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FOREWORD 

The fou r  papers  i n  t h i s  Report cover var ious  a spec t s  of  t h e  
petrography of f e l s i c  igneous rocks of t h e  Eas te rn  Goldf ie lds  Province. 
Each paper is r e s t r i c t e d  i n  scope, bu t  t oge the r  they  touch on a wide 
range of problems wi th in  t h e  f e l s i c  igneous spectrum. 

Three of t h e  papers inc lude  d iscuss ion  of g r a n i t o i d  rock. This  
r e f l e c t s  an inc reas ing  awareness t h a t  t h e  geologica l  framework of  t h e  
Eastern Goldf ie lds  cannot be understood through s tudy o f  t h e  greenstone 
b e l t s  a lone.  On t h e  o t h e r  hand, f e l s i t e s  and a l k a l i n e  rocks from t h e  
greenstone b e l t s  a r e  considered i n  two of  t h e  papers. 

Mildly a l k a l i n e  rocks are t h e  sub jec t  of t w o  of t h e  papers .  To 
my knowledge these  rocks have n o t  previously been descr ibed  a s  a 
coherent  s u i t e  i n  t h e  Eas te rn  Goldfields .  The p o t e n t i a l  economic and 
pe t rogenet ic  s i g n i f i c a n c e  of  t h e  s u i t e  j u s t i f i e s  t h e i r  s tudy  a t  t h e  
expense of more abundant ma te r i a l .  

The Eastern Goldf ie lds  Province cont inues t o  be a major 
con t r ibu to r  t o  t h e  mineral  weal th  of  Western Aus t r a l i a .  The 
pe t rogenet ic  s t u d i e s  presented here  should a i d  t h e  e f f o r t  t o  under- 
s tand  t h e  rocks of  t h e  a rea  and a s s i s t  i n  t h e  development of  t h i s  
wealth. 

7 th  August, 1978 
J . H .  Lord 
DIRECTOR 
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TEXTURE OF FELSITE 

by 

W.G. Libby 

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.  
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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  

28 



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.  

37 



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. 

39 



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. 
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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. 

4 7  



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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P A R T  I 1  

REGIONAL VARIATION IN GR4NITIC ROCK 



QEGIONAL VARIATION I N  GRANITIC ROCK 

by 

W.G. Libby 

ABSTRACT 

Homogeneous t o  f o l i a t e d  g r a n i t o i d s  dominate t h e  rock s u i t e  of t h e  
Eastern Goldfields  Province. B e l t s  of  s i m i l a r  t e x t u r e  and composition 
tend t o  be p a r a l l e l  t o  t e c t o n i c  b e l t s  def ined by t h e  t r end  of metamorphic 
sup rac rus t a l  rocks and gne i s ses .  

C a t a c l a s t i c  t e x t u r e s  record mild t o  seve re  p e n e t r a t i v e  deformation 
throughout t h e  area.  R e c r y s t a l l i z a t i o n  t e x t u r e s  a s  w e l l  a s  t h e  secondary 
minerals ,  epidote ,  carbonate ,  p r e h n i t e  and pumpellyite,  record mild b u t  
gene ra l  metamorphic o r  d e u t e r i c  r e c r y s t a l l i z a t i o n .  This  gene ra l  low- 
o rde r  r e c r y s t a l l i z a t i o n  i s  punctuated l o c a l l y  by more thorough metamorphic 
r e c r y s t a l l i z a t i o n  i n  g n e i s s i c  b e l t s .  

F l u o r i t e  i s  notably common a s  an accessory mineral  throughout t h e  
area.  F l u o r i t e ,  sphene, z i r con ,  and a l l a n i t e  a r e  va r ious ly  concentrated 
i n  s e v e r a l  a r eas .  

INTRODUCTION 

Grani toid rocks c o n s t i t u t e  about 70 per c e n t  of t h e  su r face  a r e a  of 
s o l i d  rock i n  t h e  Eastern Go ld f i e lds  Province (F ig .1 ) .  Despi te  t h e i r  
importance, t h e s e  rocks have received l i t t l e  s e r i o u s  a t t e n t i o n  u n t i l  
r ecen t ly .  

Much of t h e  Eas t e rn  Go ld f i e lds  Province was mapped by t h e  Geological 
Survey of Western A u s t r a l i a  between 1963 and 1 9 7 4 .  I n  t h e  course of t h i s  
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work samples of g r a n i t o i d  rock were c o l l e c t e d .  Information from t h i n  
s e c t i o n s  of t h e s e  samples w a s  used i n  mapping b u t  no i n t e g r a t e d  present-  
a t i o n  of t h i s  material  has  been a v a i l a b l e .  

The present  work is  a summary of t h e  petrographic  c h a r a c t e r i s t i c s  of 
g r a n i t o i d  rocks,  toge ther  wi th  a semi-quant i ta t ive study of r e g i o n a l  v a r i -  
a t i o n  i n  composition over a more l i m i t e d  a r e a .  The d a t a  Eas been drawn 
from t h i n  s e c t i o n s  prepared by t h e  Geological  Survey i n  t h e  course  of 
reg iona l  mapping, supplemented w i t h  m a t e r i a l  c o l l e c t e d  s p e c i f i c a l l y  f o r  
t h i s  e x e r c i s e  by I . R .  W i l l i a m s .  Almost a l l  t h e  samples w e r e  c o l l e c t e d  
s i n c e  1960. 

The a r e a  of s tudy  t o g e t h e r  wi th  a genera l ized  p i c t u r e  of t h e  geologi- 
cal  framework of t h e  Uilgarn Block i s  shown i n  Figure 1. Places  mentioned 
i n  t h e  t e x t  are loca ted  i n  F igure  11. 

PRE?JIOUS WORK 

Archibald and Bettenay ( i n  p re s s )  have i n t e r p r e t e d  t h e  b a s i c  a rch i -  
t e c t u r e  of t h e  Eas te rn  Goldf ie lds  Province i n  t e r m s  of ' g r a n i t e  t e c t o n i c s ' .  
Some of t h i s  work has  been summarized by Binns and Marston (1976).  Binns, 
Gunthorpe and Groves (1976) b r i e f l y  considered t h e  r e l a t i o n  between region- 
a l  metamorphism of greenstone b e l t s  and d i s t r i b u t i o n  of g r a n i t o i d s .  L e w i s  

and G o w e r  (1978) have descr ibed  t h e  a l k a l i n e  rocks of t h e  F i t z g e r a l d  Peaks, 
and Roddick, Compston and Durney (1976) have used g r a n i t e  t e x t u r e s  i n  t h e  
i n t e r p r e t a t i o n  of i s o t o p i c  data  from t h e  S i r  Samuel s h e e t  area. G r a n i t i c  
rocks have been da ted  i s o t o p i c a l l y  i n  t h e  area of s tudy by Turek (1966),  
Turek and Compston (1971) and Oversby (1975). 

Aspects of g r a n i t o i d  rocks of t h e  Eas te rn  Goldf ie lds  Province have 
been considered by Glikson and Lambert (1973) and Glikson and Sheraton 
( 1 9 7 2 ) .  O'Beirne (1968) d iscussed  t h e  r e l a t i o n  of g r a n i t o i d s  wi th  
p o r p h y r i t i c  f e l s i t e s .  

Most reg iona l  s t u d i e s ,  inc luding  explanatory notes  f o r  map s h e e t s ,  
have mentioned g r a n i t o i d  rocks;  of p a r t i c u l a r  i n t e r e s t  are d i s c u s s i o n s  by 
G o w e r  and Bunting (1976) on t h e  Leonora s h e e t  a r ea .  
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Other reg iona l  mapping p r o j e c t s  which cont r ibu ted  data are: 
Boorabbin (Sofoul is  , 1963) , Cundeelee (Bunting 
and van de Graaff ,  1977) ,  Edjudina ( W i l l i a m s  
and o t h e r s ,  1976) ,  Kalgoorl ie  (Kriewaldt,  1969) , 
Kurnalpi (Williams , 1970) , Laverton (Gower  , 
1974) ,  Menzies (Kriewaldt,  1970) , Minigwal 
(Bunting and Boegli ,  1977) , N e a l e  (van de 
Graaff and Bunting, 1975) ,  Norseman (Doepel, 
1973) , Rason (Gower and Boegli ,  1977) , 
Widgiemooltha (Sofoul i s ,  1966) and Zanthus 
(Doepel and Lowry, 1970).  

The r e l a t i o n  of t h e s e  s h e e t s  t o  t h e  area of t h e  p r e s e n t  s tudy i s  shown i n  
Figure 2. 

TERMINOLOGY AND NOMENCLATURE 

The t e r m  "grani to id"  inc ludes  a l l  coarse-grained c r y s t a l l i n e  s i l icate  

Metamorphic g n e i s s  and g r a n o f e l s  ( t e x t u r a l  g r a n u l i t e )  are included 
rocks wi th  a co lour  index less than  40 and p l a g i o c l a s e  less calcic  than  

?inso. 
as w e l l  as rocks with igneous t e x t u r e .  A s  a d j e c t i v e s ,  both "grani to id '  
and " g r a n i t i c "  are used when t h e  s u b j e c t  i s  similar t o  a g r a n i t e  b u t  does 
n o t  n e c e s s a r i l y  conform t o  t h e  restricted d e f i n i t i o n  of t h e  term. I n s o f a r  
as t h e r e  is a d i f f e r e n c e  i n  t h e  terms, " g r a n i t i c "  i s  used when t e x t u r e  i s  
emphasized, "grani to id"  when composition is  stressed. Gneiss,  unqual i f ied ,  
is a rock of g r a n i t o i d  composition wi th  s u b s t a n t i a l  g r a i n  o r i e n t a t i o n ,  
compositional layer ing ,  o r  both.  Because of t h e  d i f f i c u l t y  i n  ass igning  
such f o l i a t i o n  t o  metamorphic deformation or p r o t o c l a s t i c  flow, u s e  of t h e  
word 'bneiss" does n o t  mean t h e  rock is  metamorphic. However, where g n e i s s i c  
s t r u c t u r e  is c l e a r l y  igneous,  t h e  t e r m  "gne iss ic  g r a n i t o i d "  is appl ied.  

D e f i n i t i o n s  of t h e  more s p e c i f i c  rock names (Fig.3) fol low St recke isen  
(1973) except  t h a t  t h e  g r a n i t e ,  quar tz  s y e n i t e ,  and s y e n i t e  f i e l d s  of 
S t recke isen  are divided a t  35 p e r  c e n t  p l a g i o c l a s e  t o  r e t a i n  f i e l d s  f o r  
adamellite, quar tz  monzonite and monzonite. 

A s m a l l  b u t  important  subse t  of rocks of t h e  area are a l k a l i n e .  
Grani toid rocks which d o  n o t  belong t o  t h e  a l k a l i n e  s u b s e t  are termed 
subalkal ine.  
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Figure 2. Index to 1:250 000 geological maps in the area of 
study (GSWA 17317). 

Textural terms are largely conventional, self explanatory or defined 
in the text. 
only in modest current use is "seriate", "A term suggested for variety of 
granular rocks in which the sizes of crystals vary gradually or in a 
continuous series" (Johannsen, 1939, p.233). 

A very useful term, applicable to many of these rocks but 
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1c 

Figure 3 .  C l a s s i f i c a t i o n  and nomenclature of g r a n i t o i d  rock 
(GSWA 17318).  

REFERENCE TO SAMPLES 

Throughout t h e  t e x t  r e fe rence  t o  s p e c i f i c  samples c o n s i s t s  of t h e  
Geological Survey f i e l d  sample number followed by t h e  name of t h e  
1:250 000 s h e e t  covering t h e  l o c a l i t y  where t h e  sample was c o l l e c t e d .  
The Aus t r a l i an  Transverse Mercator yard g r i d  l o c a t i o n  f o r  each sample 
mentioned i n  t h e  t e x t  is  l i s t e d  i n  t h e  Appendix. 
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PETROGRAPHY 

This  s e c t i o n  inc ludes  observa t ions  on t h i n  s e c t i o n s  and s t a i n e d  s l a b s  of 
t h e  suba lka l ine  g ran i to ids .  Alkal ine rocks  a r e  d iscussed  i n  a s e p a r a t e  paper 
(Libby, 1978). 

MINERALOGY 

GENERAL 

The g r a n i t o i d  rocks  of t h e  Eas te rn  Goldf ie lds  Province range from t r u e  
g r a n i t e  through t o n a l i t e ,  bu t  a r e  c l u s t e r e d  i n  t h e  adamel l i t e  t o  g r a n o d i o r i t e  
f i e l d .  B i o t i t e  adamel l i t e  is  t h e  c h a r a c t e r i s t i c  rock.  Thus, major f e l s i c  
minera ls  a r e  quar tz ,  p l ag ioc la se  and potassium fe ldspa r .  The manner i n  which 
these  minera ls  a r e  combined i n  ind iv idua l  rocks  is shown i n  F igures  4 , 5 , 

6 and 7 which a r b  descr ibed  l a t e r .  

B i o t i t e  is almost ub iqui tous ,  b u t  o t h e r  mafic  minera ls  i nc lude  amphibole 
and pyroxene, p a r t i c u l a r l y  i n  t o n a l i t i c  and a l k a l i n e  phases. Colour less  mica 
is a common secondary mineral. Minor primary minera ls  inc lude  z i r con ,  
a p a t i t e ,  tourmaline,  sphene, a l l a n i t e ,  f l u o r i t e  and opaques. Secondary 
minera ls  inc lude  ep idote ,  c h l o r i t e ,  sericite,  p rehn i t e ,  pumpellyi te ,  carbon- 
a t e ,  and garne t .  Weathering has produced c l a y s  and hydrous i r o n  oxide.  

MAJOR FELSIC MINEFZALS 

Q u a r t z  

Quartz is abundant i n  most o f  t h e s e  rocks ,  probably averaging about 30  
per  cen t .  The average of v i s u a l  estimates is 26 per  c e n t ,  b u t  t h i s  is 
probably s l i g h t l y  below t h e  t r u e  va lue ,  and a l s o  inc ludes  quartz-poor rocks 
of t h e  a l k a l i n e  s u i t e ,  Quartz ranges from n i l  t o  about  50 pe r  c e n t .  Each 
of t h e  rocks wi th  about  50 pe r  c e n t  quar tz  is gne i s s i c .  Independent evidence 
suggests  t hese  gne i s ses  may be metasedimentary. The g r a n i t o i d s  wi th  less 
than 2 0  per  c e n t  quar tz  c o n s t i t u t e  a d i s t i n c t i v e  group which i s  considered i n  
a s epa ra t e  paper (Libby, 1 9 7 8 )  on a l k a l i n e  and quartz-poor rocks.  
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Throughout t h e  Eas te rn  Goldf ie lds  Province,  quar tz  i n  g r a n i t o i d s  
t y p i c a l l y  shows some evidence of mild pene t r a t ive  deformation. 
commonly, it is  s t r a i n e d  o r  granulated.  
been r e c r y s t a l l i z e d ,  forming coarse ,  equant g r a i n s ,  convex a g a i n s t  f e ld -  
spa r s ,  o r  equant b lebs  wi th in  f e ldspa r .  

Most 
L e s s  commonly it seems t o  have 

Many samples have l a r g e ,  i r r e g u l a r  masses of quar tz  wi th  uniform 
ex t inc t ion ;  t hese  are t y p i c a l l y  seve ra l  t i m e s  longer  than wide, and sinuous 
i n  shape (Plate X X I I ) .  

coalescence of 5 t o  1 0  ad jacent  quar tz  g ra ins .  A few fe ldspa r  g r a i n s  may 
be enclosed, bu t  t h e  a spec t  i s  not  p o i k i l i t i c .  This may be another  mani- 
f e s t a t i o n  of the  r e c r y s t a l l i z a t i o n  of quar tz .  
17660 (Menzies) is  more than 1 c m  long and averages 2.5 mm wide i n  t h e  
plane of t h e  t h i n  sec t ion .  

The dimensions and shape are appropr i a t e  f o r  t h e  

Such a g r a i n  i n  sample 

Fe Zdspars 

Plagioc lase  i n  t h e  g ran i to id  rocks ranges from a l b i t e  t o  andesine.  
Determinations on 260 samples i n d i c a t e  an average 13 per  cen t  a n o r t h i t e  
(s tandard dev ia t ion  of 7 ) .  Throughout t h i s  s tudy,  p l ag ioc la se  has  been 
determined from e x t i n c t i o n  angles  normal t o  t h e  c rys t a l log raph ic  a ax i s  
on t h e  f l a t  s t a g e  (conversion from angles  t o  composition according t o  t h e  
curves of Tobi (1963) a f t e r  Kohler).  

The s ign i f i cance  of t h e  average p l ag ioc la se  composition i s  doubt fu l ,  
a s  most p l ag ioc la se  has  been a l t e r e d ,  e i t h e r  f i l l e d  wi th  s a u s s u r i t i c  
ep idote  ,or as 'sociated wi th  i n t e r s t i t i a l  epidote .  I n  e i t h e r  case t h e  
p lag ioc lase  probably is  less c a l c i c  than when o r i g i n a l l y  c r y s t a l l i z e d .  

An unusual a l t e r a t i o n  e f f e c t  was not iced i n  seve ra l  samples (Plate  X). 
The co re  of t h e  p l ag ioc la se ,  pre'sumably o r i g i n a l l y  c a l c i c ,  i s  crowded with 
ep idote ,  and has  a uniform ex t inc t ion  angle  appropr ia te  f o r  a moderate 
calcium content .  Outside t h e  a l t e r e d  core ,  t h e  e x t i n c t i o n  angle  changes 
abrupt ly  t o  a va lue  appropr i a t e  f o r  a s l i g h t l y  more c a l c i c  composition, 
before  varying gradual ly  t o  t h e  a l b i t i c  r i m .  
angles  a r e  r e f l e c t i n g  only t h e  r a t i o  of Na:Ca, and not  s t r u c t u r a l  s t a t e ,  o r  
varying propor t ions  of another  ion ( ? K ) ,  t h e  inc rease  i n  calcium ou t s ide  
t h e  a l t e r e d  co re  i s  puzzling. I f  t h e  ou te r  zone w e r e  t he  product of 

Assuming t h a t  t h e  ex t inc t ion  
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conventional r eve r se  zoning, it, a s  w e l l  a s  t h e  i n n e r  zone, should be 
a l t e r e d .  Assuming t h a t  t h e  c o r e  composition was t h e  equi l ibr ium composi- 
t i o n  under t h e  cond i t ions  of a l t e r a t i o n ,  it may be t h a t  a f i n i t e  amount of  
Ca above t h e  equi l ibr ium composition was necessary t o  cause t h e  nuc lea t ion  
of epidote .  Once ep ido te  had nucleated,  t h e  proport ion of Ca i n  t h e  
p l a g i o c l a s e  decreased t o  t h e  equi l ibr ium composition, b u t  where Ca w a s  
i n s u f f i c i e n t l y  i n  excess  of equi l ibr ium t o  n u c l e a t e  ep ido te  t h e  p l a g i o c l a s e  
remained metastably more c a l c i c  t han  t h e  equi l ibr ium composition. 

P l ag ioc la se  commonly i s  subhedral though it ranges from anhedral ,  
p a r t i c u l a r l y  i n  gne i s ses ,  t o ,  r a r e l y ,  euhedral.  The o v e r a l l  t e x t u r e s  of 
rocks,  t o  which p l ag ioc la se  con t r ibu ted  s i g n i f i c a n t l y ,  a r e  considered i n  
a s e p a r a t e  s ec t ion .  

Potassium f e l d s p a r  i s  almost i nva r i ab ly  microcl ine with well-developed 
"M" ( p l a i d ,  o r  cross-hatch) twinning. Usually it i s  anhedral;  where 
c r y s t a l  f a c e s  appear they commonly a r e  developed a g a i n s t  qua r t z .  Rarely,  
b u t  most commonly i n  a l k a l i n e  rocks,  l a r g e  phenocrysts a r e  quasi-euhedral 
a g a i n s t  a l l  o t h e r  minerals .  Fine f i l m  p e r t h i t e  i s  developed i n  t h e  g r e a t  
ma jo r i ty  of  microcl ine g r a i n s ,  and i n  t h e  a l k a l i n e  rocks t h e  a l k a l i  
f e ldspa r  i s  mesoperthi t ic .  The development of p e r t h i t e  i s  discussed i n  
g r e a t e r  d e t a i l  i n  t h e  s e c t i o n  on t e x t u r e s .  

QUARTZ AND FELDSPAR RATIOS 

I n  f e l s i c  rocks,  v a r i a t i o n s  i n  t h e  proport ions of qua r t z ,  p l a g i o c l a s e  
and potassium f e l d s p a r ,  along wi th  d i f f e r e n c e s  i n  t h e  composition of 
p l ag ioc la se ,  account f o r  most of t h e  v a r i a t i o n  i n  chemical composition, 
and a r e  t h e  b a s i s  f o r  most mineralogical  c l a s s i f i c a t i o n s .  Thus, t h e s e  
r e l a t i o n s  have been s tud ied  i n  some d e t a i l .  

Rat ios  of major minerals  i n  g r a n i t i c  rocks are d i f f i c u l t  t o  a s ses s .  
Normal t h i n  s e c t i o n s  a r e  t o o  s m a l l  t o  g i v e  a s t a t i s t i c a l l y  v a l i d  sample. 
To supplement and check estimated d a t a  from t h i n  s e c t i o n s ,  77 hand spec i -  
mens w e r e  sawn and s t a ined  t o  provide l a r g e r  samples. Both techniques 
w e r e  used on 1 9  samples, and provided a means of comparing t h e  techniques.  
Very s i g n i f i c a n t  d i f f e r e n c e s  between t h e  two methods emphasize t h a t  a t  
l e a s t  one of  t h e  techniques has provided only semi-quant i ta t ive d a t a .  

6 1  



The r e s u l t s  of counts from s t a ined  s l a b s  and es t imates  of composition 
from t h i n  sec t ions  a r e  shown i n  Figures 7 and 4 r e spec t ive ly .  

T h i n - s e c t i o n  d a t a  

Proportions of qua r t z ,  p l ag ioc la se  and potassium fe ldspa r  w e r e  v i sua l -  
l y  estimated i n  289 t h i n  s e c t i o n s  from e i g h t  1:250 000 shee t s :  Leonora, 
Laverton, Menzies, Edjudina, Kalgoorlie,  Kurnalpi, Boorabbin and Widgie- 
mooltha (F ig .2 ) .  The composition of p l ag ioc la se  was determined i n  most of 
t h e s e  sec t ions .  

I n  p r i n c i p l e ,  t h e  f e l d s p a r s  a r e  c l a s s i f i e d  according t o  S t r ecke i sen  
(1973); t h a t  is ,  p l ag ioc la se  composed of less than 5 per  c e n t  a n o r t h i t e  
is  included with potassium fe ldspa r  a s  a l k a l i  f e ldspa r .  However, t h e r e  
a r e  seve ra l  d i f f i c u l t i e s  wi th  t h i s  procedure: g r a i n s  may be zoned through 
An5, t h e  a l b i t i c  composition of a g r a i n  may be secondary, and t h e  exac t  
composition is  o f t e n  d i f f i c u l t  t o  determine. Thus, f e l d s p a r  d a t a  w a s  
apportioned i n  two ways. F i r s t ,  a l l  non-potassic f e l d s p a r ,  a l b i t e  a s  w e l l  
a s  more calcic p lag ioc la se ,  was combined as p lag ioc la se ;  potassium fe ldspa r  
t oge the r  with p e r t h i t e  c o n s t i t u t e d  a l k a l i  f e ldspa r .  Second, a l b i t e  (less 
than 5 per  c e n t  a n o r t h i t e )  w a s  included wi th  potassium f e l d s p a r  and per- 
t h i t e  a s  a l k a l i  f e ldspa r ;  on ly  t h e  more c a l c i c  f e l d s p a r s  w e r e  c a l l e d  
p lag ioc lase .  More p r e c i s e l y ,  i n  t h e  second grouping, p l ag ioc la se  was 
included with potassium f e l d s p a r  when t h e  rock f a i l e d  t o  produce a s i g n i -  
f i c a n t  amount of p l ag ioc la se  more c a l c i c  than An5. Grains w e r e  counted as 
p lag ioc lase  i f  t h e  composition ranged above An5 even i f  t h e  rims of g r a i n s  
f e l l  below t h a t  value.  

Calculated according t o  t h e  f i r s t  method ( a l b i t e  with p l a g i o c l a s e ) ,  
t h e  average p l ag ioc la se  con ten t  of t h e  g r a n i t o i d s  sampled is  41 per  cen t  
( s = 15) and a l k a l i  f e ldspa r  (K-feldspar o n l y ) ,  33 per  c e n t  (s = 1 6 )  , 
where s is  t h e  standard dev ia t ion .  Calcualted according t o  t h e  second 
method ( a l b i t e  with K-feldspar a s  a l k a l i  f e l d s p a r ) ,  t h e r e  i s  l i t t l e  d i f f e r -  
ence; t h e  average p lag ioc la$e  (>An5) is 35 per  c e n t  ( s  = 1 9 )  and a l k a l i  
f e l d s p a r ,  39 pe r  c e n t  ( s  = 2 1 ) .  The r a t i o  of mean a l k a l i  f e ldspa r  t o  mean 
p l ag ioc la se  p l aces  t h e  average rock i n  t h e  adamel l i t e  f i e l d  i n  e i t h e r  case. 
The average composition is i n  t h e  g ranod io r i t e  s i d e  of t h e  adamel l i t e  f i e l d  
i n  t h e  f i r s t  case, and i n  t h e  g r a n i t e  s i d e  i n  t h e  second. 
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Visual  e s t ima tes  of propor t ions  of qua r t z ,  p l ag ioc la se  and a l k a l i  
f e ldspa r  from ind iv idua l  samples have been r eca l cu la t ed  t o  1 0 0  and p l o t t e d  
on t h e  t r i a n g u l a r  diagrams (Figs 4 ,  5 ) .  I n  Figure 4 t h e  f e l d s p a r s  have 
been apportioned according t o  t h e  f i r s t  method ( a l b i t e  with p l ag ioc la se )  
and i n  F igure  5, according t o  t h e  second method ( a l b i t e  w i th  a l k a l i  
f e l d s p a r ) .  Most e s t ima tes  were t o  t h e  n e a r e s t  5 per  c e n t ,  and r e s u l t  i n  
nodes a t  5 pe r  c e n t  i n t e r v a l s .  Where two o r  more po in t s  have t h e  same 
value ,  p o i n t s  a r e  o f f s e t  s l i g h t l y  f o r  l e g i b i l i t y  bu t  r e s u l t  i n  c l u s t e r s  
about t h e  nodes. 

The p l o t t e d  po in t s  i n  F igure  4 ,  where a l b i t e  is  included wi th  
p l ag ioc la se  r a t h e r  than wi th  a l k a l i  f e l d s p a r ,  show t h a t  adamel l i t e  i s  t h e  
dominant rock type.  This  is  c o n s i s t e n t  wi th  t h e  mean qua r t z  and f e l d s p a r  
r a t i o s  considered above. Granodior i te  is  a l s o  abundant, and g r a n i t e  and 
t o n a l i t e  are common. Potassium f e l d s p a r  g r a n i t e s  without s i g n i f i c a n t  
a l b i t e  are r a r e .  The quartz-poor rocks  - s y e n i t e ,  quar tz  s y e n i t e ,  monzon- 
i t e ,  monzodiorite and quar tz  monzodiorite - a r e  reasonably w e l l  r epresented  
a s  a group. 
amphibole. 

These a r e  a l k a l i n e  rocks wi th  a l k a l i  pyroxene and a l k a l i  

D i o r i t e  and quar tz  d i o r i t e  a r e  poorly represented .  Considering t h e  
d i f f i c u l t y  i n  determining t h e  composition of primary p l ag ioc la se  which has 
been degraded through s a u s s u r i t i z a t i o n ,  some d i o r i t e s  and r e l a t e d  rocks  
may have been i d e n t i f i e d  a s  gabbro, and not  included i n  t h e  g r a n i t o i d s  
i n  t h i s  p a r t  of t h e  study. 

In  Figure 5 where a l b i t e  has been included wi th  potassium f e l d s p a r  as 
a l k a l i  f e ldspa r ,  a l b i t i c  samples which p l o t t e d  i n  t h e  body of F igure  4 have 
migrated t o  t h e  l e f t  margin of t h e  t r i a n g l e ,  along t h e  a l k a l i  f e ldspa r -  
quar tz  j o i n .  Because t h e  migra t ing  samples are def ined  a s  being f r e e  of 
Ca-bearing p l ag ioc la se ,  a l l  such samples l i e  s t r i c t l y  on t h e  j o i n  d e s p i t e  
approximations i n  p l o t t i n g  t o  accommodate a l l  of t h e  po in t s .  
shows t h e  p l o t t e d  p o s i t i o n s  of migra t ing  samples be fo re  migration. The 
migrating samples are d i s t r i b u t e d  over t h e  diagram very much i n  t h e  same 
way a s  t h e  p lag ioc lase-bear ing  samples. 
a t e  with samples having a l a r g e  propor t ion  of potassium f e l d s p a r .  F a i l u r e  
of g r a n i t o i d s  wi th  a l b i t i c  p l ag ioc la se  a l s o  t o  have abundant potassium 
fe ldspa r  suggests t h a t  t h e  a lb i te -bear ing  rocks may have been generated 
randomly from rocks wi th  var ious  p l ag ioc la se  compositions by secondary 
a l b i t i z a t i o n  consequent on d e u t e r i c  a l t e r a t i o n  o r  metamorphism. Thus 

F igure  6 

The a l b i t i c  samples do no t  c o r r e l -  
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QUARTZ 

Figure 4 .  Modal qua r t z ,  p l ag ioc la se ,  and potassium f e l d s p a r .  
A l b i t e  i s  p l o t t e d  a s  p l ag ioc la se .  Data are from 
t h i n  s e c t i o n s .  (GSWA 17319) 

Figure 4 would seem t o  be more e f f i c i e n t  than Figure  5 as an e s t ima te  of 
mineral p ropor t ions  i n  t h e  rock immediately a f t e r  c r y s t a l l i z a t i o n .  

Data from s t a i n e d  s l a b s  

One hundred and twenty four samples f o r  s t a i n i n g  were c o l l e c t e d  i n  
1973 by I.R. W i l l i a m s ,  mainly from t h e  Kalgoor l ie ,  Boorabbin, and Widgie- 
mooltha shee t s ,  and t h e  western t h i r d  of t h e  Menzies shee t .  Sca t t e red  
samples a r e  from t h e  Leonora, Cundeelee and Balladonia shee t s .  The rocks 
w e r e  sawn, etched wi th  hydrof luor ic  a c i d ,  and s t a ined  with sodium 
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QUARTZ 

Figure 5. Modal qua r t z ,  p l ag ioc la se ,  and potassium fe ldspa r .  
A lb i t e  is p l o t t e d  a s  a l k a l i  f e ldspa r .  Data are from 
t h i n  sec t ions .  (GSWA 17320) 

c o b a l t i n i t r i t e ,  leaving qua r t z  clear, p l ag ioc la se  chalky-white, and potas- 
sium fe ldspa r  b r i g h t  yellow. About 1 000 p o i n t s  were counted on each rock 
by noting t h e  mineral  a t  t h e  i n t e r s e c t i o n  of g r i d  l i n e s  ru l ed  a t  a spacing 
of 4 mm on a p l a s t i c  over lay .  

Some of t h e  samples w e r e  c o l l e c t e d  o u t s i d e  t h e  study a r e a ,  and o t h e r s  
were e i t h e r  too  f i n e  gra ined  f o r  p o i n t  counting o r  f a i l e d  t o  s t a i n  ade- 
qua te ly .  Seventy-seven samples w e r e  chosen f o r  f u r t h e r  study. Although 
potassium f e l d s p a r  was w e l l  s t a i n e d  i n  most samples, t h e  d i s t i n c t i o n  
between p l ag ioc la se  and qua r t z  w a s  obscured i n  many cases  by a tendency of 
p l ag ioc la se  i n  some samples t o  remain g l a s sy ,  l e s sen ing  i t s  c o n t r a s t  w i th  
t h e  g l a s sy  quar tz .  Repet i t ion  of p o i n t  counting on s e v e r a l  samples by a 
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QUARTZ 

Figure 6. Modal qua r t z ,  p lag ioc lase  and potassium fe ldspa r .  
Only samples i n  which p l ag ioc la se  is  a l b i t i c .  
A lb i t e  is  p l o t t e d  a s  p lag ioc lase .  Data a r e  from 
t h i n  sec t ions .  (GSWA 17321)  

second opera tor  confirmed t h a t  quar tz :p lag ioc lase  r a t i o s  were l e s s  r e l i a b l e  
than t o t a l  potassium fe ldspa r  values .  Average d i f f e r e n c e s  between va lues  
obtained by t h e  second opera tor  and those  by t h e  f i r s t  opera tor  w e r e :  
potassium fe ldspa r ,  -3 per  cent :  qua r t z ,  - 3 . 5  per  cen t ;  and p l ag ioc la se ,  
+6.5 per  cent .  The repor ted  va lues  probably a r e  no more accurate than 5 
per c e n t ,  but  t h e  e r r o r s  w e r e  q u i t e  sys temat ic ,  suggest ing t h a t  r e l a t i v e  
values  a r e  more use fu l .  

Q u a r t z  and f e ldspa r  d a t a  from s t a ined  s l a b s  have been p l o t t e d  on a 
t r i a n g u l a r  diagram i n  Figure 7. The genera l  p a t t e r n  is  s i m i l a r  t o  t h a t  of 
Figure 4 ,  which is  a p l o t  of d a t a  from t h e  t h i n  sec t ions ,  descr ibed  above. 
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I n  both diagrams, t h e  average composition is  i n  t h e  g r a n o d i o r i t e  s i d e  of 
t h e  adamel l i t e  f i e l d .  The d a t a  from s l a b s  d i f f e r  from th in - sec t ion  d a t a  
mainly i n  t h e  more r e s t r i c t e d  compositional range and t h e  g r e a t e r  
apparent propor t ion  of qua r t z .  Probably quar tz  was both overestimated i n  
s t a ined  s l a b s  and underestimated i n  t h i n  sec t ions .  The more r e s t r i c t e d  
compositional range among s t a i n e d  s l a b s  may be p a r t l y  due t o  r e j e c t i o n  
of s y e n i t e  and monzonite, as they  commonly a r e  po rphyr i t i c  with a medium- 
gra ined  matrix which would be u n s u i t a b l e  f o r  counting under low-power 
magni f ica t ion .  Samples f o r  s t a i n i n g  w e r e  c o l l e c t e d  predominantly from t h e  
more p o t a s s i c  western zone and t h e  t h i n  s e c t i o n  samples w e r e  c o l l e c t e d  
mainly from t h e  less p o t a s s i c  e a s t e r n  zone. This may expla in  t h e  l o w e r  
p ropor t ion  of g ranod io r i t e  and t o n a l i t e  among t h e  s t a i n e d  rocks.  

Although some of t h e  d i f f e r e n c e  between d a t a  from t h i n  s e c t i o n s  and 
da ta  from s l a b s  is  r e a l ,  some is  an a r t i f a c t  of t h e  techniques.  To s tudy  
t h e  e f f e c t  of t h e  techniques on t h e  r e s u l t s ,  1 9  of t h e  samples with t h i n -  
s e c t i o n  d a t a  w e r e  a l s o  slabbed. The average d i f f e r e n c e  i n  percentage 
between t h e  t h i n  s e c t i o n  and s l a b  va lues  f o r  each mineral  was ca l cu la t ed .  
S t a t ed  as mean (x) and standard d e v i a t i o n  (s) , t h e s e  d i f f e r e n c e s  are: 
potassium fe ldspa r ,  x = -1.4, s = 9.6; p l ag ioc la se ,  x = -8.6, s = 13.2; 
qua r t z ,  = +11.1, s = 6.0. Di f fe rences  are p o s i t i v e  when t h e  mineral  
seems more abundant i n  s t a ined  s l a b s  than  i n  t h i n  sec t ions .  The s m a l l  
d i f f e r e n c e  between t h i n  s e c t i o n  and s l a b  r e s u l t s  f o r  potassium f e l d s p a r  
sugges ts  t h a t  t h e  d a t a  f o r  t h i s  minera l  a r e  r e l i a b l e .  The p l ag ioc la se  
and quar tz  d a t a  seem less r e l i a b l e .  

- - 

MAJOR MAFIC MINERALS 

The mafic s u i t e  i n  t h e  g r a n i t o i d  rocks of t h e  Eas te rn  Goldf ie lds  
Province is  dominated by brown b i o t i t e ,  bu t  a few samples, e s p e c i a l l y  
t o n a l i t e  and a l k a l i n e  rocks ,  con ta in  amphibole. Pyroxene is  a primary 
mineral  i n  a l k a l i n e  rocks  and is  a metamorphic phase i n  some g n e i s s i c  
g ran i to ids .  
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QUARTZ 

Figure 7. Modal qua r t z ,  p l ag ioc la se  and potassium fe ldspa r .  
Data a r e  from s t a ined  s l abs .  (GSWA 17322) 

Biotite 

The b i o t i t e  i n  almost a l l  samples is  deep brown; r a r e l y ,  it is  green 
(sample 24801, Edjudina) ,  o r  o l i v e  green [sample 24802, Edjudina).  Most 
of t h e  b i o t i t e  i s  subhedral-blocky to  i r r e g u l a r ,  b u t  occas iona l ly  is  
euhedral,  hexagonal i n  o u t l i n e  (sample 24832, Edjudina).  I n  rocks  with 
independent evidence of s i g n i f i c a n t  c a t a c l a s i s ,  b i o t i t e  forms aggregates  
of equant or p l a t y  g r a i n s ,  and where planar  c a t a c l a s i s  is  more i n t e n s e  
elongate  aggregates  of f i n e l y  comminuted b i o t i t i c  m a t e r i a l  a r e  common. 
The colour  of t h e  b i o t i t e  i n  t h e s e  c a t a c l a s t i c  h a b i t s  is n o t  c o n s i s t e n t l y  
d i f f e r e n t  t o  b i o t i t e  which seems to  have primary igneous form. The blocky 
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h a b i t  of b i o t i t e  seems t o  c o r r e l a t e  wi th  o t h e r  i n d i c a t i o n s  of primary 
igneous c r y s t a l l i z a t i o n ,  such a s  zoned or euhedral t o  subhedral p lag io-  
c l a s e .  

Much b i o t i t e  is  f r e s h  and una l te red ,  bu t  more than  ha l f  has been 
p a r t l y  altered t o  green c h l o r i t e ,  and some has been e n t i r e l y  c h l o r i t i z e d .  
The b i o t i t e  of some weathered samples has been a l t e r e d  t o  a complex of 
i r o n  hydroxides. B i o t i t e ,  e s p e c i a l l y  when p a r t l y  c h l o r i t i z e d ,  has ac t ed  
as h o s t  t o  secondary ep ido te ,  sphene, f l u o r i t e ,  p rehn i t e  and pumpellyite.  

Amphibole and pyroxene 

An apprec iab le  number of samples con ta in  amphibole. Much of t h i s ,  
however, i s  i n  m a t e r i a l  which shows independent evidence of metamorphism. 
Of t h e  remainder, most is  i n  t h e  a l k a l i n e  o r  quartz-poor rocks. However, 
even a f t e r  e l imina t ing  t h e s e  a s s o c i a t i o n s ,  some samples with hornblende 
remain. Of these ,  a few,=  sample 39003 (Laverton),  a r e  g r a n o d i o r i t e  o r  
t o n a l i t e  with moderately c a l c i c  p l ag ioc la se .  F e r r o h a s t i n g s i t i c  amphibole, 
dark green wi th  a s m a l l  o p t i c  a x i a l  angle  and s t rong  d i spe r s ion ,  i s  common 
i n  t h e  s u i t e  of g r a n i t i c  rocks  which have been r e c r y s t a l l i z e d ,  are ca t a -  
clastic,  o r  show o the r  evidence of metamorphism. 

Igneous clinopyroxene is  c l e a r l y  p re sen t  only i n  samples of t h e  
a l k a l i n e  and quartz-poor s u i t e  descr ibed  by Libby (1978). Green c l i n o -  
pyroxene, gpparently d i o p s i d i c ,  is  p resen t  i n  seve ra l  gne i s ses  (sample 
41475, Boorabbin), and i n  g r a n i t i c  rocks  which show independent evidence 
of metamorphic r e c r y s t a l l i z a t i o n .  Op t i ca l  p r o p e r t i e s  suggest t h a t  c l ino -  
pyroxenes i n  t h e  non-alkaline g r a n i t i c  o r  metamorphosed g r a n i t i c  rocks  
are r e s t r i c t e d  t o  diopside-hedenbergite,  whereas t h e  pyroxenes of t h e  
a l k a l i n e  s u i t e  seem t o  range from diopside-hedenbergite through aeg i r ine -  
a u g i t e  t o  aeg i r ine .  

COLOURLESS MICA 

P lag ioc la se  has been s e r i c i t i z e d  i n  almost a l l  of t h e  g r a n i t o i d  rocks 
of t h e  Eas te rn  Goldf ie lds  Province, and i n  many g r a i n s  t h e  m i c a  has grown 
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t o  apprec iab le  s i z e  a s  i nd iv idua l  f l akes .  
a l s o  common bu t  i n  no case does it seem l i k e l y  t h a t  apprec iab le  c o l o u r l e s s  
mica is  a primary igneous mineral .  
i n t e r s t i t i a l ,  c o l o u r l e s s  m i c a  have independent evidence of r e c r y s t a l l i z a t i o r  
The abundance of muscovite i n  a few g n e i s s i c  rocks may have g e n e t i c  s i g n i -  

f i cance ,  suggesting a peraluminous composition and sedimentary parentage.  
Examples ofposs ib lepera luminous  gne i s ses  a r e  samples 17655 and 17681 
(Menzies)  and 2364 (Kurnalpi) . 

Coarse i n t e r s t i t i a l  muscovite is 

Most of t h e  rocks with coa r se ,  

MINOR MINERALS 

The minor minera ls  descr ibed  i n  t h i s  s e c t i o n  inc lude  t h e  a c c e s s o r i e s  
which a r e  p re sen t  i n  small  amounts i n  most o r  many g r a n i t o i d s ,  minera ls  
which may be major c o n s t i t u e n t s  of some rocks,  b u t  which are no t  abundant 
i n  t h e  g r a n i t o i d s  of t h e  Eas te rn  Goldf ie lds  Province, and f i n a l l y  secondary 
minerals r ega rd le s s  of abundance which a r e  no t  products of thoroughgoing 
metamorphic r e c r y s t a l l i z a t i o n  of t h e  enclosing rock. 

Accessory minerazs 

Zircon, a p a t i t e  and opaque minera ls  are common, though they  vary i n  
abundance and hab i t .  

Zircon averages s e v e r a l  medium g r a i n s  per t h i n  s e c t i o n ,  bu t  ranges 
from coa r se  and abundant t o  f i n e  and r a r e ,  and was no t  found i n  some rocks. 
Large, metamict g r a i n s  with t h e  shape and h a b i t  of z i rcon  are common i n  
some a r e a s  a s  seen i n  sample 40807A (Edjudina) and 31131 (Laverton).  
Pleochroic ha loes  surround z i rcon  where it i s  i n  con tac t  wi th  b i o t i t e .  

Apa t i t e  i s  s i m i l a r l y  v a r i a b l e .  Most g r a n i t o i d s  i n  which a p a t i t e  was 
noted t o  be e i t h e r  coarse  o r  p a r t i c u l a r l y  abundant, e i t h e r  had metamorphic 
elements o r  belonged t o  t h e  a l k a l i n e  s u i t e .  One of s eve ra l  exceptions i s  
sample 39003 (Laverton) which is  a calcic o l i g o c l a s e  g r a n o d i o r i t e  wi th  
abundant coa r se  a p a t i t e .  
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M o s t  opaque minera ls  i n  t h e  g r a n i t o i d s  of t h e  Eas te rn  Goldf ie lds  
Province are black under obl ique  r e f l e c t e d  l i g h t ,  suggesting magnetite,  
b u t  hemat i te  and t i tanium-bearing opaques a r e  present .  
scarce, poss ib ly  they  have been oxidized t o  hematite.  

Sulphides seem 

Minor primary minerals  

The remaining minor primary minera ls  a r e  tourmaline, sphene, a l l a n i t e  
and f l u o r i t e .  
b u t  where p re sen t  they  may be  much more abundant than t h e  common accessor- 
ies. 

They a r e  less common than z i rcon ,  a p a t i t e  o r  opaque minera ls  

Tourmaline was i d e n t i f i e d  only  i n  sample 11099 (Kurnalpi) ,  an a l k a l i n e  
rock, and sample 41480 (Leonora), a b las tomyloni te  gne iss .  The t h i n l y  
s c a t t e r e d ,  gene ra l ly  f i n e  tourmaline i n  Yilgarn Block rocks  poses a problem 
f o r  t h e  source of t h e  nearly-ubiquitous coa r se  clastic tourmaline i n  sand- 
s tones  of t he  Bangemall Basin. 

Sphene is  common,both as spindle-shaped g r a i n s  ( P l a t e  I )  which a r e  
probably of igneous o r i g i n ,  and a s  i r r e g u l a r  masses a s sdc ia t ed  wi th  
c h l o r i t e  (Plate  11), probably a consequence of t h e  a l t e r a t i o n  of b i o t i t e .  
Primary sphene is most common i n  rocks  which con ta in  andesine,  bu t  i s  
also common i n  rocks wi th  p l a g i o c l a s e  which is less calcic, even where 
t h e r e  is  no ep idote  t o  suggest t h a t  t h e  sod ic  composition of t h e  plagio- 
clase may be due t o  a l b i t i z a t i o n .  Much of t h e  sphene of t h e  Eas te rn  
Goldf ie lds  Province has  patchy pleochroism and i s  a w a r m ,  orange co lour .  
The patchy co lour  does n o t  s e e m  t o  be p a r a l l e l  t o  growth zones. Especi- 
a l l y  s t rong  co lour  is  a s soc ia t ed  wi th  lowered b i r e f r ingence .  D e e r  and 
o t h e r s  (1962,  p.74) a t t r i b u t e  orange co lour  t o  r a re -ea r th  elements. The 
same source sugges ts  t h a t  lowered b i r e f r ingence  is  due t o  s u b s t i t u t i o n  of 
any of var ious  elements f o r  titanium. The geographic d i s t r i b u t i o n  of 
sphene is  d iscussed  i n  a l a t e r  s e c t i o n .  

A l l a n i t e  i s  cortunonly m e t a m i c t  i n  Archaean rocks  and i s  thus  d i f f i c u l t  
t o  i d e n t i f y  i n  t h i n  sec t ion .  I n  some ins t ances  g r a i n  shape, c racking  of 
surrounding m i n e r a l s ,  or  a s s o c i a t i o n  wi th  non-radioactive ep idote  provides  
reasonable evidence t h a t  t h e  m e t a m i c t  m a t e r i a l  is a l l a n i t e .  I n  t h e  Eas te rn  
Goldf ie lds  Province a l l a n i t e  is  r e s t r i c t e d  t o  c e r t a i n  p lu tons ,  i n  which it 
may be abundant. The r eg iona l  d i s t r i b u t i o n  of a l l a n i t e  i s  d iscussed  i n  a 
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la ter  sec t ion .  Metamict a l l a n i t e  from t h e  Laverton shee t  i s  p i c t u r e d  i n  
P l a t e  I X .  

F l u o r i t e  is  a common accessory i n  t h e  g r a n i t o i d  rocks of t h e  Eas t e rn  

F l u o r i t e  i s  e s p e c i a l l y  abundant i n  t h e  western 
Goldf ie lds  Province; it w a s  found i n  79 of t h e  278 t h i n  s e c t i o n s  of 
g r a n i t i c  rock s tudied .  
p a r t  o f  t h e  Menzies and Leonora s h e e t s  b u t  is  a l s o  common i n  t h e  Boreas 
Adamellite i n  t h e  nor thern  p a r t  of t h e  Laverton shee t .  
r eg iona l  d i s t r i b u t i o n  of f l u o r i t e  are discussed i n  a l a t e r  s e c t i o n .  

Details of  t h e  

The a s soc ia t ions  of f l u o r i t e  were s tud ied  i n  67 samples. I t  is 
enclosed i n  p l ag ioc la se  i n  58 (Plates V and V I ) ,  i n t e r s t i t i a l  i n  4 1  
(Plates V I 1  and V I I I ) ,  enclosed i n  potassium fe ldspa r  i n  1 0 ,  and enclosed 
i n  c h l o r i t e  i n  9 samples. F l u o r i t e  was a l s o  found i n  muscovite, b i o t i t e ,  
sphene, a l l a n i t e  and hornblende. Where f l u o r i t e  i s  enclosed i n  p l ag ioc la se  
it is  usua l ly  i n  t h e  calcic, or  formerly calcic, co re  of t h e  g r a i n ,  
suggesting t h a t  f l u o r i t e  grew during a l t e r a t i o n  of f e l d s p a r  by t h e  combin- 
a t i o n  of F withCa r e l eased  by a l b i t i z a t i o n  of t h e  p lag ioc lase .  

The purp le  co lour  of t h e  f l u o r i t e  is patchy, even i n  very s m a l l  
g r a ins .  Usually, f l u o r i t e  enclosed i n  t h e  core of p l ag ioc la se  g r a i n s  is  
co lou r l e s s ,  bu t  f l u o r i t e  a s soc ia t ed  with c h l o r i t e  i s  more commonly coloured, 
a s  is i n t e r s t i t i a l  f l u o r i t e ,  e s p e c i a l l y  where it i s  i n  con tac t  w i th  opaque 
g r a i n s  o r  zircon. I n  a few cases, a g r a i n  which is  l a r g e l y  c o l o u r l e s s  i s  
coloured where it is  i n  con tac t  wi th  an opaque g ra in .  

Secondary  minerals  

Secondary minera ls  i nc lude  kyani te ,  ga rne t ,  ep ido te ,  pumpellyite,  
p rehn i t e ,  c h l o r i t e ,  sericite,  carbonate ,  and hydrous iron-oxide. Some of 
t h e s e  are normally considered t o  be metamorphic minera ls ,  o t h e r s  are norm- 
a l l y  considered t o  be products of low grade  hydrothermal a l t e r a t i o n  o r  
weathering. The lower grade  ma te r i a l s ,  iron-oxide and sericite a r e  
abundant; ga rne t ,  pumpellyite and p rehn i t e  a r e  less common i n  g r a n i t o i d s ;  
and kyan i t e  w a s  found only  i n  an assoc ia ted  s c h i s t .  

Hydrous iron-oxide is  a common, incomplete pseudomorph of mafic and 
opaque minerals i n  samples which have been seve re ly  weathered, and i s  a 
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minor s t a i n  i n  most samples. I t  may be secondary a f t e r  sulphides .  

S e r i c i t e  has  been descr ibed i n  t h e  sec t ion  on co lou r l e s s  m i c a .  I t  i s  
almost ubiqui tous a s  an a l t e r a t i o n  product of p l ag ioc la se ,  grades i n t o  
coa r se r ,  d i s c r e t e  g r a i n s  of co lou r l e s s  mica i n  p l ag ioc la se ,  and is i n t e r -  
s t i t i a l  i n  some samples. 

Carbonate is a spa r se  component of about t e n  per  cen t  of t h e  rocks 
s tud ied ;  it i s  found i n  metamorphic, a l k a l i n e ,  and a l t e r e d  igneous grani -  
t o i d  rocks a l i k e .  Rarely is  it abundant, a s  i n  t h e  heavi ly  carbonated and 
s e r i c i t i z e d  sample 15507 (Edjudina).  It  seems t o  be a product of low- 
grade a l t e r a t i o n  i n  most cases ,  bu t  could be metamorphic i n  a few of t h e  
gne isses .  

Ch lo r i t e  is an abundant product of complete o r  p a r t i a l  a l t e r a t i o n  of 
b i o t i t e .  It  acts a s  a hos t  t o  secondary ep idote ,  sphene, f l u o r i t e ,  preh- 
n i t e ,  pumpellyite,  opaques and o t h e r  minerals ,  Some of t hese  inc lus ions  
seem r e l a t e d  t o  t h e  release of elements on t h e  breakdown of b i o t i t e  t o  
c h l o r i t e ,  o t h e r s  do not .  A l l  t h e  coarse  c h l o r i t e  seems r e l a t e d  t o  t h e  
breakdown of mafic minerals ;  t h e r e  is l i t t l e  o r  no independently c r y s t a l -  
l i z e d  coarse  metamorphic c h l o r i t e .  

Pumpellyite and p rehn i t e  t y p i c a l l y  a r e  found i n  rocks which have been 
mildly r e c r y s t a l l i z e d  and severe ly  s e r i c i t i z e d ,  o r  i n  which f e l d s p a r s  have 
been heavi ly  dusted with c r y p t o c r y s t a l l i n e  secondary mater ia l .  Thus, they 
seem t o  be products  of low-grade a l t e r a t i o n  o r  of metamorphism which has 
f a i l e d  t o  br ing  e i t h e r  t h e  t ex tu res  o r  mineral  assemblages i n t o  e q u i l i -  
brium with t h e  metamorphic condi t ions .  Grains of pumpellyite are s m a l l  and 
scarce .  They are commonly between 20 vm and 60 t.lm i n  diameter ,  and t h e r e  
are seldom more than two o r  t h r e e  g r a i n s  i n  any t h i n  sec t ion .  B i re f r in -  
gence is moderate and d i spe r s ion  of o p t i c  axes s t rong ,  r e s u l t i n g  i n  
anomalous in t e r f e rence  co lours ,  probably i n  t h e  upper p a r t  of t h e  f i r s t  
o rder .  Colour is  v a r i a b l e  between g r a i n s  and wi th in  g ra ins .  Most commonly 
t h e  pumpellyite i s  pleochroic  i n  shades of p a l e , t o  b r i g h t  yellow, bu t  some 
g r a i n s  are green and a few range from yellow t o  green.  Nearly co lou r l e s s  
ma te r i a l  i n  sample 41472 (Norseman) was confirmed a s  pumpellyite by X-ray 
d i f f r a c t i o n  (wr i t t en  communication, M. Pryce,  West. A u s t r a l i a  Government 
Chemical Laborator ies ,  26 August 1975) . Typical pumpellyite is  p ic tu red  
i n  P l a t e s  111 and I V .  
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Pumpellyite was found i n  35 of  t h e  289 t h i n  s e c t i o n s  s tud ied  i n  
The d i s t r i b u t i o n  of  pumpellyi te  does n o t  seem t o  conform t o  d e t a i l .  

p a t t e r n s  of metamorphism which have been suggested,  o r  t o  any accepted 
t e c t o n i c  framework. 
areas def ined i n  t h i s  r e p o r t  on o t h e r  mineralogical  c r i t e r i a .  Fu r the r  
study of  pumpellyite i n  t h e s e  rocks should prove productive.  

Furthermore, it does n o t  seem t o  be concentrated i n  

The i d e n t i f i c a t i o n  of p r e h n i t e  ranges from t e n t a t i v e  t o  conf iden t .  
The only ev iden t  It  w a s  found only i n  seven, widely s c a t t e r e d  samples. 

r eg iona l  a s s o c i a t i o n  is t h a t  t h r e e  of  t h e  seven prehnite-bearing samples 
are i n  t h e  b e l t  w e s t  of t h e  Coolgardie-Mount Ida greenstone a r m  of t h e  
Kalgoorl ie  greenstone belt.  
is  more convincing than  c o r r e l a t i o n  with t e c t o n i c  b e l t s .  
seven prehnite-bearing samples pumpellyite is  a l s o  p re sen t  a s  an accessory 
and i n  t h r e e  of t hose ,  epidote is a l s o  present .  Presumably, t h e  t h r e e  
calcium-aluminium-silicate minerals  d i d  no t  develop simultaneously.  I n  
one of t h e  o t h e r  three samples ep ido te  is an accessory,  and i n  t h e  o t h e r  
t w o  t h e  p r e t n i t e  is  a s soc ia t ed  wi th  a carbonate  mineral .  

Cor re l a t ion  w i t h  o t h e r  c a l c - s i l i c a t e  mine ra l s  
I n  fou r  of t h e  

P rehn i t e  and pumpellyite,  a long with s e r i c i t i z a t i o n  of f e l d s p a r s  and 
development of blebby q u a r t z ,  show t h a t  a t  least some of t h e  g r a n i t o i d  
rocks of  t h e  Eastern Go ld f i e lds  Province have been p a r t i a l l y  r e c r y s t a l l i z e d ,  
even where p e n e t r a t i v e  deformation is no t  evident .  
whether t h e  a l t e r a t i o n  producing t h i s  r e c r y s t a l l i z a t i o n  i s  t h e  r e s u l t  of 
d e u t e r i c  a l t e r a t i o n ,  l o c a l  hydrothermal a l t e r a t i o n  or r eg iona l  metamorphism. 

I t  is  n o t  c l e a r  

Epidote i s  a c h a r a c t e r i s t i c  a l t e r a t i o n  product of calcium-bearing 
p l ag ioc la se .  I t  is  abundant i n  t h e  Eastern Goldfields  Province,  both a s  
f i n e l y  g ranu la r  s a u s s u r i t i c  a l t e r a t i o n  of p l ag ioc la se  and a s  c o a r s e r  
i n t e r s t i t i a l  g ra ins .  Commonly, s a u s s u r i t i c  ep ido te  has l o w  b i r e f r ingence  
and is  probably c l i n o z o i s i t e ;  whereas i n t e r s t i t i a l  ep ido te  has h ighe r  
b i r e f r ingence  and is p i s t a c i t e .  

Garnet was found i n  f i v e  samples. Four of t h e s e  a r e  t h e  g n e i s s i c  
rocks a s soc ia t ed  wi th  t h e  Coolgardie-Mount Ida greenstone a r m  of t h e  
Kalgoorl ie  greenstone b e l t  i n  t he  northern p a r t  of  t h e  Kalgoorl ie  s h e e t  
(sample 9155C), t h e  Menzies s h e e t  (samples 17617A and 17625) and t h e  south- 
c e n t r a l  part: of t h e  Leonora s h e e t  (sample 40575D). These rocks a r e  
gne i s ses ,  but ,  except f o r  sample 40575D, have compositions s i m i l a r  to  
o t h e r  g r a n i t o i d s  of t h e  a rea .  Sample 40575D is r i c h  i n  qua r t z ,  and may be 
a paragneiss.  These fou r  l o c a l i t i e s  a r e  from t h e  general  t r end  of 
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"metamorphic domains" mapped by Bettenay (Binns and Marston, 1976).  The 
f i f t h  garnet-bearing sample (38143) is from t h e  no r theas t e rn  p a r t  of t h e  
Laverton shee t .  
stress. It is  i s o l a t e d ;  no o t h e r  samples from t h i s  a r ea  are s i m i l a r l y  
metamorphosed. 

The rock has  been crushed and p a r t l y  r e c r y s t a l l i z e d  finder 

The f i v e  garnet-bearing samples a r e  a l l  g n e i s s i c ,  and t h e  g a r n e t  i s  
most e a s i l y  explained as a product of medium o r  high-grade metamorphism. 

Kyanite was found i n  a s c h i s t o s e  phase of t h e  g n e i s s i c  rock of 
Maroon Range i n  t h e  c e n t r a l  p a r t  of t h e  Leonora s h e e t  (sample 39805). 
Although no t  from a g r a n i t o i d  rock it i s  included as a mineral  from an 
a s soc ia t ed  rock u n i t .  

TEXTURE AND MICROSTRUCTURE 

GENERAL 

Typical g r a n i t o i d  rocks i n  t h e  Eas t e rn  Go ld f i e lds  Province are 
hypidiomorphic granular ,  al though well-formed f e l d s p a r s  may be less common 
than  i n  many g r a n i t i c  t e r r a i n s ,  poss ib ly  because p e n e t r a t i v e  cataclasis 
and mild t o  severe  r e c r y s t a l l i z a t i o n  have a f f e c t e d  t h e  rocks  of much of t h e  
a rea .  Nonetheless, euhedral f e l d s p a r  does e x i s t ,  e s p e c i a l l y  i n  t h e  
a l k a l i n e  and more c a l c i c  rocks.  

CATACLASIS AND RECRYSTALLIZATION 

CatacZastic and heated e a t a c Z a s t i e  textures 

Almost a l l  rocks  a r e  a t  l e a s t  mi ld ly  c a t a c l a s t i c ,  o r  have a t e x t u r e  
which sugges ts  healed c a t a c l a s i s .  Quar tz  i n  most rocks is  s t r a i n e d ,  and 
is o f t e n  polygonized i n t o  mosaic pseudomorphs of primary g r a i n s ,  or com- 
p l e t e l y  r e c r y s t a l l i z e d  and r e d i s t r i b u t e d  about t h e  rock i n  f i n e  g ra ins .  
I n  s o m e  samples quar tz  is  drawn ou t  i n t o  a mortar shea th  around f e l d s p a r  
g r a i n s ,  o r  forms b las tomyloni t ic  t r a i n s .  Much of t h e  f e ldspa r  has been 
bent o r  f r ac tu red .  A more s u b t l e  r e c r y s t a l l i z a t i o n  t e x t u r e  i s  t h e  
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development of quar tz  b l ebs  ( P l a t e  X X I ) ,  o f t e n . w i t h i n  f e ldspa r  g r a i n s ,  and 
o f t e n  forming rounded bipyramids of quar tz  i n  t h e  margins of f e l d s p a r  
g ra ins .  
sugges t  t h a t ,  d e s p i t e  t h e  occas iona l  quasi-euhedral h a b i t ,  blebby qua r t z  
may be due t o  r e c r y s t a l l i z a t i o n  following comminution of quar tz  i n t o  
mortar. The l a r g e ,  roughly o r i en ted  amoeboid seas of qua r t z  (Plate  X X I I )  

described e a r l i e r  may a l s o  be a r e c r y s t a l l i z a t i o n  product. They may 
r e s u l t  from t h e  amalgamation a f t e r  comminution of s e v e r a l  ad jacen t  g r a i n s  
which o r i g i n a l l y  w e r e  independently o r i en ted .  

The o r i g i n  of t h e  blebby quar tz  i s  unce r t a in ,  bu t  a s s o c i a t i o n s  

Most samples are even tex tured  bu t  p o r p h y r i t i c  and s e r i a t e  t e x t u r e s  
are a l s o  abundant. S e r i a t e  t e x t u r e  ( P l a t e s  X X I I I  and X X I V )  i s  common 
even i n  normal adamel l i tes ;  g r a i n s  range evenly from coa r se  or very coa r se  
t o  medium, or  even i n  some cases, f i n e .  Again, it is poss ib l e  t h a t  t h e  
seriate rocks have been deformed pene t r a t ive ly  and r e c r y s t a l l i z e d ,  t h e  
u l t ima te  s i z e  of a g r a i n  depending both on t h e  s i z e  t o  which it w a s  
reduced and on t h e  s i z e ,  proximity and number of neighbouring qua r t z  
g ra ins .  A poss ib l e  secondary o r i g i n  of s e r i a t e  t e x t u r e  is shown i n  Plate  
X X I I I ;  i n  Plate X X I V  t h e  t e x t u r e  probably is  dominantly igneous. 

Metamorphic t e x t u r e s  

Although some gneisso id  rocks  are deformed and mi ld ly  r e c r y s t a l l i z e d  
igneous g r a n i t o i d s ,  o t h e r s ,  t r u e  gne isses ,  have f u l l y  c r y s t a l l o b l a s t i c  
t e x t u r e  with s t rong ly  o r i en ted  micas. 

The r e l a t i o n  between g n e i s s  and t h e  less r e c r y s t a l l i z e d  i s o t r o p i c  
g r a n i t o i d s  is n o t  clear. There is  some suggestion i n  t h e  southwest corner  
of t h e  Menzies shee t  t h a t  i s o t r o p i c  g r a n i t i c  rock may grade  i n t o  g n e i s s i c  
rock, suggesting t h a t  t h e  g n e i s s  may be i n  p a r t  metamorphosed g r a n i t e ,  bu t  
t h e  evidence is  not compelling. Kriewaldt (1970)  has s a i d  t h a t  t h e  
g r a n i t i c  mass no r th  of Lake Bal la rd  is  i n t r u s i v e  on t h e  east and s t rong ly  
f o l i a t e d  on t h e  w e s t ,  suggesting grada t ion  from an  i s o t r o p i c ,  igneous 
a spec t  i n t o  a g n e i s s i c ,  metamorphic h a b i t .  Archibald and Bettenay ( i n  
press )  have been p a r t i c u l a r l y  concerned with t h e s e  r e l a t i o n s h i p s  (Binns and 
Marston, 1976). 
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TEXTURAL AND MICROSTRUCTURAL CLASSIFICATION 

Textures and microstructures in thin sections were graded roughly in 
progression f r o m  those suggesting a metamorphic origin to those suggesting 
an unrecrystallized igneous origin. These grades are: gneissic, foliated 
granitic, statically recrystallized, cataclastic granitic, hypidiomorphic 
granular (granitic), and igneous. 

Gneissic rocks (Plate XI) are equigranular with strongly oriented 
mafic grains. 
quartz or feldspar grains. 
either by elongation and orientation of individual grains, or by variation 
in abundance in succeeding layers. 

The mafic grains are at least partly enclosed in individual 
Quartz grains define at least a weak foliation, 

Foliated granitic rocks (Plate XII) have obviously been deformed, but 
recrystallization is less complete than in gneissic rocks. Mafic minerals 
are less than perfectly oriented, and compositional layering is weak or 
absent. Still, planar deformation is obvious and is more prominent than 
recrystallization in rocks of this class. Mylonites are included in this 
group. 

Statically metamorphosed rocks (Plates XIII, and XIV) have the grano- 
blastic, even-grained texture of the gneisses, without grain orientation 
or compositional layering to define a planar element. Crystallographic 
faces on quartz and feldspar, typical of hypidiomorphic granular texture, 
are absent or rare. Grain junctures at 120° are characteristic. 

Cataclastic granitic rock (Plate X V )  has igneous features such as 
subhedral feldspars or multiple oscillatory zoning in plagioclase, but 
grain margins have been crushed by cataclasis, with or without the 
development of a significant directional fabric. 

Hypidiomorphic granular granitoids (Plates XVII, XVIII and XVI) have 
typical granitic texture. Quartz is interstitial and feldspars are in 
part subhedral, though crystal faces are seldom as abundant as in illus- 
trated examples of this texture (Joplin, 1964, Fig.55AI B and C). Plagio- 
clase may have weak oscillatory zoning. 

Igneous rocks (Plates XIX and XX) have textures which can be consider- 
ed prima facie evidence of igneous crystallization. Such textures are 
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euhedral  p lag ioc lase  wi th  mul t ip le ,  euhedral ,  o s c i l l a t o r y  compositional 
zoning; quar tz  o r  b i o t i t e  g r a i n s  which a r e  euhedral  bu t  no t  enclosed i n  
o t h e r  g ra ins ;  and p l ag ioc la se  twins i n  synneusis r e l a t i o n s h i p  (Johannsen, 
1939, p.234) t o  form combination twins (Ross, 1957) .  Synneusis t e x t u r e  o r  
combination twinning suggests  t h a t  g r a i n s  have d r i f t e d  toge ther  i n  a m e l t .  
ROSS (1957) and Vance (1957) d i scuss  combination twinning and coa lescent  
growth which i n d i c a t e  synneusis.  

The v a r i a t i o n  i n  t e x t u r e s  across  t h e  a r e a  r e f l e c t s  varying t e c t o n i c  
and pe t rogenet ic  condi t ions .  Resolution of t h e s e  t rends  is  poor a t  t h e  
sample spacing used i n  t h i s  r e p o r t  bu t  some t r e n d s  a r e  recognizable  and 
are reported i n  a later sec t ion .  

INTERGROWTHS OF FELSIC MINERALS 

P e r t h i t e  and myrmekite are common throughout t h e  area. Granophyre 
(sample 38327, Leonora) is very  rare and t h e  samples which a r e  granophyric 
may be g e n e t i c a l l y  c l o s e r  t o  t h e  f e l s i t e s  than t o  t h e  coarse-grained 
g ran i to ids .  

P e r t h i t e  

The f e ldspa r s  of more than 60 pe r  cen t  of t h e  g r a n i t o i d s  s tud ied  are 
p e r t h i t i c  o r  a n t i p e r t h i t i c .  
p e r t h i t e  i s  a l s o  common. A n t i p e r t h i t e  is  r a r e .  Mesoperthite is 
c h a r a c t e r i s t i c  of a l k a l i  f e ldspa r  of t h e  a l k a l i n e  s u i t e .  

Most of t hese  have f i l m  p e r t h i t e  bu t  patch 

My pme ki t e 

More than 60 per  c e n t  of t h e  samples examined have a t  least a t r a c e  of 
myrmekite. 

Myrmekite seems t o  be abundant i n  rocks which contain o l igoc la se ,  and 
rare i n  a l b i t i c  rocks.  I n  order  t h a t  t h e  r e l a t i o n  between t h e  development 
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of myrmekite and t h e  composition of p l ag ioc la se  could be s tud ied  systema- 
t i c a l l y ,  t h e  samples were arranged i n  t h r e e  l ists  according t o  t h e  amount 
of myrmekite i n  t h e  rock. 
determined f o r  each l ist .  I n  t h e  f i r s t  l i s t  were rocks  wi th  abundant 
myrmekite, i n  t h e  second, rocks i n  which myrmekite is  rare, and i n  t h e  
t h i r d ,  rocks  i n  which no myrmekite w a s  found. The mean a n o r t h i t e  con ten t  
of p l ag ioc la se  from samples wi th  abundant myrmekite i s  15.4 (s = 4.5); i n  
samples w i t h  minor myrmekite it is 12.3 (s = 5.6); and i n  samples without 
myrmekite it is 10.4 (s = 8.1) .  The amount of myrmekite dec reases  as t h e  
a n o r t h i t e  conten t  of p l ag ioc la se  decreases .  
i n  va lues  ( s tandard  dev ia t ion ,  s) increases .  These r e l a t i o n s  are shown i n  
t h e  histograms, F igure  8A, B and C. Histogram A shows t h a t  t h e  most common 
p lag ioc la se  i n  t h e  rocks wi th  abundant myrmekite is sod ic  o l i g o c l a s e ;  
histogram C is bimodal, showing t h a t  bo th  a l b i t e  and andesine are charac- 
terist ic of  myrmekite-free rocks. I n  o t h e r  words, myrmekite i s  a s soc ia t ed  
wi th  in te rmedia te  p l ag ioc la se ,  and rare i n  rocks wi th  p l ag ioc la se  which i s  
e i t h e r  more calcic or less calcic. 

The mean composition of p l a g i o c l a s e  w a s  then  

A t  t h e  s a m e  t ime t h e  spread 

The meaning of t h e  r e l a t i o n s h i p  between p l ag ioc la se  composition and 
myrmekite is  no t  clear. 
d i f f e r e n t  c r y s t a l l i z a t i o n  h i s t o r y  than t h e  more sod ic  rocks. 
i b i l i t i e s  f o r  o l i g o c l a s e  and a lb i t e -bea r ing  rocks are t h a t :  1) a threshold  
va lue  f o r  calcium i n  p l ag ioc la se  i s  necessary f o r  t h e  development of 
myrmekite, 
as those  wi th  sod ic  o l i g o c l a s e  b u t  calcium w a s  los t ,  and myrmekite annealed 
dur ing  metamorphic r e c r y s t a l l i z a t i o n ,  o r  3)  t h e  o l igoc lase-bear ing  and 
a lb i t e -bea r ing  s u i t e s  a r e  un re l a t ed ,  t h e  a l b i t i c  rocks  no t  having exper i -  
enced t h e  phys ica l  condi t ions  necessary f o r  t h e  development of myrmekite. 
The t h i r d  explana t ion  seems u n l i k e l y  as a l l  p r o p e r t i e s  seem grada t iona l  
between a lb i te -bear ing  and o l igoc lase-bear ing  s u i t e s  (histogram B); t h e r e  is 
no reason t o  p r e f e r  e i t h e r  of t h e  two remaining a l t e r n a t i v e s .  

Probably t h e  rocks which c o n t a i n  andes ine  have a 
A few poss- 

2)  t h e  more a l b i t i c  rocks were o r i g i n a l l y  t h e  same composition 

The time of development of myrmekite is  no t  clear. I t  may be l a t e  
magmatic, d e u t e r i c ,  or metamorphic; bu t ,  whatever t h e  o r i g i n ,  t h e  develop- 
ment and p rese rva t ion  of myrmekite has favoured rocks which have a narrower 
range of p l ag ioc la se  compositions than  i s  c h a r a c t e r i s t i c  of t h e  g r a n i t o i d  
rocks  of t h e  Eas te rn  Goldf ie lds  Province as a whole. 
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Figure 8. Relat ion between Ca-content of p l ag ioc la se  and 
development of myrmekite. (GSWA 17323) 

REGIONAL PETROGRAPHY 

I n  t h e  preceding sec t ions ,  average p rope r t i e s  of g r a n i t o i d  rocks from 
t h e  s tudy a r e a  have been considered. However, t h e  cha rac t e r  of an a rea  is  
def ined as much by t h e  d i s t r i b u t i o n  of ma te r i a l s  wi th in  it as by i t s  
average p rope r t i e s .  
over t h e  a rea  is  discussed.  

I n  t h i s  s e c t i o n  t h e  d i s t r i b u t i o n  of se l ec t ed  propert ies  
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DISTRIBUTION OF POTASSIUM FELDSPAR 

The technique of s t a i n i n g ,  and determining minera l  r a t i o s  from s t a ined  
s l a b s  w a s  descr ibed  i n  t h e  sec t ion  on major f e l s i c  minerals .  Although t h e  
study covered a l imi t ed  p a r t  of t h e  Eastern Goldf ie lds  Province (F ig .9 ) ,  
it sugges ts  t h e  type of v a r i a t i o n  t h a t  can be expected over t h e  e n t i r e  
area.  Various comparisons of r e s u l t s  suggested t h a t ,  of t h e  var ious  
p rope r t i e s  measured, t h e  d a t a  on potassium fe ldspa r  are t h e  most r e l i a b l e ,  
so t h e s e  w e r e  used f o r  reg iona l  mapping. 

The s tudy area can be divided i n t o  four  zones on t h e  b a s i s  of d i s t r i -  
but ion of potassium fe ldspa r  (Fig.9) .  The western zone occupies t h e  
western ha l f  of t h e  Boorabbin and Kalgoorl ie  shee ts ;  t h e  c e n t r a l  zone lies 
along t h e  e a s t e r n  s i d e  of t h e  Boorabbin and Kalgoor l ie  shee t s ;  and t h e  
eas t e rn  zone t rends  north-northwestward across  ' t he  e a s t e r n  p a r t  of t h e  
Widgiemooltha shee t  and c e n t r a l  p a r t  of t h e  Kurnalpi shee t .  A f o u r t h ,  
nor theas te rn ,  zone is suggested i n  t h e  no r theas t  corner  of t h e  Kurnalpi 
shee t .  

The e a s t e r n  and western zones a r e  charac te r ized  by an abundance of 
potassium fe ldspa r ;  t h e  c e n t r a l  zone has  less potassium fe ldspar .  The 
fou r th  zone, i n  t h e  nor theas te rn  corner  of t h e  Kurnalpi shee t ,  a l s o  seems 
t o  have less potassium fe ldspa r ,  bu t  con t ro l  i s  poor. The d i f f e r e n c e s  
between zones are s u b t l e  i n  r a w  d a t a ,  bu t  s t r i k i n g  on t h e  t rend-surface 
map (F ig .9) .  

Trend-surface ana lys i s  i s  a mathematical technique f o r  e x t r a c t i n g  
genera l  p a t t e r n s  from da ta  c l u t t e r e d  wi th  random o r  i n t e r f e r i n g  values .  
Trend-surface maps a r e  p l o t s  of p a t t e r n s  generated by t h e  t rend-surface 
ana lys i s  of geographical ly  d i s t r ibu tedda ta .  
p r e t a t i o n  of t rend-surface maps, a s  even mathematically random d a t a  r e s u l t  
i n  a map which may seem t o  have an i n t e r p r e t a b l e  p a t t e r n .  
t rend-surface map is a s ta tement  of t h e  complexity of t h e  mathematical 
func t ion  used t o  genera te  t h e  map, and determines t h e  complexity of t h e  
p a t t e r n  generated.  
s t r a i g h t ,  p a r a l l e l  l i n e s ;  t h e  contours  of a p lane  showing t h e  average 
d i r e c t i o n  and rate of i nc rease  of values .  A second-order, o r  quadra t i c ,  
map has a simple parabolo ida l  pa t t e rn .  
d u p l i c a t e  t h e  r a w  d a t a  i n  t h e i r  complexity and are less use fu l  than lower 
o rde r s  f o r  drawing reg iona l  t r ends  from geo log ica l  da t a .  Fourth-order maps 

Care i s  needed i n  t h e  i n t e r -  

The order  of a 

The contours  of a f i r s t - o r d e r ,  o r  l i n e a r ,  map are a l l  

Very high order  maps tend  t o  
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Figure  9.  Area of s tudy  of  potassium fe ldspa r  i n  s t a i n e d  s l a b s  
showing zones def ined  on abundance of potassium f e l d -  
spar .  (GSWA 17324) 

normally have enough d e t a i l  t o  p ick  ou t  major t r ends  bu t  a r e  simple enough 
so t h a t  t h e  t r e n d s  a r e  no t  masked by d e t a i l .  

A four th-order  t rend-sur face  map (Fig.10) of potassium fe ldspa r  
va lues  i n  t h e  a rea  from which s t a i n e d  s l a b s  w e r e  drawn shows well-defined 
north-northwesterly t r ends .  

shown, wi th  abundant f e ldspa r  i n  t h e  e a s t e r n  zone, less i n  t h e  c e n t r a l  
zone and more, again,  i n  t h e  western zone. A f o u r t h  zone, with less 
potassium f e l d s p a r ,  is suggested i n  t h e  no r theas t  corner  of t h e  map. 

The t h r e e  zones suggested above are c l e a r l y  

The l i n e  marking t h e  maximum r a t e  of change i n  abundance of potassium 
fe ldspa r  from high va lues  i n  t h e  western zone t o  lower va lues  i n  t h e  c e n t r a l  
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Figure 10. Trend-surface map 
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zone l ies very  c l o s e  t o  t h e  l i n e  drawn by Williams (1974) s e p a r a t i n g  t h e  
Southern Cross and Kalgoorlie Subprovinces of t h e  Eas t e rn  Goldf ie lds  
Province. 

Because the p a t t e r n s  of percentage potassium f e l d s p a r  w e r e  obscure 
i n  t h e  r a w  d a t a ,  s t a t i s t i c a l  tests were app l i ed  t o  t h e  d a t a  t o  examine t h e  
s i g n i f i c a n c e  of t h e  d i f f e rences  from zone t o  zone. According t o  a tes t  
of t h e  s i g n i f i c a n c e  of t h e  d i f f e r e n c e  i n  means ( t - tes t ) ,  t h e  mean potas- 
s i u m  f e ldspa r  con ten t  of rocks from t h e  western zone d i f f e r e d  from t h a t  of 
t h e  c e n t r a l  zone a t  t h e  99.75 per  c e n t  l e v e l  of  s ign i f i cance .  This i s  a 
s t rong  i n d i c a t i o n  t h a t  t h e  d i f f e r e n c e  is  real and j u s t i f i e s  t h e  d i s t i n c t i o n  
between t h e  zones. 

Ear ly  i n  the  study it seemed that: t h e  western and c e n t r a l  areas 
d i f f e r e d  i n  s c a t t e r  of va lues  a s  w e l l  as i n  amount of potassium fe ldspa r ;  
t h e  c e n t r a l  zone seemed more heterogeneous. The s t a t i s t i c a l  IF' test  
measures t h e  s i g n i f i c a n c e  of d i f f e rences  i n  scatter (var iance)  between t w o  
sets of da t a .  The 'F' test  d id  not  support  t h e  hypothesis t h a t  t h e  v a r i -  
ances of t h e  western and c e n t r a l  zones d i f f e r e d  s i g n i f i c a n t l y ,  although 
t h e  d i f f e r e n c e  i n  var iances  of t h e  western zone and t h e  pooled c e n t r a l  and 
e a s t e r n  zones is  s i g n i f i c a n t  a t  t h e  95 per  c e n t  l e v e l .  This  i s  t o  be 
expected i f  t h e  c e n t r a l  and e a s t e r n  zones do indeed form s e p a r a t e  popul- 
a t ions .  Means and standard dev ia t ions  f o r  each a rea  a r e  l i s t e d  i n  Table 1 

TABLE 1. A comparison of potassium f e l d s p a r  concent ra t ion  i n  
fou r  a r e a s  i n  t h e  Eas te rn  Goldf ie lds  Province. 

Western 
a rea  

Number of samples, Y 27 
Mean K-feldspar, x 30.56 
Standard dev ia t ion ,  s 5.44 
Variance, 9 

I 

29.63 2 

Cent ra l  
a r e a  

38 
25.34 
6.42 

41.28 

Pooled c e n t r a l ,  
e a s t e r n  and 

southern a r e a s  

50 
26.45 
7.70 
59.23 

The western zone, r i c h  i n  potassium f e l d s p a r ,  corresponds t o  t h e  
e a s t e r n  p a r t  of t h e  Southern Cross Subprovince of t h e  Eas te rn  Goldf ie lds  
Province. T h e  e a s t e r n  zone corresponds t o  an a x i s  of a l k a l i n e  and quartz- 
poor rocks,  t h e  Leonora-Cowarna t r end ,  descr ibed  i n  an accompanying r epor t  
(Libby, 19781 on a l k a l i n e  g r a n i t o i d  rocks.  Poss ib ly  t h e  c e n t r a l  zone, 
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toge ther  w i th  the smal l  a r ea  of low values f o r  potassium f e l d s p a r  i n  t h e  
no r theas t e rn  corner  of t h e  t rend-sur face  map, i s  t y p i c a l  of t h e  Kalgoor l ie  
Subprovince. I n  t h i s  model t h e  e a s t e r n  zone, r i c h  i n  potassium f e l d s p a r ,  
i s  anomalous, T h i s  sugges t ion  i s  supported by t h e  anomalous a l k a l i n e  
pe t rographic  c h a r a c t e r  of t h e  rocks of t h e  e a s t e r n  zone. 

The western zone seems t o  c o r r e l a t e  wi th  t h e  r eg ion  of postkinematic 
i n t r u s i o n s  of Bettenay CBinns and Yarston, 1976) ;  t h e  g r a d i e n t  between t h e  
two zones corresponds roughly t o  t h e  region of dynamic metamorphic domains, 
synkinematic g r a n i t o i d  d i a p i r s  and und i f f e ren t i a t ed  gne i s ses .  The c e n t r a l  
zone corresponds roughly t o  Bettenay's s t a t i c  metamorphic domains. 

REGIONAL GEOCHEMISTRY OF K 2 0  AND MgO 

Chemical d a t a  on g r a n i t o i d  rocks from t h e  Eas t e rn  Goldf ie lds  Province 
have been l i s t e d  by J o p l i n ,  1963; O'Beirne, 1968; Gower and Bunting, 1976; 
Thom and o t h e r s ,  1977; and J o p l i n ,  1975. These ana lyses  are s c a t t e r e d  and 
most a r e  accompanied by l i t t l e  d iscuss ion .  However, Davy (1976,  1977)  has 
considered a t  l eng th  t h e  impl ica t ions  of 252 ana lyses  generated from 
g r a n i t o i d  rock of t h e  Leonora and Laverton shee t s  and t h e  Archaean po r t ion  
of t h e  Rason shee t .  The g r a n i t o i d s  w e r e  analysed f o r  trace elements, and 
Fe203, MgO, CaO, K20, Na20, Ti02, and, except on t h e  Rason s h e e t ,  Si02. 

The a rea  of t h e  two and one-half s h e e t s  w a s  d iv ided  by Davy i n t o  6 
zones separa ted  by major t e c t o n i c  lineaments. 
progress s e q u e n t i a l l y  from zone t o  zone. Lack of convincing evidence of 
s i m i l a r  t r ends  wi th in  zones suggests t h a t  each in te r - l ineament  zone is  
cha rac t e r i zed  by a p a r t i c u l a r  ' g r a n i t e '  composition. 

Average K20 and MgO values  

The d e t a i l e d  modal study of t he  present  work i s  c o n s i s t e n t  wi th  Davy's 
da ta .  Both s t u d i e s  suggest t h a t  north-northwestward t rending  compositional 
zones a r e  p a r a l l e l  t o  t h e  north-northwest t rending  major t e c t o n i c  discon- 
t i n u i t i e s  and b e l t s  of g r o s s l y  s i m i l a r  l i t ho logy .  Both s t u d i e s  are 
c o n s i s t e n t  wi th  t h e  proposal t h a t  abrupt changes i n  composition co inc ide  
wi th  major t e c t o n i c  lineaments. 
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Some care should be  exercised i n  t h e  comparison of t h e  two s t u d i e s  as 
t h e  genera l  l i t h o l o g i c a l  charac te r  of t h e  c e n t r a l  and e a s t e r n  b e l t s  changes 
from greenstone t e r r a i n  i n  t h e  a r e a  of t h e  p r e s e n t  s tudy t o  g r a n i t i c  i n  t h e  
a rea  s tud ied  by Davy. 

DISTRIBUTION OF MINOR MINERALS 

Whereas t h e  d i s t r i b u t i o n  05 major minerals  e s t a b l i s h e s  t h e  genera l  
t e c t o n i c  framework of  t h e  a rea ,  s u b t l e t i e s  of pe t rogenes is  o r  a r e a s  
favourable  f o r  explora t ion  f o r  economic minerals  may be shown by t h e  
d i s t r i b u t i o n  of minor minerals  e i t h e r  wi th in  ind iv idua l  p lu tons  o r  as 
c h a r a c t e r i s t i c s  of p lu tons  of c e r t a i n  a reas .  

FLUORITE 

F l u o r i t e  i s  widely d i s t r i b u t e d  through t h e  g r a n i t o i d  rocks and f e l -  
sites of t h e  Eas te rn  Goldfields  Province,  bu t  i s  p a r t i c u l a r l y ,  gene ra l ly ,  
and abundantly developed i n  a few a reas .  

The l a r g e s t  a rea  of  high f l u o r i t e  concent ra t ion  is  on t h e  southwestern 
corner  of  t h e  Menzies shee t ,  mainly w e s t  of t h e  t r a c k  from M u l w a r r i e  t o  
Mulline and south of a l i n e  from Mulline t o  Galah Rocks. A l l  of t h e  
samples r i c h  i n  f l u o r i t e  are b i o t i t e  adamel l i te .  Quar tz  is  abundant, and 
f e ldspa r  r a t i o s  a r e  va r i ab le ;  e i t h e r  p l ag ioc la se  o r  microc l ine  may be 
dominant. 

The p lag ioc lase  of  t h e  f luo r i t e -bea r ing  adamel l i t e  i s  dominantly sod ic  
o l igoc la se  ranging from Ang t o  Anl7, though ep idote  i s  common and t h e  
calcium content  may o r i g i n a l l y  have been s l i g h t l y  higher.  Most samples 
are myrmekitic, and potassium fe ldspa r  is  microc l ine  with f i lm  p e r t h i t e .  
Colourless  mica is  un ive r sa l ly  developed a s  sericit ic a l t e r a t i o n  of plagio-  
c l a s e  but  is a l s o  common a s  d i s c r e t e  p l a t e s  i n s i d e  p lag ioc lase  and i s  less 
common as i n t e r s t i t i a l  g ra ins .  Epidote i s  a common minor mineral .  
P e r s i s t e n t  accessor ies  include z i rcon ,  a p a t i t e  and opaque minerals.  
Metamict a l l a n i t e  is  present  i n  4 of t h e  1 7  samples s tud ied .  Pumpellyite 
and carbonate  minerals  a r e  present  i n  seve ra l  samples a s  minor secondary 
minerals .  
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r e a s  Adamelli te a t  t 
o t h e r  major concentrat ion 

aced n o r t h  from Mount Borea 
Duketon shee t ,  an 
e middle of t h e  X 

ount Boreas. The f i v e  f l u o r i t e - b e a r i  
e t  have a remarkabl 

t h e i r  t e x t u r e  v a r i e s  from m e d i u m  t o  ve  
r i c h  b i o t i t e  adamel l i t e s ,  an 
p l ag ioc la se  composition ranges from Anl2 
t i c  and myrmekitic. I n t e r g r a n u l a r  c o l o u r l e s s  m i c a  and d i s c r e t e ,  coa r se  
mica g r a i n s  w i t h i n  p l ag ioc la se  as w e l l  a s  ser ic i t ic  a l t e r a t i o n  of plagio- 
c l a s e  a r e  common. A l l  samples have quest ionable  t amic t  a l l a n i t e ,  and 
all con ta in  z i r con ,  a p a t i t e  and opaque minerals .  ost samples are porphyri- 
t i c .  Microcline phenocrysts i n  some samples have inc lus ions  of va r ious  
minerals  which a r e  elongated p a r a l l e l  t o  t h e  ad jacen t  g r a i n  boundaries,  
suggesting inco rpora t ion  of m i c r o l i t e s  during growt i n  an igneous environ- 
ment. Further  work on t h e  geochronology, petrology and s t r u c t u r e  of  t h e  
Boreas Adamelli te i s  i n  progress .  

SPHENE 

ne i s  widely d i s t r i b u t e d  i n  g r a n i t  
s Province,  p a r t i c u l a r l y  a s  primary g 

p lag ioc la se  of interm i a t e  composition I an s secondary g r a i n s  a s soc ia t ed  
with c h l o r i t e  ere c h l o r i t e  has r e s u l t e d  from t e a l t e r a t i o n  of b i o t i t e .  

Primary sphene ( P l a t e  I )  i s  p a r t i c u l a r l y  abundant i n  t h e  no r theas t e rn  
p a r t  of t h e  Laverton s h e e t ,  t h e  southwestern p a r t  of t h e  Edjudina shee t ,  
and t h e  n o r t h e a s t e r n  p a r t  of t h e  ~ i d g i e m o o l t h a  shee t .  The l a t t e r  two a reas  
are i n  t h e  Leonora-Cowarna t r end  of abundant s y e n i t e  and su 
suggestion t h a t  t h i s  is  a d i s t i n c t i v e  pe t rogene t i c  province. 
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Coloured sphene i s  p a r t i c u l a r l y  c h a r a c t e r i s t i c  of  t h e  northwestern 
corner  o f  t h e  Laverton s h e e t  and i s  s c a t t e r e d  through t h e  a l k a l i n e  rocks 
of  t h e  Leonora-Cowarna t r end .  

ALLANITE 

Small ,  i r r e g u l a r  g r a i n s  of  m e t a m i c t  a l l a n i t e  ( P l a t e  I X )  a r e  d i f f i c u l t  
t o  d i s t i n g u i s h  from o t h e r  metamict r a d i o a c t i v e  s i l i c a t e s .  However, it 
seems c l e a r  t h a t  a l l a n i t e  i s  less widely d i s t r i b u t e d  than  sphene, b u t  i n  
rocks where it is i d e n t i f i e d  it tends t o  be prominent. 

Probable allanite is abundant i n  fou r  a reas .  I n  t h e  no r theas t e rn  
corner  of t h e  Laverton s h e e t  a l l a n i t e  accompanies coarse-grained, orange- 
coloured sphene i n  aplu4mnic a s soc ia t ion  c o n s i s t i n g  mainly of g r a n i t e ,  bu t  
with less adamel l i t e .  The a s s o c i a t i o n  is  presumably r i c h  i n  r a d i o a c t i v e  
and r a r e - e a r t h  elements. Again on t h e  Laverton s h e e t ,  most t h i n  s e c t i o n s  
of t h e  Boreas Adamelli te a t  t h e  no r th  edge of t h e  s h e e t  con ta in  quest ionable  
a l l a n i t e ,  which is  a s soc ia t ed  i n  t h i s  u n i t  w i th  abundant f l u o r i t e .  

A t h i r d  a r e a  with a small  amount of a l l a n i t e  i s  t h e  Leonora-Cowarna 
t r end  of  a l k a l i n e  f e l s i t e s  and g r a n i t o i d  rocks.  This  a x i s  corresponds 
n o t  only t o  t h e  be l t  of s y e n i t i c  rock b u t  a l s o  t o  a s i m i l a r l y  weak con- 
c e n t r a t i o n  of  orange sphene and microcl ine-r ich g r a n i t o i d s .  

The f o u r t h  a rea  is l a r g e r  b u t  more d i f f u s e ;  it inc ludes  a l a r g e  b e l t  
along t h e  western edge of  t h e  s tudy a r e a ;  t h a t  is, t h e  western t h i r d  of 
t h e  Leonora and Menzies s h e e t s ,  t h e  western h a l f  of  t h e  Kalgoorl ie  s h e e t  
and much of  t h e  Boorabbin shee t .  This  a r e a  inc ludes  t h e  g r a n i t o i d s  ly ing  
w e s t  of t h e  Coolgardie-Mount Ida a r m  o f  t h e  Kalgoorl ie  greenstone b e l t  and 
is l a r g e l y  r e s t r i c t e d  t o  t h e  g r a n i t o i d s  of t h e  Southern Cross Subprovince 
of t h e  Yilgarn Block a s  def ined by W i l l i a m s  (1974). The northern p a r t  of 
t h i s  a r e a ,  a t  least, i s  cha rac t e r i zed  by f l u o r i t e  as w e l l  a s  a l l a n i t e .  

AlEani te  seems t o  favour g r a n i t e  ( s t r i c t l y  de f ined )  and seems t o  be 
a s soc ia t ed  with f l u o r i t e ,  and w i t h  sphene which has  unusual colour.  

88 



DISTRIBUTION OF TEXTURES 

Textura l  c a t e g o r i e s  w e r e  descr ibed i n  t h e  s e c t i o n  on t e x t u r e s .  When 
samples with t h e s e  t e x t u r e s  are p l o t t e d  on a map only  vague, i l l - d e f i n e d  
t rends  appear,  presumably because of both t h e  g r e a t  spacing of samples and 
t h e  s u b j e c t i v e  n a t u r e  of  t h e  da t a .  

Several  of t h e s e  weak p a t t e r n s  may have p e t r o g e n e t i c  s i g n i f i c a n c e .  I n  
Figure 11 t h e  reg ion  has  been subdivided i n t o  s e v e r a l  areas. 
charac te r ized  by a dominant t e x t u r e .  Some of t h e s e  areas correspond t o  
mapped geologica l  u n i t s ,  o t h e r s  do not .  

Each area is  

The m o s t  obvious t e x t u r a l  t r e n d  i s  t h e  e l t  of g n e i s s i c  rock f r o m  near  
Norseman northward along t h e  w e s t  s i d e  of t h e  Kalgoorl ie  greenstone b e l t  and 
along t h e  Ida Lineament t o  t h e  Lawlers A n t i c l i n e  near  Agnew a t  t h e  n o r t h  edge 
of t h e  Leonora s h e e t  (Fig.11, area I ) .  Both deformational  t e x t u r e s  and 
var ied  l i t h o l o g y ,  inc luding  gne iss  and greenstone,  follow t h i s  t rend .  This  
be l t  corresponds t o  t h e  zones of dynamic metamorphic domains and undifferen-  
t i a t e d  g n e i s s ,  m i g m a t i t e  and synkinematic d i a p i r s  of Bettenay (Binns and 
Marston, 1976, F ig .7) .  

I n  t h e  south p a r t  o f  t h e  b e l t ,  t h e  gne iss  seems t o  b e  exposed i n  a d i s -  
continuous series of g n e i s s  domes a t  t h e  southwestern edge of t h e  broad 
greenstone be l t  cen t red  approximately on Kalgoorl ie .  
t h e  ‘synkinematic g r a n i t o i d  d i a p i r s ’  of Bettenay (Binns and Marston, 1976).  

These correspond t o  

Northward, t h e  g n e i s s  seems more continuous east  of an arm of t h e  
greenstone b e l t  f r o m  Coolgardie t o  Mount Ida and east of t h e  I d a  Lineament 
(Kriewaldt, 1970, p.5; Thom and Barnes, 1977, Fig.2; and Binns and Marston, 
1976, F ig .7) .  However, even i n  t h i s  area t h e r e  may be domal elements: an 
example of  t h i s  is t h e  p a t t e r n  on t h e  Menzies s h e e t  (Kriewaldt,  1970) about 
20 km east  of t h e  physiographic Mount Ida. Gneiss ic  samples 17623 and 17626 
(Menzies) are from t h i s  ovoid area of “ g r a n i t e “  and “ g n e i s s i c  g r a n i t e ” .  

Looking aga in  a t  t h e  g n e i s s  domes i n  t h e  south ,  sample 41478 (Widgie- 
mooltha) i s  from F i f t y  M i l e  Rock on Pioneer D o m e  and sample 41475 (Boorabbin) 
is  from Depot Rocks on Spargovi l le  Dome.  Northward along t h e  Coolgardie- 
Mount Ida  arm of t h e  greenstone b e l t ,  samples 17650, 17651 and 17652 
(Menzies) are w e s t  of t h e  Coolgardie-Mount Ida a r m ,  sample 17625 (Menzies) 
seems t o  be from w i t h i n  t h e  greenstone and samples 17623 and 17626 (Menzies) 
were mentioned above from a p o s s i b l e  dome on t h e  east  side of t h e  greenstone. 
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Figure 11. Tex tu ra l  t rends.  
I. Gne i s s i c  trend 

11. Igneous and ~yp id iomorph ic  t e x t u r e s  w e s t  of t h e  g n e i s s i c  t r end  
111. S t a t i c a l l y  metamorphosed g r a n i t i c  rocks of t h e  Boorabbin map 

shee t .  

t e x t u r e s ,  (GSWA 17326) 
I V , V ,  & V I .  111-defined a r e a s  of hypidiomorphic g ranu la r  and igneous 
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orthward on t h e  Leonora s 
t h e  broad g n e i s s i c  a r e a  i n  t 
3 9 8 0 ~  (Leonora) from t h e  Maroon Range are a 
phase of t h e  g n e i s s i c  sequence e a s t  of t h e  I 
most g n e i s s  found i n  t h i s  a r ea  i s  sample 327 
t h e  Lawlers An t i c l ine  (see avy, 1978 f o r  chemical a n a l y s i s ) .  

The quartz-r ich,  garnet-bearing g n e i s s  of Windy W e l l  and t h e  kyanite- 
bear ing rocks a t  t h e  Maroon Range suggest t h a t  s o m e  of t h e  g n e i s s  may 
m e  tased imentar y 

Gneisses o u t s i d e  t h e  Norseman-Agnew g n e i s s  be l t  seem i s o l a t e d  because 
of t h e  g r e a t  spacing of samples. 

W e s t  of t h e  Coolgardie-Mount Ida greenstone a r m  i n  t h e  south p a r t  of 
t h e  Menzies and n o r t h  p a r t  of t h e  Kalgoorl ie  s h e e t s ,  g r a n i t i c  t e x t u r e s  
predominate, suggest inq igneous g r a n i t o i d s  with l i t t l e  metamorphic r ec rys -  
t a l l i z a t i o n  (Fig.11, a r ea  11). This i s  t h e  r eg ion  r i c h  i n  f l u o r i t e  and 
may be a s i n g l e  b a t h o l i t h i c  m a s s  or a s u i t e  of small  related g r a n i t i c  
plutons.  

South of a r e a  11, s t i l l  w e s t  of t h e  gne i s s  and greenstone b e l t ,  s t a t i c  
metamorphic t e x t u r e s  predominate ( F i g . l l #  area 111) through much of t h e  
western two-thirds of  t h e  Boorabbin shee t .  I s o t r o p i c  c r y s t a l l o b l a s t i e  
t e x t u r e s  in t e r spe r sed  wi th  g r a n i t i c  and weakly g n e i s s i c  t e x t u r e s  cont inue 
southward i n t o  t h e  Lake Johnston shee t  which was n o t  s tud ied  i n  d e t a i l .  

Areas I V ,  V and V I  i n  F igu re  11 are cha rac t e r i zed  by g r a n i t i c  t o  
igneous t e x t u r e s  b u t  a r e  ill defined.  
p a r t  of t h e  Leonora-Cowarna t r e n d  and may r e f l e c t  t h e  l i t t l e - r e c r y s t a l l i z e d  
igneous o r i g i n  of t h a t  zone. But t h i s  igneous t r e n d  is i n t e r r u p t e d  by 
g r a n o f e l s i c  t o  g n e i s s i c  metamorphic rocks i n  t h e  complex near  
on t h e  Edjudina shee t .  

Areas I V  and V l i e  on t h e  southern 

Thus, t e x t u r a l  mapping has  o u t l i n e d  one metamorphic t r end  of r eg iona l  
s ign i f i cance ,  and has suggested r eg iona l  tendencies  i n  a few o t  
but  sample spacing seems t o o  g r e a t  a t  t h i s  scale t o  show t r e n d s  i n  t h e  
rest of t h e  a r e a .  
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CONCLUSIONS 

The g r a n i t i c  rocks  of t h e  Eas te rn  Goldf ie lds  Province a r e  c l e a r l y  no t  
a s i n g l e  homogeneous m a s s ,  bu t  a r e  v a r i a b l e  both i n  composition and t e x t u r e .  
Compositional t r ends  tend  t o  follow t e c t o n i c  t r ends  represented  by t h e  
greenstone b e l t s  and t e c t o n i c  lineaments. Tectonic subprovinces seem t o  
be charac te r ized  by recognizably d i f f e r e n t  bulk minera logica l  composition. 

The degree of deformation and r e c r y s t a l l i z a t i o n  i s  as v a r i a b l e  as 
t h e  composition. Mild t o  severe pene t r a t ive  deformation and r e c r y s t a l l i z -  
a t i o n  has a f f ec t ed  m o s t  rocks  of t h e  a rea .  Wide d i s t r i b u t i o n  of p rehn i t e ,  
pumpellyite, carbonate ,  and ep idote  suggests widespread metamorphism of 
g r a n i t o i d  rocks a t  low grades;  l o c a l  ga rne t  g n e i s s e s  i n d i c a t e  m o r e  
r e s t r i c t e d  b e l t s  of i n t e n s e  metamorphism. The p o s s i b i l i t y  of r eg iona l  
metamorphic mapping on t h e  b a s i s  of secondary minera l  assemblages 
deserves  f u r t h e r  study. 

Considering t h e  amount of compositional and s t r u c t u r a l  information 
contained i n  t h e  g r a n i t i c  rocks,  an understanding of t h e  h i s t o r y  of t h e  
g r a n i t i c  u n i t s  would seem t o  be c r i t i c a l  t o  an understanding of t h e  
t e c t o n i c s  of t h e  Eas te rn  Goldf ie lds  Province. 
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APPENDIX 

LOCATION OF SAMPLES 

S a m p l e s  are located according t o  1 : 2 5 0  000 sheets and t h e  Aus t r a l i an  
T r a n s v e r s e  Mercator G r i d ,  i n  yards. The f i rs t  d i g i t  of each coordinate 
ind ica t e s  h u n d r e d s  of thousands of yards.  
a p r e c i s i o n  of 1 0 0  yards, th ree-d ig i t  coordinates, 1 0 0 0  yards. Accuracy 
is somewhat less. L e t t e r  su f f ixes  h a v e  b e e n  omit ted.  

Four-digit  coordinates have 

BOORABBIN 

41409 298-/132- 

41475 445-/144- 

EDJUDINA 
1 5 5 0 7  4727/3773 

24808 5029/3159 
24831 47 64/3049 
24832 5021/3190 
40807 423-/079- 

XALGOORLIE 

9 1 2 1  

9 1  55 

KuRNaLPI 
2364 

6852 

1 1 0 9 9  

LAVERTON 
29964 

31131 
31142 

38143 
39003 

413-/261- 

3 9 2-/257 - 

519-/191- 

556-/213- 

571-/167- 

4552/4993 
58 7-/47 5- 

610-/4 64- 

522-/524- 
47 66/4434 

LEONORA 

32708 

38327 

3 9 8 0 5  

39806 
39812 
40575 
41480 

MI3NZ IES 

1 7  606 
1 7 6 0 9  

1 7  614 

1 7  616 
1 7 6 1 7  
1 7 6 2 0  

1 7 6 2 3  

1 7 6 2 5  

1 7 6 2 6  

1 7 6 4 1  

1 7  650 

1 7 6 5 1  

1 7 6 5 2  
1 7 6 5 5  
1 7 6 5 6  

347 4/5054 

4172/4808 

3500/4700 
3500/47 00 
4480/4150 

357-/415- 
3 41-/515- 

2970/3559 
3 325/3 5 0 5  
3214/3075 

3 065/3048 

3468/3938 

3 825/4 03 0 

3 530/37 8 0 
3 570/3 644 

3 57 3/3 87 3 

N o t  
available 
34  52/317 5 

3452/317 5 
3454/3170 

3 3 65/3217 
3318/3262 

MENZIES ( c o n t .  ) 

1 7 6 6 0  Not 
available 

1 7 6 6 2  3200/3206 

1 7 6 8 1  4170/3681 
1 7 6 8 6  4005/3 095  

1 7 6 9 3  4248/2963 

20979 4088/3246 

WIDGIEMOOLTHA 

41478 466-/058- 
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Pla te  I. Sphene, euhedral. 

P la te  11, Secondary sphene i n  ch lo r i t e .  
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Plate 111. Pumpellyite. 

Plate IV. Pumpellyite. 



Plate V. Fluorite,  veins along plagioclase cleavage. 

Plate V I .  Fluorite i n  plagioclase. 
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P l a t e  V I I .  F luor i te ,  i n t e r s t i t i a l .  

P l a t e  V I I I .  F l u o r i t e  with b i o t i t e .  



P l a t e  I X .  Al lan i te ,  metamict. 

P l a t e  X. Al te ra t ion  of plagioclase core with reversa l  of r e l a t i v e  core-rim 
composition. 
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Pla t e  X I .  Gneissic tex ture .  

P la te  X I I .  Foliated g r a n i t i c  texture .  
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P l a t e  XIII. S t a t i c  metamorphic t e x t u r e ,  p l a i n  l i g h t .  

P l a t e  XIV. S t a t i c  metamorphic tex ture ,  crossed polar izers .  



Plate xV. Cataclastic gran i t ic  texture. 

Plate XVI. Transition texture between s t a t i c  metamorphic and hypidiomorphic- 
granular texture. 



Plate XVII . Hypidiomorphic-granular texture. 

Plate XVIII. Hypidiomorphic-granular texture, exceptional development: 
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Plate XIX. Igneous texture. 

Plate XX, Igneous texture. 
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Plate XXIII. Seriate texture, possibly secondary. 

Plate XXIV. Seriate texture, probably primary, 
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THE FELSIC ALKALINE ROCKS 

by 

W.G. Libby 

ABSTRACT 

Mildly a l k a l i n e  rocks are sparsely sca t t e red  i n  a broad, a r cua te  
zone from Peak Charles (about 100 km southeas t  of Norseman) i n  t h e  south, 
through t h e  Widgiemooltha, Kurnalpi, Edjudina, Laverton, and S i r  Samuel 
1:250 000 shee t s  t o  Lake Teague i n  t h e  north,  about 100 km nor theas t  of 
Wiluna. 

The a l k a l i n e  rocks a r e  characterized by a l k a l i  pyr iboles  ( aeg i r ine ,  
aeg i r ine-augi te  znd a l k a l i  amph!.bole), mesoper th i t ic  a l k a l i  fe ldspar  and 
low quartz conten t  ranging from zero t o  twenty per cent .  

Genetic r e l a t i o n s  are not  c l e a r ,  bu t  d ivergent  chemical t r ends  
suggest t h a t  t h e  a l k a l i n e  rocks a r e  not  r e l a t e d  t o  t h e  reg iona l ly  
dominant suba lka l ine  g ran i to ids  i n  a simple manner. 

INTRODUCTION 

F e l s i t e s  and g ran i to id  rocks of a l k a l i n e  a f f i n i t y  are sparse ly  d i s t r i -  
buted over much of t h e  c e n t r a l  and eas t e rn  p a r t  of t h e  Eastern Goldfields 
Province of Western Aus t ra l ia .  Although these  rocks a r e  v a r i a b l e  i n  
t e x t u r e  and mineral  assemblage, c e r t a i n  c h a r a c t e r i s t i c s  p e r s i s t  from area  
t o  a rea ,  suggesting t h a t  t hese  widely d ispersed  assemblages may have a 
similar o r i g i n .  Thus they are grouped under t h e  c o l l e c t i v e  term, " the  
a l k a l i n e  s u i t e " .  
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Rocks of t h e  a l k a l i n e  s u i t e  i n  t h e  Eas te rn  Goldf ie lds  Province have 
one of t h r e e  c h a r a c t e r i s t i c s :  a l k a l i n e  pyroxene or amphibole, a low 
proportion of quar tz  f o r  a f e l s i c  rock, or mesoper th i t ic  a l k a l i n e  fe ldspar .  

Rocks of t h e  a l k a l i n e  s u i t e  c o n s t i t u t e  a s m a l l  bu t  widely d i s t r i b u t e d  
f r a c t i o n  of samples co l l ec t ed  by geo log i s t s  of t h e  Geological Survey of 
Western Aus t r a l i a  during 1:250 000 s c a l e  geologica l  mapping of t h e  Eastern 
Goldfields Province between 1960 and 1974. Thin sec t ions  w e r e  prepared 
from many samples. Resu l t s  of t h e  study of t h e  t h i n  sec t ions  have been 
used i n  mapping bu t  have not  been reported sys temat ica l ly  p r i o r  t o  t h i s  
paper. 

The rocks of t h e  a l k a l i n e  s u i t e  a r e  repor ted  separa te ly  from f e l s i c  
rocks of m o r e  normal composition (Libby, 1978a and 1978b) because they 
seem t o  form a chemically and pe t rographica l ly  coherent s u i t e  d i s t i n c t  
from t h e  suba lka l ine  rocks of t h e  a rea ;  because they range from f i n e  t o  
coarse t ex tu re ,  hence cannot be e a s i l y  discussed i n  e i t h e r  category; and 
because they may have s u b s t a n t i a l  economic and pe t ro log ica l  s ign i f i cance  
a p a r t  from t h e  more abundant subalkaline rocks. 

The a l k a l i n e  rocks of t h e  Eastern Goldf ie lds  Province have received 
l i t t l e  previous a t t en t ion .  Jutson (1915) and Honman and o the r s  (1917) 
b r i e f l y  described a s y e n i t i c  body about 9.5 km east of Yer i l l a  homestead, 
and B e r l i a t  (1956) mentioned quartz-poor s y e n i t i c  rocks near Lake Carey, 
east of Linden. Trendall  (1964)  recognized Na-rich pyroxenes and amphi- 
bo les  i n  g r a n i t i c  rocks of t h e  Widgiemooltha 1:250 000 sheet.  Various 
s m a l l  quar tz  syen i t e  and syen i t e  bodies on t h e  Edjudina shee t  were 
mentioned by W i l l i a m s  and o the r s  (1971, p.17). The only r epor t  d i r ec t ed  
s p e c i f i c a l l y  a t  rocks of t h e  a lka l ine  s u i t e  is the  comprehensive study of 
t h e  s y e n i t i c  rocks of t h e  F i tzgera ld  Peaks i n  an accompanying paper 
( L e w i s  and Gower, 1978). 

The a l k a l i n e  s u i t e  i n  t h e  Eastern Goldf ie lds  Province lies between 
longitudg;12l0E and 123OE and extends from t h e  south margin of t h e  Yilgarn 
Block a t  about l a t i t u d e  33OS t o  t h e  northern margin a t  about l a t i t u d e  26OS. 
Bunting and W i l l i a m s  (1976) and Bunting (personal. communication) have 
repor ted  a l k a l i n e  rocks nor th  of l a t i t u d e  28OS. 

Most a l k a l i n e  samples a r e  from a north-trending zone about 70 km wide, 
c o n s t i t u t i n g  t h e  main b e l t  of Figure 1. L o c a l i t i e s  i n  t h e  eas t e rn  p a r t  of 
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F i g u r e  1. Major l oca l i t i e s  and t r e n d s  of a l k a l i n e  and r e l a t e d  rocks  i n  t h e  
E a s t e r n  G o l d f i e l d s  Province  (GSWA 17327) 
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t h e  Laverton and Edjudina shee ts  may r ep resen t  a b i fu rca t ion  of t h e  main 
b e l t  o r  a widening t o  about 1 0 0  km. 

2 The l a r g e  a rea  of a l k a l i n e  g r a n i t e  (about 120 km ) a t  F i t zge ra ld  Peaks, 
i n  t h e  southeastern p a r t  of t h e  Lake Johnston shee t ,  l ies  ou t s ide  t h e  main 
b e l t  bu t  wi th in  t h e  Yilgarn Block. Outside t h e  Yilgarn Block, i n  t h e  
Proterozoic Albany-Fraser Province, rocks a t  Lake Shas te r ,  Shamba Kappa 
homestead and Bobbies Point (Fig.1) have a l k a l i n e  a f f i n i t y .  I f  t h e  
F i tzgera ld  Peaks, Shamba Kappa homestead and Lake Shaster locali t ies w e r e  
included with t h e  main trend it wbuld be a rcua te  concave t o  t h e  w e s t .  

Most of t h e  samples of a lka l ine  rock a v a i l a b l e  f o r  study came from an 
area  within t h e  main b e l t  about a l i n e  between Leonora i n  t h e  nor th  and 
Cowarna i n  t h e  south, t h e  Cowarna-Leonora t rend  of Figure 1. 

DESCRIPTION 

GENERAL CHARACTERISTICS 

Rocks assigned t o  t h e  a l k a l i n e  s u i t e  i n  t h e  Eastern Goldfields 
Province have one or more of t h e  following proper t ies :  quartz ranges from 
zero t o  20 per cen t ;  mafic minerals a r e  a l k a l i n e  pryoxene and/or a l k a l i n e  
amphibole; and fe ldspar  is a l k a l i n e  and mesoperthit ic.  The a s soc ia t ion  of 
these  t h r e e  c h a r a c t e r i s t i c s  i s  s u f f i c i e n t l y  qeneral  t o  encourage t h e  b e l i e f  
t h a t  where only one c h a r a c t e r i s t i c  is  developed i n  t h e  f e l s i c  g ran i to ids  
and porphyries t h e  rock is gene t i ca l ly  r e l a t e d  t o  o the r s  i n  t h e  a l k a l i n e  
s u i t e .  Other, less p e r s i s t e n t  mineralogical c h a r a c t e r i s t i c s  are an 
abundance of coarse-grained a p a t i t e  and abundant development of an orange- 
coloured sphene. 

Quartz usua l ly  c o n s t i t u t e s  between 5 and 20 per  cen t  of t h e  rock, 
giving a quartz syen i t e  o r ,  more r a r e l y ,  quartz monzonite composition. 
A few members of t h e  s u i t e  have more than 20 per cent  quartz and thus  a r e  
a l k a l i  g ran i t e .  

The mineral assemblage and t e x t u r e s  alone a r e  cons i s t en t  with 

assignment t o  t h e  pe ra lka l ine  rocks i n  t h e  nomenclature of Shand (1949,  
p.229) and t h e  e k e r i t i c  s u i t e  a s  described by Barth (1944,  p.88-91; 1962 ,  
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p.198); however, i n  t h e  few samples which have been chemically analyzed 
the  alka1i:alumina r a t i o  i s  marginally low f o r  proper c l a s s i f i c a t i o n  i n  
e i t h e r  of t h e s e  groups. S t i l l ,  on t h e  b a s i s  of l o w  abundance of quartz 
and development of a l k a l i n e  mafic minerals,  t h e  s u i t e  is mildly a lka l ine .  

The few ana lyses  of a l k a l i n e  rocks from F i t zge ra ld  Peaks ( L e w i s  and 
Gower, 1978) and t h e  S i r  Samuel shee t  (Bunting and W i l l i a m s ,  1976) show t h a t  
d e s p i t e  t h e  development of a lka l ine  pyroxene and amphibole, t h e  agpa i t i c  

r a t i o  (molecular ) is  less than uni ty .  This is  i n  common wi th  

many genera l ly  accepted a lka l ine  rocks, including 11 of t h e  32 pera lka l ine  
g r a n i t e s  l i s t e d  by Murthy and Venkataraman ( 1 9 6 4 ) .  Y e t  t h e  a g p a i t i c  r a t i o  
i s  higher (Fig.3) than i n  associated subalka l ine  rocks. The a l k a l i n i t y ,  
measured by a g p a i t i c  index o r  t o t a l  a l k a l i e s ,  along wi th  r e l a t i v e l y  low 
s i l i c a ,  measured by analyzed s i l i c a  o r  low va lues  f o r  modal quar tz ,  g ives  
t h e  s u i t e  much of i t s  d i s t i n c t i v e  charac te r .  

Na20 + K20 

A1203 

The unique charac te r  of t h e  a l k a l i n e  s u i t e  among f e l s i c  rocks of t h e  

area i s  suggested by petrography, bu t  t h e  l imi ted  chemical d a t a  (Figs 2 
and 3) provide even b e t t e r  evidence t h a t  t h e  a l k a l i n e  s u i t e  does not form 
a compositional continuum with t h e  suba lka l ine  rocks. In  p a r t i c u l a r ,  t h e  
p l o t  of a g p a i t i c  index versus s o l i d i f i c a t i o n  index (Fig.3) suggests both a 
divergence of t rend  and a compositional gap between t h e  a l k a l i n e  and sub- 
a l k a l i n e  g ran i to ids .  The geographic spread of sample l o c a l i t i e s  suggests 
t h a t  t h e  two t r ends  represent  two sets of physical  conditions o r  modes of 
o r i g i n  of d ive r se  ma te r i a l s  r a the r  than two simple c r y s t a l l i z a t i o n  series 
from two d i s c r e t e  magmas. 

The p l o t  of a l k a l i e s  versus s i l i c a  i n  Figure 2 d i s t ingu i shes  t h e  
a l k a l i n e  and subalka l ine  rocks less powerfully than t h e  p l o t  of a g p a i t i c  
index versus  s o l i d i f i c a t i o n  index i n  Figure 3. However, i n  t h e  d a t a  from 
Davy (1976a and 1976b) it is  poss ib le  t h a t  samples 33864, 33815, 33818 and 
33835 a r e  i n  f a c t  a l s o  a lka l ine ,  a s  d a t a  on s i l i ca  and alumina, and petro- 
graphic d a t a  are not  ava i lab le .  

The a l k a l i n e  s u i t e  includes both g r a n i t i c  and porphyr i t ic  f e l s i t i c  
rocks. With increasing proportion of phenocrysts t h e  f e l s i t e s  grade 
t e x t u r a l l y  i n t o  g r a n i t i c  rocks. The porphyr i t ic  f e l s i t e s  seem c l e a r l y  
igneous and t h e r e  is  l i t t l e  reason t o  doubt t h e  igneous o r i g i n  of most of 
t h e  a l k a l i n e  gran i to ids ;  however, some of t h e  a l k a l i n e  g ran i to ids ,  notably 
c e r t a i n  of t h e  Peak Charles samples and rocks near Twin Peaks, Edjudina 
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s h e e t ,  have c r y s t a l l o b l a s t i c  t ex tu re ,  pronounced minera l  g r a i n  o r i e n t a t i o n ,  
and weak composi t ional  l aye r ing .  These may have r e t a i n e d  t h e i r  igneous 
a l k a l i n e  cha rac t e r  du r ing  metamorphism. Some of t h e  a l k a l i n e  bodies  are 
heterogeneous w i t h  pods, s t r e a k s  and lenses r i c h  i n  mafic mine ra l s  s e t  i n  
t h e  g e n e r a l l y  f e l s i c  body of t h e  rock ( L e w i s  and Gower, 1978) .  

REGIONAL DESCRIPTION 

THE MAIN BELT 

Within t h e  main b e l t  m o s t  samples of t h e  a l k a l i n e  s u i t e  a r e  mesoper- 
t h i t i c  ( P l a t e s  I and I I ) ,  wi th  a l k a l i n e  amphibole and pyroxene being t h e  
c h a r a c t e r i s t i c  mafic  minera ls .  Many samples have less than 20 p e r  c e n t  
qua r t z  and s e v e r a l  con ta in  orange sphene. 

Pyroxene, without  inc luding  t h r e e  samples of doub t fu l  a f f i n i t y ,  seems 
t o  range from d iops ide  t o  a e g i r i n e .  
are o p t i c a l l y  in t e rmed ia t e  between d iops ide  and a e g i r i n e  a r e  l eng th  f a s t  
w i th  a moderate e x t i n c t i o n  ang le ,  a l a r g e  o p t i c  a x i a l  angle  and a p o s i t i v e  
o p t i c  s ign.  They range  from c o l o u r l e s s  t o  green.  The a e g i r i n e  i s  l eng th  
s l o w  wi th  a small  e x t i n c t i o n  ang le  and a l a r g e ,  nega t ive  o p t i c  a x i a l  angle ;  
i ts  colour  i s  yellow-green. Pyroxene wi th  f u l l  o p t i c a l  p r o p e r t i e s  of 
a e g i r i n e  is  r e s t r i c t e d  t o  t h r e e  samples (2346, 6893 and 11099) from t h e  
Kurnalpi s h e e t  and two samples (6522B and 6589) from t h e  Widgiemooltha 
s h e e t ,  a l though pyroxenes wi th  p r o p e r t i e s  between a e g i r i n e  and d iops ide  
(presumably aegi r ine-augi te )  a r e  much more widespread. Pyroxene from 
F i t z g e r a l d  Peaks has been analyzed a s  aeg i r ine -aug i t e  ( L e w i s  and Gower, 
1978).  Sodic pyroxene is  i l l u s t r a t e d  i n  P l a t e s  V I ,  V I 1  and V I I I .  

The d iops ide  and t h e  pyroxenes which 

Two g r a n i t o i d  rocks,  samples 41475 (Boorabbin shee t )  and 29906 
(Laverton s h e e t ) ,  con ta in  a green pyroxene b u t  have no o t h e r  p r o p e r t i e s  of 
t h e  a l k a l i n e  s u i t e .  Op t i ca l  p r o p e r t i e s  of t h i s  pyroxene a r e  c o n s i s t e n t  
w i th  d iops ide  and t h e  t e x t u r e s  of t h e  rocks  a r e  coa r se ly  c r y s t a l l o b l a s t i c .  
The rocks  are pyroxene gne i s ses  of doub t fu l  a f f i n i t y  wi th  t h e  a l k a l i n e  
s u i t e ,  a l though g rada t ion  of hedenberg i te  g r a n i t e  i n t o  p e r a l k a l i n e  g r a n i t e  
( f o r  example, Bowden and Turner,  1974, p.336) l eaves  t h e  ques t ion  of 
r e l a t i o n  t o  t h e  a l k a l i n e  s u i t e  open. 
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Amphibole i n  t h e  a l k a l i n e  s u i t e  of t h e  main b e l t  has a wide range of 
o p t i c a l  c h a r a c t e r i s t i c s .  
probably i s  hornblende o r  a c t i n o l i t e ;  i n  o ther  samples it i s  deep green 
with a small  o p t i c  a x i a l  angle and strong d i spe r s ion ,  and probably i s  
arfvedsonite.  
6522A and B from t h e  Widgiemooltha shee t  and sample 2346 from t h e  Kurnalpi 
sheet.  Sample 26690 from t h e  Edjudina shee t  carries f l e c k s  of secondary 
r i ebeck i t e .  Alkaline amphibole is  i l l u s t r a t e d  i n  Plates IV and V. 

I n  some samples amphibole is pa le  blue-green and 

Deep b lue  t o  v io le t -b lue  r i e b e c k i t e  is abundant i n  samples 

Pyroxene and/or amphibole i s  t h e  p r inc ipa l  mafic mineral  i n  a l l  bu t  
one of t h e  quartz-poor samples of t h e  main b e l t .  The exception i s  sample 
38674 from t h e  eas t -cent ra l  p a r t  of t h e  Laverton shee t .  This is  a b i o t i t e  
syen i t e  with dominant potash fe ldspar ,  about 40 per  cen t  p lag ioc lase  near 
An8 and no quartz.  
syen i t e  from Lake Shas te r  (Thom and o thers ,  1977) i n  t h e  Proterozoic 
Albany-Fraser Province, a r e  t h e  only b i o t i t e - r i c h  rocks of s y e n i t i c  
a f f i n i t y  recognized i n  t h i s  study. 

This,  and t h e  s imi la r  (hornblende-) b i o t i t e  monzonite- 

The opaque minerals i n  t h e  a l k a l i n e  and quartz-poor rocks of t h e  main 
b e l t  a r e  black under oblique r e f l ec t ed  l i g h t  (?magnetite) except where 
oxidized t o  hematite o r  l imonite,  probably due t o  weathering, Apat i te  
seems m o r e  abundant than i n  average g ran i to id  rocks of t h e  Eastern Gold- 
f i e l d s  Province. The a p a t i t e  is  coarse-grained and forms stubby pr i smat ic  
c r y s t a l s  o r  i r r e g u l a r  masses. Epidote is a minor secondary mineral i n  most 
samples but  i s  abundant i n  a few. F l u o r i t e  was i d e n t i f i e d  i n  a few samples 
( fo r  example 24831, Edjudina shee t ) .  Zircon was i d e n t i f i e d  i n  slight1.y 
more than ha l f  of t h e  samples, and i n  some samples it is  very coarse  
grained and anhedral. In  some cases  it i s  m e t a m i c t .  

Although s i x  samples contain no quar tz  and many o the r s  have l i t t l e  
quar tz ,  no fe ldspa thoids  w e r e  recognized. 

Many samples from t h e  main b e l t  of a l k a l i n e  rocks a r e  porphyr i t ic ,  
with groundmass ranging from f i n e  t o  medium-grained. With coarsening of 
t h e  matrix and increase  i n  t h e  proportion of phenocrysts t h e  porphyr i t ic  
t ex tu re  increas ingly  resembles g r a n i t i c  t ex tu re ,  apparently r e f l e c t i n g  
t e x t u r a l  g rada t ion  from a lka l ine  f e l s i t e s  t o  quar tz  syeni tes .  This suggests 
t h a t  t h e  po rphyr i t i c  rocks a r e  c lose ly  r e l a t e d  t o  t h e  coarse, even-grained 
rocks. Probably both a r e  shallow i n t r u s i v e  bodies though some of t h e  f e l s -  
i tes may be ex t rus ive .  Porphyr i t ic  rocks seem absent from t h e  two most 
heavily sampled a reas  of a l k a l i n e  rock - t h e  F i tzgera ld  Peaks on t h e  Lake 
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Johnston s h e e t  and i n  t h e  v i c i n i t y  of  Twin Peaks on t h e  Edjudina shee t .  

Four small s y e n i t e  bodies  i n  t h e  main b e l t  w e r e  examined by I . R .  

W i l l i a m s  i n  t h e  course  of p repa ra t ion  of  t h e  Edjudina 1:250 000 s h e e t  
(Williams and o t h e r s ,  1976, and personal  communication). 

W e l l  was descr ibed  earlier by Ju tson  (1915) and Honman and o t h e r s  (1917).  
The l o c a t i o n  of each s y e n i t e  body i s  shown on F igure  4 .  Three of  t h e  bodies, 
a t  Hamdorf BOTE?, Tassy W e l l ,  and Twelve M i l e  W e l l  a r e  w i th in  a heterogeneous,  
mainly adamel f i t i c ,  complex, t h e  Menangina Ba tho l i th .  The s y e n i t e s  a r e  i n  
t h e  o u t e r  margin of  t h e  complex i n  a zone which has  an involved h i s t o r y  of 
mul t ip l e  i n t r u s i o n .  
a l k a l i n e  g r a n i t e  and a v a r i e t y  of b a s i c  r a f t s  and x e n o l i t h s  i n  va r ious  
s t a g e s  of  a s s imi l a t ion .  The remaining a l k a l i n e  body, a t  McAuliffe W e l l ,  i s  
about  5 km northwest of  t h e  b a t h o l i t h .  

A body a t  McAuliffe 

The zone con ta ins  igneous rocks  ranging from d i o r i t e  t o  

Mesoperthi te  is t h e  dominant f e ldspa r  i n  samples 26649 and 26690 from 
McAuliffe W e l l  and 24831 from Hamdorf Bore, b u t  i s  rare i n  26650 and 26689 
from Tassy W e l l  and is  absen t  i n  24821 from Twelve M i l e  W e l l .  The soda and 
potash f e l d s p a r s  of samples 24821 and 26689 poss ib ly  r e p r e s e n t  f u r t h e r  unmix- 
ing  of hypersolvus anor thoc lase  beyond t h e  mesoper th i te  s t age .  There i s  no 
d i r e c t  pe t rographic  evidence f o r  such unmixing, though i n  sample 26689 it 
could be  explained by stress a t t end ing  seve re  c a t a c l a s i s .  The t o t a l  a lka-  
l i n e  f e l d s p a r  (microc l ine  and a l b i t e )  is  g r e a t l y  i n  excess  of more c a l c i c  
p l ag ioc la se  (o l igoc la se )  i n  a l l  samples. The g r e a t e s t  p ropor t ion  of o l igo-  
clase seen ,  i n  sample 24831, is  less than  9 p e r  c e n t  of  t h e  rock. 

The mafic  minera l  i n  sample 24821 is  p a l e  green  amphibole; i n  sample 
26689 both green amphibole and nea r ly  c o l o u r l e s s  clinopyroxene a r e  p re sen t .  
The p r i n c i p a l  mafic  minera l  i n  samples 26690 and 24831 i s  a e q i r i n e  o r  
aeg i r ine -aug i t e ,  accompanied i n  24831 by secondary a l k a l i n e  amphibole and 
minor b i o t i t e .  
g r a i n s  and rims around p a l e  green ( ?d iops id i c )  pyroxene. The r a r e  amphibole 
and b i o t i t e  a l s o  may be d i s c r e t e  o r  a s soc ia t ed  wi th  t h e  rims of dark green 

Aegir ine-augi te  and p o s s i b l e  a e g i r i n e  form both d i s c r e t e  

yroxene. 

The main accessory minera ls  a t  t h e  fou r  l o c a l i t i e s  a r e  sphene, a p a t i t e ,  
ues  and qua r t z .  The samples from Tassy W e l l  and Twelve M i l e  W e l l  a r e  

s y e n i t i c ,  wi th  very l i t t l e  qua r t z ,  b u t  have few o t h e r  minera logica l  
c h a r a c t e r i s t i c s  of t h e  a l k a l i n e  s u i t e .  
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Three l o c a l i t i e s  i n  t h e  eas t e rn  p a r t  of t h e  Laverton and Edjudina 
shee t s  ( i d e n t i f i e d  i n  Figure 5 a s  Linden syen i t e ,  ca rbona t i t e ,  and 38674) 
poss ib ly  should no t  be included i n  t h e  main b e l t  due t o  i s o l a t i o n  from 
o the r  members of t h e  s u i t e ;  o r ,  perhaps, these  c o n s t i t u t e  a b i fu rca t ion  
of t h e  main b e l t ,  Sample 38674 i s  from a long, dyke-like body e a s t  of 
Laverton. It is  low i n  quartz and has mesoper th i t ic ,  hypersolvus t ex tu res .  
The c a r b o n a t i t e i s  shown on t h e  Xalgoorlie 1:l 000 000 geologica l  series map 
( W i l l i a m s ,  1976)  about 30 k m  south-southeast of Laverton. Samples w e r e  no t  
ava i l ab le  from t h e  ca rbona t i t e  o r  from t h e  l o c a l i t y  a t  Linden which B e r l i a t  
(1956, p.24) has described a s  ' I . . .  quartz-poor, s y e n i t i c  v a r i e t i e s  (of 
g ran i t e )  ... e a s t  of Linden, i n  t h e  v i c i n i t y  of Lake Carey ..." on t h e  
Edjudina sheet.  

A survey of sca t t e red  a l k a l i n e  rocks on t h e  continuation of t h e  main 
belt nor th  of t h e  l i m i t  of t h e  study area  a t  l a t i t u d e  28OS shows t h a t  
aeg i r ine- r ich  pyroxene is  t h e  c h a r a c t e r i s t i c  mafic mineral i n  a s u i t e  
var ious ly  d e f i c i e n t  i n  quartz (with respec t  t o  g r a n i t e )  and i n  p a r t  
car ry ing  r i e b e c k i t i c  amphibole and hypersolvus a l k a l i n e  feldspar. .  

FITZGERALD PEAKS 

The pyroxene-quartz syen i t e  of t h e  F i tzgera ld  Peaks on t h e  Lake 
Johnston shee t  i s  described i n  an accompanying ar t ic le  ( L e w i s  and Gower, 
1978). Two phases of g ran i to id  a r e  recognized, a b i o t i t e  adamel l i te  t o  

g ranod io r i t e  and a pyroxene-bearing quartz s y e n i t e  t o  pyroxene g ran i t e .  

The b i o t i t e - r i c h  rock is  considered Y L e w i s  and Gower (1978)  t o  be 
intermediate between t h e  pyroxene-quartz syeni te  and t h e  reg iona l  porphyri- 

t i c  adamelli te.  Mesoperthite i n  some samples of t h e  adamel l i te ,  and 
orange sphene suggest an a f f i n i t y  with quartz syeni te ,  bu t  quar tz  is  not 
notably less than i n  an average g ran i to id .  
missing and i n  most samples p lag ioc lase  i s  o l igoc lase .  

Alkaline mafic minerals are 

The pyroxene-quartz syen i t e  i s  t y p i c a l  of t h e  a l k a l i n e  s u i t e ,  varying 
from pyroxene syeni te  t o  pyroxene g r a n i t e  with a range i n  quartz from n i l  
t o  about 30 per cent.  

1 2 2  
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Feldspar commonly is mesoperthit ic though proportions of sod ic  and 
po ta s s i c  components a r e  var iab le .  
p lag ioc lase  i s  a l b i t e .  Pyroxene i s  aegi r ine-augi te .  Coarse-grained sphene 
with patchy orange pleochroism is  common. 

implied by t h e  t ex tu re  of a l k a l i  fe ldspar .  

Where fe ldspar  phases a r e  separa te ,  

Hypersolvus c r y s t a l l i z a t i o n  i s  

LOCALITIES OUTSIDE THE YILGARN BLOCK 

Three l o c a l i t i e s  of a l k a l i n e  rock w e l l  ou t s ide  t h e  main b e l t ,  i n  t h e  
Proterozoic Albany-Fraser Province may be  unre la ted  t o  t h e  a l k a l i n e  s u i t e  
of t h e  Yilgarn Block. A t  Bobbies Poin t  ( F i g . l ) ,  on t h e  Neale shee t ,  a 
sheared and p a r t l y  r e c r y s t a l l i z e d  po rphyr i t i c  r h y o l i t e  contains abundant 
minute groundmass needles of r i ebeck i t e .  
van de  Graaff and Bunting (1975). 

These rocks w e r e  discussed by 

A t  Lake Shas te r ,  w e s t  of Esperance on t h e  Ravensthorpe shee t  ( F i g . l ) ,  
a hornblende-biotite-andesine monzonite is  c l e a r l y  a l k a l i n e  bu t  is  of 
doubtful a f f i n i t y  with t h e  a l k a l i n e  s u i t e  of t h e  Eastern Goldfields 
Province. 

Chemical da t a  i n  preparation f o r  publ ica t ion  ind ica t e  t h a t  t h e  
monzonite ranges from s i l ica  sa tu ra t ed  t o  s l i g h t l y  nepheline normative. 
The rocks have been described by Thom and o the r s  ( 1 9 7 7 ) ’  who also described 
an add i t iona l  occurrence of syen i t e  from t h e  Proterozoic mobile b e l t ,  near 
Shamba Kappa homestead (Fig. 1) , mentioning a s i m i l a r i t y  between t h e  syen i t e  
a t  Shamba Kappa and t h e  quartz syen i t e  a t  F i tzgera ld  Peaks. 

F INE-~~INED AND SERIATE ~ K ~ I N E  ROCKS 

Most of t h e  a l k a l i n e  rocks of t h e  Eastern Goldfields Province are 
phane r i t i c  bu t  a few samples, e spec ia l ly  from t h e  Widgiemooltha shee t ,  
have a fine-grained matrix,  ?nd o the r s  have an i r r e g u l a r  g ra in  
d i s t r i b u t i o n  which d i s t ingu i shes  them from normal phane r i t i c  rocks. The 

spec ia l  problems associated wi th  t h e s e  rocks seem t o  m e r i t  cons idera t ion  
apa r t  from t h e  phaner i t ic  samples. 

s i z e  
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TEXTURE 

Subt le  d i f f e rences  i n  t ex tu re  a r e  important i n  i n t e r p r e t i n g  t h e  
a l k a l i n e  s u i t e  and i n  d i f f e r e n t i a t i n g  it from t h e  suba lka l ine  f e l s i c  s u i t e .  
AS terminology f o r  t h e  inequigranular rocks has no t  always been cons i s t en t ,  
some common t e r m s  a r e  defined here  a s  used i n  t h i s  work. The term 
porphyr i t ic  i s  applied t o  rocks with apparently an igneous t e x t u r e  i n  
which euhedral o r  subhedral g ra ins  (phenocrysts) a r e  set i n  a f i n e r  ground- 
mass. The phenocrysts ( f o r  example, p lag ioc lase)  must be represented i n  
t h e  groundmass by t h e  same mineral (p l ag ioc la se ) ,  though t h e  composition 
may be d i f f e r e n t  ( f o r  example, andesine versus  o l igoc la se ) .  The phenocrysts 
must no t  grade r egu la r ly  from coarse  t o  f ine ;  t h a t  i s ,  t h e  s i z e  d i s t r i b u t i o n  

is bimodal, not s e r i a t e .  L 

Inequigranular i s  t h e  general  term f o r  rocks charac te r ized  by a wide 
range i n  g ra in  s i z e  and includes po rphyr i t i c  and s e r i a t e  t ex tu res  a s  w e l l  
a s  t e x t u r e  i n  which r e l a t i v e l y  coarse  g ra ins  of a mineral  a r e  set i n  a 
groundmass f r e e  of t h a t  mineral. I n  rocks wi th  s e r i a t e  t e x t u r e  one o r  
more minerals grade through a s u b s t a n t i a l  range of s i z e s  without prominent 
c l u s t e r i n g  around one o r  two s i z e s .  

The t ex tu re  of rocks of t h e  a l k a l i n e  s u i t e  a r e  sys temat ica l ly  
d i f f e r e n t  from t h e  t ex tu res  of t h e  more abundant suba lka l ine  rocks i n  t h e  
Eastern Goldfields Province. The d i s t i n c t i o n  between phenocrysts and 
matrix is  less clear and matrix t ex tu res  can be less e a s i l y  c l a s s i f i e d  
than those  of t h e  porphyries of m o r e  normal composition ( c f .  Libby, 1 9 7 8 a ) .  
The o r i g i n  of t h e  porphyr i t ic  t e x t u r e  i n  t h e  a l k a l i n e  s u i t e  probably i s  
d i f f e r e n t  from t h a t  i n  t h e  suba lka l ine  rocks. 

The t e x t u r a l  va r i a t ion  among fine-grained rocks of t h e  a l k a l i n e  s u i t e  e 

i s  q u i t e  remarkable. In  sample 5764 (Widgiemooltha shee t )  t h e  s i z e  of 
a l b i t e  and s t rongly  p e r t h i t i c  microcline g ra ins  ranges evenly downward from 
about 3 mm. In sample 6522A (Widgiemooltha s h e e t ) ,  very coarse g ra ins  of 
mesoperthite a r e  set i n  a matrix 'of medium o r  coarse-grained p e r t h i t e  with 
i n t e r s t i t i a l  quar tz ,  r i e b e c k i t e  and fine-grained f e ldspa r .  Sample 6893B 
from t h e  Xurnalpi shee t  i s  a medium-grained quartz-microcline-albite rock 
with green clinopyroxene and r i ebeck i t e .  I t  has a t e x t u r e  which s t rongly  
suggests severe r e c r y s t a l l i z a t i o n .  In  sample 9138 from t h e  Kalgoorlie 
shee t  p lag ioc lase  @enocrysts and f i n e r  fea thery ,  b l u i s h  amphibole g ra ins  
are set i n  a m i c r o l i t i c  and microgranular groundmass. Although very l i t t l e  

125 



of t h e  s u i t e  i s  microgranophyric, an exception i s  sample 9143 (Kalgoorlie 
s h e e t ) .  H e r e ,  small phenocrysts (about 1 mm) of quartz and a l k a l i  f e ldspa r  
a r e  s e t  i n  a microgranophyric groundmass with complex spheroidal f e l s i c  
masses and r a t h e r  idiomorphic bu t  intergrown ( ? p e r t h i t i c )  a l k a l i  fe ldspar .  
In  sample 40555A from t h e  Leonora shee t  phenocrysts of mesoper th i t ic  a l k a l i  
fe ldspar  a r e  set i n  an unusual even-grained (about 1 .5  mm) i r r e g u l a r  
intergrowth of a l k a l i  fe ldspar .  
follows many small f r ac tu re s .  

Minor b recc ia t ion  and f i n e  granula t ion  

Thus, v a r i e t y  i n  t e x t u r e  i s  perhaps a c h a r a c t e r i s t i c  of t h e  a l k a l i n e  
s u i t e .  

RELATION BETWEEN PHENOCRYSTS AND MATRIX 

The d i s t i n c t i o n  between phenocrysts and matrix i n  many rocks of t h e  
a l k a l i n e  s u i t e  is  not  c l e a r .  Phenocrysts c o n s t i t u t e  90 per cen t  of some 
of t h e  a l k a l i n e  rocks (samples 40802 and 41428 from t h e  Widgiemooltha shee t )  
o the r  samples (6522A4, Widgiemooltha shee t )  have a matrix wi th  a g ra in  s i z e  
(1 t o  2 mm) intermediate between coarse  phenocrysts and very fine-grained 
groundmass; s t i l l  o the r  samples (6520 and 41452 from t h e  Widgiemooltha 
shee t ;  1 1 0 9 9 ,  Kurnalpi sheet;  24831 and 26689,  Edjudina shee t )  are s e r i a t e ,  
having a broad but  evenly graded range i n  g ra in  s i z e .  

Commonly, where t h e  d i s t i n c t i o n  between phenocrysts and groundmass i s  
c l e a r ,  t h e  rock has been d is turbed .  Sample 5586 (Widgiemooltha shee t )  has 
a good s i z e  con t r a s t  bu t  a myloni t ic  matrix,  Another sample (6520, 
Widgieinooltha shee t )  which seems i n i t i a l l y  t o  have good c o n t r a s t  is i n  
f a c t  seriate. Again, i n  sample 26689 (Edjudina shee t )  very coarse-grained 
potassium fe ldspar  and coarse-grained p lag ioc lase  a r e  set i n  a fine-grained 
groundmass, bu t  t h e  amphibole, which probably is  secondary, is  s t rongly  
or ien ted .  Sample 41427 (Widgiemooltha shee t )  is  a more t y p i c a l  porphyr i t ic  
f e l s i t e  bu t  s t i l l  t h e  c o n t r a s t  between phenocrysts and matrix i s  less c l e a r  
than i n  t h e  common (subalka l ine)  f e l s i t e s  of t h e  area.  

Most t y p i c a l l y  t h e r e  i s  only one phase of fe ldspar  among t h e  pheno- 
c r y s t s  and t h i s  i s  mesoperthite. I n  t h e  matrix,  however, t h e  a l k a l i  
f e ldspa r s  commonly are d i f f e r e n t i a t e d  i n t o  d i s c r e t e  a l b i t e  g ra ins  and 
microcline g ra ins  which are not  p e r t h i t i c .  These may be unmixed or ,  more 
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l i k e l y  considering t h e  p e r t h i t i c  charac te r  of t h e  phenocrysts, have 

c r y s t a l l i z e d  i n  t h e  two-feldspar f i e l d .  Again, t h e r e  a r e  exceptions i n  
which groundmass f e ldspa r  i s  a s ing le  phase or i n  which t h e r e  a r e  t w o  
phases among t h e  phenocrysts. 

Samples 6522B, 40813 and 41427 (Widgiemooltha shee t )  are t y p i c a l  of 
t h e  s u i t e .  I n  sample 4 1 4 2 7  coarse-grained mesoperthite and green c l ino-  
pyroxene a r e  set i n  a matrix of anhedral and i n  p a r t  intergrown microcline 
and a l b i t e .  On a f i n e  s c a l e  matrix g ra ins  a r e  intergrown with t h e  margins 
of t h e  phenocrysts, a r e l a t ionsh ip  t y p i c a l  of t h i s  s u i t e .  In  con t r a s t ,  
a l b i t e  i s  present among t h e  phenocrysts i n  seve ra l  samples. I n  samples 
6589, 6599, and 41428 (Widgiemooltha shee t )  a l b i t e  phenocrysts a r e  dominant 
bu t  s t rongly  p e r t h i t i c  phenocrysts of potassium fe ldspar  a r e  present.  In  

sample 40802 (Widgiemooltha shee t )  t h e r e  are s c a t t e r e d  a l b i t e  phenocrysts 
among dominant mesoperthite phenocrysts, bu t  more common a r e  a l b i t e  r i m s  
on t h e  mesoperthite phenocrysts. Locally, t h e  i n t e r f a c e  between meso- 
p e r t h i t e  co re  and a l b i t e  rim i s  rounded, a s  though t h e  mesoperthite had 
been p a r t l y  resorbed p r i o r  t o  c r y s t a l l i z a t i o n  of a l b i t e  a s  a s epa ra t e  
phase. 

As with t ex tu res  a s  a whole, gene ra l i za t ions  about matrix-groundmass 
r e l a t ionsh ips  are d i f f i c u l t ,  bu t  c r y s t a l l i z a t i o n  of phenocrysts a t  temper- 
a tu re s  above t h e  solvus s e e m  charac te r i s t ic though no t  un iversa l  i n  t h e  
a l k a l i n e  s u i t e ,  whereashypersolvus c r y s t a l l i z a t i o n  of t h e  matrix seems 
less common. 

AGE 

L i t t l e  evidence of t h e  age of t h e  a l k a l i n e  s u i t e  i s  ava i l ab le .  Most 
p lu tonic  ages i n  t h e  Eastern Goldfields Province a r e  i n  t h e  v i c i n i t y  of 
2 600 m.y. Only one d a t e  i s  from a u n i t  which may belong t o  the  a l k a l i n e  
s u i t e .  Turek (1966,  p.59) reported a Rb:Sr age of 1 670 m.y. with an 
i n i t i a l  r a t i o  of 0.7473 from a two-point microc l ine  - whole rock isochron 
on a microcline-quartz rock. The sample i s  from Peak Charles,  one of t h e  
F i tzgera ld  Peaks, on t h e  Lake Johnston 1:250 000 sheet.  Much of t h e  rock 
a t  t h e  F i tzgera ld  Peaks is  pyroxene-quartz syen i t e  (Gower and Bunting, 1976;  
L e w i s  and Gower, 1978). Thus t h e  dated sample may be from t h e  a l k a l i n e  
s u i t e .  The d a t e  was dismissed by Turek as  being a f f ec t ed  by loss of 87Rb 
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on f i e l d  evidence t h a t  t h e  rock i s  Archaean. However, acceptance of t h e  
p o s s i b i l i t y  of a Proterozoic age f o r  t h e  a l k a l i n e  s u i t e  i n  t h e  Yilgarn 
Block would remove t h e  Archaean cons t r a in t .  Preliminary r ecen t  (de  Lae ter  
and L e w i s ,  1978) R b : S r  da t ing  of t h e  Peak Charles s y e n i t i c  rocks i n d i c a t e s  
a d a t e  near 2 500 m.y. 

North of t h e  study a rea ,  on t h e  S i r  Samuel 1:250 000 shee t ,  quar tz  
s y e n i t i c  rocks have been found t o  be intruded by potass ic  adamel l i te  of t h e  
Mount Boreas type (Bunting and W i l l i a m s ,  1976 ,  p.18-19). The Mount Boreas 
adamel l i te  has been dated on t h e  Laverton shee t  a t  2 480 f 30 m.y., 
suggesting an Archaean age f o r  t h e  a l k a l i n e  s u i t e .  

Monzonite a t  Lake Shaster and pyroxene-bearing quar tz -syeni t ic  rocks 
near Shamba Kappa on t h e  Ravensthorpe sheet (Thom and o the r s ,  1977)  would 
be included i n  the  main b e l t  i f  a major province boundary w e r e  no t  between 
these  l o c a l i t i e s  and t h e  main b e l t ,  suggesting t h a t  t h e  main b e l t  may i n  
f a c t  be continuous i n t o  t h e  Albany-Fraser Province and thus be of Protero- 
zo ic  age. 

Bunting (personal communication) has ind ica ted  t h a t  syen i t e  t y p i c a l  
of t h e  a l k a l i n e  s u i t e  crops ou t  i n  t h e  c i r c u l a r  Lake Teague s t r u c t u r e  a 
few kilometres nor th  of t h e  nor th  l i m i t  of genera l  Archaean outcrop on t h e  
Nabbezu sheet.  I t  e i t h e r  c u t s  Proterozoic rocks o r  has been elevated from 
Archaean rocks which can be expected t o  be a t  modest depth i n  t h e  a rea .  
A programme of da t ing  rocks of t h e  Lake Teague s t r u c t u r e  is i n  progress.  

The r i e b e c k i t e  r h y o l i t e  a t  Bobbies Point i n  t h e  Proterozoic Albany- 
Fraser  Province has provided a single-point,  whole rock model age of 
1 1 9 0  m.y., assuming an 87Sr/ 

o the r s ,  1 9 7 6 ,  sample 40598A). However, t h i s  rock probably i s  unre la ted  
t o  t h e  a l k a l i n e  s u i t e  of t h e  main b e l t  i n  t h e  Yilgarn Block. 

86  S r  i n i t i a l  r a t i o  of 0.703 (Bunting and 

Data on t h e  age of t h e  a l k a l i n e  s u i t e  of t h e  Eastern Goldfields 
Province i s  ambiguous and evidence i s  cont rad ic tory .  The age of t he  s u i t e  
may o r  may not  be homogeneous and may be  Archaean o r  Proterozoic.  
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APPENDIX 

LOCATION OF SAMPLES 

Samples are located according t o  1:250 000 sheets  and t h e  Austral ian 
Transverse Mercator Grid, i n  yards. 
i nd ica t e s  hundreds of thousands of yards. 
precis ion of 1 0 0  yards,  three-digi t  coordinates,  1 000 yards,  Accuracy i s  
less. L e t t e r  su f f ixes  on sample numbers have been omitted. 

The f i r s t  d i g i t  of each coordinate 

Four-digit coordinates have a 

BOORABBIN KURNALPI Ccont. 1 WIDGIEMOOLTHA (cont.)  

6522 

6589 

41475 445-/436- 11099 571-/167- 
11922 557-/262- 

ED J U D  I N A  

24817 

24818 

2 4 8 2 1  

24823 

24825 

24828 

24829 

24831 

26649 

26650 

26689 

26690 

4970/2869 

5142/2937 

5 1  15/288 0 

513 0/28 8 1  

5123/2897 

5123/2897 

5110/2911 

4764/3 049 

Not 
ava i l a b  1 e 

Not 
ava i lab1 e 
47 8-/33 9- 

497-/34 7- 

KALGOORLIE 

9138 393-f295- 

9143 395-/247- 

KURNALPI 

2346 242-/550- 

6893 563-/173- 

5894 563-/173- 

9437 550-/264- 

LAKE JOHNSTON 
28736 417-/936- 

LAVERTON 

29960 5025/4826 

38674 564-/456- 

LEONORA 

39803 4390/4510 

40555 447-/434- 

MENZIES 
8886 450-/372- 

NORSEMAN 
41436 502-/026- 

WIDGIEMOOLTHA 

5586 4880/1215 

5674 5823/1230 

5679 5181/0852 

5687 5719/1570 

6520 483-/149- 

6599 

40802 

40810 

40813 

41427 

41428 

41452 

NEALE 

4059811 

Not 
ava i l ab le  
5344/1545 

4 6 07/12 52 

4 607/12 52 

54 6 0/4 38- 

52 0-/084- 

52 0-/084- 

573-/145- 

570-/155- 

258-/408- 

1 3 2  





Plate I. Mesoperthite. 

Plate 11. Mesoperthite. 



P l a t e  111. Matrix-phenocryst r e l a t i o n s  i n  an a l k a l i n e  rock. 

P l a t e  I V .  Alkaline amphibole i n t e r s t i t i a l  t o  phenocrysts i n  porphyr i t ic  
a lka l ine  rock. 
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P l a t e  V I I .  Sodic pyroxene i n  an a l k a l i n e  gran i to id .  

P l a t e  V I I I .  Sodic pyroxene i n  an a l k a l i n e  gran i to id .  
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SYENITIC ROCKS OF THE FITZGERALD 
PEAKS, NEAR NORSEMAN 

J . D .  L e w i s  and C.F. Gower* 

ABSTRACT 

The Fi tzgera ld  Peaks, about 96 km south-southwest of Norseman a r e  
formed by an i s o l a t e d  mass of syeni te ,  quartz s y e n i t e  and a l k a l i  g r a n i t e  
intruded i n t o  a major Archaean ba thol i th .  The reg iona l  geology and petro- 

logy a r e  descr ibed ,  and four complete chemical ana lyses  a r e  given. The 
syen i t e s  conta in  aegi r ine-augi te  for  which f u l l  chemical, mineralogical 
and X-ray d a t a  are tabula ted .  
l e v e l  d i a p i r ,  probably of a n a t e c t i c  o r i g i n ,  and Proterozoic i n  age. 

The Fi tzgera ld  Peaks Syeni te  i s  a high 

INTRODUCTION 

The Fi tzgera ld  Peaks a r e  a prominent group of h i l l s  located about 96 
km south-southwest of Norseman, i n  t h e  southeas te rn  p a r t  of t h e  Lake 
Johnston 1:250 000 shee t .  Peak Charles, 658 m high, i s  a roughly conica l  
h i l l  of bare  rock which rises over 300 m above t h e  Archaean g r a n i t e  p l a in  
and i s  v i s i b l e  f o r  many m i l e s .  Peak Eleanora, 503 m high and 1 0  km t o  t h e  
south,  i s  t h e  o the r  main peak of t h e  group, and between these  t w o  promin- 
ences t h e r e  are seve ra l  lower h i l l s .  

During reg iona l  mapping of t h e  Lake Johnston a r e a  (Gower and Bunting, 
1976)  it was recognized t h a t  t h e  F i tzgera ld  Peaks w e r e  formed by an in t ru -  
s ion  of s y e n i t i c  and a l k a l i c  g r a n i t i c  rock which cont ras ted  with t h e  

* Present  address: Department of Geology 
McMaster University 
Hamilton, Ontario, Canada. 

139 



porphyri t ic  b i o t i t e  granodior i tes  of t h e  surrounding region. 
several  o the r  a lka l ic  in t rus ions  have been discovered i n  t h e  Eastern Gold- 
f i e l d s  Province but  t h e  only earlier r epor t  of syen i t e s  w a s  of a s m a l l  plug 
a t  Yerilla, about 100  km north o f  Kalgoorlie (Honman, 1 9 1 7 ) .  The Fi tzgerald 
Peaks remains t h e  l a r g e s t  s y e n i t i c  body known i n  Western Aus t r a l i a  and t h e  
present r epor t  w i l l  deal  with i ts  regional s e t t i n g  and petrography, with 
p a r t i c u l a r  reference t o  t h e  sodic pyroxene present  i n  t h e  rock. 

More recent ly ,  

REGIONAL GEOLOGICAL SETTING 

The g r a n i t i c  rocks immediately surrounding t h e  Fi tzgerald Peaks area 
are pr inc ipa l ly  porphyri t ic  b i o t i t e  granodior i tes  grading t o  porphyri t ic  
b i o t i t e  adamelli te.  These form p a r t  of a l a r g e  Archaean ba tho l i th  which 
occupies t h e  eas t e rn  t h i r d  of t h e  Lake Johnston 1:250 000 sheet  and extends 
onto t h e  adjacent Boorabbin, Norseman and Ravensthorpe sheets .  The batho- 
l i t h  covers an area i n  excess of 5 000 km and i s  most commonly a porphyri- 
t i c  b i o t i t e  adamelli te;  t h e  only v a r i a t i o n  i s  i n  t h e  proportion of 
p e r t h i t i c  microcline phenocrysts. The Fi tzgerald Peaks are located i n  t h e  
southwest corner of t h i s  ba tho l i th  and comprise the  only a l k a l i c  rocks 
found within t h e  g r a n i t e  m a s s .  

2 

The western margin of t h e  b a t h o l i t h  i s  i n  contact  with migmatites 
about 8 km w e s t  of Peak Eleanora, and i s  c l e a r l y  delineated by a low, 
p o s i t i v e  aeromagnetic anomaly trending north t o  northeast .  
s t r u c t u r e s  can be  seen a t  t h e  boundary south of Dog Rock, suggesting t h a t  
t h e  contact  is f au l t ed .  The m i g m a t i t e s  exh ib i t  schl ieren and n e b u l i t i c  
s t r u c t u r e s  which t rend northeast  and a r e  truncated by the porphyri t ic  
adame 1 1 it e. 

Shearing 

South of t h e  Fi tzgerald Peaks t h e  b a t h o l i t h  extends a f u r t h e r  1 6  km 
u n t i l  it is  truncated by t h e  northeast-trending Proterozoic migmatites of 
t h e  Albany-Fraser Province. 

I n  the  southern half  of t h e  ba tho l i th  t h e  porphyri t ic  adamelli te 
shows d i s t i n c t  banding o r  minor va r i a t ions  i n  mineral concentrations. The 
s t r i k e  of t h e  banding i s  var iable  and t h e  d i p  i s  of ten less than 30°. 
Further north t h e  banding i s  absent and f o l i a t i o n s  axe p a r a l l e l  t o  t h e  
north-northwest Archaean trend. South of t h e  Fitzgexald Peaks t h e  
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adamelli te has a northeaster ly  f o l i a t i o n ,  possibly r e f l e c t i n g  a Proterozoic 
inf h e n c e .  

THE FITZGERALD PEAKS 

Apart from t h e i r  topographic expression the rocks of t h e  Fi tzgerald 
Peaks are d i s t i n c t i v e  i n  being non-porphyritic and containing a br ight-  
green pyroxene, although l o c a l l y  b i o t i t e  o r  amphibole may become dominant. 
The rock types vary from an almost quartz-free s y e n i t e  t o  quartz syeni te ,  
g r a n i t e  and adamelli te.  The rock types, with t h e  poss ib l e  exception of 
t h e  b i o t i t e  adamelli te,  do not  form clear c u t  mappable u n i t s  but  grade 
imperceptibly i n t o  one another. 

Since, a p a r t  from one s m a l l  a rea ,  outcrops of t h e  surrounding porphyri- 
t i c  adamell i te  are absent i n  t h e  v i c i n i t y  of t h e  Fi tzgerald Peaks t h e  
o u t l i n e  of t h e  s y e n i t i c  rocks can only be inferred from aeromagnetic da t a  
(Wells, 1962). The a l k a l i c  rocks probably form a roughly crescent  shaped 
mass ( F i g e l ) ,  although it is  possible  t h a t  an unexposed east-northeast  
dex t r a l  shear passing between Peak Charles and Peak Eleanora has o f f s e t  
what w a s  o r i g i n a l l y  an e l l i p t i c a l  body. Numerous f o l i a t i o n  measurements 
w e r e  recorded bu t  t hese  f a i l  t o  give a convincing ind ica t ion  of t h e  three- 
dimensional form of t h e  body. I n  general ,  however, it would seem t h a t  t h e  
body narrows downward, as f o l i a t i o n s  on t h e  eastern s i d e  d i p  westwards 
whereas those on t h e  western s i d e  d i p  eastward. I n  addi t ion an i n d i s t i n c t  
banding which d i p s  south a t  about 25O t o  30°, can be seen on Peak Charles, 
and a similar e f f e c t  on t h e  north s i d e  of Peak Eleanora d ips  north.  It  

seems l i k e l y  t h a t  t h e  body is a high l e v e l  d i a p i r i c  s t r u c t u r e  which 
intrudes t h e  porphyri t ic  adamelli te and granodior i te  of t h e  bathol i th .  

Banding i n  t h e  s y e n i t i c  rocks i s  caused both by va r i a t ion  of t h e  
aegirine-augite content and by p a r t i a l l y  assimilated xenol i ths  of mafic 
rocks. Pods, s t r e a k s  and lenses  r i c h  i n  aegir ine-augi te  are present i n  a l l  
rock types and ind ica t e  an inhomogeneity i n  t h e  o r i g i n a l  magma. I n  
addi t ion t h e r e  are pegmatitic veins and pods, some consis t ing almost 
e n t i r e l y  of potash feldspar ,  and others  containing l a r g e  euhedral pyroxene 
l a ths .  I n  t h e  l a r g e r  pegmatites t h e  pyroxene c r y s t a l s  are up t o  100  mm 
long and a r e  elongated perpendicular t o  t h e  vein w a l l s .  Thin s t r i n g e r s  of 
almost pure pyroxene, of ten only a few mil l imetres  wide, a r e  common and 
maintain uniformity over several  metres. 
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Figure 1. Sketch map of geology of F i t zge ra ld  Peaks a rea  (GSWA 17332)  
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TABLE 1. M o d a l  analyses of rocks from t h e  F i t zge ra ld  Peaks a rea  

Sample no. 

Quartz 
Microcline 

P e r t h i t e  
P lag ioc lase  
B i o t i t e  
Pyroxene 
Sphene 
Apat i te  

28861-62-64 

29805-09 
29831 
29818 
29821,28736 

28864 

41.1 
13.2 

- 
37.3 
6.8 - 

- 
0.8 

29805 

21.6 
1 
115.6 
1 
47.6 
9.8 

- 
1.9 
0.7 

5.9 

29818 

6.4 - 
81.5 

- 
- 

9.8 
0.7 
1.3 

29821 

1.0 
- 

85.4 
- 
- 

11.3 
1.0 
0.7 

28736 

0.7 
- 

69.0 
- 
- 

24.1 
1.0 
2.3 

B i o t i t e  granodior i te ,  major b a t h o l i t h  surrounding Fi tzgera ld  
Peaks 
B i o t i t e  adamellite/granodiorite, p a r t  of F i tzgera ld  Peaks 
Pyroxene g ran i t e ,  SW of Peak Charles ) 

1 Quartz syeni te ,  SE of Peak Charles 
Syenite,  E of Peak Charles 1 

Fi tzgera ld  Peaks 

The proportion of microcline,  however, is  va r i ab le ;  and p a r t i c u l a r l y  where 
phenocrysts are common, t h e  rock grades t o  an adamelli te.  
f r e sh  and c o n s i s t s  p r inc ipa l ly  of l a r g e  anhedral c r y s t a l s  of p lag ioc lase  
and quartz up t o  8 mm across ,  lesser amounts o f ’mic roc l ine  and a few per 
cent  b i o t i t e .  Accessory minerals a r e  s m a l l  p r i smat ic  c r y s t a l s  of a p a t i t e ,  
zircon and opaque i ron  oxide. A few small f l a k e s  of muscovite a r e  present,  
e i t h e r  as a l a te  s t age  mineral o r  as an a l t e r a t i o n  product of p lag ioc lase .  

The rock i s  

The p lag ioc lase  i s  poorly twinned sodic o l igoc la se  with a l i t t l e  
untwinned myrmekite. Microcline o f t en  encloses small ,  e a r l y  formed oligo- 
c l a s e  c r y s t a l s ;  it i s  only r a r e l y  p e r t h i t i c ,  although t h e  p lag ioc lase  
sometimes conta ins  exsolved patches of a n t i p e r t h i t i c  microcline.  

The b i o t i t e  present  is  a dark red-brown v a r i e t y ,  s t rongly  pleochroic 
t o  pa le  orange-brown, and is  found a s  small f l a k e s  up t o  0.5 mm long, 
ly ing  along c r y s t a l  boundaries o r  assoc ia ted  i n  c l o t s  with t h e  accessory 
minerals. 

Textura l ly  t h e  rock is t y p i c a l l y  g r a n i t i c  and, apa r t  from a l i t t l e  
c h l o r i t e  and sericite, unaltered. 
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BIOTITE ADAMELLITE 

p a r t s  of t h e  s m a l l  h i l l s  t o  t h e  northwest of Peak Charles a r e  com- 
posed of a b i o t i t e  adamel l i te  which i s  a l l i e d  t o  t h e  main s y e n i t i c  m a s s  bu t  
which has a d i f f e r e n t  mineralogy and tex ture .  
with a normal g r a n i t i c  t e x t u r e  and cons i s t s  of anhedral c r y s t a l s  of 
o l igoc lase ,  microcline and quartz with a few per c e n t  b i o t i t e ,  and acces- 
sory sphene, a p a t i t e ,  zircon and opaque i ron  oxide. The p lag ioc lase  is  
usua l ly  w e l l  twinned, only r a r e l y  myrmekitic, and is  sodic  o l igoc la se  of 
composition An12,15. 
marginal zone of a l b i t e .  
but on occasion t h e  proportion of exsolved a l b i t e  rises to  near ly  ha l f  t h e  
c r y s t a l  and i t s  appearance approaches t h a t  of t h e  s y e n i t i c  rocks.  
of brown b i o t i t e  up t o  1 mm across  a r e  sca t t e red  randomly throughout t he  
rock, and i n  some specimens o u t l i n e  a crude f o l i a t i o n .  

The rock i s  medium grained 

In  some specimens t h e  o l igoc la se  has a narrow 
The microcline i s  usua l ly  only s l i g h t l y  p e r t h i t i c  

Flakes 

Modal and chemical analyses of t h e  b i o t i t e  adamel l i t e  a r e  given i n  
Tables 1 and 4 and a photomicrograph i n  P l a t e  111. Despite t h e  d i f f e rences  
i n  mineralogy and t ex tu re ,  t h e  s i m i l a r i t y  between t h i s  rock and t h e  syeni- 
t i c  mass is  shown i n  t h e  chemical ana lys i s  and by var ious  minor mineralogi- 
c a l  f ea tu re s .  Some specimens contain p e r t h i t e  similar t o  t h e  main mass, 
and a l l  conta in  numerous s m a l l  lozenges of a d i s t i n c t i v e  orange-brown 
sphene which a r e  lacking i n  o ther  g r a n i t i c  rocks of t h e  a rea ,  but which 
a r e  c h a r a c t e r i s t i c  of t h e  syeni tes .  The a s soc ia t ion  i s  f u r t h e r  emphasized 
by pods of b i o t i t e  adamel l i te  within t h e  main mass, which a r e  s imi l a r  i n  
t e x t u r e  t o  sample 29809 but  which a l s o  conta in  corroded g ra ins  of aegi r ine-  
aug i t e  (sample 29822) and a r fvedson i t i c  amphibole (sample 29828). 

PYROXENE GRANITES AND SYENI!I'ES 

The major por t ion  of t h e  F i tzgera ld  Peaks is  composed of medium t o  
coarse-grained nonporphyritic g ran i to id  rock containing va r i ab le  amounts 
of quar tz  and green sodic pyroxene, Modal and chemical analyses of a 
s e l ec t ion  of t hese  rocks a r e  presented i n  Tables 1 and 4 .  The common 
c h a r a c t e r i s t i c s  of t h e  mass are t h e  presence of a l a r g e  proportion of 
p e r t h i t i c  (or a n t i - p e r t h i t i c )  fe ldspar ,  and lesser amounts of pyroxene and 
sphene. The proportion of quartz i n  the  rock v a r i e s  from about 20 per cen t  
t o  almost n i l  i n  a continuous series, and d i v i s i o n  i n t o  g r a n i t e  and syen i t e  
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i s  a r b i t r a r y .  
although from t h i n  sect ion evidence c e r t a i n  a reas  proved t o  be more s y e n i t i c  
than o the r s  ( for  example, t h e  summit area of Peak Charles) ,  no pa t t e rn  
emerged f o r  t h e  d i s t r i b u t i o n  of rock types,  

Neither a r e  t h e  v a r i e t i e s  d i s t ingu i shab le  i n  t h e  f i e l d  and, 

PERTHITE 

The p r inc ipa l  mineral of robks from t h e  Fi tzgerald Peaks i s  p e r t h i t e  
which i n  l eucoc ra t i c  v a r i e t i e s  can account f o r  almost t h e  whole rock. The 
mineral is  always anhedral, and t h e  c r y s t a l  margins are usual ly  highly 
sutured (P la t e  VII). Most of t he  p e r t h i t e  i s  a coarse,  streaky va r i e ty  
with about equal proportions of microcline and untwinned sodic plagioclase,  
but t he  composition i s  va r i ab le  and examples a r e  common of a n t i p e r t h i t e  
containing only small blebs of microcline. Similar ly  t h e  i n t e r n a l  t ex tu re  
of t h e  p e r t h i t e  i s  va r i ab le  (P la t e s  V ,  V I  and VII), from v a r i e t i e s  with 
s m a l l  or ientated spindles  of plagioclase t o  those with broad i r r egu la r  
veins of f i n e l y  twinned plagioclase.  In one specimen (P la t e  V, 26680)  
t he re  appear t o  be two potash feldspar  phases present i n  t h e  one c r y s t a l .  
An or i en ta t ed  mesh of f i n e  a l b i t e  veins has a matrix of weli-twinned 
microcline, and superimposed on t h i s  a r e  or ientated spindles  of poorly 
twinned microcline. The f i n a l  degree of exsolution of plagioclase from the 
p e r t h i t e  occurs when t h e  c r y s t a l  breaks down t o  a mosaic of individual 
a l b i t e  and microcline c r y s t a l s .  
t i o n  of t h e  plagioclase i s  a l b i t e  (An5-10). 

Where o p t i c a l l y  determinable the  composi- 

A bright-green aegirine-augite is  a constant component of t h e  rock and 
ranges i n  amount from a few sca t t e red  g ra ins  up t o  2 5  per cent  of t he  rock. 
The c r y s t a l s  are usually anhedral t o  subhedral prisms, 1 - 4  mm long, of ten 
corroded, and sometimes mantled by amphibole. Many pyroxene crystals 
contain s m a l l  blebs of quartz so t h a t  even t h e  most extreme syen i t i c  
v a r i e t i e s  a r e  not e n t i r e l y  quartz f r ee .  Pleochroism i n  the  aegirine-augite 
is  from X=Z=bright green t o  Y=yellow green, but t he  depth of colour i s  
var iable .  From a moderately saturated colour i n  most specimens the  colour 
va r i e s  t o  a pale  apple-green i n  others ,  whereas a f e w  have a deeper colour 
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t h a n  u s u a l .  It  i s  p r o b a b l e  t h a t  w i t h  a decrease i n  c o l o u r  i n t e n s i t y ,  t h e r e  
is a decrease i n  the N a  c o n t e n t  of t h e  pyroxene. The ana lyzed  specimen 
(Table  2) i s  of a v e r a g e  c o l o u r  and comes from a p e g m a t i t i c  l e n s  c o n t a i n i n g  
about  70 p e r  c e n t  a e g i r i n e - a u g i t e  as  a c i c u l a r  c r y s t a l s  u p  t o  50 mm long ,  
and i n t e r s t i t i a l  q u a r t z  and perthite. When compared w i t h  a n a l y s e s  of 
o t h e r  a e g i r i n e - a u g i t e s  p r e s e n t e d  i n  Deer and o t h e r s  (1963, vo1.2, p.82-84),  
t h e  Peak C h a r l e s  material  d i f f e r s  o n l y  i n  having a l o w  A1203 and T i 0 2  
c o n t e n t ,  and a s l i g h t l y  h i g h e r  t h a n  average  MnO c o n t e n t .  The o p t i c a l  pro- 
p e r t i e s  g i v e n  i n  Table  2 were made on s i n g l e  g r a i n s  mounted on a s p i n d l e  
s t a g e  ( B l o s s  and L i g h t ,  1973) by t h e  method sugges ted  by Joel (1963) .  
Dens i ty  w a s  determined by t h e  method of E l l s w o r t h  (1928) .  
reasonably  w e l l  w i t h  t h e  g r a p h s  drawn by Deer and o t h e r s  (1963, v01.2,  p. 
87) for  an  a e g i r i n e - a u g i t e  c o n t a i n i n g  approximate ly  24 p e r  c e n t  of  t h e  
a e g i r i n e  molecule .  

The r e s u l t s  f i t  

TABLE 2. Chemical and m i n e r a l o g i c a l  data f o r  a e g i r i n e - a u g i t e  

S i 0 2  
T i 0 2  

A1203 

Fe203 
F e0 

M 9 0  
CaO 

N a 2 0  

K20+ 
*20 
H20- 

'2'5 
MnO 
T o t a l  

52.02 
0.15 
0.76 
8.15 
8.36 
8.12 

17.67 
3.17 
0.05 
1 . 3 3  
0.10 
0.04 
0.72 

100.64 

S i  
A 1  ' 
A 1  

Fe3+ 
Fez+ 

w3 
T i  

Mn 
C a  

N a  

K 

N o .  of i o n s  on basis of 
6 (0,OH.) 

1.997 ) 

0.003 ) 

0.030 ) 

0.235 

1 2.00 

0.268 1 1.02 
) 0.464 

0.004 ) 

0.023 ) 

0.727 ) 
) 0.236 0.97 

0.002 

Specimen 29816: Pegmat i te  r i c h  i n  pyroxene from Peak C h a r l e s  
Analys t :  N. Marsh, Government Chemical L a b o r a t o r i e s  

1. C e l l  d imensions:  
a = 9.751* 0.052 x, b = 8.949 t 0.044 8, c = 5,258 
B = 105.91O 2 0.24°, a x i a l  ra t ios:  

0.034 8, 
a:b:c = 1.090:1:0.588 

u n i t  ce l l  volume: 441.25 x3 
2. R e f r a c t i v e  i n d i c e s :  

a = 1.710, $ = 1 , 7 2 2 ,  y = 1.735 ( a l l  f 0.002) 
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TABLE 2 - continued 

3. 2V = 82O, Extinction angle XAc = 30° 
4. Pleochroismr X = br igh t  green, Y = yellow green, 

2 = br igh t  green. dispersion: r > v  (moderate). 
5. D = 3.4395 2 0.0002. 

TABLE 3. Aegirine-augite X-ray d i f f r a c t i o n  d a t a  

I dabs, dca lc  

27 
7 

14 
3 

95 
43 
100 
13 
13 
14 
12 
3 
3 
2 
2 
28 
29 

6.495 
4.701 
4.476 
3.360 
3.235 
2.996 
2.952 
2.901 
2.571 
2.534 
2.521 
2.349 
2.306 
2 * 221 
2.205 
2.158 
2.136 

6.474 
4.689 
4.474 
3.355 
3.237 
2.996 
2.951 
2.836 
2.571 
2.534 
2.518 
2.344 
2.303 
2.217 
2.205 
2.158 
2.136 

110 
200 
020 
121 
220 
2 2i 
310 
3 11 
3 11 
202 
2 21 
400 
311 
11 2 
222. 

3 3i 
330 

I dabs, hlci 

5 
3 
3 
2 
2 
4 
10 
3 

16 
2 

10 
16 

2.111 
2.043 
2.020 
1.954 
1.899 
1.860 
1.836 
1.776 
1.754 
1.675 
1.627 
1.617 

42i 
322 
240 
141 
5ii 
331 
4 22 
421 
502 
042 
53i 
440 

I dabs, hkl 

3 
3 

16 
3 
3 
6 

18 
5 
5 

10 
3 
3 

1.587 
1.564 
1.551 
1.528 
1.508 
1.488 
1.424 
1.409 
1.332 
1.325 
1.283 
1.262 

53 0 
600 
3 50 
62i 
612 

123,124 
531,450 
152 

252,613 
51 2 

323,522 
642 

The powder X-ray data ,  Table 3, were measured from diffractometer  + 

A parameter refinement using the  CELFIT program described by t r aces .  
Pryce (1970) gave a = 9.751 8, b = 8,949 8, c = 5,258 8 and B = 105.91 . 
The p a t t e r n  w a s  i n i t i a l l y  jndexed from t h e  data  of Frondel and I t o  (1966) 
f o r  an aegirine-augite of s imilar  aeg i r ine  content but with a considerable 
manganese and zinc content. The r e su l t i ng  ce l l  parameters f o r  t h e  Peak 
Charles ma te r i a l  show some va r i a t ion  from the  zincian aegirine-augite,  
p a r t i c u l a r l y  i n  t h e  angle $. When compared with a more 'normalt aegirine- 
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aug i t e  from Canada containing 77 per  c e n t  aeg i r ine  (Nickel and Mark, 1965) 
t h e  d i f f e rences  i n  a l l  parameters a r e  considerable.  L i t t l e  information 

e x i s t s  on t h e  v a r i a t i o n  of cel l  dimensions with composition f o r  t h e  series 
aeg i r ine  - aegi r ine-augi te ,  bu t  a study of t h e  syn the t i c  series aegi r ine-  
d iops ide  by Nolan and Edgar (1963) ind ica t e s  t h a t  t h e  dimensions a and b 
decrease whereas c and angle $ increase  with increas ing  aeg i r ine  content.  
Using t h e  d a t a  of t h i s  paper and t h a t  found by Nickel and Mark t h e r e  is  a 
suggestion t h a t ,  although t h e  absolu te  values d i f f e r  considerably,  t h e  same 
re l a t ionsh ip  holds f o r  a ,  b and c i n  t h e  na tu ra l  ma te r i a l  whereas t h e  angle 
$ moves i n  t h e  r eve r se  d i r e c t i o n ,  The reason f o r  t h i s  dev ia t ion  i s  not 
known. 

AMPHIBOLE 

The aegi r ine-augi te  i s  commonly a l t e r e d  t o  a b lue  amphibole, pleo- 
chro ic  from a pa l e  straw yellow t o  varying shades of blue grey. 
t h e  amphibole i s  charged with octahedra of magnetite and b lebs  of quartz 
(Plate  I V )  which i n d i c a t e  t h a t ,  even i n  specimens without pyroxene present ,  
t h e  amphibole i s  a n  a l t e r a t i o n  product of aegirine-augite.  
colouring probably i n d i c a t e s  a v a r i a t i o n  i n  composition, bu t  because of t h e  
granular na ture  of t h e  amphibole it i s  d i f f i c u l t  t o  determine o p t i c a l l y .  
Some of t h e  darker patches of amphibole have a strong d i spe r s ion  and 
anomalous b i re f r ingence  and are possibly a r fvedson i t i c  i n  composition. 

Invar iab ly  

The patchy 

SPHENE 

Sphene is  a cons tan t  and d i s t i n c t i v e  minor component of a11 rocks from 
t h e  F i tzgera ld  Peaks; it i s  r a r e l y  absent from a t h i n  sec t ion  and i s  
commonly present  a t  about t h e  1 per c e n t  l eve l  (Table 1). Its  form v a r i e s  
from anhedral rounded b lebs  t o  well-formed lozenges and t abu la r  shaped 
c r y s t a l s  up t o  2 mm long. The d i s t i n c t i v e  f e a t u r e s  which sepa ra t e  it from 
sphene found i n  the  surrounding g r a n i t e  ba tho l i th  a r e  i ts  colour and a l t e r -  
a t ion .  In  hand specimens sphene can sometimes be seen a s  orange-brown 
c r y s t a l s  although i n  t h i n  sec t ion  t h e  mineral i s  pa le  brown and pa tch i ly  
zoned to orange-brown. The c r y s t a l s  a r e  moderately pleochroic i n  s 
orange-brown, and t h e  b i re f r ingence  i s  noticeably lower than normal sphene. 
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Figure 2 .  Zoned metamict sphene. Fresh sphene stippled, 
metamict zones c l ea r .  See a l s o  P l a t e  V I 1 1  
(GSWA 17333) 

According t o  Deer and o the r s  (1962, vol.1, p.74) t h e  lower birefr ingence 
and stronger colour can be correlated with a l o w  T i  and high Fe203 content 
f o r  the mineral. 
cant amounts of r a r e  e a r t h s  i n  t h e  sphene. In  most specimens the  l a rge r  
sphene c r y s t a l s  show some degree of a l t e r a t i o n ,  marginally o r  along cleav- 
ages and f r ac tu res ,  t o  a dark red-brown iron-stained material, but i n  a few 
the  a l t e r a t i o n  i s  t o  a yellow o r  orange-brown high r e l i e f  mater ia l  which i s  
i so t rop ic  o r  near ly  so. In  the specimen i l l u s t r a t e d  (Fig.2 and P l a t e  V I I I ;  

sample 29818) the re  i s  a narrow outer  zone of. orange sphene with a zone of 
pale coloured sphene, and a core of nearly i so t rop ic  orange material and 
sphene. Specimen 29836 shows a l a rge  c r y s t a l  of sphene which has been 
a l t e r ed  t o  needles of an opaque oxide, a r eas  of i so t rop ic  semitransparent 
mater ia l ,  and a reas  of colloform transparent  orange mater ia l .  Sahama (1946,  
p.116) descr ibes  s i m i l a r l y  zoned and a l t e r ed  sphene from Finland the  analy- 
sis of which contained s i g n i f i c a n t  amounts of rare ear ths .  X-ray photo- 
graphs by Sahama a l s o  revealed the  presence of anatase i n  the  a l t e r ed  
material .  N o  mineral i d e n t i f i a b l e  a s  anatase w a s  seen i n  t h e  Fi tzgerald 
Peaks rocks but it i s  probably present i n  a f i n e l y  divided s t a t e  i n  the 
a l t e r ed  sphene. 

The orange hue might be due t o  t h e  presence of s i g n i f i -  
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ACCESSORIES 

Accessory minerals inc lude  magnetite, a p a t i t e  and zircon, A l l  occur 
i n  t h e  s m a l l  amounts usua l  fo r  g r a n i t i c  rocks; b u t  i n  a few specimens 
a p a t i t e ,  a s  prisms up t o  2 mm long, forms 2-3 per  cent  of t h e  rock. 
from t h e  amphibole derived from aegirine-augite and t h e  ma te r i a l  derived 
from t h e  breakdown of sphene, t h e  only secondary minerals present  are a 
l i t t l e  carbonate and r a r e  f l u o r i t e .  

Apart 

CHEMISTRY 

TABLE 4. Chemical analyses of rocks from Fi tzgera ld  Peaks 

Sample no. 

S i 0 2  

Ti02 

A1203 
Fe203 
FeO 

MgO 
C a0 
N a 2 0  

K20+ 
H2O 

c02 

H20- 

'2'5 
MnO 

Total 

29809 

62 17 
0.85 

16.85 
1.79 
2.71 
1.35 
2.72 
4.58 
4.18 
0.73 
0.60 
0.00 
0.32 
0.02 

98.87 

29831 

69.82 
0.13 

14.90 
0.72 
1.14 
0.23 
1.18 
5.27 
4.29 
0.52 
0.06 
0.00 
0.06 
0.05 

98.37 

29818 

63.18 
0.27 

15.93 
0.83 
2.19 
1.09 
2.48 
5.40 
6.03 
0.66 
0.14 
0.00 
0.38 
0.09 

98.67 

29821 

61.67 
0.57 

16.23 
1.15 
1.85 
0.58 
2.61 
5.74 
5.56 
0.58 
0.08 
0.00 
0.31 
0.12 

97.05 

A 

61.68 
0.58 
16.91 
2.32 
2.63 
0.96 
2.54 
5.46 
5.91 
0.53 

- 
- 

0.19 
0.11 

100,oo 
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TABLE 4 - con t inued  
c - - - -  

A : Average a l k a l i  s y e n i t e  (Nockolds,  1954) 

TABLE 5. P a r t i a l  c h e m i c a l  a n a l y s e s  o f  r o c k s  f r o m  t h e  F i t z g e r a l d  Peaks 
area 

Sample no. 28861 28862 28864 29803 29817 29835 

M90 0.53 0.26 0.57 0.19 0.46 0.24 
CaO 2.28 0.70 2.06 0.96 1 . 3 1  1 .66  
N a 2 0  4.17 3.10 4.25 4.17 5.80 4.05 

2.75 5.10 2.90 4.44 4.30 3.40 K20 

28861-62-64 : P o r p h y r i t i c  b i o t i t e  g r a n o d i o r i t e  and adarnellites, 
major b a t h o l i t h  s u r r o u n d i n g  F i t z g e r a l d  Peaks  

29803-17-35 : Pyroxene g r a n i t e s ,  F i t z g e r a l d  Peaks.  
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The e s s e n t i a l l y  s imi l a r  na tu re  of a l l  t h e  rock types from t h e  
F i tzgera ld  Peaks is  shown by t h e  chemical analyses of Table 4 .  

potash va lues  are h igh  i n  each of t h e  analyzed specimens, and t h e  only 
s i g n i f i c a n t  v a r i a t i o n s  a r e  i n  t h e  Si02 values which dec l ine  wi th  f a l l i n g  
modal quartz (Table l), and A1203 which rises with t o t a l  modal fe ldspar .  
The ana lys i s  of sample 29821, a syen i t e  wi th  only 1 per  c e n t  modal quartz 
is similar t o  Nockolds' (1954) average f o r  an a l k a l i  syen i t e  i n  a l l  except 
i ron  content.  
Table 1 is no t  poss ib le  due t o  t h e  presence of a soda-bearing pyroxene i n  
t h e  rock, bu t  t h e  most no tab le  omission from t h e  norm i s  sphene which 
although present  i n  small amounts i s  so prominent i n  t h e  rocks. 

Soda and 

A s t r ic t  comparison of t h e  norms of Table 4 and t h e  modes of 

The s i m i l a r i t y  of t h e  b i o t i t e  adamel l i te  t o  t h e  main mass of t h e  
F i tzgera ld  Peaks i s  also shown by t h e  analyses where it is seen t h a t  a 
s l i g h t l y  lower a l k a l i  conten t  i s  t h e  only d i s t i n c t i v e  chemical f e a t u r e  
of t h e  adamelli te.  

D I S C U S S I O N  

The Fi tzgera ld  Peaks Syeni te  is  a d i a p i r i c  body intruded i n t o  an 
Archaean g ran i t e .  
i n t rus ion  probably narrows downward, and t h e  presence of modal aegi r ine-  
aug i t e  suggests a high l e v e l  in t rus ion .  
t e n t a t i v e  conclusions problems arise because t h e  uniformity of t h e  rock 
types and t h e  i s o l a t i o n  of t h e  in t rus ion  within a 'sea' of g r a n i t e ,  allow 
no more than specula t ion  a s  t o  t h e  o r i g i n  of t h e  m a g m a  o r  i ts  age. N o  
s t r u c t u r e s  wi th in  t h e  surrounding g r a n i t e  w e r e  observed which could be 
connected t o  t h e  i n t r u s i o n  of t h e  syeni te ,  bu t  perhaps t h e  presence of 
bas i c  dykes wi th in  t h e  m a s s  and t h e i r  absence from t h e  g r a n i t e  g i v e  an 
ind ica t ion .  A s  noted above t h e  dykes vary from normal, para l le l - s ided  
post-syenite i n t rus ions  t o  highly metamorphosed and streaked o u t  r a f t s .  It 
appears poss ib le  t h a t ,  a t  t h e  time of in t rus ion  of t h e  F i t zge ra ld  Peaks 
mass, a l o c a l  'ho t  spo t '  had developed which allowed both t h e  in t rus ion  of 
bas i c  dykes and t h e  development of t h e  s y e n i t i c  magma. Early dykes were 
metamorphosed and p a r t i a l l y  absorbed as t h e  magma was emplaced a t  higher 
l eve l s ,  whereas l a t e r  dykes remain. On t h i s  scheme t h e  o r i g i n  of t h e  
s y e n i t i c  magma w a s  a n a t e c t i c ,  although t o  produce such an a l k a l i - r i c h  and 
quartz-poor rock a cons iderable  degree of d i f f e r e n t i a t i o n  must have taken 

Fo l i a t ion  and banding i n  t h e  rock i n d i c a t e  t h a t  t h e  

Beyond these  generalized and 
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place.  Assimilation of bas ic  ma te r i a l  from e a r l y  dykes, although l o c a l l y  
demonstrable, cannot have a g r e a t  o v e r a l l  importance as no mixture of 
normal ac id i c  and b a s i c  material would produce t h e  chemistry observed. 

From t h e  c o n t r a s t  between t h e  rock types and topography of t h e  F i t z -  
gera ld  Peaks with those  of t h e  surrounding Archaean g r a n i t e s ,  and t h e  
nearness of t h e  Pro terozoic  Albany-Fraser Province, it is  tempting t o  
assume a Pro terozoic  age f o r  t h e  s y e n i t i c  rocks. No s t r u c t u r e s  within t h e  
syen i t e  o r  surrounding g r a n i t e s  provide evidence f o r  t h i s  hypothesis,  and 
t h e r e  are no similar rock types known within t h e  a rea  of Pro terozoic  rocks. 
There i s  a s m a l l  outcrop of quartz-poor rocks a t  Lake Shas t e r ,  about 70 km 
east-southeast  of Ravensthorpe, bu t  t h i s  is a b i o t i t e  monzonite having an 
e n t i r e l y  d i f f e r e n t  t ex tu re ;  t h e  F i tzgera ld  Peaks Syeni te  m o r e  c lo se ly  
resembles t h e  syen i t e s  found f u r t h e r  nor th  within t h e  Archaean sh ie ld .  
Radiometric d a t a  reported by Turek (1966) support a Pro terozoic  age, but 
are open t o  var ious  in t e rp re t a t ions .  Based on one whole-rock ana lys i s  and 
a fe ldspar  s epa ra t e  from t h e  same sample, Turek repor ted  an  age of 1 670 
m.y. with t h e  very  high i n i t i a l  87Sr/86Sr r a t i o  of 0.7473. Assuming t h e  
da t a  were co r rec t ,  they not  only ind ica t e  a Pro terozoic  age f o r  t h e  
F i tzgera ld  Peaks, s imi l a r  t o  ages found i n  t h e  nearby Albany-Fraser Province 
(Arr iens  and Lambert, 1969, p.380), but a l s o  show t h a t  t h e  magma must be of 
a n a t e c t i c  o r ig in .  A l t e rna t ive  i n t e r p r e t a t i o n s  (W. Compston, wr i t t en  commu- 
n ica t ion)  which would allow an Archaean age f o r  t h e  F i t zge ra ld  Peaks rocks 
involve t h e  assumption e i t h e r  of t echn ica l  e r r o r s  i n  t h e  ana lys i s ,  o r  t h e  
r e s e t t i n g  of t h e  f e ldspa r  during t h e  Proterozoic.  The only f i e l d  evidence 
which suggests an age o lde r  than 1 670 m.y. is t h e  presence near Annes Pass 
of a small exposure of n o r i t e  (sample 29838). This appears t o  be p a r t  of a 
dyke which c u t s  t h e  syen i t e  and which might be r e l a t e d  t o  t h e  major east- 
w e s t  dykes dated by Turek a t  2 420 2 30 m.y. 

Apart from t h e  small in t rus ion  a t  Yeril la noted by Honman (1917) 
recent  reg iona l  mapping of t h e  Eastern Goldfields Province by t h e  Geologi- 
cal Survey has found numerous small, i so l a t ed  bodies of a l k a l i c  rocks. 
These vary from porphyry dykes a t  Norseman and Widgiemooltha t o  l a r g e r  
bodies of syen i t e  and quartz syen i t e  i n  t h e  S i r  Samuel area, A l l  these  
in t rus ions  a r e  charac te r ized  by t h e  presence of aegirine-augite,  o f t en  
a l t e r i n g  t o  an a r fvedson i t i c  amphibole. These bodies a r e  sparse ly  sca t t e r -  
ed over an area seve ra l  hundred kilometres long and do no t  o.utline a defin- 
i t e  a l k a l i c  province wi th in  t h e  major greenstone b e l t  of t h e  Eastern Gold- 
f i e l d s  Province, nor  can they be compared with t h e  F i tzgera ld  Peaks rocks. 

154 



However, it i s  perhaps s i g n i f i c a n t  t h a t  no syen i t e s  are known from t h e  
o the r  greenstone b e l t s  of t h e  Yilgarn Block, and t h a t  wi th in  t h e  Wiluna- 

Norseman b e l t  t h e  a l k a l i c  rocks a r e  confined t o  a r e l a t i v e l y  narrow c e n t r a l  
zone. 
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P L A T E S  

PART I V  



Plate I. 29833: Quartz syenite, Peak Charles. Anhedral 
aegirine-augite and subhedral sphene in a felds- 
par matrix (plane polarized light). 

Plate 11. 29833: Quartz syenite, Peak Charles. Note the 
predominance of perthitic microcline, but also 
the presence of finely twinned and myrmekitic 
albite (crossed polarizers) . 
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Plate 111. 29809: Biotite adamellite, northwest of Peak 
Charles. Microcline and sodic oligoclase as 
separate phases and biotite as the principal 
mafic mineral (crossed polarizers). 

Plate IV. 29521: Aegirine-augite altering marginally to 
arfvedsonitic amphibole charged with granular 
magnetite (plane polarized light). 
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Plate V. 26680: Large perthite crystal with exsolved 
meshwork of albite and secondary spindles of 
microcline (crossed polarizers). 

Plate VI. 29812: Perthite with highly sutured lobate 
margins towards adjacent perthite crystals 
(crossed polarizers). 
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Plate VII. 29815: Perthite showing variations in single 
crystal from oriented spindles of albite to 
Atregular exsolution veins. The albite is twinned 
perpendicular to the veins (crossed polarizers). 

Plate VIII. 29818: Zoned metamict sphene (see also 
Fig.2). 
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