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ABSTRACT 

A s u i t e of ore from the Maid of E r i n 
c l a i m , s i t u a t e d i n the A t l i n Mining d i v i s i o n , 
was studied megascopically and m i c r o s c o p i c a l l y . 
The ore minerals were i d e n t i f i e d and t h e i r para 
genesis discovered. 

The deposit i s a replacement body i n 
skarn lenses i n limestone. 

The important ore minerals are hypo-
gene i n o r i g i n . 

Minor minerals i n c l u d e d l i n n a e i t e and 
w i t t i c h e n i t e . 



INTRODUCTION 
Purpose 

a) To i d e n t i f y the minerals present i n the 
Maid of E r i n s u i t e of ore. 

b) To determine the paragenesis of the ore 
minerals. 

c) To determine the occurrence of s i l v e r which 
assays from f o r t y to s i x t y ounces per ton. 

d) To study the nature of the c h a l c o c i t e 
( i . e . ) supergene vs. hypogene. 

L o c a t i o n and A c c e s s i b i l i t y 
The Maid of E r i n c l a i m i s i n the Squaw Creek-

Rainy Hollow area of the A t l i n Mining D i v i s i o n . 
The c l a i m l i e s on the south-western slope of Min

e r a l Mountain; l a t i t u d e 50°34* and longitude 136°36f 1 . 
The Haines Road which connects Haines on the 

Chi l k o o t I n l e t w i t h the Alaska Highway runs through the cen
t r a l p art of the Squaw Creek-Rainy Hollow Area. An o l d 
t r a c t o r road 3 1/2 miles long connects the Maid of E r i n 
Claim w i t h a marked h a i r p i n t u r n i n the Haines Road along 
Inspector Creek. 

Acknowledgements 
The w r i t e r wishes to acknowledge the h e l p f u l 

a s s i s t a n c e and guidance of Dr. R.M. Thompson, Professor of 
1 Refer to the Squaw Creek-Rainy Hollow map that ac

companies B u l l e t i n 25, B.C. Department of Mines. 



2. 

a, 

Minerology at the U n i v e r s i t y of B r i t i s h Columbia. An x-ray 
powder photograph taken by Dr. Thompson was u l t i m a t e l y used 
to i d e n t i f y l i n n a e i t e . 

B u l l e t i n No. 25 of the B.C. Department of Mines 
(1948) w r i t t e n by Dr. K. DeP. Watson on "The Squaw Creek-Rainy 
Hollow Area" was used e x t e n s i v e l y i n the f i r s t s e c tions of 
t h i s r e p o r t . S p e c i f i c a l l y the sections on l o c a t i o n , a c c e s s i 
b i l i t y and geology are l a r g e l y a synopsis of t h i s b u l l e t i n . 

Geology 2 
In the area immediate to the Maid of E r i n c l a i m 

Permo-Carboniferous sediments are cut by Mesozoic g r a n i t i c 
i n t r u s i v e s . The sedimentary rocks c o n s i s t of q u a r t z i t e s , 
marbles, and a r g i l l i t e s . Part of a quartz d i o r i t e b a t h o l i t h 
l i e s c lose to the c l a i m as do two small bodies of d i o r i t e and 
gabbro. 

The general s t r u c t u r e on Mineral Mountain sug
gests a northward plunging s y n c l i n e w i t h a g e n t l y dipping 
western limb and a ste e p l y dipping eastern limb. Some f a u l t s 
and minor f o l d s cut t h i s s t r u c t u r e . 

Skarn replacement bodies occur l o c a l l y i n the 
marble. I t should be noted that these skarn bodies are not 
along the contact between the marble and the g r a n i t i c body, 
but r a t h e r they l i e v/here the marble i s i n contact w i t h 
a r g i l l i t e , q u a r t z i t e , s c h i s t or gneiss. A p e r i o d of min e r a l 
i z a t i o n subsequent to the formation cf the skarn formed f a i r l y 
2 Watson, K. Dep., "The Squaw Creek-Rainy Hollow ̂ r e a 

(Northern B r i t i s h Columbia) - B u l l e t i n No. 25 - B.C. 
Dept. of Mines, p. 40-44, (1948) 
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massive sulphide bodies i n the skarn l e n s e s . 
Thus, the s u i t e of ore from the Maid of E r i n 

c l a i m represents f a i r l y massive replacement bodies i n skarn 
which forms lenses i n Permo-Carboniferous limestone. 
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MEGASCOPIC MINERALIZATION 
The ore minerals are u s u a l l y massive but i n places 

they appear disseminated. The granular nature of the gangue 
has allowed the ore minerals access to the i n t e r - g r a i n areas. 
In places a replacement of the gangue by the more minerals i s 
i n d i c a t e d . 

The f o l l o w i n g m i n e r a l s , which are l i s t e d below i n 
apparent decreasing order of abundance, were noted i n the hand 
specimens. 

1. B o r n i t e 
2. S p h a l e r i t e 
3. Malachite 
4. C h a l c o c i t e 
5. C h a l c o p y r i t e 

Garnet i s an important gangue mineral. The maj
o r i t y of garnets are brownish i n c o l o u r ; however a c l e a r lemon-
ye l l o w v a r i e t y was seen. C a l c i t e i n minor amounts was observ
ed f o l l o w i n g small v e i n l e t s . 

The b o r n i t e and c h a l c o c i t e are so intermixed that 
i t i s d i f f i c u l t to separate these two minerals i n the hand 
specimen. 

The s p h a l e r i t e i s dark i n c o l o r and i s d i s t i n c t l y 
c r y s t a l l i n e i n character. I t appears at times to cut through 
the b o r n i t e - c h a l c o c i t e i n v e i n f a s h i o n . 

Only minute blebs of c h a l c o p y r i t e were noted sca
t t e r e d throughout the b o r n i t e - c h a l c o c i t e masses. 

The malachite shows the same intimate r e l a t i o n s h i p 
w i t h the gangue as does the b o r n i t e and c h a l c o c i t e . 
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MICROSCOPIC MINERALIZATION 

The f o l l o w i n g minerals were found i n s i x p o l i s h e d 
s e c t i o n s made from the Maid of E r i n s u i t e . 

1. Bornite 
2. Cha l c o c i t e 
3. S p h a l e r i t e 
4. Chal c o p y r i t e 
5. Magnetite 
6. W i t t i c h e n i t e 
7. L i n n a e i t e 
8. Malachite 
9. C o v e l l i t e 

B o r n i t e Cu5PeS4 

The d i a g n o s t i c p i n k i s h - b u f f c o l o r of b o r n i t e made 
i d e n t i f i c a t i o n of t h i s mineral r e l a t i v e l y easy. The b o r n i t e i s 
massive i n character though here and there throughout the sec
t i o n , e s p e c i a l l y where o x i d i z e d , f i n e minute f i s s u r e s run through 
i t . These f i s s u r e s have sometimes served as channels through 
which carbonated waters have p e r c o l a t e d and thereby a l t e r e d 
the b o r n i t e to malachite. 

The b o r n i t e shows anomalous ani s t r o p i s m i n some 
places under c r o s s e d - n i c o l s . 

Another i n t e r e s t i n g behaviour of the b o r n i t e i s 
that i t shows d i f f e r e n t c o l o r s when etched by KCN. Normally 
t h i s reagent etches the b o r n i t e a pale tan c o l o r but where 
the b o r n i t e i s intergrown w i t h c h a l c o c i t e i t etches purple 



to b lue. A higher content of d i s s o l v e d c o v e l l i t e (CuS) i n 
the b o r n i t e - c h a l c o c i t e might account f o r t h i s e t c h c o l o r an-
omally. This might also serve as an explanation f o r the anom
alous a n i s t r o p i s m of the b o r n i t e . 

C h a l c o c i t e CU2S 

C h a l c o c i t e was i d e n t i f i e d by i t s l i g h t blue-gray 
c o l o r , i t s "B" hardness, and i t s d i a g n o s t i c etch r e a c t i o n s . 
This mineral was massive i n character and showed numerous 
graphic and sub-graphic textures where intergrown w i t h b o r n i t e 
These s t r u c t u r e s w i l l be discussed i n a l a t e r s e c t i o n . 

The c h a l c o c i t e showed only weak anisotropism and 
some appeared to be i s o t r o p i c . The w r i t e r found i t qui t e 
d i f f i c u l t to coire to a con c l u s i o n regarding t h i s mineral's be
haviour under c r o s s e d - n i c o l s . 

The c o l o r of the c h a l c o c i t e d i f f e r e d throughout 
the s e c t i o n s . Sometimes a q u i t e b l u i s h tinge was observed. 
This was noted p a r t i c u l a r l y i n areas where only c h a l c o c i t e 
covered the microscopic f i e l d . Where b o r n i t e was observed on 
the f i e l d along w i t h the c h a l c o c i t e the c h a l c o c i t e appeared 
q u i t e s i l v e r - g r e y i n c o l o r . This phenomena p o s s i b l y was 
caused by the w r i t e r ' s i n a b i l i t y to observe the c o l o r of the 
mineral i n i t s own r i g h t but r a t h e r unconsciously judged the 
mineral c o l o r by comparison. In t h i s case the c h a l c o c i t e 
might look s i l v e r y - w h i t e when compared w i t h the p i n k i s h - b u f f 
c o l o r of b o r n i t e w h i l e , when i t was viewed beside gangue, i t 
would appear to have a b l u i s h t i n g e . 
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In s p i t e of these d i f f i c u l t i e s , i t i s f e l t that 
w i t h i n some of the massive c h a l c o c i t e there i s "blue" chalco
c i t e ( d i g e n i t e ) i n very minor amounts. The behaviour beneath 
c r o s s e d - n i c o l s adds some weight to t h i s c o nclusion. 

The c h a l c o c i t e shows an e x c e l l e n t etch cleavage 
a f t e r KCN reagent i s l e f t on the surface f o r a short time. 
The p a t t e r n thus produced showed r e l a t i v e l y l a r g e rectangles 
which were p a r a l l e l to s u b - p a r a l l e l i n o r i e n t a t i o n . Some 
t r i a n g u l a r forms were a l s o noted. Stephens has observed 
that supergene c h a l c o c i t e gives a granular etch p a t t e r n i n 
which there Is no o r i e n t a t i o n but r a t h e r a confused mass of 
etch l i n e s . 

Thus the c h a l c o c i t e observed i s considered hypo-
gene. This i s based upon the f o l l o w i n g : 

- presence of what appears to be small amounts 
of d i g e n i t e . 

- coarse grained rectangular and t r i a n g u l a r etch 
patterns produced by KCN. 

W i t t i c h e n i t e 3 C u 2 * B i 2 S 3 

This mineral i s r e l a t i v e l y hard to see because i t 
not only s u p e r f i c i a l l y looks l i k e c h a l c o c i t e but also i t shows 
the same intergrowth r e l a t i o n w i t h the b o r n i t e as does the 
c h a l c o c i t e . There i s , however, a s l i g h t c o l o r d i f f e r e n c e be
tween w i t t i c h e n i t e and c h a l c o c i t e . While the c h a l c o c i t e i s 
b l u i s h - g r a y the w i t t i c h e n i t e is bu f f to pink grayish-white. 
3 Stephens, M.M., "The I d e n t i f i c a t i o n of Types of Chalco

c i t e by Use of the Carbon Arc" , Econ. Geol, 30: pp. 
604-629 (1935). 
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The f o l l o w i n g etch r e a c t i o n s were obtained: 
HgClg - negative 
KOH - negative 
KCN - negative 
HC1 - negative 
P e C l 3 - brownistjfetain ( d i f f i c u l t to obtain) 
HNOg - i r r i d e s c e n t s t a i n 

Comparison w i t h a standard w i t t i c h e n i t e s e c t i o n 
was u l t i m a t e l y used f o r i d e n t i f i c a t i o n . 

This mineral i s found throughout the c h a l c o c i t e . 
A r e l a t i v e l y l a r g e area of pure w i t t i c h e n i t e can be seen 
on s e c t i o n s i x . 

S p h a l e r i t e ZnS 

The s p h a l e r i t e i n t h i s ore shows l i t t l e i n t e r n a l 
r e f l e c t i o n . As was observed megascopically t h i s i s the dark 
v a r i e t y of s p h a l e r i t e w i t h a hig h i r o n content. The c o l o r 
under v e r t i c a l l y r e f l e c t e d l i g h t i s dark gray. 

The f o l l o w i n g etch t e s t s were observed: 

HgClg - negative 
KOH - negative 
KCN - negative 
HC1 - negative 
P e C l 3 - negative 
HN0 3 - negative (sometimes slow e f f e r v e s 

cence ) 
Aqua riegia - s t a i n s brown 
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These t e s t s plus the hardness of nC t ! and some i n 
t e r n a l r e f l e c t i o n l e n d to the i d e n t i f i c a t i o n of s p h a l e r i t e . 

S p h a l e r i t e can be seen surrounding subhedral 
grains of c h a l c o p y r i t e and c u t t i n g through the b o r n i t e - c h a l 
c o c i t e bodies w i t h t h e i r a s s o c i a t e d minerals. I t i n t i m a t e l y 
surrounds the skarn minerals. 

Magnetite Fe^O^ 

The negativeness of the etch r e a c t i o n s (except 
f o r the y e l l o w i s h tinge that comes to Aqua rtegia) p l u s the 
bending of the surface beneath the needle and the magnetic 
p r o p e r t i e s of small p a r t i c l e s l e d to the I d e n t i f i c a t i o n of 
t h i s m i n e r a l . 

In appearance magnetite resembles s p h a l e r i t e 
but has a somewhat higher r e l i e f and a smoother surface. 

Magnetite appears i n places to replace the skarn 
and shows intimate r e l a t i o n s w i t h i t . 

L i n n a e i t e C 0 3 S 4 

This mineral i s p i n k e r i n c o l o r than the w i t t i 
chenite and shows a h i g h r e l i e f . I t i s s c a t t e r e d throughout 
the sections always showing diamond shapes and i s u s u a l l y 
attached to the gangue along one of i t s edges. This sugg
ests that p a r t s of the gangue may have acted as centres f o r 
the c r y s t a l l i z a t i o n of the l i n n a e i t e . 

The f o l l o w i n g etch r e a c t i o n s were obtained: 
HgClg - i r r i d e s c e n t c o a t i n g 
KOH - negative 
KCN - negative 



10 

HC1 - negative 
F e C l 3 - negative 
HN0 3 - s l i g h t t a r n i s h (obtained w i t h d i f f i c 

u l t y ) . 
These t e s t s narrowed the diagnosis to four n i c k e l 

and co b a l t s u l p h i d e r m i n e r a l s . These were c a r r o l l i t e 
( (Co,Cu) 3 S 4 ) , l i n n a e i t e ( C 0 3 S 4 ) , polydymite ( N i 3 S 4 ) and 
s i e g e n i t e ( ( N i , C o ) 3 S 4 ) . 

Quite n a t u r a l l y i t was assumed that the copper 
bearin g mineral of t h i s group, namely c a r r o l l i t e , would be 
the f i n a l answer. However, an x-ray powder photograph made 
by Dr. R.M.Thompson showed the mineral to be l i n n a e i t e . 

Noting the great abundance of copper i n the s u i t e 
and a l s o the almost i d e n t i c a l c r y s t a l s t r u c t u r e of c a r r o l l i t e 
and l i n n a e i t e as seen from x-ray powder photographs, i t was 
assumed that the per i o d of m i n e r a l i z a t i o n that emplaced the 
l i n n a e i t e must have been d i s t i n c t from the one that brought 
i n the copper minerals. R e l a t i o n s h i p s observed on the p o l i s h 
ed s e c t i o n proved t h i s to be true - see diagram I . 

Secondary Minerals 
C o v e l l i t e and malachite were seen r e p l a c i n g out 

from small f r a c t u r e s i n the b o r n i t e - c h a l c o c i t e - see diagram 
I I . 



Diagram I 

0.32 mm 

L i n n a e i t e 

B o r n i t e 

C h a l c o c i t e 

G-angue 

Note: subhedral form of l i n n a e i t e 
s i z e of l a r g e s t l i n n a e i t e c r y s t a l 0.1 mm 

Paragenesis; 
1. Gangue 
?. L i n n a e i t e 
3« B o r n i t e , c h a l c o c i t e 
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PARAGENESIS 
Bornite - C h a l c o c i t e R e l a t i o n s 

Before proceeding w i t h a d i s c u s s i o n of the b o r n i t e -
c h a l c o c i t e r e l a t i o n s i t i s w e l l to consider the state of know
ledge that e x i s t s among the m i n e r a l o g i s t s . To be b r i e f , a 
great variance of opinion i s e x h i b i t e d i n the w r i t i n g s about 
the i n t e r p r e t a t i o n of b o r n i t e - c h a l c o c i t e t e x t u r e s . At t h i s 
p o i n t , the w r i t e r would l i k e to quote two passages w r i t t e n 

4 
i n "Economic Geology" by G.M. Schwartz. 

" ... much controversey has r i s e n regarding 
the o r i g i n and i n t e r p r e t a t i o n that i t can
not be used w i t h confidence as a c r i t e r i o n 
f o r any p a r t i c u l a r o r i g i n . " 
The problem of i n t e r p r e t a t i o n i s not only 
complicated by s i m i l a r textures forming 
i n d i f f e r e n t ways but by t h ^ f a c t that more 
than one generation of each mineral may 
be present i n a specimen or even w i t h i n 
a s i n g l e f i e l d of the microscope." 

Therefore, these ideas set f o r t h below give only 
an i n t e r p r e t a t i o n of the textures based upon the one hypo
t h e s i s of o r i g i n , e x - s o l u t i o n . This ire ans that the w r i t e r 
considers contemporaneous d e p o s i t i o n of b o r n i t e and chalco
c i t e to be the most probable. However, some r e l a t i o n s h i p s 
seen i n these sections would be used as arguments f o r r e p l a c e 
ment. 

Diagram I I shows p a r a l l e l spindles of c h a l c o c i t e 
i n b o r n i t e o r i e n t e d i n two d i r e c t i o n s . This type of texture 
i s considered good evidence f o r e x - s o l u t i o n which i s t a k i n g 
4 Schwartz, G.M., " S i g n i f i c a n c e of B o r n i t e - C h a l c o c i t e 

M i c r o t e x t u r e s " , Econ. Geol., 34, pp. 417-419, (1939). 



Section 5 ( o x i d i z e d ) Diagram I I 

C h a l c o p y r i t e 
B o r n i t e 

i C h a l c o c i t e 
Malachite 
Gangue 

• • p i t s 

Shows e x s o l u t i o n of c h a l c o p y r i t e , chalco
c i t e and b o r n i t e with secondary malachite r e p l a c i n g out 
from a f i s s u r e . Note alinement of c h a l c o c i t e v e i n l e t s . 
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place along the cleavages of the b o r n i t e . Thus the chalco
c i t e i s primary, being deposited d i r e c t l y from ascending 
s o l u t i o n s above the e u t e c t o i d temperature of the b o r n i t e -
c h a l c o c i t e system as a s o l i d s o l u t i o n with the b o r n i t e . 

The s p i n d l e s become i n c r e a s i n g l y numerous so 
that one may see them grading i n t o sub-graphic and graphic 
t e x t u r e s . Some of the textures are so f i n e that they are 
p r a c t i c a l l y sub-microscopic. 

In areas where l a r g e masses of c h a l c o c i t e and 
b o r n i t e are v i s i b l e c o n f l i c i t i n g age r e l a t i o n s h i p s are ob
served i f one i s using the replacement theory of o r i g i n . 

The o v e r a l l p i c t u r e of the r e l a t i o n s h i p s between 
b o r n i t e - c h a l c o c i t e i n d i c a t e s contemporaneous d e p o s i t i o n 
and e x - s o l u t i o n of these two minerals. 

Minerals Contemporaneous w l t h b o r n i t e - c h a l c o c i t e 

W i t t i c h e n i t e and c h a l c o p y r i t e are both considered 
contemporaneous w i t h the b o r n i t e - c h a l c o c i t e system. 

Diagram I I shows blebs of c h a l c o p y r i t e i n b o r n i t e 
associated w i t h c h a l c o c i t e . These blebs are s u b - p a r a l l e l 
with the c h a l c o c i t e s p i n d l e s . Some c h a l c o p y r i t e appears to 
be l a t e r than the b o r n i t e - c h a l c o c i t e because I t i s seen i n 
veins r e p l a c i n g the b o r n i t e . 

The w i t t i c h e n i t e shows the same r e l a t i o n s h i p s 
and textures to the b o r n i t e as does the c h a l c o c i t e . Gaudin 
and Gunther 5 i n experimenting w i t h the Copper-Bismuth-Sulphur 
5 Gauding, A.M. and Dicke Gunther, "The Pyrosynthesis, 

Microscopic study and I r r i d e s c e n t f i l m i n g of Sulphide 
compounds of Copper w i t h A r s e n i c , Antimony and Bismuth," 
Econ. Geol., 34, 45-81 and 214-232 (1939). 



Diagram I I I 
0.1 mm 

s e c t i o n 4 

S p h a l e r i t e 

B o r n i t e 

C h a l c o c i t e 

G-angu e 

S p h a l e r i t e r e p l a c i n g b o r n i t e and 
c h a l c o c i t e . Minute c r y s t a l s of c h a l c o p y r i t e 
i n the s p h a l e r i t e (not shown). 



13. 

System rioted a considerable tendency f o r w i t t i c h e n i t e to form 
s o l i d s o l u t i o n s and that c h a l c o c i t e was capable of d i s s o l v i n g 
l a r g e q u a n t i t i e s of bismuth. 

R e l a t i o n s h i p s i n d i c a t e that as the b o r n i t e cooled 
the c h a l c o c i t e w i t h w i t t i c h e n i t e i n i t i n s o l i d s o l u t i o n ex-
solved from the system. Then, on f u r t h e r c o o l i n g the w i t t i 
chenite came out of the c h a l c o c i t e . 

However, i t i s c e r t a i n that b o r n i t e , c h a l c o c i t e , 
w i t t i c h e n i t e and most of the c h a l c o p y r i t e are a l l contempor
aneous. 

Minerals e a r l i e r than the b o r n i t e - c h a l c o c i t e 
Minerals i n t h i s group are magnetite and l i n n 

a e i t e . No d i r e c t r e l a t i o n s h i p was observed between these 
two. 

L i n n a e i t e - see diagram I - shows i t s c r y s t a l 
form and i s u s u a l l y seen surrounded by c h a l c o c i t e . Some was 
observed i n s e c t i o n f o u r surrounded by s p h a l e r i t e . Thus, 
l i n n a e i t e i s older than the b o r n i t e - c h a l c o c i t e et a l and the 
s p h a l e r i t e . 

The magnetite i s very c l o s e l y a s s o c i a t e d w i t h 
the gangue and i n places i t appears to replace the gangue. 

Minerals subsequent to B o r n i t e - C h a l c o c i t e 
S p h a l e r i t e i s seen c u t t i n g through the other 

minerals both megascopically and m i c r o s c o p i c a l l y . Diagram 
I I I shows the r e l a t i o n s h i p between b o r n i t e - c h a l c o c i t e and 
s p h a l e r i t e . 



14. 

Secondary malachite can be seen r e p l a c i n g b o r n i t e 
i n diagram I I . C o v e l l i t e i s a l s o present as a secondary min
e r a l . 

Conclusion 
The f o l l o w i n g i s a summarized l i s t of the order of 

d e p o s i t i o n : 

1st generation 
Magnetite 
L i n n a e i t e 

2nd generation 
B o r n i t e , c h a l c o c i t e , w i t t i c h 

e n i t e , c h a l c o p y r i t e 
C h a l c o p y r i t e (some c a r r i e d on) 

3rd generation 

4th generation 

S p h a l e r i t e 

C o v e l l i t e , malachite 

NOTE: No s i l v e r minerals were observed i n the s i x 
p o l i s h e d sections s t u d i e d . 



T y p i c a l of the c o n f l i c t i n g r e l a t i o n 
ships between w i t t i c h e n i t e , c h a l c o c i t e , and 
b o r n i t e . R e l a t i o n s h i p s such that contemp
oraneous d e p o s i t i o n i s i n d i c a t e d . 

Note - s t r a i g h t l i n e contact between 
w i t t i c h e n i t e and c h a l c o c i t e i n N.W. quadrant. 



s e c t i o n 6 

0.1 mm 
Diagram V 

Bor n i t e 

W i t t i c h e n i t e 

C h a l c o c i t e 

G-angue 

Another example wherein the r e l a t i o n 
ships i n d i c a t e contemporaneous d e p o s i t i o n of 
w i t t i c h e n i t e , c h a l c o c i t e and b o r n i t e . 
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