R o

e e i

s ‘ | (04 B Govera
> | 018901

1980 EXPLORATION-REPORT ON-THE -~ = =~ =~
SULPHURETS PROPERTY, SKEENA
MINING DIVISION, B.cC,

L e

104 B / 8E, 8w, 3E, 9w

OWNED BY:
GRANDUC MINES LIMITED
ESSO RESOQURCES CANADA LIMITED
SIDNEY F. ROSS

BY:
DANE A. BRIDGE, LARRY J. FERGUSON
AND MORLEY G. BROWN
ESSO MINERALS CANADA
1281 WEST GEORGIA STREET
VANCOUVER, B.C.
FEBRUARY 28, 1981

600 -

i) ) Wk G
}




f WORK PRIOR TO
INTRODUCTION .

OBJECTIVES . .

TABLE OF CONTENTS

1980 . . e e . o .\- . . . L]

. . . . 3 o . . 3 . . 3 . .

. 3 . . . . . . . . - . . .

EXPLORATION PLAN L] . L] L] . - Ll . . L . . -

LOCATION . . .

. . . . . . . - . 3 . o 3 -

CLAIMS (incomplete listing) e o o o e o

EXPENDITURES .

. - . . . . . . . 3 - - . .

PROPERTY HISTORY . &« ¢ ¢ ¢ o o o o o o o =

GEOLOGY, GEOCHEMISTRY and GEOPHYSICS . . .

GEOLOGY OF SULPHURETS CREEK PROPERTY .

| INTRODUCTION « v v & o o o o « .
’ SUMMARIES OF GEOLOGICAL REPORTS .
REGIONAL GEOLOGY . =« .+« « « + .« .

( DETAI

GEOPHYSICS

LED GEOLOGY « e e e e e e
INTRODUCTION . . . . . . . .
GENERAL DESCRIPTION OF AREA.
PLUTONIC ROCKS . . . . . . .
ANDESTIC AND DIORITIC ROCKS
CLASTIC SEDIMENTARY ROCKS .
REGIONAL METAMORPHIC ROCKS .
ALTERATION . . . . . ¢« « <« =
STRUCTURAL GEOLOGY . . . . .
ECONOMIC MINERALIZATION . .

. . . - . - . . - - - . - -

GEOCHEMISTRY . ¢ &+ ¢ o o o o o o o o« =
INTRODUCTION e+ e e e e e o e

ORIENTATION SURVEYS . . . . . . .
ANALYTICAL PROCEDURES . . . . . .
TREATMENT OF DATA . . . . . . . .
GEOCHEMISTRY OF COPPER c &« « -
GEOCHEMISTRY OF MOLYBDENIUM . . .
GEOCHEMISTRY OF LEND e e e e e .
GEOCHEMISTRY OF SILVER o e e - .
"GEOCHEMISTRY OF GOLD e+ e e e e
CONCLUSIONS e e e e e e e e e e e e

CONCLUSIONS

. . - - - . - - . . - - -

SUMMARY OF MINERALIZED ZONES . . . . . . .

MOLY ZONE
MAIN COPPE
AREA WEST

R ZONE . . . . . « .« .« + . .
OF MAIN COPPER ZONE « « .+ .

10
10
10
13
15
15
16
17
19
21
24
25
27
28
35

36
36
37
38
39
40
40
41
42
43
43
44

45
45
45
45



KIRKHAM ZONE
IRON CAP AREA

. . . .

QUARTZ STOCKWORK ZONE

Lot~ ——BISHOP ZONE
BORNITE -ZONE

L]

. . o .

BRUCEJACK LAKE AREA .,

WATERFALL ZONE

HANGING GLACIER AREA .

MCQUILLAN SHOWING . .

ARSENOPYRITE VEIN . .
SUMMARY OF DRILLING .

PACKSACK
PACKSACK
PACKSACK
PACKSACK

DDM
DDM
DDM
DDM
DDM
DDM
DDM
DDM 8

N AUV AW~

RESULTS OF 1980 EX

SITE
SITE
SITE
SITE

5w N -
.

PLORATION

SUMMARY AND CONCLUSIONS .

RESULTS o e e

.

SULPHURETS GOLD ZONE .
SULPHURETS LAKE GOLD ZONE .

IRON CAP VEINS

- . - .

BRUCEJACK LAKE AREA .
SNOWFIELD GOLD ZONE .
IRON CAP PROPHYRY MINERALIZATION .

KIRKHAM ZONE
-MITCHELL ZONE
MOLY (DAWSON)
BORNITE ZONE

ZONE . .

. . - .

HANGING GLACIER AREA .
IRON CAP AREA IRON FORMATION

WATERFALL ZONE

ASSAY RESULTS,

RECOMMENDATIONS
CLAIMS . . . .

WORK DONE .« .

-

-

DIAMOND

. . . -

DIAMOND DRILLING . . .

GEOLOGY .
SAMPLING .

SOIL SAMPLING
CLAIM STAKING

ASSESSMENT WORK e e .
LOCATING OLD CLAIMS .
AIRPHOTOGRAPHY
STUDENT STUDIES . e

. . .

- - .
. . .

. - .

. . -
. - .
. . -
- . .

DRILL

46
46
47
47
48
48
48
49
49
49
49
50
51
51
51
52
53
53
54
54
54
55
55
57

57

58
59
59
59
60
60
60
61
61
61
61
62
62
62
63
66

68

72
72
72
73
74
74
74
75
75
76



GEOLOGY .« « ¢ « =« &
ALTERATION
STAGE
STAGE
STAGE
STAGE
STAGE
STAGE

AWV & W -
.
.
.
.

GEOLOGICAL REPORT ON

THE

. . . . 3 . . . . .

MINERALIZATION . . . . .

AREA NORTH OF

MITCHELL GLACIER . . . . . .« .

DETAILED GEOLOGY
STRUCTURE e o

METAMORPHISM AND ALTERATION . . . . .« .

MINERALIZATION .

SYNTHESIS AND INTERPRETATION . . . . . .

CONCLUSIONS o .

GEOLOGICAL REPORT ON THE AREA SOUTH OF

MITCHELL GLACIER . . .

GEOLOGY o e e
STRUCTURE
ALTERATION . . .
MINERALIZATION .
GEOCHEMISTRY . .

. . -

. .

SNOWFIELDS GOLD ZONE

CONCLUSIONS .« .

GEOLOGICAL REPORT ON THE
SULPHURETS

GENERAL GEOLOGY

SULPHURETS GOLD ZONE
SULPHURETS LAKE GOLD

WATERFALL ZONE .
CONCLUSIONS .« .

. 0

. -

GEOLOGICAL REPORT ON THE

ROCK TYPES . . .
STRUCTURE « . .

3 . . . . . . - . .

AREA NORTH OF
GLACIER . . . . . .

BRUCEJACK

. . - . . . . - - -

. - . . . . . . . .

METAMORPHISM AND ALTERATION e e s e e .

MINERALIZATION .

. . . . . - . . . .

SYNTHESIS AND INTERPRETATION . . . . . .

CONCLUSIONS .« o
APPENDIX 1:

APPENDIX 2:
copYy.,

APPENDIX 3:

January,

Drill Logs

Assay Sheets
and Grandue Mines Limited

Brucejack Lake Gold Deposit,

- - . . . - . - - .

(in Esso Minerals,

by

1981

. 3 . * . .

76
76
79
80
83
84
84
86

89
89
97
99
106
113
116

117
117
121
122
124
125
126
126

128
128
129
132~
133
134

135
135
135
140
144
147
150

Toronto File

copy only)

Greg Fortin,



—~~

LIST OF MAPS

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33
34
35
36
37
38
39

40

Scale
"Location Map of Zones - 1:20,000
Claim Map, North Half 1:10,000
Claim Map, South Half 1:10,000
North Side of Mitchell Glacier
Surface Geology 1:10,000
Mineralization and Simplified 1:10,000
Assays, Cu, Mo 1:2500
Assays Av, Ag 1:2500
Location of Assay Samples ©1:10,000
Location of Reference Samples 1:10,000
Iron Cap Trenching and Sampling, Av 1:1250
Iron Cap Trenching and Sampling, Ag 1:1250
Map of Trenching 1:100
Chip Sample Map of Mitchell Zone 1:100
DDH 10 1:100
DDH 11 1:100
DDH 14, 15 1:100
DDH 16 1:100
South Side of Mitchell Glacier
Surface Geology 1:10,000
Interpreted Surface Geology 1:10,000
Lithogeochemistry - Mo 1:10,000
Lithogeochemistry - Cu 1:10,000
Lithogeochemistry - Av 1:10,000
Lithogeochemistry - Ag 1:10,000
Lithogeochemistry - Pb 1:10,000
Lithogeochemistry - 2n 1:10,000
Lithogeochemistry - F 1:10,000
Lithogeochemistry - Sn 1:10,000
Lithogeochemistry - W 1:10,000
Lithogeochemistry - U 1:10,000
Lithogeochemistry -~ As 1:10,000
Lithogeochemistry - Hg 1:10,000
Sample Location Map 1:10,000
North Side of Sulphurets Glacier
Geology 1:10,000
Assay Map 1:10,000
Section Through Mitchell -
Sulpbruets Ridge 1:10,000
DDH 12 1:30
Recommended Drilling 1:10,000
Main Copper Zone, Resampling
of 01d Trenches 1:100
Sulphurets Lake Gold Zone Assay Map,
West Sheet 1:100
Sulphurets Lake Gold Zone Assay Map,
West Central Sheet 1:100



MAP NO. TITLE SCALE

41 Sulpburets Lake Gold Zone Assay Map,

East Central Sheet 1:100—
42 Sulphurets Lake Gold 2one Assay Map,

East Sheet : " 1:100

Brucejack Lake Area
43 Surface Geology 1:10,000
44 Simplified Geology 1:10,000
45 Assays 1:10,000
46 Sample Location Map 1:10,000
47 Assays DDH 17 Area 1:500
48 : Assays, Red River Lakes Area 1:10,000
49 Assays, Southern Red River
Lakes Area 1:10,000

50 Assays. West of Main Trench in Red

River Lakes Area 1:1000
51 DDH 17 1:100

NOTE: Sulpburets map numbers are prefexed with 2153,

the Sulpburets projeq} number
A



V'

£

'
Ny

LR

WORK PRIOR TO 1980

INTRODUCTION

The Sulphurets Creek property is a known area of Cu, Mo and
Au-Ag mineralization in the Stewart area of B.C. The property
has been intensively prospected and covered by rock geochemical
sampling. It has been mapped only on a reconnaissance bkasis,
and has had only 5338 feet (1627m) of diamond drilling. ©No

geophysical surveys of any conseqguence have been done.

The area of interest and the area of mineralization and
alteration isvvery roughly 10 km long norgh—séutb by 3 km wide.
Esso Resources Canada Limited has optioned the property
from Granduc Mines Limited and six claims from Sidney F. Ross.
Esso has committed to spend $400,000 exploring the property in

1980. Esso intends to drill a total of 6000 fegt of BQ core

mainly in the Iron Cap and Moly (Dawson) zones.



OBJECTIVES

~

The objectives of the 1980 field program are to:

1) Evaluate and drill‘the Au-Ag bearing Iron Cap Area.

2) Evaluate and drill the moiybdenite occurrences
above the south edge of the Mitchell Glacier.

3) Drill one hole, possibly in the Main Copper Zone or
Bornite Zone, to generate assessment work on the southerly

claims.

The long term objectives are to evaluate the property
for economically viable deposits of:

Cu +Au

Au +Ag

Mo

EXPLORATION PLAN

The property will be examined, mapped, sampled and
drilled in the 1980 field season. The preliminary plan is
to drill approximately 6000 feet in 12 holes egually in
the Iron Cap area and in the Moly (Dawson) Zone. A 500
foot hole will be needed in the Main Copper or Bornite

Zone to generate assessment work on the southerly claims.



All the known mineralized areas will be examined as
snow conditions permit. Areas to be drilled or areas of
significant mineralization will be mapped in detail at
1:10,000 using airphoto blowupé. Areas of alteration and
mineralization will be sampled for metals and for
lithogeochemical studies.

Additional claims will be staked to protect
mineralized areas and to facilitate claim grouping.

A camp will be established in an area that is safe
from avalanches, protected from high winds and with a safe
source of drinking water. Consegquently the camp will not
be in the claim area.

The geological work will ke done by Déne éridge, Larry
Ferguson and Morley Brown. Four student assistants will
be employed and one cook and one first aid attendant.

Airphotography will be flown over the property to
provide photos which can be enlarged to 1:5000. All drill
sites and legal corner posts of claims will be targeted so

that they will be locatable on the airphotos.



LOCATION

The property is located approximately 32 km
northnorthwest of the Granduc mill., The claim area is
centered approximately at 130° 1s', 56° 30' on N.T.S.

sheets 104B/8E, 8W, 9E, 9W.

A camp has been established above the north bank of
Mitchell Creek a few bhundred metres east of the junction
of McTagg Creek. The camp consists of one 18'x 24°'
insularch kitchen-mess hall, one 12'x 16' portahut wash

house, and six 14'x 16' frame tents.

ACCESS
Access is by helicopter from Stewart, B.C Equipment
is mobilized to the camp by helicopter from the Tide

airstrip at the Granduc mill site.

CLAIMS

The property consists of 106 units optioned from
Granduc Mines, 6 claims optioned from Sidney Ross and 9

units staked by Esso.



Owned by Granduc Mines Limited:

Record No. of

Claim Eé;___ Units Expiry Date
Ed 1 150 2 August 26, 1980
Ed 2 151 1 " 26, 1980
Iron Cap 1 315 2 Sept. 7, 1985
" "2 316 1 " 7, 1984
" " 3 317 2 " 7, 1984
Red River 314 14 " 15, 1983
Tedray 1 153 2 August 26, 1987
2 154 1 .o, " 1981
3 155 3 oo " 1981
6 158 15 | " " 1980
7 159 2 : o " 1982
8 160 1 ‘ " " 1980
9 161 9 " " 1980
10 162 3 " " 1980
11 163 4 " " 1980
12 164 15 " " 1980

13 165 8 " " 1983



X-ray 1

8

9

Recor

No.

d

1861
1862
1863
1864
i865
1866
1867
1868

1869

Owned by Sidney F.

*Arbee 35

Arbee 39

Arbee 54

Arbee 55

Dawson-Ross 1

Dawson-Ross 3

19124

19128

19143

19144

19887

19889

Ross:

N/A
N/A
N/A
N/A
N/A

N/A

Expiry Date

Oct. 12,
" n
n n
" n

June 16,
" 16,
" 14,
" 16,

" 24,

1985

1983

1983

1980

1980

1980

1980

1980

1980

1980

1980

1980

1980

1980

1980



Owned By Esso Resources:

Record No. of

Claim No. _ Units

Ice 1 2411 2
Ice 2 2412 3
Iron Cap 4 '2409 1
Iron Cap 5 2410 1
Tedray 15 2413 2

*According to Ostensoe and Kruchkowski, the

the Arbee claims have never been located. -

EXPENDITURES

S
(A

The total expenditures on the Sulphurets Creek property from

the period 1960 to March, 1977 were $336,600.

Expiry Date

June

.posts

30,
30,
30,
30,

30,

1991

1990

1991

1991

1985

or cairns for

Expenditures are

summarized in the Summary Reports, Sulphurets Creek Project,

1960-1974 and 1976.



PROPERTY HISTORY

Placer Operations:

The Unik River and Sulphurets Creek have bteen known as a
source of gold since the 1880's. A Keystone Qrill was probably
flown into Sulphurets Creek below its junction with Mitchell
Creek around 1933Ato test gravels for placer gold. Gold has
been panned in Mitchell Creek 1000 feet.above its junction with
Sulphurets Creek. There are no production figures for placer

operations in the Mitchell-Sulphurets Creek area.

1935:

Prospectors located copper mineralization in the location
now called the Main Copper Zone.
1955:

Prospecting was done in the Sulpburets Creek area.

1959:

Au, Ag values found in Brucejack Lake area by prospectors.

1960:

Staking of main claim area by Granduc Mines Ltd. and
independant prospectors from Ketchikan, Alaska. Airborne
magnetometer surveying, a few ground reconnaissance magnetic
lines and reconnaissance geology.

Copper mineralization found in Mitchell-Sulphurets Ridge and

Au, Ag at the base of the Iron Cap area.



1961:

Drilling of 736 feet of packsack core in 32 holes in four
locations to test copper mineralization. Au, Ag values found in
“Hanging Glacier area and molybdenite observed on the south side
;f Mitchell Glacier.

1962:

Two holes drilled on molybdenite mineralization in the

Stockwork Zone.

1961-1963:

Masters thesis done by R. V. Kirkham based on mapping in
Mitchell-Sulphurets area.

1968:

Six boles drilled in the Main Copper Zone area. The area
below the Hanging Glacier was mapped.

1970:

Plane table mapping from Hanging Glacier to south edge of
Mitchell Glacier.

1974:

Bedrock geochemical sampling started and geological

reconnaissance.

1975:

Prospecting in the Brucejack Lake area.

GEOLOGY, GEOCHEMISTRY AND GEOPHYSICS

The following sections are pages 8 to 42 from the Summary
Reports, Sulphurets Creek Project, 1960-1974, by Erik Ostensoe
and Ed Kruchkowski. ©No significant changes have been made to

the geological concepts on the property since this report.
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GFOLOGY OF SULPHURETS CREEK PROPERTY

1. Introduction

This section is written in the expectation that much of its
content will become obsolete or requ1re rcv151on following issuance by

the B. C. Department of Mines and Petroleum Resources of Bulletln 60,

" entitled Geology of the Unuk-Salmon River-Anyox Arca by E. W. Grove.

At present the best available regional-scale data for the area is the

‘1" = 1 mile compilation map of geology by G. W. H. Norman prepared during

1961. Summaries of useful geological reports follow. The complete texts

of several of these reports are included in Appendix I. The writers'

current ideas are also presented.

2. Summaries of Geologic Reporrs-

A. 1961 Report by G. W. H. Norman, The Granduc Sulphurets Property,
Unuk River Region, Northern B. c. (Appendix I-A)

A review of work done in 1960-and 1961 is accompanied by a
discussion of geology, local and regional structure, rock alteration,
mineralization and ‘assays and a recommendation that 5000 feet of diamon@
drilling test the extent and grade of copper mlnerallzatlon. Dr. Norman
suggested that the northeast faults at Sulphurets Creek and at Granduc
Mine are part of one continuous major fault zone with right-handed drag
offsets. Types of alteration are mentioned. Copper mineralization ie

thought to be associated with chloritization and northeast faulting.

'Four packsack drill sites are described and the clusters of drill holes

are illuetrated, elong,with composite assays for copper. Gold in placer
and gold and silver'bearing vein occurrences are described. Molybdenlte

occurrences along the footwall of Sulphurets Fault and along the south

side of Mltchell Glacier are described.

B. 1963 Memorandum Report to John Drybrough from G. W. H. Norhan,'

Sulphurets-Mitchell Area Claims (Appendix I-B)

This 10 page report is a review of the Sulphurets Creek property
prepared follow1ng receipt of R. v. Kirkham's M.Sc. thesis.” The histoxry .
of the area is summarized and Kirkham's work is discussed in the context

of porphyry copper deposits. Some of the problems in making an adegquate



and rock alteration.

11.

test of the coppcr possibilities are outlined. A favorable arca 12000 feet
long and 3000 to 6000 fecet wide is described. A systematic drilling pro-
gimntotalling375,000 feet of drilling (500 foot deep holes at 800 foot
cepters) is referred to but an induced polarization sﬁrvey of about

100,000 feet in 14 lines is recommended for the copper arca. Further

prospecting of the gold-silver prospects is also recommended.

C. 1963 M.Sc. Thesis by R. V. Kirkham, The Geology and Mineral Deposits

in the Vicinity of the Mitchell and Sulphurets Glaciers, Northwest

British Columbia, copies in Granduc's Vancouver office and in llbrary

" at University of British Columbia. (For abstract see Appendix I- C).

The thesis study was a wide-ranglng geological look at the °

_ Sulphurets and Mltchell Creek areas comblned with laboratory studies. As

such it includes a comprehen51ve petrologlcal study of the 1gneous rocks

This study contains much valuable information about the various
rock types and presents some ideas concerning the formation of sediﬁenta:y

units as a result of turbidity currents. It attempts to place the bedded

‘rocks in the then crudely defined time-stratigraphic model.

Thé name "Mitchell Intrusions" was introduced to designate all

intrusive rocks except late dykes and spilitized diabase. Different

intrusions are described, along with reference to their mutual structurai

. relationships.  Feldspars were studied in detail with the aid of X-ray

diffraction, thin sections, the universal stage and phase diagrams.

Kirkham concluded that the Mitchell Intrﬁsions were emplaced in a '
hypabyssal environment. A gradation of compositioﬁ from syenbdidrité

and albite syenite in the Sulphurets Valley to syenite, quartz syenite

and granite on Sulphureta;Mitchell Ridge and Mitchell Valley was recogniéed.

a common origin and close relatlonshlp between all members of the Mltchell

Intru51ons was 1nd1cated



12.

" Bedding, schistosity and cleovage wére investigated by mecans of
steriogram plots. Folds, faults, mylonite zones, breccias and bohdinage
are discussed briefly. Métasomatic.alteration by low temperature ( 400°C)
altering fluids emanating from the Mitchell intrusions is hypothesized.
Albite, calcite, sericite, quartz, chlorite, pyrite, clay minerals,

epidote, biotite and potash feldspars are described.

Possibilities of disseminated very low grade, very large tonnage

deposits, their probable genesis, their relation to a prolonged period of

. alteration and the possible existence of a structural trap are discussed

at some length. Kirkham concluded that major "Porphyry—Copper"'type‘ o
deposits may be present. However, the presence of vast quantities of

volatiles may have resulted in dispersal of the valuable metals.

The the51s is accompanled by a geological map, geologlcal cross. )

- sections and a map show1ng dlstrlbutlon.of alteration mlnerals. Chapter

IV, Rock Alteratlon, forms Appendlx I-D of this report.

D. 1968 Preliminéry Summary Report of Geology of Sulphurets-Mitchell Creek -

Ridge by Roy Wares (Appendix I-E)

This is a very brief preliminary rev1ew of results of the 1968

plane table mapping and diamond drilling program at Sulphurets Creek.

.~ Wares touched on various aspects of the geology, alteration, structure and

mineralization. The pyrite zones were considered due to "sulphurization

of a regional unit and he felt that the related trace copper mineralization

‘was of no economic significance.

E. 1968, Ted, Ray Propertz, Unuk River, Skeena Mlnlng Division by E. W.

Grove in Report of the Minister of Mines and Petroleum Resources
(complete text forms Appendix I-F of this report)
Grove reports on the Sulphurets Creek property inﬁité regioﬁal o
context. He states that it is at the northwest end of an elongate

regional dome and consists of intercalated volcanic epiclastics, volcanic
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flows and marine sediments intruded by a complex of syenite, monzonite

and diorite plutons. The report is accompanied by a useful geological:

map.

F. 1975, Geology and Geochemistry of Mitch, Ray, Ted, Patty and Ran Mineral
| Claims, an assessment work report by Ed Kruchkowski and Erik Ostensoe,
copies on file in Victofia and in Granduc's Vancouver office.
This report is a summary of the status of the 5ulphurets Creek
property and a detailed description of 1974 field work and the results

.obtained. Geological data and 51lver, lead and molybdenum geochemlstry

were discussed. ' , . o

3. Reglonal Geology
The Unuk River district lies between two of the main geological

elements of northwestern British Columbia: it is east of the main Coast
-Crystalline Complex and is on.the Qestern edge of the Bowser Basin. Aparﬁ
" from gneissic rocks of undetermined age exposed near MitchellnGlacier'

and recent basalt fioWs in King Creek, Unuk River and Iskut River, all.

rocks are apparently of Mesozoic age. Paleozoic rocks are exposed further

~to the east in the Cweegee Range.

_ Intrusive roqks.ofAthe Unuk River area include the fuli spectrum
.',from granite, syenite, granodiorite and diorite to ‘gabbro. The syenitic
rocks, of uncertain age} appear to be related to tectonically active zones.
. in the upper South Unuk River and in the Sulphurets Creek area. Foliated
tdiorite~granodiorite, thought fo be elder than tﬁe Coast Intrusions, is
pfominent at McQuillan Ridge and at Granduc Mountain. Unfoliated graniﬁe o
_and granodlorlte dominate the Coast Crystalllne Complex and form several .
satellite plutons 1nc1ud1ng those at Summit Lake and LeBrant Creek.

'Gabbro forms the monollthlc mass of John Peaks and is also present wesﬁ'

of Tom Mackay Lake and at ‘Snippaker Creek.
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Stratified rocks are of sedimentary, volcanic and epiclastic
origin. With the exception of pillow lava units few purely volcanic rocks

have been recognized in the area.

In the immediate vicinity of the Sulphurets and Mitchell Glaciers
a regional elongated dome has been unroofed by weathering and glacial
processes. The strike of the ‘long axis of the dome is approximately north
20°W. The south part of the dome structure is largely obscured by glacial
cover and permanent snow but it is assumed that the local structure has a
length of several miles. The core portion of the dome includes all the
rocks of economic interest in the Sulphurets Creek area. Immediateiy ‘
adjoining these rocks to the west is a thick sequence of black and dark
brown clastic sediments which vary from.argillites to conglomerates.
This same formation is exposed in a broad regional fold north of the
Sulphurets Creek area and northeasterly in the Treaty Creek area. One
and possibly two pillow lava horizons réoognized in the areo.immediately
west of John Peaks have been correlated with a regional pillow lava for-.
mation which is known to extend at least as far south as the Anyox area
(Grove, 1968). sSimilarly, limestone formations mapped in the south Unuk
River, notably at the mouth of Gracey Creek, and near the confluence of .

Unuk River and South Unuk Rivers are correlated w1th llmestone formatlons .

-in the vicinity of Granduc Mine. At the latter location, the llmestone

has been assigned a Triassic age. The area lying between the South Unuk
River and the Coast Intrus1ons consists of a variety of sedimentary and

epiclastic-sedimentary rocks . Close ‘to the Coast Intru51ons minor thermal

.metamorpbism has been imposed.

A number of regional fault structures have been postulated in the

‘Unuk River area. The strongest of these structures is thought to occupy

the Unuk River Vélley»from the vicinify of the International Boundary to
Harrymel Creek and then may be diverted or cut off by a strong northerly’

striking structure along the latter creek. A similarly strong linear
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fcature in Gracey Creek valley also strikes northeasterly but its character
is unknown. Offsets, if any, are relatively minor. A large number of
linecar zones of alteration, p;imarily silicificatien and/or carbonatization, -
have been recognized in the Unuk River and Sulphurets Creck areas. A very
strong northeasterly striking linear alteration zone about 1-1/2 miles
southeast of Tom Mackay Lake is typical of these structures. It is
probable that the alteration zones represent ancient areas of faulting or
at least fracturing. The core area of the regional dome at Sulphurets
Creek differs from the other more elongated alteration zones only in terme

of its size and the intensity of alteration.

4. Detailed Geology of Sulphurets Creek Property

A. Introduction
The Sulphurets and Mitchell Creek mineralized zone lies between

the Coast Crystalline Compiex and the Bowser sedimentary basin in a
regional structural element described by-Grove (1968) as the Bear River

Uplift. The area of mineralization occurs in epiclastic rocks, flows.

‘and marine sediments intruded by a complex of syenitic, dioritic and

granitic plutonic rocks collectlvely referred to as the Mitchell’
Intrusions. The structurally complex Sulphurets and Mltchell Creek areas
are further complicated by extensive 5111c1f1cat10n, ser1c1tlzatlon and
pyr;tlzatlon and by weathering effects. Thrust and tear faults have been

identified but the displacements are in most cases obscured and are as

,yet unresolved.

Potentialiy‘valuable occurrences of metals have been found in
several parts of the Sulphurets and Mitchell Creek areas. These and their

geological environment have been investigated by several different .

geoiégists in the period 1960 to the present but a comprehensive and

definitive description of the geology of the area has not yet been pre-
pared. The present wrlters compiled the accompanying geology maps
(Figu;es 4 - 8) from'pievious maps, field observations and microscopic
examination of hand specimens and bedrock geochehical saﬁples. ~The map
is interpretive as the fiela work was structured'by.the geochemical gfia
(400' x 400'). Petrographic studiee now underway (by J. H. Montgomery,

PhD., P.Eng.) are expected to help resolve some uncertainties al-at rock

types and to lay the basis for more extensive petrographic work.
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B. General Description of Area

A very prominent orange coloured mineralized zone can be traced
from the divide between Sulphurets Glacier and Frank Mackie Glacier to the
south, northerly across Sulphurets and Mitchell Glaciers to where it
passes beneath a snow field that separates Mitchell éreek valley freh
Treaty Creek valley. This zone forms the Sulphurets Creek mineralized
area. Similar discoloured rocks outcrop on the north and south side of
Treaty Glacier about 3 miles to the northeast. Several similar but much
smaller discoloured areas have been located in the Unuk River drainage
area and a very large and similarly anomalous area of silicification,
alteration, and mineralization lies Qest of Snippaker Creek 16 miles nbrth-

west of Sulphurets Creek.

Tﬁe brightly coloured rocks correspond to an area of faulting,
thrust faulting, alteration, hydrothermal mineralization and weathering
imposed on a variety of plutonic; volcanic and sedimentary rocks. An
adequate explanation for the localization of the disturbed and altered

area is not available. Dr. Norman speculated that it may be continuation

of the Granduc Fault Zone.

The zone is partially limited on the west by a gently dipping
(3b°w) thrust fault and partially bylan unconfermity. The east limit of
the main area of disturbaeee'corresponds to the postulated position of a '
steep. angle north-south striking structuie referred to by Dr. Norman as,-

the "Brucejack Fault". Rocks west of the zone are predominantly marine

. clastic sediments, possibly of Lower Jurassic age. To the east, fragmental

volcanic rocks, tentatively correlated with the Betty Creek forﬁation'in
the lower part of the Bowser Assemblage, are present. Elsewhere in the-
general Stewart-Unuk River area this’ formatlon has been dated as probable

Mlddle Jura551c age. Thus it is reasonable ‘to assume that the altered

,zone is comprised of rocks of Lower and/or Mlddle Jurassic age.
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Figure 4 presents the writers' current map of the geology of
the Sulphurets Creek property. Figpres Sa and S5b illustrate the Main
Copper Zone in plan and in section respedtivelf and Figures 6a through
8a are north-south vertical sections at 1200 foot intervals between

2800E and 7600E on the rock geochemical sampling grid.

The entire Sulphurets and Mitchell Creek area has extensive
deposits of unconsolidated glacially derived material. These deposits
are particularly thick in the valleys.of both Mitchell and Sulphurets
Glaciers. The glaciers themselves have created deep steep walled
valleys which cut across the area in an east-west dlrectlon. Glacial
ice and permanent snow occupy at least 25% of the 1ndlcated extent of

. the Sulphurets - Mitchell Creek mineralized area.

C. Plutonic Rocks
An array of plutonic rocks has been identified in the Sulphurets

Creek area. The total extent of such rocks is relatively small compared

to the extent of the hydrothermally altered area,

On the basis of variations in microcline and quartz contents,

:Kirkham-(1963) identified three main types of syenitié intrusions;

.l, Albite syenite 1nclud1ng hornblende plagloclase porphyry,'

2. Syenlte and quartz syenlte gradlng into granlte, and )

3. Cross- cuttlng granite. ' _
Kirkham found that potash feldspar occurs sparlngly in the alblte
syenite, is an ‘essential constituent of the syenite-quartz syenite and -
occurs in a microperthitic form as the only feldspar in the granite.
He.suggested that the progressive differentiation of a parent magma’
- wouid account for this variation. The appareht total lack of calcic
.plagioclase may have resulted from sodium metasometism subsequeﬂt to

1n1t1a1 crystal formatlon or may reflect a somewhat uncommon condition

of a ca1c1um-def1c1ent magma. ]



18.

The 1974 field work permitted a tentative alternate classi-

-

fication of the syenitic rocks into
1. syenites,

2. trachyte flows,

3. granite, and

4. cataclastic syenite. _
The main occurrences of the syenitic and related intrusions are in a
prpbable sill complex exposed in the hanging wall block of the Sulphurets
" Fault on the ridge between Sulphurets and Mitchell Glaciexs, and in the
footwall of the same strecture on the lower slopes both south and north
of Mitchell Glacier. They were not recognized in the floor of the

valley at the toe of Mitchell Glacier.

Porphyritic syenite commonly exhibits euhedral and subhedral
pink and white microcline micropertﬁite and subhedral white albite .
phenocrysts in a greenish pheneritic ground mass composed of albite and
altered mafic minerals. Phenocrysts are mostly 2 to 5 mm in length but
very coarse grains up to 20 mm in length are occasionally presentﬁ
Mafic minerals seldom comprise more than 20% of the rock and commonly
are less than 5%. Microcline microperhhite grains,exhibit oscillatory
zoning visible without aid of magnification and frequently have a core'-
of plagioclase. Frequently grains of plagi661ase and mafic minerals
have_been engulfed by tﬂe zoned materials. Syenites rich in mafic
minerals are usually magnetic with 'l to 2% visible magnetite érains.

Country rocks adjacent to syenitic rocks are also coﬁmonly magnetic..

Trachytes were mapped in the area north and east of the sharp
bend of Sulphurets Glacier where they are thought to be hypabyésal
intrusiens. Similar rocks, possibly extrusive equ1valents of the-
trachytes, are recognlzed in the agglomeratlc units nearby.‘ Klrkham
dlstlngulshed greater amounts of albite and lesser amounts of microcline
in the trachyte as compared to the syenite. Both rock types are

.commonly porphyrltlc but, unllke the syenlte, trachyte contalns horn-
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blende phenocrysts and has a dark green aphanitic matrix. Feldspar
phecnocrysts in the trachyte usually are numerous, cuhedral and closely
similar in size (in the 2 to 4 mm range) in contrast to a scattering

of corroded grains of varying size in the syenite. Weak cpidote altera-

tion, pervasive throughout the trachyte, is'likely a deuteric phenomenon.

The present writers have very limited familiarity with the
granite but both Kirkham and Wares (1968) recognized granite as an
" important "end member" of the Mitchell Intrusions. Cross cutting relation-
ships with granite in the syenite as described by Kirkham were not
recognized in the field by the present writers. Two samples of granite
were however collected during the course of the 1974 rock geochemical
" sampling program. The granite is distinguished by an'bvgrall dark red
to a light purple colour, the presence of ‘visible quartz and by the low
content of ferromagnesian minerals. It is holocrystalline with subhedral
and anhedral feldspars and siliceous matrix. Feldspars are mostly red
with white cores and are microline microperthite and perthite. Quartz,

calcite and chlorite veinlets cut the granite.

Cataclastic syenite occurs on the south slope of Mitchell
Valley in close proximity to the trace of the'éulphurets Fault. It
typically consists of a mixture of granulated and mylonitized syenite
and coarse fragments of brecciated syenite. Quartz is abundant in the
matrix portion and exceptionally foxrms as.much.as 50% of the total
rock. Colours vary from dark red fo light grey, depeﬁdent'ﬁpon the
intensity of alterafiqn that has affected the rock. Thelxroaaestérea
of ca£aclasis corresponds to the intersection of the Sulphurets Fault

and underlying steep angle north-south faults. .

D. Andesitic and Dioritic Rocks
On the écéompahying map sheet (Figure 4) four subdivisions
of the andesitic and dioritié rocks are indicated. Two of‘thé sub-

" divisions, andesite tuff and andesite agglomerate, are clearly of
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extrusive origin; the third, dykes and sills, is intrusive and probably
consanguinous with the first two; the fourth, hornblende diorite

porphyry, is intrusive, crosscuts trxachyte and is virtually unaffected

by the regional alteration.

The andesitic tuff.unit includes crystal and lithic tuff and
interbedded tuffaceeus sediments of andesitic composition. It is
abundantly distributed on the north side of Sulphurets Valley and,
together with agglomeratic and epiclastic material,.forms an arcuate’
wedge marginal to and partly aseimiiated by the syenitic plutonic
rocks. On the south side of Mitchell Valley, however, tuffaceous
rocks are less common even though the fragmental varieties eppear to
persist. Crystal tﬁff members have angular crystal éreins and fragments
in a microcrystalline groundmass whereas lithic tuffs are composed of
small rock fragments in a tuffaceous matrix. Bedding is seldom prominent
and frequently is obscured by alteratioﬁ. Colours vary from light green
to grey .and alteration is of variabie‘inéensity. Weak silicification’
and weak to moderate development of epidote,-ehlorite and calcite are
typical. Potash metasomatism has occurred close to the syenitic plutonlc

rocks and in most cases results in a pink coloured crystalllne rock

that can scarcely be dlstlngulshed from the intrusive rock. Similarly

ambiguous, the andesitic agglomerate with coarse fragments and a
tuffaceous matrix may easily be confused with some of the coarser

clastic sedimentary rocks. -

Although mostly too small to show on the accompanying geologlcal

map, ande51te dykes and sills are occasionally recognlzed in the field.

It seems probable that some of these structures are actually small
plutons or were feeders at the time of extru51on of the enc1051ng
volcanic debrls. The andeSLte is green, ‘dense, holocrystalllne and

generally lacks 1nternal structures. Feldspar phenocrysts are occasmonally

‘present. Chloritic alteratlon is perva51ve in some dykes but others are’

. virtually unaltered.’ Calc1te, epldote and minor amounts of magnetite'

are variable components.
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Dioritic dykes have characteristics similar to thoso of the
andesite dykes but are lighter in colour and coarser in grain size.

Essential minerals are feldspar and hornblende. Micas were noted in

only one occurrence.

~

Kornblende diorite porphyry is present in several areas on
the slopes immediately north of Sulphurets Glacier. This rock type is
distinctive, having ﬁp to‘30% euhedral and subhedral hornblende pheno-
crysts and a dense finely crystalline feldspathic matrix. Hornblende
grains may be aligned and are commogly chloritized. Pyrite may be
disseminated in coarse grains, exceptionally up to 20% of the rock and
is moderately abundant in association with the unit in massiQe form in

‘lenses and narrow veinlets.

Kirkham gives useful tabulations of visual estimates of
mineral compositions of both volcanic rocks and various members of
thé Mitchell Intrusions. Due to the high percentages of "unresolvable"
matrix (30 to 40% in Mitchell Intrusions, 10 to 25% in vplcanics) and
the abundances of alteration minerals, particularly sericite, chlorite,
calcite and epidote, attempts to prove their comagmatic origins by o
this method are likely to be futile.- The overgll e;idence, bdth.fiéld
and laboratory, is suasive and the present writers speculate that
further work will demonstrate the close ggnéticAreiatiénship; Recent
work by Preto (B. C. Departmeﬁp'of.Mines and Petroleum'ﬁesoutces) in .

the Aspen Grove and Afton areas was successfully directed to similar

problgms;

E.. Claétic Sedimentary Rocks .

"'Earlier désc;iptions of the'Sulphurets areé ﬁave emphasizéd
the importance of volcanic rocks but it is t@e present writers' obser-
vation that true Qolcanié rocks are relatively limited in extent. B
A great many tuffaceous and pyroclastic sedimentary rocks céliectively
‘referred to as epiclasticé, occur in éssociation with the more tra-

ditional sedimentaxry rocks such as arenites and greywackes. . Making
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the distinction between greywackes and pyroclastics is particularly
difficult in the field but was possible with grecater degree of

confidence in the office where cut surfaces were examined.

Greywackes are présent in all parts of the Sulphurets Creek
area. Lithic grewacke,'in which rock fraéments exceed detrital
feldspar grains, is predominant in the southwestexrn portion of the
property whereas feldspathic greywacke is most abundant in the eastern

and northwestern portions.

Feldspathic greywacke has about 30% and occasionally up to
60% feldspar both as subangular detrital grains and as phenocrysts in
rock fragments. Sorting is poor and particles range from silt and
clay size throﬁgh coarse sand and pebblé sizes. Colours vary from
green to grey-green and are usually influenced by weak chloritization
of the rock-flour "paste" matrix. Chert fragments commonly comprise
10% of the lithic varieties of greywacke. In addition to chlorite,

carbonate and in particular epidote are common products of alteration.

Kirkham (1963) was firmly convinced Fhat‘much of the sedi—t
mentary material, both coarse and fine grained, haa been deposited
by turbidity currents or at the very least had been affected by such
currents. He found the rocks to typiéally,have aﬂ extremely low
maturity index, poor softing and a low degree of roundness of the
- fragments and grains. On the basis of their recenf field studiés the
present writers havé no reason to dispute Kirkham's conclusions with

respect to the greywacke component of the sedimentary segquence.

Arenites are distinguished from the greywackes by being
very siliceous and containing less than 10% argillaceous matrix.
At Sulphurets Creek the arenite is typically a massivefgrey, fine-

~grained, pyritic, quartz-rich rock. that lacks good bedding features. -
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Quartzitic-, feldspathic-, and lithic-arenite varieties of the unit
were distinguished in the office depending upon the nature of dominant
components as determined on cut surfaces. Wackes, which are similar
rocks with mofe ﬁhan 10% argillaceous matrix, were>also recognized.
The arenites are severely complicateé by silicification, weathering,
staining and leaching. Overall, the arenites appear to exhibit a

higher maturity index than do the gréywackeS.

The arenife unit does not, outcrop in the hanging wall side
of the Sulphurets Faulf. A lateral change éastwaid, away from the
fault, from arenite to wacke to greywacke is thought to represent a
facies.change. In the past this transition was intexrpreted as a
stratigraphic succession which lead to a somewhat different geological

model for the area.

A thick sequence of argillite, siltstone and chert occupies
the southeastexn portion of the Sulphurets-Mitchell Creek area. These
rocks appear to underlie the arenite unit and include minor amounts of
wackes, arenites, tuffs and trachytes.  In general they are thinly
bedded and well indurated or weakly hornfelsed. The argillites are
black, pyritic and caicareous; the siltstones, grey, siliceous or
cherty, and the cherts arevusually grey and highly fractured. Thih
limestone lenses were noted, particularly in the upper portion of the
unit but limestone is generally an uncommon occurrence. Chlorite, -

sericite and epidote are present throughout this sequence of rocks.

A very extensive sequence of shales, argillites and con-

" glomerates lies west and northwest of the Sulphurets Fault Zoﬁe,

" These rocks exhibit distinctly lower grades of metamofphism than do

the volcanic and epiclastic rocks that ﬁnﬁerlie'thq.fault zone. North
of Mitchell Glacier they are unconformably above the strongly altered

series but in.the one area that the contact has been observed (E.A.O.-

'1568) the rusty weathering, "punky", soft, sericitic, clafey and
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pyritic alteration typical of the underlying unit was noted periading
fractures in this shale, etcetera, sequence.

F. Regional Metamorphic Rocks
Strongly foliated light coloured rocks are exposed close to

the south side of Mitchell Glacier and for several hundred feet
immediately downstream from the snout of the ice. Where weathered;
this rock is similar in appearance to members of the strongly altered
"arenite" unif. Profound differences exist, however, that justify

assignment of the lower lying rocks to a separate geelogical unit.

The silicified arenite contains a high percentaée'of quartz
and pyrite in quartz stockworks and as perQasive metasomatic "flooding".
Where recently exposed by glacial retreat the arenite formsAprominent
steep-faced bluffs and huge blocky talus. Weathering of pyrite that
occurs in seams and veinlets produces a dark red-brown oxide "skin"
on ifs surfaces. The strongly foliated rock, in contrast, contains’
similar quanitites of pyrite.and lesser amounts of silica. The pyrite
however 'is disseminated and the silica is disguised in the bulk of .
the rock rather than prominent in fractures. :The'unit weathers
_recessively and its ta}us pieéesAére sho;t;liVed in the pe;iglaciall
environment. Its main constituents are quartz, sericite,.taié and,
~.oécasionally, chlorite. Pyrlte, molybdenlte and ChalCOPlete are

present but only pyrlte is in s1gn1f1cant quantltles.

Three subdivisions of the.strongly foliated formation are
indicated on the accompanying geology map (Figure 4):
1l. talc-sericite-chlorite schist- o ' ' .
2. quartz—sericite schist - '
3. chlorite schist.

These subd1v151ons may reflect variations in parent materlal.

. In 1970, Peter Brown, after plane table mapplng in the
Mltchell Glacier area for G.M. L., studied the SChlStS w1th the aid
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of thin sections. He noted the lack of feldspars or feldspar remnants
but even so considered the rock a highly silicified syenite in which
schistosity was defined by sericite and talc. Quartz “tails” with
pyrite grains were éhought to be stress shadows consequent upon
dynamgc metamorphism and their conformity to schistosity suggested

that the pyrite driginated at least prior to completion of the dynamic

cycle.

The present writers have insufficient experience with the
schistose rocks to offer alternatives to Brown's observations. At
present, though without compelling evidence, they are very dubious

about the parent rock having been a syenite.

The strongest foliation in the schist is oriented east-west
with very high angle dip in contrast. to a predominance of northerly
trends in most of the overlying rocks. - It is possible that the
schists represent a regionally metamorphosed "basement" that is
exposed due to the combination of regional doming (after Grove, 1968)

and deep glacial erosion.

G. Alteration

Widespread and varied alteration patterns characterize the

Sulphurets Creek area. The entire zone of alteration and the included

'copper and molybdehum mineralization is stained by brightly coloured

weathering prqducts.“ln contrast, tﬁe.Bet?y Creek formation rocks to. -
the east and the Lower Jurassic.(Hazelton formation?) sedimentary

rocks to the west are virtually unaltered.

Alteration and structure are closely related and metals of

- economic interest, copper, molybdenum and gold, are invariably and

inseparably involved with-the alteration. Low temperature ‘sodium
metasomatism resulted in:regional scale albitization. Potash metaso-
matiém,'which may have occurred simultaneously with the albitization,'

contributed to the prevalent sericitic alteration.
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Sulphurization is presumed to also have been a phase of this
alteration episode. Among the most thoroughly and intensely altered
rocks in the Sulphurets Creek area are the silicecous-pyritic arenites
exposed on the south slope of the ridge between Sulphurets and Mitchell
Glaciers. These rocks consist almost entirely of cherty quaitz matrix
and a myriad of quartz veins with abundant granular pyrite and minor
sericite. This rock type contains erratic low values in gold and

generally negligible amounts of copper.

The zone described above is separated from the overlying
plane of Sulphurets Fault by a less intensely altered zone of quartz-
sericite-minor chlofite—pyrite schist which terminates abruptly at
the Fault. The major portlon of physical work performed to date has
been directed to this zone. Copper minerals, mainly chalcopyrlte,
with molybdenite and gold values are extensively distributed in the

rock, both as disseminations and on fractures.

East of the silicified and sericitized arenite described
above and many hundreds of feet away from the'Sulphurets Fault,

feldspathic greywackes and related rocks exhlblt lower epidote-

.amphlbollte and upper greenschist facies regional metamorphlsm.

Characteristic minerals of the assemblage are epidote and albite.
Epidote forms more than 50% of some rocks and the presence of ca1c1te,

ser1c1te and chlorite suggests that saussurltlzatlon occurred.

The regionally metamorphosed rocks near the cerminus'of

Mitchell Glacier have been affectedbby carbon dioxide metasomatism
and by silicification. The cccur;ence of talc and chlofite"and sub-.
stitution of one minerEl'for the other.are characteristic-cf these
processes acﬁing at‘low temperatures in greenschist facies metamorphism.
The quartz stockwork in-and adjacent to the schists likeiy'resulteﬁ o
from concomittant release of silica. 1In the past an igneous hydro- -
thermal source of silica was assumed. . Up-dating of petroIbgic daié

concerning these rocks is badly needed.
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R. V. Kirkham discussed rock altcration in detail in his
1963 thesis. Among many observations presented, the following are
particularly significant:
1. the area of the visible portion of the alteration halo is
) three times as large as the area of intrusive rocks.
2. all rocks have been affected to some extent
3. weak propylitization is the most common type of alteration
(Glossary of Geology defines propylitization as "a hydro-
thermal process involving the formation of a Erogilite by
the introduction of, or replacement by, an assemblage of
minerals including carbonates, epidote, gquartz, and chlorite".)
4. regional albitization of plagioclase has occurred (Kirkham |
posed the question of whether this reflected the main period
of alteration or whether it was related to a more widespread
spilitic province and this subject deserves further investif
gation; particularly in view Qﬁ W.S. Fyfe's recently stated
N - ideas concerniﬂg seawater metasomatism.) '
O 5. albite, calcite, sericite, quartz, chlorite and pyrite are
the most common secondary minerals
6. a major portion of, if not éll, alteraﬁion has taken place

‘at constant volume.
H. Structural Geology -

' The broad zone of alteration described in the previous
section is confined to the area between Sulphurets Fault on the west
and, at least in the Mitchell Glacier area, Brucejack Fault on the
east. To the south the zone narrows appreciably where last observable
at the ridge between Sﬁlphuréts and Frank Mackie Glaciexs and, less
obviously, appears to be narrowing at the edge of the snowfield north
of Mitchell Glacier. The shape of the zone as viewed in plan is thus
a very elongated ellipse with the elongation being in the north-south

direction.
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To the southeast the trace of Brucejack Fault dlverges
easterly from the main zone but is 51m11arly accompanled by the .-
‘rusty-weathering pyrite-sericite alteration asscmblage. Other vertical
and nearly verticel faults lyihg west of the Brucejack Fault are trun-
cated by the Sulphurets Fault which also strikes northerly but dips - -

west at a much flatter angle.

Bedding attitﬁdes have been recorded‘ln most Earts of
Sulphurets Creek area. A consistenF pattern for the area has not
been developed due in part to the intensity of data-obscuring altera-
tion, to the complicating effects of faults, folds and dyke systems
and to the presence of sedlmentary facies changes that have been
recognized only recently. A regional dome structure has been referred
to in reference to the Mitchell Glacier part of the area but if it
exists it must trend generally east-west contrary to northerly

trends observed in younger rocks elsewhere in the area.

I. Economic Mineralization

The exceptionally large area of sulfide minerals associated
with intense but low temperature alteration at Sulphurets and Mitchell
Glaciers has many characteristics of major porphyry—type.copper—

. molybdenum mineral deposits. The pertineqt oheraoteristics shared

~with the Sulphurets Creek property include the following: (reference
is to Lowell and Guilbert's paper in Economic Ceology,lQ?O,Vol.GS,p5373—408).
1. mineralization emplaced at relatively shallow depths, i.e. '
within a few thousand feet of surface .

2. ore dep051t10n essentlally contemporaneous with intrusion

'3. 'related 1gneous bodles exhlblt minox to pronouncedly elongate
E shapes . '
4;“ porphyry copper deposit env1ronment commonly developed in
: stocks with cross sections of well under a square mile at

the elevation of orxe deposition
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cmpluccment of related igneous rocks almost totally passive
(thls factor is dlfflcult to determine at Sulphurets Crcek

and may not be valid - note brecciation)

'assoczated intrusive rocks stock-like with subordlnate

- associated dyking

associated intrusive rocks tyﬁicaily intermediate to felgic,.
the sequence being froﬁ'dioritic to monzoniﬁic rocks with -
mineralization affeéting all these roék types

a nearly universal association of porphyry-type deposits
with porphyritic rocks .

ore deposits commonly bounded by a post ore erosion suxface
and by at least one posf'ore fault

a large part of mineralization aésociated with porphyfies
occurs in pre-ore rocks .

alteration of pofphyry copper deposits includes some or all
of the following assemblages:. potassic, phyllic, argillic and
propylitic (all assemblages are present ih the Sulphurets .
Creek area) . ) '

alteration typically extends s@me distance from the outer
reaches of mineralization and frequently merges with low-rank
metamorphic effects, the two being discriminatea'oniy with
difficulty '

small to medium sized dep051ts of base and precious metals
occur perlpherally to the porphyry—type mlnerallzatlon.
Common minerals in thls zone are sphalerlte, galena, 51lver,
chalcopyrite, gold and pyrite

the order of abundance of minerals is pyrite, chéléopyrite,
bornlte, enarglte and molybdenlte ’

the typical lateral zonlng sequence appears to be. outward

" from pyrite-molybdenite, to pyrite—chalqopyrite—-molybdenite-

bornite, to pyrite-chalcopyrite, to sphalerite-galena-silver-

gold. 1In the vertical sense zoning may be upward- through.

pYrite-chalcopyrite-molybdenitegrading.into pyfite.
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16. hypogcne'eulfides typically occur in veinlets and as
dissceminated grains. "As a broad generalization, the por-
phyrites give the impression of being'la:ge masses of
homogeneous material penetrated by a reficulate‘network of
fractures. and mineralized by a massive infusion of fluids
which soaked the mass rather than concentrating mineralization
in tabular masses or replacements" - guotation from preliminary

version of L. & G.'s paper,

17. a progressive‘ékadation in sulfide ocgurence is almost ?n-
. variable frbm veins inward.to veinlets to veinlets plus
disseminated to disseminated '
18. breccia plpes and crackle zones are commonly present' "
p19. supergene sulfides are usually present, chalcoc1te bélng'“

the most common.

Pyrite is conspicuous in most.parts of the Sulphufets Creek 
mineral zone, varying from a "background" of about 0.5% to a maximum
in strongly silicified areas of more than 10%. All rock units contaiﬁ :

pyrite, either as disseminated grains or in veinlets.

Chalcopyrite is widely distributed in small’amouﬁts and
occurs as'concentfations in certain contact and faulted zones. Eplclastlc

volcanlc rocks on the upper south slope of the r1dge between Sulphurets

"and Mltchell Glac1ers contain 0.2 to 0. 6% disseminated chalcopyrlte.A--'

Strongly 5111c1f1ed arenites at lower elevatlons and to the east of

the eplclastlcs may contain up to 3% chalcopyrlte mostly in halrllne :
sulfide fractures but-also as diseeminatiens. It is not yet apparent .
whether the lntenSLty of chalcopyrlte mlnerallzatlon ‘increases w1th ’
proximity to faults or to certaln less siliceous (tuffadecus?) horizons
in the arenite unit. A patch of abundant chalcopyrite in'syenite
located at the top of the'ridge was investigated by DDH 62-1 and found
to_be shailow. Zones of steep angle faulting and the contact between

intrusive rocks and underlying-schistdse rocks south of Mitchell Glacief'
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bear much copper staining but quantities of chalcopyrite or other
sulphldcs have not been determ;ned Massive chalcopyrite in veinlets

was noted in steep bluffs 1n a heavily wooded area north of the toe

"-of Sulphurets Glacxer and 1/3 mile west of the toe of Mitchell Glacier.

.

Bornite has been reported from rocks at the south side of

the lower part of Sulphurets Glacier but has not been confirmed.

Disseminated bornite, obscure on fresh surfaces, occurs in dark coloured

'coarsely porphyritic feldépar;rich.intrusive rocks north of Mitchell

Glacier. Elsewherxe it is present as a secondary mineral or in minox

amounts associated with chalcopyrite.

Molybdenite occurs with'chalcopyfite in faulted zones,
Qith pyrite in silicified arenite and extensively in quartz veins and
fractures in chlorite-sericite schist. The lattef mode of occurrence
is typical of molybdenite near the edgé of Mitchell Glacier'on the

John Bull, Arbee and bawsén—Ross_claims.

'Pyrrhotite»ié absent or sparcely‘distfibuted'in-most parts

of the Sulphurets and Mitchell Creek areas. A notable exception is -

south of the toe of Sdlpburets Glacier where byrxhotite occurs in

and near a diorite intrusion, possibly'a sill.

Magnetite distribution is a reliable guide to the contact
between intrusive and host_roéks. In.addition, "freéher"-éyenitic
intrusions characteristically contain 1 to 3% magnetite. No .massive
or vein—type magnetite occurrences are known but concentrations
sufficient to cause compass dlstortlon are present in crushed syenlte
near Sulphurets Fault on the upper north—fa01ng slope of the Sulphurets
and Mitchell Creek Ridge.
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Sphalerite and galena occur with coarse limcy material on
the ridge between Sulphurets and Mitchell Glaciers at the west cdge of
the altered rocks, in gash veins with barite immediately below. the
Hanging Glacier, and in several places near Mitchell Glacier in zones .

of intense pyritic-sericitic alteration.. The Sulphurets Creek - Unuk

River areas are not partlcularly endowed w1th lead-zinc mlnerallzatzon but
all occurrences are of interest due to an almost: invariable silver and
gold association. 1In addition, the environment may be favourable for

the occurrence of "Kuroko"-type stratabound volcanogenlc base metal

dep051ts.

Four types of mineral oocurrences of possible economic~
interest have been'explored in the Sulphurets Creek area: .
1. Placer depos1ts of gold '
2. Dissemihated copper with molybdenum and gold
3. Fracture-controlled and quartz—stockwork molybdenum
4. Gash veins containing sphalerite, galena, ruby silver(?) and

electrum in barite-calcite gangue.

N Placer goldffrrst attracted prospectors into Sulphurets Creek
~ valley. Total production has.undoubtedly beea insignificant and was -

’ obtained at high cost of monep and effort. Naiﬁ Qorkings were on .
Mltchell Creek between McTagg Creek and Sulphurets Creek where gold 1s
both very coarse and rather fine. Two sources are indicated; coarse’
material from quartz veins close to placer worklngs and fine materlal

from the pyrite-quartz alteratlon zones several miles to the east.

At present several placer leases are operated durlng theA
summer months by Duke Kllbury and Joe Warner of Ketchlkan, Alaska usrng
awkward but effectlve methods. Thelr professed poor results are v1ewed ’
with skepticism. Many opportunltles for locatlng placer dep051ts are »
'recognlzed In addltlon to access problems, all bear the severe burdens

of short worklng seasons compllcated by high summer run-off stream
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flows, dcposits comprised of poorly-sorted unconsolidated gravels,

rock flour, clay and boulders and by iron oxide coatings on gold.

éopper mineralization with’gignificaht amounts of molybdenum
and gola occurs in many parts of the 1argé complex'of altered intrusive, -
volcanic and sedimentary rocks. Mineralization is Soth fracture con-
trolled and truly disseminated, the latter being most prominent in
rocks of intrusive origin.

Work to date on the copper occurrences has mostly been
confined to the so-called "Main Copper Zone" located on the upper
south slope of the ridge between Sulphurets and Mitchell Glaciers.

738 feet of packsack drilling, six diamond'dfill holes totalling

3333 feet, and several hundred feet of bedrock trenching have been
completed (Figure Sb).' With the exception of DDH 62-1, positive drill
results have been obtained. DDH 62-1 unsuccess fully tested~the’theory,
~that copper mineralization had beén‘introducéd via the Sulphurets
Fault structure. Collared in mineralized syenite, it passed through
Sulphurets Fault at a depth of 824 feet-ﬁhen entered sparcely mineralized-.
silicified arenite. DﬁH 68-1 tested a broad'zoﬁe of mineralized'epi—. ‘
clastic volcanic rocks and syenitic sills. Remaiqing drill holes ‘
" tested the sheared aﬁdndneralizedsiliceous arenite., Assays are
indicated on Figure 5a. Zones of good copper poﬁéntial are exposed
both south and north of Mitchell Glacier. Iﬁfthese areas chalcopyrite
and bornite are present in and close to various syenitic intrusive
_.bodies{ of which'sdme‘havé been crushed and others are apparentiy

either fresh 6r coﬁplgtely recrystallized. -

Large areas of strongly pyritized silicified'arenite contain
only small quantities of copper minerals. Due to the acid environment

produced by weathering of pyrite, copper minerals tend to be selectively
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lcached from outcrops and care is required in evaluating outcrops
apparcently barfen of copper. Small bedrock ‘pits excavated by mecans
of Cobra drill and dynamite are useful in this procedure and have
resulted in new discoverics. In addition, it is practical to dis-
tinguish gossans developed from sulfides barren of copper from -those
that have copper values on the basls of colour: barren weathers

yellow; copper-bearing weathers reddish.

Malachite occurs in limey, lenses throughout the epiclasfic
volcanic unit and freshly blasted surfaces are commonly heavily coated °
with malachite and azurite that rapidly fades and is washed away. '
More spectacular and persistent malachite stains occur in and close to
faulted and crushed zones along the slopes south of the terminal part
of Mitchell Glacier. Several of these stains are many hundred square’
feet in area and represent thin layers of secondary copper minerals
deposited from groundwater that seeps from the faults and evaporates

as it percolates over the steep smooth rock surfaces.

) _ Gold in small quantities is found in many parts of the
Sulphurets and Mitchell Glacier region in association with pyrite,
chalcopyrite and arsenopyrite. Areas of better ﬁolybdenum values
appear to contain negligible or at best very minor amounts of gold.
In the Main Coppef Area (Figore 5a), about 0.02 oz/ton gold acoompanies
0'55% copper. Pyrltlc zones in the western portion of the Area con—'
tain trace amounts of copper but exceptlonally up to 0.22 oz/ton gold.

Elsewhere in the same general area grab samples contalnlng 0.80 oz/ton

:-gold have been assayed. .Parts of the silicified pyritic arenite assays ,:

very low in gold (ip the O. 003 oz/ton range) and massive pyrlte
commonly assays O. Ol oz. Au/ton. A practlcal and rellable method of
checking the per51stence of gold values has not been employed but . the
current favourable gold price suggests that more efforts-should be-'

directed to this matter.
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In the southcastexrn part of the Sulphurets Creck propecrty
in the general vicinity of the Q&Qgiggwgga;ier both electrum and
auriferous arsenopyrite have been found. Thé electrum was found in
1960 in barite-calcite veinlets but the precise location is unknown.

Gold-bearing arsenopyrite was located in 1974 during the rock geo-

chemical sampling program.

Native gold was found in 1960 in a boulder southwest of

the terminus of Mitchell Glacier; jts source is unknown.

GEOPHYSICS

Airborne and ground magnetic surveys were employed in the
early stages of G.M.L.'s work at the Sulphurets Creek property. Early
in 1960 a helicopter-mounted magnetometer revealed magnetic anomalies
between the Hanging Glacier and Sulphurets Glacier but much of the -
rest of the area was by-passed due to heavy snow cover which made .
inoperable the method of using strip photogréphy for flight-line
recoiery. The suryey'was compieted-in mid-summex 1964 when flight
paths could be accurately traced. Several mégnetic‘anomalies‘ |
corresponding to the main zone of faultihg and related crystallihei

intrusions were located.

Ground ﬁagnetic surveys were carried out‘in 1960 in the
southegstern portion of the Sulphurets area claims to confirm
anomalies found by the airborne instrument. The survey was
successful in delineating a pattern of dioritic dykes contalnlng .
magnetlte.‘ Other ground surveys completed in 1960 in the Mitchell

Glacier area gave inconclusive results.
The feasibility of using induced polarization surveys to

delineate sulfide distribution at Sulphurets Creek was investigated

in 1964 by Dr. Arthur Brant, then Newmont's chief geophysicist.
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Recognizing scvere problems of terrain, permanent snow and pervasive

pyritization, he made a negative recommendation.

Since 1964 the general topic of geophysics has scarcely been
considered with respect to the Sulphurets Creek property. A review
encompassing new methods (i.e. Magnetic I.P.) and new applications
(i.e. multi-channel scintillometry to outline variations in K distri-

btion) is overdue.

GEOCHEMISTRY

l. Introduction

In addition to the obvious formidable problems created by a
remote location, a hostile climate and rugged topography, exploration
of the Sulphurets Creek property has been hampered by the more favourable
and manageable problem of size. The dimensions of the area favourable
for mineral exploration are about 5 miléé‘(SLOVkmi~north—séuth and
3 miles (4.8 km) east-west. In orxder to plaﬂ and carry out systematic
efficient exploration it is necessary to identify and assign priorities
'ts various portions within the area. Althougﬁ beérock exposures are ‘
generally good, the priméry'tool in this process, geolpgy, is somewhat
handicapped by the blanket of iron oxide minerals that obscures ﬁhe -
potentially valuable sﬁlfides. ﬁéaqhing and gnrichment of metals has

.also occurred.

Prior t6 1974 mapping, silt sampling, trenching and drilling
had been applied to the Sulphurets Creek property. In.accdrd with .
recommendations by both Bondar—Clégg (1968) and Chemex Lab§ Ltd.,(1971)'
a prqgfam.of bedrock sampling was commenced during Jﬁly 1974. Tﬁe-

objective of the survey was to apply multi~element analysis to the
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bedrock samples to identify primary, and possibly secondary, dispersion
patterns around potential ore zones. The intent was to sample initially
on a 400 foot square grid pattern to be followed by a 200 foot pattern

in areas of unusual interest.

2. Orientation Surveys

During June 1968, Fabian Foréeron, Ph.D., of Bondar-Clegg &
Company Ltd. carried out an orientation geochemical surxrvey in part of
the Sulphurets Creek property. 67 samples,of which 17 were bedrock
samples; 14, stream sediments and 26, talus fines; were analysed for
co;d citrate extractable copper, hot acid extractable copper, lead,
zinc and silver, pyrosulfate fusion and thiocyanate colorimetric
determination of molybdenum. The survey determined that ‘geochemical
techniques could be used to indicate the presence of ore grade
mineralization. The problem of scavanglng of trace amounts of metal by
sorption and by co-precipitation with hydrated ferrlc oxides to give.
anomalous metal values tended to partially discount the effectiveness
of sampling unconsolidated and surficial material. Of significance
with respect to this report were Forgeron's observations that "Bedrock
analyses indicate that copper gives‘a broadly -anomalous halo around
known copper mineralization and that molybdenum and silver give more
réstricted halos which may be useful in providing.target sites over

broad bedrock copper anomalous (sic)" and "there is a copper-lead-

zinc association in the talus fines which may be indicative of bedrock

sources of silver”.

In 1971 H. Bichler and B. Brown of Chemex Labs Ltd. analysed

‘one pyritic sample and one sample with low values in both pyrite and

copper and reviewed Forgeron's report in order to provide a second
opinion regarding rock geochemlstry at the Sulphurets Creek property.
They concluded thatsevereratlo 1nver31ons were recognizable and that

a program of rock geochemlstry would prov1de useful elemental zoning da:
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While the 1974 sampling program was in progress Josecph H.

" Montgomexry,Ph.D., P.Eng., was commissioned to carry out a further
field~oricntatiod study and to check and advise on the suitability of
field methods being employed. He selected fi?e samples of varied.
lithology which were analysed for 34 elements by semi-quantitatibe
emission spectrographic techniéues. Dr. Montgomery's report is

appended to this report (Appendix IIA}.

After completion of field work, twenty rock samples repre~ .
sentative of major rock units, irreépective of mineralization, were
selected and analysed for twenty-four elements (see Appendix IIB).
Because of the variety of rock and alteration environments involved,
it is probable that an insufficient number of samples was analysed.
Following a review of all pertinent data all samples were analysed

for copper, molybdenum, lead, silver and gold (Appendix IIC).

-

3. Analytical Procedures

Samples consisting of between one and two pounds of fresh or
reasonably unweathered bedrock were submitted to Chemex Labs Ltd.
After pe551ng through a jaw crusher and a gyratory crusher, the
sample was split_through a "Jones" splitter to obtain about 250 grams
. of material. The latter quantity wes pulverized in a contamination-
free ring pulverizer to -100 mesh size. Accurately weighed 10 gram

and 0.5 gram portions were then prepared and digested;

The 10 gram sample was ashed at 550°C then twice heated to
dryness in equa regia. The resulting residue was dissolved in 25%
‘hydrochloric acid and aspirated through Varian Techtron Atomic Abi
sorption Spectrophotometer. In the first stage two readings were -
obtained: one for silver (Ag++) and the other for the interference
factor whlch was then subtracted from the first quantlty to give a net

corrected value for silver content ~ Gold was then extracted from the
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solution into hydrobromic acid and MIBK, an organic complex. Gold was

determined by passing the resulting gold organic extract through the

AA unit.

The 0.5 gram sample was digested using 3 ml. of 70% perchloric °
acid and 2 ml. of concentrated nitric acid for 2-1/2 hours at 203°C.
The solution was then diluted with distilled water to 25 ml. volume,
and heavy particles were allowed to settle out. The clear solution
was processed through the atomic absorption unit and readings were

obtained for copper, molybdenum and lead.

4., Treatment of Data

. Geochemical data were plotted on base maps prepared on scale
of oneﬁinch to 800 feet (243 m). On the base maps each sample site is
identified by a small numbered circle and the particular geochemical
value is plotted nearby using a slightly larger italicized script

(Figures 10 - 14). e

It was found that in all cases geochemical values exhibited
great variation, due, presumably, to the range of rock types present
and to the varying alteration and mineralization histories to which the
area as a wholg has been subjected. Conéequently contouring was
designed to express relative abundances of metals rather than to be

statistically defensible in the strictest sense.

For convenience parts of tbe geochemical maps were~c§loured
to reflect arithmetic multiples of abundances df metals: yellow indicates
metallic ion present in above general background levels for'the‘aréa,
probably‘iittle economic significance; blue - anomalous values,.pdésibly
close to economically significant mineralization; green - significantly '
' anqmélous~quanti£ieslof metallic ion present in the rock; red - a high

concentration of metallic ion.
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5. Geochemistry of Copper

Values obtained for copper in bedrock geochemical samples are
plotted on Figure 10. Values are.plotted in profile on Figures 6,'7
and 8. The lower detection limit for copper. in the analytical method
employed.is l.ppm. Values recorded in the'surveyed area range from 8
to 6560 ppm. 500 ppm (.05%) was selected as a significant value and

a 2 factorial multiple of 500 was used as the contour interval, viz.

500, 1000, 2000, 4000 ppm.

The pattern of distribution of significant amounts of copper
in bedrock corresponds modefately well with data obtained from pros- '
pecting and geological mapping. Attention is‘drawn to the area just
north and northeast of ﬁhe bend'ip Sulphuréts Glacier where, althougﬁ
copper mineralization had been recognized earlier, copper is more
-widely distributed than previously suspected. The results of the
partial survey south of Sulphurets Glacier are sufficiently encouraging
to demand further attention. ‘Altﬁohgh the apparent "double" band of
high values across the top of the ridge between Sulphurets and‘Mitcheli
lGlaciers was unexpected, elsewhere resulté are‘prgdictably high in the
"Mgin Copper Zone and other ‘areas adjaceﬂt to'the‘Sulphurets Fault.

. Areas of low'copper in bedrock were'gimilarly éntiﬁipated and this .
confirming geologicéi‘data will allow them to be disregarded with -
confidence during the period that work is directea to the primary

- target areas.

6. Geochemistry of Mélybdenum-

Valﬁes obtained for molybdenum in bedrock geochemical samples
are plotted on Figuré 1l. fhe lower detection limit for~molybdenum in
‘thg.gnalytical-method employed is lppm. - Values_récordea in the éﬁivey-
a;eaJ;anged from 1 to 340 bpm and a 2 fécto?ialhmultiplevof 10 was

used as the contour interval, viz. 10, 20,449, 80 ppm.
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Anomalous molybdenum values obtained south of the.nanging
Glacier are not related to any known mineralization or intrusive source
and the host rock is greywacke and chert. North of Sulphurets Glacier '
abnormally high quantities of molybdenum occur in zones closely related
to the trace of Sulphurets Fault, and near the.eontact between syenite
and epiclastic volcanic rocks.' Neither structural feature is well
defined by the molybdenum values. South of Mitchell Glacier, as is

the case for the pattern of lead and silver, the lower contact between

 the cataclastic syenite and the sericite-pyrite altered arenite is

conspicuousl& defined by molybdenum. Samples from the arenite unit
downstream from the snout of Mitchell Glacier are the most enriched -
in molybdenum, perhaps again reflecting proximity to the trace of -

Sulphurets Fault. - Two isolated but strongly anomalous samples are

No. 535, south of Mitchell Valley and No. 572, north of Mitchell Valiey.

Both represent phyllitic pyrite-rich shear zones of rather insignificant

dimensions. e

7. Geochemistry of Lead

Values obtalned for lead in bedrock geochemlcal samples are
plotted on Figure 12. The lower detection limit for lead in, the
analytical method employed is 2 ppm. Values recorded in the surveyed

area range from 2 to 1387 _ppm. The majorlty of values are less than.

20 ppm and a 2 factorlal multlple of 20 was used as the contour 1nterval,‘

v1z. 20, 40, 80, 160 ppm.

Only one anomalous'(i e. 20 ppm or greater) lead value was
obtained in the surveyed area south of Sulphurets Glacier. The lead
content of syenite located on top of the rldge between Sulphurets and
Mltchell Glaciers is very low whereas the sedimentary rocks exposed on
the south-facing s}opes from the toe of Sulphurets Glacier to the
Hanging‘Glacier produced a'high proportion of weakly to moderately
anomalohsvsamples and a wide scattering of samples‘abnermally high in

lead.
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A zone of very high lead content occurs south of Mitchell
Glacrer in the vicinity of steeply dipping faults and the trace of
Sulphurets Fault. This coincides with an area of cataclastic syenite
and rather 1ntense quartz and sericite alteration within whlch trace
amounts of galena have been recorded North of Sulphurets Glacierx
where copper mineralization has been investigated by trenching and

drilling, lead is generallv present in quantities only slightly above

background..

.
.

The wide distribution of samples apparently anomalous in
lead was unexpected; Additional office studies, employing different
numbers and contour intervals,‘should be undertaken. In the field,
attention should be directed'to possibilities-of finding‘stratabound
lead deposits. It is'notevorthy that copper and lead appear to be
largely antithetic except in the vicinity of the lower portion of

-

‘Mitchell Glacier.

8. Geochemistry of Silver

Values obtained for silver in bedrock geochemioal samples"
are plotted on Figure 13. The lower detectlon llmlt for silver ln'
the analytical method employed is 0 2 ppm. Values recorded in the
survey area ranged from 0.2 to 46 ppm and a 2 factorlal multiple of

1 was used as the contour 1nterva1 viz. 1, 2, 4, 8 ppm.

weakly ‘to moderately anomalous 511ver values were obtalned

_in the surveyed area south of Sulphurets G1a01er, and strongly anomalous d
values extend across the clalm group along the south and west end of . .
Mitchell Glacier c01n01dent w1th outcropplngs of ser1c1te-pyr1te
alteratlon imposed on arenlte. Elsewhere 51gn1f1cant silver values

are erratically dlstrlbuted over much of the slope between Sulphurets‘
Glacier and the rldge ‘top. ngh 51lver values do not’ lnvarlably co;nc1de

with areas of known copper mlnerallzatlon. As wlth lead, the silver content :

of syenite is low or only very weakly anomalous.
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With some striking cxccptibns, silver and lead have similar
distribution patterns. Silver and copper are less reliably covariant.

Several areas requiring further attention were revealed.’

9. Geochemistry of Gold

Values obtained for gold in bedrock geochemical samples are
plotted on Figure 14. Values are plottea in profile in Figures 6, 7
‘and 8. The lower detection limit for gold in the analytical method '
employed.is 30 ppb. Values recorded.in the sﬁrveyed ‘area range from
<30 to 6560 ppb with the ﬁajority of values in the <30 ppb range and
.a 2 factorial multiple of 100 was uéed as the contour interval, viz.

100, 200, 400, 800 ppb.

.Distribution of'énomalous gold values is generall& re}ated
to that of'anomalous copper values. Inwfhe southeastern part of the
survey area, in the vicinity of the Hanging Glacier, several samples .
. weakly anomalous in gold occur in an area of negl;gible coppef where
gold in electrum and gold in éréenopyrite have been found. The area -
peripheral to the lower part of Mitcﬁell Glacier is clearly qnoﬁalous
in copper and silver but gold is'not'as'obviously'énriched except atf
the eastern limit.of the survey. The linéar ahomaiy south.bf Sulphurets.
.Glacier.is noteworéhy for being very sharply definéd. The source mayj
be a‘vein or fraqturé'strucfﬁfe and adaitioﬂal‘invéstigations are. 4

- obviously regquired. |

10. Conclusions

The writers conside?'ﬁhe rock'geocheﬁistry project incomplete.-
Work to this stage hasfbeen'veiy'successful in oﬁtlining a.geochemiéal
pattern on the Suiphurets-Mifchéll Creek ridge that probably could
have been predicted in a general way from previous work. However,
~ significant new areas anomalous in metals were also located and some
areas were fopnd,to be for qurvpurposes biaﬁk, thus narrowing the

search.
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The problem of relating mctal distribution patterns to a
broad areca of multiple backgrounds and enrichment may well be resolved
by statistical treatment of the data. Advice in this mattex. should be
soﬁght in the literature and, when the project is complete, from geo-

~

statisticians. . e

CONCLUSIONS

The Sulphurets;Creek area‘'may contain one or more medium to
huge-size deposits of coppér ore with significant valués in molybdenum
and gold. The location and environment indicate that if a mineable ore
deposit were located many obstacles to development would ﬁave'té be
overcome. It is reasonable to expect that these could and woqld'bg.
overcome and that a major mining project is feasible.

lodest expenditures on eﬁploi;tion work have invériably‘en-
hanced the prospects of the Sulphurets Creek property. Its'geoloéical
featufes are remarkably similar to those reported at porphyry-type"
copper deposits throughout‘the wgfld- .

The‘Sulphurets Creek property ishneafing'the ;tagé of explo-
ration where major expenditures will be required. .Upon completion of
the rock geochemistry and éeology project initiated in 1974'it is '

" probable that a large program of diamond drilling will be indicated -

as the next stage of work..
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SUMMARY OF MINERALIZED ZONES

MOLY ZONE

The Moly 2Zone, previously referred to as the_Dawson Zone, is
a8 roughly circular area in guartz sericite schist with
molybdenite occurring in the folation planes and within guartz
veins. Cu and Ag occur in anomalously high geochemical values.
Molybdenite occurs in unknown guantities in an area about 1500

by 1500 feet.

MAIN COPPER ZONE

Copper Mineralization occurs in the hangiﬁg wall and
footwall of the Sulpburets Fault over an east-west distance of
8000 feet in syenite, trachyte, andesite and .arsenite. The best
Cu and Au values occur in a strongly sheared guartz sericite
schist derived from siliceous avenite. The zone i; 1200 and
possibly up to 3000 feet long, at lea;t 90 feet thick and dips
35 to 50° NW into the ridge. The best grades are up to 1% Cu

with 0.01 to 0.04 oz/t Au.

AREA WEST OF MAIN COPPER ZONE
A five foot sample at geochemical sample site number 2 in
shattered, siliceous arenite assayed 0.126 oz/t Au. This area

appears to be about 1300 feet WSW of the Main Copper Zone.
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KIRKHAM ZONE
Chalcopyrite and pyrite occur in an area of brecciated
intrusive rocks and the trace of the Sulphurets Fault.
Chélcopyrite and malachite staining are common. Pyrite is
ubiguitous and magnetite is locally prominent. Rocks that were
field identified as intrusives were microscopically identified
3s altered arenites. The Kirkham Zone may be continuous with
the Main Copper Zone through the Mitchell-Sulphurets Ridge.
Trenches in silicified sediments, hornfelsed guartzite and

pvritic shale contain 0.26 to 1.26% Cu.

IRON CAP AREA

The Iron Cap area is above the north side of the Mitchell
Glacier and west of the Brucejack Fault. It consists of a
moderately steep, strongly iron-stained sLope;surmounted by ice
and permanent snow. The upper two-thirds;of.the slope is almost
total outcrop and the lower portion is morainé and talus-covered
with minor outcrops.

Three'major sets of gquartz-pyrite veins and stockworks occur
in a2 parallel configuration overka total length of 700 m and a-
vertical extent of 400 m. The vein zones range in width from
0.5 to 6.0 m The veins are described as being in

guartz-sericite or chlorite schist,.
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Nineteen trenches across the veins have been chip-sampled.
The most significant value is 6.0 m of 0.19 oz/t Au and 1.72
oz/t Ag. The highest chip sample is 0.82 oz/t Au and 2.57 oz/t
Ag over 1.1 m in trench 4. Grab samples as high as 84.8 oz/t Au

and 779.9 oz/t Ag have been collected.

QUARTZ STOCKWORK ZONE

This area consists of intensely gqguartz veined quartz
sericite schists. Almost all the gquartz veins are in the plane
of the foliation in the rock. Molybdenite is exposed on a
canyon wall along the east edge of the zone. Two holes, 1000 to
1005 feet long, drilled in the area assayed 0.017 to 0.018 %
M°S2‘
BISHOP ZONE

Chalcopyrite is present in the majority of outcrops in

e
/- - -

strongly’éoliated guartz sericite schist adjacent to syenite andl
granite. The zone is 3600 feet long by 1600 feet wide and
trends northeasterly. The adjacent and underlying intrusive
rocks are viftually barren of mineralization..

A single trench described as bkeing in quarté—vdined

siliceous sediments contains 0.26% Cu over 29 feet.
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BORNITE ZONE

Two trenches have been blasted in a2 guartz diorite dike
cutting sedimentary rocks. Disseminated pyrite, bornite and
chalcopyrite are present. Assays range from 0.68 to 1.86% Cu

with 0.080z/t Au. The area is forest-covered and no other work

has been done.

BRUCEJACK LAKE AREA

The Brucejack Lake area is covered by the Red River claim.
Sedimentary and possibly some volcanic rocks of the Betty Creek
Formation occur on the west side of the Brucejack Fault.
Locally the rocks are sericite and chlorite altered and guartz
veined. Numerous, small guartz + pyrite i arsenopyrite :
galena contain Au and Ag values. ‘Rocks described as pyritic
guartz sericite schists contain 0.064 to 0.068 oz/t Au in the
few samples locations.

WATERFALL ZONE

Stringers of chalcopyrite occur in thinly bedded tuff in a
beavily forest-covered area. Two trenches have produced 11 feet
of 0.33% Cu, 0.006% Mo, 0.003 oz/t Au and 0.03 oz/t Ag and five

feet of 0.75% Cu, 0.045% Mo, 0.003 oz/t Au and 0.27 oz/t Ag.
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HANGING GLACIER AREA

An area about 200 feet by 400 feet is reported to have minor
guartz-calcite-barite veins with erratic Au, Ag values,
Electrum was found associated with barite but the location is
unknown.
McQUILLAN SHOWING

Somewhere a2long the north edge of the Sulphurets Glacier
0.24% Cu was obtained across 160 feet at an elevation of 2600
feet. - Higher grade sections contained up to 0.03 oz/t Au.
ARSENOPYRITE VEIN

An arsenopyrite vein was located in 1974 about 2500 feet
south of the Hanging Glacier. Grab samples over 20 feet assayed

0.36 oz/t Au and 0.23 oz/t Ag.

SUMMARY OF DRILLING

A series of packsack holes and eight diamond drill bholes
have been drilled on the Sulphurets property in two zones. The

following is a summary of locations, orientation and length:

New Northing Easting Length

Hole No. No. (Feet) Bearing Dip (Feet)
Packsack 1 no new number variable 185 in 9 holes
" 2 " " " " 251 in 9 holes
" 3 " " " " 102 in 4 holes
" 4 " " L . " 200 in 9 holes
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New Northing Easting Length

Hole No. No. (Feet) - Bearing Dip (Feet)
DDH 1-62 1 6228 6610 -- -90 1012
" 2-62 2 5195 6650 180° -60 504
" 1-68 3 4788 3003 090° -50 703
" 2-68 4 4620 6423 330°2?  -48 297
" 3-68 5 4370 61230 315°2  -55 514
" 4-68 6 4672 6013 150°2?  -s0 303
" 5-68 7 10090 13420 180° -40 1000
" 6-68 8 10790 13480 180° -40 1005

Total diamond drilling: 5338 Ft. (1627.0m).

The drill hole coordinates refer to coordipates on a
1:9600 pencil manuscript topographic map usgd as the
geology btase map. o
Packsack Site 1l: .

Area: Main Copper Zone

Purpose: Test area of silicified and chloritized rock on

the footwall side of the Sulphurets fault by drilling nine
holes along a line 450 feet long.

Results: 185 feet of core in nine holes averaged 0.5% Cu.

and 0.01 to 0.04% Mo.
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Packsack Site 2:

Area: Main Copper Zone

Purpose: Test area of slightly chloritized, unsheared
syenite mineralized with chalcopyrite on . the hanging wall
side of the Sulphurets Fault by drilling nine holes in an
area 160 by 200 feet.

Results: 251 feet of core in nine holes averaged 0.63% Cu

Packsack Site 3:

Area: Main Copper Zone

Purpose: Test randomly-selected area

Results: 102 feet of core drilled in four holes along o

line 150 feet long averaged 0.29% Cu.

Packsack Site 4:

Area: Mein Copper Zone

Purpose: 'Test randomly selected area

Results: 200 feet of core in nine holes averaged 0.14%

Cu. The holes were drilled in an area about 240 by 130

feet.

51.
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DDH 1 (originally 1-62):

Area: Main Copper Zone

Purpose: Test the theory that the copper mineralization

was associated with the Sulphurets (or S.M.) Fault.

Resul;s: It was concluded that the mineralization is not

fault-related. A brief geological log is as follows:

0-90 feet: sericite chlorite-altered gray-green-red rock
with minor orthoclase, chalcopyrite, pyrite.

90-822 feet: mainly syenite porphyry, locally silicified
and chloritized

822-836 feet: clay gouge and shear zone assumed to be the
Sulphurets Fault. |

836-870 feet: sericite-koalin-calcite—alteged rock with

minor chlorite and pyrite.

870-1012 feet: altered porphyry with minor chlorite and

pyrite.
Assayed Sections: 1-90 feet: 0.36% Cu
966.5-1012 feet: 0.10% Cu, < 0.01 oz/t Au, trace Ag

/

except for 2.4 oz/t Ag associated with a galena patch.
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DDH 2 (originally 2-62):

Area: Main Copper Zone

Purpose: Unknown, drilled an the footwall side of the
Sulphurets Fault.

Results: The hole intersected pale green
gquartz-sericite-carbonate rock with minor chlorite and
pyrite and trace chalcopyrite. The core is apparently

very similar to the rock in DDH 1 from 836-1012.

Assayed Séctions: 253-314 feet: 0.43% Cu,

0.02% Mosz. Other short sections were assayed for Cu,
and Mo.

DDH 3 (originally 68-1): )

Area: Main Copper 2Zone

Purpose: Test for copper mineralization in area of
locally altered and sheared andesite pyroclastics.
Results: The bole intersected pyritized, silicified and
feldspathized fragmental volcanic rocks.

Assayed Sections: 5-703 ft: 0.174% Cu, 0.013 oz/t Au.

53.
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DDH 4 (originally 68-2):

Area: Main Copper Zone

Purpose: Test for copper mineralization in 2
guartz-pyrite-sericite unit within an area of mainly
epiclastic andesites and dacites.

Results: The hole intersected highly silicified arenites

with minor disseminated pyrite.

Assayed Sections: 11-297': 0.54% Cu, 0.008% Mo.

Best Section: 110-190°': 0.99% Cu, 0.009% Mo,

0.012 oz/t Au.

DDH 5 (originally 68-3)

Area: Main Copper Zone

Purpose: Test for copper mineralization in a
gquartz-pyrite-sericite unit within an area of mainly

epiclastic andesites and dacites.

Results: 10-514"': 0.56% Cu, 0.023% Mo.

100-170': 0.023 oz/t Au



55,

DDH 6 (originally 68-4)

Area: Main Copper Zone

Purpose: Test for copper mineralization in a
guartz-pyrite-sericite unit within an area qf mainly
epiclastié andesites and dacites.

Results: 130-303': 0.37% Cu, 0.015% Mo.

Best Section: 130-220': 0.51% Cu, 0.020% Mo, 0.04 oz/t Aau.

DDH 7 and 8 (originally 68-5 and 68-6)

Area: Quartz Stockwork Zone

Purpose: Test area of sparce molybdenite and minor to
insignificant copper mineralization in intensely
silicified and sericitized rocks with 2 to 5% pyrite. The
zone has dimensions approximately 1500 by 1500 feet.
Molybdegite is exposed in a canyon wall 660 feet to the
east of the drilled area. )
Results: No significant molybdenite was intersected. The
holes intersected guartz-sericite schists and some
granular, extensively chloritized, monzonite or diorite.

The holes were completely assayed for Mo and locally

sections were assayed for Cu and Au.



Assayed Sections, DDH 7:

~

3.5 - 1000 feet: 0.018% Mos,,

0.01 to 0.02 and a2 single 0.04 oz/t Au

Assayed Sections, DDH 8:
20 - 1005 feet: 0.017% MoSz,
0.09 to 0.23% Cu,

0.01 to 0.02 oz/t Au.

0.03 to 0.23% Cu.,

'56.
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RESULTS OF 1980 EXPLORATION

SUMMARY AND CONCLUSTONS

Mineralization on the Sulphurets property consists
mainly of disseminated sulphides associated with a high-level,
alkaline porphyry system. Quartz-pyrite and gquartz-
barite-calcite veins with Au and Ag values occur, and are
closely associated with the porphyry system.

Large t§nnége, low gracde Au mineralization. with some
associated Cu, appears to have the best potential for
developing into economic deposits. Potential appears to exist
for 50 to 150 million tonnes of 0.03 to 0.08 oz/t (1.0 to 2.7
g/t) Au.

Potential exists for small tonnage;.moaerate grade
Au—-Ag deposits. The Iron Cap Au—Angearing veins outcrop along
an 800 m strike and over 400 m of vertfcal exposure. However,
Au-Ag values are very erratic. It appears unlikely that the
Iron Cap veins could produce economically viable deposits on
their own.

Veins in tbe B;ucejack Lake carry erratié Au-Ag values

and have the potential for developing small tonnage deposits of

moderate or high grade.
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The disseminated, porphyry-type mineralization on the
Sulphurets property contains high proportions of Au and Ag to
Cu and locally high proportions of Mo to Cu for an alkaline Cu
porphyry. The best potential for disseminated Cu-Mo-Au-Ag
mineralization appears to be on the north side of Mitchell
Glacier. DDH 16 indicated potential for at least 30,000,000
tonnes of 0.4% Cu egqguivalent using Cu, Mo, Au and Ag and
allowing for poor recoveries. The zones of disseminated
Cu~-Mo—-Au-Ag mineralization have potential for large tonnages
but the grades are uneconomic ;ithout prepaid infrastructure.

There’is no potential for Mo deposits in the Moly
Zone. However, a new Au zone was found southeast of the Moly
Zone, it is known as the the Snowfield Gold Zone and averages
0.056 oz/t (1.9 g/t) Au from lithogeochemical ‘'sampling in a 500
m by 200 m area adjacent to permanent snow.-

RESULTS

The following is a brief summary of the results of

geological mapping, sampling and diamond drilling:
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Sulphurets Gold Zone
A 1.5 km semi-continuous zone, part of a 3.5 km-long

zone, contains significant Au values. In this zone DDH 12 was

drilled about 500 m southwest of Granduc's drilling in the Main

Copper Zone. DDH 12 intersected 9.0 m of 0.072 oz/t (2.47 g/t)
Au from 5.0 - 14.0 m and 48.0 m of 0.060 oz/t (2.06 g/t) from

98.0 - 146.0 m.

Sulphurets Lake Gold Zone

Zones of K-feldspar-pyrite altered cherts with Au
values outcrop along a 400 m strike length. Three chip sahple
lines returned 0.074 oz/t (2.54 g/t) Au over»30.6 m, 0.068
(2.33 g/t) over 6.3 m and 0.092 (3.15 g/t) ovér 12.0 m.
Maximum values on thin pyrite veins were_3.9?5 oz/t Au (134.57

g/t) and 24.45 oz/t Ag (838.27 g/t).

Iron Cap Veins
Resampling of Granduc's trenches confirmed the Granduc

values and indicated the very erratic nature of the Au-Ag

‘content of the veins. Four holes were drilled which

intersected poor to fair values in the quartz-pyrite veins.
The best results, considering grade and width, were 0.177 oz/t
(6.07 g/t) Au and 1.70 oz/t (58.28 g/t) Ag over 11.5 m in
trench 18 and 0.136 oz/t (4.66 g/t Au and 3.50 oz/t

(120.00 g/t) Ag over 6.0 m of core length in DDH 11.
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Brucejack Lake Area

Two new showings and one mineralized float boulder
were found in the vicinity of Brucejack T.ake. A 20 m composite
~ 0.5%6 u}/t
chip sample across the discovery area contained —36+38—ez/t
(20.4 g/t) 47.39 n K (1625 o1t)

} Au and €€4-0—0z/t t22965:2—g/t) Ag. A 45 m
composite chip sample across the vein trend, 50 m north of the
discovery area, contained 0.129 oz/t (4.42 g/t) Au and 5.63 oz/t
(193.02 g/t) Ag. DDH 17, drilled across the discovery area,
had three scattered, 3 m intersections ranging from 0.027 -

0.068 oz/t (0.93 - 2.33 g/t) Au and 0.81 - 6.93 oz/t (27.77 -

237.59 g/t) Ag.

Snowfield Gold Zone

Located on the north side of Mitchell-Sulphurets
Ridge, this area emerges just below the edge of the permanent
snow along the ridge and near the Brucejack Fault. Lithogeo-

chemical samples average 0.056 oz/t (1.92 g/t) Au in an area

about 500 m by 200 m and bounded on the south by permanent snow.

Iron Cap Porphyry Mineralization

Large areas of low-grade disseminated Cu and
Cu-Mo-Au-Ag mineralization have been outlined in the Iron Cap
area. DDH 16 was drilled to test the best area of Mo
mineralization. DDH 16 averaged 0.202% Cu, 0.019% Mo,
0.007 oz/t (0.24 g/t) Au and 0.28 oz/t (9.60 g/t) Ag over

296.36 m. The best Mo section was 0.03% Mo over 150.86 m.
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Kirkham Zone

The area of best mineralization and alteration in the
Kirkham 2one was chip sampled. A 110 m sample collected along
two parallel sampling lines averaged 0.159 % Cu, 0.004 o0z2/t

(0.15 g/t) Au and 0.13 oz/t (4.55 g/t) Ag.

Mitchell Zone

The Mitchell Zone is @ small area north of the nose of
Mitchell Glacier. Disseminated chalcopyrite occurs in fresh
intrusive rocks and is associated with intense guartz veining.

A 94.5 m composite chip sample contained 0.182% Cu, 0.004 oz/t

(0.14 g/t) Au and 0.17 oz/t (5.94 g/t) Ag.

Moly (Dawson) Zone

The Moly Zone sampling indicated a geochemically

anomalous area of Mo and Au. Two holes were drilled with

negative results.

Bornite Zone
The trenched showing in the Bornite Zone was not
found. Only very minor mineralization was found in the

vicinity of the Bornite Zone.
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Hanging Glacier Area

The small, high-grade Au-Ag showing in the Hanging
Glacier area was not found. Minor zones of possibly synenetic
and vein-type mineralization were sampled and contained no

significant Au-Ag values,

Iron Cap area Iron Formation

This and discontinuous horizons of iron formation
locally contain heavy disseminated to massive thalcopyrite.
Limited sampling has not indicated any significant Au-Ag values

in the iron formation.

Waterfall Zone

Andesites in the Waterfall Zone- contain minor

disseminated chalcopyrite. The mineralization is probabiy

syngenetic.
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ASSAYS RESULTS, DIAMOND DRILL HOLES

The following is a2 summary of assay results for the
nine holes drilled in 1980. Gold and silver values are in
ounces per tonne followed by grams per tonne in brackets:
DDH 9 and 13 were drilled to test visible molybdenite in
quartz-sericite schists in the Moly Zone. They were drilled

near ice level on the south side of Mitchell Glacier.

DDH 9

6.0 - 210.0 = 204.0 m, 0.004% Mo, 0.005 (0.16) Au,
0.01 (0.48) Ag

DDH 13
5.0 - 230.0 = 225.0 m of 0.012 % Mo
5.0 - 56.0 = 51.0 mof 0.026 % Mo
56.0 - 113.0 = 57.0 m of 0.012 % Mo
113.0 - 230.0 = 117.0 m of 0.005 % Mo
230.0 - 275.84 = 45.84 m not sampled

DDH 10, 11, 14 and 15 were drilled in the Iron Cap area to test
guart-pyrite veins for Au and Ag. ' -

DDH 10

2.52 - 169.77 167.21 m, 0.010 k0.34) Au, 0.13 (4.46) Ag
96.62 - 99.28 = 2.66 m, 0.028 (0.96) aAu, 3.04 (104.23) Ag

Some intervals were assayed for Mo and W but the values were
very low.



DDH 11

3.6 - 57.0
57.0 - 75.0
75.0 - 252.68
63.0 - 75.0
66.0 - 72.0

Three short intervals were

DDH 14

5.43 - 42.0
42.0 - 57.0
57.0 - 163.68
42.0 - 114.0

Some intervals
very low.

DDH 15
68.05 - 84.0
83.18 - 160.63

68.05 - 141.0

Some intervals
were very low.

~ 53.4

18.0
177.68
12.0

6.0

36.57

15.0
.106.68

72.0

m,
m,
m,
m,
m,

m,
m,
m,
m,

0.006
0.074
0.010
0.090
0.136

assay

0.008
0.068
0.013
0.027

(0.21)
(2.54)
(0.34)
(3.09)
(4.66)

ed for

(0.27)
(2.33)
(0.45)
(0.93)

Au,
Au,
Au,
Au,
Au,

Cu,

Au,
Au,
Au,
Au,

0.12
1.67
0.12
2.40
3.50

(4.11)
(57.26)
(4.11)
{82.28)

64.

Ag
Ag

Ag
Ag

(120.00) Ag

Pb and 2Zn.

0.19
1.81
0.25
0.67

(6.51)

Ag

(62.06) Ag

(0.86)

Ag

(22.97) Ag

. 0.24% Cu

were assayed for Mo and Zn but the values were

15.85
77.45
72.95

m,
m,
m

0.036
0.011
0.017

were assayed for

(1.23)
(0.34)
(0.58)

Mo, Zn

Au,
Au,
Au,

and

0.82
0.35

(28.11)
(12.00)

Ag
Ag

0.44°(15.09) Ag, 0.36% Cu

Pb but the values

DDH 12 was drilled about 500 m southwest of Granduc's Main

Copper 2Zone.

The bhole was drilled to provide assessment work

and test pyrite-K-feldspar-quartz altered andesites for Au and Ag.

DDH 12

5.0 - 14.0
80.0 - 107.0
107.0 - 131.0
131.0 - 146.0
98.0 - 146.0
149.0 - 166.24

9.0
27.0
24.0
15.0
48.0
17.24

m,
n,

0.072
0.031
0.079
0.041
0.060
0.027

(2.47)
(1.06)
(2.71)
(1.41)
(2.06)
(0.93)

The complete hole was also assayed for
analysed for Mo,

Pb, An

» Hg, As,

Sk, F

Au,
Au,
Au,
Au,
Au,
Au,

0.02
0.02
0.01
0.03
0.02
0.08

(0.69)
(0.69)
(0.34)
(1.03)
(0.69)
(2.58)

Ag
Ag
Ag
Ag

Ag

Ag;

0.59% Cu

Cu and 22 intervals were

and

Bi.
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DDH 16 was drilled in the west part of the Iron Cap area to test
a 500 by 300 m area of molybdenite mineralization. The hole
intersected pyritic and K-feldspar altered intrusive, volcanic
and sedimentary rocks and some relatively unaltered syenite.

DDH 16

8.14 - 304.5 = 296.36 m, 0.20% Cu, 0.019% Mo, 0.007 (0.24) BAu,
0.28 (9.55) Ag

Cu values are fairly consistent throughout the bhole. The best

Cu section 1is: .
195.0 - 210.0 = 15.0 m, 0.62% Cu

Mo values are much bhigher in the upper half of the hole:
8.14 - 159.0 = 150.86 m, 0.030% Mo
159.0 - 304.5 = 145.5 m, 0.007% Mo

Au values are guite variable:

8.14 - 57.0 = 48.86 m, 0.002 (0.08) Au
57.0 - 180.0 = 123.0 m, 0.008 (0.28) Au
180.0 - 216.0 = 36.0 m, 0.003 (0.09) Au
216.0 - 228.0 = 12.0 m, 0.031 (1.09) Au
228.0 - 276.0 = 48.0 m, 0.003 (0.10) Au
276.0 - 300.0 = 24.0 m, 0.014 (0.48) Au
300.0 - 304.5 = 4.5 m, 0.003 (0.09) Au
Ag values are fairly consistent with a few local hbigher values:
69.0 - 84.0 = 15.0 m, 0.73 (25.03) Ag ‘
195.0 - 198.0 = 3.0 m, 2.16 (74.06) Ag

DDH 17 was drilled on the north shore of Brucejack Lake to test
a gquartz-barite-calcite vein which assayed 30.7 oz/t Au and
664.0 oz/t Ag. The bole intersected minor Au, Ag values with
the following more significant sections:

DDH 17

m, 0.048 (l1.65) Au, 6.93 (237.59) Ag
m, 0.068 (2.33) Au, 0.81 (27.77) Ag
m, 0.027 (0.93) Au, 1.82 (6240) Ag

24.0 - 27.0
66.0 - 69.0
81.0 - 84.0

"nou
www
.
o oo

Some intervals were assayed for Cu, Mo, Pb and Zn.
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RECOMMENDATIONS

-

oo (L 0D

A total of 21,000 feet of diamond drilling in 51 holes
in 3 zone'is recommended to evaluate areas of known Au and
Au-Ag mineralization. Three geologists will be needed to
continue mapping and sampling on and around the property and to
log core. Soil and biogeochemical orientation sgudies should
be done in forested areas over the Sulphurets Gold Zone.

An airphoto survey and a gontoured orthophotograph of
the property is needed.

The recommended work is concentrated on the Sulphurets
Gold Zone since it is the area that has the greatest potential
for developing into an orebtody. Specific recommendations for

eight zones are as follows:

Sulphurets Gold Zone

The tﬂree main areas of mineralization should be
drilled in order to define the extent of Au mineralization and
the factors that control mineralization. A 90° and a 70°
bole should be drilled from each of eight locations and spaced
100 - 200 m apart along the =zone. Each hole would average
about 1200 feet. One of the angle holes (DDH 12) has been

drilled, so the total footage would be 18,000 feet.
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Geological mapping, sampling and some soil sampling

and biogeochemical sampling would continue.

Suiphurets Lake Gold Zone
One 500 foot vertical bhole and one 1000 foot angle
hole should be drilled to sample areas of Au mineralization.
Mapping and sampling would continue. Exploration

would continue to the west of the showings.

Brucejack Lake

Mapping, sampling and trenching would ke done to
evaluate the three known showings and to search for additional
mineralized areas. One 500 foot bhole would be drilled on the
three best areas defined by field work. A minimum of one hole

will be required for assessment work.

Iron Cap Area
Additional cbip sampling is recommended to define
areas of Cu-Mo—-Au-Ag associated witb alkaline intrusive rocks

and with Iron Cap vein wall rock.

Snowfield Gold Zone
Chip sampling within the area of anomalous lithogeo-

chemical sémples is needed to define and confirm the Au zone.
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Brucejack Fault Trend

The unexplored portion of the Brucejack trend should

be mapped and all mineralization sampled.

Stage 6 Alteration

The areas of sericitic alteration south of Sulphurets

Glacier should be mapped and sampled for Au.

West of the Property
The area around McTagg, Mitchell, Sulpburets and Ted
Morris Creeks west of the property should be mapped and sampled

on a3 reconnaissance basis to locate any unknown gold deposits.

CLAIMS

As of November 3, 1980, the Sulphﬁrets property
consists of 176 units. Granduc owns 106 units, S. Ross owns
six units and Esso owns 64 units.

The following is a list of claims with current expiry
dates. The expiry dates later than November 3, 1981 assume

that all assessment filed is accepted.
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Red River will be brcought forward to 1984 and Red
River 2 and 3 will be brought forward to 1991 when DDR 17 is
filed for assessment work. The work to be filed is due

September 2, 1981 and will not be filed until late August, 1981

to allow additional claims to be staked and grouped.

CLAIMS OWNED BY GRANDUC MINES LTD.

No. of

Claim Record No. Units Expiry Date
Ed 1 150 (8) 2 August 26, 1984
Ed 2 151 (8) . 1 " 26, 1984
Iron Cap 1 315 (9) 2 September 7, 1931
" w2 316 (9) 1 "o 7, 1991
" "3 317 (9) 2 L 7, 1991
Red River 314 (9) 14 September 15, 1983
Tedray 1 153 (8) 2 August 26, 1991
" 2 154 (8) 1 "o 26, 1991
" 3 155 (8) 3 " 26, 1991
" 6 158 (8) 15 " 26, 1988
7 159 (8) 2 L 26, 1990
" 8 160 (8) 1 " 26, 1990
" 9 16l (8) ] " 26, 1989
" 10 162 (8) 3 " 26, 1984
n 11 1€3 (8) 4 " 26, 1984
" 12 164 (8) 15 " 26, 1984
" 13 165 (8) 8 " 26, 1984



Granduc Mines Claims

Arbee

Dawson-Ross

Ice

Iron Cap

W oJoawumbd wh -

35
39
54
55

w N

N ol

Record

(cont'd.)

No.
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No. of

Units Expiry Date

1861
1862
1863
1864
1865
1866
1867
1868
1869

(10)
(10)
(10)
(10)
(10)
(10)
(10)
(10)
(10)

October

NN ND NN -

CLAIMS OWNED BY S. F. ROSS

19124
19128
19143
19144

19887
19889

1 June
l n
l n
1 ”
1 July
l n

CLAIMS OWNED BY ESSO RESOURCES

2411
2412
2647

2409
2410
2584
2585

2 June

3 ' n

2 November
1 - June

1 ”

2 September
2 n

12,
12,
12,
12,
12,
12,
12,
12,
12,

16,
16,
14,
16,

24,
24,

30,
30,

30,
30,
23,
23,

1991
1991
1990
1990
1990
1990
1991
1991
1991

1991
1991
1991
1991

1991
1991

1991
1990
1981

1991
1991
1981
1981
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Esso Resources Claims (Cont'd.)

~

No. of

Claim Record No. Units Expiry Date
Red River 2 2555 4 September 2, 1981
" " 3 2556 2 " : 2, 1981
" " 4 2649 12 November 3, 1981
Red River 5 2650 2 " 3, 1981
Sulphurets 1l Fr 2582 1l September 23, 1981
" 2 " 2583 1 " 23, 1981
" 3" 2648 1 November 3, 1981
Tedray 14 2413 2 June 30, 1985
" 15 2586 4 September 25, 1981
" 16 2643 12 November 3, 1981
" 17 2644 4 " 3, 1981
" 18 - 2645 4 " 3, 1981
" 19 2646 2 n 3, 1981
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WORK DONE

Diamond prilling

In nine holes the amount of diamond drilling completed
was 6072 feet (1850.7 m) with 1594 feet drilled in two holes in
the Moly Zone and 929 feet in one hole in the molybdenite area
adjacent to the Iron Cap. Holes drilled for Au and Ag included
2445 feet in four holes in the Iron Cap, 547 feet in one hole
in the Sulphurets Gold Zone (adjacent to Granduc's Main Copper

Zone) and 487 feet in one hole in the Brucejack Lake area.

Geology

Most of the property was examineq.on a reconpaissance
basis to locate areas for more detailed geological mapping and
sampling. The ground north and south of'Mitchell Glacier was
mapped in detail and the ground north of Sulphurets Glacier and
around Brucejack Lake was mapped in less detail.

The poor guality of available airphotos makes 1:10,000
the smallest scale that is possible to use for photo-based
mapping. It was not possible to transfer geology from
airphotos to a topographic base map bec;use of the photo

distortion caused by the steep topography.
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Sampling

Duriﬁg the field season 547 chip and grab samples, 514
lithogeochemical samples and- 18 whole rock samples were
collected and analysed. Chip sampling was concentrated in the
following_areas:

Resampling the Iron Cap veins and expanding the
sampling into the wall rock for Au and Ag.

Chip sampling specific areas of porphyry
mineralization. Sampling for Cu, Mo, Au and Ag west of the
Iron Cap veins. Sampling the Mitchell and Kirkham Zones for
Cu, Au, Ag.

Sampling showings and widely spaced lines across
outcrop areas around Brucejack Lake for Au, Ag.

Resampling the Main Copper Zone trenches and chip and
grab sampling for Au and Ag in the mineralized areas between
the Main Copper Zone and Sulphurets Lake. ‘ |

Lithogeoqbemical sampling was started around the Moly
Zone in the hopes of defining zoning patterns. The sampling
was expanded to cover all the miner;lized areas on the south
side of Mitchell Glacier. Samples were analysed for Cu, Mo,
Pb, 2n, F, én, W, U, Au and Ag. Samples in and around the

Snowfield Gold Zone were later analysed for Hg and As.
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Soil Sampling

One soil sampling line was run at the edge of the

moraine below the Bornite Zone.

Claim Staking

Sixty-four units were staked to protect areas of

interest and to cover new Au-Ag showings.

Assessment Work

Reports were filed for the following statements of

Exploration and Development:

- Statement for Central 1 Group, filed Aug. 12, 1980,
Mining Receipt number 153384,

- Statement for Mitchell 1 Group, filed Aug. 19, 1980,
Miping Receipt number 153524.

- Statement for Sulphurets 1 Group, filed Aug. 21,
1980, Mining Receipt number 153489.

- Statement for Central 1 Group, filed Aug. 26,
1980, Mining Receipt number 1536009.

Work done in the Red River claims, Brucejack Lake

area, will not be filed until August 1981, to allow grouping of

new claims.
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Locating 014 Claims

Nineteen of the 26 legal corner posts for Granduc
claims were.found. One final post for the six claims optioned
from §. Ross was found.

0l1d and new posts and drill sites were targeted with

white plastic sheeting for airphotography.

Airphotography

Three lines were flown over the property in August to
produce photos at a scale of 1:30,000. The photos were

generally very hazy and badly scratched.

Student Studies .

Martin Egan is doing a Bachelof'sithesis at the
University of Manitobta on the Iron Cap veins. He is using thin
séction petrologyland ore microscopy to study alteration and
mineralization.

Greg Fortin is doing polished section microscopy on

DDH 17 (Brucejack Lake) for a University of B.C. course project.
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GEOLOGY

Alteration and Mineralization

At the Sulphurets property mineralization and
alteration is related to a high-level, Jurassic, alkaline
porphyry system. Mineralization and alteration developed over
an abnormally long time period, did not form normal silicate
and sulphide zoning patterns, and contains the assemblage Cu,
Mo, Au and Ag in unusual proportions and high F.

The intrusive rock phases of the Sulphurets property
vary from predominantly diorites and syenites to alaskites.
Generally the silicic end members are the youngest phases.
Fresh and altered rocks of the intrusive.stages and multiple
cross-cutting relationships indicate that %ntrusive events and
accompanying alteration were multistagé.

Six stages of alteration and minefalization are
recognized on the Sulphurets property. The stages are

initially co-magmatic with Lower Jurassic Unuk River Formation
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and affect unconformably overlying Middle Jurassic Betty Creek
Formation and unconformably overlying Middle Jurassic Salmon
River Formation. The following is a listing of the stages in
paragenetic sequence, with a brief characterization of each,
the economically significant elements associated with each, and
the formations that are affected by each stage. This
paragenetic seguence is simplified and probably inaccurate. It
is meant to be a working model to help understand geological
relationships, alteration and mineralization, and to aid in

exploration,

Stage 1l: Syngenetic or exhalitive iron formation.
Cu
Unuk River

Stage 2: Main stage of disseminated sulphide deposition
and porphyry environment hydrothermal alteration.
Essentially a potassic assemblage in terms of porphyry-
type silicate zoning.
Cu, Mo, Au, Ag
Unuk River and lower Betty Creek with some dikes into
Salmon River.



Stage

Stage

Stage

Stage

/8.

Quartz-pyrite-Au-Ag veins .
Au, Ag
Unuk River and possibly lower Betty Creek.

Quartz-barite-calcite-Au-Ag-Pb-Zn veins.
Au, Ag
Unuk River ?

Intense K-feldspar-pyrite-silica alteration
controlled by late faults.

Au, minor Cu, Mo, Ag.

Unuk River and possibly Salmon River.

Intense sericite-guartz-chlorite-K-feldspar
alteration of 211 rock types. This stage may be 3
retrograde sericitization accompanying the continued
cooling of Stage 2 and caused by a major influx of
non-magmatic waters.

Mo, Au
Unuk River and Salmon River (this stage should also

affect Betty Creek rocks but none have been
distinguished).

Some Qualifications:

Stage 3 is closely related to Stage 2.
Stage 4 may be related to or post date Stage 6.
Stage 5 may be contemporaneous with or post date

Stage 6.
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~

Stage 1

Syngenetic mineralization occurs in Unuk River
Formatioﬁ volcanogenic cherts and volcanic and sedimentary
rocks. Horizons of pyrite, pyriteFﬁhalcopyrite and
pyrite—magnetite-chlorité-carbonate-chalcopyrite occur. The
mineralization is generally in thin bands, rarely reaching 1 m
thick, is very discontinuous and is intensely offset by
faulting. Copper 1is the only significant econoric component of
the syngenetic mineralization bésed on sampling the limited
exposures.

Syngenetic mineralization occurs ih-the southerly Iron
Cap area and below the nose of the Hanginé‘Glacier.

Minor disseminated primary chaléopfrite also occurs in

Unuk River rocks in the Waterfall Zone and possibly in the

Sulphurets Gold Zone.



Stage 2 -

Stage 2 is part of the disseminated sulphide or
porphyry environment on the Sulphurets property. It is an
alkaline, high-level, long-lived, multistage porphyry system
initially co-magmatic with Unuk River Formation volcanic and
volcaniclastic rocks. It is in part contemporanéous with or
post Betty Creek Formation volcaniclastic and sedimentary
rocks. Related intrusive phases cut Middle Juraessic Salmon
River Formation rocks.

Rocks associated with, or affected by, Stage 2 appear
to (with minor exceptions) lie above the Sulphurets Fault on
Mitchell~-Sulphurets Ridgé or above a similar low-angle fault on
the north side of Mitchell Glacier. Generally, Stage 2 rocks
overlie a phyllic alteration assemblagé (Stage 5) which may be
3 product of phyllic overprinting of Stage 2 potassic
alteration.

Stage 2 mineralization occurs in low mafic or
mafic-free intrusive phases rather than phases with
approximately 5% hornblende, in multistage intrussive areas
rather than major areas of syenites, in both altered and fresh

intrusive rocks and in both intrusive and country rock.
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One major and two minor alteration and mineralization
types accompany Stage 2. They are:

2-1) K-Feldspar - quartz-pyrite

2-2) Intense guartz veining

2-3) Albite - magnetite

(The intense gquartz veining type may also be

related to Stage 4 and 5.)

2-1) K—Feldspar—quarté—pyrite: This is the major
alteration phase
associated with Stage 2. It consists ofhpervasive K-felds-
pathization, silicification and disseminatgd pyrite centered on
areas of alkaline intrusives. Both iniruéive and country rock
are affected to the extent that original rock types are often
indistinguishable. The economically significant elements
present are Cu, Mo, Ag and Au. The mineralization assemblage
and also that of the intense guartz veining type are
characterized by high Ag:Cu ratios (30f50:1 using Ag in g/t)

and very high Ag:Au ratios (30-40:1).
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The main areas of K-feldspar—-quartz-pyrite assemblage are west

of the Iron Cap vein area and the Kirkham Zone.

2-2) Intense quartz veining: Intense guartz veining
cutting syenite and
country rock occurs in two areas. The Mitchell Zone has quartz
veining in fresh syente and biotitized? metasedimentary rocks.
Locally fresh alaskites contain disseminated chalcopyrite. Cu
is present with very miﬁor values in Au, Ag and probably Mo.
The Ridge Zone has isolated patches of quartz veining
in syenite and andesite with minor chalcopyrite-pyrite-
magnetite and trace amounts of epidote apd chlorite. In the
Ridge Zone guartz veined areas and pyritic intrusive breccias

are on the same linear trend as minor Au values associated with

Stage 6 mineralization.

2-3) Albite-magnetite: Two relatively
insignificant areas of

albite-mégnetite with minor Cu or Cu-Au mineralization have

been incompletely examined. They represent a3 small area of the

Bishop Zone and the Bornite Zone.
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Stage 3

Occurrences of major gquartz-pyrite-Au-Ag veins and the
Iron Cap vein system occur in an N-S fracture set cutting
2ltered volcaniclastic rocks. These occurrences appear along
the eastern margin of the main area of Stage 2 alteration and
mineralization and are approximately parallel to the Brucejack
Fault. Mineralogically and spacially the veins and wall rock
are closelyvrelated to Stage 2. The vein; cut Stage 2 and were
probably deposited immediately after the main Stage 2 event.
Generally the vein wall rock, over a few metres to 75 m, is

more intensely sericitzed than the surrounding Stage 2

alteration assemblage.

Stage 3 veins are guartz with approximately 10%
pyrite, minor tetrahedrite, specularite and magnetite, and rare

molybdenite, chalcopyrite, sphalerite and galena.
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Stage 4 -

The Stage 4 veins occur in the Brucejack Lake area and
may occur elséwhere along the 10 km section of the Brucejack
Fault north of the lake. These veins are related to the
Brucejack Fault and its numerous splay faults. Volcaﬁic,
volcaniclastic and sedimentary rocks in the area are altered to
chlorite-sericite~guart-feldspar rocks. Quartz-barite veins
with minor or erratic Au-Ag-Pb-2n and possibly tellurides occur
generally in areas of intense faulting and shearing with
pervasive feldspar—-guartz-sericite and commonly pyrite

alteration and commonly pyritization.

Stage 5

Intense K-feldspathization-silicification-pyritization
occurs discontinuously over a 3.5 km distance from the vicinity
of DDH 2, 4, 5 and 6 (Granduc's Main Copper Zone) to Sulphurets
Lake. It is associated with faults and zones of intense

fracturing in andesites and locally in cherts. Steep faults
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within panels bounded by low angle faults appear to have acted
as channelways for the alteration. Where faulting and
fracturing are abundant all the rock has been altered and
mineralized. Zones with 15-20% pyrite contain significant Au
and some pyritic and non-pyritic zones contain minor Cu, Mo and
Ag.

The Sulpburets Gold Zone and Sulphurets Lake Gold Zone
are characterized by low Ag:Cu and Ag:Au ratios compared to
Stage 2 mineralization. In DDH 12, Au correlates with As, Sb,
Hg and Pb, however, the Sb and Pb values are low. Au does not
correlate with Cu, Zn, Mo Bi and F.

The area of Stage 5 alteration }s overlain by the low-
angle Sulphurets Fault and Stage 2 syepites. Minor areas of
pyritic intrusive breccia, gquartz veining‘and Stage 5
alteration occur in a linear trend along Mitchell~Sulphurets
Ridge and post date Stage 2 intrusive rocks. Stage 5
mineralization may cut Salmon River rocks west of Sulphurets

Lake.
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Stage 6 “

Previous workers have described Stage 6 alteration
as a3 qguartz-sericite schist with zones of intense guartz
stockwork or silicification and local chloritization. In
general, Stage 6 displays intense sericite-guartz-chlorite-
K-feldspar alteration in varying proportions and associated
with well developed foliation. This is a pervasive alteration
of all rock’types and probably is essential;y an
intrusive-related phyllic alteration assemblage. It does not,
however, appear to be related to Stage 2, either in terms of
discernable silicate zoning or proximity. In three areas the
source intrusive for the 'phyllic assemb;age' is not known and
in one area the source may be barely recognizable altered
intrusive rocks within the zone. : ‘

Stage 6 alteration occurs in four areas. Almost all
the rocks on the south side of Mitchell Glacier to the
snowfields along Mitchell-Sulphurets Ridge are affected by
Stage 6. Rocks located at the glacier level at the toe of

Mitchell Glacier 2long its north side are similarly altered.
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In these two areas the Stage 6 rocks are underlying
the low angle Sulphurets Fault and apparently underlying the
fresh syenites and areas affected by Stage 2 events. The area
south of Mitchell Glacier is the only region of Stage 5 with
known, possibly significant, concentrations of Mo and Au. It

is also the only Stage 6 area containing intrusive rocks.

Two areas of Stage 6 altered rocks occur south of
Sulphurets Glacier. Here the alteration has affected both Unuk
River and Salmon River rocks. One band of Stage 6 rock,
between the westerly head and nose of Suiphurets Glacier,
contains minor Au values and is mainly within the staked area.
South of the westerly head of Sulphurets Clacier, Stage 6
altered rocks extend for 15 km and are discontinuously exposed

along the north arm of Frank Mackie Glacier.
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The genetic relationships between Stage 2 and 6 are
poorly unders?ood. Both Stage 2 and 6 are probably related to
2 similar intrusive-hydrothermal system. The stages may
represent the exposed character or products of the one systenm.
The two phases are essentially a potassic (Stage 2) and a
phyllic (Stage 6) alteration assemblage.

Stage 5 areas locally contain the same intrusive rocks
as Stage 2 but Stage 6 definitely post dates the main Stage 2
event. Stage 2 areas structurally overlie Stage 6 but locally
have gradational boundaries with Stage 6 alteration. Stage 6
alteration may be a phyllic overprinting'on original Stage 2
related, potassic alteration. The superimposed alteration or
retrograde sericitization was probablylcaﬁsed by influxes of

non-magmatic water accompanying late structual adjustments.



GEOLOGICAL REPORT on the AREA NORTH
of the MITCHELL GLACIER

Rock Types

a) Introduction: The area on the north side of the Mitchell
Glacier appears to be underlain by a complex sequence of widespread
immature clastic sediments, pure and impure cherts occasionally
with iron formation and localized intermediate volcanic fragmentals
and associated volcaniclastics. The stratigraphic sequence is un-
certain and no age connotation should be attached to the order of
the following descriptions of these rock units. Intrusive alkalics
and granite are abundant in the western part of this area. Much of
the area has been pervasively altered making recognition of primary
rock types difficult. As a result observations concerning relative
proportions and distribution of rock types should be treated with

caution.

b) Volcanic Rocks (1): Volcanics appear to be restricted to the
northeast portion of the area. They include tuffs and localized
breccias. Overall the volcanics appear to be intermediate in
composition. Feldspar staining indicates that plagiociase is the
predominant phase whereas quartz and K-feldspars are only of minor

abundance.
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Tuff (1b): This 1s a heterogeneous grey weathering, grey
to green coloured rock. The mineralogy consists of plagiaclase,
chlorite, sericite and lessef quartz and K-feldspar. Epidote is
rare. Most of the tuffs are lithic - crystal tuffs typically with
feldspar crystals and small ( lcm) feldspar porphyry fragments
predominant. Chloritized amphiboles are locally common. Most
of the crystals are euhedral and the fragments are probably
volcanic in origin. This crystal - lithic debris occurs in a
matrix of finer-grained tuffaceous and clastic material now
largely converted through metamorphism into a variable mixture

of chlorite and sericite.

A localized chloritized crystal tuff (1b') (?) occurs along
the north edge of the outcrop area. This is a well-chloritized
rock which contains up to 2 cm. ]long spindly plagioclase, smaller

glassy plagioclase crystals, and small amphiboles. This unit may

be an ash flow.

Breccia (lc): Relatively thin lensoidal zones of coarse
volcanic breccia are present locally in the northern part of the

area where they are intercalated with tuffs and probable volcaniclastics.
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The breccias contain blgocks up to 20 cm. in size which are typically
angular and include feldspar + amphibole volcanic porphyry and vesic~
ular volcanics. The matrix consists of finer-grained crystal-lithic
debris. Groundmass calcite is common in both the fragments and matrix
and the resultant differential weathering is often the only indication

of the rock's fragmental nature.

¢) Volcaniclastics (2): The volcaniclastics are generally similar
to the tuffs but typically they possess a more varied lithic component

and a higher matrix content (70 to 80%). Locally the matrix is hema-

tized resulting in an earthy, red colouration. In general the volcaniclastics

are difficult to distinguish from the tuffs and locally, even the grey-

wackes and one suspects that these three units grade from one to the other.

d) Sediments (3): Immature clastic sediments, especially greywacke, appear

to be the most common rock type in the area exémiﬂed. Their character
suggests rapid, high-energy deposition, possibly in a submarine trough.
0f lower abundance, but potentially of economic significance, are pure
and impure cherts, locally with iron formation, particularly in the

central part of the map area.
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Shale, slate (3a): Fine-grained, grey to black slates and
shales occur sporadically along the northern and east margins of
the map area. They typically occur as thin beds intercalated
with coarser-grained clastic sediments. Locally the shales contain
calcite and carbonaceous material. Within the Brucejack fault
zone shales appear to have been largely converted to slates which

have been smeared along this zone.

Siltstones, sandstones (3b): A localize& well-bedded sequence
of siltstones and sandstones overliesvolcanics in the northeastern
part of the map area. Cross-bedding and graded bedding were noted
at one locality in this sequence. Calcite is commonly present as a
matrix cement in these siltstones and sandstones. Elsewhere éritty,
chloritic siltstones appear to be a common feature withiw both the
altered and unaltered sediments including the sequence of cherts in

the central part of the map area.

Greywacke, conglomerate (3d, e): These are grey weathering
immature sediments, the mineralogy of which consists of chlorite,
sericite, quartz and variable amounis of K-feldspar and plagioclase.
They are typically poorly sorted with subrounded to subangular clasts

of fine-grained volcanics (?), feldspar porphyry, and a variety of
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sediments including quartz, shale and chert. Clastic quartz is a
consistent feature of the matrix. Clasts are locally elongated where
they have undergone shearing. Frequently the clasts are only visible
on polished surfaces or through differential weathering. Bedding is
not usually apparent except where intercalated with finer-grained
sediments. Volcanic clasts appear to be predominant in the eastern

part of the area whereas sedimentary clasts are more common in the

west.

Chert with or without iron formation‘(Bf, g): Cherts occur
sporadically throughout the area but appear to be particularly
abundant in the central part. Localized thin beds of black to
grey chert occur intercalated with clastic sediments in the northern
part of the map area. Within the central part of the area vari-
coloured cherts and impure chloritic cherts occur with chloritic
siltstones (?) and locally with oxide and 5uléhidé facies iron
formation. These cherts are typically grey to green with bedding
on the scale of centimetres. However bedding is usually obscured

by rusty weathering.

The chloritic nature of the cherts may be a result of
either clastic or chemical input, although the latter is preferred
because of the common occurrence of usually weak iron formation

intimately associated with a substantial amount of the cherts.
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This iron formation typically consists of ill-defined discontinuous patches
and lenses containing variable mixturss of pyrite, chalcopyrite, and
magnetite which grade into unmineralized cherts. The lensoidal nature

may be a function of both deposition and shearing. Locally there

are massive and semi-massive sulphide and oxide lenses but usually

these are only a few centimetres thick. Locally one of chalcopyrite,
pyrite and magnetite may predominate over small areas but in general

there tends to be a mixture of these minerals. Infrequent thin hema-

tite lamina (jasper) were noted with some of the magnetite-bearing

cherts.

Locally there are lenses of grey to brown weathering carbonate
and black carbonaceous (?) material which are probébly mostly secondary
in nature, although their occurrence within the_gherts and associated
iron formation leaves open the possibility that they are, at least in

part, primary in origin.

e) Alkalic Intrusives (4): Recognizable alkalic intrusives are
common in the western and southern parts of the map area. They
are considerably more abundant than previous mapping has indicated.
The majority of these intrusives appear to occur in fault-bounded
blocks and wedges. Locally pervasively altered alkalics are in
fault contact with less altered alkalics. Bearing in mind.the un-

certain effects of alteration, limited feldspar staining suggests
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that the majority of the alkalic intrusives are syenodiorites
(K-feldspar/plagioclase<2/3) with syenite being of more limited extent.

The syenodiorite may be the parental material for the alkalic suite.

Syenite and syenodiorite (4a, c): Both the syenite and
syenodiorite are very similar in the field, the only apparent
difference being the relative amounts of plagioclase and K-feld-
spar. The syenite and the syendiorite are both medium to fine-
grained, grey weathering, pale green coloured rocks. They are
typcially slightly porphyritic and consist of phenocrysts of
euhedral feldspar with or without chloritized amphibole (hornblende?)
in a fine-grained feldspathic groundmass. The feldspars are
typically sericitized and pale green in colour although less altered
white and pink feldspars occur locally. Stainipg suggests that the
feldspar phenocrysts are typically plagioclase and the groundmass is
rich in K-feldspar. Locally the‘phenocrysts.poséess a flow orien-
tation. Equigranular syenite (4a') and syénodiorite (4c') appear to
be localized and overall are uncommon. Up to 2% fine-grained mag-
netite is present in the less altered syenites and syenodiorites,
whereas it appéars to disappear with increasing alteration. Minor
quartz was noted locally and specular hematite in patches and vein-

lets is very uncommon.
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Metamorphic (?) réactions have resulted in completely chloritized
amphiboles and moderately to intensely sericitized feldspars. The
degree of feldspar alteration appears to be controlled by original
composition of the feldspars. Locally, but particularly near the
center of the map area chloritized amphibole appears to be at least
as abundant as the feldspar in some of the syenodiorites (4c").

In general, however, both the syenite-syenodiorite and the amphibole-
bearing and amphibole-absent varieties appear to grade from one to
the other and as a result no subdivision of the alkalics could be

delineated at the scale of this season's mapping.

£) Granite (6): This is a medium to coarse grained, typically
equigranular rock, consisting of two feldspars and quartz. There
are essentially no mafic minerals present. Specular hematite was
noted as a very rare accessory. Staining ofno;e_sample indicated
the presence of 10% groundmass plagioclase, 30 to 40% quartz and
50 to 6J0%Z K-feldspar although, typically, the granite appears to
have a lower (10 to 20%) quartz content. The K-feldspar is dark
red except locally in some of the northernmost dykes and veins where
the granite tends to be colourless. Locally a late feldspar-
porphyritic phase of the granite was noted cross—cutting the
equigranular granite. The granite appears to be essentially un-
metamorphosed (?) and unaltered except, very locally, where it is

weakly chloritized and limonitized in shears. The granite occurs
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in large mappable intrusives and as velns and dykes in all rock
types. Locally in the southern part of the map area intrusive
breccia consisting of alkalic fragments in a granitic host was

noted. The granite appears to be cross-cut only by quartz veins.

g) Diabase (6C): A single diabase dyke, about 20 cm. thick, is
present on the extreme western edge of the area examined. It

is aphanitic and moderately magnetic.

Structure

Due to the extensive faulting in the area bedding orientations
are frequently erratic. However in general the primary stratigraphy
north of a major northeast trending fault is orignted 050 to 0706,
dipping moderately to the north whereas south of fhis fault the
stratigraphy typically trends 100 to 130°. The dip south of the fault
is generally more erratic, t&pically steep tg moderate usually to

the north. The lack of dip consistency is possibly due to rotation

of bedding along the numerous cross—cutting faults.

All of the secondary structures noted in the area north of the Mitchell
Glacier can be interpreted in terms of faulting and associated
shearing and fracturing. It is tentatively suggested that no

folding and associated penetrative deformation has occurred in
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this area although this should be treated with caution as
the widespread pervasive alteration has obscured much of

the structural fabric.

Based on photo .interpretation and field mapping the
area has undergone intense faulting such that the entire
area is moderately to intensely fractured and sheared.
As a generalization there appears to be three sets of
faults: 350 to 020° (A), 040 to 070° (B) and 90 to 130° (C).
Most often the dips are moderate to steep to the north in
the case of sets B and C and steep to the west in the case of
set A, However, dip reversals are very common. Although the
most intense faulting is conceﬁtrated in the map area, faults with
similar orientations to sets A, B, and C appeapvto be present

within the surrounding areas. ~

Activity along the three sets of faults appéars to have
been largely overlapping . in time, although some of the most
recent activity may have been on set A. Fault sets B and C
appear to have had the most widespread effect on the area whereas
fracturing and shearing related to set A are typicélly more
loéalized within and near the fault zones. It is possible,
though somewhat speculative, that sets B and C are part of a

conjugate fault system produced by a roughly east-west compression.



99.

These two fault sets may in part be controlled by bedding
orientations as these are subparallel to most of the bedding

in this area. Relative movements along the faults are generally
uncertain although latest movement along a splay off the

Brucejack Lake fault appears to be right lateral strike slip.

On an outcrop and hand specimen scale a cellular
structure, characterized by eyes or knots of non-sheared
rock surrounded by intensely foliated and sheared rock,
is widespread. 1In intensely sheared zones rod-like nodular
structures are developed. Local boudinage-like features
and very uncommon minor folds are attributed to small scale
shearing. Local dip reversals and stratigraphic trend deviations

are probably a result of reorientation in fault blocks and fault

zones.

Metamorphism and Alteration

a) Introduction: The area appears to have undergone a complex

history of alteration and metamorphism. A single episode of low

grade metamorphism has affected the rocks on a regional basis.

Pervasive widespread alteration and localized alteration associated

with faults and shears appear to post—-date the metamorphism. Both
pervasive alteration and localized fault zone alteration probably
occurred simultaneously with the latter extending beyond the termination
of the pervasive alteration. Quartz veining is common and appears

to be largely controlled by the faulting and shearing and for the
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most part probably post-dates the pervasive alteration.

b) Metamorphism: The area appears to have undergone low

grade green schist facies metamorphism. In areas outside

the zone of pervasive alteration the rocks are largely con-
verted to mixtures of chlorite and sericite with uncommon
epidote. No contact metamorphic effects were observed although
some of the chloritic zones associated with the alkalic in-
trusives may in part be metamorphic halos. Furthermore

the pervasivé alteration may have obscured some contact meta-

morphic effects.

c) Localized Alteration Associated with Fault énd Shear Zones:
These alteration zones vary widely in size anq_intensity. The
largest and most intense zone 1is probably associated with the
Brucejack fault. The sediments and volcaniés iﬁ this zone are
largely converted to fissile schists of varying mixtures of

chlorite and sericite. Fault zone alteration superimposed on

the pervasively altered sediments and volcanics results in sericite-—
feldspar~rich zones in which the secondary pyrite (refer to description
of pervasive alteration) has largely been removed, possibly through
leaching along the fault zone. Zones of faulting and shearing within
the alkalic intrusives are frequently char#cterized by da;k green,
very fine-grained, brittle, blocky chlorite-feldspar material that

typically contains little or no pyrite but has malachite and locally -
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azurite staining on fracture surfaces (see description mineralization).

d) Quartz Veining: Although there are many exceptions it appears
that three relatively distinct ages of quartz veining are present

in this area. In general it seems that their development is
controlled to a large extent by the major fracture trends in the
area. The oldest phase of veining typically follows the 350 .- 020°
set of faults. These veins carry the Au and Ag values (see mineral-
ization). As well this period of veining includes the largest veins
in the area, some of which are up to 4 to 5 metres in thickness.
Both milky, white and to a lesser extent grey, glassy quartz are
present in these veins. Also consistently present are pyrite and
pale green sericite. Tetrahedrite, specularite and magnetite occur
in infrequent patches. Rafted fragments of hqst and to a lesser
extent the surrounding host tend to be strongly sericitized although
the degree of alteration of the host is verf much dependent on the

intensity of shearing as well.

The intermediate period of quartz veining typically trends
from 090 to 130° and dips steeply either to the north or south.
This set of veins consists typically of milky white quartz and is un-

mineralized. Rarely do these veins exceed lm. in thickness.
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The youngest period of quartz veins 1s 'generally less:
than a few centimetres in width and trend in a similar direction
to the preceding group although their dip is most often shallow
to moderate to the north. They usually contain at least some calcite

and locally they also carry minor sphalerite and galena.

All three vein systems frequently occur as zones of
abundant subparallel veins and veinlets but areas of quartz
stockwork tend to be small and relatively uncommon. .The
veining has probably occurred intermittently over a considerable
period of time. Certainly the veins appear to be some of the
youngest intrusive material as they have been noted cross-cutting
the granite which appears to be the youngest unip of any real sig-
nificance in the map area. Quartz veins also"occur sporadically in
rocks outside the area of pervasive alteration however none of

these appear to be mineralized.

e) Pervasive Alteration (5): This alteration has been classified

as a feldspar - pyrite - quartz alteration of pre-existing sedi-

ments, volcanics and alkalic intrusives. It definitely cross-cuts

the stratigraphy. However, the alteration does not appear to have
affected, and therefore probably pre-dates, the granite intrusive.
Initially during the mapping and core logging phases of the summer
program the alteration was considered to be primarily a.silicification
and pyritization, however, limited feldspar staining has indicated

that the "silicification" is more likely a potassic feldspathization.
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In some cases however, plagioclase appears to be predominant
and whether this reflects original silicate or a secondary

alteration is uncertain.

It thus appears that the unaltered, non-pyritic sediments,
volcanics and alkalic intrusives (?) have been converted into
pyrite-K-feldspar rocks with relict quartz, plagioclase, seri-
cite and chlorite. The process appears to be in part one of
sulphurization whereby silicate iron in the original rocks is
converted into sulphide iron in the altered rocks. Concomitant with
this is the change from the dark grey and green colours of the un-
altered rocks to the light buff to white colours of the altered
rocks. Oxidation of these latter rocks results in the extensive and
intensive rusty gossan development in the area. Interestingly
similarly altered rocks in the Brucejack Lake area, which have
only in recent times been free of ice cover; cdntain only in-
cipient rusty oxidation along fractures. The pyrite content of the
altered rocks generally ranges between about 3% and 10%, chiefly
occurring as disseminations and to a lesser extent small veinlets.

No regional or even local patterns of pyrite content were discernable.
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Although the intensity of the alteration varies through the
area, only one mappable zone of less intense alteration was detected.
Subtle variations in the nature of the pervasive alteration were noted
locally. For instance chlorite-pyrite spotting is infrequently de-
veloped within the pervasively altered area. As well the eastern
part of the altered area possesses a cintery and bleached white
weathering possibly due to the presence of more quartz and sericite.
Relict features are locally common and these most frequently include:
feldspar and amphibole crystals, rounded quartz grains and vaguely
defined clasts. However throughout much of the area the intensity

of alteration is such that rocks of different origins become

indistinguishable.

The process by which the alteration occurs is uncertain,
however it may be largely a fracture and microfracture control,
as locally more intense alteration appears'to occur along shears
within less altered material. In one brecciated area in the
central part of the map area chloritic alkalic (?) fragments are
hosted by a fine grained material possibly consisting of K-feldspar (?
although staining of one sample indicated that most of this fine-
grained material is plagioclase (?). The transition from unaltered

to altered rocks can locally be observed in individual outcrops.

In such cases the transition appears to be rapid but gradational.
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As well, adjacent to the large area of pervasive alteration

there are localized patches of K-feldspar-pyrite alteration

within unaltered material. The source of the alteration is at this
time somewhat enigmatic although it is most probably associated

with the generation of the alkalic intrusives.
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Mineralization

a) Introduction: Widespread Au, Ag, Mo and Cu mineralization

is present in this area. Feur types of potentially significant
mineralization are recognized. These include gold and silver-
bearing quartz veins in the eastern part of the area, secondary
chalcopyrite mineralization within the altered alkalic intrusives
and adjacent rocks (?) in the north and central parts of the area,
secondary moly mineralization within the altered alkalic in-
trusives and sediments in the central part of the area, and
syngenetic copper mineralization and possible precious metals
associated with cherts and impure cherts in the central part

of the area.

b) Au-Ag-bearing Quartz Veins: Gold and silver-bearing quartz
veins occur in the eastern part of the are;. fhese veins appear
to be controlled by fault set A (see structure description)
trending 000 to 020 and dipping steep to the east or west. The
veins vary in thickness from veinlets up to 5m. Zones of intense
subparallel veining are very common. In the northern part of

the area these mineralized veins swing into alignment with a major
east-northeast trending fault zone. These veins probably do not
extend north of this fault. In contrast‘the veins should extend
to the south beyond the area of exposure unless they aré cut by

an unéxposed fault.
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The Ag-and Au-bearing quartz veins are characterized
by pyritic glassy, grey, quartz in milky, white quartz. The
majority of the pyrite and glassy quartz appear to have been
generated at a slightly later time than most of the vein which
consists of milky quartz and generally only minor pyrite. How-
ever ,the entire assemblage undoubtedly forms essentially one
intrusive event. Localized semimassive pods arnd patches
of pyrite are common and frequently these are enriched in Au
and Ag although this is not always the case. Overall the veins
average SZ‘to 10% pyrite although as mentioned previously the

distribution is very irregular.

Infrequent patches of tetrahedrite and less commonly mag-
netite are present most often associated with strong pyrite
mineralization. There is a good positive eorrelation between
tetrahedrite and high Au-Ag values. Visibie gold appears to be
a very rare feature in the veins. Trace amounts of moly, chalco-

pyrite, sphalerite, galena and specular hematite are uncommon.

Four of the thickest vein systems were tested by Granduc
Mines in 1978 through a series of trenches. These trenches
were resampled and mapped during the 1980 field season. In additiom

four drill holes (10, 11, 14, 15) tested three of the four systems.
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Data to date from the sampling and drilling suggest that the
distribution of economic Au and Ag values is too irregular

and localized to be of economic significance.

c) Secondary Chalcopyrite and Moly Mineralization : Potentially
significant chalcopyrite and moly occur in two separate areas
within the area examined. Typically both occur as fine-grained
patches on fractures and shears and to a lesser extent as fine-
grained disseminations. In addition fine-grained moly was noted
in very thin veinlets with or without quartz. On weathered sur-
faces in the chalcopyrite-bearing area malachite is frequently
present and locally is intense, typically occurring on.fractures.
However weathering of the moly-bearing rocks obscures completely
the presence of moly. Frequently the very fine-grained nature

of the chalcopyrite and moly makes detection difficult.

Although quartz veining is locally common.in both areas
neither the chalcopyrite nor moly show any significant affinity
for this veining. As well intense fracturing is locally present
in the area of moly mineralization although such areas are not

particularly enhanced with moly.
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The area of moly mineralization based on mapping appears
to be a wedge-shaped '"Zone" subparallel the predominant faulting
trend and coincidentflly the stratigraphy (i.e. 90 to 130°).
Dip of the Zone is uncertain but is probably steep to the north
and south. It has a sharp cut-off to the east possibly as a
result of faulting whereas it weakens and appears to pinch out
to the west. The length is about 500 m and at its widest point is
about 300 m. Within the area the mineralization is quite
variable in intensity and there are several outcrop areas
where the moly content seems to be quite minor and erratic.
Drill hole 16 tested the area of mineralization in part and
indicated about 76 metres of more intense mineralization.
It should be noted that the hole collared in tﬁis mineralization.
The area of chalcopyrite mineralization also appearé to be a
fault bounded ( and fault controlled?) wedge—sbaped zone cut-off
to the east and pinching out to the West.: It.is about 1100 metres
long and possibly up to 300 metres wide on surface. The western
third of the area includes a chloritic fault(?) zone which has en-
hanced the copper content locally and therefore the area of
secondary mineralization may be less extensive than the 1100
metres just mentioned. The area has been tested by 13 groups of
rough surface chip samples  which verified the presence of possibly
significant though somewhat erratic copper values. In addition
Ag and Au values were loéally encouraging. Drill holes'14 and

particularly 15 which tested a gold-silver-bearing quartz vein
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immediately east of the area of copper mineralization intersected
weak chalcopyrite and local, trace moly at depth suggesting that
the mineralization noted on surface may expand at depth below

a non-copper-bearing pyritic cap.

d) Syngenetic Copper Mineralization: Within the central and

western parts of the area examined probable syngenetic chalcopyrite
occurs with magnetite and pyrite in pure and impure cherts. Un-
fortunately much of the sequence appears fo have been stoped out

by both the alkalic intrusives and the granite. As mentioned prev-
iously (see Rock Types)weak chalcopyrite-magnetite-pyrite typically
occurs in rather ill-defined 1lenses grading in and out of less and un-
mineralized sediment and chert. Locally lenses of;bedded magnetite,
pyrite and chalcopyrite are present in widths up to about 2 metres

(but usually much less). The better developed associations are pyrite,
pyrite.-chalcopyrite, pyrite-magnetite and maghetite—minor chal-
copyrite. Precious metal values with some of the sulphide and

oxide mineralization may also be of potential significance.

The most interesting zone encountered to date consists of
one or more lenses of massive chalcopyrite up to about 10 em thick
associated with lenses of strong pyrite mineralization and less common
patches of magﬁetite over a tﬂickness of about 1 metre. Under-
lying this is about 2 to 3 metres of disseminated pyrite ana weak
chalcopyfite. The overall zone could not be traced for any sig-

nificant distance possibly due to a combination of faulting and
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the highly weathered natdre of much of the exposed rock.

e) Miscellaneous Mine?alization: i) Quartzcalcite-sphalerite~
galena veinlets: Locally in the south and south-central parts of
the area,veinlets and, locally, veins up to 0.5 metres thick
contain patchy sphaleri£e and galena. Generally these mineral-
ized veinlets also contain Au and Ag values. However this min-
eralization is not considered to have any significant economic
potential as it is very discontinuous, irregular, narrow, and

typically rather .weak.

ii) Silver in the Pervasively Altered Rocks: Chip sampling
and drilling has indicated that there are large areas averaging
0.1 oz/ton silver in the pervasively altered rocks in the eastern
part of the area. The silver is thought to bg'asgociated, in a
general way, with the pyrite although it does'not appear to be
a simple volume for volume relatiomnship. This miﬁéralization is
only of secondary economic significance as unto itself it is far

from economic®

iii) Malachite ( and Chalcopyrite) in Chloritic-Altered Zones:
Invariably zones sf chlorite~feldspar alteration within the alkalic
intrusives results in common and locally intensive malachite and
lesser azurite staining on f?actures within these zones. Chalcopyrite
and pyrite are infrequently observed although this may in part be a
function of the alteration and weathering as these rocks tend to be so

brittle and blocky and probably intensely fractured that fresh
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surfaces are rare. It is thought that these zones are

localized hydrothermil systems within shears and the min-

eralization encountered there has been remobilized from the
surrounding host and reconcentrated along these zones. Generally
these zones are relatively narrow (10 to 20 m) although some appear to
be fairly continuous (100 to 200 m). As the Cu grades in these zones
are probably relatively low the combination of size and grade is
likely well below any economic base level. The Bishop zone in the
western part of the area which was trenched by Granduc in 1976-77

is probably oﬁe such altered zone.

iiii) Infrequent Chalcopyrite-Moly Mineralization: Infrequent
weak chalcopyrite and moly were noted through the northwestern

part of the area which is predominantly underlain by altered alkalic

intrusives.
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Synthesis and Interpretation

The area on the north side of the Mitchell Glacier appears
to be underlain by a complex sequence of widespread immature clastic
sediments, impure cherts occasionally with iron formation and
localized intermediate volcanic fragmentals and associated vol-
caniclastics. The stratigraphic sequence is uncertain although
based on the regional geology the cherts may be overlain by a
mixed assemblage of volcanics and immature clastic sediments.
The existing distribution of units would then indicate that the
sequence is younging upward although due to faulting there are
probably many localized inversions.. It is thought that this
sequence of cherts, sediments and volcanics may be part of the
same stratigraphic package occurring éo the north, east and west
of the pervasively altered area. The compleg ;£ratigraphic sequence
suggests a varied and complex environment both in terms of facies
changes and variations in in-situ environments. In general terms,
however, the majority of the sequence was probably deposited in a

submarine environment which may have shallowed and locally been

subaerial during deposition of the most northerly and topographically

highest volcanics and sediments examined.
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Intrusive into the sequence are alkalic intrusives
(predominantly syenodorite) and later granite. Much of the area
has undergone pervasive K-feldspar (?) and pyritic alteration. This
alteration is not a stratigraphic horizon nor is it controlled by
the stratigraphy. The alteration is a superimposed event on a
variety of rocks including sediments, volcanics and alkalic intrusives.
The granite however does not appear to have been affected. The
alteration is believed to be genetically related to the alkalic
intrusives and may be related to generation of the secondary chalcopy-

rite and moly mineralization.

The area has undergone, intense faulting with associated
shearing and fracturing, a feature which may be of paramount importance
in localizing the intrusive activity, the alteration and the secondary
mineralization. The area does not appear to have undergone regional
folding although this possibility should be treated with caution due
to the altered condition of the rocks possibly obscuring evidence

for a pre-alteration phase of folding.

The area is well-endowed with Au, Ag, Cu and Mo mineral-
ization. Au and Ag are"associated with quartz veins iIn the

eastern part of the area and to a lesser extent with secondary



