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INTRODUCTION 

During a p r e v i o u s i n v e s t i g a t i o n o f t i n - b e a r i n g skarns i n the v i c i n i t y 

of Ash Mountain, the w r i t e r c o l l e c t e d a p i e c e of f l o a t of an unusual 

t e x t u r e . The rock was l a t e r stabbed, s t u d i e d p e t r o g r a p h i c a l l y , 

and c h e m i c a l l y a n a l y z e d . The a n a l y s i s r e t u r n e d v a l u e s of 6.88% F 

and 0.082% Sn. The t e x t u r e o f the r o c k , t h a t of f i n e , c o n v o l u t e 

bands which a l t e r n a t e m i n e r a l o g i c a l l y between magnetite, s i l i c a t e 

m i n e r a l s , (pyroxene, v e s u v i a n i t e , garnet) and f l u o r i t e , i s i d e n t i c a l 

to a rock named, f o r i t s t e x t u r e , " w r i g g l i t e " i n A u s t r a l i a . These, 

s i m i l a r r o c k s h o s t low grade d e p o s i t s o f t i n , f l u o r i n e , and b e r y l l i u m . 

The l a r g e s t of the A u s t r a l i a n d e p o s i t s i s the Moina p r o s p e c t which 

hosts 30 M tons of 16 - 18% F, 0.1.5% Sn, and 0.1% W0 3» A r o c k of 

i d e n t i c a l t e x t u r e o c c u r s a t the L o s t R i v e r d e p o s i t , A l a s k a , and 

c o n t a i n s 0.27% Sn, 0.004% W0 3 and 15.6% F. T h i s i s the f i r s t 

o c c u r r e n c e r e c o g n i z e d i n Canada. 

During the p e r i o d of August 7 - 9 , the area was a g a i n v i s i t e d t o 

determine: (a) i f the r o c k - t y p e cropped-out and c o u l d be measured; 

(b) i f the " w r i g g l i t e " c o u l d be used as an e x p l o r a t i o n guide towards 

l a r g e r , g r a n i t e - h o s t e d 'lode' t i n d e p o s i t i o n . 

The r e s u l t s o f the p r o j e c t have shown t h a t metasomatic r o c k s w i t h i n 

the thermal a u r e o l e o f the g r a n i t i c i n t r u s i o n c o n t a i n up t o 5,565 ppm 

Sn. G r a n i t i c r o c k s i n c o n t a c t w i t h the metasomatic r o c k s , however, 
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c o n t a i n a maximum o f 39 ppm Sn (one sample) and average l e s s than 

5 ppm Sn where exposed, and where sampled. 

GEOLOGIC SETTING  

General Statement 

In the Ash Mountain area, Cretaceous-age b a t h o l i t h s (the P a r a l l e l 

Creek and Tuya b a t h o l i t h s ) , o f q u a r t z monzonite to g r a n i t e composi

t i o n , i n t r u d e a sequence o f C a r b o n i f e r o u s - a g e sediments and meta-

sediments (the O b l i q u e Creek F o r m a t i o n ) . In the v i c i n i t y o f the 

c o n t a c t s , carbonate r o c k s have been l o c a l l y a l t e r e d t o skarn r o c k s 

which can c o n t a i n minor amounts o f tungsten and t i n . 

I n t r u s i v e Rocks 

The P a r a l l e l Creek B a t h o l i t h i s comprised of b i o t i t e g r a n i t e and 

q u a r t z monzonite, even and medium g r a i n e d and l o c a l l y c o a r s e l y mega-

c r y s t a l l i n e . These ro c k s weather a d i s t i n c t i v e yellowish-brown 

c o l o u r , s i m i l a r t o the t i n - h o s t i n g S e a g u l l b a t h o l i t h t o the n o r t h . 

A c c o r d i n g t o G a b r i e l s e (1968), p l a g i o c l a s e c o m p o s i t i o n v a r i e s from 

A ^ Q t o A n^ Q . A p a l i t e , magnetite, and z i r c o n are p r e s e n t as a c c e s 

s o r y m i n e r a l s . 

C o n t a c t s w i t h the O b l i q u e Creek Formation are v e r t i c a l where observed. 

G r a n i t i c r o c k s are not h e a v i l y f r a c t u r e d nor j o i n t e d . In the 

v i c i n i t y o f c r o s s - c u t t i n g , h i g h - a n g l e f a u l t s i n the v i c i n i t y o f 

Ash Mountain, however, minor s e r i c i t i c a l t e r a t i o n was observed. 

No t r u e g r e i s s e n a l t e r a t i o n was observed. 
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At Ash Mountain, the g r a n i t i c r o c k s have generated s m a l l skarn zones 

a t t h e i r c o n t a c t w i t h carbonate u n i t s w i t h i n the O b l i q u e Creek Forma

t i o n . A t the c o n t a c t of the g r a n i t e w i t h the skarn, the i n t r u s i o n 

e x h i b i t s a weak, but p e r v a s i v e , a l t e r a t i o n . T h i s zone, approximately 

20 m wide, i s r e p r e s e n t e d by the d e s t r u c t i o n o f b i o t i t e , weakly 

d i s s e m i n a t e d muscovite and c h l o r i t e , and s t r o n g e r f r a c t u r i n g . Minor 

t o u r m a l i n e and f l u o r i t e were noted. Rare m i a r o l i t i c c a v i t i e s are 

i n f i l l e d w i t h q u a r t z . 

No m i n e r a l i z a t i o n was noted w i t h i n the b a t h o l i t h . 

OBLIQUE CREEK FORMATION 

The O b l i q u e Creek Formation (Watson and Mathews, 194 4) i s comprised 

of meta-chert, q u a r t z i t e , h o r n f e l s , greenstone, s c h i s t , g n e i s s , 

and minor l i m e s t o n e . 

In the v i c i n i t y o f Ash Mountain, the Formation comprises q u a r t z -

b i o t i t e s c h i s t , b i o t i t e - h o r n f e l s , q u a r t z i t e , and minor limestone 

and marble. These u n i t s , which are v e r t i c a l l y - d i p p i n g , are weakly 

to moderately f r a c t u r e d and t h e r m a l l y metamorphosed i n the v i c i n i t y 

o f the v e r t i c a l l y - d i p p i n g c o n t a c t w i t h g r a n i t i c r o c k s . 

LOCAL GEOLOGY 

In the v i c i n i t y o f the t i n - b e a r i n g metasomatic r o c k s , the g r a n i t e 

i s i n s t e e p l y - d i p p i n g c o n t a c t w i t h a v e r t i c a l l y - d i p p i n g sequence 

of marble, q u a r t z - m i c a s c h i s t , and q u a r t z i t e o f the O b l i q u e Creek 

Formation. The marble beds, each a p p r o x i m a t e l y 2 m wide, and 

s e p a r a t e d by 5 m o f q u a r t z - m i c a s c h i s t are i r r e g u l a r l y a l t e r e d t o 
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skarn a d j a c e n t t o the c o n t a c t , and exposed as the c r e s t o f a c i r q u e . 

Approximately 100 m 1 u p - s e c t i o n ' , on the f a r s i d e of the same c i r q u e , 

another marble band i s s i m i l a r l y - a l t e r e d . T h i s exposure, which 

i s l e s s than 1 m wide, o c c u r s between beds of q u a r t z - b i o t i t e s c h i s t 

and q u a r t z i t e . P l a t e 1 i s a photograph taken from the top o f the 

c i r q u e a t the g r a n i t e c o n t a c t towards the skarn zone d e s c r i b e d above. 

Skarn i s i r r e g u l a r l y developed a l o n g the marble beds and sharp 

c o n t a c t s o c c u r everywhere between s k a r n and u n a l t e r e d marble. 

MINERALOGY AND CHEMISTRY OF ALTERED ROCKS 

Table 1 l i s t s the v a l u e s of Sn f o r whole-rock samples c o l l e c t e d 

at the o c c u r r e n c e . Only metasomatic ro c k s c o n t a i n anomalous v a l u e s 

of Sn, and these v a r y between 375 and 5565 ppm (0.037% t o 0.56%). 

The average Sn c o n t e n t o f the 9 s k a r n samples analyzed i s 1,700 

ppm Sn. 

The p e t r o l o g y and t e x t u r e of the skarns are h i g h l y v a r i a b l e . Green, 

a n d r a d i t e garnet i s by f a r the most abundant s i l i c a t e m i n e r a l and 

i s c o n s i d e r e d t o c o n t a i n most o f the t i n i n s o l i d - s o l u t i o n i n a t 

l e a s t some of the samples. (An e a r l i e r study by the w r i t e r has 

shown green g a r n e t s i n the g e n e r a l r e g i o n are a l l S n - b e a r i n g and 

t h a t Sn02 c a n ^ e p r e s e n t i n amounts exce e d i n g 4% by w e i g h t ) . Acces

sory m i n e r a l s i n the skarns are pyroxene, v e s u v i a n i t e , f l u o r i t e / 

magnetite and r e d , a n d r a d i t e g a r n e t . The l a t t e r o c curs as c r o s s -

c u t t i n g f r a c t u r e - f i l l i n g s . 

The t e x t u r e of the t i n - b e a r i n g s k a r n s v a r i e s from c o a r s e - g r a i n e d 

and massive t o much f i n e r - g r a i n e d and t h i n l y l aminated o r 
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r h y t h m i c a l l y - b a n d e d . T h i s banding i s the consequence o f the 

d e p o s i t i o n , i n d i s c r e t e , c o n v o l u t e l y - s h a p e d laminae, of a l t e r n a t i n g 

bands of magnetite, f l u o r i t e , and the s i l i c a t e s pyroxene, garnet, 

and v e s u v i a n i t e (or i d o c r a s e ) . No c a s s i t e r i t e has been observed. 

The banded skarns grade i r r e g u l a r l y a l o n g s t r i k e , i n t o arid out o f , 

the more massive and unlaminated t e x t u r a l v a r i e t y . T h i s l a t t e r 

skarn type c o n t a i n e d , i n one i s o l a t e d l o c a l i t y on the back s i d e 

of the c i r q u e , a c o a r s e - g r a i n e d , b l a c k , m e t a l l i c m i n e r a l t h a t c o u l d 

not be i d e n t i f i e d . The m i n e r a l , which comprises 30% of the rock, 

has an e x c e l l e n t b a s a l cleavage and i s i n t e r g r o w n w i t h green (and 

hence, p r o b a b l y t i n - b e a r i n g ) a n d r a d i t i c g a r n e t and c o a r s e - g r a i n e d 

c a l c i t e . T h i s p a r t i c u l a r sample c o n t a i n s 5565 ppm Sn. 

G r a n i t i c r o c k s i n c o n t a c t w i t h skarn c o n t a i n between <5 and 39 ppm 

Sn. The most anomalous sample was o f an a l t e r e d , c h l o r i t e - , c l a y -

b e a r i n g zone. An u n a l t e r e d sample o f b u f f - w h i t e , yellow-weathering, 

a l a s k i t i c g r a n i t e c o n t a i n s 18 ppm Sn. 

B i o t i t e s c h i s t s and q u a r t z i t e s , which are by f a r the most voluminous 

rocks i n the c i r q u e , c o n t a i n between <5 and 2 9 ppm Sn. No samples 

of q u a r t z i t e were anomalous, a l t h o u g h 3 samples o f q u a r t z - b i o t i t e 

s c h i s t c o n t a i n 36, 21, and 29 ppm Sn r e s p e c t i v e l y . These are, i n 

a l l c a s e s , t h i n l y - l a m i n a t e d , moderately w e l l - f r a c t u r e d , r u s t y -

weathering r o c k s w i t h minor amounts o f f i n e l y - d i s s e m i n a t e d p y r i t e . 

Summary 

The sedimentary r o c k s i n the thermal a u r e o l e o f a t o u r m a l i n e - b e a r i n g 

g r a n i t i c s t o c k , a d j a c e n t t o Ash Mountain i n n o r t h - c e n t r a l B r i t i s h 
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Columbia, have been t h e r m a l l y and m e t a s o m a t i c a l l y a l t e r e d . Two 

t h i n (2 m wide) marble beds, which are i n t e r b e d d e d w i t h s c h i s t s 

and q u a r t z i t e s , have been m e t a s o m a t i c a l l y a l t e r e d t o garnet-magnetite 

r i c h s karn i r r e g u l a r l y a l o n g a s t r i k e l e n g t h (exposed) o f a p p r o x i 

mately 100 meters. 

P e t r o g r a p h i c evidence i n d i c a t e s t h a t the Sn i s mainly c o n t a i n e d 

w i t h i n the g a r n e t s a l t h o u g h the p o s s i b i l i t y e x i s t s t h a t minor 

c a s s i t e r i t e might be p r e s e n t i n the more highly-anomalous specimens. 

RECOMMENDATIONS 

No f u r t h e r work i s suggested a t t h i s p o i n t i n view o f : 

(1) the r e l a t i v e l y t h i n n a t u r e o f the l i m e s t o n e s 

(2) t h e i r v e r t i c a l l y - d i p p i n g a t t i t u d e 

(3) the absence o f (exposed) g r a n i t i c r o c k s o f a h i g h l y - a l t e r e d 

and f r a c t u r e d n a t u r e which would r e p r e s e n t a p o t e n t i a l lode 

t i n h o s t . 

However, should t i n become a commodity o f i n t e r e s t t o Chevron i n 

the f u t u r e , the area o f the P a r a l l e l Creek b a t h o l i t h should be 

gi v e n p r i o r i t y . E x t e n s i v e e x p l o r a t i o n t o the n o r t h , i n s i m i l a r 

r o c k s o f the S e a g u l l b a t h o l i t h , has l o c a t e d t i n d e p o s i t s i n g r a n i t e 

(STQ o c c u r r e n c e ) , i n h i g h l y - f r a c t u r e d h o r n f e l s , and i n skarn. The 

l a r g e s t and most p r o m i s i n g Sn d e p o s i t so f a r l o c a t e d i n t h a t a r e a 

(the J.C. d e p o s i t ) c o n s i s t s o f s t a n n i f e r o u s garnet, m a l a y a i t e 

(CaSnSiO,.) and c a s s i t e r i t e i n c a l c - s i l i c a t e s karns. To date, however 

t h e r e i s no l o c a l i t y i n the w o r l d where Sn-bearing skarns are b e i n g 

commercially e x p l o i t e d . 
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TABLE 1. 

D e s c r i p t i o n and t i n c o n t e n t of r o c k s 
i n the v i c i n i t y o f Ash Mountain 

SAMPLE 

LAMO-1 

LAMO-2 

LAMO-3 

LAMO-4 

LAMO-5 

LAMO-6 

LAMO-7 

LAMO-8 

DESCRIPTION 

Skarn; green garnet + c a l c i t e ; 1 cm -
wi d e - r u s t y weathering p a t c h ; no 
s u l p h i d e s . Sn must be c o n t a i n e d w i t h i n 
s i l i c a t e m i n e r a l s . 

Very r u s t y - w e a t h e r i n g , h i g h l y - f o l i a t e d , 
q t z - b i o t . s c h i s t coming from c i r q u e 
w a l l ; 2% c l o t s of py o r po g i v e s r u s t . 
M oderately w e l l f r a c t u r e d w i t h f r a c t u r e s 
p a r a l l e l t o bedding p l a n e s . 

Skarn; g a r n e t i t e . Very r u s t y - w e a t h e r i n g , 
extremely dense, py-mgt-bearing r e d -
brown-rich a n d r a d i t e skarn. F l o a t . 
C h a r a c t e r i s t i c of the t h i n (1 m-wide) 
skarn beds found i n - s i t u on the west w a l l 
of the c i r q u e . M i n e r a l p r o p o r t i o n s : 

garnet 
cc 
pxn 
py + cpy 
unknown 

70% 
5% 

10% 
5% 
2% 

Q u a r t z i t e ; r u s t y - w e a t h e r i n g 

Skarn; m g t - r i c h ; r u s t y - w e a t h e r i n g ; con
t a i n s green gar., c c , q t z , pxn, mgt. 
Extremely dense, Mgt. a major component 
and appears t o be l a t e r than the c a l c -
s i l i c a t e m i n e r a l s . S u l p h i d e s p i t t e d 
and eroded. 

Hand spec. o n l y . Mica ( l e p i d o l i t e ? ) -
b e a r i n g t o u r m a l i n i z e d pegmatite. 

Q u a r t z i t e . Rusty-weathering, moderately 
w e l l - f r a c t u r e d w i t h minor dissem. po + 
cpy. as f r a c t u r e - f i l l i n g s . 

Skarn. Dense, green, g a r n e t - r i c h . 
Weakly developed ' w r i g g l i t e 1 t e x t u r e 
o u t l i n e d by green, a n d r a d i t i c g a r n e t . 
T r a c e mgt. p r e s e n t . L a t e r e d a n d r a d i t e -
f i l l e d v e i n s . M i n e r a l o g y : green 
a n d r a d i t e , pxn, q t z , mgt, c c . 

Sn (ppm) 

3040 

36 

930 

< 5 

375 

<5 

1105 
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SAMPLE DESCRIPTION Sn (ppm) 

LAMO-9 

LAMO-10 

LAMO-11 

LAMO-12 

Skarn. N o n - f o l i a t e d , c o a r s e - g r a i n e d 
assemblage of green a n d r a d i t e (80%), r e d 
a n d r a d i t e (10%) and c a l c i t e (10%). A 
few r u s t y - w e a t h e r i n g " p i t t e d " patches 
b u t no s u l p h i d e s p r e s e n t . 

W r i g g l i t e . Random c h i p samples. Mgt-
r i c h r o c k s w i t h a l t e r n a t i n g bands o f 
v e s u v i a n i t e , g a r net, e t c . L a t e , c r o s s -
c u t t i n g r ed garnet v e i n s . 

Skarn zone. Back s i d e o f Ash Mtn. near 
summit, unusual r o c k . C o n t a i n s a very 
c o a r s e - g r a i n e d , b l a c k , m e t a l l i c unknown. 
Resembles s p h a l e r i t e i n c o l o u r and i n 
having e x c e l l e n t b a s a l c l e a v a g e . Unknown 
m i n e r a l comprises 30% o f rock. I n t e r -
grown w i t h green, a n d r a d i t i c g a r net and 
c o a r s e - g r a i n e d c a l c i t e . 

Same u n i t as LAMO-11. Same mineralogy 
c o m p r i s i n g banded c a l c - s i l i c a t e skarn. 
Bands comprised o f one or more of garnet, 
pxn, v e s u v i a n i t e , and c o a r s e - g r a i n e d 
c a l c i t e . 

1020 

525 

5565 

2060 

LAMO-13 G r a n i t e , M i a r o l i t i c and a l a s k i t i c . L o c a l 
p e g m a t i t i c domains. M i a r o l i t i c c a v i t i e s 
i n f i l l e d w i t h e u h e d r a l q u a r t z and 
t o u r m a l i n e . Rock i s b u f f - w h i t e i n c o l o u r , 
weathers orangy-yellow weakly r u s t y . 
M a f i c c o n t e n t i s 5% o v e r a l l . 

18 

LAMO-14 

LAMO-15 

LAMO-16 

LAMO-17 

G r a n i t e . Yellow-brown-weathering, s l i g h t l y 
more a l t e r e d v a r i e t y o f LAMO-13. M a f i c s 
a r e l a r g e l y d e s t r o y e d and a l t e r e d t o 
micaceous c l a y s and c h l o r i t e . 

As per LAMO-14 

G r a n i t e . M a f i c - f r e e , f i n e - g r a i n e d , porous, 
w h i t e , h i g h l y - a l t e r e d a l a s k i t e / r h y o l i t e . 
Weakly v e s i c u l a r . Minor p u r p l e f l u o r i t e . 
R h y o l i t i c dyke rock? 

Yellow-brown w e a t h e r i n g , m o d e r a t e l y - t o -
weakly f r a c t u r e d , m a f i c - p o o r , q t z - f s p - b i o t . 
g r a n i t e w i t h r a r e m i a r o l i t i c c a v i t i e s . 

39 

<5 

<5 

<5 
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SAMPLE 

LAMO-18 

LAMO-19 

LAMO-20 

LAMO-21 

LAMO-22 

LAMO-23 

LAMO-24 

LAMO-25 

DESCRIPTION Sn (ppm) 

Rock c h i p s , taken a c r o s s 10 m of O/C. 21 
Rusty-weathering, t h i n l y - b e d d e d b i o t i t e 
h o r n f e l s and q u t z - b i o t . s c h i s t s . 

As per LAMO-18. A c r o s s 10 m; composite <5 
r o c k - c h i p sample. B i o t . h n f l s . are py-, 
mgt-bearing. 

As above. A c r o s s 15 m. Dominantly <5 
q u a r t z i t e w i t h minor h o r n f e l s and s c h i s t . 

Skarn. Extremely m g t - r i c h (80%) w i t h 20% 675 
green a n d r a d i t e and pyroxene. Extremely 
dense. 

Rusty-weathering, c o a r s e - g r a i n e d , b i o t - 29 
msc-qtz. s c h i s t . 

Rusty-weathering, f i n e - g r a i n e d , b i o t . <5 
h o r n f e l s . M o d e r a t e l y t o w e l l f r a c t u r e d . 

As per LAMO-23 <5 

Rusty-weathering, h i g h l y - f r a c t u r e d , <5> 
b i o t i t e h o r n f e l s w i t h minor d i s s e m i n a t e d 
PYf upgraded a d j a c e n t t o f r a c t u r e s . 
Grades i n and out of m a f i c - f r e e q u a r t z i t e . 
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F r a c t i o n U s e d D a t e Align 

S A M P L E NO 
C u 
ppm 

Z n 
ppm 3m 

w 
ppm ppb 

A s 
ppm 

Sn 
ppm 

TAMO 1 - - - - . - < 5 

2 - - - - < 5 

3 - - - - - 15 

- • - - 70 

5 •" "• - 33 

6 - - - - - 26 

7 - - - - 5 

8 - - . 68 

9 • - • ' - - < 5 

10 - : - 36 

11 - -



LA MO 1 ROCKS 3040 

? 36 
3 - - — - 930 

4 _ _ < 5 

375 
7 - - - - - < 5 

8 _ 1105 

1020 
10 - - - - - 525 

11 _ 5565 

12 2060 
13 - - - - - - 18 

fw SAMPLE NO. 
Cu 
ppm 

Z n 
ppm 

A g ppm 
W 

ppm 
A u , 
ppb 

A s 
ppm 

Sn 
ppm 

ÂMO 14 — - - - - - 39 

15 _ - < 5 

16 < 5 

17 - - - - - - < 5 

18 -• - 21 

19 < 5 

20 _ - - - - - < 5 

21 - - 675 

22 _ 29 

23 - - - - - < 5 

24 - — - - - - < 5 

25 - _ < 5 




