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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. 

118 



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  

124 



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  
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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 

1 2 6  



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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