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DESCRIPTION OF SAMPLE: INFORMATION REQUESTED 

Eleven d r i l l core samples r e c e i v e d on January 4th have been s ec t i oned and examined. 
They represent f o o t w a l l and ore h o r i z o n m a t e r i a l from 8 ho les on the p r o p e r t y . 

PROCEDURES: d Spectrochem. Analysis C Chemical Analysis O X.R.D. 

l2Ll Optical Microscopy Electron Probe 

RESULTS: 

B r i e f d e s c r i p t i o n s of each s e c t i o n are g iven on the accompanying pages. The main 
features of the host rock and ore m i n e r a l assemblages are as f o l l o w s : 

1. A l l samples have s i m i l a r s i l i c a t e / c a r b o n a t e assemblages. They c o n s i s t of 
v a r i a b l e p ropor t ions of quar tz and m u s c o v i t e / s e r i c i t e w i t h t races on ly of 
do lomi t e . 

2 . The hos t rocks range from fragmented impure or a r g i l l a c e o u s cher t to f e l s i c 
fragmentals of probable l a p i l l i t u f f o r i g i n . 

3. No t a l c i s present i n the "soapy" a r g i l l a c e o u s samples. 
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4 . The semi-massive and massive s u l p h i d e / a r s e n i d e samples are a l l su lph ide b r e c c i a s 
w i t h a g ranu la t ed , c a t a c l a s t i c t ex tu re i n p o l i s h e d s e c t i o n . 

5. Ore mine ra l s c o n s i s t of b l o c k y p y r i t e and a r s e n o p y r i t e surrounded and p a r t l y 
r ep laced by s p h a l e r i t e >galena > c h a l c o p y r i t e . Minor amounts of t e t r a h e d r i t e 
are present i n four of the samples. 

6. Two g ra ins of a m i n e r a l t e n t a t i v e l y i d e n t i f i e d as e lec t rum and two g ra ins of 
n a t i v e go ld were observed . The l a t t e r , measuring on ly approx. 3 x 8ym, are 
enclosed i n a r s e n o p y r i t e . 

On the b a s i s o f rock c l a s s i f i c a t i o n the s u i t e i s cons idered to represent 
a tuffaceous e x h a l i t e of the type r e l a t e d to vo lcanogen ic massive s u l p h i d e d e p o s i t s . 
Sco t t et a l have r e c e n t l y desc r ibed s i m i l a r rocks as i n d i c a t o r s of anc ien t 
hydrothermal a c t i v i t y on the sea f l o o r . They c i t e s e v e r a l examples of the d i s t i n c 
t i v e rock type and i n c l u d e the main contac t Tuf f , M i l l e n b a c h Mine among Canadian 
occur rences . A copy of t h e i r extended a b s t r a c t i s appended. 

S e v e r a l 35mm co lou r s l i d e s have been taken to i l l u s t r a t e ore t ex tures 
i n the sample s u i t e . These w i l l be forwarded to you when the f i l m has been 
developed. 

RB/kb R. Buchan 
attachments 

1 
Tuffaceous E x h a l i t e s as E x p l o r a t i o n Guides fo r Volcanogenic Mass ive Sulph ide 
D e p o s i t s . S .D. Sco t t et a l . Jou r , of Geochem. E x p l . V o l . 19 - p500, 1983. 



Location Rea G o l d , B . C . Lab. No. 84-003 

PTS 
Sample Description RG3/35 " F e l s i c l a p i l l i s t o n e w i t h Py/Aspy stockwork" No. 7472 

MINERALS Est. % by Vol . Grain Size (m.m.) 
Max. Avg. 

Quartz 45 - 50 
M u s c o v i t e / s e r i c i t e 20 - 25 
Dolomite 1 - 2 
P y r i t e 10 - 12 
A r s e n o p y r i t e 10 - 12 
S p h a l e r i t e Tr 
Galena ~1 
C h a l c o p y r i t e ~1 
E lec t rum Tr 

DESCRIPTION 
The hand sample shows a pa le creamy, very f i n e host rock cut by stockworks of 
s u l p h i d e s / a r s e n i d e s and l a t e q u a r t z . In p o l - t h i n s e c t i o n the s i l i c a t e t ex tures 
are very confused and patchy w i t h areas o f very f i n e g ra ined quar tz and coarser 
g ranu la r quar tz w i t h rhombs of do lomi te i n t e r s p e r s e d w i t h qua r t z -muscov i t e -
s e r i c i t e . The l a t t e r i s s t r eaky and o c c a s i o n a l l y shows c r e n u l a t i o n s and dynamic 
f low tex tu res around g ra ins of q u a r t z . The rock i s t e n t a t i v e l y c l a s s i f i e d as a 
f ragmenta l f e l s i c v o l c a n i c of probable r h y o l i t e o r i g i n . 

P y r i t e and a r s e n o p y r i t e are present i n about equal p r o p o r t i o n s . They 
are concent ra ted a long "s tockwork" zones w i t h coarse g ra ined quar tz and a l s o 
occur as s t r eaky d i s semina t ions w i t h i n the q u a r t z / s e r i c i t e h o s t . P y r i t e i s 
predominant ly subhedra l w i t h on ly a few s p h e r o i d a l g ra in s p resen t , u s u a l l y 
enc losed i n a r s e n o p y r i t e . Aggregates o f p y r i t e have i n t e r g r a n u l a r galena 
and s p h a l e r i t e . The l a t t e r a l s o forms coarse patches e n c l o s i n g a r s e n o p y r i t e 
and b lebs o f c h a l c o p y r i t e . In t r ansmi t t ed p lane l i g h t the s p h a l e r i t e i s 
c o l o u r l e s s , i n d i c a t i n g a very low i r o n con ten t . A r s e n o p y r i t e i s coarser than 
the p y r i t e and o c c u r s , surrounded by coarse q u a r t z , i n l a r g e subhedral twinned 
g r a i n s . S h a t t e r i n g and replacement of the a r sen ide by galena and to a l e s s e r 
ex tent by c h a l c o p y r i t e and s p h a l e r i t e i s common. 

Two g ra ins of a m i n e r a l t e n t a t i v e l y i d e n t i f i e d as e lec t rum occur i n 
the s e c t i o n . The l a r g e r g r a i n , measuring 60 x 20ym, occurs w i t h galena a t the 
contac t o f two coarse subhedra l p y r i t e g r a i n s . The other i s an e longate g r a i n 
o c c u r r i n g i n quar tz between two g ra ins of p y r i t e . 



Location Rea G o l d , B . C . Lab. No. 84-003 

Sample Description RG5/71 "Coarse banded cher t w i t h d i s semina t ions PTS No. 7467 
and m a t r i x i n f i l l i n g - " of Cp, Py , Aspy" 

MINERALS Est. % by Vol . Grain Size (m.m.) 
Max. Avg. 

Quartz 60 - 65 
M u s c o v i t e / s e r i c i t e 15 - 20 
Dolomite ~1 
P y r i t e 4 - 5 
A r s e n o p y r i t e 4 - 5 
S p h a l e r i t e 3 - 4 
Galena 3 - 4 
C h a l c o p y r i t e 1 - 2 
T e t r a h e d r i t e Tr 

DESCRIPTION Somewhat s i m i l a r i n appearance to the p rev ious sample, the hand 
specimen i s more s i l i c e o u s and s u l p h i d e s / a r s e n i d e s f o l l o w a long coarse and 
f i n e l amina t ions r a the r than forming a stockwork t e x t u r e . In p o l - t h i n s e c t i o n , 
i n c l u s i o n s or fragments o f coarse mosaic quar tz occur throughout a f i n e l y 
l amina ted q u a r t z / s e r i c i t e s c h i s t . The rock i s more s i l i c e o u s than sample 
RG3/35 and i s c l a s s i f i e d as a f e l s i c v o l c a n i c fragmental o f probable r h y o l i t e 
compos i t i on . I n d i v i d u a l l am ina t i ons have v a r i a b l e degrees of s u l p h i d e / a r s e n i d e 
m i n e r a l i z a t i o n w i t h one band c o n s i s t i n g of massive su lph ides (Py + Cp + Sphl + 
G a l ) . A r s e n o p y r i t e occurs main ly as euhedral c r y s t a l s i n f i n e and coarse 
d i s s e m i n a t i o n s . Base meta l su lph ides (Cp, Sphl and Gal) form a m a t r i x to the 
Py and Aspy and a l s o r e p l a c e them l o c a l l y . One s m a l l area of t e t r a h e d r i t e 
i s present i n the s e c t i o n . 



Location Rea G o l d , B . C . Lab. No. 84-003 

Sample Description RG6/75 " C h e r t - B r e c c i a , grey and g r a p h i t i c " PTS |\j0< 7466 

MINERALS Est. % by Vol . Grain Size (m.m.) 
Max. Avg. 

Quartz 80 - 85 
M u s c o v i t e / s e r i c i t e 8 - 1 0 
Dolomite <1 
P y r i t e 5 - 6 
Graphi te Tr 

DESCRIPTION 

In hand sample and p o l - t h i n s e c t i o n sedimentary t ex tures are predominant w i t h 
very f i n e g ra ined l a y e r s of g ranu la r quar tz a l t e r n a t i n g w i t h f i n e l amina t i ons 
of q u a r t z / s e r i c i t e . S u l p h i d e s , c o n s i s t i n g of subhedra l p y r i t e , are d isseminated 
throughout , main ly i n the a r g i l l a c e o u s l a y e r s where the coarse r g r a in s have a 
ha lo of r e c r y s t a l l i z e d q u a r t z . As i n o ther s e c t i o n s porous rhombs of dolomite 
have formed i n the cher ty m a t r i x . 

C l a s s i f i e d as a m i n e r a l i z e d cher t w i t h a r g i l l a c e o u s l a m i n a t i o n s . 



Location Rea Go ld , B . C . Lab. No. 84-003 

Sample Description RG7/44 "Semi-massive su lph ides 1 ' PS [\J0. 8597 

MINERALS Est. % by Vol . Grain Size (m.m.) 
Max. Avg. 

P y r i t e 35 - 40 
S p h a l e r i t e 12 - 15 
Galena 4 - 6 
C h a l c o p y r i t e Tr 
Gangue 40 - 45 

DESCRIPTION 
In hand sample coarse gra ined and massive f i n e gra ined su lph ides occur i n a 
q u a r t z / s e r i c i t e host r o c k . The t ex tu re i s tha t of b r e c c i a t e d massive s u l p h i d e s . 
In p o l i s h e d s e c t i o n p y r i t e , the major su lph ide , fo rms coarse porous anhedral 
g r a in s and f i n e euhedra l d i s s e m i n a t i o n s . Galena i s prominent i n the i n t e r s t i c e s 
of the coarse g r a i n s whereas s p h a l e r i t e forms coarse patches e n c l o s i n g p y r i t e 
of a l l types . Rare g ra ins of coarse ga lena occur i n areas of coarse q u a r t z . 
No a r s e n o p y r i t e i s present i n the s e c t i o n . 



Location Rea Gold, B . C . Lab. No. 84-003 

Sample Description RG8/46 "Massive Su lph ides" PS No. 8598,99 

MINERALS Est. % by Vol . Grain Size (m.m.) 
Max. Avg. 

P y r i t e 25 - 30 
A r s e n o p y r i t e 25 - 30 
S p h a l e r i t e 8 - 1 0 
Galena 8 - 1 0 
C h a l c o p y r i t e 3 - 5 
T e t r a h e d r i t e 1 - 2 
N a t i v e Gold Tr 
Gangue 18 - 20 

DESCRIPTION 
B r e c c i a t e d massive su lph ides show vague banding and seg rega t ion i n t o d i f f e r e n t 
s u l p h i d e / a r s e n i d e a s s o c i a t i o n s i n hand sample. Both p o l i s h e d s e c t i o n s d i s p l a y 
confused, b r e c c i a t e d , replacement t ex tures w i t h coarse and f i n e gra ined p y r i t e 
and a r s e n o p y r i t e l o c a l l y r e p l a c e d by the base meta l s u l p h i d e s . S p h a l e r i t e forms 
the m a t r i x to fragments and c r y s t a l s of Py and Aspy and i s coarser than the Cp 
or G a l . S e v e r a l patches of t e t r a h e d r i t e are a l s o i n t e r g r a n u l a r and form mutual 
boundary r e l a t i o n s h i p s w i t h the Spha l , Cp and G a l . E x c e l l e n t examples of r e 
placement t ex tures are present i n both s e c t i o n s , e s p e c i a l l y of galena a f t e r 
p y r i t e and a r s e n o p y r i t e . The l a t t e r sometimes occurs i n twin c r y s t a l s and 
r a r e l y shows l a m e l l a r twin planes i n cross p o l a r i z e d l i g h t . Overgrowths of 
p y r i t e on a r s e n o p y r i t e are a l s o p re sen t . 

Two g ra ins of n a t i v e gold are enclosed i n a r s e n o p y r i t e i n PS8598. Both measure 
about 3 x 8ym. 



Location Rea G o l d , B . C . Lab. No. 84-003 

Sample Description RG9/45 "Mixed l a p i l l i t u f f , f l a t t e n e d c l a s t s of PTS No. 7469 

t a l c - s e r i c i t e s c h i s t and su lph ide fragments i n 
P y - r i e h ma L u x 

MINERALS Est. % by Vol . Grain Size (m.m.) 
Max. Avg. 

Quartz 15 - 20 
M u s c o v i t e / S e r i c i t e 50 - 55 
Dolomite <1 
R u t i l e 4 - 6 
P y r i t e 15 - 20 
S p h a l e r i t e / c h a l c o p y r i t e Tr 

DESCRIPTION 

Somewhat s i m i l a r i n appearance to sample RG10/61, both samples are s e r i c i t i c 
and s t r o n g l y s c h i s t e d . In p o l - t h i n s e c t i o n c l a s t s of mosaic quar tz are 

s e v e r e l y f l a t t e n e d i n a s e r i c i t e / m u s c o v i t e / q u a r t z m a t r i x . The brownish c o l o u r 
of the hand sample i s due to a h i g h content of minute r u t i l e d i s s e m i n a t i o n s . 
P y r i t e i s d i ssemina ted throughout i n euhedral coarse and f i n e g r a i n s . I t a l s o 
occurs as g ranu la r replacements of a l a th -shaped m i n e r a l , a t ex tu re not observed 
i n any other s e c t i o n . 

The rock i s c l a s s i f i e d as a l a p i l l i t u f f , l e s s s i l i c e o u s but more i n t e n s e l y 
sheared than sample RG5/71. 

FML-1008 



Location Rea G o l d , B . C . Lab. No. 84-003 

Sample Description RG9/48 "Semi-massive s u l p h i d e s " PS No. 8596 

MINERALS Est. % by Vol . Grain Size (m.m.) 
Max. Avg. 

P y r i t e 35 - 40 
A r s e n o p y r i t e 15 - 20 
S p h a l e r i t e 4 - 6 
Galena 4 - 6 
C h a l c o p y r i t e 4 - 6 
Gangue 25 - 30 

DESCRIPTION 

B r e c c i a t e d massive su lph ides i n a m a t r i x of q u a r t z / s e r i c i t e are s i m i l a r to those 
desc r ibed i n sample RG7/44 (PS8597) except fo r the presence of a r s e n o p y r i t e . 
Coarse and f i n e Py and Aspy fragments are cemented or r ep l aced by Spha l , Gal 
or Cp. E x c e l l e n t replacement t e x t u r e s , e s p e c i a l l y by g a l e n a , i l l u s t r a t e zoned 
p y r i t e and c r y s t a l plane o r i e n t a t i o n s of a r s e n o p y r i t e . 

Two main types of p y r i t e are p resen t , subhedra l coarse aggregates and coarse 
porous anhedral fragments. 



Location Rea Gold , B.C. Lab. No. 84-003 

Sample Description RG10/54 " Q u a r t z - r i c h s e c t i o n v e i n s w i t h up to PTS No. 7470 

50% su lph ides w i t h t a l c / s e r i c i t e " 

MINERALS Est. % by Vol. Grain Size (m.m.) 
Max. Avg. 

Quartz 45 - 50 
M u s c o v i t e / S e r i c i t e 15 - 20 
P y r i t e 12 - 15 
A r s e n o p y r i t e 12 - 15 
S p h a l e r i t e 3 - 4 
Galena <1 
C h a l c o p y r i t e 1 - 2 
T e t r a h e d r i t e Tr 

DESCRIPTION 

Semi-massive s u l p h i d e s / a r s e n i d e s occur i n a f e l s i c fragmental r o c k . S t re t ched 
rock fragments up to 1cm long occur w i t h b r e c c i a t e d su lph ide fragments i n the 
lamina ted groundmass of q u a r t z / s e r i c i t e . In PTS7470, the rock fragments are 
seen to c o n s i s t of f i n e and/or coarse g ra ined mosaic pa tches . P y r i t e and 
a r s e n o p y r i t e show s i m i l a r t ex tu re s to other samples w i t h the a r s e n o p y r i t e 
g e n e r a l l y coarser g ra ined than the p y r i t e . 

FML-1008 



Location Rea G o l d , B.C. Lab. No. 84-003 

Sample Description RG10/61 " T a l c - r i c h mafic t u f f . PTS No. 7468 

Angular s i l i c e o u s fragments i n t a l c - r i c h m a t r i x 

MINERALS Est. % by Vol. Grain Size (m.m.) 
Max. Avg. 

Quartz 40 - 45 
M u s c o v i t e / S e r i c i t e 40 - 45 
P y r i t e 10 - 12 
S p h a l e r i t e ~1 
Galena Tr 
C h a l c o p y r i t e <1 

DESCRIPTION 

The hand sample i s s t r o n g l y s c h i s t o s e w i t h a h i g h content of m u s c o v i t e / s e r i c i t e . 
No t a l c i s present i n the sample (confirmed as mica on ly by XRD). Textures i n 
PTS7468 i n d i c a t e tha t the host rock i s a f e l s i c f ragmenta l , probably a f e l s i c 
t u f f , w i t h s t r e t c h e d s i l i c e o u s fragments i n a micaceous m a t r i x . One l a y e r 
con ta ins abundant p y r i t e i n coarse euhedral c r y s t a l s rimmed by r e c r y s t a l l i z e d 
q u a r t z . Otherwise the p y r i t e i s very f i n e l y d isseminated throughout the 
s e c t i o n . 



Location Rea G o l d , B . C . Lab. No. 84-003 
PTS 7473 

Sample Description RG11/112 "Cher t b r e c c i a , dark grey PS No. 8595 

w i t h f i n e p y r i t e and cher t c l a s t s " 

MINERALS Est. % by Vol . Grain Size (m.m.) 
Max. Avg. 

Quartz 20 - 25 
M u s c o v i t e / S e r i c i t e 10 - 15 
Dolomite <1 
P y r i t e 25 - 30 
A r s e n o p y r i t e 20 - 25 
S p h a l e r i t e 6 - 8 
Galena 1 - 2 
C h a l c o p y r i t e Tr 
T e t r a h e d r i t e Tr 
Graphi te ~1 

DESCRIPTION 
The hand sample presents a b r e c c i a t e d appearance w i t h l i g h t and dark s i l i c e o u s 
fragments se t i n a p y r i t e / a r s e n o p y r i t e - r i c h m a t r i x . In p o l - t h i n s e c t i o n , the 
rock fragments c o n s i s t o f c h e r t , g r a p h i t i c cher t and f e l s i c t u f f . The l a t t e r 
i s s i m i l a r to o thers p r e v i o u s l y desc r ibed w i t h s i l i c e o u s i n c l u s i o n s se t i n a 
q u a r t z / s e r i c i t e groundmass. Some areas c o n s i s t of coarse mosaic r e c r y s t a l l i z e d 
quar tz and e x c e l l e n t examples of s t r a i n e d , l a m e l l a r quar tz sur rounding g ra in s 
o f su lph ides or a r s e n o p y r i t e are p resen t . 

Ore mine ra l s show the same b r e c c i a t e d appearance as i n o ther s e c t i o n s . Fragments 
and g ra ins o f p y r i t e and a r s e n o p y r i t e are r ep l aced by the base meta l s u l p h i d e s . 
S p h a l e r i t e , the i r o n - f r e e c o l o u r l e s s v a r i e t y , forms a coarse m a t r i x to the Py 
and Aspy . O c c a s i o n a l patches are f i l l e d w i t h e x s o l u t i o n b lebs of c h a l c o p y r i t e . 

The sample i s c l a s s i f i e d as a s u l p h i d e / a r s e n i d e b r e c c i a w i t h l i t h i c fragments 
of v a r i o u s types . 

FML-1008 



Location R e a G o l d > B - c - Lab. No. 84-003 

Sample Description RG11/125 "Chert b r e c c i a w i t h su lph ides 1 1 PTS No. 7471 

MINERALS Est. % by Vol . Grain Size (m.m.) 
Max. Avg. 

Quartz 45 - 50 
M u s c o v i t e / S e r i c i t e 40 - 45 
Dolomite -1 
P y r i t e 6 - 8 
S p h a l e r i t e Tr 
Galena Tr 

DESCRIPTION 

The hand sample i s m i l k y - w h i t e , b r i t t l e , very f i n e g ra ined and f r ac tu r ed w i t h 
q u a r t z / s u l p h i d e v e i n l e t s f i l l i n g the b r i t t l e f r a c t u r e s . In PTS7471 the host 
rock i s seen to c o n s i s t of m i c r o c r y s t a l l i n e quar tz and m u s c o v i t e / s e r i c i t e i n 
about equal p r o p o r t i o n s . As such i t i s c l a s s i f i e d as an impure or a r g i l l a c e o u s 
c h e r t . The stockwork of b r i t t l e f r a c t u r e f i l l i n g s c o n s i s t s of coarser g ra ined 
q u a r t z , p y r i t e and carbonate . The p y r i t e i s i n the form of g r a i n aggregates 
w i t h porous i n t e r i o r s and subhedra l c r y s t a l r i m s . 
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T U F F A C E O U S E X H A L I T E S AS E X P L O R A T I O N GUIDES FOR 
V O L C A N O G E N I C MASSIVE SULPHIDE DEPOSITS 

S.D. SCOTT, S.I. KALOGEROPOULOS, R.J. SHEGELSKI and J.M. SIRIUNAS 

Department of Geology, University of Toronto, Toronto, Ont. M5S 1A1 (Canada) 

(Received June 16, 1983) 

EXTENDED ABSTRACT 

'Ancient hydrothermal activity on the sea floor not only resulted in eco
nomic accumulations of copper, lead and zinc sulphides but, in some vol
canogenic massive sulphide (v.m.s.) districts, it also produced an associated, 
distinctive, thin, iron- and silica-rich sediment with geochemical and miner-
alogical anomalies which can provide stratigraphically-controlled lithogeo-
chemical exploration guides. The distinctive rock type is referred to in 
Japan, as tetsusekiei (literally iron-quartz) and, in North America, as ferru
ginous chert, graphitic chert, cherty tuff, tuffite, sulphide iron formation, 
etc. The term we prefer is "tuffaceous exhalite" which denotes a rock 
consisting of a mixture of two very different components: (1) tuff which 
is commonly chemically and texturally indistinguishable from that of the 
indigenous environment; and (2) chemical contributions from the exhalative 
plume in the form primarily of silica, iron (oxide and/or sulphide), sulphur 
and various trace elements, and graphite or kerogen of uncertain origin. Of 
the two components, the latter is expected to reflect best any chemical or 
isotopic anomalies in sea water adjacent to metalliferous hydrothermal 
discharge, and therefore to provide the more useful lithogeochemical in
formation in the search for v.m.s. deposits. On this basis, we have carefully 
separated the two components, either physically or statistically, in our 
analyses in order to avoid the problem caused by their variable ratios from 
sample to sample, which might mask real trends in the distribution of 
trace elements. In some cases, however, we have found that chemical inter
action between the two components during penecontemporaneous alter
ation or subsequent metamorphism precluded the clean separation we were 
seeking. We have studied the following areas of tuffaceous exhalites of con
trasting age and metamorphism as part of an ongoing research program on 
lithogeochemical exploration for v.m.s. deposits: 

(1) Sturgeon and Savant Lakes, NW Ontario, Archean age, low grade 
metamorphism; 

(2) the iron formation hosting Willroy no. 4 orebody, Manitouwadge dis
trict, Ontario, Archean age, high-grade metamorphism; 
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(3) the Main Contact Tuff, Millenbach mine, Noranda, Quebec, Archean 
age, low-grade metamorphism; 

(4) Austin Brook iron formation, Bathurst district, New Brunswick, 
Ordovician age, moderate metamorphism; and 

(5) tetsusekiei of Fukazawa mine, Hokuroku district, Japan, Miocene age 
(13Ma), not metamorphosed. 

The Sturgeon-Savant Lakes area contains both small isolated sulphide-
rich tuffaceous exhalites and thick laterally continuous oxide-rich tuffa
ceous exhalites. The latter are normal magnetite-bearing iron formations. 
Our study was not sufficiently well controlled strati graphically with respect 
to known ore horizons to test the tuffaceous exhalites systematically for 
lithogeochemical prospecting. However, spatial associations here are signif
icant. The sulphide-rich rocks were formed at higher submarine elevations 
within pyroclastic piles and closer to ore-forming and barren hydrothermal 
fumaroles than were the oxide-rich rocks. In this respect, the iron forma
tions at Sturgeon-Savant differ from the Ordovician magnetite-rich Austin 
Brook iron formation which immediately overlies large v.m.s. deposits at 
Bathurst, although even the Austin Brook has a regionally persistent sul
phide-rich basal portion. The geochemistry (pyrite/carbon ratios, S/Se and 
Co/Ni in pyrite, S and C isotopes) of the Sturgeon-Savant sulphide-rich 
tuffaceous exhalite is consistent with mixing a small amount of hydrothermal 
fluid with excess sea water in an otherwise normal, low-temperature marine, 
sedimentary environment. Biogenic activity is permissible but not proven 
by the isotopic data. Abundance and distribution of base metals relative to 
the orebodies is erratic and nondiagnostic. 

The Willroy no. 4 orebody is enclosed within a quartz-(formerly chert ?) 
and sulphide-rich (predominantly pyrite and pyrrhotite) tuffaceous exhalite 
which grades laterally into normal magnetite-rich banded iron formation 
extending several hundred metres from ore. Three fractions (silicate, mag
netite, sulphide) of drill core samples analyzed by I N A A for Cu, Zn, Sn, Co, 
Ag, Au , V , Se, As, Sb, Mn, S, N i and In give similar distribution patterns 
but, not unexpectedly, the pattern in the sulphide fraction is most sharply 
defined. Most elements are obviously anomalous only very close (a few 
metres) to ore. Silver and As give good haloes up to 200 m. Results are 
enhanced by factor analysis and mapping of factor scores. Haloes extend 
for several hundred metres from ore for factors Cu-Au-Ag-As and Zn-Sb-
As-Sn. An anomalous zone of unknown origin was located within the tuf
faceous exhalite about 400 m from the orebody. 

The tuffaceous exhalites in the immediate hanging wall of the Japanese 
Kuroko v.m.s. deposits {e.g., tetsusekiei of Fukazawa mine) and of the 
Noranda v.m.s. deposits (e.g., Main Contact Tuff, MCT, Millenbach mine) 
are remarkably similar rocks despite the very large difference in their ages 
(Miocene vs. Archean). The main mineralogical difference is the presence 
of pyrrhotite in MCT and of hematite, imparting a deep red colour, in 
tetsusekiei, both in an assemblage consisting predominantly of chlorite, 



502 

sericite, quartz and sulphides. Their chemical differences are restricted to 
elements that characterize the immediate ore environment. For example, 
Pb and Ba in Kuroko ores and tetsusekiei are absent in Noranda ores and 
MCT. Texturally, the MCT is coarse grained due to recrystallization during 
low grade regional and contact metamorphism whereas the unmetamor-
phosed tetsusekiei is very fine grained. Typically, tetsusekiei is discontinuous 
and covers an area about four times that of the ore deposit whereas MCT is 
laterally continuous over hundreds of metres. In addition to locating a hor
izon of fossil hydrothermal discharge and therefore possible ore, both tuffa
ceous exhalites display cryptic variations which provide explorational 
guides at different scales: 

(1) Fe/(Fe + Mg) ratio of chlorites in the Noranda MCT decreases by 0.32 
(from 0.63 to 0.31) over a distance of 0.3 km approaching ore from the N , 
and by 0.4 (from 0.72 to 0.32) over 1.5 km from the S. This trend is some
what parallel to that of the whole-rock FeO/(FeO + MgO) ratio (from 0.8 
to 0.37) but the chlorite variation is more sensitive for sulphur-rich samples. 

(2) Ilmenite is altered within 0.3 km of ore to assemblages containing (a) 
rutile + hematite + pyrite (Kuroko), (b) rutile + pyrrhotite + pyrite (Nor
anda) and (c) rutile + sphene + pyrrhotite (Noranda). 

(3) The most manganiferous ilmenites (up to 18 wt % MnO) are found 
closest to Millenbach ore. 

(4) Whole-rock oxygen isotopic values decrease from +9 °/o0 (Kuroko 
ore horizon tuff) to 5.1 ± 0.8 %o (tetsusekiei) over a distance of 0.5 km 
from ore. 

(5) (K 2O+MgO)*100/(K 2O+MgO+Na 2O+CaO) for the tuffaceous com
ponent of tetsusekiei and correlative ore horizon tuff increases from about 
50 to 90% over 2-3 km approaching ore. 

(6) Trace metals of exhalative origin are enriched in tetsusekiei and in 
MCT relative to normal pelagic rocks but their distributions are erratic and 
seem to be controlled by multiple sources, most of which did not produce 
ore. 

In summary, not only are tuffaceous exhalites good indicators of ancient 
hydrothermal activity on the sea floor, but they contain a variety of geo
chemical and mineralogical changes relative to ore which hold promise for 
lithogeochemical prospecting. Unfortunately, trace-element distributions, 
which are relatively inexpensive to obtain by whole-rock analyses, are com
monly very erratic and are inconsistent from district to district so are not a 
panacea for exploration. 
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M I N E R A L O G R A P H Y O F S A M P L E R - l 

1. I N T R O D U C T I O N : 

Sample R - l was submitted by C . D . Spence, Western Canada Manager of 

Riocanex, 800 W. Pender Street, Vancouver, B . C . The accompanying le t ter stated that 

assays of s imi lar mater ia l have yielded 0.1 to 3% C u , 0.6 to 6% Zn , 0.2 to 7% Pb, 11 to 

220 ppm A g and 1.5 to hi ppm A u , and that ICP analysis of s imi lar rock gave 13% As , 

25 ppm Sr, 1500 ppm Sb and 100 ppm Ba (Ba and Sr w i l l be only par t ia l extract ion) . 

2. P R O C E D U R E : 

The mineralogy of a part of the sample containing visible galena and pyr i te was 

determined using a Philips X - r a y generator set at 40kV and 20mA which produced N i -

f i l tered monochromatic C u K ~ radia t ion. Goniometer and e lec t ronic c i r cu i t panel 

settings were: 2 °2e /minute at a chart speed of 1200 mm/hr w i th a ratemeter sett ing 

of 1 x 1 0 3 cps and a t ime constant of 1 second. A smal l part of the sample was 

powdered in a mortar by means of a pestle and spread on a glass slide as a slurry of ore 

minerals and acetone. A 2.5 cm square polished section was examined under ref lected 

light microscopy and ore mineral ident i f icat ion made by comparison wi th polished 

sections of known minerals . Some etch tests were done where noted in the fol lowing 

descript ion. The ident i f ica t ion of ore minerals by mineralography, and by X - r a y 

diff ract ion gave s imilar results although pyri te and sphalerite have overlappping X - r a y 

dif f ract ion peaks and tetrahedri te is present in such minor amounts that i t does not 

appear on the X - r a y diffractogram (Appendix A ) . 

3. M I N E R A L O G R A P H Y O F T H E S A M P L E : 

The sample is a fine grained mixture of sulphides ranging in s ize from 0.05 to 

0.3 mm in diameter and composing approximately 92% of the sample. The translucent 

( J E O T E X I 
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mineralogy was not determined. 

(a) Arsenopyri te (major mineral): 

A creamy white minera l , in dis t inct ion to pyr i te which is c reamy yellow 

against i t , w i th charac te r i s t i c elongate rhomb-shaped prisms. The mineral has a strong 

bluish to purplish brown anisotropy under slightly uncrossed nicols . Hardness F and 

similar to that of py r i t e . Some rhombs show par t ia l internal replacement by galena No 

gold seen but the specimen was not studied under o i l immers ion. 

(b) Pyr i t e (major mineral) : 

Pale yel low anisotropic grains which are yel lower than arsenopyrite and 

range from anhedral to euhedral square outlines which range in size from 0.01 to 

0.2 mm in diameter . Hardness F and s imilar to arsenopyrite. 

(c) Galena (1 to 2%): 

Galena whi te , hardness B but wi th no t race of tr iangular pits and only a 

rare hint of c leavage. It hosts anhedral to euhedral pyri te and euhedral arsenopyrite 

grains, and forms c lo ts up to 0.3 mm in diameter . It appears to replace chalcopyri te 

and sphalerite, and hosts anhedral blebs of te trahedri te . H N O 3 blackens, and F e C l 3 

and HC1 tarnisl) i r r idescent . 

(d) Sphalerite (3%): 

Medium grey, anhedral grains up to 0.3 mm in diameter which have minute 

exsolution or replacement blebs of chalcopyri te along crysta l lographic planes. The 

mineral powders white and does not have any intermal re f lec t ion . 

(e) Cha lcopyr i t e (196): 

Strong brass yel low anhedral grains up to 0.2 mm in diameter which contain 

anhedral to euhedral pyr i te and arsenopyrite grains. Hardness approximately C and 

similar to that of galena. Forms minute replacement or exsolution blebs along 

crystal lographic planes of sphalerite. 
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(f) Tetrahedri te (very rare): 

Small areas of about 0.02 mm in diameter which are brownish grey re la t ive 

to the surrounding galena. Hardness about C and shows no rel ief against the 

surrounding galena. Although wi th the high As assays tennanti te might be expected, 

the colour of the mineral against galena is not the bluish grey expected of tennanti te. 

The ident i f ica t ion of the mineral as tetrahedri te provides an explanation for the Sb 

assay of 1500 ppm and i t probably is the carr ier of the s i lver values. 

(g) C o v e l l i t e (J4%): 

Deep blue to whit ish blue biref lectance wi th f iery red anistropy colours. 

The mineral forms zones up to 0.05 mm wide along some galena grain boundaries and 

f i l l s fractures cu t t ing galena and cha lcopyr i te . 

> 
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