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Samples: 
14 rock samples, as l i s t e d below, were sec t i o n e d , s t a i n e d and examined 

under the microscope: 
TL 13A; TL 13B; RB 30; RB 30Y ( s l i d e numbered 30A i n e r r o r ) ; RB 66A; 

The rocks of t h i s s u i t e e x h i b i t a number of c o n s i s t e n t f e a t u r e s . Two 
main groupings can be d i s t i n g u i s h e d . 

The f i r s t , and l a r g e r , c o n s i s t s of va r i o u s forms of s i l i c e o u s b r e c c i a i n 
which a fragmented f i n e - g r a i n e d brown rock i s cemented by crysTali - L i i e quartz. 

The s i l i c e o u s cement t y p i c a l l y shows r a p i d s m a l l - s c a l e v a r i a t i o n s i n 
g r a i n s i z e , from r e l a t i v e l y coarse comb s t r u c t u r e s c r u s t i f i e d on fragments 
or f i l l i n g vugs, to very f i n e - g r a i n e d aggregates showing the t y p i c a l 
a l l o t r i o m o r p h i c i n t e r l o c k i n g m i c r o c r y s t a l l i n e t e x t u r e of c h e r t . 

The "brown rock" composing the fragments i s made up of var y i n g p r o p o r t i o n s 
of very f i n e - g r a i n e d s e r i c i t e , b i o t i t e , c l a y s , c h l o r i t e , and sometimes 
carbonate, always with more or l e s s l i m o n i t e which causes the c h a r a c t e r i s t i c 
c o l o u r a t i o n . I t commonly shows a micro-fragmental or m i c r o - p o r p h y r i t i c 
t e x t u r e . 

The brown fragments are permeated and repl a c e d to a var y i n g degree by 
fi n e - g r a i n e d s i l i c a . This process has reached the po i n t that many "fragments" 
are now no more than ghostly o u t l i n e s of hazy c l a y or l i m o n i t e s t a i n i n g i n the 
cherty matrix. The s i l i c e o u s cement commonly contains small shreds and 
i n c l u s i o n s of the fragment m a t e r i a l dispersed throughout, suggesting t h a t many 
fragments have now been a s s i m i l a t e d by e s s e n t i a l l y t o t a l replacement. 

RB 66C represents the maximum c o n c e n t r a t i o n of "brown rock" i n the study 
s u i t e . RB 101 a l s o has a f a i r l y high p r o p o r t i o n of fragments, w h i l s t i n 4247, 
13A, 13B, 66A and 72A, the matrix quartz i s dominant. In the l a t t e r two 
samples the quartz i s e s s e n t i a l l y a l l c h e r t y . RB 70 i s , i n e f f e c t , an end 
member of t h i s group, i n th a t i t i s a c r u s t i f i e d quartz aggregate, but one i n 
which there are no ( s u r v i v i n g ) fragments. 

RB 66C; RB 70; RB 72A; 4247; RB 87; RB 94; Canyon; RB 101; RB 56 

Summary 
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Several of the samples of t h i s group_ cont a i n t r a c e amounts of K - f e l d s p a r . 
I t s o r i g i n i s obscure but i n view of the i n t e n s e l y a l t e r e d nature of these 
rocks i t seems u n l i k e l y to be an o r i g i n a l host rock component, so may w e l l 
represent a minor component of introduced a d u l a r i a . 

The nature of the "brown rock" can only be guessed at. I t appears to be 
t o t a l l y a l t e r e d . I t does not resemble N i c o l a v o l c a n i c m a t e r i a l (at l e a s t , 
not of the type e x e m p l i f i e d i n RB 87). I f the mineralogy and t e x t u r e s seen i n 
the s u r v i v i n g fragments are at a l l o r i g i n a l , t h i s m a t e r i a l most c l o s e l y 
resembles a f i n e - g r a i n e d t u f f or t o t a l l y a l t e r e d v i t r i c v o l c a n i c . 

The other main group w i t h i n the s u i t e i s made up of the c a r b o n a t e - r i c h 
rocks, RB 30, Canyon and RB 66C. These are r e l a t e d to the f i r s t group i n t h a t 
the ubiquitous "brown rock" i s present, but are d i s t i n g u i s h e d by a high content 
o ^ c ^ j b o n a t e ^ o f t e n f r a c t u r e d and e x i s t i n g as fragments. They show complex 
b r e c c i a t i o n and r e - b r e c c i a t i o n . The Canyon sample contains c h a l c e d o n ^ a n a 
t r a c e s of K-spar. 

RB 30Y i s p o s s i b l y a r e l a t e d type, but l a c k s the brown rock and i s not 
b r e c c i a t e d . 

The remaining three rocks o f the s u i t e are i n d i v i d u a l types. RB 87 i s 
the p o r p h y r i t i c N i c o l a v o l c a n i c ; RB 94 i s a f l u o r i t e rock; and RB 56 i s v e i n 
quartz with carbonate. 

I t i s i n t e r e s t i n g t h a t the f l u o r i t e rock contains i n t e r g r a n u l a r 
m i c r o c r y s t a l l i n e quartz with Intergrown s e r i c i t e - suggesting t h a t the l a t t e r 
mineral i s not c o n f i n e d to the a l t e r e d fragments. F l u o r i t e occurs as an 
accessory i n one of the s i l i c e o u s rocks of the f i r s t group (RB 72A). 

With regard to f l u i d i n c l u s i o n s , the quartz of the s i l i c e o u s b r e c c i a s 
seems g e n e r a l l y unfavourable. I n c l u s i o n s occur but they are very small and 
are not o b v i o u s l y two-phase. 

Probably usable i n c l u s i o n s were found i n quartz of RB 30Y and d e f i n i t e l y 
usable ones i n the v e i n quartz of RB 56. ^ [ h e ^ f l u o r i t e (RB 94) a l s o has 
potervtial f o r y i e K i n ^ o D s e r v a b l e i n c l u s i o n s ^ ^ x *r** * ~m r-> ^ . 

O.F. H a r r i s Ph.D. 

November 7th, 1983 



Sample TL 13A 

The hand-specimen c o n s i s t s of numerous rounded to sub-angular brown 
fragments set i n a c r u s t i f i e d greyish-white s i l i c e o u s cement. Fragments 
range i n s i z e from > 5cm down to < 1mm and make up c. 50% of the rock. 

The t h i n s e c t i o n i s from an area of small fragments. 
Estimated mode 

Quartz 90 
B i o t i t e 4 
S e r i c i t e 1 
Clays 2 
Limonite 1 
K-feldspar 2 

The above mode i s d i s t o r t e d by the f a c t that the fragments were very prone 
to p l u c k i n g during s e c t i o n i n g . Many now e x i s t i n the s l i d e only as shreds 
and p a r t i a l rims. 

The o v e r a l l aspect i s of a mass of r a d i a l outgrowths ( c r u s t i f i c a t i o n s ) 
of quartz centred on fragments, or p a r t i a l l y replaced remnants thereof. The 
successive l a y e r s of quartz show r a p i d v a r i a t i o n s i n g r a i n s i z e , from f i n e 
grained cherty m a t e r i a l ( g r a i n s 0.02 - 0.05mm) up to p a r a l l e l , elongate 
p r i s m a t i c grains of 5mm or more (comb s t r u c t u r e s ) . The cuspate areas at 
the points of contact of the r a d i a l growths are f i l l e d w ith f i n e to medium-
grained quartz mosaic or, l e s s commonly, are empty (vugs). 

The coarser quartz l o c a l l y shows f i n e - g r a i n e d "dusty" patches. These are 
seen under high power to be zones of s u b - p a r a l l e l , elongate or t u b e - l i k e f l u i d 
i n c l u s i o n s . These seem to l a c k a vapour phase and are, i n any event, too 
small f o r proper observation. 

The fragments are v a r i a b l e i n character. The commonest component appears 
to be a f i n e - g r a i n e d , f e l t e d , golden-brown b i o t i t e . This grades imperceptibly 
i n t o even f i n e r - g r a i n e d hazy brown m a t e r i a l which appears to be l i m o n i t e -
s t a i n e d c l a y . O c c a s i o n a l l y the b i o t i t e has intergrown s e r i c i t e . 

A few 1 - 2mm fragments are c l e a r l y composed of K - f e l d s p a r , e x t e n s i v e l y 
a l t e r e d to b i o t i t e / s e r i c i t e . 

Many of the fragments are more or l e s s replaced by f i n e - g r a i n e d quartz and 
c o n s i s t of nothing more than shreds and i n t e r g r a n u l a r f i l m s of b i o t i t e and 
l i m o n i t i c c l a y s i n the quartz mosaic. Small i n t e r s t i t i a l p a r t i c l e s of 
l i m o n i t i c m a t e r i a l occur dispersed throughout the s i l i c e o u s aggregate and are 
probably the remnants of otherwise t o t a l l y replaced fragments. 



Sample TL 13B 

In hand specimen t h i s rock c o n s i s t s of a g a t e - l i k e , grey-white c o n c e n t r i c a l l y 
banded ovoid s i l i c a outgrowths, centred on a few grey-brown, oft e n elongate 
fragments up to a cm or so i n s i z e . 

The t h i n s e c t i o n i n c l u d e s p a r t s of four such fragments. 

Estimated mode 

This rock i s b a s i c a l l y s i m i l a r to 13A i n t h i n s e c t i o n . The coarse, 
p a r a l l e l - g r o w t h comb quartz occurs only i n immediate contact with the fragments 
and o v e r a l l the quartz i s f i n e - g r a i n e d ( l o c a l l y minutely s o ) . Nevertheless 
there i s considerable s i z e v a r i a t i o n , g i v i n g r i s e to the a g a t e - l i k e banding. 
The cuspate areas which represent the c a v i t i e s at the contact p o i n t s of the 
growing ovoid masses are f i l l e d with medium-grained quartz (0.2 - 0.5mm) with 
dusty patches of densely c l u s t e r e d s u b - p a r a l l e l f l u i d i n c l u s i o n s as described 
i n 13A (and, l i k e them, u n s u i t a b l e f o r heating s t u d i e s ) . 

The fragments are again r a t h e r v a r i a b l e . Some are e x t e n s i v e l y replaced by 
quartz and c o n s i s t only of shreds and c l u s t e r s of remnants composed of b i o t i t e 
and l i m o n i t i c c l a y . Some of the s i l i c i f i e d remnants have a micro-fragmental 
or m i c r o - p o r p h y r i t i c ( t u f f - l i k e ) aspect which may be an o r i g i n a l t e x t u r e , or 
may be an e f f e c t of the p a r t i a l replacement. 

A d i f f e r e n c e from 13A i s the presence of carbonate, as small patches and 
minute granules w i t h i n some of the p a r t i a l l y absorbed fragments. 

K-spar i s again present (as revealed by d e t a i l e d s c r u t i n y of the st a i n e d 
c h i p ) . I t occurs as specks w i t h i n some of the fragments and a l s o as 
t h r e a d l i k e v e i n l e t s (or banded remnants) asso c i a t e d with b i o t i t e . 

Quartz 
B i o t i t e 
S e r i c i t e 
Clays 
Limonite 
K-feldspar 
Carbonate 

88 
4 
1 
2 
2 
1 
2 



Sample RB 30 

In hand specimen t h i s i s a brown rock with v e i n l e t s of white carbonate, 
and b r e c c i a zones with small fragments of the brown rock cemented by c r u s t i f i e d 
white quartz. The s l i d e a l s o shows a f i n e - s c a l e m i c r o b r e c c i a which i s not 
r e a d i l y n o t i c e a b l e i n hand specimen. 

Estimated mode 

Quartz 30 
Carbonate 22 
B i o t i t e 9 
C h l o r i t e 12 
Clay 5 
Limonite 2 

This i s a complex mi c r o b r e c c i a c o n s i s t i n g about 60% fragments and 40% 
s i l i c e o u s cement. 

The fragments, from < 1mm to s e v e r a l cm i n s i z e are g e n e r a l l y much more 
coherent than i n TL 13A and 13B, though there are some which are e x t e n s i v e l y 
replaced by s i l i c a . They c o n s i s t of admixtures of f i n e - g r a i n e d b i o t i t e , 
c h l o r i t e , carbonate, c r y p t o c r y s t a l l i n e f e l s i t e and l i m o n i t i c c l a y i n various 
p r o p o r t i o n s , showing banded, b l o t c h y , p e l l e t y , c e l l u l a r and microfragmental 
t e x t u r e s . 

Carbonate i s a major c o n s t i t u e n t , o c c u r r i n g as pervasive patches and veins 
i n the fragments, and as vuggy pockets, dispersed granules and fragments 
(disrupted veins?) i n the s i l i c e o u s cement. 

This rock i s e s s e n t i a l l y a s h a t t e r b r e c c i a , f r a c t u r e d and r e f r a c t u r e d 
during various stages of s i l i c i f i c a t i o n . Fragments range from matching 
pieces to completely replaced ghosts. 

The quartz cement i s l a r g e l y f i n e - g r a i n e d , cherty, with only s c a t t e r e d 
l o c a l development of c r u s t i f i e d or comb t e x t u r e s . Grain s i z e v a r i a t i o n s often 
define angular patches which are apparently t o t a l l y replaced fragments. The 
f i n e s i l i c e o u s cement i s l o c a l l y cut by coarser v e i n quartz. 

F l u i d i n c l u s i o n s are rare and minute. 



Sample RB 30Y 

In hand specimen t h i s i s a fine-grained, brown, carbonate-ric h rock with 
white s t r e a k s . A streaky banded te x t u r e i s apparent on cut s u r f a c e s . 

Estimated mode 
Clear carbonate 35 
Brown carbonate 30 
Quartz 30 
Dark brown sub-opaques 5 

This rock d i f f e r s t e x t u r a l l y from the c l e a r l y b r e c c i a t e d nature of previous 
s l i d e s . On the s c a l e of the t h i n s e c t i o n i t appears to be a complex of sub-
p a r a l l e l bands or ve i n s . 

Carbonate, which i s the dominant c o n s t i t u e n t , shows two c l e a r l y d i f f e r e n t i a t e d 
types which may or may not be m i n e r a l o g i c a l l y d i s t i n c t . (This could be r e a d i l y 
checked by XRD). One v a r i e t y i s s t r o n g l y brown i n appearance due to a high 
content of minute l i m o n i t i c (?) i n c l u s i o n s and concentrations of l i m o n i t e 
i n cleavages and g r a i n boundaries. L o c a l l y the brown l i m o n i t i c m a t e r i a l forms 
d i s c r e t e clumps and i r r e g u l a r patches. The other carbonate i s a c l e a r , 
i n c l u s i o n - f r e e v a r i e t y . 

Doubt as to whether these r e a l l y c o n s t i t u t e d i f f e r e n t species stems from 
contact s i t u a t i o n s where there i s apparently o p t i c a l c o n t i n u i t y of c r y s t a l form 
across the brown/white i n t e r f a c e . This i s analogous to brown/white dolomite 
r e l a t i o n s h i p s at Pine P o i n t where what look l i k e d i s t i n c t v e i n or fragmental 
s t r u c t u r e s are nothing more than the sharply defined l i m i t s of brown i n c l u s i o n s 
i n an otherwise continuous granular carbonate mosaic. The feature i s probably 
an i n h e r i t e d one, perhaps r e l a t i n g to a phase of almost t o t a l replacement of 
ferruginous rock, subsequently modified by carbonate r e c r y s t a l l i s a t i o n . 

The brown carbonate occurs as s u b - p a r a l l e l discontinuous bands, with 
intergrown granular s i l i c a and patches of c l e a r carbonate. These bands 
a l t e r n a t e with bands composed more dominantly of quartz (0.01 - 0.05mm) but 
cont a i n i n g very f i n e - g r a i n e d dispersed carbonate throughout. 

Clear carbonate forms c r o s s - c u t t i n g discordant v e i n l e t s and a l s o a zone, 
at one end of the s l i d e , of close-spaced coarse equidimensional g r a i n s , 0.5 -
2.0mm, separated by networks of f i n e - g r a i n e d quartz. 

The quartz i n t h i s sample contains rather abundant f l u i d i n c l u s i o n s 
ranging up to 15 microns or more i n s i z e . These mostly appear to be empty but 
at l e a s t one was observed to have a mobile gas bubble which would have been 
amenable to heating s t u d i e s . 



Sample RB 66A 

In hand specimen t h i s i s a s t r u c t u r e l e s s f i n e - g r a i n e d brown rock with pa l e r 
(weathered or leached?) zones. 

Estimated mode 

In t h i n s e c t i o n t h i s rock i s revealed as an even-grained aggregate of 
cherty s i l i c a of g r a i n s i z e 0.01 - 0.05mm. 

This contains f a i r l y numerous, but very small (0.1 - 0.5mm) sub-angular to 
rounded fragments of f e l t e d b i o t i t e , s e r i c i t e or brown-stained c l a y . These 
are sometimes dark brown, d i s t i n c t ; other times they are merely f a i n t , hazy 
ghosts i n the c h e r t . 

The chert i t s e l f contains minute shreds of l i m o n i t i c c l a y dispersed 
throughout, producing the o v e r a l l brown c o l o u r . This suggests that the rock 
i s probably a t o t a l l y s i l i c i f i e d secondary product. There are a l s o s c a t t e r e d 
rounded patches, s i m i l a r i n s i z e to the fragments, of s l i g h t l y coarser 
i n c l u s i o n - f r e e s i l i c a . 

Quartz 
B i o t i t e 
S e r i c i t e 
C l a y / l i m o n i t e 

92 
2 
2 
4 



Sample RB 66C 

In hand specimen t h i s i s a blocky f r a c t u r e d , f i n e - g r a i n e d brown rock with 
t r a n s l u c e n t grey v e i n s . 

Estimated mode 
Quartz 65 
C h l o r i t e 20 
Limonite 7 
B i o t i t e 5 
S e r i c i t e 3 

In t h i n s e c t i o n the grey v e i n i n g i s seen to be s i l i c a - l a r g e l y a f i n e 
grained cherty aggregate (0.02 - 0.05mm) but with patchy development of coarser 
pockets and f r i n g e s . 

The brown matrix i s composed of a f i n e - g r a i n e d mesh of c h l o r i t e , b i o t i t e 
and l i m o n i t e i n t i m a t e l y pervaded by cherty s i l i c a . In part i t appears to be 
simply the chert of the cementing veins o v e r - l a i n by a haze of f i n e - g r a i n e d 
l i m o n i t e s t a i n i n g and dispersed b i o t i t e / s e r i c i t e ; elsewhere i t contains a high 
content of f e l t e d c h l o r i t e and/or golden-brown b i o t i t e , more or l e s s i n t e n s e l y 
s t a i n e d with l i m o n i t e . I t o f t e n e x h i b i t s the micro-fragmental/micro-porphyritic 
appearance (defined by d i f f e r e n t i n t e n s i t i e s of colour and m i n e r a l o g i c a l 
proportions) which seems t y p i c a l of the "brown rock" whenever i t occurs i n t h i s 
s u i t e . 

Limonite forms streaky f r a c t u r e f i l l i n g s , dispersed granules and s c a t t e r e d 
euhedral pseudomorphs. 



Sample RB 70 

In hand specimen t h i s i s a banded agate. 

Estimated mode 
S i l i c a 98 
Dusty i n c l u s i o n s 2 
Limonite/opaques t r a c e 

This i s e s s e n t i a l l y monomineralic s i l i c a as a random c r y s t a l l i n e aggregate 
showing h i g h l y v a r i a b l e g r a i n s i z e from f i n e s t m a t e r i a l i n the .02 - .05mm 
range to coarser bands, patches and vug f i l l i n g s i n the 0.2 - 0.5mm range. 
The s l i d e contains one much coarser r a d i a l comb-like patch, with c r y s t a l s up to 
2mm, around a plucked core. 

C e r t a i n bands and patches, commonly the f i n e s t - g r a i n e d s i l i c a , c o n t a i n a 
high content of t i n y dusty i n c l u s i o n s ( c o n t r i b u t i n g to the colou r banding seen 
i n hand specimen). These are seen under high power to be rounded granules 
(0.005 - 0.01mm) of high r e l i e f , o f t e n yellow-brown m a t e r i a l . Carbonate? 

The rock contains sparse disseminated gra i n s (c. 0.1mm) of opaques or 
l i m o n i t e . 

F l u i d i n c l u s i o n s are rare and very s m a l l . 



Sample RB 72A 

IN hand specimen t h i s i s a s t r u c t u r e l e s s f i n e - g r a i n e d pale brown rock 
with small w h i t i s h f l e c k s . 

Estimated mode 
Quartz 85 
S e r i c i t e / c l a y 10 
Limonite 2 
F l u o r i t e 3 

The rock c o n s i s t s of an evenly f i n e - g r a i n e d cherty aggregate of s i l i c a , 
of g r a i n s i z e 0.02 - 0.05mm. 

I t contains s c a t t e r e d angular to sub-angular small patches, 0.2 - 1.0mm, 
of more or l e s s l i m o n i t e - s t a i n e d f i n e - g r a i n e d s e r i c i t e or i l l i t i c c l a y . This 
same m a t e r i a l occurs i n spa r s e l y dispersed form throughout the c h e r t , as wisps 
and micron-sized granules. 

F l u o r i t e occurs as s c a t t e r e d small cubic or rounded grai n s 0.2 - 0.5mm 
i n s i z e . These are not as s o c i a t e d with the s e r i c i t i c patches. 

The s l i d e contains many empty p i t s which presumably contained s e r i c i t e / c l a y 
or f l u o r i t e . 



Sample 4247 

In hand specimen t h i s rock c o n s i s t s of l a r g e and small fragments of 
brown porcellanous m a t e r i a l set i n a white cement. 

Estimated mode 
Quartz 80 
C h l o r i t e 3 
B i o t i t e 3 
S e r i c i t e 3 
Clay 5 
Limonite/opaques 5 
K-feldspar 1 

The s l i d e contains four or f i v e "fragments" each a couple of cm. long. 
These fragments, though c l e a r l y defined by comb-type f r i n g e s i n the cementing 
quartz, are themselves l a r g e l y replaced by granular s i l i c a and d i f f e r from the 
cement only i n t h e i r content of dispersed brownish c l a y . However, w i t h i n the 
o u t l i n e s of the l a r g e r fragments are numerous smaller angular to rounded 
patches, 0.2 - 2mm i n s i z e , which are more or l e s s unreplaced by s i l i c a and 
c o n s i s t of varying proportions of s c a l y b i o t i t e , c h l o r i t e , s e r i c i t e , c l a y and 
l i m o n i t e . K-feldspar forms small patches i n some of the fragments. 

The s i l i c a cement shows t y p i c a l r a p i d l y varying g r a i n s i z e from c. 0.01mm 
up to c. 0.5mm. F l u i d i n c l u s i o n s are small and not abundant. 

This rock i s s i m i l a r i n general features to TL 13A and others. 



Sample RB 87 

This i s the t y p i c a l N i c o l a augite porphyry. 

Estimated mode 
Phenocrysts Augite 

Amphibole? 
Carbonate 

25 
15 
5 
3 
2 

Epidote 
Opaques 

Groundmass P l a g i o c l a s e 
Amphibole 
Epidote 
Carbonate 

20 
10 
15 
5 

The rock c o n s i s t s of abundant euhedral phenocrysts of a u g i t e , 0.5 - 5.0mm, 
set i n a granular groundmass of g r a i n s i z e 0.5 - 2.0mm. 

The phenocrysts are v a r i a b l y a l t e r e d to a green, s t r o n g l y p l e o c h r o i c 
s t r u c t u r e l e s s to f i b r o u s m a t e r i a l t e n t a t i v e l y i d e n t i f i e d as u r a l i t i c amphibole. 
I t s b i r e f r i n g e n c e i s too high f o r c h l o r i t e , being more l i k e that of b i o t i t e . 
However i t l a c k s the t y p i c a l cleavage and form of b i o t i t e . I t a l s o l a c k s the 
c h a r a c t e r i s t i c cleavage of amphibole. Less abundant a l t e r a t i o n products of 
the augite are granular epidote and carbonate. 

Some phenocrysts (presumably o r i g i n a l l y something other than augite) are 
more or l e s s completely pseudomorphed by epidote and/or carbonate, sometimes 
with boxworks of opaques oxides. 

The groundmass c o n s i s t s of remnant p l a g i o c l a s e plus abundant granules 
of epidote and slender needles of amphibole. Carbonate occurs as d i f f u s e 
patches and l o c a l v e i n s . 

This i s a s t r o n g l y a l t e r e d b a s a l t - a n d e s i t e . 



Sample RB 94 

In hand specimen t h i s i s apparently a p o r t i o n of a f l u o r i t e v e i n c o n s i s t i n g 
of a core of coarse-grained transparent f l u o r i t e surrounded by whiter m a t e r i a l , 
a l l enclosed by an envelope of f i n e r - g r a i n e d c o l o u r l e s s f l u o r i t e . 

Estimated mode 

This sample c o n s i s t s of an aggregate of coarse, w e l l - c l e a v e d f l u o r i t e 
g r ains 1 - 5mm i n s i z e . 

Fine-grained cherty quartz with patches and wisps of f i n e - g r a i n e d s e r i c i t e 
and c l a y occur i n t e r s t i t i a l l y to the f l u o r i t e . 

The f l u o r i t e contains r a t h e r abundant f l u i d i n c l u s i o n s . The l a r g e r ones 
are empty, but a c t i v e vapour phases were seen i n s e v e r a l s m a l l e r ones (5 - 10 
microns) 

F l u o r i t e 
Cherty quartz 
S e r i c i t e / c l a y 
Limonite 

85 
10 
5 

t r a c e 



Sample "Canyon" 

Estimated mode 
Carbonate 
Chalcedony 
Quartz 
F e l s i t e 
S e r i c i t e 
C h l o r i t e 
K-feldspar 
Limonite ) 
Opaques ) 

65 
5 
5 

12 
5 
2 
1 
5 

This rock i s a complex carbonate-rich b r e c c i a of a type d i s s i m i l a r to any 
others of the s u i t e . 

Carbonate occurs i n s e v e r a l forms. Most prominent are angular fragments 
from 5mm down to 0.1mm. Some of the l a r g e r fragments are themselves composed 
of carbonate b r e c c i a , others are c l e a r l y fragmented vein m a t e r i a l . Some 
contain minor intergrown quartz, others are s t r o n g l y rimmed and impregnated 
along cleavages with l i m o n i t e . Another common fragment type i s a very f i n e 
grained sub-opaque m i c r i t i c carbonate, o f t e n studded with small g r a i n s of c l e a r 
c r y s t a l l i n e m a t e r i a l . 

These fragments are set i n a matrix c o n s i s t i n g of a very f i n e - g r a i n e d 
f e l s i t i c m a t e r i a l which appears to be i n part f e l d s p a r but may be l a r g e l y f i n e 
grained chert or chalcedony. I t contains varying proportions of minutely 
granular (micron-sized) carbonate and/or f l e c k s of s e r i c i t e . L o c a l l y i t 
contains pockets of c h l o r i t e and i n other areas i s h e a v i l y loaded with t i n y 
opaque granules. In a few places a minor component of K-feldspar i s present. 

This c a r b o n a t e / f e l s i t e m a t e r i a l cements, permeates and replaces the various 
types of carbonate fragments. 

The whole complex i s cut by s e v e r a l stages of slender carbonate v e i n l e t s 
and veins up to 6mm t h i c k of sparry carbonate and chalcedony. 



Sample RB 101 

In hand specimen t h i s i s a f i n e - g r a i n e d grey rock c o n t a i n i n g small l i g h t -
coloured chips and s t r e a k s . 

Estimated mode 
Quartz 50 
B i o t i t e 7 
C h l o r i t e 5 
Clay 15 
S e r i c i t e 8 
Carbonate 8 
Opaques 5 
K-feldspar 2 

This i s a quartz b r e c c i a s i m i l a r i n some respects to TL 13 and others, 
but with a greater p r o p o r t i o n of unreplaced fragments. 

These range i n s i z e from 1cm or more down to 0.2mm and i n shape from 
angular to rounded. A few are elongate, streaky. 

They c o n s i s t of various combinations of f i n e - g r a i n e d golden-brown b i o t i t e , 
c h l o r i t e , s e r i c i t e , brown l i m o n i t i c or dusty i n c l u s i o n - f i l l e d c l a y s , carbonate 
and opaques. Some are themselves micro-fragmental i n t e x t u r e . A few 
contain K-feldspar (see s t a i n e d c h i p ) . 

These fragments are set i n a matrix of quartz of widely v a r y i n g g r a i n 
s i z e . Some of them are wholly or p a r t l y encrusted with r e l a t i v e l y coarse 
comb quartz. Pockets and veins of t h i s coarse quartz ( g r a i n s i z e up to 2mm) 
als o occur throughout the mainly f i n e - g r a i n e d s i l i c e o u s aggregate (0.02 - 0.2mm). 
F l u i d i n c l u s i o n s are small and sp a r s e l y d i s t r i b u t e d . 

The presence of g h o s t - l i k e fragment shapes of incl u d e d m a t e r i a l i n the 
chert i n d i c a t e s that considerable replacement has occurred. 

The opaques are disseminated g r a i n s , 0.2 - 0.5mm, of p y r i t e (sometimes 
rimmed by l i m o n i t e ) with minor c h a l c o p y r i t e . 



Sample RB 56 

Estimated mode 
Quartz 90 
Carbonate 8 
C h l o r i t e 2 

This rock c o n s i s t s l a r g e l y of coarse-grained vein-type quartz as an 
anhedral aggregate of s t r o n g l y s t r a i n - p o l a r i z e d grains up to s e v e r a l cm i n s i z e . 
L o c a l l y t h i s m a t e r i a l i s s t r o n g l y shattered and i s cemented by f i n e - g r a i n e d 
cherty quartz with minor carbonate. Carbonate a l s o forms coarse pockets and 
v e i n l e t s i n the coarse-grained quartz. C h l o r i t e forms c l u s t e r s of small 
r o s e t t e s a s s o c i a t e d with some of the cherty cement. 

The only opaques present i n the s l i d e are tr a c e s of hematite, l i m o n i t e 
and p y r i t e . 

The v e i n quartz of t h i s sample contains abundant f l u i d i n c l u s i o n s up to 
25 microns i n s i z e . Many of these have c l e a r l y defined, p e r p e t u a l l y mobile 
gas bubbles. 


