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The application nf vegetation to mineral exploration wus !nvcstigatcd 

in the semi-desert mulga zo�� of West��n hu�t��li�. Acacia aneura 

(mulga) dominated the vegetation and vr.J.s employed in several biogeochemical 

surveys to locate subsurfac0 copper and nickel mineralisation aftc1 

successful orientation surveys over outcropping areas. 

Copper concentrations in �· aneura leaf were adequate for locating 

cupriferous zones in the Murchison Region. In the K'_:rrajong Region, 

A. aneura was empJoyed to locate nickel sulphide mineralisation in a terrain 

of serpentinised and lateritised ultrabasics, characterised by hiGh and 

variable nickel levels. It was possible to distinguish sulphide ,nineral

isation from lateritic areas by consi9eration of coincident nickel and 

manganese biogeochemical anomalies. 

A nickel-accumulating varie-::y of the shrub, _!:!xb.:mthus flo:'ibundus, 

Has discovered in the Kurrajong Region. Other !iJbanthus vr.rieties Here 

also found to accumulate nicke.l., in more southern parts of HesJ.:ern 

Australia . Plant chemistry studies indicated thc:.t nickel vras concent:..'2ted 

in the leaf epidermis as a small, vTate:-:-solubltJ positively-charged co:-:.�1 "'v 

The value of these nickel-accumulating shrubs in locating nickeliferous 

areas Has demonstrated. Prelimina:..'y attempts to detect this shrub, fror:1 

the_ air, using colour infrc::-:ed photography were unsuccessful, -3.1 though 

the potential of colour fiJJ,, to tak _! aJvantc.ge u.i: ·i:he ano;nalous yellow 

colour during the summer se2son \Tas rE:al:':sed. 

Three tree species. Acacia cool�ardiensis, A. resinoT.a��inea, and 

A. burkittii, exhibited pronounced geobotanical rel2tionships. The first 

tVTo species were restricted to metabasalt and metagabbro ridges, '�ilst 

�- burkittii characterised calcareous serpentinised pyroxenites. It 

wus found that a usable colour infrared image could not .):-,; ()lJ:-:iin' 

vertical .aerial photography because of the infundi::,ular grm;th-fo:::-m 

exhibited by this xerophytic vegetation. Howeve:� the application of 

this film to photogeology vBs confirmed. 

The possibility of using selenium as a path finder for sulphide 

mineralisation 'tlas investigated. A suitubly -rapid instrumental method 

for the determination of selenium and tellurium was developed and a selenium 

accumulating tre"', Ac��ia oswaldii� . was subsequently discovered. A 

knovm toxic shrub, SVTainsona canescens, nl�o ,=�ccnmulated selenium, and 

the potential of this �ulcni�crc�sflora in locating sulphides has yet 

to l>c demonstrated. 

It v1as concluded that the research embodied in this thesis has 

indicated the application of botanical methods to miner .1 exploration in 

the F.r.cmcnn Pr'ovince of West ern Australia, and has outlined pro1,1ising 

:1 vr·nllf!!; for. further inve::;t il!ations. 
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SECTION I 

INTRODUCTION 



1. 'rHE OBJECTIVES ,�ND .SCOPE Of THIS GTUDY. 

2 

Australia and in particular, Vestern Australia is witness

ing a massive exploration effort by numerous mining companies 

both large and small. This �ctivity was catalysed by the 

spectacular discovery of the Karnbalda nickel ore-bodies in 

1966 by �estern Mining Corporation. 

During the next fiv.c to six years many mineralised out

crops or GOSsans in association with ultrabasic rocks were 

discovered or rediscovered and led to the establishment of 

several nickel � copper mines. More recently the mineral 

search has been diversified to seek copper and zinc in acid

volcanic and metasedimentary terrains and various other metals 

in the vast tracts of grnnitoid rocks which constitute most of 

the Western AustraliHn Archacan. 

Throughout this period of intense activity, the success

ful exploration techniques included geological and aeromagnetic 

rcconnaiss�nce, detailed geological mapping (with a prime 

object of locating gossans ) and follow-up soil geochemistry and 

magnctomcter surveys. The final phase was the evaluation of 

mineralised zones by deep drilling programmes. During this 

period several companies carried out orientation biogeochemical 

surveys over mineralised areas but were discouraged, by 

analytical difficulties which led to high costs and, more 

important, by erratic results. Therefore, vegetation methods 

of prospecting have not played a prominent role in this mineral 

search to tre present day. 

It was in this atmosphere that the present study was 

planned and initiated under the auspices of Western Mining 

Corporation. This company had previously supported geobotanical 

studies (Elkington, 1969) in the Eucalpyt woodland, south of 

Kalgoorlic. 

The fundamental aim of this work was to eveluate the 

potential role that veeetntion might play in the search for 



3 

economic minerals in Western Austr�lin. Study regions were 

largely restricted to the �vlgA shrub zone, north of Kalgoorli 

and initi�l investigations were concerned only with seeking 

nickel and copper mineralisation esscntidlly in outcropping 

areas. The scope of the thesis was rapidly broadened to 

include the search for buried, non-outcropping mineralisation 

etnbracing nickel, copper, zinc, arsenic, selenium, tellurium 

nnd uranium. 



2. DEFilHTION OF BICGEOCHE!:r.<;THY iiND Ci;!;ODO'l'M�Y. 

4 

The terms bioeeochemistry and ceobotany, in connection with 

mineral exploration, ar8 well established in ccochemical 

literature. Hov:ever it is perhaps only u coinc idencc tlw t in 

some countries one term is used to the virtual exclusion of the 

other. Biogeochemistry in mineral exploration was introduced 

int� the literature at about the same tirne in Russia (Tkalich, 

1938), and in Canada (Warren, 1944). This term is usu�lly taken 

to r;,cr;n that br:.tnch of r eochemi�1try whi ch invol vcs the chemic<1l 

;,nn:lyr;ic. of V(�gctrttion in order to infer 13ome prope:rty of the 
underlyinr, substr�te. 

Geobotany, on the other hand, is narrowly dcrined as the 

study of the spatial relationship between vegetution and 

geolor,y (Brooks, 1972). 

However it has been the pr�ctise of the United States 

Geolocicnl Survey to combine geobotsnic�l and biogoochernicnl 

prospcctin� methods under botanical methods of prospecting 

(Cannon, 1957; Froelich �nd Kl&inhampl, 1960; Kleinhnmpl and 

I<:.oteff, 1960). 

�pparently the logic behind this semantic approach is based 

on the previously-established �eochcmicul tenainology whereby 

a ceochemicJl soil anomuly would include both anomalous chemical 

(metal content) and physical properties, similarly a botanical 

anomaly would include biocebchemical and gcobotanical anom�lics. 

Geobotony was first used in hustralia in 1895, when a 
"copper plant" was discovered in �ueensland (.Skertchly, 1897) 

end, in �ustralia at least, appt!�rs to offer ercater npplicLtion 

th�n bioBcochcmistry ( Warren, 1948). This statement h�s been 

cubsb.ntiated in recent yeo..rs (Cole, 1964; Nicolls et t1.l, 1965; 

Colc et o.l, 1968) and accordingly, these authors use "ecobotanic:.�.l 

investigations" in a brand sense, to include both Geobotany �md 

bioGeochemistry uo defined above. AppArently, Miyuke (1965) 

also employs this terminology. 

It h�s o..lso been the author's experience that informed 



(eX jJl 0 X'tl t i 0�1 (�0.-, :. 0 c:i. G t G ,',�id [;CO C j. Q;7) �- ·3 t S in ,:, \.10 t r:; 1 i<.l S im il:u·:<." 

lJ;:;-::· tLc terr1 ::,cJbot . ..J·:<r:: to in�ltH�u ;:.:.11 <.LS�·.;ct.:; c ·., veGet�.t:·.,,:· 

prosp�ctirq._, C.u:.>t. 1.:-;r:·�. ;-\in. ; .. , t�,�-' ';972). 

�:O\·;�ve:r, it !1c:..s bec.1 tL:cirJe::C:.:: for the purposes of this 

t:1cGis o:1l:;•: to <•doiJ'; 'c:1e Yl0:n()n�..�Lttur0 ('>}' i·Ic::.at Cnunon <'.nd bcr . 

co-workt:•r::;. 

:.ccorc�ir..t;ly thi.s thc"':.s. ·:·11:'.c�1 i;,; c-::o.c"r':".�.c'. ·;;_J�r· .·-.1 

'J o t;:Ll1 i cal met ho J s r/.! m i:-: e rJ.l c:xplor .:2 t io u : � ;:.; t �-tl (· c: : ;:3f: '; ar1 i-: ,.._�. 
�·leth0ds fer t':i:lor.:,l Bxplornti0n in l.',1eGb;)rn ,.,ust:::-<•lia11• 
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Fig . I-1. Location of the study region in t he south western 

part o f  Western Australia. The roads are shown which. 

were u sed to gain access to the various f ield areas 

and for reconna issance surveys . 
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The study rqdon ( Fig I -1) is locct ter1 within the 

Eremu�n �0�0nic0l Prov�nce ( Fig. I -2) which hus a typical � · 

de.scrt clir:nte with very hot sumL1t::rs, cool wint�::·rs ancl .�l lic;\i tcd 
r[" infc,ll. 

July i.s usu�lly the cc:dest month with �n average 

r:'la.Xi.:n.lr.J dv.ily temper<... �urc of <..:.bout G5°F. By la tc Sprine, 

(rovc�b0r) warm days nre experie nce d with ave ra ee tem��r�turcs 

of 85° to 90°F. January is the hottest month with averngc 

tcmperltures of 100°F or �ore. The diurnal variation c�n bo 
0 

:.1s high as 30 F. 

The wind system soerns to be quite variable, but 

the \·:riter hns im indelible impr�ssion of penetr:�tingly cold 

r.inds in the \i·intcr t::cnths. h.nnu..-:1 r�J.inL,ll is low, avcrag-

ine; <>bout 8 inc hes in the hulgc. zone, 10 to 15 inche:s in the 

Euc.·,lypt zone and incrcasinc tow:trds the south coast. This 
r;:-.. in is brouc;ht in by SpOri�dic nl.:tritir,Je c!.ir iilD..SGCS WhiCll c..tre: � . .  

[.<O-ncr·lJ.y dcri ved fron tropicr�l cyclones from the north in 
sur:JI:ic.r, .md from th<: extensions of southerly stonis in riinL�r. 

'l'h<:: ;:-.nnu:.,l E:Vaporation is enormous -'1nd [_:(:ner;;,lly is 
J bout ten tiuus rrcstcr th�n the precipitation. 

Fig. I -3 shows clim"1tc d�tta for Leonar:.t, ··ihich is 

ne�r the ccntru of the Mulgu Zone. Tcmpcr�tur� anJ ruinfnll 

clnt .. b:1Gcd on rnorc thnn 16 yc:trr, VJC:rc used to compile the 
"· . .. vcr<..q_:;c" d··1t:• which dre: then cor11pnrc·d with sit.1ilcr· data obtnin

ccJ c.lurinc: the period of thin st1H.ly froru J.:.tnur�ry 11)70 to Octob,.r 

1')?1. 
'rhc annual tcl7lpor::,turu graphs show tlvtt tltc sunu;Jcrn 

of 1970 n.nd 1971 v1cre ho �tur or longer th<tn usuul whilst the 
r.�inf::ll rucords indic�,te that l<::s.s than 50� of the avcr<.;.g�._. 

(�.32 inchea) rainfull wbs experienced durinc this study period. 

fkinf:.tll rc.:corcl.s wc:r<! ..-�lso kq1t at Ht. Clifford, which is 42 
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Fig . I-2 . The three provinces of vegetat ion and c l imate of 

Western Australia . The Eremean Province is delineated 

by t he rainfall for the four consecut ive wettest months be ing 

less t han 7 · in . In  the nort hern part ( indicated by broken 

lines ) , t he four wettest months are January-April . In  the 

southern part the four wettest months are May-August . The 

middle reg ion ( unhatched ) has its maximum precipitat ion 

between March and June , the two wettest months being March 

and June . ( After Gardner 194 2 ) . 
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miles north of Leonor�, �nd showed that this station r0ccived 

considcrnbly more r,cin th,::n Leonor.1. The actlw.l fic;ur�:;s for 

i·;t. Clifford/Leonor<:. ( in po ints ) were 1970 - 478/363 and 1971 
These dnt� rivc some indic o tion of th�:; extreme 

v::tri ,bili ty of the r;linfctlJ �tnd emphasises tht; .scr:Ji-dcsc,rt . 

char�cb::ristics of this ree;ion. It is c.n unfortunate fnct 

that this study was cnrried out �t the beGinninG of a drou�ht 

period which to this dAy h�G shown no sign of termin�tion. 

This brief :tccotmt w:,s b<;i.Sed on dnt:.< supplit:d by 

the ComrnonDealth of hustrali� Bureau of MLteorology and was 
supplemented by compuny records. 
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Fig. I-3. Climate data for Leonora . The f ield studies were carried out 

during a drought period as illustrated by t.he ra infall graphs. 
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(b) Geology. 

The study region is situ<.�t<::d pr;_tctic<�lly entir<.:ly 

�ithin the hrch�ean Yil�arn Block which constitutes most of the 

south-�cstcrn corn�r of �cst<.:r� Australia. '.i'his block con-

t··,ins ;:1pproximatcly 240,000 squ .. Hc r::ilcs of J.\rchn.L:�m, the 

[;r'3.:..t.cr p:.trt of which i::> r,rr:nite 8.nd t;ranitc pwiss enclosing 

north-northwest trundinG belts of mcta-volc�nics �nd meta-

Gcdimcnt6. 'rhuse 'trl).J.G have become known lcc�tlly .:Ls the 

'r_;rc ens tone belts' • See: Fig. I -4. 
The 'grecnstone belts' have been studied for more 

thr:�n half :1 century and it is nnly in the last decade that the 

n_tturc :,nd orip;in of these rocks has been understood ·.<n('t 

·ln�logi�s drown with so�o recent isl�nd art environments 

(�'iillinms, 1960; \'Jindley and Rridgl'lrLtt.r, 1971). Previous 

workers (Prider, 1961) hav<.: compared the nrchaean of Canada 

: .. nd ::iouthcrn Rhodesic. with ��estern hustralin and noted the 

ubiquitous �ssoci�tion of basic, often pillowod lavas �nd 
strpuntinised p�ridotites. 

The grecnstone assernhlnges urE metamorphiscd usuclly 

to a Greenschist f�cius, �lthourh higher metamorphic grades are 

obse:rvcd in thin be-lts or ton ... rds the oarr;im> of larr-;or belts 

(Prid cr, 1961; Sofoulis _nd Mnbbutt, 1958). 
Detailed studies h�ve recently been carried out on 

the Yilmia c;re:enstone:s (I•:cCnll and Doepel, 1969), v1hich arc 

loc<.teu between Spar�cvillt: and K._,rnbalda (Fie. I -1) .  

These �uthors outlined the follo�inc model to explain 

the �scoci�tion of l2ycrcd ultr�mafic or ultrub�sic sills �ith 

pillov1cd mete volc:·.nics. Subm:trinc le va flows in a eugeosyn-

clin•Ll environment formed thick lenses �nd capped their conduits. 

L:t tor nne;r1r.t puls u s rusul tcd in la torc_tl intrusions : .. long suit. ·ble 

horizont.1l parinr;.s to forrn pencccntcrnpor: .. �ncouG sills. Thu�-c 
sills often diGplay Ltyc..r.;d intern;.tl structure .:tnd in this ca::.;c 

rcr>c:mblccl the Stillwc.:.ter lntr1wion1 Montana. 

The association of h�sic volcnnics, differentintcu 
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Fig . I-4 . Geological map of West Australian Archaean . The 

'greenstone belts' are shown blacked- in .  
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<': ru p t i on •.'li th q u j  r. s c o t� t  s c; c1 ir.J e n t :  .. t i o n . Hn d i orn c t r i c;  du t i n c  

( ·.·: i l s o n , e t  :_tl , 1 96 0 ; T u r e �� , 19( 6 )  in d i c .s.. t r: :::: ,.� p� (, -tn o t :.mi o rph i c  
c 

1 f  c o f  .::t'o n u t 2 . C x 10 1 :· c o.rs f o r  t h c .s c  r o c ks . 

The r c c o rn i t i on o f  l 8 y e r t d s t ru c t u r e  � i th i n � n ny 

rtt t r i b u t c d  to I'J e s t c: rr. l : in i n r  Co rp . f. <O· o l o g i D t s ( �-iood<.:: l l , 1 9(:. � )  
b y  M c Cul l and Do e p c l  ( 19 G 9 ) . 

7h e gr3 n i t o i J  ro c�s , h y  c o�p�r i so n , h&ve t o  � a t e  
r e c e i v e d  s c an t at t e n t i o n . Th e y  ;-�.r e  u s u<:�l ly po rphy r i  t i c  m i c ro -

c l inc r,r:'l.n i t �:; s  b u t  b u c or n e  f o l i o. t c: d  ':t d j �t c c n t  t o  tbc ' E,;re G n s t o nc ' 

b e l t s . Ir;, the n o r t h ern pc.rts o f  the s t udy r e g i on , th e Ti e d  

Ba r (: : m c'l  C o rk Tre e arc� ;· lS  Ltr c· �.:; i tu ; ,  t c d  i n  the IJullnc; i n i c m  S y s t e m 

o f  L o w c· r  P ro t e ro zo i c  ,:I {; C . Th i c:  c y s t c m  c or.; p r i s u ;  s e d i rr. c n t s  �.w d 
v o l c .:m i c s  w h i c >-1 ) : n v o  , .ge 1 i m i t s  o f  c .  1 . 8 and c .  2. 3 x 1 09 y c n rs 

t t l t e: t o p  �� nd b P,s r: r u::;p c <i t i v c l J· ( Dunn e t  ,,1 , 1 966 ) . 
O v e r  r:, u c �t o f  th e .:. r e : ·. ,  th e ro c k s  b c <) r  r r,rm.t< n t. c;  o f  

f c r r u r i n o u s  � n d  G i l i c c:ous cn pp i n gs i nh c r i t d d  f r o �  a T e r t i ary 

( P l i c• c c: n e )  phnse o f  dc:ep \'W<:1 t h e r in f.  ( P rcsco t t  :.trld P cndl e: t o n , 

1 9 �, 2 ) . U n d e r l y i n G  o r  uxpo s � d  b e dro c k  may exh i b i t  e x t e n s i v e  

knol i n i s.:. t i o n  r..tn d  c '"" r b o n ,:: t i on .  
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d c t · : i l u d .s t u d y  - �J. r c .:� G a r' c o n f '. n e d  t o  t h e  :::. r uJ s ; ,o r t h  o f" L <:: o n o r :  . •  

i · io s t  o f  t h o  < lrC tl J . i u; 0 11 the i n t e r i o r  p:. , , t •: ·i U  o f  
� .; .. �· c t c rn )l u ,s t r r· l i r:.. ;n o r £  t h  ... � rl 1 , 00() f u c t  ab o v e  s e  :. -l e v e l . 

S -:; c: F i t > I -5 • 

Th e �ln t uau i s  n b r o D d l y  undul � t i n r  � u r f � c c f o r� � d  

b :;  p l .:m�·. t 1 o n o f  t h e  J, r c h a e a n  gr: ·ni t c s  nnd l C' c �.-, � r t: l i e f  i s  p ro 

v i d e d by the l o w  h i l l s  o f  t h e  ' r r � u n s t o n e ' b e l t s , &n� b y  u p l � n cl s  

o f  y o u n r c r  ( N u l l u [ i n i� n )  s c d im � n t s . I t  V!< c 6 f o rm � r l y  d e ep l y  

� c n t lt � r o d , b u t t h e  wo�th c r i n g  c r u e t  hu s b e E n  ex t e n s i ve l y  G t r i p p 8 d , 
l e: :tv i !1 �': ;_; ;younv::: r surL1 c e:  on r e l a t i vel y f r e: r.;h r o c k . Th e s e:  t w o  

C; l c;, t m t s  !1 a v <o- b c c ri t u rrn e d  t h e  o l d  -�� n d  n e \'.' p l .:t t c-; : :u ( Ju t s o n , 19 :;1 1 ) 
n n d  h � v e  b e e n  o b s c r v 8 rl  t o  f o rm G c u rp s  m o r e  th�n c i r h t y  f 0 c t  h i gh . 

T h e  l o w e r  p a r t s  o f  t h e  area c o n s i s t  o ¥  � l l u v j � l  � l � i n s � , n d  b ro � d  

v� l J. e y s wh i c h  b e c om e  s n l i n e i n  t h e i r  l o w � r  p ar t s  � n d  w h i c h  

c owrto nl y 1 <: :-,. d  t c· s � l  t l c:,k<.: G  ( h · ·.bbu t t , 1 95 8 ) . 
T� e lund s u r f � c G  c om p r i s i n r  t h e  O l d  P l � t e a u  s u r f a c e 

h 0 d  b � c 1; l ;: ,t e: r i t i s c d , und.:; r "', un i d  P l i o c e n e  c o nd i t i o n s  .... n d  

1 1 e n t h c r i n c  t o  d e p t h s i n  � x c e s s o f  1 00 f e e t  W 0 S  r e n e ra l . Th i s  

1 1 1 :-. t e r i t i c d u r i c ru G t 1 1  '-'i .:t.S r c c o c n i s c: d  by �io o l n o u r h t  ( 1 92 7 )  as 
b e i n c  of c o n t i n e n t .� ]  e x t e l'l t  <: n cJ  �L G h ;;w i n r.;  d e ve l o p e d  on "- p1 a in 

wh i c h  vms l n b:; r  
e r n  A u s t r� � l i a . 

u pl i f t e d t o  /f o rtn t h e  i n t e r i o r  p l a t e<�V o f  ';': 0 s t 

R e c t: n t  G t Jui u s  hc.w c  i n d i c a t c: d  t h n t  1 -) t e r i t e  

n n d  8 i l c r 0 t c e xh i b i t  c o� � J . c m c n t n ry r c r i o n n l d i s t r i b u t i o n s  �n J 

v i � n � 0 d  th� t o i l i c � o u s  '1 3 t e r s  m i r ra t e d  f r o m  l A t c r i t i c  � r 0 o o  t o  

p r (J c  i p i t n  t c  s i l i c u. i n  d r i e r  :J r < � n. s  o f  su f f i c  i c n t  ovc:·.po r':� t i  V(.; 
C · l � , ·� • c i t y ( S t.. .. ph c:ns , 1 97 1 ) .  

'l'l t e  d r n i n r:gL: p n. t t 0 r n  w: ;. f; r, <.: o l o g i c . �l l y c o n t ro l l e d  b y  

r-1 n  C < \ r; t - ·u c s t  nnd <w u th - o EJ G t  c t ru c t u rn l c;r r- i n . 

The south-cn.G t c rl y  cl r. t i :nr..sc· w ::� s  d i r u c t e d  to\•, nru s n 
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Fig . I - 5 . Topographic map of Western Australia , showing 

drainage a nd dry lakes. The study region is situated 

on the interior plateau , more than 
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n � r i n lJ cu l f  o n  t h e  G o u t h  c o n.s t , and t i1 v  l i  t tc. r:•l l i ::1 o c t o n E.:  

n c ; , r  f·i o r G (: r;m n ( C l::�. .rL E. , E e: i c hc.: r t  o nd � . c  . h n e , A ;4 .S )  tn t\ y r:: n rl;: .:1 

f o rn e r  sh o r u l i n c  � n d  � o ul d i n d i c � t e  t h � t t h �  o l d  p l a t u � ; u  

:·cl r G :_\ d y e:x i s t e d  (1 u r i n r.  t h e  Eo c c n c b u t  t h;:.� t i t  :::; t o o d  � \ h o u t  

1 , OGO f t . l O I'J C: r  r '". L , t i v .::: t o  s e !'l - l G v e l . 

S u b s 0 q u u n t  rl. i s s r; c t i o n  o f  t h e  o l d  p l ct tr ..: . . • u  IHJ. S p r ob .·;: b l y  

c u u s o d  b y  th e upl i f t  o f  t h �  n r e a  t o  i t s  p r e s e n t  al t i t u d e , 

p � o s i b l y  i n  t h e  l o t c  T e r t i � ry ( J u t so n ,  1934 ) .  
' b . ck a l o n e  t h e,  r:L'. j rJ r  v . •  l 1e Y S: :  r.; rod i n c  t h e  v; e :::. t h c r i n c  rilcn t l c  o n d 

f o r � i n f  th e n e �  p l G t o � u . Th e l � n d  f o rm s  produc e: d  b y  t h e  

.:-. tl v,ulc i n f; y o u n g e r  c y c l e. v: . r i c d  <�. c c o rd i n g  t o  th e g c o l o ry a n d  t h e  

i n i  t i :J. l f o rm o f  t h e  o l d  p l c. t e n u . On gn e i c s  and g r u n i t e  p l 2 i n s , 

b ro rtd f r o n t ,:. l 2 t t c::. c l :  on the p r.r t i al l y  .s i l i c i f i c d  ' w e a. t h e: r i n c  

c r u c. t , r c s u l  t e d  i n  1 t yp e  1 b r c ;.d-:a�·;-:y c o un t ry , n n d  h a s  g i  v c n  r i s e  

t o  "Th .: •r e r r a c e: s ' '  a n d  E> i nl i l n r  P 'l.i.l t.: S . o n  n ..: g i o n al ;:: n p s  o f  t h e  

o s t c rn A u s t r� l i �  h i n t c rl � n d . 

Dur i n G  the p e r i o d  i n  wh i c h  t h e  new p L c t e au vJ : l s b e i n g  
f o rm e d , th f.: c l i m :; t e [£ r , t du r� l l y  ch :· .nr;c d  f r or:1 hur.1 i d  t o  S G r.J i - .tr i d , 

thu s  r c cul t i n g  in ux t c n s i * c  � l l u v i � t i o n  i n  t h e  l o w e r  p . : r t s  o f  

Ev c n t u �l l y , t h e  t ru n k  v� l l e ys w e r e  c h ok e d  w i th 

,._ l l  u v iur; : m u  r c s u l t o d  i n  t h e  f o r r.: ;.t t i o n  of  " r i  v e r - l nk e s " .  

So� e o f  t h e s e  d r y  1 8 k o s  n r e  s h o w n  i n  F i g . I -5 . V.' i th i n c r e a s -

i n g  d e s s i c n t i o n  � n d  l o w e r i n g  o f  t h e  w a t e r - t �b l c , t h e  u p p e r  

1 .-, y c r s  o f  t �1 0  a l luv i r •. l f i l l s  v; e:. r e  c :t l c r c  t <= cl .  

l·) u c h  o f  t h e  :-;. l l u v i u r,; i n  t h 8  r t.: r; i o n  h �cs b o t: n  c G r;·, c: n t c d  

t o  f o rm � s i l i c o o u e  ha rd p�n . 

Th e c l ir·: · �  tc t: V (:: n t u �� 1 l y  b c c :: m c  m o r e  ::t r i d  th . . n n t 

p r c .s e n t  ; , n d  w i d c s p r c  .• cl v.: i n d - s o r t i nc o f  su r f < _ C ()  cl e p o s i  ts t o o k  

� a n c1 r;. o v � r:K n t v, .: s [. "' n c r , � l l y  t o cutrds t h 0  s o u t h c .:.-.. s t  ;:'..nd 

r e: s u l  t c; d  i n  sand p l c d li s  o n  t h e  n c v: p l ;: �  t c < •.u s u r L, c c .  

:., s ub s u q u c n t  i n c r c c, s c  in ra i n f : , l l  l e d  t o  th e s t :.\b i l i z at i o n  o f  

r; · ,nd b y  v c c c t : < t i o n  m d  h :.t s c . : u s e d  renevrc:: d e ro :::; i o n  i n  t h e  h i ch c r  

�h e e r o s i o n  � c h i e v u d  i n  t h i s  l u t c s t  

ph�c c h n s  b e e n  v e ry s� � l l  f o r  s a n d  p l a i n s  c or.1 m o n l y  e x t e n d  t o  

c l o c u  t o  t h e  f o o t  o f  t h e  b rc �� uw�ys , s u pRr� t i n G  the t w o  c y c l i c  
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su r f: ·. c e s . 

Th e ce oi:! o rph i c  rro c (; G G c s now z.. t work i n  t h i s  r e t; i o n  

r C' f 1 t: c t  t l1. e  .s ei 1 i -ar i (1 c l im <.� t (.; ,  t ll u  l C i:; r u l i v f , ::m d  t h t; l o t ;  

c n C:! r [;y o f  :.� n  0 ph cm o r<:l l , El < • in l y  i n t e r i o r d r;:, i n�gt: . 

H i l l s  (tn cl upL . nd c or:i pr i c; c. 20)(; o f  the r ._! t; i o n  and f o rm 

l o  c =_ ,l  ·ii:J.. t e rsh u d s . Run - o f f  i s  f - i r l y  h i sh a nd h i l l  s l o p e s  
0 �; t e c: p e: r  th:_,n 5 .:'.re m�'. inly ro c ky : t n d  c:xh i b i  t p o c k e t s  o f  sk e l (;Ltl , 

r c. s i u u:-:.1 s o i l . 

'l'h -.;  s l o p e: s  c ommonJ. y b c : , r  rcrr:n:<n t s  o f  t h t' f o rm e r  

r; s- .: .. t!t 0 r i n c  rn ::m t l c: - � n d  t he r eb y  i n d i c � t c  < >  . .sl01 1  rn t r� o f  \:.' ro s i o n . 

The dr: , i nn g ,� ch:�n n e: l s  o f  the h i gl1 e r  gro unu g i ve p l ac e 

d o w n - v .:t l l e y  t o d r  :t i l1.J. [;E:: f l o o r s  wh i c h Ee r e  sub j e c t  t o  sh e e- t  f l o v1 .  

S u c h  sl o p e s , w i t h ertl d i cn t s  b e tw e en 1 i n  1 00 �nd 1 · i n 500 , 

c or.II :JOnly h n v c  .::1 c o n t o u r pat t e rn o f  v e e;e t - < t i on gro v e s . Th e s e  
gro v e s  h o v e  r e su l t e d from � n  adn p t n t i o n o f  vege t - A t i o n  c o v e r  t o  

s u r e �  p� t t e rns o f  sh e e t - f l o w  o n  sm o o th , centl lJ sl op� s ,  u n rl  t h e  

.:t s s o c i :  ... t (: d  t r: 1 p p i n g  o f  -: t l l u v i ur:l c i v e s  r i s e  t o  a v e ry sl i c;h t 

c o nvex s l o p e s  s t:par:.t t G d  by lon s c  r ,  c o nc av e  int e rc:r o v c s . 

Th e ex t en s i v e  s t o n e  m n n t l e s  on t h e  h i fh c r  p � r t c  o f  
thu-; c s l o p r.:: s r e su l t c:: d f rom sh c c t - flo •v t rnnsport and s l ir;ht 

c o n c o n t r :. t i o n  b y  d c f l : . t i o n . 

A t  l o � u r  l e vels in t h e  l � n d s c 0p � , w j. th Brn d i e n t  b e l o w  

1 i n  1 1 000 , t h e  ."'!. l luv ium i s  c om m o n l y  setlinc ; .m d  t:O .. ..  : f i r -� - "- r ·�· t 

t u r �.:: d d<:po s i  t s  .::J.r �.;  l i:...bl (:: t o  .s e ve re s u r f; � c e  d e gr;� dF.\ t i on . 

s ub j u c t  t o  f l o o d ing � f t c r  h eavy r n i n s . 

Th e Gnnd p l a i n  i s  th �.; m o s t  s t ablu1 env i ronm c n t  b u i n g  

r v s t r i c t r� d  m�J. i n l y  t o  t h e  c e nt r; . .  l ens t e r n  arL. l s  o f  t h e  s t u dy 

r 0 � ion . Su f f i c i e nt vege t a t i o n  r e s t r i c t s  w i n d  movement o f  sand 

: t n d  run-o f f  i.s kept to m in imum by the pormoab l e  s o i l s .  
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'l'he  f l a r e.\ o f  Au s t r:.1l i : '.. i s  rem ::: rkc:•.b l c  f o r  i t s  h i c;h 

d c � r c 0  o f  e n d em i sm o f  gen 0 ra n n d  o p c c i e s . Th i G  i s  n r c 3 ul t  

o f  � us t rn l i n  b o i n �  t h e  m o s t  i so l � t u d  c o n t i n en t .  I t  i s  c l e�.t r 

tlv. t th i :::; i s o l:·t t i o n  \'m s p ro v i d e d  by c on t i n ..::.- n t · t l  dr i f t  v;h i c h  

comm enc e d  n t  t h e end o f  t h e  P l � o z o i c  c ro . E o w c v e r  t h s r c  h � 0  
s t ro n t; f l o r:tl l i nk: o  '' i th o th c· r  Gon dn:: nc. c ount r i e s  i n c l u d i n g,  

S o u t h  , , �r, c) r i c r. , I n <i i : t  :HHl .S o u t h  i\ f r i c �-.. . 

S e v e r n l  gro u p s  o f  p L: n t .s  \'l o r e  p robab l y  o f  r ul e:. o 

t r o p i c  o r i p: i n  b u t  t h e y  h c v c  b c c o r i (; s o  r :w d i f it.: d th�� t t h e y  ::J. r L-

no l on g e r  r e c o gn i s�bl e  n s  t yp i c �l e x • m p l e s . A n  i l l u s t r a t i o n  

i s  p ro v i d e d  by t h e  g e n u s  A c �c i � , v h i c h  c om pr i n o s · o v e r 500 
s p e c i e s , o f  w h i c h  400 a r c  i n d i r L-n o u s  to Au s t r� l i o .  

The m o s t  p r im i t i v e  f orm o f  , , c a c i <>. i s  t h �t t  v1h i c h  

p o s s e s s e s  c om p o u n d  l ec:: v e s  ; , n d  !::. • f ;l_!2l_e s i ::n, ·. i s  r c gP. r d o d  ;J s t h e  

r� rch c t y p u  ,_ , n d  inhnb i t s  /t o  e r i c a , Af r i c ;:t , I n d i ['.  :-: n d  n o r t h e rn 

J:..u s t rrtl i c.. .  � ·  f n r n a s i �n n , � l o n e  o f  the B ip in nn t n e  c o nn e c t s  

t h e  t ro p i c al spec i e s  o f  t h i s  r, c r,us vd t h  t h e  t em p c rc.. t o  B i p i n 

ro t � e  i n  s o u t h -w e s t e rn A u s t r�l i R .  

From t h i s  o r i g i nRl s to c k , � t yp e  o f  A c v c i �  h o s  

o r i [ in � t c d  �h i c h  i s  c har� c t e r i s c d  b y  t h e  produ c t i o n  o f  phyl 

l o d� s , t h e  l e � f  b e in g  r e p re s e n t e d  b y  the s i�pl a f l 8 t t e n e d  

l e � f - l i k G  a x i s  o f  t h e  c ompound l ea f . I t ' s  o n t o seny m ay b �o: 

o b � o rv u d  in any sp e c i e s  o f  t h e  Phyl l o d i n e A e  wh i c h  numb e r  o v e r  
' 

300 s p e c i e G  in 1. 1 e s t o rn A u s t r�� l i n . Th f� i r  h i g h l y  d e v t) l o p e cl 

f l o r;tl e c onomy lw s ennb l c.<] th c111 t o  \i i t h s t  mcl e x t re m e  c'.r i d i  t y  o f  

th e; e n v i ro nr.1 c n t . 

A g e n � r�l � c c o u n t  f ollows o f  t h e  v o g c t � t i o n  t y p e s  

\'lh i c h  o c c u r  i n  t h u  Lrcm u,n P r o v inc e ( c r r.::rr, i l:.os ( G r ) - D e s e r t ) . 

The s t u d y  r 0 g i o n  l i e n  0 n t i r 0 l y  w i t h i n  t h i s  P r o v i n c e  ex c e p t  f o r  

S c .tdd e:n , R.".v c n s t h o rp t:. <:.nd ! Io p u t own i n  t h e  sou th w h e r e  o n l y  

b r i �J f  r e c o nrwi Df.. il : n c c  e;c:ob o t r.ny w . . •  s c a r r i e d  o u t . Th i s  e�c c o u n t  

i G  b: · r; c d  l n rg 0 l y  o n  G " rdn C: r  ( 1 9 14 2 )  : � n d  i s  o n l y  .supr l em c n t u d  

v1h c ro n e c c s .s n ry . 'l'h e  Erern o : m  P ro v i nc e ( F i g . I - 2  c o v e r s  t h e  



1 4  

v:.< s t  n. r i d i n t e r i o r  o f  FJca t e rn A u [� t r:_:�. l i u and i s  clwra c t e r i .s o d  

b y  u n  unnuul r J i n f a l l  o f  l e s s  t h � n  1 75 m m  w h i c �  fa l l s m a i n l y  

b e t w e e n  JJnunry - Ap r i l  i n  t h e  n o r t h , �nd M a r c h  - J u n e  i ll t h e  

s o u t h . 

Th i s  p ro v i n c e ( G ;_;_rdner , 1 94 2 )  i s  t h e  m o s t  i r.rr o v c r 

ish e d, f l o r i s t i c ul l y , o f  t h e  t h r e e  p r o v i n c e s i n  � e s t c r n  �us t 

r<, l i a ( F ir; . I -6 ) . I t  i s  a y o u n g  f l o r a  w i t h i t s  e l em e n t s  

� e r i v c d  f r om t h e  n c i chh o u r i n g  p ro v i n c e s , i n  w h i c h t h e  o u t s t and 

i n g  c h � ra c t e r i s t i c  i s  a m a rk e d e v o l u t i o n a r y  e ph a rm o n i c  c o n v e r -

ge n c e . 

Ti-IE FORLJ, T ICi� . 

( i ) S c l e rophyl l o u s  Woo d l a n d . 

In  t h e  v i c in i t y o f  t h e 2 2 5  mm i s o hy e t t h e  l oamy 

so i l s  s u p p o r t  a w o o d l a n d  c ompo s e d  e n t i r e l y of t r e e s  ab o u t 25 m 

� i t h e n  u n d e r g ro w t h  o f  1 � h i gh s h r u b s ,  o r  t h e r e  m � y  b e  u 

d e v e l o pm e n t o f  s h r ub b y  Euc � l yp t u s  s p e c i e s  k n o w n  a s  m a l l e e s . 

Th e s c l c r o ph y l l o u s wo o d l a n d  f o rm s  a r c  e v e rywh e r e  

l i r.; i t c d  b y  t h e: c duph i c  f a c t o r  - nO \'Jh c r e  d o  t h e y  o c c u r  o n  san d . 

Th e rcd-snnd  plains a r e  c h 0 r a c t e r i s e d  h y  Eu c alypt u s  s � l m o no -
phl o i 0. , E . - s ::t l u b r i s  �� n d  _f; .  lon....G__�.2_o rn i s . In t h e  l ak e  c o u n t r y  

f u r t h 8 r  t o  t h e  c a s t , b e t D c c n  W i rl c i cm o o l t h a  u n d  a l mo s t  t o  

B ·�_ l l n cl o n i r.1. 1 t h e  num l.J e r  o f  s _p c: c i lJ s i n c r e  .... s e s  :m d i n c l u ri c s  E .  
b ro c k \', ;lyi , l! •  l ept ophyl l a ,  !! ·  c ; ;. r , ip;__;_ .spc ,  !: •  f l o c l{ t o n i u e  n n d  

E . o l e o sa . Exc e l l en t ' rev i ew s  o f  t h e  Eu c al y p t u s  w o o d l an d c � r e  

r i v e n  by El k i n gt on ( 1 9( 9 )  :.! n d  G a rr-l n c r  ( 1 94 2 ) . 

( i i )  .') ; ._l r. o l a c c o u s  .Sh rub .S t ep2c . 

I n  t h e  s o u t h - e � s t , t h e r e  i s  ctn e x t e n s i v e a r e a  o f  

l i m e s t o n e  k n o �n ac t h e  Nul l a rb o r  P l a i n , wh i c h  s u pp o r t s  a 
v e c e t a t i o n a v e r a g i n g  50 - 1 00 c m  in he i gh t  a n d  c om po s e d  c h i e f l y  

o f  Ch c: no p o d i a c e a e . I 
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T h e  r:1 u l c:;•.i b u sh i .s  t h t: r.w.s t C! X t c n s i v <: v c r;c t . : t i o n  
f o rr:.ct t i on i n  /l u s t r�:..l :i. a . Th � c o n ct i t i o n s l im i t i nc i t s  d i s t r i b -
u t i o n  t o  t h e  s o u t h  a � e  no t known h u t  a r c  p rob ab l y  r � l a t c d  t o  

p l u v i a l - t h e rm a l  f a c t o rs . F o r  e x � ro p l c  t h e  m ean t emp e ra t u r e 
f o r  t h e  four w e t t e s t m o n t h s  i s  in ex c e s s  o f  64°F wh i l s t  f o r  

0 
t h e  s c l e ro ph y l l o us woodl ;·mrl t o  the G o u t h , i t  i s  l e s .s  than 6 L� • 

J u t s o n  ( 1 934 ) rio t � s  that t h i s  l i n e  approx i m a t e s  t h e  1 0  i n c h 

i s oh y ct . 

The l i n e  o f  d c m <1 r c a t i o n  i s  r em a rka b l y  w el l d c:: f i n e d  

i n  t h e  f i e l d . To t h e  n o r t h  o f  K u l c o o r l i e  i t i s  i n t e r s � c t e d  a t  

G o on r�arr i e , a f e w  m i l e s s o u t h  o f  r l c;nz i c s . Th e Eu c'c.t l yp t u s 

shrub s nncl t r e e s b e c om e  m o r e  an d m o r e  s c a r c e  a n d  t h e  [, c o.c i a  

.s p e c i e s b e c o m e  more d om i nant , th0 s p e c i e s  be ing �h ru� s 3 - 7 
m � t r e s  h i gh w i th r i c i d , cl a uc o u s phyl l o d e s  • 

. i n  e x.::..m pl e o f  t h e  nw r k e d  c p h a rm o n i c d e v e l o p m e n t  o f  
:SremE.:i:.tn s p e c i e s  i .s  suppl i e d b y  " ca c i ;. , . Th e c ommon j am t r e e  

o f  t h e  Euc al yp t woodland ( � .  a c um i n a t a ) h a s  l o n g  ( 7  - 2 5  c m ) 
f l a t  g r e e n ph y l l o d e s . On appro � c h i n£ t h e  m u l ga z o n e , t h e  
phy l l o d e s  b e c om e  narrow e r , unt il f i na l l y  i n  t h e  m u l ga b u s h  i t  
m e r g e s  � i th �·  bu rk i t t i i , n i th t e r e t e  o r onl y sl igh t l y f�at tcn-
c d  ph y l l o d o s , u n d  smal l e r  f l o w e r  s p i k G s . Th i s  g r:.., d ua l  t r a n s -

i t i o n  c : ..n b e  ob s c rv o d b e t w e e n  K · , l g-o o rl i c  n ncl L e ono r :J. a n d  
purul l e l  exnm p l c : s  c an b e  ob s e rv l d w i t h  Eu c a lypt u s  py r i f o rm i s 

.J.nd � ·  k in[mn il l i i  :-md w i th Erc:moph i 1 o.  t;:il c .s i i  and .!f ·  fo l i o 
s i s s imn . Th i s  ephnrm o n i c  d e v e l o pm e n t  i s  c arri e d  o u t t o  s u c h  an 

e x t e n t  i n  t h e  M u l gn c oun t ry tho t ul t ima t e l y  only two o r  t h r e e  
t y p v s  o f  Grow t h f o rm s  and f o l i <'� c;e re m a in . In g e n e ra l , t h e  
b roa d - l c�vcd p l a n t s  � r e  e i th e r c o v e r e d  w i th a c l o s e  i ndum c n t um 
o f  s t c: l l r"t t c  h o i rs o r  a r c  h e,l v il y c oa t e d  w i th r e s i n . Th e 

c;l;·,.h r o u s  l ea v e d  shrubc h.:\ve nar row e r e c t  o r  p c n d u l o l J S  l e et v e s 
w h i c h  �·, 1 1 a s sume n o im i l n r  shap e . 

Th 0 A c n c i �  s p e c i e s  c o n f o rm t o  o n e  o f  t h r c 0  bas j c 

t y p e: s : t h o s e  wi th p i nna t e  l c li vo s  i nhab i t i n e; the wo. t e: r c o u r s c s ; 
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t l l o �:> c  w i th r.; r c c n  p u n r:; ._ : : t  p h y l l o d c s  o f  • : c u r.� r . t 1 1 t �r p u  w i t h  D 

s i rn i L . r  h ab i t a t ;  t h o G C  w i t h t : r l:· c t  O t' ( l. ro o p i n t; r i g i d  f l : , c o u s 

p h y l l o cJ e s  - th e t r u e  " m u l e; a "  p l : 1 n t s , ; , n d  tho s t: iJ i t h  p c. n <lu l o u s 
f b. t  g r e e n  ph y l l o d c s  e . g . £:.. • _g �m d r i rH r· l:f2E._� · 

1'h o  " c o c  i a s  f o rm t h u  t r t� E:: or t .. -11 1  shrub l :.1 y e r 

w h i l s t  t h e  l o w  shr ub l Ay e r  i s  u s u nl l y d om i n � t l d  b y  t h e  h i chl y 

d i v e rs i f i u d  s p e c i e s  o f  E r cm oph i l a  wh i c h n umb e r  ab o u t on e h u n d -

r e d . T h e i r  l a r r, o  bl o s s om s � r E; s h o r t - l i v e d  b u t  v e ry c o n s p i c -

uou s .  Th e r e  i s  s o m a  e v i d e n c 8 t h n t this g e n u s  o r i g i n a t e d f rom 

<I l i t t o r;>.l z o n e , =.1. n d  i t  i s  .·..t s h a l o ph y t E: s  t lw t they h;J.v�  ..: d r.p t 

e d  t o  t h e  d r y u.n d  sr� l i n <:: t r:1c t s  o f  t h e  Er ·�·m e a . 

The g e n u s  C � s s i a ·  a l s o ae surn e s  c on s i d e rabl e phy s i o 
gnom i c  im p o r t a n c e i n  t h e  E r e m e n  a n d  f o rm s  p a r t  o f  t h e  l o w  shrub 
l � y e r . Th e d e v a l o po e n t  o f  0n i n durr c n t u o  of f e l t  h � s  e nab l e d  

t h e s e  p l a n t s t o  e n d ure e x t r e m e  a r i d i t y w i tho u t a n y  l o s s  o f  

l e :J..f su r fa c e . 
P e rh a p s  t h e  m o s t  r e m a r kabl e t r e e  o f  th e t-iul ga c o un t ry , 

o. n d  o f  tho E r e m c o.  r, c n c ra l l y , i s  t h e  Ku rrajo ng ( B r :.:. c h y c h i t o n  

rr �go r i i ) . Th i s  t r 0 e , wh i c h a t t n i n s n h e i Bh t o f  s e v e n m e t r e s , 

h u s  a s p r e � d i n g  c ro wn o f  l a r g £  br i gh t - gr e e n s o f t  l e a v e s . I t s  

t ru nk un d ro o t s  s t o r e  wa t e r  w h i c h  i s u s e d  i n p e r i o d s o f  

ex c e c s i v e  d ro u £h t ;  nn d t h e r e i s  l i t t l e doub t thnt t h i s t r e e  

i s  o f  p< • l e o t ro p i c  o r i g i n . 

Th e s e e d s  o f  many o f  t h e  w oo dy c l e�en t s p o s s e ss an 
nb i l i ty t o  rem a i n  v i n b l e f o r  long p e r i o ds o f t im e ,  even f o r  a 
c e n tu ry . I n  a d d i t i o n s o m e  sp 0 c i 0 s e . g .  A c .:: c i a , p r o d u c e t h e i r  

f l o w � r s s ho r t l y � f t e r r� in s ,) n d  t h u s  have n o  r e Gul ar f l o w e r i n g  
S U IJ G On . 

Th e ;:!_c a l t h  o f  t h e  eph c m l- r;:� l f l o r u  o f  th i s r e g i o n i s  

r un ;1 rko b l e . The f o rm �,,_ t i o n  i s  t yp i c <:t l l y  o n o  o f  w i d e l y  s yH1 C (• d  

n h r u b s  w i t h b a r e  expo s e d  s o i l  o r  r o c k , b u t  a f t e r  su i t Rb l c w in t e r 

rr• i n f o ll t h e  v;h o l e  .-�r l.) ro i s  c : � rp e t e d  w i th nn wn n z i n g  d i spl ny o f  

: : n n u 11.l h e r b s . Th <:.: s c c o n s i s t  m :� i n l y  o f  C om p o s i  t n e ; w i th wh i t e  

l ,y e r s o f  H e l ipb�_r_u.!E_ �_p l on d_i_d�!TI. a n d  S:..02��ip_t e ru:n _? rym m o_!ld ii_ 

i n  u l l u v i o l  sand , :md Eo ro� tmd V e l l c i �  i n  s n n d y  so i l s . 
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O t h e r  c om m o n  sp e c i e s i n c l u d e  l l e l ipt e r u m  b a t t i i , B ra c hyc on1 e ,  

Ero d i oph yl l um and v e t c h - l i k e  m as s e s  o f  Swu i n sona . Th i s b r i e f  

d i s pl a y  o f  h e r b a c e ou s  f l or a l  w e al t h  c o n t i n u e s f o r o n ly a f e w 

w e e k s ; two m o n t h s l a t e r  o n l y t h e  w i t h e r e d  r cm d i n s o f  s t a l k s  

A r e  s e e n . O n  t h e  o t h e r h a n d , t h e  summ e r  ra i n s  b r i n g  a n  a l m o s t  

e qual r i c h n e s s  o f  gr � s s e s  s u c h  a s  A r i s t i da and Se t �r i a . T h e  

m u l g a - b u s h  f o rm u t i o n  exh i b i t s  t h i s  b i ann u a l s u c c e s s i o n  t o  a 

d e g r G e no t ob s e r v e d  i n  a n y o t h e r f o rm a t i o n  i n  � e s t e r n  A u s t -

ra l i a . I n  bo t h c a s e s  i t  i s  sho r t - l i v e d ;  w i t h o u t  a su f f i c i e n t 
r a i n f a l l  i t  do e s  no t o c c u r and f o r  y e ars no annual s p e c i e s m ay 

app e:1 r . 

T h e  t ru e  m u l g a  ( Ac ac i D an e u rn ) i s  t h e  m o s t c ommo n 

s p e c i e s i n  t h e  m u l r a  b u sh , a n �  i t s  r a n g e  e x t e n d s  t h r o u G h o u t  

n e a rl y  the ent i r e  formd t i o n . Over v e ry l a r g e  a r e a s  o f  f l a t  

o r  u n d u l a t ing c o u n t ry t h e  � c a c i a s p e c i e s p ro v i d e a u n i f o rm i t y  

o f  ph y s i o cnomy t o  wh i c h t h e  f o rm a t i o n  o w e s  i t s nam e . Th e 

v a r i o u s  Gp e c i e G so c l o s e ly r e s emb l e  e a c h  o th e r  e v e n w h e n  i n  

f l o w e r , t h a t  i t  i s o f t e n impo ss ib l e t o d e t e rm i n e a c c u ra t e l y 

t h e  c o m p o n e n t  s p e c i e s , u n l e s � po d s  a nd s e e d s  a r e av a i l ab l e . 

I t  i s  prob abl e t h a t  ul t i m a t e  r e s e a r c h  w i l l  r e d u c e th e n umb e r o f  

" .s p e c i e s "  al r e a d y d e s c r i b e d . 

The o u t c r o p p i n g  h i l l s  pro v i d e  u m o r e va r i e d  f l o ra . 

Th e c r im s o n  h o p - l i k e  f ru i t s  o f  D o donaea filif olin and D .  

�o_1?u l<;-_\t a , :3 a n b ; l u m , a n d  t h e  r r e e n - l e a v e d  A c a c i a  C1_ua d r i rn a rci r; e a  

p r o v i d e  a s t r.-� n g e  a ss er. tb ly t o r: e t h e r  w i th b r i l l i a n t  m a s s e s  o f  

Eremo ph i la , i n  a n  e n v i r o mm e n t  so p o o r  i n  f o rm s . 

( i v )  Th e H a l op�yt i c  F o rmat i o n s . 

Th r o u gh o u t t h e  E r e m c a , sal t - l ak e s  a n d  t h e  r em a i n s  o f  

f o rm e r  a n c i e n t  r i v e r  sy s t em s a r e  sc at t e r e d . T h e y  a r e  c h a r a c t -

e r i s c d  b y  a d i s t inc t i v e  g r e y  ve g e t a t i o n wh i c h  c o v e r s  t h e i r 

b ro n d m a rg i n s , I n  th i s  v e ge t a t i o n  t h e  C h e n opo d i n c e�� a s su m e  

t h e  dom inn n t  r o l e .  Sp�c i e s  o f  1 1. t r ipl e x , B a s s i  a a n d  K o o h i a  

c o v e r  t h e  gro und w i th t h e i r  c ompa c t  1 6 w l y  f o rm s .  N o  pl a n t  
l i f e  e x t e n d s  b e y o n d  t h e  s a l t  margi n s  wh i c h  a r c  u sua l l y  l i n e d  
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w i t h g r e e n  s ;�m ph i r e f: . 

( v ) T h e  T r i o d i a  S� . 

Erem c; ; n . 
G ra s s  s t e p re o c c u r s  o n  t h e  r e d &andy s o i l s o f  t h e  

I t  i s  m o s t  t yp i c al l y d e v e l o p e d i n  t h e  a r e a s w h i c h 

r e c e i v e  a s umm e r  rd i n f al l . Th e p re d om i na n t  r e n u s  i s  T r i o d i a , 

c om p r i s i n g  ab o u t  t w e l v e  s p e c i e s . T h i s  g r a s s  f o rm s  d e n s e  
t u s s o c k - l ik e m a s s e s  wh i c h  u r e  s e pa ra t e d  b y  narrow pat c h e s o f  

b a r e  s a n d . T h e  l ea v e s  o f  a l l  sp e c i e s  a r e  p un � e n t - p o i n t e d , 

a c h ara c t e r i s t i c  w h i c h  r e nd e rs t h e p l a n t s f orb i d d i ng . 

( v i ) The D e s e rt . 

�h i l e , a s  i t s n a m e  w o u l d  im pl y , th e wh o l e  o f  t h e  

Erem ean c o n f o rm s  w i t h  t h e  b r oa d e r d e f i n i t i o n  o f  0 h a t  e c o l o g i s t s 

t e rm d e s e r t , t h e r e i s  an a r e a  c l o s e  t o  t h e  c e n t re o f  A u s t r •l i a 

wh i c h  c ompl i e s  w i t h d e s e r t  i n  i t s  m o re l im i t e d s e n s e . Th i s  

t ra c t  h o w e v e r  l i e s  b e y o n d  t h e  l i m i t s o f  t h e s t u d y  r e g i on . 
A f e w t r e e s  f rom t h e  M u l ga c o u n t ry a r c  f ou n d i n 

d e p r e s s i o n s  e . g . A c a c i a s i b i r i c a , ! ·  kempe ana t Ha k e a  l o r e a  

t o � e t h e r w i t h  a num b e r  o f  C h e n opo d i a c e a e . 

Epha rm o ny ( t o  q u o t e  G a r dn e r )  i s  t h e  p l an t ' s " g r ow t h 

f o rm " i n  c o n t ra d i s t i n c t i o n to i t s s y s t e m a t i c  f o rm . I t  r e v e a l s  

i t s e l f  sp e c i a l l y  i n t h e  h ab i t  a n d  i n  th e f o rm a n d  du r at i o n  o f  

t h e  n u t 1 · i t i v e  o r gan s , b u t  sh o t" S t o  D. l e s s e r  e x t e n t  i n  t h e  

r e p r o d u c t i v e  o r gans . A we ll -known r e s u l t  o f  eph a rm o s i s  i s  

t h e  c o n v e r g e n c e o f  s y s t e m a t i c a l l y  remo v e d  t yp e s ; e • G • i n  

A c n c i ;J a n d  l fn k e o , D o r w i n i a  and _!?i n e l e:a . Som e sp e c i e s  o f  o n e  

e c n u s  e o  c l o s e l y r e s emb l e  sp e c i e s  o f  t h e  o t h e r � e n u s  th� t , 

� r o w i n E  t o g e t h e r  t h ey c u h  o n l y b e  sc p a rn t c d wh e n  i n  f l o w e r .  

The c u r c f ul c l i r.w t i c  u;r a.d i ng o f  t h e  W e s t e r n  Au s t ro. l i a u  f l o r a  

} t a s  re su l t e d i n  n um e ro u s  e ph o rm o n i c n l l y  m o ul d e d  sp e c i e s  a n d  

f o rm a  wh i c h  r e a c h  t h e i r  h i gh e s t  d e v e l o pm e n t  i n  t h e  Ere m e a ; 



w h u r cby t h b cpharm o n i c  c o n verr enc e r 0 sul t s  i n  t h e  spec i e s  

c o n fo rm i n f t o  :::.. few r:;ene r(ll gro c t h - f o rrn t y pe s .  

( i ) Tr e t: G  a n d  .Sh rub s . 
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T r e e s  u n d  shrubs m � k c  u p  m o s t  o f  t h e  v e ge t a t i o n  o f  

t h e  Er ern e.:l . A gro w th f o rm b t.: c orn c s  d o m i rw.nt  in t h o  s c l e ro -

phy l lous w o o d l d n d  a n d  t h e  m u l gu b u s h  and i s  c om m o n  t o  b o t h  

t r e e s  � nd shrubs . I t  i s  p E: rh ,. ps , ;-, o:: ; t  t y p i c al l y  r e p r c s e n  t e d  

b y  t h e  j am t r e e  ( A c ac i a  a c umi nat� ) , b u t  i s  c on s i s t en t  b o th i n  

J.c :l c i a  n nd E u c o. lyp t u s  throuu:h o u t  t h e  d r i e r  i l rea s . 
I n  t h i s  �ro w t h  f o rm , �h i ch G a r dn c r  ( 1 94 2 ) t e rm e d  - ' 

t h e  In f u n d i b u l a r  gro�th f o rm , the  s t e m , b y  a sy s t em o f  r ep e a t 

e d  upw�rd b ranch i n g , p rod u c e s a m u l t i pl i c i t y o f  b ru n c h e s  and 

t w i es , all a t t a in ing m o r e  o r  l e s s  the sam e h e i g h t , an d r e s u l t 

i n g  i n  a f l a t  o r  c onvex d e n s e  c r own w i th a l i �h t c o ve r i ng o f  

l e a v e s . Wh e r e a s  i n  Euc alyp��! th e fol iage is p e n d u l o u s , in 

� c a c i a i t  i s  u sual l y  s t i f f  an d e r e c t .  

Th i s  g ro � t h  fo rm i s  �n ad ap t a t i on t o  t h e  d e s i � a t ing 

� c t i o n  o f  dry � i nds s in c e  onl y a m i n imum o f  t h e  l eafy urea i s  

ex p o s e d . I t  is  a s so c i a t e d  w i th :,m e r e c t  or p e ndu l o u s  f o l i a g e , 

so tho t <� r; r e<t  t num b e r  o f  l e a v e s  c u. n  b e  c a rr i e d  V! i t h o u t  o v e r -

Th i s  g row th f o rm i s  p redom i na n t  i n  � e  Er e� e a . 
O c c u s i onally i n  t h e  J. JUl ga-b u sh uno t h � r  g ro•: th f o rm 

i c  ob s e r v e d . Th i s  i s  t h e  e r e c t - s t oHHn e d , h o r i z o n t ;:. l l y  b ranc h e d  

f o rm wh i ch i s  t yp i c � l  o f  a c n c i n s  o f  the L .  gr�sby i , and n .  
::� i L i r i c c.. typ e . Th e s im p l e s t em i s  w i d e l y  br�nch e d  � i th 

h o r i zo n tL �l  b ranc h e s  wh i c h  a rc aco i n  rcpe�1 t c d l y  h o ri z o n t a l l y  

b r · . n c h e d  t o  f o rm f l t:1 t s u p e r i r:1 p o s e d  l u y c r G . Thus u s e r i e s  o f  

h o r i zon t ral p l a n e s  o f  l e a f y  t w i g s  b o a r in� sho r t  e r e c t p in e - l i k e  

fo l i n gc i s  � i splay e d . 

Wh i l e  t h e  i n f u n d i b uh1r gro w t h  f o rm l e ads u l  t im a t c l y  

to l e o f - r c du c t ion o r  even c omp l e t e  Rphyl l y , t h e  w i d e l y -

b ra nc h e d  p l an t s  o f  t�: Er emea r e ta i n  the i r  l e a v e s  in un unm o d i f i e d 
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c o n d i t i o n . S u c h  p l an t s r e l y  on fl p r o t e c t i v e  l .< y e r o f  h �:.. i r s 

or r e s i n  o n  the  l e a f  su r fa c e s , � n d  e x n m p l e s  o f  th e s e  g r o w t h  
f o rm s  <.t r G  a f f o r d 8 d  b y  t h e r e n u s  Er<; ::.:_�yh il iol. . 

H1CEP T H I .S 'l'O HY OF TEE VECET. , T J  0; .; n; TH� GOLDF l .tLDS . 

Th e h i s t o ry o f  th e s c l � r n p h y l l o u s  woodland and � u l gn 

sh rub du r i n g t h e  p a s t  s e v e n t y y � a r s  h a s  b e e n  one  o f  e x p l o i t -

::t t i o n . S i n c u  t h �  d i s c o v e ry o f  go l d  some t � c n t y s c v e n  m i l l i o n  

t o n s  of  t im b e r  h a v e  b e e n  c u t  f r o m  i nl a n d f o r e s t s , e sp e c ia l l y  

a round t h e  � i n i n g  c e n t r e s , f o r  u s e  � n  t h e  � i n e s  a n d  a s  f i r e -

w o o d  (Bro c kwo.y , 1 9 4 9 ) . Th e Eu c a l y p t  w o o d l and wns c h a r a c t e r -

i s e d  by t h e  d on i n<:i.n c c o f  � ·  so- � lmoniophl o iu. b u t  has b e e n 

l n r g e l y  c u t  o u t  ( J u t c o n , 1 9 34 ) . 

I n  t h e  M u l gn b u sh z o n e , 

su f f e r e d  A s i m i l R r f a t o .  

t h e  J.c n_£_i a  s p e c i e s  h :..1 v e  

Th e s a n do. l w o o d  ( S� n t a l um spi c u tu m ) h as also b e e n  

r; c v e r e l y  d e p l e t e d  ::, s i t  w,1s e x po r t e d  t o  Ch ina . Th i s i n d u s t r y 

c o n t i nu e: s  a t  th e pr e s c n t  d <:.y on a srni'!. l l  s c a.l e . 

F c l l in5 for  f i r ewo o d i s  no longer  allowe d . 

a l l  th e w o o d l a n d s  a r �  c a r e f u l l y  s u r v e y e d  �nd a r e  u nd e r  t h e  

p r o t e c t i o n  o f  t h e  Fo r e s t s  D � p � r tm e n t  � t  K a l g o o r l i e . 
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Thi .s  s e c t i o n  o u t l i rw .s  t h "  h i s to r y  o f  th f: e c o no m i c  1;1 i n c ral 

s e ar ch  i n  ·t:ie s t c rn J .. u s t r -J l i a , V·• i t h  pa r t i c ul nr r e f e r e n c l.j t o  th e 

�reas c o ns i rl e r e d  i n  th i s  th e s i s .  

G o l d  w a s  ·f i r s t  d i s c o v e r e d i n  G e s t crn h u s t r a l i n i n  

1 2 85 :m d w i th i n ,·� d e c ;.�d e  r1.l l  t h e  m o. j o r  t:·o l d  c� epo s i t s  \'! e r e  d i s-

c o v o r e rl i n  an .. ... r e ct of o n e  1:1 il l i o n  s q u c� r c  u il e s .  

l.i 11 t;n i t ud (' and suc c e .s .s  o f  th i s  m i n e rdl s e a r ch . 

Th e m o f i c ::.tnd u l  t ram a f i c  r o c ks o f  th e gr e e n s  ton e 

b e l t s , w h i c h u su ul l y o u t c rop n s  l o w r i d g e s , contain innum e rabl e  

e;o l d  show i ngs . H o w e v e r  the r e  w e re f o w  m a j o r  o rebo d i e s  and 

o n l y  s i x  c e nt r e s  produ c e d  m o r e  th�n o n e  m i l l ion ounc € s .  

G o l d  m in c r� l isat i o n  i s  r e s t r i c t e d  to the ' � r e o n s to n e ' 

b e l t s  and o r c b o d i e s �re u su�l l y  l o c a l i s e d  in f a v o u r a b l e 

s t ru c t u r e s w i t h i n  1 m i l e  o f  th e gran i t i c  marg i n s . C o n c cnt

r� t i ons o f  go l d  were  m a inly a s so c i a t e d  w i th qu�rtz ( So f o u l i s  

.cmd Habbu t t , 1 95 8 )  and u sual l y  w i th a c c e s sory am o un t s  o f  s i l v e r ,  

: . r s e n i c , [tn t i m o ny , c. :nd te: l l  u r i  urn . 

U p  t o  1 9GB , 53% o f  th e to tal gold produ c t i o n  o f  

\'i c s t o rn . c u s tr< t l i :J. VII.:.S ob t a i n e d  f ror,l tlw "Go l d en l·i i l c " ,  a sm:1ll 

c e c t i o n  of (:' r o u r. d  a t  K. ,l coorl i e  r: e Fl S U r i n�; h'IO m i l e s  b y o n e  m i l e 

{ Woodall & Travi s .  1969 ) . Th i s  p <... t t c :;.· n  o f  m e t;:-,1 d i s t r i b u t i o n  

imp l i e s  th at th e r e s ul ts  o f  s y s t em a t i c  exploration f o r  b th c r  

m i nerc-, l s  i s  l ik e l y  t o  rvsul  t i n  m an y  unec ono1.� i c  m in e ral i s e d  

a r e a s , a f ew sm � l i  m in e R  and a l im i te d  numb o r  o f  m a j o r  d e po s i ts . 

The c x t e n s i � e  g o l d  p r o s p e c ting ac t i v i ty produ c e d  

v e ry f ew ind i c .i t i o n G  o f  b � s c - m e tal m i neral i s a t i o n . Copper 

has b e e n  M in e d  ;:;. t v. uLu;, i u na LA n d  Ravenstllo rp e:  n.nd H e o ka th n rra 

( .So f o ul is ctn d l'!a.bb u t ' 1 95(: ) . 
Gr�n i t i c  uro�s , travers e d  by p c f� at i t i c v e i ns have 

b � e n  r e po r t e d  to c o nt� in a l a r g e  numb er  of m in e ra l s i n c l u d i n g  

t in , tun gs t e n , t an th lum , b e ry l , m i c a  n n d  e v e n  em e ral ds . 
By 1 9( 4 , �o l d p r o d u c t io n  i n  t e s tern A u s tral i n  f e l l  

b e l ow o n e  m i l l i o n  ounc e s  d o sp i t �  gove rnment  subs i d i es . Only 



f ou r b i t; m i n i n g  o p e  rat ions r �: Tll< ' i n e d. o n  the  G o l d <:: n l'h L; ,:_. n d  
m i n i n t;  opcrn t i'on s  a r e  �.;Xp c c t c d  t o  C (; D..S(;'  by t h e  e- n d  o f  th i s  

d c c :1 d e . 
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'l'h e  t own.s on  t h e  " r c h aenn B l o c k , '·�n d in  p: '.r t i c u l a r  1 

K t l Go o rl i e , w e r e  f i v c n new c o n f i d enc e f o r  the f u t u ro , wh e n  
D c s t e rn M i n i ng Co rpo r�t i on a n n o u n c e d  t h �  d i s c o v e ry o f  h i gh 

s r :, d e  n i c k e l  s ul ph i d e  o re b o d i e s  a t  K .:o r.:h'.'lld . ,  i n  F c b ru;1 ry , 1 966 . 

Th b s c  o r e b od i c s � e r e  found in  ul t rab a s i c  u n i t s o f  a 
1 c;r c- c n s t on e 1 b e l t  , m cl  C Cl t n l y s c: d  an i n  t c; n s i  v c  expl o rat i o n  

e f f ort wh i c h  r i  V t:l l s  thE. f o rm e r  1 go l d - rush 1 d <J y s . 

In  t h �  y e a rs fol l o w i ng t h e  Kumb � l d n d i s c o v 0 ry , 

o o v e ro. l  n i c ke::l o rc b o d i e s  were d i s c o v G r <o d  : ,nd i n c l ud e: : 

W i d s i um o o l t h a , Spa rsovil l e , S c o t i� , Nepean , Wi l da rr� , � g n e w , 

l i t . K c i t h  nnd o th e r s . Some o f  the s e o r cb o d i e s · h u v e:: al r e a dy 

b e e n broue;ht t o  the� produ c t ion s t a p; e  b u t  n o w �m a pp <1 r e n t  

( sh o r t - t e rm ? )  Gu rpl u s  of  n i c k e J  o n  th e world m arke t s  i s  p r e s en t 

l y  e x e r t ing a n  a d v e r s �  e f f e c t on t h e  d e v e l opm ent o f  t h e  W e s t . 

A u D t rul i an n i c kel -m ining indus tr y . 

A l t h o u gh the g r e a t (;' r  par t  o f  t h e  p r e s e n t  e xp l o r a t i o n 

e f fo r t  i s  d i r e c t e rl tow:: rds ni c k e l  M in e ra l i s.:1 t ion in  the 
1 gr c e n G t onc b e l t s ' , the m i n e ral po t e n t i�l o f  the  s e d im c n ta ry -

8 C i d  vo l c �. n i c  rll1d gr:tni t i c t . , rrn. ins  i s  gradu f.) l l y  b e ing r e a l 

i s � d  und w i l l  r 6 s u l t  in t h e  d i s c o v e r y  o f  c o p p er , z i n c  � n d  

u raniu� o rebo d i e s . 
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I n  the f ol l o � i n c  a c c o u n t  t h u  p r e v i o u s s t u d i e s  h & v e  
b e e n  c o n s i d � r s d  f o r  c on v e n i e n c 8 i n  t w o s e c t i o n G ; t h a  f i r s t  

d e � l s  w i t h i n d i c � t o r p l -J n t a  � n d  t h e  s � c o n d  w i t h b i o c e o c h em i c �l 

s t u d i c · s . The v;-; r i o u r3 ;-.::;;p u c  t .s  o f  b o t an i c :J 1  p r o s p E� c  t i n g  h::� v e  

b e .;; n e:1.b l y  r e v i e r.• e d b y  s c v e r. �l w o r k e r s  i n c l u d i n 1::� 1-\ a l y u g ::�  ( 1 964 ) 1 

C .:1 r. n o n  ( 1 9 60 ) , ','v a r r e n  ( 1 9 72 ) . .  n c1 :S r o o k s  ( 1 9 7 2 ) . J. c c o r d i n r.l y , 

t h i s  n c c o u n t  � i l l  o n l y  b r i e f l y  s u r v e y  t h e  f i e l d , w i t h emph as i s  

o n  /,u s t r ;� l i an s t u d i e s . 

( a )  I n d i c a t o r  } l an t s . 

I n d i c a t o r  pl a n t s have b e e n u s e d  , i n  m i n e r a l  e x 

p l o ra t i o n  i n  h u s t r� l i a  s i n c e  1 895 a n d  e v e n . e a r l i o r i n  w e s t e r n  

E u r o p e . F o r  exampl e ,  V i o l a  c n l arn i na r i u  h a s  b e e n k n o w n  t o  b e 

11 z i n c  i n d i c a t o r  f o r  m o r e than 1 00 y e a r s  ( Ru ym o n d  1 88 7 )  a n d  

L i n s t o w  ( 1 929 ) r e p o r t e d u p  to 1 . 5% z i n c  i n  t h e  a s h  o f  th i s  

s h r ub . 

Many c opp e r i n d i c a t o r s  h a v e  al s o  b e e n  r e c o r d e d . 

i. s e <.:. r l y  �\ s 1 857 H e n w o o d  r e po r t e d  t h 8  i n d i c rt t o r  v :.1.l u e  o f  

/. rr!: c r i a  r.m r i t i m n  i n  ·,·h.-..l e s . S i r:1 i l a r l y  a sm a l l  b l u e - f l ow e r e d  

i ! : i n t , ,-, c ro c c::ph a l u c  ro b c r t i� i c  w e l l  kn own to K n t u n e;�n ce o l o 

r. i .s t s  a s  t h L- " c o p pe r f l o w e r " , wh i c h  i s  r e s t r i c t e d 0 r.. t i r e l y  t o  

c u p r i f c r o u a  o u t c r o p s . Du v i g n e aud � n d  D c �a e y o r - d c  Sm e t  ( 1 963 ) 
c l G o  r L- p o r t c d  o t h L- r c o pper i n d i c a t o r  s h r ub s , Ha urnn n i a s t r u m  

r o b e: r t i i :.\nd S i l e n e  �ob G l  t i c o l a , b o th o f  wh i c h  8 C c um ul a t o d  

n e a r l y  0 . 2% C. u  ( dry vJ c i gh t  u . W . ) .  Two c or, al t i nd i c e. t o r s , 

C ro t : t l :l r i n  c o b,tl t i c o l c. a n d  S i l c n e  .c o b :-t l t i c o l a , r o ap e c  t i  v o l y  

c o n t a i n i n �  530 ppm � n d  3 2  p f m  c o b�l t ( D . W . ) w e r e  nl a o  f o u n d  b y  

Duv i gn c � u d  ( 1958 ) . I n  19L�9 , G . L  \'Jo o d w (;l r d  ( i , n o n , 1 05 9 )  d i s -

c o v e r � d  :..t c op p e r  i n d i c .:t t o r  shrub B c c i u m  horn b l e i . w i t h i n  Rh o d e s i a  

t h ; t t  e r o w s  i n  n r e n s  o f · r c l '"� t i v c l y  d e e p  s o il . Th i s  pl nn t i s  

p �c! rh< tpG  b e t t e r known <.ts th e " c o pp e r f l o w e r "  o f  t h e  N o r t h 0 rn 

Rho d t. s i :·t n  Co pper· B e l t ( N e n d e l s o hm , 1 96 1 ) .  

/, ppr�ren t l y  1 t h i s  sh ruh ;1 l s o  c, r o w s  i n  Kn t ang:.� 
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und v�s rcport �d ( DuviGncnud dnd  Dcna c y u r-d e sw � t  1 9G3 ) to grow 

on the �urcins o f  c up r i f e ro u s  n r � o s wh e re c opper s o i l  l e v e l �  

D a r e  o � l y  s l i gh tl y  v b o v e b a c k G r o u n d  l e v e l s . 'Th e  K a t ;:; n g,m 

spe c i � s  of Bc c i uQ � h i c h  aru i n d i c � t o r s of h i gh c oppe r  s o i l s  

inc l u d e  D .  pc.s c h i 2.nuE ,  � ·  c r:Jpc t rc i d t:: s ,  B .  eri c o i d L s ,  B .  
rr. e t u l l o ru rn ;:;.nd B . �.u reo v i r i de . 

I n  Rhod e s ia , spc: c  i m c:ns of  B . h o;;Jbl c i  '·' ' e r e  found  

to  <• c c umuL: t f; up t o  3 2 4  ppm Cu ( D . VJ . )  ( rie il l y , 1 96 7 )  and ( V, i l d , 

1 96 8 )  f ound this  shrub gro� i n� o n  o n l y  f ive  o f  twenty- e i gh t  

c o pper prosp e c t s  wh ich  h e  e x am i n e d . I lowe v e r  g eol o g i s t s  o f  

Rho des i�n S e l e c t i on Tru s t  huve used  th i s  plant s u c c e s s f u l l y  

s i n c e 1 94 9  t o  l o c a t e  l a r � e  r e s e rv e s  o f  ore  ( Cannon , 1 9 7 1 ) .  

/,n o t  her w e l l - k r, o , ·.· n cxnm p l c  o f  ind i c a t o r  plan t s  

i s  th e s e l en i f e ro u s  f l o r� o f  t h 8  w e s t e r n  U n i t e d  S t a t e s , w h i c h 

i n c l u d e s  c er t a in spec i e s of  � s t r�gal u s . S e l enium c ommonly 

n c c om p�n ies  u r�nium i n  the  sed ime ntary c arno t i t e  d e po s i t s  o f  

th e: C o l o rndo P l .:t t c :.,u , a n d  f o r  t h i s  r e a s o n  S "- l e n i um i n d i c a t o r  

p l a n t s  c a n b e  u se d t o  l o ca t e  u ran ium ( C2nnon , 1 95 7 , 1 96 0 ) . 

The m o s t  useful  lp l .-... n t s  ar<.; !:_ • .£.!:.: : u s  si .:...n d  i.:_ .  pa t  t c r son i v;h i c h  

c � n  b o t h  ac cumul a t e  sel c: nium u p  t o  4% i n  the i r n sh . 
I n d i c a t o r p l a n t s  have b e en d e s c r i b e d  for  m a n y  

o th e r  e l em e n t s , i n c l u d in � m �nt�ne s e , boron  a n d  n ickel . R e c e n t l y 
t v: o  sm ._; l l shrub s , _B<',rl c r i <; � · � · and  C e l o s i a  t r icyna \' Jc! r e  

found  ( Co l a , 1 97 1 ) to i n d i c a t e  out c roppinG n i c k0l/c oppGr  

m i n e ral i s o t i o n  i n  the s�vannn woodland o f  Rho rl � s i a . l.no t h c r 
Rho d e c i un n i c kel i n d i c ; a t o r , D ic omn mac r o c eph� l n  �as d i sc o v e r e d  

b y  � i l d  ( 1 970 ) w h o  repo r t e d  i t s  o c c u r r e n c e  o n  7 o f  2 8  �nom� l i c s  

i n v c s t i go t r: d . Th i s  sh rub v:; : s  renam e d  D. n i c c o l i f c ra W i l d  sp . 

n o v . Ci'• i l d , 1 9 7 1 ) .  

Hc:..ny i n d i c c:� t o r  p l .:t n t c:  m o s t l y  sh rub s , h n v o  b 0 t- n  
d e s c r i b e d  i n  , ,  u s t r.: •l i a  f o r  s e v e r.:.t l  m e t al s . f, t r e e ' x,m th o s t em o n  
p.< .. _rad.oxU.c h.::t s been d e s c rib ed  in th e N o r th e rn Terr i t o r i e s  wh i ch 

G c c umul;� t e s  u ran ium ( Dc bnam , 1 955 ) .md i t  mo.y w€11 prove 

to b �  a uco ful ind i c u t o r  pl on t . 

P o lyc �a rpo a spi ros tyl i s has b e e n  u s l: d  \" i th 
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s u c c e s s i n  p r o s p ..:: c t i n r,  :f o r  c o p l ' c r in t h t: n o r t h f� rn p:t r t s  o f  

ii UG tr�tl i a .  Th i s  SJ!J ,:; l l  ;:o o d y  Gh rub ··: ,.;. .:.  f i rs t  r t: r o r t e d  i n  1 �58 
( :.k e r t c h l ;r 1 1 8.9 7 )  . �n cJ c u r r e n t  r o:: p o r t .s  ( i': ico l J s t:t  t.l , 1 9 6$ ; 

Co l r: , 1 <)6 ? )  r t: i t c; r;�. t e  t ! . 2  u z .c. f u. l n e s s o f  t h i s  p h m t i ;: p r o s p e c t -

In .Sou t h  Au s t r<.: l i <_._ ,  i n d i c : t t o r  Ghrub s h c:• V C' h e: e n  
r e po r t .:: (� ( C o l o , 1 r)(, 4 )  f o r  l o.::.1 d �n i n ...: r .. l i s: . t i (l i1 i n  t}hl l o v, ,. r  

Thl: S t: i n c lu d ( : d F t i l o t u .s  c b o v o t u s  ·.m d  
P ro :.:;  L! J. · ... n th , •rn  �> t r i ; ,  t i f l o rc� . 

t o  l o c ; . t c  c u p r i f .:. r o u c  s t r ; � t , .  r . t  P �.: rnr.. t ty <.:. n c1 ii,;cl i . , c r�ra . 
P l an t s  h i..l v e  b 0 & l1 u s � : d  ns i n d  i c <:t t o r s  o f  s o i l  

c o n d i t i o n s  f ro::: th e L; rtrl i e s t  d� . y s o f  s e t t l o:;1 e n t  i n  V! e s t c r n  

� u s t r � l i n  t o  ;, i d  s e l e c t i o n  o f  l nnd f o r  u g r i c u l t u r�l p u r p o s e s .  

H m; e v c r  i t  i s  n n l y  r e c � n t l y  t lFt t i nd i c :} t o r  pl :.mt s  ):. ;-::. v e  b e en 

S O l l [.h t  for sp c� c i f i c r.w t n l s .  

Elkinc t on ( 1 9() 9 )  c :; r r i �:,; d  o u t  ...: x t c n s i v �, c; e o 

b o t � n i c n l  s t u d i e s  i n  t h � Eu c u l yp t w0 o d l ands sou th o f  K a l g o o r l i e  

_ n d sur;r-�e r; t c tl th,: t t h re e  s h r ub s  .st_b r�n t h u s  f l o r i b u nci u s...t T ryra n. l 

i ui:'l myr t i l l u s : t r. d  :R i c i no c n rpus s t yl o s u s  r:1 i r�1 t i n c; i c .J. t .::; s o i l s  

v: i t h h i gh l e v 1o- l s  o f  r. i c k c l c ' l !d c h rorn i ur.1 . H c.. r [; up o r v i s o r  H .  
M .  C ol 0 (1971 ) c � rr i c d  o u t  r 0 c onn� i s s An c e  �eobo t ln i c al a t ud i � s  
i n  1 960 and � o r �  d e t n i l e d  s u r v e y s  b e t v e c n  1 96 5  �nd 1 9 6 9 . She 
f rJ tmd o n <:.· u n i d e n.t i f i c- c� s h r u b  s p e c  i c s  ['_ t r; i d [ i <:rn o ol thn wh i c h  

<.tC C UT!' U l u  t c d  nic k e: l . I i O l'J G v e: r  t h  C:: i n <l i c :t t o r  v.;.l u e  o f  t h i s  p l nn t 

r:� nd i t G  rol e i n  c x p l o r.::.. t i o n  ;u ; s  n o t  asse s.s e d . 

M o r �  r e c � n t l y ,  N i e: l s en ( 1 9 72 ) c o� p l e t e cl  an i n 

t e n s i v e  s tu dy , � • l s o  r · i  th i :.1 t h 1 ?  Eu c . .:-:. l yp t v:oodl and , nt Spnrgovi l l e  

a n d  c o n c l u d � d  thu t n o  p l An t  i n d i c a t o rs o r  ac cumul a to r s  o f  n i ckel 
o r  c op p 0 r  o c c u r r e d  i n  th i s 8 r o a . 

Co�c erning t h e  mul gu b u sh zone , i t  i s  e v i d e n t  

that no gcobo tun i c  . 1 i n v e s t i gnt i ons h a v e  b e e n  c �rri8d  o u t  prior 

t o  th i s · s t u d y . 
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The n c c un u l ::o� t i o n  o f  C l', r t :. , i n c l e: i ;, e: n t n  b y  v c; g.:: -· 
t · t i c n  �·Jv.S r .o: p o r b : d  b y  O o l d G c h:n i d t :.�n d  V c rnad�:-:ky o v e r  40 y c :.• r s  

<. go rJ ,..< t i t  vt. s no t ur,t il r.·.b out 1 0  yr.: m r s  l . t t e: r  t h :·t t t h e  b i o f u O 

c h  • .:t'l i c :: l m P. t h o rl b t:: g. ;.n t o  h L: u s r; J  i n  J!l in <::r c <l  f; x p l o r . l t io n . 

F i n n e: u r :i. n g  v10 rL V/.t .s C <)r r i e d  o u t  i n d e p e n d e n t l y  i n  S c rt n d i n c cv i :-1 , 

Enr_.:l < : n d , t h t.' 3 o v i c: t  un i o n  c. n d  C .:-�n a da .  Brun d i n  ( 1 939 ) uud c r -

t o o k  i n v .::: .s t i sc:. t i on.s on t u n gG t L: n  i n  Co rn w al l .::md � v a n  t oo k  o u t  

Cl pa t <: n t  f o r t lH� rn e t ho d . 

In t h e  We: s t , t h t.:· m o s t  su c c e s s f u l  and c x t l� n s i v e  

o f  t h 8 s e  e o r l y  d e v e lopm e n t s i n  t h e  b i o g e o c h eo i c a l m � t h o d  w a s  i n  

B r i t i sh C o l ur:!b i n. v, h e r e  '/;�rrcn '-'n d  h i s  c o - w o rk c: r s  b 8 [/ll1 t he i r  

i n v c s t i g;< t i c- n s  c:-. s c n r l y  a s  1 9 1+ 4 ( B r o o k s , 1 9 72 ) . · Dur i n g  t h e  

f o l l O \'I i n t; y �: c! I' G  r:n.rrcn ;.:.nd D l: l :W<i u l t  ( 1 950;1. , 1 9 49 , 1 955 a , 1 96 0 )  

c a r r i G cl  o u t  b i o g c o c h ern i c .:1. l  s t u d i e s  o n  ::t i lllmb e r  o f  m v t al s  

i n c l u d i n g  s i l v e: r , go l d , c o p p e r , r.1 0 l yb denur.; , l e ; t d , z i n c , n i c k c; l , 

c a b al t ,  i r o n  e nd r. ;:tnpme s c . 
1 ')6 8 )  shon�: c. thn t  t h e  Dou g L t s  F i r  ( P s e u cl.o t suc;a m e n z i t: s i i )  c a n 

iJ. C C 1Jn1 UL< tt,,, �. r s e n i c  f rom i t s  sub s t rc.. t e . T h � y  s u g G e s t e d  t h e  

lJO G S i b l c; USC o f  t'b. i s  S }l U C i e s  to d t t e c t d. r s e n i c  d i s p e r s i on hrtl O S  

f roJ;i o r e  d � po s i t ::.;  c o n t . . i n i ng r1 i n o r  a.m ou n t s  o f  th i s  met61l. 

Th i s  c rt s c  i l l t;_ G t r··.:. t 1,:; s t:H J v; i ,) <: :;:· po t e n t  i .·Al o f  '.,) i o ge o  c h ent i c ,.-.. 1 

p r o s p 8 c t i n g  th ·, t r.1 a y  b e:  r c ;,, l i c EJ d  b y  f u r t h u r i n v c s t i e:::. t i o n s . 

1-J . : r::•.l l e l  b i o p  .. o o c }t ct .i i c � .l i n v e s t i gat i o n s  1 : e r e  c t:. r r i e d  o u t  i n  t h e  

C>o v i c- t  U :1 i c. n  und(o r  i :  <l yue·� �  rm d T k . .t l i c h  Ublyu g:J. , 1 96 4 ; 'l'k<�l i ch , 

1 ') 5 ') ) . O f f i c  i 2 l  [. O V 8 rnm e n t  e n c o uragu1 1 e n  t hac h n d  t h e  r �..� s u l  t 

t h n t  th t: S o v i e t U n i o n  h u s  r c rr: :t i n (; d  p r c - cr.� in e n t  i n  t h i s  f i e l d  i n  

t h e  po � t - w � r  y e � r s . .Fur t h e r r t.: s u <..: r c h  o n  t h <:· b i o f · v o c h em i c ; � l  

r.� c; tho<l f o l l o vn: d b y  i t s  w i d c s p r c:. cJ U G C) i n  cxplo rr• t i o n  f o r  u r;m i u''' , 

, .. :J s c ((l r r i e cl o u t b y  t h e  U . S .  (; 8 o l o c; i c;: ::tl .Su r v e y  i n  t h e 1950 s r ; n d  u r:rly 

1 9 60Ti . 'l'h E>  w o rk w .. t::. i1 -1p l em < : n t 0 d  on the Co l o rr� d o  P l a t eau , � ::d n l y  

b y  C:mnon rmd h n r  c o - vJ o rk c r s  ( Cannon 1 1 95 7 , 1 9 60c' , 1 96 4 )  :1 11 d.  

r c , ; u l b" d i n  t h e  d i G c o v c r y o f  r.:; cv e r -.tl ur ·J.n i un o r e  b o d i e s  m o s t o f  

· . .  •hi e h  h a d  no · .su r L� .. c e  G '  . o c hetn i c a l exp rc s r; i on . 
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O t h e r  i li'.r c .s t i c: '. t i o n c  c r. r r i �:; C:  ont in the 1J n i  t v d  
.S L< t c .s  i n c l u d u d Ibrb:.' u gh ( 1 9 5 0 )  : > t:d  K c i th (1 <) 6 P)  f o r  b :.:. s c  n c t .:1.l s  

i n  t h e  T r i - S t o t c  D i s t r i c t ;  · � n d  E l o s s  � n d  S t v i n e r ( 1 �60 ) who 
u s � d  the b i o go o c h e m i c � l  m e th o �  to s e ck m nng � n u G c . 

s t u dy ( Chaf f e  "t n d H c:: s s i n , 1 97 1 ) i r: d i c n t e d  tlh� cu i b1 , i l  i t y  o f  

th i s  t e c h n i q u e  f o r  s e d: i n g  c o n c e �tL : d  p o r phyry c o pp e r -c1 0 l y b ch m um 

d � p o s i t s i n  � r i z ona . 

; i i c;c r io.H l e i:\ d - z i n c  'b (;l t c o n c l u a <� d  t h :  .. � t  t h i s  r,1 c thod c o u l d  ::. G s i s t 

L1 t h e  l o c <t t i o n  o f  bur i (; d  o ;r �� d(-;po s i  t s .  I n  Egypt , E l  5h� zl y 
e t  �; l , ( 1 9 7 1 ) su c c e .s s f u l l y  u s e d  i> C i� c i ;_� t r e e s  t o  l o c -. : t G l i th o 

pl-: i :J. �  c l e 1 .: L: n t s  i n c l l < d i n r:  b e ry l l i um , l i t "t1 i ur.1 :m d b o r o n  .::t n d  t h e  

c h � l c o ph i l e  e: l e m e n t s , n i c ke l , c o pp o r , l e � d , z i n c , �nd c o b �l t . 
I n  N <:.:w Ze<,land , b i o ,s c o c h <.J m i c ., �l i n v c- G t i G:l t i on s 

h2V8 b � c n  c u r r i e d  c u t  s i n c e 1 9G5 b y  Brooks � nd h i s  e o - w o r k e r s  

( B r o o k s , 1 972 ) o n  .s r; v <; r: t l  1:1 e t -:t l s  i u c l  ud i n ;  m o l y b d e nuE1 , u r c · n i  urn , 

c o p p e r , l e a d , z i n c , c ob o l t , n i c k e l , c hrom iwJ , t uhcs t c n  � n d  
r� e r c u ry . 

.S e v o  r:; 1 f.> t u d i c c.  h� lVC  �tl s o  b e en c a r r i e- d  n u t  

/ ,  u s t r._ 1 i ; t  - Hl (l i l� c l u d ,: : z i n c  i n  C�u�:; U1slnnd ( r : i c o l l s  e t  d , 
1 9 ( ') ) ; l u:�d ;:;_nd z i n c  i n  tht: l�o r th •. rr. 'l' t.: r r i t o r i c s  ( C olC: t: t  -
1 96 8 ) ; dnd c o p p e r  i n  .So u t h  ; UG t ra l i .<J  ( " u s  tiii i n  e x , 1 9 7 0 ) . 

B i o g e o c �l CCi i c  . . .  J. <s t u d i e s  on r. i c k e l  h.:�ve  b (? e n  

c �c r r i <.; d  o u t  i n  s c v c r. il c oun t r i o G  i n c l u d i n c  C ::tnad<l ( \' .. . -.. r r e: n , 

i n  

.:::.! ' 

1 ') _55;1 ) ' nu s s i a  ( J : e. l y u r,u , 1 9(· 1+ ; l.l e skC: v sky e t  a l , 1 ')59 ) ; t h e  -
U n i b : d  S t a t u s  ( i'·i i l l <: r , 1 96 1 ) ; F i nl :m d  ( Rnnlutr:; a , 1 9 h0 ) ; and 

i� f r i c o  ( C o l c , 1 9 7 1 a ;  \OJi l d  i n r, , 1 9h5 ) . Th0 r um l  t s  h a v e  

r; c n r� r<.l l l y  b <: \: n  c n c c u r;:.. g i nt; . 

S i ;:. i l a r  c t u d i (: S  h;.l v i:· n l s o  b e e n  c �·. r r i 8 d  o u t  i n  

C o l t: ( 1 9 7 1 ) 

- u·.d h u r  c o -· \: o rk <.; r o  u n d c· r t o ok d o t : .  i l c d  i n v c s t i r  . t i o n u  •vb i c h  

r e  v e: !l l c d  1 1 c o n p l 0 x  rcl . , t i o nsh i p n  b c: tw e e n  p lt� n t  c1 i a t r i b u t  i o n s  

:,r,. d  c n v i ronm e: l ! t "'- 1 f .·-� c t o r s , th t: u n d e r s t n n d ir ;r  o f  wh i c h i s  prt� 
r<.· r; u i ::; i t (;; t o  thu < ... ppl i c ,:. t i o n  o f  L c n b o t .J n i c . ·, l 1 c. u o c h ur.l i C i\l , :.t nd 

b i o !:; u> c h -: l'lic ,_·.l t c c lui. i q  u o s  in i . xpl or .. t t i o n  f o r  n i c ke l  in t h i s  

<J n v i r o rur. cn t " .  



n i c l� �;. l -b e r,r i n g : t r CCJ D  o f  Vic, G t (_ r n , . u .s t r :.: l i t' p r e s c :: t  c c v -:: r n l  :oJ c.t j rJr  
, ; n v i r o n::H.: n t .;_l f ,: : .:.--.. t u r t> s  -.vh i c h  rr. i gh t  b .:: u n f :;, v o u r.--r lJl <: f o r  b o t . 1 n i c ':tl 

m e t h o ds o f  p r o s p e c t i n g . 

o v e r n i c kv l  ra i n ;) r ·.'. l i s< � t i c n  "b u t  t h e  -:'ll101:1 .�<l i ;.:: G r: c r c:  o f  -' .. l o r·j ::lu g

n i t tH1 �;; :·, nd w e r •)  n t t r i b u t ul t c  t h e  s c l e r o p h yl l o u s  n;� t u r 8  o f  t J-. 0 
V C  f', t: t :�. t i o n .._ 

Elk i n fj t O ri  ( 1 9� c:J )  c ,�;r r i c· d o u t  b i c c e: o c �1 un i c . ·. J. 

:� r o sp c c t in g  s t P d i C:! o  r:.t :::; c·vo T.'1 l  l o c  . .  l i t i r, s  in tl1 <: s e  s c l o r o ph y l l o u s  

Hoo d L ·.r� d s  ,n ;. d c o n c l u <l c t: t lL t t lH :  u s e f u l n e s s  o f  tll i c  t �:; c h n i q u e 

\1' ·.- s l ir� i t e d  in t h e  }� t:lmbc:. l da ;:;. r , , et  b y  t h e npp:-:.r e n t  u n P.Vt:t i l t'l b i l i t y 

o f  t h e  sub s t r !t t c n i c ke l , nr, U.  i a  o th e r  n r c.·t S d i d no t p r o v i d e ,_ . ny 
::: c1rl. i t i o G< t l  i n f c, rm n t i r;n t o  Un t  p:. in-:: d  b y  s u r f 0 c c s o i l  g e o 
c lw rr; i s t ry . 

N i e l s e n  ( 1 972 ) c o n c l u d  • .  s f r or a b i o r e o c h eo i c �l 

S 'cl r V <.:y c a r r i e d  o u t  a t  Sp ar go v i J. l c: ,  som e 1 5  • n i l e s  r: es t ,., f K ·1m
b . l clG . , th . . . t t h e· n i cke l c o n t e n t  i n  th8 b : ·t rk of s c v u r: < J .  Euc a l y p t u s  

s p c c i <.: G w .�. :� a U G (: f ul c-;u i rl 8  t o  d e l i n c :.;. t i n g  c o n c c n. l c d  u l  t r  ·. b ; c i c  

u n i t e; . r:: o r c - o v c r , i t  i s  ,:\:iJ p : . r e: n t t�c< . t  the s e  t r <.: •..: s p e c i e s  

' o G G 0 s G  u v e r y  u nu s u 2 l  ab i l i t y  t o  a c c um ul a t u  c h rom i u m  ( etl so i n  
t h <:: b :1r!�: ) , wl1 i c ll C!i. ·. r.�.: c t (·; r i .s t i c  . .  � l l y  c :--� n  .. : . l s c; b e  u s e d.  t o  l o c t:1 t v  

l : i c i-'. c l i f c r o H s  a r :.- r:H3 clu •..: t o  th o r:l .'J.f;C:J n t i c  n i c k c l - c h. r o ::l ium r c -

1 ;: t i o n s h i 11 . 

0 e v c n:. l  .s t u t! i ·-· [3 on h e t: � 11 i c  . . l p r o s p e c t i n ;  r:. c t hn L h; 
h : : v u  b e v n  c �-r. r r i e: cl c· u t  i n  t h E: Eu c �:' l y p t  \': o o d l ;:; n d 6  o f  �/e .s t c r n  

. .  u ;::; t rc Ll i n .  H o w c-:Vd' t h u  p r <] <' l ; n t  s t u d �l i s  th e· f i r :? t  t o  b e  c ar r i e d  

o 1 : t i n  t h E:  J.i u l G .'J.  b u sh z o n u  nc r th o f  K�l l' o o r l i c  wh G r �..· s e v c rn.l 

n i c ke l  o rcb o d i e a  hav e  �l r c �dy b e e n d i s c o v e r e d .  



A .  VEGE'i'<l '!' I ON STUDIES . 

29 

T h e  d i s t r i b u t i o n  o f  t h e  v e g e t a t i o n  w a s  r e c o r d e d  

q u ant i t a t i v e l y  i n  t h e  f i e l d · b y t h e  u s e  o f  b e l t t ra n s a c t s , wh i c h 

w e r e c om p o s e d  o f  1 00 f o o t  s q u a r e  qu a d ra t s . T h e  t r � n s e c t s  w e r e  

l u i d  o u t , e i t h e r  w i t h  t a p e s  o r  u s i n f  a p r e - e x i s t i n �  1 00 f o o t  

r r i d  sy s t em a n d  o r i e n t a t e d  t o  c ro s s  t h e  v e g c t � t i o n  a s s o c i � t i o n s  

a n d  t h e  l i t h o l o g i c  u n i t s  o f  e a c h  s t u d y  a r e a . 

Bl a c k - � n d - w h i t e  a e r i u l  p h o t o s  ( 1 : 7200 s c a l e ) w e r e 

u s e d  t o  m a p  v e g e t a t i o n  � om m un i t i e s  o v e r  s e v e ra l  s q u a r e  m i l e s  a t  

s o m e s t u d y a r e a s .  

A l l  s p e c i e s  o f  t r e e s  a n d  s h r u b s  w e r e' sam p l e  i n  th e 

o r i e n t a t i o n  s u r v e y s . L e a f  a n d  t w i g  sam p l e s  w e r e  t ak e n  f rom 

h c a c i a  a n d  s h r ub s p e c i e s , wh i l s t  b a rk a n d  s a p wo o d  ch i p s w e r e  

t E1 k e n  f r om Euc a l y p t u s  and o t h e r  t r e e  s p e c i e s  w h o s e  f o l i a g e  w a s  
no t r e a d i l y  a c c e s s ib l e .  

P l a n t  sampi e s  w e r e  c o l l e c t e d  w i t h a s p e c i a l l y - d e s i c n 

e d  a t t a c hm e n t  wh i c h  a l l o w e d  sam p l i n g r a t e s  c om p a r ab l e  t o  s o i l s ,  

i . e . ab o u t 1 00 p e r  m a n - d� y .  Sam p l e s  w e r e p l a c e d i n  3 i n c h  x 

4 i nc h  k ra f t  b a [ S  and o v e n - d r i e d  ( 50° C )  o v e r n i e h t  i n  f i e l d  

c amps . 
H e rb a r ium s p e c i m e n s  w e r e  c o l l e c t e d  o f  e a c h  sp e c i e s  

f o r  sub s e q ue n t  i d e n t i f i c a t i o n . 

B .  SOIL STGDIES . 

Du r i n r,  th e i n i t i a l  s t a g e s  o f  t h e s e  i n v e s t i ga t i o n s  

so i l  sam p l e s  w e r e  t a k e n  n e a r  t h e  b a s e  o f  e a c h  p l a n t  wh i c h  w a s  

s ;  ... m pl e d . A -RO m e sh ( B . S . S . )  f ra c t i o n  w a s  o b t a i n e d  u s u al l y  

f r om n d �p t h  o f  ab o u t  6 i n c h e s  t o  avo i d  s u r f a c e  c o n t am i n a t i o n . 

S i e v i n g  was c u r r i e d  out o n  t h e s i t e  a n d  t h e  s a m p l e  p l a c e d  i n  

k rn f t  b n g s  i d e n t i c � l  t o  t h o s e  u s e d  f o r  p l a n t  sumpl e o . 
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So i l  p r o f i l e s  w e re n t u d i e d  in  s e v e ral arect E  b y  m ea n s  

o f  t r e n c h e s du� t o  e i th e r  1 2  f e e t  o r  b e d r oc k .  
pH m e � s u r em e n t s  w e r �  m � d e  i n  t h e  f i e l d  u s i n g  a C . S .  

I . H . O .  f i e l d  t e G t - k i t .  S e l e c t e d  so i l s  were c h ec k e d  i n  t h e  

Ltb o ra t o ry u s i n r.  '"" 1 : 1 0 m i x t u re' o f  s c i l  a nd o. i G t il l e d  wn t e r  

wh i ch was sha k e n  f o r  6 hou rs , a l l o w e d  t o  s e t t l e  o v e rn i g h t  a n d  

t h e n  m ea su re d w i th a s e pa ra t e  glass ( c u lomel e l e c t ro d e  s y 5 t e m ) . 

C .  GECLGG I C. � L  STU D I ES . 

Much o f  t h i s  wo rk w a s  c a r r i e d  out i n  p r e v i o u s l y  

m a p p e d  c-1 rea.s . �'1h e re  ne c e s sary g e o l o g i c r.tl mt:•pp i n g  w a s  c a r r i e d  

ou t u s i n g  1 : 7200 b l a c k-un d -wh i t e  pho t o g raphs ; or i n d e t a i l ed 

a r e a s  u s i n G a 1 00 f o o t  g r i d  s y s t em . 

B e d r o ck-chip  samp l e s  \'.' ere  c o l l ec t c! d  wh ere  p o s s i b l e  

c l o s e  to sampl e d  p l ants  duri � g  t h e  i n i t i al s t � r � s  o f  t h i s  . · 

s t u d y . 

Some h i ghly a l t e r e d  r o c k s  r e q u ired  X - rct y  d i f f ra c t i o n  

an� l y s i s  b e s i d e s t ra c e  m e ta l  d a t a  t o  c o nf irm i d e n t i f i c a t i o n .  

D .  GEOCE EJ·.; I Ct .L  tt N; .LY c.; r :.:,  OF S C· IL 1 . L D  HOCKCH IP Sil l"lPLES . 

S o i l  a n d  ro �k-chip  sampl e s  ( 0 . 2g )  w e r e a t t acked w i th 

n i t r i c/pc rc hlo r i c  a c i d s ( 4 : 1 )  i n  t e � t - tub e s  s u s p e n d e d  o v e r  a 

h o t -wa t e r  bath . The d e g re e o f  d i ssolu t i on o f  the  una l y t e  

e l em e n t s w�s c h e c k e d o n  s e l e c t e d  Dampl e s  u s i n � c o nc en t ra t e d  

hyd r o f l uo r i c/n i t r i c  ac i d s ( 1 : 1 )  i n  p o l ypropyl ene  b e ak er s  

s u sp e n d e d  in  b o i l ing  wu t e r .  Th i s  t r e � tment  though s l o w e r  

u s ual l y  g i v e s  im proved d i s s o l u t i o n  o f  the  e l e m en t s .  

Di sso l u t ion wn s nd e q ua t e  f o r  all the m e t u l s  e xam i n e d  

e xc e p t c h rotn i um w h e r e  it  o c c u r r e d  s om e t imes u s  s p i n e l wh i c h  

i s  v i rtually  insolub l e  und e r  these  c ond i t ions . 

Th e r e s idue w u s  l e a c h e d  w i th h o t  2M h ydrochlo r i c  

a c i d  f or  1 5  m i nu t e s , m a d e  t o  volume  ( 10 ml ) , a n d  a n  ul i q u o t was 



3 1  

d i l u t e d  w i t h 0 . 8% s t r o n t i u m  n i t ra t e  t o  a l l o w  d e t c rm i n., t i on o f  

c - , l c i u rn J.n d  u a i�;n e .s ium ( El l'le l l  a.n cl  G i d l e y , 1 96 7 ) . 

Th u ; c .so l u t i o n s . w e r e  t h e u  de t e rm i n e d  b y  c o n v e n t i o n.::. l 

; . t om i c  ab s o r p t i o n  s p e c  t ro ph o t o r'· e t ry u s  i n e:  a Var i <t n - T e c h  t ro n  

r : o d E: l  AA5 i n s t r u m e n t . 

E .  G.SO CE EI· . I C •.L ! , fL\ L Y Ci i 0  C•F P L A N T  �AiirLE.S . 

P l a n t  saQp l e s  � e r e  a sh e d  u t  430° C i n  a � uf f l e  f u rn

� c e .  0 . 2 g a sh w a s  l e a c h e d  w i th 1 0  m l  2M h y d r o c h l o r i c  n c i d , 

m i x e d , s e t t l e d und d e t e r� in e d by a t o m i c  ab s o rp t i o n as a b o v e . 

f, rap i d  m e t h o d  o f  v e g e t r:  t i o n  an al ys i s  ( S e v c rn e  :.;. n d  

B r o o k s ,  1 97 2 )  �a R d e v e l o p e d  wh i c h  i n v o l v e d  w P i [h i n� 1 . 0g  o f  

d ry plant  m.J. t e r i; ,l  i n t o  60mr:. x 1 2mm: : p yr e x  t e s t - t u b e s  ( C o n t a i ne d 

i n  l o t s  o f  1 00 i n  s t c E:l  r� c ks ) a n d  a s h i n r  i n a c l o s e d  m u f f l e  

f urna c e  o v e rn i gh t  � t  430° C • 

. •  f t c r  c o o l in� , 5ml o f  2M h y d r o c hl o r i c n c i d  w a s  a d d e d  

t o  e a c h  t ub e , m i x e d  f o r  1 5  m i n u t e s o n  a h o t  w� t e r  b .J. t h  ( 80° C ) , 

: ; l l o� c d  t o  s e t t l e  ( 1  h our ) and t h e n  a n a l y s e d  b y  a t o m i c  a h s o r p 

t i o n  a s  : 1 b o v c . 

Em p l o y i n r t h i s  m e t h o d  p l a n t  sam p l e s  w e r e a n a l y s e d  o n  

u rou t i n e  b a s i s  a t  t h e  ru t e  o f  1 00 p e r  day p e r  m u f f l e  f u rn J c e 

f o r  u p  t o  8 m e t a l s .  

S p e c i a l i s e d  t e c h n i q u e s , s u c h  a s  s c l � n i um � n a l y s i s  

u r G  d i s c u s s e d  i n  l a t e r  s e c t i o n s . 

F .  ML, LYTICHL P RES ICIG !� ld:I) AC CU RACY . 

( i )  P r e c i s i o n • 

. Th i s  wrts c o ns i d e r e d '- W t h e  o v c: ra l l  r e p r o d uc i b i l i t y 

o f  th e d i s s o l u t i o n and on& l y s i s  s c h em e . To evnluu t e  t h i s  

pu. r<.<1i"1 e t e r ,  o. s e t  o f  reprc: scn  b 1  t i  v e  s o i l  an d plant s a m p l e s  W f: r e 

s e l ec t e d  f rom are:..t s of Vt.1 ry i n r� c h a r ac t< n i s t i c s  and 1 0  r c p l i c :-:1 t e  

8 no l y G e s  w e re m J d e  o n  e ac h  G ampl e f o r  n i ck e l , c op p e r ,  c ob al t , 



32 

c h rom i u m , z i n c , m G n £ q n e s e , i ro n , c � l c i um �nd � a r n c s i um . Th e 
p r l: G i s i o n  '�>' :J s  o d e q tn t e ;-� s no o n e  v:·,l u e  c1 e v i t t t c: d b y  rn o r (� t h ; m  

1 0� f r om the m e n n . Tv10 o f  th 0 s e  s t .:tn dclrd  s:.:t;·i p l e s  \;· e r e  i n c o r -

p o r�, t e G. i n  e a c h  bl\. t c h  o f  unkn o w n  s:.u11 p l e s  i n  o r cJ e r  t o  m o n i t o r 

� n y  i n t e r - ba t c h f l u c t u a t i o n s . 

� . q u e o u s  s t :..: nd a r d s w e r e  p r e p n r e d  f r om n n a l y t i c al 

G r a d e  o r  Sp e c t ro g r a n.h i c n l l y  - p u r e  r c �;. g e n t s  ( J o h n s o n , l l.:l t t h e y  ?: C o . 

L t d . ) a n d  s t o r e d i n  po l y th ene contuiners ( 1000 ppm i n  2M H C L ) a nd 
d i l u t e d  pr i o r t o  u s e . 

( i i ) ; ... c c u ra cy .  

Ac c u r- t c y  i s  t h e  d E gr e �  t o  wh i c h  t he t ru e .::. rn o u n t 

o f  a sub s tanc e pre s en t  i n  tt s .,m p l e C A- n  b e d e t e rm i n e d . \', h e r e a 
s e t  o f  d � t d  i s  b e i n �  e v a l ua t e d  o n  the b � s i s  o f  r e l a t i v e  �aG
n i t u d c.- s  of e a c h  v , t l u e r d. t h i n  th e s e t , a s  i n t h i s  t h e s i s , p r e 

c i s i o n  r.'l t h e r  t h .t n  adc u�acy i s  i m po r t an t , �1 ss u m i n [� t h ,:J t  t h e  

r c· l H  t i v �.-· ;-.. c c  u r ; t c  y f o r  enc h m c <·w u r crn e  n t i s  c o n s  t =  .. < n  t ( t i c· i �; h  1 1 9(. /-t ) • 

B y  · l nu l y s i n � t h e  s t ::.ml1..t r rJ  d i ;:1b , : s e  �·1- 1 ( F ·.t i rb ; , i r n  
c t .-:-,1 , 1 95 1 ) a m e i.l s u r c  o f  t h e- :tnal y t i c : , l  ;:1c c u ra c y w _t f'  o b t n i n c d . 

I n  c omm o n w i t h  o t h e r w o rk e rs ( Fl e t c h e r , 1 970 ; T i m p c rl c y , 1 97 1 )  1 

t h e �� t om i c ::tb o o r p t  i o n d c t e rr.li w 1 t i o n s  o f  t h e  t r · . ns i t i o n  rn e t :'t l s  
YJ e r e  t o o  h i fh wh � n  c om p •: r e d  v, i t h :t c c e p t e d  v.;. l u c s .  

Th i s  e r r o r  W "l S  �l m o s t  c e r t :.t i nl y  due i n  L t r r, �.:  

p �. r t  t o  " s c a t  t o r i n g " . Th i s  i s  C J U s e d  by n h i [h D o l u t e  

c o n c e n t r a t i o n  i n  the � sp i ra t � d  so l u t i o n ns t h �  s o l i d  pa r t i c l e s  

r e  f l e e t t h e  i n c i d e n t  r ·::. d i r t  i o n  f r o m  t h e  l Cir•l P av;:. <y f r om t h e  s l i t  

c n u r; i n g  r..:. n npp:1 r c n t ab r. o rp t i o n . '.rh i s  c f f G c t  h 1·. s b � e n  s t u d i t:-: d 

i n  GOITI C d e t a il  ( B i l l  i l� ��S , 1 9(· 5 ) • 

G i d h· y  ( 1 9G4 ) G h o w u d  t h , : t s c  ..... t t �r i n t� Vv" t S  ' t  
f u n c t i o n o f  w ; . v c l c ngt h : : nd th : Lt i t  f o l l o w e d  �- n n p p ro x i m c-� t e l y  

d e p e n d e n c e  i . & .  o t  s h o r t  wav e l e n g t h s  th e p r o b l e m i s  r r e � t e s t . 

I t  Wt). S f o u n d  th :- . t  c -, l c i um : . nd i r o n  c nu s e d  t h e  m o s t  s c r-, t t c r i n e; 

f o r  , 1l l  thE: . 1 n · . l y t c  m e t al s  i nvc s t i g: t b:: d ,  .�1 n d  t h � r e l n t i v c  

r� c c u r :,c i e s  f o r  d i f f e r e n t  s.-·.mpl e s  \'J e r e  d e p e n d e n t  o n  t h e  v. :1 y i n  
v h i c h t h u i r  c a l c i um uncl i r o n  c o n t e n t s  w c t e  vn r i e d .  
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Sc .::! t t c r i n [: w; , s  m o s t  i r.1 r o r t : · n t ·f o r . nr:l y t e  m et,r:l s 
\vh o s s  ;tb s o rp t i o n l i n e s  l i e i n  t h e  v· :1 v e l cnc th rq: , i o n  l e s s th r:-.n 

3000R . T n c  nn�l y t i c � l  l i n o s  ( i ) used f o r  t h 0  v�r i o u s  m e t n l s  

w e r e : - n i c k e l  2320 ; cob .l t 2 4 0 7 ; c o ppe r 3247 ; z i n c 2 1 3 8 ; 
c h rom i um 3578 ; iron 24R3 ; c � l c i um 4 227 ; m · ,nr . n e s o 2 7 9 4 ; n n d  

m �  r· n c: G i  urn ?. 85 2 . 

Th u {· c c u r · c y  o f  t h e  : . n : t l y t i c · t l  d: · t · �  p r c s E:n t c d  

i n  t h i s  th e s i s  w n s  c on s i d u r e d  ndcqu� t c  f o r  all  t h e  m e t �l s  � t  

t h e  u s u �l c on c c n t rnt i o ns e nc ou n t e r e d , E x c ept c ob A l t .  P l : m t  

nsh . � n d  s o i l  s nmpl c s  c on � rt i n o d  � p p n r c n t  c o b n l t  c on c e n t rn t i o n s  

.- .b o u t  2 0  p pm . m d  . 50 ppm r e sp e c t i ve l y . S c 8 t t e r i n e;  w::. s sh o r:n 

to ,s c c o un t f o r  m o r e  th<:cn 10 p pm . I t  s e em e d  t h : . t  i n t e rf e r e n c e 

f rom o th e r  m e c hn n i sm s , such � s  m ol e c u l� r  nb s o r p t i o n , w2s n l so 

pr EO s c nt . 
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( i ) L o c ::\ t i o n . 
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Th e s t u d y  :. � r e ?  i s  • b o u t  1 00 m i l e s  north o f  

t·1c: ek . :  t h < t r ri �  ( .s e c  F i t:; . I - 1 ) 'lnd i s  r e  ·· c h c d  by n d i rt r O L' d v;h i c h  

t r e nd s e .; s t w: � r d s  f r om t h e  G r c � t t  No r t h e r n  H i gh\•.1 a y  for  some e igh t 

m il e s . Th e e nt i r e �ree l i e s w i th i n t h e  G o v e nnm e nt  1 : 50 , 000 
Doo l gun na ( Zo n e  2 ,  s h t: e t  2 7 8 )  m;.;p sh e e t . Th i s  p re l im i n a ry 

s u r v e y  w�s c a r r i e d  o u t  in l a t e  summer ( A p r il ) o f  1 9 70 .  

( i i )  Cl imat e .  

' 
The n n nu�l r� in f�ll i s  n early 1 0  i n c h e s  and t h e  

w e t t e �:: t month i s  u su ; : l l y  l-lorch . 

( i i i ) G e o l oc;y . 

The Red  B o r e  P r o s p e c t  l i e s w i t h i n  the Nullng ine 

" s y s t em "  of l o w e r  P r o t e ro z o i c  ;:! ge . Do l e r i  t e s , q u <:t r t z i  t e s  : end 

f i n e r  gr � i n e d s e d im e n t s  n r e  t h e  usu�l l i tholo g i e s  e n e oun t e r e d . 

In t h e  1 960s t h e  l O C i . l  s t c. t i o n own e r d i sc o v e r e d 

the Red B o r e  G o s s an ; s e e  P l � t e  II  - 1 . This g o s s� n  0 s s ny c d  n t  

0 .  7';o co ppe r , c on t: , ined v i s ibl e m al::. c h i  t 0  f l e c k s , . ::nd n pp e :� r o d t o  

b e  · :. t ,  o r  n e  .. < r  t h e  c o n t ,..t c t  o f  : �  dol c r i t e  u ni t  w i t h  we<.� th e r o d  

y e l l o w - g r e e n  sh � l e s .  

A se o l o g i c Al s k e t c h  mnp i s  shown in Fi g .  I I  - 1  

. .  ,nd w n s  c omplle d u s ing '"' 1 : 7200 c. e r i e.l p ho t ograph . 

( i v ) T opogr nphy . 

Th i s  ; t re'-l form s part o f  <'- bl'oad w n t e r sh e d  o n  

the int e r i o r  plnt e nu o f  Dc s t crn Aust r�l i n .  It  c o ns i s t s  m o s t ly 

o f  ext ens i ve plh ins  w i th low  hil l rnng e s . 

I n  the imm e d i a t e  e n v i r o nm e n t  o f  th e Re d Bo r e 

Pro s p ect rt':lic f i s  p ro vid ed b y  r. quar t z i  t c  r i dge , s e v e r � ·.l 

h u n d r e d  f e e t  th i ck 1 less th: ,n e thousa nd f e e t  south o f  th e 

go c snn . 
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Fig . I I-2 . Geoligical sketch map of the Red Bore Prospect , 
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transect and the geoahemical sampling area . 
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Th G d G n s i t y  o f  d c � d p l � n t s w� s r 0 c o r d c d  b u t  d i d  

no t ·:� p p c : . r  t o  b e  r l' l;, t e d  t o  t ll < 1> o c h .:. m i c .: i l t. n v i r o nm c n  t .  

I t  i s  · < .Pl ' :.t n .: n t f rorn th o..: t r: � n G ,·: c t  d i c· g; r <tr.l ( F i e; .  

I I  -2 ) t h ;  t th .:: t · : l J. f�h ru b  /, c : . c i ;· c o o lc;' r d i e ns i s  i s  r l: s t r i c t �.:J d  

t o  o u t c r o pp i n s  tl ol c r i t o .s . Th i .s  f i n d i n e:  V! ' t S  c o n f i rr:1 0 d  b y  G u b -
E. c q u <;- n t  r e c o n n:.:. i s s �m c G  o v �.; r t h 8  s u r r o u n d i n f'  t e r r ·.:. in . 

a n u u r a  i s  w L l l d i s t r i b u t e d t h r o u gh o u t  t h i s  d r e n  b u t  h a s  :1 l o w e r 

d e n s i t y o v e r  d o l e r i t E: o u t c r o ps . I t s  d om i na n t p o s i t i o n  i n  t h e  

t r e e  l �y e r  i s  i l l u s t r0 t e d b y  P l -L t e I I  -2 wh i c h  i s  � v i e �  o v E: r  

t h e  p r o sp E c t a r � � , l o o k i n g  no r t h  f rom t h G  q u � r t z i t e  r i d g e . 

Th e o v e r;.:.l l v q: e t :..:. t i o n d e rw i  t y  cl c c r u c u: ; e d  i n  t h e  

: .• l l u v i .-:; 1 t r.:. c t b c t v: e c;: n  t h e  do l t3 r i t e o u t c r o p s . Th i s  e f f e c t  wGs 

c o n s i d e r e d  to be du e to the u n Lw o u r:. t b l e ph ys i c ::.. l c h r: r:.J.c t e r i s t i c s  

o f  th e so i l . Th e r e  wns � n  a b s e n c e o f  su r f � c o s c � e u  �nd 

� c c o rd i n g l y  the sur f nc c so i l  w o u l d  h n v e  l o w e r  m o i s t u r & r e t e n t i o n  

p ro p e r t i � s  thnn �d j n c c n t � r e � s . 

S i m i l a r  b e l t  t r� ns e c t s o r i e n t a t e d  o v e r  t h e  

.:1c t u · : l go s sv.n s f :.1 i l e d  t o  f i nd ny " i n d i c 0  t o r "  p l an t s . H o w e v �J r ,  

d u e  t o  t h e  d ro u c:h t s e ;.:. s o n  t h e  E: phemeral f l o ra w a s  n o t o b s e rv e d .  

C .  B IOGEOCHElHCJ . L  STU D I E.S . 

( i ) So i l  G e o c h em i s t� . 

I n  o r d e r  t o  e v-t l u a. t £: t h e  b i o g c o c h ern i c ::� l d a. t n. ,  

i t  w n s  n e c e s snry t o  o b s e r v e  th e s e c o ndary d i sp e r s i o n  o f  c o p p e r  

i n  th e s o i l s f�om t h e  o u t c r op p i ng m i n e r 2 l i s e d  z o n e . 

Dr i l l i n g  i n d i c : • t e d  t h a t  t h <:  g o s s11 D  r e :r r e s c� n t c d 

:• .s t e c pl y - d i pp i nf.: , n r,r row ( t e n  f e e t )  m i n c rn l i s c d  z o n e , v: i  t h  

<' b o u t 2;£ c o p p e r , 0 . 04� z i n c , , m d  0 . 005jt l e .t d 1  o n  r. d o l c r i t e -

G h .:-: 1 <:: c o n t rl C t . /, l t h o u t:;h t h e  g o a s n n  nve r :.l g e d  :l b o u t  0 . 7% c o p p e r , 

t h e  1 \ G so c i . , t e d  s u rfac e so i l s ( -80 mesh B . S . S . ) c o n t � i n c d n 

m · , x i m um o f  o n l y  0 . 09% c o pp e r . So i l s  w c r l: snmpl e d  o n  n 50 x 

200 f o o t  a r i d  n t  n d e p t h  o f  th r e e  to s ix i n c h e s . T h e  a c i d  

n n t u r e  o f  t h e s e  so i l s ( pH 6 t o  7 )  r e s u l t e d  i n  s i gn i f i c 3 n t  
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1 ; t c r; :l  d i s p e r s i o n  of t h e  c o p p -o r n s  s o e n in  F i g .  II --3 .  T h e  

d i s p '" r s i o n o f  c o l d  ex t r. : c t. b l (! ( 2 . 5/0 .�l c c t i c  � ; c i d ) c op p Ei r ex
h ib i t e d  t\ r; i r.1 i l :1.r bu t s l i p:h t l y  l:.rr c r  pat t e rn �� n o  t h e  : m om n l y  

Th e i s o c o n c e n t r:� t i o n  c o n t o u r s  w e r e  

s c l c c t �d b y  c o n s i d c r� t i o tL o f  t h e  f r e q u Pnc y d i s t r i b u t i o n o f  th e 

d:� t-:� , � : nd i n t e rp r e t e d r s  -possibly  anorr. ". l o u s  ·1 nd d e f i n i t �:: ly 
·� nom . l o u s t h r e sh o l d  Vi'\ lu c s . 

( i i )  B io�;,c o c lH:rl i u t r:t • 

L e - .. f ( ph yll o r: e ) . ; n e\ twiv.; s : l r.l J:ll e G o f  etl l  t r � e  

: . nd s h rub s p e c i 0 s  w e r e  n nnl y s e d  f o r  c o p p e r  a n d  c o b , t l  t ,  n i c k E: l , 

chrom ium , z i n c , mnng: . .  n e s <; , c ; . l c i um , : n d  milgn e s i urn . Th e <.l n ., l y -

t i c : ,l d�. t: _ _  f o r  s o i l s , r o c k - e h  i p s  :md plnn ts w e r e  ex:.� m i n e d 

i n i  tinlly  b y  c o m p u t o r  u s_i nr. c o r r e l <.. t i o n  .:cn<. l y s i s  :: n d , in d e L . i l  

b y  r; r.-:-.ph i nt; t h e  s i gn i f i c : m t r e l .:>. t i o n sh i p s . Cumul a t i v e - f r e q u e n c y  

plo t s  w e r e  ex�m i n c d  b u t  pro v i d e d  no �dd i t i o nnl i n f o rmtl t i o n . 

ilo c o pp e r ;::. c c umula t o r  plr m t s  w e r e  f o u n d , ,md 
th i s r � s u l t  su g g e s t s thn t none of the o b s e rv� d p l o n t  s p e c i e s  

i s  o c o p p e r  i n d i c � t o r  p l �n t . S i m i l � r l y , B r o o k s  ( 1 972 ) h� s 
s u g g e s t e d  th l t  . .  m i nci i c , : t o r  p l c n t  may d i sp l .:q : .n u n u s u 2.l l y  h i gh 

conc e n t rnt ion o f  t h e  m e tal s o u gh t . 

A o ·. c i a  � n e u ru w�s t h e  o nl y  s u i t .b l e  plant f o r  

p ro s p e c t in e  p u rp o s e s  : : s  o th cs r  s p e c i e s , e s-pec i :; l l y  .!i ·  c o o lc;·. r d i •:: n s i s  

d i d  n o t  h: ,ve t h e  p r e r e q u i s i t e  p e rv · �s i ve d i s t r i b u t i o n .  

The c o p p e r  c o n t e n t  i n  t h e  phy l l o d e  ( l e . lf ) . .  , sh 

o f  A .  � n e u r� i nd i c at e d  t h e  s ub s t r� t e d i s t r i b u t i o n o f  copper  � i th 

rn o r E: t h ,; n  n <l e q u a  t e  p r c c  i s  ion . Copper v·il U l; s  ro s e  f ro n1 b - l c k -

g r o u n d  ( 1 20. ppm ) t o  620 ppm o v e r  t h e  go s su n . The b i o r e o c h � m i c o l  

dn t �  u r e  shown i n  F i g . I I  -4 . T h e  i s o c o n c e n t r ;  t i o n c o nt o u r 

v ·, l u e s  v: e r e  s e l � c  t u d  ·· .t.S f o r  t h e  o c c as i o nnl ab senc e o f  /i. . c:m c u rn 

at a s � m p l i n g  s i t e  pruvc n t e d  c l os u r e o f  t h �  i so g r ad s . 

i . l l  o t h v r  b i O f5 G O c h e m i c  ..• l da tr� f o r  !.;.:__ · ,n 0 u ra , �.nd 

for  t h e  o th o r s p e c i e s , l?ro v i c.l v d  no u s e f u l  i n f o ril�<. t i o rj t o  < t id  

l o c ; 1 t i o r, o f  t h e  b edrock m i n e r� � l i s:: t i o n . I t  wn� s u r p r i s ing th � t 

the c o pp e r  c o n t (; n t o f  t h e  t w i g  o sh o f  a .  �� g[� Vc absolu t e ly 

no i n di c n t io n  o f  th0 eo ssnnous z o n e . 
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Fig . I I-3 . Geochemical soil copper plan of Red Bore Prospect . Soils were 

sampled at 6 inch depth and t he -80 mesh fraction ana lysed for 

total copper . Iso concentrat ion contours represent ing t hreshold s  

o f  possibly anomalous ( lOOppm ) and anomalous ( 130ppm ) values are 

shown . Threshold values were d erived from considerat ion of 

cummulat ive frequency and frequency distribution diagrams . 
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Comp:1 r i s o n  o f  th e b i o g u o c hcm i c : . l  , . n d  s o i l  g eo 

c l' lL' m i c : \ 1  (L t "  ( F i gs . Il - 3  .. nd I 1 -/+ ) r e v c : . l t w o  i lilpo r t . : n t 

f : c  t s . T h e  f i rs t  i s  th; '  t t h �.:  b i O !! C O c h r:nn i c  ': 1 ::: no m. c l y  c o n  t r  . .  s t  

( � ) i s  m u c h  l o v.·c r  t h  . .  n th e s o i l  c o p p e r ( t o t : : l )  c on t r. ; s t  ( 1 8 )  

rJh i c h  i s , :i n  t u r n  c on s i d  t; r ··.b l y  l o w  r th: : n the c ol d  e x  tr;  � c  t: ·.b l �  

c o p p (:r c on t r  , c:; t  C93 ) . T h e  l o n  r.1 · \p;n i t u d c  of b i o r c o c h e m i c  . .  l 

.: ·.nom ·� l i t:.· s h . . s b e e n  d i s c u r; s e d  by o t h e r  �:w rk<: r s  ( Co l u , 1 97 1 ) : . nd 

in th i s  e n v i ro nm e nt w;:s ;· t t r ib u t t.: d  t o  th v s c l ,�rophy l l o u s  n�·. t u r o  

o f  t h e  v e � e t� t i o n .  h. plo t  o f  l c  .. : f  · ... s h  c op p e r  V L." r s u s  s o i l  

c o pp e r  s u g ge s t e d  tll ' .t  n m :c x i m ur:J c on c e ntr .· , t i o n  o f  c op p er i n  th e 

phyl l o d e  <1Sh w:'. s  r�pproP. c h c d  :--. t  :·�bo u t  500 - 600 ppm . I t  i s  

: 1ppe. r e n  t t h c. t  th e n o rm .:.1  b i o l o r i c :.�l r 8 s t r i c  t i o n  o f  t r: . c e  m e t;tl 

u p t <�kc impo s e s  n d e f i n i t e; l im i L :. t i o n  on the d e gr e e  of P. sso c 

i.::. t i o n  b e t v. e t: n  p l an t  :1n d  sub s t r: ·, t e:  m e  t: ·.l  c o n c c n t r:.t t i o n s . 

The s e c o n d  o b s e rv� t i o n  i s  thnt n s m � l l  b u t  

s i gn i f i c .::m t  b i o g (: O c hem i c  ·.1 i '.n o M �·.l y  ex i s t s  . ..:.b o ut 500 f e e t n o r t h 

e n s t  o f  th e go s s ;·tnous zon e . 'l'h e s e  v�·. l u e s  i n i t L : l l y  w e re no t 

b e l i e v e d . /,.c c o rd i ngl y , s o i l s . . n d.  � ·  : . n e u r" w e re r e s o.m p l e d  6 

m o n t j:} s  l r. t E: r o n l y  t o  ob t n i n  c .s s e: n t i.�·.l,J:y t h e  s.:: m e  r e s u l t s  ns 

b e f o re . B e d - ro c k  ch ip s."'..m p l  i n r,  wr:. s  und e rt :·tke n , n s  s c i l s  w e r e-

cs n c r � l l y  l e s s  th �n 1 5  i n c h e s  d e ep , � nd sub s e q u e n t  a nnl y s i s  

r e v e .:.l e d  <:>.. p r o n o un c e d  b E d r o c k  c o pper : nom ·"ly w i th n m c�x imum 

( 1 90 ppm ) v �l ue c o i n c i d i n g  w i th the b io g e o c h em i c �l 8 no m nl y . 

Th e s o i l  s .·. mp l in e re v .:.· �" l e d  no t r<.,c e o f  th i s  b e d ro c k  f e 11 t u r ta . 

The b i o c c o c h cm i c �ll d:'l t n  p ro v i d e s  r. p r e l im i n.:lry h in t  a s  to t h e  

po t c n t i  · · l  o f  t h i s  m e th o d  i n  l o c a t in g  b u r i e d  m i nernl i s . : t i o n . 

D .  COI\ CLli S I O U S . 

I n  t h i s  t y p e  o f  env i ronm ,� n t  w i th ; • c i d , l e n c h e d  

s o i l s ,  i t  i n  r·.ppn r e h t  t h: . t  so i l  g e o c h em i s t ry i s  i l  v r.: ry s u i t nb l c  

t c c hn i q u C:;  f o r  l o c  .. . t i ng s i m i L :r c up r i f c ro u s  z o n0 s .  

The b i o r •  0 · C' h cm i c , ·. l m e t hod i s  c o ns i d e r e d  t o  b e.:  

c omp; · r•.tb l u t o  c onv£.J n t ion: . l  so i l  g e o c h cm i s t ry i n  th i s  e o s e n t i n l l y  

o u t c ro p p i n� n reu . 
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Fig . I I-4 . Biogeochemical copper plan of Red Bore Prospect . Leaf samples 

of Acacia aneura were ashed and analysed for total copper . I so 

concentration contours represent ing possibly anomalous ( 17 5ppm ) and 

anomalous ( 23 0ppm ) values are shown . 
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H o w e: v t: r ,  : ;  d c g r L: c  of C '\ u t i on iG n ; o u i r ,, d in the 

i n t c rrJ r .: t . .  t i o n  o f  the b i o g eo c h c m i c r : l  d rt t n. . . It iG .� p p .:c r c n t . 

f rom t h i G  " c -� G e  h i s t o r y "  t h r-� t t h e  .: '. C t lF : l v .. : l U <! S o f  t h 0  l c  � f  ;�sh 

c o ;1 p e r  lt -� v c l i t t l o.: , if -. n y , d i r �.:< c t r c L , t i o n s h i p  to t h t.  b e d r o c k  

c o p p e r  c o n c e n t r ; · t i o n s .  1\. b i o e; �J o c h c m i c  . c l <..momr: l y  i n cl i c : . t � s  r:>..n 

· .nom: : l o u s  m � t -. . 1 c on c e 11 t r  . .  t i o n  i n  t h o  s ub s t r;:t t e  b u t , ;� t t h e  

" p r e s e n t  s t : \ t t. o f  t h  ... : t r t " , d o e s  n o t ci e f iue  i t s  m ; . g n i t u d e . 

Th 0 r 0 su l  t s  o b t : . i n e d .. . t t h e  R(; d B o r e  P r o s p e c t ,  

b t: i n e;  th r) f i r G t  ob t : , in e d i n  th i s  s t ud y , w e r e  c o n s i d e r e d  t o  b e  

h i gh l y  a n c o u r n g i rq;; . HO\J e v e r , i t  vms r c :- J: i s e d  th et t  t h e  V G l u e  

o f  th e b i o g e o c h em i c .� l m e t h o d  l . : y i n  i t s  . tb i l i t y  t o  d e t e c t b u r i e d  

m i n n rnl i s .::J t i o n , wh i c h  h n s  l i t t l e  i f  <my s u r f ::t c e E; C o c h e m i c :•.l 

expr e s s i o n , 1 n d  wh e r e  c o n v c n t i o n<: l s u r f n c e  t e c hn i qu e s  w o u l d  b e  

in :-..d c q uu. t e . 

Th<1 r c  i s  o n e  :� s p c c t o f  t h e  g e:o b o t :.n i c < ·. l s u r v e y  

o v e r  t h i s  c o p p e r  p r o s p e c t  r;h i c h  r e qu i r e ::.;  f u r t h e r  s t u d y . I t  

i n v o l v � s  uv�l uet t i n g  t h e  ' in d i c n t o r ' r o l e  o f  th e eph e m e ra l  f l o r� . 

A s  m e n t i o n e d  i n  t h e  i n t r o d u c t o ry s e c t i o n  th e s e , o f t e n  c o l o u r f u l , 

pl 0 n t s  m � y  n o t  b e  s � e n  f o r  upw� r d s  o f  a d e c a d e  b u t  n s u rv e y  at 

t h c  :!pp r o p r i :-.... t e  t im e  rnr:y b e  w e l l  r e wn r d e d .  



2 . CO lli( TREE COPPBR P RO SPECT . 

h .  INTRGDUCT I ON . 

( i ) G u n c r...-�1 . 

4 1  

F o l l o w i n[ th e s u c c e s s  o b t � i n 0 d  � w i t h the b i o 
r;.:: o c h c m i c  1 s u r v e y  :J t t h e  R o d  B o r e C o p p c· r  P rr> .s p c c  t i t vu s  
d � : c  i dc d  to t <-. s t  t h e  tt.� o hn i q u c  i n  ; :n . � r c : 1  c an t  . i n i n g  k no w n  s u b 
r; u r f  . c c  c o p p e r r.1 i n e r ·  .. l i EJ · � t i o n . Th e C o r k  T r e e  C o p p e r  ProspEct 
w . s t h e  on l y r1v-·: i l :.� b l e . : r e a  · . nd , - . l th o ugh not e n t i r v l y  �pp rop
r i � t c f o r  t h i s  su r v e y , � n  i nv c s t i [� t i o n  wn s c nrr i e d o u t i n  th e 

Spr ing ( O c t ob er , ) o f  1 970 . 

( i i )  L o c a t i o n . 

Thu c op p e r  pr o s p e c t  i s  1 7  m i l e s  e � s t  o f  R e d  Bo r e  

�n d 1 8  m i l e s  w e s t  o f  L�ke Gre gory . /.b ; � nd o n c; d  c o p p e r  w o rk i n gs 

· .re s e e n  ,.,_ l o n g t h e  ro .::-..d t o  th e Th.-\dunn C o ppe r m i n e  wh i c h  i s  som e 

1 2  m i l es t o  t h e  n o r t h -w e s t  o f  Co rk Tree P r o sp e c t . The s t udy 
:·,r :..-rt t:t e < : sur (; d 4000 f e e t  e ."'! G t -v: e s t  b y  2000 f o e t  n o r t h - s o u t h  :-tn d  

i s  l o c : . t e d on the s o u th e rn f l nnk o f  ·"'- d r :· i n ag e  t r. : c t  wh i c h  i s  

c h · . rn c t e r i s e d  b y  o c c · t s i o n r-: 1  c o rk t r c e .s  ( H. �ken L o re:� ) . 

( i i i ) G c o l O[lY •  

T h e  p r o s p e c t i s  s i t u:t t t: d  i n  .:-m - � c i d - v o l c c� n i c /  

s e d im en t:.: ry t u rr . : i n o f  p r o b <!b l e  N ul l a g i n e ::n ( Lo w u r  P ro t e r o z o i c  

l. g e: ) , · nd th e s u p e r g �:: n c  c opp e r  rn i n e r�\l i s n t i o n  i s  c o nc e n t rn t e d  

. .  long f r  . c t u r e: pl.:cnc s .  I t  i s  l o v1 c r  i n  th e L� nJ. s c a p e  t h r: n  th e 

Tie d Bo r e P ro s p e c t : , n d  i ::;  c l o .s r-! t o  th e s;:_l t -l nk e  d r - . i n <t r; c  t e rm i n i . 
i. s a ru: ;ul t th t C o rk 'rr e e:  P r o s p e c t  .s. r e n  i s  f r e e  o f  l at u r i t e  : m d  

ro c k  ou t c ro p  i s  rn i n i m � l �nd u sur l l y s i l i c i f i � d  thus r u n d e r i n g  

i d e: n t i f i c � t i o n  o f  t h u  o r i c i n L l  r o c k� t yp e ruthur t e nuouo R t  t i m e s .  
i�u ch o f  t h e  .?.r c n  i s  c ov e r e d b y  upw.·.rds o f  twanty f u e t  o f  

: � 1 1 u v i  -:1 - c o l l  u v ic. l m R t c r i :�l . 



4 2  

T o p o g rn p h y  i s  v u ry sub d u e d  w i t h  � l o p e s  t yp i c al l y  
0 l e s s  t h < < n  1 • J:'h c lH : S t  i n d i c ·: t i o n.s c f  s l o pe r: r e  p ro v i d e d  b y  

v <c. t, c t :·. t i o n  . � n d  s c r (J e:  d i s t r ib u t i o n . V e ry l o v1 r i d g o s h .:- v t: r o c l�y 

c r e s t s  of .s i l i c i f i e d  vo l c �n i c c  � n d � e d im c n t s  wh i c h  : • r e o f t � n 

b r e c c i � t 0 d . Th e .s i l i c i f i c . t i o n , e s p c c i � l l y �l o n e  b r 0 c c i r z o n 8 G , 

i s  c o n s i Ll e: r �.- d  t o  b e  t he c . .  us · . l r e l i e f  f rtc t o r .  

D u e: t o  t h e  l o w  p o s i t  i o n  i n  t h E:  d r: .t i n r: g c  s y s t e m , 

t h e e n v i r o nm e n t  i s  s,··. l i n <� . � n d  s o il pH i s  c l o s u  t o  n c u t r  l i  t y .  · 

B .  G ECBOTAI--ii C. , L  GTU D IES . 

1> b rO < ! d  w::-, t e r - c o u r s e , r b o u t  "- IEJ. l f  m i l E:  v:i d c , 

t r e n d s  s o u t h - e · •.s t v." : rd s . t h r o u gh t h e  s t u d y  n r e <t �: s s h o vm i n  F i g .  
I I  -5 . I t  i s  c h nr: , c t e r i s e;; d b y  r:. r e lr.c t i  v c l y  d e n s e  v e r, c t . ,  t i o n  

b u t �may from t h e  c r e e k  s y s t u m , wh i c h  s £ l d om f l o � s  w i th � � t e r , 

t h e:  v e g e t :: t i o n  i s  s p ;-: r s c . . . c r i ::. l  ph o t o gr : �ph s ( 1 : 7200 s c H l c ) 
v• c r e u s u i  t o  m :·: p t h u  v e g e: t ... t i o n  r: s s o c i".� t i o n s  ( F i g .  I I  -5 ) . 

'rh 8  : ·.l l uv i ·.l ( C r c -:.k w:� sh z o n e ) <'.r e :::. s  a r c  c h � r 

<'..c t c r i s e d  b y  n d o m i n � n t  t r e e  l ay � r  c om po G � d  o f  Ac � c i n  � n eur;:  

w i t h o c c :1 S i on. :� l  sp e c i m e n s  o f  !.;_ .  t .:.  t r.:-.go nophyl l r:. , H : :.ko � : � r i d."' , 

H . l o n� <-:. ( t h e  c o rk t r c •J ) , P i t t o spo rum ph i l lyr < , c o i d e s  : : n d  
G r u v i l l c R  s t r i a t a .  A f e w  l o w  s h rub s  i n c l ud e  t h e  s p e c i e s  K o c h i n  

pyrm i d :, t a  1'-l.n d  Rh c:e;o <.l i ·. ·. spp . 

Th e f l ; : n k s  o f  th e d r r1 i n �g c  t r  . e t ;-. r e  m r:rk c d  b y  

r:o. f r i n c e  z o n e  o f  t - :. 1 1  s h r u b s  c o m p r i s i n g •r empl e t o n i < :  �ge n; , ,  

Brcmoph i l n  yo unei i n n d  � ·  du t t c n i . 

O c c : . s i o nr�l t r ,, e sp e c i e s  i n  cl u d (;  /,C < ! C  i n  v i e  t o r i.::-.. c 

Th e c;rourid 1 :--. y c r  c o n t a i n s  

I': o c h i �  t r ipt c r : c  : nd �· py:dr1 i dn t .-, . 

T h e  s�l t b u sh z o n e  i G  c o m p r i s � d  w ho l l y  o f  

h : : l oph y t i c  shru b s  usu i:'. l l y  l � s s  th �tn 1 2  i n c h e s  h i gh .  De f l :1 t i o n  

h t' B  r <Hn o v c cl t h e  cxpo B (J rl s o i l  b c t w c �..· n  th e s e  sh ru b s  s o  t11' . t  e i:'. c h  

p l n n t  i s  n o w  s i t e d  o n  r. m o u n t  s c v c r::�l i n c h t:: s h i gh .  
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Fig . I I - 5 . Plan of Cork Tr ee Copper Prospect .  The anomalous copper values obtained in drill-holes are 

shown , along with leaf copper values of Acac ia aneura. The vegetation zones and the pos ition of 

the belt transect are also indicated . 



S u p .:� r f  i c  i .. ; l l y t h u  c <1 l  t b u s h  e r;  , r e: v e ry s i ;:li l r! r. i n  ;J.p p e: � r< · n c  �: . 

! !o Y  . . v c r s e v c rr.-, 1  .sp�::· c i c c  n r c  p r u ; c n t  n.nd i n c l u d e l\ r t h ro c n E ! :1 ur'1 

h::;J.oc n<J ln o i rlc� ,  ,\ r th ro c n cumur.1 !:.12 · , �k1n i c h ro n  d i ;: n d r. , , Fr,: nk e n i e>.  

s c t o s ::>. , B :.u; s i c! :cr t i c ul a t <.:: ::: n d  K o c h i a  t r iptt :: u1 .  

Th e �ul gu z o n fi  i s  d om i n� t c d  b y  � c a c i n  � n c u r� 
\'; i t h  K o c h i ::.:  t r i;vt c r2 ;::t nr :  Hh nr;o c! i n  � ·  i n  t h E:- ground l a y u r . 

Th e m u l c a  z on� , � s  sho �n i n  F i G •  I I  -5 , o c c up i e s n l o �  ri d cc 

c r e s t  . o f r o c k y  g r o u n d  �h i c h  s l o p e s  � c n t l y  to n o r th nnd s o u t h . 

T h e  grou n d  i s  c o v e r e d w i t h a i l i c � o u s  s c r e e  wh i c h d c c r c i t G e �  i n  

s i z u  a n d  d e ns i ty < twr:�y f r om t h e  ro c ky c r e s t z o n '-· .  Th e e r c el-: 

\'t : �:-;h z o n e  i s  c l : · r l ;; ,;, [ , rk e d  by t h e  b ro wn s i l t  w h :i c h  c o n t r::1 s t s  

shnrpl y w j th the s i l i c i t i u d  pa l e - c o l o u re d c o l l u viul m n t c r i n l . 

F l :. t e  I l  -3 i l l u s t r u t c c  t h e  l o v  · � 3 l t b u ch 1 s h r u b s  w i t h  A .  8 n c u r a 

o f  t h e  m u l ga z o n e i n  t h e  b u c k � r u un d . 

F i r, . I I  -6 s h o w s t h e  r; e: o b o t .:t n i c ,. l  d a t iJ. ob t . :, i n e d  

f r om n b e l t  t r� n s c c t ,  tl t e  p o s i t i o n o f  w h i c h  i s  s h o w n  o n  F i g . 

I I  -5 . Th e a b r u p t  n o r t h w a r d  l i m i t  o f  t h e  h n l o phy t i e  sh rubs 

E Gu i c h r o n  d ia n cJ rn .--.. n d  F r : : nke n L t  c c t o s ; .  by t h e  c r e e k wn sh 
c- l l u v i um i s  e v i d e n t . I t  i s  �.�. l s o  n p p: � r e r. t t h n t  A c c c i 0  nn�.> u r n  

h n s  c.. l i m i t e d  c. i s t r ib u t i o n  i n  t h i s  e n v i r o nr:h:nt a n d  th e s <':  i. s  a 
l a r g e  l , r � a  o f  t h �  l un d s c n p e  ( t h e  sul t b u s h  z o n e ) wh i c h l i t s  

b c t \;, : E.: n  t h e  r i d g E: c r <:: n t s  :.t nd t h e; d r:J. i n n g e  t r;.l c t s ,  w i t h i n  wh i e h 

h .  n n e uru a n d  n l l o th � r  t r e e  s p � c i e s  �re � b s � n t . 

C .  I3 IOG J!;O CH EH I C  . .  L ST1JDI:i�S . 

Th i s  c o p p e r  p ro s p e c t  � a s  f o u n d  b y  n r e r i o nnl 
g c o c h erJ i c ._: l s u r v e y  !.:e !'l s u r i u g  c o l d  t; X t ra c t ."'.o l c  c opp e r in s u r f .:.1 e c 

V ?. c u u m  d r i l l i n g  \'I n s  c a rr i t) d o u t  :1 l o n e  n o r t h - s o u t h  

t ra v e r s e  l i tHJ o nnd ho l e s  \"!h ich c nc o u n t c re:d a no1�1 n l o u s  c o p p e r  

v :.: l u c o 1'\ r c  i n d i c : ,t c d . .S e e  F i g .  I I  -5 . Th i s  d r i l l i n B  r e v u n l e d  

c rrr� t i C G C: C O n u il r y  C O p p e r  :·.1 i n e rd l i s r-. t i o n W i th u p  t o  1 .  6�.) C O pJ:iC; r , 

c; u n o ra l l y  t:t a b ou t 25 f et t b e l o w  th e r, r o u n d  c u r f :\C €: .  

P l n n t  ::; , l •n p l l': G  ( l e l.l f , b< i [': ,  o f  s v v e r< �.l s p e c i e ::; ) 
w u r c  c o l l c c  t c d  · [� l o n c; o i d o  th e d r i l l -h o l 0 .s  to c n n b l c  c o r r e l a t i o n  
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Fig .li-6. Belt Transect No. 1 across Cork Tree Prospect at  137100 E .  



o f  pl : �n t - d r i l l h o l e  c o p p t- r  d . , t · ·� . h c �c i � : ncu r n  w � s  s � m p l c d  
v:h c  r c v c r  p o s s i b l e . :. 1 1  .s p c c h: F  Vl c rt.:: ;-.nr: l y r.: �: cl t o  (h.. t c rm i n o.:  

v:h t: t h c r  : n y  c o p p ..:. r- ,� c c u m u L : t i n r� sp8 C i li S  w �:.; r e  p r u ; c n t . Th e 

:w�l y t i c - . 1 d .". t < l w c r (_ gr.· p h e d  t o  U (! t c rr., int; th <; d i s t r i b u t i o n  o f  

c o p p e r V -'"' l U l;..' S . Th v d r i l l d n tr:: w u r e: b im od . : l  : ·:ncl sk cwc, d . I t  

>'F : G  i n t .:; rp r c t e cl t lu t  t h e  s e cli tn L n t s r.: v e r;c. g e d  i30 ppm , t h e  

rhyol i t (: S  ;� v e r ;-: E:C: ll 200 ppm : � n d  �1 nom<: l ou s  ( m i n,-o r. t l  i s 0 d )  v : \ 1  u e s  

c x c e G d 8 d  2 6 0  p pm c o pp e r .  

Dr' t n  f o r  tlH.: l c.d ·'" sh o f  J, c e..c i .:' ' 1 n e u r r>.  i nd i c ;.tt o..? d 

th�t p o s s ib l y  h n o m � l o u a  c o p p e r  v . lu u s e x c c � d e d  1 60 p pm nn d th i s  

r e s u l t  c om pf . r � s  � e l l  w i th t h e  f i g u r e s  d e r i v e d  f o r  R e d  B o r e  ( 1 75 

ppm ) . H o w � v e r  t h e  rn �x im um ·  c op p e r  v . •  l u e  o b t � i n e d  n t  C o r k  T r e e  

( 2 80 p pm ) i s  c o n s i d c r� b l y  l e s s  th:· n t h e:: Ik d B o r e  max i m u m  v ;: l uc 

o f  620 pp� c o p p 0 r . 

G e n e r '.!l l y , th c: r c  w c r t� i n s u f f i c i o n t  .s � m p l e s  o f  

t h e  o th e r p l a n t  spe c i e s  t o a l l o w  f i rm i n t c rp r � t a t i o n  o f  t h e 

re sul t s .  C o ppe r v l u u s  w e � e  <l t b � c k g ro u n d  l e v e l s , � .n g i n g  

from 50 t o  1 50 p prn ( n .sh ) . H o i\ O V t: r  th e t w o  s: .rnpl e s o f  E r c m o -

ph i l a clu t t o n i  � � e h  c o n t  .• i n<; d 300 ppm c o ppu r i n  l e · : f �sh n n d  

w � r t:  p;ro w i n e o v u r  s u b s u r f - ·. c c: c o p p e r  m i n e r; l i s n t i o n .  

f'. nr-..l y t i c ct l  d r- t :-..1 f o r tt l l  e l e m e n t s  i n  t v.- i g  ; : ::;h 
: • n d  m e t  . l s  o th e r  th;_ ,n c o p p e r  i n  l v :. f . t sh \vG r e  o f  n o  ' � i cl i n  

l o c ;._ t i ng t h e  sub s u r f  ·. c e  c op p e: r  r1 i n c r ·_, l i s,_ , t i o n . I t  vr: s  ::::pp.:'. r c n t  

th , t t h e  h :::. l o ph y t  ic shrub s  o f  t h <� s�.l t b u s h  z o n E: , ':lh i c h  m -< i n -

b .. i n e d  : .  n �=; : ; r c o n E.: t ;'.n t  50 ppm c o p p e r  ::sh , w c r G  i n c  : : r nb l e  o f  

i n d i c a t ing 1 . 6% c o p p e r  o c c u rr i n g 2 5  f e e t  b e l ow t h e  c r o u n d  

s u r f t·. c e .  

l. s exp e c t 0 d th u l l: r.·.f '-·, sh o o p p <.: r  c o n t i:: n t  o f  r .  

� n e urn r e f l e c t e d  th e ::; ub s t r:. t c  m i n <.: r�l i o . •  t i on i n  the mul gn z o n e  

( s t:: f: F i g .  I I  -5 ) . H o rH..: v u r , i n  t h e  c r f: c kw: : sh z o n e  . . . � ·. n (. u r  . .- _ , 

d i d  n o t  "·PJH � ·. r t o  r <; f l u c t  f:.< i t h f u l l y  sub s t r: t t o  c o p p e r  v r,lu c s . 

The d r i l l dn. t n r o v c n l c d  tl-t ·: t the d e p t h  o f  ,".l l uv i um v a r i e d  from 

5 t o  80 f u e t  ov u r v e ry .sh o r t  cl i s tRnc e: s  . : ncl th e c op p e r  rn i n c r r l 
i s n t i o n o c c u r r e d  n s  i s o l n t e d  i r r e r� l Rr b l o c k s  o r  l e n s e s  wh i ch 

: :p p u �: r  t o  b <;  re l n t c d t o  t h e  s u b s u r fac e b e cl ro c lr. t o p o g r�ph y . 



Th e· cl c. t n d i d  s u e;r <::: s t  h o w e v e r , t h . t :
, nom r · l o u s c o p p 12 r  

v . l u & s r t  � d e p t h  o f  2 0  f e e t  o r  n o r �  c o u l d  b e  r s f l e c t € d b y  

D .  CC� CL U S I C N . 

I � o  c o p p e r i n d i c  . .  t o r pl ::-.n t \: · . s f o u n d  i n  th i s  <. r e <'. r· .. n d  

t h i s  i s  r,o t  .s u rr r i s i n e;  : l s  surf: · c f.: s o i l  v:· l u <.: s  r ::-.r c l y  e x c e e d  200 

r prrt c op p <: r . 

T h e  b i o t;e o c h c m i c :. l s u r v 0 y  w . s b . :. s u1 p r iH 1 n r i l y  o n  

. .  c r,c i n  ·· nc u r�·. < .s i t s d i s t r ibu t i o n  w;:.s g r e · :. t c r  t h;ln o t h <=.· r  pl :1 n t 
sp e c i e s . H o w e v e r  i n  th i s  c mv i ro nm c n t  t h e  d i s t r i b u t i o n W< • S  t o o  

l ir� i t < e d  t o  b e  o f  p r <'- c t i c <: l v ., l u c  i n  cxp l o rc t i o n f o r  .sub s u r f .-� c c  

c o p p e r .  

Th i s  c op p e r  p r o sp e c t d i d  pr o v i d e  c o n f i rm ;: .t i o n  o f  

fl • .::- n E: u r l". '  s :�b i l i  t y  t o  r r: f l l: C  t bu r i e d  c o p p e r  m i n c r nl i .s · l  t i o n  

b u t  s u c h  m i n e r · o l i s 2. t i o n  w o ul d  }n. v e  t o  b e  o f  sub s t nn t i nl th i c k 

n c r:: s ( gr e " t e r  t h;:, n 1 0. f e e t ) t o  e n s u r e  rl b i o g e o c h cm i c ; .. l <e no rn t'.l y . 

I t  w2.s c o n .s i d c r c d  i n  s o m e  c a s e s  � t  C o r k  T r e e  t h � t  t h e  t r e e  

r o o t s w c r <J p : � s G i n g  t h r o u g h  n n r r o w  m i n e r  . .  1 i s e d  l e ns e n . I f 

t h u s c  m i n e r, c l  i s c d  P r c .-,_ s w e n .: s i  b.: C.: : . • b o v e t h e  ::�b s c rb i n g  z o n e  

o f  th u ro o t s  ( wh i c h  i s  g e n G rn l l y  c l o s e  t o  th e r o o t  t i p s ) i t  i s  

p o s s i b l e  th ; . t n b i o r L o c h em i c �l � n om�l y � o u l d  n o t  b e  o b s e rv e d . 

Th i s  i n t e rp r ( : t  . .  t i o n  i <· b; � s e d  o n l y  o n  t h e  C o rk 'P r c e  P ro s p e c t  

v;hL' re m i n c r<.c l i r; c d  z o n e s  w e n:: t �tke n t o  i n c l u d e  m e r t:.:  r; e o c h e m i c :'.l 

c on c c n t r � t i o n s  o f  A f e w h u n d r e d  ppm c o pp e r . 

P h o t o - i n t l ! rp r e t n t i o n wo u l d  h 'lv e  i n d i c a t e d  t h e  

i n :� <l e q u:-•. t ,: d i s t r i b u t i on o f  /. c :,_c i rt ::· n c u ra . Th e C o rk 'rr c e  

C o p p e r  P ro s p c' c t w.:�s t he o nl y r..r e C\ kno w n  t o  c o n t : ; i n su b su r f ;_�_c e 

c o p p � r  m i n E'J r nl i s n t i o n �e nd d (: s p i  t e  the un f .<: vo u r · b l e  e n v i ro nm e n t  

t h e  b i o g e o c h em i c r l i n ve s t i e;: . t i o n s c o n f i rm c: d  t h e  po t e n t i ; c l o f  

�: c r.c�.':' ����� i n  c o p p e r  explo rc t i o n .  



3 .  GIIER\'JOC D  � I CKEL P RC1 SP ECT . 

ll .  I U T HO D1JC'.i' 1 0fl . 

( i ) Lo c nt i o n . 

Th i s  pro .s p e c  t s t r:� ddl c s  the G r 0 -. .  t N o r ti-. e r r. 

H i �h w ;: y t h r e: e  t o  f o ur r.1 i l u:; n o r th o f  l•i c e: l< r. t h. � r r r . • 

( i i ) C l im :>.. t c . 

Do t . i l u d  c l i m n t i c  d � t �  r.r e  av� i l �b l �  f o r  
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Th e <'. V f: r : ·.gc  · .:: n nu: �l r:.: i n f ·<l l i s  9 . 1 7  i n .  rtn d the 
w c� t t c c t  11 0 n t h s  ;:1 r e  i n th t: 1 .-... t L· summ c. r .  H e :· n m o n t h l y  Q ; : x i m u m  

0 0 t l!r.lper<:. tur<-- s  r:· n g c  f rom 1 00 F to 70 F < n d  fro s t s' ."\ r e  v c. ry r r'. r c . 

:1 um i d i t y  i s  g u n c· r· , l l y  l o w  b u t  c v:.·. p o r: · t i o n  i s  h i gh ( 1 0C i nc hes 

p <: r y e . r ) . 

R.: i n f < tl l  t: f f e c t i v c  f o r  i n i t i ; ·, t i n g  p l <· n t r. r o w t h  

o c c u r s  on p, v .:; r:1 g c  th r e t: t imes p e r  y e .• r  · n d u s u < � l l y  b u t 1'/ e e n  t h e  

m o n t h ::> o f  J nnu:�ry n nd /. u gu s t . Th� l e ngtb o f  th e s ub s e q u e n t  

crowth p e r i o d  i s  usu: ,l l y l e s �; th r: n 4 \V (: C: ks . H o w u v c r  v e g e t a t i o n  

o n  o r e n s  o f  shnl l ow s o i l  o r  o n  s t c � p  s l o p e s  w o u l d  hev c n 

c omp<'. r n t i v e l y  sho r t 8 r  �ro w t h  p e r i o d  wh i l s t  thct o n  d e � p e r  s o i l s  

o r  o n  r r e 0 s  wh i c h r u c c i  V G  f r un - o n  vwul d h n v e  r.- � t h u r  l o n g e r  

gro w t h  p u r i o d s .  

Drought y e ;:. r s n r e:  expe r i e n c e d  f r e q u e n t l y  ': n d  

C rJ.n L : w t  f o r  5 y �:. : . r s  or m o r 0 . 

( i i i ) G c o l ogy . 

M c e k� t h � r � n  i s  � f o rm 8 r  g o l d -m i n i n g c e n t ra � nd 

i s  s i  t .�d  o n  r:. grt: (J n s t o n e  b t: l  t .  'rhc i.)hc: r\'/ood , r c n. i s  und e rl ; ·. i n  

b y : u l t r:.'.h : l ::; i c  u n i t s  wh i c h  •� r e  r ;. p r t.: [.i \i U t 0 cJ b y  t . .  l c - c ::: rb o na t u  

r o c ks ; n c i d vole : n i c  t u f f o  . .  n cl  f i n e - c; r · . i n c d  s e d i m c n t s .  'rh c  

g u o l o g y  ( 1 : 7200 sc�l e )  i s  s h o w n  i n  F i g .  I I  -7 · 
O c c , ; s i o n:·cl sm:... l l  grr.m i t o  i d  o u t c ro p s  :� r e  s e e n 

b u t  m o .s t  o f  the '1 r u P  i s  b l.: . nkE:: t u d  w i t h  ;�l l u v i :'.l - c o l l u v i :.. l 

'rh ,; s t r i k i n g  f H � · t u r �  o f  t h �  Fi r e : �  i s  the p r e s t:n c c  o f  
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Locat ion plan of Serwood Nickel Prospect . The geology is  

shown together with  the  posit ions of  the abandoned gold 

workings ( Au ) ,  t he belt transect and the main drainage tracts .  

Vacuum drill-hole traverses are shown , orientated east-west 

across t he strike and the maj or traverse is labelled A-B . 



. .  s i l i c e o u r.  : , � . · . :  

o f  

C· f 

• •.. �· I� •.• ' •  J 

}_ · i· _ -:;: .-. ·") �·J e : _� :; ;. .. (; : : .. ; t.· r:� . 

t :1 E: ;::; t H � ;y ar ·� a  c;i" o vn• il l  F i z .  --:- :: -- 7  .. 
2° o r  l c s <.: 11 r c  s c � c e - c o v e r e rl  ;::...:1.d . •. 

·. :.1 � .• . . :..- :: : 

' . . . 1 r.lry C'.r:-.. J. !.' ":'l g e c .. l .: ... : 1 .�. e  J:t't.�1 r-; 

uc rthn ·, r u s  th r o u gh t h e  .J r e n . I t  i R  mcrk e d  �; � l l �v iul r e � c h e s  

t; p  t o  800 f e e t  r; i d e  ; ,:::l ll i s  d e 11 a r c a t e a  b y  r e l.:::, t i ve:: l y  d e n s e  
v e 5 e t � t i o n ( s ee  P la t e  I I  - 4 ) . 

B .  G EuBO'.i.', . . . I C.,,L �j'l'uDIES . 

A b e l t  t r �n s � c t : n a s i t e d  n c r o s �  thG l i t h o -

l o [-; i c .· ... l t r e nds ( F i g .  I I  - 7 )  : .. wl -r c v c t.tl e c� s e Y e :·:�l pl --. -:-l t ·  " ��" �. t ::.t 
n .s s o c ia t i o ns . 

I t  \'InS i�;,m e d. i . , t e }. y  -" p :p a r e n t  th .. n t  [.;. c a_0�� .a���� 
d om i n v t e cl t !l C  t r e e  h::.y e r  ftn cl e n j o y e d  · �  ··: i d c  n o r. - F p e c :. f i c  ;-;:· nr.:� 
o f  h ab i t a t s . A .  a � f . a�eu � � . � .  -t .- u � c s a  u n �  � .  c u t h b e r t s o r � �  

· - · --- ... -·- - - . � . 

a r e  c l o o e l y  r e l � t e d  � p e c i e s  �nd � ou l d  b e  d i s t i n su i s � c d  o n l �  �� 
t h e ir podG � Dd f l o w c r E . 

� .  ��E..9S'�'Lr!�l. ,:..1.cl :. • •  v i e  t o r i ::1 e  T e r r� c c• n f  i ::1 cr:� 
t c  tL.c rl rv in ac:c t :::-u c t s ·;J'l u r c  A .  _te�..!;:_e;o!1 ophyl] c.: e:1 n d. .-� · .£_r_::·H.qJ<'�'l ·· -
5=..i �� l o c <:.l l y  b e cam e ::I N1 illa :'lt . 

l_! .  ;pru in�!:l�� , L �;.:�or ilil o .�·i_;:-· e_0 cJ.nc� ,m 

n c c a.s i o na.l C :·tn t h i um ,, t t e nno tum ' 4 '.':' r e  c b ' ; (  rv o d  n !l  the lc i r ,�·� c r  

d o r.: i u n n t . 

-·� ·· - - - - #- ...... . , _ _  L • - • 

l e u c��l �..:'.l_ .... nd E .  frc:.s_e�� a n: 'lb � e :..�v s d  �.n l o ·, c· - fl r •: ; w  w :. t l:. 

r e l � t i v c l y  d e e p  11 0 il v:h :iJ. G t  1� .  :. £t "!:. rob c i  � r · i t h  :L t ::: h �· :i.ll i ::-, n t · ·  
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re d  f lo w e r s , i s  r e s t r i c t e d t c  t h e s k e l e t al s c r e e  s n i l s . 

� ·  SJ?<��h u l n t o.  w;: IS ob s e r ve d o n l y o n  ou t c ro p }) i n g 

t � l c - c n rb o n a t e  ro c k s . 

'i'hc Ca s .s i ::t  ce nus t;as r e p r e s e n t e d  b y  f. �1:��.!.-
e l :< i n i a n a , f· s t u. r t i i  a n d  C .  h e l m s i i .  O c c ru :: i o n ;.-. 1  s p (� c i m e n .J 

o f  �-x o c a rpu s �l l u s , S c <J. e v o L< 2.1�· i n e s c e n s , G r e v i l l c� .t;'£ • , 
l� o c h i u  � · , a n d  .S i du. r.-. f f .  c a l yxhym c n i a  w e r e � l so r e c o r d e d  b u t  

t h e i r  J i s t r i b u t i o n  w a s  � u i t e  rnn d o m . 

Th e ephem c r� l  c r ound l 8 y e r  p r e s e n t e d  a v e ry 

a t t re1 c t i v e  d i spL t J' du e t o  r e c e n t w i n t e r  r n i n s . Th e s e  pl an t s 

l'l c r e  t y p i c a l l y  b -10 i n c h e s  h i gh · .. .rtd c or.1 p r i s e d  B n• c h y_� 

c i l i o c n rpa w i th p i nk f l o w e r s ; t h e  y e l l o w  f l o 1v c r s  o f  Ll_<: nke� 

v i l l o s u l a  and _s:h e n opo d i um rha d i n o ::, t · c hyum . 

p l a n t - s v b s t r � t c  r e l � t i o n s h i p was d i s c e r n i b l e . 

H o w e v e r , no 

R e c o nna i s s anc e o ver t h e  u l t rab a s i c  r o c k s 

re v e R l e d  a sma l l  sh ru b o f  a n om al ou s a p p e a ra nc e . I t s  d i s t r i b -

u t i o n  w a s  re s t r i c t e d  t o  t al c - c a rb o n� t e r o c k s . I t  wa s an 

u n i d e n t i f i e d Cnlyt r i x .§:E · , ( qu i t e d i s t r i n c t  f rom f .  a f f . d e s 

o l a t a ) wh o s e b r i gh t l im e - gr e e n  ph y l l o d e s c o n t r as t e d  w i t h the 

g e n e ral dull g r e y - gr e e n  npp e a r u n c e of th e v e ge t a t i on i n  t h i s  

e n v i ro nm en t . 

C .  B I G G E;OCHE!· : I CI·. L  i:.iTU D I J�S . 

Th e S h e rw o o d  urea , c o mp r i s ing a b o u t  f o u r s q u � r e  

m i l e s , w a s  c o v e r e d  b y  a s o i l � e o c h em i c a l  s u rv e y  wh i c h  r e v e al e d  

s e v e r a l  s o i l  a n omal i e s c o n L< i n i n g m o re t h « n  400 PPl\1 n i c k e l  i n  

n r e a s  o f  ou t c ro pF i ng t a l c - c ar b o na t e  r o c l< s . 

f l a t s  n i c k e l  s o i l  vu l u c a  w e r e  g e n e ra l l y l o w . 

O v u r  t h e  al l u v i al 

Vac uum d r i l l i ng w a 5  c a r r i e d  o u t  on e a s t -Dc s t 
t rci v e r s e s  o v e r  u s t r i k e  i n t e rval of abo u t  one m i l e . 

o f  th i s  a r e a  i E  shown i n  F i g .  I I  -7 an d d r i l l  t rave r s e  A -B 

w a s  taken ns a r e p r e s c n t u t i v e c as e .  I t  i s ex� m i n e d  i n  d e t n i l  

i n  pro f i l e  f o rm i n  F i g .  I I  - 8 , wh e r e  d r i l l d a t a  i s  c ompar e d  w i th 

s u r fa c e  co i l  n i c k e l  d a t a .  
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Comparison of surface geochemical and biogeochemical data ( based on leaf of Acacia aneura ) for 

nickel wit h  substrate nickel values obtained by vacuum drill , a long Traverse A-B ( see Fig . II- 7 ) .  

Biogeochemical manganese values are very low in  the  drainage tract , the pos it ion of which is  shown 

in the topographic geolog ic profile : 



d r i l l  t r <..!. v e rs t- .s . Leaves :1. nd twie-s o f  !::. • H n c u rd w e r e  sampl e d  

nh c r e v e r  pos s ib l e a t  1 00 go o t  i n t e rv � l s .  T� � s e  samp l e s  u c r e  

anal y s e d  by a. r;-, o d i f i c d  r n p id proc e du r e  whe r e b y  <:Ul a l y t i c a l c l<-• t a  

v:<·• s exp r e ss e d  o n  a d r y - w e: i gh t  b.u; i s  w i t h a r e p r o d u c ib i l i t y  o f  

:!: 0 . 25 p pm . 

V a c uum d r i l l i ng reveal ed t h e  p r e s e n c e  o f  a 

sub su rf e c e s i l i c e o u s ' h n r <l p <, n ' la y e r v:h i c h  had t h e  resul t that 

s u r f n. c c s o i l  n i c ke l  val u e s  d i d no t r e f l e c t  v a r i a t i o n s  in the 

b -:: rl r o c k .  I n  ·o u t c ro pp i ng a r e � s , h o w e v e r ,  so i l g e o ch em i s t ry d i d 

i n d i c a t e  n i c k e l i f e r o u s  z o n e s  wh i c h  i n  t h e  t al c - c a rb on a t e  ro c ks 

exc e e d e d  0 . 2% n i c kel . 

F i g .  I I  - 8  i l l u s t r :� t e s  d i ae,rammat i c a l l y  t h e  

e f f e c t o f  ' h ar dp a n ' o n  t h e  e f f i c i e n c y  o f  surfac e so i l  g e e 
c h e m i s t r y i n  t h i •  e nv i r o nment . 

The phyl l o d e s  and t w i [j S  o f  �c: a c�� a n e u ra v1 c r e  

a n al y s e d  f o r  n i c k el , c o pp e r , ch rom ium , z i nc , mnngan e s e , and 

iron . Only t h e n i c k e l  c o n t e n t  o f  t h e  p h yl l o <.l c sampl e s  ( d ry 

w e i gh t ) , prov i d e d u s e f ul i n d i c a t i on o f  the sub s u r fa c e  b e d r o c k  

v a r i a t i o n  as s e e n  i n  F i g . I I  -8. 

ManG�nc s e , a n d  t o  n l e s s e r  e x t e n t  iron , 

exh i b i t e d  I7l ark c d l y  l ow l 0 v e: l s  in the phyl l o d e  s ::unp l e s  i n  th e 

v i c i n i t y  of th e d ra i nag e t rac t .  

A .  ��� r;ave n s i m i l n r  p o s i t iv e  r e spon s e t o  

n i c k e l  on the o th e r  d r i l l  t rnvers e s  w h e r e  ' h a r d p a n ' wns 

p r e s e n t . I n  u c tual fac t s e v eral s p E: c i e s  o f  t h e  Ac , � i a <'.t n ey � a. 
C ompl ex were  sam pl e d , but CJ. W� l y s i G  o f  s e v eral  a d j a c e n t  ::.; ampl c s  

a t  v a r ious l o c n l i t i c s  i m l  i c < t  t c d  t h;.l t t h e i r  n i c kel u p tnke was 

su f f i c 1 ently al i k e  t o  allow theso  s p e c i e s  to be t r e a t e d  a s  one . 

Se veral sampl e s  o f  th e anorni..,lous Cal_Y. t :rix 

sh rub were a n u l y s e d  �nd r c v c u l a d  that t h i s  plnnt acc umul a t e s  

c o b a l t .  I t s nvcrage c ob�l t conc e n t rd t ion i s  200 p prn ( ush ) 

a s  c omp�red t o  norm a l  plan t l ev e l s  o f  9 ppm c obal t ( Brooks , 

1 9 72 ) . 

N i c kel and c h rom i um val u e s  w0rc only s l i gh tl y  
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: )  b o v e  b n c k r ro und vo.l u e: s  i n  Cr1.lyt r ix . 

�h i c h  wn s a l s o r o s t r i u t e d t o  t h e  t n l c - c urbon n t e  r o c k s ,  c xh i b �  

i b: d n o  u nu s u c l  c l c m e n t nl c o n c c n t r i:; t i o ns . 

D .  CorJ CLU SIOb S .  

I t  i s  0 p p &r c n t  t h � t  c o n v e n t i o nal s o i l r c o 
c h c,lll i s try f o r  n i c k e l  i n  the Sh erw o o d  e n v i ro nm e n t  i s  i n n d c q u a t e:  

f o r n o n - o u t c ro p p i n �  a r c � s . Il o v: (' v c r  t h t; b i o c c o c h e m i c : t l  d a t a , 

a s  i l l u s t r 1 t c d  i n  F i g . I I  -8 sho� th� t t h i s  t e c h n i q u e  c n n  b e  

u s e d  s u c c e s s f u l l y  t o  d e t e c t n n o m Q l o u s  b e d ro c k  n i c k e l  v o l u e s  

b u r i e d  b e n e n th m o r e  than 1 0  f e e t  o f  o v e rb u r d e n . 

The r e sul t s  o b t a i n e d  i n  t h i s  s ur v e y  w i t h  Ac ac i a  
/ 

o. n o u r a  a r c  c o n s i d e r c (i t o  b e  c o n .s c- r v:1  t i v c  a s  no c c 0 n om i c  c o n -

c c n t r : . t i o n s  o f  n i c k e l  h a v e  b e en l o c ;.:.. t c. d  i n  t h i s  ar e a .  S u c h  

n i c k e l  m i ne r a l i s a t i o n  c ou l d  b e  e xp e c t e d t o  c o n t a i n  s i gn i f i c an t  

am o u n t s  o f  c ohul t and c o p p e r  � n d  a c c o r d i n g l y the s e  e l e m e n t s  

s h o u l d  al s o  b e  analy s e d  i n  t h e  p l an t  sRmpl c s  t o  d e t e c t c o i n c i d e n t  

b i o r e o c h em i c a l  anomal i e s .  

The i n d i c a t o r  s h ru b  Calyt r i x ��· w a s  sh o wn t o  

h a v e  a n  a f f i n i t y  f o r  o ob a l t  a n d  f u r t h e r  i n v e s t i ga t i o ns o n  i t s  

f i e l d  o c c u r r e n c e  are r e q u i r e d . 
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I n  th is s e c t i on t h e  po t en t icl  ro l e  o f  v ::: e e: Lt t i o ::l  

pre c e d i n g;  C fJ S C  s t ud i e s  h::AVf' fi�\ O ·;:n t l J  ... t f0 01J o ·� ·-"lnic n l  : J : . ·l b i C ['; C<: >

C h C J!I i C ;� l  f-� u r v t.:: y<> : . •  r • :  b c.· s t  empl o y e d  ·::h e n  u r_; L rl to t;c th e r . L1 t h e  

� e s t  h u s t ra l i � n  e n v i ro nM e n t  i t  G� nc ra: . ly s o c � G  nc c e s c - �y t o  c 1:r r y  

ou t a � e ob o t � n i c n l  sur v e y  p r i o r  to the b i o reoc h e m i c �l c u r v c y . 

1'h e:  f o l l c w i ll £, pa rt:o t;raph s d i s c u :> s  e e1 c h  i n  tu:-:n . 

! lo c o p p e r i nd i c .".. to r plnnts  were obse r\" : d  n t  the 

Red Bore or Cork T r e e  P ro s p e c t s . However several nb ��donc d  

copp�r \'J o rk i n c;& n o r t h - e n s t  o f  Co rl� T r e E.:  w e r e  cx::·,m i n e d .  On 
sev(: ral o re - h eaps c ontc·, i n i n �  ab o u t  2% c oppe r ,  ��il_o t u ::;  �"'110V:' .. ,_ �:; 
( 200 pprn c o p p e r  i n  ; <sh ) f l o ur i sh < : d . S e: e  P lo. t e  I I  -5 . Th i s  

shrub h a s  b e e n  r 0port c d  � s  D c o p p e r  i nd i c a t o r  i n  Qu e e n sland 

( tr i c o l l s  � c:.l , 1 96 5 )  and South i>. u s t rul i r.: ( Co l e , 1 964 ) . In 

;., (� s t e rn ! .. u s t r-:.1 l i 11. E · obo V<J t ti s  is Le ub iqu i t ous r..;hrub S :::' '� c :i. c:: c 
�h i c h , t h e  a u t h o r  f e e l s , inc l u d e s  s e v eral sub spe c i e s o r  c c o 

t y p 8 s  �nd only s o m e  o f  th e s e  v � r i an t s  a r c  c uprophyt c s . 

� n aloey i s  d r awn w i th th� B c c i um homb l e i  s i tfi� t i on i n  r� o d e s i a  

( Howard- '.ii l l iam s , 1 9 7 1 ) .  

De t<., i l c d  bo t .: tn i c � l  r e s earch on P .  o b o v r-J t u s  i s  

c o n s i d e r e d  t o  b e  A prerequ i s i t e  t o  al l o w  th e use o f  th i s  shrub 

for guobo t n n i c ul prospc c t i n t  in t h e  W e s t  J .us t ral i an Erem e a n . 

A t  Sh e rwo o d , th L" c u t c rOJ. •p i ne; t ;-, l c - c arb onat e 

ind i c �t o r  Ghrub 1 C n lyt r ix sp . i s  n rntho r rare sp�c i u s  but 

itc c onsp i c uo u s  c o lour al lows i t s f i � l d  recosn i t i o n  n t  

c on s icl ernbl e d i s t nnc (; s , m .-.:n su r c; d  in hundr£;ds  o f  f e e t . 

O f  t h e  t r c o  s p e c i e s  A c ::.:_c i n  c o o l (tt:trd :i c-: n .s :i. G  
n pp c :J r s t o  b e  t h u  m o s t  u s e ful as i t  c ..:.:. n b e  u s e d  f.o r ph o t o r:; e o 

l o g i c � tl i n t  c rp r c t ;:. t i o n  o f  b l n c k/wh i t r: 1 : 7200 pho t o c; r:! ph s . 

Th i s  c;p e: c  i e s  grows o nl y  on o u t c roppi n r, do l e r i  t e n  n n d  bnsn.l t s  

.: • nd  8 X h  i b i  t s  f.'. v e ry d i s  t in e  t. i  v c  ph o to Ernph ic p rtt t e rn .  
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sr:l ec t i v i t y , e; . r, . A .  q u . "t d r i r:J a r r: i n e a  o n  q u<.t ':' t z � · .J r i d -:-;<.: c , bu � 

t h e i r  freq u e n c y  i s  u s u �l l y t o o  l o w  t o  b e  � s c ful . 

Th e r e s ul t s o f  £. b i o s e o c h em i c nl s u r v e y  �re 
i n  f l u  e n c  eel b y  f ::· c t o r r; r:h ic !1 c rtn 'J c b r o [ ·. d l y  c l :, s s i f i G d  :i.n t o  

thr e e  c;rou p s : -

1 .  t h �  pl an t s p e c i e s  s nm p l e d 

2 .  the o r� . n o f  t h E  plan t wh i c h i s  nnRl y s u d 

3 .  tht; f ac t o r3 v· h i c h  i n f l u e n c e th e T'l O " CJTt e n t  
o f  1:1 c t r.1 l  i o n s f r o m  the b e d r o c k  s c; u r c c ,  

i n t o  t h e  p l a nt o rgan nh i c h i s  taken for 

u.n a l y s i s .  

Th e r e  i s  �m pl c � v i d c n c e t o  i l l u s t ra t e t h e  

n e c e s s i ty o f  c h o o s i n r  c a r � f u l J � t� c s p e c i e s n�� 0 �cn n � or n 

par t i c u l a r s n.m p l i n g  p r o gr nm m e  ( Sha c kl c t t c , 1 96 2  i v;n rren e t  E_l ,  

1 9 5 5 )  b u t  v e ry l i t t l e  w o rk h a s  b e e n  c ;,.1 rr i e d  o u t  t o  ' 1 '� -' - �- -:; t -- ""' '' 
the: va r i o us m e c h a n i sr.1 s  i n  t h e  t h ird  c a t e gory . 

I n  t h e  o.rcas s t u d i e d  s o  f ,, r , t h e  c h O. i c o  o f  

sp c c i <.; s was l im i t e d t o  A c ac i a a n e: u r a  a s  i t  al one po s s e s s e d t h e 

n e c c s so.ry p e r va s i v e  d i s t ri b u t i o n .  O n  t h e  va r i o u s  o r e;::• n s , o n l y  

l e aves ( phy l l o d e s )  a n d  bdgs a r c  (; a s i l y o b t a :  -. e d . The fl o ·.'l<�  r-

inr, s e a s o n  is b r i & f and u s  i r re gul a r �s the ra i n s  and r o o t  

sar.1pl e s  n r <: n o t  fens ibl c t o  ob t : 1 i n o n  n ro u t ine b a s i s .  

Tw i g  ( b r  . .  n c hl e t ) s �.lm p l c s .  ge n e re. l l y r;avu no 

b i o � o o c h cm i c al re spon s e wh e r e a s  phyl l o cl c s  were sh o wn t o  b e  

q u i t e D d c q u a t c .  
I t  i s  a pp a r e n t thdt h .  &n e u ra has nn � n n ua l 

e;ro w i n g  s e a s o n  o f  «b o u t  1 2  w e e k s  o r  l e s s , wh i c h t nl<. c s the f o r;· ·  

of n sho r t  b u r s t  o f  �c t i v i t y imm0 d i a t e l y  u f t 0 r  a t h u n d e r s t o rm . 

The ph y l l o d e s  2rc p e r enn i a l and i t  wo u l d  �pp e n r  tha t n b i o 

e � o c h om i c n l c u rvu y c un b e  c n r r i o d  o u t  through o u t  t h e  y e a r  b u t  

p e rhapo no t s oo n  af t e r  n pe r i o d o f  h i eh r a i n f n l l . 

A f ea ture o f  th e Murc h i s o n  re g i o n i s  t h e  
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f r t: q u (: n t  o c c u r r e n c e  of a .su b s u r L, c e  s i l i c e o u s  h ar d p a n . I t  i s  
a b s e n t  in most  ur ccts  h i gb i n  t h �  l cln d s c ap e  as at R e d  B o r e , bu t 

�h e r e  i t  i s  p r e s e n t  i t  o f t o n  r e n d e r s  s u r f ac e expl o r a t i o n  t e c h -

n i q u e s  i n u f f  o c  t u :J l . T h e  h� .. rJ p<w i s  th i c k e s t  in y;_ � l l e y s  on 
l o ·.:� c r  P'l r t G  of tlw l lt; \·, p l e!. t c:: :. : u , whe r .:. th<: shu l l o o,:�  VJ O i l s  m.:·�y b e· 

u ml c rl :::. i n  b y  30 f e e t  o r  m o r e  o f  h :::r dp<m . I t  th i ns o u t  o n  t h e  

slopc: c  t o  e. d i s c o n t i n u C' u s  c ru s t , n f e: w  i n c h e s  th i c k , c o v ( : r i n g  

t h e  r o c k  o n  grv d i o n t s o f  2 o r  3� ( L i t c h f i e l d , 1 95 8 ) . P l an t  

roo t s  '' r e  c o n s i d c rt..:: d  ( L i  t c h f i e l d , 1 958 ) t o  b e  l o. q � c l y  c on f i n e d  

t o  th e: shr.t l l o v: u n c �;:m t:::n t e CI. s o i l s  : � b o v e  t h e  h a rdp<tn i n  :1p p R r e: n t  

c o n t r ;\ d i c t i o n  t o . t lw b i o �; e o c h e:: r;1 i c c: l  r e s u l t c  o b t r.: i n e d  i n  t h i c: 

r qr, j o n . 

I n  th i s  u n v i ronm o n t  i t  is <t ppur e n t  th� t � c � c i n  

;-; n e  urn c :.: n b e  u s e d . i n  n b i or,uo c h <:rn i c : , l  G u r v c y  t o  d e l i ne a t e  
C' nomnl o u s  n i c k e l  o r  c o p p t.: r  c o n c c n  t r::.:. t i o ns i n  sub:j u r f n c  c b e d  r o e  k ,  

e v e n  wh e n  th<: s il i c e o u s h ardpc.n i s  p r e s e n t . 
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D o t r� n i c a l  i n v 10 s t i g . .  l t i o n s  w e re carr i e d  o u t  o v e r  

Th i s  

.:. n .. ,t i s  r e f e rr e d t o  os t h €  K u r r.: t j ong R e g i on ,  a f t e r <1 f o rfil e r  

�o l d -m i n i n G  t o w n  wh i c h  w n s  s i t e d  20 m i l e s n o r th o f  L e o n o r �  o n  

t h ·�: J:, :.t i n  r o :_l d t o  l . pw w . 
A t empor�ry Re s e rv �  c o v e r i n c  m�ny h u n d r � d s  o f 

£: (j u c-: r 8  m i l e £ w a s  t n k c n o u t  by \r· e s t c r n  t i i n i n g Corp . a n d  p r o s p e c t e d  

f o r  s e v e ra l  m e t a l s  i n c l u d i n �  n i c k el . Tho ge ob o t a n i c �l s t ud i e s  

were c o.r r i e d  o u t  f ron ."\. bc1S 8 c : :.mp e s t r1 b l i s h e d  a b o u t  t w o  m i l e s  

nor t h - w e s t  o f  t i t . C l  i f  f o rd b e s i d e  C l i f f o r d  C r e ek . M t . Cl i f f 

o r d  hn s b e c om e  a w c l l -kno�n l o c � l i t y  w i t h i n  t u s t ral i n  a n d  i s  a 

smell qu ar t z h i l l  i n j 0 c t o d i n t o  sh e a r e d  m e t abasnl t s  a n d  t h e  

surroun d i n g  ar e n  i s  p i t t e d  w i th ab a n d o n e d  g o l d - w o rk i n gs . 

( i )  Lo c a t i on . 

Th E: b a s c: - c am p  i s  r e ac h e d  b y  gro. d e d t ra c k  wh i c h  

t r e nds n o r t h - e u s t ward G f rom the m a i n  A g n ew-Leonora ro a d a t  

Do y l e  g e l l . F i e l d  s t u d i e s  w E re c ar r i e d  o u t  a t  many s c a t t e r e d  

a r eas � n d  m o s t  n r e  shown i n  F i g .  I I I  - 1 . R e c o nna i s s a nc e w a s  

c arr i e d  ou t us f a r  n o r t h  as Y � n del wh i c h i s  50 m i l e s n o r t h - e Rs t 

o f  A g n e w ; t o  the e a s t  a s  f e r  as L a v e r t o n ; and t o  L e o n o ra i n  

t h e  sou t h . O n l y  t h r e e  areas t o  t h e  w e s t  o f  t h e  m a i n  r o a d  w e r e  
v i s i t e d , a nd i n c l u d e d  t h e  P i nn u c l e s  n i c k e l  pro sp e c t  1 2  m i l e s  s o u t h  

o f  A gnew , t h e  Ban n o c kburn g o l d  m i ne 1 0  m i l e s  nor t h  o f  Doyl e W e l l  

a nd a Z i n c  pro s p e c t  a t  Doyl e We l l  i t s e l f . 

De t A i l e d  bo t u n i c nl nt u d i e s  w e r e  c a rr i e d  o u t 
o v e r  s e v e r� .... l n i c k e l  p r o s p e c t s c l o s e  to t h e  t i t . Cl i f f o r d  b a s e  

c amp and i n c l u d e d  t h e  M n r r i o t t , • 880 1 , 1 1 07 ' and M t . Newman 
P ro s p e c t s . Furth e r  n o r t h , d e t�, il e d  s t u d i e s  were c t� rr i c d  o u t  

a t  the f 1 n rshilll P o o l  <:tnd Wild:.:.rn :'\ r e a s . A c c e s s  t h r o u gh o u t  

t h i s  re � i o n  i s  b y  d i rt track m o s t  o f  w h i c h  i s  pns snbl e b y  

four-wh e e l - d r i v e  veh i c l e . 
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Fig. 1 1 1 -1  Location Map of Kurrajong Region. Ultrabasic areas are indicated by aeromagnetic 
anomal ies, and the three regional geological/geobotanical  traverses are .also shown. 
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( i H C l im<:< t e . 

C l irr..: t i c  d .3 t D  \-u,s ob t a i n e d  f o r  th e H t . C l i f f o r d  

b : .s c C <� m p  a n d  ru_u=- d i s c u s s e d  i n  n. pr 0 v i o u s  s e c t i o n . T h E: r::t i n -

f i)l l i s  c h a r rJ. C t C:: r i o �:; d b y  i t s  i n t cm s i  t y  ,,n,.i i n  summ e r  b y  i t s  

l im i t e d  d i s t r i b u t i o n .  C f t E n  i t  i s  h e ra l d e d  b y  d u s t  s t o rm s  

w h i c h  t r� v c l  o n  v e ry � i d e  f r o n t s  and t urn t h e  d n y  i n t o  n i gh t . 

Thu � v e rn g e  a n n u � l  r � i n f al l  f o r  th i s  r e c i o n  i s  �b o u t  8 i nc h e s 

b u t  du r i n c:;  t h E: s t u d y  p e r i o d  d r o ugh t ye:,t rs w i th 4 t o  5 in c h e s  

w e r e exp e r i e n c e d . 

( i i i ) G e: o l oc..l:.. 

The e n t i r e  K u r r u j o ng � r e n  i s  shown o n  r c g i o n 3 l  

r; e o l o gy m n p s  <-! S ! '. r c h r:t c an " t:� r e e n c t o n c s " .  The s e  " e; r e c: n c t o n e s "  
' 

<: r o  p r e d om i n< .. n t l y  m e tab._< s al t s  .wd m e t , . d o l e r i  t c s . O e e -, s i o n n l  

f r e sh o u t c r o p s  n r c: f o u n d , b u t  gc n c rn l l y  t h u  r o c k s  a r e  e x t e n -

s i  v u l y  c h l o r i  t i s (� d .  U l  t r a r�1 :c f i c  :1.nd ul  t r�lbr.. s i c  un i t s  n r e  s e & n 

in s e v c: r � l  l a rge s t ruc t u r e s � n d  o n e  i s  i m p r e s s e d  b y  th e g e n e ral 

c o n c o r danc e �nd d e g r e e  of l ny e r i n c of t h � s c:  s e qu e n c e s . 

G e n o r. � l l y  t h e  ul t r< tr:J;_; f i  t u, a r c  s c rp e n t i r! i S <;.) d  ... r.d i n  s o m e  arc:ns 
arr) u l s o  l a  t c r i t i s 10- d  : _ _  n u  s i l  i c  i f i  .. d .  H o w e v t:: r ,  i n  s o m e  o u t -

c r o p s  a n d  d r i l l - c o r � s  c om p l e t e l y  f r e s h  dun i t o s ,  p e r i d o t i t c s  

�nd pyrox o n i t e G  : . r e  s e e n . 

Thin , o f t o n  d i s c o n t i n u o u s , s u d i m e n t  b a n d s  o f t e n 

ma.rk b ou n d ::: r i t: s  b e t w e e r, s o m e  o f  the bn s i c  : � nd ul t rom::\ f i c  u n i t s .  

T h e s e  s c d im e n t s  ar� f i 1 1 0 - � r a i n o d �nd a r c  o c c a s i o nnl l y  ob s e rv e d  

t o  r,r::tdt: i n  t o  <:lC i d -vol c .:.n i c  t u f f s . They s e em t o  i n d i c n  t c  n 

c o n t i n c n t : 1 l  ru thc r  t h nr1 t h E.  e u r,c o s y n c l i nal env i r o n m e n t  e n 

v i s a g e d  b y  o t h e r  �orke rs . 

A m n j o r  l i n enm E: n t  ( L e i ns t c.- r  L i n c � m e n t ) i s  

c o n s i d Q r �.: d  t o  h:·, v e g i v e n  r i s e  t o  th e g�..: n e r.: t l  n o r t h - n o r - w e s t  

G t r ik e  o f  t h (: m c t u v o l c n n i c  b e l t s  i n  th i s  r e g i o n  1 n n d  f i e l d  

o b s e r v a t i o n n  show thn t th e y  d ip G t c e p l y  t o  th e e a s t . 'rh e  
l o c 3 t i o n  o f  m o s t , i f  n o t  � 1 1 ,  u l t r nb � s i c u n i t s  i s  i n d i c a t e d 

by a e romt1 g n e t i c  m;.Lps pub l i c h c- d  b y  t h e  B u r o �-.u o f  M i n e r:•. l  

Reso u r c e s . rrho 1 :  1 2G I 720 S)l(.• (i t ( H�· 1/B 1 -91 -2 )  c o v e r i n g  t h e  
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!C u r r:: j o n g  r e g i o n  c.hovJ s  t h < •  t t h e  ul t ro.ba s i c s  e x h i h i t t o t al 

� ag c � t i c  i n t e n s i t i e s o f  5500 g amm � s o r  m o r e . S•  E: F i g .  I I I - 1 _. 

� o r e o v c r  t h e  m a g n 0 t i c  t r � n d s  � nd a nomal i e s  s u gg e s t  t h n t  th e 

K u r r � j o n g  u l t rnb; t s i c s  c 2 n  b e  c o rr c l � t e d  w i t h  t h e  � gn e u  u l t r a 
n n f i c s , w i t h i n  wh i c h  n u s t r� l i n n S e l e c t i o n r E c e n t l y  d i s c o v e r e d  

o m � j o r  n i c k e l  o r 0 b o �y . I n  f � c t o r e c o r �  1 200 f o o t  d r i l l  

i n t 0 r s 0 c t i o n t h ro u gh n i c k e l  s u l p h i d e  ru i n e r � l i s u t i o n w � s  o b t a i n 

(� d .  

I n t e r e s t  r;c:� s <'t ro u s e d  i n  t h e  Ku r r�;. j o ng He f i o n , 

r1 c l l  b e f o r e  t h e  " gn �.; w  d i s c o v e r y , cl u r i n r  t h H  1 96 0 ' t; \';hC; n  H r . 

Fra nk ·H n r r i o t  t ,  a p ro s p e c t o r  (1 1t1 p l o y c d  b y  r� . M .  C . , f o u n d  n i c k t:: l 

i f c r o u s  g o s sd.n f ra gm e n t s  a n d  t r; , c c cl t h em u p s l o p e  t o  t h 0 i r  

e o u r c e w h i ch i s  n o w  k n own �s M n r r i o t t  P ro s p e c t . O t h e r  n i c k el 

p r o s p e c t s i n  the v i c i n i t y  of �\t .  C l i f f o r d , v i z  t h �  • 880 1 , ' 1 0 7 ' 

and H t .  fl e wm ,J.n p r o s p E: c t s  \'; e r �: s im i l a r l y d i s c o v e r e d ,  a nd e l l  

a r E  s i t u n t c d  i n  s c r p c n t i n i s c d  pu r i d o t i t e  u n i t s . 

( i v )  So i l s . 

The n a t u r e  �nd d i s t r i b u t i o n  of s o i l s  i n  t h e  

s h i e l d  <:< r e <· s o f  l. e s t er n  A u s t r; , l i n  h .:.: v c b e en i n f l u c n c c: d  to a 

g r e :  .. t e x t e n t  b y  i t c  r c.Q <; t i v 8 l y  s t a b l e  h i s t o ry . The r e  h a s  b e e n  

n o  r c c o n t  �l�c i a t i o n  a n d  t h � r e  n r c  f L W  p e rm anen t r i v e r s  t G  

c on s t i t u t e  e f f e c t i v e  � g0 n t s  o f  e ro s i o n .  T h t:;  s o i l s  G c e n  t o d e.y 

c ._, n da t c  b FI. c k  t o  t h e  T e r t i P- r y  · t n li b e: .:H t h e  i n1 p r in t s o f  n 
p r 8 v i o u s  nnd d i f f e r e n t  c l im FI. t i c  � n v i r o nm e n t .  

Fou r  m c < i n  t y p e s  o f  s o i l s  o c c u r  w i th i n  t h e  

s t u d y  r � g i o n ; t h 0 s c  a r e  l n t c r i t i c  s o i l s ; sol o n i s e d  b ro � n  

s o i l s ;  s k c l (; b. l G o i l s  � . .  n d  s;:.ndpl r ·  i n  s o i l s . L•1 t c r i t i c s o i l s  

; t r �  r e s t r i c t e d  t o  i s o l � t c d  h i l l s  o f  t h e  Ol d P l a t c n u  w h e r e a s  

s o l o n i s c d  b r o w n  s o i l s  n r e  w i d e s p r c � d  on t h e  l o w e r � r o u n d  

t h ro ug h o u t  t h e  G o l d  f i e l d s . Skel e t . t l  s o i l n  n r e  t h e  younc;e s t  

so i l s  ; ,nd c� r �:: a s so c i rl t u d  w i th o u t c r op p i n g  o r  ncar-surfa c n  

b e d ro c k .  S,m d pl u i n  s o i l s  c o v e !' l:t r r; c  h u t  s c at t e re d  c x p n n s c s  

o f  c o u n t r y  e s p e c i � l l y  i n  �he n o r th and o n o t e rn a r o ns . 



( n. )  Lrtt c r i  t r: . 

T h G  pro f i l e  o f  t h i c;  s o i l - t ype i s  c h �• ra c t e r i s o d  

b y  t h e  3 z o n e s  o f  o l u v i �  t i o n , i l lu v i: .. t i o n  and weathe r e d  b ed -

roc k .  l-io s t  o f  tht� p re s e n t - d:3 y h�t . · r i t c s  nrc- t houe;h t t o  dCJ t e  

b , , c y, t o  t h e  P l i o c c n e  w h e n  t h e  c l im o b :  w e:>. s  r:J o r c  t r o p i c . ;:. l  and 

h um i n  tll an thcJ. t p r e v. , il in c  t o<.J 01.y ( P r t: s c o t t  ;:, nd P e n dl c ton , 1 952 ) . 
f-. t t h e: s u r f <.\ C C  t h e r e  i s  1:1 V l ' n c· c r , u stHl l y  o n l y  a f u w  i u c h c s  

t h i c k , o f  l n t c r i t i c  g r o v e l  � h i c h is  i n  l t  r e d -brown loamy m n t r ix 

of & o i d  re�c t i on . D e l o w  th i s  gr.' t V <:: l , �\ rfa <l G s i v e  i n d u r,--. t e d  

f E rru s i no u s  h o r i z o n  ( l a t 0 r i t e ) i n  ll Gu�l J. y p r e s e n t . Th i s  

h o rizon , wh i c h  r:1;1 y b e  Up t o  1 0  f e G t  t h i c k  t h <H>  D. V C S C i c ul a r  

s t ruc t u r e , i s  r e s i s t n n t  to  w e a t h e r i n g  a n d  the r e f o re g i v e s  r i se 

to c h arac t e r i s t i c  bu t t e s  nnd s c �rp s . Th e i n duru t e d  lct t c r i t e  

horizon p:_t s s c s  f<1 i rl y  abrup t l y , w i t h  d e p t h , i nto
' 

<.� 1 n o t  t l e d  1 

zone c o n s i s t inc; e s se n t i a l l y  o f  k;;o l i n i s e d  b � drock wh i ch m ny b e  

u p  to  200 f e e t  th i c k . Th i s  h o r i z o n  th e n  r,r.trles thro u e:h 

wea th e r L d  nnd f i n a l l y  into u n n e a th 0 r c d  b e droc k .  

A m o d i f i c  • .  t i on i n  t h e  norm � l  la t � r i t i c  pro f i l e , 

a s  rA resu l t  o f  i n c rc< lsinr, a r i d i ty , i s  t h o  ex tens i v e  c �l c i f i -

c ;"t t i o n  o f  the pro f i l e .  I t  h . �s a l s o  b e e n  i n d i c nt<:..: d tha t t h e  

introdu c t i o n  o f  c r:' l c ium carb o n :< t t- i s  . � n  importan t f a c t o r  i n  t h e  

d i sint e grnt i o n  o f  th� upp e r  p. trt  o f  the indurn t e d  la t e r i  t e  o r  

du r i c ru s t . 

( b )  Sol on i o c d  Drown S o i l s . 

Sol o n i s e d  b rown so i l s a r e  c harac t er i G e d  by 

e x t en s i v e  l im e  ac c umulat i o n  �nd u n  al kal i ne s o i l  re�c t io n .  

Th e typ i c � l  p ro f i l0 shows 3 h o r i z o n s . The A h o r i zon va r i e s  

u p  t o  6 i n c h e s  i n  depth . : nd i s  u r e d -brown s a nd - s i l t  lonn . 

Th e B h o r i zon ranges in depth up t o  36 i n c h 0 G , i s  m a rk u d  by it s 
pow d e ry t ex ture , t r& v e r t i n o - c o a t o d p ebbl e s  and p a l e  b r o w n - wh i t e  

c olour cl u e  t o  t h 0  nbunda n c �  o f  f i ne C u l c im:J c nrbona t e . I n  

som e lo\ J-lyine areas a soloni s e d  b rown s o i l  c o n t n i n i n �  l � s s  

npp e r c n t  l im e  o c c uro c t .ncJ i t  i s  <. t l s o  c h a rr.',c t c r i s \: d  b y  n h i gh e r  

propo r t i o n o f  c l ay wh ich o f t e n  b e c om e s  v e r y  o t i c ky wh en w e t . 
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Th e o r i t:: i n o f  the c :; l c n r e o u s  rn a  t e: r i : ,l i n  t h e s �  

r- o i l s  i G  tlw sub j e c t o f  a numb e r  o f  h yp o t h c s c ::; .:1 n d  i t  i s  

prob; t b l n  th .. t t  i n  d i f f e r e n t  . - , r c "! s  d i f f e r e n t o r i r i r! s  " n :  i nvo l v e d . 

In t h  c <• r i d r <.:: g i o n s  o f  ',: e s  t c  rn /, u s t 1· fll i ll i t  i s  c o n c r :1 l l y  

:1 t t ri b u t ,. d c i  t h \O r  t o  w i n d - b o r n <.:  c u l c e r e o u s  l o c s s  o r  t o  d c- p o s -

i t i o n  o f  r i s i n rs c .:c l c ...-, r e o u s  r � ro un d w:1 b : r s  ( N o z z u c c h c l l i  &. James ( 1966 ) . 

Elk i n r t on ( 1 9G 9 )  c o ns i d e r e d the e f f e c t o f  c y c l i c c a l c i um und 
r. o d i u m  i n  r �:. i n v; t> t c r o v0 r r, e o l o � i c .-·, 1 t i 111 e in an [l. r i d  e nv i ro nm e n t . 

S h e  su�g e s t e d t h � t  t h e  � x c e s s  o f  so d i um r � s ul t e d i n  t h e  l each-
i ng :. nd rep l n c e nw n t o f  c .:. l c i u m  n b s o rb c· d  t o  c l lly p ar t i d e s  a n d  

th e r c · l � t i v c  s o l u b i l i t i � s  r e s u l t e d i n  t h e c o n c e n t r� t i o n s  o f  

c � l c i u m  i n  c u rb o n n t � s . 

Th i s  G o i l t yp C"  o f t e n  M a sks u l t r am a f i c  b c d r o e ks. 

::t '"l<!.y f r or.1 t h e  l o \'t ro l l i ng h i l l s . Th e r e f o re t h e '  t ru c e  m e t �l 
d i s t r i b u t i o n s  w e r e  s t u d i e d i n  a r c p r e s c n t n t i v c  s o i l  p ro f i l e  

i n m c d i n t c l y  e n s t  o f  Morr i 6 t t  P ro s p e c t . A c o s t e nn o r  t r e n e h  

r a s d u g  to b e d ro c k  � n d  r e v e al e d  a th i n  b l n c k  shal e b n n d  w i t h i n 

s c rp c n t i n i s c d  py r o x e n i t e s . Th e s o i l  wns al k a l i n e �nd pH varied  

f rom 7 . 2  t o  7 . 5 .  S n m pl e s  w e r u  c o l l e c t e d  nt 1 0  i nc h i n t e rv u l s 

d o � n  t o  b e dro c k  a n d  w e r e  una l y � c d f o r  ni c k e l , c opper , c o b al t , 
z in c , c h rom i um ,  m v. n g<! n P S €: 1 i ro n , c nl c i u m  n.n d  magn e s i t1m . Th e 

t r: , n s i  t i o n m e t ; , l s  d i spl ny c: d a p nt t o rn typ i f i e d b y  n i e k e> l , 
w h c r0 n s m a 5 n e s i um f o l l o w e d  c a l c ium . F i g .  I I I - 2  i l l u s t ra t e s  

t h e  i nve r s e r e l n  t i on sh i p  b e  b'1 e u n  n i c k e l  and c t1 l c  i um ,;m d  i n 
d i c A t � s  the e f f e c t  o f  the c � rb o na t c  h o r i z o n  on d i s t r ib u t i o n o f  

n i c k e l  a n d  the o t h e r t rac e m e t al s .  I t  i s  c l ea r  thut w h e r e as 

t h E  m e t al c o n t e n t  o f  t h e  r e d-b rown h h or i z o n b e ars no r e l n t i o n 
s h i p  to t he b e d r o c k  th e m c t D l  c on t e n t  of  th� wh i t e i sh B 

h o r i z o n c a n  b '  i n d i c u t ive . 
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D i s t r i b u t i o n  o f  n i c ke l a n d  e ;.U. � ium i n  oo l onis e d 
b rown s o i l  p r o f i l e .  

( c ) Ske let al S o i l s . 

Th e s e  s o i l s  o c c u r  w h e r e v e r  t h e  u n d e rl y i n g 

ro c k  o u t c r o pp e d  o r  was c l o s e  t o  t h e  s u r f a c e . So i l s  d e v e l o p e d  

i n  such a r e a s  n r e  u sual l y  v e r y  Ghu l l o w , b e i n e  o n l y  a f e w  
inches  d e e p  a n d  show n o  p r o f i l e  d e v e l o pm e n t . T h e y  a r e  u a u a l l y  

r e d-b rown sknd y s i l t s  � L d  the p H  v a r i e s  f rom 6 t o  8 .  

( d ) G c L n dpl a i n S o i l s .  

S.J n d p l a i n s  c o v e r  va s t  u r e a s  and m a y  a t t a i n 

c o n s i de ra b l e d e p t h s . Th e y  r. r f'  c h u ra c t e r i s e d  by sandy g r e y  

u n d  pul e y e l l o w  s u r fo c e so i l s .  L�y c rs o f  n o d u l a r  a n d  p i so l i t i e 

r r:w c l  o c c u r  w i t h i n t h e  p r o f i l e  a n d  m ay o v e rl i e  m o t t l e d tl n d  

vn J n c n  1 1  ,. ,.. n l  i (', l l  tJ J ,.,_ �  i t 1 t o  l l P I I t rn ] . 'J.' h n r. o  f i O  j )  I� I t' L '  C' l l l l -
r; i rl e r e d  ( f i u l c rt h y , 1 9(,() )  t o  b e  l o c . t l l y  d e r i v e d  f rou1 w e o � th r• rc d  
l � t 0 r i t i c  m : L t e r i a l  wh i c h  has und e r go n e c o l l u v i a l  t ran c po r t . 

T h e y  �e r e  e n c o un t e re d  e a a t  o f  L e o no r a  an d rl rncw and a r e  f 6 u n d  

o v e r l y i n g  a ru ngc o f  ma t e r i u l s , and o f t en include t h e  pal l i d 
z o n e s  o f  La t e r i t i c s o i l s .  



Th i s  r e g i o n l i � s  � i t h i �  th e Q U) ga b u sh z o n e -
;·; h e r e t h e  H c u. c  i a  ��: Compl e x  d oc i n a t e .s th e t n' (' L< y e r . 

S <.: v e r . t l  c l o s e l y  .... , 1 1  i e d  s p e c  i c e  o r  &ub s p e c  i e s  c o 1" ::.; t i t  u t c  t h i s  

C o u p l �.: x  o. n d  t h e y  hd vc n o t ye t b e en f0 rr.1a. l l y r <: �:; o l v e d  i n t o 

d i E; t i n c t  v :.... r i e: t i e s . Th i s  i s  d d i r e c t c o n s e q u c:i. C C' o f  e ph n r 
iao n i c  d c v c l o p n e n t  v: i t li_n t h e  �: c ia g e 1;us , "'n d  i t  i t> c om m o n l y 

n c c e .s .s  t ry t o  h :.� v e  b o t h  p o c1 n n d  f l o r. c r  r ru t e r i .:- t l  to e nar: l e 

The r,e nu s ��a c i &  

f: i V C S  VJ , <'.f t o C OElpl <.: t el y  d i f f e r e n t V e {_'_ C bl t i o n  i n  s a l i l l e  ore'"l S  
a n d  o v e r  t h e v a s t  t rJ c t s  o f  s u n d - pl o i n .  G n  t h e  s� l t f l � t s  

.:.: n d  f r i n g i n g  th t', d r y  l c  .. }U .J S  t h t· ho. l o ph y t i c  sh r u b s  1 e . g . ;:, t r ipl ex , 

;., n t h r O C l1tJr.1UI.'l and r� o c h i a  g e n C rC\ uom ini:.l t e  t h G  .SC e n e . 
' 

C n  t h f: 

s a n d - p l a i n s , s p i n i f c� ��r .. , ss  ( 'l' r�o d i a  r�pp . ) 'f orr1 s  ct humm o c k y  

l ,:m d s c o p c  ·;1 i th o c c a s i o n a l  G p i n i f c x  r u m s  ( Eu c < .lypt u s  k i nssm i l l i i )  

� 3  t h e  s o l o t r e e  r e p r c s c n t 2 t i v c . 

I r.  t :1 e  " v r c e n F; t o n e "  b e l t s  wh i c h  u.r e  u fma l l y  

qu i t e: h i l l y , t h e  , , c n c i a  t r e e ] ��yer i s  s om e  20 f r: e t  h i gh . T h e  

sh rub L.: y c r  i o  d o m i na t e cl  b y  t h e  g o n e r<J. �r c ai oph i l ;:;  1 Do d o n a e a , 

� c n e vo l a � n d  c � s s i a , wh i c h a r c  t y p i c a l l y  0 b o u t t h r e e  f e e t  h i gh .  

7hc s ro u n d  b n t � e e n  t h e  s c a t t e r e d  Eh rub s  and 

t r e e s  is f C n e r�J. l y  qu i t e b � r e  of p e r e n n i u l o .  lio�ev e r , i n  go o d  

s c �·, so ns t h e  e iJ h e m c r,ll r.; r n u n d  f l or<�. p r o v i d e s  a s p e c t;l c u l a r  

c a r p e t  o f  c ol ou r .  

fh c bure g r o u nd � � y  b e  o n l y � sho r t - t e rm & f f c c t  

o f  t h e  pre s e n t d rou gh t , b u t  i t  i G  m o r e  probnb l y  t h e  r e s u l t  o f  
th e i m pa c t o f  g r� z in g a n i m al s , v i z .  � o a t s ,  kangaro o s  a nd 

e s p e c i al l y  t h e  sh e ep wh i c h q e r c  i n t r o d u c e d s e v e r ctl d e c a d e s  a go 

& n d  are no u s t o c k e d  ut a d e n s i t y  o f ab o u t  f i v e  p e r  s q u a r e  m i l e .  

Th e: s h e e p  <� nd · i n d i ge n o u s  f a u n a  a r c  P'lc:t i n L< i n c d  i n  t h i s  s cm i - d e.s c rt 
0 n v i ro n m e n t  b y  subsurf�c e wa t e r  wh i c h i s  t a p p e d  by b o r e s . 

Th e r e hbs b e e n  l i t t l e e f f o r t  to c om o  t o  e rm s  w i th t h e  cnv i ro n -

m e n t  n n d  the r e  a r c  t re n d s in the �round ve�etut ion t o �n r d s  

d e t c r i o r;J. t i o n  a n d  de:gr. : d  .. � t ion ( rJ i l c o x , 1 96 3 ) . U n f o r t u n a t e l y  

the t r u e  l u y c r i s � l so · a f f e c t e d  ct s c h u n g P s  i n  t h e  m i c ro -
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, n v i ro n m e n t  lL< v e  s t i f l e d  r e � l n e ra t i o n  o f  , t c a c ia 

( C o l l i n s , 1 9 2 4 ; 

i··, o o rc , 1 960 ) . I t  i s  t h e r e f o r e  Clpp<:.�. r c n t  t h c;. t  t h e:  imp..:J c t  o f  
r.1an  h ; . r.;  \ l p s l' t  t h e  cl c l j c · l t t> c c o l o r; i c ,l l  b ,�,lan c o  t h .- ,t  e x i s t e d i n  

t h i c;  a r i d  r e r, i o n  c.Yi d r.i>:< Y I ' C l l  r c: :: ;u l  t i n  ano t h er m a n -m :;. d e  d e s e r t . 

( i v )  P r e v i o us �o rk . 

P r i o r  to c o �rn c n c em e n t  o f  t h �  r o o b o t �n i c �l 

s t ud i t' s , t h e:  [" (W l o c:y o f  t h €  p r o s pe c t u r e: <:•. s had b e e n  c a r e f u l l y  
mapp a d  ( 1 : 1 200 ) � n d  � c t o i l o d  r o o ph y s i c � l  & n d  s 0 i l  g c o c h ern i c al 

s t u d i e s  w e r e  u n d e r t �  .. J� c n . Th e re s u l t u  o f  t h i s  w o rk s e r v e d  a s  

a b u s 0  o n  wh i c h  t o  plan t h e  p r e s e n t  s t u d y . 

1Jr i l l i 1 � g  had i nd i c r� t e d t h ;=>. t th e r.o s s; <n o u s  :z,o n o  

o n  H tt r r i o t t P r o s p e c t  vt.: � s t h e  s u r f :, c  e e x p r e � w i o n '  o f  s i c, n i f  i c an t 
n i c kel a u l p h i C c  m i n c r � l i G� t i o n  wh i c h  o c c u rr e d  u s  s e v e ra l  l u n c o s  

Vl i t h i n  p e r i d o t i t i c  : ·. o .s t  r o c ks . Th i s  0 i n e ra l i c a t i o n  was n o t  

c o n s i d e r e d  to b e:  o f  � i t h c r  s u f f i c i e n t  �r� d e  o r  t o n n � � e  t o  

suppo r t  u v i 2. b l e lll i n i n r; op e r;; t i o n a t  t h i s  t ir.1 e . H o w e v e r ,  i t  

d i d  p ro v i d e  a s u i t � h l e  e nv i ronmen t i n  u h i c h  t o  c a r ry o u t 

o r i e n t a t i o n ·b i o e; c o c h em i c :<l a n c1 r-- c o b o t ;  ... n i c <: t l  s t u cl i e s  f o r  n i e k c l . 
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( i )  C i e o l o_£"_� . 
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L'h e t i < • r r i o t t  i : i c kt : l  P ro s p e c t WLtS l o c ,.c t c d b y  t h e  

p r e s e n c e o f  .o·. r. o s s.,.. n o u s  z o n e: w h i c h  outc rops . < l o n g  n ro c k y  r i d g-e 

c r e s t  �h i c h  s t r i k e c  � � c t - s o u t h - 0 a s t  and d i sHpp e � r s  u nd e r  a n  

c x t � n s i v e  b l a nk e t  o f  c ol l u v i � l  s o i l s  t o  t h e  E a c t . Th i s  c o s s c; n  

o r  z o n 8  o f  ox i cl i G e tl  r:� i n e r;; l i s •: • t i o n  i s  s e e n  <I S n p i t t e d  G c rp e n -

t i n i  t e  v1 i th b l ob s  o f  l i t�J o n i  t i c  r.w. t e r i u l  "' h i c h  o c c a 1,; i o n n l l y  

d i s p l a y s  v i o l e t  h u e s  o f  v i o l ; � r i t e  ,) n d  r r c e n  b l oom o f  z :.;. ra t i t e .  

I t  o u t c r o p s  d i s c o n t i nu ou s l l  o v e r  u n;ax i m urn w i d tb o f  50 f e e t  

a n d  u s t r i k e  o f  s e v e r� l h u n d r u d  f 1 ! c t , � n d  o p p e a r s  t o  r e p r e s e n t  

<l i :. s e m i n n. t e d  n i c k e l i f c r o u s  cu l pl: i d c· s  at d e p t h ( P l a t e  I l l  -2 ) . 

Th0 r r o u n d  f a l l s  � e n t l y  nway t o  t h e  n o r t h  t o  a 

s c d i m � n t  b a n d  � . n d  t o  t h e  s o u t h  t o  � sc � r p  �h i c h  m � r k s  t h e  f o o t 

im ll c o n t .<J_c t o f  t l lt: t'. i f: t ct - u l t r <_. m .:'..f i t e s e q u e n c e w i t h n b a s i c  

g;_;_bb ro i c  s i l.l . Th e i d e a l i s e d  g e o l o g y  o f  t h e  o r i e n t a t i o n s t u d y  

a r e a  i s  sho�n i n  F i g . I I I  -3 . The g r o u n d  i s  r � l u t i v e l y  f l a t  

R o u t h o f  t h e  gab b ro s �rpe n t i n i t e  s c a r p , & n d  l n t e r i t e  f o rm s  a 
th i n  c ap p i ng o v c-: r u nd i f f e r e n t i .<� t e d  s e r p c .r. t i n i t e s  .'l t th e s o u t h e rn 

• · rJ r::e o f  t h e.  R. r c a .  

J·; o r t1 l  o f  t l w  ; , J . t i n  S (: d i rn c� n t  b rt n d , r.:.mrh i b o l i t l: G  

' t l1 d G c r p e n t i n i G e d  f Y rOX t � n i t c r-: n u t c r o p . T l 1 co  s e r ; w n  t i n  i t c s  
• -1 h i c h n r 0  t h e  h o G t  r o c l; .s  f o r  t h e  !n i n c r · . l i s c d z o H L' d r c  c x - d u n i t c s  

r: m d p e r i do t i  t c s .  Ou t c r o p  i :_: o b s c u r e d  t o  t h e  sou t h  b y  1 ::-t t e r i  t c: 

and t o . t h e  e n s t  b y  s o l o n i s e d  b r o � n  so i l s  ( wh i c h  c � n  a t ta i n  

d e p t h s  o f  1 0  f e e t  o r  m o r e ) , b u t  o t h e rw i s e  i s  cx c e l l 0 n t .  Drc. i n -

ar: c  i n  t h i s  u r u a  i s  r. r :.·. i n l y  a : ,  she t.: t -vmsh bu t t h e r e  i o  s om e  

c o n c e n t ra t i o n  o f  run - o f f  i n  r i l l s  � � B  sh own i n  F i � .  I I I - 3 . 

( ii )  B c d rocJ� Ci c o c l J t::n; i c t r_L . 

�!.n.r.�1 _ _ Co l l c c  t i o n  and H W3. l,Y_� . 

B e d r o c k- c h i p s  w e re c n r o f u l l y  6-' �mpl c d  o n  n 
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1 UO fo o t  squ, , r , : �:r i d  ,s y s t en i n  t h e  s t u dy a r e o. .  �a!"lpl l-�· s we r e  
c ru �h � d  und � ul v c r i s c d  ( m i nus 200 w e sh n . s . � . ) 0 n d  0 . 2 � u s ed 

T e n  r r. l . o f  c� 3 :  1 r.! ixtu r<.:; cf 11 i t r i c/ 

p <: r c h l o r i c  d C  i ( :  iv a s  u s tJ d  f o r  
l1 u t  i n  t u '> t - t v b c s  � . t  i?.o 0 c . 

d :i. p: c s t ion wh i e h  
'l' h e  tlry r e s i d u e  \;.J s l t: a c h c d  w i t h  

21·:, h ;y r.l r o c !1 l o r i c  ;; c i d :-tr. d 1 :� :;, d e  t o  v ol c: n 0  ( 20 r.1 l ) . l'h i 1..1 s o l u t i o n 

,_ ... �, s u s r. tl  for  t h E  ". t om i c ab n o r p t i o n  d c t c.;rr:l i n a t i o n o f  n i c k e l , 

c o p p e r , c ob r1 l t ,  c! trom i u rr1 1 z inc , 1:1;-,np, n e s o , i ron , c a l c i um and 
: , ;  a r_-n c c  G i u r:� . Tho l u t t 0 r  t h r e e  s l cm c n t s  r e q u i r e d  f u r th e r  d i l -

u t ion w i th 0 . 8;; S r  0'0..., ) 2  i n  C?l·I I !Cl . 
J 

T h e  n i t r i c/p� rchl o r i c  �c i d  d i g e s t i o n ru i x t u r e  

h 0 s  b e e n  c r i t i c i s e d  by s o m e  work( rs . L c c o r d i n s l y , t h e  a c c uraey 
\' a s c h e c k e d  b y  C ct r ry i r.g c ut c1 u p l i e a t e  cJ. i e: c s t i o rw u s i n c � "  1 : 1  

n i  t r i c/h y d r o ! l  u o r i c  <� c i d  r.1 i x t u r c . R e c u l  t �  u r; i n g t h i s  t e: c h n i  q u e  
w e r e  o s s e n t i a l l y  t h e  c � � e  f o r  � 1 1  m u t �l s  e x c � r t  f o r  c h r o m i um , 

�h i c h  w e r a  t w o  b r  thr e e  t im e s  h i gh e r . H o w e v e r , i n t e rp r e t u t i o n 

o f  b o t h  -:> e t s  o f  r c f.; u l  t ::: y i e l d e d  t h e  S<:c •. , e  i n fo rr: i .'t t i o n  nnd th�  
m o r e  e x p e n s i v e  n i t r i c/hydro f l u o r i e  a c i d  d i [ c s t i o n  c o u l d  n o t  be 
j u s t i f i e d for this s t u d y . 

R e s u l t s .  

The g o � s a n o u s o u t c r o p s  v ar i e d  w i d e l y  i n  t h e i r  
n i c k e l  c o n t e n t s  from 02 . t o  1 . 1� n i c ke l . 1-1. c h<:�.n n e l  s a::1pl (.) 
tu !� e n  a c r o D s  t h e  rr. i n e rn.l i s c� d  z o n e  i nd i c d  t e d  :tn a v e rn. g c  of  o . L�8% 
n i c k e l  wh e r eas t h e  b a r r e n  h o s t  r o cks , s c r p � n t i n i s e d  dun i t c G  a nd 

p e r i d o t i t e s , rnn£ e d  f rom 0 . 1 t o  0 . 2% n i c k e l . S c rpcn t inised  

p y r o x c: n i t c s  e; c n v r �). l l y  c o n t::t i n e d  l c. s s  t h a n  0 . 1 $� n i c k e l  . end  t h e  

HUbbro i c  intrusion  exh i b i t e d  e v e n  l o w e r  va l u e s  of  l � s s  th�n 

300 ppm . 

T h e  c f f � c t  o f  t h e  l � t e r i t i c c o p p i n g  o v e r  t h e  

� o r p c n t i n i t c s  a t  th e s ou th e r n  p u r t  of  t h e  s t u dy urea was t o  

r:.1 i c e  tlw n i c k e l  l e v e l u  I r 01.1 �'.b o u t  0 . 1� t o  more t h a n  0 . 2% .  

'i'h <:.· c o n t o u r e d  da ta n re shO\m i n  F i r, .  I I I -:-4 c." nd c l o s e l y r,� f l e c t  

th e ge o l o gy . I t i �  � pp n r c n t  f r om the s e  d a t n  t h u t  n s im i l ur 

go o s a n  c ou l d be obsc u r e d  by a l a t u r i t i c e n v i r o nm e n t  w i th an 
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C o pp(.-r v. , l u c :.:: w e r e  fa �_rly c o n s t ::tn t  r t r o un d  100 

c o p p e r v � l u � s  of �hou t 300 ppm �nd G i m i l � r vu l ues w e r e  a l s o  
o b t '< i n e d  i n  s or.w 1.<::. t c r i  t 8  s :1mpl C; S .  

Z i n c  �·m s r c n e r:.> l l y  l ow i n  th i s  e n v i ro nm e n t  

e x c e p t  i n  s c d in c n t s  v. h i c h  u s u.· ·. l l y  c o n t --· i n  tl O l' lo t h :.t n 200 p pm 

;_m u  up t o  2600 pprr. z i n c . 

C o u a l t  c on t e n t s VJ c r c l e s s  th < ;n  50 ppm b u t  

o c c <:ts i o n . tl h i £;h v;.1 l 1w s  e . g . 200 ppm \\' E: l' c  o b t < . i n t:cl i n  s ot:1 o  

l ;c t e r i t i c  < • n d  g o s .s an c J1 i p s . 

M a ngc.r1 E: S 0  l e v u l G  f l u c t u a t e d ;J round 600 ppm i n  

t h e s e r p e n t i n i t e c , h u t  e x c e e d e d  800 ppo i n  t h e  �mph i b o l i t E s  

�1 nd r;:�bb ro scu7l p l e s . 

Chr or.1 i ur.1 v ., , l u e s  w c r ..; t y r.- i c -:tl l y  l 8 o .s  t h an 1 00 

p pr:1 i n  s e d im e n t s  ; m d  b a s i c  rt , c b: ; .  S e qJ e n t i n i t c s  c o n t , , i n e d  

f ro m  (,00 t o  1 500 PI'm ·.-.;h i l s t  l :• t v r i  t i �H : d  s c rp G n t  in i t c s  c o n t a i n 8 d  

f r 0 111 0 . )  t o  1 ;b  c l. t r orn i ur:l . 

C . tl C i U r.J l (.. V I · J. S  i n  f:> (' r p c n t i n i S C' d  p e r i do t j t •  ;_:; 

.S(: r p <: n  t i n i G ,:; d pyrox e n i  t e s  

L <:l r:n c s i um v ;1 l u e s  D t t �• i n c cl t h e i r  rn nx imu1n  v ,ll U 8 S  

i rt th t.. r� e l: r.t p c� r i tl o t i t u s  w i t h • b o u t  20}.� ancl t lw r:1 \: t apyrox v n i t t: s  

w e re· l O "' E: . I' ;:, nd rn .n;� c cl fror.; 1 1  t o  i:�O�� . Th e bH s i c  i en e o u s  

ro c k s c on t a i n E- d  6 t o  1 0};� m<'- r n e :::; i um ' . .  h i l s t th._. l : t t � r i t i s e d  

;;:;,� r p u n  t i n i  t e s  c o n t  ... i n e rl l o r: am o u n t s  ( l u s s  t han 0 . 11; )  o f  b o t h 

c .� .. l c i ur. 1  ;1nd m �q:;n c n i um . 

I t  i s  e v i d e n t  thnt t h �  g o � s n n  z o n e  i s  rcvcnl e d  
b y  h i gh n i c k e l  v:.'..l u e o  ( dJ o u t  0 . 5% n i c k e l ) and s om e t im e ::; b y  

c o i n c i d (: n t  c o p p e r  or. c abal t oJ.nom � J. i es .  Th ic g o s s a n  w a s  s h o <m 

b y  d i mr1o n d - d r i l l i n g  t o  b e  s u r f n c e  e x p r c.: G s i o n  o f  n i c k e l  su l f i de 
m i ne ru l is� t i o n  wh i c h  u t  d e p t h s  o f  200 t o  500 f e e t  typ i c nl ly 

e;ru d e d  n t  3% n i c k e l , w i t h  l o v1 c o ppe r vnl u c s  ( 100 t o  1 1tO ppm ) 



( i i i )  J. o i l ���:-�· r�, i s t r_.y . 

:j . l•:: ll l •_; C o l ] (� c t i o n am.l ' ' r• <',l v s i s . 
_ ___.._ .  ___ . _ ______ __, .... 

S o i l s  1'1 8 l' C  c o l l u c t E: d o n  ; l  1 00 f o o t  c r i ct  

s y s ten n t  n d c p t i t  o f  a b o u t  . G  i n c h t. s  o r  n t  u c r1 ro c k  i n t u r f n c c , 

\ : 'l i c h \ ; v c: r  \E<S e n c c·unt e r c d  f i r s t . 'l'h e y  w 0 :r �.:: n i eve: rJ o n  s i t e 

�m e'. t h e� -P.0 l r (· .3 h  r r.-t c t i n r: -�ln-.• l y G Hl ::t s for Lh c ro c k - c h i p G  • 

.'>:� i l  }'H VJ ; J ,S l'• •: · .::> n r e r1  O l l  .s :i  t e  l.l S i ll(T t h e  C::;I HC f i e l d - k i t  wh i c h  

<1.l l o \ ' G  r u l i ;�b l < . : , n d  .r : q1 i d  d l· b: .n . i n  . .  t i o •: t o  :!:o . 3  p l1  u r, i t s . 

f lc<:: u l  t n .  
The s o i l s  O V t  . .l.' s u r p ..: 11 t i n i s o d  p c r i d o t i  t c [.; 

w t r e  c h ;J rn c t u r i s c cl  b y  h i gi1 �!i c Jr ,) l  l vv c· l s  o f  400 t o  Goo PP'·1 , 
\':h c r c::. s t h e  ' � •.i t • .  , r:yro x c r. i  t . ' : :.; h-.... d. l o \: ro r  200 t o  1+00 _ppra n i c k e l  

vr t l u £: s . 
t � ; .:�n 200 ppr:1 (:X C <::p t  TLC ·  r t h t:: r: �e· rp e: n t i n i t e c o n t .:. c t s  v:� e r c  

c o n t u!i: i : ;·.� t i o n r .H • J i n c :r v ; 1 s e:  t]�<.: l t.'V O l s t o  r:. t>• r l y  400 pJHil n i c k 1. · l . 

L. � t c: r i s ·.-. t i  o n  lw.rl n. v ar i ab l e  e f f e c t  on n i c k\� l v a. l u c s  .'l n d  s o 1:1 e -

Th t:;. goa.s2. 11011S z o n e  

·.·: . .  � s  m c rl: c d  b y  r;of .'l e s m  . .  �l l 1: r .:: M3  o f  600 to  [ O O  ppm n i c k e l  i n  

so i l  . r: d  i n  o n .;  .:; r <:; a  w .. . .  r t h 1� f o o b:ct l l  c on t ::1 c t o f  t h e  . : e t .:·. -

p � r i J o t i t L , v a l u e s  exc e e d e d  800 ppm n i c k e l . Th e r e  i s  c l cu r l y  

n very c l o s e  r c: l .:< t i o � i S � l i p  b •.:: t u u er1 r. e o l o r:s  ( F i g . I I I - 3 ) , b ,� d r o c k 

g e o c l1 e:.: i s t r�r O' i G •  I I I -4 )  dtd G o i l  c e och 0t;l i �3 t ry ( F i e: .  I I I -5 ) , 

f 0 r  n i c k e l . 

r r •.: t su c h  nrc.·as . 
Co b --t l t s rJ i l  v u l u (, l; 1 ·: e r �  1 0 v.• ,  b e i nc l • · o c  t h an 

)0 lJpm 0 '/ t.· r b n.u i c s , l c S i.· ·  t h �ll 1�0. p pr.1 (J V t: r  �l i ) T j ' l:! l l t. i n i t \: .. ;:; : tn d 

( ; O�:: c: t i r. l c s  n t tr:d.nc d 50 _r pm o v c  r ':! i n e r.:t l i s r : C.  nnrl l n. t � .r i t i s E. cl 

i 
Copper i'ii'.E: J t) W o v E.. r  ::> c r p <: n t i n i  t . · n  b e i nr:; 1 c s c  

t h  . . u. (,o �.�pr.' b u t  w.'... :: s l i ;<',h t l y  h i r�h (: :· · . ( :tbou t 1 00 11prn ) o v ,.: r  t h e  
b< t s i c s  · tnd. G � d im e n t s , t h L' J. .. ·. t t; u r  cor.w t :i.1.w s b o i n�.; i nd i c . .  t u d  b y  
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C '> p p \ . r  \' ' ! l U0 .S o f  9C1 t (' 1 (:0 T' llf:l . 

Z i  1 1c  v; : l n �:s  \ It.:  r e  l "' s s  th-�<n 200 P;''l:1 c x c e r> t  

,, ,. ,_ r t�J c t 1.1 i n  f, v d. i r.J c r, t  h · ·.n d G , 1'th c r t: vr lut::S  e.t t . · i nt,; d  SCO :?P::-! • 
'J : · l 11 \'. �l ; . e n; r; c n r;: r : l J j' l 8 .S I :  t: . .. ·, r:. 70 P 1_!m O V · · r  tl . <.:  i pJ. t.: O U G  r o r: l', S o 

h anr�ro n.::, s e  v . l 1 w s  w e r - :  l o w  ( 1� 00 p�1::: ) o v ..: r  
c: u rp ,; L t i n i b' G '.i u t  \:XC �; C. d (: cl  1 000 l'Jlm o v ,  .. r t h e  b.o...s i c  t.: l: i t s .  

C h ror;J i t\ . .  1 v c l u L <>  \h . r <... l o \'i u V ·. r b �.t s i c c , r:-t l: t < t -

r 1' 0 ;.:  ,: n i  t l' S  <, n d  G u d ir-1 C: r. t .:; ( } ( · S S  t:·� ,Ul 200 ppr.'l ) t blJ t I ': L t :l p C r i d o  t 

i t c G  c o n b i ll 200 t o  300 ppri! , :u1 d n t t .-. i :, c: d  -.;ven h i t�h r; r  v · t l u e s  
O V ( · !'  lr� t ·� r i  t i F. e:· d  :ctr ..: n r; . 

Ca l c iui.1 l c v �: l s  r .: .. a c  ; , e d  t h e i r l o v: e: s t  l ..: v e l  s 

o v ,. r lat c r i t i s c d  s o rlJ0nt i n i t c- s  ( rJ.bout  0 . 2� ) and r;J �.:: L'. p v r i d o t i t e s  

c o n t �.� i n t: d  0 . 26 t o  C . l�/.1 c .: ,l c i UEl u:h i l s t  t �l (; !':I U t <.� p y r o x c r.. i t o s  • .' o r e  

t :i .O i C <\ l l y  0 . 4 t c  0 . 5� ,,, nd b- • s i c s  c u n t  . . t i n u tl 0 . ) t 0  2 . 0/.- c <�l c i um . 

IV: r-ti , Tk G iur.l V(tl U tJ :J  d c c  r u :-. s �:. d  f r o 1:1 r.lt. t ape r i do
t i t <: s ( 1 . 0 t o  2 . 6/b ) th rough r.: c t apy r o x �.:. n i t � s C--..b c1 u t  2 . 0% )  t o  

b�c i c s  ( 0 . 9 t o  1 . 5� )  t o  l u t e r i t i s � d  S L rp e n t i n i t � s  � i th l � s �  
tt:an 0 . 4}� . 

[)o il r·1I \'l < d 3  ll i gl i  o v v r  t h 8  S \.:.' rp c r. b. E i .: c d  

ul t r; u-:·, .:� f i t • ; G ... n d  r ·"'-!l(;; C� c) f rou 7 . Cl t o  7 . 9 . Th e cabb r o i c  so i l ::;  

r :,,_ rq-; v d  f ro r:1 (, . 8 t o  7 . 2  r:h i l :.:: t the l :.;. t t,; r i t i r; c; d  s o i l s  n e r c  ; c c i d  

.:r ! : c1. the rH \'/ 3. � l e sG t � · nn G .  7 .  

Jlii , .l!'01. 'lld t lH:; C O S-S : . r10US z o ne • 

'l'h �.: rc.· w a s  no a 1 · c a  o f  l o w  s o i l 

'i'h c ! : ;.1 r r io t t  r.·: o G G  .. : n  r r : p r ,: n c nt r; ::: u b s \: r f a c c  

n i d:. , � l u i n E: r ;·�J i s:.:. t i or  . .  .-. i th r e L . t i v c l y  h i gh l o:; v c l s  o f  c o b ;; l t .  

H o\•, , . v ., r , t lv; s o il f� l; o c h ei�Ji c . t l d a t ;, a s  i l l u s t r,·. t e tl b y  n i c k e l  

( F i e . I I I -5 ) , d o  n o t,  r c l L1b ly i n d i c :  . .-. t c  t h t:  G'ossnnous o u t c r o r s , 

i :·1 t :, i s £ llV i r onmcnt Wh ere  l[ l t ; . ;o: • j  t i c r r.; Vt l; un t s  0.. 1" 8 p r •.' S C n t . 

� u l p h i C e - � p 8 c i f i c  ' pA t h f i n d e r ' c l cm o n t s  

• · 0uld f ;: c i l i t ; , t ,� i n t e rp r ,? t , . t j r • a o f  r, e o c }wm i c .:=t l t w il s u r v e y s , 

c s r e c i n l l y  rcr;:i.o nal G u r v E: yt:.: . Suc h (�l cl�W r! t G  i d. gh t  i n c l u d ,. 
n r G <: n i c ,  r.;el<:nd un , t <.:: l l u r iur.1 ,  c a d i u m , n n d  :pLt t inum , :..lu d  th e y  

� l r c� C 011S i d cr c d  b r i <;fly in  S < : c  t i o n  V I I . 
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T1w s c  

q u ::l d r  ... t t r>  v• e r • G .H � l' l t: d  et G  b c ·l t  t r <,_n s ,�c t G  ::; ; : i t . 1bly o r i t! l� t :< t ..: <l 

t< C rO G [i t h l' s tu dy a r (: :�  r;h i c h r t u : . :_; ;; r.:; c1 2000 b y  1 1 0(1 f c r . t .  
I r  t h i s  i n .:. t : tn c f; s i x b e l t t r :  . .  n s c c  t s , o r i e ll t -

.:� b; <i n o r t h - ::; o u t h , w e r e' c o�.1�) l e t . :: d  o n  rt l t o r n:1 t c  1 00 f o o t  n i d c  

� t r i p e s . 

}\S n·, o r c  th;;n _';iO�; o f  th e- G r o u nd ;•w r; c o v t; r e d , 

t h e  t_:;•2 o b o t . � n i c t. l  d;\ t �:! v:;<s p r o c .::.· e s e d  t o  f p. i r l y ; � c c u r .')_ t c  s i n r�l c 

s p .:: c i e s  <l i r.:; t r i b u t i r. n  ! .l ·_l p s  as r1 c ,ll  <� s t h e: u su� •l  pr o f i l e  d i a r; r ru.; c . 
' 

J·. rcpresen  bot t i v c  c ,; o b o t�-�n i c . ; l )rc f i l e  d i :.-1 g r am s i  t ul a c r o f.: s t � c-

� i rt rl l e  o f  t h e  s t u d y  a r c � , i s  sho�n i n  F i g .  I I I- 6 .  Th e t o p o -

�rnph i c  s u c t i on w � s  c o n p i l e d  f r oo a c c u r a t e  l c v c l l i n �  d a t a .  

The s o i l  t=-: e o c h c' r't i c .J. l  dat:1 ( l o f: - r; c <�l c ) , s o i l  pH and .s o i l  depth 
w 0 r o  a l s c  c on c i dc r c d  wh on i n t c r p r 8 t i n [  p l R n t - l i th o l o gy . 

r e l n t i o n r:; h i p G . 

Du r i n c  t } J C r : :· u r s o  o f  t h e  f i o l d - w o rk r:. (; v eo ral 

F' Lm t - l i t ho l o c y  a s :::: o c L� t i o n o  ' ' (' r e  ob :-; e r v c d  :_tJl d a r c  :\ l no rr .. v u r1 l -
r : d i n  F' i p: .  I I I -6 .  

]:_>_��.J- t_t i i \::. t c  r e_ ; t-. r i  c b: cl t o  r; o · p c n  t i 1 1 i  G • _ d pyroxcui t c · G ,  b u t  cUd 
' n p i l l -· o v r.; r ' o n  t o  E"- TJ H� n t i n i n �:· d p c r i cl o t i t c• ,'J • 

�· rc� s i�..!'.!.:.l_:':,'.f.il l-: a d i s p l ay e d : �n i n v e r G e: d i c 
t r i b u t i o n  t o  i\ . b u r l d. t t i i  ::n1<l H . . , ;: c o n f i n . : cl t o  tll c b : t s i c  ·� :_t b b ro i c  

G il l ,  . -� 1 thour�h ;_\ [;·:t i n  S Oid C o v<· rl :\p o n  t o  s e rpent i n i s c rl  p (� r i d o ·

t i  t c s  w n s  c b s i: r v e cl ( PLlt o I I I - 1 ) .  
f• • f lllC 1 J l'; <  o c c u r r � d  on b - u:; i c  and ul t r ;,_b�t s i c  

p r 8 v i o u B  t � o  cpe c i a s . 

�·  l i nophyl l n 1·; ; t s  n� s t r i c t c d t o  t h t:  h i gh 

r o cky n r <; n c  wh i c h  i n  t h i s  unu s\.wl c n s c  c o i n c i n c: d. w i t h n 
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Fig. 1 1 1 -6 OtJit transect across Marriott Prospect study area, showing the relationship between plant distributions, goology, and so.il goochemistry, 



<tnd r; ) .-:lT <:: u n d e s c r i b c d  

; � lli_� u r.:.l . 'l' Yf• C:  • ·· l w s  �' l o � ;  Ll <; n s i  t y  
w i t h s om e: p r o f v r e l l c  , . f o r  h·.t s i c  r o c ks ·:.· 1-.. i l. s t  ".:'�'1 ' '- B •:: i  t h  .::t 

c ! 1ar n c t c r i s t i c  l o n z. , f l :t t  !1h y l l o d e  :i. ::.:  c o n f i n �· d to l ;, t u r i t u s . 

O t l1 e: r  t r t-o  2 s p e c  i !:: S r;!J i c  h ··, re  o n l y  o c c ;J r.; i o n 

a l l y  E:: i..: t: r; i n c lu d e  Erc.: c�· r,ph i�� o l r: f i c l d i i  i c n d  �<.:1_� .::yi c ;· twr! 
: � n d  t h �:: y ilr l� u c u 1:1 l l y  f Dunn c•n l o w f l ::1 t r. r o u nd . 

4 f e e t  h i g� :.1 n d  c: x c r.; r; d  t h e  t l- ,_ �� fl  i E  d i v e r s i ty :-mu o v c r r 1 l l  

d t, n s i  ty . 
'.L'J-. e f. . OlU S Er t::Fl 0 p h i l n  i nc lu d v <>  E .  E: X i l i f o l i o. 

wh i c h  i s  rc s t r i c t <: d t o  r o c l�ly b r.< G i c  o u t c r o p s , E .  Er: ·  � ·  
r:h i c h  i s  re �; t r i c t e rl t n  c � t c r o p p i E f,  S 0 !'1H :: n t i n i t t, r; c >tid  Tll ny  b e  

> · a l � t u �  t o  E .  c x i l i f o l i a .  

D o d o n c-u.=.: a  l ob u l P. t :-.:. i s  a n o tlH'! r Ehrub G p t. c i c s 

w h i c h i s  � l s o  r e s t r i c t � d  t o  s u rp e n t i n i t £ s . Th u C a � s i �  � e n u G 

t> o l. l s  . l S  :� r e  f o u n d  ove r t h e  s c d inw n t  h r:tn d s . f ·  s t u r t i i , 

C . c� e s o l a t a ,  iH1d c .  h o 1 r:� G i i  . : J. [; o  c:x� ·t i L i t  t h i s  JH'<· f c r e r, c "  f o r  

f i n c l �· - p o w u e r c d c < l c a r e o t� s  c o i l s  rmd s u c h  c r e n s  o f t e n  h •: �vc 

r o l n.t i v 8 l y  h i e:;h r:i u t. � ·-1 vu. l u e s  in tl1 1:. i r  f i ne r  ( -200 nJ (�sh ) f rrtc t -

i o n s . 

I n  f .·: c t , f ·  s t t:r t i i  f o r::1 s rJ. l :: o n o s r (J c i f i c  

t, c ob o t ·  .. t; i c D. l  ; ,n o&.1<.:: l y  n ea. r  th e ln s c  o f  th ,� s <:: r p e t� t i n i s ,_; d  

p e: r i d o t i  t e - d u n i  t c· u n :i.  t \:·th i c h  c o r re r; r o n c1 s  t o  c. c " l. c :. : :::- c o u s  s o i l  

v1 i t .h h i gh u i c k u l  l e v e l s  ( nt or(]  th•.:n 1 000 ppm n i c kt : l ) .  

a r e u  hns c o - o r d i n� t b s S 2 3N 3 3 1 E  F i � .  I I I -5 .  

r ;o . 52'j-5 1 3 ) . 

Th i s  

f ·  l ,, ;-: n i c ul a  i s  s t ro n g l y  r c .s t r i c t c d.  t o  o u t 
c ro :i>p in�; b :; s i c  r o c k s , �·:h i l c  f · n <.mopll i lr;: i s  fot!nd o n l y  o v e r  

s c r p e n t i n i t c- s . 

P t i l o t u s  o b o v ;_, t u s , C:t l yt r i x  c f . d L. s o l;:, t v , �..:.� h i l l i�!�<An ct 

I' r o s t hr.t n t h u r:t c f .  c t r L:t t i f l o ru. r:>. r b  of s p:t r s �  d i s t r i h 11 t i o n  n n d  

th t: l :.J. t t c r  th re e: :. .. :; p t : C i (H> < t .r tJ \ J Snr,lly f o un d  o n l y  o n  r o c ky b < t s i e  
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;:� <�m pl e s  of LJ. J. l  p l cc n t  ;:;;pe c i e s  r , r O \ ' i n c  o v f� r  o r  

: c e - . r  ti1 e  r�o s r; �u� o u .:; z o n e  w e r e  c o l l e c t 0 d t o  d c t. c rr.1 i n e  wh e t h e r  

.. : .n y SjJ e c i e s  · I C C t.:m u l a t e d  ·. J i c k e l , c op p e r  o r  c o b. J. l t  ;; n f.  t h u s  

in  d i c a t  c d ..;.n rt f f i r:. i t y f o r  t h o <; e e 1 e ':i e n  t s • The f o u r  ::J :;, i n t r e e  

.:: �• e c i c s , : -, c ac i c: n n c u r,-.. , . , , b u r l ,_ i t t i i , , , ,  l in o ·,;h v l l <l u n ri , , . 
---· ---- - ·�--- -·---- - --�-- -

r e s i n ora ;-; :r Gi:_l:.:_£_·_l ri c r e s; .i:!pl e cl  i n  ;·) r e f e r e n c e to t �; c  s m <.'ll l e r  s h r ub 

.s p e c i e s  b e c  ... u.s r:: i t ,.,: ,_ :, c o n s i ll f. r e d  t h • i t  the  t r e e  s p e e i e .s w o u l d  

i1 a v c  a b i g g e r  r o o t s y s t e m a nri i d e o l l y  m i r h t  p o s ses s t h e  
ab il i t y  t o  r e ;  l o c t " b l i n d n  ! '1 i n c r.::.l i s ,, t i o n b en e a t h  b a r r e n  b e d 

r o c k o r  exo t i c  o v e r h u r d e n . 

L e � f  and t � i s  sampl e s  were c o l l c e t e d  a n d  

rJ ry -ash n d  T' r i o r  t o  :.,lHt l y s i s  f o r  n i c k e l , e o p p e r , c ab a l  t ,  

c h r o r.1 i urn , z i n c  , manr:-'·J. n e s e , c :..�. l c i urn Lill d r:Hl[; n c ::; i  um . Cnl c ium an d 

m n c n e s i um a n al y s e s  w e r e  pre f o rm e d  t o  d e t e rm i n e  wh e t h e r  t h e  

p l a n  t .s  i m l i c a  t c. d  u l  t raba s i e s  h y  a d e c r e -.:t s c  i a  t h e  c a l c  i um/m a e;-

n e s iu rn  ra t i o .  

.t\ n  rm� 1 6 20 Cor.! _l'JU t e r  ·,·; � �s empl o y e d  to C �t l t u l n t e  

u r c  c i v e n  i n  T�b l e  I I I - 1 . C o r r e l � t i c n ona l y G i s  w a s  c n r r i e d  

o u t  o n  p l a n t - c c il a n d  pla n t - b e d r o c k dn t a  w i th a v i o w to s c r e e n -

i n r;  o u t  ri..�. p i dl y t h e  ' s i r,n i f i c .:dt t ' d a t a . I t  gas s o o n  rc�l i G c d , 

t ln t c o r r c l D t i o n  aual y s :i. s h u cl  l i t t l e i f  u n y  p r , c t i c �l appl i e 

::l t i o n  i n  t h e  i it t e r p r e t -:t t:i. on o f  th e s e  b i o !_S e o c h ern i e al d at a .  
'r<J.�J l c  I I I - 1  r e v (-� <:. l .s  bv o il<: p o r t :. n t  f a c t s .  

i·�onc o f  t h e  p l a n t  s p e: c i c s  l i s t e d  ae c nmulated 1 1 i c ke l , c opper o r  
c ob ;:,l t t o  any app r c c  i n b l c  ex t e n t . Th e r e f o r e o n e  c a n  p o s t u l u t e  

( B roolw , 1 9 7 2 ) , t h u t  uone o f  th e: :.w  s p e c i e s  h u .s  .. -�. n y  m<<rkcd 

-:, f f in i t y  f o r  t h c G c  th r e e  c l c m e n t n  a n d  i t  i s  unl ike l y  t h a t  a 

n i c k el ind i c at o r  pl: m t  <.;x i s t n  in t h i s  .s t u d y  arcn . �� non: a l o u s  

�1 i c k c l  v . .  t l u c n  v;c- r<:: o b t a i n e d  o v er b o t h  th e go s c. a no u s  z o n e  a n d  



TABLE I I I�1 (Cont . ) Anal ytic al Resul ts for  Plan t  Samples obtained 
during Orientation Study over Marriott Pros p ec t .  

Values shown are Geometric mean s .  

N O .  TWI G  ASH (PPM ) 
PLANT SPE C I ES iSAMP . Ni  Cu Co  Cr  Z n  Mn ea% Mq% 

Acacia aneura � 1 7  59 53 - 1 8  57 319 33. 58 0 . 89 
Acacia burk i  ttii �0 1  5 5  - - 1 1  42 108  36 . 38 0 . 66 
Acacia res inomarginee 82 46 35 - 20  45 1 42 35 . 4 0 . 72 
Acacia  linophy1 1 a  2 9  49 52 - 1 1  56 248 34 . 07 1 . 0 5  
Acacia a f f .  a n  aura 8 81 52 - 20 76 314 31 . 58 1 . 21 
Acacia c raspedocarpa 6 87 90 3 1 5  80 1860 31 . 3  1 . 90 
Acacia g rasbyi 9 31 28 - 1 7  27 6 3  36 . 34 0 . 50 
Acac i a  s owdenii 3 27 82 3 19  125 203 33. 3 2 . 3  
Ac acia  quad rimarg inec: 5 6 5  59 4 20 104 7 1 2  34 . 9  3 . 23 
Ac acia  demps teri 1 25  67  - 25 82 ' 80  31 . 50 4 . 00 
Brachychi ton gregorij 1 70 53 0 20 50 305 35 . 0 0 . 80 
Cassia s turtii  10 4 2  7 0  - 23 1 30 1 39 32 . 86 1 . 24 
Cassia nemophil a 6 52 53 - 26 102 1 7 2  33 . 98 0 . 86 
Cassia  h elms i i  6 55 85 - 21 165 160  - -

Cassia artemisiodes 4 103 54 0 22  110  274 31 . 5  1 . 20 
Calytrix c f .  desolata 1 7 5  1 27 7 40 240 8000 1 6 . 00 2 . 85 
Dodonaea lobulate 8 77  9 3  - 44  224 226 29 . 82 0 . 91 
Eremophila  exil i fo1 i a  8 88 1 56 - 33 420 652  25 .11  1 . 55 
E. a f f .  exili folia  2 270 520 0 69 740 1 6 30 17 . 0  3 . 7 5  
Eremophi 1 a  platycaly� 5 88 166  1 33  331 442 23 . 0 1 . 30 
Eremophi1a  p antoni 3 70 235 0 7 5  266 503 1 2 . 0 2 . 46 
Grevillea s p .  1 210 1 3 5  0 1 2  70 6 500  24 . 0  5 . 1 0  
Hak ea leucoptera 21 108 50 - 1 4  37 4450 24 . 7 2  1 . 84 
Ptilatus obovatus 6 135  1 53 8 6 5  700 980  21 . 3  2 . 28 
Santalum spicatum 1 70 130  0 1 8  380 210 24. 0  2 . 00 
Templetonia egena 1 20 3 5  2 1 5  50 260 31 . 5  2 . 40 
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t h e  l r: t u r i t i t: :C: Ci s .:; rr e n t i n i t c :. :  i n  t l l >: G o u t h (: r ll s; a r t  O f  t h r: s t udy 

: ! · ' � '' t ) . - l. a t c .r i t i c  .::; _.u.lpl e s  b J  r •) n .s i c} ;� r.J. t i c, n  o f'  t i·i v �.i ;-, ng--· l i (_ l�'.: 
l t  v r: l c . I . c - d' {>< '.i'1 f l L'f :  c c,l l e c t r.:: J t• v c r  t h l> ro:·.- :-.. t n  C C> ll t :1 i ?J I� r l  1 .1 <J r v  

n ic k e l  V o \ l �· c .s  w e r u  o c c <.-.s i o n o l J :i o h b . i n •..:: d o v t  J' l ·.< t c d h; 1 ) 1' t 

'> e r E=. c o n r:; p i c u o , t c: b ;; i : L v i r  ·:t s · r· c i : .. t c d  l( j  r,; l t  l ' < i D ') d1 f: D L'  l t: v e l .s  o f  

� o r e  t h an 200n �pm . 
I t  i s  �l � o  a p p a r o n t , f r o o  t h �  t �b ul n t o d  d a t a , 

t h a t  n: E: t .-.-, 1 .V. J.l 1.11� s  in t h e  t r.• i g  :;,[;!1 a r t; �:-: i r n j  f i c ::-. n t l y  l o r1 e r  t h a n  

i :; t h e  l e� . r  ( phyl l o J e ) o.ch . 
Ex;: r'. ir,a t i on o f  tlw <-> r:r.: ro p r i a t e f r e:qu cnc y 

d i s t r i b u t i c n  p l o t :·�- sho < :d t h  . .  , t  � e: n o rD. l l y  t h t:  r:HtfC o f  :n �..; t a l  
v:.l l U f : G  \ ;;·, c.; g r e a t e r  i n  l c;.f  a t. l :  t h�'<n i n  t •·; i r: a oh ,  : Dl tl th i s  

.s v r::; c c s t c d  t l': c{ t  t h e  l e  _ f  \i O U l d  b e- t � c  s u p e r i o r  r; :unpl i n �  r.w d i m1 . 

T h r e sh o l d  l i:�d. t :::: f e r  anomalous .J. n c.l  p o s G i b l y  
agnr,wl o v s  v . .  l n E.. s  �·; u r t.:  o b t ai rh; d b y · e o n s i d e r;.1. t i c n  o f  t h e  f r v f!tt Cn c y 

d i s t r i b u t i o n  g r v ph s . 'i'h e  n i c l: e l l t� 'J f  nGh d a b :• f o r  f, . b u r k -

i t  t i i ;: :nd J\ . r c c i nomargi n e n  I L r a  �lo t t c d  a n d  �noma l o u s  valu e &  

( :.w rc  t h  . .  n 1 00 �1pn: n i c kc_-- l )  i ;·•. Cl 1 c· n c ral \"D. Y ir1rl i c ; � L. d  t h �:: 
l 

1 . o s sanous z o n e . 'l.'!1c ;:: o .s s :::m01.; s z o n e  '. I ') S  no t i n rl i e n t c d  b y  any 
o th0 r (b. t a , i n c l u cl in c  t w i g  1l:i  c l . c l  c 0 n t <3 ! ' t .s , for th e s e  t \'J O 

13 J ' L C i C' S o 

n o  l il10j)l1.yl l a. '; �� i c h  i [; c onf il lod e i t :! c r  0 '-1 o r  
11 1 .. ·. r t J-: .-: sc s .s anous z o r: c: s  c o n L. i r. c r.J ano! !alou.s ( r:10 r c t !: ::..n 1 30 11pr.:) 
l < i c k <: l  l (·; v e l ::> i n  1 L' rt f  <:: sh . ' i (l l i < : V c r  'U � c  \� j S t r i b u t i o n  0 f  thE' G C  

t h r c.: <:.• ;:; ;> c c i t: s  i r;  .�: G n c n� l l y l iL; i t � d  t o  o v t c ror: )inc a r e a s , 
�h u r e a s  t h e  u im o f  b i o g o o c }t 2 m i c n l  � r o s p � c t i ns i �  t o  l o c � t u  

i J  i n e  r:. < l  i s n  t ion l.Jenc: :  .. t�1 s e' i l -- c  0 V t: r e d  f l ;.-_ t s \.•ht:.· l·e o t h c r  s t1 r f .:te e 
e:xploro t i nr. t c c h u i cp.:. e s  c.� r (.;  i n c f f  .:.. e t u; :l . 

A .  nncura i �  c f t a n  the 
i n  Gn c h. an c nv i ro n m � n t  :).nd e xh i h i t �-. <1 , :. thin  hut 1 1 i cl e s r r c a d  

d i .s t r i �n: t. j o n ov .·r t;.l j. s o u t c ropping :.:: t udy arc n . 1 )2 sa.111pl •: s  
c f  . , . ' tn < · u ra. w c r tO· r>amp l e r:: O V\J r t h e  J'-; , , r r i o t t  P ro spee t �md 
e:1nbra c o d  n re._u:-; it!Wi c: d i.'.' t l�ly e c .w t  o f  the study n.ro'" • 
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.S1 q c r im po s i n i . a.noPi Hl o u .s  a n d. . JlO G r.; ib l y  c:noiiJ o l ou s  

i . (J t..:. l  v ,:, l u e s  ( o b Ld i ll. · d b�• [, r.-i J · � · i c .:� l t e c �tn i qtH·: �l J o r1 �. I : O l o c; :f 

lJl . m D , r e v �_: ;.• l c d  t lKt t  rJ.i c k v l , ;,· nd t o  a l e s s e r  , · x b: n t c o p :p � r , 

V. \ J. U C ci i ll l ut f  as"�). o f  J., . �� o u t l i n �..: cl V� e: f,OSS<lnOl L S  Z 0 !1 G G . 

Thc n i c kel l c .1 f  c:;.sh },l o t i n  sh•)\'• ll  in F i g . I I I - 7 . I t  i n c l u tl e s  

01 n :,; t  o f  t h e  .s t ud y  <\re :;_ as •;• e 1 1. o. s  t h z· � a s t E- r n  t�x t en s i o ns o f  

L < • r r i o t t P ro s pe c t c.md t;1e c o - o r d i nn t E) s  a l l o \'-' c o rr c l <• t i on l'! i  t h  

F i g . I I I - 3 , -4 , cl nd -5 . 

D .  D I ::.;Cti 0 S l d !  C? REC.U L'l' S . 

P c. rho.ps t h e  r•J O G t  s t r i k i n �  01l G C rvat i o n  n a u o  
il t  t i r.�. r r i o t t  P ro s pe c t  \Vr:t s t h (;  1 .:-. c k o f  :1 p r o n o un c e d  [, ..:: ob o t nn i c r.:.l 

A n o m 0 l y  o v e r  the s c r p e n t i n 0  ar c n s . :':> c rp e n t i n c  f l o rn s  a r e  
l' �.: pu t ,: d  t o  be:: e o  p; r e ::• t l y  d i f f r: r e n t i a t <-' ci  f r ora th t: s u r r o u n d i n e  

v c  c; �..· t : .  t i on t h <.� t the s c r p o n  t i 1w b o u r, d a r i t-: s  r:� r e:  r e a d i l y  o b .s c rv c d  

( P r o  o lw , 1 ') 7 2 ) • Th i s  s t a t c rr, c n t  i s  c c� r t n i n J. y  t r u e in h um i d  

•.; n v i r o nm 1 : n t s  a s  i n  J : e  ·· Zcnl ar, d h u t  i t  i s  s u r r; e s t c d  th:� t i n  

:-, r i d  A. r e ;..tf.i , wh o r e  c. x t (; n s i  v e  c r-..l c  i f i c �: t i o n  o f  t h 0  o o i l  p ro f i l t.:J  

o c c u rs , t h e  s e r p c n t i n �  a o i l s  d o  no t p r c s o n t  t. n :\rku d l y  l• o s t i l e  

0 n v i r onrn c n t  f o r  t h e  x 0 rophy t i c V G g o t e t i o n . For exampl e a 

t y jl i c r1 l  s e rp l: n t i n c  1w il on F . l.r r i o t t P r o o p c c t  r.t i t:; h t  c o n t ;·t i n  1% 
:;·t r.� ('; n ..: E:; i urn <J.nd 0 . L�% c ,_,l e  i u rn  wh e r (' '-'8  .-• s c: rp c n  t i n c  r; c, i l  f r om Dun 

1-! r.JU n t a i n , r� e: w  Z e :� ]  E1.i1d \'J u u l d  h vc Gi:.; m."'\r;n "' s i ur.t nnd 0 . 2;i� c ::-<l c i u;:� .  

I t  i tJ  :tppr. !' e nt t h ::. t t �1 .:.:: r c c qsn i t i o n  o f  u l t rLlh�t s i c  �! o s t - r o c lw 

f o r  n i c k e l  u i n c: r: l l i r:. J t i o ! L  b y  :: . c o h o t : , n i c :. J. ob c c rv.�. t i o r. :-; in t h i t:i  

� r i d  e n v i ro nm e n t  u i l l no t h e  � s  ob v i o u s  n s  in � o r e  hum i d  
t.mvironr :w n t s . J .t � v e: rt h l.; l c s s  the hu..b i t ::1 t s p c c i f i v i t y o f  f!• 
b u r k i  t t i i  and !::. • !_c:£�].':_Or.w r g i n .:: :.;. vt i l l  be o f  ucc i n  r.wpp i n g  

b;; s i c vn l o an i c s/ i n  t ru :; i  v c ::� , .. l , rl s •:: r ::> c n  t i n i s e d  c l i lJ.opyrox c• n i  � c G .  
Th u r,;c o b o t ld. c : t l  c n omr!ly u i n p l ay e d  hy C a s s i a  

G tu r t i i c o in c i d e s  v i t h  � s o i l  n i c k e l  �no�aly o t  t h e  f o o t w n l l  

o f  t h e:  s c qw :1 t i n i B c d  p e r i do t i t e .  To po cr�ph i c � l l y , t h i s  s o i l  

:momaly i o  s i  t\w t e d  r;,t m o s t  n f c·•·i hund r 0 d  f e u t , dorm o l o p e  
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frr.>r� th o:- g o s s ;.::.n r::n t s  r i d g e  ;.md f ro r.� c; · b c d r o c k: f e � ' ttl r oJ  ( r; ce:  Fi e .  
I I I -) , - 4 , -_:; ) .  I t  i G  e n v i s n g c d  th � t  n i c k e l  w e n t h e r o d  f r on 

the co s s a no v s  z o n e  �as � e o c h e d  o nd w i n n o � 0 d downslore  b y  
Gr1 c e t -·:� �: r.:h t o  tlH: f l r � t  f ;round 3- t  t h ,� t o p  of  t?te t;<cb l)ro s c n rp . 

r1 -.. r G1h' l l  ( 1 970c.)  c o r. s i d e r s  h o r,• e v e 1· , t h;.:. t  t ::1 e  cl-. e m i c : . l  rn o b i l i t y  

Th e .s o i l  

a t t cc i P- s  th i c l-:n(, s s c s  in v x c �; s s  o f  s i x  i nc h <: <>  . t il rl .. _ xh i i: i t s  a 

f i n �:: l y  prm d e r..: u  t c x t ur� nnr� j t i .s  C C• 1 i. 1� i c1 c :r e d  t � l <. t  trk s o i l  
t ex tu r e  and pr:· r� ;·' l;s ;.tl so t h e  c ��rb o n;:� h: c o l i t oJ. t a n.' t h e  c "u o ;:; l 
f n c to r  f o r  t:l'l.l:· mono sp e: o i f i c  f. • �; b.:r t i :i c o::1P1m i t y . Th i ti  i n t . · r -

r r c t c:, t i o r. i s  b�t S Co· d  on obSt:I'V ; b_ c n s  :� r� tl e  i n  S £: VC :rnl r! r O a S  o f  
t h e  K u r r <J. j c n g  r q:; i o n ;:,;,ne'_ i t  i .s  o i ,:::n i f i c u n t  th :t t t h e  b i o !j e O -

c ': .. cm i c ;: l  n i c k t·: l a n ::·. l y s c s  v. ere l c v: a n d  f l 1 1 c t u r. t t; d  Ll.rol:nd 90 p pn . 

C .  s t urt i i  has no .J. f f i n i t y f o :r  1 . i c k 0 l  n.nd i t s  c o i n c i d e n t  

d i A t r i b u t i o n  l" i t h ; · :_:; o i l  .-:tno' . l y  i s  �.1 j .s l •J· tl i�1 F <J. s  i c  t h e  cl i c; 

t r i b u t i o n o f  !J.. • i i r!oph;;l 1 �; o v .: .. : r  nntl o r onnd t�c v o c E:c : n c t: .s  z o n e . 

'rh e  r e sul t :=;  o f  t h o  o r i l? n t a t i o n b i o ;. c o c h e �:l i e :J.l 

i> t.< r v e y  ;:; 0 r C:  t:ll C O U r.:l C: i n [� · tnd Gh01 H:d  th:  · t Pl O ::: t 1 i f  n o t  c=tl l  o f  
t h e  !1lan t e p e e  i e R  c o n t .: _ i 1. e c.l  ,·: nor.• : ,_ 1 o l i  G ?l i c  k o l  c o ;1 c  en t r <.\ t i o n G  

o v n r  th e go G G a n ou o  z o n e . 

o f  fl C hc i rt · �n e u ro_ c :. n o u t l i n e:: r..uch :, r ,l Cl i;; ( F i t� · I I I --6 ) suc.c c s t c d  
t h 2  rd� X t  S t P. f;"C 1'/ .H.' t o  t e .s t  th i s  ]:: r O G � ; u C t i ll [;  t o o l  i n  on n. r C Cl. O f  

p r: o r  o u t c ro� )  o r  d u e ;·; exo t i c  o v e :cb u r d e n  ( t r.,\ n n p c r t e d  s o i l  c o v -: r ) . 

'rh i s  \'J o rl-: i G  d e s c r i b e d  1 .-, t e r  i n  t h e  G L: c t i on . 

I t  i\ :;..s c' l r,o· [l.d ;i b c -:n t;hrnm t > ··, t �'- b i o c e o c h e,.-, i c al 

o r  r. n i l C <;; Cl C h C t,1 i C . '. l  r. i c b: l  . .  no;:;:- ;ly <l e e s  n e t  n <.: c u ssc.r i J  J 
i n d i c .:' t e  c u l J�h i d c  •:: i n e r :-J l i s ,t t i o i l  and t h (.:  p r c s (; , ·. t - dc- J t r d�d i s  

n i c ke l  o u l ph i u c  m i n u r. � l i ::m t i r) n  r c l i �h l y . Iu t h i s  c o n n e c t i o n , 

t �  •:: c o i nc i de:r, t  n i c l�e: l - c o ri · e r  ::nor., ;:�l y i .s  c o n s i u E r c: d  t o  h e  t h e  

r.; o r:; t  r o l i ab l t; g<� n c- r. tl ind i c <·. t o r  ( i· :cu-slw .ll , 1 970a) . Th e 

( 1 '.:1 7011 )  ob t <.i i n c d.  n c t :ronF_. ly c o n t r a s t i n r; c op!J(. r anom� •l i .:: E: " y u t  

i i i d. c e n  ( 1 9 72 )  vJOrkinc� o v u r  th e· S p a r c o v i J J. l� d.cpo s i  t ::;  ob t � l i n () d  



C <.J i r, c i < k n t  1 d c k e l -- c o pp .3 r  "JWi ' :·· l i c  s ,  i n  the b r! rk o f  Bn c . •  l y p t  

t r o c· s , o v e r  1 -..� t c: r i t  i :.:-; \: c1  �; ,: r ;J t:  l •  t j  n i  b . E� r . .  t t h (.; r ti , :  � n  t h  ... · c o n t :.: c t 
l\ t h u r r i o t t  l' r o s p c· c t , r c L· t i v d. y  f L- ' 1  c o i n -

c i d c n t  l l i c b'. l - c o p p c· r  b i c : c o c l , ur:, i c ::l ,:tn ol :l . -�l i :-] 13 r1 '" r c o l 1 t. ·  i n <- d  

< : n cl  ::t s v x yH:: c L: cl , t h e  c op p e r  c c n t rns t t·; E l o ;r'l:.) r  t 11 �1 n  n i c i\ L" l  

b c c � tU G c  o f  t h e  l o w  c o p p e r  c o n t e n t  c f  t h e  r:J i n  ..... rnl i <34l t i u n . Tlw 
C O J']J C l'  d : 1 t n  d i d n o t  n l l o w  d i s c r i::1 L1 1-.: t i o r.  o f  l :. t ,� r i t e  f rot:t 
;·:, i n •; r ,·, J i n �� t i o n  o r  imi·r o v t:  th .; d c l i n t� :: t i o n  o f  t h v  n i ner.ctl i s �: rl  
z o rl l: s ;  _, nd t l �c  c oiJ:; l t  l e v e l s  i!l ;:1 l l  t l � (: p l ant E>pt: c i :.: c t u u t c d  

w .. : r <: t c o  l o w  ( l t: G [j t : : � l l 1  2 0  p pm i r.:. ;; �>h )  t o  b e  �cc c u ra t c l y  lil o :·. i t -

o r <:? d . I t  i G  appare11t t l w t  for C, L' O C �) t.' ! i i s t r y  nr.d b i o ,_-: e o c h el:li c t ry , 

it sulphide i n J i c n t o r  � l crn c n t  i s  r c � u i r e d  for re l i ab l e  d i s c r iu 

ino.t i on o f  n i c k t: l  cul�1h i d e  rn i n t: ral i s a. t i o n  in t h i s  unvi ronr.H;nt . 
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i l1 < � i r. r u; h o  rou.t1 r. :r- u  c"tH� r <=' C t '-· r i r.. �.:: d b y  l.,;t< c ..:l�::.;�� : -: i r!r:::Si:·, i l l i i  

( r;;, i n i f cx e t�::, ) , �-c: i..-, E:l2J2.•. ( f.il) i n i f e x  � r<:\G�> )  : �.nu the s c <: rl .:� t -

:J.c: r th c, f t : 1o  ; � c �b c  l' o i .: t: � > t r: �· d ,  �_ccc i .:, l�Eop}�.:l�' \: i t;,. unu::;u;;·, l }. y  

1 o :1 c , �-- e : l tl i�.n t ·� :{J y 1 1  o cL s �·. c>l'� i r� ;:c t :  s tl l :; t r•] <..: l l-..y v  r ,  w h  i. 1 s t 

l' t i l c- t us O �"� O V ;:: t u s . 

r., i 1 1  i i - 'J.' r :i. 0 f.'. i :=. 

.. , , , , c l· L· < · A .. . ,.. . . . , . r ., . ,· cl u J_" ...: u -
.. 

• .:._��..:;- �� � ..... ! _ 

f' o n . ·� t i or:. , 1nlt ott th.  · rnc: J �y c lH: r t  r i d c .; G , 

s t u r t i i  

ridgu suppo rt ,� d  oEly t h e. . ,b o v o -u c n  t i onL: d r; ; ;w c  i( :S nnd n o  i n -



( i ) I n t r o d uc t i o n . 
----. ---.. -· .. 

The l\ur r a j o n c  c;rc cns t o n c s n : : r e  cx;_� i:'l i i.li.J C:  i n  

;( (; t ;, i J. :.1.t t h r e e  ;J. r on s s i t u.-: t v d  a t  ':.<pp r o x i :,Ht t e: l y  1 0  r: i l rc 

i n t e; rv.: . l s  ,l l O n L, tl'l.\': :t· ·-· r, i on<:l 1� n 1· t h  n o r - I'I (.; G t  [> t r ikc n f  t h i c  

r :i o t :.l v o l c ;_m i c  L •.: l t .  Th e l < · c , . t i o n o f  t! t(.: S '-'  th r c . �  rir-; .··: s , I l t . 
C l i f f o nl ,  r , � r s h.� 1 1  P o ol . ;.n cl  ·. - i l d :1 1' · 1 nr<. s hoWJl in  1-, i g . I I I - 1 , , 

. . n cl  v: erc  i n i  t i <; l l y  c t u u i c- d  by r7, c . :m s  u f  b ·. l t t r; d:: s u c t c u G u :. l l y  

1000 o r  2000 f e e t  l e •.: :_: b :;  1 00 f c- " t  v: i t.h: .s i  t c d  o v e r  ·�·. o s s .-,n o u c  
z o n e s . l lov; e: v  •. : r , i t  \'i iJ G d e c i rk cl t o  c c.:.rry o u t  r e [. i o n ;:.:.l g u o -

l> o L l.l ; i c r, l  .s t ud i c s  u G i n r,  1 : 7200 G c nl t :  < 1 0 r i al f' h o t o G  t o  Fl .:-•p t h e  
I n  � h i s  �ny , 2000 

f o o t 11i d '-' s t r i p s  of ;� r o u n c.i  up t o  ? :� i l e s l o n g  v• ..; rc r �app c d  1 n.nd 

O.l ' P r o p r i H t u  �.;; o i l c c o c h c;·1 i c a l  s tu d i e s  w e r e.  lll s o  un d l:.' r t rd�cn , 

Th 0 t h r c u  �·. r c c-,fi a l l  cr.Jb r<J C '-' p o t c n t i .-� 1  h o s t  

r o c k s  f or lt i c k o l  Gulph i d c m i n c r� l i s u t i o n , and c on t � i n  r e l i c s 

o f  t h e  l � t o r i s n t i o n , p r o c e s s  t o  v � r y i n r d e c� e c s , b e i n g  l e ast 
i n  th u Ht . Cl i f f o rd n r c a  and a t  t h u i r max irnur i n  th u h n rnhal l 

P o o l  ilr(;: a .  

( i i )  G c o�j_e al .Sett�. 
IH . Cl i f f o r d , 

- - - · - ---- - ·  

The t; o u th c rn 2000 f e e t  of th i s  t r;w ,) r s e  .n0 r e  
c o v c r � ct  p r e v i o u s l y  b y  th e l i�rr i o t t  r ro G p c c t  c tudy u r e c , I n  

F i t:; . I I I - G  1 t h e  t o p o g .r;.Lphy -, f, v o l o gy s ,., i l  � ( · o c �t '- r,, i G t ry ( n i c k u l  

�� n d  chror.1 iurn ) h n cl  c;u ohn t < . n y  u r c  GhO\:n d i i:� r._ r ;.t::1lii a t i c rLl l y  and 

t ! t c  f i t11J rt:: ic.; a synthe s i s  c f  t l t . ; m:-.p p i n r.  o f  il 20CO f o o t  s t r ip 

o f  �. r o c; n d . I t  i s  s G c m t ht-� t th e L t . C l i f f o rd e ompl cx c m b r o c c c  

EH: :  1 : :. rrio t t  z o n e  v:h i ch c ou t::.ins 11 i c kc l  m i n crc l i c o t i o l t  in n 
s � rp o n t i n i G c d  � c r i Jo t i t G  un i t  j u G t  dl>o v e  t h e  cnbbrc i c  c i l l .  

'i'h c twq n<:nc c cl ip c  nnd young� towe idF: t h e  nor tJ·, .:.md rn:.� gr• tnt ic 
d i f f u r e n t i o t i o ri  i s  wi tnessed  b y  the trend nort hnardo f r 0hl 

m c t uc J . inopyroxen i t c s  t o e e t h e r  w i t h  an i n c r e a s ing bas i c  volc� Lri i e  



� e 5 5 . . 

/•v•, ;\;,.., �/--..\-/\ /"'..c _ _  _,..,/ - , ___ , ,... \. ' �!.::�--------------, '' Chromium MT. CLI F FOR D N • 9 feet 19'>0 

� H A 5 5 . . . A . � B . 
A 
· � 
G . 

l . 
R 

· � 
�· ( 
E 
H 

T R E E S  
Ac•cia aneur.a 

.. b u r k i l l i 1  

.. . gr.as bri 
.. . linophylla 

A . ruinomargine• 
.. . sowdenii 

.. stowardi1 

C a ll u a r ina otHts.a 

E uc ,a lyplus camu ldiensis 

H ,a keA leucopter.a 

s V 

c V 
.. V 

• 
( a p 0 
A 
• 
R 

SHRUBS 
C .ass•• c.udrotpen"'\a 

C .  manicula 

C .  sturtia 

C a l y h i x  cf. deso lata 

fremop h i l a  • •  i l i f o l i a  

E . pantoni 

Gr...,;u.,. �
Hy�nthus fkM-ibundus 

Ro,.cea sp. now. 

I:::::::::: J Serpentinite 

< A A 

17771 0.•< VoO�< 

• • •  

<.L.L...l 
Chrysot ; a.  Copper Cos son ( p•oj�ct�) 

� � LITHOLOG Y  

E • 
G A St A A G p A • c . . . . . V D r . 

'V I l . l l A R. A ____ E _ __. 

A e A A A . . . . A H . 

- -

A G B . H . . 

I 10 
Zinc Gosson 

D Sediment 

� Granite 
� Loterite 



c c np o n �m t . 
P r • • C pc c t  i s  t �� .t: r , _: .•j • : l  t cd r: J. : t rr,c  c o:-1 ;� l �� x  f o l 'l E.;; t ruc t ur.:.� 
( '.i:'!'. l� I · t .  Cl i f fo r rl  Cc,t:•pl t)x ) . 

( 1 S.'/1 ) • 

<:' h <:> c u r '.: G t h e  b r: cl r o c k . tl l t r. d. ,� ;:; i c  t· n d  b:.>.c i c  i p; o o u .::; r o c l � ;_-:; 

0 btm d:.' 11 t c r• u v o l u t c  1 -.. n i n :�t :i o n : ;  1 i n d i c < � t i v 0 o f  d 0 }1 o s i t i o n n l  

ills L ,b i l i  t ;r ;:· ne. p ro v i d u  the o n l y  r�:· l iub l e  f 2. c  L·v: ·.s . ;rh e  

77 

,. nv i ronr.t r.: n t ,-;. : G  c onr, i de r c d t c  'b e  sh';� l l o � :  subvol c -�.n i c  :i n t r u .s i  v c , 

4 Y. i l or.l • .  t r e s  b "- r.t:.: :.� t h th.:: ;. ; .:nm i i nn vol e  ;:.. n o (:: r.:; . 
L- .: L :.h o f f n.nd Wooll :1.rc1 , 1 9C.(.) . A c hry s o t i l e p rospc e t  i s  

.s c nrp , c h r ysoprn.sc \J rJrki ncs c .: , n b e  G .::; e n . A tP i n o r  c op p e r  
�oG Sdl had �-�l sc1 b c �..: n  f m.wd i n  11 th in s t: cl irH ; n t  banl� whic;·. c .�a�. 
b e  c o rrl:l :: .. t u d  ;; i th t h e:  s e d im e n t < : t  ;-. b o u t  9500 f e e t  t:· .-:. s t  i n  

F i ; ; . I I I -0 . 

'o i l d a ra . 
l 

IJ.'h •::: 1:1 il cln.r::� ;:� r •: a J. r; c o ne i d e rr: rl  t u n  t . --, t i v e:  1 ;r n.s 

rtn an t i c l i n al r; t ruc tur(-: r: i t h n cr: m i t i c  i n t r u o i o n  c.lont� th.; 
f o l d  ax i s  s c p rJ. r a t i n c  the b '-� :..: i c -u l  t r . 1.b a F> i c  f e rn : ,  t i ons i n t o  



t>· u ch cr:l i c al d�.· t : .  :u:; • . .1 r: :1 l o c �  r i  tlw i c  scal e . 

h t .  Cl i f f u r cl . 

v:d u u;; o v u r  t h e  l . c t u r i t i G i.: d  B c·r: , c E t in i t , u:;  i n  t h e  s e; u th ; : •. !·J d 
t o  ti' f) n o r t !i lJC:-· . -1�13 c c. • i n c i cl o.: V! i th th, · :::; c:rpe : J t in i s u l  p c- r i c1 o t i  t � .s 

( 000 :; ( . r t h . 

300 ppm . 
Th e: i r 0 n  c o n t � n t  i n  t h G  soils  ncr� n l l y  

f l u c t u : � t c s  <.�b ou t 4�; .  

r-l r e l 0 •:: b c: i n p:  l e <. t:; t h < . n .)0 n r: d  9 0  ppm r 12 o r e c t i v c l y , �� x c c� p t  f o r  
O YLI'J z i u c  v: LlU v o f  ?.00 ::pn o b t d . i n c d o v e r  t h e  r:> e d i !:i e n t  'h: .�nd :·: t  
; • bnut  1 GOO n o r th • 

.S o i l  pH i0 u::;u: --..l l y  n l lz <.1 l i u u  o �: the l o l.' f L·.t 
On t h e  b a t> i c  o u t c r ()J'> 

:).l' c ) =�.u , pli in c l o :..;r: tu no1 t r . . l i t y ( 6 -7 )  :.: n d  ovt- r  t h<:: L<t � r i t i s (; d  
n r•: • .  l G  i t  d r c  :?S t !':- 5-G . 'i'h •J S L: rp o n t i n i o e tl pu r i d o t i t e  o l; t c ro�; s  

<-:..r t� f.;en c; r:lll�r 7- 7 1 ')  b u t  t ll u  r t e t t t -J..'YTOX (� n i t c  lJ ji i t r; b e .'1 r U u rlc e d l y  

« l l�n l i n e  e n i l s  n i th p E  7 . 5 - f'  . .  5 .  

h i gh e r  t1 c :ln thu i 'c t . Cl i f ford a r t: D.  p :c oh . : b l y  'h e c  .. t u t.: o  o f  ih(. 
u f f c c t  o f  l "c t e: r :i  t i s;�t i o n . 

o v � r  a a m c  l n t e r i t i a c d  G c r, � n t i n i t L: G  ( � . g .  4 1 00 eMst ) . 

thi.ln l�o :_·,nd So ppu r" sjJl.1 c t ivc:ly . 
iron c l o cJtJ l y .  



Th e y  i n c r �.-· . I ,'J l' Cl 

Ld; .: r i t i c  ; ' r r_· r_o G  to 7 - 7 . :  .. OV L r  r; ,� r.[l�· n t in i t e s  t o  fl -8 . 5 C.• V <J r  
b .-, G :i  c : \. :tph ib o l e c h l c. r i  t c  ro c k r. . Th <: n . t cnc: c t i c b tu1d b c:·u nC. c d  b y  

r �..- r r u c i n u•. c lr � t l: :r i  l:. i c  : . t r�oo · ·· :. � �-; t < t l G o  ,:xh i l ) i  t •; d  l1 it:;h p H  i n  

i i i c l : c l  s •  · i l  v : ; l u � r; vnr i c d  f r oM ' 1 .00 o r  l e F.> s  

cxl: :i b i t e  l l1 i ;:;h t1 i c b . .:- l Y .:.ltl •J L o f  : ,b .-. , � t 1 000 IJP� � , :;:h i l G t  t h <.: 
vc.. l u c [:;  i n  t h e  b c :::; i c  'f (:, l c :, n i c f· \ : t; r C  c o,:.t. . n n l y  l �:.� G D  t h a,n .)00 ppril 

1 .,, ::.; ::;  t h :u 90 < � n ct  1 00 l)Pl:t r c. :; p c c t_iv c l y .  I ro �·� c < , :: b .: n t  f l u c t -

t• · • t r :d  ; : r o u l l d  3 -4,C b u t  c l ir, !b c d  t o  :; . fi -.(� . 0'}.:, ove:r the (;aG t c rn 

i t u s  i ron l e v e l s  a t t� in � d  7-8/ . 

s,·, i l  pH vn d. "· d  f r t.H'I  plf 6 -6 . 5% OV 0 l'  t h e  

1 .- · t u r i  t. i G 0 u  �t· r.:- n i  t 0 ::1 t o  r. e u t l · · - 1  O V \) r  t h e  rocky �>t r:rer. t i lH.' 
l':i d g• : n ( 7-7 . ') )  1 b1 1 t  l; • : C �d ;, t ,  q- i. b. ! 1 i �-;h ( j ,IJ R-P. . :; )  on t h e :  h : � i c  
f'. l .l ph i h o l o - c h J  c ri. b :  rull b l u  . · n r l  f l n.t c . 

( i v )  � !0�-�-�l i c : �l G t udj._':::,�•-
I n  F i e; . I I I -8 , 0nl :r t h <:)  dom i n ; • n t  t r 0 (: r: n d  

r,hrub op c c i � s ,� r e  nhowu \'Jh i c l •  c har o: \ c t 0 r i s c  v::trh•us uq�':w n t s  
of t h u  onv i ro nm e u t . 

' J  
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J< t.  Cl i f f C' r cl . 

j c • ·. l  n j  c ;H .. G c n c c_ IJ!l lJ Ct.�; l ; o d  l J:y  th i : :  t r;., vur,s,; '::> ut � � . ��r.:_::�:�:l).noa  
1r 1 �; ,'.l :f t : , ft 1' ' �; l ric t · : rl t o  rm t c r o r p i n c  r::•c L�· b ;·�G i c  ;._._nd ;··w t : t p c r i d -

,. ,  ) 1 1: n r l y  I · u nO � J" ·-· c i r i c  Q f.' l l i ; iU l l i  t .- .- o v .:: r  th e I ! C t ::t c l i n o pyrox c n i  t t_ s 

�:; :; t h  t l 1 c i r  r io J. : , t i v < : l y  c · t l c : t T (: ·: \ l s . nd . : ll : · t l i n u  G 1 • i l s . !1.• 
c r : , �l r: n i. i. \ii : t s  c n n fi n c· d  t o  th 0 c c:• l l t; v i. , l  i la t r_; ( P l : , t 8  I I I -;:· ) 
t 1 i th ;]:: k �  l e u c opt c: r .:, uh c. n. : t lw s o l o n i G l: d  brmm f' ·  . i l ::; J t l' l: J. o i 't i n a t e . 

The s h r ub s v � c i c s  su c h  C S  Do d o n a 8 n  l o b u l a t a  and c� s s i o  rn un i c u l n  
•; o r e  l o c ='> l l y  imp o r t : m t  i n  ro c ky a r u :·. o  n. r;  cnc o un t e r �: d  �� t a b 0 u t  

1 000 n o r t h . 

1'hv I i c rri o t t  z c n c) \'!.-:-. s f u r t h e r  i nv c s t i g.:� t e d  

b y  d v t :1 i l e d  b ..; l t t r: : ns c c t s . S i x  t r: . :·• s t.:: c t �:: c o v e r • : d m o .s t  o f  
t l l c c t u d y  a.:- •. 1a  .:w l� r e 'lr i o u s l y  d e s c r i b e d . 

z 0n c.  •.; : ·. s  r ec o cn e t k d < ' S b e: i n g c o n f i n._. d to n bnsnl s o rp� n t i n i �; c: d  

r- • : r i o do t i  t e  o r  d u n i  t ,; u n i t , wh i c h  t:: i t h c· r  l e n f; e; d  out t o  t h e  w e  e t  

G r  d i cappe�red u n d o r  c 0 l l u v i � l  G G l o n i s 0 d  b ro � n  s G i l �  t o  th u o � s t . 

J:h 0 r (; fo re 5 <.t d tl i  t i o n nl b �) l  t t r  .... n r:; e � t s , < : 2.Ci.1 b l·: i nS 1 20G t o  2000 
f , t> t  l o n g  by 1 00 f e c: t  >':i ck , w c .: r e  o r i c n t : : t e d  r:n r t h - s o u t h  i' I::. d  

c i  t u d  a t  1 000 f o o t i n t .-:: rv,,L ; a1 o n:: o t r :i.l-: e . 'i'h t.:: G o  t ran s �: c t .s , 

t o £; e:; t h e r  \6 th t h e  i1 1i  t i : ,l n t t� d y c.r �:< � , c ov c: r c d  s om L· f,()QO f e e t  

o f  t h e:  po t c r, t i ;;.l  c. r u -b �.. . ·. r i n r. G t ruc tu r e .  T h e:  ge o l o cy i s  � u l l  

n c d im e n t  b � n 0  o c c u p i e s  � t o p o g r a ph i c l ow .  
�� c r i cl o t. i t .;:  1 U n i t  thins n �� r_� i G  f l c.nk c d  b y  r : c: t ab .--:. B ; l l t r:;  n n d  m � t � -

gubbr o a . Tho s e  l n t t e r r o c k- t y p c G  � i tl t  th E ir n c u t r n l  so i l s  

.• r•..: c hctr;l c t u r i G o cJ  b y  t h u  t r t.: (; .:> p c c i t.: G  Ji c :; c i n  h i l l i at� , �· 
,!'l: ;; in<2_r_r• tr £)�� '111d by th u c�1 rubs &_er�lcphi_�·� _<:_z�-:'_1 i f  o l  i < t , CBor; i :t  
ro ; · n i c u l <J; t .C .. ; lyt r i x  c f .  _9v s o:l.:_<.;;t!;:_ nncl th<! ra i n t , P ro s t lJ ; ,n t h e r n  c f .  
r-; t r  i."J. t i f l L, r n .  The r. w t n - c  1 :i.ao py r o x c �1 i  t ..: G  w i t h  t lu :  i r  c:.tl c a r  c; �' l\W 
G o i l r,  s u p p o r  !.!. •  �u rk i t t i i  nh i c h  . 1 l eo grom• i n  the z inc r i c h  

( 200 ppm ) s 0 i l o  o v er t h e  G c d imc:nt br,nd . 



To t h e  e a s t  o f  L a r r i o t t P r o sp e c t the rn e t <l 
c l i n o - p y ro x c n i t e  h i l l s  a r e  c 1. . t ra c t e r i .s e d  h y  !.; • b u rk i t t i i .  

8 1  

Th e s e rp e n t i n i s e d  p e r i d o t i t e s  usual l y  f o rm o n l y  l a �  r u b b l y  o u t -

c ro p s  s e p <l r a t e d  by a r e " s  o f  s o l o n i s e d  b ro vm s o :i l s .  A .  a n e u r;l 

Em d  !� . r e s i n o m :t rzi n e a  c h a r a e  t e r i s e  t h e s e r p e n t  i n i  t e  i �; L t n ,l s , 

a n t1  a r e  j o i n e d  o c c c:. s i o n u l l y  b y  the n: u s t a r d  L�_p i d i u m  l ept o 

ct:.:t l u m  a n d EreJ � iOl'h i l .;; 21-��Y C CI. l yx . 

Th e t r P- e s  Er em oph i L , o l d f i e l d i i  v a r .  a u gu � t -

2:_� a n d  �.ic.:_ntc.·.lum spi c iJ� d i splay c:t l o w  and sp o r  .. .:trl i c  

c, c c u r r e n c e . A c a c i<:.. o B w8.l d i i  t o  t h e C l < .s u al ob s e r v e d , h a s  � 

r- i rn i l a r  d i s t r i b u t i o n  pa t t e rn . H o v, e v e r , i t  v:a t; r e c o rd e d o n l y  
o v e r  s e r p e n t i n i [: e d  p e r i d o t  i t e s  a t  :J. h o r i x. o n  vd1 i ch c �• n  b e  
c o rn� l .-< t e d w i t h t h e  rn i n e rc.l i s c c� z o n e , s om e  3000 f e e t  t o  t h e  

Th e n o n - o u t e r o p p i n f � r e a s , o c c up i ed b y  th e 

C £1. l c a r c o u s  al x o:l. l i n e  so i l n  su p po r t  i i .:. k e a  a r i d  a nnd g .  l e u c o11t e r a , 

w i th a s h ru b  l '1 y c r  c omp!' i s i !l h  C ci. n s i ·t n et�l oph i l a , C .  a r t e m i 

�i o i d e s , c .  � t u r t i i  a n d  I�r er:1 oph i l a  p;A n t o n i  • 

•• e � � i a  a n e u ra wus the m o s t  w i d e l y  d i s t r i b u t e d  

s p e c i e s , b e i n r, e o - d o .�1 i no.. n t w i t h  ,, • .±:lEnphyl l ;:;.  o v e r  t h e  

Lt t e r i  t i s c d  <1. r t .' Ct S , < .r d. ex t c n d G  w i  tll  l ow f r c o \H� !; c y  o v e r  ba s i c  
Th e l a t e r i t i s e d  s e r p u n t i n i t e s  

a t  4000 e n s t  w e r e  o.l s o  c!w rac t e r i s e d  b y  the tr.ll l sh rub 

G r e v i l l c a  e x t o t r i s  and t w o  low sh rub s p e c i e s  B o s s i a e o. w H l k e r i  

� t n d  H errt i�e n i a  � ·  
On th e s t e e p w c � t e rn s c � r p  o r  l a t e r i t e  ( a t 

()1)(1 e U. G t ) ,  a p rr)l1l� U n c c d  !j C Orl O t �' n i e ,t l  c t nOI'l�-i.l y W i:i 6  c l e '  rly Visible  
ho t h  o n  t h e  e:ron nd :_;. n d  o n  1 : 7200 a e r i a l  p h o t o ::.; . 1\ 200 f o o t  
� i d e  b �r1 d o f  m n r n e s i t i e  �o i l s  w i th chryEopr�se n o d u l e s , o v e r l a y  

.!  m e t a tl u n i t c  parent a n d  v.r<.w f Lm k e d  i.l.'b o v e  and b el o v1 h y  f e r r u g -

i n o u s  l a t e r i t e  w i th t yp i e u l l y  u c id ( pH 5 . 0 ) s o i l s . The 
rn agn€: s t t i c  band supJlO r t e d  f�unri� -� ( sh e - o ak ) and Ibkea 
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�:.!:l:.£}.32 rc:: s i r�� r� i r: �: d or. , i r! . \ h: d  t h o  � E' b� -

c ··lb L, r o  c. u t c r c p .s  : . t  37CC :_, llCl 112- 00 ec:: s t .  l t  r-. l �o; c• �i J..' > € <'. {� o v e r  

t h e  c h r;y .s u t i l �_:  p r o s 1 · 0 c t  (5;.cc.-C.ooo <:; .::;, s t ) v1l � i c l� .,-, .. _: �' .s i  t 1 ;. �  t e d i n  

:n e t u. du n i  t < � s . 

rc· r, . .-, rtublu i r1 th .:.. t i t s  r o u ,- 11 , c u rl i n c  b :-. r l< i r; b r i r:.h t rl: cl. � ,nd 
V;, ..: s,,p i. s  sl  ir '1 t l y t ox i c . 

£!��.t r �E  c f .  cl e_G o l �t_;; o f t e n ;_,n . -.. i n  < · n  <.: x t r <; t:-: c 

l y  ha rt_;h t c r r  : i n ,  v;h .:, 1· c b • t s i c  - � r ;d u.J. t r , , b :.w i e  l.l e c� r o cl� o u t c ro p - > e d 

s t ronr,ly ;:. n d  t h e  r;V. u :. e t  - 1  C (: i l  v x i ::; tt :  ( only ::, s sr:·; < : l l  i ::> o L, t C: d  

p c c :·: e t s .  :1!;��.£.! .. ��- i l::.t _::2_� i 1 i f o l i_-:: , [; m, e t i . : �; [;  .. c c 5 H: rp.::.. r: i c: J  b y  
Qo d c._:�:_::: .:fi l i f ol L-. , v;._, f.:. r.l s o  c c.. n c.f i c u c u s  o n  vc; . ·y r o c J:..y o u t c r o p s  

c f  c •,· r; : e J , t i n i t c ,  ;-, h l r ..- ;- . s C: r e v il l e! i i  .s p . i r,h ... . h i t c· C. t '!t G  b;. s i c  

v o l c � n i c  o u t c r o p s . 

!.yb ::. rl_!hu!i. f l o r ib u nci.u� .s. s:·.; .-...11  c om J_) <.-I c t  .shn1b , 
<.'rH> o h s f: :..· v ;, d  o r. sl i ; . �1 t l :,· .) c j (� . , c-. i l s  ( ; ; ;:  6 - 7 ) o v e r  L . t : . r i t i s 2 d  

s u r p e � t i n i t � s  � n d  o ve r G e r� e a t i n i t c  r i d 0 c � wh i c h  e xh i b i t e d  n n  

v i s i b l e  s i � n s  o f  t� 8 l � t e r i t i c  I ro f il e .  

De t . : il a �  � tu d i e s  � � � e ��d G , b y  b e l t t r � n s � c t , 

. 1  t h o u r)1 9000 f e e t s o u th o f  t b: J  t r < ·· v E: r n e: l i n e: shov:n i n  F i ;> 

I I J. - 8 c .. n b e  c o rr el ;_ t e d.  V! i th t h e  s e t!. i r.l C I< t  sl10 m1 �� t 9500 e ;:. s t . 

C! 1 i p  ::;<_� .. 1pl c s  o f' t h e  r::osE:  . .  !l c o n Lt i n <:: d  v i .s i b l ·;: f l (: C Y. s  o f  L· .l o -

c l� i t c u n cl  <_l s :o,  .. .  y c. ci :...t t  ur t o  I�Jt, c o :;:; !-i c r ,  2i<J z. inc .::.ne:. 0 . 03�:. s i l v •::: r .  

Tl1 c s o i l s  re f l c c t. :: d  t \ i u  b G t' rn c l;: n nom . .-. l y �·: i th z i nc � n t� c o p p c: r  

v ._, J.. u c G  o f  u p  t o  ,)00 � n e:  200 p p m  r c s p v c t i v (; l y . C o n t r<,<> t  o v i:. r 

b ac k ! _. rO t ·· r: d  v . .  lU c'. G •.-:d. : '  i n  th <.· r.,,_n c �.- o f  .7 - 1 (> t i r� e s .  

'l'h f: gosr,; : n c m s  s c t:t i:� c r ,  t f c rrr. e d  ... n o r r o rr , d i s -

c u n t i mw u t; i n t e r c  . .  L, t i o l'l  e l l  UJ (: s i d �.:: o f ;�. G l l' jH) n t i n i t �..: r i ti i. '-' 

c l o o l: to the j u n c t )  o n  v: i th c o l l o v i a l -c.l J. u v i�.l s o il:.; 011 t h G  

f l ;:_, t c .  
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from <Ul o u t c ro p  t o  et rc l :,· t i vcl y d c t�P s o i l f, nvi ro nr.J c n t . , , c n c i o. 

hHrki t t i i  r r c v1 a t  ;.l !ld b e l o w  th ( r: o s s . t HOu s z o n e , prob;;..h l y  a s  a 
func t io n  o f  s o i l  pli anli t 0x t ure . Th e r.10 s t  j n t c r(: s b n s: Gp c c i e s  

here w '· s P t i l o t u .s  obo v,:�tus , t h e  repu t e d  c oppl' r  i n d i c ,·> t o r ,  wh i c h  

d i Gpl a y e d  mau v e - c o l ourE ·d  f l o w e r s , wh i c h c l .s ewh c r o  a r c:  .,.,h i t G . 

Th e u b i qu i t o u s  d i s t rib u t i o n  o f  h .  un8ura was 

;:. 1 so o b <; e r v e d  i ll the  'iJ i l dd r<l ;;� r e < t , �1.nd t h i s  spec ics f o rrn a 
1� ono s p c c  i f  i c  c or:�muni t y  o n  t h e  lc.t t e r i  t i s e d  g ra n i  t e e .  O n  t h e  

ba. s i c  rn e t :-:.. dol e r i  t e  �md m e t abclS :. tl t r i d g e s  £;_ .  r e s i nomaq:;i n e a  

dom ina t e d  t h e  t r e e  l u y c r  wh e reas � ·  gr � sbyi , som 8 t i m e s  w i t h  

Cass i u  card i o spe rrna c hara c t e r i s e d  the b a s i c  �mph ib o l e - c h l o r i t e  

ro c k s  wh i c h  u suul l y  f o rm f l a t  poorly- o u t c ro p p i n g  a re as . 
· I n  the l,;. rgc d r y  Codys C r e e k , a t  3700 c as t , 

Eu c alyptus c arnu l d e n s i s  f o rm s  a 40 foo t h i gh r i bb o n  of t r� e s , 

und th E only o t h e r  reln t i v e l y  bro a d - l enved t r e e  D ra c hyc h i t o n  

rr ego r i i  ( Ku r ru j o n� t re e j  o c c u r s  a s  a o o l i t ary t re e  growing o n  

m e t abnsa l t  h i l l s , Jm i d  a l o w shrub lay e r .  Ano th e r u nu s ual 

f orm e nc ou n t e r e d  i n  t h i s  ar�a is B f l ax s p e c i e s  D i an c l l a  

revolu t a  wh i c h  i s  ulso r e G t r i c t e d  t o  dra inage t rac t s .  

The shrub Erenoph i l a  e x i l i f o l i a  wnG agai n  

o b s e r v e d  t o  b e  r e s t r i c t e d  t o  b as i c  u nd ul t rat as i c  r i d g e s  wh i l s t  

� ·  pn n t o n i  i n  th i s  n r e u  e r e w  o n l y  o n  t h e  alkal i n e  f l a t s  o v e r  

nmph i b ol e - c hl o r i t e  b e d ro c k . 

Hybunth� f l o r ibunuus was rc s t ri c t eu to t h e  

Lt t e: r i t i s e d  s e rp e nt in i t e .s  aroun d t h o  c o pper p r o spec t a t  700 

enG t �nd o v e r  th e a e rp en t i n i c e d  p e r i d o t i t e  u n i t  wh i c h  c on t ni n e d  

t h e  � i l dara n i c k e l  �o ss�n o n  i t s  en� t ern c on t a c t .  A t  t h i s  

L t t t c r  s i t e ano th e r  na t i v e  rr, i n t , P ro r..; t h�tn thc rc, b.:.tx t e r i  var . 

C r a s s i f o l i n  was no t e d .  

A n  unusual u; qobo tan i c u l  anon o l y  wa s observod 

· � t n grnni t u -m e t nbns�l t c o nt�c t a t  7900 - cast . Here q ua r t z  

v e i n i nc; d e l inea t e d  t h e  c on t u c t zone wh i c h  was o th e rw i s e  ob

scured b y  c o l l u v i u l  so i l s  a n d  qu artz sc r e e . Th e t re e  layer 
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i c  a sm: . l l  'iJ O o dy Gi t rub . 'r r, : c e  e J. e rn l: n t  c o n t t:. n t s  i n  the 
rtE>s o c L:� t <  . .> d S t l i l ::;  W E:! rf: v e ry l o w  o.rt d  Du�gos t (! O  t.: X t � n c i v c.: l e ,.l c h i l lg 

i n  th i t; et r t: u .  

Dc t < • i l e d  r, e ol:> o t -. l n i c a l  s t u d i e s  w c: r t;: c ·:� r r i e d  

o u t  o v e r  t h e  •,� i l d a r<-J f O t5 G .HI b y  m e a n s  o f  c o n v e: n t i o n .'l. l  b e l t  

t r c:uw c c  t .  Th e c o s r; c.mo tt s  Z C' l • t'? i s  s e v �:: r o t l  h u nd r e d  f e e t  l o n g  

and ,;�.b o u t  1 2  i ti c h o G  w i clf.: . 

' ·  p p r o a c h  1% < ( n d  0 .  4% respF: C  t i  V t� l y , thu s c.) i l l e v e l s  sh o \; o nl y  

a l a �  c o p p e r , n i c k e: l  �nom � l y  b a r e l y  t w i c e  the s o r p e n t i n i t e  

h. u c k p: r ou nd . 

A c ::-: c i ;.t b u r k i  t t i  i t o c e t h c r  w i t h  � .  r.r:.:.sbyi 

:-t n d  A .  !2:�'��now. rr;ir�-:.:.c� f l ou r i :.:;h c cl o v E. r t h G  s e rp (:n t i n i t �  and 
(.O SS . t nO U G  z o n e . 
E r c m o ph i l a. and P t i l o tu� r, c n c ri l. b u t  · o n l y  Ilyb :. m t h u s  f l o r i b u n d u s  

exh i b i t � cl  a d e f i n i t e l y  r c s t r i c t L d d i s t r i b u t i o n  o v 8 r  th e 

g o s s o. n o u s  z o nE: . · 

C .  C'i.'� !EH ! : re .  CLI FFOilD NI CKEL P TIC 0P 1�CT S . 

( i ) I n t r o d u c t i o n .  

Th t:: ' P.8o ' , ' 1 07 ' and l·i t .  I i c ·  . .-m�m n i c k e l p r o s p E:! c t s 

.- � 1 1  l i e l> i t h i n  4 lii i l t.: G  o f  r i t .  Cl i f f o rd i t s e l f , :md o.ro s h o w n  

i n  F i g .  I I I - 1 . G o ss< t .i:1 S  ;_md p G e: u ll o - go s s;-tns h.: .• ve b e e n  l o c n t c d  

� t  . t h e s e  n r t a s  a nd s o m e  c n c o u ra L i n c  n i c k e l  i n t � r s c c t i o ns h nv e  

b c t: n  ob t :; i n e d  b y  d 0 �p d r i l l i n g  p r o cramw c· s . 

Th e u c  t � t r ( . l . p r c sp e c t s  <·1. n. l o c a t e d  i n  s e rp e n t -

i n i r:; o d  p c r i do t i  t e  anc p y ro :x �� n i  t c  u n i t s  .-. nu p ro b  ... t b l y o c c u py A 

c o1;- n non s t r :t t' i rr:_,ph i c  h o r i z o n . 

Th e • 880 ' pro a p v c t i s  �n e n s t -n c s t  t r e n d i n g  

s rJ rp c n t i n i  t (� r i d g e  \:;h i c h  b e  :t r s  • A  r.: t r o n g  imp r i n t · o f  t l t c  l n t e r -

i u u t i o n proc e s s . The s 0 rpcnt i n i t e  u n i t h a s  nn ou t c ro p  w i d t h  



m c,· . su r. �bl c in h u n rl r r: d s  o f  f c <..: t 1 :J n d  �tl t h o u f;h no d u f i n i  t -; 
r,o .s sa n o u s  z o n e s  . lnb e b e e n  l o c : � t ..: d , some roc k- c h ip s · : r:1 p l c G  ;� s s :.ty 

The h i gh 

rna n�� n e s e  und c h ro m i um v�lu E s  s u � g e s t  � l n t G r i t i c  o r i g i n . 

Th e 1 8 80 1 P r o sp e c t i s  s t ra t i p' c , ph i c <·tl l y  b � l ow l·(<>. r r i o t t  P ro s p u c t 

vih i c h  i s  on the o t h e r  s i c� .:.- o f  C l i f f o rd C ro e k 1 .: .bou t wn i l t:  t o  

t h e  n o r th . 

A mo j o r  sh e 11 r  z o n e  ( Th e  L •: i n s t u r  L i n G � :r.J e n t ) 

i s  c o n s i d t: r 0 d  t o  s & p FJ r a t c t lL ' f�f;O ' :.m d  l- i nr r i o t t ' s from t h e 

e a G t 8 rn p ro sp e c t s wh i c h  i n c l u d e  t h !;; ' 1 0 7 1 ' :.ntl l·i t . N e vnn n n . 

T h e  1 1 07 1 IJ ro s p u c t c o n s i s t s  o f  a s c rp e n t in i t e  

r id ge � i th n c hl o r i t i c c o n t n c t zone ne n i n s t f o o t w � l l  m e t n 

b n sal t s  t o  the g e s t  and s e d i m e n t A  t o  th e e as t . 

A t  t h e  l· l t .  fh�\-m.:tn P ro s p ...: c t :.: .smol l f O S s nn 
o c c up i e s th e f o o twnl l - s e d i m G n t  s e r p e n t i n i s e d  p e r i do t i t e c on t n c t 

; :·.nd c o n t ct i n c  up t o  0 . 7% n i c k <O l 1 n . 6% c o p p e r . Th & u l t ra b n.s i c  

un i t  o u t c ro p s  < ts  F� n e- a r l y  c i rc u l ar z ;l n .s r; , and i a  s u r r o u n cl. E· d  b y  

s � d i m � n t sc r e e  wh i c l1 sh e ds o f f  t h e  s t e e p  c h c rt r i dco imm e d i at e 

l y  t o  t h e  e a s t  o f  t h e  s e r p e r: t i n i  t e . 

( i i i ) [)oj.l G e o c h C:'m i s t rJ: • 

Backc.round n i c k e l  v;..l u G s  i n  th r: li t .  C l i f f o�d 
-::. r c :t n o r v  h i r:h ·:l nd l'i-i l1 f, <: d  u p  t o  200 p p m  ( -20 ,,, e: sh 1 (, i n c h  

d L p t h ) . T h �  s u r p e n t i n i t �  nrcaG w e r u  c h a rn c t u r i s u d  b y  n i c k u l  

v�l u c s  i n  uxc 0 s s o f  400 ppm � n d  l u t c r i t i s e d  n r c � G  c o � t :· i nc d  

b o t h  h i gh n i c k � l � n d  c h ro m i um v M l u u s 1 o f t e n i n  ex c e s s  o f  1 000 

p pm .  

'rh u  1 880 1 , 1 1 07 1 r· n d  H t . J J ewm;::n F ro s p •. · c t s  H e r e  

: , 1 1  rl e l i r! e �:'. t u d  h :i n i c ku l  V ·:t lu u s  i n  u :x c c }; G  o f  800 ppm . 
Th e • 820 1 P ro sp e c t , b c c nu s o  o f  t h e  l a t c r i t e  

r; rL s c enC l! , h ad s o i l  c h rom i1 1 r.1 v nl u u s  u s u <- l l y  t ' r i c e  n s  h i gh 8 G  

t h e  n i c kl-. 1  l c v u l o  bll t ti:H:: o th e r  t \JO p ro s pe c t s  hnd � �  n i c k e l/ 

c h r om i um rn t i o g r ea t e r t h�n 1 .  



( i v )  G e obot r. n i c:-;.1 ; ; t u d i c r; . 

1 880 1 P r o spe c t .  

Th r e e  b ..: l  t t r  . n s u c  t r; ,  e a c h 20C'0 f ,:) e t  l on G  
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\"/ (; r le o r i e; n b.i t c d  n o r th - n o uth a t  1 000 f o o t  i n b:- rv . .  : l ::� : � l o n e;  s t r ike . 
Cc· n s i d L r in p; t !h. : t r e v  spc c i \� S  f i r s t l y , i t  w;� s r:ppa r c n t  t h ;;. t  

Ac � c i � r � s i n c r J a rgi n u R �n� � ·  n n c u ru � e r u  w i d e l y  d i s t r i b u t � d  

l im i t c .  A .  l i nophyl l �  e xh ib i t e d  i t s uounl r o c ky h i gh - g r o u n d  

h :, h i t '.• t , : : n d  W<'. S n.c c or:1p:::.. ni�d  b y  . . •  t '-' t r: .. r:o n ophyl l <-1. 0 n d  � ·  
h i l l i :'·m.'1 . 

Erc�oph ila ex i l i f ol a  an d E.  n f f . c x i l i f o l i n  

c;rew �.- i d e l y  o v e r  the: l a t e r i t i s L· d ;'. r e: <:. s . Cu G s i n  mun i c u l n 1 £ •  

s t u r t i i , .£ •  b 0 lm s i i  :md C .  n c\ l Op!'ly l J. : ,  o c c ur e� t  l,?v; f r l, qu c n c y  
o v r: r  '<'r i d e :-:�. r c o s . 

A s im i l a r  n o n - .s p e d i f i c  d i s t r ibu t ion rJ < : r:-; :.1 lso  
c; x h i b i t <:: d b y  F' t i l o t u s  .o.\>o1Tatu c: , S c << 8 V o l �.t spi�0� , K o c h i a  

Do d o n n c �  l � t r ob i c . 

b : · G i c  ro c k y  o u t c ro p o  C'n l y  r�n <l J iyb :m th u s  f 1 o r i b undu.s ·:;as 
l r_) c  , l l y  v c·ry : : b u n cl an t  o v e r  h i 1:;1·L n i c ke l  C r1 0 r0 th::m 2000 ppm ) 

s n i l s . A f l. W  G p e c in (.' n :> o f  �c_l!: _?s�m l d i i v; u r c  o b s e: r v e d  i n  

::; o1;, �, o l' t h e: l :::.. t e r i t i c Ll l' · ·::; s of  th i s  l n r g\..' prosl'c.- e t b u t  w e r o  n o t  

m.ble t o  b u  c o r r e J. ::,_ t c d  \'i i t h  !; h e  b e d ro c k  c. c o l o r, :r o t  t h e  t ir :H.:  o f  
o b ::; l: r v ·'. t i o n . 

1 1 07 ' P ro spe c t . 

Thr) f o o t H, ,l l c o n b'.c t z o n e  b o i n c  o n  t h e  j un c t i on 

n f  st s l e t nl R nd s cl on i s a d b r o � n  s o j l s i s �n nl kal i n e  e n v i ronment 

· � n rl  suppo r t e: d  · t.c a c  i <:l g;-.sby i , !::. • b u rk i  t t i i , nrl <l .... • a n €: u r n . 

A .  r e n i n om._. rri n ..: n  WR G rcc.tric t e d  t o  t r1 e  s e r p on t i n i t<:::: h i l JB  w i t h  

I\ . �. i n c.phy1 l a  wh il e: t h 0  ::;h rub L�yo r c om p r i r.;i n g  K o c h i n  t r ipt c ra , 
S'�:rH ;; i :r n t u r t i i ,  £•  h e h1 rd� , f1 t i l o t u G  .£!?_o_v_; t hw L:n u  Er �:!n oph i l� 

: ; f f . �ox i l i f o_l_i a c-x bm d t! d  ov<.n· t h e  cnt i ro prosp L: c t  IJ r t:w . 

J l vb, .: n t h u s  f lo r i b un rlu_G 0 2 0  r 0 s t r i c  t G d to th e r:: c rp u n t i n i ::; o d  d n n i  t c s  �----- ----------

wh i c h  l i e  s o m e  800 f e e t  � � e t  of t h e  f oo twnll c on t n ct . 



. c :  c i :·, ;_ f f  • 

l·'i t • r: " �-'!;u.:r: 1:' r n sn 1..' c t . 
--·---·----·--- .... .. . ..  ..-. _ _ _......... __ 

. ) 1<: .. \ ! r  . .  :�.D e� ; , . r. u: · cl r i:� . .-. r P i n t.. ,  . •  
- ··--- -- ........ _____ __..__ . ..  -

d i r; ·,: l </ 0 11 rJ i s t :c j_ ]J t� t i (J:-tG l i r · i b. tl t rJ t h l.:  G c; r tJ U I 1 t :i r• i. b. r; bu t t �· t i c-

r.; y r u :o� l.l l t  f r o : 1 t h� f : � c t tJ1 . t  t l t �:• l:.> c r :c. e n t i n i t l=: r.� r o : c i s  :> t r ot� f, l y  

.)u t c ro pp i ne, " i  th ,..: n l :· Gl : d. c: t i ·. l s o il s  wh i l r; t  1: 1 � \:.  G c d ii:l •:. n t : : r y  

:·:�"� c L:· s i !lc l n c1. l ,d  �·;r.:_�_l_'���£ _L x i l i f c l i :··. , C;,u� f.n .:-. s t n r t i i ,  C .  
l'l:cn i c 1; l r, : .. n rl  C .  n c �::o�Jh i l .� . • 
----- --.1!.----

· . 1: d c r:n > r.l O lJ. <i i s t r i b 11 t i o n  O V L r t�u:  s c. r p e:; ·, t i n i c e C. f' '� r i d o t i t u  o u t 

c r c , p G  :• n rJ  c o q J :c i s e d 9b- �n t h u a  .fl o r ibu n du s , T r;{m:·�l i ur.J l \: d i f o l i ut.1 

!nd P r o s t h � n t h � rc s t r i nt i f l o r � .  

1'l,. c t..·xt u . s i  V \: f i e l d  c b s � rv:: t i c r, c; su er c c t c- d 
t1v t t h e· rl o n i n r,n t i n f l t·, e n c c s  on r ·lnnt t� i s t r i b u t i c n .s  •,u c r c  se: i l 
t y p e , e e c;re: c  o f  c .. . l c i f i c .  t i :.-n , :lE , �'' · < j o r c: l e  • .  .:.: e t  s t n t 1 • .s 01.nd 

v: i th p l<·.nt d i o t r ib 1: t iou:.; . I t  i s  o n l y  i l'. c.xc o �. t i o tl -. .1  c i r c ur:1 -

G t < tllC 0 f; th--:-. t - t r�t c � \.; l om c.: n t ::' i r. th·· G c  i l  n i l )  i n f h� c r..c L. p l a n t  
d i G t r i b u t ions . · nL1 W(' U ] <.l i n v o l v u  e i t h e r  nu t r i v n t  L1 e f i c i e r-. c i c £' 

( J £;i1 i z ulw , 1 97 1 ) , r) c c u rnu l :� t (.o r p l : .r: t s , o r  t o x i c  c onc �.: n t rc\ t i o n c  

o f  hu=�vy r.1c- t: ·  .. l 6  i n  t h e· .' ; : v::. i l < J.b l c s o i l  s o l u t i c n ' .  

I n  F i g .  I I J  -9 t h 0  pl , t n t  c or.n;�u n i t y - l i t h o l o g y  

r l  .. l o t i o nsh i p f;  : .r e.. G c h .· m . � t i c : . l J. y i n cl i c ·: t c d , � n d  th\.:· c or.,ln un i t i L: s  

J•, n G. t t ua p t  h:u;; 
b l. L'lt r,J . , d t· t o  suf.e e .s t  t h l' s p •. c i f i c  s u b G t r�: t c- c o n d i t i o !l.S v1h i c h  

gcnE.· r:� t e:  th� gf:o b o t : . n i c  · ll r �: L:� t i o n E;h i ps . Fig . I I � -9 s u ggu s t .s  



·I' 

A .  resi nomarq i n e� 
A .  aneu r a  

A .  Burk i t t i i  . · ---- A .  grasby� E .  c amu l d e n s i s  
;I' "'�' A ff A.  demp s t e ri 

A . . • a • o neura 
• res l. n omarql. n e a  -

A
---

d
-:- --. A .  a f f .  aneu ra 

A • qu a rl.marql.nea 
• aneu ra "'i" A .  aneur a  -"I' 

" 
A .  l i noohyl l a  A .  sowd e n i i  

T H .  l eu c optera 
FACTORS A. _;f f .  aneu r a .  

S o i l · p H  I L I L H L H L I H 
-

lh_al cium s o i l  L I_ L H L H L _ l  ___ H..:_-----; ---·-- ---
Parent f'iaterial I LAt e ri te l_!!l_t ramafic . Mafic Sedi:nent__l _ _ 

F IG .  I I I-9  

·-clateritic s o i l s  I Sk e l etal s o i l s  _l Solon�i�s-e-��-r-�A�l�l-u-v�i-a�1-s_o_l.�. l�s 
Brou::-1 Sol.ls 

·- -- - - ._..;;;.._""""" _______ _ ? 1' � 1' 
High outcrop 

1' 
Ero s i on 

l []IoRocl<] 

non-outcr�. area Drain� e  Tract 

' 

Hyp o t h e t i c al c l as s i fic ation o f  pl an t c ommu n i t i e s  with resp�c t t o  l i thol oqy. 
(L - low , H - high ) . 
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Cb v i 01 J S l y  

o t l < e r  m < t j o r  •.:: l H•J e :;.t s n r e  i11 vo l v e d :.:.nd t o  ;_; r r i v �:: n.t ' '  P1 0 r t.• 
C '"lr;pl c t .;  l: X p l E�n.:o. t i r;. n m u s t  i nv o l  VC; c h em i c 1 1 l  ·.�11<: l y r:; i s  o f  t h 8  

rn;.- j o r  s o i l  c om}10 n e n t s  : t s  n c l l  :-\ 13 :·,n c v ;..: l u n  t i o n  o f  th e: c. o i l s  ... 

phys i c : � l c hn rac t c r i s t  i c s .  � t o m i c  ab s o r p t i o n  a n � l y s i s  i s  

su i t ; : �. l �  f o r  m e ; u:; u r i n g  t r :;.c ,.: .s o f  ,., ;my e l et:: l� n t:; i n  s c i l c  b u t  a t  

p c rc r: :1.t c o u c L- n t r  _: t i o n c , x - r.·;. y f l u o r l' G c n o c  n.n.-. l y f:; i D  suppo r t \.- d  

b y  x - r'�Y d i f f r o. c t i o n s t l Hl i C' s  �.-ou l d  b �  n o r v  ::::ppro�1 r i :1.b � .  

f n  c i l  i t  i c· o w e:  r e  n o  :1v .:d. l ab l  e f o r  t h  i G  s t u d y . 

The g e obo t au i c a l r e- l a t i o n s h i ps c o n c e rn i n t; 

p l.:': n t  d i s t r i b u t i o n s  :1nd r.; e o l o ry c :m b e  u � c d  i n  t \·:o c e n c r:=:.l 

Gu c h 

Th e f i e l d p ro sp t: c t o r  o r  E; e o l o g i s t  on f o o t  o r  nw t o r c y c l c:  

muy e m p l o y  ' i n d i c � t o r ' � h r u b  o r  t r e e  s p e c i e s t �  l o c a t e  i n t � r-

CJ G t i n g  ;:� rc· , · f> SUCh <l.S C.O S S<:m s . C n  n l <:'. r g <.: r  s c .- �l c , t h t: t r e e  

J, :, y c r  i s  nu. i  t ab l e  f o r  r u r.J O t l;  s e: n s i ng . ·.n c1 r c· g i o n .:'.l :u �ro - v i s u u l  

s u r v e y s . Th e r c m o t � - s c n � i n g M s p c c t s  o f  � e o b o t�ny n r e  d i s -

c u s s e d  i n  Se c t i o n V I �  
C rm s i d e r i ll f!.  t h o  t r e e: 1 :-:.y c. r f i r G t l y , i t  w a s  

o b w v r v c d  t h:-.. t c o r V .· i n  s p e c i e s  e xi • i l , i t c d  d i s t r i b u t i o n s  r e G t r i c t -

c d  t o  s p e c i f i c  l i th o l n g i � s . 

tl 1 e c l o s e l y  r e l : t t e d  s p e c i e s i n  t h u  i \ . onlmrn Co m p l e x , d i s p l a y e d  

u p rfl c t i c � \ l l y unl irn i ted d i �:; t r ib u t i o n wr: e r c ns th e o t :h •. r A c n c i a  

E; p e c i e: s \'l u r e  r c: r-; t r i c b:: d  e i t h e r  t o  o u t c r o p p in g  l>kc l e t ;l. l  s o i l  

< 1 r e r- ' s o r  t o  t h u  r c l ,--: t i v n l y  c.l c: e 1; c o l o n i s e d  brown s o i l G . 

Sp<) c i f i c <t l l y , i t  vn P.  o b s e r v e  cl t h a t A .  l i no1•hyl L·. �l r c f  u r r ul 

�'l c l l - d r � i n c d  nuu t rr-.1 t o  ; :_ c i d s o i l s  o n  h i eh e r  ground . A .  

r u,; i n o rn �t rci n v �'.. er �..; w o n  ul t r . m �tf i c  :.�nd rr.::, f i c  o ut c ro p s  ( P l ;; t e  I I I-4 ) , 

w lH:: rC<iS t:_. b u rk i  t t i� f l our i sh e d o n l y  on B c rp e u t i n i s e c!  c l i n o -

r•yroxeni b;S .  f:! ·  Q:. sbyi o c c up i e d  :·· m r h i b o l e - ch l o r i t u  s o i l s  

H! i i ch \'l u r e  u .s un l l y  i n t c rt� e d L� t c  i n  c h <'.rnc t e r h <:: t w o c n  th e 

t:;k e l e t � �l o. n d  s o l o n i o o d  bro wn s o i l s . !:: • �"'.dr i rn a rt;;i n c n  c h a r -

rl. c t c. r i s e d  t h u  s t e e p o e d irn e n t ;�ry , and o f t en s i l i c i f i c· d , r i cl g t'; G , 

wh i l s t A .  n o w d c n i i  w�s . r o s t r i c t c d  t o  t h e  deep s o l o n i s u d  b ro wn 

s o i l s  t o g c t h e t  w i th v � r i ouG Hekea s p e c i e s . '£h e  d r 8. i nn g o  
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t r  : c t s �-: .=.. r�..: m ;'.. rl{ ,: d  b y  ::: d i r:; t i n c t i v L· V t. [ L. t . : t i G l� c o mcmn i t y  

c om p r i s i n g 1u c · :1ypt u r;  � !:m l d�r:. .s i� t ". c :' c i..� :l f l . o n �..- u r : .. dnd 

!:_· d e rnps t �_: r i , '-' t h o r n y , f l : ,  t tt: n ..; d  phyl l O cl t  i .t l l Cl [Jh r t: : :  t o p h y t  i c  

Th u shrub l .::: y c r cl l S o  c o n t · . i n o d G p 8 C i \· S  �-. h i c h  

h �i d  r <.> s t r i c t c d  d i s t r i b u t i o n s  t:· v : r s p t . c i f l. c sub s t r a t ;., c . 'l'h c:: 
b . . ::: i c  m e  t.:: b : , s ;  l tf; . , , ,_c1 u c.:; t.- · g · :b b ro G � >· c: r u  c h .} r. : c t .:.· r i s 0 d b y  

C:�lyt r i x c f .  c� c- s o l t: t n , C�c s c i ;:.  i: • . • r, i c u l ::. , ]!; r t: i.J O Tih i L t -:::x i l i f o l i ;· 

\'Jh i l �.;  th <.. s c rp v a t i n i bo s  m.: ppo r t c- cl  Do d o r,::. c ...:. J o b u l �,_ t : .. , � ·  ;:o f f . 

v x i l i f n l i �:t , . .t n d  thr c L" sr:li� l l  .s p �:: c i c· s  1•:h i c h  c-.ppc�r t o  b t:  v:o t t h y  

o f  f u r t h �..· r s t u u y . Th e y  n r c  I.!Jb ;·. n t h u s  f l c r i h u u d.us , T rym 0 l i u m  

l lo d i f o l i u m  ;:�nd t h (;  P r o s th < : n t h e: r n  ; � t. nu s , t: s p e c i 2. l l y  r .  c f . 

r> t r i <t t i f l o ro. . 'l'h c s e  c c n v r a. 1·: i l l  b �;; d i .sc u s u o d  in d e t : � i l  i n  

S 0 c t i o n  I V . 

F i n : l l y , t h r � e  ::: p � c i f i c � x · .mpl � s  o f  g o o -
b o t  . n i c <.� l  ; m c m <: l i ..: G  " r e  n o w  v :; r y  b r i e f l y  d i s c u s s e d . In t h e  

T h i s  snm c t r c �:. s p u c i � s  

vr . s  o b s c r v E.: d  ;• t t h u  :::> c o t i :-� :�::td C ·l r r  B o y d  n i cb.: l d o ])9 B i t s , 

s o m t  1 50 n i l � s  t o  t h e  s o u th i n  n v u ry s i m i l n r c n v i ro n� a n t ; 

:1n d  t h i s  t: x :•.m pl e g i  v c s  som ..; i n d i c < � t i o n  n f  t h e  l r.rg<1 C'. r l? <"t S 

o v e r  wh i c h  c � r t � i D  g u o b o t � n i c r l  r � l : : t i onsh i p s  nr e m u i n t n i n 0 d  

i n  t h e  ar i d  E r G m c u n  onv i ro n � c n t . 

I n  t h 0  � i l d n ra � r c n , a Q O n o s p c c i f i c  c onmu n i t y 

o f  Royc 12 t. �· nov . d c l in;:: o.t c d  tl1 l· c o n t r. c t  z o n e  of n g r ; :n i t i c 

i n t ru s i o n . P r � l irn i n n ry s o i l  u na l y s c s  hnve i nd i c n t u d  t h � t  

m e t < t l s .  F u r t h v r  s o i l  :·t n c:: l y s e s  w i l l  b �  G n e c e s s r1 ry t o  n .s c e r t n i n  

wiH: t h e r  th i s  f:.' t:: ob o t � t n i c n l  an orn : �l y  i s  i nd i c . t t i n e:  sub s u r f ::� c c 

g G o c h cm i c . �l c o n c 8 n t r� t i o n E o f  c 0 r t � i n m � t a l s . 

Th ;.; l i t . C l i f f o r d  Compl �:: x is in r.n :-o r e '\  o f  

mnrk e d  r u l i e f �nd Cl i f f o r d  C r � e k  o c c up i e s  n vc l l e y  n e � rl y  a 

m i l e  w i d e . I t  c x t u n d .s  t o  t h e  n o r th o n t o  M n r r i o t t  P r o s p e c t  

nnd t o  th E.: sou th o n t o  the • 880 1 P ro sp � c t . Ac n c i n  o s � � l d i i  

\'r a o  o b o (; rv c d  e;ro\'J in p;  on l :.l t c· r i t i F; o d  o n d  poorly .ou t c ro pp i n G  
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s u rp � n t i n i t c c  w i thin th� c 0 n f i n e s  of t h e  C l i f f o r d  C r � c l� Vnl l G y . 
I t  wns u s u � l l y  fnund c ro � i n f  � i n gl y  i n  i ill uprn r c n t l y r�ndom 

r:l .''. nn c r  ,-, c: i f> cxh i b i t t: cl  by o t!1r:r t r e e  .S!l e c i ;:: s (: . c; .  S::. n t :·� J. u m 

s !i i c ;·. t 1.:;2 ,  Z�e u oph i lr:: o l d f i :� l d  i i  V < !  r .  0ugns tij()lia.; _ _ : : n t !  

B r ."' c hyc h i !o n r;r ec-;o r i . 

b (:  d i :-;� i s s c d  2 s  o f  no v : t l u e  i n  [!: c o b o t �; n i c . : l  o r  h. i o t; � o c lF:r:: i c ul 

pro sp e c  t i n s . 
nuturc <) f t h i s  t r u L  �;p e c i c s  l't� :i. c h  i s  <.:xan i n e d  n t  l �:m c;th i n  

Se c t io n  VI I .  



EV1-�Ll!•. T l 0N OF 'l'i·IE B I OGEC ClmHI C;-. L L E'l'ilO D FC ti N I CI-:EL . 

A .  DE.SC.RIP'.i.'lCl �  OF '.rE:.:.>'i' id�r:;." .s . 

( i )  C r i  t e r i n f o r  r�r c n  �; (; l e c t i o n . 

9 1  

Th<1 o r i •.: n  t ; �  t i o n  b i o  G ,! c  c h em i c r.� l  r� urv u y  c ''. r r i  e: d  

._, u t  o v e r  t h e:  o u t c r opp i n c;  m i n u r  1 l i .s e d  z o n e:  ::'. t  r· , �_: r r i o t t  l ' r O G}H.: c t 

i n d i c : · t u d  th :--. t  t h �:: 11 i c k e l  c on t l: l l t o f  A c n c l. < t  ,::. � l • :urr� 1 8 � V (1 6  
c o u l c..l b e  1< EJ e d  t o  l o c ; � t o ; �  n i c L •: l i f e ro u r;  .s ub s t rn t c . I t  thC:n 
rc r::r·. i n c d  t o  show wh t:.· t h <: r  t h i s  HXJ' l o t·: • t i o n  t (; c h n i mw c oul d b �  

�ppl i o d  t o  s o i l - c o v e r e d  u r e n s  oh i c h  o c c u r y  ex t e n s i v e  t rRc t s 

o f  t h e  gr e � n a t o n c b e l t s . 

Th e c h o i c e  o f  t e s t o r e n s  i n  th i Kurrn j o n g  

Re g i o n  w;;.s s e v e r e l y  l i m i t E: d  by t h o  fac t t h D t n o  s i gni f i c nn t  

n i c k e l  m i n e rn l i s 1 1 t i o n h�d b e en l o c at e d  un d e r  s o i l - c o v e r e d  f l n t s .  

H o w � v u r  v n c u um d r il l i n g � � s  b e i n g  c � r r i ,l d o u t  i n  t w o  s u c h  n r c n s  

w h i c h  <:<l a o  exh i b i  t c d  :1 f l o r<J d om i nn.t e d  b y  A .  a n c u r <.: . Th e 

d r i l l  d n t n  w e r e: e G s � 11 t i n l  to nl l o �  c v nl u a t i on o f  t h o  b i o � 8 o 

c h e m i c .:tl r c- s u l  t .s  a s  t h e  .s u r f  ; ·c o f; o i l  g e o c h cm i s t ry b o r e  no 

r c l '�"' t i o nsh i p  to th u b e d r0 c k  s i  t u o. t i o n .  

Th e I· i t . r� e \m1c.n Pro ri p e: c t c o n s i s t s o f  rt r n t h c r  

c o n s p i c uo u s  n e nr - c i r c u l n r  ou t c ro p  o f  s 8 rp e n t i n i s a d  p e r i d o t i t c ,  

f l � n k c d  t o  t h u  w e s t  b y  l � t c r i t u - c �pp e d  s o d i � & n t s and d�arf e d  
b y  n s t e e p  s i l i c i f i e d  c h � r t  r i d g e  i �m e d i � t c l y t o  t h e  c n s t , 

The ::mgul nr "bl Ocky 1 1  s c r e e  sh v d G  c: f f  thr: c h c r t  r i d t;e <.!.nd f l o w s  

a ro und th u serpent i n i t o  o u t c r op , u sr c c i a l l y t o  t h e  s o u t h  an d 

t h u s  m;u-:;ks t h e  b (:dro c k  ge o l o gy . The s e q, o n t i n i  t e  un i t  was 
suspe c t e d , frdrn ae r i �l nnd �round rn u [n u t i c  surv oys , to ex t en d  

sou thv-t;< rcl s  f o r  a t  l e r'.s t  500 f '· u t  und u r  th e bl:mk e: t  o f  s c r o G  

m• · t E: r i n.l ( l•"'i � .  II I - 1 0 ) . I n tl u c e d  p o l n. r i :.m t i on surv r" ys i n d i c n t u d  

c. nonw.l i c s.  v1h i c h  w e r e  c o r:t e l  ... t e d  v1 i t h  th e f o o t vm l l  gr!.\ph i t i c  

shu. l c  u n i  t o . Th � l o c � l s t r j k o  o f  t h e  n r Ga i s  sl igh t l y  W 0 8 t  
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•) f n o r t h  :�n d  t h �  s t:: q u c n c o.: J i }; S  s t e e p l y  t o  t h e� e ct s t . Dr i l l i :!". g 
l l <"l d l o c ;:� t ,: d  sub e c n n o n i c  c r �{ d t: G o f  n i c k �:·l !" i n u r:· · l i ::;.--, t i o n w i t h i n  

t h e  s v r p � � t i n i t c  o u t c ro p , b u t  po s s ib l 0  ex t c n 5 i o n s  o f  t h 0  

s c rp c n t i :l i t e  \W i t  und e r  t h e  .s c r c t:: lH d. no t b t:: �o: B t e s t e d . 0\r.: r-
b u r d c ll v; n s  c.:x p G c t e d t o  b u  r c.: l ;-: t i v t:: l y  sh :::.l l ow rr i t h n maxir;mm 

d ep th o f  2G f o e t . 

a v � r y uni f o rm t r e e  l � y e r  o f  t .  P n L � r � . A s��ll c r � e k  d rn i n � d  

the s e rp c n t i n i  t �  o u t c r o p  ::md r 1 11 s o u. t ln: � � r d c i n  c:: sh:.1l lo·,·: 
d e c l i v i t y  b s t w e e �  the f c r r u � j nn u G  l . t � r i t i s � d  G u d i M o n t s  t o  the 
\'l t". G t  ;u1d t h e  c 1 l \': rt s c r L' e  to th8 o rJ r; t . 

TlH: b i o l� e o c h cl :: i c .i.l surv v y , i'i� � s c -. .  r r i u d  o u t  

O V ti r  t lw s c r e e - c o v e r e- d  .:.: r (� a s  i:�uu u cl L'l t e l y  ::; o uth o f  t h e  o u t -
c ro p p i n c s c r p c n t i n i t 8 � G  shovn in F i g .  II I - 1 0 . 

( i i i )  Cl i f fo r d  C r e ek A r e � .  

'rh o C l i f f o r d  C r e ek t e c t  ; t r <; r.t l i e s  ir.l l :l e (1 i ;-_l t o l y  

e .-u :; t  o f  t h e  ' ?. So ' P r o .sp e c t  · n d EH'> r.w Gooo f c·: u t  c o. .s t  o f  t h e:  

J l, :: rr i o t t :t' r o s p e c  t i u  e> b ro : t d  v al l e y  w i th no o , , t c r o1� . 

'!'he s ub s u r L� c e  c, e o l o g y  i s  b L . nkc t e d  b y  n 
c o l l u v i a l - c.l l u v L:.l o b � rb u r ci u-. o f  c � n 0 r< > l l y  u n i n d ur.-·. t u d m �1 t e r i u.l 

25 f c r: t th i c k  r.md i n  S Oi:J e a r c ::_ s lliJ t o  70 f c� t:: t d.:: up . '.i'lH: 
o u t c ro p p i n g  a r u u s  � re r c G t r j c t e d t o  the • 8 20 • P ro sp� c t  < •nd t o  

a s � a l l  l n t e r i t e h i l l  i n  t h e  nor t h e rn purt o f  t h e  nrc n  ( F i g .  

l i i - 1 1 � .  

V n c uu m - d r i l l i n g  \'J <. : s c rtrr i e d  o u t  n l o n c;  nor t h 

s o u th t r�v � r s 0  l i n o o  �nd re veal e d  � n  ul t r nb a s i c  un i t  � \ i c h , 

i f  c o r r e L, t e d  w i t h  the ' 800 ' s 0 rp e n t i n i  t e , �:tpp c ; ·.rs t c  l e n s e  

o u t t o w n r d s  the c a s t  f r o m  1 , 200 f e e t  t o  1 00 f e e t  o v 0 r  n s t r i k e  

d i r. t �m c e  o f  �-�b o u t h .. :.l f  n m i l •.: .  Th e r.; n q u e n c c- , <.; G shotm i n  

F i !,; .  I I I -- 1 1 ,  d i p s  o ub o u t  L�0° t r' t h -.:: n o r t h  ;m u th c r <.: f o r \� plu.c cs 
th i s  G 8 rp e n t i n i t c  uni t o r  n i l l  s t r.:-: c; i gr<�ph i c <:lly b c:l o \i t h e  

N a r r i o t t  P ro s p e c t .  Vo c u uw - d r i l l i n c  r e v o nl e rl  0 n c o u r u G i n g  

v. �l. U (; G  o f  0 .  7% n i c k e l  .-.� n d  0 . 1% c o p p e r  o n  tht: f o o t w al l  � .:: d im c n t  
c o n t; 1 c t  o f  t h o  s u rp cn t in i t c  �h i c b  m �y repre s e n t  n c o n t a c t z o n e  
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Fig. 1 1 1 - 1 1 Clifford Creek Area, showing geology and biogeochemical anomal ies obtained with 
Acacia aneura. 
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Lc;� v 8.s :�nd t w i gs o f  J.;. . <.cnet1 r::1 w e r e  s : 1 l : . p l t! d  in 
t h e  b i o r;eo c h o J,• i c .o.l su r v e y . Le:cvc s w e r e s:1 :.1rl c d  in th u Spr i n g  

o f  t w o  c o n s e c u t i V E: y 0 a r s , .:tnt! : 1 l l SD.liliJl u s  w e r e  rmal y s e d  f o r  

n i c ke l , c o !'p e r , c ob ; , l  t ,  c h rot:l i nr.1 , z i n c  . n d  nF.t ngan(; s e  1 i ro n , 

c �.�. l c i um � . n d  L' F..: sn e G i ur.l . 

( i i ) C l i f f o r d  C r u c k  l\ r c �1 . 

Le<l v e s  a n d  twigs o f  A .  u.no u r.�t w o re G.:lmpl cd in 
t h e  Sp r i nG o f  1 9 70 � tnd , i n  1 ')7 1  \'J(3 rc rc sn� ; � p l c d  nl o n g w i t h 

b : c rk < �nd S .:'-}ll': o o d  t i s su e .  Th (J t e c h n i q u e s  u s i n g  bnrk :. n d  S<.:p-
w o n d  w n s  i n i t in t c d  b y  t h e  w r i t e r  wh i l s t  c �r ryi c e  o u t  b i o gc o 

c h er:. i c  . .  l survoy i n  th e t f c •t Z e tt l R n d  b e o c h f o r e s t s o v e r  n n  

u l t rnm a f i c  c o m p l ex , � nd h � s  s i n c e  b � e n ad o p t e d  b y  o th er w o rke r s  

( Qu i n , 1 9 72 ; H i cl sen , 1 972 ) . 

�· ancurn t y p i c a l l y  n t t n i n c d  a h e i gh t  o f  1 0-25 

f u c t  nnd a c h c s t - h e i t;h t  d i <.:-..n c t e r  o f  2- 1 2  i n che s .  

( i ) r,; t .  l JCH't:lC'.n Arc: i t .  
:U e d ro c k  G c o c h �.: rn i c try •. 

The c e r p o n t i n i G e d  ou t c r o p  t y p i c �l l y  c on t n i n e d  

0 . 2  - 0 . 5% n i c ke l  . • n d 0 . 06 - 0 . 1 ;� c h ro m i um , wh i l s t  c o p p e r  u n d  

c op p L r v � l u e s  uru ccnc rnl l y  l e s s  t h & n  200 pprn . Th e f oo twEll l  

::; e d ir .H.: n t  w o. s  c h.'1rnc t c r i s c d  b y  r c L .t t i  V (: l y  h i gh c oppe: r  nnd z in c  
v a l  u c s  <.: . g . )20 ppm Cu . :: n d  230 ppr.1 Zn . , ::�n d b y  lov: ( 8 0  ppm ) 

c h r om i ur;1 l �:vel s .  '£hu smnll f o o t wn l l  c on t .1c t  go s c;m w��s 

c lu.trc\ c t e r i s c d  b y  c o inc i'd c n t  h i gh n i c k e l , c o ppe r val u e s  o f  0 . 7% 
�nd 0 . 6� respe c t i v e ly . 



S o i l  G e o c h em i s t r� .  

l'l i c k e l  v a l u c G  i n  t h e  s u r fa c E:  s o i l s  ( -P.O m e sh 

B . S . S . ) w e r e  h i gh o v e r  t h e  s e r p c n t i n i t c  o u t c r op ( 4no - 1 000 p pm ) 

b u t  d e c r e a s e d  r�_p i tl l y  t o  abo u t  G O  ppm i r. t h e  .s c r e e - c o v e r e d  

. t r e :.t s  t o  t h e  s o u t h . Co b � l t  l e v e l s  w e r e 1 5  - 20 ppm i n  b a c k -

f; r o u nd :: .. r e a s b u t  i n c r e a s e d  t o  6 �  p pr.1 o v e r  t h t; s c rp e n t i n i t e  

o u t c ro p . Sm,J. l l  � o p p c r/ z i n c  �mo m <t l i t s  ( 1 30 ppm/ 1 00 ppm ) 

d i s t i n g u i sh e d  t h e  f o o t wa l l  n e d im c n t s  a n d  e l s e wh e r e  t h e  v a l u e s  

f l u c t u a t e d  ab o u t  3 0  - 4 0  ppr.1 . K d r n i n � g e  " nomal y ,  e s p e c i a l l y  

f o r  n i c k e l , w u s  ob s e r v e d  i11  t h e  s m a l l  c r e e k w h i c h  wa s r e c o g

n i. s ::t b l e  f o r  a t  l e a s t  1 000 f e e t  d o wn s t ' '  • m  f rom t h e  s e rp e n t i n i t e  

o u t c ro p . 

B i oge o c h em i s t ry .  

L e a f  and t w i g  s a m p l e s  w e r e  e o l l e e t e d  o n  c a s t 

w e s t  l i n e s  s p a c e d  a t  200 f o o t  i n t e r v a l s  a s  sh o w n  i n  F i g .  I I I -

1 0 .  Th e a n a l y t i c :-• 1  d a t .� w e r e  8 v al u a t e d  b y  c orn p a r i n c;  f r L: q u e n c y  

cl i s t r i b u t i o n  p l o t s  o f  t h e  va r i ou s  e l em e n t s  b c t � e e n  s e v e r a l  

u rc as . ! s o - c o n c e n t ra t i o n  r; i n[;�l e - c l em e n t  b i o p- e o c h e m i c < .. l r l u n s  

� e r e  a l s o  c o r 1 � l u t e d  w i t l 1  t o po �r�ph y , � 0 o l o gy nnd d r i l l  d n t a .  
Th<� anal y t i c ::tl dat:� w e r <t E: X p r e s s e d  o n  & d ry 

1 1 c i eh t  b ; , s i s  ( D . i', . )  . tnd c �tn h e  c o n v c r b : d  t o  · • 11 ct p p r o x i n cJ. t c  cd:;h 

w e i g h t  b -.t s i s  ( J ,  . r . .  ) w i t h  a ! c.. c t o r  of 2 2 . 'i'h c n i c k e l  l e a f  

v a l u e o  w e r e  r ; e u c ra l l y a n c m n l ou s O"' i g . I I I - 1 2 ) , VJ i th an n v c r:te;e 

of 10 ppm ; a s  c o m pt.J. r c� d  to the !'i ;::. r r i o t t  nnd .S h e rwo o d  a r e a s . 

H o w � v c r ,  c o n s i d e r � t i o n o f  t h e mangan e s e  l e v e l s , wh i c h  w e r e  

al s o  h i gh ( 200 - 500 ppm ) , s u r c e s t e d th a t  t h e  h i gh n i c k e l  l e v e l s  

w � r e  o f  l a t e r i t i c o r i � i n . The s o i l  i s a c i d  a n d  i�o n c o n t e n t  

i n  s o i l s  nnd d r i l l  �am pl � s  e o n f i rm s t h e  i m p r i n t  o f  l & t u r i s� t i o n  

i n  th i o  n r <: a .  M�ng� n e s e  v a lu e s  w e re l o w  o nl y o v e r  t h e 

s c r p c n t i n i t e  o u t c r o p _  ; 1nd � l o n g  t h e  d r a i n a g e  t ra c t  a s  sh o w n i n  

F i g .  I I I - 1 2 . 11 c i r.li l n r  pa t t l.! rn f o r  m:.tnga n e s e  i n  l l . an�.:: ura 
l eaf w�s o b s e rv e d  o t  �h c�wood , F i g . I I - 5 .  

c�l c i um l e v u l s  w e r e  f a i rl y  e on s t ant a t  ab o u t  
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Fig.  1 1 1 - 1 2  Mt. Newman Biogeochemical Plan showing . nickel and manganese data obtained with 
leaf ash of Ac11cia aneura. 



95 

1 �� but nn r;nes i u m  v:. l u e s  \"e r 0  h ifh ( 3000 - 50CO pprn ) o v e r  the 

� c rpen t i n i t c  o u t c r o p  � nd l o� ( 1 000 - 2000 ) o v e r  the  s c r e e -

Th e d r i l l  dutd r e v c u l e d  t h � �  m�rn c s i u m  v u l u c s  

i n  � l � t e r i t i c p r of i l e are � o n e r � l l y  v � ry l o w  d u e  t o  l e a c h i ng . 

Tht: c o p p (·. r .. � n d  z i n c  l t· V t; l s  .v; �-' • · c- e:x.:..:. r11 i n 0 d  t o  

d e t c· rrn i n e  wh •,· t h u r  t h �  f o o t mt l l  s e d i m t• r, t  c oul d b e  d c l i n c a t t) d . 

I t  w.J .s c:pparent  h o t'r c v -: r ,  th :; t  l a t c r i s:.t t i o n luJ <J  o b s c u r e d  t h e  

o r i g i n : ! l  1:1 c t c.l d i s t r ibv t i o n ::: . Even th e s 0 rp u n t i n i t c  o � t c ro p  

b o r e  e v i rl e n c � o f  & pr e v i ou s l � t n r i t i c  c �p i n  the f o rm o f  

j o i n t  p L: .. n l .-S  f i l J  e d  >{ i th f c r r i c r e t t:  'l'.• h i c h  c o n t <-,i n e d v (:· ry h i gh 

n i c k � l  a n d  c h rom i um l e ve l s . 
Th e b i o c e o c h o m i c ul nnomaly o u t l i n e d  s o u th o f  

the f·l t .  h c "llrM>. n s e rp c: n t i n i  t 8  ou t c r op b y  l c c. f ;_,n alys i s , l"i:.L S  n o t 

d c l i n c c t t e d  a s  c �'rl. y b y  b.' i r:  .:;nn l y s i s . Th i s  r'·. sul t c o n f i rm e d  

t h e  f i n d i n G s o h t � i n o d � t  N a r r i o t t  P r o s p e c t � . The o r i c i n  o f  

thE.· ,l nomal y was c o n s i d e: r t, d t o  b t::· cl u t.- t o <.�. l a t c r i t i c  e n v i ro nm t:. n t  

<:t s i n d i c a b) d  b y  subse q u e n t  d r i l l data . V<.l C U J I'il  d r i l l i n r:  

d i s c l o se d a m i n o r  � n om� l y  o f  0 . 06� c opp e r a n d  0 . 05� c ob ul t ; 

\!l h i c h  v: i t h  <). h i e,h i ro n c on t c r: t  ( 9 . 4�6 ) sugr,e s t c d  l u t c r i t i c  

env i ro nm e n t . The m �n t l e  o f  o v e r b u r d e n  was r8ve a l e d  t o  b �  1 -

1 0  f c � t  th i c k  3nd thu sub s t r� t e  b 8 n e � t h  fu c  b i o ge o c h em i c a l 

u i c k e: l  anom a l y  c ont . .- in c d  n i c k e l  c o n c e n t ra t ions  o f 400 - 500 ppm 
�:h i c h  c on t r a s t e d  \'l i th t he a d j c:.. c c n t b :t c k r. rou n d  vo:�lues o f  1 00 -
200 p pm . 

( i i ) Cl i f f o r d Creek  Are a .  
B c d ro c L . G e _9_c_2��:!!2_ i G t_E_x .  

Th e u p p 0 r  s u r f u c e o f  t h e  b e d r o c k  h o s  b e e n  

s e v e rc l  y .:.1 l t e r e d , i·1 i th r e r a r d  t o  c h �;; m i c .:;. l  c omp o s i t i c. n , b y  

G � V C J H l  w ea th e r i n g  p r o c o s s € s o v e r  the pd s t 1 0  m i l l i o n  y e&rs . 
1'h e  f o l l o w i n f, rcm,irks u :r c  l><.� G c d  on the  b :tcal va c u u m - d r i l l  

c am p l G s  v:h i c h  a r c  ,,s su m c.- d  t o  r • . p r E: s o n t  o nl y p<� r t i n l l y  VE:< � th L' r l:d  

b e d ro c k . 

'fhc u l  t r. l h �, s i c  t • n i  t s w e r e  c h .:trac t e r i .:: 0 d  b y  
h i gh n i c kel ( o ·. 1 -0 . 3% )  n nd c h rom ium ( 0 . 1  - 1 . 0�,;) li� s ,  



l'·h i l s t  c op p e r  <.1 1 1 d  z i n c  v: tlu c s  w c r P  [ U1 �o: r  " l l y l o w  : 1 nd l c s :::: t h n n 

(1 . 0 1% . 
h�, r�nE: s i ur: l  v .. 1 J.u ,; .s  w0 �-c u suaL' y l o w , d u e  t o  t h e  

r: •J . : th c r vl n a t u r e  o f  t h e- b .:: d r o c l-: , e V •:! l l  u nd e r  70 - � 0  f L c t  o f  

Th e c on c � n t r� t i o ns  o r i r i n� l l y  

w e r e  20% o r  m o r e  h u t  no� a r o  c ommonly i n  t h �  r � n r �  0 . 3  - 0 . 03% . 
Tht: l ;, t c r i t i c c hc. r.tc tt:: r o f  t h e  W t; d  t h •.- r i n c  p r o c  8 s �; i s  i n C:l i c .,, t � d  

b y  t h e  �_,- e n e ru l l y  h i gh i ro n  l t. V \;' l s  v. h i c h  m v.y c: v •.: n � x c '-' e d 20% . 

'I'h �..· b<' ::; i c r o c L:s h :1 d  l o v: n i c k t:: l •.� n cl c h rol!l i urn 

J � v e l s  o f  � b o u t 300 ppm . 

rr. ,y i:lp p r o n c i J  1 0� b u t o b s e r v e d  n: l u �:: s  w �:: r ,, u s u 8. l l y  1 5v o r  l e s s .  

�h e s e d i m � n t s  w e r e  c h a r� c t a r i s e d  b y  t h e i r h i ch z i n c  ( 400 ppm ) 
· 1 ncl c o p p (: r ( 200 ppm ) c o n t <:: ra t s .  t-i agne s i um ( O . S� ) and c h rom ium 
( 8C '  ppm ) \'/ C r c  u s uc .. l J y  p r 1. s � n t  in J o w  ; ,m oun t s , i r o n  was �• r o u n d  

5� bu t n i c ke l  exc e 8 d � d  1 600 Jlpm u s p e c i n l l y  i f  n e a r  � n  u l t ra 

b :. s i c  c o n t ::.t c t .  

:J o i l  Gyo c l1 cw i s t ry .  

T h e  s o i l s  w o r e  no t s y s t e �u t i c � l l y s a m r l � d  a s  

it w;. s u p r�•. r c n t f rom p r (: V i o u s  r c g i o n;, l Gu r v c yrs th.;; t t h e y  lil e r e  

i n c -·. p .:t.b l <.:  o f  r e f l E- c t i n g  m i n c r c.·.l i s ; ,_ t i o n  i n  t h e  b e d r o c k  b t: IJ O £.t th 

p_ ,_. d v c r  so i l  c o v t:: r . It w £: G  n o t r: d  t h :. t  t h e  s u r f :-.. c e  G < ' i l s  

r, e n c r � . l l y  h �. v c 3 � i C'H= r c o n c c n t r;:: t i o n  o f  t h e� t r ;:� c c r.: e t : l l s  

( c 11 ro1n i um ,  n i c ke l , z in c ) t�l<' n  tll O S l: a t  d e p t h s  o f  2 f e c· t  o r  

mo r t·: . Sh c e t v:<H-:;h . .  nd cl c f l r. t i on W C \ ' l d  a c c o u n t  f o r  t h �  l a t e ra l  

d i s p e r s i o n  o f  t h e  r:: c tal n f r or.1 h i rh t o  l o w  a r,Jl. s . Th e appar e n t  

su r f ;t c c c o nc e n t r a t i o n ( b y a f :--' c t or of 2 o r  3 )  o f  t h ;.' h e 0. v y  

m e t �l R , m � y  po s R ib l y  b e  e x p l . , i n e d  by t h e  n c t i o n  o f  � s c e n d i n g  

� r o u nd w a t c r s  wh i c h  c au s E  d i l u t i o n  o f  t h e  B s o i l h o r i z o n  w i th 
c 2.. rb o nn t o . 

D i oec o c h cru i :-:> t.!l • 

Leaf , t w i � , sc pwo o d  ond b0rk t i s su e s  w e r e  

s ·) m p) c d . 'fh c  .:. sh c o n t e n t  vn r i ed s i r.;n i f i c a n t l y  a n d  nve rne;ed 

5 ,  3 ,  2 n n d  1 4% respec t ively i n  the  vnrious org�ns . 
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· 'l'h �..: n i c k e l  c on t l n t s  o l i  th e . .  � s h  v, E. i [ h t  b a � i s , 

.. . v c r.:t f'; ul : :h o u t 90 , 50 , 20 = 1 n d  I +O jiprr: n: e:T c c t i v  .. : J y i n  t h e  

u f o run <..:r t t i o n c d  o r t;c'. n s , · h i l G t  c o p p �  r l t� V �· l o  v:<.· r <'. h i t:;h c r , e x c e p t  

i n  bc-trk t i s s u e: .  H::.ng �mese �: xh i b i b: d  u. h i gh r�J. nr:1:: o f  v-. < l u c. s 

( 1 00 - 3000 ppm ) b u t  g e n e r;_, l l y  t l c- c r e ! L F- C:: d f r om l ec.. f t h r o u gh 

t w i fJ: S  t o  s ; ,p w o o d  •�nd t h t.� n  i n c r e n s L d  i n  t h �  b ·  .• rk . Coh"l t  �md 
c h rom i um : :n <:. l y s e s  �·· c r t: rio t  p c.: r f o rr,l e d  on s a p w o o d  o r  b a rk 

s . • m p l e E  b u t  l � v 0 l s  i n  t w i r  �nd le� f t i ssu � w e r �  u n i f o rm l y  v t r y  

c�l l c ium ' m.:- cn ( : S ium ::t n J.  i r o n  y,, l u c s  w e r e  Lt i r l y  

u n i f o rm i n the n o n - o u t c r o p p i n r  d r G <.t s ( 1nd e t  t h i s  s t a c; e  do n o t  

r.t p p c <. ; r  t o  y i e l d  r ; llj' i n f o rm �t t i o n  t o  ll i d  l o c u t i o n  o f  : . i- c k e l  

m i n e r :..t l  i c;;; t i o n . 

c i v E. n  i n  T � b l u  I I I - 2 , and i t  c 1 n b e  s e e n  t h n t d � t a  f ro m  t h 0  

E r u e n s t r; n c  b e l t  s t  : �nd o u t  f ro m  t h e  lk C  Bo r �:: s-· d:J p l c s , ·"!. S  e x -

e rnpl i f i 0 d  b y  t h e  n i c k e l l c. :•, f  a s h  v :� l u e s .  D:o.t:. < f o r  t h e  oth '-. r 
•. n ·  . l y t e  e l e m e n t s  i s  n o t  .s h o w n , :;_s u l t:! J:w n t D l v;:: r i « t i o n s  c o u l d  

n o t h e  i n t c· r p r c t c d . 

T h (! l c :- d  d; , t n  v.- e r e  e x p e c t e d t o  d ...: l i n L:: .:t t c  

m i n e  r-: : 1  i s e  r! •"'. r f� :..t G  b e t t e r  t h ;:,n t h t.! t n i c;  d .:-J. t c; , on t h e  b.:.< s i s  o f  

'rh i r.;  w,- . s  

f o u n d  t o  h &  t h e  c n s e . 'rhr <::s 11old ,_ nomnlous  v n l u E: .s  w e r e 

ob t : : i n e d b y  th <' u su u l  g r : · ph i C ' ·. l t c: c h n i q u e  .:tnd l·l e r <:: 1 30 a n d  1 50 

ppr:1 r • : s p 8 c  t i  v u l  y f o r  rt i c k i.:: l ·':! n d  c o p p e r .  �b n r.;: n t..· s c  v:.• l u e s , i n  

l e n v e r. ,  ranged  f ror,: 2 10 - 4500 ppm .... n u  t h ,; r c l - . t i Y I2 l y  h i L�h 

:l k ,.t n y,._,l u �  o f  1 305 rprr; sugr e s t ..- d  · ,  l � 1 b : r i t i c  (' n v i r o nnl t.. n t . 

Th � a no ma l o u s n i c k e l  �nrl c op p e r  v � l u e s  w e r 8  

c om p  :l rc tl �·� i t h  th L· s u b .su r f n c .� b r: cl r o c k  c. e o c h em i s t ry <1 8 sho\ln i n  

F i g .  I l  I - 1 1 .  Anom< • l i c s  w i th c o i n c  i d c. n t h i r;h m n n ga n c s c  ( m o r �: 

t h n n  2000ppm ) v-.! l u t: s  : t ! ' t.. d i f f l: r (.'n t i r: t e d  ou t ��nd a r �  c o n .s i d u r e d  

t o  i nd i c � t c  l � t 0 r i t i c  u n r i c hm � n t o n l y .  

'rh <:.· t ·�. i r: o , G J.pwood · ..Lnd b a rk d a t a  d i d  n o t  

c o n t r i bu t e  " ny a d d i t i ona � i n f o rm: L t i o n  t o  t h r· t s u ppl i e d  by th G 

l n .:.J f  t i s su e .  O n e  ex c �,; p t i o n  t o  th i s  s t 1 l t em e n t  w : l s  t h e  z i n c  



TABLE I I I - 2 .  

. . 

Averaged elemental data for ACAC I A  ANEURA from s e v e ral s tudy areas 

expressed  as ppm in ash .  

AREA 

Marriott Prospect 
( 1 33 s amples ) 

Mt . Newman A rea  

( 75  s amples ) 

Cli f ford C roak Area 
(60 s amples ) 

Red Bore P rospect 
(93 s amples ) 

ELEMENT 

. -

N i  
Cu 
Zn 
Mn 

Ni 
Cu 
Zn 
Mn 

Ni 
Cu 
Zn 
Mn 

Ni 
Cu 
Zn 
Mn 

LEA F 

153 

101 
234 
546 

288 

150 
256 

2533 

91 

124 
234 

1 305 

42 
1 26 
356 

2584 

TW IG SAPWOOO BARK 

59 
53 
57 

319 

80 
/ 

64 
65 

1584 

51 17 42 

52 78 39 
63 77 37 

635 285 852  

28 
49 

58 

1370 



c on t � n t  in t w i G  h sh . I3u.ckr;round v:. , l u ;:; s vJ<n· c l c .s .s  tr1 ,<n  P:O ppm 
y t  t thre: t: i ·. D Om .: : l O U S  V . l U U S  1 r . : llC. i ll[. f rOT'l 1 h5 - 220 l) ;.;m 1 \'.' e r .:· 

ob t �t i n E.: d '.ud v1 0 r ,. p l o t t e d  o v L r t h · . .,. f o 0 t w r- . i 1  G ( d im G n t  ; · s shown 

i n  F i 5: .  I I l - 1 1 .  

' · . - s  • :ne  o u n  t c r (' cl  i n  t h L  d r y  c r e  c k b v d . The: f uw s:lDpl •:: d ( 6 )  o f  

l c:..: � f , E .,JH; O o d  , ... n d  b:··. r l; t i s .:. u c .s r e  i n su f f i c i .:; n t t o  i n b .Tp r c t .  

H o v1 :.::: v e: r , c< c o n s t r m t untwu.::� l f c �� t u r c o f  i t s  t r<"< C t: r.H.: t : · l d i s 

t r i bu t i o n w · .• .s t h e  h i gh c opp( r c o n t e n t  i n  wood ;� s h  wll i c h  

;:., v e r a G C: d  320 ppm ;1 s c om p o r <J d  t o  1 0  .i,lpr:1 i n  b :-:: rl .: '"" nd 200 ppm i n  

l e c:: f ash . 

( i i i )  .S to. t i s t i c : . l , \ n ::t lys i s  o f  B i or;eo c h um i c- tl Dn t <: . 

, 
Th e A c �c i n  _ n cu r� l � A f  d a t 2 , c om p r i s i n [  

"tO t l y s e s  f o r  n i c k ,; l , c o pp .:.· r , c ob • , l  t ,  c h ro m i ur;l , z i nc , TJ i '  n p;::.tne s c , 

i r o n , c �· l c i um a n d  m�g� e s ium � e r 0  s u b j � c t t· d t o  i n t e n s i v� s t� t -

i t> t i c  . 1  •:. nn l y s i s • B c.: s u l  t c  .,, ure g c ner.q l l y d i sappo i n t i n g  <. lOG 
. :_ re b r h� f l y  ou t l i nt;; rl b t:: l O \� . 

Th e Lr:: rr i o t t  P r o s p e c t  ct n t; ,  ( 1 1 1  d c.<rn p l e s  w c:. r 0  
E: x .  r. 1 i n c d  b:r d i s c r i w i n<::n t :.no l y s i s  ( Ra o , 1 95 ;!1 )  011 :.:n I :rm 1 1 30 
c om}·lu t c: r  b u t  r b su l  ts He r� d i s.:tppo i n t i n r, .  

C o r r e l . .. t i o n  ; , n · . l �r s i s  ( S i c e; e l , 1 S·5G ) w ;., s • · P lJ l i .:. d  

t o  th e Cl i f f o rd C :c c c k  d ;-1 t a  i n  c o h j u n c t i o n  w i th t h t: v.:t c u u m  

d r i l l ' I Ditl y G E: S o '.i.'hc  p a rar.K t r i c P e � r s o n  P ro d t� c t  �: o m l: n t  

C o r rc l .. t i o n  Co e f f i c i ent w a s  c om p u t e d  u s i n g  Fort r;,n I I D  . � n d  u n  

IBM 1 620 c o m p u t e r .  

Ro o t  f r;;. gr.1 e n t s  w e r e  ob s c rv <? d , b :. vn t - :p , m r, i n g , 
i n  .

-_11 d r i l l  s .:; m p l u s  d oim t o  th e 25 - 30 f o o t  sr,m p l l: . Th e 
d �: �.; p � r  d r i l l -h o l e s  \·; e r e no t l o ggt:d b u t  i t  i s  b e l e i v l: d  t ll � - t  

r·oo t s w o u l d  pen ·e t r  .-- t e  at l � :.·, G t  t o  th t:: b e d rock i n t e r L . c e .  

7he b i o r e o c h am i c � l  �nt� w e r e  c o r r c l� t e d w i th t h �  n ic ke l  d r i l l  

<1 . .l t <.J at  .va r i ou s  l e v el s from t h e  su r f n c l down to  3 5  f e e t . 
l k l ow th:� t l e v e l , t o o  f (;; VJ d ri l l -ho l .:; s t·w r e  ::.vc i l nb l u  f o r  

r(: l i D.bl e  i n t v rpr (: t- t t i o n . rlo s i r,n i f i c n nt c o rr�lat i o n G  c a u l  d 
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be ob L t i n 1c d  1 e v 0 n  b y  cmpl o y i n r  l o c � r i  thm i c  t r  .... n s f o rm . •  t i o n .s  

· • n d  c:.: l 0m e n L.t l  r ·. t i o s o f  t h t:: b i o r c o c h t.:! .: i c ::·. l dr., t '- •  Th i s  r e s u l t  

''f : ) s n o t u n e x p e c t e- d  ;_,s t h l; c o r rr:l : t i o r� C C' e f f i c i r: r : t  i s  m <::: r e l y  � 
lll <: .. c :;u rc o f  t h t.:  d e g r e l: t o  wi; .i. c h  l :; r g \3  . .:..n d  sm; ,� l l  v - � l u •..: S  o f  o n 0  

V�l r i : �b l e: ,  G. r e  .q s  .. ; o c i tt t e c� v; i t h L1 r r, e  ,md .s m c: J l v ... , l u c s  o f ; �no t h •:r 

d o e s 110 t  i m pl y t h :� t t h •.: r u  is n o  r �..- l..;. t i o n.·3h i p b � t w e c n  UH. t·.:o 

V< � r i  .. b l e s  h r: in g  l:; Xali, i z; , _ cl .. • nd. i t  i .s  c o n c l u d e (! t iu� t th i s  s t u t i c t i c 
i s  :, n nppropr i n t <� f o r  t h i s  s i  t t1 . t i o n ( B r o o k c s  . •  nd O i c l� , 1 <)(· 9 ) . 

F B c t o r  nn ·.::l y G i s  ( E l u l o � k , 1 96 0 ; C C1 t t ,  .. l l , 1 9G � )  

w�<S : . p p l i F rJ t o  t h e  H o r r i o t t I' r o s p � c t  l e :1. f d ;� L: i n  <' n n t t c 1:1 p t  

t o  d e t f . rm i n <= t h e  u n d e r l y i n t; f ;t c t o r s  r:h i c h  m i p.h t c o n t ro l s c. v e r n l  

o f  t h <·· o b s L r v e d  V < t r i nb l c s .  'l'h c t e c h n i q u e  h;.� s  b t: e n u .-::; e d  1: i t h 

s u c c .:: s ::= b y  l'i 0 V , : r .-: l  w o r k e r s  i r. t ll u f i t.:: l d  o f  nc c o ;n: :-.. i s s ��n c c  E ·- O -
c h ur, i c  . l  �� x p l o r:.1 t i o n  ( C :� n c ron , 1 <)t ::.'· ; 1 969 ; Gurret t ,  1 96 7 ; 

F.:-: c t o r  : � n  · , l y s i s  i n  t h i r:  s t u d y  w a s  

: c h i u v e d  u c i n 1� Thu r c t o n e ' s C L· n t r o i d L e: t h o d  ( Thu r s t o ::H. , 1 94 7 )  o n  

. .  n r m: 1 t. 20 c om pu t c: r .  'rh L f; :  c t o r s c o r c.: s  f o r  o ·"e h  f < •.c t o r  vJ e r e  

l i r. t c d  i n  s t ·. nd • . r d G C; V i  t i o n  1 1 n i t s t o  f c. c i l i t ·. t e  r:•. p i d  l o c : � t i o n  

c, f . •  n o m ·. l o \ J S s :; mp l o s .  F i  v c  o f  t h e  o b  t ::: i n l. d f : ; c  t o r e  W L  r e· 

c o n F i d C; r ((l t o  1; ,; i n U: r p r c t;.�h l e  i n  t :_· rm s 0 f  l i thol o gy . 

f .: t c t o r z , \ ; i  th t h e i r  c om p o n e n t  G i e n i f i c [ , n t v :1 r i  · h l c s w c r u : -

u l t r: .• hr< .f, i c  ( n i c k e l  c h ro;n i u m , - v r:.  c �cl c i u m ) ; .s e cl i m .:. n t ( c o p r, �.;.; r ,  

z i nc ) ; l : t t e r i t t  ( n i c L . , l , r!l�lD ;' :: nc t.i v ) ; r'! -.:..' ta : s i t i c  s o i l G  ( n i c k l: l , · 

m e r: n f� s i um ) ; . . m d  I :i i n , -r .. tl i s a t i o n  ( n i c k e l , c opp e r ) . 
The tl i n ·� r<..�.l i s. -d : i c n  f ;: tc t o r w �,s � I n r e: i n; , l l y  

s u p e r i o r  t 6  t h e  rnw d� trt i n  d 0 l i n e � t i n g  t h e  m i n e r � l i s e d  z o n e ; 

and i m p ro v e d  r e sul t s  DAY w e l l  b e  ob t � i n � d  � w i th t h e  m o r e  r � 

f i n c d  t e c h n i q u e £3  i n vo l v i n r;  ob l i q u e  ro t . � t i o n  o f  t h e  i n i  t i < •.l 

L ·.c to r m:.1 trix . 

The o r i t !! t , t t i o n  b c i o t  c o c h (JJ . t i c . , l  G U l' V (' J"  i l lt1 ic · t t e d  
t h  .. , t  t h c  l e .-c f  o f  !\C [< c i o n n v u r.'t c oul d b _.: t lS <..) rl t o  l o c o t e o u t c r o p 

p i n e  n i c k e l  w i n� rGl i a � t i o n  i n  u l t rab a s i c  t c r r n i n  b y  c o n s i d e r� t i o n  

1.1.:. , ' 
C,.q l'- (_t!""'�t._�v 11 u �  "'. ,. 
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o f  th� n i c k e l  l � v � l s  l one . 

1J i 0 j ' ( ·O C h f . ' , l i C . l " n on .. <] i o:· S . 

r-J t: ll. t . V::. c uw:1 d r i l l i L [  r •. : v c : l c-: <l t h :  .. t lJ c c: 1·o c k  n i c k e l  v. � l u c s 

>.!o l· ,-. d i f f i c ul t  < • n.::·. f o r  e x ;.'J l o r < • t i o n .t S  t h e: o v r. r b u r d c n  t h i c k 

n e e (; i s  b c t w c •J n  2.5 · . . nd 60 f E: v t ; .,.,�� c r c· ;;, s t h e  L t . j'; � r;::l� . n c.� r c a. 

h :� V t; r th l e G s , c o i n e i ,J c n t  

l e v e l s  w t: .l ' (; o b s e rv e d  n r. l y  o v._ - r  th '-" m i n ·-·r . l i s c c1 zone ; 
'.l'h i s  z o n e  1· , i th up t o  0 . 7% 

r. i c Y. c. l  : . .  nd 0 . 1� c o p p •.: r r u r� r � s c• lJ t s  c o n t <: c t - zorn: m i n e r. t l i s -� t i c n  

v;h i c h r:; . .  y b e:  c o r r e: l . � t e 6  v; i th t11. c f oo t \< .. : 1 1  c o n  t ;c t o f  th e 1 880 ' 
s c r rJ c l l t i n i t c  un i t . A G  th i s  1: n i  t l i e s  s t r ; 1 t i e. r :  ph i e  .. • l l y  b d ow 
t h e o r c - b c : , r i n g  1; t ru c t u r u  �: t l i .� rr i o t t  P ro s p e c t i t  s c: er.1 s l i b : l y  

t h o·. t f u r t h e r c : v i d �:: nc c  o f  n i c k <� l r:J i n c: ; · r l i s .· , t i o n :·1 i l l  b e  f o un d  

� l ong t h e  f o o t w � l l  c on t u c t o f  t h e  1 e f0 1 P ro spec t .  
A l  t h c u et t h e::. b i o c c o c h c rn i c <: l  me: t h o d  \'F , s  su c c  t.: s s 

f l; l  i n  l o c .:>. t i n r: t h e  r:1 i n <o r; . .  l i s c  d z. o n (: . sowe 30  f (. e t b e n e :! th 

C l i f f o r d C r e � k , i t  is d o ub t ful t !w t ll s ir�1 i l n r  z. o n 0  •;. o 1 1 l u  h n v e  

b c �n r e c o gn i s e d  i n  s t r o n � l y  l � t c r i t i s o d  � r � u s s u c h  � s  w e r e  

o h s f , rV P d  i r· t h e  H e s t f; r r� l in; i t r:; o f  t h e  1 820 1 P r o s p e c t  :� n d  i n  

t :1 e  l-I t . N ( Ull<:! li n r .-: :: . • 

FurtL e r  s t u d i 0 s  on t l , c  b i o r  c o c h c lil i s t r y o f  � ·  
, , n c u r< � H o u l d  b e  tl i r t'J c t c: r) t o  th r? d i s c r i m i w:,t i o n , b y  i lw rs�·,ni c 
c h (;!:: c t ;.l.X o r,o t:·r y , o f  t l \ •_; c cm po u c.. n t s p �: c i e s  o f  th e � ·  anc\l r ;:. c o!ilpl ex . 

'l'JH. e f f c c  t i  v ... · n c s s  o f  t1,_ i s  S<: m p l i r. g  l l •-1 d L �  !' l t. · y  

. .  l e e  b e  su b s t r:.m t iL't l l y  inc r e �u:� ( : d  i f  n r s c n i c  �:tnd s u l e n i u m  l cv 0 l s  
r :  r .� rn o n i  t o r u d . 

'i'o c o uc l u d c , t h ,_. r um l  t B  p r e s e n t e d  i n  th i s  

�. e c t i o n  f,h o v: t h ··, t  t h ,: n i c k � l , c o pp<.d · , z in c  nnd m nn gon�: s u  
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c o n t e nt o f  " •  : m <: u r<� l c . ·. f  c ;u� h <.� u s e: d  ;1 t l ·� n c. t  11 i th i n  t h <: 
K u rruj onG Tie E i o n  t o  d � t e c t  n i c ke l  m in er . 1l i s v t ion , wh i c h  h P G  n o  
s u rf a c e s o i l r; c o c h um i c :, l  L: Xp r -:. s s i on . 
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'rh c- ·  .::: :-> G o c i . .  t i o n  o f  :. r n �..; n i c  r r i t h  m ., (. m a t i c  

il i c k c. l  G u l ph i rJ r- o r .:.· G :_ ,_nd o tlw r t y p •.: S o f  : :1 i n u :c r l i s c1 t i o n  i s  wel l  knovm 
U taz.zucchelli and Jame s ·, · · ,  1 9 C. G ; •;;: � r r c n  !o t .:J: ,  1 <)G 4 ; i. i l cl i n g , 

1 9tS 5 ) . I n  L·1 c t G u v c r. c l  o f  tl t t.  ru c c.- n t l y  d i :3 c o v  .... rc d r. i c l< •: l  

: : r G 0: r: i c C (  n c .-.11 t r � t i o n s . 

J ; n o v;n  ·.c r .s c n i c ··. l 

Thl: c r o u n d  s ur r m: n d i ro_. t h .:.: l:t::u g o l cb i n v  �: t · ' GH L I'· ( f o r  

l o c  t i n n , G C l  F i B • I - 1 l  , -� s  c on s i d � r c �  n �u i t � bl c s i t 0  ne i t  

c o n t · . i : 1 c. d c u r f :· c v  s o i l c  •· i th u p  t o  O , OL�I-> n r G c n i c  · . n d  i;r ,; r.1 0ph i L1 
1 n n t o n i , -� t ·: l l  ch rulJ G p e: e i f-� S  o f  vc, ry ,., i d 8 G !Jr c ; · d  d i o t r i ·  : : t i o n , 

1' 1 ::-. t c  I I J  - 5 ) . Bl k i n r. t o n  ( 1 9(, 9 )  e r: r r i ·c d  o u t  ;; b i o r; t ' O � h e r.� i c .::. l 

s u r v t: y , u s i n p:  t w o  Eu c al y p t  sp •. c i e .s  <1 n d  b .· l - .t l c u c �� s h v  . . t h i :.:n ;t , 
o v c r  · . l' S 8 n i c : • l ( 1 00 !'ipr,l ) s o i l s  . � t J J o r s � t:mn , t_; �.: v <: r �.t l h u n d r e d  

F i g . I - 1 ) .  1� f t e  rL d r y - ns h  i n [� 

t l: (: p l : m t  'n a t.. .. r i c · l  s lv .: c cP l d  :1 c t  d L: t l: c t  r• r r w n i c  i n  r:.n y  o f  t h .::: 

s�mpl � s  i � c lu d i n c ro o t  t i c s u 0 s . 

�� c c ur:, u l :· t o r  :p l :l. :<i. t s  h ;: v t:: b e e n  r u p o r t l: d  : ·. n d  p ro b ,:bl y th e: O u �3 t  

k l l o \•:n i s  t h ,� C.\n r.�cl L� Dcu gl .s  F i r  ( l: S 8 \J <l o t s ug: �  m e n z.  i c s i.� )  v;h i eh 
c ;; n c on t , • i n u p  t o  1 7o :1 rs cn i c in i t s  n c: <) d l L: s  ( 1.'/c:: r r e n  t: t c�l , 

1 <)0� ) . 
'l'lH: : En;u g o l d tn i n t: i s  s i t e d  o n  :� .s t -: - c p l y  d i pp i n c;  

r. •; d it t J c n t - l_�r�; e n s t o n o  c o n t nc t ,  wh i c h  t r e n ci s  . tb n u t  no r th - n o r t h-

C! L ! S t .  'i'h i s  r . i n t: �1 . .  s p rod uc ,·: ll r i c h o r �.- i n  t h e  p· ... s t  . , n cl i s  b l: i n g  

• 'o rkc d i n t v rr., i t t e n t l y  o.t t h e  :pre s e n t  d o.y . 

The ri'l i n c  r.lr L :t  i s  s i tu · : t e d  on . tr: <1r0a o f  c; o o d  
, , , J t r:: ro r l:J 1,1  t t n  t h e-. H 0 r tl1 i s  b l J r i c: d u n ci .:J r  c 0 l l u v i ;� l - .-: l l n v i r· l 

T l l t J 1 j :·.: n o r 1..1 · · · rn <.' r e .-: t !- 11; V i: c c t  : t i o n  i <- n o \� d0m i n  . t c: d  

l o n ,- ; � 1-: o f o r  I ' - c.  ;d n c� . S<: c :  'P l : . t e I l l -5 . 
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':: e n �  c c) l l �..· c t t.: d  ". t 1 00 f 0 o t  i n b: r vn l s  :".J. cdlg ;1_ t r ·: v t.: rs e:  l i n �,;  

o r i G n t : : t<� cl '.. c ro c c.  t h e '! f ) u l t c d  c o n t �t c t , .s o t.l \. ?.OG f l' c t  n o r t h  

<.; r. t .: b l  i .s h  b . > C h[·. ro u nd. ' v; : l u  e: s . 

I t  \. : . .  s h o p e d  to cl0 t ,  · rm i n -: f: r G c n i c  b y  ,-, t o;,: i c  

�b s o rp t i o � s p e c t r o 6 c o p y . 

s o n r c e .  b . D . '.i.' . 1 G >H: r c  , , , ·: cl E: i n t h e  u .su n l  r:ny ( D.::.cn<l l 1. c. t  <; 1 ,  
I 

1 96 7 )  u s i n 1  0 . ;, m g  : , rG CJJ i c/0 . 1 m1.1 H G  p r e c c; u n i n  �t �� c m  x 0 .  0 
c 11 .:-; i l i c ·., t u b e.. . 1 .  n i  t r o g E: n -h ;,r d r o l� c· n - c n t r  . i r>t: r:.! ': ·. i r f l u"l e w � G  
e m p l o y e d  t o  S i V t: ;;... s �..: n s i t i v i t :J •;; i t h  < :  s t n n cl;·, rd 10 C l::1 l . . !"!l i n �:: r 

b u r n l' r  o f  0 . 2  ;J J •m n n; e n i c  ( K : : ] I r-. : ·.:.nd .S c h ,:tl l i c , 1 9G8 ) . 
L o n �� v y c o r  t ub e s  ( <) 1  c rr1 x 1 c r.1 ) 1 h e�� t t. d. o n d  

i n sul r- t c d  1 H c r t.:  U G l·. d 11 i t h  r· :8 1  c l-; n c; n  ( no .  l-t020)  t o t ::. l c on 
G U r:J p t i o n b u r n �,; r  ( , . r·�-.. z z i , 1 9C.5 ) : ; n d  G c: n c i t i v i t y  w • .  s impro v e d  t o  
0 . 06 pp� � r s c n i c  i n  G o l u t ion . 

I lo '" v V ·_· r 1 . � r s •.:· r . i c  c o u l tl r. o t  b u  cl c  t t:: rJ:1 i n . , d  in 

'b i o l o r i c  . .  J .  o r  J ', c- o l o t  i c -· , 1 J:J n t e r i ;•. l s  1 ·:.: i t h o u t  : :  [ ' r i o r  r; cp; ·. r · • t i o n  
n f . ! 1 · ::;  ... : n i r. 1 ,;_ 1 1 <: t , ..., i ; ;  t 1 ,  r f c r �� l l  r; 1 • c \':h i  c h c '  • u l  d 1 1  o t 'b E.: . ·- eh : �  H ;  • t • . 1  y 
c c 1.1 1 , ' r, r.; . '  I. c d f or • 

A n i t r i c / p t . r c l J l o r i c  r" C i<l 

c o r r t.: l :.t t :i o n  w i t h  o th e: r l 1 · 'b o r  t c • r i e s  H n i n r;  t h L  : , o l yl.� r l �: n l l r� b l u v 
n e t l l o d  ( �). · i td G l J 1 1 <)59 ) ." 

c .  m;: -t . L'l'i.) . 

•rt, c t�o i l  ; : n r1  p l u n t  n r s e n i c  v --. l u c n  w �.- r t.. pl o t t 0 d  

o u  n l o p;: l d  t lm i c  pro f i l u  ( F i f� · I I I ,;. 1 3 ) . 'rh o  s o i l  ··tr<.c·n i c  



s e d i m e n t s 

� N.W. 
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Fig .  1 1 1 - 1 3  Arse n i c  l evels i n  so i l s  and Eremophila pantoni a t  the E m u goldmi ne, Agnew. 
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( � · . , ; . : � . ) f r . t c t i o n c o l l �:: c b: c1 ::t t -�· G - S: i r.ch cl u p t h  < :nrJ t lH: .s o i l  .. · 
.· , r s {  n i c  n; , tl i r  G l. <.:: r·l S  t o  c o r ::· ( � c p o n d  >1 i th tlH · ox t rc·ll'."'o l : : t c: d  ':' f:t U l  t - I ' t: 

c o n t  . .  , c t l� <:) t"! (:. L' £1  tl t c s c r] i �_, ,_ · r. t r:: l t d  ['"rC vr t �.o t O n (; S· . 
T}t c  : � r c t.· r:d c v " l u .:· s ( e;xp r o s s v d  e n  n d r y - · 1 , • i ch t  

V!. s i .s ) e:xh i h i t  et p r o n , • u n c .:.: 'l b i u r. c o c h c rn i c ·::l ·. t i: o .-: 1 .. -, l y  C' f  u p  t o  
7 .  8 p rr:1 . 

t h e  t •:, i r c  shot·• p r --� c t i c  . l l y  , , n  :i n v e: r s c  r e L . t i on tJ h i p  t o  t il (:: l cr, f  

v . .  1 u � s  : . ;1 d  ; , r u  g_ ,m c r  l l y  mu c h  lor_; .  r ( � r c u n d  1 _rpu ) t h r.n t h t:  

C (J T T l: G J 1 0 n • l i ll J - .  l t : .--t f 0: · :.1 pl u s . 
'l'h l· l o;., · · r ::� c-; r : i c  s o i l  v. < l u t.: F; h i c h  c c r r 0 l  t t<.: s  

I t  r:� : : y  

::: 1 ; <; .: t  t:• · . c h , G r  t h e  ph ;T ;:: i c o ·· C h ·  • l :i c · .c l c h :·. r . t c t c r i : ; t :i c .'.: c, r t h  • .  

c n r ; t , , c t  z o n e;  i 1: t h •� l:· v d ro c k  r · [" t: l t s  i n  f • r C; f .:: r L' l J t i  tl do\'Jl t lr. : r d  
I t i s  i n t c r v s t i n  r_� t o I' o t c j n t l l  i ::; c o n  tc · x t t h c 

i) i c ;· ... s t  r ;b::.; t n. c l c  t o  f u r t h e r  tl . V t : l  nplil �; n t  o f  t h e· Ei.lU c o l d r: • i n c  

( ;;oo f e e t t o  t h {. aou th ) i s  t ' :  v.:. s t  i n f l o \'1 o :f  f r e sh \J , · t .  ... r .  
'!'hu s c-. i l  <�.rt.� c !'l i e  �nol . l �\ l y  o u t l i l' l:'! d 011  th i G  or" : · 

.::: . •  ·. p l i n ;.c t r ,'.v c r s '-' rD ' �Y  b t: : , r \ ' G\l l t  o f  t h e  p r i 1 1 e r y cl i s ]_'l <:: !' ::> O l l  
:·. � -: .'-;o c i < l t f u \·: i t h t h i:.  f o r:� . � t i o n  o f  tlH· )Y r i t i c  r;o l d  or t; b o d y . 

B u t i t  · ·. J. so r o p r c s o n t  c o n t · \� i n� t i c n  r�sul t i nr f ro� t h e  
r.1 i n i n r  o p e r :: t i o n s  \;h i c h  h ::t V (·. b�:: u n  c :-: r r i c d  out f o r  r1 o r e  t h: . �n 

· . n d U n u n u u t u1 l y  t h ·: ·  b i o e_;•.: O C l J •c' l . • i C  . . l ·.�n c :; I <. : J. :; t:Xh i b i t c d  by �· 
.!-:.2!_ltoni h :: r:; r e  s 1 : l t .:. tl b y  u p t ; . i u 0 f  ::\ r s c n i c  t h r o u t;h t 1 l e  r o o t  

l , i. l i  t y  t () i u d i c :· . t c� r.nrJm rtl C >l J : ,  : : u l > G t r  . . t u  :. t r o c n i c l c v  .. .-l c. .  'l'h u  
· · · : 1 1 t h  o f  th, :  r o o t  ( j y ; ; t t: l"'  j : ;  l ' n k n c' tm b u t  i t  i :� c onc <: i v nhl \ t h : · t 
j 1 1  r • J. l :_ ; · ) i n e G O i. l c  VJ} , (.: J ' L  '. lT 1.: l . j C l t :.� c. b ( - C r l  l .:; n e h c cJ J ' r or.l t ' ' 
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r � l 1 t i v e J � d e 8 p  c o l l u v i � l  s r i J s i n  nrr � s  of p o o r  � u t c r o p ; ( 2 ) 
i t  1 � .�.( [; : �  L i d L:  d i .s t r i 'b \J t i o n  r ·. n c; i nc, .f ro ;�� ) ; ;; ,_d�" th:· rr:.1 i!; t b. c· 
n o r t h  t c.• K J:-,b : ·. l t1 <t i n  t h �:: G '� u t b , � tnd ( } ) i t  h:1 c : l  r. i s t i r. c t i v e:  

;; ;: t c: r i a l s . 

t l:. i n r:  o f t �,_ -, v t: rs : • t i l i t y  o f  t h e. b i o t, •.:o c h t i'i i c  . . l J '• e t h o LI o f  
;" r i) ,Sf 'C C t i n g . 

Fu r t !1 c r  [': t p c: i 0 G  .sb culd i n V l: G C i. gE� b:. tl"h· c· c.: o 

b o t ·. -n i. c : · J .  rl G P L' C t G  o f  cc r s .m i c  . . n d  t he arGi: n i c  b i o r: c o c h .._. : .c i c t r y  

C· f . C C'C i. .':'. · . H d tJ r .:l . 

I f  s u c h  p l : . n t G  c x i r.; t  i l l  \'/ c: :.; t . .  

l o c ·, t in e; o t ll • . r  t y p u; o f  r:l i J·, c r t l i .s : . t i o n  wl l i e h  c r.n t · 1 i n :1n ". r � t.. n i c 

C O I:l j)O l l 1 . !1 t • 

B r i c. :f  inv c n t ip�.t ions \H : I' (: c: � r r it� d ( ' U t t o  
·: .s c L: r t . i i ; t 1w u s t: f u l n c  .. :.: ::;  o f  h o t .:� n i c ;�l n c t h o l1 S  c f  p r o s p •.: c t i n c  

l'lH.: d. i s t r i lm t i o � :  o f  J : ri r wn t ox i c  p L:n t G  i l l  th i G  ;> r :.� e. 
\'l i l E" : . l E C! invo ::; t i. 1� . t t tJ tl  t o  c o v ' . r  tlh'. r .... r� o t "  :t.' O S G i b i l i t y o f  tlh: i r  
b c i nt; i n d i c r : t o r  p Lt n t s . O n e  shrub r; p u e  i c u::: e c::-n only Jm c ; ; n  : t c-. .  

' k i t t. - l (l n f  1�o i n s o n ' o r  ' Dree lya ' v i z . G;_,G t rc:l o11 i um l uyt o n i i  

'�� ' . G  o h u \ : rv u l  t o  b u  r c t:.  t 1· i c  t r_ d. t o  f r :  .c  t u r t· zon · . . s i n  r r· . n i t ._ r..; 
\ : h ,� r · :  r. nt l <.' tn u t�• l.•orn a t j �;m ;1 : • t1 ob v :i. o u c l y  t n.k•;n pl -.. c c . ( 1" 1  · t �.-

TJ I  -(, ) . 'l'h t, p;t r t 1 1 EJ  Chs�} :·���:��� i nc l n ( : c· G  S <:J V (· r . 1  G p u c i l · S  

, , � , c -c:; t.. t ox i c  princ iplt: i t: r: ' • ' CJ l J () f l n o roac c t <.\ t \: · · l b� l o i d  i t l t d  i n  
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t :1 i .s  c � .s v i t  ·,r \ G  c o21 s i d e r u �  t} t C .  1 - . � ·,• t oE i i l .s o  h :: .s  . · n a f f i :1 i t y  
_ __., _ ___ _ 

!..o.r f l u o r i r. e  • 

... i <.: n:· i n .s p •- C t t. d  : : n e: �:�_. ,: c j_ ; ,: '-' n s ( .f L..!_il ·:·. t u� ��-l.: r. <l i f c l i u� r;r v r: i n r,  
l l <  • .  r t L c  c l �_.:. rj o rk i n c s  t yp i c :· l l y  d i s r,J. :-. y e tl b.-r ... _ t o l o f� i c 1 l:: f f .:. e t s  

I n  on t:: . t r c  : a  f r e e  o f  1 ..:.  t c· r i  t l. , t h l.:  

t . .  l c -- c : � rb o n e t • •  roe b. w e r e :  c h r. r - . c b .:- r i r; v c: b y  t ·, : o  sh rub G}J t : C i e � .  
/ 

C r:"{pt ; . r.. c h�  � '· u c Ol:Jh r- . c  tr<.; < �nrl H --.l{}rm i :·. � v r: n v·::\ . �l o \ : c v <, r  i n ::: 

l : t t i.! r i t i s c: d  c n v i r o nn o u t  t h e s e:  t w o  G �) c � i c c. \·: �: r e  �.b s ent . .  n <.l  

c t ro c rn i ::.  pl a typ t e: r_2 .  
Tl l ,.: r e c e n t l y  (� i s c o c e r . : d  L t . l( ,. i t h  r1 i c k e l  

; · c i <l c o i l  o n v i r o nr.1 t: n t  ;wd d o;J i n u. t v d  b�· �1. c i ;o. :-::_�� · I t  i s  

c 0 n s i d c n.: d  th�� t t h e. s e c- p c: o f  t il L  b i o r· (·. o c h u,J i c · · l  r.-. o tho r'. i s  <>uc h 
t J . �.t t th (.; G C n i rl e r :c l i s ,. d  i" l' <.: r-..c , 1.'."� i ch J. :i. c <!t ['Q f e e t  o r  lot O r P  

b .jlo -.; t h . ,  ; , r :. u r�d sur f :.� c l: , c ou l d  p r o b --.bl y b , .- c k l i i , 0 1'_b:: d b y  r-1 

'.i'hc v c.:  r G ·l t i l  i ty o f  b o t  . � !i i c  r:.tl p r o s p �:· c t i ;:-q:;  

Li �..- tho d �_; ir. th i s  n: t, i o n  h :, s  b �: 0 n  h r i c f l y  i nd i c "t t c- d  nnd ht•.s 
r c vG z-=.l c d  t H� v r. r <.l , po E" G ib l y  r G vmrd. i ng , C..V (: nn c �  for r:10r�  d. e t <: i l t.: d  

i n v c �.:;  t i t?;o.t i on s . 



1 0 7  

SECTION IV  

HYBA NTHUS FLORIBUNDU S A fii CKEL ACCUl";ULAT I NG SHRUB 



A .  D J � COV':!_, ln: . 

1 C J  

I n  !--: a y , 1 9 7 J , a Sr.l�t l l  c om p <J. c t c: n.· · J  \·· �-t h  'J l u e  

f l o ·. - e r G  v: s s  o b s e r v e d  c -:·o w i n g  o n  t h e  ' P. � O ' �; " ::::' ::: ;l t :.. n :. t e , i n  t� � 

K u r ra j o n g  R e g i o n  n e a r  � t . Cl i f f o r d . L e e:d <t�l d  s t em s< tmrl e s  
w e r e c o l l e c t e d f r om ti, r e e  s p e c i •�1 e n s  ;,. r: d  ;_m ;-, l ;y c e d  f o r  n i c k e l , 

c ob d l t ,  c o p p e r , c h r om i u m , z i r: c , m a n ga ne s e , i r o n , c a l c ium a n d  

m a g n e s i u m  a s  p a r t  o f  t h e  o r i e n t , ·· t i o n s t u d i e s . 

'i'he  o.n;.J.l yt i c o. l  r c su l  t s  w e r e  i n i  t i :., l l y v i e \'T e d  w i t h 

s om e  s c e p t i c i sm a s  n i c k e l  c o n c e n t ra t i o n s  a v e ra [ e d  6% i n  t h e  

a sh wh i l s t  c o b a l t e x c e e d e d  1 00 ppm . Th e s e  r e s u l t s  w e r e  1 00 
t o  1 000 t im e s  h i gh e r  t h a n f o r  a n y  o f  t h e  o t h e r pl a n t  s r e c i e s  

e n c o u n t e r e d  i n  th e K u r r a j o n g  R e c i o n .  

h s  a r e sul t o f  t h i s  s e r e n rl i p i t y ,  i t  w u s  i n i t i u l l y  

t 1 1 0 u �, h t  tha t t h i s  sh rub 1 ��:[�«.f1.�_h.:.� � _f_l o r ih und_� S. 1  w a s  a n i c k e l  

i n d i c :� t o r  p l a n t  ( b e c a u s e  o f  i t s  h i p;h u c c u n, u l n  t i o n  o f  n i c k e l )  

<. tnd m i gh t  th e l' e i o r e  b e  i n d i c  . t i n e: n i c k e l  m i n e �· l i -su + i cn, n n  

t h e  I f,f,Q I l' r O S IJ e C t  • fl.l t h o u r.;h t h e  I 82.0 I .S e rp e n t i n i  t t� � r 

f:.:. ·reu r .  ,�1 l y  l o c n  t e r.  f o r  a n i c k e l d i s c o v e r y , no i n d i c a t i o n s  

o f  s i gn i f i c a n t  m i n e r a l i so. t i o n h a v e  b e e n  o b t a i n e d  t o  d � t e .  

I n  o r d e r  t o  a p p ra i s e  t h e s i �,. n i f i c . mc e  o f  H .  [l_� r-�

b 1.1 n d u �> <. i t h r e p. r rJ t o  t h e  n i c k e l  s e a r c h , t h e  l i t e ro t u r e  ·.·: ·· s  

s c ru t i n i s e d  f o r  p a ra l l e l exam p l e s .  

B .  L I TE� . TU Rb SU RVEY . 

I t  s e e t.J s to b e  an i n s t ru c t i  ' 'C  e�: e :-:- c i s e  t o  o u t l i n e  

t h e  h i s t o r y o f  _l3e c i u m  E.om b l e i , t h e  ' tT o r t h e rn Rh o rl p .-- ; c , r e o : -_- :: �  
f l o v1 e r  1 •  'l'h e  r f) : u ; o n n  f o r  s e l e c t i n p;  t h i s  pa r t i c ul a r  e x.�· m p l c 

u r e th a t  t h i s  s h r u b  i s  p robab] y r e wt·r c1 e <l as th e m o s t  s u c c e s s 

f u l  i nd i c � t o r  pl a n t  in n i n e r� l exp l o ra t i on and i t  h u s  b e e n  
: . t u d i e d b y  l':' ··· n •.r W(' �_·l· ,., r � rr.nti o r ,.;:1 n i  "'- 'l t i o n s  f o r  t h e  r c1. S t  2 0  y e Ei r S e 



B e c iur. homb�e i ( L<.:.b i .. c : ·. e ) , ;!n 1 e  inch · h i e;h 

p e r - · ' · L··.l sh r u b , 1'/iJ G discovere d i 1 • th e L't t e  1 �140 ' s  t o  b e  un 

.w d i I i o n < l l 1: 1 1 i d c  t o pros p e c  I i nr: l o r  c op pe r . 

t ' l J n ': ' l l  ( l l t' r i ·;; o n , _ 1 9 5 ') )  t h : t i t  - " c � w- lu ] , ,_ t , · d tl fl t o  l f ' ,OO J l i 'r.i 
C O J , P ':. 'l' i n  a :s h , <.c.nd r to t O . }i ' d ry v: (' i r l l t < t :  r i cq u o t f� d  h y  

109  

l ' E t c, r :� ( ' Tl ( 1 9 7 1 ) , J n  fih o d r· u i : • , : . .  i l d ( 1 9G :' ) f o u n d  B . !_lo .. J b l e i  
r- ro w i  n e: o n  5 o f  2 [' cop r • ur  pro s p e c t s  �t nd t h e  closc� l y  rcl P t ed 
r; p t · r i u; } ) , �v;J� ( th e� p [; e u d o  c oppe r :low e r , 1 Io rnc ro f t , 1 9( 1 ) 

o n  11 o f  t lH:m . Hovm nl - lh l l i .:·; l : l r: ( 1 9 70 , 1 9 7 1 ) al 1:1o c� x ,. J;J i liC') d  t lw 
d :i. G I  r i bu i, i c n  o f  th e R e  tv1o SJ > L· c i •  r; o v t •r  m e t al l i f erous  ::: o i lr:;  

Mnd c o n c l u d e d  th�t  the  d i s t r i b u t i o n c  w e r e c o n t r0 s t i n � , w i th 

B . obov� tum apparently  n o t  abl e  t o  t o l e ra t e  metul l i f e rous 

sn i l s . C n  the  other  hr-1 nd Jac o b s c n  ( 1 9G P )  no ted  that  � ·  hornbl e i  

a n d  B . obov& tu� o f t e n  grow w i th i n  5 0  f e e t  o f  each o th e r , even 

in  so i l s  c o n t u ining  u p  to 1�  c oppe r .  Th i s  may be '  explained  

by soil  ac i d i t y  os  G i l l iums ( 1 9G 9 )  noted  that �·  homb l e i  

fdvou ra ac i d  s o i l s .  Apparently  i n  areas o f  high pH , � ·  
obo va tum  c�n � l so thrive  i n  m e t �ll i f e rous s o i l s  ( � i l d , 1 9 70) . -

S t u d i e EJ  on 1 11 0 rph o l o c; i c al variat i ons have also  b e e n  

C d r r i e d  o u t  o n  sever�l popul�t i o ns ( cc o typc s )  o f � ·  hombl e i  

wh i c h , i n  Rho d e s i a , h�s �n insu l a r  type d i s tribu t ion ( How�rd-

\ :il l iam s , 1 97 1 ; Wild  and H e yt ing , 1 96 6 ) . Re illy  ( 1 96 7 )  

commenced s tu d i e s  o n  B .  homb l e i  i n  ZnmbiB and exum i n e d  t h e  

b i nding o f  c opper :;.n l e�,f  t i EJsue ( Re illy , 1 969 ; Re i l l y , e t  _? J . 
1 9 70 ) . Th e m ax imum copper c on t en t s , on  n dry we ight  bas i s , 

w h i c h  h ave h e  e n  rec Q.r·•uJ arc : 250 ppm ( Howard - \vi l l ia.ms , 1 97 1 ) 

a n d  3 2 4  ppm ( Re il l y , 1 96 7 ) . I n  K� t anga , the  max imum c opper 

c o n t e nt w u s  77 ppm ( Duvign eau d and Deuaeyc r ,  1 96 3 ) . The ash 

frac t io n  was h i eh and �vcr�ge d 7% , hence  the c oppe r  �sh 

c on c cn tr::tt ion  C D n  be c ;-l l c u l a t e cl  a s  1 1 00 pp� . 'rh ese  authors 

ru vcal e d  th& t Hnum:..1 n i a s t rurr1 rob e rt i i  ( w i th up to 2000 ppm 

c o pp e r  D . \:• . ) �md l!• k;.:.. t cmgr:nse p:rew in s o i l n  w i th up to 1 0% 

copp e r . Several rcpresentut ive s o f  th e B e c ium genus were  

found  in th e c opper-contum�ma t e d  nureolus  around m i n e ral i sed 

areas und i nc l ud e d  B .  eric o i de s , D .  empe t ro i des , B .  hombl c i ,  
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a.u r f: o v i r i d o _rj . .:.:�y r ::_� �-i_!.'.
� � r:. , Q .  

� n d  B . m e t d l ] o ru m . E v i ck n t l y the B c c i u m �� e n u s  c ;:t n n o t t o l L r a t < , 

s t ro n r:;l y  m i n c r:t l i s e cl  :" r � u s , .:md. : ). s i m i l a r  c o n c l u E i 0 n w a s  

n r r i v e d  <.: t i n  rw i ghbou r i n g ;,_, . .  mb i a  ( H o r s c r o f t , 1 96 1 ) .  Erns t , 

( 1 972 ) c u r r i e d o u t  �.. c o phy s i o l o g i c  .. , l  s t u d i e s  i n  L.amb i .J.  a n d  

Rh o d e s i a R n d  c o n c lu d e d  tha t B .  h o �b l e i  was re E t r i c t e d  t o  so i l s  

� i t h l e s s  th �n 1 000 ppm c op p e r .  

Ob v i r:·u s l y , '-' c r m s i d e r < �b l e  .tm ou n t o f  w o rk haG l:. c e n  

c a r r i 8 d  o u t  o n  13 e c i um hom b l e i  i n  t h t:· t h r e e  c o u n t r i e s  wh i c h  

sha r e  t h e  ' Co p p e r  B e l t ' .  Th l..' c o u f t· s i o n  and G01.1 e t ir11 e s  c o n t ra-

d i e t a ry r � po r t s  o n  B .  h ornbl e i  m � y  b e  e x pl u i ne d u s  f � l l o ws . 
� e c o sn i t i o n  o f  t h e  s p 0 c i e s  i s  d i f f i c ul t  �nd , b e c uu s e  o f  i t s  

\·J i d e sp r e u  .. d ( 200 - 300 m e ri d i onal m i l e s ) a n d  i n s u l a r  d i s t r i b u t i o n , 

i t  i f; 1 .� o s t  p r o b c:,b l y  c ompo s e d  o f  ffi [�ny d i s t inc t e c o t y p e s v1h i c h  

c � n  b e  e x p e c t e d t o  d i f f e r , b y  d e g r e e , i n  th e i r  phys i o l o g i c al 

r e s p o n s e  t o  a c u p r i f e ro u s  s ub s t r a t a . The s i t u a t i o n h a s  b e e n  

p u t  i n  p e r s p e c t i v e  b y  t h e  g e o l o B i s t s  H o r s c r of t , ( 1 96 1 )  and 

J � c ob s c n , ( 1 96 R )  � h o  c o n s i d e r e d  t h a t  n o  par t i c u l a r plan t ; 
i n c l u d i n g � · h om b l e i ,  b y  i t s  p r e s e n c e  o r  Gb s e n c e  i n d i c a t e s  t h e  

p r e s e n c e o r  ab s e n c e o f  c o pp e r �  
Fo r o u r  s e c o n d  s n d  f i n � l  e x &m p l e ,  t h e  n i c k e l 

r,c c um u l a t i n g .s h rub , , lys.suJ:J b c r t. o l o n i i  <m d i t s  rc l n t c d s p e c i e s  

w i l l  b e  b r i e f l y s u r v e y e d . 

1-i i n r;u z z i  � r,d  V c r c; n:_, n o  ( 1 94 8 )  d i s c o v e red . t h a t  i' . •  

b t� r��. o n i i , g r o w i n p; o n  c; c rp c r, t i n i t c s  n c .:. r :F'l o r . . r1 c e ,  l t �. l y , 

.. :. c c ur.i U L, t u d  u p  t o  1 0;,; n i c b� l  i n  l eaf · ash o r  2 . 01+% o n ,l. d r y -

w c i f. h  t b a s i s .  'rh e  , I  lys s um r, c n u s c o n t : '  i n s  s e v e ra l  knnwn n i c k l" l.. ·  

u. c c u l"l u l a  t o r s  ; , nd i t s  d i :::.; t r ibu t i o n  e x t c nd u  t h r o u ghou t t h o  

J" ', e d i  t e r r a n e a n  c ou n t r i e n  i n t o  l�u s s i a , ( V c: r e;nano , 1 958 ) . 

a .  <.l d u l  t c r i urn v: . .to c n n s i d e r�) d t o  c h n r :J. C  t .:·· r i s e 

o e r p cn t i ru .. :: a n <J. p r im a ry H u l ph i d t; a r e a s ( i. ,;:;t l y u g< . , 1 961 f ) i n  

r; o nm y  ;;.n d i 1 . mu ru. l c:  w a s  r e p o r t e d  t o  c o n t n in m o r e  than 1 0% 

n i c ke l  ( i n  i t s  a sh ) in G e o r g i n , � . � . S . R .  i\ . t o r tu o ou m 

c on t a i u u d  m o r o  thnn 1% n i c k e l  . md 1 25 ppm c abal t ( i n ash ) on 
th e K i rn p e r a � i s k y  u l t raba s i c  c om p l e x  wh e r e a s � ·  b i o vu l n tum 
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> ·c� s  f o u · t d  Pr i th 0 . 1 r;� n i c k e l  t •. n d  1 80 l, Y '•n c o h � . l t ( i n a.s� � )  c:. t t h e  

'.[' u r :.� n i c h · l - c o lnl t o r e d e: p o .s i  t ( t b l y u r,;J. 1 1 96 Lr ) . !-' • • f: .t'J__�-:._y_-
!_l__i f c l i  11�:� r, ::.; p . _1 v :-;_� �..::�:, · i�.2.rl1 . .  ·.l s o  :.'i c c um u l 2  t u d  1 i c  ke 1 ,  0 .  5 ;:;,� 
d r y  \� e i r:ht ' i n  ; ., S t: rp l:.:' n t i n e  o. r t.' c.. i n  r o r t h e a .s t  P o r t u g<:; l 
( D<  :� c q u c i r::J , 1 9G 8 ) . 

'1' �1 c u .s e fu l n c s c; o f  t h i s  r� e E n s  i n  n i n e r<J.l e x p l o rn t i o n  

h i-.t .S l l  0 t b C C 11 : i c} C: l y i..l G [:' C G E' 0: d • U n f o r t u n a t e l y  th e d . , t . :� h a s  
n o t b e e n  � i d e l y  p u b l i sh e d  J n d  j t  i s  p robab l e t h a t  m u c h  i n f o r m -

.::t t i o n o n  , . l;v.: s su_.:-� r c:r,l .' t i r. s i n  t l l (;  f-iu s s i <�n l i t e r::t t u r u . Th i s  

p e nus i G  o f  c! i r t� c t i n t e r e s t  t o  t h e  p r e s e n t  s t 11 dy , a s  .!i_�_,YS�� 
s p e c i , , s  h a v e  b e e n rc po r t ,:; d t o  oc c u r  i n  I� u s t ra l i <J.  ( E u r b r i d ge , 

1 9( 3 ) . 
T h e  B e c i 1:m h oub l (; i s i t u <.• t i o r! i s  p •.: rhaps r.-� o r e  

i l l u r:1 i rn t i n g .  Th i s  s p e c i e :.-; h a t:  a c o n :> i c1 t- rab l e  r e: pu t " t i o n  as 

a c o p p e r i n d i c a t o r  b u t in f�� c t the u b o v e  d e t c.t i l e d ex: C'1 i r::_c t io::l 
s h o v1 e d  t h d t  i t'  iG n o t  ' ' n  i n f cl l l ib l c [.P i cl t.: t o  c o pp e r  m i n e r.::� l -

i sa t i o n . I t ;·;::-.:--; C o !, G i d c r c d  p e r t in e n t  t o  b t:" <;l r  th i s  s t c. t e r�ll"':-> t 

i n  ::i i n cl \lh ("Il e vA. lua t i n g  t h f; s i gn i f i c CJ n c c  o f  ,S[b <:_l!._t_h_u� f l o r_i
b u n du s . 

'.l h c  n. i c k e l - �< c c um u L · t i n e; v a r i e t i e s  o f  !iY.b �1 th.y� 
[._l_o r i b u��� w e r e  d i s c o v f� r e d  in 1 970 ;1n d  s o m e p r e l i m i 1w ry r c s ul t s  

w e r e  ]JU b l i sh e d  s o o n  <:'. f t 0 r  ( S (  v c; r n e  .-:.n e� B r o o k s  1 1 9 7 2 ) . i "fi  t h i n  

t h e  s p r1 c �  o f  a .  f e �<; r ·w n t h s  t. lw c o n t c· n t s o f  t h i s  p.::lp e r  h <J.d " .-. r -o  
r:1 i s q u o t <J d  s e v c r :A l t iw e s  ( N ew t.J c  i o n  t i s t  1 1 9 72 ; T h e  r:;'l t i o no.l 
T i m e s , 1 9 72 ; f.Jc-< tu r c , 1 97 2 )  • I t  i s  t o  b e  h o p e d  t h . : t . , n o t h e r  

B co c  i u m s i  t u�t t i o n  d o e s  n o t  a r i c c  t & p e c  i a l l y  in v i e v; o f  t h e  

e x c e l l e n t  c L:t s s i f i c 'l t i o n l � e y  f o r t h e  Hyb an t hy� c e n u s  5 n  
1"\ U fl t r ;, l i o ( B •:· nnc t t , 1 <)69 ) .  

1\ p p r o x i r .w t e l :y 1 50 Hyb , � n t h u s  sp e c i e s ( \': i l l i s , 1 9C6 ) 
u r 0  kn o � n from t h �  t ro p i c s  � n d  s ub t r o p i c s w i th a few e x t e n d i n g 

i n t o  th e t em p e r A t �  z o n e . Th e m a j o r i t y o f  th e sp e c i e s  a r e  in 
t h e  So u th e rn h c ro i n p h e: r c  n. n d  t h e  G o n d vn u 1n c o n t i n e n t s , J, f r i c a  1 

I n d ia , S o u th Mn e r i c P. 1  n n d h u s t r r- • l i a  a l l  r l: C o rd n n t i v e  s p e c i o s . 

!fY_�onthus. i s  n o t ab l y  abs e n t  f rom t h e  young o c e a H i c  i slands .::1n d 
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Fig.  I V-2 Relationsh i p  of  H.  floribundus fl ower co lor  with soi l  n ickel leve l .  



TABLE I V  -1 . 
-- ---

Signi fic an t  c orrelation coeffi c ients for soil- flowo� mo rphology 
relationship s .  Values g�8at8r  than : 0 . 40 are signi ficant  at 
the 0 . 1% leve l . 
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TABLE IV  - 2 o  

Elemental concentrations in  the ash o f  accumul ator pl ants com
pared with v alues for cobalt and nickel in Hz9anthus floribundus . 

El oment 

Cobalt 

Copper 

Manganese 

Nickel 

Sel enium 

Uranium 

Z inc 

Species 

f.� _Q � §.l8J2.i_a_ 
cobalticolo  - - - ·.....- -· -- ··-�- ... 

JiX.9�flthu_s_ 
.f..l_q_ri�undl!.c. 

�c iu_!!! homble.:j._ 

Fucus vesiculosus � - -- - -- · - - - .  - - .....-- .., .. 

.fl_:l:_y_s_s�E. bef_tQ].qD-iJ. 

.t:iY£anth.l::!.c;. 
f.l_o r i !;J�D..Sl..L!.� 

As���q_�!J..�� 
.r-atter��i. 

Uncinia -- ··-

).._et?_,t_optacllY� 

.ll}l.§I_SQ1_s_a_ta�}-na� 
- - -- - - -

i1Jormal Max . value content 
(ppm)  in reco!'ded 

r)-.§lQts iJ (ppm)  

9 1 8 , 000 

9 4 , 000 

1 03 5 , 2008 

4815 90 , 000 

65  100 , 000 

65 230 , 000 

1 46 , 000 

1 25 , 000 

1400 1 0 , 000 

a 
Estimated from dry-weight d at o .  

b 
Cannon (1960a ) .  

RefArence 

Duvigneaud ( 1959 )  

Reilly  ( 1967)  
Malyuga (1964 )  

�linguzzi and 
Vergnano (1948 ) 

C annon ( 1960b )  

Whi tehead ( 1970)  

Darn ( 19 37 ) 
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r; \J n n t i Lt t i v e 1 y • T h e  .:lllctl y t i c ; �l d o t et ob t .J i n c d  b y  a t o r:1 i c  

:d.1 s o rp t i o n  .s p e c t r o ph c, t or:J e t ry , i t r c  r e p o r t e d  t i n 'l'.:J.bl e I V  -2 . 

D :J t �t f o r  ' no rr.l:'l. l ' V f-) r; e t a t i o n  ( Il rool;: [:; , 1 9 72 ; B o w e n , 1 966 ) n r c  

i n c J v d e d  f o r  c orn pnr<� t i v e  p u rp o s e s .  

( i )  T h e  :� e rpc n t i n e  E n vj.ronm e n t .  

I t  i 1J  c l e a r  f r or.1 t h e  da t Lt i n  1\tb l e  I V - 2  a n d  

f rom t h e  p r e c  c u i n g  s e c t  ions t h : , t II . f l o r i b u n0� h a �  .:t p r e f e r e n c e 

f o r  s , : r p c n t i n c 5 ·-�· i l :::; l<h i c h  ar( •  h e r e  cl e f i xw d  o c_;  r e G i d u u l  

( sk e l e t s l ) s o i l s  o v c rl y i n �  u l t raba s i c  o r  e v e n  u l t rumaf i c  ro c k s  

w h i c h  a r e f r e sh o r  h a v E· b e e n  <1l t e r e d  b y  s 8 rp o n t i n i s : , t i o n 1 

l � t c r i t i sa t i o n  o r  s t e a t i n � t i o n . S c r p e n t i n �  s o i l s  h � v e  b e e n  

e x t e n 1J i v c l y  s t u d i e d  d u r i n r;  t h e  l a s t  c e n t u r y  b e c au s f: o f  t h e  

/T.l� n e r<.t l  i nf e r t i l i t y o f  th e s e a r e a s . Th e s o i l s  u su a l l y  d i s -

p l a y  a t  l e a s t  o n e  o f  t h e. f o l l o w i n g  e h e m i e � l  c h n r a e t e r i s t i c � : 

h i r.h r.J<i (;ne � i um D nd l o w  e u l c i u 1:1 · c o n t e n t s ; h i �h " t o x i c "  c o n c c n 

t r.-l t i o n s  o f  huavy m e t < , l s  su e h  a s  n i c k e l 1 c h rom i um a n d  c o bal t ; 

d e f i e i e n c y  o f  e s .s e n t i a l  nu t r i e n t s  s u e h  & s  n i t ro g e n , p h o sph o ru s 

an d p o t c, s s i um . Tab l e  IV-2 .sh o w s  t h e  a v e r a g e  c omp o s i t i on o f  

t h e  s e rp e n t i n e  s o i l  a n d  ro c:: b ;  l ''h i c h c on s t i t u t e d  t h e:  s ub s t ru t e  

o f  t h e  Hyb .\ n t h u s p l an t s  c o ns i d e r e d  h e r e . 

The da t a  G h o � n  i n  T R b l e  I V - 2  ar e s i m i l a r  t o  
:l Vu  i l a b l c  f i r:u r �:: .s c o mp i l e d  f rop [l r c : t s  o f  s im i l a r  c l irn :-, t e .  

T h e  m o s t  o b v i o u s  d i E.; c r c pan e y  b e t w e e n ro c k  and s o i l v, . l u c s i s  

t h e:  l o s s  of s o m e  <J�·/� o f  t h t:  rna �� n �:: s iwil <.ll l d  1 ,5% o f  t h e  c u. l c i um 

d u r i n r  t h ;. w e a th c r i n r  o f  r o c k  t o  s o il . S i s n i f i c un t  l o s s e s  

;J rE':  u l s o a h o w n  b y  n i c ke l  . .  nrl c h rcl71 i urn ( ::.b o u t  66% ) . 'rr e  s e  l:.t. G t:  f3 
( 1 96 9 )  stud i e d  c e rp c n t i ne s o i l s  i n  flew C<:cl e d o n ii. 1  and f o u n d  
t h • • t v;h c r t• a c;  ro c ks e o n t :-· i n t d '-� 4,; �� gC th e s o i l c  e o n t.:t i n c rl  l e s s  
t h FJ n  1% t. •.nd C a.O v; ,l  U E.: G  w e r e al co V (; r y l o v: .  0 i rn i l a r  r e s u l  t :3  

i n  t l1 i r.;  :.�r c :-1  v; o r l:' <.\l so ob t .:.d n c d  by D i r r c l l  8c Wr i �h t  ( 1 94 5 ) . 

M o E: t  r e: s c a r c h  co n t h e  s e rp e n t i n e  p r o b l em h J. s  
b L � n  c u r r i u d  o u t  i n  n rr i t u l t ural e ou n t r i u s  � i th a c o r r e s p o n d -

i n g l y  m o r e  t eu; p c rc� t o  c l i ma t e  th n.n W 0 s t c rn li u s t rul ia . I n  
t h e f:J t:  <.t r (.; a G  o f  h i eh c r  rning:J.l l ,  t h e  r,1 : . p.;n e s iu i'n  c o n t e n t  o f  
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TABLE I V  -3 .  

Mean Elemental Concentrations in �banthus �bundue and its substrata .  
(217  samples) 

Sample  
Dosc ription 

Rock 

Soil 

Fresh 

Dried 

A shed 

(-80 mesh ) 

l eaves 

loaves 

leaves 

Vegetation in 
general* 

{ash weigh t )  

Elemental 
Ni. Cu 

3 , 000 50 

1 , 000 50 

2 , 500 3 

5 , 000 5 

96 , 000 lOO 

65 180 

*After 

concentrations OX.E.!:f3Ssod in ppm dry weight 
Co Cr Zn Mn Fe Ca Mg 

100 3 , 000 70 700 70 , 000 6 , 000 200 , 000 

40 1 , 000 50 500 70 , 000 5 , 000 1 0 , 000 

10 2 15  50 1 80 2 , 500 2 , 100 

20 3 30 100 370 3 , 920 3 , 3 20 

400 60 600 2 , 800 7 , 500 98 , 000 83 , 000 

9 9 1 , 400 4 , 800 6 , 700 281 , 250 50 , 000 
' 

Brooks (1972) and Bowen (1966) . 

TABLE I V  -4 

Comparative  data for elemental concentrations in three nick el accumu
lating pl ants (number of samples in parenthesis ) .  

Elemental c oncentrati ons expressed as % ash 

Nickel Calcium Magnesium 

Mean Range Moan Range r�oan Range Reference 

Al�ssum 
bortolonii 5. 5 2 . 8-10 . 0  17 . 1  14 . 3-18 . 7  6 . 1  5 . 3-6 . 5  Minguzzi & 

( 6) Verqnano (l948) 
H�banthus 
floribundus 9 . 6  3 . 1-25 . 0  9 . 8  6 . 5-18 . 0  8 . 3  2 .  3-14. 1  This paper 

_(217} 
Pimel ea 
suteri 0 . 6  0 . 2-1 . 3  s . o  3 .0- 9 . 2 15 . 7  9 .  5�3. 2 Lyon (1969 ) 

{20) 
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t ro r  i c  ,l G n i l c . 

o f  1 )}(. f:l . • f', l1 8 8 l Ulri i n  C. :, J i f o r n i .. : n  s ·. r p l : ll t i n t: C• i l G .  I n  r: C V/ 

Z L· .- � L, n d , s c i l s  f rom Dun H o u n t  . .  i n ( t y p e: l o c , tl i t y f o r d u n i t e )  

· ;vc: r.·l f • d P,�� m;:t c n c s i t:l � • � r; d  0 . 2� c · l c i u m . L y o.:J. ( 1 �J(·9 ) :;; l t o u e d  
t h · · t  J i l u t c  � c e t i c � c i d  � x t ruc t e d  3% A n d  5% o f  c � l c i uw a n d  
i71 U (' f! C .s i w;-, f rou t 11 H·; e: ::; o i l s  r c ; :;v : c t i v ,, l y .  S i , .. L i l �: rl y , '.r i m p c:- r -

1 ,::/ ( 1 97 1 ) r l·: .p o r t , d t l 1 ,  t t> o i l .::; C) V c rl y i n g  a u·p v n t i n i s e d  

pyrox c r; i t o c  <.J V C r <t p: d  4 . 7� (lW ['.n t: .S i u m a n d  5 . 9;� C ': tl c iur:l f r om wh i c h 

1 !·i h y d r o c h l o r i c  : 1 c i d (; Y. t r a.c t �:: d 2 . lt?t; .md 0 , 3% of th e s e  t w o  

l: l (;m c m t s  r e 0 p c c t i v E l y . 'l'hu �> ' :  dn t :.t , fror.1 [ ir(: n s  o f  h i r:h. t<:. i n -

fal l , <-: re s i m i l �1 r  to  t h o s E'.:: o h t c l i n c d  i n  t h L. Un i t e d S t :1 t v s  . .:. n d  

G r c -�, t B r i t �t i n .  

'l'h <) . .  b o v e  d<t b'. ob t:.:t i n t: cl f r om a s c::. i - d e s e r t  

.uw i r o nm e n t  ( ':1' ::-J.b l c  I 'l- 2 )  i nd i c a t e  t h ; '.. t  t h e  s e r i) e n t i ne· s o i l  d o e s  

n o t  d i s p l a y  a 1-'< , r t i c uL·,rly unf;_, vr· ur.3-bl c c :.<l c i um -m :-, gn e s ium 

I n  L . c t  ,:w.lkt: r , ( 1 95 4 )  s u r g e s t e d  t h a t  i f  the s o i l  

C r./h e; r a t i o  i s  s u c h  a s  t o  r: llow ' '- C.-.;/tvie; rr.: t i o  i n  t h e  p. a. n t  o f  

1!1 o r c  th .::.n 0 . 2 ,  th(:.n  n o  ,;,dversu e f f L c t s  1w u l d  b e  o b s e r v e d . 

S e v e ra l  �wrt· c rs ( l<o b i n s o n  e t  :..:! , 1 935 ; [;o n n 0  

E· �>  .... •J wh:r , 1 959 ; 1\ o t i L , i n \: n , 1 9 L1 4 ;  h i t c h l1 l l , 1 945 ) lw v c  

� sc r i b � d  t h 0  i n f e r t i l i t y  o f  s u rp � n t i n c  so i l s  t o  h ea v y -m e t al 

( ch romium , c ob c..l t .:;m d ll i c k e l ) to x i c i t y  r.:-t t h t: r  t!wn t o  a C ' l l c i um -

The � 0 s t  A u s t r � l i n n  s e r p e n t i n e  s o i l s  d o  

s x h i b i t  p r o no u n c � d  d i f f e r u n c u s  to n d j � c � n t  s o i l s , p n r t i c u l ar l y  

v: i th r e G p tJ C t  t o  t h. f.: i r  n i c ko::l n n c1  c h rom ium c o n t e n t s .  

I n  nn <t t t. c n p t  t o  ltl (:.::tSt< r L  t h (. i1l a n t -nve1 i l nbl c 

:J mo\in t:.; o f  n i c k e l  i n  th e s e  s e rp 0 n t i n 0  s o i l ::; ,  e x t r�1c t i o n s  rt c r e  

r:1 �• (k ':· i t l l  r; e v e: r:··.l s o l v L' n t s f r om r o;:· pr -:. s .� n t EJ t i v "'  s, �mpl c s  .:1 V o rr1 r;-

i n �  Roo ppm n i c k 0 l . H y d r o c hl o r i c  r� c i d ( 1 ti )  r e l ea.s �..; d L�5 ppm 
( : tllO u t  5% ) , ;� .. )� ;l c u t i c  P. c i d e;:tv (; 20 ·t- lPffi u. n d  d i s t i l l e d  w: ... t c r  

r: x t r: J c t .. c l 1 0  p pm . f l i ,_ J. n e n  ( 1 972 ) sh o w c · d  t h · t t 1 t i  hyd r o c hl o r i c  

�� c i rl r,o l u b i l i s e d  [:�.;; o f  t h e  n i c lt o l  ( 1 200 ppm ) f rom a l n t lt r i G c· d  

L y o n  ( 1 9G9 )  sho1�· o d  th.·, t r.1 c e ti c  n c i d  ex t ra c t u d  :; , 4% o f  t h e  
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G O  j J .  
o n J  · . .  

l ." c  ·. 1� 1 1. 1 ' \ ' t: h �., p l .:o. n t - :,< v • t i J  th l c  �"< l l: t-: .  J c o n t :  : t t o f  r; c J. l [> .  
u p  t o  2 :-J';;:, n i c h d. : . n e · (' . 1 ! ;  .. c oh : ] t i n  ] \; . � [  d3h 

;v V •. l J c  t.,> J t  olJ t : .  i n .:; • i  in ; ;  • f l o r i  b m  d u G .  !i  '-' v: . ·. v • - r , t h 1.. • t v c r: • r.' .· 

d i r.; t r j b u t i o r; .s o f  n i c l\ C·. l l t:.: v (:: l s  i n  1 �:. ;_ : �· , .:; t en <.�n < i  \' O O d  r: r •2 
p o ::; i t-. i v d. y  �.;k E· w ,; d  ;md · <p ;, ro :·: c h  l r' r.� n c- r1 !1 t l i t y .  The l t.: : ·. f n i c k u l  

v;-�l v c s  u .s u - . l l y l i 0  w i th i n t .lH:: r · n ,c:·c o f  4 t o  1 GS� . 

I t  i G  e v i d e n t  ( 'I' � b l t.: I V-3)  th. < t  t h u  n i c k8 l  

c o n t .: n t o f  H . f l o r i b urJlu .s i s  abou t ; 1.  t h o u s  . . n d  t im c c;  e; r t :: . t ,: r 

th.-m i n  " n o rm : . l " p L � n t s , and t h i s  i s .sh o r: 11 ;_. ::� ;_� b a r  d i .· <c r<' !C 

i n  F i e; . I V - 3 . · I n  f ·� c t  t !1.o2 n i c kt. : l  c o n c .: n t r ;;� t i o n s  -ob s L ;  v e d  i n  

tlH: l c · ,f .:1 Gh o f  i i . f.�_:J.E.�_Et:.n�u� r •. p r e s e n t  t h e- h i ph v s t  v .. .  l u t.o [� 

r e c o r d e d  f o r  < : ny ' t r "' c c  r'1 e t :1 l ' i n  l an d  pl r:n t s  ( S e v e r n -2  : : n d  

2 ro ok r, , 1 9 72 ) ,, , n cl  'l' : < b l c: I V- 3  c o u Jn r c s  t h o  I!WX ir.1ut:J c L.J1 c n b�l 
c n nc c n t r  . . t i o n s  c f  S O P.i l.' o th 0 r  ;: c c urnul n t o r  plnH t.s •:! i th th o s e  o f  

E .  f l o r i b u n d u s . 

T h l:  c h rotl i UJ:1 c o n c en t r. A t i o n E-� i n  t h i s  p l : c n t  ;� r <:: 

l o l'' · - l � d  h e n c e  tl. i f f i C 1 l l  t t o  <m: .:l ;y c .:· r L l i a b l y  ( b y  �' t ora i e ab � o r p 

t i o n ) : t :Hl w i l l  1: o t  1J c c o n s i lh: r E: d  f u r t rw r .  

Th e c o -p rJC: r , z in c , r � : l n c;< t n e s c  :md i r o n  c o nc o n t 
r : . t i o n :.> i n  ii . f l o r i b 1l !1 U U G  a r e  c ornrJ ar::1 b l c t o  1 1 llO rm<:l 1 1  l e v e l � . 

Th t !  c ; � l c iur.l :.� n d  r:1 C·. £:.n €: � i um clD t .:t vt c r e �..- o r t h y  u f  e or.m c n t  . tnd i n  

T.:·.b l c  I V - 4  H . f l o r i b u n rl u s i �  c omp<· r d1 w i t h hto o t h t� r  n i c k e l  

::t c c um u l :  ... t i n t;  sh rub s f r o m  I t  . .  ] y  : tnd f u; Zut ln.nd . 'rh e: c :1 l c ium 
( C :J)/m ; , g n e: s i ur.l ( H g )  hnlan c l:  i n  s u rp c n t i n �c s o i l s  i s  o f t e r. 

c o n c i d c r c- d  t o  b u  o p r irr· l�  f :.t c t o r  i n  c r e :·. t i n r. s e rpe n t i n e  e n d c i1 i c  

p l · ,_ n t l3 , ,. tn d  s u c h  p l �1 n t s  m ·:1 y exh ib i t  : ! !1  Pnu sUct l l y  l o w  C:1/H r.; 

r " t io . J n  T ;.1 b l e  IV-5 n.rt� l i s t e d  ro i: V 0 r •.tl f : \rr: i l i ...: s  o f  p l an t ::; 

i n c l u d i n r  t lw s c, \', i t h  . .t. h i gh y, r o po r t i o n  of s e rp c- 1 1 t i n e  s p e c  i c.- s . 

I t  i E: s c· c n  t h n t  t h e s e  1 S d'p (: n t i n f; - t o l c r ·.m t f;- . n i l i e s ' h nvc l o w  

C<t/h g r. < t i o .s i n  th e r<;ntl.: 1 . 6 t o  2 . 7 .  C or:�p:l r •.u l e d r:. t ; l  f o r  



H y b a n t h u s  f l o r i b u n d u s  
----�---- P r o s t h a n t h e r a s t r i a t i f l o ra 

----4--------- E r e m o p h i l a  e x i l i fo l i a  

__ ..._ ___ P t i l o t u s  o b ov a t '.l s  

----L-- D o d o n a e a  l o b u l a t a  NICKEL 
_..__ C a s s ia ma n i c u l a  

--------------��---R o c k  

--------�- s 0 i 1 

---------L-------------- Hyban t h u s  f l o r ib u n d u s  

___.___ P r o s  t h a n  t h e ra s t r ia t i f l o r a  

___....__ Dod onaea l o b u la t a  

� P t i l o t u s  o b o v a t u s  

� a s s i a  ma n i c u l a  

------L-- E r e m oph i l a  e x i l i fo l ia 

10 

• R o c k  

-----L-------.5 0 i 1 

. 10 lo' 

COBALT 

10. lo' 

Range o f  E l e m e n t a·� C o nc e n t ra t i o n s  ( p pm ) in P la r1 t s ,  S'::l i l s  a n d  R o c k s  

Fig. IV-3 Comparison o f  nickel and cobalt values i n  H. floribundus with other shrub species 
from the Kurrajong Region. 

lo" 
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t h e· 'J i o l .c1 c •  . . J • 'l: t:: :-:- . n o t  : � v c d .l ·.bl t: , • : p ;l r t  f r ol!l V i o L  c ;  . L.. n i n n r i n. 

( J , . m; c i , 1 2·94 )  \''b i c h  i �  : t  z i n c  ;_ · c c l n�,u l n t c r . !-fo t,·J o v ..;.· r , t h e  

V i o l - ·, c c :H' :': n d Cr u c i f " r'". L' f •.r; i l i �:: r.: • . xhi'·: i t lt i r.. l t  Cc.Ji· • c:;  r · . t i (: C.  

< ·-= · C •  4 . 6  , ,_nd ( . 1 )  wh i l [' t  t f : , i r  n i c k lo' l - : t c c ur:iU l - -. t i n c  s ,. r p �.;· J i t i n c

r ," p r e .s •_ r t t - , t i v c �  h·� V C: J. o w  C .. Jfi [<; r .. t t i o r; v i z .  1 . 1  _., nd  2 . 2 .  

A l  t h o u c h  th e Ca./L p: r . t i o ::; i n  t h e s e  n i c k t: l 

-·. c c mn " l - . t i n E G p l: C i -a s  ; 11 d i n  o t 1 • e r s • . rp L· n t i n c  ClJdem i c s  ( Lyon , 
1 <)f,9 )  i s  l o �: , i t  i s  . .  pp,,n· J ; t  f r o m  p l : t n t/ �o i l  r . t i o s  f o r  c .�_l c i wn 

.' n d r"J · - fn e s i u :,J 1 :�. - - t t h. •. G G  p J. · :n t s e i t h ..:: r r ,. l - - t i v ,. l y  : .. c c ur�ml < ·.t "· 

i t  i .•_; c l v. r  t h :  t o n  o n  : ·.b s o ]  u t a  h : ; s i s  ( 'l'·.,b l �.· I V - 3 ) r.Jc1 r_:n c: s iun 

i o.  p : l r t i : , l l y r: x c l n rl u1 •·, i t b : . n i..lV (:. r a g c: c o nc � n t r •  ... t i o n ( d r y 

W E· i gh t ) t!Ft t i r;  o n l y :�3% o f  t kt t  i n  t h (. � o i l . 

'l'h l: c , J . c i urn e o n t c.: n t  o f  s c r p l.· n t i n c  f l o r :1 s i s  

• o f t \. l l  l o w  h u t  t h e  .c . .  J. c i um r e � u i r e n c r1 t  D f  rw ny h i t;h e: r  p l an t s  
\1 - - s l' l.' t-; ll o v v r c. t : , t e r1 f o r  ; : :my y ;;: : r s  ( J n n �:. s  : �nd Lu n d , 1 9 6 7 ) . 

l !c: ::< r i  b.: t h e  l o l l r: • - v i  t y  o f  t h G c · , l e  i u r.: -pl :C  t , ,  t c- tb eory , c c1 r t n  i n  

Li i f f i c u J. t i u:; !' L. on ;_ , i n , L o g o  t h �; r. Y. t r t  .. l't C: l y  l o w  ( 50 ppm d ry-·.-; c i [;h t ) 
c : ·. l c i u m  c o n to. ... n t  o f  c. c r:_i l. h t::�- l th y  t i r. ::; u l� S . 

SUi� f. e G t ul Ut ' \  t ll ·  _!'lo r ��u ndu�  '- n d  k. ly::w1H"! ), .- , v �  . . L cla p t e d  t o  the  
,•: r_ qJ (.' Il t i n e  c n v i ro n::. 0 n t b y  .- -r 0 s t r i c t i ng r:'l · c r;n L s i um up t r' k c  and 

tr u e  o f f - s e- t t i n g  t 1 1 c  l o ·;, c · • l c i u�.l l L v c. l s  in thL so i l . 

?h i.' P t- n r3 0 ll p r o tl u c t  i:-J O !�n: n t  c o r· r c; l :.1 t io n c o 

L f f i c i v n. t ( r ) w . •  G UGt' d  t o  rc�:p i d l :;  s c r  l: rt t h G  :_, n :Al y t i c � '. l  d c-t t � t . 

1'. nunh • . r  o f  s i p:n i f i c :., n t c o r r ;  .. l r: t i o n s  \'J e r L· o b t ·: i n <.: d  r.� n d  <1. r 8  

l i u t :.. rl in 'l' -.... b l <.- I V-6 . I t  w : . s  o b s r , rv �.: d th.  t n i c l< \;;' 1 v1 . . s  c o rr

c l . : t l: d w i th 5 o t h l: r  E: l u 1t t� n t s  i n c l u d i n r.  c o b ·1l t in thu l e a f , 2 
i n  t h e  s t vr.1 D ncl o n� in th t,· rroo d . 

T : b l L. I V-6 w : c  t h e  u i p: i f i e .-,n t J J i c l·. e l - c .-. t l c i ur.l n o g:t t i v e  

c o r r c: l : � t i o n  ·. ;h i c h  ; , J (r J, ,; Ji e rs i s t c d  i n  : � 1 1  t h r c t. t i s cu E: s , v i z .  

l e . f ,  ph o t o s y n t h e- t i c  s t <J r.t  a 11c1 v. o o d . F l o \H � rs \.' lO l' C 1 1o t '.c l1 <1 l y s e d 

f r· r  c n. l c i uro b u t  n i c k e l  d i d  c 0 n· ·-· l to. .. wi th J:J ��nr.;• m t: s�..; , m d  c o b :.: l t .  

Co n s i rl c r i nf; t l o �  r ' L.< n t - s o i l  syst nm s  i t  Wi.\ S 
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Calcium/magnesium ratios i n  thn aorial parts o f  sOme plant  families.  
Excopt where � hcrwise stat e d , all data  are  f rom non-serpentine 
subst ratos ( after Krauso , 1958 ) .  

Elemental 
_[a�l�y-�r seecies Calcium 

Chonopodiaceae . 10 9 700 
Lycopodiao 2 , 200 
Caryophyllacr:oe s 11  ' 100 
Ascomycetac e ao s 2 , 000 
Basidiomycotao 2 , 300 
Polypodiaceao s 6 , 500 
Gr aminae s 3 , 000 
Leuuminosao s 4 , 300 
Ericaceae s 3 , 800 
Composites 1 5 , 900 
Cyperacoao 4 , 800 
Polygonaceae 16 , 200 
Lomnaceae 8 , 1 00 

* 
Violac eao 13 , 000 
Umbelli ferae 23 , 100 

Land plants in general+ 18 , 000 

Cruci ferae 16 , 000 

�ssum bertol onii++ 1 2 , 200 
&ban thus floribunq_� 3 , 920 

contc·Q.UQ'"' :!)_ d£L�_r .�g,hll. 
rb::p�m Ca/r' '9-

6 , 800 1 . 57 
1 , 400 1 . 57 
6 9 800 1 . 63 

1 , 100 1 . 81 
1 , 200 2 . 01 
3 , 100 2 . 09 
1 , 700 2 . 25 
1 , 700 2 . 50 

1 , 400 2 . 69 

. 5 ,  200 3 . 03 

1 , 600 3 . 06 
5 , 000 3 . 23 
2 , 300 3 . 50 

2 , 800 4 . 64 

4 , 400 5 . 20 

3 , 200 5 . 6 2  

2 , 600 6 . 1 5 

3 , 400 2 . 26 
3 , 320 1 . 18 

S families with a high proportion o f  serpentine p l ants 
* d ata based only on Viola calaminaria ( �gnsch 189 8 )  
+ +  data from Minguzzi and Vergn-�no T194e ) 
+ data from Bowen (1966 ) .  



1 23 

: • p p ::�r e n t t h �. t  n i c k<:: l i n  any t i :::; c u e o f  E .  f l o r ib u n <l u .s  Yl i � f3 nc't  

':'h i s  r • ; s u l  t 

i r.,pl L.: d  t h: : t  th G sh rub h, J l i t t l \)  p o t t• P t i: . l f o r  b i o g e o e b c m i c n l 

. h o ve i n f <.: r c n e c . 

i r, th f i d d . 

l'! L v �... r t h c l e r:; s i t  , · , , s  u .... ' c  i d ,  d t o · ch e e k  t it �  t h e o ry 

H t n c ,; , t h i .s sh rub w-t r ·  s " Jil p l e J  ::l o n r: t wo t r��v c r -

� ( : .s  o v t . r  th �:: \hl cL r. <  ul t r ilb , , s i c 6 ( J, a n d.  B i n F i r, ,  I I I - 1 ) and 
t h o  r e s u l t s  f o r  l i n e A n r �:: bh o w n  in F i e .  I V-4 . Th i s  p ro f i l e 

d i ; ·.gr:Hrt ch o 'N ( ! d  th � t  th (: b i o c-: (: o c h em i c a l  .:.•. n o r.v 1. l y  ( r:� o r e t h a n  1 �  
n i c k E l  in  dry L .:c. f )  e o r re G po n ct c d  v• i t h  e rt, vk b •1 d  ( p e rhaps n h i gh 

t X e h :__. n r; 0 �: b l t: n i e k t1 l  '" re :::. ) :.md n o t  1 ; i  th t h �· s o i l  p e ak of 1 800 
p pr.1 . Al l t h .:: e v i d e n c e.:  sh o w c·· d t hr· t J I . f l o r i bu n d u s  �a d  l i t t l e  
i f  ::. n y  .� p p l i c :-; t i o r.  t o  b ,i o g u o e h cn i c r1.l p r o s p e c t i n g .  

D .  P RCVI SIUN/,L Ji:V,,LUJ', 'l' IOIJ . 

V (; ry b r i t.: f l y  i t  e . .  n b ,; :s t a t ,. d t h .  t Hyb . t n t h u s  

f l o r i l;) u n d u s : -

( i )  n. :J\,Umul r t c: s  .:1 i e k o l  

( i i )  i s  r '- s t r i e t ,, d t o  l ·., b:J r i t i s L· d u l t r ,: b : 1. s i e  o u t e r o p s  

t. n d  i n  t h (;  e r e e Y. G  d r<.i i n i n p;  the s e  E�rt: < � s . 

( i i i )  h n s  l i t t l e  nppl i e u t i o n  in b i o g u o e h u m i e �l p r o s p -

The �c c u�ul c t i o n  o f  n i c k e l  b y  t h i s  sh ru b  s u g g e s t s  

t h � t  n i e k � l  i s  b L� c f ic i al 1 i f  n o t  0 s s c n t i u l  f o r  i t . Th L r o f o rc 
t h i .s  .shrub h .. w FJ. prc f t· r e n e (; ,  i f  n o t  :l n c e c ss i t y 1 f o r  '·' n i e k e l 

i f o r o t: n  sub s t r :t t t:  1 \�h i c h  i s , i n  r; (;: o l o g i c: �� l  t e rn s , n n  u l  t r ; ,b et s i e  

J. i t h o l o gy . 'i'hd c f f e: e t c f  l :, t t: r i Ga t i o n  i s  t v1o f ol d . I t  

i n « r ,,D ::; ul the su.b s t r:� t l:  n i e k t: l  e o t"e (;: n t r r, t i o n  b y  sup l: r [ '-' n �  
o nr u lm l!nt n n d  by l o w e r i n:c; tht:: s o i l.  p H  i t  i n e r �:a s e d  t h �.?  I "l V .:'.i l  .. 

:t b i l i  ty 1 o f  t h i s  n i c k e; l  t o  !i• f l o r ibu n du s . 



1o.ooo I' 1 , 1  11 b\ \ y·-; ":'-:·:·:· .. .. �,-:--,\ v·,-; ,1-.·: -,-. \\\\\\\\\\\\ 
5000 .A 'fo::. �::,::,::,:,\\\\\\i m e t a b a s a l t s  

1000 

100 

0 400 feet 
I I 

East  

Fig.  I V-4 Bi ogeochemicallgeoch e m i ca l  traverse a t  Wi ldara us ing  H. floribundus. 

H .  f lor i bundus leaf ( D.WJ 

so i l  ( - 80 #, 6 in. depth ) 



Signi f i cant correlations between pairs o f  elements (A  and B )  among 
organs o f  Hyb anthu s floribundus and for plant-soil rel ationships 
(number o f  data pairs are parenthesised ) . 

A 8 Sig . 

Loaf X Leaf (56) 
N i  
Ni 
Ni 

Ni 
�Ji 
Cu 
Cu 
Cu 
Cu 
Co 
Cr 
Cr 

Cu 

Co 

Cr 

Fe 
Ca 

f·lg 

Fe 
Z n  
Cr  

f·ln 
Fig 
Fe 

- * * *  

+ * 

- * *  

- * * *  

- * *  

- * 

+ * * *  

+ * *  

+ * 

+ * * *  

- * *  

+ * * *  

Stem X stem (74) 
ra 
Ni 

Cu 
Cu 

Co 

Co 

Ca 

Fe 
Zn 
Mn 

+ * 

- * * *  

+ * *  

t * 

+ * * *  

A .  8 Sig 
· ---- ·--...-,.-. Wood X wood (51)_ 
Ni 
Co 

ea 

Cr  
- * * *  

+ * 

Leaf x wood · (39) 
Ni 
Cr 
Cr 

Ni 
Ni 
Cr  

- * * *  

- * * *  

+ * * *  

Leaf X stem (46) 
f�n 

C a  

f�g 

Ni 
Co 

Cr 

Zn 

Mn 
ea 

f'lg 
Ni 
Co 
Cr 
Zn 

+ * *  

+ * * *  

+ * * *  

+ * 

+ * *  

+ * * *  

+ * * *  

S tom X wood (42) 

+ * * *  

+ * 

+ ** 

A 8 Sig 

Leaf X soil (40) 

Ni 
Z n  
Co 
Zn 
Cr 
Cr 
Zn 

Cr 
Ni 
Co 
Co 
Zn 
Cr 
Cr 

- * *  

- ** 

+ * 

- * *  

+ * * *  

+ ** 

- * *  

Stem X soil (57) 
Cu 

Co 

Cr 

Cr 

Cr 

Z n  

Ni 
Cu 

Co 
Zn 
Cr 
Cr 

+ * 

+ ** 

+ * 

+ * * *  

+ * 

- * 

Wood X soil (39) 

- * 

- * *  

+ *** 

Flower X leaf (51) 

Ni 
Cu 

Co 

Cr 
Z n  
ea 

Ni 
Cu 

Co 

Cr 

Zn 
ea 

+ * * *  

Ni  
Ni  

Co  

Cr 

Zn 

Cr 

Cu 

Zn + ** 

Ni  
Cu 

Zn 
f·1n 
Fe 
Co 

r�n 

Cu 

Zn 
Mn 

Cr 
Mn 

+ * * *  

+ * *  

+ * * *  

+ * * *  

+ * * *  

+ * *  

+ ** 

+ * * *  

Flower X flowor (51) 

Ni 

Ni  
Co  

r�n 

Co 
Mn 

- *** 

+ *** 

+ ** 

+ poaitivo correlation 
negative correlation 

* significant at 5% level 
** significant at 1% l evel 
* * *  signi ficant at 0 . 1% level 
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I"o r t } J  .... : g r o u H d  

p r o ::; J H . c t o r , t h , · c b s •  r v · , t j c-. n  r , f  H . f l c· r i l1 u n d u s  in  clr · . i n.-:. £: '--

; ,l s o  b l:  V l  ry u s u fu l . Th i �::: ,; v , l tn t i o l �  o f  1 1 . I l u r i l.J tw rl u s  
c: n c c t: r· . .  s : c d. U1 1� r� �.: c o n d  e t ·.- [!';)  o f  t h ,_ i n v ,; c t i r :, t i rm n  \lh i c h  \ :  . .  s t o  
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" . 

'rh r: o n l ,y r c.. f L' r ,_ n c c  t o  t l1 �; d i s t r i b u t i t_• n  o f  H .  
f l 0 r i lJ u n cJ u f:  i n  L 1: EJ t ,. r n , ·. u .s t r ·,, l i  . .  i :-> t h e  w o rk o f  B c r�;w t t  ( 1 96 9 )  
\•' l 1 i ch c on t . ; i n r:; rJ i .s t r i b u t i cn ra : f.' G f n r  t h ,; t h r  . .  o ,, u lJ ::- p <.: c i c s , v i z  • 

. s c-; p . f_l�::E-�EYE��l.�� ' S [' p . ��·v i :�l i ur: nrl f, .s p . : dpr o c. s tJ s .  H (; r  
r.J : : p [; · . tH1 c: c- t .  i l c: c.l l o c  · t i 0 n n o t ,  G i n d i c n t c d t 'r t o n u  o r  m o r •.:  o f  

th c G (· s u b .s p ,  .. c j  . .  s v :ou l J  b t:  f ·-; u n d  i n  t h u  J\;:: l r:o o r l i c -J< runb . l d.:L 

e rn C r o .s �� .  

s :; -mc '· su r v e y  C 01"1i :l t:.• n t:  i n r·· . t L .: o n c r.:.< . ·. n d t r�tv �:· l l i n c;  sot� th 

t h r o u r;h K .l t:; o o r l i ..: t o  B .s p .:·. r ; n c L , t h t. n  t.: . e L \< . , r d s  to Rr v c n r:: tl : orp e 

, . , h i  e h  v <:: -r e  U G E: d  :" n: sho 1·: n i n  F i r·, . I - 1 , i n c l u d i n r,  th t:: l o c <ll i t i u ;  

v i .s i t :� d . 

s o u gh t  : , r. d  r u ; u l  t l: c.l  i n  r;u i (h: d t e u r s  o v e r  the f o l l o w i n 1_ . r. i t: ke l  

p r o .src c t .:.  or  r:l in e s : - S c o t i .:-. - C <.L r r B c y d  ( G r c n. t B 0 u l d c r  l i i n c.· s ) 
s o n r� 30 r.� i l u; n o r t h  o f  K · : l r, o o r l i c ; �··; i d t; i ct:� o c l  tlw -3 ( Jw;.· c o n d a ) 

· , nd i:; p � r c o v i l l e  ( il u s t r ;· l i - m G ( ' l e c t i o n ) 11•h i ch ::tru s ct:J � 1 5  r.; i l � s  

r: •: s t.  · , n d.  E· o u t h - \n: r t o f  t h e  K . r.Jb .l dr: n i c lc e l  m i n e s .  

· . • L . C .  n i c k e l  p r n G p •_ c t s  \'J u r t:: vx, H.t i nuLl .sou th o f  K�\t;ib ..:.l c a  �-, s f n r  

,., s !� qm h 1 i c ; · n H i 1 1  • 

• 1 t t h e  S e o t i o  .1 n d  C n r r - B o ycl n i c ku l r.1 i n L S  H .  
f l o r i  h\l M� u s  w: i r; r. o t  l n c  · ·. t t: d e v e n  tho u gh ul t r .:�b <:1 S i c r,  o u t c r c p p c d  

· l o n G  n r � n t l u r i s e . Th e c . t l e n r c o u s  s ub s t r:.; t ..; w ets c.; v i d t: nc c d  
by th \: l o c · . . l d om i n  . •  n c •  .. o f  t h • : sh 1J - o 0 k  ( �1 .:-u· i 1 1 0. o b c s "l) . •  

� � t  K . Db n l u . l t a vl f_· v c r , g.  f l o r ib\�n d u s  �> s p . 

�!:.Yifn� Fo ri . l  D ( l: ' l r<. t f: I V - I� )  w .. ·. G f o t' n d  i n  th e l o c al i t i e s  

l i r: t c d  b y  El lc i n e; t o n  ( 1 9G9 ) : .nd o n  ul t r:·• b : , s ie o u t e r o p s  n e:•� r 

e,o r.;r; n n .s  on t h e  .c :� s t orn I n o r t h c: r n i : nd \'Jtl n t t r n f L . n k G  o f  the 



ri o :n · l s t ru c t u r e . 

cl i f t" �! r c l l t  f rer, l t h � r: urr j O i l f. flt.: r;). < n oS} • . C i : ;1 0 l l G  · .. l l C� 1 : . f t ;· r c o n 

SU l bl t i o n  l': i t h  V 8 l: n ,; t t  ( �: • . . • H e r b r i uJ?t ) , i t  r · :  • .  cl v c i d ;.c '' t l) 

r .: f �... r to t h i E  v . r i .:: t y  n r  ;._! C o t y p (� . s  F r• rl .l B ,  . .  n d  t o  th L n o r t l H! r n  

8 ,  i )  F 1 . .. t .:; I V -3 , _ I �  • .Sr.. u t h  c• f L . k .:· L · . . f r c• y , 

t l : i &  r:hrub \J t :  f c, u n d  f 1 c: u r i .sh i n r:: o v r , :r t l i c  ul t ra1> n s i c s .� t 

R c ;  . . u h l j c  . 1 1  H i ll b u t  n c·. wh �: :r c � l s c  i n  t h i s  : ,1 \v-; J i r a,  l: n v i r o 1;.::1 c n t . 

I n  !:h c S l: J�U C . l yp t  \ o o cn .  n ck t \'i O ::;ln·ub s r c:c i e s ' Tr;rn: l i B m  

�1· t_i].l_� . n d  � . •  : G t r i rJc_i<: E,iL:�i d ;,; , : � B r 1.1 c o r cl e d  hy El k i n g t o n  ( 1 9C 9 )  

d i r>plr:y�_, d  ; . n  · 1 f f i a i t y  f o :r  u l t r, ,b -, c i c  t e rr:·: i n .  

: t v . l y .S l' S  r c v e  tl 8 d  r�b r. v c  b n c k p:rntm d  n i c k (• l  c c n c �.: n t r .-:. t i c lJ S b u t 

n o t O l< r �  c om 11 :  r�· b l f  . .s e · l E  t o  H vb ,. n t h u s . 

li·  ��hun_du�. s u p . c u rv i f o l i u s  Form B .  ,., ,. s 

.-. l s o  l o c <' t ul o v ,_ r l : : t c r i  t i r:> 1o d  ul t r - . b · s i c s  t B l a c kb o u r n e  L i n e , 

.SOIII L' 4 n i l (;; G  S r l u t h  o f  [) o u t h <  rn e ro s E  : ·. n ct  ·: t £,�! -:?. rF:. o v i l l ''" ·  At 
\ , i d f i C'rw o l  t h · � - 3  th i s  sh r�b f l o u r i sh e d  o ve r s t e e p h i l l  o f  m i n c r -

:· , J. i s c, d  s 0 rp c n t i n i t <: ( 0 . 5/; z; i c k t·l ) v. h i e h  w: : <>  q u i t e  f r e e  o f  

l · . t .:: r i t e .  Th e c o n � r i c u c u s  b l u e  f l owers i m p l i e d  mo r l  t h � n  700 
ppn n i c �� c l  i n  t h l  s o i l  whi c h  v.r; : f; c e r t r  i nl y  t h "'  c ; � s o . The 

. ; n :  l y t i c .-:1 d ::- t : ·. :� r e  p r t: s e n t u d  in T : <b l <:  IV-7 . 

I n  th E. Rr·. v c: n s t h o rp c  d i & t r i c t !:!_ ·  �i b u n d u [: s s p  • 

. : · r1r r e s s u ;�; •·: :::.s l o c ;: b: d  o n  ul t r ;--.. m � f i e o u t c r 0 p s  ., f EW rt� i l e s  e r. s t  

. :-1 d G o u th o f  :Rr · v C' n s t h o r p <:  �'. n d  th e; l e c: · cy o f  L·. t t: r i s r·.t i o n  rr . . E; 

:- r  : i n  e v i d u n t . 

b u n d u .s  ns p . 
Gn thC' r..�_v <: n s t h o r p t! -1. : k c  K i n g  r o t>.d , !i_ .  f l o r i 

f l u r ibundu s \I![ '.S o b s v r v •_ d  i n  l . ·. t e r i t i e sc re e < �nd 
<· I� · i n , �: f u r t h e r  10 r�J i l f} S  n o r t!-1. , o n  t h ·. '  V \:· r y rr.' u gh t r. �clc wh i c h  

t r 0nd::; t 0 1 : . : rd s  Sou t h l: r n  C r o s s , <.. • .  : s t  o f  t h C; r<!bb i t - p r o o f  f ,_� n c ..:: . 

- r . fl or ibu n du� s �-; j� . f l o r ib u n d tl� \'-' '· ! B : . l so s�wplcd on s ., r, dpl ::d n  

G G i l s , c :.-..::> t of ;.J o u t h l: rn Cro s s , r: nd o n  l . . t e r i t L· . , t P.  rkc. .rv i l l e ,  
P e r th , i n  t h e  Dt� rl i n (� H'-' np,c s .  

A r .,... t h c r  unusu:  1 s p c c i l.' s  o f  !iyb: ,nth u s , !.!. ·  

,S?� c ro id��!! B Ol • . b i l obu s v:.-.. ::; CWli�.JJl c·d . . t S e 1�dct  en ( F i r: .  Y - 1 ) o n  

S (: V (. rr.!l o t h 0 r  H yb , n t h u s  ::;pc c i t  r; h -: : v c  



L OCA T I ON V A R I E: T Y 

f"iarshall P o o l  
H . f l o ri bundus 

(34 ) * 
s s p . c u r v i fol i u s  

Form A 
' 880 P rospec t 

.{22) 
11 " 

H . floribundus 
Kambalda ( 3) ssp . curvi fo1ius 

Form 8 

Southern Cross 
(6)

. " 

Widgi emooltha (4) 11 11 

Spargoville (4 )  " " 

Ravensthorpe (12 )  H . floribundus 
ssp. adpressus 

L . Ki ng-Southern H . floribundus 
Cross (4) ssp . floribundus 

East of Southern 11 11 
Cross (2) 
Park ervill e Perth " " 

(1) 
Se ad den {3 )  H . epac r o i d es 

sso. bilobus 
Adel aide , South H. fl oribundus Australi a  (4 ) I 

- -

. . .  , ,�r, .- .- ·1-·��-:-.-- -r- · N i  Cu Co C r:- Z n  i·ln F u  N i  

7 0 2 5  3 . 4  6 3  1 . 7  38 1 7 0  2 4 3  800 

3100 4. 3 26 4. 3 37 122  446 · 900 

3000 8 7 3 . 5 30 21 5 230 900 

4510 4 1 29 1 . 5  45  1 7 4  1 9 0  1400 

6010 2 . 7  23  1 . 1  28 110  182  2000 

740 6 7 4 44 1 75 230 9 7 0  

1 270 4. 2 51 2 . 1  3 . 6  230 822 1 34 

263 3 . 1  170  1 . 2  38 278 205  50 

1020 5 550 1 . 2  33 160 230 50 

8 5 - 1 . 2 6 5 110  190  -

200 4. 6 62 2 . 1  21 8 5  730 10 

llO 4 100  - 6 5  - - 30 
-'--.----� 

. . . 
C n  L o  L t:  

40 7 0  840 

50 90 2000 

100 - 700 

40 250 2700 

- - -

1 7 0  8 5  1070 

37 35 240 

17 1 5  87 

1 5  2 0  7 0  

- - -

5 5 1 0  

30 - -

-- - -- - - - -' 
1 1 11 1 · n � r ' ·  c . ... 

80 480 6 . 1 1 6 . 5 

100 600 7 . 4  6 . 5  

7 0  550 6 . 5  7 . 0  

60 1400 7 . 1  6 . 5  

- - - -

290  290 7. 8 6 • 5  

40 240 3 . 9  -

1 5  83 3 . 0  -

1 0  6 0  2 . 1  -

- - - -

10  20  0 . 3  -

- - - -
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I t  :i :;; c l .: -. r  t !1 . 1 t t h P  v : ri ·- t i e D  E .  f l o r i h u n d u s  
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A l  Uw u ch t h e  

n i c k e: l  c o n c � n t r : t i 0 1 J S  i n  �I . f l o r ibl : n d u s  s sp , · . n d  E . Gl1 z :.c r r- i d ·..: G ------
S P.J.l . b i l o b u s -:tr c  [.<..' Tl t · r  1 1 �· l m·.' :..- r ,  th t:· r c l  t i ve � l t; C \; m u l  . t i c n 
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o f  th ....- v · . r i e t i u ;  l i s t ... · :  i n  '.[' . b l e  I V · ? , -_ x c c p t i r.0 t h e  i)<:. r k c rv i l l e  
�., .  mpl c: . 

r. i c k ·..: l  · . n d  c 0 b .. : l t  il '  n �. r l c lu : ;� i c  . J  c y s t c;1 s . C o p p u r ,  z i n c  .: ·.nd 
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t t i c n  : ·: s  c;x : .m i n (; d. i n  lH' o; v i c tl G  s o c t i o n fl , ; : l t h o u ch .s r.: p • .- �dpr \: S 8t\S.. 

L Xh ib i t • . cl ro o m c v •. r�· l t i gl• ( 3·000 f. Pt'"' ) i rc1 n e o n c c n t r a t i o n s . 

c l 1  :; i r. t: • .\ f r •.:; m  ::� l e :  c h l. (l r · Ut '  . . c · l e i d  IJ ub s t r : .  t u , r.1�u1 �··. r: v d t o  r "  t :·· in  
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r: . n ge: d f r o rn  1 70 t c  1 5  ppr.1 ( D . I:; . ) .  
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r�n c �:. : •. t th i c  s t : � r;u . 

n i c k •.J l  l <.: v c l s ; 
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u c1 w 1 t  i t  1:. f 1 o tH: r c .  
C c n c ; - r n i �- 0 t l � ;.  b i c• r; c l l c l t L: r:l i s tr;:l c f  ! . h .._ � iyb : · n t h u c  

:-. L. i1 U G  i t  h :•.l3 : � l r ,_; n d y  1J -..; C l1 :;;hv.:: � t  tl �  . t  t:U . G (> Ghru b ::;  b .V u l i t t l l: 
I l o :·: e v -_· r 1 

tl ! ·.' 1 1 s v r1:· 1 :L t i nc ��nt.l c_ ,  . .  i c "  s :;_1c c i ..:: ::; v i z . � · f l o r i u Ul� d u ::.; ssp . 
c t: r v i f o l i u s  ( Fo rM s  ; _  : :r�d D) � :J. cl li •  f l n r i b u n rl u

:
s_ ssp . : .dpr �.: .s stw . 

T� ' u s  <- ch c t ·, i c · ,. l f i c l ci - t -.. rc; t f o r  f.i t) '; c i�: ; ._. n .s  \ i i t]: i:t �) r L  thrm 0 . 3i; 
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I t  i :_; i n t c; r '-' s t iq: t o  ! :o b ... th . t tht: r:. i c k u l  

c ,_, u c c n t r a t i o n c  i n  H ·,r':J . n tht:. c d e: c re:;'_s u , in n t ' t: llt: �· ---. 1 1 : : � � nn � r  t o 

t : :· r d f> t�1 c ': i gh e r  r . . i u f·: 1 1  .---.r , . :_ . s  i n  t �·� c s o u th , ,_ ·.ne in t h ,-: n.:. x t  
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c f  t h �. L' '· v. t r i ·.:; t i ·.: G v i z . � · f l c r i � , tm ch: s r; G p . c u 1·v i f o l iu ::; ( F n r r•; s 
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B . 'L'Lm· I i -;CLOGY . 

Tltt: t �i r '--· '-' ::i c r c· ir�. r n r t .  n t  v :·: r i  •. t i c .s  o f  Eyb :· n t h u s  

�. x · . r;, i r : c r l t o  d r· t e: , : r l: g .  f l ( : r ib un du s 13 6 1) • c u r'v i f oJ. i u s  ( Po n!s  A 
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i n  tllc f ru n t i  S .J.> i L· c ..... 1 � lj' l i n l1 cl r. ·.vl i nf. . 

· :. d ,:J r (; 0 G1l G : . nrl s s p . c u r v i f �_· l i u .s Fcrt:! B ',': u r ,  c l :  c. .s i f i u1 b y  

r:: x!1 i b i t  : . d p r(.· f.> f.' v tl · �nd C \ l r V C; <l l (; l'1 V C S  o 

H .  fl o r ibund u s  F.:isp . c u r v i f o 1 i u s  F o rm A. r: .· t s  ------
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C .  I�C L.S GF l iY J . .  ;·I 'rilU �  'I : .
' 

'.;.' :·1 1:. r : I CKEI G.t;i. I<C: [ .  

'l'h c r• � l ·. o f  Hyb · · n t 1 •. u!: l h 8  i n  i t s . ·. h i l i t �.: tr 
r1 r ,.: < . t t c: J : t i <. n b• r, i c h ,. l i f t · r( ·u s ( s ,,rp�.:nti lH: ) ;� r c· <\ S r!h i c h  
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I t  i c  im po Fw i b L , t o  �;:.:U t� e: thG su c c e 1:: s t lt ·  .. t 
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1 3 1 

P t. r h . � r r' t � . c  u 1 t i •:: · ·- ·�· f ,o · ·.l 1 ." . ' \J l d  lJ , . . t u  : • c i l i c vc 
r ·� ·  · •. • t  .. - :-> '. J ! : . L·: ::. c �r ·�h i l: i. t y :f r :;· t : : - . ' ::: l· ri) lJ l\ t inc -.. : , -: l · . 1 1 :i  c '  

spc. c i v .s  ." U)  ;:-•r c J i • ; i a . .  :r:: i n v.:. G t i <o �. i :. I t s i n  th :. : =. • l i n . c : i :. :: t\ 1' \ .  
, i i :..; c t= :'> c v l  i n  ;J , . c t i c · rJ VI . 

'l \ •  c o l t c J u d <• , t } :o  v - · l u ., •. f t i , , . i_yl.· r-. t2y_c · . . c r:u c 

i r  t h ,_ n i c L  • .  l ��<>: :rch .r· : · ,_ ·:·. r u  t o  b .  _ . G  < ·. :·� i n r1 i c  � tc• r r l  • u t , f , · r  
!1 i c k < · l i f •o· r <, tH.> ( : : c. r ·:: t h  n O . C)! ;.J n i c l: 1  l )  :::; " i l::.; , r, d i t  e . n lJ <J 
\ J [' . <·( i ;·. ' ,h i ;; C p : � r: i t y ; , t  t h ,  •_ ; ( , I L n t b ;i ( r : HlBCl r r 0 � p v c t ,  r.s ; : ra d  

.c:r ·1 C i t'; (,; : �u c. t  : , , , ; ·. i t  t. l "  i r  U G  b y  ''X J.ll o r: . .  t i o n  pL· rsoHnu l  , ; v <  r : :  

I· '- r io d  ' f s c vE:: r :  .1 Y •) ' . r u . 



• 

BI BLIOGHAPiiY 



• 

Abu -Erre i s h , G . N . � W h i t e head , E . L  . .  a n� O l son , O . E  . .  1 9 6 8 . Evo lut io n 
of volat ile selenium from soils . So il . Sc i .  v . l06 . p . 4 1 5- '� ::l . 

J\ga z z i , E . J . , 1 9 6 5 . 
so lut ions by atomic 
p . 3 6 4 - 3 6 G . 

The de +erTT' ina t .i or of t in in hj--� :'0£' ' �)�ro:< � d ·� 
1\ b::;orp t i,. n �p . .  :. t 1 ·om ctry . Anal . � ho.:::n . ,  v . 3 1 ,  

J\hrens , L . H . , and Tay lor , S . R . , 1 9 6 1 . Soectroc hemic Rl a na lys i s . 2nd 
ed . ,  Pergamon , Ox ford , g3 pp . 

A lexkousk i i . V . B . , Mok hov , A . A . , and Sp irov , V . N , , 1 9 5 9 . App l . j �at ion 
of t he bi ogeoc h em ic a l method to prospect ing for n icL�l on t he 1 :01a 
p eninsula . Geoc hemi stry m . 3 , p . 3 3 0-338 . 

Allan , J . E . , 1 9 63 . Absorpt ion flame photometry below 2 , 000 R .  Proc . 
Fourth Aust . Sp ec , Conf . ,  Canberra , Au stra l ia .  

A llaway , W . H . , and Cary , E . E  . .. 1964 . Determ inat ion of submic':"ogt'am 
amou nt s of se lenium in biolog ical material . Anal . Chem . v. 36 , p . l3 5 9 - 136 2 . 

A llaway , W . H . , C ary , E . E . , and Ehl ig , C . F . , 1967 . 
levels  of s e lenium in soils , p lant s a nd a n imal s . 
Biomed i c ine , AVI Pub . We stport , Conn . , p . 273-396 . 

The cycl ing of low 
I n � Selenit:.n in 

A l len , W . A . , and Ric hard son , A . J . , l 9 6o . I nt "'-�<' "� ! 
plant canopy , J .  Opt . Soc . Amer . v . SB ,  p . l 0 2 3 - l 028 . 

Al-Fzais , A . H . ,  t1yers , A . . a nd vlatson , L . , 197 1 .  The isolat ion and 
prop ert ies o f  oxalate crysta l s  from plant s . Ann . Bot . ,  v . 3 5 ,  1213-l/18 . 

Amo s . M . D  . . Bennett , P . A . •  Brod ie , K . G . , Lung , P . W . Y . , a nd Metousek , J . P . , 
197 1 . Carbon rod a t om i s er i n  atom ic absorpt ion and f luore scence 
spec t rome try and it s clinic a l  application . Anal . Ch�m . , v . 43 ,  p . 2ll-21 5 . 

Ando , I\ . ,  Suzul<i , t1 . ,  Fuwa , K .  � and Vallee , B .  L . , 1 ') 6 9 .  Atom i c rl h � :  · 
of arsenic in nitrogen ( entr c. i n .;.cl ;::. :._J.. ' J - bydl"Ot;en fl"'lmP s . . . _ ,_ ... . -..: r.-::. 1 1 . 
v . 4 l  p . l 97 4 - l 97 9 . 

Anon . ,  1 9 5 9 . A flower that led to a copper d i scovery . Hor i zon , 

Sal isbury , v . l ,  p . 3 5 -3 9 . 

Anon . , 1 96 9 , G d  f il trat ion i n  t heory and pract ic e , Bull . Pha�macia 
F inE: Chem icals , Sweden . 

Austminex . ,  1 97 0 . Biogeocherr.ical Survey . Pernat ty Lagoon , South 
Austra l ia . Unpubl . company r ept . p . l-14 . 

Aust . Inst . M in . Metal . )  197 2 . In , Suppl .  Aus . I . M . M .  Bu ll . No . 353 , 2 5  p .  

Bagna l l , K . W . , 1966 . The chemistry of s e len ium , t ellurium and 
po lonium . E lsevier , London , p . 200 . 

Ba i ley , R . vl . , and Jone s , D . I . H . , Hl7 l . Pasture qua l :i  ... v and rum .i n.::1.nt 
nutr i t ion . Part I !  I .  Hydro l.y s i :;:  
with carbohydrase s  in :C €. .'.� t :t.vn to r .... ut�u ci..:..t:; = := ·i.loH . 1� . :t. ,  J .  J\gr �c . 
Res . , v . l4 ,  p . 847 - 0 57 . 

, Bayer , E .  , 1 96 6 . Complex format ion and flO\o.'8r colours . Angre'H' . C hem . 
Internal . Ed it . v . S ,  p . 7 91-7 90 . 



Ba zi levs kaya , N . A . , and S ib ireva , Z . fl . , 19 5 9 . Change in the colour 
of the corolla in Eschscholt z ia cal ifornica under the influenc e of 
m icroelement s ( Rus s . ) .  Byu ll . glavn . bot . Sada , Leningr . ,  n . 6 , p . 3 2 - 3 8 . 

Ben::1J tt , r.: . 1·! . , 1 9 6 9 . The genus Hybanthus Jacqu in in Australia including 
the cytology and anatomy of t he We stern Aus tralia species . M . Sc .  Thes is � 
Univ . West . Austra l ia . 

B ieleski , R . L . , and Turner , N . A . ,  1 966 . Separation and est imation of 
amir.o acids in crude plant extracts by t hin- layer electrophres is and 
chromat ography . Anal . B iochem . ,  v . l7 , p . 27 8 - 2 93 . 

B illing s , G . K . , 1 9 6 5 . L ight scat t ering in trace-element analysis by 
atomic absorpt ion . Atom . Absorp . Newsl . ,  v . 4 ,  p . 3 5 7 - 3 6 2 . 

Billing s ,  W . D . , and t1orr is , R . J . , 1951 . Reflect ion of vis ible and 
infra-red rad iat ion from leav e s  of d ifferent ecolog ical groups . 
Am . J .  Bot . v . 38 , p 3 2 7 - 3 3 1 . 

Birre l l . N . S . , and Wr ight , A . C . S . , 194 5 . A sepent ine soil in New 
Caledonia . N . Z .  J .  Sci . Technol . 27A , p . 7 3 -7 6 . 

Bla lock , H . M . , 1 9 6 0 . In , Soc ial Stat istic s . McGraw-H ill , New York . 

Bless , D . , and Steiner , R . L . , 1 9 6 0 . Biogeochemical prospect ing for 
manganese in N . E .  Tennesse e . Bull . geol . Soc . Am . ,  v . 7 1 ,  p . l 0 5 3 - 10 6 6 . 

Boehm , H . , Mueller , P . ,  and Schu lt e , H . R . , 1 9 6 6 . Accumulat ion of 
N . -acetyl ornithine in the latex of Papaver bracteatum . Flora {Jena ) 
v . l 5 6 , p . 4 4 5 -4 5 0 . 

Bollard , E . G . , and But ler , G . W . , 1 9 6 6 . Hineral nutrit ion of pla nt s . 
Ann . Rev . Pl .  Phys iol . v . l7 ,  p . l7 -112 . 

Bowen , H .  J .  i1 . • 1 9 6 6 . Trac e E lement s in Biochemistry . McMillan , London . 

Bowen , H . J . M . , Cawse , P . A . , a nd Thick , J . , 196 2 . The d istribution of 
some inorganic element s in p lant t i ssue ex trac t s . J .  Exp . Bot . v . l3 ,  
p . 2 57 - 167 . 

Brad shaw , A . D . , 1 96 9 . In , E colog ical A spec ts of the Mineral Nutr it ion 
of Plant s ( Ed .  I . H .  Ror ison ) .  B lackwe l l  Sc ient ific Publicat ions , .oxford . 

Bratzell , M . P . , Dagnell , R . M . ,  and Winefordncr , J . D . , 1 97 0 . A hot wire 
1oop atomizer for a tomic f luorescence spectrometry . Appl . Spectrosc . ,  
V .  24 , p .  518 - 5 21 . 

Brockway , G . E . , 1 94 9 . For e s t s  of the dr ier areas of \'i'estern Au stra l ia . 
Paper prepared for the Australia Forestry Conferenc e . 

Broda , E . , 1960 . Rad ioa c t ive i sotopes in biochemi stry . Amsterdam , 
Elsev ier , 376 p .  

Brookes , B , C . , and D ick , W . F . L . ,  1 9 6 9 . An introduct ion to Sta t i s t ical 
Met hod . Heineman Books , London , 3 2 2 p .  

Brooks , R . R . , 1 97 2 .  Geobotany and Biog eoc hemistry in tHneral 
Explora t ion . Harper and Row , New York . 

Drown , D . H . , and Fowden . L • .  , 1 9 6 6 . Characterisa t ion of :. -acetyl
L-ornit hine isola t ed from Onobrychis v ic iifolia Seep . Phytochem . v . S ,  
p . 8 8 1- 88 6 . 



Browner , R .  F .  , Pate l , B .  r-1 .  , Glenn . T .  H .  , Rietta ; t-1 .  E .  , and vHn8fo:r-d::�er , 
J . D . � 1 97 2 .  Improvement s in Electrodeless D i s c harge Lamp Rad { ��t F�ux 
and Stability by Precise Temperature Control . Proc . P ittsburgh c ��f . 
i'1iW C h  1 9 '/ 2 .  

Brund in , N • •  1 9 3 9 . Nethod of locat in>?; metals and ! • •  inerals in t he ground . 
U . S .  Pat . 2 1 5 8 9 8 0 . 

Buj ard , E . L . , and Mauron , J . , 1 9 6 6 . A two-d imensionai separat i on of 
ac id , ne:utra l  and ba sic afilino acidG by thin layer chromatogra1- >Y on . 
ce llu lose . J .  Ch:!-omat . v . 2l ,  p . l9 - 2 6 . 

Burbridg� , N . T . , 1 963 . D ic t ionary of Austra lian Pl�nt Genera . Angus a ::�d 
Rober.t son , Sydney . 3 4 5  p .  

Rur:::' i ll , G . I L R . , and How2.and -R0se , A . H . , 1 9', 0 . Mir.. �ro.l explo. 'at ion .:.:-� 
Wes tern Austra l i a . Can . Min . J .  v . 91 , p . l 0 5-ll0 . 

Byers , H . G . , Nill er , J . T . , Will iams , K . T . , and Lakj_n , H . W . , 1 93 8 . 
S8lenium occurrence in certain so i l s  in the United States with a 
d iscu ss ion of r e lated top ics , 3rd r eport U . S .  Dept . Agr . Tech . Bull . 
n . 6 01 , p . l-7 4 .  

Cameron , I: . t-1 . , 1 9 6 8 . A geochemica l prof ile of the Swan Hi ll '-' P-.eef . 
Can . J .  Earth Sc i . ,  v . 5 ,  p . 287 - 3 09 . 

Cameron E . !� . •  1 9 6 9 . Reg ional g eochirn ical study of the Sl�ve r�int 
carbonates . Western Canada . Ca n .  J .  Ear t h . Sc i . ,  v . 6 ,  p . 247 - � �B . 

Canney , F . C . ,  and Hawkins , D . B . , 1 9 6 0 . F i8ld applicat ion of ion
ex change resins in hydrogeochemical prospecting . U . S .  Geol . Surv . 
Prof . Pap . 4 00-B p . 8 9 - 9 0 . 

Canney , F . C . , 1 97 0 .  Remote detection of  geochemical soil an0�2 l i es . 
Proc . UUESCO/ECAFE Seminar on Geochen . Explor . Per leniya , Cey lon . 

Cannon , H . L . , 1 9 5 2 . The effect of ur3r iu:n -·Vi'.nad .iuli' rl -2pos .'.ts  on the 
vegetat ion of t h e  Colorado Plateau . Am . J .  Sc i .  v . � � O ,  p . 7 3 5 - 7 7 0 .  

Cannon , H . L  . •  and Starret t . W . H . , 1 9 5 6 . Botanical prospe c t i ng for 
uranium on La V entrua �1esa , Sandov2 l County , Ne•r M :::dco . Bu l l . U . S .  
geol . Surv . 1 2 7 8A , p . 3 91- 407 . 

Cannon , H . L . , 1 9 57 . Descript ion of indi cator plant s and meth,...d s  o.�.· 
botan ical prosp ect ing for uranium depos its  on the Colorado Plateau . 
U . S .  Geol . Surv . Bul l . 1030-H , p . 3 9 9 - 5 1 6 . 

Cannon , H . L . , 1 9 6 0  a .  The development of botanica]. method s of 
prospect ing for uranium on the Colorado Plateau . U . S .  Geol . Surv . 
Bu l .  1 08 5 -A , p . l- 5 0 . 

Cannon , H . L . , 1 9 6 0  b .  Botanical prospec t ing for ore deposiT.s . 
Science , v . l 3 2 , p . 591-8 . 

Ca nnon . H . L  . .  1 9 6 ' 1 . Geochemistry of rocks and related soils and .  
Vf�eetat .ion i n  the� Yellow Ca t areu . Grand County , Utah . Bull . U . S .  
p,eol . Surv . ,  n . l l7 6 ,  1 27 p .  

Ci:i nnon , l l .  L .  • 1 97 1 .  ThfJ U:se of plr1nt ind .i.cators i.1 pr·ound w,1 t er 
'lurveyo ., geologic mapping a nd rn iner:tl  e-xploration . Tnxon . v .  20 , 
n . 2 27 - ?. 5 r.> . 



Carlis l� , D . ,  and C leveland , G . B  . •  1 9 5 8 . Plants as  a guid e to 
m i n0ra l i s a t ion . Spec . Rep . D iv . Mines C a l �i . •  No . 5 0 ,  31 p .  

Carnc:g ie , P . R . , 1 9 6 5 . A pept ide -mapp ing t echnique for the esti:nat ion 
of molecular s i ze . Nature v . 2 06 , p . ll28-1130 . 

Car t �r ,  D , L . , Robb ins , C . W . , and Brown , !1 . J  . •  1970 . 
trat ions in Forage on sor.:c: high north�·restern ranges .  
i 1anagement. v .  23 . p. 234- 238 . 

Selenium concen
J .  Ra nge 

Cat c ell ,  R . B . , 1 96 5 . Factor Analysis . 
I .  The purpose and und erlying mod els . 
p . 405-434 . 

An  introduc t ion to e s s 3nt ials 
B iometric . v . 21 ,  p . l 9 0 - 2 1 5 , 

Chaffs , t l . A . , and Hess in T . D . , 1 97 1 . An eva luat ion of Geoch::.m i ca l  
Sampling i n  the search for conc ealed 1 Porphyry 1 copper-molyJ:vlenurn 
depo sits on ped iments in Southern Arizona . Can . Inst . Hin . Spec . v . ll ,  
p . 40l-409 . 

C hrist ian , C . S . , and Slatyer , R . D . , 1 9 5 8 . Some observations on veget
a t ion change s  and wat er relat ionships in ar id areas . In , Arid Zone 
Research XI . Revi ews of Re search UNESCO . Swit zerland . 

C larke , E .  de C . ) Te ichert , C . , and McWha e , J . R. H. , 1948 . Tert iary 
depo s i t s  near Norsema n ,  Western Australia . J .  Roy . Soc . W .  1\ust . ,  
v . 3 2 ,  p . 8 5- 103 . 

C lausen , J . , 19 2 9 . Chromosome number and t he relat i onship of some 
north amer ica n spec i e s  of Viola . Ann . Bot . ,  v . 43 ,  p . 741-7 64 . 

Cochrane , G . R . , 1968 . False-colour f :lm fa ils in pract i se . Photogmm . 
Engng . v . 34 , p . l l4 2-ll46 . 

Cole , M . l 1 . , 1964 . The use of ver;etation in m inera l <=>xpJ.o<�::� · : i ':l :· . ... . .  

Australia . E i8 hth Commonw . Hin . Metall . C ongr . ,  v .  3 ,  p . 14 2 9 - 5 8 . 

Cole , t1 . l·i . , Provan , D . t1 . J . , and Tooms , J . S . , 1968 . Geobotany , 
b iogeochemistry , and g eochemistry in  the Bu lman - Wa imuna Spr ings 
area , Northern T err itory , Australia , Trans . I nst . Hin . Metall . ,  Sect . 
B . •  v . 77 , p . Bl-104 . 

Cole , N . il . , 197 1 . The importance of enviroment in Biogeograohica l ,  
Geobotanical and B iogeochem ical Invest igat ions . Cami. I 1  • .::> l: .  i-; iu . 
Spec . Vol . No . 1 1 . 

Cole , N . N . ,  197 1 a .  B iogeographical , Geobotanlcal and Biogc:ochem ical 
Inve st igat ions connect ed with explorat ion for nickel-copper or e s  in 
the hot , wet , summer , dry winter savanna woodland environment . J .  Sth 
A fr . Inst . Min.  Meta ll . p . l9 9 - 2 09 . 

C oleman , R . G . , and Delavaux , H . , 1957 . Occurr enc e of selenium in 
sulphid es from so me sed imePtary rocks of  the weste:: n Unit:!d States 
( Abstr . ) . Econ . Geol . v . Sl ,  p . l l2 . 

Collins , M . I . , ' l924 . Stu�ies in the v egetat ion of arid a nd sem i-ar id 
Hew South Wales . Proc. Linn . Soc . N . S . W . , v . 4 9 ,  p . l-18 . 

Coh1ell J R . N . ;  1 9 6 5 . D eterm in ing t-he prevalence of certa in c ereal 
crop diseases by means of aerial p�otog:r:-ap hy , Hilga · ,dia , v .  ?G , 
p .  2 n - 2 8 G . 



Cou s ins , F . B . , 1 9 6 0 . 
b i o log ical mat er ia l .  

A fluorometric rnicrod e t erm ina tion of s elen ium in 
Aust . J .  Exp . B iol . v . 3 8 ,  1 . 11 -1 6 .  

Curzon , G . , and Gi ltrow , J . ,  1 9 5 3 . A chromatographic c o lour r eagent 
f or i'l group of arninoacid s .  Nature . v . l 7 2 ,  p . 3 5 6 . 

Dagnall . R . H . , Thompson , K . C . , and W e s t , T . S . , 1 967 . S tud i e s in Atom ic 
F luor e s c e nc e Spec troscopy . I V . The s t omic-fluoresc ence spectros cop i c  
d e t erm i na t ion of selenium a nd t e llur ium . Ta lanta , v . l4 ,  p . 5 57 - 5 6 3 . 

Dav i e s , C . E . S . , Evrer s . H . E . , a nd F letcher , A . B . , 1 96 9 .  D eterm inat ion 
of traces of tellurium i n  rocks by atomic absorpt ion spectroscopy 
after volat i l izat ion with synthe t ic pyrite . Aust . Inst . Min . Metal! . 
l l . 2 3 2 ) p . fl 7 -: 7 1 .  

Dawson , R . M . C . ,  ( ed )  1 9 5 9 . Data for biochemical research . Oxford Univ . 
Pre s s . 

Day , F . H . , 1 9 6 3 . The Chem ica l Elements in Nature . Harrap . London .  3 7 2 p .  

D ebnarn , A . H . , 19 5 5 .  B iogeoc hem i cal I nves t igat ions in t he Nort hern 
T erri tory , 1 9 54 . Rec . Cornmonw . Wus t . Dep . Natn . Dev . Bur . M i n . Resour . 
ceol . G eophys . n .  1 9 5 5/ 4 3 , 24 p .  

DeSeque ira E .  Hene zes . ,  197 0 . Toxic ity and movement of heavy metals in 
s erpent ine so i ls . ( N . L .  Portuga l ) Agron . Lusitana . v . 3 0 ,  p . ll S - 1 5 4 . 

Dorfmu l ler , H . , 1 94 1 . The influence of boron on the wat er budget of 
legumes .  Planta , v . 3 2 ,  p . 5 1 .  

Dunn , P . R . -, Smith , J . H . , and Roberts , H . G . , 1 966 . A proposal for t ime
strat igraphic sub-d iv ision of  the Australian Precambrian , J .  geol . soc . 
Aust . v . l 3 , p . 5 9 3 - 6 0 8 . 

Dunn i l l , P . H . , and Fowden , L . , 1 96 7 . The am inoac id s of the genu s 
A s tragalu s . Phytochem . ,  v . 6 ,  p . l 6 5 9-1663 . 

Duvigneaud , P . , 1 9 5 8 . ' Coba ltophyte ' plants in Upper Katanga . Bull Soc . 
roy . Bot . Belg . v . 91 .  p . l-134 . 

Duv igneaud , P . , 1 9 5 8 . La v egetat ion du Katanga et de ses sols metalliferes .  
Bull . Soc � roy . Bot . Belg . v . 90 ,  p . l 2 7 - 28 6 . 

Duv igneaud , P . •  and Denaeyer -d e Srnet , S . , 1 963 . Studies on the Katanga 
vegetation and its metalliferous soils . Bull . Soc . roy . Bot . Belg . v . 96 , 
p . 93-2 2 9 .  

Ea s tma n Koda k ,  1 97 0 . Kodak f ilters for Scientific and Technical uses . 
Ea stman Kodak Company ! .  8 8  p .  

Eaton , J . P  . •  1 96 2 . Crustra l structure and volcanism in Hawa i i .. In , 
The crust of the pacific Basin .  Ed . G . A .  MacDonald and H .  Kuno .  Am . 
gcophys .  Union , Mem . 6 ,  p . l3- 2 9 . 

Lfron , M . , 1960 . High Voltage Paper Electrophoresis . In , Chromato
graphic and Electrophoret ic Techniques . v . 2 ,  ( ed .  I .  Smith ) Heinemann 
Medical Books , London . � 



E l k i ng ton , J . E . , 1 9 6 S . Vegetat ion s tudi e s in the Eastern goldfields 

of ·. le s t ern Au stra l ia Hi t h  part icu lar reference to their role i n  
Geological Re co nna is sance and 1- Hneral Explorat ion . P;_ . D .  Th es is , 

un ivers ity of London . 

E l  Sha zly , E . IL , Bara ka t , N . , Eissa , E . A . ,  Emora , H . H . , A li ,  l . S . , 
shal tout , S . ,  and Sharaf ,  F . S . , 1 97 1 . The use  of Acac ia tre e s  i n  
biogeoc hem ical prosp e c t ing . Can . Inst . Min . Spec . v . ll ,  p . 4 2 6 - 4 3 4 . 

Elwe l l , W . T . , a nd G idley , J . A . F . , 1 9 67 . A tom ic absorpt ion spectrophoto
me try . Oxford , Perrnagon , 139 p .  

Ernst , H . , 197 2 . Ecophys io log ica l Stud ies on heavy metal Plants in 
South Central Africa . Kirk ia , v .  8 ,  p . 125-14 5 . -

Eva ns , R . , 1 9 4 8 . An introduct ion to colour, Wiley , New York . 

Eyr e , L . � . , 1 97 1 .  High-alt itude colour photos . Photogmm . Engng . 
v . 3 7 ,  p . l l 4 9 - l l 5 3 . 

Fa irburn , H . H . , and others , 1951 . A cooperat ive investigat ion of 
• prec i s ion and accuracy in c hemica l , spectrochemical ,  and' modal ana lysis  

of  s i l icate rocks . U . S �  G eol . Surv . Bull . 98 0 ,  7 1  p .  

Fieg l , I . F . , 193 9 . Qua litative Analysis by Spot Tests . Nordeman , 
Nevr York . 4 6 2  p .  

Fle tc h er , K . , 1 97 0 . S ome app l ica t ions of background correction to 
tra c e  metal ana lysis of g eochemical samples by atomic-absorpt \on 
spectrophotometry . Econ . Geol . ,  v . 6 5 ,  p . 5 8 8 - 5 91 .  

Fowden ; L . , 1 9 5 8 . -acetyl ornithine , a const ituent of � o� · 

grasses . Natur e , v . l8 2 ,  p . 406-407 . 

Freckmann , W . , 1934 . Can we hinder or avoid frost damage in our moors? 
Mitt . Ver . For d . �1oorkult . dt . Re iche , 9/10 . 

Freere , R . H . , 1 9 67 . F ilters and t heir use in microscopy . Lab . Pract . ,  
v . l6 ,  p . lll0-1121 . 

Fr it z ,  N . L . , 1 9 67 . Optimum methods for using infrared-sensit ive colour 
films . Photogramm . Engng . v . 3 3 ,  p . ll28-1138 . 

Froelich , A . J . , and Klein h ampl , F . J . ,  1 96 0 . Botanical  prospect ing 
for uranium in the D e er Flats area , White Canyon District , San Juan 
County , Utah . Bull . U . S .  geol . Surv . ,  No . 1 08 5 -B ,  p . Sl-84 . 

Fuwa , K . , and Valle e �  B . L . , 1963 . The phys ical basis of analyt ical 
atomic absorpt ion spectrometry . A nal . Chem . v . 3 5 , p . 94 2-94 6 . 

G<Jmb i , 0 .  V . , 1967 . Pre l iminary data on the histological localisat ion 
of n ickel in Alyssum bertolonii D e sv . Nuovo G .  bot . I tal .  v . 1 01 , p .  5 9- 6 0 . 

GrJ r•rliner .  11 . R . , Armstrong , J . ,  Fels , H . , and G lencross , R . N . , 195 2 .  
A preliminary report o n  selenium a nd animal health in Western Aus tral ia . 
Aust . J .  Expt . Agr . Anim . Husb . v . 2 ,  p . 26l-269 . 

Gar'd iner , JL R . , and German , R . C . ,  1963 . Further observat ions on plant 

scleniurn levels in Western Austra l ia .  Aust . J .  Expt . Agr . Anim . Husb . , 
v . :J , .p . 284- L I3 9 . 



G-:1rd iner , ! L R . ,  Lint:o � A c . ,  a nd Apl i:� , T . E . H . , 1 9 5 9 . To,� i.c ity cf 
Sw2 insona canescens for sheep in West ern Au stralia . Au st: . J .  Agr i .  
Res . v . 2 0 ,  p . 8 7 - 97 . 

Gardner , C . A . , 1 94 2 .  The vag e��t ion of Ve stern Au� t�al ia . J .  Roy . 
Soc . W .  Au s t . v . 28 ,  p . x i -xxxv i i . 

Garrett , R . G . , 1 9 6 7 . The g eoc hem i stry of the Fr emont Lake quart z  
monzo n i  t e s  a nd as soc iated g:'"'u s s . NA SA Sonora Pas s g eolog ic al t e st: 
s i t e , S ierra Nevada , Calif orn ia . t l-\'lest U n iv . Rep . i i o . 1 4 , 3!:! p .  

Garr e t t: , R . G . , and N ic hol , I . , 1 9 6 9 . Fac t or analy s .i. s a s  a n  a � d  in t: h e  
i nt:erpretat ion o f  r eg iona l  geoc hemica l stream sed im : nt data . C' o lo . Sc h .  
ti in12s Q . , v . 64 ,  p . 2 4 5 - 264 . 

Gate s , D . tL ,  Keega n , H . J . , Schle·t er ., J . C . ,  a nd He idner ,  B . R . , 1 9 6 5 . 
Sp ectra l propert ies of pl ant s . A ppl . Opt ic s ,  v . 4 , p . l l - 2 0 . 

G idley , J . A . F . , 1 9 S4 . L im itat ions in trace determ i na t ions by atom ic 
absorpt ion spectrophotom etry . I n , L im ina t: ions of . d et ect ion .i.n spectro
c hem ica l  a na lys is . London ,  H i lger and Watts Ltd . , p . 2 5 - 4 4 . 

Geot ime s , 1 97 2 . ERTS and EROS . ,  Geotime s , v . l7 ,  n . 3 ,  � . 2 0- 23 . 

Gold schm idt ; V . t1 . , 1 9 54 . G e oc hem i s t ry . Ox ford , U n iv . Pre s s . London , 
p . 5 3 2 - 5 4 0 . 

Gro s s , G . A . ,  1 97 0 .  Geo log ica l conc epts lead ing to minera l d iscovery . 
Can . Min . J .  v . 9 1 , p . 5 1- 5 3 .  

Ham i lton , J . vL ,  and Death , O . A . ,  1 (' 6 4 . Amr:mnt and c h em ical f0rm of 
s e len ium in v0get3ble plant s .  Agr i c . Fd . Ch8m . v . l 2 ;  p . � l l- 3 7 4 . 

Harbaugh , D . V . ,  1 9 5 0 . B i_o ; t?ochem i r. :::'. l  inve s t i f ==1 t i0r · .� Tl �h :"' . rr'· :, ; -
Sta te D i strict . Econ . L dO� . , v . 4 � , p . � �o - � b / ,  

Harr i s , D . R . , 1 9 6 5 . Plant s , anima l s  and mctn in t 'Ja ou t er LP. e:·''lrd 
i s land s , west I nd ies . Univ . Ca lif . Publ . in geogr . v . l8 .  

He!.IYTood , Yl . J . ,  18 57 . Not ic e  of the copper t�l:>f of 119n i onet h . Ed inb . 
new phi l .  J . ,  v . 5 ,  p . Gl - 6 3 .  

Hir s , C . H . \-1 . , t1oor e , S . , a nd S t e i n  vl . H . ,  1 9 5 2 . I so la t ion of am}_no ac ids 
by c hromatography on Ion-excha ng e  columns . Use of vo�at il� buffer s .  
J .  B io . C hem . v . l 9 5 , p . 6 6 9 - 6 6 3 . 

Hor izon ) 1 9 5 9 . A f lo..,.rer t ha �  led to a coppr.>r di sco·r �l"'Y • Hor i zon , 
Salisbury , v . l ,  p . 3 5 - 3 9 . 

Hor scroft ,  F . D . M . , 1 9 C l . I n , The geology of the No�t hern Rhod e s ian 
C opper Belt . ( ed . F .  l1end e lsohm ) . p . 7 3 - C 'J .  

Hostrup ,  B .  H . , and Ko'iraguc hi , T . , 1 9 7 1 . A er ial c ol0' lr i n  Forestry , 
Photogmm . Engng . v . 3 7 � p � S 5 5 - 5 6 3 . 

H r:n·rurd , J . A . , 1 9 6 5 . Snect.,a l enN'f'.V re lat ion"l of i R0}., i_li'i tenal l 8ave s . 
A 1 1 : l L ,J . D iol . S c i . v . 1 9 ,  :J . . , � 7  - h 6 . 



·,.. . . � ..  
H01,•ard-Hill iams , C . ,  1 97 0 .  The ecology of Becium homblei in Central 
Africa Hith spec ial reference to metalliferous soils . J .  E c o l . v 58 , 
p . 7 4 5 - 7 64 , 

i1oHar d - H i ll iam s , C . ,  1 97 1 .  Environmental factors controll ing the 
growt h of plants on heacy metal soil s . Kirkia , v . 8 ,  p . 9l-1 0 2 . 

Howard - W i l l iam s , C . ,  1 97 lb . Morpholog ical var iation between isolated 
populat ions of Bec ium homblei ( de Wild . ) Duvign . & Plancke growing on 
heavy metal soils . Ver,etat io . v . 23 ,  p , l41-15l , 

Hutch inson , G . E . ,  1943 . The b iog eochemi stry of aluminium a nd certain 
re lated elements . Q .  Rev . Biol . v . l8 , p . 331-363 . 

Ishizuka , Y . , 1 971 . Nutr ient defi.c ienc ies of crops . Talpe i , ASPAC 
Food & Fert il izer Technology Center . 1 1 2  p .  

Jacobsen , G . •  1 94 5 . Iron in the leaves and chloroplasts of some plants 
in re lation to their chlorophyll content . Plant Physiol . v . 2 0 ,  p . 23 3 - 2 4 5 . 

Jacobsen , W . G . , 1968 . The influence of t he copper content of  the soil 
• on the vegetation at Silverside South ., l1angula Area , Kirk ia , v .  6 ,  

p .  2 5 6- 2 7 7 . 

Jacobson , L . , and Overstreet ,  R . , 1948 . The uptake by pla nt s  of 
plutonium and some products of nuc lear f i s s ion absorbed on soil colloid s , 
soil . Sc i .  v . 6 5 ,  p . l 2 9-l34 . 

Jensch ) E . , 18 94 , Zinc flora of Upper Silesia , Z .  angew . Chem . v . l ,  
p . 14-1 5  

Jessup , R . W . , 1 94 6 ,  The eco logy o f  t he area adj acent to  Lakes 
Alexandr ina and A lbert . ·  Trans . roy Soc . S .  Aust . ,  v . 7 0 ,  p . 3 -34 . 

Johnson , H . , 1 97 0 .  Determinat ion of selenium in solid was t e . Environ . 
Sc i ,  Tech . v , 4 ,  p . 8 5 0-8 53 . 

Jones , R . G . W . , and Lund ) O . R . , 1 9 67 . Funct ion of calcium in plants . 
Bot . Rev , v . 3 3 ,  p . 414-4 2 6 . 

Jones , H ,  , · 1 97 0 , Prospect ing by . infra-red techniques . Min ing Mag . , 
v . l 2 2 , p . 3 9- 5 7 . 

J owe t t , D . , 1 964 . Population stud i e s  on lead tolerant Agrost ic t enu i s . 
Evolut ion , v , l8 ,  p . 7 0-8 0 .  

Jutson , J . T . , 1934 . Phys iography of Western Australia , geo l , Surv . 
W .  Aust . ,  Bull . 9 5 ,  358 p .  

Kahn , H . L . , and Schallis , J . E . , 1 9 6 8 . Improvement of Detect ion Limits 
for arsenic , selenium and other element s  with a n  argon-hydrogen flame . 

Atom .  Abspn . Newsl , v , 7 , p . S -g , 

Kasynova , M . S . , 1961 . Aerov isual geobotanical �bservat ions in desert s 
and semi-ar id reg ions . Int . Geol . Rev . , v . 3 ,  p . 626-628 . 

Ke i t h , J . R . , 1968 . Relat ionships of lead and 
a r� �oil3 , Upper Mississippi Valley Distr ict . 
AIME , n . 68-L-3 2 0 , p . l 2 .  

zinc content s of trees 
Prepr . Soc . Hin . Eng . 



Ki kka11.:� , H . , Og ita � Z . , and Fuj ito , s . , 1 9 5 5 . Uature of pigment s 
derived from tyros ine and tryptophan in animals . Sc ience , v . l 2l ,  
p . 4 3 - 4 7 , 

Kleinhampl , F , J . ,  and Koteff , C . ,  1 9 6 0 , Botanical prospect ing for 
ura n iwn in t he Circle Cliffs area , G�rf ield County , Utnh . Bull . u . s .  
geol . Gurv . , No . 1 0S5-C , p . B S - 1 04 . 

Knight , S , H , , 1 937 , 
ation in Wyom ing . I .  
the selenium problem . 

Occurrence of selenium and seleniferou s veget 
The rocks of Wyoming and their relat ions to 
· Hyom ing Agr . Expt . Sta . Bull . no . 2 21 , p . 2 - 27 . 

Kn ipling ,  E . B . , 1 97 0 , Physical and physiolog ical bas is for the 
reflectance of vis ible and near - i nfrared rad iation from vegetat ion . 
Rem . Sens . Envir . v , l ,  p . l55- 15 9 .  

Knott , S . G . ,  McGray , C . W . R . , and Ha l l ,  W . T . J . , 1958 . S elenium 
poi soning in horses in North Quensland . Qld . J .  Agric . Sc i .  v . l 5 ,  p . 4 3 - 5 8 . 

Kot i lainen , H . J . , 1944 . Spec ialised plants a s  substrate indicators . 
Soc . scient . fen . v . 6 ,  p . l-18 . 

Krause , W . , 19 58 . The s ignif icance of miner3 ls for plant colonisat ion 
of soils . In , Handbuch der Pflanzenphys iolog ie , v . IV ,  Springer , Berlin . 

Kruckeberg , A . R . , 1954 . The ecology of Serpe nt ine soils I I . Plant 
specied in relat ion to serpentine soils . Lcology , v .  3 5 ,  p . 2 67 - 27 4 . 

Lak in , H . W . , 1961 ( a ) . Gcochemistry of Selenium in Re lation to agr i 
culture . I n ,  S e lenium in agriculture , U . S .  Dept . Agr . Handbook No , 200 , 
p . 3 - 24 . 

Lakin , H , W . , 1 961 ( b ) . Selenium Content of soils , In . Selenium in 
Agr iculture . U . S .  Dept . Agr . Handbook No . 200 p . 27-34 . 

Lakin , H , H . , and David son , D . F . ,  1967 . ,  1967 . The relation of the 
G eoc hem i stry of Se len ium t o  its occurrence in soils . I n , Selenium 
in Biomed ic ine ( ed .  Muth ) , p . 27 - 5 6 . 

LARS annual report . Purdue Univers ity LARS bull . No . 831 . annual 
r eport v . l ,  1967 , 3 6  p .  

LARS annual r eport . Purdue Univers ity LARS re s .  bull . No . 8 3 2 , annual 
report v , 2 ,  1967 , 75 p .  

LA RS annual report . Purdue Univers ity LARS r es , bull . N o .  844 , annual 
report v , 3 ,  1 9 68 . 175  p .  

LARS annual report . Purdue University LARS res . bull . No . 8 7 3 . annual 
report v , 4 ,  197 0 ,  112 p .  

Lauchli , A . ,  Spurr , A . R . , and E�stein , E . ,  1 97 0 .  Latera l transport 
of ions into the xylem of corn root s . Plant phy s iol , v . 48 ,  p , llB -124 . 

Licbich , 1 1 . , 194 1 ,  A qua nt itat ive c hemical investigation of t he iron 
in the chloroplasts and other cell components of Spinac ia oleracea . 
Z .  Bot , v . 37 ,  p . l29-157 . 

L im>t0\-1 1 0 .  von . , 1 9 2 9 . Plant indicators of soil . Berl in , Preuss . 
g1:!0l .  Lande sanstal t ,  p ,  246 . 



Lit chf i e ld , W . H . , 1963 . S oils of the Wiluna - Meekatharra Area . I n ,  
La nd s  o f  t he Wiluna-Meekatharra Area , Western Australia , 1 958 . C . S . I . R . O .  
Land Research Series No . 7 ,  p . l 23-14 2 . 

Lo f t u s - I-I i l l s , G . D . , Groves , D . I . ,  and Solomon , H . , 1969 . The selenium 
content of some Tasm3.nian sulphides . Aust . Inst . Min . t1etall . Ho , - 2 3 2 ,  
p . S S- 6 5 .  

Luk e , C . L . ,  1 9 5 9 . Photometric de termihat ion of Traces of Selenium or 
T ellur iur.1 in Leari or Copper . Anal . Chem . v , 3 1 ,  p . 57 2-574 , 

Lyo n , G . L . , 196 9 . Trace Elements in New Zealand Plant s . Ph . D .  Thesi s , 
Ha s s ey Univers ity , New Zealand

·
. 

l·labbu t t , J . A . ,  1963 . Geo;norphology of the Wiluna-Meekatharra Area . 
I n , Lands of t he Hiluna-Meekatharra Area , Western Australia , 1958 . 
C . S . I . R . O .  Land Researc� Series No . 7 ,  p . l07 - 1 2 2  . .  

Malahoff ,  A . ,  and Woolland , G . P . ,  1966 , Hagnetic measurements over 
the Hawaiian ridge and their volcanological impl icat ions . Bull . Vole . 
v . 2 9 ,  p . 7 3 5 . 

�la lytuga , D .  P . , 1 964 . Biogeochemical methods of  prospect ing . New York , 
Consultants Bureau , 2 0 5  p .  

Nalyuga , D . P . , Malashkina , N . S . " , and Makarova , A . I . , 1959 . Biogeochem

ical invest iga tions at Kadzharen , Armeniam SSR ( Russ . ) . Geokhim iya , 
No . 5 ,  p . 423-4 3 0 . 

Manske ,  R , li . F . ,  1 937 , The natu�al occurrence of acetylornithine , Can . 
J .  Res . v , l 58 ,  p . 84 , 

Marshall , N .J . ,  197 0 ( a ) . Review of Geochem ical Exploration Research 
by Australian Selection ( PTY ) Ltd . UNESCO/ECAFE Seminar on Geochem ica l 
Prospecting t 1ethods and Techniques , Peradeniya , Ceylon . 

11arshall , H . J . ,  1 9 7 0  ( b ) . Applications of aer ial photography in regional 
geologic mapping . Proc . UNESCO/ECAFE .Seminar on Geochem . Explor . 
Peradcniya , Ceylon . 

Massman , H . , 1 9 6 8 , Atom ic absorpt ion analysis with  a heated graphite 
cell ( Fr . ) . Het h .  phys . Ana l . ,  v . 4 ,  p . l 93-20l . 

Mason , B . , 1958 . Princ iples of Geochemistry . Wiley J New York , 3 1 0  p .  

Ma zzucchell , R . H . ,  and James , C . H . , 1966 . Arsenic a s  a guide to 
gold mineral isat ion in lat erite-covered areas of Western Austral ia . 
Trans . Inst . Min . Metall4  S ect . B .  Appli . earth Sci . v . 7 5 ,  B 2B6- 2 94 . 

McCall , G . J . H . , and Doepe l , J . J . G . , 1969 . Stratiform basic bod ies 
vrithin the Yilmia ophiolit es , We stern Australia . Proc . Aust . Inst . 
M in . M e t . ) No . 231 , p . 67-7 3 . 

l1cCall , G . J . H . , and Leishma n ,  J . ,  1 97 1 . Clues to the origin of 
Archaean Eugeosync l ina l peridotit e s  and the nature of serpent inisat ion 
Sec . Publ . geol . Soc . Aust . No . 3 ,  p . 2B l - 2 9 9 . 

McCray � C , W , R . , �nd Hurwood , I . S . , 1963 . Selenos is in North-western 
Que8nsland assoc iated with a mar ine Cretaceous Formation . Qld . J .  
Agric . Sc i .  v , 20 ,  p . 4 7 5-4 9 8 , 



McEwan , T . , 1964 , I solation and Ident i f ication of the Tox i c  
Princ iple o f  Ga strolobium grand iflorum . Natur e . v . 2 01 , p . 8 27 . 

McNe i 11y , T , , anc Bradshaw , A . D . ,  1 9 67 . Evolu t ionary proc e s ses in 
populations of Agrost i s  �enuis . Evolut ion . v . 2 2 ,  p . l 08 - 118 . 

Mende1sohm , F . ,  ( ed . )  1 �61 . The g eology of the Northern Rhod e s ian 
copperbe 1t , MacDonald . London , 532 p .  

!1estre , H . , 1 9 3 5  . . The absorption of :radiation by leaves and a lga e . 
Cold Spring Harbor Symp . Quant . B iol . y , 3 ,  p . l 91- 2 0 9 . 

Meyer , M . P . , and C�lpouzos , L . , 1966 , Detect ion of crop d isease s . 
Photogmm . Engng . v . 3 4 , p . 5 54- 556 , 

Miesc h ,  A . T . , 1 9 64 .  Effect s of s��plins �nd analyt ical €rror i n  
geochemical prospe.c t ing . Stanford Un�v,, �\1�1� ; ,. Geol . Sci . ,  v .  9 ,  
p , l 5 6 - 17 0 ,  I 

Miller , C . P . , 1 9 61 .  Plant a nd soi l  pl'�p'1ct.�ns. for nick� l .  Trans . 
Am , Inst . Min . Metall . Petrol . Engr� . ,  v !_ ? 2,0 , Q.· � � �- 2 6 0 . 

• t1ingu z z i , C . ,  and Vernano , 0 . , 1948 . NicJ<Ql content of Al)lssum berto
loni ( Ital , ) .  At�� . Sco . �sG . Se� .  n9t . , v . 55 ,  p . 4 9-74 . 

M itchell , R . L . , 1945 . Cqbal� apd �ickel i n  soils and plant s . Soil 
Sc i ,  v . 6 0 , p . 6 3 -7 0 ,  

M iyake , Y . , 1 9 6 5 , Element s of geocbem i5t� , Maruzen , Coy . , Tokyo . 

Moore , R . f1 . , 1 9 6 0 . The management of nat i�e vegetat ion in arid a nd 
semi-a� id reg ions . In , Arid Zone Research

- XV Reviews of Research , 
UNESCO . Swit z€rland . 

Hoor e , P . D . , 1 97 2 ,  N e ed for N ickel . Na�re v . 2 3 6 ,  p . 2 6 5 - 2 6 6 . 

Mothes and Reuter , ( u npu�l . ) c i t ed in Fowden , L ,  1 9 5 � .  

Hulcahy , M , J . ,  1 9 60 . Later i t e s  and lat erit ic soils in sooth- s eatern 
Australia . J .  Soil . Sc i .  v . ll ,  p . 2 0 6 - 2 2 5 . 

Muth , O . H . , ( ed ) , 1 9 67 . Symposium , S e l en ium in Biomedic ine , Westport , 
Cann . Avi . publ . ,  4 4 5  p .  

Myers , V . I . ,  We igand , C . L . ,  Heilman , H . D . , and Thomas , J . R . , 1966 , 
Remot e  sensing in soil and water conservat ion researc h .  Proc . 
Fourth Symp . on Remote Sens ing of Environment , Inst itute of Sc ience 
and Technology , Univ . of Mi�igan , A nn . Aabor . ,  p . S Ol- 813 . 

NakagavTa , H .  f·l . , and Thompson , C .E . ,  1 9·68 . Atomic absorption determin
at ion of Tellur ium . U . S .  Geol . Surv . Prof . Paper , No . 600-B . p . Bl23-
Bl2 5 . 

Nature , 1 97 2 .  Need for nic ke� • .  London , April , v . 2 3 6 , p . 2 6 5 - 2 6 6 . 

Heish , A . C . ,  1 9 3 9 , Studies on chloroplast s . II . Their c hemical 
composition and d i str ibut ion of m etabolites between t he chloroplasts 
and the rema ind er of the leaf. , Biochem . J .  v . 3 3 ,  p . 3 3 0- 3 08 . 



New Scient ist , 1 97 2 .  Hining nickel the ea sy way . London , 1 6  Harch 

1 97 2 .  v . 53 ,  No . 7 8 7 , p . S8 3 .  

N ichola s , D . J , D . ,  1 9 6 1 . tHnor mineral nutr ients . Ann .  Rev ,  Pl . 
Physiol . v , l2 ,  p . 63 - 90 . 

Nicolls , O . W . , Provan ,  D . M . J . ,  Cole , M . M . ,  and Tooms , J . S . , 1 9 6 5 . 
G eobotany and geochem i stry in mineral exploration in the Dugald Riv er 
area , C loncurry D istr ict , Austra l i a . Trans . Inst . Min . Metal! . ,  
v , 7 4 .  p . 6 9 6 - 7 0 9 . 

N ie lsen , J . H . 1 and Sauberlich , H . E . , 1 97 0 .  Evidence of a poss ible 
requ ir ement for n ic kel  by the chick . Proc . Soc . exp . Biol . Hed . 
v . l34 , p . 84S-849 . 

Nielsen , J . S . ,  1 97 2 . The feasibility of b iogeochemical and geobotanical 
prospecting at Spargovil le , Western Australia . M . Sc ,  Thesis , Massey 
Univers ity . 

N ie lsen , J . S . , Brooks , R . R . , Boswe ll , C . R . , and Narshall , N . J . , 1 97 2 .  
Statist ical eva lua t ion of geobotanical and b iogeochemical data by 
di scriminant analysis . J .  Appl . Ecol . ( I n  Press ) . 

Nomoto , M .  , Narahshi ,  Y .  , and Hurakami , M .  , 1 9 6 0 . A proteolyt ic 
enzyme of Streptomyc es grisens . J .  Biochem . ( Tokyo ) , v . 48 , p . 5 9 3- 6 0 2 . 

O land , K . , 1 9 6 3 , Change  in the content of dry matter and ma j or 
nutr i�nL element s of apple foliage during senescence and absc ission . 
Phys iolog ia Pl , v , l6 ,  p . 6 8 2 - 6 94 , 

Ortiz , D . S . , and Carrasquero , A . , 1968 . I nvest igations of possible 
selenium-conta inir.g soils in Venezuela . Agronomia . Trop . ( Maracay ) 

V enezueia .  v . lB ,  p . 3 6 9 - 37 7 . 

O sburn , R . L . , Shendr ikar , A . D . ,  and West , P . w . , 197 1 .  New spectro
photometric method for determinat ion of submicrogram qua nt ities of 
selenium . A nal . Chem . V . 4 3 , p .  5 94· - 5 97 . 

Parry , J , T . , CO\..-an , W . R . , and Heg inbottom , J . A . ,  1 9 6 9 . Colour f or 
Coniferous Forest Species . Photogmm . Engng . v , 3 5 ,  p . 669-678 . 

Pearman , G . I . ,  1966 . The reflectance of visible rad iation from l eaves 
of some western Austral ian spec ie s . Aust . J .  B iol . Sci . , v . l9 , 
p . 97-103 . 

Pease , R . W . , and Bowden , L . W . , 1 9 6 9 . Making colour infrared f i lm  a 
more effect ive high-alt itude remote sensor . Rem . Sensor . Rem . Sens . 
Envir . v . l ,  p . 23 - 3 0 , 

Pease , R . W . , 1 97 0 , Colour infrared f i lm as  a negat ive mat eria l . 
Rem . Sens . Envir . v , l ,  p . l 9 5 - 1 98 , 

Peter son , P . J . , 1 96 9 .  The d istr ibu t ion of zinc - 6 5  in Agrostis 
tenu i s  S ibt h .  and A .  stolonifera L . t issues . J .  Exp . Bot . v , 2 0 ,  
p . 8 6 3 -87 5 .  

Pcter son , P . J . ,  1 97 1 .  Unusua l accumu lat ions of e lements by plant s  
and animals . Sci . Frog . ,  Oxf . v . 5 9 ,  p . S OS-5 2 6 . 



Peterson , P . J . ,  197 2 . NOn-protein am inoac id 
Aspleni,v:: e a e  and Athyriac eae in New Zea land . 
p . 3 -7 . 

d ist inct ions betNeen 
N . Z .  J .  Bot . v . l O ,  

Peterson , P . J . , and But le2� ,  G . W . , 1 9 6 / , Th€ uptake and a ssimilat ion 
of sele n itc by higher plant s .  Aust . J .  Biol . Sci . v . l S ,  p . l26-14 6 . 

Peterson , P . J . , and But ler , G . W . , 1 967 . S ignificance of Selenocy
stathionine in an Austral ian Selen ium-accumulat ing plant , Neptunia 
amplexicaulis . Nature , v ,  213 , p ,  5 5 9-f, OO .  

Peterson , P . J . ,  and Butler , G . W . , 1 97 1 .  The occurrence of Selenocy
stathionine in Morinda Reticu lata Benth , a toxic seleniferous p lant . 
A u 3 t . J .  B iol . Sc i .  v . 24 �  p . l7 5 -17 7 . 

Peterson , P . J . ,  and Parris , P . S . ,  1 97 0 .  An analysis of am inoac ids 
in New Zealand species of Dood ia ( Blechnaceae ) . N . Z .  J .  Bo t �  v . B ,  
p . 647 - 6 57 . 

Poley , J . Ph . , 1965 . 
selec tive f iltering . 

Contrast f iltration in photogeology by 
Photogmm . Engng . v . 31 , p . 3 68-37 5 . 

Paries , W . J . , and Stra in ,  W . H . , 1971 . The funct ional role of zinc 
in ep idermal ti ssues . I n , Trace Element ! 1etabolism in A nimals , ed . 
C . F .  Hills , E and S .  L ivingstone , London . 

Prescott ,  J . A . ,  and Pendleton , R . L . ,  1952 . Laterite and lateritic 
soils . Commonw . Bur . Soi l . Sc i .  No . 47 ,  51 p .  

Pr ider , R . T . ,  19 61 . The ; ·gr eenstone s t .  of south-west Australia . 
J .  Proc . R .  Soy . West . Aust . ,  v . 4 4 , p . l-9 . 

Qu in , B . F . , 197 2 . Analytica l and B iogeochemical Studies of Tungst en . 
Thesis ( unpubl . ) Massey University , New Zealand . 

Rankama , K . , 194 0 . On t he us e  of trace e lements in some problems 
of prac t ical geology . C . r .  Soc . g eol . Finl . , N o . l4 ,  p . 9 0-106 . 

Rao , C . R . , 1 952 . Advanced Statist ical Hethods in B iometr ic Research . 
New York . 

Ravikevitch , S . ,  and Margolin , �1 . ,  1957 . Selenium in soils and p lants 
I srael Agr . Res . Sta . , Rehovot 1957 , Series 145-E , v , 7 ,  p . 41- 5 2 .  

Raymond , R . W . , 1887 , I ndicator P lants , Amer . Inst . M etal! . Engineers 
Trans . v . l5 ,  p . 644-6 0 . 

Re illy , C . ,  1967 . Accumulati on of copper by some Zambian plants .  
Nature v . 215 , p . 667-668 . 

Reilly , G . ,  1969 . The uptake and a ccumu lat ion of copper by Bec ium 
homblel .  ( D e  Wild . ) Duvign & Plancke , New Phytol . v , 68 ,  p . l08 1-1097 . 

Rcilly , G , ,  Rowel , J . ,  and Stone , J . , 197 0 .  The accumulat ion and 
binding of c opper in leaf tissue of Becium Homblei ( de  Wild . ) 
Duvign & Plancke . New Phy�o l . v . 6 9 ,  p . 9 93 - 9 97 . 

Ro ith , J . W . S . , 197 0 .  Soil factors influ enc ing the trace element 
content of herbage . I n ,  Trace Element Metabolism by Animals ( cd . 
C . F .  Hills ) . p . 4 10-412 . Livingstone , London . 



Re inaecker , G . , and Toursel , W . , 19 6 6 . Influence of solid catalysts  
on  so lid phase react ions . Mh . dt . Akad . Wis s . Berlin . v . B ,  p . lB - 2 2 . 

Roach , W . A . ,  and Barc lay . •  1 94 6 . N ickel and multiple trace e lement 
d�f ic ienc i e s in agricultural crops . Nature � v . l57 , p . 6 06 . 

Robinson , H . , ( ed )  196 6 , Solar rad iat ion , Elsevier , Amsterdam , 347 p .  

Robinson , H . O . , Edg ington , G . , and Dyers , H . C . ,  193 5 . Chemical 
stud ies o f infert ile so ils derived from rocks h igh in magnesium . 
Tech , Bu l l . U . S .  Dep . Agri . n . 47 1 ,  p . l- 2 9 . 

Rosenfeld , I . , and Beath , O , A , , 1 964 . Selenium . Academic Pre ss , 
New York . 4 11 p .  

Ros s , H . n . , a nd S ievers , R . E . , 1 97 2 .  env ironmental Air analysis 
for u l tratrace concentrat ions of beryll ium by gas chromatography . 
Env iron . Se , Tech . v . 6 ,  p . l S S-1 58 . 

Sande ll , E . B . , 1 9 5 9 ,  Calorimetric determ inat ion of traces  of metals .  
New York , Int erscience , 3rd ed . ,  1032  p .  

Sayre , J . D  . ., 1 9 5 2 . Accumulat ion of rad ioisotopes in corn leaves . 
Ohio Agr ic , exp . stn . Ohio . Res . Bull . 7 23 .  

j ;  
Sc hut te , K . H . , 19 64 . The biology of Trace Elements . Crosby Lockwood , 
London . 

Scot t , D . , �1enalda , P . H . , and Brougham , R . H . , 1 968 . Spectral snaly s i s  
of rad iation transmitted and reflected by d ifferent vegetat ions . 
N . Z .  J .  Bot . v . 6 , p . 4 27 -449 .  

Severne , B . C . , 197 2 .  Localisat ion of water- soluble nickel and ca lc ium 
in plant t issue by e lectron microprobe t echniqu€s , Proc . Fifth Nat . 
Conf . N . Z .  Soc . Electron Microscropy . 

Severn� , B . C . , and Brooks , R . R . , 197 2 · A nickel-accu�ulat ing plant 
from Hestern Australia . Planta , v . l 03 , p . 9 1 - 9 4 . 

Severne , B . C . , and Brooks , R . R . , 197 2 . b .  
by atomic absorpt ion spectrophotometry . 
218 . 

Rapid determination of s e lenium 
Anal . Chim . Acta . ,  v . S B ,  p . 216-

Severne , B . C  . ., and Brooks , R . ·R . , 1 97 2 , c .  Rapid determination of se len ium 
and tellurium by atomic absorption spectrophotometry . Talanta ,  
Un press ) . 

Shacklette , H ,  T . ,  19 6'+ . Flower variation of Epilobium augu.st i folium L .  
growing over uranium depos it s . Can . Fld . Nat . , v . 78 ,  p . 3 2-4 2 . 

Shear , C . B . , and Fau st , M . , 1 971 . Value of various t issue analyses 
in determining the calc ium status of the apple tree and fruit . In , 
Recent advance in Plant Nutrition . v . l  (ed .) R1.:M . Samish , Gordon and 
Breach , New York . 

Shift , A . , 1964 . A Selenium Cycle in Nature? Nature . v . 201 , p . l 3 04 -
13 0 5 .  



Shv1ry�yeva , A . � . � and Mikha i lova , G . A . ,  1 9 6 5 .  Exper i�nces in t�e 

ind icatcr interpretat ion of geobc-te n:.ce.l maps in the North Cc. s ? _;_a:l 

reg ion . I n , Plc:-.nt h icatc�"s of :::oi.:.r; , rc c:J(s and c ·u'.Jsurfac e v�":: ,.::r s . 
New York , Co�cu!tants Bureau , 2 0 9  p .  

S idgwick , N . V . , 1 9 6 2 . The c hemica l c � Jm en� 3 and t h e ir compoun� 3 . 
v .  2 .  C lc:.rcndon Press . London . 

S iege l ,  S . ,  19 56 . Nonparamctric stat ist ics for t!'le behavioral sc iences . 
McGraw- H i l l , Toky o , 31 2 p .  

S inc lair , R . , and Thomas , D . A . ,  1 97 0 . Cpt �cal propert ies of :8aves 
of some species in arid �outh Austra l ia .  Aust . J .  Bot . v . lB , � . 2 61- 27 3 . 

Si ncla ir , T . R . , 1 9 6 8 . Pa thway of sc 1.ar rad iat ion through le2'" 9 S . 

r1 . S .  Thes i s , Purdue Uni v .  , Lafayette , I nd . 

S i nc ·!c v1 , . . , 
and 'fe l lur .i.uo1 , 

l �J �: '+ . i"' .' ne:l"-J .logy 2 :-- Tw--.c:: -: of D -:-o"'� i -t: s  of Sr " � n i.um 
Intersc ience , Hew York . 

Skertc hy , S .  B . J . , 1 8 97 . The copper plant ( Polycu"'I'""� : ;_:>irn ::- ·· __ , es , 
F . V . Muelle� . )  Pub . Geol . Surv . Qd , n . l l 9 , p . 51- �J . 

Smit h , H . , 1 97 0 ,  Determinat ion of Trace 
ma terial by lJ eutron Act ivat ion Ana .1 :rsj_s . 
by A nimals . ( ed . C . F .  Mills ) ,  p . 512- 5 21 . 

Elements in B �olog { r- - 1 
In , Trace Element r �abo t 4 �m 
L ivingstone , Londo� . 

Sm it h , I . , 1 960 . Aminoac id s ,  aMj ne� �nd reJ �+e� 

C hromatographic and Electrophoretic � -.... -.: ;·� .  . l. l{u � s . 
Books . , London .  

,.. ,..�T)ounds . I'l , 
v . l .  h<::! in�.. . . . . .  · · ��He? 1 

Soane , B . D . ,  and Suunder , D . H . , 1 9 5 9 . 
serp0nt ine soils in Southern Rodesia . 

N ic k8 .1• and chromium tr"., : � � +=
Soil Sc i . ,  v . 88 , p . 3 2 2 . 

Sofou lis , J . , and l'!J.bbutt , J . A . ,  .:.::: : -: .  "' '" --: , �;y 0f  �he \Hluna
t1eek"ltharra Area . In , Lands of t he ! ' �  l.u Pa-['l"sk.:>.t:�ar�" "'- Are! , q ,., � � f'"''i 
Austra lia , l S58 . C . S . I . R . O .  Land P :.: 3ea ... "ch S er :'.e s ,  No . 7 ,  p . l:!v · . . v 6 . 

Stanton , R . E . , 1 966 .  �apid methods of trace a�? lysis for geochem ical 
appl icat ions Arnold , London , 96  p .  

Stanton , R . :S . , an·� '1cDonald , A . J . ,  1 9 6 5 . The detcr i.nat ion o:= Selen ium 
in Soils and Sed iments with 3 , 3 - D inmiro'l-)enzid he .  An-"l_ ly st , v . 90 ,  
p . 4 97 -49 9 . 

Stebbins , G .  L .  , 194.2 . The Genetic Approach to rare and endemi.c spe c ies , 
Madrono , v , 6 ,  p . 2�1-27 2 .  

Steiner , D . , and Gu�erman ,  T . , 1 966 . Russian data on spectra l 

reflec tan�e of vegetat ion , soil , and rock �ypes .  F in�l Technica l 
Report , U�ited Stat9s Army Europe an Reseerc� Offic e . 

Stephens , C . G . , 1�7 1 .  Laterite and Si lcret� i:1 Austra lia . Geo� erma , 
v . 5 ,  p . S -52 . 

St ern , H . , 1 968 . Fract ionation of plant ce) ls . I n ,  B iochemists 
Ha nrl book , Lon-lon , p . 1192 . 



Stoc king , C , R , , and O ngun , A . , 1 9 6 2 . 
of some metallic elenents in leaves . 

The intrac e llular d i str ibu t ion 
Amc r .  J .  Bot . v . 4 9 ,  p . 284 - 28 9 .  

Storozheva ., 1·1 . il . , 1 9 5 4 .  The influ ence of cc pper and boron on yield s 
of forage gra s s e s  and on th� cold -reR istanc� of c l G JCr in t h e  
llorthern Trans . Ura l s . Dokl . Akad . �Tauk . SSSR , 9 5 � p . l341-134 2 .  

•· Swa i ne , D . J . , 1 9 5 5 . The tra c e - e lement c ontent of so i l s . C ommonw .  
Bm' . Soil Sc i . ,  Rot ham s t ed Exp . Sta . , Harpel".d ed , Eng land , Tech . 
Com:n . 4 ll . 

Ta k imoto , K . , H inato , T . , and H iroko , S . ,  1 9 58 . On the d i str ibut ion 
of s e len ium in some su lphid e m inera l s  showing the rela t i ons of 
i n t ima t e  paragene s i s . J . .Japan .) A s soc . Hinera l . , P e trolog i st s , a nd 
Econ . M ineral s , v , 4 2 , p . l 6l-17 0 .  

T he Na t i ona l Times , 1 97 2 .  !·l ining nickel-the easy way . Au stra l i a . 
March 27 , 1 97 2 ,  p . 4 2 . 

T homa s , J . R . , !1yer s ,  V . I . ,  H e i lman , tL D . ,  and rl i egard , C . L . , 1 9 6 6 . 
Fac tors affect ing l ig ht reflectance of cot t on . Proc . Fourth Symp . 
R e:.mt e  Sens ing of Environ::Jent , Inst itut e of Sc ienc e and Tec hnology , 

·univ . of Michigan , A nn . Arbor , p . 3 0 5 - 3 1  2 .  

Thurstone , L . L . , 1 94 7 . Multipl e - Factor Ana lys i s . C h icago Pres s . 
I l l ino is , 5 3 5  p .  

T impc� l ey ,  M . H . , 1 97 1 .  B iog eo chemica l Stud i e s  of Nicke l and Copper in 
N ew Zea land , Ph . D . Th es is ) t i a s s ey Univer s ity , l !ew Zealand. . 

T impe� ley , � . H . , Brook s , R . R . , and Pe terson , P . J . , 197 0 .  The s ign 
i f icance of es sent ial and non- es sent ial trace elements in plant s in 

r elation to b iogeoc hem ical prospect ing . J .  appl . Ecol . v . 7 , p . 4 2 9 - 43 9 ,  

T iffin , L . O . �  1 97 1 . Transloc a t ion of nickel in xylem exuda te of pla nt s . 
Plant Phys iol .  v . 48 , p . 27 3 - 2 7 7 , 

Tkalich , S . M . , 1 9 5 9 . Pract ical Instruc t io ns in the B iogeoc hem ica l  
Method of Prospec t ing . Gosgeoltekh izdat ,  Moscow . 

Tr esc a s e s , J . ,  1 9 6 9 . Prel im inary observat ions on t he weathering of 
p er ido t it e s . New C aledonia .  Cah . ORSTOM Ser . geol . v . l ,  p . 27 - 57 . 

Tukey . H , B , J 1 97 0 .  The leach ing of substanc es from plant s . Ann . Rev . 
P t . Physiol . •  v . 21 ,  p . 305-3 24 . 

Turckian ,  r . K . , and Wedepohl , K . H . , 1961 . D istribut ion of the elements 
in some maj or unit s . of t he ear t hs crust . Geol . Soc . Am , Bu l l .  v . 7 2 ,  
p . l7 5 - 3 38 . 

Turek , A , , 1 96 6 . Rubid ium - stront ium i so1: ope stud ies in t he Ka lgoorlie
Nors0man area � The s i s  ( unpubl . ) .  Aus tralian Nat iona l University , 
Canberra , 

Turne:r , R . G . ,  l96Q . In , Eco log ica l A spects of t he m ineral nutr it ion 
of plant s ( Ed . by I .  H .  Ror ison ) .  Blackwe l l  Scientific Publica t ions 
Ox ford . 



Underwood , :C . J . , 1 9 5 6 . Tra c e element s  in 1-iuman and Animal Nutrition . 
Acad em ic Pr e s s , l�e•r York . 

Underwood , E . J . ,  1 9 7 1 . Trace elem ent s in Human and Animal Nutrition . 
3rd Ed . Acadel!li<:; Pre s s , New Yor k . 53 0 p .  

Va s s ilaro s , G . L . ,  1 9 7 1 . Determination of arsenic and selenium in 
steel by an x -ray technique ut i l i z ing chemical preconcentrat ion . 
Ta lanta , v . l8 ,  p . l 0 5 7 - 1 061 . 

Vergnano , 0 . , 1 9 58 . The inorganic e lemental contents in plant s of 
the Impruneta ophiolit ic format ion ( Florence ) . Nuovo G .  not . I tal . 
v . G 5 ,  p . l3 3 -1 6 2 . 

V i k torov , S . V . , Vostokova , Y . A . ,  and Vyshivkin , D . D . , 1 964 . Short 
gu ide to g eobotanical surveying . Ox ford , P�rgamon , 1 5 8  p .  

V inogradov , 1\ . P . , 1 9 5 9 .  The geochemistry of rare and d ispersed 
chemical e lements in soils . 2nd ed . . Consultant s Bureau , New York . 

Virtanen , A . I . , and Linko , P . , 1 9 5 5 . 
and its n-acetyl derivat ive in plant s . 
5 54 .  

The occurrence of free ornith ine 
Acta . Chem . Scand . / v . 9 ,  p . 53 1 -

V irupa k s ha , T . K . , and Shrift , A . , 196 5 . 
selen ium accumulator and non-accumulator 
B iophys . Actm . v . l07 ,  p . 69 - 8 0 . 

Biochem ical d ifferences  between 
Astragalus spec ies . Biochem . 

Vogel , A . I . , 1 9 66 . A text-book of quant itat ive Inorganic Analysis . 
p . 7 9 8 - 8 0 0 . 

Vogt , T . , 1 93 9 . Chemical and botanical prospect ing a t  Kuros ( in 
Norweg . ) K .  norske Vidensk . Selsk . Forh . , v . l2 ,  p . 8 2 - 8 3 . 

Vostokova , Y . A . , and Khdanova , G . I . , 1 9 61 . Utilisat ion of geobotan
ical indicators in aeromagne t ic mapping in Western Kazakhstan . Int . 
Geol . Rev . , v . 3 ,  p . 412 - 4 16 . 

Walker , R . B . , 1 9 5 4 . The ecology of serpentine soi ls . I I ,  factors 
affecting p lant growth on serpentine soils . Ecology , v . 3 5 ,  p . 2 5 9- 2 6 6 , 

Walsh , T . , and Fleming , G . A . ,  1 9 5 2 . Selenium leve ls i n  rocks , soils 
and herbage fro� a high seleniur. locality in Ireland . Trans . Intern . 
Soc . Soil . Sc i . , Comm . I I  and IV , v . 2 , p . l7 8 ··185 . 

Walsh , T . , F leming > G . A . , 0 ' Connor , R . , and Sweeney , A . , Selenium 

tox icity as sociated with Ir ish Soil series . Nature , v . l68 , p . 88 l . 

Warren , H . V . , 197 2 .  Biogeochemistry in Canada . Endeavour , v . 31 ,  
p . 4 6 - 4 9 . 

Harren > H .  V . , and Del?J.Val.ll t , R .  E . , 1948 . Biogeochem ical Investigat ions 

in Br itish Columbia . Geophysic v . l 3 , p . 6 09-524 : 

Warren ,  H . V . , and Dulavault � R . E . , 1949 . Further stud ies in biogeo
chemistry . Bull . geol . Soc . Am . ,  v . 60 ,  p . 531-5 60 , 

vi.:J.rren , !L V . , and De lav.:J.ult , R . E . , 1950  a .  Gold and s ilver content 
of some trl:!cs and horoota ils in Br it ish Columbia , Bull . Geol . Soc . 
Am . ,  v . Gl , p . l 23-128 . 



Warren , H . V . •  and Delavault 1 R . E . , 1 9 5 5  a .  Variat ions in the n ickel 
content of some Can:J.dian trues . Trans . R .  S oc . Can . , v . 48 . p . /l - 7 4 . 

Warren , H . V . , and De lavault , R . E . ,  1 9 5 6 . History cf biogeochemical 
prospect ing in Br i t ish Co lumbia , Trans . Can . Inst . Min . M etal! . ,  
v . 53 ,  p . 23 6 - 24 2 ,  

� Vlarren ) H .  V . , and De lavault , R . E .  :- 1 9 C O . Observat ions on the l: .io
gecchemistry of lead in Canada . Trans . R .  Soc . Can . , v . 54 ,  p . ll- 20 . 

Warren , H . V . , De lagault , R . E . , and Barakso , J . , 1 9 G u . The role of 
ar senic as  a pathfinder in biogeochem ica l prospec ting . Econ . g eol . 
v . 5 9 ,  p . l38l- l38 � .  

Warren ,  H . V . , Delavault , � . E . , and Barakso , J . , 1 9 6 8 . The arsenic 
content of Dougla s Fir a s  a gu ide to some gold , s ilver and ba se 
metal depo s i t s . Can . Min . Metall . Bull . , v , 41 , p . l-7 . 

Watkinson , J . H . , 1962 . Soil selen ium and animal healt h .  Intern . 
Soc . so i l , Sc i .  Joint Meeting comm . IV . and V ,  p . l49-154 . 

Hatkinso> t , J ,  H . , 1966 . F luoremetric det erminat ion of selenium in 
biolog ic:> ! mater ial with 2 , 3 -d iaminonap hthalene . Anal . C hem . , v . 38 ,  
p . 9 2 - 97 . 

Watkinson , J . H . , 1967 . Analyt ical !1ethod s for Selenium in R5 ological 
Materia l . In , SE:leniur.1 in B iomed ic ine , Avi , Hestport , Conn . , p . 97 -117 . 

vlatts , D . , 1971 . Pr inc iples of Biog eography , McGrav�-Hil l ,  London , 
4 01 p .  

V/ebb , J . S . , and Atkinson , H . J . ,  1 9 6 5 . Regional geochemical  reconna is
sance appl ied to some agricultural problems in C o .  Limeric k , E ire . 
Nature , v . 208 , p . l 056-1059 .  

Hebb , J .  S .  , and t l illman , A .  P . , 1 9 5 1 . Heavy metals in vegetat ion as 
a gu ide to ore . Trans . Inst . M in . Metall . ,  v . 6 0 ,  p . 47 3 - 5 04 . 

Hebb , J . S . , T6ornto n ,  I . ,  and Fletcher , K . , 1966 . Seleniferous soils 
in parts of England and Wa le s . Natur8 , v . 2ll , p . 327 .  

Webb , J . S . ,  Thornton , I . ,  and Fletc her , K . , 1968 . Geochemical 
Reconna issance and hypocuprosis . Nature , v . 217 , p . lOl0-101 2 .  

v/ebber , G . I\ . , 1 9 6 5 . Second report o f  ana lyt ical data for CAAS 
syenite and sulphide standards .  Geoch im . Co:::rnochim . Acta . v . 29 ,  
p . 2 2 9 - 248 . 

Heber , F . P  . . , and Olson , C . E . , 1967 . Remote sensing imp l icat ions of 
chang�s  in phys iolog ical structure and function of tre e  seedl ings 
under moi sture stress . Annual Progress Report . Remote Se:1sing 
f1ppl ications in Forestry , National Resources Program , Nat i onal 
Auronautics and Space Administration . 

He llenreit er , R . H . , Ultrey , D . E . , and Mil lc!' , E . R . , 1 97 0 . Nutr it ional 
Studies  '1-tith N ickel . In , Trace e lement rr -,taholism :' ·.! c: -:li1 .. t h . ·· d . 
C . F .  Mills , p . 5 2-58 . E & S .  Liv ing�tone . Lend , 

'dell::> , N . , 196 5 . Selenium Content of Soil-forming Rocks , r! . Z .  J .  
G�o l . Geophys . v . lO ,  p . l98-2 08 . 



West , T . S . , and Will iams , X . K . , 1969 . Atom i c  absorp t i on and f luor e 
sc ence spe c t roscopy wit h a carbon f i lamen t a t om res ervo ir . Part 1 . , 
Construct ion and operat ion of atom reserv•)ir . Anal . C h im . Acta . , 
v . 4 5 , p . 27 - ' l l . 

Wh itehead , N , E . , 197 0 ,  A sp e c t s  of rad iobiogeochem istry . P h . D . 
Thes i s ,  Massey Univer s ity . 

Wilcox , D . G . , 1 9 6 3 . The pastoral industry of the Wiluna -Meekat harra 
Area . I n , La nd s of t he Wiluna - tle ekat harra Area , West ern Austra l ia . 
Land Re s ea�c h  Ser ies No . 7 .  C S I RO . 

Wild 1 H . , 1 96 5 . · The f lora of t he great dyke of Sout hern Rhod e s ia 
with sp e c ia l  refer enc e to t he serpe nt ine soils . K irkia , v . S ,  p . 49-8 6 . 

W i ld , H . ,  1 9 6 8 . Geobotanical Anoma l i e s  in Rhod e s ia . 1 ,  The vegeta
t ion o f  copper-bear ing soils . Kirkia , v . 7 , p . l- 7 1 . 

Hild , H . , 1 9 7 0 . Geobotanical anoma l i e s  in Rodes ia . 3 .  The vegetat ion 
of n ickel bearing s o i l s . Kir k ia . v . 7 ,  p . l- 62 . Supplement . 

Wrld . H . ,  1 97 1 . The taxonomy , ecology and pos s ib le method of evolution 
of a new metal� iferous spec i e s  of D icoma cass . ( Composita e ) . Mitt . Bot . 
Staa t s s ammJ . .  M�nchen , v . l O ,  p . 266- 274 . 

W i ld , H . ,  and lleyt ing , A . ,  1 9 6 6 . A n  ana ly s i s  of leaf d imensions in 
Bec ium homblei ( d e W i ld . )  Duvign & P lanc ke and B .  obovatum ( E . Mey . ) 
N . E . Br . Bot . Not iss . v . l l 9 ,  p . 30 8 -317 . 

W ild , H . , a nd Wilt shire , G . H . •  197 1 .  The problem of vegetat ing 
Rhode s ian mine dumps exam i ned . St h .  Afr . C ham . M ines J .  v . l3 ,  p . 26-03 . 

Wild . H . , and W i lt shir e , G . H . , 1971  a .  T h e  problem of vegetat ing 
Rhod e s ian mine dumps examined . I I : Suggest ions for fu tur e r e search 
a nd prac t ical tria l s . Sth . Afr . C ham . Mines J .  v . l3 ,  p . 3 5-37 . 

Wilding ; I . G . P . , 1 96 5 .  I nve st igat ion of the s e co nd ary d i sp ers i on of 
nickel in Rhodesia and Zanb i a . P h . D . T he s i s , Univers ity of London . 

Williams � C . H . , 1969 . The ecology of Becium homblei Duv ign . et 
Plancke . Thes is , 11 .  Phil . Univ . of London . 

W i l l iams , I . R . , 1 968 . Struct ura l  l ayer i ng in the Archaean of the 
Kuna l�i 1 : 250 , 000 sheet area Kalgoorlie Region . Geol . Surv . Ann . 
Rept . 1968 . p . 40-41 . 

W il l iams , K . T . , and Byers , H . G . , 1936 . Selenium compounds in soils . 
I nd . Eng . Chem , v . 28 , p . 912-914 . 

Williams , X . K . , 1 967 . Sta t i st ic s  in the interpretation of geochemical 
data . N . Z . J .  Geol . Geophysics . ,  v . l O ,  p . 771- 7 97 . 

Wil l i s , 1966 . C it ed in Bennett , E . M . ,  1069 . 

Wil l s tatter R . , and Stoll , A . ,  1913 . Untersuchungen liber die 
A s s i.n i l a t i on der Y.ohlensaure . Springer , Berlin . 



• 

Hilson , A . F . , C ompston , W . .  , J c ffery , P . rl . , a nd R i ley , G . H . �  1 9 6 0 .  
Rad ioa c t iv e  a g e s  from the precambr ian rocks i n  Australia . J .  geol . 
S oc . Aust . 6 ,  1 7 9 - 9 5 . 

W i l s o n , N . L . , 1 9 6 9 . The d e t ermination of s e len ium in agr icultura l 
materials . West . Aust . Govt . C hem . L�b . Report . No . 6 .  ( Final Report ) ,  
1 2  p .  

\-Jooda l l , R . , 1 9 6 5 . Structure of the Kalgoor l i e  go ldf ield s . In , 
G eo logy of Austral ian Ore D epos i t s  ( ed .  J .  McAndrew ) ,  2nd Ed . ,  p . ? l- 7 9 
( E ig h t  Commomr . H in .  M e ta l . C oner . ,  He lbourne ) .  

Hoodall , R . , and Trav i s , G . , 1 9 6 9 . Kamba lda nickel deposits , We s t ern 
Austra lia . Proc . N inth C ommonw . Hin . Met . C ongr . , Paper 2 6 . London . ,  
p . l- 1 7 . 

Woolnoug h ,  W . G . ,  1 9 2 7 . The duricru st of Austra l ia . J .  Roy . Soc . 
N . S . W . , v . 6 1 , p . 24 - 5 3 . 

Zieg ler , T . R . , Scot t , H . L . , HcEvoy , R . K . , Greenla w ,  R . H . , Hueg in ,  F . , 
and Strain , W . H . , 1 9 6 2 . Radiographic stud ies on s kelP.tal parts of 
z inc def ic i ent pullet s .  Proc . Sea . exp . Biol . Med . v . l 09 , p . 2 3 9  . 

/ 



ACKNOWLEDGEMENTS 

I should l ike to thank my supervisor Dr . R . R .  Brooks for 

invit ing me to undertake this proj ect with h i s  biogeochemical 
research group at 11a ssey University , and for his guidance 
throughout the course of this t hes i s . 

I a lso ov1e a d ebt of gra t it ude to Richard �1azzucchelli and 
Roy Hoodall for encouraging this proj ect and for arrang ing 
the extens ive f inanc ia l and log ist ic support of Western M in ing 
Corporation . The valuable assistance and advice given by 

innumerable company offic ers is gratefully acknowledged and , 
especially Peter Bottcher who also prov id ed t he facilities of 
the geochemica l laboratory . 

The staff of t he Perth , Adelaide , and Sydney Herbar ia ar e t hanked 
for plant ident ificat ions and especially Dr , Mary Tindale , 
El ea nor Bennett , Bruc e  Masli n and �lr . Royc e ; for helpful 
d iscussions . 

Thanks are a lso due  to Dr . Peter Ozanne of CSIRO Wembley 
laborator ies for arranging the freeze -drying of plant samples . 

I am gra tefu l to both Profes sor Peter P et er son for a s s istanc e  
in the init ial stages o f  the plant chemistry work and Dr . Graham 
Butler for providing the laboratory fac il it i es of Applied 
B iochem istry D ivis ion , DS IR . It is also a pleasure to acknowledge 
t he st imulat ing effect of d iscuss ions with Dr . Peter Reay and 
B ill  Bennet t . Dr . A lva Challis and A llan Craig , also of DSIR , 
kindly carr ied out the electronprobe and electron microscope 
analyses . 

I thank J il l  t-lorrison and Jill Severne for typing services and 
my wife , Kay , for assistance with the d iagrams . I am also 
grateful to my parent s  for financ ial assistance in the preparation 
of t his thesis . 



BOT M I IC A L  J N DBX 

A can t h a ce ae 

Barl eri a aroraa ti ca Oberm . 

B .  Co l e  sp . nov . 

A mara n t h a ce a e  

C e l  o s i a  trigyna fli l l d .  ex f:lal l .  

P ti l o t us · exal t a t us Ne e s  

P .  ro t undi fo l i a  

P .  obva t us (G e ud) F .  Mue l l . 

P .  s cr martz i i  (F . J;iuel l . )  Tate ex J . M .  Bl a ck 

Aporyn a ce a e  

A l yx i a  b uxi fol i a  R .  Br . 

Hal gani a cya nea Li ndl . 

H .  ri gi da s .  Moore 

Boragi n a ce a e  

Caryophyl l a ceae 

S i l e n e  cobal t i col a D uvi gh . et P l ah cke 

Cas uari n a ce a e  

Cas uari na cri s ta t a  Mi q .  x . ob e s a  M i q  . 

. _Ch e nopodi a ce a e  

A rthro cnemum h al o cnemo i de s  Nees forma 

A .  sp . nov . 

A trip l ex caries cens P ursh . 

A .  n ummul ari a L i ndl . 

A .  ve s i cari a B e n th . 

Bass i s  art i cul a ta J .  M .  B l a ck 

Ch enop o di w:t rh adi nos ta chyum 

Hemi chroa di andra R .  Br . 

Ko ch i a  pyri mi da t a  Benth . 

K .  sedi fol i a  F .  Muel l . 

K .  trip tera Benth . 

Rhago di a  sp . 

Compo s i  tae 

Bra chycome c i l i o c2rpa W. V .  Fi tzg 

Cer. t ip e da th e sp i di o i des F .  Muel l .  
Ceph al ip terum drummondi i A .  Gray . 

Cra tys tyl i s  cono cephel a (F' . Muel l ) S .  Moore . 

C .  s ubsp i nes cens (F . M uel l .  exTate ) S .  Uoore . 

D i coma macro cephal a �li l d .  



! I  • 

1 . ' . 

;-,· J • .�j ; ,,_, z 7 • 

. I . ·•·u s i no::; i; i, 1 1.1 l ,  : u  ; • V. ·'.i i :  z .  :· . 
,1 . r; <� 7. .i ci n <"� L i  n(:.z . 

/; . �; i. . 'J i ri C·J · s . ;.J o o rc 

. 1 . t:e trcv·o nopil �rl l <: :: .  ::ur: .U . 

/i . prc u s s i  11 .  ·cJ.'2:,' . 

ios ::; i n cca :J.:. !] �cri r .  :' i uc.Ll . 

C .  cf� a tel a i n i cno 
.
. :,we/ . 

C .  nf f .  clesd.I a cu _ :· • . '/uel l .  

c .  l: c l :i!s i i  ·.:; ymo n .  

c .  ncwopll.i .U.J ll . C w 1; 1 , ex Vo:-:;cl . 
c .  nemoph i l a  var .  p l o tydo ta / n  I ' \.  • 

C .  o c ci dcn tal i s  L i nn .  

c .  s 'i: Ui.'ti i. R . nr. 

' I ' ) ' '  L '  · , z • -... cn ... , J . 

CL'o t a l r::•Ti a CO!)al ti co l a  Duvi:;;n .  c 't  Pl anckc 

O c:vi c• s i a  sp . 
GiJs 'tl'o.l obi w.J l aytoni i J .  'lh i t.' c 

ilcp tuni·u · a,:;pl exi cau:Z i s J!o;;Ji , , . 
Onobrych i s  v_.i ci i fol i a  '-:; co, 1 ,  



L equ.>a.i no s oc ( C0 '1t . )  

:· -,l (' ·�o t l2 - . --1 ,-. .  , , . ,. 1 ,  .·  _, ( ·c - · , ., , 7 . • ·  � .L  I ,..,. , /  � c • . . • . • • .J C  .. .  tJS.l _•. • •J j �_.lt.,; • . <;. • •  , r " • ' ) ' ' ] ' J Z  • ·: I  c l:C h e  ·�r.z . . . n 

.�) r ·� .i .. �l.c; 0 11E1 i canc:: ce! 1S  /";' . // l lC } l . 

D i ai1Cl .Z o revo l u t a  R . Dr . 

j, a.l VD CCtle 
S i c!n co n ·u.;;a t<-� L i ndl , 

ifc : J i  SDCTilli.'! CCCJC 
_ _  _....__ ____ . . . 

L c.i cil ari; t i a a us t-r<�l i EI  1< . Dr . 

;;yopc:_r_C}_ ce ac:_ 
E reDoph i l a  caerul e o  (s . Uoore ) D i cl s .  
E .  cl arkei P .  l!uel l .  

E .  o'i c .l s i ana (i(racnz l i n . ) C . ,1 .  · .�ardn 

E .  c: u t <;oni F .  / ! Lwl l . 
E .  c.::i l i fol i a  F .  ::ucl l . 

E .  c� ff . exi l i fol i <"? F .  i/uel l .  

E .  fra s eri � ;  u uc l l .  

E .  qrani t i ca s . U o o rc 

. 1.� . i n tcr.c; tan;; (.s . jj'O o re ) J) i c l s .  

E .  i o nan th a  Di ul s .  

E .  1 a trobci F .  iiue l l . 

r:: . l e u coplq.l.l o ,]e n th . 

E .  l o .1gi fo l i a  F .  ;.Jucl l .  

E .  ,\JD CJai l l 2 n i ano C . A . Garc!n . 

E .  o l dfi el di i val� . a ugus ti fol i D  
E .  opp o s i t i fo l i r' R .  _ Br . 

E .  ,n a ch yphyl l e1 D i el s .  

E .  p an toni }7 • Uuel l , 

E .  pl a tycr;l y,Y F . · /.lucl l . 

E .  sp a th ul a t a  · ' . V.  Fi tzg . 

E .  sp c c taJJi l i s  C . ll .  Gardn . 

E .  yo ungi i F .  u ue l l .  

i:":rrt a ce a e  

D<:w ck:]. a cra s s i fol .ia L i ndl . 

Cal ytri x sp . 
Ch amel a u ci u� ci l � � tum D e s f .  

u o o rc 


	20001
	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20048
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20068
	20069
	20070
	20071
	20072
	20073
	20074
	20075
	20076
	20077
	20078
	20079
	20080
	20081
	20082
	20083
	20084
	20085
	20086
	20087
	20088
	20089
	20090
	20091
	20092
	20093
	20094
	20095
	20096
	20097
	20098
	20099
	20100
	20101
	20102
	20103
	20104
	20105
	20106
	20107
	20108
	20110
	20111
	20112
	20113
	20114
	20115
	20116
	20117
	20118
	20119
	20120
	20121
	20122
	20123
	20124
	20125
	20126
	20127
	20128
	20129
	20130
	20131
	20132
	20133
	20134
	20135
	20136
	20137
	20138
	20139
	20140
	20141
	20142
	20143
	20144
	20145
	20146
	20147
	20148
	20149
	20150
	20151
	20152
	20153
	20154
	20155
	20156
	20157
	20158
	20159
	20160
	20161
	20162
	20163
	20164
	20165
	20166
	20167
	20168
	20169
	20170
	20171
	20172
	20173
	20174
	20175
	20176
	20177
	20178
	20180
	20181
	20182
	20183
	20184
	20185
	20186
	20187
	20188
	20189
	20190
	20191
	20192
	20193
	20194
	20195
	20196
	20197
	20198



