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SUMMARY: 
T h i s s u i t e o f a l t e r e d i n t r u s i v e r o c k s a p p e a r s t o come from a 

p o r p h y r y c o p p e r d e p o s i t o f t h e " d i or i t e c1 a n " , w i t h a t t e n d a n t m a f i c 
p o t a s s i c C b i o t i t e - a m p h i b o l e - m a g n e t i t e - a l k a l i f e l d s p a r , i n c l u d i ng b o t h 
a l b i t i c and t r u e K — f e l d s p a r ) a l t e r a t i o n . The o r i g i n a l , r o c k t y p e s a r e 
g e n e r a l l y d e d u e i b l e t h r o u g h t h e a l t e r a t i o n , and may be c I a s s i f i e d a s 
b e l o n g i ng t o a gr a d a t i o n a l s e r i e s a s f o l l o w s : 

Quartz d i o r i t e t o d i o r i t e ( 1 6 - 7 7 . 2 , 19-123.2, 163.6, 26-48.3) 
c o mposed o f a i m o s t e q u i g r a n u l a r p i a g i o c l a s e ( 50-607., I - 2 m m) a n cl r e 1 i c t 
a m p h i b o l e c r y s t a l s (10-157., 1-2 mm) w i t h i n t e r s t i t i a l , q u a r t z ; 

Hornblende d i o r i t e porphyry Cor p o r p h y r i t i c h o r n b l e n d e q u a r t z 
d i o r i t e t o r a r e l y q u a r t z monzoni t e * i n p l a c e s : 16-232.2, 19-247.8, 2 3 ¬
102.5, 1 1 0 . 1 , 2 5 - 4 0 . 3 , 345.8, 3 8 2 . 4 * , 26-263.5) composed o f 40-507. 1-3 
mm p l a g i o c 1 a s e and 15-207. 1-2 mm " ' h o r n b l e n d e p h e n o c r y s t s i n 10-307. 
p h a n e r i t i c ( 0 . 2 mm) quar t z x - f e l d s p a t h i c g r o u n d m a s s ; 

B i o t i t e - h o r n b l e n d e d a c i t e ( 2 5 - 2 3 9 . 1 ) t o r h y o d a c i t e ( 1 9 - 2 6 6 . 8 , 2 5 ¬
143.4) o r r h y o l i t e ( 2 5 — 2 1 4 . 8 ) p o r p h y r i e s , composed o f 5-107, 1 mm 
b i o t i t e , 5-157= 1-2 mm h o r n b l e n d e , and 25-307. p l a g i o c l a s e p h e n o c r y s t s 
( r a r e 1 mm q u a r t z ) i n an a p h a n i t i c CO.01-0.05 mm) quar t z o f e l d s p a t h i c 
g r o u n d m a s s ; 

Fragmental v o l c a n i c s ( 2 3 - 2 5 . 5 , 72.3) composed o f s m a l l e r 
p i a g i o c 1 a s e and h o r n b l e n d e p h e n o c r y s t s , and ?hydrothermal b r e c c i a ( 1 7 ¬
27 6 . 7 , 30-A, 32—76.7) composed o f v a r i a b l y a l t e r e d c l a s t s i n a m a t r i x 
o f s e c o n d a r y m i n e r a l s ( q u a r t z , t o u r m a l i n e , b i o t i t e , K - f e l d s p a r , p y r i t e , 
magnet i t e ) . 
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A l t e r a t i o n ranges from weak or moderate t o in t e n s e mafic p o t a s s i c 
(secondary b i o t i t e and/or amphibole, K - f e l d s p a r and/or a l b i t i c a l k a l i 
f e l d s p a r , quartz, magnetite; r a r e l y tourmaline) (16-232.2, 17-276.7, 
19-163.6, 247.8, 20-123.2, 23-25.5, 72.3, 25-40.3, 345.8, 25-239.1, 26¬
48.3, 247.7, 263.5, 30-A, 32-76.7) v a r i a b l y o v e r p r i n t e d by c h l o r i t e , 
s e r i c i t e and carbonate or p h y l l i c (19-266.8, 23-102.5, 25-143.4, 214.8) 
or a r g i l l i c ( c l a y -carbonate, g e n e r a l l y d o l o m i t i c - p y r i t e ) (16-77.2, 23¬
110.1) t o advanced a r g i l l i c ( c 1 a y - s e r i c i t e - d o l o m i t e - q u a r t z ) (25-382.4). 
Tourmaline i s g e n e r a l l y a dark blue-green t o khaki-coloured s c h o r l , and 
occ u r s i n v e i n s and b r e c c i a matrix. The types and i n t e n s i t y of mafi 
p o t a s s i c a l t e r a t i o n (and the o v e r p r i n t ) i s s i m i l a r i n many r e s p e c t s t o 
other d i o r i t e c l a n porphyry copper d e p o s i t s such as Island Copper on 
Vancouver Isl a n d , or Tanama or Taysan i n the P h i l l i p i n e s . 

M i n e r a l i z a t i o n ranges from magnetite with t r a c e s of c h a l c o p y r i t e 
and/or b o r n i t e t o s i g n i f i c a n t c h a l c o p y r i t e or b o r n i t e , mainly 
disseminated or along m i c r o f r a c t u r e s . P y r i t e i s g e n e r a l l y notable by 
i t s absence, i . e . a high c h a l c o p y r i t e : p y r i t e , low t o t a l s u l f i d e system 
th a t i s a l s o t y p i c a l of d i o r i t e c l a n porphyry coppers. Late planar 
q u a r t z - c h l o r i t e - c a l c i t e - p y r i t e v e i n l e t s , some with minor c h a l c o p y r i t e , 
tend t o cut e a r l y , i r r e g u l a r quartz-k-feldspar+/-amphibole, b i o t i t e and 
c h a l c o p y r i t e / b o r n i t e v e i n l e t s . 

C r a i g H.B. L e i t c h , Ph.D., P.Eng. 
492 I s a b e l l a Point Road, S a l t S p r i n g Island, B.C. V8K 1V4 

(604) 653-9158 
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95-16-72.2: ARGILLIC-CARBQNATE--QUARTZ ALTERED 2QUARTZ DIORITE UJITH  
MINOR PYRITE. TRACE CHALCOPYRITE 

Buff - w h i t e , f i n e to medium gra i n e d , f a i r l y even textured i n t r u s i v e 
with l o c a l g l o m e r a t i c f e l d s p a r . Mainly s o f t e r than s t e e l ; no s t a i n for 
K - f e l d s p a r , non-magnetic, no r e a c t i o n t o c o l d d i l u t e HC1. Modal 
mineralogy i n p o l i s h e d t h i n s e c t i o n i s roughly: 

Clay (?) ( a f t e r f e l d s p a r , mafics) 407. 
Car b on ate (d o 1 omi t e or a n k e r i t e ) 257. 
R e l i c t f e l d s p a r 157 
Quar t z ( p a r t i y sec on d ar y) 157. 
Rut i 1 e , 1 euc oxene 1-27 
Pyr i t e 17. 
S e r i c i t e 17. 
A p a t i t e , t r a c e z i r c o n 17 
Ch a 1 c op y r i t e < 17. 

T h i s s l i d e c o n s i s t s e s s e n t i a l l y of i n t e n s e l y a l t e r e d f e l d s p a r and mafic 
r e l i c s , with l e s s e r i n t e r s t i t i a l and minor secondary quartz. It 
probably o r i g i n a l l y c o n s i s t e d of about 607. f e l d s p a r ( l i k e l y mostly 
p i a g i o c 1 a s e ) , 257 mafics, and 157. quartz with accessory Fe-Ti oxides, 
a p a t i t e and z i r c o n . 

F e l d s p a r o r i g i n a l l y formed sub- t o anhedral c r y s t a l s up to about 3 
mm i n diameter (5 mm where g l o m e r a t i c ) . It i s almost completely 
pseudomorphed by very f i n e (5-10 micron) '"'clay and l e s s e r 25-50 micron 
carbonate, with only remnants of f e l d s p a r i n co r e s of c r y s t a l s . T h i s 
l i k e l y was mainly p l a g i o c l a s e . 

Mafic c r y s t a l s o r i g i n a l l y were ragged, subhedral and i n t e r s t i t i a l 
t o the f e l d s p a r , up to 2 mm long. They are now pseudomorphed by 
subhedral carbonate t o 0.1 mm, f i n e (5-15 micron) ? c l a y , and minor 
quartz t o 0.15 mm diameter. S c a t t e r e d , f i n e aggregates of r u t i l e and 
leucoxene up t o 0.1 mm across are l i k e l y a f t e r '"'ilmenite. Euhedral 
c r y s t a l s of a p a t i t e t o 100 microns and z i r c o n t o 70 microns may be 
r e l i c t a c c e s s o r i e s . 

Quartz forms subhedral to anhedral c r y s t a l s up to 1.5 mm diameter 
with minor undulose e x t i n c t i o n and sub - g r a i n development i n d i c a t i n g 
s t r a i n . Part of the quartz i s probably primary, i n t e r s t i t i a l t o the 
f e l d s p a r and mafics, but part of i t i s i n the form of narrow v e i n l e t s 
up t o 0.5 mm t h i c k ; t h i s i s secondary s i 1 i c i f i c a t i o n . The quartz 
v e i n l e t s are accompanied by minor p y r i t e (euhedral, t o 0.25 mm) and 
c h a l c o p y r i t e (subhedral elongate b l e b s t o 0.25 mm l o n g ) ; the quartz 
v e i n l e t s cut by narrow v e i n l e t s of ? c l a y . 

In summary, t h i s appears t o have been an i n t e r m e d i a t e i n t r u s i v e 
rock composed of f e l d s p a r , mafics ( p o s s i b l y amphibole t o judge by the 
elongate shapes), and minor quartz. It may have been about a quartz 
d i o r i t e i n composition; i t has undergone i n t e n s e a r g i l l i c ( c l a y ) and 
carbonate a l t e r a t i o n , with minor s i 1 i c i f i c a t i o n and s u l f i d e 
m i n e r a l i z a t i o n ( i n c l u d i n g t r a c e copper). 
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95-16-232.2: BIQTITE-AMPHI BOLE-MINOR K5PAR ALTERED "'HORNBLENDE QUARTZ  
DIORITE PORPHYRY MITH MINOR MAGNETITE. TRACE CHALCOPYRITE 

Dark grey-green, medium-grained i n t r u s i v e rock with vague 
( a l t e r e d ? ) t e x t u r e , minor s u l f i d e s ; s t r o n g l y magnetic, very minor 
yellow s t a i n for K-feldspar a p p a r e n t l y along h a i r l i n e f r a c t u r e s . There 
i s no r e a c t i o n t o c o l d d i l u t e HC1; modal mineralogy i n p o l i s h e d t h i n 
s e c t i o n i s approximately: 

P l a g i o c l a s e (phenocrysts and groundmass) 557. 
Secondary b i o t i t e 157. 
Secondary amphibole 107 
Quartz (groundmass) 107 
K - f e l d s p a r (secondary) 57 
CI ay-ser i c i t e 27. 
Magnetite ( p a r t l y hematized) 1-27 
Sphene 17 
Ch a 1 c op y r i t e < 17. 
A p a t i t e , t r a c e z i r c o n <17 

T h i s sample c o n s i s t s e s s e n t i a l l y of f r e s h f e l d s p a r and i n t e n s e l y 
b i o t i t e a l t e r e d mafics set i n about 20-307. p h a n e r i t i c q u a r t z - f e l d s p a r 
groundmass. Fel d s p a r i s mainly p l a g i o c l a s e , forming euhedral t o 
subhedral c r y s t a l s up to 2 mm i n length d i s p l a y i n g primary o s c i l l a t o r y 
c o m p ositional zoning. The composition i s about andesine (An30-50) 
based on e x t i n c t i o n angles Y''010 of 10-25 degrees and r e l i e f s l i g h t l y 
above th a t of q u a r t z . There i s very minor a l t e r a t i o n of f e l d s p a r to 
c 1 a y - s e r i c i t e (5-10 micron s i z e d f l a k e s , i n patches up to 0.25 mm 
a c r o s s ) . In p l a c e s the p l a g i o c l a s e c r y s t a l s are t r a v e r s e d by narrow 
v e i n l e t s of a lower r e l i e f m ineral, l i k e l y K - f e l d s p a r , up to 50 microns 
t h i c k . Traces of b i o t i t e a l s o occur i n these v e i n l e t s , but they do not 
g e n e r a l l y c o n t a i n s u l f i d e s . 

M a f i c s appear t o have been amphibole, l i k e l y hornblende; they have 
somewhat ragged t o subhedral o u t l i n e s up t o 2 mm long, and are 
pseudomorphed by f i n e (25-50 micron) f i b r o u s green secondary amphibole 
and s i m i l a r - s i z e d g r e e n i s h brown secondary b i o t i t e , p l u s opaques and 
accessory a p t i t e , sphene and r a r e z i r c o n . Minor sphene i s found as 25¬
50 micron s i z e d subhedral c r y s t a l s i n t i m a t e l y mixed with b i o t i t e and 
magnetite; a p a t i t e and z i r c o n form euhedral prisms to 0.1 mm and 50 
microns long r e s p e c t i v e l y . 

Magnetite i s common as f i n e t o very f i n e (to 80 micron) subhedral 
c r y s t a l s , mainly i n a l t e r e d mafic s i t e s but o c c a s i o n a l l y a l s o i n narrow 
v e i n l e t s . Most of the magnetite shows s l i g h t t o modest a l t e r a t i o n t o 
hematite. In p l a c e s magnetite i s accompanied by minor c h a l c o p y r i t e , as 
subhedral b l e b s mainly l e s s than 50 microns but up to 0.1 mm. P y r i t e 
i s n o table by i t s absence, making t h i s a low t o t a l s u l f i d e but high 
c h a l c o p y r i t e t o p y r i t e r a t i o sample. 

The groundmass c o n s i s t s of small (0.1 mm) subhedral c r y s t a l s of 
p l a g i o c l a s e , l i k e l y of s i m i l a r composition t o the phenocrysts, and 
i n t e r s t i t i a l quartz (10-25 microns), b i o t i t e and amphibole p l u s minor 
magnetite and r a r e c h a l c o p y r i t e . 

In summary, t h i s sample, l i k e l y o r i g i n a l l y hornblende quartz 
d i o r i t e porphyry, d i s p l a y s moderate "mafic p o t a s s i c " a l t e r a t i o n 
(secondary amphibole, b i o t i t e and magnetite a f t e r mafics with t r a c e K-
f e l d s p a r a f t e r p l a g i o c l a s e ; seen at d i o r i t e c l a n porphyry coppers such 
as Isla n d Copper), a s s o c i a t e d with weak c h a l c o p y r i t e m i n e r a l i z a t i o n . 
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95-17 276.7: POTASSIC (ALKALI FELDSPAR-QUARTZ-BIDTITE-KSPAR-AMPHIEiQLE- 
MAGNETI TE-TOURMAL INE-APATITE-CHALCOPYRI TE ALTERED ) FELSIC 7BRECCIA 

Grey, s i l i c e o u s rock (harder than s t e e l ) with vague fragmental 
t e x t u r e caused by g h o s t - l i k e c l a s t s of v a r i e d l i t h o l o g y and subrounded 
o u t l i n e s up t o 2 cm long. Some c l a s t s c o n t a i n very f i n e s u l f i d e s , 
l i k e l y c h a l c o p y r i t e ; r a r e v e i n l e t s of magnetite and b i o t i t e are 
pre s e n t . The rock does not react to c o l d d i l u t e HC1, and shows only 
minor d i f f u s e yellow s t a i n for K - f e l d s p a r , mainly around margins of 
fragments. Mineralogy i n p o l i s h e d t h i n s e c t i o n i s approximately: 

A l k a l i f e l d s p a r ( P a l b i t i c ) 507. 
Quar12 ( p a r t l y secondary) 207. 
Secondary b i o t i t e ( p a r t l y c h l o r i t i z e d ) 107 
Clay (?) 107. 
K ~ f e l d s p a r (secondary) 57 
Amphibole (secondary) 17 
Magnetite, p a r t l y hematized 17. 
C h a l c o p y r i t e . t r a c e b o r n i t e 17 
A p a t i t e 17. 
Tourmaline 17 
Ep i d o t e , ?molybdenite t r 

Fragments appear to c o n s i s t of ? c l a y a l t e r e d a l k a l i f e l d s p a r ; the 
matrix, mainly f i n e quartz and a l k a l i f e l d s p a r . Both are cut by a 
network of f i n e a l k a l i f e l d s p a r - b i o t i t e - m i n o r opaques-apatite v e i n l e t s , 
i n p l a c e s with d i f f u s e envelopes of secondary b i o t i t e . 

Fragments are composed of a l t e r e d f e l d s p a r r e l i c t c r y s t a l s of 
about 0.2 mm l e n g t h that appear to be p a r t l y a l t e r e d t o f i n e f l a k e s of 
?c1ay (5-10 microns). Most of the a l k a l i f e l d s p a r i s probably a l b i t i c 
(some i s vaguely twinned) although the a l t e r a t i o n makes i t d i f f i c u l t t o 
be sure. There i s a l s o very f i n e (1-50 micron) opaque, mostly 
magnetite. Some fragments are composed of coarser (up t o 1 mm s i z e d ) 
a l k a l i f e l d s p a r , and others of f i n e aggregates of anhedral 25-50 micron 
f e l d s p a r , l e s s e r b i o t i t e and minor amphibole. 

The matrix c o n s i s t s of very f i n e (10-30 micron) q u a r t z / a l k a l i 
f e l d s p a r and c o n s i d e r a b l e b i o t i t e , magnetite and c h a l c o p y r i t e p l u s 
minor amphibole and dark tourmaline ( s c h o r l ) . Again, most of the 
a l k a l i f e l d s p a r appears to be a l b i t i c , although some may be K - f e l d s p a r . 
Amphibole forms ragged f i b r o u s c r y s t a l s t o 50 microns long; the b i o t i t e 
forms dark greeny brown f l a k e s to 20 microns that i n p l a c e s are p a r t l y 
c h l o r i t i z e d . Tourmaline c r y s t a l s up t o 50 microns are anhedral t o 
ragged and p o i k i 1 i t i c a l 1 y enclose quartz and f e l d s p a r . 

V e i n l e t s are d i f f u s e and i r r e g u l a r , up t o 0.5 mm t h i c k where best 
developed. They c o n t a i n the same mi n e r a l s as i n the matrix, but 
coarser and b e t t e r developed (quartz t o 0.15 mm; t r u e K - f e l d s p a r to 50 
micron; t o u r m a l i n e and c h a l c o p y r i t e t o 0.2 mm; b i o t i t e t o 0.1 mm). Rare 
euhedral c r y s t a l s of e p i d o t e up t o 0.2 mm are enclosed by or a s s o c i a t e d 
with c h a l c o p y r i t e . T h i s suggests that the matrix i s l a r g e l y secondary, 
or i s more a l t e r e d than the fragments, and that t h i s a l t e r a t i o n i s 
r e l a t e d to the v e i n l e t s . Most c h a l c o p y r i t e i s intergrown with l e s s e r 
b o r n i t e (subhedral, t o 0.1 mm; e s p e c i a l y along the v e i n s ) and p a r t l y 
hematized magnetite. There are r a r e 50 micron f l a k e s of ?molybdenite. 
As i n the p r e v i o u s sample, p y r i t e i s n o t a b l e by i t s absence. 

In summary, t h i s appears t o be a s t r o n g l y mafic p o t a s s i c a l t e r e d 
( q uartz, a l k a l i f e l d s p a r , b i o t i t e , amphibole, magnetite) f e l s i c 
fragmental or ? b r e c c i a , well m i n e r a l i z e d with f i n e c h a l c o p y r i t e . 
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95-19 163.6: MAFIC POTASSIC (K-FELDSPAR-AMPHIBOLE-MAGNETITE-QUARTZ ~  
CARBONATE ALTERED) 7HQRNBLENDE DIORITE: VIRTUALLY NO CHALCOPYRITE 

Dark grey, medium-grained i n t r u s i v e cut by m a g n e t i t e - r i c h zones 
(""'fracture envelopes) and pink planar f r a c t u r e s with green c e n t r e s and 
minor c h a l c o p y r i t e . There i s abundant K - f e l d s p a r , mainly i n t e r s t i t i a l 
to the f e l d s p a r and mafic c r y s t a l r e l i c t s , but no r e a c t i o n t o c o l d 
d i l u t e HC1. Modal mineralogy i n the p o l i s h e d t h i n s e c t i o n i s : 

P l a g i o c l a s e (andesine) 45"/. 
Amphibole ( l a r g e l y secondary) 157. 
K - f e l d s p a r ( l a r g e l y secondary) 157. 
Quartz ( p a r t l y secondary) 107 
Clay, s e r i c i t e 57. 
Carbonate (dolomite or anker i t e ) 57 
Magnetite ( p a r t l y hematized) 57. 
Sphene, t r a c e r u t i l e <17 
Chalcopyr i t e t r 

T h i s i s a r e l a t i v e l y equigranular rock, composed of about 507 
p l a g i o c l a s e with 20-257 i n t e r s t i t i a l mafics ( r e l i c t amphibole) and 
l e s s e r q u a r t z . It c o u l d have been the p r e c u r s o r t o the a r g i l l i c 
a l t e r e d specimen of 16-77.2. P l a g i o c l a s e forms subhedral c r y s t a l s with 
corroded o u t l i n e s , mainly due to a l t e r a t i o n around the rims by K-
f e l d s p a r . Although part of t h i s K-spar i s l i k e l y a r e s u l t of 
overgrowth on primary K~spar ( c l e a r , cleaved, t o 0.2 mm) that was 
i n t e r s t i t i a l t o the p l a g i o c l a s e , much of i t appears t o be secondary 
(anhedral, with many sub-domains, to 0.1 mm). In some cases almost the 
e n t i r e p l a g i o c l a s e c r y s t a l i s replaced by K-spar, accompanied by 
magnetite. Most p l a g i o c l a s e , which appears t o be about andesine i n 
composition, shows r e l i c t compositional zoning and i s a l t e r e d t o minor 
f l e c k s of s e r i c i t e and carbonate, or i n some cases secondary quartz. 

Quartz i s not abundant i n t h i s sample, forming subhedral c r y s t a l s 
t o 0.3 mm diameter i n c e r t a i n of the l a r g e r i n t e r s t i t i a l areas, with 
magnetite and n e e d l e - l i k e secondary amphibole p a r t l y a l t e r e d t o 
carbonate. Lack of r e a c t i o n of the carbonate t o a c i d suggests i t i s 
l a r g e l y d olomite or anker i t e . 

Mafic c r y s t a l s i n c l u d e both major ragged, anhedral amphibole 
( h e a v i l y r e p l a c e d by magnetite and l e s s e r sphene) and r a r e brown 
b i o t i t e . Former amphibole c r y s t a l s were up t o 2 mm long; b i o t i t e t o 
0.5 mm diameter. Most of the amphibole i s r e p l a c e d by f i b r o u s 
secondary amphibole, p a r t l y i n p a r a l l e l p o s i t i o n , abundant magnetite-
hematite, and minor carbonate (anhedral, t o 0.1 mm) and quartz 
(anhedral, t o 0.1 mm); t h e r e are t r a c e s of c h l o r i t e . 

Magnetite occurs as subhedral c r y s t a l s t o 0.25 mm diameter, i n 
p l a c e s aggregating t o s e v e r a l mm, and i n most cases s l i g h t l y a l t e r e d to 
hematite at g r a i n margins and along p a r t i n g s . Sphene occurs as 
subhedral c r y s t a l s t o 0.3 mm diameter commonly intergrown or a s s o c i a t e d 
with magnetite-hematite; r a r e l y , 25-50 micron r u t i l e i s i n c l u d e d i n 
sphene. C h a l c o p y r i t e i s extremely r a r e ( l e s s than 0.1 mm diameter). 
The h e a v i e s t magnetite replacement i s e s e n t i a l l y i n t e r s t i t i a l t o the 
p l a g i o c l a s e , forming a "groundmass" with K - f e l d s p a r that l e a v e s 
p l a g i o c l a s e as i s l a n d s . 

T h i s appears t o be a mafic p o t a s s i c (K~feldspar-amphibole-quartz~ 
magnetite-minor carbonate) a l t e r e d ? h o r n b l e n d e - b i o t i t e d i o r i t e , but 
t h e r e i s no s i g n i f i c a n t copper m i n e r a l i z a t i o n . 
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95-19 247.8: WEAKLY MAFIC POTASSIC (K-FELDSPAR-AMPHIBOLE-MAGNETITE- 
QUARTZ -CHLOR ITE-CALCI TE) ALTERED '"'HORNBLENDE DIORITE PORPHYRY 

L i g h t grey, f a i n t l y p o r p h y r i t i c i n t r u s i v e rock with f i n e 
disseminated magnetite; modest r e a c t i o n to c o l d d i l u t e HC1, moderate 
yellow s t a i n for K - f e l d s p a r . Modal mineralogy i n p o l i s h e d t h i n s e c t i o n 
i s approximately: 

P l a g i o c l a s e (phenocrysts and groundmass) 607. 
Amphibole ( p a r t l y secondary) 107. 
K - f e l d s p a r (groundmass; p a r t l y secondary) 107. 
Quar tz 57. 
Chi or i t e 57 
Carbonate ( c a l c i t e ) 57. 
CIay-ser i c i t e 27 
Magnetite ( p a r t l y hematized) 27 
Sphene/ruti1e, a p a t i t e , t r a c e z i r c o n 17 
E p i d o t e <17 

Th i s sample i s composed of about 15-20 7. p l a g i o c l a s e and 5-10 7. smaller 
amphibole phenocrysts i n a groundmass of p l a g i o c l a s e and minor quartz, 
K - f e l d s p a r , and amphibole p l u s t r a c e magnetite. 

Feldspar c r y s t a l s are euhedral and up to 2 mm long, with corroded 
margins a g a i n s t the groundmass. The c r y s t a l s are zoned, p a r t i c u l a r l y 
at the rims, with composition c l o s e t o ol i g o c 1 a s e - a n d e s i n e (An 3» cores 
t o A n 2 B rims, based on e x t i n c t i o n angles X'"001 of 6 t o -2 degrees). 
Most c r y s t a l s a re s l i g h t l y a l t e r e d t o v e i n l e t s of carbnate and f l e c k s 
of f i n e s e r i c i t e as well as minor K-feldspar a t t a c k by the groundmass. 

Mafic c r y s t a l s are a l t e r e d to c h l o r i t e and minor sphene ( r a r e 
e p i d o t e as subhedral c r y s t a l s t o 0.1 mm). They appear t o have mostly 
been amphibole ('"'hornblende) as euhedral t o subhedral, ragged c r y s t a l s 
up t o 1.5 mm long. In the l a r g e r c r y s t a l s , minor carbonate, quartz and 
sphene as ragged, anhedral c r y s t a l s are up t o 0.15 mm ac r o s s ; magnetite 
forms subhedral c r y s t a l s r a r e l y over 100 microns i n diameter, i n p l a c e s 
rimming or r e p l a c i n g almost the e n t i r e c r y s t a l . Rare b i o t i t e as pal e 
washed-out r e l i c t c r y s t a l s t o 0.1 mm and a p a t i t e (+/-rare z i r c o n ) t o 75 
microns i n c l u d e d i n the amphibole are l i k e l y primary. Magnetite 
c r y s t a l s ( p a r t l y a l t e r e d t o hematite) commonly aggregate up t o 0.5 mm, 
surrounding areas of sphene cored by minor r u t i l e (25-30 microns). The 
only c h a l c o p y r i t e present occurs as r a r e minute (1-5 micron) i n c l u s i o n s 
i n magnetite. 

The groundmass c o n s i s t s of f i n e p l a g i o c l a s e m i c r o l i t e s i n random 
o r i e n t a t i o n , of about 0.1-0.2 mm s i z e , with l e s s e r i n t e r s t i t i a l quartz 
and K - f e l d s p a r (50-100 microns), and f i n e amphibole (to 0.3 mm), 
magnetite (0.1 mm), c h l o r i t e (0.1 mm), sphene (50 microns), and 
carbonate (0.2 mm); epi d o t e t o 50 microns i s r a r e . F e l d s p a r s are 
s l i g h t l y c l a y a l t e r e d . 

T h i s sample l i k e l y was a hornblende-plagioc1ase p o r p h y r i t i c 
d i o r i t e or quartz d i o r i t e ; i t i s only weakly mafic p o t a s s i c a l t e r e d , t o 
K- f e l d s p a r , amphibole, magnetite, quartz, and c a l c i t e . The coarseness 
of the groundmass suggests a s l i g h t l y deeper emplacement than the 
porphyry i n 95-16 77.2m. 
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95-19 266.8: MODERATELY PHYLLIC (SEPICITE-QUARTZ-CARBONATE-CHLQRITE- 
MINOR "'K-FELDSPAR) ALTERED BIQTITE-HORNBLENDE RHYQDACITE PORPHYRY 

Light g r e y - b u f f , f e l s i c porphyry c h a r a c t e r i z e d by 20-257. f i n e p a l e 
green a l t e r e d p l a g i o c l a s e and 57. black b i o t i t e c r y s t a l s i n an a p h a n i t i c 
matrix that s t a i n s s t r o n g l y for K - f e l d s p a r . There i s no r e a c t i o n t o 
c o l d d i l u t e HC1 and the rock i s not magnetic; s u l f i d e s are absent. In 
p o l i s h e d t h i n s e c t i o n , the modal mineralogy i s approximately: 

S e r i c i t e , c l a y 257 
K - f e l d s p a r (groundmass; '"'partly secondary) 257 
Quartz (groundmass) 157 
Re 1 i c t p i agi oc 3. ase (?a 1 bi t i c ) 157 
Carbonate 107 
B i o t i t e 57. 
C h l o r i t e 57. 
Hematite ( l i k e l y a f t e r magnetite) <17 
R u t i l e , sphene, z i r c o n <17 

T h i s i s a f i n e l y p o r p h y r i t i c rock composed of a l t e r e d p l a g i o c l a s e , 
f a i r l y f r e s h s b i o t i t e and r a r e r e l i c t amphibole c r y s t a l s i n a q u a r t z o -
f e l d s p a t h i c matrix. P l a g i o c l a s e c r y s t a l s have euhedral o u t l i n e s and 
are s t r o n g l y a l t e r e d t o f i n e (15-25 micron) s e r i c i t e and l e s s e r 50 
micron carbonate (many have been e n t i r e l y pseudomorphed, and have been 
plucked out d u r i n g s e c t i o n p r e p a r a t i o n ) . It i s not p o s s i b l e t o 
determine the o r i g i n a l p l a g i o c l a s e composition, but i t was l i k e l y more 
c a l c i c than i t i s now ( p o s s i b l y now a l b i t i c ) . 

B i o t i t e p h enocrysts are euhedral books up t o 1 mm i n diameter; 
they are p l e o c h r o i c i n y e l l o w i s h to greenish brown, and r e l a t i v e l y 
f r e s h . Elongate '"'amphibole r e l i c s up t o 1.5 mm long were at l e a s t as 
abundant as b i o t i t e but have been pseudomorphed by c h l o r i t e (subhedral 
f l a k e s to 100 microns), carbonate (subhedral, i r o n - s t a i n e d , l i k e l y 
a n k e r i t e t o 50 microns) and minor sphene and opaques (see next 
paragraph). 

Minor hematite occurs as sub- to euhedral f l a k e s t o 75 microns 
diameter, l i k e l y a f t e r '"'magnetite; these are mixed with or surround 
r u t i l e (eu- t o s u b hedral, t o 50 microns) and euhedral z i r c o n t o 45 
microns; i n p l a c e s , sphene to 0.15 mm i s mixed with or contained i n 
l a r g e r c r y s t a l s of carbonate t o 0.3 mm across. 

The groundmass c o n s i s t s l a r g e l y of f i n e (0.1-0.2 mm) subhedral 
a l t e r e d p l a g i o c l a s e m i c r o l i t e s set i n f i n e r (50-100 micron) subhedral 
K-feldspar and q u a r t z ; i n p l a c e s i t i s a l t e r e d t o a mosaic of secondary 
quartz, carbonate and minor a p a t i t e up t o 0.2 mm i n diameter. T h i s 
c ar b on at e may b e ?d o1omi t e (does n ot r e a c t t o HC1). A11 h oug h part o f 
the K-feldspar may be secondary ( a t t a c k i n g the edges of p l a g i o c l a s e 
phenocrysts, with q u a r t z ) , most i s l i k e l y primary. 

T h i s appears t o be a moderately p h y l l i c ( s e r i c i t e - c a r b o n a t e -
c h l o r i t e ) a l t e r e d , b i o t i t e - h o r n b l e n d e d a c i t e or more l i k e l y r h y o d a c i t e 
porphyry (or p o r p h y r i t i c quartz d i o r i t e t o quartz monzonite). It does 
not contain any s u l f i d e m i n e r a l i z a t i o n . 
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95-20 123.2: SECONDARY ALKALI FELDSPAR C?ALBITIC)-QUARTZ-CARBONATE- 
MI NOR CLAY/SEPICITE ALTERED. HORNBLENDE QUARTZ DIORITE 

S i l i c e o u s , l i g h t grey-green, medium-grained i n t r u s i v e (harder than 
s t e e l ; no r e a c t i o n t o c o l d d i l u t e HC1) composed of grey p l a g i o c l a s e and 
pale green mafic r e l i c t s c o n t a i n i n g b u f f - c o l o u r e d sphene/ruti1e. Very 
r a r e s t a i n for K - f e l d s p a r and no s u l f i d e s ; weakly magnetic. Modal 
mineralogy i n p o l i s h e d t h i n s e c t i o n i s approximately: 

P l a g i o c l a s e ( o l i g o c l a s e ; p a r t l y '"'albitized) 407. 
Secondary a l k a l i f e l d s p a r ('"'albitic) 207. 
Quartz 157. 
Amphi bole 157 
Car bonat e (dolomi t e or anker i t e) 57 
Clay, s e r i c i t e 37. 
Sphene/rut i 1 e 17. 
K - f e l d s p a r (sec on d ar y) 17. 
Apat i t e <17 
Magnetite ( p a r t l y hematized) <17 

Th i s sample c o n s i s t s of mainly p l a g i o c l a s e , with i n t e r s t i t i a l amphibole 
and quartz (akin t o the i n t e n s e l y a r g i l l i c alteredsample from 95-16 at 
77.2 m, p o s s i b l y a precursor t o such a r o c k ) . P l a g i o c l a s e i s mainly 
fr e s h and f i n e l y twinned, but shows only t r a c e s of r e l i c t c o mpositional 
zoning, and abundant overgrowth by a feld s p a r with l i t t l e or no r e l i e f 
d i f f e r e n c e , s u g g e s t i n g i t i s mostly a l b i t e overgrowth (composition of 
the cores i s about o l i g o c l a s e , based on e x t i n c t i o n angles Y'%010 about 7 
degrees, and r e l i e f c l o s e t o that of q u a r t z ) . THis secondary a l k a l i 
f e l d s p a r looks l i k e K - f e l d s p a r i n i t s habit (sub-grains, c l e a r l y 
secondary) but the la c k of yellow s t a i n i n the hand specimen shows that 
i t i s not. T h i s type of a l t e r a t i o n ( a l b i t i c a l k a l i f e l d s p a r ) i s common 
at c e r t a i n " d i o r i t e c l a n " porphyry coppers such as the I s l a n d Copper 
de p o s i t ; see a l s o L e i t c h , CIM B u l l . J u l y 1981. Minor c1 a y — s e r i c i t e 
f l e c k i n g (10-25 micron diameter) of both primary and secondary 
f e l d s p a r s i s common; carbonate forms anhedral t o subhedral c r y s t a l s up 
to 0.1 mm i n the p l a g i o c l a s e . 

P l a g i o c l a s e c r y s t a l s are a l s o attacked at t h e i r margins (outboard 
of the a l b i t i z a t i o n ) by secondary quartz, i n sub- t o anhedral c r y s t a l s 
up t o 0.25 mm diameter growing outward from minor i n t e r s t i t i a l 
('"'primary) q u a r t z . The amount of primary quartz may have been about 5¬
107, p u t t i n g t h i s rock on the boundary between hornblende quartz 
d i o r i t e and d i o r i t e . 

Mafic c r y s t a l s are subhedral amphibole t o 1.5 mm long, mainly 
f a i r l y f r e s h t o moderately carbonate a l t e r e d and a s s o c i a t e d with 
s i g n i f i c a n t sub- t o euhedral, o f t e n s k e l e t a l , c r y s t a l s of sphene up to 
1 mm across, most with c o r e s of euhedral r u t i l e (25-50 microns) and 
some p o i k i l i t i c a l l y e n c l o s i n g quartz. A l t e r a t i o n carbonte, l i k e l y 
dolomite or anker i t e , forms sub- t o anhedral c r y s t a l s a ggregating t o 
0.1 mm s i z e . F i n e euhedral prisms of a p a t i t e t o 0.1 mm are found with 
the s p h e n e / r u t i l e and amphibole. Rare euhedral c r y s t a l s of magnetite 
t o 0.3 mm, p a r t l y o x i d i z e d t o hematite, are l i k e l y primary a c c e s s o r i e s ; 
t h e r e are no s u l f i d e s . 

In summary, t h i s appears t o be a mainly hoi o c r y s t a l 1 i n e i n t r u s i v e 
of about hornblende quartz d i o r i t e composition, m i l d l y a l t e r e d t o 
secondary a l k a l i f e l d s p a r , quartz, carbonate and c 1 a y - s e r i c i t e . 
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85-23 25.5: MAFIC PQTASSIC (SECONDARY ALKALI FELDSPAR-KSPAR. BIQTITE- 
QUARTZ-TQURMALINE. OVERPRINTED BY 5ERICITE-CARBQNTE-CHL0RITE) ALTERED  
2FELSIC FRAGMENTAL VOLCANIC: MINOR CHALCOPYRITE STRINGERS 

F i n e - g r a i n e d , b u f f , s t r o n g l y a l t e r e d '"'volcanic rock cut by 
f r a c t u r e s with cores of f i n e c h a l c o p y r i t e and envelopes of p a l e -
c o l o u r e d '"'sericite c u t t i n g brownish ""'relict u n a l t e r e d rock. P a l e ghosts 
of '"'plagioclase and mafic phenocrysts are v i s i b l e . The rock i s weakly 
magnetic but does not r e a c t to c o l d d i l u t e HC1. It shows modest yellow 
s t a i n for K - f e l d s p a r ; modal mineralogy i n p o l i s h e d t h i n s e c t i o n i s : 

Secondary a l k a l i f e l d s p a r ( a l b i t i c , minor Kspar) 507. 
Quartz (at l e a s t p a r t l y secondary) 157. 
Ser i c i t e, c1 ay 157 
Car bonat e (?dolomi t e or anker i t e) 107 
C h l o r i t e (mainly a f t e r secondary b i o t i t e ) 77 
Tourmaline ( s c h o r l ) 27 
IImenite, magnetite <17 

T h i s i s a f i n e - g r a i n e d , mainly a l t e r e d rock composed of secondary 
a l k a l i f e l d s p a r , q u a r t z , carbonate, c h o r i t e , s e r i c i t e and minor 
opaques. R e l i c t phenocryst s i t e s up to 1 mm long are only b a r e l y 
r e c o g n i z a b l e as anhedral patches of s e r i c i t e or carbonate. Vague 
boundaries between c o a r s e - g r a i n e d and f i n e r - g r a i n e d areas may i n d i c a t e 
fragments that were subrounded and up t o 1 cm long. There are r a r e 
sub- t o euhedral phenocrysts or shards of quartz to 0.3 mm. S c a t t e r e d 
c r y s t a l s of tourmaline ( s c h o r l ; black i n hand specimen, dark greeny-
fa r own i n t h i n sec t i on , t o 0. 5 mm ) are 1 i k e 3. y sec on d ar y 

Secondary a l k a l i f e l d s p a r forms ragged, anhedral c r y s t a l s r a r e l y 
up to 0.1 mm diameter, with r e f r a c t i v e index l e s s than quartz but no 
yellow s t a i n i n hand specimen i n d i c a t i n g mainly a l b i t i c compositions. 
In some p l a c e s t h e r e i s minor yellow s t a i n , i n d i c a t i n g more o r t h o c l a s e -
r i c h a l k a l i f e l d s p a r ( s t r o n g e s t along the v e i n l e t s with c h a l c o p y r i t e , 
but weakly p e r v a s i v e elsewhere). The secondary f e l d s p a r i s i t s e l f 
p a r t l y a l t e r e d to carbonate (probably dolomite or anker i t e , l a r g e l y 
anhedral, l e s s than 0.1 mm) and f i n e s e r i c i t e ( f l a k e s of 10-30 micron 
s i z e ) . Quartz forms subhedral t o anhedral c r y s t a l s up t o 0.1 mm 
diameter, a l s o p a r t l y a l t e r e d t o (or '"'mixed with) some s e r i c i t e . 

R e l i c t p l a g i o c l a s e s i t e s are pseudomorphed by 20 micron s e r i c i t e 
and l e s s e r carbonate; r e l i c mafic s i t e s are pseudomorphed by f i n e (25¬
50 micron) greeny-brown b i o t i t e , mainly p a r t l y c h l o r i t i z e d . These 
min e r a l s appear t o be a f t e r former ragged anhedral amphibole c r y s t a l s ; 
r a r e l y , ragged t o u r m a l i n e c r y s t a l s t o 0.2 mm long a l s o r e p l a c e the 
mafic s i t e s . 

I lmenite and l e s s e r magnetite occur as disseminated c r y s t a l s or 
aggregates of subhedral c r y s t a l s up to 0.3 mm across, p o s s i b l y as 
r e l i c t primary a c c e s s o r i e s . C h a l c o p y r i t e i s found only along narrow 
(0.1 mm) s t r i n g e r s as 0.25 mm subhedral b l e b s with quartz, c h l o r i t e , 
and minor s e r i c i t e . 

Rare quartz and p l a g i o c l a s e shards, p l u s vague '?fragment o u t l i n e s , 
suggest t h i s i s a c r y s t a l - 1 i t h i c t u f f of f e l s i c ( ? d a c i t e - r h y o d a c i t e ) 
composition, s t r o n g l y a l t e r e d t o a l k a l i f e l d s p a r ( p a r t l y K-spar, p a r t l y 
a l b i t i c ) , b i o t i t e , quartz and tourmaline, o v e r p r i n t e d by s e r i c i t e -
c h l o r i t e - c a r b o n a t e . The quartz v e i n l e t s c a r r y i n g c h a l c o p y r i t e may have 
o r i g i n a l l y contained e i t h e r b i o t i t e or amphibole that i s now 
c h l o r i t i z e d by a l a t e r s e r i c i t e - c h l o r i t e - c a r b o n a t e o v e r p r i n t (SCC 
a l t e r a t i o n at I s l a n d Copper, Taysan i n the P h i l l i p i n e s , e t c . ) . 
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95-23 72.3: STRONGLY SECONDARY ALKALI FELDSPAR.-SEPICITE-BIQTITE-CLAY- 
CARBQNATE-TQURMALINE ALTERED 2FELSIC FRAGMENTAL; CHALCOPYRITE VEIN 

F i n e - g r a i n e d , s t r o n g l y a l t e r e d v o l c a n i c rock with black tourmaline 
?v e i n (surrounded by white, hard envelope, and both cut by a q u a r t z -
c h a l c o p y r i t e v e i n l e t ) . The bulk of the rock i s d i s t i n g u i s h e d by a f i n e 
wispy t e x t u r e caused by a l t e r n a t i n g darker brownish and l i g h t e r b u f f i s h 
laminae. There i s minor yellow s t a i n for K-spar along h a i r l i n e 
f r a c t u r e s p a r t i c u l a r l y i n the darker patches (not the l i g h t e r or white, 
which may t h e r e f o r e be a l b i t i c ) . There i s no r e a c t i o n t o c o l d d i l u t e 
HC1 except along narrow l a t e f r a c t u r e s ; the rock i s not magnetic. 
Modal mineralogy i n p o l i s h e d t h i n s e c t i o n i s : 

Secondary a l k a l i f e l d s p a r ( a l b i t i c , minor K-spar) 407. 
Ser i c i t e , muse ovi t e 207 
Sec ondar y b i ot i t e (c h 1 or i t i z ed ) 157 
Carbonate (mainly dolomite or anker i t e ; minor c a l c i t e ) 107. 
Clay (?) 107 
Tourmaline ( s c h o r l ) 37 
C h a l c o p y r i t e ( v e i n l e t , disseminated) 17 
R u t i l e , i l m e n i t e , hematite 17. 

The bulk of t h i s rock i s r e l a t i v e l y homogeneous, with only s l i g h t 
v a r i a t i o n s i n t e x t u r e t o i n d i c a t e a p o s s i b l e t u f f a c e o u s o r i g i n . In 
c o n t r a s t to the sample from 25.5m, f i n e quartz shards (subhedral, 0.1 
mm) are common throughout the rock. Most of the rock appears t o 
c o n s i s t of very f i n e - g r a i n e d (10-50 micron) a l k a l i f e l d s p a r , p o s s i b l y 
l a r g e l y secondary. The 1 i g h t e r - c o l o u r e d wispy areas are e n r i c h e d i n 
( P a l t e r e d to) s e r i c i t e ; the darker areaxs are enriched i n f i n e ? b i o t i t e 
( c h l o r i t i z e d ) and ?c l a y (mostly too f i n e , i n the 5-10 micron s i z e 
range, to i d e n t i f y with c e r t a i n t y ) . F i n e opaques (5-15 microns, 
aggregating t o 50 microns) are mainly r u t i l e . 

t o u r m a l i n e - r i c h areas (cores of h i g h l y i r r e g u l a r v e i n l e t s ) c o n s i s t 
of subhedral t o euhedral bladed c r y s t a l s up to 1 mm long, i n r a d i a t i n g 
c l u s t e r s . Dark green and blue pleochroism i n d i c a t e s s c h o r l ; the 
c r y s t a l s are zoned, with narrow darker rims on paler c o r e s ; tourmaline 
i s rimmed by coarse (to 0.35 mm) quartz that p o i k i 1 i t i c a l 1 y e n c l o s e s 
f e l d s p a r . The white envelope t o tourmaline v e i n l e t s c o n s i s t s of 
ragged, h i g h l y i n t e r l o c k i n g f e a t h e r y secondary a l k a l i f e l d s p a r , l i k e l y 
a l b i t i c , s t r o n g l y clouded by f i n e c 1 a y - s e r i c i t e (5-10 microns) and 
p a r t l y a l t e r e d by carbonate. The c e n t r a l area of the s l i d e , and 
another zone nearby (buff or bleached i n the hand sample) i s s t r o n g l y 
a l t e r e d to carbonate, l i k e l y dolomite or a n k e r i t e to judge by the lack 
of r e a c t i v i t y i n hand specimen, as ragged anhedral i n t e r l o c k i n g 
c r y s t a l s to 0.05 mm, and l e s s e r s e r i c i t e as f l a k e s to 25 microns. T h i s 
a l t e r a t i o n appears t o accompany (envelope to) the main c h a l c o p y r i t e -
quartz-carbonate-minor s e r i c i t e v e i n (sub- t o euhedral quartz t o 0.3 
mm, carbonate t o 0.15 mm, muscovite t o 50 microns). 

C h a l c o p y r i t e , forming coarse ( s e v e r a l mm long) b l e b s , both c u t s 
a c r o s s and i s a s s o c i a t e d with (?or r e p l a c e s ) the tourmaline. Narrow 
v e i n l e t s elsewhwere i n the rock are composed of quartz, c a l c i t e , and 
s e r i c i t e c o n t a i n euhedral c r y s t a l s of i l m e n i t e t o 0.4 mm diameter with 
minor e x s o l u t i o n l a t h s of hematite, or r u t i l e as euhedral 25-50 micron 
prisms. These v e i n l e t s are surrounded by the bleached carbonate-
s e r i c i t e envelopes; c l e a r l y Ti02 was m o b i l i z e d during l a t e r carbonate-
s e r i c i t e - ? c 1 ay a l t e r a t i o n , which c u t s mafic p o t a s s i c ( a l k a l i f e l d s p a r , 
p a r t l y K-spar; b i o t i t e , q uartz, tourmaline) a l t e r a t i o n . 
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95-23 102.5: ANKERITIC CARBQNATE-SERICITE ALTERED PLAGIQCLASE-AMPHIBOLE  
PORPHYRITIC QUARTZ DIORITE; BIOTITE ENVELOPES TO CHALCOPYRITE FRACTURES 

Fin e g r e e n i s h b u f f ?feldspar-amphibole porphyry, i n t e n s e l y a l t e r e d 
and cut by narrow s t r i n g e r s of q u a r t z - c h a l c o p y r i t e with dark (7'biotite) 
envelopes. There i s a f a i n t y ellow s t a i n i n the etched s l a b that may 
be due to s e r i c i t e r ather than K - f e l d s p a r ; the rock shows no r e a c t i o n 
t o c o l d d i l u t e HC1 and i s not magnetic. Modal mineralogy i n p o l i s h e d 
t h i n s e c t i o n i s : 

PI agi oc 1 ase ( ol i goc 1 ase phenoc r yst s, mat r i x) SO"/. 
Carbonate (dolomite or a n k e r i t e ) 157. 
Quartz ('"'partly secondary) 107. 
S e r i c i t e , c l a y 77 
Secondary b i o t i t e ( c h l o r i t i z e d ) o v 

R e l i c t amphibole 
R u t i l e , minor sphene < 17 
A p a t i t e <17 
C h a l c o p y r i t e t r 

T h i s s l i d e c o n s i s t s mainly of f e l d s p a r phenocrysts and smaller a l t e r e d 
mafic r e l i c s set i n a p h a n e r i t i c groundmass of smaller p l a g i o c l a s e and 
quartz p l u s h e a v i l y a l t e r e d mafic r e l i c t s . P l a g i o c l a s e phenocrysts are 
euhedral, complexly c o m p o s i t i o n a l l y zoned, and up to 2 mm long. They 
are l i k e l y about o l i g o c l a s e (An^s) i n composition ( e x t i n c t i o n angle 
Y"%010 about 8 degrees, r e l i e f c l o s e t o that of q u a r t z ) . Most c r y s t a l s 
are m i l d l y a l t e r e d t o f i n e s e r i c i t e and some carbonate, p l u s s c a l l o p i n g 
by quartz of the groundmass at the rims. 

Mafic r e l i c s are pseudomorphed by carbonate, sphene (subhedral, t o 
0.2 mm), and r u t i l e (euhedral, t o 50 microns); r a r e l y , remnants of the 
o r i g i n a l (or f i b r o u s secondary) amphibole occurs, and f i n e subhedral 
prisms of a p a t i t e are up t o 0.1 mm long. The c r y s t a l s were sub- t o 
anhedral, up t o about 1 mm long. Near a f r a c t u r e at one end of the 
s e c t i o n , they are a l t e r e d t o f i n e g r e e n i s h brown secondary b i o t i t e 
( p a r t l y c h l o r i t i z e d ) as subhedral f l a k e s to about 40 microns diameter. 

The groundmass c o n s i s t s of small subhedral p l a g i o c l a s e of about 
0.2 mm s i z e , intergrown with f i n e r anhedral quartz of about 50-100 
micron diameter and ragged f i b r o u s amphibole t o 0.15 mm long, mostly 
a l t e r e d t o f i n e (25 micron) carbonate, r u t i l e (10-25 microns) and minor 
sphene (to 50 microns). 

In and near the quartz v e i n at the very end of the s e c t i o n , t h e r e 
i s minor c h a l c o p y r i t e as subhedral c r y s t a l s t o 0.25 mm diameter. 
Elsewhere, c h a l c o p y r i t e i s r a r e , forming f i n e g r a i n s t o 25 microns i n 
a l t e r e d mafic s i t e s , where i t accompanies r u t i l e . 

T h i s sample appears t o be moderately c a r b o n a t e - s e r i c i t e a l t e r e d 
p o r p h y r i t i c piagioc1ase-hornblende quartz d i o r i t e with minor p o t a s s i c 
a l t e r a t i o n (secondary b i o t i t e along f r a c t u r e s ) and t r a c e c h a l c o p y r i t e 
on quartz v e i n l e t s . 
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35-23 110,1: INTENSELY CLAY-CALCITE--MI NOR QUARTZ ALTERED (ADVANCED  
ARGILLIC?) PLAGIQCLA5E-7HQRNBLENDE PORPHYRITIC QUARTZ DIORITE 

Chalky white, i n t e n s e l y a r g i l l i c a l t e r e d f i n e l y p o r p h y r i t i c 
i n t r u s i v e ( s t i c k s to the tongue; much s o f t e r than s t e e l . Cut by narrow 
v e i n l e t s that are hardeer than s t e e l . There i s q u i t e a strong r e a c t i o n 
throughout t o c o l d d i l u t e HC1, but no s t a i n for K - f e l d s p a r , and the 
rock i s not magnetic. Modal mineralogy i n p o l i s h e d t h i n s e c t i o n i s 

i x i mat e l y: 
Clay ( a f t e r f e l d s p a r ) 35/1 
Carbonate ( c a l c i t e ; a f t e r mafics) O C T " / 

Quartz ( l i k e l y p a r t l y secondary) 257. 
Rut i 1 e 1-2 
R a d i a t i n g r o s e t t e s ( ? z e o l i t e ) 17 
Ser i c i t e 17. 
Sphene, a p a t i t e < 17 
P y r i t e , c h a l c o p y r i t e , ?hematite <17 

The mineralogy of t h i s s l i d e i s simple; i t i s a thoroughly a r g i l l i c 
( c 1 a y - c a l c i t e ) a l t e r e d rock, with l e s s e r quartz e i t h e r primary, l e f t 
over from the o r i g i n a l rock, or p a r t l y secondary. 

Clay e s s e n t i a l l y r e p l a c e s (pseudomorphs) a l l former f e l d s p a r , 
l i k e l y p l a g i o c l a s e , c r y s t a l s i n the o r i g i n a l rock. The c l a y forms 
minute (5, r a r e l y 10 micron) subhedral f l a k e s that have low 
b i r e f r i n g e n c e and r e l i e f lower than quartz; f l a k e s appear t o be l e n g t h -
slow. The c l a y mineral c o u l d be a member of the k a o l i n i t e family, but 
I c a u t i o n that X-ray d i f f r a c t i o n would be necessary to c h a r a c t e r i z e i t 
p r o p e r l y . The p l a g i o c l a s e r e l i c s i t e s have eu- to subhedral o u t l i n e s 
up t o 1.5 mm long. 

Carbonate e s s e n t i a l l y r e p l a c e s or pseudomorphs a l l former mafic 
c r y s t a l s , which had elongate but ragged o u t l i n e s up t o 1.25 mm i n 
l e n g t h ; they were l i k e l y amphibole, and so the o r i g i n a l rock type was 
l i k e l y the same as i n other p o r p h y r i t i c samples of t h i s s u i t e . 
Carbonate i s l i k e l y mainly c a l c i t e , and forms f i n e anhedral c r y s t a l s 
r a r e l y over 50 microns i n diameter, aggregating to 0.5 mm i n p l a c e s . 
Minor amounts are mixed with c l a y i n the f e l d s p a r s i t e s . Minor r u t i l e , 
as 25-50 micron subhedral c r y s t a l s , aggregating to 0.1 mm i n p l a c e s , i s 
common i n the r e l i c mafic s i t e s . In p l a c e s , r a d i a t i n g r o s e t t e s of a 
low b i r e f r i n g e n c e , low r e l i e f mineral up t o 0.15 mm i n diameter could 
be ? z e o l i t e . 

Quartz appears to l a r g e l y be the remnant of a p h a n e r i t i c 
groundmass that probably c o n s i s t e d of p l a g i o c l a s e , amphibole and 
quartz; the quartz forms subhedral c r y s t a l s averaging about 0.1 mm. In 
p l a c e s where t h e r e i s a tendency for c r y s t a l s to l i n e up along 
i r r e g u l a r ? v e i n l e t s a tenth of a m i l l i m e t e r wide, i t may be secondary. 
The prominent v e i n l e t s seen i n hand specimen are p r i n c i p a l l y quartz, as 
an- t o subhedral c r y s t a l s of 0.1-0.2 mm diameter, with a c e n t r a l 
p a r t i n g of very f i n e c l a y and minor carbonate. There are no s u l f i d e s 
i n the v e i n s , but minor s u l f i d e s ( p y r i t e as subhedral c r y s t a l s t o 0.15 
mm diameter and r a r e c h a l c o p y r i t e t o 0.1 mm) p l u s r a r e ?hematite t o 0.1 
mm appear t o be a s s o c i a t e d with secondary s i l i c a i n the body of the 
rock, or i n some cases with narrow c a l c i t e s t r i n g e r s and f r a c t u r e s . 

In summary, t h i s i s an i n t e n s e l y a r g i l l i c (or advanced a r g i l l i c , 
i f t h e r e i s s i g n i f i c a n t secondary quartz) a l t e r e d ? p o r p h y r i t i c 
hornblende quartz d i o r i t e , s i m i l a r t o 95-23 102.5m i n rock type. 
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95-25 40.3: MAFIC PQTASSIC (CALCI TE~E< I OT ITE-K-SPAR-CHLORI TE-QUARTZ  
ALTERED) PORPHYRITIC HORNBLENDE DIORITE: BORNITE-CHALCQPYRITE-CALCITE- 
QUARTZ VEIN 

Grey-green, a l t e r e d i n t r u s i v e rock cut by a major (3 mm) q u a r t z -
c h a l c o p y r i t e - b o r n i t e v e i n . Minor K - f e l d s p a r (yellow s t a i n i n etched 
s l a b ) i s only weakly a s s o c i a t e d with f r a c t u r e s and veins; part of i t 
could be primary. Minor buff carbonate along the vein and i n the rock 
r e a c t s slowly t o c o l d d i l u t e HC1; i t may be F e - c a l c i t e . In p o l i s h e d 
t h i n sec t i on, mod a1 mi nera1og y i s ap p r o x i mat e1y: 

PI agi oc 1 ase (ol i goc 1 ase-andesi ne) 45"/. 
Car bonate (mainly ?Fe-c a 1 c i t e ) 207. 
Quartz ( p a r t l y sec on d ar y) i 07. 
Sec on d ar y b i ot i t e 107 
K - f e l d s p a r ( p a r t l y secondary) 57 
C h l o r i t e 57. 
S e r i c i t e , c l a y 37 
Bor n i t e , c h a l c o p y r i t e 1 -27. 
Rut i 1 e, apat i t e , zirc:on < 17 

T h i s s l i d e c o n s i s t s of p l a g i o c l a s e c r y s t a l s and mafic r e l i c t s i t e s with 
a l i t t l e p h a n e r i t i c groundmass composed of quartz and f e l d s p a r , cut by 
a major c a r b o n a t e - q u a r t z - s u l f i d e - b i o t i t e v e i n with carbonate a l t e r a t i o n 
envelope. P l a g i o c l a s e f e l d s p a r forms euhedral c r y s t a l s up t o 2 mm long 
that are mostly m i l d l y a l t e r e d to f i n e s e r i c i t e and carbonate and 
corroded around the margins by groundmass quartz and K ~ f e l d s p a r , or 
r a r e l y converted t o secondary a l k a l i f e l d s p a r , p o s s i b l y of a l b i t i c 
composition. O r i g i n a l composition of the p l a g i o c l a s e appears to be 
about o l igoc 1 as-andesine (An3c>) based on e x t i n c t i o n angle Y'*'010 about 
15 degrees and r e l i e f c l o s e t o that of q u a r t z . 

Mafic r e l i c s have ragged subhedral o u t l i n e s up to 2.5 mm long; 
elongate o u t l i n e s and f i b r o u s c h a r a c t e r suggests they were formerly 
amphibole ('"'hornblende), now pseudomor phed by carbonate, secondary 
b i o t i t e ( p a r t l y c h l o r i t i z e d ) , minor quartz, K-spar and r u t i l e . There 
are two carbonates, one f i n e and brownish ( F e - c a l c i t e or a n k e r i t e , up 
t o 50 micron anhedral c r y s t a l s ) and one c o a r s e r , c l e a r ( c a l c i t e , up t o 
0.25 mm diameter) intergrown with quartz and ?K-feldspar of s i m i l a r 
s i z e . B i o t i t e i s g r e e n i s h brown, and forms ragged f l a k e s up to 0.3 mm 
s i z e , i n p l a c e s intergrown with ('"'replaced by) a c o l o u r l e s s '"'chlorite 
forming subhedral f l a k e s to about 0.1 mm diameter. R u t i l e i s common 
though not abundant throughout, forming f i n e (25-30 micron) euhedral 
prisms, mainly i n mafic s i t e s with carbonate. Rare a p a t i t e and z i r c o n 
form euhedral c r y s t a l s t o 80 microns long. 

The (minor) groundmass c o n s i s t s of an- to subhedral quartz up t o 
0.2 mm diameter, with l e s s e r i n t e r s t i t i a l K - f eldspar (subhedral, t o 0.1 
mm), f i l l i n g i n t e r s t i c e s between p l a g i o c l a s e and r e l i c t mafic c r y s t a l s . 
In p l a c e s both the groundmass m i n e r a l s a t t a c k the p l a g i o c l a s e . Narrow 
f r a c t u r e s of secondary b i o t i t e and carbonate c r i s s - c r o s s the rock. The 
major v e i n c o n s i s t s of subhedral carbonate (1 mm), f i b r o u s "'chalcedonic 
quartz t o 0.5 mm, and r a r e b i o t i t e and c h l o r i t e (0.2 mm). In the v e i n , 
b o r n i t e i s more abundant than c h a l c o p y r i t e ; both form eu- t o subhedral 
c r y s t a l s up to s e v e r a l mm a c r o s s . S u l f i d e s are r a r e o u t s i d e the v e i n 
except for minor c h a l c o p y r i t e and b o r n i t e b l e b s to 50 microns along 
h a i r l i n e f r a c t u r e s , i n p l a c e s intergrown with r u t i l e . 

T h i s appears to be a mafic p o t a s s i c ( b i o t i t e - c a r b o n a t e - K - s p a r -
quar t z - c h l or i t e a l t e r e d ) p o r p h y r i t i c '"'hornblende quartz d i o r i t e . 
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95-25 143.4: INTENSELY CARBQNATE-5ERICITE-CLAY ALTERED 2RHYDDACITE  
PORPHYRY (K-SPAR RICH GROUNDMASS); DISSEMINATED CHALCDPYRITE-BORNITE 

Pale grey—buff p l a g i o c l a s e porphyry ( r a r e f i n e mafic r e l i c s ) with 
K — f e l d s p a r r i c h groundmass, disseminated c h a l c o p y r i t e (probably 
r e p l a c i n g mafic s i t e s ) . The rock i s not magnetic and shows no r e a c t i o n 
t o c o l d d i l u t e HC1; modal mi neralogy i n p o l i shed t h i n sec t i on i s : 

K - f e l d s p a r (groundmass) 35"/. 
Ser i c i t e, c 1 ay ( a f t er p 1 ag i oc 1 ase) 257. 
C a r b o n ate ('? a n k e r i t e o r d o 1 o mite) 257 
Quartz: ('"'partly secondary) 57 
R e l i c t p l a g i o c l a s e 57 
Muscovite ( a f t e r mafics) 37 
Chalc opyr i t e 17 
Rut i 1 e 17 
A p a t i t e <17, 

Under the microscope, t h i s rock i s a mass of secondary minerals: 
p l a g i o c l a s e phenocrysts and groundmass c r y s t a l s are pseudomorphed by 
f i n e s e r i c i t e and l e s s e r "'clay p l u s v a r i a b l e carbonate; former mafic 
are r e p l a c e d by coarser s e r i c i t e (muscovite) and carbonate p l u s r u t i l e . 
P l a g i o c l a s e phenocrysts have euhedral o u t l i n e s up to 3.5 mm diameter, 
and now c o n s i s t of s e r i c i t e f l a k e s t o 0.1 mm, with cores of very f i n e 
c l a y (5-10 micron f l a k e s ) and an- to subhedral carbonate c r y s t a l s to 
0.15 mm diameter, with minor r e l i c t p l a g i o c l a s e ( l i k e l y a l b i t e ) . 

Mafic r e l i c s are replaced by 0.25 mm carbonate, l i k e l y a n k e r i t e , 
and s u l f i d e (mainly c h a l c o p y r i t e , as subhedral c r y s t a l s or aggregates 
up t o 1 mm ac r o s s ) . Most chalcop yr i t e i s assoc i at ed with or c on t a i n s 
f i n e i r r e g u l a r i n c l u s i o n s of b o r n i t e (to 50 microns), as well as 
i n c l u s i o n s of r u t i l e . These mafic c r y s t a l s mostly appear to have been 
?amphibole, as subhedral c r y s t a l s up t o 1.5 mm long, but some (re p l a c e d 
by muscovite f l a k e s to 0.25 mm diameter) may have been b i o t i t e up to 
0.5 mm diameter C&s seen i n 19 at 266.8m). 

The groundmass c o n s i s t s of a h i g h l y i n t e r l o c k i n g aggregate of 
f e a t h e r y K - f e l d s p a r and l e s s e r q u artz, both about 50-100 microns i n 
s i z e , surrounding small p l a g i o c l a s e r e l i c t c r y s t a l s of about 0.2 mm 
s i z e (most pseudomorphed as for the p h e n o c r y s t s ) . It i s not c l e a r that 
the K - f e l d s p a r i s e x c l u s i v e l y primary; some may be secondary. Some of 
the quartz i s c l e a r l y secondary, p o s s i b l y r e p l a c i n g former p l a g i o c l a s e . 
S e r i c i t e and carbonate p l u s minor r u t i l e , r e s p e c t i v e l y a f t e r small 
p l a g i o c l a s e and mafics, are abundant. F i n e euhedral prisms of a p a t i t e 
t o 0.1 mm long are common. 

T h i s sample appears to have been a piagioc1ase-hornblende porphyry 
p o s s i b l y of r h y o d a c i t e composition ( i f the K-feldspar i s mainly 
primary) b e f o r e s i g n i f i c a n t a l t e r a t i o n to carbonate, s e r i c i t e , and 
quartz that accompanied minor copper m i n e r a l i z a t i o n . 
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95-25 214.8: SERICITE-CARBQNATE-QUARTZ ALTERED 2RHYQDACITE PORPHYRY (K- 
SPAR RICH GROUNDMASS): TRACE DISSEMINATED CHALCQPYRITE-BQRNITE-RUTILE 

B u f f - c o l o u r e d , s i m i l a r porphyry t o the p r e v i o u s sample but with 
sparser c h a l c o p y r i t e and r u t i l e i n a l t e r e d mafic s i t e s ; same K-feldspar 
r i c h groundmass. Not magnetic, only r e a c t s t o c o l d d i l u t e HC1 along 
narrow f r a c t u r e s ; modal mineralogy i n p o l i s h e d t h i n s e c t i o n i s 
a p p r o x i m a t e 1 y: 

K - f e l d s p a r (groundmass, '"'mainly primary) 457. 
Ser i c i t e 257 
Car bonate (?do1omite or an ker i t e) 207 
Quartz ( ? p a r t l y secondary) 77 
Rut i 1 e 1-27 
A p a t i t e 1-27 
C h a l c o p y r i t e , t r a c e b o r n i t e <17 

T h i s s l i d e has a very f i n e ( a p h a n i t i c ) groundmass c o n s i s t i n g of K-
f e l d s p a r ( l i k e l y mainly primary) and l e s s e r quartz, p l u s mionr s e r i c i t e 
and carbonate, r a r e r u t i l e , a l l about 15-25 micron diameter. T h i s i s 
c o n s i d e r a b l y f i n e r than the groundmass i n 95-25 110.1m, although i n 
other r e s p e c t s the samples are s i m i l a r . A p a t i t e i s s c a t t e r e d i n the 
groundmass as s l e n d e r euhedral prisms t o 0.15 mm long. 

P l a g i o c l a s e r e l i c t c r y s t a l s have euhedral o u t l i n e s up to 2.5 mm 
diameter; they are pseudomorphed by 10-35 micron s e r i c i t e and l e s s e r 
anhedral carbonate (to 0.1 mm; l i k e l y a n k e r i t e or d o l o m i t e ) . In p l a c e s 
t h e r e i s minor quartz (anhedral, 50 microns). 

A l t e r e d mafic s i t e s c o n s i s t of carbonate and s e r i c i t e i n roughly 
r e v e r s e d p r o p o r t i o n s to the p l a g i o c l a s e c r y s t a l s , with s i g n i f i c a n t 
r u t i l e and r a r e s u l f i d e . Some c r y s t a l s are a l s o r e p l a c e d by quartz to 
50 microns diameter. As i n the p r e v i o u s sample, c h a l c o p y r i t e forms 
subhedral c r y s t a l s t o 1 mm s i z e that are cracked/rimmed by minor 
b o r n i t e (25-50 micron blebs) and i n c l u d e or are a s s o c i a t e d with r u t i l e 
(euhedral c r y s t a l s t o 100 microns l o n g ) . It i s not obvious what the 
o r i g i n a l mafic c r y s t a l s were, but amphibole and b i o t i t e are l i k e l y . 

If the K - f e l d s p a r i n the groundmass i s primary, and t h e r e i s over 
107 (57 a c c o r d i n g to some c l a s s i f i c a t i o n schemes) t h i s would c l a s s i f y 
as a r h y o l i t e porphyry rather than a r h y o d a c i t e . The groundmass i s 
very f i n e , but i t i s l i k e l y a high l e v e l i n t r u s i v e r a t h e r than a flow. 
A l t e r n a t e l y , the K-spar r i c h groundmass co u l d be secondary, a product 
of p o t a s s i c f l o o d i n g , but the t e x t u r e s do not suggest t h i s . A l t e r a t i o n 
t h e r e f o r e appears t o be p h y l l i c ( s e r i c i t e - c a r b o n a t e - q u a r t z ) but with 
very l i t t l e s u l f i d e accompanying the a l t e r a t i o n . 
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95-25 239.1: SERICITE-CARBQNATE-CHLORITE-MINOR BIQTITE~QUARTZ~CLAY-K~  
FELDSPAR ALTERED BIQITE-HQRNBLENDE 7DACITE PORPHYRY: MINOR BORNITE 

Dark grey, r e l a t i v e l y f r e s h porphyry s i m i l a r t o the a l t e r e d 
p o r p h y r i e s at 143.4 and 214.8 m i n t h i s hole, c h a r a c t e r i z e d by white 
g l o m e r a t i c f e l d s p a r and small black b i o t i t e / g r e e n a l t e r e d '"'amphibole 
phenocrysts i n an a p h a n i t i c groundmass that does not s t a i n for K-
f e l d s p a r (although the p l a g i o c l a s e phenocrysts show minor yellow 
s t a i n ) . Traces of magnetism i n mafic c r y s t a l s ; no r e a c t i o n t o c o l d 
d i l u t e HC1. Modal mineralogy i n p o l i s h e d t h i n s e c t i o n i s : 

R e l i c t p1ag i oc1ase (p h en oc r yst s and mat r i x) 307. 
Ser i c i t e 207 
Carbonate (dolomite or a n k e r i t e ) 157. 
Chi or i t e 127 
Quartz ( ? p a r t l y secondary) 107. 
B i o t i t e ( p a r t l y secondary) 57 
C l a y ( a f t e r p l a g i o c l a s e ) ov 
K - f e l d s p a r (secondary) 37. 
Rut i 1 e 17. 
B o r n i t e , c h a l c o p y r i t e <17. 
A p a t i t e , magnetite t r 

P l a g i o c l a s e c r y s t a l s are a c t u a l l y s t r o n g l y a l t e r e d i n t h i n s e c t i o n , 
mainly pseudormorphed by 25-50 micron s e r i c i t e and carobnate ( l i k e l y 
dolomite; no r e a c t i o n i n hand specimen t o HC1). They have euhedral 
o u t l i n e s up t o 2 mm diameter. In a d d i t i o n , some c o n t a i n patches 
r e p l a c e d by f i n e f e a t h e r y K'~feldspar t o 100 microns long, or by very 
f i n e c l a y (5-10 microns). 

Mafic r e l i c s are. a l t e r e d to carbonate (0.15 mm, anh e d r a l ) , 
c h l o r i t e (two v a r i e t i e s , subhedral, 0.15 mm), opaques (see below) and 
r u t i l e (euhedral, t o 50 microns). In some t h e r e i s very minor 
secondary b i o t i t e (greenish brown, 10-20 microns). C h l o r i t e i s e i t h e r 
length-slow ( F e - r i c h ) or l e n g t h - f a s t (Mg—rich) that occur intergrown. 
B i o t i t e phenocrysts are euhedral and up t o 1.5 mm i n diameter, with 
g r e e n i s h brown pleochroism. They c o n t a i n r a r e f i n e a p a t i t e c r y s t a l s t 
70 microns long, and are s l i g h t l y a l t e r e d t o c h l o r i t e , carbonate and 
s e r i c i t e . There i s only minor c h a l c o p y r i t e (subhedral, t o 0.25 mm); 
a c t u a l l y , b o r n i t e i s more common, forming rounded b l e b s t o subhedral 
c r y s t a l s t o 0.7 mm diameter, i n p l a c e s mixed with c h a l c o p y r i t e . 
Magnetite o c c u r s as f i n e (0.1-0.2 mm) euhedra i n the a l t e r e d mafic 
s i t e s , with r u t i l e needles t o 50 microns aggregating t o 0.15 mm. 

The groundmass c o n s i s t s of f i n e p l a g i o c l a s e c r y s t a l s of 0.1-0.25 
mm le n g t h , g e n e r a l l y p a r t l y a l t e r e d t o s e r i c i t e and carbonate, and 
l e s s e r c h l o r i t e (0.1 mm, a f t e r f i n e mafic c r y s t a l s ) , set i n a matrix o 
very f i n e a l k a l i f e l d s p a r , probable quartz, and carbonate, s e r i c i t e , 
secondary b i o t i t e and c h l o r i t e ( a l l about 10-30 microns i n diameter). 

S i n c e t h e r e i s no a p p r e c i a b l e K - f e l d s p a r i n the matrix, t h i s 
sample appears t o be d i s t i n c t from the r h y o d a c i t e t o ? r h y o l i t e 
p o r p h y r i e s of samples 19-266.8, 25-143.4 and 214.8; i t co u l d be a 
d a c i t e porphyry, with mild mafic p o t a s s i c a l t e r a t i o n (secondary 
b i o t i t e , K - f e l d s p a r ) superimposed by stronger s e r i c i t e - d o l o m i t i c 
c a r b onate-chi or i t e a l t e r a t i on. 
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95-25 345.8: MILD POTASSIC (K-FELDSPAR. QUARTZ. BIOTITE. SERICITE.  
CARBONATE ALTERED) PORPHYRITIC BIOTITE-HORNBLENDE QUARTZ DIORITE  
MINERALIZED UJITH MINOR CHALCOPYRITE AND BORNITE 

Grey, p o r p h y r y i t i c h i h g - l e v e l i n t r u s i v e rock marked by f i n e black 
b i o t i t e and l a r g e p l a g i o c l a s e phenocrysts; minor disseminated magnetite 
and c h a l c o p y r i t e . S i g n i f i c a n t K - f e l d s p a r , mainly secondary, i s present 
along f r a c t u r e s with b o r n i t e and c h a l c o p y r i t e . There i s minor r e a c t i o n 
t o c o l d d i l u t e HC1 along the f r a c t u r e and i n a l t e r e d mafic s i t e s . 
Mineralogy i n p o l i s h e d t h i n s e c t i o n i s approximately: 

P l a g i o c l a s e ( o 1 i goc 1 ase) 607. 
Carbonate ('"'mainly c a l c i t e ) 107 
K - f e l d s p a r ( p a r t l y secondary) 77 
Quartz ( p a r t l y secondary) 57 
Ser i c i t e, c1 ay 57 
B i o t i t e (phenocrysts) 57 
Secondary b i o t i t e , c h l o r i t e 57 
C h a l c o p y r i t e , minor b o r n i t e 17 
Magnetite ( p a r t l y hematized) <17 
A p a t i t e <17. 

T h i s i s weakly p o r p h y r i t i c to almost h o i o c r y s t a l 1 i n e i n t r u s i v e of about 
biotite-'T'hornblende quartz d i o r i t e composition; b i o t i t e i s notable i n 
the phenocryst phase, i n c o n t r a s t to the m a j o r i t i y of the hornblende 
quartz d i o r i t e s of t h i s s u i t e . The s l i d e c o n s i s t s of major p l a g i o c l a s e 
and minor b i o t i t e , set i n a minimum amount of groundmass. P l a g i o c l a s e 
i s probably about o l i g o c l a s e i n composition; r e l i e f i s very c l o s e t o 
that of quartz, as sub- to euhedral c r y s t a l s up t o 2 mm diameter 
( g l o m e r a t i c t o almost 1 cm l o c a l l y ) . The c r y s t a l s are zoned, ranging 
from almost l a b r a d o r i t e at the cores to o l i g o c l a s e at rims; they are 
m i l d l y a l t e r e d to f i n e s e r i c i t e and minor carbonate. Rims of the 
c r y s t a l s are a l s o p a r t l y r e placed by 0.1-0.2 mm K - f e l d s p a r and quartz, 
e s p e c i a l l y along q u a r t z - s u l f i d e s t r i n g e r s that are up to 0.5 mm t h i c k . 

B i o t i t e phenocrysts are euhedral and up t o 1 mm i n diameter, with 
g r e e n i s h brown pleochroism. Other subhedral, ragged mafic r e l i c s that 
l i k e l y r e p r e s e n t hornblende c r y s t a l s are pseudomorphed by c h l o r i t e (50 
microns, p a l e green t o almost c o l o u r l e s s ) , carbonate (anhedral, 0.15 
mm) and a l i t t l e greenish-brown secondary b i o t i t e (subhedral, t o 0.1 
mm) as well as v a r i a b l e opaques ( s u l f i d e s , magnetite) and r u t i l e . 

The groundmass c o n s i s t s of K-feldspar (to 0.2 mm, subhedral, 
c l e a r l y r e p l a c i n g small p l a g i o c l a s e c r y s t a l s i n p l a c e s ) , l e s s e r quartz 
(0.1 mm, a n h e d r a l ) , p l u s minor carbonate, s e r i c i t e , b i o t i t e and 
opaques. 

In the v e i n , b o r n i t e forms rounded b l e b s t o 1 mm long, i n p l a c e s 
i n t e r m i x e d with subhedral c h a l c o p y r i t e t o 0.75 mm long. Disseminated 
c h a l c o p y r i t e (with l e s s e r b o r n i t e and a s s o c i a t e d magnetite, the l a t t e r 
p a r t l y a l t e r e d t o hematite) occur s c a t t e r e d i n r e l i c t mafic s i t e s 
throughout the rock. Magnetite c r y s t a l s are euhedral, up t o 0.25 mm 
diameter; c h a l c o p y r i t e i s g e n e r a l l y subhedral and l e s s than 0.15 mm i n 
s i z e . 

The a l t e r a t i o n i n t h i s sample i s mild mafic p o t a s s i c (K—feldspar 
and quartz; b i o t i t e and carbonate a f t e r hornblende), a s s o c i a t e d with 
r a r e s t r i n g e r s and m i c r o f r a c t u r e s of q u a r t z - K - f e l d s p a r - c h a l c o p y r i t e and 
b o r n i t e . 
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95-25 382.4: INTENSELY CLAY-SERICITE-CARBQNATE-QUARTZ (ADVANCED  
ARGILLIC) ALTERED PLAGIQCLASE-HORNBLENDE QUARTZ MONZQNITE PDRPHRY 

Grey, f e l d s p a r p o r p h y r i t i c i ntermediate i n t r u s i v e with r a r e 
carbonate v e i n s and abundant s u l f i d e m i c r o f r a c t u r e s ; the groundmass i s 
r i c h i n K - f e l d s p a r , but i t i s not c l e a r ( l a c k i n g a " f r e s h " specimen to 
compare with) whether the K-spar i s primary or secondary. It i s not 
o b v i o u s l y c o n t r o l l e d along f r a c t u r e s ; i n t h i s regard, i t i s s i m i l a r to 
r h y o d a c i t e porphry i n the Island Copper p i t , which appears to be r i c h 
i n primary groundmass K-feldspar ( L e i t c h et a l . , GSC Current Research 
1995-A, p.51-59). The rock i s not magnetic and does not r e a c t t o c o l d 
d i l u t e HC1; modal mineralogy i n p o l i s h e d t h i n s e c t i o n i s roughly: 

Clay ( a f t e r p l a g i o c l a s e , hornblende) 307. 
K - f e l d s p a r (g r ound mass) 257 
Car b on at e (d o1om i t e or anker i t e) 157 
Quartz ( p a r t l y secondary) 157. 
Ser i c i t e 107. 
C h l o r i t e 
C h a l c o p y r i t e , t r a c e ? a r s e n o p y r i t e 17. 
Rut i 1 e <17 
A p a t i t e <17 

P l a g i o c l a s e c r y s t a l s are completely pseudomorphed by very f i n e (5 
micron) c l a y and minor carbonate (10-30 micron, a n h e d r a l ) , s e r i c i t e (25 
micron f l a k e s ) and '"'quartz (15-20 microns). The c r y s t a l s have euhedral 
o u t l i n e s up t o 5 mm long (where g l o m e r a t i c ) . Mafic r e l i c s are sparse, 
up t o about 1 mm long; they are completely r e p l a c e d by carbonate (to 
0.1 mm, anhedral) and f i n e c 1 a y - c h l o r i t e ( f l a k e s t o 15 microns) p l u s 
t r a c e s of quartz (10-15 microns) and r u t i l e (subhedral, t o 40 microns). 
They l i k e l y mainly represent former hornblende c r y s t a l s t o judge by 
t h e i r e l o n g a t e o u t l i n e s . Blebs of s u l f i d e t o 0.25 mm and r a r e 
subhedral a p a t i t e t o 0.1 mm are a s s o c i a t e d with the mafi s i t es i n 
p l a c e s but are a l s o found along m i c r o f r a c t u r e s s e p a r a t e from the mafic 
s i t e s . Most carbonate m i c r o v e i n l e t s , however, are barren of s u l f i d e 
(even although cl o s e , t o them and subparal1 e l ) , s u g g e s t i n g they are 
l a t e r than the bulk of s u l f i d e m i n e r a l i z a t i o n . 

The groundmass i s f a i r l y coarse C p h a n e r i t i c ) , composed of 0.2-0.3 
mm sub— t o anhedral K - f e l d s p a r ( p a r t l y s e r i c i t e - c 1 ay a l t e r e d ) , l e s s e r 
subhedral p l a g i o c l a s e ( a l s o c 1 a y - s e r i c i t e - c a r b o n a t e a l t e r e d ) and f i n e r 
(to 0.1 mm) anhedral quartz. The K-feldspar i s not o b v i o u s l y secondary 
(does not c l e a r l y a t t a c k margins of p l a g i o c l a s e ) but a d m i t t e d l y t h e r e 
i s so much o v e r p r i n t i n g by carbonate and s e r i c i t e that i t i s hard t o 
t e l l ; t h e r e are some micrographic t e x t u r e s of quartz and K - f e l d s p a r , 
but these c o u l d be l a t e magmatic rather than hydrothermal. 

S u l f i d e s i n c l u d e c h a l c o p y r i t e (an- t o subhedral blebs, to 0.25 mm 
diameter) and ? a r s e n o p y r i t e as euhedral c r y s t a l s t o 0.15 mm, i n p l a c e s 
a s s o c i a t e d with or i n c l u d i n g some r u t i l e c r y s t a l s . The c h a l c o p y r i t e 
occurs i n 25-50 micron t h i c k m i c r o v e i n l e t s i n c l a y a l t e r e d p l a g i o c l a s e 
or as much l a r g e r rounded blebs mainly i n a l t e r e d groundmass l o c a t i o n s . 

T h i s i s a p p a r e n t l y an advanced a r g i l l i c ( c 1 a y - s e r i c i t e - c a r b o n a t e -
quartz—minor c h l o r i t e ) a l t e r e d p o r p h y r i t i c '"'hornblende quartz monzonite 
with minor c h a l c o p y r i t e and t r a c e a r s e n o p y r i t e (check geochemistry for 
As t o c o n f i r m t h i s ) . 
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95-26 48.3: MAFIC PQTASSIC (SECONDARY ALKALI FELDSPAR-QUARTZ-MAGNETITE- 
AMPHIBOLE ALTERED) BIOTITE-HORNBLENDE QUARTZ DIORITE; RARE CHALCOPYRITE 

Dark grey, f i n e - g r a i n e d , more m a f i c - l o o k i n g ; no s t a i n for K-
f e l d s p a r , very magnetic, t r a c e r e a c t i o n to HC1 along f r a c t u r e s . Modal 
mineralogy i n p o l i s h e d t h i n s e c t i o n i s approximately: 

P1ag i oc1ase (o1i goc1ase) 
Secondary a l k a l i f e l d s p a r ('"'albitic) 207 
Quarts ( p a r t l y secondary) 207 
B i o t i t e ('"'partly sec on d ar y ) 107 
Chi or i t e 57. 
Amphibole ( p a r t l y secondary, i n v e i n l e t s ) o y 

•L-} in Carbonate ( p a r t l y c a l c i t e ) o y 

Magnet i t e 37. 
Ser i c i t e 27 
Sphene, r u t i l e <17. 
C h a l c o p y r i t e , t r a c e p y r i t e < 17 

T h i s sample i s more equigr a n u l a r than p o r p h y r i t i c , although t r a c e s of a 
p h e n o c r y s t i c t e x t u r e can be seen i n the s i z e s of p l a g i o c l a s e c r y s t a l s , 
which are subhedral and range up to 1.25 mm diameter. Most are p a r t l y 
a l t e r e d t o secondary a l k a l i f e l d s p a r that i s l i k e l y a l b i t i c or 
" a n o r a b l t i t e " with a l i t t l e o r t h o d a s e molecule (see L e i t c h , CIM B u l l . 
J u l y 1981) s i n c e t h e r e i s no s t a i n i n the etched s l a b . T h i s secondary 
f e l d s p a r i s c o n t r o l l e d by m i c r o f r a c t u r e s and a has a s l i g h t l y cloudy, 
sub- t o anhedral, granular appearance compared t o the c l e a r , more 
euhedral primary p l a g i o c l a s e , which may be about o l i g o c l a s e i n 
composition ( r e l i e f very c l o s e to that of quartz; e x t i n c t i o n angle 
Y'"010 8-15 d e g r e e s ) . In p l a c e s whole p l a g i o c l a s e c r y s t a l s are 
r e p l a c e d , i n p l a c e s t o myrmektic intergrowths with magnetite. 

Quartz i s abundant, forming sub- t o anhedral c r y s t a l s t o about 
0.75 mm diameter that a l s o appear to be at l e a s t i n part secondary, 
p a r t i c u l a r l y where they form f i n e - g r a i n e d (50-100 micron) intergrowths 
with p l a g i o c l a s e , magnetite and minor amphibole, or where anhedral, 
i r r e g u l a r v e i n l e t - l i k e areas c r o s s or o v e r p r i n t p l a g i o c l a s e c r y s t a l s . 

Mafic m i n e r a l s i n c l u d e brown b i o t i t e as subhedral f l a k e s t o 1 mm 
diameter ( p o s s i b l y primary) that are s t r o n g l y p o i k i l i t i c , i n c l u d i n g 
f i n e quartz. As w e l l , t h e r e are f i n e greenish-brown (50-100 micron, 
anhedral) secondary b i o t i t e f l a k e s with c h l o r i t e and carbonate p o s s i b l y 
r e p l a c i n g some other former mafic mineral. These other r e l i c s have 
anhedral o u t l i n e s up t o about 0.5 mm, and were l i k e l y amphibole. 
Traces of r e l i c t amphibole are present i n some of them, and f r e s h e r 
amphibole o c c u r s i n v e i n l e t s . A s s o c i a t e d with the a l t e r e d mafic s i t e s 
are opaques (magnetite-hematite, s u l f i d e s ; see below) and a l i t t l e 
sphene that forms subhedral c r y s t a l s to 0.15 mm, i n p l a c e s cored by 
r u t i l e as euhedral prisms to 40 microns long. 

Magnetite mostly occurs i n a l t e r e d mafic s i t e s as sub- t o euhedral 
c r y s t a l s of about 0.1 mm diameter, mainly p a r t l y o x i d i z e d t o hematite; 
i n p l a c e s aggregates t o about 0.7 mm diameter occur. It i s a l s o 
present i n a narrow, i r r e g u l a r quartz-amphibole v e i n l e t 0.2 mm t h i c k . 
Rare c h a l c o p y r i t e forms subhedral c r y s t a l s up t o 0.1 mm s i z e , mainly 
disseminated i n quartz or f e l d s p a r areas; p y r i t e i s even r a r e r , forming 
euhedral c r y s t a l s <0.1 mm. 

The a l b i t i c a l k a l i feldspar-quartz-amphibole~magnetite a l t e r a t i o n 
of t h i s b i o t i t e - ? h o r n b l e n d e quartz d i o r i t e i s c h a r a c t e r i s t i c of mafic 
p o t a s s i c a l t e r a t i o n (e.g., I s l a n d Copper, Tanama i n P h i l l i p i n e s , e t c . ) 
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95-26 247.7: MILDLY POTASSIC (ALKALI FELDSPAR-BIQTITE-CARBQNATE-QUARTZ- 
CHLORITE-TOURMALINE) ALTERED BIOTITE-HQRNBLENDE DACITE PORPHYRY WITH  
DISSEMINATED CHALCOPYRITE-TRACE BORNITE 

Pale grey—brown, p o s s i b l y s i m i l a r i n t r u s i v e to that at 48.3m but 
with flow t e x t u r e ( v i s i b l e i n etched s l a b , which shows only minor K-
f e l dspar) caused by alignment of aibundant b i o t i t e f l a k e s . Cut by a 
dark '"'tourmaline v e i n l e t and a white '"'calcite v e i n e t ; minor r e a c t i o n t o 
HC1 throughout, not magnetic. Modal mineralogy i n p o l i s h e d t h i n 
s e c t i o n i s approximately: 

P l a g i o c l a s e (phenocrysts and groundmass) 557. 
E i i o t i t e (phenocrysts, secondary) 157 
Carbonate ( c a l c i t e and '"'dolomite) 107 
Quartz ( p a r t l y secondary) 57. 
C h l o r i t e 57. 
Ser i c i t e 57 
Tourmaline ( s c h o r l ; mostly v e i n l e t ) 17 
C h a l c o p y r i t e , minor b o r n i t e , t r a c e c h a l c o c i t e 17. 
R u t i l e 17 
Sphene <17 
A p a t i t e <17. 

T h i s i s a f i n e - g r a i n e d b i o t i t e - ? h o r n b l e n d e d a c i t e porphyry, 
c h a r a c t e r i z e d by l a r g e p l a g i o c l a s e phenocrysts and s m a l l e r , n e e d l e - l i k e 
'"'hornblende and b i o t i t e c r y s t a l s i n an a p h a n i t i c groundmass. 
P l a g i o c l a s e c r y s t a l s are euhedral and up to 2.5 mm long; they are 
m i l d l y f l e c k e d by f i n e (25-50 micron) s e r i c i t e and carbonate, and have 
a s l i g h l y cloudy, sub-granular, unzoned t e x t u r e that suggests they have 
been a l t e r e d t o ? a l b i t e , p a r t i c u l a r l y at the margins. C l u s t e r s of 
r u t i l e c r y s t a l s t o 50 microns are i n c l u d e d , i n p l a c e s with surrounding 
sphene. 

Mafic c r y s t a l s are mainly euhedral brown b i o t i t e t o 1 mm, i n 
p l a c e s showing minor a l t e r a t i o n t o f i n e greenish-brown secondary 
b i o t i t e . Other, elongate l a t h - l i k e r e l i c t mafic c r y s t a l s up t o 1.26 mm 
log are a l t e r e d t o s i m i l a r f i n e (25-50 micron) secondary b i o t i t e and 
l e s s e r carbonate, opaques and sphene/ruti1e, or r a r e l y dark green 
tourmaline t o 0.1 mm long. Carbonate i s l i k e l y p a r t l y c a l c i t e and 
p a r t l y '"'dolomite, forming elongated masses to 0.2 mm long. Opaques 
i n c l u d e mostly c h a l c o p y r i t e (subhedral blebs to 0.5 mm) with l e s s e r 
r u t i l e ( u n u s u a l l y c o a r s e euhedra to 0,2 mm) and minor b o r n i t e (rounded 
blebs, mainly mixed with c h a l c o p y r i t e , t o 0.1 mm s i z e ) . R a r e l y , 15-20 
micron c h a l c o c i t e mantles part of the b o r n i t e . P y r i t e i s n o t a b l e by 
i t s absence ( t h i s i s a low t o t a l s u l f i d e , high Fe:Cu sample). 

The groundmass c o n s i s t s of f i n e f l o w - a l i g n e d l a t h s (to 0.15 mm) of 
a l t e r e d p l a g i o c l a s e , very f i n e ( 10-25 micron) shreddy p a l e green 
b i o t i t e , c h l o r i t e and s e r i c i t e . Quartz i s r e l a t i v e l y r a r e , s c a t t e r e d 
throughout as 0.1-0.2 mm sub- to anhedral c r y s t a l s ( p o s s i b l y primary) 
or rarely r e p l a c i n g the edges of p l a g i o c l a s e (secondary). 

The dark v e i n l e t c o n s i s t s of euhedral t o r a d i a t i n g t o u r m a l i n e to 1 
mm long with p a l e green t o khaki pleochroism ( l i k e l y s c h o r l ) p l u s minor 
r u t i l e (euhedral, t o 0.1 mm); the tourmaline i s f r a c t u r e d by c a l c i t e , 
which a l s o o c c u r s i n other v e i n l e t s up to 0.2 mm t h i c k . T r a c e s of 
b o r n i t e and c h a l c o p y r i t e occur i n the tourmaline v e i n l e t . 

In summary, t h i s i s a m i l d l y mafic p o t a s s i c ( a l b i t i c a l k a l i 
f e l d s p a r - s e c o n d a r y b i ot i t e - c a r b o n a t e - q u a r t z - r u t i 1 e - c h a l c o p y r i t e - b o r n i t e 
tourmaline a l t e r e d ) , b i ot i t e-hor nbl ende '7'dacite porphyry. 
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95-26 263.5: INTENSELY MAFIC POTASSIC (AMPHIBOLE-SECONDARY BIQTITE-K- 
FELDSPAR) ALTERED ?D I OR ITE PORPHYRY. OVERPRINTED BY CHLORITE-PYRI TE 

Dark grey t o black, f i n e - g r a i n e d rock that r e v e a l s a p o r p h y r i t i c 
t e x t u r e when etched; minor yellow s t a i n for K - f e l d s p a r . I r r e g u l a r 
v e i n l e t s of dark m a t e r i a l are cut by planar v e i n l e t s of p y r i t e and 
minor c a l c i t e with dark ( e h l o r i t i c ) envelopes; the r e s t of the rock 
does not r e a c t t o c o l d d i l u t e HC1. The rock i s magnetic; modal 
mineralogy i n p o l i s h e d t h i n s e c t i o n i s approximately: 

Second ar y green b i ot i t e 457 
Amphibole ('"'secondary) 157. 
C h l o r i t e 107. 
R e l i ct p1agi oc1ase (?alb i t i c ) 107 
Muse ov i t e ( ser i c i t e) 57 
Secondary a l k a l i f e l d s p a r ( a l b i t i c ) 57 

( K - f e l d s p a r ) 37 
Quartz (maxinly secondary) 37 
P y r i t e 37 
C h a l c o p y r i t e 17 
Magnetite <17. 
C a l c i t e ( l a t e v e i n l e t s only) <17. 

T h i s i s a very mafic rock, comp osed mainly o f sec on d ar y g r een b i o t i t e , 
secondary amphibole, r e l i c t f e l d s p a r , and l e s s e r muscovite or s e r i c i t e . 
Feldspar and quartz are minor and mainly v e i n l e t - c o n t r o l 1ed, except for 
r e l i c t p l a g i o c l a s e ( r e l i c t s of former phenocrysts). Most of the rock 
i s a f i n e - g r a i n e d aggregate of secondary b i o t i t e (pale g r e e n i s h brown, 
sub- to euhedral, about 25-50 microns, r a r e l y to 100 microns) and 
amphibole (almost c o l u r l e s s , ? t r e m o l i t e ~ a c t i n o l i t e , subhedral l a t h s 
about 0.1-0.2 mm l o n g ) . In p l a c e s , r e l i c t mafic s i t e s up t o 0.75 mm 
s i z e are pseudomorphed by f i b r o u s secondary amphibole, and s c a t t e r e d 
f l a k e s of muscovite t o 0.2 mm a c r o s s (the l a t t e r p o s s i b l y a f t e r 
'"'biotite. There are a l s o v e s t i g e s of former p l a g i o c l a s e c r y s t a l s 
( o r i g i n a l l y subhedral c r y s t a l s up t o 1.5 mm s i z e ) , almost o b l i t e r a t e d 
by the i n t e n s e mafic p o t a s s i c a l t e r a t i o n . In the area of the dark 
i r r e g u l a r v e i n l e t s , both secondary b i o t i t e and s u l f i d e s are more 
abundant, compared t o the wall rock which i s r i c h e r i n amphibole. T h i s 
suggests that the s u l f i d e m i n e r a l i z a t i o n i s a s s o c i a t e d with the b i o t i t e 
part rather than the amphibole part of mafic p o t a s s i c a l t e r a t i o n , as i s 
the case at I s l a n d Copper. A l s o as at Isla n d Copper, t h e r e i s a major 
c h l o r i t e envelope ( d e s t r o y i n g both amphibole and secondary b i o t i t e ) 
along the major p y r i t e - m i n o r c h a l c o p y r i t e - q u a r t z v e i n l e t s . 

R e l i c t f e l d s p a r i s mostly r e p l a c e d by a twinned secondary a l k a l i 
f e l d s p a r , probably a l b i t i c i n composition. Secondary K - f e l d s p a r o c c u r s 
as subhedral c r y s t a l s up t o 0.15 mm, aggregating t o 0.3 mm i n p l a c e s . 
There are r e l a t i v e l y r a r e , an- to subhedral c r y s t a l s of quartz mixed 
with the secondary a l k a l i f e l d s p a r (K-spar and a l b i t e ) . These are most 
abundant along the " i r r e g u l a r f r a c t u r e " and of course i n the v e i n s . 

In the v e i n s , p y r i t e forms coarse euhedral c r y s t a l s up t o s e v e r a l 
mm long, mixed i n p l a c e s with l e s s e r c h a l c o p y r i t e (sub- t o anhedral, t o 
1.2 mm) and sub- t o euhedral quartz t o 1 mm. The quartz i s f r a c t u r e d 
and r e c r y s t a l 1 i z e d i n p l a c e s , and cut by s t r i n g e r s of c a l c i t e . E a r l i e r 
f r a c t u r e s are marked by swarms of f i n e euhedral p y r i t e (0.5 mm) and 
l e s s e r subhedral c h a l c o p y r i t e b l e b s (to 0.3 mm) as well as t r a c e s of 
magnetite (euhedral, t o 0.1 mm). Away from these zones, t h e r e i s only 
t r a c e p y r i t e and c h a l c o p y r i t e disseminated i n r e l i c t mafic s i t e s . 
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95-30A; INTENSELY MAFIC POTASSIC CBIQTITE-K-FELDSPAR-QUARTZ-TOURMALINE- 
MAGNET ITE ALTERED; PYRITE OVERPRINTED) BRECCIA OF VOLCANIC FRAGMENTS 

Dark blackish-brown, c l e a r l y fragmental rock, s t r o n g l y magnetic; 
n o r eac t i on t o c oId d i l u t e HC1, b ut m i n or yellow s t a i n f or K-f e1d spar 
i n the dark but not the l i g h t c o l o u r e d fragments. Larger c l a s t s look 
l i k e a l t e r e d v o l c a n i c s , and are rounded to sub-rounded, up t o 10 cm 
maximum dimension. The rock i s cut by abundant v e i n l e t s / m i c r o f r a c t u r e s 
of p y r i t e . Modal mineralogy i n p o l i s h e d t h i n s e c t i o n i s approximately: 

Sec on d ar y b i ot i t e 407. 
Re1i c t p1ag i oc1ase 257 
Secondary K - f e l d s p a r X \ J /» 

Quartz 107 
Pyr i t e 57 
Tour mali ne (schor1i t i c) 
Magnet i t e 17. 
Chi or i t e 17. 
Rut i 1 e < 17. 

C l a s t s range from p a l e brown and b i o t i t i c (dominant) to c l e a r ( q u a r t z -
or K - f e l d s p a r r i c h ) to r a r e t o u r m a l i n e - p y r i t e r i c h . The most abundant 
c l a s t s are composed of very f i n e , p a l e brown secondary b i o t i t e (10-20 
micron), h o s t i n g quartz (anhedral, t o 0.1 mm, looks secondary) and 
p 1 agi oc 1 ase (subhedr a l , t o 0.2 mm, 1ook 1 i ke v o l c a n i c s h a r d s ) . Mi nor 
t our maline (dark gr eeny—brown sc hor 1, subhedral, t o 0.1 mm; 
p o i k i 1 i t i c a l 1 y i n c l u d i n g p y r i t e ) occurs with the secondary quartz and 
su 1 f i des, p a r t l y d i s t r i b u t e d a 1 ong mi cr of r ac t ur es. These c 1 ast s 1 ook 
to have been '"'dacitic c r y s t a l t u f f s before intense mafic p o t a s s i c 
(bi ot i t e -quartz-tourmali ne-pyr i t e ) a l t e r at i on. 

Clear c l a s t s c o n s i s t of e i t h e r quartz Cshards/phenocrysts t o 1 mm) 
or aggregates of f e l d s p a r , mainly secondary K-feldspar as subhedral 
c r y s t a l s t o 0.1 mm diameter, and f i n e quartz to 50 microns. There are 
a l s o shards (broken phenocrysts) of p l a g i o c l a s e to 1 mm diameter, i n 
p l a c e s p a r t l y t o wholly r e p l a c e d by secondary K - f e l d s p a r , minor p y r i t e 
and t r a c e secondary b i o t i t e or r a r e tourmaline. These c l a s t s grade t o 
darker c l a s t s that were once f i n e l y p o r p h y r i t i c " V o l c a n i c s (0.3 mm 
p l a g i o c l a s e ) , now h i g h l y a l t e r e d t o secondary a l k a l k i f e l d s p a r , mainly 
K - f e l d s p a r , as subhedral 0.1 mm c r y s t a l s f u l l of 2-15 micron opaque 
('"'mainly p y r i t e ) i n c l u s i o n s and p a r t l y a l t e r e d to 10-20 micron 
secondary b i o t i t e . In t o u r m a l i n e - r i c h c l a s t s , g r e e n i s h - b l u e ( F e - r i c h , 
s c h o r l ) tourmaline c r y s t a l s are subhedral and up to 0.1 mm; p y r i t e i s 
subhedral and of s i m i l a r s i z e . The l e s s a l t e r e d rim of the c l a s t shows 
f i n e r e l i c t p l a g i o c l a s e m i c r o l i t e s . 

The matrix (about 10-157. of the r oc k ) c o n s i s t s mainly of sec on d ar y 
b i o t i t e (subhedral f l a k e s to 50 microns) and p y r i t e (sub- t o euhedral 
c r y s t a l s to 0.5 mm), with v a r i a b l e tourmaline (subhedral c r y s t a l s t o 
0.15 mm), quartz (anhedral, t o 50 microns). C h a l c o p y r i t e i s r a r e , f i n e 
( g e n e r a l l y <20 microns; r a r e l y 0.1 mm) and mainly a s s o c i a t e d with (or 
i n c l u d e d i n ) magnetite, which forms eu- t o subhedral c r y s t a l s t o 0.1 mm 
(aggregates to 0.5 mm). Magnetite a l s o c o n t a i n s euehdral 20-30 micron 
i n c l u s i o n s of p y r i t e , but i n g e n e r a l , p y r i t e appears to be surrounding 
and '"'replacing magnetite. F i n e (20-30 micron) r u t i l e occurs with 
p y r i t e and tourmaline. Planar v e i n l e t s c u t t i n g both c l a s t s and matrix 
are composed of p y r i t e ( ? r e p l a c i n g magnetite), quartz, and c h l o r i t e ; i n 
t h e i r narrow envelopes, secondary b i o t i t e i s converted to c h l o r i t e and 
minor s e r i c i t e . 
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N-95-32 76. 7: INTENSELY CARBONATE-SERICITE-TQURMAL INE-K-FELDSPAR—QUARTZ  
AND RUTILE ALTERED BRECCIA COMPOSED OF 7FELSIC VOLCANIC FRAGMENTS 

H i g h1y v a r i eg a t ed f r ag men t a 1 r oc k w i t h sub r ound ed t o r ound ed 
c1ast s t o 1 cm d i amet er, mai n1y b u f f c o1 our ed an d f ai r1y hard, reac t i n g 
t o HC1 ( ? q u a r t z ~ c a l c i t e - s e r i c i t e ) but some p i n k i s h (?hematite-stained) 
i n a mat r i x of b1ac k ?t our mali ne. Not magnet i c, but st r ong yel1ow 
s t a i n throughout for K - f e l d s p a r . Modal mineralogy i n p o l i s h e d t h i n 
sec t i on i s appr ox i mat e l y s 

Car b on at e ( l a r g e l y c a l c i t e ) 357. 
Ser i c i t e 257. 
Tour mali ne (schor 1) 157 
K-f e1dspar (sec ondar y) 107 
Quar tz (ph en oc r yst s, sec on dar y) 107 
Rut i1e • - i o v 

A. o / . A p a t i t e (secondary) 1-27 
Sec on d ar y b i ot i t e <17 
Ch a 1 c o p y r i t e , t r ac e ?t et r ah ed r i t e <17 

The bulk of the c l a s t s i n t h i s s l i d e are a l t e r e d to a very f i n e - g r a i n e d 
(10-15 micron) mixture of carbonate and s e r i c i t e , with vague r e l i c t 
t e x t u r e i n p l a c e s suggesting a '"'volcanic t e x t u r e ; there are s c a t t e r e d 
subhedral quartz shards to 0.5 mm i n some c l a s t s . Carbonate forms 
anhedral c r y s t a l s and s e r i c i t e subhedral f l a k e s , commonly i n patches up 
t o 0.7 mm a c r o s s that could represent former '"'plagioclase. Other 
patches with more quartz and/or carbonate may represent former '"'mafic 
mineral c r y s t a l s , although i t i s not p o s s i b l e to be sure. Although K-
f e l d s p a r appears to be abundant by the yellow s t a i n i n the etched s l a b , 
i t i s not at a l l obvious i n t h i n s e c t i o n (part may be confused with 
quartz, as very f i n e , 10-15 micron anhedral c r y s t a l s ) . 

Large white a l t e r e d c l a s t s have s i m i l a r mineralogy t o the b u f f -
c o l o u r e d c l a s t s , but perhaps with more s e r i c i t e (and ? c l a y ) and l e s s 
carbonate. Tourmaline appears t o be concentrated around t h e i r borders, 
but not i n them. In one c l a s t , t h e r e i s minor secondary b i o t i t e (deep 
brown c o l o u r , high Mg content) as subhedral f l a k e s to 50 microns. 

The matrix i s r i c h i n tourmaline, mainly as extremely f i n e , sub-
t o anhedral stubby p r i s m a t i c c r y s t a l s up t o about 10 microns long. 
However, i n p l a c e s the tourmaline i s r e c r y s t a l 1 i z e d to r a d i a t i n g sprays 
of 0.25 mm c r y s t a l s with zoned p a l e pur p1i sh-b1ue (cor es) t o gr eeni sh-
br own (r i ms) pieochr oism, l i k e l y sc hor1i t i c i n c omposi t i on. In one 
area, l a r g e anhedral t o subhedral a p a t i t e c r y s t a l s up to 1 mm a c r o s s 
p o i k i 1 i t i c a l 1 y e n c l o s e other m i n e r a l s ( a p a t i t e i s almost v e i n - l i k e i n 
i t s occurrence, and must be secondary). 

Rutile? i s abundantly intergrown with tourmaline i n p l a c e s ; i t 
occurs as f i n e euhedral needles up t o 35 microns long, aggregating i n 
bunches up to 0.1 mm a c r o s s or i n narrow v e i n l e t s (a most unusual 
occurrence for r u t i l e , demonstrating m o b i l i t y of T i ) . These are the 
pink s t a i n s seen i n hand specimen. Other r a r e narrow v e i n l e t s c o n t a i n 
quartz and green '"'tourmaline (subhedral, to 0.1 mm l o n g ) . These cut 
l a r g e (0.2 mm) brown subhedral tourmaline c r y s t a l s i n what look l i k e 
vugs. Rare c h a l c o p y r i t e (subhedral, t o 0.25 mm) i s a s s o c i a t e d with 
carbonate and c o n t a i n s intergrown t r a c e ? t e t r a h e d r i t e (25-35 microns). 

T h i s i s a h e a v i l y c a r b o n a t e - s e r i c i t e - t o u r m a l i n e - K - f e l d s p a r - q u a r t z -
r u t i l e - a p a t i t e a l t e r e d rock; the c a r b o n a t e - s e r i c i t e may be an o v e r p r i n t 
on an i n i t i a l l y p o t a s s i c a l t e r e d rock, but the abundant r u t i l e and 
a p a t i t e as part of the secondary assemblage are very unusual. 


