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A m i n e r a l o g i c a l study of three samples from the Gem 

prospect i n c e n t r a l B r i t i s h Columbia was undertaken i n order to 

i d e n t i f y the m i n e r a l phases c o n t a i n i n g r e p o r t e d rare e a r t h 

elements (REE). D e t a i l e d p e t r o g r a p h i c d e s c r i p t i o n s of each sample 

are i n Appendix I. In a d d i t i o n to p e t r o g r a p h i c o b s e r v a t i o n s and 

e l e c t r o n microprobe a n a l y s i s of mineral phases, whole rock samples 

were analyzed f o r REE, Au, As and Co by X-ray Assay L a b o r a t o r i e s 

(Table 1). 

S e v e r a l rare e a r t h - b e a r i n g m i n e r a l s have been i d e n t i f i e d 

by e l e c t r o n microprobe. These a r e : 

A l l a n i t e ( C a , C e , T h ) 2 ( A l ,Fe ,Mn,Mg) 3(Si0 4) 3<)H, 

B a s t n a e s i t e CeFCO^, and 

Monazite (Ce.Y)PO,. 
4 

The abundance and r e l a t i v e p r o p o r t i o n s of these m i n e r a l s v a r i e s 

from sample to sample. 

A l l a n i t e i s the C e - r i c h member of the ep i d o t e group i n 
+ 2 

which REE s u b s t i t u t e f o r Ca • In the Gem samples a l l a n i t e forms 

e u h e d r a l , s t r o n g l y zoned, p r i s m a t i c g r a i n s intergrown with 

s u l f i d e s and s i l i c a t e s ( F i g u r e s 1 and 2). It i s commonly twinned 



and zoned from a dark brown core to a l i g h t brown margin ( F i g u r e s 

3 and 4). T e x t u r a l r e l a t i o n s h i p s i n d i c a t e a l l a n i t e formed e a r l y 

i n the c r y s t a l l i z a t i o n h i s t o r y along with the s u l f i d e s . A l l a n i t e 

commonly forms e u h e d r a l i n c l u s i o n s i n the s u l f i d e s . A l l a n i t e i s 

the p r i n c i p a l rock forming mineral c o n s t i t u t i n g 45% of sample GM-

2, i t i s p a r t l y a l t e r e d to c h l o r i t e and c a l c i t e i n sample GM-1, 

and was not observed i n the massive s u l f i d e sample GM-3. The rare 

e a r t h content of the Gem a l l a n i t e s ranges from 6.01 to 9.12 wt% 

L a 2 0 3 and 9.71 to 13.42 wt % C e 2 0 3 (Table 2). The cores of 

s e v e r a l g r a i n s are s l i g h t l y e n r i c h e d i n C e 2 0 3 . The Gem samples 

are unusual i n t h a t they c o n t a i n such l a r g e amounts of a l l a n i t e . 

A l l a n i t e i s t y p i c a l l y a c h a r a c t e r i s t i c a c cessory m i n e r a l i n 

g r a n i t e s , g r a n o d i o r i t e s , monzonites and s y e n i t e s . In rare 

i n s t a n c e s a l l a n i t e has been observed i n limestone skarns and i n 

pegmatites as a major mineral phase. 

B a s t n a e s i t e i s a rare e a r t h f l u o r c a r b o n a t e and was 

observed i n t r a c e to minor amounts i n the Gem samples. It i s 

d i s t i n g u i s h e d from c a l c i t e ( a l s o present) by i t s p a l e yellow to 

grey c o l o u r , v e r y h i g h r e l i e f , bladed h a b i t and abundance of s o l i d 

i n c l u s i o n s ( F i g u r e s 5 and 6). B a s t n a e s i t e o c c u r s i n t e r s t i t i a l to 

a l l a n i t e and s u l f i d e s and i s commonly a s s o c i a t e d with l a t e 

c r y s t a l l i z i n g phases such as quartz and c h l o r i t e . Samples GM-1 

and GM-2 c o n t a i n 1 and 4% b a s t n a e s i t e r e s p e c t i v e l y , with only a 

few g r a i n s noted i n GM-3. E l e c t r o n microprobe a n a l y s e s of 

b a s t n a e s i t e i n d i c a t e i t has a r a r e e a r t h oxide content ranging 

from 74.5 to 76.25 wt. % (Table 3), and i t i s e n r i c h e d i n cerium 

over lanthanum. B a s t n a e s i t e i s one of the more common rare e a r t h 



minerals and i s u s u a l l y a s s o c i a t e d with c e r i t e 

((Ce , C a ) 9 ( M g , F e ) S i ? ( 0 , O H , F ) 2 g ) and f l u o c e r i t e ((Ce,La)F 3> i n 

c a r b o n a t i t e p l u t o n s , v e i n s , pegmatites, and skarns. 

Monazite i s a r a r e e a r t h phosphate o c c u r r i n g i n t r a c e 

amounts i n samples GM-1 and GM-2. As i t i s only an accessory 

phase i t does not c o n t a i n a s i g n i f i c a n t p r o p o r t i o n of the measured 

REE. Monazite i s d i s t i n g u i s h e d by i t s extremely high r e l i e f , 

euhedral form, pale y e l l o w c o l o u r and high b i r e f r i n g e n c e ( F i g u r e s 

7 and 8). E l e c t r o n microprobe analyses of monazite were not 

c a l i b r a t e d f o r phosphorous r e s u l t i n g i n low t o t a l s . Monazite i s 

e n r i c h e d i n cerium, c o n t a i n i n g 67 to 69 wt % rare e a r t h oxides 

(Table 4). 

Numerous other mineral phases ( c h l o r i t e , b i o t i t e , 

hematite, s e r i c i t e ) were examined by e l e c t r o n microprobe. The 

d e t e c t i o n l i m i t f o r REE u s i n g energy d i s p e r s i v e analyses i s 

approximately 500 to 1,000 ppm REE. These minerals do not c o n t a i n 

REE i n amounts g r e a t e r than t h i s d e t e c t i o n l i m i t (Table 5). Both 

hematite and s e r i c i t e are secondary a l t e r a t i o n products r e p l a c i n g 

a l l a n i t e ( F i g u r e 9), but themselves do not c o n t a i n d e t e c t i b l e REE. 

I t i s p o s s i b l e that other r a r e e a r t h - b e a r i n g minerals 

could be present i n the Gem samples i n t r a c e amounts. The 

composition of the three rare e a r t h m i n e r a l s i d e n t i f i e d to date 

and t h e i r abundance i n the Gem samples appear to account f o r the 

whole rock REE c o n t e n t . 



Table 1. Summary of A n a l y t i c a l R e s u l t s f o r 
Whole Rock Samples  

Sample GM-1 GM-2 GM-3 

Au ( o z / t ) 0.048 0.450 1.56 
—- La (ppm) 19700 49600 < 10 
- ̂ € e (ppm) 15400 33400 < 16 
—Nd (ppm) 6000 17200 < 91 
Sm (ppm) 800 1200 <1.6 
As (wt %) 2.25 32.4 40.6 
Co (ppm) 2500 48000 60000 

Table 2. E l e c t r o n microprobe a n a l y s i s of A l l a n i t e 1 

SiO 
Al 6 
FeO* 
Ce 0 

CaO 

T o t a l 

GM2B-A GM2B-B GM2B-C GM2B-D GMIA-RIM(A) GM1A-CENTRE(A) 

33.46 33.69 33.84 33.67 33.43 34.36 
14.85 16.51 15.48 16.28 18. 82 18.47 
15.45 13.81 15. 10 14.19 11.62 12.98 
13.38 13. 23 13.68 11.86 13.42 12.34 
6.23 6.77 6.01 6.85 8.25 7.75 

12.87 13.19 13.47 13.22 12.37 13.61 

96. 24 97.20 97.59 96.07 97.91 99.50 

Sample 

SiO 
A 1 X 
FeO* 
Ce 0 
La^O^ 
CaO 

GMIA-RIM(B) GM1A-CENTRE(B) GM2C-RIM GM2C-CENTRE 

35.09 
18.46 
14.35 
10.07 
8.05 

15.58 

33.57 
18.13 
12.79 
12.45 
9. 12 

13.05 

35.29 
20.87 
9.89 
9.71 
7.70 

15.67 

34.54 
16.97 
14.84 
11.68 
6.86 

14.07 

T o t a l 101.59 99.12 99.12 98.96 

1. A Ce metal standard was used to c a l i b r a t e Ce. There i s 
c o n s i d e r a b l e d i f f i c u l t y i n p r e c i s e l y determining REE contents 
because of the o v e r l a p of X-Ray peaks. 

* T o t a l Fe r e p o r t e d as FeO 



Table 3« E l e c t r o n microprobe analyses of B a s t n a e s i t e 

Sample GM2B-1 GM2B-4 GM2C-1 

Ce 0 
L a 2 ° 3 
T o t a l 

41.95 
34. 30 

76.25 

42.88 
34.51 

77.39 

41.13 
33.02 

74.15 

Table 4. E l e c t r o n microprobe analyses of monazite 

Sample GM1B-1 GM1B-2 

C e ? 0 . 40.78 42.04 
La,0^ 26.94 27.09 
?

2 5 20.66 21.17 

T o t a l 88.38 90.31 

1. Phosphorous has not been c a l i b r a t e d r e s u l t i n g i n low t o t a l s . 

Table 5. E l e c t r o n microprobe analyses of c h l o r i t e , s e r i c i t e , 
b i o t i t e and h e m a i t i t e 

C h l o r i t e Hematite 

Sample GM2-B(4) GMl-A GM2B 

SiO 23.79 25. 17 0.95 
A2 0 20. 18 19.56 0.41 
MgO 3.96 7. 93 
FeO 37.61 34.36 50.40 
Ce 0 0.00 0. 00 0.00 
Laf 0; 2 3 0.00 0.00 0.00 

T o t a l 85.54 87.02 51.76 

S e r i c i t e B i o t i t e 

Sample GM2B--3 GM1A 

SiO 50. 99 37.75 
Al 6 30. 69 11.93 
K 23 3 7. 92 7.30 
FeO 3. 14 22.76 
Ce 0. 0. 00 0.00 
L a * 0 3 0. 00 0. 00 
T i g 3 0. 00 3.45 
Mg0 Z 0. 00 9.03 

T o t a l 92. 74 92.22 



APPENDIX I - PETROGRAPHIC DESCRIPTIONS 

SAMPLE GM-1 

O f f c u t : massive, dark green, medium g r a i n e d , c o n t a i n i n g 1 
2% d i s s e m i n a t e d s u l f i d e s . 

Mineralogy: 
% 

S u l f i d e s ( A r s e n o p y r i t e / 2 
S k u t t e r u d i t e / 
Molybdenite) 

C h l o r i t e 40 
F e l d s p a r ( p o t a s s i c ? ) 25 
A l l a n i t e 20 
C a l c i t e 7 
B i o t i t e 5 
B a s t n a e s i t e 1 
Monazite t r a c e 
Muscovite t r a c e 

T e x t u r a l F e a t u r e s : 

Primary t e x t u r a l f e a t u r e s are obscured as a r e s u l t of secondary 
a l t e r a t i o n . The sample i s composed p r i n c i p a l l y of c h l o r i t e , 
f e l d s p a r , b i o t i t e and a l l a n i t e randomly intergrown with 
a r s e n o p y r i t e / s k u t t e r u d i t e . B i o t i t e i s s t r o n g l y p l e o c h r o i c from 
l i g h t to dark brown and occurs as ragged blades i n the cores of 
secondary c h l o r i t e . B i o t i t e has been r e p l a c e d along g r a i n margins 
and cleavage planes by secondary dark green c h l o r i t e . Primary 
c h l o r i t e occurs as f i n e g r a i n e d r a d i a l blades forming aggregates 
i n t e r s t i t i a l to primary s i l i c a t e s and s u l f i d e s . 

A l l a n i t e i s found as subhedral dark brown p l e o c h r o i c g r a i n s . It 
i s p a r t l y r e p l a c e d by f i n e g r ained c a l c i t e and c h l o r i t e . 

F e l d s p a r occurs as anhedral g r a i n s intergrown with c h l o r i t e . 
Accessory monazite and b a s t n a e s i t e were noted. 

S u l f i d e s c o n s i s t s of a r s e n o p y r i t e and s k u t t e r u d i t e which form 
diamond shaped d i s s e m i n a t e d g r a i n s intergrown with a l l a n i t e and 
c h l o r i t e . 



SAMPLE GM-2 

0 f f c u t : massive, medium g r a i n e d , dark grey to brown, c o n t a i n i n g 
45-50% a r s e n o p y r i t e as euhedral disseminated g r a i n s 
intergrown with s i l i c a t e s . 

Mineralogy: 
% 

S u l f i d e s ( A r s e n o p y r i t e / 40 
S k u t t e r u d i t e / 
Molybdenite) 

A l l a n i t e 45 
F e l d s p a r ( p o t a s s i c ? ) 5 
B a s t n a e s i t e 4 
C h l o r i t e 2 
Quartz 2 
C a l c i t e 1 
Hematite 1 
Monazite t r a c e 
S e r i c i t e t r a c e 

T e x t u r a l F e a t u r e s : 

The specimen c o n s i s t s of a coarse i n t e r g r o w t h of euhedral a l l a n i t e 
and a r s e n o p y r i t e / s k u t t e r u d i t e plus b a s t n a e s i t e and f e l d s p a r . 

A l l a n i t e occurs as 1) e u h d r a l , twinned p r i s m a t i c g r a i n s up to 3 mm 
i n l e n g t h , and 2) coarse i r r e g u l a r masses (up to 4 mm i n s i z e ) of 
intergrown anhedral a l l a n i t e . A l l a n i t e i s s t r o n g l y p l e o c h r o i c 
from pale brown-green to dark brown. Euhedral a l l a n i t e i s 
commonly s t r o n g l y zoned from a dark brown core to a pale yellow 
rim. Small i n c l u s i o n s of a l l a n i t e occur w i t h i n a r s e n o p y r i t e / 
s k u t t e r u d i t e . Minor hematite and s e r i c i t e occur along f r a c t u r e s 
i n a l l a n i t e . 

B a s t n a e s i t e occurs as dark grey to y e l l o w i s h , h i g h r e l i e f anhedral 
g r a i n s c h a r a c t e r i z e d by abundant i n c l u s i o n s . B a s t n a e s i t e i s 
intergrown with c h l o r i t e , quartz and f e l d s p a r i n t e r s t i t i a l to 
a l l a n i t e and a r s e n o p y r i t e . B a s t n a e s i t e appears to be a l a t e -
forming primary phase. 

Secondary m i n e r a l s i n c l u d e hematite and s e r i c i t e . Hematite i s 
very abundant o c c u r r i n g with s e r i c i t e along f r a c t u r e s i n a l l a n i t e 
and p a r t l y rimming s u l f i d e s . 



PHOTOMICROGRAPHS 



F i g u r e 3 . P l e o c h r o i c , s t r o n g l y z o n e d a l l a n i t e c r y s t a l s 
( a l ) i n t e r g r o w n w i t h q u a r t z ( q t ) and c h l o r i t e ( c h ) ; 
p l a i n p o l a r i z e d l i g h t , s a m p l e GM—2(c)-



F i g u r e 5. B l a d e o f c o l o u r l e s s t o y e l l o w b a s t n a e s i t e ( b a ) 
c o n t a i n i n g numerous s o l i d i n c l u s i o n s ; p l a i n 
p o l a r i z e d l i g h t , s a m p l e GM-2(B). 



F i g u r e 7. E u h e d r a l , p a l e y e l l o w g r a i n o f m o n a z i t e (mz) 
s h o w i n g c h a r a c t e r i s t i c h i g h r e l i e f . M o n a z i t e i s 
i n t e r g r o w n w i t h c h l o r i t e ( c h ) ; p l a i n p o l a r i z e d 
t r a n s m i t t e d l i g h t , s a m p l e GM-1. 

F i g u r e 8. Same f i e l d as a b o v e , m o n a z i t e d i s p l a y i n g h i g h 
b i r e f r i n g e n c e ; t r a n s m i t t e d l i g h t , c r o s s e d n i c o l s , 
s a m p l e GM-1. 



F i g u r e 9. F i n e d g r a i n e d s e r i c i t e ( s r ) r e p l a c i n g a l l a n i t e 
( a l ) a l o n g f r a c t u r e s and g r a i n b o u n d a r i e s ; 
t r a n s m i t t e d l i g h t , c r o s s e d n i c o l s , s a m p l e GM-2. 


