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ABSTWIOT 

Several plant species toge t her r: ith their associated soils 

frora Spargoville, Western liustralia , v1ere analysed for cJ:,romi urn , 

copper , cobalt, manganese, nickel and zinc by a tonic absorption 

spectrophotori1etry. Particular refereme was given to nickel and 

copper to evnluate t:.10 usefulness of p lant anal ysis for b i ogeo­

c;woical prospecting . 

The nickel dontent in t he soils gave ple teaus of hi gh volut.s 

over ul trabasic r ock ~rpes vJ) )er eas the copper levels in tl~e soils 

gav e peaks over areas of oineralizat ion at ultrabasic contacts . 

Consideration of t he p lant data shor1ed t ::at each species nccw.1ul::itcd 

different araounts of Jche above elenents , and that they dis·~ributed 

th ese trace e lerc1ents :i.n differ ent v1ays be"b.'1een tbeir leaves ard 

t VJigs , or be Ja:10en tl1eir bark and wood. 

Re l ations'.iips be t-ween nickel and copper concentrations i n ·l; l1 c 

plants and i n tl-1e soils were evaluated by cor:iputing correlation 

c oefficients ; pronisin[ statistical results nere checked 

gra?l! ically . Tim nickel and c opper concentrations i n the be1rk of 

Euc alzytus lesouefii r.1os t accurate l y depic ted the concentrations 

of t;iese r..1etals in the soils . It v1as also found that the bar ks 

of Eucal_yptus lesouef ii, Eucnl;zptus 1;ongic~ and Eucalyptus 

torguata could be t 1.sed tog efaer f'nr prospecting purposes. In t he 

cases nhere the soil-pla nt relationshi p was e ither very good or 

very poor, i t seemed to make no differ ence \7he t her par ametric or 

non--paramet-ric correlation coeff icients n ere used. W'hen the 

r elationship 'Nas inter medi ate be-cr1een t hese ext remes , however , the 

non-par ametric s tatistic vms superior. 

A geobotanical study na s alsJ carried out tn determine ,·1hether 

the distr i butions '?f t he plant species was related to the ge ology. 

Dodonaea lobulata , P:i.ttosporum phillyraeoides and Tryri1aliwn 

ledifolium were found to gron onl y on ultrabasic rock types , and 

the outer, black lJnrk of E. l esouefii gr o,ling in miner alized groun:1 

was .)bserved t'J gr0w to a gi.•eater height on the trunk than 

occurred when t his species grev7 in non-mineralized soils . 

When discriminant analysis Wa s applied to p lant mapping data , 

the different rock types could be effectively discrir'inated using 
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the relative abundances of as few as one-third of the species 

present. These results nere markedly superior to t hose obtained 

v1hon discrit1.inant analysis was applied to some biogeochemiccJl 

data. 
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The pr0sen·~ lea.re l o::· civ i lization , allied 2. s it is to ever­

e . panding populations, ne cessitates the demand f or a continuous 

and adequate supp ly of r aw na terials.. This der:· , nd not only 

includes fossil and nucJ.ear fue ls to fulfill energy re0.u.irements, 

but also rretallic and non-:ne tallic e lements for use in the 

manufactu~e of ccns~~er goodso 

The r esult h.'.13 bee:".l a world-wide 11 b oom" in exploration for 

mineral resources since World-War I I . 

Prior to World-War I I, netalliferous ciepos 17,s we re discover­

ed by rela tively u..YJ. t r a ine d prospectors, guide d only by -what 

could be seen with the una i ded eye o The se surface depos its have 

long since been exploi ted 9 and more re cently the search has been 

under way for the big deposi t s to be found under t he various 

t ypes of blanketing soil cover or barren bedrock . 

The ngre a t leap-forward" in te chnolo6y during the last 

t hr ee de cades has l ed to the use of increasingly s ophisticated 

techniques for t he mapping of geological s tructures and for 

detecting ore deposi ts ut dept h . These Jnclude geophysical 

techniques such as r:iagnet.1 cs , ele ctro:nagnetics, induced polar­

ization and se lf :9 olar1zat.ion , as we ll as photogeological me thods 

such as ae r ial remote sensing. 

Conside r a t i on o.: th8 roe; 1:--sL-i::i..- _pl2.nJ; system has led to the 

use of geochec!!ical prospe cting as yet another tool in mineral 

exploration, The princ iples involved i n this ~ethod are as old 

as man's first use of rretals and can be considered using the 

concept of t he £E£Spe cti~g prism (Fortescue and Hornbrook, 1967). 
This 1s a th~ee di~ensiona l representation of t he different 

components of a landscape system which may be involved in geo­

chemical mineral exploration (Fig 0-1). Hence mine ralization at 

depth can theoretically be discovered by consideration of all the 

components of the pris!:1,- Le. rocl'.:s , soils, and vegetation. 

As defined by com:non usage, geochemical prospecting is the 

measurement of one or more chemical properties of a naturally­

occurring material (Hawkes and Webb, 1962)& The chemical property 

measured is most commonl y the trace content of some element or 

group of elements, while the naturaJly-occurring material is a 

component of the prospecting prism o The purpose of the 
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measurements is the discovery of abnormal chemical patterns, or 

geochemical anomalies, related to mineralization. 

The most widely use d ge ochemical prospecting technique has 
been the analysis of soil samples. This method relies on the 

principle that under suitable weathering and topographical cond­

i tions, the ore metal will be dispersed chemica lly or mechan~­

cally from the minerali zation a t depth into the overlying soil. 

In areas of good drainage where s oil samples may not be re adily 

available, sampling of stream sediments has been used success­

fully; in this method the assumption is made that the sediment 

represents a composite sample of the soil and unweathered rock 

in the area drained by the stream. 

Plant exploration 6eochemistry involves two fie lds of 

study. These are geobotan i cal prospecting and bi ogeochemical 

prospecting. Al though these two methods are different in scope 

and application, the principles underlying both are the same. 

The root systems of plants a ct as powerful sampling mechanisms, 

collecting aqueous solutions from a large volume of moist ground 

be low the surface. These solutions then serve as a source of 

inorganic salt s that may be deposi ted in the upper parts of the 

plant, or that may stimulate, inhibit or otherwise modify the 

growth habits of the plant. 

Geobotanical prospecting involvee a visual survey of the 

vegetation cover in order to determine whether the presence or 

absence of distinctive plant communities, individual species, or 

whether morphological changes i n the vegetation can be attributed 

to minera lization. 

The associated technique, biogeochemical prospecting, 

relies on the analysis of plants to obtain evidence of mineral­

ization at depth. This method may have the following advantages 

over the analysis of soil samples: 

(i) The amount of ground sample·' both vertically and horizon­

tally by a given plant represents a much larger area tha.~, that of 

a given soil sample. 

(ii) The depth of penetration of roots may permit the sampling 

of a deep horizon not accessible by surface soil sampling. 

This is particularly true where 11geochemical barriers", such as 
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siliceous hardpans , are found beneath the surface soil . 

(iii) Plant sampling e limi nate s t he possibility of interference 

from transported surface soils and permits prospecting in a r ~as 

where r esiduci,l soil 1s ei t her nonexistent or varied . 

(iv) Some pl ants have the ability to concentrate highe r l eve ls 

of certain elements in their ash than axists in the underlying 

soil . 

Where a significant relationship exists be tween plant 

distributions and mi ne r a l ization, geobot~nical prospe cting would 

be expected to be superior t o a ll other me t hods be cause no 

analytica l work is r equired, and maps of mineral ized ground may 

be drawn directly f rom observation of occurrences of plants . 

The use of biogeochemistry as a guide to mine r alization 

has n ot bee n as readily a ccepted as the more conventional geo­

chemical techniques such as soil or s tre am sediment sampling . 

This may seem surprising when it is remembe r ed t hat two- thirds of 

the world ' s land surface is covered with vegetation (Draeger and 

Lauer , 1967) . However , biogeochemistry is considerably more 

complex than soil geochemistry be cause it i nvolves a study of 

such factors as the particular plant species sampled, the 

particular part of t he plant sampled, the availability of 

elements in the soil , and plant nutrition . These facto r s have 

been discussed by Webb and Millman, 1951; Carlisle and Cleveland , 

1958; Shacklette , 1962; Fortescue and Hornbrook, 1967 . Finally 

a major disadvantage of plant geochemistry in 5ene ral 1s the 

need for skilled personnel , both in t he execution of the work 

and in the interpretatitni of the data . 

It is to be hoped howeve r, that in the field of mineral 

explora tion, the presence of vegetation will come to be regarded 

as an asset rather than ~s a hinderance . The distribution and 

the elemental content of plant species should be regarded as 

extra "tools II to be utilized in building up the complex picture 

necessary for the discovery of mineral deposits . 

The work described in this thesis was initiated to eval­

uate the usefulness of b iogeochemistry and ~obotany i n the 

search for nickel minera lization in Western Australia . It was 

carried out with the permission and assistance of Australian 
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Selection (Pty.) Limited on part cf their co~ce ss ion a rea at 

Spargoville 9 We stern Australia. The particular regi on of study 

was chosen be c a u ue it was knovm to contain nickel mineralization, 

and the ge ologica l 2 -'c :-:-l,c~ur::- ;,r::-. s k:>cor:"' . 

The aims of tb~s thesis ca~ be sum~a rized as follows: 

( .1) To carry ou".; i::cn or1.entation survey -~o discover whi ch, if 

a ny, of the p l a n",; species pre cent ,-:ere sui t ab l e for biogeochemical 

prospecting f or nicke l, 

( ii) To eva l u~ te the usefulne ss of correlation coefficients in 

the handling of bioge oche:nical da-'.;a" 

(iii) To inv es-'.;igata so:') factors affec t ing t he usefulness of 

biogeochemical prospe ct ing in this area . 

(iv) To carry out an o.~Jentaticm sur vey to evaluate the useful­

ness of geobotany i n nine~~l explora tion ~n the a rea of study . 

(v) The applicat ion of discr iminant function ana l ys is to geo­

botanical data. 

(vi) To test the biogeoclle::1ical and geobotani ca l conclusions 

obtained during the orientation survey on anot~1er a rea of s imilar 

li-'.;hology and e c o logy . 



SECTION I 

THE AREA OF STUI)Y 
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A. INTRODUCTION 

The area chosen for this work was at Spargoville , Western 

Australia, located about 330 miles east of Perth and 60 miles 

south of Ka lgoorlie (Fig . I - 1) . 

Two grids of different sizes were used . Systemmatic soil 

and plant sampling for the biogeochemical orientation survey and 

plant mapping for the ge obotanical orientation survey were 

carried out on Grid 5B . Grid 5D was used to test the f indings 

from the orientat ion work . These two gr ids were separated by a 

distance of approximately t hr ee - ~uarters of a mi l e . 

Grid coordinates used in this thesis contain the south 

coordinate followed by t he east coordinate . 

The topography is gently undulating . On Grid 5B, the 

elevation is from 1115 ft . at the outer extremities rising to 

1140 ft . at the centre of the grid, whereas for Grid 5D, the 

e l eva tion ranges from 1150 f t . to 1170 ft . 

The r e a re no definate drainage patterns . However , there 

does exist a number of shal low watercourses which very rarely 

carr y running wat er through more than a limited portion of their 

channels . The dire ctions of these channe ls close l y follow 

topographical trends . 
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B. CLIMATE 

At Spargoville , the annual ave rage rainfa ll is approxi­

mately 10 inches, falling mainly during the winter months of 

June, July and August . However, swnmer rain is also experienced 

in March . 

The average temperature per annum ranges from 60°F to 70°F . 

The summer months of December, January and February are the 

hottest with an average tempe rature of approximately 75°F, and 

the winter months of June and July are the coolest with an 
0 ave rage of 50 F. 

The region also experiences strong , dry winds f rom the 

southern and south-western quarters . 
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C. LITHOLOGY 

Spar,<:;oville lies on a pronounced magnetic tr end whi ch 

correlates nith a greens tone 1::ielt con1pr ising lJas i r and ultra basic 

rocks , as ,;1ell as r,1inor sediments . 

The basic roclrn a.re amphiboli tic and readily recognized 

in the field by their reddish-brown texture , nbile t he sediments 

arc usually fine - ground ,,ha l es and cherts . The cor:rposition of 

the ul t:eabasic rocks vary fror.1 trer.1oli te to tremoli te- chlorite 

to talc carbonate ; a fen small pocke ts of ser penti:ni te arc also 

p r esent. In contr ast to ot11er rock types , the ul trabasics occur 

as r elatively norr01.-i lJanks ,-1h ich ;1.ave a N. N. W. ti·end. 

The bedrock is vieather ed and highly altered in phces by 

processes of la-~Gr i tisati on and by carbonate r eplacement . I t 

seems thot tho loterite , ri;: ich occur s as a r-1ottled zone over the 

vlho l c area , is r1uc1.1 deeper than -che soils ; in fact the ·:;hol e of 

the \-1eat0erod profile probab ly ·bears the i nr!?r i nt of lateri tisa-

tion. The v:entheri ng pro:file extends froa the surface co frcs:1 

bedrock, nhicl1 is encountered a t depths dorm to 200 ft . verti­

cally . 

Magmatic nickel-cop-per sulphi de miner alization occurs Dt 

the ul:crabasic - basio :r-ock conJcacts . The grede of t he or e can be 

as bi gh as 2'fo , villile the concentration of copper is approxir,1atoly 

1/ 10th this val ue (Pers . comn. J . E. Mar t i n) . .Ar seni c a l so occurs 

i n areas of r.1inoraliza·cion; UD to 1 . 5% arseni c has been cle·cec·ced in 

some of the ore concentl'o-ces now be i ng mined at Spargoville ( Pers . 

cor;nn , N •• T. 1,i.sr shall) . 

A total of three gossans occur at ultrabasic rock contacts 

on the two gri ds used :for the present study . Gossans consist of 

r e sidual hyclrous iron oxides derived :from the v1ea thering of 

sulphides (or carbonates) . Other minerals , as well as metallic 

constituents of the ore , may be associated v,ith the ubiquitous 

iron oxides . Thus , depending on t he parent material and on t he 

degree of \'le athering t ha t has occured i n the g ossan, i t is not 

s urprising that e l emental c oncentrations i n t hese outcrops often 

r eflect bed.rock geochemistry . 

Soils are seldom more than 2 ft . deep and are not dif'f-

erentiated into horizons . This implies that they are rela-cively 



young , and if not Yesidual , are locally derived. Hence the 

chemical croposi tion of the soils in the study area c ould be 

c:;..7.Jected to reflect ti.ie underlying geological structuxe . 

Fig , 1- 2 shor1s the topography, the sampling sta-cions , the 

geologic al contacts bei, .. wee11 the various rock types nnd tho 

positions of the 3ossans on the -bri o grids . 
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D. VEGETAT ION 

The following des cription is taken from Elkington , 1969, 

as well as from the author ' s own observations. 

The vegetation consists of sclerophyllous woodland in which 

several Eucalyptus spe cies occur . The dominant species is 

Eucalyptus l esouefii, tog,3th2r with lesser numbers of E. ca ly­

cogona , E. longicornis, E. salmonophloia, E. salubris, and 

E. torqua ta . These trees may grow up to sixty feet ~n height . 

Several types of low, woody , perennial shrubs are also 

present . In particular, Aca cia col letioide s , A. aff . -

colletioides, Dodonaea stenoz;/ga, Eremophila dempsteri, 

E. ionantha , E. oppositi folia and E. pachyphylla are common . 

Other species of shrubs occur in le sse r numbers as well as 

some ephemeral herbaceous species and a few perennial grasses . 

Plate I-1 shows the topography and vegetation cover in the 

vicinity of the sampling ~reas . 



PLATE I -1. The vegetation cover in the vicinity of the two grids 




