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^W.^. L: O O L O G Y O F THIS r ' U l ^ R I S - T ^ J J ^ l i E , T J . u S - ^ 

liiTROdUCTIOU 
The P o l a r i s - T a k u i.dne i s a gold property s i t u a t e d 

i n the f a r northwestern corner of B r i t i s h Columbia. In a 
s t r a i g h t l i n e i t i s approximately t h i r t y - e i g h t miles n o r t h 
east of Juneau, A l a s k a and s i x m i l e s northwest of Tulsequah, 
B. 0. The I n t e r n a t i o n a l Boundary separating B r i t i s h Columbia 
from ^ l a s k a i s f i v e m i l e s to the west. The mine camp and 
townsite l i e at an e l e v a t i o n of s e v e n t y - f i v e f e e t above sea-
l e v e l i n the v a l l e y of the Tulsequah R i v e r , s i x m i l e s north 
of i t s confluence with the Taku R i v e r . The mine workings, 
c o n s i s t i n g of e i g h t l e v e l s , are opened from four a d i t s at 
e l e v a t i o n s between 135 f e e t and 575 f e e t on the steep, east 
slope of the n o r t h w e s t e r l y t r e n d i n g mountain range forming 
the west side of Tulsequah v a l l e y . 

^CxJjQWIJjiPGi.JaU 'JS 

The w r i t e r i s g r e a t l y indebted to d r . A l e x Smith, 
mine g e o l o g i s t at r o l a r i s - T a k u , f o r making a v a i l a b l e two 
r e p r e s e n t a t i v e s u i t e s of a l t e r e d m a t e r i a l . S p e c i a l thanks 
are due d r . H. 0. Gunning of the U n i v e r s i t y of B r i t i s h 
Columbia f o r advice and guidance given throughout the work. 
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HISTORY 

The f i r s t important i n t e r e s t i n the Taku R i v e r 
d i s t r i c t r e s u l t e d from the di s c o v e r y of two promising z i n c , 
copper, l e a d , g o l d , s i l v e r prospects from 1923 to 1925. One 
of these, the B i g B u l l , l o c a t e d about two m i l e s from 
Tulsequah, was e x t e n s i v e l y prospected and developed by the 
Alaska Juneau Gold Mining Company, while the other, the 
Tulsequah Chief, l o c a t e d along the east bank of the Tulsequah 
R i v e r , approximately nine m i l e s above i t s confluence with 
the Taku R i v e r , was f i r s t prospected by the Alaska Juneau 
Gold, Mining . ompany, and l a t e r e x t e n s i v e l y developed by 
the United Ss-etarn Mining Company. Both these operations 
ceased i n 19z9, 

.929, three men, f r e i g h t i n g up the Tulsequah 
R i v e r to t h - -nited Eastern Mine, discovered the Whitewater 
prop t y ( now known as the P o l a r i s - T a k u . In 1931, the IK A. 
Timm r C o r p o r a t i o n examined the showings and secured an 
opt i o n on the c l a i m s . From subsequent d r i l l i n g and tre n c h i n g 
they reached the c o n c l u s i o n that the vei n s were extremely 
e r r a t i c , l e n t i c u l a r , and r e s t r i c t e d replacements. Consequently, 
the o p t i o n was dropped i n the f a l l of 1932. 

Immediately upon Timmins dropping t h e i r o p t i o n 

the p r o p e r t y was taken over by the Alaska Juneau Gold twining 

Company* In the f a l l of 1934 they r e l i n q u i s h e d t h e i r o p t i o n 

ffoi'old reason t h a t ; 

1. Vein s t r u c t u r e s seemed too complicated and 
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2. Tests i n d i c a t e d a complex m e t a l l u r g i c a l problem 
and poor gold recovery. 

Late i n 1934 an o p t i o n on the property was obtained 
by Edward 0. Gongdon and a s s o c i a t e s , of Imluth, Minnesota. 
Work was s t a r t e d i n May, 1935 and, by February, 1937, 
s u f f i c i e n t ore had been developed to warrant c o n s t r u c t i o n 
of a 150 ton m i l l . Production o f f i c i a l l y s t a r t e d Hovember 
1 s t . , 1937 and was increased i n the summer of 1940 to 225 
tons d a i l y . 

In A p r i l , 1942, because of increased t r a n s p o r t a t i o n 
d i f f i c u l t i e s , labour shortage, and i n a b i l i t y to obtain 
necessary equipment, the Company decided to discontinue 
o p e r a t i o n f o r the d u r a t i o n of the war. 

PHYSICAL FEATURES 
The Taku R i v e r area, l y i n g on the steep, rugged, 

Coast Range mountains, i s one o£ extreme r e l i e f , w ith 
e l e v a t i o n s ranging from s e a - l e v e l to 8500 f e e t . i n t e n s i v e 
g l a c i a t i o n has been the dominant f a c t o r i n the development 
of the physiographic f e a t u r e s . The Taku and Tulsequah 
n i v e r s , which d i s s e c t the area, provide i t s most s t r i k i n g 
f e a t u r e s w i t h t h e i r broad v a l l e y s bounded by steep, sheer 
mountains, numerous t r i b u t a r y streams emanate from U-shaped 
and sometimes hanging v a l l e y s , many of which are f i l l e d w ith 
g l a c i e r s . The m a j o r i t y of the g l a c i e r s are f i n g e r s branching 
from the e x t e n s i v e iwuir Ice Cap l y i n g to the northwest of 

e are of a l p i i 
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i n d i v i d u a l u n i t s . 

Heavy overburden, c o n s i s t i n g of g l a c i a l boulders 
and c l a y , covers the surface of the claims to a depth of 
from two to f i f t e e n f e e t . 

GSflfliUL GEOLOGY 

The o l d e s t rocks on the west side of Tulsequah 
V a l l e y are of P a l e o z o i c age. They d i f f e r g r e a t l y i n c h a r a c t e r 
and i n c l u d e c r y s t a l l i n e limestone, q u a r t z i t e s , s c h i s t s , 
s l a t e s , a r g i l l i t e s , and some v o l c a n i c s . The c r y s t a l l i n e 
limestone, u s u a l l y l i g h t grey i n c o l o u r , occurs almost 
e n t i r e l y i n one group at the top of the s e r i e s . These 
P a l e o z o i c sediments are the most abundant rocks i n the area 
and, as y e t , have not been found favourable f o r m i n e r a l 
i z a t i o n . 

Unconformably o v e r l y i n g the P a l e o z o i c rocks i s a 
s e r i e s of metamorphosed v o l c a n i c s and associated rocks, 
c o n s i s t i n g mainly of p y r o c l a s t i c s which were probably 
o r i g i n a l l y of a n d e 3 i t i c composition. Included as p y r o c l a s t i c s 
are coarse fragmentals and i n t i m a t e l y a s s o c i a t e d , f i n e 
g r a i n e d , w e l l banded t u f f s . S o f t p h y l l i t e , i n t r u s i v e 
serpentine bodies, and minor interbeds of limestone a l s o 
occur. Of mesozoie age, probably T r i a s s i c , t h i s s e r i e s i s 
the host rock f o r the P o l a r i s - T a k u ore-bodies. 

The main g e o l o g i c a l f e a t u r e of the area, as i n 
the o t i k i n e and other b e t t e r known areas to the south, i s 
the Coast Range b a t h o l i t h which, here as elsewhere, occupies 
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the core of the Coast Range. The most common rock types 
vary from g r a n i t e to g r a n o d i o r i t e . D i o r i t e , gabbro, s y e n i t e , 
and rocks of intermediate composition occur l o c a l l y i n 
r e l a t i v e l y s m a l l amounts. The eastern contact of the 
b a t h o l i t h s t r i k e s i n a nor t h - w e s t e r l y d i r e c t i o n across the 
Taku River and appears to f o l l o w t h i s course about f i v e 
m i les to the west of the mine. 

S T R U C T U R E 

The s t r u c t u r e of the rocks i s complex as i s 
f a i r l y w e l l shown by t h e i r d i s t r i b u t i o n as i n d i c a t e d i n 
F i g . 1. In the main the west side of Tulsequah V a l l e y 
conforms to the same side of a s y n c l i n o r i u m which has a 
general plunge to the south. The v o l c a n i c s present, though 
f a i r l y e x t e n s i v e , are more or l e s s i n the form of a s h e l l 
on the v a l l e y w a l l . Owing to the innumerable small and 
complex f o l d s the s h e l l shows a wide range i n t h i c k n e s s ; 
i n s y n c l i n e s i t may be c a r r i e d to a considerable depth, 
whereas over the c r e s t s of a n t i c l i n e s i t may be e n t i r e l y 
absent, as i s the case at the base of Whitewater mountain 
on the eaPt -side, not f a r south of Whitewater Creek. Wilms 
Creek (See F i g , l ) has cut completely through the s h e l l ; 
i t i s not believed that there i s any connecting band between 
the v o l c a n i c s on e i t h e r side of t h i s creeK. There i s thus 
i n d i c a t e d a maximum p o s s i b l e thickness f o r the ^esozoic 
v o l c a n i c s of about twenty-seven thousand f e e t . Over most of 
the area i t i s probably much l e s s than t h i s . 





- 8 -

Because of the i n t e n s i t y of the f o l d i n g , the 
vo l c a n i c s are sheared i n many p l a c e s along minor s t r u c t u r e s , 
owing to the complexity of the s t r u c t u r e and the v a r i a b i l i t y 
of the rocks, the shearing i s very i r r e g u l a r , A wide, w e l l -
sheared zone may s p l i t i n t o many t h i n zones or may vary i n 
almost any way. In the main, the zones are narrow, i r r e g u l a r , 
and d i s c o n t i n u o u s . 

The beds i n the v i c i n i t y of the mine s t r i k e from 
east-west to north f o r t y - f i v e degrees west and dip from 
ninety degrees to s i x t y degrees to the south. In these 
rooks a complex system of f r a c t u r e zones occurs. Roughly 
these zones can be d i v i d e d i n t o two groups; 

1. Those o c c u r r i n g along contacts between 
p y r o c l a s t i c s and l e s s competent p h y l l i t e 
and serpenxine• 

2. Those c u t t i n g the p y r o c l a s t i c s t r a n s v e r s e l y , 
i . e . i n a north-south d i r e c t i o n . 

These zones are of s i m i l a r age and co n t a i n s i m i l a r 
minerals. 

In the mine a s e r i e s of reverse f a u l t s occur 
which s t r i k e g e n e r a l l y about n o r t h ten degrees west, and dip 
s i x t y to t h i r t y - f i v e degrees e a s t . F a u l t i n g i s both p r e -
and p o s t - m i n e r a l and may i n d i c a t e a continuous p e r i o d of 
adjustments which oegan before m i n e r a l i z a t i o n and continued 
after m i n e r a l i z a t i o n had ceased. 



BOOHOklO GEOLOGY 

. r a l Statement 
The P o l a r i s - T a k u ore bodies are probably best 

described as metasomatic replacement zones. This term i s 
applied to p r o p e r l y emphasize the r o l e played by metasomatism 
i n the formation o f these d e p o s i t s . In many cases the 
f i s s u r e s were not opened to any noteworthy extent, but 
only so much as to admit the passage of the mineral-bearing 
f l u i d . The l a t t e r attacked the rock on e i t h e r side of the 
f i s s u r e s , d e p o s i t i n g ores i n the place o f the simultaneously 
d i s s o l v e d r o c k - c o n s t i t u e n t s . The t y p i c a l metasomatic 
replacement zone c o n s i s t s of a network of quartz-carbonate 
v e i n s , s t r i n g e r s , and v e i n l e t s w i t h i n t e r v e n i n g p a r t i a l or 
complete a l t e r a t i o n of the rock formation. 

The main sulphides are a r s e n o p y r i t e , p y r i t e , and, 
with l o c a l l y important exceptions, minor amounts of s t i b n i t e . 
The a r s e n o p y r i t e and p y r i t e o c c u r ^ s o ^ f i ^ e J ^ d J ^ s e m i n a t e d 
t ha t . U _ J j 3 j 5 f t ^ 

between good o r e a n d country r o c K . 

. i l l o f the d e p o s i t s are marked by an a l t e r a t i o n 

of the green v o l c a n i c s to dark grey, l i g h t grey, and, where 

the a l t e r a t i o n has been most i n t e n s e , to cream-coloured 

m a t e r i a l . These a l t e r e d zones may grade i n t o the normal 

v o l c a n i c s or may end a b r u p t l y a g a i n s t them. The zones are 

i r r e g u l a r i n shape and t h e i r s i z e does not u s u a l l y give any 

i n d i c a t i o n as to whether an econ o m i c a l l y important 
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concentration of s u l p h i d e s may be present. Often a l a r g e 
a l t e r e d zone may c o n t a i n p y r i t e as the only s u l p h i d e . A 
good example of t h i s occurs on 6 D r i f t - G L e v e l where the 
gre y i s h zone extends over a width of one hundred f e e t y e t , 
p y r i t e , with very s m a l l amounts of g o l d , i s the only 
m i n e r a l i z a t i o n , kiany zoiies, however, carry s u f f i c i e n t 
concentrations of s u l p h i d e s and a s s o c i a t e d gold to make 
mining q u i t e p r o f i t a b l e . 
- a t e r i a l s of the A l t e r e d Zones 

With a view towards determining more e x a c t l y the 
nature of the m a t e r i a l s comprising the metasomatic 
replacement zones, a number of t h i n s e c t i o n s and correspond
ing hand specimens were s t u d i e d i n d e t a i l . The r e s u l t s of 
t h i s study, as w e l l as some xuethods used i n o b t a i n i n g these 
r e s u l t s , w i l l now be d i s c u s s e d . 
specimens PI - P13 S u i t e taken from f o o t w a l l to hanging 
wa l l (6" i n t e r v a l s ) across 224 D r i f t zone - 300 L e v e l . I t 
i s a north-south zone. 

.-egascopically Specimen PI i s a s o f t , d i r t y green, 

f i n e grained c h l o r i t i c rock showing considerable f o l i a t i o n . 

There occurs throughout the rock a general alignment of 

l e n t i c u l a r patches o f darker green m a t e r i a l . Late o a l c i t e 

s t r i n g e r s t r a v e r s e the rock i n a winding manner. 

Under the microscope t h i s rock i s seen to be 

b o n a t i z e d . In f a c t , at l e a s t s e v e n t y - f i v e per cent 

Jtf the t h i n s e c t i o n c o n s i s t s of very f i n e anhedral g r a i n s o i 
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carbonate. The remaining twenty-five per cent i a mainly 
c h l o r i t i c m a t e r i a l . 

In order to determine the carbonate, a small 
sample of t h i s rock was taken and ground very f i n e . The 
rocK f l o u r was given a c o l d , d i l u t e h y d r o c h l o r i c a c i d 
leach f o r only one minute. A s h o r t , weak leach was 
insurance a g a i n s t decomposing any c h l o r i t e . On f i l t e r i n g 
and t e s t i n g the f i l t r a t e , l a r g e amounts of calcium and 
magnesium and a s l i g h t amount of i r o n were obtained. Thus 

the carbonate i s a f e r r i f e r o u s dolomite. 
The c h l o r i t i c m a t e r i a l occurs as l e n t i c u l a r 

masses of f i n e , slender shreds. I t s mode of o r i g i n i s a 
question. The c o n s t i t u e n t s necessary f o r i t s formation may 
have been deri v e d from the o r i g i n a l rock which, i t i s 
oel i e v e d , was a n d e s i t i c i n composition. Dynamic wetamorphism 
could have a l t e r e d t h i s andesite to a c h l o r i t e s c h i s t . 
C e r t a i n l y the p a r a l l e l arrangement of l e n t i c u l a r patches of 
c h l o r i t e suggests t h i s o r i g i n . I t i s a l s o p o s s i b l e , however, 
that some of i t i s of hydrothermal o r i g i n . 

Under the microscope two d i s t i n c t types of 
c h l o r i t e can be seen. They are very i n t i m a t e l y a s s o c i a t e d . 
In attempting to name these c h l o r i t e s the w r i t e r encountered 
two d i f f i c u l t i e s . The f i r s t was how to i s o l a t e the two 
types i n order to do q u a l i t a t i v e chemical analyses of them. 
i'he second was, a f t e r e s t a o l i s h i n g c e r t a i n c r i t e r i a 

sach type, what to c a l l them. Th< 



C 
decided l a c k of unanimity among recognized petrographers 
p e r t a i n i n g to the naming of the c h l o r i t e minerals and also 
to the number of d i f f e r e n t m i n e r a l s included i n the 
c h l o r i t e group. 

The w r i t e r found that i n g r i n d i n g the rock 
s u f f i c i e n t l y f i n e to unlock the two c h l o r i t e s , i t became 
almost impossible under the microscope to separate enough of 
each to run worth w h i l e q u a l i t a t i v e analyses. A t e s t run on 
the combined m i n e r a l s showed s u b s t a n t i a l l y more magnesium 
and aluminum than i r o n . 

F i n a l l y , use was made of three o p t i c a l p r o p e r t i ? s 
^ to c l a s s i f y these c h l o r i t e s . 

I n t e r f e r e n c e O r i e n t a t i o n of Index of Name 
Colour Cleavage Traces R e f r a c t i o n  

F i r s t - o r d e r white Length Slow 1.55 ^ n t i g o r i t e 
f i r s t - o r d e r grey Length Fast 1.59- C l i n o c h l o r e 

The i n d i c e s of r e f r a c t i o n were obtained by removing the 

cover g l a s s from the t h i n s l i c e , removing a l l the balsam 

tilth x y l e n e , and a p p l y i n g d i r e c t l y to the s l i c e o i l s whose 

i n d i c e s of r e f r a c t i o n were known. The v a r i o u s o i l s were 

l i k e w i s e thoroughly remoTeTljy a p p l y i n g xylene to the s l i c e 

with a p a i n t brush. 

In Specimen PI there a l s o are very s m a l l amounts 

I romite and a few g r a i n s of p y r i t e and magnetite. Ehe 

rs both as anhedral graj 
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This whole s l i d e i s dusted w i t h a white, opaque, 
rphous-looking substance which may be leucoxene. The 

common a s s o c i a t e s o f t h i s a l t e r a t i o n product, i l r a e n i t e and 
sphene, however, are not i n evidence. 

Specimens P2 and P3 are very s i m i l a r m i c r o s c o p i c a l l y 
to P I . A l a t e quartz-carbonate s t r i n g e r i s present i n the 
thi n s e c t i o n P3. The hand Specimen P3 has a l i g h t e r green 
appearance caused p a r t l y by bleaching of the c h l o r i t i c 
m a t e r i a l . I t i s the c h l o r i t e i n these rocks that i s l a r g e l y 
responsiole f o r t h e i r c o l o u r and, by itSmasKing e f f e c t , 
makes a l l the roc k s , d e s p i t e considerable d i f f e r e n c e s i n 
composition, appear very s i m i l a r megascopically. 

Specimen P4 represents a decided change i n the 
m i n e r a l i z a t i o n o f the a l t e r e d zone. The o r i g i n a l l y dark 
green c h l o r i t e has been bleached to a nondescript ?rey c o l o u r . 
i c a , c o l o u r l e s s i n t h i n s e c t i o n , i s developed as f i n e , 

wavy shreds. Very o f t e n i t surrounds corroded c r y s t a l s of 
chromite which are r e l a t i v e l y abundant i n t h i s specimen. In 
many p l a c e s the mica seems to be r e p l a c i n g the chromite. 
This idea i s s u o s t a i i t i a t e d i n the hand specimen where the 
mica has a b r i g h t green c o l o u r , suggesting i t i s a chrome-
doa which ootained i t s chrome from the chromite. On c l o s e r 
examination o f the t h i n s e c t i o n , however, some compl i c a t i o n s 

unple theory. Some chromite oc.. 
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between the chromite and the mica, cannot be proved 

d e f i n i t e l y . 

From Specimen P4. 245 X. 
Chromite surrounded and invaded 

by mica. 
In s p i t e of the b r i g h t green colo u r of the mica J 

land Specimen, i t well might be asked i f there i s I 
proof t h a t any of the mica i s chromiferous. In order to 
prove t h a t some of the mica does c o n t a i n chromium, the 
w r i t e r ground some very f i n e , screened i t , and superpanned 
the minus 200 mesh m a t e r i a l to remove the chromite present, 
i'he product was examined under the U l t r a p a k microscope and 
found to be v e r y pure, itary borax and phosphorous bead 
te s t s were run on t h i s mica but no r e a l l y c o n c l u s i v e r e s u l t s 
were o b t a i n e d . S p e c t r o g r a p h i c t e s t s , however, revealed that 

te amount of chron i 



d i r e c t l y a s s o c i a t e d w i t h the chromite remains a question. 
It would be imp o s s i b l e to scrape some mica from the hand 
Specimen and be sure t h a t i t came from a pla c e i n which not 
even microscopic g r a i n s o f chromite were present. Therefore, 
i t i s probably wise to co n s i d e r the mica as a l i g h t green 
s e r i c i t e where a d e f i n i t e r e l a t i o n s h i p w i t h the chromite i s 
not v i s i b l e . 

P y r i t e i n i r r e g u l a r disseminated grains i s 
r e l a t i v e l y abundant. 

Specimen P5 i s very s i m i l a r to P4 but contains 
l e s s green mica. I t i s approximately e i g h t y - f i v e per cent 
carbonate, t en per cent c h l o r i t e , and f i v e per cent green 
mica, 

P6 i s taken w i t h i n s i x inches of the foo t w a l l 
of the ore zone. I t i s approximately n i n e t y per cent 
carbonate, seven per cent green mica, and three p e r cent 
c h l o r i t e . The m e t a l l i e s , which occupy l e s s than one p e r 
cent of the s e c t i o n , are, i n order of t h e i r abundance, j 
p y r i t e , chromite, a r s e n o p y r i t e , and magnetite. 

Specimen P7 i s i n the f o o t w a l l of the ore zone. 
There are remnants o f w a l l rocK t h a t have been completely 
a l t e r e d to green mica, carbonate, and f i n e g r a nular quartz 
(•03 mm.). The green mica and, to a l e s s e r extent, the 
caroonate are w e l l m i n e r a l i z e d with a r s e n o p y r i t e and p y r i t e . 
'̂h6 c h a r a c t e r o f the l a t e r s o l u t i o n s v a r i e d c o n s i d e r a b l y 

tuartz and dolomite are found reining each other as w e l l 
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as e a r l i e r quartz and dolomite. The l a t e caroonate was 
i d e n t i f i e d as dolomite by s p e c i f i c g r a v i t y t e s t s . The 
l a t e r gangue m i n e r a l s are much more c o a r s e l y c r y s t a l l i n e , 
(quartz = .6 mm., dolomite = .8 mm.) suggesting d e p o s i t i o n 
i n more or l e s s open spaces. A r e l a t i v e l y s m a ll amount of 
arsenopyrite and p y r i t e are found a s s o c i a t e d with the l a t e r 
gangue m i n e r a l s , mostly along f r a c t u r e s i n the dolomite. 

Specimen P 8 i s v e i n m a t e r i a l from the foot w a l l 
of the ore zone. In the hand Specimen there i s hard, dark 
grey a l t e r e d rock separated sharply i n most places from the 
l a t e r , d u l l g r e y i s h - w h i t e quartz-carbonate m a t e r i a l by a 
very t h i n l i n e of s u l p h i d e s . There are a l s o small patches 
of m i n e r a l i z e d w a l l rock i n the l i g h t e r m a t e r i a l . The sulphides 
are i n s u f f i c i e n t c o n c e n t r a t i o n along the boundary of the 
two types of m a t e r i a l to give the aspect i n the hand 
Specimen of a massive, t i n y s t r i n g e r or cement. Close 
examination of these s u l p h i d e s under the microscope, however, 
reveals t h a t they are i n t i m a t e l y a s s o c i a t e d with the small 
amount of mica p r e s e n t . C l e a r l y the a l t e r e d w a l l rock was 
f i r s t m i n e r a l i z e d w i t h a r s e n o p y r i t e and p y r i t e , l a t e r 
quartz-carbonate s o l u t i o n s r e p l a c i n g p r a c t i c a l l y a l l the 
a l t e r e d w a l l rock except t h a t which was c l o s e l y a s s o c i a t e d 
with and p r o t e c t e d by the r a e t a l l i c s . F o l l o w i n g the same 
l i n e of r e a s o n i n g , the w r i t e r b e l i e v e s t h a t where the 
t a e t a l l i o s are not v i s i b l y a s s o c i a t e d w i t h any a l t e r e d w a l l 
rock, the l a t t e r may have been completely replaced as i t 



g t l y has oeen i t : s e c t i o n s f r e e of s u l p h i d e s . 

From Specimen P8. 162 X. 
Sulphides a s s o c i a t e d w i t h mica, 
Replacement quartz on the l e f t . 
Vein quartz on the r i g h t . 

Under the microscope the dark grey m a t e r i a l i s 
o be almost completely s i l i c i f i e d . This replacement 
i s much f i n e r grained (.02 mm.) than the l i g h t e r 

-1 (.7 mm.) which o b v i o u s l y was deposited i n more 
paces. The l a t t e r i s barren of s u l p h i d e s , nere, as i n 

evious Specimen, quartz and caroonate v e i n eao i other 

j.artz and carbonate. 
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one Grossing the o t h e r . The l a r g e c r y s t a l s of quartz 
e x h i b i t wavy e x t i n c t i o n and even the l a t e r carbonates 
are not a l t o g e t h e r f r e e from the e f f e c t s of deformation. 

Specimen P9 i s f a i r l y t y p i c a l of the ore found 
in the l e s s s i l i c i f i e d zones. The rock has been completely 
al t e r e d to a dark grey aggregate c o n s i s t i n g of e i g h t y - f i v e 
per cent d o l o m i t i c carbonate, ten per cent s e r i c i t e , and 
very small q u a n t i t i e s of quartz and leucoxene. I t i s 
m i n e r a l i z e d w i t h a r s e n o p y r i t e and p y r i t e . The m e t a l l i c s , 
which occupy about two per cent of the s e c t i o n are f i n e l y 
disseminated throughout the rock. The a r s e n o p y r i t e i s the 
more abundant, o c c u r i n g as f i n e needle-shaped and diamond-
shaped c r y s t a l s . The p y r i t e occurs as i r r e g u l a r , rounded 
grains , as s k e l e t o n c r y s t a l s , and as massive i r r e g u l a r 
patches. In the P o l a r i s - T a k u ore the average s i z e of the 
p y r i t e g r a i n s i s .15 mm. to .2 mm. while the s i z e of the 
arsen o p y r i t e c r y s t a l s v a r i e s from .03 to .07 mm. In same 
cases the s u l p h i d e s are i n t i m a t e l y a s s o c i a t e d w i t h a l i t t l e 
f i n e g r a n u l a r quartz as w e l l as w i t h the caroonate and 
s e r i c i t e . A p e c u l i a r f e a t u r e o f P9 i s n o t i c e d on 
examining the t h i n s e c t i o n under crossed n i c o l s . Many 
d e f i n i t e l y l a t h-shaped forms occur suggestive of f e l d s p a r . 
Da most cases, whatever was the o r i g i n a l m i n e r a l has been 
-ore or l e s s completely a l t e r e d to s e r i c i t e . 

Specimen P10, on the hanging w a l l of the ore zone, 

is w e l l m i n e r a l i z e d with a r s e n o p y r i t e and, to a l e s s e r 
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extent, with p y r i t e . The sul p h i d e s occupy at l e a s t f i v e per 
cert of the s e c t i o n . The o r i g i n a l m a t e r i a l has been h i g h l y 
caroonatized. S e r i c i t e i s present, sometimes o c c u r r i n g i n 
forms suggestive of the a l t e r a t i o n of l a r g e r i n d i v i d u a l s 
of f e l d s p a r . Late c a l c i t e s t r i n g e r s occur i n which there are 
very few g r a i n s o f m e t a l l i c s . 

Specimens P l l , P12, P13 are t y p i c a l l y greyish 
altered m a t e r i a l showing s l i g h t m i n e r a l i z a t i o n , mainly 
p y r i t e . A l l c o n t a i n over n i n e t y per cent dolomite and 
emphasize the f a c t that a s l i g h t change i n the amount of 
ca r b o n a t i z a t i o n s u f f e r e d by the rock r e s u l t s i n a very 
considerable change i n i t s c o l o u r . 

s t r i n g e r i n P12 i l l u s t r a t e s the changing 
character of the l a t e s o l u t i o n s , A t y p i c a l comb s t r u c t u r e 
i s developed w i t h c a l c i t e , quartz, and c a l c i t e having oeen 
deposited i n that order. Only a very l i t t l e p y r i t e i s 
associated w i t h the l a t e s t r i n g e r s . 
Specimens P14 - P17 S u i t e taken from "unaltered rocks" to 
ore (4" i n t e r v a l s ) across 17 L r i f t - 3 L e v e l . I t i s a n o r t h -
south v e r t i c a l zone. 

Specimen P14 i s f a r l e s s caroonatized than any 

rocK p r e v i o u s l y d e s c r i b e d . E i g h t y per cent of the r o c i i s 

an i n t e r g r o w t h of a n t i g o r i t e and c l i n o c h i o r e ( ? ) • In two 

Places, c l i n o c h i o r e (?) a l s o occurs v e i n i n g the groandmass. 

Carbonate occurs a l l along the middle of one of these 

3linoohlore(?) v e i n l e t s . The r e s t of the roc*, i s made up of 
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te which i s more or l e s s a l t e r e d to negative p e n n i n i t e . 
The l a t t e r was determined mainly on the ba s i s of i t s 
" u l t r a blue" i n t e r f e r e n c e c o l o u r s . The t h i n s e c t i o n shows 

,rp contacts between these b i o t i t e - p e n n i n i t e areas and 
the r e s t of the groundmass, suggesting i n places a b r e c c i a . 

.in, a few s h a r p l y d e f i n e d , rounded areas of s e r i c i t e 
give the impression t h a t they might have r e s u l t e d from the 
complete a l t e r a t i o n o f f e l d s p a r phenocrysts. I r r e g u l a r 
grains (.02 mm.) of quartz and p o s s i b l e f e l d s p a r are 
scattered throughout the groundmass. A few s c a t t e r e d g r a i n s 
of p y r i t e and magnetite and the u b i q u i t o u s leucoxene are 
also present. A number of l a t e c a l c i t e s t r i n g e r s cut the 
rock. 

Specimen P15, only 4inches nearer the ore than 
£14,is an e n t i r e l y d i f f e r e n t rock. I t i s l i g h t coloured 
due to i t s h i g h carbonate content (70^). The c h l o r i t i c 
material, patches o f which are s t i l l v i s i b l e i n the hand 
Specimen, i s now a l i g h t grey c o l o u r . Wavy shreds of l i g h t 
green s e r i c i t e occur throughout the Specimen. Small, 
disseminated g r a i n s o f p y r i t e are r e l a t i v e l y abundant. 

P16 and P17 are s i m i l a r specimens from the ore 
zone. The rock i s much l i k e P15 but i s w e l l m i n e r a l i z e d 
with a r s e n o p y r i t e and p y r i t e . F i n e - g r a i n e d quartz (.02 mm.) 
is a s s o c i a t e d w i t h these s u l p h i d e s . I t i s p l a i n l y e v ident, 

the c o n c e n t r a t i o n o f s u l p h i d e s around the s m a l l q u a r t z -
•bonate f i l l e d f i s s u r e s , t h a t these f i s s u r e s , before the 
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parts and caroonate were deposited, served as the channels 
'or the e a r l y m i n e r a l i z i n g s o l u t i o n s , and, from these 
u v i s , the a r s e n o p y r i t e , p y r i t e , and f i n e - g r a i n e d quartz 

ivaded the a l t e r e d w a l l rock. 

Late s t r i n g e r s , sometimes e x h i b i t i n g comb s t r u c t u r e , 

a c t i c a l l y barren of sulphide m i n e r a l i z a t i o n . In P17, 

a l i t t l e s t i o n i t e v e i n s the l a t e carbonate. 

i t e i s a very small amount of 

.. .vhich may be cinnabar. 

From Specimen P17. 9 X. 
Sulphides on e i t h e r side of l a t e 
quartz-carbonate s t r i n g e r which 
i s barren except f o r a l i t t l e 

s t i b n i t e ( i n c i r c l e ) . 
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deposits. He says, " S e r i c i t i z a t i o n , w i t h or without 
carbonates but always w i t h p y r i t e , i s the p r i n c i p a l process 
of a l t e r a t i o n i n igneous rocks The a l t e r a t i o n of 
the country rock i s u s u a l l y very intense next to the ore 
but seldom y i e l d s c o a r s e l y c r y s t a l l i n e products as i n some 
high-temperature d e p o s i t s . In f e l d s p a t h i c and ferromagnesian 
rocks the p r i n c i p a l product i s s e r i c i t e , the f i n e - g r a i n e d 
f o l i a t e d form of muscovite; i n maẑ r deposits carbonates, 
such as c a l c i t e , dolomite, and a n k e r i t e , develop i n l a r g e 
amounts. The dark m i n e r a l s are f i r s t a l t e r e d , t h e i r i r o n 
being u s u a l l y recombined as p y r i t e . The f e l d s p a r s are a l s o 
rather e a s i l y a l t e r e d ; even quartz g r a i n s are attacked and 
p a r t l y , at l e a s t , converted to an aggregate of s e r i c i t e 
and carbonates." 

Warm aqueous s o l u t i o n s c o n t a i n i n g a r s e n i c , l i m e , 
potassium, carbon d i o x i d e , and hydrogen sulphide would be 
quite competent to e f f e c t the changes noted i n these rocks. 
Lt would seem probable t h a t , i n most cases, the added 
material has more than balanced l o s s e s , 
d e s c r i p t i o n of the Ore Zones. 

As w i l l be remembered from the d e s c r i p t i o n of the 

structure, there are two types of m i n e r a l i z e d f r a c t u r e 

zones, contact and t r a n s v e r s e . 

The l a r g e s t and most p e r s i s t e n t zone developed i s 

of the contact type. I t i s known as "A" zone and g e n e r a l l y 

follows the c o n t a c t between p y r o c l a s t i c s on the foot w a l l 
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and p h y l l i t e on the hanging w a l l . In pl a c e s , however, i t 
diverges e i t h e r i n t o the p h y l l i t e or i n t o the p y r o c l a s t i c s . 
The s t r i k e of "A" zone i s north 55 degrees west and the 
dip i s from 55 degrees south to n e a r l y v e r t i c a l . The zone 
varies from two to t h i r t y - f i v e f e e t i n width and averages 
about ten f e e t . F i v e ore shoots have been stoped along t h i s 
zone. The h o r i z o n t a l d i s t - n c e from the 1A orebody to the 
5A orebody i s approximately one thousand f e e t . The a c t u a l 
zone p e r s i s t s past the 5a orebody but has not been found 
productive. This zone has been e x t e n s i v e l y worked from the 
surface (£lev. s 500 fe e t ) down to the 150 l e v e l (£Lev. = 

- 13 f e e t ) . I t has a l s o been cut on the 450 l e v e l {^lev. z 
- 313 feet) but has not been explored at t h i s depth. 

The shape of "A" zone i s roughly t a b u l a r except 
in one p l a c e . T h i r t y f e e t above B l e v e l the p y r o c l a s t i c s 
on the f o o t w a l l of the 5A oreoody have been e x t e n s i v e l y 
replaced, r e s u l t i n g i n a l a r g e i r r e g u l a r body of ore 
extending v e r t i c a l l y to t h i r t y f e e t above G l e v e l . This 
one orebody y i e l d e d f i f t y thousand tons of ore. 

The ore mi n e r a l s are p r a c t i c a l l y the same 
throughout the h o r i z o n t a l and v e r t i c a l range of 'V zone. 
Arsenopyrite i s the most abundant and i s the main gold 
c a r r i e r . P y r i t e i s next i n abundance but i s not important 
economically. S t i b n i t e , i n very minor q u a n t i t i e s occurs i n 

juartz-carbonate s t r i n g e r s . Small qua 
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Le under oix it L ie PS i . 

ould not be determined by etch r e a c t i o n s . 

"Jote grey mineral v e l n i n g p y r i t e . ( i n c i r c l e ) 

; t i l m i n e r a l 

. -
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to the north of "A" zone. The zones occur s o l e l y i n the 
competent p y r o c l a s t i c s , dying out where they i n t e r s e c t a 
p h y l l i t e band, nowever, not i n f r e q u e n t l y , what appears to 
be a c o n t i n u a t i o n o f the zone i s found on the other side 
of a p h y l l i t e band. S e v e r a l o f the zones have been found 
to branch from "A" zone but none cross i t and continue 
beyond on the hanging w a l l s i d e . 

The l o n g e s t transverse zone develuped i s 
roximately f i v e hundred f e e t l o n g . These zones are 

usually much narrower than the "A" zone. "Y" zone on the 
300 l e v e l , however, reached a width o f over twenty f e e t . 

18 2one and 23 Zone are two of the r i c h e r 
transverse zones which have been mined r i g h t to the over
burden. They va r y from s i x f e e t to s i x inches i n width, 
mithin the upper one hundred f e e t of these zones s t i b n i t e i s 
by f a r the most abundant ore m i n e r a l , m places arsenopyrite 
and p y r i t e are p r a c t i c a l l y absent. This s t i b n i t e has run 
from s i x to f i f t e e n times as much i n gold as the average 
ore from "V 1 zone. I n s p i t e of t h i s no gold was seen i n 
even the r i c h e s t p o l i s h e d s e c t i o n s of s t i b n i t e from t h i s 
zone, i n s i x s e c t i o n s examined only two small pieces of gold 
»ere found and they were i n q u a r t z , not s t i b n i t e . Extremely 
a-.all q u a n t i t i e s o f a grey m i n e r a l were seen i n two of the 
polished s t i b n i t e s e c t i o n s . Upon t e s t i n g t h i s m i n e r a l the 
following c h a r a c t e r i s t i c s were noted. 
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Colour - Grey 
Hardness - C to D 
Grossed n i e o l s - I s o t r o p i c 
Steh t e s t s 

HxJOg - Fumes t a r n i s h 

KC1, KON, FeCXg, XQH, HgClg - Negative 
S p e c t r o g r a p h s a n a l y s i s of the s t i b n i t e showed 

medium to weak copper and s i l v e r l i n e s . The evidence thus 
suggests t h a t t h i s m i n e r a l might be t e t r a h e d r i t e . 

a r s e n o p y r i t e and S t i b n i t e , 1-23 Stope. 165 X. 

The v e r t i c a l range of t h i s type of ore zone i s 

mi. nowever, as a t y p i c a l t r a n s v e r s e zone i s small 

i] m "A" zone, i t seems rea--onal 

.. be s m a l l e r than "V 
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The r o l a r i s - T a * u mine l i e s w i t h i n the eastern 
contact-belt of the Ooast iiange b a t h o l i t h . The s o l u t i o n s 
responsible f o r t h i s d e p o s i t may have been g e n e t i c a l l y 
connected e i t h e r w i t h the b a t h o i i t h i c i n t r u s i o n or with 
sons l a t e r , deeper-seated, igneous source. The Paleozoic 
sediments were apparently unfavourable f o r replacement 
by the m i n e r a l i z i n g s o l u t i o n s which deposited ores i n the 
-esozoic v o l c a n i c s . These s o l u t i o n s showed a considerable 
range of composition over a p e r i o d of time. The f o l l o w i n g 
sequence of events i s suggested f o r the emplacement of the 
oreooiies: 

1. dynamic metamorphism, r e s u l t i n g i n shearing and 
a l t e r a t i o n o f the o r i g i n a l r o c * to one high i n c h l o r i t e 

2. P e n e t r a t i o n a l o n g narrow f i s s u r e s of the r o c * by wax* 
aqueous s o l u t i o n s , r e s u l t i n g i n a l t e r a t i o n of the w a l l 
rock to an aggregate of c h l o r i t e and dolomite• 

3. Further c a r ' o o n a t i z a t i o n ; bleaching of the c h l o r i t e ; 

ievelopment of greenish s e r i c i t e (chromiferous in p^-oe 

pyrite, and some f i n e - g r a i n e d quartz. 

. Replacement of the a l t e r e d w a l l r o c * by abundant 

— , • ̂ T R..-4 t o o>,d Rome f i n e - g r a i n e d l u a r t z . 
— enopynte, p y r i t e , ana a^~e D 
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