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FOREWORD

The 1993 edition of Geological Fieldwork: A Summary of Field Activities and Current Research is th: nineteenth in
this annual publication series. It contains reports on Geological Survey Branch activities and projects. The base budget of
the Branch for the 1993/94 fiscal year is $5.63 million. This budget has been supplemented by an additional $469 000 from
the Inter-Ministry Corporate Resource Inventory Initiative to prepare 1:250 000 scale mineral potential maps »f Commission
on Resources and Environment planning areas.

Regular readers will notice significant changes in the appearance of this year’s volume. For the first tim : productizn to
the camera-teady stage has been entirely by in-house "word processor”. Authors have been responsible foi the input, for-
matting and lay-out of their own papers.

The contents of this year’s volume reflect the new emphasis of integrated multidisciplinary survey programs. Reports
on two major integrated studies, the northern Vancouver Island and Interior Plateau projects are grouped together. Each
section includes an overview paper and separate reports on bedrock mapping, surficial geology, applied geochemistry and
aspects of metallogenesis. The geochemical components of these programs emphasized the study of natural acid drainage
on northern Vancouver Island and the viability of lake-sediment sampling as an exploration technique in heavi. y drift-covered
areas of the Interior Plateau,

Other major contributions to the Ministry’s Economic Development Program include 1:50 000 mapping projects in the
Yahk-Creston arca of the East Kootenays, with emphasis on the Aldridge Formation which hosts the Sulliv: n orebody; the
area surrounding the Goldstream mine in the northern Selkirk Mountains; and the Tulsequah area of north vestern Bitith
Columbia where exciting new discoveries have been made on the old Tulsequah Chief property. These programs are targeted
on regions where existing reserves will be depleted before the turn of the century or, in the case of Tuls::quah, where a
past-producer appears headed for revitalization and the surrounding area has promise for new exploratior opportunities.
Three papers report on continuing research on the coalbed methane potential of British Columbia coals.

An important element of the Branch’s 1993/94 program, the Mineral Potential Initiative, is not reported ot:in this volume
as its objectives are geared 1o the publication of state of the art, stand-alone mineral potential maps at 1:250 000 scale The
first phase of the project, the assessment of the mineral potential of Vancouver Island, is complete.

This volume also includes thirteen papers from the Mineral Deposit Research Unit at The University of British Celur-
bia, providing new insights into alkalic porphyry copper-gold deposits and volcanogenic massive sulphide deposits in the
province with particular emphasis on the porphyries in the Ironmask batholith and massive sulphide deposiis at Myra Falls
on Vancouver Island, Tulsequah and Anyox on the Mainland Coast.

I would like to acknowledge the efforts of the Scientific Review Office for once again meeting tight puslication clea3-
lines; John Newell for his thorough and timely edits and Brian Grant for guiding the whole process.

W.R. Smyth

Chief Geologist

Geological Survey Branch
Mineral Resources Division
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1993 - 94 UPDATE: INTERIOR PLATEAU PROGRAM

By Paul F. Matysek, B.C. Geological Survey Branch
and
Peter van der Heyden, Geological Survey of Canada

(B.C. Ministry of Energy, Mines and Petrolewn Resources Mineral Strategy - Targeted Geology Progr un
and Canada - British Colwmibia Mineral Development Agreement, [99] - [495)

KEYWORDS: Interior Plateau, regional geology, surficial
geology, economnic geology, lake sediment
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and Blackdome). Extrapolation of structural wends,
plutonic suites and stratigraphy suggests that there is
potential for similar, undiscovered economic deposits in
the region,

Mineral exploration and development in the region
has been severely hampered by a number of factors
which include: poor inlrastructure, inaccessibility, dense
vegetation, extensive and variably thick glacial drift, a
blanket of Miocene and younger lava tlows, an obsolere
geological database and lack of modern geophysical and
geochemical coverage. As a result most of this region of
central British Columbia is under-cxplored and
consequently poorly understood and undervatued.

Staff of the Geological Survey of Canada ((GSC) and
the British Columbia Geological Survey Branch (BCGS)
have conducted a number of integrated mult-
disciplinary projects throsghout the Interior Platean
region (Figure 1). Two key objectives of this undertaking
are to provide new data to upgrade the existing
geological, geochemical and geophysical databascs and
the development of new exploration models and
technologies. The integration of the new geoscientific
information wili aid mineral exploration and better
support mineral potential assessment and informed
resource management and land-use decisions in the
region,
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Figure 1. Producing mines (shown by diamor ds) and other
significant mineral deposits in the Interior Plateas regicn.

This report gives a brief overview and highlights of
projects carried out by both the BCGS and GSC this nast
year, Annual reports and maps will be published for
projects active during a given year. Geoscivntists from
both organizations mect semi-annuaily to r :view results
and outline future and complimentary worl . A final
volume synthesizing the Interior Plateau proagram is
planned for publication in 1995-96.

REGIONAL BEDROCK MAPPING

A number of bedrock mapping surveys were
conducted last summer to develop a better nderstanding
of the stratigraphy structure and the geolog ¢ controls. of
mineral deposits in the Interior Plateau.
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Continuing southward from last year's 1:50 000
mapping of NTS map-sheet D3F/6, (Diakow et al., 1993;
Green and Diakow, 1993), Larry Diakow and lan
Webster (BCGS) conducted 109 traverses over 800
square kilometres of NTS map-sheet 93F/3 (Fawnie
Creek; Diakow and Webster, 1994, this volume). The
area hosts a number of mineral occurrences which
include the Wolf prospect, a low sulphidation, adularia-
sericite epithermal gold-silver deposit, the Fawn
showing, a precious metal bearing epithcrmal vein and
the Paw showing, a porphyry copper molybdenum
occurrence.,

'The following significant features were noted during
the course of mapping:

e Bedrock exposures subcrop account for about
15% of the total area; the remainder is mantled
by glacial overburden.

e The basement succession consists of silica bi-
modal volcanic rocks and intravolcanic marine
sedimentary rocks. New fossil collections
suggest that this mixed volcano-sedimentary
succession may be entirely Middle Jurassic
{Bajocian to Callovian) in age.

¢ Quartz monzonite of the Late Cretaceous
Capoose batholith, mapped last scason in the
Natalkuz Lake map area, extends southward
into the Fawnic Creek map area. Porphyry
copper, skarn and a new epithermal precious
metal prospect are hosted by the altered
country rocks near the pluton.

e  The Fawnie Creek arca is part of a roughly
east-west trending zone of uplift encompassing
the Fawnie and Nechako ranges. The uplift is
deiimited by several northeasterly trending
structures. Uplift probably began as early as
middle Cretaceous time and continued into the
Late Cretaceous with the emplacement of the
Capoose batholith,

* Two new epithermal precious metal prospects
were discovered. The silicified rocks arc
Middle Jurassic in age. Occurrence 1 consists
of pervasively silicified rocks exposed over an
area 150 metres in diameter. Massive silica,
with drusy lined cavities, is accompanied by
sericite, barite and minor pyrite. It is exposed
within a kilomeire of the margin of the
Capoose batholith. Occurence 2 consists of
isolated vein segments found in quartz-bearing
rhyolite flows and minor ash-flow tuffs of
probable Middle Jurassic age. The veins occur
intermittently along a north-northeast trend,
These showings are probably part of a zonc of
paraliel veins that extends for a least 500
metres, The veins, up to 1.5 metres wide and
50 metres long, consist of massive and banded
quartz, calcite and rare barite. Disseminated
pyrite is the only sulphide observed,
Geochemical results are pending.
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In 1992, GSC geologists Peter van der Heyden and
Arthur Calderwood commenced 1:50 000 mapping in the
Charlotte Lake (93C/3) and Junker Lake (93C/4) map-
sheets (van der Heyden et al., 1993). In 1993 van der
Heyden and Mustard completed 1:50 GO0 mapping of the
Busse! Creek (92N/14 and Tatla Lake (92N/15) sheels.

The following notes summarize preliminary results
of the 1993-94 field season (van der Heyden et al.,
1904);

e Auriferous arsenopyrite-quartz veins, hosted by
small quartz diorite and telsite intrusions near
Perkins Peak (Bussel Creek map area), occur in
fault-bounded lenses below the base of a Late
Cretaceous imbricate thrust zone. The quartz
veins may be late-stage extension veins that
formed perpendicular o thrust faults following
compression. Other gold-bearing quartz veins
in the study arca also appear to be associated
with thrust fauolts.

e (Coast Belt plutons and metavolcanic rocks in
the western part of the study area represent a
Jura-Cretaceous magmatic arc which was
situated outboard of the Tyaughton basin, and
which was thrust over the basin in Late
Cretaceous time along a major imbricate thrust
zone. Preliminary geochronometry of a pluton
from one of the higher thrust sheets, which was
involved in the deformation, has yielded a 93
to 94 Ma crystallization age. A crossculting
apophysis of the large Klinaklini pluton
yielded a preliminary 63 to 64 Ma
emplacement age,

e Stikine Terrane, including the newly dated ca.
220 Ma Sapeye Creek pluton, may underlie the
Tyaughton trough between the Yalakom and
Tchaikazan faults.

Paul Metcalfe and Catherine Hickson (GSC)
continued with their study of the stratigraphic succession
and pewrological relationships of the Early Tertiary felsic
volcanic rocks which host epithermal mineralization
discovered on the Baez and Clisbako claim groups near
the headwaters of the Clisbako River. The study area
comprises four 1:50 000 map sheets (93B/12, B/13, C/9
and /16). Metcalfe and Hickson (1994) determnined that:

e  Three volcanic assemblages are exposed in the
Clisbako River area. The oldest undeformed
units are felsic to intermediate volcanic flows
and pyroclastic rocks, which host hydrothenmal
alteration and mineralization. These are
overlain by an assembiage of intermediate to
mafic lava flows.

e The area of outcrop of the felsic volcanic rocks
and the overlying mafic assemblage is a
circular highland area, approximately 40
kilometres in diameter. It is possible that this
area is an eroded caldera, partially filled with
younger basaltic lavas of the Chilcotin Group.

British Columbia Geological Survey Branch



Catherine Hickson (GSC) completed the bulk of her
mapping project in the Taseko Lakes map sheet (920)
this summer. Her work concentrated on the stratigraphy
of the Jackass Mountain Group in the Big Bar map area
(920)/1). Significant featurcs from the mapping include:

e The Watson Bar thrust separates an upper plale
of Jackass Mountain Group rocks from a lower
plate of Jackass Mountain Group rocks and
small Cretaceous (7) dioritic plutons. Plutons
within the fault zone are strongly altered,
including kaolinitic alteration of feldspars and
oxidation of hormblende,

Further details can be obtained from Hickson e al.,
1994,

MINERAL DEPOSIT STUDIES

Tom Schroeter and Bob Lane (BCGS) concentrated
on the evaluation, description and classification of a
variety of deposit types, and their geological settings.
This year's effort compriscd literature rescarch and briel
site investigations of the Woll precious metal deposit,
the Fawn (Gran} epithermal and skarn occurrences, and
the Blackwater-Davidson "transitional” precious and
base metal deposit.

They report that, in the Fawnie Creck (93173)
region;

e  Mineralization and alteration is of two ages:
approximately 48 Ma (Wolt) and
approximately 64 (o 68 Ma (Blackwater-
Davidson and Capoose)

e Mineralization is predominantly structurally
controlled.

e The Wolf prospect is a low sulphidation,
adularia-sericite epithermal gold-silver deposit
with potential for bonanza and bulk mineable
economic mineralization.

Further delails on the Wolf and other mineral
showings are documented by Schroeter and Lane (1994,
this volume). Additionally, as part of a larger project
initiated in 1991 to develop a regional melallogenic
synthesis of the Interior Plateau, landsat imagery and
publicly available drill-hole data files of the Energy
Division of the Ministry are being examined to
determine their potential for outlining structures and
stratigraphic contacts,

SURFICIAL GEOLOGY AND TILL
GEOCHEMISTRY

Vic Levson and Tim Giles (BCGS) comnmenced a
project in 1993 to map the surficial geology and
complete a 1l geochemistry sampling program in the
Fawnie Creek map area (93F/3; Giles and Levson, 1994,
this volume). This project comnplements work done by
Giles and Kerr {1993) and Proudfoot (1993) in the
eastern portion of the Anahim Lake map arca (93(Y/1, §,
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9, 16). Work included compiling a surficia geology map
of the IFawnie Creek area, conducting strat graphic and
sedimentologic studies of the Quaternary d zposits and
defining the glacial history and ice-flow p: tterns. The till
geochemistry portion of the program inclu led collection
of samples for a regional survey and develpment and
refining of drift exploration methods by cowuocting
detailed case studies around kiown minerz | deposits
Results to date indicate the following:

e Morainal sediments of the last glaciation are
widespread and form a cover from ;. few to
several metres thick .n low-lying ar:as to less
than 2 metres thick in upland regior s.

e Glaciofluvial sedimenlts are also cornmon in
the map area, occurring as eskers, kames,
terraces, fans and oulwash plains in valiey
bottoms and along vallzy flanks. Tt ey consisl
mainly of poorly to well-sorted, str; tified,
pebble and cobble gravels and sand s in
deposits up to 10 metres thick. Glaciolacustring
sediments are rare and occur on the east side of
the Wolf property. in two valleys o1 the soulh
side of Entiako Spur, and near Top _ake. There
wias one dominant ice-(lTow directio 1 towards
the east-northeast, modified by topc graphic
control during both early and late siages of
glaciation,

e Two hundred and ninety-nine samp es were
collected in 93F/3 at a density of 1 sample per
4 square kilomeures. Samples were collected
from the C mineral soil horizon, to -eflect
glacial dispersion processes. Appro timately
100 pebbles were coflected at Gl se mple sites
for lithologic analysis and provena ce studies.

e Detailed casc studies were compler:d at three
mineral prospects: Wolf, Capoose and
Blackwater-Davidson; two mineral showings:
Fawn and Yellow Mnose; and two 1.ewly
discovered showings (Diakow and 'Vebster,
1994, this volume). These studies w ere
conducled to document mineral disprersion
processes by glaciers and colluvial rocesses
and to test methods of drift explora ion. All ll
samples will be analvsed by ICP-E! and INAA
for more than 30 clemeats. Reports surficial
geology, drift prospecting potential and till
geochemistry maps are planned for publicaticn
in 1994,

Alaine Plouffe (GSC) is also engaged in a multi-year
project that addresses regional surficial geochemistry
and Pleistocene stratigraphy, ice-flow pattir indicators
and till lithologies. The project area compiises the
northwest quadrant of Taseko Lakes (9203 and the
northeast quadrant ot Anahim Lake (93C).
Reconnaissance sampling i tne Tascko R:ver valley,
and a detailed survey in the Fish Lake are: were
completed in 1992 (van der Heyden ef al., 1993). In
1993, a total of 124 till and glaciofiuvial s :diment
samples were collected and a number of ic z-flow
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indicators were measured. Most of the sampling was
conducted along the major forestry roads on mapshects
920/5 and 920/12. The silt plus clay size-Tractions (<63
um) of all samples collected in 1992 and 1993 will be
analyzed by ICP-ES and by INAA. All projcet results
including surficial geology and till gcochemistry maps
are planned for publication in 1994,

GEOCHEMISTRY SURVEYS AND
STUDIES

REGIONAL GEOCHEMICAL LAKE-
SEDIMENT SURVEYS

In preparation for planned regional geochemical
surveys in the Interior Plateau, Steven Earle (1993)
conducted a research study on the applicability of lake-
sediment surveys for mineral exploration in the Nechako
Plateau area and Sieve Cook (1993) conducted a number
of lake-sediment orientation surveys in the Vanderhool-
Houston region in 1992, Preliminary interpretation of the
oricntation data suggesis:

e Lake sediments at Wolf Pond, Clishako and
and Bentzi Lake clearly reflect the presence ot
ncarby epithermal precious metal oceurrences,
comaining maximum gold concentrations of 56
ppb. 16 ppb and 9 ppb, respectively. These
concentrations are far in excess of the regional
background of 1 ppb gold in lake sediments.

e  More representative results will be obtained by
the sampling of each lake and sub-basin during
regional lake-sediment surveys.

e Sampling of near-shore organic sediments
adjacent to drainage inflows is recommended
in detailed/follow-up investigations.

Au important outcome of these studies is the
development of geochemical models for the transport
and concentration of gold and other meltals under a range
of limnological conditions.

Incorporating recommendations from the oricntation
surveys Steve Cook and Wayne Jackaman (BCGS)
conducted two regional lake-scdiment and water
geochemistry surveys (his summer (Cook, 1994, this
volume).

e The Fawnie survey covers map arcas 93F/2
(Tsacha Lake) and 93F/3 (Fawnie Creek),
where exploration has been centred on precious
metal prospects such as the Wolf and
Blackwater-Davidson occurrences,

e  The Ootsa survey is centred on the Eocene
volcanic basin south of Burns Lake and covers
parts of map areas 93F/6 (Natalkuz Lake),
93F/11 (Cheslatta Lake), 93F/12 (Marilla),
93F/13 (Takysie Lake} and 93I/14 (Knapp
Lake).
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e Aolal of 460 sites were sampled over a
combined area of approximately 3530 square
kilometres at an average density of 1 site per
1.7 square kilometres,

e Sediment samples will be analysed for gold
and 45 additional elements by a combination of
atomic absorption spectroscopy and
instrumental neutron activation analysis,

e Water samples will be analysed for uranium,
fluoride, sulphate and pl.

Results, including data booklet, maps and tloppy
diskette, will be released in 1994, Follow-up of
prospective anomalics as well as additional surveys of
adjoining arcas is planned for next year, with the
cventual objective of completing Regional Geochemical
Survey coverage of NTS map arcas 93C (Anahim Lake),
93F (Nechako River) and 93K (Fort Fraser).

BIOGEOCHEMICAL SURVEYS

Fallowing up encouraging results from 1992 ,
oricnlation surveys in the Clisbako River and Fish Lake
areas (van der Heyden et al., 1993) Colin Dunn (GSC)
directed an airborne reconaissance and a detailed follow-
up ground biogeochemical survey this summer. The
program's focus is o cvaluate the effectiveness of
hiogeochemistry as a prospecting tool in this type of
tereain.

A regional tree-top (lodgepole pine) survey was
undertaken by helicopter in the Fish Lake area in early
May. A tolal of 276 samples were obtained from a 1625
squarc kilometre area at a grid spacing of 2.5 kilometres.
Detailed sampling in August has provided further insight
inta the response of iree chemistry 10 a zone of gold
enrichment in overburden and bedrock, and helps to
quantify levels that may be of significance to mineral
cxploration. Samples were air dried, then necdles were
scparated from stems and the stems were reduced to ash
at 470°C. Ash samples were analysed by INAA and ICP-
ES for determination of over 50 elements.

Results from the regional survey and detailed studies
show;

e Low levels of metals in tree tissues, but subtle
multi-element anomalics detine broad
geochemicai trends

e  Chromium is enriched along a zone 12
kilometres long centred on Fish Lake

e Several zones of coincident enrichment {(i.e.,
>90th percentile values) of gold, arsenic and
antimony , with spatially related zones of
cesium and chromium in the castern half of the
survey arca; and copper and molybdenum in
the western half.

* DBiogeochemical sampling profiles, using the
outer bark of lodeepole pine, show that
background levels of gold in ash are less than
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10 ppb, whereas over zones of gold enrichment
concentrations are 30 to 50 ppb gold.

Data have vet to be fully evaluated, but results
indicate that biogeochemical surveys in this part of the
province arc likely to yield only weak enrichments of
melals. However, the absolute concentrations are of less
importance than the patterns of metal distributions,

GEOPHYSICAL SURVEYS AND STUDIES

AIRBORNE AEROMAGNETIC SURVEYS

Dennis Teskey (GSC) co-ordinated a regional
acromagnetic survey over the Chilcotin-Nechako region
(93B, C, F and i) this summer, Processing and
interpretation of the digital data will be Tollowed by a
publication of bigh-resolution total field maps at 1: 100
(000 scale and specific maps at 1:30 000 scale, scheduled
for releasc in 1994 It is anticipated that geologic
structures underlying the thin bul cxtensive Miocene and
younger flood basalts will be identified.

AIRBORNE AND GROUND
MULTIPARAMETER GEOPHYSICAL
SURVEYS

Following up successful ground orientation surveys,
Rob Shives, Bruce Ballantyne and Don Tlarris (van der
Heyden er al., 1993) conducted both a high-resolution
airbome gamma ray spectrometry survey with
accompanying total field magnetic and VLF-EM surveys
as well as detailed ground follow-up investigations. The
airbome survey consisted of two traverses 500 metres
apart, over the Fish Lake and Clisbako River arcas, using
the GSC Skyvan fixed-wing aircraft. Ground follow-up
consisted of gamma ray spectroscopy, rock and stream
sediment and till sampling.

The following preliminary results have been noted:

e Strong potassium responscs in at least two
areas retate to unmapped felsic units within
volcanics currently shown as Early to mid-
Cretaceous and Miocene to Pleistocene olivine
basalts (Hickson, 1993).

¢ Coincident magnetic and VLF anomalies
define a north-trending lincar which passes
through the Fish Lake deposit and continucs
north along the west side of the Cone Hill
intrusive complex.

e  Tete Hill, a prominent circular topographic
feature mapped as Cretaceous o Tertiary "Tele
Hill granite (Riddell er af., 1993} has strong
circular magnetic and VLF responses. There is
no airborme or ground spectrometric potassium
anomaly associated with this feawre. Tield
examination failed 1o find "granite” outcrops.

Geological Fieldwork 1993, Paper 1994-1

e Potassium concenirations in sulphid 2-bearing
outcrops and intrusive phases are lo v and
cenrichment trends appear to be subt e,

o A small creek lowing .o Fish Lakbe, yielding
anomalous Regional Geochemical furvey gols
concentrations (209 pph gold, Jackaman et al.,
1992) was sampled by heavy miner: | panning.
Numerous fines (<100 wn) gold greins were
rccovered.

Results from these studies confirm tha the airborne
and ground geophysics technigques will dircctly aid
bedrock and surficial mapping, geochetnic il
interpretation and exploration.

COMMENTS

Other intormation including discussions, poster
displays and Open File maps will be made available at
the 1994 Cordilleran Rounduy. Provincial wurveys ard
studies will be continuing next summer be;iinning with a
ong-day field trip illustrating significant ge ological,
geochemical and geophysicil features.
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GEOLOGY OF THE FAWNIE CREEK MAP AREA

(NTS 93 F/3)

By Larry J. Diakow and lan C.L. Webster

KEYWORDS: Eegional geology, [nterior Plateau,
Hazelton Group, Naglico formation, Ootsa Lake Group,
Capoose batholith, Epithermal prospects.

INTRODUCTION

This report describes the results of 1:50 000-scale
bedrock mapping conducted in the Fawnie Creek map
area during 1993, This work is a component of the
Interior Plateau project, which also includes surficial
geology, lake sediment geochemistry and minerai
deposits studies that were simultaneously conducted in
the Fawnie Creck and adjoining map arcas of the
northern Interior Plateau region (see Giles and Levson,
Cook and Jackaman, and Schrocter and Lane, 1994 this
volume). The Interior Plateau project began in 1992 in
collaboration with the Geological Survey of Canada,
whose geoscience activities are discussed clsewhere (van
der Heyden et of., 1993). Bedrock mapping in the Fawnie
Creek map is an extension of work in the Natalkuz Lake
map ares 1o the north (Diakow ef af., 1993; Green and
Diakow, 1993).

The aim of the project is to provide new
geoscientific data in order to facilitate evaluation of
mineral potential in the region. The bedrock program
covers two main mineralized stratigraphic successions.
Two new epithermal precious metal targets have been

identified in the older Middle Jurassic volcano-
sedimentary rocks. Assessmernt of these ro ks for
massive sulphide potential requires additio 1al study.
Epithermal mineralization is also associate 1 with Eoene
volcanism, however hostrocks of this age ave very
limited distribution in the Fawnie Creek m ap area.
Hydrothermally altered rocks are locally e ttensive along
parts of the contact of the Latz Cretaceous Capoose
batholith. In the Fawnie Creek area there : re skarn
prospects, and a newly discovered zone of pervasively
siticified Middle Jurassic straia near the pl iton margm.

The Fawnie Creek map area is located in the
Nechako Plateau near the geographic cent e of British
Columbia (Figure 1). Access o the arca is from
Vanderhoof, approximately 140 kilometre: to the
northeast, by the Kluskus-Cotsa Forest Seirvice road. An
important junction at 142 kilcmetres, marl:s the
beginning of the Kluskus-Malaput Forest {iervice road,
which in turn is inlersected 4,5 kilometres away by the
Van Tine road. A network of well-maintaiaed logging
roads developed throughout much of the tc pographically
elevated Entiako Spur in the north, and th : Naglico Hilis
in the south provides access to the main atzas of bedrock.
These ridges intersect the Faswnie Range, vhich trends
southeast at the eastern margin of the Faw nie Creek arca.
Together they bound a central low-lying a «a occupizd oy
Fawnie Creck and interconnected Laidma 1 and Johnay
lakes,
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Figure 1. Location and road access to the Fawnie Creek map area.
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VOLCANIC AND SEDIMENTARY ROCKS

The Fawnie Creek area is part of a zone of regional
uplift that includes the Fawnie Range, and the Nechako
Range to the cast. The oldest rock unit, informally named
the Naglico formation, consists of flows and
volcaniclastic rocks containing interbeds of Middle
Jurassic sediments. Small hypabyssal stocks and sills of
augite porphyry are believed to be cogenetic with parts of
the Middle Jurassic volcanic succession. The Late
Cretaceous Capoose batholith intrudes and alters the
Jurassic rocks. Eocene volcanic rocks of the Ootsa Lake
Group form scattered, relatively thin (< 200 m thick)
outliers that rest unconformably on the Jurassic
basement. Basaltic lava flows, of probable Miocene and
younger age underlie mainly topographically subdued
areas south and northwest of the Naglico Hills.

MIDDLE JURASSIC

HAZELTON GROUP

NAGLICO FORMATION

The informal Naglico formation is named for silica-
bimodal volcanic rocks and Bajocian intravolcanic
sediments that appear to be gradationally overlain by
marine sedimentary strata containing Callovian fossils in
the topmost beds. These rocks underlie the entire Fawnie
Creek area. Exposures are most continuous in the
Naglico Hills; on the Entiako Spur the formation is less
continuous and comprises a relatively thin blanket of
thermally altered rocks in intrusive contact with the
Capoose batholith, The altered rocks consist of an
epidote-quartz-calcite +garnet assemblage. Regionally,
recognition of the Jurassic versus Tertiary successions is
aided by the ubiquitous presence of epidote, chlorite and
quartz in the older rocks, These minerals are most
evident lining fractures, as veins and incipient
replacement of groundmass and primary minerals,
particularly in rocks of basaltic to andesitic composition.
In contrast, the Eocene rocks lack this altered mineral
assemblage and overall, they have a fresher appearance.

The Naglico formation in the Fawnic Creck area is
subdivided into two main lithostratigraphic divisions.
The lower division is composed of crudely layered
fragmental and lesser flow rocks of rhyelitic composition,
and Jocal maroon and green andesitic tuffs deposited in a
subaerial environment. The upper division, which is
significantly more widespread, is dominated by mafic
and intermediate lavas. Marine sedimentary rocks are
interlayered with these volcanic rocks and become
predominant in the stratigraphically highest Middle
Furassic exposures. Except for the acid volcanic rocks,
this mixed volcano-sedimentary sucession is
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lithologically similar to, and represents the southern
extension of units J(v,s) and mJs, mapped in the
Natalkuz Lake map area (Diakow ef al., 1993; Green and
Diakow, 1993). The base of the Naglico formation was
not observed; the upper surface is an erosional
unconformity with Tertiary volcanic rocks.

Rhyolitic Flows and Associated Pyroclastic Rocks
(Unit MJNT)

The 150-metre reference section for the lower
division is in a logged area adjacent to the 5-kilometre
post of the Kluskus-Malaput Forest Service road (section
A, Figure 2). The base is not exposed; however, the
upper contact is sharp and conformabie with the upper
division, which includes pyroxene-phyric flows, and
volcaniclastic and epiclastic rocks.

The rhyolitic rocks characteristically contain up to
3% rounded quartz phenocrysts. The lowest exposures of
the reference section are rhyolites with light coloured
flow laminae in a contrasting dark grey to black
aphanitic groundmass (Plate 1A). Isolated outcrops of
these distinctive lavas are found in the area between
section A and the canyon of Fawnie Creek. Most of the
section is made up of light grey fragmenta! rocks in
tvpically thick, well-indurated beds devoid of internal
structure. The beds are composed of lapilli and fewer
block-sized fragments supported by a plagioclase-rich
matrix (Plate 1B). The lithic fragments are mainly
textural variants of plagioclase-porphyritic andesite, and
some flow-laminated rhyolite. Several monzonitic
fragments were also observed. Scarce, thin, welded zones
within the otherwise massive unwelded tuffs have a
compaction fabric defined by compressed lithic fragments
(Plate 1C).

Rocks of the lower division crop out intermittantly in
a broad area between Williamson and Tominy lakes,
about 20 kilometres south of reference section A.
Semicontinuous outcrop of the rhyolitic unit and its
apparent conformable upper contact were obscrved in a
logged area south of Williamson Lake (section B, Figure
2). In general, rhyolitic rocks at this locality differ from
those at section A by the prominence of flows and
subordinate fragmental and epiclastic rocks. The flow
textures vary between sparsely porphyritic and crowded
porphyritic, depending on the relative abundances of
resorbed quartz, and plagioclase phenocrysts. The
pyroclastic rocks include well-bedded lapilli tuff and
finer graded tuffs containing abundant quartz. Periedic
reworking of the rhyolitic flows and tuffs has resulted in
local interbeds of volcanic sandstone and conglomerate.

Rhyolitic flows and minor welded ash-flow tuff of
undetermined thickness crop out sporadically in the
heavily treed area adjacent to Tommy Lakes. Epithermal
veins and vein stockworks are exposed at a number of
closely spaced localities in the rhyolitic rocks; they
require further work to assess their mineral potential (see
New Epithermal Precious Metal Prospects).
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MINZ| subordinats maroon tuffs with sparse quartz phenocrysts,

Rhyolitic ]ava, ash-flow tuff and lapilli tuff containing diagnostic round quartz phenocrysts,
minor epiclastic sediments with detrital quartz; local maroon and green ash and lapilli tuffs,

INTRUSIVE ROCKS
TERTIARY
Felsite sills, fine grained, granular, vitreous biotite.

LATE CRETACEOUS
m Quartz monzonite, pink, equigranular to porphyritic, accessory biotite and hornblende;
volumetrically minor phases include quartz porphyry and biotite-homblende quartz diorite.

MIDDLE JURASSIC
Mafic plugs containing diagnostic medium-grained augite and fine grained plagioclase phenocrysts.

MJN3s

MJIN1

Figure 2. Distribution of major lithologic units in the Fawnie Creek map area. The stars mark the
Malaput and Tommiy; two ¢pitherinal precious metal prospects dicovered during the mapping program.,
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Plate 1. Representative rhyolitic rocks of the Middle Jurassic
Naglico formation (unit MIN1). A) Finely laminated black lava
flows found at the base of section A. B) Unwelded lapilli tiff is
volumetrically the most significant rock type in section A, This
rock characteristically contains round quartz grains, as shown
immediately above the left side of the scale bar. C) Ash-flow
tuff showing compaction foliation defined by compressed
quartz-bearing cognate pyroclasts. This sample is from the
Tommy Lakes area, where massive bedded guartz-bearing
flows of unit MIN1 comprise the country rocks for epithermal
quariz-barite-calcite veins and stockwork veinlets,

Southeast of section A, across the valley accupied by
Fawnie Creek, quartz-bearing rhyolitic ash-flow tuff and
lava are spatially associated with a significantly different
rock sequence (section C, Figure 2). The stratigraphic
position of these felsic rocks in relation to nezrby isolatzd
exposures of amygdaloidal, porphyritic and aphanitic
andesite flows and volcanic conglomerate is unclear due
to poor exposure. The conglomerate contains well-
rounded clasts, some as large as 3 metres in diameter, of
variants of porphyritic andesite and some welded dacite.
Nearby and presumably a continuation of the section, the
felsic rocks are about 25 metres thick at the base of a
conformable overlying sequence composed of well-
bedded, maroon and green fine-grained tuffs zbout 50
metres thick, Near the top, the tuffs are in contact with
synvolcanic sediments and upsection they diminish to
thin interbeds in the overlying sedimentary sequence (se:
Intravolcanic Sediments),

The rhyolitic sequence was probably deposited in a
subaerial environment as suggested by welded ash-flow
tuff and the absence of intercalated marine secimentary
rocks. In section C, where maroon tuffs underlie
fossiliferous marine sediments, this relationship marks
the transition from subaerial to shallow submarine
deposition. The age of the rhyolitic sequence is
unconstrained, but it is believed to be Middle Jurassic
based on bivalves found in synvolcanic sediments at the
upper gradational contact with volcanics at section C.
Samples of rhyolitic rock from each of the three sections
discussed were collected for U-Pb dating.

Augite-phyric Flows and Associated Pyroclastic Rocks
{Unit MIN2)

The upper division is a lithologically varied
succession dominated by andesitic flows and subordinate
volcaniclastic rocks, and intravolcanic sedimentary rocks.
This succession is regionally extensive, cropping out
mainly in the Naglico Hills and Entiako Spur, but also
scattered throughout the intervening low-lying area. To
the north, in the adjacent Natalkuz Lake map area, an
identical correlative volcano-sedimentary sequence
underlies a broad area east of, and including the Fawnie
Range (Diakow ef al., 1993). Variations in thickness of
the upper division are difficult to ascertain because of the:
combined effect of generally poor exposure in
monotonous volcanic sections that lack markers, and
suspected intraformational stratigraphic repetition caused
by numerous faults with small displacements. The upper
division strata appear to be about 250 metres thick above
the Capoose batholith, in the central part of the Entiako
Spur; the thickest accumulation is believed to comprise a
southwest-inclined homocline, south-southeast of Moose
Lake in the Naglico Hills,

Because of the internal lithologic variability in rocks
of the upper division no single section is representative,
however, certain lithological features persist over broad
areas. The primary lithologies include dark green flows
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of basalt and andesite. Vitreous augite phenocrysts, in
amounts rarely exceeding 3% are ubiquitous, and a
diagnostic feature of the andesitic flows. Plagioclase, the
dominant phenocryst, varies in abundance, Some of the
more common textural varieties include sparsely
porphyritic, fine-grained crowded plagioclase porphyry to
coarse-grained porphyry (Plate 2A,B). The flow
succession also contains several other minor textural
varieties. These include amygdaloidal lava with irregular,
quartz-chlorite cavities, and dense, aphanitic basalt.
Sometimes the basalt has resistant parallel ribs on the
weathered surface, a feature that was observed in
identical rocks in the Natalkuz Lake map area (Green
and Diakow, 1993). Small-volume dacitic and rhyolitic
lavas occupy relatively thin intervals in the more mafic
succession,

Maroon and green pyroclastic rocks are interspersed
with flows in the central part of the Entiako Spur. They
are composed predominantly of lapilli tuff in which the
lithic fragments and the matrix contain abundant
plagioclase and subordinate chloritized mafic minerals.
Quartz fragments are generally present, but because of
their small size (< 2 mm) and low abundance (up 10 2%)
they can be easily overlooked. A somewhat different
succession of fragmental rocks is found intimately
layered with the augite porphyry flows in the central and
eastern parts of the spur, and to the north-northeast
across the headwaters of Van Tine Creek, in the Fawnie
Range. They consist of lapilli and lesser block-tuffs
dominated by plagioclase-rich pyroclasts with a fine-
grained, crowded texture (Plate 2C). This distinctive
texture is due to minute plagioclase up to 2 millimetres
long in amounts up to 35 volume percent. Interbeds of
ash tuff and rare accretionary tuff are also present.
Accretionary lapilli were also found at another locality,
in section B, where they are associated with bedded ash
and lapilli tuffs that rest on crowded plagioclase
pyroxene-porphyritic andesite flows. This sequence is
capped by a cobble-boulder conglomerate containing
locally derived rounded clasts of porphyritic andesite,
and some quartz-bearing rhyolite eroded from the
underlying lower division.

Fragmental rocks exposed mainly in the area
between Chipmunk and Trophy lakes (local names) differ
from those elsewhere in the map area, in that they consist
mainly of aphanitic, off-white felsic(?) lapilli in a light
green matrix. These rocks are commonly interlayered
with augite-bearing andesite flows diagnostic of the
upper division, and locally with welded dacite. The
fragments are commonly subrounded, a feature that
possibly reflects some post-depositional reworking. The
interlayered relationship of these felsic rocks with
andesitic flows is interpreted to suggest contemporancous
bimodal volcanism.

Deposition of much of the augite-phryric volcanic
unit is presumed to be in a relatively shallow marine
environment with local subaerial conditions, as indicated
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Plate 2. Representative augite-phyric rocks of the Middle
Jurassic Naglico formation (unit MIN2). A) Typical fine-
grained end-member "crowded" plagioclase porphyry lava
composed of up to 40% plagioclase and sparse vitreous augite
phenocrysts. B) The coarse-grained end-member flovss contain
plagioclase laths up to 5 millimetres long. Note the abundant

vitreous augite evident as black grains, C) Monolithiz "crowded
plagicclase porphyry" lapilli tuff ocour mainly in the eastern
part of the Entiako Spur and into the Fawnie Range where they
are interlayered with augite-phyric flows. Note the uniform
fine-grained porphyritic texture of both the matrix and
pyroclasts.
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by rare accretionary lapilli. Evidence of marine
deposition is based on a number of localties where the
flows contain interbeds of volcanic-derived marine
sedimentary rocks. These rocks are described in the
following section. Despite textural variations, their bulk
composition varies little in an area that encompasses the
entire Fawnie Creek and much of the Natalkuz Lake
areas. This broad distribution may reflect construction of
a series of coalescing shield-like volcanoes in which
there appears to have been a preponderance of tholeiite to
weakly calcalkaline basalt (at present there is a small
geochemical data set for flows in the Natalkuz Lake area.
Rocks collected in the Fawnie Creek area had not been
anatysed in time for this report}. Local concentrations of
more felsic pyroclastic deposits probably indicate short-
lived, more violent eruptive episodes or are coalescing
deposits from a separate but nearby volcanic centre,

Intravolcanic Sediments (Unit MJN5s)

Fossiliferous sedimentary rocks are randomly
dispersed and stratigraphically conformable with
andesitic rocks of the upper division. Generally the
exposures are poor, and limited to angular debris churned
up in roadcuts and logging cutblocks. Representative
sections are exposed near the top of section A, and {o the
east of Fawnie Creek at section C. The main feature of
the intravolcanic sediments is their immaturity,
characterized by the high proportion of anguiar
plagioclase and volcanic lithic detritus. The dominant
lithologies include feldspathic sandstone and siltstone,
tuffaceous argillite, Iocally prominent volcanic
conglomerate and scarce limestone. Fossils are nearly
always present, varying in abundance from a few
belemnites and pelecypods to zones containing a rich and
varied fauna that includes ammonites, gastropods,
colonial corals, bryozeans and various bivalves.
Preliminary fossil identifications by Dr. Howard Tipper
of the Geological Survey of Canada indicate at least one
early Bajocian collection; most are indeterminate or
probable Middle Jurassic.

Near the top of section A, volcanogenic sedimentary
rocks occupy an interval about 40 metres thick. They
overlie rhyolitic rocks of the lower division, and the
upper conformable contact is with coarse-grained, augite-
phyric andesite flows. The base of the section is
dominated by light green, tuffaceous siltstone and
mudstone that alternate in differentially weathered,
paralicl beds between S millimetres and 3 centimetres
thick. Convolute bedding and channels are observed in
several intervals about 1.5 metres thick. These fine-
grained rocks persist up-section to within about 20
metres of the upper contact where they comprise minor
interbeds in a succession of thick, poorly sorted beds
composed of subrounded to subangular pebble and
cobble-sized detritus. Much of the detritus contains
augite, derived from nearby augite-phyric volcanics. The
interpretation drawn from these sediments is that the

lower fine-grained sequence may be waterlain airborne
ash deposited, in part, on an unstable slope susceptible to
slumping. The overlying coarser deposits suggest a
transition to a higher energy environment, perhaps
associated with local progradation of a volcaniclastic-
¢piclastic apron,

Stratigraphic section A varies markedly from section
C, across the valley of Fawnie Creek. As described above
and summarized here, the strata underlying the Entiako
Spur to the northwest are predominately volcanic rocks
representative of bath divisions of the Naglico formation.
Miner intravolcanic marine sediments are found
exclusively in the upper division. The volume of volcanic
rocks is significantly less in the area to the southeast of
Fawni¢ Creek, Most notable is the relative absence of
augite-bearing flows and associated volcaniclastic rocks.
Instead, they are supplanted by an apparently distal
sedimentary succession, at least 150 metres thick, which
is cut by augite porphyry sills and dikes. Similar
intrusions (unit MJap) are believed to be comagmatic
feeders for upper division volcanic strata. Extrusive
augite-bearing volcanic rocks may well have been
erupted above the sediments, but removed during a
regional erosional episode in the interval spanning Late
Cretaceous and Eocene time. Although the upper contact
of the sedimentary succession was not observed, the
uppermost exposure of sediments crops out
topographically beneath a nearby outlier of Eocene
volcanic strata. North of Top Lake a correlative section of
sedimentary rocks dips gently to the southeast, and
barring a fault, it is interpreted to project down dip
beneath a distant exposure of augite-bearing flows.
Rhyolitic rocks prevalent at the base of section A
apparently continue across the valley to section C where
they comprise a minor depositional unit within a
heterogeneous succession of intermediate flows and
variegated marcon and green fine-grained tuffs
conformably overlain by sediments. The bottom of this
sedimentary section is a well-exposed gradational contact
in which volcanogenic fine and coarse-grained sediments
rest directly on ash tuff. An identical tuff bed is enclosed
by sediments about 10 metres above the contact. The
bottom of the lowest sedimentary bed provides evidence
of synchronous volcanism and marine sedimentation as
shown by volcanic conglomerate dominated by angular
clasts occupying ball and pillow structures in an
underlying bed of vitric and ash tuff (Plate 3A). Bivalves
and belemnites are concentrated in a thin layer within the
basal conglomerate. Up-section, angular, volcanic lithic
fragments and abundant plagioclase grains in the
sediments suggest erosion of a nearby volcanic source or
penecontemporaneous volcanic activity, These coarse
immature rocks appear to rapidly diminish up-section,
passing into finer grained feldspathic siltstone and
sandstene (Plate 3B), and are eventually replaced by
tuffaceous argillite. Discrete off-white weathered layers,
believed to be ash, impart a striped appearance where
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they alternate with black argillite (Plate 3C). There are
good exposures of these argillaceous rocks in rusty pyritic
roadcuts between 143.5 and 146.5 kilometres on the
Kluskus-Ootsa Forest Service road. They typically
display uniform, parallel beds between 3 and 7
centimetres thick and contain calcareous concretions.

The recessive nature of the sedimentary rocks results
in generally scattered exposures in section C. Although
the section appears to be continuous, in reality a
significant hiatus, spanning late Bajocian and Bathonian
time is suspected. Belemnites and bivalves located at the
base of the succession are not diagnostic, but based on
lithology these rocks resemble early(7) Bajocian
sediments found elsewhere in the upper division of the
Naglico formation. At the top of the section, a fossil
quarry contains a varied faunal assemblage that includes
Callovian ammonites associated with abundant
belemnites, pelecypods, brachiopods, and rare, star-
shaped crinoid columnals. Comparable Callovian
sediments are found at one other locality in the map area,
about 1 kilometre north of Top Lake,

The strata at section C presumably represent the top
of the Naglico formation preserved in the Fawnie Creck
map area. Sedimentary rocks found in the upper division
are interpreted to represent early Bajocian shallow-
marine deposits within the influence of an active volcanic
centre and followed in time by a significant increase in
water depth and oxygen deficient conditions. This is
indicated by the change from sediments rich in volcanic
detritus at the base of the section to overlying parallel-
bedded, pyritic tuffaceous argillite. By Callovian time a
relatively shallow water near-shore environment was re-
established giving way to feldspathic siltstone and
sandstone replete with a diversified faunal assemblage.

A clastic succession, lithologically distinct from
those previously described, is exposed in the area
between Chipmunk and Ziegler lakes. To the east these
rocks are faulted against andesite flows of the upper
division; and to the west, they appear to be
unconformably overlain by rocks of the Chilcotin Group.
The succession is predominantely sorted sandstone that is
interlayered with, and grades into, minor granule-pebble
congilomerate. The arenaceous beds contain quartz, but
lack high concentrations of detrital plagioclase, which
distinguishes them from typical Bajocian and Callovian
sandstones found clsewhere in the map arca. The
conglomerate beds are typically framework supported,
characterized by well-rounded clasts, The clasts are
mainly pale green siltstone, lesser black mudstone, and
light grey chert. No fossils were found in these rocks,
however, similar conglomeratic rocks conformably
overlie a Bathonian or Callovian sedimentary sequence
exposed along the eastern slope of the Fawnie Range (cf.
unit mJs of Diakow ef al., 1993). A single, angular
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Plate 3. Volcanic-derived sedimentary rocks of the Nzglico
formation (unit MJNs). A) Sharpstone conglomerate end
immature feldspathlc sandstone overlying vitric ash tutf at the
top of the under gh}nng volcanics in section C. Load cas's occur at

the contact, highlighted by the black line. They provide
evidence of synvolcanic sedimentation. Note necking of the
lobes and the detached sediment-filled sphere enclosed by ash.
B) Feldspathic sandstone, comprised mainly of angular
plagioclase grains, is the dominant rock type of unit MINs. In
this example fine grained feldspathic sandstone and mudstone
show flaser bedding. C) Paralle] laminated white ash tuff
interjayered with tuffaceous argillite. These rocks overlie
coarser grained volcanic sedimenis and mark the transition in
time to a deeper quiet water environment.
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fragment of an identical conglomerate was found
immediately upsection from Callovian sediments at
section C; however, outcrop of this rock was not located.

EOCENE

OO0TSA LAKE GROUP (UNIT EO)

Volcanic rocks of the Ootsa Lake Group occur in
three widely spaced localities. They cap three knolls
north of Cow Lake, where they comprise the host rocks
for the Wolf epithermal precious metal prospect, and two
outliers are situated along the western slope of the
Fawnie Range. 1t is uncertain whether the group was
uniformly deposited over the intervening arca and
subsequently eroded or that these outliers represent
areally restricted deposits erupted from separate volcanic
centres. We favour the latter interpretation because there
are significant lithologic differences in Eocene strata
near Cow Lake compared to correlative rocks along the
Fawnie Range. Furthermore, we believe that
emplacement of the Capoose batholith elevated the
central Entiako Spur forming a paleo-topographic high
and consequently a local barrier for Eocene eruptives.
The preserved Eocene volcanic sequences are relatively
thin; about 150 to 175 metres thick north of Cow Lake
and at least 155 metres thick in the Fawnic Range
{section E, Figure 2). The succession may be somewhat
thicker where it is exposed north of the access road to the
Blackwell-Davidson prospect (section D, Figure 2).
Volcanic rocks and a cogenetic subvolcanic intrusion at
the Wolf prospect yield three K-Ar dates, on whole rocks,
between 47.6 1.7 and 49.9 £ 1.7 Ma (Andrew, 1988).

The lower contact of the Ootsa Lake Group
apparently dips gently westward on the three isolated
hills north of Cow Lake. A basal conglomerate crops out
in a creek along the northwest-facing side of the westerly
hill. On the central and easterly hills, the Ootsa Lake
Group sits unconformably either on fossiliferous
sedimentary rocks or pyroxene-bearing flows of the
Naglico formation. A similar contact relationship
apparently exists in the Fawnie Range where rocks of the
Naglico formation, cut by quartz porphyry dikes (unit
LKqp) and the Capoose batholith, crop out
topographically below comparatively unaltered strata of
the Ootsa Lake Group.

Eocene strata at the Wolf prospect generally dip
southwest, but north and northeast-trending faults cause
local deviations from this trend. The base of the
succession is locally marked be an oligomictic
orthoconglomerate about 20 metres thick. It is composed
of well-rounded hornblende-biotite quartz monzonite and
aplite clasts up to 1.3 metres in diameter. The texture and
mineralogic features of the clasts suggest a local
provenance from the Capoose batholith. The

conglomerate is overlain by tuff, which is part of a poorly
exposed, predominantely pyroclastic section that
comprises as much as 30% of the Eocene succession in
the subsurface (personal communication, D. Heberlein,
1993). The tuffs include welded and non-welded zones in
ash and lithic-rich beds, and some locally significant
heterolithic breccia. Tuffaceous siltstone and sandstone
of probable lacustrine origin form lenticular deposits
conformable with the overlying rhyolite flows. These
lavas comprise the stratgraphic top of the Eocene section,
dominating the upper slopes and capping the three
prominent knolls at the Wolf prospect. Despite their
apparent spatial dominance, due to their resistance and
relatively flat attitude, they make up only about 30% of
the overall Eocene succession. The rhyolite flows contain
up to 5% quartz, typically a few millimetres in diameter,
orthoclase and abundant microscopic zircon. Although
biotite is generally present elsewhere in rhyolitic rocks of
the Ootsa Lake Group, it was not observed in the lavas at
the Wolf property. Felsic tuffs and flows (units EOrt and
EOr of Diakow et al., 1993), believed to be correlative
with rocks at the Wolf prospect, crop out sporadically
along the Entiako River in the southeast corner on
Natalkuz Lake map area. Here rhyolite conformably
overlies andesitic flows, which in turn, are
unconformable on the Capoose batholith. These andesitic
flows were not observed at the Wolf prospect, however,
south of Cow Lake similar rocks underlie a cluster of
low-lying knolls that pass at lower elevation into
pyroxene-phyric rocks of the Naglico formation,

At the Wolf prospect, a sill-like body and rhyolitic
dikes, interpreted as synvoicanic hypabyssal plutons,
intrude the lavas. They have a medium to coarse-grained
porphyritic texture imparted by plagioclase, potassium
feldspar and quariz, listed in order of abundance.
Hydrothermal alteration is extensive and locally
intensive, as indicated by the destruction of primary
volcanic textures in bleached rocks, and the introduction
of silica as a pervasive replacement and veinlets (see
Schroeter and Lane, 1994, this volume).

Three main lithologies make up the Oatsa Lake
Group near the eastern boundary of the map area
(sections D and E, Figure 2). At section E, off-white,
lamninated rhyolite flows, brecciated towards the top of
the unit predominate near the base of a crudely bedded
volcanic succession. The thin flow-laminae in these rocks
are locally obscured by the overgrowth of spherulites,
which coalesce and form discontinuous layers. Scarce
lithophysae are also present. Typically these rhyolitic
rocks have an aphyric texture, however, some contain
sparse plagioclase, quartz and biotite phenocrysts.
Andesite flows conformably overlic the rhyolite. They
contain diagnostic plagioclase laths up to 6 millimetres
long in a dark matrix. The uppermost part of section E is
dominated by lapilli ff characterized by 20%
bipyramidal and broken quartz fragments between 1 and
4 millimetres in diameter. The lithic fragments are
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typically dark brown and subangular, aphanitic and
porphyritic volcanic rocks. These quartz-rich tuffs
resemble a solitary outcrop mapped north of Entiako
Lake (unit EOQrt of Diakow ef al., 1993). They are also
strikingly similar to tuff interbeds in a probable Jurassic
volcano-sedimentary sequence exposed at the top of
Mount Davidson.

Rhyolite and andesite flows predominate in the
outlier north of access road to the Blackwater-Davidson
mineral prospect (section D, Figure 2). The main
difference between this succession and section E is that
the quartzose tuff unit is absent. Other distinguishing
lithologic features include round amygdules, filled with
chlorite and opalescent silica, common in the overlying
coarse-grained plagioclase phyric andesite flows. The
underlying rhyolites are distinctly laminated, mauve and
pale green, and contain beds of monolithic breccia.

MIOCENE and YOUNGER VOLCANIC
ROCKS

CHILCOTIN GROUP (UNIT MPcv)

Relatively thin, sheet-like basalt flows, tentatively
assigned to the Chilcotin Group, are generally found in
topographically low-lying arcas, below 1150 metres
elevation, where exposure is obscured by glacial deposits.
Commonly, where outcrop is sparse the presence of
nearby flows is indicated by boulder fields. Abundant
large boulders of basalt are found in the low-lying area
south of the Naglico Hills. The subdued topography in
the southwest part of the map area, between Ziegler Lake
to the south and Johnny Lake to the north, is believed to
be manifestation of basaltic sheet flows. The
topographically highest flows outcrop in the centre of the
Naglico Hills at about 1300 metres elevation, The
basaltic lavas are generally massive and characteristically
vesicular, They weather light brown. and fresh surfaces
are black with a dense aphanitic texture, Fresh olivine is
locally abundant; plagioclase laths between 1 and 1.5
centimetres long are present, but rarely.

INTRUSIVE ROCKS

MIDDLE JURASSIC

AUGITE PORPHYRY (UNIT MJap)

Augite porphyry plugs, typically less than 1.5 square
kilometres in area, are exposed in the eastern part of
Entiako Spur and south of Tommy Lakes, These plutons
apparently intrude and bleach rocks of unit MIN2. Their
main feature is subhedral augite phenocrysts, which
comprise as much as 25% of the rock, and plagioclase
microphenocrysts arranged in a felty texture (Plate 4).
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Plate 4. Type specimen of augite porphyry hypabyssal stock
west of section A. The dark subhedral grains are vitreous augife
phenocrysts supported by a matrix composed of randomly
oriented plagioclase grains. These plutons are believed to be
cogenetic with the angjte-phyric volcanic rocks of unit MIN2.

The similar texture, mineralogy, and spatial relationship
of these plutons with volcanic rocks of unit MIN2 are
interpreted to suggest they may be cogenetic, A similar
pluton south of Tommy Lakes is surrounded by
sedimentary rocks of probable Middle Jurassic age,
however, a contact was not observed. At one locality a
remnant of a probable Eocene sill (unit Tf) rests directly
on this pluton. Near section C, sedimentary rocks of unit;
MINs are cut by augite-phyric dikes and sills(?). No
contacts were observed, and it is difficult to distinguish
these so called sills from thin flows on the basis of
texture and composition.

LATE CRETACEOUS

CAPOOSE BATHOLITH (UNIT LKqm)

Quartz monzonite of the Capoose batholith outcrops
in the extreme north of the map area, along Van Tine
Creek, extending the body southward from the Natalkuz
Lake map area (Diakow ef al., 1993). The batholith
underlies as much as 150 square kilometres of the
Fawnie Creek map area. It continues to the south beneath
the Entiako Spur, cropping out extensively along its
southern slope down to Laidman and Moose lakes, and
beyond to its southern contact in the Naglico Hills. Thick
glacial drift mantles the batholith in the valley east of
Laidman Lake. However, the pluton is expose:d in an
incised crecl valley, and north of Matthews Creek along
the base of the Fawnie Range. Although the contact
between the batholith and stratified rocks was not
observed, the thermal effects on Jurassic strata are
widespread, particularly in the central part of the Entiako
Spur where volcanic rocks are variably replaced by an
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assemblage of chlorite, epidote, silica and pyrite with or
without garnet. The Capoose batholith has one reported
K-Ar date of 67.1 + 2.3 Ma determined on biotite
(Andrew, 1988). A site along the Kluskus-Malaput road
was sampled this season. The rock contains both fresh
biotite and hornblende which are suitable for K-Ar
dating. A sample of biotite-hornblende quartz diorite
(unit LKqd), which is locally intruded by quartz
monozonite, will also be dated by the K-Ar method.

The main phase of the batholith is a homogeneous
medium to coarse-grained, equigranular quartz
monzonite. The rock is typically light pink and contains
35% quartz, roughly equal proportions of alkali feldspar
and plagioclase, and about 10 to 15% combined fresh
hornblende and biotite. Xenoliths in the pluton are
abundant and composed of fine-grained porphyry with
randomly oriented plagioclase laths less than Imillimetre
long and an interstitial anhedral mafic mineral, possibly
hornblende.

At the east end of Moose Lake the quartz monzonite
is gradational into a porphyritic monzonite. Plagioclase
phenocrysts in this rock are subhedral and approximately
5 millimetres long, forming an an interlocking aggregate
with anhedral potassium feldspar, approximately 10%
quartz, and 5% hornblende and biotite. A small isolated
stock, south of the main body in the Naglico Hills, may
represent yet another phase of the Capoose batholith. It
consists for the most part of white, equigranular
granodiorite with up to 15% chloritized mafic minerals.
Pyrite is common in pyroxene-bearing flows of the
Nagtico formation cropping out east of the intrusive
contact. Along the northern margin the pluton contains
coarse-grained potassium feldspar phenocrysts, and
chloritized plagioclase and biotite.

BIOTITE-HORNBLENDE QUARTZ DIORITE
(UNIT LKqd)

Biotite-hormblende quartz diorite forms isolated
plugs and small stocks near the margin of, and rarely
enclosed by, quartz monzonite of the Capoose batholith,
Dikes of quartz monzonite and aplite are locally observed
cutting the diorite. Typicaily these plutons are dark
greyish preen with a medium-grained equigranular
texture. Hornblende, the dominant mafic mineral,
commonly approaches 25% of the rock. Xenoliths in the
diorite are generally quite rare except for one locality
where pyroxene porphyry, which resembles Middle
Jurassic lithologies, and other fine-grained dioritic
fragments are abundant in zones of agmatite.

QUARTZ PORPHYRY (UNIT LKqp)
Quartz porphyry dikes and several plug-size plutons

are found mainly east of Fawnie Creek. They cut Middle
Jurassic sedimentary rocks; however, nowhere were they

observed cutting rocks of the nearby Ootsa Lake Group.
These plutons are pink and characterized by 5 to 15%
quartz phenocrysts. They also contain up to 5%
hornblende, and subordinate biotite phenocrysts. Locally,
small (< 1 cm diameter) mariolitic cavities suggest high-
level emplacement. Based on their texture, composition
and spatial association they are interpreted as
subvolcanic apophyses projecting from the Capoose
batholith,

TERTIARY

BIOTITE-BEARING FELSITE SILLS (UNIT Tf)

Greyish grecn fine-grained crystalline felsite sills
that characteristically contain up to 5% vitreous biotite
are confined to the area south and east of Tommy Lakes.
Sporadic outcrops of these rocks in spatial association
with rhyolite flows of the Naglico formation are found
close to Tommy Lakes. In the extreme southeast corner
of the study arca these rock comprisc a laterally extensive
sheet that is concordant with gently south dipping
volcanic and sedimentary rocks of the Naglico formation,
and an isolated remnant rests directly on an augite
porphyry plug (unit MJap). The sills weather to
porcellaneous, concoidally fractured fragments. Sparse
plagioclase phenocrysts, up to 4 millimetres long, are
observed on the fine granular weathered surface.

STRUCTURE

The Fawnie Creek area is part of a regional east-
trending horst, the Nechako uplift, locally manifest as the
Fawnie Range, Naglico Hills and Entiako Spur, Evidence
of uplift is inferred from topographically highstanding
basement rocks, mainly of Jurassic age, which to the
south and north pass into extensive arcas covered by
Eocene and younger rocks The lateral transition from old
to young stratigraphy coincides with several inferred
northeast-trending structures, which delimit the Fawnie
and Nechako ranges to the north and south. These
structures include the Natalkuz fault, mapped to the
north of the ranges (Diakow ef al., 1993); the Blackwater
drainage system appears to follow a parallel structural
zone to the south.

Uplift of the Middle Jurassic Naglico formation
appears to be relatively uniform across much of the
Natalkuz Lake and Fawnie Creck map areas, as
suggested by widely distributed augite-phyric lavas and
intravolcanic sedimentary rocks. In the central Naglico
Hills, the formation comprises a southwest-dipping
homocline, however this trend in bedding is disrupted in
the east near Tommy Lakes, where comparable Jurassic
strata dip to the south. Significant variability in bedding
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attitudes is also observed along the axis of the Entiako
Spur. In the eastern part of the spur, the layered rocks dip
in opposing directions across Fawnie Creek. Immediately
west of Fawnie Creek, throughout section A, the beds dip
at low to moderate angles northwest; farther west
bedding attitudes change significantly from one ridge to
another. Much of the variablility is atiributed to tilting
along normal faults,

Faults in the Fawnie Creck typically trend north and
northwest, Displacements are assumed to be small as
they affect rocks mainly from the Naglico formation.
Near the Wolf prospect, strata of the Qotsa Lake Group
in contact with the underlying Naglico formation are
disrupted by steeply dipping structures. Faults apparently
occupy the two valleys between three knolls, causing the
unconformable surface between Eocene and Jurassic
basement to step down progressively toward the west,
Jurassic sedimentary rocks in the vicinity of section C,
east of Fawnie Creek, are truncated on the north by a
steep, northwest-trending faunlt. The trace of this fault is
lost where it intersects the Fawnie Creek valley, and field
evidence suggests the structure does not extend directly
across the valley. However, a fault which may be its
northern extension is suspected to trace through the
Fawnie Creek watershed where it turns sharply up-slope
in the Fawnie Range. Interpretation of these segments as
a continuous structure requires a crossfault with right-
lateral motion, trending northeast through the valley
cccupied by Top Lake. There is little direct ficld evidence
for such a fault, although it would be difficult to
recognize as its trace would roughly parallel the strike of
layered rocks in the area,

The high-level emplacement of the Late Cretaceous
Capoose batholith into Jurassic rocks beneath the Entiako
Spur generated nurmerous small-scale faults and
fractures. Fracturing is mast intense in the central part of
the spur where the batholith is closest to the surface.
[ncreased permeability in these rocks chanelled the flow
of hydrothermal solutions, as evidenced by widespread
propylite, and more localized skarn alteration and
pervasive silicificasion.

ECONOMIC GEOLOGY

Except for epithermal vein and disseminated
precious metal mineralization at the Wolf property,
which is related to Eocene felsic magmatism, most
mineral propects in the Fawnie Creek and adjoining
Natalkuz Lake map areas occur near the margin of the
Capoose batholith. Precious metal mineralization at the
Capoose prospect, in the Natalkuz Lake map area, is
temporally and probably genetically related to the
emplacement of batholith (Andrew, 1988). A similar
spatial relationship exists in the Fawnie Creek map area
where skarn and epithermal prospects occur in
hydrothermally altered Middle Jurassic rocks ncar the
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contact with the batholith. Two new epithermal targets,
one a system of discordant veins and the other a zone of
pervasive silicification, were discovered during he
bedrock mapping program in volcanic rocks of he
Naglico formation. Features of these occurrence s are
discussed in the following section. The setting ¢ f other
known deposits in the Fawnie Creek map area i;
described elsewhere (Schroeter and Lane, 1994 this
volume),

NEW EPITHERMAL PRECIOUS METAL
PROSPECTS

MALAPUT (UTM 358470, 5893455N)

The Malaput occurrence is in a gently slop ng logge!
arca accessed by a secondary road off of the Khiskus-
Malaput Forest Service road. The occurrence cinsists of
pervasively silicified rocks that crop out sporadically
through apparently thin glacial drift in a zone 1neasuring
approximately 125 by 75 metres. Qutcrops of tle
Capoose batholith occur about 1 kilometre to tt ¢
northwest and comparatively unaltered green a 1d maroon
volcanic rocks, tentatively assigned to unit MIT11, are
exposed about 50 metres to the cast.

The altered rocks are composed mainly of fine-
grained silica, in piaces accompanied by sericil and rare,
crystalline barite. The texturc of these rocks is ypically
massive with some irregular open cavities linel by drusy
quariz. Finely disseminated pyrite, present in t ace
quantities, is generally oxidized resulting in a . imonitic
coating on weathered surfaces. About 50 metres to the
east a solitary exposure of layered volcanic roc s contains
bedding-parallel pyritiferous laminae.

The altered mineral assemblage is suggest ve of a
low-temperature, oxidized, epithermal setting. At present
this alteration zone is poorly exposed; it requir2s
additional work fo assess its precidus metal po ential, A
relatively flat site and the nature of alteration : re
amenable to an exploration program involving
mechanized trenching and an induced polariz: tion
survey.

TOMMY (UTM 3637S0E, 587650N)

The Tommy occurrence is actually three i jolated
quartz vein and stockwork veinlet occurrences found in
the vicinity of Tommy Lakes in the southeast corner of
the map area. At present, there are no roads ir this area.
It is occupied by tree-covered hills with gener: Iy poor
rock exposures limited to their crests and steeper slopes,
The veins occur in rhyolitic flows and lesser a sh-flow tuff
of unit MINI,

The UTM grid coodinate cited above is fcr the
largest of the veins. At this site a vertical quaitz vein can
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be traced discontinuously for 50 metres along a trend of
0459, The vein is typically less than 1.5 metres wide. The
quartz is white, finely crystalline to massive, rarely
banded along vein margins with drusy crystals growing
inward toward the centre of some anastomising veinlets.
Sparry calcite sometimes occupies a void at the centre of
the banded veins. Pyrite is present in trace amounts.
Alteration of the country rocks is shown by minor
reddening of the groundmass and plagioclase
phenocrysts. Small outcrops of quartz can be traced
intermittantly for about 500 metres to the northeast.

Stockwork veinlets are exposed on a knoll due south
of the castermost of the Tommy Lakes. Prominent
fractures and brecciated vein material trend northeast.
Another system of stockwork veinlets crop out on a knoll
near the centre of a recent forest burn, northeast of
Tommy Lakes. These quartz veins are similar to others
south of Tommy Lakes, however, they also contain
crystalline barite,

Limited time was devoted to prospecting in the
Tommy Lakes arca during the course of bedrock
mapping. We believe there is excellent potential for the
discovery of additional epithermal quartz veins and their
potential for precicus metals is untested.
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SURFICIAL GEOLOGY AND DRIFT EXPLORATION STUDIES IN THE
FAWNIE CREEK AREA (93/F3).

By T.R. Giles and V.M. Levson

KEYWORDS: Surficial geology, drift exploration, till,
glaciefluvial outwash, glaciolacustrine sediments, applied
geochemistry, mineral dispersion, dispersal trains.

INTRODUCTION

This paper describes the preliminary results of
sutficial geological mapping and till geochemistry
sampling during the 1993 field season in the Fawnie
Creek (93F/3) map area (Figure 1). This work is part of a
larger progrant in the Interior Plateau that includes
bedrock mapping, lake geochemistry and mincral deposit
studies (see Dhakow and Webster, Cook and Jackaman,
and Schroecter and Lane, respectively, 1994, this volume),
The program is designed to test the applicability of
surficial geology data to drift prospecting in regions
where mineral exploration has been hampered by thick
drift cover. Neogene [ava flows, an outdated geological
database and a lack of modern geochemical and
geophysical information have also hindered exploration
in the area. Surficial geological mapping in the area was
completed in order to understand the glacial history and
provide a basis for design of a till geochemical sampling
program, The projects main goals, designed to address
these problems, are:
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Figure 1. Location map of the Fawnie Creck (93F/3) map sheet.
The 1992 study areas Chilanko Forks, Chezacut, Clusko River
and Toil Mountain (93C/1, 8, 9, 16 respectively) are also
shown (Giles and Kerr, 1993; Proudfoot, 1993).

Geological Fieldwork 1993, Paper 1994-1

e to compile a 1:50 000 surficial geolc gy map of
the Fawni¢ Creek area (93F/3), conduc
stratigraphic and sedimentologic studics of
Quatcrnary deposits in the arca, and di fine the
glacial history and ice-flow patterns;

¢ to complete a regional (1:50 000} till sampling
program and produce a series of till gexchemistry
and drift exploration potential maps for mineral
exploration purposes; and

e to develop and refine methods of dr ft exploration
applicable to the Interior Plateau region by
conducting detailed case studies aroun1 known
mineral deposits.

STUDY AREA

The Fawnie Creck map area lies wit iin the Nechako
Plateau, in the west-central part of the Interior Plateat.
{Holland 1976). The Fawnic: Range dom nates the
northeast corner of the map area, reachir g elevations of
over 1775 metres (5800 feet; Figure 2). 1 ntiako Spur
extends across the northern half of the r¢ gion, with
elevations dropping westward from 175C metres (5700
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Figure 2. General physiography of the Fawn e Creek ar:a. The
light shading represents areas with elevatior 5 above 1200
metres (4000 feet) and the darker shading a1 zas in excess of
1520 metres (5000 feet).
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feet) to below 1200 metres (3900 feet), Fawni¢ Creek
valley occupies the centre of the map area and flows from
Top Lake at an elevation of around 1070 metres (3500
feet) southwest through Laidman and Johnny lakes. The
Naglico Hills form the southern margin of the Fawnie
Creck valley, reaching elevations of 1550 metres (5100
feet) in the east and 1370 metres (4500 feet) in the west
and they, in turn, are bounded on the south by the vailley
of the Blackwater River. All valleys in the area are broad
with gently inclined sides reflecting glacial modification,
except Van Tine Creek (Figure 2) which is perpendicular
to ice flow and has a sharp V-shaped valley.

During the last or Late Wisconsinan glaciation, ice
moved into the Fawnie Creck map arca from the Coast
Mountains before flowing north, northeast and east onto
the Interior Plateau (Tipper, 1971). Coast Mountain ice
extended as far east as the Fraser River before coalescing
with Cariboo Mountain ice flowing to the west and
northwest.

The study area is approximately 150 kilometres from
Vanderhoof and is accessed by the Kluskus-Ootsa Forest
Service road. Logging road access within the north half
and southeast quarter of the map area is good but much
of the west and southwest are accessible only by trails.

METHODS

Surficial geology mapping was completed by
interpretation of air photographs, field checking existing
terrain map data (Tipper, 1954, 1963; Howes, 1976,
1977), and stratigraphic and sedimentologic studies of
Quaternary exposures in the study area. Ice-flow history
for the Fawnie Creek map area was largely deciphered
from the study of crag-and-tail features, flutings and
drumlins (Plates 1 to 3); striation measurements are also
good local ice-flow indicators.

Till samples were collected for geochemical analysis
in order to locate glacially dispersed mineralization
present in the region. Regional sample focations were
selected to obtain complete coverage of the map area,
with the greatest density of samples along transects
perpendicular to established ice-flow direction. In ice-
paraliel situations, where samples repeatedly represent
the same terrain directly up-ice and therefore duplicate
each other, wide-spaced sampling was used. An
intermediate sample spacing was used on transecls
oblique to flow. Samples were collected from the C

Plate 1. Steeo ir iptographs of cr-d-tail features rm b iaal action on the ank

of the Naglico Hills ear

Williamson Lake. Note the consistent orientation of the linear tails toward the east in the down-ice flow direction. Note also how
forest cover obscures glacial features in unlogged areas. Air photographs BCB 92048-68 and 69.
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Plate 2: Crag-and-tail feature. A crag or knob of bedrock is

exposed at the right (west) and the tail of sediment which filled

the cavity beneath the ice 1s preserved to the left. Glacial ice-
flow direction is from right to left (065°).

Plate 3: Air photograph of east-northeast oriented flutings
reflecting regional ice-flow direction on the southwest side of
Entiako Spur. Air photograph BCE $1087-160.

mineral soil horizon, which is comparatively unaffected
by the pedogenic processes operative in the A and B soil
horizons (Agriculture Canada Expert Committee on Soil
Survey, 1987; Gleeson ef af., 1989). Sample sites consist
of natural and man-made exposures (roadcuts, borrow
pits, soil pits and trenches). Locations of samples sites
were plotted on a 1:50 000 topographic base map with
the aid of air photographs. A total of 229 till samples
were collected throughout the study area (Figure 3} ata
density of approximately one sample per 4 square
kilometres. Higher density sampling was conducted in
areas of perceived higher mineral potential and around
known mineral prospects to provide a clearer
understanding of glacial dispersion processes. At each
sample site, data collected included descriptions of
sediment type, primary and secondary structures, matrix
texture, presence of fissility, compactness, total
percentage and modal size of clasts, rounding of clasts,
local slope, presence of striated clasts, and sediment
genesis and thickness. Further information was noted on
soil horizons, bedrock striae, bedrock lithology, clast
provenance and abundance of mineralized erratics.

Geological Fieldwork 1993, Paper 1994-1
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Figure 3: T.ocation map of sample sites in the study area. Thz
concentration of sites in the northwest comer reflects more
detailed sampling completed in the vicinity of the Wolf
prospect, Note the bias towards SE trending transects
(perpendicular to regional ice-flow direction).

Detailed till and soil geochemistry sampling was
conducted at three mineral prospects (Walf, MINFILE 93F
045; Capoose, MINFILE 93F 039; and Blackwater-
Davidson MINFILE 93F 037), two mineral showings
(Fawn, MINFILE 93F 043; and Yellow Moose, no
MINFILE)} and two newly discovered prospects (no
MINFILE; see Diakow and Webster, 1994 to document,
mineral (elemental and lithologic) dispersion processes
(Table 1), Each site is unique in geomorphologic,
sedimentologic or stratigraphic setting. Approximatzly
122 samples were collected along ice-parallel or ice-
perpendicular, linear or fan-shaped traverses to document
glacial dispersion and {rangport distance.

The most intensive survey was conducted at the Wolf
epithermal gold-silver deposit. This included striation
measurements to determine the local ice-flow history and
a down-ice fan sampling program to gather informarion
on tnineral transport and dispersal. Samples were also
taken up-ice from the prospect to determine background
geochemical levels. Detatled sedimentologic and
stratigraphic studies were conducted in mtmerous well-
exposed trench scctions in conjunction with a
geochemical sampling program undertaken by University
of British Columbia researchers (Delaney and Fletcher,
in preparation). A steeply sloping trench with known
bedrock geochemical values on the cast side of the
property was sampled in detail to document downslope
dispersion in colluvial sediments,

Till samples were dried, split and sieved into thoee
size fractions: 70 to 140 mesh (105 to 210 pm), 140 to
230 mesh (62.5 to 105 pm), and less than 230 mesh. (Iess
than 62.5 pm). All the -230 mesh fractions were analysed
by instrumental neutron activation analysis (INAA) ani
inductively coupled plasma analysis (ICP) for 32
clements. The two coarser (105 to 210 pm and 62.5 to
105 um) fractions of samples taken during the detailed
case studies, as well as several random samples from the
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TABLE 1: DISPERSION STUDIES

Location Deposit Type Purpose . Samples Sampling Destgn

Wolf Epithermal Au-Ag Glacial dispersion 40 Down-ice fan traverse
Down-slope dispersion 24 Slope profile traverse

Mount Davidson  Transitional Au-Ag Glacial dispersion 3 Linear down-ice traverse

Yellow Moose High-level epithermal  Glacial dispersion 16 Down-ice fan traverse

Hg-Au-Ag

Capoose Transitional Au-Ag Glacial dispersion 8 Linear down-ice traverse

Fawn Epithermat Au-Ag Glacial dispersion 12 lce-flow perpendicular raverse

New discovery A Unknown Document lateral extent of deposit 11 lce-flow perpendicular traverse

New discovery B Unknown Document lateral extent of deposit 8 lce-flow perpendicular traverse

regional survey, were also analysed to investigate if
mineral dispersion is similar in all size fractions during
transport, One half of the sample splits was reserved for
grain size and other follow-up analyses.

Approximately 100 pebbles wete collected at till
sample sites for lithologic analysis and provenance
studies. Results will be used to investigate the
relationship between bedrock geology and till clast
lithology, glacial dispetsion, rates of clast abrasion and
rounding, and distances of travel. These data will be
useful for tracing mineralized float to its source and to
help determine bedrock lithology where exposure is
limited due to drift cover.

SURFICIAL GEOLOGY

MORAINAL SEDIMENTS

Morainal deposits include all sediments deposited
directly by or from glaciers with little or no reworking by
water (Dreimanis 1989). Morainal sediments of the last
glaciation occur throughout the Fawnic Creek map area
and include lodgement and mel{-out tills as well as
glacigenic debris-flow sediments. Surficial geology
mapping in the area shows that morainal sediments are
the most widespread Quaternary deposits. They form a
cover of variable thickness across much of the area and
may occur as hummocky, kettled, fiuted or relatively flat
topography. Till thickness varies from a few to several
metres in low-lying areas to less than 2 metres in upland
regions and along sieep stopes. Exposures of tillup 1o 8
metres thick were observed in valleys perpendicular to
the regional ice-flow direction (Figure 4, Section 93-9,
Van Tine Creek). Exposures of till 1 to 2 metres thick are
common on bedrock highs (Figure 4, Sections 93-1, 93-7,
93-15}. In Fawnie Creek and Matthews Creek valleys,
morainal sediments are largely buried by glaciofluvial
outwash, fluvial and organic sediments.
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Two distinct facies of morainal sediments are
recognized: a compact, fissile, matrix-supported, sandy
silt diamicton and a loose, massive to stratified, sandy
diamicten, (Diamictons are defined as poorly sorted
deposits consisting of mud, sand and gravel.) The first is
interpreted to be basal lodgement and melt-out till and
the latter to be glacigenic debris-flows and resedimented
deposits. Basal tills seldom occur at the surface, usually
being overiain by glacigenic debris-flow deposits and, on
siopes, by resedimented diamictons of colluvial origin.

Basal tills are moderately to well compacted but
range from weakly consolidated to very compact or
overconsolidated. Moderate to strong platy fissility exists
in the majority of the samples (Plate 4), although they are
occasionally weakly fissile or nonfissile. Vertical jointing
is common and blocky structures occur where the
sediment has been exposed to the sun and is relatively
dry (Plaie 5). Weak to very strong oxidation of the tili,
characterized by reddish brown staining, is common and
can accur pervasively or along vertical joint planes and
horizontal partings. Subhorizontal slickensided surfaces
are sometimes present, especially in clay-rich till.

Plate 4: Subhorizontal partings in massive diamicton
interpreted as lodgement till.

British Columbia Geological Survey Branch



Plate 5: Melt-out till overlying proglacial outwash. Note the
massive, resistant nature of the tiil.

Clasts in the basal tills range in size from small
pebbles to large boulders with medium to large pebbles
dominating mos{ exposures. As much as 50% of the til[
may be comprised of clasts, but most exposures have
between 10 and 30% clasts. Striated, faceted, embedded
and lodged clasts are common and typically up to about
20% of the clasts are striated. Striated clasts are
commonly flat lying and bullet shaped, and may be
aligned parallel to ice-flow direction, Crude bedding
locally visible in the tills, is indicated by higher
percentages of small pebbles in some beds.

Lower contacts of basal till units vary from sharp
and planar to gradational and irregular. Where till
overlies competent bedrock that abraded slowly by
sediment-rich basal ice, there is a clear and sharp
contact. In some places, lower contacts are gradational
with zones of broken, angular bedrock with little matrix,
overlying fractured bedrock. Injections of till into
bedrock fractures indicate high pressure conditions at the
basc of the ice during deposition. Occasionally, bedrock
slabs have been lifted up into the body of the tili;
commonly they are folded and faulted but rarely are
intact blocks preserved.

Diamictons of inferred debris-flow or colluvial origin
{Plate 6) are loose to weakly compacted and are either
massive or interbedded with stratified silt, sand or gravel,
Clasts vary in size from small pebbles to large boulders
but are usually medium to large pebbles. These
diamictons typically contain 20 to 50% clasts although
up to 70% are present locally. Subangular to subrounded
clasts are most commeon, but local angular fragments
dominate in some shallow exposures over bedrock. Up to
10% of the clasts are striated. Lenses and beds of sorted
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Plate 6: Loose, massive-appearing glacially-derived debris flow
deposits overlain by sandy colluvium. Marked increments on
measuring rod are labelled every 10 centimetres.

silt, sand and gravel occur in many exposures and may be
continuous for up to 5 metres, although they are most
frequently 10 to 100 centimetres wide. Debris-flow
deposits may exhibit weak to very strong oxidization
preferentially along the more permeable sand and gravil
beds. Debris-flow units have gradational to clear lower
contacts and typically overlie basal till.

GLACIOFLUVIAL SEDIMENTS

Glaciofluvial sediments are common in the map area
and occur as eskers, kames, terraces, fans and outwash
plains ir valley bottoms and along valley flanks. They
consist mainly of poorly to well-sorted, stratified, pebble
and cobble gravels and sands in deposits up to 10 meires
thick. Thick sequences of glaciofluvial sands and gravels
occur in large valleys (Fawnie, Matthews and Van Ting)
(Figure 4, Section 93-9, Van Tine). Clasts are rounded to
well rounded, vary in size from small pebbles to cobbles
with rare boulders.

In upland areas on Entiako Spur, Naglico Hills and
the Fawnie Range, postglacial glaciofluvial sands and
gravels occur as a veneer or thin blanket, up to 2 metres
thick, on top of till (Figure 4, Section 93-15).
Structureless or crudely bedded, small-pebble to cotible,
sandy gravel beds are common. Clasts may be up to
boulder size, are frequently striated and vary from
rounded to angular. Many of these deposits are
interbedded with gravelly diamictons indicating that they
are proximal outwash deposits.

Advance phase glaciofluvial sediments were
obscrved at one site on the south side of Entiako Spur
under till within a bedrock channel cut otlique to ice
flow (Figure 4, Section 93-7). Horizontally stratified
medium to coarse sand beds at the base of the section are
erosionally truncated by a poorly sorted, crudely
imbricated, clast-supported cobble gravel. Clay
infraclasts, up to 10 centimetres in diameier occur in the
gravel. These sediments are interpreted as proglacial,
proximal braided-stream deposits.
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Figure 4. Representative stratigraphic columns of Quaternary deposits and interpretative correlation of main units in the stucly area.

Plate 7; Stereo pair of the glaciofluvial complex southwest of Top Lake. Meltwater channels, gravel ridges and kettle depressions are
visible. The incised, post-glacial Fawnie Creck valley extends from the right centre to the botiom centre of the plate. Air photographs

BC 4281-153 and 154.
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Plate 8: Meltwaler channels developed near the margin of
stagnating ice masses on the south side of the Entiako Spur. Air
photograph BCE 91088-174.

Plate 9: Oblique view, looking westerly, of meltwater chamnels
seen in Plate 8.

Plate 10: Well-sorted, ripple-bedded, fine to coarse sand in a
coarsening upward sequence deposited in a small fan-delta on
the south side of Entiako Spur.

Geological Fieldwork 1993, Paper 1994-1

Plate 11: Depositional-stoss climbing ripples of the
glaciolacustrine sand facies overlain by horizontally laminated
fine sand, silt and clay. Scale is in centimetres.

Hummocky topography at the confluence of Van
Tine and Fawnie valleys, consisting of ridges and krobs
of sand and gravel with large kettles, indicates the
presence of ice blocks within gravelly sediments during
deposition of an cutwash fan (Plate 7). On the southast
margin of Entiako Spur, large kame deposits and an
extensive series of meltwater channels (Plates 8 and 9)
developed parallel to the ice margin indicate prolonged
ice stagnation and ablation. Moderately sorted, cruciely
bedded gravel and sand terraces high on the eastern.
margin of Fawnie valley are deposits of hugh-level ice-
marginal channels formed during ice retreat or
stagnation,

Approximately 20 kilometres to the rortheast ¢f' the
map area, there is a large esker complex at the junction
of Top Lake and Chedakuz valley. The eskers are
perpendicular to, and occur on the western margin of, the
Chedakuz valley, indicating that they were formed y
water from the Top Lake valley. As the glacier retreated
up the Top Lake valley some ice masses remained in the
Chedakuz valley and impounded drainage in the Top
Lake valley. The glacial lake was able to drain
subgiacially and formed these large eskers.

GLACIOLACUSTRINE SEDIMENTS

Glaciolacustrine sediments are found in only four
places in the study area: on the east side of the Wolf
prospect, in two valleys on the south side of the Entiako
Spur (Figure 4, Section 93-5), and near Top Lake (Figure
2; Figure 4, Section 93-8). They can be divided into two
facies based on grain size and structure: horizontally
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bedded fine to coarse sand and horizontally laminated
fine sands, silts and clays. A shallow-water fan-delta
origin is proposed for the sand facies and the finer
grained sediments are interpreted to be rhythmically
bedded glaciolacustrine deposits.

The coarsest strata in the sand facies are horizontally
bedded and trough cross-laminased medium to coarse
sand beds up to 25 centimetres thick (Plate 10),
commonly with fluid ¢scape, flame and load structures.
Parallel-laminated fine to medium sand beds, up to 10
centimetres thick, with dropstones, load structures, faults
and deformed beds ar¢ common. Climbing ripples occur
in well-sorted fine to medium sand beds, usually as a cap
to underlying coarser strata. Beds of this facies
commonly fine upwards from glaciofluvial gravels below
to fine sand, silt and clay facies above.

Fine sands, silts and clays are thinly laminated,
horizontally stratified and laterally extensive,
Horizontally taminated, normally graded beds of fine
sand and silt are the dominant sediments in this facies
(Plate 11}. Beds of finz sand up to 2 centimetres thick
commonly form rhythmic couplets with silt beds,

Plate 12: A typical exposure of unsorted, angular colluvial
diamicton overlying on bedrock on a steep slope.

Plate 13: Air photograph of the postglacial alluvial fan which
has deflected the outlet stream from Top Lake to the south side
of the valiey. Note the presence of one major channel and at
least three abandoned chennels. Air photograph BC 7807-311.
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typically less than a centimetre thick. Fine sand and silt
may occur in normally graded beds up to 20 centimetres
thick. Clay beds are ] to 5 centimetres thick. High-angle
intraformational faulting is locally common, with
displacements up to 10 centimetres.

POSTGLACIAL FLUVIAL AND ORGANIC
SEDIMENTS

Fluvial sediments occur in valley bottoms throughout
the area. They include reworked morainal and
glaciofluvial deposits as indicated by stream exposures of
glaciofluvial delta, terrace, kame and esker deposits,
especially in the Fawnie Creek valley. Most streams in
the area are meandering streams with gravel channels.
Floodplains are dominated by fine sands, silts and
organics. In upland arcas small gravelly creeks have
reworked glacial, glaciofluvial and colluvial sediments
and locally are incised into bedrock. The flat, open
terrain of Fawnie and Matthews Creek valleys is
characterized by marshes and shallow lakes filled with
organic sediment. In the southwest part of the map area
the Fawnie valley broadens to over 15 kilometres wide.
The organic deposits consist of decayed marsh vegetation
with minor sand, silt and clay. Organic deposits also
occur in the base of some valleys in low areas, as a thin
veneer of decaying vegetation over cobble and boulder
gravel.

POSTGLACIAL COLLUVIAL AND
ALLUVIAL FAN SEDIMENTS

A thin veneer of weathered and broken bedrock
clasts in 2 loose sandy matrix occurs on steep slopes
throughout the area (Plate 12; Figure 4, Sections 93-25
and 93-3), These deposits grade downhili into a thicker
cover of colluvial diamicton derived from both local
bedrock and till. Colluvial veneers are common over tills
on steep slopes. Colluvial diamictons are differentiated
from till by their loose, unconsolidated character, the
presence of coarse, angular clasts of local bedrock, crude
stratification and lenses of sorted sand and gravel

Several postglacial alluvial fans occur in the area;
the largest and most active is located at the west end of
Top Lake (Plate 13). There is a large catchment arca
upstrecam from an incised bedrock gully that forms the
fan-head channel, and flashy discharge is typical. The
alluvial fan has prograded across the western margin of
Top Lake and has constrained the outlet stream to the
southern side of the valley. Coarse cobble to boulder
gravel is actively transported in the main fan channel.
Evidence for rapid lateral migration of the modern
channel was seen during the course of the field season.
Heavy rainfall over a 2-day period resulted in banfull
conditions, channel migration and bank crosion in
several areas. Up to several metres of channel
aggradation occurred locally. Flooding caused extensive
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damage, isolating a bridge in mid-stream by eroding the
roadbed on either side. The main course of the channel
spread across a plain approximatcly 50 metres wide
where previously it had been contained in a channel 5
metres wide. Evidence for many such events on this and
other fans in the area is indicated by numerous channe]
scars on the fan surfaces (Plate 13).

ICE-FLOW HISTORY

Results of ice-flow studies in the area indicate that
there was one dominant flow direction towards the east-
northeast modified by topographic control during both
carly and late stages of glaciation. Striation
measurements from exposed bedrock across the area
typically indicate northeast to east flow, but range from
028° to 103°. Topographic control of ice-flow direction
during early glacial phases is indicated by valley-parallel
striae on bedrock surfaces that are buried by thick till
sequences. At the Late Wisconsinan glacial maximum,
ice covered the highest peaks in the region and
movement appears to have been unaffected by
topography, suggesting an ice thickness in excess of 1000
metres (3000 feet), Crag-and-tail features, drumlins and
glacial flutings are present throughout the area and
indicate flow towards the cast and northeast during full
glacial time. Cross-cutting striae in an easterly (075°%)
trending valley in the northeast part of the area record
topographically influenced ice flow during waning stages
of glaciation. Early flow is towards 045° and later flow at
075°. Similarly, in the southwest part of the area the full-
glacial ice direction was determined to be 070° to 080°
with later flow at 089° to 103°.

SUMMARY OF GLACIAL HISTORY

Prior to glaciation, regional drainage was similar to
present, westwards from Top Lake and Mount Davidson
through the Fawnie valley into the Entiako River system.
Advancing ice to the southwest caused flow to reverse
and proceed to the east and north through the Top Lake
valley. The first lobes of Late Wisconsinan Fraser
glaciation ice advancing into the area were probably
confined to major valleys. Drumlins, crag and tails,
flutings and striations all indicate that when the glaciers
were thick enough to be relatively unaffected by
topography during full-glacial times, ice flow was cast-
northeasterly. At the margins of the advancing ice,
coarse-grained proglacial outwash was deposited locally
in the valley bottoms. Massive, matrix-supported,
compact lodgement and melt-out tills were deposited by
the advancing ice. During the final stages of
deglaciation, loose, sandy gravelly diamictons were
deposited on top of the tills by debris flows. Confined
subglacial flow created small eskers in the bottom of Van
Tine Creck and Fawnie Creek valleys and on the {ow-
lying areas to the southwest of Moose Lake. In the
Fawnie Creck valley the glacier downwasted and
numerous meltwater channels were cut on the north side
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of the valley (Plate 8). Gravelly outwash p ains formed in
the main valiey bottoms as large volumes of sedimer
and water were removed from the ice maryin.

This vailey was the only outlet throug 1 the Fawie
Range for meltwaters from ablating ice south of the
Entiako Spur. Stagnant icc masses to the 1 ortheast ci the
map area dammed meltwaters and caused formation of a
glacial lake in the Top Lake region. A pitizd delta
formed where sediment-laden meltwaters :ntered the
western margin of the lake at an elevation of around
1100 metres (3600 feet). Knob-and-kettle :opography
(Piate 13) indicates the ptesence of ice blecks withirn the
deltaic sediments. Ten metres of rhythmic ally bedded
sand and silt are exposed along the margi 1 of Fawnie
Creek valley suggesting sustained lake activity. A large
esker complex is located at the eastern ene] of the Top
Lake valley where meltwaters flowed und.r the stagnant
ice masses in the Chedakuz valley.

Other smaller lakes also formed locally along the
margins of the retreating ice. For example, in the Wolf
area, glaciolacustrine sediments occur 75 metres above
the base of a north-trending valley indicaling local ice
damming. In addition, meltwaters, flowing off the
Entiako Spur on the north side of the Faw nie valley, were
dammed by stagnant ice creating short-lir ed glacial lakes
in the side valleys. A sequence of cobble-lsoulder gravel,
fining upward to stratified fine sand, silt : .nd clay,
exposed in one of the valleys, records the change from a
glaciofluvial to a glaciolacustrine environment. In
another valley, a thick section of well-sor-ed, well.-
bedded, rippled fine to coarse sand is exprsed in a
coarsening upward sequence which sugge sts delta
progradation into a lake.

EXPLORATION IMPLICATIONS

Exploration programs in drift covere 1 regions must
rely on an understanding of glacial proce ises and the
glacial history of the arca (Coker and Dil abio, 1989).
Glaciers moving across mineralized bedr xk erode an
incorporate mineralized debris into the ice mass. Dilution
of the mineralization occurs down-ice an 1 forms a
dispersal train within the (ili. The disper: al train may be
strongly anomalous but very small at the head (sou ce)
and becomes less anomalous but much larger towards the
tail. Dispersal train anomalies may be hundreds to
thousands of times larger than the origin il bedrock
source and form large targets for geochel nical
exploration (DiLabio, 1990). Dispersal t1ains are
commonly very thin in comparison with heir length and
have clear lateral and vertical contacts w th the
surrounding till. In the simplest case of 1 nidirectional
ice-flow, mineralized matenal at a point source wil] be
eroded, transported and redeposited to produce a ribbon-
shaped dispersal train paralle} to ice flov (Fox ef af,,
1987, Gravel ef al., 1991). Variations in the ice-flow
direction, caused by topographic irregularities or
changing dynamics at the base of the ice may cante tae
anomaly to curve or to form a fan-shape:! dispersal truin.
In more complex areas, where there hav: been nuraerous
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flow directions during glaciation or multiple glaciations,
the anomaly may be widespread and difficuit to trace to
the source.

Sampling of basal tills rather than other types of
surficial materials is recommended in this region for
several reasons:

o Basal tills are deposited in areas directly down-
ice from their source and therefore mineralized
materials dispersed within the tills can be more
readily traced to their origin than can anomalies in
other sediment types. Processes of dispersion in
ablation tills, glaciofluvial sands and gravels, and
glaciolacustrine sediments are more complex and
they are typically more distally derived than basal
tills,

o The dominance of one main regional ice-flow
direction throughout much of the last glacial period
has resulted in a simple linear, down-ice transport
of material. This makes tracing of basal till
anomalies to source relatively easy compared to
regions with a more complex ice-flow history.

e Due to the potential for the development of large
dispersal trains, mineral anomalies in basal tills
may be readily detected in regional surveys.

To reflect mechanical dispersion processes, samples
should be collected from the C mineral soil horizon. This
horizon remains comparatively unaffected by pedogenic
processes which occur in the A and B horizons. Poor
results of some traditional geochemical soil sampling
programs may be due to indiscriminate sampling of B
and even Ae horizons. Sedimentologic data should be
collecied at all sample sites in order to distinguish till
from glacigenic debris-flow, colluvium, glaciofluvial or
glaciolacustrine sediments. These sediments have
different processes of transportation and deposition
which must be recognized in order to understand
associated mineral anomaly patterns. For example, local
vanations will be reflected in some sediments while
regional trends may be evident in others. Analysis of
these sediments will be useful only if their origin is
understood.

A basic understanding of ice-flow direction, glacial
dispersa) patterns, and transportation distances is
required for successful drift exploration programs.
Interpretation of data with respect to glaciation may
provide the explorationist with new avenues to explore
for bedrock sources of mineralized float or geochemically
anomalous soil samples.

ACKNOWLEDGMENTS

The authors would like to thank Larry Diakow, Ian
Webster, Hugh Jennings, Janet Riddell, Tom Schroeter,
Bob Lane, Steve Cook and Paul Matysek for their
cooperation on this integrated program. We also extend
thanks to Dave Heberlein and all the Metallgesellschaft
camp at Wolf, and Karl Schiemann and Tom Richards

36

and the rest of the Cogema camp at Kenney Dam. John
Newell offered constructive remarks which improved the
manuscript.

REFERENCES

Agriculture Canada Expert Committee on Soil Survey (1987}
The Canadian System of Soil Classification, Second
Edition; Agriculture Canada, Publication 1646.

Coker, W.B. and DiLabio, RN.W. (1989): Geochemical
Exploration in Glaciated Terrain: Geochemical
Responses; in Proceedings of Exploration '87: 3rd
Dicennial International Conference on Geophysical and
Geochemical Exploration for Minerals and
Groundwater, Garland, G.D., Editor, Ontario Gological
Survey, Special Velume 3, pages 336-383.

Cook, 8.J. and Jackaman, W. (1994): Regional Lake-sediment
and Water Geochemistry Surveys in the Northern
Interior Plateau, B.C, (93F/2, 3,6, 11, 12, 13, 14); in
Geological Fieldwork 1993, Grant, B and Newell, I M.,
Editors, B.C. Ministry of Energy, Mines and Petroleum
Resaurces, Paper 1994-1, this volume.

Delaney, T.A. and Fletcher, W.K. (in preparation): Soil and
Till Geochemistry at the Wolf Property, Central B.C.

Diakow, L.J. and Webster, LC.L. (1994} Geology of the
Fawnie Creck Map Area (93F/3); in Geological
Fieldwork 1993, Grant, B and Newell, J.M., Editors,
B.C. Ministry of Energy, Mines and Petroleum
Resources, Paper 1994-1, this volume.

Dil.abio, RN.W. (1990): Glacial Dispersal Trains; in Glacial
Indicator Tracing, Kujansuu, R. and Saarnisto, M.,
Editors, A.A.Balkema, Rotterdam, pages 109-122.

Dreimanis, A. (1989): Tills: Their Genetic Terminology and
Classification; in Genetic Classification of Glacigenic
Deposits, Goldthwait, R.P. and Matsch, C.L., Editors,
A.A. Balkema, Rotterdam, pages 17-83.

Fox, P., Cameron, R. and Hoffman, S. (1987): Geology and Soil
Geochemistry of the Quesnel River Gold Deposit,
Brtish Columbia, in Geoexpo '86, Elliot, LL. and Smee,
B.W., Editors, The Association of Exploration
Geochemists, pages 61-67.

Gleeson C.F., Rampton, V.N.,, Thomas, R.D. and Paradis, S.
(1989). Effective Mineral Exploration for Gold Using
Geology, Quaternary Geology and Exploration
Geochemistry in Areas of Shallow Till; in Drift
Prospecting, Dil.abio, RN.W. and Coker, W.B., Editors,
Geological Survey of Canada, Paper 89-20, pages 71-
96.

Giles, T.R. and Kerr, D.E. (1993): Surficial Geology in the
Chilanko Forks and Chezacut Areas (93C/1, 8); in
Geological Fieldwork 1992, Grant, B. and Newell, JM.,
Editors, B.C. Ministry of Energy, Mines and Petroleum
Resources, Paper 1993-1, pages 483-490.

Gravel, J.L., Sibbick, S. and Kerr, D. (1991): Geochemical
Research, 1990: Coast Range - Chilcotin Orientation and
Mount Milligan Drift Prospecting Studies (920, 92N,
93N), in Geological Fieldwork 1990, B.C. Ministry of
Energy, Mines and Petroleum Resources,Paper 1991-1,
pages 323-330.

British Columbia Geological Survey Branch



Holland, 8.8. (1976): Landforms of British Columbia, A
Physiographic Outline; B.C. Ministrv of Energy, Mines
and Petroleum Resources, Bulietin 48.

Howes, D.E. (1976): Fawnie Creek Terrain Map, B.C, Ministry
of Environment, Lands and Parks.

Howes, D.E. (1977): Terrain Inventory and Late Pleistocene
History of the Southern Part of the Nechako Plateau,
B.C. Ministry of Environment Lands and Parks, RAB
Bulletin 1.

Proudfoot, D.N. (1993): Drift Exploration and Surficial
Geology of the Clusko River (93C/9} and Toil Mountain
(93C/16) Map Sheets;, in Geological Fieldwork 1992,
Grant, B. and Newell, I M., Editors, B.C. Ministry of
Energy, Mines and Petroleum Resources, Paper 1993-1,
pages 491498,

Geological Fieldwork 1993, Paper 1994-1

Schroeter, T.G. and Lane, R.A. (1994); Minera. Resourcer;
Interior Plateau Project (93F/3 and parts of 93F/2, 6 ard
7); in Geological Fieldwork 1993, Grant, B. and Newell,
JIM., Editors, B.C. Ministry of Energy., . fines and
Petroleum Resources, Paper 1994-1, thi . volume.

Tipper, HW. (1954): Geology of Nechako Rivi r British
Columbia (93F), Geological Survey of Canada, Mep
1131A.

Tipper, HW. (1963). Nechako River Map-aree, British
Columbia; Geological Survey of Canade', Memoir 24

Tipper, HW. (1971): Glacial (Geomorphology : nd Pleistotenc:
History of Central British Columbia; Ge slogical Su1vey
of Canada, Bulletin 196,

47



NOTES



British Columbia Geological Survey
Geological Fieldwork 1993

REGIONAL LAKE SEDIMENT AND WATER GEOCHEMISTRY S JRVEYS
IN THE NORTHERN INTERIOR PLATEAU, B.C. (93K/2,3,6,11,12,13,14)

By Stephen J. Cook and Wayne Jackaman

KEYWORDS: Applied geochemistry, lake sediments,
lake waters, Nechako Plateau.

INTRODUCTION

The Interior Platean Project is a multidisciplinary
investigation of bedrock geology, glacial history, and til}
and lake sediment geochemistry of parts of the Nechako
and Fraser plateaus in the Northern Interior. Matysek
and van der Heyden (1994, this volume) provide an
overview of the project. Mineral exploration of this area
has been limited by extensive drift cover, poor exposure
and a young volcanic cover. As well, geological
information is either nonexistent or obsolete.

Two regional lake sediment and water geochemistry
surveys (Figure 1) were carried out by the Geological
Survey Branch in the Nechako Plateau area during 1993,
as a component of the Interior Platcan Project. The
Fawnie survey covers 1:5S0000 NTS map arcas 93172
(Tsacha Lake) and 93F/3 (Fawnic {‘reek}, where
exploration has heen centred on precious metal prospects
such as the Wolf (MINFILE 093F 045) and Blackwater-
Davidson (MINFILE 093F 037) occurrences. The second,
or Qaotsa survey is centred on the Eocene volcanic basin
south of Burns Lake and covers parts of NTS map arcas
93F/6 (Natalkuz Lake), 93F/11 (Cheslatia Lake), 93F/12
(Marilla), 93F/13 (Takysiec Lake) and 93F/14 (Knapp
Lake). A total of 460 sites were sampled over a
combined area of approximately 3530 square kilometres
at an average density of 1 site per 7.7 square kilometres
(Table 1). The survey areas were selected on the basis of
their mineral potential. Concurrent bedrock and surficial
geology mapping (Diakow and Webster, 1994; Giles and
Levson, 1994} and mineral deposit studies (Schroeter and
Lane, 1994, all this volume) were conducted in the
western part of the Fawnie survey area. The Eocene
volcanic basin offers a favourable but relatively
unexplored environment for epithernal precious metal
deposits.

The subdued wpography, poor drainage and
abundance of lakes in the Nechako Plateav make lake
sediments an ideal geochemical exploration medium, and
Earle (1993) has demonstrated the usefulness of lake
sediment geoctiemistry in the arca. Many regional
surveys have been conducted, including Lhose of mineral
exploration companies, Spilsbury and Fletcher (1974),
Hoffman (1979} and Gintautas (1984). They are an
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effective tool to delineate both regional ge )chemical
patierns and anomalous metal concentratioms relatec (o
mineral occurrences. For example, sedim :nt
geochemistry reflects the presence of a bu k silver
prospect near Capoose Lake (Hoffman, 1976; Hoffixan
and Fletcher, 1981) and and porphyry cop ser-
molybdenum mineralization near Chutanl Lake
(Mehrtens, 1975; Mehrtens ef al., 1973), :nd has been
successful in locating gold-silver minerali cation at Lae
Wolf occurrence (Andrew, 1988). Orient; tion studizs
conducted by the senior author in 1992 (C >0k, 1993z5,b)
near the Wolf, Clisbako and Holy Cross ¢ vithermal
precious metal occurrences have shown that elevatad
concentrations of gold (max; 56 ppb, 16 psb and 9 rpb.
respectively), arsenic and other elements c.ccur in
adjacent lake sediments (Cook, 1994),

This report provides only a general oy erview of the
regional lake sediment surveys, the first siich publicly
funded surveys (o be undertaxen in Britist Columbia
since the 1986 surveys of N'TS map areas 93E (Whil2sail
Lake) and 931 (Smithers) ohnson er al. 1987a,b)
Results and interpretation, including data booklet, riaps
and floppy disketie, will be. released in 19 )4,

DESCRIPTION OF THE STUD'V AREAS

LOCATION AND ACCESS

The Fawnie survey arca covers about 1880 squire
kilometres and is located approximately ¢ 0 kilomet-es
south of Highway 16 and the town of Fra er Lake. There
is only limited road access into the field ¢ rea. The
Kluskus-Ootsa and Kluskus-Malaput Fore st Service
roads provide access to much of the nortk 2rn part of
93I/3 from Vanderhoof and Fraser Lake, while thz Blue
Road extends into the easternmost part of the survey area
in 93F/2. Two of the major mineral occuy rences, ife
Wolf and Blackwater-Davidson prospects, are road
accessible. The Alexander Mackenzie tr: il crosses the
southeast part of the survey area along th: Blackwater
River.

The OGotsa survey area Les north of tie Fawnie area
and covers about 1650 square kilometres south of Eurns
Lake. The irregular shaped area is bounc ed by Onisa and
Natalkuz lakes of the Nechako Reservoir in the scuth,
and extends northwest 10 the Uncha Lake area. The
northern boundary is about 5 kilometres south of Buins
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Lake. There is considerably more logging activity in the northwest-trending belt of Ootsa Lake Group felsic

Ootsa area than in the more remote Fawnie area, and volcanic rocks mapped by Tipper (1963) on the north
hence better road access. The Kluskus-Natalkuz ('S0 side of the Nechako Reservoir. This unit, comprising a
road), Marilla and Holy Cross-Binta Forest Service roads differentiated succession of Eocene andesitic to rhyolitic
cross the survey area and provide access from flows and pyroclastic rocks, underlics about 65 to 70% of
Vanderhoof, Fraser Lake and Burns Lake, the area. Other rock units, particularly Endako Group
voicanics, are less extensively exposed.,
BEDROCK GEOLOGY AND MINERAL The metallogeny and mineral deposits of the Fawnie
DEPOSITS area arc outlined by Schroeter and Lane (1994, this
volume). Epithermal precious metal deposits in Ootsa
The survey areas lie within the Stikinia Terrane. Lake volcanics and transitional precious metal deposits
Bedrock geology of the Fawnie survey area has been associated with the Capoose batholith are the most
mapped by Tipper (1963) and, in part, by Diakow and promising exploration targets. Interest in the potential
Webster (1994, this volume). Most of the area is for epithermal and related deposits has increased in
underlain by volcanic and sedimentary rocks of the recent years, and both the Wolf and Blackwater-
Lower to Middie Jurassic Hazelton Group. These are Davidson prospects occur within the Fawnie survey area.
intruded by Cretaceous granitic rocks of the Capoose The Wolf prospect is a low sulphidation adularia-sericite
batholith and overlain by Eocene volcanics of the Qotsa epithermal gold-silver occurrence (Schroeter and Lane,
Lake Group, Oligocene and Miocene volcanics of the 1994, this volume), currently under exploration by Metall
Endako Group and Miocene-Pliocene basalt flows. In Mining Corporation, and is hosted by felsic flows, tuffs
contrast, the Qotsa survey area covers most of the and subvolcanic porphyries. Mineralization occurs as
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Figure 1. Locations of 1993 Interior Plateau lake sediment surveys in NTS map area 93F (Nechako River), showing the number of
sites in each 1:50,000 NTS map area.
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gquartz-carbonate veins, silicified stockworks and
hydrotherinal breceia zones. Anomalous silver, zing,
arsenic and molvbdenum concentrations in sediment of a
nearhy lake led to the discovery of the prospect (Dawson,
1988). The Biackwater-Davidson prospect is a
structurally controtled transitional gold-silver-zine-lead-
copper occurrence (Schrocter and Lane, 1994, this
volume). There is little infonmation available on the
metallogeny of the Ootsa survey arca, and (here are no
precious melal occurrences within this arca currently
recorded in MIMPILE, However, exploration for
epithenmal deposits is in progress in the region (Cogema
Ltd.).

PHYSIOGRAPHY AND SURFICIAL
GEOLOGY

The surficial geology and glacial history of the
FFawnie area have been documented by Giiles and Levson
(1994, this volume). Much of the region is drift covercd
although some areas, particularly the Naglico Hills in
O3F/3, have considerable oulerop. Most of the survey
arca lies within the Nechako Plateau, although a smali
area scutheast of Tsacha Lake and the Blackwater River
falls within the Fraser Plateau (Floland, 1976).
Topography is dominatcd by the subparallel ridges of the
Favmic and Nechako ranges, with Mount Davidson (elev:
1852 m) and Kuyakuz Mountain (clev: 1781 m) forming
maximun clevations, respectively. The Entiako Spur
and Naglico Hills are also promincul topographic highs,
A wide varicty of physiographic regimes, ranging from
rocky subalpine peaks to boggy lowlands along the
Blackwater River and Fawnie Creek, occur throughout
the area. Active first-order streams are relatively
uncommaon. Lakes are not uniformly distributed; they are
numerous in parts of the Naglico Hills, but absent in
large expanses of the Fawnie Range and Lntiako Spur.
The area within the Fraser Plateau is predominatly flat
lying and characterized by abundant bogs but few lakes.

The Ootsa survey area lies wholly within the
Nechako Plateau and, like the Fawnie arca, has exiensive
drift cover. Tt is less mountainous than the Fawuoie area,
with most of the plateau surface at an clevation of 900 o
1100 metres. The Devils Thumb (elev: 1287 m) forms a
prominent topographic high. The Ootsa area has a more
rugged and hummocky topography; lakes are more
evenly distributed across the landscape, and there are
fewer small ponds and lowlands.

SURVEY METHODOLOGY

SAMPLE COLLECTION

Helicopter-supported sample collection in the
[Fawnie survey arca was carried out during the period
June 15-18, 1903, while collection in the Ootsa arca was
carried out in the period September 17-19. A sediment
sample and a water sample were systematically collected
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TABLE 1. SUMMARY €J1° 1093 INTERION PLATEAL
LAKE SEDIMENT SURVEYS SAMPLING JENSITY [S
IN SITES PER SQUARE KILOMETRE.

Sampling
Survey NTS Arex  Denstty  jites  Sariples
tsquare km)
Fawnie 93F/23 188 8 236 31
Ootsa 93F/6,11,12,13,14  165) 7.4 224 238

{parts thereof)

Totals 3330 7.7 460 =85

at gach site. A total of 251 sediment and water samples
were collected from 236 sites in the Fawnie area, and 238
sediment and water samples were collecte 1 from 224
sites in the Ootsa area (Table 1). Average site dens ty
was approximately 1 per 8.0 square kilom etres in the
Fawnice arca versis 7.4 square Kilometres in the Ooisa
arca. lelicopler sampling rates averaged 10.5 siies pe-
hour in the Fawnie survey and 12 sites per bour in the
Oolsa survey.

SEDIMENTS

Sediments were sampled from a float -equipped Bell
206 helicopter using a Hornbrook-type to pedo sampler,
and placed in Kraft paper bags. Standarc National
Geochemical Reconnaissancs (NGR) sair pling
procedures, as discussed by Friske (1991) were usexl. On
the basis of results of 1992 orientation st dies in the
region (Cook, 1993a,b), the surveys incor porate some
departures from standard 1ake sediment s impling
strategics used elsewhere in Canada for the NGR
program, particularly pertaiving 1o overa | site density
and the number of sites sampled per lake

First, cvery lake and pond in the sun ey area was
sampled, rather than sampling only a sele ction of kekes at
a fixed density (fe. 1 site per 13 km?). §::diment i even
small ponds may contain anomalous met 1
concentrations revealing the presence of 1earby
mineralization such as that at the Wolf piospect (Cook,
1994). In practice, some small ponds we ¢ not sampled
due o untfavourable landing conditions. samples were
also not collected from Lhe cznires of ver: large and deep
lakes (ie. > 10 km?, or inore than 40 m deep) such as
Tsacha, Uncha, Binta and Lucas lakes, nor from
reservoir arcas such as Ootsa or Cheslatt;. lakes which
have been altered by the creation of the M echako
Reservoir. Organic soils from swamps and bogs were also
avoided.

Secondly, centre-lake sediment samj les were
coltlected as per standard NGR procedure, but sedirnerit
from the centres of all major known or ir ferred sub-
basins was also collected to investigate tt e conside rable
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trace element variations which may exist among sub-
basins of the same lake. The extent of these variations is
tllustrated by the molybdenum distribution in sediments
of Tatin Lake (Figure 2), a large (4-5 km long) lake
situated about 6 kilometres north of Endako, adjacent o
the Ken porphyry molybdenum-copper occurrence
(MINFILE 093K 002}, This lake was sampled during 1992
orientation studies (Cook, 1993a). Molybdenuin
concentrations in centre-basin sediments vary from 7
ppin in the centre of the lake, to 12 ppm and 23 ppm in
the western and eastern sub-basins, respectively. These
variations may be controlled at least partly by
limnological differences among the sub-basins.
Consequently, up to five sites were sampled from some of
the larger lakes in the Fawnie and Qotsa surveys. lLake
bathymetry maps in unpublished reports of the Fisheries
Branch, Ministry of Environment, Lands and Parks, were
consulted prior Lo sampling several of the larger lakes
such as Kuyakuz, Moose and Johnny lakes to aid in site
location and to avoid wasting helicopter time over .

. extremely deep basins.

WATERS

Water samples were collecied in 250-millilitre
polyethylene bottles using a custom-designed sampling
apparatus. Waters were sampled from approximately 15
centimetres below the lake surface to avoid collection of
surface scumn, and precautions were taken o minimize
suspended solids. The purpose of the water sampling
differed between the two survey areas. Waters from the
Ootsa area were collected for standard RGS analysis (pH,
U, F, §O,), but those from the Fawnie area were

collected as a pitot study of regional race element .
concentrations in lake waters. Consequently, all Fawnie
survey water bottles were rinsed three times with distilled
water at the Analytical Sciences Laboratory, Victoria,
prior to use, and transported to the field in sealed plastic
bags o ensure a high level of cleanliness. Analytical

tests conducted on acidified and unaciditied distilled
water blanks, prior to field work, showed no measurable
contamination of the waters by the containing bottles.

FIELD OBSERVATIONS

A variety of field observations were recorded at each
sitc using Geological Survey of Canada lake sediment
cards (Garrett, 1974). These included observations
pertaining to the sample itself, including depth, colous,
composition and odour, as well as those regarding the
lake and immediate area, including lake size, general
topography and potential sources of contamination. The
ahsence or presence of suspended solids in water samples
was also noted. Lake names used on either NTS
topographic maps or the Vanderhoof Forest District map
were included where applicable.

SAMPLE PREPARATION AND ANALYSIS

SEDIMENTS

Sediment samples were initially field dried and,
when su{ficiendy dry to transport, shipped o Bondar-
Clegg and Company, North Vancouver (Fawnie survey),

Molybdenum
il

—_

\ \ Ken QOccurrence (Mo-Cu)

Max, depth: 17 1-5ppm ’{
e 6-10ppm
e t1-15ppm

@ 16-25ppm

TATIN LAKE

Figure 2. Molybdenum (ppm} distribution in sediments of Tatin Lake (93K/03), north of the village of Endako, showing variations
in metal content between various sub-basins (13 metre contour). Bathymetry modified after Walsh (1977).
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and Rossbacher Laboratory Lid., Burnaby (Ootsa survey)
for final drying at 409C. The sample preparation
procedure will comprise two steps. First, the sample will
be disaggregated inside a plastic hag with a rubber
mallet. The entire sample, to a maximum of 250 grams,
will then be pulverized to approximately - 150 mesh
(~100 microns) in a ceramic ring mill, and two analytical
splits (10 g and 30 g) taken from the pulverized material.

One split ot each prepared sediment sample will be
submiited to a commercial laboratory and analyzed for
zing, copper, lead, silver, molybdenum, cobalt, arsenic,
antimony, mercury, iron, manganese, nickel, bismuth,
cadmium, flyorine and vanadium using atomic
absorption spectroscopy (AAS)Y. Loss on ignition will
also be determined. A second 30 gram split will be
analyzed for gold, arsenic, antimony and 30 additional
elements using instrumental neutron activation analysis
(INAA) at a second commercial laboratory. Details of
digestion and analytical procedures for individual
elements will be given in the Open File data releases.

WATERS

Water samples from the Fawnie area were kept cool
in a refrigerator and filtered to 0.45 microns at the
Analytical Sciences Laboratory, Victoria. Samples will
be analyzed at a commercial laboratory for a range of
elements, including copper, zine, molybdenum and
arsenic, as well as for pH and SO,. No special
preparation procedures were applied to Ootsa arca
waters, which will be analyzed for the standard RS
water suite (pH, U, F, 80),) at a second commercial
laboratory,

Acidity was also determined on all samples in the
Analytical Sciences Laboratory using a Coming model
Checkmate 90 pH meter. A pH frequency distribution for
the Qotsa area is shown in Figure 3. Lake waters are
predominately of near-neutral pH, with a median value of
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Figure 3. Frequency distribution of pll values in Ootsa
survey lake waters.
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7.63 (Range: 6.80 to .18). Nevertheless : lightly
alkaline pH values of 8.00 or greater occu - at 27 sites,
with pH values of 8.40 or greater at 12 of hese. The
highest pH (9.18) occurs in a small lake e: st of Yellow
Moose Lake (931/6) in the southernmost jart of tha
survey area, while the largest grouping of slightly
alkaline lake waters is near Marilla in the western part of
the area (Figure 1).

QUALITY CONTROL PROCEDURES

Each block of twenty sediment sampl s containg
sevenleen routine samples, one field dupli sate sample,
one blind duplicate sample and one contrc 1 standard in
accordance with standard Regional Geoch :mical Survey
{RGS) quality control procedures. Field d iplicate sites
are chosen randomly during tieldwork. B ind, or
analytical, duplicate samples are taken fro n the field
duplicate in each block following sample jrreparation,
and reinserted into the suite to monitor an Wytical
precision. Blind duplicates are not used it the water
suite; a distitled water blank is inserted to monitor
analytical contamination,

SUMMARY

Two lake sediment surveys (460 siles) werg
conducted in map area Y3F in the northent Interior, with
Open File data release scheduled for 1994 Additioral
surveys of adjoining areas are planned for next year, with
the eventual ehjective of completing Regic nal
Geochemical Survey coverage of NTS may areas 93¢
(Anahim Lake), 93F (Nechako River} and 93K (Fort
Fraser). Regional geochemical surveys arc only one
component of ongoing applied geochemici ] research in
the northem Interior. The development ol new or
improved geochemical exploration methoc s applicatle 10
the region is also an important objective o~ the Interior
Plateau project. Consequently, it is anticij ated thar
previous lake sediment orieatation studies (Cook, 19934;
1994) wiil be comnplemented in 1994 by fo mulation of
follow-up guidetines for lake sediment anc malies, end by
additional research into the relative effecti -eness of other
geochemical sampling med:a in the region.
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MINERAL RESOURCES: INTERIOR PLATEAU PROJECT
(93F/3 and parts of 93Ff2,6 & 7)

By T.G. Schroeter and R.A. Lane

KE YWOEDS: Economic geology, Interior Plateau, Hazel-
ton Group, Ootsa Lake Group, epithermal, transitional,
stratabound, porphyry Mo-Cu, skarn, landsat imagery.

INTRODUCTION

The Interior Platcau physiographic region of central
British Columbia extends in a northwesterly trending di-
rection for over 400 kilometres. The area covers 93F/3
and parts of 93F/Z, 93F/6 and 93F/7, approximately 110
kilometres southwest of Vanderhoof, Access is by Forest
Service roads frorn Vanderhoof, where the Kluskus road,
together with the Van-Tine spur road and mining roads,
provide access to the Wolf, Paw, Fawn, Capoose, Buck
and Blackwater-Davidson properties (Figure 1).

The northwestern region of the plateau is the focus
for this assessment of economic potential for base and
precious metal deposits in Lower to Middle Jurassic
(Hazelton Group) and Tertiary (Ootsa Lake Group) vol-
canic and volcaniclastic rocks and associated intrusive
rocks (e.g., Cretaceous Capoose batholith).

In general, the region has similarities t. the Basin
and Range structural province in Nevada (e ctensional
block faulting). Furthermore, the Babine ar a, to the
northwest, which is separated {from the Inte ior Plateau
by the Skeena Arch, has a siinilar structural style.

To date the mineral deposits component of the In:e-
rior Plateau project has concentrated on the evaluation,
description and classification of a variety of deposit types
in the study area. Particular attention was p: id to hos-
trock lithologies, controls to mineralization. metallic «nd
gangue mineralogy, timing of events and th: relationship
of mineralization to structure and plutonist . In the past,
mineral exploration in the area has been haipered by:
abundance of glacial drift cover, extensive ( over of Nzo-
gene lava flows, relatively poor access, an c bsolete geo-
logical database, and the lack of modern geophysical or
geochemical survey data. Most of the area 1 :mains wn-
staked.

Epithermal, transitional, skarn, porphyr y and stra:-
abound (?) styles of mineralization have bee n identifie:d
and are described in this paper.
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Figure 1. Location map of the Interior Platean study area, showing the locations of metallic mineral prospects and shc wings. Prospents
(boxes) and showings (dots) discussed in the text are located. Two new epithermal alteration zones (stars) were discovere 1 during re;zional
mapping (Diakow and Webster, 1994, this volume). Two operating mines, Equity Silver and Endako, as well as two epitl ermal prospects,
Oboy and Clisbako, jocated outside the current field area, are shown for refercnce, Forest Service mads are shown as so id bold line:s and
four-wheel-drive roads are shown as dashed lines,
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EPITHERMAL DEPOSITS

Two epitherrnal precious metal prospects {(Wolf and
Fawny), hosted by Tertiary rhyolitic volcanic and related
hypabyssal rocks and by Lower to Middle Jurassic Hazel-
ton Group intermediate to acidic volcanic and volcani-
clastic rocks respectively, are described in this paper.
Two new epithermal prospects were discovered during
the course of regional mapping at a scale of 1:50 000
(Diakow and Webster, 1994, this volume).

There is potential for both high-grade bonanza (e.g.,
Biackdome; Republic, Washington; Sleeper, Nevada) and
bulk-mineable (¢ .g., Round Mountain, Nevada) deposits.

WOLF [MINFILE 093F 045]

The Wolf prospect is a low-sulphidation, adularia-
sericite epithermal gold-silver deposit hosted by Upper
Cretaceous to Oligocene Qotsa Lake Group sedimentary,
rhyolitic volcanic and genetically related hypabyssal
rocks. The property is approximately 130 kilometres
southwest of Vanderhoof and consists of 198 mineral
claim units in a 13 claim blocks between Cow Lake to
the south and Entiako Lake to the northwest (Figure 1).
The claims were originally staked in 1983 to cover promi-
nant knobs of hydrothermally altered felsic volcanic
rocks that crop out east of a silver-zinc-arsenic-molybde-
num lake-sediment anomaly. The property is currently be-
ing explored by Metall Mining Corporation under option
from Lucero Resource Corporatien.

Remnants of a possible flow-dome complex form
three areas of prominent relief extending from west to
east across the property (Figure 2). These three resistant
features are separated by northerly trending extensional
faults that down-drop fault blocks toward the west. The
Ootsa Lake Group at Wolf consists of the following se-
quence of rocks. A basal{?) polymictic boulder conglom-
erate rests unconformably on a basement of Jurassic
Hazelton Group epiclastic sedimentary rocks and py-
roxene-phyric andesite flows. Pale green vitric and lapilli
tuffs, tuff breccias and tuffaceous siltstones conformably
overlie the conglomerate. Tuffaceous rocks are in turn
conformably overlain by rhyolite flows and autoclastic
breccias (proximal), ignimbrites (distal) and rhyolitic
tuffs. These are intruded by quartz-eye rhyolite that may,
in part, be equivalent to the extrusive rocks. Grey feld-
spar porphyry and maroon quartz feldspar porphyry sills
and dikes (also possible feeders to eroded Ootsa Lake
rhyolites) intrude the volcanic pile. Late quartz-eye por-
phyry dikes cut all other rock types.

A Middle Eocene age of between 47.621.7 and
49.9+1.7 Ma has been established for rhyolite flows and
felsic intrusives using K-Ar dating methods (Andrew,
1988). Wolf volcanic rocks are subalkaline with a high-
potassium calcalkaline affinity and are dominantly hy-
persthene-corundum normative (Andrew, 1988). The
rhyolite package may represent a felsic volcanic centre
in, or along, the margin of a resurgent caldera complex.

Geological Fieldwork 1993, Paper 1994-1

Mineralization and alteration are struct urally cor trol-
led. Mineralization occurs in northerly tren ling quartz
{carbonate) veins (L.ookout and Pond zonet ), silicecus
stockworks (Blackfly, Chopper Pad and Eat zones) ¢nd
hydrothermal breccia zones (Ridge zone), : nd as a st-at-
abound unit of pervasively silicified and br xcciated rhy-
olite and tuffaceous sediments (Ridge zone) capped by ¢
maroon quartz feldspar porphyry sill (Plate 1). Chalc:-
donic colloform banding (Plate 2), comb st uctures and
drusy cavities are typical; bladed quartz te: tures, silica re-
placement of ortginal calcite or barite (Plat : 3), indicate
that boiling eccurred during the evolution « f a high-l2vel,
epithermal system.

Sulphide mineralization is only weakl - developed;
very fine grained disseminated pyrite neve “exceeds ().5%
of the rock by volume. Traces of fine-grain zd chalcopy-
rite are rare. Other metallic minerals incluc e micror-
sized electrum, native silver, aguilarite (Ag 45¢€8),
naumannite (Ag,Se), acanthite (Ag,S), dig znite (CucSy)
and galena (Andrew, 1988). Soi} and rock ;jcochemistry
show there is generally a lack of arsenic, ajitimony and
mercury in the mineralized system. Howev er, anomalous
arsenic and mercury values occur at the Bl ickfly zone.

The highest grades of mineralization a ppear to occur
in zones that have undergone repeated epis sdes of brec-
ciation and silicification. Better gold grades are associ-
ated with grey to brown, banded chalcedor ic silica a1d
very fine grained disseminated pyrite (Plat : 4). The most
encouraging results to date have been at th: Ridge zone
where trenching across the zone yielded 8. 19 grams per
tonne gold and 42.2] grams per tonne silver over 7.5 me-
tres (Cann, 1984). Another irench across tt e zone re-
turned assays of 2.69 grams per tonne gold and 14 giams
per tonne silver over 26.5 metres (D.R. He »erlein, per-
sonal communication, 1993). Diamond dri ling by Min-
nova in 1992, before it was taken over by 1/1etall Mining,
outlined a zone of continuous mineralization with a nini-
mum strike length of 300 metres, down-di|) extension o’
at least 270 metres and true thickness of at out 7 met s
The best drill intersection (ddh WF-92-10) through the
zone assayed 2.32 grams per tonne gold oser 9.1 me'res
(D.R. Heberlein, personal communication, 1993).

Alteration on the property is characterized by m>der-
ate to intense silica replacernent of permeaale horizons in
tuffaceous rhyolitic rocks. At the contact b :tween /-
olite and the maroon quartz feldspar porph yry sill both
rock types have been wholly replaced by v ‘hite sugary
quartz. The sill may have acted as an impe ‘meable cap 10
ascending silica-rich hydrothermal fluids. 3elow this:
zone of intense silicification is a well deve loped matlti-
stage hydrothermal breccia that is weakly o moderacly
silicified (Plate 5). Some of the breccia clzsts have beer.
replaced by clay minerals. Areas of silicifi zation are gen-
erally flanked by zones of argillic alteratica that are par-
ticularly well-developed in porphyritic int: usions
adjacent to faults where megacrystic plagi xclase phe-
nocrysts are replaced by clay. Clay mineralogy cons sts
dominantly of kaolinite and lesser illite an 1 montmorillo-
nite (Andrew, 1988). Adularia has been id ntified, bt is
not common (D.R. Heberlein, personal co:nmunication.
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Plate 1. Looking north over the Wolf property. (Photo by K. Pride.)

Plate 2. Banded chalcedonic quartz vein silicified quartz-phyric
thyolite, Ridge zone, Wolf property. Plate 3. Bladed silica (after barite or calcite, indicative that boiling
has occurred) in quartz-phyric rhyolite, Ridge zone, Wolf property.
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Plate 4. Banded quartz vein with dark grey (sulphide/sul-
phosalt/electrum?) borders in brecciated quartz-phyric rhyolite,
Ridge zone, Wolf property.

Plate 6. Diopside-garnet-epidote exoskarn with fragments of
Hazelton Group crystal tuff, Fawn property.

1993). Clays, sericite, chlorite and minor secondary potas-
sium feldspar occur as narrow alteration envelopes along
the walls of sharply defined quartz (carbonate) veins.
Manganese oxide commonly lines fractures; iron oxide
staining and Liesagang rings occur locally.

The potential for future discoveries and continuing
exploration success at the Wolf prospect is considered to
be excellent.

Geological Fieldwork 1993, Paper 1994-1

Plate 5. Banded chalcedonic quartz veinlets in mineralized bre:cia,
Ridge zone, Wolf property.

FAWN (GRAN) [MINFILE 093F 043]

The Fawn prospect is located on the eastern end of
Entiako Spur. The property, owned by Western Keltic Re-
sources Inc_, consists of 100 mineral claim units centred
approximately 6 kilometres north of the eas: end of Laid-
man Lake and 4.5 kilomeitres west of Fawnie Creek (Fig-
ure 1). Access is provided by the Kluskus-Malaput and
Van-Tine Forest Service roads.

The Fawn claim group is underlain by felsic to inter-
mediate volcanic and sedimentary rocks of the Lower to
Middie Jurassic Hazelton Group and by dioritic to grano-
dicritic intrusive rocks (Figure 3). The volcanic suite corn-
sists of a lower felsic package consisting mainly of
heterolithic rhyolite tuff breccia and an upper mainly an-
desitic package consisting of lapilli tuff, tuff breccia and
pyroxene-phyric flows. Local lenses of thinly bedded, in-
terbedded mudstone, limy siltstone and (lapilli) tuffs oc-
cur within the andesitic package. Tuffaceous silistones
are exposed at the transition between felsic and andesitic
volcanics. Strata are broadly folded around north and
northeast-trending axes (Smith and Hoffman, 1984) and
have gentle to moderate dips.

Rocks throughout the property are weakly to moder-
ately metasomatized. Epidote, chlorite, calcite and garnet
occur along fracture plancs, as medivm to coarse-grained
aggregates, and locally, as altered rims of breccia clasts
(Plate 6).

Intrusive rocks of two different ages have been iden-
tified. The first, a fine to medium-grained equigranular,
locally intensely fractured and pyritic grancdiorite to dio-
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Plate 7. Banded silica with drusy cavities, Giver showing, Fawn
property.
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rite stock, cuts Hazelton Group voleanic rocks and may
be part of the Quanchus Plutonic Swite or an apophysis
(or cupola?) of the Capoose batholith (67.1£2.3 Ma) that
underlies the relatively thin veneer of Hazelton Group
rocks on the property. The second, a suite of porphyritic
felsic dikes, cuts all other rock types including the dio-
rite, and may be feeders to the Qotsa Lake (Awmack,
1991) rhyolitic volcanics that crop out elsewhere in the
region,

Showings on the property are of two types: precious
metal bearing epithermal veins and magnetitetchal-
copyrite, garnet-pyroxene-epidote exoskarn (skarn minet-
alization will be discussed in a later section).

Epithermal style mineralization and alteration have
been exposed by limited trenching on the Giver zone in
the northern part of the claim group (Plate 7). Noxth to
northeast-trending quartz-carbonate-pyritedbarite vein-
lets cut a northwesterly trending intensely silica, sericite
and clay-altered zone. A continuzous chip sample over an
8.2-metre width averaged 623 ppb gold and 7.1 ppm sil-
ver; grab samples from early 1980s BP Minerals t2st pits
yielded values up to 12.9 grams per tonne gold and 25.0
grams per tonne silver (Awmack, 1991). The veins are
also geochemically anomalous in arsenic, lead and zinc.
Approximately 2100 metres east of the Giver zone, a
quartz-sulphide vein is exposed along the contact be-
tween a felsic dike and diorite stock indicating that the

British Columbia Geological Survey Branch
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Figure 4. Sketch map of the Blackwater-Davidson property and
surrounding area, showing the location of the Gold and Silver zones
on the Pem grid and the Kaolinite Creek zone (after Allen, 1992).

mineralization is younger than either intrusive event (Aw-
mack, 1991).

TRANSITIONAL DEPOSITS

Structurally controlled, polymetallic base and pre-
cious metal bearing deposits formed at moderate depths
where strongly saline, high-temperature hydrothermal flu-
ids of magmatic origin were active (i.e., transitional up-
wards from the porphyry copper environment to the
epithermal environment). Two such deposits (Blackwater-
Davidson and Capoose) exhibit several similar features,
including;: the occurrence of metasomatic (secondary)
garnet in rhyolite, metallic (including sulphosalts) and
gangue mineralogy, ore textures (i.e., replacement
“spherules™), and widespread phyllic and argillic altera-
tion,

The Equity Silver mine is a classic example of a tran-
sitional deposit in British Columbia.

BLACKWATER-DAVIDSON (PEM)
[MINFILE 093F 037]

The Blackwater-Davidson property is located ap-
proximately 7 kilometres northeast of Mount Davidson,
about 160 kilometres south of Vanderhoof (Figure 1). Ac-
cess to the property is by a 17-kilometre four-wheel-drive
road that extends eastward from Kilometre 146 on the
Kluskus Forest Service road. The property comprises 22
claims totalling 304 mineral claim units that are wholly
owned by Granges Inc. Outcrop on the property accounts
for less than 1% of the area. Consequently most informa-
tion has been obtained from diamond drilling and geo-
physical surveys. Reports by Allen (1992, 1993)
summarise results of the most recent work programs.

The Mount Davidson area was covered by a regional
geochemical sampling program completed by Granges in
1973. Stream sediment lead-zinc-silver anomalies led to

Geological Fieldwork 1993, Paper 1994-1

staking of the Pem claim in 19'77. Granges «.onducted
geophysical and soil geochemistry surveys ntermittently
from 1977 1o 1984. A total of 31 core holes and 34 re-
verse circulation holes were dnlled betweer 1985 and
1987. They identified two areas of minerali ation, the
Gold and Silver zones (Figure 4). Additionz| claims were
staked in 1985, 1987 and 1991 and in 1992, Granges ¢:on-
ducted detailed geological mapping, geoche mical sam -
pling, geophysical surveys (IP, magnetic anil VLF-EV()
and drilled five core holes on the Pem claim,

Most of the work to date has focused o/1 the Pem
grid where an area of high resistivity is flanted by a caar-
geability high and is coincident with a base mnetal - silver
soil geochemistry anomaly. The Gold and S Iver zones
are both within a zone of high chargeability.

The claims are underlain primarily by J arassic Hzzel-
ton Group stratigraphy consisting of an inte bedded suic-
cession of argillite, siltstone and sandstone, is well as an
intercalated sequence of rhyalitic to dacitic ind andes:tic
to trachyandesitic tuffs, lapilli tuffs, breccia: , and flow's.
Bedding attitudes are rarely apparent, but w 1ere seen .are
flat-lying or gently dipping to the west. Pos: ible Qotsu
Lake Group rhyolitic lapilli tuff crops out in the south
and southwest of the property. Tertiary End: ko Group
amygdaloidal andesite flows uniconformably overlie
Hazelton Group strata in the northwest corn :r of the
claim group.

Structures on the property, interpreted [ rimarily
from magnetic data, include subvertical norrheast and
northwest-trending faults dipping steeply so ithwest. The
significance of these structures is not knowr, however
the Gold and Silver zones occur in a structu: al block
roughly 6 kilometres wide, bounded by nort 1east-trend-
ing faults (Figure 4).

The Gold zone has been interpreted as ¢ structurally
controlled, easterly trending, steeply dipping zone up to
70 metres across with a strike length of aboi t 300 met-es
(Allen, 1992). Disseminated and shear-hoste d mineral: za-
tion occur in felsic lapilli tuffs, breccias and flows that
have been affected by mainly phyllic (quart: -sericite-
chlorite} and argillic (kaolinite) alteration o er a mini-
mun strike length of 900 metres and an und fined width.
Mineralization does not appear to be lithcloy ically cor -
trolled. There is an apparent correlation of h gher gold
content with the presence of pyrite with or w ithout pyr-
rhotite. The most encouraging diamond-drill hole inter-
sections include: hole DAV-11, 14.28 grams per tonne:
gold across 6.3 metres, and 48.3 grams per t nne gold
across 1.3 metres (Zbitnoff, 1988) and hole 11D-92-35,
0.72 gram per tonne gold across 47.5 metres (Allen,
1993). A conspicuous 17-metre section of dr Il core frcm
hole BD-92-33 exhibits about 20% black spl erules, up to
8 millimetres in diameter, commonly with 1 .0 2-millirne-
tre cores of pyritetsphalerite (Plate 8). Betw :en
spherules, the hostrock contains 5 to 8% fine -grained ¢is-
seminated sphalerite, pyrite and galena. A sirailar texture
and mineralogy is present at the Capoose prd spect, ap-
proximately 30 kilometres to the west, wher: drill-indi-
cated reserves are estimated at 28117 000 tonnes grading
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Plate 8. *Spotted’ texture in rhyolite. Dark ‘spots’ are nuclei
growths or diffusion replacements by sulphides/sulphosalts/elec-
trum. The mineralogy of light-coloured ‘spots’ cored by metallic
minerals is unknown, Blackwater-Davidson property (ddh BD-92-
33 at 59 metres),

0.52 gram per tonne gold and 37.7 grams per tonne silver
(Granges Inc., Annual Report, 1984). Sulphides also oc-
cur in several massive (mainly pyrite} zones, in breccias,
along fractures, in quartz-lined amygdules, and as re-
placements of garnet (7} and lapilli up to 1 centimetre in
diameter, and in late cross-cutting stringers of
sphaleritetgalena (+ carbonate). Total sulphide content is
estimated at about 5% and includes 3 to 4% sphalerite, 1
to 2% pyrite and pyrrhotite, and traces of galena,
arsenopyrite, chalcopyrite, tetrahedrite, boulangerite and
marcasite(?).

The Silver zone is approximately 500 metres north-
west of the Gold zone; its relationship to the Gold zone is
not known. It is interpreted to be a relatively flat lying
body up to 70 metres thick and is open to the northwest.
The Silver zone contains an estimated reserve of 6 mii-
lion tonnes grading 37 grams per tonne silver and 0.05
gram per tonne gold at a shallow depth (Allen, 1992),

Approximately 600 metres west of the Gold zone
subcrop of felsic lapilli tuff-breccia contains individual
grains and aggregates of red-brown garnet. The garnets
occur in both matrix and fragments, and may have re-
placed original mafic grains. They are postulated to be
products of metasomatism due to the contact thermal ef-
fect of the Capoose batholith which is thought to underlie
the showings at no great depth. Garets have not been ob-
served in the Gold or Silver zones.
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The felsic pyroclastic rocks that host this zone are
typically moderately phyllically altered to patches of fine-
grained green sericitetmontmorillonite plus trace
amounts of quartz, chlorite, dolomitic or ankeritic carbon-
ate and garnet. Manganese oxide and, to a lesser extent,
iron oxide, commonly stain fracture surfaces.

Local zones of potassic alteration (quartz-biotite
sericite, clays and minor secondary potassium feldspar),
dominated by secondary bietite, occur within the phyilic
zones. Mineralized zones exhibit sodic depletion and
silicia enrichment; potassium levels are elevated in areas
of alteration. Traces of tourmaline and rutile have been
identified in thin section and specular hematite is rela-
tively common (Allen, 1993),

At “Kaolinite” Creek, 3.5 kilometres west of the
Pem grid, a fault-bounded zone of kaolinite-altered
quartz-phyric tuff, 400 metres wide, overlies rhyolite that
contains up to 5% disseminated pyrite and traces of
sphalerite and pyrrhotite.

Analogies for this type of system might be the
Capoose, Equity Silver and Red Mountain deposits.

STRATABOUND DEPOSITS (?)

The stratigraphy of Middie Jurassic Hazelton Group
rocks, in at least part of the Interior Plateau area, is simi-
lar to the rocks that host the gold-rich Eskay Creek strat-
abound deposit, north of Stewart, and might suggest the
potential for stratabound deposits in the Interior Plateau.
However, two significant differences are: most of the
Hazelton Group volcanic rocks in the study area are
subaerial (with a more felsic component), and the appar-
ent lack of small, structuraily controlled basins filled with
argillaceous sedimentary rocks.

BUCK [MINFILE G93F 050]

The Buck property is located immediately east of the
Fawn claim group (Figure 1). The Buck 1 to 4 claims con-
sist of 80 units that straddle the southwest-flowing
Fawnie Creek and the Kluskus Forest Service road. Ac-
cess to the showings is by a network of four-whee] drive
roads that lead to logging clear-cuts within the claim
group.

The claims were staked in 1991 and are owned by
Western Keltic Mines Inc. In 1982 the same ground,
known as the Rocks claims, was investigated by BP Min-
erals Ltd. (Holt, 1982). It conducted geological mapping,
so0il and rock geochemistry and trenching focusing on sul-
phide-bearing ankeritic breccias. There was no recorded
work on this ground between 1983 and 1990, In 1992 ex-
ploration consisted of geological mapping, prospecting
and geochemical sampling and new zones of sulphide
mineralization were discovered,

The main area of interest is underlain by a mixed suc-
cession of Jurassic Hazelton Group mafic and felsic vol-
canic and sedimentary rocks that generally strike
northerly with gentle to moderate easterly dips. Expo-
sures of rusty weathering, pyritic, dark grey argillites and
siltstones are conformably overlain by rhyolitic tuffs and
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tuff breccias that resemble those to the west on the Fawn
property, with the notable exception that breccias on the
Buck property contain abundant clasts of the underlying
argillite and siltstone as well as clasts of rhyolite and por-
phyry. Fine to coarse-grained clastic sedimentary rocks
conformably overlie the rhyolite package. Dikes and sills
of augite-phyric andesite cut the sedimentary 