is possible using ash chemistry data to estimate the
amount and location of carbonate minerals in the coal. In
the easy to wash samples from the property and
1968-east2, the carbonate mineral is calcite or dolomite
and is associated with the ash making up about 16% of the
ash. In that the carbonate correlates with the ash and not
the total sample it is probably not related to fracturing as-
sociated with faulting. Its amount may relate to environ-
mental conditions in the coal swamp, which also influ-
ence the amount of inherent ash.

The difficult to wash sample (1980-69) contains less
carbonate material, which is partially associated with the
coal and makes up about 3% of the sample. It might be
that for these coals there is a correlation between the
amount of carbonate and ease of washing in which case a
simple acid test for the presence of carbonate in the coal
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Photo 6. Rounding and compaction around a macrinite grain; field
of view 0.25 mm.

Photo 7. Deformation of semifusinite; field of view 0.25 mm.



may indicate whether the coal will be easy or difficult to
wash.
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