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ABSTRACT 

The purpose of the study i s a description of the 

geologic environment containing mineralized dunite and 

q u a r t z i t e , and an i n v e s t i g a t i o n into what form metal

l i z a t i o n occurs with a view to explaining the o r i g i n of 

n i c k e l , chromium, and cobalt. 

Within the g r i d area, Permian sedimentary and v o l 

canic rocks form the Anarchist Group which i s intruded 

by a magnesia-rich alpine dunite of Jurassic age. The 

nearby Cretaceous granodiorite d i f f e r e n t i a t e d complex 

known as the Nelson Pluton has thermally metamorphosed 

the Anarchist Group and the dunite. 

Polished section study shows that disseminated s u l 

phides i n the dunite are mainly pentlandite and p y r r h o t i t e 

occurring i n t e r s t i t i a l to the olivine-serpentine pseudo-

morphs. Two generations of pentlandite are found. In 

the q u a r t z i t e member of the Anarchist Group, disseminated 

pentlandite and p y r r h o t i t e are strongly associated with 

fu c h s i t e bands, whereas more abundant p y r i t e i s associated 

with the r e c r y s t a l l i z e d quartz mosaic. 

Geochemical studies show t y p i c a l l y high n i c k e l , 

chromium and cobalt values for dunite, and anomalously 

high values of the same metals contained i n the 



mineralized q u a r t z i t e . Nickel occurs i n pyrrhotite, cobalt 

appears to be concentrated i n p y r i t e , whereas chromium i s 

t i e d up i n f u c h s i t e . Dunite and quartzite have s i m i l a r 

values f or the nickel:chromium r a t i o suggesting a common 

source of metal mineralization. The re l a t i o n s h i p between 

nickel:chromium and n i c k e l : c o b a l t r a t i o s for quartzite 

indicates p a r t i t i o n i n g of these metals during m e t a l l i z a t i o n . 

N i c k e l , chromium, and cobalt bearing hydrothermal solutions 

o r i g i n a t i n g from the parent magma to the dunite are believed 

to be the source of mineralization i n quartzite. 

x 
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CHAPTER I 

OBJECTIVES 

The f i r s t objective of *3 \s study involves a de s c r i p t i o n 

of the regional geologic s e t t i n g of the n i c k e l deposit and 

of the d i s p o s i t i o n of dunite r.nd quartzite i n which 

mineralization occurs. 

Secondly, focus i s given >o the type of mineralization 

i n order to find out what form nick-;l and related metals 

are i n . 

T h i r d l y , an attempt i s made to explain the occurrence 

and o r i g i n of n i c k e l , chromium and cobalt mineralization on 

/ the basis of studies conducted. 

1 



CHAPTER II 

INTRODUCTION 

The Old Nick prospect i s located i n centr a l southern 

B r i t i s h Columbia (Fig. 1) just o f f the Transprovincial 

Highway No. 3. I t i s twenty-three miles east of Osoyoos 

which i s situated on the int e r n a t i o n a l boundary at the 

south end of the Okanagan Valley. A point on the grid 

area (Fig. 3) would be defined by l a t i t u d e 49°02' and 

longitude 119°06'. 

The area surrounding the Old Nick has seen consider

able mining a c t i v i t y since 1859 when B r i t i s h Columbia's 

e a r l i e s t gold rush began at Rock Creek. 

Most of the past i n t e r e s t has been directed toward 

gold and s i l v e r , but i n more recent times copper, chromite, 

and molybdenum showings have also been reported. 

The Old Nick prospect i s a low grade large volume 

deposit with an average estimated grade of approximately 0.2 5 

percent n i c k e l . World Mining (1967) reported mineralization 

over an area 800 feet by 400 feet. This zone dips into the 

h i l l at 38 degrees. Grade i s computed equivalent to s l i g h t 

l y better than four d o l l a r s a ton at 1967 n i c k e l p r i c e . 

Nickel i s the most important economic metal which occurs 

2 



Fig.*1. Physiographic d i v i s i o n s of southern 
B r i t i s h Columbia and l o c a t i o n of Old 
Nick prospect. 



i n a quartzite host rock along with chromium and cobalt. 

Ultrabasic rocks also occur on the property, but hold 

r e l a t i v e l y l i t t l e promise for large volume tonnage of 

p o t e n t i a l economic ore. 

After completing an economic f e a s i b i l i t y study i n 

volving n i c k e l recovery by f l o a t a t i o n , a major mining com

pany concluded that the return for every ton of ore pro

cessed would be i n s i g n i f i c a n t at present, due to low n i c k e l 

recovery i n a rather complicated process. 

Presently, a d i f f e r e n t approach involving in s i t u micro-

b a c t e r i a l leaching i s under serious consideration by yet 

another mining firm. 



CHAPTER III 

GENERAL GEOLOGY 

Physiography 

The Old Nick claim group l i e s within the south Interior 

Plateau region of B r i t i s h Columbia. Forty miles to the east 

l i e s the Monashee Mountain Range, while s i x t y miles west l i e s 

the Cascade Mountain chain (Fig. 1). 

More s p e c i f i c a l l y , the prospect i s bounded on the east 

by the north-south trending Kettle River Valley. Bounding 

t h i s region to the west i s the north-south trending Okanagan 

Valley. This val-ley i s made up of a composite northeast and 

north-northwest oriented f a u l t system. 

The country i s a maturely eroded highland manifesting 

i t s e l f i n t y p i c a l l y rounded mountain slopes which are p a r t i a l l y 

covered by a t h i n veneer of g l a c i a l material. R e l i e f ranges 

from less, than 2,000 feet to 3,000 feet i n the higher country, 

and the maximum elevation attained i s 7,500 feet. 

The major drainages shown i n Figure 2 are i n c i s e d canyon

l i k e streams. L o c a l l y these streams may have steep banks up 

to 300 feet i n height. The upper banks of these streams are 

composed of transported.material, the o r i g i n of which i s 

f l u v i a l g l a c i a l . One exposure examined on the upper south 
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bank of Rock Creek i n trench G (Fig. 3 ) displays three 

v e r t i c a l sets of graded bedding with coarse boulders as 

large as one foot i n diameter. Several sets of terraces are 

evident at many places on both stream slopes. 

Rock Types 

The regional geology as shown i n F i g . 2 i s a compila

t i o n of Daly's (1912) map, L i t t l e ' s (1961) work and the 

writer's own observations i n the area. 

Anarchist Group 

Basement rocks known as the Anarchist Group have been 

dated as Permian i n age ( L i t t l e , 1961). Included i n t h i s 

group are qu a r t z i t e s , p h y l l i t i c s l a t e s , m e t a - a r g i l l i t e s , 

greenstones and marbles i n order of abundance. Some of 

these members have been a l t e r e d to s c h i s t s and amphibolites. 

A l l sedimentary units with the exception .of marble are 

very fine-grained. R e c r y s t a l l i z a t i o n and dynamic metamorph-

ism of the rocks makes i d e n t i f i c a t i o n of bedding d i f f i c u l t 

so that the only r e a d i l y d i s c e r n i b l e structure i s s c h i s t o s i t y . 

Color i n the q u a r t z i t e varies from gray to green whereas in 

p h y l l i t e and m e t a - a r g i l l i t e i t i s brownish gray, green, and 

s l a t e gray. The dark c o l o r a t i o n i s due to the i n c l u s i o n 

of small quantities of carbonaceous material. 

Greenstones represent volcanic flow rocks occurring as 

massive and schistose bands commonly interbedded with s e d i -
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mentary uni t s . Color usually i s dark green t o g r a y - g r e e n 

and rocks are cut by numerous c a l c i t e v e i n l e t s . Daly (1912) 

suggests that both injected and effusive basic rocks are 

represented, with effu s i v e types occurring i n greater 

abundance. He suggests the composition to be that of b a s a l t 

or b a s a l t i c andesite. Injected basic rocks are also presenL 

within the g r i d area (Fig. 3). The basic volcanic rocks 

have been al t e r e d to amphibolite and amphibole-chlorite 

s c h i s t s . Extensive a l t e r a t i o n often precludes recognition 

of o r i g i n a l tuffaceous equivalents, or o f primary features 

such as amygdales and v e s i c l e s . 

Marble units, the product of r e c r y s t a l l i z e d low magneria 

limestone, occur as l o c a l i z e d pods (Fig. 2). These rocks 

have a white to pale b l u i s h gray color and occur i n massive 

outcrops. Since r e c r y s t a l l i z a t i o n i s t o t a l , bedding has been 

destroyed, as have most f o s s i l fragments. Daly (1912) noted 

a few c o r a l fragments, and several c r i n o i d stem fragments 

are present i n an outcrop one mile east of Rock Creek on 

Highway No. 3. ^ L i t t l e (1961,) also noted a few brachiopod 
v 

fragments.of indeterminable age. 

Kettle River Formation 

The other sedimentary rock group i s the Ket t l e River 

Formation believed to be of Mid-Eocene age based on evidence; 

of plant f o s s i l s and radiometric age dating (Monger, 1968). 

Minimum thickness has been estimated at approximately 

2,000 feet. 
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Included i n t h i s formation are gray to black a r g i l l i t e s , 

f i n e - t o medium-grained l i g h t gray sandstones, arkoses and 

conglomerates with boulders as large as three feet i n 

diameter. These boulders have been derived from the Anarch

i s t Group (quartzite, a r g i l l i t e and greenstone) and the 

Nelson plutonic suite. The formation l i e s unconformably on the 

Anarchist Group basement sequence as well as on the Nelson 

pluton, but i s i n turn cut by an i n t r u s i v e Rhomb Porphyry. 

U l t r a b a s i c Plutonic Rocks 

The oldest plutonic rocks i n the area are altered dunite 

and s e r p e n t i n i t e . They are found within the Anarchist Group 

but i n v a r i a b l y the contact coincides with a strong shear zone. 

These u l t r a b a s i c rocks occur as narrow d i k e - l i k e bodies and 

are usually associated with strong f a u l t s i n d i c a t i n g tectonic 

a c t i v i t y accompanying i n t r u s i o n . The dunite near the McKinney 

Creek-Rock Creek confluence indicates that the u l t r a b a s i c 

rocks i n t h i s v i c i n i t y d e f i n i t e l y pre-date the Nelson plutonic 

rocks. Inclusions of dunite may be found here within the 

Nelson d i o r i t e . In thin section these dunite inclusions 

r e f l e c t t h e i r u l t r a b a s i c o r i g i n by preservation of recogniz

able olivine-serpentine-magnetite mesh texture. Further 

supporting evidence i s the observation of small d i o r i t i c 

apophyses into the dunite. 

Nelson Plutonic Rocks 

The major plutonic event i n t h i s v i c i n i t y i s represented 



by the Nelson-Valhalla intermediate plutonic complex. 

Although V a l h a l l a plutonic rocks have not been observed 

within the map area (Fig. 2), they form a major component 

of the large plutonic complex to the north. The Nelson 

plutonic suite includes granodiorite, quartz d i o r i t e , 

d i o r i t e , and granite. I t also includes quartz monzonite, 

syenite, and monzonite whereas V a l h a l l a plutonic rocks 

include granite and granodiorite. The complex i s believed 

to be upper Mesozoic or Cretaceous i n age ( L i t t l e , 1961). 

The Nelson pluton' within the map area (Fig. 2) occurs 

as an elongate northwest-southeast body. Its i n t r u s i o n 

could very l i k e l y have been c o n t r o l l e d by some underlying 

basement structure. I t varies from h a l f a mile to almost 

two miles i n width. Another small pluton outcrops i n the 

southeastern corner of the map at Myers Lake. 

Rhomb Porphyry Intrusive/Extrusive 

The youngest i n t r u s i v e rock i n the v i c i n i t y i s the 

rhomb porphyry. Monger (1963) c a l l e d i t a feldspar rhomb 

syenite. The largest body of t h i s syenite l i e s immediately 

north of the Transprovincial Highway No. 3 and i s referred 

to by Daly (1912) as the Rock Creek chonolith. Several 

smaller plutons are found i n the southeast quadrant of the 

map (Fig. 2). 

The rock varies i n color from gray, gray-green and 

pink-gray to dark gray. Commonly d i s p l a y i n g a p o r p h y r i t i c 

texture, i t i s made up of subhedral to euhedral rhomb 
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shaped feldspar c r y s t a l s 2 mm to 5 mm in length and c l i n o -

pyroxene grains up to 3 mm i n length set i n a f i n e l y c r y s t a l 

l i n e mass. The proportion of phenocrysts to matrix v a r i e s , 

but the composition of the phenocrysts remains s i m i l a r . In 

some cases b i o t i t e f o i l s as large as 4 mm i n diameter are 

the dominant phenocryst. Presence of a few small o l i v i n e 

c r y s t a l s i s also reported by Daly (1912). 

According to LeCheminant (1966) the jackets of the 

feldspar phenocrysts show a li m i t e d composition, a f a i r l y 

constant 2V and are l a r g e l y orthoclase i n composition. In 

contrast, the rhomb-shaped t r i c l i n i c cores vary consider

ably i n t h e i r composition, ranging from oli g o c l a s e to an-

orthoclase. This i s r e f l e c t e d by the v a r i a t i o n of 2V f a l l i n g 

i n to two broad groups. One group varies i n 2V from 60° to 

75° while another group varies from 80° to almost 100°. 

Most of the core material i s believed to be made up of a 

barium-strontium r i c h anorthoclase (Daly, 1912). 

The extrusive rhomb porphyry l i e s along the north edge 

of the Rock Creek chonolith. Although i t s r e l a t i o n to the 

intrusive*phase i s obscure, i t resembles the c h i l l e d contact 

phase of the i n t r u s i v e rhomb porphyry. I t i s sl a t e gray 

to brownish gray with p o r p h y r i t i c feldspars showing the 

d i s t i n c t i v e rhombic o u t l i n e . V e s i c l e s and amygdales are 

common, with amygdales containing c a l c i t e , and more r a r e l y , 

opal. They may be found up to 20 mm i n length. Generally, 

the flows are massive without flow structure of any kind, 



flow structure of any kind, and unaccompanied by p y r o c l a s t i c 

material. 

Structure 

This section deals b r i e f l y with the s t r u c t u r a l aspect 

of the area i n order to round out regional geologic descrip

t i o n . Since comprehensive s t r u c t u r a l treatment i s beyond 

the scope of t h i s study, treatment here i s r e s t r i c t e d only 

to the most s i g n i f i c a n t s t r u c t u r a l elements. 

F i r s t , the basement rocks consisting of the Anarchist 

Group are fine-grained and often highly contorted into small 

crenulated s i m i l a r f o l d s , and complex random f o l d s . Measur

able structures i n the f i e l d consist mainly of f o l i a t i o n 

attitudes with bedding being a rare occurrence. 

Figure 3 shows the interbedded character of the sedi

mentary and volcanic u n i t s , having a general northeast trend 

and southeast dip. The few bedding attitudes present tend 

to r e i n f o r c e t h i s trend. 

Eastwood (1969) on noting small c a l c i t e f i l l e d drag 

f o l d s within the volcanic sequence along the railway grade, 

believes that they i n d i c a t e updip over-riding of the beds. 

This could be accomplished by development of a n t i c l i n a l f o l d 

ing. From the r e p e t i t i o u s sequence of sedimentary and 

volcanic u n i t s , one can postulate the existence of an a n t i 

c l i n e , overturned to the northwest with axis plunging gently 

to the southwest. I t s southwest extension ifs truncated by a 
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north-northwest trending f a u l t . Southwest of t h i s f a u l t 

the pattern becomes considerably more complex. 

The Rock Creek canyon tends to follow a z i g zag north

east northwest composite f a u l t system. Associated with some 

of these f a u l t s are occurrences of a l t e r e d dunite which 

would indicate considerable downward extension of these 

f a u l t s because u l t r a b a s i c rocks are well known for t h e i r 

a s s o c i a t i o n with deep-seated structures. The largest ex

posure of altered dunite i n the v i c i n i t y of trenches M, N, 

and H appears to trend east with the south contact display

ing strong shearing. Immediately east another northwest 

trending dunite interpreted from magnetometer data was con

firmed by trenching and powder hole d r i l l i n g . 

Following the l a s t igneous event of the rhomb porphyry 

i n t r u s i o n , there i s another major period of s t r u c t u r a l d i s 

turbance. This expresses i t s e l f i n the form of a p a r a l l e l 

north-northeast trending f a u l t system (Fig. 2). From the 

s t r a i g h t traces of these f a u l t s across the map one can i n f e r 

them as having rather steep dips near the ground surface. 

Monger (1968) believes these f a u l t s to be largely normal 

f a u l t s producing t i l t e d blocks such that T e r t i a r y volcanic 

and sedimentary remnants are preserved i n s t r u c t u r a l lows. 

He further estimates v e r t i c a l displacements on some f a u l t s 

of at l e a s t 6,000 feet and has found some evidence of s t r i k e 

s l i p movement on at le a s t one f a u l t . 



CHAPTER IV 

DETAILED GEOLOGY 

This section deals with rocks encountered within the 

Old Nick g r i d area (Fig. 3). Included are metamorphosed 

v a r i e t i e s of the Anarchist Group and altered dunite. Some 

attention i s also given to the Nelson plutonic rocks, but 

de t a i l e d discussion i s li m i t e d to the host rocks of n i c k e l 

mineralization; the mineralized quartzite and dunite. Other 

rock types are discussed i n f u l l e r d e t a i l i n Appendix I 

Within the g r i d area, extent of natural exposure i s 

limite d to a few small outcrops and the canyon walls of 

Rock Creek. I t i s estimated that approximately 15 percent 

of the bedrock i s v i s i b l e for examination i f one includes 

the railway cut and extensive trenching c a r r i e d out on the 

property. 

The Anarchist Group 

The Anarchist Group within the g r i d area consists of 

thermally metamorphosed qua r t z i t e s , a r g i l l i t e , greenstones 

and impure carbonate rocks. Intrusive basic units believed 

to be rel a t e d to the volcanic units are also included. It 

should be noted (Fig. 3) that volcanic and sedimentary units 

are interbedded, with sedimentary units being s l i g h t l y more 

13 
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abundant t h a n t h e v o l c a n i c u n i t s . -

N o n - m i n e r a l i z e d S e d i m e n t a r y Rocks 

Q u a r t z i t e and a r g i l l i t e a r e t h e most abundant s e d i m e n t s . 

The a r g i l l i t e r o c k s have been c o n v e r t e d t o h o r n f e l s e s o r y ^ 

•—" \ fijr 
m e t a - a r g i l l i t e s by t h e r m a l metamorphism from t h e nearby 

• r 
N e l s o n p l u t o n whereas q u a r t z i t e s have been r e c r y s t a l l i z e d . 

Q u a r t z i t e o c c u r s w i t h a d m i x t u r e s o f g r a p h i t e ^pa/or X, 

v e r y f i n e - g r a i n e d s e r i c i t e . The r o c k g r a d e s i n t o a meta-

a r g i l l i t e w i t h i n c r e a s i n g amount of f i n e - g r a i n e d s e r i c i t e , 

w h i c h r e p r e s e n t s o r i g i n a l a r g i l l a c e o u s m a t e r i a l . A l l s e d i 

ments a r e f i n e - g r a i n e d and r e c r y s t a l l i z a t i o n and deforma

t i o n have r e n d e r e d o r i g i n a l s t r u c t u r e s l a r g e l y i n d i s t i n g u i s h 

a b l e . Some b a n d i n g i s f r e q u e n t l y p r e s e n t and c o n s i s t s o f 

q u a r t z o - f e l d s p a t h i c m a t e r i a l a l t e r n a t i n g w i t h -brown s e r i c i t e 

t h e f o l i a t i o n o f w h i c h i s g e n e r a l l y p a r a l l e l t o b a n d i n g . 

I t i s n o t known whether t h i s t y p e of b a n d i n g i s p r e s e r v e d 

b e d d i n g o r s i m p l y r e c r y s t a l l i z a t i o n under s t r e s s . A few 

r e l i a b l e b e d d i n g a t t i t u d e s have been n o t e d . 

T h i n * s e c t i o n s t u d y o f t h e a r g i l l i t e shows i t t o be a 

v e r y f i n e - g r a i n e d r o c k composed o f q u a r t z , f e l d s p a r , amphi-

b o l e s , s m a l l amounts of b i o t i t e and s c a t t e r e d e p i d o t e g r a i n s . 

One s e c t i o n shows development o f pyroxene c r y s t a l s , a n o t h e r 

shows c o r d i e r i t e development w i t h secondary c h l o r i t e . G a r n e t 

i s a l s o p r e s e n t i n one c a s e , bu t no e v i d e n c e o f e p i d o t e 

b r e a k i n g down t o form g a r n e t was n o t e d . The m i n e r a l s amphi-

b o l e , p y r o x e n e , g a r n e t , and c o r d i e r i t e a r e moderate rank 
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metamorphic minerals. Grade of metamorphism has been placed 

~ i n the upper hornblende hornfels fac i e s or perhaps as high 

as Winkler's (1967) orthoamphibole subfacies of the lower 

K-felds p a r - c o r d i e r i t e hornfels f a c i e s . Presence of garnet 

with c o r d i e r i t e i s uncommon and could mean that either; 

1) contact metamorphism took place at depth, or 2) the 

chemical composition of the rock f a l l s within garnet's 

narrow s t a b i l i t y zone allowing for i t s formation at shallow 

depth (Winkler, 1967). 

Mineralized Quartzite 

The mineralized q u a r t z i t e shows a consistent mineralogy 

of quartz, fuchsite, sulphide and small amounts of fine 

grained b i o t i t e . Estimated v i s i b l e sulphide i n hand spec-

"1 men varies from 3 to as high as 15 percent. The mineralized 

quartzite i s usually f i n e grained, l i g h t greenish gray i n 

color and appears to be composed l a r g e l y of pure quartz and 

wavy bands of f i n e grained f u c h s i t e . 

Microscopic examination of t h i n sections reveals 

i r r e g u l a r patches of pure quartz i n mosaic pattern with 

intergranular boundaries outlined by secondary iron oxides 

(Plates 1 and 2). The largest i n d i v i d u a l quartz grains 

,f< usually a t t a i n diameters of not greater than 0.5 mm and 

these coarser, clean mosaic intergrowths are interpreted 

as r e c r y s t a l l i z e d quartz veins which have become consider

ably die tor ted. Areas of very f ine-grfl i nt?d quartz mixod 
* 



P l a t e I M o s a i c of c l e a n q u a r t z r e p r e s e n t i n g r e c r y s t a l -
11 seed q u a r t z v e i n , ad j aeon t f i n c - y r a i ned ma I t - r i a l 
r e p r e s e n t s o r i g i n a l s e d i m e n t w i t h h i g h e r 
a r g i l l a c e o u s c o n t e n t . 

P l a t e I I Same as P l a t e I . Note c r o s s - c u t t i n g quart:: v e i n -
l e t s i n f i n e - g r a i n e d a r g i l l a c e o u s s e c t i o n . 
C r e n u l a t e d p i n c h e d bands o f f u c h s i t e . 
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with s e r i c i t i c material probably represent the o r i g i n a l 

host rock material before r e c r y s t a l l i z a t i o n . 

Interrupting the quartz mosaics are i r r e g u l a r l y crump

led bands of fine-grained fuchsite and b i o t i t e which pinch 

and swell discontinuously. These bands contain fine-grained 

dustings and s l i g h t l y coarser (0.5 mm) blebs of sulphides, 

primarily subhedral n i c k e l i f e r o u s pyrrhotite. Within the 

quartz mosaics, subhedral to euhedral sulphide grains are 

most commonly p y r i t e . 

There i s some question about the green mica here r e f e r 

red to as mineral X, which i s confined e x c l u s i v e l y to wavy 

bands, and imparts a green color to the q u a r t z i t e . East

wood (1968) deduced i t to be a chrome phengite, more chrome 

r i c h than the type mariposite. However, studies on the basis 

of c a r e f u l 8 measurement and chemical analysis would favour 

the conclusion that i t resembles c l o s e l y the mineral fuchsite 

(Table I ) . An X-ray diffractometer pattern run on mineral X 

indicates a pattern i d e n t i c a l to that of muscovite. This i s 

quite reasonable, since Mg , Cr , Fe and Fe w i l l sub-
+ 3 

s t i t u t e for the octahedral A l s i t e s i n the muscovite 

formula K HA1 9 (AlSi 3 ) î Ô  0 (OH) 6 . Deer, Howie, and Zussman 

(1965) report that up to 6 percent C r 2 0 3 has been recorded 

for some chromium-bearing muscovites and t h i s i s believed to 
+ 3 + 3 

be caused by Cr s u b s t i t u t i o n for octahedral A l s i t e s . 
There may be some query regarding the 2V angle of 

mineral X, thu averago of which appearu to trtil cluutT to 



TABLE I 

Comparison of Mariposite, Fuchsite and Mineral X 

Color 

3 

Opt i c a l 
Sign 

Dispersion 

2V 

C r 2 0 3 % 

Mineral X 

pale green 

1.594 

-ve 

r > v 

21° 

4.10% * 

Mariposite Fuchsite 

emerald green, 
apple green to 
white 

1.601-1.624 

not given 

not given 

0-14° 

0.18-0.78% 

green 

1.593-1.604 

-ve 

r > v 

30-46° 

0.27-6.08% 

Chemica}. analyses determined as Cr% and converted to 
C r 2 0 3 for comparison. 



the range reported i n l i t e r a t u r e for mariposite (Table I ) , 

but i t should be noted that the procedure used was one out

l i n e d by Moorehouse (1959). This involves comparison of 

isogyre curvatures with h i s diagram of Wright (Moorehouse, 

1959, F i g . 28) on acute b i s e c t r i x figures. Eleven deter

minations were made ranging from 15° to 30°, the average of 

which was taken. Furthermore, Whitmore, Berry, and Hawley 

(1946} state that 

" .... while an appreciable angle (36°) i s diagnostic 
of f u c h s i t e , a smaller optic angle ( 20°) does not 
necessarily e s t a b l i s h a chrome mica as mariposite." 

Impure Carbonates 

Another type of sediment of minor abundance on the 

property i s the impure carbonate. I t s assemblage i s c a l c i t e 

q u a r t z - a c t i n o l i t e usually showing medium- to coarse-grained 

texture. One t h i n section shows strained quartz blebs i n t e r 

s t i t i a l to c a l c i t e and a c t i n o l i t e c r y s t a l s . A c t i n o l i t e 

forms long prisms 2 to 3 mm i n length with t y p i c a l diamond 

shaped cross-section. Only two occurrences are known on 

the property (Fig. 3). 

Volcanic Rocks 

The volcanic rocks are also referred to as greenstones 

since they are a l t e r e d , containing p r i m a r i l y amphibole, 

feldspar, epidote and c h l o r i t e , and are cut by numerous 

c a l c i t e veins. They are fine-grained and massive, 

but the more altered v a r i e t i e s are somewhat schistose be-



cause of higher c h l o r i t e content. Magnetite commonly f i l l s 

minute fractures i n the fresher rock. However, no flows, 

pillows, or primary structures other than deformed r e c r y s t a l -

l i z e d amygdales can be recognized. 

Other volcanic rocks occurring closer to the Nelson 

i n t r u s i o n are banded amphibolites. These are made up of 

fine-grained amphiboles (probably hornblende) with i n t e r 

s t i t i a l feldspar and some carbonate material. Some small 

grains of z o i s i t e are disseminated throughout. The bands 

consist of fine-grained z o i s i t e , epidote and secondary iron 

oxides, with or without amphibole grains. 

Tuffs 

Another u n i t of the volcanic sequence i s a mottled and 

banded rock (Plate III) which consists of a dark green-

black matrix with i r r e g u l a r bands and c l o t s of paler green 

material. These c l o t s appear to be made up l a r g e l y of pale 

green amphibole c r y s t a l s with sheaf form, some as large as 

10 mm across. 

Microscope study shows that the pale green patches are 

made up l a r g e l y of amphibole needles ( a c t i n o l i t e ) with fray

ed terminations. I n t e r s t i t i a l to these are amphibole, c a l 

c i t e , small grains of clinopyroxene and small amounts of 

very fine-grained feldspar material. 

The mineralogy, amphibole and clinopyroxene (which 

appears to be primary) suggests a volcanic o r i g i n . The tex-

t u r a l appearance i s not that of a volcanic flow, but could 
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P l a t e IV 
A l t e r e d d u n i t e d i s p l a y 

i n g r o u n d e d i n c l u s i o n . Note 
the d i s t i n c t l i n e a t i o n w i t h i n 
t h e i n c l u s i o n and f l o w l i n e a 
t i o n s u r r o u n d i n g t h e i n c l u 
s i o n . Pen i s 7 i n c h e s i n 
l e n g t h . 

P l a t e V 
A l t e r e d d u n i t e she wing 

a l t e r e d i n t e r s t i t i a l ma t o r i a 1 
(w h i t e ) and s e r p e n t i n e -
o l i v i n e pseuclomorphs (b 1 ack) . 
Note l i n e a t i o n of pseudo
morph s (xO . 5) c 



conceivably be produced by r e c r y s t a l l i z a t i o n of tuffaceous 

material, e s p e c i a l l y i f preceded by dynamic metamorphism 

as suggested by Daly (1912). R e c r y s t a l l i z a t i o n of the t u f f 

v i a thermal metamorphism during in t r u s i o n of the Nelson 

pluton i s l i k e l y . Further supporting evidence comes from 

the fact that small amounts of fine-grained quartzo-felds-

pathic material occur within the mass of secondary amphi

bole. This quartzo-feldspathic material i s interpreted as 

sedimentary material deposited with the t u f f . 

Basic Dikes 

Several basic hypabyssal dikes l i k e l y r e l a t e d to the 

Anarchist volcanic units occur i n the g r i d area. In hand 

specimen t h i s rock i s recognized by i t s dark greenish-black 

color and massive character. I t i s composed of very f i n e 

grained amphibole and orthopyroxene with green serpentine 

material occurring along some fractures. 

Dunites 

The d u n i t i c masses occur i n s l i g h t l y discordant s i l l 

l i k e bodies associated with shear zones and f a u l t s (Fig. 3) 

Contacts with host rocks are i n v a r i a b l y sheared and much 

altered to t a l c obscuring t h e i r r e l a t i o n s h i p with surround

ing rock. 

Although adjacent host rock-shows evidence of thermal 

metamorphism,- i n t e n s i t y does not appear to increase toward 

the dunite contact. Superimposition of the thermal a l t e r a -



t i o n e f f e c t from the Nelson pluton and/or the Rhomb Porphyry 

i n t r u s i o n may have o b l i t e r a t e d the metamorphic e f f e c t of 

dunite i n t r u s i o n . 

One large waterworn boulder i n the creek bed displays 

fragments of pre-existing medium-grained dunite within a 

coarser textured dunite matrix (Plate IV). The rounded 

fragment measuring 16 by 10 inches displays d i s t i n c t medium-

grained l i n e a t i o n . Surrounding t h i s fragment the coarser 

dunite displays a form of flow structure. Thayer (1960) 

states that t h i s type of l i n e a t i o n i s commonly character

i s t i c of alpine ultramafic i n t r u s i o n s . 

In hand specimen the dunite may be a dense, massive, 

very fine-grained rock, but more commonly i t has a coarse 

mottled black and white massive appearance which i s very 

s t r i k i n g on weathered surface (Plate V). The finer-grained 

v a r i e t i e s are made up l a r g e l y of minute amphibole needles 

and pale green o l i v i n e , and have a talcose appearance. The 

coarse mottled v a r i e t y contains black dense aphanitic areas 

made up of serpentine, r e l i c t o l i v i n e , and magnetite. These 

constitute a general pattern of l i n e a t i o n (Plate V), espec

i a l l y near the margin of the u l t r a b a s i c body. I n t e r s t i t i a l 

to these are white to pale gray ragged patches of t a l c -

carbonate and tremolite. No mineralogical v a r i a t i o n i s noted 

across the width of the body which, according to Thayer (1960) , 

i s another c h a r a c t e r i s t i c of alpine u l t r a b a s i c i n t r u s i o n s . 

O l i v i n e content varies from 15 to as much as 40 percent, 
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and occurs as small r e l i c t grains (0.01 mm to 0.25) mm in a 

c h a r a c t e r i s t i c mesh pattern with i n t e r s t i t i a l serpentine 

and magnetite. Serpentine and magnetite form a pseudo-

morphous composite a f t e r the o r i g i n a l o l i v i n e c r y s t a l s , and 

generally replace 75 to 85 percent of the o r i g i n a l grains. 

O r i g i n a l grains vary i n siz e from 2 mm to 8 mm and are 

recognizable i n t h i n section by the uniform e x t i n c t i o n d i s 

played by remaining r e l i c t o l i v i n e grains. Less commonly 

pseudomorphs take on the shape of elongate blades 10 mm to 

12 mm i n length. 

A study on the f o r s t e r i t e content of o l i v i n e was 

c a r r i e d out by measuring the 2V on a universal stage for 

r e l i c t grains of two serpentine-olivine pseudomorphs per 

s l i d e . Poldervaart 1s (1950) graph was used to determine 

the F c content. A l l grains measured were o p t i c a l l y p o s i t i v e 

i n d i c a t i n g that f o r s t e r i t e content i s greater than F 0 8 ? . 

These r e s u l t s are shown i n Table 2. Most values l i e between 

F 0 9 1 and F G g 3 . Section T-140 shows a moderate departure 

from the others i n i t s higher Mg content of F Q 9 7 _ 9 8 . The 

f a c t emerging from t h i s study i s that the o l i v i n e s are very 

Mg-rich, i n d i c a t i n g a high MgO/FeO r a t i o which again i s 

c h a r a c t e r i s t i c of alpine ultramafic rocks according to 

Thayer (1960). 

Serpentine occurs as a very fine-grained mass, f r e 

quently cross f i b r e , and most commonly i s found in o l i v i n e 

pseudomorphs. The less a l t e r e d o l i v i n e grains commonly 



TABLE II 

Oliv i n e 2V Determination and Related F Content 
o 

Section 2V F Q Content 

T-1 
8 8 ° 

r93.0 
V91.0 

T-9 8 8 ° 
8 7 ° 3 0 ' 

r91.0 
^ 2 . 0 

T-140 8 5 o 8 4 ° 1 5 ' 
r97.0 
l 98.0 

T-121 

0 0 
CO

 0
0

 
CO

 0
0

 

91.0 
91.0 

Universal stage measurements performed by J. Macek, 
Man. Mines Branch. 



show serpentine borders around an o l i v i n e core containing 

minor serpentine along narrow fractures. Serpentine content 

varies from 10 to 50 percent i n the more altered sections. 

Narrow cross-cutting v e i n l e t s represent a l a t e r phase of 

serpentinization. 

Abundant t a l c i s found i n most sections and varies from 

less than 5 percent to as much as 4 0 percent of the rock. 

I t i s associated with carbonate and i s commonly f i n e - to 

medium-grained but occasionally occurs as large coarse 

flakes up to 1 mm across. Talc occurs i n greatest abundance 

i n t e r s t i t i a l to olivine-serpentine pseudomorphs (Plate VI) 

and p a r t i a l l y replaces cross-cutting serpentine v e i n l e t s . 

A substantial portion of the carbonate material i s magnesite, 

but the presence of c a l c i t e i s confirmed by the greater than 

normal lime content for dunite indicated by major oxide 

analyses (Table I I I ) . 

Tremolite v a r i e s from less than 5 percent to greater 

than 50 percent of the t o t a l rock and appears to be r e s t r i c 

ted i n i t s growth mainly to regions of talc-carbonate 

material i n t e r s t i t i a l to the olivine-serpentine pseudomorphs 

(Plate VI). Bladed c r y s t a l s grow as large as 10 mm long. 

In sections where tremolite i s abundant, t a l c becomes scarce 

and i n t e r s t i t i a l carbonate material has the appearance of a 

r e c r y s t a l l i z e d mosaic. Very f i n e dustings of opaque ores 

(sulphides) occur within tremolite. 

Anthophyllite, i d e n t i f i e d by i t s high r e l i e f , p a r a l l e l 



P l a t e V I T h i n s e c t i o n showing p a r t o f o l i v i n e - s e r p e n t i n e 
pseudomorph s u r r o u n d e d by s e r p e n t i n e s h e a t h . 
Note i n t e r s t i t i a l m a t e r i a l r e p l a c e d by T a l c -
c a r b o n a t e m a t e r i a l , and b e g i n n i n g of t r e m o l i t e 
g rowth ( x 8 0 ) . 



extinction and low birefringence i s present in two sections. 

Like tremolite i t occurs i n patches of talc-carbonate 

material. Sulphides i n t e r s t i t i a l to anthophyllite and 

tremolite seem to have formed l a t e r than the amphiboles. 

Fresh orthopyroxene i s present i n rare amounts and i s 

only noted in two sections. In one s l i d e i t s occurrence 

i s r e s t r i c t e d to the t h i n edge of the section and i d e n t i f i c a 

t i o n i s not conclusive. 

The opaque minerals include magnetite, sulphides, and 

possibly some chromite. These are treated l a t e r under the 

section on mineralization. 

A l t e r a t i o n of Dunite 

Serpentinization 

In sections where talc-carbonate content i s less per

vasive, microscopic study shows that material i n t e r s t i t i a l 

to serpentine-olivine pseudomorphs i s usually t o t a l l y 

altered to serpentine. Smaller pseudomorphs also are more 

thoroughly a l t e r e d than the larger ones. Serpentinization 

of o l i v i n e c r y s t a l s varies from 35 to 100 percent producing 

t y p i c a l mesh structure. Minute dustings of magnetite and 

secondary iro n oxide accompany the serpentine. 

No r e a l evidence of volume increase was observed i n 

serpentine replacement, for each pseudomorph displays a 

uniform e x t i n c t i o n across a l l contained r e l i c t o l i v i n e 

grains. This would tend to support Turner and Verhoogen's 
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(1960) concept that o l i v i n e i s replaced by an equal volume 

of serpentine 

5Mg2SiOlf + 4H 20 + 2H 1 +Mg 3Si 20 9 + 4MgO + S i 0 2 

They appeal to removal of magnesia and s i l i c a v i a solution 

for the d i f f e r e n c e . 

Serpentine also occurs i n l a t e fractures and t i n y vein-

l e t s c u t t i n g serpentine-olivine pseudomorphs. Several of 

these v e i n l e t s have the appearance of working inward into 

the rock a short distance where they r a p i d l y narrow and die 

out altogether. This type of r e l a t i o n s h i p tends to support 

the idea of serpentine formation with volume increase. 

Two periods of serpentine a l t e r a t i o n are suggested. 

The f i r s t one replaced the i n t e r s t i t i a l material, small 

o l i v i n e grains and progressively worked inward from o l i v i n e 

grain boundaries so that only larger grains survived re

placement by serpentine. The l a t e r period of serpentiniza-

t i o n followed fractures and other planes of weakness cut

t i n g across the rock. 

Talc-Carbonate A l t e r a t i o n 

Talc-carbonate a l t e r a t i o n appears to have replaced the 

serpentine material i n t e r s t i t i a l to o r i g i n a l o l i v i n e grains 

r e s u l t i n g i n a mottled black and white pattern (Plate V ) . 

This has l e f t serpentine-olivine pseudomorphs as separate 

e n t i t i e s within a f i n e grained mass of talc-carbonate 

material (Plate VI). 
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Turner and Verhoogen (1960) state that in the presence 

of aqueous solutions o l i v i n e w i l l a l t e r to t a l c at tempera

tures between 500°C to 525°C. However, evidence for t h i s 

type of a l t e r a t i o n i s lacking i n t h i n section. Whenever 

o l i v i n e i s present (usually as r e l i c t grains) i t i s always 

surrounded by serpentine. Even large o r i g i n a l c r y s t a l s of 

r e l a t i v e l y fresh o l i v i n e are i n v a r i a b l y separated from 

talc-carbonate material by a serpentine sheath. P a r t i a l 

replacement of serpentine v e i n l e t s by talc-carbonate mate

r i a l further indicates that talc-carbonate a l t e r a t i o n i s post-

s e r p e n t i n i z a t i o n and s e l e c t i v e l y replaces serpentine. 

Naldrett (1966) outlines three ranks of talc-carbonate 

a l t e r a t i o n . Most of the talc-carbonate a l t e r a t i o n of the 

Old Nick dunite appears to be s i m i l a r to Naldrett's medium 

rank where talc-carbonate replaces serpentine i n t e r s t i t i a l 

to o l i v i n e pseudomorphs. L o c a l l y , near one contact, large 

blocks of sheared dunite are composed e n t i r e l y of talcose 

material i n d i c a t i n g a high degree of talc-carbonate a l t e r a 

t i o n . 

This t;ype of a l t e r a t i o n i s e s s e n t i a l l y a dehydration 

reaction which according to Naldrett i s favoured by addition 

of C0 2, and removal of small amounts of 0 2. L i t t l e or no 

exchange of magnesium, ir o n , s i l i c o n , and n i c k e l takes place 

during the reaction: 

serpentine + magnetite + C0 2 t a l c + magnesite + magnetite + H ?0 +0 2 

Greenstones adjacent to dunite contain abundant c a l c i t e 



for a source of C0 2 and the i n t r u s i o n of the Nelson pluton 

l e s s than half a mile d i s t a n t provides a convenient heat 

supply for dehydration and thermal metamorphism. One 

could also consider the rhomb porphyry i n t r u s i o n of 

Eocene time. 

Tremolite A l t e r a t i o n 

Tremolite occurrence i s notably r e s t r i c t e d to the i n t e r 

s t i t i a l talc-carbonate material so that i t s association with 

talc-carbonate i s v a l i d (Plate VI). Microscopic study shows 

a general inverse r e l a t i o n s h i p between t a l c and tremolite. 

Sections with an abundance of talc-carbonate show r e l a t i v e l y 

sparse tremolite c r y s t a l s , while sections containing large 

amounts of tremolite d i s p l a y very sparse i n t e r s t i t i a l t a l c 

and r e c r y s t a l l i z e d mosaics of carbonate. This i s interpreted 

as tremolite forming at the expense of t a l c with progressive 

dehydration following talc-carbonate a l t e r a t i o n . The car

bonate remains unaffected except for r e c r y s t a l l i z a t i o n . 

Anthophyllite A l t e r a t i o n 

The sparse occurrence of anthophyllite bears some 

resemblance to tremolite i n i t s association with t a l c . 

Greenwood (1963) states that anthophyllite can coexist 

stably with quartz and tremolite, i f such rocks were at 

some time subjected to conditions within the narrow 

s t a b i l i t y range of anthophyllite. He estimates that the 

range of temperature at which anthophyllite i s stable for 
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any given pressure i s of the order of 85 C. Thus, tem

perature conditions for the depth (given pressure condition) 

at which metamorphism occurred were probably just on the 

border of the narrow s t a b i l i t y conditions required for 

wholesale anthophyllite growth r e s u l t i n g in sparse antho

p h y l l i t e occurrence. 

Retrograde A l t e r a t i o n 

Retrogressive a l t e r a t i o n i s present in the dunite, but 

generally minor i n extent. Included i s limited a l t e r a t i o n 

of tremolite to t a l c and some talc-carbonate a l t e r i n g back 

to serpentine. These types of a l t e r a t i o n are not uncommon 

and would tend to be the r e s u l t of any hydration reactions 

accompanying thermal metamorphism. 

Nelson Pluton 

The occurrence of the Nelson intermediate complex has 

already been discussed i n the section under General Geology. 

The various phases examined i n section are described i n some 

d e t a i l i n Appendix I. 

F i e l d i n v e s t i g a t i o n showed that toward the outer margin 

of the pluton the rock types become d i s t i n c t l y more basic 

i n d i c a t i n g d i f f e r e n t i a t i o n . A notable increase i n mafic 

minerals occurs, together with an increase in the c a l c i c 

content of the plagioclase, as one progresses toward the 

contact. The pluton i s primarily granodiorite but 

contact phases include basic d i o r i t e and gabbro. These 
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basic phases are cut by granodiorite dikes which in turn 

have been cut by l a t e a p l i t e phases. 

The contact between granodiorite and the a r g i l l i t e of 

the Anarchist Group i s t y p i c a l l y i n t r u s i v e at McKinney 

Creek. Numerous dikes are injected into the 

a r g i l l i t e which displays severe thermal metamorphic e f f e c t s 

such as r e c r y s t a l l i z a t i o n and development of purple brown 

b i o t i t e some distance from the contact. At the contact 

a r g i l l i t e appears to have been gra n i t i z e d so that the d i s 

t i n c t i o n between granodiorite and a r g i l l i t e i s obscured. 



CHAPTER V 

MINERALIZATION 

This chapter deals with m e t a l l i c sulphides and oxides. 

Included here are p y r i t e , p y r r h o t i t e , magnetite, hematite, 

v i o l a r i t e and chalcopyrite which usually occur i n that 

order of abundance. 

Important m e t a l l i z a t i o n occurs i n two ways. These are: 

as disseminated sulphides, p y r r h o t i t e and p y r i t e , within 

an extensive quartzite member of the Anarchist Group, and as 

disseminated nickel-bearing p y r r h o t i t e within altered dunite. 

The nickel-bearing quartzite i s the more important of the 

two types since i t occurs as large mineralized zones trending 

roughly p a r a l l e l to the main structure (Fig. 3). 

This study involved an examination of polished sections 

from selected mineralized rock samples. Microscopic examin

ation included low power examination under 10X magnification 

of each polished section and estimation of sulphide and 

oxide content with the use of a 10 mm square transparent 

g r i d , and high power examination with the aid of a polar

i z i n g r e f l e c t i n g microscope with an e f f e c t i v e magnification 

c a p a b i l i t y of up to 1350X. 

34 
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Dunite Mine r a l i z a t i o n 

Selected mineralized dunite samples come from the 

dunite body exposed in trenches H, M and N. Low power 

studies show that sulphide comprises between 1 and 6 per

cent. Oxide concentration varies from n i l to 2% percent. 

Areas of sulphide may be as large as 3 mm. Large grains 

d i s p l a y a ragged texture (Plate VII) containing numerous 

s i l i c a t e i nclusions of fibrous c r y s t a l s , and commonly having 

rather frayed contacts with s i l i c a t e s . Most of the larger 

sulphide areas occur at the edge of or within the t a l c -

carbonate patches, but never within serpentine-olivine 

pseudomorphs, suggesting that sulphides are primary and 

i n t e r s t i t i a l to o r i g i n a l o l i v i n e c r y s t a l s (Plate VIII). In 

contrast, minute quantities of sulphide are found l o c a l l y 

i n pseudomorphs. Textural evidence as i l l u s t r a t e d i n 

Plate VII favours r e d i s t r i b u t i o n of sulphides in s i l i c a t e s 

during s e r p e n t i n i z a t i o n and further during talc-carbonate 

a l t e r a t i o n i n a way s i m i l a r to that described by Kilburn 

et al. (1969). 

Pyrrhotite i s the most abundant sulphide, being host 

to pentlandite, magnetite and s i l i c a t e inclusions. L o c a l l y 

p y r r h o t i t e i s replaced by magnetite, e s p e c i a l l y i n the 

v i c i n i t y of minute fractures containing magnetite, serpen

ti n e and some carbonate. Near such fractures no pyrrhotite 

survives while further away both magnetite and pyrrhotite 

can be noted. S t i l l further from the fracture magnetite 
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P l a t e V I I 
Ragged t e x t u r e o f 

s u l p h i d e s , i n d i c a t i n g r e 
p l a c e m e n t o f s u l p h i d e s by 
s e c o n d a r y s i I i b a t e is (x100 

P l a t e V I I I 
S e r p e n t i n e - o l i v i n e 

pseudomorph and i n t e r s t i t i a l 
t a l c - c a r b o n a t e r e p l a c e m e n t 
w i t h c o n t a i n e d s u l p h i d e s 
( x 5 0 ) . 

P l a t e IX 
Magnot j t o - p y r f h o t i t e 

i n t c r g r o w t h w i t h m a g n e t i t t 
r e p l a c i n g py r rho L i te . 
V i c i n i t y o f f r a e t u r e i n 
l o w e r l e f t hand c o r n e r 
( x l O O ) . 
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i s absent (Plate IX). This type of r e l a t i o n s h i p indicates 

that i n t h i s case sulphide replacement by magnetite i s con

t r o l l e d by these fractures. Plate XV i l l u s t r a t e s replace

ment of py r r h o t i t e by secondary magnetite as a second mode 

of sulphide replacement. Pyrrhotite i s commonly cut by secon

dary fibrous s i l i c a t e s which apparently have a larger form 

energy than sulphides. Hence, sulphide appears to be i n t e r 

s t i t i a l to tremolite as i l l u s t r a t e d i n Plate X and XI. 

Pentlandite i s associated with pyrrhotite i n a l l 

instances and although i t may constitute as much as 8 0 per

cent of sulphide grains i n some places (Plate XII), i t 

normally comprises approximately one-third of the sulphides. 

There are three modes of occurrence: 1) large grains with

i n p y r r h o t i t e d i s p l a y i n g isometric cleavage f r a c t u r i n g 

(Plate XII); 2) as fi n e lamellae; 3) as minute flame 

or brush structure (Plates XI and XIII) . The pentlandite 

grains may vary i n s i z e from 0.1 mm to as large as 0.5 mm. 

The lamellae and flame structures tend to occur more f r e 

quently i n small sulphide grains, and are c h a r a c t e r i s t i c a l l y 

very fresh and unfractured unlike the larger pentlandite 

grains. This would imply that they formed l a t e r than the 

pentlandite grains, perhaps by exsolution from a n i c k e l i -

ferous p y r r h o t i t e at a lower temperature. Naldrett and 

Kullerud (1967) noting the same phenomena argue that pent

landite* s high c o e f f i c i e n t of thermal expansion or contrac

t i o n on cooling causes f r a c t u r i n g , whereas exsolution at 

lower temperature would leave i n s u f f i c i e n t thermal con-
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P l a t e X 
S u l p h i d e s c u t by 

s e c o n d a r y s i l i c a t e s . A l s o 
v i o l a r i t e r e p l a c i n g p e n t 
l a n d i t e a l o n g edges (xlOO) 

P l a t e XI 
F i b r o u s s e c o n d a r y s i l i 

c a t e s w i t h i n t e r s t i t i a l 
p y r r h o t i t e and p e n t l a n d i t e 
e x s o l u t i o n l a m e l l a e ( x l O O ) . 

P l a t e X I I 
L a r g e p e n t l a n d i t e g r a i n 

i n p y r r h o t i t e showing c l e a v 
age f r a c t u r i n g and r e p l a c e 
ment t o v i o l a r i to (xlGO) . 
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P l a t e XIV 
V i o l a r i t e p r e f e r e n 

t i a l l y r e p l a c i n g p e n t l a n d 
i t e ( x 5 6 2 ) . 

P l a t e XV 
Secondary growth o i 

magnet i to around o r it] i n a 1 
euhedral. g r a i n ; ; and r e p l . i c 
i n g s n l p h i d o ma t e r i a l 
(>:5 ;\V) . 



t r a c t i o n on cooling to cause f r a c t u r i n g . 

V i o l a r i t e , (NiFe) 3S^ i s i d e n t i f i e d as such on the basi 

of i t s occurrence, v i o l e t gray co l o r , i s o t r o p i c character, 

and cleavage which i s r a r e l y discernable. Plates XII and 

XIV i l l u s t r a t e the p r e f e r e n t i a l replacement of pentlandite 

by v i o l a r i t e s t a r t i n g at the borders of pentlandite grains 

and i n cleavage fractures (Plate XII), then progressive 

replacement of greater amounts of pentlandite with advancing 

a l t e r a t i o n (Plate XIV). An i n t e r e s t i n g point to note i s 

that only the larger more fractured grains of pentlandite 

are a f f e c t e d by a l t e r a t i o n to v i o l a r i t e . Lamellae, brushes 

or flame structures remain i n t a c t and fresh. I t i s possibl 

that the l a r g e r grains being more fractured, are more sus

c e p t i b l e to the supergene process of v i o l a r i t e a l t e r a t i o n . 

Magnetite us.ually occurs as subhedral disseminations 

and tends to be concentrated near fractures which control 

i t s occurrence to some degree. Sulphides near these f r a c 

tures become replaced by magnetite. Other cases of mag

ne t i t e replacing sulphide are also noted where fractures 

are absent.' Plate XV i l l u s t r a t e s the development of 

secondary magnetite about previously e x i s t i n g magnetite 

c r y s t a l s and replacing p y r r h o t i t e . Sparse amounts of very 

f i n e magnetite disseminations are noted i n the serpentine-

o l i v i n e pseudomorphs, but low iron content of the magnesian 

o l i v i n e precludes abundant development of magnetite during 

serpe n t i n i z a t i o n . Some of these grains are a c t u a l l y 
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chromite. There i s the p o s s i b i l i t y that many of these 

f i n e grains could have been dislodged from the soft ser

pentine host by the grinding and poli s h i n g action during 

preparation of the polished section. 

Accessory opaque minerals include hematite and chromite. 

Hematite i s believed to be a secondary a l t e r a t i o n mineral 

a f t e r magnetite, and chromite i s not abundant. 

Paragenesis for the mineralized dunite appears to be 

as follows. C r y s t a l l i z a t i o n of the primary s i l i c a t e o l i v i n e 

was followed by c r y s t a l l i z a t i o n of i n t e r s t i t i a l primary 

sulphides. This resulted i n the i r r e g u l a r patches of pyrr

h o t i t e with large fractured pentlandite grains derived from 

exsolution of n i c k e l sulphides upon cooling. Any chromite 

present was l i k e l y c r y s t a l l i z e d about the same time as 

o l i v i n e or s l i g h t l y l a t e r . Serpentinizatipn brought on 

development of magnetite and i n i t i a t e d r e d i s t r i b u t i o n of 

sulphides i n t o the s i l i c a t e s . Talc-carbonate a l t e r a t i o n 

from thermal metamorphism by adjacent i n t r u s i v e plutons 

caused r e c r y s t a l l i z a t i o n of sulphides and further r e d i s t r i 

bution of. sulphides i n secondary s i l i c a t e s . This was 

brought to a climax by the development of tremolite. A 

decrease i n the temperature of thermal metamorphism produced 

further exsolution and development of pentlandite lamellae, 

brush and flame structures. L a s t l y , development of v i o l a r i t e 

and hematite by supergene processes brought the mineral 

h i s t o r y of the altered dunite to a close. 
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A 
Q u a r t z i t e M i n e r a l i z a t i o n 

The o r e m i n e r a l s . i n t h e q u a r t z i t e i n c l u d e p y r i t e , 

p y r r h o t i t e , p e n t l a n d i t e , m a g n e t i t e , h e m a t i t e , c h a l c o p y r i t e 

and m i n o r c h r o m i t e u s u a l l y i n t h i s o r d e r o f abundance. Of 

t h e two dominant s u l p h i d e phases p y r i t e and p y r r h o t i t e ; 

p y r i t e i s much more abundant t h a n p y r r h o t i t e . P y r i t e a ppears 

t o be c l o s e l y a s s o c i a t e d w i t h t h e r e g i o n s o f c l e a n q u a r t z 

m o s a i c whereas p y r r h o t i t e has a s t r o n g t e n d e n c y t o a s s o c i a t e 

w i t h t h e f u c h s i t e - s e r i c i t e bands i n t h e q u a r t z i t e . T o t a l 

s u l p h i d e s may range from 3 p e r c e n t t o 15 p e r c e n t . 

P y r i t e g e n e r a l l y o c c u r s as e u h e d r a l t o s u b h e d r a l 

i n d i v i d u a l g r a i n s up t o 1 mm i n s i z e . I t t e n d s t o show a 

s q u a r e o u t l i n e and i s c h a r a c t e r i z e d i n p o l i s h e d s e c t i o n by 

i t s h i g h r e l i e f . Some a g g r e g a t e s form semi-massive bands 

up t o 10 mm i n w i d t h . One s e c t i o n d i s p l a y i n g a p y r i t e 

m o s a i c i s made up o f i n c l u s i o n - f r e e p y r i t e p e r i p h e r a l t o a 

mass o f p y r i t e f i l l e d w i t h numerous i n c l u s i o n s o f s i l i c a t e 

and some s u l p h i d e ( p y r r h o t i t e ) . T h i s s u g g e s t s r e c r y s t a l -

l i x a t i o n o f t h e b o r d e r s o f t h e p y r i t e mass. P y r i t e gener

a l l y c o n t a i n s r a r e amounts o f p y r r h o t i t e i n c l u s i o n s , w h i ch 

i n t u r n c o n t a i n m i n u t e amounts o f p e n t l a n d i t e ( P l a t e X V I ) . 

However, i t i s p o s s i b l e t h a t more p y r r h o t i t e i n c l u s i o n s 

w i t h i n t h e p y r i t e a r e p r e s e n t i n r o c k specimen than show up 

i n p o l i s h e d s e c t i o n . Because o f t h e minute s i z e o f t h e 

i n c l u s i o n s and t h e d i f f e r e n t i a l h ardness between the two 

s u l p h i d e s , i t i s l i k e l y t h a t a t l e a s t some o f t h e i n c l u -
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sions have been l o s t during preparation of the section. 

Pyrrhotite i s generally very fine-grained although 

rare grains may a t t a i n sizes measuring more than 1 mm 

across. In form, pyrr h o t i t e i s more anhedral. Its associ

ation with many f u c h s i t e - s e r i c i t e bonds i s marked. L i t t l e 

or no p y r i t e occurs i n these wavy bonds. Pyrrhotite has 

three modes of occurrence; as i n d i v i d u a l grains, as a 

mosaic and as rare inclusions with p y r i t e . Except for 

pentlandite structures p y r r h o t i t e i s generally clean and 

free of most impurities. High values of n i c k e l are noted 

for p y r r h o t i t e i n a comparison of analyses of p y r i t e and 

p y r r h o t i t e concentrations (Table VII). 

Pentlandite i n the q u a r t z i t e i s strongly associated 

with p y r r h o t i t e . Unlike the fractured and altered large 

grains of subhedr-al pentlandite i n dunites, pentlandite i n 

q u a r t z i t e always looks fresh, and occurs l a r g e l y as i r r e g u 

l a r forms i n p y r r h o t i t e to maximum width of 0.4 mm. No 

cleavage traces can be seen i n pentlandite. The larger 

anhedral pentlandite grains maintain a seriate contact with 

pyrrhotite* and i n rare cases occupy more than one-half the 

t o t a l sulphide (pentlandite-pyrrhotite) area. Also common 

are the lamellae of pentlandite measuring 0.01 mm to 0.1 mm 

i n length, and brush or flame structures as i l l u s t r a t e d by 

Plate XVII. One case of intergranular pentlandite within 

a p y r r h o t i t e mosaic has been observed (Plate XVIII). Hawley 

(1962) c i t e s pentlandite lamallae, brush structures, and 
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s e r i a t e contact with pyrrhotite as'evidence for exsolution 

from p y r r h o t i t e . Lack of cleavage fractures i n pentlandite, 

and complete absence of any a l t e r a t i o n to v i o l a r i t e , makes 

t h i s pentlandite s i m i l a r to the fresh lamellar growths of 

pentlandite found i n dunite. Both are considered to have 

exsolved from p y r r h o t i t e . The o r i g i n of i n t e r s t i t i a l pent

l a n d i t e i l l u s t r a t e d i n Plate XVIII i s less c e r t a i n . Con

s i d e r i n g i t s fresh appearance, and the fa c t that t h i s 

r e l a t i v e l y small amount could conceivably have been derived 

from p y r r h o t i t e , i t s o r i g i n i s postulated as s i m i l a r to that 

of the pentlandite lamellae. 

Chalcopyrite occurs i n rare amounts only. In a l l cases 

i t occurs with other sulphides, p y r i t e s , and more commonly 

py r r h o t i t e . Invariably chalcopyrite occupies the sulphide-

s i l i c a t e grain boundary (Plate XIX). 

A few small grains of free magnetite are noted. These 

a t t a i n sizes of up to 0.2 mm i n diameter. Its occurrence, 

however, i s uncommon i n the mineralized quartzite. Several 

chromite grains are also present, but generally chromite i s 

very rare. 

A possible paragenesis i s postulated as follows. 

Introduction of a hydrothermal s o l u t i o n containing n i c k e l , 

chromium, and cobalt metals into the r e l a t i v e l y porous 

qua r t z i t e occurred during the f i r s t stage. The quartzite 

due to i t s b r i t t l e nature would tend to be the most perme

able of Anarchist members. Its neutral chemical nature 





would be conducive to solution penetration to a consider

able distance. C r y s t a l l i z a t i o n of fuchsite and minor 

amounts of fine-grained b i o t i t e was followed by c r y s t a l l i 

zation of the highest temperature sulphide, p y r i t e , which 

may have trapped minute amounts of pyrrhotite now found as 

incl u s i o n s i n p y r i t e . I t i s l i k e l y that some of the p y r i t e 

was already present before t h i s period of mineralization 

occurred since some of i t i s associated with pre-existing 

r e c r y s t a l l i z e d quartz veins. Following t h i s , the more 

sulphur d e f i c i e n t n i c k e l - i r o n sulphides c r y s t a l l i z e d i n the 

form of n i c k e l i f e r o u s p y r r h o t i t e , followed by subsequent 

pentlandite exsolution. Trace amounts of chalcopyrite may 

have formed at t h i s time since i t i s associated with 

p y r r h o t i t e . Thermal metamorphism quite l i k e l y triggered 

further pentlandite exsolution from n i c k e l i f e r o u s p y r r h o t i t e . 



CHAPTER VI 

GEOCHEMICAL STUDIES 

Three suites of rocks were selected for the study. 

These include a mineralized s u i t e of dunite rocks, a min

e r a l i z e d suite of quartzite rocks and an unmineralized 

s u i t e of rocks belonging to the Anarchist Group for a com

parison of background metal content. The mineralized dunite 

i s taken mainly from the v i c i n i t y of trenches H and M which 

show best m i n e r a l i z a t i o n (Fig. 3), whereas the mineralized 

q u a r t z i t e specimens have been selected over the entire 

mineralized zones and are quite representative. A n a l y t i c a l 

procedures are discussed i n Appendix I I . 

Mineralized Dunite 

Analyses of the dunite are shown i n Tables I I I and I V , 

together with Daly's (1912) s i n g l e analysis taken from a 

dunite on the north side of Rock Creek. Table V i l l u s t r a t e s 

chemical analyses of comparable serpentinites from locations 

i n Washington and Oregon together with average fresh dunite 

and p e r i d o t i t e analyses taken from l i t e r a t u r e . 

Major Oxides 
The S i 0 2 content varies from 38.0 to 4 5.5 percent with 

48 
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TABLE III 

P a r t i a l Chemical Analysis of Major oxides of Dunite 

Daly 
W-140 W-201 W-138 W-261 W-202 W-262 # 282 

S i 0 2 % 41.0 38.0 40.7 45.5 39.0 41.5 40.25 
A1 20 3 0.5 3.8 0.7 1.4 0.5 0.5 1.10 
F e 2 0 3 6.0 8.0 7.5 7.5 7.5 7.5 4.61 
MgO 27.5 30.0 30.5 31.0 32.5 34.2 37.91 
CaO 9.0 6.6 3.2 5.4 7.0 6.8 1.16 
Na 20 0.0 0.0 0.1 0.0 0.0 0.1 0.48 
K 20 0.0 0.0 0.1 0.0 0.1 0.0 0.16 
T i 0 2 . • Tr 
FeO 3.04 
MnO 0.11 
H 2 0 + 9.08 
H 20" 0.32 
C0 2 1.95 

100.32 
Sp Gr 2.73 2.75 2.62 2.89 2.86 2.84 2.868 

P a r t i a l chemical analyses performed by D. Toy, Amax Geo-
chemical Laboratory, Vancouver, B r i t i s h Columbia 
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TABLE IV 

Metal Content of Dunite 

W-140 W-201 W-138 W-261 W-202 W-262 Average 

Cr ppm 1500 2000 2100 1400 3000 2700 

N i T 1900 2700 2200 1900 2600 2600 

N i s 1400 2400 1700 1600 2200 2300 

Mn 640 700 680 580 880 800 

Co 78 106 98 82 98 110 

Zn 32 . 44 32 44 36 36 

Pb 24 24 22 18 28 24 

Cu 24 20 16 28 20 12 

Ni/Cu 79 133 137 68 130 216 127 

Ni/Co 24. 5 25. 5 22. 5 23. 2 26. 5 23. 6 24.3 

Ni/Cr 1. 26 1. 34 1. 04 1. 36 0. 87 0. 97 1.14 

Atomic absorption analyses performed by D. Toy, Amax Geo-
chemical Laboratory, Vancouver, B r i t i s h Columbia. 



an average of 40.95 percent. The average s i l i c a value 

compares c l o s e l y to Daly's analysis and also to Coleman's 

(1967) values for serpentinites. Alumina content varies 

between 0.5 to 3.8 percent with an average value of 1.2 

percent, which corresponds very c l o s e l y to Daly's single 

a n a l y s i s . Both s i l i c a and alumina values compare c l o s e l y 

to respective average values obtained for fresh dunites 

(Table V). 

Average Fe 0 content i s 7.3 percent, which corresponds 

c l o s e l y to Coleman's three analyses of serpentinite. 

Magnesia varies considerably with values ranging from 

27.5 to 34.2 percent. The average value of 31.0 percent i s 

lower than that reported by Daly (Table III) and Coleman 

(Table V). The most magnesia-rich sample, however, appears 

to correspond more c l o s e l y to the average p e r i d o t i t e than 

dunite indicated i n Table V. High magnesia content of the 

o r i g i n a l o l i v i n e grains (Table II) points toward a magnesia-

r i c h dunite. Since the highest MgO value for the Old Nick 

(Table III) l i e s well below that of the average dunite 

(Table V).loss of magnesia by metasomatism i s i n f e r r e d . This 

metasomatism could have occurred during serpentinization. 

Lime content also varies widely between values of 3.2 

and 9.0 percent. The average value, 6.3 percent, i s greater 

than the CaO content of Daly's a n a l y s i s . I t can be argued 

that Daly's analysis represents another dunite body within 

a d i f f e r e n t host rock type. Lime content here i s much 
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TABLE V 

Chemical Analyses of Comparable Serpentinites 

and Average Fresh Ultrabasic Rocks 

Myrtle 
Creek 
Ore. * 

I n g a l l i s 
Peak 
Wash.* 

Twin 
S i s t e r s 
Wash.* 

Average 
Dunite^ 

s i o 2 39.7 40.7 38.6 40.16 

T i 0 2 0.04 0.07 0.05 0.20 

A 1 2 0 3 1.9 2.8 1.1 0.84 

F e 2 0 3 7.4 7.4 9.6 1.88 
FeO - - - 11.87 
MgO 36.7 37.8 34.9 43.16 
MnO 0.14 0.14 0.16 0.21 

CaO 0.26 2.1 3.6 0.75 
Na 0 

2 
0.05 0.08 0.04 0.31 

K 20 0.01 0.01 0.02 0.41 

H 20 + 12.5 8.0 11.4 0.44 
H 0" 

2 
1.1 0.40 1.0 -

P 0 
2 5 

- - - 0.04 

•99,80 99.70 100.11 

Sp Gr 2.72 2.86 2.73 

Co ppm 100 85 110 
Ni 2000 2000 800 
Cr 2800 3800 1000 
Sc 11 13 17 

Average 
iridotit< 

43. 54 

0. 81 

3.99 

2. 54 

9.84 

34.02 

0.21 

3.46 

0. 56 

0.25 

0.76 

0.05 

* Analyses from Coleman (1967) 

t Analyses from Nockolds (1954, Table 9) 
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h i g h e r t h a n t h a t f o r Coleman's s e r p e n t i n i t e s , and f u r t h e r 

more t h e l o w e s t v a l u e c o r r e s p o n d s more c l o s e l y t o t h a t o f 

f r e s h p e r i d o t i t e ( T a b l e V) t h a n t o t h a t o f d u n i t e . S i n c e 

p e t r o l o g i c a l e v i d e n c e shows t h a t t h e r o c k i s d u n i t e , a d d i t i o n 

o f CaO i s i n t e r p r e t e d . T h i s c o u l d have o c c u r r e d d u r i n g 

t a l c - c a r b o n a t e a l t e r a t i o n . 

Soda and p o t a s h a n a l y s e s a r e low, w h i c h i s q u i t e 

T o t a l n i c k e l c o n t e n t ranges from 1900 t o 2700 ppm 

( T a b l e IV) whereas s u l p h i d e n i c k e l v a l u e s range from 1400 

t o 2400 ppm i n d i c a t i n g t h a t 300 t o 500 ppm n i c k e l i s h e l d 

i n s i l i c a t e s t r u c t u r e . No d e f i n i t e n i c k e l e n r i c h m e n t i s 

n o t e d t o w a r d any c o n t a c t o f t h e d u n i t e i n d i c a t i n g m i n e r -

a l o g i c a l u n i f o r m i t y w h i c h i s c h a r a c t e r i s t i c o f a l p i n e u l t r a -

b a s i c i n t r u s i o n s . ' G o l e s (1967) i n r e v i e w i n g t h e l i t e r a t u r e 

f o r t r a c e element c o n c e n t r a t i o n s o f u l t r a b a s i c r o c k s , s t a t e s 

t h a t g e n e r a l l y d u n i t e s s h o u l d r u n from 1000 t o 4000 ppm 

n i c k e l . He a r b i t r a r i l y c hooses an o v e r a l l average of 

1500 ppm. E d e l ' s h s t e i n (1963) i n a s t u d y - o f b o t h f r e s h and 

a l t e r e d u l t r a b a s i c r o c k s from t h e s o u t h e r n U r a l s c o n c l u d e s 

t h a t t h e n i c k e l c o n t e n t o f a s e r p e n t i n i t e i s d i r e c t l y r e 

l a t e d t o t h e p a r e n t r o c k from w h i c h i t i s d e r i v e d . H i s 

s t u d y f u r t h e r c o n f i r m s t h a t t h e r e i s a marked dependence o f 

n i c k e l c o n t e n t on m i n e r a l o g i c a l c o m p o s i t i o n w i t h most 

n o r m a l f o r u l t r a b a s i c r o c k s . 

M e t a l l i c Elements 



magnesia-rich rocks containing highest n i c k e l values. This 

i s i n agreement with Wilson (1953) who showed that s i m i l a r i t y 
+ 2 + 2 

i n i o n i c radius and valency between Mg and Ni ions controls 

trace element concentration of n i c k e l i n magnesia-rich 

magmas, and that chalcophile n i c k e l w i l l separate as ni c k e l 

sulphide, provided s u f f i c i e n t sulphur i s ava i l a b l e . 

Chromium 

Chromium content varies between 1400 and 3000 ppm 

(Table IV) i n the Old Nick dunite. Goles (1967) considers 

2200 ppm as an average estimate for ultramafic rocks. C r + 3 

belongs to the l i t h o p h i l e group of metals so that despite 

sulphur's presence i t w i l l remain i n s i l i c a t e magma (Wilson, 

1953). However, oxides f i r s t forming from a c r y s t a l l i z i n g 

magma w i l l show chromite enrichment i n dunites. This i s 

contrary to observations made i n polished section study 

since very l i t t l e chromite i s present. One possible explan

ation may be that the grains have r o l l e d out of t h e i r s o f t 

serpentine host during section preparation. Another possi

b i l i t y i s that chromium remained i n the s i l i c a t e s during 

c r y s t a l l i z a t i o n of magma due to low P Q and i s now held i n 
2 

r e l i c t o l i v i n e grains and serpentine. I t i s unlik e l y that 

s e r p e n t i n i z a t i o n would a f f e c t chromium content for as 

Stueber and Goles (1967) pointed out i n t h e i r study on fresh 

and serpentinized ultramafic rocks, no e f f e c t of serpen

t i n i z a t i o n was noted on abundances of Na, Mn, Cr, Sc, and 

Co. 
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Cobalt 

Cobalt values vary from 78 to 110 ppm. Goles quotes 

Stueber's and Goles (1967) o v e r a l l average of 110 ppm from 

a study of 113 ultramafic rocks as a r e l i a b l e estimate for 

dunite. They found that cobalt generally appears to be 

i n s e n s i t i v e to mineralogy or mode of occurrence. Wilson 

(1953), however, states that cobalt abundance decreases 

progressively from u l t r a b a s i c to basic magmas, with a behav

iour s i m i l a r to, but less d r a s t i c than, n i c k e l . In basic, 

intermediate, and acid magmas the cobalt d i s t r i b u t i o n i s 

s i m i l a r to that of copper. Coleman's values shown i n 

Table V c l o s e l y compare with the cobalt values contained 

i n the Old Nick dunite. 

Copper 

Copper content i n t h i s dunite i s low with values be

tween 12 and 2 8 ppm i n d i c a t i n g l i t t l e more^,£han background 

content. Goles (1967) quotes 30 ppm as an average abun

dance f o r dunite. No chalcopyrite was noted i n the polished 

section study suggesting that copper may be held i n s i l i c a t e 

minerals. 

Manganese 

Manganese varies from 580 to 880 ppm. Stueber and 

Goles (1967) found i n t h e i r study that manganese abundance 

i n ultramafic rocks i s not i n any way affected by mineral-

ogic composition or mode of occurrence. Their o v e r a l l 
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average of 1040 ppm i s somewhat higher than values obtained 

for the Old Nick dunite (Table IV). 

Base Metals 

Base metals values of lead and zinc are low and con

sidered to be of background importance only. 

Metal Ratios 

Table IV shows a comparison of metal r a t i o s for analysed 

samples of dunite, with arithmatic average for each respec

t i v e r a t i o . The nickel:copper r a t i o varies widely and has 

an average value of 127. This v a r i a t i o n r e f l e c t s e r r a t i c 

and nparoo copper conUnit; whila the high initio in i rid lent ivo 

of metal as s o c i a t i o n with a magnesian magma in which n i c k e l 

concentration i s much greater than copper. Wilson and 

Anderson (1959) show that t h i s r a t i o gradually decreases 

with increasing s i l i c a content, u n t i l i n gabbros approx

imately equal amounts of n i c k e l and copper are found i n ores. 

Nickel:cobalt r a t i o s are more consistent with an average 

value of 24.3. Wilson and Anderson (1959) explain s l i g h t 

discrepancies i n t h i s r a t i o as the r e s u l t of cobalt's 

a b i l i t y to enter the high temperature p y r i t e structure during 

p y r i t e f s e a r l i e r formation leaving behind n i c k e l i n s o l u t i o n . 

However, i n the Old Nick dunite p y r i t e i s absent, precluding 

t h i s type of metal p a r t i t i o n i n g . Nickel and cobalt are 

believed to be l a r g e l y t i e d up i n pyr r h o t i t e and pentlandite. 

Nickel:chromium r a t i o s are also f a i r l y consistent. The 
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average 1.14 indicates a greater n i c k e l content than 

chromium for most samples (Table IV). Again both n i c k e l 

and chromium content are enriched in high magnesian magmas. 

Summary 

Magnesia content of the Old Nick dunite i s appreciably 

lower than the average fresh dunite due to metasomatism 

during s e r p e n t i n i z a t i o n . Higher lime content i s also ex

plained by metasomatism perhaps during talc-carbonate 

a l t e r a t i o n . T y p i c a l l y high trace metal contents of n i c k e l , 

chromium, and cobalt are found i n the dunite. A few samples 

contain n i c k e l values above those considered average for 

dunite, but under present economic conditions th i s rock can

not be considered an ore. Copper and base metals values are 

of the order of background only. The high metal r a t i o s 

n i c k e l : c o b a l t , and nickel:copper are t y p i c a l of mineralized 

magnesia-rich u l t r a b a s i c rocks, and the nickel:chromiun 

r a t i o shows good consistency with an average value s l i g h t l y 

greater than unity. 

Mineralized Quartzite 

Major Oxides 

A selected s u i t e of eight samples of mineralized 

q u a r t z i t e has been analysed for most of the major oxides 

with r e s u l t s shown i n Table VI. 

The e s s e n t i a l minerological constituents of quartzite 



TABLE VI 

P a r t i a l Chemical Analysis of Mineralized Quartzite 

W-16 W-43 W-77 W-8 3 W-8 5 W-91 W-220 W-270 

Si 0 2 % 70.3 82.5 64.0 74.0 78.6 59.0 73.0 7 0.5 
A1 20 3 8.0 7.4 12.8 10.6 6.4 11.6 9.0 6.4 
Fe 20 3 10.6 5.0 9.0 5.5 5.5 13.5 7.0 11.5 
MgO 1.4 0.5 1.7 2.4 3.6 1.0 1.0 1.4 
CaO 0.6 0.1 0.6 0.2 0.2 0.4 0.4 0.3 
Na 20 1.1 0.45 1.75 1.0 0.2 1.1 0.45 0.6 
K 20 1.4 2.4 2.3 1.1 0.3 2.9 2.0 1.3 
S 8.53 2.20 5.78 3.32 1.96 11.1 4.32 9.21 

P a r t i a l chemical analysis performed 
by D. Toy, Amax Geochemical Laboratory, Vane. B.C. 

00 
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include quartz, fuchsite, sulphides and some b i o t i t e . 

S i l i c a content varies from 59.0 to 82.5 percent. This 

v a r i a t i o n of s i l i c a no doubt corresponds with the amount of 

clean quartz mosaic observed i n t h i n section, which l i k e l y 

r e f l e c t s r e c r y s t a l l i z e d quartz vein material. 

Alumina varies from 6.4 percent to 12.8 percent and i s 

quite l i k e l y t i e d up l a r g e l y i n micas, of which fuchsite i s 

the most abundant. Pure fuchsite i s reported by Whitmore, 

Berry, and Hawley (1946) to contain up to 37.72 percent 

A l 2 0 3 . Some alumina i s also contained i n less abundant 

b i o t i t e . 

F e 2 0 3 analyses show values ranging from 5.0 to 13.5 

percent. Since t o t a l Fe i s recorded as F e 2 0 3 one can only 

say that a small amount of i r o n i s contained as F e + 2 and 
+ 3 

also Fe i n small amount of b i o t i t e . The major contrib

utors of i r o n are the sulphides p y r i t e and pyrrhotite, 

because there i s a general c o r r e l a t i o n between S and F e 2 0 3 

content. 

The magnesia content generally varies from one to 3.5 

percent. • One sample contains as low as 0.5 percent MgO. 

These amounts could conceivably be contained i n fuchsite 

and to a l e s s e r extent in b i o t i t e . Whitmore et al. (1946, 

Table III) show that pure fuchsite may contain as much as 

3.84 percent MgO. 

In sample W-83. estimated to contain 12 percent fuch

s i t e , the 2.4 percent MgO must be contained in fuchsite, 



whereas sample W-85 containing no v i s i b l e fuchsite but 3.6 

percent MgO suggests that magnesia i s t i e d up i n f i n e 

grained b i o t i t e . According to Deer, Howie and Zussman 

(1966, Table XVIII) naturally occurring b i o t i t e may contain 

up to 12.75 percent MgO whereas metamorphic b i o t i t e usually 

contains nearly 7 percent MgO. 

The soda content varies from as l i t t l e as 0.2 percent 

to as much as 1.75 percent. Na 20 i s contained i n fuchsite, 

small amounts i n b i o t i t e , and possibly also the very f i n e 

grained admixture of argillaceous material contained i n the 

q u a r t z i t e s . The 0.3 to 2.9 percent K £0 i s contained i n the 

same constituents. 

The lime content i s generally less than 0.5 percent and 

probably o r i g i n a t e s from trace amounts of calcium i n b i o t i t e 

and fuchsite as no other calcium-bearing minerals are found 

i n the q u a r t z i t e s . 

M e t a l l i c Elements 

Nickel 

Study of Table VII shows that t o t a l n i c k e l and sulphide 

n i c k e l values l i e close together i n d i c a t i n g that l i t t l e , i f 

any, n i c k e l i s contained i n s i l i c a t e s . Values from 1300 to 

4200 ppm are indicated. Examination of analyses for the 

p y r i t e and p y r r h o t i t e f r a c t i o n demonstrates that n i c k e l i s 

p r i m a r i l y contained in the sulphides, with a strong enrich

ment of n i c k e l i n the pyr r h o t i t e . The pyrrhotite fractions 

are two to ten times higher i n n i c k e l than corresponding 



TABLE VII 

Metal Content of Qu a r t z i t e s and Respective Sulphide F r a c t i o n s 

Cr Ni, Mn Co Zn Pb Cu Ni/Cu Ni/Co Ni/Cr 
% ppm % ppm ppm ppm ppm ppm 

W-16 0.36 1300 0.12 150 192 52 8 124 10.5 6.8 0.36 
Py-16 0.06 - 0.22 25 1150 40 20 100 
Po-16 0.04 - 2.95 100 890 40 20 920 

W-4 3 0.25 3300 0.31 40 146 20 4 60 55.0 22.6 1.32 
Py-43 - - - • - - - -Po-4 3 0.04 - 2.88 25 1550 60 40 350 

W-77 0.36 2500 0.23 110 146 88 8 240 10.4 17.1 0.70 
Py-77 0.80 - 0.63 25 1100 100 20 760 
Po-77 0.03 - 1.92 25 960 40 20 660 

W-83 0.38 2200 0.22 110 136 48 8 148 14.8 16.2 0.58 
Py-83 0.54 - 0.62 25 1650 40 40 300 
Po-8 3 0.16 - 3.60 300 1450 80 20 1160 

W-85 0.26 1400 0.12 400 102 48 12 100 14.0 13.7 0.54 
Py-85 1.28 - 0. 38 100 1750 20 20 130 
Po-85 0.20 - 3.04 200 1650 140 20 1120 

W-91 0.48 3200 0. 32 100 290 40 8 100 32.0 11.0 0.67 
Py-91 0.42 - 0.48 50 1050 20 20. 150 
Po-91 0.06 - 2.78 100 690 30 20 500 

W-220 0.36 4200 0.39 100 166 100 12 168 25.0 25.4 1.16 
Py-220 0.52 , - 1.84 100 2250 320 40 400 
Po-220 0.08 - 3.12 50 1000 80 20 630 

W-270 0.25 1500 0.13 50 166 40 8 88 17.1 9.1 0.60 
Py-270 0.16 - 0. 32 25 790 40 20 110 
Po-270 0.08 - 3.50 200 970 40 20 1180 

Average 21.1 13.7 0.87 

Analyses Performed by D. Toy, Amax Geochemical Laboratory, Vancouver , B r i t i s h Columbia. 
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p y r i t e f r a c t i o n s for any given sample. This i s supported 

by polished section study; only a few t i n y inclusions of 

pyrrhotite-pentlandite were noted within p y r i t e grains as 

shown i n Plate XIX, whereas pyrrhotite contains numerous 

i n c l u s i o n s , lamellae, and brushes or flame structures of 

pentlandite. The amount of n i c k e l seen i n the p y r i t e 

analysis may be somewhat high since any pentlandite which 

breaks free e n t i r e l y from pyrrhotite would remain behind i n 

the p y r i t e f r a c t i o n during the magnetic separation process. 

This could account for sample Py-220 having a 1.84 percent 

n i c k e l . 

Chromium 

Chromium content i n whole rock shows contents ranging 

from 0.25 to 0.4 8 percent. Examination of the sulphide 

f r a c t i o n s shows a d e f i n i t e bias of chromium toward the 

p y r i t e f r a c t i o n i n d i c a t i n g presence of chromium i n pyrite 

l a t t i c e . Pyrrhotite also contains minute quantities of 

chromium (0.03 to 0.16 percent) but these generally are 

small enough to be considered trace impurities. Half the 

samples show no enrichment of chromium i n sulphides, whereas 

three of the remaining four show moderate chromium enrich

ment i n sulphide f r a c t i o n s compared with whole rock analyses. 

A p l o t of whole rock chromium content against alumina 

i s i l l u s t r a t e d i n F i g . 4. A reasonable trend shows some 

r e l a t i o n s h i p between chromium content and alumina content. 

For most quartzite samples made up l a r g e l y of fuchsite t h i s 
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i s to be expected, since Cr 4" 3 substitutes for the A l + 3 

octahedral s i t e s i n the muscovite formula as described i n 

Chapter IV. 

Cobalt 

Cobalt i n whole rock varies from 102 to 290 ppm. 

Enrichment of cobalt i n sulphide f r a c t i o n s as compared with 

whole rock analyses i s marked. Six of the seven comparable 

analyses i n d i c a t e cobalt concentration i s biased toward 

p y r i t e , suggesting that the p y r i t e structure accommodates 

considerable trace content of cobalt. Pyrite contains betwe 

790 and 2250 ppm c o b a l t r whereas pyrrhotite contains between 

690 and 1650 ppm cobalt. The average value of cobalt for 

p y r i t e concentrates i s 1394 ppm whereas for pyrrhotite i t 

i s 1145 ppm i n d i c a t i n g that the difference i n p a r t i t i o n i n g 

i s not very strong. A possible expanation might be that 

p y r i t e forming at s l i g h t l y higher temperatures from hydro-

thermal solutions containing cobalt would tend to accommo

date cobalt i n i t s structure thus depleting the cobalt 

supply so that less cobalt would be available for incorpor

ation i n t o the pyrrhotite structure. 

Figure 5 further confirms the argument that cobalt i s 

associated with the sulphide portion of quartzites. A posi

t i v e trend i s indicated i f one uses the sulphur analyses as 

a rough measure of sulphide content. It must be noted that 

inasmuch as p y r i t e contains 2 5 percent more sulphur by mass 

than p y r r h o t i t e , a bias toward p y r i t e exists since p y r i t e 
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occurs in greater abundance than p y r r h o t i t e . 

Copper 

Whole rock values for copper vary from 60 to 24 0 ppm. 

Study of the sulphide analyses shows some presence of 

copper with p y r i t e , but a stronger enrichment of copper i s 

noted i n the p y r r h o t i t e f r a c t i o n ranging from 350 to 1180 

ppm. The copper association with pyrr h o t i t e i s supported 

by polished section study, which shows that chalcopyrite 

tends to be associated most frequently with p y r r h o t i t e -

s i l i c a t e borders. 

Manganese 

Manganese values for whole rock range from 40 to 4 00 

ppm. The mean value i s 94 ppm, with only one sample 

exceeding 150 ppm. I t i s believed that content of manganese 

i s l a r g e l y held i n secondary manganese oxides commonly 

associated with secondary iron oxides i n weathered fractures. 

Base Metals 

Base metals zinc and lead show values of background 

importance only, and are l i k e l y held i n sulphide form as 

accessory minerals. 

Metal Ratios 
Nickel:copper r a t i o s vary from 10.4 to 55 with an 

average of 21.1 (Table VII). Wide scatter i s marked and 

believed to be a r e f l e c t i o n of e r r a t i c and sparse copper 

d i s t r i b u t i o n . 
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Nickel:cobalt r a t i o s varying between 6.8 and 2 5.4 

show less scatter (Table VII). The average 13.7 i s con

siderably lower for the q u a r t z i t e than for dunite, i n d i c a t i n g 

a greater enrichment of cobalt i n quartzite r e l a t i v e to 

dunite. N i c k e l content of the quartzite i s also appreci

ably higher than that of dunite. 

Lower and upper l i m i t s of the nickel:chromium r a t i o 

are 0.36 and 1.32 r e s p e c t i v e l y (Table V I I ) . This again i s 

the most consistent of the three r a t i o s . Its average of 

0.87 compares c l o s e l y to that of the dunite, which i s 

1.14 (Table IV). The average nickel:chromium r a t i o of the 

dunite exceeds that of q u a r t z i t e by a small amount (0.27) 

because chromium i s r e l a t i v e l y more abundant within the 

q u a r t z i t e , where i t occurs l a r g e l y i n the form fuchsite. 

Figure 6 i l l u s t r a t e s a p l o t of nickel:chromium r a t i o 

against n i c k e l : c o b a l t r a t i o i n d i c a t i n g that a trend exists 

r e l a t i n g these two r a t i o s . This trend r e f l e c t s the 

r e l a t i o n s h i p between n i c k e l , chromium and cobalt and i s 

further interpreted as the r e s u l t of these three elements 

being c o n t r o l l e d by the same m e t a l l i z a t i o n period. This 

inference i s further supported by t e x t u r a l evidence mentioned 

previously; that of the p r e f e r e n t i a l association of n i c k e l -

bearing p y r r h o t i t e with the green fuchsite bands. 

Summary 

The mineralized q u a r t z i t e consists of a simple mineral-

o g i c a l assemblage, including quartz, fuchsite, and sulphides 
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which i s r e f l e c t e d i n the whole rock major oxide analyses. 

Investigation into the metal content of mineralized 

qu a r t z i t e indicates anomalous values i n n i c k e l , chromium, 

and cobalt. Copper i s e r r a t i c and not present i n s i g n i f i 

cant quantity. Lead and zinc are present as background 

values only, and manganese i s believed to be present as the 

secondary oxide produced by weathering. 

Studies of sulphide fractions provide an answer to the 

question of whether various metals are found in s i l i c a t e or 

sulphide form. This question i s of importance when con

s i d e r i n g m e t a l l u r g i c a l separation. Nickel i s held i n s u l 

phide form, l a r g e l y i n the pyrrhotite-pentlandite associ

ation and to a minor extent within p y r i t e i n the form of 

p y r r h o t i t e i n c l u s i o n s . Chromium i s predominantly i n the 

mineral fu c h s i t e , although there appears to be a small 

amount of chromium present also i n p y r i t e . Cobalt i s 

contained i n the sulphide form, more i n p y r i t e than pyrrho

t i t e . 

Metal r a t i o s are of i n t e r e s t , as shown by the r e l a t i o n 

ship of nickel:chromium and nic k e l : c o b a l t r a t i o s i l l u s t r a t e d 

by F i g . 6. N i c k e l , chromium, and cobalt show a r e l a t i o n s h i p 

by t h e i r p a r t i t i o n i n g during m e t a l l i z a t i o n suggesting a 

common source of mineralization. Furthermore, the close 

comparison of nickel:chromium r a t i o of quartzite to the 

nickel:chromium r a t i o of dunite favours the concept of a 

common source of metal mineralization for the quartzite and 



the dunite. 

Another important fact to consider i s the o v e r a l l 

metal assemblage for the mineralized quartzite. Anomalous 

values i n n i c k e l , chromium, and cobalt with low copper 

values and even lower base metal values characterize the 

mineralized q u a r t z i t e as well as the dunite. 

Whitmore et al, (1946) consider fuchsite to be exclu

s i v e l y hydrothermal i n o r i g i n . Furthermore, they state that 

i n the majority of cases studied by them, the source of 

chromium for fuchsite formation i s contained i n intermediate 

plutons. Although geochemical studies of the intermediate 

Nelson Pluton nearby are beyond the scope of t h i s study, 

several copper skarns are known to be associated with i t s 

contact as indicated i n F i g . 2. These are characterized 

by chalcopyrite, p y r r h o t i t e , garnet, carbonate, and green 

amphibole, which i s an assemblage e n t i r e l y d i f f e r e n t from 

that of the mineralized q u a r t z i t e . 

The intimate association of nickel-bearing p y r r h o t i t e 

with fuchsite suggests a hydrothermal o r i g i n of n i c k e l , 

chromium and cobalt. The combination of these three metals 

c l a s s i c a l l y associated with basic-ultramafic rocks however, 

precludes the p o s s i b i l i t y of the intermediate Nelson Pluton 

being the mineralizing source to the quartzite. 

Unmineralized Rock Suite 

P a r t i a l chemical analyses for major, oxides and metal 

content of a suite of unmineralized rocks from the Anarchist 



Group i s shown i n Table VIII. 

Metal content of the m e t a - a r g i l l i t e includes trace 

n i c k e l , low cobalt, and absence of chromium. Moderate zinc 

and manganese i s indicated whereas base metals lead and 

copper are low. 

Impure carbonate contains low chromium, n i c k e l , and 

cobalt content as well as base metal values (Table VIII). 

Greenstones show variable lime and F e 2 0 3 content. The 

varying lime content i s att r i b u t e d to presence of c a l c i t e 

v e i n l e t s and r e c r y s t a l l i z e d amygdales containing c a l c i t e . 

Both of these features are common i n the rock. Variation 

of F e 2 0 3 content i s att r i b u t e d to the magnetite v e i n l e t s 

occupying fractures i n the rock. The low s i l i c a content, 

high magnesia and low potash-soda content suggest a 

b a s a l t i c magma. S l i g h t l y higher values i n n i c k e l , chromium, 

and cobalt are present as would be expected i n basic v o l 

canic rocks compared with metasediments. 

The t u f f s contain s i g n i f i c a n t l y higher s i l i c a , mag

nesia, and lime values than the greenstones, whereas alumina 

and F e 2 0 3 axe s u b s t a n t i a l l y lower. The higher s i l i c a content 

i s a t t r i b u t e d to the contemporaneous deposition of s i l i c e o u s 

sedimentary material with the t u f f . Further studies on the 

sedimentary environment need to be conducted to shed more 

l i g h t on t h i s p o s s i b i l i t y . Nickel and chromium values are 

highest within the unmineralized suite containing greatest 

magnesia content. Cobalt appears normal whereas base 



TABLE VIII 

Un-mineralized Suite of the Anarchist Group 

W-ll W-41C W-15 W-12D W-115 W-89 W-109 W-181 
S i 0 2 % 54.50 60.00 51.20 38.50 43.80 51.00 51.50 49.50 
A1 20 3 18.20 14.40 16.00 13.50 12.60 4.00 2.80 3.60 
Fe 20 3 8.50 10.50 14.00 13.50 20.00 8.50 8.00 8.50 
MgO 1.40 3.60 3.10 4.50 6,20 11.00 11.00 10.10 
CaO 4.60 4.00 7.80 16.20 7.40 20.60 20,40 21.60 
Na 20 6.70 0.55 2.75 1.80 2.35 0.14 0.35 0.40 
K 20 2.30 4.40 2.00 2.40 1.90 0.30 0.20 0.30 

Cr 0.00 0.00 0.01 0.00 0.01 0.11 0.12 0.08 
Ni 0.01 Tr 0.01 0.01 0.01 0.08 0.04 0.08 
Mn ppm 400 560 360 680 340 400 220 400 
Co 16 32 48 44 46 34 16 48 
Zn 100 116 80 102 80 16 16 40 
Pb 16 30 16 24 20 4 4 12 
Cu 32 32 152 24 208 28 26 52 

M e t a - a r g i l l i t e Impure Greenstone Tuff 
Carbonate 

Analyses performed by D. Toy, Amax Geochemical Laboratory, Vancouver, B.C. 



metals lead and zinc are lowest. 

A general pattern of metal d i s t r i b u t i o n emerges from 

comparison between the mineralized quartzite suite and the 

unmineralized s u i t e . Base metal values for both suites ar 

low, although the mineralized q u a r t z i t e shows a s l i g h t 

enrichment of copper. However, the mineralized quartzite 

shows d i s t i n c t l y anomalous values of n i c k e l , chromium, and 

cobalt. 



CHAPTER VII 

SUMMARY 

Most of the Old Nick g r i d area i s composed of the 

Anarchist Group of rocks. The most important member of t h i s 

group i s the qu a r t z i t e which contains 5.85 m i l l i o n tons per 

hundred v e r t i c a l feet of 0.25 percent n i c k e l i n two gently 

dipping p a r a l l e l zones (Fig. 3). The whole sequence of 

rocks has been thermally metamorphosed to the hornblende-

hornfels fa c i e s by the nearby Nelson Pluton. 

Several small occurrences of altered dunite have 

intruded the Anarchist sequence. These are alpine intrusions 

associated with strong shears and f a u l t s . Some are mineral

iz e d with disseminated sulphides but because of t h e i r small 

volume and low grade the dunite bodies hold l i t t l e promise 

of containing ore. Higher lime and lower magnesia found i n 

the sampled dunite as compared with the average fresh dunite 

i s a t t r i b u t e d to metasomatism. An a l t e r a t i o n sequence for 

dunite has been established: with hydration, dunite under

went se r p e n t i n i z a t i o n , then the increasing dehydration 

caused by thermal metamorphism the serpentinized dunite 

underwent talc-carbonate a l t e r a t i o n ; and f i n a l l y , development 

of tremolite and some anthophyllite at the expense of t a l c 
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marked the highest rank of a l t e r a t i o n . 

The nearby Nelson intermediate complex i s a large 

body of granodiorite which i s d i f f e r e n t i a t e d at the margins. 

Contact phases include basic d i o r i t e and gabbro. Skarn 

copper showing are also related to the contacts. 

The dunite contains t y p i c a l l y high values of n i c k e l , 

chromium, and cobalt with cobalt averaging 9 5 ppm and 

chromium averaging 2100 ppm. Most of the n i c k e l i s i n 

sulphide form, inasmuch as only 200 to 300 ppm n i c k e l re

mains i n the s i l i c a t e minerals. Disseminated pyrrhotite 

and pentlandite may constitute from 1 to 6 percent of the 

rock and are i n t e r s t i t i a l to the o l i v i n e pseudomorphs. 

Textural evidence suggests a r e d i s t r i b u t i o n of sulphide with

i n secondary s i l i c a t e s . Pentlandite, the main n i c k e l -

bearing sulphide,, has two modes of occurrence: 1) as large 

fractured subhedral grains associated with pyrrhotite and 

p a r t i a l l y a l t e r e d to v i o l a r i t e , and 2) as fresh lamellae 

and flames which exsolved l a t e r at a lower temperature. 

Quartzite contains anomalous values of n i c k e l , chromium 

and cobalt. Disseminated sulphides constitute as much as 

15 percent of the rock but average 3 to 4 percent. Of the 

three sulphides, p y r i t e , p y r r h o t i t e and pentlandite, p y r i t e 

i s most abundant. Pentlandite always occurs within pyrr

h o t i t e as lamellae, flame structures and intergranular 

growths. Sparse pyrrhotite-pentlandite growths are found 

i n p y r i t e . Pyrrhotite and some p y r i t e i s associated with 



fuchsite i n bands suggesting a hydrothermal o r i g i n of the 

sulphides. Geochemical studies show that n i c k e l i s in 

sulphide form being held i n pentlandite and pyrrhotite. 

Cobalt i s also contained i n sulphides whereas chromium i s 

held i n the s i l i c a t e fuchsite. 

High nickel:copper and ni c k e l : c o b a l t r a t i o s for the 

dunite are t y p i c a l of mineralized magnesia-rich u l t r a b a s i c 

rocks. A r e l a t i o n s h i p between the nickel:chromium r a t i o 

and the ni c k e l : c o b a l t r a t i o indicates nickel-chromium-

cobalt p a r t i t i o n i n g during m e t a l l i z a t i o n of the quar t z i t e . 

Nickel:chromium r a t i o s for dunite and quartzite are the 

most i n d i v i d u a l l y consistent of a l l r a t i o s and the average 

values for each respective s u i t e are s u f f i c i e n t l y close to 

one another i n magnitude to suggest a possible common 

o r i g i n . 

Several important facts which emerge from the study 

are: 1) n i c k e l sulphide i s associated with fuchsite 

suggesting a hydrothermal o r i g i n of the metals n i c k e l , 

chromium, and cobalt, 2) s i m i l a r values for n i c k e l : 

chromium r a t i o between dunite and qua r t z i t e , and 3) s i m i l a r 

i t y between metal suites of dunite and quartzite. These 

metal suites include high values of n i c k e l , chromium, cobalt 

and low copper, lead and zinc. These facts would favour the 

concept of n i c k e l , chromium, and cobalt-bearing hydrothermal 

f l u i d s being derived from an ultramafic source s e l e c t i v e l y 

mineralizing the quar t z i t e member of the Anarchist Group. 
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Two possible o r i g i n s for such'mineralizing hydrother

mal f l u i d s are the gabbroic phase of the d i f f e r e n t i a t e d 

Nelson complex and the dunite magma. The gabbros, however, 

are r e s t r i c t e d only to the margin of the pluton and are 

located at a considerable distance from the mineralized zone. 

Futhermore, the mineralization associated with the Nelson 

complex i s i n the form of skarn copper deposits with a 

d i f f e r e n t mineralogy, occurring at or near the contact. 

The dunite which has a s i m i l a r metal assemblage and 

nickel:chromium r a t i o to the qu a r t z i t e i s considered to be 

rel a t e d to the o r i g i n of the mineralizing hydrothermal 

f l u i d s . Furthermore, i n a few places narrow fine-grained 

talcose dikes of ultramafic material are encountered i n the 

mineralized q u a r t z i t e . Thus, the magma source of the dunite 

i s considered to be -the o r i g i n f o r the mineralizing f l u i d s 

which deposited n i c k e l bearing sulphides and fuchsite in 

the mineralized quartzite zones. 



APPENDIX I 

DETAIL DESCRIPTION OF ROCK TYPE 

Anarchist Group 

Non-mineralized Quartzite 

The non-mineralized quartzite i s found i n thin-section 

to be composed of wavy bands of very fine-grained s e r i c i t i c 

and g r a p h i t i c material. These bands pinch and swell i n a 

crenulated fashion. Contained between them is; a pure medium-

grained quartz mosaic which probably represents r e c r y s t a l -

l i z e d quartz vein material. Zones of very fine-grained 

micaceous materia-1 and quartz occur l o c a l l y and may represent 

r e c r y s t a l l i z e d very f i n e clay admixtures. Scattered grains 

of epidote occur throughout. 

M e t a - a r g i l l i t e 

The m e t a - a r g i l l i t e s composed pri m a r i l y of amphibole 

and fine-grained quartzo-feldspathic material have a phyl-

l i t i c character distinguished by crenulated discontinuous 

bands of fine-grained amphibole mixed with epidote, z o i s i t e , 

and i r o n oxides. Small amounts of plagioclase are present. 

Dark c o l o r a t i o n of the rock i s caused by dissemination of 

fine-grained graphite p a r t i c l e s . 

One specimen studied contains large c o r d i e r i t e c r y s t a l s 
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d i s p l a y i n g c h a r a c t e r i s t i c polysynthetic twinning. Cor

d i e r i t e i s pockmarked with retrograde a l t e r a t i o n products, 

fine-grained s e r i c i t e and c h l o r i t e d i s p l a y i n g an anomalous 

" B e r l i n blue" interference co l o r . Similar a l t e r a t i o n i s 

also common around edges of c o r d i e r i t e grains. Pleochroic 

haloes about zircon are present i n c o r d i e r i t e but are more 

common to b i o t i t e which shows s l i g h t a l t e r a t i o n to c h l o r i t e . 

Other minerals present i n small amounts include grains of 

epidote, z o i s i t e , l a ths of amphibole, graphite, and second

ary i r o n oxides. A narrow band of garnets i s present i n 

section and shows no sign of having formed as a product of 

the breakdown of epidote during thermal metamorphism. Both 

minerals are present i n small amounts. 

Volcanic Rocks 

Detailed examination of these rocks i n thin section 

i n d i c a t e s that even the freshest specimens are amphibolites. 

The rock i s fine-grained and has a por p h y r i t i c texture. 

Numerous phenocrysts of strongly pleochroic hornblende d i s 

play s l i g h t a l t e r a t i o n to b i o t i t e . The groundmass c o n s t i 

tutes 4 5 to 50 percent of the rock and i s composed of a 

very fine-grained mass of amphibole needles and feldspathic 

material with an abundant fine-grained dissemination of 

magnetite. In some places elongate patches of very f i n e 

grained quartz-carbonate and feldspar are present. These 

are considered to be r e c r y s t a l l i z e d amygdales. 

The more altered rocks termed greenstones, are composed 



of dark brown b i o t i t e , secondary c h l o r i t e , epidote, z o i s i t e 

and iron oxide bands with i n t e r s t i t i a l fine-grained feldspar 

and amphibole material. Scattered between these bands are 

f i n e grains of z o i s i t e , and some grains of clinopyroxene. 

One s l i d e also shows development of garnet within the 

wavy bands. 

Tuffs 

These rocks display a unique mottling pattern of pale 

green bands and patches within a dark green matrix. Under 

the microscope the pale green patches are made up largely of 

a c t i n o l i t e needles with frayed terminations i n d i c a t i n g 

secondary c r y s t a l growth. C r y s t a l siz e may vary from less 

than 0.2 mm to as long as 5 mm. Larger c r y s t a l s are commonly 

p o i k o l i t i c . I n t e r s t i t i a l to the amphiboles are c a l c i t e , 

small grains of clinopyroxene, and small amounts of very 

fine-grained quartz-feldspar material. 

The dark green matrix of the rock i s composed of medium-

grained c r y s t a l s of clinopyroxene and 10 to 15 percent 

z o i s i t e . Large c r y s t a l s of clinopyroxene show uniform ex

t i n c t i o n , are commonly p o i k o l i t i c , and show evidence of 

moderate corrosion. These larger clinopyroxene c r y s t a l s 

are augite whereas the small grains are diopside and appear 

to be secondary in o r i g i n . 

In some l o c a l i t i e s f i n e grained dark brown wavy bands 

accompany the pale green patches of t h i s unit. Microscopic 

study indicates these bands to be composed of epidote, 
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z o i s i t e , and secondary i r o n oxides. B i o t i t e with secondary 

c h l o r i t e commonly accompanies epidote i n these bands. 

Nelson Plutonic Rocks 

Gabbro 

A sample of medium-grained gabbro from the junction of 

McKinney Creek and Rock Creek contains 4 0 to 4 5 percent 

p l a g i o c l a s e laths which display o s c i l l a t o r y zoning and range 

i n composition from A n 5 5 to A n 6 3 . Clinopyroxene occurs in 

moderate amounts from 7 to 10 percent as remnant grains of 

augite within secondary hornblende. Amphibole makes up 

35 to 50 percent of the rock in two sections studied. 

Amphibole i s c h a r a c t e r i s t i c a l l y p o i k o l i t i c , with inclusions 

of p l a g i o c l a s e , pyroxene, b i o t i t e , and some magnetite. The 

5 to 6 percent b i o t i t e i s of the red-brown T i - r i c h v a r i e t y 

containing zircon i nclusions surrounded by pleochroic 

haloes. Other minerals present include c h l o r i t e , magnetite, 

small amounts of c a l c i t e associated with amphibole, and trace 

amounts of quartz and K-feldspar. 

Plagioclases are remarkably fresh having suffered only 

s l i g h t s e r i c i t i z a t i o n along microfractures and cleavage 

cracks, and a mild degree of s a u s s u r i t i z a t i o n . The c l i n o 

pyroxene i s severely altered to p o i k o l i t i c hornblende. The 

amphibole has i n turn been considerably altered to poiko

l i t i c red-brown b i o t i t e and magnetite. C h l o r i t e has further 

replaced small amounts of b i o t i t e . 

Another type of gabbro located i n the railway cut south 



of Rock. Creek and west of the Old Nick g r i d (Fig. 2) c o n t a i n s 

a s l i g h t l y d i f f e r e n t mineralogy. The main difference i s the 

presence of 20 to 25 percent pleochroic orthopyroxene occur

r i n g as subhedral stubby prisms up to 2 mm i n length. Some 

c r y s t a l s d i s p l a y o s c i l l a t o r y zoning. The absorption formula 

X = pink, Z = pale green i s diagnostic of hypersthene. 

P o i k o l i t i c amphibole contains remnants of corroded hypersthene 

grains. Presence of apatite i s noted i n t h i s sample, but 

otherwise the mineralogical content and a l t e r a t i o n i s s i m i l a r 

to that of the previously described gabbro sample. Even the. 

pla g i o c l a s e composition corresponds c l o s e l y (An 5 5 to An 6 5) 

to that of the previously studied sample. 

Basic D i o r i t e 

Another rock type which i s less basic and located 

further from the -contact of the pluton i s the basic d i o r i t e . 

I t contains 60 to 65 percent plagioclase laths (An t t 0 to An 5 8) 

which d i s p l a y o s c i l l a t o r y zoning, fresh borders and heavily 

a l t e r e d cores. A l t e r a t i o n products include s e r i c i t e and 

saussurite. Amphibole i s p o i k o l i t i c and shows strong pleo-

chroism, green to brown. B i o t i t e i s also p o i k o l i t i c and of 

the dark red-brown T i - r i c h v a r i e t y . As an a l t e r a t i o n product 

of amphibole, b i o t i t e i s i n turn altered to c h l o r i t e which 

displays an anomalous " B e r l i n blue" interference c o l o r . 

Other minerals include small amounts of hypersthene, quartz, 

some K-feldspar, zircon,and magnetite associated with 

b i o t i t e . 
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Granodiorite 

The granodiorite sample was taken from a dike near the 

junction of Baker Creek and Rock Creek. I t i s composed of 

50 to 55 percent subhedral plagioclase (An 3 0 to A n w o ) , 15 

to 20 percent orthoclase, and 10 to 15 percent quartz. Both 

quartz and orthoclase are i n t e r s t i t i a l to plagioclase which 

displays some o s c i l l a t o r y zoning and i s moderately altered 

to s e r i c i t e and saussurite. A l t e r a t i o n i s more intense in 

p l a g i o c l a s e cores. Myrmekitic intergrowth occurs l o c a l l y 

between fr e s h plagioclase borders and adjacent K-feldspar. 

Mafic minerals include 5 percent amphibole, 10 to 15 

percent strongly pleochroic b i o t i t e , 5 to 7 percent c h l o r i t e 

and 1 to 2 percent remnant hypersthene. Amphibole i s an 

a l t e r a t i o n product of hypersthene and i n turn i s altered to 

c h l o r i t e . B i o t i t e appears to be primary and contains 

accessory zircon i n c l u s i o n s . Other accessory minerals i n 

clude magnetite and c a l c i t e . 

Granite 

The specimen of granite was taken from a dike located 

on the west-side of Rock Creek, north of i t s junction with 

McKinney Creek (Fig. 2). This granite intrudes a l l of the 

basic phases and thus represents the l a t e s t phase of the 

Nelson i n t r u s i v e complex. 

Minerals include 30 percent quartz, 30 percent ortho

c l a s e , 15 percent plagioclase (mostly a l b i t e ) , 5 percent 

mic r o c l i n e , 5 to 7 percent micas (mostly s e r i c i t e ) and 



minor amounts of epidote, c h l o r i t e , zircon, and sphene. 

Orthoclase and quartz d i s p l a y t y p i c a l l y anhedral form in 

contrast to plagioclase l a t h s . S e r i c i t i z a t i o n i s most 

severe along cleavage fractures or i n cores of a l b i t e -

twinned plagioclase l a t h s . Orthoclase i s only s l i g h t l y 

a ffected by s e r i c i t i c a l t e r a t i o n . Small amounts of fine

grained epidote associated with plagioclase indicates s l i 

s a u s s u r i t i z a t i o n . 



APPENDIX II 

ANALYTICAL PROCEDURE FOR GEOCHEMICAL STUDIES 

A l l samples were crushed and ground to minus 60 mesh 

for separation and a n a l y s i s . The dunite suite and non-

mineralized suite were treated as whole rock samples. The 

mineralized quartzite s u i t e was further subdivided into 

three sample types which include whole rock, p y r i t e f r a c t i o n 

and p y r r h o t i t e f r a c t i o n . Sulphide separation in quartzite 

was accomplished with the use of super-panner. Further 

p u r i f i c a t i o n of the sulphide samples by means of heavy 

l i q u i d separation proved successful i n eliminating a l l the 

s i l i c a t e material. Methylene iodide with a s p e c i f i c 

gravity of 3.10 was used as the heavy l i q u i d . Following 

an acetone rinse the sulphide samples were further s p l i t 

into magnetic and non-magnetic portions corresponding to 

respective pyrrhotite and p y r i t e fractions with the use of 

a powerful permanent magnet. 

Whole rock procedure used by the laboratory consists 

of analysis for S i 0 2 , A1 20 3, t o t a l Fe as F e 2 0 3 , MgO, CaO, 

Na 20, and K 20. This i s only considered to be a p a r t i a l 

a n alysis, since samples were not run for H20, C0 2, and 

several other oxides. Preparation involved fusing 0.100 

gram portions of sample with one gram lithium metaborate, 
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100 m i l l i l i t r e s of 5 percent HN03. Samples were then run 

using i n t e r n a l standards and U.S. Geological Survey 

standards. The sulphide f r a c t i o n s received the same prepara

t i o n except that only 0.500 gram portions of the material 

were used. 

Determination of t o t a l n i c k e l content involves an assay 

procedure. Here 0.500 gram portions of whole rock, or 0.2 50 

gram portions of sulphide material were dissolved i n HC1, 

HN03, HC10,,, and HF, then d i l u t e d to 100 m i l l i l i t r e s . 

Sulphide n i c k e l content was determined using the H 20 2 and 

ammonium c i t r a t e leach method. 

For other m e t a l l i c elements Mn, Co, Zn, Pb and Cu, deter 

mination involved the usual geochemical procedure of d i g e s t i n 

a 0.500 gram sample with HN03 and HC1(\ d i l u t e d to 10 m i l l i 

l i t r e s . A l l metals were determined using the atomic absorp

t i o n model PE 290. 



REFERENCES 

Coleman, R. G. 1967. Low t e m p e r a t u r e r e a c t i o n zones and 
a l p i n e u l t r a m a f i c r o c k o f C a l i f o r n i a , Oregon, and 
Washington. U.S. G e o l . S u r v . B u l l . 1247. 

D a l y , R. A. 1912. Geology o f t h e N o r t h A m e r i c a n C o r d i l l e r a 
a t t h e f o r t y - n i n t h p a r a l l e l . G e o l . Surv. Can., Mem. 
38. 

Deer, W. A., Howie, R. A., and Zussman, J . 1965. An i n t r o 
d u c t i o n t o the r o c k - f o r m i n g m i n e r a l s . Longmans, Green, 
and Co., London. 

Eastwood, G. E. P. 1968. Lode m e t a l s o f B r i t i s h C o l u m b i a . 
A n n u a l R e p o r t , B.C. Dept. M i n e s , pp. 225-226. 

E d e l ' s h t e i n , I . I . 1963. P e t r o l o g y and n i c k e l c o n t e n t o f 
u l t r a b a s i c i n t r u s i o n s i n t h e T o b a l - B u r y k t a l a r e a o f 
t h e s o u t h e r n U r a l s . Akad-Nauk S.S.S.R., U r a l ' s k 
F i l i a l , G o r n - G e o l . I n s t . T r . Pervago U r a l ' s k P e t r o g . 
Soveshch, S v e r d l o n s k , 1961, pp. 319-323. 

G o l e s , G. G. 1967. Trace e l e m e n t s i n u l t r a m a f i c r o c k s i n 
U l t r a m a f i c and r e l a t e d r o c k s , ed. by W y l l i e , P. J . 
John W i l e y and Sons, New Y o r k , pp.352-362. 

Greenwood, H. S. 1963. The s y n t h e s i s and s t a b i l i t y o f 
a n t h o p h y l l i t e . J . P e t r o l . , v o l . 4 [ 3 ] , pp. 317-351. 

Hawley, J . E. 1962. The Sudbury o r e s : t h e i r m i n e r a l o g y and 
o r i g i n . Can. M i n e r a l o g i s t , v o l . 7 [ 1 ] , pp. 1-2 07. 

K i l b u r n , L. C , W i l s o n , A. B. D. , Graham, A. R. , Ogura, Y. , 
C o a t s , C. J . A., and S c o a t e s , R. F. J . 1969. N i c k e l 
s u l p h i d e o r e s r e l a t e d t o u l t r a b a s i c i n t r u s i o n s i n 
Canada i n magmatic o r e d e p o s i t s . Econ. G e o l . Mon. 4 , 
pp. 276-293. 

LeCheminant, A. N. 1966. Geology and p e t r o l o g y o f t h r e e 
i n t r u s i o n s o f rhomb p o r p h y r y from t h e Rock Creek a r e a , 
s o u t h c e n t r a l B r i t i s h C o l u m b i a . C a r l e t o n U n i v . , 
unpub. B.Sc. t h e s i s . 

L i t t l e , H. W. 1961. K e t t l e R i v e r (west h a l f ) , B r i t i s h 
C o l u m b i a . G e o l . S u r v . Can. Map 15-1961. 



REFERENCES 

r 

r 

i 

r 
P e a r s o n , R . C . : B o d i e Moun t a i n Q u a d r a n g l e , U . S . G e o l o g i c a l S u r v e y , Map 

GQ-636. 

Umpleby ( 1 9 1 1 ) : O r v i l l N igh thawk Q u a d r a n g l e , U .S . G e o l o g i c a l Su r vey 

p u b ! i c a t i o n . 

Bowrman, E . C . ( 1 9 5 0 ) : H a r v a r d U n i v e r s i t y , P h .D . t h e s i s . 

Enns , S . G . ( 1 9 7 1 ) : O l d N i c k P r o s p e c t : A N i c k e l D e p o s i t i n Sou t he r n 

B r i t i s h C o l u m b i a , M.Sc . t h e s i s , U n i v e r s i t y o f M a n i t o b a . 

F ox and R e i n h a r t ( 1 9 7 2 ) : Okanagan Coun t y , U .S . G e o l o g i c a l Su r vey 

p u b l i c a t i o n . 

Ho f fman , S . J . and C a m p b e l l , G . J . ( 1 9 7 7 ) : Geo chem i ca l and G e o p h y s i c a l 

R e p o r t on t h e B r i d e s v i l l e C l a i m , BM c l a i m s 5 9 0 , DB c l a i m s 591 , owned 

and o p e r a t e d by BP M i n e r a l s L i m i t e d , M i n e r a l Re sou r c e s B r a n c h , 

A s s e s s m e n t R e p o r t 6512 . 

L eChem i nan t , A . N . ( 1 9 6 6 ) : Geo l ogy and P e t r o l o g y o f Th ree I n t r u s i o n s o f 
Rhomb P o r p h y r y f rom t he Rock C reek A r e a , S o u t h - C e n t r a l B r i t i s h 
C o l u m b i a , unpub. B . S c . t h e s i s , C a r l e t o n U n i v e r s i t y . 

P a r k e r , R . L . and C a l k i n s , J . A . ( 1 9 6 4 ) : Geo logy o f t h e C u r l e w Q u a d r a n g l e , 
F e r r y C o u n t y , W a s h i n g t o n , U .S . G e o l o g i c a l S u r v e y , B u l l e t i n 1 1 6 9 . 






