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FOREWORD

In July 1985 British Columbia and Canada signed a $10 million, five-year Mineral Develop-
ment Agreement (MDA to assist mineral exploration and development in the province. Under the
terms of the agreement, $7.2 million will be spent over the next five years to carry out geological,
geochemical, and geophysical surveys. Due to the timing of the signing only $380 000 was spent
on field projects in 1985; mostly on expanding and providing full field support to existing
Geological Branch field programs. Major field programs were undertaken in 1985 ir: the Alice
Arm area (see Dawson and Alldrick) studying stratigraphy, structure, and controls of mineraliza-
tion; in the Vavenby area (see Schiarizza) studying the northward extension and the massive
sulphice potential of the Eagle Bay Formation; and in the Chilko Lake area {see McLaren)
studying geology, geochemistry, and resource potential. In addition, the Regional Geochemical
Stream Sediment program was boosted to cover two full 1:250 000 map sheets (see Boronowski
and Johnson). Projects reported on in the volume that received MDA funding are «dentified in the
text.

In the 1986 field season, MDA funding will greatly expand our field program. and we will
initiate a program of regional 1:30 000-scale geological mapping.

Some 1985 field projects by Geological Branch staff on active exploration ‘plays’ will be
reported on in the publication Exploration in British Columbia, 1985. Beginning with the 1985
volume, Exploration in British Columbia will be expanded in scope to include fi2ld descriptions
by Branch geologists of selected mineral deposits that are undergoing exploration. Our aim is to
publish this volume by the following June after each exploration year.

It is hoped that by timely publication of the annual volumes, Geologicel Fieldwork, A
Summary of Field Activiries and Current Research and Exploration in British Columbia, that the
exploration industry and the interested public will be kept well informed on field and research
projects undertaken by Geological Branch staft and on cooperative projects with the University of
British Columbia al}d other universities in Canada.

This volume was edited and compiled by Bill McMillan. Bill's enthusiasm and dedication to
this task is gratefully acknowledged.

W. R. SMYTH

Chief Geologist
Geological Branch
Mineral Resources Division
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THE CANADA/BRITISH COLUMBIA
MINERAL DEVELOPMENT AGREEMENT

By G. R. McKillop, W.R. Smyth, and B. McRae

Canada and British Columbia signed a historic five-year agree-
ment on July 30, 1985 designed to stimufate and assist the
province's mineral industry, This Mineral Development Agreement
(MDA), is valued at $10 million and extends until 1990.

Mining is one of the driving forces of the British Columbia
economy, ranking second only to forestry -— 1984 production was
valued at almost $2.5 tillion. Until recently copper, molybdenum,
lead, zinc, and coal have been the major commodities of interest in
British Columbia but shifting world markets have resulted in a new
emphasis on precious metals, polymetaltic deposits, and certain
industrial minerals. The Canada/British Columbia Mineral De-
velopment Agreement ts intended to assist the provincial mining
industry’s adaptation 1< this emerging environment, largely by
improving the geological database and by infrastructure assistance.

The MDA is a sub-agreement of the Canada/British Columbia

Mineral Economic and Regional Development Agreement (ERDA)
signed in November 1984, The federal and provincial governments
have each committed 35 million to mineral development programs
to be managed by a four-member committee appointed by the
federal and provincial ministers. Most of the projects are supervised
by the provincial government with about 6 per cent of the work
being carried out by the federal government.
The MDA is made up of three components: Promotion of British
Columbia Mineral Potential; Financial Assistance for Mine De-
velopment; and Management, Public Information, and Evaluation.
The following table cutlines the five-year budget for the whole
program.

CANADA/BRITISH COLUMBIA
MINERAL DEVELOPMENT AGREEMENT
FIVE-YEAR BUDGET

Promotion of B.C. M neral Potential $

Geoscientific surveys. ... - ‘ 6 750 000
Geoscience data systems . ............. .. ... ... 450000
Market, technology, and feasibility studies.......... 750 000
Total .. .. e o 7950000
Financial Assistance for Mine Development ... .. . 1 800 000
Management, Public Information, and Evaluation 250 000
Grand Total ... ... . ... . 100000 000

PROMOTION OF MINERAIL POTENTIAL

Promotion of British Columbia Mincral Potential is by far the
largest component and is divided into a numnber of sub-components,
each designed to expand the geoscientific database in British Co-
lumbia. This expanded database will enable appropriate targeting of
exploration and development programs designed to lead to the
opening of new mines. Some of the sub-components are:

1. Regional Geochemical Surveys and Interpretation

The intention is to complete geochemical surveys to National
Geochemical Survey standards, at the rate of one 1:250 000 map
sheet per year. Map sheets 93G/W 1/2 and 93H/E /2 were
sampled in 1985, with results duc to be released in June 1986.
These surveys are in addition and complementary to the usual
annual geochemical survey undertaken by the British Columbia
government.

A geochemist is being hired under the agrcement to re-interpret
existing regional geochemical dats and to conduct smaller orjen-
tation and follow-up surveys.

2. Geophysical Surveys
Geophysical surveys will be delivered or managed by the fed :ral
government. Projects being, considered are airborne magne-
tometer, gradiometer, and electromagnetic (EM) surveys.

3. Geological Mapping
Geological mapping at 1:5) 000 scale to aid and encounage
exploration is the main thrust of this sub-component. Fund ng
will also enable more and more comprehensive deposit-szale
mapping projects to be undertaken. Mapping is to be done by
Ministry of Energy, Mincs and Pztroleum Resources’ staff anc
by contractors under close Ministry supervision to ensure high
standards. Emphasis for selection of 1:50 000-scale mapping.
areas is on known or perceived economic mineral potential anel
indequate current geological base maps. At teast cight 1:50 000
map sheets are to be completed during the term of the agreement

4. Industrial Minerals Investigations
The MDA is improving funding of studies to evaluate and pro-
mote the potential for various industrial mineral commoditi:s in
British Columbia, ranging “rom phosphate to rare earths.

5. Geoscience Data Systems
MDA funding is contributing to the updating and redesign of th:
existing computer-based mineral deposits file (MINFILE.
Other computer-based mincral-rclated data files are being con-
sidered for funding.

6. Market, Technical, and Feasibility Studies

This sub-component supperts two types of programs: miner|
supply forecasts and mineral economic data development fcr
government use to guide mineral policies; and the Miner:il
Opportunitites Program. This program will cost-share projects
initiated by industry to identily market potential for mineralr,
and also to examine the feasibiiity of introducing new techniques
and technologies into mineral development.

FINANCIAL ASSISTANCE FOR MINE
DEVELOPMENT

The financial assistance for mine devclopment compene 1t
provides aid to the private sector in funding environmental, engi-
reering, and design studies foc off-site infrastructure requiremrents.
Examples of this type of assistance provided in 1985 are cost-sared
studies for the Omineca and Mount Klappan access roads. Co1-
struction of the Omincca road will permit development of the
Lawyers gold property by SEREM Inc. and will stimulate adci-
tional mineral exploration and development in the Toodoy zone
region. The Mount Klappan road study is preparatory to a prduc-
tion decision by Gulf Canada Resources Ine. for its proposad 1.5-
million-tonne-per-year anthracite coal project in northwesterr Brt-
ish Columbia.

MANAGEMENT, PUBLIC INFORMATION, AND:
EVALUATION

The third component, Management, Public Information, ad
Evaluation, provides for coordination and administration of tne

British Columbia Ministry of Energy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1986-1.
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various projects, monitoring of contractors, evaluation of results,
and provision of public information, A program manager has been
hired under this component.

The following table summarizes the budget for the 1985/86 fiscal
vear. This budget is smaller than one-fifth of the five-year budget
because the agreement was not signed until July 30, halfway through
the 1985 field season.

1985/86 BUDGET SUMMARY

Promotion of B.C. Mineral Potential 3
Geaoscientific Surveys:

Geochemical surveys ... .. e 150 000
Geochemical interpretation ... 25 000
Metallogenic Mapping....... ..o s e, 175 000
1:50 000 mapPing ..o o e s 42 000
Industrial minerals....... ... et e v 30 000
Geoscience Data Systems:
MINFILE 35000
Market, Technical, and Feasibility Studies:
Mineral supply forecasting.. . ... e 10 000
Mineral economic data development .. - 24 000
Mineral opportunities program _. ... e 160 000
Total oo BT 651 000
Financial Assistance for Mine Development
Mount Klappan Coal:
Pre-engineering............ SRS BT IR 60 000
Detailed engineering/design 300 000
SEREM/Lawyers gold-silver:
Pre-engineering and detailed engineering/design..... 116 000
Total .o 476 000
Management, Public Information, and Evaluation
Management, public information, and evaluation ....... 50 000
Total ..o e e 50 000
Grand Total ... ............... 1177000

0

Meost MDA studies are proposed and supervised by the Mineral
Resources Division of the British Columbia Ministry of Energy,
Mines and Petroleum Resources in consultation with its Technical
Liaison Committee. This committee is made up of representatives
from the mining and exploration industry of British Columbia, the
Geological Survey of Canada, and the University of British Colum-
bia. Committee involvement allows for public input toward project
definition and cvaluation. Individuals arc also encouraged to submit
comments.

MDA funding is available to support proposals submitted by the
private sector to provide support for market, technical, and feasi-
bility studies that are of general bencfit to the mining industry of the
province. All MDA projects must result in a written report that can
be made public. A short period of confidentiality may be negotiated
for cost-shared projects.

Rapid dissemination of information is a priority for all MDA
projects. Each mapping project will produce an open file map as an
annual update. All projects will be reported in the Ministry publica-
tion Geological Fieldwork. Fourteen projects, partially or com-
pletely funded by the MDA in 1985, are reported in this volume.,
Major projects will be published in bulletin or paper format upon
completion,

In summary, the Mineral Development Agreement provides a
unique opportunity to update and expand the province’s geoscien-
tific database, introduce new mining and processing technology,
improve infrastructure, and provide public input. Both government
and industry can benefit from active partictpation in the program.

For more information on the Canada/British Columbia Mineral
Development Agreement, contact Greg McKillop at (604)
387-5975 or by mail at Mineral Resources Division, Ministry of
Energy, Mines and Petroleum Resources, Parliament Buildings,
Victoria, B.C. V8Y 1X4.
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LIST OF SYMBOLS USED ON GEOLOGICAL MAPS AND FIGURES

DRIFT-COVERED AREA ...

GLACIAL STRIAE (DIRECTION OF
ICE MOVEMENT KNOWN,
UNKNOWN); NUMBERS INDICATE
RELATIVE AGE, 1 BEING
OLDEST .

MINOR MORAINES, RIiB MORAINES,

WASHBOARD MORAINES,
ANNUAL" MORAINES, TILL
RIDGES TRANSVERSE TO ICE

FLOW (IRREGULAR, STRAIGHT) .........

DRUMLINS, DRUMLINGCID RIDGES
(DIRECTION OF ICE MOVEMENT

KNOWN, UNKNCOWRN) ... e

CRAG AND TAIL HILLS AND RAMPS

LINEAR GLACIAL FEATURE ... mcrsons s

ESKER (DIRECTION OF FLOW

KNOWN, UNKNOWN) ...

RAISED BEACHES ...

LIMIT OF MARINE OR LACUSTRINE

SUBMERGENCIE (WELL MARKELD,

ASSUMED) ...

AREA OF SAND DUNES i

(LEFT BLANK}

/ Ve ;oS
// ? ” A s

s
A

P I S Attt

L. e

ESCARPMENT CRQUE ... e

ROCK OUTCROP, AREA OF

OUTCROPR, PROBABLE OUTCROP ...

GEOLOGICAL BOUNDARY

(DEFINED, APPROXIMATE, ASSUMED,
GRADATIONAL, DIP INDICATED) ........

INTRUSIVE CONTACT WITH

YOUNGER UNIT INDICATED ..o

11

UNCONFORMITY (DEFINED

ASSUMED) ...

LIMIT OF GEOLOGICAL MAPPING ...~

BEDDING, TOPS KNOWN
(HORIZONTAL, INCLINED,
VERTICAL, OVERTURNED) ...

BEDDING, TOPS UNKNOWN
(HORIZONTAL, INCLINED,

VERTICAL, DIP UNKNOWN) . ..o

BEDDING, GENERAL TREND (DIP
UNKNOWN, TOPS UNKNOWN: DIP
AND TOPS KNOWN; DIF KNOWN,
TOPS UNKNOWN) ..

BEDDING, ESTIMATED DP

(GENTLE, MODERATE, STEEP) ...

IGNEOUS FLOW BANDING

(NCLINED, VERTICAL) e

PRIMARY IGNECUS LAYERING,
TOPS KNOWN (HORIZONTAL,
INCLINED, VERTICAL,

OVERTURNED} ..o o

PRIMARY IGNECUS LAYERING,
TOPS UNKNOWN (HOF!IZONTAL
INCLINED, VERTICAL) ..

STRIKE AND DIP OF PILLOWS,
TOPS KNOWN (HORIZONTAL,
INCLINED, VERTICAL,

OVERTURNED) ... oo

STRIKE AND DIP OF PILLOWS,
TOPS UNKNOWN (HOH!ZONTAL
INCLINED, VERTICAL) ..

FLOW CONTACT . e

ROOF PENDANT (UNIT NUMBER
INDICATED; TOO SMALL TO MAP
SEPARATELY) .. s e

BRECCIA OF VARIOUS ORIGINS ...
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LIST OF SYMBOLS USED ON GEOLOGICAL MAPS AND FIGURES—Continued

SCHISTOSITY, CLEAVAGE,
FOLIATION; (HORIZONTAL,

INCLINED, VERTICAL, UNKNOWN

AGE) ..

SCHISTQSITY, GNEISSOSITY,

CLEAVAGE, FOLIATION, GENERAL

TREND ..

GNEISSIC FOLIATION OR BANDING
{HORIZONTAL, INCLINED,

VERTICAL, DIP UNKNOWN) i

SHEARING AND DIP s s sensenn

AXIAL PLANE OF MINOR FOLD

(INCLINED, VERTICAL, DIP

UNKNOWN] ..

AXIS OF MINOR FOLD

{HORIZONTAL INCLINED,

VERTICAL) ...

LINEATION OF UNKNOWN AGE
{HORIZONTAL, INCLINED,
INCLINED BUT PLUNGE

UNKNOWN, VERTICAL) e

TYPE OF LINEATION DENOTED
BY LETTER:

MINERAL LINEATION ..ot

S INTERSECTIONS ..o

MICROCRENULATIONS L.t

DEFORMED CLASTS ... s

IGNEOUS INCLUSIONS ...

RODDING, MULLION

METAMORFPHIC AGGREGATES ...

s
7R
4 77

LT T 7

lrf__\ _/

13

v

DEFORMED PILLOWS ... ..o

AGE OF LINEATION AND OF MINOR FOLD AXES

Ly oo

SENSE OF VERGENCE OF MINCR
STRUCTURES (USED WITH
MINOR FOLD AXES SYMBOL OR
LINEATICN S INTERSECTION

SYMBOL,; READ LOOKING ALONG

THE ARROW) ..
MINERAL ISOGRAD . ...

QOTHER ALTERNATIVES WHEN
MORE THAN ONE MINERAL
ISOGRAD .

STRUCTURAL TREND (FROM
AERIAL PHOTOGRAPHS) e

LINEAMENT (FROM AERIAL
PHOTOGRAPHS) L.t

FAULT (DEFINED APPROXIMATE,
ASSUMED) ..

FAULT (INCLINED, VERTICAL) .

FAULT (SOLID CIRCLE INDICATES
DOWNTHROWN SIDE; ARROW
INDICATE RELATIVE MOVEMENT) .... ...

THRUST FAULT (DEFINED,
APPROXIMATE, ASSUMED,;
TEETH IN DIRECTION OF DIP;
TEETH INDICATE UPTHRUST
SIDE) .

ZONE OF NUMEROUS IMBRICATE
THRUST FAULTS .

FAULT ZONE, SHEAR ZONE (WiDTH
INDICATED) ..

AL

o O e o 4

MALM_A e b

RN



LIST OF SYMBOLS USED ON GEOLOGICAL MAPS AND FIGURES-—Continued

SHEARING AND DIP . oo, D
TECTONIC SLIDE oo e SA— g —a

VEIN FAULT (DEFINED, ASSUMED) ... - e

MINERALIZED BED OR SEAM hem  hem
(HEMATITE) o, = 2000

DYKE, VEIN, OR STOCKWORK
(DEFINED, APPROXIMATE, 30
ASSUMED: DIP INDICATED) o .

JOINT (HOF!IZONTAL INCLINED,
VERTICAL]) .. e

ANTICLINE (DEFINED,
APPROXIMATE, ASSUMED) ...

SYNCLINE (DEFINED,
APPROXIMATE, ASSUMED) ...
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(OVERTURNED) ... ...

ANTIFORM QR SYNFORM oo

L S 2
BOX ANTICLINE, BOX SYNCLINE .o 5
FOSSIL LOCALITY .. ®

LOCALITY WHERE AGE HAS BEEN
DETERMINED, IN MILLION OF @
YEARS .. e 1400

LOCATICN OF MEASURED
SECTION ..

GRAVEL PIT OR QUARRY (ACTIVE, X x
ABANDONED) ... ..+ oo oo e £

BORROW PIT (ACTIVE, S
ABANDONED) - e #% €%

OPEN PIT MINE OR QUARRY .o oo <D

ROCK DUMP OR TAILINGS

ROCK QUARRY (ACTIVE

ABANDONED) .

MINE (LEAD, ZING) oo e

MINE, ABANDONED (LEAD, ZINC) oo

MINERAL PROSPECT: MINERAL.

OCCURRENCE (MANGANESE) ..o
PLAGER DEPOSIT (GOLD) .o oo

DRY WELL (ABANDONED) ... oo e

SHOW OF OIL AND GAS

SHOW OF GAS (ABANDONED) ... i«

OIL AND GAS PRODUCER ... .. o

TRACE OF COAL SEAM ... e

LOCATION QF DBILLING ... s e -
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CORRELATION AND COMPARISON OF TWO COAL-BEARING ZONES
BETWEEN EWIN PASS AND BARE MOUNTAIN
ELK VALLEY COALFIELD
SOUTHEASTERN BRITISH COLUMBIA
(82G/15, 82)/2)

By D. A. Grieve and P. R. Elkins

INTRODUCTION

Regional correlation methods in the southeastern British Colum-
bia coalficlds are not well established. Preliminary conclusions
presented here represcut the first stage of an attempt to correlate
specific horizons throughout the Elk Valley Coalfield. Scven explo-
ration drill cores, spanr.ing a north-south distance of 14 kitometres
and representing four exploration propertics. were Jogged in detail.
These propertics are, from south to north, Ewin Pass, Mount Ban-
ner, Ewin Creek, and Earc Mountain (Fig. [-1).

[t was hoped, at the outset, that tonsteins would form a conspic-
uous and commaon lithclegy within the drill cores examined. Tons-
teins are cffective local correlation teols at two Elk Valley Coalficld
locations and are postulated to have potential for regional correla-
tion (Grieve, 1984). Unfortunately, only onc band was found which
is texturally similar to fonstcins described in the previous study;
there arc also three, kaolinite-rich grey ctay bands which are proba-
bly also a varicty of tonstein. Onc possible reason for the dearth of
these units is that coal zones had becn removed from the cores
examined.

The study arca is in the south halt of the Elk Valley Coalfield,
which has recently been mapped in detail (Grieve and Fraser, 1985).
The Elk Valley Coalficld is one of three separate fields in south-
castern British Columbia. The major structure of the coalfield is the
north-south-trending Alexander Creek syncline. which persists
along the 100-kilometre length of the ficld. Thus there is great
continuity of structure 'n the Elk Valley Coalfield and consequently
excellent potential for rzgional correfation. The cores examined, for
example, represent a continuous belt of strata on the eust limb of the
Alexander Creek syncline and east of the trace of the Ewin Pass
thrust fault.

Economic thickness2s of coal in southeastern British Columbia
are contained in the non-marine Mist Mountain Formation of the
Jurassic-Cretaccous Kootenay Group. It is underlain by the Mor-
rissey Formation, the basal unit of the Kootenay Group.

[0 date, five of the seven core logs have been corrected to true
thickness and plotted in detailed and generalized form. Several
potential marker horizons have been analysed by X-ray diffraction.
One new regional coa: seam correlation is herein proposed and a
stratigraphically well-defined horizon (base of the Mist Mountain
Formation} is compared at difference locations.

Petrographic analysis of vitrain samples collected will be carried
out at a later date.

METHODS OF STUDY

The core logging system of Research Planning Institute. Inc.
(RPD) was utilized in this study (Ruby, et al., 1981). The RPl system
uses three-digit codes to represent rock type, composition/colour,
and sedimentary structures; suffixes modify sedimentary struc-
tures, and identify penecontemporancous deformation, coment
type, and presence of coal banding/spar. This method is readily
applicable to Kootcnay Group strata and it offers adequate degrees
of detail, speed, and consistency.

Individual units within core were measured 1o the nearest cen-
timetre, Intcrvals representing sarpled coal horizons were taker
from company logs. Units thinner than 5 centimetres were 101
measured separately, with the exception of tonsteins and other very
distinctive lithologies. Logs were converted to true thicknesses
using core-bedding angles. Sections were first plotted at large s rale
and then gencralized for inclusion here (Fig. 1-2).

DESCRIPTIONS OF COMMON LITHOLOGIES
AND INFERRED DEPOSITIONAL
ENVIRONMENTS

(MIST MOUNTAIN FORMATION)

Depositional environments of lithologies described below are
based on core appearances as well as their similarity to units seen it
the field and described by Gibson (1985) and Donald (1984).

INTERMIXED SHALES AND SANDSTONES (ISAS)

The most common lithology consists of intermixed shales unc
sandstones (ISAS) of the RPI systera (Ruby, et af., 1981). Thesc
range in their proportion of sandstones to shales from *wavy-beddec
sandstone with interbedded shale’ (highest ratio. roughly 2:1 tc
1:1), to “lenticular-bedded sandstone streaks in shale’ (fowest ratio
roughly 1:2). In addition, units of massive, churned, burrowec . or
rooted sandy shale exist, in which layering was either not presen: o+
not preserved. The sandstone in ISAS units ranges from fine gra nec
in the sandstone-dominant varietics to very finc grained in the shule -
dominant varieties. The shales are predominantly siltstones an
silty mudstones. 1SAS units are commonly burrowed andfor roJted
and may be convoluted or slumped. Coul banding is also a commeon
feature,

ISAS units occur as twe dist nct types, within or overlying tick
sandstone units and within generallv finc-grained scquences. The
first type is believed to represent low cnergy portions of fluial
point-bar deposits; the other, splav deposits.

SHALE

Lithologies classified as ‘shale’ in the RPI system inc ude
siltstone, silty mudstone, mudstone, and shale, The predomirant
‘shale” variety encountered in this study is dark grey silty mudst 1ne.
which is generatly faintly to well laminated, commonly contains
coal streaks and bands, and focally is burrowed and/or rooied.
Mudstones and shales are generally black in colour, are fa ntl/
laminated or massive, and conzain coal streaks or bands and roots.
They are closely related in position to coal scams. Densely rooteil
seatearths are uncommon; they do not occur at the base of major cozl
scams, but rather within fine-grained sequences that underlie cai-
bonaceous shale.

Distinctive, massive, browntsh blick, hard mudstone units 13 t
several tens of centimetres in “hickness were noted in most o” th:
cares, most conspicuously in the upper portion of BM8I1-1. Tw)
samples polished and cxamined under reflected light contain uni-
formly dispersed fine detrital vitriniic. Thus they are carbonaccous

British Columbia Ministry of Energy. Mines and Pefroleum Resources, Geological Fieldwork, 1985, Paper 1985-1
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shales but are not relatzd to oil shale, as first thought, because they
are devoid of liptinitic material.

Shale units occur either as a thick monotonous series or interbed-
ded with ISAS units or coal scams. They may underlie thick sand-
stone units but never directly overlic them. They are thought to
represent averbank flood deposits; the thickest series of shaly mate-
rial developed are at relatively large distances from fluvial channels
where the influx of sandy splay sedimentation was rare.

SANDSTONE

Sandstone units in the Mist Mountain Formation are predomi-
nantly lithic arenites and range from fine grained to very coarse
grained and conglomeratic. They display flaser bedding, ripples,
and all scales of planar and trough crossbedding. Massive and
parallel laminated units are also common. They are frequently
carbonaceous, particu'arly the massive varicties, and have irregular
lenticles of coal spar. Mudstone rip-up clasts frequently occur,
particularly near the bascs of thick sandstonc units, The basal
contact of sandstone units is always abrupt and frequently scoured,

Sandstone has two distinct occurrences, the more common being
thick (2 to 20-mctre) sequences of predominantly medium-grained
sandstone with a gross fining-upward profile that is overlain by
ISAS units. These arc inferred to represent fluvial point-bar depos-
its of large meandering channel systems. The other occurrence 1s as
thin (<1 metre) rippled, fine-grained beds within series of ISAS
units. These probably represent proximal portions of splay deposits,

COAL

All except the thinnest coal seams had been removed from cores
examined. Those obszrved ranged from bright and banded to dull
and massive. Coal seams, thick and thin. are generally closely
associated with fine-grained units. They represent swamp and
marsh environments (Gibson, 1985),

CONGLOMERATE

Conglomerate was shserved only within the sandstonc unit above
7-seam on Ewin Pass (cores EP-102 and EP-105), It consists of
rounded chert pebbles in a coarse lithic arenite matrix. Individual
bands range from stringers of pebbles to beds up to 1.2 metres in
thickness. They are inferred to be part of the channel deposits
represented by the sandstone unit. Those in which pebbles are in
contact and matrix is sparse may be channel lag deposits,

TONSTEINS

Three narrow, 1 to 2-centimetre-thick, bands with distinctive
light grey cotour and extremely fine grain size were noted. Kaolinite
is the dominant mineral in all cases so they are probably tonsteins,
One band occurs 6 metres above the base of the Mist Mountain
Formation in core BME1-2, the other two occur in the basal | metre
in cores EV-150 and EV-151 (Fig. 1-3). In EV-151 another 3-
millimetre-thick kaolinitic grey clay band overlies the first by half a
metre.

In core BMR1-}§ a 5-centimetre-thick dark brown to black fine-
grained unit was noted near the top of the core {core not plotted to
date). This band is sienilar to tonsteins noted previously in southeast
coalfields (Grieve, 1984); it is characterized by a blocky fracture
with vitreous fracture surfaces and visible graupen (sub-spherical
kaolinite bodies) up 1o 1 millimetre in diameter. It is composed of
kaolinite with minor gorceixite. The latter mineral is a constituent of
some previously analysed tonsteins in southeastern British Colum-
bia (Grieve, 1984; Grieve, unpubl.). Petrographic analysis of these
bands will be carried out.

BRIEF DESCRIPTIONS OF SECTIONS

To date logs from cores EP-102, EP-105, MBE- 101, EV-130, and

EV-151 have been plotted in detail. These represent the Ewin Zas:,
Mount Banner East, and Ewin Creek propertics (Fig. 1-1). The
basal portion of core BM81-2 from Bare Mountain has also been
plotted for discussion here. Generalized sections were derived from
the five completed detailed sections (Fig. 1-2). In generalizing daa
for these scctions, units less than ? metres in thickness wers not
plotted, excepting coal seams and shale partings, for which 1 rretre
was the minimum thickness. Grouping of units, necessitated by
these minimum thicknesses, was somewhat arbitrary, thus the ap-
pearance of the sections on Figure 1-2 arc partly an artifact of the
generalization process; they should not be used for rigorous pzleo-
environmental interpretation.
EP-102: This core consists of approximately 265 metres in true
thickness (Fig. 1-2). Seven coal zores had been removed for sar -
pling; these range from I metre to 15 metres in thickness (Fig. 1-2).
The three thickest seams arc named 9, 8, and 7-seam, from oldest to
youngest, while the other four seams are unnamed (P Gi mar,
personal communication, 1983). This nomenclature represents the
company s correlation of seams from Ewin Pass to Line Creek rine.
The bottom of the hole was probably about 35 metres above Mo -
rissey Formation (P. Gilmar, personal communication, 1985), tiere-
fore the zone corresponding to 104 and 10B-seams at Line Creek
was not drilled.

A conspicuous series of three channel sandstone deposits nter-

bedded with probable crevasse splay sandstones and siltstones oe-
curs between 9 and 8-seams. One channel sandstone occurs betveen
8 and 7-seams and a channe! deposit of sandstone interbedded with
conglomeratic sandstone and conglomerate occurs above 7-sean,
ncar the top of the hole.
EP-105: This core consists of appreximately 194 metres true thic<-
ness; the lowest 72 metres overlaps with the strata contained vithin
EP-102. Five seams, ranging from [ to 9 metres in thickness, hiad
been removed; four are named, from oldest to youngest, 7, 5. «, and
4 rider. Therefore, 7-seam and the conglomeratic unit overlying 7-
scam are common to EP-102 and EP-105. Scams 4 and 4 rider form
the most significant coal zone above 7-seam, with a combined
thickness of 9 metres. There are no channel deposits above the
conglomeratic unit.

MBE-101: This core consists of approximately 290 metres true
thickness, of which 30 metres belongs to the Morrissey Forrurion.
Several portions of the core are missing or misplaced, die 0
vandalism. Thirteen secams had been sampled, ranging fron 1.5
centimetres to 8 metres in thickness; nine seams are 1 melre or
more. Six thin seams, numbered 10-6 to 10-1, occur in the bawal -4
metres of the Mist Mountain Formarion (Fig. 1-3). The other scams
are named, from oldest to youngest, 9, marker, E, G, H, 1. aad L
Channel sandstone units are relatively scarce and thin. Two Jccir
between 9-seam and E-scam and two more occur between E-seam
and G-seam.

EV-151: This core consists of a maximum 354 metres true 1hic«-
ness, but contains a 2. 5-metre fault zone 44 metres above the basz,
which probably caused a small but unknown amount of repetition.
The base of the core contains 14 rmetres of Morrissey Formation.
Eleven seams were removed for sampling, ranging from 6( cen-
timetres to 15 metres in thickness; seven seams are greater than 1
metre. The thickest seams are named, from oldest to young :st, 3
(consisting of two benches narned 3 and 3 lower), 4 {(which has ¢ thin
unnamed rider), 5, 7, 8 lower, and 8. All the rest are unnamed ., with
the exception of 6-seam. Prorninent channel sandstone units cecur
between 4 and 5-seams, 5 and 6-scams, and 6 and 7-seams.

EV-150: This core contains 302 meatres true thickness of streta, of
which 44 metres belongs to the Morrissey Formation. Morecvzr, the
interval between 4 and 5-seams has been thickened by apprex-
imately 60 metres as a result of thrust faulting. Consequently, all
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Mist Mountain Formation strata contained in this core are also found
in EV-151. However, it serves as a useful basis for comparison of
equivalent horizons. For example, 3 and 3 lower-seams arc sepa-
rated by 3 metres of strata in EV-150, compared with 60 centimetres
in EV-151.

CORRELATABLE HORIZONS

BASAL COAL ZONE

The Morrissey-Mist Mountain contact is one of only two readily
identifiable stratigraphic horizons in the southcast cealfield (the
other is the Kootenay Group-Cadomin Formation contact} and,
because it marks the base of coal occurrences, it is an extremely
important one. The correlation of the coal zone which normally
occupics the busal portien of the Mist Mountain Formation in
southcastern British Columbia (Gibson. 1985} is thereforc self-
evident. Economically this zone is extremely important as it ac-
counts for several of the important producing seams in southeastern
British Columbia.,

Four of the seven cores logged in this study contain the basal coal
zone. Large-scale plots of the basal 20 mctres of these cores are
shown on Figure 1-3. The 20-metre cutoff was chosen arbitrarily,
but in all cascs this interval contains most of the coal which can
reasonably be assigned to the basal zone. The section of EV-151 has
been extended slightly to include the top of 3-seam.

A few generalizations about Figure 1-3 can be made. Each sec-
tion contains four to six separate scams. If 3 and 3 lower-seams in
EV-151 are combined. then the thickest individual seam i1s 7.4
metres thick, with a 60-centimetre shale parting. The remainder of
the searns range from 20 centimetres to 3 metres in thickness. In all
cases a thin, 20 to 70 centimetres, seam rests directly on the
Morrissey Formation sandstone. Direct correspondence of other
individual seams between different areas is not obvious.

Interbedded strata within the basal coal zone are mainly shales
and shale-dominant varictics of ISAS units. They are massive to
welf laminated and may be rooted, burrowed, and/or distorted. Coal
banding and coal spar are also very common features. especially in
proximity to coal seamis. One thin carbonaceous sandstone occurs in
EV-151 and MBE-101. The strata immediatcly overlying the basal
coal zone are also fine grained and are not distinguishable from
clastic rocks within the zone.

Kaolinite-rich grey clay bands at equivalent positions in EV-150
and EV-151 are clearly correlatable (Fig. 1-3). Correlation with a
similar band in BM81-2 is possible, as the upper surface of the
Morrissey Formation is known to have local relicf of several metres.

The depositional environment of the basal coal zone has been
described as an interdeltaic coastal marsh and swamp within the
lower coastal plain. Initial sedimentation occurred directly on the
beach ridge-dune facies of the upper Morrissey Formatton {Gibson,
1983).

The basal coal zone described here correlates with the lower part
of unit I on Fording Coal Ltd.s Eagle Mountain property, north of
the study area (Donald, 1984). At that locality all the coal within
unit I, comprising Fording Coal Ltd.’s 1, 2, and 3-seams, appcars to
lie well within the basal 20 metres of section and l-seam rests
directly on the Morrissey Formation. Coals of unit I are too thin to
form mineable reserves in the current operations area.

At Line Creek mine, on the other hand, the basal coal zone
contains 10A and 10B-seams, with the former resting directly on the
Morrissey Formation. These seams figure promincntly in Crows
Nest Resources Ltd.’s current production,

IMPERIAL SEAM

The name Imperial seam was applied to the thickest seam on
Imperial Ridge in the Ewin Creek property north of Ewin Creek
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(Grieve and Fraser. 1985, section A-B). On the ridge summit it
attains a thickness of 10.5 metres with very little interbanded shale.
It has been traced northward with some confidence in the field from
Ewin Creek to Bare Mountain, a strike distance of 5.9 kilometres
(Grieve and Fraser, 1985, sheets 8 and 9).

This seam is 3-seam, on the Westar Mining Ltd s property. and it
was intersected in both EV-150 and EV-151 (Fig. 1-2). The true
thickness of the Imperial seam in these holes is 15 metres. Accord-
ing to Huryn (1982) the bottom 12 to 13 metres of this seam contains
very little interbanded shale. The roof and floor rocks in EV-151 are
black coal-streaked and banded shales, while in EV-150 they are
black. coal-banded. laminated shales.

In moving to the south, the Imperial seam is tentatively correlated
with E-seam in core MBE-101 (Fig, |-2). This correlation is based
on three lines of evidence:

(1) Relative thickness and position of E-seam with respect to over-
all stratigraphy.

(2) Similarity of roof and tloor lithologies to those in the EV cores.

(3) Similarity of gcophysical logs to the EV drill holes (Fig. 1-4).

E-seam in MBE-101 is 7.4 metres in thickness and contains very
little interbanded shale. As was the case in the EV cores, the seam
here is about 130 metres stratigraphically above the base of the Mist
Mountain Formation and between the two most prominent channel
sandstone-bearing horizons (Fig. 1-2). Roof and floor rocks are
massive, coal-banded, black to dark grey shales.

Moving further southward, the Imperial seam is tentatively corre-
tated with 8-seam in core EP-102. The latter seamn is 150 mectres
above the base of the Mist Mountain Formation and is the first major
seam above the most significant concentration of channel sandstone
units in the section. The seam is 10.3 metres thick and contains 50
centimetres of shale in 5 interbands (Beavan, 1981). Roof and floor
rocks are laminated, black, coal-banded shales. The geophysical
response of this seam is similar to that of E-seam in MBE-101 (Fig.
1-4).

Existence of the Imperial seam in the BM81 cores to the north has
not been established as the logs have not yet been plotted. Given the
proximity of these holes to the most northerly mapped outcrop
occurrence of the seam, it is expected to be present.

In any cvent, the proposed correlation of the Imperial seam
extends roughly 13.5 kilometres from EP-102 in the south to Bare
Mountain in the north. Field mapping of the Ewin Pass 8-seam has
already established its continuity between Mount Banner and Ewin
Pass and also through the Mount Michael property to the south
(Grieve and Fraser, 1985, sheets 5, 6, and 7). Addition of the Mount
Michael property extends the proposed correlated extent of the
Imperial seam 3 kilometres southward. Even more significantly, if
Crows Nest Resources Ltd s correlation of 8-seam at Ewin Pass with
8-seam in Line Creek mine is correct then the Imperial seam may
account for the major part of reserves and production at the Line
Creck mine. If this is the case the name *8-seam’ would be prefera-
ble to ‘Imperial seam’ throughout the study area.

DISCUSSION

Preliminary assessment of data has identified two coal zones
which can be correlated between Bare Mountain in the north and the
Ewin Pass area in the south. In the case of the basal coal zone the
correlation is not helpful because the Mist Mountain-Morrissey
Formations contact is very easily mapped and also readily identified
in core and geophysical logs.

Correlation of the Imperial seam is based on its relative strat-
igraphic position, its thickness and lack of significant shale inter-
bands, the nature of its roof and floor rocks. the nature of its
geophysical response, and the results of geological mapping. None
of these criteria, in themselves, are diagnostic, but in combination
they ofter rcasonable precision: in combination with proximate



analysis results, they are the ones used by industry to correlate coal
seams within individual properties and occasionally between dif-
ferent properties. We have not applicd proximate analysis in this
casc, because of known regional rank variations along strike in the
Elk Valley Coalficld (Grieve and Pearson. [985; Grieve and Fraser,
1985). Between Ewin Pass and Mount Banner, for example, the
reflectance of the basal coal zone increascs from less than 1.3 per
cent to greater than 1.5 per cent (ﬁu max), an increase which will
have a significant effect on volatile matter yields and other proper-
ties. The possibility of this sort of change should always be taken
into considcration.

The grey kaolinitic band in the basal coal zone in cores EV-150,
EV-151. and BM8&1-2 may reprcsent a continuous horizon. In any
event, its impact as a corrclation tool is severely limited by its
position within the only readily correlatable horizon in southeast
coalfields.

The tonstein near the top of core BM81-1 occurs in the upper Mist
Mountain Formation and is stratigraphically higher than strata con-
tained in other cores in this study. One of the authors (D. A. Gricve)
has previously sampled a kaolinitic band from a coal outerop at a
similar stratigraphic position on the Burnt Ridge Extension property
and Gibson (19835, p. 2€) notes the occurrence of a tonstein in a coal
seam in the uppcrmost Mist Mountain Formation on the Greenhills
Range. In general, however, this study has not furthered attempts to
correlate strata in southeastern British Columbia using tonsteins.

CONCLUSIONS

Seven drill cores from the east imb of the Alexander Creek
syncline in the Etk Valley Coalfield were logged in detail. The Mist
Mountain Formation contained in these cores consists of an inter-
bedded series of intcrmixed shale and sandstone (ISAS) units,
shale, sandstone, coal, iand minor conglomerate. They encompass a
range of non-marine sedimentary environments, with the coarse
clastics probably representing fTuvial point-bar and channel depos-
its, [SAS units representing low-energy portions of point bars and
splay deposits, and finc-grained units representing floodplain de-
posits. Coal seams, wnich were deposited in marsh and swamp
conditions, had been largely removed from the core. Conspicuous
potential marker bands were generally absent, although kaolinitic
bands, probably tonsteins, were found at similar stratigraphic posi-
tions in threc of the cores. The position of these bands, all within 6
metres of the base of the Mist Mountain Formation, lmits their
usefulness, because the basal Mist Mountain Formation is a readily
identified unit.

The basal Mist Mountain Formation or basal coal zone is a 20-
metre-thick interval containing four to six coal seams that range
from 20 centimetres to 7.4 metres in thickness; one rests directly on
the Morrissey Formaticn sandstone.

Coal seam 5 on Westar Mining Ltd.’s Ewin Creek property has
been tentatively correlated with E-seam on Crows Nest Resources
Ltd.’s Mount Banner property and with &-seam on Crows Nest
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Resources Ltd.s Ewin Pass property. The term ‘Imperial seara is
applicd to this correlated unit because the unit corresponds with he
Imperial seam mapped by one of us (D. A. Grieve) on Impanial
Ridge and Bare Mountain (Gricve and Fraser, 1985). However, he
terim ‘8-seam’ may be preferred if correlation by Craws Nest Re-
sources Ltd.’s staff of Ewin Pass 8-seam with Line Creek 8-seam is
correct. The latter seam is currently a major product from the Linc
Creek minc.

Further analysis of results will bz carried out to attempt furter
correlations and comparisons of strata in the EIk Valley Coalficld.
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FLATHEAD RIDGE COAL AREA
SOUTHERN DOMINION COAL BLOCK (PARCEL 82)
SOUTHERN BRITISH COLUMIBA*

(82G/7)

By D. A. Grieve and W. E. Kitby

INTRODUCTION

The Dominion Coal Block consists of two parcels of federally
owned land, totalling 20 235 hectares in area, in the Crowsnest
Coalfield of southeastern British Columbia {see Grieve and Kilby,
1983). Parcel 82 is the more southerly of the two, and at 18 211.5
hectares (45,000 acres} it is by far the larger (Fig. 2-1).

The coal-bearing Kootenay Group crops out on two major areas
of Parcel 82; along Flathead Ridge in the southwest and in the Mount
Taylor area in the portheast: it lies at depth beneath the intervening
portion. The subject of this study is the Flathead Ridge portion of the
parcel, which is bounded on the northwest by Morrissey Creek (Fig.
2-1).

Flathcad Ridge runs in a general northwest-southeast direction at
an elevation of 1 980 to 2 225 metres. It has a steep scarp face on its
southwestern flank {up to 70 per cent grade) and a relatively gentle
slope on its northeastern flank. Minimum elevation in the study area
is 1 070 metres along Morrissey Creek. The only readily accessible
part of the study area s Morrissey Creek, which is connected to
Highway 3 by approxirnately 5 kilometres of good-quality second-
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Figure 2-1. The Crowsnest Coalfield arca, showing locations of
Parcels 73 and 82 of the Dominion Coal Blocks.

ary road. Difficult four-wheel drive access to the top of Flatheac
Ridge is available on the natural gas pipeline access road, whict
connects with the Lodgepole forestry road.

OBJECTIVES OF PRESENT STUDY

The objectives of the current study are: to construct a dizital
deposit model of the Flathead Ridge to allow resource calculation:
of A- and B-scam coal utilizing existing data supplemented by mino -
fieldwork; and to summarize avaiiable exploration and production
history, stratigraphy, structure, and coal quality information.

We have chosen to concentratc «n these upper seams becaus:
exploration carricd out in the study arca focused on this stratigraphic
interval and provides adequate information for a reasonable ar aly-
sis. Also, the structure of the lower seams is more complicated and
not weil explored.

PREVIOUS WORK

Crow’s Nest Pass Coal Company operated the Morrissey Col jers
immediately north of Morrissey Craek, outside of Parcel 82. be-
tween 1902 and 1909. This was the shortest lived of the thre:
collieries developed by the company at the turn of the century. Th:
reasons for its early demise were hazardous mining conditions and
poor coking properties of the coal due to its high rank.

There is no evidence of major exploration activity south of Mo
rissey Creck prior to 1964. At that time the British Columbia-bese 1
Pacific Coal Limited (P.C.L.} acquired coal rights to the Flataeal
Ridge portion of Parcel 82, naming their property the Fernie ol
Mine. The company was funded by Japanese interests; their objec-
tive was to prave up reserves of low-volatile coking coal to: the
Japanese steel industry. The first year of exploration, supervised by
consuttant D. D. Campbell, was focused on the Morrissey va lew.
Ten diamond-drill holes, totalling approximately [ 675 metre:,
were drilled. This program continued into 1965 with the complztion
of two more holes (300 metres ). This information is not on file with
the Provincial Government. Further work in 1965 was carried oLt by
Nittetsu Mining Consultants Co., Ltd. Adits were driven for bulk
samples in two of the lower scaras (K1 and K3) along Morrissey
Creek, and surface mapping was carried out along Flathead Ridge.
A preliminary feasibility study was completed at this time. Exglori-
tion work in 1966 and 1967 was concentrated on A- and B-seam .
By this time P.C.L. had acquirad coal rights to a 7 458-hectare erei,
and the scale of exploration increased considerably. Work wits
performed by Nittetsu Mining Co., Ltd. and Toyo Menka Kzishi,
Ltd. Seven drill holes were cored for a total of 1 599 metres, nine
adits in A- and B-seams were driven and sampled, and more than 29
kilometres of new road was built; incst roads were along the tracas of
A- and B-seams. Detailed mapping, supplemented by trercrinz,
was carried out over the entire property. Drill core and bulk sarr ples
were provided to several Japanese stecl concerns for tesing of
washability and coking poteniial.

The general conclusions of this assessment work were that
B-seam throughout the property and A-scam locally are superior

* This project is a contribution to the Canada/British Columbia Minetal Development Agreement.
British Columbia Ministry of Energy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1956-1.
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coking coals, and that they arc present in significant quantitics. A
1968 feasibility study by Nittetsu for P.C.L. reiterated that the coal
was economically mincable and equal to other western Canadian
coking coals contracted to Japan at the time. In 1968 or {969,
however, Nittetsu withdrew from the project and Mitsui Mining
Co., Ltd. obtained perriission from P.C.L. to further cvatuate the
property. In 1969 they carried out a geological survey, aided by
trenching. A few differznces in structural interpretation and seam
correlation were noted. Further exploration was proposed but never
carried out. In 1971-1972 the Provincial Government, at the request
of the Federal Government, revoked the coal rights.

Results of the exploration projects carried out between 1965 und
1969 are contained in the following reports: Nakayama, et alf.
(1966), Harada, et al. (1967, 1968), and Ainara (1970). Results of
the 1968 feasibility study arc contained in Shiokawa (1968). All are
on file with the Geological Branch of the British Columbia Ministry
of Energy, Mines and Pctrolcum Resources. Individual reports will
not be specifically referenced in the following discussions.

Two government surveys of the study arca were carried out in the
late 1970’s. Between 1977 and 1980 N. C. Ollerenshaw of the
Geological Survey of Canada mapped all of Parcel 82 at 1:50 000
scale (see Ollerenshaw, 198tb). D. E. Pearson and D. A. Grieve of
the British Columbia Ministry of Energy, Mings and Petroleum
Resvurces mapped Flathead Ridge in 1978 at 1:10 000 scate. con-
centrating on the surface traces of coal seams (see Pearson and
Grieve, 1981, Sheets 3 and 4). In conjunction with this mapping,
coa) samples were collected for petrographic analysis.

STRATIGRAPHY

Flathead Ridge is underlain by a sequence of sedimentary rocks
belonging to the Jurassic Fernie Group, Jurassic-Cretaceous Koote-
nay Group, and Lower Cretaceous Blairmore Group. Marine shalcs
of the Fernie Group ar: in gradational contact with the overlying
litteral Morrissey Formation, basal sandstone of the Kootenay
Group. Morrissey Formation is abruptly overlain by the non-marine
coal-bearing Mist Mountain Formation, host to economic coal
seamns in southeast British Columbia, This in turn is gradationally
overlain by the Elk Formation. a non-marine unit which contains
thin coal scams and a higher proportion of channel sandstones and
conglomerates than the underlying Mist Mountain (Fig. 2-2). The
Elk is overlain by the non-marine Cadomin Formation, basal unit of
the Blairmore Group. The Cadomin Formation in the study arca
consists of a series of conglomerates separated by maroon and
greenish mudstones (Ollerenshaw, 1981a). It is overlain by greenish
and maroon mudstonss interbedded with sandstone and con-
glomerate of the Lower Blairmore.

There are two readily identified marker horizons within the study
area. One is the Mortissey Formation, whose outcrops form a
relatively consistent bluff; the Morrissey marks the lower limit for
coal occurrences (Fig. 2-2). The other is the Cadomin Formation,
which delineates the top of the Kootenay Group. The contact be-
tween the Mist Mountain and Etk Formations, which probably
represents the transition from a meander plain to a braid plain
environment (Gibson, |985), is usually defined as the lowest chan-
nel deposit above the highest economic coal seam in the Mist
Mountain Formation. This horizon can be mapped with some cer-
tainty throughout the study area.

The Mist Mountain Formation is approximately 400 metres thick
in the study area and on average it contains 10 coal seams. Seams
were numbered upward from K1 to K3, and then A. B. and so on
(Fig. 2-2). Initial quality resuits on seams K1 and K5 from Mor-
rissey Creek revealed that the rank of these scams was too high to be
attractive. This led the company to focus on two more promising
seams, A and B, in the upper half of the Mist Mountain Formation
(Fig. 2-2). A-seam underlies B-seam by 25 10 45 metres. In outcrop

27

it ranges from 3.5 to greuter than 135 metres total thickness at che
northwestern end of the ridge (No. 3 to No, 8-9 ridges); it is from
2.6 to 7.7 metres thick at the scuthe:stern end (TA-2 to Ridge No.
21; see Fig, 2-3 for location references). Between it is less than [L€
metres thick with numerous partings. In drill core thicknesses rarnge
from 2.68 (J-0) to 17.77 metres (I-3), Lower splits of A-seam exist
in the area southeast of Ridge No. [7. The upper of these (Al
ranges from 2.34 to 3.05 metres in thickness, while the lower (A2
ranges from 1.82 to 3.36 metras; both appear to be increasiny ir
thickness to the southeast. Thickness of A-scam ceal ranges from 6(
to 100 per cent of total seam thickness, but is generally greater thar
90 per cent, omitting the central arca mentioned previously. The
Al-seam is located just below the A-seam in the northwest portior
of the area. AL-scam thickness ranges from 2.0 to 6.0 metres.

B-seam thickness ranges in outcrop from 1.73 to 5.86 metres
and in drill core from 3.64 metres (J-2) to 7.32 metres (J-3). Ar
upper split, named BU-seam, cutcrops on Ridge No. 11 and exte nds
southeastward; it ranges from 1.25 to 2.51 mctres in thicknzss
Thickness of B-scam coal is generally greater than 80 per cent pu
ranges trom less than 60 1o 100 per cent of the total seam thickness

Both A-seam and B-seam are churacterized by rapid thickaess.
changes and variations in the numbers and thicknesses of pariings

Seam K1 (basal seam) ranges from 3.06 metres in thickness a- the
pipeline. to greater than 15 metres in Morrissey Creek. Seam K8 aan
a thickness of greater than 5 nietres in Morrissey Creck arca, bu:
unfortunately the company was not successful during exploraticn in
correlating this or other lower scams with seams along the ridge
Thicknesses of other coal secams were measured only locally, bu
available data suggests that in the v cinity of the pipeline and the
pipeline road (Ridge Nos. 16 to 20), the section between scams K1
and A contains three coal scars which are greater than 1 metic in
thickness. The thickest of these, which apparently lies within 20
metres stratigraphically of the tap of the K1 seam, is reported t. be
6.52 metres thick on Ridge NMo. 20, and includes a 3.47-metrs:
section of coal without partings at the top. Pearson and Grizve
(1981, section I.-M} also report a 5. 1-metre scam about 115 meires
above the base of the Mist Mountain Formation on Ridge No. 16
Coal seams stratigraphically higher than B-scam are thin. althcngh
again data are sparse. Pearson and Grieve (1981, section L-M)
found three closely spaced seams witn a combined total thickne s o”
5.8 metres near the top of the section on the pipeline (Ridge No. 16)
The equivalent (7} horizon on Ridge No. 3 contains a 3.27-mretre:
seamn with 2.68 metres of coal.

The Nittetsu reports concluced that seam K1 probably sustaine
thickness adequate for mining throughout Flathcad Ridge: thep
speculated that two or three other seams are thick cnough fo-
mining, at least locally.

STRUCTURE

Flathead Ridge is in the southwestern part of the Crowsres:
Coalfield. The Fernie Basin, the coalficld’s fundamental structure
is a complex synclinorium in the Front Ranges of the Rocky Moun -
tains. Strata on Flathcad Ridge lie ir the west limb of the McE:ov
syncline, a doubly plunging fold at thz middle of the scuthend o” the
Fernie Basin.

Ollerenshaw (1981b) notes & rezional décollement or “preferred
detachment interval’ within the Mist Mountain Formation. The
strata betow this interval are aftectad by ‘tight. low amplitude folds
of relatively short wavelength, cut >y numerous thrust faults,” while
those above arc characterized by "broader. gentle folds of ow
amplitude and relatively long wavelength cut by fewer thrust falts
but numerous normal faults’ (Ollerenshaw, 1981b, p. 147). Whin
the study area this décollement occurs below A-scam and was
identified as the Flathead Ridge ncrmal fauit by Pearson and Giiev:
(1981, Sheet 3) and the Morrissey Retrothrust by Ollerenshasvs
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TABLE 2-1
COMBINED RESULTS OF FLOAT-SINK TESTS (B-SEAM)*
{Source: Mitsui Report)

Raw Coal Ash (%) 23.2 232 232
Clean Coal Ash (%) 7.0 8.0 9.0
S.G. (gice) 1.53 1.60 1.68
Calculated Yield (%) 70.0 75.0 77.0
Revised Yield** (%) 65.0 F0.0 2.0

* based on samples TB-2. TB-3. TB-4, and TB-6
** allowing 3% dilution during mining

(1981b). Both studies cited traced the faulr from Morrissey Creek
southeastward along the face of Flathead Ridge to a point roughly
haltway between the creek and the southeastern boundary of Parcel
82 (Fig. 2-3). Ollerenshaw (p. 151) speculated that the fault con-
tinues through to the boundary, but is hidden in bedding of the Mist
Mountain Formation. Pearson and Grieve concluded that the fault
changes orientation suddenly, cuts rapidly up section, and affects
the continuity of A- and B-scams; in the present study no ficld
evidence was found to support this interpretation and the interpreta-
tion of Ollerenshaw has been adopted. Disturbances in strata in the
vicinity of A- and B-seams are considered 1o be local in extent.

The structure of the upper Mist Mountain Formation and higher
strata on Flathead Ridge is monoclinal. On the southwest face of the
ridge average strike of strata is 130 degrees with dips of 20 degrees
northwest. in the area behind (northeast of) the ridge line, the strike
is the same but the dip flattens to 10 degrees northwest. Minor
structures include prcdominantly small-scale, low displacement
northeast-dipping thrust and normal faults.

In contrast, strata beneath the Morrissey fault are intenscly
folded; fold-axes trending northcast-southwest, and the strata are
also affected by northeast-dipping thrust faults.

COAL QUALITY

Extensive tests of Flathead Ridge coal were carried out by up to
six prospective purchasers in Jupan. Rewults are summarized in
following text.

WASHABILITY

Float-sink tests of bulk samples were performed in conjunction
with both the Nittetsu and Mitsui studies. Data in Table 2-1 are
surnmarized from the iatter source, and deal with B-scam only.
Results from samples TB-2, 3.4, and 6 werc combined. Yields were
calculated on the asstmption that the plus 0.5-millimetre fraction
would be washed with heavy medium cyclones and the minus (0.5-

millimetre fraction by froth flotation. As Table 2-1 shows, yields of
70.0,75.0, and 77.0 per cent are calculated based on clean coa asly
contents of 7.0, 8.0, and 9.0 per cent respectively. Allowing £ pe:
cent dilution during mining, the vields reduce to 65.0, 70.0, and
72.0 per cent respectively.

STEEL MILL TESTS

Six Japanese steel mills were provided with cleaned bulk sam ple s
for testing; the results recorded in the Nittetsu reports were: later
reproduced in the Mitsui report. Simmanies for A- and B-ream
samples are displayed in Tables 2-2 and 2-3.

Clean B-seam has average volatilc matter contents ranging trom
23.3 to 19.2 per cent, decreasing from southeast (TB-6) to north-
west (TB-2). Lowest Free Swelling Index (FSIy values (6.5 to 7.5)
are associated with TB-2, while uther sites tend to be in the 8.0
range. Lowest average fluidity alsc oceurs at TB-2 (48 dial division;
per minute) with the highest being at TB-4 (708 ddpm). Sul>hur
values are in the 0.5 per cent range . and heating valucs are near 33,3
MUVkg. Drum index values arc all above 92 per cent. The Nitretsn
report concludes that B-seam is a superior coking coal.

Clean A-seam has average volatile matter contents ranging fror
21.2to 17.5 per cent, decreasing from southeast (TA-1) to north-
west (TA-4). FSI at 3 to 4.5 and fluidity values arc low at TA-3 and
TA-4 relative to TA-1, where FSI is 6 to 7.5. Sulphur and calcrifiz
values are very similar to those of B-seam. Drum index values ar:
low at TA-3 and TA-4, but are equivalent to B-scam at TA-1. Th:
conclusion was drawn that superior quality coking coal coult bz
found in the southcast end of the ridge, but that coal at the northwest
end is semi-coking coal. Unfortunctely TA-2 results were nct re-
ported. It was suggested that A-searn from the northwest might bz
blended with B-seam from the central or southeast part of the ridge
to increase reserves of acceptable quality coking coal.

Two other seams, K1 and kK3, ware bulk sampled at Morr sscy
Creek. Clean ceal volatile matter content of K1 averaged 14 .4k per
cent at 8.5 per cent ash, while those of K5 averaged 16.1 percent it
8.8 per cent ash. FSI values of K1 ranged from 3 to 4, while thcse of
K5 ranged from 3.5 to 5. Heat ng values of K1 averaged 32,85 M./
kg, and those of K5, 32.64 MJ/kg. Average drum indices of 54.2
and 84.6 per cent respectively were obtained. This material appzars
to be potential semi-coking coal af best; it might be better described
as thermal coal, especially in the cose of K1,

RANK DISTRIBUTION

The Japancse survey reports conclude that the tendency of cleen
coal volatile matter contents and related coking properties 1 de-
crease from southeast to northwest “toward Morrissey Creek) in £}
seamns represents a definite wend in carbonization. This trend, or

TABLE 2-2
SUMMARY OF TEST RESULTS AT JAPANESE STEEL MILLS (A-SEAM)*

Volatile Fixed
Sample Moist Ash Matter Carbon
% % % %o
TA-1 1.3 (avg) 453 21.2 73.0
1.0-1.5 {range) 4.15-4.8 20.75-21.8 72.0-73.6
TA-3 1.1 6.5 20010 72.8
0.8-14 6.4.6,6 195209 71.3.73.9
TA-4 1.2 6.6 17.4 748
Upper 0.8-1.4 6.4-6.8 17.2-17.7 744750
TA-4 1.2 5.8 17.5 75.6
Lower 0.8-1.4 5.1-6.3 17.4-17.6  74.9-76.7

Drum
S Keal/kg FSI Index Fluidity
% (+ 15mm} (ddpim)
.41 8178 6-7.5 91.9 47
0.35-0.42 8 060-8 322 89.9.94 .4 1.95-1125
.28 8017 3.5-4 58.0 6
0.27-0.29 7 900-8 230 50.0-63.9 2.4-9
(.45 7965 3-4.5 49.1 11
}.41-0.50 7 930-7 990 36.0-70.2 1.458-20
0.36 8027 3-4.5 44 .2 4
0.34-0.40 8 0[0-8 050 (only value) 1.67

* washed coal
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TABLE 2-3

SUMMARY OF TEST RESULTS AT JAPANESE STEEIL MILLS (B-SEAM)*

Volatile Fixed Drum
Sample Moist Ash Matter Carbon 5 Keal’kg Fsi Index Fluidity
% % % % % (+ 15mm) (ddpm)
TB-6 1.8 (avg) 6.8 233 68.4 0.48 7 985 7.5-8.5 93.9 186
1.7-1.9 (range) 6.7-7.2 22.3-24.06 67.8-69.21 0.44-0.56 7 900-8 070 93.0-95.4 66-412
TB-5 1.3 6.3 21.0 71.8 0.50 8070 8-9 94.0 336
1.2-1.17 6.1-6.73 20.1-21.71 71.3-72.1 0.48-0.53 7 990-8 140 03.5.94.8 206-758
TB-4 1.3 6.8 21.9 70.3 0.40 8013 8-9 943 708
1.1-1.5 0.6-6.9 213228 70.0-70.5 0.38-0.42 7 930-8 080 93.3-94.9 390-1235
TB-3 1.5 6.2 20.6 72.0 0.50 8 077 7-8 94.0 98
1.3-1.7 6.0-6.4 20.2-20.91 71.6-72.74 0.49-0.32 7 950-8 220 03.4-94.4 52-220
TB-2 1.1 7.0 19.2 72.7 0.57 7993 6.5-7.5 92.8 48
0.6-1.4 6.4-79 18.4-20.1  71.9-73.2 0.34-0.60 7 850-8 090 91.4-94.7 2.9-113
* washed coal
LEGEND
3 BLAIRMORE GRCUP A SEAM

2 ELK FORMATION
1 MIST MOUNTAIN FORMATION

o,
...... A
AN
e e

1]
e

S
25y

Sy

AR
BT

N

e

0“

!

A.r

3000m 2000m 1000m

(B}

Om

- -
,“,:'.— e
RN RN

F 2200m

[ 2100m

[ 2000 m

1900 m

1800m

Om

20m

AL-SEAM

E

(C)

SCHEMATIC

BU- SEAM
B-SEAM

A-SEAM

Al-SEAM
AZ-SEAM

Figure 2-4. (a) [sometric display of model topography with major geological contacts illustrated. (b) Vertical cross-section displaying the
shape of the ridge crest; subsurface geology is approximate. (¢) Schematic display of scams described by the model.

30



rank gradicnt, is corrotorated by the work of Pearson and Grieve
(1981, 1985). Vitrinite reflectance values from coal samples col-
lected in the field are highest at the north cnd of Flathead Ridge at
Morrissey Creek; they decrcase in both directions along strike.
Rank values in the Morrissey Creck section are further enhanced by
down-dip increases noted in the Crowsnest Coalfield (Pearson and
Grigve, 1985). The net result is that essentially the entirc Mist
Mountain section at the level of Morrisscy Creek containg coals of
low-volatile bituminous rank (R max>>1.51 per cent). A value of
1.85 per cent was obtained on the basal scam on Ridge No. 3, ncar
the K1 adit. R, max decreases to 1.71 per cent for the same horizon
at the base of Ridge No. 6. and to 1.62 per cent in the vicinity of the
pipeline. In other words, at least some portion of outcropping Mist
Mountain Formation is low-volatile in rank throughout the length of
the study area, and with rank valucs increasing down-dip in all
cases.

Reflectance in A- and B-seams ranges from approximately 1.3
per cent at the southeast end of the property. zo 1.4 per cent on Ridge
No. 6, to greater than 1.5 per cent in the Morrissey Creek valley.
Therefore, these seams are predominantly medium-volatile bi-
tuminous at their outcrop locations, except at the extreme northwest
end of the property where, because the elevation is low, outcrops are
down-dip extensions of those along the ridge. The high rank of coal
in Morrissey Creek was a major contributing factor to the permanent
ciosure of the Morrissey Colliery in 1909, and is an important factor
to consider herc. Remember that A-scam is not a good quality
coking coal at adits TA-3 or TA-4 (or in drill hole J-3). B-seam
appears to maintain its guality as far as adit TB-2 (and drilt hole J-1),
but unfortunately there are no sample locations north of TB-2, and
drill hole J-2 did not intersect B-seam. Results of testing of B-scam
in J-3 were not reported.

PROPOSED MINING METHOD

The feasibility repo-t of the Pacific Coal Limited property by
Nittetsu Mining Co., Ltd. was submitted at the end of four years of
exploration. The underground mining plan cnvisaged the main mine
entrance to be at elevation 1 160 metres on the southeast side of
Morrissey Creek, with the main level developed along the strike of
the seam. Longwall mining was sclected as the most feasible
method to exploit the dip of the seams {11} to 20 degrees) and to
ensure maximum recovery. ventilation, and productivity. The prop-
erty is very close to rail; the proposed mine entrance described here,
for example, is less than 6 kilometres cast of the Canadian Pacific
Railway line, Normal annual production rate was projected to be 1
million tonnes. The Mitsui interim report based its revised recovera-
ble reserve calculations on the assumption that room-and-pillar
mining would be utilized where possible, that is. where the dip was
sufficiently low, presurnably in the lowest, most northeast portion of
the mine.

COMPUTER DEPOSIT MODEL

The Flathead Ridge area was modelled using the grid surface
technique in which cach deposit characteristic of interest is repre-
sented by a grid of values covering the whole deposit, A variety of
techniques were emplcyed to construct the digital surfaces depend-
ing upon data characteristics. This section of the paper discusses
data collection, grid building, and deposit raodel analysis. Software
utilized in this projec: were the Data Handler and Grid Handler
modules of Cal Data Ltd s Geological Analysis Package, which was
donated to the Geological Branch.

The first step in the modelling proceduee is to select the size of
area to be modelled, the resolution, and the erientation of the model
grid. In this study a 90 by 39 rectungular grid consisting of 100-
metre grid squares was constructed which covers 33 square kilo-
metres (Fig. 2-4). Due to the orlentation of the strafa (130 degrecs),
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the grid was oriented northwest-southeast, so grid north is actu illy
41 degrees cast of north. A new coordinate system was used daring
modelling; it was paralle! to the model grid with the origin in the
southwest corner of the grid. Once the size and shape of the maode!
were selected, the required infermation was entered into the com-
puter and corresponding surfaces calculated. The objective of tais
mode] was to determine coal tonnages and their distribution wi hin
the study arca. To arrive at thesz answers the tollowing parametars
were entered and/or described by grid surfaces:

(1) topographic position,

(2} seam elevations,

(3) seam thickncsses,

(4) seam areal positions, and

(5) distances from nearest dafa poiats to cach grid mode.

The following scction discusses determination of the grid sur
faces for each of these parameters.

Topographic data was collected from an existing 1:5000-s:ale
contour map with 5-metre cortour intervals which was prov dec
with the Harada, er al. (1968} repurt. A digitizing tablet conne >tec:
to an [BM XT was utilized for this function. Data was digitizec
along lines through the centre of the columns of the model grid; Zata
was recorded wherever & significant {to detine all breaks in slope)
contour crossed the line, The values at the centres of each of the
made! grid squarcs was then determnined by linear interpolstion
between data points along the d.gitized lines. The advantages of thi;
method are that a high degree of accuracy is obtained for the gricl
values, and the raw data is retained in a format that is useable if grid
square sizes are changed. The cisadvantage js that data collection s
labour intensive. requiring about 16 hours of digitizing cffort 'n -hi;
case. The resultant grid was stored in Grid Hundler format.

Seam positioning within the Jeposit is the most complex protrens
of most modelling exercises. Fi-stthe geology of the depositmust b
solved, then the configuration of the scams digitially represerted
and stored.

Data used for this purposc were bedding oricntation and seam
position in outcrops, boreholes, trenches, and adits. Qutcrop oien-
tation data was collected by means of the digitizing tablet with the
COD (Coal Qutcrop Digitizer) program developed by one o th:
authors (W. E. Kilby). The resultant information consisted «f an
outcrop identifier, easting and northing coordinates, elevation, di>
direction and dip of strata, formation code, and type of measured
feature. This data was then storad in Data Handler for nat,
Borehole, trench, and adit data were collected manually fron thz
various reports. Seam name., position of the seam top, coal thick-
ness, and information source type were recorded for each seary
encountered in a trench, adit, or borehole. In addition, the colla-anl
end of hole positions were recorded for boreholes. Six seams wers
incorporated into this model. Two seams, A and B, are found
throughout the entirc model arza. The other four seams, A.
(A lower), BU (B upper), Al, and A2, are of limited extent (J7ig: .
2-4c and 2-6).

B-seam, the upper of the two cortinuous seams, was positicned
first because it was described by the largest number of well-spaced
data points. A down-plunge projection technigue was used to arrive
at the digital surface describing the position of the top of the B-seamn
(see Gold, er al., 1981). Figure 2-5a is a profile section oriented
normal to projection direction, it shows the positions of all B-3ean
data and the pitch lines of cutcrop orientation data. The iritial
projection orientation was obtained by interpreting outcrop orient 1-
tion data on a pi-diagram. The projection direction should be parzl-
lel to the fold-axis or 90 degrees away from the maximum coi-
centrations of the poles to bedding. After initial selection o the
projection direction, minor orientat on adjustments were made or a
trial and crror basis to minimize the scatter of B-seam data paints.
Upon sclection of the best projection orientation, which was §
degrees trend with O degree plunge, the position of the scuri was
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manually traccd onto the profile. This line was then digitized and
projected parallel to the selected projection direction so that its
position at each prid centre could be calculated. The result was a
surface which had the cross-sectional shape of the seam trace on the
profile and oricnted paratlel to the projection direction (Fig. 2-5b).
This surface reflects the general structure of the seam but, because it
is artificial, does not necessarily coincide with any of the B-seam
data. To solve this problem a residual grid was constructed and
added to the down-plurge projection (dpp) grid. The residual grid
was calculated by an irverse distance squared weighting. moving
average algorithm. The raw data for this calculation is the difference
in elevation between the actual data position and the position con-
tained in the ddp grid {Fig. 2-5¢). The grid vsed to make cvaluation
calculations was generzied by adding the residual grid to the dpp
grid; this resulted in a surface which retains the authors” interpreta-
tion of the general structure but also honours all data points (Fig.
2-5d).

A-seam was positioned by determining a grid of A-seam to
B-seam distances and subtracting this grid from the B-seam position
grid. Only four widely spaced boreholes provided useable informa-
tion for this purpose. A grid was constructed from these raw data by
the inverse distance squared (1/d?) moving average technique.

Once these two scair. position grids were determined, they were
trimmed by removing those grid squares which represented seam
positions above the topographic surface.

The four minor seam position grids werz obtained in a similar
manner except that constant inter-seam interval thicknesses were
used for each seam. These interval thicknesses were + 1, — 1. — 8,
and — 16 metres for B-BU, A-AL, A-Al, and A-A2 respectively.,
The same outcrop trim lines were used for these minor seams as for
the associated continucus scams, which is acceptable due to the
steepness of the ridge face and the scale of the model.

Seam thickness grids for all the seams were obtained by a 1/d}
maoving average atgorithm. Total coal thickness within seams rithe-
than actual seam thicknesses were usad in these caleulations. Semi-
variograms were determined for the thickness data, but due tc the
limited number and poor distrit-ution of data points these plots were:
of little use. The method used actually results in a smooth versicn o’
results obtained by the polygon methad. In one borchole an exced -
ingly thick B-seam intersection of 17.11 metres was arbitra-ily
reduced to 1) metres as it was felt that this anomalous thickness wat
not depositional, but duc to local structure und should not influence:
too great an arca of the model. 3orne trench data did not expose the
entire seam and thicknesses were reported as a value followed y ¢
*+ " sign. Only the reported thickness values were used, thus s2ar
thickness values are on the conservaive side.

A series of grids or templates, which mark the arca of the mode
underlain by each seam. were consiructed, These template gride.
contained a *1° in each grid point underlain by the seam and a *0" ir
arcas where the seam was not present (Fig. 2-6). The A- anc
B-seams were only absent in areas where the seams were remg vec
by erosion. The four minor seams had subsurface terminations ir
addition to the erosional terminations.

Finally a series of grids containing the distance to the nearcst data
point from each grid square cencre (or each seam were construcied.
These grids are used to categorize tonnage values because geo-
statistical parameters such as those in Kilby and McClymont (1685)
were unobtainable; the quality of the raw duta was inadequate to
define these parameters (Fig. 2-7).

Upon compietion the Flathead Ridze model contained 37 digital
surfaces describing the five deposit variables selected. Additicnal
surfaces describing other parameters could be added to the model.
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Figure 2-8. Total coal

grid shows the distribution of total coal thickness
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six seams used in the model,




MODEL ANALYS{S

The digital mode! dzscribes coal seam position, thickness, and
distance from the nearest data point within the study arca. As such it
can be used to answer a variety of questions related to the coal
resources. The following section describes the techniques used to
extract these answers from the model and presents some of the
results.

How much coal is in the deposit in the various confidence catego-
ries? To answer this question the seam thickness grids for cach scam
were assessed. Coal thickness values at each grid square which fell
within the acceptable boundaries contained in the template grids,
and which fell within a specified distance from the nearest data
point, contained in the distance grids, were summed. A minimum
searn thickness of 1.3 metre was used in these calculations, The
three distance intervals which were selected to correspond with the

TABLE 2-4
RESERVES AND RESOURCES, FLATHEAD RIDGE

categories of measured, indicated, and inferred were 0 to 150
metres, 150 to 300 metres. and 2reater than 300 metres respectivily.
A coal specific gravity of 1.3 g/cc was used in the calculations; zach
grid square was 10{) by 100 metres, therefore there would be 13 000
tonnes per vertical metre of cozl per grid square. The results of “his
calculation are presented for each seam in Table 2-4.

Where is the coal? This question was answered by constructing n
totai-coal map. This procedure requized only summing all the seam
thickness grids. The resvlt is a map of coal thickness over the deposit
(Fig. 2-8).

What is the vertical waste-to-coal ratio distribution, that is, is
there any open pittable material? To answer this query two prelimin-
ary sets of information were required: total coal distribution, and
total waste material distribution over the area. The total coal dis-
tribution was determined in the preceding section. Total waste is the
amount of material between the topographic surface and the base of
the lowest mineable seam less the total thickness of coal n the
interval. At cach grid point the lowest coal seam present was
determined from the seam elevation grids. The thickness of the seam
at that position was then subtracted from the seam top elevaticn to
obtain the lowest elevation to be considered at each grid centre. This
value was then subtracted from the corresponding topographic ele-

Seam T,;:::;:;i [(',;f‘l:::?s? {l;'_fe’:::} {TTmal ) vation stored in the topography grid. The resulting waste-to-coal
on onnes . X . .

grid obtained was a map of the vertical ratio of the volume of rock to
A 6 286 130 12 815 100 86 778 000 105 879 000 the volume of coal (Fig. 2-9). To convert these data to the rore
AL 1023340 3253450 17920200 22 197 000 conventional bank cubic metres (BCM) per tonne of coal, one
Al 673 532 1 067 230 3 283 410 5024 170 maultiplies by the inverse of the coal specific gravity. As seen froni
A2 634 593 1052 550 3472390 5 159 530 this map, there are 2.85 square kilometres of Parcel 82 with ver: cal
B %390 460 11628 200 69 645 700 89 664 300 volume ratios of less than 10 to 1; these areas are found at either end
BU 463 211 151 411 1 040 260 1 854 880 of the study area. However, additional drilling would be required to

confirm these ratios because some seam positions were obtained by
Total 17471266 30 167 941 182 139 960 229 778 880 I > e 1 po :

projections over significant distances.
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Figure 2-9. Waste-to-coal ratio

map shows the distribution
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of the vertical ratio of non-coal to coal in the area.



CONCLUSION

The model is based on limited poorly distributed data, yet the
study indicates that the Flathead Ridge area contains considerable
coal resources. Significant tonnages of this coal may already be
placed in the measured and indicated categories as defined by
Energy, Mines and Resources Canada and the British Columbia
Ministry of Energy, Mines and Petroleur Resources. In addition,
several portions of the area hold significant volomes of medium to
low-volatile coal that could be extractable by open pit methods. The
area is well situated with respect to infrastructure.
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A COMPARISON BETWEEN THE GEOCHEMISTRY
OF THE GOLD-RICH AND SILVER-RICH SKARNS
IN THE TILLICUM MOUNTAIN AREA
(82F/13, 82K/4)
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and

J. McClintock and W. Roberts
Esperanza Exploration Ltd.

INTRODUCTION

Gold and/or silver-bearing skarns are found in the Tillicum and
Grey Wolf Mountains area, approximately 30 kilometres south of
Nakusp in southeastern British Columbia (Fig. 3-1). The skarn
mineralization is spatizlly and probably genetically associated with
a suite of deformed, often schistose diorite sills that intrude a highly
deformed, metamorphosed, volcano-sedimentary succession of un-
certain age (see Ray and Spence, this volume). The skarns are
divisible into gold-rich and silver-rich types (McClintock and
Roberts, 1984; Ray, ef af., 1985). The former is best represented by
auriferous mineralization at the Heino-Money zone, situated 130
metres northwest of Ti licum Mountain; while the mineralization at
the defunct Silver Queen mine, situated 900 metres southwest of
Grey Wolf Mountain (Fig. 3-1), is an example of a silver-rich skarn.

This report summar zes whole rock and trace element analytical
results from two drill holes; one hole (TM 82-16) intersects the
auriferous skarn at the Heino-Money zone; the other ¢(hole SQ
84-10} intersects the silver-rich skarn at the Silver Queen mine.

GEOLOGY OF THE TILLICUM MOUNTAIN-GREY
WOLF MOUNTAIN AREA

The supracrustal rocks hosting the skarn-related mineralization
form an casterly trending, 5-kilometre-wide roof pendant which, to
the north, west, and south, is intruded and hornfelsed by various
granitoid stocks of Jurassic to Eocene age (Hyndman, 1968; Par-
rish, 1981). A synopsis of the regional geology is presented by Ray
and Spence (this volume); other geological publications relevant to
this area include those by Cairnes (1934), Little (1960), Kwong and
Addie (1982), McClintock and Roberts (1984), Roberts and Mc-
Clintock (1984), Kwong (1985), and Ray, et al. (1985). The sedi-
mentary tocks are predominanily a metamorphosed succession of
siltstone, calcareous siltstone, arkose, and wacke, with lesser
amounts of basalts, tufr, and locally organic-rich argiltite (Fig. 3-1).
The volcanic-argillite suite at Tillicum Mountain is believed to be
relatively older than the calcareous sedimentary succession around
Grey Wolf Mountain; however. no evidence of either a structural
break or an unconformity is evident (Ray, et af., 1985; Ray and
Spence, this volume). The country rocks are intruded by swarms of
deformed, sill-like bodies of diorite that vary from | to over 100
metres in width (Fig. 3-1). These intrusive rocks are widely dis-
tributed throughout the district and are spatially, and probably
genetically, retated to gold and silver-rich skarn mincralization in
the area. The sills are zencrally leucocratic, porphyritic diorites to
quartz diorites that are characterized bv abundant plagioclase
phenocrysts up to 1 centimetre in diameter. Biotite, which forms
less than 10 per cent by volume, is the commonest and most
widespread mafic mincral; some rare. more mafic sills contain
appreciable quantities of hornblende.

Igneous textures and etthedral feldspar phenocrysts are preserved
in the central portions of the lar zer sills but the margins arc generally
schistose with highly flattened felospar crystals. In thin sectior,
margins of the cligoclasc phenocrysts are frequently partially re-
crystallized, and rimmed witt small crystals of fresh, untwinned
plagioclase. In many areas this rccrystallization process is o -
plete, and phenocrysts are pscudornorphed by a mosaie of smail
plagioclase crystals, each less than 0.1 millimetre in diameter. The
fine-grained matrix comprises mainly plagioclase, random to sut-
aligned flakes of biotite, and minor to trace amounts of cuerti.,
homblende, chlorite, and sulphides. Country rocks immediately
adjacent to feldspar porphyry sills are often weakly hornfelsec.

The diorite sills predate the large, massive, granotoid stec¢s of
Jurassic age (Hyndman, 1968; Parrish, 1981). however, the pr:cise
age of their intrusion and the skarn mineralization is not knowr .

GEOLOGY AND MINERALIZATION AT THE
HEINO-MONEY ZONE AND SILVER QUEEN MINL

At numerous localities throughout the Tillicum and Grey Wo £
Mountains area, the margins of some diorite sills and country rock
immediately adjacent to them are overprinted with skarn alteration
that often carrics geochemical y anomalous quantities of gold and/
or silver. These skarns are generally separable into gold-rict and
silverrich types, as represented respectively by the Heino-Money
zone, and the Silver Queen m:ne mineralization.

At the Heino-Money zonc gold-bearing, siliceous, calc-silicale
skarn alteration is stratabound. It is mmainly hosted in a thin, wedge -
shaped package of basaltic tulf and tuffaccous sedimentary tocks
which is bounded to the west by metabasalts and to the east by a
large, altered, feldspar porphyriic diorite body (Fig. 3-1). The
skarn is characterized by a pinkish green colour; it is generally well
layered with subparallel thin cuartz veins and variable amour 1s of
sulphides. The skarn assemblage includes quartz, tremolit2-ac-
tinolite, clinozoisite, plagioclase, diopside, biotite, garnet, and
microcline, with minor amoua s of sericite and carbonate. Free gold
occurs as fine to coarse disseminations and fracture fillings within
and along walls of the quartz sulphide veins: gold is generally
associated with pyrrhotite, pyrite. galena, and sphalerite (Roters
and McClintock, 1984).

A polished section study of the Heino-Moncy mineraliz ition
(Northcote, 1983) showed that individual gold grains range from
less than 2 microns to more than 3 millimetres in diameter. The gold
occurs as plates and anhedral grains; they are generally free, but
may also be intimately associated with pyrrhotite, arsenopy:ite,
sphalerite, and pyrite-marcasite. Sorme pyrrhotite grains are rimencd
with colloform pyrite-marcasite, while others contain small misscs
of hematite and graphitic material. Northcote (1983) also repor s
minor to trace amounts of tetrahedrite, chalcopyrite, and possibly
electrum.

British Columbia Ministry of Energy. Mines and Petroleum Resources. Geological Fieldwork, 1985, Paper 1986-1.
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The Silver Queen mine property was active in the 1930%, but
reportedly work terminated after a spring avalanche killed scveral
miners. Intrusion of feldspar porphyritic diorite sills into a 30-
metre-wide zone of irpure calcareous quartzites, siltstones, and
thin marble beds was accompanied by stratabound skarn develop-
ment. Several mineralized horizons, each up to 20 metres thick are
recognized; sulphide mineralization and skam alteration are found
in both the calcareous metasedimentary rocks and the adjacent
feldspar porphyry sills. In contrast to the Heino-Money zone, min-
cralization is silver rich; gold is rarc.

The skarn assemblage includes quartz. tremolite-actinolite,
clinozoisite, garnct. biotite, and carbonate, with minor amounts of
epidote and sphenc. Anhedral garnet crystals up to [ millimetre in
diameter have clear margins but abundant inclusions in their cores.
Some cores have overgrown and preserve a biotite schistosity that
developed during the regional metamorphism. Mineralization ex-
tends for 300 metres along strike and grades from 3 to 240 grams
silver per tonne. Associated sulphides include pyrite, pyrrhotite,
tetrahedrite, sphalerite, galena, and pyrargyrite.

SAMPLING AND ANALYTICAL METHODS IN
HOLES TM 82-16 AND 5Q 84-10

Twenty-four samples were collected from hole TM 82-16 whic1
is 48 metres long, and 35 samples were taken from hole SQ 84-1}
which is 79 metres long. The locarion of each sample in the ho.es is
shown on Figures 3-2 to 3-5, and in Tables 3-1 and 3-3. Each sample
was split; one part being submitted for thin scction, the other fcr
geochemical analysis. These were analysed for their major elemer t
contents, as well as for Au, Ag, Cu, Pb, Zn, Co. Ni, Mo, Cr, Hg,
As, Sb, Ba, Sr, Bi, and CO,. Analytical results are presented in
Tables 3-1 to 3-4. The analytical methods for all samples a- as
follows: major elements by Flame AAS with a precision of 0.73 per
cent RSD; Au by Fire Assay; Ag, Cu, Pb, Zn, Co, Ni. Cr, As Be,
Sr, Mo, and Bi by Flame AAS; Sb by Hydride AAS: Hg bv Cold
Vapour AAS; CO, by Induction Furnace.

The major and trace element analytical results are plotted on
Figures 3-2 to 3-5; thesc illustrate the relative changes in elemznt: ]
weight per cent throughout each drill hole. Correlation coeff ciznis
have not yet been calculated for tnese data.
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Figure 3-2. Geology and major element geochemistry of hole TM 82-16, Heino-Moncey zone. Tillicum Mountain.
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TABLE 3-1

(Analytical values in per cent)

>A0RICH YONES

Sample No.

T™ 82-16-1
T™ 82-16-2
T™ 82-16-3
T™ 82-16-4
™ 82-16-3
™ 82-16-6
T™ 82-16-7
™ 82-16-8
™ 82-16-9
T™ 82-16-10
T™ 82-16-11
T™ 82-16-12
TM™ 82-16-13
™ 82-16-14
T™ 82-16-15
T™ 82-16-16
T™ 82-16-17
TM 82-16-18***
™ 82-16-19
™ 82-16-20
T™ 82-16-2]
TM 82-16-22%**
T™ 82-16-23
™ 82-16-24

Depth of
Sample
(metres)

2.4

4.0

6.0

7.6

4.5

9.1
12.1
14.6
17.9
21.3
225
259
30.4
31.6
323
32.9
33.5
34.7
36.2
37.4
39.6
42.0
44.5
47.5

5i0,

46.59
43.32
41.83
47.43
41.49
49.25
46.05
48.48
49.43
48,41
60.78
48.75
48.44
45.99
56.02
66.00
55.79
44,82
54.00
55.96
60.75
50.06
60.58
61.17

ALO,

14.87
14.57
13.28
15.27
14.06
16,39
15.98
15.60
15.52
15.35
17.77
15.70
14.76
15.92

5.90
11.68
17.81
11.66
16.62
16.24
16.91
14.05
16.37
16.69

Fe,Oyr*

8.99
9.59
14.06
11.10
17.18
10.39
11.84
9.69
10.41
10.20
3.75
9.04
9.88
9.72
3.39
5.27
6.75
9.49
7.16
7.19
4.92
8.07
4.96
5.09

Fe(}

7.39
7.87
11.08
8.73
12.30
8.62
9.51
7.74
8.32
7.25
2.78
6.99
7.93
6.38
2.07
3.57
5.04
6.49
5.76
4.76
3.99
5.78
4,74
3.99

Mg0

5.01
4.73
4.25
5.13
5.91
5.71
7.49
4.98
5.68
5.51
1.39
5.15
7.45
4.66
0.96
2.10
3.20
11.64
2.69
1.72
1.24
7.22
.17
1.27

Ca0

12,53
14.82
11.15
11.53
10.52
5.24
6.72
10.50
9.25
10.07
4.51
13.56
10.95
7.50
19.06
4.99
3.59
9.65
4.38
4.47
3.12
6.48
4.65
3.76

Na,O

3.30
1.81

0.61

1.60
0.54
2.36
3.13
1.73
2.41

2.32
3.83
2.27
1.97
0.90
0.28
0.80
3.05
2.31

2.5
2.44
1.70
2,17
2.94
2.24

K,O

2.16
3.45
4.44
4.29
4.19
3.89
1.44
4.85
4.12
377
5.23
2.47
2.61
5.12
0.65
3.37
4.60
1.69
3.79
3.88
6.92
2.91
3.85
5.09

TiG,

0.78
0.79
0.77
0.99
0.83
0.90
0.98
0.92
0.89
(.89
0.57
0.94
0.80
0.89
0.21
0.59
0.71
0.94
0.76
0.67
0.52
1.03
0.48
0.51

MnGO

0.27
0.54
0.81
0.23
0.71
0.20
0.44
0.44
0.25
0.30
0.19
0.72
0.38
0.80
0.93
0.58
0.35
0.19
0.24
0.23
0.20
0.14
0.16
0.18

O,

4.50
4.54
3.97
2.46
1.47
1.01
2.37
1.04
0.21
1.18
0.35
0.69
1.38
4.28
11.10
1.49
1.37
313
2.32
1.27
0.48
3.75
1.36
0.24

Total**

90.0
98.1
97.8
100.8
100.8
99 8
997
99.7
100.5
99.6
99.4
101.1
100.1
98.6
98.2
99.0
99.6
99.9
96.2
96.7
99.3
99.8
98.8
098.3

* Total iron expressed as Fe,0;

#* Total = major oxides and LO1

*%+ Post-ore lamprophyre dyke
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GEOLOGY AND GEOCHEMISTRY OF HOLE
TM 82-16 (HEINO-MONEY ZONE)

The geology of hole TM 82-16 is shown on Figure 3-2; it totals 47
metres in length and vsas drilled vertically to intersect part of the
Heino-Money zone. With the exception of some late Jamprophyre
dykes, the entire hole shows varying degrecs of skarn development,
marked by garnetiferous calc-silicate alteration. The first 30 metres
of the holc comprise massive to schistose metabasalts that are
locally amygdaloidal. The lower portion of the haole, from 37 to 47
metres (Fig. 3-2) is a s<arn-altered porphyritic diorite sill. Between
the metabasalt and the diorite unit (30 to 37 metres) is a zonc of
intense skam developraent and sulphide mineralization which con-
tains some highly altered, sheared, and schistose remnants of ar-
gillite. This prominent altered zone and the dierite sil! are cut by
lamprophyre dykes that postdate both the skarn development and
the sulphide mincralization. Minor amounts of disseminated pyrite
and pyrrhotite, which occur throughout the hole, are more abundant
at a depth of 6 metres in the metabasalts and again at a depth of 32
metres. close to the irtensely altered contact between the argillite
and the metabasalt. In addition to pyrite and pyrrhotite, these two
sulphide-rich zones contain minor amounts of arsenopyrite, chal-
copyrite. and sphalerite; the upper zone also carries traces of galena.
Disseminated arsenopyrite is common throughout the hole, but is
noticeably more abundant as veins and stringers at depths of 6, 32,
and 38 metres.

The whole rock and trace element analytical results for the 24
samples analysed from hole TM 82-16 are listed in Tables 3-1 and

-2, and plotted on Figures 3-2 and 3-3. These show that gold is
confined mainly to the narrow, intcnsely skarn-altered contact zone
between the metabasalt and the sheared argillites. This zone had
been previously samplzd and entirely removed by Esperanza Explo-

ration Ltd. and rcturned assay values up to of 30 ppm gold; remnar ¢
chips collected during this study assayed £.7 ppm gold. Silve:
which shows no spatial association with the gold, appears to b
related to disseminated galena mineralization at the 6-metre dentk,
The element plots on Figures 3-2 and 3-3 suggest that gold has a
positive but sporadic correlation with As, S§i0,. Ca0, and MnO. and
a negative but sporadic correlation with ALO,, MgQ, Na,0. 1,0,
totat iron, Sr, and Ba, Gotd appears to have no significant correl: -
tion with Ag, Pb, and Zn. Silver has a positive but sporadic correle -
tion with total iron, K,0, MnO, As, Pb, and Zn, and a wea< 12
moderate negative correlation with MgQ, CaO, and Sr. It appeirs to
be unrelated to ALO,, §i0,. Na,O, and Ba.

GEOLOGY AND GEOCHEMISTRY OF HOLE
SQ 84-10 (SILVER QUEEN MINE)

The geology of hole SQ 84-10 is shown on Figure 3-4. It wes
drilled to interscct silver-bearing skarn mineralization at the de unat
Silver Queen mine (Fig. 3-1). The hole cuts a thinly interbecded
sequence of calcareous metasedimentary rocks that includes
quartzite, siltstone, arkose, and marble; some beds are graphitic.
Schistosity increases toward the bottom of the hole; this makes it
difficult to identify the original nature of the metasedimentary
rocks. The sedimentary sequence Is intruded by six diorite sills that
vary from fine grained and equigranular to coarsely porphyriti: ard
weakly schistose. All the sedimentary and dioritic rocks in the no e
are variably skarn altered; however, skarn development is most
intense close to the margins of the diorite sills. Sporadic piriee,
pyrrhotite, sphalerite, galena, tetrahedrite, and pyrargyrite occur as
disseminations and blebs between 9 and 435 metres depth, The s<arn-
sulphide mineralization is postdated by a dyke of fresh quar z
monzonite at 44 metres depth, and by several late lampropay e

TABLE 3-2
TRACE ELEMENT ANALYSES OF SAMPLES TAKEN FROM HOLE TM 32-16 (HEINO-MONEY ZONE)

{Analytical values in ppm)

Sample No. Aul Ag Cu Ph In
T™M 82-16-1 <0.3 1.5 101 51 145
T™ 82-16-2 <0.3 3.0 162 110 190
TM 82-16-3 0.3 49.0 650 4 600 6 200
T™ 82-16-4 0.3 1.0 i64 24 100
T™ 82-16-5 <0.3 26.0 600 2 500 3 100
™ 82-16-6 <0.3 1.3 158 60 127
T™ 82-16-7 <0.3 1.8 212 73 203
TM 82-16-8 0.7 2.6 164 173 290
T™ 82-16-9 <0.3 0.9 162 538 148
T™ 82-16-10 <0.3 2.2 140 67 274
TM 82-16-11 <03 1.6 65 87 102
T™ 82-16-12 <0.3 1.9 124 77 418
TM™ 82-16-13 <0.3 0.8 87 41 150
™ 82-16-14 <@.3 2.7 145 95 2 360
TM 82-16-15 <(.3 1.1 56 61 590
T™ 82-16-16 1.7 2.0 56 112 SMH
T™ 82-16-17 <0.3 1.0 51 25 546
™ 82-16-18* <(.3 <0.3 36 8 90
T™M 82-16-19 <(.3 0.5 53 20 250
™ 82-16-20 <0.3 27 68 41 I 200
T™ 82-16-21 <{.3 1.3 64 98 3000
™ 82-16-22% <0.3 <0.3 23 18 129
T™ 82-16-23 <0.3 0.8 60 84 3 800
™ 82-16-24 <(.3 a.5 68 86 2 500

Co Ni Cr As Ba S1
31 32 90 75 380 gl2
43 36 116 342 720 I 16)
37 27 50 2 000 510 148)
43 37 6 22 850 1153
58 31 50 2 900 370 117)
42 26 T 138 770 1373
43 39 1410) 221 500 67)
43 28 70 395 930 2 530
35 29 90 25 750 I 81)
39 32 100 22 700 1742
22 10 11 56 660 I 550
58 63 351 310 740 117D
42 45 181} 131 550 700
31 34 130 733 320 1230
15 7 10 606 210 190
26 17 3 1 100 200 930
24 17 47 194 390 1 020
43 168 912 <10 910 780
23 17 42 43 320 890
34 18 10 2 800 250 &0
23 9 <10 369 230 970
31 72 360 <10 620 820
22 5 10 690 320 580
22 6 <10 38 264 820

* Post-ore lamprophyre dykes

All samples recorded <24 ppm Mo. <{10 ppm Sh. <10 ppb Hg, and <5 ppm Bi
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Figure 3-5. Major clement geochemistry of hole SQ 84-10. Silver Queen mine.

TABLE 3-3
MAJOR ELEMENT ANALYSES OF SAMPLES TAKEN FROM HOLE SQ 84-10 (SILVER QUEEN MINE)

(Analytical values in per cent)

>»Ag-n|cu ZONES

Sample No.

SQ 84-10-1
SQ 84-10-2
SQ 84-10-3
SQ 84-10-4
$Q 84-10-5
SQ 84-10-6
SQ 84-10.7
SQ 84-10-8
SQ 84-10-9
SQ 84-10-10
SQ 84-10-11%**
SQ 84-10-12
SQ 84-10-13
SQ 84-10-14
SQ 84-10-15
SQ 84-10-16
SQ 84-10-17
SQ 84-10-18
SQ 84-10-19
SQ 84-10-20
SQ 84-10-21
SQ 84-10-22
SQ 84-10-23
SQ 84-10-24
SQ 84-10-25
SQ 84-10-26
SQ 84-10-27
SQ 84-10-28
SQ 84-10-29
SQ 84-10-30
SQ 84-10-31
SQ 84-10-32
SQ 84-10-33
SQ 84-10-34
SQ 84-10-35

Depth of
Sample
{metres)

5.4

7.0

8.8
10.0
10.6
12.1
12.9
14.0
14.9
15.8
16.7
19.5
21.3
23.1
246
259
27.4
29.8
32.0
34.1
35.9
37.8
39.0
41.4
43.5
46.3
49.3
51.2
54.2
57.9
64.0
68.2
73.1
74.9
79.2

§i0,

68.91
67.05
70.00
62.02
49.72
69.42
49,16
71.43
66.68
60.10
49.17
61.15
39.02
59.45
68.31
72.11
68.28
74.04
64.17
56.32
59.05
38.01
59.19
59.95
69.93
63.29
65.74
28.35
60.66
60.57
61.36
69.77
61.55
81.37
79.34

AlLO;

10.49
11.39
11.41
12.19
3.94
10.75
4.42
8.63
8.35
16.65
14.78
16.12
17.74
17.14
12.82
10.86
10.52
.85
12.11
8.93
17.28
9.21
17.44
17.33
14.79
11.28
10.22
7.07
17.48
17.37
17.11
9.48
7.97
7.43
7.91

Fe, Oz

3.39
4.26
4.98
4.20
2.00
231
2.34
2.51
2.63
4.40
7.64
5.56
3.48
4.59
3.27
1.68
3.12
3.01
4.09
3.20
5.31
8.67
3.74
4.75
1.77
3.40
3.79
3.40
4.81
4.8
5.14
372
2.92
2.33
3.53

*

FeO

1.89
2.88
4.00
3.08
1.55
1.65
1.82
1.69
1.90
3.15
5.35
4.58
2.69
3.52
3.03
1.46
2.47
2.00
3.29
2.05
3.42
4.25
2.96
3.6l
1.26
2.15
2.90
2.65
373
3.98
4.61
2.72
2.20
1.86
2.73

MgO

2.54
2.32
3.11
3.24
5.92
2.24
3.27
2.62
1.34
1.26
6.25
0.97
1.03
1.25
1.55
1.56
1.87
2.39
2.40
2.08
1.72
1.04
1.22
1.56
0.41
2.49
3
2.51
1.53
1.54
1.76
3.16
1.75
1.84
2,57

Ca0O
128
5.35
1.86
5.92
22.19
3.84
22.46
4.91
7.98
4.83
6.90
4.87
5.15
5.08
4,69
4.45
5.46

Na,O

0.51
2.63
1.79
1.92
0.31
0.94
0.33
0.62
0.66
1.29
3.69
0.93
1.06
2.28
1.73
0.91
(.70
.49
1.55
.87
2.39
.40
2.23
3.38
3.51
0.52
0.96
0.94
4.12
4,56
3.64
1.22
0.98
1.05
0.76

K,0

5.74
1.89
1.47
3.83
1.28
5.24
1.58
4.35
4.60
7.49
2.30
7.16
8.51
5.32
4.45

3.24
5.12
4.05
5.35
3.96
5.27
7.02
3.43
2.76
3.31
2.21
3.1
2.58
3.24
1.59
1.72

Ti0,

0.60
¢.70
0.73
0.65
0.25
0.58
0.29
0.49
0.42
0.61
1.43
0.66
0.74
0.7
(.65
0.47
0.47
0.58
0.86
0.55
0.68
0.30
0.60
0.70
0.24
0.69
0.79
0.37
0.72
0.76
0.75
0.60
0.44
0.73
0.66

MnQ

0.41
0.18
0.09
0.18
0.42
0.13
0.41
0.18
0.70
0.23
0.14
0.22
0.17
0.21
.13
0.09
0.10
0.14
0.14
0.20
0.11
2.17
0.43
0.15
0.04
0.10
0.19
0.29
0.15
0.16
0.14
0.12
0.12
0.05
0.07

o,

1.69
1.68
0.83
321
11.50
2.53
12.20
2.82
5.53
1.13
3.24
0.88
1.23
0.89
1.58
1.53
2.82
2.63
2.86
12.60
1.62
12.90
1.22
1.09
0.37
3.51
1.74
21.50
1.22
0.95
0.68
0.95
7.85
1.78
0.45

Total**

993
99.3
99.6
99.6
99.6
99.7
99.8
99.3
99.7
99.9
99.4
99.7
99.6
99.1
99.7
99.9
99.7
100.2
99.6
96.8
100.1
94.2
98.0
99 5
99.3
99.1
99.8
93.2
100.0
99.5
99.9
100.0
999
100.4
100.9

* Total iron expressed as Fe-O5
** Total = major oxides and LOI
*** Post-ore lamprophyre dyke



dykes. The quartz monzonite dyke is cut by thin fractures that carry
pyrite, pyrrhotite, and sphalerite, but the lamprophyre dykes are
barren.

Plots of the major and trace element geochemistry in hole SQ
84-10 are shown on Figures 3-4 and 3-5. No gold mineralization
was encountered. but silver enrichment occurs between 4 and 24
metres depth. The plots demonstrate that silver has a positive cor-
relation with MnQ, Cu, Pb, As, and Zn, and a negative correlation
with Na,O, AL O,, and total iron. Sharp fluctuations in Sr, Ba,
Mg0, Si0,, and K,O values occur within the silver-rich zones;
enhanced CaQ values are recorded at the margins of the silver-
bearing horizons.

CONCLUSIONS

These preliminary results indicate that geochemical differences
and similarities cxist between the silver-rich and the gold-rich skarns
in the Tillicum Mountain-Grey Wolf Mountain arca. Gold and
silver-bearing horizons are present in the skarns at the Heino-Money
zone but they do not occur together. Gold mineralization i1s marked

by an increase in 8§i0,, Ca0, Mn0Q, and As. and adecrease in Al.O,,
MgO, Na,0, K,0, total iron, Sr, and Ba. The horizons of highes:
arsenic enrichment, however, do not carry gold. Sifver inthe Heino-
Money zone skarn is probablv cartied in galena; its presence i;
marked by increases in total iron, K,0, MnO, As, Pb, and Zn, arl 2
decrease in MgO, CaQ, and Sr.

Polished section studies (Northcote, 1983) and this geochem cal
study suggest that the mineralizing process at the Heino-Mone:
zone invelved two phases of precious metal deposition. The first
phase included the introduction of gold, arsenopyrite, and poss.ibls
sphalerite, accompanied by the crystallization of quartz, carbouate,
and calc-silicate minerals. This was followed by the depositicn of
argentiferous galena and the continued introduction of arsenopyrit:
and sphalerite.

At the Silver Queen mine, the skarn contains a 20-metre-xid:
silver-rich zone which is assocjated with enhanced values of K,C,
MnO, Cu, Pb, As, and Zn, and i depletion in Na, O, Al,O,, and totel
iron. Mineralization is associated with sporadic Sb enrichment,
which probably reflects the relative abundance of tetrahedrite at th:
Silver Queen mine. Neither the Heino-Money zone nor the Silver

TABLE 3-4
TRACE ELEMENT ANALYSES OF SAMPLES TAKEN FROM HOLE SQ 84-10 (SILVER QUEEN MINE)

(Analytical values in ppm)

Sample No. Ag Cu Pbh Zn
5Q 84-10-1 1.0 35 4] 140
5Q R4-10-2 1.1 17 26 110
SQ 84-10-3 0.5 20 20 107
SQ 84-10-4 1.0 44 40 148
5Q 84-10-5 33 5 44 182
5Q 84-10-6 4.3 44 26 95
5Q 84-10-7 1.4 12 39 150
5Q 84-10-8 35 48 77 138
SQ 84-10-9 435 132 740 1200
SQ 84-10-10 35 59 1310 167
50 84-10-11* 11 42 25 123
5Q 84-10-12 112 143 456 780
SQ 84-10-13 11 50 60 250
SQ 84-10-14 12 20 39 83
SQ 84-10-15 7 18 36 76
SQ 84-10-16 6 16 54 91
SQ 84-10-17 4 28 57 73
S5Q 84-10-18 15 44 62 167
5Q 84-10-19 10 39 68 110
SQ 84-10-20 18 58 97 297
5Q 84-10-21 16 23 104 100
SQ 84-10-22 603 271 1 000 7 300
SQ 84-10-23 68 04 617 143
SQ 84-10-24 i 15 47 103
SQ 84-10-25 0.8 10 34 36
5Q 84-10-26 4 3 206 259
SQ 84-10-27 2.5 24 50 140
S0 84-10-28 2.6 27 35 85
50 84-10-29 1.4 19 44 189
SO 84-10-30 1.1 15 19 70
SO 84-10-31 1.3 15 26 86
SQ 84-10-32 1.1 28 20 109
SO 84-10-33 1.2 24 21 51
S5O 84-10-34 0.3 26 5 45
5Q 84-10-35 1.2 11 22 40

Ni Cr As Sh Ba
22 30 10 <10 270 I 280
8 20 <} <10 370 Ti0
13 <10 <10 <10 180 461)
21 30 <10 <10 480 1120
16 <10 < <10 460 270
26 70 201 <10 450 I 150
15 30 <10 10 460 300
29 40 95 12 380 361)
25 <10 1 000 168 420 760
13 20 2 600 <10 510 117H)
129 410 <10 <10 Q30 1310
2 20 568 45 450 1710
8 40 608 <10 550 1 53
7 20 1949 <10 700 4}
11 40 110 <10 470 87
13 40 <10 <10 310 37}
10 40 <10 <10 310 34:)
54 100 <10 <10 350 700
24 50 17 <10 1070 127)
64 160 11 <10 540 78)
11 20 30 <10 540 1200)
2 a0 7 000 171 1 500 237)
5 <10 1 700 i2 <20 8)
5 10 <10 <10 670 1132
4 <10 <10 <10 500 131)
48 90 <10 <10 370 04)
12 30 <10 <10 530 116)
7 20 <) <10 700 72)
10 10 <10 <10 660 77)
8 30 <10 <10 920 111)
5 30 <10 <0 750 98]
30 80 <10 <10 390 49)
21 30 <11) <10 460 1510
29 50 <11 <10 280 350
21 30 <11) <10 200 280

* Post-ore lamprophyre dyke
All samples recorded <4 ppm Mo and <5 ppm Bi

Al samples recorded <10 ppb Hg except sample Nos. 5Q 84-10-22 and SQ 84-10-29 which recorded 25 ppb Hg
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Queen mine skarns contain Hg, Mo, or Bi enhancement, but the
silver and gold-bearing zones at both properties are marked by an
increase in MnQ. Since silver and gold-rich horizons in the Heino-
Money zone show notable geochemical differences, and arc not
spattally related, the cause of the positive corrclation between the
precious metals and MnO in the district is puzzling. It may reflect
the presence of manganese-rich garnet (spessartine). carbonate
(rhodochrosite), or pyroxene [Johannsenite, Ca(Mn, Fe)(51,0,)].
While calcareous-rich rocks are apparently important to skarn de-
velopment, the presence of organic carbon may also play a signfi-
cant role in localizing the precipitation of precious metals, since
graphite occurs in the metasedimentary rocks at both the Heino-
Money zone and the Silver Queen mine.
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INTRODUCTION

This report presents some major and trace element analytical results
from a suite of mafic matavoleanic rocks of uncertain age at Tillicum
Mountain, situated approximately 30 kilometres south of Nakusp in
southeastern British Columbia. The anatyses indicate that the vol-
canic rocks represent erc-type, potassium-rich basalts belonging to
the absarokite-shoshonite series (lddings, 1895). Such tavas arc of
interest through their association with porphyry copper-gold and
epithermal gold-type rineralization, and because they are believed
to result from the termination of & subduction zone duc to plate
collision {Barberi, ¢f af., 1974; Kolios, et al., 1980; Venturelli, er
af., 1984). Consequently, their presence at Tillicun Mountain is
possibly significant with regard to both the tectonic environment of
the volcanism and the source of the skarn-related precious metal
mineralization in the district {Ray. et al., this volume). The peculiar
composition of the Tillicum Mountain voleanic rocks suggests that
they correlate with cith.er the Lower Jurassic Rossland Group, which
is mainly shoshonitic (Beddoe-Stevens, 1982), or, less likely, with
the central belt of the Upper Triassic Nicola Group, which is also
shoshonitic (Spence., 1983).

GEOLOGY OF THE TILLICUM MOUNTAIN AREA

The metavolcanic rocks analysed in this study form part of a
predominantly metasedimentary succession within the highly de-
formed, easterly trending Nemo Lakes belt (Parrish, 1981). This
belt represents a 5-ki ometre-wide roof peadant; to the north and
west it 1s intruded by the Goatcanvon-Halifax Crecks stock of
Jurassic and/or Cretaceous age (Hyndman, 1968), while to the south
it 15 invaded by the Nemo Lakes quartz monzonite stock of Eocene
age (Parrish, 1981).

Supracrustal rocks of the Nemo Lakes belt in the Tillicum Moun-
tain arca are dominated by metamorphosed siltstone, calcareous
siltstone, arkose, and wacke, with lesser amounts of mafic volcanic
rock, tuff, argillite, impure carbonate. and marble layers, No
marker horizons are recognized in the supracrustal succession,
which exhibits rapid lateral and vertical changes in lithology (Ray,
et al., 1985). Despite the deformation and metamorphism., some
sedimentary structures, including grading and crossbedding, are
locally preserved. The supracrustal rocks underwent a post-Early
Jurassic phase of reg onal metamorphism and folding (Hyndman,
1968; Parrish, 1981) that predates the Middle to Late Jurassic
intrusion of the granitoid stocks (Read and Wheeler, 1976). This
resulted in sillimanite grade metamorphism throughout most of the
Nemo Lakes belt (Parrish, 1981); however, the metamorphic grade
was lower around Tillicum Mountain and resulted ir: the formation
of biotite, muscovite, chlorite, and amphibole. In addition to the
regional metamorphism. the rocks were locally subjected to two

episodes of comtact metamorphism. The first is associated witn
swarms of dioritic sills that probasly accompanied the reg onal
deformation; these sills are apparently rclated to some gold and
stlver-bearing skarns in the district (Roberts and McClintock, 198¢;
Ray, et al., 1985). The sccond hornrelsing is related to intrusion of
the large granitoid stocks and postdates the regional deformatior .

The age, stratigraphy, and structure of the supracrustal racks at
Tillicum Mountain is uncertain. Litfle (1960} included them in the
Triassic to Early Jurassic (7) Slocan and Lower Jurassic Ross and
Groups, while Hyndman (1968) split the section, correlatin? the
basic volcanic rocks on the northwestern slopes of Tillicum Moun-
tain with the Triassic Kaslo Group, and the remainiag metasedi neir-
tary rocks with the Pennsylvanian to Triassic Milford Group. Ray, -2
al. (1985) concluded from structural data and sedimentary tops that
the volecanic and volcaniclastic sequence at Tillicum Mountan s
older than the largely metasedimentary succession lying further
south and southeast. However, ro evidence of cither a struciural
break or an unconformity was found between the two.

GEQOLOGY OF THE TILLICUM MOUNTAIN
VOLCANIC ROCKS

The mafic volcanic rocks sampled in this geochemical stucy ae
[argely contined to an arca nor:h and west of Tillicum Mountzin (sce
Fig. 3-1, Ray, ez al., this volumnc}, where they are interlayerec wih
mafic tuff, volcanic breccia, and some argillitc. This volcani:-
volcaniclastic-argillite sequence forms an arcuate, apparentl.y
folded unit over 500 metres in vutcrop width. The voleanic rocks are
massive to weakly layered to schis:ose; they comprise homblande
and calcic plagioclase, with lesser amounts of biotite, chluntz,
tremolite-actinolite, and carbonate Some flows are characterized
by flow brecciated margins and deformed, feldspar-filled amyz-
dales up to 0.5 centimetre in diameter. The wifs and coarse vol-
caniclastic rocks locally contuin coarse hornblende crystals up 1.5
centimetres in diameter and some stretched clasts,

GEOCHEMISTRY OF THE TILLICUM MOUNTAIN
VOLCANIC ROCKS

Five analyses of basalts from a restricted area ncar the gold-rich
Heino Money zone (Ray, er al., 1985) were published by Kwong
(1985); these are now interpretec to be shoshonites. For this »ucy,
whole rock anatyses were completed on 12 samples of the Tillicum
voleanic rocks (Table 4-1); these rocks were also analysed for £r, Y,
Cr, Sr, Rb, and Ba (Table 4-2). The samples were collected frem
volcanic flows over a wide arca north and west of Tillicum Moun-
tain. and carc was taken to ensure they were not affected by skarn
alteration. Various plots of tnis data, including the five analyses
published by Kwong (1985), are illustrated on Figures 4-1 12 4-9,

British Columbia Ministry of Energy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1986-1.
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Figure 4-1. Weight percent MgO:CaO plot designed to screen ‘un-
altered’ (filled symbols) and ‘altered’ (open symbols) samples. Circles: data
from this study (least altered samples as filled circles), squares: data from
Kwong (1985). Unaltered domtain from de Rosen-Spence (1976).
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Figure 4-3. Weight per cent Ca0:8i0; plot shows "unaltered’ and least
altered samples in the subalkaline domain. Altered samples have lost CaO.
Boundaries from de Rosen-Spence (1976).
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Figure 4-5. Weight per cent Na,0:Ca0 plot shows increase in Na,Q
with decrease in CaO in altered samples, whick indicates spilitization.
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Figure 4-2. Weight per cent MgO:8i0; plot. All Tillicum Mountain
basalts plot in the subatkaline domain. Sample with highest MgO s a
pyroxenite, Boundaries from de Rosen-Spence (1976).
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Figure 4-4, Weight per cemt Na,0:Si0, ptot shows ‘unaltered’ and
least altered samples in the subalkaline domain. Several altered samples
.have gained Na,O. Boundaries from de Rosen-Spence (1976).
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Figure 4-6. Weight per cent plot demonstrates the consistently very

high K,O content of the Tillicum Mountain basalts. Low (LK), medium

(MK, and high (HK) K,0 domains from Gill (1981); very high (VHK) and

extreme high (EHK) KO domains from Spence (1985). Nete the Milford-
Kaslo Groups volcanic rocks plot in the low K,0 (LK) field.
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Figure 4-7. Weight per cent Alk:SiO; plot illustrates the alkaline
nature of the Tillicum Mountain basalts. Boundarics from Kuno (1966),
high-Al domain relabelled ‘calc-alkaline” and tholeiitic domain ‘calcic.’
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Figure 4-8. Weight per cent Ti(4:FeQ - plat designed for basalts with
S0, between 48 and 50.5 per cent. The Till:cum Mountain basalts arc
distinetly arc-type: Milford and Kaslo Group volcanic rocks plot in the
within-plate and ridge domains in keeping with theie sefting in the Slide
Mountain Terrane.
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Figure 4-9. Log titanium-log chromium piot (after Pearce, 1975) of the
Tillicum Mountain basalts listed in Table 4-2_ showing their volcanic arc
characteristics.
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The MgQ:CaO plot on Figure 4- . illustrates that the major ty of
the Tillicum Mountain basalts are ‘altered’ and/or may possens
olivine cumulates in the more magnesium-rich samples. Howcver,
three samples presented by Kwong (1985) plot in the “unalt:red’
field and may assist in confirm ng the magmatic trends. High values
of MgO in several samples (Fig. 4-2) and generally low vaues of
CaQ for the aliered samples (Fig. 4-3) account for the scattcr of
points on Figure 4-1.

The disteibution of Na,O va-ues (Fig. 4-4) within the subakelirc
domain, and the quasi-lincar relationship between CaO and Na,' )
(Fig. 4-5). suggest that spilitization is responsible for the low Cad
and high Na,O contents of some 1ltered samples. Howevel, the
consistently very high K,O (VHK) content of thesc rocks (Fig. 4-45)
was not modified by spilitization. The subalkaline Na,O and very
high K,O (VHK) content of these rocks results in an alkaline erd
(Fig. 4-7) which is a major, diagnostic characteristic of shosho 1t ¢
suites (Spence, 1985). Despite weak spilitization, nine of the twelve
samples analysed here have K,(/Na,0 >0.6 for Si0, <50 per
cent, which is characteristic for shoshonitic suites (Mackenzi: ard
Chappell, 1972).

Contents of other elements arc also in ranges that are charac-
teristic of shoshenites (Tables 4-1 ¢nd 4-2): AL, Q) is variable ard
unrelated to the total iron, which i» constant and fow (<X11 per ceat);
Ti0, is also low (<1 per cent), while the Srand Ba contents are
high. Titanium plots are shown against total terrous iron (Fig. <-8},
and chromium (Fig. 4-9); those demonstrate unequivocalty thit
Tillicum Mountain volcanism took place in an arc environtrent.

These basaltic rocks are mafic ard classify mainty (10 samples)
as absarokite (510, <50 percent); one sample 1s a shoshonite: (5iC),
=50 per cent) and one is an ultramafic pyroxenite with low 2,01,
(9 per cent) and high MgO and CaO (both 13 per cent). In con-
clusion, this geochemical study establishes the shoshonitic and arc
character of the Tillicum Mountain basalts.

CORRELATIONS

The age of the Tillicum basalts and associated sedimentary rocl.s
is controversial in the absence of radiemetric and fossil data The
metasedimentary and metavolcanic rocks were placed in the 5 ocen
(Triassic to Lower Jurassic) ard Rosstand (Lower Jurassic} Groups
respectively by Little (1960). Hyndrnan (1968), however, correlated
them respectively with the Milford Group (then considered ta be
Pennsylvanian to Triassic) and the Kaslo Group (then considzied o
be Triassic). Doubts were cast on Hyndman's correlations after the
first analyses of busalts from Tillicuin Mountain {Kwong. 1985) ard
the Milford and Kaslo Groups (Klepacki. pers. comm., 19853)
became available. Indeed, basaitic racks in the Milford Group (now
Pennsylvanian) and Kaslo Group (now Permiuan; Klepack ard
Wheeler, 1985) are tholeiites. being lower in K,0 {Fig. 4-6) ard
falling in the within-plate and ridge domains respectively (Fiy. <-8);
shoshonites are absent in thesz sett.ngs.

Arc shoshonites, however, are present in both the Elise Formaticn
of the Lower Jurassic Rossland Group (Beddoce-Stevens, 1582),
situated 60 kilometres south of Tillicum Mountain. and in the
central belt of the Upper Triassic Nicola Group (Spence. 1585),
lying 200 kilometres to the west. Correlation with the Stnemur an o
Toarcian Elise Formation is favoured by the authors. The sedimen-
tary rocks are apparently vounger than the basalts (Ray, ef al. . 198:)
and may therefore correlate with the Lower and Middle Jurass.c
Archibald and Hall Formations of the Rossland Group.

The Rossland Group is not un isolated occurrence of Lows:r
Jurassic shoshonitic volcanism. It lies at the southern end of a
shoshonitic belt that includes high-K calc-alkaline and alkaline
sodic rocks, and extends northward through the Horsefly areit in.o
the Toodoggone area {Spence, 1985). Triassic-Jurassic volcanic
rocks of the Vernon area may provide the link between the Tilicun
Mountain and Horsefly areas.



TABLE 4-1

MAJOR ELEMENT ANALYTICAL RESULTS FOR TILLICUM MOUNTAIN VOLCANIC ROCKS

(All values in per cent)

5i0,
48.05
48.17
47.99
47.53
49.23
48.13
49.32
51.13
48.27
47.18
49.00
46.97

ALO,  Fe,0y*
1525 10.79
16.53  10.90
1461 1076
1509  10.52
1431 972
1684 10.60
1539 10.71
13.01 978
1628  9.82
910 947
13.67 10,17
1583 9.74

FeO MgO CaO Na,0 K, 0 TiO, MnO Total
8.35 .43 9.20 323 138 0.8l 0.190 99.7
8.44 7.76 8.61 3.70 1.30 (.84 0.191 99.5
8.40 10.04 9.02 278 1.82 0.82 0.190 100.4
1.73 9.91 9.67 21 1.63 0.78 0.164 99.8
8.01 7.31 5.98 1.52 329 0.73 0.168 99.6
8.50 6.68 7.73 347 3.05 0.82 0.183 100.0
8.38 8.44 8.64  3.01 214 096 0.244 100.1
7.07 7.47 10.09 2.59 392 0.69 0.189 100.7
7.58 7.31 8.44  3.66 226 075 0.183 99.7
7.57 13.07 13.37 1.32 1.87 0.65 0.189 99.3
8.03 8.99 9.59 2.62 272 0.66 0.175 100.2
6.9 8.35 8.84 3.66 146 073 0.162 99.8

* Total iron expressed as Fe,0;.

Major element analysis by Flame AAS with a precision of 0.75% RSD.

TABLE 4-2

TRACE ELEMENT ANALYTICAL RESULTS FOR
TILLICUM MOUNTAIN VOLCANIC ROCKS

{All values in ppm)

Lab No Zr Y Cr Sr Rb Ba
20330 72 6 210 980 27 410
. & 90 900 45 580
29332 78 3 220 530 69 410
29333 63 2 430 480 39 410
61 1 140 2 420 75 580

54 13 50 1480 79 780

20336 e 59 7200 1260 70 680
30 13 310 1250 151 520

51 7 110 1200 50 610

54 15 790 820 55 220

53 15 320 1270 88 620

58 5 240 570 57 480

Zr, Y, and Rb analyses by XRF heavy absorber (Borate Fusion}.
Cr, Sr, and Ba analyses by Flame AAS (Borate Fusion).

TECTONIC SIGNIFICANCE

Shoashonitic volcanism can be generated at a stage when plate
collision results in the steepening and cessation of a subduction
zonc, which in tum leads to deep melting of mantle rocks in the
presence of water enriched in incompatible clements. In recent arcs.
twa periods of shoshonitic activity have been documented (Kolios,
etal., 1980). One is related to an existing but dying subduction zone
and is associated with calc-alkaline volcanism; the other is later,
occurring after the termination of subduction, and is related to
rifting and local extensional movements within arcas of large plate
convergence.

The Upper Triassic shoshonitic volcanism in central British Co-
lumbia oceurred during docking of the Stikine, Cache Creek, and
Quesnel Terranes in a subduction-related arc which produced
tholeiitic, medium-K cale-alkaline. and alkaline sodic sequences.
In contrast, the Lower Jurassic shoshonitic volcanism is associated
only with high-K calc-alkaline and alkaline sodic volcanism, but
wis situated east of the contemporaneous calc-alkaline Hazelton
(Howson facies) arc (Tipper and Richards, 1976). It is uncertain
whether the Lower Jurassic shoshenites represent a late episade of
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the volcanism initiated in Upper Triassic time, or whether they are
related to the destruction of the Hazelton subduction zone at depth.

CONCLUSIONS

This geochemical data establishes the arc shonshonitic (ab-
sarokite) character of the Tillicum Mountain basalts. Their com-
position is incompatible with oceanic-type tholciites of the Upper
Paleozoic Milford and Kaslo Groups to the east. They are best
corrclated with the shoshonitic Elise Formation of the Rossland
Group to the south; they would thus form part of the Lower Jurassic
shoshonitic belt which extends northward into the Toodoggone area.,
This work also suggests that the Rossland Group in general, and the
Elise Formation in particular may represent favourable units for
hosting other skarn-related precious metal deposits similar to those
seen at Tillicurn Mountain (Ray, ¢f a/., this volume).
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ZEOLITES IN EOCENE ROCKS
OF THE PENTICTON GROUP, OKANAGAN-BOUNDARY REGION
SOUTH-CENTRAL BRITISH COLUMBIA
(82E)

By Z. D. Hora and B. N. Church

INTRODUCTION

A survey of Early Tertiary rocks of the Okanagan and Boundary
areas (Church, 1963, 1973) led to discovery of a large variety of
zeolites in both volcanic and sedimentary formations of the Pentic-
ton Group. The most common of these are natrolitc, laumontite, and
heulandite (Plate 5-1). Subscguent re-examination of the original
survey samples by Z. D. Hora indicated local abundance of
clinoptilolite.

The importance of thz clinoptitolite discovery stems from indus-
trial use of this minerzl. Clinoptilolite resembles heulandite and
belongs to the same mineral-chemical series of hydrous calcium-
sodium aluminum silicates. Unlike heulandite, however, clinop-
tilolite is stable at relatively high temperatures and displays re-
markable base exchange and absorption properties. Clinoptilolite
has the capacity to absorb ammonia and is well known as a cation
sieve In removing cesium from solutions. The list of uses includes
fillers and carriers, a component in some construction materials,
waste water treatment, and petroleum refining.

The purpose of this report is to provide preliminary information
on the occurrence of zeolites in Early Tertiary rocks, indicating their
stratigraphic range and regional distribution.

GEOLOGICAL SETTING

The principal Early Tertiary rocks of the Okanagan-Boundary
area are assigned to the Penticton Group which, in the type arca near
Penticton, consists of six formations having a total thickness of
about 2 500 metres (Fig. 5-1). The age range for the group, accord-
ing to K/Ar analyses, is 48.4 Ma (whole rcck) to 53.1 Ma (biotite)
+ |.8 Ma. Structural control of these rocks appears to have been
meridianally directed maximum stresses that produced rifting and
many graben and half-graben structures.

ZEOLITE OCCURRENCES

Formations in the lower and middle part of the Penticton Group
are locally enriched in reolites, These include the basal Springbrook
and coeval Kettle River sedimentary rocks as well as immediately
overlying volcanic mambers of the Marron Formation. Clinop-
tilolite shows a preferential occurrence as a fine-grained matrix in
volcaniclastic rocks such as commenly found in the White Lake
Formation, which rests unconformably on the Marron rocks.

PENTICTON TERTIARY OUTLIER

The type section of the Marron Formation is displayed near the
west margin of the Penticton Tertiary outlicr (Fig. 5-1, section A-B),
where the tiered lava units of this scquence overlook Yellow Lake.
The Yeliow Lake volcanics, lowest member of the Marron Forma-
tion, are visibly enriched in zeolites in fresh outcrops along High-
way 3. These rocks are typically grey mafic phonolite lavas with
dark pyroxenc phenocrysts and light-coloured natrolite-filled
amygdales. Calcite and analcite commonly accompany natrolite
lining the gas cavities: thomsonite and mordenite are fess common.

Pink laumontite-lconhardite occurs with calcite in veinlets along the
main and satellitic fractures.

The accurrence of primary analcite as phenocrysts and in the
groundmuss of the Yellow Lake lavas (Daly, 1912} s indicative of
silica undersaturation (Church, 1978). This characteristic is he-
lieved to have been an important factor favouring the developrent
of zeolites in these host rocks.

The trachytes of the Kitley Lake and Nimpit Lake members, rcar
the middle of the Marron section, host several small zeolite (o-
calities. These consist of hzulandite and, less commonly,
brewsterite on small fissures. North of section A-B, a browu sh
tuffaceous grit and siltstone unit at the base of the Nimpit lava was
found to contain clinoptilolite and analcite in the 10 to 20 per cent
range (Table 5-1, Nos. 2 and 3.

Elsewhere in the Penticton Tertiary outlier, clinoptilolite veas
found interstitially in scdimentary rocks in the Springbrook For na-
tion (Table 5-1, No. 1) and in tuffaczous sandstones at the base of the
Kearns Creck member in the middle of the Marron Formation ( Table
5-1, Nos. 4, 5, and 6).

SUMMERLAND TERTIARY OUTLIER

The Summerland Tertiary outlier is a rempant of a caldera struc-
ture with only a fragmentary representation of the middle sequence
of the Penticton Group (Church, 1979). The single observed zeolite:
occurrence in the Nimpit trachyte lavas and ash flows, which uncler:
liec mast of the basin, is a veinlet of heulandite found midway o the:
summit ridge of Mount Conkle, 3 kilometres southwest of Sum-
merland. In contrast, a broad apron of sandstones and con-
glomerates assigned to the Whete Lake Formation, ftanking Giants
Head dacite dome on the west and north, shows a wide distribt tion
of clinoptilolite, laumontite, and stilbite (Table 5-1, Nos. 7to " 3).

KELOWNA TERTIARY OUTLIER

The Kelowna Tertiary outlies is a Jarger copy of the Summerland
caldera (Church, 1980b), Again, the White Lake Formation, co.1sis-
ting of a mixture of voleanic breccias. tuff, sandstones, and on-
glomerates, hosts nutnerous ocurrences of authigenic clinoptilolit 2
and laumontite (Table 5-1, Nos. 16 to 23).

ROCK CREEK TERTIARY QUTLIER

The Rock Creek Tertiary outlier consists of a series of down-
faulted panels of mainly Kettle River sedimentary rocks and Yellow
Lake volcanics (Church, 1980¢). The arca includes two o’ six
known localities of analcite-bearing shackanite lava (Fig, 5-2). Red
shale from the Storm Hill mernber and tuffaceous arkose frori the
Ed James Lake member of the Kattle River Formation coitain
significant amounts of analcite (wairakite ?) and stilbite (Table 5-1,
Nos. 24 and 25).

CONCLUSIONS

Zeolites in the Penticton Group appear to be most abundant in tke
lowest part of the section suggesting, at first, a low-grade region il
metamorphic effect. However, the close association of natrolitz ar d

British Columbia Ministry of Energy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1936-1.
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LEGEND

MIOCENE
(OLALLA RHYOLITE)

[_"—L’ MOSTLY BHYOLITE BRECCIA, SOME MASSIVE
OBSIDIAN, AND ASSOCIATED DYKES

EOCENE
PENTICTON GROUP

SKAHA FORMATION

10a | MOSTLY CHERT AND GREENSTONE SLIDE
BRECCIA AND SOME TEPHRITE LAVA
OVERLAIN BY POLYMICTIC FANGLOMERATE

10b j CHANNEL DEPOSIT OF GRANITE BOULDER

CONGLOMERATE AND BRECCIA AND ARKOSIC
SANDSTONES
WHITE LAKE FORMATION

[ 9 ] MOSTLY VOLCANIC BRECCIAS INCLUDING
PYROCLASTIC ROCKS AND LAHARS, MINOR
TRACHYTIC AND ANDESITIC LAVAS

VOLCANIC CONGLOMERATE, SANDSTONES,
AND SHALES
MARAMA FORMATION
a | AENEAS BUTTE FELDSPATHIC DACITE

7b | MASSIVE APHANITIC DACITE LAVA AND SOME
BRECCIA FORMING MOSTLY REMNANTS OF
VOLCANIC DOMES

VOLCANIC CONGLOMERATE WITH CLASTS
FROM THIZ MARRON FORMATION

1c

MARRON FORMATION

PARK HILI. MEMBER: MEROCRYSTALLINE
ANDESITE [LAVA AND MINOR BRECCIA

NIMPIT LAKE MEMBER: TAN TRACHYTE AND
TRACHYANDESITE LAVA AND MINOR BRECCIA

KEARNS CREEK MEMBER: VESICULAR
PYROXENE-RICH BASALTIC ANDESITE LAVA

] ] 1o
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EOCENE (CONTINUED)
MARRON FORMATION (CONTINUED)

KITLEY LAKE MEMBER: TRACHYANDESITE
LAVA WITH CONSPICUOUS
GLOMEROPHENOGRYSTIC GLOTS OF
FELDSPAR

SHATFORD CREEK MEMBER: LOCAL DEPOSIT
OF BRCWN ANDESITE LAVA AND BRECCIA
WITH SOME QUARTZ-FILLED AMYGDALES

YELLOW LAKE MEMBER

MOSTLY PYROXENE-RICH MAFIC PHONOLITI=
LAVA WITH LOCAL WELL-DEVELOPED
PHENOCRYSTS OF RHOMBANORTHOCLASI:
AND SOME PRIMARY ANALCITE, ABUNDANT
ZEOLITE FILLINGS IN CRACKS AND
AMYGDALES

PURPLE AND GREY VOLCANIC WACKE FROM
EROSION OF 13 AND PINK RADIOCACTIVE
FELDSPATHIC TRACHYTIC ASH FLOW,
SANDSTONE, AND) CONGLOMERATE

CLARK CREEK PORPHYRY: A SILL-LIKE BODY
RELATED TO 1a WITH LARGE FELDSPAR
PHENOCRYSTS

(e ]

SPRINGBROOK FORMATION

POLYMICTIC CONGLOMERATE AND BRECG A
WITH CLASTS DERIVED MAINLY FROM PRE-
TERTIARY BEDDED ROCKS

KETTLE RIVER FORMATION

MAINLY GRANITE BOULDER

CONGLOMERATES, ARKOSE, VOLCANIC
WACKE, AND RHYOLITE BRECCIA

SHINGLE CREEK PORPHYRY: A COARSE
SANIDINE QUARTZ PORPHYRY INTRUSION
FEEDER TO THE RHYOLITE VOLCANIC ROCKS
OF Ob

PRE-TERTIARY ROCKS
MAINLY GRANITIC INTRUSIONS

MAINLY CHERTS, GREENSTONES, SCHISTOSE
ROCKS, AND MINOR INTRUSIONS
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secondary analcite with undersaturated sodic volcanics of the
Yellow Lake member may indicate that these minerals formed from
deuteric solutions at the time of cooling of the lavas. Also, the
occurrence of some .aumontite and hevlandite in fissures
throughout wide sections of the Penticton Group indicates open
hydrethermal plumbing systems. Indeed, the frequent association
of elinoptilolite with tuftaceous sedimentary rocks high in the White
Lake section suggests at least some is of authigenic or carly di-
agenetic origin,

The discovery of clinoptilolite in Tertiary outliers of the Okana-
gan-Boundary region is of economic interest, however, none of the
occurrences listed (Table 5-1) attains the present minimum commer-
cial grade of 80 per cent. Nevertheless the wide distribution of
clinoptilolite indicated by this preliminary work warrants additional
study and carefu! prospecting.
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THE REBAR AND SHERPA LEAD-ZINC OCCURRENCES,
SHUSWAP COMPLEX
(821./10)

By T. Hoy

INTRODUCTION

The Rebar and Sherpa lead-zine occurrences are both within the
Monashee Mountains just east of Mabel Lake. Sherpa is a strata-
bound zinc-(lead) occurrence located on the moderately west-dip-
ping slopes above the east shore of Mabel Lake; Rebar includes a
number of scattered boulders of rusty weathering massive sulphides
located on the north slepe of Tsvius Creek 6 kilometres 1o the cast-
southeast. A third mineralized occurrence in the immediute area,
the D.S.-Rebar, is an unusual lead-quartzite deposit located 2 kilo-
metres northeast of Rebar.

The Rebar and Sherpa claims were staked in 1982 by J. M. Leask
to cover an area where high-grade sphalerite-galena-pyrite boulders
had been discovered. Noranda Exploration Co.. Ltd. optioned the
property in 1983, and conducted a soil geochemical survey on the
Sherpa claims (Bryan. 1983). During the 1984 ficld season. the
property was mapped by Jim McDonald of Noranda. a geophysical
survey was conducted (Bradish, 1984), and seven holes were drilled
— three on the Sherpa claims and four on the Rebar claims. The
D.5.-Rebar showing was discovered in late 1983 by 1. Saunders and
mapped during the 1984 season by Noranda. Continued work dur-
ing the latter part of the 1985 ficld season included primarily surface
geological mapping.

REGIONAL GEOLOGY

The Rebar-Sherpa area is within the Monashee Complex (Read
and Brown, 1981) near the eastern edge of the Shuswap Mecta-
morphic Complex. Thz area is underlain by rocks of the Monashee
Group, a heterogencous assemblage of dominantly gneissic rocks of
unknown, but probatle Precambrian and Palcozoic age (Jones,
1959; Okulitch, 1975} The Thor-Odin nappe, a late structural
culmination along the zastern margin of the Shuswap Complex. lies
about 15 kilometres to the east.

The geology in the immediate property area is not well known. A
sequence of quartzites, calc-silicate and pelitic gneisses. marbles,
and amphibolites trends generally northward and dips at various
angles to the cast. A pronounced foliation, essentially parallel tu
layering, suggests tha: the apparently simple homoclinal sequence
that hosts the mincral occurrences is, in fact, part of a complex,
isoclinally folded metasedimentary package.

MINERAL OCCURRENCES

SHERPA

Mineralization on the Sherpa property includes disseminated to
massive pyrrhotite and sphalerite with minor amounts of pyritc and
galena in a generally impure calcareous quartzite unit within pure to
siliceous marble. The unit trends nportheastward and dips moder-
ately steeply to the southeast into the hillside; its cxposed tength is in
excess of 500 metres Three diamond-drill holes. spaced approx-
imately 100 metres apart, have allowed construction of several
sections through the roineralized interval (Fig. 6-1).

Hangingwall rocks include in excess of 70 metres of dominantly
white, coarsely crystalling caleite marble (see DDH 5, Fig. 6-1).
Phlogopite is common throughout the marble and fine-grained

graphite is disseminated in darker bands; in less pure intervals,
diopside, muscovite, tremotite. and quartz occur in variable
amounts. Green to grey-coloured diopside-bearing calc-sicicate
gneiss layers and rare siltimanite-garnet gneiss layers occur in the
hangingwall. In outcrop, marblas weather to a grey colour.

Footwall rocks are generally less calcareous than hanging'sal
rocks but still comprise dominantly pure and impure martles
Sillimanite gneiss, quartz-feldspar gneiss, and calc-silicate gneis
layers also occur within the upper 10 metres of footwall in drill holes
5 and 6 (Fig. 6-1). Scattered outcrops of footwall rocks, exposed it
the slopes below the mineralized interval. comprise interfayered,
grey-weathering marble. greeu to grey <ale-silicate gneiss, and
somewhat graphitic quartz-feldspar gneiss. Fusther down slope.
gneiss and impure quartzite predominate and calcareous rocks are
less dominant. Concordant to crosscutting pegmatite bodics are
common in both footwall and hangingwall rocks.

The mineralized intervat ranges in thickness from 17 to 27
metres. It is dominated by calcarsous to relatively pure quar:zite
with thin interlayers of unmineralized marble, quartzite, and goeiss.
Mineralization consists dominantly of rounded, disseminated gtains
and irregular blebs of pyrrhotite and sphalerite in a medium-grained
diopside-phlogopite quartzite and also of highly irregular, com-
posite grains interstitial to the quartz grains. Locally, pyrite forms
rounded, composite grains within massive pyrrhotite, and g:lena
occurs in trace amounts. Other accessory minerals in the quartzitz
include tremolite, apatite, graphite, calcite, and minor amounts ¢f
plagioclase and sericitized K-feldspar. As well, pyrrhotite ani
sphalerite are disseminated in coarse, granular marble units thet ar2
within or along the edge of minevalized quartzite layers. Tot:]
sulphide content in both quartzite and marble ranges from race
amounts to 30 to 40 per cent.

At the top of the mineralized interval, drill holes 5 and € inte -
sected a thin, very fine-graired granular quartzite that contairs
finely disseminated pyrrhotite and sphalerite and accessory phle-
gopite, calcite, albite, and partially sericitized K-feldspar. In Jril]
holes 6 and 7 (Fig. 6-1). an unrninzralized layer of granular, foliated
biotite-quartz-feldspar gneiss underlain by relatively pure marble
oceurs within the mineralized section.

Zinc, lead, and silver values are generally low. One unusially
high-grade surface grab sample contained 6.70 per cent zine ard
0.015 per cent lead (H845-6, Table 6-1).

REBAR

Mineralization on the Rebar property consists of a number of very
rusted sulphide boulders that ure partially buried on a loggirg ro:d
and skid trails at an elevation of 1 10 to | 200 metres on the ror h
slope of Tsuius Creck, 7 to 8 kilometres east of Mabel Lake The
boulders are somewhat angular, in contrast to many rounded g .acial
boulders in the immediate vicinity, suggesting a local source. Chver-
burden is decp, however, and a 4.2-metre-deep trench failad o
uncover bedrock. The nearest oulcrops are several hundred nictres
up slope, Four drill holes, the closest collared approximatct 200G
metres above and 400 metres 10 the west of the mineralized beuldar
trains, failed to intersect any signiticant mineralization. The boul-
ders contain massive, coarse-grained, dark-coloured sphalerite and

British Columbia Ministry of Energy, Mines and Petrolcum Resources, Geological Fieldwork, 1985, Puper 1936-1,
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TABLE 6-1
ASSAY DATA FOR SELECTED SAMPLES, REBAR AND SHERPA PROSPECTS

Sample Occurrence Pb In Cu
% %

6.70 0.015

6.23 0.050

27.50 0.016

2.64 0.008

(.016 0.021

0.013 0.016

Ag Ba* Pb/ Lithology
ppm % Ph+Zn
5 0.4 0.002 sulphide-rich quartzite
3 =2 <<0.001 rusied ‘massive’ sulphide
7 0.15 .17 rusted ‘massive” sulphide
<2 0.05 .01 sulphide-rich quartzite
23 >2 >0.99 impure quartzite
7 =2 0.99 impure quartzite

* Semiquantitative emission spectrographic analysis.

pyrrhotite with large quartz eves in a strongly oxidized silicate (7)
matrix (Rebar 1, Rebar 2, Table 6-1). Others include well-layered,
coarse-grained quartzite with disseminated and irregular inter-
granular streaks and blebs of pyrrhotite, sphaleritc, and lesser pyrite
and galena (Rebar 3). Although these boulders have considerably
higher metal values than mineralized samples from the Sherpa arca,
both the mineralization and the composition of the host rocks are
similar.

D.S.-REBAR

The D.S.-Rebar is a rusty weathering layer of calcareous
quartzite a few metres thick that is exposed in a logging road cut 2
kilometres northeast of Rebar. The layer trends cast-west and dips
north at 10 to 15 degrees. Subrounded grains of galena and
sphalerite arc disseminated through the layer and irregular grains
are interstitial to a mosaic of angular quartz grains. Scattered grains
of diopside, biotite partially altered to chloritc, and barite are
common in the quartzite. The guartzite layer is underlain by inter-
bedded feldspathic quartzites and cale-silicate gneiss layers, and
overlain by a rusty, impure siliceous marble and calc-silicate gneiss
sequence.

Two grab samples were assayed (Rebar 4A. 4B, Table 6-1) and
show the variability of metal values. Pb/Pb + Zn ratios are extremely
high, in contrast to those of the Sherpa and Rebar occurrences;
silver is moderately high in one sample. Barite, recognized in thin
section, is reflected by the high (=2 per cent) barium content,

DISCUSSION

The Rebar and Sherpa mineral occurrences are somewhat similar
to other Shuswap lead-zinc deposits in the area including Colby on
the west side of Mabel Lake and Big Ledge, 40 kilometres to the
southeast. At Colby, pyrrhotite, sphalerite, and minor amounts of
galena occur in a diopside-bearing quartzite as well as in adjacent
calc-silicate gnciss and marble (Hoy, 1977a). Massive sphalcrite-
pyrrhotite lenses at Big Ledge occur within dark graphitic schists
that grade to biotite quartzite (Héy, 1977b).

The D.S.-Rebar is an unusual lead-quartzite occurrence, perhaps
similar to the ‘lead sandstene’ deposits reviewed by Bjorlykke and
Sangster (1981). These commonly contain accessory barite (and
fluorite), have low silver content, and high Pb/Pb + Zn ratios. No
other ‘lead-quartzite’ deposits in the Shuswap Complex are known
to the author, but 2 number of these types have been recognized in
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Eocambrian Hamill Group quartzites in the Kootenay Arc (for
example, ‘Bannockburn.” Ronning. 1977).

In summary, these occurrences are interesting but not unique new
discoveries in the Shuswap Complex. They are easily accessible and
warrant further work.
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INTRODUCTION

Rea Gold and Homestake are volcanogenic sulphide-barite de-
posits in Devono-Mississippian Eagle Bay Formation rocks of the
Omineca Crystalline Belt in southeastern British Columbia. Home-
stake was discovered in 1893 and has had extensive development
and intermittent production since then. Rea Gold is a recent discov-
ery and development is confined to geological mapping, trenching,
and drilling (Davidson. 1984). The deposits occur within the Shu-
swap Highlands, just wzst of Adams Lake (Fig. 7-1) and are readily
accessible by gravel roads east from Louis Creek on Highway 5.

REGIONAL GEOLOGY

The Adams Plateau-Barriere area has been mapped recently by
Schiarizza and Preto (1984) and the area in the immediate vicinity of
Rea Gold by White (1985). The Rea Gold deposit is within a thick
sequence of intermediate to felsic volcanic and volcaniclastic rocks
(unit EBE, Fig. 7-1) of the Eagle Bay Formation (Schiarizza and
Preto, 1984), It is underlain by predominantly sericitic phyllites,
also derived from felsic to intermediate volcanic rocks (unit EBA),
that host the Homestake deposit. These units are overlain by meta-
sedimentary rocks that inciude mainly argillites, siltstones, and
grits; they are structurally overlain to the east by predominantly
mafic voleanic rocks (unit EBG), host rocks for a Pb-Zn- Ag deposit
called Twin Mountain (Fig. 7-1). This succession has been region-
ally metamorphosed tc greenschist facies and intensely deformed.
A penetrative mineral foliation obscures many primaty structures,
and tight 1o isoclinal folds which often have sheared-out fold limbs
makes stratigraphic correlations and construction of a composite
stratigraphic succession difficult.

The regional structure is dominated by a northwest-trending tight
overturned syncline (Fig. 7-1}. Rea Gold is on its inverted northern
limb and Homestake on its southern limb. An east-dipping thrust
fault is inferred (Schiarizza and Preto, 1934) to separate the Rea-
Homestake package from the structurally overlying package of
more mafic volcanic rocks that hosts the Twin Mountain deposit,
More detailed mapping by Corporation Falconbridge and by White
(1985) has not been able, however, to confirm the existence of this
fault.

REA GOLD (HILfON)

INTRODUCTION

Rea Gold was discovered in October, 1983 by A, Hilton and
R. Nicholl, and optioned to Rea Gold Corporation who in turn
optioned it to Corporation Falconbridge. Published drill-indicated

reserves include 120 000 tonnes containing 18.2 grams gold per
tonne, 141.2 grams silver per tonnz, 0.85 per cent copper, 4.11 per
cent zinc, and 3.67 per cent lead.

The deposit includes two thin. laterally continuous sulphude
lenses that lie stratigraphically above a highty altered sequercs of
dominantly mafic and minor felsic tuffs. Stratigraphically atbove
these lenses is a thin mafic tff sequence and a thicker sequence of
argillite, siltstone, and grit. The succession is inverted; hence, the
‘footwall alteration zong’ or *stcckwork fecder zone” now forms the
hangingwall of the lenses. The following description of Rea Go d ix
based on one week’s fieldwork, mapping trenches and logging core
Although the diagrams and report are based on this work, hey
reflect in part the excelient detailed work of Corpora..on
Falconbridge geologists whose maps and cross-sections were made:
available to us. The report is written without the support of chemical
analyses, now in progress in the Ministry Laboratory, and con-
clustons regarding original nature of host rocks are tentative.

ROCK UNITS

The oldest unit within the deposit area comprises predominz ntl
mafic tuffs (unit 1) that lie at the structural top of the succession.
They include ash, crystal, and lapilli tuffs with variable amounts of
disseminated pyrite. They are strongly foliated, producing grzen
phyllifes and schists; more massive ‘greenstone’ units mav be
derived from mafic flows. There are thin chert bands and a no: ce-
able increase in sericite content toward the contact with unit ;. In
general, this contact is gradational and reflects, in part, an increas:
in alteration in the stratigraphic footwall of the deposit.

Unit 2 is the ‘footwall® alteration or stockwork feeder zone of th:
sulphide lenses. It is very extensive in the hangingwall of the mor:
northerly of the two lenses, cailed L100 (Fig. 7-2), but only a fev
metres thick in the hangingwall of R(8, the southern lens (Figs. 7-3
and 7-4). It includes extensively altcred mafic tuffs, othervis:
similar to those in unit 1, chert “ayers, and thin more felsic (dacite?)
ash toff layers. These units now appear as pale tan to pale giee
siliceous phyllites and schists interbedded with pure to sericiti:
chert. Alteration increases draraatically toward the contact with thz:
suiphide lenses. 1t includes:

(a) silicification through intreduction of silica in the form <f
quartz veins, and of thin to relatively thick chert layers, dis-
continuous chert lamellae, and ‘fragmental chert;’

(b} pyrite, which is disseminated, in veins, and in discontinuous
streaks; it increases from 1 to 2 per cent in unit 1 to commonly
10 to 20 per cent near the stratigraphic top of unit 2; and

(¢} sericite which becomes ubiquitous within unit 2,

White (1985) alse notes both local soda enrichment (as massive
albite and paragonite) and carbonatization (as dolomite, iron-rich
magnesite, and calcite).

British Columbia Ministry of Energy, Mines and Petroleum Resources, Geological Ficldwork, 1985, Paper 1986-1.
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Stratigraphically overlying the sulphide or sulphide-barite lenses
is a thin sequence of predominantly mafic tuffs (unit 5) that grades
up into argillite. The tuffs are pale grey to brown-weathering thin-
bedded chlorite phyllites. Silicified zones occur only [ocally (Fig.
7-5} and pyrite content is generally low. A dark grey tuffaceous
‘argillite’ (unit 5c, Figs. 7-3 and 7-4) with high Ba content (1. Pirie,
pers. comm., 1985) occurs in the immediate footwall of the RG8
lens, at the stratigraphic base of unit 5. Unit 5 is generally in fault
contact with unit 6, but in some drill intersections it grades through
an interval of interbedded green phyllite and argillite (Fig. 7-3).

A sequence of metaclastic rocks (unit 6) at the structural base of
the succession are the youngest rocks in the deposit area, They
comprise grey laminated argillite, siltstone, wacke, and local pebble
conglomerate with both volcanic and sedimentary clasts. Bedding
and graded beds are well preserved. Thin mafic ash tuff layers occur
in the basal part of unit 6.

SULPHIDE LENSES

Two main lenses are recognized. The more southern, the RG8
lens, appears to be at a slightly higher stratigraphic level than the
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L.100 lens (Fig. 7-2). It has a less extensive footwall alteration zone,
and is ‘capped’ by massive barite. Descriptions of these sulphide
lenses are based on visual examination of drill core and mapping of
trenches.

The RGB lens is well exposed in two trenches, 97+00 and
97+ 25, and its fringes in trenches 96+ 75 and 97 + 50 for a surface
strike length of approximately 75 metres. It extends down dip at
least 80 metres (Fig. 7-3). It has a relatively sharp contact with
altered ‘footwall” rocks of unit 2 and grades stratigraphically “up’
into massive barite of unit 4, However, it is in sharp contact with
tuffaceous muds or mafic tuffs of unit 5 at its fringes. The barite
‘cap’ consists of grey to white, massive or faintly banded barite with
variable amounts of disseminated sulphides. The sulphide content
of the barite generally decreases away from the underlying massive
sulphide.

The L100 lens has a surface strike length of approximately 50
metres and a down dip projection of at least 120 metres (Fig. 7-5).
As described previously, it has a thick zone of intense silica altera-
tion stratigraphically below, and is abruptly overlain by mafic tuffs
of unit 5a. It does not have a barite ‘cap.’

Sulphide mineralogy in both lenses includes pyrite. arscnopyrite,
sphalerite. galena, chalcopyrite, and tetrahedrite-tennantite ( White,
1985). Sulphides are fine grained and massive, crudely banded or
brecciated. Gold occurs mainly in the massive sulphides but is alse
found in barite, in the footwall stockwork, and in fault gouge
(L. Pirie. pers, comm., 1985). Silver is associated with both barite
and massive sulphides. while zinc, lead, und copper occur primarily
in massive sulphides.

STRUCTURE

The deposit and host rocks are essentially a northwest-trending.
northeast-dipping homoclinal succession that has been structurally
inverted. A pronounced mineral schistosity largely masks primary
bedding except in structural footwall rocks where well-bedded and
commonly graded metaclastic rocks occur. The observed bedding is
commonly sub-parallel to the schistosity (Fig. 7-6) indicating tight
to isoclinal folding. Changes in vergence of the bedding-schistosity
intersections and the many small, rootless isoclinal folds indicate,
however, that the succession is folded. Folding is asymmetrical in
style and individual folds are confined to specific units since repeti-
tion of the major litholegic subdivisions is not apparent (Fig. 7-2).
Within unit 2. cleavage-bedding intersections indicate a synformal
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Figure 7-5. A vertical section (100 + (00} through the L100 sulphide lens, Rea Gold.
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Figure 7-6. Equal arca projections onto lower hemisphere of structural elements, Rea Gold. A —— poles to foliation,
B — poles to compositional layering.

axis located to the northzast. Yet relationships between the massive
sulphides, barite, and alteration zone indicate the deposit is inver-
ted; this suggests that the observed schistosity and associated folds
are second generation structures superimposed on a previously
inverted panel. Within more competent structural footwall rocks
(unil 6}, these folds are relatively open and the location of fold
hinges can be defined. The most prominent is an overturned anti-
form located just southwest of the exposure at 100+ 30— 060 (Fig,
7-2). A late southcast-rending crenulation cleavage, associated
with minor open folds, is superimposed on the earlier schistosity.

Faults paraliel 10 schistosity are common but only the targest are
shown on the map. The most prominent fault strikes northwest,
juxtaposing unit 5 against unit 6. The displacement on the fault is
prebably not large as there does not appear to be much loss of
stratigraphy across it; the fault cuts locally up into umnit 5 (for
example, DDH 5, Fig. 7-5) leaving a normal stratigraphic contact
between units 5 and 6.

SUMMARY AND COMCLUSIONS

Two massive sulphide lenses occur at the stratigraphic top of a
thin felsic tuff and exhalative chert sequence that lies above a thicker
sequence of mafic ash, crystal, and lapilli tuffs. Both lenses are
underlain by a footwall fzeder and alteration zone, characterized by
intense silicification. pervasive pyrite, and sericite development,
indicative of Si, Fe, and K metasomatism. The southern lens is
‘capped’ by a layer of massive barite. Both lenses are strat-
igraphically overfain by a thin sequence of mafic tuff which grades
up into argillites, wackes, and grits. Deposition of sulphides and
barite occurted near the end of a cycle of explosive voleanism.
Intense regional deformation and greenschist facics regional meta-
morphism have altered the host rocks to produce a succession of
sheared chlorite phyllites, quartz-sericite schists, and chert.
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HOMESTAKE

INTRODUCTION

Homestake is a polymetallic base and precious metal deposit in
intensely altered and sheared sericite schists of the Eagle Nay
Formation {Schiarizza and Preto, 198:4), Mineralization s gencrally
contained in barite lenses or, locally, it is in quartz veins. Access to
the property is provided by a switchback road that leaves the rain
road 5 kilometres northwest of Squazm Bay.

HISTORY

The property, as recorded in Minister of Mines Annual Reports
(1927, 1936), was discovered in 1892 and first developed betwzen
1893 and 1895. Work on the property was intermittent and ship-
ments of ore occurred sporadically until 1927, The mine was re-
opened by Kamloops Homestake Mines Ltd. in 1935; workings at

TABLE 7-1
STRATIGRAPHIC SECTION OF THE FAGLE BAY
FORMATION AT THE HOMESTAKE DEPOSIT

Map

Unit Description Possible Primary Source Ro:k
Greenstone Basalt
5 Tuffaceous chlorite schist Intermediate tuff
34 Chleritic schist/ankeritic Andesitic volcanic rocks/sedi-
phylite mentary rocks
2b  Scricite-quartz paper Falsic tuff
schist

Fzlsic volcanic rocks
Intermediate voleanic rock;

24 Scricite-quartz schist
1 Chlorite phyltite




that time consisted of four adits and more than 455 metres of
crosscuts, drifts, raiscs, and a winze. A 50-tonne per day flotation
mill was instaljed on the site. Recorded production between 1935
and 1941 totalled approximately 6 965 tonnes from which 12 400
grams of gold, 9 565 900 grams of silver, 11 080 kilograms of
copper, 171 325 kilograms of lead, and 246 520 kilograms of zinc
were recovered. In the early 1970, work on the property was
resumed with geophysical and geochemical surveys, diamond drill-
ing, and drifting to gain access to the old workings and to provide
underground diamond-drill sites. Proven reserves were, at that time,
estimated to be | 010 800 tonnes with an average grade of about 240
grams silver per tonne, 2.5 per cent lead, 4.0 per cent zinc, (.55 per
cent copper, and 28 per cent barite (The Financial Post, Jan. 13,
1973). Since 1982 work by Kamad Silver Company Ltd. has con-
firmed and improved previous grade estimates but the deposit is
considered difficult to mine, mainly because of the poor strength of
the host rocks.
ROCK UNITS

The mincralized barite lenses are overlain by a siderite phyllite
that contains interbedded argillite and by a tuffaceous chlerite schist
unit. A wide zone of altered rock occurs below the mineralized

lenses. Regional metamorphism and local hydrothermal alteration
have obscured the primary composition of the host rocks; con-
sequently, the following unit descriptions are based on mineral
assemblages. Primary compositions are tentatively inferred from
these assemblages (Table 7-1), and chemical analyses in progress
will better characterize the original host rocks,

A poorly exposed chlorite phyllite (unit 1} occurs in the southern
part of the map-area (Fig. 7-7). It is a thinly laminated brownish
green chlorite phyllite that is noticcably less foliated than the overly-
ing schists.

Unit 2 comprises dominantly sericite-quartz schist with abundant
disseminated pyrite throughout. Unit 2a is a more massive phase of
the ‘paper’ schist of unit 2b and contains lenticular. silica-rich
segregations up to 6 centimetres in length. Unit 2b, referred to as a
sericite-quartz “paper’ schist (Table 7-1. Fig. 7-7), is the most
conspicuous unit in the map-area. In outcrop, the paper schist unit is
easily discernible by its fissile appearance and by its weathered
coating of yellow ferric sulphate. It is the host and the tootwall to the
barite-sulphide lenses and is interpreted to be a highly altered,
predominantly felsic tuff unit. A number of quartz veins up to a

LEGEND
EAGLE BAY FORMATION
TUFFACEQUS CHLORITIC SCHIST
ANKERITIC PHYLLITE: 4a — ARGILLITE
CHLORITE SCHIST
MINERALIZATION; BARITE BLUFF
SERICITE-OUARTZ 'PAPER SCHIST
a SERICITE-QUARTZ SCHIST
CHLORITE PHYLLITE

A RS R S

Figure 7-7. Map of the Homestake property showing geology and access roads.
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metre thick are found within the paper schist below the barite lenses,
they contain pyrite but are generally barren of other sulphides.

A dark green laminatea chiorite schist (unit 3, Table 7-1; Fig. 7-7)
occurs stratigraphically above and laterally west of unit 2b. It
consists of carbonate phenocrysts within a fine-grained chlorite-
fetdspar matrix. These phenocrysts, which may be pseudomorphic
after plagioclase, are rimmed and partially replaced by chlorite.
This unit is probably altercd andesite tuff; its contact with unit 2b is
in part an interfingering of felsic and intermediate tuffs but may also
reflect an irregular pervasive potassic and silicic alteration
boundary.

A fine-grained ankeritic phyllite (unit 4) composed of interbed-
ded layers of ankerite-bearing chlorite phyllite occurs above units
2b and 3. In outcrop, limonite pseudomorphs after iron-rich carbon-
ate give the rock a characteristic brown tinge. Some fine-grained
pyritic argillites within the phyllite package are the most continuous
and reliable marker units at Homestake. These arpillite tayers con-
tain elongate quartz eyes or augen-shaped clasts up to 0.8 millimetre
in diameter. The quartz eyes have cores of euhedral pyrite crystals
and are sct in & fine-grained pyritic and carbonaccous matrix of
phyllosilicates, quartz, and feldspar. Unit 4 is interpreted to be
largely a sedimentary clastic rock with interbedded chloritic wmff
layers.

A tuffaceous chlorite schist (unit §) occurs on the steep cliffs in
the upper, northern portion of the Homestake area. The rock con-
tains massive and tuffaceous zones composed of chlorite and car-
bonate, probably developed from regional metamorphism of rocks
of intermediate composition such as andesite. Relict flattened felsic
clasts imply « pyroclastic origin for at least part of this unit. Pyritic
quartz veins and calcite stringers occur throughout the schistand, in
several places, cut the foliation. Locally, cherty pods and argillite
layers are interbedded with the schist. This unit is overlain by a thick
greenstone sequence (V. A. Preto, pers. comm., [985).

SULPHIDE-BARITE LENSES

A number of baritc lenses with variable amounts of sulphides
occur within the upper part of unit 2b. They are described in detail in
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early Minister of Mines Annual Reports (1927, 1936) and will be
briefly reviewed here. At least three lenses, separated by sericite
schist, are recognized. They range in thickness from less than a
metre to at least [0 metres and uaderground some have been traczd
several hundred metres. Metallic minerals within these lenses in-
clude tetrahedrite, galcna, sphalerite, pyrite, chalcopyrite, arg:n-
tite, minor native silver, and trace ruby silver and native gold.

The lenses may consist either of massive to banded barite with
only scattered metallic minerals throughout, or interlayered barite,
schist, and sulphides. Two lenses are exposed on surface. The
largest, referred to as the ‘barite bluf?" {unit 2¢, Fig. 7-7), has an
exposed thickness of 5 to 6 metres. [t pinches out rapidly aleug
strike, has a sharp hangingwall contact with sericite schist, and
grades down into massive sericitic chert. A smaller lens, 1 to 2
metres thick, occurs below the ‘barite bluff’ unit (Fig. 7-7); it is
banded but contains only minor sulphides.

STRUCTURE

A well-defined pepetrative mineral foliation is ubiquitcus
throughout the Homestake area. The foliation is outlined by the
preferred orientation of platy minerals such as sericite and chloriz,
and lenticular silica-rich segregations in unit 2. Foliation, plotted 2n
a stereonet (Fig. 7-8A), has a reasoriably tight cluster around a
maximum that strikes 120 degrees and dips 30 degrees northeas.

Original compositional layering is generally difficult to see.
Except within argillite bands of vait 4, it has been largely obscur:d
by either metamorphism or the intense deformation. In genera,
however, it strikes between 120 and 160 degrees with an average dip
of 35 degrees northeast (Fig. 7-8B). The similarity between folie-
tion and bedding attitudes indicates eitaer tight to isoclinal folding
or a constant facing direction.

No [arge folds have been identified in the chlorite or sericite
phyllites beneath the barite lenses. Mearly all bedding-cleavaze
intersections in these phyllites have a common vergence. Therefore,
the succession could be a homoclinal, non-folded sequence on the
lower, upright limb of a tight syncline. However, rootless tight to
isoclinal minor folds throughout the succession and the presence =f



large folds outlined by argillite beds in overlying rocks (unit 4)
suggest that larger folds also oceur within the phyllites. These folds
would be asymmetric, cssentially confined to a single unif, with
shortened or sheared-out overturned fold limbs.

On a regional scale the Homestake property is located on the
southern limb of a large overturned syncline (Schiarizza and Preto,
1984: Preto and Schiarizza, 1985). Evidence in the Homestake
area, including fold closures and vergence obtained from bedding-
cleavage intersections, supports a synclinal fold closure to the
northeast.

SUMMARY

Sulphide-barite lenses at Homestake occur near the top of & thick
sequence of pyritic quartz-sericite phyllites within a predominantly
mafic to intermediate tuff succession. The quartz-sericite phyllites
include both felsic tuffs and metasomatically altered footwall rocks
in which potassium, silica, and iron have been introduced, Al-
though macroscopic folds are not recognized within the footwall
phyllites, their presence is inferred due priparily to recognition of
folds in overlying units where bedding is more visible and to the
presence of rootless minor folds within the phyllites.

CONCLUSIONS

Rea Gold and Homestake have many similarities. They are sul-
phide + barite lenses within or near the top of a felsic (7) pyroclastic
unit within a thicker pile of more mafic tuffs and minor mafic flows.
Both have extensive footwall alteration zones characterized by sil-
icification, sericitization, and pyrite development, and both are
overlain by a mixed mafic pyroclastic and clastic sedimentary
sequence. These depaosits, as well as a number of other somewhat
similar deposits in Eagle Bay Formation rocks such as Beca and
Birk Creek (Gouticr, ef ., 1985), are similar in many respects to
the volcanogenic “polymetallic” or Kuroko class of deposits.
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INTRODUCTION

Carbonatites are carbonate-dominated tgneous rocks that occur
most commonly as intrusive bodies, generally associated with al-
kaline igneous rocks (Pecora, 1956; Heinrich, 1980). Extrusive
carbonatites arc less common but have been described in western
Uganda (von Knorring and du Bois, 1961), northern Tanzania
(Dawson, 1962, 1964, Hay, 1983), central Kenya (Le Bas and
Dixon, 1965), western Kenva (Le Bas, 1977; Deans and Roberts,
1984), and Germany (Keller, 1981).

Many carbonatite bodies are valuable sources of a number of
commodities. Nb has been produced at Oka and St. Honoré,
Quebec and Araxa, Brazil; the Mountain Pass carbonatite in Califor-
ntia is the largest producer of rare earth elements in the western
world; and copper and by-product apatite, magnetite, vermiculite,
and Zr(), are produced in Palabora, South Africa (Currie, 1976;
Heiarich, 1980). Carbematite deposits in the eastern Canadian Cor-
dillera (Pell, 1985; White, 1985) have recently received some inter-
est due to their enriched pyrochlore and rare earth element content,
but none have yet had any production.

Carbonatites in the Perry River area along the northwestern
margin of Frenchman Cap dome on the eastern edge of the Shuswap
Metamorphic Complex (Fig. 8-1) were originally described by
McMillan (1970) and McMitlan and Moore (1974). Two varieties
were recognized: type I intrusive sills and dykes, and a type IL
extrusive layer. Detailed mapping in the Mount Grace area north of
the Perry River (Hoy, 1979) led to the discovery of new occurrences
of the type II carbonatite layer, referred to as the Mount Grace
carbonatite (Hoy and K.wong, in press} and confirmed the sugges-
tion (McMillan and Moore, 1974) that it is an extrusive layer.

Work during the 1945 ficld season included eight days of sam-
pling, detailed mapping, and section measuring. Sampling of both
the intrusive carbonatites in the Perry River area and of the Mount
Grace carbonatite provided additional datz on their geochemistry
and petrography. Detailed mapping and section measurements re-
sulted in a better understanding of the relaticnship between intrusive
carbonatites and assoc .ated syenites, a knowledge of the internal
stratigraphy of the Mount Grace carbonatite, and the discovery of
thin carbonatite tuff lavers adjacent to the main Mount Grace car-
bonatite layer. Observazions of clast size distributions in the Mount
Grace carbonatite allow speculation regarding source areas. Con-
tinued research includes oxygen and carbon isotope studies in pro-
gress at the University of Alberta, U/Pb dating of zircons collected
from both the carbonatites and nepheline syenites, and field map-
ping tracing the Mount Grace carbonatite northward.

Initial exploration in the Mount Grace area was centred around
the Cottonbelt deposit, 2 massive sulphide Pb-Zn layer discovered

in 1905. Carbonatites in the area have been periodically samplad fo-
their rare earth element content, most recently by Duval Interna-
tional Corporation (Pilcher, 1983). Work by Duval was restrictcd to
carbonatites south of Ratchford Crzek; it included prospecting,
geochemical sampling, and mapping. Claims in this area have been

acquired recently by Active Mineral Explorations Ltd. o°
Vancouver.

GEOLOGICAL SETTING

INTRODUCTION

The Mount Grace carbonatite, intrusive carbonatites, and sve nite
gneiss bodies occur within a mixed paragneiss succession along; the
northwestern margin of Frenchman Cap gneiss dome (Fig. 8-1), one:
of several late domal structurcs near the eastern margin of the
Shuswap Metamorphic Complex in southeastern British Colurabia
(Wheeler, 1965). The dome is exposed as a window between the
Columbia River fault to the east and the Monashee décollemant to
the west (Read and Brown, 1981).

The core of Frenchman Cap dome comprises a mixed paragr cis;
and orthogneiss succession of probable Aphebian age (R. L. Arm-
strong, pers. comm., 1980). It is basement to an unconformaibly
overlying ‘mantling gneiss’ or autochthonous cover succession,
comprising a basal quartzite and overlying pelitic and calcareou;
rocks. The autochthonous cover succession hosts the carbonatite;
and syenite gneisses, as well as the Cottonbelt Pb-Zn layer,

The ages of the mantling paragneiss succession and carbona.ite:,
are not known. Based on regional correlations with platformal rocks
to the east, a number of authors {Whaeler, 1965; Fyles, 1970; -6y
and McMillan, 1979) tentatively assigned Eocambrian to Early
Paleozoic ages to these rocks. A preliminary U/Pb date of 773 M:
was obtained from zircon of & svenite gneiss at the southem margir
of Frenchman Cap dome (Okulitch, et af., 1981) which is presam-
ably of similar age to the carbonatites (McMillan and Moore, 1974
Currie, 1976; Hoy and McMillan, 1979). Zircons from carbona ite:.
and syenites from this area are beiny analysed and will provide &
better age for these alkalic rocks and the host succession.

STRUCTURE AND METAMORPHISM

The structure of the northwestern margin of Frenchman Cag-
dome is dominated by the tight, early Mount Grace syncline ( “ig
8-2). The Mount Grace carbonalite occurs on both of its limbs. The
fold has been traced approximately 20 kilometres from north o
Ratchford Creek to south of Kirbyville Creek (where it is referred to
as the Kirbyville syncline; Brown, 1980) and has been proje:tec.
southward to the Perry River area where it is correlated (Journzay

British Columbia Ministry of Energy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1986-1.
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1982) with an early ‘Phase 1 isoclinal fold described by McMillan
(1970, 1973). Its axial surface is defined by a mineral foliation that
generally parallels layering in the attenuated limbs of the fold. Later
southwest-trending ‘Phase 2 folds are prominent in the Perry River
area (McMillan, op cit.). They are superimposed on large isoclinal
Phase 1 folds, accounting for the relatively complex outcrop pattern
in that area (Fig. 8-2). Both phases of folding deform the Mount
Grace carbonatite, the intrusive carbonatites, and the syenite
gneisses.

Amphibolite facies regional metamorphism along the western
and northwestern margin of Frenchman Cap dome has produced
sillimanite-kyanite, sillimanite, and sillimanite-potassic feldspar-
bearing assemblages in pelitic rocks. Calc-silicate assemblages

contain diopside, garnet, and actinolite. Carbonates and the car-
bonatites are recrystallized to medium to locally coarse-grained
granoblastic marbles.

STRATIGRAPHIC SUCCESSION

The stratigraphy of the ‘mantling gneiss’ succession that hosts the
alkalic rocks is summarized from McMillan (1973) and Hoy (1979).
A laterally extensive quartzite (unit 3, Fig. 8-3) of variable thickness
and purity forms the base of the succession. Crossbeds and graded
grit beds occur locally in the quartzite and provide some of the few
reliable stratigraphic top indicators. The quartzite is overlain by a
sequence of interfingering, dominantly calcareous and pelitic
schists (unit 4). Amphibolite layers, thin impure quartzite layers,
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Figure 8-1. Regional geclogical map showing the distribution and tectonic setting of alkalic rocks in Frenchman Cap dome, Shuswap
Metamorphic Complex (from Hoy and Brown, 1980). The Perry River Mount Grace area (Fig, 8-2) is outlined.
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TABLE 8-1
CHEMICAL ANALYSES OF TWO SAMPLES OF THE SYENITE GNEISS AT THE HEADWATERS OF
ANSTEY RIVER (FIG. 8-2)

S‘g‘;{"e Si0; ALO, Fe;0yy M20 CaO Na0 K0
H7I8MC-1 53.57 19.76 5.54 0.37 279 6.037 10.9
H78MC-2 51.88 22.07 493 026 226 5070 10.3

TI0, MnO +H,0 -H,0 CO, P0: §  FeO Fe0,
0.597 0.154 0.45 0.05 0.2 <008 <0.01 1.30 4.10
0.881 0.142 134 0.08 0.70 <0.08 <0.02 3.29 1.27

and swirled quartz-feldspar-biotite gneiss are common throughout
this unit, The upper part of the unit is dominantly calcareous,
comprising an interlayered succession of thin-bedded calc-silicate
gneiss, kyanite and sillimanite schist and gneiss, calcitic and dol-
omiti¢ marble, amphibalite, the Mount Grace carbonatite, and thin
scapolite-rich calcareous layers. Overlying unit 4 is a grey-weather-
ing crystalline calcite-dolomite marble layer (unit 5, Fig. 8-3). This
marbile is a valuable marker that can be traced around the margins of
Frenchman Cap dome. It is overlain by a calcareous and pelitic
succession (unit 6) tha! includes the Cottonbelt lead-zinc deposit.

In the Perry River area nepheline syenite gneiss bodies and
associated discontinuous carbonatite lenses occur near the base of
unit 3. They are overlain by the Mount Cirace carbonatite (Plate

8-1a) which, in the core of the Mount Grace syncline just sou'h ¢f
Ratchford Creek, is overlain by a lens (or lenses) of intrusivz
carbonatite (Pitcher, 1983), referred to as the ‘Ren’ carbonuiite.

The succession in the Mount Grace and Perry River areas has
been correlated (Hoy and McMillan, 1979; Brown, 1980) wih a
similar succession in the Jordan River area at the south end of
Frenchman Cap dome (Fyles, 1970). Here. syenite gneiss boJies,
originally believed to occur stratigraphically above the level of the
Mount Grace carbonatite (Currie, 1976), are now recognized to
occur at a deeper stratigraphic level (Hoy and McMillan, 1979,

The ‘mantling gneiss’ or autochthonous cover succession that
unconformably overlies the core gneisses has been interpreted o be
a shallow marine or platformal succession (McMillan, 1973; Hoy
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Figure 8-4. A schematic vertical section through the syenite-intrusive carbonatite-fenite zone at station H83P1 (Fig. 8-2),
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and McMillan, 1979; Brown, 1980). It represents a transgressive
marine sequence deposited on a low relief basement complex.
Coarse fluvial sandstone, conglomerate, and perhaps a veneer of
marine beach sands overlying a regional unconformity pass upward
into fine-grained. calcareous muds and siltstones which probably
were deposited on extensive tidal flats. The extrusive Mount Grace
carbonatite was deposited near the top of this succession in a shallow
marine environment.

ALKALIC ROCKS

INTRODUCTION

Alkalic rocks in the Perry RiverMount Grace area include:
(1) syenite, nepheline syenite gneiss;
(2) intrusive carbonatites, syenite;
(3) the intrusive ‘Ren” carbonatite; and
(4) the extrusive Mount Grace carbonatite.

The syenites and intrusive carbonatites are restricted to the Perry
River area, south of Ratchford Creek (Fig. 8-2). They are generally
concordant with surrounding layering in metasedimentary rocks
and are commonly intimately intermixed. Intrusive carbonatites are
thin layers or lenses with well-defined metasomatic envelopes or
‘fenite’ margins. The Mount Grace carbonatite is essentially a thin
layer that has been traced or projected at least 45 kilometres from the
Perry River area to north of Blais Creek.

SYENITE, NEPHELINE SYENITE
(UNIT 4b OF McMILLAN, 1973)

The largest syenite body in the Perry River area (see Fig. 8-2)isa
concordant unit up to 300 metres thick and 12 kilometres long
(McMillan, 1973). 1t is internally foliated and layered with alternat-
ing bands of syenitic and feldspathoidal rock. Country rocks along
its margins are metasomatically altered with development of a rusty
zone enriched in feldspar, pyroxene, muscovite, and/or pyrrhotite.
Two analyses of the syenite are shown in Table 8-1; additional
analyses are given by McMillan (op citr.). Semi-quantitative emis-
sion spectrographic analyses of these two samples indicate enrich-
ment, relative to pranites, of Ga, Be, Y, and Yb, as well as Nb, Zr,
and sometimes Ba (McMillan, 1973).

INTRUSIVE CARBONATITES AND
ASSOCIATED SYENITIC ROCKS

This unit includes a zone of intermixed syenitic rocks, fenite,
carbonatite. and metasedimentary rocks near the base of the
autochthonous cover succession. Two occurrences (sites H8SP1,
H85P4, Fig. 8-2) were studied in detail and extensively sampled for
geochemistry and zircon separations, These occurrences appear to
be part of a singlc continuous zone at least 4 kilometres in length
(see Fig. 3 of McMillan and Moore, 1974). The zone is concordant
with layering but on a regional scale may cut up section to the south.

TABLE §-2a
MINOR AND TRACE ELEMENT DATA (SEMI-QUANTITATIVE EMISSION SPECTROSCOPY) OF CARBONATITES
AND METASEDIMENTARY HOST ROCKS, PERRY RIVER AND MOUNT GRACE AREAS*

Sample

No. Rock Type
HB85PL-3........ .. intrusive carbonatite . ... ... ... L
HESPI-8....... S intrusive carbonatite ... ......... ...
H85P3-2A ... unpure marble ...
H85P3-2B ... impure marble .. ...
H85P3-2C ... impure marble ...
H85P3-2E ... .. Mt. Grace carbonatite B
H85P3-3.. ... ... Mt Grace carbonatite ... .. . ... ...
H85P3-3B... ... impure marble ... ... ...
H85P4-38 ... intrusive carbonatite ... .. ... .....eeii
HB5P4-3C ... ntrusive carbonatite.. . ...
HB85P7 ... Mt. Grace carbonatite. . .. . ...
HB85P9 ... Mt, Grace carbonatite. ...
HB85P10 ... Mt. Grace carbonatite .. ... N
H83P11 ... Mt Grace carbonatite. ... ........... .. ...
MGS-7. .. Mt. Grace carbonatite ... ... ... .o
MG5-8. ... .. Mt Grace carbonatite
H85P25A. ... impure marble.. . .. . ...
HE85P25B .. carbonmatite tuff ... .
HB85P25C ... impure marble e e
HR5P26A ... Mt. Grace carbonatite. . ... oo o
H85P26B ... . Mt, Grace carbonatite ...
HB85P26Bi.. .. mixed tuff-marble....... ... ... ... ..
H85P26C ... . mixed tuff-marble............... .
H85P26D ... .. Mt. Grace carbonatite. . .. .. ...
HB5P26E ... Mt. Grace carbonatite . . ...
H85P26F ... Mt. Grace carbonatite .
H85P26G . . ... .. marble, minor tuff ... . .
H85P26H . . ... mmpure marble . ...
H85P29 ~ Mt. Grace carbonatite . ... ...

Mn Sr Ba Nb
3000 =1 000 1 700 tr
2000 >2 000 1 100 tr

100 1 500 400 —

300 1000 900 —

200 700 200 —
1 000 1200 900 —
6 500 700 200 700
2 3500 tr tr tr

4010 >2% 1 800 100
1 400 >1% 2500 tr
2 806 400 2200 200
6 000 5000 1 800 500
4 000 =5 000 200 500
2 500 3000 2 800 100
3000 1 300 1 600 100
1300 4 000 1 500 100
1 500 600 G —
1 000 > 1% 900 400
1 200 600 1 200 —
2 500 > 1% 1 000 500
2 500 >1% 3000 1 000

800 700 300 —
1 500 1 000 1 000 —

800 6 000 1 600 200

400 4 000 900 —
1 200 5000 1 600 100
1 200 1 000 3500 100
1 300 300 400 —
4000 4000 1200 300

* All analyses in ppm.
Sample localities plotted on Figure 8-2.
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Sections through the zone are illustrated on Figures 8-4 and 8-5.
The syenitic rocks are most promincnt near the base of the zone. In
the northern section, they comprise essentially a single Jayer 510 6
metres thick, whereas at site H85P4 they form a number of layers.
The syenitic rocks are foliated, compositionally banded, and con-
tain rare thin metasedimentary layers and ocecasional small discon-
tinuous carbonatite lenses. The syenitic rocks are composed pri-
marly of 70 to 80 per cent plagioclase (andesine) and microcline in
varying proportions. True syenites arc less common than
monzonites (microcline is generally less abundant than pla-
gioclase), Principal malic minerals are acgerine + biotite. Sphene,
magnetite, apatite, chalcopyrite, and aflanite are common uc-
cessory minerals. A thin layer of predominuntly albite within cale-
silicate gneiss at sitc H84P | contains abundant coarse molybdenite.

Dark grey to black, well-layered amphibole fenite occurs
thraughout both sectioas. It is comprised primarily of aegerine,
sadic amphibole, biotite, and sphene. Calcite, apatite, plagioclase,
magnetite, chalcopyrite, and ilmenite may also be present. In sec-
tion HRSP1, it forms a thin 2 to 3-metre-thick footwall contact zone
between the syenitic rocks and core gneiss and a considerably
thicker hangingwall zone where itis interbedded with metasedimen-
tary layers (Fig. 8-4). It comprises greater than 50 per cent of the
southern section where 't contains abundant irregular zones, discon-
tinuous lenses, and thin layers of carbonatite. The contacts between

fenites and syenite gneiss, core gneiss, and thin granular quartz-
feldspar layers within fenite are generally sharp, whereas contacts
between fenites and calc-silicate layers are gradational. This, and
the occurrence of thin remnant granular gneiss layers within ferite,
siggest that cale-silicate layers arc fenitized in preference to less
calcareous layers.

Carbonatite lenses vecur throughout the fenite and occasionzlly
within the syenite and adjacent metasedimentary layers. Carbo at
minerals comprise 70 to 80 per cent of the rock. Amphibole, apa: te
and phlogopitc are the principal mafic components. Spheae
aegerine. plagioclase, magnetite, pyrrhotite, pyrochlore, chalco
pyrite, pyrite, and ilmenite may be present. Within fenite, the
carbonatites may occur as relatively thick buff-weathering foliated
and taminuated layers (Plate 8-1): us swirled. discontinuous le1ses
(Plate 8-2a); or as small coarse-zra:ned irregular pods with typically
calcite centres and biotite-amphibole margins. Large subhedral to
evhedral amphibole. sphene, ilmen te, and apatite crystals ozcu-
throughout these pods. Thin continuous carbonatite layers also
oceur in syenite and in metasedimentary lavers (Plate 8-2b). Tev
are fine graincd, include thin discontinuous fenite amphiboline
lenses, and have only thin fenite margins. Analyses of two samrples
of intrusive carbonatite are shown in Tables 8-2a and 8-2b; H8521 -3
is a coarse-grained varicty within fznite and H85P1-8 is a whit:
crysfalline marble in overlying schist.

TABLE 8-2b
RARE EARTH ELEMENT DATA (NEUTRON ACTIVATION) OF CARBONATITES AND METASEDIMENTARY
HOST ROCKS, PERRY RIVER AND MOUNT GRACE AREAS*

Sample Ce Dy Er Eu Gd Ho La
No.
H85P1-5 2010 41 <100 18 <720 9 14700
HE5P1-8 927 18 <100 9 <430 5 7040
H85P3-2A 0 <1 <l <1 <200 <l 6.6
H85P3.2R % 1 <100 <1 <200 <l IR
H83P3-2C 7 <l <0 <t <0 <) 4.1
H83P3-2E 155 4 <100 2 <M <) 934
HB85P3-3 1 430 200 <130 13 <590 5 957.0
H85P3-5B 19 <1 <100 <1 <200 <| 10.2
H§SP4-3B 7630 55 <100 83 <2800 <3 >2000,0
H85P4-3C 614 13 <100 11 400 8 RIVA]
H85P? 1170 8 <100 8 <540 2 7360
HE5P9 119 45 <100 12 <S03 7220
H85P10 875 15 <100 12 <440 4 5054
H85P1) 140 10 <100 9 <580 2 9370
MG5-7 98 12 <0 5 o<0 2 942
MGS-8 235 11 <100 4 <280 2 131.0
H85P25A 126 4 <100 <0 <l 798
H85P25B S98 20 <100 9 390 8 3200
HB85P25C 47 2 <100 =] <220 <] 287
HE83P26A 67 17 <100 8 620 3 400.0
H85P268 605 4 <100 7 <440 5 3620
HESP26Bi 152 1 <100 2 <200 <) 837
HA5P26C 176 5 <100 1<200 <] 1100
H85P26D 611 7 <100 4 <440 <1 4790
HESP26E 289 7 <100 5 <250 | 1500
HESP26F 512 9 <100 6 <30 2 310.0
HESP26G Al 6 <100 4 <320 1 1840
HE&3P26H 45 4 <100 <P <2000 <1 26.5
HE5P29 398 It <100 5 <400 l 2420

Lu Nd Pr Sc Sm Th Th Tm i
1.7 654 290 845 TR 5.4 359 34 17.4
.3 271 <99 (.12 3¢ 24 <03 2.0 10.0)
<1 <5 <30 1.37 08 <05 1.2 <05 205
<31 ] <50 2.92 [.&  <0.5 3L <05 20,
<01 <5 <50 1.17 0.7 <05 26 <05 0.3
0.3 63 <64 742 8.2 0.8 306 <05 [N
0.7 469 <130 378 S6.0 i3 32 1.6 6.
<0,1 b <50 0.63 19 <03 L8 <05 <03
0.5 3540 <550 058 3(3.0 11.0 24.8 6.7 7.4
0.2 279 <7 012 414 1.6 5.0 1.2 2.3
0.2 380 <120 719 0 332 1.4 37 1.0 34
0.5 424 170 6.89 427 22 15.2 1.6 4.3
0.5 345 100 6.70 436 23 15.0 1.9 4.3
0.4 433 <130 8.75 382 1.5 5.7 1.0 33
0.4 91 <65 5.37 16. . 1.5 0.7 0.8 33
0.4 88 <68 4,42 14.6 1.4 0.6 0.7 33
0.2 43 <62 927 59 <05 229 <05 1.4
1.2 236 <8 189 339 30 17.9 2.0 9.
<0, I2 <56 7.56 i <03 Il.l  <0.5 1.9
.0 247 e 235 344 2.4 7.4 [.5 8.7
0.9 224 <96 2.7 28.6 1.8 6.4 1.8 6.1
0.2 57 <80 2.01 9.2 0.6 <05 <05 1.2
<0.1 64 <50 1.51 10.4 0.5 <05 <05 1.2
0.3 149 <100 4.67 13.4 0.8 3.1 0.3 2.6
.1 123 <H0 2.4 151 0.8 0.6 0.7 1.6
0.3 188 <89 5.51 23.2 1.3 1.3 0.6 2.5
0.2 114 <78 6.68 152 1.3 4.9 0.8 23
0.2 17 <30  7.42 3.5 <05 65 <05 1.4
0.5 136 <00 522 178 I.1 0.5 0.8 41

* All analyses in ppm.
Sample lecalities plotted on Figure 8-2.
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(GREEN]}
PARAGNEISS

FENITE-

CARBONATITE
® P4-3c

LARGELY COVERED
SYENITE-
FENITE

RRERECEREE S
UNIT3 STy W BASAL QUARTZITE

[: INTRUSIVE CARBONATITE

FENITE
SYENITE GNEISS

QUARTZITE
ANy PARA-AMPHIBOLITE

CALC-SILICATE GNEISS
QUARTZ-BIOTITE GNEISS

® SAMPLE LOCALITY
(See Table 8-2)

Figurc 8-5. A measured section through the syenite-intrusive carbonatite-fenite zone at station H85P4 (Fig. 8-2).
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Intrusive
carbonatite,
syenite, fenite.

(i

Plate 8-1. Intrusive carbonatites-lenites, just south of station H85P4 (Fig. 8-2). {a) Overview showing position of carbonatite-fenit:-
syenite unit in foreground. and overlying Mount Grace carbonatite in distance. (b) Detail of interlayered ntrusive carbonatite and dark grey o
black amphibolitic fenite.
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(a)

(b)

Plate 8-2. Intrusivc carbonatites at station H85P1. (a) Swirled, discontinuous carbonatite lenses in fenite (sample H85P1-5),
(b} Intermixed buff-weathering carbonatite and fenite, overlain by grey-weathering carbonatite (sample H85P1-8).
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REN CARBONATITE

A new occurrence of a carbonatite in unit 6 in the core of the
Mount Grace syncline {Fig. 8-2) is reported by Pilcher (1983). Itis a
concordant unit at least 3 kilometres in length and 20 to 200 metres
in width that has fenitized margins and zones of fenite within it
(Pilcher, pers. comm., 1985). It weathers to ‘a mottled orange-
brown colour, has a well-banded to salt-and-pepper texture, and
averages 60 to 80 per cent calcite, 10 to 30 per cent apatite with
accessory biotite, ampt ibole, sphene, and rinor pyrrhotite, pyrite,
sphalerite, chalcopyrite, pyrochlore (7), and monazite ()" (Pilcher,
op cit., p. 8). It differs from the previously described intrusive
carbonate-syenite complex; it is substantially thicker, occurs higher
in the succession, and <oes not appear to be closely associated with
syenite.

MOUNT GRACE CARBONATITE

GENERAL DESCRIPTION

Field descriptions, petrogruphy, and gecchemistry of the Mount
Grace carbonatite are deseribed by Hoy and Kwong (in press). This
paper reviews briefly that data and preseats extensive additional
trace and rare carth element data and seme detailed sections through
the carbonatite layer.

The Mount Grace carbonatite layer averages 3 to 5 metres in
thickness. Locally it narrows to less than o metre. but near 77 its
northern limit (HB5P29, Fig. 8-2), it is estimated to be greater than
60 metres thick. Although in most places it is a single laver, it locally

(a}

comprises a main layer plus a number of thinner layers separated by
paragneiss and marble. [t has been traced or projected ben:ath
overburden for a strike length o approximately 60 kilometres. The
contacts of the Mount Grace carbonatite with overlying and unde rly-
ing calcareous gneisscs are sharp, »ut in places they grade through
approximately 1 metre into grey-wezthering, massive to thin-bed-
ded calcite marble. In contrast with intrusive carbonatites in the
Perry River area, the Mount Grace carbonatite has no fenit :ec
margins.

In the field, the carbonatite is recognized and characterized by ar
unusual pale to medium brown-weathering colour. Grains of cark
brown phlogopite, colourless apatite, and needles of amphibole
weather in relief. Pyrrhotite, pyrochlore, and zircon are locally
developed accessory minerals. The Mount Grace carbonatit> i
commanly internalty bedded. with a layer or several layers of
‘blocky’ tephra interbedded with firer grained, massive or lomi-
nated carbonatite. The blocky tephrs layers contain three types of
matrix-supported clasts: small granular albitite clasts up to 2 cen-
timetres in diameter, consisting of pure albite or albite with vari.ible
amounts of phlogopite: syenite clasts, 1 to 10 centimetres in d-ame-
ter, consisting of K-feldspar with variable amounts of plagioclase
calcite, apatite, and rare feldspathoids; and larger rounded to b
rounded biotite-plagioclase gneiss, schist, and quartzite clasts tha
are commonly up to 20 centimetres in diameter. The lithic clust:
may be internally folded and have a pronounced layering or foliatior
that is randomly oriented with r2spect to the regional mineral fo'ia
tion. The lithic and albitite clasts are generally randomly distributec.

Plate 8-3. Mount Gruce carbonatite (station H85P3), (a) Well-layered extrusive carbonatite containing small clasts of dominantly albi ite
(b) Large clast of mixed syenite-paragneiss (1 with relict tenite (?) along contact,
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throughout a blocky tephra layer, but in some layers they are concen-
trated in the central portion or occasionally graded with clast size
increasing up section.

The Mount Grace carbonatite was examined in detail and exten-
sively sampled in the Perry River area (H85P3), in the Mount Grace
area, and north of Blais Creck (H85P23).

PERRY RIVER AREA (H85P3)

The maximum thickness of the Mount Grace carbonatite in ex-
posures at this site and north to the ridge (see Plate 8-1a} is approx-
imately 1 metre. 1t consists of a single well-bedded layer that
contains generally small (2 to 3-centimetre} albitite and lithic clasts
(Plate 8-3a). Uncommon, larger clasts (to 15 centimetres max-
imum) include folded lithic fragments and a rare syenite clast witha
preserved fenite margin (Plate 8-3b). The carbonatite layer is within
a mixed impure marble, calc-silicate and pelitic gneiss sequence
(Plate 8-4). The immediate footwall is a thin grey marble of sedi-
mentary origin (see Tables §-2a and 8-2b, sample H85P3-2C).

Rare earth element data and some trace element data for both the
carbonatite and host rocks from this locality are listed in Tables 8-2a
and 8-2b.

MOUNT GRACE AREA

The Mount Grace carbonatite occurs on the inverted west limb of
the Mount Grace syncline. It structurally overlies the white crys-
talline marble of unit 5 and the Cottonbelt Pb-Zn layer near the base
of unit 6. It has been traced discontinuously approximately 13
kilometres in the Mount Grace area, from limited exposures in trees
near its south end to fairly continuous exposures west of Mount
Grace, to two drill intersections at its north end. Its thickness varies
from less than a metre at its north end to a maximum of approx-
imately 3 metres just north of sample P11 (Fig. 8-2). It decreases in
thickness southward but appears to increase again in the southern
exposures. The size of included clasts appears to increase propor-
tionately with thickness; 30 to 40-centimetre diameter clasts are
common in the thicker sections, but only 5 to 10-centimetre max-
imum clast sizes occur in thinner sections.

Trace and rarc carth element data of carbonatite samples from the
Mount Grace area are given in Hoy and Kwong (in press). and some
additional data from this study (H85P7 to HE5P1 1) are listed in
Tables 8-2a and 8-2b.

BLAIS CREEK AREA

A measured section at site H85P25 (Fig. 8-2) illustrates the
succession in the Blais Creek area and the position of the Mount
Grace carbonatite near the top of unit 4 (Fig. 8-6). The carbonatite
unit is 8.2 metres thick and includes a thick basal part of mixed
coarse blocky tephra and fine-grained tuff and marble, overlain by
interlayered impure metasedimentary marble and tuff (Fig. 8-7).
Within the basal part are interbedded coarse tephra layers, fine-
grained layers, and a number of coarsening upward cycles. Clasts
are abundant (Plate 8-3), averaging 15 to 20 centimetres in diameter;
the largest are 30 to 40 centimetres. In general, lithic clasts are
larger than albitite clasts. The top of the Mount Grace carbonatite is
dominated by impure siliceous marble that contains a few thin,
brown-weathering, fine-grained tuff layers.

Analyses of the carbonatite layers and host rocks are listed in
Tables 8-2a and 8-2b, and selected data plotted on Figure 8-7. The
data confirms the existence of thin tuff layers within metasedimen-
tary marble at the top of the carbonatite unit (sample H85P25B} and
indicates that some of the fine-grained marble layers within the basal
part of the carbonatite unit, those that have low REE concentrations
(for example, HE5P26B, HRSP26D), may be largely of sedimentary
origin with only a minor tuff component.
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The thickness of the Mount Grace carbonatite increases dramat-
ically northward to at least 20 metres at site H85P29 (Fig. 8-2). An
associated increase in clast sizes here indicates close proximity to a
source or vent arca. The Mount Grace carbonatite has not been
studied in detail at this locality and has only been traced a further
| kilometre to the north.

TRACE ELEMENT AND RARE EARTH ELEMENT
(REE) DATA

Analyses of selected samples of the intrusive carbonatites. the
Mount Grace carbonatite, and host metasedimentary rocks are listed
in Tables 8-2a and 8-2b. These samples are mainly from the Perry
River and Blais creek areas as data from the Mount Grace area arc
given in Héy and Kwong {in press). Both types of carbonatite arc
characterized by relatively high Mn, Sr, and Ba values, and the
extrusive Mount Grace carbonatite by Nb values that range up 1o
1 000 ppm (Table 8-2a).

Total REE concentrations (Table 8-2b) of both extrusive and
intrusive carbonatites average between 0.1 and 0.2 per cent, with
one sample of the Perry River intrusive carbonatite (H85P4-3B)
containing greater than 1.5 per cent REE content. Chondrodite
normalized REE plots of selected samples (Figs. 8-8, 8-9, and 8-10)
illustrate the light rare earth element (La through Eu) enrichment
that is typical of carbonatites wortdwide. Comparison of ptots for
intrusive and extrusive carbonatites shows that although the stopes
(enrichment} are similar, the intrusive carbonatites that are closely
associated with syenite (Fig. 8-8) generally have higher absolute
values of REE’s than the Ren or the Mount Grace carbonatites.
Overlap in REE values suggests that contamination of the Mount
Grace carbonatite by simultaneous deposition of marine carbonate
was minimal.

CONCLUSIONS

Initial alkalic magmatism included intrusion of syenites,
nepheline syenites, and carbonatite lenses in a platformal metasedi-
mentary succession that unconformably overlay a basement com-
plex. Subsequent explosive volcanism from widely separated vent
areas produced a number of interfingering pyroclastic ash flow or air
fall layers, now preserved as the Mount Grace carbonatite. The
extrusive episodes were separated by quiescent periods and locally
deposition of marine carbonate. Intrusion of the Ren carbonatite in
overlying metasedimentary rocks indicates that alkalic magmatism
spanned a considerable time interval.
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Figure 8-6. A measured section at stations H85P25, H85P26, Blais Creek area that includes the Mount Grace carbonatite and

adjacent host rocks.
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LEGEND

8 IMPURE MARBLE 3 RUSTY SCHIST

7 CALC-SILICATE GNEISS 2 IMPURE MARBLE

& MOUNT GRACE CARBONATITE 1 CALC-SILICATE GNEISS,
5 GREY MARBLE IMPURE MARBLE,

4 IMPURE MARSLE, PELITIC SCHIST

CALC-SILICATE GNEISS

Plate 8-4. The Mount Grace carbonatite and host succession at site H85P3, showing locations of analysad samples (Tables 8-2a and §-1b).

Plate 8-5. Subrounded paragneiss clasts in the Mount Grace curbonatite at the Blais Creek section (station H85P25).
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British Columbia Geological Survey

Geological Fieldwork 1985

GEOLOGY OF THE EAGLE BAY FORMATION
BETWEEN THE RAFT AND BALDY BATHOLITHS*
(82M/5, 11, 12)

By Paul Schiarizza

INTRODUCTION

A 600-square-kilometre area cenfred necar the town of Vavenby
was mapped between mid-July and mid-Octeber. This work extends
the mapping of the Eagl Bay Formation and adjacent rocks carried
out by the Ministry of Energy, Mines and Petroleum Resources
under the direction of V. A. Preto from 1978 to 1981. The results of
this vear’s work will be rzleased inearly 1986 as an Open File map at
a scale of £:50 000,

ROCK UNITS

EAGLE BAY FORMATION (UNITS 1 to &)

The Eagle Bay Formation within the map-area has been sub-
divided into eight units. At the base of the formation is a quartzite-
dominated succession (unit 1) of unknown age. This is overlain by a
succession of felsic to intermediate metavolcanic rocks (units 2 and
3) and fine to coarse-grained clastic metasedimentary rocks (units 4
and 5) which are inferred to be mainly of Devono-Mississippian age
based on correlations with dated Eagle Bay rocks to the south.
Structurally above these rocks is a mafic metavolacanic-limestone
division {unit 6) locally overlain by intermediate metavolcanics
(unit 7). Fossil archaeocyathids from the Tshinakin limestone mem-
ber of unit 6 indicate that it is Early Cambrian in age, and therefore
must be in thrust contact with the underlying portion of the Eagle
Bay package of Devono-Mississippian age. The structurally highest
division of the Eagle Bay Formation comprises clastic metasedi-
mentary rocks of unit 8, which sit above unit 6 in the eastern part of
the map-area. This panel of rocks is overturned, however, and unit 8
may be the oldest unit within the Eagle Bay succession.

UNIT I

Unit 1 is dominated by light to medium grey quartzite, platy
chorite-muscovite quartzite, and chlorite-muscovite-quartz schist.
Biotite and gamet are commonly present in the vicinity of Reg
Christie Creek. where the rocks are of higher metamorphic grade
(Fig. 9-1). Locally, unit | contains significant proportions of lime-
stone, calc-silicate schist, dark grey phyllite, silvery sericite-quartz
phyllite, and green chloritic schist. Unit 1 is the structurally lowest
rock unit exposed within the map-area. It occurs in a discontinuous
belt which extends along the southern margin of the Raft batholith
from Mount McClennan westward to the western edge of the map-
area, and from just east of Vavenby on the east side of the Norsth
Thompson River eastward along Reg Christiz Creek. A thin horizon
of mainly platy quartzites, siltites, and chlorite-muscovite-quartz
schists, which occurs between unit 6 and orthogneiss of unit 9 north
of Gollen Creek, is also included within unit 1. Rocks correlative
with unit 1 along the northern margin of the Baldy batholith in the
vicinity of Harper Creek (unit 1a) are intruded by large volumes of
granitic orthogneiss, and are intercalatcd with thin horizons of
‘quartz-eye’ sericite scist. These horizons are probably derived
from quartz porphyry sills related to overlying felsic volcanics of
unit 2.

Unit 1 is lithologically similar 10 unit SDQ of Schiarizza und
Preto (1984) in the Adams Lake-Barricre Lakes area. It also appezrs
to correspond closely to descriptions by Campbell and Tipaer
(1971) of their unit 1 which consists largely of quartzite and quariz-
mica schist and outcrops on the north side of the Raft batholith about
20 kilometres northwest of the mar-area, The age of unit 1 is
unknown, but it may be considerably older than the overlying
Devono-Mississippian portion cf the Eagle Bay succession.

UNIT 2

Unit 2 consists mainly of light silvery grey sericitc-quartz phyllite
and chlorite-sericite-quartz phyllite derived largely from felsic to
intermediate volcanic and volezniclastic rocks. The phyllite com-
monly contains eyes of glassy quartz to several millimetres in size,
and locally includes fragmenta. members containing felsic clasts
that are highly flattened within the plane of the schistosity. Also
present within unit 2 is green chloritic phyllite derived from more
mafic volcanic rock, dark grey phyllite and siltstone, light grey
sericitic quartzite, and thin horizons of pyritic cherty rock that ray
be of exhalative origin.

Unit 2 outcrops most extensively along a much faulted belt south
of the North Thompson River which extends from the western
boundary of the map-area as far east as Chuck Creek. It sits above
anit 1a in the western part of this belt and above orthogneiss of unit 9
to the east. Unit 2 is absent, or very thin, along the faulted extension
of this belt in the vicinity of Golten Creek, but occurs locally abave
unit 1 south of Reg Christic Creek where this stratigraphie level is
repeated as a south-dipping panct on the north limb of the G-af-
funder Lakes synform (Fig. 9-2, section A-A"). Unit 2 is ¢lso
exposed above unit 1 on the north side of the North Thompson River,
west of Crossing Creek, but is absent just to the east, where unit 1 is
directly overlain by unit 4.

Unit 2 is inferred to be Devonian in age based on correlation vrith
felsic to intermediate metavolcanic rocks of that age in the Ad:ns
Lake area (unit EBA of Schiarizza and Preto, 1984).

UNIT 3

Unit 3a comprises pale to medium green, strongly to weakly
foliated chlorite-sericite schists which commeonly contain crystals of
feldspar, hornblende, and quartz, as well as lithic clasts to several
centimetres in size. This unit was derived largely fron intermediate
crystal-lithic tuffs, but may also include some porphyritic flows.
These rocks overlie unit 2 betwezn Lute and Baker Creeks as well as
on the slopes west of Foghorn Creck (unit EBF of Schiarizza and
Preto, 1984). This unit also outcrops between Jones and Avery
Crecks where it apparently underlies unit 5.

Unit 3b comprises feldspar porphyry, feldspathic schist, sericite-
feldspar-quartz schist, and metavolcanic breccia that are derived
from trachytic, dacitic, and rhyolitic intrusive and extrusive rocks.
It overlies unit 2 between Lute and Foghorn Creeks where it hosts
the Rexspar uranium-fluorite mineral:zation. Originally these rccks
were included within unit 2 (unit EBAf of Schiarizza and r:to,
1984); it is more likely that they are lateral equivalents of unit 3a.

* This project is a contribution to the Canada/British Columbia Mineral Development Agreement.
British Columbia Ministry of Energy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1986-1.
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UNIT 4

Unit 4 consists of light to medium greenish grey grit, quartzite.
and chlorite-sericite-quartz schist with minor amounts of interca-
lated dark grey phyllite, limestone, and chlorite schist. It sits be-
neath unit 5 in the vicinity of Jones Creck but both above and below
unit 5 on the slopes south of Mount McClennan, possibly due to
isoclinal folding of the two units. A thin wedge of grit, quartzite,
limestone, and chlorite schist, which occurs between units 3 and 6
on the slopes west of Chuck Creek, is tentatively included within
unit 4, but may actually be a structurally imbricated sliver of units 6
and 8. Unit 4 is lithologically similar to, and possibly correlative
with, parts of unit EBS of Schiarizza and Preto (1984), which
outcrops in a northwest-trending belt between Adams Lake and the
Barriere River.

UNIT 5

Unit 5 consists mainly of dark grey phyllite with intercalated
siltstone, sandstone, grit, and minor amounts of pebble con-
glomerate. It also includes medium to dark grey limestone and pale
greenish grey schistose chloritic and sericitic dolostone. Unit 5 lies
stratigraphically above unit 2 throughout most of the area, but
locally is above (or within?) unit 4. Unit 5 is correlated with
lithologically identical rocks in the Barriere Lakes area which have
yielded several collections of Lower and Upper Mississippian con-
odonts (unit EBP of Schiarizza and Preto, 1984).

UNIT 6

Unit 6 consists mainly of medium to dark green calcareous
chlorite schist, dolomite-chlorite schist, and relatively massive
greenstone that are derived from mafic volcanic and volcaniclastic
rocks, It also includes minor amounts of sericite-chlorite schist
containing hornblende, feldspar, and rare quartz crystals which was
derived from intermediate crystal tuffs and/or porphyritic flows.
Thin lenses and beds of white crystalline limestone and rusty
weathering schistose dolomite occur locally throughout the unit. A
horizon of light grey limestone up to several hundred metres in
thickness (unit 6a) forms prominent bluffy outcrops within the unit
north and south of Vavenby. This limestone is clearly correlative
with the Tshinakin limestone of the Adams Lake-Johnson Lake area
which is also enclosed within a thick succession of mafic meta-
volcanic rocks (unit EBG of Schiarizza and Preto, 1984). Fossils
collected from unit 6a, 4 kilometres northwest of Vavenby, were
identified as archaeocyathids by B. S. Norford of the Geological
Survey of Canada in Calgary. This indicates an Early Cambrian age
for unit 6a at this locality.

Unit 6 sits structurally above unit 5 in several fault-bounded
blocks on the south side of the North Thompson River between
Chuck and Baker Creeks. This contact is inferred to be a thrust fault
because unit 5 is thought to be of Mississippian age while unit 6 is
now known to be, at least in part, Early Cambrian in age. A thrust
relationship between unit 6 and underlying rocks is substantiated,
on structural grounds, in the area east of Chuck Creek and on the
north side of the North Thompson River south of the McCorvie
Lakes. In these areas unit 6 and structurally overlying rocks of unit 8
are overturned, while the structurally underlying rocks of units 1, 2,
4, and 5 are in their regionally persistent and presumably right-way-
up orientation.

Rocks correlative with unit 6 in the Barriere Lakes-Adams
Plateau area (unit EBG of Schiarizza and Preto, 1984) were also
inferred on structural grounds to be in fault contact with underlying
Devono-Missippian rocks correlative with units 2, 3, and 5 of this
report (Schiarizza, 1983; Schiarizza and Preto, 1984). The Early
Cambrian age of the Tshinakin limestone established during the
present study corroborates this interpretation.
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UNIT 7

Unit 7 consists of light to medium green crystal-lithic metatuff,
similar to that of unit 3a, with lesser amounts of intercalated lime-
stone. dolomite-chlorite schist, platy quartzite, and chlorite-
sericite-quartz schist. It occurs only in the vicinity of Chuck Creek
where it sits structurally above unit 6.

UNIT 8

Unit 8 consists of light to medium grey-green quartzite, grit, and
chlorite-muscovite-quartz schist with relatively minor amounts of
intercalated dark grey phyllite and dolomite-chlorite schist. It sits
structurally above unit 6 in the steeply dipping belt cast of McCorvie
Lakes and in the core of the Graffunder Lakes synform east of the
Chuck Creek fault (Figs. 9-1 and 9-2). It also occurs as a belt
internally within unit 6 on the south limb of the synform, where it is
presumably infolded into unit 6. Graded beds at a number of places
within unit 8, including the southern margin of the belt within unit 6,
are overturned; thercfore unit 8 actually lies stratigraphically be-
neath unit 6 and is inferred to be Earty Cambrian and/or older in age.

DEVONIAN (?) ORTHOGNEISS (UNIT 9}

Unit 9 comprises quartzo-feldspathic orthogneiss. Itis typically a
weakly to moderately foliated rock consisting of lenses and augen of
quartzo-feldspathic material enclosed by ‘seams’ of chlorite-sericite
schist. Locally it grades to virtually massive granitic rock or con-
versely to strongly foliated chlorite-sericite schist containing farge
‘eyes’ of quartz. Biotite is an important component of the gneiss
within the thermal aureole of the Baldy batholith.

The orthogneiss occurs mainly as a north-dipping belt up to 3.5
kilometres wide, which extends along the north margin of the Baldy
batholith from the east end of the map-area to the northeast-trending
fault west of the Barriere River. In the cast it lies beneath, and
presumably intrudes, unit I; in the west it is beneath unit 2. Farther
west substantial amounts of orthogneiss occur within both units 1a
and 2; there, however, it is not sufficiently well defined to be
mapped separately and shown on the geological map. Similar
orthogneiss also occurs within unit 2 rocks south of Reg Christie
Creek.

The unit 9 orthogneiss is lithologically identical to intrusive units
within felsic to intermedtate metavolcanic schist exposed along the
southern part of Adams Lake (unit EBAI of Schiarizza and Preto,
1984). There, the orthogneiss is believed to be genetically related
and of similar age to Devonian volcanics that it intrudes. Devonian
orthogneiss also occurs along & belt which extends for more than 70
kilometres between Adams and Shuswap Lakes (Okulitch, er «f.,
1975). Unit 9 is therefore considered likely to be of Devonian age.

FENNELL FORMATION (UNIT 10)

Basalt. gabbro, chert, and related rocks of the Fennell Formation
outcrop mainly south of the North Thompson River along the
western edge of the map-area, where they were studied by the writer
in 1980 and 1981 (Schiarizza, 1981, 1982, 1983). In this arca an
east-dipping thrust fault juxtaposes them against unit 3a of the Eagle
Bay Formation. A small sliver of Fennc!l Formation chert, cherty
argillite, and fine to medium-grained greenstone also oceurs along
the western edge of the map-area directly north of the river. There it
ts unconformably overlain to the north by Miocene basalt (Fig. 9-1).
These Fennell rocks are inferred to be separated from unit | of the
Eagle Bay Formation by the same east-dipping thrust fault that
scparates the Fennell from unit 3a further south. This relationship
may persist to the northwest into the Bonaparte Lake map-area
where, on the north side of the Raft batholith, Campbell and Tipper
(1971) mapped an east-dipping thrust fault between the Fennell
Formation and structurally overlying rocks which may be equivalent
to unit | of this report.



CRETACEOUS GRANITIC ROCKS (UNIT 11)

Cretaceous granite and granodiorite (unit 11) of the Raft and
Baldy batholiths intrude Eagle Bay rocks along the northern and
southern margins of the map-area respectively. Intrusion postdated
regional metamorphism and most of the penetrative deformation
within the Eagle Bay successton, but appears to have been syn-
chronous with relatively late folding about eust-west-trending axes.
Both batholiths are cut by northerly trending faults of probable Early
Tertiary age. In contrast 1o the abrupt northern contact of the Baldy
batholith, the southern margin of the Raft batholith is marked by a
broad zone of intermixcd metasedimentary and granitic rocks, Cor-
dierite (7), andalusite, and sillimanite occur in pelitic schists of unit
I at several localities within, and just south of, the contact zone of
the Raft batholith.

Cretaceous granite also occurs aloag the eastern edge of the map-
arca, east of Robert Creek, This body (unit 11a) includes abundant
pegmatitc as well as distinctly foliated granitic phases.

MIOCENE BASALT (UNIT 12)

Flat-lying. undeformed basalt flows, which are well exposed
along the Clearwater River to the northwesr (Campbell and Tipper,
1971), extend as far cast as the northwestern comer of the map-area
(Fig. 9-1). A smal! patch of basalt which unconformably overlies
unit | guartzites on the 1orthwest slopes of tae Raft River valley, 3.5
kilometres north of the confluence with the North Thompson River,
is apparently a detached erosional remnant of these flows. These
basalts are the easternmost representatives of an extensive mass of
Late Miocene to Pliocene plateau lavas which cover much of the area
to the west and northwest of the map-area (Campbell and Tipper,
1971).

STRUCTURE

The mesoscopic structural fabric within the map-area is domi-
nated by the following five generations of structures:

(1) Anecarly metamorphic foliation, axial planar to very rarc smatl
isoclinal tolds, which is locally observed to be discordant to
and/or folded about the dominant second generation
schistosity.

(2

Variably oriented . but most commonly north to east-plunging
isoclinal folds; tre dominant synmetamorphic schistosity is
axial planar. Throughout most of the arca this schistosity is
parallel to bedding.

Northwest-trending folds and crenolations with axial planar
crenulation cleavage. Axial surfaces generally dip steeply to
the northeast or southwest, but in a small arca north and south
of Vavenby, northwest-trending folds display a gently north-
west-dipping axial planar crenulation cleavage.
East-west-trending upright folds, kinks, and crenulations that
probably formed during emplacement of the Early to Middle
Cretaceous Raft and Baldy batholiths.

Upright, northerly trending folds, kinks, and crenulations of
probable Tertiary age. The folds are often most promincntly
developed adjacent to northerly trending faults.

3

(4

—

(5)

The most conspicuous macroscopic structures within the map-
area arc upright east-west-trending folds, and steep northerly trend-
ing faults. These folds are relatively young, and probably related to
the emplacement of the Raft and Baldy batholiths. Locally they
cause inversions in the predominantly northerly dip direction of
bedding and schistosity within the map-area. Two such areas are
across an antiform-synform pair between Mount McClennan and
the North Thompson River, and across a synformal hinge that passes
through the Graffunder Lakes, east of the Chuck Creek fault, The
northerly trending faults cut the east-west folds as well as all other
structures and rock units in the area except the Miocenc basalts. The
faults, and related northerly trending fractures, are often infilted by
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basaltic or lamprophyre dykes. They are probably Early Tertiary in
age {Okutitch, 1979, Schiarizea, 1982) and related to the fifth
generation of Mesoscopic structures. A northwest-trending fault
which follows the North Thompson River valley in the western jyart
of the map-area (Figs. 9-1 and 9-2. section B-B’) is also a late
structure, but it may be more closely related to fourth genera ion
east-west folds.

A large overturned fold, possibly related to the second genera ion
of mesoscopic folds, is inferred from overturned bedding in gracied
unit 8 grit beds in the area east of the Chuck Creek fault. Beds are
overturned within both the main mass of unit 8, which structurally
overlies unit 6, and in the belt of unit 8 grit and quartzite tha is
infolded (?) tnto unit 6. This relationship indicates that both ur it &
and unit 6 arc overturned; together they are inferred to occupy the
inverted limb of the fold. The fold may be southerly directed (Figs.
9-1and 9-2, section A-A"), since this 's consistent with the pattern of’
fold and thrust vergence elsewhere in the region (Okulitch, 1979
Schiarizza and Preto, 1984). The thrust fault which is inferred tc
scparate the overturned limb from underlying right-way-up Eigle
Bay rocks is probably related to the folding. This same thrust, or onc
of the same generation of faults, presumably separates Early
Cambrian unit 6 rocks from underlying, largely Devono-Mississip
pian rocks clsewhere in the area. It is not known. however, whethe -
unit 6 rocks west of the Chuck Creek fault and south of the North
Thompson River are upright or overturned.

MINERAL OCCURRENCES

The locations of the most important mineral occurrences ir the
map area are indicated on Figuie 9-1. Uranivm-fluorite minera iza-
tion occurs in trachytic rocks of unit 3b at the Rexspar deposit a onj;
Foghorn Creek {Preto, 1978) and at the Bullion showing on lower
Lute Creek. The Harper Creek depanit is a large, low-grade coJper
deposit within unit 2; inferred reserves are 90 000 000 toanes
grading 0.4 per cent copper. Similar low-grade copper mineral:za-
tion occurs within unit 2 at the CW showing southeast of Clearwztel,
at the VM showing southwest of Avery Lake, and at several loca-
tions in the vicinity of the VAV showings south of Reg Christi:
Creek. The dominantly felsic to intermediate metavolcanic rocks of
units 2 and 3a are considercd also to be potential hosts o foly-
metallic massive sulphide-barite deposits such as the Homestak :
and Rea deposits in the Adams Lake-Johnson Lake arca to the sout's
(Schiarizza and Preto, 1984, White, 1985; Hoy and Goutier, this
volumc). More or less stratiform lenses of pyrite and pyrrhotite wita
lesser sphalerite, galena, and chalcopyrite occur at the Red Toy,
Snow, and Sunrise showings in the vicinity of Mount McClenran,
These showings occur at a similar siratigraphic level within a suc-
cession of quartzite, chlorite-muscovite-quartz schist, quartz-se-
ricite schist, limestone, calc-silicate schist, and skam within urit 1.
There are a number of other occurrences within the map-arca thet
are not shown on Figure 9-1; mast are quartz veins containing pyrit2
and/or pyrrhotite with variable amounts of galena, sphalerite, ani
chalcopyrite.
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GOLD ASSOCIATED WITH A REGIONALLY DEVELOPED
MID-TERTIARY PLUTONIC EVENT IN THE
HARRISON LAKE AREA
SOUTHWESTERN BRITISH COLUMBIA
(92G/9; 92H/3, 4, 5, 6, 12)

By ;. E. Ray

INTRODUCTION

Recent studies by tie British Columbiz Ministry of Encrgy,
Mines and Petroleum Resources indicate that a regional episode of
Mid-Tertiary plutonism in the Harrison Lake arca, approximately
100 kilometres east of Vancouver, is associated with widespread
vein-type gold mineralization. This magmatic event was struc-
turally controtled and -esulted in the emplacement of numerous,
variably sized plutons zlong a major. nerthwesterly trending linea-
ment (Fig. 10-1). These plutons intrude a variety of sedimentary and
voleanic rocks that range in age from Pennsylvanian to Cretaccous,
the plutons are diorite to quartz diorite to granodiorite in composi-
tion and yield K/Ar (biotite) ages between 19 and 26 Ma (Table
10-1). In part, the lincament follows the Harrison Lake fracture
system, which is associated with regional hot spring activity (Fig.
10-1); the location of :ts northwesterly continuation beyond Har-
rison Lake is uncertain. Southeastward, it is traccable to the 48th
paralle]l in Washington State where it is probably marked by the 20
to 22-Ma-old Cloudy Pass and Cascade Pass plutons (Crowder, ef
al., 1966; Misch, 1966: Grant, 1969).

The largest pluton along the lineament. the composite Chilliwack
batholith, straddles the Canada-United States border approximately
125 kilometres cast-southcast of Vancouver (Fig. 10-1); it yiclds K/
Ar ages between 16 and 35 Ma (Richards and White, 1970;
Richards and McTaggurt. 1976: Vance, 1985). This batholith ex-
ceeds 950 square kilometres in arca, and is spatially associated with
at Jeast 10 scparate gold-bearing properties, including two former
producing gold mines (Boundary Red Mountain and Lone Jack).
Further north, numerous smaller bodies of similar age and miner-
alogy to the Chilliwack batholith occur sporadically along the linca-
ment for more than 100 kilometres. The two most northern areas of
Mid-Tertiary, diorite-related gold mineralization occur on Harrison
Lake at Doctors Point znd at the RN-Geo property; both lie close to
the Harrison Lake fraciure, being situtated 95 kilometres northeast
and 100 kilomctres east of Vancouver respectively (Fig, 10-1). The
Doctors Point property is being explored by Rhyolite Resources Inc.
and Harrison Lake Gold Mines Ltd., while the RN-Geo property
was recently optioned by Abo Oil Corporation to Kerr Addison
Mines Ltd.

THE GEOLOGY OF GOLD PROPERTIES
ASSOCIATED WITH THE MID-TERTIARY
PLUTONISM

The Rhyolite Resources Inc.-Harrison Lake Gold Mines Ltd.
property at Doctors Point, on the western shore of Harrison Lake
(Fig. 10-1), represents the most northerly example of Mid-Tertiary,
dicrite-related precious metal mineralization yet identified along
the Harrison Lake lineament. Drilling has outlined approximately
132 300 tonnes grading 3.5 grams gold per tonne on the property.
The area is underlain by a varicty of intermediate to busic volcanic
and volcaniclastic rocks, together with some metasedimentary
rocks of Early Cretaceous (Middle Albian) age. These are intruded
by five diorite-quartz diorite plutons that range from less than 50

metres to more than | kilometre in diameter. The plutons are
surrounded by hornfelsic envelopes vp to 250 metres in width, The
gold and silver is hosted in long, narrcw, gently dipping mineralizec
veins that contain abundant quartz, pyrite, and arsenopyrite; peo-
chemically they are sporadically cnriched in bismuth, antimony.
and mercury. The veins show an overall spatial association (o the
pluton margins, and some pass without interruption from diorite ow
into the hornfels. The veins vere apparently controlled by, anc
injected along low angle, cone sheet fractures developed during the
later stages of the diorite intrusion. K/Ar ages obtained from bioite
and hornblende samples suggest the diorites were emplaced e
tween 19 and 25 Ma agoe, while K/Ar analysis on muscovite taker
from a gold-bearing vein suggests the mineralization took place 2:
Ma ago (Table 10-1).

In 1983 and 1984, Abo Oil Corporation completed a drilling anc
bulk sampling program on their RN-Geo property. at the southarr
end of Harrison Lake (Fig. 10-1); this yielded some promising golc
values (Huber, 1983); the property is currently being explorad by
Kerr Addison Mines Ltd. The arca is underlain by deformed anc
hornfelsed metapelites of presumed Mesozoic age; these are in-
truded by several, small diorite-quartz diorite plutons betwezn 50
and 200 metres in diameter. Gold s hosted in quartz veins and
stringers that intersect the plutons; the veins consist of several
variably orientated sets; locally they form closcly spaced stock:
works which may be suitable for bulk mining. The veins carry
visible gold together with pyrite and pyrrhotite; there is sporadic
geochemical enrichment of arsenic and bismuth but no men:urs
enhancement. A K/Ar analysis on hornblende suggests the dio-iten
were emplaced 26 Ma ago, while analysis on sericite taken from a
gold-bearing quartz vein indicaies that mineralization occurred 4.4
Ma ago (Table 10-1). This is essentially synchronous with the
plutonism and mineralization at Dactors Point.

The Laidlaw gold property, which is about 14 kitometres south-
west of Hope (Fig. 10-1), is described by MeClaren (1971 A
sequence of deformed metasedimentary rocks are intruded by sev-
eral small, elongate diorite-quartz dicrite bodies that are Icss thar. 74
metres in width. These bodies arc probably related to the Mount
Barr batholith which lies 6 kilometres further south (Fig. 10-1); this
batholith covers 160 square kilometres and has yielded K/Ar biofite:
ages between 16 and 24 Ma (Richards and White, 1970; Richard:
and McTaggart, 1976). Native gold al the Laidlaw property is hested
in two quartz vein sets which cut the diorite bodics: these veins also
carry pyrrhotite, arsenopyrite. chalcopyrite, and secondary mnar-
casite, as well as traces of bismuth tellurides.

The remaining {0 properties containing probable Mid-Teriar
gold mineralization lie close to the main Chilliwack batholith in both
Canada and the U.S.; details on the U.S, properties is give1 by
Moen (1969). The Lone Jack and Boundary Red Mountain proper-
tics {Fig. 10-11 werc producing mines during the early part of this
century. At the Boundary Red Mountain mine. gold-bearing quartz
veins follow the sheared intrusive contact between a diorite body
and older metascdimentary rocks. The veins contain minor amcunts
of pyrite, chalcopyrite, and pyrrhot te, and traces of bismuth 1ell-

British Columbia Ministry of Encrgy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1986-1.
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Figure 10-1. Location of gold occurrences and related Mid-Fertiary plutons along the Harrison Lake lineament.

TABLE 10-1
K/Ar AGES FROM THE HARRISON LAKE AREA

SAMPLE UTM CO-
NO. ORDINATES MINERAL %K Ar#l COMMENTS

RR 54 591200E; Hornblende .19 + 0.002 0.1915 Taken from diorite pluton at the RN mine exploratory
5465100N adit, Harrison Lake

RR 55 591200E; Scricite 838 = 0.13  8.021  Taken from a gold-bearing quartz-sericite-pyrrhotite
3465100N vein, RN mine exploratery adit, Harrison Lake

RR 56 5T3100E; Biotite 6.91 £ 0.02 6.268  Drill core from the Doctors Bay pluton (diorite)
S5500100N

RR 56 573100E; Hornblende 1.112 + 0.0F 1,083  Drill core from the Doctors Bay pluton (diorite)
5500100N

RR 64A  573250E; Muscovite  8.65 * 0.03  7.695  Taken trom kaolin-muscovite alteration halo adjacent
5499950N to a gold-bearing quartz sulphide vein that cuts the

Doctors Bay pluton

RR 127  572300E, Biotite 7.40 = 0.02 5907 Taken from the Doctors Point pluton (quartz diorite)
5501600N

RR 127 572300E. Hornblende 0.391 + 0.002 0.295  Taken from the Doctors Point pluton (quartz diorite)
5301600N

Ix 10-% cergm

All samples collected by G. E. Ray.
Potassium analyses completed at the British Columbia Ministry of Energy, Mines and Petroleum Resources Laboratory.
Argon analyses completed by J. Harakal, Geochronology Laboratory, University of British Columbia.
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AGE
(Ma)

25.7

245 +

232

24.7

2.7

+ 1.0

1.0

+ 0.8

+ 1.0

+ 0.8



uride. In 1916 the Boundary Red Mountain mine produced 11 460
tonnes of ore grading 24 grams gold per tonne, while total gold
production between [913 and 1946 was valued at just under )
million U.8. dollars.

At the Lone Jack mine, the quartz veins occupy fissures in
phyllitic schists; no dioritic rocks are seen at the mine, but outerops
of the main Chilliwack hatholith lie only 1.5 kilometres east of the
property. ‘The veins carry visible gold with pyrite, pyrrhotite, and
traces of bismuth tellurides. Moen (1969) estimates that gold pro-
duction from the Lone Jack mine between (902 and 1924 valued
approximately 555 000 U.S. dollars.

Gold-bearing veins at the Pierce Mountain, Slesse Creek, Gold
Basin. and Quartz Mountain propertics (Fig. 10-1) are all spatially
associated with dioritic bodies that intrude metasedimentary rocks,
the veins at the Lone Star property carry bismuth teflurides.

EXPLORATION GUIDES FOR MID-TERTTARY
PRECIOUS METAL. MINERALIZATION ALONG
THE HARRISON LAKE LINEAMENT

Since many of the Mid-Tertiary plutons emplaced along the
Harrison Lake lincament are associated with precious metal miner-
alization, a search for other intrusive bodies of this age should
represent a viable exploration method for gold in the region. For-
thermore, outlining possible northwesterly and southeasterly cxten-
sions of both the lincament and the Harrison Lake fracture system
could result in the discovery of other mineralized plutons. For
example, the Cascade Pass and Cloudy Pass plutons, and parts of the
Snoqualmic batholith in Washington Stute (Baadsgaard, er «f.,
1961 Crowder, et al., 1966, Misch, 1966), probably belong to this
intrusive suite, and thus could have associated vein-type gold miner
alization, It should also he noted that the east-west dimension of the
lineament 1s unknown: it may be considerably wider than shown on
Figure 10-1. Muny of the mineralized intrusive bodics located to
date are relatively small: consequently the reconnaissance style of
geological mapping completed in the region 30 or more years ugo
may have overlooked many small plutons. These could be located
and outlined by prospecting tollowed by detailed geologic mapping
and K/Ar analyses to de:ermine their intrusive ages. The Geelogical
Survey of Canada is currently conducting @ mapping program in the
Hope {west halth map sheet (J.W. H. Monger. personal communica-
tion, 1985) which will provide more geological data on the Harrison
Lake area.

Many of the Mid-Tertiary gold-bearing veins in the region con-
tain bismuth tellurides, consequently regional and detailed geo-
chemical exploration for this type of mineralization could use
bismuth (and gold} as pathfinder elements, The use of mercury.
arscnic, and antimony could be successful locully. At Doctors Point
the veins are geochemically enriched in these elements, while at the
RN-Geo and Laidlaw properties, mercury 15 absent, and arscnic and
antimony enrichment is weak and sporadic. Arsenic enrichment is
not reported at either the Boundary Red Mountain or Lone Jack
MIMes.

CONCLUSIONS

The Harrison Lake lincament and fracture system of south-
western British Columtbia, and its southeastern extension into Wash-
ington State, is marked by a 19 to 26-Mat period of dioritic-quartz
dioritic plutonism which is temporally and genetically related to 13
separate arcas of gold mineralization. These Mid-Tertiary plutons
vary in size from the camposite Chitliwack batholith, which covers
950 square kilometres, down to small bodies less than 50 metres
across. The gold + silver mineralization is gencrally hosted in
quartz veins filling tension fractures and is commonly associated
with bismuth tellurides: however, the degree of arsenic, mercury.
and antimmony geochermical enrichnient associated with the miner-
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alization i highly variable. Many mineralized veins in the region
are hosted cither within the diorite bodies or close to their intris ive
margins, where competency differences resulted in brittle, o3n
space fracturing. The morphology of the mineralized veins is highly
variable; it includes shatlow-dipping features controlled by cone
sheet fracturing, stockwork and crackle breecia veinlets, and siee-
ply dipping vcins injected along the sheared margins of the plutcns.

Exploration for this Mid-Tertiary precious metal mincralization
should involve prospecting, geological mapping. and gzo-
chronology to locate and identify other plutons of this age in the
Harrison Lake arca and along projected northwesterly and souh-
casterly extensions of the lineament. Follow-up exploration using
soil and silt sampling could use gole as well as bismuth. arsenic,
antimony. and mcreury 4% pathlinder elements.
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THE GEOLOGY OF THE CAROLIN MINE GOLD DEPOSIT
IN SOUTHWESTERN BRITISH COLUMBIA
AND THE GEOCHEMISTRY OF ITS REPLACEMENT
SULPHIDE-ALBITE-QUARTZ-GOLD MINERALIZATION
(92H/11)

By G. E. Ray
Ministry of Energy, Mines and Petroleum Resources

and

J. T. Shearer
Former Exploration Geologist, Carolin Mines Ltd.,

and

R. J. E. Niels
Former Mine Geologist, Carolin Mines Ltd.

The Carolin gold deposit lies approximately 20 kilometres north-
east of Hope in southwestern British Columbia. It occurs in the
Coquihalla gold belt which, in addition to Carolin mine, contains
four former producers as well as 19 minor gold occurrences (Ray,
1983). Most of these are gold-bearing quartz veins hosted in ten-
sion, quartz-filled fractures. Howcver, mineralization at Carolin
mine is of the mesothermal, epigenetic, replacement type: it is
characterized by the introduction of sulphides, albite, quartz, and
gold.

When production started in 1982, reserves at Carolin mine were
estimated to be | .5 million tonnes grading 4.8 grams gold per tonne,
at a cutoff grade of 2.7 grams gold per tonne. Jurassic metasedimen-
tary rocks of the Ladner Group host the mineralization, close to their
unconformable contact with an older greenstone basement of
spilitized oceanic ridge basalts (Spider Peuk Formation), and their
faulted contact with ultramafic rocks of the Coquihalla serpentine
belt (Cairnes, 1924, 1929). This ultramafic belt lies within a major
crustal fracture, the Hozameen fault, and exceeds 30 kilometees in
discontinuous strike length; it is over 2 kilometres wide in the
Carolin mine area. Ladner Group rocks are largely fine-grained,
distal turbidites; however, gold mineralization is preferentially hos-
ted in the coarser grainezd wackes, lithic wackes, and conglomerates
that predominate in the basal part of the sequence (Ray, eral.. 1983}

During the first year of the mining operation, precise geological
controls of the gold mincralization were uncertain. Surface mapping
in the mine area indicated that both the Ladner Group and the
stratigraphically undertying Spider Peak Formation were tec-
tonically inverted. and subsequently deformed into large-scale,
upright to asymmetric folds (Ray, et al., 1983). Underground map-
ping later demonstrated that gold mineralization 1s both
lithologically and structurally controlled (Shearer and Nicls, 1983),
It is preferentially concentrated in more competent and permeable
sedimentary beds in the tectonically thickened hinge regions of a
disrupted, asymmetric antiform. As a result, orebodies exhibit a
saddle reef-like morphology and the deposit plunges gentty north-
west, subparallel to the antiformal axis (Ray and Niels, 1985a).
Polished section studizs indicate that pyrite dominates the upper
parts of the deposit and pyrrhotite the deeper parts (Shearer, 1982).
The precise age of mineralization is unknown, hut the pyrite-pyr-
rhotite zoning suggests that the deposit is upright. and thus younger
than the tectonic overturning that affected the host rocks. However,
the presence of folded. post-ore quartz veins suggests that miner-
alization either predated or accompanied the episode of upright to
asymmetric folding.

Mineralization at Carolin mine is characterized by sulphide Jis-
seminations and veinlets, deformed, multiphase quartz veins, and
intense albitic alteration; however, not all areas containing these
features are enriched in gold. Opaque minerals make up betwsae 1 1
and 5 per cent of the ore; these are. in decreasing order of atun-
dance, pyrrhotite, arsenopyrite, pyrite, magnctite, chalcopyrite.
bornite, and gold; traces of sphalerite occur sporadically. Visiole
gold is rarc; most forms small grains up to 0.02 millimetre in size
that generally occur as inclusions in the pyrite and arsenopyrite
crystals or as rims on the pyrite and chalcopyrite. Gold is also foune
independent of the sulphides as minute grains within some guzriz.
calcite, and feldspar crystals. Magnetite is the oldest opaque rin-
eral in the ore; it is probably un-elated to the mineralization sin:z i
shows no spatial relationship to either gold or sulphides, The para-
gengesis of the opaque minerals is as follows: {1} contemporane ous
deposition of arsenopyrite, pyrite, and gold, (2) pyrrhotite, {3’
chalcopyrite and some gold.

There are at least three generations of albitization (Ray, et al..
1983); the earliest was apparently <oeval with the sulphide-golc
mineralization and is fine-grainzd and disseminated throughout the
ore. The subsequent two generations produced veins and masses
containing coarse-grained, well-twinned albite crystals; loca ly,
angular fragments of sulphide-r ch orz are engulfed by the youn zest
albitic phasc. The deposit is surrounded by an albitic envelope ( Ray
and Niels, 1985b); drill hole data indicate that it extends at least 6(
metres beyond the mineralization. (In early 1986, analytical results
are expected from a detailed surface lithogeochemical samplng
program around the deposit; these should outline the full dinen-
sions of this albitic envelope).

Geochemical analyses on samples collected from drill holes inier
sccting the deposit reveal complex and variable major and tace
element zoning patterns; the most dramatic changes in eleman:
abundances occur within and immecliately above the hanging aal

sections of the ore zones (Ray and Niels, 1985b), Mineralizatior
does not have associated anomal ous mercury or bismuth values, anc
gold/silver ratios vary throughout the deposit from 1:1 to 122

Slatistical analysis indicates that gold has a strong to moderate
positive correlation with Na,3, S, C0D,, Sb. Mo, Cu, As, and Ag.
and a strong to moderate negative correlation with ALO,, MgO
K,0, H,0, and BaO. No significant correlation between gold anc
5i0,. Fe,0O4p, Ca0, Ti0,, MnQ, or Pb was apparent. Unlike o any
epigenetic gold deposits. K,0:Na,{) ratios decrease markedly a.
the auriferous horizons are approached. The gold mineralizaticn i
marked by distinct zones of barium and potassium depletion tha: are

British Columbia Ministry of Energy. Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1986-1.

99


ldegroot
1985


generally twice as thick as their associated gold-bearing horizons;
this type of depletion could form valuable drill targets. Furthermore,
the wide albitic envelope around the deposit suggests that
lithogeochemical sampling for areas of sodium enrichment repre-
sents a viable exploration tool to locate similar gold deposits in the
district.

On a district scale, the main controls of mineralization in the
Coquihalta gold belt, including the Carolin mine deposit, are the
presence of host rocks suitable for the development of tectonically
induced permeability, and close proximity (<400 metres) to the
Hozameen fault, the Coquihalla scrpentine belt, and the Ladner
Group basal unconformity (Ray, 1984).
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INTRODUCTION

The Hedley area is situated approximately 40 kilometres cast-
southeast of Princeton, in southwestern British Columbia. The main
obiectives of this three-year project, which was initiated in 1985,
include:

(a) To geologically map. at a scale of 1:20 000, the Hedley arca.

(b) To examine the geochemistry, controls, and regional setting of
the nurnerous gold deposits in the Hedley district, including
the former Nickel Plate, Hedley Masent, Canty, French, and
Goodhope mines.
To outline a stratigraphic succession for the Mesozoic sedi-
mentary sequcnce in the Hedley district and cstablish, if possi-
ble, its structural history and its relationship to both the Pal-
enzoic sequences to the east and the predominantly valcanic
Upper Triassic Nicola Group to the west.
To date the limestones in the area by conodont extraction, and
the dioritic Hedlev intrusions by K/Ar and U/Pb mecthods.
These intrusions are belicved to be genctically related to some
of the gold-bearing, skarns in the district,

{c)

(d

—

(e

~—

To determine what changes take place in whole rock and trace
element geochemistry across the Nickel Plate ming ore zone.
This will also enable a geochemical comparison to be made
between the precious metal-bearing skarns at Hedley and at
Tillicum Mountain {see Ray, et al., this volume).

To compare the geochemistry between the skarn-altered and
unaltered Hedley intrusions.

(f)

REGIONAL GEOLOGY

Placer gold was discovered in the Hedley area in the 1860%, but it
was not until the turm of the century that gold-bearing garnet pyrox-
ene skarns were found near the summit of Nickel Plate Mountain
(Fig. 12-1), This led to the opening of several mines on the Nickel
Plate property which were in operation until the mid-1950'; thesce
produced approximately 46 million grams (1.5 million ounces) of
gold. Due to their economic potential, the areas around the gold
producers were mapped and studied in detail (Camselt, 1910; War-
ren and Cummings, 193%; Billingsley and Hume, 1941; Dolmage
and Brown, 1945: Lee, 1931); less attention was devoted 1o either
the regional geology or comparing the various gold deposits in the
district. Important publications relevant to the regional geology
include those by Bostock (1930, 1940a, 1940b), Rice (1947), and
Little (1961).

The Hedley region lies within the Intermontane Belt of the Cana-
dian Cordillera. The area between Whistle Creek and Stemwinder
Mountain (Fig. 12-1) is largely underlain by a predominantly sedi-
mentary sequence belonging to the Upper Triassic Nicola Group
(Rice, 1947). This sequence has been subdivided by various
geologists into numerous formations (see Rice, 1947, p. 13) but for

the purposes of this report it is informally separated into a younger
‘Whistle Creek sequence’ to the west and an older 'Hedlev se-
quence’ to the east (Fig. 12-1). The latter comprises a generully
west-dipping succession of thin-nedded, calcareous and cherty silt-
stones and argiliites with thin, impure limestones; some beds in the
sequence contain appreciable amounts of fine-grained vol-
caniclastic material. Limestone samples collected from the succes-
sion by Monger and Tempelman-K]uit of the Geological Survey of
Canada, yvielded conodonts of Carnian to Early Norian age (M. J.
Orchard, pers. comm., 1985). One 3{-metre-thick limestone bzd,
the ‘Sunnyside limestone™ (Figs. 12-1 and 12-2) is traceable for
several kilometres atong strike (Camsell, 1910; Bostock, 1930,
1940a),

West of Henri Creek (Fip. 12-1). the Hedley sequence passes
stratigraphically up into the Whistle Creek sequence. This conta ns
some thin-bedded siltstones and argil ites in its lower portion, hut
higher in the succession it is character zed by wackes, crystal tutfs,
volcanic breceias, and minor volcanic flows (Fig. 12-2). Onc dis-
tinguishing feature is its general lack of limestones, and the pros-
ence at its base of a limestone boulder conglomerate which is
informally named the “Henri Creek conglomerate’ (Fig. 12-1).
Sedimentary indicators show that the Hedley and Whistle Creek
seguences in this section consistently young westward. Measu -c-
ments of crossbeds and flame structares indicate that the entic
Hedley sequence, and the lower, thin-bedded scetion of the Whistle
Creek scquence, were deposited by north to northeast-directed
paleocurrents (Fig. 12-1).

East of Winters Creek (Fig. 12-1Vis s highly deformed package of
cherts, argillites, and greenstones which have been divided into t1e
Independence, Bradshaw, Old Tom, and Shocmaker Formatiors
(Bostock, 1940a: Little, 1961). Rzlationships between these units is
uncertain. Upper Devonian and Triassic microfossils have bezn
recavered from some of these vacks (1'W.H. Monger. pers. comu .,
1985), and a faulted unconformity may scparate this Paleozcic
package from the Hedley sequence further west (Fig. 12-2).

Two plutonic suites intrude the Hedley and Whistle Creek se-
quences (Figs. 12-1 and 12-2). T4e oldest is believed to be Middle
Jurassic in age and comprises massive, coarse-grained diorites.
gahbros, and guartz diorites of the Hedley intrusions {Rice, 1947 .
They form major stocks up to 1.5 kilometres in diameter as weil
as swarms of thin sills, up to 230 metres in thickness and cvar
L kilometre in length, The second plutanic suite, the Similkamee1
intrusions, comprises coarse, massive granodiorite of presuried
Middle to Late Jurassic age. These intrusions generally form larg:
bedies such as the Pennask pluton which outcrops west of Steri-
winder Mountain, and a granod-orite body outcropping betwze
Winters Creek and Hedley township, which is informally named the
Cahill Creek pluton (Fig. 12-1).

British Columbia Ministry of Energy, Mincs and Petroleum Resources, Geological Fieldwork, 1985, Paper 1986-1.
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Figure 12-1. Simplified geology of the Hedley area. (Adapted after Bostock (1940a) and data obtained during this pretiminary study)
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Figure 12-2. Schematic section illustrating the stratigraphy of the Hedley area.

Varying degrees of sulphide-bearing skarn alteration are de-
veloped along the margins of many of the Hedley intrusions in the
district, Some previous workers (Billingsley and Hume, 1941;
Dolmage and Brown, 1945) considered this plutonic suite to be
genetically related to the gold mineralization at the Nicke!l Plate and
Hedley Mascot mines. Country rocks up to 1.5 kilometres from the
margins of the vounger Similkameen intrusions are commonty
horafelsed; some skarn alteration is also locally present adjacent to
the Cahill Creek pluton, but it is generally sulphide poor and not
auriferous,

GEOLOGY OF THE HEDLEY AND WHISTLE
CREEK SEQUENCES

North of the Similksmeen River the Hedley sequence underlies
an arca between Winters Creck and Stemwinder Mountain, while
south of the river it lies between Henri Creck and the western margin
of the Cahill Creck pluton (Fig. 12-1). In the east its stratigraphic
base probably lies close to Winters Creek where it may unconforma-
bly (7) overlie the high v deformed Paleozoic Bradshaw Formution
basement. North of the Similkameen River, the Hedley sequence
dips west to northwest at angles between 15 and 85 degrees. consis-
tent sedimentary top indicators show that the sequence in this arcais
structurally upright (Fig. 12-1). South of the river. the Hedley and
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Whistle Creek sequences are generally west dipping. except in the
Henri Creek area where they are locally overturned,

The Hedley sequence mainly comprises a thin-bedded successior
of siltstones, black argillites, and minor wackes that are commenly
interbedded with | to 10-metre -thick impure limestone beds: some
calcarcous units arc finely tuffaccous. The siltstones and argil 1tes
arc cither calcareous or siliceous and cherty; sedimentary struct irer,
such as graded beds, crossbeds. ball-and-pillow structurcs, anc.
flame structures are locally preserved. The Hedley sequence i
interpreted to represent a distal turbidite succession with some
minor pelagic material.

The base of the Whistle Creel. scquence south of the Similkamcer
River is marked by the Henri Creck conglomerate, which reas e
200 metres in thickness, and is “raccable for more than 3 kilome tre:.
along strike; its northern extension across the river i1s not kriown
The conglomerate varies from clast to matrix supported anc is
characterized by abundant, we I-rounded to angular pebbles. cob-
bles, and boulders of limestone ‘1p to | metre in diameter. Rare ¢ ast:
of argillite, siltstone, wacke, chert. crystalline quartz, and Hoth
felsic plutonic and voleanic rocks are also present. The limes:om:
clasts vary considerably in appearance, from grey to buff to pindk in
colour, from fine to coarse grained. and from massive to thin
bedded; some limestone boulcers contain abundant fragmen's of
bivalve shells and crinoid stems. A few boulders are composed of 1



limestone conglomerate comprising grey limestone clasts cemented
in a calcareous matrix; other. less common boulders consist of chert
pebble conglomerate with a gritty calcareous matrix.

Some of the larger, elongate. siltstone clasts are deformed and
exhibit soft sediment deformation structures. which suggests that
they were unlithified when incorporated into the conglomerate. The
conglomerate matrix varies from massive to thin bedded and locally
shows cvidence of chaotic slumping and soft sediment disruption,
Conodonts extracted from some limestone boulders give Carnian
ages (JW.H. Monger and M. }, Orchard, pers. comm., [985), while
radiolarians of Permian age were extracted from one chert pebble
(E. Cordey, pers. comm., 1985). The Henri Creek conglomerate is
interpreted to be an olistostrome; it probably results from the sudden
slumping of an unstable accumulation of reef debris down a steep
submarine slope, and the chaotic deposition of this mass onto a
sequence of unlithified, deeper water turbidites.

Stratigraphically overlying the Henri Creek conglomerate are
some thin-bedded siltstones and argillites, which pass upward into
poorly bedded to massive, coarser grained wackes, crystal and
crystal-lithic tuffs, and volcanic breccias (Fig. 12-2). In contrast to
the underlying Hedley sequence, limestones and calcareous sedi-
mentary rocks are generally absent and the presumed upper parts of
the succession contain thin volcanic flows which may be equivalent
of Norian-age Nicola Group volcanic rocks deposited further west
in the Merritt and Princeton areas (McMillan, 197%; Preto, 1979).

The Henri Creek conglomerate shows many similarities in com-
position, texture, and stratigraphic position to a controversial unit,
the ‘Copperfield breccia® (Camsell, 1910; Bostock, 1930; Bili-
ingsley and Hume, 1941) which outcrops south of Lookout Moun-
tain (Fig. 12-1). The Copperfield breccia contains abundant lime-
stone clasts and, like the Henri Creek conglomerate, apparently
separates two contrasting sequences. Stratigraphically and struc-
turally underlying the Copperfield breccia is the thinly bedded
Hedley sequence, while structurally above it, north and northwest of
Lookout Mountain, are tuffs and volcanic breccias (Bostock,
1940a: Lee, 1951). The Copperfield breceia is locally silicified and
skarn altered; some altered outcrops contain rounded cavitics up to
15 centimetres in diameter lined with coarse crystals of the scapolite
group mineral, mizzonite (Na,K)Ca(Si,Al),.0,,Cl (J. Kwong,
pers. comm., 1985); these cavities werc probably formed by the
solution and removal of some clasts.

The Henri Creek conglomerate and the Copperfield breccia are
possibly correlative which could mean that the tuffs and volcanic
breccias near Lookout Mountain belong to the Whistle Creek se-
guence. This correlation has implications regarding the geology
between Lockout and Stemwinder Mountains, since the absence of
the Copperfield breccia and overlying tuffaceous rocks west of
Bradshaw Canyon (Fig. 12-1) supports previous suggestions of
high-angle, easterly directed reverse faulting along the creek (Cam-
sell, 1910; Billingsiey and Hume, 1941). (Note: Bradshaw Canyon
is situated approximately 3 kilometres northeast of Hedley (Fig.
12-1); it should not be confused with Bradshaw Creek situated
2 kilometres south of Winters Creek]}.

STRUCTURAL GEOLOGY IN THE HEDLEY AREA

Sedimentary rocks north of the Similkameen River consistently
dip west to northwest at gentle to steep angles with no evidence of
structural overturning. However, south of the river both the Hedley
and Whistle Creek scquences arc locally overturned and dip steeply
eastward. A weak, steeply inclined fracture cleavage and associated
bedding-fracture cleavage intersection lineation are locally seen
west of Bradshaw Canyon and south of the Similkameen River (Fig.
12-1). These indicate that the sequences occupy the western limb of
amajor anticline. whose axis plunges 20 to 35 degrees in a south to
southwest direction; this anticline is presumably cored by the older
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Paleozoic rocks east of Winters Creek. No fracture cleavage or
mincral lineations were seen west of Bradshaw Canyon; con-
sequently the plunge direction of the anticlinal axis in that area is
unknown. No related small-scale folds werc observed in the Hedley
and Whistle Creek scquences; however, a large-scale, overturned
syncling with a southerly plunging fold axis and an axial plane
dipping 60 degrees east is present east of Henri Creek (Fig. 12-1).

In contrast to the Hedley and Whistle Creek sequences, the
Paleozoic rocks east of Winters Creek contain some tight minor
folds; these folds support the interpretation that these rocks repre-
sent a basement that was folded prior to the unconformable (7)
depasition of the Hedley sequence.

CONCLUSIONS

The Hedley district is underlain by a predominantly Upper Tri-
assic sedimentary succession that is divisible into a younger Whistle
Creek sequence to the west, and an older Hedley sequence to the
east. The Hedley sequence overlies, possibly unconformably, a
deformed basement that includes the Bradshaw Formation (Figs.
12-1 and 12-2).

The Hedley scquence hosts Nickel Plate and Hedley Mascot gold-
bearing skarn mineralization. It largely represents a distal turbidite
succession characterized by thin-bedded, impure calcareous sedi-
mentary rocks. The stratigraphically overlying Whistle Creek se-
quence is marked by the presence of coarser grained volcanogenic
sedimentary rocks and volcanic breccias, and an absence of cal-
careous rocks. Both the Hedley sequence and the lower, turbiditic
portion of the Whistle Creck sequence were deposited by paleocur-
rents moving in a west to northwest direction. Thin volcanic flows at
the top of the Whistle Creek sequence may be an casterly extension
of Nicola Group volcanic rocks. Thus sedimentation in the Hedley
district initially involved the deposition of distal turbidites originat-
ing from an easterly source, followed by coarse volcanogenic sedi-
mentation, possibly derived from the Nicola volcanic arc further
west,

The base of the Whistle Creek sequence is the Henri Creek
conglomerate which is interpreted to be a limestone-boulder-bear-
ing olistostrome. This conglomerate may be correlative with the
‘Copperfield breccia’ which outcrops north of the Similkameen
River on Lookout Mountain; thus tuffaceous rocks on Lookout
Mountain and volcanic breccias further northeast could belong to
the Whistle Creck scquence.

Structurally, the Hedley and Whistle Creek sequences occupy the
western limb of a major anticline which has a steep, easterly dipping
axial plane and a southerly plunging fold axis; this anticline is
apparently cored further east by Paleozoic rocks of the Bradshaw
Formation.

Throughout the district many of the older Hedley diorite intru-
sions are spatially associated with sulphide-rich skarn alteration
which sporadically carries gold. However, the margins of the youn-
ger Similkameen intrusions are also locally associated with weak
skarn alteration, which is generally sulphide poor and appears to be
barren.
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BLACKDOME DEPOSIT
(920/7E, 8W)

By E. L. Faulkner

INTRODUCTION

This report is an update on progress at the property since the
reviews by B. N. Church (1980 and 1982). Exploration and de-
velopment at this gold and sitver property (Mineral Inventory 920-
053) has led to a production decision and the start of construction.
This report is based largely on company reports, plus some strat-
igraphic information not previously available and personal observa-
tions from property visits and fieldwork during 1984 and 1985,

LOCATION AND ACCESS

The mine is approximately 70 kilometres northwest of Clinton on
the southwest spur of Blackdome Mountain and is reached from
either Clinton or Williams Lake via the Empire Valley road. Most of
the present workings arc at an elevation of more thun | 900 metres.

EXPLORATION

Trenching, diamond drilling, and underground exploration and
development since 1980 has concentrated on two persistent vein
systems, the No. 1 and No. 2 veins, which parallel the southwest
spur of Blackdome Mountain (Fig. 13-1). The northeast portion of
the No. 1 vein, referred to as the North Mine zone, was explored
under an option agreement to Heath Steele Mines Ltd. from an adit
at elevation 1 960 metres. Blackdome Exploration Ltd. explored the
southwest parts of both veins, referred to as the Ridge zone. from a
second adit at 1 960 metres and a third adit at 1 920 metres.
Favourable results led to a production decision and the start of
construction during the summer of 1985, The first production from
stockpiled development ore is expected in mid-1986.

GEOLOGY

The area is underlain by Cretaceous and Tertiary volcanic and
volcaniclastic rocks and related feeder dykes. The strata can be
grouped into seven units {from oldest to youngest): greenstone,
dacite, lower andesite, thyolite, dacitic andesite, dacitic domes, and
basalt (Figs. 13-1 and 13-2).

Greenstone: The o dest rocks in the mine area are chloritic
andesite flows, tuffs, and agglomerate exposed in some of the lower
creek valleys and also intersected in dril} holes.

Dacite: Lying unconformably above the greenstonc is a sequence
of porphyritic dacite flows with some discontinuous tuff horizons.
The dacite is fine grained, greenish grey, and porphyritic. [t
weathers to a medium zrey or brownish grey.

Lower Andesite: An irregular and patchy sequence of mostly
pyroclastic rocks occurs at the base of the rhyolite and parts of the
dacitic andesite. 1t consists of welded tuffs, lapilli tuffs, and vol-
canic breccias of andesite composition. The breccia is particularly
coarse in ptaces with closely spaced bombs and blocks indicating
proximity to a vent.

Rhyolite: In the southwest part of the mine area is a sequence of
pale, flow-banded rhyclite. welded tuff, and lapilli tuff. lrregularly
interspersed is coarse "0 very coarse polymictic breccia. Lack of
sorting and limited lateral extent suggest a localized slump or lahar
origin.

Dacitic Andesite: Underlying much of Blackdome Mountain is a
sequence of grey-weathering, dark grey to greenish grey dacitic
andesite flows, These are frequently porphyritic with pale pla-
gioclase laths up to 5 millimetres long. Dyke-like bodies of similar
composition occur in the southwest part of the map-arca.

Dacitic Domes: Dacitic andesite underlies part of the Ridge Zone
and forms thin dome-shaped outliers further southwest., Dacitic
andesite in the domes has a lower total iron content than the unclerly-
ing dacitic andesite unit and weathers to a distinctive pale grey
colour, These two rock units are provably comagmatic. A sample
taken from one of the domes yielded a K/Arage of 51.5 = 1.9 Ma
(Church, personal communication).

Basalt: Dark brown to black basalt and weakly porphyitic
olivine basalt flows form the peak of Blackdome Mountain and
oceur extensively further northwest. A conspicuous but thin b-ck
red agglomerate occurs at the base of the basalt wherever it is
exposed. Basalt from Blackdome Mountain yielded a K/Ar ag: of
24 + 0.8 Ma (Church, persons] communication).

STRUCTURE

A northeasterly trend dominates the structure of veins and host
rocks in the mine area as a result of tensional forces in a northwest-
southeast direction during Eocene tirae. Blackdome Mountain snd
the dacitic domes form a northeasterly line of eruptive centres along
the axis of a broad anticline with a shallow northeasterly plurge.
Feeder dykes strike northeast. Flows generally strike northeast also,
with gentle dips to the northwest or southeast scldom exceeding: 2C
degrees. The dips are not entirely depositional; in the Ridge zone.
the direction of flow lineations and tte direction of dip differ by ur
to 30 degrees, indicating that the ridge zone has been upli’ec
relative to the summit arca,

There are at least 12 quartz veins or vein systems within the map-
area. Although the surface trace of some of the veins is sinuous, they
generally strike north 40 degrees cast, with moderate to sicer
northwesterly dips. The veins commonly follow shear zones. The

veins occupy tensional openings; where movement on the faulrs las
been determined, it is normal.

ECONOMIC GEOLOGY

The gold and silver mineralization occurs in typical epitherrna:
quartz veins, most of which are hosted by rhyolite and dac:tic
andesite. Above tree line the veins either outcrop or occur beniath
areas containing quartz float. Below tree line they have been founc
by trenching precious metal soil geochemical anomalies.

The veins vary from a few centimstres to a few metres in widih
and from weak stringer zones to sheeted, vuggy veins composec
almost entirely of quartz. The best precious metal values occur oaly
in veins with a high percentage of quartz, but abundant quartz cwes
not guarantee precious metal values.

The most persistent and best mineralized veins identified to Jate
are the No. 1 and No. 2 veins, which parallel the Ridge zone anc
extend up to the southwest spur of Blackdome Mountain. Both v2ins.
are characterized by a gouge a1d breccia-filled shear zone from ¢
few centimetres to 1.5 metres thick with brecciated or sheeted ana
sometime vuggy white to grey quartz on one or both sides of the

British Columbia Mmistry of Energy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1985-1.
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shear zone. Total vein width exceeds 3 metres in places. Movement
was normal, typically with a displacement of 20 to 30 metres across
both veins. The No. 2 vein has a steeper dip in the Ridge zone than
the No. | vein (75 degrees versus 60 degrees) so they converge at
depth and to the southwest. From surface trenches and on the 1 920-
metre level, it appears that the No. 1 vein branches off the No. 2
vein. Diamond drilling has shown that the vein system and miner-
alization continue below the 1 920-metre level; the system is consid-
ered open at depth.

Metallic minerals are sparse, sefdom exceeding 0.5 per cent. Ore
minerals are very fine-grained native gold and silver, electrum,
acanthite, or argentite and freibergite, The gold to silver ratio is
0.17-0.27:1. Minor amounts of pyrite, pyrrhotite, chalcopyrite,
sphalerite, and galena arc present; marcasitc, digenite, bornite,
covellite, chalcocite, and arsenopyrite have also been identified.

Despite local assays of a few tens of grams of gold per tonne,
visible gold is rare. A few colours and sulphide grains werc panned
from gouge taken from the No. 2 vein. Coupled with the sheeted
vein structure, this suggests that movement on the shcar zone
occurred during as well as after mineralization.

Wallrock alteration typically occurs only within approximately 1
metre of the vein and takes the form of bleaching, silicification, and,
locally, extensive argillic alteration.

Orc grades occur in the most silicified parts of the veins and
generally form stecply plunging *bonanza-type’ shoots with a strike
length seldom exceeding 30 metres; as defined by assay cutoffs,
there is no obvious shapc or pattern. Ore grades have been cut by
approximately 30 per ent below raw average grades, using a run-
ning-average method to cut high gold assays. Proven and probable
ore reserves are 183 000 tonnes grading 27,23 grams per tonne gold
and 128.9 grams per tonne silver (undiluted).

MINING

The ground is poor in parts of the vein systems. Mining plans are
for trackless, cut-and-ill mining, with a planned dilution of 21 per

109

cent. If sufficient time can be allowed to drain the ore, it should be-
possible to keep dilution well bzlow this figure in most parts of the
veins seen to date. The orc is mostly free milling, with the remeinde:
of the precious metals recoverable by flotation, A trommel ank
gravity circuit is planned to handle clay-bearing gouge in the ore

CONCLUSION

Mineralization at the Blackdome mine is similar to many epither
mal precious metal-quartz vein deposits of the “bonanza” type occur:
ring in the western United States and Mexico, Typically these
deposits are tensional vein systems in felsic to intermediate cale:
alkaline flows and pyroclastic rocks of Tertiary age.
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BRITISH COLUMBIA
REGIONAL GEOCHEMICAL SURVEY (RGS) RELEASE
PRELIMINARY RESULTS
(93G/E1/2, 93H/W1/2, plus parts of 93H/E1/2)

By E. L. Faulkner

INTRODUCTION

Data from the joint Canada/British Columbia reconnaissance
Regional Geochemica! Survey completed in the summer of 1984
were released at 0830 hours PDT on 27th June 1985 in Prince
George, Vancouver, and Victoria as province of British Columbia
open file BC-RGS-12-1984 and Geological Survey of Capada Open
File 1107.

The survey cavers approximately 14 800 square kilometres with
an average sample density of one sample per 13 square kilometres.
Stream sediment samples were analysed for zinc, copper, lead.
nickel, cobalt, silver, manganese, arsenic, molybdenum, iron, mer-
cury, uranium, vanadium, cadmium, antimony, tungsten, barium,
and loss-on-igmtion, Stream waters were analysed for vranium,
fluorine, and pH,

Each open file package contains a sample location map, British
Columbia Ministry of Energy, Mines and Petrolecum Resources
Mineral Inventory Maps, 21 geochemical maps, and & text of ficld,
analytical, and statistical data. Packages are available at a cost of
$50.00 each from: Publications Distribution, 552 Michigan Street,
Victoria, B.C. V8V 1X4.

Information in this ycar's release, which was not available in the
1984 release, includes analyses for vanadium, cadmium, barium,
and loss-on-ignition, the Mineral Inventory maps, surticial geo-
logical information, end histograms and regional trend maps for
each element.

RESULTS

Number of packages sold:

Prince George... .. ... . ... e 17
VanCouver......... .. .o 20
Victoria. . ... ... OO |

An additional 19 packages were sold after the release date for a
total of 59 1o October &, 1985,

A count of mineral claims in good standing in the release area
(excluding Crown-granted leases) was madc before the fietd scason,
the day before the release, and after the field season. The results are
as follows:

Date: 26 April 1935 26Junc 1985 8October 1985
Claim units: 5685 5853 6924
2-post claims: 326 346 432

There was only modest staking prior to the release (168 ¢ aim
units and twenty 2 post claims) but a total of 1 071 ¢laim units and
eighty-six 2 post claims werc staked on or after the release cate

Three areas accounted for much of the activity:

(1) 93G/7E and 93G/8 — this 1s a much faulted area of the
Quesnel Trough southwest of Hixon with a number of co nci-
dent high contrast antimony, arsenic. and mercury
anomalies.

(2) 93H/3W and 93H/12E — thase two arcas are both (n the
Bowron River valley on the faufted eastern edge of the Siide
Mountain terrane. They show coincident high contrast bat-
lum anomalics and moderate contrast mercury anom ilies
with some spot high arsznic values.

COMMENTS

(1) The inclusion of histograms and regional trend maps in thi:,
release was particularly well received.

(2) The addition of barium to the list of elemenis analysed fo- led
to significant staking in two creas.

(3} The turnout on the refease datc was below average bur the
activity generated was much higher than anticipated. This
was especially so as the srea includes a major urban centrc, i
almost entirely accessible bv vehicle, and has been well
prospected and heavily staked in the past.

(4

—

This release also generated inferest that is not reflected in the
preceding figures; there was a moderate amount of "anticipa-
tion” or ‘pre-emptive’ staking in the area during the 84
field season. One major company and two juniors indicated
that announcement of the Rzgional Geochemical Survey was
a factor in the staking and location of their 1984 “eld
programs.

Although it is too early to assess the results of this yzar's
staking, one major company traced an anomalous area t
mineralization in place.

(5

British Columbia Ministry of Energy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1966-1.
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REGIONAL GEOCHEMICAL SURVEYS*
RGS 13 — PRINCE GEORGE 93G/W 1/2 AND
McBRIDE 93H/E 1/2
RGS 14 — McLEOD LAKE 93}

By A. J. Boronowski and W. M. Johnson

The British Columbia Ministry of Encrgy. Mines and Petroleum
Resources conducted a regional geochemical silt and water sam-
pling survey during Julv. August, and early September 1985 which
covered NTS 931, the western half of 93G, and the castern half of
93H (Fig. 15-1}.

The ministry organized and supervised all components of RGS
13. Sampling and analytical work were funded from the first year of
the British Columbia/Canada Mineral Development agreement.
Data processing will be carried out by the Department of Encrgy,
Mines and Resources.

For RGS 14 the ministry funded organization, supervision, and
sample collection activities white the Department of Energy, Mines
and Resources funded the commercial sample preparation, anal-
yses, and data processing. Field supervision for both surveys was
carried out by A. J. Boronowski under the direction of W. M.
Johnson.

When they become available field and analytical data are pro-
cessed, then plotted orto maps at a scale of 1:250 000, Ficld data
and statistics are summarized in an accompanying publication. The
open files are expected to be released in Junc, 1986,

To date twenty-two map-arcas covering approximately 293 350
square kilometres have been sampled in British Columbia: average
density ranges from one site per 12.5 square kilometres to one site
per 15 square kitometres with two map sheets (1031 and P) sampled
at twice this density.

Field sampling for FGS 14 was carried out by Hi-Tee Resource
Management Ltd. and for RGS 13 by McElhanney Engineering
Services Ltd. Contractor’s crews consisted of an average of five
men. Access was good on 93G/W 1/2, but poor on 93] and 93H/E
1/2 due either to muskeg or mountainous terrain. Helicopters were
used to collect samples that were inaccessible by truck. motorcycle.

or boat. Helicopters were chartered by McElhanney Engineeiing
Services Ltd. from Northern Mountain Inc. based in Prince Gecrge
and by Hi-Tec Resource Management Ltd. from Airlift Corp. based
out of Abbotsford. RGS 14, covaring 14 300 square kilometres, vas
sampled at 1088 sites for an average coverage of one sample for
13.14 square kilometres. RGS 13, covering 14 150 squarc kilo-
metres, was sampled at 1047 sies for an average of one sample for
13.52 square kilometres.

Water samples are analysed for wranjum, fluorine, and :zH,
Stream sediments arc analysed for zine. copper, lead, nickel, cobalt.
silver, manganesc, iron, arsenic, molybdenum. tungsten, mercury.
uranium, antimony, and cadmium

The survey arcas are underlain by the cconomically favourible
Slide Mountain, Cache Creck. Tukla, and Hazelton Groups. the
ultramatics of the Tremblcur Intrusions, and felsic intrusions o
Cretaceous and Tertiary age. Exploration has been conducted for
gold, platinum, and nickel within the Slide Mountain Group, bt nc
zoned Alaskan-type ultramafics have been reported. Copper-gofc.
mincralization has been explored for in the felsic intrusions. Base
and precious metal values are reportzd from volcanics of the Slide
Mountain Group. Some exploration for base metals has also been
conducted in the metasedimentary rocks, The uitramafics and ad-
joining areas have been examined for nickel. asbestos, and precious;
metals, The Pinchi Lake fault strikes across two of the map-areas
and is the focus of exploration for mercury and precious metals. The
Rocky Mountain Trench and Thrust Belt zone. which strikes acros;
two of the map-arcas, has potential for hosting carbonatites. The
map-areas have not undergong intensive mineral exploration dus to
thick glacial drift and lack of raineral showings. The geocheniical
survey results will provide info-mation for appraising the economie
mineral potential of these overburden covered, apparently less min-
cralized areas.

* This project is a contribution to the Canada/British Columbia Mincral Development Agreement.

British Columbia Ministry of Energy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1986-1.
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1985 ORIENTATION SURVEY
A FOLLOW UP OF TWO 1984 REGIONAL GEOCHEMICAL SURVEY
GEOCHEMICALLY ANOMALOUS DRAINAGES BY
PANNED STREAM SEDIMENT AND SILT SAMPLING
BLACKWATER MOUNTAIN AREA (93G/2)
AND

CLEAR MOUNTAIN AREA (93H/6)
By A. J. Boronowski

INFTRODUCTION

The purpose of this follow-up survey was to compare the
usefulness of silt sampling versus panned stream sediment sam-
pling. The method of the study was to follow up two separate
geochemically anomalous drainages discovered during the 1984
Regional Geochemical Survey (British Cotumbia Regional Geo-
chemical Survey 12, Geological Survey of Canada Open File 1107)
with panned stream sediment and silt sampling.

The two geochemically anomalous drainage basins chosen have
diverse geotogy and potential for several deposit types. One basin
was thought to have potential for hosting precious metal deposits,
the other, base metal deposits with associated precious metal values.
As well, there were no mineral claims and no assessment work had
been recorded in these areas.

BLACKWATER MOUNTAIN AREA (93G/2)
(Figs. 16-1, 16-2)

A creek draining the eastern flank of the Blackwater Mountain
area contains silts which are geochemically anomalous (greater than
the 95th percentile) in copper, motybdenum, zine, silver, cadmium,
nickel, and cobalt. The area is underlain by rocks of the Pennsylva-
nian and Permian Cache Creek Group. The geochemical expression
suggests that the area has potential for oceanic-type, mafic volcanic
hosted base metal deposits with precious metat values.

CLEAR MOUNTAIN AREA (93H/6)
(Figs. 16-3, 16-4)

Dominion Creek drains the western flank of Clear Mountain.
Stream silt samples from this drainage are geochemically anoma-
lous (greater than the 95th percentile) in lead, cobalt, iron, arsenic,
and antimony.

The area is underlain by rocks of the Hadrynian Yankee Belle,
Cunningham, and lsaac Formations, and the Mictte Group. The
Isaac Formation underlies a large portion of the historically impor-
tant gold-producing arca of Wells-Barkervitle. As well, Dominion
Creek lies along what appears to be a northwesterly trending struc-
ture which shows up clearly on some of the Regional Geochemical
Survey geochemical trend maps, for example, the arsenic map. The
target is a precious metal deposit.

FIELD AND ANALYTICAL METHODS

Silt sampling, data recording, sample preparation, and analytical
work were carried out according to standard Regional Geochemical
Survey methods (British Columbia Regional Geochemical Survey
12, Geological Survey of Canada Open File 1107: Geolegical
Survey of Canada Paper 74-52).

Panned concentrate sampling involved 10 mesh (2 millimet -es)
wef sieving of stream sediment material until two gold pans were
filled. then panning the sediment down to a constant volume which
was equal to one-tenth of the original sample.

In preparation for analysis the panned concentrate sample was
passed through a heavy liquid separation (specific gravity 2.96).
Sink material was separated inty magnetic and non-magnetic f-uc-
tions using a handheld magnet. The non-magnetic fraction was
pulverized to 100 mesh and submitted for analysis.

DATA

Statistical data from 1984 Rezional Geochemical Survey 12 iadi-
cate that silts collected from the Blackwater Mountain and Clear
Mountain areas have the following geochemical values for the 95tk
percentile:

Blackwater Mountain Area
Cache Creek Group

e 050 ppm
.................. 2.0 ppm
... 180.0 ppm
0.2 ppm
2.0 ppm
.. 99.0 ppm
. 21.0ppm

Clear Mountain Area
Miette Group

25.0 ppm
5.5 per cent

. 15.0 ppm

0.6 ppm

Yankee Belle, Cunningham, and
Isaac Fermations

. 18.0 ppm
4.3 per cent
15.0 ppm
0.5 ppm

Sample locations and analytical results from the 1985 follow-up
survey are plotted on Figures 16-1 1o 16-4. Analytical resu'ts, ar>
presented in Table 16-1.

British Columbia Misnistry of Energy, Mings and Petroleum Resources, Geological Fieldwork, 1985, Paper 1985-1
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RESULTS

In the Blackwater Mountain area results from the silt and panned
stream sediment sampling surveys indicate a possible zonation from
south to north of the following geochemical values: nickel-cobalt to
copper-molybdenum-zinc-silver-cadmium-nickel-cobalt to silver-
gold.

Insufficient data preclude the determination of statistical values
for gold. However, interesting gold values were obtained from the
silts and panned stream sediment samples collected in the extreme
northern portion of the area. These silt samples contain gold values
ranging between 10 and 340 parts per billion, Only two of these silts
contain geochemical values equal to the 95th percentile, Panned
stream sediment samples collected in this area have gold values
ranging from less than 10 to 21 000 parts per billion.

In the Clear Mountain area results from the silt and panned stream
sediment sampling survey indicate geochemically anomalous val-
ues that increase toward the geological contact that separates the
Miette Group from the Yankee Belle, Cunningham, and Isaac
Formations.

CONCLUSIONS

The Blackwater Mountain arca contains a zonation of anomalous
geochemical values from south to north of nickel-cobalt to copper-
molybdenum-zinc-silver-cadmium-nickel-cobalt to silver-gold.
The geochemical signature is expressive of a mafic volcanic hosted
deposit with precious metal values.

The panned stream sediment survey reflected the results obtained
by the silt survey. However, panned stream sediment sampling
proved useful in delineating an area of high geochemicat gold valucs
in the Blackwater Mountain area, which is not as apparent in the silt
survey. A panned stream sediment survey would be useful in outlin-

116

ing areas of anomalous gold values discovered during regional silt
sampling surveys or as a follow up to anomalous pathfinder cle-
ments. The latter were the basis of this study.

Regional silt sampling surveys are a quick and cost-effective
method of testing the potential of a catchment basin for hosting base
metal deposits. Gold results were too vague to determine the
usefulness of standard silt sampling when testing an area for gold
mineralization.

The Clear Mountain area contains a linear zone that is geo-
chemically anomalous in lead-cobalt-iron-arsenic-antimony. This
zone parallels the contact between the Miette Group and the Yankee
Belle. Cunningham, and lsaac Formations. This survey is an cxam-
ple where the pathfinder elements arsenic and antimony did not
indicate gold mineralization. The anomalous iron content may have
scavenged the geochemically anomalous clements.

RECOMMENBDATIONS

More research is required to determine if silt sampling is a viable
method of testing an arca for gold mineralization.

Possibly Regional Geochemical Survey silts collected in arcas
either suspected of containing gold mineralization or known to
contain anomalous pathfinder elements should be analysed for gold.
An alternative is to return to these areas and conduct a panned
stream sediment survey.

More orientation surveys arc nceded to determine the most cost
effective method of testing arcas for gold mineralization. Variables
should include ficld methods and laboratory technigues.

Sample location notes and summary statistics contained in the
Regional Geochemical Survey open file reports should be studied
prior to conducting follow-up programs.
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60,1,236,5.2,0.8,86,24,21000
35.1,135,02,0.8,46,13, 10
34,1,135,0.1,0.8,46,13, 10

[311,75,02,02,42,11, - |-*

76,4,410,0.4,3.2,116,28, 70
57,2,3580.6,3.3,108,27,<5

[65,2,280,0.6,2.4,93,18, -

124,22,178,0.1,3.0,54,16,<20
95, 9,410 ,1.5,14.0,148,56,<5

TN\

[35,1,83,01,0.4,200,22, T \

82,8,216,0.8,0.6,98,28,280
39,1, 82,01,02,42,17,<5

50,1,164,0.1,1.0,72,18 <10
31,1,105,0.1,0.6,41,12, <5

38,1,

116,\6,260,1.4,0.8,114,34,17200
84,01,0.5, 51,17, 340

36,1,134,0.1,1.2,56,16,<10
40,1,180,02,1.4,60,18, 50

AN

30,1,144,0.4,0.4,68,
43,1,150,02,1.9,59

18,<10
.23.<5

1,1.4,38,12 <50
1,0.8,55,12,<5

- 120,6,534,0.6,3.6,140,40,50
66,5,435,0.4,4.2 125, 38,<5

13,

NSS,NSS,NSS, NS5, NS5, NS5, N§§,<50
17 , 830, 1.3,

170,375, 55

(<5

27,1,138,02,0.1,90,13 ,<5

16,1,76,0.4,0.4,56,16 <10

50,1,100,0.4,0.4,90,20,<20
64,2, 73,0.4,09,190,25, <5

48,1,116,0.4,0.
27,1, 0

47,0.1,

1,248, 38 <10
1,243,15 <5

HERKYELTHTIE .!AA’EAD
(GOOSE LAKE )

BLACKWATER BOUCHIE LAKE ROAD

-~ DRY CREEK BED

KILOMETRES
Cu [Mo [Zn [Ag [Cd |Ni {Co |Au
ppm [ppm [ppm | ppm {ppm (ppm [ppm | ppb
48| 1 | 16| 0.4/ 01248 38 | 50| PAN CONC.
271 1 [ 47| 01] 01243 15 10| ST
47 01 > 25 PERCENTILE

Figure 16-2. Assay data, Cottonwood Canyon {93(/2),
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GEOLOGICAL CONTACT
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—\/_J\/
"

YANKEE BELLE, CUNNINGHAM FORMATION

843006
A 7100
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843003
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\ ™

\ S~

857003
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Figure 16-3. Sample locations, Dominion Creek, Indianpuint Lake (93H:6).
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10, 12,
9, 13,

164,166, >40.00, 280,15.6,10
160,154, 37.20,220, 8.0,550
300, 7,0.4,15
330, 8,03,10

186,200,>40.00, 320,14.4,250 | .

HAGGEN CREEK

250,172, >40.00,300, 7.6, <10
29, 27, 570, 20,1.0,<5

166,190,>40.00,260,12.4, 20
20, 24, 520,24 ,1.2,5

306,162, 36.00,300, 11.2, 360
30, 23, 520, 46,24, 15

[21,15,4.70,12.0,04, J/

[29,25,5.80,29.0,0.7, --

22, 19, 4.70, 29, 1.7,<5 18,18,4.80,180,1.0, --
_ [ 196,190,>40.00,320,16.8,<10 L
23, 20, 510,27 , 2.2,<5
326,180, 38.00,220,70.0, 80 N
37. 23, 5.10, 22, 20.15 ™= 150,160, 37.20,520,12.0,130
|29, 32, 640, 60, 2.8, 30
N\ 210,200,>40.00,240,16.0, 100
180,180,>40.00,300,34.8,<10 24, 27, 530, 29, 14, <5
21, 23, 520, 30, 1.8,<5 [ 17,13,4.50,4.0,0.1,-- CLEAR
\ MOUNTAIN
A 7100°)

3.14,266,>40.00,240,13.2,1000
)/ 26,22 , 4.60, 20, 1.4, 5

\ 18,16,5.00,7.0,0.3,-- |

160, 166, 34.40, 320,12.0,<20
31, 23, 540, 33, 22, 20

270,280,>40.00,146,14.4 <10

180,176,18.40,380,15.6, 60
22, 23, 5.30, 30, 3.6,<5

19, 19, 400, 14, 1.2, 5

Po [Co [Fe [As ISk [Au 0 ! 2
ppm(ppm|%  |ppm|ppm|ppb Eﬁ-—-ﬁKILOMETRES
180 | 176 [18.40{380 15.6| 60| PAN CONC.

22| 23] 53] 30| 36] <5| suT

22 53% 30 >95 PERCENTILE

GECLOGICAL CONTACT

N T

Figure 16-4. Assay data, Dominion Creek, Indianpoint Lake (93H/6).
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British Columbia Geological Survey
Geological Fieldwork 1985

THE BOB CREEK GOLD-SILVER PROSPECT
(93L)

By B. N. Church

INTRODUCTION

The Bob Creek prospzct (M1 931.-009) is centred 10.6 kilometres
south of Houston at 800 metres elevation. The showing is approx-
imately 1.4 kilometre byy dirt road east of Buck Creek and the Buck
Flats road (Fig. 17-1).

The property comprises the Buck and Lome claim blocks which
are relocated from previous claims including the old Porphyry
Dyke, Horseshoe, and Gold Brick claim groups.

The property was visited briefly by the writer in June and August
1972, August 1980, and July 1984.

TABLE 17-1
TABLE OF CHEMICAL ANALYSES

1 2 3 4

Ozxides recalculated to 100:
Si0y i 77.13 72.64 69.29 51.77
10, .. 0.54 0.49 0.42 2.76
A|203 .................... 13.11 14.59 15.88 17.32
3.38 2.17 2.03 2.08
0.31 1.13 3.54 7.14
0.33 0.24 .67 0.13
0.40 0.72 1.08 5.52
0.13 1.36 2.23 6.96
0.63 0.09 0.03 4.28
4.03 6.57 4.83 2.04

100.00 100.00 100.00 160.00

2.09 2.63 2.18 3.01
.34 0.10 0.14 0.17
.07 1.47 3.98 132
.01 0.17 0.22 0.69
0.03 1.42 1.09 0.04
55.4 41.3 41.1 —_
24.8 40.3 29.9 12.0
5.9 0.9 0.3 382
0.7 7.0 11.6 22.0
— — 0.0 5.0
1.2 2.1 3.1 34
— — 3.7 1.3
— e — 8.8
—_ — — 3.3
0.8 0.7 0.6 3.8
— 1.7 2.2 2.2
2.8 0.5 — —
8.4 5.5 7.5 —

Key to Analyses:

1. Hazelton maroon tuff breccia, near Bob Creek.,

2. Mineralized rhyolite breccia, ‘Ore zone.'

3. Altered quartz porpayry, west of Snoopy II adit, canyon area.
4. Bob Creek gabbro, on hillcrest east of Buck Flats road.

Much appreciation for company information is owing Dave Bary
of DuPont of Canada Exploration Ltd. and Mark Rebagliati and lar
Trinder of Sclco Divison, B.P. Resources Canada Ltd.

EXPLORATION AND DEVELOPMENT HISTORY

A small amount of placer gnld was recovered from Bob Czel.
prior to 1903. In 1914 claims were staked covering the apparen:
source area, which proved to be a zone of altered rocks exposed
upstream in the canyon of Bob Creek . Some exploratory tunnelling
was completed by 1927. According to Lang (1929, p. 93A): ‘A shorl
adit has been driven into the right side of the canyon, exposing
disseminations and small seams of pyrite, sphalerite, and a little
galena, but no definite vein is ex.posed. About 100 yards (90 me res)
upstream, a second short adit has been driven in the left side o the
canyon where a 3-inch (7.6-centimetre) stringer is stated to have
assayed: gold, 0.06 ounces (2.1 grams per tonne); silver, 41 ou1ce;
(1 400 grams per tonne): lead, 3 per cent: zine, 11 per cent.

A small mill was set up on tne property in 1933 and three year;
later operations began under the direction of Houston Gold Mines
Ltd. According to reports, 77 tonnes of ore was produced avera zing
gold, 3.5 grams per tonne; silver, 35 grams per tonne; and zinc. 1.
per cent.

The property was the focus of intermittent exploration in subsc-
quent years. Some of the morz important drilling programs wern:
conducted by the Premier Gold Mining Company in 1945 (threc
diamond-drill holes totalling 240 metres), Denison Mines Ltd. it
1961 (eight drill holes totalling 153 metres), Asarco Explorition
Company of Canada Lid. in 1968 (seven holes totalling 640 met s2s),
and DuPont of Canada Exploraion [td. in 1978 (six holes tota linj
751 metres). Most recently, Selco Division of B.P. Resources (Can-
ada Ltd. completed a major program in 1984 consisting primari v of
eight diamond-drill holes totalling I 247 metres.

In addition to the drilling, a number of geochemical and
geophysical programs were completed. In 1965 Triform Miaing
Ltd. joined with Coast Exploration Lid. to geochemically test 4 101}
metres of bulldozer trenching and siripping. Later Minwealth Ex-
plorations Ltd. performed airborne magnetic and EM surveys and a
geochemical program. In 1978 DuPont completed §3 kilometres of
pulse EM survey and geological mapping. Cominco Ltd. did a
thorough review of the property in 1981 and followed this with ¢ [I°
survey, and soil, silt, and lithogeochemical studies.

GEOLOGICAL SETTING

The rocks in vicinity of the Bob Creck prospect consist prede ni-
nantly of gently dipping volcanic formations of Jurassic, Cre-
taceous, and Tertiary ages, a sroall gabbro stock, and a number of’
dvkes.

The oldest rocks are mostly marcon volcanics of the Hazeltor
Group similar to the Lower {?) Jurassic assemblage on Mcrice
Mountain located to the west. These are exposed along the lowe-
course of Bob Creek and on the valley slopes near the confluence o”
Bob Creek and Buck Creek in the west part of the map-area (Fig
17-1). The most common unit is massive tuff breccia with a few thin
intercalations of accretionary lapilli and siftstonc. The voicanic

British Columbia Ministry of Energy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 198¢-1.
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Figure 17-1. Geological sketch map of the Bob Creek prospect.
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TABLE 17-2
RADIOMETRIC DATES BY POTASSIUM/ARGON ANALYSES

No. Lat. Long. Rock
1 54°18.5' 126°37' Feldspar porphyry
2 54°18.1 126°37.2° Quartz porphyry

Mineral K% Ardox Ma

» 10-6ce/gm
Biotite 6.79 21.739 80628
Sericite 8.42 26.099 78.1x2.¢%

clasts are mostly dacitic with some rhyolitc admixture (Table 17-1,
No. 1), A thin shale facies from this section has been intersected in
the exploration drillinz. Although the basz of the formation is not
seen, the total thickness certainly exceeds several hundred metres.

The host rock for mineralization is a belt of altered felsic volcanic
rocks, about 600 metres wide, cxposed in the canyon of Bob Creek.
These are quartz-feldspar porphyry feeder dykes and breccias
equivalent in age to the Upper Cretaccous Okusyelda Hill and Duck
Lake volcanic rocks and intrusions (Church, 1972, p. 359).

The slightly younger Tip Top Hill Formation overlies the felsic
volcanics east of the canyon, These rocks are brown, somewhat
altered, andesitic tuffs and breccias; they form an erosional remnant
immediately underlying the Tertiary sequence.

The youngest beds are assigned to the Buck Creek Formation.
These rocks comprise about 300 metres of Early Tertiary fine-
grained dacitic lavas and breccias exposed along the upper course of
Bob Creek and on the hills and ridges in the cast part of the map-
area. The layering of this sequence, displayed on the valley walls,
dips about 8 degrees casterly.

The *Bob Creck gabbro’ crops out on the crests of two low hills
south of the canyon. This is a somewhat altered, medium to fine-
grained stock intruding the Jurassic and Cretaceous volcanic rocks.
Normative mincral calculations indicate a quartz deficiency similar
to many gabbros (Table §7-1, No. 4).

Several feldspar porphyry dykes intrude the Hazehon rocks. The
largest of these is observed in a road cut where the Bob Creek and
the main Buck Flats rcads join, and on a logging road north of Bob
Creek. These dykes contain subhedral clusters of plagioclase. 0.5
centimetre across, in 2 matrix of fine-grained feldspar, biotite, and
quartz. Potassium/argon age determination of a biotitc scparate
from these rocks gives an Upper Cretaceous age of 80.6+2.8 Ma
(Table 17-2, No. 1) similar to the Duck Lake intrusion.

MINERALIZATION

The felsic effusive rocks exposed on the canyon of Bob Creek are
a composite of hydrothermally altered breccias, including some
round clast vent breccias. and quartz-feldspar porphyry feeder
dykes. Normative calculations from whole rock chemical analyses
suggest high quartz and alkali feldspar content typical of many
unaltered rhyolites (Table 17-1, Nos. 2 and 3}.

The alteration of these rocks is intense, consisting mostly of
kaolinization with tocal sericitization and silicification. Limonite is
developed on many outcrops as a result of oxidation and leaching of
sulphides.

The main sulphide iinerals are pyrite and sphalerite with lesser
amounts of galena and chalcopyrite. These occur as disseminations,
stringers, and in quartz veinlets of apparcnt random orientation.

123

The main target of exploration is a zone of high lithogeocherricil
values midway between the canyon and the north contact of the Bob
Creek gabbro. This "Ore zone’ is an ellipical 80 by 50-metre area
with gold and silver assays ranging to more than 4 ppm and 35 ppin
respectively,

The age of mineralization has been determined to be 78.1:02.3
Ma from potassium/argon analyses of sericitized biotite from a
hydrothermally attered porphy -y from the canyon area (Table 17-2,
No. 2). It is noted that this is only «lightly younger than unal cred
biotite feldspar porphyry dykes of the region which have been
correlated with the Duck Lak: intrusion and Okusyelda volcanic
event.

According to Caelles (1982): ¢, . . the Au-Ag (Zn-Pb-Cu) mine -
alization in the Buck Creek property is epigenetic, deposirec. by
circulation of hydrothermal fluids that are very likely genetizally
related to the predominantly felsic volcanism. If this hypothesis is
correct, lithological control of mincralization could be importan,
mainly through control of mineralizing fluid circulation by rock
porosity and permeability.

Malingering hydrothermal activity may be responsible too 7cr the
altered condition of the Tip Top Hill undesites und the Beb Cree<
stack. In accordance with this, the *Ore zone,” which is proximal to
the stock, coincides with the end phase of a rhyolite to andesite ani
gabbro, Upper Cretaccous cruptive cycle.
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TABLE 1. COMPUTER PROGRAM IN TI BASIC TGO DETERMINE MOLECULAR NORM MINERALOGY
FROM MAJOR OXIDE WEIGHT PER CENT

180 REM “"XXXXXXXXXAAAXXRXXX" 820 M= (E4-E1-MB/3)#%2.

11@ REM "X x" 832 0=

128 REM "X MDLECULAR NORM X" 848 R3I=M9/2

138 REM "X X B5@ BI=E~((MI#3/5)+(MZ#3/5) +(MIHZ/5)+(MAS2)+(ME/2) + (MPS 2 }
148 REM "X B.N. Church X" 848 PRINT "SAMFLE NO. =v,2
158 REM "X x® 87@ PRINT "NODRMATIVE %"

168 REM "XXXAXXAANAXRKXXAKX XXX 880 PRINT

17@ FRINT 898 PRINT "QUARTZ ",81
190 A=.D156567 22 FRINT "ORTHOCLASE ", M1
200 Al=.01251 10 PRINT "ALBITE "y M2
218 AZ=_01942 F20 PRINT “ANCGRTHITE Y yM3
22@ AZ=.@1252 730 PRINT "WOLLASTONITE" M4
270 A4=.A13%2 40 PRINT "ENSTATITE "y ME
248 AS=,B2481 5@ FRINT "FERROGSILITE ", M9
258 A&4=.01783 4@ PRINT "ILMENITE M7
260 A7=,Q3226 F70 PRINT "MAGMETITE -]
27@ AB=,@2124 8@ PRINT "HEMATITE ",a
280 INPUT “"SAMPLE NO. ="gZ 998 PRINT "CORUNDUM R
29@ INFUT "WT.% BI0O2 =":B 1008 PRINT

322 INPUT “"WT.% TIO2 =":Bi 1818 IF 51<@ THEN 1048

31@ INFUT "WT.% AL203 ="gB2 1828 PRINT

320 INPUT “WT.¥% FE203=":B3 1838 END

33@ INPUT "WT.% FEO =":1B4 1@4@ PRINT "UNDERSATURATED"
348 INPUT "WT.% MGO =":BS 105@ PRINT "OPX BOES TO oV
35@ INPUT "WT.%Z CAD =":B& @68 PRINT

36@ INFUT “WT.%X NAZ20 =":B7 107@ F=(M&+MP) /2

3780 INPUT "WT.% K20 =":B8 1980 S2=E—(((M1/S)#3)+{ (M2/5)#3)+ ((M3/S) #2) +(MA/2))
380 C=AxB 18598 Y= (F-82)#2

390 Cl=RA1+B1 1108 X=F-Y

400 C2=A2#B2 1118 I=2aX%

41@ C3=A3#B3 1120 J=Y+(v/2)

428 CA=pawBA 1138 L=(M&/ (M&+MP) ) #1

430 CS=/5%85 1148 P=(MP/ (M&+MF) ) #d

440 Cbh=AL#BL 1130 T=(M&/ (MA+MP} ) %J

45@ C7=A7#4B7 1168 U= {(MP/ (M&+MF) ) #1

4638 CB=AB*BG 1178 PRINT "ENSTATITE =",L
478 D=L+ 1 +L2+03+C4+L5+CA+L7+0B 1189 FRINT “FERRDSILITE=",u
480 E=Cx128/D 1198 PRINT "FORSTERITE =",T
458 E1=Cil#128/D 120@ PRINT "FAYALITE =" P
S@@ E2=C2+10@/D 1212 PRINT

518 E3=C3#108/0 123@ IF 1<@ THEN 1250

520 EA=C4#10@sD 1248 FRINT

S30 ES=CS#*108/D 1258 END

S48 E4=04+100/D 1255 PRINT

S5@ E7aC7+100/D 1260 PRINT "FELDSFATHOIDAL"
560 EQ=CB+i@&/0 127@ PRINT "OLV+NEPH NORM"
570 REM E=S51 Ei=TI E2=Rl 1288 PRINT

575 REM E3=FE+++ E4=FE++ ES5=MB 129@ H=(ES5/2;+ES

58@ REM E&=CA E7=NA EB=k CATION % 1388 N={R3/2)+R3

598 Mi=S+EB 1310 S3=82-(R3/2) - (ES/2)+(E7%3}
LB M2=5S#E7 1320 V={B3-E7)/2

410 K=(E2-E7)~ES 1330 W=E7-V

&20 G=E&n2 1340 Q=V«5

&3@ GOTO &80 135@ Z=Wk3

LA4B MI=K#5/2 13680 PRINT "ORTHOCLASE " ,M1
&50 M4= (E&H-M3I/5) #2 13728 PRINT "NEPHELINE "eZ
&68 MS5=0 138@ PRINT "ALBITE " LB
&£7@ GOTO 720 1398 PRINT "ANORTHITE M3
&BR IF B>K THEN &4@ 1408 PRINT “"WOLLASTONITE",M4
678 M3=E&*S 1418 PRINT "FORSTERITE " ,H
700 M5=K-M3#2/5 1428 PRINT "FAYALITE "y N
710 Ma=0 1438 PRINT "ILMENITE " M7
728 Me&=ESw2 1448 PRINT “MAGNETITE "L MB
730 M7=E1#2 1458 FRINT “HEMATITE »,0
749 BOTD 808 146@ PRINT "CORUNDUM " M5
750 MB=(E4-E1)#3 1478 PRINT

760 Q=E3-MBE#2/3 1488 FPRINT

77@ M9=0 1498 PRINT

78@ R3=pMP/2 1495 FRINT

799 GOTD 858 15@@ PRINT

8ea IF (E3/2) »=(E4-E1)THEN 75@ 1518 END

810 MB=E3I#3Z/2
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A COMPUTER PROGRAM
FOR THE DETERMINATION OF MOLECULAR NORMS
FOR THE FINE-GRAINED AND ALTERED ROCKS
OF THE BOB CREEK AREA
(93L/7)

By B. N. Church

The determination of normative mineral compositions from ma-
Jor oxide analyses offers a method of comparison of coarse or
medium-grained igneous rocks with fine-grained or altered equiv-
alents. To this end, Barth (1952. pp. 76-82) described the necessary
simplified calculations following the *Niggli procedure,” whereby
oxide weights for cach rock are transformed to equivalent molecular
units. The resulting “molecular norm’ is considered to be simpler
and a better approximation of modal mincralogy than the traditional
CIPW ‘weight norm” (Wahlstrom, 1955, pp. 82-85).

In Table 18-1 a computer program to assist in study of the igncous
rocks of the Bob Creek prospect (see accompanying report), and
fine-grained cffusives in gencral. This program is specifically for
the TI 99-4/A computer, however, with some slight modifications it
is readily adaptable to any microcomputer with Basic language
facility.

Weight per cent for the nine most important oxides in igncous
rocks, including TiO,, FeO, and Fe,0,, are input into the program.,
Output is molecular percentage for as many as 14 of the most
common anhydrous and non-carbonate end member minerals, in-
cluding olivine and nepheline for silica deficient samples.

The method is demonstrated using Chayes’ (1975) average com-
positions (Table 18-2) and four analyses from the Bob Creck area.
Negative normative guartz indicates undersaturation in silica. This
negative value cavuses conversion of some or all of enstatite and
ferrosilite to forsterite and fayalite, Additional undersaturation re-
sults in conversion of albite to nepheline. {There is no provision for
leucite in this program). Small negative values for magnetife can
usually be ignored as this simply indicates that ferrous iron is less
than titanium, which is sometimes the case in oxidized and altered
rocks.

REFERENCES

Barth, TEW. (1952): Theoretical Petrology, J. Wilev & Sons, New
York, 117 pp.

Chayes, F. (1975): Stafistical Petrology, in Annual Report of the
Director Geophysical Laboratory, Carnegie Institution, Wash-
ington, D.C., pp. 542-550.

Wahlstrom, E. E. (1955} Petrogruphic Mincralogy, J. Wiley &
Sons, New York, <08 pp.

.
TABLE 18-2
AVERAGE COMPOSITIONS OF COMMON
VOLCANIC ROCKS
(Chayes, 1975)

1 2 3 4 3 0
§i0, 71.56  65.33 5819 5828  36.70 45 36
Tio, .32 0.62 0.82 0.86 0.84 235
ALO; ... 13.58 15.58 1722 18.28 19.06 146l
Fe,0, .. 1.58 2.37 309 2,93 2,71 427
FeO ... 1.10 2.33 4 05 2.00 1.70 7 38
MnO 0.07 0.12 0.15 0.19 .21 018
MgO ... 0.47 1.62 3z 1.20 1.04 8 45
CaO ... 1.41 4,31 681 3.05 262 10123
Na,0 3.80 3.72 3.29 6.63 7.55 320
KO . 4.19 2.27 1.68 4.82 517 1 40
P,0. 0.12 0.18 0.23 0.25 0.22 039
H,0 1.96 1.54 1.33 1.47 1.99 136

Molecular Norms:

Qz ... 28.3 22.1 124 — — -—
Or . 25.5 13.8 10.2 28.3 30.3 3.5
Ne . — — 5.6 15.3 12
Ab ... ... 35.0 34.4 30.2 49.9 41.7 25.6
An . 7.2 19.6 27.9 3.9 2.8 21.8
Wo ... .. — 1.0 2.1 3.7 4.0 1.0
Eu ... 1.3 4.6 9.1 — — e
3 0.2 1.1 3.0 — -—
— — — 2.5 2.1 17.9
— — — — 1.8
0.5 0.9 1.2 1.2 1.2 16
7 5 3.3 2.8 2.2 1.6
— — 0.1 0.4 -—
0.3 — — — -—

Key to Analyses:

I — Rhyolite. 2 — Dacite, 3 -— Andesite, 4 — Trachyte,
5 — Phonolite, 6 — Basalt

British Columbia Miristry of Energy, Mincs and Petroleum Resources. Geological Fieldwork, 1985, Paper 1986-1.
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Figure 19-1. Reflectance indicatrix shapes and corresponding reflectance readings which may be obtained from a block of coal for uniaxial (a)
and biaxial (b) coals.
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BIAXIAL REFLECTING COALS
IN THE PEACE RIVER COALFIELD
930,P, 1)

By W. E. Kilby

INTRODUCTION

Vitrinite has traditionally been considered to have a uniaxial
negative reflectance indicatrix. The validity of common reflectance
measures such as R max and R, m (mean maximum and mean
random vitrinite reflectznce) is based on this assumption. However,
an increasing number of biaxial reflectance indicatrixes arc being
reported from coals of various ranks from around the world (Cook,
et al., 1972; Stone and Cook, 1979, Hower and Davis, 1981;
Levine and Davis, 1984,

The objective of this preliminary study was to examine a variety
of coals from the Peace River Coatficld to determine if any biaxial
reflecting coals are presznt, and to devise a methodology to identify
these coals from particle samples.

As part of the study 19 oriented coa) samples were collected from
various locations in the central and northern portions of the
coalficld. Sections parallel to the three major cleat planes, face,
butt, and bedding, were examined for each sample. The results of
these measurements arc presented and discussed. In addition, two
computer programs were developed to predict the results of reflec-
tance analysis of particle samples from biaxial coals. The resulting
theoretical analysis dara were used to devise a useful graphical
technique for indicatrix determination.

BACKGROUND

Traditionally, vitrinite has been considered to have a uniaxial
negative reflectance figure. In such a figure three mutually perpen-
dicular axes describe an oblate spheroid with the short ¢ axis. R,
min, oriented norma! o bedding, and the two remaining long 4 and
b axes, R, max, bcing equal in length and oriented in the planc of
bedding (Fig. 19-1). It is assumed that as the rank of a coal increases
the sheet-like aromatic nolecules within the coal grow in directions
normal to the maximurn stress direction. Most commonly max-
imum stress would be due to overburden loading., therctore the coal
molecules would grow in a horizontal direction (Stack. er al.,
1975). This process is not well understood and the physical chunge
caused by metamorphism may indeed be a stacking of the aromatic
molecules (Murchison, 1978). Irrespective of the actual physical
changes, it is well documented that the maximum reflectance diree-
tion lics in all directions in the plane of bedding in areas where the
maximum stress direction was vertical and normal to bedding.
Figure 19-1a illustrates this situation where a = b>c. Examination
of this indicatrix from any direction will yield a unique maximum
reflectance value, R, max, and a minimum reflectance value, R
min’, that varies from the true minimum to the true maximum. Only
in the case of sections normal to bedding are true R, max and R,
min values observed. The common coal rank measure, R | max. is
based on this relationship. Any section through the indicatrix will
yield the R, max value, By taking the meun of the R, max valucs
from the many sections, the true value is estimated. The scatterof R |
max values being due o random measurement errors.

With a biaxial reflectance indicatrix all three principle reflectunce
axes are of different lengths, b>>ua>c (Fig, 19-1b). Only scctions
which contain the b axis will provide the frue, R, max, value.

Random sections of a biaxial indcatrix will not produce a nor nal
distribution about the true maximum reflectance because there are
two reflectance axes of differen: values being measured rather than
the two axes of one reflectance value as in the case of uniaxial
negative indicatrixes. Biaxial reflectance indicatrixes form where
stresses other than solely overbarden loading are present. It is still
not understood if post-coalification stress is responsible or svn-
coalification deformation or both.

ORIENTED COAL SAMFLES

Oriented coal samples from the Cates and Gething Formations
were obtained from a variety of structural settings in the northem
half of the coalfield (Fig. 19-2). Samples were collected o
natural outcrops. mine pit walls, and adit faces. Samples consistec
of coal blocks approximately 20 centimetres on a side with adeqrate
markings so their original orientation could be restored. Three
roughly perpendicular sections were obtained, one parallel ta ¢ act
of the three cleat directions. These small samples were mounre: ir
cold set epoxy in 3,8-centimetre molds. and polished according tc
standard techniques. Sample examination was performed wih :
Leitz MPV3 reflecting light microscope with 546 nm wavel=n gtk
light in oil with a refractive index of 1.518.

Only structureless vitrinite was used 1o determine reflect: nce
values, and only if it occurred as continuous bands (vitrinite A)
Traverses were madce across the sample and readings taken on eact
vitrinite band. The maximum and minimum reflectance val ses
along with their orientations, were recorded. Once it was estab
lished that the shape of the indicatrix on any section would be: ar
ellipse, a more rapid measurement technique became justified. The
standard procedure is to monitor the reflectance value as the sariple
is rotated 360 degrees on the microscope stage to determine the
maximum and minimum reflectance values. The modification wan
based on work by Ting (1978), who deseribed a procedure requiring
three readings at a 45-degree angular separation to arrive at the
maximum and minimum axis lengths of an cllipse. A variation o”
this procedure was emptoyed, where five readings, each 45 degrees
apart, were recorded. A computer program was written to gene rate:
three determinations of R, max and R min from these five readig:
as well as the orientation of the R, max reading for each determina -
tion, The three determinations from each set-up provide a mears o
evaluating the validity of the readinys. Between three and ten set-
ups were made on each section depending upon the number o°
vitrinite bands present. Results of the se measurements are prese 1ted
in Table 19-1.

Significant problems were anticipated and encountered in araly-
sing oriented sections of coal. Other workers have had smila-
difficulties (Ting, pers. comm. ] and some have utilized compromisi:
technigues (Stone and Cook, 1979). Several reasons for these prob-
lems are:

(1) sections may not be oriented exactly as desired, which i;
particularly important when dealing with the bedding plane
scetion,

(2) different vitrinite bands may be encountered on differ:ne:
sections;

British Columbia Mimstry of Energy, Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1986-1.
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TABLE 19-1
VITRINITE REFLECTANCE VALUES OBTAINED FROM THREE MUTUALLY PERPENDICULAR SECTIONS
CUT THROUGH ORIENTED COAL SAMPLES

Sample Bed
Na. Max Min Bi Max
Peace River
DAM . ... .. 1.56 1.43 0.13 1.48
Burnt River
BR-60 ... . .. 1.81 1.56 (.25 1.62
BR-U.. .......... 1.82 1.71 0.12 1.72
Sukunka ..o o 1.43 1.35 0.09 1.40
Bullmoose
Bull 84A 1.30 1.12 0.08 1.27
1.18 1. 4] 0.07 1.27
1.26 1. 18 0.08 1.34
1.20 1.11 0.09 1.21
1.21 1.1] 0.11 .21
1.25 1,21 0.05 1.25
1.27 1.16 011 1.27
Bull 84E ... ... .. 1.06 097 .08 1.02
El ... ... ... 1.13 1.7 (.06 1.12
Quintette
Mesa L. . ... .. [.47 1.39 (1.O8 1.43
QR202 ... .48 1.35 r12 1.45
Q8203 ... ... ... 1.34 1.25 (.09 1.12
Q8204 . . .. 1.58 1.51 0.07 [.55
Q8501 ... ... . 1.50 1.37 0.13 1.45
SQ108 .48 1.35 0.13 1.39

Face Batt Formation
Min Bi Max Mlin Bi

1.13 (.35 1.54 1.08 0.46 Lower Gething,
1.24 0.38 1.72 1.35 0.37 Lower Gething,
1.38 0.34 1.83 1.42 0.38 Lower Gething,
119 .20 1.39 1.19 0.19 Upper Gething,
1.10 0.17 1.13 1.01 0.15 Gates
1.05 0.22 1,25 1.10 0.14 Gates
1.08 0.26 1,22 1.06 0.16 Gates
1.10 0.25 1.28 1.15 0.13 Gates
1.07 0.13 1.20 1.01 0.19 Gates
1.04 0.22 1.23 1.01 0.22 Gates
1.10 0.18 1,20 1.08 0.12 Gates
0.89 0.13 1.05 0.93 0.11 Gates
0.92 0.20 1.15 0.97 0.17 Gates
1.14 0.29 1.33 111 0.21 Gates
1.20 0.24 1.44 1.17 (.28 Gates
0.96 0.16 1.16 0.97 .19 Gates
1.29 0.26 1.51 1.22 0.29 Gates
1.23 0.22 1.47 1.18 0.28 Gates
1.15 0.24 1.43 1.25 0.i8 Gates

(3) due to the plastic nature of coal, multiple vitrinite orientations
may be present on a single section;

(4 only one vitrinite band is encountered on the bedding plane
section and its values may not coincide with the mean values of
the other sections.

Stone and Cook (1979), in an effort to overcome the problems
associated with the bedding plane section, used four sections cut
normal to bedding to caleulate a bedding plane section of the
indicating surface {CBPP51S). The results of their procedure were
often non-elliptical shapes which may be due to the technique. In
this study, all actual bedding plane sections had good elliptical
reflectance distributions,

Examination of the average bireflectance value (difference be-
tween R, max” and R min’) on each section aids in interpreting the
shape of the indicatrix. If the bedding clear section contained two
equal reflectance axes, the bireflectance would be zero or very smal!
due to random errors. Indeed this value, with a fow exceptions, is
much smaller on the becding section than on the tace or butt sections
(Table 19-1). This suggests that the bedding section is quite close to
the orientation of the a-b plane in most cases.

Ir: addition to obtaining the reflectance valucs from each section,
the orientations of thc maximum apparent reflectance axis were
determined. As noted in Table 19-1, all samples had some bireflec-
tance on the bedding plane section. When the orientation of the
maximum reflectance direction on the bedding section was com-
pared to the cleat orientation, it was found 1o fall between the two
cleat directions. In the few samples where the face and buft cleats
were distinetly non-perpendicular, the maximum reflectance dirce-
tion bisected the acute angle between the cleat traces.

The orientation of the maximum reflectance values from the
bedding sections of two Burnt River samples, BR-U and BR-60, are
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parallel, with an azimuth of about 135 degrees. The maxinim.
reflectance direction on the facz cleats trends down slightly 1o the
south, and the maximum reflectance direction on the butt section it
paraliel to bedding. These samples were collected from seams abou
60 metres apart stratigraphically and about 400 metres apart Lver
ally. The presence of similarly oriented indicatrixes which are no
aligned parallel to bedding is a strong argument for syn or post
tectonic coalification in this arez. When the reflectance values of the
three sections of sample BR-U are plotted on an isometric block
(Fig. 19-3), they are consistent with a »iaxial indicatrix (Fig, 19-1b)

In samples with bedding plane bireflectances near those obtainec
from the sections normal o bedding. one of two explanations rius
be assumed given that the section is in fact oriented parallel tc
bedding:

BEDDING SECTION

1.73 .
1.4
1.4
—7’2 I 1.8
FACE SECTION N BUTT SECTION

Figure 19-3, Schematic representation of the reflectance read ng:
obtained from sample BR-U,



(1) If the bedding section maximum reflectance is similar to the
maximum values from the other two sections. then the indica-
trix is not aligned with bedding — a strong argument for post-
tectonic coalification.

(2) If the maximum reflectances from the face and butt cleats fall
between the maximum and minimum bedding reflectance val-
ues, the sample likely has a biaxial reflectance indicatrix.

A trend of undetermined significance is present between the
Bullmoosc and Quintette samples. The bedding section maximum
from the Quintette samples is in all cases larger than the maximum
values obtained on the other two sections. At Bullmoose the bed-
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ding plane maximum is, with two minor exceptions, egual to or less
than the maximum values obtained from the face and butt cleat
sections.

Oriented samples provide the means to determine the orientation
of reflectance indicatrixes but are fraught with problems when
trying to determine the absolute values of the indicatrix. The hetero-
genous nature of coal and the variability of vitrinite reflectance
values all Jead to data that is often difficult to interpret. Because of
these problems and the additional sample collection and preparation
requirements, it was desirable to develop a method of determining if
asample had a biaxial reflectance pattern from data obtainable from
the standard particle samples.

3
Figure 19-4. Fqual area (Schmitt) projection of generated orientation data. (a) 1 257 evenly distributed orientations, {(b) 500 random
orientations, {c) 100 random orientations, (d) 30 random orientations.
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THEORETICAL PARTICLE SAMPLE
INVESTIGATION

To investigate various statistical and graphical techniques for
their ability to discern biaxial coals from particle samples, test data
was required. Particle samples consist of crushed coal ( — 20 mesh)
held in a mounting madium of epoxy or plastic. One surface is
polished and examined. This polished surface intersects many coal
particles, each with no predefined orientation (random). Two com-
puter programs were designed to simulate the results of this type of
analysis on ceal with different reflectance indicatrixes. RANDATA
generated various sized populations of random orientations. These

W
Q J }
& Wy
P -
(2] - L
W
e
| T
[TV}
=
[ -] 4 +
!
. & a . & - 2 ' 2
.7 T1.2 4 1.7
MININUM REFLECTRNCE
ouTZ
|
-+ r
+ 4
u
ZFw I :x'.'-; 1
o o
(3] -4 L P L
g v
e = LR
[T ] N=wa *
" b -“""i-
- [ >
m } a . 4
T I
* L]
| x ) ]
' a B o " r— l‘.‘-. " a
W7 T2 1.7
MINIMUM REFLECTANCE
ouUT2

BIREFLECTANCE

BIREFLECTRNCE

orientations represented the random orientations at which the po -
ished surface of a mount would cut individual coal grains and rhus
the reflectance indicatrix . Four different sized populations are ¢ s—-
played on equal arca projections on Figure 19-4. Hypothetical
reflectance indicatrixes were simulated in the program BI-COAL .
This program accessed the desired file of random orientations and
calculated what the maximum and minimum reflectances wou'd be
on the sections corresponding to these ortentation data, The reflec-
tance values for the threc axes were used to define the shape cf the
indicatrix, and a standard deviztion value was entered to accoun for
naturally occurring variance ir measurements,
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Figure 19-5. Uniaxial negative indicatrix reflectance data. a = 1.5%,b = 1.5%, ¢ = 1%. (a) theoretical with no variance, (b) theoretical with
0.05% standard deviation and 100 random sections.
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Histograms have traditionally been used to examine the max-
imum reflectance populations. Histograms produced by a variety of
indicatrix shapes have some distinctive non-gaussian shapes but if
large measurement variances are present these shapes are easily
disguised. Cumulative frequency plots have often been used to
check for normality of reflectance reading populations, but they
were found to be difficult to interpret for biaxial populations. The
best interpretation tool was a combination of two cross-plots (Figs.
19-5 and 19-6). Thesc two plots have the bireflectance (R, mux "R,
min’) plotted on the abscissa, and the maximum and minimum
reflectances plotted on the two ordinate axes. To insure clarity in this
paper each sample is represented by these two plots. In practice the
two data distributions would be posted on one cross-plot but with
distinctive symbols so they could be visually scparated.

Data from a uniaxial negative population would form a straight
line on cach plot (Fig. 19-5). Onthe R, bi (bireflectance) versus R
min’ (minimum reflectance) plot, the line would have a negative
slope and run from the R | max valuc and zero birctlectance tothe R |
min value and a bireflectance equal to R, max-R_ min. The R bi
versus R max’ {maximum reflectance) plot has a vertical linc with
horizontal coordinate equal to R, max and a vertical distribution
from zero to the maximum possible bireflectance (R, max—R  min),
In natural populations the data points would be nermally scattered
about these two lines, Figure 19-5b shows the effect of a standard
deviation of 0.05 per cent reflectance.

Theoretical biaxial populations produce plots in which data
points fall within zones defined by parallelograms rather than on
discrete lings (Fig. 19-6). The horizontal dimension of the zones
correspond to the possible range of values between the refevant
reflectance axes. a-c difference for the R bi versus R, min’ plot and
a-b difference for the R bi versus R, max' plot. The vertical
dimensions correspend to the difference between the previously
mentioned axes. The parallelogram shaped zones which describe
the data distribution in the two cross-plots are mutually dependent
with regard to their dimensions. The two zones share a commeon
boundary which represents the R, int value. The diagonal edges of
the zones must be at 45 degrees. The arcas of the two zones must be
equal. The upper bounding diagonal lines of each plot share a
common x-intercept with the vertical non-common boundary of the
other plot. Due to the ellipsoidal shape of the indicatrixes and the
fact that not all sections will contain a maximum reflectance value,
the data have higher probabilitics of plotting in certain portions of
the parallelograms. The combination of these two plots atlows the
values of the three reflectance axes to be accurately determined. The
intermediate axis value is determined first, then the maximum and
minimum values can be determined by utilizing two measurements.
The absolute values of R, max and R min can be read off the
horizontal scales and cross-checked by the fact that the horizontal
widths of the two zones at any bireflectance value must be equal.

Examination of the R bi versus R, max’ plotillustrates whether a
population is uniaxial negative (the most commeon form). This plot
would show a vertically oriented band of data points normally
distributed about a central line (Fig. 19-5b). If the band of points has
a slope, it is indicative of either a uniaxial positive or biaxial
reflectance indicatrix; both situations are anomalous and deserve
additional investigation. The R, bi versus R, max’ plot from a
biaxial negative indicatrix could be confused with a uniaxial nega-
tive figure depending upon the amount of random error and the R,
int-R, max difference. But the two should be distinguishable by the
form of the data distribution about a central vertical line. A uniaxial
negative population will be concentrated at the centre. while a
biaxial positive population will tend to be concentrated along the
vertical edges and across the top (Figs. 19-5b and 19-6¢).

Histograms of the maximum reflectance values obtained from the
generated populations plotted on Figures 19-5 and 19-6 are given on
Figure 19-7. The shapes of these histograms can be distinctive as in

the case of the biaxial neutral and biaxial negative data but when
random error is included many of the subtleties of the histogram
shapes are destroyed. The cross-plot displays are affected to a much
smaller extent (Fig. 19-8).

PARTICLE SAMPLES

Four particle samples from previous stratigraphic studics were
selected for re-examination on the basis that their histogram patterns
were either bimodal or had broad peaks, which suggested the
presence of a biaxial reflectance indicatrix. A particle sample was
also prepared for sample BR-U because oriented section work had
shown it to be a biaxial reflecting coal.,

Fifty vitrinite particles were examined for each sample with R
max’ and R, min’ values being recorded. Histograms and the
two cross-plots (R, bi versus R, min’ and R bi versus R max’)
were prepared and interpreted (Fig. 19-9).

Interpretation of the cross-plots for sample BR-U duplicated the
results previously obtained by the oriented section technigue. The
sample is biaxial negative with a reflectance indicatrix having the
following dimensions: a = 1.70 percent, b = 1.89 percent, ¢ =
1.35 per cent. The histogram from this sample is obviously
bimodal.

Sample C83-62 had a well-defined, bell-shaped histogram pat-
tern of R, max’ values but the cross-plots show distinctly that the
sample is biuxial positive (Fig. 19-9b}). Determined reflectance axes
valucs for this sample are: a = 1.3 per cent, b = 1.70 per cent,
¢ = |.41 per cent.

Sample C83-115 produced a histogram distribution of R, max”
values which had a very wide peak (Fig. 19-9¢). The R biversusR
max’ cross-plot had a distribution pattern best described by a
positively sloping zone and was thus not uniaxial negative, A small
maximum bireflectance of 0.2 per cent made interpretation of this
sample difficult. The R, bi versus R min’ plot could be interpreted
as scatter about a vertical line ut 1.35 per cent R min’. This would
mean a uniaxial positive indicatrix with dimensions: a = 1.17 per
cent, b = 1.37 per cent, ¢ = 1.17 per cent. The author prefers the
biaxial positive interpretation with indicatrix dimensions of a =
1.25 percent, b = [.35 per cent, ¢ = [.16 per cent.

Sample C83-183 has a broad poorly peaked histogram shape
(Fig. 19-9). The cross-plots suggest a biaxial negative reflectance
indicatrix with axis dimeunsion of a = 1.68 per cent. b = 1.90 per
cent, ¢ = 1.40 per cent.

Sample C83-271 had a well-peaked, bell-shaped R, max’ dis-
tribution (Fig. 19-9¢). The cross-plots show the sample to be biaxial
negative with reflectance axes dimensions of a = §.32 per cent,
b = 1.42 per cent, ¢ = 1.20 per cent.

All five particle samples cxamined were prepared from single
piece grab samples or chip samples representative of thin seams.
The four samples with identifier prefixes of C83- were from
borehole core samples. This method may produce difficult to inter-
pret results if used with samples representing large scams due to
potential reflectance variance between vitrain bands through the
seam which could cause a scatter of readings greater than the inter-
axis values.

CONCLUSIONS

This preliminary study documents the existence of medium and
low-volatile bituminous coals with biaxial reflectance indicatrixes
in the Peace River Coalfield. A technique was developed to accu-
rately determine the character and dimension of reflectance indica-
trixes from standard particle samples.

Significant problems were realized in trying to calculate indica-
trix dimensions from oriented sections but the oriented section
method does provide excellent information regarding the orienta-



tion of the indicatrix. A combination of the two methods used here
provides an excellent description of the reflectance indicatrix
characteristics. The cosl particle examination technique described
here provides a rapid &nd accurate technique for identifying and
quantifying the reflectance character of biaxial coals.

Future work will concentrate on documenting the biaxial reflect-

ing coals and their use in interpreting the structural and thermal
histories of coal deposirs.
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British Columbia Geological Survey
Geological Fieldwork 1985

SOME CHEMICAL AND MINERALOGICAL
CHARACTERISTICS OF TONSTEINS AND BENTONITES
IN NORTHEAST BRITISH COLUMBIA
(930, P, I; 94A)

By W, E. Kilby

INTRODUCTION

Tonsteins and bentonites were first reported from the Peace River
Coaifield by Duff and Gilchrist (1983) who demonstrated that these
altered volcanic ash bands were laterally continuous. Tonsteins have
been used successfully for stratigraphic correlation in several re-
gions of the world, most notably the Westphalian coal measures of
western Europe and Britain, because they are deposited so rapidly
that they are essentially ‘time lines.” It was for the purposc of
regional and local correlation that the current tonstein and bentonite
study was initiated by the Ministry in 1983. To date some 460
samples have been coliected of which 416 have been analysed by
X-ray diffraction and 10! chemically. These samples were collected
from ¢oal-bearing and contiguous formations of the coalfield. Pre-
vious articles have discussed outcrop and thin-section charac-
teristics (Kilby, 1984a) and local to regional correlations based on
stratigraphic position and geophysical log signature (Kilby, 1985).

This paper focuses an the chemical and mineralogical charac-
teristics of these ash bands. A method of digitally representing and
utilizing X-ray diffractogram data for mineral and chemical quan-
tification has becn developed and is presented here. It is essential to
gain a firm understanding of these characteristics if any meaningful
correlation techniques based on mineral or chemical parameters are
to be developed. Tonsteins and bentonites are mineralogically dif-
ferent but have, in some instances, originated from the same ash fall
(Kilby, 1984a). Tonsteins arc kaolinite rich and occur in or near coal
seamns, whereas bentonites are smectite rich and associated with

marine strata. Late diagenic or tectonic carbonatization has comioli-
cated the chemical and mineralogical characteristics of same
samples,

Studies this past field scason focused on extending the area >ve-
which the Fisher Creek tonstein zone could be correlated. Legun
(pers. comm.) discovered a surface showing of this zone a ony
Gaylard Creek about 10 kilometres west of the W.A.C. Bernett
Dam; the zone was about 20 metres below the Moosebar Formation
at this location. A similar tonstein zone was found along the s:uth
side of the Murray River about 4 kilometres west of the Quintatt:
plant site. Identification of the stratigraphic interval thoughi to
contain the tonstein zone in this area was made on geophysical logs
from rotary borehote QBR-8118 which led to its location in surfac:
exposure. Core searches yielded several occurrences of tonsteis st
the suspected stratigraphic horizon from holes on the Monkrnan
property. Proving that these are the Fisher Creek tonstein ron:
would establish a lateral corrzlation of approximately 160 Kilo-
metres. [sochronous marker horizons on this scale provide an exzel-
lent framework on which to basc coal rank, stratigraphic, ani
microfossil studics.

CHEMISTRY

Forty-three new tonstein anc bentonite chernical analyses were
received during 1985, and P.Og values for 17 of the sampie:
reported in Kilby (1985). Table 20-1 contains the results for all 47
new samples and the other 17 samples for which new informatiot
became available. Figure 20-1 shows the correlation matrix o 1:
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Figure 20-1. Chemical correlation matrix for 13 elements determined for 101 samples.

British Columbia Ministry of Energy. Minzs and Petroleun Resources, Geologicul Fieldwork, 1985, Paper 1985-1.
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TABLE 20-1. CHEMICAL ANALYSES OF TONSTEINS AND BENTONITES. PEACE RIVER COALFIELD

SAMPLE FORMATION SIO2 AL203 FE203 MO CAD NAZD KZOD TIioZ2 MND FZ205 Rb Sr ir
RE3-2 GETH 45.82 35.45 .1 .07 .28 .08 .08 .45 <.003 -13 10 15 270
R83-3 GETH 43.24 36.48 .15 .06 .71 .09 .24 .84 <,003 - 3B 10 27 138
RE3-5 GETH 3I9.71 26.71 1&6.07 .26 35 .14 .27 .9 . 085 .08 <10 32 185
RE3-& GETH 36.75 26.17 4,31 2.93 7.83 .06 .38 -3 . 031 .51 14 320 160
RE3-7 GETH Z8.44 25,26 16.55 .16 .08 -1 .27 . 68 -038 =27 15 27 185
R8>8 GETH 48.535 34.1 - 74 .16 .32 .38 LA 1,27 . 004 -04 15 30 312
ra3-9 GETH 49.8 3,31 -78 -1 .37 .08 -S4 .85 L0086 33 13 33 152
RE3—10 GETH 51.07 33.41 .12 .07 .13 06 1,08 1,07 <.0Q03 .04 13 22 312
R83-11 GETH 45.77 29.9% B8B.36 .18 .27 -0f . I5 .82 . 058 .34 15 32 200
RB3-13 GETH 149.3 33.72 . Ab .1 .45 .04 .7 .68 <.003 .31 10 5 200
RB3-14 GETH 45.01 F1.34 T7.54 .2 .28 .04 34 -85 -4 .1 13 21 22
R83-15 GETH 48.23 35.25 .38 .07 . &4 .06 -38 .83 . 004 Y 10 30 138
R83-Z0 GETH 44.14 32.48 3.358 2 =77 el] .28 1.01 . 028 .42 i1 100 152
RB3-24 GETH 37.05 24.8 4.75 3.6 6.25 L2 -28 .83 =041 .27 15 &3 132
RE%E-25 GETH 51.7 Z7.91 1.443 W79 1.08 L33 2.44 .62 . D07 .01 32 100 127
RB3-26 GETH 50.18 24.78B 2.58 .81 1.37 &4 1.24 .68 - 009 .02 31 132 177
RB83-27 GETH 47.41 30.3&6 8.52 - 24 .25 .08 « 35 .83 . 061 03 14 a5 135
RB3-33 GETH 45.23 35.29 LA .07 .33 024 L2865 1.05 - 003 .16 12 30 200
RBZ-35 GETH 47.28 32.62 Z2.77 -7 .76 o008 L0BE L9 -015 .45 11 70 233
RB83-38 GETH 44,15 30.46 8.45 - 16 .26 016 341 .81 - 050 .12 1 20 208
RrRB8Z-32 GETH 45.2 31.56 &£.9 -1 - 45 . 022 229 79 . 047 -4 21 40 224
RB83—43 GETH 47,0 32.7 .95 12 .31 .185 1.165 1.13 - 005 .29 22 130 233
R83-44 GETH 47.18 33.39 .64 .15 - 35 .128 .46BZ2 1.02Z - Q03 21 19 1t 223
RB3-45 GETH 50.36 32.95 1.086 .05 -11 044 L1105 77 . 004 .00 2 7o 216
F83-44 GETH 44,4 I2.93 3.77 29 .78 034 197 1.1 029 -49 12 120 271
RB3-52 GETH 47.39 33.21 . a1 .12 .08 .034 4635 .87 <.00Z2 02 I3 120 275
RB3-58B GETH 53.98 24.63 2.65 .12 .B8 1.432 .803 .696 .025 -2 32 20 194
RBI-460 GETH 50.26 31.446 2.47 .12 21 L2022 2,26 1.01 021 .04 z 40 230
R83-64 GETH 50.87 22.78 1.95 .14 21 .182 2.27 1.02 012 - 07 39 Io Za4
RBI-465 GETH 44,29 33.74 8.0 <L.03 <07 L209  .0Bs 1,44 003 .02 =] <10 237
B3 -67 GETH 47.51 32.85 1.21 .19 .08 277 .B4C .92 . 006 - 02 39 <1¢ 279
R83-71 GETH 48.24 I3.54 .37 05 .34 L0937 J16 1.5 <.002 .2 <15 30 249
RB3-73 MO0S 44446 2,73 2.87 b .34 .22 1.89 L2137 .002 .04 51 190 1463
R83-74 MOOS 45.37 3I1.99 2.91 .75 41 168 2.42 .425 .095 - 09 60 140 376
RB3-75 MOOS 45,5 33.37  1.93 .59 .31 124 1.72 .17 -04 L01 3 110 196
RE3-74 MO0S 46.57 29.5% 4.4Z2 .87 =47 117 2,27 .488 .121 .11 75 270 282
RE3-80 GETH 46,0 32.91 .76 07 .11 .186 .17% .552 .006& .02 <15 2 223
RB3-83 GETH 43.18 27.22 1.53 271,78 .543 .538 .87 L0133 .07 13 120 184
RB83-84 GETH 48.49 30.82 1.33 -17 i s L0035 .184 877 009 .04 <15 20 195
RB83-B89 GETH 51.8 32.74 .2 .05 Tl .02 L2140 435 L£.002 - 45 i8 70 250
RE3-90 GETH S54.36 19.02 5.12 1.59 4.72 311 2.56 495 .02 .22 72 210 119
R83-94 GETH 48.39 32.1Z 62 .23 27 .128 .5987 1.1Z2 . 005 .07 23 30 272
RBA-97 GETH 48.77 33.61 47 .06 .59 015 L1336 1.1 . 002 -5 <15 125 224
RB8Z-98 GETH 49.22 33.22 .54 .09 .1 031 L1995 1.0 <. 002 - 09 2 8O 252
R83-105 GETH T2.62 2F.62 16.92 2.79 .7 L1123 L1740 .89 141 - 08 13 IO 247
R83-108 GETH 4.6 33.19 .74 .47 .as 112 .389 1.8 L 007 11 & 40 245
RB3-10% GETH 48.56 33,71 &2 .14 -B81 .028 .258 1.15 . 004 .49 4 150 268
RE3-114 GETH 44,44 3I5.9 .26 07 <.04 .06 .18 1.09 <.004 .03 15 2 243
RB3—-115 GETH 46.1%  3Fb6.1 -17 =06 15 .19 .08 .74  <.004 .08 4 20 207
RE87--121  mMOOS 18.03 9.4 &£.83 16,246 21.736 .21 . 3t .28 - 054 W27 25 250 a7
RB3-122  MOOSs 29.74 23.32 4.7 5.19 11.83 .12 .26 7] Q20 .97 24 450 164
R83-134 GETH IH.A2 25.24 S.24 375 46.355 .17 .25 .77 . 047 .24 13 120 162
RB3-151  MOOS 48.6% 30,12 2.72 1.17 1.58 73 2.83 .4 Q79 .08 71 340 360
R83-156 MOOS 47.92 34.71 1.47 b 25 63 1.72 .18 .02 .08 59 I70 1B6
RB3-159 BLUE 2.0 2Z.2 18.42 B2 o1 .94 2.02 27 4.003 C.0Z2 2% 150 561
R83-174 GETH 47.04 31.72 1.04 .14 -1Z 07 1,02 .84 . 008 0T a8 25 218
R83-194 MOOS 47.42 29.33  4.67 .23 .47 .74 2.8%9 .2 L0113 .02 e 120 329
RE83-205 GETH 48.02 34.74 T .ng 37 .03 -1z .98 <.004 .26 €15 6% 238
RB3-207 MOO0S 45.99 3I0.8B7 2.04 .83 2.45 1.1t 3.32 &7 -015 .06 a1 180 3545
R83-208 MOS 4&6.84 4.5 1.9 .53 =21 .78 1.97 R IV ¥ 5 K1 .03 41 140 199
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Figure 20-2. Diagnostic plots of chemical values. (a) AFM
diagram. (b) Zr'Ti:Sr diagram, (c) TiQ,:Zr diagram.
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elements from the total population of i01 samples analysed tc date.
There are no significant differences between this matrix and the one
reported in Kilby (1985). A significant value in this matrix wiuld
have a correlation value greater than 0.26 or less than — 0.26 at the
99 per cent confidence tevel. A series of plots were prepared trom
the chemical data in an attempt to predict the general orignal
composition of these rocks and to determine the presence of an
natural groupings (Fig. 20-2). The Ti:Zr plot suggests an oriy nal
composition in the rhyolite to andesite range. The ternary plot of
Ti:Zy:Sr shows the majority of the strata falling outside common
zones. This may suggest a gencral depletion of St If strontium ver:
added to the samples. the majority would fall in the calc-al<a in:
zone, Strontium tends to substitute far calcium due to similar ioni:
size and charge. it will be shown following that ankerite conta ns 1
significant portion of the total strontium. It is fclt that strontium was
mobile and tended to be lost frormn *he original minerals althaagh
some was retained in the post-deposition mincral ankerite.

The AFM diagram shows widely scattered data. This scatter is
due in part to the late introduction of MgO in the form of ankeritz
(discussion {ollowing).

Early attempts at correlatio based on chemical values provel
encouraging on a local scale (Kilbv, 1985). For regional correlarions
it is important to consider only the elements or ratios of clenents
that are not affected by diagenzsis. [t was suggested (Kilby, 1585)
that calcium and magnesium in the form of ankerite had zeen
introduced in a significant number of the samples. It is felt thit
although these elements and st-ontium were useful in local correls-
tions where similar burial histories could account for their introcluc-
tion, their effects should be remeved before any regional correl: -
tions are attempted.

The resources required to chemically analyse all samples co -
lected in this study could not e justificd. Consequently an l-ray
diffraction procedure was devised as an alternative. more -os--
effective compurison method.

X-RAY MINERALOGY

X-ray diffraction analysis was performed on all sampies collected
during this study. Mineral idcntification and relative abundances
were determined by J. Kwong @ the Ministry Laboratory. To quar -
tify the X-ray diffractogram chart information for comparative
purposcs a system was developed to digitally record the curve
shapes and store this information for subsequent analysis. Digitiz: -
tion of X-ray diffractograms provides the facility to compare the
shapes of the diffractogram curves aad compare peak intensitics for
specific minerals, enubling prediction of chemical compositios .

X-RAY DIFFRACTOGRAM DIGITIZING

Kilby (1985) pointed out the visua! similarities of X-ray diffrac-
togram curves for samples which had been correlated bv both
chemical and geophysical means. The first step in utilizing these
diffractegrams quantitatively was to digitize the curves by means of
a digitizing tablet connected to an IBM XT microcomputer. ro-
gram CURV-DIG (Kilby, 1984D) was used to collect the digital Jat: .
The diffractogram was digitized between the inferval 5 to 400 deyrees
20 (Cu k=; Fig. 20-3a). The chart tracing was followed with the
digitizer stylus and data points were recorded at 0.127-centiretie
spacings along the trace. Typically 1100 to 1200 coordinate pairs
were collected for each curve. This raw data was then reduced and
standardized with the program CURV-RED (Kilby. 1984h). CURY-
RED aligned each curve about the yuartz peak at 26.6 degrae, 20
and calculated the height in millimetres of the curve at 0. 1 degre:2 29
intervals for the 343 points besween 5.1 and 39.5 degrees 26 Fig..
20-3b). Thesc reduced data were stored in Data Handler format tote
accessed by the analysis programs of the Cal Data Geological
Analysis package. The reduced data were then used to plot a curve .t
the same scale as the original for verification. Any deviatiors
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Figure 20-3. (a) Example of an X-ray diffractogram. (b) Positions and heights of points saved for each curve.
Heights range from 0 to 2 500 millimetres.

between the two curves were easily identified by overlaying them.
Corrections were made to the pertinent data point with the cditor of
the Data Handler.

The X-ray diffractogram was divided into 17 zones of 0.4 degree
26 width which corresponded to prominent peaks on the curve
which represent common tonstein and bentonite minerals (Table
20-2); each zone, therefore, is treated as a ‘pseudomineral.” The
total of the four curve point heights above background within these
zones were used to quantify the abundance of the pseudominerals.
Background was defined by two straight lines; one running from the
curve height at 10 degrees 26 to 15 degrees 26, the other from 15
degrees 20 to 34 degrees 26. The absolute values of the arcas under
the portion of the curve assigned to each pseudomineral do not
directly correspond to the abundances of real minerals because of
varying absorption coefficients and octher factors. The
pseudomineral zones do, however, provide a means of examining
relative changes in mineral abundances.
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A variety of correlation procedures are possible with the
pseudomineral data but present work is concentrating on determin-
ing which pseudominerals or which portions of the X-ray diffrac-
togram are most diagnostic for a variety of purposes such as:
regioral correlation, identifying secondary carbonatization, identi-
fying secondary silicification, distinguishing weathered samples,
and tonstein and bentonite differentiation.

PSEUDOMINERAL EXAMINATION

An initial examination employing the pseudomineral method was
carried out on the 101 chemically analysed samples. Figure 20-4
displays the correlation matrix for the 17 pseudominerals. Any
correlation coefficient greater than 0.26 or less than —0.26 is
significant at the 99 per cent confidence level. High correlation
coefficients between adjacent pseudomineral zones are suspect and
likely due to overlapping of peaks or wide peaks sampled by two
pseudomineral zones. The usefulness of correlation cocfficients is



TABLE 20-2

PSEUDOMINERALS FOR TONSTEINS

AND BENTONITES,

PEACE RIVER COALFIELD

Psendomineral Degree 28
(Cu k=)
Goethite ... w3301 -334
Pyritc ... ... ... 32.8-331
Siderite ... ... e 3192322
Ankerite ... ... ........ 30.7-31.0
Calcite ... ... e 29322906
Barite ... ... 286289
Feldspar ... ... .. e 227280
Quartz ... ... 26.4 - 26.7
Septechlorite ................. ... .. 18.5 - 18.8
Goreeixite ... . 153 - 15.6
Harmotome ... .. .. e 136139
Kaolimte . . ... ... 121-124
Gypsum 1.4 - 11.7
[lite o 8.6-8.9
Montmeorillonitic mixed-layer clay ... 7.9-82
[llitic mixed-layer clay ............... 7.4-77
Chlorite .. ... w0 56-59

not affected by the fact that the pseudomincral values do not repre-
sent true mineral abundances — so long as the zones reasonably
represent specific minerals, the correlation coefficients will be
similar to the values obtained for true mineral quantitites.

Several pseudomincral abundance relationships are apparent
from the correlation matrix tabulation. The diffractogram results for
the pseudomineral goethitc correlates strongly with those for pyrite
and ankerite. This suggests an alteration of pyrite to gocthite,
however, the diagnostic X-ray peaks for thcse minerals are close
together, and may overiap 10 some extent, causing spuriously high
correlation values. The ankerite-goethite peaks are well separated so
the high correlation is rzal and due to the introduction of secondary
carbonate (discussed lazer). Siderite does not significantly correlate
with any other pscudornineral. Ankerite has a strong positive cor-
relation with goethite, discussed previously, and a signficant nega-
tive correlation with kaolinite. Caleite and barite are strongly corre-
lated but this may be due to the closeness of the peaks. Calcite hus

strong positive correlations with illite and the mixed-clay minerals
but a strong negative correlation with kaolinite. This sugges:s ‘hat
the prescnce of caleite is relatec to the sane processes which lead to
formation of smectite-rich bentonites rather than kaolinite-rich tons-
teins. The marine affinity of bentonites is consistent with the pres-
ence of caleite in this type of alteration. Feldspar has strong posuive
correlations with the mixed-laver clays and a negative correletion
with kaolinite. Kaolinization strongly affects feldspar while the
processes that create smectite clays appear to atfect it less. Feldspar
and harmotome have a strong correlation but this is likely due to the
fact that some feldspars have secondary peaks which coincide with
the harmotome zone. Quartz has significant positive correlations
with feldspar and illite. Quartz and feldspar peaks are well separzeted
sotheir correlation is significant. The correlation with itlite suggests
that silica is released during diagenesis as smectite is converted to
illite. Septechlorite and gorceixite are not positively or negativelr
corrclated with any of the other pscudominerals. Kaolmite hes
strong correlation with gypsum but this is almost certainly due to the
proximity of the two diffraction peaks. Kaolinite displays strong
negative correlations with the mincrals that characterize Den-
tonites—illite, montmorillonitic mixed-layer elay, illitic mixced-
layer clay, and chlorite. Kaolinite also has strong negative correla.
tions with calcite. ankerite, and guethite. Gypsum has negilive
correlations with virtually all of the pseudomincrals cxcept ka-
olinite, as discussed previously. Field examination of some gypsum-
rich samples revealed gypsum roscties on fracture surfaces.

[lite has three previously discussed positive correlations —- with
calcite, barite, and quartz. In acddition it has strong positive correla-
tions with the mixed-layer clavs. Llite commonly forms from the
collapse of intcrlayer spaces in mixed-layer clays; thus the rore
smectite the more potential fo- illite formation. Montmorillo 1t
mixed-layer clay has a very high correlation with itlitic mixed-laye-
clay which is in part due to the broadness and nearness of thei-
respective peaks. Chlorite has strong negative correlations with
kaolinite and gypsum.

Several significant trends in mineralogy are indicated by the
correlation matrix. Ankerite and goethite exist in samples at the
expense of all other minerals, which suggests they formed later
Siderite is unrelated to all other minerals and is likely a weathering
product. Calcite and barite are strongly correlated and preferent ally
concentrated in the environment which produces illite and smectite
Feldspar, which is believed to be primary, survives in the bentonite -
preducing environment but is altered to kaolinite in the tonstein-
producing environment. Quartz content is closely correlated -with
feldspar; it also is likely predorninantly primary; however, a strong
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Figure 20-4. Corrclation matrix of 17 pscudominerals calculated for 101 samples.
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MONTMORILLITIC N/C

LLITE ILLITIC W/C

Figure 20-5. Ternary plot showing the relationship between
the pseudominerals illite, montmorillonitic mixed-layer clay,
and illitic mixed-layer clay.

ANKERITE

CALCITE SIRERITE

Figure 20-6. Ternary plot of the relative quantities of the major
carbonate pseudominerals.,

positive correlation with illite suggests some is secondary. Ka-
olinite, which characterizes tonsteins, apparently replaces all other
minerals, Illite, chlorite, and the mixed-layer clays corrclate in a
similar manner to virtually all other minerals; these clay minerals
characterize bentonites.

The ternary plot of illite and the two mixed-layer clays (Fig. 20-5)
shows a relatively constant ratio {1:1 *) between the mixed-layer
clays as the illite content varies, The ternary plot of the carbonate
minerals calcite, ankerite, and siderite for the Q1 samples shows a
relatively even distribution of the three minerals, although some
samples have high concentrations of ankerite and siderite (Fig.
20-6}. In this data, points which plot in the centre of the diagram
generally represent samples with little or very low amounts of thesc
carbonates.

CORRELATION OF CHEMICAL AND X-RAY
ANALYTICAL RESULTS

The digitized X-ray diffractorgram data allowed a correlation
study between the diffractogram curves and the chemicul analyses
of the 101 samples. Each of the 345 curve-defining points were
correlated with cach of the 13 clements analysed for each sample.
The result was 345 correlation coefficients which covered the full
length of the digitized diffractograms for cach element based on 101
samples. The correlation coefficients then were plotted against the
20 angles. The resultant plots (Fig. 20-7) show the correlation
between elements and minerals within the 101 samples. By cxamin-
ing the 26 angles which correspond to a specific mineral, elemental
relationships for that mineral can be determined. Also the plots
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the mincral ankerite (30.8 degrees 20 on X-ray diffractograms)
and (a) CaO per cent and (b) MgO per cent,



N0

- 1.9 - 1.8
| .5
8 5
r r '“—L—;;f 20
L-1.9 L-1.8
s102 FE209
- 1.8
L .5
r o i f::-uls 20
. A
L-1.0
AL203 p205
1.0 e
=8 s -.s
i 5
r b 20 ,-“:Bl:: : : \ 5 o
-8 e 5
 -1.8 L-1.0
T102 o

20

NAZ0
1.0
L. .5
r 520 r WWS 20
| =.5
L-1.8

Figure 20-7. Correlation cocfficent plots of X-ray diffructogram rclationships with chemical abundances for 13 elements
based on 101 samples,

145



illustrate which minerals contain the various elements. Significant
correlations correspond to coefficients greater than 0.26 or less than
—0.26.

Comparison of CaO and MgO correlation curves show the two
elements to have virtvally identical correlation coefficients
throughout the range of minerals cavered by the diffractogram. The
prominent peak at 30.8 degrees 28 corresponds to ankerite. The
extremely high correlation coefficients of 0.986 and 0.963 (Fig.
20-7) for calcium and magnesium imply that virtually all of these
two elements occur in the same mineral — ankerite — which is an
aiteration mineral.

Figure 20-§ shows the relationships between calcium and magne-
sium with respect to the height of the ankerite peak at 30.8 degrees
28. From these plots it is also a simple matfer to ¢alculate the
magnesium to calcium ratios found in ankerite. Based on the linear
regression equations the ratio of MgQ to CaQ in ankerite is 0.475.
The ankerite:magnesium plot shows some samples with MgQO
around 2 to 3 per cent with no ankerite peak, which suggests the
presence of some other magnesium-bearing mineral.

Potassium and rubidium have similar correlation curves (Fig.
20-7). Strong correlations in the 26.7 to 30 3-degree 28 range
imply significant correlation of potassium and rubidium with the
feldspars. A sharp decrease at 28 degrees 20 (sodic feldspars)
corresponds to a strong positive correlation in the sodium curve.
Both potassium and sodium also correlate well with the smectite
peak around 8§ degrees 28, suggcesting alteration of feldspars to these
clays. The relationship between potassium and rubidium does not
change between feldspar and smectite. Rubidium commonly sub-
stitutes for potassium,; it has the same charge and a similar ionic
radius. The substitution of rubidium for potassium may be one of the
reasons for the high gamma log responses often seen for bentonites.
Taking into account the respective half lives and the percentage of
radioactive isotopes of each element, rubidium is about 3.46 times
as radioactive as potassium. Potassium, rubidium, and sodium show
strong negative correlations with kaolinite (25 and 12.3 degrees 28).
This negative correlation explains why, in contrast to the strong

100

RUBIDIUM ppm

1@
POTASSIUM %

Figure 20-9. Cross-plot showing the relationship between
Rb and K,O content. Rubidium/potassium ratios are also
displayed.
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gamma log responses noted for smectite-rich bentonite, kaolinite-
rich tonsteins have very weak responses. The close association of
potassium and rubidium may proved useful in correlating bentonites
with similar Rb/K ratios; Figure 20-9 contains a cross-plot showing
the relationship of these twa elements,

Alumina and silica have similar correlation curves which are
nearly mirror images of the calcium and magnesium curves, sug-
gesting these two sets of elements tend to be mutually exclusive in
these samples. Titanium has a curve which shows correlations
similar to those of alumina and silica with respect to the various
minerals. Titanium and alumina have similar correlations with re-
spect to kaolinite at 12.5 and 25 degrees 28.

Managanese and strontium have very few significant correlations
but their general traces are similar. Both are negatively correlated
with kaolinite. Strontium has 4 low positive correlation with an-
kerite at 31 degrees 28. This results from strontium substituting for
calcium as discussed previously.

Iron and phosphorous have similarly shaped curves in the 30 to
35-degree 28 range: there are many overlapping mineral peaks in
this interval, such as ankerite and apatite. Phosphorous shows slight
positive correlation with kaolinite.

CHEMICAL ESTIMATES FROM X-RAY CURVES

The correlation curves (Fig. 20-7) show which mincrals contain
various ¢lements. Both positive and negative correlations provide
useful information about elemental abundances in given minerals.
If an etement is found exclusively in a single mineral then a simple
cross-plot (Fig. 20-8) will show the relationship and provide a
predictive tool for element contents. However if an element occurs
in several minerals or is negatively affected by the presence of some
other mineral, then a slightly more complicated technique such as
multiple lincar regression must be employed.

Multiple linear regression proved successful in determining
which peaks most accurately described the abundances of various
elements and at arriving at a predictor equation. All multiple linear
correlations were bascd on only 80 samples, due to limited memory
capacity of the available microcomputers. Plots of the results of the
derived equations contain all 101 samples.
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Figure 20-10. Comparison of X-ray calculated CaO content
from multiple lincar regression and chemical analysis. Regres-
sion based on 80 samples, 101 plotted.



Calctum was shown previously (Fig. 20-8a) to have a very strong
correlation with the X-ray curve at 30.8 degrees 26, Examination of
the correlation curve for calcium (Fig. 20-7) shows that a strong
negative correlation occurs at 26.1 degrees 26, which is an area
influenced by both quartz and kaolinite. Utilization of both the curve
positions, 30.8 and 26. | degrees, provided only marginally better
definition of the calcium content than the 30.8-degree peak alone
(R == 0.9855 to R = 0.9876). Figure 20-10 contains a comparison
of the chemical analysis values with those predicted from ankerite
and the quartz-kaolinite peaks. The extrernely small increase in
resolution does not justify inclusion of the second peak in the
predictor equation. Ca0 per cent values are adequately described by
the linear regression equation:

CaD% = —0.159928 + 0.012078 (peuak height at 30.8° 20)

This equation explains 97 per cent of the calcium variance in the
samples. The similarity of the correlation curves suggest that a
similar equation would provide an equally gonod estimate of magne-
siumn content. Based solzly on the ankerite peak at 30.8 degrees 26,
92.7 per cent of the magnesium variance is explained by the follow-
ing equation:

MgO% = 0.0898353 + 0.00534672 (peak height at 30.8° 26)

In this case the multiple linear regression technique showed that a
single mineral was the best estimator of two elements, CaO and
MgO.

Potassium content wes found to be predicted best by a combina-
tion of three curve positions. The curve positions at 29.1, 12,3, and
8.4 degrces correspond to the minerals potassium feldspar, ka-
olinite, and illite, respectively. The respective correlation coeffi-
cients of each of these positions with K,O content was +0.7957,
—{.6738, and + 0.8563. Figure 20-11 contains the truc and calcu-
lated results of predicator equations based on several combinations
of these minerals. It is interesting that the two positively correlated
minerals (Fig. 20-11a) do not predict K,O content as well as a
combination of a positively and negatively correlated mineral (Fig.
20-11b); the best predictor utilized all three mincrals. This equa-
tion, which explained 89 per cent of the K, 0O variance was:

K,0% = 0.0775335 + 0.00809 (peak height at 29.1%) +
0.009951 (peak at §.4° + —0.000594 (peak height at 12.3%)

The fact that both feidspar and illite give good estimates of K,0
content but when combined do not greatly improve the estimate of
K,O content suggests these minerals are directly related. This
relationship is the result of concordant increascs in feldspar and iltite
peaks; illite is an alteration product of feldspar. Rubidium content
would be accurately pradicted by a similar equation duc to the
similarity between the Rb and KO correlation curves.

The sodium correlation curve (Fig. 20-7) showed a sirong
positive correlation with sodium feldspar at 28 degrees 20. A
significant negative co-relation occurs with kaolinite at 12.4 de-
grees 26, and a moderate positive correlation is present with illite at
7.9 degrees 26. Individual correlations with thesc three peaks were
0.9202, 0.2201, and 0 5774 for feldspar, kaolinite, and illite, re-
spectively. The combination of feldspar and kaolinite at R = 0.9314
proved a better estimate than feldspar and illite at R = 0.9205 (Fig.
20-12), Inclusion of the illite peak did not significantly improve the
predictability of NaO content so only two peaks were used in the
following equation, which explains 86.7 per cent of the variance of
sodium:

NaQ% = —0.00420716 + 0.00559678 (peak height at 28.2%)
+ —0.0000779881 (peak height at 12.4%)
The correlation curve Tor Al,O; content (Fig. 20-7) has a large
range of positively correlation points on the X-ray curve and one
strong negative correlation. The negative correlation coincides with
ankerite and has a value of —0.7727. Points which corresponded to
feldspar and kaolinite, 21.3 and 12.2 degrecs, were sclected ar-
bitrarity from the myriad of positive correlations. Corrclation co-
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Figure 20-11. Examples of predict.ve regression equations for
K, O content based on up to three points on the diffractograms.
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Figure 20-13. Predictability of ALO, content based on three
X-ray curve positions.

efficients of 0.7176 and 0.6885 were obtained for feldspar and
kaolinite. A predictor equation based on ali three peaks explained 77
per cent of the variance of Al,O,. Figure 20-13 contains the true
values and those calculated values using the following equation:

ALO.% = 23.6822 + —0.008284 (peak height at 30.9%) +
0.017914 (peak height at 21.3%) + 0.002358 (peak height at 12.2%)

In this case ankerite, a mineral containing no aluminum. proved
to be the best single predictor. This is due to the dilution effect of late
ankerite mineralization, which simply reduces the percentage of
aluminum-bearing minerals. Ankerite and kaolinite mineral peaks
explained 73 per cent of the Al,O, variance; the addition of feldspar
brought this value up to 77 per cent.

CONCLUSIONS

This article has shown the viability of using X-ray diffractograms
to accurately predict sample chemistry. In some aspects the diffrac-
tograms are superior correlation tools because they not only provide
mineralogical information but also many of the same correlation
properties as chemical data. The objective of this part of the study
was to find an alternative to chemical analysis; X-ray diffraction
provides one.

Techniques developed for this study provide insight into the
various styles of alteration affecting volcanic ash falls in and around
coal swamps. The chemical-diffractogram correlation curves also
provide a means of examining the chemical characteristics of indi-
vidual minerals within a sample. Certain elements, such as calcium
and magnesium, can be shown to have been introduced largely with
one mineral, ankerite, at alate date. These elements are obviously of
no use for regional correlation of an ash band on the basis of
common source chemistry.

Future work will concentrate on applying the knowledge of chem-
ical behaviour of these rocks to their regional corrclations. Com-
parisons of altered samples with similar mineralogy (that s, an-
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WAPITI SYNCLINE PHOSPHATE POTENTIAL
(93J/10, 7)

By A. Legun and P. Elkins

INTRODUCTION

The Wapiti syncline arca, which is located 70 kilometres south-
southeast of Tumbler Ridge, extends for 10 kilometres between
Wapiti Lake and Red Deer Creek (Fig. 21-1). Access is by heli-
copter or by four-wheel drive atong the Red Deer Creek trail which
leads to the back of the ridge at the south end of the syncline; the
ridge must then be climbed. Floatplanes also may land at Wapiti
Lake to the north; from there the syncline is reached by foot along
the valley bottom.

The writers spent eight field davs sampling and tracing Triassic
and Permian phosphate units along the limbs of the Wapiti syrcline
from a base camp at Two-Lake Cirque (Fig. 21-2).

Previous work includes Gibson (1972, 1975), McGugan anc
Rapson (1964}, and personne’ of Esso Resources Canada 1td.
(1980, Assessment Report 8 4(7, Muneral Resources Division, . Ir
addition, stratigraphic sections of the Permian and Triassic rocks arc
presented in Assessment Report 1 870 (Petroleum Resouwces
Division).
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Figure 21-1. Location of study area, Wapiti Lake phosphate project.

British Columbia Ministry of Energy. Mines and Petroleum Resources, Geological Fieldwork, 1985, Paper 1985-1.
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OBJECTIVES OF THE STUDY

This study is designed as part of a larger effort that is directed
toward locating areas of high phosphate potential in northeastern
British Columbia. A large number of individual references to phos-
phate occurrences in northeastern British Columbia exist in the
literature but, publically, little attempt has been made to synthesize
the data. No general synthesis exists that identifies what strat-
igraphic intervals and what arcas are worthy of follow-up. An
exception to this is the work of Esso Resources Canada Ltd. south of
the Pine River; eventually Esso Resources focused on the Whistler
Member of the Triassic Sulphur Mountain Formation in the Wapiti
syncling area. Although Esso Resources dropped the Wapiti claims,
phosphate grades up to 29.7 per cent over 1.01 metres. which are
encouraging when compared with analytical results in other studies
(see MacDonald, 1985). werc reported.

This study was initiated to evaluate Esso Resources’s work, to
carry out follow-up analyses, and to trace phosphatic intervals in the
area,

METHOD OF STUDY

The geology map for the Wapiti claims of Esso Minerals Canada
was used as a guide in locating the phosphatic unit at the basc of the
Whistler Member. Old trenches were found and in some cases
resampled. New exposurcs were located and channel sampled. In
this regard a portable scintillometer proved useful in prospecting. In
old trenches, the variation in total counts per second of combined
uranium and thorium radiation roughly matched the variation in
P,Q, grades for the intervals; higher counts correlated with higher
grades. Consequently the scintillometer was used in combination
with visual recognition of phosphorite to defermine sampling cutoff
widths, A total of 11 locations were sampled; these included 2
samples of the Mowich Formation sandstenc of Permian age which
outcrops in the area and is a known phosphatic interval (Mac-
Donald, 1985). Fourteen samples were submitted to the Ministry of
Energy, Mines and Petroleum Resources’ laboratory in Victeria for
whole rock oxide analvsis and 30-element semi-quantitative emis-
ston spectrographic analysis. The results will identify P,O; grade,
chemical impurities such as calcium, toxic adulterants such as
cadmium and lead, or valuable byproducts such as fluorine, rarc
earths (yttrium, europi am, neodymium), or uranium, which are arc
known to be associated with phosphate.

RESULTS

Analytical results were not available at time of writing; the thick-
est uninterrupted interval of phosphorite found during the ticld
reconnaissance was |.1 metres; within it the maximum scin-
tillometer count was 50 000, which is 100 times background.
Phosphate occurs as pelietal phosphorite and minor phosphate peb-
ble conglomerate. In some locales thin beds of bivalve and belem-

nite shell hash and vertebrate bones are present with visible purplish
thorite, The bortom contact of the phosphate zone consists of moitles
of pelleta! phosphorite in a siltstone background. The origin of these
mottles is unknown. It may be diagenetic; it could represent burrow
fillings; it may even be of clastic, soft sediment rip-up origin.
The trace of the Whistler Membor on Esso Minerals” mas is
essentially correct. The only geology that we added on Figure 2 1-2
is the *V’ trace of the Whistler unit about the axis of the soutk
anticline. The Whistler unit could not be located to the nortk
because the anticline has a considerable northward plunge.

Tracing the Triassic phosphate interval in reasonably well-
exposed alpine terrain showed that the phosphatic units lense ow
over short lateral distances into more barren siltstones. Consider
able variation in grade might b2 expected and this is supportad by
known analytical data, which indicates grades ranging from app -ox-
imatety 10 to 30 per cent P,O, across a 1-metre-wide phospt atic
interval.

According to Gibson (1975, Fig. 10, p. 13) outcrop sect on:.
containing good phosphatic sandstone with conglomerate interbed:.
at the base of the Whistler Member generally are associated with
‘shelf” or thinning trends illustratcd on his isopach maps The
thinning trend continues from the arca of the Wapiti syncline sovth
eastward to the Peak of Muinok Mountain. The thickness of the
phosphate interval at Muinok Mountain is not known but coul § b
significant. Once available the analytical data may suggest cthe-
trend directions that are worthy of pursuit.
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GEOLOGY OF THE CARBON CREEK AREA
(930/15)

By A. Legun

INTRODUCTION

The Carbon Creek area is located 30 kilometres west of the
W.A.C. Bennett Dam in northeastern British Columbia (Fig. 22-1).
Fieldwork in 1985 was directed toward compilation of the geology
of the east half of the map sheet and integrating it with 1984 work in
the west {Legun, 1985b). The focus of 1985 work was the Carbon
Creek syncline which contains more than 70 miltion tonnes of
mineable coal. Previous work in the area includes that of Matthews
(1947}, Hughes (1964), Stott and Gibson (1980), Stott (1983),
Legun (1983, 1984, 1385), Gibson (1985}, and personnel of Utah
Mines Ltd. and Gulf Canada Resources Inc (1980- 1983 assessment
reports). The area includes the Carbon Creek licences of Utah Mines
Ltd. as well as the former licenses of West Carbon Creek (Utah
Mines Ltd.) and Whiterabbit (Gulf Canada Resources Inc.).

Previous work has not adequately resolved the geology or the
stratigraphy of the areu; particularly areas bounding the two major
coal-bearing synclines of Carbon Creck and West Carbon Creek.
Figure 22-2 shows the geology based on a 1983 1:125 000 compila-
tion map of NTS 930 by the Geological Survey of Canada (Open
File 925). This can be compared to the first draft of a detailed
compilation by the writer (Fig. 22-3).

METHOD OF STUDY

The writer, assisted alternately by Pat Desjardins, Paul Elkins,
and Hugh Christic, spent 32 field days tracing and mapping geo-
logic units on the periphery of the Carbon Creek syncline. Some
work was also done in West Carbon Creek and outside the map-area
to the east to solve specific problems of mapping and correlation.
Air photographs were used to plot stations as well as to extrapolate
geologic contacts between traverses. Fieldwork data was integrated
with data from previous maps. In areas of poor exposure, outcrop

pattern was predicted by the method of structure contours intersect-
ing topography between two points where the attitude of the geo-
logic contact is known,

Thickness of formations was calculated from air photographs.
Scale and adjustments for change in scale with clevation wer:
calculated using the centre arcas of air photographs. Further co - ec-
tions were made for slope and obliqueness to strike of ridges beiny
traversed. Relevant formulas are found in Ragan (1983, p. 22 ani
Compton (1962, p. 84). Stratigraphic thickness data are present2d i
Table 22-1.

STRUCTURE

The structure of the map-area consists essentially of a pair «f
broad synclines separated by a box-like anticlinal structure ([Fig.
22-3). This fold sequence is bounded by major fanlts. To the wes the
West Carbon Creek syncline is faulted against Triassic limeston:s on
the Pardonet thrust. To the east Fernie shale on the east limb cf the
Carbon Creek syncline is faulted against Fort St. John Group shales
on the Carbon thrust. Both major synclines tighten to the southcast
with subsidiary folding and flaulting. Both are doubly plurging
forming a canoe shape modified bv topography. Results of structural
and stratigraphic mapping are best discussed in the context of a
comparison of old and new maps (Figs. 22-2 and 22-3), The silient
changes are as follows;

(1) Extension of Gething Formation coal measures from Carban
Creek to the Beattie Peaks area where they pinch out in a
serics of tight, faulted folds. The synclinal extension .s
broader than shown on the Geological Survey of Canada map
and additional faults arc present.

(2) More extensive distribution of the Bickford Formation ir the
area of Mount Monach (The Monach).
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Figure 22-1. Location of the West Carbon Creck map-area.
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TABLE 22-1. FORMATION THICKNESS DATA
{See Fig. 22-3 for locations,)

Beattie
Monteith Peaks Monach Bickford Cadomin
Area Formation Formation Formation Formation Formation
Metres Metres Metres Metres Metres

Ridge south of Mount Wrigley ... ... . ... — 400 442 148 268
Mount Monach ... . ... . . R — — 336 210 —
Beattic Peaks ... . 564 394 — — —
Mount Rochfort . ... ... — — 289 349 —
Carbon Lake. .......... ... BT 612 284 129 331 284
Mount McAllister .. ... .. ... .. R . — 272 122 256 —
Mount Gething (Interpretation 1) ... e >626 >119 — — —
Mount Gething (Interpretation 2) ... ... >446 90+ 90 = >119 —

(3) A fault structure on the west limb of the Carbon Creck
syncline near Mount Rochfort and Mount Cowper.

(4) A much greater southern extent of Gething coal measures in
the West Carbon Creek syncline and a very different syn-
clinal configuration.

MINNES GROUP

MONTEITH FORMATION

The Monteith Formation consists of two lithofacies:

(1) Clean arenites and quartz arenites that are massive to
crossbedded.

(2} Clean to dirty arenites (quartz arenite to wacke) interbedded
with siltstone and shale.

In the Carbon Creek area lithofacies (1) is dominant in the upper
half of the Monteith and lithofacies (2) is common in the lower half
of the Monteith. Shaly recessive intervals in the Monteith can be 50
or more metres thick, The base of the Monteith is transitional into
shales of the Fernie Formation. The Monteith Formation is esti-
mated to be 612 metres thick near Carbon Lake.

BEATTIE PEAKS FORMATION

The Beattie Peaks Formation is dominated by dark grey and
brown shale with interbeds of siltstone and arenite. Arcnite urits are
fissile and increase in thickness and number toward the top of the
Formation. Burrowing is common and bedding surfaces are marked
by trace fossils of unknown type, The lower contact of the Beattie
Peaks shale with Monteith quartz arenites is sharp and unconforma-
ble, easily traced on air photographs. The upper contact with the
Monach Formation is gradational. The thickness of the Beattie
Peaks is calculated to be 392 metres at Beattic Peaks and 272 metres
at Mount McAllister.

MONACH FORMATION

The Monach Formation is typified by units of flaggy, planar to
shallow crossbedded arenites, massive arenite, and lesser quartz
arenite. The units, which can be 10 metres or more thick, are
separated by much thinner intervals of non-carbonaceous shale.
Quartz arenites, which may be gritty, form local marker units. The
Monach Formation forms the top of a coarsening upward sequence
that begins in shales of the Beattie Peaks Formation. The contact
between the two formations is arbitrarily placed where arenite units
become prominent. Arenite units are thin toward the base of the
formation and dominated by horizontal laminations. Units thicken
up section and exhibit shallow-angle planar ¢rossbedding, trough
crossbedding, and uncommon hummocky cross-stratification.
Some arenites show the peculiar featurc of grading over a few
decimetres into quartz arenite that forms cither a cap on the unitora
lens within it.

The fossil bivalve Buchia is very common in some locales and
less so in others. It may occur as discrete coquina ‘beds” within the
arenites or as dispersed single shells; the degree of shell fragmenta-
tion varies considerably from one bed to another. The thickness of
the Monach Formation varies more than previously reported
(Legun, 1985b). It is thick in the anticlinal arca between Mount
Cowper and Mount Monach, reaching 400 metres or more; in
addition there is a thick transition zone from the Beattie Peaks
Formation. Thickness trends west of the anticlinal structure are
uncertain. However, to the east at Mount McAllister or Carbon Lake
the Monach Formation is much thinner (120 metres); there is vir-
tually no underlying transition zone and individuat arenite units are
thinner. The Monach Formation forms a thick, east-tapering lens in
the Carbon Creek area.

BICKFORD FORMATION

The Bickford Formation is a sequence of interbedded arenites and
shales. The arenites include salt and pepper lithic varicties as well as
quartz arcnites, The shales include carbonaceous shale, dark grey
siltstones, and mudstones. Beds of grit and thin coals are present in
some areas. Sedimentary structures include low-angle crossbedding
in the arenites, flaser bedding in the shales, symmetric ripples, and
vertical and U-shaped burrows (Diplocriterion). Plant debris as well
as root casts occur. These features indicate depositional environ-
ments ranging from marginal marine to marginal continental, mar-
ginal marine is more evident in the east, for example, near Carbon
Lake.

The Bickford Formation shows a weak tendency to coarsen up-
ward and thick arenites may directly underlie the Cadomin Forma-
tion. The contact with the Cadomin Formation is placed with the
appearance of successive units of pebbly arenite, an increase in
carbonaceous content, and the general disappearance of flaggy
(low-angle crossbedded) and dark coloured lithic arenites. In some
locales, such as the east flank of Mount Rochfort, one or more
tsolated pebbly arenite units, which may be channel deposits, occur
below this defined contact; perhaps there is a gradationa) and
continuous change in sedimentation between Bickford and Ca-
domin deposition. In other areas, for example the Carbon Creek
road, the contact is sharp, and burrowed siltstone (marine) and
quartz arenite are in contact with pebbly arenite full of log casts
(alluvial channel).

The lower contact of the Bickford Formation is placed where
interbedded arenite and shale pass into thick successive units of
arenite of the Monach Formation with a loss of carbonaceous con-
tent. This change can be abrupt or gradual. Where flaggy arenites of
the Bickford are exposed and shaly recessive units are covered it is
particularty difficult to distinguish the Monach from the Bickford.
Careful tracing on air photographs of the lower contact of the
Bickford suggests that the lower contact is at the top of different



arenite vnits from place to place, therefore, Bickford lithologies
pass laterally into Monach arenites. As a result calenlated thickness
for the Bickford is variable. In this context the thickest section of
Bickford Formation is found at Mount Rochfort (349 metres); both
upper and lower contacts are gradational.

BULLHEAD GROUP

CADOMIN FORMATION

The Cadomin Formation is characterized by up to [{-metre-thick
arenite to pebbly arenite units separated by thinner recessive inter-
vals that include siltstone, carbonaceous shale, fine-grained arenite,
and coal. The proportion of resistant pebbly arenite units to re-
cessive intervals varies lzterally and vertically within the formation.
This results in prominent ribbed ridges in some areas and subdued
topography in others. On the west side of Mount Wrigley, a lateral
facies change occurs and pebbly arenites of the Cadomin pass
laterally into coal measures which, lithologically, are basal Gething
Formation. The Cadomin Formation thus thins between Mount
Wrigley and Mount Rochfort. The impression from mapping
throughout the region is that the Cadomin is not a thick continuous
sheet deposit but consists of lenticular ‘leaves’ that are vertically
stacked to overlapping. Observed lateral variation in number of
‘leaves’ suggests that they represent a series of coalescing fluvial
fans with preservation o” some intertan areas.

Generally, as a geologic unit, the Cadomin Formation maintains a
thickness of 200 to 275 metres in the map-arca. This value is rather
artificial in the west where upper and lower contacts are gradational.

GETHING FORMATION

The Gething Formaticn is a coal measure sequence consisting of
interbedded arcnite, siltstone, mudstone, carbonaceous shale, and
coal. Some beds are calcareous or ferruginous. In the Carbon Creek
syncline over 100 diamond-drill holes (ddh) and a number of rotary
drill holes (rdh) have been drilled by Utah Mines Ltd. in the Gething
Formation. Only two per.etrated the underlying Cadomin Formation
(ddh 75-41, ddh 72-17). Correlation of holes indicates a total Get-
hing thickness of 1 067 mctres. There are more than 100 coal seams
in this stratigraphic interval; most are lenticular and thin. Less than
10 scams are of economic interest and their individual average
thicknesses do not exceed 2 metres. The thickest intersection is 3.5
metrcs (ddh 71-8), The coals in the Gething Formation are concen-
trated in the upper half of the stratigraphic interval. particularly the
top 200 metres. They range trom medium volatile to bigh volatile
bituminous A in rank.

The thickness of the Gething in West Carbon Creek area is
comparable to that in the Carbon Creek syncline. Only eight holes
have been drilled by Utah Mincs Ltd. and no correlation with
Carbon Creek coals has been attempted. Scams are even more
numerous in West Carbon Creek, but thinner. Utah Mines Lid’s
thickest coal intersection was 1.8 metres; however, Gulf Canada
Resources Inc. trenched a 3-metre seam in the south half of the
syncline.

It may be possible to correlate the Gething section at Carbon
Creek with that of the Acam property (formerly held by Crows Nest
Resources Ltd.) east of tne fault. A thick sandstone unit (40 metres)
found in both properties may be equivalent (Fig. 22-4). On the
Adam property the top of this sandstonc is 150 metres below the
Moosebar in rdh 79-5, while at Carbon Creek it is 105 metres below
the top of the exposed Gething in ddh 81-88. These data suggest that
the top of ddh 81-88 is near the Moosebar-Gething contact (Fig.
22-4).

Gibson (1985) argues that strata of the Gething Formation in the
Carbon Creek coal basia were deposited in two major deltaic en-
vironments; the lower half of the Gething has characteristics of an
upper delta plain; the upper half has characteristics of a lower delta

159

plain. Work by Kilby and Oppelt {1985) on volcanic ash bands
(tonsteins and bentonites) just east of the study area suggests that
coal measure sedimentation continued in the Carbon Creek area at
the same time as the Moosebar sea was transgressing in the eastl.

Utah Mines Ltd. defined three reserve areas on east-facing sloges
on the west limb of the Carbon Creck syncline. These lie north of
Seven Mile, Ten Mile, and Elevien Mile Creeks respectively (Fig.
22-3). Total mineable reserves are on the order of 70 million tonnes
which can be mined by a combination of underground and oper-it
methods.
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Figure 22-4. Correlation of the Gething Formation.



DISCUSSION OF REGIONAL STRATIGRAPHY

The thickness between the top of the Monteith Formation and
base of the Cadomin Formation decreases trom more than 1 200
metres in the West Carbon Creck area to 774 metres at Carbon Lake
to 650 metres at Mount McAllister on the eastern edge of the map-
arca (Table 22-1). This appears to be largely due to thinning of the
Beattie Peaks and Monach Formations. East of the Carbon fault at
South Mount Gething the interval has apparently shrunk to 224
metres with the disappearance of the Bickford Formation. This
drastic thinning of the Bickford Formation occurs over a few kilo-
metres and is based on designation of 60{) metres of strata below as
Monteith Formation by Utah Mines Ltd. (South Mount Gething
1982 assessment report) and Legun (1985a). This thickness of the
Monteith Formation is virtually the same as that at Carbon Lake. It
is possible that this interval actually comprises the Monteith. Beattic
Peaks, and Monach Formation: if this is true, then the overlying unit
— mapped as Beattie Peaks — is actually the Bickford Formation;
the problem is deciding which shale interval represents the Beattic
Peaks. Is it the shale mapped as a recessive internal in Monteith
Formation quartzites or the shale that overlies these quartzites? If it
is the latter, then east of the Carbon fault the Bickford was probably
eroded prior to deposition of the Cadomin Formation, If it is the
former, then the Bickford Formation is preserved east of the Carbon
fault and some changes are required to Stott’s concept of a regional
unconformity at the base of the Cadomin and to the interpretations
on the preliminary map of the Butler Ridge area (Legun, 1985a).,
Though not conclusive the stratigraphic position of the bivalve
Buchia inflata sp. in a measured section at Mount Gething (Pe-
troleum Resources Division, Assessment Report 870) suggests
that the overlying shales are Bickford Formation and that the Beattie
Peaks shale is a recessive unit within Montcith quartzites (Table
22-1}.

CONCLUSIONS

The geology of the Carbon Creek map sheet is different in detail
from that shown on previous maps, particularly in the southern
extension of Gething Coal measures in West Carbon Creek and at
Beattie Peaks. The maximum thickness of Gething Formation in the
Carbon Creek and West Carbon Creek synclines is approximately
the same at about 1 100 metres; coal seams are numerous but thin in
both synclines. Based on a thick sandstone unit, correlation of
Carbon Creek coals with those on the Adam property east of the
Carbon fault may be possible, A correlation between Carbon Creek
and West Carbon Creek coals has yet to be attempted. The Gething
Formation thins eastward to Peace River Canyon where only 550
metres arc recognized.

In the study arca the Minnes Group consists of two upward-
coarsening cycles between the Monteith and Cadomin Formations;
the first cycle is more prominent than the second. The first cycle
begins with marine shales of the Beattie Peaks and ends with
nearshore arenites of the Monach Formation; the second starts with
marginal marine arcnites and shales of the Bickford Formation and
ends with coarse alluvial arenites of the Cadomin Formation.

Formations of the Minnes Group thin eastward. The Monach
forms a thick lens in the Carbon Creck area and its upper contact
with the Bickford varics in stratigraphic position.

East of the Carbon fault Minnes Group stratigraphy is unresolved
in spite of previous work; uncertainty has arisen as to which of two
shale intervals correspond to the Beattie Peaks. If it is the upper
shale then Bickford has probably been eroded east of the fault. IFitis
the lower, then the Bickford is preserved and the stratigraphy of Stott
(1981) and Legun (1985a) cast of the Carbon fault requires revision.
Critical sections of the Minnes Group at South Mount Gething and
Mount Gething will be re-examined during the 1986 field scason,
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STRATIGRAPHY AND CHARACTER OF THE
BLUESKY FORMATION
(94A, B, H, G; 931, O, P)

By H. P. Oppelt
Department of Geology, University of Alberta

INTRODUCTION

Lower Cretaccous Bluesky sediments found in the Northern
Rocky Mountain foothills can be traced into the subsurface of the
plains of northcastern British Columbia. in the plains region, the
unit produces significant quantities of oil and gas from a scries of
structural-stratigraphic traps; eguivalent strata in northwestern Al-
berta also contain large hydrocarbon reserves. ‘The Blucsky Forma-
tion is used as a lithostratigraphic datum in the correlation of coal
seams in the Peace River Coalfield. Despite economic interest in the
succession, no detailed investigation of its distribution or character
in northeastern British Columbia has been pubtished.

This paper is a preliminary account of the distribution, stratigra-
phy, and lithology of the Bluesky Formation. Much of the informa-
tion is based on drill corz, outerop, and geophysical log cxamina-
tions. A petrographic study has not yct been completed. The
recognition of several maujor environments is based on comparison
with modern environments,

From previous work on the Bluesky Formation, it is evident that
discrepancies as o its stratigraphy, regional refationships, and inter-
pretations of depositional environments still exist. Traditionally, the
Bluesky has been considcred a nearshore lag deposit formed during
the early transgressive stage of the Mooscbar/Clearwater Sea{Pugh,
1960; Rudkin, 1964; White, 1983). Stott { 1968) considered the unit
to be o lateral facies equivalent of the uppermost Gething Formation,
In the Sukunka-Wolverine area, Duff and Gilchrist (1983) docu-
mented the presence of a marine tongue which divides the Gething
Formation into two coal-bearing zones — the lower Gething, and
the upper Chamberlain rembers. The marine tongue and Cham-
berlain member were considered to be lateral equivalents of the
Bluesky in the plains regions. Southeast of the Wolverine River,
where the Gething marine tongue is thought to pinch out, the upper
Chamberlain member merges with the lower Gething Formation.
This then suggested that south of the Wolverine River the Bluesky.
which overlies the lower Gething Formation, was nof present.
However. from borcholes logged as part of this study: (1) only the
marine tongue and not the Chamberlain member should be consid-
ered part of the Bluesky, (2) the marine incursion cun be traced as (ar
south as the Belcourt River, and ¢3) the continental Chambertain
member was deposited at the same time as active Bluesky deposition
in the plains. but in different environments Kilby (1985) docu-
mented the presence of two prominent bemtonite bands in the
Moosebar Formation, These volcanic ash “time lines” can be used to
establish the complex sequence of cvents for Bluesky deposition.

METHODOLOGY

Oil and gas well core and coal cxploration diamond-drill core
were examined during the 1985 ficld scason at the British Columbia
Minisiry of Energy, Mines and Petroleum Resources core storage
facility in Charlie Lake. Core from 88 petroleum wells and 41
diamond-drill cores were examined; a total of 1490 discrete rock

units were measured. Information from the drifl holes was enterad
into a computer data bhase system using the CAL DATA LT
Geological Analysis Package anc a Kaypro Il 64K microcomputer.

LITHOFACIES DESCRIPTIONS

The Bluesky Formation is a lithologically diverse unit containiig
three major lithofacies; all are distinct but genetically related. It
includes: (1) basal chert pebble conglomerates and conglomeratic {o
coarse-grained sandstones (*C ficies); (2) middle bioturbated. in-
terbedded siltstones and mudstones *B° facies); and (3} upper
glauconitic argillaceous sandstones. siltstones, or mudstones (°3
facies; Fig, 23-1).

The chert pebble conglomerate/sandstone or C facies unit corn-
tains three distinct subfacies: ‘Cl,” chert pebble conglomerate with
mud matrix; ‘C2," medium to coarse-grained sandstonc of thrze
varieties: bioturbated, glauconitic sandstone. micaceous quartzosc
sandstone; planar crossbedded sandstone: and “C3," chert pebtic
conglomerate with coarse sand matrix.

Subfacies Cl: Chert pebble conglorerate with mud matrix, -s
generally confined to the uppermest beds of the Bluesky throughcut
the study region. The clasts are composed predominantly of chert or
quartzite; most of the chert is black, white, grey, or pale green. Tae
clasts vary from subangular to well rounded with most being sub-
rounded. The pebble-size clasts are cmbedded in a dark grev to
black mudstone matrix. Larger clasts may be found at the top as well
as the bottom of the unit; sorting is generally poor. In some beds, tie
mud merely fills the space between tcuching pebbles, whereas in
others the pebbles are matrix supported. In most units stratificarion
is fairly obscure. Glanconite content can vary up to 60 per cent but
averages 15 per cent.

Subfacies C2: Three types of medium to coarsc-grained san:-
stones are common in the Bluesky. The first type is a highly
bioturbated. glauconitic sand where bedding is destroyed. Burrows
are mainly round, vertical tubes averaging 1 centimeltre in diameter
and 2 to 15 centimetres in length. Burrow orientations range frorn
stibvertical to subhorizontal. Those burrows. which are mud-lined
and infilled with a similar matenia to the surrounding matrix, are the
trace fossils palaeophveus, which are considered to be open bur-
rows occupicd by suspension feeders which were infilled by passive
sedimentation after desertion {Peinberton and Frey, 1982). Burrows
that are subvertical shafts are the trace tossil skolithos. Bioturbation
gives the unit a distinct mottled appcarance. Composition of the
sand averages 80 per cent quartz plus chert, 10 per cent dark fines,
and 10 per cent glavconite. Contacts are generally gradationzl,
Burrowing activity decreases as the coatacts are approached. Beids
may range up to 10 metres in thickness, Porosity is fair to good, This
rock type is only found in the plains. especially in 94H and the
castern portion of the 94A block.

The micaceous guartzose sandstone o C2 is composed of cleas,
subangular to subrounded quartz grains; glauconite is sparse. AL-
thigenic whitc kaolinite platelets commonly occupy the pore spaces.

British Columbia Ministy of Energy, Mines and Petroleam Resources, Geological Fieldwork, 1985, Paper 1986-1.
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Figure 23-1. Generalized sequence of Bluesky facies in the back
barricr section of the formation.

The unit is always tan-brown in colour, non-bioturbated, and poorly
cemented. Porosity is good to exccllent. Bedding is faint to
massive.

The third and most common variety of sand in C2 is a planar
crossbedded sandstone. Crossbeds are gencrally low angle and
thinly laminated. Glauconite, if present, occurs along the basal
planes of crossheds. The sand is generally ¢lean, non-bioturbated,
well sorted, and tightly packed. Porosity ranges from fair to good.
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Crossheds, generally small scale, range from weakly to well de-
veloped. Occasional dark laminae are composed of silt or concen-
trated finely macerated carbonaceous debris. Trough crossbedding
was found in only two wells (d33J-94H7 and d39L-94A13).

Subfacies C3: Chert pebble conglomerate beds with a sand matrix,
occur sporadically throughout the formation in the plains region but
are confined to the lowermost beds in the Peace River foothills.
Clast size and composition are generally identical to those in facies
C1; however. in the Crassicr Creek arca boulders to 20 centimetres
mn diameter were noted. Pebbles are embedded in a medium to
coarse-grained sandstone matrix composed mainly of chert or
quartz grains. Some of the conglomerates have a strong bimodal
grain size distribution. the chief mode being pebble size material,
and the secondary mode being coarse grain sand. An interesting
feature of the Bluesky unit is that although the sand matrix con-
glomerate may grade vertically upward into the mud matrix con-
glomerate typce, there is no decrease in pebble size.

Packing of the clasts becomes very tight with many sutured clast
contacts. This tight packing decreases the porosity of the unit. The
conglomerates gencrally exhibit some cross-stratification, although
bedding is faint to fairly obscure. Prominent low-angle. planar
crossbedding was noted in the Willow Creek arca. Planar crossbeds
are more caommon than trough crossbeds. Glauconite content aver-
ages 5 per cent. The bases of many beds are scoured: they are
sharply discordant and appear to be lensoidal. Beds occurin 0.1 to
2-metre units.

Marine mudstonc and siltstone/sandstone interbeds (B fucies) lie
conformably above the basal C conglomeratic facies. A rhythmie or
cyelic development occurs within this unit; mudstones grade up-
ward into siltstone-sandstone-mudstone interbeds. This coarsening
upward sequence is also reflected in geophysical logs (Kilby, 1984).
The cycle may be repeated scveral times in the section. Thick
accumulations of this unit occur in the Falls Mountain to Sukunka
area but rarely in the plains region. Sandstones of this facics are fine
grained, commonly with well-developed, low-angle laminations,
and often have scoured bases with abundant load casts. Individual
sand beds show distinct grading upward to clay size material. The
mud beds show varying degrees of bioturbation. Burrows which are
mainly horizontal, unlined, and infilled with sand are the trace fossil
planalites. In places the burrows are pyritized; they are usually 2
to 4 millimetres across and oval in cross-section. Small (1 to
2-millimetre), subhorizontal burrows with tight meanders. and
composed of the same mud as the surrounding host, are the trace
fossils helminthopsis. Laminations in the mudstones are virtually
absent and stratification is indicated only by thin silty streaks. The
mudstones are similar to the Moosebar/Wilrich mudstones which
resemble Recent offshore clays. The mudstones weather to rusty,
small blocky pieces. The siltstones/sandstones are platy to blocky
weathering. Marine fossils have been documented in this horizon by
Duff and Gilchrist (1983).

Extremely glauconitic mudstone to sandstone (A facies) forms a
diagnostic unit at the top of the formatien. The unit ranges from 0. §
to 2.0 metres in thickness. In most places the contact with the
overlying Moosebar shale is abrupt. Glauconite content varies from
scattered grains to about 60 per cent where the unit forms a coarse
gritty sand. Bioturbation was not seen in the cores. In some places
there are a few scattered floating pebbles; they are usually black or
white chert.

REGIONAL RELATIONSHIPS

The regional stratigraphic variations within the Bluesky Forma-
tion are iflustrated in a series of columnar sections (Figs. 23-2 to
23-4). The main datumn used is the base of the Bluesky Formation.
Figures 23-3a and 23-3b depict the vertical stacking of Bluesky and
Chamberlain member sequences in the Sukunka-Wolverine area.
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Although the diagram suggests high relief in this area compared to
adjacent areas, the reader should note the vertical exaggcration
incorporated in the diagram. The palcoslope s estimated to be less
than one degree.

The three lithofacics described previously can be found
throughout most of the foothills belt. The unit ranges in thickness
from 5 to 85 metres. It is conformably overlain by the Mooschar
Formation in the Peace R iver region and to the south in the Sukunka-
Wolverine-Belcourt areas by the Chamberlain member of the Get-
hing Formation. From the foothills toward the plains this tripartite
division is replaced laterally by a succession of thick sandstone or
conglomerate beds. Two prominent bentonite horizoms distinctly
‘frame’ the Bluesky throaghout the region. One bentonite occurs in
the Moosebar and the other in the lower Gething Formation. Kilby
(1985} correlated these over considerable distances in which the
lower bentonites maintained a paralle] relationship with the top of
the lower Gething. This implies that at the close of lower Gething
time the entire area was a continuous coastal swamp of very little
relief (Kilby, 1985). As 1he source area for Gething sediments was
reduced in elevation, less material was contributed to the con-
tinually subsiding basin which eventually led to rapid flooding of
the upper Gething delta by the Clearwater Sea. Bluesky deposition
marks the carly stages of this transgression.

ENVIRONMENTS

The sandstone facies of the Bluesky Formation are mainly shal-
low rarine in origin. The presence of glauconite. good sorting,
uniform grain size, and stelithos and palaeophycus trace fossils all
point to an offshore to nzarshore environment. Although much of
the sandstone appears to be sheet-like, it may be a composite of
smaller sand bodics. Correlation of any one bed between neighbour-

ing wells is difficult. Such shallow marine deposits are similar to
Recent tidal/barrier istand sand bodies or areally extensive offshore
bars. The occurrence of the severely bioturbated sandstone unit may
represent the lower to middle shoreface facies during fair weath c,
when biogenic activity is allowed to proceed. However, with storm
activity, large clouds of sand are put into suspension and redeposi d
along the shoreface. The quartzose sandstone unit, with very low
glauconite content, may represent this type of deposit. The cross-
stratified, coarse-grained sandstone with good glauconite develop-
ment may indicate tidal inlet channels. The unit has targe to sma 1-
scale planar crossbeds, no bioturbation, erosional bases, ard is
often overlain by a coarse lag deposit.

In a westward direction, the sands pass into marine siltstones wih
intercalated beds of marinc shale (B facies) over a conglemeratic
base. This characteristic coarsening upward sequence may rep-e-
sent part of the back barrier facics bordering a pebble beach
strandline. Typically lagoonal sediments consist of coarsening 1p-
ward sequences of clays and silts complicated by influxing chaanzl
fill detritus from a tidal delta on the landward side (Reinson, 1984),
This may result in brackish water conditions for the lagoon and a
regressive sequence in the section. The individual sand beds of the
back barrier zone may represent washaver storm deposits from the
barrier side into the lagoon. This is evidenced by the fining upwerd
cycle in which the size of material in suspension changes from
coarse to mud-sized particles, and alsc by the occurrence of a scour
base. With the return of fair weatker, biogenic activity returns, alor.g
with normal mud deposition. As the {lood-tidal delta matured ard
stabilized, peat marshes developed. The Moosebar Sea by this time
had begun to encroach landward toward this delta complex, Evi-
dence of periodic flooding of the delta is found in the Chamberluin
member, The glauconite or A facies found in the Peace River regicn
may mark rapid incursion of the Moosebar Sea where floodirg
conditions brought about chemico-physico conditions to favcur
glauconite development.

The fina! episode was the complete and rapid flooding of the
entire study area by the Clearwater Sea forming a deep quiet basin
into which the Moosebar bentonite was deposited.

PETROLEUM OCCURRENCES

Oil and gas accumulations in the Bluesky Formation occur in
well-sorted, clean, porous sandsione units. The deposits are fourd
in both stratigraphic and stratigraphic/structural traps. Suitab e
source beds are present in the Jurassic =nd Cretaceous marine shaics
and Gething Formation coal beds. Marine Moosebar shales cap the
Bluesky sands, forming an effective seal for hydrocarbon
entrapment.

Yield from the sandstone reservoirs will undoubtedly vary as tie
permeability changes with the type of sandstone. The severely
bioturbated sandstone has high glauconite and fine sediment content
which reduces the intergranular and dissolution porosity signi’i-
cantly. Extensive cementation occurs in this and the crossbedd:d
sandstone unit lowcring their permecabilities. The third type of
sandstone, the poorly cemented, quartzose sandstone, should have: a
higher primary porosity and perraeabitity than the bioturbated and
crossbedded units. Porosities up ta 15 per cent and permeabilities to
1 darcy can be expected. A complete petrophysical examination of
the sandstone units would reveal their ratings and diagenetic historv.

The conglomeratic facies may alsc contain hydrocarbons, co-
pending upon their diagenetic history. Compression and local re-
crystallization structurcs have been noted in some cores, especia.ly
in zones with a Jow sand content matrix. Sutured contacts and quarz
overgrowths effectively cut off the pcre throat apertures, there sy
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Figure 23-4. (a) Gamma and neutron geophysical log correlation of Bluesky Formation along a northwest-southeast section line. See text
for explanation of facies codes. (b) Gamma and sonic geophysical log correlation of Bluesky Formation along a northcast-southwest section

ling, See text for explanation of codes. See Figure 23-2 for well locations.



reducing porosity and permeability. These deposits arc also compli-
cated by irregular thicknesses and lateral extent and thus. would be
difficult to predict with any certainty.

The geometry of the quartzose sandstone units should be easier to
predict. Being storm generatcd, their outlines will be clongate
normal to shoreline. Therefore, as a storm wanes. the sediments are
deposited seaward. These deposits should be sizeable but stitt lim-
ited in extent. Trapped gas or oil reserves could be found near their
pinch-out points. A regional hydrodynamic study would probably
uncover several pressure systems influenced by these facies
variations.

CONCLUSIONS

Investigation into the Bluesky stratigraphy is at a preliminary
stage. Further work into the time relationship of the Gething-Blue-
sky-Moosebar contacts is needed to sort out the sequence. Detailed
petrographic studics and ichnofacies correlations for the units
should reveal a more definitive answer for the depositional history.
To date the study has shown (1) that the occurrence of the Bluesky
can be extended southeastward to the Wapiti River; (23 the forma-
tion can be subdivided into three distinct facics: (3) the Bluesky is a
barrier island/offshore bar complex with back barrier deposits: and
(4) a close genetic relationship exists between the back barrier
deposits and the emerging Chamberlain delta.
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British Columbia Geological Survey

Geological Fieldwork 1985

TOODOGGONE RIVER AREA*
(94E)

By T. G. Schroeter, L. J. Diakow, and A. Panteleyev

INTRODUCTION

The writers continued to cxamine and keep abreast of ongoing
mincral exploration in the Toodoggone gold-silver “camp’, located
approximately 300 kitometres north of Smithers. In August 1985,
British Columbia Ministry of Energy. Mines and Petroleum Re-
sources’ Preliminary Map 61, at a scale of 1:50 000, Geology of the
Toodoggone River Area, NTS 94E by L. A, Diakow, A. Panteleyey,
and T. G. Schrocter, was released. The map includes a detailed
geelogical subdivision of the "Toodoggone Volcanics™ (Carter,
1972), age dates obtained by the authors and the Geological Survey
of Canada, the location and minerals present for mineral occur-
rences and prospects (with Mineral Inventory File Number where
present), and types of hydrothermal alteration. Major faults {pre-
dominantly with a northwesterly trend) are located on the map.

The level of exploration and development activity in the Toodog-
gone area during 1985 was the highest ever recorded; an estimated
$6 million was spent.

ACCESS

Access into the area continued to be by means of fixed-wing
aircraft to the Sturdee Airstrip from Smithers (approximately 1.1-
hour flight). From Sturdee Airstrip road access exists to the Lawyers
property (approximately 26 kilometres} and an additional 4 kilo-
metres was added to access the Silver Pond property (Fig. 24-1).
Elsewhere access is by “oot or helicopter.

In the spring of 1985 a preliminary agreement was reached by
SEREM Inc. and the province of British Columbia to share in the
cost of upgrading and extending the Omineca Resource Road from
its present terminus at Moosevale Flats to the Sturdee Airstrip, a
distance of approximately 71 kilometres. The final decision and
plans for this resource access road are contingent on SEREM Inc.’s
submittal of a Stage 1 Report and commitment to a production
decision to the provinee of British Columbia; this decision is ex-
pected some time in carly 1986. Such improved access will no doubt
enhance and stimulate further exploration and development activity
in the Toodoggone area.

REGIONAL GEOLOGY

The regional geology of the Toodoggone arca is describec in
several publications including Barr (1978), Schroeter (1981-194.3),
Panteleyev (1982-1984), and Diakew (1983-1985). British Column-
bia Ministry of Energy, Mines and Petroleum Resources’ Prelim n-
ary Map No. 6] (Geology of the Tovdoggone River Area, NTS 94E)
incorporates field mapping by Ministry staff (mainly betwzen
1980-1983), data from ministry assessment reports, plus data sup-
plied by various companies.

NEW AGE DATES

Diakow (1984) reported published and new K/Ar age deterrn na-
tions of 204 to 182 Ma from volcanic rocks in Toodoggone R ver
map-arca, and Schroeter (1982) reported a single hydrothernal
alunite date of 190+ 7 Ma.

New dates for three hydrothermal adularia samples from Lawycrs
AGB deposit, Golden Lion prospest, and Metsantan prospect wre:
180+6, 176 +6, and 1686 Ma, respectively (Table 24-1). A
specimen of hornblende basalt from Tikla rocks underlying Tood:g-
gone volcanics was determined to be 210+ 8 Ma. A whele rock
sample of volcanic glass from a rhyolite flow was analysed bur was
not suitable for dating.

The 180 and 176 hydrotherrnal dates arc from relatively pure
adularia from vein selvages at the Lawyers and Golden Lion defos-
its. The Metsantan sample was a mixture of adularia with fine-
grained quartz; the indicated 164 Ma oge of mineralization might be
low due to some loss of argon. The hydrethermal events and rel:1ed
gold-silver mineralization apparently postdate the youngest vol-
canism in the map-area by two to six, and possibly as much as {4
million years. This is similar to the 2 to 17-million-year inte:val
between volcanism and minerali zing hydrothermal activity reparted
from southwestern United States Tertiary cpithermal deposits.

CLAIM STATUS

The unofficial status of claim holdings within the Toodoggrme
area to September 1985 is shown on Figure 24-1. Table 24-2 lists
current operators, where they are known.

TABLE 24-1
K/Ar AGE DETERMINATIONS FROM ADULARIA AND HORNBLENDE, 1985
LOCATION Ar40* APPARENT
SAMPLE NO. UTM COORDINATES MINERALS %K #10-79 mol.g Y% AR40 AGE (Ma)
SZAP-TIO7A . ... . 609560 6356420N  Adularia 7.68 25.249 95.0 1806
LD#84-Golden Lion. 602550E 6381430N  Adularia 100,38 33.189 57.9 176 6
LDE4-Metsantan 601900E 0365270N  Aduluria-quartz 5.09 24.666 Y6.4 168 +6
LID&4-Hb 391400 6380750N  Hornblende 0.696 2.696 937 2108
(Adoogacho Creek)
# Radiogenic Ar
Constants: ACKp = D581 > 1019yt AKg = 4,96 x §010 yr LHHGK = 1167 x 10+
% K determined by the Analytical Laboratory, British Columbia Ministry of Energy, Mines and Petroleum Resources, Victoria

Ar determination ard age calculation by J. E. Harakal, University of British Columbia

British Columbia Ministry of Energy, Mines and Petreleum Resources, Geological Fieldwork, 1985, Paper 1986-1.
* This preject is a contribution to the Canada/British Columbia Mineral Development Agreement,
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Figure 24-1. Claims in the Toodoggone River arca (94E).
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TABLE 24-2

TOODOGGONE RIVER AREA MINERAL PROPERTIES

Z
PR P S W =

=)

42
43

45
46

47
48

50

51
52
53
54

CLAIMS

RON 1-i1

DU. DU 2

RAT

TUT i, 2

DU 1,2

DUNCAN 1-4
NEW KEMESS 1, 2
CROWN-GRANTED
CLAIMS

LAKE 1.5

KEM [-9

AUDREY WEST. AUDLREY
EAST

AWESOME

ARK -7
FIRESTEEL
WRICH -3

RICH 1.5

GRACE -5

FIN 1.9

HCK 4, 6-12
GOLDEN RING. GOLDEN
RING 2

STAR. PULL. SUN
PARADISE 3. 4
DALE

LEGHORN

JERRY

DAWN

SHASTEX. PARADISE 2
BRENDA -8

JK 1-5

SHAS, SHA 1-2

SHASTA 3-5. SILVERREEF
3

ATLAS, HERCULES

CHAPPELLE

CROWN-GRANTED

CLAIMS

PEL

XT1,3

DAVE PRICE

XT2

GOLDEN NEIGHBOUR 1-4

1AN, ADRIAN, PAUL.

OTTO

NEW LAWYERS (-4, LAW
1-3, BREEZE, ROAD 1-3.
PERRY 1, 2, MASON 1,
2, GTW 1-3, ATTORNEY

2
ATTORNEY 1, 2
SILYER POND, ASAP, SIL-

VER SUN. SILVER
CLOUD 1-3, SILVER
CREEK

PC |-4, MM {4

SAUNDERS 1-4
GWP 1, 10-30, 34,40, 41, 43,
200

DEBRA LYNN

MARKER

SAMMY, SUN

KNIGHT, KEVIN, EISHOP,
CASTLE

GRAVY II, IV

GRAVES 1, 2

GRAVY ], 11, TODD
KODAH 1-2

MINERAL

INVENTORY

NUMBER

(94K}

13,1413

66,

(=)

| =& | Be| =53

A
=

42, 83
26, 71

67, 74,
72.73

69, 75

40

OPERATOR

Pacific Ridge Res.
Pacific Rudge Res.
Cominci

Univex Mining
Pacific Ridge Res.
Asitka Res.
Kenneo

Comince
Pacific Ridge Res.
Inca Res.

ABM Mining Group
[nca Res.

Ark Energy
SEREM

SEREM

Golden Rule Res.
Asitka Res.

B. Pearson

Golden Rule Res.

Newmont Expl.

SEREM

Phillip Res.

M. Bell

Kidd Creck Mines

Phillip Res.

Newmont Expl.

Alexim

Camine Dev,

Golden Rule Res,

International Shasta,
Newmont

Arctic Red Res,
SEREM
Multinatonal Res.

0. McDonald
Multinational Res.
B. Stecyk

Western Horizons
Golden Rule Res.
Alban Expl., Lacana

Rhyolite Res,
SEREM

Alexim
St. Joe

Tanker 0l and Gas
Golden Rule Res.

Cassidy Res.. Western Pa-
cific Energy, Imperial
Metals

Kelley-Kerr Energy

Kelley-Kerr Energy

Newmont Expl.

Hi-Tec Res.
Hemlo Espl.
Miramar
Kelley-Kerr Energy
SEREM

NQ.
55

56
57
58
50
60
6!
62
63

65
]
67
68
69

70

71
72
73
74
158
76

77

79
80
81

82
83

84
85

86
87
88
89
90
91
92
93
94
95

46

97
9%
99
100
101
12
103

105
106
107
108
109

CLAIMS

GOLDEN STRANGER,
GOLDEN STRANGER 2
LASSIE 1-4, LADD 1-4

SB3.4

LAINEY -4

MAC I, HYFLY I, 1l
MAC L IL IV
BELLE 1, 2,4

BiG LODE

KEY

LEXIM 1-3. GWP 42

METSANTAN 19

SY 24

DISCOVERY 4

DISCOVERY 1-3

INDIAN GOLD 1-4,
TOODOGGONE 1-4

AL 1-8, BERT, ERNIE,
WINKLE, BULL,
CHUTE. SURPRISE,
GEROME, CALF
MOOSE, ANTOINE
LOUIS. TOUR, COW
MOOSE. STURDEE, M,
JS. KADAH 1-2, BIG
BIRD. GAS 1, IR, JB. D

METS 1,2

PEREGRINE. FALCON A

JOANNA 11T, JOANNA IV

JOANNA L. II

AMETHYST. KIDVIEW

SCREE 1-3, MOOSE 1-3,

BULLMOOSE, GAS 2

OXIDE 1

HORN 1-5

LAKE FIV, MAGIC 1. I

CAT 1-4, MID §-3, BELL 1-3

GORD DAVIES. GORDON

DAVIES 2

HORN 1-4. AS 1-3

GUARD, LYNX
GOLDEN LION
HUMP 12

SPAR MOUNTAIN

PAW, PIKA, CAL 1, YET 1,
SUET, GACHO

ORO |, 11, URUS LTIV

RANGER 1-4

MOYEZ 1,2, 4

SPIKE, WOLF [

WOLF 1l

WOLF I}

CHUCK 1, 2

MOYTAN I, II

ADOOG 1-5, STIK |-4

GACHO 13, WILDCAT 13,
HEAVY METAL 1.8,
SHEEP ROCK 1,2

COPPERKING 1-5 NAMERA

v

CLAW

WOLVERINE |-tV

DAR

SILVER REEF

RN

CASTLE MT. |

MESS 4

HAR

STIK 1-4

BLACK

ARGUS 2 plus?

HECKLE. JECKLE, TITAN

SB 1,2

1-8,
1-it,

MINERAL

INVENTORY

NUMEER

66,

78

.

(W4E)

, 85, B4,

OPERATOR

Western Horizons
Alexim

5. Young

Deep South Pet.

C. Ashworth
Hi-Tec Res.
Manson Creek Res.
Abexim

Duke Mincrals
Mandusa Res,

Bart Res.

A. L. Constanting
Black Diamond Res.
Buke Minerals

Alexim
Energex

Manson Creek Res.

C. Ashworth

International Westward Dev.
Annour Res.

Geostar

New Ridge Res.
Alexim

Norman Res.
Hi-Tec Res.

A. L. Constantine

Lacana
Deep South Pet.
Newmont Expl.

C. Kowall
Hi-Tec Res.

Hi-Tee Res.

Cusac [ndustries
Geostar

Duke Mincrals
Texpez Ol and Gas
Skeena Res.
Miramar

Yukon Gold Placers
Delaware Res.
Alexim

Western Horizons
Umex

Hi-Tec Res.
Newmont Expi.
Newmont Expl.
Windurra
Dynamic O}
SEREM
Kennco Expl.
Delaware Res.
Hi-Te: Res,
Rhyolite Res.
M. Bell

P. Crook
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VERRENASS ZONE
( BONANZA RIDGE )

THESIS 1T 7ONE e
e,

GOLDEN

TUFF PEAK
FURLONG ZONE

Plate 24-1. Looking northeasterly over Al property.

PROPERTY UPDATES

Very brief visits wese made t> several properties within the
Toodoggone arca and only highlizhts of ongoing activity are de-
scribed here.

LAWYERS (MI 94E-66) — SEREM INC,

The largest and most significant progam in the Toodoggone
“camp” during 1985 cost an estirnated $2.4 million and involved
development, environmental studics, and road design. It was car-
ried out by SEREM Inc. on their L awyers property (see Fig, 24-2).
Two new adits were completed on the Amethyst gold breecia zone,
one from the 1 760-metre level and the other from the 1 800-metre
level. Together with the previously completed | 730-metre level
adit consisting of 762 metres of ad-vance and slash, these three adits
have enabled the sampling, correlation, and delineation of ore
rescrves, now estimated at 309 600 tonnes grading 7.2 grams per
tonne gold and 260 grams per tonne silver over a vertical range in
excess of 130 metres on the Amethyst gold breccia zone. The | 700
level adit consists of a 250-metre crosscut plus drifts, 50 metres
north and 45 metres south. The ore shoot intersected on the 1 700
level was well mineralized with e ectrum, native gold, and argen-
tite. Slickensiding observed near the 1 700 level portal indicated a
strong left lateral movement which appears to be typical in the
Toodoggone area, The | 800 level consists of a 107-metre crosscut
plus drifts 60 metres north and 68 metres south. In addition, 178.6
metres of raising was completed, connecting all fevels to the
surface,
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In addition to the development program, SEREM Ine. contracted
out environmental studies and an on-site investigation of the pro-
posed extension of the Omineca Resource Road from Moosevsle
Flats to link up with the Sturdee Airstrip.

PAU CREEK (MI 94E-72) -— SEREM INC.

Exploration during 1985 on the Pau Creek showing by SER=M
Inc. revealed some significant assays for gold and sitver. On the
property Takla Group andesites are in structural contact with Per-
mian limestones.

AL — ENERGEX MINERALS LTD.

The Al property, located approximately 40 kilometres north of
the Sturdee Airstrip, is owned and operated by Energex Minerals
Ltd. It is a very large property, consisting of 565 ¢laim units and
fractienal claims (see Plate 24-1 and Fig. 24-3). During 1985,
Energex Mincrals Ltd. completed a diamond-drilling program tctal-
ling approximately 1 690 metres in 35 short holes as well as surface
trenching, geophysics, and prospecting at an estimated cos: of
nearly 31 million. Three areas of gold mineralization were tested:

(1) Thesis III (MI 94E-91) -— 17 short HQ holcs totalling ap-
proximately 969 metres tested a steeply plunging quartz-7ar-
ite-native gold zone in clay altered (mainly dickie)
hornblende-feldspar andesitic tuffs {*Toodoggone volcanics).
The central part of the altered zone was drilled along a strike
length of 120 metres, a width ranging from 12 to 22 metrzs,
and a maximum vertical depth of approximatcly 60 metres.
Native gold is primarily assocfated with replacement barite
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Figure 24-3. Geology of the Al property.

which averages 2 to 5 per cent. Locally, at depth, pyrite is
abundant and trace amounts of native gold were observed.
There are trace amounts of chalcopyrite, and galena, and
corkite [PbFe,(PO,HSO,)(OH),] was identified by X-ray
analysis of samples from DDH-85-02 at 61.1 metres. Some
spectacutar grades rclated to native gold were intersected in
drilting holes like 85-10 and 85-30.

BV (MI 94E-91) — 11 short HQ holes totalling approx-
imately 450 metres were drilled along a zone exposed by
trenching and drilling for more than 500 metres; alteration
widths are up to !5 metres. Native gold is intimately associ-
ated with barite-filled fractures within a silicified, pyritic, clay
alteration zone. The fractures appear to have a predominant
west-northwest trend.

BONANZA RIDGE (MI 94E-78, 79) — 7 short HQ} holes
totalling approximately 271 metres were drilled to test the
smali, high-grade. structurally complex Verrenass zone, and
the Ghost zone, which may have potential for a near-surface
bulk mining operation. Both areas are similar to the Thesis Il
zone. A chemical analysis of typical quartz-barite altered rock
from the Verrenass zonc yielded the following results: SiQ,,
64.21 per cent; Al,O;. 1.53 per cent; Fe,0,. 019 per cent:
Mg0O, <<0.02 per cent; Ca0, <0.03 per cent; Na,O. 0.011 per
cent; K,O, 0.048 per cent; TiO,, 0.48 per cent;

(2

(3

—
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MnO. <0.002 percent; Ba, 18.5%: 5, 4.17%: CO,, <0.07%; LOI,
2.2%; and H,O~—, 0.11%.

The total is apparently low because barium is present as barite
(barium sulphate). The pattern represented here is characteristic of
alteration zones on the Al property, with a gain in silica and barite
and net losses of iron, mangancse. potassium, sodivm, cadmium,
and aluminum.

For a more complete description of geology, alteration, and
mineralization on the Al property the reader is referred to Schroeter
(1985).

Overall mineralization on the Al property is suggested to have
occurred in a high level, epithermal setting that included local hot
spring discharge sites where boiling created porosity in the volcanic
rocks and subsequent mineralization. There is a strong structuraf
control involving intersections of small, local northeast-southwest
faults with large, regional northwest-southeast faults. An anoma-
lous heat flow regime and possibly some of the fluid component of
the system may have been provided by hypabyssal felsic intrusions
at depth. Hydrothermal alteration is widespread in structurally
favourable zones, locally it is superimposed on diagenelic
hematitization.

A thesis study by J. R. Clark underway at McGill University is
aimed at defining the environment of formation of the mineraliza-
tion and alteration.



SILVER POND (Ml 94E-69) —
ST. JOE CANADA INC
IMPERIAL METALS CORP.
CASSIDY RESOURCES LTD.

During 1985 St. Joe Canada Inc. (operator) completed 33 dia-
mond-drill holes totalling approximatety 3 000 metres on the Silver
Pond property (see Fig. 24-2). Four main zones of mineralization
were tested:

(1) Cloud Creek (or Silver Creek) — two holes were drilled on
the old Kennco showing which consists of a northwesterly
trending zone of silicification in “Toodoggone™ andesitic tufts.
Amethyst zone — a northwesterly trending silicified zone
{minor quartz-amethyst veinlets) on strike with SEREM Inc s
Cliff Creck breccia zone. The host rock is andesitic crystal
tuff, similar to the host rock at the Lawyers AGM zone.
North zone — a largze pyritic, silicified = clay (predominantly
illite) altered zone with minor quartz veinlets containing trace
sphalerite and pyrite.

West zone — green andesitic tuff with guartz veinlcts carrying
minor chalcopyrite and pyrite. Illite is the predominant clay
mineral present.

2

—

&3

(4)

MOOSE {MI 94E-31, 81) —
NEW RIDGE RESOURCES LTD.

During 1985, New Ridge Resources Ltd. , under an option agree-
ment with Energex Minerals Lid., completed approximately 915
metres of diamond drilliag in 20 holes (including two on the Por-
phyry Pearl zone) on the Moose property. The main zone was drill
tested along a length of approximately 550 metres in & northwesterly
direction. Galena, sphalerite. pyrite, barite. hematite, chlorite, and
quartz with minor chaleopyrise and trace amethyst ocewr as vein-
type occurrences in altered hornblende-feldspar crystal and erystal-
lapilli tuffs and tuff breccias. Local minor brecciation and shearing
are found near the break in stope. which is presumed to be related to
a regional faull that extends from McClair Creek northwest up to
Mooschorn Creek.,

Silver is the main target; the company reports assays of up to
6 600 grams per tonne. Acanthite is suspected but has not yet been
verified. Secondary minerals identified include anglesite and
cerussite,

METS (NO MI) —
MANSON CREEK RESOURCES LTD,

During 1985, Manson Creek Resources Ltd., under an option
agreement with Golden Rule Resources Ltd. . completed three short
diamond-drill holes on their ‘A to E’ zone located on the south-
eastern portion of the claim group. In all, five northerly trending
altered zones, which presumably splay off regionaf northwesterly
faults, have been identificd. The "A to E’ zone, consisting of a
quartz, barite, clay-altercd zone with minor native gold and pyrite,
has been traced by 10 surface trenches and 3 short diamond-drill
holes along a length of 830 metres and over a maximum width of 11
metres, Locally the zone is brecciated and up to 10 metres in width
with a quartz porphyry dyke adjacent to the altered zone. Host rocks
are “Toodoggone™ andesitic tuffs,

BAKER (MI 94E-26) —
MULTINATIONAL RESOURCES INC.

During 1985, Multinational Resources Inc., under an option
agreement with Du Pont of Canada, completed 11 short holes
totalling appraximately 610 metres; two were on the West Chap-
pelle vein, one on the D vein, two on the C vein, two on the B vein,
and four on the main or A vein and its northeastern extension. The
program was designed to re-cvaluate known vein systems.

The agreement includes options on the existing mill (90-tonne-
per-day-capacity) and the 80-man mining camp.

Between 1980 and 1983 Du Pont of Canada mined 79 580 tonnes
from A vien that yielded 1 287 676 grams of gold and 25 446 258
grams of silver,

Bulldozer trenching and an indiced polarization survey were also
carried out.

METSANTAN (Ml 94E-64) —
BART RESOURCES LTD.

Bart Resources Ltd., under an option agreement with Lacara
Mining Corp., conducted a small surface program which includzd
resampling of the Lacana Mining Corp. trenches. The progrem
basically confirmed Lacana Mining Corp.'s previous results and
located several new anomalies. The main mineralized zone has been
traced along a length of nearly 550 metres and across widths of up 1o
18 metres.

MOQSEHORN (MI 94E-86) —
CASSIDY RESOURCES LTD.
E&B MINES LTD.

During 1985, Cassidy Resources Ltd. (as operator), conducied
detailed geological and geochemical surveys in preparation fo- a
diamond drill program. An cpitharmally altered and weakly miner-
alized zone has been identified on the surface for a length of 2 200
metres and across widths up to 270 metres.

SHAS (MI 94E-50) —

INTERNATIONAL SHASTA RESOURCES LID.
NEWMONT EXPLORATION OF CANADA LTD.
ARCTIC RED RESOURCES CORP.

Because of a legal tenure dispute, no work was carried out in 1685
on the Shas prospect, located 1€ kilometres southeast of the Lew-
yers property and 10 kilometres. southeast of the Baker propaity.
Arctic Red Resources Ltd. has cstimsted geologic reserves at sev-
eral million tonnes grading 2.45 grams per tonne pold cquival>nt
within which there is a higher grade section of 498 850 tonnes
grading 5.3 grams per tonne gold equivalent (George Cross News-
letter, July 4, 1985). The main zone is the Creek zone which has a
strike length of 370 metres and a width ranging from 2 to 23 metres.
Mineralization has been outlined to a depth of 100 metres; it is opzn
to depth and to the north.
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MUDDY LAKE PROJECT*
(104K/1)

By T. G. Schroeter

INTRODUCTION

Mapping and property investigation were conducted for 12 days
in the Tatsamenie Lake-Muddy Lake (Bearskin Lake) arca in 1985.
The Muddy Lake gold prospect, which consists primarily of the
Bear and Totem claims, is located 137 kilometres west of Deasc
Lake at latitude 58 degrees 13 minutes nerth and longitude 132
degrees 17 minutes west; it lies approximately 10 kilometres due
south of Tatsamenie Lake (Fig. 25-1). Access is by fixed-wing
aircraft to Muddy Lake or the Muddy Lake airstrip from Dease
Lake, Telegraph Creek. Atlin, or Whitehorse. A winter bulldozer
trail to the property exists from Telegraph Creek, located approx-
imately 75 kilometres to the southeast. Helicopter access in the area
was kindly provided by Chrevon Canada Resourcees Ltd. , the owner/
operator of the property. Several other nearby properties, including
Nie, Slam, Ram, Tut, Infaw. Qutlaw, Oro, Tan. Misty, und Pole,
were also briefly visited by the writer.

During the 1985 scason an average of 35 people worked out of the
Muddy Lake base camp and two diamond drills were in operation.
Drilling during 1985 totalled approximately 4 150 metres in 31
holes; 56 holes totallirg approximatcly 10 000 metres were also
dritied in 1984 and 30 holes totalling 5 300 metres in F983.

LOCAL PHYSIOGRAPHY

Near Tatsamenic Lake the glacial movement was from north to
northwest (Souther, 1971). The lake shown on late 1940 air pho-
tographs and still shown on the 1:250 000 topographic map (104K),
that is located approx:mately & kilometres northwest of Muddy
Lake, does not exist teday. It apparently drained sometime in the
1960%s.

Souther (1971) states that small fandslides are found in nearly all
major valleys of the Talsequah map-area. He commented on the
‘Bearskin slide’, which is located on the south-facing slope above
the outlet of Bearskin (Muddy) Lake (Fig. 25-2). There is not much
doubt that it formed the barrier behind which the lake is impounded,
as suggested by Southe: in 1971. The slide appears to be the result of
a large single event that came from the north and possibly north-
northwest near the top of a 900-metre-high ridge, and swept down
the steep slope into the vallcy and part way vp the opposite side. The
floor of the valley from the outlet of the lake to more than 1.6
kilometres downstream is strewn with huge boulders of greenstone-
metagabbro; many are more than 6 metres in diameter. The cause of
the siide has not been determined but its spatial proximity to the
Muddy Lake prospect ilas prompted Chevron to examine it in some
detail.

REGIONAL GEOLOGY

Early Geological Survey of Canada workers in the Tatsamenic
Lake area included Kerr (1930, 1932) and Souther (1958 to 1960).
Their published maps and descriptions remain the best references
for regional geology. More recent geological information on the
arca between Tatsamenie Lake and Bearskin Lake has been com-
piled from Assessment Reports filed by Chevron (Fig. 25-1). The
Tatsamenie Lake area is underlain by intensely folded and region-
ally metamorphosed Permian, Triassic. and older strata that are

scparated by a pre-Upper Triassic unzonformity from less folced
and less metamorphosed Mesozoic sedimentary and volcanic rocls.
The Mesozoic strata arc overlain uncenformably by flat-lying Late
Tertiary and Pleistocene platean basalts of the Level Mountiin
Group.

Three main episodes of tectonic activity have affected the streta:
(1) the Mid-Triassic Tahltanian Orogeny; (2) an Upper Jurassic
event, and (3) an Early Tertiary event.

ULTRAMAFIC ROCKS (UNIT |}

The oldest rocks in the arca arc small. fault-bounded slicen of
ultramafic rocks; they are associated with northerly trending fiad Its.
espectally southeast of Tatsamenie lake. The rock 15 a black to
greenish black, microcrystalline serpentinite with many slicken-
sided surfaces and trace veinlets of brittle, tibrous serpentine The
proximity of these rocks to beds of dolomitic limestone and to fault
zones, the absence of primary minerals, and intense hydrother nal
alteration of nearby rocks, including the formation of listwanite, all
suggest that these ultramafic bodres are of deep-seated intrusive
origin. Their emplacement along fractures that acted as conduits tc
later gold-bearing tluids is conridered structural, not genetic.

PERMIAN LIMESTONE {UNIT 2)

Souther (1971) estimated the Permian section at Tatsamenie Lake
to be approximately 760 metres thick. It consists of a succession of
limestones and dolomitic limestones, with local chert, shale, and
sandstone members. The succession s best exposed in the cores of
nertherly trending anticlines south and cast of Tatsamenie Lake. The
limestone is massive to wcll bedded, usually fine grained. and
medium grey in colour. Near intrusions it is a white, medinm-
grained marble. Tt contains abundant crinoid and shell debris, as
well as poorly preserved fusulinids and corals. The limestones are
considered to be part of the Stikine terrane assemblage rather than
Cache Creek Group, based primarily on the different faunal content
(Monger, 1977). Mongcer noted that the coeval fusulinid faunas in
the Stikine assemblage contain far fewer genera and include forms
similar to some in northern California and Nevada, sugges: ng
major transcurrent movements. Schwagerinid fusulinids identificc
in the Tatsamenic Lake area (Monger, personal communicat o
1985) correlate with other “Stikine Facies' rocks in the Tanz la-
Stikine River area, the Oweegee Peak area, the Terrace area, the
Whitesail area, and the Fulton Rivver area. These Permian ca ho-
nates on the west side of the Bowser Basin are distinctive in their
uniform, presumably sheet-like, character over a north-south dis-
tance of 500 kilometres (Monger, 1977). The thick. widespreac
carbonate sections suggest that stable, shelf conditions exiswec a
their time of formation.

PRE-UPPER TRIASSIC ROCXS (UNIT 3}

Souther (1971} estimated a rhickness in excess of 2 620 rweires
for the Stikine terranc package of fine-grained clastic sedimersar:
rocks and intercalated volcanic rocks, now mainly altered to phy lit::
and greenstone, and minor chert, jasper greywacke, and limestone.
This package overlies the Per nian limestone with apparent :on-
formity. In the Muddy Lake atea th s contact is often obscure: by

* This pruject is a contribution o the Canada/British Columbia Mineral Development Agreement.
British Columbia Ministry of Energy, Mines and Petroleurn Resources, Geological Fieldwork, 1985, Paper 1986-1.
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faulting. The voleanic rocks are intensely folded and sheared; they
display a well-developed slaty cleavage and foliation. Regional
metamorphism has converted original erystal-lapilli tuffs and mafic
flows to greenstone, chloritc-amphibole schist, and phyllite but
primary bedding and textural features are preserved locally, Souther
(1971} described a relat vely undeformed. 610-metre-thick section
south of Tatsamenie Lake. consisting of light green, siliceous phyl-
lite interlayered with calcareous and dolomitic phyllite and overlain
by more than 500 metres. of dark green chloritic phyllite. In general,
marker horizons are absent in the greensione package. Tabular
bodies, often dyke swarms, of gabbro (metagabbro) and basic
diorite of unknown age are associated with the ultramafic rocks.
Zones of intense shearing within these dykes are common. Their
spatial relationship to the pre-Upper Triassic volcanic rocks and
their chemical similarity suggest that the two correlate. In the
Chutine map-area, south of Muddy Lake, black calcarcous siltstone
occurs more than 100 metres above the Permian limestone. Other
banded sediments include shale, siliccous siltstone, and fine-
grained greywacke. These rocks correlate with Mid to Upper Tri-
assic rocks.

LATE TRIASSIC TO EARLY JURASSIC (UNIT 4)

Foliated hornblende juartz diorite is the predominant intrusive
rock in the eastern port'on of the area. The rock is fine to medium
grained and ranges in composition from diorite to quartz monzonite.
The rock is usually strongly altered with abundant chlorite, epidote,
and hematite developed along fractures. The diorite is richer in
hornblende near its contacts, and adjacent sedimentary rocks are
usually hornfelsed; many contacts are faulted. An Early or Middle
Jurassic age is assigned to these rocks on the basis of textural and
mineralogical similarity to boulders found in the Lower Jurassic
Takwahoni Formation. K/Ar age determinations on two such boul-
ders yielded Late Triassic to Early Jurassic ages of 206 and 227 Ma
(Geological Survey of Canada, Age Determinations 62-76 and
62-77). The diorite intrudes pre-Upper Triassic rocks north-north-
cast of Muddy Lake.

MIDDLE JURASSIC (UNIT 5)

A number of hornblende diorite to granodiorite stocks crop out in
the western portion of the region. Contacts with the country rock are
sharp and regular; the irtrusive rocks are net foliated. Locally, such
as at the Nie showing, these bodies occur in fault planes and may
have a genetic refationship with mineralizarion.

An albitized quartz diorite of this suite from the southeast end of
Tatsamenie Lake yielded a K/Ar whole rock date of 171 £ 6 Ma
(Hewgill, 1985); it probably represents the latest stage of hydrother-
mal activity associated with Unit 5 rocks.

MIQCENE (UNIT 7)

Flat-lying plateau basalts of the Leve] Mountain Group are the
youngest rocks in the region. They are black, fine-grained basalts
with open vesicles along dyke margins, and in flow tops.

PROPERTY GEOLOGY

Remarks on property geology will refer mostly to the Bear and
Totem claim groups of the Muddy Lake property (Fig. 25-2), and to
speeific zones within these claims, such as the Bear Main zone (Fig.
25-3, Plate 25-1).

UNKNOWN AGE (UNIT D

A gabbro or metagabbro of unknown age crops out on the eastern
portion of the property, particularly on Troy Ridge. [t is extensively
chloritized and hematized. Its relationship with other rocks is un-
clear, but it may correlate with the pre-Upper Triassic mafic volcanic
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rocks. The gabbro appears to be cut by foliated hornblende diorite of
the Late Triassic to Early Jurassic age.

PERMIAN (UNIT 2)

The unaltered limestone is massive to well bedded with cherty
grey ‘boudins’ up to 15 centimetres in length. Fossils are not abun-
dant. Local brecciation and sedimentary breccias that occur as
conformable layers within the limestone section consist of angular
to subangular clasts of limestone in a finc-grained carbonate matrix.
Late-stage calcite veins and cavity fillings both crosscut and para, lel
bedding planes within the limestone. On the bluff above He en
Lake, veins are up to | metre in width.

Adjacent to fault contacts, particularly the West Wall fault, he
limestone is pink, variably dolomitized, and contorted to isoclingIly
folded. In altered areas, the timestone is silicified and locally vag gy
with the late-stage veinlets of calcite and siderite.

A sedimentary package of si tstone and carbonaceous siltstone
lies conformably on the limestoe and dips 75 degrees to the 2ast.
This unit is invariably strongly faulted and not well exposed. T1e
name ‘Black fault’ was chosen because it forms a black, car-
bonaceous zone adjacent to silicified limestone in the hangingwall.

PRE-UPPER TRIASSIC (UNIT 4)

Overlying the limestones with apparent conformity is a thick
section of ash, lapilli and crystal andesitic tuffs, and possibly mJic
flows. Locally graded beds, flame structures, and rip-up clast:. in
ash layers give tops. In detail the mafic volcanic rocks grade irto
tuffs across distances as lttle as 2 metres., Local coarsening gives
the volcanics a dioritic appearance. The sequence has few markers
— one being a chalcopyrite-bearing horizon in lapilli tuff. Where
altered, mainly in the hangingwa:l, tuffs are silicified, car-
bonatized, and contain fuchsite (listwanites). Locally the tuffs are
interbedded with black siliceous siltstone and may contain up to 3
volume per cent pyrite. At the Fleece Bowl showing and elsewhere,
altered fuchsite-bearing tuffs occur as fault pods or slices.

LATE TRIASSIC TO EARLY JURASSIC (UNIT 3)

Hornblende diorite is strongly foliated and exhibits strong altcra-
tion to chlorite, hematite, and epidote, and contacts with pre-L pper
Triassic rocks are brecciated. Locally the diorite contains up to 5 per
cent pyrite, and traces of chalcopyrite both as disseminations anc on
fractures. It intrudes the pre-Upper Triassic rocks and is locally
agmatitic. Angular blocks of greznstone-metagrabbro 0.3 metre 12
metres in diameter, have been incorporated into the diorite. Dykelzts
of felsite cut both the foliated diorite and the intruded greenstones,
later fracturing offsets these dylkelets.

UNKNOWN AGE (MIDDLE JURASSIC 7) (UNIT 6)

Four occurrences of narrow dvkes of hornblende diorite compsi-
tion were noted — three in the area of the Totem silica zone and zne
in drill core from the Fleece Bow! zone. The dykes cut all o'der
rocks. A sample for possible age dating was collected from a dyke
cutting foliated hornblende dicrite on the east side of the Toxem
silica area. In Fleece Bowtl, a *fzlsic dyke’, which was mineralized
in several sections, was intersected by drilling.

MIOCENE (UNIT 8)

A 1-metre-thick dyke of blac< basalt, probably a feeder to Level
Mountain Group flows, crops cut in Bear Main zone.

BEAR MAIN ZONE (Fig. 25-3; Plate 25-1)

The siticified ‘pod” on Bear Main zone has been traced by drill ng
along a length of 1 kilometre, across a width of 10 metres and to ¢
depth of at least 200 metres. The ‘pod’ is composed of silicifiec
dolomite and is bounded on the west side by altered tuffs. Flare



Plate 25-1.

bedding at 085/23 south was preserved as were remnants of isoclinal
tolds. The dolomite locally displays a quartz stockwork with resis-
tant veinlets of quartz. The southern portion of the ‘pod’ is strongly
brecciated; the breccia zones commonly have relatively sharp con-
tacts and occur between the silicified dolomite and altered tuff. Two
varieties of breccia exist:

(1) Heterolithic breccia: contains fragments of fuchsite-bear
ing tuff, white-grey limestone, black carbonaceous silistone,
white to grey quartz, and black limestone in a dolomitic
matrix.

(2) Monolithic breccia: consists of silicified white limestone
fragments in a grey. silicified limestone matrix.

Both varietics of breccia contain vuggy quartz and pyrite up to 10

per cent by volume.

The hangingwall fault (Bear tault) cuts the tuffaccous rocks and is
marked by a zone of black gouge. A thick section of ash. lapilli and
crystal tutfs. and what appear to be local mafic flows, occur above
the hangingwall. The only marker observed is a chalcopyrite “zone’
within the lapilli tuff. Slickensided fractures have attitudes of
045/48 northwest. A I-metre dyke of black basalt (Tertiary )
intrudes silicified dolomite and altered tuff on Bear Main zone.

Near the north end of the main outcrop (elevation | 520 metres,
Fig. 25-3) soil and talus drape over the silicificd and/or dolomitized
limestone.

FLEECE BOWL ZONE

The West Wall and Black faults bound the Fleece Bow zonc on the
west and east respectively (see Fig. 25-2). The Black fault occurs in
a graphitic, siliceous siltstone and dips to the cast; the fault zone
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View northerly over Muddy Lake toward Bear Main Zone

ranges from 6 to 20 metres in width. Late-stage calcite veinlets cut
the rock which is locally vuggy. The hangingwall zone consists of
fuchsite-bearing tuff with trace arsenopyrite in quartz veinlets. The
West Wall fault cuts silicified limestone and silicified dolomite and
dips steeply to the east. A slicc up to 12 metres wide with strong,
north-striking foliation consists of fuchsite-bearing tuff with quartz-
carbonate veining, and breccia containing angular fragments of
fuchsite-bearing tuff, and silicified limestone up to 15 centimetres
in diameter is exposed in a north-south trench (Fig. 25-2). The rocks
contain 1 to 2 per cent pyrite as disseminations and fracture fillings.
The hangingwall fault in this ‘slice’ is marked by black gouge which
contains anomalous gold values. The hangingwall sequence con-
sists of well-banded silicified limestone and dolomite.

Diamond drilling encountered a ‘felsic’ dyke which consists of
fine-grained white quartz cyes in a pervasively sericitized
groundmass and contains up to 10 per cent pyrite as finc dissemina-
tions and fracture fillings. The dyke is anomalous in gold (Chevron
personnel, personal communication).

TOTEM SILICA ZONE

Alarge (1 100-metre by 200-metre) zone of intense silicification
with or without dolomitization occurs on the northern portion of the
property (Fig. 25-2). The host rocks are weil-bedded, locally inten-
sely folded limestones with some dolomites; they occupy the core of
a north-trending anticline. The limestone beds have local. strata-
bound breccia zones.

Two phases of folding are prominent: phase | consists of tight,
isoclinal, commonly recumbent folds that are consistently
S-shaped, when viewed southerly down the plunge; phase 2 consists



of broader, open anticliral folds that trend northerly. as do regional,
broad anticlinal folds a1 the northwest end of Tatsamenie Lake.
Local minor folds occu- on the limbs of phasc 2 folds.

Strong, late-stage northeasterly trending crossfracturing is prom-
inent. ‘Boudinaging™ of quartz in banded silicified limestone is
locally well developed, 4s are breecias with large, quartz-lined vugs
around silicified limestone fragments. In vuggy quartz-calcite bree-
cias in “sandy’ limestores, rhombs of calcite grow on quartz crys-
tals. Pyrite occurs in trace amounts within the silicified limestone
and locally occurs as “wispy’ rims around white silicified limestone
fragments 1n breccias.

The southwest side of the zone is characterized by silicified
dolomite with quartz stockworks that arc weakly mineralized with
tetruhedrite occurring as disseminations and on fractures,

On the west side of the Totem Silica zone. which is on the west
limb of the anticline, bedding is steep near the fault contact between
silicified limestone anc interbedded fuchsite-bearing tuff and car-
bonaceous siltstone. This fault zone strikes north and dips cast: it is
breociated with hematize-rich slickensides plunging 45 degrees to
the south. indicating that the west side moved down.

The hangingwall section both cast and west of the Totemn Silica
zone consists of foliated hornblende tuff, chloritic tuff, and fine-
grained greenstone with hematitic fractures. A foliated hornblende
diorite intrudes the rocks on the east. Hornblende-feldspar porphyry
dykes of intermediate composition that trend southwest and dip
steeply, cut silicified diorite. These dykces have been altered to
epidote, chlorite, and clay mincrals.

STRUCTURE

Three main episodes of tectonic activity have occurred in the
region: (1) Mid-Triassic Tahltanian Orogeny, (2) Upper Jurassic;
and (3) Eary Tertiary. Monger (1977} stated that “the Stikine as-
semblage was emplaced by poorly understood, complex motions
that involve transcurrent movement, subduction on both sides of a
narrowing hasin floored by ‘trapped’ oceanic crust and, in the final
stages of closure, eastward obduction of the basin floor™. A promi-
nent northerly to northwesterly trending favlt zone, locally referred
to as the Ophir Break zonc, extends through the property and has
been traced on the surface and by drilling from Muddy Lake north-
ward to Tatsamenie Lake — a distance of more than 10 kilometres
(see Fig. 25-1), The zone is about 3 500 mefres wide and defined by
areas of intensc fracturing, abundant slickensiding. arcas of car
bonaceous and siliceous black silistone and gouge, and lincar
Fe-carbonate, quartz = fuchsite-bearing tuff (listwanites) and
quartz-dolomite alteration zencs. The zone 1s bounded on the west
by the West Wall fault and on the east by the Ultramafic fault so
named because it contains clongated serpentinite pods. Several
minor fault structures occur within the Ophir Break zone. Locally
slices of fuchsite-bearing tuff belonging to the pre-Upper Triassic
greenstone package oceur within Permian limestone. such as in the
bluffs immediately northwest of Bear Main zone.

Two directions of younger crossfaulting have been observed. One
strikes northwesterly and shows left-lateral movement of up to 100
metres between limestane and greenstone west-northwest of Bear
Main zone (yee Fig. 25-2), the other strikes northeasterly and shows
right-lateral offsct within silicified dolomite in Bear Main zone.

As described for Totem Sitica zone, two phascs of folding exist:
Mid-Triassic age, tsoclinal, commonly recuimbent, S-type folds:
and Late Jurassic broad. open folds, similar to those at Tatsamenie
Lake. The cores of ant:clines occasionally contain crackle breecias
{for example, Ram/Tut property). Phase 1 and phase 2 folding are
prominent in Totem Silica zone, and phase | s a minor feature in
Bear Main zone. The guaternary debris tlow with slump blocks or
detached slices was discussed previously.
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ALTERATION

Two dominant alteration types occur:

{1) Quartz-dolomite, which occu-s primarily in the limest ine

unit.,

{2) Quartz-iron carbonate-pyrite fuchsite (listwanites), which

occur in the tuff unit.

Both types arc most intensely developed adjacent to or in fault
zones and both appear to increasc in intensity towarc the
hangingwall.

The quartz-dolomite alteration consists of massive fine-grained
quartz, quartz breccia, and lesser dolomite. Outward from a zon: of
intense silicification, with or withour brecciation, silica decre:ses
gradually from massive quartz to vzin quartz to skringer quartz 1 a
dolomite matrix. Further out, al:eration grades into dolomitic lime-
stone and finally to unaltered limestone. This sequence of alteration
1s well developed in the footwall of The Bear Main zene and Ics s so
in the Flecce Bowl and Totem Silica zones. Heterolithic and meno-
lithic breccias are locally well developed in the quartz-doloriite
alteration zone (Fig. 25-3). Abundant replaccment dolomite and
carbonate veining may result from re'ease of magnesium and some
calcium from the greenstone unit or from a deep-seated ultramafic
source.

The listwanitic quartz-iron carbonate-pyrite fuchsite altera ion
asscmblage is restricted maindy to tuftaceus rocks of the greenstone
unit. The zoncs range in width from 1 metre to 20 metres and are
strongly foliated. Carbonate minerals noted include ferroan dol-
omite, ankerite, calcite, and aragonile. X-rav determination of “he
clay-sized fraction shows mainly illite and sericite and traces of
sodium-rich alunite. The rocks also have kaolinite veinlets zné
gypsum coating fractures. Other accessory minerals identified in
the listwanitic zones inctude tale. chlorite, hematite, and pyvite.
which occur as veinlets, breccia fillings, rimming clasts, and as finc
laminations. Jarositc is conspicuous on silicified dolomite blufis al
the southern end of Bear Main zone. A spectrographic analysis ol
listwanite collected from Fleece Bowl gave the fotlowing results:
Si>10%, Al >10%, Mg 4.5%, Ca7.0%., Fe 8.0%., Pb-. Cu 0. 3%.
Zn 0.05%, Mn 0.08%, Ag -, V 0.06%, Ti 0.3%, Ni 0.06%, Cc
0.02%, Na <0.3%, K =2.0%, W -. 3b (0.25%., Cr 0.2%, and t acc
As, Ga, Mo, Zr, Sr, Ba, B, Rb, Nb, and P.

The process of listwanitization corresponds to a CO,-Ca meta
somatism of ultramafic rocks, with addition of potassiun ir
fuchsite-rich listwanites. Gold values are randomly distributec
within listwanite lenses at Muddy Luke, as is the case in similarly
mincralized arcas around the world. A strong positive corre'atior
exists between gold, arsenic, cnd sulphur. Fuchsite formation in-
volves transfer of Si and Fe? +7 'tomn the zone altered to listwaniie tc
the ‘ore’ zone; Mn, Ca, K., and C are introduced and other elemerits
including Cr, are redistributed.

MINERALIZATION

Mineralization is of the ‘no-seceum” gold type with minor siiver
values. Metallic mineralogy consists of (J.1 to 5 per cent pyrite, trace
amounts of arsenopyrite and scorodite, native gold with values uz to
27.8 grams per tonnc gold and silver up to 67 grams per tonne
(Schroeter, 1984), pyrrhotite, chaleopyrite in amygdules in lapilli
and altered fuchsite-bearing tuff. Sb-bearing tetrahedrite, and
hessite. The latter two minerals are listed in a private report by
Chevron,

Tetrahedrite occurs in fractures in silicified dolomite on the wast
portion of the Totem Silica zone. Native gold is micron to submicron
size (Chevron personnel, personal communication) and very errelic
in distribution, a characteristic of listwanitic deposits. Locally
within the Bear Main zone, gypsum is associated with mineraliza-
tion. Pyrite occurs in at least two distinct stages: as late-stage
veinlets; and as earlier breccia matrix filling, fragments wihir



breccias, *wispy’ rims on silicified limestone fragments in breceia.
and local laminations in fine bleached tuff. The younger fine-
grained pyrite veinlets rarely offset older breccia or lamination
pyrite.

Two main ‘zones' of mincralization have been identified: Beuar
Main and Fleece Bowl (Fig. 25-2). The Bear Main zone crops out in
a fault bounded silicified and listwanitized block which has been
traced by drilling along a strike Iength of nearly t kilometre. across
an average width of 10 metres. and to a depth of at fcast 200 metres.
The host rocks in the Bear Main rone include silicified dolomitized
limestone and breccia and carbonatized tuffs (listwanites). The
gold:silver ratios are high, greater than 2 to 1. and silver is rarely
more abundant than gold in individual assays. Mineralization in the
Fleece Bowl zone does not crop out; it has been intersected only in
drill holes. Scveral short mineralized sections associated with
quartz veining exist, as well as mineralization associated with a
‘felsic” dyke which locally contains up to 10 per cent pyrite as
disseminations and fracture fillings. The dyke contains white quartz
eyes and has been extensively sericitized.

There is a positive correlation between Hg-As-Sb-Au and Ag in
mineralized zones. The only sulphides identified to date on the
Totem Silica zone are pyrite in the silicified limestone and
tetrahedrite in the silicified dolomites. Assays of samples taken
during a visit to the property in 1984 are shown in Schrocter (1985).
Assays from samples collected during the 1985 study will be avail-
able at a later date.

To date. no reserve figure has been released for the Muddy Lake
gold deposit.

AGE DATING

Only limited age dating has been done in the area. The Late
Triassic to Early Jurassic age of the foliated diorite is inferred trom
K/Ar whole rock dates obtained from two granitic boulders in the
Takwahoni Formation. Chevron has obtained a whole rock K/Ar
date of approximately 177 Ma from sericite from the Muddy Lake
prospect (H. Wober, personal communication).

Hewgill (1985) obtained a K/Ar whole rock date of 171 %6 Ma
from albitite on the Ram/Tut property, located approximately 10
kilometres northwest of Muddy Lake. The albitite apparently repre-
sents the latest stage of hydrothermal activity of a Jurassic calc-
alkaline quartz diorite to tonalite intrusion. Hewgill has determined
strontium isotopic initial ratios for albitite of 0.7029 to 0.7038,
ratios that would be typical of a mature island arc formed at a
convergent margin. Several other samples were collected by the
writer during 1985 for age dating inctuding a hornblende diorite
dyke adjacent to mineralization at the Nie (2 Oz. Notch) showing
(Fig. 25-1}; an intermediate hornblende-feldspar porphyry dyke
cutting foliated homblende diorite on the east side of Totem Silica
zone (Fig. 25-2), and samples of several schistose sericitic andror
chloritic fault zones within Bear Main zone (Fig. 25-3).

OTHER PROPERTIES

A number of other brief property visits in the region were con-
ducted. Following are brief remarks about some of these properties:

NIE (Lat. 58°21" Long 132°18";, 104K/8W)

The Nie claims contain the Nie or **2 Oz. Notch ™ showing (Fig.
25-1) which consists of a quartz vein more than I metre wide with
abundant disseminated and massive pyrite and minor pyrrhotite
veins adjacent to a hornblende diorite dyke of suspected Middle
Jurassic age. Both the vein and dvke occur along the trace of the
West Wall fault, which extends between Tatsamenic and Muddy
Lakes. North of the showing, also along the trace of the West Wall
fault, the most northerly known slice of limestone is in contact with
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fuchsite-bearing tuff. Post-Middle Jurassic quartz monzonite stocks
and hornblende diorite dykes also occur. To the east of the showing,
fault-bounded. altered ultramafics crop out, as do flat-tying
Miocene platcau basalts. To the seuth there is a small asbestos
showmg noted on Souther’s (1971) map (Fig.. 25-1).

MISTY (Lat. 58°19" Long. 132°17.5"; 104K/ 1W)

The Misty claims are underlain by pre-Upper Triassic volcanic
rocks which have been intruded by Middle Jurassic dioritic to
granodioritic stocks. Minor skarn mineralization, consisting of
magnetite. chalcopyrite, pyrrhotite. iron carbonate, and hematite,
has been noted.

RAM/TUT (Lat. 538%17" Long. 132°25" [04K/8W)

The Ram/Tut property is underlain by a section of pre-Upper
Triassic rocks overlying Permian limestones and dolomites that have
been intruded by albitite. The limestone unit consists of massive to
well-bedded grey limestone with local beds and *boudins’ of chert
and/or pyrite. Locally limestonce beds exhibit stratabound breccia-
tion, and are silicified and vuggy. Mineralization noted in the
silicitied limestone units includes fracture-controlled and dissemi-
nated tetrahedrite and an isolated massive sulphide “pod’ 1 metre in
diamcter containing galena, sphalerite, pyrite, and arsenopyrite.
Llsoclinal phase | and open phase 2 {olds occur in the limestone unit,
Crackle breccia occurs near the core of a phase 2 anticlinal fold.
Lying conformably above the limestone unit and locally in fault
contact with it is phyllite of the pre-Upper Triassic sequence. The
albitite intrudes the section and is locally mineralized with pyrite,
boulangerite (Hewgill, 1983), and tourmaline. Another showing
occurs where silicified and/or dolomitized limestone is in contact
with both Miocene basalt and Cretaceous (7) dykes in a fault zone
that trends 080 degrees. Here pyrite and scorodite (?) occur in a
silicified zone. To the south, several small veins of stibnite exist on
the property.

Mingcralization on this property. and also regionally, might in-
valve solutions ascending up a fault through the limestone units and
into the overlying phyllitic package. The mineralizing solutions
may have travelled outward along stratabound breccia in the sil-
icified and/or dolomitized limetone beds beneath the “impermeable’
contact with a minor amount of ‘leakage” into the phyllites. The age
of mineralization may be related to the albitization event at about
171 Ma.

SLAM (Lat. 58°14" Long. 132°07'; 104K/1E, 8E}

The Slam property consists of silicified zones in limestone and
carbonaceous siltstone cut by clay-altered feldspar porphyry dykes.
Resistant silica-rich knobs are anomalous in gold.

ORO AND TAN GROUPS (Lat. 58°10' Long. 132°18"; 104K/1)

An undivided sequence of ‘greenstone’. including coarse
pyroclastics, underlies both claim groups. Minor intermeditae
dykes cut the sequence as do minor pyritic altered zones. Trace
amounts of chalcopyrite have been reported associated with the
pyritic altered zones.

OUTLAW (Lat. 58°33' Long 132°44"; 104K/ 10E)

The Outlaw property is located approximately 7 kilometres
northwest of Trapper Lake. Two types of mineralization were
observed:

(1) Arsenopyrite, tourmaline, stibnite, and pyrite with gold and
silver values that oceur in quartz veinlets associated with
highly sericitized feldspar porphyry.

(2) Strong psilomelanc and minor pyrite in a quartz vein (Man-
cuso vein) that cuts pre-Upper Triassic rocks.



INLAW (Lat, 58728 Long. 132°44": 104K/ 7E)

The Inlaw property 1s also located approximately 7 kilometres
west of Trapper Lake. Quartz-calcite veinlets with galena,
sphalerite, and pyrite occur in a 7-metre-wide, silicified, north-
westerly trending zone i1 Stuhini Group pyroclastics. Silicification
is both pervasive and patchy.

ORE DEPOSITION MODEL

The main ore deposit onal event which produced the Bear Main
gold deposit is postulated to have resulted from large-scale, low-
temperature circulation of gold-bearing hydrothermal solutions dur-
ing the late stages of listwanite alteration of the greenstone unit. The
tectonic contacts in the Fear fault zone between silicified limestone-
dolomite and/or breceia and altered fuchsite-bearing tuft acted as
channelways for CO,-Ca-rich brines which were responsible for the
carbonatization process. Acidic. gold-beating solutions precipi-
tated silica-pyrite arsenides and free gold in silicitied rocks, brec-
cias, and altered tofts, including listwanites when pold transporting
complexes becamie unstable when they entered the reducing and
alkuline environment of the carbonatized rocks.

Mineralization is of the ‘no-sceum’ type and is very erratic.
Nevertheless, ittends to be concentrated in silicified "pods” or shices
of silicified dolomitized limestone and/or wltered. fuchsite-bearing
tuff. A possible genctic association wir