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ABS TRACT 

P o r p h y r i t i c  a c i d  t o  i n t e r m e d i a t e  p y r o c l a s t i c  d e p o s i t s ,  f lows  and 
hypabyssal  i n t r u s i o n s  are common i n  p a r t s  of  t h e  E a s t e r n  G o l d f i e l d s  
province .  

Groundmass t e x t u r e s  a r e  v a r i e d ,  b u t  abundant m i c r o p o i k i l i t i c  t e x t u r e  
and rare re l ic t  p e r l i t i c  t e x t u r e  i n d i c a t e  d e v i t r i f i c a t i o n  and s u g g e s t  
t h a t  a s u b s t a n t i a l  p a r t  o f  t h e  f e l s i t e  s u i t e  was emplaced a t  o r  n e a r  t h e  
s u r f a c e  o f  t h e  ground. 

R e c r y s t a l l i z a t i o n  has  a f f e c t e d  a l l  f e l s i t e s  i n  t h e  area b u t  r a n g e s  i n  
i n t e n s i t y  from d e l i c a t e ,  w i t h  p r e s e r v a t i o n  of such d e t a i l s  as p e r l i t i c  
c r a c k s ,  t o  i n t e n s e ,  w i t h  development of  a secondary coarse mosaic ground- 
mass. 

INTRODUCTION 

The Geologica l  Survey o f  Western A u s t r a l i a  prepared  g e o l o g i c a l  maps 
of much of  t h e  E a s t e r n  G o l d f i e l d s  Province  of  Western A u s t r a l i a  between 
1963  and 1974. Samples o f  felsi te,  as w e l l  as  o t h e r  r o c k s ,  w e r e  c o l l e c t e d  
d u r i n g  t h i s  work, and t h i n  s e c t i o n s  were prepared.  Informat ion  from t h e s e  
t h i n  s e c t i o n s  has  been used i n  t h e  mapping of  i n d i v i d u a l  s h e e t s .  The 
p r e s e n t  paper  b r i n g s  t o g e t h e r  t h i n - s e c t i o n  d a t a  on f e l s i t e s  th roughout  t h e  
province.  The area o f  s t u d y ,  g e o l o g i c a l  framework of t h e  Y i l g a r n  Block,  
and l o c a t i o n  of  map s h e e t s  d i s c u s s e d  are shown i n  F i g u r e s  1 and 2 o f  t h e  
accompanying paper  on g r a n i t i c  r o c k s  of  t h e  area (Libby,  1978a) .  
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?extural  r e l a t i o n s  a r e  emphasized because t h e  t e x t u r a l  assemblage i s  
r i c h ,  and promises t o  provide clues  t o  t h e  o r ig ins  of t h e  rock. 
t ex tu ra l  approach a l so  complements a recent  chemical study of t h e  composi- 
t i o n  of f e l s i t e s  i n  t h e  northern portion of t h e  Eastern Goldfields 
Province by Davy ( 1 9 7 7 ) .  

A 

INTRUSIVE, EXTRUSIVE AND HYPABYSSAL ROCKS 

Most accounts of f e l s i t e s  i n  t h e  Eastern Goldfields Province descr ibe 
the  bodies a s  l a rge  concordant sheets o r  small, c l e a r l y  discordant  dykes. 
Neither f i e l d  r e l a t i o n s  nor petrography have determined i n  a l l  cases ,  
whether t he  sheets  a r e  s i l ls  o r  flows. There has even been disagreement 
as t o  whether c e r t a i n  sheets  a r e  sheared f e l s i t e  bodies o r  oligomictic 
conglomerate. In  t h e  f ace  of such uncertainty,  attempts t o  c l a s s i f y  f e l -  
sites on mode of emplacement w e r e  abandoned f o r  t h i s  r epor t  as being more 
l i k e l y  t o  add t o  confusion than t o  c l a r i f y  re la t ionships .  

Petrographic c r i t e r i a  have been suggested f o r  dis t inguishing hypa- 
byssal intrusions from flows. 
Turek  (1966,  p.A-9) suggested t h a t  ". . . extrusive rocks a r e  characterized 
by predominance of small corroded quartz phenocrysts and by s p h e r u l i t i c  
and a l l i e d  s t ruc tu res  of t h e  matrix, while i n t r u s i v e  have l a r g e r  and more 
abundant feldspar phenocrysts i n  an even quartz-feldspar mosaic of the 
matrix". These t e n t a t i v e  c r i t e r i a  could not be checked during t h e  study 
so w e r e  not used. 

In  a sect ion a t t r i b u t e d  i n  p a r t  t o  Trendall ,  

I t  seems l i k e l y  t h a t  f e l s i t e s  i n  the  co l l ec t ions  represent  several  
types of emplacement: f u l l y  i n t r u s i v e  sills and dykes, dykes and less 
regular i n t r u s i v e  masses associated with vents and/or r i f t s ,  lava flows, 
and , possibly,  py roc la s t i c  and sedimentary emplacement. 

USE OF TERMS 

The rocks studied i n  t h i s  sect ion conform t o  the  d e f i n i t i o n  of 
" f e l s i t e "  by Gary and o the r s  (1972,  p.256). According t o  t h i s  source, a 
f e l s i t e  i s ,  "A l ight-colored, fine-grained extrusive or  hypabyssal rock 
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with o r  without phenocrysts and composed c h i e f l y  of quartz and f e ldspa r  ..." 
The term should not be used when a more p rec i se  name can be found, but  i s  
useful  f o r  t he  varied s u i t e  considered here. 

The u s e  of "porphyry" follows t h e  recommendations of Trendall  ( 1 9 6 4 ,  
p.46-50), and accordingly, "porphyrite" i s  not used. Following t h e  argu- 
ment of Jop l in  (1964,  p .3) ,  t h e  porphyri t ic  aspect of a rock is  usual ly  
indicated by an a d j e c t i v a l  modifier prefixed t o  the  name of t he  composi- 
t i o n a l l y  equivalent even-grained volcanic o r  plutonic  rock. "Porphyry" 
i s  used only i n  reference t o  other  works or  where a more precise  t e r m  
would be awkward o r  misleading. 

For a rock t o  be porphyri t ic ,  some s ing le  cons t i t uen t  mineral must 
have a t  l e a s t  two d i s t i n c t l y  d i f f e r e n t  common s i z e s ;  t h a t  is ,  t h e  s i z e  
d i s t r i b u t i o n  of some s ing le  mineral must be bimodal. 
(Johannsen, 1939, p.216) i n  t h a t  one or  more gaps e x i s t  i n  t h e  s i z e -  
frequency d i s t r i b u t i o n  of grains .  In  con t r a s t ,  an inequigranular rock i n  
which t h e  s i z e  of g ra ins  v a r i e s  gradually o r  i n  a continuous series i s  
s e r i a t e  (Johannsen, 1939,  p.233). "Vitrophyric" is preferred t o  
"porphyrit ic" where d i s c r e t e  g ra ins  a r e  set i n  a groundmass which i s  
glassy and not d e v i t r i f i e d ,  bu t  "porphyrit ic" is used f o r  a h i a t a l  rock i n  
which r e l a t i v e l y  coarse  g ra ins  are set i n  a d e v i t r i f i e d  groundmass. 

The rock i s  h i a t a l  

The g ra in  s i z e  of a porphyri t ic  rock, f o r  t h e  purpose of c l a s s i f i c a -  
t i o n ,  i s  determined by t h e  coarseness of t h e  groundmass phase, regardless  
of t h e  proportion of phenocrysts and groundmass. Thus a rock with 90  per 
cent  phenocrysts (of ,  f o r  example, potassium feldspar  and quartz)  i n  an 
aphani t ic  matrix i s  a porphyri t ic  rhyo l i t e ,  desp i t e  t h e  preponderance of 
coarse grains .  However, only igneous t ex tu res  are considered; a crushed 
g r a n i t e  i s  not a rhyo l i t e .  

REFERENCE TO SAMPLES 

Throughout t he  text samples are iden t i f i ed  by t h e i r  Geological Survey 
f i e l d  sample number followed by t h e  name of t h e  1:250 000 map sheet  
covering t h e  area from which they w e r e  col lected.  An exception from 
Baja Cal i fornia  is  described i n  t h e  t e x t .  The Australian Transverse 
Mercator yard g r id  locat ion f o r  each sample mentioned i n  the  t e x t  i s  
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l i s t e d  i n  t h e  Appendix. 

PREVIOUS STUDIES 

F e l s i c  vo lcanic  and p o r p h y r i t i c  rocks  of t h e  Eas t e rn 'Go ld f i e lds  
Province have been s tud ied  i n  d e t a i l  by Trendal l  (19641,  O'Beirne (1968) , 
and Davy (1977).  I n  add i t ion  t o  d i scuss ion  of t h e  p r o p r i e t y  of  t h e  terms 
"porphyry" and "porphyr i te"  , Trendal l  considered problems of a l t e r a t i o n  
of porphyr ies  and t h e i r  a s s o c i a t i o n  wi th  conglomerates.  The development 
of o s c i l l a t o r y  zoning i n  p l ag ioc la se ,  and t h e  f a i l u r e  of phenocrysts  t o  
s t r a d d l e  t h e  boundary between c l a s t s  and mat r ix  suggested t h a t  conglo- 
merates  a r e  c l a s t i c  d e r i v a t i v e s  of a s soc ia t ed  porphyr ies ,  and t h a t  
porphyries  have no t  been der ived from sedimentary rocks by po rphyr i t i za -  
t i on .  O'Beirne c l a s s i f i e d  t h e  porphyries ,  determined t h e  phys ica l  
condi t ions  of t h e i r  emplacement, found t h a t ,  i n  gene ra l ,  t hey  are no t  
d i r e c t l y  r e l a t e d  t o  a s soc ia t ed  g r a n i t e ,  and found pseudo-igneous 
porphyroids a t  Widgiemooltha, Wongi Dam,  and i n  t h e  Mandilla and Wanda 
Wanda Beds. Sodic f e l s i c  rocks w e r e  emplaced over  a long per iod  through- 
o u t  t h e  Kalgoor l ie  succession:  both ex t rus ive  and i n t r u s i v e  p o r p h y r i t i c  
rocks  a r e  p re sen t ,  and a l l  t h e  porphyries  i n  t h e  a r e a  a r e  o l d e r  than  
" i n t e r n a l "  g r a n i t i c  rocks ,  where " i n t e r n a l "  g r a n i t e s  are d i s c r e t e  gran i -  
t o i d  p lu tons  wi th in  greens tone  b e l t s .  Gold appears  t o  O'Beirne t o  be  
s p a t i a l l y  and g e n e t i c a l l y  r e l a t e d  t o  t h e  p o r p h y r i t i c  sodic  r h y o l i t e ,  b u t  
d e t a i l s  of t h e  r e l a t i o n s h i p  remain f o r  f u r t h e r  s t u d i e s .  

Trendal l  (1964) considered t h e  e a r l i e r  l i t e r a t u r e  on nomenclature,  
and O'Beirne ( 1 9 6 8 )  reviewed o t h e r  e a r l y  l i t e r a t u r e  on p o r p h y r i t i c  rocks 
of t h e  Eas t e rn  Go ld f i e lds  Province.  

Davy's s tudy of t h e  bedrock chemistry of t h e  Leonora, Laverton and 
Archaean po r t ion  o f t h e  Rason 1:250 000 s h e e t s  i nc ludes  an extended t r e a t -  
ment of t h e  chemical a s p e c t s  of f ine-grained f e l s i c  rock.  

I n  some a r e a s  (Ford Run Pla teau ,  Leonora s h e e t )  Davy found s i m i l a r i -  
t ies  between ac id  vo lcan ic  rocks,  hypabyssal i n t r u s i v e s ,  and nearby 
" b i o t i t e "  g r a n i t e  such a s  t o  suggest  a r e l a t e d  o r i g i n .  Elsewhere (Ru t t e r  
Soak and Yamarna on t h e  Rason shee t )  t h e r e  i s  l i t t l e  chemical r e l a t i o n  
between g r a n i t o i d  rock and nearby volcanic  o r  hypabyssal rock.  
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I n  s o m e  areas ( R u t t e r  Soak) a c i d  v o l c a n i c  rocks  v a r y  widely i n  

composi t ion from u l t r a p o t a s s i c  r h y o l i t e  t o  a n d e s i t e ;  however, i n  o t h e r  

areas (Yamarna), t h e  composi t ional  r a n g e  i s  s m a l l .  I n  g e n e r a l ,  d a c i t e  is  
t h e  c h a r a c t e r i s t i c  composi t ion throughout  t h e  t h r e e  s h e e t s .  

Wherever enough v a r i e d  d a t a  w e r e  a v a i l a b l e  t o  p l o t  a t r e n d  on an AFM 

diagram t h e  rock  s u i t e s  w e r e  found t o  b e  c a l c - a l k a l i n e ;  however, t h e r e  i s  
a gap d u e  t o  l a c k  of  r o c k s  of i n t e r m e d i a t e  composi t ion.  

PETROGRAPHY OF COMMON FELSITES 

Three c a t e g o r i e s  of f e l s i t e  are d i s c u s s e d .  s e p a r a t e l y :  a n d e s i t e ,  

a l k a l i n e  f e l s i t e  and quar tz -bear ing  f e l s i t e s  wi thout  obvious a l k a l i n e  

a f f i n i t i e s .  For e a s e  of r e f e r e n c e  t h e  l a t t e r  are  c a l l e d  common f e l s i t e s .  

These are  t h e  predominant f ine-gra ined  f e l s i c  rock  of t h e  E a s t e r n  Gold- 
f i e l d s  Province ,  corresponding i n  l a r g e  p a r t  t o  t h e  rock c a l l e d  porphyry 
i n  t h i s  work and t h e  work of v a r i o u s  o t h e r  a u t h o r s .  The a n d e s i t e s  are  

cons idered  l a te r  i n  t h i s  r e p o r t  and a l k a l i n e  f e l s i t e s  are t r e a t e d  t o g e t h e r  

w i t h  g r a n i t i c  a l k a l i n e  rock i n  a s e p a r a t e  r e p o r t  i n  t h i s  p u b l i c a t i o n  

(Libby, 197833). 

The g e n e r a l  p e t r o g r a p h i c  c h a r a c t e r i s t i c s  of t h e  porphyr ies  have been 

b r i e f l y  summarized by T r e n d a l l  (1964, p.48 and 4 9 ) .  

MINERALOGY 

P e t r o g r a p h i c  i d e n t i f i c a t i o n  of m a t r i x  m i n e r a l s  of s m a l l  g r a i n  s i z e  is 
n o t  r e l i a b l e  and t h e  d a t a  of  O'Beirne (1968, p.292) sugges t  t h a t  pheno- 
c r y s t s  a r e  n o t  a r e l i a b l e  g u i d e  t o  t h e  bulk  m i n e r a l o g i c a l  composi t ion of 

t h e s e  rocks .  S t i l l ,  r e c o g n i t i o n  of  m i n e r a l s  imposes c o n s t r a i n t s  on t h e  
bulk  composition. 
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MAJOR FELSIC MINERALS 

Q u a r t z  

Rounded and embayed qua r t z  phenocrysts  ( P l a t e s  I and 111) are common 
and qua r t z  i s  also abundant i n  t h e  mat r ix  of  rocks  wi th  g r a n u l a r  ground- 
m a s s .  I t  may a l s o  be abundant i n  rocks  wi th  microgxanophyric t e x t u r e ,  bu t  
t h e  groundmass g r a i n s  are commonly too  f i n e  f o r  i d e n t i f i c a t i o n  i n  such 
rocks.  Only r a r e l y  is f e l d s p a r  n o t  a phenocryst  phase b u t  i n  samples 
38307 (Leonora) and 15504 (Edjudkna) qua r t z  is  p resen t  and f e l d s p a r  
phenocrysts  excluded. 

Fe t d s p a r  

Plag ioc la se  phenocrysts  ( P l a t e s  11, 111 and I V )  a r e  prominent i n  most 
samples of common f e l s i t e .  The p l ag ioc la se  phenocrysts  tend  t o  be homogen- 
eous and a l b i t i c  b u t  t h e r e  a r e  except ions.  Normative p l a g i o c l a s e  up t o  30 
per  c e n t  a n o r t h i t e  w a s  found by O'Beirne (1968) and a-normal e x t i n c t i o n  
angles  on p l ag ioc la se  i n  a hornblende d a c i t e  i n  t h e  p re sen t  s tudy  sugges t  
zoning up t o  25 o r  30 p e r  c e n t  a n o r t h i t e .  Ol igoc lase  and andes ine  commonly 
have euhedral ,  o s c i l l a t o r y  zoning {sample 32719, Leonora).  Zoned plagio-  
c l a s e ,  t h a t  is, p l ag ioc la se  more calcic than a l b i t e ,  i s  most commonly 
a s soc ia t ed  wi th  primary hornblende, bu t  i n  samples 20979A and B (Menzies) 
it i s  as soc ia t ed  wi th  secondary red b i o t i t e .  P l ag ioc la se  i s  very  weakly 
zoned i n  a rhyodaci te  (sample 15501, Edjudina) ,  and, i n  some samples,  
zoning appears  on ly  i n  d i f f e r e n t i a l  concent ra t ions  of a l t e r a t i o n  products  
(samples 29962,  Laverton and 24808, Edjudina; i l l u s t r a t e d  i n  P l a t e  I V ) .  

P l ag ioc la se  commonly i s  seve re ly  a l t e r e d  t o  sericite o r  sericite p lus  
s a u s s u r i t i c  ep idote .  S a u s s u r i t i z a t i o n  i n d i c a t e s  t h a t  much of t h e  rock 
which con ta ins  a l b i t e  c r y s t a l l i z e d  wi th  a more c a l c i c  p l ag ioc la se .  

The p l a g i o c l a s e  phenocrysts  normally a r e  euhedral  ( P l a t e s  11, I11 and 
I V )  bu t  i n  a few samples (15514A, Edjudina) phenocrysts  a r e  rounded, 
apparent ly  a s  a r e s u l t  of r e so rp t ion  i n  magma o r  r e a c t i o n  wi th  t h e  mat r ix .  
Mechanical rounding of phenocrysts  i s  c h a r a c t e r i s t i c  of t h e  sheared rocks.  
I n  some samples, phenocrysts  a r e  glomeroporphyri t ic  (sample 32717, Leonora) 
Where t h e  mat r ix  is c o a r s e l y  granular  (sample 37803, Laverton) g r a i n  margin: 
a r e  i r r e g u l a r  i n  d e t a i l  b u t  r e t a i n  t h e i r  gene ra l  euhedral  shape. Rarely 
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( a s  i n  sample 38127, Laverton), plagioclase i s  surrounded by a granophyric 
intergrowth of quartz and plagioclase.  

Some samples carry phenocrysts of potassium feldspar .  In  a few of 
these t h e  phenocrysts have well-developed microcline "M" twinning (samples 
1764511, Menzies and 24808, Edjudina) but more commonly twinning i s  not 
obvious or is  missing (sample 37805, Laverton). Thus potassium feldspar  
may be present i n  samples where it was not recognized, especial ly  where 
a l t e r a t i o n  has been severe. 

I n  a few samples (9101  and 9 1 0 2 ,  Kalgoorlie) microcline forms very 
coarse euhedral phenocrysts, too l a rge  f o r  estimation of s i z e  i n  normal 
t h i n  sect ions.  

Rarely(samp1e 32717, Leonora), potassium feldspar  i s  associated with 
zoned plagioclase and hornblende; and, a l s o  r a r e l y ,  plagioclase i s  i n t e r -  
grown with and surrounded by potassium feldspar  (sample 37805, Laverton). 

Thus, potassium feldspar ,  though p e r s i s t e n t ,  seems d i s t i n c t l y  subordin- 
ate t o  sodic plagioclase i n  t h e  phenocryst assemblage of the common 
f e l s i t e s .  However, a s  it tends t o  c r y s t a l l i z e  l a t e ,  it may be more abun- 
dant i n  t h e  matrix. 

MAJOR MAFIC MINERALS 

B i o t i t e  

This i s  the  usual mafic mineral i n  the  common f e l s i t e  but it can only 
r a r e l y  be shown t o  be primary. In  two samples (38308, Leonora and 37820, 
Laverton) l a rge ,  euhedral phenocrysts of b i o t i t e  accompany feldspar  pheno- 
c r y s t s .  I n  some samples b i o t i t e  phenocrysts a r e  ch lo r i t i zed  (sample 
2 0 9 2 6 ,  Kurnalpi) o r  a l t e r ed  t o  aggregates of b i o t i t e ,  epidote,  and f e l s i c s  
(sample 9102, Kalgoorlie).  More commonly, b i o t i t e  has a c l e a r l y  ho rn fe l s i c  
hab i t  (sample 24808,  Edjudina; i l l u s € r a t e d  i n  P l a t e  V I I I ) ,  Hornfelsic 
b i o t i t e  i s  best  developed i n  rocks with microgranular t ex tu re ,  discussed 
l a t e r .  Igneous b i o t i t e  may be r e c r y s t a l l i z e d  even where plagioclase 
phenocrysts r e t a i n  t h e i r  euhedral shape and o s c i l l a t o r y  zoning (samples 
2097911 and B, Menzies). 
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I n  r o c k s  showing t e x t u r a l  response  t o  stress b i o t i t e  t e n d s  t o  be 
r e c o n s t i t u t e d  i n t o  mul t i tud inous  f i n e  f l a k e s  (samples 13143 and 40860, 
Widgiemooltha and 37810, Laver ton) .  Rarely (sample 37814, Laverton)  
b i o t i t e  h a s  been rep laced  by p r e h n i t e  a s  w e l l  as  c h l o r i t e .  

The c o l o u r  of  b i o t i t e  most commonly is medium brown, b u t  grey-brown, 
d a r k  olive-brown, dusky o l ive-green  and b r i g h t  fox-red a r e  a l l  developed,  
probably i n  secondary b i o t i t e .  

Amp h i  bo l e  

Amphibole i s  less abundant i n  t h e  common f e l s i t e  than  i n  i n t e r m e d i a t e  
porphyr ies ,  b u t  euhedra l  hornblende occurs  a s  a pr imary phase i n  s e v e r a l  
samples,  accompanied i n  sample 32717 (Leonora) by q u a r t z ,  p l a g i o c l a s e ,  
potassium f e l d s p a r  and b i o t i t e  phenocrys ts ,  i n  sample 32719 (Leonora) by 
q u a r t z  and p l a g i o c l a s e  phenocrysts ,  and i n  sample 38127 (Laver ton)  by 
p l a g i o c l a s e  and par t ly-granophyr ic  q u a r t z .  Primary amphibole phenocrys ts  
have been r e p l a c e d  by c h l o r i t e  i n  a few samples (9103, K a l g o o r l i e ;  20926, 
Kurnalpi)  . Hornblende is s e r i a t e  i n  sample 32799 (Leonora) . Secondary 
amphibole and b i o t i t e  a r e  abundant i n  a d e v i t r i f i e d  v i t r o p h y r e ,  sample 
8886B (Menzies) .  

C h  Z o r i  t e 

The most common mafic  minera l  i s  c h l o r i t e  which has  r e p l a c e d  much of 
t h e  secondary as  w e l l  a s  primary b i o t i t e  and some hornblende. 

O t h e r  m i n e r a l s  

Secondary c l inopyroxene  and g a r n e t  a long  w i t h  e p i d o t e  and p r e h n i t e  
i n d i c a t e  s u b s t a n t i a l  metamorphism of sample 39802 (Leonora) .  
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MINOR AND SECONDARY MINERALS 

C o l o u r l e s s  mica 

Although co lou r l e s s  m i c a  is abundant i n  many samples t h e r e  i s  no 
evidence f o r  peraluminous magmas. The colourless  mica seems e n t i r e l y  
secondary. Normally it i s  concentrated i n  plagioclase grains .  It  i s  
invariably associated with c h l o r i t e ,  epidote, carbonate o r  secondary 
b i o t i t e  and i n  a l l  but one sample (20919, Kurnalpi) t h e  colourless  m i c a  
is i n  rocks with a granular groundmass. 

In  sample 20919 phenocrysts of quartz and f e ldspa r  are set i n  a 
microsymplectic matrix of i nc ip i en t  spherul i tes .  Were, the  coarser 
muscovite seems t o  have replaced mafic minerals, possibly b i o t i t e ;  t h e  
f i n e r  g ra ins  range from more-or-less d i s c r e t e  g ra ins  t o  r ad ia t ing  aggre- 
gates  and i r r e g u l a r ,  c ryp toc rys t a l l i ne  wisps. Sericit ic a l t e r a t i o n  of 
plagioclase is  common, but most of t h e  colourless  mica is  intergranular .  
Again, none of t h e  colourless  m i c a  seems primary. 

Carbonate 

Secondary carbonate is common i n  many samples, becoming prominent i n  
some (samples 38659, Kurnalpi and 15522, Edjudina, and t h e  breccia ,  sample 
38660, Kurnalpi) .  Where carbonate is abundant it forms amoeboid masses 
replacing p a r t s  of both matrix and phenocrysts. Less commonly it occupies 
veins. Some of t h e  veins  seem t o  be, a t  least p a r t l y ,  of replacement origin. 
The veins d i e  out  abruptly and i r r egu la r ly ,  they may have i r r e g u l a r  margins, 
and include patches of matrix. 

Other  m i n e r a l s  

Sphene i s  common i n  t h e  hornblende-bearing rocks (sample 32717, 
Leonora). I n  some samples a p a t i t e  is  coarse enough t o  be recognized. 
Magnetite, hematite and i lmeni te  are common. F l u o r i t e  i s  abundant i n  a 
few samples ( f o r  example,sample 8887, Menzies). 
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A few common f e l s i t e s  have been metamorphosed a t  h igh  grade.  Sample 
17645A (Menzies) con ta ins  ga rne t  and sample 39802 (Leonora) con ta ins  c l i n o -  
pyroxene and g a r n e t  as w e l l  as ep ido te  and p rehn i t e .  Sample 37814 
(Laverton) a l s o  has  p r e h n i t e  and con ta ins  minor pumpellyi te .  

TEXTURES 

Typical  common f e l s i t e  is a s imple porphyry wi th  euhedra l  or p a r t i -  
a l l y  absorbed phenocrysts  i n  a groundmass which is g ranu la r ,  patchy o r  
microgranophyric.  Examples a r e  shown i n  P l a t e s  I ,  11, 111 and I V .  

However, o t h e r  t e x t u r e s  are common. Many samples a r e  sheared,  showing 
va r ious  s t a g e s  of  development of myloni t ic  t e x t u r e  ( P l a t e s  V,  V I  and V I I ) .  

Some are glomeroporphyri t ic  and some are b recc ia s .  A few samples a r e  
even gra ined .  General ly ,  however, a coa r se  phase and a groundmass phase 
can be r e a d i l y  d i s t ingu i shed  o r  t h e  rock i s  seriate, ranging r e g u l a r l y  
from f i n e  t o  coarse .  I n  t h i s  d i scuss ion  t h e  terms "matr ix"  and "groundmass" 
are used interchangeably.  

GROUNDMASS TEXTURES 

I t  seems c e r t a i n  t h a t  most or a l l  o f  t h e  p re sen t  groundmass t e x t u r e  
was developed a f t e r  t h e  rock cooled below through t h e  s o l i d u s  temperatures .  
I n  s o m e  cases t h e  t e x t u r e  has  been g r o s s l y  altered, as i n  t h e  sheared and 
metamorphosed samples. More commonly t h e  gene ra l  t e x t u r e  is  one of sub- 
s o l i d u s  c r y s t a l l i z a t i o n ,  t h a t  is ,  d e v i t r i f i c a t i o n .  The t e r m  
" d e v i t r i f i c a t i o n "  has  ,been used i n  t h e  literature i n  va r ious  senses .  As 

e a r l y  as 1903 S o l l a s  c r i t i c i s e d  t h e  u s e  of " d e v i t r i f i c a t i o n '  by Bonney and 
Parkinson (1903) f o r  t e x t u r e s  which ' I . . .  might be due to  d i r e c t  c r y s t a l l i -  
z a t i o n  from molten magma". Commonly no c r i t i c a l  d i s t i n c t i o n  is  made 
between c r y s t a l l i z a t i o n  a t  s o l i d u s  temperatures  and e a r l y  d e v i t r i f i c a t i o n  
from a supercooled g l a s s .  

A f t e r  thought fu l  cons ide ra t ion  of t h e  problem, Lofgren (1971a, p.111) 
used " d e v i t r i f i c a t i o n "  t o  d e s c r i b e  c r y s t a l l i z a t i o n  below t h e  thermodynamic 
s o l i d u s  temperature.  C r y s t a l l i z a t i o n  below t h e  so l idus  temperature  bu t  
above t h e  g l a s s  t r a n s i t i o n  temperature  was included i n  " d e v i t r i f i c a t i o n "  
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because of t h e  d i f f i c u l t y  i n  recognizing t h e  g l a s s  t r a n s i t i o n  temperature;  
t e x t u r e s  formed above t h i s  temperature  a r e  similar t o  those  formed below 
it. 
headings : m i c r o c r y s t a l l i n e  ( P l a t e s  I X ,  X and X I )  , microsymplectic (Plates 

X I 1  t o  X X ) ,  o rb  ( P l a t e s  X X I X  and X X X ) ,  microgranular  ( P l a t e s  X X I ,  X X I I  and 
X X I I I )  o r  micro l i t i c  ( P l a t e  X X I V ) .  A l l  b u t  t h e  l a s t  t w o  t e x t u r e s  seem t o  
be a s soc ia t ed  wi th  d e v i t r i f i c a t i o n .  The t h r e e  d e v i t r i f i c a t i o n  t e x t u r e s  and 
t h e  microgranular  t e x t u r e  seem in te rg rada t iona l .  

The groundmass of most samples can  be desc r ibed  under one of f i v e  

The d e v i t r i f i c a t i o n  t e x t u r e s  seem t o  be included i n  t h e  "micropoiki l -  
i t i c "  t e x t u r e  of R e e d  (1895).  "Mic ropo ik i l i t i c "  has  been r e t a i n e d  i n  a 
restricted sense  b u t  was r e j e c t e d  a s  a gene ra l  term f o r  t h e  d e v i t r i f i c a t i o n  
t e x t u r e s  i n  t h i s  work because it does no t  l o g i c a l l y  seem t o  inc lude  t h e  
vermicular  and granophyric  in te rgrowths  of microsymplect ic  t e x t u r e .  
Johannsen (1939, p.234) def ined  "symplectic" as "A t e x t u r e  i n  which two 
d i f f e r e n t  mine ra l s  are in t ima te ly  i n t e r l a c e d ,  embracing t h u s  t h e  pegmat i t ic ,  
granophyric ,  p o i k i l i t i c ,  o p h i t i c ,  b a s i o p h i t i c ,  etc. ,  t ex tu res" .  The micro- 
symplect ic  t e x t u r e s  i n  t h e  f e l s i t e s  of t h e  Eas te rn  Go ld f i e lds  Province have 
t h e  form c h a r a c t e r i s t i c  of  t h e  symplec t i tes  of Johannsen, b u t  t h e  d iameter  
of aggrega tes  of intergrown g r a i n s  is r a r e l y  g r e a t e r  t han  0.8 mm. Where 
aggrega tes  a r e  coa r se r  than  t h i s  t h e  component t e x t u r e s  (granophyric ,  
pegmat i t ic ,  etc.) are descr ibed  ind iv idua l ly .  

Microcry s t a  2 Zine t e x t u r e  

Felsites of t h e  Eas te rn  Goldf ie lds  Province commonly 
groundmass of very  f i n e  g r a i n  s i z e ,  about  0.015 mm. This  
l i n e  t e x t u r e ,  i l l u s t r a t e d  i n  P l a t e s  I X  and X.  Grains  a r e  

have an even 
is  microcrys ta l -  
su tured  o r  

in te r twined  i n  a complex manner. Where in t e r tw in ing  of g r a i n s  becomes 
more complex m i c r o c r y s t a l l i n e  t e x t u r e  grades i n t o  microsymplectic t e x t u r e  
( P l a t e  X I ) .  If on t h e  o t h e r  hand, t h e  g r a i n  s i z e  inc reases  wi th  s i m p l i f i -  
c a t i o n  of g r a i n  boundaries,  m i c r o c r y s t a l l i n e  t e x t u r e  approaches micro- 
g ranu la r  t e x t u r e .  A s  g r a i n  s i z e  dec reases  t h e  t e x t u r e  becomes c ryptocrys-  
t a l l i n e  b u t  t r u e  c r y p t o c r y s t a l l i n e  groundmass t e x t u r e  is  rare. Samples 
7900 C,  K and L (Ka lgoor l i e ) ,  37805 (Laver ton) ,  17645B (Menzies) and 9102 
(Ka lgoor l i e ) ,  among o t h e r s ,  have t y p i c a l  m i c r o c r y s t a l l i n e  groundmass; 
samples 32719 and 32722 (Leonora) a r e  g r a d a t i o n a l  t o  microsymplectic 
t e x t u r e ;  and samples 11645A and B (Menzies),  and pa tches  i n  sample 11053 
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(Kurnalpi)  a r e  t r a n s i t i o n a l  t o  microgranular  t e x t u r e .  

The o r i g i n  of m i c r o c r y s t a l l i n e  t e x t u r e  is n o t  c l e a r .  It  does  n o t  
seem t o  have been found by Lofgren (1971a) among t 
c iaEly  i i t r i f i c a t i o n .  Pro 
c r y s t a l l i n e  t e x t u r e  of va r ious  au tho r s  ( R e e d ,  1895) .  

MicrosympZectic texture 

Very f i n e  aggrega tes  of intergrown f e l s i c  minera ls  are t y p i c a l  of  t h e  
f e l s i t e s  of  t h e  Eas te rn  Goldf ie lds  Province.  Microsymplectic t e x t u r e  
r e f e r s  t o  t h e s e  in te rgrowths  which occur i n  aggrega tes  seldom more than  
0.8 mm i n  diameter .  Microsymplectic t e x t u r e  inc ludes  a t  least t h r e e  
t e x t u r e s  which can be more s p e c i f i c a l l y  named : " m i c r o p o i k i l i t i c "  , 
"vermicular-granophyric'' and "micrographic".  A l l  of  t h e s e  t e x t u r e s  are 
"patchy" i n  t h a t  they  a r e  d i f f i c u l t  t o  recognize  i n  p l a i n  l i g h t ,  b u t  
between crossed  p o l a r i z e r s  elements w i th in  aggrega tes  are seen t o  have 
e i t h e r  a dominant o r i e n t a t i o n  o r  a r a d i a t i n g  p a t t e r n .  Most samples wi th  
these  t e x t u r e s  a r e  i n c i p i e n t l y  s p h e r u l i t i c .  

MieropoikiZitic (snowfZake) texture d e s c r i b e s  rocks  i n  which 
ind iv idua l  minera l  e lements  i n  t h e  microsymplectic aggrega tes  tend  t o  be 
equidimensional.  A t e x t u r e  apparent ly  similar t o  t h i s  w a s  named 
"snowflake t e x t u r e "  by Snyder (1962) .  A rounded or i r r e g u l a r  s i n g l e  
g r a i n ,  normally qua r t z ,  enc loses  o t h e r  g r a i n s  which are e f f e c t i v e l y  equi- 
dimensional.  There a r e  a t  least t w o  types  of  m i c r o p o i k i l i t i c  t ex tu re .  
I n  t h e  f i r s t ,  enclosed g r a i n s ,  though very  smal l  can  be e a s i l y  reso lved  by 
a pe t rographic  microscope. The second c o n s i s t s  of  i n d i s t i n c t  qua r t z  
pa tches  b lu r r ed  by inc lus ions  which appear as p o i n t s  under t h e  pe t ro-  
g raph ic  microscope. M i c r o p o i k i l i t i c  t e x t u r e  is i l l u s t r a t e d  i n  P l a t e s  X I 1  

t o  xv. 

Resolvable  m i c r o p o i k i l i t i c  t e x t u r e  i s  normally n o t  w e l l  developed and 
is c h a r a c t e r i s t i c  of  small  g r a i n  aggrega tes  which a r e  t r a n s i t i o n a l  t o  
microgranular  t e x t u r e  (see Plate  X I I ) .  

F ine  m i c r o p o i k i l i t i c  t e x t u r e ,  o r  "patchy" t e x t u r e ,  r e f e r s  t o  dus ty  
pa tches  o f  qua r t z ,  gene ra l ly  smaller than  0.8 mm i n  diameter .  The pa tches  
have i n d i s t i n c t  margins which, t oge the r  wi th  d u s t i n e s s ,  g ives  them a 
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b lu r red  appearance between crossed Polaro id  f i l t e r s .  Unless i n d i v i d u a l  
pa tches  are surrounded by m a t e r i a l  expel led  du r ing  c r y s t a l l i z a t i o n  ( o r b  
t e x t u r e ) ,  ad j acen t  pa tches  a r e  very  d i f f i c u l t  t o  d i s t i n g u i s h  from mat r ix  
o r  from each otherunder  p l a i n  l i g h t ,  though t h e  pa t ch iness  i s  ev iden t  
between crossed  po la ro ids .  F ine  m i c r o p o i k i l i t i c  t e x t u r e  is i l l u s t r a t e d  
i n  P l a t e s  X I I I ,  X I V  and XV. 

The minera l  o f  t h e  patches o f t en ,  poss ib ly  i n v a r i a b l y ,  i s  qua r t z .  
Patches of  t h i s  t ype  are common i n  d e s c r i p t i o n s  of  d e v i t r i f i e d  n a t u r a l  
g l a s s .  Reed (1895, p.166-67) descr ibed  qua r t z  pa tches  i n  d e t a i l  i n  a 
d i scuss ion  of m i c r o p o i k i l i t i c  t ex tu re .  H e  included wi th  m i c r o p o i k i l i t i c  
t e x t u r e ,  qua r t z  pa tches  which conta in  ' I . . .  c r y p t o c r y s t a l l i n e ,  or 'dus ty '  
m a t e r i a l  . . . " . 

M i c r o p o i k i l i t i c  pa tches  r a r e l y  form a cont inuous pavement i n  t h e  t h i n  
s e c t i o n s  s tud ied ,  b u t  occur i n d i v i d u a l l y  o r  i n  c l u s t e r s ,  separa ted  by 
o t h e r  t e x t u r e s  such as t h e  i n t e r s t i t i a l  microgranular  t e x t u r e  i n  sample 
38307 (Leonora) and 15514A and B (Edjudina) ,  

F ine  m i c r o p o i k i l i t i c  t e x t u r e  grades i n t o  microgranular  t e x t u r e .  Some 
rocks have th ree - t i e r ed  t e x t u r e s  with coa r se  phenocrysts ,  f ine-grained 
m i c r o p o i k i l i t i c  pa tches ,  and i n t e r s t i t i a l ,  very  minute ly  g ranu la r ,  almost 
c r y p t o c r y s t a l l i n e  pa tches  (sample 1551419, Edjudina) .  A small  p ropor t ion  
of samples wi th  f i n e  m i c r o p o i k i l i t i c  t e x t u r e  have m i c r o l i t e s  a s  w e l l .  
Probably t h e s e  rocks  have been d e v i t r i f i e d  from a p o r p h y r i t i c  and micro- 
l i t i c  v i t rophyre .  

There a r e  many examples of m i c r o p o i k i l i t i c  t e x t u r e  i n  t h e  t h i n  s e c t i o n s  
s tud ied .  F ine  m i c r o p o i k i l i t i c  t e x t u r e  is represented  by sample 32722 
(Edjudina) .  Coarse m i c r o p o i k i l i t i c  t e x t u r e  i s  developed i n  sample 9101 
(Kalgoor l ie )  , P l a t e  X I I .  Sample 8885B (Menzies) is  s i m i l a r ,  bu t  has a 
m i c r o l i t i c  element a s  w e l l .  M i c r o p o i k i l i t i c  pa tches  a r e  more f u l l y  
developed i n  samples 32799 (Leonora),  39018 (Laverton)  and 15527 (Edjudina) .  
Resolvable  m i c r o p o i k i l i t i c  pa tches  are r e l a t i v e l y  l a r g e  (0.15 mm) and 
unusual ly  w e l l  developed i n  sample 6523 (Widgiemooltha). Sca t t e red  reso lv-  
a b l e  m i c r o p o i k i l i t i c  pa tches  i n  t h e  microgranular  groundmass of sample 37810 
(Laverton) seem assoc ia t ed  wi th  metamorphic r e c r y s t a l l i z a t i o n .  

I n  sample 9130A (Kalgoor l ie )  t h e  c o a r s e  h o s t  t o  t h e  p o i k i l i t i c  inc lu-  
s i o n s  has  a f i b r o u s  tendency, t r a n s i t i o n a l  t o  m i c r o s p h e r u l i t i c  t e x t u r e .  
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I n  sample 9153 (Kalgoor l ie )  two or more phases are ve ry  i n t i m a t e l y  i n t e r -  
grown so t h a t  t h e  d i s t i n c t i o n  between h o s t  and i n c l u s i o n s  i s  los t ,  y e t  
t h e r e  a r e  elements which r e t a i n  an approach t o  p a r a l l e l  e x t i n c t i o n .  I n  
t h i s  sample m i c r o p o i k i l i t i c  t e x t u r e  is  much l i k e  vermicular-granophyric  
t e x t u r e  wi thout  apprec i ab le  e longat ion  of  any minera l .  

VermicuZar-granophyric texture 
sented by aggrega tes  of intergrown vermiform g r a i n s  of f e l s i c  mine ra l s ,  
s i m i l a r  t o  t h e  qua r t z  of  myrmekite. 

i s  a form of  microsymplec t i te  repre-  

I n  d e t a i l  t h e  g r a i n s  are s inuous,  d i s t i n g u i s h i n g  t h e  t e x t u r e  from 
micrographic  t e x t u r e  where t h e  g r a i n s  a r e  rod - l ike  or angular .  
form g r a i n s  appear t o  pinch and s w e l l ,  b u t  t h i s  may be  due t o  weaving of 
t h e  "worms" i n  and o u t  of t h e  plane of t h e  t h i n  s e c t i o n .  Bundles of 
"worms" tend  t o  be  roughly p a r a l l e l ,  forming groups wi th in  s i n g l e  aggre- 
g a t e s .  Groups of p a r a l l e l  "worms" a r e  jo ined ,  forming s e c t o r s  which g i v e  
t h e  aggrega te  an o v e r a l l  r a d i a t i n g  appearance. 
granophyric  aggrega tes  i n  l a r g e  p a r t  probably a r e  i n c i p i e n t  s p h e r u l i t e s .  
Sample 32797 (Leonora) is a good example of most of t h e s e  f e a t u r e s .  I n  
t h i s  and i n  o t h e r  samples t h e  "worms" a r e  l o c a l l y  ordered t o  form micro- 
graphic  t e x t u r e .  Elsewhere i n  t h e  sample t h e r e  are shea f - l i ke  aggrega tes  
of t h e  type  descr ibed  by Lofgren (1971a) a s  i n c i p i e n t  s p h e r u l i t e s  ( P l a t e  
X V I I ) .  P a r t s  of sample 17263 (Menzies),  P l a t e  XVI ,  resemble t h e  spheru- 
l i t i c  t e x t u r e  i l l u s t r a t e d  by Lofgren (1971a) i n  h i s  F igu re  3A. 

The vermi- 

Thus t h e  vermicular-  

I n  sample 15514C (Edjudina) in te rgrowth  is  c r y p t o c r y s t a l l i n e  and i s  
recognized mainly by r a d i a l  e x t i n c t i o n  of very  s m a l l  aggregates .  
groundmass of sample 20919 (Xurnalpi)  i s  both m i c r o l i t i c  and vermicular-  
granophyric.  
coarse ,  about  0 .5  nun, bu t  t h e  intergrown rods  a r e  very  f i n e .  Sample 
30800 (Laverton) a l s o  has  vermicular-granophyric t e x t u r e  superimposed on 
a m i c r o l i t i c  f a b r i c  ( P l a t e  X V I I I ) .  

The 

The granophyric  aggrega tes  a r e  r a d i a t i n g  and r e l a t i v e l y  

Micrographic  texture is s i m i l a r  t o  vermicular-granophyric except  t h a t  
t h e  intergrown g r a i n s  a r e  angular .  The two t e x t u r e s  are g rada t iona l  and 
may be  p r e s e n t  i n  t h e  same- th in  s e c t i o n ,  f o r  example, samples 32797 
(Leonora) and 25033 (Edjudina) .  Micrographic t e x t u r e  is  i l l u s t r a t e d  i n  
P l a t e s  X I X  and XX. 
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Most vermicular-granophyric and micrographic aggregates have an inc i -  
p i en t  s p h e r u l i t i c  form. 
(1971a), Figure 3A. Rarely, as i n  sample 8889 (Menzies), t h e  margins or 
resorbed cen t r e s  of potassium fe ldspa r  g ra ins  are p a r t l y  symplectic. In  
t h i s  sample t h e  t e x t u r e  s t rongly  suggests t h a t  intergrowth developed sub- 
sequent t o  c r y s t a l l i z a t i o n  a s  a p a r t i a l  replacement of t h e  phenocrysts 
r a t h e r  than a s  an overgrowth. In  o the r  samples, granophyre apparently 
nucleated on phenocrysts and grew outward. Where t h e  intergrowth has 
nucleated on a phenocryst or m i c r o l i t e ,  one phase of t h e  granophyre may be  
i n  o p t i c a l  con t inu i ty  wi th  t h e  hos t  (sample 15532, Edjudina). 

Some are s imi l a r  t o  those  i l l u s t r a t e d  by Lofgren 

Some samples have a three- t ie red  s t r u c t u r e  which may c o n s i s t  of 
phenocrysts, mic ro l i t e s  and granophyre: i n  o ther  samples phenocrysts and 
granophyre l i e  i n  a mic roc rys t a l l i ne  groundmass. 

Vermicular-granophyric and micrographic t ex tu res  are rare i n  rocks 
with appreciable planar c a t a c l a s i s  although vermicular-granophyric t e x t u r e  
is  weakly developed i n  a t  least one sheared sample (38135, Laverton). 

Orb texture 

Lofgren (1-71a, p.118-19) named and described a s  orb  t e x t u r e  t h e  
sphero ida l  domains r e l a t i v e l y  devoid of g lobu l i t e s .  Globul i tes ,  i n  t u rn ,  
w e r e  defined (Lofgren, 1971a, p.115) as t i n y ,  even-spaced bubbles and 
c r y s t a l l i n e  b lebs ,  0.5 t o  5 microns i n  diameter. The g l o b u l i t e s  appear a s  
opaque d u s t  p a r t i c l e s  under t ransmi t ted  l i g h t ,  They commonly a r e  concen- 
t r a t e d  a t  t h e  margins of t h e  g lobu l i t e - f r ee  orbs.  Presumably t h e  orbs  are 
f r e e  of g lobu l i t e s  due t o  exclusion during d e v i t r i f i c a t i o n .  

Orb-like t ex tu res  a r e  common i n  t h e  f e l s i t e s  of t h e  Eastern Goldfields 
Province; bu t  excluded ma te r i a l  coarse  enough f o r  rough i d e n t i f i c a t i o n  is  
present a s  w e l l  as g lobu l i t e s .  Presumably some of t h e  excluded g l o b u l i t e s  
have r e c r y s t a l l i z e d  i n t o  coa r se r  g ra ins  i n  response t o  metamorphism. Orb- 
l i k e  t ex tu res  are developed i n  mic ropo ik i l i t i c  and microsymplectic rocks 
(sample 32798, Leonora). Minerals rimming t h e  orbs include c h l o r i t e  
(sample 1551419, Edjudina),  sericite (samples 38307 and 32798, Leonora and 
25034, Edjudina) , b i o t i t e  (sample 8894, Menzies and 15514C!, Edjudina) and 
b i o t i t e  plus hornblende (sample 8886B, Menzies). This f i n a l  sample i s  
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unusual ,  a s  t h e  orbs  are very  l a r g e ,  about  4 . 5  mm i n  d iameter ,  and enc lose  
re l ic t  p e r l i t i c  c r acks  and a x i o l i t e s .  
t e x t u r e  i n  t h e  Eas te rn  Go ld f i e lds  Province.  

P l a t e s  X X I X  and XXX i l l u s t r a t e  o r b  

MicrogranuZar t e x t u r e  

This  t e x t u r e  r e f e r s  t o  a groundmass which is e s s e n t i a l l y  equ ig ranu la r ,  
and i s  made up of  d i s c r e t e  f e l s i c  g r a i n s .  It  is g rada t iona l  t o  microcrys-  
t a l l i n e  t e x t u r e  from which it is d i s t ingu i shed  by coa r se r  g r a i n  s i z e  and 
less i n t e r l o c k i n g  of g ra ins .  
i n t ima te ly  intergrown. The g r a i n  s i z e  is coarser than  about  0 .05  mm. The 
t e x t u r e  i s  shown on P l a t e s  X X I ,  X X I I  and X X I I I .  

Although g r a i n s  may be  su tured  they  a r e  n o t  

Samples wi th  microgranular  t e x t u r e  have a hornf elsic aspect. F e l s i c  
minera ls ,  b i o t i t e ,  c h l o r i t e ,  co lou r l e s s  mica and carbonate  a r e  common, and 
amphibole and ep ido te  a r e  less abundant. I n  rocks  l ack ing  s t r o n g  f o l i a t i o n  
t h e  mafic  minera ls  and muscovite,  e s p e c i a l l y  t h e  micas ,  t end  t o  be irre- 
g u l a r  and su tu red ,  w i th  apophyses extending,  l i k e  t h e  pseudopodia of an 
amoeba, between g r a i n s  of fe ls ic  minera ls .  This  is a h o r n f e l s i c  t e x t u r e  
suggest ing s t a t i c  metamorphic r e c r y s t a l l i z a t i o n .  Sample 24808 (Edjudina,  
P l a t e s  X I 1 1  and X X I )  is microgranular  wi th  f e l s i c  b l ebs  i n  t h e  margins of 
phenocrysts  and wi th  h o r n f e l s i c ,  symplect ic  b i o t i t e .  

Microgranular t e x t u r e  is  t y p i c a l  a l s o  of f o l i a t e d  rocks ,  P l a t e  X X I I I .  

Rarely,  microgranular  t e x t u r e  i s  patchy,  wi th  a r e a s  1 t o  4 mm i n  diameter  
which are c o a r s e r  t han  surrounding ma te r i a l ;  t h e s e  a r e a s  seem monomineralic 
and may be t h e  re l ic ts  of r e c r y s t a l l i z e d  phenocrysts.  Grain shapes and 
s i z e  d i s t r i b u t i o n  i n  a few samples g i v e  t h e  rock a c l a s t i c  appearance; 
along wi th  phenocrysts ,  t h i s  t e x t u r e  sugges ts  c r y s t a l  tu f f . .  I n  a few cases  
microgranular  t e x t u r e  may be due t o  s e l e c t i v e  r e c r y s t a l l i z a t i o n  of a 
g r a n i t i c  rock,  preserv ing  f e l d s p a r  g r a i n s  and g iv ing  t h e  rock a pseudopor- 
p h y r i t i c  t e x t u r e ;  however, t h e  g r e a t  ma jo r i ty  of samples s e e m  c l e a r l y  t o  
be t r u l y  po rphyr i t i c .  

The r egu la r  a s s o c i a t i o n  o f  microgranular  t e x t u r e  wi th  metamorphic 
mineral  assemblages, t h e  a s s o c i a t i o n  wi th  metamorphic t e x t u r e s  i n  mafic 
minera ls ,  and t h e  a s s o c i a t i o n  wi th  deformed rocks suggest  t h a t  microgranular  
t e x t u r e  commonly is  a r e s u l t  o f  metamorphic r e c r y s t a l l i z a t i o n .  
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Micro t i  ti e t e x t m e  

The mic ro l i t e s  i n  f e l s i t e s  of t he  Eastern Goldfields Province a r e  
very s m a l l ,  euhedral fe ldspar  grains  commonly, i f  not  always, plagioclase.  
They are seldom t h e  s o l e  t e x t u r a l  element i n  t h e  groundmass of t h e  rock but 
commonly are abundant (sample 8885B, Menzies). In  some samples (6884 and 
20919, Kurnalpi and 32798, Leonora) t he  mic ro l i t e s  are set  i n  a microsym- 
p l e c t i c  matrix,  whereas i n  o the r s  (7900P, Kalgoorlie) they a r e  i n  a micro- 
granular matrix,  o r  (samples 38647, 11050 and 20926, Kurnalpi) they are i n  
a mic ropo ik i l i t i c  matrix. 
i l l u s t r a t e d  i n  Plate 6D. Samples containing mic ro l i t e s  seldom have quartz 
phenocrysts, although m i c r o s p p l e c t i t e  and, r a r e l y ,  v i s i b l e  quartz i n  the  
groundmass show t h a t  m i c r o l i t i c  r o c k  need not be quartz-free.  
development of mic ro l i t e s  is  i n  rocks of intermediate composition. Some 
care is needed i n  assigning a rock t h i s  t ex tu re  as l a t h l i k e  twinning i n  
g ra ins  which a r e  i n  f a c t  i r r egu la r  can simulate m i c r o l i t i c  texture .  

Sample 20919 with a microsymplectic matrix i s  

The best  

The simplest  explanation of m i c r o l i t i c  t e x t u r e  s e e m s  t o  be t h a t  
phenocrysts and a few groundmass feldspar  g ra ins  c r y s t a l l i z e d  before t h e  
remainder of t he  rock was ch i l l ed  t o  a g l a s s .  After c h i l l i n g  d e v i t r i f i -  
ca t ion  continued with t h e  formation of mic ropo ik i l i t i c  and microsymplectic 
textures .  I n  some samples mic ro l i t e s  a r e  encased i n  microsymplectite. In  
o the r s  well-formed mic ro l i t e s  a r e  c rys t a l log raph ica l ly  continuous with 
pools of fe ldspar  which i n  turn give way t o  poorly developed microsymplec- 
t i t e .  

GRANOPHYRIC TEXTURE 

Granophyric t ex tu re ,  by d e f i n i t i o n ,  i s  coarser  than vermicular- 
granophyric o r  other  microsymplectic t ex tu res  described above. W e l l -  

developed granophyre was found only i n  one sample (7900E,  Kalgoorlie).  
Somewhat more commonly, granophyre appears as patches enclosed i n  another 
texture .  I n  sample 17263 (Menzies) granophyric patches a r e  set i n  micro- 
symplecti te;  i n  sample 38121 (Laverton, P l a t e  XXV) granophyric patches are 
set i n  an otherwise coarse-grained adamelli te.  

17 



SPHERULITIC TEXTURE 

A s i n g l e  rock, sample 32793 (Leonora), Plate  X X V I ,  has f u l l y  developed, 
coarse spherul i tes .  The sphe ru l i t e s  a r e  of uniform diameter, about 3.5 m. 
They cons i s t  of radiat ing,  almost submicroscopic, branching and intergrown 
blades of f e l s i c  minerals. Rarely, growth seems t o  have been per iodic  
forming concentric growth r ings ,  t h e  rhythmic s t r u c t u r e  described by 
Mourant (1932, p.232-237). I n  some places  t h e  margins of t h e  sphe ru l i t e s  
are sharp, against  e i t h e r  other  sphe ru l i t e s  o r  matrix; elsewhere, adjacent 
sphe ru l i t e s  are intergrown i n  a complex manner. The matrix is made up of 
patchy t o  granular quartz and feldspar ,  minutely granular,  unresolvable 
mater ia l ,  and very s m a l l  p a r t i a l l y  t o  completely developed sphe ru l i t e s .  
A few quartz and feldspar phenocrysts are sca t t e red  through the  rock. 

MICROSTRUCTURES 

PERLITIC STRUCTUm 

At least two samples (8886B, Menzies and 1 1 0 2 0 ,  Kurnalpi) have fea- 
t u r e s  which can be reasonably interpreted as re l ic t  p e r l i t i c  cracks (Plates 
X X X I  and X X X I I ) .  I n  both cases the  f e l s i c  groundmass t ex tu re  associated 
with the  re l ic t  p e r l i t i c  cracks has f i n e  mic ropo ik i l i t i c  (patchy) texture .  
This associat ion probably ind ica t e s  d e v i t r i f i c a t i o n  from s o l i d i f i e d  glass .  
Sample 11020 seems t o  be a breccia,  some fragments of which a r e  m i c r o l i t i c  
and may have been holocrystal l ine a t  t he  t i m e  of emplacement. The ground- 
mass and probably some fragments w e r e  glassy.  Some of t he  b e s t  p e r l i t i c  
s t r u c t u r e  seems t o  be i n  fragments. 

SHARD STRUCTURE 

In  a few porphyri t ic  r o c k s  (sample 37818, Laverton, Plate  X X V I I )  one 
can bel ieve t h a t  a re l ic t  shard s t r u c t u r e  has been preserved through 
d e v i t r i f i c a t i o n  and minor metamorphic r e c r y s t a l l i z a t i o n .  This rock i s  
establ ished a s  igneous by euhedral plagioclase,  probably combination- 
twinned (Ross, 1957) i n  a synneusis r e l a t i o n s h i p  (Johannsen, 1939, p.234). 
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BRECCIA STRUCTURE 

Several  samples c o n s i s t  of fragments of a s so r t ed  rock types i n  a 
more-or-less uniform matrix.  
Those described probably are not  t ec ton ic  brecc ias  or conglomerates. In  

sample 32792 (Leonora) fragments ofvarious s i z e s  are set i n  a heterogen- 

eous matrix. 
euhedral. The rock probably w a s  a c r y s t a l - l i t h i c  t u f f .  Sample 38684B 
(Laverton) is  t i g h t l y  packed with coarse fragments d i f f e r i n g  i n  t e x t u r e  
but with a uniform plagioclase-rich,  quartz-free aspec t .  Sample 39029 
(Laverton) is a l s o  packed with fragments, but they are of medium g ra in  

s i z e .  The rock is a quartz andesite.  Quartz is  rare bu t  primary horn- 
blende is common. Sample 9130C (Kalgoorlie) is  an o l igomic t ic  b recc ia  
with p lag ioc lase ,  including a few r e l a t i v e l y  coarse mic ro l i t e s ,  set i n  a 

matrix t r a n s i t i o n a l  from f i n e  mic ropo ik i l i t i c  (patchy) t o  microgranular 
and microgranophyric. 
guish but  t h e  l a t t e r  may be r i c h e r  i n  b i o t i t e .  

Probably these  a r e  flow o r  i n t r u s i v e  brecc ias .  

Quartz g ra ins  a r e  broken but some fe ldspa r  g ra ins  are 

Fragments and groundmass a r e  d i f f i c u l t  t o  d i s t i n -  

Sample 38660 (Xurnalpi) cons i s t s  mainly of very coarse, rounded 
fragments of porphyry i n  a l a rge ly  carbonated matrix.  
p lag ioc lase  and quartz.  
mafic mineral  have been pseudomorphed by c h l o r i t e .  
fragments normally is  granular bu t  i n  one case  t h e r e  a r e  abundant micro- 
l i tes .  A f i n a l  b recc ia ,  sample 11052 (Xurnalpi) probably is  a c r y s t a l  
t u f f .  
grained quar tz  and fe ldspar  seem t o  be fragmental. 
been described i n  t h e  sec t ion  on p e r l i t i c  s t r u c t u r e .  

Phenocrysts a r e  
In  one fragment abundant blocky phenocrysts of a 

The matrix wi th in  

Many of t h e  coarse g ra ins  of fe ldspar  a r e  euhedral,  bu t  f i n e r  
Other brecc ias  have 

CATACLASTIC FOLIATION 

L i t t l e  evidence was seen suggesting f lux ion  s t r u c t u r e  due t o  flow i n  
a viscous,  consol ida t ing  magma. Many rocks are f o l i a t e d ,  bu t  t h i s  
f o l i a t i o n  seems t o  be t ec ton ic ,  superimposed on t h e  rock a f t e r  cooling. 

In almost a l l  cases  secondary minerals,  including mica, amphibole, sericite,  
and patches of carbonate, have been or ien ted .  
minerals,  o t h e r  than s e r i c i t e ,  a r e  involved i n  t h e  f o l i a t i o n  t h e  groundmass 
has a granular  t ex tu re  and quartz phenocrysts have been elongated. 
quar tz  has been e i t h e r  converted i n t o  aggregates of sutured o r  polygonized 

In  a l l  cases  where these  

The 
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g r a i n s  o r ,  a t  l e a s t ,  s eve re ly  s t r a i n e d .  On t h e  o t h e r  hand, rocks  wi th  
sericit ic mica tend  t o  have a very  f ine-grained groundmass, l a r g e l y  of  t h e  
microgranophyric type ,  and qua r t z  which is  uns t r a ined  o r  weakly s t r a i n e d .  
P l a t e  V i l l u s t r a t e s  t h e  s e r i c i t i z e d  mylon i t i c  rocks  and P l a t e s  V I ,  V I 1  and 
V I 1 1  i l l u s t r a t e  t h e  more granular  t ype  of b l a s tomylon i t i c  porphyry. 

I n  sample 15522 CEdjudina) carbonate  occupies  t h e  strain-shadow a r e a  
a t  t h e  t a i l s  of many f e ldspa r  phenocrysts ;  c h l o r i t e  and qua r t z  occupy t h e  
same p o s i t i o n  ad jacen t  t o  hemat i te  which probably i s  pseudomorphous a f t e r  
p y r i t e  . 

Although p o s t - c r y s t a l l i z a t i o n  deformation seems respons ib l e  f o r  most 
of t h e  d i r e c t e d  f a b r i c  i n  t h e s e  rocks ,  t e x t u r e s  i n  many a r e  n o t  c l e a r  and 
flow e f f e c t s  could be  present .  

PETROGENESIS 

Uncer ta in ty  concerning phys ica l  and chemical cond i t ions  wi th in  and 
on t h e  s u r f a c e  of t h e  e a r t h  i n  e a r l y  Precambrian t i m e  a s  w e l l  a s  t h e  l eng th  
o f  t i m e  t h a t  rocks  have been vulnerable  t o  phys i ca l  and chemical a l t e r a t i o n  
make t h e  i n t e r p r e t a t i o n  of pe t rogenes is  of Archaean rocks  less c e r t a i n  than  
s i m i l a r  i n t e r p r e t a t i o n  of more r e c e n t  rocks.  The unce r t a in ty  is  compoun- 
ded i n  vo lcan ic  rocks  by t h e i r  s u s c e p t i b i l i t y  t o  t e x t u r a l  change and t h e i r  
s e n s i t i v i t y  t o  condi t ions  both  wi th in  t h e  e a r t h  and a t  t h e  su r face .  How- 
ever ,  bulk changes i n  chemical composition should be  d e t e c t a b l e  pe t ro-  
g raph ica l ly  and many Archaean volcanic  rocks have l i t t l e  pe t rographic  
evidence of g ross  metasomatic a l t e r a t i o n .  Chemical ana lyses  of more than  
100  f e l s i t e s  i n  t h e  Leonora, Laverton and Rason s h e e t  a r e a s  by Davy (1977)  
can be  i n t e r p r e t e d  i n  t h e  s a m e  manner a s  modern felsites. Anomalies 
appear on ly  i n  a few high va lues  f o r  Na and where t h e r e  is c l e a r  pe t ro-  
graphic  evidence of weathering o r  s i l i c i f i c a t i o n .  
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RECOGNITION OF ACID VOLCANIC ROCKS 

Probably t h e  m o s t  g e n e r a l l y  used pe t rographic  c r i t e r i o n  f o r  t h e  
r ecogn i t ion  of a vo lcan ic  o r  shal low hypabyssal o r i g i n  of  an acid rock  i s  
a f ine-grained,  p o r p h y r i t i c  t ex tu re .  Some u n c e r t a i n t y  is 
s i m i l a r  t e x t u r e s  due t o  marginal  c h i l l i n g  of s m a l l ,  shal low s tocks  and t h e  
development of pseudoporphyries by s e l e c t i v e  t e c t o n i c  g ranu la t ion  of  
qua r t z  i n  a qua r t z - r i ch  g r a n i t i c  rock. 
overcome i f  t h e  samples i n  ques t ion  l ack  p lanar  s t r u c t u r e ,  have pheno- 
c r y s t s  of qua r t z  a s  w e l l  a s  f e ldspa r  and i f  phenocrysts  are embayed 
(samples 9102, Kalgoor l ie ,  P l a t e  111; 41484C, Edjudina; and 37805, 
Laverton) .  Well-embayed phenocrysts  of qua r t z  from sample 15504 
(Edjudina) a r e  shown i n  P l a t e  I. 

General ly  t h e  l a t t e r  problem i s  

C r i t e r i a  o t h e r  t han  p o r p h y r i t i c  t e x t u r e  would be  more convincing and 
would be  u s e f u l  i f  t hey  were recognized o f t e n  and wi th  confidence.  Shard 
s t r u c t u r e  and p e r l i t i c  c racks  have been descr ibed  above b u t  a r e  n o t  common, 
probably because they  a r e  p a r t i c u l a r l y  s u s c e p t i b l e  t o  d e s t r u c t i o n  du r ing  
d e v i t r i f i c a t i o n  and la ter  r e c r y s t a l l i z a t i o n .  P l a t e  X X V I I I  i l l u s t r a t e s  
d e s t r u c t i o n  of shard s t r u c t u r e  dur ing  progress ive  d e v i t r i f i c a t i o n  of a 
Phanerozoic v i t rophyre  from Baja Ca l i fo rn ia ,  Mexico. 

INTERPRETATION OF GROUNDMSS TEXTURES 

M i c r o p o i k i l i t i c  ( o r  snowflake) t e x t u r e  is  g e n e r a l l y  recognized as a 
common t e x t u r e  i n  rocks  t h a t  have been g l a s sy .  However, t h e r e  are un- 
c e r t a i n t i e s  as t o  whether t h e  t e x t u r e  developed d i r e c t l y  from g l a s s  
without  an in t e rven ing  m i c r o c r y s t a l l i n e  o r  c r y p t o c r y s t a l l i n e  s t a g e ,  and 
whether t h e  t e x t u r e  can be r e l i e d  upon a s  an i n d i c a t o r  of  former g l a s s y  
s t a t e .  

A sample (133 A-58) from Baja C a l i f o r n i a ,  Mexico, on loan  from t h e  
Department of Geology,, San Diego S t a t e  Univers i ty ,  seems t o  e s t a b l i s h  t h a t  
m i c r o p o i k i l i t i c  t e x t u r e  can develop from a g l a s s y  rock ( P l a t e  X X V I I I ) .  

Patches wi th  m i c r o p o i k i l i t i c  t e x t u r e ,  about  1 c m  i n  d iameter ,  c o n s t i t u t e  
about 2 0  p e r  c e n t  of  t h i s  Phanerozoic f e l s i c  p o r p h y r i t i c  tu f faceous  rock. 
The mat r ix  c o n s i s t s  o f  well-developed shards ,  s t r o n g l y  o r i e n t e d  by f l a t -  
t en ing  and poss ib ly  by flow. Everywhere except  i n  t h e  m i c r o p o i k i l i t i c  
pa tches  t h e  shards  have been d e v i t r i f i e d  t o  c r y p t o c r y s t a l l i n e  f e l s i c  
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mate r i a l  and opaques which apparently a r e  hydrous iron-oxide. The re l ic t  
pa t t e rn  of shards gradually disappears i n t o  t h e  c e n t r e  of m i c r o p o i k i l i t i c  
patches. It  seems c l e a r ,  then, t h a t  m i c r o p o i k i l i t i c  t e x t u r e  can develop, 
d i r e c t l y  or i n d i r e c t l y ,  from a f e l s i c  g lassy  rock. Inc iden ta l ly ,  t hese  
r e l a t i o n s  show t h a t  t h e  development of m i c r o p o i k i l i t i c  t e x t u r e  i s  ef fec-  
t i v e  i n  o b l i t e r a t i n g  evidence of shards and primary s t r u c t u r e ,  poss ib ly  
explaining the  r a r i t y  of t hese  t ex tu res  i n  rocks of t h e  Eastern Gold- 
f i e l d s .  

The g lassy  o r i g i n  of a rock wi th  m i c r o p o i k i l i t i c  t e x t u r e  i s  also 
demonstrated by a rock from t h e  Eastern Goldfields Province, sample 8886 
(Menzies) , Plates XV and X X X I .  H e r e  a rock wi th  re l ic t  p e r l i t i c  cracks 
has m i c r o p o i k i l i t i c  t ex tu re .  

These examples have shown t h a t  some rocks which now have micropoikil i-  
t i c  t e x t u r e  w e r e  once glassy.  Reed (1895, p.167) i n  a d i scuss ion  of t h e  
rocks around Fishguard, Pembrokeshire, thought t h a t  t h i s  t e x t u r e  was 
developed a f t e r  "normal" , even-grained d e v i t r i f i c a t i o n .  

H e  t raced  a s e r i e s  of s tages  from rocks wi th  simple m i c r o l i t i c  o r  
c ryp toc rys t a l l i ne  groundmass t o  those  with a f u l l y  developed micropoikil i-  
t i c  mosaic. H e  thought t h a t  in t roduct ion  of s i l i ca  i n  mic ropo ik i l i t i c  
rocks w a s  suggested by quartz ve ins ,  v e s i c l e s ,  etc. H e  drew an analogy 
with mosaic t ex tu res  i n  s l a t e s  subjec t  t o  con tac t  metamorphism and suggest- 
ed t h a t  t h e  degree of development of m i c r o p o i k i l i t i c  t e x t u r e  co r re l a t ed  
with t h e  s i z e  and nearness of " i n t r u s i v e  masses". 

Following t h i s  l i n e  of argument, m i c r d p o i k i l i t i c  t e x t u r e  should be 
considered a product of r e c r y s t a l l i z a t i o n  r a t h e r  than d e v i t r i f i c a t i o n .  
However, Gei je r  (1913) thought t h a t  approximate e u t e c t i c  composition of 
t he  groundmass i n  many cases favoured development of mic ropo ik i l i t i c  
t e x t u r e  by d i r e c t  c r y s t a l l i z a t i o n  from a m e l t  o r ,  possibly,  by d e v i t r i f i -  
ca t ion  of g l a s s  during i t s  o r i g i n a l  cooling phase e i t h e r  by rehea t ing  o r  
by ac t ion  of volcanic vapours. 

Anderson (1969)  described f u r t h e r  examples of snowflake (micropoiki- 
l i t i c )  t e x t u r e  and suggested t h a t  t h e  t e x t u r e  may be d i agnos t i c  of densely 
welded ash-flow t u f f .  However, Green (1970)  showed t h a t  Keweenawan flows 
with snowflake t ex tu re  are massive and uniform with a f ro thy  top  
' I . . .  c l e a r l y  implying the  presence of a f l u i d  lava  and not  a py roc la s t i c  
o r ig in" .  
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Lofgren (1971a) has developed mic ropo ik i l i t i c  t ex tu res  i n  t h e  labor- 
a tory  from na tu ra l  g l a s s  fluxed with var ious  a l k a l i  salts  and hydroxides 
i n  runs of a few days duration. H e  concluded t h a t  'I... m i c r o p o i k i l i t i c  
quartz may be a good ind ica t ion  of a former g lassy  state". In  these  runs,  
even i f  m i c r o p o i k i l i t i c  t e x t u r e  followed c ryp toc rys t a l l i ne  d e v i t r i f i c a t i o n ,  
both processes occurred during t h e  same thermal event. I n  f a c t ,  it seems 
l i k e l y  t h a t  m i c r o p o i k i l i t i c  t e x t u r e  developed d i r e c t l y  from g la s s .  The 
bes t  m i c r o p o i k i l i t i c  t ex tu res  generated by Lofgren developed between 400 

and 65OoC. 

Torske (1975) suggested t h a t  some, i f  no t  a l l ,  snowflake t e x t u r e  is  
generated from quar tz - r ich  and fe ldspar - r ich  domains which separated from 
homogeneous g l a s s  by metastable f l u i d  immisc ib i l i ty  below t h e  so l idus  
temperature but  p r i o r  t o  c r y s t a l l i z a t i o n .  Subsequent c r y s t a l l i z a t i o n  
f roze  t h e  snowflake p a t t e r n  i n  t h e  r e l a t i o n  w e  now see. The "micrograno- 
phyric" snowflake t ex tu res  of Torske seem p a r t i c u l a r l y  s imi l a r  t o  t h e  
mic ropo ik i l i t i c  t e x t u r e  of t h e  Eastern Goldfields Province. 

In  summary, m i c r o p o i k i l i t i c  (snowflake) t e x t u r e  c l e a r l y  can develop 
from rocks which a t  some t i m e  w e r e  glassy.  This is  t h e  thread of consis- 
tency through a l l  of t h e  papers c i t e d .  Yost of t h e  inves t iga to r s  suggest 
o r  assume t h a t  t h e  t e x t u r e  forms only i n  rocks which w e r e  g lassy .  This 
would be necessary i f  t h e  metastable exsolved quartz- and fe ldspar - r ich  
g lassy  phases described by Torske a r e  p r e r e q u i s i t e  t o  t h e  development of 
snowflakes. 

Thus a g lassy  phase i n  t h e  h i s to ry  of many of t h e  f e l s i t e s  of t h e  
Eastern Goldfields Province seems l i k e l y .  

Yicrographic and vermicular-granophyric t ex tu res  described i n  t h i s  
work seem t o  be similar t o  t h e  s p h e r u l i t i c  t e x t u r e  of Lofgren (1971a, 
p.116-117). These t ex tu res  seem t o  be i n c i p i e n t  forms of t h e  t r u e  
sphe ru l i t e s  of t h e  type sample 32793 (Leonora). Clear sheaf - l ike  forms 
described by Lofgren a s  embryonic sphe ru l i t e s  a r e  rare i n  t h e  Eastern 
Goldfields Province but  a few examples w e r e  seen (sample 32797, Leonora, 
Plate  X V I I ) .  Forms s imi l a r  t o  Lofgren's Figure 3a, however, a r e  common 
(P la t e s  XVI and X X I X ) .  I n t e r f e r i n g  sheafs  of t h i s  type w e r e  generated by 
Lofgren (1971b, p.5636) between 400 and 65OoC. These r e s u l t s  may g ive  
some idea  of t h e  physical conditions of d e v i t r i f i c a t i o n  i n  t h e  Eastern 
Goldfields Province - i f  t h e  rock types a r e  comparable and t h e  a lka l i - r i ch  
so lu t ions  o f . t h e  experimental runs d id  not  g ive  spurious r e s u l t s .  
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CHEMISTRY 

The chemistry of t h e  f e l s i t e s  has been s tudied by Davy (1977) i n  t h e  
Leonora, Laverton and Rason sheet  areas and by O'Beirne (1968) throughout 
a broad area around Kalgoorlie. Average composition of t h r e e  andesi tes  
has been reported by Williams and o the r s  ( 1 9 7 1 ) .  

Davy analyzed more than 1 0 0  fine-grained f e l s i c  rocks, concluding t h a t  
many, if not  a l l ,  s u i t e s  i n  the  area a r e  calc-alkal ine,  though t h e  composi- 
t i o n  of individual  rocks ranges widely, from u l t r a p o t a s s i c  r h y o l i t e  t o  
andesite.  Some individual  s u i t e s  have a broad compositional range whereas 
o the r s  a r e  compositionally compact. I n  most areas o f f e l s i c  rock d a c i t e  is  
c h a r a c t e r i s t i c .  

Acid and bas i c  rocks from some areas  p lo t t ed  i n  a continuous series 
on an A F M  diagram,gene.ratinq chemical t rends which seem c l e a r l y  coherent: 
though, a s  usual,  rocks of intermediate composition are sparse. Also, i n  
a few areas, s p a t i a l l y  associated volcanic rocks,  hypabyssal i n t rus ives ,  
and g r a n i t i c  rocks a r e  chemically s imi l a r  and may be gene t i ca l ly  r e l a t e d ,  
but i n  most a r eas  fine-grained f e l s i c  rocks a r e  q u i t e  d i s s imi l a r  t o  nearby 
grani toids .  Where s i m i l a r i t i e s  e x i s t  they are usual ly  between r h y o l i t i c  
porphyries and nearby adamelli tes.  

O'Beirne (1968) found t h a t  none of the porphyries which he s tudied,  
with t h e  possible  exception of minor i n t r u s i v e  porphyri t ic  microcline- 
a lbi te-quartz  rhyo l i t e s ,  w e r e  r e l a t ed  t o  the  " i n t e r n a l  grani tes"  of t he  
Eastern Goldfields Province. " In t e rna l  g ran i t e s "  a r e  t h e  d i s c r e t e  g r a n i t i c  
plutons within greenstone b e l t s  and a r e  contrasted with the  seas of 
g ran i to id  and gne i s s i c  rock between greenstone b e l t s  which c o n s t i t u t e  t he  
"external  g ran i t e s "  (Sofoulis,  1963 , p.10) . 

Phenocrysts of a l l  porphyries reported by O'Beirne were interpreted 
t o  have c r y s t a l l i z e d  between 700 and 900°C. 

s ive  po rphyr i t i c  quartz-albi te  sodic r h y o l i t e  were considered t o  have 
2 c rys t a l l i zed  between 1 500 and 3 500 kg/cm , and those of t h e  in t rus ive  

microcline-quartz-albite rhyo l i t e s  and the  extrusive potassic  rhyo l i t e ,  a t  
pressures above 3 500 kg/cm . 

The phenocrysts of t h e  intru-  

2 

In general ,  t h e  proportions of fe ldspars  and quartz i n  phenocrysts 
studied by O'Beirne bore l i t t l e  r e l a t i o n  t o  chemical composition, leading 
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t o  t h e  conclusion t h a t  t h e  type  and propor t ion  of va r ious  minera ls  i n  t 
phenocryst  assemblage va r i ed  wi th  phys ica l  r a t h e r  than chemical cond i t ions ,  
The composition of t e rock apparent ly  can no t  be est imated from t h e  pheno- 
c r y s t  assemblage. 

FIELD RE LATI ONSHI P 9 

According t o  Trenda l l  (1964)  t h e  porphyries  of  t h e  P i l b a r a  and Yilgarn 
Blocks a r e  mainly e longate ,  p l ana r ,  concordant bodies ,  t e n s  of metres 
t h i c k ,  which may va r ious ly  be dykes,  s i l l s  o r  flows. Honman (1913) 
repor ted  t h a t  t h e  porphyr ies  of  Bindul i  could be t r a c e d  f o r  24  m i l e s  (39  
km) w i th  l i t t l e  change i n  th ickness .  

Gradat ion of porphyry i n t o  g r a n i t e  was repor ted  by Honman (1917) i n  
t h e  Y e r i l l a  D i s t r i c t  and Clarke  (1921)  a t  S t  Ives ,  b u t  McMath (1950) ,  
during t h e  Coolgardie  resurvey ,  considered t h a t  t h e  porphyry grading  i n t o  
g r a n i t e  i n  t h e  Coolgardie  a r e a  was fundamentally d i f f e r e n t  t o  t h e  t h i c k  
porphyry bodies  which w e r e  cont inuous f o r  many m i l e s .  A tendency f o r  t h e  
composition of porphyry a t  any l o c a l i t y  t o  approach t h e  composition of 
enc los ing  rock a t  t h a t  l o c a l i t y  was repor ted  by s e v e r a l  g e o l o g i s t s  (Mathe- 
son, 1948; McMath, 1950; and Ward, 1951) of t h e  Coolgardie  re-survey who 
considered t h a t  t h e  r e l a t i o n s h i p  demonstrated a s s i m i l a t i o n  of count ry  rock 
by porphyry. Clarke  (1921) '  aga in  a t  S t  I v e s ,  found ' I . . .  some remarkable 
grada t ions  from porphyry t o  greens tone  (probably a r e s u l t  of d i g e s t i o n  of 
t h e  greenstone by t h e  porphyry) . . ' I .  

Rela t ions  such a s  t h e  t r a n s i t i o n  from greens tone  t o  porphyry may have 
l ed  t o  t h e  theory of "po rphyr i t i za t ion"  suggested by Sofou l i s  and Bock 
( 1 9 6 2 ,  p.11) a s  an o r i g i n  f o r  porphyry. Trendal l  found no pe t rographic  
evidence t o  suppor t  p o r p h y r i t i z a t i o n ,  b u t  O'Beirne (1968, p.251-271) l a t e r  
i n t e r p r e t e d  rocks  a t  Widgiemooltha from t h e  Yandi l la  and Wanda Wanda Beds 
t o  be products  of p o r p h y r i t i z a t i o n .  "Ghost" pebbles  and r e l i c t  l aye r ing  
i n  rocks  conta in ing  megacrysts resembling phenocrysts  w e r e  c i t e d  a s  
evidence of po rphyr i t i za t ion .  O'Beirne proposed, however, an igneous 
o r i g i n  f o r  most of t h e  porphyr ies  which he descr ibed .  

I n  1 9 6 4  T renda l l  noted t h e  a s s o c i a t i o n  of o l igomic t i c  conglomerate 
wi th  porphyry. Horwitz and o t h e r s  (1967)  considered t h i s  r e l a t i o n s h i p  a t  
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l eng th ,  concluding t h a t  t h e  o l igomic t i c  conglomerates w e r e  de r ived  d i r e c t l y  
from t h e  porphyry, Williams ( 1 9 7 0 ,  p.14) is  more e x p l i c i t :  "They 
(o l igomic t i c  conglomerates) are thought  t o  be t h e  product  of  d i r e c t  
depos i t i on  of p y r o c l a s t i c  m a t e r i a l  i n  water admixed wi th  e r o s i o n  products  
der ived  from t h e  upbui lding ac id  igneous p i l e " ,  

Volcanic c e n t r e s ,  producing p i l e s  of ac id  rock ,  have been proposed 
f o r  p a r t s  of t h e  Laverton (Gower, 1974) I Kurnalpi ( W i l l i a m s ,  1970) and 
Edjudina ( W i l l i ~ s  and o t h e r s ,  1971) shee t s ,  Perhaps r e - i n t e r p r e t a t i o n  of 
s h e e t s  mapped e a r l i e r  would r e s u l t  i n  t h e  d iscovery  of  s i m i l a r  c e n t r e s  of 
ac id  vo lcan ic  a c t i v i t y  i n  o t h e r  a reas .  

SUMMARY OF PETROGENESIS 

Porphyr i t i c  f e l s i t e s  are common i n  t h e  Eas te rn  Go ld f i e lds  Province.  
Although a few of  t h e s e  rocks may have o r ig ina t ed  by "porphyr i t i za t ion"  of 
enc los ing  rocks,  t h e  ma jo r i ty  a r e  of igneous o r i g i n .  A t  least  two h a b i t s  
a r e  seen,  l a r g e  concordant  o r  nearly-concordant s h e e t s ,  and sma l l e r ,  d i s -  
cordant  bosses  and dykes.  The d i sco rdan t  bodies  s e e m  c l e a r l y  i n t r u s i v e ;  
some concordant bodies  may be si l ls  and some may be flows. Evidence f o r  
sills is seen i n  t h e  s l i g h t  d i scordance  and b i f u r c a t i n g  n a t u r e  of some 
"concordant" bodies .  Evidence f o r  ex t rus ion  inc ludes  r a r e  p e r l i t i c  c racks  
and shards .  Common m i c r o p o i k i l i t i c  and mic rosphe ru l i t i c  t e x t u r e s  probably 
s i g n i f y  wide development of  q l a s sy  mat r ix ,  suggest ing vo lcan ic  o r i g i n  f o r  
many more of t h e  f e l s i t e s .  General  f e l s i c  volcanism i s  implied by t h e  
widespread a s s o c i a t i o n  of porphyry a n d d i g o m i c t i c  conglomerate,  explained 
a s  quasi-contemporaneous e ros ion  of a growing p i l e  of a c i d  rocks.  While 
pe t rographic  c r i t e r i a  a lone  may no t  d i s t i n g u i s h  i n  s i t u  f lows from ac id  
volcanic  c l a s t s  i n  an agglomerate o r  conglomerate,  t h e  ex i s t ence  of flow- 
der ived  rock can e e s t ab l i shed .  

Most major porphyry bodies  s e e m  chemical ly  un re l a t ed  t o  ad jacen t  
g r a n i t o i d s  bu t  t h e r e  may be a few except ions.  Rarely,  i n  t h e  d a t a  from 
Laverton-Leonora, r h y o l i t i c  porphyry is  chemical ly  s i m i l a r  t o  nearby 
adamel l i t e  and, f a r t h e r  south ,  minor bodies  have been r epor t ed  t o  grade i n  
f i e l d  appearance from porphyry t o  g r a n i t o i d .  However, even t h e s e  few minor 
except ions  may be  explained d i f f e r e n t l y .  Chemical s i m i l a r i t i e s  can be 
f o r t u i t o u s  and, a s  porphyry bodies  pass  from one enc los ing  u n i t  t o  another ,  
they  have been r epor t ed  t o  approach t h e  composition of t h e  l o c a l  hos t ,  
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This  e f f e c t  has  been a t t r i b u t e d  t o  a s s i m i l a t i o n  of country rock by t h e  

porphyry, 
appearance of mechanical grada t ion  i n t o  enc los ing  rock.  

I f  t h i s  composi t ional  convergence is  extreme it could g i v e  t h e  

The temperature  of emplacement i s  n o t  c l e a r ,  b u t  O'Beirne (1968) has 
suggested t h e  phenocrysts  c r y s t a l l i z e d  between 700 and 900°C i n  most t ypes  
of  p o r p h y r i t i c  f e l s i t e s  which he  s tud ied .  F i n a l  d e v i t r i f i c a t i o n  may have 
been near  t h e  i n t e r v a l  400 t o  65OoC wi th in  which Lofgren experimental ly  
obta ined  d e v i t r i f i c a t i o n  t e x t u r e s  s i m i l a r  t o  those  i n  many of t h e  f e l s i t e s  
i n  t h e  Eas te rn  Goldf ie lds  Province.  

Condi t ions of emplacement and subsequent a l t e r a t i o n  of t h e  f e l s i c  
vo lcan ic  and hypabyssal rocks  a r e  g radua l ly  being c l a r i f i e d  bu t  l i t t l e  
information i s  a v a i l a b l e  on t h e  o r i g i n  of  t h e  he o r i g i n  of t h i s  
magma i s  of p a r t i c u l a r  i n t e r e s t  i n  view of t h e  suggest ions by Davy ( 1 9 7 7 )  
and O'Beirne 11968)  t h a t  t h e  p o r p h y r i t i c  f e l s i t e s  a r e ,  a t  l e a s t  i n  l a r g e  
p a r t ,  n o t  r e l a t e d  t o  s p a t i a l l y - a s s o c i a t e d  g r a n i t o i d a l  rock;  though o the r  
d a t a  from Davy suggest  t h a t  i n  some a r e a s  g r a n i t o i d s ,  hypabyssal i n t r u s i v e  
rocks  and e x t r u s i v e s  may be r e l a t e d .  

ROCKS OF INTERMEDIATE COMPOS I T I O N  

Most of t h e  rocks which have been d iscussed  con ta in  qua r t z  phenocrysts .  
I n  add i t ion  a few without  qua r t z  phenocrysts  have abundant recognizable  
qua r t z  i n  t h e  mat r ix .  These rocks probably range i n  composition from 
r h y o l i t e  t o  d a c i t e .  I n  o t h e r  rocks ,  n o t  s p e c i f i c a l l y  d i scussed ,  qua r t z  
is  absent  among t h e  phenocrysts  and e i t h e r  absent  o r  no t  recognizable  i n  
t h e  mat r ix .  Where t h e  mat r ix  i s  coa r se  e f f e c t i v e  absence of qua r t z  from 
t h e  rock can be confirmed. 

For t h i s  s tudy ,  rocks  i n  t h e  a n d e s i t i c  composi t ional  f i e l d  and i n  t h e  
f i e l d  of d a c i t e  near  a n d e s i t e  a r e  considered t o  be of in te rmedia te  composi- 
t i o n .  The o r i g i n a l  p l ag ioc la se  composition would be c a l c i c  o l i g o c l a s e  t o  
andesine,  qua r t z  would be  near  2 0  per  c e n t  o r  less and potassium f e l d s p a r  
would be subord ina te  t o  p l ag ioc la se .  

O'Beirne (1968, p.292) has  shown t h a t  t h e  phenocryst  assemblage cannot 
be used t o  e s t ima te  t h e  chemical composition of porphyries  of t h e  Eas te rn  
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Goldf i e lds  Province,  Thus f e ldspa r  porphyr ies  w i th  a mat r ix  i n  which 
c o n s t i t u e n t  minera ls  cannot  be i d e n t i f i e d  cannot be  c l a s s i f i e d  o p t i c a l l y  

e r  a s  a c i d  o r  in te rmedia te .  The c r i t e r i a  f o r  in te rmedia te  rocks  used 
he re  a r e :  

(I) p lag ioc la se  is  abundant and qua r t z  and potassium f e l d s p a r  are 
minor o r  absent  i n  a rock i n  which they would be recognized;  

( 2 )  hornblende i s  common: o r ,  
( 3 )  ep ido te  is  abundant and apparent ly  is  der ived  from p l a g i o c l a s e  

i n  t h e  rock. 
In  t h e  l a s t  two cases ,  qua r t z  and potassium fe ldspa r  must no t  be obvious ly  
abundant, b u t  may be p re sen t  a s  obscure phases. 

This  s e c t i o n  does n o t  i nc lude  t h e  a l k a l i n e  p o r p h y r i t i c  rocks ,  some 
of which con ta in  hornblende and l i t t l e  qua r t z .  

Hornblende is  t h e  c h a r a c t e r i s t i c  mafic minera l  i n  t h e s e  rocks b u t  
pyroxene may be t h e  primary mafic minera l  i n  a few. I n  sample 29987 
(Leonora) primary green amphibole a long wi th  f e l d s p a r  phenocrysts  are set  
i n  a microgranophyric groundmass w i t h  f i n e  e longa te  g r a i n s  of secondary 
c o l o u r l e s s  amphibole and i r r e g u l a r  g r a i n s  of secondary b i o t i t e .  Three 
samples from t h e  Laverton shee t  a r ea  (samples 37821, 37822 and 37823) 
have a l t e r e d  phenocrysts  of amphibole o r  pyroxene and p l ag ioc la se  pheno- 
c r y s t s  i n  an extremely f i n e  c r y s t a l l i n e  mat r ix .  Some samples, a s  38123 and 
38684B (Laver ton) ,  a r e  s u f f i c i e n t l y  a l t e r e d  t h a t  even t h e  presence of 
o r i g i n a l  mafic phenocrysts  cannot  be  e s t ab l i shed .  Here heavi ly  saussu r i -  
t i z e d  glomeroporphyri t ic  p l ag ioc la se  phenocrysts  a r e  set i n  an appa ren t ly  
qua r t z - f r ee  mat r ix  of m i c r o l i t e s  and poor ly  developed microgranophyre. 
Mafic phenocrysts  a r e  c l e a r l y  absen t  from some rocks ,  as i n  t h e  even-grained 
sample 17262 (Menzies). This sample is  an in t e r locked  network of p lag io-  
c l a s e  m i c r o l i t e s ,  less e longate  p l a g i o c l a s e ,  minor qua r t z  and c h l o r i t e ,  and 
secondary co lou r l e s s  amphibole, ep ido te  and carbonate .  Samples 25080 and 
25081 (Edjudina) a r e  hornblende-plagioclase microbreccias  wi th  minor qua r t z  
i n  a m i c r o l i t e - r i c h  groundmass. Sample 25076 (Edjudina) has pyroxene 
overgrown wi th  amphibole and set  i n  p l ag ioc la se .  The pyroxene may not  be 
primary. Samples 9110, 9112 and 9186 (Kalgoor l ie )  a l l  con ta in  amphibole. 
I n  sample 9110 hornblende i s  c l e a r l y  primary arkd t h e  rock seems t o  be 
a n d e s i t i c .  

Although t h e  in te rmedia te  rocks  have t h e  same genera l  range of tex-  
t u r e s  a s  t h e  f ine-grained ac id  rocks ,  t h e r e  is  a tendency towards a h igher  
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degree of c r y s t a l l i n i t y .  
charged with m i c r o l i t e s ,  though these  may be set i n  near ly  c ryptocrys ta l -  
l i n e  granular  o r  microgranul i t ic  ma te r i a l  s imi l a r  t o  t h a t  i n  t h e  more 
acid rocks. Gross t ex tu res  a r e  var iab le .  Most samples a r e  porphyr i t ic  
but many a r e  even grained and a t  l e a s t  one sample (25087,  Edjudina) i s  
s e r i a t e ,  though t h i s  may be a breccia o r  even a l i t t l e - t r a n s p o r t e d  
tuffaceous greywacke. 

They tend t o  have a groundmass which is 

A wide v a r i e t y  of rocks i n  t h e  Eastern Goldf ie lds  Province i s  
included under t h e  heading " f e l s i t e " .  Of t h e  rocks sampled, most abundant 
a r e  ac id  porphyries,  including both hypabyssal and flow rocks,  and a l k a l i n e  
porphyries,  probably mainly hypabyssal. A few a r e  intermediate between 
ac id  and bas i c  rocks, characterized by l i t t l e  o r  no quar tz ,  p lag ioc lase  of 
intermediate composition, a g rea t e r  abundance of mafic minerals than is 
common f o r  ac id  rocks,  and a tendency f o r  hornblende r a t h e r  than b i o t i t e  
t o  be prominent i n  t h e  mafic mineral s u i t e .  

Chemical evidence suggests t h a t  though a few of t h e  common f e l s i t e s  

may be gene t i ca l ly  r e l a t e d  t o  s p a t i a l l y  assoc ia ted  g ran i to id  rocks, most 
a r e  not.  

Many of t h e  groundmass t ex tu res  i n  t h e  po rphyr i t i c  f e l s i t e s  suggest 
d e v i t r i f i c a t i o n :  that i s ,  c r y s t a l l i z a t i o n  from g l a s s  a t  temperatures below 
the  so l idus  f o r  t h e  system. 

Despite t he  preservation of d e v i t r i f i c a t i o n  t ex tu res ,  some of which 
are q u i t e  d e l i c a t e ,  every sample s tud ied  has been a f f ec t ed  by secondary 
c r y s t a l l i z a t i o n .  Such r e c r y s t a l l i z a t i o n  i n  some rocks is  l imi ted  t o  seri- 
c i t i z a t i o n  of plagioclase.  
carbonat iza t ion  i s  rampant, o r  secondary co lou r l e s s  mica i s  abundant. I n  
rocks which have been even more a l t e r e d  t h e  groundmass has been r ec rys t a l -  
l i zed  t o  a granular mosaic, and mafic minerals a s  w e l l  as muscovite have 
developed a ho rn fe l s i c  tex ture .  F ina l ly ,  many samples have undergone 
thorough penet ra t ive  deformation with r e c r y s t a l l i z a t i o n  of groundmass 
minerals and breaking, bending, shearing and granula t ion  of phenocrysts. 

In others, p lag ioc lase  has been a l b i t i z e d ,  
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APPENDIX 

LOCATION OF SAMPLES 

Samples a r e  located according t o  1:250 000 map sheets  and the Austral ian 

Transverse Mercator Grid, i n  yards. The f i r s t  d i g i t  of each coordinate 

ind ica t e s  hundreds of thousands of yards. Four-digit coordinates have a 

precision of 1 0 0  yards, three-digi t  coordinates 1 000 yards. Accuracy i s  
less. Letter su f f ixes  on sample numbers have been omitted. 

E D J U D I N A  

15501 4 7 21/3 8 03 
15504 4568/3916 
15514 4545/3897 
15522 4 68 2/3 8 68 
15527 451-/375- 
15532 4722/37 95 
24808 5029/3159 
25033 4 57 0/3913 
25034 4 58 2/3 8 97 
25080 4841/39 63 
25081 4841/3963 
41484 441-/18 0- 

KALGOORLI E 

7900 43 5-/204- 

available 
9101 Not 

9102 
9103 
9110 427-/231- 
9112 420-/2 67- 
9130 4 4 6-/18 4- 
9153 3 88-/251- 
9186 416-/176- 

KURNALPI 

6884 51 0-/173- 
11020 Not 

available 
11050 4 586/23 60 
11052 46 00/2315 

I t  

It 

KURNALPI 

11053 
20919 
20926 
38647 
38659 
38660 

LAVERTON 

20984 
29962 
29972 
30800 
37803 
37805 
37807 
37810 
37814 
37818 
37820 
37821 
37822 
37823 
38121 
38127 
38132 
38135 
38684 
39018 
39029 

(CONT. ) 

48 6-/257- 
461-/222- 
464-/208- 
461-/221- 
475-/207- 
461-/207- 

5365/4597 
4684/4928 
4 881/488 5 
558-/432- 
5398/4655 
5440/4575 
5475/4635 
5385/4645 
5440/4630 
5563/4428 
5522/4426 
4 7 4 6/42 8 5 
47 4 6/42 8 5 
474 6/428 5 
534-/525- 
540-/522- 
543-/52 6- 
54 5-/522- 
474-/428- 
4 9 4 6/4149 
47 81/4 419 

3 3  

LEONORA 

32717 
32719 
32722 
32792 
32793 

32797 
32798 
32799 
38307 
38308 
39802 

MENZIES 

8885 
8886 
8887 
8889 
8894 
17 2 62 
17263 
17645 
20979 

4 2 8 5/ 4 9 3 3 
40 54/504 5 
3 4 4 5/ 51 5 8 
4060/4882 

N o t  
ava i l ab le  

4069/5031 
40 8 5/4 88 5 
414 0/4918 
4125/4 855 
4 23 0/4 93 0 
4 530/4580 

433-/366- 
450-/372- 
450-/378- 
4 4 9-/378- 
442-/394- 
4393/3982 
44 0 5/39 4 5 
3 513/2 898 
4088/3246 

WIDGIEMOOLTHA 

6523 4840/1500 
13143 4 99 6/08 59 
40860 4 2 -  99-/09 







P l a t e  I. Igneous tex ture :  p a r t i a l  resorpt ion of quartz phenocrysts. 

P l a t e  11. Igneous tex ture :  zoned euhedral p lag ioc lase  with rounded i n t e r n a l  zones. 



P l a t e  111. Igneous tex ture :  assor ted  resorbed quartz  and euhedral p lag ioc lase  
phenocrysts. 

P l a t e  Tv. Igneous tex ture :  d i f f e r e n t i a l  a l t e r a t i o n  showing r e l i c t  euhedral o s c i l -  
l a t o r y  zoning i n  plagioclase.  
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Plate V. Metamorphic fabric:  se r ic i t ized  mylonitic f e l s i t e .  

Plate V I .  Metamorphic fabric:  blastomylonitic f e l s i t e .  
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Plate VII. Metamorphic fabric: blastomylonitic felsite. 

Plate VIII. Metamorphic fabric: hornfelsic biotite in felsite. 
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Plate IX. Microcrystalline and micropoikilitic textures: microcrystalline 
groundmass texture. 

Plate X. Microcrystalline and micropoikilitic textures: microcrystalline ground- 
mass texture. 
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Plate XI. Microcrystalline and micropoikilitic textures: microcrystalline texture 
transitional to micropoikilitic (coarse) texture. 

Plate XII. Microcrystalline and micropoikilitic textures: micropoikilitic (coarse) 
texture. 
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Plate XIII. Microsymplectic textures: micropoikilitic (fine) texture. 

Plate XIV. Microsymplectic textures: micropoikilitic (fine) texture. 
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Plate XV. Microsymplectic textures: micropoikilitic texture in rock with relict 
perlitic cracks. 

Plate XVI. Microsymplectic textures: vermicular-granophyric texture, 
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Plate XVII. Microsymplectic textures: sheaf-like and equidimensional forms of 
vermicular-granophyric texture. 

Plate XVIII. Microsymplectic textures: vermicular-granophyric clots in microcrys- 
talline groundmass. 

4 4  



Plate XIX. Microsymplectic textures: microgr 

Plate XX. Microsymplectic textures: micrographic cores surrounded by vermicular- 
granophyric growidmass. 
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Plate X X I .  Microgranular and m i c r o l i t i c  texture2 microgranular t e x t u r e ,  

P l a t e  X X I I .  Microgranular and m i c r o l i t i c  texture:  microgranular t e x t u r e ,  
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P l a t e  X X I I I .  Microgranular and m i c r o l i t i c  tex ture :  micrcgranular t e x t u r e  i n  
f o l i a t e d  rock. 

P l a t e  XXIV.  Microgranular and m i c r o l i t i c  tex ture :  microli t ic t e x t u r e  with 
vermicular-granophyric groundmass. 
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Pla te  XXV. Various microtextures:  granophyric tex ture .  

P l a t e  X X V I .  Various microtextures: s p h e r u l i t e .  
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P l a t e  X X V I I .  Various microtextures: shard(?)  s t ruc ture .  

P la te  XXVIII. Various microtextures:  micropoik i l i t i c  patch i n  a Phanerozoic 
f e l s i t e ,  Baja Cal i forn ia ,  Mexico. 
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Pla te  X X I X .  Orb and r e l i c t  p e r l i t i c  tex tures :  orb t e x t u r e  i n  r e c r y s t a l l i z e d  
p e r l i t e .  

P l a t e  XXX. Orb and re l ic t  p e r l i t i c  tex tures :  orb tex ture ,  coarsely recrys ta l l ized .  
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P l a t e  X X X I .  Orb and re l ic t  p e r l i t i c  tex tures :  r e l i c t  p e r l i t i c  f r a c t u r e s .  

Plate X X X I I .  Orb and r e l i c t  p e r l i t i c  tex tures :  r e l i c t  p e r l i t i c  f r a c t u r e s .  
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