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FOREWORD 

Because of i t s poss ib le value t o our sponsor s 

in the m i n e r a l Indus t r i e s and because much of t h e work 

was done in t h e s e L a b o r a t o r i e s , M r , F a n d e r b t h e s i s i s 

being rep roduced and d i s t r ibu ted as an AMDL r e p o r t . 
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SUMMARY 

The purpose of the work was t o compare and contrast the 
pe t rography, a c c e s s o r y mine ra l s , and absolute ages of twenty-five 
grani t ic and all ied rock samples collected f r o m widely sca t te red loca l -
i t i es in South Aus t ra l ia . The pr incipal a r e a s f r o m which samples were 
collected a r e : Encounter Bay, Mur ray Br idge , Coonalpyn, Fl inders 
Ranges , and E y r e Peninsula , with other s amples f r o m Yorke Peninsula , 
Muqgrave Ranges, and the Peake Denison Ranges . The p rocesses 
n e c e s s a r y t o produce pure z i rcon fo r age-de te rmina t ions by the L a r s e n 
method a lso yielded concentrations of a c c e s s o r y m i n e r a l s not normal ly 
s een in th in-sec t ion . These mine ra l concentra t ions were subjected t o 
detai led study and compar ison as a ba s i s f o r d i scuss ions and conclusions. 

The thes i s is divided into four ma in sec t ions as follows: -

Section 1. Compar ison of the rock samples on the bas i s of 
pe t rography and a c c e s s o r y m i n e r a l s . 

Section 2. Age determinat ions . Method, r e s u l t s , discussion. 

Section 3. Unusual mine ra l f ea tu re s . | 

Section 4. Conclusions. | 
i 

Appendix A Pet rography, acces so ry m i n e r a l s and o ther fea tures i 
of each individual rock. jj 

I 
The feas ibi l i ty of cor re la t ing gran i t ic rocks by means of t he i r '• 

a c c e s s o r y mine ra l s has been shown t o be l imi ted t o rocks which a r e in c lose ji 
p roximi ty to one another . Rocks of the s a m e o r s i m i l a r age but widely 
s epa ra t ed geographical ly visually show v e r y l i t t le r e semblance in pe t ro -
graphy and a c c e s s o r y m i n e r a l s . A c c e s s o r y m i n e r a l s can most useful ly ji 
be compared when two adjacent grani t ic rocks of s i m i l a r aspect a r e Jr 
suspected t o belong t o different sui tes and t o be magmat ica l ly unrela ted. i 
The compar i sons will usual ly show whether the ad jace i t rocks a r e in j j 
fact co -magmat i c o r not. jf 

\ 
INTRODUCTION \ 

[ 
Much of the work descr ibed in th i s t h e s i s was ca r r i ed out in 

connection with the determinat ion of the absolute age of grani t ic rocks 
in South Aus t ra l ia , The age determinat ion p ro jec t i s cur ren t ly being 
c a r r i e d out at the Aust ra l ian Mineral Development Labora tor ies on 
behalf of the South Aus t ra l ian Government Depar tment of Mines. Of i 
the many samples of grani te and allied rocks collected f o r the projec t , I 
twenty-f ive were se lec ted fo r c lose r s tudy. The ma in purpose of th i s ji 
s tudy was t o compare and contrast the heavy a c c e s s o r y minera l s of the 
rocks , pa r t i cu la r ly in re la t ion to the absolute ages of the rocks being i 
cons idered . As the study proceeded, many o ther informat ive and 
signif icant f ac t s came t o light, and it was decided t o incorpora te as many 
of t h e s e as poss ib le , s ince they a re of p r a c t i c a l and economic value. 



2. 

GENERAL CONSIDERATIONS 

Absolute-age determinat ions a r e made at A. M. D. L. according 
t o the method of E . S. L a r s en1 . This method involves the isolation of 
pu re z i rcon f r o m a grani t ic o r allied rock , and i t s analysis f o r uranium 
and radiogenic lead. In the course of the ext ract ion of the zircon, the 
o ther heavy m i n e r a l s a r e isolated and concentra ted in var ious f rac t ions . 
These f r ac t ions were studied and the m i n e r a l s occurr ing in them were 
r e c o r d e d semi-quant i ta t ive ly . F o r r e a sons which will be apparent l a t e r , 
it was not poss ib le to make the study a fu l ly quantitative one. 

Prev ious invest igat ions, notably by A. W. Groves2 , have shown 
tha t only a l imi ted number of heavy a c c e s s o r y minera l s a r e suitable f o r 
compar i son purposes . The main objects of comparing heavy-minera l 
su i t e s a r e as follows; 

1. T o attempt t o prove o r d isprove a genetic re la t ionship 
between two o r m o r e igneous bodies which appear 
re la ted in some way, e . g. in composit ion, in space or 
in t i m e . 

2. To attempt t o date an igneous body of unknown age by 
compar ing it with one of known age (i . e . age deduced 
f r o m s t ra t ig raph ic s tudies) . 

i 3. T o de te rmine the degree of contamination of an igneous 
rock by a s s i m i l a t e d m a t e r i a l . 

4* T o de te rmine whether the rock tinder considerat ion is 
of orthodox igneous origin o r not. 

5. T o evaluate the possibi l i ty of the occur rence of econom-
ica l ly valuable mine ra l s . 

An endeavour has been made t o s tudy the heavy acces so ry 
m i n e r a l s with t he se a ims in view, and t o c o r r e l a t e the fac t s with other 
in format ion obtained f r o m pe t rographic s tudies and age-determinat ions . 

One of the mos t important a ims in th is study i s t o isolate , 
pu r i fy and examine the z i rcon contained in the rock sample . Quite apart 
f r o m i ts impor tance as t he most su i table m i n e r a l f o r age-determinat ions , 
z i r con appears t o be a f a i r l y re l iab le indica tor of the c i rcumstances of 
fo rma t ion of the rock . One of the mos t detai led s tudies of z i rcons in 
s ed imen ta ry and igneous rocks was made by Poldervaar t 3 , who drew 
attention t o a number of important f e a t u r e s of z i rcons . It is perhaps 
appropr ia te at th i s juncture t o p resen t a r e s u m e of these f ea tu re s , s ince 
t hey have considerable bear ing on the invest igat ions descr ibed he re . 

In r e g a r d t o sed imenta ry rocks and the z i rcons contained in them, 
Po lde rvaa r t makes the following r e m a r k s : 

1. F ine r -g r a ined sediments have m o r e angular z i rcons than 
c o a r s e r - g r a i n e d ones. The r e a s o n i s that f ine-gra ined 
pa r t i c l e s a r e not abraded in t r a n s p o r t t o the s a m e extent 
as medium o r coa r se -g ra ined p a r t i c l e s . 
Th i s s ta tement holds where z i rcons a r e of comparable 
s i ze t o the other m i n e r a l g ra ins in the sediment . 



3. 

2. L a r g e r z i r cons s u r v i v e longe r t h a n s m a l l e r ones , and -
consequent ly b e c o m e m o r e rounded. 

3. In s e d i m e n t a r y r o c k s , l a r g e r z i r cons tend t o be rounded, 
s m a l l ones a r e angu la r . In igneous rocks the r e v e r s e 
i s t r u e . 

v 4 . Due t o the o v e r a l l s t ab i l i ty of z i rcon , a sed iment shows 
a p r o g r e s s i v e r e l a t i v e i n c r e a s e in z i r con content a f t e r 
each r e - w o r k i n g , due t o the des t ruc t ion and r e m o v a l 

„ of the o the r heavy m i n e r a l s . 

5. The s tab i l i ty of z i r c o n i s due t o a number of f a c t o r s , such 
as the s m a l l in i t i a l s i z e of t he c r y s t a l s , l ack of c leavage, 
r e s i s t a n c e t o chemica l a t tack. The m o r e rounded the 
c r y s t a l s b e c o m e , the m o r e ine r t t hey a r e . The ab ras ive 
r e s i s t a n c e ( r e s i s t a n c e t o abras ion) of z i r con however , is 
f a i r l y low comparab l e with quar tz and apat i te . Alkaline 
solut ions appea r t o a t tack z i rcon . 

6. Malacons (i. e . m e t a m i c t z i rcons) appear t o be l e s s s tab le 
than z i r c o n s . 

«. In r e g a r d t o igneous r o c k s , P o l d e r v a a r t m a k e s the following 
obse rva t ions : -

* • 

1. Z i r c o n s which a p p e a r rounded in a th in sec t ion of a rock , 
m a y ac tual ly be comple te ly euhed ra l . H e a v y - m i n e r a l 
concent ra t ions a lone r e v e a l with ce r t a in ty whether the 
z i r cons a r e , i n f a c t , rounded o r euhedra l . Since a c e r t a i n 
amount of contaminat ion and a s s imi l a t ion has o c c u r r e d in 
m a n y igneous r o c k s , rounded z i r cons m a y be found, but they 
genera l ly amount t o unde r 10 p e r cent , of t he to t a l z i r con . 

2. The m a j o r i t y of m e d i u m and l a r g e z i rcons (whose length 
exceeds 0 . 0 5 m m ) a r e euhedraT in t r u e in t rus ive g ran i t e s . 
S m a l l e r z i r c o n s m a y have rounded t e r m i n a t i o n s . 

3. Z i r c o n s a r e of e a r l y c rys t a l l i za t ion in the sequence of 
so l id i f ica t ion of a m a g m a . They m a y have acted as nucle i 
f o r m i n e r a l s of l a t e r c rys ta l l i za t ion . They a r e usua l ly 
a s soc ia t ed with m a f i c m i n e r a l s s u c h as biot i te , hornblende , 

v opaque m i n e r a l s . 

4 . The un i fo rmi ty of z i r cons in a r ock demons t r a t e s the un i form-
* i ty of conditions of c rys ta l l i za t ion . 

5. Smal l z i r cons a r e of ten rounded and cor roded , though m o r e 
often in e f fus ive t h a n in t rus ive r o c k s . 

6 . Grani tes showing evidence of s t r ong h y d r o t h e r m a l act ivi ty 
(e. g. r e d o r o r ange p c t a s s i c g ran i t es with abundant f luo r i t e , 
e t c . ) , m a y contain da rk brown or opaque, c lose ly zoned, 

it, a l t e red z i r cons which m a y have rounded outl ines, of ten 
^ ragged and with s m a l l i r r e g u l a r i t i e s . Such c r y s t a l s of ten 

have a n a r r o w , c o l o u r l e s s ou te r s h e l l of low-b i re f r ingen t 
m a t e r i a l . 



Po lde rvaa r t p roposed the following f e a t u r e s t o aid in t he 
c lass i f i ca t ion of z i r cons . 

1 . ) Simplici ty , complexity, o r absence of t e r m i n a l f a c e s . 

2 . ) Elongat ion ( ra t io of length t o b read th of crys ta ls )* 

3 . ) Colour and inclusions . 

He quotes Morgan and Auer (1941) (3a), who have c lass i f i ed 
z i r cons on t h e i r phys ica l p rope r t i e s : -

Colour NO NE NE-NO Radioact ivi ty 

N o r m a l 1 .924 - 1 .934 1.970 - 1.977 0 .036 - 0 .053 low 
Hyacinth 1 .903 - 1 .927 1.921 - 1.970 0 . 0 1 7 - 0 .043 med ium 
Malacon 1.782 - 1 .864 1.827 - 1 .872 n i l - 0 . 0 0 8 high 

Malacon i s f u r t h e r subdivided into two types by Claus (1936) in to-

1) a l t e r e d / with dull l u s t r e and of ten with rounded ! 
put l ines , and J 

2) me t a m i ct , with br ight l u s t r e and enhedra l out l ines . | 

Both types a r e brown and opaque. Type 1) i s found p re fe ren t i a l l y in j 
r e d gran i te phases (i . e . hyd ro the rma l act ivi ty) . 

All t h e s e types and sub- types w e r e found in the p resen t i n v e s -
t iga t ion and will be desc r ibed l a t e r , in t h e desc r ip t ive sec t ion ("A"). 

Of f u r t h e r r e l evance t o th i s t h e s i s , in r e g a r d t o z i r cons , i s * 
the r e p o r t by F r o n d e l and Collet te4 , desc r ib ing the synthes is of z i r con . 
T h e s e authors d e s c r i b e expe r imen t s c a r r i e d out i n "hydro the rma l 
bomb runs®, involving va ry ing t e m p e r a t u r e , p r e s s u r e , and wate r vapour -
condit ions. They w e r e able t o synthes ize c rys ta l l i zed z i r con at t e m p -
e r a t u r e s a s low as 350°C. at about 1000 a tm. p r e s s u r e . However, t h e y ] 
did not a t tempt t o ac tual ly r e - c r y s t a l l i z e z i r con , and f r o m pe t rograph ic 
evidence one can s a y that t h i s p r o c e s s would t a k e p lace at apprec iab ly j? 
h igher t e m p e r a t u r e - p r e s s u r e conditions. Vola t i les , o r "fluxes®, would • 
p robab ly p lay an impor tan t p a r t . A f t e r a l l , m a n y me tased imen t s of t he 
highest m e t a m o r p h i c f a c i e s contain wel l - rounded z i r cons . F ronde l , 
and Col le t te used ZrO^ gel , SiOj sand, HzO, and Z r O F 2 . 2 H z O as s t a r t i n g ( 
m a t e r i a l s f o r t h e i r expe r imen t s . ! 

t. 
T o r e f e r back t o invest igat ions made by A. W. Groves 2 on a c c e s s - r 

o ry m i n e r a l s of t he g ran i t i c rocks of the Channel I s lands , much of t h i s ! 
work was s e v e r e l y c r i t i c i zed by A. K. Wells5 , who set up a c lass i f i ca t ion 
of t h e s e m i n e r a l s , as fol lows -

a) N o r m a l Accessor ies* Minera ls l a r g e l y independent of high 
f lux content of a m a g m a . Including m i n e r a l s such as z i rcon; 
magnet i te ; i lmemte i some of the sphene; xenot imej < 
monaz i t e j pe rhaps or th i te . 

b) Pneumatoly t ic A c c e s s o r i e s ! Including tou rma l ine ; f luor i te ; 
topaz; c a s s i t e r i t e ; some of the ru t i l e , ana tase and brooki te . 
Genera l ly l a t e - s t a g e m i n e r a l s , o c c u r r i n g in h igher p a r t s of 
in t rus ions (i . e . e a r l y r emova l by denudation). 

c) Contaminat ion Accessor ies* Der ived f r o m country rock . 
Including m i n e r a l s such as co rd i e r i t e , andalusi te , sp ine l , 
garnet , s i l l iman i t e . 



d) Secondary A c c e s s o r i e s : P r o d u c t s of l a t e - s t age al terat ion, 
such as ch lor i te , zo i s i t e -ep ido te , e tc . 
A. K. Wells s t a t e s tha t only m i n e r a l s of c lass a) m a y be used 
f o r co r re l a t ion , and points but tha t even in th i s c l a s s the 
m i n e r a l s show insuff ic ient individual cha rac t e r i s t i c s , with 
t he poss ib le exception of z i r con . 

Whilst the p re sen t w r i t e r a g r e e s that c l a s ses c . ) and d . ) 
cannot have any value f o r compar i son p u r p o s e s (e. g. between two 
grani te m a s s e s s e p a r a t e d by e i the r t i m e o r place), c lass b . ) can have 
r e s t r i c t e d appl icat ion. Groves , i n his r e p l y t o Wel l s ' s c r i t i c i s m s , 
points out the l ack of be ry l l ium m i n e r a l s in the Armor i can gran i tes , and 
the p r e s e n c e of t h e s e m i n e r a l s in t h e T e r t i a r y grani tes of t he Mourne 
Mountains. Some of t he opaque m i n e r a l s , such as molybdenite, pyri te , 
pyr rho t i t e and chalcopyr i te , m a y be of e a r l y crys ta l l iza t ion and thus be 
u se fu l f o r pu rposes of co r re la t ion . 

The whole quest ion of def ini t ion of the t e r m " a c c e s s o r y mine ra l " 
i s a debatable one and h a s been s u m m a r i z e d by J . C. Reed 6 . In that pape r 
Reed favours the defini t ion fo rmula ted by Holmes 7 , namely - BA t e r m 
applied t o m i n e r a l s occur r ing in s m a l l quanti t ies in a rock , whose p r e s e n c e 
o r absence does not af fec t i t s diagnosis '1 . F u r t h e r subdivision of these 
m i n e r a l s on a genet ic b a s i s (e. g. tha t of Wel ls , s ee above), o r on the b a s i s 
of phys ica l p r o p e r t i e s (e» g. h e a v i e r t h a n 2. 86) o r chemica l s imi l a r i t i e s 
(e. g. sulphides) i s poss ib le . In t h i s t h e s i s , Holmes ' definit ion will be 
used , with the addit ional qual if icat ion tha t only a c c e s s o r y m i n e r a l s with 
spec i f i c grav i ty g r e a t e r t h a n 2. 86 (ii el tha t of b r a m o f o r m ) will be cons idered . 
As f a r as compar i sons and co r r e l a t i ons a r e concerned, only those m i n e r a l s 
wil l be considered* which in the light of conclusions r eached by previous 
invest igat ions a r e su i tab le . However , a l l m ine ra l s of i n t e r e s t will be 
included i n the desc r ip t ions ; s o m e of t h e m , whilst of l i t t le use fo r c o r r e -
lat ion, m a y have economic s ign i f icance o r b e of in te res t f o r considerat ions 
of provenance of heavy m i n e r a l s in s e d i m e n t s . 

SECTION 1. " / _ . - ; ' . . ; 

PETROGRAPHY AND HEAVY ACCESSORIES 

COMPARISONS BETWEEN ROCKS 

1. Encounte r Bay 

F i r s t and f o r e m o s t among the su i t e s of co -magmat i c rocks a r e 
t he Encounte r Bay in t rus ives , of which t h r e e samples have been studied. 
Th i s sui te was chosen because t he r e s u l t s would show whether a . ) d i f ferent 
s a m p l e s of one rock- type (collected at d i f fe ren t local i t ies) such as V. 3 II 
and V. 4 , would contain heavy a c c e s s o r i e s showing a high degree of c o r r e s -
pondence, and b . ) whether c o - m a g m a t i c r o c k s such as V. 3 n , V . 4 , and 
V. 5, r e p r e s e n t i n g d i f fe ren t phases of the s a m e in t rus ive complex, a lso 
show a high deg ree of co r respondence in t h e i r heavy a c c e s s o r i e s . If both 
t h e s e conditions a r e fu l f i l led , then a f a i r l y s t rong case is es tabl ished f o r 
compar ing th is su i te with other , s i m i l a r rocks in South Aus t r a l i a which 
a r e suspec ted t o be of a s i m i l a r age. The r e s u l t s , taken In conjunction 
with the absolute age of the rocks , will indica te whether a compar ison of 
heavy a c c e s s o r i e s can lead t o valid conclusions concerning the re la t ionship 
between two o r m o r e rocks in quest ion. 



Comparison of V . 3 H with V. 4 -

Petrographyi Both a r e s t rong ly porphyr i t ic adamel l i tes , with good 
agreement between pe t rograph ic and minera log ica l f ea tu re s . The 
two rocks a r e both r ep re sen t a t i ve s of the s a m e phase of the igneous 
complex. 

Heavy Acces so r i e s ! Z i r c o n s of the s a m e t h r e e types occur in both 
rocks . Sphene i s leucoxenic and a l te red in both rocks . Other mine ra l s 
occurr ing in both rocks a r e as follows* pyr i te , molybdenite, tourmal ine , 
apatite and monazi te . Staurol i te and garnet occur in V. 4, indicating 
ass imi la t ion of me t a sed imen ta ry m a t e r i a l . Only two mine ra l s occur 
in V. 3 n which a r e not found in V. 4, namely gold and rut i le ; both of 
these may be of l a t e - s t a g e or igin. Thus it may be seen that the two 
sui tes of a c c e s s o r i e s a r e p rac t i ca l ly indist inguishable. It may be noted 
h e r e that f luor i te does not occur in these rocks . 

Compar ison of V. 5 with V. 3 II - V. 4 

Pe t rography: V. 5 is m o r e a lkal ic than V. 3 H and V. 4. It is even-
grained, not porphyr i t ic , and contains m o r e bioti te than the other two 
rocks i F r o m field evidence t h e r e is no doubt that V. 5 belongs to the 
s a m e igneous complex a s V. 3 II and V. 4. 

Heavy A c c e s s o r i e s ; T h e following mine ra l s occur in V. 5 which a lso 
occur in the other two r o c k s : - monazi te , z i rcon ( three types) , tourmal ine , 
apati te, pyr i te , molybdeni te . Garnet a l so occurs , as in V. 4J sphene, 
however, i s absent . Th i s m a y be due t o the m o r e alkalic na ture of V. 5. 
The dominant z i rcon type i s v e r y s i m i l a r t o the dominant type in V. 3 II and 
V. 4, though t h e r e a r e m i n o r d i f fe rences (L : B up t o 5; 1, c rys ta l s l e s s 
a l te red , overgrowths occur) . The other two z i rcon types a r e identical 
t o those of V. 3 II and V. 4, in c h a r a c t e r and amount. The monazi te in V. 5 
appears sl ightly m o r e a l t e red than in V. 3 II and V. 4. These minor 
d i f fe rences however , do not de t rac t f r o m the high degree of correspondence 
between the heavy a c c e s s o r i e s of al l t h r e e rocks . 

Compar ison of Encounter Bay Rocks with Others 

F r o m a cons idera t ion of pe t rography and heavy acce s so r i e s , 
of the Encounter Bay su i t e and the M u r r a y Bridge-Coonalpyn sui te , 
( represented by C. W. 2 and T . B . 9), t he se two d i f fe r substant ial ly f r o m 
one another . Age-de te rmina t ions conf i rm th i s , reveal ing a d i f ference 
of over 20 MY between t h e two su i t e s . The M u r r a y Bridge-Coonalpyn 
sui te shows f a i r l y wide var ia t ion , pa r t i cu la r ly in t ex tu re , but i s n e v e r -
the l e s s closely l inked. F o r ins tance , the "cognate xenoliths" of p o r -
phyri t ic mic rogran i t e at M u r r a y Br idge a r e r e m a r k a b l y s i m i l a r t o the 
porphyr i t ic mic rogran i t e at Cold and Wet, The coa r se -g ra ined granite 
of Mur ray Bridge (T. B . 9) i s s e e n a lso in the Kangaroo Fla t a r e a eas t 
of Meningie. A few "outliers® of Encounter Bay (Granite Island type) 
grani tes occur jus t nor th of Meningie, but i t i s thought tha t they r ep re sen t 
the nor the rn l imit of t h i s su i te . 

The heavy a c c e s s o r i e s of the two su i tes a r e quite d i f ferent . 
However, the c lose cor respondence found in the acces so r i e s of the 
Encounter Bay su i te i s not n e a r l y as marked in the Mur ray Br idge-
Coonalpyn suite; notably the types of z i rcon in C. W. 2 and T . B. 9 show 
only slight s imi la r i ty , though the other a c c e s s o r i e s "match11 v e ry well . 
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The magmat i c reddening of C. W. 2 indicates hydro the rmal activity. 
Th is i s conf i rmed by the z i r cons in C. W. 2, which a r e brown, a l t e red 
ma lacons . C. W. 2 and T . B . 9 a r e r ep re sen t a t i ve of a wider var ia t ion 
t h a n the Encounter Bay r o c k s , s o tha t one would not expect t o find such 
a good degree of co r respondence in the heavy a c c e s s o r i e s . 

No o ther r o c k s , of t hose h e r e cons idered , a r e re la ted in 
s p a c e or t i m e t o t he Encounte r B a y su i te , and the p resen t study has r e -
vea led no such rocks ; 

2. N o r t h e r n F l i n d e r s Ranges 

It i s genera l ly accepted that t h e r e a r e two-distinct se t s of 
g ran i t i c and al l ied rocks o c c u r r i n g in the F l i nde r s Ranges . They a r e 
usua l ly dis t inguishable in t h e f ie ld , and a r e divided into an "older 8 

s e r i e s (pre-Adela ide Sys tem) and a "younger" s e r i e s (post-Adelaide 
System). Of t he s amp le s desc r ibed in th i s t h e s i s , K. 8, K .10 , K.13 , 
and K. 15 belong t o t he o lde r s e r i e s , and X. 12 t o t h e younger s e r i e s . 
Age de te rmina t ions on the r o c k s have fu l ly conf i rmed th i s , the older 
s e r i e s being dated f r o m 1645 MY t o 1400 MY, and the younger s e r i e s 
at 920 MY. If t h e s e de te rmina t ions a r e substant ia l ly c o r r e c t , then 
t h e "o lde r " grani tes were emplaced over a per iod of some 245 MY, 
and the quest ion a r i s e s a s t o what re la t ionsh ip they b e a r t o one another 
and t o the "younger" g r a n i t e s . 

Pe t rograph ica l ly , t he o lde r g ran i tes a r e v e r y s i m i l a r in 
t h e i r const i tuents and a r e b iot i te g ran i tes o r adamel l i tes , depending on 
t h e r a t i o of ol igoclase t o m i c r o c l i n e . All a r e s t r e s s e d and sha t t e red , 
with evidence of pa r t i a l r e - c r y s t a l l i z a t i o n o r even convers ion to 
or thogneiss (K.,15). 

The only r e p r e s e n t a t i v e of t he younger s e r i e s , K. 12, i s 
c l a s sed as a biot i te g ranodior i te , on the grounds tha t the dominant 
f e l d s p a r i s o l igoclase . It i s however , v e r y sodic , and b o r d e r s on 
a lbi te , s o that t he rock m a y ac tua l ly i n p a r t s be a s t rongly sodic bioti te 
g ran i t e . The p lagioc lase i s somewhat out of t he o rd ina ry in being ant i -
p e r t h i t i c . The po tas s i c f e l d s p a r i s o r thoc lase , not mic roc l ine as i s t he 
c a s e with the older s e r i e s . 

C o m p a r i s o n of t h e a c c e s s o r i e s shows a genera l agreement 
be tween rocks of t he o lder s e r i e s , though not n e a r l y as convincing as the 
Encounte r Bay su i t e . The t y p e s of z i r cons show reasonable agreement 
a l so , whereas the z i rcons of K. 12 a r e different . . Apatite i s p resen t in 
PC. 12 in t r a c e s only, be ing m u c h m o r e conspicuous i n t he o ther rocks . 
Thus with t h e s e r o c k s , whi ls t no m o r e than a genera l agreement can be 
found between s amp le s X. 8, K. 10, K. 13 and K. 15, it can be sa id that 
d i f f e rences in pe t rography and a c c e s s o r i e s bet ween t h e s e and K. 12 a r e 
quite m a r k e d . 

3. E y r e Peninsu la Rocks 

T h e r e appea r t o b e few, if any aff in i t ies between the var ious 
rocks s tudied f r o m th i s a r e a . The Moonabie P o r p h y r y is unlike the 
Gawler Range P o r p h y r y in p e t r o g r a p h y and heavy a c c e s s o r i e s . Two 
s a m p l e s which a r e of v e r y s i m i l a r age a r e K. 21 and K. 24„ but a r e d i s s i m i l a r 
in pe t rography . Th i s i s not r e a l l y s u r p r i s i n g in view of the grea t d i s tance 
(about 250 mi les ) s epa ra t ing t h e m . Also, t he d i f fe rence in age between 
the two r o c k s , 20 MY (890 - 870 MY), i s probably a r e a l one though covered 
by the + 10 p e r cent , e r r o r . 



The m o s t tha t can be said i s tha t t he two gran i tes K. 21 and K. 24 belong 
t o the s a m e phase of igneous act ivi ty which was respons ib le f o r the 
emplacement of K. 26 and the "younger" gran i te s e r i e s of the F l inders 
Ranges . 

4, Other Rocks 

The rocks f r o m Neptune Island and Stenhouse Bay a r e r a t h e r 
s i m i l a r Archaean m e t a s e d i m e n t s , and a r e not t r u e m a g m a t i c g ran i tes . 
The Neptune Is land augen-gneiss i s c losely s i m i l a r t o augen-gne isses 
o c c u r r i n g South of Corny Poin t , at the foot of Yorke Peninsu la 
As f a r as heavy m i n e r a l s a r e concerned, no g rea t s i m i l a r i t y can be ex-
pected, un less one knows one i s deal ing with t he s a m e s e d i m e n t a r y 
hor izon (now grani t ized) over a l imi ted extent. An in te res t ing 
f e a t u r e of the Archaean m e t a s e d i m e n t s of t he Yorke Peninsu la is the 
u n i v e r s a l o c c u r r e n c e of one of t he r a r e r emphiboles , f e r rohas t ings i t e . 
This m i n e r a l appears a l so in t he P a l m e r s a m p l e (Mt. Lofty Ranges) 
and m a y be c h a r a c t e r i s t i c of Archaean rocks in t h e s e a r e a s . 

The Monar to rock i s cons idered t o be a grani t ized sediment , 
on pe t rog raph ic evidence and f r o m the examinat ion of the heavy a c c e s s -
o r i e s . However , t he p r e s e n c e of f r e s h , euhedra l monazi te i s a p rob lem; 
the i n f e r e n c e i s that th i s m i n e r a l c rys ta l l i zed (or r e - c r y s t a l l i z e d ) during 
grani t iza t ion and that monazi te i s not nea r ly a s r e f r a c t o r y as z i rcon . 
It would be of grea t i n t e r e s t t o de te rmine the age of the monazi te , because 
th i s should be the age of t he grani t iza t ion . 

The Moonta P o r p h y r y appea r s t o b e heavi ly contaminated by 
s e d i m e n t a r y m a t e r i a l , as demons t r a t ed in t he s tudy of the heavy a c c e s s -
o r i e s , s e v e r a l of which a r e conspicuously rounded. The m a i n difficulty 
i o t h e l ack of f r e s h r o c k m a t e r i a l , f r o m which good s amp le s could be 
obtained. If the in t rus ion i s of a laccol i th ic na tu re , as s o m e geologists 
be l ieve , t h e n contaminat ion would be expected t o be f a i r l y s e v e r e . 

With r e g a r d t o z i r c o n s , a genera l observa t ion i s tha t the vas t 
m a j o r i t y of the magmat i c r o c k s contain at l ea s t t h r e e d i f fe rent types of 
z i rcon , w h e r e a s the grani t ized rocks usual ly contain only one type of 
z i r con . Th i s observat ion i s in keeping with observa t ions m a d e by 
P o l d e r v a a r t , as a l r eady r e c o r d e d . 

SECTION 2. 

AGE DETERMINATIONS 

Introduct ion -

Th i s sec t ion d e s c r i b e s in de ta i l t he methods used t o p r e p a r e 
s a m p l e s of z i r con and t o d e t e r m i n e t h e i r absolute age . The method was 
f i r s t developed by L a r s e n , Keevi l and Har r i son 1 , and modif ied at A. M. D. L. 
a f t e r much exper imenta t ion , t o sui t loca l working conditions and equipment. 
A l a t e r pape r , by Gott f r ied, J a f f e and Senftle8 , d e s c r i b e s t he most up - to -
date p r o c e d u r e s adopted by t h e U. S. Geological Survey. Th i s paper was 
f i r s t s e e n at A. M. D. L. in the middle of i960, and it was in te res t ing t o 
note that p r ac t i c a l l y ident ical techniques had been evolved at each L a b o r -
a tory quite independently. 
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Pr inc ip le s Involved -

The p r inc ip le s involved in us ing ce r t a in a c c e s s o r y mine ra l s 
f o r the de te rmina t ion of absolute age a r e based on t h r e e p r e - r e q u i s i t e s 
and on geochemical da ta , as fo l lows»-

1. The a c c e s s o r y m i n e r a l s m u s t be contemporaneous with 
the rock unde r cons idera t ion . 

2. All the l ead (Pb) in the a c c e s s o r y mine ra l s mus t be 
rad iogenic , r e su l t ing f r o m t h e decay of radioact ive 
e l emen t s . 

3. No produc ts of rad ioac t ive decay mus t have been lost 
(or gained) s ince the commencement of decay at the 
t i m e of c rys ta l l i za t ion of t he m i n e r a l s _ 

The choice of sui table m i n e r a l s i s re la ted t o point 2. above, 
f r o m geochemical cons idera t ions . Uranium, and tho r ium can go into 
ionic subst i tut ion f o r z i rconium on a l imi ted sca le owing t o the s imi l a r i t y 
in d imensions of ionic r a d i i ( Z r - 0. 87A, U - 1.05A, T h - 1.10A), 
whereas lead does not subs t i tu te owing t o i t s f a i r l y l a r g e rad ius 
(Pb - 1. 32A). In z i r con , t h e r e f o r e , any lead p resen t can be assumed 
t o be radiogenic . S i m i l a r cons idera t ions apply t o xenotime and monazi te . 
Apati te and sphene give e r r a t i c r e s u l t s , according t o Got t f r ied et a l . 8 

At th i s l a b o r a t o r y (A. M. D. L . ) , t he w r i t e r has s o f a r used z i rcon only, 
s i nce it i s f a r m o r e widespread in i t s o c c u r r e n c e than the other two m i n -
e r a l s . 

The age of t h e m i n e r a l i s de t e rmined by m e a s u r i n g i ts a lpha-
act iv i ty (which i s a d i r ec t m e a s u r e of i t s U + T h content) and analysing 
f o r lead. The f o r m u l a e der ived by Keevi l 9 , a r e as follows: -

P b 
t - c where t = age in mi l l ions of y e a r s , 

c i s a constant depending on the r a t i o of t h o r i u m t o u ran ium in the mine ra l , 
a lpha i s t he nunh e r of a lpha-counts p e r m i l l i g r a m m e of sample p e r hour , 
and P b i s e x p r e s s e d in p a r t s p e r mi l l ion . Th is fo rmula i s applicable t o 
m i n e r a l s f r o m 0 - 200 mi l l ion y e a r s (MY) old. F o r the r ange 200 - 1700 
MY, Keevil9 ha s modif ied t he f o r m u l a t o c o r r e c t f o r e r r o r s : -

t Q • t - ' / j k t , where t i s the value obtained in the f i r s t 

f o r m u l a , K is a constant de te rmined by expe r imen t . A f u r t h e r fo rmula 
m u s t be applied f o r m i n e r a l s in the r a n g e 1700 - 4000 MY: -

3 

T - t Q + 3 . 4 x 10 o o r 

T - (t - 7* kt2) + 3 .4 x 10~9 (t - Ya kt2)3 

The pape r by Got t f r ied et a l . 8 , goes into v e r y grea t detai l 
concerning al l a spec t s of t h i s method of age de terminat ions known as the 
l ead -a lpha method, and the conclusion i s r e a c h e d that it i s a usefu l , if 
not v e r y accura te , quick and inexpensive method, and that it usual ly 
fu l f i l s t he funct ion of r eso lv ing quest ions pe r t a in ing t o age of in t rus ion 
and s i m i l a r p r o b l e m s . 
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P r e p a r a t i o n of Z i r c o n Sample 7-

The method p re sen t ly employed by the w r i t e r t o p r e p a r e a 
s a m p l e of p u r e z i r con (of at l eas t 100 mgm) is as fol lows: 

a) A 10 Kg. s a m p l e of . f r e sh rock , as n e a r l y as poss ib le 
r e p r e s e n t a t i v e of the rock t o be dated, i s c r u s h e d t o 
- 4 0 m e s h B . S. S. The z i rcons do not adhe re t o o ther 
m i n e r a l s but usual ly " spr ing out" dur ing c rush ing , and 
r e m a i n as whole c r y s t a l s . Since th i s i s a de s i r ab l e 
f a c t o r f r o m the point of view of l a t e r pur i f ica t ion , v e r y 
f ine c rush ing i s avoided as f a r a s poss ib le . 

The c r u s h e d s a m p l e is then pas sed over a l a b o r a t o r y 
Wilf ley t ab le . Th is opera t ion s e r v e s the twofold purpose 
of r emov ing s l i m e s and of producing a concen t ra te r ich in 
heavy m i n e r a l s . In p rac t i ce , two concent ra tes a r e 
produced, t he second ( less r ich) one being r e - t a b l e d t o 
upgrade i t . Grea t c a r e i s t aken t o avoid contaminat ion 
by lead compounds (paint, bea r ing me ta l , e t c . ) . 

b) The two concen t ra tes a r e s epa ra t ed in b r o m o f o r m of 
S. G. 2. 85 - 2. 90 in a spec ia l ly-des igned s e p a r a t o r y funnel. 
The funnel h a s a capaci ty of about 800 m l , i s f i t ted with 
a w ide -bo re t ap at the bot tom t o r u n off t he heavy f rac t ion , 
and i s s t r a i g h t - s i d e d with an open top f o r r e m o v a l of the 
light f r a c t i o n with a s m a l l l ad le . The s e p a r a t i o n p r o c e s s 
i s thus semi -con t inuous , and 1500 gm of concen t ra tes 
(the two concent ra tes usual ly amount t o about 15 p e r cent, 
of t h e o r ig ina l s ample weight) can be s e p a r a t e d in a few 
h o u r s , about 200 gm of m a t e r i a l i s added t o t he funnel f o r 
each s epa ra t i on , s t i r r e d , allowed t o s e p a r a t e , and s t i r r e d 
again. A f t e r se t t l ing, the heavy f r ac t i on i s r u n into a 
f i l t e r funnel below. This opera t ion has the effect , of 
compact ing the l i gh t -mine ra l l a y e r , which can then be 
l i f ted out p i e c e m e a l with a ladle (a bent s t a i n l e s s s t e e l 
teaspoon!.) and placed into a b e a k e r f o r subsequent r ecove ry 
of b r o m o f o r m . 

c) T h e heavy f r a c t i o n f r o m the b r o m o f o r m s e p a r a t i o n is 
washed with alcohol and dr ied . A powerfu l hand-magnet 
i s t h e n vised t o r e m o v e magnet i te , s t r a y i r o n ( f r o m the 
gr inding equipment) and other f e r r o m a g n e t i c m a t e r i a l s . 
Th i s i s t he f e r r o m a g n e t i c f r ac t ion . The r e m a i n d e r of the 
heavy f r a c t i o n i s pa s sed through the F r a n t z Isodynamic 
Sepa ra to r , usua l ly at a f ixed s lope and t i l t , with succes s ive 
i n c r e a s e s in the f ie ld s t r eng th of the e lec t romagne t by 
i n c r e a s i n g t h e c u r r e n t pass ing th rough i t s co i l s . A slope 
of 20° and a t i l t of 15° have been found s a t i s f a c t o r y f o r almost 
a l l s e p a r a t i o n s . (N. B. s lope i s t h e incl inat ion of the long 
axis of t he s a m p l e chute, t i l t i s t he incl inat ion of the t r a n s -
v e r s e axis of t he chute, both m e a s u r e d f r o m the hor izonta l . ) 
The f ina l f r a c t i o n which is non -magnet ic at a lmos t the maximum 
se t t ing of the in s t rumen t , contains z i r con and o ther non-
magne t i c m i n e r a l s . These a r e usua l ly f l uo r i t e , apat i te , 
quar tz , f e l d s p a r , ana tase , some ru t i l e and sphene , pyr i te 
and molybdeni te . Of these , ana tase i s a v e r y r a r e cons t i -
tuent , and ru t i l e and sphene a r e usua l ly m o r e magne t i c . 



On the r a r e occas ions when they appear in th is f r a c t i o n 
due t o an abnormal ly low i ron-conten t , they can be 
removed by i nc rea s ing the f i e ld - s t r eng th t o the m a x i m u m 
ra t ing and at t he s a m e t i m e reducing the t i l t of the chute 
to 10°. F l u o r i t e , apati te, quartz and f e ld spa r a r e 
r emoved by cent r i fuging the s ample in v e r y pure methylene 
iodide (S. G. 3. 3). The heavy f r ac t i on f r o m th i s opera t ion 
contains z i r c o n , pyr i t e and some t imes molybdeni te . 

d) Pu r i f i ca t i on of t he B z i rcon fraction® involves t he r e m o v a l 
of pyr i t e and molybdenite . P a r t i c u l a r l y the l a t t e r m i n e r a l 
must be r e m o v e d completely, s ince it i s known t o contain 
up t o 1000 p. p . m . lead. 

Py r i t e m a y be v e r y effect ively removed by r e n d e r i n g it 
magnet ic . Th i s i s achieved by roas t ing the s a m p l e in a 
fu rnace at 450°C. f o r about 10 minu tes . The py r i t e i s 
supe r f i c i a l l y oxidized t o magnet i te and haemat i t e and m a y 
be r emoved by pass ing the s ample through the F r a n t z 
Sepa ra to r at a f a i r l y s t rong cu r r en t - se t t i ng , s a y 0. 8 
A m p e r e s . 

Molybdenite i s m o r e of a p rob lem, and if too abundant t o 
be hand-p icked , mus t be leached . 

F a i r l y comprehens ive t e s t s have been conducted at 
A. M. D. L. on the ef fec ts of leaching the z i r con concen-
t r a t e by boi l ing in aqua r e g i a f o r 15 minutes . It was 
found t ha t , provided the sample was not c rushed b e f o r e -
hand (i. e . t h e c r y s t a l s of z i r con were lef t unbroken), no 
p r e f e r e n t i a l leaching of u ran ium o r lead o c c u r r e d which 
could r e s u l t i n e r r o r s in age. T h e leaching with con-
cen t ra ted aqua r e g i a has t he f u r t h e r advantage of removing 
any o the r u r a n i u m - or l e a d - b e a r i n g contaminants and of 
d issolving any s t r a y apati te and f luor i te which m a y have 
been in t h e methylene iodide heavy f rac t ion . 

The leached and washed f inal z i r con f r a c t ion i s t h e n exam-
ined unde r a b inocula r m i c r o s c o p e and impur i t i e s a r e 
r emoved by hand-picking. The sample i s then c rushed 
t o minus 2 0 0 - m e s h in a spec ia l po rce l a in m o r t a r and sub-
mit ted t o t h e Analyt ical Section f o r alpha-counting and 
s p e c t r o g r a p h s lead analys is . 

Analysis f o r Uran ium and Lead -

The f i n e l y - c r u s h e d z i rcon is placed in a s t anda rd s ample holder 
s o as to give an inf in i te ly th ick source f o r counting. Th i s i s placed in an 
ion iza t ion-chamber f i l l ed with argon and counted f o r a f ixed t i m e . 

The s a m p l e i s t hen passed on f o r s p e c t r o g r a p h s analys is f o r 
l ead , using known s t a n d a r d s fo r compar i son . 

E a r l y ana lyses w e r e unsuccess fu l , due t o insuff ic ient ly devel-
oped techniques . However , th is posi t ion has gradual ly improved and it 
can be said that a + 10 p e r cent, overa l l a ccu racy can be expected, taking 
into account a l l e r r o r s of sampling, pur i f i ca t ion and ana lys i s . 



Contaminat ion, pa r t i cu l a r l y by lead> i s a constant haza rd . Absolute 
pur i ty of the z i rcon sample i s v e r y diff icult t o attain, s ince lead is 
ubiquitous in i t s o c c u r r e n c e . A n u m b e r of r e su l t s quoted in th i s t hes i s 
have undoubtedly su f f e red contaminat ion, as the r e s u l t s c l e a r l y show. 
The s o u r c e of contaminat ion is diff icult o r imposs ib le to t r a c e . 
Molybdenite, which is ha rd t o e l imina te and i s known to contain lead, 
i s undoubtedly respons ib le in s o m e c a s e s ( T . B . 9, V. 4), as shown by 
s p e c t r o g r a p h s r e s u l t s . Both t h e s e s a m p l e s , which have a lead content 
quite inconsis tent with the expected f igu re , contain abnormal amounts of 
molybdenum. 

Resu l t s -

It was recognized by the in i t i a to rs of th i s method ( L a r s e n et a l . 1 ) 
tha t s e v e r a l s amples of the s a m e rock should be de termined in o rde r t o 
obtain r e l i ab le r e s u l t s ; a s ingle de te rmina t ion on a s ingle sample of a 
g ran i t i c r ock might yield only approx imate r e s u l t s . The p resen t d e t e r -
minat ions at th i s l a b o r a t o r y w e r e p a r t l y a imed at compar ing co -magmat i c 
o r r e l a t e d r o c k s , s o tha t in s o m e c a s e s duplicate samples have been 
de t e rmined . So f a r , an insuff ic ient n u m b e r of duplicate s amp le s have 
been de te rmined at A. M. D. L . , the p r e sen t scope of the work being m o r e 
in the na tu re of a r econna i sance , t o be followed up by m o r e detai led s tudies 
as opportunity p e r m i t s . 

So f a r , four t een age de te rmina t ions have been made which can 
be r e g a r d e d as reasonab ly r e l i ab l e , except f o r contaminated s a m p l e s . 
New de te rmina t ions on old s a m p l e s w e r e unfor tunate ly not poss ib le , as 
e a r l i e r methods des t royed t h e s a m p l e s . 

A l i s t of r e s u l t s t o date fo l lows: -

Sample No. Local i ty Absolute Age 

v. 3 n Grani te Is land 415 + 42 MY. 
V. 4 P t . Ell iot West 680 + 68 MY. 
T . B . 9 M u r r a y Br idge (South) 545 + 55 MY. 
C. W. 2 16 m i l e s E . of Meningie 440 + 44 MY. 
X. 8 N. F l i n d e r s Ra . 1575 + 158 MY. 
X. 10 N. F l i n d e r s Ra . 1400 + 140 MY. 
X. 12 N. F l i n d e r s Ra . 920 + 92 MY. 
X. 13 N. F l i n d e r s Ra . 1520 + 152 MY. 
X. 15 N. F l i n d e r s Ra . 1645 + • 165 MY. 
X. 21 N. E y r e P e n . - P ine HOI 890 + 89 MY. 
X. 23 N. E y r e P e n . - Galea Bluff 1660 + 166 MY. 
X. 24 N. E y r e Pen . - T a r c o o l a 870 + 87 MY. 
X. 26 Moori lyanna A r e a 880 + 88 MY. 
X. 27 Mus g rave Ra . 1770 177 MY. 

Discuss ion of Resul t s -

1. V. 3 n . V. 4 -

The age de te rmined on V. 3 II i s r ega rded as the re l i ab le one, 
s ince the V. 4 z i rcon sample appea r s to have been contaminated, probably 
a f t e r the f ina l pur i f ica t ion s tage (aqua r e g i a t r e a tmen t ) . The Encounter 
Bay rocks a r e t h e r e f o r e about 420 MY old. 
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2. T ; B . 9, ,2 -

Significant amounts of molybdenum were detec ted in the 
s p e c t r u m of t he T . B. 9 z i r con s a m p l e , and th is r e s u l t i s t h e r e f o r e 
open t o cons iderab le doubt. C. W. 2, which f r o m f i e ld - re l a t ionsh ips , 
a s soc ia t ed phases (very s i m i l a r t o T . B . 9), and heavy a c c e s s o r y s tudies , 
i s r e g a r d e d as co -magma t i c with T . B. 9, i s about 440 MY old. This age 
i s p robably subs tant ia l ly c o r r e c t . Th i s sui te i s t h e n 20 MY older than 
the Encounte r Bay su i t e . 

3. X. 8, X. 10, X. 13, X. 15 -

The "older® s e r i e s of F l i n d e r s g ran i tes . T h e s p r e a d of r e s u l t s 
m a y not be as d r a s t i c as appea r s at f i r s t (1400 - 1645 MY), s ince the 
X. 10 age m a y be i n c o r r e c t . Mines Depar tment geologis ts have informed 
the w r i t e r tha t the X. 10 s a m p l e o c c u r r e d ve ry n e a r a contact with a grani te 
belonging t o t h e "younger* s e r i e s . Th is indicates a s t r o n g poss ibi l i ty of 
contaminat ion of the sample by younger m a t e r i a l . The s p r e a d of r e su l t s 
could t h e r e f o r e be l e s sened t o 1520 - 1645 MY. It i s i n t e res t ing to note 
h e r e that P r o f . J . T . Wilson of Toron to has dated the Rad ium Hill davidite 
at 1510 + 100 MY. 

4. X. 12 -

The age f o r th i s s a m p l e , which belongs t o the "younger" s e r i e s , 
i s thought t o be subs tant ia l ly c o r r e c t . It quite c l e a r l y demons t r a t e s the 
v e r y much l a t e r age of the "younger" s e r i e s . 

5. X .21 , K. 24, K. 26 -

T h e s e t h r e e r o c k s have v e r y s i m i l a r ages , which a r e a lso f a i r l y 
c lose t o tha t of X. 12. However , ne i t he r pe t rography no r heavy a c c e s s -
o r i e s show m o r e than a vague g e n e r a l s im i l a r i t y . Apar t f r o m being 
s p r e a d ove r s o m e 50 MY (870 - 920 MY) in t i m e , t h e r o c k s X. 12, X.21 , 
X. 24, and X. 28 a r e a l so s p r e a d in space , f r o m P ine Hil l t o Moorilyanna 
and the F l i n d e r s Ranges . 

6 . K . 2 3 -

F r o m a cons idera t ion of i t s age, th is r o c k m a y be re la ted in 
t i m e t o the "o lde r " s e r i e s of F l i n d e r s Ranges g r an i t e s . No particular 
aff ini ty be tween X. 23 on t h e one hand and X. 8, X. 10, X. 13, X. 15 on the 
o ther can be detec ted as r e g a r d s pe t rography and heavy m i n e r a l s . 

7. X. 27 

Since th i s rock i s r e g a r d e d as an Archaean metased iment , the 
a g e - d e t e r m i n a t i o n resu l t i s not s u r p r i s i n g . It i s , of cou r se , imposs ib le 
t o s ay whether t h i s i s the t r u e age of the or iginal z i r c o n o r whether t he 
z i r con has los t u ran ium o r l ead dur ing m e t a m o r p h i s m . 



SECTION 3. 

UNUSUAL MINERALS AND MINERALS OF ECONOMIC INTEREST 

It was fe l t by the w r i t e r that br ief notes on mine ra l s of 
sc ient i f ic o r economic in te res t would be of Value if summar ized in 
l i s t f o r m . 

1. Gold 

Crys ta l l ized gold occurs , apparent ly as a p r i m a r y constituent, 
in the Grani te Island adamell i te . When the gold was f i r s t discovered in 
the concentra te of V. 3 n , a sample of beach sand was collected f r o m the 
beach on the no r the rn s ides of the is land. T r a c e s of gold were found in 
th is a lso . Under favourable conditions of na tu ra l concentrat ion, economic 
deposits of gold may exist in th is locali ty. 

2. Molybdenite 

This m i n e r a l i s f a r m o r e widespread in grani t ic rocks than i s 
usual ly suspected . It occurs in minute hexagonal c rys t a l s , in the 
following rocks : -

V.3H, V .4 , V, 5, K. 24. 

T h e r e i s always the possibi l i ty tha t economic quantit ies of this m i n e r a l 
occur in the vicini ty of t he se rocks . Its p r e s e n c e as sma l l , well-defined 
c rys t a l s r a i s e s the possibi l i ty that molybdenite c rys t a l l i zes ea r ly in t h e 
magmat i c sequence . Some support i s lent t o th i s view because of the 
p r e s e n c e of molybdenite in a l l the Encounter Bay rocks examined. 

3. Chalcopyri te 

This m i n e r a l i s a v e r y r a r e a c c e s s o r y and was found in only 
four r ocks : 

V»5, T . B . 9 , C . W . 2 , and M . P . 1 , 

in each case in t r a c e amount only. 

4 . Monazite 

Th is i s of f a i r ly widespread occurrence,; In some of the rocks 
which a r e suspected t o be grani t ized sed iments , the monazite i s probably 
of de t r i t a l origin, as is the ca se with z i rcon in t h e s e r o c k s . The m i n e r a l 
occurs in the following rocks : -

V. 3 D , V.4 , V. 5, Mon. 1, K .15 , T*B. 9(trace) , K.22, 
and K. 24. 

It i s of i n t e r e s t t o note that a l l t h r e e Encounter Bay rocks c a r r y monazi te . 

The occu r rence of monazi te in t he Monarto rock and in the 
Encounter Bay rocks i s of in t e res t f r o m the point of view of economic 
beach-sand deposi ts of th is m ine ra l , and in al l probabi l i ty the Monarto 
a r e a was the s o u r c e of the monazi te in the Moana beach-sand . 
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5. F l u o r i t e 

Th is m i n e r a l has been found in m a n y of t h e rocks examined, 
namely : 

X. 8, X. Id , X. 13, X. 16, X. 21? X. 22, X. 23, X. 24= , 
X . 2 6 , T . B . 9, M . P . 1 , C . W . 2 . 

The two samples m a r k e d (=>) contain purp le f luor i te which i s 
anomalously an i so t rop ic , exhibiting faint p l e o c h r o i s m f r o m blue to 
purp le and showing v e r y weak b i r e f r i ngence . In s a m p l e X. 21, a few 
s m a l l blue i so t rop i c gra ins of a m i n e r a l , whose R. L i s s i m i l a r t o that 
of f luor i t e , m a y be y t t r oce r i t e . 

Most of t he f luor i t e i s co lour less with occas iona l purple pa tches . 
It i s conspicuous by i t s absence i r i the Encounter Bay su i te . 

6. Ruti le 

A f a r s c a r c e r mi i ie ra l in g ran i t i c rocks than would be supposed, 
at l ea s t in the s a m p l e s examined! WJien occur r ing , it i s p resen t in 
t r a c e s only, as i n t he following t o c k s : * 

V . 3 n ; P a l . i j M i P i i j X ;8 , X.12> X .15 , X. 16, and X. 24. 

In t he c a s e of X. 12, t he c r y s t a l s a r e yellow t o a m b e r in colour> and a r e 
we l l - c rys t a l l i zed ) t h e y a r e f a i r l y common in one of the f r ac t ions 
( see Appendix A). In the o ther r o c k s , the t r a c e s of ru t i l e that a r e 
de tec table a r e b rown or foxy- red and a r e poor ly c rys t a l l i zed . 

7. Anatase [ 
i> 

Encountered in only two s amples t - j ; 

X. 16 and X. 22. i! 
u 

In the f o r m e r s a m p l e the ana tase i s yel low t o g reen ish-ye l low and s o m e j ; 
i s p leochro ic i n t h e s e colours. It occurs a s t e t r agona l b ipyramids , with > 
no p r i s m f a c e s and no b a s a l pinacoid. The f a c e s a r e hor izontal ly s t r i a t ed , j. 
In s a m p l e X. 22 t he c rys t a l s a r e t a b u l a r , and a r e of a conspicuous g r e e n i s h - j} 
blue co lour . Anatase i s usual ly r e g a r d e d as a s e c o n d a r y mine ra l . SJ 
8. Sphene J 

b 
A ubiquitous m i n e r a l , o c c u r r i n g in m a n y of the rocks examined, 

being espec ia l ly abend ant in X. 29. It i s usual ly a m b e r t o brown, fa in t ly 
p leochro ic and s o m e t i m e s super f i c i a l ly a l t e red t o leucoxene. It i s a 
somewhat b r i t t l e m ine ra l , f r a c t u r i n g easily? f o r t h i s r e a s o n it i s se ldom 
s e e n as comple te , wel l -def ined c r y s t a l s . In a f ew c a s e s , the sphene 
contains s o l i t t l e i r o n that it i s p rac t i ca l ly non-magne t ic . This i s the c a s e ? 
in s a m p l e s X. 10 and X. 29, where t he s epa ra t i on of t h e z i r con and sphene h 
was achieved by a h igher f i e l d - s t r e ng th a n d / o r lower t i l t angle set t ing on is 
the F r a n t z S e p a r a t o r . 
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9. Orthi te (Allanite) 

Observed in only one s ample , K. 21, and descr ibed in Appendix A 
above. Other samples could poss ib ly contain th i s minera l , which on 
account of i ts anomalous optical p rope r t i e s and metamict izat ion is eas i ly 
overlooked and confused with haemat i te , goethite, e tc . 

10. Tourmal ine 

A f a r l e s s common m i n e r a l than commonly supposed, occur 
only in the Encounter Bay sui te , V. 3 n , V. 4, and V. 5, and in K. 8 and 
M. P . 1. In the l as t -named sample the tourmal ine may well be de t r i t a l ly 
rounded, being derived f r o m xenol i ths . The va r ie ty s cho r l is the only 
one encountered. 

11. Z i rcon 

This note is intended only t o d raw attention t o the y t t r ium-
bear ing z i rcon contained in sample K. 27. The optical p roper t i es of the 
z i rcon appear to be normal . Significant amounts of hafnium a re contained 
in z i rcons f r o m samples K. 10 and K. 12. 

SECTION 4. 

CONCLUSIONS 

The conclusions reached as a resu l t of the work described in 
the foregoing sect ions may be s u m m a r i z e d thust 

1. Various phases of an igneous complex, c losely re la ted 
in space and t ime , contain c lose ly s i m i l a r heavy a c c e s s -
or ies despite d i f fe rences in pet rography. This is 
exemplified by the Encounter Bay sui te of rocks and the 
Mur ray Bridge/Coonalpyn r o c k s . 

2. .. Rocks that a r e of s i m i l a r age and belonging t o the s ame 
phase of igneous activity but not closely re la ted in space 
m a y show a general s i m i l a r i t y of heavy acces so r i e s (as 
in the "older* s e r i e s of the F l inders R a . ) o r may be quite 
d i s s imi l a r , as seen in t h e K. 12 - K. 21 - X. 24 - K. 26 
s e r i e s . 

3. An examination of the heavy acces so r i e s of a rock, t o -
gether with i ts pe t rography and s t ruc tu re (field re la t ion-
ships) will usually show whether the rock is of magmat ic 
origin o r whether it is a grani t ized sediment . 

4 . The degree of contamination of a magmat ic rock by sed i -
men ta ry ma te r i a l can often be a s se s sed by studying the 
heavy acces so r i e s . 

5. Age-determinat ions by the L a r s e n or lead-a lpha method 
can only be regarded as reasonab ly re l iable if s eve ra l 
determinat ions a r e made on a rock or a c lose ly- re la ted 
sui te of rocks . Since the r i s k of contamination, leading 
t o er roneous r e su l t s , is v e r y high, it is des i rab le that 
age-determinat ion work i s done using rooms and equipment 
r e s e r v e d only fo r th is pu rpose , and is c a r r i ed out by 



personne l able t o devote a l l t h e i r t i m e t o it, 

6. Acces so ry m i n e r a l s tud ies a r e of r e a l value w h e r e 
adjacent r o c k s of s i m i l a r aspec t a r e suspec ted t o be 
unre la ted magmat ica l ly . 
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APPENDIX A 
/ 

PETROGRAPHY AND HEAVY ACCESSORY MINERALS 
OF THE GRANITES 5 

(i 

In the following pages , descr ip t ions will be given of the 
twenty- f ive s a m p l e s examined. The s y s t e m adopted f o r e a s i e r r e f e r e n c e 
i s as follows* -

1. Sample number 

2. Local i ty 

3. P e t r o g r a p h y 
£ 

This i s a brie>? descr ip t ion of the sample examined. It i s 
not n e c e s s a r i l y r ep re sen t a t i ve of the rock as a whole, n o r i s it intended 
as a subs t i tu te f o r the many excellent and detai led pe t rograph ic d e s c r i p -
t ions a l r eady avai lable in many c a s e s . Since much c a r e was t aken in 
sampl ing t o o b t a i n f r e s h ; r e p r e s e n t a t i v e m a t e r i a l f o r age de te rmina t ions , 
t he desc r ip t ion of the sample examined wil l usual ly coincide with pub-
l i shed desc r ip t ions . 

4 . Heavy A c c e s s o r i e s 

The a c c e s s o r i e s heav i e r t han b r o m o f o r m were f u r t h e r sub-
divided by m e a n s of the F r a n t z I sodynamic Sepa ra to r , and the m i n e r a l s 
in each f r a c t i o n a r e l i s t ed . Abbrevia t ions : -

F e r r o m a g . • F e r r o m a g n e t i c m i n e r a l s 
Mag. » Magnetic , i . e ; magnet ic at . . . . . . Amps. 
Non Mag. - Non-magnet ic , i . e . non-magnet ic at . . . . Amps . 
L F Mel « Methylene Iodide light f r ac t i on 
H F Mel « " * heavy f r a c t i o n 

When the f ina l non-magnet ic s tage in s e p a r a t i o n is r eached , the non-
magne t i c f r a c t i o n i s centr i fuged in methylene iodide. F u r t h e r detai ls of 
t h e whole p r o c e s s a r e given in the sec t ion on age de terminat ions ( B 2 8 ) . 

5. F e a t u r e s 

Th i s heading covers detai led descr ip t ions of spec ia l f ea tu re s 
of m i n e r a l s in va r ious f r ac t ions desc r ibed unde r 4 . ) , and includes detai ls 
of z i r cons , opt ical ly anomalous m i n e r a l s , m i n e r a l s with unusual physical 
o r chemica l p r o p e r t i e s , and m i n e r a l s of economic i n t e r e s t . 

6 . Absolute Age 

Where de te rmined , is given h e r e f o r comple teness , as well 
as in t he sec t ion on age de te rmina t ions . 

NOTE ON SPECIMEN PREPARATION 

T h e pe t rography of t he r o c k s was of course s tudied by means 
of th in s ec t ions . The va r ious f r a c t i o n s f r o m .the c rushed gran i tes were 
produced in t he following way: -

1. Grani te c rushed t o minus 4 0 - m e s h B . S . S . (5-10 kg mate r i a l ) 

2. Concent ra te produced by pass ing c rushed rock over 
a l abo ra to ry Wilf ley t ab le . 



3 . ) Concent ra te 2 . ) s e p a r a t e d i n b r o m a f o r m . 

4 . ) Heavy f r a c t i o n f r o m 3 . ) t r e a t e d with powerful 
hand-magnet t o r e move f e r r o m a g n e t i c m i n e r a l s . 

5 . ) Residue f r o m 4 . ) p a s s e d through F r a n t z Isodynamic 
Separa to r with p r o g r e s s i v e i n c r e a s e in f i e ld -
s t r eng th (usual ly 0 . 1 A m p . , 0 . 2 A m p . , 0. 5 A m p . , 
0. 8 A m p . , 1 . 4 A m p . ) . 

6 . ) F ina l non-magne t i c f r a c t i o n was cent r i fuged in 
methylene iodide, yielding a heavy and a light 
f r ac t ion . 

The f e r r o m a g n e t i c f r a c t i o n obtained in 4 . ) above was mounted 
in bake l i te and pol ished. Some of the m o r e magne t ic f rac t ions in 5 . ) 
w e r e t r e a t e d s i m i l a r l y . The o ther f r ac t i ons in 5 . ) and 6 . ) were mounted 
on g lass s l i d e s , with Canada b a l s a m t o make the mounts pernjanent. 
T h e y were examined by m e a n s of the b inocular ( s te roscopic) and p e t r o -
graph ic m i c r o s c o p e s . Where n e c e s s a r y , individual f r ac t ions were 
a l s o mounted in r e f r a c t i v e - i n d e x oils t o fac i l i t a te identif icat ions of 
s o m e m i n e r a l s , e . g. monaz i te . Po l i shed sec t ions were examined in 
r e f l ec t ed l ight by means of an o r e m i c r o s c o p e . 

N u m b e r s a r e a l located t o m i n e r a l s t o indica te t he i r re la t ive 
abundance in a f r a c t i o n : 

5. - P redominan t 
4 . Abundant 
3. • Common 
2. - Uncommon 
1. » R a r e 
T r . - T r a c e 



A3. 

1. SAMPLE NUMBER* - K. 8 

2. LOCALITY: 

N. Fl inders Range, 5 mi l e s E . of Mt. Fi t ton homestead, 
on Moolawatana road . 

3. PETROGRAPHY 

A s t r e s s e d grani te , with c o a r s e t ex tu re , showing s t r a i n and 
brecc ia t ion . La rge a r ea s of sha t t e r ed quartz occur, and show undulose 
extinction, and t h e r e a r e c o a r s e - g r a i n e d subhedra of microc l ine-per th i te 
and a few subhedra of oligoclase which a r e l a rge ly se r i c i t i zed . Small 
aggregates of deep-brown bioti te a r e s c a t t e r e d spar ingly through t h e rock. 
They a r e in te r s t i t i a l and c rys ta l lob las t i c , indicating la te format ion. 
Veinlets of c rushed constituents a r e common. S t ressed mic roc l ine -
grani te . 

4 . HEAVY ACCESSORIES 

HI. C lea r , zoned, with high b i r e f r ingence - predominates 
in z i rcon concent ra te . 

IV. Rounded, c l ea r , de t r i t a l z i rcon . Rare, Origin 
f r o m ass imi la ted sed imen t s o r metased iments . 

F e r r o m a g n e t i c s : Magnetite; i lmeni te (includes 0 .1 Amp. m a g . ) 
0. 5 Amp. Mag. : Tourmal ine (3) 
0. 8 Amp. Mag. : Tourmal ine (2); f luor i t e (2); apati te (2) 
1 . 4 Amp. Mag. : F luor i t e (3); apat i te (3) t z i rcon (3-4) 
1 . 4 Amp. Non. Mag.: L F Mel - Fluor i te(4) j apati te (4). 

Z i r c o n F rac t i on - Z i r con (5); ru t i le ( T r . ) . 

5. FEATURES 

a. Tourmal ine ; rough, g r een f r a g m e n t s . 
b . F luor i t e : Colour less with purp le patches , some v e r y 

in tense . 

c. Apatite*. Rough, c l ea r , co lour less p r i s m s . 

d. Z i rcon; F o u r distinct types occur , as follows -

I. Zoned, brown c r y s t a l s with shallow pyramid faces , 
causing stubby t e r m i n a t i o n s . Metamict o r with 
patchy, low-bi re f r ingent m a t e r i a l . Ratio length to 
bread th about no rma l , averaging 2 : 1 . 
In 1 .4 Amp. mag . f r a c t i o n and in z i rcon concentrate * 
common t o plentiful . 

n . C lea r , unzoned, co lour l e s s , with var iable L : B 
ra t io . R a r e . t 

6. ABSOLUTE AGE 

1575 + 158 Million Y e a r s . (MY) 



A4. 

1. SAMPLE NUMBER* - K. 8 

2. LOCALITY 

N. F l inders R a . , Mudnawatana Creek , 7 mi les N. W. of 
Mt. F i t ton homestead . 

3. PETROGRAPHY 

A s t r e s s e d and brecc ia ted biot i te adamel l i te . Microc l ine-
per th i t e and oligoclase a r e p resen t in roughly equal amount, quartz is 
subordina te t o these . These mine ra l s a r e s t r e s s e d and sha t t e red , and 
t h e r e a r e zones and veinlets consis t ing of m o s a i c s of quar tz and f e ldspa r s . 
Re -c rys t a l l i za t ion is evidenced in the occu r r ence of l a t e - s t age c l e a r 
mic roc l ine and quar tz . Biotite, which i s s e e n as undis tor ted, f r e s h , 
da rk -b rown la ths , i s a lso a l a t e - s t age (post s t r e s s ) m ine ra l . Apatite 
and sphene a r e the main a c c e s s o r i e s . 

4. HEAVY ACCESSORIES 

F e r r o m a g s : Magnetite. 
0. 35 A. Mag. : Sphene (2) 
0. 5 A. Mag. : Sphene (2) 
0. 8 A. Mag. t Sphene (3-4) 

=1.4 A. Mag. :Sphene (5)j Apatite (4)| z i r con ( T r . ) 
1 . 4 A. Noil M a g . , Mel L F : Sphene (2)j f luor i t e (2); apati te (5). 
1 . 4 A. N o n M a g . , Mel HF : Z i r c o n (5)j sphene ( T r . ) 

5. FEATURES 

a . Sphene: This occurs in e a r l i e r f r ac t ions (0. 35 A. -
0. 8 A . ) as l a rge , rough ambe r g ra ins . In the other 
f r a c t i o ns it occurs as v e r y pale (evidently i ron-poor) 
gra ins and must be s epa ra t ed f r o m z i rcon by a l te r ing 
the t i l t of the F r a n t z Separa to r ( reduce f r o m 15° to 10° 
at 20° slope). 

At 10° t i l t , 20° slope. 

b. Apatites Stubby p r i s m s with prominent ba sa l pinacoids 
and s m a l l t runcat ing pyramid f a c e s . Many elongate 
inclusions para l le l t o the c - a x i s . 

c. F luor i te : Colotirless with patchy purp le . 

d. Z i rcon: T h r e e distinct types -

I. Stubby, c lear , co lour l e s s , unzoned, with L : B 
about 1 1 1 (which i s unusual) . R a r e . 

n . Zoned, cracked, with inclus ions , and with lowered 
b i re f r ingence . Common. 

III. Pale-brown, cloudy, a l te red , zoned malacons , with 
patchy, low b i r e f r ingence . L : B normal , about 
2 : 1 , occur in 1. 4 A. mag . f r ac t ion . 

6. ABSOLUTE AGE 1400 + 140 MY. 



A. 5. 

1. SAMPLE NUMBER - Nep. 1 

2. LOCALITY 

N. F l inde r s R a . , 1 mi le along Paralana.Hot Springs Creek . 
f r o m Hot Spr ings . 

3. PETROGRAPHY 

A bioti te granodiori te , consist ing of fresh anhedra of quar tz , 
sodic oligoclase and orthoclase; with su tured boundaries . The oligo-
c l a se is sodic and sl ight ly antiperthi t ic , and f a r exceeds the or thoclase in 
amount. Large i r r e g u l a r laths of g reen ish biotite a r e in te rs t i t i a l t o 
t he fe l s ic m i n e r a l s , and a r e associated with z i rcon c rys ta l s . Sphene 
occurs in associa t ion with r a r e opaques. Secondary or l a t e - s t age 
muscovi te is p r e sen t . 

4. HEAVY ACCESSORIES 

F e r r o m a g s : Ti tani ferous magnet i te 
0. 3 A. Mag. : Epidote ( T r . ) 
0 . 5 A. Mag. : Garnet ( T r . ) pale brown; epidote ( T r . ) 
0. 8 A. Mag. i Epidote ( T r . ) 
1 . 4 A. Mag. . j Ruti le (3); Z i rcon ( T r . ) 
1 . 4 A. Non-Mag . , L F Mel : Apatite ( T r . ) , co lour less . 
P u r e Z i r c o n : T r a c e of honey-yellow rut i le ; z i rcon (5). 

5. FEATURES 

a. Epidote .garnet ; Probably der ived f r o m ass imi la ted 
xenoli ths. 

b . Ruti le; Pa le yellow t o amber t o brown elongate c rys t a l s . 

c . Z i rcon; Two distinct types -

I . Smal l , c l ea r , colour less c rys ta l s with faint zoning 
and ba sa l par t ing L ; B • 3 : 1 o r g r e a t e r . 

H. Large , pale mauve, zoned c rys ta l s with cloudy, 
opaque co res . Outlines i r r e g u l a r , due to ove r -
growths and outgrowths (second genera t ion?) . 
Usual ly s teep pyramid f a c e s . Commonly cracked. 

6. ABSOLUTE AGE 

920 + 92 MY, 



A6. 

1. SAMPLE NUMBER* - K. 8 

2. LOCALITY 

N. F l inde r s R a . , Yudnamutana Gorge, B. bank. 

3. PETROGRAPHY 

A s t r e s s e d microcl ine grani te with r a t h e r heterogeneous, 
inequigranular t ex tu re . Microcl ine i s abundant, with s t r e s s e d , 
d i s to r ted gr id twinning; quartz is a l so s t r e s s e d and has a marked bluish 
t inge . Oligoclase i3 uncommon, and usual ly somewhat a l te red . 
The conspicuous fea tu re i s the occur rence of » c lots" o r patches of 
bicrtite with associa ted opaques, sphene, and euhedra l zircon; the 
sphene i s pa r t ly an a l terat ion-product of the opaques. Some myrmeki te 
i s p r e s e n t . 

4. HEAVY ACCESSORIES 

F e r r o m a g s : Ti tani ferous magneti te; pyr rho t i t e ( T r . ) 
0 . 1 A. Mag. : Hmenite (3); sphene (3-4); Stauroli te (3); 

apati te (Tr . ) ; z i rcon ( T r . ) 
0 . 2 A. Mag. : I lmenite (5); haemat i te ( T r . ) ; sphene (2-3) ; 

z i rcon (1-2) 
0 . 5 A. Mag. : Sphene (2); s tauro l i te (3); z i r con (2-3). 
0. 8 A. Mag. ; Sphene (4); s tauro l i te (2-3) | z i rcon(2) . 
1 . 4 A. Mag. : Sphene (4)f z i rcon (3) 
1 . 4 A. Non-Mag . , L F Mel: Apatite (4); f luor i te (3); z i rcon (1). 
P u r e Z i r c o n : Mainly type III z i rcon. 

N. B . Z i r c o n occurs t o the extent of 0. 07 p e r cent, in th is granite*. 

5. FEATURES 

a . I lmenite; Shows twinning and or ienta ted exsolution 
bodies of haemat i te and magnetite. . 

b . Staurol i te : Deep reddish.brown, with many inclusions. 

c . Apatites C lea r and colour less 

d. F luor i t e : Colour less with purple pa tches . 

e . Z i rcon : Divisible into t h r e e types -

L Zoned, c l e a r , ambe r coloured. Uncommon. 

n . Very coa r se and l a rge , rough, c racked , amber 
coloured and with many inc lus ions . Types I and 
II common in e a r l i e r F r a n t z Separa to r f rac t ions . 

III. Lightly zoned or unzoned, c l e a r , co lour less , 
sha rp ly crys ta l l ized , with inclusions of opaques 
and ? apati te. Slightly b iaxia l anomalous in te r -
f e rence f igure . 

6. ABSOLUTE AGE 1520 - 152 MY. 



7. 

1. SAMPLE NUMBER T K. 15 

2. LOCALITY 

N. F l i nde r s R a . , Blue Mine C r e e k , Came l P a d T r a c k . 
6 m i l e s E . N. E . of Umbera tana homes t ead . 

3. PETROGRAPHY 

A m i c a - o r t h o g n e i s s . The f a b r i c of the rock i s defini tely j 
gne i s s i c , and is accentuated by the s u b - p a r a l l e l a r r a n g e m e n t of the 
muscov i t e and biot i te l a ths . Rel ic t phenoc rys t s of m i c r o c l i n e a r e 
p r e s e n t , but t he o ther const i tuents a r e v e r y f r e s h and evidently r e -
c rys t a l l i zed . They a r e m e d i u m - g r a i n e d , m o s a i c s of quar tz , 
mic roc l ine and a lb i te -o l igoc lase , with po rphyrob la s t s of microc l ine I 
and albi te . Occas ional euhedra of z i r c o n o c c u r . j 

* 
4. HEAVY ACCESSORIES j 

> 

F e r r o m a g s . + 0 . 1 A Magj I lmeni te ; goe th i te / l imoni te ; py r i t e / i lmen i t e . 
0. 3 A. Mag* : Sphene ( T r . ) ; monaz i t e ( T r . ) 
0 . 5 A. Mag. : Monazite (T r . ) ; 
0 . 8 A. Mag. : P y r i t e (2-3)i sphene ( T r . )j monaz i te (4); z i rcon ( T r . ) 
1 . 4 A. Mag. ( roas ted) : Rut i le + Hmenoru t i l e (1); monazi te (2)> apati te (2); 

z i r c o n (3-4) . 
1 i, 4 A. Non-Mag; ( roasted) , L F Mel : Apat i te ( T r . - 1 ) ; z i r con composi tes 

(1). 
Z i r c o n f r a c t i o n I Types II and IV z i r c o n s . 

5. FEATURES 

a. I lmeni te : contains exsolut ion l a m e l l a e of haema t i t e . 

b . Monazite I stubby, pa le yel low c r y s t a l s . 

c. Dmenorut i le : Da rk g r e e n t o b r o w n p l eoch ro i sm. 

d . Z i r con : F o u r d is t inct t ypes -

I. Small , c l e a r , co lou r l e s s c r y s t a l s . R a r e 

n . L a r g e , rough c racked c r y s t a l s , of ten cloudy and 
opaque, and with i nc lu s ions . Over and out-growths 
common. 

m . Small , metarnic t m a l a c o n s , a lmos t complete ly 
opaque. 

IV. La rge , c l e a r , c o l o u r l e s s , rough c r y s t a l s . Unzaned 
o r only fa in t ly zoned; bubbles and inc lus ions common -
s m a l l b rown ones m a y b e sphene , co lour less rods 
a r e poss ib ly apat i te . C r y s t a l - f a c e s appear etched, 
which m a y b e a r e s u l t of r e - c r y s t a l l i z a t i o n of the rock . 

6. ABSOLUTE AGE 

1645 + 165 MY, 



8. 

1. SAMPLE NUMBER - K.16 ("Gawler Ra . Porphyry" ) 
ii p 

2. LOCALITY }. 
t 

Nor the rn E y r e Pen insu la , 6 m i l e s W, of Corunna 
homes tead . 

3 . PETROGRAPHY 

A s t rongly reddened granophyre , with almost unrecognizably 
a l t e red phenocrys ts of a lb i t e /o l igoc lase s e t in a groundmass of m i c r o -
graphica l ly in te rgrown quar tz and reddened f e l d s p a r . Occasional 
pseudomorphs of chlor i te with opaques indicate the f o r m e r p r e s e n c e of 
f e r r o m a g n e s i a n m i n e r a l s . Abundant l a t e - s t a g e and secondary m a t e r i a l 
i s p r e s e n t - r o se t t e s of ch lor i te , patches of f luor i te and calci te , and 
s e c o n d a r y quartz as euhedra l c r y s t a l s . 

4 . HEAVY ACCESSORIES 

F e r r o m a g s T i t an i f e rous magnet i te . 
0. 2 A. Mag. : ILmenite/ leucoxene. 
0. 5 A. Mag. ! F luo r i t e (2) 
0 . 8 A. Mag. : F luo r i t e (4); ana tase (2)j apati te (3). 
1 . 4 A. Mag. t F luo r i t e (3-4); apati te (4)i ana tase (2). 
1 . 4 A. Non-Mag: L F MelJ F luo r i t e (4); apat i te (4). 
1 . 4 A. Non-Mag . , HF Melt Rut i le (1)| apat i te (2); f luor i te (2)j 

ana tase ,(4); z i r con (4). 

5. FEATURES 

a . F l u o r i t e : Co lour l e s s with deep pu rp le pa tches . 
* 
>; 

b. Anatase : Yel low-green , s t r i a t e d hor izonta l ly , with s h a r p | 
t e rmina t ions and s t e e p py ramid f a c e s . Somet imes fa in t ly t 
p leochroic yellow t o g reen i sh . Some with opaque c e n t r e s . i 

• f: 
c . Apati te; Ranges f r o m bluish , smoky , a lmost opaque, 

through brown, smoky , t o c o l o u r l e s s , c l ea r . Small ? 
s q u a r e p r i s m s with many inclus ions pa ra l l e l t o the c - a x i s . 

d. Ruti la: Brown, ve r t i ca l ly s t r i a t e d c r y s t a l s . 

e . Z i rcon : Most of it i s rounded and f r a c t u r e d , with 
outgrowths and overgrowths . Often cloudy o r opaque, 
me tamic t . Cont r ibu tory evidence of s t rong hyd ro the rma l 
act ivi ty. 

! -

6. ABSOLUTE AGE | 

Z i r con sample too e m a i l f o r de te rmina t ions . £ 
v 



1. SAMPLE NUMBER - K. 2&- (»Moonabie Porphyry") 

2. LOCALITY 

N. E y r e Pen insu la , 35 m i l e s SW. of Whyalla on 
Lincoln Highway. 

3. PETROGRAPHY 

A porphyr i t i c m i c r o g r a n i t e . F a i r l y c lose ly-packed 
phenoc rys t s of a l t e r ed albi te a r e s e t in a f ine -g ra ined groundmass of 
qua r t z , a lka l i - f e ld spa r , g r e e n biot i te , opaques, and ch lor i te . The 
g roundmass is an even-gra ined m o s a i c . The albi te phenocrys ts a r e 
l a r g e l y a l t e red t o kaolin, s e r i c i t e and zo is i te -c l inozois i te . Occasional 
l a r g e gra ins of opaques ocour and a r e commonly mant led by sphene. 

4 . HEAVY ACCESSORIES 

F e r r o m a g s : T i t an i f e rous magnet i te 
0 . 1 A. Mag. : S i l i ca te /magne t i t e compos i t e s . 
0. 2 A. Mag. : Ragged i lmeni te with l a m e l l a r twinning. 
0. 5 A . M a g . : Apati te (1-2); epidote group (2). 
0 . 8 A. Mag. : Apati te (1-2); epidote group (3); z i rcon ( T r . ) 
1 . 4 A. Mag. ; Apati te (3); epidote group composi tes (4); z i rcon ( T r . - 1 ) . 
1 . 4 A. Non-Mag . , L F M e l : Apati te (4-5) . 
1 . 4 A. N o n - M a g . , HF Mel 2 P u r e Z i r c o n 

5. FEATURES 

a . Magneti te : Contains or ienta ted exsolut ion-pla tes of haemat i te . 

b . Apatite I C r y s t a l s of ten poor , be ing s t rong ly cor roded and 
etched, s o m e have cloudy cen t r e s due t o inclus ions . 

c . Z i r c o n ; V e r y s c a r c e in th i s rock . T h r e e types a r e 
dis t inguishable 

I. Smal l , c l e a r , unzoned, co lour less o r faint pink, 
f r e s h c r y s t a l s . No inclus ions . Uncommon. 

n . Medium t o l a r g e , zoned, fa in t ly coloured c r y s t a l s 
with inc lus ions . Most common. 

HI. Rounded, c racked , a l t e red , de t r i t a l g ra ins . 

6. ABSOLUTE AGE 

Insuff ic ient z i r con f o r de te rmina t ions . 



AlO 

1. SAMPLE NUMBER - K> 21 ("Char les ton Granite®) 

2. LOCALITY 

N. E y r e Peninsula? P ine Hill , 46 m i l e s SW. of Whyalla. 

3. PETROGRAPHY 

A c o a r s e - g r a i n e d m i c r o c l i n e grani te , cons is t ing of v e r y 
l a r g e subhedra of m i c r o c l i n e - p e r t h i t e , s m a l l e r subhedra of quar tz , 
and s m a l l amounts of zoned o l igoclase tending t o a lb i te . Occasional 
patches of r a t h e r a l t e red biot i te o c c u r in associa t ion with opaques, 
apat i te , f luor i t e , z i r con and epidote . 

4 . HEAVY ACCESSORIES 

F e r r o m a g s : T i t an i f e rous magne t i t e ; pyr i t e (composi tes) . 
0 . 2 A. Mag.* I lmeni te i m a r t i t i z e d magnet i te . 
0 . 5 A. Mag: Hornblende (3-4) j opaques (2)j epidote group (1); 

or th i te (2)» 
0. 8 A. Mag: Or th i te (4-5) j f l uo r i t e ( T r . ) 
1 . 4 A. Mag: Orthi te (5), f l uo r i t e ( T r . ) 
1 . 4 A. Non-Mag: Apati te (3-4); f l uo r i t e (3-4)i or th i te ( T r . ) ; z i rcon (2 -3) . 

5. FEATURES 

a. Magnet i te : t i t an i f e rous , with or ientated inclusions of 
haemat i t e . , 

b . Mar t i t i zed magne t i t e : with or ientated p la tes of i lmeni te . 

c . Hornblende : ment ioned h e r e only because it was not 
detected in t h in - s ec t i on . 

d. Orthi te t Deep r e d - b r o w n . Strongly zoned, whit ish opaque 
zones a l t e rna t ing with c l e a r brown zones . Uniaxial t o 
b iax ia l pos i t ive , with 2 V up t o 45°. D i s p e r s i o n : r g r e a t e r 
t h a n V, d is t inc t t o s t rong . B i r e f r ingence m o d e r a t e t o high. 
P l e o c h r o i s m weak, in b rowns . Some cleavage seen . 

e . F l u o r i t e : In tense purp le co lour . Weakly p leochro ic , 
purp le t o b lu ish , and weakly b i r e f r ingen t . A few blue 
f r a g m e n t s , v e r y s i m i l a r t o f luor i t e , m a y be y t t r o c e r i t e . 

f. Apat i te : Some c r y s t a l s have elongate inclus ions pa ra l l e l 
t o the c - a x i s , s o m e pe rpend icu la r t o t he c - a x i a ; the co res 
a r e a lmost opaque. 

g. Z i r c o n : V e r y s m a l l amount only, cons ider ing or ig inal weight 
of rock s a m p l e (5 K g . ) . L a r g e c r y s t a l s , pa le -b rown t o 
a m b e r , s t rong ly zoned, with outgrowths. L : B up t o 5 : 2 . 

6. ABSOLUTE AGE 

890 + 89 MY. 



A. 11 

1. SAMPLE NUMBER - K. 22 

2. LOCALITY 

N. E y r e Peninsula ; Carippie Kill, 6 mi les NE. of 
Darke Peak. 

3. PETROGRAPHY 

A muscovi te-biot i te gneiss , produced by the dynamic 
me tamorph i sm and pa r t i a l r e - c ry s t a l l i z a t i on of a granitoid rock . 
Relict phenocrysts (or porphyroblas ts ) of microcl ine , l a r g e patches 
of coarse-gra ined quar tz , and some albite, r ema in in a rock with 
pronounced f l a s e r - s t r u c t u r e . Fine - t o medium-gra ined mosa ics of 
quartz and microc l ine occur as elongate lenses following the s t r u c t u r e . 
Biotite occurs both as r e - c r y s t a l l i z e d laths and poikiloblasts and as 
re l i c t , bent and a l te red la ths . The re has been an influx of abundant 
muscovi te and t r a c e s of f luor i t e . Small zones of s t r e s s contain 
shea red quartz , and s u b - p a r a l l e l laths of biotite and muscovi te . F r o m 
evidence afforded by a c c e s s o r y m i n e r a l s , it is concluded that the rock 
i s a twice-metamorphosed metased iment . 

4. HEAVY ACCESSORIES 

0. 3 A. Mag: Hornblende (1). 
0 . 5 A. Mag: F luor i te ( T r . ) ; brown garnet ( T r . ) ; apati te (1) 
0 . 8 A. Mag: Pyr i t e ( l ) j f luor i te (1-2); monazi te (4). 
1 .4 A. Mag: F luor i te (1); z i rcon (3-4) 
1 . 4 A. Non Mag. , L F Mel : F luor i te (1-2); apatite (4-5); z i rcon ( T r . ) 
1 . 4 A. Non Mag. , HF Mel j Anatase (1 -2 ) | z i rcon (5). 

5. FEATURES 

a. F l u o r i t e : Purp le colour . 

b . Monazite : Smal l , rounded a l tered and discoloured g ra ins . 

c . Apatite : L a r g e , rough, colour less grains with poor c rys t a l 
f aces . 

d. Anatase : B l u e - g r e e n sma l l t abu la r c rys ta l s . 

e . Z i rcon : Conspicuously rounded and subrounded de t r i ta l 
gra ins , al l of v e r y s i m i l a r s i ze . Dark, heavily zoned, 
a l tered and with low b i re f r ingence . Metamict o r nea r ly 
metamict z i rcons a r e definitely more magnetic than c l ea r , 
f r e s h z i rcons . 

6. ABSOLUTE AGS 

No determinat ions made . 



A. 12. 

1. SAMPLE NUMBER - Nep. 1 

2. LOCALITY 

N. E y r e Peninsula ; Galea Bluff, 12 mi les SE. of St reaky Bay. 

3. PETROGRAPHY 

A porphyr i t ic microgran i te . La rge phenocrysts of s t rongly 
a l t e red microc l ine , with corroded and f ragmented appearance, a r e se t 
in a f ine-gra ined groundmass consisting of completely a l t e red , reddened 
f e ld spa r c rys ta l s enclosed in a r ea s of quartz with s imultaneous extinc-
t ion. T h e r e is some indication of l a t e - s tage quartz and albite manting 
e a r l i e r phenocrys ts . Small amounts of hornblende occur , appear ing 
poikiloblastic. Euhedra l epidote is conspicuous. Opaques a r e r immed 
with sphene, patches of chlor i te contain t r a c e s of f luori te , and euhedral 
z i rcon i s seen . The rock gives the impres s ion of being a hybrid, the 
phenocrys ts and groundmass having different derivation. Deuter ic 
ef fec ts a r e marked . 

4. HEAVY ACCESSORIES 

F e r r o m a g s s T i tan i fe rous magneti te . 
0 . 3 A. Mag: Opaques (3-4)j sphene (1); z i rcon (1-2); contains magnet i te . 
0 . 5 A. Mag: Opaques (2); sphene (1); s taurol i te (1-2); epidote (2-3)j 

z i rcon ( T r . ) . 
0 . 8 A. Mag: Sphene (2-4); f luor i te ( T r . ) ; s taurol i te (2), epidote (3-4); 

z i rcon (1). 
1 . 4 A. Mag; Sphene (4)j f luor i te (1-2)j apatite (2); s tauro l i t e (2)j 

epidote (2); z i rcon (1). 
1 . 4 A. Non Mag; F luor i t e (2-3); apatite (3); z i rcon (4). 

.5. FEATURES 

a. Magnet i te : T i tan i fe rous , with orientated inclusions of 
haemat i te and i lmeni te . 

b . Sphene I Amber to brown gra ins . 

c . Stauroli te I La rge , rough, brown grains.1 

d. F luor i te I Mainly colour less , with purple pa tches . 

e . Apatite I Some c rys ta l s a r e nea r ly opaque, due t o inclusions. 

f . Z i rcon : Two types occur -

I . Brown, n e a r l y opaque malacons . R a r e . 

II. Pa le a m b e r , c l ea r to cloudy, zoned, euhedra l . 
Contains oblong t r anspa ren t inclusions and s m a l l 
squa re opaque incl vis ions, p resumed to be magnet i te 
t o account f o r the unusually magnetic na ture of some 
of the z i rcon . 

6, ABSOLUTE AGE 

1660 + 166 MY. 
/ 



A. 13. 

1. SAMPLE NUMBER - Nep. 1 

2. LOCALITY 

N. E y r e Peninsula , 10 mi les E . of Wilgena. 

3. PETROGRAPHY 

A r a t h e r kaolinized, c o a r s e - g r a i n e d grani te with typical 
grani t ic t ex tu re . Or thoc lase-per th i te i s in excess of oligoclase, and 
both f e ld spa r s a r e kaolinized and in p laces a lmost opaque. Quartz 
occurs as anhedral a r e a s . Ragged, l a r g e la ths of da rk brown biotite 
show incipient a l te ra t ion , and contain s m a l l l enses of purple f luor i te 
along cleavages; L a r g e r a r ea s of co lour less f luor i te a lso occur . 
The bioti te a l so contains many s m a l l zoned, euhedra l z i r cons j sma l l 
c r y s t a l s of apati te a r e associa ted with the biot i te . 

4 . HEAVY ACCESSORIES 

F e r r o m a g s : T i tan i fe rous magnet i te . 
0 . 1 A. Mag: Haemat i te- l imoni te ; t r a c e s of pyr rho t i te . 
0 . 3 A. Mag: ) , 
0 5 A. Mag* ) B l o t i t e o^y* n o a c c e s s o r i e s 
0. 8 A. Mag; F luor i t e (2-3); monazi te (3-4); z i rcon (2). 
1 . 4 A. Mag: F luor i t e (3); apatite (2)j z i rcon (4). 
1 . 4 A. N o a M a g . , L F Mel: F luor i t e (4-5); apati te (1). 
1 . 4 A. Non Mag . , H F Mel: Molybdenite ( T r . ) ; ru t i le ( T r . ) ; 

f luor i te ( T r . ) ; z i rcon (5). 

5. FEATURES 

a. F luor i te : main ly colour less , but some is faint ly pleochroic 
b lue /purp le , and weakly b i r e f r ingen t . 

b . Monazite : shows su r face a l te ra t ion ; yellow. 

c . Z i r con : Almost opaque, met a m i ct . Zoned, twinned, 
and with outgrowths and overgrowths . Poor c rys t a l f a c e s . 

6. ABSOLUTE AGE 

870 + 87 MY, 



A. 14. 

1. SAMPLE NUMBER - Nep. 1 

2. LOCALITY 

. Moorilyanna, Soak, 30 m i l e s W. of Granite Downs. 

3. PETROGRAPHY 

A v e r y coa r se -g ra ined , leucocra t ic , granitoid rock. 
All the m a i n mine ra l s a r e s t r e s s e d , f r a c tu r ed , and per iphera l ly granxilated 
La rge , i r r e g u l a r a r e a s of quartz and microc l ine predominate , and 
s m a l l patches of completely s aus su r i t i zed plagioclase a r e p resen t . 
Aggregates of contorted bioti te a r e associa ted with f ragmented opaques, 
apati te and sphene. Occasional? rounded gra ins of z i rcon occur. On 
the whole, the rock may be t e r m e d a crushed mic roc l ine -g ran i t e . 

4 . HEAVY ACCESSORIES 

F e r r o m a g s : Ti tani ferous magnet i te 
0 . 1 A. Mag: Sphene/leucoxene. 
0 . 3 A. Mag: Sphene ( l ) j epidote group (1); opaques (4). 
0 . 5 A. Mag: Opaques (2)j sphene (1); epidote group (4). 
0. 8 A. Mag: Sphene (1 -2) ; p r i m a r y uran ium m i n e r a l ( T r . ) 
1 . 4 A. Mag: Sphene (4); f luor i t e (T r . -1); apati te (2); U-mine ra l ( T r . ) 
1 . 4 A. Non Mag: F luor i t e (2); apati te (4); z i rcon (3-4); U-minera l ( T r . ) 

5. FEATURES 

a. Magnetite : T i t an i fe rous , with or ientated inclusions of 
i lmeni te . 

b . Sphene : Dark a m b e r in colour. 

c. U-Minera l : A few gra ins of a black, opaque mine ra l 
with veinlets of a yellow secondary u ran ium mine ra l through 
t h e m . U : T h about 2 : 1 . Greasy appearance . 
Probably a thor ian uran in i te . 

d. F luor i t e : B lu i sh-purp le f r a g m e n t s . 

e . Apatity : Clear , co lour less , no inclus ions . 

f. Z i r c o n : Two types -

I. Faint ly p leochroic , brown, zoned. Subhedral t o 
anhedral . Some c r y s t a l f aces seen . 

n . Pa le , unz.oned, euhedra l . 

6. ABSOLUTE AGE 

880 + 88 MY 



A. 15. 

1. SAMPLE NUMBER - Nep. 1 

2. LOCALITY 

Musgrave R a . , 6 mi l e s E . N . E . of Ernabe l la Miss ion. 

3. PETROGRAPHY 

The t ex tu re of th i s rock is granuli t ic r a t h e r than grani t ic . 
Subhedral t o euhedra l g ranu la r aggregates and mosa ic s of quar tz , 
per th i te , mic roc l ine and mic roc l ine -pe r th i t e and ol igoclase consti tute 
the bulk of the rock . Areas o r patches of poiidloblast ic g reen hornblende 
enclose quar tz , f e l d s p a r s , l a r g e grains of apati te , opaques and zircon. . 
The z i rcon i s unusual and problemat ica l ; it appears euhedra l and 
poikiloblastic, c racked and coa r se -g ra ined in th in-sec t ion . This rock 
is r ega rded as a metasediment belonging t o the amphibolite f ac ies , 
and the z i rcon may be of l a t e - s t age fo rmat ion or reconst i tu ted f r o m 
e a r l i e r ma te r i a l . 

4. HEAVY ACCESSORIES 

F e r r o m a g s : T i tan i fe rous magnet i te . 
0 .1 A. Mag: I lmeni te . 
0. 3 A. Mag: Opaques (3). 
0 . 5 A. Mag: Apatite ( T r . - l ) ; epidote group (1). 
0. 8 A. Mag: Apatite (4)j epidote group (2)| z i rcon ( T r . ) 
1 .4 A. Mag: Sphene ( T r . ) ; apatite (4-5)j z i rcon ( T r . ) 
1 .4 A. N o n M a g . , L F Mel : Apatite (4-5)j z i rcon ( T r . ) 
1 . 4 A. Non Mag. , HF Mel : Pyr i t e ( T r . - l ) ; z i r con (5). 

5. FEATURES 

a . Magnetite : T i tan i fe rous , s l ight ly anisotropic (pink t o grey) 

b . Apatite t C lea r , co lour less , with elongate inclusions and 
voids pa r a l l e l t o c - a x i s . 

c . Z i rcon Two types -

I. P inkish-brown euhedral c rys t a l s - occur in 0. 8 A. Mag. 
f r ac t ion . R a r e . 

n . Large , pa le -brown c rys t a l f r a g m e n t s ; unzoned, f r e s h , 
c l ea r . R . I . no rma l fo r z i rcon, but x - r a y f luorescence 
shows significant y t t r ium. Complete c rys t a l s a r e ve ry 
r a r e , though mos t f r agmen t s show p r i s m - f a c e s . 

6. ABSOLUTE AGE 

1770 + 177 MY. 



A. 16. 

1. SAMPLE NUMBER - Nep. 1 

2. LOCALITY 

Peake and Benison R a . , 8 mi les SE. of Edwards Creek 
ra i lway stat ion. 

3. PETROGRAPHY 

A r a t h e r unusual rock, containing ve ry l i t t le quar tz . 
The main mine ra l s a r e coa r se -g ra ined , anhedral , s t rongly kaolinized 
or thoc lase-per th i te , and stout la ths of zoned plagioclase in the oligo-
c lase range . Quartz occurs as sma l l in ters t i t ia l patches. Green 
hornblende is common, as l a r g e anhedra and smal l euhedra. Sphene 
i s v e r y conspicuous, as we l l - fo rmed l a rge and smal l c r y s t a l s . 
Corroded, euhedral , p r i s m a t i c c rys ta l s of diopsidic augite a r e spo rad -
ical ly dis t r ibuted, being quite abundant in some a r ea s . Pa tches of 
m a s s i v e epidote occur , and contain ac icular actinolite. Biot i te is 
p resen t in s m a l l amount. On the balance of the evidence, it would be 
appropr ia te t o t e r m th i s rock a quartz monzonite, though it m a y be a 
hybrid rock . 

4. HEAVY ACCESSORIES 

F e r r o m a g . + 0 . 1 A. Magi Ti tani ferous magneti te . 
0 . 3 A. Mags Augite (4)j sphene (1); epidote (1-2). 
0 . 5 A. Mag: Augite (4-5); sphene ( l ) j epidote (1-2). 
0 . 8 A. Mags Augite (5); sphene (1); epidote ( T r . ) 
1 .7 A. Mag: Augite ( T r . ) sphene (4-5) 
1 ,7 A, Non Mag: Apatite (4) j z i rcon ( T r . ) 

5. FEATURES 

a . Magnetite » T i tan i fe rous , with orientated plates of 
i lmeni te . 

b . Augite : Pa l e green, diopsidic, with (+)2V about 60°. 

c . Sphene : Very well-developed, pale amber c r y s t a l s , F e -
poor . 

d. Apatite I C lea r , co lour less , with prominent pyramid 
f aces . 

e . Z i rcon j R a r e , pink c ry s t a l s , with subrounded to 
rounded appearance . 

6. ABSOLUTE AGE 

Insufficient z i rcon fo r determinat ion. 



A. 17. 

1. SAMPLE NUMBER - Nep. 1 

2. LOCALITY 

Granite Is land, Encounter Bay. 

3. PETROGRAPHY 

Large phenocrys t s of mic roc l ine -per th i t e a r e conspicuous, 
as i s the bluish, opalescent quar tz . The phenocrysts show s t r a i n -
extinction, have inclusions of quar tz , biotite and sodic oligoclase, 
and a r e often surrounded by sodic plagioclase. This i s s i m i l a r t o 
Rapak iv i - s t ruc tu re . T h e r e a r e a l so subhedral t o euhedral plates of 
sodic oligoclase - t o ca lc ic o l igoclase . The quartz is s t r e s s e d . 
La rge , stout laths of g reen i sh bioti te contain z i rcons (surrounded by 
pleochroic haloes) and p r i s m s of apati te . This m a y be t e r m e d a 
porphyr i t ic b io t i te -adamel l i te . 

4. HEAVY ACCESSORIES 

F e r r o m a g s . + 0 . 1 A. Mag. : Magneti te, haemat i te , mar t i t e , l imonite , 
pyr i t e . 

0. 3 A. Mag ; Opaques (4); epidote group (Tr . )J apatite (T r . ) ; 
z i rcon ( T r . ) 

0 . 5 A. Mag : Opaques (1)» epidote group (2-3); apatite ( T r . ) ; 
z i rcon ( T r t o u r m a l i n e ( T r , ) 

0. 8 A. Mag : Monazite (Tr*) ; epidote group (4)j apatite ( T r . ) ; 
apati te ( T r . ) ; z i r con ( T r . ) 

1 . 4 A. M a g : Py r i t e ( l ) j sphene (3); monazite ( T r . ) ; rut i le (Tr . )j 
apati te (1); z i r con (3). 

1 . 4 A. Non Mag . , L F Mel ; Apati te (4); z i rcon (Tr . -1) ; 
Z i r c o n Concentrate : Ruti le ( T r . ) ; sphene ( T r , ) ; 

molybdenite ( T r . ) ; pyr i te (3); gold ( T r . ) ; 
z i r con (4). 

5. FEATURES 

a. Apatite I Some c l e a r c rys t a l s , some with f ine, black 
elongate inclusions pa r a l l e l t o c - ax i s . 

b . Monazite: Pa l e yellow well-defined c rys t a l s . 

c . Gold : Occas ional a rborescen t c ry s t a l s . Also found 
in Granite Is land beach-sand . 

d. Z i r c o n : T h r e e types -

I. Rounded, de t r i t a l - r a r e . 

n . C lear , unzoned co lour less ; occasional pa ra l l e l 
twins . R a r e . 

HI. Cracked, cloudy, co lour less , zoned. Whitish 
s u r f a c e coating, patchy b i re f r ingence . Well c rys ta l l ized , 
squat . L : B - 2 : 1. 

6. ABSOLUTE AGE 4 1 5 + 4 2 MY. 



A. 18 

1. SAMPLE NUMBER - V . 4 

2. LOCALITY 

West s ide of bay at P o r t Ell iot . 

3. PETROGRAPHY 

A porphyr i t ic adamel l i te , v e r y s i m i l a r t o the Granite 
Island ma te r i a l , though the plagioclase shows s t rong zoning. In one 
c rys ta l , each success ive zone is bo rde red by minute microc l ine 
c r y s t a l s . Microc l ine-per th i te i s ooa r se enough to enable the plagio-
c lase component t o be recognized as ol igoclase . The zoned plagioclase 
ranges f r o m aridesine (core) t o albite (mantle) . Biotite occurs as 
ragged g reen la ths , with p leochroic haloes surrounding z i rcon which 
i s often hxantled with apat i te . 

4. HEAVY ACCESSORIES 

F e r r o m a g s : Magnetite; m a r t i t e j pyr rho t i t e . 
0 . 3 A. Mag; Pyr rho t i t e (4)f tou rmal ine ( T r . )j apatite ( T r . ) 
0. 5 A. Mag: Sphene (2)j garnet ( T r . ) ; tourmal ine ( T r . ) ; 

s tauro l i te ( T r . - l ) . 
0 . 8 A. Mag: Sphene (4); tourmal ine ( T r . ) ; monazi te (1); 

apa t i t e (Tn-4 ) ; s t auro l i t e ( T r . ); z i rcon ( T r . ) 
1 . 4 A. Mag: Pyr i t e (1-2)j sphene (4); monazi te ( T r . ) ; 

apati te (1); z i r con (2-3) 
1 . 4 A. Non Mag: P y k t e (2-3) molybdenite ( T r . -1) ; apat i te (3); 

z i rcon (4). 

5. FEATURES 

a . Tourmal ine : Strongly p leochroic , pink t o g reen or black. 

b . Sphene ; Al te red , cloudy, poor ly-def ined, leucoxenic. 

c . Garnet ; Angular and rounded. Derived f r o m m e t a -
morph ics . 

d. Stauroli te; Brown, s t rong ly p leochroic . Derived f r o m 
me t amorphics . 

\ 

e . Monazite : Pa l e yellow, wel l -def ined c r y s t a l s . 

f . Apatite : Many elongate inclus ions , a r ranged on 
t r igona l pa t t e rn and pa ra l l e l t o c - a x i s . 

g. Z i r con : Same t h r e e types as in V. 3 II, with Type III 
predominat ing. 

6. ABSOLUTE AGE 

680 + 68 MY. This r e su l t i s i nco r r ec t ; contamination 
has probably occu r r ed . See Section 2. 



A. 19 

1. SAMPLE NUMBER - V.5 

2. LOCALITY 

P o r t Ell iot , Y4 ni i le eas t of Bay, in old .quarry . 

3. PETROGRAPHY 

An even-gra ined biotite grani te . Anhedral quartz and 
kaolinized microc l ine a r e the main const i tuents , with s m a l l amounts of 
zoned ol igoclase (with some albitic per ipher ies ) , and brownish-green 
biotite a l t e r ing t o chlor i te . Slight s t r e s s i s evident in the mine ra l s . 
Sphene, apati te and z i rcon a r e the acces so r i e s ; some pyr i te occurs 
also. 

4. HEAVY ACCESSORIES 

F e r r o m a g s : Magneti tkj • pyrrhot i te . 
0 .1 A. Mag. : Py r rho t i t e ; i lmenite; chalcopyri te; haemat i te ; 
0 .2 A. Mag. : I lmeni te; pyr i te ; pyrrhot i te ; chalcopyri te . 
0 . 5 A. Mag. : Opaques (3)j monazi te (3); tourmal ine (1); garnet (Tr.)» 

z i rcnn ( T r . ) 
0 . 8 A. Mag. : Oxidized pyr i te (4); tourmal ine (1); monazi te (1); 

z i rcon ( T r . ) 
0. 8 A. Non Mag. : P y r i t e (4); molybdenite (1); apatite (1); z i rcon (4-5) 

5. FEATURES 

a . Monazite: Small , rough, cloudy; euhedra l t o subhedral . 

b. Garnet ; P a l e pink, rounded, de t r i t a l g ra ins . 

c . Molybdenite : Small , hexagonal, l a m e l l a r c ry s t a l s . 

d. Z i r c o n : T h r e e types -

I . C lear , co lour less , unzoned, s m a l l . L : B no rma l 
(2 : 1 o r 3 : 1) but can be up t o 5 : 1. R a r e . 

n . Well-rounded, of sed imenta ry origin. R a r e . 

IH. Usually s m a l l and even-s ized . Clear t o cloudy, 
pale mauve j some show overgrowths . L B normal , 
but up t o 5 j 1 observed. Predominant . 

6. ABSOLUTE AGE 

Insufficient z i rcon f o r determinat ions 



A. 20. 

1. SAMPLE NUMBER - Nep. 1 

2. LOCALITY 

M u r r a y Br idge ; West bank of R. Murray , South of the 
br idge, in old qua r ry . 

3. PETROGRAPHY 

A coa r se ly -c rys t a l l i ne mic roc l ine -gran i te with c h a r a c t e r -
i s t i c grani t ic t e x t u r e . Slightly s t r e s s e d mic roc l ine -pe r th i t e , subhedral 
quartz, and l e s s e r amounts of oligoclase a r e the pr incipal minerals^ 
Small patches of b rowni sh -g reen biotite a r e associa ted with f luor i te , 
opaques, sphene and z i rcon . This rock contains "cognate xenoliths" 
of mic rogran i t e , s o m e of it porphyri t ic and ca r ry ing zoned microc l ine . 
Other p a r t s of the outcrop show "basic c lo ts 8 - concentrat ions of 
f e r romagnes i an m i n e r a l s (hornblende and biotite) and a c c e s s o r i e s . 

4. HEAVY ACCESSORIES 

F e r r o m a g s I T i t an i f e rous magnet i te . 
0 . 1 A. Mag. : I lmeni te j t r a c e s of chalcopyri te . 
0. 5 A. Mag. : Apati te ( T r . )j ? monazite (Tr . )j z i rcon ( T r . ) . 
0. 8 A. Mag. : Sphene (4-5}; apatite ( T r . ) 
1 .4 A. Mag. : Sphene ( T r . ) j apatite (1); f luor i te (1); z i rcon (1). 
1 . 4 A. Non M a g . , L F Mel : f luor i te (4).. 
Z i r c o n : P u r e z i r con of two types . 

5. FEATURES 

a. Magneti te j T i tan i fe rous , with orientated plates of i lmeni te . 

b. Apatite : Some c rys ta l s have dark cen t res and a r e more 
magnet ic than the colour less ones. 

c . F luor i t e : Colour less to pale purple , occasional ly bright 
purp le . 

d. Z i r c o n » T h r e e types -

I. Yellow t o brown, zoned c ry s t a l s . Occur in 1 .4 A. 
Mag. f r ac t ion . 

II. C l e a r , fa int yellow t o co lour less , zoned. Sharply-
defined f a c e s , L ; B up t o 6 : i t commonly 5 : 1. 
Inclusions random, and a lso pa ra l l e l t o c - a x i s . 

HI. L a r g e , cloudy, pinkish. Cracked, with incipient 
a l te ra t ion , lowered b i re f r ingence . Outgrowths and 
overgrowths not r a r e . 

6. ABSOLUTE AGE 

545 + 55 MY. Th i s r e su l t is unrel iable , due to probable contamination 
See Section 2 . 



A. 21 

1. SAMPLE NUMBER - C. W. 2 
I 

2. LOCALITY 

Einn ie ' s V/ater, 16 mi les E . of Meningie, N. of Meningie-
Coonalpyn road . 

3. PETROGRAPHY 

A reddened, med ium-gra ined g ran i t e , cons is t ing of reddened, 
a l t e r ed m i c r o c l i n e , f r e s h in te rmedia te o l igoclase ( less than 1 /3 of 
mic roc l ine ) and quar tz . Occasional l a ths of da rk , b r o w n i s h - g r e e n 
biot i te occur i A rock devoid of unusual f e a t u r e s , though the var ious 
outcrops in t h e whole a r e a show much t e x t u r a l and s o m e minera log ica l 
va r ia t ion . A common fea tu re is the m a g m a t i c reddening . 

4; HEAVY ACCESSORIES 

F e r r o m a g s ! T i tan i fe rous magnet i te ; t r a c e of chalcopyr i te . 
0 . 1 A. Mag. : I lmenite; minor amount of cha lcopyr i te . 
0. 3 A. Mag. : F luor i t e ( T r . ) 
0. 5 A. Mag. : Z i r c o n ( T r . ) 
0 . 8 A. Mag. : Z i r c o n (2). 
1 . 4 A. Mag. : Z i r c o n (3). 
1 . 4 A. Non M a g . , L F Mel : F luor i te (4-5); apat i te ( T r . ) ; z i r con ( T r . ) 
1 . 4 A. Non M a g . , HF Mel : F luor i te (T r . ) j z i r c o n (5). 

5. FEATURES 

a. Magneti te : T i t an i fe rous , with o r ien ta ted p la tes of i lmeni te . 

b . F luo r i t e : Mainly co lour less , s o m e i s patchy and purp le . 

c . Z i r c o n : T h r e e types -

I. Small , euhedra l ma lacons ; b rown, a l t e r ed , me tamic t , 
with low b i r e f r ingence and of ten with opaque c o r e s . 
Abundant. ' 

H. Medium t o sma l l , euhedra l . C racked , zoned, with 
lowered b i r e f r ingence . Uncommon. 

III. Colour less , zoned, a l t e r ed , with opaque c o r e s . 

Some pa ra l l e l twins. ?Re la t ed t o type I. R a r e . 

6. ABSOLUTE AGE 

440 + 44 MY. 



A. 22 

1. SAMPLE NUMBER - M. P . 1 (Moonta Porphyry) 

2. LOCALITY 

Bald Hilli 3 m i l e s E . N . E . of Moonta. 

3. PETROGRAPHY 

A porphyr i t i c rhyol i te o r t o scan i t e , though the g ra in s i ze 
is on the b o r d e r l ine be tween the f i ne -g ra ined and med ium-g ra ined 
r o c k s , s o that the t e r m s mic rog ran i t e o r m i c r o - a d a m e l l i t e could be 
applied. The g lomeroporphyr i t i c c r y s t a l s of sodic o l igoclase , 
a lbi te , and a lb i t e -mic roc l ine ant iper thi te a r e se t in a g roundmass 
cons is t ing of g ranu la r quar tz and alkal i f e l d s p a r , and of m i c r o g r a p h i c 
in te rg rowths between t h e s e . Wispy biot i te , ch lor i te and opaques occur 
in the g roundmass . Magmat ic reddening i s conspicuous. 

4. HEAVY ACCESSORIES 

F e r r o m a g : Magneti te 
0 . 1 A. Mag. t Magneti te; i lmeni te j haema t i t e ; t r a c e of chalcopyri te . 
0. 3 A. Mag. : Opaques (4)» t o u r m a l i n e ( T r . ) 
0. 5 A. Mag. t Opaques (4); t ou rma l ine ( T r . - 1 ) ; epidote group ( T r . ) 
0. 8 A. Mag. : Tou rma l ine (3-4); apa t i t e ( T r . ) t z i r con ( T r . ) ; 

f luor i t e ( T r . ) 
1 . 4 A. Mag. : Tou rma l ine (1); f l uo r i t e (1); z i r con (2). 
1 . 4 A. Non.Mag. « PyritG (l)t f luor i te (2)» apat i te (3-4); ru t i le ( T r . ) 

z i r con (3). 

5. FEATURES 

a . Tourma l ine : Var ie ty s c h o r l . Many wel l - rounded gra ins 
occur . 

b . F luo r i t e : Pa tchy purple co lou r s . 

c . Apati te J La rge , rough g ra in s with m a n y inclusions 

d . Ruti le : Rounded b r o w n - r e d g ra in s 

e . Z i r c o n : T h r e e types -

I. Euhedra l , co lour l e s s , c l e a r . ) 
) uncommon. 

II. Anhedral , co lour less , c l e a r . ) 

HI. Yellowish o r pinkish, t r a n s l u c e n t , a l t e r ed , rounded. 
Abundant. Heavy m i n e r a l s indica te s t r o n g contamination 
by sed imen t s with d e t r i t a l z i r con , ru t i l e , and 
t o u r m a l i n e . 

6. ABSOLUTE AGE 

Insuff icient z i r con f o r de te rmina t ion . 
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1. SAMPLE NUMBSR - St. 1 

2. LOCALITY 

Stenhouse Bay, Yorke Pen insu la . 

3. PETROGRAPHY 

A qua r t zo - fe ldspa th i c p a r a g n e i s s with he t e roh l a s t i c t e x t u r e . 
L a r g e , . sub - to anhedra l a r e a s of quar tz , m ic roc l i ne , o r t hoc l a se -
m i c r o p e r t h i t e , and o l igoclase , a r e in con t ras t t o i n t e r s t i t i a l , med ium -
t o f i ne -g ra ined m o s a i c s of t he s a m e m i n e r a l s . T h e "da rk" m i n e r a l s 
a r e usua l ly a s soc ia ted in groups - aggrega tes of r e d d i s h biot i te with 
opaques, apat i te , poiki loblas t ic sphene , rounded z i rcon , and occas ional 
g reen hornblende . Th i s r o c k i s an Archaean m e t a s e d i m e n t . 

4. HEAVY ACCESSORIES 

F e r r o m a g s : T i t an i f e rous magne t i t e 
L F Mel » Apatite ( T r i - l ) i 
HF Mel : P y r i t e (3); hornblende (3-4); sphene (2)» apat i te (2); 

z i r con (2-3) . 

NOTE - T h e b r o m o f o r m concen t ra te was not p a s s e d th rough the 
F r a n z S e p a r a t o r b e c a u s e the rock , be ing a me tased imen t , 
was not cons ide red sui table f o r de te rmina t ion of absolute 
age. 

5. FEATURES 

a. Hornblende : 2V « 0 o r v e r y s m a l l ; b l u e - g r e e n / y e l l o w - g r e e n 
p l e o c h r o i s m s t rong! probably c lose ly r e l a t e d t o a r fvedson i te 
o r f e r r o h a s t i n g s i t e . C h a r a c t e r i s t i c of A r c h a e a n m e t a -
s ed imen t s of Yorke Pen insu la , f r o m P t . Vic tor ia t o Stenhouse 
Bay. E s p e c i a l l y common in B r u t u s Cas t l e hornblende gne i s s . 

c . Z i r c o n i T h r e e t y p e s , a l l d e t r i t a l -

I . Rough, r agged , m e t a m i c t , a l t e r ed , with patchy 
b i r e f r i n g e n c e . Abundant. 

H. Brownish , zoned, subhedra l , c l e a r t o cloudy. 
Common. 

m . Unzoned, c l e a r , sub - t o anhedra l . R a r e . 

6 . ABSOLUTE AGE 

See note above. 



A. 24. 

1. SAMPLE NUMBER - Nep. 1 

2. LOCALITY 

Harbours Board je t ty piling bore , o f f shore f r o m Neptune 
Island. 

3. PETROGRAPHY 

An augen-gneiss . Phacoids of s t r a ined quartz, a r e flanked 
by medium-gra ined , anhedral , su tured aggregates of quar tz , or thoclase , 
mic roc l ine and plagioclase (albite t o andesine, but main ly calcic 
ol igoclase) . Thin l ayers of l ineated brown bioti te and g reen hornblende 
have gra ins of apati te and z i rcon in associat ion. Myrmekl te is common. 
Th is rock i s a gneissose metased iment . 

4. HEAVY ACCESSORIES 

F e r r o m a g I Magnetite, with orientated plates of i lmeni te . 
0 . 5 A. Mag. : Opaques (3); garnet (3); z i rcon ( T r . ) 
0 . 7 A. Mag. : Sphene (Tr . ) garnet ( l - 2 ) j apati te (1); z i rcon (2-3). 
1 .0 A. Mag. : Apatite (2-3); z ircon(3-4) . 
1 . 4 A. Mag. : Apatite (2-3); z i rcon (4). 
1 . 4 A. Noil M a g . , LF Mel : Apatite (4); z i rcon ( T r . ) 
Z i r c o n f r ac t i on : Z i rcon (5). 

5. FEATURES 

a. Apatite : Most gra ins and f ragments a r e co lour less , 
but some in each f r ac t i on a r e a pale yellow colour . 

b . Z i r con ; These a r e a l l conspicuously rounded o r well -
rounded. They a r e v e r y var iable in shape and s ize . 
Zoning i s prominent . Al tera t ion i s extensive , t h e grains 
showing patchy, low b i re f r ingence . Overgrowths a re 
common. 

6 . ABSOLUTE AGE 

Though the rock i s a metasediment , an at tempt was made t o 
de te rmine the age of the z i rcon. However, the techniques of p repara t ion 
and analyses of z i rcons were faulty in the e a r l y s t ages (when the d e t e r -
minat ion was made) and the r e su l t s were quite e r roneous . 



A. 25. 

1. SAMPLE NUMBER - Nep. 1 

2. LOCALITY 

P a l m e r Grani te , Mt. Lofty Ranges . 

3. PETROGRAPHY 

A medium grained quar tzo- fe ldspa th lc rock of granitoid 
aspect but of sed imenta ry or igin. Very poorly-twinned subhedra l , 
poikiloblastic oligoclase with well-developed cleavage, and anhedral , 
stressed quar tz a r e the two mos t abundant mine ra l s . Microcl ine i s 
s c a r c e r , and it is often s e e n as anhedra l gra ins surrounding the 
oligoclase; myrmeki te is common at the boundaries of t he two f e ld spa r s . 
Biotite occurs as l a rge g reen la ths , and green hornblende i s somet imes 
seen. Opaques a r e sur rounded by sphene, which also occurs as l a rge , 
rough, poikiloblast ic g ra ins . Apatite is p resen t , and gra ins of z i rcon 
a r e wel l - rounded. 

4. HEAVY ACCESSORIES 

F e r r o m a g : Magnetite 
0. 5 A. Mag; Opaques (2); hornblende (3); sphene (3); epidote group (3); 

ru t i le ( T r . ) z i rcon (1-2). 
1 .2 A. M a g : Sphene (5); z i r con ( T r . ) ; epidote group ( T r . ) 
1 . 4 A. Mag : Sphene (5). 
1 . 4 A. Non Mag. : Z i r c o n (5). 

5. FEATURES 

a. Hornblende : Very da rk green, s t rongly pleochroic olive/ 
da rk g r e e n / n e a r l y b lack . 2V i s va ry smal l , nea r ly 0° in 
some cases , (see r e m a r k s under St. 1) 

bi Sphene I P leochro ic f r o m colour less t o pale yellow, 
somet imes yellow t o a m b e r . F a r l e s s magnet ic than 
no rma l (usually magne t i c at 0. 8 A*). 

d. Z i r c o n : Two types -

L Cracked, zoned, co lour less to mauve, with uneven 
b i re f r ingence . Well-rounded, with r a r e subhedra l 
g ra ins . 

H. Clear , co lour l e s s , with cavi t ies and inclusions . 
Some subhedra l overgrowths over rounded core a r e 
seen . 

6. ABSOLUTE AGE 

Incorrec t r e s u l t s . 
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1. SAMPLE NUMBER - Mon. 1 

2. LOCALITY 

Monarto Grani te , Mt. Lofty Ranges, 

3. PETROGRAPHY 

A granitoid rock , consis t ing of approximately equal p r o -
port ions of sub - t o anhedra l quar tz , microcl ine and ol igoclase. 
The microc l ine shows s i eve - t ex tu re , enclosing blebs of quar tz . 
Laths of g reen biot i te a r e randomly distr ibuted and a r e genera l ly 
poikiloblastic. Opaques, z i rcon, apatite and monazite a r e associated 
with the bioti te. Since the z i r con is well-rounded, a sed imen ta ry origin 
f o r the rock i s favoured; it could wall be a rheomorphic rock , perhaps 
approaching the magmat i c s tage . 

4. HEAVY ACCESSORIES 

F e r r o m a g : T i tan i fe rous magnet i te ; m a r t i t e . 
1 .0 A. Mag. : Monazite (5); apat i te ( T r . ) ; z i rcon ( T r . ) 
1 .0 A. Non Mag. : Apatite (3-4); z i rcon (1-2). 

FEATURES - u 

Monazite : yellow, t abu la r , wel l - formed c r y s t a l s . 
Faint zoning i s s o m e t i m e s seen . 

Apatite : i s some t imes seen as overgrowths on monazi te . 
Good c r y s t a l s and g ra ins . 

Z i r con t Conspicuously well-rounded, usual ly smal l . 
Zoned, co lour less t o pa le mauve. A few gra ins show 
s t r i a t ed p r i s m f ace s . 

ABSOLUTE AGE . 

Not de te rmined ; insuff icient z i rcon. 

5. 

a. 

b . 

c . 

6. 



A. 27. 

1. SAMPLE NUMBER - Nep. 1 

2. LOCALITY 

I ron Queen South (nea r Mines Department camp), 
Middleback R a . , E y r e Peninsu la . 

3. PETROGRAPHY 
t 

A shea red , granitoid rock . The constituent mine ra l s show 
s t r a i n and pe r iphe ra l granulat ion. Quar tz occurs in a r e a s of i n t e r -
locking gra ins with undulose extinction, microc l ine i s a l tered and 
d is tor ted , and s m a l l amounts of a l te red calc ic oligoclase a r e seen . 
Secondary, f r e s h and u n s t r e s s e d microc l ine occurs in ters t i t ia l ly , and 
t h e r e a r e t r a c e s of secondary (or l a te - s tage) muscovi te . The rock 
contains prac t ica l ly no f e r romagnes i an mine ra l s o r a cce s so r i e s , and 
it may be m o r e in the na ture of a pegmati te o r a quartzofeldspathic 
metased iment . Heavy-minera l s tudies favour the l a t t e r a l ternat ive . 

4. HEAVY ACCESSORIES 

F e r r o m a g s : Haemat i te ; l imoni te . 
HF B r o m o f o r m : Py r i t e , haemat i te (3); sphene/ leucoxene (3); z i rcon (1-2) • 

5. FEATURES 

The main f e a t u r e of the heavy a c c e s s o r i e s i s t h e i r great 
s ca r c i t y . Consequently no at tempt was made t o f u r t h e r s epa ra t e the 
b r o m o f o r m heavy f rac t ion . The e i rcons a r e white, opaque and r 
met ami ct, and a r e anhedra l . Whether the anhedra l na tu re of the grains 
is due t o de t r i ta l rounding o r i s a tendency inherent in met ami ct z i rcons 
is difficult t o de te rmine in th i s pa r t i cu l a r c a se . The great lack of 
heavy m i n e r a l s of any type i s s ignif icant , and in the w r i t e r ' s opinion 
favours a s ed imen ta ry or igin f o r the rock . 

6. ABSOLUTE AGE 

Insufficient z i r con f o r de te rmina t ions . 



M
 CD

 .
 

• 
• 

' 
• 

• 
••

••
••

••
• 

•
•

.•
..

•
..

-
.•

..
•

.-
.•

 
w

 l-
J X

)  w
 M

 W
 <

 i
n 

Ul
 N

 N
 

M
M

N
N

N
N

H
H

K
H

H
O

O
 

' 
P'

 • 
. 

"U
 

<3
. 

._.«
£>

 -
0 

O
O

U
lW

tJ
O

 
W

 ' 
• 

" 
• 

" 
£j

 
• 

N
 

X
 i

 
I 

I 
X

 X
 

I 
i 

X
 

X
 X

 
« 

X
 

i
i

i
X

X
i

i
X

i
i

i
i 

i 
I 

i 
i 

I 
i 

I 
I 

X
 

X
X

i
i 

i 
X

 
i 

i 
I 

• 
i 

* 
t 

• 
i 

i 

i 
t 

X
 

I 
l 

X
 

> 
i 

l 
I

X
»

» 
I 

X
 

I 
i 

i 
I 

X
 X

 
« 

X
 

« 
X

 

X
 I

 X
 X

 X
 

i 
X

 
I 

I 
X

X
X

X
 

X
I

X
I

1
I

I
X

X
«

X
« 

I
X

I
I 

I
I

I
I

X
 

X
X

I
I 

i 
X

 
I 

X
 

» 
I 

I 
X

 
I 

• 
I 

« 

i 
I 

I 
I 

1 
X

 X
 X

 
l 

I 
i 

I 
i 

X
X

I
X

X
I

X
I

X
I

X
X

 

• 
X

X
X

X
X

X
X

X
 

X
X

X
X

 
x

x
x

x
x

x
x

x
x

x
x

x 
•o

 

it
it

it
it

it
it

it
it

it
 

it
it

it
it

 
it

 i
t i

t 
it

 i
t 

it
 i

t 
it

 i
t i

t i
t 

it
 

H
H

tv
lH

w
W

N
W

W
 

W
 l*>

 »—
 

• 
m

h
n

h
h

w
h

^
W

N
W

W
 

I 
I 

I 
I 

I 
X

 
I 

I 
X

 
X

X
I

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
i 

X
 

o 

i 
i 

i 

Q
Q

O
O

g
lO

 
tf

ff
 p

 
p 

o 
O

 
B

&
g

a 
I 

£ 
o 

o 
g 

S 
3 

i 
i 

£ 
o 

% 
% 

o 

U
U 

CD
 (

D
 

fl>
 

I 
I 

CD
 

P.
 

§
b

6 
6 n>

 (D
 I

 
CD

 

> » £ 

S p p.
 

o 
' 

g CD
 I 

t 
I 



t 
A. 29 

MAGNETIC DATA ON MINERALS 

using the 

FRANTZ ISCDYNAMIC SEPARATOR 

The following tab le gives an indicat ion of the magnet ic 
c h a r a c t e r i s t i c s of m i n e r a l gra ins in t h e F r a n t z Isodynamic Separa to r . 
Normal ly , the sepa ra t ions a r e done with t h e chute se t at the following 
angles : 

s lope 20° 
t i l t 15° 

w h e r e the "s lope" i s t he incl inat ion of t he long axis of the chute t o the 
hor izon ta l and the " t i l t " i s t he incl inat ion oif t h e t r a n s v e r s e axis of the 
chute t o t he hor izon ta l . Unless o the rwise s ta ted , the above set t ings 
w e r e used . Many of t h e m i n e r a l s l i s t ed h e r e w e r e not speci f ica l ly 
examined f o r magnet ic suscept ibi l i ty , t he idea being m o r e t o find f i e ld -
s t r eng th se t t ings oh the ins t rument which would p r o g r e s s i v e l y remove 
m i n e r a l s o ther t han z i r con and o ther non-magne t i c m i n e r a l s , with 
m a x i m u m eff ic iency. Too high a c u r r e n t - s e t t i n g at the outset of a 
s e r i e s of parses> would cause such a f lood of m a t e r i a l oh the magnet ic 
s i de that much valuable z i r con would be en t rapped . In any case* f r o m 
t h e point 6f view of age -de te rmina t ions ~t i t m a y be n e c e s s a r y t o use 
monazi fe i o r even sphene o r apat i te , if t h e z i r c o n sample i s too s m a l l 
f o r analyt ical work. 

The t ab le l i s t s the min imum and max imum cu r r en t - s e t t i ngs 
at which a m i n e r a l occurs in a f r a c t i on , and a l s o t he n o r m a l range f o r 
tha t m i n e r a l . T h e s e da ta apply t o t h e f r a c t i o n s p r e p a r e d and descr ibed 
i n t h i s t h e s i s . 
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Mine ra l Min. Amps . Max. Amps N o r m a l Amps . 

Allani te 0 . 5 A 1 . 4 A + 0 . 8 - 1 . 4 A 

Anatase 0 . 8 A 1 . 4 A + 1 .4 A + 

Apati te 0 . 8 A 1 . 4 A + 1 .4 A + 
(0. 3 A with inclusions) 

Biot i te 0 .2 A 1 . 4 A 0 . 3 - 0 . 5 A 
(phlogopite) 

Chalcopyr i te 0 . 1 A - 0 . 2 A 0 .1 A 
probably contains inclusions 

Epidote 0. 3 A 0. 8 A 0 . 5 A 

F l u o r i t e 0 . 8 A 1 . 4 A + 1 . 4 A + 

Garnet 0. 3 A + 0 . 5 A 0. 5 A 

Gold Non-magnet ic at highest se t t ing 

Hornblende 0. 3 A 0. 7 A 0. 3 - 0. 5 A 

Molybdenite Non-magnet ic at highest se t t ing 

P y r i t e Non-magnet ic at highest se t t ing 

Ruti le 1 .0 A 1 . 4 A + 1 . 4 - 1 . 4 A + 
A m b e r t o brown yellow 

Sphene 0. 3 A 1 .7 A 0 . 8 - 1 . 4 A 
(See note on sphene in Section 3) 

Staurol i te 0 . 1 A 1 . 4 A 0. 5 - 0. 8 A 
(with inclusions) 

T o u r m a l i n e 0 . 5 A 0 . 8 A 0 . 8 A 

Z i r c o n Normal ly non-magnet ic at highest se t t ing , but a l t e red 
and me tamic t va r i e t i e s a r e magnet ic at 1 . 4 A o r 
lower se t t ings (down t o 0. 8 A m p . ) . 

« 
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LOCALITY INDEX 

Sample Local i ty 

K . 8 N. F l i nde r s R a . , 5 m i . of Mt. F i t ton H. S.. 
K. 10 tt n s 7 m i . NW. of Mt. F i t ton H. S . ; [ 

Mudlawatana Creek . 
K. 12 n n b 1 m i . along P a r a l a n a Hot Springs C r e e k 

f r o m Hot Spr ings . 
K. 13 B n b Yudnamutana Gorge, Ei bank. 
X. 15 • B tl Blue Mine Creek , Camel Pad t r a c k . 1 

6 mi l e s E . NE. of Umberatana; H. S. 1 
K. 16 N. E y r e Pen insu la 6 mi les W. of Corunna H. S. 
K. 20 a B s 35 mi les SW. of Whyalla on highway. 
K. 21 V B s Pine Hill, 46 mi l e s SW. of Whyalla. jj 
K. 22 B B t Carippie Hil l , 6 m i l e s NE. of Darke P e a k . \ 
X. 23 B II s Galea Bluff, Ba i rd Bay, 12 m i l e s SE. j 

of S t reaky Bay . j 
K. 24 B b n 10 m i l e s E . of Wilgena. 
K. 26 Moori lyanna Soak 30 mi l e s W. of Grani te Downs. 1 
K. 27 Mus grave R a . , 5 m i l e s E . NE. of Ernabe l l a Miss ion . j 
K. 29 Peake and Denis on R a . , 8 mi l e s SEi of Edwards Creek R. S. , J 
V .3 G Encounter Bay Grani te Is land " ' 
V»4 B B P t ; Ell iot West ; 
Vi 5 B B Pt i Ell iot E a s t | 
T . B . 9 M u r r a y Br idge W. Bank of R . M u r r a y , south of town. 
C. W.2 16 mi l e s E . of Meningie along Coonalpyn road,i 

N. s ide . 
M. P . l Bald Hill Section 1732 e mi l e s E . NE. of Moonta. 
S t . l Stenhouse Bay Yorke Peninsu la 
N e p . l Neptune Island Offshore B o r e ( for je t ty pil ings) ji 
Pa l . 1 Mt, , Lofty Ra . Monar to Gran i te 
L Q . S . 1 I ron Queen South E y r e Pen insu la 5 

ij 

f > 

l< 
J 
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