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NBoLliriavil

The application »f vegetation to mineral exploration wus “nvestigatcd

in the semi-desert mulga zoi. of Westeon Austiuliua. Acacia aneura

(mulga) dominated the vegetation and was employed in several biogeochemical
surveys to locate subsurfeace copper and nickel mineralisation afte:

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 employed 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 mineral-
isation from lateritic areas by consideration of coincident nickel and

manganese biogeochemical anomalies.

A nickel-accumulating variety of the shrub, Hybanthus floribundus,

was discovered in the Kurrajong Region. Other Hyhanthus varieties were
also found to accumulate nickel, in more southern parts of Yestern
Australia. Plant chemis*ry studies indicated thet nickel was concentrated
in the leaf epidermis as a small, water-soluble positively-charged ccunlev
The value of these nickel-accumulating shrubs in locating nickeliferous

arcas vas demonstrated. Preliminary attempts to detect this shrub, firom

t

he air, using colour infrered pheotography were unsuccessful, although
the potential of colour film to tak: advantage ol the anomnalous yellow

colour during the summer season was realiced.

Three trees species, Acacia coolgardiensis, A. resincrarginea, and

"

A. burkittii, exhibited pronounced gecbotanical relationships. The first
two species were restricted to metabasalt and metagebbro ridges, wnilst
A. burkittii characterised calcareous serpentinised pyroxenites. It

was found that a usable colour infrared image could not radb=diin 1 by
vertical aerial photography because of the infundibular growth-form
exhibited by this xerophytic vegetation. Howeve:x the application of

this film to photogeology wias confirmed.

The possibility of using selenium as a path finder for sulphide
mineralisation was investigated. A suitably-rapid instrumental method

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

accumulating tree, Acacia oswaldiij

was subsequently discovered. A

known toxic shrub, Swainsona canescens, also acenmlated selenium, and
the potential of this ¢cleniforcus flora in locating sulphides has yet

to be demonstrated.

It was concluded that the rescarch embodied in this thesis has
indicated the application of botanical methods to miner .1 exploration in
the Eremean Pirovince of Western Australia, and has outlined preomising

avenues for further investigations.
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SECTION I

INTRODUCTION



i, THE CRJECTIVES .ND SCOFE OF THIE STUDY.

Australia and in particular, lestern Asustralia is witness-
ing a massive exploration effort by numerous mining companies
both large and small. This activity wnas catalysed by the
spectacular discovery of the Kambalda nickel ore-bodies in
1966 by Yestern Mining Corporation.

During the next five to six years many mincralised 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 diversificd to seek copper and zinc in acid-
volcanic and metasedimentary terrains and various other matals
in the vast tracts of granitoid rocks which constitute most of
the VWestern Australian Archacan.

Throughout this period of intense activity, the success-
ful exploration techniques included geological and aeromagnetic
rcconnaissunce, detailed geological mapping (with a prime
object of locating gossans) and follow-up soil geochemistry and
magnetometer 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
scarch to the present day.

It was in this atmospherc 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 vegetation might play in the search for



QY]

cconomic mincrals in Western Australia. Study regions were
largely rcstricted to the Mvlga shrub zone, north of Kalgoorli
and initial investigations were concerned only with secking
nickel and copper mineralisation essentially in outcropping
Areas. The scope of the thesis was rapidly broadened to
include the search for buricd, non-outcropping mineralisation
cibracing nickel, copper, zinc, arsenic, seleniumn, tellurium

and uranium.



20 DEFIHITICN OF BICGEOCIHELISTRY AND GuOBOTANY,

The tecrms biogeochemistry and geobotany, in connection with
tiincral exploration, are well estublished in geocheinical
literature. llowever it is perhaps only a coincidence that in
some countries one term is used to the virtual exclusion of the
other. Biogcochemistry in mineral exploration was introduced
into the literaturc at about the same time in Russia (Tkalich,
1938), and in Canada (%arren, 1944). This term is usually teken
to mean that branch of jeochemistry which involves the chemical
annalysis of vegetation in order to infer some property of the
underlying substrate.

Gecobotany, on the other hand, is narrowly defined as the
study of the spatial relationship between vegetation and
geology (Brooks, 1972).

However it has been the practise of the United States
Geological Survey to combine geobotznicel and biogeochemical
prospeccting methods under botanical methods of prospecting
(Cannon, 1957; Froclich =nd Kléinhampl, 1960; Kleinhampl and
Koteff, 1560).

apparently the logic behind this semantic approach is bascd
on the previously-established eochemical terminology whereby
a geochemical soil anomuly would include both anomalous chemical
(metal content) and physical properties, similarly a botanical
anomnly would include biogeochemical and geobotunical anomalies.

Geobotany was first used in australia in 1895, when a
"copper plant" vias discovered in Queensland (Skertchly, 1897)
«nd, in fustralia at least, appeurs to offer greater application
thun biogcochemistry (Warren, 1948).  This statement has been
substuntiated in recent years (Cole, 1964; Nicolls ¢t al, 1965;
Cole ct al, 1968) and accordingly, these authors use "geobotanicul
investigations" in a broad sensc, to include both geobotany wnd
bicpcochemistry as defined above. Apparently, Miyake (1965)
also cmploys this terminology.

It hus also been the author's experience that informed



exploration preclogists aud geoci-emists in auvstralin similaxrl;;

- =1

use tiie term Fpceobatany® to inc2lude &all aspects ¢f vegetabliox

rrospecting (Lust. Inet. Min. Letal. 1972).

lowever, it has beca docided, for the purposcs of this

theeis oaly, to odopt the ncwonclature of Helsn Cannon ~and her

co=-workers.

g k)

Jccordingly this thesis. -Mich in gongern.d 3%k 71

botanical methodes 27 mineral exploration, Fu titled ¥3eZanisnal

%

licthsds fer Mincral bxnloration in Western australin™.
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THE PUTSTONT BHY POANNT D,
([I) M dmate,

The¢ study region (Fig I -1) is located within the
Eremenn Gotwznical Province (Fige. I -2) which has a typical
desert clinmate with very hot sumiscrs, cool winters and o limited
rainfall,

July is usu~lly the ccldest month with an average
naxisum daily temperature of wbout GEOF. By late Spring
(November) warm days are experienced with average temperatures
of 85° to 90°r. January is thc hottest month with avernge
tcmperatures of 100°F or more. The diurnal variation can be
ae high as BOOF.

The wind system scems to be quite variuble, but
the writer has an indelible impr.ssion of penetri:tingly cold
vinds in the winter cenths. Annual rainf.ll is low, averag-
ing anbout 9 inches in the hulga zone, 10 to 15 inches in the
ucalypt zone wnd incrcasing townrds the south coast. This
rain is brousht in Ly sporndic maritime «ir wmasses which are
tenerslly derived froi tropicnl cyclones from the north in
sumicr, .nd from the extoensions of southerly sterws in wintor.

The annual evaporation is enormous and gonerally is
sbout ten tiuces rreater than the precipitation.

Fig. I =3 slhows climate duta for Lecnara, vhich is
riear the centre of the fhulgu Zone. Temperature and rainfaell
dnt. baced on morce thun 16 years were used to compile the
"averupe' datio which are then comparcd with similaery data obtnin-
¢d during the period of this stuwdy from Jdanunry 1970 to Octobor
1571,

The annunl tempersture graphs show that the summcers
of 1970 and 1971 were hotter or longer than usual whilst the
rainfnll rcecords indicute that less than 50% of the aver:pc
(£.%2 inches) rainfull wus expericenced during this study period.

Reinf21)l recorde were nlso kept at Mt. Clifford, which is 42
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milcs north of Leonoru, =2nd shcwed that this station received
considerably more r.in thzn Leonora,. The actual figures for
iit. Clifford/Leonor:. (in poirnts) werc 1970 - L4L78/363% andg 1971
- “4E/305. These data give some indication of the extrene
variability of thce rainfall and emphasises the semi-descrt
charucteristics of this region. It is :n unfortunate fact
that this study wes carried out at the beginning of a drought
period which to this day has shown no sign of termination.
This btrief account wis based on datu: supplied by
the Commonwealth of iLustralic Bureau of Metecorology and was

supplemented by compuny records.

/
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Fig. I-3. Climate data for Leonora. The field studies were carried out

during a drought period as illustrated by the rainfall graphs.



(b) Geology.

The study region is situwted pructically entircly
within the /rchaean Yilpgarn Block which constitutes most of the
south-vestern corner of Wwestorn Australia, This block con-
t~ins approximately 240,000 squuarc milcs of Archacun, the
grecster part of which is grenite and granite gneiss cnclosing
north-northwest trending belts of meta-volcinics and meta-
sedimentso. These ureas have become known leccnlly as the
'preenstone belts!'. Sce Fig. I -4,

The 'grecnstone bceclts!'! have becen studied for morc
than half a century and it is only in the last decade that the
naturc and origin of these rocks has been understood .na
analogies drawn with some recent island arce environments .
(williams, 19683  Windley and Bridgwnter, 1971). Previous
workers (Prider, 1961) have comparcd the nrchacan of Canade
wnd wovthern Rhodesin with western jiustralio and noted the
ubiquitous zssocintion of basic, often pillowed lavas and
scrpentinised peridotites.

The grecnstone asscmblages are metamorphised usuclly
to @ Greenschist facies, although higher metamorphic grades are
obscrved in thin belts or tovi..rds the margins of larger belts
(Prider, 19€1; GSofoulis .rd iinbbutt, 1958).

Detniled studics hove rccently been carried out on
the Yilmia greenstones (licCall and Doepel, 1969), which arc
locuted ketwcen Spargeville and Kumbalda (Fige I =1).

These ~uthers outlincd the following model to explain
thc ussocintion of layered ultramufic or ultrabasic sills with
pillowed metavolconics. Submnrine lava flows in & eugeosyn-
clinl e¢nvironment formed thick lenses ind capped their conduits.
Later mogma pulscs resultcd in lateral intrusions .long suit.'ble
horizont.l parinpge to form penccentempor:incous sills., Theve
511ls often display ligycrocd internal structure and in this case
rciembled the Stillwater Intruvsion, Montana.

The association of bhasic volcanics, differentiated
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6ills ond subordibate ultra%asic rocks and pelitic mctascdinents
is repented seversl timds throupghout th: stratipraphic scequence
of the Rolpoorlice sycten and suigecsts wn alternation of veolennice
cruption with quicscenl scdiment:..tion. Kadicmetric doting
(#ilson, ¢t 21, 1960; Turek, 1946) indicates @ pre-metanorphic
g of abeut 2.6 = 107 -ears for thesc rocks.

The recopnition of layercd structure within many
sille in the pre-mctamorphic c¢ruptive site is recent and was
attributed to Viesterr iiining Corp. ceologists (Yoodall, 1645)
by 1MeCnll and Doepel (19€9).

The granitoid rocks, by compzarison, have to date
received scant attention. They are usually porphyritic micro-
cline granites but become foliated adjzcent to the 'grecnstone!
heltz, In the northern parts of the study region, the Red
Bore¢ nnd Cork Tree arcas are situated in the Nullagininan System
of Lowcer Proterozoic apc. Thie cysten compriscs sediments and
velcanice which have oge limits of c. 1.8 and c. 2.3 x 109 years
:t the top ~nd basec respeatively (Dunn et o1, 19€6).

Cver nivch of the are:, thc rocks beoar remnnnts of
ferruginous :nd silicceous cappings inherited from a Tertiary
(Pliccene) phasc of deep weathering (Prescott ond Pendlcton,
19527 . Underlyinp or ¢xposcd bedroclk may exhibit extcensive

Yroliniss:tion and carbonation.
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(¢)  Geomorplolozy.

4

The study rzpion b . ces gewersl v.ogctution soncs

and major geclogical uanits, althourh pructiczlly 211 of the

actiled study aress are coniined to the arcos rorth of Leonor..
iicst of the airea liw on the interior placeau of
veotern sustrolisa more thun 1,000 fect above sc..-lcovel, There
e o few perianent stroeams neer the southern coest but inlnnd
the drainage is interral with lurge salt lakes. Sce Fige I =5
The plateaun is a brondly undul:ting surface forsmed
by planztion of the Archaean gronites and lecal relief is pro-
vided by the low hills of the 'groenstone' belts, ana oy uplonds
of younger (Nullaginiun) sedimcents. It was formerly deeply
wienthered, bvt the weatiering crust has been erxtensively stripped,
leavine o younger surface on relutively fresh rocik. These two
¢lements have been termed the old and new platenu (Jutsou, 162403
and have been obscrved to form scuarps more than eirhty foct highe
The lower parts of the area consist of 1lluvial »lains .nd bro=d
viilleys which become saline in their lowur partc wnd which
cownmcnly lead to salt lekes (d-bbutt, 195€8).

m J
4

e land surface comprising the Clé Plateau surface
had heen leteritiscd, under wunid Pliocene conditicns .nd
nwenthering to depths in vxcess of 100 feet wus peneral. This
"lateritic duricrust' was recogniscd hy Woolnought (1927) as
being of continent:l extent ond s having developed on a plain
which was later uplifted to form the interior platecv cf west-
ern Australia. Recent studics have indicated that laterite
rnd silerete cxhibit complementsry regionnl distributions ond
are probably relsted by = hydrologic.l process. It is cn=-
visared that siliceous waters migrated from lateritic orcas to
precipitate =ilice in drier asreas of sufficient cvapora=tive
capucity (Stoephens, 1971).

The drainage pattern was geologic:lly controlled by
an caat-wcst and south-eant structural grein.

The south-cnsterly drainage was dirccted towards n
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Fig. I-5. Topographic map of Western Australia, showing
drainage and dry lakes. The study region is situated
on the interior plateau, more than 600 ~feet above

sea-level.
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m.rinc (ulf on the south coast, and the litternl limestonc
nenr borscman (Clarke, Keichert and Fchae, “948) may nark ﬁ
forner shore¢line and weuld indic:te thit the old platcqiu
clrendy existed during the Docene but that it stood ahout
1,060 ft. lower rol.tive to sen-lcevel,

Subsequent dissection of the old platc.u was probzbly
causcd by the uplift of the ~rca to its present zltitude,
pnossibly in the late Tertiary (Jutson, 1934). Erosion viorkod
b .ck along the mejor valleys, ¢roding the weathnering mantle 2nd
ferriing the new plateau, The lznd forms produccd by the
cdvancingy younger cyclc varicd according to the geology and the
initizl form of the cld platcau. On greiss and grunite pleins,
brond front.l attack on the pertially silicificed weathering
crust, resulted in 'type' bresbkavay country, nnd has given risc
to "Thc Terraces" and similar rormes on regicnal maps of the

cstern Australis hinterlaad,

During the period in which the new pletenu wns being
formed, the climote gradunlly chrnged from humid to scemi-arid,
thus rcoulting in cxtensive alluviation in the lower parts of
the areu. Eventunlly, the trunk volleys were choked with
z1luviunn and resulted in the formution of "river-lakes'.

Soime of thece dry lakes nre shown in Fig. I -5. Yiith increus-
ing dessicntion and lowering of the water-table, the upper
lnycrs of the alluvinl fills were calcreted.

fiuch of the =1luviun in the roegion hos been cemented
to form u siliccous hardpan.

The climite eventunlly becnme more arid th.n at
rrccent (nd widespreud wind;sorting of surfice deposits took
place. Sand rovernicnt wies pericrally townrds the southeast and
resulted in sand pluins on the ncw platequ surfice. However,

subscauent incrcusc in rainf:11 led to the stibilization of
sind by veget:ition wna has coiused renewed erosion in the higher
parts of the region. The c¢rosion wchieved in this latest
phacce has been very small for sand pluins commonly cxtend to

clocc to the foot of the breckaw.ys, sceparating the two cyclic



12

surfr.ces.

The gooworphic processes now =it work in this region
reflect the semi-arid climate, the lew velief, zind the low
cner;y of wun ephemeral, mainly interior drainage.

1{ills ~nd uplind comprisce 20% of the regicn and form
loc:ul watersheds. Run-off is f.:irly high and hill slopes
stecper than 50 ore mainly rocky und ¢xhibit pockets of skelcetal,
residunl soil.

The slopes comuionly buenr remnints of the former
wenthering mantle ind thereby indicute o slow rate of erosion.

The dr:idinago channels of the higher ground givc place
down-valley to drainage flcocors which are subject to sheet flow.
Such slopcs, with gradicents between 1 in 100 and 1-in 500,
commonly havc a contour pattern of vegetation groves. These
greves have resulted from an adaptation of vegetation cover to
surrc patterns of shceet-flew on smooth, gentle slopes, @nd the
aszociated trapping of :llluvium 3ives risc to &« very slight
convex slopes scparated by longir, concave intergroves.

The extensive stone mantles on the higher parts of
thcese slopes resulted from sheet-flow transport and slight )
concentrztion by defl.ition.

At lovier levels in thc landscape, with gradient bcelow
1 in 1,000, the ~lluvium is commonly saline and the firo-*rvf-
tured deposits arc li.ble to severe surfiice degradation.

The snlt lakes are the drodinage termini and are
subject to flooding after heavy rains.

The sand plain is the most stable environment being
restricted mainly to the cenfrul eastern artis of the study
repgion. Sufficicent vegetation restricts wind movement of sand

and run-off is kept to .« minimum by the permcable soils.
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(d) Vegctation.

The flora of Australin is rewmarkeble for its high

deggree of endemisrm of gencera and speciese. Thig d5) @ resulst
of nustralia being the most isolated continent. It is clear

th ot this isolntion wns provided by continentl drift which
commcnced =t the end of the P lcozoic era. Lowever therce arc
strong flornd links with other Gondwznz countrics inclurding
South imericn, Indi:s and South Africn.

Severnl groups cf plunte were probably of puilco-
tropic origin but they hove becorne so modificd that they are
no longer recognisable as typicnl ex mples. An illustration
is provided by the genus Acacin, which conprises-over 500
species, of which 400 are indigcneus to Austr.lia.

The most primitive form of .cacia is thut which
possesses compound leaves nnd Ae. farnesianc is regarded 2s the
archetype ond inhabits America, Africa, India ~nd northern
hustraliea. s+ farnesiena, 1lone of the Bipinnntae connccts
the tropical species of this genus with the temperite Bipin-
rotoe in south-western Australis,

From this originml stock, & type of Acacie hos
originnted wvhich is char:icteriscd by the prodvction of phyl-
londes, the leaf being represented by the simple flattened
lesf-1ik¢ axis of the compound lenf, It's ontogeny may be
observed in any specics of the Phyllodineae which number over
300 specics in Yestern austr.lin. Their highly developea
flor:l c¢conomy hiis enablud them to withstand extremc aridity of
thce environucent.

A genceral sccount follows of the vegetation types
which occur in the Lremern Province (ercmikes (Gr) - Desert).
The study regien lies entirely within this Province except for
Sendden, Ravensthorpe @nd liopetown in the south where only
bricf rcconnmisessnnce geobotany w.as carried out. This account
iz bhroed largely on Geordner (1942) wnd is only supplemented

where necessary. The Ercmesn Province (Fip. I -2 covers the
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viast arid interior of Western Auctrialia and is characterisca
by an annual rainfall of less than 175 mm which falls mainly
between Junuary - April in the north, and March - June in the
south.

This province (Gardner, 1242) is the most impover-
ished, floristicuzlly, of the threc provinces in liestern .ust-
ralia (Fig. I -6). It is a young flora with its clements
derived from the neighbouring provinces, in which the outstand-
ing characteristic is @ marked evolutionary epharmonic conver-

gence.

35
=)

FOREATICH .

(i)  Sclerophyllous Voodlund.

In the vicinity of the 225 mm isohyet the loamy
soils support a woodland composed cntirely of trees about 25 m
with zn undergrowth of 1 ni high shrubs, or there may be «
development of shrubby Buczlyptus species known as mallees.

The sclecrophyllous woodland forms are cverywhere
liniited by the edavhic factor - nowhere do they occur on sand.

The rcd-sand plains are characterised by Fucalyptus sulmono-

phloia, L. ealubris =nd E. longicornis. In the lakc country

further to the cast, betwvecn VWidgicmooltha and almost to
B-11ladonia, the number cf specics increwses and includes E.

brockwayi, L. leptophylla, L. caupuspe, L. flocktoniae and

L. 0leosa. Excellent revicws of the Euculyptus woodlands are

—

given by Elkington (196G9) 2nd Garduer (1942).

(ii) S:nlsolaceous Shrub Steppe.

In the south-east, there is «n extensive area of
lincstonc known as the Nullarbor Plain, which supports a
vegetation averaging 50 - 100 cm in height and composed chiefly

S

of Chcnopodiaceac. i
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Sand-health.
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Mesophytic forest (Karri forest).

Desert.
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(iii) Hulpn Bush.

The mulgin hush is the most extensive vegetation
formation in Australia. The conditions limiting its distrib-
ution to the south are not known but arc probably rclatcd to
pluvial-thermal factors. For exauplce the mean temperature
for the four wettcst months is in excess of 64°F whilst for
the sclerophyllous woodlsnd to the south, it is less than 6#0.

Jutson (1934) notes that this line approximates the 10 inch

isohyct.

The line of dcmarcation is remarkably well defined
in the field. To the north of Kulgoorlie it is intersected at
Goongarric, a fcw miles south of lenzies. The Bucualyptus

shrubs nnd trees become morc and riore scarce and the ncacia
species become morc dominﬁnt, the spccies being shrubs 3 - 7
metres high with rigid, glaucous phyllodes.

in example of the marked cpharmonic development of
Eremeun species is supplicd by acaci:. The common jarm tree
of the Bucalypt woodland (.. acuminata) has long (7 - 25 cm)
flat green phyllodes. On zppreoaching the mulga zone, the
rhyllodes becorie narrower, until finally in the mulga bush it
merges with .. burkittii, with terete or only slightly flatten-
¢d phyllodes, and smaller flower spikes. This gridual trans-
ition cnn be obscrved between K-.lgoorlie and Leonora and

parallel examplas can be observed with Bucalyptus pyriformis

and Le kinpomillii and with Ercrniophila gilesii and E. folio-

Sirsima.  This ephiarmonic development is carried out to such an
cxtent in the Mulgn country thot ultimately only two or three
typcs of growth forms and foliage remain. In gencral, the
brosd-lexved plants arc either covered with a close indumcntum
of stcllate hairs or arc heavily coated with resin., The
rlabrous lcecaved shrubs have narrow erect or pendulous leaves
which 211 assume a similar shapc.

The fhcacin species conform to one of three basic

types:  those with pinnate lcaves inhabiting the watercourscs;
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those with grecen pungeiit phyllodes of “"Curara” type with o
gimilir habitat; thosc with «rect or drooping rigid ¢locous
pnyllodes - the true "mulga" plants, #@nd those with pendulous

flat green phyllodes e.g. A. quadrinsrginea.

The ncacias form the tree or tall shrub layer
whilst the low shrub laycr is usually dominated by the highly
diversified species bf Eremophila which number about one hund-
red. Their large blossoms are short-lived but very conspic-
uous. There is somc evidence that this genus originated from
o littoril zone, and it is as halophytes that they hove adapt-
ed to the dry and szline tricts of the Ercmea.

The genus Cassia also assumes considerable physio-
gnomic importance in the Eremea and forms part of the low shrub
lzyer. The development of an indumcentum of felt has enabled
these plants to endurc extreme aridity without any loss of
lexf surface.

Perhaps the most rcmarkable tree of the liulga country,

and of thc¢ Eremca generally, is the Kurrajong (3richychiton

gregorii). This trce, which attnins a heipght of seven metres,
has o sprewnding crown of large bright-green soft leaves. Its
trunk and roots store water which is used in periods of
excecsive drought; and there is little doubt that this tree
is of paleotropic origin.

The seeds of many of the woody clements possess an
ability to remain viable for long periods of time, even for a
century. In addition some specics e.g. Acacia, produce their

flowers shortly azfter roins ond thus have no regular flowering

ELAB0N.
The wealth of the cphemeretl flora of this region is
rcanrkable. The formntion is typically one of widely spaced

shrubs with bare cxposed soil or rock, but after suitablce winter
rainfoll the whole oren is ciarpeted with an amnzing display of
snrunl horbs. These consist mainly of Compositae; with white

l.ycrs of Helipterum splendidum and Ceph.lipterum drummondii

in ©lluvipl sand, and Eorodin and Velleia in sandy soils.
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Other common species include llelipterum battii, Brachycone,

Erodiophyllum and vetch-like masses of Swuingona. This brief
display of herbuaceous floral wealth continues for only a few

weeks; two months later only the withered remains of stalks

are seen. On the other hand, the summer rains bring an almcst
equal richness of griasses such as Aristida and Getaria. The

mulga-bush formation exhibits this biannual succession to a
degrce not observed in any other formation in Viestern Aust-
ralia. In both cases it is short-lived; without a sufficient
rainfall it does not occur and for years no annual species may
appear.

The true mulga (Acacia aneurs) is the most common

species in the mulga bush, and its range extends throughout
nearly the entire formation. CGver very large areas of flat
or undulating country the acacia species provide a uniformity
of physiognomy to which the formiation owes its name. The
various species so closely resemble each other even when in
flower, that it is often impossible to determine accurately
the component species, unless pods and seeds are available.
It is probable that ultimute research will reduce the number of
"species" already described.

The outcropping hills provide a more varied flora.

The crimson hop-like fruits of Dodonaea filifolia and D.

lobulata, vantzlum, and the preen-leaved Acacia quadrimarginea

provide a strange assenbly together with brilliant masses of

Eremophila, in an enviromment so poor in forms.

(iv) The Halopiytic Formations.

Throughout thec Eremea, salt-lakes and the remains of
former ancient river systems are scattered. They are charact-
erised by a distilictive grey vegetation which covers their

broad margins, In this vegetution the Chenopodiaceae assume

the dominant role. fpecies of atriplex, Bassia and Koohia

cover the ground with their compact lowly forms. No plant

life extends beyond the salt margins which arc usually lined
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with pgreen sonmphires,

(v) The Triodia Steppe.

Grass stepre occurs on the red sandy soils of the

Eremc:in, It is most typically developed in the arcas which
receive a summer rainfall, The predominant genus is Triodia,
comprising about twelve species. This grass forms dence

tussock-like masses which are separatea by narrow patches of
bare sand. The leaves of all specics ure punient-pointed,

a characteristic which renders the plants forbidding.

(vi) The Desert,

‘thile, as its name would imply, the whole of the
Eremean conforms with the broader definition of what ecologists
term desert, there is an area closc to the centre of hustralia
which complies with desert in its morc limited sense. This
tract howecver lies beyond the limits of the study region.

A few trees from the Mulga country are found in

depressions e.g. icacia sibirica, A. kempeana, Hakea lorea

together with a number of Chenopodiacecae.

EPHARICSIS LD GROWTH FORMS.

Epharmony (to quote Gardner) is the plant's "growth
form" 1in contrudistinction to its systematic form. It revceals
itself specially in the habit and in the form and duration of
the nutritive orguns, but shoms to a lesser extent in the
reproductive organs. A well -known result of epharmosis is
the convergence of systematically removed types; e.g. in

Acoscin and llakea, Dorwinis uand Pinelea. Some species of one

genus so closely rescemble species of the other genus that,
rrowing together they can only be separated when in flower.
The coureful climstic grading of the lYestern Australian flora
hes resulted in numerous epharmonically moulded specics and

forms which reach their highest development in the Ercmea;
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whereby the cpharmonic converyence results in the species

conforming to = few general grovth-form types.

GRCWTH FCRMGS.

(1) Trees and Shrubs.

Trees a#nd shrubs make up most of the vegetation of
the Breme:n. A growth ferm becomes dominant in the sclero-
phyllous woodland and the nulg:i bush and is common to both
trees and shrubs. It is perhoeps inosst typically represented

by the jam trec (Acacia acuminata), but is consistent both in

Acacia and Eucelyptus throughout the drier arecas.
In this frowth form, which Gardner (19&2) termed

the Infundibular growth form, the stem, by a system of repeat-

e¢d upwuard branching, produces a multiplicity of branches and
tvigs, all attaining more or less the same height, and result-
ing in a flat or convex dens¢ crown with a light covering of
lcaves., %“hereas in Bucalyptus the folinge is pendulous, in
acacia it is usually stiff and erect.

This growth forwm is zn adaptation to the desisating
gaction of dry winds since only a minimum of the leafy arca is
exposed. It is associated with an erect or pcndulous foliage,
so thot a great number of leaves cun be carried without over-
lapping. This growth form is predominant in the DLremea.

Occasionally in the wulga-bush another growth form
is otserved. This is thc ercct-steommed, horizontally branched
form which is typicul of acacias of the i. grusbyi, and A.
silirica type. The simple stem is widely brunched with
horizont«l branches which are again rcpestedly horizontally
br-.nched to form flat supeririposed laycers. Thus & series of
horizont«al planes of lcafy twigs bearing short erect pine-like
foliongec is displayed.

While the infundibular growth form leads ultimatcly
to leaf-reduction or even complete aphylly, the widely-

branched plants of the Bremen retain their leaves in an unmodified
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condition. Such plants rely on a protective l.uyer of hairs
or resin on the leaf surfaces, and examples of thesc growth

forms are afforded by the penus Ereumovhila.

RLCEVT HIGTCRY OF TEE VECET.TiCG: IK Tl GOLDFIELDS.

The history of the scleraphyllous woodlind and mulpgn
shirub during the past scventy years has been onc of exploit-
ation. Since¢ the discovery of gold some twentyseven million
tons of timber have been cut from inland forests, especiully
around thc mining cenfres, for use in the mines and as fire-
wood (Brockway, 1949). The Lucalypt woodland was character-
ised by the doninance of E. salmoniophleia but fias been
largely cut out (Jutson, 1934).

In the lulga bush zonc, the Acacia species have

suffercd a similar fatc.

The sandalwood (Santalum spicatum) has also been

severely depleted zs it was exported to China. This industry
continucs at theprescent day on a small scaole.

Felling for firewood is no longer allowed. Today
all the woodlunds are carefully surveyed #nd are under the

protection of the Forests Depurtment =t Kalgoorlie.
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Iy, EISTCRY OF 'THiE MILER.L SE.RCH IN WESTERN ~USTRALIL.

This scction cutlines the history of the economic wmincral
scarch in uestern ifustralia, with particular refercnce to the
ureas consicered in this thesis.

Gold was first discovered in lcestern Australia in
1885 and within = decade all the major gold depesits were dis-
covered in an .rea of one wmillion squurc niles. Such was the
magnitudce and success of this mineral search.

The maofic and ultramafic rocks of the grecenstone
belts, which usually outcrop as low ridges, contain innumecrable
gold showings. However there werc few major orebodies and
only six centres produced more thun cne million ounces.

Gold mincralisation is restricted to the 'greenstone!
belts &nd orcbocdies =re usunlly locnlised in favourable
structures within 1 mile of the granitic margins. Conccent-
rotions of gold were mainly associated with quartz (Sofoulis
aind Mabbutt, 1958) and usually with accessory amounts of silver,
rsenic, antimony, und te¢llurium.

Up to 1968, 53% of the total gold production of
Vicetern .ustrolin viws obtained from the "Golden #ile', & small
cection of pround at Kilgoorlie measuring two miles by one mile
(Woodall & Travis, 1969). This puttein of met:sl distribution
implies that the rcsults'of systemztic exploration for other
minerals is likely to result in many uneconcmic minerazlised
arcas, a few small mines and 2 limited numboer of major deposits.

The extensive gold prospecting activity produced
very few indicationz of base-metal mineralisation. Copper
his been mined &t Wulimiuna wnd Ravensthorpe and Meekatharra
(Sofoulis .nd Mabbut, 195&).

Grinitic areas, traversed by pegmatitic veins have
been reported to contiin a large number of minerals including
tin, tungsten, tantalum, beryl, mica nnd even cmeraldse.

By 19¢h4, rold production in Vestern Australia fell

bclow one million ounces despite government subsidics. Only



four big mining operations remeined on the Golden Mile <wnd
mining operations are expected to cease by the end of this
decade.

The towns on the ..rchacan Block, =nd in pnarticular,
Kilgoorlie, were given new confidence for the futurc, when
Viestern Mining Corporation announced the discovery of high-
grude nickel sulphide orcbodies at kambaldas in February, 1966,

Thesce orebodies were found in ultrabacsic units of a
'creenstone' belt .:ind cotalysed an intensive c¢xploration
¢ffort which rivals tlhe former 'gold-rush' deys.

In the years following the Kambzlda discovery,
scvernl nickel orcbodies were discovered «.nd include:
Widgicmooltha, Spargoville, Scotia, Nepean, Wildarra, /lgnew,
iite Keith and othcers. Some of these orebodies ‘have alrcady
been brought te the production stage but now an apparent
(short-term?) surplus of nickel on thec world markets is present-
ly exerting an adverse c¢ffect on the development of the Vest.
fustralian nickel-mining industry.

[.1though the greater part of the present cxploration
effort is directed townrds nickel mineralisation in the
'‘zcreencstone belts'y, the minersal potenticl of the sedimentary-
#cid volcinic and granitic torrains is graduslly being real-
iscd =nd will result in the discovery of copper, zinc and

uranium orebodies.
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e PRLVICUS BOT.NICAL PROLFECTING STUDIES.

In the following account the previous studies have
been ccnsidercd for convenicnce in two sectionsy the first
decls with indicutor pliunts and the second with biogeochemical
studica. The various szspects of botanicsl prospecting have
becn ably reviewed by sever.l workers including Halyuga (1964),
Cannon (19¢0), Wwarren (1972) ..n¢ Brooks (1972). Liccordingly,
this asccount will only briefly survey the field, with emphasis

on /ustrilian studies.

(a) Indicator Ylants.

Indicator plants have becen used in mineral ex-
ploration in Austr:zlie since 1895 «nd even earlicr in western

Europc. For example, Viola calaminaria has been known to be

2 zinc indicztor for more than 100 ycars (Raymond 1887) and
Linstow (1929) reported up to 1.5% zinc in the ash of this
shrub.

Many copper indicators have also been recorded.,
s eurly as 1857 Henwood ruborted the indicator v:iilue of

irmcria maritima in Uales., Similarly a small blue-flowcred

mint, acrocecphsalus robertii is well known to Katangun geolo-

rists 25 the "ccpper flower'", which is restricted centirely to
cupriferous outcrops. Duvigneavd nnd Denaeyer-de Smet (1963)

“1lso reported other copper indicator shrubs, Haumaniastrum

robertii and Silenc cobrlticola, both of which accumulated

nearly 0.24 Cu (dry weipght w.W.). Two cohalt indicaztors,

Crotnlarias cobulticola and Silene cob:lticola, respectively

containing 530 ppm and 32 pypn cobzlt (D.¥.) were also found by
Duvigneaud (1958). In 1949, G.:. Woodward (.non, 1959) dis-

covered i copper indicator shrub Becium homblei within Rhodesia

that grows in areas of reluatively deep soil. This plant is
pernsips better known «s the "copper flower'" of the Northern
Rhodesinn Copper Belt (lendelsohm, 1961).

apparently, this shrub also grows in Katangn
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«nd wns reported (Duvigneaud and Denacycr-de Smet 16C3) to grow
on thc marging of cuprifercus arcas where copper soil lcvels
vicre only slightly sbove backpround levels. The Katangaen
specive of Becium which arc indicators of high copper soils

include

S

. peschianum, B. cmpetrcides, B. ericocides, R.

mectullorum und B. cwurcoviride.

In Rhodesia, spccimens of B. homblei were found
to accumulute up to 324 ppm Cu (D.W.) (Reilly, 1967) and(¥%ild,
19GE) found this shrub growing on conly five of twenty-cight
copper prospects which he examined. Ilowever geolegists of
Rhodesizan Selection Trust have used this plant successfully
since 1949 to locate large reserves of ore (Cannon, 1971).

Lnother well-krnown cxample of indicator plants
is the seleniferous flora of the western United States, which
includes certain specics of astragalus. Selenium commonly
accompanies uranium in the scdimentary carnotite deposits of
the Colorado Plateru, and for this reason sclenium indicator
plants can be used to locate vranium (Cennon, 1957, 19€0).

The most useful plaunts arc /. preussi and n. pattersoni which
ctn both accumulatce selenium up to 4% in their ash.

Indicator plants have becen described for many
cther elements, including mangiznese, boron ana rickel. Recently

two sm.1ll shrubs, Barlcrias sp. nov. and Celosia tripyna were

found (Cole, 1971) to indicate outcropping nickel/copper
mincralisation in the scvannn woodland of Rhodosica. i.nothcr

Rhodesiun nickel indicator, Dicoma macroceph.ala was discovered

by %ild (1970) who reported its occurrcnce on 7 of 28 anomalics
investigated. This shrub wns renamed D. niccolifera Wild sp.

riove (%ild, 1671).

Miny indicator plante mostly shrubs, have boeen

described in «ustralia for severul metals. i trce, Xunthostemon

prradox¥s has been described in the Worthcecrn Territories which
accunmulates uranium (Debnam, 1955) and it may well prove
to he & useful indicator plant.

Polycarpea cpirostylis has been uscd vith
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success in prospuecting for copper in the northern parts of
hustralia, This small woody shrub wue first reported in 1858
(Skertchly, 1897) nnd cwrrent roports (Micolls ¢t 1, 19653
Cole, 196%) reiterate tlhe uvsefulness of this plant in prospect-

ing und also of Bultostrlis barbata suad Eriachne sucronata.

In South Australic, indicator chrubs hove heen
reperted (Cole, 19GU) for lead winer.lis:ticn in the lower

Combrinn lincestones. These: included Ftilotus cbevatus and

Prosthunthera striatifloerao. The former spucics wis wlso used

to loci.te cuprifurous strot.. -t Pernntty and bdiccara.

Plants have been used as indicators of soil
corditions from the varliest diuys of settlement in Western
dmstralia to id sclection of land for ugricultur2l purposes.
Hoviever it is enly recently that indicator plants hiave been
sovght for spccific metals.

Elkington (16¢49) corried out uxtensive geo-
botanical studies in the Eucalypt woodlands south of HKnlgoorlie

-nd suggested that three shrubs Hybanthus floribundus, Trynal-

ium myrtillus and Ricinocarpus stylosus night indicate soils

with high levels of rick:l ¢nd chromium. Her supervisor M.
i Colc (1971) carricd out rceconamissance geobotanical studics
in 16€0 and worce detriled surveys between 1965 snd 19C9. She
found onc unidentificd shrub species nt Lidgicmooltha which
accumulated nickel. liowever the indicniter volue of this plant
znd its role in c¢xplorition wias not assessed.

lor:: rec@ntly, "iclsen (1972) completed an in-
tensive study, ilso viithin the Bucalypt woodland, at Spargoville
and concluded thut no vlant indicators or accumulators of nickel
or copper occurrec in this arca.

Conceriing the mulga bush zone, it is evident
that no gcobotonic 1l investigantions have been carriced out prior

to this study.
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(b) Bicgeochemical Studies.

The accunulatinn of certiin cleinents by vege-
ttion wes reported by Goldschmidt =nd Vernadsky over 4O yenars
cgo vut it v s not until sbout 10 years l.oter that the biogeo-
cheriicnl method begoen to be used in mineral explor.:tion.
Fionecring work was cerried out independently in Scandinavia,
bEnpland, the BSovict Union and Canada. Brundin (1939) under-
took investigotions on tungstun in Cornwall cnd even took out
a patent for the method.

In the West, the most successful and cxtensive
of these e¢arly developricnts in the biogeochemical niethod was in
British Coluiibia where YWarren and his co-worlkers began their
investigaticne cs carly as 1944 (Prooks, 1972). ° During the
following years WNarrcen and Delavault (1950a, 19k9,  1855a, 1960)
carrica out biogcochemical studies on o Liumber of metals
including silvcr, gold, copper, nolybdenum, lead, zinc, nickel,
cobnlt, iron and mranganesc. Recently, Varren et al, (1964,

196¢) showed that the Douglas Tir (Pscudotsuga nenziesii) can

wccumuliute Lrsenic from its substrate. They suggested the
po5sitle use of this sypecies to detect arsenic dispersion halos
frow ore depcsits cont.ining minor amounts of this metal.

This casc¢ illustrates the wider potentinl of Yiogeochemical
prospecting th»t may be rezlised by further investigations.
P.rallel bicgoeochemicil investigations were carried out in the
boviet Unicn under iinlyugi: and Tkalich (Malyuga, 1964; Tkalich,
1959) . Cfficinl government encourngeient has had the result
that the Soviet Unicn has rermainced pre-crinent in this ficld in
the post-wur years. Ffurther rescerch on the biopeochemicn:l
mcthod followed by its widespre.d use in cxplorstion for uriniwa,
vas carried out by the U.S. Geological LHurvey in the 1950s snd carly
1960, The work w.us inplemcented on the Colorrdo FPlateau, mrinly
by Cannon and her co-workers (Cannon, 1957, 19602, 19G4) =nd
resulted in the discovery of scver:dl uranium orcboedies most of

hich hnd no ‘surfnce go.ochemical expression,
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Other investipntions carriecd out in the United

{

States included Harbaugh (1550) =»né Keith (1968) for busce nctals
in the Tri-Stote District;  =nd Dloss wnd Steiner (1960) who
used the biogeocheniicxl methed Lo scek mang nesc. ft recent
study (Chaffe snd Hessin, 1971) indicated the seitibility of
this techanique for secking cancenlcd porphyry copper-nolybdenum
deposits in Arizond,

webbh wnd “ii].l-“-_-ll (1951) in their studies on the
liigerian lead-zinc belt concluded thut this method could wssist
in the location of buricd orc deposits, In Egypt, ¥1 Shazly

¢t =1, (1971) successfully used hcucin trees to locite litho-

-

phiile clencnts includinge beryllium, litnium and boron and the
chalcophile clements, nickel, copper, leaxd, zinc, and cobult.

In New Zealund, bilogeochemic.l investipgations
have oven curried cut since 1965 by Brooks and his co-workers
(Broocks, 1972) on scveral metnls including molybdenun, vronium,
copncr, lead, zinc, cobslt, nickel, chromiwa, tungsten and
Mercury.

Several studico have also been carried out in

Lustr.1lis and include: zinc in Gueensland (llicolls ¢t o1,

19€.5) l¢ad and zine in the KNorthorn Territories (Cole ¢t nl,
1968) and copper in South ustralia (.ustwinex, 1970).

Biogeochemic.) studies on nickel have hbeen
carricd out in several countrics including Canada (Yarren,
19554), Russia (llalyugw, 190h;  Aleskcusky et al, 1959); the
United States (Miller, 1961); Finl:nd (Ranleama, 1940)5  and
ririen (Cole, 1971a; \Vilding, 1969). The results have
generally been cnccouraginge.

Similar studics have also been carried out in
the Bucalyptus woodland of Western Sustrilia. Cole (1971)
ard hor co-wvorkers undertook detqniled investig . tions which
revenled Yconplex rclotionships botween plant distributions
nd cnvironmental frctors, the understanding of which is pro-
resuicite to the wpplication of jcobotonic.l, gfeochemical, :nd
biorneochemicsl tochniques in ayxploration for nickel in this

envirorisent',



Cole (1971) =ilco considercd thut the potential
nickel=-bearing arcos of Western ustralis prescent sceveral aajor

&)

vnvirenmentnl fontures which might be unfavournble for beotonicnl

methods of prospecting. Bicpueochemicsl anom:ldies were observed
over nickel mineralisaticen but the anomalies were of o low nag-

nitude mnd were attributed te the sclerophyllous nature of the
vegetntiona

mlkingten (99€%) carricd out biepeochemic:)
rrospecting stvedies st sceveral loc.litics in these sclereophyllous
woodlonds and concluded thrt the uscefulness of thiic technique
wos lirited in the Kambzlda area by t he apparent unavailability
of the substrate nickel, and in other arcas did not provide ..ny
additionsl informaticn to thnat grnined by surfoace soil geo-
chemistry. I

Nielsen (1972) conclud.s fror o biogcochenicnl
survey carried out at Spargoville, some 15 wmiles west ~F Kam-
b:lda, th.t the nickcl content in the biark of seversi Zucalyptus
specice was a useful guide to delincating concenled ultribaice
units. Hore-over, it is anpnrent thit these tree species
DOGHBCSS 1t very unusuzl ability to accumuluate chiromium (alse in
the bark), which ch ricteristic..lly cun <lsc be used to locate
rrickheliferous arcas dus to the nagnatic nickel-chromniunm re-
lztionship.

Severnl studics on botiuic.l prospecting mctands
hnve been carricd cut in the Luveslypt woodlands of Westorn
custralic. However the precent study ie the first te be carried
crt in the Hulga busgh zonce nerth of Kalpoerlie where several

nickel orcvbodies have olrezudy been discovercd.
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6. FIELD AND LABOK.TORY THCHNMIGUES,

A. VEGET4TICN STUNDIES.

The distribution of the vegetation was recorded
quantitatively in the field by the use of belt transects, which
were composed of 100 foot square quadrats. 'The trsnsects were
1aid out, either with tepes or using a pre-existing 100 foot
grid system and orientuated to cross the vegetution associations
and the lithologic units of each study area.

Black-and-white zeriul photos (1:7200 scale) were
used to map vepetation sommunities over several square miles at
some study areus.

All species of trees and shrubs were sample in the
orientation surveys. Leaf and twig samples were teken from
hcacia and shrub species, whilst burk and supwood chips were
taken from Eucalyptus and other tree species whoee foliage was
not readily accessible.

Plant samples were collected with a specially-design-
ed attachment which allowed sampling rates comparable to soils,
i.e. about 100 per man-day. Samples vwere placed in 3 ineh x
4 inch kraft bars and oven-dried (50°C) overnight in field
camps.

Herbarium specimens were collected of each species

for subsequent identification.

B. SCIL STUDIES.

During the initial stages of these investigations
soil samples were taken near the base of each plant which was
sumpled. A -80 mesh (B.5.S.) fraction was obtuined usually
from a depth of about 6 inches to avoid surface contamination,
Sieving was carried out on the site and the sample placed in

kraft bags identicul to those used for plant samples.
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S0il profiles were studied in seversl arcas by means
of trencihres dug to either 12 feet or bedrocck.

pli meusurements were nade in the {ield uéing a C.b.
I.k.C. field test-kit. Selected soils were checked in the
luboratory using & 1:10 mixture of scil and distilled water
which was shzken for € hours, allowed to settle overnipght and

then measured with u separate glass (calomel electrode system).

C. GLCLOGIC.:L STUDILS.

Much of this work wus carried out in previously
mapped areas. Where necessary geological mappling wasS carried
out using 1:7200 blacl-und-white photographs; or in detailed
areas using @ 100 foot grid systerm.

Redrock-chip samples were collected wlhiere possible
close to sampled plants during the initiul stupes of this .-
study.

Some highly altered rocks required X-ray diffraction

analysis besides truce metal data to confirm identification.

D. GEOCHEMIC:.L al.LYLIS OF S5CIL ,.i.D ROCKCHIP SiaMPLES.

S0il and rock-chip samples (0.2g) were attacked with
nitric/perchloric acids (4:1) in test-tubes suspended over a
hot-water bath. The degree of dissolution of the analyte
elements wus checked on selected samples using concentrated
hydrofluoric/nitric acids (1:1) in polypropylene beakers
suspended in boiling water., This treuatment though slower
usually gives improved disgolution of the elements.

Dissolution was adequate for «ll the metuls examined
except chromium vhere it occurred sometimes as spinel which
is virtually insoluble under these conditions.

The residue was leached with hot 2M hydroechloric

acid for 15 minutes, made to volume (10 ml), and an aliquot was
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diluted with 0.8¢ strontium nitrate to ullow detcermination of
calcium and uspnesium (Elwell and Gicley, 1967).

These colutions were theu determined by conventional
~.tomic absorption cpectrophotoretry using a Varian-Techtron

Model AAS instrument.

. GLECCHENICAL »NALYLIS OF PLANT SANDPLES.

Flant samples were acshed ut QBOOC in a muffle furn-
nce. 0.2g ash was leached with 10 ml 2 hydrochloric acid,
mixed, settled znd deteriuined by atomic zbsorption as above.

iv rapid method of vegetztiou =analysis (Severne and
Brooks, 1972) wuas developed which involved weiching 1.0g of
drv plant materinl into 6Omi x 12mm:pyrex test-tubes (Contained
in lots of 100 in stecel racks) and ashing in =@ closed muffle
furnace overnight at 430°C.

nfter cooling, 5Sml of 2M hydrochloric acid was added
to each tube, mixed for 15 minutes on a hot wuter buth (80°c),
llowed to settle (1 hour) and then anzlyscd by atomic absorp-
tion as nbove.

fmploying this method plant samples were analysed on
o routine basis at the rute of 100 per day per mufile furnace
for up to & metals.

Specialised techniques, such as sclenium analysis

ar¢ discussed in later scctions.

F. ANMALYTICnL PRESICICH &ID ACCURACY.

(i) Precision.

This wrs considered @s the overall reproducibility
of the dissolution and analysis schene. To evaluate this
paramcter, a se¢t of representative soil and plant samples were
selected from areas of varying characteristics and 10 replicate

anolyses were made on each sample for nickel, copper, cobalt,
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chromium, zinc, mang=nese, iron, c~lcium &nd mapncsium. The
precision was ﬁiequnte 28 no one value devianted by more than
10% from the mean. Tvio c¢f thcse stundard sziiples were incor-
por~:ted in each batch of unknown samples in order to menitor
any inter-batch fluctuations.

rnqueous stindards were prepared from analytical
Gradc or Spectrogranhically - pure reagents (Johnson, llatthey 2 Co.
Ltd.) and storcd in polythene contuiners (10CO ppm in 2M HCL) and

diluted prior to usec.

(ii) iccuracy.

Accurnicy is the degree to which the true amount
of 2 substance prcesent in a s:mple cnn be determined. where a
sct of dats is being evaluated on the basis of felativc riay-
nitudes of each value within the set, as in this thesis, pre-
cision rather thun adcufdcy is important, assuming thot the
relative accuracy for each measurcment is constant (Meish, 19€4) .,

By nsnalysing the standard diabuase W-=1 (Fairbeairn
et =1, 1951) a measurc of thc¢ analytic:l accuracy was obtained.
In common with other workers (Fletcher, 1970; Timperley, 1971),
the ntomic nbcorption determinations of the trnsition metals
werce too high when compnred with accepted values.

This crror was almost certuinly due in lurge
part to "scattering'. This ie cuaused by ~ high solute
concentration in the zspiratcd solution as the solid particles
rcflect the incident radirtion from the lamp aw.y from the slit
cnusing =n apparcnt ebsorption. This effect his been studied
in some detail (Billings, 19(5).

Gidley (196L4) showed thut scattering wis a
function of wrvelength nd that it followed =in npproximitely
dependence i.eo 0t short wavelengths the problem is prevtest.

Tt wos found thet c-lcium nind iron cnuscd the most scnttering
for 111 the .nlytc metals investignted, ond the relntive
rccurncies for different somples were dependent on the wny in

which their calcium wnd iron contents were varied.
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Scottering wrs most import:nt for :n~lyte megels
whose nbsorption lines lie¢ in thc wavelength region less thnan
3000}, Tnc anrlyticel lines (R) used for the various metals
were:- nickel 2320; cob.lt 2u407; éopper 3247: zinc 2138;
chromium 35783 iron 24835 crlcium 4227; wmang nesc 27943 and
n-rnesium 2852,

The rmccur cy of the rnulyticnl d~t presented
in this thesis was considcred <adequitce for wll the metals ~t
thc usunl concentrations encountered, except cobnlt. Pl:nt
nsh ..nd soil samples contnined npparent cobnlt concentrations
.bout 20 ppm .ind 50 ppm respectively. Scattering w:s shown
te nccount for morc than 10 ppme. It seemed thnt interference
from other mechnnisms, such as molecuinr absorption, was also

present,
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1. RisD BORYE COPPHR PROSPLCT.

A. INTRCDUCTION.,

(1) Locntion.

The study =rea is “bout 100 miles north of
Meekitharri (see Fige I -1) and is rerched by o dirt rord which
trends enstwirds from the Great Northern Highwey for some eight
miles. The entire arce lies within the Govennment 1:5G,000
Doolgunna (Zone 2, shuet 278) mup sheet. This prcliminary

survey w2s carried out in late summer (April) of 1970.
(ii) Climate.

The #nnu»l r2inf2ll is nearly 10 inches and the

wettest month is usu:illy March.

(iii)Geology.

The Red Bore Prospect lies within the Nullagine
"'system" of lower Proterozoic :ge. Dolerites, quartzites -ind
finer grnined sediments nre the usu.l lithologies eneountered,
. In the 1960s the loc:.l station owner discovered
the Red Bore Gossan; see Plute I1 -1. This gossnn ossayed nt
0.7 copper, contined visible malachite flecks, .~nnd appenred to
be t, or near the contnct of :: dolerite unit with weathercd
yellow-green sh~nles.

A geological sketch map is shown in Fig. II =1
and was compiled using ~ 1:7200 tcerial photograph.

(iv) Topography.

This =rex forms part of » broad watershed on
the interior plnteau of Vestern Austrulin. It consists mostly
of extensive plains with low hill ranges.

In the immediate environment of the Red Borc
Prospect rvlief ie provided by » quartzite ridge, sever:l
hundred feet thick, less thin o thousand fect south of the

£0C8AN.
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Fig. II-2. Geoligical sketch map of the Red Bore Prospect,
showing also the position of the geobotanical belt

transect and the geochemical sampling area.
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The density of dend plants wis recordced but did
not uwppceur to be relited to the gecochimical environment.
It is appurent from the trinsect dispgram (Fig.

I1 -2) th:st the t:1] chrub icici- coolgurdicnsis is restricted

to outcropping dolcritcs. This finding wos confirmcd by sub-
sequent reconnuaissance over the surrounding terr:in. hcacia

ancura is well distributed throughout this .rca but has 2 lower
density over dolerite outcrops. Its dominant position in the
tree layer is illustr.ted by Pl:te II -2 which is 1 view over
the prospect arcs, looking north from the quartzite ridge.

The overi::ll vepetiition density decrensed in the
1luvicl trect betwecen the dolerite cutcrops. This effect was
considered to be due to the unf:vouruble physicil charucteristics
of thc soil. There was :n abscnce of surface scrcee and
azccordingly the surfacce soil would have lower moisture retention
propertics than adjncent wreas.

Similar be}t transects orientated over the
actu:l gossuns failed to find ny "indicutor'" plants. However,

due to the drought senson the e¢phemeral flora wns not obecrved.

c. BIOGLECCHE!1IC.L STUDILS.

(i) Soil Geochemistry.

In order to evaluate the biogeochemicil datn,
it wns necessary to obscrve the secondnry dispersion of copper
in thc soils from the outcropping minerczliscd zone.

Drilling indic:ted that the gossan representced
» steeply-dipping, narrow (ten fcet) mineraliscd zone, with
cbout 2% copper, 0.84% zine, .nd 0.005% le.d, on ~ dolerite-
chnle contect. Llthough the pgoascan averaged about 0.7% copper,
the associted surface soils (-80 mesh B.S.S.) contained a
maximum of only 0.09% copper. 50ils were sampled on a 50 x
200 foot grid at a depth of three to six inches. The «acid

nnture of these soils (pH 6 to 7) resulted in significant
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litcrs2l dispersioen of the copper as scen in Fig. II --3. The
dispersion of cold extrict ble (2.5% ncetic ncid) copper ex-
hibited 2 similar but slightly lirger pattorn and the anomaly
contr:st wius gre..ter. The isoconcentrition contours wcere
selccted by considerntion of the frequency distribution of the
dets, «nd interpreted #s possibly anom:lous ~nd definitely

.nom .lous threshold v:lues.

(ii) Biogecochemistry.

Le..f (phyllocde) :nd twiy samples of 21l tree
.nd shrub species were analysed for copper and cobalt, nickel,
caromium, 2zinc, mang.nesc, c:i.lcium «nd magnesium. The analy-
ticidl dot:. for soils, rock-chips :rnd plants were ex:mined
initially by computor using correlation ~nclysis ~nd, in det .il
by rrophing the significant relationships. Cumulative-frequency
plots were excmincd but provided no dditional informi:tion.

Ilo copper zccumulator pleants were found, «nd
this result suggests that none of the observed plant species
is a copper indicgtor plant. Similerly, Brooks (1972) hrs
csuggested thit in incici:tor plant may displiy :n unusuclly high
corncentrntion of the metal sought.

ficm.cia ~neur:: w:is the only suit .tlec plant for

prospecting purposes :s other species, especinlly a._coolgierdicnsis

did not h:wve thce prerequisite pervi.sive distribution.

The copper content in the phyllode (lenf) -.sh
of A. sncurt indicated the substrite distribution of copper with
more thun adequate precision, Copper vilues rose from bick-
ground (120. ppm) to 620 ppm over the gossun. The biogeochemical
dnt. are shown in Fig. II -4. The isoconcentr. tion contour
v:luee werc selectcd & for the occesional absence of A. oncura
at a snmpling site prevented closure of the isograds.

i1l other biogeochemicul dat~ for L. “ncura, =nd
for the other species, provided no useful inform.ation to «id
locittion of the bedrock minernlis-ition. It was surprising thnt
the copper content of the twig ash of .. ancurn guve absolutely

no indicntion of thc¢ possanous zone.
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Fig. II-3. Geochemical soil copper plan of Red Bore Prospect. Soils were
sampled at 6 inch depth and the -80 mesh fraction analysed for
total copper. Iso concentration contours representing thresholds
of possibly anomalous (100ppm) and anomalous (130ppm) values are
shown, Threshold values were derived from consideration of

cummulative frequency-and frequency distribution diagrams.
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Compnrison of thc biopevochemic:.l ..nd soil geco-
chemicnl dita (Figs. I -3 .nd I1-4) revesl two import:nt
f:cts. The first is thit the biogcochemic:l znom:ly contr:..st
(9) is much lower th.n the s0il copper (tot:l) contr.st (18)
which is, in turn consider~bly low r thin the cold cxtricti ble
copper contrist (93). The low m-gnitudc of biopecochemic..l
snom~lies h..s been discussed by other workers (Cole, 1971) :nd
in this enviranment was ~ttributed to the sclerophyllous n:iture
of the vegetstion. L plot of le.:f :.sh copper versus soil
copper suggested tht a moximum concentr-ition of copper in the
phyllode ash wias nappromched nt :=bout 500 - 600 ppm. It is
apperent thot the norm:l bioloricul restriction of tri.ce metal
uptike imposes ~ definite limit-:tion on the degree of nssoc-
iation between plant and substr.itc mctsl concentrations.

The second observetion is that ~ smzll but

significant biogcochemic 1l nom-ly exists ..bout 500 fect north-

enst of the gossunous zone. These vilues initiilly were not
believed. iiccordingly, soils ..nd n. :necura were resampled €

monthgs later only to obtain ¢sscentil}y the sime results as
before. Bed-rock chip sampling was undert:iken, os scils were
renerally less thun 15 inches deep, znd subscguent mnalysis
recvenled 2 pronounced bedrock copper inom.ly with a maximum
(190 ppm) v:lue coinciding with the biogeochemicul anomaly.
The soil s mpling revealed no trice of this bedrock feanture.
The biogcochemic:l dnta provides o preliminary hint as to the

potenti~l of this method in locating buried mineralis.:tion.

D.  COKCLUSICIS.

In this type of enviromment with ocid, lenched
soile, it in npparent thrt soil geochemistry is & very suitable
techniqua for loc..ting simil..r cupriferous zoncs.

The biogrochemicil method is considered to be
compi ritble to convention:.l soil geochemistry in this essentinlly

outcropping area.
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Howcver, » decgree of cnution is rcouircd in the
intcrprot..tion of the biogeochemicr:l dntn. It is r~pperent
from this "cnmse history" theat the ctusl v.lues of the lenf ash
copper hove 1ittle, if -ny, dircvct rel.itionship to the bedrock
copper concentritions. A biopeochcmic -1 znomi:ly indic:.tus =2n
snomi:lous met..l conceuntr..tion in the substrate but, ot the
"present state of the nrt", does not define ite maognitude.

The results obtiiined ..t the Red Bore Prospect,
being the first obtiiined in this study, werc considered to be
highly e¢ncouraging;.  However, it was rcrlised that the value
of the biogeochemic :l mcthod 1l:y in its .bility to detect buried
mineralisntion, which has little if any surface geochemicnl
expression, ind where conventional surface techniques would be
inndequate.

Thuere is one nspect of the geoboti.niciil survey
over this copper prospect which recquircs further study. It
involves cyaluating the 'indicntor' role of the ephemeral floreo.
As mentioned in the introdu;tory section these, often colourful,
plnants me2y not be scen for upwards of a decade but 2 survey at

the -:ppropricte time may be well rewarded.
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2o CORK TRl CCI'PER PROSPECT.

o

4. INTRCDUCTICH.

(i) General.

Following the success obtained Zwith the bio-
fwochemic 1 survey nt the Red Bore Caopper Prospect it was
dicided to test the technigue in @n :res cont .ining known sub-
surf .ce copper wmincer=lis:-tion. The Cork Tree Copper Frospect
w.5 the only &v:ilsble ..rca ~.nd, .lthough not entire¢ly cpprop-
ri=tc for this survey, :n investigstion was carried out in the

Spring (October,) of 1970.

(ii) Location.

The copper prospect is 17 miles enst of Red Bore
«nd 18 miles west of Lnke Gregory. Lbindoned copper workings
“rc secn ~long the road to the Thnduna Copper mine which is some
12 miles to the north-west of Cork Trce Prospect. The study
~ren measurcd 4000 feet enst-west by 2000 feet north-south and
is lociited on the southern flank of ~ dr-inage tr.:.ct which is

ch.racterised by occisionnl cork treces (Hi:kea Lorex).

(iii)Geology.

The prospect is situnted in an :cid-volcanic/
scdiment.ry terr:in of probable Nullagine:n (Lowcr Proterozoic
igc), 'nd thec supergunc copper minernlisntion is concentrated
.long fr .cturc¢ plnnes. It is lower in the l.:ndscape than the
Ned Bore Prospect nnd is close to the sslt-lake dr.inape termini.
i3 2 rcsult the Cork Trec Prospect area is free of latcerite nﬁd
roclk outcrop is nminim-1 «nd usurlly silicified thus rendering
identificrtion of the originil rock-type rather tenuouss ~t times.
i‘uch of the area is covered by upw.rds of twenty feet of

#1luvi~l-colluvinl materisl.



b2

(iv) Topogr:phy.

Topography is very subdued with slopes typically
less then 1°. The best indications of slope nre proviced by
veget~tion «nd screc distribution. Very low ridges hove rocky
crests of silicified voelc.inics :nd sediments which nre often
breccinted. The silicific tion, especizlly :=ldong breccir zoncs,
is considered to be the cus'1 relief factor.

Due¢ to the low position in the drainage system,

the environment is s:line «nd soil pH is close to neutr lity.-

B. GECBOTAKRI C..LL. GTUDILS.

L brocd wsiter-course, rbout o~ hulf mile wide,
trends south-enstwirds through the study ~rea né shovwn in Fig.,
I -5. It is characteriscd by o relatively dense veget.:tion
butamay from the creek system, which seldom flows with watcer,
the vegetntion is sparsc. rerinl photogriphs (1:7200 scale)
vere uscd to map the veget.tion nssocitions (Fig. II -5).

The 1luvi:l (Creck waish zone) narezs arc char-

ncterised by o dominant trec layer composed of Acacia sncura

with occnsion:l specimens of L. tctrogonophylla, Hoke: aridn,

. lores (the cork tree), Pittosporum phillyracoides r.nd

Grevilleca striata. 4 few low shrubs inclucde the species Kochia

pyrmidrtsa and Rhagodi spye

The flinks ef thc¢ drninage tr.ct nrc mnrked by

» fringe zone of till shrubs comprising Templetonis egenit,

Ercmophila youngii and L. duttceni.

Occrisionnl troee species include ficiicia victorince

L. neurn ond L. tcetragonophylla. The ground l~yecr contains

Kochin tripter: ..nd K. pyrimidat:i.

The sclt bush zone is comprised wholly of
h::lophytic shrubs usunlly less than 12 inches high. Deflation
hns removed the cxposed soil between these shrubs so th.t ench

plnnt is now sited on a mount scveri:l inches high.
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shown, along with leaf copper values of Acacia aneura.

the belt transect are also indicated.

Plan of Cork Tree Copper Prospect. The anomalous copper values obtained in drill-holes are

The vegetation zones and the position of



Superficicslly the solt bushes «ve very similar in 2ppenrencoes
Hov.ver several specics arc present and include Arthrocneaunm

hilocnanoides, Arthrocncutmium &p., deimichroa dinndr.:, Fronkenia

sctosn, Bassia nrticulatia ond Kochia triptoia.

The nmulga zZone is dominsted by scacin ancura

with Kochia tripterz and Rhagodia sp. in the ground layer.

The mulga zone, as shown in Fige. IT -5, occupies a low ridge
crcest . of rocky ground vhich slopes gently to north and south.
The ground is covered with siliccous screc which decrcases in
size and density away from thoe rocky crest zonc. The erecl:
wush zone 3s clirly warked by the brown silt which contrasts
sharply with the silicitied pale-coloured colluvial matcrinl.

Flrite I1 -3 illustrazates the low 'waltbuch!' shrubs with . ancura

f the mulga zone in the buckrround.
Fig. IT -6 shows the geobot.nic.l data obtiined
from A belt trinsect, the position of which is shown on TFig,

IT -5. The abrupt northward limit of the halophytie shrubs

Hemichroa diandrn and Froi:nkenin cctosc by the crech wash

r1lluvium is evident., It is ulso apporent that fceacin ancura

has 2 limited distritution in this environmunt and thesc is a
large tr.a of the lundscape (the sultbush zone) which lies
betieen the ridge crests and the drainage tracts, within whieh

he ancura and all othur trcec spucies are zbsent.

C. BIOGwWOCHEMIC..L STUDILS.

This copper prospect was found by a regional
fcocherniic.l survey ueasuring cold cxtractsble copper in surfaec
scilas. Vecuum drilling was carried out nlong north-south
traverse lines and holes vhich cncountcred anomcleus copper
v:ilucs arce indic:ted. Gee Fige IT -5, This drilling revealed
crritic scecondary copper aincralisntion with up to 1.6% copper,
penerally ot about 25 fect below the ground surface.

Plant swnpleos (lceaf, twipg, of suveral speeics)

were collccfod'alongcido the drill-holes to ennble correlation
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FigII-6. Belt Transect No.1 across Cork Tree Prospect at 137100E.
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of pliint-drill hole copper dit. hcnecin sneura w-s scmplaod

wvhercevoer possible. 411 species were nnnlyscd to determino
vhether :ny copper-sccumuliiting specics were proescnt. The
annlytical drta were gr-ophed to determine the distribution of
copper volueS. The drill datn were bimod.:l ind skowed. It
wis interpreted that the sediments cversged 30 pprm, the
rhyolites ~versged 200 ppm ::nd anomclous (mincriliscd) vaolues
cxcecded 260 ppm copper.

Drta for the le:f nsh of Lcacis :ineurs indicated

that possibily snomulous copper v lues excecded 160 ppm ~nd this
result comper.s well with the figures derived for Reé Bore (175
ppm) . However the maximum copper v.ilue obtzined 2t Cork Tree
(280 ppm) is considerably less thin the Red Bore mnximum value
of 620 ppm copper.

Gener:2lly, there were insufficicnt samples of

the other plant specics to =llow firm interpretation of the

results. Copper v lucs were aat bockground levels, rnging
from 50 to 150 ppm (ash). However thc two s mples of Lremo-

phile duttcni e¢rch cent.uincd 300 ppm copper in le:f ~sh nnd

were growing over subsurf..ce copper mincerslisation.

Inrlytical dota for nll elements in twig «:sch
»nd met .15 other than copper in leof .1sh were of no :iid in
locnting the subsur{ :ce copper miner«lis..tion. It wn:s ~pparent
th 't the halophytic shrubs of the s:ltbush zone, which miin-
t-ined /. nexr constoant 50 ppm copper nish, were inc:pible of
indicating 1.6% copper occurring 25 fcet below the ground
surface.

L.s ¢xpected the leof sh oopper contint of [.
~necurn rcflected the substrite mincrslic.:tion in the mulgn zone
(sce Fig. II -5). Howcver, in the creckw:sh zone .. sncur ,
did not ~pve-.r to rcflect frithfully substriite copper values.
The drill dnts revenled th:t the depth of slluvium varied from
5 to 80 fuet over very short distanccs :nd the copper minerel-
icntion occurred s isolnted irregular blocks or lenscs which

cppenr to be releted to the subsurface bedrock topography.
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The dota did sugyest however, th.t ~nomslous copper

vilues rt ¢ depth of 20 feet or more could be reflected by

nomalous vuluces in A. oneura.

D. CCINCLUSICN.

lio copper indic. .tor plant w.s fcund in this rren nnd
this is rot surprising s surfrce seil values rarely excecd 200
Fpm coppcr.

The hiogeochemic:1l survey w.s b.ascd primarily on

.cicin sneurt s its distribution wis gre:iter thoan other plant

specics. However in this cnvironment the distribution was too
limited to be of practical v.lue in cexplorction for subsurfnce
copper. ’
Thic copper prospcct did provide confirmation of
he cneura's :bility to rcflect buried copper mincralis-:tion
but such miner—lis=tion would h:ve to be of substantial thick-
nces (gre..ter than 10 feet) to ensure + biogeochemicil ~nomnly.
It weas congsidered in some cases nt Cork Trce th=t the treec
roots were pnssing through narrow miner..lised lenses. If
these mineraliscd »rens werce sited :bove the obscrbing zone
of thc¢ roots (which is gencrally close tc the root tips) it is
poszible thit ~ biogcochemic:l ‘nomi:ly would not be observed.
This interprc¢t..tion is bi.sed cnly on the Cork Tree Prospect
vhere mineralised zones were tnken to include mere geochcemicrl
concentrntions of ~» few hundred ppm copper.
Photo-interpretation would have indicnted the

in~ndegunte distribution of /lc~acia sncurn. The Cork Tree

Copper Prospect was tne only ~res known to contiin subsurface
coppelr mineralisatien nnd despite the unfrvour ble environment
the biogeochemicel investigitions confirmed the potentinl of

fcrncis aneurs in copper exploration.
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DI SHERVWOCD WICKREL PROGSPECT.

A 1I{TRODUCTICN.

(i) Location.

This prospect strnddles the Gre..t Northern

Highwry three to four miles north of lMcekath .rra.

(ii) Climatec.

Dct (iled climntic dete sre aveil~ble for
Meekinthnrra. The aversge onnual roinftll is 9.17 in. and the
wettest 1ionths are in the late summcer, Mceon mwonthly miiximum
temperatures renge fron 1OOOF to 70017‘ :nd frosts arc¢ very rarc.
Humidity is gencertlly low but cvepor-tion is high (10C inches
per ye .r).

Rainfall effective for initiating plont growth
occurs on avernge three times per year -nd usuclly between the
months of Jnnunry ~nd lLugust. The length of the subsequent
growth period is usurlly less then b wecks. However wegetation
on arens of shallow soil or on stcep slopes would have o _
comparatively shorter growth period whilst that on deeper soils
or on rreas which rcceive frun-on would heave r-ither longer
growth periods.

Drought ye¢rrs arc expcricenced frequently =nd

cnn last for 5 ye¢irs or morc.

(iii)Geology.

Mceksthirra is 2 former gold-mining centre =nd
is situed on & greenstone belt. The sSherwood wren is underl:in
by: ultrabasic units which nre¢ ripresented by tolc-corbonate
rocks; ncid volc:nic tuffs .nd fine-gr-incd scediments. The
geology (1:7200 scale) is shown in Fig., IT =7.

Occusionnl smell granitoid outcrops wre scen
but most of the nree is bl-.nketed with 2lluvirl-colluvi..l

matericl,. The striking ferturc of the arcii is the presence of
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shown together with the positions of the abandoned gold
workings (Au), the belt transect and the main drainage tracts.
Vacuum drill-hole traverses are shown, orientated east-west

across the strike and the major traverse is labelled A-B.



a siliceocus “iprdpalt dmyesn S U geil, arefll ok

Garndured gol  Sreu Yool %S Bhe G0E owl
ciroyping vl S5 Laes DL e T i )a e Pataty (< 2 s sn il e
foi nickel ainerslicetior Lut to dese v sigtifdicancliy
vineraliseu zoneg bwvn Duell Joczled,
(zv., JToaogzaliv,
—— - — e
Topography ie zenar=lly very suhdusd. deliel

is provided by  rock; sediment Tidge near the .eslorn nargin
of the stuvdy arza shown in Fig. T32-7. mlgewhers gentl: slcprs
cf 2 or lese arec scree-covered and . Acy drsipage elvriniel wras
ucrthv.irds through the area. It is marked oy wlluvial reaches
tp to 800 feet wide #nd is denarcated by relatively derse

vegetution (sce Plate II -4). ’

B.  GEOUBCiniIC~L GIUDIES.

A belt transzct .as sited sncrase the Yitho-
logic.l trends (Fig. II -7) ~nd vreveauled several pl-at-ha%itat
nssociations.

It was immedi.tely apparent that Acacic aneura

dominated tae trce layer andé enjoyed . wide norn-specific rzngn

‘ulesa an” . cuvthbertsor.i

of habitats. A. ‘aZf. aneuru., ..

Al

are closely rclated species and sould be distinguished onl: Dy
their pods and flowere.

he sclerospurna .uaa A. victorine were cenfined

—

tc tle druinape tracts where A. tetragonophyll= and A. crasped--
c:irva loc«lly became dominant.

i. pruinocurpa, L. guagriusrgirea wnd un
nccagional Canthium attenuwatum vere cbucrvedé on the higher

cediment screc slopes. togpebher with Fakea aff. aridn.

—

In the shrub liver the genus remophils uns

't

dominant. prewophila macnillaniena, i. afl. “reelingii.

leucqphylln and E. frugeri are nhrgerved ‘n love= nrhos with

—

relatively deep soil vhilst GH. latrobei, vith its brillinnt-
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red flowers, is rcstricted tec the slhelcetal screce scils.
E. spathulata wie obscrved only on outcrepping
talc-carbonate rocks.

The Cassina genus wvas represented by C. chat-

elainiana, C. stuvrtii .im¢é C. helmsii, Cccasionnl specimen.s

of Exocarpus aphyllus, Scaevola spinescens, Grevillea sin.,

-— e

Yochiv sp., and Sida aff. calyxhymenia were ¢lso recorded but

their distribution was quite'random.

The ephemeral ;round layer presented a very
attractive displiy duc to recent winter rains. These plants
were typically two inches high .awd comprised Brachycome
ciliocarpa with pink flowers; the yellow flowers of licnkea

villosula and Chenopodium rhadinost “chyun. However, no

plant-svbetrate relationship was discernible,

Reconnaissance over the ultrabasic rocks
revealed a small shruh of anomalous appecarance. Its distrib-
ution was restricted to talc-carbonate rocks. It was an
unidentified Calytrix sp., (quite distrinct from C. aff. des-
olata) whose bright lime-greer phyllodes contrasted with the
general dull grey-green appearance of the vegetation in this

environment.

c. BIGGEOCHENICAL STUDIMS.

The Sherwood nrea, comprising about four square
milcs, was covercd by a soil geochemical survey which revealed
several soil anomalics contuining morc than 400 ppm nickel in
arcas of outcropping talc-carhonate rocks. Over the alluvial
flats nickel so0il values were generally low.

Vacuum drilling was carricd out on cast-west
traverses over a strike interval of wbout one mile. = A part
of this asrea is shown in Fige. II -7 and drill traversc A-B
was talken as a representative case. It is examined in detail
in profile form in Fig. II -&, where drill data is comparcd with

surfacec coil nickel data.
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Biogeochemical manganese values are very low in the drainage tract, the position of which is shown

“

in the topographic geologic profile.
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Biogcochemicnl samplings wae corricd out on all
drill traverses. Leaves and twigs of A. ancura were sampled
whcrever possible at 100 goot intervals. Trese samples wore
analysed by a4 modificd rapid procedure whereby analytical data
vas cxpressed on a dry-weight basis with a reproducibility of -
& 0s25 ppm.

Vacuum drilling rcveéled the presence of a
subsurfece siliceous 'hardpan' layer which had the result that
surfacec soil nickel values did not reflect variations in the
bedrocke. In outcropping arexs, however, soil gecochemistry did
indicate nickeliferocus zoncs which in the talc-carbeonate rocks
exceeded 0.2% nickel.

Fig. IT -8 illustrates diagrammatically the
¢ffect of 'hardpan' on the e¢fficiency of surfacc soil geo-
chemistry in this environmcnt.

The phyllodes and twigs of acacia ancura wvere
analysed for nickel, copper, chromium, zinc, manganese¢, and
iron. Only the nickel content of the phyllode samples (dry
weight), provided uscful indication of the subsurface bedreocl
variztion as sc¢en in Fig. II -8.

Manganese, and to n lesser extent iron,
exhibited markedly low levels in the phyllode samples in the
vicinity of the drainage tract.

A. aneura gave @ similar positive rcsponse to
nickel on the other drill traverses where 'hardpan' vas
present. In actual fact several species of the Acnria aneura
Complex wcre snhpled, but an~lysis of several adjacent samples
at various locnlitics indicated that their nickel uptake was
sufficiently alike to allow thesc species to be treated as one.

Several samples of the anom.lous Calytrix
shrub were analysed and revealcd that this plant accumulates
cobalt. Its average cobalt concentration is 200 ppm (nsh)
as compared to normal plant levels of 9 ppm cobalt (Brooks,
1972)

Niclel and chromium values were only slightly



sbove background valucs in Calytrix. Ercmoptila spathrlata

vihich was also roestricted to the talc-carbonnte rocks, cxhib-

ited ne unusucl clcecmental concentrations.

D. CCLCLUSIONS.

It is apperent that conventional soil rceo-
chemistry for nickel in the Sherwood environment ie inadequatc
for non-outcropping arens. Illowever the biogeochemical data,
as illustraited in Fig. II -8 show that this technique can be
used successfully to detcct anomnlous bedrock nickel values
buricd benecath more than 10 feet of overburden.

The results obtained in this survey with Acacia
ancura arc considered to be conscrvative as no economic con-
centritions of nickel have been locatcd in this area. Such
nickel mineralisation could be c¢xpected to contain sipgnificant
amounts of cobult and copper «nd accordingly these elcments
should also be wnalysed in the plant samples to detect coincident
biogeochemical anomalies.

The indicator shrub Calytrix sp. was shown to
have an affinity for gobalt and further investigations on its

field occurrence are required.
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4,  GEMER.L DI5CUS5I0L:- MURCHISCN KDGION.

In this section the wotential role of vegetation
in exploration withia the hurchisca e ’on was exunined. The
preceding case studics have shown that geobotanicsl ond bicgeo-
chomical surveys are best cmployed when used together, Ja the
tiest Australi:sn cnvironment it generally socms necesetvy to corry
out 2 geohotnrnical survey prior to the biogeochemical survey.

The following paragrapls discuss each in turn.

(i) Geobotany.

llo copper indicator plants were observed a2t the
ked Bore or Cork Tree Prospects. Howcver several aba»doned
copper vworkings north-enst of Cork Trce were exzmined. On
scveral ore-hceaps contcining about 2% copper, Ptilotus rchovetns
(200 ppm copper in «@sh) flourished. See Plate 11 -5. This
shrub has been reportcd nas a copver indicator in GQueensland
(icolls et al, 1965) and South sustraliz (Cole, 19€4). In
western fustralia P. obovatus is @ ubiquitous shrub srecicc
which, the author feels, incluvdes several subspecics or eco-
types und only some of thesc variants are cuprophytese.
tnalogy is drawvn with the Becium homblei situation in DModesis

(Foward-'illiams, 1971).

Detuiled botinicul rescarch on P. obovstus is
considercd to be a prercquicsite to allow the usc of this shrub
for gcohotanicnl prospecting in the West sustralian Bremeans

At Shcrwood, the cutcropping tnlc-carbonate

indicator shrub, Cnlytrix sp. is &« rather rare specices but

ite conspicuous colour allows its fiwld recognition at
considerable distances, measured in hundreds of feet.

Of the tree species Acucin coolpardiensis
appears to be the most useful as it can be used for photogueo-
logicnl interpretation of black/white 1:7200 photographs.
This species grows only on outcronping dolerites and basalts

and c¢xhibits r very distinctive photographic pattern.
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Other trces alsn ~-hibit o degree of sibhstrate
sclectivity, c.g. As guadrinarginea on quurtzs® 2 rid-fec, but

their frequency is usually tco low to be usefvl.
(ii) Biorvochemistry.

The results of ¢ biogeochemical survey are
influenced by frctors which crn be bro«dly clacsified into
threc groups:-

1. the plant species snmpled

2. the org:n of the plant which 1s anwalyscd

5. the factors vhich influence the rovenent

of metal ions from the bedrock scurce,
into the plant organ which is taken for

analysis.

There is =mple e¢vidence to illustratce the
necessity of choosingy carefull the spceciecs and orpan for a

particular sampling programme (Shaclklette, 19625 Warren ct al,

-

195%5) but very little work has becn carried out to "mm" -5t~
the various mechanisms in the third category.

In the areas studied so far, thce cheice of
spccics was limited to Acacia aneura as it alone posscssed the
necessary pervasive distribution. On the various orguns, only
lecaves (phyllodes) and twigs are easily obtal sed. The Ilower-
ing season is brief and as irregular as the reins and root
samples arc not fensible to obtnin on a routine basis.

Twig (br.nchlet) sumples. generally gave no
bio;;.cochemical response whercas phyllodes were shown to be
quite adequatc.

It is apparent that i. cneura has un nunual
growing season of ubout 12 viecks or less, which takes the fornr
of n short burst of activity immediately after a thunderstorm.
The phyllodes zrc¢ perennial and it would appear that a bio-
feochemical survey can be carricd out throughout the yeer but
perhapes not soon after na period of high rainfall,

A feature of the FMurchison region is the
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frequent occurrcnce of a subsurf.ce siliceouvs hardpan. It is
absent in most arcas higk in the landscape as at Red Dore, but
vhere it is proesent it often renders surface expleration tech-
niqucs ineffectual, The hardpun is thickest in viilleys on
lower parts of the nevw plztenw, where the shullow woils mayy be
undcrl=in by 30 fcet or more of hnrdpsn. It thins out on the
slopes to z discontinucus crust, a fow inches thick, covering
the rock on grirdients of 2 or 3% (Litchfield, 1958). Plant
roots ~r¢ comnsidered (Litchfield, 1958) to be largely confined
to the shallow uncemented soils bove the hardpsn in apparent
contradiction to the biogeochemicul results obtained in this
region.

In this cnvironment it is apparent thut Acwcin
aneurn can be used in o biogeochemicidl survey to delincate
snomalous nickel or copper conccecntritions in subsurfiice bedrock,

evel when the siliccous hardpen is present.



SECTION III

BOTANICAL STUDIES IN THE KURRAJONG REGIGN
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T INTRCDUCTION.

Botrnicual investigations were carried out over
n large area of "grecnstones" between hgnew and Leonora. This
arce 1s referred to as the Kurr:jong Region, after a former
gold-mining town which was sitcd 20 miles north of Leonor: on
the main road to ngnew.

A tewmperary Rescerve covering many hundreds of
cqunre miles was taken out by Pestern hining Corp. and prospected
for sitveral metals including nickel. The geobotanical studies
were carried out from a base c:mp established about two miles
north-west of lit. Clifford beside Clifford Creek. lit. Cliff-
ord has become a wecll-known locality within Australia and is a
small quartz hill injected into sheared metabasalts and the

surrounding area is pitted with abandoned gold-workings.

(i) Location.

The basc-camp is reached by graded track which
trends north-euastwards from the main Agnew-Leonora road at
Doyle well. Ficld studies were carricd out at many scattered
areas and most are shown in Fig. III -1. Reconnaissancec was
carried out as far north as Yandal which is 50 miles north-east
of irgnew; to-the east as far as Laverton; and to Leonora in
the south. Only three azrcas to the west of the main road were
visited, and included the Pinnacles nickel prospcct 12 miles south
of Lgnew, the Bannockburn gold mine 10 miles north of Doyle Well
and a Zinc prospect at Doyle Well itseclf.

Detailed botanical ntudies were carried out
over seversl nickel prospects close to the lit. Clifford base
camp and included the Marriott, '880', '107' and Mt. Newman
Prospccts. Further north, detniled studies were cdrried out
nt the linrshnll Pool wnd Wildara arcas. Access throughout
this region is by dirt track most of which is passable by

four-wheel=-drive vehicle.
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(ii) Climate.

Clim:tic date wis obtained for the Mt. Clifford
b.s¢ camp and was discussed in a previous scction. The rain-
fall is charactericed by its intensity and in summer by its
limited distribution. Cften it is heralded by dust storms
which trzvel on very wide fronts mand turn the day into nig¢ht.
The ~verage annucl ruinfall for this region is sbout & inches
but during the study period drought years with 4 to 5 inches

were experienced.

(iii)Geolon;

The entire Kurrajong area is shown on regional
geology maps as unrchaean "greenstones'. Theee "grecnstones!
arc predominently metab.asalts nd metadolerites. Geensional
fresh outcrops arc found, but generally the rocks are exten-
sively chloritiscd. Ultramafic and ultrabasic units are secn
in sever.l large structures =nd one is impressed by the general
concordance unt degree of layering of thesu sequences.
Gener.:1lly the ultraaafites arc serpentinised «nd in some arcas
are also latcritised -nd silicificd. However, in somc out-
crops and Grill-corus completely fresh dunites, peridotites
and pyroxcnites re scen.

Thin, oftun discontinuous, scdiment bands often
mark boundnirics between some of the basic :ind ultramnafic units.
These scdiments arc finc-rreined and are occasionally observed
to grade into «acid-volcunic tuffs. They secn to indicatc a
continent:l rather than the eugeosynclinal environment en-
visaged by other wvorkers.

A major lineanent (Leinster Lincament) is
considercd to hive given risc to the generil north-nor-west
strike of the¢ metavolennic belts in this rogion, and field
observations show that they dip stceply to the enst. The
location of most, if not #ll, ultrabrsic units is indicated
by aeromngnetic mups publieshcd by the Burciu of Minersl

Resources. The 1:126,720 shect (1H©1/B1-91-2) covering the
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Kurrzjong region shows that the ultrabasics exhibit total
nagnetic intensities of 5500 gammas or morc, S'e Fig. III-1.
toreover the magnetic trends and snomalics suggest that the
Kurr#jong ultrabiisics can be correlated with the .gnev ultra-
mafics, within which fiustriilian Selection recently discovercd

a major nickel orcbody. In frct &2 record 1200 foot drill
intcrscction through nickel sulphide mineralisation wis obtain-
ed.

Interest was aroused in the Furrojong Region,
well before the .gnew discovery, during the 1960's when Mr.
Frank Marriott, a prospector employed by N.M.C., found nickcl-
ifcrous goesan frugments and triccd them upslope to their
gource which is now known as Marriott Prospcct. Other nickel
prospccts in the vicinity of Mt. Clifford, viz the *880t, '1C7¢
and Mt. Newm.n prospects wert similarly disecovered, and 211

arc situated in scrpentinised peridotite units.

(iv) Soils,

The nature and distribution of soils in the
shield wareis of WLestern Austrilia hove been influenced to a
gre.t extent by ite relotively stable history. Therc has been
no reccent gleciation and there are few permanent rivers te
constitute cffective agents of erosion. The soils scen todey
c.n date back to the Tertiary and becar the iwmprints of a
previous and diffcerent climatic environment.

Four m.iin typces of soils occur within the
ctudy rw.gion; these are lateritic soils; solonised brown
soils; skelot:l soils -nd sondplsin soils. Lateritic soils
are restricted to isolated hills of the 01ld Platcau whereas
solonised brown soils are widesprcead on the lower ground
throughout the Gold fieclds. Skelet:l so0ils are the youngest
s0ils «nd zre associnted with outcropping or near-surface
bhedrock, Sandplain so0ils cover large but scattcred expanses

of country ecpecinlly in the north and eastern areas.
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(a) Lateritec.

The profile of this soil-type is characterised
by the J zenes of cluvirtion, illuvii.tion and weathered bed-
rock. lost of the present-day lat.rites are thought to dote
brick to the Pliocene when the climate was more tropicil and
humid than that prev.iling tocny (Prescott and Pendleton, 1952).
it the surface there is o vencer, usually only & few iunches
thick, of latceritic gravel which is in & red-brown loamy matrix
of @acid rexction. Below this grovel, a wmassive indurcted
ferrupginous horizon (laterite) is usually proesent. This
horizon, which mny be up to 1C fccet thick, has a vescicular
structure, is resistant to wecathering and thercefore gives rise
to charactcristic buttes and scarps. The indurated laterite
horizon pusses fairly abruptly, with depth, into &« 'nottled!
zone consisting essentislly of knolinised bedrock which may be
up to 200 feet thick. This horizon then grades through
weathered and finally into unweathcered bedrock.

A modific..tion in the norm»l luateritic profile,
as 7. result of increasing aridity, is the extensive culcifi-
cition of the profile. It h.:s 2lso been indicatcd that the
introducticn of crlcium carbonite is «n important factor in the
disintcegration of the upper part of the induroted laterite or

duricrust.

(b) Soloniged Brown Scils.

50lonised brown soils are characterised by
extensive lime accumulation znd an alkaline soil reaction.
The typicel profile shows 3 horizons. The A horizon varies
up to € inches in depth :nd is 2 red-brown sand-silt loam.
The B horizon ranges in depth up to 36 inches, is marked by its
powdery texturc, travertinc-coatcd puebbles and pale brown-white
colour duc to the abundince of fine c.lcium carbonate. In
sone lou-lying arcas i solonised brown soil containing less
apperent lime occurs ind it is ulso characterisced by a higher

proportion of clany which often becomes very sticky when wet.
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The origin of the cnlcarecus materinl in these
soils i the subject of A number of hypothescs and it is
probnble that in different nwreas different origins are involved.
Ir the nrid regions of WEstc}n Lustrelin it is penerally
attributed c¢ither to wind-bornc calczreous loess or to depos-
ition of rising calcareous pground wnters (Mazzucchelli & James (1966).
Elkinrton (1969) considered the offect of cyclic caleium and
rodium in rodnvieteor over geologicnl time in an arid environment.
Che surgested thet the uxcess of sodium resulted in the leach-
ing wnd replacciient of calcium sbsorbcd to clay partides and
the rclative solubilities rcsvlted in the concentrations of
crlcium in carbonntes.

This »oil type oftcen masks ultramafic bedroeks
awpy from the low rolling hills. Theraforc the trace metul
distributions werc studied in a represcntative soil profile
immediately east of Marriott Prospect. 4L costcan or trenech
vas dug to bedrock and revealed a thin black shale band within
scrpentinised pyroxenites. The soil was alkalinc and pH variced
from 7.2 to 7.5 Semples were collected at 10 inch intervals
dovn to bedrock and were e¢nalyscd for nickel, copper, cobalt,
zinc, chromium, manganese, iron, cnlcium and magnesium. The
trinsition metuls displayed a pattern typified by nickel,
vherens magnesium followed calcium. Fig. III -2 illustrates
the inverse relntionship between nickel «nd calcium <nd in-
dicntué the effect of the curbonate horizon on distribution of
nickcl =nd the other trace metals. It is clcar that whereas
the mctal content of the red-brown A horizon bears no relation-
ship to the bedrock the mctul content of the whiteish B

horizon can b indicntive.



60

ppm (log scale)

10° 10? 108 10
1 ] 1

Ca

— 0

— 20
- 40
— 60
- 80
—-100

inches

FIG. III-2. Distribution of nickel and cialeium in soloaised
“brown soil profile.

(c) Skeletal Soils.

These soils occur wherever the underlying
rock outcropped or was close to the surface. S50ils developed
in such areas ore usually very shallow, being only a few
inches deep and show no profile development. They are usually

red-brown sandy silts und the pH varies from © to 8.

(d) Sandplain Soile.

Sandplains cover vast areas and may attain
consideraile depthse. They «re characterised by sandy grey
and pale yellow surfuace scils. Layers of nodular and pisolitie
fraovel occur within the profile and may overlie mottled and
pallid knolinitic zonen, Texturens increrse with depth ond pH
values nre slipghtly neid to neuntral, There o)l ire con-
sidered (lulcahy, 1960) to be locally derived from we.thecred
lateritic matericl which has undergone colluvial trunsport.
They were encountered east of Leonora and agnew and are found
overlying a runge of materiuls, and often inelude the pallid

zones of Lateritic soils.
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(v) Vegetution.

This region lies within the mulga bush zone-

where the nscwcia aneura Complex doninates the tree luyer.

Geveral closcely «1lied species or subspecies constitute this
Couiplux wnd they hive not yet been formally resolved into
distinct vuricties. This is o direct consequeiicc of ephar-
monic devclopment within the .cicis genus, «nd it is commonly
necessry to have both pod and flower mauterinl to enatle
identification of - species tc be nade. The genus acacia

gives way to coumpletely different vepctation in saline areas

and over the vast tracts of sand-plain. OUn the szlt flats

end fringing the dry lukes the halophytic shrubs, e.g. itriplex,
anthrocnenum and Kochia genera dominate the scenc. Cn the

’

sand-plains, spinifex prass (Triodia spp.) forms u hummocky

landscape with occasional spinifex gums (Eucilyntus kingsmillii)

25 the sole tree representative.
Ir tae "rreenstone'" belts which are usually
quite hilly, the .cucia tree Jayer is some 20 feet high. The

shrub luyer is dominated by tiwe genera Ercmophila, Dodonaca,

bcuevola and Cussia, which are typically ~bout threc fect high.

Thc ground baetvieen the scatterced shrubs and
trecs is gencerally quite bare of perennials. liowvever, in good
scusons the ephemeral pround flora provides a spectacular
carpet of colour.

The bure ground may be only » short-term effect
of the prescnt drought, but it is more probably the result of
the impact of grazing animals, viz. foats, kangaroos end
especiolly the sheen which were introduced several decades ago
and are now stocked at a density of about five pcr square milce.
The sheep «nd indigenous fauna are maint:iined in this semi-descrt
environment by subsurfice water which is tapped by bores.

There has been little effort to come to e¢erms with the cnviron-
inent and there arce trends in the ground vepetation towards
deterioration and degradation (Wilcox, 1963). Unfortunatcely

the tree layer is also- affected ws changes in the micero-
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cuvironment huave stifled regeneration of acacia aneura

(Collins, 1924; Christian and Slatyer, 1958%; Jessup, 1942;
foore, 19€0). It is thercfore apparent that the impact of
nan heo upset the delicate ccological balance that existed in

this arid rerion snd may tvell result in another man-made desert.

(iv) Previcus ‘orl.

Prior to conmencement of the poobotanieal
studics, thce peolopy of the prospect arcoes had been carefully
mapped (1:120C) and deteiled peophysical and seoil geochemical
stuaies were undertalien. The results of this work scrved as
a bzsce on which to plan the present study.

Drilling had indicated that the fossincus zone
on Marriott Prospect was the surface expression-of significant
nickel sulphide mineralisation which ocecurred @#s several lenses
vithin peridotitic ost rocks. This mineralisation was not
considercd to b¢ of cither sufficient grade or tonnuge to
support & viable wining operation at this time. However, it
did provide a suitnble environment in which to carry out '

oricntation biogcochenicual and geobotunical studies for niekel,
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2. ORIBHT.TION STUDIES €& 1. RRICTT {W1CKLI. PRCSPECT.

A. SUBSTRATE EiiVIRONNENT.

(i) Geology.

The harriott biickel Prospect was located by the
presence of & posswnous zone which outcrops .ilong arocky ridge
crest which strikes cast-scuth-cast and disappesrs under an
cxtensive blanket of colluvicl soils to the eact. This gossan
or zonc of oxidised nineralisution is scen as a pitted serpen-
tinite with blebs of limonitic materiul which occcasionnlly
displays viclet hues of violarite and grecen bloom of zuratite.
It outcrops discontinuovusly over a maximum width of 50 fect
ana a strike of sever-l hundred foet, wnd appears to reprcesent
dinseminatced nickeliferous sulphides at depth (Plate III -2).

The ground falls pently away to the north to a
scdiment band :ind to the south to & scarp which marks the foot-
wall contact of the rieta-ultromafite sequence with a basic
gibbroic sill, The idealiscd pgeology of the orientation study
area is shovin in ¥Fig. III -3. The ground is relatively flat
south of the gabbro scrpentinite scarp, sand laterite forms a
thin chapping over undifferentiated serpentinites at the southern
lpe of the arca.

Forth of tho wiidn scdiment band, anphibolites
and serpentinised pyroxenites outcrop. The scernentinites
which are the host rocks for the miner lised zonce arc ex-dunitces
sand peridotites. Cutcrop iv obscured to the south by lateritec
and to the east by =olonised brovn scils (which can attain
depths of 10 feet or more), but otherwise is cxcellent. Drein-
arc in this area is neinly as sheet-wash but there is some

concentration of run-off in rills as shown in Vig., III-32.

(ii) Bedrock Geochenistry.

Hianple Collection and analysis.

Bedrock~chips were carefully s-:mpled on a
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100 foot squar: srid system in the study aren. Gamples vere
crusiied and julverieed (minus 200 wesh B.8.5.) and Q.2¢ used
for chimical analysis. Ten ml. of « 3:1 nixture of nitric/

perchloric acic was uscd fer the digestion which was carried

. ] 1 ! .
out in test-tubes wt BOTC, The dry residue vas leachced with
2Iv hydrochloric i:cid arnd wade to volume (20 ml). fhis solution

3

wig used for the ~tomic absorption detormination of nickel,
cepper, cobalt, chromium, 2zinc, manganese, iren, calciuwm and
mAarnesiun, The latter three olements requirced further dil-
ution with 0.8% Sr (!"03)2 in 2 Cl,

The nitric/perchloric acid digestion nixture
nas been criticised by some werkers. l.eccordingsly, the wceuraey
vas checked by currying cut duplieate digestions using o 1:1
nitric/hydrofluoric i:cid mixture. Recults using this teenniquce
verce vssentinlly the cdme for #ll metals excert for chromium,
which werc two or three times higher. Ilowever, interprectation
of both sets of results yieldoed the sune information and the
more expensive nitric/hydrofluorie acid digestion could not bec

justifiecd for this study.

Results.,
The gossanous outcrops veried widely in their
nickel conteats from 02. to 1.1% nickel, A channel sample

tilken across the mineralised zone indicated an average of O.U8%
nickel whercas the barren host rocks, serpentinised dunites and
peridotites, ranged from 0.1 to 0.2% nickel. Scrpentinised
pyroxcnites generally contained less than 0,1% nickel ..nd the
pzabbroic intrusion exhibited e¢ven lower values of less thuan

200 ppme.

The e¢ffect of the lateritic capping over the
serpentinites at the scuthern part of the study srea was to
raise thie nickel levels [row 2bout 0.14 to more than 0.2%.

The contourcd data sare shown in Fig. IIIfh and closcly reflect
the geology. It is apparcnt from these data that a similar

gossan could be obscurcd by @& lateritic environment with an
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cssocinsted hiph nickel backgrennd and this situstion does
crente u problem for the exploration goeochemist.

Coppér valuces were fairly constant sairound 100
ppm or less. Some, but no 11, gesscn chips had elevated
coprer viluvs of .bout 300 ppm ~nd similor values were also
obtwined in some laterite samplcs.

Zinc was genernlly low in this environment
except in scdincats vhich ususlly cont-in woire than 200 ppm
«nd up to 260G ppm zinc.

Counlt contents werc less thin 50 ppm but
occagionil high vilues c.g. 2CC ppm werc obtained in sonc
loteritic «nd gossnan chips.

Manganesc levels fluctuated around 600 ppm in
the serpentinitee, but cexceeded SCO ppm in the amphibolites
=nd gnbbro somples.

Chromium v:iduves were typically less than 100
ppm in sedinments «nd basic rocis, Serpentinites contuined
from 60C to 1500 ppm whilst 1-tceritiscd serpentinitcs containced
from 0.5 to 1% chromiwi.

C.deiunm levels in scerpentinised peridotite i

vere Jow ind lways leso thon 0.1%. 5

:rpentiniced pyvroxenites
cent dned much higher levels and ranged from 0.8 to (% whilst
busie rocks exbhibitcd n narrow range of € to 104.

Lagnesium values attainced thicir maximum values
in the metaperidotites with (bout 20» &nd the metapyroxenitoes
viere lower and ranped from 11 ta 20%. The basic igneous
rocks contained € to 1C4H mognesium thilst the lateriticed
serpentinites contiinead low amounts (less than 0.1%) of both
c.lciun and magnesium,

It is evident that the gossan zone is reverled
by high nickel values (qbout 0.5% nickel) and somctimes by
coincident copper or cobalt .anomrlies. This gossan was shown
by diamond-drilling to be surface exprcessien of nickcel sulfide
rmineralisstion whicin nt deptbs of 200 to 500 fceet typically
groded st 3% nickel, with low copper values (100 to 140 ppm)
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wnd relatively high cobalt levels (260 to £30 ppm).

(iii) soil leccliemistry.

sample Collection and snalysis.

"

50ils were collected on 2 100 foot prid
systen at o deptit of about .6 inches or nt bedrock interface,
vhichoever vas enceountervd first. They were sicvaed on site
ané the =80 esh Praction analysed as for the rock-chips.

D21l rH o wos messured on site using the CSIRC field-kit which
alloves relinsble sind rapid deteyninction to tO.} pli units.

The soils over scrpeittiniscd peridotites
were characterised by hipgn mickel levels of 400 to GO0 ppua,
vheress the setapyroxenit.os had lower 200 to 400 ppm nickel
vidues., The @throic snils have even lovwer vilues of less
thian 200 ppenm oxcept neor the gerpentinite contacts where
contuminition iy incrcase tlie levels to nearly 4CO0 ppn nickel.
Lateristtion had a variable effect on nicliel valucs and sone=
tines roised thewm as high as £0C ppm. The gossanous zone
w8 merked by some sin:ll nreos of 600 to €00 ppm nickel in
30il rd in onc arco ne.r the footwall contact of the itcti~
peridotite, valucs excceded 00 ppm nickel. There is cleurly
a very close rolationship betveen geoloey (Fig. I11-3), bedrock
geochenistry (t'ig. III-4) <ud soil reochenistry (Fipgp. 111-5),
for anickcl. It is anpovent that a nickel seil sneinly by
itsclf dous not neccesearily indicante subsurfrce nickel sulnhide
mineralisation and othier ¢lo «rnt.l dataare required to inteor-
pyret such arcas.

Cobalt s0il valucs vwere lew, being less than
3G ppm over bnsics, less than U0 vpa ever serpertinites nnd
covctines attadined 50 ppm over wineralisod and lateritised
Al'uilBe

Copper wirg low over scrpentinites bedng less
thoen 00 wpre but wes sliphtly higher (abcout 100 npm) over the

basics nd sediments, the lotter cometimes being indicoted by
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copper vilucs of 90 te 180 npnm.

Q0 ppi ex

[)8)

ziuc vilnes vere luess than @
over the thin scdinent bonde, where velues attoined SCO ppn;
Velues were generslly less than 70 pym over tle ignceous rocks.

hangnnese v . lues wers low (MO0 pmz) over
serpentinites but excecdea 10C0 ppm over the basie units.

Chromiun: vilues werce low over basics, meti-
rrozenites and sced@inents (less than 200 ppri), but rotiaperidot-
ites conthiin 200 to 300 ppm, =ndéd attouined cven higher values
ovir lateritiged nreas.

Cualciuir levels roaciied their lowest levels
ovir lateritised scrpentinites (about 0.2%) and metaperidotites
contzined 0,26 to Cl.h%5 cileiuwn whilst the metapyroxernites iwere
tyoically O 4 tec 0% wnd busics contiincd Q.5 te 2.0n calcium,

Moy neosiws values decrcased fron metaperido-
tites (1.0 to Z.€%) through nctapyroxcniftes (about 2.0%) to
bosics (0.9 to 1.5%) to lateritised scerpentinites with less
than 0. b,

50il pil was high over the scrpentiniced
vltrusaiites «nd ranged {rom 7.0 to 7.9. The gabbreic soils

raonged from (.8 to 7.2 vhilst the luteritised soils vere neid

ané the pidl wa, less than (C.7. There was no avea of low soil
pii arovnd the gossinous zone.

The T:arriott fosscn roprosents subsvrface
nickel wiinerclisation <ith rel.otively high loevels of cobalt,
Eowever, the soil peochemical datin as illustrated by unickel
(Fig., 111.5), do net ro¢liably indicate the gossanous outcrops,
in this envirenment where latoritic rennvants are present.

sulpnicde~specific 'pathfinder' elements
vnuld fricilitate internret.tion of geochemical so0il surveys,
especially regional surveyee. such elencents iiight include.
arsenic, selenjunm, tellurium, cadiuvm, and platinum, 2nd they

nre cousidercd bricfly in Scction VI,
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B.  GLCROT.INY,

(¥dn) Data Collection.

I'l:uit distributions were obt.incd by recording
the numbor of pluants por 100 foot square quadrat. Thesc
quadrats wver: saimpled as belt tronsects suitably oricvntatced
across tne study aren vhich nessvred 2000 by 11C0 feot,

r. this instrmee six helt trinsccets, orieut-
atea nerth-couth, were coumleti:d on alternate 100 foot widc
stripes.

As more thon 50% of the ground was covered,
the gveobotinicul duatza wias proceesed to fairly cccurate single
species distributicn nuaps as well as the usunl profile diagranc.
A represcntative reobotrnicsl nrefile diagran sited across the
middle of the study arce, is shown in TFig. I1I1I1.6. Thc topo-
praphic scetion was conpiled from accurate levelling data.

he s0il genchemical data (log. scnle), soil pi and soil depth
were alsc considered when interpreting plant-lithology.

rc¢lationehips.

(ii) Deta Interpret.tion.

During the crursce of the field-work scveral
nlant-lithology asseciitiona vere ohserved ard arc nlso revesl-
el in Fig. II11-6. Considering the tree layer first, Acnecia
burkittii vac restricted to asvrvpentinis.d pyroxenites, but ¢id

'spill-over' on to s rypeptiniscd peridotites.

Ae resinonarrinca displayed sn inversce dic-

tribution to A. burlittii and w.c confincd to the basic wabbroic
5ill, .:lthough ngain some overlap on to scrpentiniscd perido--
tites was chscrved (Plate III-1).
' As ancura occurred on basic and ultrabasie
lithologice but @t . a considerably lower density thoan the
previcus tvio cpecics,

A. linophylln wns restricted to the high

rocky arcnc which in this unusual case coincidced with n
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Fig. 111-6 Belt trqnsgct across Marriott Prospect study area, showing the relationship between
plant distributions, geology, and soil goochemistry,
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[OGSANOUS Zone, Acacis off, -necura (h and 3) are undescribed

s ——— s i

varicties or subspoecics of .. oneursa.

Yr¢ o has 2 low density

with some proference for basic rocks »hilst Type R with a

characteristic lony, flat nkylleode ig confincd to laterites.
Other tree species which nure only occasiion-

2lly scer dncludce kreoophila olafieldii «ind S:antazlun spicotwn

nnd they are vsvally found on low flat pround.

The shrudb

7}

puecics menerally are less then

4 fect high und exceed the trues in diversity and overall

density.
The jenus Bremephila includes e exilifolia
whnich is rcstricted to roclly basic outcrops, B. si. nov,

which is restricted to cutcropping serpentinites wnd day be
velited teo Be exilitolia.

Dodonnea lobuletn is anether shrub specics

which is ~lso restrictoed to scermentinites, The Cassia genus

includes C. grtenisicides which grows in relatively calearious

soils w8 are found over the scdiucent bands, €l sttuntid,

C. desolata, and Co helwsii lso exhitit this ypreference for

fincly-vowdered c . dcarcouvs coils and such areas often hove
relatively high metcl values in their finer (=200 mesh) fract-
ions.

In fret, C. sturtii formrs 2 wonospccific
Fecobotwnicel inonely near the base of the scrpentiniscd
peridotite~dunite unit which corresponds to o culcurcous soil
with high nickel levels (morce than 1000 ppm nickel)., This
arca hoas co-ordinutes 27N 331E Fig. III-5. (Ref, WMC Plun
Yo. 589-513).

C. mnnicula is strongly restricted to out-

crepping brsic rocks, while C. mnemophila is found only cver

scrpentinitces. The othor shrub specics, oscaevola spiacescuns,

Ptilotus obovatus, Calytrix cf. desolata, .cacia hilliana and

I'rogthunthern cf. striatiflora are of sparse distribution and

the lutter threc specics cre vsuslly found only on rocky basie

ONLCrops.
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C. BICGECCHENHTILIRY .

(i) Dinta Cellecticn.

bamples of @ll plant species proving over or
ne.r the rmoscsanous zone were collected to determnine whether
+ny specles wccumulated nickel, copper or cchilt and thus
indicated an «ffinity for these elements. The fcur sain tree

opecies, acacia aneurc, . burbittii, ... linephylla and ..

reginonarginea vere s.mpled in preference to the smidler shrub
spccies vec..use it wuon congidered thut the tree speeies would
irtave a bigper roct sﬁstem and ideally mipht possess the

ability to rc:lect '"bLlind™ mircralisation beneath barren bed-
rock or exotic overburden.

Le.f and twiy samples were conlleeted and
dry-ashoed prior to smalysis for nickel, eopper, cobalt,
chromium, zinc, manganese, culcium and magnesium. Calcium and
nagnesium analyses were preformed to determine whether the
plants indicutcd ultrabasies by a decrease in the caleium/mag-

nesiurt ratio.

(ii) Data Interpret:tion.

An IBM 162C Computer wus employed to culeulate
mcuns for the various data popul:ticns and some of these data
arc given in Table ITII-1. Correlaticn analysis was carried
out on plant-scil and plant-bedrock data with & view to screcn-
ing out rapidly the 'significant' date. It waus soon recalised,
thit correlation analysis had little if uny pricticzl applie-
ntion in thc iuterpret:tion of these biogeochemieal data.

Tuble 1III-1 reveals two importunt facts.
iwone of the plant spccics listed aecumulated nickel, copper or
cobalt to any apprecinble extent. Thercfore one cen postulate
(Brooks, 1972), that uonc of these species hus any marked
+ffinity for thescc threce clcecments and it ie unlikely that a
nickel indicator plint cxists in this study arca. anonalous

nickel valuess were obtained over both the gossanous zone and



TABLE III-1 (Cont.) Analytical Results for Plant Samples obtained
during Orientation Study over Marriott Prospect.

Values shown are Geometric means.

ND. TWIG ASH (PPM)
PLANT SPECIES SAMP
f, Ni Cu Co Cr Zn Mn Ca% Mo%

Acacia aneura 117 59 53 - 18 57 319 33.58 0.89
Acacia burkittii 101 55 - - 11 42 108 36.38 0.66
Acacia resinomargineg 82 46 35 - 20 45 142 35.4 0.72
Acacia linophylla 29 49 52 - 11 56 248 34,07 1.05
Acacia aff. aneura 81 52 - 20 76 314 31.58 1.21
Acacia craspedocarpa 87 90 3 15 80 1860 31.3 1.90
Acacia grasbyi 31 28 - LY/ 27 63 36,34 0.50
Acacia suvwdenii 27 82 3 19 125 203 33.3 2.3
Acacia quadrimarginesg 65 S9 4 20 104 712 34.9 3.23
Acacia dempsteri 25 67 - 25 82 80 31.50 4,00
Brachychiton gregorii 70 53 0 20 50 305 35,0 0.80
Cassia sturtii 1 42 70 - 23 130 139 32.86 1.24
Cassia nemophila 52 53 - 26 102 172 33,98 0.86
Cassia helmsii 55 85 - 21 165 160 - -
Cassia artemisiodes 103 54 0 22 110 274 1Bl.S 1.20
Calytrix cf. desolats 75 127 7 40 240 8000 16.00 2.85
Dodonaea lobulata 77 93 - 44 224 226 29,82 0.91

Eremophila sxilifolia B8 156 33 420 652 25.11 1.55

HHFOHFHFFOONODODODODHFHFA~APOODOOHFHFF OWOLUOD

E. aff. exilifolia 270 520 0 69 740 1630 17.0 3.75
Eremophila platycalyx 88 166 1 33 331 442 23.0 1.30
Eremophila pantoni 70 235 0 75 266 503 12.0 2,46
Grevillea sp. 210 135 0 12 70 6500 24,0 5,10
Hakea leucoptera 2 108 S0 - 14 37 4450 24,72 l.84
Ptilotus obovatus 135 153 8 65 700 980 21.3 2.28
Santalum spicatum 70 130 0 18 380 210 24,0 2.00
Templetonia egena 20 S8 2 15 S0 260 31.5 2,40
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S

the lateritised serpentiniton in the southern part of the study

e Hovever the miveraliced gamploes were resdily sepoarnted

Srows tloo Iateritic s.uaples by rconsideration of the nsngancse

livels, Lead semples colleetcd cover the goonan contained nore
than 206G ppn nickel #nd less than 1400 ppr mangancse. Similar

nickel valves were occasionall sy obhtidned over latevits buot
vere couspicuone by tledr as ceinted high intenesce levels of
more than 2CCO ;hm.

It 15 aleo apparcnt, from the tabulated data,
that metsl values in the twig zsh are significantly lower than
in the le~f (phyllocde) ach.

Lxcrination of the appropriate frequeney
distributicn plots shoed thit renerally the range of metal
vialues vaes greater in lexf as): than in twie ash, and this

ST
ol

ested that the lc .f wovld be the svperior sampling medium.
Threcsheld linits fer anomalous and possibly

anonalous velnes were obtained by eonsideratien of the frequency

distribuvtion graphs. The nickel leaf ash data for A. burk-

ittii end A. resinouwnrginea terc plotted and anomalous valuco

(uiore thon 100 ppm nickel) in a y eneral way iudicatod the
1.0582110US zZoLe. e rossanous zone uis not indieated by any
other data, izcluding twig nicl.el contents, for thesc two
Epecles.

4 linophylla wlhich iu confined either oa or
ner the geseanous zenes contuined anonalovs (more than 13C ppr)
nickel levels in loeaf zsh. Novever the distribution of these
tihrece specics i cenerially linited te outeropiing areas,
vhicireas the wim of biogeochamicnl prospucting is to locute
sineralisation bence:ith scil-cnvercd fl=ts vhere other surfaec
explorotion tcchniques wre incffeetw:l.

A. ancura is cftoen the deminant troe specices

in ouch an enviromnment and exhiibited o thin but widesrread
distribution ovor this outcropping study arca. 1

52 samplis
cf ... :meura were sanpled over tlhie Marriott Prospeet and

cinbraced areas imnedi:tely cost of the study area,
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Superimposing, anorrlous and possibly anowalous
netel walues (obtaited by grapbical techniques) on Zuology
planas, revesled that niclkel, 2nd to o lcsscr oxtent copper,
valuces in lenf ash ef he ancuri outlincd the gossianous #%ones.
The nickel lenf ash plot is shown in Fig. III-7. It includes
most of the study area as well as the eastern extensions of
l.arriott Prospcct ond the co-ordinates allow corrclation with

Fig. II11-3, =k, and -5.

L. DILGCUGSICH CF RESULLS.

Fcrhaps the riost striking obscrvation nade
at ilarriott Prosbect waes the lack of a proncunced geobotaniesnl
anomaly over the scrpentine arcos. Scrpentine'florus are
reputed to be so grently differentiatcee frow the surrouvnding
vegetition that the serpentine bevndaries arce readily obscerved
(Rrooks, 1972).  This staterent is certainly true in humid
cnvironments as in liev Zealand but it is suprestecd that in
nrid arezs, viicre cxtensive calcificution of the s0il profile
occurs, the serypecntince soils do not present = oarkedly hostile
cnvironment for the xerophytic vcgetetion. For example a
typical serpentine seil on Marriott Prospect might contain 1%
mazsnesium and O W% culcium whercas o scrpentine soil from Dun
Mountain, New Zealand would b ve & magnesium and 0.2% cnlciume.
It is apprrent that the recegnition of ultrabasic host-rocks
for nickel niineralication by reobotrimicnl obscrvations in this
arid c¢nvironment vill not he as obvious as in rore humid
¢nvironments. Hevertheless the habitat specifivity of A,

burkittii and .. rcgironarginci will be of uge in mapping

biasic veleanics/intrusives ond serpentinised clinopyroxenitcs.
The gcobot-iicul cnomntly displayed hy Cassia

sturtii coincides with a soil nickel anomaly at the footwall

of thce serpentiniscd peridotite. Toporraphicelly, this soil

anomaly is situsted &t most o fow hundred fect, downslope
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frorm the gossanous ridge wnd from a bedroch fenture (see Fig.
111-3, =4, =Y). It is envisaged that nicliel weathered from
the gossanovs zone was leached @énd winnowoed dovnslore by
sincet-unoh to the flat ground at the top of the gnbhro scarp.
Morohell (1970a) counsiders however, that the chemicnl mobility
of nickel in this wllaline envirconuont is limited. The soil
attains thickinesses in c¢xcess of gix iaches aad oxhivits a
finely novidered toxture and it is considered thet the so0il
texture and perhinps also the carbenate content arc the coussl

factor for the wmonospecific C. sturtii community. This inter-

pretation is buascd on observiticns made in several areas of

the Kurrajeng rcgion xné it ie significant thuat the biogeo-

chemicel rnickel annlysces were lcw and fluctucted around 90 ppm.

C. sturtii has no affinity for iickel =nd its coincicdent

distribution with  ©o0il ano'. 1y is aislosding as is the dio-

tridution of 4. iinophyllz ovesr and around the gossencus zonc.
The resulte of the arientation bioscochemienl

survey were encouraging and showed th:t most, if not all of

the nlant cpecies cont:dned cnomnleus nickel concentrations

ovar the foG6sanous zonic. The observiation that the leaf ash

of Acacia sneura c:n ecutline cuch nreas (Fig. 1I1-6) supgestod

the next stepe wie to test this prosnecting tool in an arcea of
peor cutcrop or decyi ¢xotic overburden (transpecrted soil cover).
This worl: is described later in the secticn,

It has clready been shown thnt 2 biogeocheriieal
or nnil geochewmicel niclel cnouwnly dees not nceessorily
indicrte gculphide siinerslisation and the precect-dey trend is
to nulti-clement detorminntion in an attenpt to characterisc
rnickel svlphide miner.lisction reliably. In this connection,
the coincident nickel-coryer cnomaly is considercd to he the
1i0GY rcliublu‘general indicetor (iarshall, 1970a). The
uvosition regarding hiogeochemieal =nomalics over coutnct zone
nickel sulphide minernlisntion is not cle.r, Marshall,
(197011) obtaincd ”stron[ly contrasting copner anomilices" yet

iidielesen (1972) working over the  Sparpoville deposits obtiinced
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coincident nickkel-coppetr noiv+lics, in the burk of Buc.dypt
trees, over Jaoteritisced serpentinitos rather tioin the contact
QOIBANOUS ZOLES, At haerriott I'rospect, relitively feu coin-
cident nickel-copper biercochemnicil anomilliecs were obt incd

and ns expuectoed, the copprer contrast w.s lowver than nickel

=

—
-
c

tecauce of the low copper content of the mineralisation.
copper danta did not allow discrimination of literite fronm
wincralisation or improve the delinention of the mincraliescd
zonus; .nd the cobult levels in 01l the plant specice toested
were teo low (less than 20 ppm in s~sh) to be aceuratcly monit-
orec. It ic appareirt that for geocheniistry ond biojcochemistry,
a sulphide indicator c¢lement is renuired for reliable discrim-

inzstion of nickel sulphide mincralisation in this vnvironmente.

#
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TOM-1, GLO3BCE NiC L STUDIES.

H GENER.L INTR00LONT 0,

Fest of the grouvnd excninced in the Kurrajeng
Reginon live in the wtively narroew preenstonc belt whiceh
may apprond 10 wiles in width. Deyond thwese cheracturistically
hilly arees, the sand-plains .ad grornite ocutcrogs «xhibit the
uzually lew relicf of the C1ld and Mew 'latesux. The cand-
ploing, which cun be soen only O ailes north of Jildara on the

il techo rowd arce cuarscterised by Luculyntus kingsinillii

(spinifex gum), Tricdiac opp. (spinifex ;rass) nnd the scarlet-
——— e s -

flewered Zrevillesn sarissa. (i the granite bills, a few wmiles

acrth of the wevhe bhoizcstend, . enciz linophyllia“vith un winally
long, rendent vhylledas dominatos the tree layer, whilst

Dodonaea petielaris is the roct commen shrul sueeices. The

cdjacent 2lluvial flate supiort Hiltea aricn, rcrein oswaldii

anG Brosophils oldficldii troe species with the sele shrub
rcprvscntativc being . friseri. The granite roanges, 20 wiles

scuth of Wiluna surrorted markedly different vegetation and

included sconcis l‘t.:‘:’il"lO‘.‘.-'-ﬁ.l‘;,il’ll,-t", Lx\,.;o* il exilifolia and

Ptiletus ohovitus.
The s0d 1.,,«]_.\ arcund tho Windor niclzel
Lhe SRilC Lns reun v ElLOoIra N1CKKO4
depocits, o few riles nerti of Lavertorn, support the . kinga-

millii - Triociz grpe forunatien, but on the rocky chert rideces,

the chuiracter of tue vepet.tion elhinpgen abruptly te the trec

speeics A,

- - et St L .

and A. quulrimcreinea, with Cacsin sturtili

+nd Dedonaca lotrohel ng the shrudb reprosentatives.  The
aiscovery possansg ulidchk cutcrop ot the base of the chert
ridge supported only thoe .bove-pentioncd species and no in-

dicitor plants werc apparcnt.
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B Ey. CL;PFOHD, MakuliaLl PGCL NP WILDARLE TRAIVERSES,
(i) Intrcduction.

- e o\ —.t s

The Kurrajong groecenstones vere oxaiminced in
tetndil 2t three orcos situcted at sapproximately 10 nile
intcrvals alent the rogional rortn nor-west strike of thie
motavolcanic Luelt. The lcection of these threo archs, Iit.
Clifford, U,rshicll Pool ond 'iidara arc shows in rig. 1II-1,.,
~ald were initiclly studicd by mcans of bk.1lt trinsccts uwsunlly
1000 or 2000 feet leovw; by 120 feuot vwide sited over rossqanous
ZOLCS, lowever, it was decided to curry out regionzl gco-
bot:sniicnl studies using 1:7200 scaoale aerial photos to map the
vegetation  and cology at the same timce, In this way, 2000
foot vide strins of greound up to 2 miles long were mapped, and
appropriate soil geochenical studiecs werc also undertaizen,

The three sreas all cmbrace potential houst
rocks for nickel sulphide wmincralisation, and contain relics
of the litcerisation process to vaorying degrees, being loast
in the Hte Clifford arca and at their maximur in the karshall

0ol areca,

(ii) Geolopieal Sctting.
Mt. Clifford,

The southern 2000 fcet of this traverse aere
covercea previously by the linrriott Prospcct ctudy aren, In
Fig. 11I-&, the topogruphy, guolopy snil geochumistry (nickel
~nd chromium) «nd geobhotiny arc shovn diagrammatically and
the figure i6 @ synthesis of the mapping of a 20CO foot strip
of ground. It iz scen that the Lite Clifford eomplex embracces
the 1l rriott zone vhich contuins nickel mincerzalisstion in a
serpentinised peridotite unit just above the gabbreic $ill,
he scquenge dipe and youngs towzrde the north and wmegriatig
differentintion ie witnesscd by the trend northwvards {rom

metaclinopyroxenites together with an increasing basic volganie
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conponent. The anem:lous east-west ostrike ot the Harriott
Prospeet is the roselt of o laree complex feld struecture

(Mho I'te Clifford Couplex).

M.arshall Ponl.

*

The Mershall Pool area hos been studied in
Rdetedil free = yufrngnnutic vicupoint by lieCrll und Leisghman
(1%717. It is considered to e a north-pluaging syncline
filrnked to enst wnd west by 1l teritiecd terriin which in part
chaecures the bedrock, Gltrlasic »nd basic igreous rocks
occur & ocutecrop ond rubble ind therce are uincr but persistent
tictasiltostone intercalations, These scdimentoc bands display
abund-nt convolute l-ninutions, indicative of depositional
inst.bility #nd provide the only reliable facings. The

«nvironmncnt wos considercd te e shnllor subvelcinic intrusive,

s |

¢rhaps with cnalogy to the vlitrobasic nmopgmas at present sone
b ¥ilemctres beneanth the Vawaiian volearoes. (Eaton, 19623
I>:1aheff and Woollarad, 19¢C). A chrysotile rrospcet is
situnted near the synclinal axis and in the western laoteritic
scirp, chrysoprase workings cin be scene. A iwinor copper
cossen had =2lso been found in 2 thin scdinent band which can
be corrvlated with the sediment ot about 9500 feet east in
Fig. III-8.

wildera.
e A A

The Wildara ares is concidercd tentatively as
rri anticlinal structure with @ grenitic iantrusion 2leng; the
fold axie seporating the basig-ultrabasic fermations into
castern and western belts, A coppe proepcat is shoun ot
sbout 300 feet cast and & zince possan (sedinent) with its
projected positicn is shown 1t 9800 cast, The main cildara
gonssn, which will by discuvesed furtber, is shown ot 12200
enste Lateritisation is nnat extensive over the cronite in
the cuntre of the nrea. Tt shovld he noted that the 3

traverses arce shown at the ooome horizontal scnle, wind the seil
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pruchenical det: is or n logarithnic scale.

(iii) 5eil Geochicuiistry.

ht. Clifford.

The nickel 50il levels reach their maximu:
valuws over the lateritised scerpentinitos in the scuthy  nd
ta the north ve.dis coincids with the gerpentiniscd peridotites
wind clinepyroxenitus, The chromium seil valucs follow nickel
quite closcly, excupt near thic wajor driinnge tract at about
€000 znerth. Gener:lly th.y arce less than 16C pem over the
basic vnits, nnd nickel valucs rve also low being less than
300 ppme.

The iron content in the solls nermally
fluctuites wbout U%. The lateritised area is amarked by higher
iron (5.50) and wnnganﬁse (€ECO ppn) levels whereas unahganese
i usually in the ronge 300 = 36C ppu. Copuer and Zinx values
are low heing less then 50 and 90 ppm respectively, except feor
ore zinc vilue of 200 »pn obtuincd over the sediment band =t
#beut 1600 north,

00il pH io ususlly alkaline on the lov flot
cround and uay attain vilues of .5, On the basic cutcroj
oross, pil is cloue to nevtr lity (6-7) ond over the lateritiscd
arcas it drens to 5-C. The serpentinised neridotite ouvtcrons
are senerally 7-7,5 but the neta-pyroxenite vnits bear narkedly

WlBalind Bolld ®ith pll 2.9-F.5.

finrshall Pool.

The nickel &nil values were consideribly
Lhigher thon the ijite Clifford arca prob.hly hoecauvsce of the
c¢ffect of lateritisation, Vilues of 4000 povm were obtaincd
vver sene lateritised scerpentinites (c.ge. 4100 enst).

Copper and zinc villuces were low being less
than WG und 60 ppu reshectively. lunganese values follow

iron clooelye They were lowest over unlatiritised basics,
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hoing less than 400 ppm ond 4% respectively.  They inervased
slightly over the.gerpertinite units wvith typicsl vailues of
aheut 5-6% iron 2nd H00-300 Pt MENfSINeSc. Over lateritic
avens volues were wmch higher; iron atteined 9» .nd nongenesc
GO pynie Chromiuva v.luvs were very oimilar to mangrnesce and
ronged from less tluin 30C ppn ov. r basice to wore thun 800 ppn
cver luteritiscd ultrabasics. Scil pil varied from 5 over
lakeritic srens to 7-7." ever serpentinites tc 6-8.5 cvuer

asic cuaphibolechleorite rocks. The riagnestic band beunded bf
furruginevas lateritic :t 000 oot alse exhibited high pll in
the narrow renge of -8.5. -

Viildara,

liicliecl scil wveelues varied from 71CG0 or less
over the lateritised gronite to idore then 1000 over literitised
serpentinites at anout 200 cact. The serpentinites sunerally
exliibitel hizh aickel veluee of sbeouvt 1600 pwn, whilst the
velucs in the bacic velennics vere comtaonly lesa than 500 ppn
nickel., Copper und zinc values were again quite low, being
luse thaa S0 wnd 100 ppn respectively. Iroi: cuntunt fluct-
voted nreund -4, but climbed to S.6-0.04 over the castern
surpentinite ridgey ond over the wegters lateritiscd serpontine-
itce iron levels sttrincd 7-87.  lLonganese oxhibited a sindilar
vattern to iron witl seil values less thon 3060 ppm excopt over
1nteritised rreas where 700 5 pn wac eomnon.

5011 pH varicd from pll 6-0.5» over the
1rtoritisced gronites to neutr.l over the rocky sornentince
rideen (7=7.5), but becwas qoite Ligh (I B=8.%) on the Vo osic

suphibole=chlerite rubble nd flote.

(iv) Geobotinicnd Studics,

In Fig. I1I-8, only the domiamsont trec ~nd
sarub species wrce shown which chuaracterisc various scghients

of the environment,
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¥t. © if{ggg.

—— s e

.cicin aneura inhabited nearly all the ccolog-

jcinl niches encompassed by this traverse but o. resincaarginea

was oftan 1restrictad to sutcropping roclky basic and netapoerid-

obic arvas vhere soils are skeletaldl and neor noutrolity. tn
to bacic anphibele=chlorite 11 ks L, stowardii bec.vae dowinant,

b the seils voere warkedly alloline, Ao burhiittii formcd

o nearly concspecitic onninunit: ever the netaclinopyroxenites

with their reistively codearvesns nd 1l%nline coils. Ao
sovdenii wns confined to the colluvinl flats (Plate JT1I-3)

vith zkea leucoptera vhere the solonised brown s.ils predeininate.

The surub speecies such nas Dodonaen lebulata and Cussia manicula

were locally important in rocky arce:s ns cncounterced at about
1000 north.

The herriott zcone woe further investigated

by detniled belt tronscets. 8ix tr. usccte covered most of
the study area as previously described. The possanous Muarriott

zonc wis recognedid ¢s being confined to & basal serpentinised
rericdotite or dunite unit, which e¢ither lenscd out to the wect
cr dicappeared undcer colluvizl colonised brown scils to the cast.
Therefore 5 additienal belt trrouneegts, cach bein8 1206 to 2000
fiet long by 1CC fect wide, were oricntited nerth-scuth »nd
cited at 1000 feoot intervels alons strikce. These transcects,
together with the initi<l ctuvdy 2rei, covered scime 6000 feet

of the potentinl crc-bu..ring structurece, fhe peolopy ie well
exposed immedi:tely wvest of linrriott Frospect, =nd the nein
sediment bod occupies o topographic low, The scerpentinised
peridetite vunit thios and 15 flanked by mictabrsalts and mcta-
gabbros. These latter rock-types with their nceutral soils

are charactuerisced by the trece species ncucia hilliana, A.

resinemirginea nnd by the ghrubs Bremephila exilifolin, Cassia

m:nicvla, Culytrix cf. desolote and the wmint, Prosthonthcera cf.

3
G
—

striatiflora. The mcta=clinopyroxeaites with their calcarcvous

suils suppor s. burkittii which .lec grows in the zinec rich

(200 ppm) Bnils over the sediment braid,
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To the east of liarriott rrospect the meta-
clino-pyroxenite hills are characterised by i. burkitt{i.
The serpentinised peridotites vsually form only low rubbly out-

crops separated by aress of solenised brown soils. A. aneura

znd ». resinomarginea charaeterise the serperntinite islands,

an¢ are joined occacionilly by the mustard Lepidium lepto-

petalum and Erewsophila platycalyx.

The trees Eremophil.. oldfieldii var. august-

ifolia and Santealum spicatum display a low and sporadic

ccrurrence. Acocic oswxldii to the csacual observed, has a

mimilar distribution pattern. However, it was recorded only
over serpentinicsed peridotites at a horizon which can be
correlited with the rinerzlised zone, some 3000 feet to the
wvest. '

The non-outeropring areas, occupied by the

calcareous alkaline soils suprort iiukeuw arida «nd Ii. leucoptera,

with a saurub laycer comprising Cassiu newmophila, C. artemi-

cioides, C. sturtii and Lremophila puntoni.

Marsh#ll Pool.

ncueia aneura wus the most widely distributed
epecies, being eo-dominunt with a. linophylla over the
luateritised arcas, «rd extends with low freaueincy over basie
and ultrabusic terruin zlike. The lateritised serpentinites
at LOOO enst were ulso characterised Ly the tall shrub
Grevillea cextofris and two low shrub species Rossiaen walkeri
and lemigenia sp.

On the steep we.tern searp of loterite (at

€00 east), a proncunced geobotunieal wnomaly was cle:rrly visible
hoth on the sround and on 1:7200 aerial photous. A 200 foot
vide tand of mapnesitie soils with ehrysopruse nodules, overlay
+ metudunitce parent and was flanked above and below by ferrug-
inous laterite with typiexlly acid (pH 5.0) soils, The

magnesitic band supported Casuarina obesa (she-oak) and lHukea
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~cacl: resiren: rgpines doninated the meto-

gablro cuterceps -t 37CC and heCoC ecst. 1t rlusc sprecd over
the chrysotile prosyect ESCC-(COC0 cast) which war situsted in
sietadunites.

The auphibole-clerite vnits further to the
caet with their slk:lire seile supunorted o nueer rnonospecitic
tree luyer of .o gresbyi (ninariclhie). This specie: is
rewerkable in that its roupl, curling berk is bright rod ond
the sap is sliyhitly toxic.

Celytrix ef. decolat. ofter ,rew in #n cextrewme-
ly harsh terr:in, whcie basic and ultrobusie Ledrock outcropoed
stronply @nd the alkelet.l eoil exicted only as small isolated

Peckets,  Brenoryhila ¢xilifolic, cowmetiiee wcconipanica by
et | ' > ;& D,

bodonaue . filifelic, was nlso conspicucus ol vey recly outcrous
cf cerzentinite, whorces Crevillea sp. inhobhited the basic
volcunic outcrops.

Lybanthus floribundus a suzll compact chrub,

wets ohserved on slirlhitly acid .coils (5 €-7) over lotoritised
scrpentinites cnd over serpeatinite ridpes which exhivited ne
vigsible sipns of the luateritic rrofile.

vetiled ctudies were vude, by belt trunsect,
cver (. copper geossan in s 12 ineh vide secdiment dand #hich,
Jdthouph 9000 fect scuth of the traverse lince shown in Fig.
I11-8 c.n be correl: ted with the sediment shown at S500 ceust.
Cuip sumaplcs of the poss.n containca visible flecks of o la=
chite and ase..yed at up to b copper, 2k zinc ind 0.C3% silver.
Thc soils reflcected this bedrock anomaly with zinc and coppor
valves of up te J0C and 200 ppm respectively. Contrust over
Liicks roved v.lves was in the ranpe of 9=10 tinces.

The goesrons sedlimernl formed o norrew, dis-
contiruwous interc.lotiocinn on the gide of o scrpentinite rid; o
close to the junetion with collovial-«dluvial. soils oun the
flate. aecordingly most, if not 1l of the vinintion in the

rpecies distributions could be assipned to the abrupt changa
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from an outcrop to @ rclotively deep soil environment. ncacia
burkittii grew at and below the poss.nous zone, probably az a
function of =0il pH and texturc. The rmost interesting species

here wr#s Ptilotus obovutus, the reputed copper indicator, which

displayed mauve-coloured flowers, which clsewhcre arc white.

Wildurn.

The ubiquitous distribution of i#. aneura was
z1so obscerved in the Wildara are«a, and this species form a
monespecific community on the lauteritised granitcos. Cn the

basic mctadolerite wnd metabasult ridges . resinomarginea

dominated the tree luycr whereas h. grosbyi, sometimes with

Cassiu cardiosperma characterised the basic amphibolc-chlorite

rocks which usuully forin flat poorly-outcropping areas.
In the large dry Codys Creek, at 3700 cast,

Eucalyptus camuldensis forms a 40 fcot high ribbon of trees,

und the only other relatively broad-leaved tree Brachychiton

gregorii (Kurrajong tree) cccurs as a colitary tree growing on
metabasalt hills, wiid a low shrub layer. Another unusual
form encountered in this arca is & flax gpecies Dianclla
revoluta which is zlso restricted to drainage tracts,

The shrub Ercmophila exilifolia was again

observed to be restricted to basic wnd ultralasic ridges whilst
E. pantoni in this areuz grewv only on the alkaline flats over
amphibole-chlorite bedrocke.

Hybunthus floribundus was restricted to the

lnteritised serpentinites around the copper prospect at 700
enst nnd over the serpentinised peridotite unit which contained
the %ildara nickel gossan on its castern contact. At this

latter sitc another native mint, Prosthuanthera baxteri var,

Crassifolia was noted.

An unusual geobotanical anonmaly was observed
~t a grounitc-metabns«lt contuct at 7900 cast. Here quartz
veining delincatced the contact zone which was otherwise ob-

gcurcd by colluviul soils ond quartz scroe. The trce layer



Ak

Frve way to a nonospucific community of Roycea sp. nove which

ic a sm.ll woody shrub. Triace element contents in the
ansomiated suils were very low and suggestod oxtensive leaching
in this area.

Dcetailed geobetanical studies were curriecd
out over the wildara roscan by means of conventionnl belt
transect. The jzossancus zone is several hundred feet long
and about 12 iiuches wide. Aalthouph npickel and copper valuces
.. pproach 1% und C.4% respectively, the seil levels show only
a lovu copper, nickel tnomnly barely twice the serpentinite
hackpround.

Acnciu burkittii together with A. prasbyi

{OSS.1N0OUSG ZONt. The shrub 1 :yer included theCassin, Scacvela,

Ercmophila and Ptilotus penera but only [ybunthus floribundus

exhibitcd a definitely restrictod distribution over the

FOSSAQlI0US ZOone.

C. CTikr Ui, CLIFFORD NICKEL PRCOLPLCTS.

(1) Introduction.

The '820', '107' and ht. licumun nickel prospects
211 lie within 4 wilcs of rit. Clifford itself, and arc shown
in Fig. III-1. Gossans snd pseudo-gossans have been located
at .these arcas and some enceouraging nickel intcerscctions have

becn obtained by deep drilling progranmmcs.

(ii) Cecolopical Setting.

These tiirce prespects @re lacited in scrpent-
inircd peridotite and pyroxenite vnits wund prob.bly occupy a
coiminon stratigraphic horizon,

The '820' prospect is »n east-west trending
scrpentinite ridge which beirs . etrong imprint of the later-

isution proccsse The scerpentinite unit has nn ovterop width
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meosvrable in hundreds of fect, and nlthough no definite
frossanous zenes . hibe been locited, some rock-chip siumplces ussny
up to 1% nickel, 0.7% chromium and C.1% mang neSc. The high
manganese and chromium values supgest o lateritic origin.

The '880' Prospect ie stratipriphically below Marriott Prospecct
which is on thc other side of Clifford Creek, <bout amile to
the northe.

A mojor shear zone (The Leinster Lincament)
is considercad to separate th. '6é80' und larriott's from the
castern prospects which include the '107' -2nd Ht. Nevman.

The '107! prospccf consists of a serpentinite
ridge with 2 chloritlc contnct zone agninst footwall neta-
bnsalts to the west and sediments to the east.

At the Mt. Newman Frospuect « small gossan
occupies thc footwall-scdiment serpentinised peridotite contact
=nd contuins up to 0.7% nickel, 0,6% copper. The ultrabasic
unit outcrops s a nearly circular mass, and is surrounded by
scdiment scree which sheds off the steep chert ridge immcdiate-

ly to the enst of the serpentinite.

(iii) So0il Geochemistry.

Backrreund nickel vilues in the Ht. Clifford
arca were high and reanged up to 200 ppm (-£0 mesh, € inch
denth). Tho scerpentinite arcas werce charancteriscd by nickel
valucs in oxecess of 40C ppw ond lateritised arcas contsined
hoth high nickel ~nd chromium valucs, often in excess of 1000
ppm.,

The '880', '107' #nd Mt. licwman Frosprcts were
211 delinested hy nicke¢l vilues in excess of 8CC ppm.

The '&80' Prospect, because of the laturite
prescence, had snil chromivm values usuilly tvice as high as
the nickel levels but the other two prospects had @ nickel/

chromium ratio greater thon 1.
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(iv) Geobotenical tudies.

'820' Prospect.

Thrce belt tr aisccts, euch 2000 faect long
vere orientazted north~south at 1000 foot interv.ls =long strikec.
Censidering the trece spccies firstly, it was appareint that

Acicin resincnarginea wnd L. aneura were widely distributed

wherens Ae. burkittii was limited to small) arces 2.t the ecstern
limits. A. linophyll. exhibitcd its usual rocky high-ground

habitat, :nd was accompanied by . totriponophylla and A.

hillizna.

Ercriophila exilifola and E. aff. exilifolin

grew widely over tho lateritised arces. Cuassia imanicula, C.

sturtii, C. Lhelmsii z«nd C. nenophyll: occur at low frequency
over wide nrcas.
A similar non-spedific distribution wis also

exhibitced by Ftilotus obovatucs, Scaevoln gpincscens, kochia

tripteru, Dodonaen lutrobvic. Celytrix cf. decolati grew over

brsic rocky outcrops only ~nd iybusnthus floribundus was

ioc1lly very obundant over hipg't nickel (morce than 2000 ppm)

501ilaG, A fuw specinens of Acacia oswaldii werce obscrved in

some of the lateritic arcns of this large prosynet but were not
able to be correlatcd with the bedrock geology ot the time of

observaotion.

'107' Prospcct.

The footwill contact zone being on the junction

of skeletal and sclonised brovn soils is nn alkaline environnment

»nd supported Jicacin grasbyi, A. burkittii, and .. aneura.

A. resinom.vrginca was restricted to the serpentinite hills with

L. lincphylla while the shrudb luayer comprising Kochia triptera,
Coaspin nturtii, C. helimgii, Ptilotus oboviatug und Ercmophila

aff. exilifolia c¢xtended over the entire prospuet wren.

Viybanthus floribundus cene restricted to the serpentinised dunites

which lie some 800 feet cact of the footwall contact.
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Fte Licwoion Frnqggct.

The clwrt ridge which towers cvoer the scrpent-

inite wnit wis enwver.d with distirctive truee 1 yer conprising

3

scicin aff. nmevr. and jie gurdriscrpgincd. Ae liucrhyllie and
ne cneura extended down over the serpentinites ood =. rogine-
ciorginet wis restrictod to them, Several shrub snecics “lso

disgleyed disteibvtions licited to the serpentirites but this
ey result fron tihe friect th ot the serpentinite oren is strongly
sutcropping with onliy sieletsl sedils whilnt the ecdisientiry
ecrve surrounds .nd provides . reletively deep scil., These

cpucics inelndaed drencshile oxilifelis, Cansic sturtii, C.

mnicula nd C. nct:‘.o‘r)hilr*..
mi. S T Y R 14 P B, P TP 1
Three shrub spccice displ.yed & vory sitall

Fl

“rd conmen Gistribution over the scrpentiniced peridotite cut-

crons nnd comprised Hyb:nthus floribundus, Trywalium ledifoliun

Iu Y

and Prosthonthers striatifloraz.

. DISCULSIONS 1D CGNCLUSICHS.

Tre oxtensive ficld cbscrvations suggested
th:'t the doninant influences on plient cistributicns werce scil-
type, cdepgree of coleific. tinn, nE, mijor elenent status and
1ateris- tion. The trac: clements v.ry in synp=thy with thesc
conditions wnd cin thercfore uxhibit o degrec cof cerrelzticon
with plisnt distributions. It is only ir uxceution.d circun-
stances; thot troce ¢lementz in the scil will inflrerce plant
Adistributione nd would invelve either rnutrient deficiencice
(Ienizuka, 1971), sccumnlitor plints, or texic concentrations
cf henvy metsls in the fovaeilible soil soluticen'.

In Fige T111-9 the plant community-lithelogy
rclationships ~rc schemtic:lly indicatcd :nd the comnunitices
wre defincd by the doninent trec speciec. in ottempt hos
chn m.de to sugpeet the spucific substrute conditious which

generzte the geobotinicwl relitionships. Fige I1T11-9 suggusts



A. linophylla

A. resinomarqinea

A.

aneura

T

A. Burk ittii

o~
-~

A. resinomarginea
A, aneura

A. aneura

R. grasbyi

A, aff. sneura
A. quadrimarqginea

|

A, sowdenii

H. leucoptera

E. camuldensis

A. dempsteri

A, aff. aneura

FIG. III-9

FACTORS ]\ A, aff. aneura.
Soil pH_ L L H L__H | v ] H N
Calcium soil __ ] L L_H L__H | L 7 H
Parent fMaterial _| Laterite _Ultramafic._ Mafic | Sediment L
- ' Lateritic soils | Skeletal soils Solonised Alluvial soil
Brouvn Soils

’r
High outcrop area
Erosion

T
yno{:sutcrq.fu@_@e Tract

Hypothetical classification of plant communities with respect to lithology.

(L - low, H - high).
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that te soil pH and colcium (carbonntce) levels are the prime
fretors wvhich ropulate the plant distributions. Cbvionsly
cther major clemente are involved znd to warrive at = more
coriplete uxplonstion must involve cheinical annlysis of the
mi-jor soil components ns well as =n cvaluation of the zmoilss
rhysicil cunaracteristics. htomic absorption an-lysis is
suiti:lle for measuring trices of wany elements in scils but at
rercent concentriticns, x-roy fluoresenee annlrysis supported
by x-rty diffraction stidiecs would be nore =zpnropnrinte. such
facilitics were no available for this study.

The geobotanical rclationships concerning
plant dietributions nnd geology can be used in two gencral
WAYSe The field prospector or geologist on foot or motorcycle
may cmploy ‘indicator' shrub or trece specics to locate inter-
csting arecs such as possans. Cn a larger sciile, the tree
Jayer is suitable for remote sensing ond regionrl acro-viguul
surveys. The remotco-scnsing aspocts of peobotiiny are dis-
cussed in Section VI

Counsidering the trec layer firstly, it was
ovserved that cert:in species exiiibited distributions restrict-

¢d to apecific lithologics. hcacin aneura, =85 represented by

tlie closcly related species in the oo aneura Complex, displayed
o practically unlimited distribution whereas the othuer Acacia
specics were restricted either to outcropping skeletnl soil
nreas or to the relntively decp colonised brown s0ils.
Specifically, it wae observed that &. linophylli preforred

wcll-dreined neutrsd to ficid soils on higher ground. A,

resinomargines grow on ultr.omafic and mafic outcrops (Plate III-4),

wherenas Lo burkittii flourished only on scrpentinised clino-
pyroxenites. L. prisbyi occuricd smyhibole-chlorite soils
vhich wcre usunlly intermedicte in character between the

skeletl and soloniscd brown soils. 4. quadrimarginea char-

actcrised the steep cedimentary, and often silicificd, ridges,
whilst A. cowdcnii wng rustricted to the deep solonised brown

soils together with vnrious Hakea species. The drainage



&9

tr.ctz were marked by o distinctive vegpcetotich compunity

comprising buc:lyptus c.muldensis, scocic wfi. ancurs und
A. dempsteri, o thorny, flattened phyllode and phrectophytic
sSpCcics.

The¢ shrub loyer also cont .ined specics vthich
hnd restricted distributions cvir specific substratwc. iy
b.gic metibisrlts ind net-gibbros were choeracterisced by

Calytrix cf. desolata, Cuissin m.niculn, Erewovhila exilifeli-

while the serpentinites supported Deodorcc: Jobul-t:.., E. ~ff.

¢xilifelia, and three smi:ll specics which cppcar te be worthy

cof further study. They are lybanthus floribundus, Trymolium

lcdifolium ind the Prosthinthera :enus, especially e cf.
G A

striatiflora. These genera will be discussed in det:il in
Scction IV,

Fin:1ly, thrve gpecific ex-.mples of gee-
bot nical ancmalics are now voery briefly discussed. In the

Marsh«ll Pecl prea, Cusuurina obessz delinented a band of

mi:gnetic soils overlyin;; net dunites. This same tree spucics
w8 obsurved ~t the Gecotin sind Curr Boyd nickel depasits,
some 150 miles to the scuth in » very similar environmont;
and this exemple gives some indication of the large erens
over which certuin geobotrnicrl rel:tionshipe nre maintoined
in the arid DBremean environnent.

In the Wildoara ~rea, = nonospucific cormunity

of Roycen sp. nov. delincatoed the contict zone of a granitic

intrusion. Preliminnry soil analyses have indicated thut
the soils nre highly lceachied, at least with respect to the bese
metals, Further soil sinelyses will be cnecessery to ascertain
whether this peobotinicnl anomnly is indic.iting subsurfacce
gcochemic:l concentrnticns of certrin metals.

The lite Clifford Complex is in rn rren of
marked relief nd Clifford Creek oécupics a villey nenrly a
mile wide. It extends to the north onto nnrriott Prospcect

ond to the south onto the '680' Prospect. Acacin oswnldii

vag obscrved growing on lateritised and poorly outcropping
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serpentinites within the coenfines of the Clifford Creck Valley.
It was usunlly found greving singly in an eppnrently rondon
annner oo 16 exhibited by otlher treo enecics wog. Sontalum

spicotun, Zremcphile oldfieldii ver. augustifslia.: and

Brachychiton gregori. Such = trec species would normelly

be diomisscd s of no vilue in geobotnnic:al or biogeochemica
prospecting. flowaver chemical anclyses revealed the unusunl
naturce of this tree species which is cxamined at length in

Gection VII,
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b BVALU.TION GF THE BIOGECCHENIC,L LETIOD FCR WICKEL.

A DESCRIFPICH OF 'TisT alRbaS.

(1) Criteria for area Sclectiorn.

The oricntation biogeecheimidcnl survey corricd
ocut over the outcropping mincerilised zone ot herriott i'rospect

indic-ted thrnt the nickel coatelt of Acacia cneur:a leavaes

could be uced to locnte s+ nicleliferous substrate. It then
rcesined to show whether this expleration technioue could be
applicd to scil-covered arers wvhich occupy extcensive tracts
of the grecenstone belts.,
The choice of test areas in the Kurrajong
Region was severely limited by the fact thot no significant
nickcl mineralisation had becen located under soil-covered fluts,
However vacuum drilling was being corriecd out in two such arcas
which also exhibited s florn dominated by A. ancur:. The
drill data were essvntinl te nllow cvaluation of the biopgeo- ‘
chemicil resvlts as the surfice s0il geochemistry bore no ‘

rclationship to the bedrnck situation.

(ii) #~t. Netnzn Arca.

The Iit. Newmcn Prospect censists of @« rather
conspicuous near-circular outcrop of serpentinised peridotitce,
flanked to the west by literitoe-copped scdiments and dwarfed
by 2 steep silicified chert ridge immediaztely to the cnst,

The angular "blocky'" scree sheds eoff the chert ridge 2nd flows
around the scrpentinite outcrop, c¢srecially to the south and
thus m~2sks the hedreck geology. The serpcentinite unit was
suspected, from aerisl and ground mognetic surveys, to extend
southwsards for at lenst 500 feut under the blonket of screc
motericl (Fige I1I-10). Indvced polarisation surveys indicated
anomalics which were correl..ted with the footwnll graphitice

chale units. The locrl strike of the arem is slightly west
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Fig. 111-10

Plan of Mt. Newman Prospect, showing geophysical anomalles serpentinite outcrop
and biogeochemical study areas.
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of north und the sc¢quence dips steeply te the east. Drilling
had located subecnnomic grades of nickel minerelisntion within
the scrpentinite outcrop, but possible extonsions of the
serpentinite vnit under the scree hnd not been tested. Cxecr-
burdein was ocxpected to he rcelatively shallow ™ith a maximum
depth of 20 feet. The vegetation over the scree consisted of
a very uniform tree luyer of 4. enecurz. A sunll ercek draincd
the scrpentinite outcrop and r.a sovthvwards in a shallow
declivity between the ferruginous 1 .teritised scdiments to the
wi.st nnd the chiert scrue to the east, '
The biogeochasicnl survey, wns c.rricd out
over the scree-covercd arcas immcdiately south of the out-

cropping scrpentinite <o shown in Fig. ITII-10,

(iii) Clifford Creek Arer.

The Clifford Creck test nren lies immcdiately
enst of the 'E£80' Prospect nd soae 6000 feet east of the
I“rriott Frospect i1 & broad valley with nc octcrop.

The subsurfuoce peolegy is blunketed by a
colluvial-elluvial ob:zrburden of gencrolly unindurc-ted material
¢S5 feet thick m~nd in souse arces up to 70 foet decep. The
outcropping arcas cre restricted to the '&80' Prospect wnd to
a sm@ll 1laterite hill in the northern part of the arca (Fig.
11I-91%.

Vacuun-drilling wis carried out nlong north-
gouth traverse lines 2nd revealed an ultrabasic unit which,
if correl.ted with the '88£0' scerpentinite, appecrs te lense
out towards the emst from 1,20C feet to 100 feet over o strike
distance of nbout half a mile. The sequencc, @& shown 1in
Fige III--11, dips oabout 40° to tlic north #nd thereforc plices
this cerpentinite unit or sill strogigraphically below the
Marriott Prospect. Voicuum=drilling revealed cenecounraging
viilues of 0.7% niclkel nnd G.1% copper on the footwall sediment
contoct of the serpentinite which muy represent a contact zonc

goGBun.
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B. Lo MPLING alD ~KRALYTIC,.L TECHNIGULS.

(i) lt. lievman Aren. i

Leaves nnd twigs of A. anheura were sapled in
the biojseochcuicil survey. Lenves were snupled in the Spring
of two consecutive ycears, and 111l samples were analysed for
nickel, conper, ccbelt, chrowmiun, zinc .nd muingancse, iron,

calcium wnd megneciun.

(ii) Clifford Creeck Arca.

Leaves and twigs of A, aneurn were sampled in
the Spring of 1970 wnd, in 1971 were rcsaupled along with
bsark ind snapwood tisswe. Th¢ techniques using bark ond sap-
wond wna initinted by the writer whilst carryiné out biogco-~
chemic.l survey in the licw Zealand becch forests over an
ultramafic complex, and has since been adoptecd by other workers
(Quin, 1972; MNielsen, 1972).

a. ancura typieally attained a height of 10-25
feet and a chest-height diameter of 2-12 inches.

c. 1SoULTS

(i) lite Hevnan Arci.

Zedrock Geochemietry.

The serpentinised outcrop typically contained
0.2 - 0.5% nickel nd 0,06 - 0.1% chromium, whilst copper and
copper v:ilues arc generally less than 200 ppm. Tre footwall
sediment was characterised by relatively high copper and zine
vialucs ce.ge 32C ppm Cu «nd 230 ppm Zn., =nd by low (80 ppm)
chromiun levels, The saall footwall contact goscion was
characterised by coincident high nieckel, coppcr values of 0.7%

znd 0.6% respectively.
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50il Ceochemistry.

Mickel values in the surface soils (-f0 mesh
B.5.5.) werc high over the serpentinite outcrop (400 - 1000 ppm)
but decreased r:pidly to abecut €0 ppm in the screc-covered
4reas to the south. Cobalt levels were 15 - 20 ppm in back-
ground areas but increasced to 65 ppm over the serpentinite
cutcrop. Small eropper/zinc unomalies (130 ppm/100 ppm)
distinguished the footwall sediments and elsewhere the values
fluctuated about 30 - 4O ppm. n drainage anomaly, especially
for nickel, was observed in the small creck which was recog-
nissble for at lcast 1000 fecet downst:+ m from the serpentinite

outcrop.

Biogecochenistry.

Leaf and twig swamples were eolleeted on cast-
vest lines spaced at 200 foot intervels as shown in Fig., III-
10. The analyticnl data werce eveluated by comparing frequency
distribution plots of the various elements between several
arcas. Iso-concentration sinple-element biopeochemical yplans
were :ilso corrélated with tepography, sfcology and drill data.

The analytic:al dato: were expressed on a dry
veight busis (D.V..) and can be converted to «in approximate osh
weight basis (i.VW.) with a fuctor of 22.  The nickel leaf
vildues were pencrally ancmalous (Fige. III-12), with an avernge
of 10 ppm; as compurcd to the licrriott and Sherwood arcuas.
owever, éonsiderdtion of the manpanese levels, which were
ulso high (200 - 500 ppm), surgecstec that the high nickel levels
vwerc of lateritic origin. The so0il is acid and ieon content
in so0ils and drill samples eonfirms the imprint of laterisution
in this arca. Mungi.nese values were low only over the
scrpentinite outcrop, #ind along the drainage tract as shown in
Fig. III-12. s sinilar pattern for munganese in .. ancura
leaf was observed ot Sherwood, Fig. II-5.

Calcium levels were fairly constant at about
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1% but magnesium vilues werc high (3000 - 50C0 ppm) over the
scrpetitinite outcrop =nd low (1000 - 2000) over the scree-
covered arcos. The drill duata revealed thot magnesium values
in ¢ lateritic profile are penerzlly veory low duce to leaching.

The copper ond zine levels wese examined to
determine whether the feootwall sediment could be delincated.
It was opparent hovever, that laterisation hac obscured the
origin::l wetal distribvtions. Even the scrpentinite outerop
bore evidence of @ previous lateritic cup in the form of
joint plancs filled with ferricrete which contained very high
nickcl and chromium levels.

The bioguochemical «nomaly outlined scuth of
the Mt. licwman serpentinite outcrop by le«f analysis, was not
delincated as clwe'By by twip annlysis. This risult confirmed
the findings obtuincd at tarriott Prospects. The origin of
the anomaly was considercd to be due to a lateritic environment
ns indicat«d by subseguent drill duta. Vacu.dm drilling
discloscd a minor ancmaly of 0.C6% copper uand 0.05% cobult;
which with o high iron content (9.4%) suppested lateritic
cnvironment, The muntle of overburden was revealed to be 1 -
1G feet thick und the substrate beneath e biogeochemical
rickel anomaly cont.:incd nickel concentrations of 400 - 500 ppm
vhich contrasted with the adjucent buackground vialues of 100 -

2C0O ppm.

(ii) Clifford Crcek Area.

Bedrock Geochcmistry.

The upper surface of the bedrock has been
severcly altered, with rerard to chemicsl compositicn, by
scveral weathering processes over the past 10 million yewrs.
The folloving remarks arc bused on the brcal vacuum-drill
gamples which are assumcd to r.present only partially wveuathercd
bedrock.

The ultrabasic vrnits were characterised by

high nickel (0.1 =0.3%) and chromium (0.1 = 1.0%) 1i§§ls,
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rhilst copper and zinc values were gencerally low ond less than
C(.C1%a

Fapnesiun valucs were usualliy low, duc to thc
uveithered nature of the bedrock, even under 70 - {C feet of
unconsgoliduted ovwerburden, The concentrations oririnally
vere 205 or more but now are commonly in the ranpe 0.3 - 0.0}%.
The leteritic choracter of the weathering process is indic.ted
by the¢ rpencrully hipgh iron levels which may cven exceed 20%.

The besic rocks had low nickel znd chromium
levels of sbhout 300 ppm. Mienesium valves in fresh basics
m .y approach 104 but obscrved values were usually 1% or less.
ihe sediments were charactcrised by their hipgh zinc (400 ppm)
and copper (200 ppm) contents. Magnesium (0.58) and chromium
(8¢ ppm) were usually present in low :mounts, iron wuas qround
S% but nickel excecded 1600 ppm especially if ncar an ultra-

bausic contuacte.

Uoil Geochewistry.

The soils were not systematicrlly sampled as
it was apnurent from previous regionsl surveys that they were
inc:p2blec of reflecting mincrzlisation in the hedrock beneuth
t*.« deep soil cover. It was noted thut the surfuce scils
rencrally hive o bhighoer concentration of the trioce metnls
(ehromiuwn, nickel, zinc) then those at depths of 2 fect eor
more. Sheetwash wnd defletion weourld acccunt for the lateral
dispersion of the mctals from hifrh to low aruas. The apparent
surface concentration (by a fuctor of 2 or 3) of the hceevy
netals, muy possibly be expl..ined by the action of ascending
r,roundwuters which causc dilution of the B scil horizen with

carbonate.

Biogcochcuistry.

Leuf, twif, sepwood and buark tissues werc
sampled. The «sh content varied significantly and averaged

5y 3, 2 and 14% respectively in the various organs.
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"The nickel centents on the :sh weipght basis,
~verapged shout 90, 50, 20 and B0 ppw respcectively in the
#forcmeriticned orguns, ' hilst copper levels were higher, cxéept
in bark tissuc. Mungunesé cxhibited « high runge of vilucs
(10 - 3060 ppm) dbut generilly decreused from leaf through
twigs to sapwood wnd then increased in the burk. Cob..1t «nd
chromium nalyses wore not performed on sapwood or bharl
s:nplee but levels in twig und leuf tissue were uniformly very
lovie

Culcium, m.gnisium and iron values were fairly
uniform ir the nol-outcropping arcus and at this stage do not
appear to yield sny information to #id locution of :iickel
minera2lies:stion.

oome analytical data for: Acncia, ancura are

given in Table III-2, and it cun be secen that deta from the
greenstone belt stind out from the Red Bore s:anples, as cx-
cmplificd by the nickel lexf ash values. Dnt:i for the other
«n.lyte c¢lements is not shown, =s clementol variations could
not be interproeted.

The leaf ditn were expoected to dolincate
miner:lised sreas better than the twig data, on the basis of
the orient: tion survey over Herriott Prospect. This we.s
found to be¢ the case. Threeshold - nomalous values were
obtrinced by the usunl grophic.l technique and were 130 wnd 150
ppm rasrectively for nickel and copper. Mangancse virlues, in
leaves, ranged frow 210 - 45CO ppm .nd the rel-.tively high
Mean vedlue of 1305 ppm suppested - lateritic environmnent,

The anomaleus nickel ~nd copper values were
coip red with the subsurface bedrock geochemistry os shown in
Fig., I1I-11. inomilics with coincident high manganese (morc
than 2000ppm) vilues e diflcrenticted out 2nd are considered
to indicate latcritic cnrichment only.

The twigs, sapwood .und buark data did not
contribute ony additional inform.tion to thst supplicd by the

lesf tissuve. Cne excuption to this stittement wns the zine



TABLE III-2,

Averaged eieméntal data for ACACIA ANEURA from several study areas

expressed as ppm in ash.

AREA ELEMENT | LEAF TWIG SAPWOOD | BARK
Marriott Prospect Ni 153 59
(133 samples) Cu 101 53
Zn 234 | 57
Mn 546 319
Mt. Newman Area Ni 288 80
(75 samples) Cu 150 64
Zn 256 65
Mn 2533 1584
Clifford Creek Area Ni 91 51 17 42
(60 samples) Cu 124 52 78 39
Zn 234 63 77 37
Mn 1305 635 285 852
Red Bore Prospect Ni 42 28
(93 samples) Cu 126 49
| Zn 356 58
- Mn 2584 1370
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content in twig nsh. Buckpround vilves werce less than #0 ppm
vet threc cnomilous v.lues, ronging from 165 - 220 pum, werc
obtuined nd were plotted over the: footwsll sediment s shown
in Fige IT11-11,

Buculyptus cimuldensis wis campled whoercever it

1.8 uncountered in the dry crock bed. The few enumpled (€) of
lef, £.pvwood und brrk tiscue are insvfficicent to intoerpret.
However, & constant unusuxzl feature of its trace motl dis-
tribution w.s the high copper content in wood neh which
averaged 320 ppm as compored to 1C ppm in bzrl: .nd 200 ppm in

leaf ash.

(iii) Statisticnl analysis of Biogeochemic.l bnta.

The icacia .neuru leaf date, comprisging

nilyscee for nick.l, copper, cob:lt, chromiwa, zinc, m:nganesc,
iron, c+lcium and magnesiuﬁ vere subjected to intensive stot-
istic.l annlysis. Results viere gonerally disappointing ana
cre briefly outlincd below.

The hizrriott Prospect dnta (111 dumples were
ex.niincd by discrimincent anolysis (Rac, 1952) on =n IBM 1130
computer but results were disappointing.

Corre¢l.tion wun.lysis (Sicgel, 1656) was :pplicd
to the Clifford Creck data in conjunction with the vacuum
drill nalyses. The parametric Pearson Product Momunt
Correl..tion Coefficient wus computed using Fortrim IID .:nd an
IEN 1620 computcr,

Root frugments were observed, b:. wit-panning,
in 111 drill samples down te the 25 - 20 foot snmple, The
devper drill-holes vere not logged but it is beleived thit
roots would penetr.te ut leist to the bedrock interf..ce.

The biogeochemic:l data were corrcliated with the nickel drill
Giata at  varioue levils from the surface down to 35 feet.
Pclow thit level, too few drill-holes were available for

reliable interprottion. No significant correlations could
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bc obtuined, even by employinr logirithmic tr.nsform.ticns

and c¢lemental rotios of the biorcocheurticil dat, This rcsult
w28 not unexpected s the correlstion coefficient is merulj a
messure of the degree to which large and small vilues of onc
vari=nble, are as:.ociated with large and smzll velves of cnother
variazble and is nothing more. n low value of the cocf{iciunt
cocs ot imply thot there is ne reloationship betwecen the tuwo
vari.bles heing exawined and it is concluded thnt this statistic
is an appropriate for this situ.tion (Brookes .nd Dick, 19(9).

Factor anulysis (Rlulonrk, 19603 Catt«ll, 19(9)
wis pplied to the Mzrriott PProspect lenf dats: in on attempt
to determine the vnderlying factors which miight control secveral
of the obscrved variables. The technique hus been used with
succeses by severnl workers ir the field of recouncisscnce goo-
chemic .1l exploraticn (Cencron, 19603 1969; Gurrett, 1067;
G.rrett :nd fichol, 1609). Foetor nilysis in this study was
schiceved usciny, Thurctone's Centroid li¢cthod (Thurstonc, 1947) on
.n IBM 1€20 computur. The frictor scores for e.ch foctor were
lisstca in stondsard devi tion units to fucilit <te ropid locntion
of .nom.lous s:mplcs, Five of the obtzined frctorec werc
considered te be interprotible in torms of lithology. These
factors, vith their comperent sienificont vari -hlce were:-
vltrabnsic (nickel chromium, -ve colcium);  s2diment (copyper,
zine); 1laterite (nickul, mansencsc); macaesitic soils (niekel,
mepnesium) ;3 and mincrelisation (nickel, copper).

The nincraliscticen factor wus marginglly
supcrior to the raw deta in delinecting the minerwlised zonc;
and improved results nay well be obtained Jwith the morce roe-
fincd techniques involving oblique rot.:tion of the initinl

foctor miitrix.

D.- DISCUSSICGH OF BICCLOCEEMIC.L RESULTS.

-—

The orientation beior cochutiic ..l survey indicted
tiiat the lenf of Acuciz ancurst could be uscd to locote outcrop-

ping nickel fminerclisstion in vltrabasic terrain by comsideration

napr
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of the¢ nickel levels lone, lioreover, lnteritie niclcl
snomailies could be recopmized by coincident nichel-manganesc
biopcochamic..l nnon.d ics,.

The survey ove) the scrce-~covercd t.levnnn
irea clenrly demenstrated the literitiec noiture of the cnviron-
rienit. Vocuun drillivg revenled thiet bedrock nickel viluls
werc low, .ndé thnt the pot.onti:l fer nickel minerslisction is
neplipible,

The Clifford Creck survey arce proasented o
core difficult @res for explerotien s the overburden thick-
ness i&s between 25 .nd 60 fect; wherens the hit. vewmen area
was penerally less thian 10 feet. everthless, coineident
nickel-copper biopcochcemic~l nnom li=zs vith low nonginesc
lJevels were observed orly over the miner lised zenc; a5 cut-
lined by the drillins progromme. Thid zone wvith up to 0.7%
rickel nd 0.1 copper represcnts contsct-zorne minceralis-ticn
vhich .y be corrcl:.te¢é with the footw..ll cont:ict of the '38C!
scrpentinite unit. A this unit lics strotigr: phie.lly below
the orc-be.ring structure =t li~rrriott I'rospect it sccems likely
that further cvidence of nickel mineislis-tion will be found
along the footvizll contuct of the '©80' Prospect.

Althicugh the bhiogeochemicsl method wis succiss-
ful in locating the wineriliscd zone some 50 fecet bLenewth
Clifford Creek, it is doubtful thot o =imilar zonce v.ounld haove
been recognised in strongly lateritisced oriuas such as were
obgerved ir the western limits of the '@E0' I'rospuct nnd in
the Mt. Newman oren,

Further studics on tiic biofcochenistry of w.
aneurs wovld be dirceted to the discriminction, Ly inorgunie
chermetuxeorony, of the coempoucnt species of the .. ancursz complex.

The effectiveness of this sampling nedin ney
“lsc be substantially increascd if arscnic and sclenium levels
sire monitored,

To concludc, the results presented in this

nection show that the nickel, copper, 2zine and manganesc



contunt of ne ancure lef can he uscd at least within the

Kurrajony Repion to duotect rickel wminersdiisasticn, which hes

surfacce soil geochemicil cxpression.

1G1

no
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Do cJCHBOCHLNTCAL STUDIES CH ARSHNIC AT -GNl

fia 1. TRODUCTICI .

S e e e

The asmsoci . tion of ~rsunic with masmetice
inickcel sulphide ores nnd other types of nincrilisation is well known
(tazzucchelli and James, ' 1966; ‘iarren et .1, 19€4; ©ilding,
19€5) . In fact sceverel of the recently discovered nickel

ore depesits in Gest.orn austr.olic eontain relatively high

arsenic concentrations. It wais deéecided thuruiorc to carry
rut . prelimincry bicieochsnie~l survey cver . knovin urscnic-l
arens The grovnd surrouvnding, the limu goldnine =t agnev (for

lec tion, sco fig. I =11 wis considercsd o suitoible site as it
cont.incd svrfree scils with up to 0.O0lp arsenié -na Lremophils
prntoni, =~ t=ll chrub cpceies of very videsvrerd distri® ution,
Ilmte IIT-9). Elkinfton (1969) enrricd cut = biogcoehemical

survey, using two Luealypt sp.ecics and Lel:leucn sho..thiann,

over ~rsenical (160 wpu) scils .t lorscman, scvveral hundred
milcs south of Apgnow. (S¢e Fige I =-1). Aftermdry-ashing
the plaant matericl she covld net detect orsenic in 2ny of the
samples ircluding: root tissucs. However several srsenie
zccuriulrtor plants hove been reportud nnd probably the best

kitiown is the Conedis Dougl .s Fir (Fsevdotsupr menzicsii) whieh

cen contein vup to 1% nrsenic in its ncedles (Uerren et o1,
1669) .

The Imu goldwmine is sited on o stoeply dipping
cecdiment-gireenstone continct, whieh trencs .ibout north-north-
coSte This iine h.s produecd rich ore in the past -nd is belng
viorked internittently nt the present day.

The minc aren is situs:ted on arn arca of good
ovteron hut te the north is buricd under colluvinal-~lluvicl

o T In this rortbern ores the vepct:tion is now dominted
by Ee pontonii the eriginel vegpetation hoveing been exploitoed
lony oo for t'e minc. S5¢e Plicte T1I =Y.

S0ile and & wples (Lloof, twig) of Es pontoni
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vire cellocted it 10C font inturvols ~leng ~ troverse line
orientited acrecs the 72 fhultcd contact, souc 200 feot north
of the mein mine shaft (Kin shaft). Semples of lu. E;gtoni'
WL ;l?o collected from sever:l unminer:liscd nrens to

¢otablich b.ocheround ‘villucs.

I

o
-

. AN LYTICAL BETHCDS FOR . RAEHIC.

It wvis hoped te detormine arsenic by ~toirie
abzorpticn spectroscony. L Voriain-Teclhitron a5 instrument
v16 used with on electrcdeless discharpe tube (L.D.T.) ns the
source. L.D.T.'6 were w:de in the ucual way (Dagnall ct al,
1967) usini Q.5 ng ~rscuic/0.1 m Hg preguuri in 2 4 em x 0.8
cil silic~ tubc. iv nitrogen-hydreogen-cntr incd ir flame was
employced to give w sensitivity with ¢ standord 1C cm lominer
burner of G.2 zym arsenic (Kohy and Schallis, 1963).

Lons vycor tubes (91 ecm x 1 cri), heated and
insulrted, were used vith o Beckman (neo. #020) tot-l con-
sumption burnur (..pazzi, 19€5) :nd ecnsitivity w..s improved to
0.06 ppm erescnic in solution.

Horever, arsenic could rnot be debtermined in
hiclosric..). or peologic:l materinls, witheout o prior seprrotion

nf croenic, due to intorferences vhich could not be cdeountily

ceppe nsabod for. n Colorirctric rethod of anclysis wao
ciiployed oo an interinm wocacurce A nitric/perchloric scid
dircnbion nixture wes used for scil and plant soaplos. The

“ilver dicthyldithioesrh nate nethed (Vorel, 1960) vas used
nd gave sdeovent. procision. neceuracy vins cst.blished by
corrclation with other lrbor tories using the wolybdenur blue

rethod (J\ndel], 1059)

C. PESULES .

— e e

The &0il #ind plant arsenic v-lucs were plotted

on n lognrithnic profile (Fige III=13).  The soil arscnic



sediments greenston
VA AN RN

N.W. T 00
feet

E. pantoni leaf

E—— = e ————"

_ E. pantoni twi

500

1004

Fig. 111-13  Arsenic levels in soils and Eremophila pantoni at the Emu goldmine, Agnew.
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vi:lnes are highly anonrdlous, anttedning 380 pm in the =80 mesh
(!.J:U.) fraction cellected ot © €6 = ¢ inch depth and the soil
AIBOLIC redir seens to correspond with the ?gtrwpolatcd HfuliE
coentict between the sediments nd grecnstones.

The nrsenic vilues (expressed con o dry-soight

Lisis) exhibit a pronounced bioprceochemical .wonizly eof up to

T 8 Dl The bickgrouund control samples from four scparats
sreas showed o detceetible i.rsenic. The arscnie eontunts in

the twirs shov proctic .lly «u inversce rel.tionship to tne lea
v .luee zad nre peners1ly much low.r ( :rcund 1 ppa) then the
corrcsponding lesf zruples.

The low ~reecric so0il value which ccrrcelates
+ith the «xtrapoleted 7 fuuvlt contict cun b ascribead te
cever 1 processes invelvins. ground and rain-vator. It oy
be zimply dilution of the arsenic:l residucl scils by borren

s0ils beirg brouvpht inte this teporr..phieslly-lov nre. by

3

slicet wiosh, ocr the phuysico--en niiesl chioracteristics of the
contact wone in the bedrock rorults in preferentiad dovmvuord
lc~ching. It is interesting to rete in this context the
bipgrest obstncle to further doevelopment of the Bau goldmine
(700 feet teo the seuth) is t:+ vast inflow of fresh ucter.

The scil arsonic nonaly outlired on this ore
& .ipling treaverse may be oo result of the prinaery dispersen
~osceiated with the formoation of the »yritic go0ld ore body.
HBut it vy ~lso represent conbnmincticn resulting from the
mining operations which have becn cnrried out for more thun
70 yenrs,

The vepeti tion srmples were enrefully weshed
‘nd undeubteily the biogeochenic..l wnemaly exhibited by L.

veantoni has resulted by uptiie of srseric through the root

pyotan from the soils. It in evident that L. puntoni his the
Wility to indicite chenmindleu: cubstr.te sarsenic  levelea. The

“wpth of the root cystem 3o vnknowun but it is conceivable LEhet
in a1l dine goile whare croeniec has been leaehed Jrom !

nrfece horizons biopcaghuriicnd ancmsaly mncy be obtadincd in
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the abscnce of 2 surfice s9il geocheric:sl snosi:ly. The valuc
o' this particular shrub spscics is thht.(1) it f:ovours

rel: tively deep celluviel seils in arcns of poor cutcrop; (2)
it bas o vide distribdbutien r.nging from Hockoathorra in the
ierth te K owmbalda in the scuth, and (3) it hae o fistinctive
appeurance tiit nllows casy rocognition in the field and ite
size (4 « 5 feet high) ie anendrvle for saapling the leaf
roterials,

These prolininery obscervations indic-tu some-
thing of the versstility of thc biogeochaiiie .l imethou of
nrospecting.

Further stuvdices sheuld investigate the rceco-
trotinic:) aspuects of arsenic .nd the arsenic biopeochonistry

oMy JUeEICD. ERITENI R Perhops there arce arcenic aecummlaotor

plints in #ress of pold mincrslisation, as deneonstrited in
Canrdn (4 rren, ot 7, 1964). If such plints exist in West-
orn Auctr lia they ecculd he of more pencral opolic ticn in
loc~ting other types of mincr:lis tieon whieh coentain nn arscenic

component.

D. GEVERAL DILCUGSION O Wik oCGLEL=VILULA ARisa,

Bricf investigations were cirried cut to
mgcert i the uscefulnecs of hotuniecixl moethods of prospucting
irr the ¥Wilu=-Agney rogion,

at apner it wes estaplishiced the biogeochemiend

proespecting for arscoic uwsing the stbirub hronmophila pantoni wos

feasible. The distributio: of knéwn toxic ploats in this osroe
vas 2 lso investigated to cover the romote possihility of thoir
being indicritor plants, Onc shrub gpeeicvs eormonly knewn oo

'kite-lenf poinson' or 'Breclya! viz. Gostrelebium laytonii

w:.s ohserved te be restricted to fr:cture zon.s in yr.nit.s

vhere sone metosomatisn had obviovsly takea ploce. (Il to
11T =6) . The parme Grstrolobiva inelndes sever 1 specics

uhcese toxic priaciple i¢ o owonoflnoroacetate 1lkaloid and in
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this c~se¢ it wis considercd th t Q. l.oytonii -lso hos .n affinity

for fluorinc. The v lue cof sueh pleonts in prospeeting gronite

terrzins fer hydrothorzel mincrslisction is cbvious.

-

Seversl nbepdoned fold wines cround Uilunco

vere inspected snd sweciiens of [tilotus roturdifelivs orowving

ey thie eld vorkinge typic~lly displayed teratologic il effcets
c:usid by eithor the aigh sntimony or arscenic levels in the
substr.te, The gold oar. was lwnewn to contuin significant
aeunts of antineny nd sarsenic rnd the visikle cffect of
these metsls wno to cruse stronpgly counvoluted lenf norgins
vitich nerm. 1ly ure quite 11:.t.

Two sreas of ultrabasie terrain were 2lso
excrilned near Wilune. In one arca frec of laterite, the
t..lc—corbonete: rocls were char-ctuerised by tuo shrub shuciel

Cryptindr:. leucophrictre ond Hiolpganic eynncne !lovever in ¢

lateritisced cnvironrient thesce two sneeico were (bsent .nd
vers raploced by o smrldl shrudb of bizirre appearance, K.:lle-

ctroemin »latyptora.

The reeently discocercd I:t.o Koith nickel
sulpride depesits between agnew “nd vilunn appear to be in an

icid coil environment and dowinated by flencis snoura. It is

censidured that the seane of the bicrcochenicl ricthed is such
that these nincraliscd rresnc, which lie ot (0 feet cor more
Yelow the ;r-und surfrce, cculd prob-bly be delinwented by a
blopecchunienl survey using we ancura,

The versatility of bot.uical prospucting
im.thods in this region hos been bricily indicaited sind hes
revesled seversl, pocsibly reovarding, aveanes for more detailed

investigaticens.
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SECTION IV

HYBANTHUS FLORIBUNDUS =~ A NICKEL ACCUNMULATING SHRUB
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In Hay, 1972, a smull compact sl rv) vith blue
flovers was cbserved gvowing on the '@70' sroncatinite, in the
Kurrajong Region near lit. Clifford. Lee.f and stem samples
were collected from three specimens ind i:nalysed for nickel,
cobult, copper, chromium, zirc, imanganese, ircn, calcium and
magnesium as part of the orientcotion studies.

The anulytical results were initinlly viewed with
some scepticism as nickel concentraticns averaged 6% in the
ash whilst cobult exceeded 100 ppm. These results were 100
to 1000 times higher tan for any of the other plant erecies
encountered in the Kurrajong Region.

A8 o result of this serendipity, it was initially
thecught that this shrub, Hybanthus floritundus, was a nickel
indicator plant (becsuse of its high accumulation of nickel)
mnd might therefore be indic ting nickel miner: lisvtien on
the '€8C' Frospect. Althourh the '&B0' serpentinite *-
fureur.bly locaterd for a nickel discovery, no indications
of significant mineralisation have been obtained to date.

In order to appraise the sirnific.ince of H. flori-
bundus with regpird to the nickel search, the literuture s

scrutinised for parallel examples.

B. LITERATURE SURVEY.

It seews to be an instructive evercise to cutline

the history of Becium homblei, the 'IMorthern Rhedecinv copoci

flower'. The reasons for selecting this particular ex:ample
are that this shrub is probubly regarded as the most success-
ful indicator plant in minersl exploration and it has been

.tudied by m-nv westeras and orranizations for the past 20 years.
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Beciur: homblei (Lebi ¢ we), an 1€ inch-high

perorinl shrub, was discovered in the late 1040's to be an
anditional puide to prospeciing for copper. It wae slso
shovn (Herizon, 195%3) th:t it .cenmwloated vp to 45,00 pim
copper in ash, and not Q.7 dry weight (v micquoted by

Yetersen (1971). In Rhodesin, ©ild (1967) found B. houblei

Frowing; on 5 of 27 copper prospects und the closecly relnted
gperias B obovatum (the pseudo copper flower, Horscroft, 1901)
on " of thom. Howard=1illisme (1970, 1971) also exwained the
distribulicn of thesce two specicn over metalliferous coile

#nd concluded that the distributions were contrasting, with

B. obovitum aprarently not able to tolerate metulliferous

snils. Cr. the other hand Jacobsen (1968) noted that B. homblei

and B. obovatum often grow within 50 fcet of ecach other, even
in soils contuining up to 1% copper. This may be’ explained
by soil acidity as \illiams (19¢9) noted that B. homblei
favours acid soils. apparently in arcas of high pH, B.
obovatum can walso thrive in metulliferous soils (iild, 1970).
Studies on worphological variations have also been
czirried out on several populations (ecotypes) of B. homblei
which, in Khodesia, hzs an insular type distribution (Howard-
villiame, 1971; Wild and Heyting, 19€6). Reilly (1967)
commenced studie& on B. homblei in Zambia and examined the
binding of copper in leuf tissue (Reilly, 1969; Reilly, et a2l.
1970) . The maximum copper contents, on a dry weight basis,
which have been receswud are: 250 ppm (Howard-Williams, 1971)
and 324 ppm (Reilly, 1967). In Katanga, the maximum copper
content wus 77 ppm (Duvignemud zand Deunaeyer, 1963). The ash
fraction was high and averaged 7%, hence the copper ash
concentration can be culculated as 1100 ppm. These authors

rcvealed that Haumoniazstrum robertii (with up to 2000 ppm

copper D.%.) and I. kutengense grew in soils with up to 10%
coppcer. Several representutives of the Becium genus viere
found in the copper-contamimated aureoles around mincralised

arcas und included B. ericoides, B. empetroides, B. homblei,




110

e awvreoviridce, B. aurcoviridc ssp. lupotocucc, B. peschirnum

and RBe metallorum. bvidently the Becium genus cuannot tolerate
stronply minernlised arevas, and o similar concluesinn was
arrived «t in neighbouring z.mbia (Horscroft, 1961). Ernst,
(1972) carried out «cophysiologic.l studies in Zambia and
Rhodesin and concluded that B. homblei vas restricted to soils
with less thmn 1000 ppm copper.

Obvicuely, & considercble amount of work has been

carried out on PFecium homblei in the thrcee countries which

share the 'Copper Belt'. The confuvsion and sometimes contra-
dictory reports on B. homblei way be expluined as feéllows,
Recognition of the species is difficult <nd, because of its
videsprezd (200 - 300 meridional miles) and insular distribution,
it is 12ost probubly composed of many distinct ecotypes vhich
can be expccted to differ, by degree, in their physiological
responsce to a cupriferous substrate. The situation has bcen
put in perspective by the geolopists Horscroft, (1961) and
Jucobsen, (1968) who considered that no particular plant,
inclvding B. homblei, by its presence or absence indicutes the
presence or sbsencce of copper.

For our secord and final example, the nickel-

accumulating shrub alyssun bertolonii and its rclated species

will be briefly surveyed.

inguzzi :nd Vergnuno (1948) discovered .that 2.
bertolonii, growing on serpertinites neir Florcnce, Ituly,
.ccuniulatced up to 10. nickel in lewf ash or 2.04% on a dry-
weight basis. The .:lyssum genus contrins scverul knewn nickel
accumulators nnd its distribuvtion extends throughout the
l"editerranean countries into Russiua, (Vergnano, 1958).

ne wdultcriwm was considered to charzcterise
cerpentine and primary sulphide arcas (halyugio, 1964) in
Forway and n.murale was reported to contuin more than 10%
nickel (in its ash) in Georgia, U..S.R. iA. tortuosum
contnined more than 1% nickel ind 125 ppm cobalt (in ash) on

the Kimpersaisky ultrabasic complex whereas a. biovulatum
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vags Tound with 0,195 nickel and 120 praa cobult (in asld «t the
Tura nickel-cobalt ore deposit (Malyuga, 1964). a. ce™y-
iljfclinﬂ S5P. }Un}t;viggm 2180 accumulated iickel, 0.52%
dry weipht, in & serpentine arcea in [ortheast Portugul
(D¢ Sequeirs, 1968).

The uneefulness of this rerus in mineral exploration
n«s not been widely assessad,. Unfortunately the dut: has
not becn widely publishcd und it is probable that muvch inform-
ation on .lyssum remains in the Kussien literature. This
Fenus is of direct interest to the present study, as islyssum
specics have been reported to occur in Australia (Burbridge,
19€3) .

The Becium homblei situetior is perhaps more

illuminating. This species has a considersble reputation as
a copper indicaztor but in fact the above deteiléd exrminnticn
showed that it is not an infa2llible gride to copper mineral-
isation. It vwos congidered pertinent to beur this staten™ %
in mind when eveluating the significance of ilybanthus ilori-

—_—— -

bundus.

rhe rnickel-uccumul:ting varieties of Hybsnthus
I}Eﬁiﬁﬁﬂﬂfﬁ were discovered in 1970 und some preliminary rcesults
vere published soon wfter (Scverne and Brooks, 1972). vVithin
the space of a. few nonths the contents of this paper had N
misquotcd several times (New Scientist, 1972; The National
Tiimes, 1972; MNuturc, 1972). It is to be hoped th.:t ..nother
Becium situation does not arise eepecially in view of the
cxccllent classification ley for the liybanthus renus iu
sustrialioa (Bennett, 1969).

Approximately 150 Hybunthus species (iwillis, 1966)
are known from the tropics wund subtropics witlhh 2 few extoending
into the tempcrate zone. The majority of the species zre in
the Gouthern hemispherc and the GCondwana continents, nfrica,
India, HSouth America, and wustrsalia all rccord native specics.
Hybunthus is notably absent from the young oceanic islands and

Bennett (1277) ~nngpiders thoat:- the genus has undergone no
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irportomt dovelonnent in 'recent'! times; Pyt onthius ic an old

zenus; and that thoe present-diay distribution patterns have
cxisted for a very lons time. In austrelia:  Hyb nthus
flerivundys has the wost widcsproad distributien of the 10
epecics rocordced. ™o pregent-dny distribution ncross the
sonthern part of Lustr “Vin is considered to be the relic of o
imuch vicder distributien which exist*ed befcore the onset of tho
recent aridity. Kow, this sp cies occupies the warm tunperate
zonge with sumuer and wvinter iscthurms of 7Y =and 550 recpectively,
and in cnnuzl roinfall in cxcess of 10 inches. Beyond this
zonc¢, in the more arid intericr, the species is restrictea to
residual islunds ond appcars to represent e classic exmunnle of

biotype depletion, (Wild, 1968).
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e EVALDALION IH il KUKRAWJCMG REGICNM,

A. IHNTETRCDLCTIT Uiv

In the proevious scction e floribundus h:d been
recorded over several of the knoun nickel prospeets in the
Lurynjong Region. it was therefore decided to investigate

t'iis shrub by thie use of the following techriques:-

(i) to rccord its distribution on a rcgional
scalc throuphout the purrajong Region on peologiganl plans nnd
in detail over individuzl prospects using the 10C foot grid
system.

(ii) to collcet hmerbarium specinens from each area.

(iii) to collect smanles of the virious plint
tissucs (flowcr, lenf, stem, wood, roots) and the asscciated

s0ils ~and bedrocl for chemical aunnlysis.

B. DISTRIBUTICH = GECBCTaNY,

The geototinical survey was gentred on the kt. Cliff-
ord aren buvt ranged o8 far north s Agnew.

iie floribundus was observed, during the arsceilie bio-

pen chenicnl studics, 2 few thousanc fect south of the Enu
goldmince in @ drainage tract. A further scarch, following
the drainege gecbot nic:il anomaly to its scurce, reveuled il

¥
Jloribuncus rroiving on strongly lateritised wltrabasic out-

Crops. These plants were then followed for more than a mile
sotthwards alw.yc on lateriticed vltrabasics and never on the
sjuxtnpoced scdimento,

Leconnaissence some 1% nmiles enst of Agnew revenled

a limited populatior of Y. floribundus growing on a snnll

shenred pod of greenstonce within scediments ard pranite ncear

Yillarce Cliffe. Some 25 ilcs to the north, near Mt. lticClurc,

laterite-free serpuntiniteg gyare ex.aiined b ll. floribundus
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vas cbsent. Hetween VYecbo and wildern homesteans the lateritised
cxXtensions of the Wildara ultrabusic belts were traverscd

(lines . :aid B in Fige 1II-1), zné . {loribundus wos ohserved

in prefusfion.

Tn the Jildara are, where detailed goochemieal/ ee-
botunical studius were earried out (Geetion III), L. flori-
brindus vas ol'served only on ultrnbisies; in the eastoerr belt
over ond iround the wndn Yildars pgossan and over the laterit-
iscd western Luolt, cspeeially around the small copper prospect.

At the hersh+«il Pocl arca, some 10 wmiles furtaer

swth (Fi « ITII-1) H. floribundus was rccorded over laterit-

iscd and non-forruginous cerpentinitces., The plant vas used
here to rapidly map the scrpentiniscd ultrabasic units fron
mafic and ultr:aartefie units.

in the lNt. Clifford arca, il floribundus was re-
corded only over serpentinisced ultrabeusics @t the Mt. Newnnn,
'107' and '860' Prospects, Despite carcful and repeated
scarcihen, this shrub gpocice was net observed nywhere on or
neor the tlarriott Prospect. lovicver, some 000 feet further
west, a very few specimens were locnted in o vocky scerpentin-
iced peridotite ovtcrop with lateritlsed arcas nearby.

Reconnaissnnce trips woere mide to uiany other
Frospects and includud:~ The Pinnacles Prospeet 12 :iles south
of aygnevy; The Bannoclburn Goldminej; “The Doyle Well - Iit.
ouracre urcoy  2nd the vindara Prospeets north of Laverton.

Y. floribundus w.as nct observed at cny of thes: arcas,

(i) 1G80' Proswect.

The Jargest distributiern of H. floribundus in
the vicinity of Mt. Clifford w.s rccordud over the '880¢
Prospeet 2nd corc detsiled distribution stﬁdics vere inples
mented theru. The ctudy waes earricd out uaing the 100 foot
rrid system vhieh coverad an arca approxim: tely 4000 fect
by 7000 f¢ot as shown in Fig. IV-1, 179 (uiarats (each of

h 2 . .
107 ft.”) geutaincd one or mor. specimens of He floribundus.
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Fig. IV=1 The distribution of H. floribundus ssp. curvifolius Form A correlated with nickeliferous
soils over the ‘880" prospect, Kurrajong Region.



(See Plote 1V=1, =2). The density distribution ¢f thie sueeius
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i eX ulined by histogzrows and cuiulative froguiney diaprans
Ciilisway; 1947)s It wus then intevinreotod thed o deusity of
> or sorv was wnoislows dand some 0% of the aucdrate beuaring

de Lloribuvnaus werc thereby desighnited anom-lous quadrats.

i
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“cp of the quadrats vith this shrub contaizncd only once or two
speciiiens nd grodunlly exhibitod o dispersive pottern uround

the noniuloue arvitiia. The distributicn of . floribundus over

00y = . ¥ . e . v . . .
the *OHC' Prospeet is shova in Pig. IV-1 together *:ith the high

iso~corncuutrioticn contours of nick<l in the scil. It c..n be

scon thet the distritution of (1. floribundus corr: sponds vithe

the surpestine sciles cent .ining tiere than 870 ppn aickel.
f'wtrr.l disnersion of this shrub is observed onto the ndjacont
suils with lovier but still cnomilous niekeld luvels, ‘he soil
dot. wus obt.ined during o region:l survey orn nerthesouth lincs
gpaced £00 foot apart. The s geobotinic d anownly at
nhout &CO N:  TOCE spncars te be sprrious, iu vicw of the low
niclel levels in so0ils ws indic-ted in Fig. IV -1, ilovever,
't thisg peint o osmall outeres of scerpentiniscd peridotite
protrudes above the ltiritiec serce eover, ond the seils
Joc:lly contidin vy te FCO ppr nickoel, The lorge exponces of
low nicli¢l surface scils in this arco sre eorrclated with
loteritised are . in the uworth nd siliceous scree in the south,
nverlyin: oactobasc:lte.

The ahsence of . floribundus over linrriott
Prosjcet reovirce -ar expl:onnticn. acecordiaply, the soil jeo-
chemistry vis corprred with other arce vwhere the shrub flour-
iched. Conuidering these latter arens first, it was apparcnt
that coprar, zine, ~nd cob.lt v:lues rer- unifdrely low and less
then 75 prma iickel vilueo (tet.l estiuatce by TF/NNOZ or
HCLOW/HI03 difcstion) tyricelly averuges 730 to 850 ppm end
citromivr voluce oftun rveraged tore thrn 1000 ppm. * liwud nose
snd iron eontonte wverce above *nora:l' levels ot BCO to 500 ppm
snd .0 to 7.0 resuegtively, These vilues together with the

rclotively dow pH, for this ruiion, of 6.0 to C.8, werc
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indicotive of & latortitic cnviromment. The Murriott Proepuet
1

gontrast 4 a8k

!

ith el lotier chrondun vilues, sirnifiernte
Iy lower iron, nieked 2nd wiolrsness lewddd aid o bipgher Y
A

bawienlly ehove 7.0,

(ii) Flow.r Survey.

There vre sever ) revorts of v riatiou ixn

floter ccorplelory Luiae correl.tud nith i wineralisca avbstrat

o

(Braileveboeyn 2o Sibircewvn, 195C; Lalyugs et o, 19593
Shaecklette, 1204), It sucied r.lev. nt thovefere to ex.aine

v

thy¢ flower worvholopy of e Fflevibuadus vith tue cim of det.or-

pining whether visvaldl edewinadion weuvla @dlow the observer to
prediet any svhstrate condition.

Piftyoiue 1lowering plonts vere soopled in the
Barcshall iool aren aad over the '00CY irospucte. Lo £ o#nd
2ail @ oEples vers colloetsd with floviers, wnd smnlysed fer
wickul, copper, cohslt, chromiunm, zine, uangancse akd iren.
Flover norphclogy wvac meacured vitt six sclected vurinbles,
28 listed belor:-

Varicblo. o al Ch ructer.

s

Te Sizc of violet-colovred cellar on lower petnl,

2 Colovr of lower etnl roaging fron blue to wliite.

e Irtenaity of sellow colour izn thro-t of lover poet:lde.
by, Deegres of kedling of lovwer pel=l.

. Colour «i wpper vet.ls ond nodicel,

e Overesl) Fler o1 colour rod; i from bilue to oi.it..

These varirbles vere er tegorised as large,
sedivna, snanll, ete, The cost eonspicuous feature of the

{lcver is the prossly onlerged lower »ot.udl whiech is wniformly
et twice no lonpy B the roat of the flower. Gee Plabe IV
=5, =L The raw Qb conpriving annlytiendl »nd norvhologic 1
1

dntl uere oaclyecd initiclly by computey thich culcul.ted 2ll
nossible varmnctrie correl. tion co-efficiuvnts,. The cvprrontly

sirnificant correl-tione veruv dse exanined by groins.
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Several nosribly o nificont cevrelaticng uvere

obs ¢ od hetween soil netal vl . Tlower worpholopy s
batel ded 2m Wwkia TV -, e cver L) colovr of the flover
sy oms expectordy strecaly correl fed vith tiw oeolovr of the

lover petal ~nd the colour ef the upper pet:ls nd poedicel.

The ypedicel wie well Jcfired in . fleribundug by .o vwiir of

cn@idenons Hhraets ¢ fhe juscetdes edthe tho gpadunelic .

Tae Wlue celour. ticen (Duyer, 12%G) of the
flover bec une Lore provounced o the 0il nickel content ine
crvasad, Mhis relationehig is shown in Fig. IV =2, ..nd it
con be stotued that gpeciucus of Lo floribundus growii, in enils
vith more thon 700 ppn rniclael visn. 115 e ve blue flowers.

It wo reslizod that ngeing of the flowers
fight result ia blonching i thoe wigments and that colour v.r-
i tions r.irht not be relted Lo substr.te or penotype voariation.
recordinrly the survey was undertalen in winter (June) .t the
beginning of the fleweriny cewson, to ainimise these «rrors.

Lo further saopliopg roedia fer this techuiere vould boe the wature
seoed o8 its morphology could Le exneeted te b: relatively in-
vi.rinblec. Yerhaps it is no rore thun coiancidence Tt blue
flovers secn to He the rule for seversl accunulitoer plants

includin: Hecium Lomblei, Dicomi: niccolifern, Barleria aronat-

ica and Ilyboanthus fleoribundus.

C. BICGECCII . ISIRY.,

liore thon 200 specinens of e floribundus, with

the resvei toed eubstrate vere collected ir the Lurr.jeng egien
for e¢henic:l nnalyses. bnission spectrography von cwrloyed
te scon (2500 to £000 A) sever .l leaf cnd nvbstrate s.mples of

de Tloribundus.

In ~dditici to the elements wentiencd  in bhe
introduection, clrentiw,, thillivm, Iithiuve aod ribidivm, werc
ohiserved (Brooks, pors. come) in the leaf ocrwples but not in

the pubstrnte. 1o atteupt w.o nade to ncasurce thesce clencuts
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Fig. IV—2 Relationship of H. floribundus flower color with soil nickel level.



TABLE IV -1.

Significant correlation couefficients ¥or soil-flowor morphology

relationships. Values grnater than £ 0.40 are significant at
the 0.1% lovel.
w_____Sg_il____ﬂnalvgpa
oo |eme Ni_| Cu Co Cr 1 Zn M: Fe
L |
o 2 | ~.46] .21 | -.21 1 |_-.29
)= Jo A2 I LT 0 =
o | 3 1 =350 1| .20 ] .26
39 _ 4 L ud _ 035 042 | -2 1_.34
= S | -.47 =228 | =428 | | =.45
[ — —— e ————
6 ] -.42] | | I | -.28
TABLE IV -2,

e e =

Elemental concentrations in the ash of accumulator plants com=-
pared with values for cobalt and nickel in Hybanthus floribundus.

ilormal
contont Max.value
Element Species pe recorded Reference
(epm) 40 " (o om)
n‘ants
Cobalt Crotalaria
cobalticola 9 168,000 Duvigneaud (1959)
Hybanthus
floribundus, g 4,000
Copper Becium homolei 183 5,200% Reilly (1967)
Manganese  fucus vesiculosus 4815 90,000 Malyuga (1964)
Nickel Alyssum bertolonii 65 100,000 Minguzzi and
Vergnano (1948)
Hybanthus
floribundus 65 230,000
Selenium Astragalus
pattersoni 1 46,000 Cannon (1960b)
Uranium Uncinia
leptostachya 1 25,000 Whitehead (1970)
Zinc Thlaspi_calaminare 1400 10,000 Dorn (1937)

- —

“Eotimated from dry~-weight data.
b
Cannon (1Y960a).
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quantitatively. The analytici:l data obtuained by atonic
shserption spectroyhotometry, are reported tin Tuble IV =2.
Data for 'normal' vegetation (Dreoks, 1972; Bowen, 1966) arc

inclvded for comparative purposes.

(i) The LHerpentine Environment.

It is clear from the data in Table IV-2 and

from the preccding sections thit . floribundus has a preference

for scrpentine sails which are here defined as residual
(skeletal) soils overlying ultrabasic or even ultramafic rocks
which are fresh or have been altered by serpcntinisation,
lateritisation or steutiseotion, Serpentine soils have been
extenscively studied during the last century because of the
preneral infertility of these arens. The soils usually dis-
play at least one of the feollowing echemieal characteristics: -
high magnesium and low ezlecium contents; high "toxic" concen-
trations of heavy metals sueh as nickel, chromium and cobalt;
defieiency of essentiul nutrients sueh as nitrogen, phosphorus
and potmssium. Table IV~2 shovie the average compositien of
the scrpentine s0il and rocks vhich constituted the substrate
of the Hyb.unthus plants considéred here.

The data shown in WTable IV-2 are similar to
available fifures compiled from aren:s of similar climste.
The most obvious discrepaney botween rock and soil v.lucs is
the loss of some 9%% of the mapnesium and 15% of the culcium
guring the weathcring of rock to soil. Significant losses
ure 9lso shown by nickel uand chremium (cbout 66%). Trescates
(1969) studicd cerpentine soils in Mew Caledonia and found
that whercae rocks eontrincd 44% MgC the soilc eontained less
than 1% w«nd Ca0 v:ilues were alco very low. LGimilar results
in this arca were also obtaincd by Birrell & Yright (1945).

Mo&t rcsearch on the serpentine problem bas
boeen carricd out in agrieultursl eountrice vwith a correspond-
inpgly more tewperate climate than Western Australia. In

these arcas of higher raingall, the napncesium content of



TABLE IV -3,

Mean Elemental Concentrations in Hybanthus floribundus and its substrats.

general*
(ash weight)

(217 samples)

Sample Elemental concentrations axpressed in ppm dry weight
Doscription Ni Cuf Co| Cr Zn | Mn Fe Ca Mg

Rock 3,000| 50f100(3,000 70| 7o00|70,000( 6,000|200,000
Soil (-80 mesh) 1,000| 50| 40(1,000 50 500| 70,000 5,000, 10,000
Fresh leaves 2,500 3| 10 2 15 50 180y 2,500| 2,100
Dried leaves 5,000 5| 20 3 30| 100 370, 3,920 3,320
Ashed leaves 96,000( 100| 400 60| 600|2,800| 7,500/ 98,000| 83,000
Vegetation in 65/ 180 9 9|1,400(4,800| 6,700(281,250| 50,000

*Aftor Brooks (1972) and Bowen (1966).

TABLE IV -4

Comparative data for elemental concentrations in three nickel accumu-
lating plants (number of samples in parenthesis).

Elemental concentrations oxpressed as % ash
Nickel Calcium Magnesium
Moan| Range Mean Range fMean| Range Reference
Alyssum
bertolonii 5¢5/248-1060|17¢1]|14.3-18,7| 641|543-6,5|Minguzzi &
(6) Vergnano (1948)
Hybanthus
floribundus | 9.6[3.1=25.,0| 9.,8| 6.5~18,0| B¢3|2¢3<14.1| This paper
(217)
Pimelea
suteri 0.6|062-1e3 | 5.0 3.0- 9.2[15.7|9.5-23.2 Lyon (1969)
20)
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serpentine soils is uavally five to ten times hipgher thin in

troyic 1 soile. For cx.unple, wildkor (1954) reported o minimum
of 13% nrnesiw in Cxliferni.cu serpentine soils, In New

Zuclind, scils from Dun Mount.in (type locality for dunite)
wveragocd B magnesiu and 0.2% c.lcium. Iyon (19€9) wshowed
tht dilutc acetic mcid cxtracted 7% and 5% of calciuw and
merpcsiug frou these sceils respectively. Siilerly, Timper-
ley (1971) reportid thiot soils overlying scrpuntiniscd
pyroxcnites averaged 4,7% magnesium and 5.9% culcium {ron which
114 hydrochloric ncid extracted 2.4% .nd Q.3% of thesc two
vlements respectively. These data, from arcns of high rain-
fnll, are similar to these ohtudined in the Unitcd States :nd
Great Britain.

The bove dat~ obtainea from a semi-desert
«nvironment (Table IV-2) indicatc that the scerpentine soil does
not display a pearticularly unfaveurible calcium-magnesium
irbulance. In frict %alker, (1954) sugpested that if the soil
Ce/lg ratio is such as to allow 2 Ca/Mg ratio in the fant of
more than 0.2, then nc adverse e¢ffocts would be obsarved.

Several worters (kobinson ¢t (1, 1935; Soanc
& Suvnder, 19593 Kotil..incn, 194b4; liitchoell, 1945) have
ascribed the infertility of scrpentine seils to heavy-metal
(chromium, cobalt aznd nickel) texicity rather than to a caleium-
mapnesium imbalance. The West Australian serpentine soils do
¢xhibit pronounced differcnces to ndjocent soils, particularly
with respect to their nickel and chromium contents.

In an Aattenpt to measure the plant-aveilablc
amoMnts of nickel in these serpentine soils, extrictions were
made with sever~l solvents from representative samples averng-
ing 400 ppm nickel. liydrochloric zcid (1) releascd 45 ppm
(about 5%), &2eHp zcctic zcid pgave 20 ppm and distilled watcer
cxtracted 10 ppme  Uiclsen (1972) sheowed that 1M hydrochloric
ncid solubilised % of the nickel (1200 ppm) from a lateriscd
serpentine s0il slso in Vestern Australin, In lhiew Zenland,

Lyon (1969) showed thit acetic acid extracted S.4% of the
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sail, Accordingly J. floribuni: s is sn :ccunulatir of nickel
onl- .
pueh @ definition is cntirddy arbitrary but v.s.

adoept: o in view of the fuact th: bt no suit- bl wcethod exists to
e cenre the plont-avadil ble nek, 1 cont: nt of seils.

v

Up te 299 nickel ~no CJh, coh It in leaf «sh

hrve heen obtoined in ji. {loriburdus. However, thoe aversg:
concentrations respectively are chovt 10% and 0,04%, The

distributions of unickecl leuvels in leol, ctenn and veod are
positively skewed ond wpprosch log nerm dity. The leof niekel
values usu-.lly lic within the roupe of 4 to 16,

Tt is cvident (Peble IV-3) th.it the nickel

content of H. floriburdus is about v thous.nd times grootor

than in "norm:1l" plants, and this is shown us i« bur diugran
in Fig. TV-3. In fuct the niclicl concentrations obs:;ved in
the lef ash of il. floribundus represent the highest vilueco
rccorded for any 'trace metal' in land plents (Severnce nd
Zrooks, 1972) .nd Table IV-3 conpares the maxinum  clinental
corncentr. tions cof some othur cccumulator plants with those of

H., floribundus.

The chromiuwa concentrutions in this plant are
lov ..nd hence difficult to andyce rcliably (by =tomiec abscerp-
tion) sud will not Ye considered further.

The cepper, zinc, manganese #nd iron concent-

rections in e floribuncus are comparable to "normal" lcevels.

The cilciuvm ind mignesium deto were worthy of comacnt .und in

Tzblc IV-U4 . _floribundus is compervd with two other nickel

nccumuliating shrubs from Lt.ly and Few Zenland. The caleciuvm
(Cu)/magnesiun (Mg) balance in scrpentine soils is often
concidercd to be a prime foctor in crenting serpentine endcinie
plunts, «nd such plants may exhibit on vnusually low Ci/llg
r~tio. In Table IV-95 are listod sever:d familics of plants
includiny those with « high vroportion of serpcecutine specics.
It is scen that theee 'soerpentine-tolerant fimilies' have low

Ca/lig ratios in the ranpe 1.6 to 2.7. Conpar-ble drntn for
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the Violuceod wer. not zvail ble, wpnrt frem Viol: c: .l riinaria

(J.nsch, 1804) which is @ zinc icecumulnter, However, the
Violuceue and Cruciferac fomilies oxhivit hiel Cofig rtics
(coie bo€ ind €.1) whilst their niekel-nccumunl.iting surpentine
representotives have low Co/lig ratioe viz. 1.1 #nd 2.2,

Althourh the Ca/iip r-tios in these nickel-
wccumrl. ting species ud in etler scrpentine cudemies (Lyon,
1¢69) is low, it is .pparent frem plant/scil r.tios for c¢:lcium
and mopnesiwe thot thesce plants either rol-tively cecurulete
cileium or cxeclude magresiunm, For . floribundus :@t least,
it is clear th:t on en sbsolute husis (Twble IV-3) magncsiunm
is partinlly excluded mith :n average concentration (dry-
weight) that is only 33% of that in the soil.

The c:Jeium eentent of scrpentine floros is
oftcen low but the c.lcium requircnent of many highcer plants
h.s been overstated for iinny yeors (Jones nd Lund, 19€7).
Despite thue longwvity of the cleciun-peetste tbeory, cartanin
difficultics ramuin, ceog. the extrercly low (50 ppm dry~wcight)
c:lcium content of geme hWeolthy ticsues. It is thcerefore
suppested that 1. floribundue :nd Alyssum have. ndapted to the
cerpentine cnviromaent by rustricting maignesium  uptrke and

thug off-sctting the low enleiumw levels in the soil.

(iii) Corrclrticn an:lysis.

The Pearson produet ioment corrclation co-
«fficicnt (r) wis used to rapidly scroun the wnzlytical data.
L nurher of significunt correlaticns were obt-ined nind are
liet.d in T-ble IV-6. It w:.s obscrved th. t nickcel w.s corr-
¢l:ted with & other elements ineluding cobtlt in the leaf, 2
in the stem 2nd one in the wood. The rcnerksble featuvre of
T ble IV-C v the sigrifiennt nickel-cileiwn negative
correlatien which < lone persisted in 211l three tissues, viz.
l¢ f, photosynthetic stem ond vood. Tlowers were uot —nalysed
frr calcium but nickel did corrcl to with nanpianese and cobnlt.

Coneidering tl¢ plunt-soil systems it was



TASLE IV -5,

Calcium/magnesium ratios in the acrial parts of some plant families.
Excopt where ot herwise stated, all data are from non-secrpentino
substrates (after Krauso, 1958).

Elemental contont(p~n dry wrigni)

_Family or species Calcium  Mzanesium Ca/la
Chenopodiaceae 10,700 6,800 1,57
Lycopodiase 2,200 1,400 1.57
Caryophyllacrae S 11,100 6,800 1.63
Ascomycetaceaes S . 2,000 1,100 1.81
Basidiomycotae 2,300 1,200 2,01
Polypodiaceas S| 6,500 3,100 2.09
Graminase S 3,800 1,700 2,25
Leguminosae S 4,300 1,700 2,50
Ericaceas S 3,800 1,400 2,69
Compositas 15,900 5,200 3.03
Cyperaceag 4,800 1,600 3.06
Polygonaceae 16,200 5,000 3.23
Lemnaceao 8,100 2,300 3,50
Violaceao" 13,000 2,800 4,64
Umbelliferae 23,100 4,400 5.20
Land plants in general+ 18,000 3,200 562
Cruciferas 16,000 2,600 6.15
Alyssum bertolonii®* 12,200 3,400 2.26
Hybanthus floribundus 3,920 3,320 1.18

S familios with a high proportion of serpentine plants
* data based only on Viola calaminaria (J1=nsch 1898)
++ data from Minguzzi and Vergnano (1948)

+ data from Bowen (1966).
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apparent thet nickel in any tiscue of E. floribundus was not
correlnted with scil or roeck nickel values. This rusult
implicd thiat the shrub h.d 1little poterticl for biovgeoechenmical
prospecting. The appropriate priphs secmed to eoufirm the

bhove inforencce.

(iv) Biogcoehcemie:l Traverse.

Hevertheless it vw5 decided to cheek tie theory
in th. ficld. Henew, this shrub war sampled nlong two traver-
g8 over the Wildura ultrabasics (A and B in Fig, III-1) and
the results fer line a4 arce Bhown in Fig. IV-h, This profile
dicgram showed th.t the biogpcechemical cnonmaly (more than 1%
nickel in dry lenf) correspondcd with ercck bed (perhaps a high
exchnungenble niekel »srea) and not with the seil peak of 1800

pPpr. All the cvidenec showed thot JI. floribundus had little

if sny application to biogeoehenjenl prospcctiﬁg.

D. PRCVISIOUALL BV.LUATICIH,.

Very vricfly it e.n bu statud thot Hyb.nthus

floribundus: -

(i) alswumul-tcs niekel

(ii) is rustrietud to luteritised ultrobnsie outerops
+nd in the ercelks draining these oreas.

(ii{) has little applieation in biogu.oehumiesl prosp-

ecting.

The acevrulation of nickel by this shrub suggests
th::t niekcl is prcficinl. if not c¢sscntial for it. Therefore
this shrub his a preferenee, if not n nceessity, for a niekel-
ifcrous cubstrite, whieh is, in peologienl terms, on ultribasie
lithology. The cffcet of luterisition ic twofold. It '
iner:as.d the substrate niekel eoncentrstion by supcergcne
cnrichncent and by lowering the soil pll it inervased the 'nivaile

1bility' of this nickcl to H, floribundus,
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Fig. IV—4 Biogeochemical/geochemical traverse at Wildara using H. floribundus.



TABLE 1V -6,

Significant correlations between pairs of elements (A and B) among
organs of Hybanthus floribundus and for plant-soil relationships
(number of data pairs are parenthesised).

A B Sig. A. B Sig A B Sig
Loaf X Leaf (56) Wood X wood (51) Leaf X soil (40)
Ni Cu — Ni Ca - Ni Cr -
Ni Co +* Co Cr +* Zn Ni -k
Ni Cr -k Leaf x wood (39) Co Co +*
Ni Fe — Ni  Ni e Zn Co —
Ni Ca — Cr Wi =R Cr Zn Sl
Cu Mg -* Cr Gr 43R s CL 4R
Cu Fo R Leaf X stem (46) Zn Cr —
Cu Zn LR M MR e Stem X soil (57)
Cu Cr +# Ca Ca o Cu Ni +#
Co in 4N g lig X i Co Cu 4##
Cr f'lg B Ni MNi +* Cr Co +#
Cr Fe i Co Co ek Cr Zn 4R
Stem X stem (74) Cr Cr N A Cr Cr +*
Ni Co +# Zn in 4N Zn Cr -
Ni Ca o Stem X wood (42) Wood X soil (39)
Cu Fe R Ni Ni AR Ni Zn -
Cu Zn +¥* Cu Cu +* Ni Cr = *#
Co Mn 4R Co Co 4+ Co Cu R el
Flower X leaf (51) <Cr Cr N Cr Zn e
Ni Mn 43R Zn Zn S

Cu Cu A Ca Ca 43R

Zn Zn AR Flower X flower (51)

fIn Mn RN Ni fn kil

Fe Cr 4R Ni Co AR

Co Mn 4% Co Mn 4+

+ positive correlation

- negative correlation

* gignificant at 5% level
## gignificant at 1% level
### gignificant at 0.,1% level



The welue of this shrub in the Kurr: jonur Region
would soem to be as areobotinic .l indicator cither for the
rreund prospuector or for the romnety ceonsing s discussad in
weetion V1 Even in this field, the spplicotion wight scen
linited ¢ the plont prefoers skelotad seils hoere the budrock
ig wouw 11y well-exposed. jowevir, te he able to delincata
vltr:-besic areas, on ~erinl photes Ly vusing this shrub would
be ¢ groat sdvent o to cxpleration porsonnel., F'or the ground
prospector, the cbsorvatien of M. fleribundus in  drpsanEe
tr cts, saactires scvers 1l riilee boelovr the source .arciy, would

a«lso he very uscful, Thig ev duntion of U, floribundus

cnceur-g:ed the gocond st.ge of the inviostigntions vhiech wvis to

evolu: Le this shrub in other westorn hustrolisn nickel=Ticlds.



A BYALUATICH BY RWCOIN- 105, CE GuGhOTANY .

fire IHTRCUDUCTICON,

The only reference to the distribution of H.

floribunduvs in Lestoern sustrali. is the work of Bernuett (1969)

vhich contiins distributicen mps fer the throo subspeeics, viz,

sap. fleribundus, sep. curvifolius nd ssp. dpressus. Her

meps ond acto iled loetien notis indicated thtt once or nore of
these subspoecivs viould be found in the Kolpoorlie-Kambo lda
aren, the Norsomon “und Raivensthorpe loe.lities :nd ne r South-
orn Cross, It v.s deecided thercfore te undert:ke « reconnni-
ssanc. survey comiweneirne ..t Leoncra .nd travelling scovth
throuph K lgoorlic to Espoir:nee, then e¢:slvards tc Revenstloppe
:nd beek to Kilpgeorliv via Scuthern Cross. 'The main roade
which vere usea nre shown in Fip. I-1, including the leoealitices
vigit:d. The co-operition of sever:l mining eomp:nics wis
sought nnd resulted in guided teurs over the following, niekel
prospects or mines: - Scotin-Carr Beyd (Great Boulder iiincs)
sone 30 miles north of Kolpoorlic; Widgicmoeltha-3 (inceonda)
nd Sparpoville (austr-li-n Geleetien) whieh are some 15 nmiles
west nd south-wert of the K.mb 1lds: nieckel mines. Several
.ii.C. nickel prospeets were oxamined south of Kruib:ilda s far

#8 Republic:n Hill.

B. GLOBOTANY.

at the Ueotia awd Carr-Boyd nickel mines He

floribundus w5 not loc-ted cven though ultrabasies outercpped

‘long; o pentle rise. The c.ilenrcous substrit.e was cvidone cd

by the loc 1l domin.anee. of thi: she-ork (Cosunriie obesn).

nt K.wbald. however, i. floribundus ssp.

cuvrvifelius Forin B (blate IV=-4) w.s fovnd in the localitices

listcd by Elkingtorn (19€9) rnd on ultr-bnsie outerops ncn

possens on the enstern, northern ond western fl..nks of the
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dom: 1l strvcturdc. The sppue.rince of this vi.ricty is prectly
difterent frem the Kurr jeng kegion sy.cimens ond, .ftor ccn-
sultntion with Benncett (k... Merb riwa), it vioo duecided to

refoer te this v .ricty or cceotype & FForw B, .md to the northoern
variety s Foram A Swe Fl.ote IV-3, =l SGouth of Looke Lofrey,

=t

m

this shruvb w & found Flcurishing over the uvltrabasic
Revubhlic i Hill but rewhere ¢lse in this -1k+=line vnwviroument.
In these wuc lypt veodl nds tvio shirub species, Trypalivm

myrtillus .nd lLeostringic rigida, & recordud by Elkington (19¢9)

displayed @n iffinity for ultr.b-sic terr~in, Chemicil
mlyces reve.ded nbeve backeround nickel ccncentrnticns but
not on 7 conprroble sc le te HMybanthus.

ie fleoribundus ssp. curvifolius Form B. wis

slse loceted over liateritiscd ultr.b:sics t Blackbeourne linc,
somc 4 miles south of Houthern Crose ~nd ot Sperpoville, At
Widpicrioolthni=3 this shrub flourished cver stcep Nill of wminer-
»liscd scrpentinite (0450 nickel) whieh wis quite free of
lwterite. The constieucus blue flowers implied merc than 7200
prm nickel in the seil which wis certsinly the cisc. The

s lyticsl detin 2re presented in Thble IV-7.

In the Rovensthorpe district H. floritundus sspe

~dyrescus was locnted on ultrrm.fie outcrops n few niles erst
nd south of Rrvensthorpe nnd thoe leg: ¢y of loterisstion w.s
cgin evident,

On the Rrvenstherpe-Loke King road, H. flori-

tvndus ssp. floribundus wies observed in loteritie scroc ond

i iny o further 10 miles north, cn the very rengh tr.ck which
trends tow rds Southern Cross, .8t of the robbit-proof fenccee.

il. floribundus ssp. fleribundus waes 7lego sampled on sandplaoin

soils, cvist of Houthern Croses, mnd on 1 teritce .t P rkerville,
I'rth, in the Dorling Ruanges.

A rother unusu:l specics oflgybmnthus, H.
cpacroides 83y, bilobug vi..s ermpled .t Sendden (Fip. ¥-1) on

lorched quartz s:nds. Severnl other Hyb .nthus specics have

buer recorded in Ucstcern Austr.lin (Bennett, 1969) but tinmc



LOCATION

VARIETY

Ni Cu Lo L ) r
. H. floribundus
IiEes =l ?§2§ « | ssp.curvifolius | 7025|3.4| 63|1.7 38| 170[243|| soo| 40| 70| sa0| so| 4s0 6.1‘5.51
Form A
]
880 PrOS?EEE " " 3100| 4.3| 26(4.3| 37|122{446|| 900| 50{ 90|2000{100| 600|7.4|6.5
H.floribundus
Kambalda ( 3) ssp.curvifolius
Form B 3000| 8 7| 3.5| 30|215|230|| 9o00|100| - | 700| 70| sso|6.5|7.0
Southern Cross (6)' " 4510{4 |129|1.5| 45|174|190]f 1400| 40| 250|2700| 60|1400(7.1|6.5
Widgiemooltha (4)" " 6010f2.7| 23|1.1| 28|110|182|| 2000| - | - . = =) albe
Spargoville (4) " " 740| 6 7|4 44|175|230)| 970|170 85|1070(290|290 |7.8|6:5
Ravensthorpe (12) | H.floribundus | o0ly ol 5115.113.6|230|622|| 134| 37| 35| 240 40| 240[3.9] -
SSpe.adpressus
L.King-Southern H.floribundus
Cross (4) ssp.floribundus 263]3.,1|170y1.2| 38]|278(|205 50] 17 15| 87| 15 83(3.0| -
EEEL of.- BenkCE " " 10205 |sso|1.2| 33|160|230|| so| 1s| 20| 70| 10| e0[2.1]| -
Cross (2)
Parkerville Perth i W 8ls - |1.2| 65l110/190 _ _ _ _ _ o _
(1)
Scadden (3) | H.epacroides
ssp.bilobus 200] 4.6] 62]|2.1| 21| 85| 730 100 s| s| 1o0f 10|/ 20/0.3] -
Adelaide, South |\ ¢) ribundus | 110{4 [100] - | 65| - | - 0| 30| - st -f 2 =
Australia (4)




prevented their exoninotion,

Co  BLOGEOCHEN TSTRY .

A1l the siybonrthus veriotics whieh were colleetuod
during this mstudy were nelysced for niekcel nd cther nictle
“lorg; vith thodir substr tes »nd the d .t ore recorded in U-ble
IvV-7. Uty for Louth hustr-lis spceinens "ro 1so ineludid.

It is elurr that the v.ri_ tics H. floribundus

cop. curvifolius (Forms & »nd B) ::nd ssp. (dpregsuc ~1l1 h.ve
the e:picity te iccecunmvli t¢ more then CG.1% nickel (D.W.) whieh
is cquiv lert to more than 2% o .%. (:.8h weipht). Although the

niclel concentr tiecnus in i, flcoribundus sspe, nd M. epagrcid =

sspe bhilobus arc gencer 1ly lcewor, the rel tive necumul .tien
(ceneentr tion in leof/scil) e.n exceed A vilve of 20 in 11
cf the viorietics liste in 0 ble IVe7, .xecpting the pPurkcerville
oomple. The seeunvlation of ecbs1lt is .\lsc noteworthy :nd
right hove been oxpexted in view of the elosc . ssociittion of
rickel -.nd caob.ilt ir ecoecchenic J cystens. Coppur, zinc -nd
ehroniium concentraticns in Lyb athus werc vniferaly low,
lievy neee, nd iron levels were compar:bla te the norm:l vecro-
t tien @ exiwined in previcus scetions, slthough cop. adpressus
vxhivit ¢ some very high (2000 ppes) iron ecncentrations.

The LHerdaen samples of sspe bilobus, whieh vere
¢hi ined from = lerchoed rothor acid substrote, nuncped te rotnin
norz:l iron levils but other mct:l eoneentr-tions (zinc, m nson-

cze) were cipnificrntly lever t'un in the other voricti s.

He fleribundus s miples wero obtiined from the
rdllisdde Hills (Pleel Hi1l) in Seuth suetridin, The substr-t.

v .o Uppure treterozoic (deliid:.n) sindstenes vhieh oppenred

to hove very low booo ret d covecntrations. Specimens of thio
& ~civs were ~lgo obt drnea frer Lorr cknaberl ind lildura, in
Victori~, but niclkul concentr:tions were relatively low and

rnged from 17C tc 15 ppn (D.W.).
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h DTLCLALT0H,

The reconl sz cce survey i1l raeebh Wiy

roprerent el lisiao ay ex sdn tien of the gonus Mybkopthus in

b Tl AT DR Nl AR o 8 Frow i pechot nie l view point, it w6

vheeur: ping £ wheserve tic t throe vorictivs of Hybsnthuo E.

Florivuncus scpe curvifolius Port aey He fleribundrs ssp.

- . — e

curvifolius Fora 2. nd e flcribundvs sspe  Apro&sus vorc
confined te nickeliforasun ultr wo.fic or ultr.b. sic substr:otas.
The etihwer verictivs of Hybinthus sppesr to be of loss import-
ance ot this stiga.
The flewer enlenur in the three "soerpentine
endenic” varictics doves appenr to be o useful guide to soil
nickel levels; znd often the speeimens groving in the cereek
scdinent with lower nrickel viluves (lese thoa: 260 ,ppia) exhibit--
cd white fleoucers,.
Ceneornitg the biogeochenistry ¢f Lhe ligbonthue
~eaus it hee olreoady beoen showan th ot thesce shrubs b oove little |
or ne applicition in bhiogeocheniienl prospocting., lomCvan,
the opucimens with nere than 3000 ppu nickel (Dale) bilengs to

the M"gerpentine endewic" specics vize 1. floribundus ssp.

cirvifolius (Forms .. nd B) -nd . floribundus ssp. rdpressuc.
Thus «© chueniel ficld=t.st for sprcinons vith more then 0.3
nickcel night be uvzefml in loc-ting serpentinite rreac,

It iz intercsting te note th .t the nickel
concuentratiens in Hyb nthve decrersc, in A pelcrnl vanner to-
iords the “igher r.inf: 1l ~r.:..6 in thc south, néd in tho noxt
sccticen the biogpecchuriienl nickel concentranticons are considered

in on ecophysiclogicl context.
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ki, THiE FPUTLRE RCLE FCR BYL .0THL s I NIDER.L BXPLOK.TICH,
.. 1A TRGCDLCTICH,

B e

The. fellowing discussion is concerned tith
outlining the poscivle reloe th ot Lyb.nthus wey pley in the
richel gseirch "in Festoern <vstr:lisg sand poessibly in the other
Lhtotus,

1t hns hecen estnbliszhes th.t certidin v.o.rictics
of I yb nthus pgrov only en nickilifuercvs rubstr.tes, specifie-

1lly the houst roechs for nickel croe=bodias,. ™ec¢ distributicn

¢f thuse varisties viz. . fleritundus ssp. curvifolius (Forms

i »nd B) ~nd . floribundus s5p. ~dpresous, ¢speeintlly the

former twe, cccupy remote w.nd nrid regions. It cion be oxpect-
od thut not .11 the populations of these specics hive wvet bueen
Jocteda Horcouver, in the crursc of this ctudy only o sm.ll
fr cticn of 11 the hnown loc-lities werce visitod. Geme 10
sp.cice of Hybauthus h ve buun recorded in sustrolirs, wach with
sever 1 osubspecles. o cver, cnly twe specics nd sonme of
their subspecies hoeve been ox ninoed, coven 1n o cursory minner,
umdng g vaboetinic..l mpproesch. In other worde the potentind
of the Hyb nthus ;- nus in miner 1 exploration is lorrely un-

t.sted.

B. TL ICLOGY .

The throee mere impert nt vorictics of liybrnthus

exmined to dete ore . fleribundus ssp. curvifolius (Forus A
rnd B) ind L. floribuaidus ssp. _dpressus.

Typic 1 ospecinuns of these varieties arc shown
in the frontispicee, by line drowing. e  voricties sspe
.dpressus .nd sspe curvifelius Ferw B werc clissified by
Bennett (1999) nd are . poroprirt.ly ammed s they respectively
cxhibit cdpressced nd cnrvcd‘lchus.

Iie floribundus ssp. curvifolius Formn A. wns
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discovervd by the writer in 170, 'nd Bennctt (pers. conm.)

erngidered th t thie woricty fron the Kurr.jong Regicn w.s

The Iine drwvings in the froutispices ghow
tht there is censidorible difference, even in le f norpheolegy,
b:tween these twe vorictics. The precent-writer considers
th.t thws: ore distinct ceotypes, with sepur-.t. distributicas
~t lenst 260 piles uport.

It is therefore proposed thet the proecedent
ek by wild (1971) with Diegme jiccolifcern be pdopteds Ii
this case Wilad exsrdned the serpentine {leors of Rhedesia
(iild, 1970) and noted thint . form of the widesprend specics,

Dicona schinzii wa:i ducst entirely confined to nickeliforceus

s.rypentine soils, .nd accunul-tea up to 2,120 jrpm nickel
’
(presuniably D.W.). Accordinply it is suggestod that L. flori-

bundus sspe curvifolius TForm A be clussified as Hybunthus

niccclifcra sne heve

C. RCLE OF LYB.MTHUS T DHi HICKEL Sw:iRCI.

The rele of Hybsnthug livs in its -bility te
dr w ottention to nickolifercus (surpentine) arcas wvhich
wight otherwise bhe o verlecokad,

A vast pocl of inforn tic: on the distributien
' the v.ricuc Lyh .nt‘r?i'._f:‘_ speciv i i lodged in the Stote herberin
rrd sone of this dats iz presentod in Bennett, (19G9).

It is inposaibl. to gowee the success thet
sicght result from o investip; tion of Hybouthus in Uestern
Austr..lic, The initi:l step vould be to fellov up the
known nickel-sccumul ting Iybsnthus specices te deterrine
vhether nny sihecimens hove been recorded (in horberium records)
frem proviously cverlocked crerse. |

L sccend but nore libour-dennnding stup would
be te cviiluate the mony other liyb nthus v.ricties to determine

whether they contoain any unusu.l utsl concentrations.
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BOTAITICAL TNDEX

Acantnaceae
Barleria aromatica Oberm.
B. Cole sp. nov.

Amaranthaceae

Celosia trigyna /illd. ex 'Wall,

Ptilotus exaltatus Nees

P. rotundifolia

P. obvatus (Geud) F. luell.

P. schwartzii (F. iuell.) Tate ex J.M. Black
Aporynaceae

Alyxia buxifolia R. Br.

Boraginaceae

Halgania cyanea Lindl.
. H. rigida S. MHoore

Caryophyllaceae

Silene cobalticola Duvigi. et Plancke

Casuarinaceae

Casuarina cristata Miq. x .obesa Miq.

-Chenopodiaceae

Arthrocnemum halocnemoides Nees forma
A. sp. nov,
Atriplex canescens Pursh,
A. numiularia Lindl.
A. vesicaria Benth.
Bassis articulata J. i{. Black
Chenopodiuir rihadinostachyuim
Hemichroa diandra R. Br.
Kochia pyrimidata Benth.
K. sedifolia F. Muell.
K. triptera Benth.
Rhagodia sp.
Compositae
Brachycome ciliocarpa W. V. Fitzg
Certipeda thespidioides F. Muell,
Cephalipterum drummondii A. Gray.
Cratystylis conocephela (F. Muell) S. Hoore.
C. subspinescens (F. Huell. exTate) S. Moore.

Dicoma macrocephala Wild.



Lequiinosae (cont.)
lvacia lineolata Benth.
de linoplivlla "l.Ve #itze,
e Inderi Saiden,
Ao @iff, werrallii ¥, Ldaell,
A oswaldii X, liaell

sie pacicoacia Jdaldean et Dlakely
Ao prainocarna Tiadoele

Ay rioaikinorgiaca F. oduell,

Hies SEIIRLOSEG . (ERGEH

A resinomnarginee LWV, Fitzy,
A. vesinosiéinuloa oV SiiZo,
Ao salicioa Liadl,

A. sclegrosperit: F, {luell,

4. sddirica’S. tHoore

i sowdenii :;’::iﬁ'ea',.

f. mtenopivlla d. Cuii.

i

1. Stowairdii liaide:;

t. susangulearis jeiden et Jdlakely
AL tetracononiirllas [, flvell,
A. victoriae Jontda,

Astragalns pattersoni A. 5.

A. preussi h. Tray.
Yossliacea walkeri Iy fiuell.,

s8ia airdenisioidns Uatid,

Q2

C. cardiosperna 7, iuell,

C. chatelainicina “oud,

C. afi., desolada F. lhell,

C. helmsii Jymon.

C. mani cula LYo,

C. nemoplhila A. Cuii, ox Vogel.

C. newmopnila var. piatydota {R. 9r.) Senih.
C. occidentalis Linn.

C. siinrtii R, B,

Chorizena aciculare (DC) C.hA. Garduer
Crotaleria cohalticola buvigin. et Plancke
Davicvsia s».

Sastirolobiui laytonii J. Yhiile

deptuiniag acsiplexicauiis Douiia.

Quobrychis viciifolia Scop.



Lequuinosac ((cnnt, )
Psoralen leucantha F.iluell,

Tolorothanrais helmsii (Feivell, State) Helville

Seshaaia aculeata Poir. Eiaciec.

Sz ingona,Canescuens Foiuell,
- r . . - o ] S
eupletonia erzna (7. Auell., ) Denth.

Liliacceae

Diainella revoliita RO,
olecg
Sida corirugyate Liindl,
S. aff. calyxhymenia J. Gay
ilvaispornacese

Leicharitia australia . DBr.

Jdyoporacesc

Fremnophila caerulea (S. iijoore) Diels.
E. claricei . tHluell,
F. dielsiana (iKraenzlin.) C.i. ‘lardn

£, cutéoni F. ffuell,

&5

cxilifolia e Jiucll,

S

cfif. exilifolio . Nuell,

. Araseri &g Huellk

!

=

granitica 5. idioore

5

£. interstans (5. iivore) niels.
£. ionantha Dicls.

latrobei F. iiuecll,

)

r. leucoplirlila 3enth.

E. longifolia F. ifuell.

E. macnilleniana C.A. Garcin.
E. oldfieldii var. augustifolia 5. J/ioore
. oppositifolie R. DBr.

L. pachyptiylla Dicls,

E. nantoni . iiuell,

. platycalyx F. liucll,

E. spathulata ’.V. Fitzg.

E. spectabilis‘ttﬂ. Gardn.
E. youngii ., Muell,

Dacckia crassifolia Lindl.
Calvtrix sp{

Chamelauciun ciliatum Desf.
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