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SUMMARY 
The Sulphurets Creek Property was f i r s t explored i n the early 

1930s and was staked by G.M.L. i n I960* This report summarizes the 
various programs of work, the technical aspects of the property, i t s 
current status and presents, an opinion of i t s merits - Proposals for 
further work are included. 

This report i s intended for the use of G.M.L. directors and 
of f i c e r s . Most of the details regarding 1974 and 1975 work have not 
previously been reported. The writers have freely drawn from available 
data both private and published and where appropriate have attempted to 
acknowledge the sources of t h e i r material. I t i s hoped that this Summary 
Report, complete with comprehensive bibliography and appendices, w i l l be 
the f i r s t of a continuing series of Annual Summary Reports describing 
incremental progress on the property. 

PART I. GENERAL INFORMATION 

1. Location 
The Sulphurets Creek property i s located 585 miles northwest of 

Vancouver, B. C. , 40 miles northwest of Stewart, B. C. and 20 miles north 
of the Granduc Mine (Figures S-75-1, S-75-2) . I t i s at the head waters 
of Sulphurets Creek, an eastern tributary of Unuk River. The Stewart-
Cassiar Highway passes 25 miles east of the property. The Alaska-Canada 
border i s 20 miles west and Ketchikan, Alaska, formerly the supply centre 
for the Unuk River area, i s 95 miles southwest. Geographic coordinates 
are 56o30' North l a t i t u d e , 130°15' West longitude. The area i s part of 
the NTS 1:250,000 scale map number 104B Iskut River sheet. 

The Sulphurets Creek property l i e s i n an area of moraine and 
g l a c i e r - f i l l e d valleys, permanent snow f i e l d s and steep mountain slopes. 
Elevations on the property are between 1800' and 6300'. The valley of 
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Unuk River, 9 miles west, i s at 8001 elevation and John Peaks, a pair of 
prominent g l a c i a l horns 6 miles west, exceed 7500* i n elevation. 

2. Climate 
The Sulphurets Creek area i s approximately at the interface 

between the west coast marine climate and the northern i n t e r i o r climate, 
both of which are modified by the combined factors of high la t i t u d e and 
high elevations. Winter conditions p r e v a i l from October through A p r i l 
with heavy precipitation, including several hundred "inches of snowfall 
and much r a i n f a l l , and much cloudiness and occasional, periods of severe 
cold temperatures^ During the rest of the year, May through September, 
weather conditions are generally reasonably warm (temperatures from 40°F 
to 70°F) with frequent rainy periods and foggy conditions. Clear skies 
are an infrequent condition, but once established may p e r s i s t for 
periods of a week or longer. Strong winds frequently p r e v a i l at higher 
elevations'in a l l seasons. 

3. Vegetation and Animals 
The major valley, that of Unuk River, i s heavily vegetated with 

the hemlock-spruce forest canopy t y p i c a l of northern coastal B r i t i s h 
Columbia and a lush undergrowth, of. weeds, shrubs and berry bushes. 
Narrower valleys and areas between 1,000 and 4,000' elevation bear 
hemlock forests and exhibit numerous avalanche scars and rocky slopes 
that are unable to support coniferous growth. In summer the l a t t e r 
become densely covered with grasses, flowers and s l i d e alder. Vegetation 
thins rapidly above 4,000* elevation and trees y i e l d to willows, heather, 
moss and alpine flowers including gentians, lupins and members of the 
orchid family. Only sparse mosses and miniature flowers survive above 
5000'. 

Northern coastal mountains support few animals and, except i n 
migration season, few birds. Flocks of 5 to 20 mountain goats are 
frequently seen i n the Sulphurets Creek area. Grizzly and black bear are 
rarely seen but, being unpredictable i n habit and behavior, are an 
i r r i t a n t even when not in evidence. Marten and wolverine are also present. 



4. Mineral Claims 
The Sulphurets Creek property of Granduc Mines, Limited now 

consists of 76 mineral claims. In addition Mrs. Grace Dawson holds 6 
claims; Don Ross and Stan Bishop of Ketchikan area hold 6 claims. Duke 
Kilbury and Associates, also of Ketchikan, hold several placer claims on 
Mitchell Creek at i t s confluence with Sulphurets Creek* Figure S-75-3 
presents the approximate configuration of the mineral claims. Table 1 
presents claim data updated to March, 1975. 

5. Logistics of Access and Operation 
E a r l i e s t access to the Unuk River area was from Burroughs Bay, 

Alaska, then, starting perhaps i n the 1920s or 1930s, overland from 
Stewart v i a the prospectors' t r a i l to Tide Lake, thence over Frank 
Mackie Glacier and down either Divelbiss or Teddy Morris Creek. Mining 
a c t i v i t y i n South Unuk River and. Tom MacKay Lake areas i n the early 1930s r 

mid 1940s and early 1960s was supported by fixed-wing a i r c r a f t . F i r s t 
introduced i n 1953 and now the standard method of t r a v e l , helicopter 
transportation has added many c i v i l i z i n g features of convenience, f l e x i ­
b i l i t y , safety and speed to prospecting and mining a c t i v i t i e s . Consequently 
foot t r a i l s and stream crossings have degenerated and at the present time 
are not p r a c t i c a l routes-

Snow conditions preclude f i e l d work at higher elevations except 
during July, August and early September. The Sulphurets Glacier portion 
of the area opens up i n May; Mitchell Glacier i s about one month l a t e r , 
depending upon such unpredictable factors as previous winter snowfall and 
spring weather conditions. 

Access to a possible mining operation i n the Sulphurets Creek 
area could be provided from the Stewart-Cassiar road at Tiegen Creek 
or Ningunsaw Pass, respectively 95 and 102 miles from the Port of 
Stewart. New road construction of approximately either 42 or 45 miles 
would be required, of which about five miles at either end would be 
d i f f i c u l t and the balance would be r e l a t i v e l y simple construction. Such 
a road would, incidentally, also be of value to any possible future develop­
ments at Granduc's Max property (10,000,000 tons, asA •, 0.3% Cu) . 
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Table 1 
Claim Status - March 1975 

Owned by Grandue Mines, Limited 
Claim Name Record No. 
Ray 1 - 7 
Ray 8 - 1 4 
Ray 19 
Ray 20 
Ray 22 
Ray Y Fr. 
Ted 1 - 4 
Ted 6 
Ted 15 - 19 
Ted 31, 32Fr. 
Patty 1 - 5 
Ran 7 - 1 4 
Ran 16 
Ran 18, 
Ran 40, 
Ran 42 - 47 
Ran 48, 49' 
Ran 50 
Lee 1 - 4 
Mitch 1 - 3 
Mitch 5 - 16 

19 
41 

18925 
18926 
18928 
21133 
18999 
19004 
19013 
19193 
29541 
31420 
31429 
31431 
31453 
31455 
31461 
32236 
32794 
36316 
36320 

-19002 
-19017 

19194 
-29545 
-31427 

31432 
31454 

-31460 
31462 

32797 
-36318 
-36331 

Owned by Mrs. Grace Dawson, Kirkland, Wn. 
John B u l l 3, 4 
John B u l l 19, 20 
John B u l l 23, 24 

19739, 19740 
19755, 19756 
19759, 19760 

Owned by Stan Bishop, Ketchikan, Aa. 
Arbee 54 19143 

Owned by Don Ross, 
Dawson Ross 1 
Dawson Ross 3 
Arbee 35 
Arbee 39 
Arbee 55 

Ketchikan, Aa. 
19387 
19889 
19124 
19128 
19144 

Expiry Date* 
May 31, 1977 
May 31, 1976 
May 31, 1977 

Aug. 6, 
June 3, 

June 24i 
Aug. 7, 
June 29, 

June 29, 
June 29, 
Sept.15, 
June 26 { 

Feb. 1, 
Feb. 1, 

1977 
1977 

1977 
1977 
1977 

1978 
1977 
1977 
1977 

1977 

June 22, 1975 

June 14, 1975 

July 24, 1975 

June 16, 1975 

* Assuming that pending Certificates of Work are issued. 
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f^S Hydro e l e c t r i c power could be developed at several potential 
sites i n the area. Of particular merit i s a s i t e on Iskut River, 22 
miles from Sulphurets Greek, where studies (Crippen Engineering, et al.) 
indicate a potential 132 megawatt plant. Much smaller power si t e s closer 
by include Harryme1 Creek and Sulphurets Creek but these have limited 
water storage capacity and would l i k e l y be operable for only part of the 
year. Selection of sites for processings plants, airport, townsite, waste 
rock and t a i l i n g s disposal would a l l present manageable d i f f i c u l t i e s . 

Currently, and i n the forseeable future, access to the Sulphurets 
Creek property i s r e s t r i c t e d to helicopter transportation. . In the past, 
service t r i p s have usually coincided with camp moves" or with other work 
requiring helicopter assistance. Planning i s frequently frustrated by 
adverse weather conditions and by problems of helicopter a v a i l a b i l i t y 
and the vagaries of radio-telephone communications. 

6. History 
The f i r s t record of work on bedrock mineral prospects i n the 

Sulphurets Creek area i s found i n the 1935 Annual Report of the B r i t i s h 
Columbia Minister of Mines. Bruce and Jack Johnstone of Ketchikan, Alaska 
located the "Bior Showing" mineral claims on copper mineralization north of 
Sulphurets Glacier. This i s the area i n which G.M.L. has concentrated i t s 
more recent e f f o r t s . 

Keith Fahrni, geologist for Granby, apparently v i s i t e d prospectors 
i n the upper Sulphurets Creek area i n 1955. In 1959 an ambitious f i e l d 
program was i n i t i a t e d i n the Unuk River watershed by Newmont Mining Corpora­
tion of Canada Ltd. on behalf of G.M.L. The f i r s t phase of this program 
(1959) entailed prospectors; the second phase, 1960 - 1962, was a helicopter-
borne magnetometer survey followed by claim staking, ^ o l o g i c a l mapping, 
li n e cutting, ground magnetic surveys and diamond d r i l l i n g . Two areas of 
attractive mineral potential were revealed by this work: the Sulphurets 
and Max properties. In 1960 and 1961 mineral claims were staked i n the 

o 



Mitchell Glacier area by Don Ross, Wendell Dawson, and associates, of 
Ketchikan, Alaska. In 1962, the i r claims were optioned and examined by 
Phelps Dodge Canada Ltd- and from 1967 through 1972, by G.M.L. 

The 1960 - 1962 work by G.M.L. i s recorded i n reports by G. W. H. 
Norman, Appendix I and IX, and i n a University of B r i t i s h Columbia MSc 
Thesis by R. V. Kirkham e n t i t l e d The Geology and Mineral Deposits i n the  
V i c i n i t y of the Mitchell and Sulphurets Glaciers Northwest B r i t i s h  
Columbia, 1963. This early work outlined a very large area of complex 
geology, alteration and hydrothermal mineralization. A theory that 
copper mineralization.was related to the Sulphurets Thrust Fault was d i s ­
credited by two diamond d r i l l holes (1961-1 and 1962-2) but copper and 
molybdenum were reported i n meta-volcanic and meta-sedimentary rocks close 
to igneous (syenitic) intrusions. 

The Sulphurets Creek property was mostly i d l e from 1963 through 
1966 except f o r a f l u r r y of excitement i n 1964 concerning s i l v e r values 
reported i n the eastern part of the property. In 1967, G.M.L. resumed 
work with trenching and s i l t sampling on both sides of the Sulphurets-
M i t c h e l i Creek Ridge. Plane table mapping and diamond d r i l l i n g were the 
main, a c t i v i t i e s during 1968. Plane table mapping was completed i n 1970. 
In 1974 when funds were again available, a program of bedrock geochemical 
sampling and geological reconnaissance was undertaken. This resulted i n 
much new data, new interpretations of geology and mineralization and new 
mineral discoveries. 
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7. Expenditures - 1960 through 1974 
Details of expenditures on the Sulphurets Creek property i n 

the period 1960 through 1974 are not available. In p a r t i c u l a r , costs 
of the early work were not separated from t o t a l expenditures i n the 
Unuk River area. The following set of figures i s the best possible 
estimates 

1960 - airborne geophysical surveys, claim staking 
and recording, mapping, magnetic surveys 

1961 - geological mapping, packsack d r i l l i n g 

1962 - diamond d r i l l i n g , minor prospecting 

1963 - i d l e 

1964 - completion of airborne geophysical survey 

1965 - i d l e 

1966 - cash i n l i e u of work, Ray Y Fr. 

1967 - geology, trenching, claim staking and 

maintenance 

1968 - surveys, plane table mapping, diamond d r i l l i n g 

1969 - recording fees 

1970 - complete plane table mapping 

1971 - staking Mitch claims, assessment work 

1972 - assessment work 
1973 - cash i n l i e u of work, fees 

1974 - cash i n l i e u of work, rentals, geochemical 
survey, reports 

Estimated t o t a l expenditures to end of 1974 

$35,000 

20,000 

20,000 

2,000 

100 

15,000 

100,000 

2,200 

20,000 

1,500 

800 

1,500 

30,800 

$248,900 



PART I I . GEOLOGY OF SULPHURETS CREEK PROPERTY 
1. Introduction 

This section i s written i n the expectation that much of i t s 
content w i l l become obsolete or require revision following issuance by 
the B- C Department of Mines and Petroleum Resources of B u l l e t i n 60, 
e n t i t l e d Geology of the Unuk-Salmon River-Anyox Area by E- W. Grove. 
At present the best available regional-scale data for the area i s 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 i n Appendix I . The writers' 
current ideas are also presented. 

2. Summaries of Geologic Reports 
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 i n 1960 and 1961 i s accompanied by a 

discussion of geology, l o c a l and regional structure, rock a l t e r a t i o n , 
mineralization and assays and a recommendation that 5000 feet of diamond 
d r i l l i n g test the extent and grade of copper mineralization. Dr. Norman 
suggested that the northeast faults at Sulphurets Creek and at Granduc 
Mine are part of one continuous major f a u l t zone with right-handed drag 
offsets- Types of alteration are mentioned. Copper mineralization i s 
thought to be associated with c h l o r i t i z a t i o n and northeast fau l t i n g . 
Four packsack d r i l l s i t e s are described and the clusters of d r i l l holes 
are i l l u s t r a t e d , along with composite assays for copper. Gold i n placer 
and gold and s i l v e r bearing vein occurrences are described. Molybdenite 
occurrences along the footwall of Sulphurets Fault and along the south 
side of M i t c h e l l Glacier are described. 

B. 1963 Memorandum Report to John Drybrough from G. W. H. Norman, 
Sulphurets-Mitchell Area Claims (Appendix I-B) 

This 10 page report i s a review of the Sulphurets Creek property 
prepared following receipt of R. V. Kirkham 1s M.Sc. thesis. The history 
of the area i s summarized and Kirkham*s work i s discussed i n the context 
of porphyry copper deposits. Some of the problems i n making an adequate 
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test of the copper p o s s i b i l i t i e s are outlined. A favorable area 12000 feet 
long and 3000 to 6000 feet wide i s described. A systematic d r i l l i n g pro­
gram t o t a l l i n g 375,000 feet of d r i l l i n g (500 foot deep holes at 800 foot 
centers) i s referred to but an induced polarization survey of about 
100,000 feet i n 14 linos i s recommendod for tho coppor area. Further 
prospecting of the gold-silver prospects i s also recommended. 

C. 1963 M.Sc. Thesis by R. V. Kirkham, The Geology and Mineral Deposits  
i n the V i c i n i t y of the Mitchell and Sulphurets Glaciers, Northwest  
B r i t i s h Columbia, copies i n Granduc1s Vancouver o f f i c e and i n l i b r a r y 
at University of B r i t i s h Columbia. (For abstract see Appendix I-C) . 

The thesis study was a wide-ranging geological look at the 
Sulphurets and Mitchell Creek areas combined with laboratory studies. As 
such i t includes a comprehensive petrological study of the igneous rocks 
and rock alteration. 

This study contains much valuable information about the various 
f^h rock types and presents some ideas concerning the formation of sedimentary 

units as a result of turbi d i t y currents. I t attempts to place the bedded 
rocks i n the then crudely defined time-stratigraphic model. 

The name "Mitchell Intrusions" was introduced to designate a l l 
intrusive rocks except late dykes and s p i l i t i z e d diabase. Different 
intrusions are described, along with reference to t h e i r mutual structural 
relationships. Feldspars were studied i n d e t a i l with the aid of X-ray 
d i f f r a c t i o n , thin sections, the universal stage and phase diagrams. 
Kirkham concluded that the Mitchell intrusions were emplaced i n a 
hypabyssal environment. A gradation of composition from syenodiorite 
and albite syenite i n the Sulphurets Valley to syenite, quartz syenite 
and granite on Sulphurets-Mitchell Ridge and M i t c h e l l Valley was recognized. 
A common o r i g i n and close relationship between a l l members of the M i t c h e l l 
Intrusions was indicated. 

a 



Bedding, schistosity and cleavage were investigated by means of 
stereogram plots. Folds, f a u l t s , mylonite zones, breccias and bondinage 
are discussed b r i e f l y . Metasomatic alteration by low temperature ( 400°C) 
al t e r i n g fluids emanating from the Mitc h e l l intrusions i s hypothesized. 
A l b i t e , c a l c i t e , s e r i c i t e , quartz, c h l o r i t e , p y r i t e , clay minerals, 
epidote, b i o t i t a and. potash, feldspars are described-

P o s s i b i l i t i e s of disseminated very low grade, very large tonnage 
deposits, t h e i r 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 
deposits may be presents However, the presence of vast quantities of 
v o l a t i l e s may have resulted in dispersal of the valuable metals. 

The thesis i s accompanied by a geological map, geological cross 
sections and a map showing d i s t r i b u t i o n of alteration minerals. Chapter 
IV, Rock Alteration, forms Appendix I-D of this report. 

D. 1968 Preliminary Summary Report of Geology of Sulphurets-Mitchell Creek  
Ridge by Roy Wares (Appendix I-E) 

This i s a very b r i e f preliminary review of results of the 1968 
plane table mapping and diamond d r i l l i n g program at Sulphurets Creek. 
Wares touched on various aspects of the geology, a l t e r a t i o n , structure and 
mineralization. The pyrite zones were considered due to "sulphurization" 
of a regional unit and he f e l t that the related trace copper mineralization 
was of no economic significance. 

E. 1968, Ted, Ray Property, Unuk River, Skeena Mining Division by E. W; 
Grove i n 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 i n i t s regional 
context. He states that i t i s at the northwest end of an elongate 
regional dome and consists of intercalated volcanic e p i c l a s t i c s , volcanic 
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flows and marine sediments intruded by a complex of, syenite, monzonite 
and d i o r i t e plutons. The report i s 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 f i l e i n V i c t o r i a and i n Granduc's Vancouver o f f i c e . 

This report i s a summary of the status of the Sulphurets Creek 
property and a detailed description of 1974 f i e l d work and the results 
obtained. Geological data and s i l v e r , lead and molybdenum geochemistry 
were discussed. 

» 3. Regional Geology 
The Unuk River d i s t r i c t l i e s between two of the main geological 

elements of northwestern B r i t i s h Columbia: i t i s east of the main Coast 
Crystalline Complex and i s on the western edge of the Bowser Basin. Apart: 
from gneissic rocks of undetermined age exposed near Mi t c h e l l Glacier 
and recent basalt flows i n King Creek, Unuk River and Iskut River, a l l 
rocks are apparently of Mesozoic age. Paleozoic rocks are exposed further 
to the east i n the Oweegee Range. 

Intrusive rocks of the Unuk River area include the f u l l spectrum 
from granite, syenite, granodiorite and d i o r i t e to gabbro. The s y e n i t i c 
rocks, of uncertain age, appear to be related to tectonically active zones 
i n the upper South Unuk River and i n the Sulphurets Creek area. Foliated 
diorite-granodiorite, thought to be older than the Coast Intrusions, i s 
prominent at McQuillan Ridge and at Granduc Mountain. Unfoliated granite 
and granodiorite dominate the Coast Crystalline Complex and form several 
s a t e l l i t e plutons including those at Summit Lake and LeBrant Creek. 
Gabbro forms the monolithic mass of John Peaks and i s also present west 
of Tom Mackay Lake and at Snippaker Creek. 
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S t r a t i f i e d rocks are of sedimentary, volcanic and e p i c l a s t i c 
o r i g i n - With the exception of pillow lava units few purely volcanic rocks 
have been recognized i n the area. 

In the immediate v i c i n i t y of the Sulphurets and M i t c h e l l Glaciers 
a regional elongated dome has been unroofed by weathering and g l a c i a l 
processes. The str i k e of the long axis of the dome i s approximately north 
20°W. The south part of the dome structure i s largely obscured by g l a c i a l 
cover and permanent snow but i t i s assumed t h a t the l o c a l structure has a 
length of several miles. The core portion of the dome includes a l l the 
rocks of economic interest i n the Sulphurets Creek area. Immediately 
adjoining these rocks to the west i s a thick sequence of black and dark 
brown c l a s t i c sediments which vary from a r g i l l i t e s to conglomerates. 
This same formation i s exposed i n a broad regional fold north of the 
Sulphurets.Creek area and northeasterly i n the Treaty Creek area. One 
and possibly two pillow lava horizons recognized i n the area immediately 
west of John Peaks have been correlated with a regional pillow lava f o r ­
mation which i s known to extend at least as far south as the Anyox area 
(Grove, 1968) . Similarly, limestone formations mapped i n the south Unuk 
River, notably at the mouth of Gracey Creek, and near the confluence of 
Unuk River and South Unuk Rivers are correlated with limestone formations 
i n the v i c i n i t y of Granduc Mine. At the l a t t e r location, the limestone 
has been assigned a Tri a s s i c age. The area l y i n g between the South Unuk 
River and the Coast Intrusions consists of a variety of sedimentary and 
epiclaStic-sedimentary rocks. Close to the Coast Intrusions minor thermal 
metamorphism has been imposed. 

A number of regional f a u l t structures have been postulated i n the 
Unuk River area. The strongest of these structures i s thought to occupy 
the Unuk River Valley from the v i c i n i t y of the International Boundary to 
Harrymel Creek and then may be diverted or cut o f f by a strong northerly 
s t r i k i n g structure along the l a t t e r creek. A s i m i l a r l y strong l i n e a r 



feature i n Gracey Creek valley also strikes northeasterly but i t s character 
i s unknown. Offsets, i f any, are r e l a t i v e l y minor. A large number of 
linear zones of alteration, primarily s i l i c i f i c a t i o n and/or carbonatization, 
l^ave been recognized i n the Unuk River and Sulphurets Creek areas. A very 
strong northeasterly s t r i k i n g l i n e a r alteration zone about 1-1/2 miles 
southeast of Tom Mackay Lake is. t y p i c a l of these structures- I t i s 
probable that the alteration zones represent ancient areas of fa u l t i n g or 
at least fracturing- vThe core area of the regional dome at Sulphurets 
Creek d i f f e r s from the other more elongated alteration zones only i n terms 
of i t s size and the intensity of alteration. 

4. Detailed Geology of Sulphurets Creek Property 
A. Introduction 

The Sulphurets and M i t c h e l l Creek mineralized zone l i e s between 
the Coast Cry s t a l l i n e Complex and the Bowser sedimentary basin i n a 
regional structural element described by Grove (1968) as the Bear River 
U p l i f t . The area of mineralization occurs i n e p i c l a s t i c rocks, flows 
and marine sediments intruded by a complex of s y e n i t i c , d i o r i t i c and 
granitic plutonic rocks c o l l e c t i v e l y referred to as the M i t c h e l l 
Intrusions. The s t r u c t u r a l l y complex Sulphurets and M i t c h e l l Creek areas 
are further complicated by extensive s i l i c i f i c a t i o n , s e r i c i t i z a t i o n and 
p y r i t i z a t i o n and by weathering effects. Thrust and tear faults have been 
i d e n t i f i e d but the displacements are i n most cases obscured and are as 
yet unresolved. 

Potentially valuable occurrences of metals have been found i n 
several parts of the Sulphurets and Mitchell Creek areas. These and t h e i r 
geological environment have been investigated by several different 
geologists i n the period 1960 to the present but a comprehensive and 
d e f i n i t i v e description of the geology of the area has not yet been pre­
pared. The present writers compiled the accompanying geology maps 
(Figures 4 - 8 ) from previous maps, f i e l d observations and microscopic 
examination of hand specimens and bedrock geochemical samples. The map 
i s interpretive as the f i e l d work was structured by the geochemical grid 
(400* x 400 f). Petrographic studies now underway (by J. H. Montgomery, 
PhD., P.Eng.) are expected to help resolve some uncertainties about 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 G l a c i e r and Frank Mackie G l a c i e r to the 
south r northerly across Sulphurets and M i t c h e l l Glaciers to where i t 
passes beneath a snow f i e l d that separates M i t c h e l l Creek v a l l e y from 
Treaty Creek v a l l e y . This zone forms the Sulphurets Creek mineralized 
area. S i m i l a r discoloured rocks outcrop on the north and south side o f 
Treaty G l a c i e r about 3 miles to the northeast- Several s i m i l a r but much 
smaller discoloured areas have been located i n the Unuk River drainage 
area and a very large and s i m i l a r l y anomalous area of s i l i c i f i c a t i o n , 
a l t e r a t i o n , and mineralization l i e s west of Snippaker Creek 16 miles north­
west of Sulphurets Creek. 

The b r i g h t l y coloured rocks correspond to an area of f a u l t i n g , 
t hrust f a u l t i n g , a l t e r a t i o n , hydrothermal mineralization and weathering 
imposed on'a variety of plut o n i c , volcanic and sedimentary rocks. An 
adequate explanation f o r the l o c a l i z a t i o n of the disturbed and altered 
area i s not available. Dr. Norman speculated that i t may be continuation 
of the Granduc Fault Zone. 

The zone i s p a r t i a l l y l i m i t e d on the west by a gently dipping 
(30°W) thrust f a u l t and p a r t i a l l y by an unconformity- The east l i m i t of 
the main area of disturbance corresponds to the postulated p o s i t i o n of a 
steep angle north-south s t r i k i n g structure referred to by Dr. Norman as 
the "Brucejack Fault". Rocks west of the zone are predominantly marine 
c l a s t i c sediments, possibly of Lower Jurassic age. To the east, fragmental 
volcanic rocks, t e n t a t i v e l y correlated with the Betty Creek formation i n 
the lower part of the Bowser Assemblage, are present. Elsewhere i n the 
general Stewart-Unuk River area th i s formation has been dated as probable 
Middle Jurassic age. Thus 4 t i s reasonable to assume that the a l t e r e d 
zone i s comprised of rocks of Lower and/or Middle J u r a s s i c age. 
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Figure 4 presents the w r i t e r s 1 current map of the geology of 
the Sulphurets Creek property. Figures 5a and 5b i l l u s t r a t e the Main 
Copper Zone i n plan and i n section respectively and Figures 6a through 
8a are north-^south v e r t i c a l sections at 1200 foot i n t e r v a l s between 
2800E and 7600E on the rock geochemical sampling grid-

The entire Sulphurets and M i t c h e l l Creek area has extensive 
deposits of unconsolidated g l a c i a l l y derived material. These deposits 
are p a r t i c u l a r l y t h i c k i n the valleys of both M i t c h e l l and Sulphurets 
Gla c i e r s . The gl a c i e r s themselves have created deep sreep walled 
valleys which cut across the area i n an east-west d i r e c t i o n . G l a c i a l 
i c e and permanent snow occupy at. l e a s t 25%. of the indicated extent of 
the Sulphurets - M i t c h e l l Creek mineralized area. 

C. Plutonic Rocks 
An array of plutonic rocks has been i d e n t i f i e d i n the Sulphurets 

Creek area. The t o t a l extent of such rocks i s r e l a t i v e l y small compared 
to the extent of the hydrothermally altered area. 

On the basis of variations i n microcline and quartz contents, 
Kirkham (1963) i d e n t i f i e d three main types of s y e n i t i c i n t r u s i o n s ! 

1. A l b i t e syenite including hornblende plagioclase porphyry, 
2. Syenite and quartz-syenite grading into granite, and 
3. Cross-cutting granite. 

Kirkham found that potash feldspar occurs sparingly i n the a l b i t e 
syenite, i s an es s e n t i a l constituent of the syenite-quartz syenite and 
occurs i n a microperthitic form as the only feldspar i n the granite. 
He suggested that the progressive d i f f e r e n t i a t i o n of a parent magma 
would account f o r t h i s v a r i a t i o n . The apparent t o t a l lack of c a l c i c 
plagioclase may have resulted from sodium metasometism subsequent to 
i n i t i a l c r y s t a l formation or may r e f l e c t a somewhat uncommon condition 
of a calcium-deficient magma. 
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The 1974 f i e l d work permitted a tentative alternate c l a s s i ­
f i c a t i o n of the s y e n i t i c rocks into 

1. syenites, 
2. trachyte flows, 
3. granite, and 
4. c a t a c l a s t i c syenite. 

The main occurrences of the s y e n i t i c and related intrusions are i n a 
probable s i l l complex exposed i n the hanging w a l l block of the Sulphurets 
F a u l t on the ridge between Sulphurets and M i t c h e l l Glaciers , and i n the 
footwall of the same structure on the lower slopes both south and north 
of M i t c h e l l Glacier. They were not recognized i n the f l o o r of the 
v a l l e y at the toe of M i t c h e l l G l a c i e r . 

P o r p h y r i t i c syenite commonly exhibits euhedral and subhedral 
pink and white microcline microperthite and subhedral white a l b i t e 
phenocrysts i n a greenish p h a n e r i t i c ground mass composed of a l b i t e and 
altered mafic minerals. Phenocrysts are mostly 2 to 5 mm i n length but 
very coarse grains up to 20 mm i n length are occasionally present. 
Mafic minerals seldom comprise more than 20% of the rock and commonly 
are less than 5%. Microcline microperthite grains e x h i b i t o s c i l l a t o r y 
zoning v i s i b l e without a i d of magnification and frequently have a core 
of plagioclase- Frequently grains of plagioclase and mafic minerals 
have been engulfed by the zoned materials. Syenites r i c h i n mafic 
minerals are usually magnetic with 1 to 2% v i s i b l e magnetite grains. 
Country rocks adjacent to s y e n i t i c rocks are also commonly magnetic. 

Trachytes were mapped i n the area north and east of the sharp 
bend of Sulphurets Gla c i e r where they are thought to be hypabyssal 
intr u s i o n s . S i m i l a r rocks r possibly extrusive equivalents of the 
trachytes, are recognized i n the agglomeratic r ^ i t s nearby. Kirkham 
distinguished greater amounts of a l b i t e and lesser amounts of microcline 
i n the trachyte as compared to the syenite. Both rock types are 
commonly po r p h y r i t i c but, unlike the syenite, trachyte contains horn-



- 17 -

blende phenocrysts and has a dark green aphanitic matrix. Feldspar 
phenocrysts i n the trachyte usually are numerous, euhedral and closely 
s i m i l a r i n si z e (in the 2 to 4 mm range) i n contrast to a scattering 
of corroded grains of varying size i n the syenite. Weak epidote a l t e r a ­
t i o n , pervasive throughout the trachyte, i s l i k e l y a deuteric phenomenon-

The present writers have very l i m i t e d f a m i l i a r i t y with the 
granite but both Kirkham and Wares (1968) recognized granite as an 
important "end member" of the M i t c h e l l Intrusions. Cross cutting r e l a t i o n ­
ships with granite i n the syenite as described by Kirkham were not 
recognized i n the f i e l d by the present w r i t e r s . Two samples of granite 
were however colle c t e d during the course of the 197.4 rock geochemical 
samplings program. The granite i s distinguished by an o v e r a l l dark red 
to a l i g h t purple colour, the presence of v i s i b l e quartz and by the low 
content of ferromagnesian minerals. I t i s h o l o c r y s t a l l i n e with subhedral 
and anhedral feldspars and s i l i c e o u s matrix. Feldspars are mostly red 
with white cores and are microline microperthite and p e r t h i t e . Quartz, 
c a l c i t e and c h l o r i t e v e i n l e t s cut the granite. 

C a t a c l a s t i c syenite occurs on the south slope of M i t c h e l l 
Valley i n close proximity to the trace of the Sulphurets Fault. I t 
t y p i c a l l y consists of a mixture of granulated and mylonitized syenite 
and.coarse fragments of brecciated syenite. Quartz i s abundant i n the 
matrix portion and exceptionally forms as much as 50% of the t o t a l 
rock. Colours vary from dark red to l i g h t grey, dependent upon the 
in t e n s i t y of a l t e r a t i o n that has affected the rock. The broadest area 
of cata c l a s i s corresponds to the in t e r s e c t i o n of the Sulphurets Fault 
and underlying^ steep angle north-south f a u l t s . 

D. Andesitic and D i o r i t i c Rocks 
On the accompanying map sheet (Figure 4) four subdivisions 

of the andesitic and d i o r i t i c rocks are indicated. Two of the sub­
d i v i s i o n s , andesite t u f f and andesite agglomerate, are c l e a r l y of 
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extrusive o r i g i n ; the t h i r d , dykes and s i l l s , i s i n t r u s i v e and probably 
consanguinous with the f i r s t two; the fourth, hornblende d i o r i t e 
porphyry, i s i n t r u s i v e , crosscuts trachyte and i s v i r t u a l l y unaffected 
by the regional a l t e r a t i o n . 

The andesitic t u f f u n i t includes c r y s t a l and l i t h i c t u f f and 
interbedded tuffaceous sediments of andesitic composition- I t i s 
abundantly d i s t r i b u t e d on the north side of Sulphurets V a l l e y and, 
together with agglomeratic and e p i c l a s t i c material, forms an arcuate 
wedge marginal to and p a r t l y assimilated by the s y e n i t i c p l u t o n i c 
rocks. On the south side of M i t c h e l l Valley, however, tuffaceous 
rocks are less common even though the fragmental v a r i e t i e s appear to 
p e r s i s t . C r y s t a l t u f f members have angular c r y s t a l grains and fragments 
i n a m i c r o c r y s t a l l i n e groundmass whereas l i t h i c t u f f s are composed of 
small rock fragments i n a tuffaceous matrix. Bedding i s seldom prominent 
and frequently i s obscured by a l t e r a t i o n . Colours vary from l i g h t green 
to grey and a l t e r a t i o n i s of variable i n t e n s i t y . Weak s i l i c i f i c a t i o n 
and weak to moderate development of epidote, c h l o r i t e and c a l c i t e are 
t y p i c a l - Potash metasomatism has occurred close to the s y e n i t i c p lutonic 
rocks and i n most cases results i n a pink coloured c r y s t a l l i n e rock 

k that can scarcely be distinguished from the i n t r u s i v e rock. S i m i l a r l y 
ambiguous, the andesitic agglomerate with coarse fragments and a 
tuffaceous matrix may e a s i l y be confused with some of the coarser 
c l a s t i c sedimentary rocks. 

Although mostly too small to show on the accompanying geological 
map, andesite dykes and s i l l s are occasionally recognized i n the f i e l d . 
I t seems probable that some of these structures are a c t u a l l y small 
plutons or were feeders at the time of extrusion of the enclosing 
volcanic debris. The andesite ' ' green, dense, h o l o c r y s t a l l i n e and 
generally lacks i n t e r n a l structures. Feldspar phenocrysts are occasionally 
present. C h l o r i t i c a l t e r a t i o n i s pervasive i n some dykes but others are 
v i r t u a l l y unaltered. C a l c i t e , epidote and minor amounts of magnetite 
are variable components. 
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D i o r i t i c dykes have c h a r a c t e r i s t i c s s i m i l a r to those of the 
andesite dykes but are l i g h t e r i n colour and coarser i n grain s i z e . 
E s s e n t i a l minerals are feldspar and hornblende. Micas were noted i n 
only one occurrence. 

Hornblende d i o r i t e porphyry i s present i n several areas on 
the slopes immediately north, of Sulphurets Gl a c i e r . This rock type i s 
d i s t i n c t i v e , having up to 30% euhedral and subhedral hornblende pheno­
crysts and a dense f i n e l y c r y s t a l l i n e feldspathic matrix. Hornblende 
grains may be aligned and are commonly c h l o r i t i z e d . P y r i t e may be 
disseminated i n coarse grains, exceptionally up to 20% of the rock and 
i s moderately abundant i n association with the u n i t -in massive form i n 
lenses and narrow v e i n l e t s . 

Kirkham gives useful tabulations of v i s u a l estimates of 
mineral compositions of both volcanic rocks and various members of 
the M i t c h e l l Intrusions. Due to the high percentages of "unresolvable" 
matrix (30 to 40% i n M i t c h e l l Intrusions, 10 to 25% i n volcanics) and 
the abundances of a l t e r a t i o n minerals, p a r t i c u l a r l y s e r i c i t e , c h l o r i t e , 
c a l c i t e and epidote, attempts to prove t h e i r comagmatic o r i g i n s by 
t h i s method are l i k e l y to be f u t i l e . The o v e r a l l evidence, both f i e l d 
and laboratory, i s suasive and the present writers speculate that 
further work w i l l demonstrate the close genetic r e l a t i o n s h i p . Recent 
work by Preto (B. C. Department of Mines and Petroleum Resources) i n 
the Aspen Grove and Afton areas was successfully directed to s i m i l a r 
problems. 

E. C l a s t i c Sedimentary Rocks 
E a r l i e r descriptions of the Sulphurets area have emphasized 

the importance of volcanic rocks but i t i s the present w r i t e r s 1 obser­
vation that true volcanic rocks are r e l a t i v e l y l i m i t e d i n extent. 
A great many tuffaceous and p y r o c l a s t i c sedimentary rocks c o l l e c t i v e l y 
referred to as e p i c l a s t i c s , occur i n association with the more t r a ­
d i t i o n a l sedimentary rocks such as arenites and greywackes. Making 
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the d i s t i n c t i o n between greywackes and pyroclastics i s p a r t i c u l a r l y 
d i f f i c u l t i n the f i e l d but was possible with greater degree of 
confidence i n the o f f i c e where cut surfaces were examined. 

Greywackes are present i n a l l parts of the Sulphurets Creek 
area. L i t h i c grewacke, i n which rock fragments, exceed d e t r i t a l 
f eldspar grains, i s predominant i n the southwestern portion of the 
property whereas feldspathic greywacke i s most abundant i n the eastern 
and northwestern portions. 

Feldspathic greywacke has about 30% and occasionally up to 
60% feldspar both as subangular d e t r i t a l grains and as phenocrysts i n 
rock fragments. Sorting i s poor and p a r t i c l e s range from s i l t and 
clay s i z e through coarse sand and pebble s i z e s . Colours vary from 
green to grey-green and are usually influenced by weak c h l o r i t i z a t i o n 
of the rock-flour "paste" matrix. Chert fragments commonly comprise 
10% of the l i t h i c v a r i e t i e s of greywacke. In addition to c h l o r i t e , 
carbonate and i n p a r t i c u l a r epidote are common products of a l t e r a t i o n . 

Kirkham (1963) was firmly convinced that much of the s e d i ­
mentary material, both coarse and fine grained, had been deposited 
by t u r b i d i t y currents or at the very l e a s t had been affected by such 
currents. He found the rocks to t y p i c a l l y have an extremely low 
maturity index, poor so r t i n g and a low degree of roundness of the 
fragments and grains. On the basis of t h e i r recent f i e l d studies the 
present writers have no reason to dispute Kirkham's conclusions with 
respect to the greywacke component of the sedimentary sequence. 

Arenites are distinguished from the greywackes by being 
very s i l i c e o u s "»r 1 containing less than 10% argillaceous matrix. 
At Sulphurets Creek the arenite i s t y p i c a l l y a massive grey, f i n e ­
grained, p y r i t i c , quartz-rich rock that lacks good bedding features. 
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Q u a r t z i t i c - , feldspathic-, and l i t h i c - a r e n i t e v a r i e t i e s of the unit 
were distinguished i n the o f f i c e depending upon the nature of dominant 
components as determined on cut surfaces. Wackes, which are s i m i l a r 
rocks with more than 10% argillaceous matrix, were also recognized. 
The arenites are severely complicated by s i l i c i f i c a t i o n , weathering, 
s t a i n i n g and leaching. O v e r a l l , the arenites appear to e x h i b i t a 
higher maturity index than do the greywackes. 

The arenite u n i t does not outcrop i n the hanging w a l l side 
of the Sulphurets Fault. A l a t e r a l change eastward, away from the 
f a u l t , from arenite to wacke to greywacke i s thought to represent a 
facies change. In the past t h i s t r a n s i t i o n was interpreted as a 
s t r a t i g r a p h i c succession which lead to a somewhat d i f f e r e n t geological 
model for the area. 

A t h i c k sequence of a r g i l l i t e , s i l t s t o n e and chert occupies 
the southeastern portion of the Sulphurets-Mitchell Creek area. These 
rocks appear to underlie the arenite unit and include minor amounts of 
wackes, arenites, t u f f s and trachytes. In general they are t h i n l y 
bedded and welL indurated or weakly hornfelsed. The a r g i l l i t e s are 
blaclc, p y r i t i c and calcareous; the s i l t s t o n e s , grey, s i l i c e o u s o r 
cherty, and the cherts are usually grey and highly fractured. Thin 
limestone lenses were noted, p a r t i c u l a r l y i n the upper portion of the 
u n i t but limestone i s generally an uncommon occurrence. C h l o r i t e , 
s e r i c i t e and epidote are present throughout t h i s sequence of rocks. 

A very extensive sequence of shales, a r g i l l i t e s and con­
glomerates l i e s west and northwest of the Sulphurets Fault Zone. 
These rocks e x h i b i t dis*"" -ctly lower grades of metamorphism than do 
the volcanic and e p i c l a s t i c rocks that underlie the f a u l t zone. North 
of M i t c h e l l G l a c i e r they are unconformably above the strongly altered 
series but i n the one area that the contact has been observed (E.A.O.-
1968) the rusty weathering, "punky", s o f t , s e r i c i t i c , clayey and 
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p y r i t i c a l t e r a t i o n t y p i c a l of the underlying u n i t was noted pervading 
fractures i n t h i s shale, etcetera, sequence. 

F. Regional Met amorphic Rocks-
Strongly f o l i a t e d l i g h t coloured rocks are exposed close to 

the south, side of M i t c h e l l Glacier and f o r several hundred feet 
immediately downstream from the snout of the i c e . Where weathered, 
t h i s rock i s s i m i l a r i n appearance to members of the strongly altered 
"arenite" u n i t . Profound differences e x i s t , however, that j u s t i f y 
assignment of the lower l y i n g rocks to a separate geological u n i t . 

The s i l i c i f i e d arenite contains a high percentage of quartz 
and p y r i t e i n quartz stockworks and as pervasive metasomatic "flooding"'. 
Where recently exposed by g l a c i a l r e t r e a t the arenite forms prominent 
steep-faced b l u f f s and huge blocky talus. Weathering of p y r i t e that 
occurs i n ' seams and veinlets produces a dark red-brown oxide "skin" 
on i t s surfaces. The strongly f o l i a t e d rock, i n contrast, contains 
s i m i l a r quanitites of p y r i t e and lesser amounts of s i l i c a . The p y r i t e 
however i s disseminated and the s i l i c a i s disguised i n the bulk of 
the rock rather than prominent i n fractures. The u n i t weathers 
recessively and i t s talus pieces are s h o r t - l i v e d i n the p e r i g l a c i a l 
environment. I t s main constituents are quartz, s e r i c i t e , t a l c and, 
occasionally, c h l o r i t e . P y r i t e , molybdenite and chalcopyrite are 
present but only p y r i t e i s i n s i g n i f i c a n t q u a n t i t i e s . 

Three subdivisions of the strongly f o l i a t e d formation are 
indicated on the accompanying geology map (Figure 4): 

1. t a l c - s e r i c i t e - c h l o r i t e s c h i s t 
2. q u a r t z - s e r i c i t e s c h i s t 
3. c h l o r i t e s c h i s t . 

These subdivisions may r e f l e c t variations i n parent material. 

In 1970, Peter Brown, a f t e r plane table mapping i n the 
M i t c h e l l Glacier area for G.M.L., studied the s c h i s t s with the a i d 



of t h i n sections. He noted the lack of feldspars or feldspar remnants 
but even so considered the rock a highly s i l i c i f i e d syenite i n which 
s c h i s t o s i t y was defined by s e r i c i t e and t a l c . Quartz " t a i l s " with 
p y r i t e grains were thought to be stress shadows consequent upon 
dynamic metamorphism and t h e i r conformity to s c h i s t o s i t y suggested 
that the p y r i t e originated at l e a s t p r i o r to completion of the dynamic 
cycle. 

The present writers have i n s u f f i c i e n t experience with the 
schistose rocks to o f f e r 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 f o l i a t i o n i n the s c h i s t i s oriented east-west 
with very high angle dip i n contrast to a predominance of northerly 
trends i n most of the overlying rocks. I t i s possible that the 
schists represent a regionally metamorphosed "basement" that i s 
exposed due to the combination of regional doming (after Grove, 1968) 
and deep g l a c i a l erosion. 

G. A l t e r a t i o n 
Widespread and varied a l t e r a t i o n patterns characterize the 

Sulphurets Creek area. The entire zone of a l t e r a t i o n and the included 
copper and molybdenum mineralization i s stained by b r i g h t l y coloured 
weathering products. In contrast, the Betty Creek formation rocks to 
the east and the Lower Jurassic (Hazelton formation?) sedimentary 
rocks to the west are v i r t u a l l y unaltered. 

A l t e r a t i o n and structure are closely related and metals of 
economic i n t e r e s t , copper, molybdenum and gold, are i n v a r i a b l y and 
inseparably involved with the a l t e r a t i o n . Low temperature sodium 
metasomatism resulted i n regional scale a l b i t i z a t i o n . Potash metaso­
matism, which may have occurred simultaneously with the a l b i t i z a t i o n , 
contributed to the prevalent s e r i c i t i c a l t e r a t i o n . 
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Sulphurization i s presumed to also have been a phase of t h i s 
a l t e r a t i o n episode. Among the most thoroughly and intensely altered 
rocks i n the Sulphurets Creek area are the s i l i c e o u s - p y r i t i c arenites 
exposed on the south slope of the ridge between Sulphurets and M i t c h e l l 
Glaciers. These rocks consist almost e n t i r e l y of cherty quartz matrix 
and a myriad of quartz veins with abundant granular p y r i t e and minor 
s e r i c i t e . This rock type contains e r r a t i c low values i n gold and 
generally n e g l i g i b l e amounts of copper. 

The zone described above i s separated from the overlying 
plane of Sulphurets Fault by a less intensely a l t e r e d zone of quartz-
sericite-minor c h l o r i t e - p y r i t e s c h i s t which terminates abruptly at 
the Fault. The major portion of physical work performed to date has 
been directed to t h i s zone. Copper minerals, mainly chalcopyrite, 
with molybdenite and gold values are extensively d i s t r i b u t e d i n the 
rock, both as disseminations and on fractures. 

East of the s i l i c i f i e d and s e r i c i t i z e d arenite described 
above and many hundreds of feet away from the Sulphurets Fault, 
feldspathic greywackes and related rocks e x h i b i t lower epidote-
amphibolite and upper greenschist facies regional metamorphism. 
Cha r a c t e r i s t i c minerals of the assemblage are epidote and a l b i t e . 
Epidote forms more than 50% of some rocks and the presence of c a l c i t e , 
s e r i c i t e and c h l o r i t e suggests that s a u s s u r i t i z a t i o n occurred. 

The regionally metamorphosed rocks near the terminus of 
M i t c h e l l G l a c i e r have been affected by carbon dioxide metasomatism 
and by s i 1 i c i f i c a t i o n . The occurrence of t a l c and c h l o r i t e and sub­
s t i t u t i o n of one mineral for the other are c h a r a c t e r i s t i c of these 
processes acting at low temperatures i n greenschist facies ^etamorphism. 
The quartz stockwork i n and adjacent to the schists l i k e l y resulted 
from concomittant release of s i l i c a . In the past an igneous hydro-
thermal source of s i l i c a was assumed. Up-dating of petrologic data 
concerning these rocks i s badly needed. 
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R. V. Kirkham discussed rock a l t e r a t i o n i n d e t a i l i n his 
1963 thesis. Among many observations presented, the following are 
p a r t i c u l a r l y s i g n i f i c a n t : 

1. the area of the v i s i b l e portion of the a l t e r a t i o n halo i s 
three times as large as the area of i n t r u s i v e rocks. 

2. a l l rocks have been affected to some extent 
3. weak p r o p y l i t i z a t i o n i s the most common type of a l t e r a t i o n 

(Glossary of Geology defines p r o p y l i t i z a t i o n as "a hydro-
thermal process involving the formation of a p r o p y l i t e by 
the introduction of, or replacement by, an assemblage of 
minerals including carbonates, epidote, quartz, and chlo r i t e ' 1 . 

4. regional a l b i t i z a t i o n of plagioclase has occurred (Kirkham 
posed the question of whether t h i s r e f l e c t e d the main period 
of a l t e r a t i o n or whether i t was related to a more widespread 
s p i l i t i c province and t h i s subject deserves further i n v e s t i ­
gation, p a r t i c u l a r l y i n view of W.S. Fyfe's recently stated 
ideas concerning seawater metasomatism.) 

5. a l b i t e , c a l c i t e , s e r i c i t e , quartz, c h l o r i t e and p y r i t e are 
the most common secondary minerals 

6. a major portion of, i f not a l l , a l t e r a t i o n has taken place 
at constant volume. 

H. Structural Geology 
The broad zone of a l t e r a t i o n described i n the previous 

section i s confined to the area between Sulphurets Fault on the west 
and, at least i n the M i t c h e l l G l a c i e r area, Bruce.jack Fault on the 
east. To the south the zone narrows appreciably where l a s t observable 
at the ridge between Sulphurets and Frank Mackie Glaciers and, less 
obviously, appears to be narrowing at the edge of the snowfield north 
of M i t c h e l l Glacier. The shape of the zone as viewed plan i s thus 
a very elongated e l l i p s e with the elongation being i n the north-south 
d i r e c t i o n . 



To the southeast the trace of Brucejack Fault diverges 
easterly from the main zone but i s s i m i l a r l y accompanied by the 
rusty-weathering p y r i t e - s e r i c i t e a l t e r a t i o n assemblage* Other v e r t i c a l 
and nearly v e r t i c a l f a u l t s l y i n g west of the Brucejack F a u l t are trun­
cated by the Sulphurets F a u l t which also s t r i k e s northerly but dips 
west at a much f l a t t e r angle. 

Bedding attitudes have been recorded i n most parts of 
Sulphurets Creek area. A consistent pattern for the area has not 
been developed due i n p a r t to the i n t e n s i t y of data-obscuring a l t e r a ­
t i o n , to the complicating effects of f a u l t s , folds and dyke systems 
and to the presence of sedimentary facies changes that have been 
recognized only recently. A regional dome structure has been referred 
to i n reference to the M i t c h e l l G l a c i e r part of the area but i f i t 
e x i s t s i t must trend generally east-west contrary to northerly 
trends observed i n younger rocks elsewhere i n the area. 

I. Economic Mineralization 
The exceptionally large area of s u l f i d e minerals associated 

with intense but low temperature a l t e r a t i o n at Sulphurets and M i t c h e l l 
G l a c i e r s has many c h a r a c t e r i s t i c s of major porphyry-type copper-
molybdenum mineral deposits. The pertinent c h a r a c t e r i s t i c s shared 
with the Sulphurets Creek property include the following: (reference 
i s to Lowell and Guilbert's paper i n Economic Geology,1970,Vol.65,pp373-403). 

1. mineralization emplaced at r e l a t i v e l y shallow depths, i . e . 
within a few thousand feet of surface 

2. ore deposition e s s e n t i a l l y contemporaneous with i n t r u s i o n 
3. related igneous bodies e x h i b i t minor to pronouncedly elongate 

shapes 
4. porphyry copper deposit environment commonly developed i n 

stocks with cross sections of wel l under a square mile at 
the elevation of ore deposition 



- 27 -

* 5, emplacement of related igneous rocks almost t o t a l l y passive 
(this factor i s d i f f i c u l t to determine at Sulphurets Creek 
and may not be v a l i d - note brecciation) 

6. associated i n t r u s i v e rocks s t o c k - l i k e with subordinate 
associated dyking 

7. associated i n t r u s i v e rocks t y p i c a l l y intermediate to f e l s i c , 
the sequence being from d i o r i t i c to monzonitic rocks with 
mineralization a f f e c t i n g a l l these rock types 

8- a nearly universal association of porphyry-type deposits 
with por p h y r i t i c rocks 

9- ore deposits commonly bounded by a post ore erosion surface 
and by at l e a s t one post ore f a u l t 

10. a large part of mineralization associated with porphyries 
occurs i n pre-ore rocks 

11- a l t e r a t i o n of porphyry copper deposits includes some or a l l 
of the following assemblages: potassic, p h y l l i c , a r g i l l i c and 
p r o p y l i t i c ( a i l assemblages are present i n the Sulphurets 
Creek area) 

12. a l t e r a t i o n t y p i c a l l y extends some distance from the outer 
reaches of mineralization and frequently merges with low-rank 
metamorphic e f f e c t s , the two being discriminated only with 
d i f f i c u l t y 

13. small to medium s i z e d deposits of base and precious metals 
occur p e r i p h e r a l l y to the porphyry-type mine r a l i z a t i o n . 
Common minerals i n t h i s zone are sp h a l e r i t e , galena, s i l v e r , 
chalcopyrite, gold and p y r i t e 

14. the order of abundance of minerals i s p y r i t e , chalcopyrite, 
bornite, enargite and molybdenite 

15. the t y p i c a l l a t e r a l zoning sequence appears to be outward 
from pyrite-molybdenite, to pyrite-chalcopyrite—molyLdenite-
bornite, to pyrite-c h a l c o p y r i t e , to spha l e r i t e - g a l e n a - s i l v e r -
gold. In the v e r t i c a l sense zoning may be upward through 
pyrite-chalcopyrite-molybdenite grading into p y r i t e . 
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16. hypogene s u l f i d e s t y p i c a l l y occur i n v e i n l e t s and as 
disseminated grains. "As a broad generalization, the por-
phyrites give the impression of being large masses of 
homogeneous material penetrated by a r e t i c u l a t e network of 
fractures and mineralized by a massive infusion of f l u i d s 
which soaked the mass rather than concentrating m i n e r a l i z a t i o n 
i n tabular masses or replacements" — quotation from preliminary 
version of L. a G.'s paper. 

17. a progressive gradation i n s u l f i d e occurence i s almost i n ­
variable from veins inward to vein l e t s to v e i n l e t s plus 
disseminated to disseminated 

18. breccia pipes and crackle zones are commonly present 
19. supergene s u l f i d e s are usually present; chalcocite being 

the most common. 

"Pyrite i s conspicuous i n most parts of the Sulphurets Creek 
mineral zone, varying from a "background" of about 0.5% to a maximum 
i n strongly s i l i c i f i e d areas of more than 10%. A l l rock units contain 
p y r i t e , e i t h e r as disseminated grains or i n ve i n l e t s . 

Chalcopyrite i s widely d i s t r i b u t e d i n small ̂  amounts and 
occurs as concentrations i n c e r t a i n contact and faulted zones. E p i c l a s t i c 
volcanic, rocks on the upper south slope of the ridge between Sulphurets 
and M i t c h e l l Glaciers contain 0.2 to 0.6% disseminated chalcopyrite. 
Strongly s i l i c i f i e d arenites at lower elevations and to the east of 
the e p i c l a s t i c s may contain up to 3% chalcopyrite mostly i n h a i r l i n e 
s u l f i d e fractures but also as disseminations. I t i s not yet apparent 
whether the i n t e n s i t y of chalcopyrite mineralization increases with 
proximity to f a u l t s or to certain less s i l i c e o u s (tuffaceous?) horizons 
i n the arenite u n i t . A patch of abundant chalcopyrite i n syenite 
located at the top of the ridge was investigated by DDH 62-1 and found 
to be shallow. Zones of steep angle f a u l t i n g and the contact between 
in t r u s i v e rocks and. underlying schistose rocks south of M i t c h e l l G l a c i e r 



bear much copper staining but quantities of chalcopyrite or other 
sulphides have not been determined. Massive chalcopyrite i n vei n l e t s 
was noted i n steep b l u f f s i n a heavily wooded area north of the toe 
of Sulphurets Glacier and 1/3 mile west of the toe of M i t c h e l l G l a c i e r . 

Bornite has been reported from rocks at the south side of 
the lower part of Sulphurets Glacier but has not been confirmed. 
Disseminated bomite, obscure on fresh surfaces, occurs i n dark coloured 
coarsely p o r p h y r i t i c feldspar-rich i n t r u s i v e rocks north of M i t c h e l l 
Glacier. Elsewhere i t i s present as a secondary mineral or i n minor 
amounts associated with chalcopyrite. 

Molybdenite occurs with chalcopyrite i n faulted zones, 
with p y r i t e i n s i l i c i f i e d arenite and extensively i n quartz veins and 
fractures i n c h l o r i t e - s e r i c i t e s c h i s t . The l a t t e r mode of occurrence 
i s t y p i c a l of molybdenite near.the edge of M i t c h e l l G l a c i e r on the 
John B u l l , Arbee and Dawson-Ross claims. 

Pyrrhotite i s absent or sparcely d i s t r i b u t e d i n most parts 
of the Sulphurets and M i t c h e l l Creek areas. A notable exception i s 
south of the toe of Sulphurets Glacier where pyrrhotite occurs i n 
and near a d i o r i t e i n t r u s i o n , possibly a s i l l . 

Magnetite d i s t r i b u t i o n i s a r e l i a b l e guide to the contact 
between i n t r u s i v e and host rocks. In addition, "fresher" s y e n i t i c 
intrusions c h a r a c t e r i s t i c a l l y contain 1 to 3% magnetite. No massive 
or vein-type magnetite occurrences are known but concentrations 
s u f f i c i e n t to cause compass d i s t o r t i o n are present i n crushed syenite 
near Sulphurets Fault on the upper north-facing slope of the Sulphurets 
and M i t c h e l l Creek Ridge. 
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Sphalerite and galena occur with coarse limey material on 
the ridge between Sulphurets and M i t c h e l l Glaciers at the west edge of 
the altered rocks, i n gash veins with b a r i t e immediately below the 
Hanging G l a c i e r , and i n several places near M i t c h e l l G l a c i e r i n zones 
of intense p y r i t i c - s e r i c i t i c a l t e r a t i o n . The Sulphurets Creek - Unuk 
River areas are not p a r t i c u l a r l y endowed with lead-zinc m i n e r a l i z a t i o n but 
a l l occurrences are o f i n t e r e s t due to an almost i n v a r i a b l e s i l v e r and 
gold association. In addition, the environment may be favourable f o r 
the occurrence of "Kuroko H-type stratabound volcanogenic base metal 
deposits. 

Four types of mineral occurrences of possible economic 
i n t e r e s t have been explored i n the Sulphurets Creek area: 

1. Placer deposits of gold 
2. Disseminated copper with molybdenum and gold 
3- f r a c t u r e - c o n t r o l l e d and quartz-stockwork molybdenum 
4. Gash, veins containing sphalerite, galena, ruby s i l v e r ( ? ) and 

electrum i n b a r i t e - c a l c i t e gangue. 

Placer gold f i r s t attracted prospectors into Sulphurets Creek 
v a l l e y - T o t a l production has undoubtedly been i n s i g n i f i c a n t and was 
obtained a t high cost of money and e f f o r t . Main workings were on 
M i t c h e l l Creek between McTagg Creek and Sulphurets Creek where gold i s 
both very coarse and rather f i n e . Two sources are indicated; coarse 
material from quartz veins close to placer workings and fine material 
from the pyrite-quartz a l t e r a t i o n zones several miles to the east. 

At present several placer leases are operated during the 
sximmer months by Duke Kilbury and Joe Warner of Ketchikan, Alaska using 
awkward but e f f e c t i v e methods. Their professed porr r e s u l t s are viewed 
with skepticism. Many opportunities f o r locating placer deposits are 
recognized. In addition to access problems, a l l bear the severe burdens 
of short working seasons complicated by high summer run-off stream 



flows, deposits comprised of poorly-sorted unconsolidated gravels, 
rock f l o u r , clay and boulders and by iron oxide, coatings on gold. 

Copper mineralization with s i g n i f i c a n t : amounts of molybdenum 
and gold occurs i n many pa r t s o f the large complex of a l t e r e d i n t r u s i v e , 
volcanic and sedimentary rocks. M i n e r a l i z a t i o n i s both fracture con­
t r o l l e d and t r u l y disseminated, the l a t t e r being most prominent i n 
rocks of i n t r u s i v e o r i g i n . 

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 M i t c h e l l G l a c i e r s . 
738 feet of packsack d r i l l i n g , s i x diamond d r i l l holes t o t a l l i n g 
3333 feet, and several hundred feet of bedrock trenching have been 
completed (Figure 5b). With the exception of DDH 62-1, p o s i t i v e d r i l l 
r e sults have been obtained. DDH 62-1 unsuccessfully tested the theory 
that copper mineralization had been introduced v i a the Sulphurets 
Fault structure. Collared i n mineralized syenite, i t passed through 
Sulphurets Fault at a depth of 824 feet then entered sparcely mineralized 
s i l i c i f i e d arenite. DDH 68—1 tested a broad zone of mineralized e p i -
c l a s t i c volcanic rocks and s y e n i t i c s i l l s . Remaining d r i l l holes 
tested the sheared and mineralized s i l i c e o u s arenite. Assays are 
indicated on Figure 5a. Zones of good copper p o t e n t i a l are exposed 
both south and north of M i t c h e l l Glacier. In these areas chalcopyrite 
and bornite are present i n and close to various s y e n i t i c i n t r u s i v e 
bodies, of which some have been crushed and others are apparently 
e i t h e r fresh or completely r e c r y s t a l l i z e d . 

Large areas of strongly p y r i t i z e d s i l i c i f i e d arenite contain 
only small quantities of copper minerals. Due to the acid environment 
produced by weathering of p y r i t e , copper minerals tend to be s e l e c t i v e l y 



leached from outcrops and care i s required i n evaluating outcrops 
apparently barren of copper. Small bedrock p i t s excavated by means 
of Cobra d r i l l and dynamite are useful i n t h i s procedure and have 
resulted i n new discoveries. In addition, i t i s p r a c t i c a l to d i s ­
tinguish gossans developed from s u l f i d e s barren of copper from those 
t h a t have copper values on the basis of colour: barren weathers 
yellow; copper-bearing weathers reddish. 

Malachite occurs i n limey lenses throughout the e p i c l a s t i c 
volcanic u n i t and freshly blasted surfaces are commonly heavily coated 
with malachite and azurite that rapidly fades and i s washed away. 
More spectacular* and p e r s i s t e n t malachite stains occur i n and close to 
faulted and crushed zones along the slopes south of the terminal part 
of M i t c h e l l G l a c i e r . Several of these stains are many hundred square 
feet i n area and represent t h i n layers of secondary copper minerals 
deposited from groundwater that seeps from the faults and evaporates 
as i t percolates over the steep smooth rock surfaces. 

Gold.in small quantities i s found i n many parts of the 
Sulphurets and M i t c h e l l G l a c i e r region i n association with p y r i t e , 
chalcopyrite and arsenopyrite. Areas of better molybdenum values 
appear to contain n e g l i g i b l e or at best very minor amounts of gold. 
In the Main Copper Area (Figure 5a) , about 0.02 oz/ton gold accompanies 
0.55% copper. P y r i t i c zones i n the western portion of the Area con­
t a i n trace amounts of copper but exceptionally up to 0.22 oz/ton gold. 
Elsewhere i n the same general area grab samples containing 0.80 oz/ton 
gold have been assayed. Parts of the s i l i c i f i e d p y r i t i c arenite assays 
very low i n gold (in* the 0.003 oz/ton range) and massive p y r i t e 
commonly assays 0.01 oz. Au/ton. A p r a c t i c a l and r e l i a b l e method of 
checking the persistence of gold values has not been employed but the 
current favourable gold price suggests that more e f f o r t s should be 
directed to t h i s matter. 
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In the southeastern part of the Sulphurets Creek property 
i n the general v i c i n i t y of the 'Hanging Glac i e r both electrum and 
auriferous arsenopyrite have been found. The electrum was found i n 
1960 i n b a r i t e - c a l c i t e v e i n l e t s but the precise loc a t i o n i s unknown. 
Gold-bearing arsenopyrite was located i n 1974 during the rock geo­
chemical sampling program-

Native gold was found i n 1960 i n a boulder southwest of 
the terminus of M i t c h e l l G l a c i e r ; i t s source i s unknown. 

PART I I I . GEOPHYSICS 

. Airborne and ground magnetic surveys were employed i n the 
early stages of G.M.L. 's work a t the Sulphurets Creek property. Early 
i n 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 s t r i p photography f o r f l i g h t - l i n e 
recovery. The survey was completed i n mid-summer 1964 when f l i g h t 
paths could be accurately traced. Several magnetic anomalies 
corresponding to the main zone of f a u l t i n g and related c r y s t a l l i n e 
intrusions were located. 

Ground magnetic surveys were carried out i n 1960 i n the 
southeastern portion of the Sulphurets area claims to confirm 
anomalies found by the airborne instrument. The survey was 
successful i n delineating a pattern of d i o r i t i c dykes-containing 
magnetite. Other ground surveys completed i n 1960 i n the M i t c h e l l 
G l a c i e r area gave inconclusive r e s u l t s . 

The f e a s i b i l i t y of using induced p o l a r i z a t i o n surveys to 
delineate s u l f i d e d i s t r i b u t i o n at Sulphurets Creek was investigated 
i n 1964 by Dr. Arthur Brant, then Newmont's chief geophysicist. 



Recognizing severe 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 d i s t r i -
btion) i s overdue.. 

PART IV. GEOCHEMISTRY 

1. 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 miles (8.0 km) north-south and 
3 miles (4.8 km) east-west. In order- to plan and carry out systematic 
efficient exploration i t is necessary to identify and assign priorities 
to various portions within, the. area. Although bedrock exposures are 
generally goodr the primary tool in this process, geology, is somewhat 
handicapped by the blanket of iron oxide minerals that obscures the 
potentially valuable sulfides. Leaching and enrichment of metals has 
also occurred. 

Prior to 1974 mapping, s i l t sampling, trenching and drilling 
had been applied to the Sulphurets Creek property. In accord with 
recommendations by both Bondar-Clegg (1968) and Chemex Labs Ltd. (1971) 
a program of bedrock sampling was commenced during July 1974. The 
objective of the survey was to apply multi-element analysis to the 





bedrock samples to identify primary, and possibly secondary/ dispersion 
patterns around potential ore zones. The intent was to. .sample i n i t i a l l y 
on. a 400 foot square grid pattern, to be followed by a 200 foot pattern, 
i n areas of unusual, interest-

2* Orientation Surveys 

During June 1968,- Fabian Forgeronr Ph.D., of" Bondar-Clegg & 
Company Ltd. carried out an orientation, geochemical survey i n part of 
the Sulphurets Creek property. 67 samples,of which 17 were bedrock 
samples? 14, stream sediments and 26, talus fines; were analysed for 
cold citrate extractable copper, hot acid extractable copperr lead, 
zinc and silver, pyrosulfate fusion and thio cyan ate colo rime trie 
determination of molybdenum- The survey determined that geochemical 
techniques, could be used to indicates the- presence of ore- grade 
mineralization- The problem: of scavenging of trace amounts of metal by 
sorption, and by co-precipltatLon with hydrated ferric 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 
restricted halos which may bet useful, in providing target sites over 
broad bedrock copper anomalous (sic)" and "there is a copper-lead-
zincr association in the talus fines which may be indicative of bedrock 
sources of silver". 

In 1971 H- Bichler and 3. 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 geochemistry at the Sulphurets Creek property. 
They concluded that severe ratio inversions were recognizable and that 
a program of rock geochemistry would provide useful, elemental zoning data. 
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While the 1974 sampling program was in progress Joseph H. 
Montgomery, Ph.D., P.Eng., was commissioned to carry out a further 
field orientation, study and to checlc and advise on. the suitability of 
field methods: being: employed- He selected five samples of varied 
lithology which, were analysed for~ 34 elements- by semi-quantitative 
emission specrtrographic: techniques- Dr. Montgomery's report is 
appended to this report (Appendix IIA) -

After completion of f i e l d work, twenty rock, samples repre­
sentative of major rock units, irrespective of mineralization, were 
selected and analysed for twenty-four elements (see Appendix I IB) 
Because of the variety of rock and alteration environments involved, 
i t i s probable that an insufficient number of samples was analysed. 
Following, a. review of a l l pertinent data.. aUL samples were analysed, 
for coppery 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 passing through a- jaw crusher and a. gyratory crusher, the 
sample was- s p l i t through, a: "Jones*1** splitter* to obtain about 250 grams 
of material- The latter- quantity was 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 i n aqua regia- The resulting- residue was dissolved in 25% 
hydrochloric acid and aspirated through Varian Techtron Atomic Ab­
sorption Spectrophotometer- In the f i r s t stage two readings were 
obtained: one for silver (Ag-H-) and the other for the interference 
factor which was then subtracted from the f i r s t quantity to give a net 
corrected value for silveir content. Gold was then extracted from the 



- 37 ~ 

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 J5 granu sample was- digested using 3 ml- of 70% perchloric 
add and 2 ml- of" concentrated n i t r i c acid for 2—1/2 hours at 203°C. 
The solution was then diluted with d i s t i l l e d water to 25 mJL- volume, 
and heavy particles were allowed to settle out- The cleaor 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 one inch to 800 feet (243 m) . On the base maps each sample site is 
identified by a small numbered circle and the particular geochemical 
value i s plotted nearby using a slightly larger italicized script 
(Figures 10 - 14)-

It was. found that i n a l i cases geochemical values exhibited 
great variation,- due, presumably,* to the range of rock, types, present 
and to the varying alteration and mineral i.zation. histories to which the 
area as a. whole has; been subjected- Consequently contouring was 
designed to express relative abundances of metals rather than to be 
statistically defensible i n the strictest sense-

For convenience parts of the geochemical maps were coloured 
to reflect arithmetic multiples of abundances of metalst yellow indicates 
metallic ion present in above general background levels for the area, 
probably l i t t l e economic significance? blue — anomalous values, possibly 
close to economically significant mineralization? 'green - significantly 
anomalous quantities of metallic ion present in the rock; red — a high 
concentration of metallic ion. . 



5. Geochemistry of Copper 

Values obtained for copper* in. bedrock, geochemical samples are 
plotted- orr 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 1 ppm. Values* recorded i n 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 contouzr interval, viz:. 
500, 1000, 2000, 4000 ppm. 

The pattern of distribution of significant- amounts of copper 
in bedrock corresponds moderately welL with, data obtained from pros— 
pecting- and geological mapping- Attention i s drawn to the area just 
north and northeast of the bend in Sulphurets Glacier where, although 
copper mineralization had been recognized earlier, copperr is more 
widely distributed than previously suspected- The results of the 
partial, survey south of Sulphurets Glacier are sufficiently encouraging 
to demand further attention- Although the apparent "double" band of 
high values across the top of the ridge between Sulphurets and MitchelJL 
Glaciers was unexpected, elsewhere results are predictably high in the 
Main Copperr Zone and other areas, adjacent to the Sulphurets Fault. 
Areas^ of low* copper in bedrock were similarly anticipated and this 
confirming geological data wil l allow them to be disregarded with 
confidence during the period that work: i s directed to the primary 
target areas-

6. Geochemistry of Molybdenum 
Values obtained for molybdenum in bedrock geochemical samples 

are plotted on Figure 11. The lower detection limit for molybdenum in 
the anal^ uxcal method employed is Ippm. Values recorded in the survey 
area ranged from L to 340 ppm and a 2 factoriaL multiple of 10 was 
used as the contour* interval, viz- 10, 20, 40, 80 ppm-



Anomalous molybdenum values obtained south of the Hanging 
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. Faulty and near: the contact between syenite 
and epiclastic volcanic rocks- Neither* structural, feature i s well 
defined by the molybdenum: values*. South of: Mitchell. Glacier, as is 
the case for the pattern: of lead and silvery the lower* contact between 
the cataclastic syenite and the sericite-pyrite altered arenite i s 
conspicuously defined by molybdenum- Samples from the arenite unit 
downstream, front the snout of MitcheUL 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 Valley-
Both, represent phyllitic pyrite-rich shear zones of rather insignificant 
dimensions. 

7. Geochemistry of Lead 
Values- obtained for lead i n bedrock geochemical samples are 

plotted^ oit Figure 12- The lower detection limit for lead i n the 
analytical method employed i s 2 ppm- Values recorded i n the surveyed 
area range from: 2 to 138T ppm- The majority of values are less than 
20 ppm: and a 2" factorial multiple of 20 was used as the contour interval, 
viz*- 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 ridge between Sulphurets and 
Mitchell Glacier— is very low whereas the sedimentary rocks exposed on 
the south—facing slopes from, the toe of Sulphurets Glacier to the 
Hanging Glacier* produced a high proportion of weakly to moderately 
anomalous samples and a wide scattering of samples abnormally high in 
lead. 
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A zone of very high lead content occurs south of Mitchell 
Glacier in the vicinity of steeply dipping faults and the trace of 
Sulphurets Fault. This, coincides with an area of cataclastic syenite 
and rather intense quartz: and. sericite alteration within which trace 
amounts of galena, have been, recorded- North of Sulphurets Glacier 
where copperr mineralization- has been investigated, by trenching and 
drilling/* lead i s generally present i n 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. I t i s noteworthy 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 geochemical samples 
are plotted on Figure 13 - The lower detection limit for silver in 
the analytical method employed is Q-Zppm- Values recorded in the 
survey area ranged from 0-2. to 46 ppm and a 2 factorial multiple of 
1 was used as the contour interval, viz- 1, 2, 4, 8 ppm. 

Weakly to moderately anomalous silver values were obtained 
i n the surveyed area south of Sulphurets Glacier, and strongly anomalous 
values extend across the claim group along the south and west end of 
Mitchell Glacier coincident with outcroppings of sericite-pyrite 
alteration, imposed on are.*xte- Elsewhere significant silver values 
are erratically distributed over much of the slope between Sulphurets 
Glacier and the ridge top- High silver values do not invariably coincide 
with areas of known copper" mineralization. As with lead, the silver content 
of syenite is low or only very weakly anomalous. 



With, some s t r i k i n g exceptions, s i l v e r and lead have s i m i l a r 
distribution patterns. S i l v e r and copper are less reliably covariant. 
Several areas requiring* further attention were revealed-

9- Geochemistry of Gold 

Values obtained for gold i n bedrock geochemical samples are 
plotted on. Figure 14- Values are plotted in profile in Figures 6, 7 
and 8- The lower detection, limit for- gold i n the analytical method 
employed is 30 ppb. Values recorded in the surveyed area range from 
<30 to 6560 ppb with the majority of values in the <30 ppb range and 
a Z factorial, multiple of 100 was used as the contour interval, viz. 
100, 200,. 400,- 800 ppb. 

Distribution of anomalous gold values is generally related 
to that of anomalous copper values- In the southeastern part of the 
survey area, in the vicinity of the Hanging Glacier, several samples 
weakly anomalous in gold occur in an area of negligible copper where 
gold i n electrum and gold in arsenopyrite have been found- The area 
peripheral to the lower part of Mitchell Glacier i s clearly anomalous 
i n copper and silver* bat gold i s not as obviously enriched except at 
the eastern l i m i t of the survey. The linear anomaly south of Sulphurets 
Glacieir is noteworthy for being very sharply defined- The source may 
be a vein or* fracture structure and additional, investigations are 
obviously required. 

10. Conclusions 

The writers consider the rock geochemistry project incomplete. 
Work to this stage has been very successful in outlining a geochemical 
pattern on the Sulphurets-Mitchell Creek ridge that probably could 
have been predicted i n a general way from previous work. However, 
significant new areas anomalous in metals were also located and some 
areas were found to be for our purposes blank, thus narrowing the 
search. 
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The problem of r e l a t i n g metal distribution patterns to a 
broad area of multiple backgrounds and enrichment may well be resolved 
by statistical treatment of the data- Advice in. this, matter should be 
sought i n the- literature and,, when, the project is, completer front geo-
statisticians -

PART V, CONCLUSIONS 

The Sulphurets Creek area may contain one or more medium to 
huge-size deposits of copper* ore with significant values i n molybdenum 
and gold. The location and environment indicate that i f a mineable ore 
deposit were located many obstacles to development "would have to be 
overcome- It is reasonable to expect that these could and would be 
overcome and that a major mining project is feasible. 

Modest expenditures on exploration work have invariably en­
hanced the prospects of the Sulphurets Creek property. Its geological 
features are remarkably similar to those reported at porphyry-type 
copper deposits throughout the world. 

The Sulphurets Creek property is nearing the stage of explo­
ration where major expenditures w i l l be required- Upon completion of 
the rock geochemistry and geology project initiated in 1974 i t is 
probable that a large program of diamond drilling w i l l be indicated 
as the next stage of work. 

PART VT- RECOMMENDATIONS 

1. Rock geochemistry and geology studies hould be completed-

2. Areas, of significant metal concentrations indicated by the 1974 
work should be thoroughly prospected and re-sampled in greater 
detail. 
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3. Additional claims should be staked to cover areas of p o t e n t i a l 
beyond present boundaries of the property. 

4. High, grade gold occurrences should be prospected and trenched-
Placer gold possibilities should be investigated-

5- Statistical analysis of geochemical data, should be undertaken* 

6- Desireability of analysing a l l samples for additional elements 
should be determined and, i f indicated, should be pursued-

7- The feasibility of applying geophysical methods should be 
reviewed. 

8. Petrologic studies should be expanded in a systematic manner 
and. a. thorough literature search should be carried out.. 

9. Diamond d r i l l core presently stored on the property should be 
removed to weatherproof storage. 

10. Better campsite facilities: should be established. 

11. Methods of financing a major program of diamond drilling should 
be investigated- Prospective joint venturers should be encouraged 
to v i s i t the property during mid-summer 1975 while field work is 
in progress-
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APPENDIX IA 

1961 Report by G.W.H. Norman, The Granduc Sulphurets  

Property, Unuk River Region, Northwestern B. C. 
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/ f t 
UirUK HIV??. RTTCIOtt 

... . i n " a t _ J i Vj a 

Tho- Eulphurcta property i s a. 6 9 claizx group of 3 4 Ray and 
35- Ted olddss; an; Culphursta Creck r S nilcs oast, or the junction o r 
this Crock, and Unuk. Kivory, airsr 2 0 . aiXes north- or tho Granduc. Kise-
Tha property was. staked for- Granduc Kinca Ltd*, i a I960, to. inciudo a. 
series, of 200- to. 600- gams, iaa^netic anoaallca. located during fc^ a i r ­
borne- cacnatia. survey by helicopter of Unuk. Fiver drainage basin- the 
original, staking in I960 consisted of 3 T Ted. claias and 2 4 Hay dales. 
Two. Ted claiaa wors dropped and 10- additional. Ray clalcs were staked 
in. 1961-

• . 

A- group o£ approximately 50 Arbea cladas ware staked early 
in-1960: by Don. iio33 and Stan. Bishop, of Ketchikan, Alaska, to includo 
naaeraX showinga on KitchsUL Glacierv This, staking" was. dona when, 
local, inhabitants- of the rcgica learned that- Granduc. was doing airbomo 
cacnotia surveys and. exploration in. Unuk River- area- Cranduc.1 s Tod-Ray 
Cleiia. groups- was. staked first- and: havo priority over the partly, overlap— 
ping ^rbca cXolns- ££00 tvas. paid by Koss in- lieu. o f assessment, work 
for 8 Arbee claiss adjoining- tha east side of Say claias on. tho rid£o 
between Sulphurets; and Mitchell. Glaciers- i n June 1961; tho reinainir.2 
Arbaa clairs wars aHc«-ad to lapse, and wore restaked as the John EulX 
group by *andall. Dawson: for Haas and associates- Ho work has been dona 
yet on. tho- clairts. adjoining the- Ted—Hay group and they vdil. lapso during 
tho period. Juno 14th. — l£th~ 1962,, ualaa3-. tha required assessaent. ia-
coaplotod-

V c r f ? ? o r f o r a r e d 

Tho airbomo ^asactic survey of" the- Unuk Siver drainage 
area-was. carried out in. April. I960- Areas. In. which, aasnetlc; cncaallaa 
occurred wore staked in. lata. Xay and recorded i a early Juno, Ground 
inspection- or tho anosaUcs was carried out Juno to October I960-

The work in. the Sulphurets Property i n I960- consisted of 
reconnaissance- geology ©a J alio to one inch and a few. ground roconnai3-
canco aasnstic surveys ca 2C0 scale* 5CC0 foot,of nagr.otic. lines, were 
run. across- tho ntfnn along the two; sides- of the. 1-SLtchelL Glacier-, ar-3 

& 5CCO foot bus© lino and 14,CC0 feat of side linos wore run on tho 
southeast end of tho property, oast of Sulphurets Claclerv 

Sufficient gaoiosicaX and geophysical work was carried cut 
i a I960 

1) to indicate that the aaaaalics wore duo to snail concen­
trations of aagnotito, discaaaaatcd i a tho rock or in omsXL clustors, 
associated with chalcopyrito <md pyrite; 
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2) to indicate., that- chalcopyrito also occurred i n syenite 
porphyry, which, underlies, estensive areas on the elains whore there 
are no ancnsliosj 

( ' 
3 ) to- chaw that further work, would bo required to deteraiao. 

**** tho grada and cxtenS of the. copper- aincraliaaticn; 
4 ) , t a i u l f i l l assesaosnt vxsrk rccaircaxnts for the f i r s t 

(ycarv 

During 1961 a. acre- detailed tjpa of napping was carried out 
for- tha. ccapany by H.. STw Kirkuaa*. a> graduate student at University or 
Uritish Colnahia^. ta dctcraino tho structure cf tho rocha and tho 
ccquencn and oi^piificanca of tho cntcaslvo rock alteration, as a £uddo 
to- tho best, exploration procedures- Thirty-two. facksack holes,, totalling 
73S foot,, wona drilled- to- obtain easplca for assay, in four separata 
areas- Two of tho crcaa were eclcctcd to got- sanpiGs of the better typa 
or ainorolisatioa and two of tho areas wcra c elected, to f u l f i l l access— 
aont rcauircacnta for claiav groups without- asvin^ tho d r i l l caap, 
becsuco o f insufficiont tiaa available. 

L i t h o X o T T - ' 

Tha. acconpanyins: 1CC0 scale cap by a.. V- Kirkhaa given tha 
general dintributicn. of rock units in. and near" tha- claias and their 
attitudes- Tho eldest, recks are believed to bo volcanic. They underlie 
tha creator- part of tho claias: and consist of aassivo andesito breccias. 
and. tuffs- Areillito. cad caadatcna occur i n snail aaouats with, tha 
volcanic rocka and are cither intorseddad or infolded. Tho ssdiacntary 
rocks, consisting of &r^i71f to, crcywacko cad ccn^lcrarnts ,. underlie 
tha catrcaa western and northern- cd^ca of tho c l r i n and a, lar^o area 
directly-northwest, of tho. claias- Tha volcanic rocka ara cut by oyonita 
and sycrito porp hyry oiHa o r shorts nearly parallel to bedding and tha: 
sedimentary croup ara- cut- by trachyte, porphyry, which., nay bo a fincr-
gr'aincd. variety o f tha syenite. Tha syenita intruaivca trend north-
nortkrsst and. ara- cat by a. sorlea of tanc-eraincd dicrita dikes, a few 
of which, ara shown ca tho rap. These dikes striko coat- ana dip north. 

Tha. rolnticnship of volcanic rock groups to cs&lrantsry rock, 
groups in. tho scnaral. region north: of the. claias indicates that tha 
volcanic rocka probably 11a alcns. an anticlinal structure* This -struct­
ure <nttcads nortkwEst across tha couth:, half o f the: claics,. but. i s cut 
off by northeast- faults {Sulphurets Fault) slons- tha wast- side of tha 
property- Topography chaws that- tha. faults- dip wast- Tha recks on tho 
west cido of tha faults strike northeast- at r i ^ h t car lea to thsso east 
of tho fault and dip northwest. They consist cf r̂oy.-aa!:a arrjillita end 
conr-lcnorato, except for a snail area-in- tha central part of the claisa 
underlain., by eye ait a end volcanics. This area of oyonito and valcanics- nay 
l i e between, otraada of tha aorthsaat fault conn-



ftntrior1.nil rtructuro 

Tho ir.orc ir.portant structural features of tho regicn aro shown 
on the attached 2 n i l c scale plan... Tho relative position of tho north­
east fault across tho Sulphurets claias to tho northeast faults across 
tho Granduc property suggests that these faults aro part of ono continuous 
major fault- sons that extends, north-northeast across tho d i s t r i c t . Tho. 
Sulphurets and. Granduc- f a u l t zones, not, only have a coaaon. alignEont end a 
sin i i a r dip;, but. the- asovenenfc i n both; places has. produced, right-handed 
draj^ offsets and* ia- accompanied by overturned folding:" toward the southeast.. 

Tha total, right-handed drag; on tha Sulphurs ta fault- nay ba aa 
suck, as: fives nilea^ i f tha syenite shoots on tha Sulphurets. property vera: 
originally port o f tho group of syenite sheets north, of Treaty Crock, 
glacior*. A" series of diorite and foliated granccdarito intrusions 
oldor-than the aaia coast, batholith, extend southeast froa Unuk Hlvor to 
Granduc.. Tha only sisal or foliated granodiorite- end diorito intrusive s 
oldor than, tha batholith. southeast, of tha Grandua fault cone occur about 
five, nilea ceuthweat on Texas Crocks Alaska,, and indicato a right-handed, 
s h i f t comparabla to that present north of Sulphurets Glacier-

Tho large right-handed offset that is indicated for Sulphurct — 
Cranducr fault zona suggests that tho northwest, striking syenite sheets 
in. the southern, part of thar Sulphurets property are ^rczz1^ ka fault 
sane to a northeast, strdka* in- the north, half of tha proporty. A drag of 
northwest striking; folds, inte a northeast, trend clearly occurs at Granduc.-
Eszccsoiva rock alteration has made i t d i f f i c u l t to nap tha detail features 
of the structure; and i t saesuv highly probable that tha eyenito sheets and 
associated rocka i n the south, half o f the property are cross-folded and 
Ears intricately dofomod than i s indicated on tha nap.. 

Rock Alteration 

" Tha Z fldle- structural nap gives tha distribution of tha 3 i l i c i — 
flea, and- altered- sanase in. the district*. A. study of the alteration i a the 
Sulphuret section, of tha dis t r i c t is. now being cada at the University of 
B.C.. by ft.. W Kirkhcay aa- a. thesis f o r a caster's degree— The alteration 
consists of eilicification, carboaatizatioa^ scricitisaticn and pyritisatien 
and any of tha. f i r s t three typoa l i s t e d nay predominate - Tho alteration 
rosanblos that which, takes place along BOSS- gold veins or along canplex. 
gold and silver- bearing base natal veins. In the Unuk Hiver region tha 
alteration appears- to bo- definitely associated with fault and defamed 
senss^-end is- confined to. the northern, part of tha area northwest and oast 
o f Unuk- Elver, north, of i t s function, with, the Scuta- Unuk fork.. Eotwsca 
Graaducc and Unuk: Iliver^ along tha South Unuk the alteration, is- of a highar 
tenporsturei typa. charactoriced by biotlto^ and anphibol©.. 

Sons of the dif£ Grant types of alteration are shown with very 
approximate- accuracy on tho accapanying 1GCG scalo geological asp- In 
general, tho altered rocks stain brown, on weathering by oxidation of the 
contained pyrita. and contain very minor aaounts of copper, lead, and 
sine- Cn tha Sulphurets. property, particularly along tho Sulphurets 
fault zona, chloritisation occurs and chalcopyrite io present i a place 
of pyrito. 
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Chslcepyrito rdaaralisaticn was found in. t he syenite rocks 
on. tho. clsics i n I960, particularly on. tho ridge between Mitchell end 
Sulphurets Glaciers and north, of I'-ltcholl Glacier*. Tho copper content 
of cany of tho- exposures was cstiuatcd to bo apprccdnatcly ens. percent, 
and: tho- chances: of finding; a. porphyry copper typo c f cepacia appeared, 
ta bau favourable*. 

Field-work: to 1961. Indicated that, tha copper cinaraliaation 
was probably asceciated with: chlcritisatlon and with- northeast faulting. 
U Packsack d r i l l , woa- caved ta a: ccr.p near tha centra cf tha property on. 
Z-U£ust fita. and sitees. wore celected f o r testing- the sacka cn either sida 
of tha- northeast fault* Site 1 was selected on the footwall side of 
tha nain fault,, where a otracar cut3 dawn through, overburden, to • s i l i c i ­
fied- chlorltiscd rocka ndnoralincd with, chalcoeyrito. Sito Z was 
selected on tha hanging wall- side where slightly chloritisad unnhesred 
syenite,, wellslneraliaad with, chalcspyrite, was.exposed i n a, series 
of oatcropa oa tho south oida o f a large area of snow* Sites 3 and 4 
ware, randan, selections t a f u l f i l l assessment requirements.. 

Tha gonoraX pattern <rf tha drill-holes la indicated cn tha 
acccc^canying' naps*, i t Sito 1 aina holes worse drilled a t 5C~foot 
intervals along, a lino trending; southwest,, then west-eeuthwest f c r 
450 foot*. * Total footagedrilled was 1G5 feat,, o r about 20^ foot por~ 
holo. Tha 185 feist averaged 0.5 percent copr^s-^ which ranged frcaw 
0.2 te 1*63 percent*. Tha aalybdonuac contest ranged frca 0.2/to • 
O^porccnt* 

At Sito Z tea holea totalling 251 feet wore drilled, which . 
sacra^ed G.6J percent copper and ranged freer 0.G5 to 1*14 percent copper. ^ 
At this sites tha* central. 140-foot width averaged C.26 porcant capper* 

• • 

Pour holes ̂  totalling- 102 feet,, wore drilled at tha 3rd 
sito* ' Thoy-averaged. 0.295 percent copper-and ranged front 0*13 to 0.42 
percent*-

Kins holes, totalling ZOO feat, wera d r i l l e d at Sito 4* Thay 
avaragQd 0.144. percent and ranged frcsv 0.03. to- 0.21 percent copper. 

Attcapta wore- nade at tho turn of tho century to work tha 
gravola along Sulphurets Creek,, throe ailcs. below- tha glacier,, for sold. 
Kuggcta noarly k ounce, in. sins aro reported, in tha 1$G3 Kinistor of 
I-anea report, to have bean f cued bat. high, water i n the crack during 
sucnar- io- stated ta have canpered work* Fine gold was found at tha. 
junction-of Sulphurets Creek and Unuk and dredging leases, for these 
gravel 3. era reported-la 1929* 

Gold and si l v e r bearing vein naterial has. been collected at 
three widcly-coparated localitiaa ca and near the coapany'a Ted-Ray Clain 
group and tha earlier discoveries of gold along Sulphurets Creek suggests 
that there say ba an adequato sources for tha geld that would be worth 
tha effort of a coro thorough, prospocting. nart- season* Tha f i r s t 



discovery* of gold silver- vein no t o r i a l was endo by prospectors. Earclhy 
and. bright i n 1 9 5 9 , - for Grandua, CCCO f o o t southeast of tho southeast, 
corner-of the Tod-Hay clains, on tha cast cido of Bruco Jack f a u l t . 
A ssspia tsicca across 4 . 3 foot assayed Au. 0 . 3 2 - Ag 4 5 * 7 , but tho values 
wore, concentrated probably i n a narrow stringer. 

The second discovery was- cade, by J * H. Kontgoacry in. 1 9 o 0 , 
while; doing roccnnaiacanca geologicalcapping'. A.saall. character caaiplo 
froja. tho. location* which, i a L. s d l a south of the too or Mitchell. Glacier* 
assayed Au. 0 . 3 2 on. Ag. 2 S . 4 * os*." 

Tho, third discovery was: nade. in. 19^1 by H* T* Klrlchaai, lata 
i n tha? evening whilo finishing a travcrsa O;L tha Ted Kay claias* Tha 
location: i a fGQQ feet north of tha southeast- corner- of tha claias,. near 
tha to« of a. hanging' glacier* His description, in. his notes states that 
voinlcta o f calcite and barite form ona to threa percent of the rock, 
for- four hundred feat* Tha a aspic- taken: freca a sulphide clot in ono 
of these veins showed fr-so gold and electron, plates* Assay of material 
selected froa tha sample by discarding a l l pieces, containing, visible 
gold, orr elect ma gavo Au. 12*62 on Ag 3 3 3 * 3 a-* 

Ifolybdonito occura i n saall aaeunta associated with chalco— 
pyrita i n the s i l i c i f i e d rocka- along the fcctwall of tha- Sulphurets 
faulty in: tha. v i c i n i t y of Packssck. d r i l l site 1* A. nolybdenita bearing; 
zona without copper cccura- along- tho south, sida of hltchall Glacier, 
west of thd Bruce- Jack fault*,. Thia sona. i a highly s c r i c l t i a and in' 
places- contains closcly-opacceL cntz-JX. charts; veinlets*, Intense shearir-g 
has sneered, out part of tho teolvhdenita into fine streaks* One saaple 
of hotter than average grader assayed 0.635 percent of nolybdsnito* Tha 
area in- which, toed grado caaplcs of nolybdenita can be obtained l o c a l l y 
i s core than 1 rA la. ecus^a and l i e s entirely cn. the. claiias of Bass and 
associates*- The prcble^. of evaluating tho deposit l i e s i n tho relatively 
snalX proportion, of gcodVgrsao. taolybdcnlta: rock that can. ba. recognised 
and. lts> acattercd occurrence*, in. rock without visible colybdenita. Further 
systematic: investigation - of the Eolybdcnita occurrence* i a rcccraanded, 
provided- tha clainsr of Itosa and associates; can. be. obtained, on reasonable 
tarns* o r restakod i f dropped next year* 

nenr-^pf. fit tor*!' 

5000 feet of dianord drilling, i f justified by results, i s 
racoaaended to test tha extent and grado of" copper E&ncraliaation along 
and near the fault between Packssck e^rillaltea: 1 and 2* 

A. ccmplotor layout of holes cannot ba attempted with tha 
present information regarding the dip rC the fault and tha. extent end 
dip of tha coppar^esring ckloritic zona at Face sack, sito 2. Tho dip of 
tha sons i s probably west and tha f i r s t halo should bo drilled vertically 
on tho western sida o f Sito 2 ta tho fault, i f possible* If tho fault 
cannot bo reached, a series, of holes (coca angle holes east) should then-
be d r i l l e d eastward, at intervale u n t i l tha fault-is cut* Additional holoa 
w i l l have, to bo l a i d out pending- results obtained* At least cna hola 
should b© drilled, at a location on the- fault directly north: of Facksack 
Gito 1,. to proba the footwall sida of tho fault* 



A prospecting teen of two ncn should bo crployod to trace 
tbo gold £ouad i n gravels along Sulphur's ta' Creel: to i t s source. They 
should also prospect the Sulphurets fault couth ar.d west of the claias 
for copper, to track down, sanplcs of massive c^alcopvritd that wero 
found, near tho too of tho Tulphurots Glacier i n 1961* They should 
also pros poet tho south half of tho property for copper and high-gz-ado 
silver gold vein aattor* 

The cost of exploration in 19o2, to got a. bettor valuation of 
Granduc1 s Unuk fiivor (siasnatitc) and Sulphurets properties^ 13 estiaatcd 
to ba- $72,000* Drilling- should start as soon aa anew conditions parait 
on tha Unuk. Klverr in. April end. begin on tho Sulphurets Property by aid-
July ta be coaaleted by Sapteabcr 30th* Prospecting can connenco cn 
Sulphurota Crack by sid-I-Iay, and continue, until October. 

C*b".K* Koraon 
2nd January 1962 
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R»t Sulphurcta-i-iitchwll Area. Civics 
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Cranduo•a Sulphurets ctaica aover tow credo copper dspouits 
of the? "Porphyry Coppoi" typo, Tho sacaapasyijay geological nw*p gives 
tha distribution and <;.lieriitics or the rock typ«?s and iliustriit«c 
socio of tha ccnplfjx. structures- present on tha cJUiins* Tho nest 
favcuaobla rccho- £ar copper ara syenite.,* Quarts, syenite* and grsnita 
whoso-cs?soeod-Units aro inaievted or( the nap* Tho croc un::erlAia by 
thuiio- rocka varies, xrcxa. 30CO to 70(20 feet wide easterly* and 1T&C0 fcot 
aorthorly*. Tho favourable host rocks ior ore probably havo extensions 
north, and west bono&ta f a u l t s * are concealed i n port by ico, enow and 
g l a c i a l d e p o s i t s a n d &ay i n places be cbocurod by rock alteration* 

Tho also of tha favourable or«« r the.- rough tonography and 
tlu> cenplox nature of. tho society* aaka'a systciictia d r i l l i n g cm 
expenntvo projoct* TTio outccpa ol a d r i l l i n g project* unless tho 
hol-io wore deep and closely spaced,, could be js;i»li>adiB:ĵ  ir»coocluiiivor 

or diaappoix ting* . An I.P geophysical survey of. the favourable area 
to show tho distribution of eulphlda. concentrations is. roce^a-tnuod 
aa a. precaution prior to sotting up a d r i l l i n g project for tho c l a i a s . 
Tho 1 . ? survey would tehv about two nonths, and cost upproxicuitoly**' 
V20,COO.UO* A syatesuttia d r i l l i n g project,, requiring fawer holoa, 
could than bo l a i d out a;.d t U f i n a l cost of tooting tho largo favourable 
area adequately should bo concidor;illy Xocz than a d r i l l i n g projret 
without a geophysical guidonco on tho distribution of sulphide. 
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Cold was. found in tho gr^vols &1OJV; Onuk i-.iv r bolov 
oulplvurata Crook- and. in. grav^lr. CJIC< benches along bulphutets-
CrooJc above* tt'2 canyon* in. tho o:jriy eighties* according to. 
** £•» Wright 1 a 19&5 Report, ^ubliahod in tho 1906 i i * C* Minister 
of ttincs hoport. Intorost i n t*w region app-o.-ro to hnv« died 
down by 1 9 1 0 and d i d not rovivo u n t i l tho o^rly thirties.. 

During- tho e.irly t h i r t i e s , tho MiclCay Lake shear zono, 
which contains lo c a l high values in gold and s i l v e r , wao round 
12 ailed north. o£ tho iucuth of Ciulphuroto Crock, and the Lsduc 
Kiver was- prospected for gold by Wenael Uuwson and partner, to 
i t s courca near Crcnduc* In 1935, a Diyetcno d r i l l waa takon 
to tho placer ground iibcvo tho canyon on. i-miphurota Crock, whera 
i t c.-.a. s t i l l : bo 3>>,'n, and Id t«;ct hoios w*jr« d r i l l e d below tho 
junction of i : i t c h o l l end sulphurets Creek- In tho eo::;o yoar, 
bruco. and. Jack Johnotono staked tho Jiig shelving I'.as* 1-15, ond 
a few other claims to covor tho capi'.or skawiaga on the ri<Jga 
botvoon Sulphurpta »md ^ i t c k o l i Creek, and arc reported to Iv.vo 
located a barito deposit near kruco J/:ck Lake, work on their 
oleics i a not recorded, but an assay of a 5G- foot chip cC'Sipia i s 

r*jf& eta ted to bo gold trace,, a i l v o r l.C os»* chalcopyrite and 
v < 4^ arsonopyrito wore listed, as present i n tho senploa, but tha 

sncunt of copper i s not given, tbepioration gcclcyiots for Orenby 
Cftdo brief, inspections close to duiphurota Glacier in 1953 and 1957/ 
described tho rock aa rhyolitp, and rvj.-^rted adversely on thn craa. 
The oceurranca o£ high gre^io cop-por flout along ^ulphurota Crcok 
ie rcontionod* A rough sketch fc^do in 1953 chewo copper assoyo 
ranging froa 0*15 to 2+?.J> ovar 5 to 10 foot widths, on tho north 
eido of duipnurots. Clacior,. 7CCiO foot coat of tho Glacier's toe* 

I960 :.'»rvoys 

Present, interest i n tho area- dates fro". A p r i l , lyoG, 
whoa Granduc1 a airborna nwgnbtc^tnr curvoy with hoiicopter was 
^.do of th<? Unuk. Kiv«r draine'ja ar<:u. j"pproxir.atnly &GQ clains 
woro staked i n J-VOQ* to hold ground with' negnatic ana"ali«o* 
74- of those claiciti. ero holdhy v a l i d cort^ficatoo of work for 
periods, ranging from 7 to IA. years*. I'ho L - a i e n e 5 (^) aro in the 
wulphurotn region and w i l l be void,, without further work, in tho 
Spring and early iiusaar of 1965*- • 

* sir a 
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Tha attached c^p shows the* outline* of tho claira group 
tsta&'d for Cranduc in tho wulphustits urea in *''ay, i 9 6 0 , i n 
relation to geology and to tho lacgn-'itic encsnliatu Tho entire, 
Unuk rtiver drain'-.ga basin was; cor? rue* hy h-̂ -avy snow ir. tho spring 
cf 1560 • The. region waa eecpictaiy white with, practice! ly a l l 
rock cowered; and only trees v i s i b l e r.kovo the anew ao aids i n 
navigation* l i t i s prevented f l i g h t s above tisberlino because such 
f l i g h t a lir.ea coals i not ha identified by atrip photography and 
plotted. This, wao particularly truo of tho high, snow covered, 
ridge between -ulphurota and Mitchell uicciors where a s t r i p 
5CCG foot wide along the ridge was not flcwa* Tho syenite along 
thla ridge contains parts wo 11 inpr^gn-.t.id with r^gnctitc that 
would hav^givsn largo eoro-^jgnotic anomalies. 

ihfj area- north of iulphurots g l i d e r io i^arkad as 
unisappad on nyjpa by tha Canadian Geological Purvey. Cranby 
geologists thought this eroa waa undoriein by r h y c l i t e . The 
Ecgnotic ancdaliaa aro concentrated along tha capper bearing 
syenite and guidod tho staking- to covor a copper prospect 
completely concealed by snow* 

Koaa and Bishop, of Kotchikan, blanketed th* Mitchell 
Crook ar».=a with claics early i n Juna..with.out noticing Granduc1 o 
c l a i n ctakfto that Zyai bc-an oroctcd one week t>.-.rlic\r. 7h<?y had 
hnerd that a Gr'aduc party would bo working in tho ar-ea and 
intended to atcka ceppar -ho^in.;s known to thd bishop family for 
i-wny years.- Grandee's cicino l i e i n tho ccntro cf thv ar<'.*a 
otokad by Hoes' and. Ulshcp. ..cnsoll Cow-son has- stoked additional 
olaii^a Ov-.st of ti.a o r i g i n a l l^oO iCoss-bishop claims to cover 
scattisrud sieall showings of inolybdonito.. 

£y tJeptorsbiir'15, 1/wQ,. sufficient geological and ground 
nagnetic traverses woro cc-plsted to ohow that ;rany of tho 
anor*ali'2S wore duo to concentration cf r^'-cnetito diss.sndnated i n 
tha rock with aaeoci/ited chalcopyrite and pyrite, and to v e r i f y 
locations indicated frees tho a i r . Geological work, plotted on a 
scale 1 inch to ona-half sdlc, i n 19c&, roughly outlined tho 
cy.:nitc intrusive, tho general trend end attitude of tins bedded 
and fihoarod volcanic and tndirx.ntary rocks and tho s;;ricit«, chlorite, 
carbonate, s i l i c a alteration. Xhn work indicated oxton^ivo lew 
grade cop-par fdr^r.nii-ation i n an:! near the? syenite i n a b o l t .^vorai 
thouj<ir-,d foot wide oa^tfcrly c:nd no,U'uO foot northerly* 

Ground a'-gnutcsjtcr traverses checked tho location cf tho 
3 0 0 gawr.a encr-aly on the K&uiic sida cf M t c h a l l Clacior end showed 
that tho icugnetic highs trenccd couth toward an; ar^a of coppor 
staining v i s i b l e higher up tho mountain. A u^gnatic survey east of 
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Sulphurate Clacior c^uiir-c-u oiio^-.IU:^- titer a and indicated that 
thoy trended ciosaly p ^ r a l l ^ l to the- strike of tho formation* 

Hc^ Irr 1961 

The worJ* recoszscndod and c a r r i e d out. in- 196-1 cone 1 s t eel 
in core- d e t a i l carping: of tho rocka,, alteration and. fiinoroliuation 
and. 733 £#ot of paefcseefc. d r i l l i n g - The geological napping- wast, 
carried out by £* V* JCirkhea-,, with- en arran-7«ss3?nt: that a study of 
tho alteration* rdncralir.afcicn and c:in~ral composition of tha 
syenite would bo dona- ax a. Biosis. f o r en «*A* degree- at the 
University of. 2 * C*. 

The- location of tho packsacie d r i l l holes*, i s show* on tho 
;cop on. tho south, elope* of the ridge between, the two glaciers* Tho 
733 feet of. packseclt hols a avereged 0*417,* Cu* The- average for 436 
foot d r i l l e d at cites 1 and. 2. i a 0*574 />- The- haloa average iQ. foot 
in doptiv end. d i d not pasa out of* tho Riinoraiieation*. The few- aacaya-
for raolyb-donito indicated an avnraga- content 0*017/*- I'leĈ *. 

V 
A t the end of. tha 1961 f i e l d , caascn,.. a s:ep (1 inch to 

1C«G foot)^ prvjpared fxest •»irkher*ta f i e l d , work, was sulwnitt«3d with 
a. brief, account, of: the 1961. wcrb* Tho r^icroscepie.. study of. tho 
rocka- was. not completed u n t i l tho spring of 1963* end Kirfchaa* s 
report and f i n a l ;sap were not finished end accepted by tho 
University untiL 1 tioptcsbery 1963* 

Vcr> In- 1962 

Tho f i e l d napping- in 1961, shewed that tho c i a i s s were* 
crossed hy one or icaro large faults. A few holes wore l a i d out i n 
Vy-ZiZ. to test tha possible relationship of tho aineralication- to 
those faults, as a-guide for future d r i l l i n g * Only two holes war a. 
d r i l l e d as located cn tha cap* and those suggested that tho 
:ein a r o l l nation waa. probably not related directly to cajor f a u l t s . 

liola Ho* 1 wee d r i l l e d v e r t i c a l l y to a depth of 1 0 1 2 foot, 
Tha syonito in the uppermost 9 0 foot i n this hele wets coricitir.»d 
and carbonatised end i n the i n i t i a l 30 font orthoclaso was 
intr---:'.-cad also. Tho altered ayenita 0 - 9 0 foot, assayed 0.36/1 Cu. 
end tko f i r s t foot with orthoclase a l t oration, aesaved 0*49>>« 
The. syanito free: 9G-C24* foot vac very s l i g h t l y a!tared c-xcopt for 
int»raittont short 0petions which contained diescuinutod pyrite, 
cUdlcopyxito end ZGL& sagr.otita. The unaltered syenite, onded at 

a * • P 



a#aina<t a fault seae 2*14*£26* arncia'ting cf. clay $ciB$» 2. feat cx 
rcor.cs.: wide end. ahaacefe. e~algaroo.ua. "schist with a l i t t l e pyx Its— The 
rochs. IUJICK that fault ta tho bottoa. cf. the halo,, at 1512ecnaiaced 
o£ l i c l i t erey to gxcon*. fin« grained altered typos,, high ia.. albite, ' 
sericite* chlorito*. carbonate^ ana quarts, with, il to 5.> pyrita and 
trace a- of. chalcopyrite* 

hole JJo*. Z wos drilled ftQ4 xwet at minus eft da^reea south* • 
It waa cellared a short, diatance b?lcw tho fault and reitained in 
alto red rocxa- a i ^ i l a r to these belsfvi t»h« fault in Hole lio* 1* Assays 
of. tho ait ft r act rode in. tho hottest, of Hole- Bo* l r tfava Q*01 cj&* gold 
and .0? to 0*19̂ - coppor* 

Tho drillinr; in 1962 was recorded tor work cartificeb&a 
that will, hold tha cost northern 14 claims for 1G year a and tho 
balance u n t i l tho. spring or 1965» 

r 
.. ;Cecaas«?ndAfeit;n» for wcrb. sines 1962 on the- aelphurots 

cleica hiiv* bacn. stalled ponding receipt of s final e-apo 
aiid report*. The&s Were.• received in lata Costcrbcr* 1963,. and a 
copy of hia geological cap with clai^a and d r i l l holes added anu 
an alteration. ore. horewiici* apj'-o;*iad* 

Si*klicn!a: rape** cautzibutca infarction. Htt&zdin* tho 
cinoxalogy and ty>*-ia of syc-nito,, tho alterations and tho fault 
pattern?* Tha dtudy of alteration ia b^od. on ep^efc-ma frcae 
localities- indicated est tho alteration ssap* The unequal, spacing 
oiT tho^opyciitana ahows: that. an> sceurata u*ippiny of alteration., will 
require- furthur verb* 

Kiridwuft. diviwaa* t;:o " 3y»ni£e- sraup* lata three* -aits ty^as, 
albite. ayoaito or" noinblando. piauiocJUi^a porphyry; syf.-ai1:^ r.r.d <pijir*£ 
syyniU** grading into- granite;- cad ^rsnite* The *»lbit* sy^nit-3 ia 
tha ftoat basic and caziiost phase, and occurs as olono-to shoota or 
sillo- extending ii*}i.w".* free* Sulphurets tfi&cier in th»j south?rn part 
of tha-axsa*. Tha youn^aat^runito plieso ia cros&eutiing ai.cording 
to Cirhhac, end. was found by bin. north of Mitchell. Glacier only in 
the northern part of the area*. The syonttc* and quarts, syenite 
phases with' ooea granite- occur in tho centre of the- sr*?a» cerarctod 
free*.. tin* other typefi. in pieces by a flat thrust (?) feult dipping 
30- dogzLwii. w»wt* 

The • important dictinctisna between the -H-rc© tyj-oc are the 
orthcclasa \potuua itiidspar) and the <;uartu content* Crthociaso 
occurs aa a sparse constituent, in U:;o alalia syenite; as cn ocsontial 
constituent with albite- in tha syenite* quart- syanito* and the p-rt 

http://rcor.cs
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of t h o granite pheso tMt; in gra^dicnnl into quarts s7.cait .0-* I t 
occurs in t h e fern of r.iczeperthlie a s t h o only feldspar constituent 
o£ t h o 'crcsacutting granite* Ciuarts: bnhuv^a similarly end i a present 
i n greatest amounts- in t h a granite* 

The. increase- ttt potash feldspar contunt. or the syenite hoa 
been, produceci i n part- by proqr<-?soivodifferentiation* If: the copper 
sineraliuatioa i s an. end. product, e l thadif. forontiaticny i t veuld be 
coat- closely related to tho rocbs. with- the highest potash, feldspar 
content** li-a association; of copper with a high petasb feldspar 
content in. ayonltea and reLitod rocb types* occurs i n other p-irta of 
IS* C*^ accotding to JV £*- Arsistrong: of tho Canadian Geological. Survey, 
and a t /*io # Arizona according to Uopo- of i-hclpo Sedge*. 

Although. *VL association, occurs setvaoa copper and t h o 
orthoclaao content of t h o rock, in- the. o u l p h u r a cs-S'dtche 1 1 cartesit* 
i t ia not cat&blislted whether th-* association, i a with petrogoziia 
orU10aio.se or wltb hydrother"oai or fchcciassj introduced, after- rock 
consolidation**- Iho evidence frcea other deposits favours* perhaps^ 
a n association, cf copper with, crthoclaao intbxodeccctby hydra thorcal« ____ 
ai'nmalibxngr processes* laa- association c o p p e r with h y t f i o L h i T / i s a l " 
orthociaao would rule out concentre tin;; d r i l l i n g i n t h o a r v a o f t h o 
granite- phaso as a cafa anc. cure way cf prepnrly toctin;? t h o prospect* 

Ancthor unresolved prcblcr., in attempting to cut den: t h o 
d r i l l i n g fcotego required,- is t h o t\iriner or place i n which t h o varioua 
phehon: of tho- ey^nito Wore- differentiated f rca one- another* 
Diffnjontiation probably continued a f t e r tho syenite bodice wore 
introduced, into the- spaces they how occupy* Iho regional distribution 
of tho. syenites- and a f f i l i a t e d intrusivoo,.. rcchs i n t h o U'nub Kivor a w e , 
rather c l e a r l y indicates that the* najor part ot the' differentiation 
occurred at depth and t h a t t h e - various- phases- wvrc* injected into 
Usoir present: positions in. successive invasions* I'ho crosccutting' 
granite phase, which i a t h s r lotost phoso of the syenite group rcccgniuad 
by Eirkhasv occurs only north of b i t c h o i l Glacier. 1'ho copper contr-nt 
of this rocb i s noithor greater n o r r:orn eyonly distributed t h a n in 
rachc in trii«> area taet?d by pecbsacit holes, o n t h o north side o f 
O'ulphurata Glacier* Xne syenite in tide are;a ia- cwppt?4 by Xirfchnc 
as- syenite* quarts; syenite*., a n d contact facias cf. these racks* 

I t i a net possible fro» the geological capping to- select 
any' particular pyenlta phase, or any part of t h o favourable a r o a as 
being either representstivo or superior to any other part f o r a 
d r i l l i n g tact and thereby reducing tl« exploratory d r i l l i n g footage 
required* 

http://s7.cait.0-*
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The j r c b l c s of coding an a^ogu-ato tost cf the copper 
p o s s i b i l i t i e s of the ^uipLui i-t^ elabvv i s c';;:'/:licat-,'d by faulting* 
Iho uppor::wat fa u l t which cre-joro the sulphuT^ts-i.;is;c}u:Il ridga and 
extends north, across- tho .'.Ltehoil v- l l :y, dips wo.rt at about 3*3 
dogr^os^ a t D:*Q1»h* lib* I* b'yonito cn tha hanging Wall s'ld*? of tho 
fault, e t r i l i s . fi*£.* nearly «t right'angles to tho elbito syenite, 
sheets f-trthcr south— tho= changes in s tribo and litholo,y inc>ic::to 
a. .large, throw cn t h i s f a u l t u i t a a strong 5*E* ccttpcncnt* I t i s 
uncertain whet i s concealed under tho f a u l t on. both"sices cf the 
xdtcbrtll. Glacier* & capper scno wnich, outcrops south of tho f a u l t 1 
at tha pacfcsacb d r i l l i n g cite uo* 1,. on tl •*» south side of ouiphurots— / 
i-'itchail ftidgc> shoula extend northv.ard under the f a u l t * 

lea conceals seat of. th*i rcckn f o r several, miles above the 
f a u l t northwest of h i t c h a l l Glacier. There are indications that a 
b e i t of oyenito sheets c r dibes crioncl for several, a i l e a across this 
ice covered area t a a. syenite plug,, s i x i d l u s Ii*ij»H* of tie 
bulphurets claims*, "ihiu. plug, gava the only- aercjaagnctic cncettly 
found in- the hsadwetars of the 'Cause i-.lvcr ar.d l o c a l l y contains eracos 
of - copper*. I t i s highly probable that the granite and associated 
phases of tho syenite on. th? north s i ia of i-iitehell G l i c i o i w i l l 
extend northward under the- fault*. the; copper content of cere of 
the. grcnito r.ort*~ of. b i t c h c l l . Glacier is. b.-jtwâ a. 1 and 2 percent and 
tho f a u l t izay coneoab copper bearing reel s . 

• • 

The altaxatior*. study d i d act bring eny particular association 
or secondary s i l i c a t e s wit.", sul/nidis that could be usnd as a guide to 
d r i l l i n g * . Colours have bean added cn. Lha acccspanying alteration, nap . 
to. bring, cut distribution patterns o f tha secondary isinarals* Xho 
colours sugjTast vary crudely- that chlorite, is, an. important alteration 
minor a 1. i n tho arao. tested f o r copprir between tsc two glaciers, zxid 
that s e r i c i t e i s associated with rolybwcnite* The area of gr^stest 
chlorite, ccacontration inuic.';t;:d,. i s cn tho iulphurcts-Zdtcholl 
ridge* Iho distribution of specimens studisd i s a, l i t t l e ' too e r r a t i c 
f o r convincing s t a t i s t i c a l conclusions^ hovj-vor* 

Ihero is a eii-r.-gr.e-ticn, obscured by faulting, of a cuing i n 
atructuao ircus ii.h.Vi* in tb; southern pi.it '-f tho area to I I . i n 
tho northern, h a l f * This Mfing in Lh« strudtUro i s a rajpr regional . / 
flowing f r c s ?i.h'»hV to «.h'*r* Whoso £ibis extends filed the dwip-hurote-- {'•.- ' 
h i t e h a i l ridge, 12 ruibis ^v.^rd,. to. the »«outh- of • dulphurets C'reeb* 
The eroa of probable i f o x X j h ? - i s - concealedbeneath -.^ulte on. t\ '<-'-¬
the ridge batvo^n tho glacier a * I'ho flexing ray cxerciso a control 
on ore- concohtra ixen * but the drtin:r.; floxion point cannot ho 
pinpointed for a d r i l l i n g t e s t * 
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Kirfcha#a :">>*,,'/ inmost-:.? ih;-.t ihr carlorv-tls:* for corpc-r 
shc-slti canflxui; to rh« :;y:-r.itc o a-:srth c£ r.vc^n^cJ: d r l U a l l y 
Kc» 1* U;v- favour cdle *.*#a f o r cor:;- r i s f .ot Icng nortlu'^rd, 
ar.iiuUU- to 6fj-G. fact, visir*. • vc^c-r ray occur also, l i t rccxs beneath, 
tho- west clppirsst f a u l t era sere deep hales ray be resulted 
eventually t o - t o s t thsr«L ccnceal^d bleeps* h aystcnatict dr i l l i n g " 
pregrasae of the favourahi**- area,, with, holes averaging; 5CG feet 
d e e p a t cttCb feet, centres,,, would orcunt. t s . about 37^000 feat of 
d r i l l i n g * hobs a. £U'l f?ct avtort could r . u s s -.:;*?-.-os i t s of cc-uaiiiarcbla 
sisa. c r gbrr. peer r c u d t s l i r e the i n i t i a l d r i l l i n g of Hudson Hey 
bining at Calcic Crrrcb* or Ko/r^ont'e i n i t i a l d r i l l i n g at tho Atlas 
property i n ; the F h i i i i p i s s a * 

r?cor.-,--rd-ticrTr; »Cnrror 'Jr*r?r--at* 

i h e r c ia. a groat danger that the prcblccs and costs of 
atfccrptir.j: to tftfft t&« lsrc~ : co;^>t cr.*Mt a t tfcu-SstjCvar^ta els to 
Bit^iMit: sacr.-> clo<ir ?uid?s to tttv S G u t Eevtmroblf sections vcubi 
l e a d t a - d i e n p e o i n t e e n t and uasiud effort*, A rothed which offers 
hope of giving guidenoa to d r i l l i n g wcvtd h: a survey of ths 
distribution, of. sulphida concentr -tios with I.I-** o^ir-rr^nt.. This 
should also h-olp to inrftcsts tb* lecaftca Of valuable ground vhiet 
should bft c c K p s i r n d before- a a y s t^ r r s t i c projresna cf d r i l l i n g i s 
started* f;rt 1.XV .Currny o f tho copper bearing syenite could b* 
enrto- with l i n e s . 1CQC £<?*t a r ? r t * EWTT t h o snow covered rid 7 a 
kefuwexr tlu> g l a c i e r s contains su f f i c i e n t outcrop that such could 
ba l e a r n e d regarding concealed c i n ^ r a l i z a t i e a there* 

. "~ cfirfcro footage oc linosr sotpttted wculd Kncnnt: to 
1Q&V0DG fact,* wwtwcsld consist of three l i n e s north c f PdichelX 
Glacior,. IG^COd feot Icrr;, ~r .d eleven- l i n t s * 6,000 feat long couth 
of this Glacier, /'best 5*CCf) fttat cf line acre serially- b? ruw in. 
one day#! end at t h i s rstc the- 'icrb v/ctrld tabs HO days'* SnuYsr the 
conditions; of vaathar end. tcro~rer*".y a t Sulphurate,, tho t i s a 
required would probably be twa renths*. 
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The- approricwit'> coat would bo;. 

31 Engineer and aguipeaant routed iron Denbuzy^-
travel t i s e and expense- included 

Cv5'*0CiG,uQ..-por BOfcti* — <i* A* Srants ostissto) S 1G#GGG.GG 

1 Engineer C#lC*0a 1#GGG.CG 

2: Assistants 3 $ 3 0 0 * 0 0 l^cOG^GO 

b Cook.** & 0 0 * 0<i a'CG.CO 

Suppliao. & v4*G0 por iusn day Ir*C0,GG 

Camp Equipswnt 500,00 

lieavor 2G. hours. 1,5GG»C0 

• Helicopter . 30^ hours (Granduc Helicopter) 1,650*00 

- ^ *' 17,350,GQ 

Plus. 10. percent l#735«uG 

Labour eve r he ad £G Q.0G 

/.n. option, on Hess and bishops ciaba. w i l l bo required.before 
an. X*EV survey i s c a r r i e d cut* 

• 

Just below tho hanging glacier on tho oast side of bulrhurot: 
Glacier i s an ar&a with c r a l l baritc veins*, itirbhar. traversed this 
erea. i n 19ol end. reported that tho veins occur rod at intervals i n a 
none ifCQ f a c t wide*, ho collected representative rccb samples for nn 
alteration study and brought i n sn a i l pieces fros one of the veins* 
'•These wore not a true serplo and i t was not realised for sose ticio 
tl.at they contained, v i s i b l e alec t run*. A few piecea wore select act with 
no v i s i b l e clectrue and ti.oco gavw 1Z on* gold ard 3 3 3 os* s i l v e r * 

Curing the autssor of 19"2r Clo Olson spent about liaif a day 
at tho hanging glacier but f a i l e d to find the gold bearing veins cr 
anything of intorcst* Ho woo anxious to got out o2 tho b'ulphurots 
aroa and 1 auspuct did n^t give tho area a good chock* 
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In 1959 Barclay and Wright found a eraIX high grade gold 
and s i l v e r showing,, three, c i l e e couth cast of: tho hanging g l a c i e r * 
lua* Johnston^a- in 1935 found barita at bruco Jaclc Lako r not f a r frca. 
Barclay 1 a • showing-*, bar c l a y is very interested in- this- section of tha 
area. and. L. recosziend. that he should be given, six-, voaka there next surscer-

He should b*? ec-uicpixi with a cobra d r i l l and should, 
systematically saspl© sore or tho a i l i c i f i e d coctiona- f o r largo lower 
gradi* gold, sonaa^ as- weld as look f o r high grade voina* 



APPENDIX IC" 

Abstract of 1963 M_Sc- Thesis by R-V.. Kirkham, The  

.Geology and Mineral. Deposits i n the V i c i n i t y of the  

M i t c h e l l and- Sulphurets Glaciers,^ Northwest B r i t i s h 

Columbia 



Tha iCltchoIXWiulphurcta region, is. its the heart or • 
tha Co act* r>Toun tains aT narteSwapt; British. Columbia*. Gcolo^i**-
caXXy 1C i a oicuated on. tha tzastoxst c&na c*T tha Howccr- basin 
a? P rcr.\~ateXy 12. niles oast. a£" tha iaain Coast* ? ̂ unsuins plutonic 
o'-^r-le;-* &a nap-area, i a underlain by partly or-wholly note** 
sonntlscd ocdicicrttary^ .volcanic,: crsri; intrusive rocks*. The 
volcanic and scdicartary nucha are ..; rtatxvqly dated as Latccz 
Jurassic*. They probably b c l ^ ^ t o i^«sr-. csslton ord/oxr 
pacG.ibly Upper- Takla spu;;?- Tho acdi^ants arc typical, or a 
sreyraefca*.' t;.rl.i£iltd suite- He volcaaica Loljn- to a-ssrino. 
sequence, chiany conpricins. pyrociaauic > members*. 

Possibly i n Jurassic tino^ tha sedimentary and. 
volcanic rochs or tho area, were invaded by tlia Mitchell, 
intrusions* Tha earlier- srcrfcess o£ the BitchcIX Intrusions, 
fara injected as - .s- and ayhes: predominantly into, the 
vjclT-bccdcd sodicouta* Tho later* uccbers £bmx-d larger-, 
x-ora irrcEulasr bodice There aro r.arhad nir.eralo^ieal 
changes uithiz* tha intrusians^ Sifrcrcrtiation by jCrneticnul 
crystallisation: and composite intrusion: account for- original 
variations irr alncmL coiupoaltionft 'cut psst^rysuallisatio*"; 
changes aro the causa of unusual, roclc typos*, ££ilitiscd 
diabase, STcnocioritQ^ albita syenite,, syenite, quarts 
syenite^ and ssno cranita have resulted free the "dolii^ L n c * * 

or albitization of the oririrai. plasioclasoc* 



luranso quantities oT crapped volntiles, which wore 
concentrated by &ir*erar;LiutIo*a processes, resulted in 
phcnocsnaL. ar.ounta oC roch alteration during? tha dyin^ ataacs 
or the iwaS'.'atic period- *h=*;y" hava. had e_ pro round orrecu on an 
area o r reels $Mt*£ three sires that or tha Intrusions- During 
tha period a£ rcch. alteration, tho area approached art equi­
librium environe;cr-t pr-obutly ocr.e;;l:ere below />GG° C» and 
probably au. rodcratc. pressurec Throughout tho. area aluarin* 
fluids probably contained r:o-.-.crate concentrations or Va^ 
SiU^pv ardi;,,G, hi£h. consent rutions C ;̂  and Vi^)9 and i n tha 
£ ItcbcIZ Ve Hay truce so. 3 ant a eXT Ih;* . The; end oi* the alteration 
. p-crlod wsfe sharp* -ocaibly be in 2" tarrinatcd by the development 
or .-ra jor i ; , .its. which, could have porritted the raieaso o r tho 
lluidcv lihs chicC types oa alteration — nlbitication,, 
carbonatisution, soricitisati-^r., s i l i c i f i c a t i o n , c i i l a r i t i — 
cation 3 and- pyritisation. — have arrested the rocha i a a similar-
ziannexr tnrou^hout rest o r t::a area- In zedcS"* areas. secondary 
r.inerola. m highly altorad rochs aro the sar.e as theca lit tho 
slightly altered'rocks*. 

The cincraL deposits, which era of tho "Porphyry 
Coaper*'- type, wore forr-cd darir..;-; the alteration- period*, "ha 
preaenca a£ lar>*a volur.es or vslatiles at an. elevated tcitpera— 
auro allowed c;ctonslvo" migration, of the cotaWicaricc: solutions . 
iro:h tneir nia^atic source* Disssralnatcd copper and aolyb— 
donua rslroralisation i s found in porphyritic, granitic intrusions 
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and in altered Volcanic,, aouircntary, and intrusive rocka- The 
Xar^a ^usntitica oil a'lulda ham also resulted in. the separation, 
or the ga^pm^ftrirtr yK-*fWT^ f^nh***^ into distinct deposits* 
The £b motion oiT distinct deposiua x a probably dependent 
upon tha physicai^chcoiicul. properties. oiT tha onviro.nuent at 
ubo tiKQ o£~ alteration* 

rajaxr faulting occurred lata in the alteration period*. 
This, uiorhed tha end a£ the I itahclL. epoch o r r.ocnatic activity* 
ô;ue;vhat later in the hisuory or tho area,, possibly ia. Tertiary 

tins,, a Tev; hcrataphyra (basaltic (?} } dyhes: ?;cro. coiplaccd* H£o-
tensive erosion., by glaciers in. rieistocono ur.d iiecent tire a 
has sculptured the loniiacrrs. into their- present shapes* 
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Chapter IV, Rock A l t e r a t i o n from R.V. Kirkham's M.Sc. Thesis 
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chap?"?. 7 7 - ; r < r - at.?^atT"T; 

Alteration, ia. v/idcoprcsd i£t tho. rocka of the ~dtchcil— 
Sulphurous Eogion** . IT tha ITdtcholI. Intrusions era considered, 
to- bo tho source of" tha altering fluids, i t is. interesting to 
note that tho visible portion of tho alteration, halo i s greater 
than threa tines the area of the intrusive bodies*. A i l racks 
or" tha area» oven, tha ones that ca^aseopically appear to bo 
fresh* hava been, affected to coma extent 0"'ho to graphs 9 and 10}. 
b'oak: propylitisatiozu i a tho noct carrca typo of alteration 
throu£hou&, tha area*. Regional, albitisation. of tho pla^ioclaso 
feldspar- has also taken place but i t i s questionable i f this 
phenscono** i a directly related to the caia. period of alteration 
or'whether- i t i n related to a 0 0re widespread a p i i i t i c province. 
Albite a, calcine^ soricita,. ausrts* chlorito a and pyrite are 
tha no at corxon. secondary clne'rals*. The distribution of these 
and other-secondary minerals, determined fro:x tiiin-soction 
analyses, is. shown i n F£gi-ro' 15« Tho preservation of pseuda— 
norphs- with.' increasing alteration indicates, that a rsajor por­
tion i f not ai d of" tha alteration had taken place at constant 
volur-c* 

Tirro of Mt^rat-?^ 
Tho major period of rock alteration n:ust have followed 

tho consolidation, of coat of tho Mitchell Intrusions* Possibly 
i t was synchronous with or closely followed the crystallisation 



of tho croco-cutting granite* Lar;;o portions o f tho pla^io-
ciaoc-hombler.da porphyry and roderatcly lar^a portions of tho 
syenite end cuarts. syenite have been- altered*. In contrast, tha 
areas oX* croes-cuttin^/i^ranite that have teen e:cszuir*od , although, 
they show cucii ovidenca of vcinin^ by cuarts. and. calcite, do 
not contain mucii rock: alteration*. Tho inference follows, that 
since tho cress-cutting granite is. tho youngest of the M t c h o l i 
Intrusions,, alteration nay hava been, continuous with crystal­
lisation*. Although- this, night wold hava been, truoj. i t should, 
ba noted" that the Gdnorals. fu. tho cross-cutting cranita aro not 
as susceptible to alteration an tkoso in other- rocks*. This 
leads to another inference that tho udnerala in tha granite 
wore closer- to bciUiT equilibrium i n tho alteration environ­
ment than those i n the other cf.eabero of tho rdtchcld Intrusions*. 

The field, relations: rake i t d i f f i c u l t to f i x the _ 
relative ties of the periods- o f faulting- and alteration- lar^e 
alteration., cones, have- been, offset by isajbr faults*. The sharp 
upper l i r d t of" alteration- on the north slopes of tho iXitchcii 
Valley is a result of its- being" nearly a fault contact* Gn tha 
other hand, cany aajor- faults, hava- been schooled and obliterated 
by- alteration, and havo also controlled the development of sor.o 
alteration, cones* i-'oreovcr,. tha ciyloaito cones that were c l ­
eaned, iiavo been, affected by alteration-. Theso faults with, 
their- associated nylonita soncc aro definitely post intrusion*. 
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The only sixplo explanation would bo that the major periods 
of faulting and roclr alteration, were: very clone in, tic:a„ 

A, study o f the products of alteration rivea eono i n — 
dicatioir as to the nature and temperature o f tho altering fluids* 
As stated before,, the sain, alteration nlncralc in- the'i-itchell— 
Sulphurate region, are- albite, calcite, sericite, quarts, ch­
l o r i t e , end pyrite £?}*. Chlorite and pyrite are lose abundant 
than the others*, I t is: known that the al k a l i content ̂ ovorna. 
the formation of coalites^ sericite, and kaolin, i n alteration-
zones: at temperatures: below 4G0° C*. . Tttraer and Verhoc£en i n 
discussing experimental, work done -by Toll- (p*. 57?) state: 

At lower temperatures (bolcw 400* C*} i t 
depends upon tho a l k a l i concentration of 
the. active solutions whether scolites, 
scrieitOg. oxr kaolin, are formed*.. *.*.*.**.**.*.' -
Saolim orii~inates iron SiCp— or- AlpCy-
«-ela i a neutral solutions: free of alicali 
Boggla o r in acid solutions containing 
alk a l i metals, at temperatures below • 
UQ0° Cif on. the other hand, rrontrorii— 
Ionise forms i n Alkaline solutions of 
the alkali metals, end at hdrher con­
centrations of potash, sericite appears* 
At very hi~h concentrations of alkali,. 

'scolitcs, especially analcite appear*. 
If,, as. the writer believes, alteration, in-tho rOitabelL-ouiphurets 
region i a prcdordnantly a. low-tempcraturo phenocoznn (bolow 
4C0. *"G*)e then from Koll' a experimental work i t wet;Id seen that' 
the altering- fluids contained code rote concentrations, of tha 
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alkali. s&tJurr* Ti;csa conditions could- possibly account. for 
the extensive albitisotlon as well, as: f a r tho sericltlaatiar*. 
These concentrations were- probably relatively uniTorot over lar^a 
areas, sinca there £&. no. evidence o f strong- conation* 

Besides the a l k a l i natal content, the solutions must , 
also hava carried considerable carbon. dio:-:ida or soluble car- • 
bonate to facilitate tho c::tensivo formation, of. calcite* In 
the case or the mapr-arca. silica, would have- been, displaced from 
lima, silicates and calcite would hava formed,* Turner and Ver— 
hookers; (p*. 57o) state: . 

;<:horaas s i l i c a readily displaces- carbon dio;cido 
froin carbonates au moderate- and hip.h tempera— 
fares, rsany silicates are converted with equal 

— easo. to carbonates by hydrothc-frmal reaction with 
£j3 " solutions containing carbon dioxide, or soluble 

carbonates, at low tcr.'>>eraturcs». Autcmctacora— 
t i e replacement. of such jrdncrals an fold spars* 
audita,, and oldvina by carbonates, l a a condom 
dauterie procesa illustrated by igneous rocks 

. of widely different composition* 
Tiiis feature also explains why no sham nones are £OV?JI near tho 
intrusions even though there are many limy rocks in the vicinity» 
Besides tho liberating of" the s i l i c a from- tho silicates by tho . 
carbon, dionide or solublo carbonate, quarts was probably added 
to tho solutions at their source*, i'.any quarts veinlets aro 
found i n the granites and syenitic rocks, come of which, aro 
relatively unaltered*. 

The presence of hydrogen sulphide or epmo such sul­
phur-bearing compound in the altering fluids would bo the 



oasiect way to account for tho farmatiou of pyrito l a the 
altered rocicav Tho ferroma^nscian: minerals such as hornblende,, 
pyroxene, and biotite; would, be replaced by a ca?raesium-rich 
chlorite and by Iron- sulphide.. The reason. Tor- believing that; -
this type o f chlorite ray be- relatively rich. in. magnesia i s 
•discussed later. 

J-'any of the hand specimens,, examined in this study, 
contain: inconspicuous quarter, calcite, chlorite, and i a a fev; 
from. KitchelX V3llcy, fluorito veinlets.. These minerals at 
rnny nlacsa form, & network o f criss-crossing veinlota,. which 
average from 1/32.— t a 3A> a f an. inch in: width* l a acaa arcaa 
fractures: containing those veinlets: may have been, the only 
chanrol-ways. f o r the altering fluids* 

There are several reasons for believing" that 
alteration, throughout the- area i a uniformly a lovr-tempcratura 
variety- r i r s t r there- is: no. evidence of ctcop thermal, gra­
dients. Alteration varies i n intensity but there i s no 
significant change in. tha types of secondary minerals from-
place to placo (Figuro 15)* Secondly, hi£h-£cmperaturc altera-
" tion. minerals', such aa cade-silicates,, potash feldspar (except 
matastnbiy}pyrophyliite, tourmalino, etc*, have not been-founds 
Thirdly* a l l . secondary minerals that have hcoo: identified, 
excopt the potash- feldspar, aro compatible with, and support a 
lov;-tampcrature origin* Tho potash feldspar, which i s thought 



to be secondary,, do round only adjacent to ao.no intrusive con— 
tacts in hi£ft-tcmpcratura seres- where lav-tcmpcraturc mrsta— 
co^atiSHr hac been: superimposed*. ?h© potash feldspar is possibly 
a_ metastable rcXia c f tho earlier* hich-temperatura. metasomatism*. 
Tha ubiepitous nature o f secondary cslcito probably signifies 
a widespread, relatively uniforra low-tempenature environment 
of alteration* Turner- and VerSoageb., fp*. 57S) state that secon­
dary hyerotherr-aX calcita i s a product- o f low-temperature 
met a c o;nnt f am. rather- than, moderate or h£££fc temperature*. 

Effi summation: tho active fluids at the time o f note— " 
aomatiem probably contained moderate ec-r.csr.tratiors of ?*a, K, 
aiQz» and K^s, hirh. concentrations of CC^ and IT̂ O, in. tho 
.?rdtchol2_ Valley trace amounts of H73 and were at ssmo elevated -
temperature probably bclav- iCO° C*. for a considerable period, 
of fcise***-

n^reo or A?.tPrr̂ t5.̂ n 
The altered rocks, can: bo sub-divided into two groups 

depending: on: the degree of alteration* The f i r s t croup includes r 

those rocks i n which re l i c s of original hi^h-temperaturo con­
stituents aro in- aiX stages of replacement by low-temperaturo 
minerals- Kith continuing- alteration tho primary minerals 
that were susceptible to roplaccmont. became more and more a l ­
tered until a point, was reached that a l l the. minerals suscep­
tible to alteration had been completely destroyed*. This point 
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marks the start of the scc-hil steep or altered rocks*. Sow 
with, continuing altoratl-.n tho secondary minerals increased 
in: sine and developed, hotter or what :;d^ht "so doserihed as 
^froshcr^ crystals. {Photo-raph. 34)*. 'Ffcofconrsphs 29 to 33 
lllustrato: the. f i r s t greu^ and Photographs 34 and.-35 i l l u s ­
trate tho second ^roup*. Such a. subdivision, may ho of primary 
importance in d i c t i r ^ c i s h i r ^ the alteration sonea> that memo 
tho boat host rocks, for tho ore minerals*. From this pre­
liminary study of tha Mitchell—Sulphurets, region i t scons 
that tha deposits that hava tha heat chance of bcin^ era 
Credo are in the second £roup c r j ^ shut the less promising 
deposits may occur in. cither ^raupo. 

Judging- £nom the varylrc dc.^racs. of alteration of ; 
re a ha over lar^o arc-as a' tha writer believes that there were 
probably many "centers" of" uiteratior 9. Unless ouch, minerals 
as. sericite and calcite cam form over an extremely wide ronca. 
of temperatures, there: was probably not significant tempera— 
tuna variations- from the highly altered rocxs to the outlying -
areas*. Also, as shown by results of Kail*s' experiments i n 
the,, previous section^ the. concentrations aro important for 
governing tho formation: of alteration minerals in an environ— 
meat of low temperature*. That sericite i s widespread, and 
haoiin, other clay minerals, and scoiitcs aro nQ^ld^iblO;, 
mean that the concentrations in tho altering fluids probably 
did not vary crostly from the highly altered rocks to the less 



altered rocks*, This leaveo one c r i t i c a l variable; that i s , 
tho decree or soaking or tho amount of altering solutions to 
which, the rock was exposed*. / 

The o^uarts-sericite schist probably represents the 
highest grad^ of alteration*, ftatcran (p*. 10/,.) states: 

vvith nest rocks,, except limoatono and 
<-ucrtcitc, the end procuct of altera­
tion, is a reck comr-occd rostly of s e r i ­
cite and quarts*. Tho original feld­
spars, fqrrora^nosian minerals, and 
slices are a l l charged to sericito,. 
and s i l i c a i s generally added* 

• 

Since tho greatest development of quart a-c e r i c i t a rocks is i n 
tho Mitchell Valley (there arc also considerable quantities 
of quarts-sericitc schist about where tho legend i s in 
i;i;;uro 4 ) the main, center of alteration. wuo probably near tho 
cross-cutting granite« 

^7?cff-r^b-5.?.j.t^ of LltSCI^SS ' c n -^tcrat->-n 
in. general, forroma-rncsiaa minerals, and. pla^ioclaso 

feldspar- wore by far- tho root susceptible to alteration, and 
apatite, potash feldspar, and quarts resisted alteration* 

A general, alteration scries can. bo established by 
usin£ the pscudomorpho in the altered placioclasc-hemblcndo 
porphyry* Photographs 30 to 33A illustrate increasing altera 
fcio.n in the so rocks*. Ihctccraph 29 shows a relatively un­
altered microciino phenccryst in an. otherwise highly altered 
porphyry*. In theso rocks the hornblende is moot commonly re­
placed by chlorite, calcite, pyrite, and trace amounts of 
s i l i c a * In soma'of the least altered rochs i t i s replaced 



. Photograph 29r C2C-I6?) fhotcrdcrorraph. -
illustratine a relatively unaffected 
nicroclirc pheuocryst, i n w. otherwise, 
highly altered albite syenite porphyry; 
H&$£ polarised licht} 

by epidote and perhaps actiaolite 2a. tho more bodily a l 
tered rocks: sericite has. acccinpauied the chlorite,, calcite, 
and. pyrite i n replacing hornblende.. The plagioclase in. aid 
these rocks, whether tha hornblende i s altered or not, is 
albitised C serza'oii&oclasa )«. This feature leads one to be-
liovo that the albitisation. could be independent of the rest 
of the alteration* Calcite and sericite aro tho cain secon­
dary rsinersla that replace plagioclase*. Occasionally -:i*.or 
clinosoislte i s present.. Even though the plagioclase and 
hornblende are equally altered i n tho lowest nonce5. re l i c s of 
plasioclaso are present in recks where nearly a l l vestiges of 
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hornblende have been aaetroycd». The potash feldopar- resisted 
-

alteration until, cost of the placioclasc hed been, destroyed* 
.Alteration- f^rcrr 1!^ 

Alteration, gincrals w i l l be discussed i n an. appraosd— 
rate-order of* decreasing aBussiarrea* The distribution o f a l ­
teration, minerals: is- skovai. i a Fi^uro ISm 
.Albite — Albitisatioa i s ubiquitous in. tha area*. Plagioclase, / 

a. common jsinemX. in. the region,. everywhere i s cither a i — 
, bite or oiicociasc- kesidos. the main, occurrences des­
cribed'throughout the thesis, airier accents of alb i t o 
are also found lining veinlets, both i n xylonites and 
in. core syenitic rocks*. This typo of albite appears to 
have saowrx in place of other •minerals, whereas most of the 
secondary albite i s replacement of prc-o:cictirc pla£icelascs* 

- Some of" tho. sedimentary rocks and, mylonitcs, which 
are. r i c h iSt albite, have developed a s i l i c i f i e d appear— 
axes*. This appearance results from tha rock, breaking 
through, grains instead of around thes* This- typo of 
fracture results fro:u the interlocking nature of chains . 
in these microcryata21";-nq rocks* 

The evidence, for albitlcatiou. has been, discussed in. 
the section- on the genesis of the idtcheUL Intrusions. 

Cr-lc-'to — fecondarv calcite, usually in minor amounts, i s 
found in. most rocks of tha area* It typically replaces 
lire-bearing silicates*. VJlth. or without quarts i t i s 
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also common, as snail veinlets* Calcite and. chlorite aro 
associated with chaiespyrito and pyrito i n a coin, xninora— 
l i s a d sona: on. Slitckell^ulphurets Pdd£e (Photograph- 34}» 
Soma sedimentary rocka certain lar~o percontosoc of c a l ­
c i t e ^ but i t is. net known, whether th*la caicito i s p r i ­
mary orr introduced* 

• 

Photograph 34t £?C-̂ >S53 rhotooicro^pxspk 
illustrating calcita-chlorlte host, reck 
of a mineral dcrosit on ̂ dtchedl-Sulphureto 
Kidga (JKiG; plain li£kt)* . 

fl<*ricitrrncricitic. alteration i s one of 'the most widespread 
types developed -in tho area. Host ccraaanly sericite i a 
found aa arc alteration product of plagioclase, but i n 
mora highly cotasomatiaed sores i t has also replaced 
other- ciUcatc minerals* V.'cll-dcvclopcd cuarts-sericita 
schists aro found in the Eitehcli. Valley and i n some 



qt^xrts-scricitc schist; (no relic minerals 
repeals. — polarised, licht) 

places in Che Sulphurets Valley- At- a feu localities 
these schists contain, chlorite, minor apatite, rare relics 
of pls£iaclssa (£hoto™sph- 33), ana. at. one locality - to 
tha vrcst o f Mitchell Glacier they contain miner b i o t i t c 
The presence of" sericite i n these schists from, aim ;;idoiy 
separated, l o c a l i t i e s in. tha r i t c h e i l Valley has been 
confirmed by r-ray pcuxlcr photographs (tho localities era 
shown-in Pi-Tire 15) *- In a sirrernlisod, mylonlta sor.o on. 
the dipper northern slopes of 3uiphurots Valley sericite 
occurs with relatively abundant fine-grained hydrother-
mal bictitc*. 

The stylos of replacement by sericite arc many* In 



sons specimens, minute flakes of soriclto have formed 
uniform, grida throughout- hoot minerals*.' In. soma, the 
dehorn, ere. randomly scattered; thr^u^iiout tha host;; Vi-hlao 
i a others^ they hov.a farmed, alteration; sonos in. tha hasW' . 
In- a. far* specimens; tha soriaita flakes hava fessmcck s i n ­
gle train-iika veinlets* ti feu- of" tha highly altered 
rocka contain, pscudomarphia clot a o f npricita after 
pIa£iocidsG» 

-

mrfrs — Secondary quarts i a abundant Is* tho'quarts-sariaiao 
schists^ massive s i l i c i f i e d racks,, and in. voinlcta v-iiich - -
mainly occur- in. tha schists, nyenitia rocks, and granites 
but also i n other rocka throughout "the urea*. In tlia low 
groda altered rocks i t i s d i f f i c u l t to separate tho p r i — 
mary quarts, from the secondary quarts*. 

Tv;a distinct- generations of quarts vein.lata have been 
found in- the guarts-cerlcita schist*- Tha f i r s t genera­
tion, i a hy f a r the. most abundant and i s closely connected 
to the formation o f tho schist itself*. These veinlets 
usually average about 1 inch irx. v/idth.. and may comprise 
ovor 50 per cent of tho. rock* In alX places they paral­
l e l , the schistosity and sra usually separated by areas 
of granular quart a*. sersSta* chlorite, and pyrite*. They 
may have been- formed by cctamorphia differentiation* These 
veins era invariably carrar* The second system of veins 
usually cuts, the f i r s t at high, angles* Thcso Generally 



G O not co-price core than 2 per cent o f tha rod:* At 
many- localities they contain coarse chalcopyrite cnd5 in 
a few rare cases, galena,. sphalcrito, and tetrehedrite*. 
In. one area, small amounts o f chalcopyrite had. migrated 
considerable distances from these veins into tho country 
rcclr*. 

oritf>. — Chlorite i s carmen as a minor constituent through­
out tha region;, but in. a fev places it-.occurs i a abun-

• dance*, '.here it. i a subordinate to quarts, sericite,, and. 
calcite,the altered racks i a most places are palo buff 
or some shade o f g£C7> buts t'hero i t is'abundant the rocks 
aro soma shade of gpaesr* Only; the roams that contain, 
greater'than 5 percent finely disseminated chlorito 
have a. sreeaish t i n t * l a a fcvi specimens the sericite 
aa viclL asthe chlorite i s pioeai; 

-

' Variations in tho types o f chlorite have been noted* 
in thin section*. Chlorite found as a widespread altera— 
t £ m product is polo .̂ rcen. approachirrr colourless,, i s 
weakly plcochroiCj and has anomalous blue or brov;n hire— 
fringer cq*. Chlorite found locally in. seme nineraliscd 
areas i s a much darher sreen, is strongly pleochroic, 
and commonly displays anomalous, royal purple birefrin— 
Ser.ee* . 

VJ* G* Jeff cry, in his v;orh on. the Campbell Chibeu— 
Cemau Kino i n Quebec, has described a similar phenomenon 

http://Ser.ee*


(unpublished thesis, 1959", pp» 149 end 153}:* He was 
abla to divide tho ehlo rites in. that area, into two 
groupsr Chlorite 1 and chlorite XX., Chlorite 1 has a 
hi^iu ma^nasiuio. content and cnlorito XI l a rich, irr iron* 
These two croups- v;cre distinguished by their-optical 
properties*. The sain- diagnostic proportics aro as fbL— 
lov;s (after- Jeffory, p- 149); 

type r . Typ0 r X_ 
Usually colourless orr Green 
Picoehrolsmv — n i l to feint Length• alow — positive. 

Ho statesr 
setv-'con. the twa variations the optic an££e • 
passes. through soro, the chlorite i s lao— 
trooic, and the bircirinr.er.ee i s n i l * As 
the birefringence decreases .from that of 
types I and IX they can be termed respec­
t i v e l y low. chlorite 1 and le?; chlorite. IX* 

At the Campbell. .Chibou-amau Tiro chlorite IX i s found 
chiefly as v e i l roch alteration associated with sulphide 
mineralisation, whereas, typo X i s not associated with 
mineralisation*- He cautions against using" the chlorites 
as a guide to oro since chlorite XX is also found i n 
shear cones tha*. arc: not minoralised-

FoiXcwins Jeffory's distinction of the two varie­
ties, the writer believes 'chat tho darh groan a moro 
strongly pleochroia chlorite which, i s found i n soma of 
the copper mineralised areas, could bo richer i n iron 

Fleoehroir-n — strong 
elongation 

elongation. 

http://bircirinr.er.ee
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than the chlorite round no a. widespread alteration pro­
duct*. The elongation, of moot of the. chloritos in. tho 
cap-area- i a negative (length fact) and. only a few have 
positive elongation oven, in- tha ore coses*. Possibly 
this, means that a l l the. chloritcs o f the area contain 
cansidGrabic ma^nesis*. Hey (1954)- in his review on. 
chlorite a has noted that the optica! properties do not 
vary proportionally to charges- i n the Fo total/ £o+Z*z 
ratio*. From hie charts i t can. be seen that variations 
in the optical, properties are also dependent upon, the 
amount of silicon, presents but s t i l l optical variation 
reflect a, general, variation in. iron, end magnesium con­
tent* in. the "ore" sor.es i t i s quite possible that tha 
cop?cr9 upo:i entering the rocJcs replaced the iron o f tho 
pyrite which: then, entered the chlorite*. Tho writer- has 
no proof for this, hypothesis bet offers i t as feasible 

— Smell- ameunts of" disseminated pyrite are widespread 
throughout the area*. Pyrite i s included with the altera-

was probably more closely connected with the alteration 
processes than with other sulphido deposition* \> her ever 
observed, i t i s older than, the other sulphides*. Pyrite 
associated With-. masnosian. (?} chlorite end calcite i n 
most areas has formed as a. replacement product of p r i -

f o r the obser/Gd phenomena*. 

t i c s minerals because tho formation of the bulk of i t 

http://sor.es


tiary forromacnosian minora!?* The pyrite la. tho. region— 
ally altered rocka constitutes typically less than 5 per¬
cent, o f tho. total rod:*- Acaausto greater than this aro 
rare and have undoubtedly resulted from, tho addition, o f 
iron, to tho rock*--

fllrt*r. i-'?>pr^ln — Clay cincrala. hauo been noted in a £GSJ\ speed— 
icons* especially from rocks or lov; grsdo; alteration* A 
clay mineral (or minerals) has been recognised ei^lec— 
tivcly replacing certain, cones of plagioclase crystals 
in. the syenitic rocks* This mineral (or minerals) could 
not. bo. resolved i r rc-ray powder- photographs. Although, 
the possibility that, they may have been, overlooked or 
mistaken, l o r sericite i s s t i l l considered, qlay minoz-als 

• do not appear i n sroat chttolance i n the map-area*. Larco 
ksaliriscd- cones or any nchsiky J 7 type altered rocks' hava 
not been, observed* 

"mÛ t** (Usually pistacito a minor clinosoicite) * Epidoto 
•occasionally occurs in abundance but i t i s not one of 
tha ma^or alteration minerals cf tho area*' Perromacnssien 
minerals in soma of the least altered racks aro replaced 
by pictacito* Clinossisite was identified i a a few thin, 
sections as an alteration: product of pla^ioclesa* 

riy.-ftt5.tn- — Minute flakes of. hycirothcrrr:! biotito exist i n a -
fotr areas., irr similar types of occurrences as sericite*. 
The highest concentration of secondary biotito ran noted. 

http://riy.-ftt5.tn-


in a pcrcolnncous nylsnitiscO rock vrhich occurs on tho 
upper northern, elope of ntiphurctc Valley.. This rock 
contains ninor-disseminated shales-pyrite and. stoXyb— 

i 

dcn;£C6*T. 
r ^ t ^ f r ^Idrrr^r*- — Potash, foldspar- ia not- a. cordon alteration, 

product, i n tha area out i t has been included in thin 
section, since i t i s found intimately associated ;;ith 

'chlorite adjacent to some of the intrusive contacts* 
Moreover- i t docs not seen, to bo in dyke—like bodies* 
In. those contact areas i t i s d i f f i c u l t to- distinguish 
batv.eoit dykes and mctascrnatiscd country rock*. r-otash 
feldspar- has also been found as a constituent of n-iaro— • 
crystalline^- rocaic a^ro^atcs in mylonltizcd rocks*, 
isero the potash feldspar was probably art original pro­
duct oi* the rock: that ro crystallised upon, mylonitisation*. 
Photograph. 2& illustrates such: a. xylonite* 
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PRELIMINARY SUMMARY REPORT OP G EOLOGY OF 
SUJLPHURETS-MITCHEL.L G R E E K RIDGE . 

by Roy Wares 
October 1, 1963 

Xo accompany Quarterly Progress Report 
to September 30, 1968 by E.. Ostensoe 

The Mitchell- Creek-Sulphurets. Creek property is. structurally complex and 
consists of a number of thrust faults placing units of different litholagy, alteration 
and mineralization i n juxtaposition. The most prominent structure i s the Sulphurets 
Thrust Fault, which c a r r i e s a s i l l complex, over hydro thermally altered sediments* 

The upper thrust unit consists of a series of transgressive s i l l s of monzonitic/ 
syenitic aspect which are intrusive into a sequence of volcanics faulted against 
arenaceous sediments*. The. volcanic rocka are predominantly andesitic i n character 
with subordinate dacitic flows, agglomerates and agglomeratic tuffs which are more 
frequent i n the upper part of the volcanic unit. M eta soma tic phenomena, particularly 
potash metasomatism, are widespread but minor,, being prominent only along shears 
that are present i n the unit and which are related, to the Sulphurets Fault. 

The Sulphurets Fault i s a zone of movement rather than a discrete discontinuity 
and comprises a complex interdigitation of andesitic and monzonitic units with 
siliceous replacement units that are characteristic of. the hydrothermal assemblages 
below the fault. In the movement zone, there i s a strong, closely spaced cleavage 
developed. 

By f a r the l a r g e s t unit, i n the. property i s the regionaL hydrothermally altered 
assemblage which, exhibita marked but regular variation in alteration type- The 
rock units are not c l e a r l y recognizable, i n many cases but,, where found, comprise 
siltstones and greywackes with minor pre-alteration siliceous intrusives. There is 
considerable structural complexity i n this unit* A large boss of a fine grained 
intrusive of syenitic aspect with associated satellitic dykes i s cut by a s i l i c i f i e d 
shear zone and is itself cut by a subsidiary thrust which c a r r i e s part of this 
intrusive over hydrothermal assemblages. In addition, a wedge of agglomerates, 
flows and sediments is faulted into the hydrothermal assemblages and only altered 
along thin arcuate shears. 

The regional alteration alluded to above, consists of a se r i c i t i c assemble g\ 
that i s crudely zoned around a dome or core of intense silicification, centred in 
the vicinity o£ D-D. H. #68-5 and 6. This comprises a core of aphanitic,. cherty 
material that passes outv/ards through a dense stockwork of quartz veins into a 
sparsely veined zone. The se r i c i t i c assemblages form a crude envelope to this 
siliceous dome, despite complications produced by faulting associated with the 
steepening of a westerly dipping thrust fault. The cleavage in the schists defines 
a fold structure plunging steeply to the northwest. 

The se r i c i t i c alteration does not appear, on the scale of mapping, to be 
related to known intrusivea and transects lithological boundaries. Away from, the 



s e r i c i t i c a l t era t ion there is p e r v a s i v e s i l i c i f i c a t i o n but only subordinate c h l o r i t e 
and s e r i c i t e . P y r i t e i s ubuiquitous in this unit and w i l l bo r e f e r r e d to in a l a t e r 
sec t ion . 

T h e t h i r d m a j o r s t r u c t u r a l . u n i t p r e s e n t i s one c o m p r i s i n g sed iments and 
m a r k e d l y p o r p h y r i t i c i n t r u s i v e s . I t i s f a u l t e d aga ins t the- h y d r o t h e r m a l l y 
a l t e r e d a s s e m b l a g e s but has itself, e s c a p e d s i g n i f i c a n t a l t era t ion except i n the 
v i c i n i t y of. the. fau l t z o n e - T h e - s e d i m e n t s a r e ch ie f ly s i l t s tones, sandy s i l t stone a 
a n d a r g i l l i t e a that axe - fo lded i n t o i n c l i n e d a a y m e t r i c f o l d s - T h e p o r p h y r i t i c 
i n t r u s i v e a a r e v a r i e d i n c h a r a c t e r a n d c o n s i s t o £ a n extens ive s i l l of o r t h o c l a s e 
p o r p h y r y c u t by l a t e r hornblende p o r p h y r i t e . 

T h e t h r e e uni ts d e s c r i b e d have d i f f e r e n t s t r u c t u r a l and a l t e r a t i o n t y p e s . 
T h e u p p e r t h r u s t shee t i s cut b y a n u m b e r of faults,, i n t e r p r e t e d as sp lays a s s o c i a t e d 
w i t h the Sulphurets F a u l t . P o t a s h m e t a s o m a t i s m is r e l a t e d to s o m e of these faults 
w h i c h a l s o p o s s e s s subord ina te q u a r t z - p y r i t e a l t e r a d o n - T h e r e i s a low grade 
r e g i o n a l , , i sochemica l^ . m e t a m o r p h i s m - p r e s e n t i n this, sheet* 

W i t h i n the Sulphurets F a u l t zone, there i s a n in terd ig i ta t i on of l i t h o l o g i c a l 
a n d a l t e r a t i o n types of both the o v e r l y i n g t h r u s t b l o c k a n d the u n d e r l y i n g h y d r o -
t h e r m a l a s s o c i a t i o n with: a p e r v a s i v e and m u l t i - d i r e c t i o n a l f r a c t u r e a n d c l e a v a g e 
p a t t e r n d o v e l o p e d - * 

T h e h y d r o t h e r m a l a s s e m b l a g e Is c h a r a c t e r i z e d by the incons i s t ent deve lopment 
of f r a c t u r e s a n d c l e a v a g e i n the s i l i c i f i e d r e p l a c e m e n t u n i t s . T h e except ion to this 
i s the s e r i c i t i c a s s e m b l a g e s where there is a p e r v a s i v e set of c l e a v a g e s p r e s e n t and 
s o m e c r o s s f r a c t u r i n g r e l a t e d to f o l d i n g . 

The. t h i r d tec ton ic u n i t shows e v i d e n c e o £ f r a c t u r i n g a s s o c i a t e d wi th faul t 
p a t t e r n a b u t there, i a l i t t l e ev idence of w i d e s p r e a d d e f o r m a t i o n a n d m e t a m o r p h i s m . 

Sulphide m i n e r a l i z a t i o n i s w i d e s p r e a d i n the p r o p e r t y but o v e r m u c h of the a r e a , 
i t i s b a r r e n of va luab le m e t a l s . T h e u p p e r t h r u s t b lock c a r r i e s low, but w i d e s p r e a d 
amounts of c o p p e r m i n e r a l i z a t i o n a v e r a g i n g about 1/2% to 1% C u . T h e a r e a of 
m i n e r a l i z a t i o n i s s p a t i a l l y a s s o c i a t e d wi th the m o n z o n i t i c s i l l s a n d s h e a r zones 
t r a n s e c t i n g the s i l l s , h y b r i d i s e d s i l l s and andeai tes . T h e depth of the zone l a 
l i m i t e d by the Sulphurets F a u l t but the m i n e r a l i z a t i o n ia suff ic ient ly w i d e s p r e a d 
to p e r hap 3 w a r r a n t f u r t h e r e x a m i n a t i o n . 

T h e Su lphurets F a u l t Z o n e w h i c h was d r i l l e d i n p a r t i n 1962, 196S, i s 
c h a r a c t e r i z e d b y the s a m « * £ # p e of m i n e r a l i z a t i o n as the u p p e r thrus t b lock , though 
there m a y be s o m e e n r i c h m e n t f r o m the in terd ig i ta t ion of s i l l s and r e p l a c e m e n t 
r o c k s . It i s sugges ted that this e n r i c h m e n t o c c u r r e d at e l evated t e m p e r a t u r e s and 
p r e s s u r e s d u r i n g the t h r u s t movements . . 

M o l y b d e n u m m i n e r a l i z a t i o n r a r e l y o c c u r s i n s p a t i a l a s s o c i a t i o n with c o p p e r 
m i n e r a l i z a t i o n . T h e r e i 3 , however , a s igni f icant M 0 S 2 showing in the R o s s c l a i m s . 
T h e mo lybden i t e o c c u r s i n f r a c t u r e s and thin d i s s e m i n a t i o n s i n the s e r i c i t e s c h i s t 
"envelope" around a s i l i c i f i c a t i o n "come" or " c o r e " . T h e r e s u l t s of d r i l l i n g and 
f i e ld m a p p i n g appear to ind ica te that though M 0 S 2 i s w i d e s p r e a d , it f o r m s zones 



do not p o s s e s s s i g n i f i c a n t length or b r e a d t h . T h e ex tens ive , a n d s p e c t a c u l a r 
o zones ( a v e r a g i n g 3% to 5% pyr i te ) i n the h y d r o t h e r m a l zone that c a r r y 

U a c c c o p p e r m i n e r a l i z a t i o n a r e of no e c o n o m i c s i g n i f i c a n c e . T h e y a r e c o n s i 4 c r e d 
to be due to " s u l p h u r i z a t i o n " of a r e g i o n a l uni t i n w h i c h i r o n was r e - a r r a n g e d a n d 
f i x e d w i t h s u l p h u r s 

T h i n , f r a c t u r e s o c c a s i o n a l l y c a r r y a p p r e c i a b l e a m o u n t a of c o p p e r m i n e r a l i z a ­
t i o n but axe; l i m i t e d , i n ex tent a n d w i d t h - A z o n e o f b a r y t e - c a l c i t e - q u a r t z v e i n s 
f o u n d i n t h e e a s t e r n , p a r t o€ the. p r o p e r t y i a a b o u t 4 0 0 s w i d e - T h e v e i n s y s t e m i s 
r e l a t e d to c r o s s f l e x i n g of a w e s t e r l y p l u n g i n g a s y m e t r i c f o l d , . Wide- v e i n s w i t h 
s i g n i f i c a n t a m o u n t s o £ m i n e r a l i z a t i o n a r e l a c k i n g , a l t h o u g h p r e v i o u s , i n v e s t i g a t o r s 
r e p o r t e d g o o d g o l d / s i l v e r v a l u e s o v e r - n a r r o w w i d t h s -
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S K E E N A MINING DIVISION 

U N U K RIVER 
Ted, Roy By E.W. Grove 
LOCATION: (56° 130° S.E.) The Suiphurcts-Mitchcll Creek property is on the 

east side of the Unuk River, 40 miles northwest of Stewart, and 20 miles north 
of the Granduc mine.. . 

CLAIMS- The property presently consists of 78 claims, including the Ted, Ray, Ran, 
Patty, Arbee, John,Bull, and Dawson-Ross claim groups. 

ACCESS- Men. and materials were transported by helicopter from Stewart. 
OWNER:; Granduc Mines, Limited, and Don Ross and Associates, of Ketchikan, 

Alaska-
OPERATOR: Granduc Mines, Limited, 2009, 117T West Hastings Street, Vancou­

ver L 
M E T A L S : Copper, molybdenum. 
WORK D O N E ; A geological crew of seven men spent V/2 months preparing a topo­

graphic and geologic map of the property, which covers about 9 square miles. 
A geochemical orientation programme was run on the Patty and Ran 40 to 48 
mineral claims, and six BQ-size core holes totalling 3,819 feet were drilled by 
an eight-man crew. The project was supervised by-E. Ostensoe, chief geolo­
gist, Granduc Mines,. Limited. 

R E F E R E N C E S : Minister of Mines, B.C., Ann. Repts., 1962, p. 8; 1967, p. 31. 
DESCRIPTION: 

The Sulphurets-Mitchell Creek property is one of three large conspicuous 
4 gossan, exposures in an area, bounded to the north by the confluence of Unuk River 
and Treaty Creek. A l l three occurrences appear to be localized within altered 
Lower Jurassic volcanic and sediments intruded by syenitic plutons and are marked 
by intense: mechanical deformation* Deep valley erosion has removed most of the 
Bowser Assemblage sediments, which once capped the mineralized complex, and 
recent glacial action has scoured clear large parts of the area. Since the initial dis­
covery of the deposit in 1935, glacial ablation has exposed extensive outcrop areas 
below the old trim lines- Investigations at the Sulphurets-Mitchell Creek property 
in 1967 indicated that a detailed geological mapping programme was required 
before further evaluations could proceed- As a result, company geologists mapped 
about 9 square miles by plane-table in 1968 at a scale of 1 inch equals 200. feet. 

Structurally, the mineralized, zone, which includes pyrite, chalcopyrite, and 
molybdenite within quartz; carbonate, sericite, and taJc alteration, lies near the 
northwest end of an^elongate rcgignaLdonie^ The layered country rocks, which 
include intercalated volcanic cpiclastics, volcanic flows, and marine sediments, have 
been intruded by a complex of syenite, raonzonitc, and diorite plutons. So far most 
of the alteration-mineralization appears to be concentrated within schists developed 
from certain horizons intruded by syenitic plutons. At least three prime directions 
of schistosity are visible and post-mineral faulting has been extensive. Thrust faults 

, appear to dominate along the west margin of the intrusive complex, whereas north­
easterly tear faults are prominent in the central and eastern sections. Even the 
glacial moraines in the area are disturbed by the most recent faults. 

Three core holes, D D H 68-2, 68-3, 68-4, were drilled at the north edge of 
Patty No. 1 claim to test the extension of a mineralized zone prev: -^y drilled in 
1962 near the top of the main ridge which separates die Mitchell and Sulphurets 
glaciers- Three other holes were drilled at other points to test mineralization and 
extend geological information. 

J 
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A generalized geological map of the immediate area surrounding the Sulphurets-

'Mitchell Creek property is shown on Figure 8. This area was mapped by mem­
bers of the Mineralogical Branch as part of a regional project directed by the writer 
in 1966-67 to revise the British Columbia section from Portland Canal to the Iskut 
River with special reference to mineral-deposit occurrences. The Sulphurets-
Mitchell Creek zone lies, within rocks forming the western margin: of the Bowser 
Basin and is adjacent to the important Coast Crystalline Complex of intrusive 
igneous rock which transects the western limits of the main basin {see Fig. 7 ) . The 
granitic La Brant batholith is one of several satellite plutons likely related to the 
main complex- Thesyenite-monzonite and related intrusives found in the Sulphurets-
Mitchell Creek area are just a few of many such intrusives localized along the ex­
posed basin margin forming a belt which in the Unuk area is approximately 26 miles 
wide- For convenience these and other plutons found within the basin area have 
been termed " Skcena Intrusions,** and so far age, composition, and genesis are not 
implied. Within the regional tectonic framework the Sulphurets-Mitchell Creek 
deposit lies within the Bear River uplift, a major unit found to extend from Alice 
Arm to the Iskut and east to include the Oweegee Dome-Ritchie anticline area. 

Within the confines of the map-area (Fig. 8 ) , general relationships are usually 
decipherable- The rock units, consisting of intercalated, lenticular members, gen­
erally dip steeply and trend north-northwest- These rocks include marine siltstones, 
greywackes, volcanic epiclastics, and mixed volcanics- Near the La Brant batholith 
the intruded* country rocks have been, variously* hornfelsed, indurated, or sheared, 
depending on their composition and competency. In the Mitchell Creek-Sulphurets 
section, where syenite-monzonite plutons are localized, alteration has been varied 
and extensive with sericite, K-feldspar, and silica dominant- Sulphide mineraliza­
tion has been found areally in disseminations and vein-type deposits. Pyrite, chalco­
pyrite, molybdenite, galena, sphalerite, tetrahedrite, and bornite along with magne­
tite locally form the most abundant metallic minerals-

P O R T L A N D C A N A L 

TIDE L A K E F L A T S 
Granduc Mine By H . Bapty and L» Wardman 

LOCATION: ( 56° 130° S.E.) The Granducmine is at the head of the Leduc River, 
25 miles north-northwest of Stewart, between elevations of 2,500 and 4,000 
feet 

C L A I M S : Sixty-four Crown-granted and 220 recorded mineral claims. 
A C C E S S : By 28 miles of road from Stewart to Tide Lake and thence by an 11.6-

mile tunnel to the mine. 
O W N E R : Granduc Mines, Limited. 
OPERATOR: kGranduc Operating Company, 520, 890 West Pender Street, Vancou­

ver 1; N. Gritzuk, general manager; mine address, P.O. Box 69, Stewart; 
D. R0 Howard, resident manager. 

M E T A L : Copper, silver.r 

WORK D O N E : 
Leduc Camp 

The camp was opened on February 26, 1968, and was closed on December 19, 
1968. 

On the 2475 level, excavation of the crusher-room was started, the top crusher-
room was slashed out and the back rock-bo!ted using Roc-Loc bolts, and longhole 
drilling and blasting of the ore bin above the crusher-room was completed. 
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GEOCHEMICAL REPORTS 



APPENDIX IIA 

Report oit an- Orientation. Survey* for* a Rock Geochemistry 

Survey at Mitchell. Creek, B«. C., by J\H. Montgomery , 

Ph.D.., P.Eng., 1974 


