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FOREWORD

This is the eighth year of publication of Geclogical Fieldwork, a
publication designed to acquaint the interested public with the
preliminary results of fieldwork of the Geological Branch as soon as
possible after the field season. The reports are written without the
benefit of extensive laboratory or office studies. To speed publication,
figures have generally been draughted by the authors.

This edition of Geological Fieldwork has a revised format with two
sections. Project and Applied Geology includes reports of metallic and
coal field investigations, reports of District Geologists, and property
examination related to some mineral properties funded in part by Ministry
programs. The Other Investigations section consists mainly of reports of
work done by different universities funded by grants of the Ministry.

The cover photograph depicts a fly camp in the Monashee Mountains.

Output of this publication was coordinated by W.J. McMillan and
production editing and layout by the Publications Section and D. Bulinckx
of Project Geology. R. Hoenson of the Geological Branch draughting
office asgisted with layout.

A. Sutherland Brown,

Chief Geologist,

Geological Branch,

Mineral Resources Division.
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PROJECT A ND APPLIETD GEOLOGY

MAPPING OF SILICA OCCURRENCES IN BRITISH COLUMBIA

By Z.D. Hora

A field reconnaissance of silica occcurrences with mapping and sampling was
carried on during the 1981 field seascn. The purpose of the study is to
obtain information about the industrial potential of reported occurrences
in view of recent interest for raw materials to produce ferrosilicon and
silicon metal. The studied occurrences were those where previous data did
not provide enough information either on size or chemical c¢composition of
the gilica. The following properties were examined.

WHITE ELEPHANT (82L/4E, 50° 09'-119% 33')

The silica occurrence consists of an oval-shaped quartz plug, 27 metres
long and 12 metres wide, in a coarse-grained hornblende-bictite granite.
Part of the plug, which is mineralized by massive pyrrhotite with a small
amount of chalcopyrite and some gold values, was mined between 1921 and
1933. The mined-out area left a pit 15 metres by 9 metres that is now
filled with water. The old workings extend to a depth of approximately 66
metres below the surface.

FAIRVIEW (82E/4E, 49° 12'-119° 38')

A quartz vein, with minor gold wvalues up to 7.5 metres wide, was mined
underground from 1933 to 1961 and more than 350 000 tonnes of smelter flux
were shipped to Trail. In outcrop, the vein strikes 118 degrees with dip
30 to 50 degrees northeast; the quartz is exposed in an area 7.5 metres by
31 metres. The surrounding rocks consist of slightly metamorphosed
sedimentary rocks, mainly dominated by gquartzites and metagreywackes.

SUSIE (82E/4E, 49° 13'~119° 36')

A body of maggive, milky white quartz is enclosed in a granitic intrusion
and crops out as a knoll 35 metres long and 20 metres wide. Most of the
outcrop seems relatively free of impurities, although limonite gtaining
and small amounts of pyrite, galena, and pyrrhotite are present. Between
1964 and 1976 some 20 000 tonnes of silica flux with minor gold values
was shipped to Trall from an underground operatiocn.
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SNOWDRIFT (82F/11W, 49° 37'=117¢ 29%)

Massive milky white quartz forms the core of a pegmatite dyke. The guartz
pod is exposed over an area of 45 metres by 60 metres and is surrounded
by a large mass consisting of perthitic undergrowths of feldspar and
quartz. In 1971 a small quarry, 10 metres hy 20 metres, produced 500
tonnes of silica which was used locally as a stucco dash.

LOUMARK (82E/15E, 49° 58'-118° 40")

Outcrops scattered 50 metres of strike length expose an B-metre-wide vein
of white opaque quartz at least B metres wide with northwest strike that
cuts through a body of Nelson granite. The quartz is relatively free of
impurities although limited areas have disseminated pyrite.

RICE (82F/9E, 49° 34'-116° 04')

A group of outcrops over an area of 15 metres by 30 metres expose a body
of hydrothermal guartz that is highly contaminated by limonite malachite
stains. Small crystals of pyrite are a common accessory component in
unweathered guartz; low gold values are also reported. Foliated fine-—
grained brown-green pyritic metasediments comprise the surrounding rocks.
Some 1 400 tonnes was mined and shipped te Trail in 1973.

QUARTZ (93G/8W, 53¢ 22'-122° 267)

A massive white guartz vein 1s exposed in a zone more than 205 metres in
length and 21 metres in width. It strikes 140 degrees and, to the
northwest, splits into two branches. The country rock consists of
slightly foliated, fine-grained, dark green-black metasedimentary rocks.

CARIBOO GOLD QUARTZ {93H/4E, 53° 04'-121° 31')

The B.C. vein is a massive, mostly barren white gquartz vein. It is
exposed in scattered outcrops along 250 metres of strike length and is up
to 10 wmetres in width. The vein consists of parallel bands of massive
quartz with many small fragments of phyllite wallrock between individual
bands.

Several sedimentary siliceous units were also examined:

{1} Monashee gquartzites in the Revelstoke area were found to be highly
contaminated by muscovite, and to a lesser degree, biotite and other
dark minerals.

{2) South of Salmo near the abandoned Jersey mine, the Quartzite Range
Formation containg a 75-metre-wide ridge of massive quartzite with
only traces of muscovite.
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(3)

(4)

In the Barkerville area the Yanks Peak quartzite is locally pure
white with no macroscopically visible impurities. However, many
exposures exhibit rusty spots replacing mafic minerals. Secondary
gquartz and carbonate veinlets are common.

Rocky Mountain Formation sandstones in the Flathead area are highly
calcareous beds, locally contaminated by micas and feldspar

fragments.
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NOTES ON THE PENTICTON GROUP
A PROGRESS REPORT ON A NEW STRATIGRAPHIC SUBDIVISION OF THE TERTIARY
SOUTH-CENTRAL BRITISH COLUMBIA

(82E/L)
By B.N. Church
The name Penticton Group has been proposed for Eocene volcanic and

sedimentary rocks of the Ckanagan-Boundary region. The areas of recent
study required to delineate these rocks are shown on Figure 1,

He*

= hj 5w
|

|
|

<VERNCN |

PRINCETON

Figure 1. Index map of areas of detalled study.
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The principal resources of the Penticton Group are coal, precious metal

deposits, uranium, and geothermal energy.

The Group consists
thickness of about
Figure 2). At the
referred to as the

of six well-defined formations having an aggregate

2 500 metres in the type area near Penticton (No. 4,
base are polymictic conglomerates and breccias
Springbrook Formation and coeval beds of the Kettle

River Formation consisting of granite boulder conglomerate, rhyolite
Above this is the Marron For-

mation composed mainly of thick andesite, trachyte, and phonolitic lava

breccia,

flows,
Formation.

and tuffacecous sedimentary rocks.

succeeded upward by dacitic and some andesitic
This is followed by volcanic breccias and
fluvial sedimentary rocks of the White Lake Formation
Skaha Formation consisting of a landslide complex and
The Group rests unconformably on pre-Tertiary granitoids,

domes of the Marama
lacustrine and

and, uppermost, the
fanglomerate beds.
netamorphosed

Mesozoic sedimentary and volcanic rocks, and older schists and gneisses.
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The age range for the Group, as determined by potassium~argon radiometric
methods, is 48.4 Ma (whole rock) to 53.1 Ma (biotite) 1.8 Ma. Pre-~
liminary tests performed on the principal lava members indicate normal
magnetic polarity. Overlying the Group are isolated patches of Miocene
rhyolite (Olalla rhyolite, 13 Ma) 'plateau basalt', and younger ‘'valley
basalt.'

In the Kelowna area 'plateau basalt' occurs on Carrot Mountain (11.8 Ma)
and Daves Creek (14.9 Ma). The Lambly Creek basalt (0.762 Ma) is the
only so-called 'valley basalt' of the region.

North and west of the type area (see Nos. 1, 2, and 3, Figures 1 and 2)
the congtitutent formations interfinger and are vreplaced by units of the
Kamloops Group (Ewing, 1981). At Terrace Mountain near Vernon the names
Naswhito Creek Formation, Bouleau Fhyolite, Attenborough Creek Formation,
and Shorts Creek Formation are applied to Eocene volcanic and sedimentary
units that only partly correlate with the Penticton Group (Figure 2).
Further west at Hat Creek few comparisons can be made other than to say
that the Coldwater Beds partly resemble the basal Tertiary sedimentary
rocks in the Okanagan area. Recent studies suggest that some part of
these basal successions may be Cretaceous (K. Shannon, persg. comm.).

To the southeast near Midway in the Boundary area the Eocene section is
incomplete but strikingly similar to the type assemblage (Monger, 1968).

In northern Washington State near the Republic area the O'Brien Creek
Formation and Klondike Mountain Formation, at the base and top of the
Eocene section regpectively, are correlated in part with the XKettle River
Formation and Skaha Formation of the Penticton Group {Pearson and
Obradovich, 1977). However, the dacite-rich Sanpoil voleanics which
underlie part of the Republic graben are lithologically unlike the Marron
Formation and represent a significant uncorrelated unit.

A check with Dr. T.E. Bolton in the special projects section of the
Geological Survey of Canada on the pre-occupation of stratigraphic names
has cleared the following list for formal use in south-central British
Columbia:

Area Name Age

Hat Creek Finney Lake Beds (Eocene)

Medlicine Creek Formation (Eocene)

Hat Creek Formatlon (Eocene)

Terrace Mountaln Naswhito Creek Formation (Eocene)

Bouteau Rhyoltite {Eocene}

Attenborough Creek Formation (Eocene)

Shorts Creek Formation (Eocene)

Penticton Penticton Group (Eocene)
Kelowna Lambly Creek Basalt (Pleistocene)

It is considered that name Hat Creek Cocal Formation (Eocenel) Is
sufficiently different from Hat Creek beds (Oligocene) of Wyoming and Hat
Creek Basalt (Recent) of northern Californias

14



Structural control of the various outliers of the Penticton Group relates
to some east-west-trending synclines and to a pattern of north-~south
gravity faults and pronounced conjugate shears of northeast and northwest
orientation. These folds and fractures are viewed as assential elements
in a north-south directed stress scheme thought to be responsible for the
many graben-like structures and overall basin and range—-like fabric of the
reglon.

The Hat Creek basin is a typical graben. In this example the central zone
of the wvalley has been downdropped on a series of north=south tension
faults trending subparallel to the Adirection of regional maximum stress,
the walls of this graben having been offset by northwest and northeast-—
trending conjugate shears.

Vertical movement on the graben faults is commonly in the range of
hundreds of metres. As viewed on Shorts Creek near Vernon, the Tertiary
beds have been downfaulted in excess of 700 metres agalnst older limestone
and granite; at Hat Creek the vertical displacement is locally in excess
of 1 000 metres. Az a net result of this movement, commonly the base of
these continental beds is displaced well bhelow mean sea leval elevation.

Lateral movement on the shear faults is not readily documented although it
is suspected that the southern Ukanagan and Boundary areas may have
resided on a northeast-trending geothermal lineament similar to the
present Reno, Nevada~Billings, Montana volcanic~geothermal belt (Grim,
1977). This could explain the marked similarity of the stratigraphy and
petrography of the Eocene volcanic rocks of the Okanagan and Boundary
areas. This might also partly account for the resetting to Eocene of
radiometric dates of crystalline basement rocks in the region (Ross,
1974).

The hypothetical repositioning of Penticton Group rocks in the south
Ckanagan and Boundary areas to juxtaposition on a northeast-trending
geothermal belt would require a southeast-northwest translation of about
80 kilometres. Extending the hypothetical geothermal belt and

lithological correlations to the Highwood area of central Montana
(similarities noted by Church, 1973, p. 75}, a translation in the order

of several hundred kilometres would be required. It is noted that
lateral translations of this magnitude have been recorded in the Northern
Cordillera (Norris, 1981, G.A.C. abstract, p. 29}.
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THE RIDDLE CREEK URANIUM-THORIUM PROSPECT
(B2E/12W)

By B.N. Church

The Riddle Creek uranium-thorium prospect, 15 kilometres west of
Summerland, was discovered in 1977 and acquired the same year by British
Newfoundland Exploration Ltd. Work on the property to date includes line-
cutting, mapping, soil geochemistry, and several short drill holes.

The present report is based on recent geological and scintillometer
surveys and a lithogeochemical study sponsored by the Ministry.

GEOLOGICAL SETTING

A large radioactive anomaly coincides with an Eocene volcanic centre near
the headwaters of Riddle Creek (Figure 1). The principal radioactive
rocks include trachytes and mafic phonolites of the Marron Formation and
consanguineous igneous intrusions of the Coryell-type.

LOW-RADIOACTIVE COUNTRY ROCKS

At the base of the Tertiary section and north of the zone of anomalous
radiocactivity, poorly exposed polymictic boulder conglomerate heds are
tentatively assigned to the Springbrook Formation. These rocks appear to
be unconformably underlain by granitic phases of the Okanagan Batholith
{Jurassic-Cretaceous) and overlain by unnamed andesites. The andesites
form a significant formation in the northeast part of the arca where lava
and breccia are 250 metres thick. Alkaline andesite dominates (¥Wo. 1,
Table 1) and is characterized by scattered microphenccrysts of
plagioclase and hornblende usually less than 1 millimetre in diameter.

Scintillometer readings on these rocks and other basal and basement units
range from 40 to B0 counts per second.

RADIOACTIVE ROCKS

Rocks that show anomalous radiocactivity are principally mafic phonolites
and trachyte lavas and breccias (Nos. 2 and 4, Table 1). These overlie
the andegites and onlap parts of the Okanagan Batholith. They are dated
52.7*1.8 Ma (X/Ar on biotite) and correlate with the Yellow lake Member
of the Marron Formation near Penticton.

Mafic phonolites, which form the base of the Yellow Lake Memher, are
exposed on the ridges north and northeast of Riddle Creek where
interlayered lava flows and lahar deposits attain a thickness of about 75
metres. Petrographic examination shows conspicuous rhomb-shaped
anorthoclase phenoccrysts to 2 centimetres in length and smaller sgubhedral

17
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Table of Chemical Analyses

1 2 3 4 5 6

Oxides recalculated to 100

5102 57.89 57.37 63.87 61.39 57.58 66.51
Ti02 0.96 0.93 0.64 0.84 0.87 0.49
A1,03 16.38 19.16 17.92 17.05 16.21 17.01
Fe,0; 4.43 3.01 3.14 3.43 3.83 2.58
Fed 1.03 1.77 0,73 1.07 2,48 0.24
Mn0 0.08 0.09 .11 0.09 0.12 0.14
Mg0 4.33 2.40 1.10 1.99 3.73 0.28
Cad 6.90 4.05 0.64 3.34 5.22 0.84
Na,0 4.12 5,83 4,71 5.47 4,71 6.05
K20 3.88 5.39 7.14 5.33 5.25 5.86

100,00 100,00 100,00 100.00 100,00 100.00

Oxides and elements as determined

+H,0 0.56 2.02 0,90 0.20 1.14 0.70
-H;0 0.58 0.35 0.75 0.18 0.41 0.70
co, 0.25 0.25 <0.11 0,25 0.25 0.25
S 0.02 <0.01 < 0.005 0.01 0.02 0.01
P, 05 0.82 0.46 0.25 0.32 0,68 <0.15
Ba0 0.21 0.30 0.10 .20 0.23 0.013
Sr0 0.30 0.42 0.07 0.21 0,31 0.02
Molecular Norm

Quartz 2.0 - 5.7 1.3 - 6.6
Orthoclase 22.7 31.1 41.8 31.0 30.6 34.0
Albite 3.7 38.8 41.8 48.3 41.8 53.0
Nepheline - 7.3 - - . -
Anorthite 14.6 10.0 3.1 6.1 7.5 1.9
Woilastonite 1.7 3.9 - 4.1 7.2 0.9
Enstatite 11.8 - 3.0 5.4 0.6 0.8
Ferrosilite - - - - - -
Forsterite - 4.9 - - 7.2 -
Fayalite - ~ - - - -
Ilmenite 1.3 1.3 0.9 1.2 1.2 0.7
Magnetite 0.4 2.1 0.4 0.7 3.9 -
Hematite 2.8 0.6 1.9 1.9 - Z2.1
Corundum - - 1.4 - - -

Key to Analyses
. Alkaline andesite, basal volcanic assemblage
Mafic phonolite lava {rhomb porphyry), Yellow Lake Member, Marron Formation
Trachyte ash flow, Yellow Lake Member, Marron Formation (Skaha Creek area)
Trachyte lava (rectangular porphyry), Yellow Lake Member, Marron Formation
Coryell-type monzodiorite intrusion
Trachyte dyke, on north fork of Riddle Creek

WM~
» - -

and euhedral phenocrysts of green diopsidic augite, biotite, apatite, and
magnetite set in a devitrified glassy or fine-grained feldspathic matrix.
Scintillometer readings are in the range 140 to 180 counts per second.

The mogt radioactive rocks are thick trachyte lava flows that comprise
the upper part of the Yellow Lake Member in this area. This unit is
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estimated to be between 150 to 200 wmetres in thickness. It underlies the
ridges and slopes immediately northeast and south of the confluence of
the forks of Riddle Creek. The trachyte containg large rectangular or
platy mixed feldspar phenocrysts of anorthoclase, sanidine, and
plagloclase; otherwise it is petrographically similar to the wmafic
phonolite (rhomb porphyry) suite. Scintillometer measurements are in the
range 300 to 420 counts per second.

Coryell plutonic rocks crop out on the hillsides north and south of the
westerly source of Riddle Creek. 'These are high level miarolitic
syenomonzonite and monzodiorite phases (No. 5, Table 1) that are
mineralogically akin, and feeders to, the overlying Yellow Lake volcanic
plile into which the Coryell pluton has evidently stoped. The rock is
composed of about 80 per cent alkali feldspar, mostly orthoclase with
rhomb~shaped anorthoclase cores, and 20 per cent smaller phenocrysts and
interstitial grains of amphibole and pyroxene with poikilitic inclusions
of biotite, magnetite, apatite, and sphene. The average scintillometer
reading is 250 counts per second.

SCINTILLOMETER SURVEY

In the course of routine geological investigation of the Riddle Creek
area, rock outcrops were tested in a manner outlined by McDermott (1977)
using a portable gamma ray scintillometer (GeoMetrics/Exploranium Model
GRS-101). Qunantitative control was obtained for uranium from neutron
activation of 24 samples, courtesy of D.R. Boyle of the Geologlical Survey
of Canada, and for thorium from spectrometer analysis performed by the
Analytical Division of the Minigtry. The relationship between counts per
second and uranium/thorium composition can be reduced to two equations:

U = c.p-S. (00072) - 0-538
Th = ¢.p.s. {0.231) + 6.913

Accordingly, the following averages are calculated For uranium and
thorium levels for the main rock types, based on c.p.s. values at 93
stations:

Rock Unit u Th

ppm ppm

Trachyte (Yellow Lake Member) 27 94
Mafic phonollte (Yellow Lake Member) 11 45
Coryell Intrusions 18 66
Andesite Unit (unnamed) 5 23
Springbrodk Formation 4 22
Okanagan Batholith 4 22

Scintillometer results {Figure 1) were contoured using the method
outlined in Geological Fieldwork, 1980, Paper 1981-1, page 27. A bull's-
eye arrangement of contours lies immediately south of the main course of
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Riddle Craek in an area underlain by trachyte lavas and a volcanic
centre. Thoroughly altered rocks are expoged below the trachyte on
Riddle Creek and more distally on the slopes to the west., Pervasive
hydrothermal alteration of the trachyte and vent (?) breccia has produced
cream and white kaolinized rocks of variable radioactive respouase.

THE PROSPECT

A Aiamond-drill program consisting of approximately 270 wetres in seven
holes was completed in 1978. Six holes were sited south of Riddle Creek
near the west boundary of the trachyte and one hole sited north of the
creak. The purpose of the drilling was to test bedrock near geochemical
soil anomalies and projected structural traps For uranium-bearing
solutions.

North of Riddle Creek, dArill hole No. 7 was directed at a northeast-
dipping section of strata +30 metres thick of coarse nlastic sedimentary
rocks that is overlain by partly welded ash flow breccia at the hase of
the trachyte unit. (This stratigraphic~structaral target is strikingly
similar to the occurrence of radicactive trachyte ash and breccia in
clastic sedimentary beds in the vicinity of Farleigh Lake and skaha
Creek, 15 to 20 kilometres to the southeast (No. 3, Table 1 - unit 1b on
Preliminary Map 35). Although no significant uranium was found, the
drilling proved good porosity of the beds below the ash f£low and thus
potential for further exploration.

Most of the drilling in the area of so0il anomalies south of Riddle Cresk
intersected Coryell iatrusive vrocks. However, hole No. 1 near the west
boundary of the trachyhte cut altered rocks showing vestiges of
conglomerate and breccia similar to the rocks at site No. 7.

A few prominent radicactive high spots were not tested by the drilling.
The most important of these is an easterly treanding felsic dyke about 4
metrag wide exposed 450 metres north of the confluence of the Fforks of
Riddle Creek. This is thought to be a Feeder to the trachyte lavas of
the Marron Formation (No. 6, Table 1}. Scintilloumeter readings here
averaging 1500 c.p.s. correspond to rock analyses showing 121 ppm U and
342 ppm Th. Radiographs of slabbed samples show that radiocactive
elements are concentrated on manganese pitch and dendritic growths on
numerous small cracks. A similar dyke with scintillometer readings in
the range of 600 to 200 c.p.s. was found at the contact between Corvyell
plutonic rocks and mafic phonolite lavas in the northwest part of the map-
area between Ysintok Creek and the western headwaters of Riddle Creek.

DISCUSSION

The Riddle Creek Tertiary outlier lies near the western extremity of a
helt of Eocene alkaline wvolcanic rocks that are characterized by
anomalous uranium and thorium conkents {Church and Johnson, 1978). It is
suggested that these rocks are the source of the relatively high uranium
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levels in streams of the Okanagan-Boundary area found by the 1976 URP
survey. The possibilities of secondary uranium deposition and enrichment
in this setting are numerous, including dykes, permeable sedimentary
rocks and alteration zones associated with volcanic vents (Culbert and

Leighton, 1978).

High radioactive response near the headwaters of Riddle Creek coincides
with what appears to be a trachyte volcanic centre (Figure 1). In 1978,
a program of short diamond-drill holes was conducted peripheral to this
centre and yvielded low uranium values. For future study the volcanic
centre and associated ash flow deposits offer the best target.
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THE USE OF PERSONAL COMPUTERS AND OPEN FILE GEOCHEMICAL
DATA TO FIND NEW EXPLORATION TARGETS

By George G. Addie

ABSTRACT

In Geological Fieldwork, 1980, Paper 1981-1, a program was presented for
calculating moving averages using a Wang 2200A computer (Church, et al.,
1981). The same program slightly modified has been used with a TRS-80
Level ITI computer.

PROGRAM MODIFICATION

The individual values are multiplied by a factor of 1/Log R where 'R' is

the radius from the sample value to the centre of the computer window.
This has the effect of reducing the anomaly size,

NELSON~YMIR-~SAILMO - Ag

An interesting anomaly is found to the south of Salmo and mostly west of
the Salmo River, an area relatively unexplored. The geology indicates
Nelson granite in contact with sediments. Magnetic anomalies are

associated with this granite. This is an excellent area for skarn and vein
deposits.

GRAND FORKS - Cu

This approach certainly would have found 'Phoenix Copper' if used prior to
discovery.

GRAND FORKS -~ Mo

A very subtle molybdenite anomaly exists to the east of Phoenix Copper. Is
a porphyry environment present?

GRAND FORKS - Aag

A low level silver anomaly exists to the south of Phoenix Copper. Is this
the centre of a porphyry model?
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Figure 4, Contour plot of gold in stream stits In Grand
Forks area using moving average method.

CONCLUSION

The use of the computer can identify low level anomalies that are not

obvious from data plots only. It is on this basis that new target areas
can be found in old mining camps.
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TABLE 1+ TRS-80 Leve! |l Computer Program

GRAND FORKS

FEB

18
28
4@

50
6@
78
8@
99
100
119
128
139
131
132
135
142
15¢
168
178
1m
172
175
189
198
2¢0
21
229
239
255
269
279
280

298
3%
3@

328
330
344
359
360
500

23, 1981 BY GEORGE G. ADDIE, P. ENG., P. GEOL.

LPRINT "™GRAND FORKS™

LPRINT "FEB 23, 1981 BY GEORGE G. ADDIE, P.ENG., P.GEOL."
LPRINTCHR*(2g)" n

CLS
T=@:S=@:P=@:C=@F:E=@:F={:H=@ : J=@:L =@ : M=Q :N=(J :
D=@ :X=@:W=@:Y=¢

INPUT "COORDINATES OF CENTER OF FIRST CIRCLE™;A,B
INPUT "EASTING AND NORTHING INTERVALSY;G,K
Z=A:Q=B

LPRINT TAB(ZI"E";TAB(B)I"N";

LPRINT TAB{15)}MZN";TAB(25)"CU";TAB(35)"PB";
LPRINT TAB{45)"AG";TAB(55)"U";TAB(6@)"MO"

FOR 1=1T0O 8:READ ACIJ:NEXT |

IF A{2)=-1 THEN 18@

IF SQROCAC1)=Z)I2+((AC2)-Q)12))>1@2% THEN 118
R=SQR((A{1)=Z)}{2+{(A(2)-Q)12))

IF R<=1 THEN R=1.1

U=1/L0OG(R)

S§=5+1 : T=T+LOG(A(3)*U)

C=CH_OG(A{4)*U)

D=D+LOG (A(5)*U)

E=E4+LOG(A(6)*U)

L=L+LOG(A(7)*U)

W=WHLOG (A (B)*U)

GOTO 119

IF S=¢ THEN 284

Y=EXP(T/S)

F=EXP(C/S)

H=EXP{D/S)

J=EXP(E/S)

M=EXP{L/S)

X=EXP(W/S)

LPRINT TAB(B)Z:TAB(S)Q;TAB(11)Y;TAB(19}F; TAB(27)H;
LPRINT TAB(35)J;TAB(43)X;TAB(S55IM

Z2=7-50:5=Q: T=0:C=@:0=@:E=@:L=0 :W=@:Y=0:F=0 :H=0:
J=@ M= . X=

IF (A=Z)>G THEN 31¢@

RESTORE:GOTO 114

L= :W=g:5=@:T=@:C=0:D=@ :E=@:L =@ :W=F:Q=Q0-50:P=P+1 :
Y=@:F=@:H=@:J=@ M= :X=0

iF INT{P/2)=P/2 THEN 348

Z=(Z+G+5@) :GOTO 35d

Z=A

IF (B=Q)<K THEN 38d

LPRINT "THE END':END

DATA 376@,4520,35,14,5,.1,1,19.7



THE NELSON-~-YMIR-SALMO MINING CAMP
A NEW LOOK AT ZONING BASED ON PRODUCTION RECORDS

By George G. Addie

INTRODUCTION

When logarithmetic values of mineral production were plotted it was found
that various mines formed distinct groupings of ‘populations.’

Individual mines from each group can then be studied for criteria which
would lead to discovery of similar deposits elsewhere in the area.

In this study log Aa is plotted against log Ag for production from camps:
(1) Sheep Creek, (2) ¥mir, (3) Keystone Mountain, and (4) Hall Forty-nine
Creek.

The mines studied are all past producers and occur in the Nelson-¥mir-
Salmo area. ‘Location of Mines in the Welson-~-Ymir-Salmo Area' includes
gold mines as well as the zinc-lead deposits of the 'Kootenay Arc.'

The mines of the Sheep Creek Camp (Figure 1) seem to fall into three
natural groups based on the production figures. The same 'phases' have
been used for ¥mir (Figure 2), Keystone Mountain (Figure 3), and finally

Hall and Forty-nine Creek (Figure 4).

Mines related to the three phases of mineralization found from the above
graphs are located on the individual maps designated 'Phase 1,' 'Phase
2,' and 'Phase 3' (Figures 5, 6, and 7).

TARGET AREAS
It is proposed that mines in the same ‘phase' are somehow related. When
they are close together a dashed line has been used to show their

possible relationships. It is on these theoretical lines or projections
that I would recommend prospecting.
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A NEW LOOK AT THE ROSSLAND AND BOUNDARY MINING CAMPS
USING LOG Cu (1lb.)/Log {Au + Ag)(oz.)
FROM PRODUCTION DATA

By George G. Addie

INTRODUCTION

Up to 1967 gold production from the Rossland Camp ranked second and that
from the Boundary Camp, fourth, of all the mining camps in British
Columbia (Grove, 1971, p. 94). In the Rossland Mining Camp {(this paper)
three 'phases' of mineralization are indicated while the Boundary Camp
has one (Addie 1975). At Rossland the distribution of the mines by
'phase' indicated a concentric distribution more or less centred on the
Rosgland monzonite. Similar zoning was identified by Thorps {1967). He
points out (p. 11) 'the Rossland District, then produced a very rare type
of gold ore.' This paper proposes that the Boundary Camp has similar
Qre.

The Rossland monzonite also has a coincident magnetic anomaly (Figure 1)
which seems to be connected to a large magnetic anomaly to the west that
is associated with the contact zone of the Coryell Batholith. The
Rossland monzonite has also been intruded by the Coryell, which may
contribute to the magnetic anomaly. The Rossland monzonite may have
acted as a buttress against which the Carboniferous and Jurassic wvolcanic
and sedimentary rocks were broken to give the wvein structures. Thrusting
in the area may be related to emplacement of the Trail granodiorite ({(49.5
- 50.5%1.5 Ma) and/or the Rainy Day Stock (48.7*1.5 Ma). Pyles (1973}
suggests that the mineralization 1s related to one of the plutonic
masses, probably the Trail Batholith. All authors (Brock, 1906;
Drysdale, 1923; Little, 1963; Fyles, 1973) agree that the mineralization
is Tertiary. The only question is the source of the mineralization.

This author proposes that the Coryell intrusions should be examined more
clogely. It is clear from the literature that Coryell pulaskite dykes
were emplaced both before, and after, the mineralization. This is
important because we now have a direct link to the Coryell Batholith, at
least for timing, as a potential cause, if not the source, of the
economic mineralization. The presence of weak molybdenite
mineralizaation suggests the Coryell as a possible source of the Rossland
molybdenite deposits.

In the Boundary Camp, the Phoenix Copper ore zone is cut off by a
pulaskite dyke (Coryell). The dyke intruded along a fault plane which
has had repeated movement, before and after some of the mineralization
(Addie, 1964). Recent geochemical data from Geological Survey of Canada
Open File 409 indicates a molybdenite anomaly adjacent to the Phoenix
Copper area (Addie, 1981). Tertiary diorite (McNaughton, 1936) is just
to the north of the Phoenix Copper pit and containg a showing of
mineralization similar to the mine, that is, the precious metal/copper
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ratios are identical (Addie, 1964). These Teritary intrusions (see also
Church, 1270) therefore deserve a closer scrutiny for other skarn
deposits, porphyry deposits, or another mining camp similar to Rossland.

SOURCE OF DATA

Production data are from 'Index 3 to Publications of the Department of
Mines.' Note that 20 of the mines shown on Figure 1 are not used in our
study because no copper production was reported.

CONCLUSION

The copper/gold plus silver mineralization at Rossland seems to be
identical to that at the Boundary Camp except that more phases are
involved. Geologically and from argon age dating it is clear that the
mineralization at Rossland is Tertlary {(Fyles, 1973). This paper proposes
that the Boundary area be examined in this light and that the Coryell
intrusions, especially the edges, be examined for new mining camps. As at
Rossland, these may be identified from the aeromagnetic maps.
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TILLICUM MOUNTAIN GOLD PROSPECT
(82F/13)

By Y.T. John Kwong and George G. Addie

INTRODUCTION

The Tillicum Mountain gold property with latitude 49 degrees 59.2 minutes
north and longtitude 117 degrees 42.7 minutes west is located 13
kilometres east of Burton in the Arrow Lakes region of the Kootenay
District, south-central PBritish Columbia. The general geologic setting
of the property is shown on Figure 1. It is being developed under the
joint venture between Welcome North Mines Ltd. and Esperanza
Explorations Ltd. To the end of August 1981, trenching has revealed
several high-grade gold occurrences within the property including the 16-
metre-long Money pit, from which a 21.3-ton bulk sample yielded 3.887
ounces per ton gold, 2.30 ounces per ton silver, and 1.9 per cent zinc.
Moreover, according to a recent report in the George Cross News Letter
{No. 167, September 1, 1981), geochemical surveys have outlined two
northwest-trending belts with anomalous gold values in soils varying from
100 to 3250 ppb over a strike length of 500 metres (see Figure 2}.

GEOLOGY

Figure 2 presents a simplified geological map of the Tillicum gold
property. In detail, the contact between the rocks of the Milford Group
and the Kaslo Group is apparently marked by a band of argillite that is
generally less than 5 metres in width, The argillite band, considered to
be the youngest member of the Milford Group exposed in the area, consists
of layers of different lithology. These include dark grey, relatively
fissile argillite, whitish, highly siliceous cherty rock, and interbeds
or rather massive, tuffaceous-looking rocks with streaks of sulphides.
For clarity, these rocks are not shown on Figure 2. Similarly, small
patches and dykes of garnet-bearing pegmatite, presumably derived from
partial melting during the peak of regional metamorphism, and aplite and
lamprophyre dykes are omitted from the figure.

With the exception of those occurring in and adjacent to the Money pit,
rocks of the Milford Group near the contact zone with Kaslo Group rocks
are silica-rich and resemble altered rhyolite in places. However,
binocular microscope examination of collected specimens and thin sections
indicate that these rocks are fine-grained muscovite-garnet gschists with
comparatively coarser grained quartzite lenses and interbeds. Relative
proportions of quartz, muscovite, chlorite, K-feldspar, and plagioclase
vary. Garnet is generally less than 5 per cent by wolume. Opagque
minerals rarely exceed 2 per cent. Schistosity in these rocks is
generally marked by subaligned muscovite and chlorite. At least part of
the latter mineral appears to be an alteration product of biotite.
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Metamorphosed, porphyritic, and locally amygdaloidal hornblende andesite
and hornblende crystal tuff (?) are among the most common rock types of

the Kaslo Group adjacent to the Milford contact. Intrusiwve rocks of the
Goat Canyon-Halifax Creek stock to the northwest have not heen examined

in detail.

Figure 3 shows the geology in the vicinity of the Money pit and the
location of samples collected for detailed petrographic and X-ray
studies. Biotite-garnet-amphibole schists occurring around the perimeter
of the Money pit are generally compact, fine-grained rocks. Common
mineral constituents include K-feldspar, plagioclase, tremolite, biotite,
and chlorite with lesser amounts of garnet {or its alteration product),
guartz, opaque minerals, and rare calcite. Like the muscovite-garnet
schists found away from the pit, schistosity in these rocks are defined
by subaligned biotite and its alteration product, chlorite. Tremolite
crystals are aligned either subparallel to the schistosity or at a small
angle to it. Occasionally, tremolite also occurs with K-feldspar in
patches and bands of varying dimensions. The proportion of these patches
increases toward the Money pit and schistosity in the rock unit is
locally destroyed. 1In four out of gix thin sections cut from these
rocks, garnet has been replaced by clusters of biotite and, less
commonly, chlorite, Thus, a second episode of alteration featuring the
stable appearance of tremolite, chlorite and possibly some K-feldspar and
biotite was superimposed on regional metamorphism in which
quartz-feldspar-mica-garnettamphibole were stable, Prehnite and zoisite
are locally associated with chlorite. Besides sulphides, a few samples
also carry small amounts of amorphous carbon. Fold structures on a
microscope scale occur in gpecimens from sampling stripes I and L.

Calc-gilicate rocks in the Money pit consist, in order of decreasing
abundance, of clinopyroxene (diopsidic augite ?7), amphibole (tremolite-
actinolite), gquartz, K-feldspar, calcite, plagioclase, opacgue minerals,
and chlorite. Amphibole occurs either as fine-grained clusters or as
elongated single crystals that cut across and include remnant fragments
of clinopyroxene. Quartz, calcite, the feldspars, and opague minerals
commonly occupy interstitial spaces between the clinopyroxene and
amphibole grains. All of these interstitial minerals appear to be in

equilibrium with amphibole but most have a reaction contact with
¢linopyroxene. Less commonly, quartz occurs as scattered ¢ranular lenses
or coarse fragments in locally brecciated clinopyroxene-dominated rocks.

These fragments and lenses are especially obvious in the scutheastern
corner of the pit where abundant sulphide minerals occur. Geological
contacts of the calc-silicate rocks with the biotite-garnet-amphibolae
rock are sharp but the calc-silicates pinch out abruptly in a short
distance. Conseguently the limit of the calc-silicate unit depicted in
the figure is very approximate.

Argillite adjacent to the Money pit are very similar to argillite bands
degcribed above except for the ubigquitous presence of tremolite. In most
cases, the amphibole occurs in K~feldspar-rich bands that cut foliation
defined by aligned mica and/or chlorite at a small angle. In a bulk
sample, however, plagioclase is more abundant than K-feldspar.
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Amphibolite west of the argillite unit was probably a porphyritic
andegite prior to wmetamorphism. Subaligned hornblende phenocrysts, which
define the foliation, are replaced by clusters of tremolite, biotite, and
chlorite. Less abundant plagioclase phenocrysts and fine-grained
clinopyroxene in the matrix, however, remain intact. Deformed lenses of
quartz aggregates frequently enclose a carbonate core; they may have been
amygdules originally.

MINERALIZATION AND ALTERATION

Native gold and sulphide minerals occur in the Money pit. Sulphides
include sphalerite, pyrrhotite, galena, pyrite and rarely arsenopyrite,
chalcopyrite, and marcasite. Polished sections indicate that native
gold, sphalerite, pyrrhotite, and galena were precipitated in
equilibrium. Sphalerite commonly includes discontinuous trains of
exgolved blebs of chalcopyrite and pyrrhotite along cleavages indicating
that it was originally deposited at a relatively high temperature. Many
large pyrrhotite grains are replaced by marcasite and possibly some
pyrite. Weathering products occurring in the Money pit have been con=-
firmed by X-ray diffractometry to include colourless gypsum, white
hydrozincite, and hemimorphite, black and dark brown goethite, reddish
clayey hematite, and yellowish brown limonite.

As the intensity of mineralization decreases away from the Money pit, the
sulphide mineralogy alsc changes. Whereas small amounts of sphalerite
and locally galena are present in rocks of the Milford Group throughout
the property, little or no pyrrhotite persists beyond the occurrence of
biotite-garnet-amphibole schists. 1In the place of pyrrhotite, pyrits and
locally arsenopyrite become the predominant sulphide minerals in the
muscovite-~garnet schists. Most of thege sulphides are conformable with
the schistosity, and hence with the original bedding because the two are
parallel. Some sulphides, particularly sphalerite and galena, also occur
along fractures at an angle to the schistosity or in association with
silicate bands and patches at variable angles to the schistosity.

Hydrous iron oxides are the predominant weathering products observed but
locally, for example at the Jennie trench, arsenopyrite alters to
abundant greenisgh yellow scorodite (FeAsl4.2H50). In the sphalerite
showing lying northeast of the Money pit {see Figure 2 for location}, an
alteration mineral assemblage similar to that observed at the Money pit
is present. However, neither visible gold nor extensive calc-silicate
rocks were noted.

SP SURVEY

SP loops by both long and short wire methods got anomalous results at
both the Money pit and the Jennie trench (Figure 4).

DISCUSSION

Pennsylvanian to Triassic sedimentsg of the Milford Group deposited in the
vicinity of Tillicum Mountain were probably made up of pelite with highly
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siliceous interbeds and localized pockets and lenses of impure carbonate
which were precursors of a Money pit. These sediments might or might not
contain small amcunts of syngenetic sulphides. Undergoing progressive
metamorphism up to the lower almandine-amphibolite facies, the carbonate
was gradually converted into a clinopyroxene-dominating rock. The
conversion process required a continual supply of silica from the
neighboring rocks which accounts for the paucity of guartz in the
biotite-garnet-amphibole rocks in comparison with the muscovite-garnet
schist. A net transfer of Fe0 toward the nucleating calec-silicate zone
was also likely so that diopsidic augite rather than diopside was
stabilized and that biotite instead of muscovite preferentially occurred
in the vicinity. The conversion of carbonate to a calc-silicate
assemblage also involved a significant decrease in total volume that
might induce incipient porosity and permeability in the resultant rock in
the form of microfractures and pore space. Such inherited defects would
be accentuated by structural deformation during or subsequent to regional
metamorphism resulting in the formation of a highly permeable zone. 1In
this way the Money pit was chemically and structurally prepared as a
suitable site for the introduction of ore which probably tock place
during the intrusion of the Goat Canyon-~Halifax Creek stock. Besides
deposition of the ore minerals, the intrusive event also initiated an
episode of recrystallization in the host rocks. Details of chemical
changes and reactions inveolved in the formation and modification of the
rocks in the Money pit and its vicinity will be dealt with in a later
paper. It should be pointed out here that the ore reserve generated in
the model would depend on the size of the original carbonate pocket, and
consequently the extent of occurrences of deformed calc-silicate rocks.

Regarding the ultimate source of the ore elements, three alternatives are
possible and each carries its own implications on further exploration
targets in the region. First, the metals were derived from the intrusive
stock and transferred to the Money pit by enriched magmatic hydrothermal
fluid. In this case, the entire contact zone of the stock with the
country rocks would be of interest. Besides Au-Zn-Pb, other types of
mineralizatin like Cu-Mo would also be expected to occur closer to the
stock. Second, Au+ZniPb was scavenged from the Kaslo Group amphibolite
by hydrothermal fluid emanating from the stock. Under such a situation,
the area around Mineral Creek {northwest of the centre of Figure 1) where
a similar lithologic assemblage crops out should be investigated for
similar deposits. Third, the mineralization at the Money pit represents
a concentration of remobilized ore elements from the Milford Group rocks
themselves. In view of the overall poor permeability of the fine-~grained
schists, which would readily hinder the formation of an extensive
convection system, this alternative seems unlikely. WNWevertheless, if it
were true, then permeable zones in the Milford Group rocks occurring
close to the intrusive stock should be examined for possible
mineralization.
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MOUNT BANNER AREA
ELX VALLEY COALFIELD

{(82G/15, J/2)

By D.A. Grieve

INTRODUCTION

The Mount Banner area is south of Ewin Creek in the southern portion of
the Elk Valley coalfield (Figure 1)}, and adjoins the area investigated in
1980 (Grieve, 1981). Geological mapping was carried out to provide new
data concerning structure, stratigraphy, and coal resources of the
coalfleld.

Coal rights in the study area are held in part by B.C. Coal and in part
by Crows Nest Resources, and both companies are actively engaged in
exploration. Proximity to developing mines at Line Creek (Crows Nest
Resources) and at Greenhills (B.C. Coal), both are approximately 10 kilo-
metres away, suggests that the study area is strategically located for
future mine expansion.

Mount Banner is 10 kilometres east of Elkford, and is accessible from
both the Fording mine road and the Line Creek minesite. Elevations
within the area range from 1 500 to 2 600 metres.

FIFLD WORK

Data was plotted directly on British Columbia government air photographs
and transferred to 1:10 000-scale orthophotos. Stratigraphic sections of
the coal=-bearing Migt Mountain Formation were measured using 'pogo
stick,' chain, and compass. Coal outcrops, roadcuts, and trenches were
grab-gsampled for petrographic rank determinations. Channel samples were
collected in certain areas to provide representative material for maceral
analyses.

Results of petrographic studles will bhe published at a later date.

STRATIGRAPHY

Sedimentary rocks of the Jurassic-Cretaceous Kootenay Group comprise the
Elk Valley coalfield. The Kootenay Group, as defined by Gibson (1979),
consists of the Morrissey, Mist Mountain, and Elk Formations.

The basal Morrissey Formation is a prominent, cliff-forming, medium-
grained sandstone unit.

47


ldegroot
1981


48

—= 300m
wm= A400m
— 300m
— 200m
——100m

£

£

o

L

: - som

O

=

s

2

=

— E. —

L Imperial Ewin Pass Burnt Ridge

= Ridge

¢ Predominantly sandstone

g Sandstone and siltstone

g E_ﬁ Predom. siltstone and finer

- Predom. coal
1 No expasure
Flgure 2. Generalized stratigraphlc columns of the MIst Mountaln Formatlon

at Imperial! Ridge, Ewin Pass, and Burnt Ridge, Coal seams
thicker than 1 metre are not Indicated.




The overlying Mist Mountain Formation consists of interbedded sandstone,
gsiltstone, mudstone, cocal, and minor amounts of conglomerate. It is on
the order of 500 metres thick in the study area (Figure 2).

In this area the overlying Elk Formation includes an estimated 250 to 300
metres of strata which resemble those of the Mist Mountain Pormation.
However, coal seams in the Elk rarely exceed 1.5 metres in thickness.
Other characteristics of the Elk Formation are described elsgewhere in
this paper.

The contact between Mist Mountain and Elk Formations is not readily
identified in the study area. Generally the contact 1s placed either at
the lowest occurrence of Elk coal, or at a locally mappable, resistant
sandstone unit which appears to separate gtrata that are characteristic
of the two formations. Because lateral transitions within the coarse
clastics of the Kootenay Group are rapid, some inconsistencies occur.

Kootenay Group 1is overlain at two locations in the study area by
conglomerate of the Cadomin Formation of the Blairmore Group {(Figqure 1.

STRUCTURE

The north-gsouth-trending Alexander Creek syncline is the dominant
structure in the Elk Valley coalfield. In the Mount Banner area it is
asymmetric with a steep west limb (Figure 1). Parallel smaller scale
folds with similar geometry occur on the east limb and have the effect of
bringing Mist Mountain Formation to the surface in the small drainage
basin west of the Ewin Pass property (Figure 1).

Thrust faults are also important structural features in the Mount Banner
area. The Ewin Pass (or Fording) thrust crops out on the east limb of
the Alexander Creek syncline throughout the south half of the Elk Valley
coalfield (Pearson and Grieve, 1980; Grieve, 1981). It is a west-dipping
fault with at least one major splay in the Mount Banner area (Figure 1).
Steeply northwest-plunging dragfolds (Figure 1) occur on both the hanging
and foot walls. Itz major effects were to emplace Mist Mountain over Elk
Formation, especially south of Mount Banner peak and on Mount Michael,
and to create an apparently excessive thickness of Mist Mountain
Formation on the south side of Ewin Creek (Figure 1}.

Several other thrust zones of lesser lateral continuity and small to
negligible stratigraphic displacement occur on the east limb; three are
noted on Figure 1.

The Burnt Ridge property, which is on the west limb, also contains a
significant zone of faulting (Figure 1). Movement on this zone produced
northwest-southeast-trending dragfolds, and a persistent zone of
overturned, west-dipping strata.

Assuming that these overturned strata are in the footwall of an east-
dipping fault, there are two possible explanations for their orientation:
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(i) gravity movement toward the core of the syncline, perhaps along an
earlier thrust surface; or (ii) early formation of the Ewin Pass thrust,
with subsequent folding around the axis of the syncline. 'The second
alternative implies that the fault on Burnt Ridge is part of the EBEwin
Pass thrust, and that the easterly dip and apparent normal movement were
produced by the folding. This alternative is also consistent with the
relatively large degree of stratigraphic displacement on the Ewin Pass
thrust considering the proximity of the synclinal axis. This suggests
that movement was initiated some distance Ffurther to the west. It may
also be significant that dragfolds associated with the fault have a
northwest-southeast trend, compared with the nearly north-south trend of
the Alexander Creek syncline and associated minor folds.

Further work is required to test these two hypotheses.
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STRATIGRAPHY OF THE ELK FORMATION IN SOUTHEASTERN BRITISH COLUMBIA
{82 G, J)

By D.A. Grieve
British Columblia Ministry of Energy, Mines and Petroleum Resources
and
N.C. Ollerenshaw
The Institute of Sedimentary and Petroleum Geology
Geological Survey of Canada

The Elk Formation is the uppermost formation of the Jurassic-Cretaceous
Kootenay Group (Gibson, 1979). It conformably overlies the Mist Mountain
Formation, the host formation for economic coal seams in the southeastern
British Columbia coalfields. It is overlain, generally unconformably, by
the Cadomin Formation of the Blairmore Group.

Changes in the lithology and stratigraphy of the Elk Formation caused by
rapid lateral facies changes in the Elk Formation away from and
particularly east of the type section on Coal Creek render it less dis-
tinct from the underlying Mist Mountain FPormation. A consistent defini~
tion of the Elk Formation and jidentification of a precigse contact with
the Mist Mountain Formation become increasingly difficult away from the
type section. These problems prompted the authors to undertake a de-
tailed analysis of the Elk Formation in the southern Fernie Hasin area in
an attempt to formulate a more consistent definition of the formation and
to describe its variations. We attempt to identify the problems and to
provide some practical guidelines for recognition of the Elk Formation.

FIELDWORK

Two weeks have been devoted to the study so far. Stratigraphic sections
have been measured at Coal Creek (type section, Newmarch, 1953),
Morrissey Ridge (reference section, Gibson, 1979), Flathead Ridge, and
the ILodgepole property (McLatchie Ridge}, all within the Fernie Basin.

In addition, drill-core from the Lillyburt property in the Flathead coal-
field was logged.

Sections were measured using 'pogo stick' and chain.

STRATIGRAPHY

Elk Formation in the study area is an eastward~thinning unit of non-
marine clastic sedimentary rocks including sandstone, siltstone, mud-
stone, local conglomerate, and coal. Clastic units are similar in terms
of composition and sedimentary structures to those in the underlying Mist
Mountain Formation.
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Several lithological criteria aid in identifying the Elk Formation in
gsoutheastern British Columbia. These are: the abundance and
distribution of coarse clastic material; the distinctive nature of Elk
coal; the presence of needle giltstone; the relative scarcity of coal
seams; and the absence of coal seams greater than about 1.5 metres in
thickness.

A thin~bedded, dark grey to black, well-indurated, carbonaceous siltstone
is a distinctive feature of the Elk Formation. It weathers a distinctive
light grey colour, and where it is exposed to weathering the bedding
surface is irregular and hummocky. This unit is informally called
'needle siltstone' because it contains fragments of needle coal (Gibson,
1977, p. 782).

Coal in the Elk Formation is of two main types. The more common is
bright and vitrain-rich and occurs in thin lenticular beds that are
generally less than 0.5 metre and nearly always less than 1.5 metres in
thickness. It is indistinguishable in outcrop from some coal seams of
the Mist Mountain Formation. The other coal type is a brittle and
resistant cannel coal containing alginite, referred to by the authors as
'Elk coal.' A conspicuous variety of Elk coal, needle coal, consists of
algal needles which resemble pine needles. Elk coal comprises thin,
usually less than 0.3 metre, lenticular, digscontinuous beds. These
commonly directly overlie needle siltstone.

The contact between the Elk and Mist Mountain Formations is gradational.
The prominent basal, cliff-forming sequence of conglomerate and sandstone
unitg in the Coal Creek area (Newmarch, 1953) is a local phenomenon.
Elsewhere, selection of a basal contact often involves a compromise, or
an arbitrary placement. In these instances, the contact is not traceable
for mapping purposes.

A more detajiled discussion of the results of this ongoing study will be
published at a later date.
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A COPPER~SILVER OCCURRENCE IN THE FALKLAND AREA
{82L/12E)

By G.P.E. white

A copper-silver showing on the Top claims owned by Don Campbell and under
option during 1981 to Craigmont Explorations Limited is located at 50
degrees 31 minutes latitude, 119 degrees 36 minutes longitude, 1 190
metres elevation, approximately 3 kilometres northwest of Falkland.

Finely disseminated chalcopyrite, bornite, chalcocite, and possibly
digenite are found in a coarse volcanic breccia. Fragments are
predominately porphyritic green and buff lava, chert, micrite, and
rhyolite, generally in a finer clastic crystal fragment-bearing green
matrix. The porphyritic green phase ig the most common rock type and, in
mineralized areasg, it has been altered predominately to calcite with 20
per cent albite and some chlorite, guartz, and K-feldspar. Phenocrysts
are altered to vermiculite-hydrobiotite with small amounts of chlorite,
calcite, and amphibole. Away from the mineralized area, the volcanic
breccia consists of sericitic to kaolinitic altered porphyry and clasts
of altered microlitic¢ volcanic flows. In this unit, relatively fresh
augite phenocrysts are present. Apatite is often present in the chert
and veinlets of guartz, K-feldspar, and calcite are occasionally
pregent.

This 'augite porphyry' breccia is interbanded with some rhyolite and
light-coloured flow rocks; some of the rhyolites are flow banded.

South of the mineralized area, 1.5-metre green porphyry blocks are set in
a fragmental green porphyry matrix. Occasional clasts are mineralized
with copper and there are infrequent, well-rounded, 5-centimetre~diameter
milled rock fragments.

Tc the north of the mineralized showing outcrops in a narrow stream
valley show ‘augite porphyry' and altered basalt breccia in faulted
contact with a coarse conglomerate and interbedded calcite~cemented
arkogic sandstone. The conglomerate and sandstone are cut by basaltic
dykes. Above is basalt clast sandstone that grades upward into sandstone
with plant fossils. It is suggested that the fault juxtaposes Triassic
and Tertiary rocks.

The mineralization is proximal to a Triassic diatreme. The present
topography is related to Tertiary vent systems and may in part represent
coincident areas of crustal weakness which also served as volcanic
centres during Triassic time.

Using this concept, Mount Martin to the northwest was investigated but so

far only one outcrop of relatively unaltered augite porphyry has been
found on the north side. However, it is interesting to note that
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outcrops below 1 200 metres south and east of Mount Martin in Paxton
Valley, along St. Laurent Creek, on Mail Creek, and on Bolean Creek are
Permian-Pennsylvanian, not Tertiary. This interpretation is based on
lithology, paleogeography, and fossil evidence. Cherty limestones
contain productid brachiopods and schwagerinid fusulinids, possibly
Parafusulina {Monger, pers. comm.}. Monger suggested that these rocks
are late Early to Middle Permian in age and may correlate with the Harper
Ranch Group.

Progpector Don Campbell on the Ministry’s Grant Program worked in this
area off and on for several years before making this find. Thanks are
extended to Johr. Kwong who identified minerals, and B8ill McMillan and Vic
Preto for their interest and suggestions. M. Hanna made the initial
suggestion that the fosslls were Permian-Pennsylvanian and this was
confirmed by J. Monger of the Geological Survey of Canada.
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THE STIRLING MOLYBDENITE SHOWING
(82M/8W)

BY GIPIEI w}lite

The Stirling property (MDI No. 082M/087), owned by CJC Explorations Ltd.
of Revelstoke, was optioned by Newmont from July 1980 until July 1981.
The property is located approximately 54 kilometres north of Revelstoke
at latitude 51 degrees 23 minutes, longitude 118 degrees 25 minutes.
Most of the showings are easily accessible from the old or new Mica Dam
Highway.

Molybdenite occurs in concordant pegmatite-like sills in Lardeau Group
metasediments. The sills consgsist of quartz, albite, pyrite, pyrrhotite,
with carbonate, fuchsite, galena, occasional sphalerite, and rare
allanite. Sericitic impure quartzite, quartz-chlorite-muscovite schist,
graphite schist, crystalline limestone, and chlorite-muscovite-magnetite
schist have a general strike of 015 degrees with a 30-degree northwest
dip.

During the 1980-1981 season Newmont collected 252 rock, 28 soil, and 10
trench samples for alteration studies and geochemical assaying, did 23
kilometres of magnetometer surveying, and drilled 45 overburden and 10 BQ
diamond-drill holes, the latter totalling 1 320.8 metres.

One of the better intersections in diamond-drill hole 81-8 comprised 2
metres of 4.67 per cent MoS;. 1In diamond-drill hole B1-2 there was
0.39 per cent MoS, over 2.4 metres.

The above information for the most part was taken from reports by Denis
Bohme of December 29, 1980 and July 10, 1981, personal communication with
Denis Bohme June 17, 1981, and a report by D.M. Hausen of Newmont dated
June 2, 1981.

John Kwong of the Analytical Laboratory identified the allanite.
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A NEW ZINC OCCURRENCE IN THE REVELSTOKE AREA
{82M/8W)

By G.P.E. White

While searching for scheelite north of Revelstoke the Cameron-Jenkins-
Campbell progpectors discovered zinc with secondary hydrozincite at an
elevation of 835 metres, north of Mars Creek, latitude 50 degrees 21
minutes, longitude 118 degrees 22 minutes.

Sphalerite and pyrite in a manganese-dioxide-stained metamorphosed
siliceous sediment occur in 1-metre bands with an exposed strike length
of 10 metres. The host rocks are sericite-chlorite schist, sericite-
quartz-albite schist, biotite-chlorite schist, and minor amounts of
sericitic gquartzite. The regional attitude is 170 degrees, 25 degrees
east. Due to the incompetent nature of the schists many crenulations and
minor folds are present.

Analysis by our Analytical Laboratory of a grab sample gave a 2.23 per
cent zine, 0.15 per cent lead, and 0.0%1 per cent cadmium; the cadmium was
by spectrographic analysis.,



THE THANKSGIVING TUNGSTEN SHOWING
(82M/1E)

By G.P.E. White

Scheelite was discovered on the Thanksgiving property in the fall of 1980
by the Cameron-Jenkins-Campbell prospecting group of Revelstoke. The
showing is located about 25 kilometres north of Revelstoke, latitude 51
degrees 12 minutes, longitude 118 degrees 12 minutes, along the new Mica
Dam Highway at an elevation of 670 metres.

Skarn near the crest of an antiform consists of scheelite, calcite,
quartz, K-feldspar, plagioclase, diopside, clinozoisite, vesuvianite,
garnet, hornblende, sphene, pyrite, pyrrhotite, and chlorite. The zone
is reported to be stratabound and about 3 metres in thickness. Mineral
content varies both vertically and laterally and, in one thin section
examined, the rock has a cherty matrix. The host rocks are sericitic
quartzites and biotite-quartz-plagioclase schists, with local fissile,
micaceous partings. Poliation has a general east-west strike and a 30-
degree north dip. A major low angle north-south fault that crosses the
property is marked by graphitic shearing. 1In the easternmost trenched
area tight crenulated folds with axial planes normal to the major fold
axis occur in a calcareous unit.

Quartz feldspar porphyry with a grey biotite-rich matrix, muscovite-
quartz~feldspar pegmatite, and quartz veining occur in close proximity to
scheelite on the property but not with the skarn assemblage. WNo tungsten
was detected in a semigquantitative spectrographic analysis of the
pegmatite.

Conversations with Roy Wares representing Northair Mines were held at
variocous times during the field season.
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CLEARWATER AREA
(82M/12W; 92P/BE, 9E)

By Paul Schiarizza
Department of Geology, University of Calgary

INTRODUCTION

Geological mapping of the Fennell and Eagle Bay Formations between
Clearwater and Chu Chua Mountain was initiated in 1980 (Schiarizza, 1981)
and completed during the 1981 field season. Little new ground was
covered this season; the main effort was devoted to refining and filling
in details of the area covered previously. Extensive sampling of cherty
sediments within the Fennell Formation was carried out in an effort to
find microfossils. Results from this sampling are not yet available.
Structural interpretations advanced after the first seasons' fieldwork
were generally confirmed by this year's work. An early stage syncline
was outlined with the Lower Fennell Formation between Clearwater and
Granite Mountain. Improved understanding of the internal stratigraphy
and structure of the Eagle Bay Formation confirms that the bulk of this
formation is in discordant fault with adjacent Fennell rocks.

STRATIGRAPHY
EAGLE BAY FORMATION (UNITS 1 TO 4)

Considerable time was spent mapping within the Eagle Bay Formation. The
work allowed significant refinement and regrouping of Eagle Bay
stratigraphy compared to that advanced by the writer previously.

The structurally highest unit within the formation (unit 4; units 3 and 4
of Schiarizza, 1981) consists mostly of rusty weathering, greenish grey
feldspathic chlorite-sericite schists. BAn attempt to map darker green,
more chloritic schists as a separate unit (Schiarizza, 1981) proved
untenable, although rocks in the lower part of the unit do seem to be
generally more chloritic. Igneous textures are clearly displayed in
weakly schistose specimens from this unit and discrete feldspar grains
evident throughout the unit appear to be relict igneous grains.
Fragmental rocks occur in the lower parts of the unit, but are rare. A
light grey relatively pure quartzite (4a) was traceable for a little over
1 kilometre just south of Foghorn Mountain. However, the bulk of this
unit is monotoncusly uniform. It may have been derived from a series of
flows, or may represent an intrusive body.

Structurally beneath unit 4 is a unit dominated by schists of felsic to
intermediate volcanic origin (unit 3). The unit is best expcsed along
lower McDougal and Foghorn Creeks. Along McDougal Creek these rocks are
mainly light silvery grey quartz-sericite schists. Substantial chlorite
is present in places, and chloritoid porphyroblasts were observed at a

number of localities. 'Eyes' of clear quartz are often evident. Thin
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sections show that these are embayed quartz phenocrysts. Sedimentary
interlayers of dark grey phyllite found throughout this section range up
to a few tens of metres in thickness. These same rock types also
comprise the succession along Foghorn Creek. There, however, the unit is
more varied and includes not only medium green chlorite schist and light
grey platy sericitic guartzite but also trachytic rock which hosts
mineralization at the Rexspar uranium deposit (Preto, 1978).

Fragmental rocks that probably represent volcanic breccia are also pres-
ent, particularly near the Rexspar deposit. Immediately north of the
Baldy Batholith at Granite Mountain, outcrops of fine to medium-grained
biotite-quartz gneiss with interlayered amphibolite and pelitic hornfels
{3a) may be the contact metamorphosed equivalent of unit 3.

Unit 2 consists of medium green chlorite schist with interbedded grey
phyllite and limestone. It structurally underlies unit 3 along upper
Foghorn Creek. Scattered ocutcrops of chloritic schist immediately south
of Birch Island may also belong to this unit.

Black phyllite with interbedded siltstone, sandstone, and grit (unit 1)
crops out adjacent to the Fennell Formation immediately south of
Clearwater. This unit is truncated on the south by a transverse
northeast-trending fault. It does not crop out again until the
Fennell/Eagle Bay contact emerges south of the Baldy Batholith. There,
it forms a substantial unit which continues southward adjacent to and
east of the Fennell Formation, and extends across the Barriere River to
Johnson Creek (unit 6a of Preto, 1981). Mississippian conodonts were
extracted from two lenses of limestone within this unit in the Barriere
Lakes area (Okulitch and Cameron, 1976; Preto, et al., 1980). South of
Clearwater, unit 1 structurally overlies rocks of the immediately
adjacent, east-dipping Fennell Formation, and itself appears to be
structurally overlain by felsic schists of unit 3. The nature of these
contacts will be discussed in the section on Structural Geology.

FENNELL FORMATION (UNITS 5 AND 6)

The Fennell Formation has been divided into an upper unit consisting
almost entirely of massive and pillowed greenstone; and a lower, more
heterogeneous unit dominated by greenstone and cherty sediments. Fennell
greenstones have suffered varying degrees of low-grade metamorphism and
alteration, but appear to be dominantly of basaltic composition. M.J.
Orchard has identified conodonts extracted from Fennell Formation cherts
in the Barriere Lakes area. They range in age from Late Mississippian or
Early Pennsylvanian to Permo-Triassic (V.A. Preto, pers. comm., April,
1981). Chert samples from the Clearwater area are presently being
analysed for microfossils.

LOWER FENNELL (UNIT 5)

A wide variety of rock types comprise the Lower Fennell Formation.
Individual units are generally discontinuous and often intercalated on a
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scale that is too fine to be represented at the mapping scale.

Greenstone (5a) predominates. It ranges from aphanitic to very coarse
grained and includes both intrusive and extrusive phases. Because of
metamorphism, the two are generally indistinguishable; consequently they
have not been separated on the accompanying map (Figure 1). Recognizable
extruslve varieties are generally aphanitic to fine grained; these may
be pillowed, but most are massive. Obviously intrusive dioritic to
gabbroic units generally occur as concordant sill-like bodies, although
irregular discordant masses are also present.

Chert to cherty mudstone (5b) is the dominant sedimentary rock type
present. It is generally well bedded; beds range up to 15 centimetres
thick and are separated by thinner argillaceous partings or interbeds.
As with all units within the Lower Fennell, chert horizons tend to lens
out and be discontinuous; however, in places individual chert units are
persistent and provide the best local marker units within the
succession.

Two substantial concordant layers, and a number of smaller bodies of

light grey, massive to weakly foliated quartz~feldspar porphyry (5¢)

occur in unit 5. These appear to be mainly of extrusive origin; some
were eroded and occur as clasts in overlying conglomerate.

Conglomerate (5d) forms discontinuous lenses throughout the Lower
Fennell, but is most common in a belt that extends from the vicinity of
Axel Lake north-northwestward to Blackpool. Clasts appear to have been
derived entirely from surrounding Fennell units; they are dominantly
chert, greenstone, and argillite.

Bodies of sandstone, argillite, and phyllite (5e) are most common in the
lower part of unit 5. In places, they are well bedded and sandstone
layers alternate with finer grained argillite or phyllite; more commonly,
bedding is disrupted, giving the rock a lensey to conglomeratic
appearance.,

Limestone (5f) is a minor component of the Lower Fennell. It is present
as small, discontinous lenses in the lower part of the formation adjacent
to the Eagle Bay contact.

UPPER FENNELL (UNIT 6}

The Upper Fennell consists mainly of aphanitic to fine-grained
greenstone. Pillows are commonly present, and the greenstone appears to
be largely of extrusive origin. Small discontinuous pods of chert are
present in places, and two somewhat larger bodies of bedded chert (&a)
were traceable for short distances.

Although it was not exposed, the contact between the Lower and Upper
Fennell appears to be stratigraphic rather than tectonic. Traverses

across the contact zone along Joseph Creek and on the slopes west of the
Baldy Batholith show a gradual transition, marked by decrease in the
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Figure 1, Generalized geological map of the Clearwater-Chu Chua area,
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thickness and number of chert horizons until the succession consists
almost entirely of greenstone.

UNIT 7

The Middle Cretaceous (Wanless, et al., 1966) Baldy Batholith occupies
the southeast corner of the map-area where it cuts the Fennell/Eagle Bay
contact. A small body of similar rock outecrops in the Joseph Creek
valley just northwest of the batholith, Coarse-grained bhiotite quartz
monzonite comprises much of the batholith. It is commonly porphyritic,
with K-feldspar phenocrysts up to a few centimetres in size. The contact
with adjacent country rocks is sharp, steeply inclined, and, with some
excaptions, falrly regular in orientation.

UNIT 8

Conglomerate, sandstone, and shale of the Eocene (Campbell and Tipper,
1971) Chu Chua Formation (Ba) and overlying vesicular andesite of the
Skull Hill Formation (8b) unconformably overlie the Fennell Formation in
Joseph Creek valley immediately north of Dunn Lake. A smaller exposure
of Skull Hill Formation occurs 9 kilometres to the north. Bedding within
the Chu Chua Formation dips consistently at moderate angles to the east,
apparently due to rotation along late faults that lie east of exposures
of the unit.

STRUCTURE

Three phases of folding are indicated by mesoscopic structures within the
area. Early folds generally plunge to the northwest. The associated
axial planar schistosity has been variably reoriented by later
structures. Phase 2 folds plunge northwest or southeast, while phase 3
folds plunge at low angles east or westward. Axial surfaces of the later
fold sets are relatively upright; axial planar strain slip cleavage
developed locally during second phase folding, but is not pervasive
throughout the map-area.

A wegterly overturned phase 1 syncline in the Lower Fennell Formation
dominates the macroscopic structure between Clearwater and uvpper Joseph
Creek. This syncline is outlined by the stratigraphy immediately north
of the Baldy Batholith. There it plunges shallowly toward the north-
northwest and the axial surface dips gently toward the north~northeast
for several kilometres, then swings and takes on a more northerly trend.
The location of the axial trace is approximate because outcrops are
sparse, Fennell stratigraphy is discontinuous, and massive greenstone,
from which little structural data could be obtained, predominates.

West of the Baldy Batholith, in the southern half of the area, the
Fennell Formation comprises a west-dipping and facing homocline.
Bedding/schistosity relationships and minor fold asymmetry suggest that



this homo cline is the result of a late {phase 2 ?), antiformal
deflection of the western (upright) limb of the phase 1 syncline.
Stratigraphic units could not be traced around this antiform, however,
because there appears to be a zone of faulting between Joseph and Axel
Creeks. This faulting may be related to, or post-date, the second phase
of folding.

Units 2 through 4 of the Eagle Bay Formation comprise a relatively flat-
lying plate which appears to be discordant with the adjacent Fennell
Formation. Previously (Schiarizza, 1981) a gentle northerly plunging
synform was tentatively outlined in this package. However, the zone
actually appears to represent a slight upturning as it contacts the
Fennell Formation. This contact may be an east-dipping thrust fault that
post—-dates the phase 1 syncline within the Fennell Formation.

Immediately south of Clearwater, unit 1 of the Eagle Bay Formation
appears to be roughly concordant with rocks of the adjacent Fennell
Formation, and to have been subjected to the same (phase 1) westerly
overturned folding. Farther east, felsic schists of unit 3 appear to
overlie unit 1, although the contact was not exposed. Units 1 and 3 may
be separated by the same east-dipping fault which has been inferred to
geparate units 2 through 4 of the Eagle Bay Formation from the Fennell
Formation. The position where the Fennell/Eagle Bay (unit 1} contact
emerges south of the Baldy Batholith suggests that this contact was
folded along with rocks of the Fennell Formation. As was the case south
of Clearwater, the metasediments of unit 1 appear to be approximately
conformable with adjacent Fennell units. However, an apparent thinning
(truncation ?) of the Lower Fennell southward along the contact, the
pregsence of a tectonized zone between unit 1 and the Fennell Formation
immediately south of the Baldy Batholith, and the absence of feeder sills
or dykes of the Fennell Formation within unit 1, suggest that this
contact may be a fault. BSince the contact appears to have been folded by
a phase 1 fold, the fault would pre-date this folding.

In addition to those previously discussed, conspicuocus faults within the
area have two dominant orientations. Late faults, in places marked by
brecciated zones, trend northerly and occur mainly along the western side
of the map-area. These may be more common than indicated on the map and
occupy a number of northerly trending valleys, including the Worth
Thompson River valley. Outliers of the Tertiary Chu Chua and Skull Hill
Formations appear to have been preserved, at least in part, as a result
of movement along this system of faults. Northeast-trending faults in
the northeast corner of the map-~area are inferred on the basis of abrupt
structural discordances and truncation of stratigraphic units. These
also appear to be relatively late features, imposed after the dominant
structural geometry had already been established. Intrusion of the Baldy
Batholith (Middle Cretaceous) apparently post-dated most of the folding
in the area. However, there is some deflection and reorientation of
contacts and structures near its contact.
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MINERAL DEPOSITS

The locations of the most important mineral showings in the area are
indicated on the geological map (Figure 1). The most significant of
these are the Rexspar (d, F) {Preto, 1978) and CC (Cu, Zn) (McMillan,
1980) deposits. Mineralization in each of these deposits appears to be
syngenetic with the enclosing volcanic host rocks. 1In contrast, other
showings in the area occur in crosscutting quartz or guartz-carbonate
veins which formed late in the geological history of the area. These are
often associated with local shear zones, such as at the Queen Bess {Pb,
Zn, Ag)} and Gold Hill (Au, Ph, Cu, Zn, Ag) properties, where Fennell
greenstones are cut by steep easterly trending shear zones and altered to
rusty ferrodolomite.
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NOTES ON CARBONATITES IN CENTRAL BRITISH COLUMBIA
(83D/6E)

By G.P.E. White

Carbonatites were examined at the Verity (Lempriere), Paradise Lake,
Howard Creek, Mud lLake, and Gum Creek localities as well as at one new
gsite; an extension of the Gum Creek carbonatite which lies to the west of
the original lecality.

Generally carbonatite is conformable to the hosting schists or, less
commonly, syenite as at Howard Creek. 1Two or more bodies of carbonatite
gseparated by schist bands may be present. Beforsite is sometimes
interbanded with sovite and their contacts are usually well defined.

Some textures resemble flow banding, but others are suggestive of carbon-
ate phenocrysts in a carbonate matrix.

In the Verity area, coarse olivine is often associated with sovite and
apatite creates banding in trenched areas; otherwise lateral and vertical
mineral zoning is not obvious.

Minerals identified in carbonatite on the JM property {Mud Lake) are
calcite, dolomite, apatite, ilmenite, olivine (ferrocan forsterite with
secondary iddingsite and goethite), tremolite-actinolite, chleorite,
antigorite, wermiculite, talc, hydromica, and pyrrhotite along with
previously reported phlogopite, chondrodite, pyroxene, magnetite, and
limonite.

From the Howard Creek site zircon, baddeleyite, pyrochlore, sphene,
apatite, calcite, pyrite, richterite, and titanite were identified as
well as traces of ilmenite and hornblende {(possibly edenite).

In the Howard Creek area there is a black, hard, relatively coarse-~
grained rock consisting of hornblende, sphene, clinopyroxene (acmite-
angite) and apatite with interstitial calcite, and minor mica, for which
A. Mariano has tentatively suggested the name ‘'lemprierite' {Bent
Aaquist, pers. comm., September 1981).

Columbite and pyrochlore are common to many of these sites and
molybdenite was noted in core from the Gam Creek area.

Attempts at age dating have not been definitive or correlative to date.
Potassium-argon dates by Joe Harakal of the University of British
Columbia were 20518 Ma on phlogopite from Howard Creek, and 92.5%3.2 Ma
and 80.2%2.8 Ma on richterite from the Verity site. Dr. R. Armstrong of
the University of British Columbia has suggested that we confine our
dating with zircons. Euhedral, coarse-grained zircon is present at the
Verity site and zircon has been noted in thin sections from the Howard
Creek carbonatite.
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John Kwong of the Analytical Laboratory in Victoria is responsible for
much of the mineral jidentification while Lynn Sheppard carried out the
heavy mineral separations. Bill McMillan suggested methods to obtain age
.dates and thanks are dvue to Mitch Mihalynuk who assisted in the field.

Bent RAaquist of Anschutz Mining Corporation gave freely of his time and
discussed results of their work in the area.
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LEECH RIVER AREA, VANCOUVER ISLAND
{92B/5g, 12 b-c)

By G.E.P. Eastwood

INTRODUCTION

Placer gold was mined from the Leech River in quantity in 1864 and has
been the object of intermittent prospecting and small-scale mining since
then. The river name has been used for the metasedimentary bedrock
formation on which the placer deposits rest and for a major fault which
juxtaposes the Leech River Formation against the Eocene Metchosin basalt
to the south. The Ieech River Formaticn has not been dated, and
suggestions as to its age have ranged from Carboniferous to Early Creta-
ceous. The formation contains numerous small quartz wveins carrying trace
amounts of gold, and Clapp (1917) concluded that the placer gold was
derived from them.

A prospector, Marvin Richter, did not beliewve this and in 1980 claimed to
have found nugget gold in shear zones in the Ieech River Formation. He
speculated that these were localized along fold limbs. There were thus
stratigraphic, structural, and economic reasons for taking another look
at the Leech River area., 1In 1981 the writer spent 7 days on a
reconnaissance of a strip between the mouth of the West Leech and Sooke
Rivers. It was then learned that the Greater Victoria Water District
plans to build a 20-metre dam across the ILeech River at the end of the
new road on the north side and to drive a 4-kilometre tunnel from a point
immediately above northeast to Deception Gulch, near Sooke Lake.

This area may be reached on weekends via a Pacific Logging main haul road
from Sooke, or at any time from the Shawnigan Lake Road via the Soocke
Lake Road and a succession of secondary roads that lead to the old
Leechtown site. The former bridge over the upper Sooke River is gone, so
it is necessary to ford the river immediately abowve its junction with the
Leech River. The passable roads and main streams are shown on Figure 1.
A gate across the new road on the north side of the Leech River is kept
locked, and a key was borrowed from the Greater Victoria Water District.
The north slope and lower part of the south slope of the Leech River wval-
ley are moderate, whereas the upper part of the south slope is bluffy.
The river is slightly incised over most of its length, Martins Gulch is
actually a V-shaped creek valley with a moderate gradient. Bedrock is
wall exposed along the beds of the Leech River and Martins Gulch, moder-
ately so in road cuts at lower elevations, and not at all on the upper
part of the north slope.

GENERAL GEOLOGY
In this area exposures of the Leech River Formation consist of

interbedded black phyllite, light to dark grey siltite, and white to
light grey fine-grained ¢uartzite. The siltite constitutes about half
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the rock and phyllite is least abundant. Most of the beds are thin:
phyllite commonly 0.5-1.0 millimetre, siltite 1-5 millimetres, and
quartzite 1-3 centimetres. A few quartzite beds are metre-thick, and at
one place several beds coalesced to form a unit 10 metres wide. Along
the Leech River between Martins Gulch and the end of the new road, these
thin-bedded rocks have been closely dragfolded; most of the limbs have
been stretched and pinched off, producing a striped and roddy rock. All
gradations can be seen between perfectly cylindrical rods, which resemble
stretched pebbles, and flanged roda which are clearly the thickened axial
parts of dragfolds. These beds have a moderate schistosity parallel to
the striping and bedding. Downstream, 680 metres above the haul road
bridge, the beds are not dragfolded and are cleaved to slightly schis-
tose. Southwest and west of Macdonald Lake mesoscopic dragfolds are
scattered and the beds are only locally schistose. Such folds are ahun-
dant up Martins Gulch but not sheared out; the rocks are cleaved to some-
what schistose.

No definite stratigraphic units could be distinguished. Two quartzite
units exposed in the Ieech River might be traceable but because exposure
is largely restricted to the river, the likelihood is not promising.

Thin sheets of slightly gneissic granitic rock intrude the phyllite and
siltite in a road cut on the north side of the river about #£00 metres
west of the haul road bridge.

STRUCTURAL GEOLOGY

Observations of the structural elements are shown on Figure 1. There is
a coherent pattern west from Martins Gulch where dragfolds consistently
indicate overriding (vergence) toward the south. They have one long
upright limb and one short overturned limb. Viewed along the east
plunging fold axis, the folds resemble a staircase with narrow treads and
high risers. The easterly plunge of the folds decreases westward from

35 degrees at Martins Gulch to 20 degrees at the end of the new road.
Furthermore, the bedding generally steepens southward, to near wvertical
at the mouth of Martins Gulch and is overturned at the west end of tha
area. Dips of bedding were necessarily measured on the long limbs of the
dragfolds, hence the average true dip of a bed is somewhat less where
dragfolds were not dismembered. 1In areas with sheared out folds, the
average dip differs little from the true dip.

The Leech River fault was not observed; its trace has been taken from a
line of change in topography seen on airphotos. If it were vertical or
north-dipping the river would presumably have eroded down along it.

Since the trace is part-way up the south slope the fault zone must dip
south and has been partially protected from erosion by overhanging
erosion-resistant Metchesin basalt. A south dip is also consistent with
steepening and overturning of the Leech River beds toward the fault. The
fold pattern is consistent with a large flexure in beds that have been
downfaulted. The pattern of disrupted dragfolds can be understood if it
is assumed that beds on the concave side of the flexure were initially
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under compression and responded by dragfolding with relative movement of
the upper bed up toward the fault, and subsequently were under tensicn
and stretched ag subsidence of the package continued. Thug, on the
section of the fault between points opposite the mouths of the west Ieech
and Martins Gulch the Metchosin Formation has been thrust cver the Leech
River Formation. The plunge of the dragfolds would indicate an eastward
conmponent of movement.

In the eastern part of the area the structural pattern is less clear.
Near the Sooke River the Ffault trace approaches Leech River and the fault
may be close to vertical. The vertical and overturned dips south and
west of Macdonald lake appear anomalous and may be unrelated to the
faulting. The steep plunge is also difficult to account for.

Farther east, near Goldstream, Clapp found that the Leech River fault
dips north.

The thin Leech River beds are particularly susceptible to downhill creep.
Spectacular examples occur at the end of the road along the north side of
the river and at the end of the lower road on the south side. At the
first, beds dipping 65 degrees north are curved through horizontal to a
gentle south dip at the surface. At the second, beds overturned to 70
degrees south in the river bank are bent over to a gentle gouth dip
{(upside down) in the bluff above. Shallow cuts on hillsides cannot be
expected to show true dips.

ECONOMIC GEOLOGY

The gource of the placer gold remains undetermined. In 1864 the main
placer accumulations were found at the mouth of Martins Gulch and at the
junction of the Leech and Sooke Rivers. A weekend placer porospector told
the writer he had traced gold by panning up the Ieech River and Cragg
Creek as far as the middle of Survey Mountain, but had found no lode gold
on the mountain. The writer's assistant panned a few grains of gold from
mid-channel gravel patches opposite the mouth of Marting Gulch, but could
find no gold in Leech River gravels immediately above this. The golQd
graing were well-rounded, almond shaped, and possibly laminated; they
¢could have formed either by deformation of individual nuggets or by
pounding together of a number of small flakes. The Razzos had a small
placer operation in Martins Gulch but declined to report results. These
observations hint at a zone or zones of gold mineralization passing
through Survey Mountain and the upper part of Marting Gulch. Several
shear zones were seen about the middle of Martins Gulch but they appeared
barren. A 1922 report on the Invereck talc deposit on Deception Creek
notes that trace gold was found in the talc, and a 1924 report notes that
colours of gold can be panned from the gouge between the talc and the
enclosing Leech River beds. OQuartz velns in Leech River heds are so

A significant post-Nanaimo fault is indicated by the abrupt termination
of the basal conglomerate and by a large notch in the river wall. &
major component of the movement had to be south side up. Not enough work
has been done to indicate its westward extension, and to the east it
passes under extensive glacial cover.
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The Nanaimo-Sicker contact has been offset 30 metres to the left on a
tight vertical fracture which angles across the river bed. A possible
thrust in the Nanaimo beds has been noted above. And because the basal
grit is not repeated there may be a fault along the south side of the
Sicker inlier in the Chemainus River.

ECONOMIC GEOLOGY

No significant mineralization was found. Pyrite occurs in the schist
belt and in the mafic volcanic rocks. The shonkinites contain sgporadic
grains of chalcopyrite.
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GRAVITY SURVEY OF THE COLWOOD SECTION OF THE LEECH RIVER FAULT

By B.N. Church, D. Brasnett, and G.E.P. Eastwood

The purpose of this survey is to determine the position of the Leech River
fault in an area of glacial cover between Langford Lake and Esquimalt Tagoon
through the Colwood area of greater Victoria.

The approximate position of the fault is known from the early works of Clapp
(1912}. It crosses 60 kilometres of the southern tip of Vancouver Island,
trending in an east-southeast direction from a point near the west entrance
of Juan de Fuca Strait to the vicinity of Brochy Ledge in the strait
immediately south of the Fairfield-James Bay area of Victoria.

The fault is a major geological boundary that marks the contact between
oceanic and continental plates. The success of the gravity survey relies on
the density difference between the Metchosin oceanic basalts (specific
gravity ~3.0) south of the fault and the Ieech River metasedimentary and
volcanic rocks (specific gravity ~2.67) to the north,

The survey comprises 43 stations on three northeast-trending lines across
the projected course of the fault (Figure 1). ‘'tThe precise route of the
survey takes advantage of recently published municipal topographic bench
marks (British Columbia Ministry of Environment, Map Project No. 79-087 T-C)
and various well-known thoroughfares including Jacklin Road on the west,
Lagoon Road on the east, and Wishart Road-Sooke Road-01d Island Highway in
the centre. The gravity reference station for the survey is No. 9282-60
with a local gravity value of 980959,31, established on the window sill at
the northeast corner of the main Legislative Building in Victoria.

The course and attitude of the fault is defined by inflections in the
profile of observed gravity readings (Figure 2a, b, and ¢). The profile
along Jacklin Road is most definitive owing to good spacing of the stations
and probably thin glacial cover in this area. One point on the fault is
indicated by a sharp inflection in readings observed near station 5. A flat
profile on the north passes to a steady increase in gravity values on the
south. The profile for the Wishart Road-Sooke Road section which places the
fault near station 27 is similar. Control of the exact positions of the
fault in this case is not as good owing to a large gap between stations 27
and 28, The Lagoon Road Section is least definitive of the three lines
showing only a gradual increase in gravity readings to the scuth, This
relatively subdued profile probably results from a great thickness of
relatively low specific gravity sand and gravel over the Metchosin basalts.
A small notch in the profile near station 38 may mark the position of the
faulit.

The combined evidence from the three profiles seems to give a fairly

accurate location for the ILeech River fault through the Colwood area. The
fault strikes 117 degrees, bhisects Jacklin Road and Esquimalt Lagoon, and
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Figure 1.
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The projected position of the Leech River fault in the Colwood area from
gravity stations on the Jacklin Road, Wisharf Road-Sooke Road, and Lagoon
sactions,
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passes just north of the north end of Wishart Road. The steady increase in
gravity readings south of the fault suggests some decrease in thickness

of sialic crust southward and suggests that the fault dips southward. There
is no evidence from this study on the direction or magnitude of motion along
the fault although the marked geological differences suggest that it is
large. It is anticipated that additional gravity readings in the area and
careful modelling of the results will provide more information about the
attitude and displacement of this important fault.
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GEOLOGY OF THE WHITEHOUSE CREEK AREA
(92B/13£, q)

By G.E.P. Eastwood

INTRODUCTION

The Whitehouse Creek area (Figure 1) overlaps the Mount Richards area on
the northwest and represents a continuation of the Sicker mapping
project. Some of the mapping was done in 1978 and 1972 but most was done
during four weeks in 1981. The principal object of the study is to
relate the Sicker rocks north of the Chemainus River to the section
established on Mount Richards.

Physiographically the area includes the widening valley of the Chemainus
River, the north footslope of Big and Little Sicker Mountains, and the
extreme southeast footslope of Mount Brenton. The valley narrows to a
notch in the west part of the area. Within it the river has been inciged
through thick drift and, along most of the included length, deeply into
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bedrock. In summer it is possible to walk long stretches of the river on
bedrock pavement and gravel bars, crossing where necessary by rock-
hopping or wading. Two canyons in the west part are inaccessible but the
section between them can be reached with the aid of a rope.

Thick drift in the valley extends up the slope of Big Sicker Mountain,
and outcrops are mostly confined to a few exposures in watercourses and
road cuts. Most of this slope is covered by tall timber, and airphotos
are virtually useless. Mapping here was done by altimeter and compass
traverses using a contour map at 1:2500 obtained through the courtesy of
Serem Limited.

GENERAL GEOLOGY

Volcanic and sedimentary rocks of the Paleozoic Sicker Group have been
intruded by small bodies of quartz feldspar porphyry, deformed, then
intruded by larger bodies of hornblende shonkinite. The thick Lower
Mesozoic section seen elsewhere on Vancouver Island is missing from this
area, and the older rocks are directly and unconformably overlain by
clastic sedimentary rocks of the Upper Cretaceous Nanaimo Group. The
Nanaimo beds form a lobe extending some distance up the ancestral
Chemainus River valley.

SICKER GROUP

Trachyte characterized by medium to coarse-~grained hornblende phenocrysts
is the dominant Sicker rock north of the Upper Cretaceous lobe. It is
similar to a band of hornblendic trachyte traced through the Mount
Richards area. Outcrops are massive and erosion-resistant, forming low
hills and ridges. The outcrop area south of Banon Creek is interpreted
as a hill in the pre-Nanaimo surface. The inlier in the lower Chemainus
River may be a similar hill or it may represent tilting on a post-Nanaimo
fault. Coarse volecanic breccia occurs in the area of hornblendic
trachyte in Banon Creek both near the Nanaimo contact and at the base of
a transmission pylon east of the creek. It is probable that the
hornblendic phase was repeated several times in the volcanic sequence, so
the Banon Creek unit cannot be positioned in the sequence from the
present mapping.

Mildly deformed sedimentary rocks are exposed in the Chemainug River
upstream from the Nanaimo Group basal conglomerate. They consist of dark
grey to black argillite, chert-like siltites, and fine-grained light grey
quartzite. The siltites are more or less banded in white and shades of
grey. A few tuffaceous beds are intercalated. These rocks resemble the
upper, sedimentary part, of the Sicker Group in the Cowichan Lake area to
the west and are probably somewhat younger than unit 1d of the Mount
Richards area. Mafic volcanic rocks appear to overlie these beds in a
small bluff south of the Nanaimo contact, but this section is complicated
by faulting and the mafic rocks do not occur in an equivalent
stratigraphic position in the river bed.
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A belt of volecanic rocks occurs south of the Sicker and Nanaimo
sedimentary rocks. The volcanic rocks are mostly mafic, though a few
thin bands of the hornblendic phase are intercalated. The rocks are
variably chloritized and slightly to completely schistogse. A hornblende
band appears to overlie the Sicker beds in the right bank of the river
near the socuthwest limit of mapping, but the contact is sheared and is
close to a projected fault. The position of these mafic volcanic rocks
in the Sicker sequence is uncertain.

Unit 1d has been traced along Crofton and Breen Ridges, north of Mount
Richards, across the flats, and along the north slope of Big Sicker
Mountain to the mine road. Where least deformed, the rock is a white to
light grey siltite. Most of it is schistose, and the intensity of
gchigsting increases northward; the outcrops shown on Figure 1 are white
to light brown quartz-mica schists. This schist belt is interpreted to
be a diffuse fault zone. The largest single movement apparently occurred
in the siltites at the contact with the mafic volcanic rocks but the
total movement was distributed over a considerable thickness of rock.
Bands of chlorite schist indicate that some movement took place in the
volcanic rocks. An undisturbed shonkinite dyke angles across the
contact, consequently the movement 1s pre-shonkinite.

INTRUSIVE ROCKS

A few small dykes of quartz feldspar porphyry occur in the schist belt,
and are schisted along with the siltites, but none have been found to the
north.

Three, or possibly four, bodies of shonkinite (mafic hornblende syenite)
were found in the map-area. One extends out of the area to the north and
appears to be a stock. A second appears to be a thick sheet dipping
gently westward up the Chemainus River. It rests on Sicker sedimentary
rocks and is overlapped by Nanaimo sedimentary rocks. A small outcrop
south of Whitehouse Creek may represent a faulted segment of this sheet
or perhaps a completely separate body. A relatively narrow dyke angles
through the schist belt in the south part of the area and appears to be
an extension of the much thicker body that underlies Crofton Ridge.

NANAIMO GROUP

The Nanaimo beds are well exposed along the walls and bed of the
Chemainus River and sporadically elsewhere. The early sedimentation
varied from place to place. Along the west edge of the lobe there is a
thick, coarse basal conglomerate., 1In Banon Creek this conglomerate thins
to 30 metres. 1In both places it is overlain by sandstone which fines
upward. In the river near the highway, 4.5 metres of hard grit (granule
conglomerate and poorly sorted sandstone) overlies the Sicker rocks. The
sandstone and grit are overlain by a thick section of dark grey silt-
stones and black shales, which in turn are overlain by fine-grained sand-
stone which is exposed along the highway. South of Banon Creek siltstone
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appears to rest directly on the Sicker inlier, 1In the Chemainus River
south of Banon Creek, a 5-metre grit bed has a discordant strike and
rests on rumpled siltstone; it may be the basal unit thrust northwest
over the younger beds.

Fossiliferous sandstone dykes cut the siltstones in two places: just
above the discordant grit bed, south of Banon Creek in Chemainus River at
the place marked 44. The attitude symbol is for the largest dyke, one
which is 20 to 30 centimetres thick., Others are as thin as 5 centimetres
and curved. One was seen to bifurcate upward.

STRUCTURAL GEOLOGY

Pre-shonkinite and post-Nanaimo episodes of faulting occurred. 1In
addition the Sicker sedimentary rocks {1c) have been folded and the dip
of the Nanaimo beds suggests that the area has been tilted eastward. The
overall dip of the Sicker beds is to the south-southwest. A syncline-
anticline pair indicate overriding or vergence to the north. A shear
zone on the flank of the anticline dips 32 degrees south and is probably
a thrust, The timing of this folding and faulting is unclear but it is
probably pre-Nanaimo.

The sense of movement in the schist bhelt is unclear. If the mafic
volcanic rocks to the north are correlative with those on Mount Richards
then at least a component of the movement was north side up. However,
the mafic volcanics may be intercalated in the sediments in this area,

A significant post-Nanaimo fault is indicated by the abrupt termination
of the basal conglomerate and by a large notch in the river wall. A
major component of the movement had to be south side up. Not enough work
has been done to indicate its westward extension, and to the east it
passes under extensive glacial cover.

The Nanaimo-Sicker contact has been offset 30 metres to the left on a
tight wvertical fracture which angles across the river bed. A possible
thrust in the WNanaimo beds has been noted above. And because the basal
grit is not repeated there may be a fault along the south gide of the
Sicker inlier in the Chemainus River.

ECONOMIC GEOLOGY

No gignificant mineralization was found. Pyrite occurs in the schist
belt and in the mafic volcanic rocks. The shonkinites contain sporadic
grains of chalcopyrite.
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UPPER SUTTON CREEK AREA
(92c/16¢)

By G.E.P. Eastwood

INTRODUCTION

This area lies south of Cowichan Lake and may be reached from either
Honeymoon Bay or Caycuse by main logging roads. Local access is provided
by Truck Road 3, which is badly eroded but was still passable by four-
wheel-drive vehicle as far as Sutton Creek in 1981 (see Figure 1).

Sutton Creek flows down a steep V-shaped valley between two spur ridges
onto a flat=floored valley followed by the main haul road. The west
ridge is fairly flat crested. Much of the area is covered with second-
growth timber, and growth is thick on the Gordon River slope.

About 1971 Western Forest Industries leaged the mineral rights to a tract
of land extending westward from upper Sutton Creek from the Esquimalt and
Nanaimo Railway. In 1980 the company instructed its prospector, V.
Allan, to assess the mineral potential. He asked for assistance with the
geology, and the writer spent an aggregate of 13 days in 1981 cruising
roads in and east of the area of Figure 1 and mapping on the west ridge.
The company kindly provided free accommodation for the writer and his
assistant.

GENERAL GEOLOGY

Most of the area between Cowichan Lake and the main haul road is
underlain by Bonanza volcanic rocks, but along the section of the Gordon
River rocad (Figure 1) the rocks are dark greenish grey or grey
amygdaloidal Karmutsen Formation lavas. On the south nose of the west
ridge the rock is generally much sheared and rubbly, a feature character-
istic of the Bonanza, but creek exposuresg show that the rocks are Karmut-
sen.

A solid mass of blue-grey Quatsino limestone occupiles part of the summit
and west slope of the west ridge. It is massive, a typlical feature of
Quatsino limestone that has been moderately metamorphosed. A few
andesite dykes occur in the limestone at the north end of the exposure.
Both north and south the area is largely covered, but numerous sink holes
indicate extension of the limestone. ©On the south part of the ridge
crest small outcrops of limestone are interspersed with outcrops of
massive andesite, and limestone is exposed in two road cuts. Wo lime-~
stone was found below the road. 1In the Kennedy Lake area and elsewhere
on Vancouver Island the Quatsino limestone is extensively intruded by
massive andesite or basalt, which is believed to represent a resurgence
of Xarmutsen volcanism. Intrusion into the lower part of the limestone
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Figure 1, Upper Sutton Creek area,

on the west ridge has completely disaggregated the limestone 3o it now

occurs as blocks in the andesite. Along the south part of the third leg
of Truck Road 3 the rock is mostly amygdaloidal Karmutsen lava. Two out~
crops of limestone occur on the east ridge and suggest that the limestone
body strikes northeastward. Here the limestone 1is succeeded to the north
by a reddish grey volcanic rock which is assumed to be Bonanza. Near the
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end of the east branch of Truck Road 3 the reddish rock passes northward
to a chert-like rock such as is seen in lower Bonanza in other areas.
Westward, the limestone does not reach the Gordon River road within the
map—-area. It must either be faulted or dip at a low angle to the north
and pass under the covered area around the first switchback.

After a covered interval, the gecond leg of Truck Road 3 cuts through
andesite containing bands of limestone and calcareous argillite. Some
thin limestone bands are black and resemble Parson Bay Formation, but one
comprises 10 metres of thinly banded light grey limestone. This section
has no counterpart on the east ridge. The andesite is intruded by a 4.5-
metre monzonite dyke and by many small dykes of fine—-grained light grey
feldspar porphyry. Shear zoneg cut all the rocks in several directions.

On the east ridge the Bonanza-like rocks are cut by diorite dykes up to
25 metres wide. These in turn are cut by small dykes of feldspar
porphyry. At the road junction on the west ridge a similar porphyry dyke
intrudes limestone and intrusive andesite, and farther north another
intrudes a nondescript grey rock.

STRUCTURAL GEOLOGY

The distribution of the Quatsino limestone suggests that it dips
moderately northwestward on the east ridge and dently toward the west-
northwest on the west ridge. A flow contact in Rarmutsen on the Gordon
River road, 365 metres south of the foot of Truck Road 3, strikes east-
west and dips 25 degrees north. The banded limestone strikes 050

degrees and dips 55 degrees northwest. However, the belt south of
Cowichan Lake is intricately faulted and isolated attitudes may not be
significant. Individual shear zones are legion, but no major faults have
been demonstrated.

ECONOMIC GEOLOGY

Two mineral occurrences have been found in the map—-area. At the point
indicated on Truck Reoad 3 (FPigure 1} a little chalcopyrite and
arsenopyrite occur with pyrite in a rusty, altered, dense rock. At the
point indicated in Sutton Creek a little wire silver occurs with pyrite
in a shear zone in XKarmutsen lava. However, there is much barren
shearing in the area and the prospects are poor. There is also a lack of
skarn development in andesite intrusions into Quatsino limestone; such
alteration usually occurs where mineralizing solutions migrate through
the rocks.

REFERENCE

Eastwood, G.E.P. (1968): Geology of the Kennedy Lake Area, Vancouver
Island, British Columbia, B.C. Ministry of Energy, Mines & Pet.
Res., Bull. 55, 63 pp.
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British Columbia Geological Survey
Geological Fieldwork 1981

CAROLIN MINE - COQUIHALLA GOLD BELT PROJECT
(92H/6, 11)

By G.E. RAY

INTRODUCTION

This project was initiated in June 1981, and has been centred around the
Carolin gold mine (MDI No. 092H/NW/007}, situated approximately 18
kilometres northeast of Hope. The main objectives are:

(1) Regional mapping to outline the relationship between the Cogquihalla
Serpentine Belt and the adjoining Ladner Group. The contact
between these units is of economic interest because the Carolin
mine, several former gold producers, and numerous gold occurrences
lie close to it. Regional mapping during this initial season was
confined to an area stretching 13 kilometres south and 5 kilometres
east of the Carolin mine (Figure 1).

{2) Detailed mapping at the Carolin gold mine, with particular emphasis
on interpreting the structural history of the rocks hosting the
gold mineralization (Figures 2, 3, and 4; Table 1).

{3) Geochemical analysis and, where possible, microfossil identifi-
cation on rock samples collected from the entire region,
Mineralogical and trace element studies will be undertaken on
underground ore samples taken from the Idaho Zone at Carclin mine
and from other former gold mines in the area.

TABLE 1. STRUCTURAL HISTORY OF THE CAROLIN MINE AREA

Sporadically daveloped, minor conjugate folds assoclated with
kink banding and crenulation cleavage.

Fy Open to tight, disharmonlc folds having sub-vertical to
easterly dipping, southeast-striking axial planes and north-
wast to southeast, gently plunging axes. It Is the dominant
fold episode in the area and is assoclated with a widespread
axlal planar slaty cleavage and mineral lfineatlon. Some
disruption along fold !Imbs and axial ptanes.

F1 Widespread structural Inversion of the Ladner Group and
greenstone votcanics, probably related to ma}or recumbent
folding, No assoclated axial plane fabric recognized.

Early to Middle Jurassic 7 Unconformable deposition of the Ladner Group sediments on a
greenstone volcanic unlt of unknown age.

HISTORY AND PREVIOUS WORK

By the early part of this century, numerous gold-bearing quartz veins had
been discovered in rocks adjacent to the eastern edge of the Coquihalla
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Serpentine Belt. These discoveries eventually led to underground
production from three deposits, the Pipestem, Emancipation, and Aurum
mines (Figure 1). All three properties are now closed and the
mineralization and geology at these sites are described by Cairnes (1924,
1929). Mineralization at the Emancipation mine was in quartz veins
cutting altered volcanic rocks whereas at Pipestem the gold-hearing wveins
cut sedimentary rocks of the Ladner Group. In both deposits gold is
associated with silver, pyrite, and arsenopyrite, while pyrrhotite,
chalcopyrite, and calcite are reported from the Emancipation property.
The Emancipitation area was recently re-examined by Aquarius Resources
Ltd. (Cardinal, 1981).

In 1927, the Aurum gold mine was discovered just south of the Idaho Zone.
Spectacular values of free gold, hosted in a talcose shear, were found in
the Hozameen fault which is a major fracture marking the eastern margin of
the Coquihalla Serpentine Belt. At Aurum, gold is associated with
pyrrhotite, pyrite, chalcopyrite, arsenopyrite, and possibly millerite
{Cairnes, 1929},

Surface exposures of the Idaho Zone (Figure 4), the gold deposit which
comprises the current Carolin mine operation, were originally described by
Cairnes {(1929). At that time the gold values were not economic but the
irncreased price of gold in the early 1970's led Carolin Mines Ltd, to
conduct a major exploration and development program on the property.
Current outlined ore reserves are as follows:

Tohnes 0z./tonne Cut-off Grade
2 000 Q00 0.128 0.05 oz./ton Au
1 500 000 0. 141 0.08 oz,/ton Au

Carolin mine started production in December 1981, and the mill should
handle approximately 1,500 short tons of ore per day.

Brief details on the geology of the Idaho Zone were given by Barr {1980),
but most work on the deposit is in unpublished form; this includes work
by Cochrane, et al. {1974}, Griffiths (1975), and a mineralogical and
petrographic study on the ore zone by Kayira (1975}.

The regional geology, invelving early major work by Cairnes (1924, 1929),
was compiled by Monger (1970). Additional work relevant to the area
includes that by McTaggart and Thompson ({1967), Coates (1970, 1974}, and
Anderson (1976).

REGIONAL GEOLOGY

In the Carolin mine wvicinity, the Coquihalla Serpentine Belt forms an
elongate north-northwest-trending unit that separates rocks of the Iadner
and Hozameen Groups to the east and west respectively (Figure 1); both
margins of the belt appear to represent major long-lived tectonic
fractures. In the Coquihalla River area, the belt exceeds 2 Xilometres
in width, but it gradually thins to the north and south until in the
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Boston Bar and Manning Park areas {Monger, 1970; Coates, 1974) the
Hozameen and Ladner Groups are in direct fault contact. The Hozameen
Fault marks the eastern boundary of the belt while the fracture along the
belt's western margin (Figure 1) is currently unnamed. ©Near Carolin mine
the belt is dominated by two major rock types: massive dark serpentinite
of probable peridotite parentage (Cairnes, 1929) and medium to coarse-
grained, massive and highly altered hornblende diorite. The basalts,
diabases, and multiple sheeted dykes observed by Anderson (1976) were not
seen in this portion of the helt,

Serpentinite is the dominant rock type and characterizes the belt, except
in the Serpentine lake vicinity (Figure 1) where diorite is abundant and
forms sub-parallel sheets and lenses up to 250 metres in width. The age
and genetic relationships between these two rock types are unknown
because their rarely observed contacts are highly sheared.

The Hozameen Group in the map-area consists of phyllitic argillites
interlayered with both massive and ribbon cherts, They have been
subjected to intense deformation and lower greenschist metamorphism, and
other than the ribbon layering in the cherts, no sedimentary structures
have been positively identified. Some schistose argillites contain high-
ly deformed clasts, but it 1g uncertain whether these represent sedimen-
tary or tectonic features. Elsewhere, the Hozameen Group Iincludes spil-~
litic basalts (greenstones) and minor limestones interlayered with cherts
and pelites (Daly, 1912; Cairnes, 1924; McTaggart and Thompson, 1967;
Monger, 1970). Monger (1975) intexprets the group as a supracrustal
oceanic sequence of possibly Triassic or pre-Triasslc age.

The Ladner Group (Cairnes, 1924) consists of a thick sequence of fine-
grained, poorly bedded, black slaty argillites and well-bedded, grey-
coloured siltstones with minor amounts of coarse clastic sedimentary
rocks. Most outcrops show evidence of low grade metamorphism with the
imposition of a weak to intense glaty cleavage, but in many instances
the original sedimentary structures are clearly preserved. Graded bed-
ding is commonly observed in the siltstones and coarse clastic units,
while other, less common, sedimentary structures present include cross-
bedding, ripple marking, scouring, flame, load cast, ball and pillow
structures, and chaotic slumping. Graded bedding and scour sgtructures
indicate that most Ladner Group rocks adjacent to the Serpentine Belt,
including those hosting the gold mineralization at Carolin mine, are
structurally inverted (Filigures 3 and 4).

A broad stratigraphic sequence is recognized in the Ladner Group
consisting of a thin, lowermost unit characterized by a heterogeneous
assortment of coarse clastiec, partly volcanogenic, sedimentary rocks,
that pass upwards into a thicker sequence of fine to medium grained well
hedded siltstones. These are overlain in turn by a thick unit of very
fine-grained, organic, and iron-rich argillites {(Figure 5). The lower
clastic unit hosts the Carolin gold mineralization; it includes
discontinuocus wedges of greywacke, lithic wacke, conglomerate, and
possible reworked tuffs wlth intervening units of argillite and finely
bedded volcancogenic siltstones. Pebbles of volcanic origin are common
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with lesser amounts of guartz, jasper, and chert; one extensive
conglomerate unit contains fragments of limestone that are derived from
an unknown source. Cochrane, et al. (1274) mentions possible welded
tuffs and volcanic bombs in the lowermost section, while Anderson (1976)
notes the presence of 'serpentine (clasts) recognizably derived from
Coquihalla Belt rocks' but thege observations were not verified in this
study. The overall upward fining of the Ladner Group suggests a
progressive temporal change from shallow to deeper water conditions. The
initial rapid and chaotic deposition of near-shore clastics was
superceded by early siltstones (proximal turbidites) and later argillites
{distal turbidites).

The Ladner Group overlies a volcanic greenstone {(Figure 5) of unknown
age, whose relationship to the other major rock units in the area is
controversial {see Discussion}. Consequently, the greenstone is pro-
visionally separated from the Ladner Group {(Figures 1, 2, and 5). This
greenstone unit can be traced discontinuously for 13 kilometres along the
eagtern side of the Hozameen fault, and now structurally overlies the
Ladner Group because of the regional tectonic inversion. Thus, its
thickest development, up to 400 metres in outcrop width, occurs on higher
ground, while along the bottom of the Ladner Creek valley, south of
Carolin mine the unit disappears, and the Ladner Group is in faulted
contact with the Coguihalla Serpentine Belt (Figure 1). The greenstone
is a highly altered, fine to medium grained rock of probable andesitic
composition (Cairnes, 1924). Outcrops vary from massive to very weakly
layered and, in places, excellent pillow structures are preserved with
some interpillow breccias, which in one instance include chert clasts.
Many greenstone outcrops contain numerous dark green angular fragments,
in a lighter green matrix which could represent evidence of
autobrecciation within the lavas. Some greenstones north of Carclin mine
also show evidence of tectonic brecciation and shearing (Shearer, pers.
comm. } .

In the vicinity of the Emancipation mine, the Ladner Group and the
greenstones are geparated by a fault whereas further south the contact
appears to represent an unconformity. WNear the junction of Dewdney Creek
and the Coguihalla River, the pillowed greenstones are overlain directly
by finely laminated, volecanogenic siltstones of the Ladner Group, but
northeast of Serpentine Lake the contact is marked by a coarse
conglomerate varying from 1 to 200 metres in outcrop width (Figure 1).

A variety of intrusive rocks cut the Ladner Group. East of Ladner Creek
the metasediments are intruded by the Needle Peak Pluton which has been
dated at 39 Ma by K-Ar methods (Monger, 1970). The metasediments
adjacent to this granodiorite body are characterized by a thermal
metamorphic aureole up to 0.75 kilometre wide, which is marked by the
growth of biotite and cordierite.

Other intrusive rocks within the Ladner Group are broadly separable into
granitic and mafic types. The latter form dykes, sills and sub-rounded
masses up to 0.3 kilometre in width that comprise a highly wvaried suite
ranging from leucogabbroic to ultramafic rocks {(Figure 1). Granitic
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intrusive rocks form narrow dykes and sills generally less than 10 metres
wide that have been mapped as either quartz or feldspar porphyries; the
latter are locally of syenitic composition (Cairnes, 1924). Bome dykes
contain disseminated pyrite and arsenopyrite and are cut by quartz
veining; Cairnes (1924, 1929) considered these bodies to be genetically
related to some of the reef-hosted gold in the district.

GEOLOGY AND STRUCTURAL HISTORY OF THE CARCLIN MINE VICINITY

The surface geology around the Carolin mine is shown on Figure 2 and the
structural history of the area summarized on Figure 6 and in Table 1.

The Hozameen Fault dips steeply northeast, and detailed geological
sections across the mine area reveal that most of the stratigraphic
sequence, including that hosting the gold-bearing Idaho Zone, is
structurally inverted (Figures 3 and 4). After this early Fq tectonic
overturning, the supracrustal rocks were deformed by the Fy folding and
overprinted by a weak to intense slaty cleavage which forms the dominant
tectonic foliation in area. Thus, the slaty cleavage was imposed on
inverted beds. Several generations of fault movement subsequently
occurred, particularly along the F, fold axial planes and limbs. BAn
early phase of fault shattering appears to be spatially related to
several zones of alteration which are marked by either quartz, calcite,
or feldspar veining and pervasive sulphide mineralization (Figure 4)}.
However, most of the fractures shown on Figures 3 and 4 belong to a later
phase of generally normal faulting which post-dates and displaces the
earlier alteration zones. The Idaho Zone (Figure 4}, 150 metres east of
the Hozameen fault, forms the largest surface exposure of alteration and
is the only one to date in which economic gold mineralization has been
found. At a cut-off grade of 0.05 ounce per ton gold it appears to form
an ilrregular, steeply inclined ore body approximately 35 metres wide, 100
metres deep, and over 300 metres in length which is still open down
plunge (R. Niels, pers. comm.). The deposit passes upward into
unmineralized chloritic schists, and the top of the ore zone plunges
gently northward at approximately 25 degrees (W. Clarke, pers. comm.).
The predominant mineral assemblage in the zone comprises quartz,
plagioclase (An,..}, carbonate, chlorite, pyrrhotite, arsenopyrite, and
pyrite; other rarer opague minerals, in decreasing order of abundance,
include magnetite, chalcopyrite, bornite, and gold (Xayira, 1975). 1In
outcrop, the zone is characterized by abundant sulphides, intense
hydrothermal alteration which weathers to give a distinctive black or
grey~coloured rock, and a multi-stage network of gquartz, calcite and
albite wveining. Many veins are orientated parallel to the slaty
cleavage, demonstrating that some alteration in the Idaho Zone post-dates
the main F, structural event. Mineralization involved the spasmodic
introduction of sgilica, carbonate, Na, Fe, Cu, As, Mo, Sb, and Au, and
Table 2 shows the results of some trace element analyses completed on
fresh, underground samples collected from mineralized and unmineralized
portions of the Idaho Zone. Cochrane (pers. comm.} notes that soils over
the surface exposures of the Idaho Zone contain anomalous mercury values,
but underground ore samples {Table 2) show no significant enrichment in
this element. Thus a vertical zoning of mercury could exist in the
deposit.
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Figure 6, Postulated evolutionary history of the Coquihalla Serpentine Belt:

(1) pre~-Triassic to Triasslc deposition of the Hozameen Group (HG}
oceanic supracrustal rocks (Monger, 1975), Jurasslc {(Calrnes,
1924; Coates, 1974) deposition of the Ladner Group {LG) arc trench
gap sediments onto ocean volcanic rocks {Anderson, 1976), OC =
oceanlc crust; OV = oceanlic volcanic rocks,

(2} eastward overthrusting of the Hozameen Group along a horizon of
serpentinized ocean crust causing F1 structural inversion Tn the
Manning Park area (Coataes, 1974); B = present erosion leve! In the
Carolin mine area,

{3 F2 folding resulting In a steepening of all units Including the
Coquihalia Serpentine Belt (CSB), with later development of the
Hozameen fault (HF)}, ODCS = Dewdney Creek Serfes (Calrnes, 1924),
NOTE: Granitic plutons omltted; length of section 3 approximately
15 kllometres,
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The eract controls of mineralization are unknown. Clarke (pers. comm.)
notes that selective replacement has occurred in the ore zone with
preferential enrichment of the more brittle, coarse-grained sediments and
a tendency for less mineralization to be present in the finer grailned
argillites. Detailed surface mapping indicates that the Idaho Zone 1s
located close to the disrupted limb of an Fy fold (Figure 4) and it is
noteworthy that the top of the ore zone and the F; fold axes both have
very similar plunges. Consequently, the Idaho Zone is believed to
represent an epithermal replacement deposit (Kayira, 1975) that was laid
down along a high-angle reverse fracture of late Fp age (Figure 7}.

The presence of carbonaceous metasediments adjacent to the orebody
(Cochrane, et al., 1974; Kayira, 1975) could also be significant.
Initially this incompetent horizon may have localized the reverse fault
movements and later provided a favorable reducing geochemical environment

Figure 7. Postulated development of the ldaho Zone, Carolin mine,
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for the deposition of sulphides and gold when hydrothermal solutions
passed up the fracture (Figure 7). This postulated lithostructural
control of the gold mineralization may help outline underground exten-
sions of the Idaho Zone and assist exploration for similar deposits in
the region. Subseguent to gold emplacement, late normal faulting rejuve-
nated the mineralized, pre-existing fracture zone. This intense late
faulting cut the orebody {(R. Niels, pers. comm.) but apparenily played no
role in ore genesis (Figure 7).

DISCUSSION

The pillowed volcanic greenstones which separate the Ladner Group from
the Hozameen fault in the Carolin mine area are a problematic unit
because the following stratigraphic relationships are possible:

(1) They could form part of the oceanic supracrustal Hozameen Group as
suggested by Cairnes (1924). However, this seems unlikely because
they are separated by the fault-bounded Coguihalla Serpentine Belt,
which has probably been the locus of major tectonic movements,

(2) They could belong to the Coguihalla Serpentine Belt, a possible
oceanic crustal assemblage, as advocated by Anderson {1976). This
interpretation would suggest that relatively minor movements
occurred along the Hozameen Fault, and that the Ladner Group
unconformably overlies an older oceanic volcanic basement. This
possibility is indirectly supported by observations in the
Emancipation mine area where the veolecanic rocks are int:ruded by
diorite bodies (Cairnes, 1924, 1929) that hear a superficial
resemblance to diorites within the Cogquihalla Serpentine Belt
{Cardinal, pers. comm.), while these intrusives have not been
ohserved cutting the Ladner Group. Furthermore, no proof exists
that wvolcanism occurred during the Ladner Group sedimentation in
this area, and the volcanogenic character of the coarsely clastic,
lowermost sediments may merely reflect their erosional derivation
from an older volcanic terrane.

(3) The greenstones may have no genetic relationship with any rocks
west of the Hozameen fault, and instead represent the lowest
exposed portion of the Ladner Group, as suggested by Cochrane
(pers. comm.). If this is correct, the wvolcanic-sedimentary
unconformity is probably of relatively minor importance.

Detailed structural mapping along the Coguihalla River suggests that the
volcano-sedimentary sequence between Ladner Creeck and the Hozameen fault
occupies the inverted limb of a major ¥y synform which is overturned to
the east and whose axial trace probably lies along Ladner Creek (Figure
6}+ Further southeast, in Manning Park, the Coquihalla Serpentine Belt
is absent and the Ladner Group forms an essentially upright sequence even
adjacent to the Hozameen fault {(Coates, 1974). Thus, the tectonic
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inversion of the ILadner Group appears to be spatially related to the
Coquihalla Serpentine Belt rather than the Hozameen fault. This raises
the possibility that the belt and the Fy recumbent folding share a
genetic relationship. One possible explanation is that the Coguihalla
Serpentine Belt originated as a thin, sub-horizontal unit of obducted
oceanic crust over which the Hozameen Group was thrust in an easterly
direction {(Figure 6). Serpentinization presumably accompanied this
movement with the belt forming the lubricated, sub-horizontal sole below
a nappe structure whose easterly transport resulted in the Fy tectonic
inversion of the underlying Ladner Group (Figure 6}. This mechanism
would explain the absence of a Fy tectonic foliation in the Ladner
Group which was probably unlithified and not deeply buried during this
overturning event. Subsequent F; deformation caused a refolding of the
F4 synformal structure (Figure 6) and steepened the Coquihalla
Serpentine Belt into its present sub-vertical position, as suggested by
McTaggart and Thompson (1967) and Anderson {1976). This model implies
that major tectonic dislocations occurred along both margins of the
Serpentine Pelt and that the Hozameen fault is a late, normal and
relatively minor fracture lying close to one of the early thrust planes
(Figure 6). If this interpretation is correct, other 'Alpine-type’
serpentine belts in the region may also represent obducted oceanic
material marking early, refolded thrust =zones.

CONCLUSIONS

The Carolin mine orebody (Idaho Zone) is hosted in a structurally
inverted sequence of TLadner Group sedimentary rocks, close to their
faulted contact with the Cogquihalla Serpentine Belt,

The Idaho Zone represents hydrothermal replacement mineralization that
involved the multistage introduction of silica, carbonate, N¥a, Fe, As,
Mo, Sb, Cu, and Au.

Mineralization was emplaced along an early reverse fault that occupies
the disrupted limb of an overturned fold. Incompetent carbonaceous
sedimentary rocks lying close to the ore zone may hawve localized the
reverse faulting and geochemically controlled the subsequent gold
mineralization.

The widespread tectonic inversion of the Ladner Group appears to be
spatially and genetically related to the Coquihalla Serpentine Belt. The
Belt could represent oceanic crust that was obducted and serpentinized
during easterly directed, subhorizontal thrusting. These movements
caused the structural inversion in the Ladner Group and subsequent
folding steepened the belt into its present sub-vertical position.
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AGE OF THE COLDWATER STOCK AND NICOLA BATHOLITH, NEAR MERRITT
{92H)

By W.J. McMillan
British Columbia Ministry of Energy, Mines and Petroleum Resources
and
R.L. Armstrong and J. Harakal,
Department of Geologial Sciences,
University of British Columbia

The Coldwater stock intrudes Late Triassic Nicola Group volcanic rocks
{Figure 1). A previous attempt to date the stock by K-Ar methods gave
discordant results of 215 to 234 and 267 Ma (Preto, et al., 1979).
Stratigraphically, this apparent age was difficult to reconcile,
Consequently, a series of samples was collected (Table 1; Figure 1) and
subsequently analysed by K-Ar and Rb-Sr methods (Table 2; Figure 1).

/ ; l ; . Sotool

Selish
’T—") ~ -—-A\Moum‘om /
(rGd* “Gabp v
A ro -
A\ ;_f’/

> Qroxom'{'e/
P z

~ Q‘;}/
S ORI Iy
. VoKl
< o P v QJ
- - +| -
+ + +
+*
" *e/oi !
T
QDio- G4 +
1
L
+ + 7
) ngSVq-le.— - 92 H/NE
& CoLDWATER STOCK

W

o
o

Kitomet 1@ Sample Site For
cLom hers
° s Rb/sr Suite

KL Kingsvale Volcanic Rocks
Qe Quariz Diorite
Gd Gransdioritae

- |

Figure 1, Generallzed geologlcal setting and location of age dating sample suite,
Coldwater stock.

102



ldegroot
1981


GE0L°0 @ 0LF6lZ 8L8L°0 *LZ L7ET
9FLYE0L 0 @ vFLOE 08L®0 79z 0702 L ve
L7802 = 194 JW-M Z8L°0 A ¥ ———— eji4oiq | vd
LFZIZ = 0|q Jy=)y
88y0L "0 ) 2 A ¢] 1°a¥ €62 e lJdojpouesb spusiquioy eyiio)g i W
9IT96L0L0 & £EFV6IL 6L90L°C eLy°0 9 v €Lz o (Joipouesb ey1401g v
9IFLSE0L 0 B 2CF261 0Zv0L "0 A TA] S*LE 62¢ 84|Joip zi.enb epueiquicy eijio|d <
¥8C0L*0 L60°0 6°11 149 ei|Joip zjtenb spueiquuoy a)|jotg 1
wdd wdd =6L MD)
“Sg9g/45,8 ¢
1e141ul oby #Sgg/45,g mew\ﬁmmm qd 1S uc|jd)aoseq w“qmum
S1LINS3Y ONILVO J1d0L0SI MI0LS W3LVMIN00 2 37avl
*(l) uoddyz
*ay|jede pue ‘sueyds ‘ei|jede ‘ey|joubew

pue ‘sueyds ‘e)|jeubew eie s|euBU|W
AJosseodoy  *sioejuod ese|20}bed

ie syqmoubaeju) oyfdewiu

Suwtoj Aljeso] pue ‘|ejliisaequy
‘Apnois s| Jedspiej~y *juepunge

S| pue eunixe} |B|}l{SJelu] uedo

sey zgJenly *Aj|eoco] secesy ebease)d
Sucje ejopide pue ej|a0lyd Of podeyie
s} pue *jeupeyue ‘peulesS um|pew

‘uel Of UMOJG-pBd WO D]oJyooe |d

s| e}}loig *ueeub u; Djouysoe|d

eJe jeyl suleab jedpeyue o} edpeyqns
au]j Se SJINI00 epue|quloy  * (8]

~Zl 13) e41Jojpoue.b 84i401q epue|q
-udoy Aeufi o)jeuscoone| A|eajjeley

P-6L MO

NOILOFTI0S 2S-QY ‘SNOIL1diN0$30 ITdAVS

*|eJou|u AJOSSedDR LR

se sJnooo a4 )jeubogy *unooo Jedspiey
=3 40 Sjunowe oUW “|e]}l4SHeu] S|
pue [~6. MD U] uey}i JUEPUNGE SJoW S|
Ziaend  *seJ0d pezil|o|.Jes Ajejedepou
eARy Syje| (eu|sepue) ese}so|bBeid
pepoJ3 *peziilJoiyo Al|edo] S|

pue UBR] O} UMOJUQ-PBU WOJY 2]0JYyD0e |d
S| ©4140(E "®41|OU}4OR O} peJs)|E

$| epus|quJoy *A|jeno] *sujedb

40 sdwn|o> u] sunoo0 Aj|eJeusb pue
‘lespoyue ‘orgriyiod ‘uel of ueoub
wdep woay s|0J4ysce|d S| BPUS JQUIOH
*(5¢~8¢ 10) ®4ldo1p Ziienb epue(q
=yscy e}14o]q peujedb-un|pew Aeug

£-6L KO

v3Y¥ MO01S HIALVMAI0D “IN/HZE

6.Je SjE4OU|W AJOSSEODY  TuOWWOIUN
Jedsp|es~y pue je|jlisteiu] S|

Zjaend *uo|jesal|e 8451J8S ejeJepol
o4 jeem pue Bujuoz xe|dwoo jueute.
sey || *syje| pepous |eapeyqns

Sulo) (suisepue) eseido)be|q *seue|d
efeaeejo PBuoje poziy)aojys pue uey oy
UNMOJG MJdep Wwody ojoJdysos|d s] ejliolg
*Aj1eo0)] epusjquioy adeldes ‘ejopide
puE 84110 |40 ‘Se|peeu &) |oujioe Aull
21411 1M10d AjpenJew s} pue eusxoJAd
Je)ie Auppuooes s| pue uei o} ueeub
wody opodyooe|d epusiquioH  *(cC-0C
{0} e4|do(p Ziiend epus|quicY €4}40(]
peujesb-un | pew o) eu|y Aedb ueq

i=6L MO

L 3navi

103



K~Ar analysis of biotite from sample RA 1 gave an apparent age of 208%+7 Ma;
hornblende from the same sample gave 2127 Ma. Rb-Sr results are summarized
in Table 1, Samples 1, 3, 4, and RA 1 gave an isochron of 194t1Q, whereas
Rb-Sr in biotite from RA 1 gave age 219f10 Ma at initial strontium ratio
0.7035 (Figure 2}. The small range of rubidium and strontium concentrations
limits the precision of these results,
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Flgure 2, Plot of rubidium=strontium Isotoplc analyses, Coldwater stock.

In summary, isotopic dating indicates an age of approximately 210 Ma for the
Coldwater stock. The age accords well with those from other intrusive
bodies that cut Nicola Group rocks and the stock is not ancmalously old as
suggested by earlier data.

NICOLA BATHOLITH

New Rb-Sr isotopic data from the Nicola Batholith are intriguing. Earlier
K-Ar work (Preto, et al., 1979) gave a range of ages for biotites from 37.3
to 59.8 Ma and for hornblendes from 60.2 to 70.6 Ma. Among the samples were
two biotite-hornblende pairs that gave nearly concordant results of 56.9 and
63.6 Ma and suggest that the batholith is of Paleocene age. Biotite from a
satellitic stock at Rey Lake gave a latest Cretaceous age of 68.9%2.5 Ma
{McMillan, 1974).

The new data suggest that at least some of the deformed granitic or gneissic
rocks in the Nicola Batholith are Farly Jurassic or older (minimum 185 Ma).
The younger dates probably represent new magmatic material that intruded the
older pluton, although it could be remobilized older material.
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THE BLACK DOME MOUNTAIN GOLD-SILVER PROSPECT
{920/7E, 8W)

By B.N. Church

This report is an update of an earlier review of exploration for gold and
silver in the Black Dome Mountain area, 70 kilometres northwest of
Clinton (Geological Fieldwork, 1979, Paper 1980-1, pp. 52-54}.

Recent geological studies shed light on the age relationships of the main
litholeogical units. A remnant volcanic vent deposit considered to be
younger than the vein mineralization forms the summit of Black Dome
Mountain. This consists of basalt lava and agglomerate (No. 1, Table 1)

TABLE 1. CHEMICAL ANALYSES OF VOLCANIC ROCKS FROM THE
BLAGK DOME MOUNTAIN AREA

1 2 3 4 5 &

Oxides recalculated to 100~
Si0; 50.96 53,92 62.77 64.43 75.46 72.72
TiO, 3.26 179 1.29 T1a11 0.38 0.43
AI203 14,97 18.43 17.09 16.90 14.83 15.12
Fe,0s 4.65 4.11 5.46 2.37 1.08 1+65
Fel 5.88 3.15 1.05 2.72 0.51 0.33
MnO 0.14 0.11 0.11 0.08 0.01 0.02
MgQ 7441 4,86 2.33 1.78 Cel4 0.18
Ca0 8.60 ) 3.96 3.90 0.16 1.38
Na50 35.25 4.03 3.56 4.10 2496 4,18
KZO 0.88 1.95 237 Z2.61 4.52 3.99

100.00 100.00 100.00 100.00 100.00 100.00

Oxides and elements as determined=

HoO+ 0.13 0.13 1469 1.63 1.02 0.27
Ho0= 0.27 0.53 0.77 0.25 0.40 0.67
Co, 0.07 0.07 0.26 0.48 0.07 0,07
5 0.01 0.01 0.01 0.01 0401 0.01
P205 0.87 0.97 0.50 0.57 0.08 0.32
$ro 0,13 0.11 0.04 0.02 0402 0,02
Ba0 0.04 0.13 0.13 0.13 0.14 0.16
Rals 1,590 1.570 1.534 1.534 1,490 1.498

Key to Analyses

Basalt lava, Bfack Dome Mountain (peak) (BKM-16).

Basaltic andesite lava, Flapjack Peak {(summit} (BKM-287).
Hornblende dacitic andesite, west shoulder of Black Dome Mountain.
Dacitic lava 'dome,' on main ridge south of Black Dome Mountaine
Porcupine Creek rhyolite, south of Black Dome Mountain.

Churn Creek rhyolite, above Churn Creek to the east.

[ B - SR
]
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having an apparent K/Ar age of 20.5 Ma similar to rocks on Flapjack Feak,
9 kilometres to the southwest, 24 Ma (Table 2).

TABLE 2, RADIOMETRIC AGE DLTYERMINATIONS

No. Location Materlal K Ar Apparent Age
par cent Ma
BKM-16 Black Dome Mountaln
(summit) whole rock 0,697 0,6552 x 1076cc/gm  24.0%0.8
BKM-287 Flapjack Peak (summit} whole rock 1.49 1491 x 107 %ce/gm 20,5%0.8

(Argon determination and age calculation by J.E, Harakal, University of British Cotumbia),

The principal units hosting the gold-silver veins are hornblende dacitic
andegite and rhyolite which are exposed on the lower slopes and the south
ridge of Black Dome Mountain. A serieg of dacitic 'domes’ disconformably
overlying the rhyolite on the south ridge are now correlated with the
hornblende dacitic andesite on the basis of petrographic and chemical
gimilarities (Nos. 3 and 4, Table 1).

In the past year an intensive diamond-drill program has been completed by
Blackdome Exploration Ltd. totalling 8 700 metres in 106 hcles. The
resulting reserve egtimate for the No. 1 vein system {(MDI No. 0920/053}
is 284 000 tonnes averaging 12 ppm gold and 110 ppm silver. Also, a
croggcut tunnel has bheen driven intersecting the 'Ridge Zone' of No. 1
vein 143 metres westerly from a portal at the 1 960-metre level on the
east flank of the main ridge south of Black Dome Mountain (Pigure 1).
Examination of the crosscut shows that the mineralization continues bhelow
the rhyolite. The rhyolite dips 15 degrees easterly and has been tra-
vergsed by the tunnel through to underlying fine-~grained dacite at a point
about 50 metres west of the portal.

Current plans by Blackdome Exploration Ltd. require 600 metres of
drifting and raising to confirm and further delineate an estimated
103 000 tonnes of ore in the 'Ridge Zone' averaging 17.5 ppm gold and
114.5 ppm silver according to the diamond~drill regults.
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GEOLOGY AKD LITHOGEOCHEMISTRY OF THE CAPOOSE SILVER PROSPECT
(93F/3, 6}

By B.N. Church and L. Diakow

This description is based on recent investigations of the Capoose silver
prospect of Granges Exploration [(AB) in the Fawnie Range 110 kilometres
goutheast of Burns lLake. The property is centred on a geochemical
anomaly discovered by Rio Tinto Canadian Exploration Ltd. Rio worked on
the property from 1969 until 1971.

GEOLOGICAL SETTING AND MINERALOGY

The area is underlain mainly by Jurassic lavas of rhyolite to dacite
composition with minor amounts of interlayered argillite. Mineralized
areas form conspicucus gossans throughout the Fawnie Range. Recent
trenching and drilling has focused on garnetiferous rhyolite lava and
breccla on the ridge immediately north and northwest of the Granges camp-~
site (Figure 1). Highest silver values coincide with the occurrence of
galena and sphalerite.

LITHOGEQCHEMISTRY

In the course of a geological survey of the Fawnie Range, hand specimens
were collected randomly from bedrock exposures. These were subgequently
analysed, courtesy of Granges Exploration, for a selection of path-
finding elements. The results on 45 samples are as follows:

Geometric Mean* Deviation
ppm ppm

Ag 0.6 0.2-5.5
Cu 16 4-80
Pb 16 7-200
Zn 134 40~500
As 9.6 2-75
3 0.16% 0.3-1.30%

*Owing to a range in values through several magnitudes It Is necessary 1o use log
transforms to calculate means and standard deviatlons,

The behaviour of element pairs is demonstrated as follows:

Ag Cu Pb Zn As
Cu 0.41
PH 0.69 0,46
Zn 0.65 0.51 0.93
As 0,02 0.14 =0.01 0.07
S 0.05 0.01 0.12 0.1 ~0,04
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GEOLOGY AKD LITHOGEOCHEMISTRY OF THE CAPOOSE SILVER PROSPECT
(93F/3, 6}

By B.N. Church and L. Diakow

This description is based on recent investigations of the Capoose silver
prospect of Granges Exploration [(AB) in the Fawnie Range 110 kilometres
goutheast of Burns lLake. The property is centred on a geochemical
anomaly discovered by Rio Tinto Canadian Exploration Ltd. Rio worked on
the property from 1969 until 1971.

GEOLOGICAL SETTING AND MINERALOGY

The area is underlain mainly by Jurassic lavas of rhyolite to dacite
composition with minor amounts of interlayered argillite. Mineralized
areas form conspicucus gossans throughout the Fawnie Range. Recent
trenching and drilling has focused on garnetiferous rhyolite lava and
breccla on the ridge immediately north and northwest of the Granges camp-~
site (Figure 1). Highest silver values coincide with the occurrence of
galena and sphalerite.

LITHOGEQCHEMISTRY

In the course of a geological survey of the Fawnie Range, hand specimens
were collected randomly from bedrock exposures. These were subgequently
analysed, courtesy of Granges Exploration, for a selection of path-
finding elements. The results on 45 samples are as follows:

Geometric Mean* Deviation
ppm ppm

Ag 0.6 0.2-5.5
Cu 16 4-80
Pb 16 7-200
Zn 134 40~500
As 9.6 2-75
3 0.16% 0.3-1.30%

*Owing to a range in values through several magnitudes It Is necessary 1o use log
transforms to calculate means and standard deviatlons,

The behaviour of element pairs is demonstrated as follows:

Ag Cu Pb Zn As
Cu 0.41
PH 0.69 0,46
Zn 0.65 0.51 0.93
As 0,02 0.14 =0.01 0.07
S 0.05 0.01 0.12 0.1 ~0,04
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There is excellent positive correlation for the Pb-Zn pair, good
correlation comparing Ag with Pb and Zn, but only fair comparing Cu with
Pb, 2n and Ag. Little correlation is seen comparing these metals and
sulphur or arsenic.

Element concentrations (Figure 1) were contoured according to the
procedure outlined in Geological Fieldwork, 1980 (Paper 1981-1, p. 27).
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Figure 1, Lithogeochemical contours for silver and sulphur In the vicinlty of the
Capoose prospect,
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Sulphur at the 0.25 per cent level and higher coincides with the gossans
and the area of pyritization on the north and west side of the ridge
north of Fawnie Nose; sulphur abundance rises toward Green Lake. Silver
contours crosscut sulphur contours and define a northeast-trending
anomaly with concentrations in excess of 2 ppm in vicinity of the Gr:nges
campsite and to the north and west. The patterns for copper, lead, i:nd
zinc are similar to that of silver.

DISCUSSION

A broad silver lithogeochemical anomaly has been delineated in the
vicinity of current diamond drilling by Granges Exploration near Capoose
Lake. This coincides with locally high values for lead, revealed by Rio
Tinto Canadian Exploration Ltd. (1970).

The predominantly felsic composition (Figure 2} and subareal and
submarine setting of the volcanic rocks give wide scope for a
volcancgenic interpretation of the origin of mineralization. However, in
the opinion of the senior author, detai