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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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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 .  
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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 

74 



"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  

8 0  



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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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.  
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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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