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FOREWORD

The British Columbia Ministry of Energy and Mines
presents the results of provincial geoscience surveys in its
thirtieth edition of Geological Fieldwork: A Summary of
Fieldwork and Current Research. Most articles are contri-
butions from staff of the Geological Survey Branch or are
related to field programs being carried out by the Branch.
These field surveys have led directly to claim staking and
enhanced mineral exploration expenditures, which may ul-
timately lead to new mines in the province. As in previous
years, the volume also publishes studies by university and
industry authors.

This past year, the British Columbia Geological Sur-
vey regional field surveys and collaborative geoscience
studies were delivered largely through partnerships with
government, industry and universities. The Geological
Survey of Canada was a strong partner in the Iskut and
Toodoggone field programs in northern British Columbia
through their Targeted Geoscience Initiatives Program. Ar-
ticles in this volume include reports on continuing pro-
grams of regional mapping and geochemical surveys in the
area north and east of the Eskay Creek gold mine and in the
Toodoggone mining camp north of Kemess mine.

Industry partnerships provided operating funds and
access to private sector information for both the porphyry
copper-gold program (Galore Creek, Iron Mask and Mt
Polley) and the Kalum gold project near Terrace.

Two articles report results of investigations into the
province's diamond potential. They provide significant
new information on the setting and increased potential for
discoveries in the northeast corner of British Columbia.

Geological Fieldwork 2004, Paper 2005-1

This volume also includes 16 articles derived from
projects funded, at least in part, by the BC and Yukon
Chamber of Mines through their Rocks to Riches program.
These span a wide spectrum from geochemical and geo-
physical surveys, geological mapping and to new tools for
accessing the provincial databases.

During the past year the Geological Survey Branch
published Geological Fieldwork 2003, 17 Open Files, 4
Geoscience Maps, 13 GeoFiles, 7 Information Circulars
and 1 Paper. Geoscience publications are now routinely
posted to the Ministry of Energy and Mines website.
MapPlace, one of the world's premier geoscience
internet-map systems, continues to improve with the addi-
tion of new tools and data layers. The site is expected to ex-
ceed four million hits in 2004.

This Fieldwork volume reflects the hard work and ex-
pertise of numerous authors who have earned our thanks
for their contributions. The articles have been improved by
peer and supervisor review. The quality services of RnD
Technical are acknowledged for their help in publication
production. Again, for yet another year, Brian Grant earns
special commendation for coordinating the organization
and publication of the volume.

D.V. Lefebure
Director — Chief Geologist
Geological Survey Branch

il



British Columbia Geological Survey



CONTENTS

Alldrick, D.J., Nelson, J.L. and Barresi, T.: Geology and
Mineral Deposits of the Upper Iskut River Area: Track-
ing the Eskay Rift through Northern BC. . ......... .. 1

Barresi, T., Nelson, J.L., Alldrick, D.J. and Dostal, J.:
Pillow Basalt Ridge Facies: Detailed Mapping of Eskay
Creek—Equivalent Stratigraphy in Northwestern BC. . . 31

Barresi, T. and Dostal, J.: Geochemistry and Petrography
of Upper Hazelton Volcanics: VHMS-Favourable
Stratigraphy in the Iskut River and Telegraph Creek
Map Areas, Northwestern BC . .................. 39

Mortensen, J.K., Wojdak, P., Macdonald, R., Gordee,
S.M. and Gabites, J.E.: Regional Studies of VMS
Mineralization and Potential within the Early Jurassic
Hazelton Group, West-Central BC . ............... 49

Lett, R.E., Friske, P.W.B. and Jackaman, W.: National
Geochemical Reconnaissance Program in Northwestern
BC: Bowser Lake Regional Geochemical Survey. . . .. 61

Mihalynuk, M.G. and Friedman, R.M.: Gold and Base
Metal Mineralization near Kitsumkalum Lake, North
of Terrace, West-Central BC .. ................... 67

Canil, D., Mihalynuk, M.G. and Charnell, C.: Heavy
Mineral Sampling and Provenance Studies for Poten-
tially Diamond-Bearing Source Rocks in the Jurassic
Laberge Group, Atlin-Nakina Area, Northwestern BC . 83

Diakow, L., Nixon, G., Lane, B. and Rhodes, R.:
Toodoggone Geoscience Partnership: Preliminary Bed-
rock Mapping Results from the Swannell Range: Finlay
River-Toodoggone River Area, North-Central BC. ... 93

Schiarizza, P. and Tan, S.H.: Geology and Mineral
Occurrences of Quesnel Terrane between the Mesil-
inka River and Wrede Creek, North-Central BC. . . .. 109

Maclntyre, D.G. and Payie, G.: Geological Setting and
Economic Potential of Gold Occurrences in the
Kliyul Creek—Solo Lake Area, North-Central BC. . .. 131

Friedman, F., Gabites, J., and Schiarizza, P.: U-Pb and
K-Ar Isotopic Dates from the Beece Creek—Tatlayoko
Lake Area, Southwestern BC ... ................ 153

Johnston S.T. and Pyle, L.: Aley Carbonatite: A Paleozoic
Iron Oxide Copper Gold (IOCG) Deposit in North-

Scheel, E., Nixon, G.T., and Scoates, J.S.: Geology of the
Turnagain Alaskan-type Ultramafic Intrusive Suite and
Associated Ni-Cu-PGE Mineralization, BC ........ 167

Hora, Z.D., Langrova, A. and Pivec, E.: Contribution to the
Mineralogy of the Arthur Point Rhodonite Deposit,
Southwestern BC. .. ............ ... ... ....... 177

Lett, R.E. and Ronning, C.: Towards a Rock Geochemical
Atlasfor BC .. ... ... ... ... . .. 187

Geological Fieldwork 2004, Paper 2005-1

ROCKS TO RICHES

Deyell, C.L. and Tosdal, R.M.: Alkalic Cu-Au Deposits
of BC: Sulphur Isotope Zonation as a Guide to
Mineral Exploration . ......................... 191

Greene, A.R., Scoates, J.S. and Weis, D.: Wrangellia
Terrane on Vancouver Island: Distribution of Flood
Basalts with Implications for Potential Ni-Cu-PGE
Mineralization in Southwestern BC .. ............ 209

Jackaman, W.: Spatsizi River Stream Sediment and
Water Survey, Northwestern BC .. ............... 221

Hoy T. and Jackaman, W.: Geology of the Grand Forks
Map Sheet, Southeastern BC. . .................. 225

Kilby, W.E.: MapPlace.ca Image Analysis Toolbox, BC:
Phase2 ....... ..o 231

Logan, J.M.: Alkaline Magmatism and Porphyry Cu-Au
Deposits at Galore Creek, Northwestern BC. ... .. .. 237

Logan, J.M. and Mihalynuk, M.G.: Regional Geology and
Setting of the Cariboo, Bell, Springer and Northeast
Porphyry Cu-Au Zones at Mount Polley, South-Central
BC . o 249

Logan, J.M and Mihalynuk, M.G.: Porphyry Cu-Au Dep-
osits of the Iron Mask Batholith, Southeastern BC . . . 271

Mahoney, J.B., Hooper, R.L., Gordee, S.M., Haggart, J.W.
and Mortensen, J.K.: Initial Evaluation of Bedrock
Geology and Economic Mineralization Potential of
Southern Whitesail Lake Area, West-Central BC ... 291

Marshall, D., Close, S., Podstawskyj, N. and Aichmeier, A.:
Gold Mineralization and Geology in the Zeballos Area,
Nootka Sound, Southwestern BC .. .............. 301

Gordee, S.M., Mortensen, J.K., Mahoney, J.B. and Hooper,
R.L.: Volcanostratigraphy, Lithogeochemistry and U-Pb
Geochronology of the Upper Hazelton Group, West-
Central BC: Implications for Eskay Creek—Type VMS
Mineralization in Southwest Stikinia. .. ........... 311

Shives, R.B.K.: Helicopterborne Gamma-Ray Spectrometric
and Magnetic Surveys, Central BC: Status Report . . . 323

Simandl, G.J., Ferbey, T., Levson, V.M., Demchuk, T.E.,
Smith, I.R. and Kjarsgaard, I.: Kimberlite Indicator
Minerals in the Fort Nelson Area, Northeastern BC . . 325

Simandl, G.J. and Davis, W.: Cratonic Basement in
Northeastern BC: New U-Pb. ................... 337

Simmons, A.T., Tosdal, R.M., Baker, D.E.L., Friedman,
R.M. and Ullrich T.D.: Late Cretaceous Volcanoplutonic
Arcs in Northwestern BC: Implications for Porphyry and
Epithermal Deposits . ......................... 347

Smyth, C.P.: Workshops on Multielement and Multisite
Regional Geochemical Survey (RGS) Anomalies Meriting
Follow-Up Work in BC........................ 361



Vi

British Columbia Geological Survey



Geology and Mineral Occurrences of the Upper Iskut River Area: Tracking the
Eskay Rift through Northern British Columbia
(Telegraph Creek NTS 104G/1, 2; Iskut River NTS 104B/9, 10, 15, 16)

By D.J. Alldrick®, J.L. Nelson* and T Barresi?

KEYWORDS: bedrock mapping, Eskay Creek, Eskay
Rift, Hazelton Group, Stuhini Group, mineral deposits,
VMS, Targeted Geoscience Initiative-11 (TGI-II)

INTRODUCTION

The Eskay Creek gold-silver mine, located in
northwest British Columbia, is the highest-grade
precious-metal volcanogenic massive sulphide deposit
in the world. The mining industry continues to spend
more than $2 million each year on exploration for
similar deposits in the area. The geologic setting at the
minesite is well studied, but large tracts in north-central
British Columbia require more detailed surveys to
determine if favourable sites exist for formation and
preservation of additional deposits. In 2003, the British
Columbia Geological Survey and the Geological Survey
of Canada launched a two-year mapping program to
delineate the ore horizon through the region north of the
mine, and to assess potential for additional Eskay Creek
type deposits. This horizon lies within Lower to Middle
Jurassic, arc-related, rift sequence rocks along the
northwest perimeter of the Bowser Basin, a large
(48,000 km? Middle Jurassic to Early Cretaceous
sedimentary basin (Fig. 1).

The field portion of the project has now covered
1,300 km? extending 125 km north from the Eskay
Creek mine to the Red Chris deposit (Fig. 2). The paved
Stewart-Cassiar Highway (Highway 37) runs northward
along the eastern edge of the map area. In 2003, the first
field season, an eight-person team mapped 70 km along
the rift sequence between Kinaskan Lake and More
Creek (Fig. 2). In 2004, three geologists mapped 40 km
along the rift sequence between More Creek and
Palmiere (Volcano) Creek. Ongoing work will include
compilation from published sources and completion of
two final 1:50,000-scale maps and one 1:100,000-scale
map, scheduled for release in 2005.

! British Columbia Ministry of Energy and Mines, Email:
Dani.Alldrick@gems6.gov.bc.ca

2 Department of Earth Science, Dalhousie University
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Figure 1. Project location map showing Bowser Basin (BB).
Modified from Logan (2000).

The project area straddles the eastern edge of the
Coast Mountains and the broad valley of the upper Iskut
River. This area lies within the Tahltan First Nation
traditional area and they participated directly in this
project. ~ Topography varies from rounded glacial
valleys along the upper Iskut River, to the extensive
Spatsizi Plateau, to high serrated ridges and peaks that
are being actively glaciated. Elevations range from 250
m above sea level at the confluence of Iskut River and
Forrest Kerr Creek, up to 2,662 m at the summit of
Hankin Peak in the west-central region of the field area.
Mount Edziza can be seen rising to 2780 m near the
northern boundary of the study area. Vegetation
comprises boreal spruce-pine-fir forest at low
elevations. Timberline is at 1400 m elevation with
subalpine fir and meadow areas above.

Regional-scale geology maps and reports for this
area include Operation Stikine (1957), Souther (1972),
Read et al. (1989), Evenchick (1991), Logan et al.
(1990, 1992, 1993, 1997, 2000), Gunning (1996), Ash et
al. (1995, 1996, 1997a, 1997b) and Evenchick et al.
(2002) (Fig. 2). Detailed geological maps are available



in theses by Schmitt (1977) and Kaip (1997) and in
many company assessment reports cited in ARIS and
MINFILE. The most recent and most comprehensive
study of the Eskay Creek orebodies is the PhD thesis by
Tina Roth (2002) which offers an extensive
bibliography of all previous reports on the deposit,
including many progress reports and final reports that
were part of the Iskut Metallogeny Project of the
Mineral Deposits Research Unit at the University of
British Columbia (Macdonald et al., 1996).

Anderson (1993) interpreted the present study area
as the northern extension of a large fault-bounded belt
or rift. Sections of this rift have been mapped at
1:50,000 scale by Read (1991), Logan et al. (1990,
1992, 1993) and Ash et al. (1997b). The current project
will complete 1:50,000-scale coverage between these
earlier mapping projects, with more detailed mapping of
the strata of the upper Hazelton Group, and detailed
stratigraphic investigations within the Eskay Rift (e.g.
Simpson and Nelson, 2004; Barresi et al., this volume).
The federal and provincial governments have jointly
funded this study as part of the "Bowser Basin Energy
and Mineral Resource Potential Targeted Geoscience
Initiative".

REGIONAL GEOLOGIC SETTING

The project area lies on the western edge of the
Intermontane Tectonic Belt, within Stikine terrane, and
is bounded to the east by the Bowser sedimentary basin
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(Fig. 1). It straddles the tectonic elements of the Bowser
structural basin and the Stikine Arch to the northwest.

Souther (1972) and Logan et al. (2000) describe the
geological history of the area as a series of five mid-
Paleozoic to mid-Mesozoic volcanic arcs developed in
sediment-poor and sediment-rich marine settings. Lulls
in volcanism at the Triassic-Jurassic boundary and in
the uppermost Lower Jurassic were marked by tectonic
uplift, deformation and erosion, termed the Inklinian
and Nassian orogenies respectively (Souther, 1972).

Strata range in age from Devonian to Holocene
(Fig. 3). The major stratigraphic units exposed within
the project area are the Paleozoic Stikine Assemblage,
Triassic Stuhini Group, Lower to Middle Jurassic
Hazelton Group, Jurassic-Cretaceous Bowser Lake
Group and Pleistocene Mount Edziza Complex. The
Stikine Assemblage was defined by a Geological
Survey of Canada team (Operation Stikine, 1957) and
has most recently been described by Logan et al.
(2000). It consists of Early Devonian to mid-Permian
volcanic and sedimentary strata, characterized by thick
carbonate members. The Upper Triassic Stuhini Group
typically consists of pyroxene porphyritic basalt flows
and breccias with intercalated clastic sedimentary rocks
and minor carbonate units. The Early to Middle Jurassic
Hazelton Group is an island arc succession composed of
a lower package of intermediate volcanic rocks and
derived clastic sedimentary units; a middle interval of
thin, but widely distributed felsic volcanic rocks; and an
upper unit of fine clastic sedimentary rocks with local
bimodal volcanic rocks dominated by basalt.

:] This report

Evenchick and Thorkelson (2004)
Ash et al. (1997)

Logan et al. (1997)

Logan and Koyanagi (1989, 1994)

Bradford and Brown (1993)

Stikine Project - Geoscience
Maps 1993-3 to 1993-6

Souther (1992)

Alldrick et al. (1987, 1988,
1989, 1990, 1991, 1992)

Read et al. (1989)
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Kerr (1948)
X Mine or Developed prospect

Figure 2. Current project outline and previous geologic mapping. Modified from Logan (2000).
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Carbonate units are rare or absent in Hazelton
Group strata. The Middle Jurassic to Early Cretaceous
Bowser Lake Group is a thick, clastic marine
sedimentary succession. Miocene to Recent volcanic
strata from the Mount Edziza volcanic complex blanket
the northwest part of the project area.

Regional-scale unconformities within the study area
include a Late Permian - Early Triassic unconformity, a
Late Triassic - Early Jurassic angular unconformity and
nonconformity, and a late Early Jurassic angular
unconformity.

Logan et al. (2000) describe five plutonic episodes
in the area (Middle to Late Triassic Stikine; Late
Triassic to Early Jurassic Copper Mountain; Early
Jurassic Texas Creek; Middle Jurassic Three Sisters;
Eocene Hyder). The four youngest plutonic suites
generated important mineral deposits.

To the south, mid-Cretaceous regional
metamorphism reached a maximum grade of lower
greenschist facies (Alldrick, 1993). In the current field
area, chlorite is rare to absent and prehnite is present,
thus the regional metamorphic grade is interpreted as
sub-greenschist, mid-prehnite-pumpellyite  facies
(Alldrick et al., 2004).

GEOLOGY OF THE MAP AREA

Mapping in the 2004 field season covered
Paleozoic to Middle Jurassic strata at the southern end
of the two-year project area (Fig. 2). Several

topographic features in this year's map area have been
informally named to simplify description of locations
(Fig. 4). Simplified geology of the 2004 map area is
presented in Figure 5. Age control is provided by fossil
collections from Souther (1972), Read et al. (1989),
Logan et al. (2002) and Evenchick et al. (2001), and by
isotopic age dates tabulated in the new BCAge database
(Breitsprecher and Mortensen, 2004).

Stratified Rocks

STIKINE ASSEMBLAGE (MIDDLE TO
UPPER PALEOZOIC)

Volcanic and carbonate upper Paleozoic strata of
the Stikine Assemblage were mapped in this year's
survey. A large tract of complexly faulted Permian,
Triassic and Jurassic strata crops out immediately north
of Pillow Basalt Ridge, underlying a well glaciated
spine called Sixpack Range (Fig. 4 and 5). The strata
are emplaced along a series of south verging thrust
faults that stack Paleozoic to Jurassic stratigraphic
successions into three repetitions (Fig. 5).

Stikine Assemblage rock types exposed in this area
include green chloritic tuff, lapilli tuff, massive
andesitic to dacitic feldspar-porphyritic flows, massive
and flow-banded dacite and rhyolite, pillow basalt,
tuffaceous and siliceous siltstone, ribbon chert and
several thin, highly recrystallized white carbonate beds.
These rocks are all interpreted to be Permian age.

JMiddIg
urassic
t
Ea?'ly (Bowser Lake Group)
Cretaceous
unconformity
((Upper Hazelton Group)
Lower
to - . .
Middle Iskut River faCleS/ / Downpour Creek facies
Jurassic Pillow Basalt Ridge facies/ /Sixpack Range facies / / Forgold facies
Lower
Jurassic (Lower Hazelton Group)
Upper —
Triassic (‘Stuhini Group)
Mid to Upper —
Paleozoic (Stlklne Assemblage)

Figure 3. Schematic regional stratigraphy of the 2004 map area.
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Permian strata are strongly foliated everywhere and
multiple generations of foliation are apparent in most
outcrops. Thin-bedded units may also show
crenulations. Bedding is parallel or sub-parallel to the
foliation. Some weathered outcrop surfaces in the
carbonate rocks reveal sparse crinoid ossicles that are
not visible on fresh surfaces of the recrystallized
limestone.

Basal contacts are thrust faults. Upper contacts are
commonly erosional unconformities. In one location
close to Forrest Kerr Creek, pillow lavas of Early to
Middle Jurassic age (?) lie unconformably upon
strongly foliated Paleozoic strata.

STUHINI GROUP (UPPER TRIASSIC)

In the map area, the Stuhini Group consists of
mafic to felsic (dacitic) volcanic flows; thin-bedded,
interbedded black and olive green waterlain tuffs;
derived clastic sediments including orange-weathering
carbonate cemented sandstones; siliceous black
siltstones; black and white limestone beds; and weakly
pyritic black rhyolite and white rhyolite units.

Pyroxene-bearing basalts are common and typically
fine-grained to weakly augite +/- feldspar porphyritic.
Thick (20-30 m) massive andesitic to dacitic flow units
are finely feldspar porphyritic and show faint columnar
jointing in cliff-face exposures.

Extensive orange-weathering, well-sorted
sandstone forms a thick stratigraphic interval that
includes intercalated black siliceous siltstone, massive
black and white limestone units and regionally
extensive, flow-layered chert that varies from black to
pale grey to white, and carries dust-size disseminated
pyrite. Individual horizons within the buff- to orange-
weathering sandstone host fossil wood debris.

The pyritic rhyolite units have been explored in
three separate locations (Bench, Sinter and Southmore
prospects) where structurally disrupted, crackled rhy-
olite beds are highly gossanous. Upper Triassic copper-
bearing mafic volcanics exposed between 1800 to 2000
m elevation near the crest of Sixpack Range have not
yet been explored (see Malachite Peak prospect).

On the southeast side of the Sixpack Range, these
strata are cut by two small diorite and gabbro plugs and
by a more extensive sill of hornblende and plagioclase
porphyritic, potassium feldspar megacrystic
granodiorite similar to the intrusions of the Texas Creek
Suite exposed elsewhere in this region.

HAZELTON GROUP (LOWER TO MIDDLE
JURASSIC)
Lower Jurassic

Strata of the Lower Hazelton Group form two belts
in the northern part of the map area (Fig. 5). Northeast

of Downpour Creek, a dominantly volcanic sequence
includes andesite and rhyolite flows, hematitic epiclastic
siltstones, sandstones and coarse, heterolithic epiclastic
conglomerates, and black siltstones. The calcareous
sandstone units are favourable hosts for fossil wood
debris and fossil-rich bioclastic horizons that contain
ammonites and bivalves. A collection from one of these
intervals contains Sinemurian ammonites (Logan et al.,
2000, p. 45).

A second, north-trending belt of feldspar-phyric

extrusive dacites and related plagioclase (£ Kspar)
phyric granodiorite to monzonite intrusions lies along
the eastern side of the Forrest Kerr fault from the
headwaters of Downpour Creek to north of More Creek.
As described below, numerous showings and alteration
zones on the RDN claims are related to this unit,
including the Marcasite Gossan and the spectacular
Gossan Creek Porphyry gossan. Three U-Pb ages of
193.0+1.3 Ma, 193.6+0.3 Ma and 193.6+1.0 Ma on both
intrusive and extrusive bodies establish the age of these
rocks as Late Sinemurian (Mortensen et al., this
volume). It is thus coeval with, but different in character
from, the sequence east of Downpour Creek, giving an
insight into the degree of local variability of volcanic
facies in the lower Hazelton Group.

Lower to Middle Jurassic

Rocks of probable late Early Jurassic (Toarcian) to
Middle Jurassic (Aalenian to Bathonian) age occur in
several distinct outcrop areas located between Forrest
Kerr Creek to the west, More Creek to the north, and the
Iskut River to the east (Fig. 5). The different outcrop
areas are described here as five different facies packages
(Fig. 3 and 5) because of the pronounced variations in
stratigraphy and thicknesses between them.

These units are considered to be broadly coeval
(Fig. 3), although precise age controls are lacking in
most areas. The Downpour Creek facies has been dated
as Toarcian through Bathonian, based on macrofossils,
conodonts and radiolaria (Read et al., 1989; Logan et
al., 2000). The thick pile of pillow basalts that
dominates the Pillow Basalt Ridge (PBR) facies has
been correlated with the Middle Jurassic hangingwall
basalt unit at the Eskay Creek mine. Similar, although
much thinner, basalts crop out sporadically northwards
from western PBR into the Forgold area. The Sixpack
Range facies lies unconformably on Paleozoic and
Triassic basement, and interfingers with and underlies
the Downpour Creek facies. The Iskut River unit
contains fossils dated as Middle to possibly early Late
Jurassic (Collection F141, Read et al., 1989). The Iskut
River unit continues south and east across the Iskut
River, to Iskut-Palmiere Ridge, where it overlies a
basalt unit that is correlated with the hangingwall basalt
at the Eskay Creek mine.

British Columbia Geological Survey
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Andesite breccia, clastic
sedimentary strata

Dacite and dacite volcaniclastics

Rhyolite
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Intrusive Rocks
Eocene(?)
Quartz-phyric rhyolite

Figure 5. Simplified geologic map of the More Creek - Palmiere Creek area.
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Pillow Basalt Ridge (PBR facies)

Pillow Basalt Ridge is 12 km long and 6 km wide.
It is the main ridge between the Iskut River and lower
Forest Kerr Creek. With the exception of overlying
Iskut River unit rocks exposed at lower elevations to the
east and south, the entire ridge is composed of PBR
facies rocks. To the west, the Forest Kerr fault
juxtaposes the PBR facies against Paleozoic rocks. To
the north, the Kerr Bend fault thrusts Paleozoic, Triassic
and Jurassic strata over PBR.

Features of the PBR facies are summarized here;
they are fully described in Barresi et al. (this volume).
Pillow Basalt Ridge is composed of over 2000 m of
mostly pillow basalt and pillow basalt breccia. A
“Middle Unit” of variable thickness within the pillow
basalt sequence is composed of more than 50% mafic
rock (fine- to medium-grained massive basalt and
pillow basalt), rhyolite flows, domes, and breccias, and
fine-grained siliceous pyritic argillite and tuff. Some
individual rhyolite and sedimentary horizons within this
bimodal igneous-sedimentary Middle Unit can be traced
for at least 3 km along strike.

The voluminous volcanic rock and large regional
extent of the Pillow Basalt Ridge facies suggests
deposition within a major Middle Jurassic rift segment,
similar to that of Table Mountain, located to the north
(Alldrick et al., 2004; Simpson and Nelson, 2004). The
discovery of the bimodal igneous/sedimentary Middle
Unit within the PBR facies indicates that significant
intervals with potential to form and preserve Eskay
Creek-style mineralization may be present within
extensive, less prospective pillow basalt sequences
throughout the length of the Eskay rift.

The PBR facies is overlain by two separate units:
the Iskut River facies, described in the following
section; and a homogeneous, siltstone-dominated unit
that occupies the core of a small northeast-trending
syncline next to the Kerr Bend fault (Barresi et al., this
volume). In the syncline, a transitional contact is
observed. Pillow basalts interfinger with sand-laminated
siltstone and limy siltstone fills inter-pillow interstices.
The sedimentary rock types within this unit, and the
nature of its contact with the PBR basalts, are in strong
contrast to the Iskut River unit.

Iskut River unit

The Iskut River unit overlies the PBR facies in the
lowlands along the west side of the Iskut River (Fig. 5),
east and downslope of the crest of Pillow Basalt Ridge,
and on the low hill south of Pillow Basalt Ridge and
extending into the Iskut River Canyon near the old BC
Hydro camp (Fig. 4). Correlative strata occur on the
Iskut-Palmiere Ridge, where they lie depositionally
between basalt assigned to the Eskay hangingwall unit,
and basal strata of the Bowser Lake Group. A fossil age
for this unit, from samples collected along the Iskut
River canyon, is Middle Jurassic or possibly early Late
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Jurassic (Collection F141; H.W. Tipper in Read et al.,
1989), making it one of the younger units in the Lower-
Middle Jurassic Eskay Rift sequence.

Downbhill and east of Pillow Basalt Ridge, the Iskut
River unit consists of mixed siliciclastic and felsic
volcanic strata, with a preponderance of coarse clastic
material. The felsic rocks are mostly light green to pale
grey volcaniclastics, rhyolite and dacite breccias, and
fine crystal-dust tuffs. One outcrop ridge of massive
rhyolite was located in the course of two traverses in the
area; it is likely that more could be identified with
further detailed work. The siliciclastics comprise
interbedded white arkosic sandstone, sedimentary
breccia, quartz-feldspar granule conglomerate and dark
grey silty argillite. In some areas, thinly interbedded
sandstone and argillite resemble the Bowser Lake
Group. They are distinguishable, however, based on the
presence of felsic detritus and the absence of chert clasts
in the sandstones, and on the presence of interbeds of
felsic volcaniclastic material. In other exposures,
bedding is uneven and soft-sediment deformation
features and sedimentary intraclasts are present. A
notable feature of this sequence is the common
occurrence of large felsic volcaniclastic olistoliths as
well as small white, pale green and bright sea-green
felsic clasts within sedimentary breccias. They show
irregular, wispy outlines indicative of incorporation in
the matrix while still unconsolidated. Felsic detritus
decreases in abundance northward. North of Pillow
Basalt Ridge (north of the Kerr Bend fault), the
sequence consists of a thick, cliff-forming unit of white
arkosic sandstone overlain by dark grey slate that
extends east as far as the Iskut River.

South of Pillow Basalt Ridge, the Iskut River unit is
dominated by dacitic volcaniclastic material, with
subordinate black argillite and other rock types. The
felsic breccias are chaotic and unsorted. Clasts range in
size up to olistoliths many metres across. All clasts are
angular. Concentrations of coarser clasts show incipient
fragmental (crackle breccia) to disaggregated (mosaic
breccia) textures. Pulverised, fine-grained, sand-sized
material occurs as both the clast component with an
aphanitic groundmass, and as the groundmass
component to larger clast populations. The source
volcanic rock, as seen in clasts, is pale green, aphanitic
to porphyritic dacite with small, sparse feldspar crystals.
Massive dacite is rare. One outcrop of black, flow-
banded rhyolite was noted. Its contact relationships are
unknown, it could be either a local flow or a large block
within the breccia.

Read et al. (1989) show a single outcrop of
limestone at the base of the felsic unit on the south slope
of Pillow Basalt Ridge from which they extracted Early
Permian conodonts (collection F129). This limestone is
an olistostromal block surrounded by felsic breccia
matrix. Other smaller limestone exposures occur within
the felsic breccia. The nearest present exposures of
Early Permian limestone are 4 km west of Forrest Kerr



Creek, and 10 km to the north within the uplifted block
of Paleozoic rocks north of the Kerr Bend fault.

The hill immediately south of Pillow Basalt Ridge,
and immediately northeast of the mouth of Forrest Kerr
Creek is underlain by basalt, andesite and dacite flows
or tuffs and mixed sedimentary rocks, and is intruded by
small diorite and gabbro plugs. This strata is cut by a
recent volcanic chimney south of the hill's summit area,
where a small circular lake fills the vent. Carbonates on
this hill have given Triassic conodont ages (Collection
F138, Read et al., 1989); they could be olistrostromes
like the Paleozoic body described above.

North of Palmiere (Volcano) Creek, a thin unit of
felsic volcaniclastics and argillite crops out in the saddle
between the main high ridge to the northeast and the
small spur that overlooks the lower Iskut River Valley
to the west. The lower part of this unit consists of
chaotic, unsorted felsic breccia similar to the breccias of
the Iskut River unit exposed at the south end of Pillow
Basalt Ridge. The source rock is a pale grey-green to
white, aphanitic to microporphyritic dacite or rhyolite.
Clasts of medium-grained granodiorite are also present
in the breccia. Most common are angular-clast breccias
and crystal-dust tuffs, all without visible bedding.
Rhyolite mosaic breccia with a black, siliceous matrix is
present in places. The felsic breccias are overlain
transitionally by black, siliceous, pyritic argillite which
hosts the Iskut-Palmiere mineral occurrence. Beds of
felsic breccia and individual felsic clasts occur within
the basal part of the argillite. All these rocks overlie
basalt, which is correlated with the Eskay hangingwall
unit and the PBR basalts, and these rocks are overlain in
turn by sandstones and mudstones of the Bowser Lake
Group.

The Iskut River unit overlies the pillow basalts and
siliceous siltstones of Pillow Basalt Ridge facies with
angular discordance, truncating units in the gently
folded underlying sequence. A strong set of
northeasterly topographic linears on southeastern PBR,
interpreted as flow-layering between separate eruptions
of pillow basalt, is deflected northwards towards the
base of the Iskut River unit. The Kerr Bend fault does
not penetrate the base of the Iskut River unit. North of
the fault, Iskut River unit arkose overlies rocks of the
hangingwall strata of the Kerr Bend fault. The upper
contact of the Iskut River unit with the Bowser Lake
Group was not observed during this study.

The Iskut River unit exhibits a marked departure in
volcanic and sedimentary regime from the underlying
PBR facies. Quiet basalt effusion was succeeded by
explosive felsic, mainly dacitic volcanism, while the
pelagic, distal sedimentation associated with PBR was
succeeded by coarse siliciclastic sedimentation in the
Iskut River unit. Steep slopes are indicated by coarse
grain sizes, synsedimentary deformation, and olistoliths
sourced from both felsic breccias within the sequence,
and from Paleozoic and Triassic limestones and
possibly other strata from within the basement. Its

unconformable relationships with the PBR rocks and
with the Kerr Bend fault suggest that it postdated thrust
displacement on the fault. Thus the Iskut River unit
marks a profound change in basin geometry, with
renewed uplift of rift margins, fault reactivation and the
development of new fault patterns.

Forgold facies and the Four Corners complex

The Forgold facies, which hosts the Four Corners
volcanic complex, is located east of Forest Kerr Creek,
and south of the headwaters of Downpour Creek. Itis a
north-south elongated, fault-bounded segment of mainly
volcanic rock, inferred to be Middle Jurassic rift-related
strata (pending U/Pb dates). The main Forest Kerr fault
to the west, and a splay of the Forest Kerr fault to the
east, juxtapose the Forgold facies units with Paleozoic,
Triassic and Lower Jurassic units. To the south, basalts
of the Forgold facies lie in unconformable contact on
Paleozoic and Triassic strata, exposed in a waterfall as
remnant patches of undeformed pillow basalt resting on
highly deformed basement. At the northernmost extent
of the Forgold facies, on the eastern side of Downpour
Creek’s headwaters, pillow basalts lie in unconformable
contact on Lower Jurassic strata to the west and in
faulted contact with Triassic strata to the east.

Overall, the volcanic and sedimentary rocks of the
Forgold facies are similar to those of Pillow Basalt
Ridge. In contrast to Pillow Basalt Ridge, the Forgold
facies is dominated by a local felsic volcanic centre (the
Four Corners complex) which is similar to, but larger
than, the volcanic complexes found in the Middle Unit
of the Pillow Basalt Ridge facies. With the exception of
the Four Corners felsic volcanic complex, the Forgold
facies is composed of aphanitic, rarely vesicular, pillow
basalt, pillow basalt breccia, and rare flow-banded
basalt.

The Four Corners complex is a volcanic centre
composed of intrusive and extrusive felsites and fine- to
medium-grained basalt, with onlapping pillow basalts
and fine, siliceous sedimentary rock. The structural
orientations of sedimentary and layered volcanic rocks
on and around the dome are largely controlled by the
paleotopography of the dome. The core of the dome is
composed of feldspar-phyric felsic rock (Fig. 6a) that is
crosscut by 1 to 3 m thick aphanitic and feldspar phyric,
flow-banded rhyolite dikes, and sets of medium-grained
diabase (basalt) dikes. Near the core of the dome, the
contacts between felsic and mafic dikes, and between
the dikes and the surrounding dome, are amoeboid (Fig.
6b), indicating that they are magma-mixing textures
developed between coeval intrusions. The flanks of the
dome are composed of 1 to 5 m thick, layered rhyolite
flows with interbedded layers of siliceous sedimentary
rocks, massive basalt flows and pillow basalt flows. All
are crosscut by rhyolite dikes. Overlying the felsic
dome are a decreasing proportion of coarse-grained,
massive basalt and fine-grained rhyolite flows, and an
increasing proportion of pillow basalt flows. Felsic
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Figure 6. A) Rhyolite intrusion in the centre of the Four Corners complex. B) Detail of irregular
contacts between felsic and mafic dikes in the complex, indicating coeval emplacement.
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dikes are less common. Basalt that erupted above the
felsic dome was likely superheated, as suggested by the
presence of fire fountain deposits.

The suite of rocks that comprise the Four Corners
complex and immediate surrounding area is similar to
that found in the Middle Unit of the Pillow Basalt Ridge
facies. Felsic rocks include aphanitic white and cream
weathering, flow-banded rhyolite with semi-translucent
fresh surfaces; and white to salmon weathering feldspar-
phyric rhyolite. These are accompanied by medium-
grained basalt that has characteristic radiating feldspar
microlites (first described near the Eskay Creek mine by
Lewis et al. [2001]) and, in places, a distinctive
glomeroporphyritic texture of feldspar and/or pyroxene.
On the flanks of the dome, these rocks are extrusive,
and take the form of breccias and flows. In one
location, a breccia of toppled columnar-jointed basalt is
preserved.  Onlapping sedimentary rocks are rusty
weathering, siliceous, pyritic, fine-grained, dark grey to
black mudstones and/or tuff and/or chert. They are
bedded on a 1 to 15 cm scale and have sharply eroded
upper contacts. Some beds have spherical, white
weathering crystals up to 1 cm in diameter, similar to
prehnite found in the mudstones at Eskay Creek mine
and on Pillow Basalt Ridge (Ettlinger, 2001; Barresi et
al., this volume).

The Forgold facies is fault bounded. Consequently
its relationship to other rift fragments is uncertain. The
facies bears a strong resemblance to that of Pillow
Basalt Ridge, and may represent a narrower northern
extension of the rift basin that accommodated the Pillow
Basalt Ridge facies. Alternatively it may be an
independent rift fragment. The unconformable contact
between this facies and underlying Upper Paleozoic,
Upper Triassic and Lower Jurassic strata suggests that it
was deposited on a block of these strata which had
already undergone significant uplift and erosion.

Sixpack Range facies

Strata of the Upper Hazelton Group crop out
extensively on the eastern slopes of Sixpack Range,
extending from the Kerr Bend fault in the south to
Downpour Creek in the north.

The basal units are well exposed immediately north
of Kerr Bend fault. The basal talus breccia (Fig. 7a) is
overlain by a thick (>500 m) interval of massive
crystalline basalt flows cut by rare white rhyolite dikes,
sills and flows. Towards the top of this thick mafic
volcanic interval, these rocks are progressively
interlayered with overlying monolithic to heterolithic
volcanic breccias, conglomerates and sandstones.
These thick sequences of volcanic sandstones and
granule to pebble conglomerates consist predominantly
of felsic volcanic clasts. Locally, clast composition
varies and can include up to 20% limestone clasts, up to
25% hornblende-plagioclase porphyritic potassium
feldspar megacrystic granodiorite clasts, or up to 10%
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black siltstone clasts. Local concentrations of scattered
clasts of pyritic siltstone produce weakly gossanous
weathered surfaces. Sandstones locally display graded
bedding and good cross-bedding (Fig. 7b and 7c).
Intercalated rock units are grey to black limestone,
black siltstone, a single minor rhyolite flow, and minor
sills and dikes of rhyolite and hornblende-plagioclase
porphyritic potassium feldspar megacrystic
granodiorite.

At its southern limit, the base of this stratigraphic
unit is a thick talus breccia of predominantly carbonate
clasts, that rests unconformably above foliated Permian
carbonate rocks. The talus breccia evolves in character
moving away from the Permian footwall rocks,
changing from monolithic carbonate breccia, to
heterolithic, volcanic-dominated breccia to coarse, well-
bedded to cross-bedded sandstones and grits. These in
turn are overlain by the thick succession of massive
basalt flows.

Elsewhere the basal contact of the Jurassic strata is
an unconformity, overlying Triassic or Permian footwall
rocks (Fig. 7d). Where exposed, the upper contact for
this strata is a thrust fault contact, with overlying
Permian or Triassic rocks in the hangingwall.

Downpour Creek facies

The Downpour Creek facies is exposed north of
Downpour Creek on both sides of the pass that separates
Downpour Creek from More Creek. To the west, rocks
of this facies are cut off by the Forrest Kerr fault. Their
eastern limit is the north-striking Downpour Creek fault
that juxtaposes them against Lower Jurassic strata (Fig.
8a).

These rocks were previously mapped by Read et al.
(1989) and Logan et al. (2000). Remapping in 2004 has
led to a modified structural interpretation and revised
stratigraphic context. The Downpour Creek facies is
dominated by fine-grained clastic rocks, with less than
10% basalt, diabase, gabbro, and felsic volcanic and
intrusive rocks. Clastic rocks are dark grey to black
argillite with minor thin beds of orange-weathering
ankeritic siltstone and sandstone, and rare granule to
pebble conglomerate (Fig. 8b). Laminated siliceous
siltstone beds become more common in the higher parts
of the sequence, whereas coarser interbeds become
more rare.

A variety of volcanic rock suites are exposed in this
facies. Lenticular pillow basalt flows, black matrix
rhyolite breccia, and cobble conglomerate are present
within the thick sedimentary sequence. In addition, the
ridgetops to the west and northwest of Downpour Creek
are capped by volcanic and intrusive rock. The resistant
igneous caprock mapped by Logan et al. (2000)
includes Lower Jurassic and Middle Jurassic volcanic
sequences as well as mafic intrusive bodies. The Lower
Jurassic volcanic sequences, like those in the Middle
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Jurassic, have pillow basalts and rhyolites, but also
contain varied volcaniclastic rocks including volcanic
conglomerates and ash and lapilli tuffs. Complicating
the volcanic stratigraphy in this area are stocks of
diabase and gabbro that have the same radiating
microlites and glomeroporphyritic textures as the
extrusive Middle Jurassic basalt mapped at Pillow
Basalt Ridge, the Four Corners complex, and the
Sixpack Range.

The internal stratigraphy of the Downpour Creek
facies is not completely understood. Fossil collections
are reported from this unit by Souther (1972), Read et
al. (1989) and Logan et al. (2000). Along the ridgecrest
west of the pass between Downpour and More creeks,
Late Toarcian conodonts occur at two sites (Read et al.,
1989); however, Logan et al. (2000) report Bathonian
macrofossils from the same area. Further north, Logan
et al. (2000) collected an Aalenian ammonite. Souther
(1972) lists Middle Bajocian macrofossil collections
east of the pass. Structures in the Downpour Creek area
are complex, involving tight folds and multiple fault
strands that significantly modify the single syncline
inferred in Logan et al. (2000).

On the eastern side of Downpour Creek, fine-
grained sedimentary beds of the Downpour Creek facies
overlie coarse polymictic conglomerates of the Sixpack
Range facies in a gradational, interfingering contact. A
similar relationship can be inferred several kilometres to
the southwest near the headwaters of Downpour Creek,
in spite of extensive fault slivering. There,
conglomerates are accompanied by monolithologic,
chaotic, volcanic-derived debris-flow breccias and
minor basalt flows like those seen farther south in the
Sixpack Range. East of Downpour Creek, the
conglomerates are relatively thin and overlie
plagioclase-phyric volcanic rocks correlated with the
lower Hazelton Group (Fig. 8b). Based on these
observations, the Sixpack Range facies is interpreted as
a basal conglomerate to the finer-grained Downpour
Creek facies, and as its more southerly, coarse-grained,
more proximal equivalent.

Lower — Middle Jurassic facies summary

The units described above illustrate pronounced
facies variations in time and space that characterize the
late Early to early Middle Jurassic rift environment
between the Eskay Creek mine and More Creek.

Pillow Basalt Ridge facies is a 2000 m thick
basaltic sequence with a prominent interval in which
rhyolites and rhythmically bedded, siliceous, pyritic
siltstones are also important. The PBR basalt, which
thins dramatically southwards towards the Eskay Creek
mine, is overlain by coarse siliciclastic and felsic
breccia deposits of the Iskut River unit, which indicates
major felsic volcanic eruption and rapid erosion. This
unit records a higher energy depositional environment
that developed prior to the onset of Bowser Lake Group
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sedimentation. By contrast, in the syncline on
northwestern Pillow Basalt Ridge, only black argillite
interfingers with the uppermost PBR basalts, indicating
a more quiescent part of the basin.

The massif north of the Kerr Bend fault contains
two distinct facies (Fig. 9). On its eastern side, facing
the Iskut River, conglomerates, debris-flow breccias,
rhyolites and basalts of the Sixpack Range facies
unconformably overlie deformed Paleozoic and Triassic
basement. To the west, north of the Kerr Bend fault on
the slopes facing west over Forrest Kerr Creek and its
northern tributary, thin sediment-free pillow basalt
outliers of the Forgold facies unconformably overlie the
same basement. These sub-Middle Jurassic
unconformities on rocks as old as Paleozoic are unique
within the Eskay rift system: everywhere else, the base
of the sequence ranges from conformable on slightly
older Jurassic strata to an unconformity on Upper
Triassic or Lower Jurassic basement.

The relationships between these two facies, north of
Kerr Bend fault, to each other and to the Pillow Basalt
Ridge facies are not well understood. Clasts in the
polymictic conglomerates are correlated with Paleozoic
and early Mesozoic rocks in the core of the uplift and
with quartz-plagioclase-potassium feldspar porphyry
inrusions that are known to occur both in the core of the
uplift and to the northwest, along the northern tributary
of Forrest Kerr Creek. It seems reasonable to derive
these conglomerates from the west. If so, the lack of a
basal conglomerate below the pillow basalts on the west
side of the Sixpack Range must be explained. A
possible scenario is that this area was initially exposed
subaerially and eroded, and later became a north-
trending rift basin.

Both of these facies are juxtaposed abruptly with
the thick, monotonous pillow basalt pile south of the
Kerr Bend fault (Fig. 3 and 9). The base of the PBR
facies is not exposed. It is not known whether it has a
basal conglomerate like the Sixpack Range facies to the
northeast, or whether the pillow basalts lie directly on
older basement as seen to the northwest.

Facies relationships northwards into the Downpour
Creek area are clearer. The coarse, proximal Sixpack
Range facies passes northward into basinal sediments
and lesser bimodal igneous rocks of the Downpour
Creek facies (Fig. 9). The northernmost basalts of the
Forgold facies unconformably overlie Lower Jurassic
dacites in the headwaters of Downpour Creek, just
southwest of the proximal to distal transition in the
clastic strata. These basalts are over 200 m thick and
have no associated sedimentary strata, like those along
strike to the south in the western hangingwall strata
above the Kerr Bend fault.

The following scenario integrates the various facies
packages (Fig. 3 and 9). The Sixpack Range proximal
clastic facies is probably oldest, since it in part underlies
the Late Toarcian and younger Downpour Creek basinal
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Figure 8. Mid-Jurassic Downpour Creek facies exposures. A. View eastward to the fault contact of black,
carbonaceous Downpour Creek facies argillite and siltstone against Lower Jurassic rhyolite on Logan Ridge,
east of the Downpour Creek fault. B. Looking northwest towards the pass betweeen Downpour Creek and
More Creek. Downpour Creek facies argillites in foreground with thin ankeritic sandstone beds overlie
ankeritic lower Hazelton Group volcanics. Topographic linears in background are fault strands related to the
main Downpour Creek fault.
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A. In their inferred syn-rift structural context, and B. during later sinistral shear and basin inversion.

facies. We infer that these two clastic facies were
deposited on the eastern and northern flanks of a horst
within the Eskay rift system, now preserved as the
Paleozoic-Triassic uplift in the core of the Sixpack
Range. The horst could have been an elongate, north-
tilted block with steepest scarps along its southeastern
margin near the present Kerr Bend fault where the
coarsest conglomerates and breccias occur. We also
infer that the adjacent graben to the immediate south of
this scarp filled first with clastic detritus from the north,
and later became the site of eruption for the voluminous
PBR pillow basalts. The absence of a basal
conglomerate in the Forgold facies and Four Corners
complex suggests that these volcanic rocks were erupted
at a still later stage, as faulting and uplift waned and the
exposed highlands were drowned.

The Kerr Bend fault separates two distinctive
Middle Jurassic facies - a thick pile of basalts to the
south versus a clastic-dominated package to the north
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(Fig. 9). Thrust faults that demarcate abrupt facies and
thickness changes may be remobilized original growth
faults (McClay et al., 1989). As shown in Figure 9, the
locus of the present Kerr Bend fault is interpreted as a
remobilized graben-bounding fault which separated the
Sixpack Range horst from an adjacent graben to the
south.  The Kerr Bend fault corresponds roughly in
position and orientation to the precursor normal fault.
Read et al. (1989) inferred 2.5 km of post-Middle
Jurassic displacement on the Forrest Kerr fault, based
on offsets of the northeast- to east-northeast-trending
faults and folds such as the PBR anticline. These
features, which are only developed near the Forrest Kerr
fault, can be related kinematically to sinistral
transcurrent motion along it (Fig. 9 and 10).

The change in kinematics to sinistral transpression
first steepened the original fault surface, and then
overturned it to the south. Continued thrust motion on
this fault would have obscured any basal clastic facies
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rocks on the southern (PBR) side, by burying them in
the footwall.

Since deposition of the Iskut River unit likely post-
dates the last movement on the Kerr Bend fault, its
Middle to early Late Jurassic fossil age constrains the
episode of sinistral motion on the north-trending Forrest
Kerr fault and related deformation of the PBR facies to
a time immediately after the formation of the Eskay
Creek orebodies. Renewed high relief created by offsets
on the Forrest Kerr and Kerr Bend faults could account
for the high energy sedimentary environment in the unit
and gravity transport of olistoliths into the basin. This
model is revisited in the discussion of structure in the
area.

BOWSER LAKE GROUP

Strata of the Middle to Upper Jurassic Bowser Lake
Group overlap the older volcanic sequences along the
eastern part of the study area and have been most
recently mapped by Evenchick (1991) and Ricketts and
Evenchick (1991). To the east, stratigraphy and
nomenclature for the Bowser Lake Group in the Spatsizi
River map sheet (NTS 104H) have been wholly revised
and updated (Evenchick and Thorkelson, 2005).

Regionally, the basal contact of the Bowser Lake
Group grades upward from the upper sedimentary strata
of the Salmon River Formation (Spatsizi Formation) of
the underlying Hazelton Group. The Middle Jurassic
boundary between these similar sedimentary packages
roughly coincides with the Bajocian-Bathonian
transition at 166 Ma.

Anderson (1993) describes the lowest units within
the Bowser Lake Group as thin- to thick-bedded, fine-
to coarse-grained siliciclastic rocks including turbiditic
shale, siltstone, greywacke, fine- to medium-grained
sandstone and rare conglomerate. Anderson cautions
that these units are indistinguishable in the field from
similar rock types at the top of the underlying Salmon
River Formation of the Hazelton Group.

Evenchick (1991), mapping in the current study
area, correlated black siltstone, fine-grained sandstone
and minor to large proportions of chert pebble
conglomerate with the Ashman Formation of the
Bowser Lake Group. Evenchick and Thorkelson (2005)
note that the Hazelton Group - Bowser Lake Group
contact is gradational, however, they place the boundary
where thin, white-weathering tuffaceous laminae,
typical of the upper Spatsizi Formation (Salmon River
Formation), are no longer present in black siltstones.

Bowser Lake Group strata are well exposed along
Bandit Ridge, an east-trending ridge immediately
southwest of the mouth of Downpour Creek. The
western contact of this unit is an east-dipping fault
against older strata of the Sixpack Range facies.
Sedimentary strata of the Bowser Lake Group are highly
contorted and disrupted within 500 m of this fault con-
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tact. Within this zone, pebble conglomerate units
correlated with the Ashman Formation of the Bowser
Lake Group display stretched pebbles with length to
width ratios of 4:1. For the next 4 km to the east,
Bowser Lake Group rock types include a thick, highly
folded and faulted succession of siltstone, mudstone,
sandstone and rare thin limestone beds.

MOUNT EDZIZA VOLCANIC COMPLEX

The Late Cenozoic Mount Edziza volcanic complex
blankets an area of 1,000 km?, including part of the
northwest corner of the project area. The complex is
comprehensively described and illustrated in Geological
Survey of Canada Memoir 420 (Souther, 1992).
Volcanic rocks range in age from 7.5 Ma to 2 Ka. The
complex comprises alkaline basalt and hawaiite with
lesser intermediate and felsic volcanic flows, and
records five major cycles of magmatic activity.

Intrusive Rocks
STIKINE SUITE

Middle to Late Triassic tholeiitic to calcalkaline
granitoid plutons of the Stikine Suite intrude Stuhini
Group volcanic and sedimentary strata in this region and
are interpreted as comagmatic intrusions (Logan et al.,
2000). Examples are the small stocks of diorite and
gabbro mapped near the south end of the Sixpack
Range.

COPPER MOUNTAIN PLUTONIC SUITE

Small ultramafic stocks of the Late Triassic to
Early Jurassic Copper Mountain Suite (Logan et al.,
2000) are distributed throughout this region, but have
not been noted in the present map area.

TEXAS CREEK PLUTONIC SUITE

A variety of fine- to medium-grained, commonly
porphyritic, leucocratic intrusive rocks found in the map
area are correlated with the Early Jurassic Texas Creek
Suite (Logan et al., 2000). The intrusions appear as
simple stocks or as clusters of anastomosing dikes.
Intrusions of this suite are important regional loci for
porphyry copper-gold, transitional gold, and epithermal
gold-silver deposits. In the 2004 map area, a string of
small stocks of this age trend northward along both
sides of the Forrest Kerr fault (Fig. 5).

THREE SISTERS PLUTONIC SUITE

Fine- to medium-grained equigranular diorite
stocks and a small medium-grained gabbro plug cut
Lower to Middle Jurassic strata to the northwest of
northern Downpour Creek. These plutons are assigned
to the Middle Jurassic (179-176 Ma) Three Sisters Suite
defined by Anderson (1983).
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HYDER PLUTONIC SUITE

The Eocene Hyder Suite forms the eastern margin
of the Coast Crystalline Belt to the west of the study
area. This continental-scale magmatic event is recorded
within the map area by a series of north-trending, fine-
grained to aphanitic rhyolite dikes first identified by
Souther (1972). One of these north-trending dikes
intrudes Triassic strata north and south of the mouth of
More Creek (Fig. 5). These intrusions are likely feeders
to overlying felsic flows that have been subsequently
eroded.

Structure

The large-scale structural framework of the area is
dominated by north-striking faults of regional
significance (Fig. 5 and 10). The Forrest Kerr fault is
the most prominent of these, with a mapped strike
length over 50 km, east-side-down throw of more than 2
km and post-mid Jurassic sinistral displacement of more
than 2.5 km (Read et al., 1989). It has a number of
splays. Some of them bound blocks of mid-Jurassic
exposures near the Four Corners complex. Another
significant set of fault splays deflects northeastward into

the headwaters of Downpour Creek and includes the
north-striking Downpour Creek fault, which appears to
be cut off by the Triassic Pass fault. Both the Downpour
Creek fault and the Triassic Pass fault have down-to-
the-west stratigraphic throws, opposite to that on the
Forrest Kerr fault. Their northern extensions are inferred
to turn northwestward and merge with the main Forrest
Kerr fault somewhere along the north branch of More
Creek. To the south, the Downpour Creek fault may
extend along the eastern side of Pillow Basalt Ridge
roughly along the outcrop belt of the Iskut River unit
(Fig. 5 and 10). Overall, the fault pattern is one of
anastomosing, braided strands typical of a regional
transcurrent fault system.

The main strand of the Forrest Kerr fault crosses
the pass at the head of Carcass Creek on the RDN
property between the Downpour Creek and More Creek
drainages. It is expressed as a zone of finely
comminuted, highly altered fault breccia.

Field relationships show that motion on the Forrest
Kerr fault system accompanied as well as post-dated
mid-Jurassic bimodal igneous activity. Detailed
mapping of strands of the Forrest Kerr fault located east
of the main fault near the Four Corners complex showed
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Figure 10. Cartoon regional structural history of west-central Stikinia in mid-Jurassic time. A. Present faults and outcrop areas of mid-
Jurassic strata. B. Circa 180 to 174 Ma, the extensional rift regime that gave rise to the bimodal volcanic and related sedimentary
sequences. Orientations of tensional features such as dikes and feeder zones suggests straight-on extension in northern part of the belt,
and a slight dextral transtensional component in the south, with northeasterly extension. C. Circa 172 to 167 Ma, sinistral strike-slip
regime imposed on the pre-existing rift system gives rise to northeasterly compressional features within it.
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them to be zones of intense deformation tens of metres
wide over a minimum strike length of 2 km. They
consist of fault breccia with black argillite matrix
probably derived from Triassic strata that crop out
nearby. Clasts include disrupted siltstone beds from
within the argillite, and exotic fragments such as basalt
and plagioclase porphyries. Typically, the clasts are
centimetre to decimetre size, but larger basalt blocks are
also present. Some of them are strongly altered to
carbonate and, less commonly, quartz-carbonate-
mariposite assemblages. Mid-Jurassic pillow basalts and
the bimodal Four Corners complex lie west of the fault
strands and are truncated by minor splays from them.
Two outcrops of fault breccia are surrounded by the
rocks of the Four Corners complex. One outcrop is in
the bottom of a small cirque on the north side of the
complex. The cirque walls south of it form a continuous
outcrop of basalt and felsite that isolates the northern
outcrop of fault breccia from the fault zone farther
south. In the other outcrop, fault breccia contains
numerous clasts of plagioclase-phyric hypabyssal
granodiorite. They are unlike the igneous rocks of the
Four Corners complex, but similar to unit Jfp (Jurassic
feldspar porphyry) of Read et al. (1989). A rhyolite dike
cuts off the breccia. Thus construction of the Four
Corners igneous complex postdated major motion and
brecciation on some splays of the Forrest Kerr fault;
however, other splays containing identical breccias
outlasted it.

In the main through-going splay that truncates the
Four Corners complex to the east, lineations defined by
clast elongations generally plunge at less than 25°.
Clast asymmetries and shear bands show a consistent
sinistral sense of motion both in outcrop and in thin
section. Steep lineations, such as slickenlines and clast
elongations, are also present but are less common. The
pre-Four Corners breccia outcrops contain inconclusive
kinematic indicators and poorly developed steep
lineations.

A set of east-northeast—striking, south-directed
reverse faults and related folds affects the uplifted
Paleozoic/Triassic block east of the Forrest Kerr fault
(Fig. 5 and 9). The most significant of these, the Kerr
Bend fault, first recognized by Read et al. (1989), places
Paleozoic and younger hangingwall strata on top of the
mid-Jurassic basalts of Pillow Basalt Ridge. The layered
rocks on Pillow Basalt Ridge are also involved in
northeasterly folding. The eastern extents of these faults
and folds are truncated by exposures of the Middle to
early Late Jurassic Iskut River clastic-felsic unit.
Northward deflection of bedding and structures on
Pillow Basalt Ridge as they approach the base of the
Iskut River unit (Fig. 5) may be related to a north-
striking sinistral fault, possibly an extension of the
Downpour Creek fault, either along the basal contact or
buried beneath the Iskut River unit itself. The coarse,
unsorted deposits and olistoliths in this unit are
consistent with deposition in a fault-controlled basin.
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We infer that its western bounding fault lies at or near
the present western contact of the unit.

Read et al. (1989) calculated a minimum 2.5 km
sinistral displacement along the Forrest Kerr fault based
on the offset of folds across it. We are in accord with
their structural interpretation, although we have
modified it in several respects. First, we interpret the
Kerr Bend fault and other northeast to east-northeast
compressional features as the consequence of the
sinistral motion on the north-striking Forrest Kerr fault.
Second, detailed work has shifted and realigned the
mapped axis of the PBR anticline on Pillow Basalt
Ridge such that it does not intersect, and thus does not
fold the Kerr Bend fault. Instead, both the PBR anticline
and the small syncline to the northwest of it are folds in
the footwall strata cut off by the Kerr Bend thrust fault.
Read et al. (1989) considered the dark grey shale-
siltstone unit in the core of the syncline on northwestern
Pillow Basalt Ridge to be Bowser Lake Group strata,
and structures affecting it — the syncline itself and the
Forrest Kerr fault by association — were thought to be
post-Bowser, mid-Cretaceous in age. However, the
intimate interbedding of the shale and siltstone with
pillow basalts (Barresi et al., this volume) indicates that
this is an uppermost unit in the mid-Jurassic Hazelton
Group sequence. Structures affecting it are only
required to be post-mid-Jurassic.

This set of east-northeast— to northeast-striking—
folds and reverse faults can be modeled as a
compressional transfer zone between the Forrest Kerr
fault to the west and the southern extension of the
Downpour Creek fault to the east (Fig. 5 and 10).
Northeast-striking faults link the two north-striking fault
systems into a single sinistral transcurrent zone.

The Triassic Pass fault is located east of the
Downpour Creek fault, and truncates it at a low angle
(Fig. 5). Its southern, unmapped extension lies in the
Iskut River valley. East of the Triassic Pass fault, the
Smokey Ridge thrust fault imbricates Triassic and
overlying pebbly sandstone on the mountainside
immediately north of Downpour Creek (Fig. 5). The
fault crops out in several incised gullies. In its footwall,
cross-stratified Bowser Lake Group(?) sandstone with
scattered chert pebbles and plant debris unconformably
overlies Triassic tuffaceous mudstone above a well-
developed regolith (Fig. 11). The fault is a zone of
strong shearing that places Upper Triassic black phyllite
and tuffaceous mudstone on top of undeformed
sandstone of the Bowser Lake Group (Fig. 11). A
second thrust fault is inferred lower down this slope, in
the valley of Downpour Creek, that places the Triassic
exposures below the unconformity on top of the Bowser
Lake Group section that is exposed on Bandit Ridge,
south of Downpour Creek. Folds in the Upper Triassic
sequence and in the Bowser Lake Group trend eastward;
these are consistent with the orientation of the Smokey
Ridge Thrust fault.
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The Triassic Pass fault truncates both of these
thrust faults, as well as footwall Bowser Lake Group
strata. Thus, motion on it must be younger than the
Jurassic-Cretaceous Bowser Lake Group.

In the northeastern part of the area, a north-
trending, near-vertical fault is exposed both north and
south of More Creek. A large quartz-phyric rhyolite
dike and a panel of highly sheared tuffaceous
sedimentary beds and coal of probable Eocene age
occur within the fault zone (Fig. 5 and 10).

MINERAL DEPOSITS

Northwestern BC hosts a variety of mineral deposit
types characteristic of magmatic arc environments,
including calc-alkaline porphyry copper-gold deposits
(Fig. 1 in Schroeter and Pardy, 2004); Eskay Creek-type
subaqueous hotspring deposits (Massey, 1999a);
Kuroko-type VMS deposits (Massey, 1999b); and low-
sulphidation epithermal deposits (Fig. 1 in Schroeter
and Pardy, 2004). Near the current study area, intrusive-
related Cu-Ni deposits (Lefebure and Fournier, 2000)
and Besshi-type VMS deposits (Massey, 1999b) are
hosted in rock units that may be present locally.
Sedimentary strata of the Bowser Lake Group host coal
deposits and have elevated concentrations of
molybdenum and nickel (Alldrick et al., 2004c). Recent
study of the Bowser Lake Group has shown potential
for the generation and accumulation of petroleum
(Evenchick et al., 2002; Ferri et al., 2004).

Figure 12 shows the distribution of mineral deposits
and prospects in the study area. Occurrences are
concentrated in the volcanic strata that pre-date
deposition of the Bowser Lake Group. This distribution
is reflected in metal concentrations detected in the
Regional Geochemical Surveys (see Fig. 5and 7 in Lett
and Jackaman, 2004). The metal-rich region lies west of
Highway 37 and corresponds to the eastern edge of the
Coast Mountains. Bowser Lake Group sedimentary
strata, with its coal, petroleum and sediment-hosted
metal potential, generally lie east of Highway 37.

Intrusion-related deposit types in or near the study
area include porphyry copper-gold deposits, which are
particularly common in this region (Schroeter and
Pardy, 2004); intrusion-related low-sulphidation
epithermal deposits; and magmatic copper-nickel
deposits.  Volcanic-hosted deposits include both the
Eskay Creek deposits and some low-sulphidation
epithermal veins (Massey, 1999a). Stratiform or
stratabound deposit types include sediment-hosted
molybdenum and nickel, Besshi-type sediment-hosted
massive sulphide deposits, as well as volcanic-hosted
VMS deposits (Massey, 1999b). Limestone units are
favourable host rocks for gold-rich skarn deposits (e.g.,
McLymont Creek).
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Basal contact of sediments
is unconformity on deeply

Figure 11. Composite photo of the thin Bowser Lake Group
clastic sequence on Triassic basement, in the footwall of the
Smokey Ridge thrust fault, which is expressed as highly
sheared Triassic argillite overriding the undeformed pebbly
sandstones of the Bowser Lake Group. Actual thickness of
Bowser sediments in this exposure is about 50 m.
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Kerr fault.
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During the 2004 mapping program, six new mineral
showings were located by government geologists
working on the Targeted Geoscience Initiative project.
As these crews focus on mapping, not prospecting, this
is a surprisingly high number of new mineral
occurrences, which reflects the high mineral potential of
the region. More exploration work is justified based on
these discoveries and on the presence of Eskay-
equivalent strata in this map area.

The following deposit descriptions are listed from
south to north; see Figure 12 for locations.

1. SIB/ Lulu (104B 376) (UTM 09 / 0408589E /
6273080N)

This showing crops out near middle of the 9 km
long trend of gossans and alteration that extends
southwestward from the Eskay Creek mine area.
Mudstones interbedded with felsic volcanics host pyrite,
stibnite and sphalerite with trace native gold, pyrargyrite
and arsenopyrite. A 2002 drillhole intersected 11.7 m
grading 19.5 ppm Au and 1703 ppm Ag.

2. Eskay Creek (104B 008) (UTM 09 / 0412514E
/ 6279588N)

Roth (2002) classifies Eskay Creek as a
polymetallic, precious metal rich, volcanogenic massive
sulphide and sulphosalt deposit. Ore is contained in a
number of stratiform zones and stockwork vein systems
that display varied textures and mineralogy. The
deposits formed during two periods of early Middle
Jurassic hydrothermal activity, both of which were
characterized by evolving fluid chemistry and
mineralogy. Past production and reserve and resource
estimates total 2.34 million tonnes grading 51.3 g/t Au
and 2,326 g/t Ag.

3. Iskut-Palmiere (UTM 09 / 0403565E /
6287490N)

Realgar + orpiment is hosted in both black siliceous
siltstones and in a cross-cutting quartz vein. This small
outcrop is exposed in a north-draining creek, and lies
stratigraphically above a thick dacite unit on the north
side of Palmiere (Volcano) Creek. Assays of two grab
samples returned arsenic values greater than 1.0%, with
negligible associated precious metals. However, creeks
draining this low ridge to the north and south returned
anomalously high gold grain counts in the heavy
mineral concentrates collected during the recent
Regional Geochemical Survey (Lett et al., this volume).
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4. Forrest (104B 380) (UTM 09 / 0396988E /
62192649N)

This prospect is located on the west side of Forrest
Kerr Creek, opposite the south end of Pillow Basalt
Ridge. Gold- and silver-bearing quartz-chalcopyrite
veins occur in extensive quartz stockworks and
individual veins associated with the Forrest Kerr fault.
Grab samples assay up to 17.1 g/t Au. Visible gold
occurs with bornite and hematite in quartz veins that
assay up to 110.4 g/t Au.

5. Mohole (UTM 09 / 0401956E / 6297577N)

A deep drillhole has been completed in central
Pillow Basalt Ridge. Hole PBR01-01 was located near
the anticlinal fold axis on Pillow Basalt Ridge, to
intersect the Eskay Creek horizon ("Contact Mudstone™)
at depth (see Baressi et al., this volume). This drillhole
was completed in two stages. In 2001, Homestake
completed the hole to a depth of 1419 m. In 2003 Roca
Mines Inc. deepened the hole to 1770 m.

6. PBR North (new showing) (UTM 09 /
0403150E / 6300650N)

On Pillow Basalt Ridge, locally thickened units of
weakly pyritic, massive to flow-banded rhyolite are
deposited within a succession of pillow lava, massive
crystalline basalt flows and interlayered pyritic siliceous
siltstones. The thicker rhyolite zones are interpreted as
cryptodomes marking eruptive centres; thinner rhyolite
units are interpreted as flows. Assays of grab samples
collected from the pyritic siltstones have anomalous Zn,
Ag and Ba values.

7. Malachite Peak (new showing) (UTM 09/
0403620E / 6304260N)

North of the Kerr Bend fault, copper-bearing mafic
volcanics crop out between 1800 to 2000 m elevation
near the crest of Sixpack Range. Host rocks are fine-
grained equigranular to weakly augite-feldspar
porphyritic basalts. The massive basalt is cut by a
network of fine fractures hosting pyrite and
chalcopyrite. Malachite is prominent on weathered
surfaces and along near-surface fractures.

8. Sunkist (new showing) (UTM 09 / 0406950E /
6305900N)

Ankerite alteration within an east-trending fault
forms prominent bright orange gossans near the toe of
Fourth Glacier. Best assays from three chip samples are
239 ppm Zn and 279 ppm As .
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9. Twin (new showing) Twin East (UTM 09 /
0405840E / 6308160N) Twin West (UTM 09 /
0405120E / 6308015N)

Two prominent orange-weathering gossan zones
are exposed on north-facing cliffs near the northeast end
of Sixpack Range. A single elongate gossan is divided
into two zones where a north-flowing valley glacier cuts
through the host strata. The outcrops have not been
examined, but this showing may be similar to Sunkist.

10. Four Corners (new showing) (UTM 09 /
0401000E / 6307715N)

A major volcanic centre is preserved northwest of
Pillow Basalt Ridge. Numerous rhyolite dikes and flows
are emplaced in a sequence of intercalated basalt and
sedimentary rocks. Mineralization consists of minor to
sparse disseminated pyrite and rare galena.

11. Forgold (104B 378) (UTM 09 / 0399429E /
6309294N)

This property is located west of Downpour Creek
and just south of the RDN claimblock. Epithermal gold-
and silver-bearing pyrite and chalcopyrite stringer veins
assayed up to 30.5 g/t Au and 15.85% Cu (Assessment
Report 20,540). Malensek et al. (1990) identified three
styles of mineralization which are controlled by the
Forrest Kerr fault. Chalcopyrite, galena and sphalerite
stringers, and quartz-carbonate-sphalerite- galena-
chalcopyrite stockwork veins grade up to 2.09 g/t Au.
Disseminated chalcopyrite within silicified zones grade
up to 112.46 g/t Au and 17.16% Cu. Proximal stocks of
monzonite may be genetically associated with the
alteration and mineralization.

12. Boundary (RDN) (UTM 09 / 0400040E /
6310950N)

A narrow silicified zone hosts a thin chalcopyrite
veinlet. Assays returned anomalous gold values (Savell,
1990). Noranda Exploration Ltd. drilled five holes on
this target area in 1991. The best intersection was
11.6 m grading 23.9 g/t Au (Logan et al., 1992 and
Awmack, 1997). The best assays obtained from 1998
surface samples were 56.7 ppm Au, 44 ppm Ag, 44 ppm
As, 6.34% Cu, 18.7 ppm Hg, 3.900 ppm Pb, and 9,360
ppm Zn (Awmack and Baknes, 1998).

13. RTB (new showing) (RDN) (UTM 09 /
0400710E / 6311425N)

This prospect consists of disseminated and fine
fracture-hosted pyrite, chalcopyrite, tetrahedrite and
galena in flow-banded rhyolite and adjacent fine
sandstone. Rare tetrahedrite and native silver were noted
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in some samples. Nearby pillow lavas of plagioclase-
potassium feldspar porphyry display interbeds and
selvages of pyrite- and tetrahedrite-bearing jasper. Best
assay results from five chip samples are 0.5% Cu, 2.2%
Pb, 8.8% Zn, 245 ppm Ag, 1.4 ppm Au, 2690 ppm Sb,
87 ppm Hg and 499 ppm As.

14. South Gossan (RDN) (UTM 09 / 0399935E /
6313870N)

South Gossan is a large resistant knob of massive
dacite flow on the east bank of the headwaters of
Downpour Creek. Ubiquitous fine hairline fractures
host a weakly developed “stockwork' of pyrite, calcite
and quartz. Subsequent weathering has coated the
entire surface of this large outcrop area with striking
buff-orange ankeritic weathering. No significant metal
values have been obtained (Savell, 1990).

15. Marcasite Gossan (UTM 09 / 0400135E /
6314780N)

This prominent gossan crops out on the east bank of
upper Downpour Creek, 900 m north of South Gossan.
In this area, strata dip moderately westward with tops up
to the west. The showing consists of three stacked
dacitic flow units separated by locally fossiliferous
siltstone, sandstone and limestone. Dacites are weakly
to strongly pyritic, the sedimentary units host only trace
to minor pyrite. The middle dacite unit is the most
intensely mineralized, and hosts a stockwork of
marcasite-pyrite-chalcedony-calcite-pyrobitumen-barite
veins. Individual veins range up to 10 cm thick.
Mineralization ends abruptly along strike at the north
side of the outcrop area against a synmineralization
fault. The easternmost, topographically higher but
stratigraphically lower, Upper Marcasite Gossan
consists of a weaker quartz-chalcedony-pyrite-
pyrobitumen stockwork. Savell (1990) reports that gold
and base metal values are negligible, but assay results
from surface samples include 141 g/t Ag, 2,750 ppm As,
122 ppb Sh, 124 ppm Mo and 5,240 ppb Hg. Even
higher values have been obtained from mineralized float
boulders near the Upper Marcasite Gossan. Four
drillholes completed to date did not intersect
mineralization.

16. Steen Vein (RDN) (UTM 09 / 0400290E /
6316195N)

This polymetallic vein crops out in the north wall of
the lower gorge of Cole Creek, a small creek that drains
southeastward into upper Downpour creek, just south of
the Gossan Creek Porphyry. Discovered in 1997, this
quartz-galena-sphalerite-tetrahedrite vein follows an
east-northeast—trending fault. Chip samples across a
true vein width of 2.0 m averaged 279 g/t Ag, 1.86%
Pb, 0.77% Zn and 350 ppb Au.
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17. Gossan Creek Porphyry (RDN) (UTM 09/
0400910E / 6317240N)

The Gossan Creek porphyry intrusion (Fig. 5),
located near the headwaters of Downpour Creek,
roughly correlates with a large bleached gossan (Fig.
13a, b). Three geophysical targets were drill-tested by
Noranda in 1991 (Savell and Grill, 1991). DDH 18
intersected argillic-altered feldspar porphyry hosting 5
to 15 % fine- to medium-grained pyrite disseminations
and veinlets. From 103.4 to 113.3 m, stringers of
sphalerite and chalcopyrite assayed 0.18% Cu, 0.14%
Pb, 0.43% Zn 1.17 g/t Ag and 0.07 g/t Au. Other
drillholes cut pyritic stockwork with up to 25% fine

pyrite.

18. Jungle Anomaly (RDN) (UTM 09 / 0401420E
/ 6317365N)

This exploration target is a 100 by 450 m soil
geochemical anomaly located in thick brush on the west
bank of upper Downpour Creek, 2.6 km north of the
Marcasite Gossan and just north of the Gossan Creek
Porphyry. Samples indicate anomalous Au, As, Ag and
Pb wvalues in soils overlying bedrock of clastic
sedimentary rocks, rhyolite and basalt. A float cobble of
pyritic, silicified argillite collected near the centre of the
anomaly assayed 25.44 g/t Au. Pyritic chert float also
collected from this area does not occur elsewhere on the
extensive property. Subsequent geophysical surveys
and drilling have not located a bedrock source.

19. Wedge (RDN) (UTM 09 / 0399975E /
6319070N)

The Wedge prospect crops out low on a west-
facing, heavily wooded hillside, just northeast of the
headwaters of Carcass Creek at the toe of a glacier, and
5 km south of the current exploration camp. Five
drillholes completed in 1990-91 cut mineralized veins in
eleven intersections with best assays of 137.8 ppm Au,
62.4 ppm Ag, 2.7% Cu, 0.48% Pb and 3.26% Zn
(Awmack and Baknes, 1998).

20. Waterfall (RDN) (UTM 09 / 0400115E /
6319230N)

A quartz-sulphide vein is discontinuously exposed
for 50 m (Savell, 1990).

21. Southmore (UTM 09 / 0413310E /
6318760N)

The east wall and south wall of a small north-
draining cirque reveal six outcrop areas of strongly
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gossanous, pyritic, flow-layered white rhyolite. This
unit is correlated with the regionally distributed Upper
Triassic pyritic rhyolite that also hosts the Bench and
Sinter showings. Adjacent units of thin-bedded black
siltstone are also pyritic. Associated rock types include
buff-weathering sandstone with horizons of wood
debris, black limestone, and one rhyolite flow. The
strata are cut by a 1.5 m thick sill of flow-banded basalt.
Three gossanous outcrops were sampled, the best assays
are 28 ppm Mo, 16 ppm Cu, 10 ppm Pb, 25 ppm Zn,
214 ppb Ag, 24 ppm As, 777 ppb Hg and 4 ppm Sbh.

22. Logan Ridge (UTM 09 / 0406030E /
6319780N)

A prominent, resistant ridge of intensely gossanous
rhyolite spines marks the skyline west of Arrow Creek.
Since 1990, this ground has been held as the STOW and
PINE claims, and is currently registered as the MOR 8
claims; no exploration results have been reported.

23. Sinter (UTM 09 / 0409560E / 6322175N)

Recent glacier retreat has exposed an extensive area
of strong pyritic stockwork, south of More Creek and
east of Arrow Creek. During the summer of 1988, the
area was explored by Valley Gold Ltd., Noranda Ltd.
and Corona Corporation (Bale and Day, 1989). Follow-
up work by Noranda Ltd in 1990 (Grill and Savell,
1991) discovered no base or precious metal
mineralization, but anomalous mercury (up to 196 ppm
Hg), arsenic and antimony were obtained all along the
2 km long trace of the northwest-trending Citadel fault.
Barrick Resources sampled the prospect in 2003. An
unreported single drillhole was collared at the toe of the
west-flowing glacier by Noranda; no results are known.
The best assay results from three chip samples collected
in 2004 are 122 ppm Cu, 350 ppm Zn, 7 ppm Pb, 24
ppm Ag, 5,750 ppm Ba, 13 ppm Hg and 24 ppm As.

24. GEM (RDN) (UTM 09 / 0399565E /
6322980N)

This prospect crops out 1000 m south of the Main
showing on the east side on Carcass Creek, and is
hosted in the same massive dacite unit. Discovered by
Noranda geologists in 1991 (McArthur et al., 1991), the
best assay obtained from grab samples was 5.1 ppm Au.
Resampling in 1997 returned a best assay of 2.16 ppm
Au and 32 ppm Ag (Awmack, 1997). A soil survey
over the area indicates that the dacitic volcanic
hostrocks have anomalous Au, Ag, Cu, Pb, Zn, As, Sh
and Mn values.
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Figure 13. The Gossan Creek Porphyry gossan. A. Looking southwest. The glaciated peak in
background lies on the west side of the Forrest Kerr fault. B. The same gossan zone viewed from the
south across Downpour Creek
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25. Iskut River (104G 104) (UTM 09 / 0415471E
/ 6324464N)

A major (>100 m thick) fossiliferous limestone unit
of Upper Triassic age is exposed on cliffs near the
mouth of More Creek.

26. Baseline (RDN) (UTM 09/ 0399180E /
6323665N)

This prospect is a quartz vein breccia exposed
240 m southwest of the Main Zone. A chip sample
assayed 6.21 g/t Au.

27. Main Zone (RDN) (UTM 09 / 0399355E /
6323810N)

This prospect crops out on the east side of Carcass
Creek, 700 m east of the current exploration camp. This
showing was discovered by Noranda geologists in 1991
(McArthur et al., 1991) and has remained a focus of
exploration efforts on this large property. Host rock is
Early Jurassic dacite that is locally porphyritic,
spherulitic or silicified. Mineralization consists of
disseminated sulphides in areas where the dacite is
bleached and silicified. The best assays reported from a
series of chip samples (McArthur et al., 1991) are 5
ppm Au, 32.8 g/t Ag, 0.5% Cu, 0.5% Pb, and 10% Zn.
A soil survey over the area indicates that the dacitic
volcanic rocks have anomalous Au, Ag, Cu, Pb, Zn, As,
Sb and Mn values. Subsequent exploration has shown
that the prospect is an intensely silicified fault breccia
trending 060 degrees (Awmack, 1996); a chip sample
across its 8.3 m width returned 3.1 ppm Au, 0.49% Pb
and 1.13% Zn. A separate outcrop area 130 m to the
west-southwest is called the Club Zone. This 7m long
outcrop of silicified breccia returned maximum assays
of 2700 ppm Pb, 1205 ppm Zn and 515 ppb Au from
three chip samples.

28. RDN (UTM 09/0398770E / 6323970N)

The name RDN refers to a large north-trending
claim block containing several prospects. The core
claims were staked in 1987, predating the discovery of
the Eskay Creek 21 Zone. Additional claim blocks to
the north and south have been added over the last 17
years. The UTM coordinates above give the location of
the current exploration camp. Noranda Exploration Ltd.
explored these claims from 1989 to 1991, including a
fifteen-hole drill program in 1990 and a further 15
drillholes in 1991. Pathfinder Resources explored the
claim block from 1994 to 1996. Rimfire Minerals
acquired all the claims in 1997 and conducted soil
sampling, geological mapping, trenching and prospect-
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ing in 1997 and 1998. Barrick explored the property
under option in 2002 to 2003. Northgate Minerals
Corporation and Rimfire Minerals completed a nine-
hole drill program in 2004, targeting the Wedge Zone,
Jungle Anomaly and Marcasite Gossan prospects.

29. Lucifer (104G 145) (UTM 09 / 0407979E /
6329387N)

An extensive carbonate-pyrite-sericite-silica
alteration zone has anomalous Au, As, Ba, Cd, Cu, Mo,
Pb and Zn values. Country rock is Upper Triassic
sedimentary and volcanic rocks intruded by a set of
Early Jurassic potassium feldspar megacrystic dikes.
Alteration is most intense along steep northeast-trending
faults. Two holes drilled on the property in 1991
intersected 1.36 m grading 15 ppm Au and 5.7 m
grading 0.7 ppm Au (Dewonck, 1991).

30. KC (RDN) (UTM 09 / 0397140E / 6329780N)

Chalcopyrite veins and veinlets are hosted in Early
Jurassic feldspar porphyritic, potassium feldspar
megacrystic granodiorite. Several massive chalcopyrite
veins up to 12 cm wide are hosted by a dioritic phase of
the leucocratic granodiorite (Bobyn, 1991, p.13, 15).
The veins are vertical and exposed in a small creek bed
over a width of 4 m. Selected grab samples have
anomalous Au, Cu and Ag values.

31. Bench (UTM 09 / 0409490E / 6330105N)

A band of massive to semi-massive, fine-grained,
bright pyrite crops out at the base of a high cliff of
black, pyritic, flow-layered rhyolite near the head of
Bench Creek. The upper part of the cliff is faintly
banded, black to charcoal rhyolite with a fine dusting of
pyrite evenly disseminated throughout the rock. Within
the lower 5 m along the base of the cliff, the rhyolite is
transected by many fine hairline cracks filled with
pyrite. Along most of the length of the cliff, a talus pile
of coarse blocks and boulders is piled up against the
basal rhyolite layer with the pyritic fractures. At one
location near the upstream end of the cliff, the top of the
talus pile is lower and exposes 2 feet of massive, fine-
grained granular pyrite and semi-massive granular
pyrite disseminated in white, fine-grained quartz. The
significance of this small showing is its stratabound
character and the high probability that this
mineralization extends laterally under the blocky talus
cover. In 2004, eight samples were collected from this
unit along a 2 km strike length. Best assays were 51
ppm Mo, 70 ppm Cu, 44 ppm Pb, 89 ppm Zn, 15 ppb
Au, 1099 ppb Ag, 15 ppm As, 2.7 ppm Sb and 394 ppb
Hg.
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32. East (RDN) (UTM 09 / 0402900E /
6330095N)

Mineralized float samples collected downstream
from the Bis prospect assayed 1.9 ppm Au and 771 ppm
As.

33. Arctic Grid (RDN) (UTM 09 / 0401400E /
6330165N)

The Arctic Grid is the northernmost claim block of
the RDN claim package. The Arctic claims were staked
and extensively explored in 1990 by Skeena Resources
(Bobyn, 1991). Eight mineral prospects lie on the
Arctic claim block: Grizzly Creek (Little Les), North
Glacier, Arctic 8, KC, Ice, Bis, Downstream and East.
The coordinates above give the location of a large
ochre-coloured swamp east of the centre of the claim
block.

34. Downstream (RDN) (UTM 09 / 0400485E /
6330215N)

This showing is located 2.5 km downstream of the
Grizzly showing, on the southeast bank of Grizzly
Creek.  Narrow chalcedony veins within pyritic
felsite/rhyolite host stringers of massive pyrite up to 5
cm wide. Grab samples from two of these pyrite veins
assayed 75 ppm Hg, 580 ppm Sb and 4860 ppm As
(Bobyn, 1991; Awmack, 1997).

35. Biskut (104G 146) (UTM 09 / 0403381E /
6331472N)

High on the north slope of More Creek, a 300 by
100 m alteration zone of quartz-sericite-pyrite-clay is
developed in Upper Triassic volcanic and sedimentary
rocks. Sulphide mineralization locally ranges up to 5%
pyrite, with minor galena and arsenopyrite.

36. Bis (RDN) (UTM 09 / 0402915E / 6331215N)

Felsite dike or flow rock hosts 3 to 5%
disseminated pyrite and trace arsenopyrite. A grab
sample of strongly gossanous felsic rock assayed 5 ppm
Au, 570 ppm Cu, 41.9 ppm Ag, 391 ppm As and 124
ppm Mo (Bobyn, 1991, p. 8 and 12).

37. Arctic 8 (RDN) (UTM 09 / 0399065E /
6331145N)

One creek north of Grizzly Creek, and near the
unnamed creek’s junction with More Creek, several
carbonate lenses up to 0.75 m wide are interbedded with
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greywacke and conglomerate. The carbonate rocks host
1 to 2% galena and trace chalcopyrite and sphalerite
(Bobyn, 1991, p. 12 and Map 1). No assays are
reported.

38. Little Les / Grizzly Creek (RDN) (104G 079)
(UTM 09/ 0400720E / 6331860N)

This is the only prospect on the extensive RDN
claim group where pre-1987 exploration is recorded.
Initially named Little Les, this prospect has also been
named More, Two More and is now referred to as the
Grizzly showing on the Arctic Grid, RDN property. To
the east of the north branch of More Creek, on the
present Arctic Grid, a large gossan is developed where
volcanic rocks are intruded by dikes of potassium
feldspar megacrystic granodiorite dikes (Folk, 1980).
Pyritic alteration hosts trace chalcopyrite, galena,
sphalerite, malachite and molybdenite(?). Average
grades from 11 chip samples are 0.3% Cu, 1.71 g/t Ag
and 0.41 g/t Au. Newmont drilled two short holes on
this target in 1970; no results are available (Geology,
Exploration and Mining, 1971). Bobyn (1991, p. 12)
described porphyry copper-style mineralization exposed
over a 300 by 25 m area along the upper part of the
northernmost tributary of Grizzly Creek. The host rock
is carbonate-chlorite-sericite altered andesitic flows and
tuffs. Mineralization is 2 to 5% disseminated
chalcopyrite with 1 to 3% disseminated and fracture-fill
pyrite. Throughout the area of the showing, stringers of
massive chalcopyrite range up to 5 cm wide, with pods
and lenses up to 50 cm wide. Trace galena and
sphalerite are also present. Mineralization is fracture
controlled and best developed proximal to the many
feldspar porphyry and felsite dikes, which cut the
volcanics.

39. Ice (RDN) (UTM 09 / 0401535E / 6336200N)

Hornblende diorite hosts up to 25% pyrrhotite near
the intrusive contact of this large stock (Bobyn, 1991,
Map 1). A grab sample assayed 31 ppb Au, 3.7 ppm Ag
and 3152 ppm Cu. Similar mineralization occurs in a
similar setting 3 km south; in the southwest corner of
Upper More 1 claim, on the north bank of the stream
immediately northwest of the Grizzly Creek prospect,
gossanous cliffs host up to 7% disseminated pyrrhotite
and pyrite (Bobyn, 1991, p. 12-13).

40. North Glacier / Arctic 1 (RDN) (UTM 09/
0400065E / 6337235N)

Mineralized float samples collected from glacial
moraines returned assays ranging up to 4.5 ppm Au,
9,034 ppm Cu, 74.6 ppm Ag and 20,147 ppm As.
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METALLOGENY

In the map area and in the surrounding region,
Upper Triassic mineralization includes large porphyry
copper-gold systems (GJ, Galore Creek), Besshi-type
VMS deposits (Rock and Roll), pyritic rhyolite/exhalite
(Bench, Citadel, Southmore) and vuggy rhyolite dikes
and flows with elevated Au, Ag, Hg, Sb and As
concentrations (Rainbow). Lower Jurassic
mineralization that predates the erosional interval
marked by Nassian uplift is represented by large
porphyry copper-molybdenum systems (Mary, Red-
Chris), stratabound bulk-tonnage epithermal
mineralization (Hank), and precious metal-rich skarn
deposits (McLymont). Lower to Middle Jurassic
mineralization that post-dates the Nassian uplift
includes the Griz prospect and many areas of pyritic
felsic volcanic units and derived volcaniclastic
sedimentary rocks (e.g., Fig. 4 in Simpson and Nelson,
2004), plus the Eskay Creek gold mine and numerous
nearby prospects (Lulu, 22 Zone, HSOV).

Exploration Potential

Discovery of a number of small prospects during
this season's regional mapping program indicate that the
potential of this area has not yet been thoroughly
assessed.

Due to the highly dissected terrain, geochemical
stream sediment sampling has proven to be a
particularly successful and cost-effective tool for
assessing the potential of larger areas (Lett and
Jackaman, 2004; Lett et al., 2005) and should be equally
powerful as a second phase follow-up technique. The
middle unit of Pillow Basalt Ridge is favourable for the
deposition and preservation of exhalative sulphides and
should be selectively prospected. Other areas of
quiescent, distal sedimentation will be particularly
conducive to the accumulation and preservation of
exhalative sulphides (e.g., northern Downpour Creek
area).

DISCUSSION AND CONCLUSIONS

This project has provided important new detailed
geological surveys of the northern Eskay Rift rocks
within the Iskut map area. Tracts of "Eskay equivalent"
strata crop out on Pillow Basalt Ridge and north to
More Creek. They are correlative in general with
sequences mapped in 2003 on Table Mountain, on
Willow Ridge and on ridges east and west of Kinaskan
Lake (Alldrick et al., 2004a, 2004b)

Fieldwork in 2004 has clarified the nature,
stratigraphic and structural context, and mineral
potential of the "Eskay equivalent" strata in northern
Iskut map area. They can be divided into five separate
facies units, Pillow Basalt Ridge, Forgold, Sixpack
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Range, Downpour Creek and Iskut River. The Sixpack
Range is a coarse, proximal, conglomeratic facies (Fig.
7), similar to conglomerates identified in 2003 on Table
Mountain and near Kinaskan Lake (Alldrick et al.,
2004a, 2004b). They represent rift-margin deposits
related to scarps. By contrast, the Forgold basalts rest
directly on older basement without intervening clastic
units.

Felsic centres are located in the Four Corners
complex and the "middle unit" on Pillow Basalt Ridge.
Laminated siliceous argillite and rhyolitic tuffaceous
siltstones - the "pajama beds" (Anderson, 1993) - are
also present at both of these sites.

The Forrest Kerr fault and related faults form the
present structural framework for the rift system that
localized the Eskay VMS deposit, its host rocks, and
correlative strata (Fig. 10). It forms the western
boundary of mid-Jurassic exposures as far north as the
headwaters of More Creek. Its northern extension is
buried under the Mt. Edziza volcanic centre (Fig. 2).
North of More Creek, the zone of mid-Jurassic
bimodal/sedimentary exposures steps east to the Table
Mountain/Kinaskan Lake area. There, it is bounded to
the west by local scarps that Alldrick et al. (2004b)
interpreted as rift margins. Coarse, unsorted
conglomerates related to the scarps underlie
sedimentary strata containing  Toarcian-Bajocian
macrofossils.

The trace of the Forrest Kerr fault coincides with a
major magnetic lineament (Alldrick, 2000). South of the
Iskut River, the Forrest Kerr fault is connected to the
Harrymel fault through a complex step-over zone (Read
et al., 1989; Alldrick, 2000). This structure continues
south to the Granduc mine area, where it is expressed as
a 2 km wide zone of transcurrent ductile deformation,
the South Unuk shear zone (Lewis, 1992). Uranium-
lead dates on syn- and post-kinematic plutons constrain
sinistral motion to between 172 and 167 Ma (Fig. 10c;
Lewis, 2001).

Geological observations in the present project area
are consistent with the interpretation of Read et al.
(1989) that an episode of sinistral motion on the Forrest
Kerr fault post-dated deposition of the Pillow Basalt
Ridge strata. The Middle to early Late Jurassic Iskut
River unit is interpreted as a fault-related deposit
localized along a north-striking sinistral fault that is a
splay of the Forrest Kerr fault zone. This offset is
contemporaneous with sinistral motion on the South
Unuk shear zone. We infer that a regional sinistral shear
couple existed along the north-striking bounding faults
of the mid-Jurassic rift system, deforming strata and
modifying structures created during earlier stress
regimes.

Evidence for the stress regime during deposition of
the Eskay Creek host rocks and their correlatives
consists mainly of observed orientations of rift-related
features. These vary along strike of the rift (Fig. 5 and

British Columbia Geological Survey



10). In the Table Mountain area, lines of rhyolite centres
and dike swarms are oriented north-northwesterly
(Alldrick et al., 2004a, 2004b). This season, a north-
northwesterly horizon of pyritic sinters has been
discovered on south-central Table Mountain (A.
Birkeland, pers comm, 2004). On northern Pillow Basalt
Ridge, a line of small rhyolite intrusive centres trends
northeasterly (30 degrees). Finally, in the vicinity of the
Eskay mine the alignment of felsite centres, feeder dikes
and stockwork-style mineralized zones parallel to the
fold axis of the northeast-trending Eskay anticline
suggests that this fold could be an inverted rift basin
(McClay et al.,1989).

The combined Forrest Kerr and Harrymel faults
provide a possible locus for the western margin of the
rift zone. A northerly-trending line of altered Early(?)
Jurassic porphyry intrusions lies immediately west of
the Forrest Kerr fault along Forrest Kerr Creek (Read et
al., 1989; Logan et al., 2000). Similarly, mapping by
Equity Engineering and this project team has outlined a
northerly  trend of  Early Jurassic  dacite
intrusive/extrusive centres east of the fault, near the
headwaters of Downpour Creek. The alignment of these
centres along the Forrest Kerr fault suggests that it was
a zone of crustal weakness in Early Jurassic time, prior
to development of the Eskay rift. The east-side-down
West Slope fault truncates the Early Jurassic plutons,
but is older than the main Forrest Kerr strand (Read et
al., 1989). It could have been a mid-Jurassic, graben-
bounding normal fault. The Forrest Kerr splay that is cut
off by the Four Corners complex is another example of
a probable syn-rift fault.

In the Table Mountain area, north-northwesterly
tensional features parallel the western rift margin,
consistent with orthogonal extension (Alldrick et al.,
2004). In contrast, the northeasterly orientation of mid-
Jurassic dikes on Pillow Basalt Ridge suggests an
oblique component to extension across the north-
striking bounding faults (Fig. 10b). Because these
features are extensional rather than compressional,
movement due to this component would have been
opposite to that manifested in the latest mid Jurassic
event, i.e., dextral rather than sinistral. Similarly, in the
vicinity of the Eskay mine, north-northeasterly
extensional features require an oblique stress
component. Thus, evidence for dextral, syn-rifting
offset is seen in the area from More Creek at least as far
south as Tom Mackay Lake. It corresponds to the
unique Paleozoic horst and deep graben in this area,
evidenced by the unusually thick Pillow Basalt Ridge
basalts.

Figure 10 summarizes the inferred structural
development of the Eskay rift zone. In mid-Jurassic
time, rifting took place in en echelon zones between
Kinaskan Lake and the Granduc mine. Over most of the
area, orthogonal rifting prevailed. A dextral component
across the Forrest Kerr fault led to strong horst and
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graben development, oblique to the main northerly
trend.

In early Bajocian time (172 to 167 Ma), a new
stress regime, controlled by a sinistral shear couple
across the dominant northerly faults, was superimposed
on the rift basins and terminated their development. It
caused fault reversal and created local high energy
depositional environments in the Iskut River unit.

SUMMARY

Mapping has refined the stratigraphic and structural
picture of the More Creek — Palmiere Creek area.
Important contributions include the recognition of the
near absence of strata representing the lower Hazelton
Group, and recognition of regional-scale unconformities
that form irregular boundaries between major
stratigraphic packages.

Strata deposited within the Eskay rift extend
northward through the present map area, displaying a
range of different facies which reflect the proximity to
volcanic centres and the depositional setting. The
Pillow Basalt Ridge facies and the Four Corners
complex comprise bimodal volcanic rock types and
related sedimentary strata correlative with strata that
host the Eskay Creek orebodies to the south.
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Pillow Basalt Ridge Facies: Detailed Mapping of Eskay Creek—-Equivalent
Stratigraphy in Northwestern British Columbia

By T. Barresi®, J.L. Nelson?, D.J. Alldrick? and J. Dostal®

KEYWORDS: bedrock mapping, Eskay Creek, Eskay
Rift, Hazelton Group, Pillow Basalt Ridge, bimodal
volcanism, Targeted Geoscience Initiative-11 (TGI-II)

INTRODUCTION

In 2003, the British Columbia Geological Survey
and the Geological Survey of Canada initiated a joint
project to map lower Middle Jurassic, upper Hazelton
Group rocks in the Telegraph Creek and Iskut River
map areas of northwestern British Columbia. In this
region, the upper Hazelton Group is host to the Eskay
Creek volcanic-hosted massive sulphide (VHMS)
deposit, as well as numerous showings, prospects and
geochemical anomalies, making it one of the most
highly prospective regions in British Columbia. The
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scope of the project includes regional and detailed
mapping of the upper Hazelton Group, as well as
geochemical and geochronological studies. Fieldwork
between Kinaskan Lake and More Creek in the
Telegraph Creek map area in 2003 (Alldrick et al.,
2004a; 2004b) extended southwards into the Iskut and
Forrest Kerr areas in 2004 (Alldrick et al., this volume),
including Pillow Basalt Ridge. Funding is provided by
the British Columbia Ministry of Energy and Mines and
by the Geological Survey of Canada’s Targeted
Geoscience Initiative I1.

This paper describes the features of the Pillow
Basalt Ridge (PBR) facies, as defined in Alldrick et al.
(this volume) in the Iskut River map area. Pillow Basalt
Ridge is the prominent ridge, 12 km long by 6 km wide,
between the Iskut River and Forrest Kerr Creek, north
of their confluence (Fig. 1).
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Figure 1. Location map of study area.
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The overlying Iskut River Unit crops out in the
lowlands to the east and south, however the entire
northern 9 km of the ridge is composed of PBR facies
rocks. To the west, the Forrest Kerr fault juxtaposes the
PBR facies against Paleozoic rocks. To the north, the
Kerr Bend fault thrusts Paleozoic, Triassic and Jurassic
units over PBR facies strata.

GEOLOGICAL SETTING

Pillow Basalt Ridge is located within the Stikine
Terrane in northwestern British Columbia. In the Iskut
River and Telegraph Creek map areas, the Stikine
Terrane is composed of three major pre-accretionary
units and two younger, syn- and post-accretionary units
(Alldrick et al.,, 2004a). The main stratigraphic
components are 1) metavolcanic and metasedimentary
Stikine Assemblage of Devonian to Permian age, 2)
island-arc volcanic rocks of the Late Triassic Stuhini
Group, 3) Early to Middle Jurassic island-arc volcanic
and sedimentary rocks of the Hazelton Group, 4)
Middle Jurassic to Cretaceous Bowser Lake Group,
which is a sedimentary overlap assemblage that overlies
the eastern margin of the Stikine Terrane units, and 5)
upper Miocene to Holocene Mount Edziza volcanic
complex.

The Pillow Basalt Ridge facies is considered to be
of lower Middle Jurassic age and is assigned to the
uppermost Hazelton Group (Read et al., 1989; Logan et
al., 1994). Previous mapping of PBR identified its
major bounding structures and the PBR anticline (Read
et al., 1989; Logan et al., 1990). Read et al. (1989)
depicted PBR as consisting entirely of pillow basalt.
Logan et al. (1990; 1997) identified five narrow
sedimentary intervals within the pillow basalt, which
they depicted as discontinuous sedimentary lenses.

In the Telegraph Creek map area to the north, the
uppermost Hazelton Group is interpreted to have been
deposited in a subaqueous volcano-sedimentary
environment, typical of rift settings (Alldrick et al.,
2004a). The exact temporal and structural relationship
of the Pillow Basalt Ridge facies to rift segments in the
Telegraph Creek area is uncertain. The PBR facies is
closely affiliated, both spatially and stratigraphically,
with the hangingwall sequence of pillow basalts at the
Eskay Creek mine. Mapping of the central and southern
portion of PBR by Homestake Mining Company
(\Vaskovic and Huggins, 1998) identified a zone approx-
imately 300 m wide, which contains siliceous argillite
beds up to 4 m thick, interbedded with pillow basalt.
Homestake collared a diamond-drill hole (PBR01-01) in
this zone, at what was then mapped as the crest of the
PBR anticline (Fig. 2). The hole penetrated 1419 m of
mainly basalt, with minor intervals of mudstone. In
2003, Roca Mines re-entered the hole, drilling to 1770
m without penetrating through the basalt or intersecting

Geological Fieldwork 2004, Paper 2005-1

the Eskay equivalent contact mudstones and rhyolites
that were hoped to underlie PBR.

STRATIGRAPHY

In 2004, 1:20,000-scale mapping of Pillow Basalt
Ridge defined new stratigraphy and refined previously
described structures (Fig. 2). The Pillow Basalt Ridge
facies is divided into four units: the Lower and Upper
Pillow Basalt units are separated by a Middle Unit and
overlying the Upper Pillow Basalt Unit are distinctive
sedimentary rocks of the Upper Sedimentary Unit. The
Middle Unit varies in thickness from 130 to 200 m and
contains bimodal volcanics and horizons of siliceous
argillites and tuffs (Fig. 3).

Lower and Upper Pillow Basalt Units

The Lower Pillow Basalt Unit is at least 1000 m
thick and the Upper Unit is at least 850 m thick.
Together they form a volcanic pile which accounts for
over 90% of the PBR facies. Both pillow basalt units are
composed of two main variants: pillow basalts and
pillow basalt breccias with transitional intervals of
intact pillows in a breccia matrix. The volcanic pile is
made up of many flows that interfinger and onlap one
another. Individual flows are 5 to 30 m thick and are
defined on a broad scale by different textures and
weathering characteristics. There are a great variety of
pillow forms, which range in size from 15 cmto 1.5 m
in diameter (Fig. 4 and 5). Pillow geometries range from
spheres to flattened lobes; most pillows display tail and
drape geometry.

Basalt is mainly aphanitic, with medium to dark
green fresh surfaces and orange-brown weathered
surfaces. Most pillow rims are thin and have textures
similar to the pillow centres. However, in some layers,
pillow rims are glassy and moderately thick (up to 4
cm). These basalts have a black vitreous appearance and
the pillows are often surrounded by a hyaloclastite
matrix. Rarely PBR basalts have a porphyritic texture;
plagioclase phenocrysts range up to 8 mm long.
Variolites (spherical, white weathering, devitrification
features typically 1 to 3 mm in diameter) and chlorite-
filled vesicles are present in approximately 25% of PBR
basalts.

A number of fire fountain deposits were identified
in both the lower and upper basalt units (Fig. 2). Fire
fountain deposits are characterized by irregular-shaped
fluidal clasts in a matrix of blocky and curviplanar
fragments (Simpson and McPhie, 2001) and are
interpreted to be the result of proximal submarine
volcanism, deposited within 10 m of a fissure or vent.
Simpson and Nelson (2004) identified these deposits in
upper Hazelton Group rift segments to the north.
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Figure 5. Pillows from the Upper Pillow Basalt Unit directly
above the Middle Unit, that range up to 1.5 m in diameter.

In the Upper Pillow Basalt Unit, a crack and fill
feature was identified. A 20 m wide fissure cuts 65 m
vertically down through a massive pillow basalt layer.
This gap is completely infilled with a dense basalt
breccia. On the fissure’s margins the basalt breccia
drapes over intact pillows of the fissure wall.

Although the Upper and Lower Basalt units
strongly resemble each other, the following features set
them apart: 1) fire fountain deposits, as well as pillows
with the largest diameters, are concentrated in the Upper
Pillow Basalt Unit immediately above the Middle Unit,
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2) in northern PBR, the Upper Pillow Basalt Unit has
higher proportions of thick glassy rims and hyaloclastite
matrix (Fig. 4); 3) in the northwestern portion of PBR,
just below the Upper Sedimentary Unit, a breccia in the
Upper Pillow Basalt Unit consists of angular basalt
clasts supported in a blue-grey limestone matrix.

Middle Unit - Bimodal Igneous and Sedimentary
Zone

The Middle Unit is exposed on both limbs of the
PBR anticline (Fig. 2). Pillow basalts in the Middle Unit
are interlayered with other lithologies that represent a
distinct depositional and volcanic regime different from
that seen on the majority of PBR. The thickness of the
Middle Unit varies, partly controlled by the
paleotopography of the top of the Lower Pillow Basalt
Unit.

The Middle Unit is a bimodal igneous and
sedimentary zone predominately composed of mafic
volcanic rocks interbedded with clastic sedimentary
lithologies and felsic volcanic rocks. Overall, 60% of
rock exposures in the zone are mafic, but in particular
intervals, felsic and sedimentary rocks are the dominant
rock types. On cliff exposures, flows of medium-
grained, massive basalt form 5 to 25 m thick, orange-
brown weathering, vertical faces, with metre-scale
columnar joints (Fig. 3). Felsic units form 0.5 to 10 m
thick, pale weathering, vertical, resistant cliff faces.
Sedimentary intervals are typically 1 to 6 m thick, rusty
weathering and recessive. A 30 m thick section of the
bimodal igneous and sedimentary rock suite also occurs
as a discontinuous band within the Upper Pillow Basalt
Unit (Fig. 2).

Mafic Rock of the Middle Unit

Where the Middle Unit crops out on southern PBR,
all mafic layers are pillow basalts. On northern PBR, the
majority of mafic rock is medium-grained, non-pillowed
basalt, which forms massive, columnar-jointed,
outcrops. However, pillow basalt is also present. The
presence of vesicles and absence of upper chill margins,
indicate that the medium-grained massive basalt layers
are extrusive flows. They exhibit gradational
stratification with the coarsest texture at the bottom of
each flow and a vesicular, finer grained texture near the
flow tops. The medium-grained basalt commonly
contains radiating plagioclase microlites, and locally
displays a distinctive glomeroporphyric texture with
feldspars up to 2.5 mm long. Lewis et al. (2001)
describe a similar texture in the hangingwall basalts of
the Eskay Creek mine.
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Sedimentary Rock of the Middle Unit

Sedimentary layers are discontinuous and onlap
both felsic and mafic flows. Their upper contacts with
igneous flows are sometimes peperitic, and in one
location several beds are entrained and folded within a
felsic flow. Sedimentary rocks of the Middle Unit are
medium bedded (5 to 25 cm thick) and can be internally
laminated or graded. Some beds have an undulating
base, grading and flat upper contacts, which are typical
of beds deposited by density currents in a deep basin
(Bouma 1962). The most common rock types are
interbedded dark brown to black siliceous argillites and
light-coloured felsic tuffs (Fig. 6), known as "pyjama
beds" (Anderson, 1993). Light-coloured felsic tuff
layers are generally more abundant near the tops of
sedimentary intervals. Other sedimentary lithologies
include light green intermediate to mafic tuff, dark blue-
grey massive siltstone, and thin graphite-rich mudstone
beds. Beds are typically siliceous; some are highly
siliceous with a conchoidal fracture. Most beds contain
a distinct felsic volcanic component of potassium
feldspar and quartz. Disseminated pyrite crystals, less
than 1 mm in size, can constitute up to 10% of the rock
volume. Rarely, 1 to 3 mm thick pyrite laminations are
preserved. About 20% of the black argillite beds have
spherical, white weathering prehnite rosettes up to 1 cm
in diameter. These have also been identified in other
upper Hazelton Group rocks, including the Contact
Mudstones in the Eskay Creek mine area (Ettlinger,
2001) and in the mudstones of the Four Corners
complex in the Forgold facies (Alldrick et al., this
volume).

Figure 6. Siliceous dark argillites and light felsic tuffs of the
Middle Unit.

Felsic Rock of the Middle Unit

Intrusive and extrusive felsic rocks are an important
part of the Middle Unit on northern PBR. Intrusive
bodies include dikes, sills and cryptodomes; extrusive
bodies include flows, domes and breccias. Felsic flows
are typically autobrecciated, white to light grey, and
locally display flowbanding. Some flows are peperitic,
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incorporating up to 30% sedimentary clasts and matrix.
The felsic rock is aphanitic, locally spherulitic, has a
semi-translucent dove-grey fresh surface, and often
contains pyrite. Most felsic rocks have fine (less than 1
mm) potassium feldspar phenocrysts, and rarely quartz
and plagioclase microphenocrysts, in a groundmass of
potassium feldspar and quartz. Some (quartz
microphenocrysts are partly resorbed, and they occur in
aggregates with potassium feldspar. Flow facies are
highly variable and change rapidly between massive
flows, autobrecciated flows, and breccias and
conglomerates. Some felsic breccias are polymictic with
sedimentary clasts and a variety of distinct felsic clasts.
At least one flow has a thickness of 10 m or more over a
strike length of 3 km; other felsic bodies form lenticular
exposures that are less than 10 m across.

Two small felsic volcanic centres were delineated
within the Middle Unit on northern PBR. These show
rapid thickening into roughly dome-shaped exposures.
These two felsic complexes are composed of massive,
mainly unbrecciated, felsic rock which is intruded by
both felsic and mafic dikes. The contacts between the
felsic and mafic dikes, and between the dikes and the
surrounding dome, are highly irregular and curviplanar,
indicating intrusion into semi-solid bodies. A network
of feeder dikes and sills underlies each dome. The
domes are surrounded by sedimentary rocks. Large
wedges of sedimentary rock up to 4 m thick were
incorporated into the magma as giant xenoliths. Bedding
attitudes in the sedimentary strata adjacent to the domes
depart from the normal PBR structural grain, indicating
that they may be controlled locally by the paleoslope of
the domes, or deformed by the mafic and felsic dikes.

Upper Sedimentary Unit

The Upper Sedimentary Unit overlies the Upper
Pillow Basalt Unit at the northwestern edge of Pillow
Basalt Ridge. Here, a syncline developed in the
immediate footwall of the Kerr Bend fault exposes the
depositional contact between the two units. The Upper
Sedimentary Unit is composed of dark grey siltstone
with golden brown sandstone laminations. The
sedimentary strata interfinger with pillow basalts and in
places form the matrix in pillow breccia. This intimate
association with the volcanic rocks indicates that the
sedimentary rocks are part of the upper Hazelton Group,
rather than Bowser Lake Group as suggested in Read et
al. (1989).

STRUCTURE

Pillow Basalt Ridge is structurally bounded to the
north by the Kerr Bend thrust fault, and to the west by
the Forrest Kerr fault. As described in the
accompanying regional description of Alldrick et al.
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(this volume), these may be original basin-bounding
faults. Although the present Kerr Bend fault places
older strata over PBR, and was therefore active
following PBR deposition, there is evidence that it was
also a controlling structure for a horst of Paleozoic and
Triassic rock that was uplifted during PBR deposition.

Alldrick et al. (this volume) propose that two stress
regimes controlled the major structures on PBR. An
early extensional regime is responsible for the
northeasterly orientation of the felsic eruptive centres,
dikes, fissures, fissure eruptions and fire fountain
deposits preserved in Pillow Basalt Ridge. These
extensional features are syn-rift.

A later compressional stress regime is responsible
for folding which produced the PBR anticline, a broad
regional fold that affects all of PBR. The PBR anticline
trends 060°, and has been offset by an inferred east-
southeast—trending fault that occupies the deep valley
separating northern and southern PBR (Fig. 2). Minor
folds trending north-northeast to northeast within the
Middle Unit are probably related to this folding event.
This small-scale buckling of the Middle Unit helped
accommodate the space requirements of the fold in the
thicker, more rigid, pillow basalt units.

The later compressional regime is related to a
sinistral shear couple that straddles PBR (Alldrick et al.,
this volume). Shearing on the eastern side of PBR is
responsible for the northern deflection of PBR strata as
it trends towards the Iskut River. This shearing also
accommodated deposition of the overlying Iskut River
Unit. In contrast to the high energy deposits of the Iskut
River Unit, the syncline at the northwestern edge of
PBR exposes conformable, fine-grained distal
sedimentary rocks that were deposited in a relatively
quiescent part of the basin.

FACIES INTERPRETATION

Pillow Basalt Ridge represents a major rift segment
where more than 2 km of pillow basalt filled a subsiding
subaqueous basin. The total thickness of the PBR facies
remains unknown, as does the type of rock that lies
beneath it. Alldrick et al. (this volume) suggest that
basal Middle Jurassic deposits of coarse clastic rock
interfingered with medium-grained basalt and felsic
rock that are exposed in the hangingwall of the Kerr
Bend fault, may also underlie the PBR facies.

The Middle Unit records an interruption in the
volcanic and depositional events that characterize the
thick Upper and Lower Pillow Basalt units on PBR. The
presence of fine-grained felsic turbidites in this interval
suggest that there was a period of significant length
during which the extrusion of mafic lava was
suppressed. If, rather than erupting, mafic magma
accumulated at depth, it could have provided sufficient
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heat to cause crustal-level partial melting. Hart et al.
(2004) link the partial assent of mantle in rift
environments to the generation of felsic magmas and the
convective hydrothermal systems that are necessary for
the formation of VHMS deposits. The reduced amount
of mafic eruptions in the Middle Unit may also have
allowed time for crystallization to occur in the magma
chamber. When this magma next extruded it produced
the coarser grained basalt that is characteristic of the
Middle Unit on PBR. This sequence of events may also
have generated other upper Hazelton bimodal volcanic
sequences where massive basalt with a similar coarse
texture is observed.

The felsic domes and cryptodomes of the PBR
Middle Unit are too small to have produced the adjacent
felsic flows and breccias. At least one felsic centre, now
either buried or eroded, must have been significantly
larger than those currently exposed on PBR.

Sparse  paleo-direction indicators, including
branching pillows, lava tubes, and the orientation of
sedimentary layers entrained into lava flows, show a
pattern of southerly flow. This suggests that the main
eruptive centre was located on northern PBR or even
farther to the north. The relatively thin (150 m thick)
interval of PBR equivalent strata in the hangingwall of
the Eskay Creek mine probably represents the fringe of
this volcanic accumulation.

The differences between the Middle Unit exposures
on northern and southern PBR are also consistent with
north-south, proximal-to-distal progression. The Middle
Unit on northern PBR is thicker than on southern PBR.
It contains significant amounts of felsic and medium-
grained mafic volcanics. The thinner Middle Unit on
southern PBR contains only pillow basalts with
sedimentary intervals; it does not contain any of the
more viscous volcanic rocks that characterize the
northern exposures.

Farther to the north, in the Forgold facies (Alldrick
et al., this volume), a larger felsic centre, the Four
Corners complex, is present. If the Forgold facies was
initially part of the same rift segment as the PBR facies,
this may represent further northward thickening of the
Middle Unit.

The suite of rock types that comprise the Middle
Unit of PBR is not restricted to the Middle Unit. A
narrow, discontinuous zone that repeats the Middle
Unit’s rock suite is also present within the Upper Pillow
Basalt Unit. Variations of this rock suite were also
observed in the Four Corners complex of the Forgold
facies, and in the Sixpack Range (Alldrick et al., this
volume). This suggests that the events that led to the
suppression of mafic volcanism, the deposition of
sediments, generation of felsic volcanism, and the
production of coarser grained massive basalt, were
repeated several times throughout the history of the rift.
Each of these intervals may represent favourable
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stratigraphy for the formation and preservation of
VHMS mineralization.

CONCLUSIONS

Detailed mapping of Pillow Basalt Ridge in the
Iskut River map area has defined four map units: a
Lower Pillow Basalt Unit; a Middle Unit which consists
of bimodal volcanic rocks and intercalated clastic
sedimentary strata; an Upper Pillow Basalt Unit; and the
overlying siltstones of the Upper Sedimentary Unit. The
PBR facies is interpreted to have been deposited in an
extensional submarine setting where basin subsidence
kept pace with the accumulation of at least a 2 km
thickness of volcanic and sedimentary rocks.

The Middle Unit represents a time interval when
there were decreased mafic eruptions, but a sustained
presence of a large mafic magma chamber. Heat from
the mafic magma chamber generated felsic magmas
from partial melting of the crust, and could potentially
have driven VHMS mineralizing systems.

The presence of bimodal volcanism, fire fountain
deposits, and pyritic sedimentary and felsic horizons are
all indications that the Middle Unit of PBR may be
favourable strata for the presence of VHMS style
mineralization. The presence of bimodal igneous and
sedimentary rock suites in the Middle Unit, elsewhere
on PBR, and in other rift facies (the Forgold and
Sixpack facies; Alldrick et al., this volume), indicates
that otherwise less prospective pillow basalt sequences
do contain strata that is favourable to VHMS formation
and preservation.

Strata underlying PBR at depth also represent an
attractive exploration target. The new interpretation of
the location and orientation of the PBR anticline
presented in this article should facilitate future
exploration of this blind strata.
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Geochemistry and Petrography of Upper Hazelton Group Volcanics: VHMS-
Favourable Stratigraphy in the Iskut River and Telegraph Creek Map Areas,
Northwestern British Columbia
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bimodal volcanism, VMS deposits, Targeted
Geoscience Initiative 1l (TGI-11)

INTRODUCTION

In 2003, the British Columbia Geological Survey
and the Geological Survey of Canada initiated a joint
project to map lower Middle Jurassic, upper Hazelton
Group rocks in the Telegraph Creek and Iskut River
map areas of northwestern British Columbia. In this
region, the upper Hazelton Group is host to the Eskay
Creek volcanic-hosted massive sulphide (VHMS)
deposit, as well as numerous showings, prospects and
geochemical anomalies, making it one of the most
highly prospective regions in British Columbia. The
scope of the project includes regional and detailed
mapping of the upper Hazelton Group as well as
geochemical and geochronological studies. Funding is
provided by the British Columbia Ministry of Energy
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and Mines, and by the Geological Survey of Canada’s
Targeted Geoscience Initiative Il.

This paper is the first of a series that will present
and interpret whole rock and mineral chemistry data
from the study area. The purpose of studying these data
is to better understand the igneous and tectonic
processes that were dominant during the formation of
the Eskay Creek VHMS deposit, and to determine the
significance of similarities and variations in the
geochemistry of Eskay Creek time-equivalent volcanic
rocks along the length of the Eskay Rift. This study
may lead to a better understanding of how whole rock
geochemistry can be used as an exploration tool in
finding VHMS style mineralization. The data presented
in this article are whole rock geochemical analyses of
17 volcanic and related intrusive rocks that were
collected during the 2003 field season from the area
between More Creek and Kinaskan Lake, in the
Telegraph Creek map area (Fig. 1). The focus of this
study is on Lower to Middle Jurassic, upper Hazelton
Group rocks, which in the study area are assigned to the
Willow Ridge Complex (Alldrick et al., 2004a; Alldrick
et al., 2004b).

|:] This report

+ Two-year TGl project

X Mine or Developed prospect

Figure 1. Project location map; modified from Logan et al. (2000)
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GEOLOGICAL SETTING

The Willow Ridge Complex (WRC) is located
within the Stikine Terrane in northwestern British
Columbia (Fig. 2). The Stikine Terrane, in the Iskut and
Telegraph Creek map areas, is composed of three major
pre-accretionary units and two younger, syn- and post-
accretionary, units (Alldrick et al., 2004a). The main
stratigraphic components are: 1) the metavolcanic and
metasedimentary Stikine Assemblage of Devonian to
Permian age; 2) island-arc volcanic rocks of the Late
Triassic Stuhini Group; 3) Early to Middle Jurassic
island-arc volcanic and sedimentary rocks of the
Hazelton Group; 4) the Middle Jurassic to Cretaceous
Bowser Lake Group, which is a sedimentary overlap
assemblage that overlies the eastern margin of the
Stikine Terrane units; and 5) the upper Miocene to
Holocene Mount Edziza Volcanic Complex.

The Willow Ridge Complex is defined by Alldrick
et al. (2004a). It is considered to be a part of the Eskay
Creek Facies of Anderson and Thorkelson (1990) and is
interpreted to have been deposited in a subaqueous
volcano-sedimentary environment, typical of rift
settings (Alldrick et al., 2004a). Alldrick et al. (2004a)
describe the WRC as a “thick package of basalt lava
flows and feeder dikes, minor interlayered dacite and
rhyolite lava flows, breccias, feeder dikes and lava
domes, and intercalated volcaniclastic sedimentary
rocks”. Alldrick et al. (2004a) interpret the volcanic
rocks within the complex as a bimodal volcanic suite.
The full thickness of the complex is uncertain, but on
Table Mountain it is at least 4 km thick. The complex is
divided into three units: a Lower Basalt Unit, a Middle
Sedimentary Unit, and an Upper Basalt Unit, which
unconformably overlie older, Stuhini Group or lower
Hazelton Group volcanic breccias. All three WRC units
have intercalated felsic flows and feeder dikes and sills.
The Middle Sedimentary Unit is predominantly
composed of clastic rocks but also contains bimodal
volcanics, including a north-northwesterly trending line
of felsic domes. The reader is referred to Alldrick et al.
(2004a), Alldrick et al. (2004b), and Simpson and
Nelson (2004) for detailed maps and descriptions of the
geology in the study area.

PETROGRAPHY

The WRC consists of a bimodal, felsic and mafic
igneous rock suite. Mafic rocks consist mainly of basalt
and minor andesite; felsic rocks are rhyolite.

Mafic rock in the WRC is aphanitic and dark to
olive green. Mafic intrusions include dikes and sills,
and, on Willow Ridge, stocks assigned to the Three
Sisters Plutonic Suite. Extrusive units include massive
flows, pillowed flows and pillow breccia, hyaloclastite,
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and breccias of fluidly shaped clasts typical of fire
fountain deposits (Simpson and Nelson, 2004). Basalts
and andesites are commonly amygdaloidal and have
characteristic ~ white  weathering  variolites, a
devitrification feature.  Their primary mineralogy
includes densely packed plagioclase laths and
clinopyroxene phenocrysts in a devitrified glassy
matrix. Amygdules are filled with chlorite and minor
quartz and calcite. The primary mineralogy of basalts
and andesites is well preserved with the exception of
secondary calcite in the matrix and clinopyroxene
phenocrysts that are in some cases replaced by chlorite
and quartz. Secondary alteration accounts for between
5 and 25% of the modal mineralogy in mafic samples.

Felsic rock in the WRC is aphanitic, white to pale
green, commonly spherulitic and rarely has small
vesicles/amygdules that are elongated parallel to flow.
High-level felsic intrusions include dikes, sills and
cryptodomes; extrusive bodies occur as flows, breccias
and domes. The rhyolites are generally aphyric, and
rarely feldspar porphyritic with potassium feldspar and
lesser plagioclase phenocrysts. The groundmass has
undergone minor devitrification and is mainly
composed of quartz and potassium feldspar. Accessory
amounts of sphene are common; sample JN01-08 also
contains zircon. The proportion of opaque minerals is
low in most samples, but sample JN04-11 contains 14%
opaque minerals. The samples have undergone varying
degrees of alteration and contain secondary epidote,
chlorite, calcite, quartz and white mica. Secondary
alteration products account for between 5 and 15% of
the modal mineralogy in rhyolite samples.

ANALYTICAL METHODOLOGY AND
SAMPLING PROCEDURE

Seventeen samples for whole rock and trace
element analysis were collected from surface exposures
during regional mapping (Fig. 2; Alldrick et al. 2004a;
Alldrick et al. 2004b). They were selected to represent
the least altered instances of the full range of volcanic
lithologies that occur commonly in the study area. Four
samples (A03-14-7, A03-18-6, JN-07-01 and MS-03-
07-02) represent the Triassic Stuhini Group and lower
Hazelton Group. The remaining samples are upper
Hazelton Group rocks of the Willow Ridge Complex.
The data for all samples are presented in Table 1. For
the analysis discussed in this paper, four samples are
discarded. Sample A03-18-6 is discarded because it is a
tuff. Samples A03-14-7 and MS-03-06-05 are discarded
due to high degrees of alteration. Sample KS04-23B is
discarded because it contains a high proportion of mafic
xenocrysts.  The remaining samples represent three
lithologies: rhyolite, basalt and andesite.

British Columbia Geological Survey



~ A03-14-07
. NSNS SN

.‘

\

KSD2 1

Layered Rocks:

"| Tertiary to Recent

.| Edziza volcanic rocks

| Middle-Upper Jurassic
—— Bowser Lake Group

ESKAY RIFT
WILLOW RIDGE
COMPLEX
Lower-Middle Jurassic
Hazelton Group

Lower Jurassic
Hazelton Group sediments
Hazelton Group volcanics

j Upper Triassic

| Stuhini Group

Intrusive Rocks:

| Middle Jurassic

Three Sisters

| Early Jurassic

Texas Creek

SYMBOLS
™ Lake
g Ice

Contour line
River

a7~ Highway
— Fault
.t Unconformity

Geologic
Contact

A Mafic sample
[0 Felsicsample
& Tuffsample

' i |

Figure 2. Geology map with sample locations; modified from Alldrick et al. (2004a).

Geological Fieldwork 2004, Paper 2005-1

41



YRS 9’ SLT o 19°€ 15 0g€ 95°€ €2°€ 92T 520 09T [T Tv'9 €6'€ 109 LLET UL
150 850 ov'o 900 160 8.0 950 €L0 0.0 S¥°0 110 6€°0 060 £6°0 ¥5°0 90'T 990 el
8z'c 86°C GL'E Z€0 FAN 95'S 6LV vy 9ev 59 65T 6v°€ 659 Se'L oY vL8 8¢ H
Z€0 €50 LE0 600 9g°0 8.0 G0 250 190 0.0 0€0 90 ¥9°0 660 650 80'T €70 n
122 oLe 162 090 'z 2SS v1'S 09°€ SeY 8 €12 Ty sy 189 Ty ST'L vL2 gA
€€°0 S50 1€°0 100 8€°0 6.°0 120 S50 590 2.0 €€°0 ¥9°0 ¥9°0 T 650 10T 1€°0 wy
0z'e zLe 8v'z 050 952 80°'G 80°S €Le s 167 STAY 8z 60'% £1'9 18°€ v€'9 112 13
€L°0 A 180 9T'0 680 €9'T 19T 62T 0S'T €9T 9.0 T 62T €0'C 6T'T 96'T 150 OH
05 SG6'G s 120 0ev 9z'L 99°2 8€'9 v0'L vS'L vS'e 679 28'S 10'6 0Z'S €8'8 82T Aa
950 580 2L0 010 690 ¥0'T ET'T 10T 0Tt 9T'1T ¥5'0 86°0 680 €T €L°0 0T 0€0 qL
29 861 €9y €50 05 €67 059 209 €99 189 8T'e 99'G SZ'S ve'L 18°€ 969 18T PO
860 96°0 vZ'T 170 ev'T 190 A €T €T T 060 ovr'T 680 €97 850 S0'T ¥1°0 n3
85 YLy ¥S'Y 0.0 eey 1G°€ ST'S 0€'s L'S 6€'S 252 6EY 0€'S 90'9 IT€ 9 v8'T ws
50°9T €022 06'8T v's 8€'6T 2Tl 8002 1502 ¥5'22 102 6.8 9€'9T 0z'L2 ¥0'S52 vl 59°/2 [A N PN
08¢ LES veY T £5'Y e 05t 0S'v 90°'G 0Sv 69'T 8¥'e 8T'L 26'S €5°¢ 599 0S'€ id
Zvoe 10°2Y 8.'82 9e'eT 29°sge 62°LT €e'ee 8T'TE 8z'L€ £8°T¢ 29017 8572 16°09 65°9F 92'92 69°€S 8z'L€ o)
€9T z1°oz 18°€T 009 59'8T 89°L 1€°6T €z'eT GE'8T 8e°aT STy 96'0T 8v'ze €z'ee STYT 16'92 66T e
8eT 616 50°0T 2L ve'zT €502 TST 80°GT S6°vT 106 1T°9 €9°€T v6°LT 8812 0S'TT €012 00'S aN
SLOPT  8v'8/T  88°€9T 0T'LT ZTSET  1S'EST 16222 ££981 8'68T 1T'1ST 589 8V YT vv'80c  89°ZSE  659TZ  8Y'G9E 67°66 1z
28'8T 86°0€ 26'6T vey €922 192y €5y ¥0'1€ ¥0'6€ 6L0% 1¥'8T zs'se 80°2¢ 9L°1S €LTE 50°81 SSYT A
¥ZT 59 09T 6T 9eT L 162 zs ZET 262 69T 08z L 9T 8 ot 1T (wdd) A
£€'66 1€'66 29'66 €166 61'66 2€'66 19'66 19°'66 9'66 1566 5’66 16'86 62'66 2566 GZ'66 2266 £2'66 [eoL
9e'9 se'T ¥8'v eeT 8v'S L0 88'¢ 1e°€ 68°€ ra% FAXS ¥1'8 z €9'v vT'T 86°0 1€°0 101
z0 900 200 €00 ¥1°0 120 170 1170 200 LTO 100 900 ST0 T0 120 ST0 600 eg
€0 820 ST0 100 v€0 100 1€0 v€0 1€0 v.0 ST0 820 500 T0 100 100 €00 S0%d
€8'c zee 892 8T0 66'T 6L eTT e 200 €0'9 290 ¥9°0 6T'S T 'S 10°€ 96°9 o™
80°E zes 68'T 100 1Y 8T'C €Sy 25°e 19'G 190 86°C vy 8c'e 8Lv €20 SGY 120 o%N
ST'S T 6T'T 500 68 120 vv'e 80'T TAr 6€C IT°9 1T 86°0 €0 1€°0 €00 100 oed
81 ¥6°0 962 100 6.0 ST0 9z'g 80'€ IT€ Sv 98 Ge'e 20 2L0 67°0 €20 200 obn
210 100 100 100 z0 100 10 T0 10 SZ°0 210 8T'0 60°0 T0 100 100 100 Oun
609 ST'e 152 90 26'S 29T 25°0T 8T'6 G8°0T T0°€T 10T GL'6 vT'e 81’ LET LT 250 EQted
8e°9T ve'eT €6'2T 180 €z2'8T oL 90'ST GGET 68'vT ¥9°€T 60°9T 20°€T 90'vT 89°2T €Ll v8'1T 128 ek
890 890 ¥6°0 500 180 210 9e'T ST'T €LT ¥6'T 860 16T 8T°0 S0 €2°0 ST'0 T0 o1l
v€°aS 20°TL 679 8596 £6°2S 6€8 16°€S 1119 19 LLTS 60°LY 1T°9% 18'69 1069 ¥6'18 8v'9L 8528 el
T862v€9 6ST.9€9 0ST0€E9 18¥61€9 L260vE9 22T9EE9 9ETSEQ Tr.,ESE9 6T€59€9 6GT.9€9 L0¥69€9 1L/9/G€9 00S06€9 81¢2/.G€9 626.G€9 £€2/5€9 8GG/9€9 Bunseg
S0.L2TY 88Y 1Y 0TE60Y GT9601 9980T¥ 00TZCTY 769811 Y2161y LSv02y 88y 1Y €188TY 0L0LTY VETLEY 8¢CSTY 192LTY L9€9TY 09212t BuiyuoN
50-90 ave 90 L0 20-20 10 10-¥0 9z S0-€2 V2 ST 0 20 1T 80 10 10
-€0-SIN -€0SM  -8T-E0V  -¥T-E0V -€0-SW  -/ONC -€0-SIN  -€0-SW  -€0-SIN  -E0SM -Z0SH -TONC -yINC -yONC -TONC -TONC  -90-£0V
sa|dwres papJedsia 100y dissel L 120y Jlje]N DdM aljoAyy DM

V3IYV dVIN X33H0 HAVHEOI 131l
JHL NI ‘IHVTNYASYNIN ANV HFTFHO FHOW NIFIMLIF VIIV FHL INOYL STTAINVS LT 4O AYLSINIHOOTD MO0H ITOHM ‘T 319V.L

British Columbia Geological Survey



Processing of samples included the removal of
weathered surfaces by selective chip sampling. Samples
were pulped in a chrome steel swing mill. The major
oxides as well as Ba and V were determined by x-ray
fluorescence (XRF) using a fused disc and Siemens
spectrometer at Global Discovery Labs in Vancouver,
British Columbia. Loss on ignition was determined by
fusion at 1100°C. Trace element concentrations,
including analyses of Y, Zr, Nb, Hf, Ta, Th and the rare
earth elements (REE) were determined by inductively
coupled plasma mass spectrometry (ICP-MS) at
Memorial University of Newfoundland (rock powders
were dissolved with Na,O,). The quality of analysis
was monitored by simultaneous analysis of standard
reference rocks. Major oxides and trace elements have
been recalculated to anhydrous for all discussion in this
paper. Table 1 contains the results of all original data,
which are not recalculated to anhydrous compositions.

WHOLE ROCK GEOCHEMISTRY
WRC Rocks

Analysis of major oxides of metamorphosed and
altered rocks, such as those from the WRC, poses
difficulties because many major elements have a high
degree of mobility. In particular, the hydrothermal
alteration of feldspars and glass results in the loss of
alkalis (Saeki and Date, 1980), and the formation of
chlorite can affect Mg and Fe concentrations (Lentz,
1999). Other major elements, such as Al,O3; and TiO,,
are normally considered immobile. For this study an
effort was made to collect samples exhibiting the least
amount of alteration. However, petrography shows that
many samples have been subject to significant
alteration. As a result, the emphasis of this study is on
trace element geochemistry utilizing mainly the REE
and high field strength elements, which are considered
to be immobile under low-grade alteration conditions
(Whitford et al., 1988; Lentz, 1999).

According to SiO, vs Zr/TiO, ratios, WRC rocks
range, on an anhydrous basis, from basalts and andesites
to dacites and rhyolites (Fig. 3). Two samples have
very high contents of SiO, (83%), indicating that they
were affected by secondary SiO, enrichment. In
addition, petrography shows that secondary quartz is
present in some mafic samples, which suggests that the
rocks which plot as andesites may be silicified basalt.
Because of this apparent SiO, mobility, classification of
WRC rocks must be done using trace elements.
According to Zr/TiO, vs Nb/Y ratios, the WRC
volcanics are a bimodal rock suite, consisting of mafic
rocks that range in composition from basalts to andesite-
basalts, and felsic rocks that are all rhyolites (Fig. 4).
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samples; Pearce (1996).

Both classification systems agree that the WRC
rocks are sub-alkalic. A plot of TiO, vs Mg# (Mg# =
Mg/Mg+Fe,;) supports the bimodality of the suite,
showing that the felsic and mafic rocks form two
distinct populations (Fig. 5).

WRC Mafic Rocks
Mafic rocks of the Willow Ridge Complex are
basalts and andesites (Fig. 4). According to their

negative trend on a TiO, vs Mg# diagram (Fig. 5) and
overall high TiO, values (1.3 —2%), they have a
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Figure 6. Chondrite normalized REE plot of WRC mafic
rocks; Sun and McDonough (1989).

tholeiitic MORB affinity. Rare earth elements (REE)
show a slight enrichment in light REE (LREE) (La,/Sm,
= 1.83), flat heavy REE (HREE) (Gd,/Yb, =1.19) and a
small negative Eu anomaly (Fig. 6). Sample KS-02-15
has lower absolute abundance of REE and a nearly flat
pattern (La/Yb, = 1.43). Mantle normalized trace
element abundance patterns for the mafic rocks show a
slight enrichment of strongly incompatible elements,
sloping from Th to Sm with a small but distinct negative
Nb anomaly (Fig. 7). Sample KS02-15 has lower
absolute abundances of incompatible elements than the
other mafic samples, and it does not show a negative Nb
anomaly. There are no significant systematic
differences between the trace element characteristics of
basalts and andesites.
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Figure 7. Primitive mantle normalized immobile element plot
of WRC mafic rocks; Sun and McDonough (1989).
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Figure 8. Chondrite normalized REE plot of WRC felsic
rocks; Sun and McDonough (1989).

WRC Felsic Rocks

The very high concentrations of SiO, (between
72% and 83%) in the rhyolites suggest that at least some
samples were affected by secondary silicification. The
majority of felsic samples follow the same pattern on
REE diagrams and show enrichment in LREE (La,/Sm,
= 3.01), flat HREE (Gd,/Yb, = 0.86) and a slight
negative Eu anomaly (Fig. 8). One sample (A03-06-07)
has a very different, VV-shaped, REE pattern. It has a
moderately steep downward slope from La to Sm
(Lay/Sm, = 6.93), a shallow upward slope from Gd to
Lu (Gd,/Yb, = 0.46) and a strong negative Eu anomaly.
Mantle normalized trace element plots also distinguish
sample A03-06-07 from the main felsic population (Fig.
9). The four felsic samples that plot together have a
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Figure 9. Primitive mantle normalized immobile element plot
of WRC felsic rocks; Sun and McDonough (1989).

shallow downward slope up to Sm with mildly negative
Nb, strongly negative Ti and weak positive Zr
anomalies. Sample A03-06-07 has a lower absolute
abundance of most incompatible elements, a steeper
negative slope up to Sm and stronger negative Nb and
Eu anomalies.

DISCUSSION

The volcanic rocks of the Willow Ridge Complex
form a bimodal, sub-alkalic suite that is consistent with
a rifting arc environment. Two sources are proposed for
the mafic rocks within the complex. Sample KS02-15,
which has a flat REE pattern and a positive Nb anomaly
on a mantle normalized profile (Fig. 7), is typical of rift-
related basalts generated from asthenospheric mantle.
The remaining samples, which are relatively enriched in
LREE and incompatible elements such as Th, and have
a slight negative Nb anomaly, are derived from sub-arc
lithospheric mantle.

Rhyolites in the WRC show a distinct grouping
according to Zr/TiO, and Nb/Y ratios (Fig. 4). No
intermediate or alkali rocks are represented. The
absolute abundances of trace elements of rhyolites and
basalts overlap (Fig. 10). This precludes the possibility
that the rhyolites were derived from fractional
crystallization of the basalts. Therefore they must have
a different source than the WRC mafic rocks. The most
obvious source of the rhyolites is melting of crustal
rocks. Sample A03-06-07 has a very different trace
element signature than most of the WRC rhyolites; this
may be a result of the heterogeneous nature of the crust
from which it is derived. A variety of explanations for
similar V-shaped REE signatures in felsic rocks are
described by Dostal and Chatterjee (1995).
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Figure 10. Primitive mantle normalized immobile element
plot showing the overlap in element concentrations for WRC
felsic and mafic rocks; Sun and McDonough (1989).

Field relations within the WRC and on a regional
scale suggest that the upper Hazelton Group in the
Telegraph Creek and Iskut River map areas is rift
related. The geochemistry of the WRC is consistent
with a rifting arc environment. Bimodal volcanism, as
expressed in the WRC, is common of rift environments.
The following is the most likely scenario that accounts
for the range of volcanic rock compositions found
within the WRC. Rift-related decompression melting of
the asthenosphere produced mafic magmas represented
by sample KS-02-15. However, the majority of the
magma, which erupted during the period represented by
the WRC, was derived from a sub-arc lithospheric
mantle source. Heat derived from the mafic magmas
caused partial melting within the crust. This generated
felsic magmas, which have similar trace element
abundances as the sub-arc mantle derived mafic rocks
but different relative enrichment patterns, notably Nb
and Ti depletions, which reflect their crustal source.
Rift-related faulting allowed these magmas to erupt with
minimal mixing, which accounts for the bimodality of
the WRC volcanic suite.

Comparison of WRC and Eskay Creek Igneous
Rocks

Volcanic rocks from the WRC and the Eskay Creek
mine have similar chemical characteristics but there are
also some subtle differences between them. Rhyolites
at Eskay Creek are significantly enriched in the absolute
abundances of REE with respect to basalts. This is
similar to the relationship between the rhyolites of the
WRC and the one asthenospherically derived mafic
sample, but contrasts with the relationships seen
between WRC rhyolites and the majority of basalts
found in the complex. Significantly, Barrett and
Sherlock (1996) indicate that the rhyolite and basalt
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magmas at Eskay Creek could be derived from different
sources. They suggest that the rhyolites are derived
from tholeiitic crustal rocks, and the basalts are derived
from primitive mantle. This is also the most likely
scenario for the genesis of the rhyolites, and the
primitive basalt sample from the WRC. Barrett and
Sherlock (1996) also agree that the eruption of primitive
basalt at Eskay Creek might be due to rift-related deep
faulting. Average element concentrations between
Eskay Creek rhyolites and basalts are similar to WRC
rhyolites and basalts but there are some differences.
Barrett and Sherlock (1996) use approximate values of
Zr, Y, Nb and (La/Yb), to characterize Eskay rhyolites
(Table 2). Willow Ridge Complex and Eskay Creek
rhyolites have comparable (La/Yb), ratios, but the
absolute element concentrations are elevated in the
WRC rhyolites. Barrett and Sherlock (1996)
characterized Eskay Creek basalts by their range of
immobile element concentrations. The ranges of
element concentrations in WRC basalts have significant
overlap with those of Eskay Creek basalts (Table 3).

Rhyolites from both Eskay Creek and from the
WRC have incompatible element characteristics that are
consistent with FIII type rhyolites of Lescher et al.
(1986). These types of rhyolites are host to most of the
Archean age VHMS deposits in the Superior Province
as well as large tonnage VHMS deposits of other ages
worldwide (e.g., Kidd Creek, United Verde).

The bimodal volcanic suite of the WRC shows a
marked departure from the volcanism in the lower part
of the Hazelton Group. Early Jurassic rocks of the
Hazelton Group have dominantly intermediate
compositions with a calc-alkaline affinity (Marsden and
Thorkelson, 1992). Macdonald et al. (1996) interpreted
the Early Jurassic volcanic environment to be a partly
emergent volcanic arc. The geochemical and field
characteristics of the WRC both indicate that a shift
occurred from an Early Jurassic arc-related environment
to a rifting-arc environment during the Middle Jurassic.

CONCLUSIONS

Volcanic rocks from the Willow Ridge Complex
are bimodal. Mafic rocks are rift-related tholeiites and
all but the most primitive basalts were derived from the
sub-arc lithospheric mantle. Rhyolites are derived from
partial melting of a heterogeneous crust. The
bimodality of the volcanics from the WRC, and the
tholeiitic affinity of the mafic rocks, are consistent with
field observations which suggest that the WRC
represents a rift environment. Volcanic rocks from the
WRC represent a shift from Early Jurassic arc formation
to Middle Jurassic arc rifting, which has been observed
elsewhere in the region, notably at Eskay Creek.
Chemically the WRC volcanic rocks are very similar to
those at Eskay Creek but there are some subtle
differences in their geochemical signatures. Both WRC
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and Eskay Creek rhyolites have incompatible element
characteristics that are consistent with FIIl type
rhyolites of Lescher et al. (1986). FIII type rhyolites are
highly prospective and host most of the Archean VHMS
deposits in the Superior province, and many other high
tonnage deposits worldwide.

TABLE 2. COMPARISONS OF SELECTED
IMMOBILE ELEMENTS IN RHYOLITES FROM
ESKAY CREEK AND THE WRC

Eskay Rhyolite WRC Rhyolite
Zr 170 ppm 228 ppm
Y 55 ppm 37 ppm
Nb 30 ppm 16 ppm
(La/Yb)n 2-4 2-5

TABLE 3 COMPARISONS OF SELECTED
IMMOBILE ELEMENTS IN BASALTS FROM
ESKAY CREEK AND THE WRC

Eskay Basalt WRC Basalt
TiO, 1.3-2% 1.1-1.8%
Zr 60-90 ppm 73-235 ppm
Y 25-40 ppm 19-46 ppm
Nb 2-6 ppm 6-17 ppm
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Regional Studies of VMS Mineralization and Potential within the Early
Jurassic Hazelton Group, British Columbia

By J.K. Mortensen!, P. Wojdak?, R. Macdonald3, S.M. Gordee! and J.E. Gabites!

KEYWORDS: volcanogenic massive sulphide deposits,
Eskay Creek, Hazelton Group, Stikinia, Early Jurassic,
Bella Coola area, Whitesail Lake area, southern Babine
Range, Stewart area, Forrest Kerr Creek area, Rocks to
Riches program

INTRODUCTION

Eskay Creek type (ECT) volcanogenic massive sul-
phide (VMS) deposits within the Early and early Middle
Jurassic Hazelton Group are currently the focus ofa consid-
erable amount of mineral exploration effort because of their
substantial tonnage potential and high precious metal con-
tent. A project was begun in 2003 with the goal of identify-
ing the specific controls that lead to formation of an ECT
deposit instead of a more typical polymetallic, “Kuroko-
type” VMS deposit. Both of these types of VMS deposits
are known to exist within the Hazelton Group in Stikinia
(Massey, 1999; Massey et al., 1999); however, deposits in
the immediate area of Eskay Creek are the only significant
ECT deposits that have been discovered thus far in British
Columbia. Funding for the project derives in part from the
Rocks to Riches Program, which is administered by the BC
& Yukon Chamber of Mines, and by a consortium of min-
ing and exploration companies, with matching funds from
the Natural Sciences and Engineering Research Council of
Canada (NSERC).

Work during the 2003 and 2004 field seasons included
1) a detailed study of upper Hazelton Group strata in the
northern Bella Coola and southern Whitesail Lake area in
southern Stikinia known to host VMS occurrences that dis-
play some ECT characteristics (Mortensen et al., 2004;
Gordee et al., 2005; Mahoney et al., 2005); and 2) a re-
gional investigation of key features, such as crystallization
age, geochemistry and eruption temperature of volcanic
rocks that host known VMS occurrences within the
Hazelton Group, as well as water depth and
paleotopography of the immediate area in which the miner-
alization formed (Mortensen et al., 2004).

Results of the 2004 field work in the Bella Coola and
Whitesail Lake areas are summarized by Gordee et al.
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UBC, Vancouver, BC
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(2005). This paper reports the results of field studies, as
well as U-Pb dating and Pb isotopic studies of the Hazelton
Group and contained mineralization from several parts of
Stikinia, including the northern Bella Coola and southern
Whitesail Lake areas, the southern Babine Range east and
southeast of Smithers, the Homestake Ridge area southeast
of Stewart, and the Forrest Kerr Creek area (RDN property)
north of the Eskay Creek mine (Figure 1). Mineral occur-
rences that have previously been interpreted to be
syngenetic (VMS) in character are present in each of these
areas.

NORTHERN BELLA COOLA AND
SOUTHERN WHITESAIL LAKE AREA

The regional setting and local geology of the southern
Stikinia Terrane in the northern Bella Coola and southern
Whitesail Lake area (Figure 1) are described by Gordee et
al. (2005) and Mahoney et al. (2005). Previous workers
have provided brief descriptions of VMS mineralization at
the Nifty occurrence (Ray etal., 1998; Diakow et al., 2002),
which is hosted in felsic volcanic rocks of early Middle Ju-
rassic age and hence roughly age equivalent to the Eskay
Creek deposit. Other mineralization presently known
within this part of Stikinia includes disseminations and
veins of specular hematite (locally associated with minor
malachite; Gordee et al., 2005) and several small chalcopy-
rite-bearing quartz-vein breccia zones in the Mt. Preston
area.

Lead isotopic compositions determined for galena
from four samples of the Nifty mineralization (Table 1) fall
within the general field of Pb isotopic values for mineral-
ization of Early to Middle Jurassic age in northwestern
Stikinia (‘Jurassic cluster’ in Figure 2) and closely overlap
the field of Pb compositions from the Eskay Creek deposit
itself (Childe, 1996). This is consistent with the interpreted
syngenetic character of the Nifty mineralization and its co-
eval relationship with the Eskay Creek deposit. A single Pb
analysis of chalcopyrite from a mineralized quartz-vein
breccia from southeast of Mt. Preston also falls within the
Jurassic cluster, but is distinctly less radiogenic than the
Nifty sulphides. Nonetheless, the isotopic composition
suggests that the vein breccias formed as part of an Early or
Middle Jurassic metallogenic event, possibly analogous to
epigenetic mineralization of Early Jurassic age in the Iskut
River area in northwestern Stikinia.
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Figure 1. Distribution of Early and Middle Jurassic volcanic and sedimentary strata of the Hazelton Group within the Stikine Terrane of

British Columbia.

SOUTHERN BABINE RANGE

Several mineral occurrences hosted by Hazelton
Group volcanic strata in the southern Babine Range east of
Smithers (Figure 1) were interpreted by Wojdak (1998) to
be potentially syngenetic in origin. MacIntyre (1989) as-
signed volcanic and sedimentary strata in this area to the
Telkwa and Nilkitkwa formations based on overall lithol-
ogy and sparse Late Sinemurian to earliest Toarcian fossil
ages. This suggests an age of ~195-180 Ma for the host
rocks to mineralization; hence, syngenetic (?) mineraliza-
tion in the area would appear to be somewhat older than that
at Eskay Creek.

One of these prospects (Harry Davis; BC MINFILE
093L 203, 204, 205 and 214) includes several individual
occurrences located near the summit of Mt. Harry Davis,
north of Houston. It consists mainly of disseminated and
fracture-filling sphalerite, chalcopyrite, galena and locally
fluorite, although, in one instance (the “Hilltop showing”),
sphalerite occurs as disseminations along bands in massive
to laminated chert. The upper portion of Mt. Harry Davis is
underlain by a thick section of flow-banded, quartz- and
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feldspar-phyric rhyolite that is associated with bedded red
and maroon lapilli tuffs which locally contain accretionary
lapilli. A sample of the rhyolite is calc-alkaline in composi-
tion, with a volcanic-arc signature (Mortensen et al., 2004).
Four fractions of zircon recovered from a sample of the
massive rhyolite give concordant analyses (Table 2; Figure
3a), and the oldest two concordant analyses (C and E, Fig-
ure 2a) give overlapping ***Pb/>**U ages of 179.3 + 0.8 Ma
(Late Toarcian), which is taken as the crystallization age of
the sample. This age is near the upper age limit for Hazelton
Group strata that had been recognized in this area on the ba-
sis of fossil age constraints. It is also similar to the age of the
Salmon River Formation that hosts the Eskay Creek de-
posit; however, the rhyolite at Mt. Harry Davis is
geochemically distinct from that at Eskay Creek
(calcalkaline vs. tholeiitic).

The Lakeview prospect (BC MINFILE 093L 030), lo-
cated approximately 6 km northeast of the Harry Davis oc-
currence, was visited briefly during 2004. Mineralization
comprises medium- to coarse-grained, massive to crudely
banded specular hematite, chalcopyrite, pyrite and
sphalerite. It appears to be roughly stratabound, and associ-

British Columbia Geological Survey



ated with a limy horizon within steeply northwest-dipping
felsic pyroclastic rocks (Wojdak, 1998). The immediate
wallrocks for the sulphides are strongly hematized and
epidotized. The overall character of the mineralization, in-
cluding the mineralogy, relatively coarse grain size of the
sulphides, and association with carbonate rocks, is most
reminiscent of a skarn, although the possibility that the oc-
currence comprises Early or Middle Jurassic syngenetic (?)
mineralization that has been strongly recrystallized in the
contact aureole of a younger intrusion (not presently ex-
posed) cannot be ruled out.

One day was spent examining and sampling the Ascot
prospect (BC MINFILE 093L 024), which comprises sev-
eral individual occurrences near the head of Canyon Creek,
approximately 30 km east of Smithers (Figure 1). The prop-
erty is underlain by a package of mixed sedimentary rocks
(mainly thinly bedded limestone, carbonaceous argillite
and argillaceous wacke) and intermediate to felsic breccias,

all of which are cut by widely spaced andesite dikes. The
rock units in this area have been variably deformed, and
weaker lithologies (e.g., limestones and argillites) show a
moderate to strong foliation and locally abundant minor
folding (e.g., Figure 4a). Two distinct styles of mineraliza-
tion were observed: 1) disseminations and bedding-parallel
stringers of fine-grained sphalerite and galena in impure ar-
gillaceous limestones, and 2) galena in fine quartz stringers
and disseminations in a felsic breccia unit (Figure 4b). The
mineralized stringers in this latter style of mineralization
are truncated at the margins of the clasts, indicating that the
veining predated brecciation and the mineralization there-
fore must be broadly syngenetic with respect to the felsic
volcanic event.

Lead isotopic compositions have been determined for
sulphide samples from all of the potentially syngenetic oc-
currences in the southern Babine Range and are shown in
Figure 2. Although there is some scatter in the data, all anal-

TABLE 1. PB ISOTOPIC COMPOSITIONS OF SULPHIDE MINERALS FROM OCCURRENCES IN THE
NORTHERN BELLA COOLA-SOUTHERN WHITESAIL LAKE AREA AND SOUTHERN BABINE RANGE.

. 2061, 1204 Error Error 507 204 Error Error 505, 204 Error Error

Occurrence Mineral Pb/“"*Pb (abs) ) Pb/“"*Pb —(abs.) %) Pb/“"*Pb (abs) %)
Northern Bella Coola/southern Whitesail Lake area
Nifty sl 18.8094 0.0277 0.15 15.6009 0.0238 0.15 38.543 0.0647 0.17
03M-01 Nifty py 18.8018 0.0082 0.04 15.6131 0.0102 0.07 38.5262  0.0334 0.09
03M-01a Nifty py 18.8107 0.013 0.07 15.5789 0.0109 0.07 38.3262  0.0435 0.11
03M-01a Nifty py 18.8089 0.0155 0.08 15.6075 0.0116 0.07 38.4445  0.0486 0.13
03M-05 cp 18.7266 0.0093 0.05 15.5958 0.0108 0.07 38.4479  0.0352 0.09
Southern Babine Range
Del Santo-1 py 18.6942 0.0106 0.06 15.592 0.0108 0.07 38.3059  0.0373 0.1
Lakeview 2 py 18.8699 0.0184 0.1 15.6703 0.0158 0.1 38.6114  0.0737 0.19
Lakeview-2 py 18.8329 0.0104 0.05 15.5823 0.0105 0.07 38.4059  0.0397 0.1
Lakeview-3 py 18.7949 0.0104 0.06 15.5978 0.011 0.07 38.4427  0.0365 0.09
Su py 18.7183 0.0226 0.12 15.6213 0.0142 0.09 38.2534  0.0634 0.17
Su py 18.7529 0.012 0.06 15.6406 0.0122 0.08 38.4829  0.0385 0.1
HD py 18.7918 0.0141 0.07 15.6642 0.0138 0.09 38.6877  0.0415 0.11
Ascot sl 18.7192 0.0286 0.15 15.6187 0.0206 0.13 38.3998  0.0743 0.19
Del Santo-2 py 18.6965 0.0185 0.1 15.5905 0.0152 0.1 38.2679  0.0548 0.14
Homestake Ridge
03M-100 Myborg adit gl 18.9478 0.0083 0.04 15.6773 0.0102 0.07 38.7255  0.0337 0.09
03M-101 Myborg adit cp 18.8793 0.0228 0.12 15.6657 0.0104 0.07 38.5461 0.0553 0.14
03M-101 Myborg adit cp 18.8166 0.0262 0.14 15.5736 0.0227 0.15 38.4641 0.0617 0.16
03M-102 Myborg adit cct 19.8714 0.0526 0.26 15.6951 0.0418 0.27 39.2944  0.1085 0.28
03M-105 vein in seds cp 18.9611 0.0141 0.07 15.6418 0.0118 0.08 38.647 0.0419 0.11
adjacent to South
Dome rhyolite
03M-107a Dilly Zone py 18.7506 0.0112 0.06 15.625 0.0111 0.07 38.7768  0.0376 0.1
03M-108 Dilly Zone gl 18.9137 0.0084 0.04 15.6255 0.0102 0.07 38.5199  0.0337 0.09
03M-110 Dilly Zone gl 18.9072 0.0086 0.05 15.6089 0.0103 0.07 38.5437  0.0342 0.09
03M-111 Dilly Zone gl 18.9535 0.0082 0.04 15.6692 0.0102 0.06 38.7193  0.0335 0.09
Vanguard Cu cp 18.9132 0.0261 0.14 15.6552 0.0182 0.12 38.5787  0.0718 0.19
Vanguard Cu cp 18.9158 0.0094 0.05 15.6362 0.0107 0.07 38.5963  0.0351 0.09
Silver Crown py 19.1597 0.0115 0.06 15.6415 0.0109 0.07 38.6905  0.0376 0.1
RDN Property

RDNO01-19 94.0 gl 18.826 0.0294 0.16 15.6883 0.0247 0.16 38.506 0.0687 0.18
RDNO01-20 gl 18.8837 0.0091 0.05 15.612 0.0104 0.07 38.5669  0.0345 0.09
RDN99-01 py 18.8383 0.0094 0.05 15.6051 0.0102 0.07 38.4062  0.0349 0.09
All errors given at the 2 sigma level.
Geological Fieldwork 2004, Paper 2005-1 51



[ Mt. Preston breccia
(O Harry Davis
@ Lakeview

A Del Santo
¢ Ascot
& Su

mation, as well as fine-grained clastic
sedimentary rocks that may correlate
with the early Middle Jurassic Salmon

Jurassic

157} cluster

-

“"PblPb

156

Eskay Creek
sulphides

15.5

1

Tertiary
- cluster

Y
5
" ememEom

River Formation. Mineralization and al-
teration is focused around subvolcanic
hornblende-feldspar porphyry intru-
sions that resemble and are believed to
be equivalent in age to the Goldslide in-
trusions at Red Mountain, located ap-
proximately 25 km northeast of the
property (Rhys et al., 1995). These por-
phyry intrusions occur along structural
breaks in the rock package and are asso-
ciated with broad areas of rocks with lo-
cally intense sericite-quartz-pyrite al-
teration. Two large accumulations of
flow-banded rhyolitic volcanics, tuff
and coarse fragmental rocks are present
on the property and are referred to as the
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Figure 2. Lead isotopic compositions of sulphide minerals from occurrences in the north-
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North Dome and South Dome. The fel-
sic units were previously equated with
the Mt. Dilworth Formation, which
served to highlight the potential of the
property for ECT-type VMS mineraliza-
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ern Bella Coola-southern Whitesail Lake area and southern Babine Range. Fields for Ju- {55

rassic and Tertiary sulphide Pb compositions are from Rhys et al. (1995). Field for Eskay

Creek sulphide Pb compositions is from Childe (1996).

yses fall within the ‘Jurassic cluster’, suggesting that min-
eralization in all cases is of Early or Middle Jurassic age. In
particular, three analyses from the Lakeview prospect over-
lap completely with analyses from the Nifty occurrence.
These results are somewhat surprising, especially because
the mineralization at the Del Santo prospect (BC MINFILE
093L-025) has been interpreted by most previous workers
as askarn, possibly associated with an Early Tertiary diorite
intrusion on the property (M. Marchand, pers. comm.,
2004).

HOMESTAKE RIDGE AREA

The Homestake Ridge property, approximately 32 km
southeast of Stewart (Figure 1), which is currently being
explored by the Bravo Ventures Group Inc., comprises over
80 individual base and precious metal occurrences. The
property is underlain by a Late Triassic to Early and Middle
(?) Jurassic package of basaltic, andesitic and rhyolitic vol-
canic and volcaniclastic and clastic sedimentary rocks (Fig-
ure 5). The property hosts more than 80 individual mineral
occurrences, some of which have been worked since 1914.
Previous work on the property by Noranda Exploration
Ltd. and TeckCominco Ltd. identified several highly pro-
spective targets, including shear-hosted veins hosting high-
grade precious metals, broad areas of gold-enriched,
quartz-sericite-pyrite mineralization with bulk tonnage po-
tential, and a volcanic-sedimentary stratigraphy with pre-
cious metal-enriched VMS potential.

Hazelton Group rocks on the property consist of ba-
saltic, andesitic and dacitic volcanic and volcaniclastic
rocks that are equated to the Early Jurassic Betty Creek For-
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The property displays a relatively
complex structural history. Northwest-
and northeast-trending fault-bound rifts
appear to have controlled the deposition of the Early Juras-
sic sequence and localized the emplacement of porphyry
intrusions. Large-scale, southwest-directed, open to isocli-
nal, disharmonic folds and thrusts likely formed in the Cre-
taceous, but were strongly controlled by the earlier basin
geometry. East-west extension and dextral strike-slip fault-
ing of probable Tertiary age produced block faulting and
minor lateral offsets on numerous, highly visible, north-
east-trending fault structures.

The Homestake Ridge property hosts a very large
number of precious and base mineral occurrences. Mineral-
ization is typically structurally controlled, with some of the
occurrences having a close spatial association with vari-
ably altered hornblende-feldspar porphyry. Brief descrip-
tions of some of the individual occurrences shown on Fig-
ure 5 are given here to highlight the diverse nature of
mineralization present.

The Homestake Crown Grant area covers an epither-
mal vein system hosted by an upper unit of massive to
coarse fragmental andesitic volcanics and lower units of
heterolithic to monolithic debris flows, dacitic fragmentals
and feldspar-hornblende porphyry, and andesitic to dacitic
volcanic rocks. High-grade gold-silver shoots are localized
near the intersection of the main mineralized shears. Miner-
alization is hosted within pyritiferous quartz stockworks
and breccias with trace to several percent chalopyrite,
sphalerite and galena in a hostrock that is intensely altered
to sericite and K-feldspar. Drilling during 2003 intersected
broad zones (up to 43 m thick) of highly anomalous gold
(0.7 g/t) and silver (10.2 g/t) mineralization with several
>1 mwide intervals of 6-13.9 g/t Auandupto2 oz./t Ag.

British Columbia Geological Survey
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Figure 3. U-Pb concordia plots for zircons from felsic volcanic and plutonic rocks.

Calcite-barite veins exposed in historical trenches at
the Vanguard gold showing run up to 9.56 g/t Au and
10.5 g/t Ag over 6.0 m. The zone dips steeply to the north-
east and can be traced on surface for about 200 m.

The Dilly and Dilly west zones comprise a series of
north-northwest—trending precious and base metal mineral
occurrences that form two subparallel linear trends with
strike lengths of 1500 m and 600 m, respectively. The oc-
currences are found at or near the contact between a felsic
volcanic package and a bedded, fine-grained clastic succes-
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sion. Styles of mineralization include massive sulphide
base metal showings, semimassive to massive arsenopyrite
showings, massive laminated galena-sphalerite showings
and sulphide stockworks within felsic volcanic
pyroclastics. Bravo Venture geologists interpreted the
western rhyolite-sedimentary contact as predominantly a
structural feature with mineralization occurring in north-
west- to west-northwest-directed shears along the contact
zone.

British Columbia Geological Survey



Figure 4. Mineralized specimens from the Ascot occurrence: A) deformed argillaceous limestone and disseminated galena; B) felsic
fragmental rocks with fine, galena-bearing quartz stringers that predate brecciation and deposition.

In the south end of the Dilly zone, galena-rich, banded
massive sulphide mineralization was observed in several
surface occurrences along a 300 m strike length. This min-
eralization is hosted in a chlorite-sericite—altered felsic vol-
canicrock and includes a 6—10 cm wide zone of massive ga-
lena and sphalerite.

The Silver Crown occurrence is located within a sedi-
ment-sill complex and is marked by a collapsed adit in ar-
gillaceous sedimentary rocks. Massive sphalerite-galena-
(tetrahedrite) sulphide boulders occur in a waste pile near
the mouth of the adit. Sampling of the boulders by
TeckCominco Ltd. returned values of up to 14.15 g/t Au,
5740 g/t Ag, 11.55% Pb and 3.3% Zn. Mineralization can-
not be traced beyond the immediate vicinity of the adit.

Lead isotope analyses were carried out on a number of
samples from several of the zones of mineralization on the
RDN property. All but one of the analyses fall well within
the field of compositions for Early and Middle Jurassic
mineralization in northwestern British Columbia (Figure
6). The only exception is galena from the Ag-rich Silver
Crown vein, which yields a composition that falls within
the Tertiary cluster of isotopic compositions (Figure 6).
This indicates that at least some of the Ag-rich veins in the
area represent an Early Tertiary metallogenic event that
overprints the main Early and Middle Jurassic mineraliza-
tion.

A sample of the South Dome rhyolite (Figure 5) was
sampled for U-Pb zircon dating. This body appears to be in-
trusive into dacite and basalt, as well as fine-grained sedi-
mentary rocks that were thought to be part of the Hazelton
Group. Three fractions of zircon from the South Dome
sample were analyzed. Two fall on or near concordia at
about 219 Ma and a third analysis falls well to the right of
concordia, indicating the presence of a significant inherited
zircon component (Figure 3b). A regression through the
three analyses yields calculated lower and upper intercept
agesof219.7+ 1.0 Maand 2.85 Ga, indicating a Late Trias-
sic (early Norian) crystallization age and Late Archean in-
heritance. This result is very surprising, since it indicates

Geological Fieldwork 2004, Paper 2005-1

that at least some of the stratigraphic units on the
Homestake Ridge property actually form part of the Stuhini
Group rather than the Hazelton Group. The implications of
this age for the structure and stratigraphy on the property
are still being assessed.

FORREST KERR CREEK AREA

The RDN property of Rimfire Minerals Corp. (BC
MINFILE 104G 144; Figure 1), located in the Forest Kerr
Creek area approximately 40 km northeast of the Eskay
Creek mine, covers a package of felsic volcanic rocks over-
lain by mafic volcanic rocks and carbonaceous argillites
that are thought to correlate, at least in part, with the early
Middle Jurassic Salmon River Formation that hosts the
Eskay Creek deposit (Figure 7) Although most of the min-
eralization located on the property thus far consists of struc-
turally controlled mineralized veins and breccias, strong
precious and base metal geochemical anomalies within
argillite sections are very reminiscent of that associated
with ECT mineralization. Diamond-drilling has intersected
a thick section of dacitic to rhyolitic flows, domes and
volcaniclastic rocks in the stratigraphically lower part of
the section.

Three felsic units from the lower felsic sequence were
dated using conventional U-Pb zircon methods. Sample
RDN-01-16-85.34m is a weakly foliated, very strongly
sericitized and clay-altered K-feldspar—phyric monzonite
from the Boundary Zone in the southern part of the RDN
property (Figure 7). Five strongly abraded fractions of zir-
con were analyzed (Table 2; Figure 3c). Four of these frac-
tions give overlapping concordant analyses with a total
range in *"°Pb/***U ages of 193.6 + 0.5 Ma, which is taken
as the crystallization age of the sample. The fifth fraction
falls slightly below the concordia and appears to have suf-
fered minor Pb loss. A second sample (RDN-01-19-94.0m)
consists of massive, plagioclase-phyric porphyry of the
‘Gossan Creek porphyry’unit from near the northern end of
the Wedge Zone (Figure 7). The porphyry is strongly car-
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These new data indicate that the
lower felsic volcanic package on the
RDN property is Late Sinemurian in age
and thus significantly older than either
the Eskay rhyolite or the footwall dacite in the immediate
Eskay area. Fossil ages from locally tuffaceous argillite in
the overlying argillite-basalt sequence in the vicinity of the
RDN range from Toarcian to as young as Bathonian (Logan
etal., 2000), indicating that strata that are age equivalent to
the Salmon River Formation in the Eskay Creek area are in-
deed present on the RDN property. These results raise the
possibility that a significant unconformity may separate the
lower felsic package from the overlying argillite-basalt se-
quence in the RDN area.

Three samples of galena from crosscutting veinlets in
argillite in drillcore on the RDN were analyzed for Pb iso-
tope composition. All three analyses fall well within the
field of Jurassic Pb dates (Fig. 6), confirming that the
epigenetic mineralization in this area is part of the Early to
Middle Jurassic mineralizing event in northwestern British
Columbia.

DISCUSSION AND CONCLUSIONS

Results of the study provide new constraints on the na-
ture of base and precious metal mineralization within the
Hazelton Group in several parts of Stikinia, and specifi-
cally on the potential for some of the known occurrences to
represent ECT mineralization. The Nifty occurrence in the
Bella Coola map area closely resembles Eskay Creek in
terms of age and Pb isotopic composition, although the
geochemistry of the hostrocks at Nifty is calcalkaline as op-
posed to the tholeiitic hosts for the Eskay Creek deposit it-
self. Although the Nifty shares some of the geochemical
traits of ECT mineralization (Ray et al., 1998; Diakow et
al., 2002) it does not appear to have the strong gold enrich-
ment that is seen at Eskay Creek. The only other mineraliza-
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Figure 6. Lead isotope compositions of sulphide minerals from occurrences in the
Homestake Ridge area and from the RDN property. Fields for Jurassic and Tertiary sul-
phide Pb compositions are from Rhys et al. (1995). Field for Eskay Creek sulphide Pb
compositions is from Childe (1996)

tion identified thus far within the Hazelton Group section in
northern Bella Coola and southern Whitesail Lake map ar-
eas consists of small, chalcopyrite-bearing quartz-vein
breccias. Lead isotopic compositions of this style of miner-
alization indicate that it also represents part of an Early or
Middle Jurassic metallogenic event, and is not related to
Early Cretaceous and younger intrusions in the area. De-
spite the limited evidence for additional VMS occurrences
within the Hazelton Group in this area, widespread
semiconformable epidote alteration within the section, as-
sociation with a coeval subvolcanic (?) felsic intrusion and
the presence of significant synvolcanic fault structures
(Gordee et al., this volume; Mahoney et al., this volume)
suggest that the area has very high potential for hosting ad-
ditional VMS occurrences.

The nature and age of several mineral occurrences in
the southern Babine Range that were identified by Wojdak
(1998) as possible VMS targets remains partially unre-
solved. Lead isotopic compositions from all of the occur-
rences are consistent with an Early or Middle Jurassic age
of mineralization; however, at least two of the occurrences
(Del Santo and Lakeview) appear in the field to be either
skarns or possibly syngenetic mineralization that has been
strongly recrystallized and overprinted in the contact aure-
ole of intrusions. At least some of the mineralization at the
Ascot occurrence predates brecciation and subsequent de-
position of felsic volcanic units, and must therefore be
broadly syngenetic. Although none of the various styles of
mineralization at the Harry Davis occurrence is conclu-
sively syngenetic in character,a U-Pbage 0of 179.3+£0.8 Ma
for a flow-banded rhyolite unit indicates that volcanic
rocks in this area are age equivalent to the Salmon River
Formation that hosts the Eskay Creek deposit.
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Mineralization in the
Homestake Ridge area is mainly
structurally controlled and many oc-
currences have a close spatial asso-
ciation with hornblende-feldspar
porphyry dikes and sills of pre-
sumed Early Jurassic age. These oc-
currences yield Pb isotopic compo-
sitions that are consistent with an
Early or Middle Jurassic age, and
this style of mineralization appears
to be analogous to that at the Red
Mountain and/or Silbak Premier de-
posits to the north and west. Other
Ag-rich vein occurrences such as
Silver Crown have Pb isotopic com-
positions that indicate they are Early
Tertiary in age and represent a youn-
ger, superimposed metallogenic
event.

The Late Triassic U-Pb zircon
age reported here for the South
Dome rhyolite indicates that not all
of the supracrustal units in the

130°38'W

Arctic Grid

Homestake Ridge area belong to the
Hazelton Group, but at least some of
them are part of the underlying
Stuhini Group. This suggests that
there may be major, previously un-
recognized structural complexities
in this region. None of the mineral-
ization in the Homestake Ridge area
has been proven to be syngenetic;
however, VMS mineralization does
occur at the Sault occurrence (BC
MINFILE 103P 233), approxi-
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mately 6 km east of the Homestake
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Figure 7. Simplified geology of the RDN property (from Rimfire Minerals Corporation
website, http://www.rimfire.bc.ca/Home.asp).

rence is hosted within felsic volca-
nic rocks that have given a U-Pb zir-
con age of 193.5 + 0.4 Ma (Late Sinemurian; Mortensen
and Kirkham, 1992), and is one of several Ag-rich VMS oc-
currences that have been identified in the upper Kitsault
River valley (e.g., Dolly Varden, Torbrit; Pinsent, 2001).
The Sault occurrence is therefore approximately equivalent
in age to some of the intermediate-composition maroon and
green volcanic breccias that underlie parts of the
Homestake Ridge property and are thought to correlate
with the Betty Creek formation, as recognized farther to the
north (Lewis and Tosdal, 2001). There does appear to be
some potential for VMS mineralization on the Homestake
Ridge property, although it would likely be at a lower strati-
graphic level than that at the Eskay Creek deposit.

Studies of the RDN property in the Forrest Kerr Creek
area support the suggestion that geochemical anomalies
and scattered base and precious metal occurrences there are
potentially close analogues of the Eskay Creek deposit.
Felsic volcanic and volcaniclastic rocks that make up the
lower part of the stratigraphic sequence on the RDN prop-
erty are ~193 Ma in age, and therefore equivalent in age to
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host rocks for the Sault VMS occurrence (see discussion
above). Laminated pyrite was intersected in one drillhole
within this package of felsic rocks on the RDN property (M.
Jones, pers. comm., 2004), suggesting that an older VMS
horizon may be present on the property. Most of the geo-
chemical anomalies that are thought to be more analogous
to the Eskay Creek deposit on the RDN occur within the
overlying argillite-basalt package, which contains fossils
indicating that the units are correlative with the Salmon
River Formation.
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National Geochemical Reconnaissance Program in Northwestern British
Columbia: Bowser Lake (NTS 104A) Regional Geochemical Survey

By R.E.Lett!, P.W.B.Friske? and W. Jackaman®
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stream sediment, stream water, Bowser Lake, heavy
minerals

INTRODUCTION

This paper describes a reconnaissance scale regional
stream sediment-water survey carried out over the Bowser
Lake map sheet (NTS 104A) as part of the National
Geochemical Reconnaissance (NGR) program. Since
1974, this program has generated high quality stream and
lake sediment and surface water data from geochemical
surveys carried out across Canada. In British Columbia
the NGR Program, known as the Regional Geochemical
Survey (RGS), has covered roughly 70% of the province
with stream sediment and stream water sampling at an
average sample density of one sample per 13 km?. In the
process just over 45,000 samples have been collected and
analyzed for up to 50 elements including gold copper,

114305
2004 SpatiziRGS . ¢
(Rocks to Riches)

2004 NGR Bowser
Lake Survey

Completed
Surveys

Figure 1. NGR survey coverage in British Columbia and
location of 2004 surveys.
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molybdenum and zinc. The existing NGR-RGS survey
coverage, including the most recent Bowser Lake survey
area, is shown in Figure 1.

Figure 1 also shows a stream sediment survey carried
out to NGR specifications over the adjacent Spatsizi Lake
map sheet (NTS 104H). This survey is described by
Jackaman (this volume).

Mineral exploration in northwest British Columbia
will benefit from publication of the Bowser Lake survey
results because it completes NGR sampling coverage of
the area linking existing regional geochemical surveys of
NTS 104B (Iskut River), 103P (Nass River) and 94D
(McConnell Creek). Moreover, the stream sediment data
produced will extend regional geochemical trends for Ni
and Hg that have been recently identified by Alldrick et
al. (2004) from contoured element maps.

BOWSER LAKE SURVEY

Prominent physiographic features of the Bowser
Lake map sheet are the Skeena Mountains in the east and
the Coast Range Mountains in the west. Between these
two northwest-trending mountain ranges is the Nass
Basin, an irregularly shaped area of low relief drained by
the Nass River and its tributaries (Holland, 1964). Much
of the area is underlain by the Bowser Basin, a Middle
Jurassic to Middle Cretaceous sedimentary basin formed
on Stikinia terrane after its amalgamation with ancestral
North  America. Jurassic to Cretaceous deltaic
sedimentary rocks forming the basin are represented by
the Bowser Lake, Skeena and Sustut Groups (Ferri et al.,
2004). In the western part of the map sheet, the Bowser
Lake Group rests on fine-grained clastic sedimentary and
volcanic rocks of the Early to Middle Jurassic upper
Hazelton Group. Geological mapping by Alldrick et al.
(2004) identified the Salmon River Formation as the
gradational contract between Hazelton and Bowser Lake
strata. There is also an inlier of Hazelton Group rocks in
the Oweeggee Dome surrounding Delta Peak to the north
of Bowser Lake.

Stikinia volcanic and sedimentary rocks surrounding
the basin are metallogenically well endowed and host the
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world-class Eskay Creek gold mine in addition to several
past-producing gold-copper mines and 170 documented
MINFILE smaller precious and base metal mineral
prospects. Three previously operating copper-gold-silver
mines, the Red CIiff, Goat and Roosevelt in the Stewart
mining camp are located in the southwestern part of NTS
104A. These subvolcanic vein type deposits, produced
over 9000 g of gold, 1.8 million g of silver and 40,000 kg
of copper. The area also has potential for alkalic porphyry
Cu-Mo-Au-Ag deposits similar to Red Chris in NTS
104H and new epithermal VMS deposits in Stikina rocks
similar to those that host the Eskay Creek deposit to the
west in NTS 104B.

There is a sequence of Early to Middle Jurassic black
carbonaceous sediments (Upper Hazelton Group) at the
base of the Bowser Basin. These rocks indicate an anoxic
environment favourable for the formation of sedimentary
exhalative type base metal deposits (Ferri, pers comm,
2004).

Stream sediment and water samples were collected
by helicopter and along roads in July 2004 from 1028
sites at an average density of one sample per 13.2 km?
over an area of 13,560 km? in NTS 104A. All water
samples were analyzed in the field for pH and
conductivity. In addition, 217 of the water samples from
the survey were filtered and acidified in the field for later
trace metal analysis. The minus 80 mesh (<0.177 mm)
fraction of the sediment samples will be analyzed for up
to 50 elements by instrumental neutron activation analysis
(INAA), aqua regia digestion-inductively coupled plasma
mass spectrometry (ICPMS) and loss on ignition by a
gravimetric method (GRAV). Elements, detection limits
and the methods used for analysis are listed in Table 1.
Figure 2 shows location of the stream sediment samples.

NGR Sample
[1 Ice Field

Figure 2. NGR sample sites in NTS 104A.
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TABLE 1. ELEMENTS DETERMINED IN STREAM

SEDIMENTS

Element Detection Units Method
Aluminum 0.01 % ICPMS
Antimony 0.02/0.1 ppm ICPMS / INAA
Arsenic 0.1/0.5 ppm ICPMS / INAA
Barium 0.5/50 ppm ICPMS / INAA
Bismuth 0.02 ppm ICPMS
Bromine 0.5 ppm INAA
Cadmium 0.01 ppm ICPMS
Calcium 0.01/1 % ICPMS / INAA
Cerium 5 ppm INAA
Cesium 0.5 ppm INAA
Chromium 0.5/2 ppm ICPMS / INAA
Cobalt 0.1/5 ppm ICPMS / INAA
Copper 0.01 ppm ICPMS
Europium 1 ppm INAA
Gallium 0.2 ppm ICPMS
Gold 0.2/2 ppb ICPMS / INAA
Hafnium 1 ppm INAA
Iron 0.01/0.2 % ICPMS / INAA
Lanthanum 0.5/2 ppm ICPMS / INAA
Lead 0.01 ppm ICPMS
Lutetium 0.2 ppm INAA
Magnesium 0.01 % ICPMS
Manganese 1 ppm ICPMS
Mercury 5 ppb ICPMS
Molybdenum 0.01 ppm ICPMS
Nickel 0.1 ppm ICPMS
Phosphorus 0.001 % ICPMS
Potassium 0.01 % ICPMS
Rubidium 5 ppm INAA
Samarium 0.1 ppm INAA
Scandium 0.1/0.2 ppm ICPMS / INAA
Selenium 0.1 ppm ICPMS
Silver 2 ppb ICPMS
Sodium 0.001/0.02 % ICPMS / INAA
Strontium 0.5 ppm ICPMS
Sulphur 0.02 % ICPMS
Tantalum 0.5 ppm INAA
Tellurium 0.02 ppm ICPMS
Terbium 0.5 ppm INAA
Thallium 0.02 ppm ICPMS
Thorium 0.1/0.2 ppm ICPMS / INAA
Titanium 0.001 % ICPMS
Tungsten 0.2/1 ppm ICPMS / INAA
Uranium 0.1/0.2 ppm ICPMS / INAA
Vanadium 2 ppm ICPMS
Ytterbium 2 ppm INAA
Zinc 0.1/50 ppm ICPMS / INAA
Fluorine 10 ppm ION
Loss on Ignition 0.1 % GRAV

DETAILED GEOCHEMISTRY

A detailed stream geochemical study was carried out
jointly with the Geological Survey of Canada. Bulk
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stream sediment samples where collected from 34 sites
from which heavy mineral concentrates (HMC) were
prepared. These focused on the area of the Eskay Creek
Mine and regions underlain by Hazelton Group rocks.
The objective of the study is to

1. Characterize the HMC dispersal train related to the
Eskay mineralization and compare it to the standard
silt response. Do the HMC provide an aerially more
extensive and/or stronger geochemical signature that
the silts?

2. Provide guidelines to the exploration community on
the use of HMC.

3. Highlight the type of information that can garnered
from HMC, e.g., kimberlite indicator minerals (KIM)
and mineralogy of the HMC, which provides
information on source material and can help explain
silt anomalies.

4. Re-sampling historical RGS sites in the Telegraph
Creek map sheet to determine long-term geochemical
variability and the source of unexplained sediment
mercury and nickel anomalies.

Sample Collection

Standard stream sediment, bulk sediment samples for
the preparation of HMC and stream water samples were
collected from 34 sites in NTS sheets 104A, 104B and
104G. The location of the sites where the samples were
collected is shown in Figure 3. ldeal sites for the
collection of sediments for the heavy mineral concentrate
fraction are located at the upstream points of mid-channel
bars. Material was collected from a single point where
possible, or within close proximity otherwise. A five-
gallon plastic pail was lined with a heavy-duty
polyethylene plastic bag (18x24 inches, 4 Mil). Material
was wet-sieved through a 12-mesh (1.68 mm) stainless
steel sieve until a sample weight of 10 to 15 kg was
attained (Plate 1). The sample was weighed in the pail
before the opening was taped shut with black plastic
(electrical) tape and placed into a second bag with a
sample number and taped. Samples were shipped directly
to a commercial laboratory for preparation and analysis.

Preparation of Heavy Mineral Concentrates

Bulk sediment samples were progressively reduced
by different laboratory procedures to concentrate heavy
minerals. Initially a 500 g character sample was taken and
stored before a low-grade table concentrate was prepared
from the remainder. Gold grains were observed at this
stage and counted, measured and classified as to degree of
wear (i.e., distance of transport). The table reject was re-
tabled to scavenge possible unrecovered kimberlite
indicator minerals and magmatic massive sulphide
indicator minerals. The concentrate from both tabling runs

Geological Fieldwork 2004, Paper 2005-1

was separated in methylene iodide diluted with acetone to
S.G. 3.20 to recover heavy minerals including Cr-diopside
and forsterite olivine. Magnetite was removed after the
heavy liquid separation and the remaining concentrate
cleaned with oxalic acid to remove limonite stains. The
dried concentrate was sieved into several size fractions,
(<0.25 mm, 0.25 to <0.5 mm, 0.5 to <1.0 mm, > 1.0 to
2.0 mm). The <0.25 mm fraction was kept for chemical
analysis and the 0.25 to 0.50 mm fraction was sorted with
a Carpco® drum magnetic separator into strongly,
moderately, weakly and non-paramagnetic fractions.

Plate 1. Bulk stream sediment sample collection.
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Figure 3. Heavy mineral sites.

Preliminary Results

A preliminary examination of the heavy mineral
concentrates has revealed that several of them have a
large number of gold grains (Fig. 4).
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Figure 5. Detailed sampling around the Eskay Creek Mine.

Gold grains counts from the 34 samples ranged from
0 to 413 with a median value of 0. The Eskay Creek
mineralized area is clearly outlined by the HMC gold
grain counts. The highest value of 413 grains is from a
site just east of the mine site (Fig. 5). A second sample
(B7009) along this creek (approximately 3 km down
drainage) is also highly anomalous containing 70 grains.
Another distinct drainage to the southwest is also
highlighted by the gold grain counts returning a value of
36 grains (Fig. 5).
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Bulk stream sediment samples from two drainages
northwest of the Eskay Mine have up to 177 gold gains in
the sediment. The streams drain a low ridge on which is
located the Iskut-Palmiere prospect. At this prospect
Alldrick et al. (2005) report that *“ Realgar +/- orpiment is
hosted in both black siliceous siltstones and in a cross-
cutting quartz vein. This small outcrop is exposed in a
north-draining creek, and lies stratigraphically above a
thick dacite unit on the north side of Volcano (Palmiere
Creek). Assays of two grab samples returned arsenic
values greater than 1.0 percent with negligible associated
precious metals”. Less than 10 ppb gold was detected in
sediment sampled during a previous regional geochemical
survey (Matysek et al., 1988b) from streams adjacent to
the bulk sample sites.

Five of the heavy mineral samples were selected for
kimberlite indictor mineral (KIM) processing. The
samples yielded many KIM (mostly olivine) that are
indicative of not only kimberlites, but also other rock
types such mafic/ultramafic volcanics or intrusives. The
total absence of pyrope garnet in the concentrate indicates
that the source of the minerals is most likely not
kimberlitic but rather mafic/ultramafic rock.

The KIM counts (Table 2) are preliminary “raw lab
counts” and the mineralogy needs to be confirmed by
probe work. For example, the three magnesium ilmenites
identified in sample A7011 may, in fact, be ilmenite or
chromite or some other phase. Site G7004 is closely
spatially associated with alkalic and mafic volcanics
(olivine basalt necks, breccia and pillow flows similar to
the Maitland volcanics in 104H). The presence of these
rock types would explain the olivine and would also be
the cause of high Ni (>140 ppm) found in regional survey
stream sediment samples by Matysek et al. (1988a).
Similarly site G7006 is in a drainage basin that contains
significant mafic volcanics. This illustrates how
knowledge of heavy mineral concentrate mineralogy can
be valuable for interpreting stream sediment geochemical
data.

TABLE 2. KIM COUNTS IN HMC SAMPLES
(GARNETS NOT DETECTED)

Site Diopside llmenite Chromite Forserite
A7005 0 0 55 0
A7011 0 3 8 3
B7007 0 0 4 0
G7004 0 6 1 78,019
G7006 2 1,505 10 10,402
CONCLUSIONS

o A regional stream sediment-water survey carried out
over the Bowser Lake map sheet in July 2004 will
produce new multi-element geochemical data from
the analysis of samples from 1028 sites.
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e Up to 413 gold grains were counted in heavy mineral
concentrates collected from streams close to the
Eskay Creek mine. Several streams southwest and
northwest of the mine have lesser, but anomalous
gold-grain counts.

e Abundant gold grains in the two creeks northwest of
the Eskay Creek mine may reflect precious metal
mineralization associated with the Iskut-Palmiere
prospect. Background gold values were detected in
sediment collected from these two creeks during a
previous regional stream sediment survey.

e Although absence of pyrope garnet in the heavy
mineral concentrates suggests an ultramafic rather
that kimerlitic source, the abundant olivine in two of
the samples is an explanation for high nickel values
in stream sediment samples.

e Heavy minerals are effective for enhancing gold
anomaly contrast in stream sediments and provide
information for interpretating stream geochemical
data.
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Gold and Base Metal Mineralization near Kitsumkalum Lake,
North of Terrace, West-Central British Columbia

By M.G. Mihalynuk! and R.M. Friedman?
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silver-lead, carbonate alteration, metamorphism,
structural deformation, U-Pb geochronology, crustal
extension

INTRODUCTION

Geological and geochemical indications of an environ-
ment prospective for gold deposits are found in an area ex-
tending approximately 12 km east and west of Kitsum-
kalum Lake in west-central British Columbia (Fig. 1).
More than 20 gold mineral occurrences, some with silver,
are located within the area, including two with minor past
production and an active placer operation. Most occur-
rences are gold-arsenic-quartz or base and precious-metal
quartz veins that are presumably related to one of the many
stocks and plutons in the area (Fig. 1). Carbonate alteration
envelopes are ubiquitous around sheeted precious-metal—
bearing quartz veins (*arsenopyrite-pyrite-sphalerite-ga-
lena-chalcopyrite). Regional geochemical stream sediment
surveys show elevated gold, mercury and arsenic in the
Kitsumkalum area (bismuth and antimony were not ana-
lyzed; BC Ministry of Energy and Mines, 2001).

Since 2002, Eagle Plains Resources Ltd. has con-
ducted mineral exploration in the area, primarily west of
Kitsumkalum Lake. In 2004, Bootleg Exploration Inc. (a
wholly owned subsidiary of Eagle Plains Resources Ltd.)
and the British Columbia Ministry of Energy and Mines en-
tered into a partnership agreement aimed at evaluating the
regional potential for intrusive-related gold mineralization,
both on their Kalum property and around plutons to the
cast. Geological field investigations were focused on interi-
ors and contacts of intrusive bodies associated with gold
mineralization and lode vein occurrences.

In this report, we use the following nomenclature con-
ventions. ‘Kitsumkalum area’ refers to the areas of the
Kitsumkalum valley that lie within an ~12 km radius of
Kitsumkalum Lake. ‘Kalum area’ refers the part of the
‘Kitsumkalum area’ that lies west of the lake, principally
the ‘Kalum property’, centred west of Mount Allard, as

" British Columbia Ministry of Energy and Mines, e-mail:
Mitch.Mihalynuk@gems5.gov.bc.ca

’Pacific Centre for Isotopic and Geochemical Research,
Department of Earth and Ocean Sciences, University of
British Columbia
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well as the ‘LCR property’, on the ridges south of the lower
stretches of the Little Cedar River. A possible source of
confusion arises over the historical use of ‘Kalum’ and
‘Kalum Lake’, which are names of developed prospects on
the northeast and southwest shores of Kitsumkalum Lake.

ACCESS

The Kalum area is centred approximately 35 km north-
northwest of Terrace in west-central British Columbia.
With a population of nearly 14 000, Terrace supports a re-
gional airport, rail yard, and most other amenities. It is lo-
cated at the confluence of the Skeena, Zymoetz and
Kitsumkalum Rivers, and at the junction of Highways 6 and
37. Excellent road access is afforded by logging roads that
extend off of the new, paved Nisga’a Highway and the old
gravel-surfaced Aiyansh Highway on the east and west
sides of the Kitsumkalum valley. Steep alpine topography

Figure 1. Location of the Kalum project area, 35 km north of Ter-
race. Geology from Massey (2004).
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and dense temperate rainforest, both characteristic of the
area, can prove logistically challenging for travelling even
short distances from existing access routes.

OBJECTIVES

This report is a summary of field and laboratory data
acquired from the Kalum fieldwork completed in 2004. We
include the results and interpretations of geological map-
ping, petrographic and geochemical analysis and geo-
chronological investigations. Objectives are to
e describe and sample the mineralized occurrences;

e determine what intrusive phases, if any, are associated
with gold mineralization, and attempt to establish field
criteria that link the intrusive phase(s) to mineraliza-
tion;

e establish a geochronological framework for mineral-
ization and/or mineralizing intrusive phases; and

e investigate petrographic evidence that constrains the
mineralizing event(s).

METHODS

Fieldwork was conducted over an 18-day period in
mid to late August. About two-thirds of the work was con-
ducted from the road network below treeline, the remainder
was by helicopter access, mainly near or above treeline.
Approximately half of the geological mapping and sample
collection was directed toward tenured lands in which Ea-
gle Plains Resources Ltd. hold an interest. In the course of
mapping, magnetic susceptibility of rock units and their al-
tered or metamorphosed equivalents was routinely re-
corded in order to provide calibration for aeromagnetic
data collected during past and future surveys. A total of 39
samples were collected for petrographic analysis (see pho-
tomicrographs that follow); 6 samples were collected for
U-Pb geochronology (5 pending, data for one presented
here), 9 samples were collected for “*Ar/*’Ar geochronol-
ogy (results pending); 54 samples were collected for assay
by inductively coupled plasma — emission spectroscopy
(ICP-ES) and instrumental neutron activation analysis
(INAA), and 10 samples were collected for major and rare
earth element analysis (REE results are pending).

Twenty-seven of fifty-four samples submitted for ICP-
ES and INAA are reported, based upon their ICP-ES val-
ues, as follows: Au>500 ppb or Ag >1000 ppb or Cu, Zn,
Pb >0.2%. Quality-control data are also reported. Note that
the variation in Au and Ag ICP-ES values from the ac-
cepted standard was 101% and 8%, respectively, as a
%RSD (relative standard deviation) measure. Variation in
analytical results for duplicates averaged 89% and 36%
(Au and Ag, Table 2). These uncertainties need to be con-
sidered during the following discussion on mineralization.

REGIONAL GEOLOGY AND PREVIOUS
WORK

Duffell, Souther and others from the Geological Sur-
vey of Canada (GSC) conducted comprehensive geological
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work in the area in the late 1950s (Duffell and Souther,
1964). This remains the most complete written work pub-
lished, although the GSC conducted several years of revi-
sion mapping, mainly in the mid-1980s (Woodsworth et al.,
1985), and topical thesis studies were completed. The most
germane to exploration in the Kalum area is probably that
of Heah (1991), which deals with contractional ductile and
superimposed extensional deformation in the Shames
River area, west of Terrace. A geological compilation by
Evenchick et al., (2004) and Massey et al. (2003) provide
recent synoptic geological settings for the Kalum area. Ge-
ology west of Kalum Lake is detailed by Downie and
Stephens (2003) on the Bootleg Exploration property. This
latter report also provides an excellent overview of mineral
exploration activity in the area west of Kitsumkalum Lake.
Formineral occurrences east of the lake, the British Colum-
bia Ministry of Energy and Mines MINFILE is the best
source of information.

According to Woodsworth ez al. (1985), the geology of
the Kalum area is dominated by Middle to Late Jurassic ma-
rine deltaic and turbiditic strata of the Bowser Lake Group,
as well as Lower Cretaceous fluvial-deltaic strata of the
Skeena Group. A small window of Early Jurassic volcanic
strata is preserved near the north end of Kitsumkalum Lake.
All of these strata have been structurally thickened by
gently south and north-dipping thrusts prior to extensive in-
trusion by mainly Cretaceous to Early Eocene magmatic
bodies. Largest of these bodies is the huge, composite Pon-
der pluton (>1500 km? in British Columbia; Harrison et al.,
1978; Sisson, 1985; Van der Heyden, 1989), which lies out-
side the map area to the west. Numerous small intrusive
bodies (<10 km?) cut the deformed strata within, and east
of, the Kitsumkalum valley.

Timing of thin-skinned fold and thrust deformation is
best constrained by the Skeena Group and older rocks of the
Skeena fold belt northeast of Terrace. Contractional defor-
mation there is as old as Late Jurassic (Albian to
Oxfordian), with final shortening of Latest Cretaceous or
Paleocene age (Evenchick, 1991).

Structurally and magmatically thickened and ther-
mally weakened parts of the Coast Belt continental arc were
subject to extensional collapse in the Early Tertiary. In the
southern Coast Belt, this occurred principally in Paleocene
time (Friedman and Armstrong, 1988), whereas the event is
dated as Paleocene to Eocene in the central Coast Belt near
Terrace, (Andronicos et al., 2003). Extensional collapse fa-
cilitated synorogenic emplacement of 60—50 Ma magmatic
rocks, which constitute 25% of the crust over thousands of
square kilometres in areas west and northwest of Terrace
(Andronicos et al., 2003).

STRATIGRAPHY

Four stratigraphic packages underlie the Kalum area:
volcanic rocks correlated with the Early Jurassic Hazelton
Group (Woodsworth et al., 1985) and three clastic units be-
longing to the overlying Upper Jurassic Bowser Lake
Group. Volcanic rocks include pillow basalt and structur-
ally overlying calcareous tuff, which are exposed east of
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northern Kitsumkalum Lake. These rocks have been af-
fected by at least two phases of deformation (see ‘Structure’
section) and few protolith textures are preserved. No age
data exist for these rocks within the Kalum area.

Bowser Lake Group strata in the Kalum area are domi-
nated by one of three main lithologies: chert pebble con-
glomerate, sandy turbidites, or silty and carbonaceous
argillite.

In roadcuts immediately west of the low mountain be-
tween northern Kitsumkalum Lake and the Mayo Creek

valley (Fig. 2) are found the best exposures of chert pebble
conglomerate (Fig. 3). Here, tabular to lensoid conglomer-
ate units are interbedded with medium-grained arkosic
sandstone and argillaceous siltstone. Elsewhere, chert peb-
bles are less abundant, occurring mainly within lags at the
erosional bases of turbidite flow units. More commonly, the
turbidite sequences are sand-dominated, lacking beds or
lenses of chert pebble conglomerate. Turbidite successions
are light grey to rusty-weathering. Typical turbidite se-
quences are composed of 2—6 m thick units with bases com-

501000 m 506000 m Siioom 516000 m 521000 m
| Rock Units
‘ | =EE Paleacene Kitsumkalum pluton
| £ 4 sl Blotte granite porphyry

E m"mﬂ at - 12 | Early Tertiary granodiorite -
Hadenschild Ck L Late Cretaceous granodiorite

g 3 + e+ @ Middle Cretaceous diorite - MKdih §
E * M Mid Cretaceous Mt. Allard - MKtph

Bowser Lake Group
Early Jurassic Telkwa Fm.

-

Symbols
Detatchment fault?

High angle fault
Main Roads

Rivers

Lake (transparent)

6083000 m

6078000 m

6073000 m

M&lm

506000 m

501000 m

511000 m

516000 m 521000 m

Figure 2. Generalized geology of the Kitsumkalum area. Sources of information: this project, Downie and Stevens (2003), Massey et al.

(2003), and Woodsworth et al. (1985).
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posed of rip-up clasts of underlying, dark brown argillite.
Conglomerate grades up into medium to coarse-grained,
planar-laminated light grey sandstone, parts of which may
be interlaminated with millimetre-thick argillite. Lami-
nated sandstone gives way up section to cross-stratified,
clean lithic arkose. Cross-stratified sandstone constitutes at
least 50% of each fining-upward unit, and they are overlain
by silty argillite in which a high content of carbonaceous
material is common. This argillaceous siltstone can attain
thicknesses of several metres in both packages. It is com-
monly cut by slatey cleavage at a high angle to bedding. Ina
few localities, it can be mapped as a separate unit, tens of
metres thick, that may include broad areas of pencil shale.
Thermally metamorphosed, woody macerals can easily be
mistaken for mica in hand samples. Such meta-macerals
look like detrital mica that characterizes the Skeena Group.
However, marine shelf and slope turbidites of the Bowser
Lake Group can be distinguished on the basis of sedimen-
tary facies from fluvial units that are more typical of the
Skeena Group (C. Evenchick, personal communication,
2004).

INTRUSIVE PHASES

Semicircular plutons and tabular bodies, mainly of
diorite to granodiorite composition, extensively intrude the
Bowser Lake and older strata within the Kitsumkalum area.
The volume of intrusions increases to the west, toward the
Coast Plutonic Complex. Relative ages of the intrusive

Figure 3. Hornfelsed chert pebble conglomerate.

70

units are based upon crosscutting relationships, sparse geo-
chronological data and degree of deformation. The latter
criterion must be applied with caution because strong strain
partitioning can impart fabrics to younger or synkinematic
plutons while older, cold plutons are unaffected. The fol-
lowing intrusive phases are listed in presumed order of in-
trusion, from oldest to youngest.

Poikilitic Hornblende Tonalite

Euhedral, poikilitic hornblende phenocrysts charac-
terize this tonalite, which forms the Mount Allard pluton
(Downie and Stephens, 2003; Fig. 4, unit MKtph). This
pluton is a >35 km®* homogeneous body. Poikilocrysts en-
closed by hornblende are plagioclase (with strong oscilla-
tory zoning) and opaque minerals (Fig. 4b). Lithologically
similar dikes, locally hornblende megacrystic, may display
strong foliation and/or carbonate alteration. The Mount
Allard pluton cuts unit MKdih. A K/Ar (hornblende) cool-
ing age of 100.2 + 6.8 Mareported for this body is (Godwin,
unpublished in Breitsprecher and Mortensen, 2004). Alter-
ation or possibly regional low-grade metamorphism of one

AR A 441

LW i ] #e * %

Figure 4. a) Typical texture of poikilitic hornblende porphyry of
the Mount Allard pluton (unit MKtph). Note the weak magmatic
fabric. b) Photomicrograph of euhedral hornblende with
poikilocrysts of plagioclase and opaque minerals. Width of photo
is ~4 mm.
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fresh-looking outcrop is carbonate>prehnite~chlorite>epi-
dote>?pumpellyite+ ?zoisite.

Hornblende-Pyroxene Quartz Diorite

A weak to strong foliation and local folding are dis-
played within this quartz diorite body (unit MKdih) in the
northwestern part of the study area, just north of Mayo
Creek. Quartz is interstitial to subidiomorphic and strained
plagioclase that is weakly altered to carbonate, white mica
and possibly prehnite. Pyroxene is the dominant mafic min-
eral; it is glomeroporphyritic and fresh. Hornblende is ex-
tensively altered to chlorite and pumpellyite. Folding is ac-
commodated in part by slip along dense networks of
discrete microfaults (Fig. 5). This body intrudes and ther-
mally metamorphoses strata correlated with the Bowser
Lake Group, a relative age that is confirmed by a U-Pb age
of 93.8 Ma (see “U-Pb Geochronology’ section).

Quartz-Biotite Granite Porphyry

Quartz-biotite granite porphyry (unit Tpgb) may be the
youngest intrusive phase in the Kalum area. It is exposed at
low elevations in the Little Cedar River valley, near the
LCR occurrence (Fig. 2). Relative age is based upon a lack
of biotite hornfels, deformation fabric or regional meta-
morphic overprint. Locally, it is host to porphyry-style cop-
per-molybdenum mineralization (Fig. 6) and has caused
country rocks near its contacts to be locally replaced by
sulphides (see below).

At higher elevations in the Little Cedar River valley,
offshoots of the granite occur as rusty quartz-eye porphyry
felsic dikes (unit Tpghb) that contain 20% 1-3 mm tabular
feldspar, 6% 5 mm acicular hornblende and 5% biotite.
Quartz is up to 8 mm in diameter, coonstituting up to 5% of
the rock. Pyrite is disseminated throughout and also occurs
as sparse veinlets and blebs (up to 4% combined). These
dikes apparently postdate folding inBowser strata because
they parallel the axial surfaces of the folds.

Figure 5. Microfaults in unit MKdih with apparent dextral offset
cut a plagioclase-clinopyroxene grain boundary. Note intergranu-
lar quartz at the center-right edge of the photo. Width of photo is
~3 mm.
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Kitsumkalum Pluton

Above the southeastern shores of Kitsumkalum Lake
is a medium to coarse-grained, titaniferous metagrano-
diorite with enclaves of mafic schist, the Kitsumkalum
pluton (Woodsworth ef al., 1985). It is of Paleocene age
59.6 +0.2/-0.1 Ma (Gareau et al., 1997) and, notably, is
much more strongly deformed than plutons dated more
than 40 m.y. younger.

Dikes

Four phases of dikes repeatedly cut the sedimentary
rocks and major plutons in the Kalum area. Based upon
these crosscutting relationships, relative ages can be estab-
lished.

Sugary aplite to graphic granite dikes with minor
dikelet offshoots, which commonly have dark grey quartz-
rich cores, occur in the Tuppie area, where they cut the
Mount Allard pluton.

Acicular hornblende-feldspar porphyry dikes are com-
mon regionally. At least one variety cuts the Mount Allard
pluton and dilatent quartz-carbonate veins (Fig. 7).

Chilled, very fine grained to aphanitic, dark green
dikes look fresh and young, but may locally be affected by

Figure 6. a) Sheeted quartz veins in bleached and rusty-weathering
biotite-quartz porphyry (unit Tpgb) with disseminated chalcopy-
rite at the Shae occurrence. b) Representative view of unaltered
porphyry showing a smokey quartz eye just above the pencil tip.
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Figure 7. Acicular hornblende porphyry dike cuts dilatent veins
and older mafic dike at the Tuppie occurrence.

ductile deformation. Where they cut unit JKqdi, they forma
swarm of 1-2 m thick bodies that consistently trend due
north. Relative age with respect to other intrusive phases is
not known.

Chilled, metre-thick lamprophyre dikes contain amyg-
dules of a salmon pink mineral, tentatively identified petro-
graphically as heulandite (low temperature zeolite). These
dikes cut all structures within Bowser Lake strata and may
be the youngest intrusive unit mapped in the area.

U-PB GEOCHRONOLOGY

Approximately 30 kg of unweathered pyroxene-
hornblende quartz diorite was collected from near the Hat
occurrence for determinion its crystallization age using the
isotope dilution — thermal ionization mass spectrometry U-
Pb method (ID-TIMS). All work was carried out at the Pa-
cific Centre for Isotopic and Geochemical Research at the
Department of Earth and Ocean Sciences, University of
British Columbia. Mineral separation and U-Pb analytical
techniques are given in Friedman ez al. (2001). Results are
plotted on a standard concordia diagram (Fig. 8) and listed
in Table 1.

Results for five multigrain zircon fractions intersect
the concordia between about 93 and 94 Ma. Slightly youn-
ger ages are attributed to very minor Pb loss, given the
1000-1800 ppm uranium concentrations of these zircons.
A preferred age estimate of 93.8 = 0.5 Ma is based on
296ph/*8U results for the three oldest concordant and over-
lapping fractions, B, C and D.

STRUCTURE

All layered rocks within the Kalum area have been af-
fected by at least one phase of folding. Folds are open to
close, although intrafolial isoclines are developed in the
most ductile zones (Fig. 9). Faulting is common and obvi-
ous within both the Bowser Lake strata and the intrusive
bodies.
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Figure 8. Concordia plot showing results for five zircon fractions
from unit MKdih. The preferred interpreted age is 93.8 +/-0.5 Ma.

Both concentric and similar fold styles are recognized
within strata correlated with the Bowser Lake. Compe-
tent sandstone layers tend to act as beams and form concen-
tric folds, except where they have folded at elevated tem-
peratures. Argillaceous units tend to form similar folds,
especially where graphitic. Intrafolial motion is ubiquitous
within graphitic argillite, and these units are typically the
locus of thrust fault flats.

Thrust faults developed within the Bowser Lake can
be identified indirectly in incompletely exposed and iso-
clinally folded stratigraphy, where apparent fold limbs on
either side of a hinge zone both face in the same direction.
Thrust faults can be observed directly where they follow
sheared bedding planes and then ramp upsection. Orienta-
tions of dilatent veins in the hangingwall of bedding-paral-
lel faults can also be used to confirm thrust motion
(Fig. 107). In rare instances, duplex structures with horses
on the scale of metres to tens of metres long are well ex-
posed. Slickensides on slip planes are less reliable indica-
tors of thrust motion because they can also be formed by
flexural slip, particularly in concentric folds, or during late
minor fault motion related to unroofing or deglaciation.

s

4

Figure 9. Transposed layering and intrafolial isoclines near the
eastern shore of northern Kitsumkalum Lake.
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TABLE 1. ID-TIMS U-PB ANALYTICAL DATA FOR THE HAT ZONE PYROXENE-HORNBLENDE

QUARTZ DIORITE
Fraction' Wt U>  Pb” pb* Pb° 2%pb° Isotopic ratios (1 ,%) ’ Apparent ages (2 ,Ma) 7
mg ppm  ppm 204py, b 206py, 238 207py, 2355 207py, 296y, 206py, 238 207py 23515 207py, 206pp

Hat Zone intrusion: age estimate of 93.8 + 0.5 Ma based on 26pp/*8Y dates for fractions B, C and D.

B6 0.014 1087 17 2216 6 17.7 0.01466 (0.11) 0.0967 (0.43) 0.04786(0.39)  93.8(0.2) 93.8(0.8) 93 (18)
cl1l 0017 1232 20 5377 4 17.8 0.01462(0.10) 0.0967 (0.27) 0.04796(0.23)  93.5(0.2)  93.7(0.5) 97 (11)
D8 0012 1016 16 2281 5 17.0 0.01464(0.27) 0.0970 (0.66) 0.04808 (0.59)  93.7(0.5)  94.0(1.2) 103 (28)
ES 0010 969 15 1004 9 18.0 0.01454(0.14) 0.0963 (0.64) 0.04802 (0.60)  93.1(0.3)  93.3(1.2)  101(28)
F27 0.012 1784 28 5013 4 169 0.01451(0.11) 0.0959 (0.22) 0.04796(0.15)  92.9(0.2)  93.0(0.4)  97.1(7.2)

! Upper case letter is zircon fraction identifier. All fractions were air abraded, with at least 20% volume removed. Selected zircons were
greater than 100 micrometers, (dimension of longest axis), and were clear, pale pink, stubby prisms and tabular grains. Selected grains also
contained internal c-axis parallel tubes extending much of their length. All grains were selected from the most non-magnetic split
(nonmagnetic at 2 degrees sideslope and 2 amperes field strength on Franz™ magnetic separator; front slope 15 degrees). Progressively
finer grains were selected for B-E; F comprises pieces of grains broken during abrasion. In the left column of the table each fraction is
followed by the number of grains or grain fragmants dissolved.

Byy spike (about

2 U blank correction of Ipg +20%; U fractionation corrections were measured for each run with a double
0.004/amu).

3Radiogenic Pb

*Measured ratio corrected for spike and Pb fractionation of 0.0037/amu % 20% (Daly collector) which was determined by repeated analysis
of NBS Pb 981 standard throughout the course of this study.

>Total common Pb in analysis based on blank isotopic composition.

SRadiogenic Pb

"Blank Pb was 1-3 pg throughout the course of this study; U <1 pg; common Pb composition for corrections based on Stacey Kramers
(1975) model Pb at the age of the rock or the 207pp,2%py age of the rock.

LCR-Shae Area

Bowser Lake strata are intruded by quartz-phyric
dikes, sills and stocks on the ridges above the LCR pros-
pect. Good exposures extend for ~3 km eastward along the
ridge from its contact with a body of hornblende-biotite
granodiorite plus quartz diorite. Here, the Bowser strataare
dominated by turbiditic units. Upright, open, north-
northeast-trending concentric folds are intruded in their
hinge zones by axis-parallel, rusty-weathering pyritic dikes
thatrange in thickness from 1 to 5 m (intrusive unit Tpghb).
Farther west, folds apparently are of higher amplitude, with
some fold axes occupied by thrust faults. At treeline to the
east, an ~10 m thick sill (oriented 330°/30°E) is cut by a
steeply dipping southeast-trending fault (133°/82°S) with
southeast-side-down sense of motion (based on mapped
offset in concert with slickensides on the fault surface). A
strong lineament, which outlines the creek along which
mineralization at the LCR is exposed, extends to a saddle in
the ridge near UTM easting 501500 (Fig. 2) that is occupied
by rusty-weathering argillaceous siltstone felsenmeer. No
obvious change in lithology or in bedding orientation oc-
curs across the saddle; however, it does mark the eastern
limit of a zone of abundant dikes (rusty dikes of intrusive |
unit Tpghb) with average orientations of ~200°/60°W. This Figure 10. Dilatent quartz gash veins above thrust fault (at yellow

Orientatlon ls parallel to fold hlnges’ suggesting a structural hammer) indicate top-up-to-rlght (South) sense Ofmotion, whichis
control. consistent with flat-ramp configuration (outside field of view).

¢ R s
o iy < 13
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Figure 11. Green, chlorite-altered brittle fault cuts orange carbon-
ate alteration envelope around quartz veins.

Mount Allard — Tuppie area

A weak magmatic foliation is common in the homoge-
neous Mount Allard pluton, but tectonic fabrics are also de-
veloped locally. For example, a scaly brittle fabric occurs in
zones of chlorite alteration and magnetite destruction that
are metres to tens of metres thick. These zones terminate at
discreet brittle faults, measured in one locality at
~345°/75°E. Brittle fault zones, with scaly chlorite, cut
belts of extensive carbonate alteration within the pluton
(Fig. 14). Carbonate alteration belts are range from several
metres to ~12 m in thickness and are developed around sets
of parallel quartz-carbonate veins that are generally less
than 5 cm thick and oriented ~120°/80°S (Fig. 12).

Hat area

Deformation within the Hat area has resulted in open to
close folds within turbiditic sandstone correlated with the
Bowser strata. Tight intrafolial isoclines occur in rusty ar-

Figure 12. Carbonate alteration of unit MKtph. Inset shows one of
a minority of veins that are composed of euhedral quartz crystals
growing into a cavity that was later infilled with calcite.
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- 3 - |
Figure 13. North-dipping carbonate alteration zones on near hori-
zon and on dark ridge beyond (north is to the right). Such zones
host quartz-sulphide veins (arsenopyrite-pyrite-sphalerite-chalco-
pyrite-galena).

gillaceous strata and suggest that isoclinal folding has af-
fected this fine-grained unit, at least at an outcrop scale.
Folded strata are intruded by hornblende-pyroxene quartz
diorite of unit MKdih, which has also been folded and is the
dominant host to mineralization in the Hat area. Many min-
eralized veins dip at shallow angles and are clearly devel-
oped along brittle shears that dip shallowly to the north
(~300°/30°N, 230°/20°N; Fig. 11, 13) and south
(110°/30°S). At one locality, veins within the carbonate al-
teration zone appear folded and rodded (320°/20°N;
Fig. 14). This type of folding may be restricted to hinge
zones of folds that have straight limbs (cf. Fig. 13). If this is
correct, the dominant limbs are north dipping, suggesting
an overall south vergence.

East of Kitsumkalum Lake

Rocks east of Kitsumkalum Lake are affected by duc-
tile fabrics developed during at least two deformational
events. These fabrics are well displayed by the border
phases of the Kitsumkalum pluton. A pervasive strong foli-
ation of ~200°/50°W (variable) contains a persistent min-
eral lineation ~250°/45°. Locally developed C”S fabrics in-
dicate top-to-the-west sense of motion. Late brittle faults
are oriented ~350°/60°E. All fabrics that affect the pluton
must be younger than the age of the body, which is reported
as 59.6 +0.2/-0.1 Ma (Gareau et al., 1997).

East of the north end of Kitsumkalum Lake, retro-
graded calcareous chlorite schist (see next section) is de-
formed into south-verging, recumbent folds. Minor fold
hinges defined by recessive carbonate layers, as well as
ptygmatically folded quartz veins, display a dominant
hinge orientation of ~070°/25°S. Subparallel with the long
limbs of the enveloping folds are thrust faults (oriented
~240°/55°N) that were likely active during the folding
event. Gash veins in the hanging walls of the thrusts are
consistent with top-to-the-south motion on the thrust faults.
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Figure 14. Carbonate alteration zone between the Hat and Chris
prospects. This zone is more than 12 m thick and contains several
arsenopyrite-pyrite-sphalerite-galena-chalcopyrite—bearing
quartz-carbonate veins. Quartz rods in the foreground may have
been produced by post-vein folding.

Folds with long limbs and tight hinges are typical of
the sedimentary rocks hosting mineralization near the
Black Wolf prospect, on the north flank of Maroon Moun-
tain (see below). Mineralized veins appear to largely post-
date this tight folding and follow the foliation thatis ata low
angle to bedding on the long limbs. Thus, veins appear in
many places to be nearly concordant. These tight folds are,
in turn, folded by an open kilometre-scale antiform with an
east-northeast-trending axial trace (approximately parallel
to Wasach Creek) that is interpreted based upon bedding
orientations visible in airphotos and northwest-striking
layers north of Wasach Creek.

METAMORPHISM

Biotite hornfels is the most common metamorphic fa-
cies within the Kalum area. Outside of the thermal meta-
morphic aureoles, a change in regional metamorphic grade
occurs, with increases both west and east of the Kalum area.
For example, sillimanite and granulite grades are attained
to the west, within the Coast Belt (Sisson, 1985). East of
northern Kitsumkalum Lake, retrograde spotted chlorite
schist contains relicts of andalusite porphyroblasts with in-
ternal schistosity that is discordant with respect to the en-
closing schistosity. In contrast, near Sand Lake to the north
or along the Copper River to the southeast (Mihalynuk and
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Figure 15. Well-bedded argillite in core of tight fold with straight
limbs. Outside of fold is conglomerate. Clast elongation
(050°/20°) is approximately parallel to resistant ridges underlain
by conglomerate.

Ghent, 1996), strata are metamorphosed only to zeolite fa-
cies.

MINERALIZATION

Mineral occurrences near Kitsumkalum Lake were ex-
amined during this study. Many are located on the Kalum
and LCR properties held by Eagle Plains Resources and
others on four crown grants on Maroon Mountain. We also
report on newly discovered mineralization at the Shae oc-
currence, as well as newly discovered veins near the Hat
prospect.

We investigated four styles of mineralization in the
Kitsumkalum Lake area:

e Type 1: porphyry-style copper-molybdenum-zinc
vein stockworks in quartz-biotite granite porphyry at
the Shea occurrence, and in adjacent country rocks

e Type 2: semimassive sulphide replacement copper-
zinc-molybdenum mineralization in clastic country
rocks at the Shea occurrence

e Type 3: quartz-polymetallic sulphide veins (zinc, lead,
copper-silver-gold-arsenic), commonly within a car-
bonate envelope in an intrusive host at the the Hat and
Tuppie occurrences
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TABLE 2. INAA RESULTS FOR SELECTED ELEMENTS AND SELECTED SAMPLES

Element
Units

Field Detect limit
Number Sample Type Easting Northing
MMI04-44-20 LCR at PWLCV3 500784 6082170
MMI04-44-24  Shae sulphide blocks 501065 6082814
MMI04-45-7 Kalum 65cm vein 512513 6066613
MMI04-47-10  Tuppie qtz-py-cc (dike) 504653 6067933
MMI04-47-10b Tuppie gtz-sulphide vein 504653 6067933
MMI04-47-8 Tuppie gtz-sulphide vein 504609 6068011
MMI04-48-10  Tojo -block from buttress 499833 6071878
MMI04-48-12b  Tojo -block from buttress 499680 6071795
MMI04-48-13  Hat qgtz-sulphide (aspy) 499559 6071473
MMI04-48-14  Hat gtz-sulphide bx 499610 6071522
MMI04-48-14b  Hat qtz-sulphide bx block 499610 6071522
MMI04-48-2 Hat E - carbonate altered 501186 6071889
MMI04-48-3 Hat E - gtz-chl-? (black) 501275 6072040
MMI04-49-2 " 76¢cm chip, 62cm vein 500274 6071433
MMI04-49-4 Hat E - gtz-gn vein 500186 6071472
MMI04-49-5 77cm chip, 42cm vein 500180 6071552
MMI04-49-8 4-22cm bx gtz-sulphide 499602 6071658
MMI04-49-8b 20 cm vein in block 499602 6071658
MMI04-49-9 Hat -sheared aspy-qtz 499620 6071620
MMI04-50-5 grab - Kalum 515131 6072073
MMI04-51-10  grab - Shae/LCR 501529 6082792
MMI04-51-5 grab - Big Joe 510211 6089930
MMI04-51-8 grab - Shae 502207 6082773
MMI04-52-15  grab - Bear 10m trench/adit 522686 6074653
MMI04-52-15R grab - Bear 10m trench/adit 522686 6074653
MMI04-52-4 Hat -grab 1.3m bx vein 499669 6071516
RFR04-3-13  grab - small adit 521922 6074080
RFR04-3-9 grab - Black Wolf adit 521841 6073893
Qc

GSB Till 99 Std.

GSB Till 99 Std.

GSB Till 99 Std.
Mean
SD
% RSD
GSB Till 99 Recom. Values

58070 MMI04-52-15

58076 MMI04-52-15R
% Difference

58133 MMI04-35-6

58136 MMI04-35-6R
% Difference

Table Notes: Coordinates are UTM Zone 9, NAD83

Au  Ag As Ba Fe Sb Sc w Zn La
ppb ppm  ppm  ppm % ppm  ppm  ppm ppm  ppm

2 5 0.5 50 002 01 o0.1 1 50 0.1

27 -5 7.0 -50 2.72 15 06 -1 117 -0.5

60 -5 58 240 137 1.7 89 -1 -50 15.2
2305 214 427 -280 232 3270 05 -2 324 -05
8 9 274 780 361 125 95 6 183 -0.5

880 44 11000 -310 1.41 2470 26 -2 9320 4.4
29 -5 296 -50 6.32 120 35 3 906 3.3
1670 206 157 50 179 676 22 7 5580 -0.5
1610 -24 42400 -650 851 -41 152 -4 -70 8.1
1540 -30 93600 -970 10.3 -6.1 29 91 -87 -0.6
615 53 87.0 -50 496 613 28 -1 38200 -0.5
349 85 427 50 214 141 15 -1 6130 0.9

6 -5 902 200 320 730 52 140 100 2.6

453 -5  96.6 -50 1.52 37 08 3 63 14
974 -12 26100 -380 9.19 208 3.8 1300 5300 8.9
47 8 714 170 145 133 1.2 7 265 2.1

29 9 445 315 3.76 93 56 22 854 43
2220 56 765 581 3.96 27.3 104 16 32700 29
1450 194 15200 1100 4.50 284 34 294 51200 15.3
1420 -14 23300 -245 6.68 24.6 20.8 49 11700 13.8
2940 -5 9.9 -35 6.08 2.0 27.0 -1 50 4.2
10 -5 55 301 1.00 03 15 -1 84 35
166 -5 189 595 8.60 46 22 11 -50 16.5
17 -5 6.1 126 8.36 0.3 154 6 130 13.1
56200 129 78.8 50 235 728 19 -1 297 1.8
55300 156 757 200 1.75 108 1.8 -1 286 1.7
462 104 345 -50 135 627 0.8 4 310 038
57500 169 405 840 146 152 52 -1 27700 5.9
7600 104 225 50 379 123 0.5 -1 5990 -0.5
66 -5 554 590 6.0 141 236 -1 418 -0.5

31 -5 50.1 990 6.2 109 236 -1 311 254

38 -5 627 810 6.2 144 234 -1 319 -05

45 -5 56.1 797 6.1 13 24 -1 349 8

19 0 6.3 200 0.1 2 0 0 60 15

42 0 113 25 1.5 15 0 0 17 184

32 5 61.7 827 8.2 134 299 -1 390 30.8
56200 129 78.8 -50 24 728 19 -1 297 1.8
55300 156 757 200 1.8 108 1.8 -1 286 1.7
1.6 189 40 3333 293 389 54 0.0 38 57

4 -5 131 950 3.9 1.7 99 -1 110 6.6

15 -5 49 950 3.6 35 95 -1 116 6.0
114 0 911 0 7.7 69.23 4.1 0 53 95

A full list of samples and elements analyzed can be obtained for both INAA (Table 2) and ICP-ES (Table 3) suites from:
http://www.em.gov.bc.ca/Mining/Geolsurv/Publications/catalog/catfldwk.htm

QC = Quality Control

e Type 4: lead-silver-gold veins, commonly in an
argillite matrix; at the Guld, Gold Cap, Bear and Black
Wolf occurrences

A variation of type 3 mineralization is seen at the
Kalum Lake prospect, with elevated bismuth values, more
typical of intrusive-related gold deposits.
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Kalum Property

Three main styles of mineralization are seen on the
Kalum property, west of Kitsumkalum Lake. One style of
mineralization is a stockwork of quartz veins that contain
sulphides, mainly chalcopyrite and pyrite, and appreciable
molybdenite (type 1), south of the Little Cedar River
(LCR). It is known as the Macex or LCR. A second style of

British Columbia Geological Survey
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mineralization was discovered near the LCR property.
Called the Shae occurrence, this mineralization is massive
sulphide replacement of clastic strata (type 2; Fig. 16, 17).
It is attributed to a mineralized quartz-biotite granite por-
phyry (Fig. 18) that might also be responsible for
stockwork veining at the LCR. The most widely developed
style of mineralization is base-metal sulphide-quartz (+car-
bonate) veins and networks of veins related to brecciation
and shearing within zones of carbonate alteration (type 3;
Fig. 19, 20).

Other zones of type 3 mineralization were discovered
during mapping, mainly between the Hat and Chris occur-
rences, in areas recently exposed by the thaw of multiyear
snow pack. There, additional arsenopyrite and base-metal
sulphide veins within carbonate alteration zones were dis-
covered (Fig. 17, 18).

HAT AREA

Tabular carbonate alteration zones are common be-
tween the Hat and Chris prospects. Chlorite-altered and
folded hornblende-pyroxene quartz diorite is the main
hostrock for mineralized veins in the Hat area. These zones
range up to more than 12 m thick and typically contain mul-
tiple arsenopyrite-pyrite-sphalerite-galena-chalcopyrite—
bearing quartz-carbonate veins (type 3). Mineralized
quartz veins are commonly banded and brecciated, and
form two sets, mainly oriented at low to moderate angles.
Mineralization in low-angle veins occurs as massive
coarse-grained sulphide (Fig. 19) or as mats of arsenopyrite
needles that may be intergrown with sphalerite, galena and
minor chalcopyrite (Fig. 20). One of the most impressive
veins discovered during mapping was an ~20 cm thick vein
consisting mainly of coarsely crystalline arsenopyrite,
lesser sphalerite, galena and chalcopyrite, and broken
quartz prisms, originally >10 cm long. Veins have been
folded and sheared, and some sulphides appear to have
been mobilized during these events, as indicated by the oc-
currence of chalcopyrite in microfactures oriented perpen-
dicular to shear banding. Late gash veins oriented at a steep
angle to the main sheared veins are generally not well min-
eralized.

LCR AREA - NEW SHAE OCCURRENCE

Aloggingroad crosses an overgrown clearcut at an ele-
vation intermediate between the main LCR mineralized
zone and the Little Cedar River. Angular, rusty, sulphide-
rich boulders containing up to 30% pyrrhotite and 2% chal-
copyrite were found near the western termination of this
road. Similar boulders were traced along the roadbed and
colluvial banks for approximately 1.3 km to the east, down
the valley to a mineralized outcrop (Fig. 14). This mineral-
ization constitutes the Shae occurrence. The presence of
mineralized boulders upstream and ‘up-ice’ of the known
mineralized outcrops suggests that the boulders have not
been transported by either river water or glacial activity.
Consequently, a large mineralizing system is indicated.

Approximately midway between the end of the road
and the easternmost mineralized outcrop (Fig. 16) is an ex-
posure of biotite-quartz granite porphyry (unit Tqbp;
Fig. 2, 18) with pyrite-chalcopyrite disseminated through-
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out and concentrated in a hydrothermal breccia zone
roughly 20 cm thick. Massive sulphide replacement-style
mineralization (Fig. 16) in outcrop and boulders is attrib-
uted to this mineralized porphyry body. A representative
sample of the massive sulphide returned 2895 ppm Cu,
1303 ppb Ag, 157 ppm Mo (0.28% Cu, 1.3 g/t Ag, 0.015%
Mo) and a trace of Au (57 ppb; Table 3, sample MM104-44-
24). The occurrence of mineralization over a distance of
more than 1300 m indicates the Shae may be part of a large
mineralizing system that warrants further investigation.

Isolated veins and vein stockworks at the LCR lack
iron-stained carbonate alteration halos that accompany the
base-precious metal veins elsewhere on the property. In-
stead, a grey clay-rich (?) halo appears to envelop some of
the veins (these veins were not analyzed in detail, nor were
they sampled for petrographic analysis). Veining at the
LCR may be related to the mineralizing intrusion at the
Shae occurrence.

U EL

Figure 16. Rich Friedman on a low roadcut outcrop of sulphide re-
placement-style mineralization at the new Shae occurrence.

Figure 17. Reflected-light photomicrograph of replacement-style
mineralization at the Shae occurrence. Yellow chalcopyrite with
light grey inclusion of sphalerite; white mineral is pyrite; dark grey
is gangue, mostly quartz. Field of view is ~0.9 mm.

British Columbia Geological Survey



Figure 18. Photomicrograph of Fe-oxide > chalcopyrite cemented
breccia zones (BX) within quartz-eye biotite porphyry at the Shae
occurrence. Field of view is approximately 4 mm.

Flgure 19. J esse Campbell at anewly discovered ~ 15 cm thlck ar-
senopyrite vein . This mineralization is exposed because of record-
breaking thaws. Note relicts of the rapidly melting glacier in im-
mediate background. A sample of the massive arsenopyrite vein is
shown in the inset.

Flgure 20 nghly reﬂectlve sllghtly corroded blue-white
acicular needles of arsenopyrite, with dlamond-shaped Cross-sec-
tions, idiomorphic within white pyrite and yellowish chalcopyrite.
Field of view ~0.9 mm.

Geological Fieldwork 2004, Paper 2005-1

TUPPIE AREA MINERALIZATION

The Tuppie showing is located at the western contact
of the Mount Allard pluton, mainly in hornfelsed country
rocks that are extensively crosscut by dikes. Petrographic
observations show that pervasive chlorite alteration post-
dates carbonate alteration in some parts of the pluton. Atthe
Tuppie showing, however, poikilitic hornblende
megacrystic dikes are chlorite altered and then overprinted
by carbonate alteration. Intensity of overprinting correlates
with intensity of foliation fabric development, which in-
creases near the sheared and strongly lineated eastern con-
tact (150°/20°). Silica and sulphides have accumulated at
the eastern contact of one dike, probably late during the
deformational episode because both are brecciated and an-
nealed by quartz-carbonate and sulphide. A sample of foli-
ated dike returned 6800 ppb Ag, in contrast to the immedi-
ately adjacent brecciated quartz vein that returned
27 454 ppb Ag and 636 ppb Au (Table 3, samples MMI104-
47-10, 10Db).

Zones of cryptic brecciation, up to 5 m across, occur
within rusty, hornfelsed argillite. Black and rust, finely
crystalline silica has flooded these zones. One grab sample
of breccia returned values of 4400 ppb Ag (sample not
listed in Table 2 or 3), indicating that such zones warrant
further prospecting.

Maroon Mountain

Mineralization on the north flank of Maroon Mountain
includes auriferous quartz and base-metal sulphide veins
(type 4) that occur along a section a low ridge underlain
near treeline by resistant conglomerate layers. Four occur-
rences listed in MINFILE are found along the northeast-
trending ridge: Guld, Gold Cap, Bear and Black Wolf (from
northeast to southwest, MINFILE #1031181, 028, 029,
030). Most MINFILE descriptions refer to the veins as con-
cordant below a 35-75 m thick conglomerate layer.
However, the conglomerate layer is tightly folded with
hinges and clast elongation approximately parallel the
northwest-trending (057°) ridge. The veins appear to
largely postdate this folding and follow the foliation, which
is at a low angle to bedding on the long limb.

Best assays were returned from two galena-rich quartz
veins separated by an along-strike distance of 950 m (each
about equidistant from the recorded location of the Bear oc-
currence; MINFILE 1031029). These are in the range
56 200 to >100 000 ppb Au (samples MMI04-52-15,
RFRO04-3-13; Tables 2 and 3). Orientation of the northern
vein is 054°/58°S. It is a drusy, 35 cm thick, multistrand
quartz-galena vein within graphitic phyllite. This vein is
adjacent to a late, north-northwest-trending, high-angle
fault with undetermined sense of motion.

Hadenschild Creek Graphite
Highway exposures of well-layered sedimentary strata

immediately west of Hadenschild Creek are extensively cut
by bedding-parallel faults. Typically, the faults are local-
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ized in carbonaceous strata. Some display 30-50 cm of
gouge, and within these fault zones are seams of graphite,
commonly 20 c¢m thick. Impurities are locally scarce and
are mainly calcite veinlets or fragmented veinlets. Graphite
in the thickest seams is a homogeneous shiny grey and lacks
anisotropy. Graphite quality test results are pending.

GEOCHEMICAL ANALYSES OF
MINERAL OCCURRENCES

Keeping in mind the degree of analytical uncertainty
for the ICP-ES and INAA analyses, some preliminary con-
clusions can be drawn. First, many of the mineral occur-
rences contain significant Au values. In fact, more than half
of the 54 samples collected contain anomalous concentra-
tions (greater than 40 ppb Au by ICP-ES). This includes
mineral occurrences on both sides of Kitsumkalum Lake.
For example, mineralized prospects on Maroon Mountain
yield consistently high Au values. Surprisingly, these are
higher than values reported in MINFILE. Similar lode
veins in the area to the north are the likely source of placer
gold in Douglas Creek, which has been recovered since the
late 1800s.

INTRUSIVE-RELATED GOLD MODEL

Gold deposits that form during intrusion of magma
into sedimentary strata rank amongst the largest known res-
ervoirs of gold in the Earth’s crust. These deposits fall into
two major categories: 1) those hosted within or immedi-
ately adjacent to the intrusions (i.e., the intrusion-re-
lated/hosted or thermal aureole deposits); and 2) those
hosted in sedimentary rocks, some of them many kilo-
metres from the nearest known intrusion (i.e., the sediment
hosted/Carlin type deposits; e.g., Lefebure and Ray, 1995).
Contained gold values can be hundreds to thousands of
tonnes. Famous sediment-hosted deposits, such as Marun-
tau in Uzbekistan (>5000 t; Morelli, 2004), Telfer in Aus-
tralia (>450 t; Rowins et al., 1997), and deposits of the
Carlin trend in Nevada (Carlin, 320 t; Betze, ~1000 t;
Meikle, >200 t; ) tend to have grades in the range 3—14 g/t.
Intrusion-hosted deposits, such as Kori Kollo in Bolivia
(160 t; Long et al., 1992), Fort Knox and Donlin Creek in
Alaska (>200 t, Bakke, 1995; 775 t, Goldfarb et al., 2004),
or Dublin Gulch in Yukon (46.5 t, Yukon EMR, 2004) typi-
cally have gold grades around 0.5-3 g/t.

The role of magmatic fluids in sourcing and carrying
gold is disputed, although most workers agree that intru-
sions provide the thermal gradient required to drive these
mineralizing systems. Exploration for such deposits is
guided regionally by their association with placer deposits
and high-grade lodes (e.g., Dublin Gulch). Geochemical
associations are elevated Au, Bi, Te, W + (Mo, As, Pb)
within or adjacent to the intrusion, and Au-As-Sb-Hg+(Ag,
Pb, Zn) in distal deposits (Hart ef al., 2000, 2002). Cur-
rently accepted, broad application of the intrusive-related
gold model includes distal, base, and precious metal veins
(Au, Pb, Zn, As, Sb, Hg; Lang and Baker, 2001), which may
point to a prospective intrusive system, if lacking merit as
the base metal veins commonly do, in terns of grade and
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tonnage. Mineralizing fluids are reduced, with ore mineral
assemblages containing arsenopyrite, pyrite or pyrrhotite,
and lacking Fe-oxides. However, sulphide contents tend to
be low overall (<5%; Lang and Baker, 2001). Carbon-diox-
ide—rich fluid exsolution during magma crystallization
may be critical in destabilizing other ligands (e.g.,
bisulphide) that are responsible for Au solubility
(Lowenstern, 2001). Evidence of carbonic fluid interaction
is theoretically predicted and empirically verified in known
deposits (Baker and Lang, 2001). Gold-rich intrusive sys-
tems have potential for huge gold resources. Consequently,
they are attractive exploration targets. Features of mineral-
ization in the Kalum area, particularly type 3 sulphide veins
with carbonate alteration envelopes, are similar to those
found within producing intrusion-related deposits.

DISCUSSION

By far the most common type of mineralization in the
Kitsumkalum Lake area is polymetallic sulphide veins
(type 3). These occur within and adjacent to both the Mount
Allard pluton and diorite at the Hat occurrence. The inten-
sity of carbonate alteration (+sulphide mineralization) may
be enhanced by strain localization within the alteration
zone. Quartz-carbonate veining in the Mount Allard pluton
is not folded, but folding has definitely affected at least
some of the veins in the Hat diorite. Fold styles may be sim-
ilar to those seen on northern Kitsumkalum Lake and
Maroon Mountain: long, fairly straight limbs and tight, rel-
atively convolute hinges. However, our structural investi-
gation was not extensive enough to permit unequivocal de-
termination of the source of veins in the Hat intrusion. A
possible linkage between mineralization and extensional
structures needs to be further evaluated.

We originally considered the Hat diorite to be older
than the Mount Allard pluton because it is more strongly
deformed. However, available isotopic age data, if correct,
indicate an inverse relationship between the degree of de-
formation and age of the intrusive body. Three age determi-
nations are available for intrusive rocks in the Kalum area:
a cooling age of 100.2 + 6.8 Ma for the relatively unde-
formed Mount Allard pluton (Godwin, in Breitsprecher and
Mortensen, 2004); 93.8 + 0.5 Ma for the Hat diorite (re-
ported here); and 59.6 +0.2/-0.1 Ma (Gareau et al., 1997)
for the strongly deformed North Kitsumkalum pluton.
These relationships show that deformation did outlast
Early Eocene plutonism. They also indicate that the degree
of deformation in these bodies may be determined more by
how much the pluton has cooled prior to deformation, or
proximity to a ductile fault zone, than by how much/many
of the deformational episode(s) the intrusion has experi-
enced.

Polymetallic quartz-carbonate veins and alteration
zones cut thermal metamorphic halos and plutons at least as
young as the Mount Allard pluton. Mineralization cannot
be attributed to the phases of the Mount Allard pluton that
are cut by mineralized veins. However, exsolved fluids re-
lated to late crystallization of an interior phase of the pluton
could explain veins within the roof of the pluton (cf. Clear
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Creek in the Yukon; Marsh ez al., 2003). It is more difficult
to attribute veins near the Hat prospect to the same intrusive
source because the plutonic hostrocks there are clearly of a
different composition.

Is epithermal veining related to (extensional) deforma-
tion a reasonable alternate to intrusion-related gold veins?
Rapid changes in metamorphic grade and structural level,
especially well displayed in the Kitsumkalum valley, are
hallmarks of an extended terrain. Juxtaposition of low-
grade rocks atop hotter, deeper level rocks through struc-
tural omission during extensional faulting could explain
the lack of an intrusive body to which broad thermal meta-
morphism can be attributed. However, extension-related
epithermal quartz-carbonate veins, such as those of the Re-
public Graben, typically contain only traces of sphalerite,
galena and chalcopyrite. In contrast, veins in the Kalum
area display mineralogy that is more typical of an intrusion
association: base metal rich with elevated bismuth (cf. the
Kalum Lake prospect). Even less equivocal is the porphyry
association of veins at both the Shae occurrence and
LCR/Macex, which display molybdenite mineralization in
addition to chalcopyrite. At the Shae, the mineralizing bio-
tite-quartz porphyry can be observed directly.

SUMMARY

Byproducts of geological mapping have been a prelim-
inary evaluation of the regional structural deformational
history. This history is far more complex than is indicated
by existing published maps, although it appears to be simi-
lar to that recorded in the area immediately to the west by
Andronicos et al. (2003) and in the unpublished M.Sc. the-
sis of Heah (1991).

Prospecting during the course of mapping resulted in
notable new finds north of the LCR occurrence and near the
Hat prospect. These are, respectively, porphyry and sul-
phide-replacement mineralization in angular boulders and
outcrops along a >1 km transect, named the Shae occur-
rence, and several arsenopyrite and base-metal sulphide
veins exposed in areas normally covered by snow and ice.

There are four styles of mineralization in the Kitsum-
kalum Lake area:

e  Type l: porphyry-style copper-molybdenum-zinc vein
stockworks in quartz-biotite granite porphyry and in
adjacent country rocks

e Type 2: semimassive sulphide replacement copper-
molybdenum mineralization in clastic country rocks

e  Type 3: quartz-polymetallic sulphide veins (zinc, lead,
copper-silver-gold), commonly within a carbonate en-
velope in an intrusive host

o  Type 4: lead-silver-gold veins, commonly in an argil-
lite matrix

The abundance of type 3 veins east of the Hat occur-
rence and the richness of type 4 veins in the Maroon Moun-
tain area underscore the presence of attractive intrusion-re-
lated mineralization that spans the range from proximal
(type 3) to epizonal (type 4; e.g., Hart et al, 2002) veins.

Geological Fieldwork 2004, Paper 2005-1
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Heavy Mineral Sampling and Provenance Studies for Potentially
Diamond-Bearing Source Rocks in the Jurassic Laberge Group, Atlin-
Nakina Area (NTS 104N), Northwestern British Columbia

By Dante Canil!, Mitchell G. Mihalynuk? and Courtney Charnell!

INTRODUCTION

The mineralogy of clastic sedimentary rocks provides
a record of the source regions uplifted and eroded during
orogeny (Dickinson et al., 1983). The Jurassic Laberge
Group is part of a fold and thrust belt exposed in the north-
ern Cordillera (Fig. 1). The paleontological and sedimen-
tary record in the Laberge Group mark the uplift and ero-
sion of crust during the early Jurrasic and the deposition
and burial of detritus in a marine fore-arc basin (English et
al., in press; Johannson et al., 1997). Garnet-rich horizons
of immature wacke and conglomerate occurring in the
Laberge Group southwest of Sloko River were first recog-
nized during a regional mapping and magnetic survey pro-
gram (Mihalynuk and Lowe, 2002). Subsequent heavy
mineral sampling in the Atlin-Nakina area, aimed at tracing
the source of anomalous diamonds in placer gold opera-
tions of the northern Cordillera (Casselman and Harris,
2002), showed evidence for diamond indicator minerals,
which were traced to a garnetiferous conglomerate horizon
in the Jurassic Laberge Group exposed near Sloko River
(Canil et al., 2004). Further detailed study of heavy miner-
als from one composite sample in the garnet-rich conglom-
erate showed it to contain clasts of eclogite, and garnets and
pyroxenes from peridotite of mantle origin (Fig. 2, 3).
Thermobarometric studies revealed that the detrital garnets
and pyroxenes in this sample equilibrated at mantle depths
approaching the diamond stability field (MacKenzie et al.,
in press), on geothermal gradients expected in cratonic
mantle lithosphere (Fig. 4).

Detrital mantle minerals are known in other clastic
sediments (McCandless and Nash, 1996). The angular na-
ture and lack of weathering of detrital grains in the Laberge
Group require proximal sources and rapid deposition
(McCandless, 1990). Potential sources for the garnet and
pyroxenes in the Laberge Group could be the erosion of
peridotite and eclogite as xenoliths in an alkaline igneous
rock such as kimberlite or lamproite, or outcrop-sized mas-
sifs exposed by uplift and exhumation. Potential source
rocks of either type that are the requisite age (pre-Jurassic)

! School of Earth and Ocean Sciences, University of Victoria,
Victoria, BC, dcanil@uvic.ca

? Geological Survey Branch, Ministry of Energy and Mines,
Victoria, BC

Geological Fieldwork 2004, Paper 2005-1

are not known in the Atlin-Nakina area. The lack of picro-
ilmenite in a heavy mineral sample of the Laberge con-
glomerate argues against derivation from xenoliths in alka-
line igneous rocks (i.e., kimberlite; MacKenzie et al., in
press). No eclogite or garnet peridotite, as either xenoliths
or massifs, has yet been recognized in outcrop in the Atlin-
Nakina area. Furthermore, the source of peridotitic garnets
and pyroxenes in the garnetiferous wacke unit of the
Laberge Group is not likely to be from ophiolite and
mélange that constitutes parts of the Cache Creek Terrane
to the east. Mantle peridotite from ophiolite in the Cache
Creek Terrane is of lower pressure origin, in which spinel,
not garnet, is stable. Furthermore, the latter rocks have been
investigated by field mapping, and although blueschist as-
semblages have been discovered in the Cache Creek
Terrane near Dease Lake (Fig. 1), no eclogite has been rec-
ognized (Fig. 1; Ghent et al., 1993); Mihalynuk et al.,
2004).

Thus, the source of eclogitic and peridotitic detritus in
the Laberge Group sediments remains undefined, but has
important implications for the crustal evolution of the
northern Cordillera. In one interpretation of paleocurrent
data for exposures in southern Atlin Lake, the source area
for the Laberge Group sediments must lie somewhere to the
west (Johannson et al., 1997). Nonetheless, further detailed
study in other horizons of the Laberge Group is warranted
to identify the source and provenance of mantle minerals,
and whether the sources for sediment changed in space or
time during deposition in the basin. The occurrence of dia-
mond in northwestern British Columbia and southern Yu-
kon (Casselman and Harris, 2002) also remains enigmatic,
but could be sourced in sediments that contain other detrital
minerals of demonstrable high-pressure origin required for
diamond formation (Fig. 4). To this end, we performed de-
tailed paleocurrent measurements, sedimentology and a
more thorough sampling for heavy minerals in different ho-
rizons of the Laberge Group. The principal goals were to
examine the lateral and stratigraphic extent of the
garnetiferous horizons within the Laberge Group, to under-
stand their appearance in the sedimentary record of this ba-
sin, and to deduce the source direction for sediments con-
taining detrital mantle minerals, and potentially diamonds.
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Figure 1. Geological map of part of the Laberge Group highlighting the garnetiferous wacke—pebble conglomerate. Inset shows the loca-
tion of the Laberge Group in the northern Cordillera (after Johannson etal., 1997; English etal., 2002; Mihalynuk et al., 2003). Location of

Eclogite Ridge is shown by the diamond.

REGIONAL GEOLOGY

The Jurassic Laberge Group is contained within the
Whitehorse Trough, an early to middle Jurassic marine
fore-arc basin that extends from southern Yukon into north-
ern British Columbia in the Atlin-Nakina region. Strata in
the Laberge Group near southern Atlin Lake are of
Sinemurian to Pliensbachian age (197—183 Ma; Palfy etal.,
2000), as constrained by biostratigraphy and U-Pb ages of
tuffs and granitoid boulders in conglomerate (Johannson et
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al., 1997). Sediments in the basin have been tilted, folded
and thrust faulted prior to Late Cretaceous, or Middle Ju-
rassic time. Bordering Laberge Group rocks to the east is
the Nahlin Fault and rocks of the Cache Creek Terrane, an
accretionary assemblage of largely Mississippian to Trias-
sic limestone, chert, and Permian ophiolite (Monger, 1991;
Mihalynuk et al., 2003). West of the Laberge Group, are
Devonian to Late Triassic volcanic-arc strata of Stikinia
(Fig. 1). Quartz-rich pericratonic strata of the Yukon-
Tanana Terrane in part form the basement to Stikinia. Meta-
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Figure 2. Plots showing compositional data for garnets from heavy
mineral concentrate and eclogite clasts in the garnetiferous wacke
of the Laberge Group: A) CaO vs. Cr,0; plot used to distinguish
the protolith of the detrital mantle-derived garnets; lherzolite-
harzburgite division from Gurney (1984); garnets were classified
as ‘crustal, ‘eclogitic’ or ‘peridotitic’ using the approach of
Schulze (2003). B) histogram showing mole fraction of pyrope
(Xpyr) component (Mg3Al,Si;0,) in garnets.

morphosed volcanic-arc components of the Yukon-Tanana
Terrane are in part correlative with Stikinia. Isotopic data
from igneous and sedimentary rocks in Stikinia, and U-Pb
geochronology of detrital zircons in metasediments of the
Yukon-Tanana Terrane support a uniform source for
quartz-rich basement strata, possibly rifted from the North
American craton (Gehrels et al., 1990; Gehrels et al., 1991;
Jackson et al., 1991; Mihalynuk et al., 1999).

FIELDWORK

Garnet-bearing conglomerates of the Laberge Group
were examined in detail along a northwest-trending ridge,
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Figure 3. Compositional data for pyroxenes from the Laberge
Group sediments. Note the high jadeite component in eclogitic
pyroxenes from both clasts and detrital minerals. Peridotitic
pyroxenes are distinguished by their emerald green colour and
high Mg/Mg+Fe (> 0.9).
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Figure 4. Plot summarizing thermobarometric calculations on de-
trital garnets, pyroxenes and eclogite clasts in the garnetiferous
wacke (MacKenzie et al, in press). Crosses show P-T results for
detrital peridotitic clinopyroxenes using the Cr-in-clinopyroxene
thermobarometer (Nimis and Taylor, 2000). Histogram on bottom
shows results of Fe-Mg exchange thermometry for eclogite clasts
and peridotitic garnets, assuming they equilibrated at 3 GPa
(O’Neill and Wood, 1979; Krogh, 1988), and for Ni-in-garnet ther-
mometry (Canil, 1999). Note the dominant mode at 800-950°C
and similarity to P-T results for the Cr-in-clinopyroxene method.
Histogram on right shows pressures calculated based on Ca-con-
tent of garnets (Pcy.in-gt), assuming they were in equilibrium with
clinopyroxene at 900°C, the median T by the Cr-in-clinoproxene
method (Brenker and Brey, 1997). Thermobarometric pressures
were converted to depths. Geothermal gradients typical of
Archean (40 mWem™) and Proterozoic (50 mWe+m™) continental
lithosphere were calculated using the approach in MacKenzie in
Canil (1999). Note the occurrence of some garnets and pyroxenes
from depths below 100 km, and some as deep as the diamond sta-
bility field.
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herein called Eclogite Ridge, located 8 km east of Paradise
Peak in the southwest Atlin mapsheet (104N; Fig. 1).
Eclogite Ridge is composed of distinct buff-weathering
siltstone, sandstone and conglomerate (Fig. 5a) that form a
unit~290 m thick (Fig. 6), informally referred to here as the
‘Eclogite formation’. Good outcroppings of Eclogite for-
mation occur along the bedding-parallel ridge axis, and ex-
cellent cliff-face exposures have been created where the
ridge is truncated by east-flowing stream valleys (Fig. Sa).
Thickness of the Eclogite formation appears to decrease to
the northwest, and possibly to the southeast, suggesting a
lens-shaped cross-section that is more than
10 km long. Attempts to trace the unit north
of the Sloko River have been unsuccessful,
and it is presumed to be truncated to the
southeast by the crustal-scale Nahlin Fault.
Thus, its mapped distribution corresponds
to the extents of the positive anomaly seen
in the results of the aeromagnetic total field
survey (Dumont et al., 2001; Lowe et al.,
2003). Prominent features of the unit are
depositional ‘cycles’ in which parallel lay-
ered argillaceous siltstone and wacke are
truncated by channellized granule to cob-
ble conglomerate in onlapping and stacked
lens-shaped beds (Fig. 7a). These ‘cycles’
repeat every 10 to 40 m (Fig. 6).

Stratigraphically beneath the Eclogite
formation is a section of dark green to
brown and orange-brown weathering
wacke with an average magnetic suscepti-
bility of ~0.3. It is separated from the
Eclogite formation by an ~20 m prominent
recessive covered interval. Where well ex-
posed on the north end of the ridge, the re-
cessive unit consists of ~15 m of parallel,
laminated to centimetre-scale bedded
siltstone and immature, medium-grained
carbonaceous arkosic sandstone with
muddy matrix (wacke) showing soft-sedi-
ment deformation. No appreciable uncon-
formity is developed where the recessive
unit is in contact with the first granule con-
glomerate of the Eclogite formation, which
has a stronger magnetic susceptibility of
15. Above the basal contact, however, an-
gular rip-ups up to 0.5 m diameter are a lith-
ological match for the recessive unit, sug-
gesting that at some point the basal
conglomerate cuts down into the recessive
unit.

Nonconglomeratic portions of the
Eclogite formation may include a conspic-
uous black and white banded sediment
(Fig. 7b). Banding is formed by 3 to 50 mm
thick intercalation of dark, organic-rich
siltstone with thicker cream-coloured ar-
kose. Dark layers are locally petroliferous.
These units are incised by granule to pebble
conglomerate-filled scours with axes that
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trend northeasterly. Scours are commonly asymmetric in
cross-section, with one steep margin (Fig. 7a). The steep-
sided bedforms extend laterally into more tabular bodies
that vary from 0.5 to 5 m in thickness. Differential compac-
tion around the relatively strong conglomerate causes
warping of the finer grained layers around the lens, an ef-
fect that is particularly enhanced at the steep margin. Con-
glomerate layers are more resistant to weathering than adja-
cent finer grained layers, enabling them to be traced along
strike for kilometres (Fig 5b). Concentrated within these
steep-sided conglomerate layers are conspicuous detrital

A

Figure 5. A) View of the Laberge Group to the east, showing buff-coloured ridge of
garnetiferous conglomerates and wackes (‘Eclogite Ridge’ with arrow) underlain by
garnet-free sediments (darker coloured). B) View from the north slope of Eclogite
Ridge to the northwest, showing highly resistant conglomerate units extending later-
ally for kilometres along strike.
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constituents including red and orange garnets up to 1 cm di-
ameter, emerald green chrome diopside (<3 mm; Fig. 7c),
olive green olivine (<3 mm) and sooty black biotite-
plagioclase porphyry clasts (Fig. 7d). White-weathering
hornblende-feldspar-porphyry clasts are also conspicuous
(Fig. 7e), but these are not restricted to the Eclogite forma-
tion, occurring in abundance at lower stratigraphic levels.
Further southeast along Eclogite Ridge, the conglomerate,
sandstone and siltstone beds have similar sedimentological
features, but are darker in colour (Fig. 5a), and both garnet
and the sooty black porphyry clasts are scarce.

Towards the top of the section, nonconglomeratic
strata include orange and black weathering coaly wacke
and siltstone. Fossil plant material is dominantly swamp
grass and cycad (a palm-like plant) fronds and trunks up to
20 cm in diameter.

‘ECLOGITE FORMATION’ PALEOFLOW
AND DEPOSITIONAL ENVIRONMENT

Asymmetrical lens-shaped cross-sections of conglom-
erate beds deposited on steeply discordant to concordant
erosional surfaces atop finer grained sandstones and
siltones (Fig. 7a) are interpreted as lag deposits within
channel scours. Crossbedding is locally well displayed,
even in coarse-grained units (Fig. 7e), and orientations of
trough cross-strata could be deduced in three dimensions
with certainty. Pebble-imbrication is also recognized in
some places but, unless the pebbles
are tiled, imbrication is difficult to
distinguish from pebbles lying on
ill-defined foresets. Therefore, only
where they are tiled can they be used
as indicators of unidirectional
paleoflow. From these and other
paleoflow indicators, paleocurrent
directions were interpreted to flow
towards the west or southwest (Fig.
8). Bidirectional flow indicators in-
clude channel scour orientation and
the preferred orientation of elongate =~ ———=
clasts, including cycad trunks,
which are broadly consistent with
the unidirectional indicators.

Many granules and pebbles are
subrounded, but a significant por-
tion of clasts are angular, including
mineral grains like garnet, diopside
and olivine, as well as porphyritic
clasts of probable volcanic origin <>
and argillaceous rip-up clasts. The
presence of rip-up clasts and muddy L
matrix to wacke units suggest depo- ®

[ 4

Olivine

Cr diopside
sition by turbidity currents, not win- Garnet
nowing by alluvial or wave action.
Some hummocky and swaley cross-
strata, however, may be preserved

locally within the section suggest-
ing, the impingement of storm surge
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base on the depositional environment. Channellized grav-
els suggest alluvial deposition, but such gravels may be
deposited in an aggrading submarine channel deposit. One
potential problem with the above interpretation is the pres-
ence of cycad debris, including substantial trunks, in a sub-
marine environment. Most plant debris is buoyant and
therefore not expected in a submarine depositional setting,
although cycads could be susceptible to water logging.

A submarine-fan complex interpretation is consistent
with previous interpretations for the depositional environ-
ment of Whitehorse Trough strata (e.g., Dickie and Hein,
1995; Johannson, 1997). A predominance of southwest-di-
rected paleoflow indicators is, however, inconsistent with
the results of previous studies, which generally showed
predominantly easterly paleoflow. The data presented here
are important because they indicate an east-derived source
for high-P detritus, possibly an eclogitic part of the north-
ern Cache Creek Terrane akin to the Pinchi Belt, or dextral
translation of the Whitehorse Trough with respect to a high-
P belt that may have included the Pinchi eclogite occur-
rence. Other possibilities are that the eclogite occurrences
exposed within the Yukon-Tanana Terrane in the Yukon ex-
tend in a cryptic fashion into northern British Columbia and
sourced the conglomerate, or that the paleoflow indicators
are a local aberration and not indicative of derivation from
the eastern source.

Along the shores of southern Atlin Lake are other oc-
currences of coarse pebble conglomerates and immature
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Figure 6. Stratigraphic section through the ‘Eclogite formation” exposed on Eclogite Ridge.
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Figure 7. A) Conglomerates and wackes viewed perpendicular to strike, showing steep-sided contact (arrow) between garnet-bearing con-
glomerates cutting down through underlying sandstone and silstone units at steep sides. B) Banding in units below conglomerates formed
by 3 to 50 mm thick intercalations of dark, organic-rich and occasionally petroliferous siltstones with thicker cream-coloured arkose. C)
Emerald green clinopyroxene grain set in matrix of feldspar and rock fragments in the garnetiferous wacke. D) Fragments of rock contain-
ing phenocrysts of feldspar and biotite set in a sooty fine-grained matrix in garnetiferous wacke from the ridge. E) Coarse pebbles of
hornblende porphyry in conglomerate. Note crossbedding in coarser units. F) Red pyropic garnets adhering to emerald green Cr-diopside
grain from heavy mineral concentrate.
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Bedding on “Garnet Ridge” 214/50
N=63, Contours =2,4,8,16, 32% of
data points per 1% area

Regional fold axis 311/11
N=383, Contours =1,2,4,8,16% data
points per 1% area

source of its anomalous aeromag-
netic signature (Lowe etal., 2003).

The relative proportions of
lithic fragments, plagioclase, K-
feldspar and quartz in clastic sedi-
ments has been used to deduce the
tectonic setting of deposition and
provenance in other basinal strata
(Dickinson et al., 1983; Marsaglia
and Ingersoll, 1992). Proportions
of these components in Laberge
Group garnet-bearing conglomer-
ate is consistent across samples
(Fig. 9). Detrital components of
both the wacke and conglomerate
suggest they were derived by early
dissection of a nascent continental

D)

Bidirectional paleoflow indicators on
“Garnet Ridge” mean resultant 66-246
+/- 340 2sigma

Figure 8. Measurements on bedding (A), fold axes (B) and paleoflow directions (C, D) for

units exposed on Eclogite Ridge.

wackes (Johannson et al., 1997). Exposures on the north-
ernmost islands near Janus Point contained visible garnet,
but further south, on Sloko and Bastion Islands, garnet was
notably absent in outcrop. Garnet-bearing units near Janus
Point are along strike from those on Eclogite Ridge, 20 km
to the southeast, suggesting that they are part of the Eclogite
formation.

PROVENANCE

Six thin sections from samples of the wacke along
Eclogite Ridge were studied petrographically and point
counted (n > 800) to determine their modal mineralogy.
The rock contains mainly feldspar and lithic fragments, no-
table angular detrital garnet and pyroxene, and rare olivine,
amongst 3 to 8 mm clasts of pristine arc volcanics
(hornblende andesite, dacite), granitoids and metamorphic
rocks (mica schist, amphibolite), including rare eclogite or
granulite (garnet+pyroxene+rutile). The rock has a high
detrital magnetite content (~2—-3%) which is likely the

Geological Fieldwork 2004, Paper 2005-1

Unidirectional paleoflow indicators on
“Garnet Ridge” mean resultant 222
+/- 150 2sigma

arc (Fig. 9). Two samples contain
anomalously high K-feldspar, sug-
gesting derivation from an exposed
basement or plutonic-arc root
(Boggs, 2001).

HEAVY MINERALS

Samples of coarse conglomer-
ate and wacke weighing between
0.5 and 4.0 kg were collected from
five locations along Eclogite Ridge
and seven locations along the
shores of southern Atlin Lake.
These were processed for heavy
mineral extraction at Vancouver In-
dicator Processors Inc., Vancouver.
First, they were crushed to sand-
sized particles in a jaw crusher and
sieved. Sieved samples were wet
screened to less than 0.25 mm frac-
tion. The +0.25 mm fraction was
passed through a magnetic separator operating at 2.1 Tesla.
The magnetic fraction underwent heavy liquid separation
to specific gravities greater than 3.33. Resultant concen-
trates were examined and hand-picked at the University of
Victoria.

Heavy minerals (specific gravity > 3.33) make up be-
tween 0.004 and 0.6% of the samples. The largest percent-
age of heavy minerals occurs in rocks containing visible
garnet and clinopyroxene in outcrop (e.g., at Eclogite
Ridge and near Janus Point on Atlin Lake). Samples col-
lected further to the south, and presumably deeper in the
sedimentary section, display a rapidly decreasing percent-
age of heavy minerals and an absence of visible garnets in
hand sample. The heavy mineral population is dominated
by garnet, followed by clinopyroxene, opaque minerals and
minor amounts of olivine. Garnet adheres to both
clinopyroxene and olivine grains, suggesting that it is de-
rived from both peridotite and eclogite (Fig. 7f). Further
chemical analysis is in progress.
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DISCUSSION

The above results require that garnet peridotite and
eclogite derived from mantle lithosphere at least 100 km
thick was exhumed and exposed in the northern Cordillera
and shed as detritus into a fore-arc basin now preserved as
the Laberge Group. Exceptional preservation of pristine
mantle detritus in Laberge Group wacke and conglomerate
is attributable to proximal deposition, rapid burial and an
absence of metamorphism or penetrative deformation doc-
umented in this part of Whitehorse Trough during the last
170 Ma (Mihalynuk et al., 2003). Angular garnets, the
presence of detrital olivine, and their mixture with pristine
volcanic and feldspathic clasts indicate minimal physical or
chemical attrition. This could be attributed to an arid or ex-
tremely cold climate during subaerial erosion, and rapid
transport and deposition in a submarine environment. Late
Early Jurassic (Toarcian) ammonite faunas in the
Whitehose Trough include the Boreal genus
Pseudolioceras, indicating deposition from relatively cool
water in high latitudes (Jakobs, 1997); however, the Juras-
sic was a warm period in the Earth’s history, with a global
lack of evidence for glaciation. An arid environment cannot
be fully discounted, although the presence of coal layers,
including the 20 cm diameter trunks of cycads, argues
against severe aridity.

Primary alkaline igneous rocks are one potential
source of the garnet peridotite and eclogite detritus. For ex-
ample, Oligocene sediments in the Uinta Mountains and
Green River Basin of the western United States contain gar-
nets and pyroxenes that are thought to be sourced from
Eocene kimberlite and lamproite intrusions a few hundred
kilometres away, in the Wyoming Province (McCandless
and Nash, 1996). The opaque fraction of heavy minerals
from the Laberge Group sediments, however, contains only
Mg-poor magnetite; none of the Mg- or Cr-rich spinel or il-
menite expected from an alkaline igneous source (e.g.
kimberlite) are observed. Thus, an alkaline igneous source
for the mantle detritus in the Laberge Group is discounted..

The only other source for the mantle detritus could be
large masses of garnet peridotite and eclogite, which are
volumetrically minor components of many collisional
orogens, commonly occurring as septa or kilometre-size
massifs within larger supracrustal metamorphic terrains
(Medaris, 1999; Brueckner and Medaris, 2000). Orogenic
garnet peridotite massifs have been recognized in other arcs
such as the Lesser Antilles and in Sulawesi (Kadarusman
and Parkinson, 2000; Abbottetal.,2001). Such massifs are
often small (~1 km?), but even small masses of rocks like
garnet peridotite and eclogite, which contain between 5 and
50% modal garnet, could contribute the amount of garnet
observed in the heavy mineral fraction of the Laberge sedi-
ments (< 0.5 %).

Potential sources of orogenic garnet peridotite and
eclogite are not known in terranes immediately adjacent to
the Whitehorse Trough. Heavy durable minerals can travel
far and be recycled in the sedimentary environment. River
systems are known to deliver durable heavy minerals
across continental-scale drainage systems (Rainbird et al.,
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Figure 9. Ternary diagrams used to determine provenance and tec-
tonic setting of clastic sediments: a) Diagram showing the propor-
tion of quartz (Q), feldpsar (F) and lithic fragments (L) of
Dickinson et al (1983). b) Diagram showing the proportion of
quartz (Q), K-feldpsar (F) and plagioclase (P) of Marsaglia et al
(1992). The Laberge Group wacke and conglomerates (circles)
plot within newly dissected continental arc setting.

1997.), but the latter depositional setting results in mature
quartz-rich clastic sediments (Roscoe, 1973), not immature
poorly sorted angular detritus as observed in the Laberge
Group sediments. Thus, it appears that the source region of
the uplifted and exposed mantle rocks must have been
proximal to the fore-arc basin in which they were depos-
ited.

Exhumation and erosion of garnet peridotite and
eclogite was apparently short lived, because the derived de-
tritus appears in only one part of the Laberge Group that ex-
tends from Eclogite Ridge to Janus Point. This detritus was
mixed with poorly sorted arc detritus, possibly including
tuffaceous units. In current interpretations, these units
would be some of the youngest sediments preserved in the
Laberge Group at this latitude (English et al., in press).
Although we have no age constraints as yet, the anticipated
geochronological age determinations provided by a
tuffaceous unit at Eclogite Ridge will provide age con-
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straints for the sudden exposure and erosion of orogenic
peridotite and eclogite at the surface.

Rapid uplift, exhumation and deposition, in the late
Triassic and early Jurassic, of the Stikinia arc is substanti-
ated by many lines of evidence in the Laberge Group and in
correlative rocks along strike in the Cordillera. The U-Pb
age of a granitic boulder in a conglomerate and the
biostratigraphically controlled depositional age of sands
adjacent to this conglomerate in the Laberge Group are
dated to within a few million years, suggesting intrusion in
the arc, and rapid uplift, incision and deposition
(Johannson et al., 1997). Farther north in a correlative belt
of rocks in Yukon, the extent and timing of early Jurassic
subduction, crustal thickening, uplift and deposition are
well documented. Field mapping, metamorphic isograds,
and U-Pb geochronology in the Aishihik Lake area of
southwestern Yukon show that crust from 30 km depths
was uplifted at rates of 2 to 10 mm/year and shed into the
Whitehorse Trough (Johnston and Erdmer, 1995; Johnston
et al., 1996).

The strange occurrences of diamond in northwestern
British Columbia (Casselman and Harris, 2002) are most
likely derived from rocks that contain minerals of demon-
strable high pressure origin (within the diamond stability
field, Fig. 4). While we have yet to identify diamond in the
heavy mineral concentrates of the Laberge Group, these
garnetiferous strata are a possible source of anomalous dia-
mond discovered during placer mining near Atlin, approxi-
mately 30 km to the northeast.
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Toodoggone Geoscience Partnership: Preliminary Bedrock Mapping
Results from the Swannell Range: Finlay River — Toodoggone River Area
(NTS 94E/2 and 7), North-Central British Columbia’

By L. Diakow, G. Nixon, B. Lane and R. Rhodes
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Black Lake Intrusive Suite, Cu-Au porphyry, epithermal
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INTRODUCTION

The Toodoggone Geoscience Partnership was initiated
in 2003 to generate detailed geoscience information, in-
cluding airborne geophysics and bedrock geology maps,
that would support mining exploration in previously ex-
plored and more remote terrain in the east-central
Toodoggone River and McConnell Creek map areas, which
are considered highly prospective for Cu-Au porphyry and
epithermal Au-Ag mineralization. The success of this part-
nership is based on the participation of all five mining com-
panies actively exploring the program area (Stealth Miner-
als Ltd., Northgate Minerals Corp., Finlay Minerals Ltd.,
Bishop Gold Inc. and Sable Resources Ltd.), coupled with
personnel from the British Columbia Geological Survey,
the Geological Survey of Canada and the University of
British Columbia.

In 2004, the Geological Survey of Canada released
digital data and a series of maps from a low-level, high-res-
olution airborne gamma-ray spectrometric and magnetic
survey that covered 1) most of the known porphyry and epi-
thermal targets within the main area of prospective Early
Jurassic rocks; and 2) a remote and relatively under-
explored region farther east in the Swannell Ranges of the
Toodoggone area (Shives ef al., 2004).

Bedrock mapping continued in 2004, expanding the
area of detailed 1:20 000-scale map coverage in two re-
gions: 1) the southern region, located 55 km southeast of
the Kemess South Cu-Au porphyry mine and centred on
Johanson Lake (Schiarizza, 2004a, b; Schiarizza and Tan,
this volume); and 2) the northern region, between the
Toodoggone and Finlay rivers (Diakow, 2004). This paper
summarizes the results of geological mapping conducted in
a 250 km” area located east of the Pillar Fault (Diakow,
2004) and bounded by the Finlay River in the south and the

! Contribution of the Federal-Provincial Targeted Geoscience
Initiative-1I (TGI-1I)
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Toodoggone River in the north and east (Fig. 1). The new
results reported below emphasize changes in the Early Ju-
rassic stratigraphy of the Toodoggone from west to east.

LITHOSTRATIGRAPHIC UNITS

Over the past two field seasons, nearly 600 km” of the
Swannell Ranges, situated between the major drainages of
the Toodoggone and Finlay rivers and their confluence,
have been mapped in detail, thereby refining Jurassic stra-
tigraphy that was, for the most part, previously assigned to
an undivided Hazelton Group map unit (Diakow et al.,
1985, 1993). As a consequence of mapping in 2004, a re-
gion of previously undivided Jurassic rocks is now identi-
fied as part of the Toodoggone formation. These rocks have
been subdivided informally into stratigraphic members,
which collectively represent one of the most complete
Early Jurassic sequences exposed anywhere in the
Toodoggone River area. Volcanic rocks presumed to be
near the bottom of the Toodoggone formation rest uncon-
formably on either volcanic strata of the Late Triassic Takla
Group or granitoid rocks of the Early Jurassic Black Lake
Intrusive Suite. The oldest rocks consist of bedded sedi-
mentary strata of the Upper Paleozoic Asitka Group; these
are generally poorly exposed, locally intruded and ther-
mally altered by Jurassic intrusions, and rarely observed to
be overlain disconformably by the Takla Group.

The generalized geology of the study area is shown in
Figures 2 and 3, and representative stratigraphic sections
are given in Figure 4. The stratigraphy is transected by ma-
jor northerly to north-northwesterly-trending high-angle
faults, notably the Pillar and Black faults, intersected by
easterly to northeasterly-trending cross-faults (Fig. 2). East
of the Pillar Fault, the stratigraphy is consistently inclined
to the west-southwest and has relatively shallow dips (15—
25°).

Asitka Group (Unit PAs)

The Pennsylvanian to Early Permian Asitka Group
comprises several large pendants resting on or adjacent to
the Early Jurassic Duncan pluton near Drybrough Peak
(west of the study area), where both volcanic and
stratigraphically higher sedimentary rocks were mapped
previously (Diakow, 2004). In this study, scattered out-
crops of the Asitka Group were encountered near the
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Figure 1. Location of bedrock mapping completed in 2004. Inset on the left shows published geological work in the Toodoggone River

(94E) and McConnell Creek (94D) map areas (see references).

treeline in an area east of Jock Creek (Fig. 2). Here, the suc-
cession is about 130 m thick and intruded by an Early Juras-
sic quartz monzonite stock at the lower contact. Limestone
adjacent to the intrusive contact is recrystallized and re-
placed locally by irregular zones of diopside-garnet-mag-
netite skarn, and carries patchy galena and chalcopyrite
mineralization. Higher in the section, pale grey weathered
limestone alternates with whitish chert in beds varying
from 10 to 50 cm thick. Above the highest chert layers,
siltstone interleaved with thin black mudstone partings oc-
cupies the uppermost 20 m of the section. The uppermost
sedimentary strata are sharply overlain by pyroxene-
bearing lavas of the Late Triassic Takla Group.

Takla Group (Unit uTTv)

The Late Triassic Takla Group is exposed along the
lower north- and east-facing slopes of the mountains south
of Jock Creek, and in nearby outcrops where it is juxta-
posed against the Toodoggone formation by high-angle
faults. South of Jock Creek, the lower contact of the Takla
Group is marked by an unusually coarse clinopyroxene-
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phyric basalt flow that overlies siltstones considered to rep-
resent part of the underlying Asitka Group. This contact is
interpreted as a disconformity, although there is little evi-
dence of erosion. Above this contact, lavas more typical of
the Takla Group predominate, and include a variety of por-
phyritic basalts containing abundant, medium to coarse
(<6 mm) phenocrysts of clinopyroxene. Other, volumetri-
cally minor flow varieties include distinctive porphyritic
lavas with bladed-plagioclase textures and aphanitic bas-
alts. Pyroxene-bearing sandstones occur as sparse, thin
interbeds within the volcanic succession.

Basal Toodoggone Formation Unconformity

Bedded polymictic conglomerates and sandstones
(unit Tel) occur at a number of isolated localities in the
southern Toodoggone map area, and occupy the interval
between mafic volcanic rocks of the Takla Group and over-
lying quartz-biotite-bearing volcanic rocks of the
Toodoggone formation. These deposits mark a basal un-
conformity of regional extent in the Jurassic succession,
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and record variable uplift and incision deep into pre-
Jurassic strata and exhumed plutons.

The basal comglomeratic deposits may be traced dis-
continuously for almost 7 km west of the Pillar Fault south
of Jock Creek (Diakow, 2004), and have been found farther
ecast at two isolated localities in the study area. The con-
glomerates generally consist of sand-granule matrix- to
clast-supported rounded cobbles and boulders derived
from Takla, granitoid and, less commonly, Asitka sources.
At one locality not visited by the authors, but portrayed
schematically in section 1 of Figure 4, a mining company
reported conglomerate dominated by granitoid debris rest-
ing atop an early quartz monzonite phase of the composite
Jock Creek pluton (Fig. 2; described below). At the second
locality, the unconformity is marked by a thin (<7 m) suc-
cession of basal, cobble to pebble conglomerates passing
upwards into coarse to medium-grained, feldspathic to
lithic sandstones containing detrital quartz.

Early Jurassic Toodoggone formation

The Toodoggone formation is an exclusively subaerial
volcanic succession that comprises the sole subdivision of
the Early Jurassic Hazelton Group in the Toodoggone River
area. Together with cogenetic plutons of the Black Lake In-
trusive Suite, these rocks host important Au-bearing epi-
thermal and porphyry-style mineral deposits. Mapping of
the Toodoggone formation has occurred episodically over
several decades resulting in an evolving internal stratigra-
phy. A number of informal members have been proposed
for locally mappable lithological units whose depositional
ages are reasonably well constrained by more than 20 isoto-
pic ages (Diakow, unpublished data).

Stratigraphic members of the Toodoggone formation
exposed in the region between the Finlay and Toodoggone
rivers include the Duncan, Metasantan and Saunders mem-
bers, all of which have widespread distribution west of the
Pillar Fault (Diakow, 2004). In places, rocks of the Duncan
member are observed overlying Upper Triassic strata
above a basal unconformity marked by erosion and typified
by bedded epiclastic rocks. East of the Pillar Fault and north
of Jock Creek, new stratigraphy is recognized resting upon
volcanic rocks that resemble the Metsantan member. We in-
clude these new rock units as part of the Toodoggone for-
mation and, in order of ascending stratigraphic position, in-
formally name them the Quartz Lake, Graves and Pillar
members. To the west, adjacent to Saunders Creek, the
lower part of this new succession, tentatively correlated
with the Quartz Lake member, forms several outliers, with
one section resting unconformably on rocks of the
Saunders member (western extremity of Fig. 2). This rela-
tionship indicates that the new stratigraphy is younger than
the Saunders member, and a new U-Pb date from the study
area confirms that these rocks belong in the upper part of
the Toodoggone formation.

Typically, rocks of the Toodoggone formation have a
narrow compositional range between high-silica andesite
and dacite, and contain varying amounts of diagnostic
quartz, biotite, hornblende and apatite phenocrysts. The
new stratigraphy, however, is distinguished by locally
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abundant basalt to andesite porphyritic flows containing
clinopyroxene, flow-laminated dacite to rhyolite lavas, and
a generally greater proportion of volcaniclastic rocks of
various origins. Unlike most of the Toodoggone formation,
quartz and biotite phenocrysts are rarely observed in these
younger rocks.

DUNCAN MEMBER (UNIT Tp)

The Duncan member is well exposed in the southeast-
ern part of the study area between the Finlay River and Jock
Creek. It comprises a thick, crudely layered succession of
predominantly nonwelded, dacitic lithic-crystal tuffs
interbedded with minor crystal-rich volcanic sandstone and
siltstone. The base of the succession is marked locally by
quartz-bearing sandstones in gradational contact with con-
glomeratic beds that mark the basal unconformity of
Toodoggone strata on the Takla Group. Elsewhere, how-
ever, incipiently to moderately welded ash-flow tuffs rest
directly on erosional remnants of the Takla Group. Here,
within a few metres of the contact, the plane of welding is
more steeply inclined (>50°) and reflects the local attitude
of the rugged paleosurface.

The lithic component (<10 vol. %; <3 cm across) of the
pyroclastic beds constitutes subrounded to subangular
clasts of finely porphyritic to aphanitic andesitic volcanic
rocks. The crystal component (typically 1-3 mm) is domi-
nated by broken plagioclase accompanied by minor to trace
amounts of rounded (resorbed) quartz and oxidized, cop-
pery flakes of biotite.

South of the study area in the vicinity of the Kemess
North Cu-Au porphyry occurrence, pyroclastic flow de-
posits dominate sections unconformably overlying the Tri-
assic volcanic rocks. A similar relationship is also observed
south of Attycelley Creek, where nonwelded to incipiently
welded tuffs overlie nearly 100 m of layered epiclastic
rocks above the basal unconformity. At both localities, U-
Pb isotopic dates determined for pyroclastic rocks assigned
to the Duncan member are precisely established at 199 to
200 Ma.

METSANTAN MEMBER (UNIT T™m)

The Metsantan member occupies much of the terrain
north of the Finlay River, extending to the vicinity of The
Pillar, where it is truncated by westerly-trending faults, and
east of Mt. Graves to the Toodoggone River. The unit com-
prises a fairly homogeneous succession of andesitic lavas,
including associated flow breccias, minor interbedded
epiclastic and rare pyroclastic rocks. The basal contact with
the Duncan member is abrupt and generally marked by
massive flow sequences largely devoid of layering or
internal flow features.

Lavas of the Metsantan member typically contain
equant to subequant, blocky plagioclase phenocrysts (usu-
ally 3—5 mm), rarely found in glomeroporphyritic inter-
growth (<8 mm), that commonly form 15-25 vol. % of the
rock. Mafic phenocrysts include variably altered, prismatic
hornblende and euhedral biotite (<5 mm) and generally
constitute less than 5 vol. % of the rock. Unusually biotite-
rich (8—10 vol. %) andesite lavas are comparatively rare
though well exposed, for example, on a westerly-trending
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ridge just south of The Pillar. Accessory minerals include
small (<1 mm) grains of resorbed quartz and reddish apatite
prisms (<1 mm) which, though definitive of these lavas, are
sparsely distributed. Based on phenocryst mineralogy and
chemical composition, these rocks are commonly referred
to as trachyandesite or high-silica andesite.

East of the Black Fault in the area between the Sickle
Creek and Quartz Lake cirques, andesitic flows are
interbedded with, or overlain by, well-sorted sandstones
and cobble to pebble conglomerates with rounded clasts of
porphyritic to aphanitic andesites and monzonitic granitoid
rocks. These beds are tentatively included within the
Metsantan member, although some of these clastic se-
quences may belong to the overlying Quartz Lake member
(described below) due to fault repetition (Fig. 5).

Metsantan andesites cover an extensive part of the
Toodoggone region and rest on ash-flow tuff successions
that appear to have slightly different ages. Argon-argon
dating of this flow sequence has been hindered by the pau-
city of fresh hornblende and biotite. However, the two Ar-
Ar dates that have been obtained yield similar isotopic ages
of approximately 196 and 194 Ma.

SAUNDERS MEMBER (UNIT Ts)

The Saunders member is a homogeneous dacitic ash-
flow tuff sequence best exposed in the region west of
Saunders Creek and northwest toward the Toodoggone
River (Diakow, 2004). Other thick accumulations are
found south of the Finlay River and northeast of the
Kemess South mine (Diakow, 2001). South of Jock Creek,
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Figure 2. Generalized geology of the study area east of the Pillar Fault between the Finlay and Toodoggone rivers. Numbered transects lo-
cate the stratigraphic sections shown in Fig. 4. Informally named lakes and a creek referenced in the text are also indicated. The dash-dou-
ble dot contact between early and late phases of the Jock Creek pluton is inferred from the acromagnetic data of Shives et al. (2004).
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an isolated occurrence of reddish oxidized pyroclastic
flows form a cap less than 70 m thick on a ridge that, at
lower altitude, exposes lavas of the Metsantan member.
The highly variable thickness of the Saunders unit is attrib-
uted to the influence of pre-existing topography and
synvolcanic faults.

Dacite ash-flow tuffs of the Saunders member are
some of the least altered rocks in the Toodoggone area.
These rocks exhibit a characteristic grey color and, because
of their indurated character, generally form a resistant
stratigraphic marker. The tuffs are noticeably enriched in
broken crystals of plagioclase (up to 40 vol. %). Splendant
crystals of hornblende (up to 7 vol. %) and lesser biotite and
quartz (trace to 3 vol. %) make up the majority of the re-
maining crystal population. Dark grey to black, cognate
vitrophyre fragments (5-45% of the rock) occur through-
out the ash-flow deposit and locally become densely
welded to define a pronounced eutaxitic texture. Although
this unit is commonly oxidized to reddish hues, the primary
mineralogy and vitrophyric textures are readily identifi-
able.

Hazelton Group (Early Jurassic)
Toodoggone Formation
Pillar member

TpPv2 Andesite and scarce flow-laminated dacitic flows
Bedded crystal-lithic tuff, lapilli tuff, interlayered with
Tps2 volcanic-derived tuffaceous sandstone and conglomerate
| == accretionary lapilli tuff
Te Basaltic andesite to andesite lavas containing clinopyroxene
il phenocrysts

Bedded crystal-lithic tuff, tuff breccia; pyroxene-bearing
w5 _volcanic sandstone, siltstone and lesser conglomerate
TPS1 ~—— granitoid accessory fragments in lapilli tuff
EEZLE accretionary lapilli tuff

Graves member
Dacitic ash-flow tuff; incipient to local moderate welding;
Tc diagnostic pink rhyodacite fragments
=2 " accidental granitoid fragments; rare to locally abundant

Quartz Lake member

T Rhyolitic lavas; flow laminated; local spherulitic
Qr devitrification
TQt Rhyolitic crystal-vitric tuff; bedded
Basalt to andesite lava and associated flow breccia
TQV and tuff; minor interbedded epiclastic deposits

Volcanic sandstone, pebble/cobble and locally
TQs boulder conglomerate; poor to moderate sorting;
hematite stained; minor tuff

Saunders member

Dacite ash-flow tuff containing hornblende and biotite
Ts phenocrysts; moderately to strongly welded with locally
distinctive fiamme

Seven Ar-Ar and U-Pb isotopic dates indicate that the
Saunders member erupted during a brief interval between
194 and 193 Ma (Diakow, unpublished data).

New Rock Units Forming the Uppermost
Toodoggone Formation

East of the Pillar Fault, a previously undivided succes-
sion of lavas and interbedded, well-stratified pyroclastic-
epiclastic rocks forms a gentle west-southwest-dipping
homocline. Epiclastic strata near the base of this succession
near an informally named lake, Quartz Lake, overlie
hornblende- and/or biotite-bearing andesite flows provi-
sionally assigned to the Metsantan member (section 5 in
Fig. 4 and Fig. 5). Since the Saunders member is apparently
missing in this area, this contact is interpreted as a
disconformity. Elements of the new stratigraphy, however,
demonstrably overlie the Saunders member west of the Pil-
lar Fault, where epiclastic rocks mark an erosional contact.
From these relationships and a new U-Pb date derived from
near the middle of the new sequence, it is evident that these
rocks are time stratigraphic, in part, with dated strata in the

Toodoggone Formation (continued)
Metsantan member

T Andesite lavas containing hornblende, biotite and
M rare quartz; scarce bedded sandstone and conglomerate

Duncan member

Dacite crystal and lithic tuff containing trace quartz and biotite;
TD minor bedded sandstone

Basal conglomerate

Te Polymictic conglomerate containing granitoid and Takla
i volcanic clasts

Takla Group (Early Triassic)

Asitka Group (Late Carboniferous - Early Permian)

Basaltic lavas, plagioclase and/or clinopyroxene phyric;
local pyroxene-rich sandstone

Limestone, chert, minor black mudstone

PAs

Black Lake Intrusive Suite (Early Jurassic)

7
T AL X
)', 3 X Quartz monzonite(gm) and porphyritic monzonite(mp)

~
=/
+ +

+B+ Jock Creek pluton: early(qm1) and late(qm2) quartz monzonite
+ +

Bd Medium to coarse-grained diorite; clinopyroxene and

biotite-bearing

Figure 3. Legend to geology map in Figure 2 (opposite page). Additional stratigraphic elements and unit descriptions refer to sections

shown in Figure 4.
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Figure 4. Generalized composite sections showing lithostratigraphic subdivisions for rocks east of the Pillar Fault, between the Finlay
River and Toodoggone River. Location of sections are shown on Figure 2 and descriptions of map units are given in Figure 3.

upper part of the Toodoggone formation residing outside
the map area.

The volcanic rocks in this package are compositionally
diverse, comprising basalts and andesites distinguished by
the presence of clinopyroxene, and aphanitic to sparsely
porphyritic thyodacite and rhyolite that represent the most
differentiated rocks in the entire Toodoggone areca. Other
distinguishing features of the new stratigraphy include the
notably reduced (trace) abundance of quartz, biotite and ap-
atite in the flows and pyroclastic rocks, and the much higher
proportion of volcanic-derived sedimentary rocks com-
pared to other parts of the Toodoggone area.

The homoclinal succession described above is esti-
mated to be about 1 km thick in the area between Quartz
Lake, Mt. Graves and The Pillar. The rocks are subdivided
informally into the Quartz Lake, Graves and Pillar mem-
bers, listed in order of ascending stratigraphic position
within the Toodoggone formation, beginning at the top of
the Saunders member. Relationships between the new stra-
tigraphy and older rocks are depicted in the reference sec-
tions shown in Figure 4.

QUARTZ LAKE MEMBER (UNITS TQS, TqQV,
TQR, TQT)

As noted above, the Quartz Lake member is a hetero-
geneous lithostratigraphic unit comprising interbedded
volcanic and volcaniclastic rocks that, although complexly
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faulted, are well exposed in the cirque headwall and ridges
surrounding Quartz Lake (Fig. 5). The mappable units
shown in Figures 2 to 5 are designated according to their
lithological characteristics rather than their exact strati-
graphic context, which in many cases is not adequately
known; thus, these units may occupy different stratigraphic
horizons within the Quartz Lake member.

At Quartz Lake, a basal coarse clastic deposit (TQs)
overlies biotite-bearing andesitic lavas of the Metsantan
member. This dark reddish brown to maroon, poorly sorted
deposit contains angular to rounded, pebble- to boulder-
size (<5-30 cm) clasts of aphanitic to porphyritic
Metsantan volcanic rocks in a fine to medium-grained
sandy matrix locally containing biotite crystals (<2 mm).
This basal unit probably represents a water-washed laharic
breccia; however, this bed may also include weathered flow
breccia. This deposit is separated from overlying dark red-
dish brown, moderately sorted, medium to coarse-grained
volcanic sandstones (also TQs) by minor faulting and rhyo-
lite intrusion (Fig. 5). These beds in turn are overlain by the
basal part of the Graves ash-flow tuff member (described
below), which contains diagnostic pink dacitic fragments
(<4 cm) and broken plagioclase crystals (<2 mm) and, at
this locality, hosts an extensive quartz+adularia—calcite—
(?)barite stockwork with traces of sulphide mineralization.
In the cirque wall west of Quartz Lake, a thin sequence of
fine to medium (1-3 mm) plagioclase-phyric, pyroxene-
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bearing andesite flows (TQv, best developed elsewhere)
are found at or near the hematitic base of this predominantly
clastic unit (Fig. 5 and Fig. 4, section 5).

Other exposures of unit TQs, for example, are found
approximately 4 km due west of Quartz Lake below the
faulted base of the Graves member, in scattered outcrops
along the western lower slopes of a broad valley to the
northwest of the latter locality and in the vicinity of The Pil-
lar (Fig. 2). At the former locality, these well-stratified,
epiclastic and pyroclastic rocks are intercalated with vari-
ably porphyritic basaltic to andesitic lavas (TQv). The sedi-
mentary rocks include buff to reddish brown weathering,
waterlain volcanic breccias, volcanic cobble to boulder
conglomerates locally enclosing large (up to 50 cm across)
rounded monzonitic clasts, and coarse sandstones.
Pyroclastic interbeds are dominated by grey-green lithic-
crystal ash-flow tuffs of dacitic composition and their re-
worked equivalents. The associated lavas are commonly

dark grey to red, finely porphyritic (<1.5 mm) plagioclase-
phyric basaltic andesites with small amounts (<3 vol. %) of
clinopyroxene; however, augite-rich variants (10-15 vol.
%; <5 mm) and strongly amygdaloidal flows carrying
subequant clinopyroxene megacrysts (<1 cm) are locally
conspicuous.

At The Pillar, well-stratified sequences of volcanic
conglomerates, sandstones, siltstones, ash-flow tuffs and
tuffaceous breccias (TQs) underlie rhyolitic tuffs and lavas
(TQr) resting directly below the Graves member. Similar
rhyolitic rocks occur 3 km northeast of The Pillar and form
small outliers at the top of cirque headwalls above Griz
Lake and Sickle Creek (Fig. 4 and 5). Dark red to pale grey-
green, spherulitic rhyolite lavas commonly exhibit flow
laminations and contain plagioclase (<20 vol. %) and bio-
tite (3 vol. %) phenocrysts. Thickly bedded sequences (<30
m) of vitric-crystal rhyolite tuff with sparse lithic fragments
(<2 cm) locally underlie the rhyolite flows.

N \

a’-++++ ++Ty]
U+ + + + + o+
+

&) N ,,
Griz Lake + +

Figure 5. Geology of the Quartz Lake—Griz Lake area, showing stratigraphic elements of the Toodoggone formation not represented in
Figure 2: the location of rhyolite sills and dikes (r); and epithermal quartz-sulphide veins (570A-E) and stockworks (S) of the Sickle-Griz
showing. The stratigraphy dips 20—30° degrees to the west-southwest and map units are those of Figure 3, except for epiclastic beds within
the Metsantan member (TMs) and a basaltic sill (Tb). The heavy dot-dash line represents volcaniclastic and/or volcanic sequences too thin
to show at map scale.
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Extensive exposures of basaltic and andesitic lavas
(TQv) are found on the valley slopes and ridges north and
south of Mt. Graves (Fig. 2). Some flows are finely porphy-
ritic, carrying plagioclase (<1.5 mm; up to 15-20 vol. %)
and clinopyroxene (<1 mm; 1-3 vol. %). Other lavas are
more distinctly porphyritic, carrying euhedral phenocrysts
of clinopyroxene (<4 mm; 10-15 vol. %) and subequant
plagioclase (<3 mm with rare glomerocrysts up to 7 mm; up
to 20 vol. %). Rarely, flows and/or near-surface dikes are
encountered with euhedral megacrysts (<1.5 cm) of
clinopyroxene (<5 vol. %) rarely accompanied by
subequant plagioclase (<3 vol. %). Minor interbeds of vol-
canic breccias of diverse origins are found locally, includ-
ing monomictic laharic breccias with poorly sorted volca-
nic clasts (<33 cm). It is interesting to note the radical
change in thickness of this flow sequence to the east toward
Quartz Lake, and to the south toward the Pillar where these
lavas are apparently absent (Fig. 2).

GRAVES MEMBER (UNIT Tc)

The Graves member is named for dacite ash-flow tuffs
that are particularly well exposed in an isotopically dated
section about 3 km southeast of Mt. Graves. These
pyroclastic flows form resistant blocky exposures as much
as 150 m thick, and exhibit little variability in thickness
from one section to the next (Fig. 4, sections 5—8). The unit
is a distinctive marker occupying a medial stratigraphic po-
sition between two internally heterogeneous members,
each composed of generally similar rock types. The con-
tacts between the Graves member and bounding rocks of
the Quartz Lake and Pillar members are sharp and appear
conformable throughout the reference area. The ash-flow
tuff unit overlies a variety of different rock types at the top
of the Quartz Lake member, including flow-laminated rhy-
olite (TQr), pyroxene-bearing andesite lavas interlayered
with crystal tuffs and volcanic sandstone-siltstone layers
containing pyroxene grains (TQv), and locally a hematite
red monomictic boulder conglomerate with finer clastic
interbeds or debris flow (TQs). In most sections, these mas-
sive ash flows contrast sharply with the overlying well-
bedded, mixed pyroclastic-epiclastic strata (TPsl). This
unit is dominated by vitric-crystal tuffs, sandstones,
siltstones and conglomerates, and more localized
accretionary lapilli tuff, lapilli tuff and tuff-breccia that are
distinguished by abundant minute pyroxene grains. In a
few places, this bedded unit is absent and stratigraphically
higher pyroxene andesite lavas (TPv1) sit directly on the
ash-flow deposits.

The ash-flow tuffs are rich in lithic fragments, which
may constitute up to 45% of the rock. The clasts are
subangular to angular and typically less than 2 cm in diame-
ter. Zones within the ash-flow tuffs may contain concentra-
tions of block-size fragments, but these are uncommon.
The most abundant fragments are a mixture of fine-grained
porphyritic and aphanitic volcanic rocks in varying hues of
red, brown and green. However, pale pink to flesh-coloured
dacitic fragments with minute hornblende and/or biotite
grains are most diagnostic and useful for identifying this
unit. Accidental fragments of pinkish biotite-hornblende
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monzonite and quartz monzonite are sparsely distributed,
particularly in the upper part of the ash-flow sequence.
Their subrounded to rounded shapes suggest that these
clasts were likely derived from subaerial drainages and in-
corporated during the passage of the pyroclastic flows.
Fragments of plagioclase (<2 mm) dominate the crystal
fraction of the matrix, locally accompanied by sparse
quartz and/or biotite grains.

The Graves member is well indurated and, although it
has the general appearance of a nonwelded single cooling
unit, was probably emplaced as multiple flow units. Lo-
cally, lithic-rich tuffs at the top of this unit appear to have
been reworked to some degree. Incipient to moderate weld-
ing is observed in places and indicated by flattened reddish
brown to dark green fiamme. Although welded texture is
not widespread within these ash-flow deposits, one locality
was discovered at the base of the unit where dense welding
and, locally, a brown devitrified vitrophyre are well dis-
played. The welded zone, about a metre thick, overlies an
additional 10 m of bedded crystal-vitric tuff and lapilli tuff
in which weak welding is again evident in a metre-thick
zone just 3 m from the base of this sequence. The latter beds
overlie a layer-parallel, planar-crosslaminated lithic-vitric
tuff that is interpreted to represent a surge deposit.

Based on a U-PDb zircon date obtained from rocks near
the middle of a section southeast of Mount Graves (Fig. 4,
section 8), this ash-flow unit erupted at approximately
192 Ma. This date firmly establishes the contemporaneity
of these ash-flow tuffs with compositionally similar depos-
its dated outside the map area (the south of Attycelley
Creek) and included in the Toodoggone formation as one of
the youngest known members (i.e., Kemess member,
Diakow, 2001).

PILLAR MEMBER (UNITS TPS, TPV)

The Pillar member constitutes the youngest stratigra-
phy presently recognized in the Toodoggone area. Excel-
lent exposures are found at the locality for which this se-
quence is named, as well as farther north in a downdropped
fault block between The Pillar and Mt. Graves (Fig. 2, 4).
The base of this unit rests on the Graves ash-flow tuff mem-
ber and the top is not seen (eroded). The unit is
lithologically heterogeneous and has been subdivided,
where possible, into mappable volcaniclastic (TPs1, TPs2)
and flow (TPv1, TPv2) stratigraphy. Secondary alteration
of lavas and clastic rocks to carbonate, prehnite and a dis-
tinctive pale pink zeolite (laumontite?) is locally apparent
throughout this succession.

At The Pillar, unit TPs1 is represented by at least 30 m
of well-stratified, maroon to grey-green epiclastic rocks in-
cluding volcanic pebble to cobble conglomerate, internally
laminated sandstone, siltstone and minor mudstone, locally
exhibiting crossbedding and cut-and-fill channel struc-
tures. Similar stratigraphy 2 km north-northeast of The Pil-
lar across a major westerly-trending fault contains a high
proportion of pyroclastic material including well-bedded,
coarse vitric-lithic tuff of airfall origin, planar-
crosslaminated lapilli tuff containing abundant angular
volcanic fragments (<3 cm) of probable surge origin, and
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laharic breccias with angular to subangular volcanic clasts
up to 0.5 m across. Farther north, this succession is thicker
(>50 m) and composed of thickly bedded, reworked volca-
nic breccias overlain by grey-green, thin to medium-bed-
ded, moderately well sorted volcanic sandstones, under-
scoring the rapid nature of lateral facies changes.

The lower epiclastic-pyroclastic succession is con-
formably overlain by basaltic to andesitic lavas (TPv1) that
form the peak of The Pillar and occupy lower ridges to the
north. Dark reddish to purplish grey flows are moderately
(10—15 vol. %) to strongly (25-30 vol. %) plagioclase
phyric with subordinate clinopyroxene phenocrysts (com-
monly <1 mm but locally up to 3 mm, and typically com-
prising 1-2% but reaching 5 vol. % of the rock). The abun-
dance and size distribution of plagioclase and
clinopyroxene phenocrysts vary substantially from flow to
flow. Amygdaloidal textures and thin flow breccias are ob-
served locally.

The uppermost part of the Pillar member is preserved
in the downdropped fault-block north of The Pillar. The
base of the upper epiclastic-pyroclastic sequence (TPs2)
appears broadly conformable with the underlying lavas.
The lowermost beds comprise a buff to dark brown, clast-
supported, volcanic cobble to pebble conglomerate and
moderately well sorted pebbly sandstone. Higher in the
section, these beds are intercalated with pale grey-green to
pink weathering crystal-lithic lapilli tuffs and reworked
tuffs. At the northernmost exposures, the top of the succes-
sion (>130 m) is dominated by grey-green to buff, lami-
nated to medium-bedded volcanic sandstones and pebbly
sandstones with minor interbedded siltstone and mudstone.

The overlying plagioclase- and pyroxene-phyric lavas
(TPv2) are texturally and mineralogically similar to the
older flows (TPv1) of the Pillar member, and would be dif-
ficult to distinguish in the absence of an intervening
epiclastic-pyroclastic sequence (TPs2). However, some of
these flows are distinctly viscous with well-developed flow
laminations and have a rhyodacitic composition. Flow
breccias are generally better developed than in the andesitic
lavas and flow laminae locally bear pink devitrification
spots.

Black Lake Intrusive Suite (Units Bqm, Bmp, Bd)

Plutons and minor intrusions (dikes and sills) of the
Early Jurassic Black Lake Intrusive Suite are found
throughout the map area; the largest bodies occur at the
eastern margin of the map area and along the Pillar Fault.
These intrusions are temporally and probably genetically
related to extrusive rocks of the Toodoggone formation.

Typical Black Lake intrusions in the study area are bio-
tite- and hornblende-bearing quartz monzonites with a me-
dium to coarse-grained equigranular to porphyritic texture.
These plutons differ slightly in composition from those as-
sociated with Au-Cu porphyry mineralization at the
Kemess deposits in that the latter intrusions are less differ-
entiated and comprise monzodiorites and medium to
coarse-grained monzonite porphyries. These mineralized
plutons also have a distinctly tabular geometry, and in the
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case of the Maple Leaf pluton at Kemess South, emplace-
ment appears to be at a subvolcanic level. Monzonitic
intrusions in the map area are related to porphyry-style
mineralization (e.g., at the Pil North, Sophia and Alexandra
prospects) and may have temporal and genetic links to epi-
thermal precious-metal mineralization (e.g., at the Sickle-
Griz showings, described below).

A large composite pluton is well exposed in the lower
part of Jock Creek; to the north, this body probably under-
lies much of the low tree-covered region adjacent to the
Toodoggone River and, to the south, it extends to the Finlay
River. In order to rationalize field observations, it was nec-
essary to subdivide the Jock Creek pluton into an older
(Bgml) and younger (Bqm2) phase. The lowermost ele-
ment of the Toodoggone stratigraphy, a basal conglomerate
below the Duncan ash-flow tuff member, rests
nonconformably on the pluton in the extreme southeastern
partof the map area, whereas monzonite intrudes the lower-
most Toodoggone rocks farther north at Jock Creek. The lo-
cation of the contact between younger and older phases of
the Jock Creek pluton is uncertain, and has been taken to be
delineated by a sharp contrast in the magnetic signature of
the rocks east of Jock Creek (Fig. 2). A sample of the youn-
ger monzonite phase is currently being dated by the U-Pb
technique.

The younger (Bqm2) phase of the Jock Creek Pluton is
a pinkish grey, coarse-grained, equigranular to porphyritic,
biotite-hornblende quartz monzonite with accessory titan-
ite and opaque oxides. The porphyritic monzonite carries
euhedral to subhedral plagioclase phenocrysts (up to 8 mm)
setin a finer grained groundmass of potassium feldspar and
quartz. Plagioclase crystals usually display oscillatory zon-
ing and are flecked with sericite. Interstitial potassium feld-
spar is generally more strongly altered to sericite and clay
minerals. Although little quartz is generally apparent in
hand specimen, thin-section examination reveals some 10—
15 vol. % of the mineral. The predominant ferromagnesian
mineral is euhedral to subhedral hornblende (<7 mm) that is
commonly altered to chlorite. Subhedral to anhedral biotite
(<4 mm), also variably altered to chlorite, is present in mi-
nor amounts, along with accessory titanite (<1 vol. %) and
opaque oxides.

The older phase (Bqm1) of the Jock Creek pluton is a
medium-grained, equigranular quartz monzonite, mineral-
ogically similar to the younger phase. However, the amount
of quartz is notably higher (~20 vol. %) and occurs as
anhedral grains clearly visible in hand sample. Anhedral
potassium feldspar occurs as a late interstitial phase. Biotite
is the dominant mafic mineral, accompanied by lesser
amounts of hornblende and trace titanite and opaque ox-
ides.

Plutons exposed along the Pillar Fault are quartz
monzonite and porphyritic monzonite; the latter phase is
associated with Cu-Au porphyry prospects in the vicinity
of Pil North. The porphyritic phase of the pluton (Bmp) east
of the fault cuts the youngest part of the Toodoggone stra-
tigraphy (Fig. 2). This indicates that the intrusion is youn-
ger than 192.3 £ 0.4 Ma, the U-Pb isotopic age of the
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Graves member in the upper part of the Toodoggone stra-
tigraphy.

Small dioritic stocks and dikes of the Black Lake Intru-
sive Suite cut the Toodoggone formation as well as
monzonitic rocks of the Jock Creek pluton. The largest
diorite intrusions are northerly-trending, elongate bodies
underlying valley slopes and ridge crests just west of Jock
Creek. The rocks are pinkish grey to dark grey-green, fine
to coarse-grained biotite-clinopyroxene diorites. Anhedral
to subhedral crystals (<5 mm) of pyroxene and plagioclase
are intergrown with biotite and minor (<2 vol. %) intersti-
tial quartz and opaque oxides. Coarsely crystalline varieties
locally contain fresh biotite oikocrysts up to 1.5 cm across.
Secondary alteration minerals include sparse sericite,
chlorite and epidote.

Minor intrusions in the form of dikes, sills and small
plug-like bodies are prolific throughout the map area. The
most common dikes are pinkish grey to buff weathering,
medium-grained to porphyritic monzonite; pale pink to
reddish weathering, aphanitic to porphyritic (rarely me-
dium-grained) leucomonzonite (to syenite?) carrying small
amounts (typically trace to 1 vol. %) of mafic minerals; and
quartz+ biotite porphyries. Basaltic to andesitic dikes simi-
lar in composition to pyroxene-bearing extrusive rocks in
the upper part of the Toodoggone formation are also com-
mon. All dikes are generally steeply dipping and exhibit a
regional, north to north-northwesterly preferred orienta-
tion.

MINERAL OCCURRENCES AND
EXPLORATION

The Toodoggone area has a rich history of mineral ex-
ploration and is a successful mining district. The premier
exploration targets have been, and continue to be, large ton-
nage Cu-Au porphyry systems and small, high-grade, pre-
cious-metal epithermal vein systems. A regional synopsis
of previous exploration work is given below, along with de-
scriptions of some of the newer discoveries and prospects
in the study area.

Recent History of Toodoggone Mineral
Exploration

The Toodoggone mining camp was systematically
evaluated for its potential to host bulk tonnage mineral de-
posits in the mid-1960s by Kennco Explorations (Western)
Limited. They conducted a regional geochemical sampling
program that led to the discovery of the first known por-
phyry-style base-metal and vein-type precious metal tar-
gets in the Toodoggone region. Among the deposits found
were Chappelle (Baker), Lawyers (AGB zone) and Kemess
North. Follow-up exploration by Kennco and other compa-
nies began in the late 1960s and continued intermittently
through the 1970s into the early 1990s. This exploration re-
sulted in the development of small Au-Ag mines (Baker,
Lawyers and Shasta) centred on epithermal quartz-vein
systems and the Kemess South porphyry Au-Cu mine.
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Dupont of Canada Exploration Limited commissioned
the 100 tonnes/day underground Baker mine, the first mine
to open in the region, in April, 1981 (Barr et al., 1986). It
ceased operation in November 1983, after producing
1196 kg of gold and 23 085 kg of silver from 77 596 tonnes
of ore mined and milled from the A vein (MINFILE). Mul-
tinational Resources Inc. purchased the property from
Dupont in 1985 and Sable Resources Limited acquired the
Baker mill from Dupont in 1989. Multinational outlined a
small tonnage on the B vein and, with Sable as a partner,
mined and processed modest tonnages from the vein until
1996 when Sable acquired the property outright from Mul-
tinational. Since that time, Sable has, on an intermittent ba-
sis, extracted and processed limited amounts of ore from
both the A and B veins.

Sable Resources Limited brought the Shasta deposit,
8 km southeast of the Baker mine, into production in Octo-
ber 1989, continuously extracting ore from the Creek and
IJM zones until April 1991. During this time, 601 kg of gold
and 32 932 kg of silver were produced from 122 533 tonnes
of ore processed at the Baker mill. The two ore zones were
first mined by small open cuts; underground development
on each followed. Small tonnages of ore were mined from
the JM and Creek zones in 2000, 2003 and 2004.

In 1986, Cheni Gold Mines Ltd. purchased the Law-
yers property from Kennco Western Ltd. Cheni commis-
sioned the mine in 1989 with a combined reserve for the
AGB, Cliff Creek and Duke’s Ridge zones of 1.757 million
tonnes grading 6.72 g/t Au and 243 g/t Ag. The AGB de-
posit was mined until 1991 using underground shrinkage
and blast-hole stoping methods, but the Cliff Creek and
Duke’s Ridge zones were not mined. The steeply dipping
AGB deposit, with widths of up to 12 m, had been traced
north along strike for about 550 m. Mineralization con-
sisted of native gold, native silver, electrum, acanthite and
lesser chalcopyrite, sphalerite and galena in quartz veins,
stockworks and chalcedony-healed breccias. Approxi-
mately 620 000 tonnes of ore were milled, although this to-
tal includes an estimated 60 000 tonnes from the Al prop-
erty (MINFILE 094E 091) located north of the
Toodoggone River. A total of 5042 kg of gold and
113 184 kg of silver were recovered. Cheni reclaimed the
property in the late 1990s and its tenure over the site was
later relinquished. The property was staked by Guardsmen
Resources Inc. in 2000 and 2001, and optioned the follow-
ing year to Bishop Resources Inc. In 2004, Bishop followed
up encouraging float anomalies with a 1000 m trenching
program on the plateau immediately west of the Cliff Creek
zone.

Porphyry mineralization was first identified in the area
of the Kemess South deposit in 1983. Extensive drilling
programs conducted by El Condor Resources Ltd. from
1990 to 1993 outlined a geological resource for the Kemess
South deposit of 250 million tonnes grading 0.62 g/t Au and
0.22 g/t Cu (Rebagliati et al., 1995a). Royal Oak Mines Ltd.
purchased the property and initiated site clearing and mine
construction in July 1996. The mine was commissioned in
October 1998. In the spring of 1999, Royal Oak became in-
solvent and the mine was purchased by Northgate Explora-
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tion Ltd. (now Northgate Minerals Corporation). The mine
presently operates at rate of approximately 50 000 tonnes
per day and produces about 300 000 ounces of gold and 75
million pounds of copper per year. Recent exploration in
the area of the mine has focused on the Kemess North de-
posit, where diamond drilling to deeper levels has ex-
panded the size of the deposit. A feasibility study on
Kemess North, completed in October 2004, identified a re-
source of 414 million tonnes grading 0.31 g/t Au and 0.16
g/t Cu. The proposed open pit mining project has now
entered the harmonized Federal/Provincial environmental
review process.

Although the Kemess South mine is outside the current
map area, it has contributed significantly to the rejuvena-
tion of exploration throughout the Toodoggone mining
camp. Its importance as a remote major open-pit mining op-
eration serviced by hydroelectricity, a modern milling fa-
cility and a substantial in-ground mineral resource cannot
beunderstated. This infrastructure is crucial for future mine
development in the Toodoggone region, as it may become a
central milling complex capable of supporting numerous
satellite orebodies.

Epithermal Au-Ag Veins: Sickle-Griz (MINFILE
094E 237)

Stealth Minerals Ltd. discovered the Sickle-Griz Au—
Ag—base-metal epithermal vein prospect in 2003. Two
physically distinct, topographically separated vein systems
are recognized cutting Toodoggone volcanic rocks. Five
discrete parallel veins (named 570A to 570E) are found in
the bottom of the cirque occupied by Quartz Lake (Fig. 5).
They have an azimuth of 155° and dip 65° to the west. Sev-
eral of the most prominent veins on surface (570A and
570B) are up to 13 m in width and over 100 m in length, and
transect a monotonous sequence of grey-green porphyritic
andesites assigned to the Metsantan member (Fig. 5, 6).
Flow-laminated rhyolitic dikes and sills, a comparatively
rare occurrence in the Toodoggone camp, are also a
conspicuous feature of this area (Fig. 5).

The 570 veins vary in appearance from massive, dif-
fusely layered white quartz to multiple layers of comb-tex-
tured quartz alternating with calcite spar (Fig. 7). Potas-
sium feldspar alteration adjacent to the veins is widespread,
varying in intensity from incipient to moderate, and imparts
a pale pink to brownish hue on host andesites.

The second vein system, situated about 150 m higher
on the ridge above the 570 veins, exhibits more of a
stockwork character, with multiple generations of quartz
veins and quartz-breccia veins occupying a zone more than
75 mwide and hosted by dacitic ash-flow tuffs near the base
of'the Graves member (Fig. 5). Adularia sampled from nar-
row alteration selvages adjacent to quartz veins at both the
lower and upper vein systems is being used to obtain Ar-Ar
isotopic ages for the mineralization. Since the Graves mem-
ber hasbeen dated at 192.3 + 0.4 Ma, this establishes a max-
imum age for emplacement of the upper vein stockwork.

Sulphide minerals in the veins occur as fine dissemina-
tions, patchy aggregates and semimassive to massive layers
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up to several centimeters wide. In order of decreasing abun-
dance, they comprise galena, sphalerite, tetrahedrite,
chalcopyrite and pyrite. Chip samples across discrete veins
have yielded grades as high as 9.5 g/t Au and 407 g/t Ag
over 3 m. Assay results from the first two holes drilled into
the lower vein system have returned encouraging results
(e.g. 3.18 g/t Au and 107.8 g/t Ag over 2.5 m from the
footwall portions of the 570A vein; see Stealth Minerals
Ltd. news release, July 16, 2004).

Au-Cu Porphyries

PIL NORTH (MINFILE 094E 083) AND
VICINITY

The Pil North property is located at the western margin
of the map area (Fig. 6). It is underlain by a quartz
monzonite to porphyritic monzonite stock that straddles the
Pillar Fault and intrudes andesitic lavas of the Metsantan
member in the west and some of the youngest stratigraphic
units of the Toodoggone formation in the east (Fig. 6). Ex-
ploration by Finlay Minerals Ltd. has identified a number
of Cu-Au geochemical anomalies that are coincident with
induced polarization chargeability anomalies. Some of
these anomalies coincide with pronounced propylitic and
phyllic alteration zones and are thus prime targets for por-
phyry-style mineralization (i.e. the Northwest and North-
east zones, Fig. 6). Other geochemical anomalies have a
polymetallic signature that may be indicative of buried vein
systems (i.e. East, Milky Creek, NW Extension and WG
Gold zones).

The Northwest zone is characterized by a200 by 600 m
geophysical anomaly that coincides with elevated Cu-Au
soil values and locally intense silicification, bleaching and
pyrite-sericite alteration of the monzonitic host rock. Chal-
copyrite accompanies pyrite in narrow quartz stringers and
in areas where more pervasive silica-flooding is developed.
Late-stage, purple anhydrite stringers cut the mineraliza-
tion. The Northeast zone lies east of the Pillar fault and is
underlain by quartz-bearing flows of the Metsantan mem-
ber that are weakly to moderately oxidized (Fig. 6). The
hostrock displays locally intense quartz-sericite-pyrite al-
teration, with disseminated pyrite reaching up to 15 vol. %;
in places, goethite and jarosite are well developed.

The East and Milky Creek zones have a polymetallic
geochemical signature characterized by highly anomalous
Au and Ag values accompanied by inconsistent Cu and Zn
abundances. The East zone includes quartz stockworks and
brecciated monzodiorite healed with silica; both are miner-
alized with small amounts of barite, galena and sphalerite.
The Milky Creek zone is characterized by a potassic feld-
spar-magnetite-quartz stockwork within strongly clay-al-
tered monzonite. Chip sampling across a 10 m wide seg-
ment of the Milky Creek showing averaged 0.52 g/t Au.
The NW Extension, a quartz-barite stockwork anomalous
in Cu and Pb, may represent a polymetallic vein on the pe-
riphery of a porphyry system. The WG Gold zone com-
prises quartz veins, stockworks and breccias confined to a
steeply dipping, northwest-trending corridor that extends
for over a kilometre. The veins are developed within quartz
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monzonite and locally carry variable quantities of barite
and galena. Samples of quartz float carryup to 16.8 g/t Au.

SOFIA (MINFILE 094E 238)

Porphyry-style mineralization at Sofia was discovered
in the summer of 2004. The showing is restricted to a single
outcrop (25 by 25 m) which is located on the west bank of
the Toodoggone River, approximately 2.7 km northwest of
the mouth of Jock Creek (Fig. 6). . The main hostrock is a
medium to coarse-grained equigranular monzonite
(Bgm2), although mineralization also occurs within adja-
cent augite-phyric lavas that exhibit pronounced alteration
to chlorite and pyrite (up to 8 vol. %). These lavas have ten-
tatively been assigned to the volcanic unit of the Quartz
Lake member. Mineralization consists of subparallel mag-
netite veinlets and subsequent layered quartz-magne-

tite(£specularite)-chalcopyrite stockwork veins enveloped
by potassium feldspar alteration (Fig. 8). Narrow, drusy
quartz stringers cut the other vein types. Intense pyrite-seri-
cite alteration occurs locally within the outcrop. Grab sam-
ples from the prospect have produced assays of up to
0.22 g/t Au and 0.05 wt. % Cu (see Stealth Minerals Ltd.
news release, July 16, 2004).

ALEXANDRA PROSPECT

The Alexandra Au-Cu porphyry prospect was also dis-
covered in 2004. It is located on a ridge 3.3 km west-south-
west of the confluence of Jock Creek and the Toodoggone
River, close to the informally named Sickle Creek (Fig. 6).
The showing consists of quartz-magnetite stringers cutting
intensely bleached, clay-altered andesitic volcanic rocks of
the Metsantan member. The alteration zone is coincident
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Figure 6. Location of selected Au-Cu porphyry and Au—Ag-base-metal epithermal prospects discussed in the text in relation to their geo-
logical setting as determined in this study. Legend for geological units is the same as Figure 3.
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Figure 7. View of the 570A vein, displaying alternating bands of quartz and calcite spar, Quartz Lake, Sickle-Griz prospect.

with elevated Au, Cu and Ag values in soils that cover an
800 by 250 m area. The showing approaches within about
300 m of the Jock Creek monzonite (Bqm?2) contact with
Metsantan lavas, and extends downslope to the north and
east of the ridge.

SUMMARY AND CONCLUSIONS

The main results of the 2004 field program can be sum-

marized as follows:

The general stratigraphy of the Toodoggone region,
namely rocks from the Late Carboniferous to Early
Permian Asitka Group, Late Triassic Takla Group and
Early Jurassic Hazelton Group, extends into the study
area. The volcanic stratigraphy of the Toodoggone for-
mation has been expanded in the upper part,
stratigraphically above the Metsantan and Saunders
members, to include three new informal members, the
Quartz Lake, Graves and Pillar, from oldest to youn-
gest, respectively. They constitute a diverse assem-
blage of lavas, ash-flow tuffs, and associated
volcaniclastic rocks covering a wide compositional
spectrum from basalt to rhyolite. Epiclastic volcanic
sandstones and conglomerates interleaved with ash-
flow and air-fall pyroclastic units form distinctly bed-
ded sections within an otherwise massive flow stratig-
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raphy. These new members contrast with older
Toodoggone strata by the notable presence of
clinopyroxene, and the scarcity of quartz, biotite and
hornblende in the volcanic rocks. Their age is roughly
that of the Graves member (~192 Ma), as established
by U-Pb isotope systematics.

The principal intrusions in the map area are
equigranular to porphyritic quartz monzonite and
monzonite and minor diorite of the Early Jurassic
Black Lake Intrusive Suite. A composite stock in the
southeastern part of the study area, named the Jock
Creek pluton, is formed by early and late monzonitic
phases. Basal conglomerates of the Toodoggone for-
mation rest nonconformably on the older phase (latest
Triassic?), whereas the younger monzonite intrudes
rocks as high in the Toodoggone formation as the
Metsantan member (~198 Ma or slightly younger?).

These intrusions have a significant genetic association
with Cu-Au porphyry mineralization south of the
study area at the Kemess deposits. The new mapping
extends the known distribution of potentially mineral-
ized monzonitic intrusions north of the Finlay River, to
include the Jock Creek pluton and their unnamed coun-
terparts adjacent to the Pillar Fault at the Pil North
property. The Jock Creek body apparently hosts two
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new Au-Cu porphyry prospects in the map area, the
Sophia and Alexandra.

e Mineralized epithermal quartz-calcite veins and
stockworks, such as those discovered on the Sickle-
Griz property, constitute a significant exploration tar-
get. These mineralized systems affect rocks as young
as the Graves member (~192 Ma). Isotopic dating, us-
ing U-Pb and Ar-Ar systematics, is currently in prog-
ress in order to constrain potential genetic relation-
ships between porphyry and epithermal base- and
precious-metal deposits.
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Geology and Mineral Occurrences of the Quesnel Terrane between the
Mesilinka River and Wrede Creek (NTS 94D/8, 9),
North-Central British Columbia
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INTRODUCTION

The Johanson Lake project is a two-year bedrock map-
ping program initiated by the Geological Survey and De-
velopment Branch in 2003 as part of the Toodoggone Tar-
geted Geoscience Initiative (TGI). The project is focused
on a belt of Mesozoic arc volcanic and plutonic rocks of the
Quesnel Terrane in the eastern part of the McConnell Creek
(94D) map sheet. This area contains a number of MINFILE
occurrences and numerous RGS sample sites that returned
anomalously high values of gold and copper. The aim of the
project is to improve the quality and detail of bedrock maps
for the areca and determine the setting and controls of
mineral occurrences.

The initial mapping for the Johanson Lake Project was
carried out in late July and August of 2003, and covered an
area of about 150 km* between Kliyul Creek and Johanson
Lake (Schiarizza, 2004a, 2004b). Fieldwork during the
summer of 2004 extended this mapping northward to the
headwaters of Wrede Creek and southward to the north
margin of the Hogem Batholith, covering an additional
300 km® (Figure 1). Here, we summarize the geology of the
entire project area, integrating the results of our mapping
with previous geological studies within and adjacent to the
area. The 2004 field program also included mapping and
lithogeochemical sampling of gold occurrences in the up-
per Kliyul Creek and Mariposite Creek areas by contract
geologists D. MacIntyre and G. Payie; the results of this
work are documented separately (Maclntyre et al., this vol-
ume).

The Johanson Lake project area encompasses rugged
terrain within the Omineca Mountains about 350 km north-
west of Prince George. The Omineca Resource Access
Road provides access to a corridor through the central part
of'the map area, but most fieldwork was conducted from fly
camps supported by the Canadian Helicopters base at the
Kemess mine, 60 km north-northwest of Johanson Lake.
Operating funds for the project are provided by the
Toodoggone TGI and a private-public partnership agree-
ment with Northgate Minerals Corporation.

Geological Fieldwork 2004, Paper 2005-1

Previous geological work within and adjacent to the
Johanson Lake project area is summarized by Schiarizza
(2004a). These studies include regional-scale mapping by
Lord (1948) and Richards (1976a, 1976b); more detailed
mapping directly east of the project area by Ferri et al.
(1993, 2001b) and Ferri (2000a, 2000b); studies of the
Takla Group by Monger (1977) and Minehan (1989a,
1989b); studies of Alaskan-type ultramafic-mafic plutons
by Irvine (1974, 1976), Hammack et al. (1990) and Nixon
et al. (1990, 1997); a study of granitoid intrusive rocks by
Woodsworth (1976); and a study of structures related to the
Finlay-Ingenika fault system by Zhang (1994), Zhang and
Hynes (1991, 1992, 1994, 1995) and Zhang et al. (1996). In
addition, the area has a history of mineral exploration dat-
ing from the early 1940s, and descriptions of many of the
mineral showings are found in assessment reports on file at
the offices of the British Columbia Ministry of Energy and
Mines in Victoria and Vancouver.

A =<~ of EUD. D\ 56°45"]
g NQuesnel Terrane\ »~cre% |
8 \ 0 \ ¢
) 0 A “\_Cassiar
Terrane

N

+ ¥
o
FEF Kt 56°15!
S

©
R

Figure 1. Location of the Johanson Lake project area, showing ar-
eas mapped during the 2003 and 2004 field seasons.
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REGIONAL GEOLOGICAL SETTING

The Johanson Lake project area is underlain by the
Quesnel Terrane, which includes Late Paleozoic through
mid-Mesozoic volcanic, volcaniclastic and plutonic rocks
formed in a system of magmatic arcs that developed along
or near the western North American continental margin.
East of Johanson Lake, the Quesnel Terrane is faulted
against Proterozoic and Paleozoic carbonates and
siliciclastics of the Cassiar Terrane, which formed part of
the ancestral North American miogeocline (Fig. 2). To the
south, however, the Quesnel Terrane is separated from
miogeoclinal rocks by oceanic rocks of the Slide Mountain
Terrane, commonly interpreted as the imbricated remnants
of a Late Paleozoic marginal basin (Ferri, 1997). Along
much of its length, the Quesnel Terrane is bounded to the
west by the oceanic Cache Creek Terrane, which includes
rocks that formed in an accretion-subduction complex re-
lated to the Quesnel magmatic arc (Travers, 1978; Struik,
1988). The Cache Creek Terrane is not present at the lati-
tude of Johanson Lake, however, due to shuffling of ter-
ranes along Cretaceous-Tertiary dextral strike-slip faults
(Gabrielse, 1985). Here, the Quesnel Terrane is juxtaposed
against the Stikine Terrane, a markedly similar volcanic arc
terrane, which may have originated as a northern extension
of the Quesnel arc system, subsequently brought into its
present position by counterclockwise oroclinal rotation
and sinistral translation during the Late Triassic and Early
Jurassic (Mihalynuk et al., 1994).

The Quesnel Terrane is in large part represented by
Upper Triassic volcanic and sedimentary rocks, which are
assigned to the Takla Group in northern and central British
Columbia and to the Nicola Group in the south. These rocks
are locally overlain by Lower Jurassic sedimentary and vol-
canic rocks, and are cut by several suites of Late Triassic
through Middle Jurassic plutons. In north-central British
Columbia, older components of the Quesnel Terrane com-
prise Late Paleozoic arc volcanic and sedimentary rocks of
the Lay Range assemblage, which are restricted to the east-
ern margin of the Quesnel belt (Ferri, 1997).

Late Triassic—Early Jurassic intrusive rocks are a
prominent and economically important component of the
Quesnel Terrane. These include both calcalkaline and alka-
line plutonic suites, as well as Alaskan-type ultramafic-
mafic intrusions. Many of these plutonic suites are found
within and adjacent to the Hogem Batholith (Woodsworth,
1976; Garnett; 1978; Woodsworth ef al., 1991), which ex-
tends from the Johanson Lake project area more than
150 km south to the Nation Lakes area. In addition to Late
Triassic—Early Jurassic rocks, the composite Hogem
Batholith also includes younger granitic phases correlated
with Early Cretaceous plutons that are common regionally
and crosscut the Quesnel and adjacent terranes.

The structural history of the region included the devel-
opment of east-directed thrust faults that juxtaposed
Quesnel Terrane above Cassiar Terrane in late Early Juras-
sic time (Ferri, 1997, 2000a; Nixon et al., 1997). To the
west, east-dipping thrust faults, in part of early Middle Ju-
rassic age, imbricate the Cache Creek Terrane and juxta-

110

pose it above the adjacent Stikine Terrane (Monger ef al.,
1978; Struik et al., 2001). This thrusting was broadly coin-
cident with the initiation of the Bowser basin (Ricketts et
al., 1992), which formed above the Stikine Terrane and
contains detritus that was derived, in part, from the adjacent
Cache Creek Terrane. The subsequent structural history of
the region included the development of prominent dextral
strike-slip fault systems in Cretaceous and Early Tertiary
time. These structures include the Finlay, Ingenika and
Pinchi faults, which form the western boundary of Quesnel
Terrane, and may have more than 100 km of cumulative dis-
placement (Gabrielse, 1985).

TAKLA GROUP

All stratified rocks within the Johanson Lake map area
are part of the Middle to Upper Triassic Takla Group (Lord,
1948; Monger, 1977). The Takla Group is a prominent and
characteristic unit of the Quesnel Terrane throughout cen-
tral British Columbia, although the namesake (Takla Lake)
and type area of group are found to the west of the Quesnel
belt, where the name is also applied to Upper Triassic rocks
of the Stikine Terrane (for a brief history of nomenclature,
see Schiarizza, 2004a).

The Johanson Lake map area is at the northwest end of
a belt of recent, relatively detailed mapping within the
Quesnel Terrane that extends almost 250 km southward to
the Nation Lakes (Ferri et al., 1992, 1993, 2001a, 2001b;
Ferri and Melville, 1994; Nelson and Bellefontaine, 1996).
The Takla Group has not been subdivided into formal for-
mations within this belt, although several lithologically dis-
tinct but partially coeval successions have been identified
and named. The Takla rocks within the present map area are
mainly or entirely Late Triassic in age, and pass eastward
into equivalent rocks that Ferri ef al. (1993, 2001b) as-
signed to the Plughat Mountain succession. Within the
Johanson lake area, these rocks are subdivided into two
main units: a heterogeneous succession of volcaniclastic,
volcanic and sedimentary rocks assigned to the Kliyul
Creek unit, and a more homogencous assemblage of
pyroxene-rich volcanic breccias assigned to the Goldway
Peak unit (Fig. 3). Ferri ef al. (1993, 2001b) recognized a
similar subdivision of the Plughat Mountain succession to
the east.

Kliyul Creek Unit

Most of the Takla Group within the Johanson Lake
project area is assigned to the Kliyul Creek unit, which is
equivalent to the volcanic sandstone unit of Schiarizza
(2004a), and to units 1 and 2 of the Plughat Mountain suc-
cession, as subdivided by Ferri et al. (2001b). The Kliyul
Creek unit consists mainly of volcaniclastic sandstone and
breccia, but also includes limestone, siltstone and mafic
volcanic rocks. Thick, somewhat arbitrarily defined pack-
ages that include conspicuous amounts of limestone have
been broken out as the sandstone-carbonate subunit (in part
equivalent to the sandstone-carbonate unit of Schiarizza
2004a). More discrete, relatively thin intervals dominated
by thin-bedded siltstone and limestone are assigned to the
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Figure 2. Regional geological setting of the Johanson Lake project area, showing locations of selected major mineral occurrences.
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siltstone-limestone subunit. These rocks generally corre-
spond to the discontinuous sedimentary intervals within the
Takla Group shown on the regional maps of Lord (1948)
and Richards (1976b). The only other subunit large enough
to be shown at the scale of Figure 3 is a lens of pillowed
basalt that crops out in the northwest corner of the map area.

The Kliyul Creek unit is dominated by exposures of
grey to green, fine to coarse-grained, commonly gritty,
volcanogenic sandstone. Mineral grains of feldspar,
pyroxene and less common hornblende, together with lithic
fragments containing these same minerals, are the domi-
nant constituents. The sandstone occurs partly as well-de-
fined, thin to thick beds (Fig. 4) and partly as massive units,
up to many tens of metres thick, in which bedding is not ap-
parent. Sandstone beds within well-bedded intervals are
commonly intercalated with green siltstone, also of

Quaternary

m Unconsolidated glacial, fluvial
and alluvial deposits

Mesilinka pluton: granite, granodiorite

Early - Middle Jurassic

Tonalite, quartz diorite

Late Triassic - Early Jurassic ?

Monzonite, monzodiorite, diorite

Late Triassic

Diorite, gabbro; locally includes
quartz diorite, hornblendite

Clinopyroxenite, hornblendite, dunite,
webhrlite; locally includes mafic gabbro

Upper Triassic
Takla Group
Goldway Peak unit

| Pyroxene porphyry breccia

Kliyul Creek unit
Volcanic sandstone and breccia; locally
includes siltstone, limestone,
conglomerate, basalt

@ Pyroxene-feldspar-phyric basalt

Siltstone-limestone subunit:
siltstsone, limestone, volcanic
sandstone

Sandstone-carbonate subunit:
"1 volcanic sandstone and breccia with
local intervals of limestone, siltstone
and limestone breccia

Figure 3b. Legend to accompany Figure 3a.
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volcanogenic origin, and locally display graded bedding,
scoured bases, flame structures and rip-up clasts.

Coarse-grained intervals, ranging from pebbly
volcanogenic sandstone or lapilli tuff to coarse breccias
containing fragments approaching a metre in size, are fairly
common within the Kliyul Creek unit and typically form
massive, resistant units tens of metres to hundreds of metres
thick (Fig. 5). Volcanic rock fragments containing feldspar
and/or pyroxene phenocrysts generally predominate, but
clasts of aphyric volcanic rock, hornblende-feldspar por-
phyry, limestone, siltstone, diorite and tonalite were also
observed. Locally, coarse breccia occurs as distinct layers,
one to several metres thick, within intervals of much finer
grained volcanic sandstone or fine breccia. These breccia
units invariably contain mainly pyroxene porphyry frag-
ments, which are supported by a matrix rich in pyroxene
mineral grains. The clasts commonly range from a few
centimetres to more than a metre in size, and some frag-
ments have irregular amoeboid-like contacts and faintly
chilled margins, suggesting that they were not completely
cooled when they were incorporated into the breccia. These
breccias probably represent mass flow deposits that tapped
a different source than the finer grained sandstones with
which they are intercalated.

Rocks assigned to the sandstone-carbonate subunit are
generally similar to other parts of the Kliyul Creek unit, but
include scattered layers and lenses of limestone. Most com-
monly, the limestone occurs in discontinuous intervals,
from a few metres to several tens of metres thick, of
interbedded limestone, grey siltstone and green volcanic
sandstone to siltstone. Locally, as on the ridge south of the
Darb Creek tonalite pluton, massive to bedded limestone
forms lenses several tens of metres thick, but with limited
strike length. Another variation occurs in the hinge area of
the Kliyul Creek anticline, where dark grey limestone is
mixed with volcanogenic sandstone in lenses and layers
that were probably derived from slump deposits
(Schiarizza, 2004a). Some of these lenses comprise
subequal proportions of limestone and sandstone, as
patches and blocks that are intimately mixed in a chaotic
fashion. In other lenses, one rock type predominates and
appears to form a matrix containing clasts of the other. Sim-
ilar limestone breccias form a minor proportion of the sand-
stone-carbonate subunit elsewhere in the area; they were
noted in the northwest corner of the map area, and in a
cirque basin 5.5 km north of the northwest tip of Johanson
Lake.

The siltstone-limestone subunit consists mainly of
thinly interbedded dark grey siltstone and limestone, al-
though thin to thick interbeds of volcanic sandstone and
calcareous sandstone are also present (Fig. 6). It typically
forms distinctive reddish-weathered outcrops that are eas-
ily traced in areas of good exposure. It forms a mappable
subunit that underlies the sandstone-carbonate subunit
along the upper reaches of Kliyul Creek, and a possibly cor-
relative layer that has been traced for almost 10 km on the
ridges southwest of Lay Creek. In the northern part of the
area, rocks assigned to the siltstone-limestone subunit oc-
cur at two (or more) stratigraphic levels, which are repeated
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as numerous mappable segments that
have been traced for short distances be-
tween faults related to the upper Wrede
Creek system (Fig. 3).

Units of massive pyroxene porphyry
and pyroxene-feldspar porphyry, derived
from mafic sills, dikes and flows (?), are
found at many locations within the Kliyul
Creek unit but are not abundant. Pillowed
basalt was observed only in the northwest
corner of the map area, where it forms one
mappable lens and several smaller lenses
(Fig. 7). These feldspar-pyroxene-phyric
pillowed flows are intercalated with vol-
canic sandstone, breccia and local units of
siltstone and limestone of the sandstone-
carbonate subunit.

Monger (1977) reported that
macrofossils collected from various local-
ities within the siltstone-limestone and
sandstone-carbonate subunits of the
Kliyul Creek unit are of Late Triassic (in
part Late Carnian—Early Norian) age.
These age assignments are corroborated
by conodonts recovered from two samples collected during
the 2003 field season. The samples were processed at the
Geological Survey of Canada’s micropaleontology labora-
tory in Vancouver, and the conodonts were identified by
M.J. Orchard. Both collections were from the sandstone-
carbonate subdivision. One, from a limestone lens about
2 m thick on the ridge between the two main forks of upper
Kliyul Creek, contained conodonts of Late Triassic (proba-
bly Carnian) age. The other sample, from a thick limestone
lens on the ridge south of the Darb Creek pluton, yielded
conodonts of Late Triassic (probably Early Norian) age.

Figure 5. Volcanic breccia of the Kliyul Creek unit, on the ridge system between
Dortatelle and Kliyul creeks.
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Figure 4. Well-bedded volcanic sandstone of the Kliyul Creek unit, south of the west
branch of Kliyul Creek.

Goldway Peak Unit

Breccias containing fragments of pyroxene-phyric ba-
salt are fairly common within the Kliyul Creek unit, where
they are intercalated with most other rock types within the
unit. Pyroxene-rich volcanic breccias also occur as thick,
monotonous accumulations of mappable extent in several
places in the map area. These belts are assigned to the
Goldway Peak unit, and are well represented on the moun-
tain of that name, and on the ridge system north of the
mountain. This unit is also well exposed in a northwest-
trending belt that extends from the east edge
of the map area at Croyden Creek to the
southeast end of Johanson Lake, and as a
narrow belt directly west of the Dortatelle
fault in the southern part of the map area. In
each of these exposure belts, the Goldway
Peak unit rests stratigraphically above the
more heterogencous and better stratified
Kliyul Creek unit, and represents the highest
exposed levels of the Takla Group. The
Goldway Peak unit is equivalent to the vol-
canic breccia unit of Schiarizza (2004a) and,
at least in part, to unit 3 of the Plughat Moun-
tain succession mapped by Ferri et al.
(2001Db) to the east.

Volcanic breccias of the Goldway Peak
unit typically form resistant, blocky, green-
brown to rusty-brown weathered exposures.
Fresh surfaces are dark green to grey-green.
Fragments are typically angular to
subangular, and generally range from a few
centimetres to 10 cm in diameter (Fig. 8).
However, coarse, poorly-sorted breccias
with fragments up to several tens of centi-
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metres in size are not uncommon.
The breccia fragments are domi-
nantly pyroxene and pyroxene-
feldspar—phyric basalt, with consid-
erable textural variation among dif-
ferent clasts based on size, abun-
dance and feldspar versus pyroxene
proportions in the phenocryst popu-
lation. Other clast types include
feldspar porphyry, hornblende-feld-
spar porphyry, aphyric basalt,
diorite and pyroxenite. The matrix
typically consists of pyroxene,
small pyroxene-bearing lithic grains
and lesser amounts of feldspar. The
matrix is locally calcareous and re-
cessive, causing the fragments to
stand out in relief. In some other
places, the compositional similarity
between clasts and matrix obscures
the fragmental texture.

Internal bedding contacts be-
tween individual breccia layers
within the Goldway Peak unit are
generally not evident, although a
vague stratification can be observed
in some cliff-face exposures. However, bedding is locally
defined by thin intervals of pyroxene-rich sandstone,
which occurs as thin to medium, locally graded beds. Also
present in relatively minor quantities are units of massive
pyroxene porphyry derived from sills, dikes and possibly
flows.

The Goldway Peak unit is not directly dated. However,
it overlies and interfingers with the Kliyul Creek unit,
which contains Late Triassic fossils, and the lower part of
the unit is locally cut by the Late Triassic Abraham Creek

LR

Figure 7. Pillowed pyroxene-feldspar—phyric basalt from the Kliyul Creek unit,

northwestern corner of map area.
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Figure 6. Interbedded siltstone, limestone and volcanic sandstone of the siltstone-limestone
subunit, east of Wrede Creek in the northern part of the area.

mafic-ultramafic complex. The Goldway Peak unit is there-
fore assigned a Late Triassic age with some confidence.

INTRUSIVE ROCKS

The Takla Group within the Johanson Lake project
area is cut by a large number of intrusions. These are provi-
sionally subdivided into four major suites, based on com-
positions and relative ages. These suites are 1) a Late Trias-
sic ultramafic-mafic suite; 2) a monzonite-diorite suite of
uncertain age; 3) early Middle Jurassic tonalite; 4) granite

and granodiorite of, at least in part, Jura-
Cretaceous age.

Late Triassic Ultramafic-Mafic Suite

The oldest intrusive suite within the map
area comprises mafic and ultramafic rocks.
These include typical Alaskan-type ultramafic-
mafic complexes such as the Wrede Creek com-
plex, similar but mafic-dominant complexes
such as Johanson Lake and Abraham Creek, and
diorite to gabbro stocks that do not include ultra-
mafic rocks. Previously published K-Ar dates
and new U-Pb dates indicate that these rocks are
Late Triassic in age, consistent with Irvine’s
(1974) suggestion that the Alaskan-type com-
plexes are subvolcanic intrusions associated
with Takla volcanism.

WREDE CREEK ULTRAMAFIC-MAFIC
COMPLEX

The Wrede Creek ultramafic-mafic com-
plex crops out in the northwest corner of the map
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area (Fig. 3). It intrudes the Kliyul
Creek unit of the Takla Group along
its southern and western margins, and
is faulted against the Takla Group
alongasplay of the Lay Range fault to
the northeast (Ferri, 2000a, 2000b). It
is locally intruded by younger gra-
nitic rocks assigned here to the
monzonite-diorite suite. The Wrede
Creek complex was described briefly
by Irvine (1974, 1976) and Wong et
al. (1985), prior to being mapped in
more detail by Hammack e al. (1990)
and Nixon et al. (1997). It was not re-
mapped during the present study, but
is shown on Figure 3, and briefly
summarized here, after Nixon et al.
(1997).

The Wrede Creek complex ex-
hibits features common to many
Alaskan-type ultramafic-mafic bod-
ies, including a crude concentric
zonation and gradation of rock types,
from dunite in the core to gabbro
along the margins; cumulate textures
in olivine clinopyroxenites; and local modal layering in
gabbro. Dunite forms more than half of the ultramafic part
of the complex, and is locally in direct contact with Takla
country rocks along the western and southern margins. The
dunite contains local narrow pods and schlieren of
chromitite, and is cut by pods and dikes of pegmatite com-
posed of hornblende and calcic plagioclase. The dunite
grades outward into a narrow zone of olivine
clinopyroxenite and wehrlite along the southwestern mar-
gin of the complex, and grades into a more extensive zone
of clinopyroxenites in the northeastern part of the complex.
The latter zone in turn grades into gabbro and diorite that
form much of the eastern and southeastern margins of the
complex (Fig. 3).

Wong et al. (1985) reported that hornblende separates
from a pegmatite within dunite in the southwestern part of
the Wrede Creek complex yielded K-Ar isotopic dates of
219 £ 10 Ma and 225 + 8 Ma, and inferred that these dates
approximate the crystallization age of the complex. This in-
terpretation is corroborated by the similarity of these dates
to the U-Pb isotopic dates obtained during the present study
from the Abraham Creek complex and Solo Lake stock.

DORTATELLE ULTRAMAFIC-MAFIC
COMPLEX

The Dortatelle ultramafic-mafic stock crops out 2 km
east of the divide at the head of Dortatelle Creek (Fig. 3). It
intrudes the Kliyul Creek unit of the Takla Group to the
north and northeast, is bounded by a fault and the Mesilinka
phase of the Hogem Batholith to the southwest, and is trun-
cated by the Osilinka phase of the Hogem Batholith at its
southeast end. The southern part of the complex was de-
scribed briefly by Irvine (1976) and was also mapped dur-
ing the 2004 field season. The north end of the complex is
shown after Cooke (1972).

116

Figure 8. Pyroxene porphyry breccia, Goldway Peak unit, upper Croyden Creek.

The Dortatelle ultramafic-mafic complex displays an
imperfect zonation that is truncated by the fault and granitic
rocks on its south and southwest margins. It is dominated
by wehrlitic rocks that locally grade into dunite along the
southwestern edge of the complex, and into
clinopyroxenite to the northeast. The clinopyroxenite in
turn passes northeastward into strongly lineated
hornblende gabbro that forms the outer margin of the com-
plex. Northeast-striking layering was observed at several
locations within the wehrlitic zone, where it is defined by
centimetre to decimetre-thick layers with contrasting
modal proportions of olivine and clinopyroxene. Lord
(1948) noted that there are grains and blebs of chromite
within the Dortatelle complex; the presence of chromite
grains within dunite was confirmed during the present
study, but no significant concentrations (i.e., chromitite)
were noted.

ABRAHAM CREEK MAFIC-ULTRAMAFIC
COMPLEX

Ultramafic and mafic rocks exposed near the eastern
edge of the map area, along Croyden and Porphyry creeks,
form the northwestern end of a large, markedly elongate
pluton, referred to as the Abraham Creek complex, that ex-
tends for 24 km into the adjacent Aiken Lake map area
(Ferri et al., 1993, 2001b). Within the Johanson Lake map
area, the Abraham Creek complex has been subdivided into
a central unit of mainly clinopyroxenite, hornblendite and
mafic gabbro, and a unit dominated by diorite, gabbro and
microdiorite that flanks the ultramafic rocks to the north
and south. Dikes of diorite, microdiorite, diabase, pyroxene
porphyry, hornblende-feldspar porphyry and monzodiorite
are common within both mappable units, and are thought to
be an integral part of the intrusive complex (Schiarizza,
2004a). Although ultramafic rocks and associated mafic
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gabbro constitute about 50% of that part of the pluton ex-
posed in the Johanson Lake area, these rocks are distinctly
subordinate to dioritic rocks elsewhere within the complex
(Ferri et al., 2001b).

A sample of diorite from the southern part of the Abra-
ham Creek complex was collected during the 2003 field
season and submitted to the geochronology laboratory at
the University of British Columbia for isotopic dating. Zir-
cons extracted from this sample yielded a U-Pb date of
219.5+0.6 Ma (R. Friedman, University of British Colum-
bia, personal communication, 2004), which is interpreted
as a crystallization age for this part of the complex.

KLIYUL CREEK MAFIC-ULTRAMAFIC
COMPLEX

The Kliyul Creek mafic-ultramafic complex is a nar-
row pluton, 13 km long, that extends from the ridges south
of Kliyul Creek, near the eastern edge of the map area,
northwestward to the headwaters of the creek (Fig. 3). Itin-
trudes the Kliyul Creek unit of the Takla Group, and is itself
cut by a granitic stock at its southeast end. The southeastern
end of the Kliyul Creek complex was mapped by Irvine
(1976) as mainly peridotite, locally with a border phase of
hornblende gabbro. These rocks are inferred to continue
northwestward, across the drift-covered lower reaches of
two major tributaries of Kliyul Creek, into exposures of
peridotite, gabbro, diorite and monzodiorite that crop out
along the southwest slopes of Kliyul Creek (Noel, 1971b;
Gill, 1994). From there the pluton crosses to the northeast
side of Kliyul Creek and extends to the headwaters of the
creek. The northwestern part of the pluton consists mainly
of diorite, microdiorite, monzodiorite and gabbro, but in-
cludes local patches of clinopyroxenite and hornblendite
(Schiarizza, 2004a).

JOHANSON LAKE MAFIC-ULTRAMAFIC
COMPLEX

The Johanson Lake mafic-ultramafic complex is lo-
cated in the central part of the map area, about 1.5 km south-
west of Johanson Lake. These rocks were described briefly
by Irvine (1976) and were subsequently studied in more de-
tail by Nixon et al. (1990, 1997). They were not remapped
during the present study, but are shown on Figure 3 after
Nixon et al., who subdivided the complex into two units: a
core of mainly clinopyroxenite and hornblendite, and a
more voluminous outer unit consisting mainly of gabbro
and diorite.

The Johanson Lake complex intrudes the Kliyul Creek
unit of the Takla Group, and is itself cut by tonalite of the
Johanson Creek pluton. Stevens et al. (1982, sample GSC
80-46) reported that unaltered hornblende from coarse-
grained hornblendite of the Johanson Lake complex
yielded a K-Ar isotopic date of 232 + 13 Ma. This date has
large analytical uncertainty but is, within error, the same as
the Late Triassic K-Ar and U-Pb dates that have been ob-
tained from the Wrede, Abraham Creek and Solo Lake
complexes (Wong et al., 1985; this study).
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DIORITE-GABBRO PLUTONS

Most of the diorite to gabbro plutons included within
the ultramafic-mafic suite occur in the central part of the
map area and are described by Schiarizza (2004a). These
include a stock south of the east end of Johanson Lake, an
elongate stock west of Darb Creek, the Solo Lake stock,
and a sill-like body that occurs along the contact between
the Kliyul and Goldway Peak units west of the Dortatelle
fault (Fig. 3). A fairly large diorite stock that was mapped
along a major west-flowing tributary to upper Dortatelle
Creek during the 2004 field season is also included in this
suite. These plutons are lithologically similar to the dioritic
phases within the composite ultramafic-mafic intrusive
bodies, and some host copper-gold mineralization similar
to that associated with diorite of the Abraham Creek and
Kliyul Creek complexes. Their inclusion in the ultramafic-
mafic suite is corroborated by a U-Pb zircon date 0f223.6 +
0.8 Ma that was obtained on a sample of diorite collected
from the Solo Lake stock in 2003 (Richard Friedman, Uni-
versity of British Columbia, personal communication,
2004).

Triassic-Jurassic Monzonite-Diorite Suite

Intrusive rocks assigned to the monzonite-diorite suite
are represented by a fairly large monzonite pluton northeast
of Johanson Lake, a small stock of similar composition that
crops out along the Omineca Resource Access Road 3 km
to the southeast, and an elongate diorite to monzodiorite
pluton still farther to the southeast, along the eastern
boundary of the map area (Fig. 3). Also tentatively included
in this suite are dioritic and monzonitic rocks that intrude
the Takla Group and Wrede Creek ultramafic-mafic com-
plex in the northeast corner of the map area.

The Johanson Lake pluton and the small stock exposed
along the road consist mainly of light grey to pinkish grey
weathered, medium to coarse-grained hornblende
monzonite, commonly with pink feldspar phenocrysts from
1 to 2 cm in size. Magnetite is a common accessory, and the
Johanson Lake pluton has a prominent expression on re-
gional aeromagnetic maps. Contacts with the adjacent
Takla Group are generally sharp, but a zone of
monzodiorite and diorite dikes extends for up to 1 km east
of the Johanson Lake pluton. These monzonite bodies are
not dated, but samples have been collected and submitted to
the geochronology laboratory at the University of British
Columbia for U-Pb isotopic dating. Monzonitic intrusions
that have been dated by the U-Pb method elsewhere in the
region include a latest Triassic stock at the Cat copper-gold
porphyry deposit, and Early Jurassic stocks at the Mount
Milligan copper-gold porphyry deposit (Mortensen et al.,
1995).

The elongate pluton that intrudes the Takla Group at
the eastern edge of the map area consists of medium-grey
hornblende diorite, quartz diorite and quartz monzodiorite.
The texture is typically medium grained, isotropic and
equigranular to plagioclase porphyritic. Dikes of similar
composition are fairly common within the Takla Group for
several kilometres north of the pluton.
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The rocks assigned to the monzonite-diorite suite in
the northeast corner of the area were not examined during
the present study, but are shown after Nixon et al. (1997),
who described them as hornblende-bearing quartz
monzonite, monzonite, quartz diorite and diorite. The
northern intrusive body within this area may be continuous
with the southern end of the Fleet Creek pluton, which ex-
tends for 25 km to the northwest and consists mainly of
monzodiorite and diorite (Richards, 1976b). Wong et al.
(1985) reported that hornblende from a diorite dike that
cuts the Takla Group south of the Wrede Creek ultramafic-
mafic complex yielded a K-Ar isotopic date of 172 + 6 Ma.
Farther north, biotite and hornblende separates from diorite
collected from the main body of he Fleet Creek pluton have
yielded discordant K-Ar dates of 156 = 5 Ma and 142 +
12 Ma, respectively (Wanless et al., 1979, samples GSC
78-14 and GSC 78-15). None of these K-Ar dates are likely
to reflect crystallization ages for this intrusive suite.

Early Middle Jurassic Tonalite Suite

The tonalite intrusive suite is represented by two large
plutons in the central and northwestern part of the map area,
and by a number of smaller plugs of similar composition in
the same geographic area. These rocks intrude the Takla
Group as well as older plutonic rocks of the ultramafic-
mafic suite.

DARB CREEK PLUTON

The Darb Creek pluton comprises light grey weath-
ered, medium to coarse-grained hornblende-biotite tonalite
that is well exposed on the slopes surrounding the promi-
nent eastern tributary of Darb Creek (Schiarizza, 2004a).
The pluton cuts the contact between the Kliyul Creek and
Goldway Peak units of the Takla Group along its southern
margin, and on its northeast margin truncates the southern
margin of a dioritic stock that straddles this same strati-
graphic contact (Fig. 3). Where observed, the contacts are
sharp, although the tonalite commonly contains abundant
xenoliths of country rock for a few tens of metres along its
outer margin. The Darb Creek pluton is apparently trun-
cated by the Dortatelle fault to the west, but this contact was
not observed.

Zircon extracted from a tonalite sample from the
southern part of the Darb Creek pluton has yielded a pre-
liminary U-Pb isotopic date of 177 Ma, and titanite from the
same sample gives a U-Pb date of 174.0+ 2.0 Ma (R. Fried-
man, University of British Columbia, personal communi-
cation, 2004). These dates indicate that the pluton crystal-
lized in the earliest Middle Jurassic (using the Jurassic time
scale of Palfy et al., 2000).

JOHANSON CREEK PLUTON

The Johanson Creek pluton is a large tonalitic intrusion
with an outcrop extent of about 12 by 6 km along the north-
west edge of the map area. It cuts the Kliyul Creek and
Goldway Peak units of the Takla Group, and locally the
Johanson Lake mafic-ultramafic complex. The western
margin of the pluton is largely obscured by drift, but re-
gional maps suggest that it is truncated by the Ingenika
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fault. The southern boundary of the pluton shows an appar-
ent dextral offset of 2 km along the drift-filled valley of
Solo Creek; a post-pluton dextral fault is therefore inferred
to follow the valley.

The Johanson Creek pluton consists mainly of light
grey, medium to coarse-grained hornblende-biotite
tonalite, locally grading to quartz diorite. The texture is iso-
tropic through most of the pluton, but locally it displays a
weak, steeply dipping, west to northwest-striking foliation
defined by the alignment of mafic grains and tabular feld-
spar crystals. Where observed, external contacts are sharp;
xenoliths of country rock typically occur only within the
outer few metres of the pluton, and narrow dikes of tonalite
likewise extend for only a few metres into the adjacent
country rock. At one locality along the pluton’s eastern
margin, however, the contact is defined by a border phase,
about 200 m wide, of medium grey hornblende diorite cut
by tonalite and quartz monzonite dikes.

Wanless et al. (1979, samples GSC 78-12 and GSC 78-
13) reported that biotite and hornblende separates from a
sample of the Johanson Creek pluton yielded discordant K-
Ar dates of 121 =4 Ma and 142 + 12 Ma, respectively. A
sample collected during the 2004 field season is currently
being processed for U-Pb dating of zircons. We suspect that
the pluton will yield an Early to Middle Jurassic crystalliza-
tion age, similar to that of the Darb Creek pluton.

Jurassic-Cretaceous Granite and Granodiorite

Exposures of granite and granodiorite are restricted to
the southern part of the map area, where they constitute part
of the northern tip of the Hogem Batholith and several re-
lated stocks and plugs north of the batholith. These granitic
rocks are subdivided into two phases, the Mesilinka pluton
and the Osilinka stocks, following Woodsworth (1976).

MESILINKA PLUTON

The western exposures of granitic rock at the south end
of the Johanson Lake project area are part of the Mesilinka
pluton, a prominent component of the northwestern part of
the Hogem Batholith (Woodsworth, 1976). Within the
Johanson Lake map area, the pluton consists mainly of
coarse-grained biotite monzogranite to quartz monzonite,
commonly with K-feldspar and plagioclase phenocrysts up
to 2 cm in size. These rocks are characterized by a strong
north-plunging lineation, defined by elongate biotite clots
and stretched feldspar and quartz grains, and a less pro-
nounced northeast-dipping foliation. The monzogranite is
cut by numerous dikes of aplite and pegmatite along its
northeast margin, some of which crosscut the foliation and
lineation. It is not clear whether these dikes are related to
the Mesilinka pluton or to the adjacent Osilinka stock.
Where observed, the contact with adjacent ultramafic rocks
of the Dortatelle complex is a steeply-dipping, northwest-
striking fault defined by mylonitic granitic rocks. However,
there are screens and xenoliths of ultramafic rocks within
the northeastern margin of the pluton, suggesting an origi-
nal intrusive relationship. The contact between the
Mesilinka pluton and the Takla Group to the north was not
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observed, but is mapped as a fault after Woodsworth
(1976).

The Mesilinka pluton was assigned an Early Jurassic
age by Woodsworth (1976), but this was revised to Creta-
ceous by Woodsworth ef al. (1991), in part because Eadie
(1976) obtained K-Ar biotite dates of 101 +4 Maand 112+
4 Ma from samples collected to the south and southeast of
the Johanson Lake map area. A sample collected from the
northern part of the pluton during the 2004 field season has
been submitted to the geochronology laboratory at the Uni-
versity of British Columbia for U-Pb dating of zircons in
order to determine a crystallization age for this part of the
pluton.

OSILINKA STOCKS

Woodsworth (1976) considered several small, com-
monly elongate stocks of granite and granodiorite that he
mapped within and adjacent to the northern Hogem
Batholith to be the youngest granitic phases in the area, and
Woodsworth et al. (1991) referred to these small plutons as
the Osilinka stocks. Within the Johanson Lake project area,
the Osilinka stocks are represented by the eastern part of the
Hogem Batholith, an elongate pluton along Kliyul Creek
and the small Davie Creek plug farther north, as well as by
small plugs and dikes elsewhere in the southeastern part of
the area that are too small to be shown on Figure 3. Collec-
tively these stocks intrude the Takla Group and ultramafic-
mafic plutons of the Dortatelle, Kliyul Creek and Abraham
Creek complexes. The southern stock is also in contact with
the Mesilinka pluton, but the relative ages of these two gra-
nitic bodies was not established by observed crosscutting
relationships.

The Osilinka stocks within the Johanson Lake map
area consist mainly of grey to pinkish weathered, medium
to coarse-grained, equigranular biotite granodiorite to
monzogranite. The stock within the Hogem Batholith lo-
cally includes a marginal phase of aplitic biotite-muscovite
granite, and contains numerous dikes of aplite and pegma-
tite. Textures are for the most part isotropic, but the western
part of the stock within the Hogem Batholith is weakly to
moderately lineated and foliated, as are adjacent rocks of
the Mesilinka pluton and Dortatelle ultramafic-mafic
complex.

An Osilinka stock to the east-southeast of the Johanson
Lake map area has yielded a biotite K-Ar date of 122 + 6 Ma
(Wanless et al., 1972, sample GSC70-11), and a stock to the
south yielded a biotite K-Ar date of 120 Ma (G.
Woodsworth, unpublished data, reported in Woodsworth ez
al., 1991). However, the latter stock has recently yielded a
much older U-Pb zircon date of 192.3 +2.1/—4.8 Ma (Nel-
sonetal.,2003; J. Nelson, personal communication, 2003),
indicating an Early Jurassic crystallization age, whereas the
Davie Creek stock, which was sampled in 2003
(Schiarizza, 2004a), has yielded a preliminary U-Pb zircon
date of 132 to 150 Ma, indicating Late Jurassic or Early
Cretaceous crystallization (R. Friedman, University of
British Columbia, personal communication, 2004). These
U-PDb dates suggest that the Osilinka stocks include rocks of
at least two different ages. A sample collected from the
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Osilinka stock at the north end of the Hogem Batholith in
2004 has been submitted to the geochronology laboratory
at the University of British Columbia for U-Pb dating in or-
der to further constrain the crystallization ages of this suite
of plutons.

STRUCTURE

Mesoscopic Structure and Metamorphism

The Takla Group within most of the map area is at
greenschist-facies metamorphic grade. Mafic
volcaniclastic rocks are characterized by the metamorphic
assemblage chlorite-epidote-actinolite, commonly accom-
panied by carbonate and leucoxene. These minerals par-
tially to completely replace original pyroxene crystals. Rel-
ict feldspar grains are albitized, at least in part, and partially
replaced by epidote, calcite and white mica. The metamor-
phic assemblages observed within the Takla Group are also
found within plutonic rocks of the Late Triassic mafic-
ultramafic suite. Younger plutons show variable chlorite-
epidote alteration but are generally not conspicuously
metamorphosed. It is not clear whether this reflects the pre-
dominant age of metamorphism or the more felsic
composition and massive nature of the younger plutons.

Outcrops within the project area are characterized by
abundant fractures and brittle faults. These structures have
highly variable orientations, although northwest to north
strikes and steep dips predominate. Many of the northwest
to north-striking faults show indications of dextral strike-
slip movement, although northwest-striking faults in the
Croyden Creek—Kliyul Creek area are mainly sinistral.
Many east to northeast-striking mesoscopic faults also
show a sinistral sense of displacement; these may be conju-
gate riedel shears related to the more abundant north to
northwest-striking dextral faults.

Penetrative foliations occur mainly within high-strain
zones associated with faults. However, a weak slaty cleav-
age of more regional aspect is apparent locally. In the south-
western part of the area, this cleavage is axial planar to
mesoscopic folds that occur on the limbs of larger macro-
scopic folds. Mesoscopic folds are not common elsewhere
in the area, and those seen are typically localized along
faults.

Map-scale Structure

The macroscopic structure of the Johanson Lake map
area will be discussed in terms of four domains and two
fault systems that separate these domains. The southern
part of the area is divided into southeast and southwest do-
mains by the north-striking Dortatelle fault. The northern
part of the area is divided into northeast and northwest do-
mains by the northwest-trending upper Wrede Creek fault
system.

DORTATELLE FAULT

The Dortatelle fault is a prominent north-trending
structure in the south-central part of the map area. It has a
prominent topographic expression and marks the trunca-
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tion of the Darb Creek pluton and Kliyul Creek anticline on
its east side, and localizes a narrow sliver of the Goldway
Peak unit on its west side. Rocks adjacent to the fault are
commonly strongly foliated for several hundred metres be-
yond the fault trace. Parts of the fault were studied in detail
by Zhang and Hynes (1994), who demonstrated that it was a
dextral strike-slip fault on the basis of the geometric rela-
tionships between S and C surfaces and associated folds.
Richards (1976a, 1976b) showed the fault being truncated
by, or merging with, the Ingenika fault 20 km south of
Dortatelle Creek. The fault does not appear to continue as a
prominent structure north of Johanson Lake (Fig. 3).

SOUTHEAST DOMAIN

The structure east of the Dortatelle fault is dominated
by the northwest-trending Kliyul Creek anticline, which is
defined by opposing dips and facing directions in the Kliyul
Creek unit of the Takla Group (Fig. 9, section A-B). The ex-
tensive exposures of the overlying Goldway Peak unit to
the northeast are presumed to be preserved in the core of an
adjacent syncline, but this structure is not well defined due
to the few bedding measurements obtained from the
Goldway Peak unit.

Steeply dipping, northwest to west-northwest-striking
faults with kinematic indicators showing predominantly

sinistral strike-slip displacements are prominent features of
the southeast domain (Fig. 10). Most of these were de-
scribed by Schiarizza (2004a), but additional sinistral
faults were mapped east of upper Dortatelle Creek during
the 2004 field season, and Maclntyre et al. (this volume)
show that a prominent structure cutting the north end of the
Kliyul Creek mafic-ultramafic complex was also the locus
of sinistral displacement. Most of the sinistral faults are
within or peripheral to plutons of the Late Triassic mafic-
ultramafic suite, which show a marked elongation parallel
to the faults. It is suspected that the sinistral faults are
broadly contemporaneous with intrusion of these plutons.

In the southern part of the domain, in the area of mutual
contact between the two phases of the Hogem Batholith and
the Dortatelle ultramafic-mafic complex, all rocks com-
monly display a strong L-tectonite fabric that plunges
gently to moderately northward. Map-scale structures in
this area include a north-northwest-striking brittle fault that
marks an apparent dextral offset of the northern margin of
the Osilinka phase, and a steep northwest-striking fault, lo-
cally defined by a narrow mylonite zone, that in part sepa-
rates the Mesilinka pluton from the Dortatelle ultramafic-
mafic complex. The latter fault, or a major splay from it, is
inferred to extend to the west-northwest and define the con-
tact between the Mesilinka pluton and the Takla Group,

2 km
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ms
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Figure 9. Schematic vertical cross-sections along lines shown on Figure 3a. See Figure 3b for legend.
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plex near eastern edge of map area, north of Kliyul Creek.

based on the observations of Woodsworth (1976), who re-
ported that rolled K-feldspar megacrysts within
mylonitized plutonic rock along this contact show that the
Takla rocks moved southward over the pluton.

SOUTHWEST DOMAIN

The structure west of the Dortatelle fault is dominated
by the north-trending Solo Lake anticline (Fig. 9, sections
A-B and C-D). In the south, the eastern limb of the anticline
consists of a homoclinal panel of the Kliyul Creek unit sev-
eral kilometres wide that is overlain by the Goldway Peak
unit adjacent to the Dortatelle fault. To the north, from
Mariposite Creek to Solo Lake, this panel is disrupted by
northeast and northwest-striking faults, and northward
from there it comprises rocks that dip and face mainly to the
north or northeast. The western limb of the Solo Lake
anticline is folded across several, mainly north-plunging,
subsidiary folds, including an anticline-syncline pair that is
mapped south of Goldway Creek. These folds seem to die
out to the north, and northwest of Solo Lake the Kliyul
Creek unit forms a west-facing, locally overturned panel
that is stratigraphically overlain to the west by the Goldway
Peak unit.

Steeply dipping, north to north-northeast-striking
faults are a prominent feature of the southern and western
portions of the southwest domain. Many of these are
marked by conspicuous orange-weathered zones of Fe-Mg
carbonate alteration. Others exhibit quartz-pyrite alteration
or are defined by zones, up to tens of metres wide, of
strongly foliated chlorite schist. Shear bands cutting
chlorite schist within one north-striking fault zone in the
southern part of the domain indicate dextral strike-slip
movement.
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Figure 10. Sinistral fault cutting south margin of the Abraham Creek mafic-ultramafic com-

Northwest to west-northwest-
striking faults are prominent struc-
tures around Solo Lake. A history of
dextral movement along these faults
is indicated by geometrical relation-
ships at the Solo and Bruce mineral
occurrences, where northwest-strik-
ing fault zones within the Solo Lake
stock locally host en echelon arrays
of more northerly striking gold-
bearing quartz veins (Richards,
1991). Farther north, a north-north-
west-striking dextral fault is in-
ferred to occupy the drift-covered
valley of Solo Creek, based on an
apparent dextral offset of the south-
ern margin of the Johanson Creek
pluton (Fig. 3).

Zhang and Hynes (1991) in-
ferred that a northeast-striking fault
along the upper reaches of
Mariposite Creek was the locus of
sinistral displacement, based on the
offset of local stratigraphy within
the Takla Group. An east-northeast-
striking fault west of Darb Lake may
also be sinistral, if the elongate diorite stock to the south
correlates with the diorite unit at the south end of the
Johanson Lake mafic-ultramafic complex (Fig. 3). These
sinistral faults, and northeast-striking sinistral faults else-
where in the map area (Zhang and Hynes, 1991; Schiarizza,
2004a) are interpreted as conjugate riedel shears (R’ of
Tchalenko, 1970) within the system of mainly northwest to
north-striking dextral faults that formed during regional
motion along the Finlay-Ingenika fault system (Zhang and
Hynes, 1991, 1994).

UPPER WREDE CREEK FAULT SYSTEM

A system of mainly northwest-striking faults, infor-
mally referred to as the upper Wrede Creek fault system,
extends from the northwest corner of the map area south-
eastward to the broad drift-covered valley north of the
Johanson Lake monzonite pluton (Fig. 3). Individual faults
within this system are locally defined by abrupt truncations
of subunits within the Kliyul Creek unit of the Takla Group.
Unequivocal indications of movement sense were not doc-
umented during the present study, although Zhang and
Hynes (1991) interpreted most northwest-striking faults in
this area as dextral strike-slip faults. The fault system is in-
ferred to extend southeastward along the upper reaches of
Lay Creek to the eastern boundary of the map area, al-
though it is not exposed over this distance. At the eastern
edge of the map area, it apparently connects with a collinear
system of faults mapped by Ferri ef al. (2001b) as the
Polaris Creek dextral strike-slip fault system.

NORTHWEST DOMAIN

The Kliyul Creek unit in the northwestern part of the
map area, southwest of the upper Wrede Creek fault sys-
tem, generally dips moderately to gently northward (Fig. 9,
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section E-F) but displays many local truncations and dis-
ruptions along north to northwest-striking faults. Most of
these faults are spatially associated with the upper Wrede
Creek system and are thought to be subsidiary dextral or
extensional faults related to that system. A northeast-strik-
ing fault, defined by the apparent truncation of several
northwest-trending structures, is shown as a sinistral fault
by Zhang and Hynes (1991), and may be an antithetic riedel
shear related to the dextral system.

NORTHEAST DOMAIN

The Takla Group northeast of the upper Wrede Creek
fault system is represented by moderately to gently dipping
strata of the Kliyul Creek unit. Dip direction is variable but,
in contrast to the northwest domain, is mainly to the south.
Steeply dipping, east-striking faults of unknown sense of
displacement were mapped in several places, and are com-
monly marked by zones of orange-weathered carbonate-al-
tered rock. A steeply dipping, northwest-striking fault near
the north boundary of the map area is marked by several
tens of metres of fractured and sheared chlorite-epidote-
calcite—altered rock. Accretion steps associated with gently
plunging mineral fibres on some fault surfaces within the
zone indicate dextral displacement.

Ingenika Fault

The Ingenika fault marks the boundary between the
Quesnel and Stikine terranes at the latitude of the Johanson
Lake project area, and occupies a series of low, drift-cov-
ered valleys directly west of the map area. It forms part of a
major system of dextral strike-slip faults that also includes
the Finlay fault to the north and the Pinchi fault to the south
(Fig. 2). Within the map area, the westernmost exposures of
Takla rocks between Goldway Peak and the Johanson
Creek pluton are characterized by a strong foliation that
dips at moderate to steep angles toward the east. This folia-
tion rapidly dies out eastward, and is suspected to be related
to the adjacent Ingenika fault.

Zhang and Hynes (1994) analyzed the orientations of
early-formed conjugate shear sets within and adjacent to
the present map area, and concluded that fault-bounded do-
mains had rotated clockwise about subvertical axes in re-
sponse to progressive displacement along the Ingenika and
related faults. Their analysis indicates rotations of up to 59°
adjacent to the Finlay-Ingenika fault, decreasing systemati-
cally to zero about 20 km away from the main fault.

Timing of Deformation

The timing of deformation within the Johanson Lake
project area is not well constrained, but is suspected to
range from Late Triassic to Tertiary in age. The dominant
structures within and adjacent to the map area are dextral
fault systems. These include the north to northwest-striking
Dortatelle and Upper Wrede Creek—Polaris Creek systems,
as well as numerous smaller faults with similar orientations
and documented dextral displacements. Dextral faults are
known to cut the youngest rocks within the Johanson Lake
project area, the Jura-Cretaceous Osilinka granites (Fig. 3;
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Richards, 1976b). They are related to the Finlay-Ingenika
fault system (Zhang and Hynes, 1994), which is part of a
Cordillera-wide system of dextral faults that was active
mainly in Late Cretaceous through Late Eocene time
(Gabrielse, 1985; Struik, 1993; Umhoefer and Schiarizza,
1996).

Macroscopic folds within the Johanson Lake project
area deform the Upper Triassic Takla Group, and one of
them, the Kliyul Creek anticline, is truncated by the
Dortatelle fault. Most of the folding may have been related
to the Late Cretaceous—early Tertiary dextral strike-slip
faults of the area, as suggested by Zhang and Hynes (1994).
However, some of the folds might be vestiges of older
events, such as the late Early Jurassic thrusting of the
Quesnel Terrane over terranes to the east.

The northwest-striking sinistral faults of the southeast
domain show a strong spatial relationship with mafic-ultra-
mafic plutons of the Late Triassic suite, which are typically
markedly elongate parallel to the faults. Some sinistral
faults are localized along dikes of the mafic-ultramafic
suite, and some host copper mineralization that is thought
to be genetically related to this suite of plutons (Schiarizza,
2004a). The sinistral faults are therefore thought to be
mainly or entirely of Late Triassic age, and thus to predate
the dextral faults.

Nelson et al. (2003) interpreted structures at the Hawk
showing, 50 km southeast of the Johanson Lake project
area, in terms of sinistral faulting overprinted by younger
dextral faults related to the Pinchi system. There, however,
the faults cut Early Jurassic granodiorite of the Hogem
Batholith, so the sinistral faults are Early Jurassic or youn-
ger. An episode of sinistral faulting that predates the major
dextral faults of the region was also proposed by Nixon et
al. (1997) along the western boundary of Quesnel Terrane,
300 km north of the Johanson Lake area. There, the distri-
bution of rocks correlated with the King Salmon allochthon
suggests that the western strand of the Thibert fault accom-
modated about 100 km of sinistral displacement prior to its
reactivation as a dextral fault. A general theme to the struc-
tural interpretations of Nixon et al. (1997), Nelson et al.
(2003) and the present study is that there were one or more
episodes of orogen-parallel sinistral faulting prior to for-
mation of the Late Cretaceous—Tertiary dextral strike-slip
faults that dominate much of the structural pattern of the re-
gion. These relationships are consistent with the analysis
presented by Avé Lallemant and Oldow (1988), who sug-
gested that the cordilleran margin was undergoing left-
oblique convergence during Triassic to mid-Cretaceous
time, and right-oblique convergence from the Late Creta-
ceous to the present.

MINERAL OCCURRENCES

The known mineral occurrences within the Johanson
Lake map area are shown on Figure 11. These include a
wide variety of occurrence types, which are grouped and
discussed in the following sections according to their pri-
mary plutonic and/or structural controls. The occurrences
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that are not mentioned in this report are described by
Schiarizza (2004a).

Chromite and Platinum Group Elements in
Ultramafic Rocks

Lord (1948) noted that ultramafic rocks of the Wrede
Creek and Dortatelle ultramafic-mafic complexes locally
contain grains and blebs of chromite. He also described
seams of chromite, up to 2.5 cm wide, within talus blocks of
smooth-surfaced, buff-weathering serpentine from the
Wrede Creek complex. These observations formed the ba-
sis for the Wrede Creek Chromite (094D 026) and
Mesilinka River (094D 022) MINFILE occurrences
(Fig. 11).

Nixon et al. (1997) documented in situ pods and
schlieren of chromitite at several localities within dunite of
the Wrede Creek complex. They range from 0.1 to 5 cm in
width, from 5 to 40 cm in length, and commonly occur in
clusters, forming chromitite-rich zones up to several metres
wide. Five samples of chromitite were analysed for their
noble element contents. All five samples were markedly
enriched in platinum (from 123 to 2388 ppb), some had sig-
nificant concentrations of rhodium (up to 72 ppb) and one
contained anomalous gold (29 ppb). No subsequent studies
have been undertaken to determine the extent and detailed
grade characteristics of these PGE-enriched chromitites.
However, Lett and Jackaman (2002) analyzed archived
stream sediment samples from around the Wrede Creek
complex for platinum, palladium and gold, and found
anomalous platinum concentrations in a number of these
samples.

Copper-Gold Mineralization Associated with the
Late Triassic Mafic-Ultramafic Plutonic Suite

Copper-gold mineralization associated with plutons
and related dioritic dikes of the Late Triassic mafic-ultra-
mafic suite occurs in a belt that extends from the eastern
edge of the map area between Kliyul and Croyden creeks
northwestward to Johanson Lake (Fig. 11). Individual in-
trusive bodies known to host mineralization include the
Abraham Creek, Kliyul Creek and Johanson Lake mafic-
ultramafic complexes, the elongate diorite stock west of
Darb Lake, and the diorite stock east of the Darb Creek
tonalite pluton. The mineral occurrences within this belt
have been described by Schiarizza (2004a) and are only
briefly summarized in the following paragraphs.

The most common style of mineralization within the
Kliyul Creek—Johanson Lake belt consists of pyrite-chal-
copyrite disseminations and blebs within and along frac-
tures, in narrow quartz and quartz-carbonate veins, and
within local, commonly silicified shear zones. These
modes of occurrence are commonly spatially associated,
and porphyry-style mineralization of this type is docu-
mented over substantial areas within and peripheral to
dioritic rocks near the south margin of the Abraham Creek
complex (Grexton and Roberts, 1991), within the Kliyul
Creek complex northeast of the major fork in the creek
(Wilson, 1984b; Cross, 1985), and within the diorite stock
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east of Darb Creek (Leriche and Luckman, 1991a, 1991b;
Gill, 1994). Significant gold values are associated with the
copper mineralization in all of these areas (Schiarizza,
2004a).

The Croy occurrence comprises massive to dissemi-
nated magnetite-pyrrhotite-pyrite-chalcopyrite mineral-
ization associated with quartz-calcite-chlorite gangue. It
occurs as lenses within steeply dipping northwest-trending
shear zones that cut the Takla Group near the north margin
of the Abraham Creek complex. Copper-gold skarns at the
Kliyul and Pacific Sugar occurrences comprise magnetite-
pyrite-chalcopyrite mineralization within limestone-bear-
ing sections of the Kliyul Creek unit of the Takla Group,
and are associated with dioritic rocks related to the Kliyul
Creek mafic-ultramafic complex. Stratabound layers of
magnetite-pyrite-chalcopyrite at the Soup North and Soup
South occurrences are likewise found in an area containing
numerous dioritic dikes between the Abraham Creek and
Kliyul Creek mafic-ultramafic complexes.

A zone of quartz-pyritetsericite alteration encom-
passes the north end of the Kliyul Creek mafic-ultramafic
complex, and extends intermittently for 5 km to the west-
northwest, to the head of Darb Creek (Schiarizza, 2004a,
2004b). This zone includes the Kliyul skarn occurrence,
and also hosts a number of gold-bearing quartz veins
(Schiarizza, 2004a; Maclntyre et al., this volume). Gold-
bearing quartz veins, commonly containing pyrite and
chalcopyrite, also occur within the northwestern part of the
Abraham Creek mafic-ultramafic complex.

Porphyry Copper-Molybdenum Mineralization
Associated with the Monzonite-Diorite Suite of
Plutons

Porphyry-style mineralization documented at the Nik,
Grapes and Breccia occurrences is associated with dikes
that are part of the monzonite-diorite plutonic suite. Copper
is the main commodity of economic interest but, in contrast
to showings associated with the ultramafic-mafic suite,
molybdenum is also present.

NIK (MINFILE 094D 109), GRAPES
(MINFILE 094D 163) AND REDGOLD
(MINFILE 094D 162)

The Nik claims were staked by BP Minerals Limited in
1976 to cover mineralization along the southwest margin of
the Wrede Creek ultramafic-mafic complex. The claims
were explored with geophysical, geochemical, trenching
and drilling programs from 1976 to 1986. Porphyry-style
copper-molybdenum mineralization was documented by
diamond-drilling at the Nik showing (Bates, 1976), and by
more extensive percussion and diamond-drilling programs
covering the Grapes showing (Bates, 1977, 1979). The
Redgold occurrence to the southeast lies in an area that
yielded high contents of copper and molybdenum in over-
burden. An extensive trenching program, however, showed
only rare traces of chalcopyrite and molybdenite in bedrock
(Mustard and Wong, 1979).

Sulphide mineralization at the Nik and Grapes occur-
rences comprises pyrite, chalcopyrite, molybdenite and
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bornite as disseminations and fracture fillings (Wong et al.,
1985). Mineralization occurs within dioritic to quartz
dioritic dikes, here assigned to the monzonite-diorite suite,
and within associated rocks of the Wrede Creek complex
and Takla Group. Propylitic alteration characterizes pyritic
zones and potassic alteration, consisting of sericite and bio-
tite, is associated with chalcopyrite and molybdenite-bear-
ing rocks. Wong et al. (1985) obtained K-Ar dates of 172 +
6 Ma on hornblende from one of the diorite dikes, and 157 +
5 Ma on secondary biotite from sulphide-mineralized
pegmatite of the Wrede Creek complex.

BRECCIA (094D 115) AND LAY CREEK (094D
134)

The Breccia occurrence is located on the southwest
side of the Lay Creek valley, 2.5 km north of the Omineca
Resource Access Road. It was discovered in 1981, and sub-
sequent exploration included geochemical and geophysical
surveys and a three-hole diamond-drill program by Lornex
Mining Corporation in 1982 (Christopher, 1982). This pro-
gram demonstrated that porphyry-style copper-molybde-
num mineralization occurs over a substantial area.

The mineralization at the Breccia showing is well ex-
posed over an area about 100 m long, within and adjacent to
a small creek, where natural exposures have been aug-
mented by blasting. The mineralized rock is a distinctive
sheeted breccia comprising angular slabs and plates within
a matrix of chlorite, pink calcite and quartz. The sheet-like
fragments within the breccia are mainly Takla
volcaniclastic rock, but also include diorite and
bleached/altered rock of uncertain protolith. Mineraliza-
tion consists of pyrite and chalcopyrite, in part accompa-
nied by malachite and azurite, as clots and veinlets within
the matrix, as disseminations within chlorite-rich parts of
the matrix, and as disseminations within some of the brec-
cia fragments. The sheeted nature of the breccia is appar-
ently the result of alteration having been focused along, but
also crosscutting, a system of more or less planar joints
spaced 2 to 10 cm apart. This jointing is well displayed in
weakly altered Takla sandstone and breccia a short distance
northwest of the mineralized outcrops, where it dips at
moderate angles to the southwest.

A 152 m vertical diamond-drill hole, collared adjacent
to the mineralized outcrops, encountered variably mineral-
ized breccia throughout the entire length of the hole (Chris-
topher, 1982). Hole 2, drilled 325 m to the east-southeast,
cut Takla rocks and quartz diorite dikes, and was variably
mineralized with pyrite, chalcopyrite and molybdenite, the
latter occurring in narrow quartz veins and as coatings on
fracture and shear surfaces. A third hole, collared 580 m
southeast of the mineralized breccia outcrops, encountered
Takla rocks mineralized with pyrite but only local traces of
molybdenite and chalcopyrite. All core was analyzed in 10-
foot sections. The highest copper (0.53%) and silver
(0.14 oz./ton) assays came from a 10-foot section in hole 2,
and the highest molybdenum assay of 0.012% came from
30 feet lower in the same hole (Christopher, 1982). The
samples were also analyzed for gold, but no significant val-
ues were returned. The drillholes and mineralized outcrops
of the Breccia showing occur within a northwest-trending
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zone, about 1500 m long and 300 m wide, of anomalous IP
chargeability and copper in soils geochemistry (Christo-
pher, 1982), suggesting that the area has untested explora-
tion potential.

The Lay Creek showing is located 3 km northwest of
the Breccia occurrence. This mineralization was discov-
ered by Lornex Mining Corporation in 1983, during a pro-
gram of prospecting and geochemical and geophysical sur-
veys along a northwest extension of the Breccia
exploration grid. Mineralization occurs in two in situ veins
and numerous float occurrences scattered over a northeast-
trending zone about 500 m long within mafic volcanic
sandstone and breccia of the Kliyul Creek unit (Serack,
1983). The largest vein is vertical, strikes northwest and is
about 70 cm wide. It contains coarse pyrite and chalcopy-
rite in a quartz-carbonate gangue. One grab sample of float
contained 9500 ppb Au, 2.3 ppm Ag and 1190 ppm Cu
(Serack, 1983, sample F47).

JOH 12 (MINFILE 094D 166)

The Joh 12 showing is located 2.5 km east of Johanson
Lake, along the eastern margin of the Johanson Lake
monzonite pluton. It was discovered in 1991 during explo-
ration of the Joh property by Reliance Geological Services
Inc. for Swannell Minerals Corporation (Leriche and
Luckman, 1991a). Mineralization consists of several oc-
currences of pyrite-chalcopyrite-malachite along fractures
within variably chloritized and potassically altered
monzonite. Samples of this material yielded assay values of
up to 3329 ppm Cu and 47 ppb Au. A float sample from a
stream draining the Joh 12 area contained molybdenite, in
addition to chalcopyrite and pyrite, along a dry fracture
(Leriche and Luckman, 1991a).

Porphyry Molybdenum Occurrences Associated
with the Osilinka Stocks

Porphyry molybdenum occurrences are restricted to
the southern part of the map area, where they are associated
with the Jura-Cretaceous Osilinka stocks. This type of oc-
currence is best represented by the Davie Creek Moly pros-
pect (MINFILE 094D 113), comprising molybdenum min-
eralization within and peripheral to the small Davie Creek
stock that intrudes hornblendite and associated rocks of the
Abraham Creek complex on the south side of lower Por-
phyry Creek. The mineralized stock was discovered by Rio
Tinto in 1963, and intermittent diamond-drill programs by
various companies between then and 1982 have demon-
strated that low-grade molybdenite mineralization occurs
through much of the granite (Folk, 1979; Bowen, 1982;
Norman, 1982). Molybdenite occurs in quartz veinlets with
pyrite and local traces of chalcopyrite, and along dry frac-
tures; it is commonly associated with strong K-feldspar
alteration.

The Ringo showing (MINFILE 094D 020) comprises
molybdenite disseminated in felsite, quartz and pegmatite
veins at the north end of the Dortatelle ultramafic-mafic
complex. The veins are probably related to the nearby
Osilinka stock. The mineralization was first described by
Lord (1948), who noted disseminated molybdenite in frag-
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ments of altered pyroxenite and quartz within the moraine
at the north end of Dortatelle complex. Subsequent explo-
ration by Stellac Exploration Ltd. between 1971 and 1973
outlined several dispersion trains of molybdenite-bearing
material in float, and a single in situ occurrence, comprising
a mineralized felsite dike about 1 m wide and 30 m long
(Cooke, 1972). This exploration also led to the discovery of
two quartz veins containing pyrite and chalcopyrite within
the Takla Group about 800 m west of the in situ molybde-
nite occurrence. There has been no subsequent exploration
recorded on the showing.

The Kelly MINFILE occurrence (094D 125) is located
along the northern margin of the Osilinka phase of the
Hogem Batholith, 5 km southeast of the Ringo showing. It
is described as “molybdenite in pegmatite” on a Canadian
Superior Exploration Ltd. map dating from the early 1970s
(BC Ministry of Energy and Mines property file). There is
no other information available regarding this showing.

Structurally Controlled Gold-Quartz Veins

Most mineral occurrences within the Johanson Lake
project area have a spatial and inferred genetic relationship
to one of three plutonic suites, as described in the previous
sections. In contrast, gold-bearing quartz veins in the upper
Wrede Creek area are not apparently related to plutonic
rocks, but are localized along minor shear zones spatially
related to the upper Wrede Creek dextral strike-slip fault
system. These vein showings are therefore inferred to be
relatively young occurrences that formed during Late Cre-
taceous—early Tertiary dextral strike-slip faulting in the re-
gion. Gold-quartz veins in the Solo Lake area are hosted by
the Late Triassic Solo Lake stock but are controlled by
dextral faults and have similar mineralogy to the Wrede
Creek occurrences; it is suspected that they may also be of
Late Cretaceous—carly Tertiary age.

UPPER WREDE CREEK VEIN SYSTEMS

The QUYZVHX gold-bearing quartz vein (MINFILE
094D 010), located in the western headwaters of Wrede
Creek, was discovered in the mid-1940s (White, 1948).
The showing was restaked as part of the Inge Group in 1980
by Golden Rule Resources Limited, who conducted explo-
ration programs on the claim group until 1990. This explo-
ration led to the discovery of the Solomon vein and several
other veins in the immediate vicinity of the original
QUYZVHX vein, as well as the Fisher vein (MINFILE
094D 160), 2 km to the north-northwest, and the Inge vein
(MINFILE 094D 161), 1 km to the east-northeast (Wilson,
1984a; Smith, 1985; Cruickshank, 1990).

The gold occurrences in the upper Wrede Creek area
are hosted by volcaniclastic and local sedimentary rocks of
the sandstone-carbonate subunit of the Takla Group. The
general characteristics of the vein systems were summa-
rized by Cruickshank (1990). Most comprise multiple
lenses and veins of quartz (locally quartz-carbonate) within
steeply dipping, mainly west-northwest-striking shear
zones marked by variably schistose rocks altered with
chlorite, sericite, epidote and carbonate. Individual shear
zones are commonly several metres wide and locally more
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than 10 m wide, and have been traced for 50 to 60 m at the
QUYZVHX and Solomon occurrences. Mineralized quartz
veins within the shear zones are generally less than a metre
wide but locally up to 5 m wide, and tend to splay, coalesce
and terminate abruptly. Mineralization typically consists of
erratically distributed pyrite and chalcopyrite, but the
Fisher and Solomon veins also contain galena, and native
gold has been reported from the Solomon vein (Wilson,
1984a; Smith, 1985). The best gold values have been re-
ported from the Solomon vein system. These include a grab
sample that returned 7.933 oz./ton Au, 2.46 oz./ton Ag,
0.19% Cu, 1.51% Pb and 1.40% Zn (Wilson, 1984a), and a
15 cm chip sample across vein material heavily mineralized
with galena and chalcopyrite that yielded 3.14 oz./ton Au
and 2.0 oz./ton Ag (Smith, 1985).

SOLO LAKE VEIN SYSTEMS

Gold-bearing quartz veins associated with the Solo
Lake stock include the Solo (MINFILE 094D 012), Bruce
(MINFILE 094D 013) and Goldway (MINFILE 094D 027)
occurrences, discovered in the mid-1940s (White, 1948),
and the F vein, V3 and Tar (MINFILE 094D 138) occur-
rences, discovered during renewed exploration in the
1980s and 1990s (Pawliuk, 1985; von Rosen, 1986; Rich-
ards, 1991). The vein systems associated with the Solo
Lake stock were well described by Richards (1991). Each
occurrence shown on Figure 9 comprises a number of
veins, with individual veins ranging from several metres to
more than 100 m in length, and from a few centimeters to
several metres in width. Gold and silver ratios are com-
monly near one to one, and the precious metals are associ-
ated with pyrite, and locally galena and sphalerite. Visible
gold has been reported from the A and C veins of the Bruce
occurrence. The A vein has returned assay values up to
74.19 g/t Au over 29 cm (Phendler, 1984).

The geometry of the vein systems is most apparent at
the Solo and Bruce occurrences, where individual veins are
arranged en echelon within northwest-striking zones that
approach 1 km in length. Individual veins strike more
northerly than the overall system, and are inferred to oc-
cupy extensional fractures within dextral shear systems
(Richards, 1991). Alteration related to the veins is minimal,
and Richards (1991) suggested that the veins may be re-
lated to fault movements during the late stages of emplace-
ment and cooling of the Solo Lake stock. Alternatively, the
veins may be considerably younger, and the Solo Lake
stock may have been a favourable mechanical and chemical
host for vein systems that were localized along components
of the regional system of Late Cretaceous—early Tertiary
dextral strike-slip faults.

Other Occurrences

MCCONNELL BERYL (MINFILE 094D 114)

The McConnell beryl occurrence comprises a single
float block located in a moraine a short distance north of the
Dortatelle ultramafic-mafic complex (Fig. 11). The block
was derived from a pegmatite dike at least 1 m wide and
contains scattered grains of garnet and a few crystals of pale
green beryl up to 2 cm in diameter (Lord, 1948). Similar
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pegmatite dikes (without beryl) occur in situ within the
Dortatelle complex and adjacent Takla group; they are pre-
sumably related to the nearby Osilinka stock at the north
end of the Hogem Batholith. Associated aplitic dikes host
molybdenite mineralization of the Ringo (MINFILE 094D
020) occurrence.

The spatial association of beryl-bearing pegmatites
with chromium-bearing ultramafic rocks suggests that
there was potential for the formation of emeralds within or
adjacent to the Dortatelle complex. Legun (2004) con-
ducted a brief survey of the original discovery area to eval-
uate this potential, but did not find any beryl or anomalous
beryllium concentrations in stream sediments collected
from the basin. The south end of the Dortatelle complex
was mapped during our 2004 field program. Aplitic and
pegmatitic dikes, apparently derived mainly from the
Osilinka stock, were observed cutting the ultramafic rocks,
but none of these contained beryl.

04PSC-94

Sample 04PSC-94 was collected from a mineralized
quartz vein that cuts the Takla Group on the ridge crest east
of the head of Wrede Creek (Fig. 11). The vein is about
50 cm wide, strikes north-northwest, and dips steeply. It
consists mainly of white bull quartz cut by rusty hairline
fractures, but also includes scattered vugs containing
quartz crystals and patches of pyrite-chalcopyrite-azurite
mineralization. The sample of well-mineralized vein mate-
rial contained 1771 ppb Au, 61.529 ppm Ag and greater
than 10 000 ppm Cu. It also yielded anomalous values of Zn
(257 ppm), Mo (14.46 ppm), As (41.5 ppm), Sb (2.74 ppm)
and Hg (133 ppb).

04PSC-174

A northerly-striking fault zone identified during the
2004 field season, on the ridge about 900 m northwest of
Goldway Peak, is marked by 3 m of quartz-pyrite—altered
rock. A grab sample of this material (sample 04PSC-174,
Fig. 11) yielded 1134 ppb Au and 3.496 ppm Ag. A differ-
ent northerly-trending alteration zone, 360 m to the south-
east, comprises about 5 m of foliated quartz-sericite-
chlorite-pyrite—altered volcanic sandstone. A sample of
this material contained 138 ppb Au, 1.821 ppm Ag and
240 ppm Cu.

04SEN-230

Sample 04SEN-230 was collected from a system of
subhorizontal mineralized quartz veins that cut the south-
eastern part of the elongate monzodiorite pluton along the
eastern margin of the map area near Croyden Creek
(Fig. 11). Individual veins are up to 15 cm thick and are lo-
cally mineralized with pyrite, galena, chalcopyrite and mal-
achite. The grab sample collected from mineralized vein
material yielded 940 ppb Au, greater than 100 ppm Ag,
greater than 10 000 ppm Pb, 2562.8 ppm Cu and 26.2 ppm
Mo.
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SUMMARY

The Takla Group within the Johanson Lake project
area comprises Upper Triassic rocks that have been sepa-
rated into two major units. Most of the group is assigned to
the Kliyul Creek unit, which consists of massive to well-
bedded, feldspar+pyroxene—rich volcanic sandstones, in-
tercalated with volcanic breccias and local mafic flows. A
sandstone-carbonate subunit includes significant amounts
of limestone, either as a component of slump breccias or as
coherent layers interbedded with the volcaniclastic rocks.
Another mappable subunit consists mainly of thin-bedded
siltstone and limestone. The Kliyul Creek unit is overlain
by the Goldway Peak unit, which consists mainly of
massive pyroxene-rich volcanic breccias.

The Takla Group is cut by numerous plutons that are
tentatively subdivided into four suites. The oldest intrusive
suite includes Alaskan-type ultramafic-mafic complexes as
well as diorite-gabbro stocks that are similar to the mafic
phases within the Alaskan complexes. These rocks are Late
Triassic in age and probably represent subvolcanic intru-
sions associated with Takla volcanism. Younger intrusive
rocks include a monzonite-diorite suite of suspected Late
Triassic—Early Jurassic age; an early Middle Jurassic
tonalite suite; and granite to granodiorite stocks and
plutons that are, at least in part, of Jura-Cretaceous age.

The oldest structures in the area are northwest-striking
sinistral shear zones that are common around Kliyul Creek
in the southwestern part of the map area. These faults are
spatially associated with a belt of Late Triassic ultramafic-
mafic plutons that show marked elongation parallel to the
faults. It is suspected that sinistral faulting was broadly
contemporaneous with Late Triassic plutonism and there-
fore with construction of the Takla volcanic-plutonic arc.
Younger structures are dominated by steeply dipping, north
to northwest-striking dextral strike-slip faults. These faults
probably formed during displacement along the Ingenika
fault to the west, which is part of a regional system of
dextral strike-slip faults that was active mainly during the
Late Cretaceous and early Tertiary. North to northwest-
trending folds occur between, and are locally truncated by,
dextral strike-slip faults. These may be broadly contempo-
raneous with the dextral faulting or be vestiges of older de-
formation events, such as the early Middle Jurassic thrust
faulting that is documented at this latitude along the eastern
margin of the Quesnel Terrane.

The Johanson Lake project area hosts a large number
of mineral occurrences with a variety of plutonic and struc-
tural controls. Dunite of the Wrede Creek ultramafic-mafic
complex contains chromitite pods that are enriched in plati-
num. Dioritic rocks of the Late Triassic mafic-ultramafic
suite host porphyry-style copper-gold mineralization as py-
rite-chalcopyrite disseminations in veins and fractures.
Magnetite-pyrite-chalcopyrite lodes occur in shear zones
peripheral to the Late Triassic suite, and copper-gold skarns
and replacement bodies occur where these intrusions cut
calcareous units of the Takla Group. Porphyry copper-mo-
lybdenum mineralization is locally associated with the
monzonite-diorite suite, and porphyry molybdenum

127



occurrences are associated with Jura-Cretaceous granitic
rocks. Systems of structurally controlled gold-quartz veins
are spatially associated with dextral strike-slip fault sys-
tems that are thought to be Late Cretaceous or early Tertiary
in age.
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Geological Setting and Economic Potential of Gold Occurrences in the Kliyul
Creek-Solo Lake Area, North-Central British Columbia

By D.G. Maclntyre and G. Payie
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quartz-sericite-pyrite alteration,
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gold-quartz  veins,
quartz-carbonate

INTRODUCTION

This  report  summarizes the results of
lithogeochemical sampling completed in the Kliyul
Creek-Solo Lake area of north central British Columbia.
The study area is part of the larger Johanson Lake project
(Fig. 1). The purpose of this work was to confirm the
widespread distribution of gold in quartz veins as
recognized by previous workers and to assess the
potential for economically viable deposits in the area.
Geochemical sampling and geologic mapping was done in
early August from two strategically located fly camps one
located at Divide Lake, the other near the headwaters of
Mariposite Creek (Fig. 2). A total of 95 samples were
collected and submitted to Acme Analytical Laboratories
in Vancouver for multi-element inductively coupled
plasma (ICP) analysis. Stations were established using a
Garmin GPS unit and databases and maps were created
using Manifold 6.0 GIS software.

The work discussed in this report was done as part of
the Johanson Lake project. This project, which is now in
its second year, is primarily a bedrock mapping program
initiated by the Geological Survey Branch as part of the
Toodoggone Targeted Geoscience Initiative (TGI). The
project focuses on a belt of Mesozoic arc volcanic and
plutonic rocks in the eastern part of the McConnell Creek
(94D) map sheet. This area contains a number of gold,
copper and molybdenum mineral occurrences and
Regional Geochemical Survey sample sites that returned
anomalously high values of gold and copper. The aim of
the project is to improve the quality and detail of bedrock
maps for the area and determine the setting and controls
of mineral occurrences. This will help guide exploration
strategies on known mineral occurrences and focus
exploration for new occurrences. Operating funds were
provided by the Toodoggone TGI and a private-public
partnership agreement with Northgate Exploration Ltd. A
more complete description of the project and the results of
mapping completed in 2003 are provided in a previous
report (Schiarizza, 2004). Results of work done in 2004
are contained in an accompanying report in this volume.
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Figure 1. Location of the Johanson Lake project (thick line) and
the current study area (rectangle).

PREVIOUS WORK

The history of geologic mapping and mineral
exploration in the Johanson Lake project area is described
in a previous report (Schiarizza, 2004). Table 1 is a
summary of recorded mineral exploration in the study
area. The earliest recorded exploration activity was in
1949 when Goldway Peak Mines Ltd. began working on
prominent gold-quartz veins near Goldway Peak.
Although a small amount of work was done intermittently
over the next 20 years it was not until 1970 that Kennco
Exploration discovered skarn mineralization near the
headwaters of Lay Creek. Sumac Mines Ltd. optioned the
Kliyul property from Kennco and completed 11 diamond-
drill holes in 1973 and 1974 resulting in the discovery of
additional gold-bearing skarn mineralization. Meanwhile,
El Paso Mining continued to explore quartz veins at
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Goldway Peak, San Jacinto Explorations Ltd. did regional
exploration for skarn mineralization in the Lower Kliyul
Creek area and BP Minerals explored a large quartz-
sericite-pyrite alteration zone south of the Kliyul property
(Bap property). Kennco Explorations resumed work on
the Kliyul property in 1981 completing four NQ
drillholes. BP minerals did more work on the Bap
property in 1982 and in 1984 they mounted an aggressive
exploration program that saw them work on a number of
different properties in the area including the Kliyul
property. At the same time various operators did work on
showings in the Goldway Peak area. In 1990, Placer

Dome optioned the Kliyul property and did some
additional mapping and sampling. In 1992, Noranda
Exploration acquired the property and in 1993 they drilled
six reverse circulation percussion holes. They also did
extensive lithogeochemical sampling in the Mariposite
Creek area (Gill, 1994) which resulted in the discovery of
a significant number of gold-bearing veins. Battle
Mountain Canada (Hemlo Gold Mines Ltd.) subsequently
completed two drillholes on this property (Gill, 1996) but
the results were discouraging and no further work was
done.
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Figure 2. Geological map of the study area showing location of field stations, fly camps and mineral

occurrences. Geology after Schiarizza (2004a).
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TABLE 1. HISTORY OF EXPLORATION IN THE SOLO LAKE-KLIYUL CREEK AREA

Year Operator Area/Property Work Done Target Result
1949 Goldway Peak Mines | Goldway Peak preliminary work Au quartz veins
Ltd.

1970-72 Kennco Explorations Kliyul property property staked; zone of skarn delineated 2.5X1.0
geochemical and mineralization km IP chargeability
geophysical surveys anomaly and

coincident but smaller
Cu soil and magnetic
anomalies

1971-72 El Paso Mining & lower Kliyul Creek prospecting skarn mineralization discovered skarn

Milling Co. zones along sheared
contact between
ultramafics and
volcanics

1973 Sumac Mines Ltd. Kliyul property 3 x-ray DDH zone of skarn unknown

(option from mineralization

Kennco?)

1973 San Jacinto Goldway Peak geochemical soil Au quartz veins unknown

Explorations Ltd. survey

1974 Sumac Mines Ltd. Kliyul property 6 BQ DDH West & East zone Cu

(option from anomalies

Kennco?)

1974 Sumac Mines Ltd. Kliyul property 5 BQ DDH magnetic high intersected magnetite-

(option from Cu-Au mineralization

Kennco?) in well fractured
sericite, chlorite,
epidote, carbonate,
quartz, pyrite skarn
hosted by calcareous
andesite tuffs and
agglomerates and
lesser diorite.
Estimated size of
resource calculated to
be 2.5 million tons
grading 0.3% Cu and
0.03 opt Au

1974-75 BP Minerals Ltd. Bap claims geological mapping; intensely sheared
geochemical and clay-sericite altered
mag/JEM surveys feldspar phyric

volcanics/intrusives
and Au quartz veins

1976 BP Minerals Ltd. Bap claims Maxmin EM survey

1981 Dupont of Canada AS 1 claim, Goldway | geological mapping

Ltd. Creek area and geochemical

survey

1981 Kennco Explorations Kliyul property 4 NQ DDH totaling central skarn zone

and Vital Pacific Ltd. 603 m all in southerly
direction

1982 BP Minerals Ltd. Bap claims trace element study intensely sheared
on previously clay-sericite altered
collected samples feldspar phyric

volcanics/intrusives
and Au quartz veins

1982 Dermot Fahey and Goldway Peak geochemical survey

Laramie Mining

Corp.

1983 Laramie Mining Corp | Goldway Peak preparatory study to Au quartz veins
determine road access

1984 BP Minerals Ltd. Kliyul property re-logged and skarn mineralization
sampled portions of
core; geological
mapping;
geochemical
sampling

1984 Laramie Mining Corp | Goldway Peak geological mapping; Au quartz veins
rock sampling and
assaying; VLF
geophysical survey
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TABLE 1 (CONTINUED)

1984 BP Minerals Ltd. lower Kliyul Creek geological mapping
and geochemical
survey
1984 Golden Rule KC1&2 obtained claims;
Resources Ltd. preliminary sampling
and prospecting;
further geological
mapping,
geochemical and
magnetic surveys
1985 BP Minerals Ltd. Goldway Peak geological mapping Au quartz veins delineated Au quartz
and geochemical veins and fractures in
survey quartz-carbonate-
pyrite altered zone
1985 Golden Rule KCl1&2 geological mapping,
Resources Ltd. geochemical,
magnetic and VLF
surveys
1985-1986 Laramie Mining Corp | Goldway Peak prospecting, Au quartz veins
geological mapping,
trenching and
sampling
1986 Lemming Mining Bap claims soil geochemical intensely sheared
Resources for BP survey clay-sericite altered
Resources feldspar phyric
volcanics/intrusives
and Au quartz veins
1986 Ritz Resources Ltd. KC1&2 geological mapping,
For Golden Rule geochemical,
Resources Ltd. magnetic and VLF
surveys
1990 Placer Dome Kliyul property line cutting, delineate magnetic
prospecting, anomalies similar to
magnetic, VLF-EM, the known skarn zone,
soil and rock possible porphyry
geochemical surveys style mineralization
and/or mineralized
structures parallel to
the large glacial
valley
1992 Noranda Exploration Kliyul property 1:5000 scale alteration assemblages
Company Ltd. geological mapping,
rock and minor soil
sampling
1993 Hemlo Gold Mines Kliyul property 6 reverse circulation main skarn zone gold bearing skarn
Inc. drill holes totaling intersected
560 m
1994 Hemlo Gold Mines Kliyul property 10 diamond-drill main skarn zone gold-bearing skarn
Inc. holes; 1120 m intersected
1995 gold bearing skarn Mariposite Creek Geochemical and extensive area of
intersected property geological surveys alteration and veining
1996 Battle Mountain Mariposite Creek 2 diamond-drill holes; | quartz veins drilling failed to
Canada property 461 m; intersect significant
lithogeochemistry, Au values; 70 of 743
743 samples rock samples
contained >500 ppb
Au

GEOLOGICAL SETTING

The geological setting of the study area is described
in a previous report (Schiarizza, 2004). Only minor
revisions and additional information are presented here.
The geology of the study area, as mapped by Schiarizza
(2004a) is shown on Figure 2. The reader should refer to
an accompanying report in this volume for a current
description of the regional stratigraphic units recognized
in the project area.
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The study area is underlain by Middle and Upper
Triassic volcanic and sedimentary rocks of the Takla
Group. These rocks, which are part of the Quesnel
Terrane, are cut by economically important Late Triassic-
Early Jurassic calc-alkaline and alkaline intrusive rocks.

The study area is situated within a belt of folded and
faulted Takla Group rocks. The map pattern is strongly
influenced by the development of prominent dextral
strike-slip fault systems in Cretaceous and Early Tertiary
time. These structures include the Finlay—Ingenika and
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Pinchi faults located west and south of the study area. The
north-trending Dortatelle fault, which transects the study
area is believed to be related to this fault system.

Takla Group

Schiarizza (this volume) subdivides the Takla Group
into a lower unit of volcanic sandstone and breccia
(uTrTs) and an upper unit of predominantly pyroxene
porphyry breccia (uTrTvb). The lower unit is further
divided into subunits. These are

1. volcanic sandstone and breccia with local fragments,
lenses and slump-blocks of limestone (TrTs)

2. volcanic sandstone and breccia with local intervals of
thin-bedded limestone and siltstone (uTrTss)

siltstone, limestone and volcanic sandstone (uTrTIs)

4. pyroxene-feldspar phyric basalt (does not occur in the
study area).

For a more complete description of these lithologic
units see Schiarizza (2004) and Schiarizza (this volume).

Mafic Intrusive Complexes West of the Dortatelle
Fault

Gabbro, diorite and microdiorite, with minor amounts
of quartz diorite and tonalite, form a narrow, northerly
trending unit that has been traced for about 6 km within
the volcanic sandstone and breccia unit of the Takla
Group just west of the Dortatelle fault where it follows
Darb Creek (Fig. 2). Similar rocks form a north-striking,
sill-like body that marks the contact between the volcanic
sandstone and volcanic breccia units a short distance to
the south.

North Kliyul Creek Microdiorite

A separate body of mainly microdiorite, crops out in
the southeast corner of the study area. These exposures
are near the northern end of a northwest-trending body of
diorite to gabbro that is exposed along the slopes east of
the north branch of Kliyul Creek (Schiarizza, 2004). Near
Divide Lake this intrusion is foliated and has pervasive
quartz-sericite-pyrite alteration. Where it is less deformed
and altered the rock is seen to be feldspar phyric with 40
to 60%, 1 to 2 mm feldspar phenocrysts. Numerous dikes
of similar composition and trend cut Takla Group rocks
west of this intrusion.

Solo Lake Stock

The Solo Lake stock intrudes the volcanic sandstone
unit of the Takla Group in the northwest corner of the
study area, along and southwest of Solo Lake (Fig. 2).
The intrusion consists mainly of light to medium grey,
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medium-grained, equigranular hornblende quartz diorite
to diorite. Melanocratic hornblende-rich diorite, locally
grading to hornblendite, occurs locally, as do patches and
dikes of mafic-poor tonalite. Dikes showing a similar
range of composition are common within the Takla Group
peripheral to the stock. A sample collected during the
2003 field season gave a U-Pb isotopic age of 223.6+0.8
Ma (Schiarizza, 2004a).

DARB CREEK PLUTON

A pluton of massive, light grey weathering, medium-
to coarse-grained hornblende-biotite tonalite crops out on
the slopes surrounding the prominent eastern tributary of
Darb Creek (Fig. 2). Along its south margin the pluton
cuts an east-dipping succession of the Takla Group; where
observed this contact is sharp, although the tonalite
contains abundant xenoliths of country rock for a few tens
of metres along its outer margin. A small, presumably
related pluton crops out near the Ginger B vein and shows
similar abundance of xenoliths. The Darb Creek pluton is
apparently truncated by the Dortatelle fault to the west.
Preliminary U-Pb dating of the Darb Creek stock has
given ages of 174+/-2.0 Ma and 177 Ma on titanite and
zircon respectively (Schiarizza, 2004a).

Hornblende-Feldspar Phyric Dikes

A number of northwest trending, grey weathering
hornblende-feldspar phyric dikes cut pervasively altered
and sheared microdiorite southeast of Divide Lake. These
dikes have weak chlorite-epidote alteration but for the
most part appear to be post-mineral and post-deformation.
A sample was collected from one of these dikes and has
been submitted for whole rock Ar-Ar isotopic age dating.

STRUCTURE

The structure of the Johanson Lake project area has
been discussed in a previous report (Schiarizza, 2004).
Some of this information is repeated here as regional
structures are deemed to play an important role in the
localization of mineral occurrences.

The structure of most outcrops within the study area
is characterized by brittle to brittle-ductile faults. A large
proportion of these outcrop-scale faults strike northwest
to north and dip steeply; some show evidence for dextral
strike-slip displacement, consistent with the interpretation
that these structures are related to Cretaceous-Tertiary
dextral strike slip faults that are prominent regional
structures (Zhang and Hynes, 1994). However, a
significant number of northwest-striking, relatively
ductile faults with sinistral displacement were also
observed; these may relate to an earlier period of sinistral
faulting that has not been well-documented in the region.
Penetrative foliations are for the most part restricted to
local high strain zones associated with faults. However, a
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weak slaty cleavage of more regional aspect is apparent
locally, mainly in the southern part of the area. This
cleavage is axial planar to local mesoscopic folds and, in
the area west of the Dortatelle fault, is associated with
larger folds with wavelengths of several hundred metres.
The age of these structures is unknown; they may be
related to the Cretaceous-Tertiary dextral strike slip faults
that dominate the structure of much of the area (Zhang
and Hynes, 1994), or might be vestiges of an older event,
such as the late early Jurassic thrusting of the Quesnel
Terrane over terranes to the east.

The Kliyul Creek—Johanson Lake map area is
separated into two domains by the north-striking
Dortatelle fault. The area east of the fault is broadly
anticlinal in nature, with a poorly defined hinge occurring
within the western part of the sandstone-carbonate unit
(uTrTsl) of the Takla Group. Along its northeast margin
interbedded volcanic sandstone and breccia with minor
limestone and siltstone dips and faces to the northeast at
moderate to gentle angles and is in turn overlain by a
thick section belonging to the volcanic breccia unit. West
of the Dortatelle fault the volcanic sandstone and breccia
unit strikes mainly north and dips moderately to the east.
Rocks exposed near the headwaters of Mariposite Creek
have moderate to strong ductile deformation

Dextral Fault Systems

The structural geology of the Johanson Lake project
area was studied by Zhang and Hynes (1991, 1992, 1994),
who concluded that most of the deformation was related
to dextral transcurrent movement on the Finlay—Ingenika
fault system. They found that most faults were
subvertical, and were either dextral strike-slip faults with
northwest, north-northwest or north strikes, or sinistral
strike-slip faults with east-northeast strikes. This suite of
faults corresponds closely with the predicted orientations
of structures that would form in a stress field resulting
from dextral displacement along the Finlay—Ingenika fault
(Tchalenko, 1970; Figure 18 of Zhang and Hynes, 1994).
Zhang and Hynes also concluded, based on variations in
the orientation of conjugate shear sets that formed early in
the deformation history, that fault-bounded domains had
rotated clockwise about subvertical axes in response to
progressive  displacement. Their analysis indicates
rotations of up to 59 degrees adjacent to the Finlay—
Ingenika fault, decreasing systematically to zero about
20 km away from the main fault. The suite of structures
described by Zhang and Hynes (1994) was recognized
during the 2003 mapping program (Schiarizza, 2004), but
almost exclusively at the outcrop scale. With a few
exceptions, such as the Dortatelle fault, individual faults
could not be traced confidently beyond a single ridge or
cirque basin.

The Dortatelle fault was mapped by Richards (1976),
who shows it extending from the Ingenika fault northward
about 40 km to just beyond Johanson Lake. Parts of the
fault were studied in detail by Zhang and Hynes (1994),
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who demonstrated that it was a dextral strike-slip fault on
the basis of the geometric relationships between S and C
surfaces and associated folds. The fault is easily mapped
on the basis of its prominent topographic expression and
the apparent truncation of map units along it. Rocks
adjacent to the fault, particularly on its west side, are
commonly strongly foliated for several hundred metres
beyond the fault trace. The foliation typically strikes
north-northwest and dips steeply, consistent with the
interpretation of dextral displacement along the fault.

Sinistral Faults

Faults with sinistral strike-slip displacement were
documented by Schiarizza (2004) within the southeastern
part of the Johanson Lake project area. Three of these
strike east to northeast and are reasonably interpreted as
conjugate riedel shears within a dextral fault system
related to the Cretaceous-Tertiary Finlay—Ingenika fault
(Zhang and Hynes, 1994). Most of the sinistral faults
strike west-northwest to northwest, however, and
probably represent a separate deformation event.
Observations made during the current study suggest that a
northwest- to west-trending sinistral strike slip fault
follows the north arm of Kliyul Creek, passes just west of
Divide Lake and extends westward under fluvial-glacial
cover towards the Dortatelle fault. The sinistral sense of
displacement along this fault is inferred from the angular
relationship between the shear zone boundaries and the
associated flattening foliation.

Schiarizza (2004) notes that sinistral shear zones are
in general more ductile than many outcrop-scale faults
observed in the area, and that in two areas the shear zones
were localized along pyroxene porphyry dikes. It is
suspected that sinistral faulting may have been broadly
contemporaneous with the latter stages of mafic
magmatism in the area.

MINERAL OCCURRENCES

The following description of mineral occurrences in
the study area has been abridged from an earlier report by
Schiarizza (2004). Many of the occurrences in the Solo
Lake—Kliyul Creek area that were described in this earlier
report were visited and sampled as part of the current
study.

Mineral occurrences within the Kliyul Creek—Solo
Lake study area are shown on Figure 2. Most contain
copper and gold, and are spatially associated with mafic
plutons and related dikes. These include pyrite-
chalcopyrite in shear zones and veins within and
peripheral to the plutonic rocks; magnetite-pyrite-
chalcopyrite lodes in shear zones peripheral to the
plutonic rocks, and magnetite-pyrite-chalcopyrite skarn
and replacement bodies where calcareous units of the
Takla Group are intruded by diorite dikes. Gold-bearing
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TABLE 2. MINERAL OCCURRENCES IN THE KLIYUL CREEK-SOLO LAKE STUDY AREA.

MINFILE Name Easting Northing Status Commodities Deposit Type

No.

012 Solo F-K veins 669170 6269201 Showing  AuAg Au-quartz vein

013 Bruce, A-vein 669582 6267886  Showing Au AgPb Au-quartz vein

014 Ginger B 674753 6266147  Showing AuAgCuPb Au-quartz vein

023 Kliyul, Klisum, Kli, 676617 6266999 Developed AuCuFeAg Skarn
Kennco Prospect

027 Goldway, Mo, Ps, 670011 6267439  Showing Au Ag Pb Au-quartz vein
Solo

028 Independence, FL, 677487 6266261  Showing AuAg CuPb Au-quartz vein
KC North, KC

029 Banjo, Bap, KC 1, 677739 6264755  Showing AuCuAgPb Au-quartz vein
KC2 Zn

136 Glacier, Joh 671470 6267746  Showing Au Au-quartz vein

137 Johan, Dort, 670614 6265204  Showing Au Au-quartz vein
Mariposite

141 Mal, Cro 2 678396 6263389  Showing Cu Au Ag Porphyry Cu

170 Joh 9, Joh, Joh 3- 677548 6267254  Showing Au Cu Skarn
10, Darb, Jo 3

-- KC1 678282 6265119  Showing Au Au-quartz vein
-- Pacific Sugar 675958 6267054  Showing Au-Cu Au Skarn

Note: Minfile numbers prefixed by 094D; UTM coordinates are NAD83, Zone 9

quartz veins occur within shear zones in the Solo Lake
stock. Similar veins occur in the Divide Lake area and
near the headwaters of Mariposite Creek. Schiarizza
(2004) suggested these major alteration zones reflected
the area’s potential for large porphyry-style copper-gold
mineralizing systems and thus, became the primary
focus for the current study.

Gold Quartz Veins in the Divide Lake Area

A series of bright red and yellow outcrop bluffs and
talus slopes define an irregular zone of quartz-pyrite
+sericite alteration that extends from the head of Darb
Creek for about 5 km southeast, to the head of the north
fork of Kliyul Creek (Photo 1). This conspicuous
alteration attracted early prospectors in the area, who
discovered the Ginger B (MINFILE 094D 014),
Independence (094D 028) and Banjo (094D 029) gold-
bearing quartz vein systems within and peripheral to the
zone (White, 1948). The KC 1 occurrence, northeast of
the Banjo, was discovered within the alteration zone at a
later date (Fox, 1982).
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Mineralization within the North Kliyul Creek
Dioritic Stock

The dioritic stock that crops out on the slopes east
of the north fork of Kliyul Creek hosts mineralization
represented by the KC 2 (094D 140) and Mal (094D
141) MINFILE occurrences. The Cro 2 occurrence is
along the southwest margin of the stock about 1 km
south of the Mal. Mineralization at the KC 2 occurrence
covers a broad area along the northeast margin of the
stock and extends into the Takla country rocks. It
includes quartz veins and silicified or quartz-carbonate-
altered shear zones mineralized with magnetite, pyrite,
chalcopyrite, malachite and azurite, and locally galena
and sphalerite (Wilson, 1984; Cross, 1985). Shear zones
trend northwest, north and northeast. Samples of
mineralized material have yielded assay values of up to
5484 ppb Au and 14.5 ppm Ag (Cross, 1985). The Mal
occurrence comprises variably oriented quartz-
carbonate veins associated with fractures and shear
zones that occur over several hundred metres along a
major tributary to the north fork of Kliyul Creek. Some
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of the veins and shears are mineralized with pyrite,
galena and malachite. A sample of one rusty quartz-
carbonate vein containing disseminated pyrite yielded
16200 ppb Au and 3.10 ppm Ag (Wilson, 1984). At the
Cro 2 occurrence, rocks of the Takla Group are cut by
silicified, chloritized and pyritized shear zones for at
least several tens of metres along the southwest margin
of the diorite stock. The zone contains small quartz-
pyrite veins, and a sample of one of these veins
contained 294 ppb Au and 5.40 ppm Ag (Fox, 1991).

Magnetite-Pyrite-Chalcopyrite Skarn
Occurrences

The Kliyul magnetite-pyrite-chalcopyrite
occurrence (MINFILE 094D 023) is located in an area
of poor bedrock exposure within the broad valley,
bounded by gossanous bluffs and talus slopes, at the
head of Kliyul Creek. Geology projected from the south
and north suggests that the volcaniclastic rocks that host
the mineralization are within the sandstone-carbonate
unit of the Takla Group. The area was staked in 1970
and explored with silt, soil and geophysical surveys.
Copper-gold mineralization associated with magnetite
was discovered in 1974 by a drill program that tested a
magnetic anomaly. Exploration by various companies
subsequent to the initial discovery included diamond
drilling in 1981 and reverse circulation drilling in 1993.
The latter program extended the known skarn
mineralization and suggested that the resource estimate
of 2.5 million tons grading 0.3% Cu and 0.03 ounces
per ton (0z/T) Au from the initial drilling could be
increased (Gill, 1993). Two samples were collected
from outcrop in Lay Creek which drains through the
area of skarn mineralization.

The Pacific Sugar skarn showing, located about 1
km north of the Kliyul occurrence, was discovered in
the mid 1990s. It is hosted by the volcanic sandstone
unit of the Takla Group, which at this location includes
an interval of calcareous siltstones and limestones.
Exploration work to date has outlined a magnetite-
pyrite-epidote-garnet skarn unit measuring 40 by 100 m
and 3 to 6 m thick (Gill, 1995). Mineralization consists
of massive magnetite and pyrite containing
disseminations, impregnations and clots of pyrrhotite
and chalcopyrite. Endoskarned diorite in the footwall of
the unit is inferred to be the source of the skarn
mineralization. The skarn was tested with 5 diamond-
drill holes, with a cumulative length of 154.8 m, in
1996. Significant drill results include 2048 ppm Cu and
625 ppb Au over 3.97 m (Leriche and Harrington,
1996).
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Gold Quartz Veins Associated with the Solo Lake
Stock

Gold-bearing quartz veins within, and along the
margins of, the Solo Lake stock are among the oldest
documented mineral exploration targets within the study
area. The Solo (MINFILE 094 D 012), Bruce
(MINFILE 094D 013) and Goldway (MINFILE 094D
027) occurrences were explored in the mid 1940s and
are described by White (1948). Exploration has
continued intermittently to the present time, and new
vein systems have been discovered, including the F vein
(Pawliuk, 1985), the V3 occurrence (V1, V2 and V3
samples of von Rosen, 1986) and the Tar occurrence
(MINFILE 094D 138; L veins of Richards, 1991).

The vein systems associated with the Solo Lake
stock are well described by Richards (1991). Each
occurrence comprises a number of veins, with
individual veins ranging from several metres to several
hundred metres in length, and from a few centimetres to
several metres in width. Gold and silver ratios are
commonly near one to one, and the precious metals are
associated with pyrite, and locally galena and sphalerite.
Visible gold has been reported from the A and C veins
of the Bruce occurrence. The A vein has returned assay
values up to 74.19 g/t Au over 29 cm (Phendler, 1984).

The geometry of the vein systems is most apparent
at the Solo and Bruce occurrences, where individual
veins are arranged en echelon within northwest-striking
zones that approach 1 km in length. Individual veins
strike more northerly than the overall system, and are
inferred to occupy extensional fractures within dextral
shear systems (Richards, 1991). Alteration related to the
veins is minimal, and Richards (1991) suggests that the
veins may be related to fault movements during the late
stages of emplacement and cooling of the Solo Lake
stock.

Gold Quartz Veins and Stockwork within the
Mariposite Creek Alteration Zone

A zone of quartz-ankerite-pyrite alteration, marked
in part by conspicuous orange-brown-weathered
outcrops, extends north and south of upper Mariposite
Creek for a total length of about 5 km (Fig. 2). Quartz
veins are an integral part of this alteration, and
exploration at the Glacier (MINFILE 094D 136) and
Mariposite (MINFILE 094D 137) occurrences, where
veins are particularly dense, has been directed towards
evaluating the area’s potential to host a bulk tonnage
gold deposit. Gill (1996) reports that 743 rock samples
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Sample
DMAO04-001
DMAO04-001A
DMAO04-002
DMAO04-002A
DMAO04-003
DMA04-005
DMA04-007
DMAO04-011
DMAO04-012
DMAO04-013
DMAO04-014
DMAO04-015
DMA04-017

DMA04-019
DMAO04-019A

DMAO04-020
DMA04-021
DMAO04-021A
DMA04-022
DMAO04-023
DMAO04-026
DMA04-027
DMAO04-027A
DMAO04-027B
DMAO04-027C
DMAO04-028
DMAO04-028A
DMA04-029
DMAO04-031
DMAO04-032
DMAO04-033
DMAO04-033A
DMAO04-034
DMAO04-038
DMAO04-040
DMAO04-042
DMAO04-044
DMAO04-045
DMAO04-045A
DMAO04-046
DMA04-047
DMA04-049
DMAO04-050
DMAO04-051
DMAO04-052
DMAO04-053
DMAO04-053A
DMAO04-055
DMAO04-056
DMAO04-057

Easting
677640
677640
677725
677725
677897
678048
677801
677942
678029
678168
678243
678289
678399

678358
678358

677564
677281
677281
677165
677033
676037
674990
674990
674990
674990
674967
674967
676315
676679
677344
677729
677729
677572
677359
677757
670734
670638
670607
670607
670559
670508
670373
670274
670507
670500
670464
670464
671743
671627
671527

TABLE 3. LITHOGEOCHEMICAL SAMPLE DESCRIPTIONS.

Northing
6265306
6265306
6265337
6265337
6265392
6265474
6265625
6265130
6265090
6264990
6265023
6265051
6264794

6264687
6264687

6265276
6265343
6265343
6265432
6265461
6265933
6266457
6266457
6266457
6266457
6266149
6266149
6265951
6265998
6266215
6266334
6266334
6265887
6265534
6264975
6266198
6266233
6266208
6266208
6266192
6266157
6266096
6265918
6265918
6265856
6265811
6265811
6266956
6266846
6266789

Material sampled
quartz vein

quartz vein

quartz vein

quartz vein
microdiorite
quartz vein
microdiorite
sheared microdiorite
microdiorite
microdiorite
microdiorite
quartz vein
microdiorite

sheared microdiorite
sheared microdiorite

sheared microdiorite
quartz vein

quartz vein

quartz vein

qz-carbonate vein
microdiorite

quartz vein

quartz vein

quartz vein

volcanic with qtz veinlets
quartz vein

fd. phyric volcanic
skarn

quartz vein

quartz vein

quartz vein

volcanic with qz veinlets
quartz vein

microdiorite

quartz vein

quartz vein

quartz vein

quartz vein

volcanic with qz veinlets
quartz vein

quartz vein

quartz vein

quartz vein

quartz vein

volcanic with qz veinlets
quartz vein

volcanic

quartz vein

quartz vein

quartz vein
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Vein width Mineralization
Scm
S5cm
3-4 cm
3-4 cm
trace pyrite
pyrite
pyrite
pyrite
pyrite
up to 40 cm
pyrite
malachite
malachite
malachite, pyrite
40 cm malachite, pyrite
40 cm
pyrite
3-5m
3-5m pyrite
3-5m malachite, pyrite
3-5m pyrite
30 cm
30 cm pyrite
pyrite
Im
2-10 cm
I m pyrite
1m
2m
pyrite
30 cm
10 m
1.5m
2 cm
5-7m
Im
80 cm
5-5cm pyrite
10 cm pyrite

Alteration

chlorite-epidote
chlorite-epidote
oxidized
quartz-sericite
quartz-sericite

quartz-sericite

quartz-sericite

chlorite-epidote
chlorite-epidote

chlorite-epidote

chlorite-epidote

quartz-sericite

chlorite-epidote

chlorite-epidote

chlorite-epidote

quartz-carbonate

quartz-sericite

quartz-carbonate

quartz-carbonate

Showing

Ginger B
Ginger B
Ginger B

Kliyul

Independence

Independence

Banjo
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DMAO04-059
DMA04-060
DMAO04-060A
DMAO04-061
DMA04-062
DMAO04-064
DMAO04-064A
DMAO04-065
DMAO04-065A
DMAO04-065B
DMAO04-066
DMA04-067
DMA04-069
DMAO04-070
DMAO04-071
DMA04-072
DMAO04-073
DMAO04-074
DMAO04-075
DMAO04-076
DMAO04-078
GPA04-001
GPA04-002
GPA04-004
GPA04-005
GPA04-007
GPA04-008
GPA04-009
GPA04-012
GPA04-014
GPA04-015
GPA04-015A
GPA04-016

GPA04-017

GPA04-017A
GPA04-018
GPA04-020
GPA04-021
GPA04-022
GPA04-026
GPA04-029A
GPA04-031

671391
671399
671399
671383
671321
671340
671340
671338
671338
671338
671356
671395
670858
670678
670695
670550
670755
671222
671255
671402
671854
677949
677890
678052
678140
675849
675878
675994
676234
676374
677440
677440
677208

677820

677820
670757
670813
670819
670830
670944
671041
671217

6266823
6266718
6266718
6266669
6266559
6265995
6265995
6266079
6266079
6266079
6266143
6266265
6265396
6265201
6265100
6265072
62656065
6265634
6263961
6263325
6262923
6265276
6265230
6265173
6265170
6266563
6266634
6266541
6266594
6266563
6266098
6266098
6265707

6264961

6264961
6266218
6266231
6266249
6266255
6266290
6266472
6266497

quartz vein

quartz vein

quartz vein

quartz vein

quartz vein

metased

quartz vein

quartz vein

metased

metased with qz veinlets
quartz vein

quartz vein

quartz vein

quartz vein

quartz vein

quartz vein

quartz vein

quartz vein

quartz vein

volcanic with qz veinlets
quartz vein
microdiorite
microdiorite
microdiorite
microdiorite
microdiorite
microdiorite
microdiorite
microdiorite
microdiorite

quartz vein

quartz vein

rhyolite dike

qz-fd porph. dike
volcanic with qz veinlets
quartz-carbonate vein
quartz vein
quartz-carbonate vein
quartz-carbonate vein
quartz vein

metased

quartz vein

Note: UTM coordinates are zone 9, NADS83
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2-5cm

10-20 cm

1-5cm

1-2cm

5-15 cm

30 cm

3-5m
2-3m
60-100 cm

7 cm

15-25 cm

up to 85 cm
2-5cm
60 cm
up to 60 cm

12 cm

pyrite

pyrite
pyrite

pyrite
pyrite
pyrite
pyrite
pyrite
pyrite
pyrite
pyrite
pyrite

pyrite

pyrite,
chalcopyrite

pyrite

silicified

quartz-carbonate

quartz-sericite

quartz-carbonate

quartz-sericite
quartz-sericite
quartz-sericite
quartz-sericite
chlorite-epidote
chlorite-epidote
quartz-sericite
quartz-sericite

quartz-sericite

silicified
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Sample

DMA04-001
DMA04-001A
DMA04-002
DMA04-002A
DMA04-003
DMA04-005
DMA04-007
DMA04-011
DMA04-012
DMA04-013
DMA04-014
DMA04-015
DMA04-017
DMA04-019
DMA04-019A
DMA04-020
DMA04-021
DMAO04-021A
DMA04-022
DMA04-023
DMA04-026
DMA04-027
DMA04-027A
DMA04-027B
DMA04-027C
DMA04-028
DMA04-028A
DMA04-029
DMA04-031
DMA04-032
DMA04-033
DMA04-033A
DMA04-034
DMA04-038
DMA04-040
DMA04-042
DMA04-044
DMA04-045
DMA04-045A
DMA04-046
DMA04-047
DMA04-049
DMA04-050
DMA04-051
DMA04-052
DMA04-053
DMA04-053A
DMA04-055
DMA04-056

Au ppb

18.5
17.3
0.6
8.9
23
32.4
9.7
11.3
11.1
6.2
33.1
326.6
10.7
21.9
9.5
286.4
24.4
6.2
38.5
4
39.6
14.3
11360.8
9136.8
57

39
9.5
1009.5
51.4
7.1
1194.8
57.3
1154
13.4
62.5
194.7
14
265.2
183.8
30.4
15.3
7.2
6.9

589
21.5
24.5
312.5
904.8

10.3
11.5
5.6
24.8
441.9
26.9
65.9
54.3
21.5

Ag ppm

0.1

0.1
0.2
0.6
0.3
0.2
0.1
0.1
0.6
3.1
0.2
0.3
0.1
33
0.4
0.1
0.3

0.3
0.1
18.1
17.7
0.4
0.1

2.3
0.2

1.5
0.5
0.7
0.1
3.6
1.3
0.2
1.5
0.6
0.4
0.1
0.1
0.1
0.1
1.6
0.4
0.3
0.8
0.3
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TABLE 4. ANALYTICAL DATA.

= £ 8 §£ & & &
g = ) & = 2 )
& & < = z 3 5
14 97 1 19 54 137 78

1.5 30 1.6 0.2 7.1 154 4
2.1 91 2.7 0.6 4.7 4.9 4.1
0.8 62 0 0.2 29 2.6 43
40.7 201 6.2 1 63 165 5.4

1.4 154 1.5 0.6 5.3 24 6.3
3 63 2.8 1.3 4.9 8.7 5.6
6.2 63 5.6 0.8 3.4 6.1 12.6
16.2 22 3.9 0.8 2.5 7.4 1.3
12.1 131 0.8 0.5 2.7 72 2.6
0.9 57 3.8 0.5 4.8 53 4.6
1.6 120 0 0.2 5 153 18.9

1.2 94 0 0.1 55 13.6 5.6
1.1 178 0 0.2 492 57.6 1889
1.8 7 0 2 5.4 23 7.1
0.7 2 0 0.5 22 1 5.6
1.5 13 0 0.9 2.8 32 35
1.5 9 0.5 5.7 5.2 2.3 5.7
89 295 4.5 1.3 12.2 8.5 17.7
0.8 1 0 1.3 1.3 0.4 39
5.7 11 0 594 3.8 3 12.1
4.8 11 0 8 3 22 8.6
3.6 97 0.8 0.8 10.2 22 10.2
1.2 2 0 236 1.6 53 1.8
0.8 69 3.2 0.7 155 19.7 27.4
7.2 430 0 0.9 6.4 213 4.6
2 23 0.8 0.7 33 6.5 3.7
4.6 18 0.6 0.2 3 3.1 45
1.8 14 0 25 8.1 149 7
4.9 71 0 0.4 6.6 30.2 1.2
30.1 8 0 69.1 1.9 1.8 3.8
2.3 34 0 0.9 3.1 6 4.1

454.6 13 0.7 25 32 4.6 36.8
8.4 29 14.3 0.8 22 72 2.7
12.8 13 0.8 0.7 3.1 22 33
111.8 25 3.7 4.7 11.6 1.4 7.8
11.6 77 0.9 24 148 241 79
24 8 0.7 1.4 1.8 1.5 4

23.6 14 1.1 0.6 3.4 3.1 4.7
0.7 2 0 0.4 1.7 0.8 7.1
1.2 5 1.1 2.7 2.6 2.7 5.6
2.5 6 4.6 0.2 3.7 5.6 2.5
4.7 21 0.9 3.1 1.9 1.5 52
2.7 78 0.8 0.7 144 225 20.4

11.2 3 0 0.1 3.4 5.4 32
0.7 2 6.9 0.2 3 5.6 44

Mn ppm

636
604
544
252
592
325
1638
730
356
491
114
641
832
795
734
2273
418
182
472
458
688
60
538
499
2004
155
812
804
283
582
466
1278
172
264
248
917
420
699
1522
101
567
1575
140
223
1420
140
969
173
183

119
32
25

11
36
142
81

727

Mg %

1.9
1.77
0.67

1.4
1.84
0.01

1.8
1.37
1.22
1.89
0.35
0.02
1.23

1.5
0.86

4.2
0.05
0.01
0.02
0.19
1.61

0.42
0.41
2.17
0.05
1.71
1.38
0.08
0.04
0.03

0.03
1.62
0.27
0.05
0.02
0.04
2.25
0.01
0.02
0.19

0.01
0.14
0.02
1.73
0.02
0.01

S %

2.15
1.97

4.52
0.17

1.75
0.09
2.97
2.11
2.58

1.22

0.06
0.26
0.12
0.13

0.73

0.35
0.35
1.48
0.06
1.45
0.13
0.51
0.15
0.81
1.11
0.18
3.24
0.17
0.25

0.06
0.31
0.93
0.18
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DMA04-057 2.8 2.3 0.1 21.2 15 0

DMA04-059 4.4 8.6 0.1 0.9 3 1.4
DMA04-060 228.1 70.7 0.8 7.4 42 57.1
DMA04-060A 10.2 27.5 0.1 1.4 7 0.8
DMA04-061 30.3 20.8 0.2 7.3 13 5.2
DMA04-062 227.6 9.5 1.2 21.5 16 1.3
DMA04-064 72.8 96.2 0.8 5.5 97 23.9
DMA04-064A 93.8 57.9 0.5 9.6 112 5.1
DMA04-065 48.7 313 0.3 10.6 20 42
DMAO04-065A 9.5 117.8 0.3 4.4 62 1.9
DMA04-065B 826.3 173 13 9.7 107 1734
DMA04-066 27.1 9.2 0.3 59.8 16 5.4
DMA04-067 45.7 18.8 0.3 5.6 7 2.3
DMA04-069 1.8 4.8 0 0.7 7 0.6
DMA04-070 5 4.2 0.1 1 3 0
DMA04-071 116.2 41.8 0.4 4 22 0.6
DMA04-072 338.5 59 1.4 1.5 266 0.8
DMA04-073 155.1 82 10.6 207.1 301 0.7
DMA04-074 43 4.8 0.3 13.5 23 0.6
DMA04-075 52.8 15.1 0.2 3.5 28 6.7
DMA04-076 378.6 25.8 0.3 2.1 24 10.9
DMA04-078 2.4 13.6 0.1 1 2 29
GPA04-001 19.6 110.5 0.2 3.5 103 0.5
GPA04-002 1 23.7 0 1.2 36 0.6
GPA04-004 17.7 223 0.2 2 44 0
GPA04-005 6.4 37.5 0.1 1.8 151 2.5
GPA04-007 33 34 0.1 3.7 98 1.8
GPA04-008 6.9 38 0.1 1.3 44 2.5
GPA04-009 2.1 21.2 0.1 7 85 1.4
GPA04-012 4.6 16.7 0.1 2.1 15 0
GPA04-014 15.3 30.2 0.2 2.8 26 0.6
GPA04-015 102 6.9 13 44 11 0
GPA04-015A 399.9 150.8 13.1 135 88 53
GPA04-016 9 9.1 13 30.5 31 2.5
GPA04-017 29 569.2 0.6 234 16 0
GPA04-017A 20.4 333 0.2 21.7 69 1.1
GPA04-018 58.1 30.4 0.6 22 16 0.7
GPA04-020 689.7 8.8 1.1 1.8 6 5.8
GPA04-021 43.7 389 0.3 4 55 33
GPA04-022 41.2 8.9 0.3 9.6 29 1.3
GPA04-026 100.1 5.1 0.1 5.1 27 1.2
GPA04-029A 34.1 90.1 0.5 17.9 35 6.5
GPA04-031 2295 6.2 1.9 74.4 34 1.3

0.1 2.6 1.3 2 3453 14 1 2834 025 0.06
0.1 2.8 2.5 39 261 9 1.1 02 0.01 0.06
0.9 6.4 16 3.4 993 68 3.38 4.02 067 127
0.2 8 4.5 4.5 222 9 1.13 0.65 0.04 0.07
29 4.5 5.4 3.8 2053 57 133 17.49 03 0.09
3.8 8.5 4 6.3 1043 18 1.47 694 0.66 0.07
1.1 463 229 71.1 1008 120 4.75 425 217 0.69
0.6 439 258 43.7 1150 95 5.06 4.13 1.6l 0.5
0.1 2.6 32 3.4 913 27 1.42 8.69 023 032

1.4 309 243 22.8 1232 39 5.24 5.01 2 093
1.3 69.6 247 152 1042 86 5.66 485 196 211
0.2 2 1.9 4.6 291 15 1.22 3.13 0.08 0.19

0.5 1.5 1.9 32 1342 30 1.08 1049 0.08 0.11
0.2 1.6 0.5 59 131 3 0.94 0.04 0 0
0.2 2.1 0.7 6.2 136 2 0.53 0.21 0
0.2 4.7 1.7 5.8 170 6 0.8 0.48 0.03
0.2 2.6 1.2 5.1 163 1 0.56 0.48 0.02
0.2 1.5 1.3 3.6 226 9 0.71 035 0.01
0.2 1.3 0.6 4.6 128 10 0.67 0.12 0 0.09
0.2 10 10 10 610 52 2.16 24 061 0.14
0.2 42 8.5 32 792 30 2.49 3.64 09 036
0.3 4.6 2.5 5.5 68 5 0.75 0.04 0.01 <.05
1.4 4 7.7 2.7 636 30 3.67 023 173 1.07
0.2 4 2.1 9.4 324 15 22 0.14 186 0.24
0.7 2.6 1 32 494 29 3.49 025 138 0.07
0.5 5.4 7.1 7.3 1466 25 3.34 044 199 049
0.7 7.5 10.1 10.6 935 121 3.89 059 217 1.1
1.2 4.4 8.8 2.8 440 52 3.58 0.16 0.63 1.81
0.5 16.4 5.6 67.1 476 101 3.61 026 1.63 1.52
0.6 4.7 2.3 13.2 234 42 3.28 0.03 0.88 0.61
1.1 3.4 5.8 2.3 126 75 2.15 0.08 0.43 051
1.7 259 7.7 5.7 618 10 1.53 0.06 0.02 0.14
03 3304 433 1152 3658 44 529 10.15 531 2.08
0.1 1.1 1 1 149 4 0.49 0.02 0.01 0.08
6.7 43.8 7.1 50.2 400 42 1.47 1.02 077 033
95 191.8 312 5258 1099 327 3.81 538 415 0.54
2.6 18.6 3.6 10.1 808 14 1.13 503 0.15 0
1.3 3.5 2.8 6.8 444 57 1.15 2.29 0.1 0.17

S o o <o

1.1 12 12 10.8 1115 37 3.6 646 093 0.18
0.9 12.6 2.6 8.8 283 7 0.97 1.24 0.1 0
0.2 24 1.3 6 122 6 0.76 0.07 0.01 0
0.5 15.8 184 79 1294 150 2.99 888 0.64 0.44
14.9 26.8 2.8 16.5 340 16 1.13 1.37 0.33 0

Analytical done by Acme Analytical Laboratories, Vancouver B.C. Analytical method: ICP-MS, 30 gram sample, hot acid leach.

collected in the area of the Mariposite and Glacier
occurrences included 70 samples (9%) that contained
greater than or equal to 500 ppb Au. Two diamond-drill
holes on the Mariposite occurrence intersected high
density quartz-carbonate vein and stockwork intervals,
but these contained only weak gold mineralization (Gill,
1996).
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RESULTS OF THE CURRENT STUDY

The primary focus of the current study was to collect
a suite of lithogeochemical samples from two areas of
extensive alteration and veining that were identified as
prospective during the 2003 field season. The first of
these areas, referred to here as the Divide Lake area, ex-
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Figure 3. Field station locations, Divide Lake area.

tends from the headwaters of the north arm of Kliyul
Creek westward to the Dortatelle fault (Fig. 2). At the
southern end of this zone is a prominent gossan that is
well exposed on steep southwest-facing slopes southeast
of Divide Lake (Fig. 2). The second area, referred to here
as the Mariposite Creek area, extends from the
headwaters of Mariposite Creek southward toward
Dortatelle Creek. Sampling done within these two areas
was primarily of quartz veins and altered wall rocks.
Sample descriptions are presented in Table 3 and
analytical results are given in Tables 4 and 5.

Divide Lake Area

As described in an earlier section, mineral
occurrences in the Divide Lake area can be categorized
into 3 main groups — gold quartz veins such as the Banjo,
Independence, Ginger B and KCl1, shear-hosted copper
mineralization such as the Mal and magnetite-pyrite-
chalcopyrite skarn such as the Kliyul and Pacific Sugar
(Table 2). In addition an extensive gossanous zone of
foliated microdiorite and Takla volcanic rocks with per-

Geological Fieldwork 2004, Paper 2005-1

Photo 1. View southeast toward the Divide Lake gossan
showing approximate boundaries of chlorite-epidote-pyrite and
quartz-sericite-pyrite alteration zones. Altered rocks are mainly
micodiorite. Divide Lake is located in the pass near the base of
the gossan. The headwaters of Lay Creek are in the foreground.
The prominent ridge east of the gossan is composed of resistant,
east-dipping volcanic breccias of the Takla Group (unit
uTrTvb).
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vasive quartz-sericite-pyrite and chlorite-epidote-pyrite
alteration crops out on the steep southwest-facing slope
southeast of Divide Lake (Photo 1). This zone is referred
to here as the Divide Lake gossan. As shown on Figure 3,
the majority of field stations in the Divide Lake area were
located within this zone of alteration and mineralization.

GOLD QUARTZ VEINS

The gold-quartz veins at the Ginger B, Independence,
Banjo and KC1 showings, which are on the order of 1 to
S5m in width, typically occur within massive
volcaniclastic or dioritic intrusive rocks that locally show
evidence of shearing. The veins are steeply dipping to
vertical and strike northwest, northeast and east (Fig. 4).
Although sulphide content is generally low, sulphides do
sometimes occur as bands near the outer margins of the
veins with various combinations of pyrite, chalcopyrite
and rare galena (Photo 2). Significant gold and silver
values have been reported from all of the occurrences
(White, 1948; Fox, 1982; Christopher, 1986). A sample
collected from a pyrite-chalcopyrite—bearing quartz vein
on the Banjo showing during the 2003 mapping program
contains 2251 ppb Au and more than 100 ppm Ag
(Schiarizza, 2004a: sample 03PSC-93). Samples collected
as part of the current project (Table 3, Fig. 3) confirm
anomalous gold values at all of these showings (Table 4,
Fig. 5). Copper values, on the other hand, are generally
low to weakly anomalous for quartz veins but higher in
sheared microdiorite along the trend of the North Kliyul
Creek fault (Table 4, Fig. 6).

All major quartz veins in the Divide Lake area were
re-examined as part of the current study. The best results
came from two samples of the Ginger B quartz vein
(DMA04-027A, DMA04-027B) which were assayed and
gave values of 10.38 and 9.12 g/t Au respectively (Table
5). Both of these grab samples contained pyrite and one
contained malachite. A third sample of barren quartz from
the centre of the vein (DMAO04-027) contained low Au,
Cu and Ag values. This suggests that the Au values in the
Ginger B vein are associated with the occurrence of
pyrite.

Another major quartz vein in the area, the
Independence vein, is exposed in a trench along the south
bank of Lay Creek (Photo 3). A sample from this vein
(DMAO04-033), which contained minor amounts of pyrite,
was assayed and gave a value of 1.25 g/t Au (Table 5).
However, a sample of quartz-carbonate-pyrite altered wall
rock (DMAO04-033A) contained low Au and slightly
anomalous copper values.

Although good gold values have been reported for
the Banjo vein (Schiarizza, 2004), a sample collected as
part of this study only contained slightly anomalous gold
and copper and 454 ppm lead. Such variation in values
from the same vein reflects the notorious “nugget effect”
which makes sampling and evaluation of quartz veins
very difficult.
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Photo 2. View southwest toward the Ginger B gold-quartz vein.
Rock hammer for scale. Note banding and Fe oxide staining
near vein contact. A sample collected from this material assayed
10.38 g/t Au.

S | quartz vein - inclined |-
| quartz vein - vertical |/

~| | bedding - inclined

S| | bedding - verbcal

hES— ., N

Divide

A
E7BD0G

Figure 4. Structural trends of gold-quartz veins, bedding and
foliation in the Divide Lake area. See Figure 2 for legend.

A prominent quartz vein, up to 40 cm in width, has
been exposed by trenching near the top of the ridge east
of Divide Lake. This vein occurs within an area of
pervasive chlorite-epidote alteration and is thought to be

British Columbia Geological Survey



TABLE S. FIRE ASSAY RESULTS.

Sample Showing g/t Au

DMAO04-027A Ginger B quartz 10.38
vein

DMAO04-027B Ginger B quartz 9.12
vein

DMA04-029 Kliyul skarn 1.04

DMA04-033 Independence 1.25

quartz vein

Assays done at Acme Analytical Laboratories, Vancouver, British
Columbia; fire assay, analysis by ICP-ES.

Photo 3. View southwest across a trench on the Independence
vein. The vein (under Gary Payie’s right foot) is about a metre
wide and is mainly massive, white quartz. Brown to orange
weathering volcanic rocks exposed on the walls of the trench
have strong quartz-carbonate-pyrite alteration, typical of
alteration associated with quartz veins in the study area.

s o e

the KC1 showing. A chip sample across the vein
(DMAO04-15) gave slightly anomalous Au and Cu values.

A number of other quartz veins crop out along the
northeast facing slope of the ridge west of Divide Lake
(DMAO04-021-024). Although these veins locally contain
sulphides, samples submitted for analyses did not return
any significant gold values (Table 4).

GOLD SKARN OCCURRENCES

The Kliyul magnetite-pyrite-chalcopyrite occurrence
(MINFILE 094D 023) is located in an area of poor
bedrock exposure within the broad valley, bounded by
gossanous bluffs and talus slopes, at the head of Lay
Creek. An historical resource estimate of 2.5 million tons
grading 0.3% Cu and 0.03 0z/T Au has been calculated
for the deposit and could potentially be increased (Gill,
1993).

As shown in Photo 4, outcrop is very limited in the
vicinity of the Kliyul skarn deposit with most of the area

Geological Fieldwork 2004, Paper 2005-1
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Figure 5. Gold values for samples collected in the Divide Lake
area as part of the current study. See Figure 2 for legend.

Photo 4. View northwest across the Kliyul skarn deposit. The
building in the middle of the area of skarn mineralization is the
remains of an old exploration camp. Also shown is the location
of the Ginger B gold-quartz vein on the ridge northwest of the
camp..

covered by mounds of glacial transported material.
However, two samples were collected from outcrop in
Lay Creek. The first of these was from quartz-sericite-
pyrite altered microdiorite that crops out northwest of the
area of skarn mineralization. This sample (DMA04-026)
contained low Au and only slightly elevated Cu and Zn
values. The second sample is from chlorite-epidote-
magnetite skarn that crops out along the south bank of
Lay Creek, northeast of the old camp. This sample
(DMA04-029) contained 1.04 g/t Au (Table 5), 933 ppm
Cu and 430 ppm Zn (Table 4).

Another skarn showing, the Pacific Sugar (labeled PS
on Fig. 4, 5 and 6) is located about 1 km north of the
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Kliyul occurrence. The skarn was tested with 5 diamond-
drill holes, with a cumulative length of 154.8 m, in 1996.
Significant drill results include 2048 ppm Cu and 625 ppb
Au over 3.97 m (Leriche and Harrington, 1996). This
showing was not visited as part of the current study.

DIVIDE LAKE GOSSAN

A prominent gossan has developed on the steep
southwest-facing slope of the ridge southeast of Divide
Lake (Photo 1). This gossan is over a kilometre long and
extends from the 1700 m level to the top of the ridge.
Several days were spent examining and sampling this area
with a total of 29 stations recorded within the gossan zone
(Fig. 3). The strongest gossan coincides with a lower zone
of pervasive quartz-sericite-pyrite alteration in foliated
microdiorite. Up slope this alteration grades into chlorite-
epidote alteration with a corresponding decrease in
disseminated pyrite. Quartz veining is rare within the
alteration zone and those that were sampled did not carry
any appreciable gold values. The only mineralization of
note occurs along the southwest margin of the gossan
where chlorite-epidote altered diorite is cut by northwest-
trending shear zones containing malachite and
chalcopyrite. Two samples (DMAO04-019, 019A)
collected at station DMAO04-019 (Fig. 3) near the
southeast end of the gossan returned Cu values of 9247
and 3831 ppm respectively but had low Au values.
Another sample (DMA04-020) collected from similarly
sheared, propylitically altered microdiorite that crops out
near the Divide Lake fly camp contained 3831 ppm Cu
and slightly anomalous Au (286 ppb). These copper-
bearing shear zones are close to a major northwest-
trending fault (Fig. 6) that swings westward toward the
Dortatelle fault. The alignment of occurrences along this
trend as shown by the orientation of anomalous copper
samples in Figure 6 suggests this may be the most
prospective part of the Divide Lake gossan.

Photo 5. View southeast across the Divide Lake gossan. Orange
weathering rocks have pervasive quartz-sericite-pyrite alteration
that grades up slope into a zone of propylitic alteration.
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A number of samples of quartz-sericite-pyrite and
chlorite-epidote altered microdiorite were collected within
the Divide Lake gossan (Table 3). None of these samples
contained significant concentrations of precious or base
metals with most values at background or, at the most,
slightly anomalous (Table 4, Fig. 5 and 6).

LAY CREEK GOSSAN

A smaller, less pronounced gossan, located up slope
from the Kliyul skarn deposit, was also sampled during
the current study (Fig. 3). This gossan is mainly due to the
presence of disseminated pyrite in propylitically altered
feldspar phyric volcanic or intrusive rocks. Locally, these
rocks have strong quartz-sericite-pyrite alteration possibly
associated with the development of shear zones. None of
the samples of microdiorite collected from this zone
contained anomalous Au or Cu.

Mariposite Creek Area

Rocks exposed on the steep southeast- and northwest-
facing slopes that straddle the headwaters of Mariposite
Creek weather a conspicuous orange-brown colour due to
extensive zones of quartz-ankerite-pyrite alteration
associated with numerous quartz veins. The size of the
area of alteration and the density of quartz veining
attracted companies like BP Resources (Meyers and Smit,
1985) and Hemlo Gold Mines (Gill, 1996) to test the arca
for possible bulk tonnage Cu-Au deposits. This area was
targeted for follow-up work as part of the current project
after regional mapping in 2003 confirmed the extensive
nature of alteration and veining (Schiarizza, 2004).
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Figure 6. Copper values for samples collected in the Divide
Lake area as part of the current study. See Figure 2 for legend.
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Photo 6. View northwest toward the Lay Creek gossan (dotted
outline). Rocks in the foreground are pervasively altered and
foliated microdiorite that crops out near the northern end of the
Divide Lake gossan..

Photo 7. View northwest toward the Mariposite quartz veins and
lenses (white areas in the middle of the slope) that are well-
exposed on the southwest-facing slope of the ridge northwest of
the headwaters of Mariposite Creek. Hemlo Gold Mines drilled
two holes into these veins in 1996. Note orange-brown
weathering due to oxidation of quartz-ankerite alteration zones
associated with the veins. Dark to medium grey weathering
outcrops are relatively unaltered Takla volcanic rocks.

As part of the current study, a suite of samples were
collected from quartz veins exposed on the steep slopes

Geological Fieldwork 2004, Paper 2005-1

above the headwaters of Mariposite Creek (Table 3, Fig.
7). This is the area of strongest alteration and highest
abundance of veins. Scattered areas of quartz-ankerite
alteration and narrow, discontinuous quartz veins do
occur further south and several of these were sampled as
well (Fig. 7).

Quartz veins in the Mariposite Creek area range from
a few centimetres to several metres in width with some,
like those at the Mariposite showing occurring as large
irregular lenses (Photo 7). However, most veins are
tabular, steeply dipping (Photo 8) and strike
predominantly to the northwest (Fig. 8). Some veins can
be traced for several hundred metres; others only a few
metres before they pinch out. Overall, the veins, which
vary from pure quartz to mixed quartz and carbonate,
contain no or only very minor amounts of sulphide
minerals. Alteration envelopes are also variable. Some
envelops extend several metres out from the vein contact,
others only a few centimetres and some veins appear not
to have any alteration associated with them at all. From a

Figure 7. Station locations in the Mariposite Creek area.
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distance, the extent of alteration is misleading as much of
the colour anomaly is due to altered talus sitting on
relatively unaltered rocks. The writers estimate that less
than 20% of the rock exposed on the slope north of
Mariposite Creek, is actually altered. The rest is relatively
unaltered Takla volcanics and metasediments.

A number of samples collected in the Mariposite
Creek area contained anomalous gold concentrations
(Table 4, Fig. 9) but many others only contained
background. These results are not dissimilar from those
report by Gill (1996) where of 743 samples collected in
the area, 70 (9%) contained greater than 500 ppb Au. The
location of Gill’s samples is also shown on Figure 9 for
comparison. Although the number of samples containing
anomalous gold is encouraging, the erratic distribution
and grade is a concern. In part, this reflects the difficulty
of determining gold concentrations using grab and chip
samples. Bulk sampling is required to effectively
determine the overall concentration and distribution of
gold, especially in some of the larger veins.

Some of the strongest, most continuous wallrock
alteration occurs in metasedimentary rocks that crop out
along the upper, northernmost branch of Mariposite Creek
(Photo 9). Although most of the alteration is quartz-
ankerite, locally there is also strong quartz-sericite-pyrite
alteration especially where quartz vein stockworks have
developed. A sample collected from one of these zones

B

Photo 8. Typical steeply dipping quartz veins in the Mariposite
Creek area. This vein was sampled (DMA04-053) but contained
low concentrations of gold as did a sample of the quartz-ankerite
altered wallrock (DMA04-053A).
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Figure 8. Structural trends of gold-quartz veins, bedding and
foliation in the Mariposite Creek area. See Figure 2 for legend.
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Figure 9. Gold values for samples collected in the Mariposite
Creek area as part of the current study. See Figure 2 for legend.
Purple squares show samples collected by Gill (1994) that had
>500 ppb Au.
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Photo 9. View northwest toward an outcrp of pervasive quartz-
ankerite-pyrite altered metasediments exposed on the west bank
of Mariposite Creek near station DMA04-064

= =100 ppm Cu

+ 100-500 ppm Cu |
500-1000 ppm Cu /
=>1000 ppm Cu 1 g

Figure 10. Copper values for samples collected in the Mariposite
Creek area as part of the current study. See Figure 2 for legend.

(DMAO04-065B) contained 826 ppb Au and slightly
anomalous Cu (173 ppm). This was the highest Cu value
determined for the samples from the Mariposite Creek
area (Table 4; Fig. 10).

Geological Fieldwork 2004, Paper 2005-1

4 d N ="
Photo 10. Quartz vein stockwork in pervasive quartz-ankerite
altered metasediments. These rocks crop out in Mariposite
Creek near station DMAO04-065A where a sample with similar
veining contained 826 ppb Au.

CONCLUSIONS

Based on the results of this study and previous
exploration work, the main exploration targets in the area
are gold-quartz veins, gold-bearing skarn and copper
associated with shear zones near Divide Lake. Gold-
quartz veins are most abundant near the headwaters of
Mariposite Creek where hundreds of predominantly
northwest-trending, steeply dipping veins crop out over a
distance of 1.5 km. Although these veins locally contain
significant gold concentrations, the distribution of gold is
erratic and evaluation of the veins is difficult without bulk
sampling. Better gold values appear to be associated with
the presence of pyrite and/or galena. Previous drilling of
the Mariposite showing produced disappointing results
but dioritic to monzonitic intrusive rocks with associated
stockwork veining were intersected at depth... In the
writers’ opinion, the best target in this area is not the
massive quartz-carbonate lenses at the Mariposite
showing but rather strongly altered and veined
metasedimentary rocks exposed in Mariposite Creek
itself. The alteration here is more pervasive, locally
grades into strong quartz-sericite-pyrite alteration and in
places quartz vein stockworks with anomalous gold
concentrations have developed (Photo 10). An intrusive
body similar to that intersected in drilling up slope at the
Mariposite showing may be present at depth.

Although rocks in the Mariposite area are locally
sheared and ductily deformed, quartz veins show no sign
of deformation and appear to have crystallized within
open fractures, possibly tension gashes (Richards, 1991).
Most of these fractures trend northwest, while others are
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lensoidal structures with a northeast orientation.
Formation of tension gashes and northwest-trending
fractures may be related to extension in a southwest-
northeast direction, possibly related to strike-slip
movement on the nearby Dortatelle fault. Northwest-
trending shear zones may also be related to this period of
faulting, which is believed to be Late Cretaceous or Early
Tertiary. If formation of quartz veins is indeed related to
this fault movement then these veins are unrelated to the
older Late Triassic and Early Jurassic intrusive bodies in
the study area. However, there may be younger intrusive
bodies, not yet recognized or dated that have a genetic
association with formation of the quartz veins.
Alternatively quartz vein formation 1is related to
hydrothermal activity that accompanied strike-slip
faulting.

The Divide Lake gossan is related to an extensive
zone of pervasive quartz-sericite-pyrite and chlorite-
epidote alteration. Samples collected from this alteration
zone contained only background or slightly elevated
precious and base metal concentrations. However, the
extent and style of alteration is typical of phyllic and
propylitic alterations assemblages found peripheral to
porphyry copper deposits and the possibility that such a
deposit exists at depth should be considered. The
occurrence of hornblende-feldspar phyric dikes cutting
the alteration zones may be further evidence of an
intrusive body at depth. Copper mineralization in shear
zones along the southwest edge of the gossan may also be
related to a porphyry system.

Although gold occurs sporadically in many of the
quartz veins in the area, to date, the best target for a bulk
tonnage deposit remains the Kliyul gold skarn. Although
results of exploration to date have been encouraging,
much additional exploration will be needed to determine
more precisely the ultimate size and economic potential of
this deposit.
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U-Pb and K-Ar Isotopic Dates from the Beece Creek — Tatlayoko Lake
Area (NTS 92N/9, 920/5, 6), Southwestern British Columbia

By Richard Friedman!, Janet Gabites! and Paul Schiarizza?

KEYWORDS: geochronology, U-Pb, K-Ar, zircon,
muscovite, Fish Lake porphyry Cu-Au deposit, Skinner
gold-quartz vein, Anvil Mountain pluton, Jackass Mountain
Group

INTRODUCTION

The geology of the eastern Coast Belt in parts of the
Mount Waddington (92N) and Taseko Lakes (920) map ar-
eas was updated during the Tatlayoko bedrock mapping
project, carried out by the British Columbia Geological
Survey Branch in the early to mid-1990s. The results of this
program are summarized in a geological report by
Schiarizza and Riddell (1997) and a 1:100 000-scale
geoscience map by Schiarizza et al. (2002). The geological
mapping was supported by isotopic dating carried out at the
University of British Columbia. In this paper we present
previously unpublished data and age interpretations on four
samples that were collected during fieldwork associated
with the Tatlayoko project.

GEOLOGICAL SETTING

The geology of the central part of the Tatlayoko project
area, simplified from Schiarizza et al. (2002), is shown in
Figure 1. The area encompasses the boundary between the
Coast and Intermontane morphogeological belts, which
corresponds approximately with the trace of the Yalakom
fault, a major linear feature that extends for about 300 km
and was the locus of more than 100 km of Late Creta-
ceous (?) to early Tertiary dextral strike-slip displacement
(Umbhoefer and Schiarizza, 1996). The oldest rocks in the
map area are assigned to three separate terranes:
Cadwallader-Methow, Bridge River and Stikine. Younger
rocks comprise the Jura-Cretaceous Tyaughton-Methow
basin and overlying Upper Cretaceous subaerial volcanic
rocks of the Powell Creek formation. Late Cretaceous and
Eocene intrusive rocks are common in the Beece Creek and
Fish Lake areas.

The Cadwallader-Methow Terrane comprises Middle
Triassic to Middle Jurassic arc-related volcanic, plutonic
and sedimentary rocks that are exposed southwest of the
Yalakom fault in a belt that extends from west of Tatlayoko
Lake southeastward to the Nemaia valley. These rocks are

"University of British Columbia, Vancouver, BC
*British Columbia Ministry of Energy and Mines, Victoria, BC
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stratigraphically overlain by sedimentary rocks of the
Tyaughton-Methow basin, including the Jura-Cretaceous
Relay Mountain Group and the mid-Cretaceous Jackass
Mountain Group. This belt is truncated south of the Nemaia
valley by the Taseko fault. The bedrock geology south of
the Taseko fault is dominated by exposures of mid-Creta-
ceous sedimentary rocks of the Taylor Creek Group (equiv-
alent in age but lithologically distinct from the Jackass
Mountain Group) and overlying Upper Cretaceous volca-
nic rocks of the Powell Creek formation. The basement to
these exposures is inferred to be the oceanic Bridge River
Terrane (Schiarizza et al., 1997), a Mesozoic accretion-
subduction complex that is locally represented by a thin
belt of chert and greenstone along the south side of the
Taseko fault.

Outcrop is poor, and geological relationships are con-
sequently less well understood, in the area of subdued to-
pography northeast of the Yalakom fault. Pre-Neogene
strata along the Chilko River comprise volcanic and
volcaniclastic rocks that have been correlated with the
Lower to Middle Jurassic Hazelton Group of the Stikine
Terrane (Tipper, 1969a,b). To the southeast, in the
Chaunigan Lake — Fish Lake area, pre-Neogene bedrock
consists of mainly Lower Cretaceous sedimentary and vol-
canic rocks that are correlated with the upper part of the Re-
lay Mountain Group and the overlying Jackass Mountain
Group (Schiarizza et al., 2002).

GEOCHRONOLOGY

Conventional isotope-dilution thermal-ionization
mass spectrometry (ID-TIMS) U-Pb data are reported and
interpreted for zircons from three rock samples from the
Anvil Mountain and Fish Lake areas, and K-Ar data are re-
ported from a single sample collected near Tatlayoko Lake.
All sample preparation and analyses were carried out at the
Department of Earth and Ocean Sciences, University of
British Columbia. Sample preparation and U-Pb analytical
techniques are given in Friedman et al. (2001). The U-Pb
data are listed in Table 1 and plotted on concordia diagrams
in Figure 2. The K-Ar data are listed in Table 2.

Fish Lake Dacite

Sedimentary and volcanic rocks that crop out along
and near the lower reaches of the creek that drains Fish
Lake include pebbly sandstone and pebble conglomerate
containing volcanic and granitoid clasts, tuffaceous sand-
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TABLE 1. URANIUM-LEAD ANALYTICAL DATA.

Fraction' Wit U?  Pb® ®pp*  pp® 28ppt Isotopic ratios (15,%) * Apparent ages (2c,Ma) ”
(mg) (ppm) (ppm) 204Pb (pg) ZOGPb/238U 207Pb/235u 207Pb/206pb 206Pb/238U 207Pb/235u 207Pb/205Pb
PSC95-10-2-1 Fish Lake dacite: 100.5 +7.2/-0.6 Ma; weighted 2°’Pb/***Pb and one concordant analysis
A 0080 230 37 1185 15 114 0.01571(0.10) 0.1040 (0.34)  0.04803 (0.27) 100.5(0.2)  100.5(0.6) 101 (13)
B 0.113 336 51 2465 23 12.8 0.01451(0.17)  0.09608 (0.29) 0.04802 (0.22) 92.9 (0.3) 93.2 (0.5) 100 (11)
C 0.069 441 6.1 1052 24 141 0.013169 (0.18) 0.0872 (0.43) 0.04803 (0.37) 84.3 (0.3) 84.9 (0.7) 101 (17/18)
PSC92-26-4 Anvil Mountain pluton: ca. 93 Ma; one concordant analysis
A 0.161 105 14 448 35 6.7 0.01432(0.18) 0.0955(0.69)  0.04839 (0.61) 91.6 (0.3) 92.6 (1.2) 119 (29)
B 0.156 106 1.5 1101 14 7.1  0.01460 (.06) 0.0964 (0.24)  0.04789 (0.22) 93.4 (0.1) 93.4 (0.4) 94 (11)
JRI92-39-8: Fish Lake quartz diorite: 91.5 +1.1/-5.6 Ma; lower intercept age
A 0779 265 39 2214 85 9.8 0.01460(0.11)  0.0974 (0.18)  0.04837 (0.11) 93.5 (0.2) 94.4(0.3) 117 (5)
G 0.043 285 4.1 1003 11 10.8 0.01571(0.09)  0.0954 (0.35)  0.04803 (0.31) 92.2(0.2) 92.5(0.6) 101 (15)
H 0.046 286 4.1 1103 11 10.8 0.01571(0.12)  0.0969 (0.32)  0.04796 (0.24) 93.8(0.2) 93.9(0.5) 97 (11)

! Upper case letter = zircon fraction identifier. All zircon fractions were air abraded to remove grain facets; PSC95-10-2-1: zircon nonmagnetic
at 20 degrees sideslope and 1.8 amperes field strength on Franz™ magnetic separator; (front slope 15 degrees for all samples). Fraction A
+134pum, B -134+74um, C-74um. PSC92-26-4: zircon nonmagnetic at ~2 degrees sideslope and 1.8 amperes field strength on Franz™
magnetic separator; All grains >134um picked and strongly abraded. JRI92-39-8: zircon nonmagnetic at 1 degree sideslope and 2.0 amperes
field strength on Franz™ magnetic separator; >134um, H comprises tips broken off of these grains.

2 U blank correction of 1pg + 20%; U fractionation corrections were measured for each run with a double 23U-?**U spike (about 0.004/amu).
3Radiogenic Pb

“*Measured ratio corrected for spike and Pb fractionation of 0.0043/amu + 20% (Daly collector) which was determined by repeated analysis of

NBS Pb 981 standard throughout the course of this study.
5Total common Pb in analysis based on blank isotopic composition.
®Radiogenic Pb

"Corrected for blank Pb (1-4 pg, throughout the course of this study), U (1 pg) and common Pb concentrations based on Stacey Kramers

(1975) model Pb at the age of the rock or the 207pp2%8py age of the rock.

stone, hornblende-feldspar—phyric andesite, and dacite
containing quartz and feldspar phenocrysts. These rocks
may correlate with the volcanic and sedimentary package
(observed only in drillcore) that hosts the Fish Lake por-
phyry copper-gold deposit a few kilometres to the east.
They were assigned to the informal Fish Creek succession
(unit 1Ksv) by Schiarizza and Riddell (1997), but
Schiarizza et al. (2002) separated them into a lower shale-
sandstone unit, assigned to the lower Cretaceous Relay
Mountain Group, and an upper unit of sandstone, conglom-
erate and volcanic rocks that was included in a volcanic-
bearing facies of the mid-Cretaceous Jackass Mountain
Group. Columnar-jointed quartz-feldspar—phyric dacite
that crops outalong the Taseko Lakes road is part of the sed-
imentary-volcanic succession that is included in the Jack-
ass Mountain Group. Sample PSC95-10-2-1 was collected
from this dacite exposure to determine the age of the
volcanic rocks in this succession.

Sample PSC95-10-2-1 yielded a modest quantity of
good-quality, clear, pale pink, stubby prismatic and equant
multifaceted zircon grains. Zircons with diameters of about
150 to 60 um were selected and air abraded to remove all
facets. The grains were then subdivided into three fractions
on the basis of size. Results for these three fractions, plotted
in Figure 2, define a linear array, with the coarsest grains
concordant at ca. 100 Ma and finer grains discordant with
younger Pb/U and Pb/Pb dates. This array is interpreted to
result from Pb loss with no evidence of older inherited zir-
con. An interpreted age of 100.5 +7.2/-0.6 Ma is based on

Geological Fieldwork 2004, Paper 2005-1

the weighted mean of **’Pb/*?Pb dates for the three frac-
tions; the 2°°Pb/?*®U date for concordant fraction A
provides a minimum age for the sample.

The sedimentary-volcanic succession along Fish
Creek is assigned to the Jackass Mountain Group on the ba-
sis of characteristic rock types, including granitoid-bearing
conglomerates and pebbly sandstones. The occurrence of
volcanic rocks is unusual for the Jackass Mountain Group,
but the mid-Cretaceous age obtained from the dacite sam-
ple supports the inclusion of these volcanic rocks in the
group. Volcanic rocks exposed to the north and northwest,
assigned to the Chaunigan Lake unit by Schiarizza and Rid-
dell (1997) and Schiarizza et al. (2002), may be correlative,
although these rocks are assigned to the age-equivalent
Spences Bridge Group by Hickson and Higman (1993).

Anvil Mountain Pluton

Hornblende diorite, quartz diorite and hornblende-
feldspar porphyry occur as stocks, plugs and dikes that are
common within the Taylor Creek Group east of Taseko
Lake (Fig. 1). These intrusive rocks are associated with
porphyry copper-molybdenum mineralization at the Chita
showing (MINFILE 0920 049) east of Taseko Lake, and
with epithermal-style mineralization at the Knight showing
(MINFILE 0920 002) near the headwaters of Nadila Creek
(Schiarizza et al., 2002). The largest pluton in this area
comprises diorite to quartz diorite that underlies the Anvil
Mountain ridge system, northeast of Beece Creek. Sample
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Figure 2. Concordia plots with results displayed at the 2o level of uncertainty.
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PSC92-26-4, comprising hornblende quartz diorite, was
collected from the eastern part of this ridge system in order
to determine the crystallization age of this pluton.

Clear, colourless, equant rounded to stubby prismatic
multifaceted zircons were recovered from sample PSC92-
26-4. The modest amount of material present was only suf-
ficient for two fractions. An age of ca. 94 Ma is su%gested
on the basis of concordant fraction B, with a ***Pb/***U date
0f 93.4 + 0.1 Ma. Fraction A is discordant, just below the
concordia curve at ca. 92 Ma, due to Pb loss and/or the pres-
ence of minor inherited zircon. It is difficult to suggest an
age with associated precision on the basis of one concor-
dant result. However, a conservative estimate would be
93.7 + 10.5 Ma, based on the *’Pb/***Pb date for concor-
dant fraction B.

The date obtained from the Anvil Mountain pluton
compares closely with an Ar-Ar date of 92 + 1.3 Ma ob-
tained from volcanic rocks near the base of the Powell
Creek formation by J.A. Maxson (reported in Wynne et al.,
1995) in the Mount Tatlow area. It suggests that the intru-
sive rocks cutting the Taylor Creek Group in this area may
be comagmatic with the overlying Powell Creek formation.

Fish Lake Quartz Diorite

The Fish Lake porphyry copper-gold deposit s located
in an area of virtually no bedrock exposure about 5 km east
of'the Taseko River (Fig. 1). Based on 143 945 m of drilling
in 326 holes, Independent Mining Consultants calculated a
mineable reserve of 633 million tonnes at an average grade
0f 0.253% Cu, 0.466 g/t Au and 0.5 g/t Ag (Taseko Mines
Limited, press release, March 16, 1998). The deposit is de-
scribed by Wolfhard (1976) and Caira et al. (1995). Ac-
cording to Caira et al., the Fish Lake deposit is spatially and
genetically related to a steeply dipping lenticular body of
porphyritic quartz diorite that is surrounded by an east-west
elongate complex of steep, southerly-dipping, subparallel
quartz-feldspar porphyry dikes. These rocks, referred to as
the Fish Lake Intrusive Complex, cut volcanic and
volcaniclastic rocks, as well as an older intrusive body of
porphyritic diorite that may be coeval with the volcanics.
Mineralization occurs within both the intrusive complex
and adjacent volcanic, volcaniclastic and plutonic country
rocks. Core sample JR192-39-8, of hornblende-quartz-
feldspar porphyry from the Fish Lake Intrusive Complex,
was collected in order to determine a crystallization age for
the synmineralization intrusions.

Zircons recovered from sample JR192-39-8 are pri-
marily clear, colourless, euhedral prisms with length-width
ratios of ~2.5-3.5. Results for three analyzed
fractions are discordant to marginally concor-
dant and define a linear array. Although cores

provides an estimate for the average age of inheritance in
analyzed grains.

The 91.5 +1.1/-5.6 Ma date presented here for the Fish
Lake Intrusive Complex is about 10 million years older
than the preliminary 80 Ma estimate from the same sample
presented by Schiarizza and Riddell (1997). It is also older
than a previous whole-rock K-Ar date of 77.2 = 2.8 Ma ob-
tained from a hornfels containing 40% secondary biotite,
which was interpreted as the date of mineralization
(Wolfhard, 1976). It is very similar to the date obtained
from the compositionally similar Anvil Mountain pluton,
suggesting that the two intrusive suites are related.

Skinner Gold-Quartz Vein

The Skinner mineral occurrence (MINFILE 092N
039), located 5 km north of the north end of Tatlayoko Lake
(Fig. 1), comprises a system of gold-bearing quartz veins
within Late Triassic quartz diorite and diorite of the Mount
Skinner Igneous Complex. Individual veins are arranged
en echelon within a structurally controlled lineament that
trends 070° (Berniolles, 1991). Development has focused
on the Victoria vein, at the southwest end of the system,
which has been traced for more than 130 m and ranges up to
1.4 m thick. It strikes between 050° and 060° and dips
steeply to the northwest. The vein walls are defined by
slickensided faults, and the veins themselves are cut by par-
allel faults, at least some of which accommodated sinistral
movement. The vein consists almost entirely of quartz,
with minor amounts of pyrite, chalcopyrite, malachite and
rare visible gold. Gold values are variable, and concentra-
tions as high as 136 g/t across 0.65 m have been recorded
(Berniolles, 1991). A 172 t bulk sample extracted from the
vein by Ottarasko Mines Limited in 1992 and 1993
produced 11 351 gof gold (Northern Miner, June 6, 1994).

White mica locally lines vugs and open fractures in
quartz of the Victoria vein. Sample PSC94-34-3-5, of mus-
covite-bearing vein material, was collected for K-Ar dating
ofthe mica. The mica separate yielded an Early Eocene date
of 51.9 + 2.6 Ma (Table 2). This provides a minimum age
for the vein and most likely dates the late stages of the hy-
drothermal system responsible for the veining. If this inter-
pretation is correct, then the veining was probably coinci-
dent with dextral movement along the Yalakom fault,
which is just 5 km northeast of the Skinner occurrence
(Fig. 1). This suggests that the Skinner vein system formed
along an antithetic sinistral fault system related to dextral
movement along the Yalakom fault. The Lingfield Creek
and Cheshi Creek faults to the southeast may have had a

TABLE 2. K-AR ANALYTICAL DATA.

were not observed during grain selection, all Size fraction , 4Opr rad Yarrad  Age (Ma; 20
fractions are interpreted to contain minor in- Sample (mesh) K (% (mole/g x 107%) (% of total) error)
heritance, even fraction H, which comprised  pscos34-35

tips broken from more elongate prisms. The  muscovite -40+80 7.98 16.3 72.4 51.9+26

interpreted age of 91.5 +1.1/-5.6 Ma is based
on the lower intercept of a three-point regres-
sion (MSWD = 0.12). A very poorly con-
strained upper intercept of 908 +695/-563 Ma
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Notes: Samples analysed in the Geochronology Laboratory, Department of Earth and Ocean
Sciences, U.B.C., by Janet Gabites (potassium) and Joe Harakal (argon).

Decay constants 1,=01581 x 107 yr™ 1, = 4.962 x 107" yr™",

OK/K = 1.167 x 10™ mole/mole.
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similar origin, although these structures and the Skinner
vein system are oriented slightly more easterly than would
be expected for antithetic riedel shears in an ideal simple
shear model (e.g. Wilcox et al., 1973). These departures
may reflect varying degrees of clockwise rotation in the
structural blocks southwest of the Yalakom fault, as is sug-
gested by the structural analysis of Umhoefer and
Kleinspehn (1995), who relate this block rotation to the
area’s position between the Tchaikazan and Yalakom
faults.
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Aley Carbonatite: A Paleozoic Iron Oxide Copper Gold (I0CG) Deposit
in North-Central British Columbia?

By Stephen T. Johnston! and Leanne Pyle!

INTRODUCTION

Iron oxide copper gold (IOCG) deposits are recog-
nized world-wide and include a number of world-class,
high-tonnage, low-grade Cu-Au deposits that are typically
hosted in intrusive-hydrothermal breccias and include the
Mesoproterozoic Olympic Dam (Australia) and Igarape-
Bahia Alemao (Brazil) deposits (Hitzman et al., 1992). In
the Canadian Cordillera, numerous Mesoproterozoic brec-
cia bodies in the Yukon, collectively known as the
Wernecke Breccias, have associated IOCG mineralization
(Fig. 1; Thorkelson et al., 2001). Despite their economic
significance, the origins and paragenesis of IOCG deposits,
and hence mineral deposit models and related exploration
strategies for IOCG deposits, continue to be debated
(Hauck, 1990). In the Canadian Cordillera, exploration for
I0CG deposits has focused on Proterozoic strata in the Yu-
kon and adjacent portions of the Northwest Territories.

We report on recent mapping of the western margin of
the Aley carbonatite complex of northeastern British
Columbia (Fig. 1, 2). The Aley carbonatite is one of a series
of carbonatite complexes that intrudes little-metamor-
phosed continental margin strata of the Canadian Cordil-
lera foreland belt (Fig. 1). Of these complexes, the Aley
carbonatite complex is of particular interest due to its an-
omalously high concentrations of Nb,Os and its spatial as-
sociation with the Ospika pipe, an ultramafic lamprophyric
diatreme breccia pipe that has been previously investigated
as a possible diamond exploration target (Fig. 2). Although
carbonatites have traditionally been explored primarily for
their rare carth element (REE) potential, Groves and
Vielreicher (2001), based on their work on the Palabora
carbonatite of South Africa, recently proposed a link be-
tween IOCG deposits and carbonatites. After summarizing
the characteristics of carbonatites and IOCG deposits, we
present the results of recent detailed (1:5000-scale) map-
ping across the western margin of Aley carbonatite. Should
the Aley carbonatite prove to host significant [IOCG miner-
alization, it would suggest that the series of carbonatite
complexes that characterize the Canadian Cordilleran
Foreland Belt may constitute a significant, newly recog-
nized IOCG province.

! School of Earth & Ocean Sciences, University of Victoria, PO
Box 3055 STN CSC, Victoria, BC V8W 3P6, e-mail
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CARBONATITES AND 1I0CG DEPOSITS

Carbonatites are igneous rocks consisting of >50%
magmatic carbonate. Although most common in Precam-
brian cratonic regions, carbonatites are known world-wide,
range in age from the Archean to the present (Woolley,
1989) and are interpreted to be genetically and spatially as-
sociated with continental rifts (Bailey, 1977). Burke ef al.
(2003), based on a compilation of African carbonatite oc-
currences, have suggested that deformed carbonatite com-
plexes occur along and characterize relict sutures where
oceans adjacent to rifted continental margins have been
closed. Johnston et al. (2003) suggested that carbonatite
complexes of the Cordilleran foreland may lie along and
mark a cryptic suture separating a far-travelled ribbon con-
tinent to the west (Johnston, 2001) from autochthonous
North American strata to the east. Repeated carbonatite
magmatism spanning hundreds of millions of years charac-
terizes some small regions (Bailey, 1977). All carbonatites
commonly occur together with alkaline igneous rocks as
part of an alkaline intrusive series that includes olivine-free
nephelinites, syenites and pyroxenites. Rarely, carbonatites
are spatially associated with kimberlite.

Carbonatite mineralogy ranges from calcite (soivite)
to dolomite carbonatites (raugaugite). Zoned carbonatite
intrusions with calcite rims and dolomite cores have been
documented. Important accessory phases commonly in-
clude pyroxene, magnetite and hematite, and apatite.
Fenitization, consisting of Na metasomatic alteration of the
host wallrocks, is commonly observed adjacent to
carbonatite intrusions. Economic concentrations of REE,
particularly Nb, used in the production of stainless steel and
high-strength metallic alloys, make carbonatites attractive
exploration targets. The Palaboro carbonatite of South Af-
rica hosts an economic magnetite-copper-phosphate-REE
deposit (Eriksson, 1989).

Iron oxide copper gold deposits occur in a variety of
brecciated hostrocks, but are all associated with potassic
anorogenic granitoid plutons, and are spatially associated
with crustal-scale faults that mark cratonic margins
(Hitzman et al., 1992). Most known IOCG deposits are
Paleo- to Mesoproterozoic. Host breccia bodies are typi-
cally steeply plunging pipe-like bodies that consist of fresh
to entirely metasomatized country-rock fragments.
Metasomatism locally extends into unbrecciated
wallrocks. Hostrocks range from older sedimentary and
volcanic strata to much older gneiss complexes, and rarely
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Figure 1 — Distribution of known carbonatite complexes in the Foreland and Omineca belts of British Columbia, in part after Pell (1994).
Black diamonds indicate carbonatites emplaced into layered strata thought to have been deposited along the ancient continental platform
and slope of western North America, and include the Aley carbonatite (circled). Grey diamonds indicate carbonatites hosted by metamor-
phosed strata of probable Precambrian age. Distribution of the Wernecke Breccia bodies is indicated on the inset map.

comprise coeval anorogenic granitoids. Mineralization is
characterized by low-grade copper and gold mineralization
in magnetite and hematite. Magnetite and hematite occur as
a cement binding together breccia fragments, as breccia
fragments, and as a texture-destroying metasomatic alter-
ation of wallrock fragments. Anomalous enrichment in
light REE, F and P, and Ag, As, Ba, Co, Mo, Nb, Ni, Th, and
U is common. Evidence of early carbonate alteration is
rare, although carbonates are commonly replaced by youn-
ger sulphide minerals, and the extent of early carbonate
fluxing may be underestimated. Carbon dioxide is a com-
mon component of the ore fluids (Groves and Vielreicher,
2001)

ALEY CARBONATITE

The Aley carbonatite complex was mapped as part of a
regional-scale (1:250 000) mapping program by Thompson
(1989) and in detail by Maeder (1986, 1987). The main
components of the complex are 1) an oval shaped intrusion
3.0 km in diameter along its long north-south axis and char-
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acterized by a massive, coarsely crystalline dolomite
carbonatite core; 2) spatially associated lamprophyre
dikes; 3) a mantle of rocks that have previously been re-
ferred to as ‘amphibolite’ (Mader, 1987; Pell, 1994) and
mapped as a continuous body that completely encloses the
intrusion; 4) an outer fenite zone, previously interpreted as
Na-metasomatized wallrocks; and 5) cleaved argillaceous
limestone and dolomitic limestone of the host wallrocks
(Fig. 2). We first discuss the wallrocks, then the ‘amphibo-
lite’ mantle, and finally the carbonatite and its associated
lamprophyres.

Regional mapping has established the stratigraphic
succession into which the carbonatite was intruded, and the
relationship of the carbonatite to regional facies boundaries
(Thompson, 1989). Slaty limestones and calcareous slate
of the Cambrian to Ordovician Kechika Formation host the
carbonatite complex. Stratigraphically overlying the
Kechika Formation in the vicinity of the Aley carbonatite
are light grey dolostones of the Middle Ordovician Skoki
Formation (Fig. 2). The dolostones include a dark green
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Figure 2 — Detailed geology of the Aley carbonatite (in part after Mader, 1987 and Thompson, 1989). See Figure 1 for location. The grey
marker unit contained in the Skoki Formation is an alkalic basalt layer. The diatreme that intrudes the Skoki Formation west of the
carbonatite is the Ospika Pipe. Schematic cross-section at lower right shows the relationships between the fenite, breccia and carbonatite;
black bars represent 250 m on the cross-section. Abbreviations: OS, Ordovician-Silurian; CO, Cambrian-Ordovician.

weathering alkaline basalt that thins away from the Aley
carbonatite to the north and south (Fig. 2). Pyle and Barnes
(2001) identified carbonatite ocelli in samples of the basalt
collected to the north of the Aley carbonatite (D. Canil,
personal communication, 2001). The Skoki Formation
passes both upsection and to the west into shales, calcare-
ous shales and sandstones of the basinal Road River Group
(Fig. 2). The transition from carbonates of the Skoki For-
mation to shales of the Middle Ordovician to Middle Devo-
nian Road River Group has been interpreted as a facies
boundary where shallow-water platform and shelf carbon-
ates pass westward into deep water shales of the continental
slope and adjacent basin (Cecile and Norford, 1979; Pyle
and Barnes, 2001). Hence, the Aley carbonatite intruded
along or close to the ancient western margin of the North
American continent.

FENITE ZONE

Kechika Formation rocks within 500 m map distance
of the intrusion are characterized by a bleached to cream-

Geological Fieldwork 2004, Paper 2005-1

white weathering colour, have been mapped as ‘fenites’,
and have been interpreted as sedimentary rocks
metasomatized during carbonatite intrusion by the addition
of Na,O, K,0, MgO and Fe,O; (Mader, 1987; Pell, 1994).
Two distinct rock types characterize the fenite zone:
coarsely crystalline dolomite and finely laminated
dolostone. Coarsely crystalline dolomite is texturally and
mineralogically identical to the dolomitic carbonatite intru-
sion and occurs as massive, lamination-parallel layers 5 to
100 cm thick that we interpret as intrusive carbonatite sills.
Finely laminated dolostones that host the sills are charac-
terized by wavy, anastomosing laminations that appear
mylonitic. Contacts with unaltered and nonlaminated
(nonmylonitized?) Kechika Formation rocks are
gradational over short distances and are commonly sharp.
These relationships suggest to us that the fenitized zone is a
structurally distinct package of rocks with an uncertain re-
lationship to adjacent rocks of the Kechika Formation. We
believe that at least some of the fenitized rocks are
mylonitized carbonatite of the intrusion. Interleaving of
massive and mylonitized carbonatite suggests that
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intrusion was synkinematic and involved the development
of highly strained rocks.

MANTLING BRECCIA

The carbonatite intrusion is mapped as being every-
where isolated from the fenite zone by a mantle of amphi-
bolite (Fig. 2; Mader, 1987). Pell (1994) noted that, locally
at least, the amphibolite was characterized by breccia. Our
mapping focused on the western margin of the carbonatite,
where the intrusion is separated from the fenite zone by a
thick and continuous breccia body that forms a steeply
west-dipping sheet. The breccia is grey, matrix supported
and heterogeneous (Fig. 3). Clasts range in size from sand-
sized particles to blocks >1 m in diameter, are well rounded
but not spherical, and are commonly characterized by
bleached (altered) margins (Fig. 3a). A weak foliation de-
fined by alignment of the largest clasts is locally evident
and parallels the steep west dip of the breccia body. The ma-
jority of the clasts consist of quartzite or microcrystalline
leucosyenite. Limestone clasts, presumably derived from
the adjacent country rocks, are common. Neither the
quartzite nor the leucosyenite is mapped in the vicinity of
the Aley carbonatite and the source of these abundant clasts
is unknown. Clasts of hematite-magnetite, carbonatite and
aphanitic ‘greenstone’ are rare.

The matrix varies between a magmatic microsyenite
and a clastic mix of sand-sized particles of quartzite and
grey, aphanitic lithic clasts of uncertain lithology. The
microsyenite consists of interlocking, euhedral feldspar (or
possibly nepheline) microlites that appear igneous in ori-
gin. Both the clastic and microsyenite matrix are commonly
characterized by hematite and hematite-magnetite cement.
Hematite forms asymmetric, laminated mantles on many of
the clasts and locally penetrates into clasts along fractures
(Fig. 3b,c) that cut across matrix and clasts. Previous geo-
chemical studies, summarized in Pell (1994), indicate that
the syenite clasts are characterized by light REE enrich-
ment similar to, but not as strongly developed as, the that of
Aley carbonatite. The matrix is anomalously Na and K-
rich, but otherwise geochemically similar to fenite zones
marginal to many carbonatite intrusions (Pell, 1994).

Sheets of highly foliated and lineated, orange-weath-
ering carbonatite are common in the breccia. These
carbonatite sheets appear to locally host rare singular
clasts. The foliation is defined by wavy laminations and by
discontinuous layers rich in rods of white, coarsely crystal-
line saddle dolomite. The lineation is defined by 1-10 mm
long rods of saddle dolomite that plunge steeply down-dip
to the west (Fig. 3d). At one locality, the foliation was de-
fined by alignment of abundant, highly altered
orthopyroxene ‘plates’ 1 cm across. The sheet-like geome-
try of the foliated carbonatites and the presence of altered
orthopyroxene crystals imply that the carbonatite sheets
originated as dikes or sills that intruded the breccia. In one
instance a sheet of foliated carbonatite rooted into a west-
dipping extensional shear zone (Fig. 3e). The close spatial
relationship between shear zones and foliated carbonatite
sheets may indicate that carbonatite intrusion was
synkinematic with extensional (top down to the west)
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shearing and that the presence of the carbonatite magma
promoted and localized shear zones within the breccia. In
addition to the sheared carbonatite sheets, orange-weather-
ing, discordant dikes and sills of massive carbonatite are
common throughout the breccia body, although they appear
more abundant adjacent to the contact with the main body
of'the underlying Aley carbonatite. These carbonatite dikes
narrow and branch upward away from the underlying intru-
sion (Fig. 3f), suggesting that the breccia body predated
and formed the roof above the intruding Aley carbonatite.

Argillaceous limestones of the Ordovician Skoki For-
mation immediately west of and in fault contact with the
mantling breccia are intruded by a breccia pipe (Ospika
pipe). Although distinguishable from the mantling breccia
due to the presence of abundant phlogopite, the Ospika pipe
breccia is otherwise similar to and probably genetically re-
lated to the mantling breccia. Both breccias are character-
ized by a similar suite of clasts, the presence of bleached re-
action rims on the clasts, a heterogeneous igneous matrix
that locally consists of pyroxene-phyric carbonatite, and
crosscutting carbonatite dikes that postdate breccia em-
placement.

ALEY CARBONATITE

The Aley intrusion consists of bright orange weather-
ing crystalline dolomite, and sits structurally beneath and is
in sharp contact with the overlying breccia body. The
carbonatite-breccia contact consists of a highly sheared
zone, ranging from 1 to >10 m wide, of structurally inter-
mixed breccia, green schist, hematite layers and
carbonatite. Kinematic indicators, including asymmetric
folds, extensional shears, and a crenulation cleavage, imply
that deformatio