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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 . 

10 
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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 
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METHODS 
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A. BIOGEOCHEMICAL S.AMPLIHG TECIDHQUES 

(1) Introduction 

In a b iogeochem .1 cal orientation survey, i t is i mpera

tive to collect both soil and vege t a tion at each s ampling station. 

The r e a r e , ·however, five s ources a ssocia ted wi t h t he sampling 

progr amme which can l e a d to l a r ge e rrors: 

( i ) The depth from which t he so i l is t ake n. 

(ii) The position of the soil sample i n rela tion to t he plant . 

( ii i) The he i ght on t he plant f rom which 1t is s am pl e d . 

( 1v) The side c f the plan t sampl ed . 

(v ) The age of t he p l ant organs sampl ed . 

The e ffe ct s of t he se fact or s have been ext ens ive ly 

i nves tiga t ed by Warren and Tu l avault, 1948; Warren, Tolava ult 

and lrish, 1952; Wa rren, Tu l avault and Fortes cue , 1955; Carlisle 

and Cleve l and , 1958 ; 5ar aks o, 1969; Timpe rley , Brooks and 

Pe t e rson, 1972. 

In orde r to e lim inat e the se s ource s of error as much as 

possi bl e , t he following me thods of sampl ing we r e employed a t 

each sampling sta t i on. 

(2) Soils 

Ea ch s oi l sample was colle cted fr om a de pth of not 

more than 3 i nche s a t var i ous poi nt s wi thin a rad i us of 10 fe e t 

a round each s ampl i ng sta tion . Soils we r e s ie ved in situ using 

nylon me s h to give a final we ight of approx imately 20 grams . 

(3) Plants 

Each plant sample was collected from various points 
y-

around the circumferance of the tree ct shrub a t a constant 

height of appr oxima tely 3-4 ft . above the ground . Twigs 

approximately ½ inch in diameter and a composite sample of old 

and young leaves were sampled from shrubs . The leaves and twigs 

on trees were too far from the ground to be easily sampled , so 

only the outer s~p wood and bark were collected . Ten to 

fifteen gram samples of vegetation were collected; leaves were 

stripped from their o.sso01ated twiglets, and twigs ~ bark and wood 

were cut into suitable small sizes whilst sampling was in progress . 
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B. GEOBOTANICAL TECIDTIQ,UES 

The numbers of each type of vegetation present ware 

counted in a numbe r of sample plots called quadrats . The r e i s 

no general rule conce rning the ~o s t suitable size or shape for 

quadrats ; this depends primarily on the density ~nd distribution 

of the vegetation . The sma.ller the quadra t, the greater the 

leng th of quadrat boun dar,y per urn t a rea , c.md consequently the 

greater the chance of significant edge effects due to the 

observer oonsistently including i n dividuals that ought to be 

excluded and excluding individuals that ought to be included . 

Hence quadrats should not be too small . Pclst work has als o 

shown that rectangular-shaped quadrats are the most sui t able 

(Greig-Smith, 1964) . 

In this work, the size of quadrats used was 100 ft . (aast

west) X 50 ft . (north-south), und each quadrat was cen tred a t 

the sampling stations used for the b1ogeochemical work (F1g . 

1-2) . Hence each t ype of veg,)tation present was countad i n 

belt tran se cts consi s ting of a dja cent quadrats running across 

the profiles of the gr ids . On Grid 5B, the vegetation was 

counte d 1.1 long four be 1 t transects, each consisting of fifteen 

quadr ats 1 wheraas for Grid 5:D, l our belt trans8cts, each of 

eleven quadrats, were used . 
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C. CHEMIC.AL .ANALYSIS 

( 1) Cher'.licals and instruments 

.Aqueous solutions and standards were prepared using 

Analytical Grade reagents . Standards were made up in 2M hydro

chloric acid and stored at a concentration of 1000p.p . m. ; these 

v,ere diluted irr,-1ediately prior to use • 

.All quantitative analyses for elements vrnre carried out by 

atomic absorption spectropllotametry using a Varian- Techtron 

Model A.A.5 . 

(2) Treatment of soil sar,rples 

( a) Preliminru.·y -L--reatment: 

The sieved samples collected in 

the field ,,,ere stored in K.-raft paper containers for transportation. 

Pr:Lor to excraction of the trace elemental content, all soils were 

ground to pass througl1 a 200 mesl1 sieve . 

(b) Extraction of the total content of t11e eler.1ents 

de terrnined. 

There are a wide ran.c;e of 

methods for dissolving silicate materials. 

Techniques involving concentrated sulphuric acid - nitric acid 

a nd hyd1>ocbloric acid - nitric acid mixtures have been us ed 

(Strashei r,1, Strelow and Butler, 1960). 

More efficient ex·c:raction methods utilize acid mixtures con

taining hydrofluoric acid. It is crnirnon p ractice for coE1r.1erci al 

analytical laboratories to use a concentrated hydrofluoric acid -

perchloric acid mixture (Langmyhr and Paus, 1968) . This method, 

however , does not give complete dissolution either . 

The most efficient method of attac k is probably by concentrated 

hydrofluoric acid in a teflon- lined b omlJ (Lal:\:,omyhr and Paus , 1968). 

Even though this method does give complete dissolution of soil 

samples, it is too slow and tedious for the routine analysis of 

l arge numbers of samples . 

In this work, a modification of the procedure described by 

Brooks , 1960 , was used. 

Ten cm
3 

of a concent-rated hydrofluoric acid - nitric acid 
3 

mixture ( 1 : 1) was added t o 200 mg samples of soils in 50 cm 
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pol ypropylene beakers , and eacl1 v1 as ev aporated to dryness on a r1atcr 

bath. 
3 

~['o eac:i beaker , 10 cm of 211I hydrochloric acid was then 

added and t~1c r:i :~·cu.re heated on a ·.1ater bat~, unti l t!1e r esid.,,c hnd 

dissolv e cl. '.i:i.ie solutions r1ere t iien cooled, made up to a volume of 
3 

10 cm -., itl1 2H :1ydrochlor i c acid , 2nd analyse:d for nickel , copper , 

coba lt , c:u.,or.1iun , Manganese aml zinc . 

( c) Ex· :.·action of the rr..;adily availabl e nickel anc.i. 

copper : 

Sever al -,·1c..ak buffc:::- and 

a cid s:-s·cci',;s have -ceen 11sed in the past to e:-::-cract tl1e exc ;1anEe a-c le , 

or per l7.8.''.) S n o1·c acclliately , the rec1dily- available trace clomentnl 

contcn-t~ of sc1i ls . In p 2rticular , 2 . 51, acetic acid solution has 

bi..; en ex·ce:-isi,:ely used (Fi tab.ell , 1964; Lyon, 1969) . 

'I'i1e technique l,sed in t i1i s work is as follo'II s: 

Ten rnti° of ~I rwdr oc '.llor i c aciJ. '}[ls oddecl to 2 g san?Jl os of 
3 soil in 20 cr.1 s lass 7ia l s and t:1e viols rot&-ccd about t}~eir lon::;es·~: 

axes for 18 :1ours a·c 1:qF 1roxinatcly 15r . p . rri . The so l ut ions r1ere 

tl1e~ fil c1 T erl ar,c1 ai1alyse,} ni t}.ou.t furtbeJ:' a iluti or. for r1 i c:cel a~c7 

copper . 

( 3) 'l.'ri;;atncnt of nlant sm ,ples 

( a) Prelinfr.ary t reotnent : 

Contar,1ination of vec·etr·cior: 

by v1ind- blom1 soil or dt'.st nay -JE: a possibl e source of oi·r o:;_• i !1 

p lant analyses ( Eitc}rnll , 1960) . Hence all phnt sar;ipl cs ·:1er E; 

rrnshed under running 1,1ater , and clried for 24 hours at 100°c in 

b rown p aper tags . 

This type of contami nation \las a distinct possibility at 

Sparg oville a s strong v1inc1s nere often experienced , t )1e annual 

rainfall r1as ver y 1 01.1, t 11c veget::it ion c anopy rias relatively ·c:iin, 

and soils were exposed. 

(b) Ashing procedure : 

Dry ashi ng at 450°0 f or 

24 hour s v1as used i n preferenc e to ·;1et ashi ng u s i ng mi xtures of 

c oncentrated perchl oric , nitric and sul p!-i.uric ac ids at opnroxi riate l y 

100°0 ( Scharrer and Munk , 1956). 

Wet ashi ng techni ques must be empl oyed if v olatile ol enents 

such as arsenic , r:1ercury and seleni um are t o be determi ned. Other 
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less volatil e metals such as lead, zinc and cadmiuru can also be 

lost du.ring dry asi1i n~ (ivii tche ll, 1964) . Hov1ever , viet as~1i ng has 

the disadvantage t 1.1a t plant saDpl es can e a s ily be contamim t ed by 

impurities in the acids used; if t!-w p lant contnins low levels of 

tl1c elcr,1eiYt , t:1Em -che use of ac:id blanks cannot al':,ays overcor-1c t :1is 

problca~ .Also dry ashily: does ~ot require constant supervision as 

Of the clu1cr:ts t: ,at ·.·ere am:lysed i n plants , zinc \.a;J the nost 

vola·~ile (B. P. = 9011°c) . E01.1evcr , i n viev1 of the f act t hnt the 

boilinf; point of z inc i,3 ~ai ce the tenperature used for the dr y 

as:1ing , l osses r1oulcl not -l)e expectecl to 1J6 significant . 

followi 116 asl-ing proceclm•o nas used: 

Eence the 

P l.nnt sa,.,ples in pyrex boakE:.rs •nerc l16 a ted at 100°c on 

hotplates until all the volatile car1.JonacE:ous material had been 

evolved. T:1e as:1int1. nas t'.1en completed at 450 - 500°C f or 21- hours 

i11 a nuffle- furnecu . 

(c) Di ssolution procedure : 
3 

':t'en cr.i of 2111 bydr ochlor ic 

acid ·:1as added to 200 m.:-~ of p lant as:1 in test -~u.oes , and :1eated on 

a ·;1a·cer-~1atb '!..l.ntil any corbonaceous matter present l1r':ld coap:ulcted 

( npproxil'ln'cely 1.Cj ·.ninutes ) . The solu-cions .. ;er (; t lH~r- cooleci 2>nc1. 

nade up to a volu:.·,e of 10 m.1
3 

•.1ith 21'.f ~1yd.rochloric acic.l . 1,fter 

the mccrt,ncous solid r.,attcr }rnd heen rer1:oved by decanti:rc or 

filt ering, ·c:1c s f\r.,ple s ·,-ie;_· 0 analysed for nickel , copper , cobalt , 

chromium, 1-1ancanese and zinc . The eler1cnts calcium and tll\gncsiur.1 

wer c also detcrr.i.i ned in some of t:1.E: ashed p lants af·ccr a fui· ther 

dilution of 1000x r1i th 0 . 8'/o Sr( N0
3

) 
2 

in 21'I hydrochloric acid. 

Unless adcgll.atc precautions arc taken, probler:1s may be 

encountered in tn0 analysis of calcium and magnesiur.1 

( Ramalcrishna , Robinson and 1/fest , 1966) . These ele .10nts form 

stable molecular species Yd th any aluminium or phosphate present 

which are not readily broken down at the temperature of tl1e air-

acetyl ene f l ame (Dav id, 1958) . The additi on of excess strontiun 

to the solution, hor1ever , overcomes this i nterference ( D~vid, 1960 ; 

El vrnll and. Gidle~, , 1967). 
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D. STATISTICAL TREATMENT OF DATA 

As geological data be come more numerous and more quanti

tative due to the increasing sophistication in techniques and 

instrumentation , and the search for orebodies bec omes more 

difficult as the emphasis shifts to less obvious targets, there 

has become an increasing nee d for the dpplioation of statistical 

methodology to eva.luate t!10 data . Fortunately, the large 

masses of data a ccumulated by modern techn i ques are amenable to 

rap id statistical evaluation with high speed electronic 

computers. 

During this project, two statistical devices were used dS 

preliminary devices for s canning the data : 

(i) Correlation coeffic ients were calculated to determine the 

degree of association between variables in the biogeochemical 

data . 

( ii ) Discriminant function analysis was applied to the ge o

botanical data. 

A des cription of the programmes used is included i n t he 

appendix . 

(1) Bioge ochemical data 

An IBM 1620 I I compute r was used to calculate bo t h 

parametric (Pearson Product Moment) and non-parametric (Spearman 

Rank) correlation coefficients i n order to evaluate whether 

any relationships existed between elemental 

the soils and in the pl ants . The levels of 

both types of correlation coefficients were 

reference to the tables of Fisher and Yates , 

concentrations i n 

·t f s ..1.gni,icance o 

determined by 

1957 . 

The Pearson Product Moment correlation coefficient, r, 

is termed parametric because for i ts use the following require

ments must be met (Siegel, 1956)1 

(i) The variable under study is assumed to have underlying 

continuity, i . e . it is not restricted to having isolated values . 

( ii) The obse rvations must be independent . 

(iii) The observations must be drawn from normally-distributed 

populati ons . 

( iv) These populations must have the same variance, i.e. they 
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must be unimodal . 

The first two conditions listed are common to all 

statist ical tests, whether parametric or non- parametric . The 

meaningfulness of t he Pearson statis t i c thus depends on the 

validity of the last two conditions . If Pearson correlation 

coeffie i ents are calcula ted for data for which these two 

conditions do not appl;y, then it is difficult to say what is 

r eally the power of the test . Norris and Hjelm, 1962, found 

however , that if the data distributions did not depart too 

far fr om normality, then the parametric correlation coefficient 

was valid . 

The use of the Spearman correlation coeff i cient, r, has 
s 

no conditions concerning the distribution of the data; hence 

it 1s t e rme d non-parametric . In fact, the form of the distri 

bution need not be known a t all . Also sample sizes as small 

c1, s N=6 can be treated and corre l ati ons can be de t e rmined en 

observations from seve ral different populations . 

It is obvious that the fo we r or weake r the assumptions , 

the more e',°ene ral the conclusions . Howeverj the most powerful 

tests a re those which have the s trongest or most extensive 

conditions associated with their use; ~t has been shown that the 

Spearman r is only 91% as efficient as the parametric r, 
s 

provided that the more rigid requirements of the latter are 

satisfied (Hotelling and Pabst , 1936) . 

Even when these conditions are s a tisfied, t he Spearman 

correlation coefficient can be used with the same power as the 

Pear son correlat i on coefficient merely by increas ing the number 

of samples by 10%. This avoids having to mee t the conditions 

concerning the distribution of the data . However, this is in 

fact a limitation of the non- parame tric t es t be cause i t means 

that it is wasteful of data . For this proje ct, this method 

for equalizing the power of the two types of correlation coe

fficients was imposs ibl e . Instead, lower levels of significance 

were used for the Spearn1an correlation coefficients than for the 

corre sponding Pearson coeffj o ients . Table 11-1 l 1sts the 

symbols and the leve l s of significance used . 
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TABLE II-1 

Levels of sign i f icance fo r the corre lation coefficients. 

Designati on 
M leve l of probabili ty 

Sy"bQbol Pearson r Spearman r 
s 

very 1-: i ghly si6nificant S** < 0 .. 1% < 1% 
lhi es hly significant S* 0 . 1- 1% 1-5% 
sign i ficant s 1-5% 5- 10% 
111ot significant NS > 51; >10% 
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As will be subsequently s hown, the elemental concentra

t i ons in s oils and i n plant a s h often spanned more than one 

orde r of magnitude 9 and most often appeared to be log-normally 

distributed . (Ahrens, 1954; Te nnan t and White, 1959 ) . All 

data se t s we r e thus trans formed to base te n logarithms prior 

to computa tion of Pearson Product Moment corre l a tion coe ff 10-

ients . As a further conoo quence of t he apparent distributions 

of the various da t a se ts, mean values have baen expressed as 

ge ometric means r a ther tha t as a rithme t ic me ans. 

A compa r is on of the r e l ative merits of t he par ametric 

and non- parametric me t hods for calculating correlation coe

ff i cie nts necessitates an eva luation of the requirements 

inherent in both mode ls. In particular , the distribution 

r e qui rement for the parame tr i c mo de l to be valid is most 

i mportant . 

The cumulative frequency of the conce ntrations of 

e l eme nt s , calcula t ed a s ~ percentage of the total number of 

samples , has bee n shevm to be a good method for de t e rmiP ing 

the t ;ype of dist r ibution of geochemica l data (Tcmnant and White, 

1959 ; Williamsy 1967 : Lepa lt ier, 1969 ) . Log-normal dis tri bu

tions will s how ~ s traight line when plotted on log- probability 

paper, whereas normal and othe r types of distr ibutions will 

g ive curved lines . l f the r e is more than one population 

within the data such as could occur 1n mine r a l Lzed and un

mine r a lized s oil samples , a dis tinct change of slope or a 

point of i nflection 1n the graph will be observed . This break 

can be considered to occur a t the minimum concentrati on of the 

mineralized samples , a l though some overlap of distributions 

will occur (Williams , 1967) . 

This procedure , though more explicit than the use of 

histograms , is still qual:Ltative . A line obtained by this 

procedure is se ldom completely s traight, and it may be diffi

cult to decide whether a minor de viation should be taken a s 

significant or not. 

(2) Geobotanical data 

An IBliI 1130 computer was used to carry out 
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discriminant functi on analysis of this data to determine whether 

particular plant communities could be associated with particular 

geological struc tures . 

If there are two or more groups of ind i viduals and it is 

known a priori t hat the individuals repr esent t v10 or mor e 

different p opulations ( e . g. ultra basic rocks from a mineralized 

emiroment v er sus barren rocks of di fferent types) , then a 

discriminant analysis will compute scores such that the differ

ence s between the populations are maximized. 

I n this wor k , the numbers of different types of vege tation 

occurring across ultrabasic and basic rocks from mineralized and 

unmineralized localities rier e counted. A discr:uninant function 

was calculated for each roc k type , and each function took tho 

form: 

D = ax.. + bx + ox + ---
.L 2 3 

r1her e x
1

, x
2

, x
3

, -- etc. are t.'rie variables , i.e. the rrumbers of' 

each species ocouxring over a particular rook t ype . 

a, b ,c, -- etc. are the weights assigned to each rock type. 

The discriminant funotion effectively combines the ne i ghted 

variables in such a manner that the D scores forming each 

populati on r1ill have a ::iinimum spread and a maximum of means. 

Relative ; 
frequency' gr oup I group 2 

··, / 

,./ 
·,., / 

' ' 
1..." 

·~--,.---~--- ----------. -·· - ' ... 

Score 

Hence if the occurrences of t he same species are determined 

over an unlmown rock t ype , the value of its scere can be com

puted from the solution of the equation, and one can determine 

,;1hether this places it in group 1 er group 2. 

Scores f alling in the region of overlap will be associated 

v1ith more W1Certainty. Where a large region of overlap occurs. 

this indicates that the variables selected for separating the 

environments do not have much discximinating efficiency,. and 
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perhaps othE:r v8riables should be studied. 

'l'he volidity of the discrimination vms tested by calculr/cing 

t , -' · 1 , . D2 
.L ' • • • ~hi - d J d ' . ne Mana onoois s 1,a·c1s'c1c , ·1· s c8n ,Je use co e·cerr.une 

whet:1er tho nean values of the variab l es arc the sane ov:· r nl l 

the rook tyvos . .A hic;h vn lue for the D
2 

stc:tistic i nfe1's thnt 

the means of t he v ar·i81)le s are different for the various rock 

types and hence t :w t disc r i,'1irn:ition i s good ; conversely , l011 

D
2 

values mean that discri~ination is poor . 

The discriminant function is a linear functi on of tLe 

wei gh·i;ed variables , and i ·i;s calculation does not make any 

assumptions concer nin:c; the distribution of the data . Hor1ever , 

it i s parar,1E:tric i n ·che sense that the var iable s ar e assuned to 

b e grouped d ifferently according to VJhich ropulation they 

represent (Kendall and Stuart , 1968). 

In contras t , the D
2 

statistic does asswne that the da ta 

are norr.1ally distributed. vn1en discriminant analysis i s u sed, 

horiever , as an initial scanning device in order t o deternine 

whether nll t ho individuals pre sent are necessary to catciorise 

the different popul at ions , then this distributional- dependence 

becomes unir~portant , 

Rao , 1952 , gi ves a coE)Il:..'chcru:;ive discussion on discrininn -

.j • • 1 " . ' f ~h D2 ' -'- . . cion i n ge nera anct on "tlle use o ·1, e s·ca 1,J.st1c . 



SECTION III 

BIOGEOC.HEMICAL STUDY 
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A. INTRODUCTION 

The suggestion that ana l ysis of pla.nt materic.i l might be an 

effective method of prospecting was first made by V.M. Gold

schmidt 1n t he early 1930 's whe n he observed that the humus of 

forest soils was enriched i n many of the trace elements. From 

this he deduce d that the same e lements mus t be corre spondingly 

enriched in the plants f rom wh~ c h t he humus was derived. 

This method is now known as bi ogeocbemi cal explora tion. 

It wa s first used 1n the Sov1et Union whe n Tkali ch , 1938, showed 

that ore bodies a t the Unvashinsk arse nopyrite deposits of 

Eas tern Siberia could be del ineated by the i ron content of the 

local vegetation. Almost simultaneous ly, Brund in, 1939, found 

t ha t ash from pl ant s growing over soi l s in Sweden containing 

large proportions of vanadium contained correspondingly high 

levels of t his element . 

B1ogeochemi ca l methods were a ctively developed during 

World War II by var J OUS Scandinavian worke r s (Vogt , 1939, 1942b; 

Vogt and Braadlie, 1942 ; VOgt cLnd Bu5ge , 1943) . Rankama , 1940 , 

however, was the fi rst to dis cover that the deep root sys tem s 

of some pl ants could be used to indicate anomalous meta l conce n

trations under a considerable dep t h of ove r bur don when he used 

plants to obtain pos i t ive 1ndication of nickel minera lization 

through ten feet of gl a c ial drift . 

Since the p i oneering work of Tka lich, by far the most 

extensive use of biogeochem1stry has been in the Soviet Un i on. 

The Russians claim many successes ~n mineral exploration using 

this method (Malyuga, 1964); i n fact, a biogeochemist is included 

on all major mineral exploration expeditions in the u.s.s.R. 

In 1945, Warren and his co-workers i n Can~da undertook a 

research programme on the metal content of vegetation, and since 

then have carried out very extensive biogeochemical studies 

(Warren and Howatson , 1947; Warren and Delavault, 1948, 1950, 

1952, 1955; Warren, Delavault and Irish, 1951J Warren, Delavault 

and Cross, 1959; Warren, 1962) . 

More recently, the use of pathfinders as a guide to 
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mineralization has also been investigated by the Canadian school . 

These are elements occurring in trace amounts together with major 

deposits of other elements, und they may have greater mobility 

than the ore-metals themselves; hence prospecting for pathfinders 

m~y be more lucrative than prospecting for the ore-metal itself . 

Warren, D3l~vault and Bar akso , 1964, 1968, have reported that 

the Douglas Fir in Canada contains drsenic a t ~ higher concen

tration than is found in assocJated soils or i n other plant 

specie s . Warren and D3ldvault , 1965, also reported the useful

ness of molybdenum concentrations in trees for delineating copper 

anomalies. 

The biogeochemical method of exploration has been used with 

success 1n other parts of .the world . 

Carlisle and Cleveland , 1958, working on molybde num de posits 

in Cal i fornia , reported t hat plant s conta ine d higher concentra 

tions of this e l e ment than t he soils in which t hey we re growin6 ; 

t hey concluded that plant s were more sensitive prospecting 

tools than soil s i n this 1ns t dnce . Keith, 1968, succeGsfully 

used t he meta l content i n vegetation to detect lead and zinc 

mi nera lization under an overburden of loess 1n the Upper Mi ss1sa

ipp1 Valley ~rea where no soil anomalies were pre sent . More 

recently, Chaffee and Hessin , 1970, working in Southern Arizona, 

have again demonstrated the usefulne ss of plants for det6oting 

mineralizat ion in areas overlain by thick postmine r alization 

a lluvium; their work e howed that coppe r ~nd molybdenum levels 1n 

plant ash were more useful 1n de line a ting a ''porphyry " copper

molybdenum deposit at depth than soil analyses . 

Webb and Millman, 1951, i n their studies on the Ni gerian 

lead-zinc belt, found that the heavy metal content in the twigs 

of savannah trees could ass i st in t he location of buried ore 

deposi ts. 

Very recent survey work by Cole> 1970 ~ showed that in the 

humid tropical rain-forest environment on Bouga1nville Island9 

the copper levels in plants could be useful for deteot.ing oopper 

minera lization, particularly where bedrock was masked by trans

ported cover . 
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In New Zealand, t he first bioge ochemica l study was carried 

out by Brooks and Lyon , 1966 . This, together wi th subseQuent 

work by these authors (Ly on and Brooks, 1969), showed that 

molybdenum concentrations in the l eaf ash of Olearia rani could 

be satisfa ctorily used for prospecting for this element in the 

soil . Timperley, Brooks and Pe t erson , 1970, have a l so s hown 

that in the Ne l s on dr ea of New Zealand , nickel concentrations in 

the leaf ash of the Nothofagus species can be used to predict 

anomalous nickel levels 1n the substrate . 

Aus t ralia has seen only a l i mited use of biogeochemical 

expl oration techniQues . Ni choll s et al , 1965, showed that in 

the Dugald River area , b iogeochemical prospe cting was an effec

tive tool for the detection of zinc mineralization . Cole , 

Provan and Tooms, 1968, used this method 1n the Bulman-Wa1muna 

Springs e.rea, Northern Territory, with varying results. To the 

author ' s knowl edge , however , the systematic application of 

bioge ochemistry to de term Jne the presence of nickel minera liza

tion Ln an area cons i s t ing predominantly of Eucalyptus woodland 

has not been reported. 

Success has bee n a cheived using plant ana l ytical me t hods in 

mineral exp loration for such e l ements as cobalt, l ead , lith1um 9 

molybde num, nickel and z inc. Unfortunately, some results have 

not been encouraging. Beryl l i um and boron, fo r ins t ance , have 

not been found to be particul arly suited to this techniQUe 

(Shazley et a l , 1970). Difficulty has a lso been expe r i enced 

with copper, particularly in arid regions (Lovering , Huff and 

Almond, 1959; Huff, 1969). 

In the area of s tudy, nickel sulphide orebodies occur a t 

the contact of ultrabasic an d basic rocks . The main difficulty 

confronting the use of any ge ochemical technique in t he search 

for nickel minerali zation is that of distinguishing false 

anomalies over ul trabasic r ocks from t rue anomalies pver 

sulphide ore bodies. However i t has been established i n this 

a rea that anoma lous concentrations of copper are ass oc iate d 

with such ore-deposits, wqereas the copper content in non

minera lized rocks is substantially lower . Hence the possibility 

of having found d n i ckel orebody using geochemical techniques 
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can only be assumed when dnoma lous copper value s ar e obtained 

in positions corresponding to &nomalous nickel values . 

If b~ oge ochemis try is to prove i 'te ,101·t h .rn this a r ea , 

i t will thus have to be a good technique for determining a noma

lous concentrations of both nickel and copper in the s ubstr ate . 

This seemed worth i nve s tigating , e e~ecial l y i n view of the 

possibility of extendin15 its use t o ar eas of alluv.ium in the 

general vicinity of the s tudy area whe re s oil sampl in6 

techniques have not prove d to be successful . 
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B. ORIENTATION SURVEY ON GRID 5B 

The concurrent s ar.1pling of soils and ve6 etation was carried 

out during J anuary, 1971. Sar;ipling s i tes v,er e located at 100 ft . 

intervals , from 70E to 85E, along lines 342S, 344S , 346S , 348S and 

350S ( Fig. 1 - 2) ; adjacent l i nes 'llere 200 ft . apart. 

An initial ground s urvey of this area shor:ed that 

Eremophila derJpsteri, E. oppositifolia and Eucalyptus lcsouefii 

\'/ere the nost widely distributed species. Hence , as r1ell as 

a soil sauple , leaves and twigs of the above Eror.1ophila species , 

and bark and wood samples of E. lcsouefii rJCrc collected r1henever 

they occm·red at t he sar:,pling stations ; sampling techniq..ies have 

been described in Section II- A. 

None of these species occurr ed at all af the samplins 

stations. In fact , E. dempsteri , E. opposi tifolia and 

E. lesouefii occurred at 39;b, ~; an:l 83% of the sar:1pling sites 

respectively. It r1as thus i r.rportant to deterliline v;l,etiier no:r.c 

than one speci es could be used collectively in order to achieve 

greater ssmple coverage . Wi-ch this in r.iind, the rrppropriate 

organs of Ercmouhila ionantha, E. pachyPhylla, Eucnlypt1.1s 

lol}gicornis and E. torquata \7ere also sampled if ~1cy occurred 

at the sampling stations. Vfith the exception of~. t org;_.;_a·cn , 

these species occurred in reasonable quantities . 

All sa:Glples r1ere prepared using the methods described in 

Section II- C, and. analysed by atomic absorptio11 spcctropho·coraetry • 

.ll..lthough cobalt concentrationsnere deterr:ri.ned , this ele~cnt 

occurred a t such loVJ concentrations ( 130 p . p . m. in soil sar.1plcs 

and 30 p . p . m. in plant ash) that err or s due to scatt ering r,er e 

considered to be hi ghly s i gnificant ( Gidl ey, 1964 ; Billings, 

1965 ; Koirtyohanm and Pickett, 1966) ; hence no cobalt results 

are presented. 

( 1) Soils 

Soils are formed by the disintegration and subsequent 

decanposition of rock mater i al in situ due t o the various chemical , 

physical and biologi cal proc esses collectively lmoim as \·1eather ing. 

The product of the decay i s a mixture of resistant pri L1ar y 

n.nterials as well as several new secondary minerals of very fine 

par ticle s ize ( < o. 02m. m. ) such as clay minerals , hydrous oxides 



of i ron and alwni ni u.m, oxy salts nnd carbonates . Hence the 

elemental content of ocils c ould l)e expected to reflect tl1e 

underlyi n3 ~eo logy. 

On a n orld- v:ide basis , hm:ever , t hi s is not usually the 

ca se , because cmrironmental :~actors such as clir.wto , relief 

and th o tine scale in-cer va l i nvol ved, exercise a very s tr ong 

influence on ;·1etal di spersion • 
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.A s soils natur e , upward anJ do·::nnarcl r:10venent of rnatcri .::ll s 

in so l ut i on and suspension r esults i n the var i ous coil components 

be i ng cliffcrentia·ced i nt o layer s , or hor izons . Thi s process 

i mposes ne•n chenical pat t er ns unr el ated to t l1e p arent mater i al . 

Further complications &r e cr eated by factor s such as l eac lung 

by rain r1ater , erosion, and uptake of ·,:1i neral DEd;ter by p l ants , 

r1hich tend to remove e lements from t he soil. New material may 

also be broucl1t i n frori1 the outside due to deposition f r on ground

·:1ater so l ut ion:=; , ancl additi ons of meta l f r or.1 decaying orr.;anic 

matter . 

In an area such as t hat studied at Spargoville ··1her e the soils 

ar c ske l e tal ancL l ocally derived , the annual ra i nfa ll is l oi:1 , the 

t opography does not '.rary significantl y , ond ,.-1her e the vegetation 

covor is not ·very dense , it rJOuld be expected that soils nould be 

repr esen"cat ive of t he underlying geology. 

Because the useful ness of b iogeocher.1istry was to be gauged 

by comparison wit h the soil sampling t echnique , t lie ai·,r. of thi s 

subsection i s to deterni ne r1hether the trace e l emental values i n 

soils i'ron · the o!'i ;_; nta tion ar ea can accurately reflect t )1 e under -

lying geological struc ture . Thi s involved deter mini ng r1hich 

soil fr action noul d mos t accurate ly depict changes in geology , as 

VJe ll as a compnrison of the distribution of the metals determined 

with t he geology . 

(a) Choi ce of soil frac t i on : 

Two soil fracti ons were 

considered: those ner e the - 80 mesh and the - 10+26 mesh fractions . 

l,t each sampling site along lines 344S and 348S soils 

were sieved to give t:1e t wo r e quired aggregates . The total 



nickel and capper content was determined in both fractions . 

The rcsul·cs are iooluded in '.!:'able III-1 and shorm a::: 

pr ofiles in Fie. III- 1 . 

Visual inspection of the profiles shows that the nickel 

and capper contents in both i'ractions accurately depic-:;s ·che 

geology. riov,evcr , cleuental values in the - 10+26 mesh soil 

fraction e;ive r.1uch better anoi.1aly contrast. 
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These findine;s indicate that as a result of the low annual 

rainfall , cher,1ical v,eathering and leaching have "been restricted. 

•:;:he soils ha•.re not 1.een differentiated into horizons , and 

consequently ·chG:re has :icen little breakdown of the coarser

grained primary u.:1terials into tho various secondary mineral 

types . 

Relative to the - 10+26 mes:1 soil fraction, the - 80 mesh 

fraction contains a higher pcrcePtage of copper than nickel. 

'.i.'his il:lplics that nickel occurs m2inly in the high proportion 

of the relatively fresh undiffe1·entiatcd parent material i n the 

soil, who::ceas cop-oer occurs to n lnrgcr extent in the proportion 

of secondary minerals present. 

On the basis of these r esults , it nas clecided t o do t~1c 

remaining soil analyses on tbe - 10+26 ri1osh fraction. 

(b) Total concentrations of the elcnents 

determined in the soils : 

The r esults aro shown in 1'able III- 1 , nncl 

can be visually compared to the l ithology in Fig. III-2. 

Chroniwn values are possibl e indicative of ultrabasic 

rocks . On line 346S , the major peak is dm·mslope from the gossan; 

this probably reflects the mobility of the chxomatc ion under 

mildly alkaline conditions. 

The term total chromiura used in this instance i s not strictly 

correct because only the free chromiut., ( cr3+) and the chromate 

( CrO / -) ions are extractable into ho t concentrated hydrofluori c 

nitric acids ; extraction of the chromite (Cr0
2
-) i ons r equires 

more drastic measures . Hoviever , for al l practical purposes , the 

free chromium and chromate ion content is considered to bo the 

total content. 
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TABLE I II-1 

Me an conc~ntrat i ons for t he e l eme nts de t e rmined in t he various 

soil f r a c tions (Grid 5B ) . 

Data Sets ~afpl~~ Ni Cu Cr Mn Zn 

- 80 me sh f r action 32 492. 4 82. 5 

-10+26 me s h f rac tion 77 1290 . 0 165 . 9 4311. 3 1057 .0 325 . ~ 

cold HC1 ext raction 77 105. 7 29 .0 

f,ib i n - 80 me sh 
f r action c. f . -10+26 38 . 2 49 .7 
tmes h fr a c t ion 

% extr a ctab l e f r om 
t he -10+26 me sh 8 . 2 17 . 5 
f r action 



Figure III-1 

Total nickel and copper contents i n the - 80 mesh and 

the -10 + 26 mesh soil fractions (Grid 5B). 
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Figure III-2 

The total and readily-available concentrations of the elements 

determined in the -10 + 26 mesh soil fractions 

compared to the lithology (Grid 5B) 
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Copper values shori very distinc t peaks over areas of 

mineralization at ul .. :.::cabasic rock c ontacts , i, i th peak positions 

cor:cesponding to positions of gos sans . Copper va lues , though , 

cannot be used to deli neate the various rock type s . 
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In general , nanganese vaL1es are hi gher over basic a7 . .-,phi b o

li tes then over ultr abasi cs . 

The nickel content in the soils give p l ate aus of high , 

err a tic values over ul trnbasic rocks , but do noi:; specify nineral

i zation • 

.Al though peaks for the zinc concentrations generally occur 

over ultrabasics , z inc values cannot be r e lated to geology. 

The pr esence of surface l ater i te does not seem to have any 

effect on tbe metal concentrations i n t he soil . 

I n conclusion, it can be said that t he nickel , and poss i b l y 

a l so the chror.iiwn content of soils in the study area , can be 

used ·i;o delineate ultrabasic rocks , ·nhcrcas ::uncralizati on 

can on:! y be assumed to be present if high copper values i n t'.rn 

soil occur at tbe same places as anomalous nicke l va lues . The 

z inc peaks in all probability deno·ce the presenc e of sedimentary 

sha les ; as anomalous zinc and nickel values usually occur 

to.r;e ther , t his i s eviaence of i gneous ultr a basic rocks having 

i ntruded i nto sediuents i n tl1is area . 

(c) The r eadily- availabl e concentrations 

of the eler.ients determined i n tho soils : 

Soil solutions were prepared 

as described in Section II-C , and analysed for nickel and copper . 

The mean concentrations are shown in Tabl e III- 1, and 

Fig. III- 2 depicts the r esults graphically • 

.As wi t h the total nickel content in t he soils , the values 

for the readily- available nickel show broad peak~ over the 

ultrabasics . However , the range of values ie nuch less than for 

the total nickel soil concentrations . 

The values for t he readily- available copper sho\? peaks in 

exactly the sane positions as the peaks obtained on analysi ng 

soils for the total copper content. Even though the range of 

r eadily- available copper values is much less , these peaks are 



nore pronounc ed than peaks obtained using total c oppE:r values. 

The most .significant findins to emerge f:ror.1 these r csul ts 

is tha·(; there is a sourcE: of readily- available copper in the 

vicinity of the gossans. This , of course , means that the 

gossans are not very weatl1ered. 
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The mean content of the readily - avnilable nickel as a 

func;tion of ·che total nickel content in thEJ soils was only 8. :q~. 
This agrees r1i th the preuisc made earlier tbat t t is ekmerit is 

present mainly in the silicate uaterial present in the soil. 

In contrast, the percentage of the readily- availabl e copper 

1.Jas considerably higher (17. SC/4) . 'i'his is furtller evidence that 

copper is associ ated nitt t~1c secondary 1i1ctalliferous r.1iner als , 

most pr obably the hydra·ccd iron oxides , to a greater degree 'd,an 

nickel. As tl1c extent of neathering does not seem to be ve:r:1 

advanced in tl1is a:;:ca , and as -chc soil fraction collect ed did 

not contain c1 significant l)ropor·i:;ion of fine particles , it scer.1s 

probable t hat tDe iron oxides r1ay occur associated vJi th the 

coarser- grained silicn·~c inaterial. 

( d) Statistical analysis : 

8m.:ula ti vc 

frequency diag1·ams r1cre p l otted on logari tlmic probabil i·~:' papej~ 

for the to-tal content of each clement determined in the - 10+2G 

r.1esh soi l fractions {Fie . III- 3) . 

These [:;).'aphs indicate that there are at l east two over-

l apping populations fat' each of the el ecents . Each population 

seei:is to have a distr ibuti on approximating r.iore closely to 

log- normality than t o normality , because strai ght lines can be 

drawn through i"'lost of the poi nts i n each population. 

The copper data shows two distinct popula tions , wi th the 

poi nt of intersection occurring at about 250 p . p . m. This 

change of s lope indicates that values greater t han 250 p . p . r·1. 

could be caused by mineralization, whereas lower values are due 

to non- mineralized areas. 

Similarly, the cangancse data shows a point of inflection 

at 1080 p. p.m.; values greater t han t his occur only on basic 

rock types ~hilst l ower values occur randomly. 



Figure III-3 

Cumulative frequency diagrams for the total content of the elements 

determined in the -10 + 26 mesh soil fractions (Grid SB). 

A Nickel 
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C Chromium 

D Manganese 

E Zinc 



00 

g: 

g: 
00 

"' 

"' "' 
g 

iii 
0 
~ 

Iii 

~ 
00 

g: 
~ 

0 "' M 

"' 
iil .. 

"' 

• "' 2 "' 

g . 
V 

iii 

0 

~ 
0 

0 

8 e 0 
~ 

2 a. Iii 
ci. .. 

~ g: 
0 
V 

g: .. 
"' 

"' "' 
g >- >-

V V 

C C .. UJ 
.. 

::, ::, g 0- 0-

1 ~ 
R 0 g e .. g E 2 .. 
Iii > 2 ci. > 

~ ~ a. 
.. 0 
"' ::, "' ::, 

~ E E 
::, ::, 

0 V • g: V 
M 

~ 
~ .. 

"' 
~ 

"' 2 "' 
0 

"' 

co g 

0 

~ § 2 ~ 

e 
ci. Iii 

ci. .. 5s 
"' "' ~ 

"' "' 
~ 

ill iil 

,. 
"' 2 

g 

!i! 
0 

g g ~ ~ 
Iii 2 
0 

"' 
0 
V 

:;: 

iil 

2 

"' 
<t 

§ 8 ~ E 2 
';i ci. 

ci. 



35 

The ot he r e l ements have more than t wo ~opul at i ~ns , and 

conllusions a re difficult to make . For the n i ckel data, however, 

v~lues gr eat e r than 2,JOO p.p .m. may d~note mindralization . 

For t he use of the Pearson corre l a tion c.. oa ffic i ent , it is 

ne oess a ry to know the ove r a ll distribution of aach data se t 

rather than the di stributions of the various populat i ons within 

them . The over all d i s tri but i on can be a sce rta i ned by comparing 

ar ithme tic and :.;e om0 tric means with th0 oorrespondin6 m8dian 

value s . Data which a r e norma lly distribut e d have the medi an 

a nd arithmetic means close st toge t her, while for log- normally 

distributed da t a the median i s c lose st to the geome t r ic mean . 

Table III-2 liwts t he median val u~s, arithmetic means and 

Ile ome tric means for the total c.. onc,.mtra tions c.. f the trace 

e l ements det-, rmined in the - 10+26 r.:e sh soil fractions . 

Only for n i ckel and chromium do the ove r a ll dis tributions 

appear to b8 normal; those for t he othe r e l ements a r e log

normal . 

D:lviations from log- nor mality probably occur when the 

e l ement -~xists in sever a l mi ne r a ls all more or less ,::qually 

d i s tribut ed in the soil partic l es . jn such a case, ~ven tho1..tt;h 

t he e l e me nt is log- norma lly distributed in each of thu mine r a l 

cons ti tuent s , the ove r a ll distribution funct ion may be normal 

(Rodi onov , 1965) . 

(2) Plants 

(a) The distributions of t he e l e ments 

de t e rm ine d : 

The means of the me tal concentrations in the organs 

of the three most wide l y occu:r:r ing spe cies are shown in Table 

III-3 . The se results are pre se nted on an ash-weigh t bas is 

because earlie r worke rs have found t hat analyses e xpr e ssed 

on this basis rather than as the content in dry ma tte r are 

gene rally more suitable for indicating bioge ochemical anomalies 

(Warren, De lavault and Forte s cue , 1955 ; Malyuga , 1964) . 

The salient f e ature of these r e sults is the differ ence in 

trace e l ement Content t hat exists not only be t wee n the diffe r 

ent species, but also between different organs of the same 



TABLE I II-2 

Me dian values, arithmetic means and ge ome tric means for the 

trace elements determined in t he soils (Grid 5B) • 

.... 

Ele ment Ari thrne tic G-: ome tr ic Median lhs tribution mean mean 

Ni 1540 -3 1290 .0 1500 . 0 ~-:,':; ·.;::,l 

Cu 179 .1 165 . 9 160 .0 l og- normal 

Cr 4311 . 3 3940 .0 4300 . 0 n ormal 

Mn 1158 . 4 1057. 0 1000 . 0 log- normal 

Zn 389.4 325 . 2 350 . 0 106- n ormal 

36 
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'l'ABLE III- 3 

Mean concen trat i ons for the e l ements de termined in t he ash cf 

t he t h ree most common species (Grid 5B)" 

p •P ; m • 
Spec i es No . o:J 

Samp l et 
Ni Cu Cr Mn Zn 

!LEAVES 

µ:; . dempster i 30 86 •. 3 242 . 9 35. 9 540r2 540 . 7 
soil 1450 .0 170 . 9 3406 . 6 1375 . 3 346 .o 
IE. opposi tifolia 37 117 . 2 172 . 6 59 . 6 476. 4 511.7 
isoil 1418 . 6 173 .e 4872 . 7 8 77.4 357 .4 

Y:.IGS 

E. ._lempsteri 30 60 .7 189. 2 35 . 3 639 . 8 500 .1 
soil 1450 .0 170 . 9 3406 . 6 1375-3 346 .0 
E. opp osi tifolia 36 78 . 9 212 . 2 81.7 369 .8 476 .4 
soi l 1413 .8 173.1 4835.9 879 .0 352 . 5 

03ARK -
IE. les ouefii 64 146. 9 64.2 175. 7 302 . 6 59 .3 
soil 1287.4 167 .5 4046 .9 1017 . 6 325 .9 

!WOOD -
m. lesouefii 64 72-1 36 . 4 12 .7 610 .8 42 . 5 
s oil 1287 .4 167 .5 4046 . 9 1017 ~6 325.9 
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species. 

The mean metal concentrations in the soils corresponding to 

the p lants are also presented in Table III- 3 , and shorJ that the 

observed differences are not due to varying soil concentrations . 

This can be appreciated i;1ore clearly by considering tho r elat ive 

accu.'llulation values ( concentra t ion in the p lant tissue divided 

by the concentration in the soil) as tabulated in Tabl e III- 4 . 

( i ) Leaves of the Eremophila species : Vlhen the mean trace 

element contents in the leaves are compared , it can be seen that 

the tv,o Erernophila species are similar . Despite this general 

uniformity however , the metals nickel and manganese are 

accumulated t o a larger extent in the l eaves by E. opuositifolia, 

while for copper and zinc , E. denpsteri shor1s the highest uptake . 

The behaviour by the leaves of both these species for chromium 

i s virtually identical . 

( ii) '.!\Jigs of the Ere:.~ophila species: Similarly, the rela tive 

accumulations of the metals do not vnry markedly bet··woen the 

twigs of the t ,;10 Eremophila species . The elements nickel, 

chromium and zinc sho,1 t he sam-.. di stributional tr ends betneen 

the ti7i gs as -:~ hey shov1ed in ·c~lC l eaves of the Ercrnophila species . 

Copper, though, occurs at a higher concent ration in the tr1i g 

ash of E. oppositifolia than in E. deupstcri; this is in contrast 

to the uptake of this raetal by t :1e l eave s . .An analogous thoug~1 

opposite L~:end is eviden-c for manganese nhere in the t\7igs , 

E . dem,2steri contains slightly higher levels of t his metal than 

E. oppositifolia , though not as high as in the leaves of tl:e 

lat·cer species . 

( iii) Bark and wood of E. lesouefii : By comparison to t he 

Eremophila species, the mean trace element content in E. lesouefii 

is distinctly different. The concentration of both nickel and 

chromium is higher in the Eucalyptus than in either of the 

Eremophi la species , r1hereas the reverse is true for copper and zinc . 

Manganese , ho\1ever , shovis similar distrib1.1tions between the 

three species . 

Of llllportance also is the fact that with the possible 

exception of copper , the variations in the elemental content is 

more marked between the bark and wood of E . lesouefii than 
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T.A13LE III-4 

Mean relative accumulations of the e l ements determi ned in the 

ash of t he three most commoD s pecies (Gr id 5B) . 

Spe c ies 
8

1':o •1 of amp es Ni Cu Cr Mn Zn 

LEAVES 

E. de mpsteri 30 0 . 060 1.42 0 .011 0 .393 1.56 
E. opposi tifolia 37 u . 083 0 . 993 0 . 012 0 . 543 1.43 

TWIGS 

:E. dempsteri 30 0 . (,42 1. 11 0 . 010 \., . 465 1 . 45 
lE. oppositifolia 36 0 . 056 1.23 0 . 017 0 .421 1.35 

BARK --
E. le souef'i i 64 0 . 114 0 . 383 0 .043 0 . 297 0 .182 

WOOD -
IE. lesouefii 64 0 .056 0 . 217 0 .003 0 . 600 0.130 



between the leaves and twigs of e ithe r of the s ~rubby Erempphila 

spec ies. 

The distributional trends obse rved are undoubtedly r elated 

to the role that these me tals have in the me tabolism of the 

above plants . 

Ne ithe r n ickel:ror chr omiwn are e ssential to plant growth 

(Bowen, 1966) , It has howeve r been es tablished that hi gh 

c oncen trations of t hese e l ements i n soils can nevertheless prove 

t oxic to plant 6rowth (Neme c, 1954 ,1957; Par i bok and Alexe ye va

Popova, 1966). As all of t he spe cie s samf l ed c ontain ve ry low 

levels of the s e e l ements i n r e lation to the content i n the 

s oils, this could be indicative of an exc lusion mechan ism 

operating in the plants samp l ed . Furthermore, the highest 

concentrations of nicke l and chromi um occur in t he bar k , whe reas 

substant ially lowe r concentrations occur i n l e aves and wood . 

This possibl y i mplie s tha t alth ough the plan ts may ass imilate 

these metals in prop ortion t o t he ir occurr ence in the soil 1 

t oxic am ounts ar e eithe r dep osited in the bar k or tr ans loca t ed 

f rom t he ae rial tiss ue s of t he pl ant through the bark back into 

the soil. 

The elements coppe r, manganese and z inc have been shown t o 

be essential to p lant 0 rowt h , probabl y f or all spec ies (Bowen , 

1966) . The se e l ements are accumulated to a much gr e ater de gree 

by all the species samp l ed t han nickel or chr omi um, I t can 

a lso be seen that t he Erem ophi la ~pecies have a gr eat e r tendency 

to accumulate c opper and z inc than E. l e souefii and that 

concentrations of these metals within the different t issues of 

the specie s do not vary substantially. This trend is not evi

de n t with manganese; in t his case the greatest variation in 

uptake is between the bark and wood of E. lesouefii. 

Unequivocal conclusions concerning the behavi or of the 

essential metals are difficult to make . However, it does seem 

that the plants in the study area do not actively exclude the se 

elements to the same degree as nicke l or chromium, 

Finally, because the plants sampled in the study area 

seem to be tolerant towards all the e lements considered, it 
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can be c.sserted that the accumulations of both t he non-essential 

and essenti al e lements is r egulate d not only by t he soil con

centrations, but also by t he plants themselve s . The relative 

degre3 of r e gulat ion by the s8 two fac t oi·s undoubtedly de pands 

on the me t al conside r e d . For c ioge ochemistry to be succe s s ful , 

regulation by t he s oil must be the ~rime factor . 

(b ) St at is t ical a nalysis : 

The · istribution 

functions of the trace e l e ment conten t i n t he p l ants ,·mr e 

c onside r e d by ~lotting cumulative f r eque ncy graphs on logari th

mic probability paper , In a ll , t hirty of the s e diagrams we r e 

drawn. Al though no two pl ots i,e r e the s ame , t he r e we re cJrtain 

f eature s c omm on to all of them , and t he se can be r e a dily seen 

in the typical cumulative fre ql:\ency di agrams shown in Fig . I II- 4 . 

T>e d i s tributions of the !:'--9 tals show t hat i n all c;asa s 

the re ""r e at l east t wo overlapping populations . Fur the r more , 

the number of popula tions for eac h e l ement i n the p lants bear s 

a r elationshi p t o tho number of popul a tions obs erved f or the 

s ame e l eme nt in t he s oil . For exampl e , c oppdr exhi bits t wo 

overlapping ~opulations in both s oils and in ~lants . 

It is d ifficul t t o mako a dec i s ion <,onc-a r ni ng th8 type of 

distribution of the individual popul a tions i n each da t a set , 

be cause the p oi nts comprising e a ch popula tion d o not f ollow 

s tra i gh t l ine s very c lose ly. Thi s may b0 be cause relat i ve l y few 

sample s we r e use d . Howe ver, t her e are n o dis t inct tre nds t owards 

curvatur e , s o in all probability t he distributions of t he var i ous 

populations in plants approach log- r.ormali ty more close ly t han 

the y a pproach norma l i ty . 

Tabl e III- 5 lists the me dian values, arithmetic means and 

geometric means for the five elements de termine d in the a s he d 

organs of Eremophila dempsteri, E. oppos i tifolia and Eucalyptus 

l e soue fii. 

Examination of the s e data i ndicate that for most e lements 

i n each species , the ce ome tric means approximate most cl ose ly to 

the medians, and hence d istributions appear to be log- normal . 

Four e xc e ptions can be n ote d. These are for copper in the l eave s 



Figure III-4 

Typical cumulative frequency diagrams for the elements 

determined in plants (Grid 5B). 

A Nickel in the leaves of E.OJ2l2.0sitifolia 

B Nickel in the bark of E.lesouefii 

C Nickel in the wood of E.lesouefii 

D Copper in the leaves of E.o.El2.ositifolia 

E Copper in the bark of E.lesouefii 

F. Copper in the wood of E.lesouefii 
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TABLE III-5 

Median values , arithmetic means and geometric means for the 

t r ace elements de t ermined in the ush of the various plant 

systems (Grid 5B) ! 

-
Spe c ies Samples Elemeni Arithmetic mean Geometric mean I-iedian Distributior 

E. demps te ri Ni /2 . 5 86 . 3 82 . 5 log- normal 
leaves 30 Cu 254 . 7 242 .9 21,5 .0 normal 

Zn J;,18 . 3 540 .7 480 .0 log- normal 
Cr 44 .8 35 . 9 35 .0 II 

Mn 601.0 540 . 2 510 .0 It 

E . dem,2steri 
twi gs 30 '- . Ni 74 .8 60 . 7 52 . 5 II 

Cu 200 . 7 189 . 2 185 .0 " 
Zn 533 .0 500 .1 480 .0 II 

Cr 62 .8 35 . 3 32 . 5 " 
Mn 676 . 7 639 .8 700 .0 normal 

E. opposi tifolia Ni 125 . 9 117 . 2 115 .o log- normal 
leaves 37 Cu 182 . 6 172 . 6 182 . 5 r,ormal 

Zn 562 .0 511.7 520 .0 log- normal 
Cr 71.2 59 . 6 50 .0 II 

Mn 524. 6 476 .4 440 .0 II 

E. opposi tifolia Ni 102. 4 78 . 9 70 .0 II 

twigs 36 Cu 227 .8 212 .2 218 .0 II 

Zn 537 . 6 47 6. 4 500 .0 ,, 
Cr 100 . 1 81.7 90 .0 II 

Mn 392 . 2 369 .8 400.0 normal 

E. lesouefii Ni 182 .1 146 . 9 130 .0 log- normal 
bar k 64 Cu 69 . 3 64 . 2 65 .0 II 

Zn 67 .o 59 . 3 55 .0 II 

Cr 301 .8 175 .7 222 .5 II 

Mn 340 .8 302 . 6 300 .0 II 

E. lesouefii Ni 80 . 2 72 .1 70 .0 II 

wood 64 Cu 44 .0 36. 4 35 .0 n 

Zn 56 . 5 42 . 5 35 .0 ti 

Cr 15 .0 12 . 7 10 .0 II 

Mn 1034. 9 610. 8 620 .0 II 



and for manganese in the twigs of the Eremophila species ; the 

differences between the ari thrnetic and geonetric means are 

honever small . 

( 3) Soil- plant relationships for nickel and co;Jpe:i:_ 

43 

The ai!:i of the present sub- section i::1 to detcrnine 

whether comentrations of nickel and copper in the plant tissues 

can be readily used to deter mir,e anooalous c oncentrations of 

these metals in the substrate. .As t he nickel and copper contmrcs 

i ::-i the soils have been shonn to reflect the l)resence of ,_;_ineral 

iza·i;ion, the usefulness of '.J iogeochernistry in this area , ,ust 

depend on a close relationshi p lietw ecm the concenti'otions of 

these metals i n the soils and in the plants . Wi,etl:er in fact 

any significant relationships between these t v10 systcr-:s clic1 exist 

r1as ascertai."Yled both statistically (by the compufation of 

correlation coefficients) and 5;raphically. 

(a) Correlation coefficients : 
Table III- 6 shor1s the 

parametric Pearson Product Mor.1ent and thE.. non- parametric 

Sp E.; arman Rank correlation coefficients calcubtecl ·0e tween the 

total concentrations of nickel and copper in the soils and ir. the 

various p lant sys ta;;.s on an ash- viei ght basis . Only corr olntion 

coefficients with at least a significant leve 1 of pro babili t:,r ar o 

presented in this and in subsequent tables . 

The leaves of the t\w Ere,·.iophila species n.s nell as the 

bark and nood of E. lesouofii all shov1 goc:il corr <.; lations bet\1een 

the concentration of nickel in t:1e p lant anJ. the concencration 

of this metal in the soil , irrespective of v-1hich statistic is 

used. In particular , the bark of E. lesouefii seems vary prorais -

ing. 

For copper , only the Eucalyptus bark shov1 s a highly sig

nificant relationship between the levels of this metal in the 

soil and in the plant. The correlation between the soil and the 

vJOod of this spec ies is less , nhercas for the Eremophila species , 

the . c orrel ations are not significant. 

Of interest is the finding that neither nickel nor copper 

values in t he twigs of the Eremophila species apparently bear 



TABLE I II-6 

C0rrelation coefficients between concentrations of nickel and 

cop:;,;er in t he s oils d.nd t he the p l ant as h . 

Species 
6No •1 oj Fi 

soil .x Ni plant Cu ' l X Ct... 
.1J lant .:.mp e E SOl 

Pe a.rson r Spearman r s Pearson r Spearman 

LEAVES 

IE. dem jsteri 30 .541 S* . 350 s 
I!; . oppositifolia 37 .415 s . 283 s 

TWIGS 

s. de;~psteri 30 
E. , 1pposi t i f olia 3b 

~ARK -

rt 

B; • lesouefii 64 . 621 3-l<-l< . 605 ;3-l<. ·l-. .534 S*-Y -542 S* * 

~tOOD -
E. l esouefii . 419 S** . 404 S** . 258 S* 
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any realtionships to the concentrations of these e l ements in the 

s oil. 

(b) The usefulness of correlation 

coeffi cients: 

This was de t ermined by comparing the calculated 

corre lation coefficients with the de gree of overlap be tween t he 

sampling s ites c orresponding to anomalous plant value s and 

~nomalous soil values . The procedure for calculating the degree 

of overlap involved t he following steps: 

( i ) The hi~he st 30% of the n i cke l and copper concentrations 1n 

the s oil samples were considered t o be anomalous , and the 

sampling s tations c orresponding t o these anomalous ua l ue s were 

re corded. 

(ii ) The highest 30% of t he values for nickel and copper in 

the plant were consider ed to be anomalous, and the sampling 

s tations Gorrespondi ng to the se values were recorded . 

(iii ) T~e degr ee of overlap between the anomalous sampling 

stations recorded for the soils and those recorded for the plants 

was de termined and expr essed as a percentage of the number of 

anomalous plant sites for the various plant systems . Perfect 

biogeochemical r e s ults would ·require 100% overlap . 

The results are s hown in Table III-7 . 

It should be noted that corre lation coeffi c i ents ar e a 

measur e of the relationship be tween the entire range of values in 

b oth the soils and the planis while t he percent overldp only 

considers the hi ghest values within each data set . Hence it is 

not surprising that the numerical values of e ithe r the Pearson 

or t he Spe arman corre lation coefficients do not vary in the same 

manner as the values for the pe rcent overlap . 

When, however, the probability leve ls associated with the 

correlation coeffjcients are considered, it is obvious that this 

type of statistic is useful as ~n initial scanning device . The 

obviously poor-soil~plant relationships have non-significant 

correlation coe fficients, while the potentially useful relation

ships, with the exception of copper in the leaves of E. opposi

tifolia - Qopper in the soils, have correlation coefficients 



TABLE III- ] 

The c omparison of correlation coefficients with the degree of 

overlap between anomalous nickel and copper conc~ntrations in 

the so i l and in t he diffe r ent ashed plant tissues (Grid 5B) . 

Soit Vari a le P,a15f Vad:a e Ove1lap Corre la tion coefficients 

Pears on r Spearman r 
s 

E- dempster i leaves (30) 
Ni Ni 44 . 4 . 541 S*;, . 350 s 

Cu Cu 33. 3 
E. o_p_posi tifolia leaves (37) 

Ni Ni 42 . 7 . 415 s . 283 s 
Cu Cu 50 .0 

m; . dem_psteri twigs (30) 
Ni Ni 30 .0 
Cu Cu 33 . 3 

E. opposit i folia twigs (36) 
Ni Ni 33 . 3 
Cu Cu 36 .4 

tE . l ~souefii bark (64) 
Ni Ni 57 L9 ,621 S** . 605 S** 

Cu Cu 76. 5 . 534 S** . 542 S** 

E• l e souefii wood (64) 
Ni Ni 40 . 9 . 419 S** . 404 s-i<-* 

Cu Cu 49 . 1 . 258 S*-J<. 

Figure s in parenthes is denote the number of samples . 
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associated v1 i'ch at least significant levels of probabili ty. 

There seems to be little to choose between the use of the 

Pearson or Suearmar. correlation coefficients . In the cases 

where there arc oovio.:,sly poor soil- plant relationships , as 

exaL.plified by the twigs of both the Bremophila species , both 

type::; of correlation coefficients give similar results . vn1ere 

the rela tionship between soils and p lants is extremely high, 

the same conclusions can similarly be arrived at . This can be 

seen when the nickel and copper concentrations in the bark of 

E . lesouefii are compared rlith the contents of these metals in 

the soil. When it is remer.1bered that nickel in the soil is 

normally and not log- normally distributed, it furthermore appears 

t hat when a very good soil- plant relationship does occur , the 

use of the Pearson statistic is not very dependent on the dis

tribution functions of t he data set s . 

In the cases where t he existences of soil- plant rC;lation

ships are less obvious , distribution functions become more 

important for the use of the Pear son r . Thus in the relation

ship of nickel in the soil rtith nickel in the leaves of 

E. der:-:psteri ,.-,here the percent overlap between anomalous values 

of the two variables is 44. 4%, the Spear i-itan correlation coe

fficient is probably more reliable than the Pearson statist:Lc. 

The reason ,1lty copper in the ~·,cod of E . lesouefii only 

shov1s a good relationship ·Nith this clement in the soil on the 

non- param0tric basis is not lmovm. Ho...-1ever , in vieVI of the 

value obtained for the percent overlap , it seems that the 

Spearman r i s a truer indication than the Pearson r . 
s 

In summary, the follov1ing poi nts can be emphasized; 

( i) In the cases where t here is a very distinct r elations~1ip, 

or a v ery distinct lack of relationship between the variabl e in 

the soil and in the pl ant , either parametric or non- parametric 

correlation coefficients can be used. 

(ii) Where the presence of a relationship i s l ess obvious 

the non- parametric statistic is probably the most reliable. 

(iii) Correlation coefficients are useful as an i nitial 

screening device for relatively small data sots . 
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It is likely that a few individual samples which deviate froii1 the 

overall trend, as for exai.iplc copper soil values occurring over 

gossans , may be swamped out by the mass of data if large nw-.1bcrs 

of sar,1_ples ru.•e used. 

(c) The use of severnl plant species 

collectively : 

It can be seen frou Table III- 7 -that tho bark of 

E. le3ouefii shons the i7eatest potential for tl1e prediction 

of nickel ancl copper concentrations in t he soil . I n order to 

increase tb.e sample coverage , and. also to enhance thu use of 

p lant analysis, it was worth investi gating v1he ther the 1)2.rl:s 

of other Eucal;y:ptu,s species could be used to the so;·,1 c ef'.foc t. 

This r:as a chieved by calculating values of Student's "t" on the 

geometric means and standnrd deviations for the relative 

accumulations of nickel and copper by the bnrks of EucalY})i..1.l.s 

lesouefii , E. longicornis and~. torgunta. 

These values nre give11 in Table III-8 together with the 

theoretical "t" - value at the 95;~ confidence level for the 

appropriate degrees of freedo~ (Fisher and Yates , 1957) . 

Exanination of tl, is table sl10ws that at the 95fs confidence 

level , t h ere is in fact no significant diff e:tcnce in the behaviour 

of the bor1<s of the thr e e Eucalyotus species towards nic}cel anJ. 

copper in the soil . Hence if for i nstance I~. lcsouefii does not 

occur 2t a particul3r saL1pling stat ion, the bark of one of the 

other Eucal,rptus trees c an equally well be used. 

( d) Discussion: 

Graphs conparing the nickel 

an:1 copper concentrations in the ash of the b3!'ks of the three 

Eucalyptus species to the total content of these eleinerrts in the 

soil and also to the lithology, are shown in Fig. III- 5 and 

Fig. III-6 . 

(i) Nickel : Very distinct plant peaks are obtained directly 

aver the ul trabasic contacts . Whereas the soil peaks are in 

effect broad plateaus occurring over ul trabasics , the plant peaks 

for the Eucalyptus barks are sharp and very distinct . Further-

more , the contrast of nickel values in ·the barks is high ( 60-

600 p . p . m. ) , althou~h not quite as high as in the soils 
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TJ,BLE III-8 

Values of Student's II t" for the significance of difference betv1een the mean relative 

accumulations of nickel and copper by the barks of the three Eucal;vptu~ species (Grid 5B) . 

I 
I 

E. lesouefii : E. longicornis E. lesouefii E. torguata : E. longicornis : E. torguata 

I 

' NICKEL I 1og means I 1.057 
I 

: log stand. devs . . 246 
1 

1 no. of samples 64 
' I 
1 "t" calc I "t" o.95 i 
I 

~ 
\ COPPER 

log means I 1.584 
log stand. devs . I 

. 160 
no . of samples I 64 

l 

l "t" calc l 

I "t" o.95 ~ 

: 2.946 . .227 . 
: 14 

1 .551 
2 .000 

: 1.551 
: . 244 
: 14 

0. 621 
2 . 000 

1.057 
.246 

64 

I.584 
. 160 

64 

. 1 . 442 
2.000 

0 . 479 
2 . 000 

1.188 
e391 

g 

I . s 12 
.210 

9 

2. 946 
. 227 

14 

1.551 
. 244 

14 

2 .028 
2 . 080 

o . 614 
2 . oso 

1.188 
. 319 

9 

1.612 
. 210 

9 



Figure III-5 

Nickel conc entrations in the barks of the three Eucalyptus species 

c ompar ed wi t h the total nickel contentrations in the soils and with 

the lithology (Grid 5B) . 

A Nickel concentrations in the barks 

• E. lesouefii 

• E . longicornis 

!!. E. torqua ta 

B Nickel concentrations in the soils 

C Lithology 
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Surface laterite 
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figure III-6 

Copper concentrations in the barks of the three Ecualyptus spec i es 

compared with the total copper concentrations in the soils and with 

the lithology (Grid 5B) . 

A Copper concentrations in the barks 

• E. lesouefii 

• E. longicornis 

t:, E. torquata 

B Copper concentrations in the soils 

C Lithology 
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Ult rabas ic 

Gossan 

Surface laterite 
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( 300- 3700 p . p . m. ) 

( ii) Copper : The relationship bet\7cen the bar ks and l itl1ology 

for t l,is me cal i s not as convincing as f or nickel; peaks occur 

randomly on all types of rocks . It is interesting to no·cc , 

ti1ough, t hat peaks for c opper concentrations in tllc; barks do 

occur in t he vicinity of gossan outcrops ; t hese penl:r; , ho·:1ever , 

arc only s lightly more d i s tinct than otber pcal:s . 

Hence to c onclude , tbe barks of the: tbree Eu.cal viJtus species 

snmpled are the most useful of all the plant t :i.ssucs for pre

dictinf; anomalous l evel::; of nickel and copper in the subs-crate . 

Whereas the nickel concentrations in the b arks can -;.1e usec1. Y1 i -ci1 

conf i dence for delineating ul trabasic cont acts , t:rn rela·cions:1i1? 

between anomalous copper values i n the bark of t~is t:i·:ce v:ith 

anomalous copper soil values is less clear- c ut . 

These results ar e not al toge t her unexpected. It lw.s 

pr evi ously been asser ted that thE- accwnulatio:n of nickel and 

copper must be regulated to some degree by t!1e plants t'.1ernselves. 

In the cases 1::here significant soil plan-c :rcla-cions;1i ps 

are obser ved, t!1e accwnulati on of the element by rilants oust 1Je 

pr edominantly regulated by levels of tho elemen·c in the soil . 

'£his s eems to l.)e especially the case for nickel , which , as pre-

viously noted , is non- essential to plant gro\1th, and hence its 

accumulation by vegetation i s expected t o be mafoly controlled 

by the plants themselves . This would result in poorer soil-

plant 1·elationships , v,hich i n fact i s observed. 
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C. SOME FACTORS AFFECTING BIOGEOCHEMICAL PROSPECTING 

If the eleme nt content of a sample of plant mate rial is to 

be useful in prospe cting, it shoul d bear a f airly s imple relation

s hip to the meta l content of t he supporting me dium . That this 

1s not a lways the case in the s t udy ar ea ·1 as a lready been 

dem on s trated . 

Scme comments on the effe ct of essentiali t y and n on

e s s2ntiality of e l emants have pr evi ously been made , and the aim of 

the present sub- se ction is to brie f ly di s cuss other factors which 

may ~ffect the usefulness of p l ants f or prospecting. 

(1 ) The choice of a use ful plant species: 

The major initial requirement in a biogeochemical 

orientation survey is the sampling of spe cies which ar e ,,m ll 

listribut ed and which can be eas ily sampled . Furthe rmore, the 

spe cies ohosen must ha ve a reasonably deep root system; t his i s 

of particular i mportance in areas overlain by transported mateT

iaL 

Even t hough a hi e,her ave rage t race content in plan t organs 

usually increase s the reliabiltty of those fi6ures 1ndicat i n6 

mi ne ralization (Warren, De lavai.:.. l t and Fortescue, 1955) , t h i s 

does ~ot ne cessar ily mean t hat the closest s oil- plant r e lationship 

is f ound in t he p lan t that is most hi ghl y enriched in a ~i ven 

e lement . Similarly, the r lant that shows the gr eatest r ange of 

value s for a c; iven elemcmt is no t a l ways the most suitab l e f or 

biogeochemical pros~e cting . 

These f acts can be readily appreciated from an dxamination 

of Table III-9, whi ch shows t he means and the ranges of values 

f or nickel and copper concentrations in the ash of the various 

plant system s . 

The closest correlation between nicke l and carper in plants 

and in the substrate has been shown to be g iven by the bark of 

E . les ouefii. The nickel c oncentrations in t he bark of this 

species show both a higher mean value and a greater variation 

than 1n the other plant systems . In contrast, however, the 

copper values are lower and have far less variation than concen-
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TABLE III- 9 

Means and ranges of values f or nickel and copper concentrations 

in the ash of the different plant systems (Grid 5B) . 

Speci es ,.,.No . 1 of p •P .m • uamp es 
!h Cu 

Mean range Mean range 

. 
!LEAVES 

6:. -iempsteri 30 86. 3 · 40 . 0-180 . 0 242.9 120 . 0-415 . ·J 

Gr oppositifolia 37 117 .2 70 . 0-300 . 0 172 . 6 B0 . J - 300 . 0 

!rWIGS 

E. dernp s teri 30 60 .7 30 . 0-380 . 0 1b9 . 2 110 . 0-490 .0 

I!). oppositifolia 36 78. 9 20 l0--220 .o 212 . 2 95 . 0-400 . 0 

BARK -
E. lesouefii 64 146 . 9 60 . 0-600 . 0 64 . 2 25 . 0-125 . 0 

~lOOD .,. ___ 
IE . lesouefii 64 72.1 35.0-260.0 36 . 4 15.0-230 . 0 



trations of this element in the other plant systems. 

(2) Variation between plant parts 

As a result of metabolic processes, the elemant 

content of different organs of the same plant may be widely 

divergent . 
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Differences in the absc-rption of nickel and copper by the 

organs s ampl ed f rom the two Eremophila spec i es and f rom E. 

lesouefii are revealed in Fig. III-7. Lines dra wn on these 

graphs are the visual lines of best fit . The author considers 

t hat in the absence of a mathematical approac h, such a s a leas t 

s q_uares f it ; the "l.uman eye is _,,enerally t he best Jud6e of two

dimensional trends . 

The increase in the ni ckel content in the leaves of the 

Eremophila species i s accompanied by an .increase in the t ,: i gs, 

b~t only to a certain limit, characteristic of each species . 

Similarly in E. lesouefii, the NO Od does not accumulate this 

r.ietal to the same extent as the bark . 

For copper, t he same tre nds are noticeable, e xcept t hat 

t~~re is a shar p de cline in the concentrations of this metal in 

vhe woody tissues of all the spe cies dbove a certain value . 

The existance of d limit of absor1-,tion for ni ckel and 

copper by t he woody tissues of the plants sampled suggests that 

these older organs are not as metabolically active as the leaves 

or bark of t he Eremophila spe c¥s or Eucalyptus trees respective

ly . An alternative, or perhaps an additional reason, is tha t 

excess amounts of both nickel and coppe r absorbed through the 

root system are dep osited in the l eaves and in the bark . What

ever the reason for the observed limits of absorption, it seems 

clear that twigs from the Eremophila shrubs or wood from 

Eucalyptus t rees should not be sampled . 

(3) The availability t o plants of nickel and copper in 

the subs trate. 

The mere presence of nutrients in the soil does not 

mean that they are necessarily avai lable to the plant . The 

clay content of the soil, drainage, climate and a host of other 

factors alter the availability of ions to the plants . Added to 



Figure III-7 

The relationship of the nickel and copper contents between the 

various ashed plant organs (Grid 5B). 

A Nickel in the leaves and twigs of E. dempsteri 

B Nickel in the leaves and twigs of E. oppositifolia 

C Nickel in the bark and wood of E. lesouefii 

D Copper in the leaves and twigs of E. dempsteri 

E Copper in the leaves and twigs of E. opposi tifolia 

F Copper in the bark and wood of E. lesouefii 
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fais , different species of plants absorb different auounts of 

elements, and Ernst, 1966, has shown that the method of absorp tion 

is charac teristic for a g iven species . 

l,n important factor in this scheme arises because all the 

mineral nutrient s inter act nnd influence each other (Schutte, 

1964) . Certain ions nay an·c013onise each other in the sub strate 

and prevent the r ead,y absorption of each other by the plant. 

For example , copper and manganese hove been shown to eJd, ibi t n 

relationship where hi gh comentrations of one element in the 

supporting med.iwn reduced the concentrat ion of -tho othe:t in th e 

p lant (Mulder, 1953). Mizuno, 1968 , '.'./ or k i ng on serpentine soils 

in Jap an, observed that as the copper or iron contents of the 

soils inc1'eased, the upt8ke of nickel by a nw1ber of d i:f':f'erent 

plants decreased. 

In vion of tlrnse findings it was of inter est to investigate 

v1hether the total coooenb.0 atio:ns of nickel , co')Jper , c..h.ror,1iurn, 

manganese and zinc hnd an effect on th.e accur:mlD tion of nickel 

and copper by E. de:npstcr i , E . oppositifolia , and:::; . lcsouei'ii . 

The relationships v;ere evaluated by comput ing Pearson co:crelotion 

coefficients , shm-m in Table III- 10. 

Wi fa the exception of fa e t wigs of the Ercmophil a species , 

t he nickel and zinc conc entrations in t he soils are Qiroctl:;r 

correlated to the nickel contents i n t,.i1e rlant syster,s . This is 

not surprising as nickel and zinc Rre very s i i:;nificnntly correl-

ated in the soils (r=0 . 85 8). Furthermore , the accui:1.uln tion of 

nickel by p lants is e:x:p ec ted fo bear some relationship to its 

occurrence in the substrate , as fuis metal is nonessential to 

plant growth . Neither nickel nor zim in the soils , however , 

seem to be particularly related to copper in any of the plant 

tissues. The reason for t his observation is probably related to 

t he physiological fwxtion v1;1 i ch copper has in the metabolism 

of plants. 

Copper in the soil and nickel in the p lants are only hi ghly 

correlated for the bark of E. lesouefii . 

not known. 

The reason for t his is 

The chromium content in the soil is directly related to 
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TABLE III- 10 

Correlation coefficients between t he nickel and copper concentrations in t be ash 

of the various plant tissues and the element concentrations in the soil (Grid 5B) . 

PLANT SOIL 

Species ~o of g; mples yariabl' p •P .m • 
Ni Cu Cr Mn Zn 

lLEAVES 

IE . dempste r i 30 Ni .541 S* . 555 S*tt - .404 S .422 S 
Cu . 358 s 

ID. oppos i tifol ia 37 Ni . 415 S . 385 s .401 S 
Cu •• 350 s 

I.I. W..L\Jv 

~. dempsteri 30 Ni 
Cu 

~. oppositifolia 36 Ni 
Cu 

1:3.AllK. 

E. lesoue fii 64 Ni . 621 SH· .580 S** .521 S** . 519 S** 
Cu .534 s-u .430 S*-*· - -372 S* 

wuoD 
E. lesouefii 64 Ni .419 SH .340 S* .456 SH - . 325 s . 352 S* 

Cu . 318 S -.308 s 
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b oth the nicke l and coppe r concentrations in all the plant 

sys tems to var ying degrees , with the exceptions of the twigs of 

E . dempste r i and E. opposi tifolia . These results ar e not un

expe cted be cause as pr evi ously noted, both the n ickel and chrom

i um leve ls in the s oils can be used to de l ineate ultrabasics , 

and ;;. l so, chromium peaks i n thP soils occur in the vicinity of 

the gossans correspon1ing to positions of the copper soi l peaks . 

St3.t:i.stica lly , in fact, Licke l x chromium, copper x chromium , 

and n ickel x copper in t he soi l al l have hi6hl y s i 0 nificant 

corre l ation values (r =0 . 649 , 0 . 548 and 0 . 731 respective ly ) . 

Manganese in the soil is inversely rela te d to nicke l in 

the l eaves of E . dempsteri, coppe r in the bark of E. lesouefi A, 

and t o b oth nickel and coppe r in the wood of E. rnsouefi i. 

Ne ither the nickel nor the copper contents in the soils corre l a t e 

significant l y with manganese in th.a s oils, so it may be poss i bl e 

that hi gh concen trations of manganese in the soil ~revent the 

absorption and/or the t ranslocation of bo t h nicke l and coppe r in 

the p l ants . The correlation coefficients obtained with mang

anese a r e not very signi f icant , so the effect i s undoubtedly 

small. 

I n summary, it can ·be said that the r e seem to be no strong 

anta0 onistic ~ffe cts between the nicke l ~nd coppe r contents in 

t he pl ant s and the various variabl es measured i n the s oils . 

(4) Inter - element r e l ~tionships in the various plant 

t issues 

The relationships between the elements determ i ned in 

the tissues from E. dempsteri, E. oppos i tifolia ~nd E . lesouefi i 

were determined by comput i ng Pearson corre lation coe f f icients~ 

The correlations associated with significant or better l eve l s of 

probabi l ity are pr esented i n Tabl e I II-11 . 

For mos t of the p l an t systems cons i de r ed, nicke l, copper , 

chrom i um and zi nc ar e all we ll corre l a t ed with each othe r . This 

i s to be expected as these e l ements correlate we ll with each 

other i n t he soil . The r eason why these e l ements ar e not we ll 

correlat ed in all of the p l ant tissues is difficul t t o interpre t; 

h oweve r, it will be noted that all the cases whe r e no ~i gnificant 

re lationships appar ently exist involve coppe r and z inc . These 



TABLE III-11 

Correlation coefficients between the element concentra

tions in the ash of the various plant tissues (Grid 5B) • 

.. 

Species s"fi.i6plgf Vari~le Ni Cu Cr Mn 

LEAVES 

m" dempsteri 30 Ni 1.00 S** .-537 S* . 585 S** 
Cu , . 537 s·0 1.00 S** .465 S* 

E: .. oppositifolia 37 Ni 1.00 S** -440 S .374 s 
Cu .440 S* 1.00 S** .348 s 

rWIGS 

ffi., dempsteri 30 Ni 1.00 S** .406 s .789 S** 
Cu .406 S l .c.o S** ~475 S* 

~. oppositifolia 36 Ni 1.00 S** .E90 S** 
Cu 1.00 S** -37 5 s .583 S** 

BARK ---l!l. lesouefii 64 Ni 1.00 S** .602 S** .835 S** .379 S* 
Cu . 602 S** 1,00 S** .662 S** .563 S** 

~ 
I!} .. lesouefii 64 Ni 1.00 S** .422 S·H .406 S* .• 214 S 

Cu .422 S** 1.00 S** .554 S** ,396 S* 

57 

Zn 

. 620 S·H 

.518 S* 

.375 s 

. 604 S** 

.721 S** 

.625 S** 

.385 S* 

.662 S** 
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eleoents are believed to be uni versally essential to plan t 

nutri tion, so the lack of s i gnificant relationships nay well have 

sorae phys iolog i cal ba sis . 

Manganese i s r1cll correlated \7ith c opper i n t he leaves 

and t"v1ig s of E . oppositifolia , nnd with botb nickel and c opper 

in the bark and nood of E. lesouefii. This is surprising as in 

the soils r.1anganese docs not corr ,2la te sig:nificnntly -,7 it:1 either 

nickel or copper , and as an inverse r elationship has previous ly 

b een ob served betr,een manganese i n the soils ·;Jitl1 nickel and 

copper in p lan t tissues . 

( 5) Conclusions 

T:1e antagonistic effects observed ha\~c onl:.r a r:iinor 

influence on the uptake of nickel :::mcJ copper by the p l 2ncs 

studied. If in fact strong antagonistic factors do occur , then 

they tmst be caused by var io.b l es no t raeasmcQ in this \7or k . 

SOC1e of the results observed arc in contras t to t hose 

reported by other workers ; for instance, an i1werse r elationsh i p 

bet-,ieen copper in the soil and nickel in any of the pl0.nt tissues 

studied has not been observed. Most of the previ ous nark, 

ho1:iever , i·1as carried out in rrutrient soluti ons in :1hich the nany 

diverse effects of the soil v-;ere absent . This nay r1ell be a 

plausible :reason for any differ ences betneen the reported. effeci:;r.; 

and tl ,ose obser ved i n ths present study. 

'.L'he importance of choosin::,; the appropriate p lant systen f or 

biogeochenical p rospec t inr; ha s also been demonstrated . It is 

app arent t hat the nickel and copper contents in noody tissues do 

not reflect anomalous va lues of t hese elements in the subs tr ate . 

Finally, the magnitude or the range of val ues for nickel an::1. 

copper in plant tissues does not nece ssarily deternine ·che useful-

ness of a particular plant for b i ogeochemi cal prospecti n<s . '.rhe most 

useful p l ant species i s assumed, a p riori, to be the mos t ,;,,ide-

spread. This \1as i n fact found to be the case for the nark 

described i n t his thesis. 



THI: USITB'ULNESS 01'' BICX}EOCHEMISTRY OF GRID 5D 

(1) I ntr oduction 
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'rhe sampling of soils and vegetation on this grid r1:J s 

carr ied out during the la t ter half of Febr uary, 1971. Sar,1pling 

sites were located at 100 ft . intervals , from 57E to 66E Dlons 

lines 308S , 310S , 312S , 314S and 316S (Fig. I-2) ; adjacent lines 

·:Jere approxirnately 200 ft . apart . 

In c ocimon ,1ith Grid 5B, the three most commonly occurrin0 

species at the sampling stations on Grid 5D r1ere Erci,1ophil o 

deupstcri , E. oppositifolfa and Eucal;,'"P t us l esoucfii. As i.'cll 

as a soil sa1<1ple , the leaves :md twigs of the tno Rre1i:ophi la 

species and the bark of E , l esouefii v1er e coll ected nhc1ievcr they 

occurred at the s2mrpling stations. In addi,cion, the bark of 

~calyptus, longicorni s and r: . t orouata vwre also sar.iplcd if these 

species occurred at t:.1e sanplinc,; stations . Sm,:pling ·ccc~migucs 

:1ave been described previously. !111 soil and vegc:~ation :,;arnplos 

·:1erc prepared using t he methods described in Section II-C , anrl 

anaJ.;\•sed by atomic absor ptio!1 spcctrophotonc·~ry for nickel anu 

copper . 

Table III- 12 presents 'c~G necrn vGlues of nickel anc1 coup e:-: 

in the soils and in the ash of the various 'Jlont t t ssues s&;·.1plocl. 

The fir st fi:;ature to notice is that the :"lickel a ncl carper 

contents in tho soils of Grid 5D nre less tha•1 in the ~oi ls of 

Grid 5:S ; t!:"iis i s particuhrl y the ease for nickel. Scconcll y , 

-chc differences i n thG mean concentrations of these t\·to (;ler.1cffcs 

between the different species and oe-cv1een tl1e di:i.'':Ce2.·cnt orga:1s of 

t he same species have the same trends as ol,scrvcd for Grid 5B. 

One exception can be noted. The mean nickel con·cen-c i n the leaves 

of E. der.-rpsteri i s higher than i n the leaves of E . opposi tifolia; 

the reverse was observed on Grid 5B. 

With the excepti on of the l eaves of~. oppositifolia, the 

niokel content i n the vegetation from Grid 5D i s higher than tho 

content of this e lement in thc same plant t i ssues from Gr i d 5B . 

This i s surprising as the soil nickel content i s l ower on Grid 5D , 

but i t may indicate the operation of an exclusion mechanism for 

nickel to a greater extent i n the p lants growing on Grid 5B than on 

Grid 5D. In contrast , howev er , the mean copper values in the ash 
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TABLE III-12 

Mean values for ni cke l and copper concentrations i n the s oils 

and in the ash of the three most comm on species (Grid 5D) . 

Spe c ies SNo . 1of p •P .m • amp es 
Ni Cu 

Soi l s 52 614 .5 129 .0 

LEAVES 

E. dempsteri 26 109 .8 267 . 9 
E. opp ositifclia 24 98 . 6 139 . 1 

TWIGS 

E, dempste r i 26 72 .5 153 . 2 

IE• e,ppositifol ia 23 e4 .4 194 . 2 

BARK -
E. l es oue f ii 39 153. 2 62~7 
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of the pl ants f r om Grid 5 D arc lower than the copper values from 

simi l ar plants groning on Grid 5B, wi th t he excep tion of the leaves 

of E. de,rpsteri. The differences in mean mc-c2l contents i n the 

ashc;d p lant tissues bctneen t he tv,o grids Dre :101;1w <...r least in t he 

c ase of tl1e bark of E . l esouef'ii. Hc..nce t his partic·,1lar tissue 

tr.Ely be t he most suitable for biogcochemical prospecting on Grid 5D 

also . 

I t t hus appears t nat the behaviour of t:1c p lants snnpled 

towa:.:·ds nickel and. copper in t]:, e substrnt e i s differen-c -. eci:,cen the 

two grids . Thi s can be nppr eci a t ed more roatlily by consj_dcring 

Table III- 13, rihich sho-.1s the mean r elative acclll7lulations of nickel 

and copper by the three speci es . 

Exactly similar t--rends in thE: r elative, accunulations arc 

found in all cases on Grid 5D as on Grid 513 . Jfo,:ievcr , the 

relative accumulations of ni ckel and copper by the planes on Grid 

5D nre i n all c ases hi gher thar. for the san.:. plants growing on 

Gric1 53 . 

In vieri of these findin£;s i t v-1as of i r'~t:rest to ascertai:1 

he ther s imilar biogeoc hemicaJ. conclusions ~·,oulc.l. be ol:-cainc c"i. O!' 

Grid [YJ as on Grici 5B . Both statistical (" ,:, the cor,rnu·~a·cion of 

col"J""'Clation cocffici<.,nts) ar>cl graphical techniques \:ere urcd. 

( 2) Soil- plant r elationships for r ic l-:el Gnc1 CO'.' i)er 

~Cabl e III- 14 sho11s both the l?oaJ.'sor. P-nd 8·.,carr.,a?' 

correlation coefficients for the; r1.;;la t ions} ir~~ ol' ,1ickel ::rncl coppc,: 

oet·ween plants and the associated soils as 1:1ell as tl~e <legroc of 

ov er l ap between the sampling s i tes correspondi n[~ to anomalous p l ant 

v al ues nnd ~nomnlous soil vnlues. 

Simil ~r results nr e obtained f ar Grid 5D ~s for Grid 5B 

when the degrees of overl~p ore compnr ed t o the correlntion 

coeff icients , i . e. Non- s i gnificnnt corre l a tion coefficients on 

either n non- pnrrunetric or a parametric basi s nre obtained vihen 

the so i l x pl~nt r elationsh i ps or e obviously poor. Correlation 

coofficients associrted ~ith more signifi cant levels of probab-

ili ty lire obtained when the rela tionships b etween the t\'JO vnr inbl es 

are bet~ , although the magnitude of the correl ation coefficient 

cannot al ways be r elcted to the degree of association b e tween 

plants and soils . 
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'.i'JIBL::=; _ l II:...~·. 

Mean re1a,tive 2 sc:u..11ulatioY:.s of 1.ickel a >1c. cop:9e:r in t he ash of 

t he three 11;ont coc:non s:pe cie s (Grid 5D) o 

Species ] ---- s!o-
1
of 

-, 
mp es I Ni Cu 

I ·, 

LEAVES ---
E" dempste_:i.::__~ I 26 C - 156 1.99 
Eo cppositifolia 

I 
24 O. 173 LlO 

_ _________ L ------- -

TWIGS ---
r, dem:osteri ') [, 0 lJf, Llr ..!,o ,_\_. 

E o opposit~foli~ 
! 

23 0 cl45 L50 

I -,---
I 
I 

BARK 

E. l esouefii 39 J 0 ol91 00456 

-
I 
I 

I 
I 

I 
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TABLE III-14 

The comparison of correlation coefficients with the degree of 

overlap between anomalous ni cke l and copper concentrations i n 

the soil and in the different ashed plant tissues (Grid 5D) . 

Soii Varia l e PlaRr Va.ria e Ove1lap Corre l a ti on coefficients 

Pearson r Spearman r 
s 

E. dem psteri leaves ( 26: 
Ni Ni 87 ,5 . 828 S** .832 S** 

Cu Cu 33 . 3 
E, oppositifolia leaves (24) 

Ni Ni 42 . 9 , 655 S** . 581 S** 

Cu Cu 28 . 6 

E. dempsteri twigs (2 6) 
Ni Ni 36 o7 

Cu l Cu 25 .0 
E. opp osi ti olia twigs (23) 

Ni Ni 33.3 
Cu Cu 14.3 

E. les ouefii bark (39) 
Ni Ni 66 . 7 .599 S** .437 S** 

Cu Cu 40 .0 .402 S** 

Figures in parenthesis denote the number of samples . 
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With the exceptions of the t wi gs of the Eremophila species , 

the nickel concentrntions in all the plant organs s aEipled see i;1 

to bear a significant reln tionshi p t o the levels of t h is eler.1ent 

in tho soil. .Ill though the use of the l enves of :z . deopste.ri 

seem t o b e t he most useful for predi c ting t he occurrence of anom

alous levels of nickel in t he substrEtte , t he b2,rk of E . lesouefii 

is also very promis ing . 

For copper , the best r e l a tionsh i p be tween vegetdion and 

soils i s shown by the bar k of E. lesouefii . 

Thus it c nn be appr eciated that the Eucalyptus bark is the 

most useful pl nnt tis sue for predic ting anor.mlous values of both 

nickel nnd copp er in the substrnte . Furthernore , tl1is species 

also has a nider distribution than either E . clenpstcr i or 

E. OpPOSitif olin. 

Graphs comparing the nickel and copper concentrntions in t he 

ashed 1)arks of E . l esouefii to the total contents of these eler,Mc!nts 

i n the -10+26 soil f r ac tion and 8lso t o the lit hology ar e shovm i n 

Fig. III-8 nm Fi s . III- 9. These diagrams nlso include ;.1:;_ckel 

and c opper values in the b or ks of?• longicornis nncl E . tor cp .. ~::itn , 

as it has previousl y been sho1:m tlwt the k1rks of t hes e three 

Eucalyptus s9 ec i c s can be used collectively to predict ano, i.:i l ous 

concentrations of the above elements in the suppor ting mediuri1. 

( i) Nickel : The magnitudes of t he ni ckel values i n t..½e nshed 

barks of the Eucalyptus species o.:ce much lo1;1er than in the soils 

and t he contrast f or t his e lement in t hese barks i s n.l s o l or1er 

than i n the soil s ( 150-2500 p . p . rn . i n t he soils ; 55-500 p . p . m. in 

the ashed l)arks) . Despite t his , hov;ever , very distinct 

plant peaks are obtained in the s ame positions as t he soil pea ks 

along lines 308S , 312S, 314S and 316S. Very few bark sampl es 

were able to be collected on line 310S , and this is a poss ible 

reason why no meaningful conclusions can be dravm in t his case . 

( ii) Copper : The values for this element in the ashed barks of 

the EucalYPtus species give rise to peaks in the v icinity of the 

gossans ; t..h is is particularly evident on line s 312S and 3148 . 

On line 314S , the copper plant peak occurs 100 f t . da\,"Jnslope from 

t he position of the soil peak. In view of the fact t ha t no 

displacement of p lan t peaks in relation to t he soil peaks was 



Figure III-8 

Nickel concentrations in the barks of the three Eucalyptus species 

compared with the total nickel concentrations in the soils and with 

the lithology (Grid 5D). 
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Figure III-9 

Copper concentrations in the barks of the three Eucalyptus species 

compared with the total copper concentrations in the soil and with 

the lithology (Grid 5D). 
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observed on line 308S ar 312S , it seems pr obable that the root 

syster.1 of the Eucalyptus sampled at 31463 has a pronounced l a teral 

tren<l. a s well as vertical penetration. 

Insp ection of Fig . llI- 9 also shows that only on line 3088 

are copper values in the plants grovling on unmineralized soils 

larger than i n the p lb.r.ts sa.,.,1pl ed from mineralized areas . On 

lines 312S and 314S, the copper values in the barks of tho 

Eucal;:mtu.s trees occurr ing aver areas of mineralization show 

quit e distinct peaks . 

' 
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E. C.Orolus ;Lons : 

Similar observatirms ooncerning the usefulness of the 

barks of' the three Eucalyptus species considered for biogeochemical 

prospecting can be dl•awn for the grids. 

There seems little doubt that the Eucalyptus trees axe more 

uset'ul than any of the shrubby species for predicting the locations 

of anomalous concentrations of nickel and copper in the substrate. 

This conclusion is related not only to the metabolic processes 

of the various plants , but also to the fact that the Eucalyptus 

species are m.uoh mare widely distributed than any other plant 

types in the area of study. 

Using the barks of these three trees, the results far nickel 

are v ery conviroing. For copper, however, the plant values show 

peaks over back.grouni areas as well as over gossans. If the two 

sets of data a.re used in oonjl.llntion, however, the areas of 

mineralization can be delineated quite accurately. 

Apperrlix II includes photos of Eucalyptus lesouefii growing 

on both mineralized a.rrl urmtlneralized ground. 



SECTION IV 

GEOBOTANICAL STUDY 
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A. INTRODUCTION 

"In mountains in which ores or other nincrals are present , 

groning trees usually are not heal thy •••••• ". 

This observntion by M. V. Loraonosov in 1763 pr obably :cepresents 

the earliest nritten record of the ef'f'ect that i:lincrali ~~ation can 

have on plants (Malyuga , 1964) . The visual observation of 

vegetation has , howev0r , been employed since tl1e Ronan tir.1es , not 

only in the search for r.iinerals, but also for underground nnter in 

aTid regions. The history, present status and the use of t :1e 

various geobotanical methods have been extensively reviev;ed l)y 

Viktorov , 1955; Cannon, 1960 ; Thaler , 1962; Cb.ikishev , 1965 . 

1\s i mplied by the above quotation, a plant nay respond t o its 

geological emrironment by showing characteristic morpholoaical 

varia tions . Chlorosis of the leave s is po ::;sibly the most nidely 

documented effect t ha t rnineTalization can have on plants . This 

effect has been attr ibuted to manganese deficiency i n p l ants 

(Stiles, 1958), or to high levels of chromfon, cobalt, copper , 

raanganese , nickel or zinc in the substrate \7hich are antagonis tic 

t o iron uptake (Lglli, is, 1950, 1951 ; Hewitt , 1953; Dwigneaud, 1 959). 

In Nen York State, for exar,1ple , the extent of zinc-bearir18 dolomites 

covered by glacial till was delineated by chlorosis in crops gror1ing 

i n peats nearby. .1\bnorr.iali ty of growth has also been used i n 

prospecting. In Katanga , the magnitude af the copper concentra·~ion 

in soils can be es t:irnated by the extent of stunting of Protea 

goe-czean~ ; a creeping , sterile forr,1 of th i s p lant develops over 

soils contoining particularly high concentrations of copper 

(Dwigneaud, 1958). In New Zealand, the flowers of Leptospermur,1 

scoparium growing in soil containing 6'fo chromiun have been 

observed to be a blue-red colour rather than the normal VJhi te or 

pale p ink. (Pers. comm. R.R. Brooks). 

The realization that different plant associations may exist 

on di:f'ferent geological substrates was made as early as 1841, by 

Karpinsky. Perhaps the most extreme effects on the vegetation 

by the substrate are those found on ultrabasic serpentine floras. 

Typical examples of this type of flora shavv a general shortage of 

species as well as of individuals, retardation of growth, and the 

absence of broadleaf p lants (Robinson, Edgington and Byers, 1935; 

Rune, 1953; Sarosiek, 1964; I goshina, 1966 ; Lyon et al., 



1968 , 1970) . There are usually a few species endemic to n 

particular serpentine area , such as Myosotis m.onroi and P:i.nelca 

suteri in the Dun Mountain area of Nei:1 Zealand. The diff erence 

between vegEotation grovling on serpentine area s and surrounding 

rock types is often so r,rea t that boundar i es betr1een ther,1 are 
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readily observed. Calcareous rocks often carry a characteristic 

flora also (Ellenberg , 1958; Chikishev , 1965 ), although tbis 

type of vegetation is not norphologically different fror.1 other p lant 

communities. However , certain species such as the genera 

Dianthus , Fagus , Bromus, Festuca and Linaria are knorm to tbriv e on 

these soil s . 

Sane soils nay be so toxic that they ei'e unable to support 

normal assemblages of veget::1tion; the existence of these open areas 

has been used to advantage in the pas t for prospecting . In some 

generally forested districts of Central Africa , soils containing 

anoEtalous concentrations of copper are unable t o s'-"1por·i:; any tree 

grov:th (Rickru:d , 1926) . A similar phenornenus1 occm·~ over or e as 

of high iron content near pyrite deposits in Northern Italy 

( Braun- Blanquet , 1932) . 

For several centur.i cs it has been lmovm "cleat c ertain p l nnts 

grow only over ore deposits, or even if they also sron i n back

ground areas , seem to have a preference for cel'i;ain types of 

mineralization. These indicator plants hnve alv1ays been found to 

have very high contents of certain elements in their ash. 1:ov1-

ever , plants which cannot be classified as indicators of n ineral 

ization may also accumulate scr.1e elements to a surpris i ng degree . 

Brooks , 1972 gives a coqJrehensive table of lmown indica·cor p lan-cs . 

One of the ear lie st indicator plants to be used in prospecting 

v1as the "Calamine violet" , Hhich grOlfs only in the zinc- rich soils 

of parts of Belgium and Germany. Since then, Gonmhrena canescens , 

Polycarpaea syno.nd.ra var . gracilis and Tephrosia polyzyga have 

been suggested as possible indicators of lead-zinc mineralization 

in the Bulman-Wa:i.muna Springs o.rea of Northern .Australia ( Cole , 

Provan and Toous , 1968). Perhaps the most successful of all the 

ore indicators has been the "copper p lant", Beciun homblei , 

discover ed in Zambia in 1949. It is said that this plant will not 

grow in soils containing less than 100 p . p . m. copper , and v1ill 

thrive on concentrations of over 5000 p . p . rn. (Anon., 1959) . Other 



copper indicators include Elshol tz ia haichov:ens is from China. 

( Tsung-Shan , 1957), Acrocephalus robertii and L. katangae~ 

from Katanga (Duvigneaud, 1958 1 1959), GYpsophila patrinii 

•"tllich is found in the u.s.s .::1 . ( Fesvetaylova , 1961), and 

Eschscholtzia r.1exicana from 1,rizona (Lovering, Huff and 
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Almond, 1950). Nickel indicators have also been found. These 

include Aspleniur.i adulteriur.1 in NorVIay (Vog·~ , 1942a), Llyssur,1 bert

olonii in Italy (Minguzzi and Vergnano, 1948), and Pulsatilla 

patens in the u.s.s.R. ( Storozheva, 1954). 

The author considers that a study of the usefulness of 

plants i n mineral exploration is not complete v:i thou·c a geobot-

anical study. Hence this vrnrk VJas undertaken in conjunction 

r1ith the biogeochemistry to ascertain ;-1hether : 

(i) the pr esence of mineralization caused morpholo~ical 

changes in any of the species present. 

(ii) any of the species present could be used as indicators 

of ore or a s i ndicators of par ticular geological structures . 

( iii) distinctive plant com:mni ties VTere a ssociated nith 

particular geological substrates. 

l,s V! i th the biogeochenistry , the geobotanical orientation 

study VJas cm•r i ed out on Gri d 5B. Th.is wo:ck nas extended to 

Grid. 5D in order to a scertain whether there vierc any ecological 

similarities between the two grids. Plant napping and assoc-

iated geobotanical field TTork was carried out on both grids 

during late January and early February. 

Samples of each of the plant species r ecorded i7ere 

collected and categorized by the author and sub sequently 

identified by the staff of the Department of hgriculture, Perth. 



B. ORIE:N'i'l,TION SURVIJY 01'! GRID 5B --
( 1) l1I(2rphol_~ical chan,..,.cs 

0c1•tain cha1·ac·ci:,ristics which could p ossibJ..y 1.Jc 

related ·co runcrali7.ation, suc:1 an d·.-1arfis1il , giganti sra, and 

~.nttling or cl1lorosis of t 11c leaves, · :cro not noticed 1Ji t:1 O!l"J 

of the p lants. :i:Ior,ev-cr, the clark outer bark of specimens of 

Eucal_;yn~~lcso~cfjd Gra7irie on r:d.neralizccl 0round very often 

covered consiclcrably r.1orc of ·che trunk tban for trees of tl1is 

::ipeci es :·):o·.1in~: on non-1:iin(:!ralized. ground. 1, 1 though this 

effect ,1as not observed far all specimens of E . lesouefi i 

grot1ing on ;1ossans , it ·,,as nev;:;r o1)scrvecl for exz~nplcs of t~iis 

species e;ra:Jil'\3 in non- r.1incralized soil. 

( 2) Plants in::licative of r.1in0ralization 
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1,s stntcd i n the introduction to the present section, 

a universal ch.aracte1•istic of iril.icatar plants is facir ability t'"' 

a.ccw-,1ulatc partic ular el· r:1cnts . Tl1is accunula'c ion is usually at 

l :::ant one ord.e:: of r,w.r~ni-cude ,:rcatcr ·i;)·;o n occurs i n other plants 

in the sai::o coumuni·i;y. 

In order to dctor~:inc ·.1hethc:t' any plants indicative of 

sulp11idc ninC'Z' aliza tion ;-;er e pr esont , the ner inl tissues of a 11 

species s rmin5 on gossans as ncll as the cor::..-espondiIJG soils 

( - 10+26 mesl1 fraction) •;,e:,.•c collected from these aran s of outcropp

i ng t"3incraliza·tion using t~1e methods describ0d in Section II- A. 

1111 sai.-iplcs \vorc analysed far nickel and copper by ntoraic abso1·ption 

spcctrophotonotry. 

Table IV- 1 shons tho arithmetic CTcan nickel und copper contents 

in soils and tho ashed plant t i ssues from mineralized gr ound 

compared to ·the concentrations of t!iese e lcoo n'.;s in the sane 

p l ants sanplod frora backgrounl areas. For t :his particul ar 

subsection, the results from Grids 53 and 5D have been combined, 

and the average values used. 

Inspection of these results shor1s t.'i.at there were no species 

which accwnul ated nickel or copper to any marked extent . Hence it 

was concl uded that in tho trio areas of study, no indi cators of 

nickel or copper sulphide mineral ization ,Jere likely to occur . 
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TABLE IIJ-1 

The arithmetic mean nickel and copper concentrations in the ash of vegetation 

growing in mineralized ground. (Backgr ound values in parenthesi s ). 

No. of Sampl es 
i 

Species from gossans Ni ( p. p .m.) Cu (p . p. m.) Ni (p . p. m.) Cu ( p. p. o.) 

sorr.s 15 2700.0 522.0 

LF...AVE3 '.I.WIGS 

Jicacia ai'f. colletioides 3 151.7~128.2) 73.3i71.6~ 282 . 5?53.1) so.a~ 76.4~ 
ncacia graffiana 2 52.5 54.0) 52 .5 51.5 47! 5 4-1.5) E. 7.S 55 .5 
~ia buxifolia 2 117.5(123.0) 113.5(109.5) 100.0 ( 107,0) 1S3 • .5(14B.O) 
Dodonaea lobulata 4 151.3 116. 3 102.0 103. 8 
Dod.onaea stenoz~a 2 9s.0(1os.o) 82.5(95.0) 100 .. 0 ~105.o) 72 . 5~100.0~ 
EremoEhila deLlf)steri 1 so.o(e3.7~ 245.0(236.0) '7?,0 54,5l 170.0 183. 8 
EremoEhila ionantha 3 76.7~65.0 63. 3 ~61.4) 70.3 ~63. 5 41.7~ 4-2 .o) 
EremoEhila £EEOsit:i.folia 4 1w.o 112.o~ 232 . 5 171.5~ 97.5 72. 5 227 .5 211. s) 
Erer;io;ehila Eac~gzlla 4 125.0( 110.0 270.0(200.0 7o. o(so.o) 120.0(147.2) 
Eucamtus lesouefii 1 N. J, . N. ii .• 200.0 (150.0) 80.0( 67.5) 
Euca!letus torqUata 1 394.0(268.7) 102.0(126.2~ N. L. T-T •. L. 
Exooa?:J2os a:eh.Yllus 3 333. 3~243 , 3l 231. 7r50. 8 155. 3 [ 104,4) 105. 0~95 . 6) 
Melaleuca sheathiana 2 252.5 213.5 so.a 59. G) 82 .5 72.7) 72 . 5 53. 1 
Olearia muelleri 2 165 .0(168.0 217 .5 209. 0) 24D.O 184.0) 175.0( 1s,1-. 0) 
Santalt.nn spicatum 1 70 . 0( 73. 8) 70 . 0(78 . 8) 14-0.0(120.0) 00 . 0(00. 0) 

B.:JiK WOOD 
Eucalyptus lesouefii 4 203.3(14-3.1) 58. 3(50. 8) 112 .5 ( 68 .4) 50 .. 0( 33. 5) 
Euca1,yptus t orguata 1 88. 0( 110. 6) 52.0( 53. 9) N •. A. J:1 . 1~ .. 

__ __ ___ ___ ..J --------- ~--· -· . - . __ _ ... .. . --- .I 

continued , . . 

~ 



Acacia colletioides 
Acacia r esinos~ffpulea 
Scaevola spincsce~ 

1 
1 
1 

COMFOS ITE Sll.IPI.E 

166. 0(132. 5) 100. 0(89. 5) 
122. 0 
120. 0(113. 5) 180. 0(195.0) 

A composite sar:ple is one v1here the leaves ~ti.::igs have been ashed t ogether. 

~ 
(:1 
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( 3) Plants indicBtive of a particular geologica~ 

The numbers of each type of vegetation present, r1it'. i 

the exceptions of ephemerals and :~rnsses, ocrc counted i,1 belt 

·::ransccts s·~arting at 70E and terninatin~ at 05E along l ines 342S , 

3-:.J'.rS , 3'1-GS and 31:-8S . 

in Secti on II- B. 

'J.'hi~ technique has bucn no1'e f ully clcscr i l>ed 

Jill -rlant spec ·i.e,'l i'Jcorded ;1avc been ta:)ulated in i\ppcndix I. 

Histor-;rar.i s ot -c:10 f 1•cqnoncy of distribution ar;c1inst t he distnnce 

alone; the b elt -~ransects •,1erc p lotted f'or each of. t l1 e species . 

ii visu[!l oo:.,pnr ison of -::. 1 ese h istograms r1i t :1 the li·chology sl1or1ed 

that nos·c c:' t~1c species aD~)earec1 to be randonly distributed, and 

tl1at tl1e:'c •·1sr e ar,pa"l'.'cntl)' no cliaractcristic plant cotnunitics 

associa·i;ec1 •.1itb e i U1c:;: a::mhibolitic or ultrabasic rock types . 

!:'i.o.,-1cvcr , 8 fe,.-, p lant c~7.1cs ·.,ere f ourrl to g r O'.I only on particular 

rock -i:iY')es , ar.d ~~-!cse are lis·ced bclm,: 

( i) I':1e oi.1l y 51/Ccies f ound fo f!:ro·:, only on amphibolitcs 

)"/as Cra·~vst,;lis r.,i9rophylla. 

( ii) '.I\10 species ·.,ere found \1::icl1 grer, only on ul trab,:1Sics . 

'.rhesc ·.,ere Or a tys t }'.lis subs;, incscens and Pi ttosporum phtll,,y racoiq_C$ . 

( iii) Dodonaca lobulata 0001.i.r ;:-ed only in the vicinity of 

amphibolite--ultrnbasic contacts . 

(iv) Eremo;ehila caerulea and Tryr.1alium ledifoliw-11 gr e·;: eit~.1cr 

on ultra'l:>asics or nca!' a1,rphibolitc- ultrabasic contacts . 

Each of t~~ese six II s i gnificant11 plants is a small species . 

This agrees nitb. the findings of previous r:orkers ( Brooks , 1972) 

who have postul a ted tl,at the typical ind.ica~or is r:ior e likely to be 

a slL'l"Ub or a herb than a t r ee . 

F-ig . IV-1 presents t:1e histograr.is for the distributions of 

the above six p lant species along tho belt transects. 

I t is frnnediately apparent from an inspection of this fi3Ure 

that these species cll'e v er y sparcely distr i buted. As trenching, 

drilling and other exploration act:iviti cs had caused only minor 

destruction of the veget ation of Grid 5B, i t seems unl:Urnly that 

human interference has had any marked effect on the distri butional 

frequencies of t hese species. Of these p lants, only D. lobulata 



Figure IV-1 

Histograms showing the distributions of the most significantly 

distributed plant species (Grid SB). 
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'ilas foun<J t o gro\1 on gossans ( ;J.:abl e IV-1) . Hence the elcrnentnl 

content in the soil may influenc e the occurrences of these 

indicator p lan·~s . :i.0•·1e,v 'Jl' , other edaphic and ecological factors 

such as soil pI:, t h,~ cl ay and. v1atcr contc,nto in the soil , -~he 

nutrion-~ sto·~us ol ·c~lC soil and competition fro1,1 other plc:ints 

should not 1)0 r1i sconntod. 

'l'ho randar.1 distribution of ·c~1e Eucalyptus speci es is 

surprisins as Gole , 1970, clair.1ed that these species s eldoi.1 grc•.1 

i n skeletal soils over nea r - surface bedrock. ;\s soil s · 1erc 

seldou no; e ·Ghan 2 f·c. t:1ick, tht: ;·lide occurrence of these ·crccs 

c ould be n·ctribut0d to less toxic la,:els of Metals in the i:;oils , 

or t o a greater to l erance by ,chose l)lants in the ,,resent sJ;ucly 

area to i-i 0, 1,1c·i:;al concen-i:.rations in the soil. 

Statis-cic1:,l trca·~T-1ent of the clc:ito 

ubs0rva·cions nadc of tho ver.,ct.:,tion cover ck:rin .. · 

t he field riork and tl1c, subsequent visual evaluo-cion a!..' the i,lant 

:,18!'T'i n~ data failucl to sho·:1 H}:e·cl1er 1)articular nlant communities 

r,cre associated .. ,ith particul a:.- 13eologicol subs·cr ates . Discrir.1-

i nant analysis ,·:as -~i.1cn a;y;,:ilieL1 co the datD to dc-terr:ii ne :. .>e·:l1e 

tJ1.e substrates could '..le i dcmt i f ied by considc:r i ng ·cht. r0lc ·cive 

abundances of -~lie variouo species g1•0·.·1in,r; on different roct:: t;,.'les . 

T]1c harsh c li11ate in -C!'1 io rc6ion has c ruated a r~eneral sparcencss 

of the f l ora , anil any di::'.'ferences i n the density of the v er-:etatio"1 

over ul·crabasics rnay ;1.ave boon vcr-:/ subtle . .Al though the 01·aphed 

results di d sho;-1 c ertain t .. :ends of t1:.is nature, i ·i; r:as considered 

that a s tat i stical, rather than a visual, appr oach i'fould also serve 

to r.1akc intorp:ntation o:f' -the data mere objective. 

Greig-Smith, 1964, h as described statistical methods used in 

plant ecology, and has r e f er red to tile work of Rao , 1952 , and 

Hughes and Lindley, 1955. These authors used d iscriminant analysis 

in biometric v1ork, thoue-)1 not in the fi eld of mineral exploration. 

Dis criminant analysis is essentiall y a multivar i ate technique 

applied in order to character i ze units into one of several groups on 

the basis of many measurab l e variables. The pr oblon is reduced to 

the case of a single variable by using a linear combi nation of the 

several varioi)los such that ·bhe differences b etween the v arious 

groups arc maximised. The principles underlying t his techniq..i.e 
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have been narc fully descr ibed in Secti on II-D. It i nvol ves 

computation of ·cl1c lfahalanobi s D
2 

sta t i sti c (Mahalanobi s , hJ35 ) 

as rJOll as t he dctc.:,:r,1irnrcion of the prooabilit·y that each unit 

can b e assi~ned to a particul ar r:rou:µ . 

Prior ·i;o t he s-tatisticel analys is , cac:1 of the uni ts 

( guad:.:q·cs) \las sortec1. accordin::, to ·,1:1icb cypc of substrate it 

·:,as derived frou . Eac:; of t :,c va:::-iDblcs ( p lant species) for 

each gundxat ·.1r.s uscu sc:;)arott;ly, and only if th0 D
2 

statisti c 

and/ or cli scrii:!inntion i:oorcnsod, ,·,as n par ticular vario0 lc 

used in the discdninator . 

In the 

c ons idc:-c ed , 

case ·:1here nore t!·1a11 'b10 r;iultivai.<ia te 

tho D
2 

statistic is Given by: 

populations are 

D2 
pk = 

. . k 
EPE c/J Hir(x. 

P r=l 1.r-
x. )(x. 

i Jr 
x.) 

J 

·.-,:"ere ') i s the numbc::.· of v o.r iables 

k is t~1c mu:ibcr of poPul a tions 

cx., x. ) 
ir Jr ru.•u t he ,1ean v alues of the 

th l l. ' c1~1·acters i n t11e r ~,01,u c.,ion. 

x . = (EN /x. )/(Eh ) 
1. r 1.r r 

i th nnd .th 
J 

.:.j . ii . f tl ap is 11c inverse o _1e cof"u-:ion covariance r.w·Grix, 

( o: .• )p , 
l. J 

( r1here i ,j = 1 , 2 , •• ••• p) . 

r 
. h th 1 ti is ,me sairple size fror::l t c r popu a on. 

r, 

This statistic (assur:1in& no1:mality) can be used as cl1i ,:, 1:1it~ 

( k- 1) degr-ees of freedou to test the hypotht:sis t hat the raean 

v aluc:s ore the sar,1e in all t he k p opul ations f or these p v£iriables . 

The l evel:; of s i gnif'i cancc of -the n2 
statistiQ,were determined by 

2 
r ef er e m e to t he chi tables of Fisher an:l Yat es, 1957 . 

'.J.\;10 types of 3eol ogical struc tures were present in the study 

area. These r1Cxe basic amphi b oli te and ul trabasic r ock t ypes . 

Plant mapping was c arried out on ,1-4 quadrats along lines 3".1:2S , 344S , 

346S and 3'1-8S. ( Secti on I I - B) . The quad.rat s wer e divided 

accor ding to which substrat e they wer e derived from as f ollo\7S : 

Group I 

Group II 

= Amphi bol ite (A) - 26 quadrats 

= Ul trabasic ( UB) - 11 quad.rats 

Group Ill= Cont ac t area s (.A/UB) - 7 guadrat s 
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1,lthough all the variables were considered, the most cor.rr.1ohly 

occU1•r i ng species were considered first for practical reasons . 

The total nur.1ber of each species recorded on Grid 5B is listed iD 

l,ppendix I . 

'l'alJle IV- 2 su.rma:rize s t he discriminator y results using 

various conbinat ions of tbe species . The Yn.lnbers used to denote 

t he v aria-ol es ar e i dentic0l to t 1··c nur:ilJcrin3 of the sp eci e s in 

/,npendix I . 

Inspection of -t;; ,is ~.:able shows tlint t i1e best discri1.1imr~ ion 

\"Jas o:)taincd us inc· a line ar c o1,1l;ine. t i on of the follo1iin;; species : 

.Acacia acum_ina·c~ , !, . col l etioid~ , .1i . erinacea , A. r;raffiaI_l9. , 

Crat.ys t ylis su~inescens , Dodonaea stenozy_q: a , Er emop'!-lila do; n)s -:·, cri , 

E. ionantha , E. pad1;Y.Ehylla , Eucal yptus lesouefii, E. salu1Jris , 

Melaleuca she ath i a m , Rhagodia sp ., Santalum SP i catum, Scaevola 

spinc scens and '.,~rymalium lcclifoliurn. 

It is evident that not all t he species are needed for 

efficient d i sc r imination, nnd in:lced , not nany of the quaclr c.its a re 

rnisassignod ~vhen 011l3r about onc- t lti.rd of the 31 species a:.: e used . 
2 

Ther e is also a gcre r al, t h oug]1 not invariable tendency for D 

values to b e related ·co the nunber of c o::· :tect predictions for the 

nature of the s ubstrate in the t hr ee cla s s es of quadrat . 

It is inter e s t ing to note t ll;1 t the s pecies used in inc above 

discrininator 1:1i t h t ne exc ep tions of EucalyPtus lesouefii , 

E. salubris and l:Ielaleuca sheathiana are shrubs . Thi s , honever, 

probably refl ects the greater abun:lance of shrubby species than 

of species of trees present . 



'.U :SLE IV- 2 

Values for the D
2 

stntisJcic ano. U1e af::;oci~<;ctl dc~~rccs of dj_su::.'i· .. 1ir::i ·cior: 
of ~~1e queclra·cs ( Grid 5B) . ,. 
( T)1e mi.r.1:) er s in ·c:1e firs J.:; col mm refer to ·;;:1 c :J·. oc:;.cs in L-=- ·enc i:c I) . 

22 
25 
22 , 25 
22 ,23, 25 
21 ,22, 25 
2 , 22 ,25 
2, 3, 22 , 25 
2, 4, 22 , 25 
2, 4 , 15,22 , 25 

Variable s used 

2 , .,-,.,._. , 15 , 16 , 2 2 , 2 5 
2,4, 15 , 16 , 17 , 22 , 25 
2 , 4 ,15,16 , 17, 22 , 25 , 27 
2, ,1 , 15,16 , 17 , 22 , 25 , 30 
2 , 4 , 13, 15,16 , 17 , 22 , 25 , 30 
2, 4 , 13 , 15 , 16 , 17, 22 , 25 , 26 , 30 
2, 4 , 5 ,13 , 15 , 16 , 22 , 25 , 30 , 36 
2 , ,: , 5 , 13 , 15 , 1G , 22 , 25 , 30 , 32 , 36 
1 , 2 , +, 13 , 15 , 16 , 17, 22, 25 , 26 , 30 
1 , 2 , -1- , 5 , 13 , 15 , 16 , 17 , 22 , 25 , 26 , 30 
1 , 2 , 4 , 5 , 7 , 13 , j_5 , 1G , 17 , 22 , 25 , 2() , 30 
1 , 2 ,4, 5, 9 , 13 , 15 , 16 , 17, 22 , 25 , 2G, 30 
1 , 2 , 1 , 5 , 8 , 9 , 13 , 15 , 1G , 17 , 22 , 2S , 26 , .30 
1 , 2 , 4 , .5 , 8 , 9 , 1J , 15 , 16 , 17, 18, 2 2 , ::;:5 , ?.6 , :-so 

D2 

0 . 520 
5 . 60 
6. 20 
9. ,1,1-
7 . L~2 
8 . 30 
9. 13 

12 . 11-
21 . 15* 
29 . 10** 
29 . 1,~~·* 
29 . ,~2* 
32 . 88** 
L' .. 1. 37*~' 
·12 • .t1_. 7 '~ ,;: 
•l::i . 72':,,:,>i< 
L'r ·'.1-. 16 ,;, * 
t._l.;J . 2~~:n:< 
50 . 37~'~' 
.'51 . 77*'~ 
:.ss .so·~·:·~· 
5 8 • 71 '~ :,o·· 

67 . 82 ,;'*~' 
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1, 2 , 4, 5 , 8 , 9 , 13, 15 , 16 , 17,18 , 20 , 22 , 25 , 26 , 30 
1 1 2 , 4 , 5 , B, 9, 13, 15 , 16 , 17 , 18, 20 , 22 , 25, 26 , 30 , 31 
1, 2 , 4, S, 8 , 9 , 13, 15 , 16 , 171 18, 20 , 22 , 25 ,26 , W , 32 
1 , 2 , ~, 5 , 8 , 9 , 13, 15 , 16 , 17, 18 , 20 , 22 , 25 , 26 , 30 , 34 
1 , 2 , ·1: , [; ,s, 9, 13 , 15 , 16 , 17, 18 , 20, 22 , 25 , 26 , 30 , :3,'.'c, 35 
1 , 2 , 4 , 5 , B, 9 , 13 , 15 , 16 , 17 , 18 , 20 , 22 , 25 , 26 , 30 , 34, 35 ,36 
1 , 2 , 4, 5 , B, 9 , 10, 10 , 15 , 16 , 17 , 18 , 20 , 22 , 25 , 26 , 30 , 3~, 35 , 36 
1 , 2 , ,1- , 5 , s, 9, 11, 13, 15 , 16 , 17 , 18 , 20 , 22 , 25 , 26 , 30 , :3,1 , ii5 , 36 
1 , 2 , 4 , 5 , B, 9 , 12 , 13 , 15 , 16 , 17 , 13, 20 , 22 , 25 , 26 , 30 , 3t"" , 35 , 36 
1 , 2 , J , 5 , B, 9 , 13, 14, 15 , 16 , 17 , 18 , 20 , 22 , 25 , 21 , 30, J~ , 35 , 36 
1 , 2, 4 , 5 , 8 , 9,13 , 15 ,16 , 17, 18 ,f0 , 20 , 22 , 25 , 26 , 30, 3~, 35 , 36 
1 , 2 , 4 , 5 , 8 , 9 , 15 , 1fi , 16 , 17, 18 , 20 , 22 , 25 , 26 , 29 , 30, 3~, 35 , 56 
1 , 2 , 4 , 5 , B, 9 , 13, 15 , 16 , 17 , 1C , 20 , 22 , 25 ,26,30 , 33 , 34, 35 ,5G 
1 , 2, 4 , 5 , 8 , 9 , 13 , 15 , 16 , 17 , 18 , 20 , 22 , 25 , 26 , 30 , 34, 35 , 36 , 37 
1 , 2 , 4: , 5 ,s , 9 , 13 , 15 , 1C , 17 , 18 , 20, 25 , 26 , 30 , :::,~ , 3._;,. , 3S , c,'3 
1 , 2 , 4 , 5 , 8 , 9 , 13 , 15 , 16 , 18 , 20 , 22 , 25 , 2S , ;30 , ::,;.5 , 3,J: , ;j5 , 5S 
1 , 2 , 4 , 5 , B, 9 , 13, 15 , 16 , 18, 20 , 22 , 25 , 26 , 53 , 3~, ~5 , 5G 
1 , 2 ,·1, 5 , B, 9 , :1.3 , 15 , 16 , 18 , 20 , 22 , 25 , 50 , 3:5 , :Yc , :3!5 , 56 
1 , 2 ,4 , 5 , 8 ,13 , 15 , 16,18 , 20 , 23 , 25 , 30 , 33, 3~, 3~ , 36 
1 , 2 , 4 , 5, 9 , 10 , 15 , 16 , 18 , 20 , 22 , 25 , 30 , 3:.i , 3,1 , 35 , 3G 
1 , 2 , 4 , 5 , 9, :13 , 15 , 16 , 18 , 22 , 25, 30 , :.3;:) , 34, 55 , 36 
1 , 2 , ~, 5, 9, 13 ,15 , 16 , 22 , 25 , 50 , 33 , 34, 35 , S6 
1 , 2 , 4-, 5 , 9 , 13 , 15 , 16 , 10 , 22 , 25 , 00 , 33 , :.5-1- , ;:-_;5 
1 , 2 , 4 , 5 , 9 , 13 , 1 C , 18 , 22 , 25 , ~>0 , ::.i3 , 3,1:-, ;j:_j , ;;6 
1 , 2 ,4 , 5 , 9, 15 ,1G, 1S, 22 , 25 , 30 , 53 , 3~, 3~ , 36 
2 , '"1 , 5 , 9 , 13 , 15 , 1G , 18 , 22 , 2::., , 50 , :.i3 , ~1'1 , 35 , 36 
1, 2 , 4, 5, 13 , 15 , 1G , 18 , 22 , 25 , 30 , 33 , ~~ , S~ , ~6 
1 ,2 , 4 , 5 , 9, 13 ,15 , 1G,18 , 22 , 25 , 30 , 53 , ~~ , 36 
1,2,4 , 5 , 9 , 13 , 15 , 16 , 18 , 25 , 30, 5::-i , 3~, 35 , 36 
1 , 4 , 4 ,9, 13 , 15 , 16 , 18 , 22 , 25 , ~0 , 33, 34, 35 , 5C 
1, 2 , 4 , 5, 9 , 13 , 15 , 1G, 1S , 22 , 2b , 30, 3~, 35 , 36 
1 , 2 , 5 , 9 , 13 , 15 , 16 , 13 , 22 , 25 , 30, 33 , 34, ~~ , jG 
1 , 2 , 4 , s , 9 , 13 , 15, 16 , 18 , 22 , 25 , 30,c~ , 0~ , :ss 

76 . 23*** ' 
89 . 7G~"~,,.~ I 
81 . 34*** 

100. 3,:,::, ,~ 
119 • . ;,'~** 
137. 5~'<>'<:;: 

138. 1*~" * 
138 . 2 ,:c :;t ,:< 

11;-0 . 2 ,:t>;: 
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1.:__.1, . 3 :;e,:( ~'.t 
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j_.-1-~ . J -.;< :;o;c 

170 • 2 '~ ,;o:, 
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1G~. 7 *** 
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1,2,4,5,9,13 , 15, 16 , 18 , 22 , 2S , 33 , 34, 3b , 36 
1 , ,1- , 5 , 9 , 13 , 15 , 16 , 18 , 22 , 25 , 30, 53 , 34, 5.5, ~)6 
1 , 2 ,1 , s , 9 , 13 , 1s , 1s, 22 , 25 , 30 , 3~ , 34, 35 , 36 
1 , 2 , ~, 5 , 9 ,13 , 15 ,16 , 18 , 22 , 30, ~3 , ~4, 55 , 36 

*P < 0 . 05 ; **P < 0 . 01 

1 ,5(3 . 2 **'~ 
125 . 2 ,~:;,~, 
132 . 2 ,:,,~:;, 

39 . -1-8 **'~ 

,:o;, ~'P < 0 • 001 

2"1 
1·~--.:: 
~~,~

~j 

.~ - aErphiboli-ce ; U13 - ul-crabasic ; J./l.J~ - aBp;1i bolH0 ult:·abasic c::or:·~c.st_ 

g 
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C. GIDBOT/1 ICl:J, DJ; Tli FR011 GRID 5D 

(1) Introduction 

Plant r:1appi n,s 1,Jas c ar ried out alon; lines 308S , 

312S, 311'.rS a ncl 316S starting at 57E an cl f inishi ng nt 68E ; the 

t otal nu nbe:r of guaclrats along these four bel t transects nas t hus 

44-. Many of these guaclrats rrnre so dauaged f rom t h e va r iou s 

explorati on act""ivitics Wi1ich }IBd been carr i ed out in t he vicini t y 

t hat t he vegetation in ·che1.1 v1 as una-ole to be accur ately counted . 

In fac t, accurate gcobotanical data v1as abl e to l,e obtai ne d. from 

onl y 5o{o of tne f....,~ quaclrats . Appendix I lists the tot al mu,bel' 

of each species recorded on Grid 5D dUJ..' i ng t 11e p lant mar1p i ne; 

survey. 

I t has p r evi ous l y been shown that no i ndicator p lan ts 

for nickel or cop-uer mi neralization wer e l i kely to occur on Grid 5D 

(Section IV- B). Fu . .rther more , tbe only nor p hologi c al variation 

f oun:.1 on tl1is gr:i.cl nas similar t o tba t found on Grid 5B, i. e . the 

outer c l ack bark on specinens of El~c,alyptus l e s~)Uefii groa i ng on 

gossans ver~1 of t en 1:;con ·co a [:;reat er height on the t r unk ·than 

occurred for t r ees of t )iis species p:ro•.7in3 i n non-mi neral ized soil. 

( 2) Plants i ndicative of a 1Jar t icula1' geol ogi cal 

structur e 

Histograms of the fre quency of dis tribution f or cac:1 

of the recorded species in t he quadrat s nerc 1Jl o-c ted and cor1iJored 

with ·che l ithol ogy . I nspection of t h \j se gr aph s reveal ed t l1at as 

on Gri d 5B, u os t of the species appeared t o b e r andomly dis trib

ut ed and t hat apparently no character i stic p lant assemblage s r,rer, 

on amphibolite s, me tased:i.r:le n t s or ultrabasics. However, s even 

species were f ourrl. t o only oocur on particular rock t ypes, and 

t he se are lis t e d below: 

(i) 

(ii) 

( iii) 

( iv) 

.Acacia resinos tipulea was f ourrl. to grow only on 

amphibolites 

Melaleuca sbeathiana was only observed on metasedi

ments. 

Acacia aff'. colletioide s apparently grew only on 

ul t rabasics. 

.Al:yxia buxifolia , Dodonaea lobulata, Pittosporurn 
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phillyraE>oide~, and 1r.J.!,1alium l edifoliun were found to grovl only 

on ultraoasics or i n tho v i cinity of ampr.ioolite -ul t raoasic 

contacts . 

F i g . DT-2 presents the histograms for the distribut i ons of 

these spec ies. 1 ~1 order to obvi ate the danaged quadra t s , all 

such areas l1,we been 01,1i cted, ancl the quad.rc.,ts gr ouped t o[~ether 

according to li·foology as one belt transect . 

On i nspection of trose l1i stograms ; the san1e gener al 

conclusi ons can be drawn as for Grid 5B. i',lthough some different 
11 i ndi oator 11 species occurred on Gr i d 5D , the p l ants listed a7Jove , 

with ·i:;he excep-~i on of Mel aleuc a sllea thi nna, are shruboy species , 

arrl they all occur i n sr.iall nUL1.bers . 

( 3) St ati,=,tic a l treatnent of data 

J;l though a fev, sp ecies grcwing on Gr :i.cl 5D 

';/ere founl t o a;:iparcntly grov, only on par ticu l ar substr ates , eac h 

of those s1Jecies dicl not occw::· in suff i ciently large numbe:ts to 

be prac t ically useful for p1:·edi c t i ng the na w re of the substrate 

of each of the quadrats . Furthermore , no disti nctive p l ant 

corrnnuni t i es vier e visually eviclcnt. Discriminant analysis was 

·c;1.en appl i ed to foe data in an attempt to i dentify the substrate 

of each i ndiv i dual guaclrat~ The us e of t his stat istica l device 

i n the case whc:i'.' e rn,,rc ·chan two nul ti variate populat ions arc t o be 

consider ed has lJeen ..lescribed in Section IV- Bo 

rrhree bToad types of e;eol os ical struc tures were pr esent on 

Grid 5D. The se v1ere amphibolites , me-casediments and ul trabasics . 

The quadra ts u s ed f or the pl ant mapp i ng v,er e di v i ded as follon s :-

Group I = .Amphi boli te ( A) - 8 quadrats 

Group II = lD.trab asic (UB) - 7 quadrats 

Group III = contact areas ( A/UB) - 3 quad.rats 

Group DT = Metased:i.ment (MS) - 4 quad.rats 

Tab le IV-3 summar ize s the di scriminatory results using 

various canbinations of t h e specie s. The numbers used to 

denote the var i able s ar e i d entical to t he numoering of the species 

in Appendix r. 

Inspection of t his t able s hows that t he best discrimination 



Figure IV-2 

Histograms showing the d istributions of t he most 

significant l y d istributed species (Grid SD). 

A Acacia aff. colletioi<les 

B Acacia resinostipulea 

C Alyxia buxifolia 

D Dodonaea lobulata 

E Mel a leuca sheathiana 

F Pittosporum phillyraeo i des 

G Trymalium ledifolium 

H Lithology 

f--_ -J Amphiboli t e 

I j Met a sed i ment 

f: ; : J Ultrabas ic 

(/llllJJp Gossan 

L Sur face laterite 

Quadrat 

l MS (NL) 316 S : 57E- 58E 
2 MS ( NL )/ MS (L) 316 S : 58E-59E 
3 MS (L) 308 S : 57E-58E 
4 MS (L) 308 S : 58E-59E 
5 A(L ) 316 S : 58E-59E 
6 A(L ) /A ( NL ) 316S: 59E-60E 
7 A(NL)/UB(NL) 308 S : 61E-62E 
8 UB(NL) 308 S : 62E-63E 
9 UB ( NL ) 308 S : 63E-64E 

10 UB(NL) 314 S : 62E-63E 
11 UB(NL) 314 S : 63E-64E 
12 UB(L) 312 S : 60E-61E 
13 UB(L) 312S: 61E-62E 
14 UB(L) 312 S : 62E-63E 
15 UB(L)/A(NL) 312S: 63E-64E 
16 A(NL) 308 S : 66E-67E 
17 A(NL) 312S: 67E-68E 
18 A(NL) 314 S : 65E-66E 
19 A(NL) 314 S : 67E-68E 
20 A(NL) 316 S : 67E-68E 

Where A = Amphiboli te 
MS = Metasediment 
UB = Ultrabasic 
NL = No Surface Laterite 

L = Surface Laterite 



5 
frequency 

5 

frequency 

5 

frequency 

5 
frequency 

5 
frequency 

5 
frequency 

5 
frequency 

A 

B 

C 

D 

E 

F 

G 

H 

L 

1 2 3 4 5 6 8 9 10 11 

n,,,.rlr::,tc: 



T.ABLE IY - :.i 

' ·'+, 2 <" " ~ -·-· _._. ~ ·'·' "'" ..; . • •• 1 " r · "' -" ~; ,,..;,. · -,-, ~·'· -i Values for vi.C D O t;., l,).S , l C anc, v.'1C ...... socs. uC t u c. r e ... ., 0.:. c •.. sc, . ..:..U .• ... u •• on 
of t~rn qu.ed1'ats ( Gi:' i a 5D). 
( T:10 nunbcr-s i n t!1c firs·;; colur.n r efer -~o ·c:1c s,cciE-z in A- c ::1dix ~) . 

Variables used :i Dbc:.:-i . .iro·';ion ( no. of 
C<'·--, CC·'· ")"' ·,c..' i C ·'·1· 0,,., ..,. : • .. J.. ,. V J. \j - V .L .u.;J / • 

.A u:::; .1\/u-:J HS 
(C quo ,~ ·•o ·cs\ ( ,., g11aw:- ~···s )(c; ., ._.c.,...,,···"')(,1 qu "c:x- ~-~) U .l.. ; I -~ l . V t..,, \.;, ·'- : _ a Vo ~ . Ci <:.,c v...., 

1, 2 , 4 , 5, 13, 15 , 16, 18, 22 , 25 , .S0 , 34 , 35, 36 
1 , 2 , 4 , 5 , 13, 15, 16, 22 , 25 , 30 , 34, 35 , 36 
1 , 2, ~, 5 , 13, 15 ,16 , 18 , 22 , 25 , 30, 34, 3~ 
1 , 2 ,4 , 5, 13, 15, 16 , 18, 22 , 25 , 00 , 34, 36 
1,2 , 1 , 5, 13, 15, 15 , 18, 22 ,25 , 30 , 35 , 36 
1 , 2, 4 , 5, 13, 15, 16 , 22 , 25 , 30, 35 , 36 
1 , 2 , 4 ,1~, 15, 16, 22 , 25, 30, 35 , 36 
2 , 4, 5 , 13 ,15 ,16 , 22, 25, 30, 35 , 36 
2 ,1 , 5 , 15 , 13 , 22, 25, 30 , 05 , 36 
2 , ~, 5 , 13, 15 , 16 , 22 , 25, 35, 36 
2, 1 , 5 , 13, 15, 22 , 25 , 30, 35 , 36 
2, ~, 5,13,16 , 22 , 25 , Z0 , 35, 36 
2 , 5, 13, 15 , 16 , 22 , 25 , 30, jS , 36 
-1: , 5 , 13, 15 , 1S , 22 , 25 , .S0, 35 , 36 
2, 4 , 5 ,13, 15 , 16, 22 , 30 , 35 , 3G 
2 , ~, 5 , 13, 15 , 1S, 25 , 30 , 35 , 36 
2 , ~, 5 ,13,15 , 1G, 21 , 22 , 25 , 50 , 3r. , 36 
2 , 3 , ~, 5, 13,15 , 16 , 22 , 25 , 30 , ~5 , 36 
2 , ~, 5, 13 , 15, 16 , 22 , 25 , 27 , 50 , 35 , 36 
2 , 4 , 5 ,13 , 15 , 16 , 22, 25 , 26 , 30, 35 , 36 
2 , •:!:- , 5 , 13 , 1[5 , 16 , 22 , 2,_:., 2~· , :-.,o, 3S , 36 

209. 6'~ '~>:< 
202 . 7* ';c* 
207 . 1.J/~ * * 
20s . o,,,;, ,~ 

196 . 1 **':' 
191. 9*''";c 
182 . 1-*** 
175. 7·~-~* 
3-~ .. '1-*,:(* 
161. 2>:c:)c,~ 
1 s1-,'1- . 7* ,:C,): 

167 .o·~** 
11~. 2·~** 

87 . 0*'~'' 
159. 3'~':"~ 
115. ,_;,>!< :;c ~c 

177 . 5*~"'' 
181. :Y~'~::, 
19'1-. 5'' >1<,:, 

1 d7 . 2*'~* 
231.2 ,~ *'~ I 

6 7 
G 7 
6 7 
G 7 
7 ,..., 

I 

7 7 
7 6 
r· '7 
7 G 
7 6 
r· 
I 6 ,, 
) 7 
G 6 
7 6 
3 6 
G G 
7 7 
7 7 
7 7 
7 7 
(3 G 

2 ~~ 
') 
/J 

. 
'-,: 

2 1-
3 ? 
2 -1-
2 ·1-
2 ,1, 

2 /,_. 

" LJ ~ 
2 -
2 ,. 

·.r 

2 ,:, 
2 1-
2 3 ., 
L, 1-
2 , 

' ,: 

2 ' , . 

2 ,:. 
2 -
2 ,:. 
., ,, 
~ ,: 

Cont i nued ... 
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2 , 4 , 5 , 11,1 3 ,15,16 , 22 , 24 , 2G, 30 , 35 , 36 
2 , 4 , 5 , 11, 13, 15, 16 , 22, 2~, 25 , 28 , 30 , 5~ , 36 
2 , ,1- , 5 , 11 ,1::; , 15 ,16 , 22 , 24- , 25 , 28 , 30, 31 , 35 , 36 
2, 4, 5 , 11 , 1~, 15,16 , 22 , 2~, 2S , 28, 30 , 31, 32 , 35 , 3G 
2 , ·l- , 5 , 7 ,11 , 10 ,15, 16 , 22, 2·1-, 25 , 28, 30 , 31, 32 , 35 , ~6 
2 , -~, 5 ,11, 13, 15 , 16, 22 , 2.~, 25, 28 , 30, 31 , 32 , 35 
2, 4 , 5 , 11 , 13, 15 , 16 , 22 , 24, 25 , 28, 30 , 31 , 32 , 36 
2 , 4 , 5 ,11 , 13 ,15, 16 , 22 , 24, 25, 28 , 30 , 32 , 36 
2, 4 ,11 , 13 ,15 ,16 , 22 , 2~, 25 , 28, 30, 32 , 36 
2 , 'l-, 5 , 11 , 15 , 16 , 22 , 2·1-, 25 , 28, :x) , Z,2 , 36 
2 , ~, 5 , 11, 13, 15, 1G, 22 , 24, 25 , 28 , 32 , 36 
2 , .;, ,s ,11, 13, 15 , 1s , 22 , 25 , 2s , 30, 32 , 36 
2, 4 , 5 , 13, 15 , lG , 22 , 24 , 25, 28, 30, 32 , 36 
2, ~, 5 , 11 , 13, 15, 16 , 22, 24 , 25 , 30 , 32 , 36 
2 , 3 , ,1- , 11 , 13 ,15, 16 , 22 , 2.:, , 25 , 28 , 30, 35 
2 , ~, 5 , 13, 15, 16 , 22 , 25 , J0 , 36 
2 , ~, 5 , 13 , 15, 16 , 22 ,24, 25 , 30, 36 
2 , ·±, 5 ,13 , 15, 16 , 22 , 25 , 30 , 32 , 56 
2, 4 , 5, 13 , 15 , 16 , 22 , 24 , 25, 30, 32 , 36 
2, 4 , 5 ,13 , 15,16 , 22 , 23 , 24 , 25 , 30, 32 , 36 
2 , ·i-, 5 , 13 , 15, 16 ,17, 22 , 2,:- , 25 , 30, 32 , 36 
2 , 4 , 5 ,13 , 15, 1G, 22 , 2~ , 2f , 27, 30, 32 , 36 

267 . 7*'~':< 
531. 3'~··,,, 
657 . -.1-'~':C * 

5071 . et~,~,~ 
280G . 0 '~'-"' 

596 . 9:c ,::,~ 
9,:-1-. 0::,>1< * 
620 . G"-~'~ 
311~- . 5**):C 
1'70. 1 '~'~ ,:, 
:~o?r . 7 ,1;. ; :'i: 
3 ~35 . 8>'<::.: * 
,1-10 .o,·.,~ ,:. 
296 . 1 '1" ~ * 
519. ·.i-'~"* 
1 . .:,9 . 3*'~* 
206 . ,.r~'''~ 
171. 5,;c,:oc 
237 • .6**':' 
2,.::.1 . 5 ::c >:<·~{ 

291. 7*':";. 
2D1. 7**'~ 

*P < 0.05 ; **P < 0 . 01; *':'*? < 0 . 001 
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is acbieved using a linoar cot1bination of the follov1ing t\:elve 

species : 

.Acaci0 colletioic~ , A. erinac ea , ji . e;raff'iana , Dc<lonaea 
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stenoZYf~~ , :Srer,1ophila c1.eupsteri , E. iona1~, Eucalyptus l e souefii , 

~..!.Ellnonoi)hloia , E . salubrl_~, Ivlelaleuca sheathiana, Pi ttosporw:: 

phifl_yraeoides and '.Cr
1
yF1aliun l edifoliura. 

In comrnon \'Ji tl1 the findings frora Grid t:iB , it can b6 s Gen 

that a l though ·G1.1e degree of discrimination is generally re latecl 

to ·:ne nU1:1ber of snecies used in the discriminator, by no Fie ans 

all the sp ecies are nec essary for efficient discrimination. 

Furthermore, ,,10st of the s pecies listed ab ave 2.Te shrubs . 
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D. CDNCLUSIONS 

Only one raorr,hological variation Y1hich could p ossibly 

be attributed to a hi gb metal content in the su :J strate ·;ias ob served 

on the study areas . Llthough it may have beei, profitabl e to 

study t;1e ,.1orp!1olo& of flovrnrs , the :flowerine; season l1ad enrled 

Yl hen the 13eobotanical fi8ld nork :for this project was executed • 

..:\lthough no indicator plants for mineralization were found , 

it r/as apparent t hat cc:r tain of tho species gr ew only on 

particular subs·crates . Some of these 11 indicator 11 p lants nere 

dif:ferent for t he t·iJO grids . The distribut ions of Dodo naoa 

lobulat a, _?ittosporur:1 phillyraeoidt> s and Tryr.~alium l edifoliur~ 

hoviever , \'Jere sirnla:r for bot a. areas ; these species auparently 

only r;rew on or very near to ultrabasics. None of tne abovo 

th.".' ee species though , were found to be sufficiently widely 

distrilJu-cocl to lJc uscf'ul for preclic tinr, the geology avc:r the •;11.Jolo 

of ti1 e study 8.T eas • In an area o:f sir.1ilar ecology- v1here the 

geolo.s;y is un.knorm, it i s l)ossil)le that the pr esence of these 

indicator plants could find applicati on if ins,cead of t:ryin;~ to 

assign tJ1c litholocy in c ac!i of ·cho qundrats in:liviclually, tlic 

occurremes of these species n:te mapped. From t his, a c0ntour 

i;1ap shov1ing tl1e location of ultrabasic rock t:y-pe s could. possibly 

be formulated. 

Photographs of the above three species are included in 

.Appendix II . 

The application of di scr:L-ninant analysis to the p lant mapping 

data gave v ery go od results ; on Grids 5B and 5D respectively , 

the geology was able to be correctly predicted in 93 . 2% and 

95 . 5fb of the guadrats on the basis of the relative abun:lances 

of the species present. By no means all of the species were 

required in order to obtain definite discrimination. On Grid 5B , 

only 16 of the 34 variables ( 47 . :t%) Here foun:1 to be necessary for 

the max:i.mU1n discr:unination achieved, whereas only 12 of the 26 

variables ( 4-6.2",/4) were used on Grid 5D. 

When the b est discrirnina tor derived for Grid 5B was tested 

by using the geobotanical data from Grid 5D , the D
2

- statistic 

was calculated to be 209 . 6 ( significant at the 99. gfo confidence 

level for the number of variables used), and 86 . 4% 



of the guadrats v1ere corTectly assigned. Similarly, r1hen the 

data from G:r icl 5B was used to t est the best discriminator 

compl1.ted for Grid 5D , 84. 1% of t he g.,.adrats rrnre correctly 

assigned, although the value of the D
2 

- statistic was only 

signi f icant at the 9 9. o{o l evel of confideme ( D
2

= 44.16) . 
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AlthouE,h ·U1e best discrir.1inators obtained were diffe r ent 

for tlle t wo i:;rids , the follovJing ten species r1ere common to lJoth 

discriminator s : 

~c acia collc·Cioides, ji . er inacea , .n . graf:fiana , Dodonaeo. 

stenozyr,;a, Erernophila dempsteri, E . ionant.1i.a , EucalyPtus lesouefii, 

E. salu1Jlis , 1'folaleuca sheathiana and Trymalim ledifoliurn. 

When only these species were used , 86 . 4% of the guadrats fron 

both Grid 5B and Grid 5D were correctly assi gne d and the value 
2 

fbr the D - statistic in both cases v,as s i gnificant at the 99. 9% 

confidence level ( D
2 

= c:l-5 .72 and 149. 3 respectively) . 

It was t hus concluded that effective discrimination of 

geology in bot h the areas studied was p ossible on the basis of 

the above ten variables . 



SECTION V 

GENLIU,J., CX}ECLUSIO:NS 
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Tl1e general a:i.J 1 of thi s p1•oject was to inves tigate the u se 

of vegct.s1tion for prospectinc for nicke l and c opper in an area of 

sclo.rop::yll ous 1.iooc1land i n Wes ·corn 11Ustralia . It rJas concerned 

r1itb deternining \"Jhcther establishcu biogcochemic a l and ceo

botanim,1 tec hniques could b-:; fruitfully or.rp loyed under the c ondi·c-

ions encountered at Spargoville . ~~he autl10r considers tl1at t ~'l.is 

ha i, ~Jeen l arge l :r ac hieved. Spec i fic problcns such as sar.ip line 

error and anal ytic al error have lJet;n discussed by other '.'7orh:rs , 

anc1 thus were not dealt ni.-ch in detail . 

J1lthough ·chc .'"_(oncrall:.r :1ars:1 cnvironr:iental conditions at 

Spargoville ri1a:' no t be duplicated in other areas of the vwrld, the 

gener al lessons may 1JC of use elsev1he1'e . One i s t]ia t computer 

techniques 1:1ay cnahle the rapid discovery of rolationsl1ips to be 

L1ade , even thou.'.'),. such rclat.i.ons J-iips r,1ay not be visua lly evident • 

.Another is that futu:: o no:.·]~ should take:: all cheli1i cal, pl1ysical 

and errviron-1cntal factors into acc ount , as all of these are 

i ntina-c€..ly rel ated. 

The speci fic i'inchngs of t:1is pro ,iec t i'tere : 

( i) E1emcntal vnluos in -:~lie - 10+26 nc::sh soil f:caction g,:wc 

rauch b e tter anonal y c ontras·c ·:;}1.an vEl l Ues in tho - 80 nc::sh soil 

f :r action. Furt:1err.10:re , "i:;~o cold hydrochloric ac id- s oluble nic ::c 1 

and c opp er conten-:.; of tJ,'-- soils gnve superior contr2.st of values 

coF,pared to the total ( hot HF/nf'To
3 

extrnction) values . 

( i i ) Consideration of Ute ana lytical clata for the plants 

s anp l E:d shoricd that different species distributed sorae ri1etals i n 

d if'fer ent riays between t heir l eaves and t wigs or bd~,;1een tbci:r 

1Jark and r1ood. 

( iii) The barks of the three species , Eucaly:ptus lesouefii , 

E. longicornis and E. torguata were useful for biogeocheraical 

prospecting , particularly for nickel. 

(iv) Three spec ies were found which apparently only grew on 

or v ery near to ul t rabasic rock types . These v1cre Dodonaea lob-

ulata , Pi,Gtosporurn phillyraeoides and Trym.alium ledifolium. 

( v) The application of discriminant analysis to plant 

mapp ing data could be used in this area to determine ·the nature 

of the substrate. The use of this statistical technique with 



sane b i or;e ochoni cal aa·ca ( Ap1,eniix III) shMed that th e geo

b otc1 nica l cwt:) gnve ·-1arl-:eclly superior results . 
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Versatile cOTTf>u-~e:c pror;raunes wero develop ed i n the course 

of t i1 is ·.wrk f o:r non- p D.:i..'arn otric corr e l ation c a lculations and 

for c1iscrin inant analysis . 

The :tesults r e-ported have indicated pronisin.'.:s avenue s 

for futw.·c rcscarc:: . L1 particular. , the usefulness of the 

various :Eucalyptus species should bu t est ed on an areci nhE-rc 

th6 b edrocl-: is c ovc:rccl by a t Lick l ciyer of trnnsported raatcrial. 

Aspects rclateQ ·co ·che; general use of vcgct1:·'~ ion i n nincral 

exploration, suer. as ·c}16 a·_y1_1 lication of i r:.p1'ovcd r.ml tivariate 

sta·cistical technique:: , t~1c use of a0rir,l r e~.10tc sensing methods, 

and the search for 1\ iE; thfinder 11 elc-· ienJc::i , should a lso provide 

s t ir.~uluting and. profi·ca~) l o resul ts . 
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.APPE1'])IX I ----
Plan·::; Snecies recorded 

Tlie folloning is a list of the total numb er of each species 

recorded. on Gri ds 5B nnd 5D dur il:1£ the plant mappil'lf: survey 

( SEC'.i.'IOJ\T IV) . .Althougl1 ephenerals and g,-rasscs \7ere not consideored , 

all ,crec-s ond s>rubs grm, ing on t he se areas have 'been included. 

Plant species 

1. .Acacia acur;1inata Benth. 

2 . A. colletioidS,§_ A. c ~mn. 

3. A. aff . colle tioidcs 1,. Cunn. 

4 . A. erinacen Bent}1. 

5. ~ graffia12a F . Muell . 

6 . A. r csino~tinulca '.Y. V. Fitzg . 

7. .Alxx:io buxifolia E. Br . 

8 . Crat,v::;-l;yl i s ;1icr o:}l;ylla (P . i.:uc l l . ct Tate) 
s. Moore . 

9 . c. subsp i nusccns (F .Huull. e,c Tate ) S . lxioorc 

10. Dodonacn fi_lifolia Hook. 

11. D. l ob1:1;_18 ta F . Huell. 

12 . D. L1ic1·ozy;:;a F . ifoell . 

13. D. stcr:ozyga r . :.Iuell . 

14. !r' c1 ,1orihila cacrulea ( s . Moore) Die l s . 

15. E. dc-,·.11)s ·c1..;ri F . !Juell. 

16. E . ionantha Diels . 

17. E . opDo~itifolia R. Br . 

18. E. pach:Yphylla Diels. 

19. E:rernophila sp ._J;_ ( unidentified) 

20. P.:r emophila SP . 2 ( unidentified) 

21. Eucalvptu~ calycogona Turcz . 

22. E. lesouef'ii. Maiden 

23. E. longicornis F. Muell . 

24. E. saluunophloia F. Muell. 

25. E. salubris F . Muell. 

26 . E. turguata Luelim. 

27. Exocarpus aph;yllus R. Br. 

28. Grevillea §P.• (unidentified) 

u~n r, y 
MASSEY , :{'i:. SITY. 

No of spec :unens 

Grid 5B Grid 5D 

38 

35 

168 

38 

9 

0 

10 

3 

1 

17 

1 

112 

7 

11-67 

161 

236 

219 

8 

45 

60 

2498 

68 

0 

52 

3 

0 

19 

23 

9 

52 

39 

3 

1 

0 

0 

0 

7 

0 

0 

223 

26 

75 

19 

0 

0 

16 

776 

45 

35 

73 

5 

16 

3 



29. Kochia 1):,r-.!'1:;n ~ Bent h . 

30. Lielal euca sheatl~ana W. V. Fi tzG• 

31. Ol earia nueller i ( Sond. ) Benth. 

32 . Pi ttosporun 1;l!il~-raeoidcs. DC . 

33. Tihap:oclia sn. ( unidentified) 

3L1. SanJuEllUJ,1 Si'.licatur.1 c~.3r. )DC . 

35 . Scaevola sn i n~g__~ R. "]r . 

3S. ~rymaliur1 ledifolium Fenzl. 

37 . Westrinr:,:ia c cphalantlw. F . 1.1ucll. 

2 

35 

18 

2 

2 

2 

27 

3 

15 

0 

3 

56 

1 

0 

11 

33 

G 

0 

100 
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APPEl' ;,DIX II 

Illustratio~ of sor.10 plant specie s 

The follorlinr plates sho·:1 the general foru and s i ze of 

t:1e nore II i ntE:res-:;ing 11 and useful p lant sp ecies found at Spar r-;o

ville during the course of this project . 

P l a te A. 

Plate B. 

Plate C. 

Plato D. 

Plclte E . 

Eucalyptus lesou~ gro~v i ng 0n non

mincrnli ~ed gro und. 

Eucalyptus losouefii gron ing on mi neral ized 

ground. 

Dodonaca lobulata. 

Pi ttosporum philly-raeoides . 

Tryr,mliur.1 l odifoli un. 
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A. Eucalyptus lesouefii growing on non - minerali z ed ground 



103. 

B . Eucalyptus l esouefii growing on mineralized ground 



104 . 

C. Dodonaea lobulata 



105. 

D. Pittosporum phillyraeoides 



106. 

E. Trymalium ledifolium 



Disc:;..'i1.1irn:mt analysis of sor:ie b ior:eochc::-dcal d.at,:i fron 

Gr i d 5B 

' .,, . In-er oc:.uc Jcion: 
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1·hc apr·lic 3tion of discrininant analysis to 

gcobota;.1ic al cla<;a }i.a s ~Jcen d.c:.wnztra-cccl pr eviou rc; ly in t:1is t':csis 

to be 0.scful fo r ostablis:-.inr: t~1 c m ·cure of tho bcclroc1: up on 

nl1ich t :,e p l an-c cor.uunity i s grov1ing ( Sect i on DJ) . Thie: 

s ~2tis tical tedrniquo rum also ar,., lil-d to soue bioE;cochc:·.ucnl c1 a·cn 

in crclcr t o co·.:1p2rc ·cl1c usefulness of b ioi:;eocht..:uistry and rco

botany for the sm.1c pur~JC:-ic. 

'I'h6 1Jark af EucalYJY~Us lcsouef ii v1as chosen for t:us Hark 

because it has oc<.:n sho;m ,co be t he :mst u::,eful nlant syster.1 for 

pro.'.lpec ·cins f or ni c1,::r.:;l encl copper in ·chc s·CL1.c1y .c;1' eas (Section III). 

Sauples ·.1c1 e colle;c·:-ecl at 1CO f-c . inh:rvals olonz lines 3,;,2s , 3,:..-.'.:S, 

3-l-GS, 3,:-8S ancl 3SOS, arrl ana hsccl by a tor.1ic absorption spectro-

pho corne·cr3r fo:;..' calciun, cl1rr..:-r.1iur.: , cobalt, co'!)pGr , l ead, nac"1osiu,. , 

:-_·,an6er>.ese, nickel on( z i nc . 

follO\)S ! 

G:rOU1) I .,,r:q:1i · :o li -'-c ( _·_) 3.:- sai !plinr sites 

Grou ri II . ult:ca".Jasic ( trE) - 29 s a.-:p liI1£ sites . 
In the:: case ,J ,c:'e only t\-10 ·t)O·: ·nlotions .s:1·0 c ons i dered , ·clrn ,, 

Hahalanobis D"' stntistic is zs iven by : 

= 
pp . . 
u wlJ (x. 
ll ll 

x.,.) ex .
1 lL' J 

t1, 
xil and xi 2 are ·i;he sar.1yi le means for the i · c ha:rector 

for the first and second s ampl es respectively. 

( Wij ) is tho recip rocal of the covariance matrix , ( W .. ) 
l] 

p is the m.1r.1bcr of variables used. 

To test the hypot'1esis sp ecifying no difference in mean 

values of the p c:1a::.:-actcr s for the t ,JO populations, the folloning 

statistic ca.n lJe used as a variance r.J.tio with p arrl (n
1
+n

2
-1- p ) 

degrees of' fr c:edom: 



F = 
p - 1 

2) p 
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T:w levels of ciyificance: of t l.1 0 F - statistic ·,·,oro dctcr,1in--:cl 

by r of...,r <:;ncc to t:10 va1'innco ratio J_;nl) l (:s of F i sh"'r onc1 lo-'.·es , 

1957 . 

T " . 1 ' 1 t' T\._
2 t ' . + . d t -n -.;.10 si-. 1, E:s·,:; co sc ·.1'.,en p = , :10 :.-.r- s ·a·cis .. ic re uccs o 

a s:i.iif() le t - tcsi . 

B. -tesultn anc~ discussion : 

'l.1ab l 0 1,-1 s~101.1s t~1c a::ithnccic rJe;,n va l uer.; of 

·cbc clcT.1ents clc -::;e:rr,1 ined i n ·cl1c asi1ecl 1:,ark of' E. l esoucfii on lJot:1 

Witli ti.ie exc eptions of c alciUl'.l and l ead, the clunental 

conce n-c in c}1(j ash of ·;) l ants g rov1 jng ovor ultralJa sic r oc 1c ty1i0s i s 

~:ir:;her i:; i,an in ·l/:ose collected fron aL,-)hibolitu nreas . 

Taolc.. il - 2 sur,1:-.~Grizcs -:_;he disc:i:iuinatory r Gsults using c.7.if-'·c.. rcn-c 

The best discriminn cion nf 

ultrubas i c :rock -c3rpus ·;:as ol.>ta i necl by usinc the variaiJlcs c~trouiur.1 , 

le ad.,ua ;,1csirn1 ancl 11ickel ; th£ r c sul·c using onl:v th L.se four ulu-

1 :e n'cs ,,as s l it:l~~l > bctt 'r t),an ,;;:10» all th e elcnolTcs ,·1crc used . 

'.C i s de·. 1011;;·cra·cc:s ·,;;1u super f lui ·cy of usin::: too ;-1any var:!.abl cs . 

For a,.rpl1iooli·;, s , c: qw:i l disc:tir,i na tion wrn obtained 0 i th0r r1hen 

all -chc: var ia~:ilcs 1;1e;:re used. or \"!hen onl:r chroniur, , c obalt , lead , 

rnagnesiura mv'_;_ nickel 1,1orc eri1ployed. 

0ve1·all, ·che best cliscri: -in-tio11 ·;1a s achievccl usinl: all t h e 

variables. In ·cbis case , 29 ')f ·l;J.1.c 3,: amphibolite and 17 of tl1c 

2 9 ultrabasic sH;es vrnre c o1·1·cctly essigncd ( 73 . ~ d iscr Lnination) . 

Howev<?.Q', only a very sli[~ht dcr;ree af c:hscriL1ination ,1as los t 

r1hen only chr omi un , cobalt , l e ad , n a[;nesium and nickel ,·;ere uscc1 

( 71. 47& discrimin::d;ion) . 

T".r1e irolus ion of chr or.1iun , cabal t , i:'la gnesium and nickel in 

the d5.scr:i.rniro ·cor is urrlerstandab lc as ultra basic rocks are 

enriched in t::1e se elements cor.ipared t o amphibolites . Plants 

should thc1·e:fore re:flect t l1 is difference as they vJOuld b e expec t ed 

to accumula te elements proportional to their concentration in the 

soil. 
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Hean ( arithr:ietic) e lcr."Bntal co:rx:en-cra·cions in tho nshed ba::' of 

~~~71 J·C½_g_JE_s_~fii ( Grid 5B) 

(The cler'len-cs Cr , Co , Cu , Pt , :.~u , Hi Zn are e:;q:iressed as p . ;, . u . 

\/ )tllc Ca ancl I-Ia, :Jre c:prGssed as pe::..•cor,tarrns ) . 

Elenent 

Colc.:iun 

Ch~'.'01,liUD 

Cop,_, e:c 

kf'rl 

~Tiokcl 

Zinc 

lTa ·cw· E: of -----r ~ ~· 
( 3.~ sites) 

12. 83 

2os . 1 

35 . 15 

,s s . oo 

.::.,~ . 56 

3 . f.c9 

,333 . 5 

1:j3 . 5 

6 8 . 3c~ 

substrate 
UB 

( 29 sites) 

12 . 53 

-~22 . 8 

3 ._, . 7£ 

7':J . JO 

.;.o. 6° 

3. 8G 

352 . -~-

208 . f, 

77 . 0': 
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--- --------
Value s f or c:.w D"' and I' s ~c:.-ci sti cs anl ·c.110 1:,ssociatcd degr cl, of 

disc:ti1.:i rn tio:1 of -c) 1e sanplin6 s i tes ( Gr i d 5B) . 

V oriablc s nsed 

Ca 0 . 122 

Co 1 . 6'-; 

Cr 0 . 3C, *** 

Cu 2 . 18* 

J.,l (' 
u 0 . 789 

Hn 0 . 165 

Fi ~. 15 :~,~ 

Pb 1 . 22 

Zn 3. 7G** ~' 

Ca , Co , C:r , cu, 1 ir_( 111in, I'.i ,:?b , Zn 16 . 7C 

Cr , Ni ! 10 . 1,:-
l 

Cr , ni, Zn :10 . 62 
I 

Co , Cr , Yi .13. ;,s 

cr ,Cu, r i 10 , 1'/ 

Ct.,, r i 1 j r:n , 0 0 
I 

nr , Ivin , Ni '10 . 1 5 

Ct. , C1• , :i ~i '11 . 93 

Cr , Hg , Fi :13. 92 

Cr , 1-ri , Pb :10 . 51 

Ci , cr , Ni ,Pb 13 . 1.l-9 

Cr , Mg , tri,Pb 1-1-.17 
' 

Co , er ,Hg ,1'Ti,Pb :10, 5,1-

Cr , Cu 1 :Ni,Zn 10 , 63 

Cr , cu, .. :In, Ni j10 , 17 

' Ca,cr , cu , Ni 11., 93 

Cr , c u , l,Ig , J>Ti 1-::-, 13 

Co , cr , cu , Ni 13. 68 

Cr ,Mg , tin, Ni 14. 03 
I 

Cr , cu, Mg , Nn , Ni 1,1 .• 15 

F 

78 . 0 ei*** 

51 ,. 2G*** 

G0 . 2.':i ** '~ 

70 . 30* ~'* . 

53. 0 8 *'~* · 

50. 18 **'~ 

52 . 71* '~'~ -

61. 53*** : 

52 .• 56 ~'*'~ 

50 . 8 9*'~''' 

52 . 19'~'~* 

,a . 32'~** 

Di s er i !Jim ·cion 
( number of 001'::.'ec t 
pr cclic t ions ) 

i, 

( 31.l- sit es) 

17 

23 

2,:: 

2:l. 

20 

2C 

29 

27 

2C 

27 

23 

27 

2 7 

2
,. 
, ) 

27 

26 

25 

29 

25 

27 

27 

2G 

27 

25 

26 

UT 
( 29 srce: s ) 

17 

15 

1 ,-
- " 
1.J 

10 

1
., 
,, 

17 

1--:-

1 '; 

1:: 

16 

L 

13 

18 

1G 

1G 

1~ 

1 6 

1~ 

15 

13 

17 

1.7 

18 

18 

Continued 



Ca , Cr , cu,Mg 1Mn , J\Ti 

C'r , c u ,M:-; ,lin , Ni , Zn 

. 1 ,1-. 20 
I 

' 1·1-. 32 

;53_ 94 *** 

*P <O. O.S ; ,;,,~p <O. Ol ; 

lrn - ult::nbasic 

26 

2G 

17 

10 

111 
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o. Conclusions : 

Certain 7Jasic conclusions c an be nado · LE:n cl1c 

a-Jove :i.-·cs:J.l·cs a::'C c01,1p c:,:,:s0d v1ith G1.1c resul·cs from the discri:1inan-:; 

anal:rsis of -~he pl.ant uapp i n;__; c~_ata f r on Gricl 5B ( Sec t ion r 0 -Il.) . 

Th8 i.'C::sult s usinc ·' :.e ~eobotar~ic a l dato arc ·c1arkcdly su;Jcrior 

t ' - . . l ' • - • 1 d .J... ( "n rx'/ ~ -1 7 ~ r,:. ... o -c!1ose t:sin:-_; ·c.-0 o:i..o~;coc,1er.u.ca a 1..,D vO • .c,;o auu. o . v/> 

disc:,: iri1ina·cion rOSI)C:C .ively) . J::1is i nplios that ecolo r,;icnl 

f oct0rs nre -,,1ore c l ose l y related to the urrlcrlyins substra-co than 

arc t' 1 <.. nutri·cion:-1 1 regnirrnncnts of t:10 p l ant species in the i:i:..-ea . 

By no :-.1eans c1ll ,J,e v.'3riablcs arc required in o:rdcr to ac::icvc 

Wit>. c i th ·.:r set of .:i ato, in -"'act , 

discr i;-,lina t ion dicl not markedly i ··,pr ove 0:vh e:n nor e t· ,an nbout onc

fah- cl of -:~ho variar)lcs ·.1cre used . 

It is p ossible thn ~ tho use of c1i---·fercnt biogeocheni cal 

va:ciab l cs tJould i1mrovo thL- :t osultin;-· discrimination. Ho:: cv:..;r , if 

b io_:--_,; cochornicaJ. drrca arc used i n conjunction ·.1 i th th0 r.;cobotcJ;,icol 

datn , the r0sul'cs \"Joul cl be exnectecl.. to be even better thon ·.1'.1cn 

these tlata sets ore used individua ll:{• 



.:.PPEl\[llX D! 

J, .• Introduction : - --·------
Th'-- n ro, ::.snoes listed i n i,p ,·encli ces III - J3 , 

III-C and ~~II- D, al-C:'10u(1 m•i-:;·cen or 11odifi e c1 specificall~r 

f-,r t )1e 2.--)pli ca·cion dcscri'-Jcd in this t: ·esi s , are adaptal, l e 

to otl1e:t sets of J.ota . 
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conccntrotions , -~;ic ~)c :._·ccntar.e as!: , and t)ie site nunbcr fo:r a 

n la:nt so ,1;,lc , D:. c T)unc· 10 C:: ontc one carcl ·Ji·ch eac ;1 variable 

c:;,;:ce 0, t i on of t~,.c p e:i..'ccnta ~·; '-' cs~, , t:11:, varinblos arc punched. 

u.sill[( fo:r:iat I'6 . 0 . 

In:: ;:..•l1ction8 ·:) C:..' ·0ainin to t:1c co:·,,-:xcer .,_, r c ~: ra:.F1cD a:·e 

c i ·.r en i)!'ior ·c.: cocL listi, -~-. 



B. Pca.rson !)l"oduct ·c10-;:1ent corre l ation coeff i c i e nt 

In p:;.•er)2rati on fo:;_• t~:e co·,-riJut ntion of tl1e 

cor:-: e l ati on c0cfficiLm-cs , a d;-,-~D 1 :a :J'.'ix is j'.' ead ini.;o disc 

s"Gorar~e . 
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·?he rn..1.;.7bcr of soi rp los read in 

'.::'l1e v a:·iobles 

'Jlaccd i n t>c de·crix i.o~: ",e :;_·eacl fr om one or t·:10 C:ata decks os 

foll o·:1 s : 

(1) l'i) to 13 vn:, ia-j l c: s nay °!Jc.. read f:;_0 or1 cit),01.· tl:e plnnt 

clati:1 deck or ·'·'.,e soil cfo·';a clo cr::. 

( 2) U~ · to 6 V.'.3.T i a:J l<Js fron ·c>6 1 lant dstn dee k and up t o 

I f less 

vc:tioblos ,"1:CC used , t:.,c nun~J1... l' of scil -raria1Jles r,mst lJe one lcs::o 

';:7an t}.-!e mu:11J cr of ·,1lDn-c va:;_·in11les. 

correla t ion coofficic;n-cs and tlic slont]s of ,c bc reduced najcr n~:cs 

a,:;_·e co:nu·ccd Pno. ·,· rir t'-'cl ou·i:; for all noss ible cOr;'.iJi rn:1tions of 

-C\7 0 vc::1.'inbL.s . 

Fur ·::;'.,01' o , i t ions allo· ; t ~ie ~11,:mt vnr inbles in the mo ·cr ix frrn: 

( 2) a.c,.re ·co - c :cc:1,laccd :J:' ·ch e 1.J l an-c varia'Jle divi ded b y the 

c orru sponcli n~, soil 1.·, :::· inb le ( i . e . :,cla·~ivo nccunul2tion) . I n 

addition, all ·c:ie uc·:~al co!1cen-,;r-atio11s i n t~10 ·'.") laffcs L"iay be 

com,cr·ccd f ror.1 an as;1 ·.:e i '.,-~ lJasis t o n <lry ilei~:ht ~Jasis . ·" 

printout of -c::_rn dc·ca 1,1ay a.lso oe nade . InstruC-::;ions for tl1e 

i mplenen<;a'cion of ·c;1cs e op t i ons , ns '.'!1.:, ll as for the r c guirc11ents 

of the c on-~:col cards ·co Tn' r::cede t ::e cata ar e r· i ven at t ho head 



PEARSON PRODUCT MOMENT CORRELATION COEFFICIENT PROGRAMME 
FORTRAN I ID 

C CORRELATION COEFFICIE NTS, GEOM ET RIC 11EANS, STANDARD DEVI ATI Ot'S, 
C REDUCED MAJOR AXE S 

C PROGRAM M E A L LO L·J S DAT A TO B E R EA D F RO 11 0 N E OR T\'J O DA T A D EC KS 
C PLANT DATA IS FED IN AS AS H CONC ENTRA TI ON 
C ALL INPUT DATA TRA NSFORMED TO BAS E 10 LOGAR ITHMS 
C S ENS E SW I TC H 1 0 N CO NV ER TS DA T A TO O RY ~1 E I GI lT CO NC E NT RA T I O N 
C SENSE SWITCH 2 ON REPL ACE S ODD VAR IAn LE S WITY ODD VAR IA8 LES 
C DIVIDED BY NEXT EVE N VA RIAB LE S 
C SENSE S~·JI TCH 3 ON PRINTS OU T I MPUT DA TA 
C SENSE SvJITCH 4 OFF, READS NEIi FORMA T CARDS BUT USES PREVI OUS LY 
C READ IN DATA DECK 
C SENSE SWITCH 4 ON REPEATS CO'1PUTA TI ONS \JI TH SN1E DA TA DECK 
C SENSE SWITCH 4 OFF READS NEXT DA TA DECK 
C CARDS TO PRECE DE DATA OECK ARE AS FO LL OWS 
C TITLE CARD. TITLE MAY OCC UPY UP TO 7CJCO LUMNS 
C READ FORMAT FOR FIRST DA TA DE CK 
C READ FORMAT FOR SECOtlD DATA DECK. A FORMAT CARD MUS T BE I tJSER TE D 
C IN THIS POSITION EVEN IF NO SECOND DA TA DECK IS USED 
C CARD CONTAINING VARI AB LE S KL,I J, JK,I JK,K,N, IN FORMAT 6 15 WHE RE 
C KL=TOTAL NUMBER OF VA RIAB LE S TO BE REA~ KL ~AX= 13 
C IJ=NUMBER OF VAR I AB LE S T O BE CORRE LA T ED, IJ / 1A X= 1 2 
C JK=NO. OF CORRELATI ON CO EFFI CI EN TS TO PE COMPll TE D, JK t1AX =66 
C IJK=COLUMN CONTAINlt~G FRA CTI OM ASH. I F t'O AS II THEN IJK =l 
C K=L ALL VARI AB LE S ARE CHA NGED TO DR Y WE I GH T CONCENTRA TI ON 
C K=~ ODD VARIA BLES ARE CH ANG ED TO DR Y WEI GHT CON CENTRA TI ON 
C N=L ONE DATA DECK TO BE READ 
C N=2, TWO DATA DEC KS TO BE READ 
C A CARD CONTAINING A NU MERA L 9 IN COLUMN 1 MUS T FOLLOW EACH 
C DATA DECK 
C MEANS ARE GEO ME TRIC 
C STANDARD DEVIATIO NS IN UNITS OF LOGAR ITHM TO BASE TEN 
C 

DI MENS I ON A( 13 ), S( 12 ), SQ ( 12 ), AV (12 ), Gi·1( 12 ), SD( 12 ), B( 12) 
DIMENSION SP(66), X( 66), Y( 66), Z( 66) , R( 66) , Ri1A (66), MD( 12) 



D I M ENS I O N I F O R( 8 0 ) , J F O R ( 8 0 ) 
DEFINE DISK(13,1000) 

10 READ 20 
20 FORMAT (80H 

1 ) 
21 READ 22, I FOR 

READ 22, JFOR 
22 FORMAT (80Al) 

READ 23, KL, I J, JK, I JK, ~ N 
23 FORMAT (615) 

DO 11 I= 1, 12 
11 A(l)=O 

IDEX=l 
30 READ IFOR,M,(A(l),1=1,KL, N) 

IF( M-9) 50, 60, 50 
50 RECORD( IDEX)A 

GO TO 30 
31 I DEX=l 
32 FETCH( IDEX)A 

IDEX=IDEX-2 
RE AD J FOR, M, ( A( I ) , I = 2, KL, N ) 
I F( M - 9 ) 5 1, 6 1, 5 1 

51 RECORD( IDEX)A 
GO TO 32 

6 0 GO TO ( 61, 31), N 
61 ISAVE=IDEX 
7 0 DO 8 0 I = 1, I J 

S( I ) = 0 
SQ( I )=O 

80 AV( I )=O 
DO 90 J=l, JK 

90 SP( J)=O 
AN=O. 0 
I F(SENSE SWITCH 1)100,120 

100 PRINT 110 
110 FORMAT ( 25H DRY WEIGHT CONCENTRATION) 

GO TO 140 
120 PR I NT 130 
130 FORMAT (21H CONCENTRATIO N IN ASH) 



140 IF(SENSE SWITCH 2)150,161 
150 PRINT 160 
160 FORMAT ( 7H RATIOS) 
161 PRINT 162 
162 FORMAT (//) 

PRINT 20 
C 
C START OF MAI N LOO P 
C 

IDEX=l 
170 FETCH(IDEX)A 

IF( IDEX-ISAVE)180, 180,350 
180 IF(SENSE SWITCH 1)181,210 
181 JM=IJ-1 
1 9 0 DO 2 0 0 I = 1, J M, K 

C 
C FIRST OPTION MA N IPULATION FOLLO WS 
C 

200 A( I )=A( I )*A( IJK) 
2 1 0 I F ( S ENS E SW I TC H 2 ) 2 11, 2 4 0 
211 KJ=IJ-1 
220 DO 230 1=1,KJ,2 

C 
C SECOND OPTION MANI PULATION FOLLOWS 
C 

KK=l+l 
230 Al. I )=A( I )/A( KK) 
240 IF(SENSE SWITCH 3)250, 28 0 
250 PRINT 270,(A( I), 1=1, KL) 

C DATA PRINTOUT FO L LOWS 
270 FORMAT( 13F10. 4) 
280 AN=AN+l. 0 

DO 2 9 O I = 1, I J 
B( I ) = O. 4 3 4 2 9 4 4 8 * LOG F( A( I ) ) 
S( I ) =S( I) +B( I ) 

290 SQ( I )=SQ( I )+B( I )*B( I) 
J=O 
1=0 

300 1=1+1 



JJ=IJ 
310 J=J+l 

IF( J-JK)320, 320, 330 
320 X(J)=BCl)*B(JJ) 

JJ=JJ-1 
I F( J J - ( I + 1) ) 3 O 0, 31 0, 31 0 

330 DO 340 J=l, JK 
340 SP(J)=SP( J)+X( J) 

GO TO 170 
C END OF MAI N LOOP 
C START OF MA I N CALCUL AT IO NS 

350 DO 360 1=1, IJ 
AV( I )=S( I )/AN 
GM( I )=EXPF( AV( I )/0. 43429448) 

360 SD( I )=SQRTF( (SQ( I )-AN*AV( I )*AV( I))/( AN - 1. 0)) 
J=O 
1=0 

370 1=1+1 
KE=IJ 

380 J =J+l 
I F ( J - J K) 3 9 0, 3 9 0, 4 0 0 

390 Y(J)=AV( l)*AV(KE) 
Z( J ) = ( SQ( I ) -AN* AV ( I ) * * 2 ) * ( S Q ( KE ) - AN* AV( KE ) * * 2 ) 
RMA(J)=SD( 1)/SD(KE) 
KE=KE-1 
IF( KE-( 1+1) )370, 380,380 

4 0 0 DO 410 J = 1, J K 
410 R( J)=(SP(J)-AN*Y(J) )/SQRTF( Z( J)) 

C 
C 
C END OF CALCULATIO NS 
C PRINT OU T OF RESUL TS FOLLOWS 
C 

PRINT 420 
420 FORMAT (/16H GEOMETRIC MEANS) 

PRINT 430,(GM( I), 1=1, IJ) 
430 FORMAT (12F10. 4) 

PRINT 440 
440 FORMAT ( /12H STD. DEVS. ) 



P R I N T 4 5 0, ( S D( I ) , I = 1, I J ) 
450 FORMAT (12F10. 4) 

PRI NT460,AN 
460 FORMAT(/19H NUMBER OF SAMP LE S=,F ~ 0/) 

PRINT 470 
470 FORMAT(25H CO RRE LATI ON COEFF I CIE NTS/) 

KL=l 
DO 4 8 0 I= 1, I J 

4 8 0 MD( I ) = I J + 1-1 
4 9 0 PR I N T 5 0 0, ( M D( I ) , I = 1, I J ) 

KC=l 
MA=l 

500 FORMAT ( llH COLUMN NO. , 12(2X, F4. 0, 4X)) 
LA= I J-2 

510 NA=MA+LA 
PRINT 520, KC, ( R( J), J=MA, NA) 

5 2 0 FORMAT ( 4 X, I 2, 4 X, 1 2 F 1 0. 4 ) 
KC =KC+ 1 
LA= LA-1 
MA=NA+l 
IF(KC-IJ)510, 530,530 

530 GO TO (540,58 0 ), KL 
540 PRI NT 550 
550 FO RMAT (/17H SLOPES OF R. M.A./) 

KL=2 
5 6 0 DO 5 7 0 J = 1, J K 
5 7 0 R( J) = RMA( J) 

GO TO 490 
580 PAUSE 

IF( SENSE SWITCH 4)7 0, 1 0 
END 
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8 . SDc_aJ..!E_i2_ ranL co_r_relatio12._cocfficient p ro r,:rar::0_E:_ : 

T:1 i s ~)ro:,~:.:·anee ·-.·u:1s des i sned t o read 8 varia0lus , 

The fo:::-nats fo:.· the d:::itEl cc1:2ds 

v a l ue of I'NJ3 rm.,s-c; be 7 . 

Co:crelD-cio1~ r::oefficients 1J0·;;,.·, een tl-1c varinbles in the fil'i:rc 

and secon::1 cJatn clec ~:s a:,·e c c:i lculated and r ,rin t ed out on an as:· 

·.7cic:·h·c 0asis and on a clry \'io i vh-:; ~)as::..s . 



SPEARMAN RANK CO RR ELATIO N COEFFICI EN T PROG RAMM E 
FORTRA N IV 

C MAIN PROGR AM FOR OBTAltl l NG RANK CORRELATIONS 

C DATA IS SUPPLIED IN TWO BLOCKS 
C FIRST HAS CO NCE NTRA TI ONS FOR SO I LS 
C SECOND HAS CO NCEN TRAT IONS FOR PLANTS 
C FORMAT IS F6 FOR FI RS T 7 REGIONS, F~ 2 FOR REGION 8 IN PLAN T RLOCK 
C THE LAST REGIO N CONTAl~!S THE ASH WEIGHT OF TflE PLANT ( PERCENT) 
C PARA METERS ARE 
C A - MATRIX OF POINTS 
C N - NO. 0 F OBS. 
C 
C NVA - N~ OF REGIONS TO USE IN 1ST BLOCK 
C NVB - N~ OF REGIONS TO USE IN 2ND BLOCK 
C 
C OBJECT IS TO OBTA I M RANK COR COE FF. P,EHJEn! ALL ITEMS IM 1ST 
C BLOCK WITH ALL ITEMS IN 2ND BLOCK 
C 
C SUBROUTINES REQD •.. . RANK, Tl E, SRANK, SPBRF 
C 

DIMENSION LOC(24) 
DIMENSION TITLE(lO) 
DIMENSION IA( 100, 8), S( 101), P(lOl), R( 202), WT( 101) 
COMMON S, P, R 
FLOATF( I)= I 
EQUIVALENCE ( S, WT) 
DEFINE DISK(l~ 2400) 
NR=l 

1 NPASS =O 
C READ A TITLE 

READ 4000, Tl TLE 
C PRI NT TITLE 

PRINT 5000, TITLE 
C READ PARAMETERS REQQ 

READ 1000, N, NVA, NVB 
NV=NVA+NVB 
NVBl=NVB+l 



NN=N+l 
NSEC=NN/10+1 
IDSK=NSEC+l 

C READ DATA OFF CAR DS I N TWO BLOCKS AND RECORD ON DISK AFTER RANK I NG 
C BLOCK 1 

DO 10 J =l, N 
READ 2000, (IA( J, I), I =l, NVA) 

10 CONTINUE 
DO 20 I =l, NVA 
DO 2 5 J =l, N 
S ( J ) = I A ( J, I ) 

25 CONTINUE 
CALL RANK( S, R, N) 
LO C( I ) = I D SK 
RECORD( I D S K ) ( R( L) , L = 1, N N ) 
IDSK=IDSK+l 

20 CONTINUE 
C BLOCK 2 

DO 30 J=l, N 
READ 2000, (IA( J, I), I =l, NVBl) 

30 CONTINUE 
DO 40 l=l,NVBl 
DO 4 5 J= 1, N 
S( J) = I A ( J, I ) 

45 CONTINUE 
INVB=l+NVA 
LOC( INVB)=IDSK 
IF ( 1-8)47, 46, 48 

46 IDSK3=1 
R ECO RD( I D S K 3 ) ( S ( L ) , L = 1, N ) 
GO TO 40 

47 RECORD( I OSK)( S( L), L=l, N) 
GO TO 49 

48 RECORD( I OSK) ( S( L), L=l, N) 
INVBl=INVB-1 
LOC( INVBl)=LOC( INVB) 

49 IDSK=IDSK+l 
40 CONTINUE 

DO 50 I =l, NVB 



NVAl=NVA+I 
J DSK2=LOC( NVAI) 
FETCH( JDSK2) (S( L), L=l, N) 
CALL RANK( S, R, N) 
INVC=NV+I 
LOC ( I NVC) = I OSK 
RECORD( I D SK) ( R( L), L = 1, N N ) 
IDSK=IDSK+l 

50 CONTINUE 
C 
C DISK NO W CON TA I NS 
C 1 SOIL DATA (RANKED) STARTING AT NSEC+l 
C 2 PLANT DAT A ( RA \J) ST ART I ti G AT LO C ( NV A+ 1) 
C 3 PLANT DATA ( RANKED) STARTING AT LOC(NV+l) 
C 4 WEI GHT PER CENT OF ASH AT IDSK3 
C USI NG ( 1) AND ( 3 ) CAN NO\/ GET RANK CORRELATIONS BEH!EEM 
C CO NCENT RA TI ON IN THE SOIL AND THE 
C CO NCENT RA TI ON I N THE PLANT (ON THE ASH \/EIGHT) 
C 
C PRI NT HEADI NGS 

C 

PR I NT 3 0 0 0, NV A, NV B, N 
100 PRINT 3100 

DO 60 J=l, NVA 
J DSKl=LOC( J) 
FETCH (JDSKl) (S( L), L=l, NN ) 
DO 65 K=l, NVB 
NVAl=NV+K 
J DSK2=LOC(NVAI) 
F E T C H( J D S K 2 ) ( P ( L) , L = 1, N N ) 
CALL SRANK(S, P, R, N, RS, T, ND F, NR ) 
P2=SPRBF( 1., FLOATF( NDF), T**2) 
PR I NT 3200, J, K, RS, T, P2, ND F 

65 CONTINUE 
60 CONTINUE 

NPASS=NPASS+l 
IF ( NPASS - 1)80, 90, 80 

90 CONTI NUE 
PRINT 3300 



C CALCULATE CO NCEN TRATIONS ON A DRY \/EIGHT BASIS AND 013TAIN qs 
JDSK2=1 
FETCH{ JDSK2) {WT( L), L=l, N) 
DO 7 0 J = 1, NVB 
NVAl=NVA+J 
J D S K 2 = LO C{ NV A I ) 
F E TC H ( J D S K 2 ) ( P ( L) , L = 1, N ) 
DO 7 5 I =l, N 
P{ I ) = P{ I ) *WT( I ) 

75 CONTINUE 
CALL RANK( P, R, N) 
NVAl=NV+J 
JDS K 4 = LO C( NV A I ) 
R ECO RD { J D S K 4 ) { R { I ) , I = 1, N N ) 

70 CONTINUE 
C 
C PLANT DATA ( CO RRE CTED FOR ASH \vE I GHT),( RANKED) IS ~'0\/ STORED ON 
C THE DISK STA RTI NG AT POSITION IDSK4 
C 
C NO W GET CORRELATIO N BETWEEN THE 
C CO NCENTRATIO N I N THE SOIL MJD TIIE 
C CO NCENTRATI ON I N THE PLANT (ON THE oqy WEIGHT) 
C 

GO TO 100 
80 CONTINUE 

GO TO 1 
1000 FORMAT( I~ It 12) 
2000 FORMAT(l2I6) 
3000 FORMAT(32H ***RANK CORRELATION ANALYSIS***/lX, 31(1H=)/1X, 56HPLANT 

lCONCENTRATIONS EXPRESSED AS FUNCTION OF ASH WEIGHT/36HONUMBER OF V 
2ARIABLES IN SOIL BLOCK=, I5/37HOMUMBER OF VARIABLES IN PLANT BLOCK 
3 =, I 4/37HONUMBER OF VALUES FOR EACH VAR I AB LE =, I 4) 

3100 FO RMATI 40HO ELEME NTS RS T P(T) DF/13H ROCK PLAN 
lT) 

3200 FORMAT( lH , 14, 4X, 14, F6. 3, F7. 3, F9. 4, 17) 
3300 FORMAT( 54H1PLANT CO NCENTRATIONS EXPRESSED OM BASIS OF ORY WE I GHT) 
4000 FORMAT( 10A4) 
5000 FO RMAT( lHl, 10A4) 

END 



C SUBROUTI NE RANK 

C PURPOSE - TO RAN K A VEC TOR OF VALUES 
C PARAMETERS ARE - A- I NPUT VECTOR OF N VALUES 
C R- OUT PU T VECTOR OF SIZE~ SMALLEST VALUE 
C - RANKED 1, LARGEST RANKED ~'. Tl ES ASS I GNED 
C - AVE RAGE OF Tl ED R/\NKS AND R( M+l) SET TO 1 \-HIEN 
C TIES HAVE OCCU~RED 
C N-NO. OF VALUES 

SUB ROUT I NE RANK( A,~ N) 
D I MENS I ON A (1 ) , R( 1) 
COMMON A, B, R 
NN=N+l 

C INITIALIZE 
DO 10 l=l, NN 

10 R( I ) =O. 
C FIND RANK OF DATA 

DO 10 0 I =l, N 
C TEST IF DATA PT AL READY RANKED 

IF( R( I) )20, 20, 100 
20 SMALL=O. 

EQUAL=O. 
X=A( I ) 
DO 50 J=l, N 
I F ( A ( J ) - X ) 3 0, 4 0, 5 0 

C COUNT NO. OF DATA PTS. WH I CH ARE SM/\LLER 
3 0 SMALL =SMALL+ 1. 

GO TO 50 
C COUNT NO. OF DATA PTS. THAT ARE EQUAL 

4 0 EQUAL= EQUAL+ 1. 
R( J) =-1. 

50 CONTINUE 
C TEST FOR TIES 

I F( EQUAL-I. )60, 60, 70 
C STORE RANK OF DATA PT. WHERE NO Tl E 

6 0 R( I ) = S MA L L + 1. 
GO TO 100 



C CALC ULATE RANK OF TI ED DATA PTS. 
70 P=SMALL+EQUAL•(EQUAL+L )/(E QUA L•E QUAL) 

R( NN) =1. 
DO 90 J .=1, N 
IF( R( J)+l. )90, 80, 90 

8 0 RC J) = P 
90 CONTINUE 

100 CONTINUE 
RETURN 
END 

C SU BROUTI NE TIE 

C CALCULATES CO RRECT ION FACTOR DUE TO TIES 
C PARAMETE RS ARE-R-INPUT VECTOR OF RANKS OF LENGTH N, CONTAINS 
C - VALUES 1 TON 
C N-Nn OF RANKED VALUES 
C KT-INPUT CODE FOR CALCULATION OF CORRECT IO~ FACTOR 
C -1 SOLVES T=SUM(CT••3-CT)/12 
C -2 SOLVES T=SUM( CT•(CT-1)/2) 
C CT - NO. 0 F O 13 S. T I ED F O R A G I VEN RANK 
C T- CORR ECT IO M FACTOR( 0 UTPUT) 

SUBROUTINE Tl E( R, N, KT, T) 
DIMENSION R(l) 
COMMON A, B, R 

C INITIALIZE 
T=O. 
Y=O. 

5 X=l. E38 
IND=O 

C FI ND NEXT LA RGEST RANK 
DO 30 I =l, N 
I F( RC I ) - Y) 3 0, 3 0, 10 

10 IF(R(l)-X)20,30,30 
20 X=R( I) 

I ND= I ND+ 1 
30 CONTINUE 

C IF ALL RANKS HA VE BEEN TESTED RETURN 



IF( I ND) 90, 90, 40 
40 Y=X 

CT=O. 
C COUNT TI ES 

DO 6 0 I =1, N 
I F( R( I ) - X) 6 0, 5 0, 6 0 

50 CT=CT+ 1. 
60 CONTINUE 

C CALCULATE CO RR ECTI ON FACTOR 
IF( CT) 70, 5, 70 

70 IF( KT-1) 75, 80, 75 
75 T=T+CT*( CT - 1. )/2. 

GO TO 5 
80 T=T+(CT*CT*CT- CT)/12. 

GO TO 5 
90 RETUR N 

END 

C SUBROUT I NE SRA NK 

C PURPOSE -TO CALCUL AT E SPEARt~ANS RAN K CORRELATION BEH/EEM 2 
C -VARIA BLE S 
C 
C PARAMETERS ARE-A - I NPUT VECTOR OF N OBS FO R 1ST VARIABLE 
C B - I N PUT VE CT O R O F N O B S. F O R 2 ND VAR I AB L E 
C R-OU TPUT VECTOR OF RANKED DATA-SIZE 2*N+2 
C N- NUMBER OF OBS 
C RS - SPEARMAN$ RANK CORRELATION ( OUTPUT) 
C T-TEST OF SIG. OF RS( OUTPUT) 
C NDF -N~ DEGREES OF FREEDOM(OUTPUT) 
C NR - CODE O FOR UNRAN KEDDATA I~ A AND B 
C 1 FOR RAN KED DATA IN A AND B 
C NOTE T=O IF N LESS THAN 10 
C RANK AND TIE SUB ROU TINES REQUIRED 
C 

SUBROUTI NE SRANK(I\ B, R, N, RS, T, NDF, NR ) 
D I M ENS I O N A( 1), B( 1), R( 1) 
CO MMON A, B, R 



FLOATF( I)= I 
NN=N+l 
FNNN=N*N*N-N 

C DETERMINE I F DATA ALREADY RANKED 
IF( NR-1) 5, 10, 5 

C RANK DATA IN A AND B AND Tl ED 08SVNS. ARE GI VEN AVERAGE OF Tl ED 
C RANKS 

5 CALL RANK( A, R, N) 
CALL RANK( B, R( N+2), N) 
GO TO 40 

C MOVE RANKED DATA TOR VECTOR 
10 DO 2 0 I = 1, N N 
2 0 R( I ) =A( I ) 

DO 30 I= 1, NN 
J =l+N+l 

3 0 R( J ) = B ( I ) 
C CO MPUT E SUMS OF SQS OF RANK ED DIFFERENCES 

40 D=O. 
DO 50 I =1, N 
J =l+N+l 

5 0 D = D + ( R( I ) - R ( J ) ) * ( R( I ) - R ( J ) ) 
C 
C COMPU TE TIED SCORE I NDEX 

KT=l 
I F( R( N N) ) 21, 2 2, 21 

21 CALL Tl E( R, N, KT, TSA) 
GO TO 25 

22 TSA=O. 
25 I R=2*N+2 

I F( R( I R) ) 2 3, 2 4, 2 3 
23 CALL Tl E( R( N+2), N, KT, TSB) 

GO TO 26 
2 4 TS B = O. 

C COMPUTE SPEARMA NS RANK CORRELATION 
2 6 I F ( TS A) 6 O, 5 5, 6 0 
55 IF( TSB) 60, 5 7, 60 
5 7 RS= 1. - 6. * D / F N N N 

GO TO 70 
60 X=FNNN/12. -TSA 



Y=X+TSA-TSB 
RS=( X+Y-D)/( 2. *(SQRTF( X*Y))) 
T=O. 

70 IF(N-10)80, 75, 75 
75 T=RS*SQRT( FLOATF( N-2) /( 1. -RS*RS)) 
80 NDF=N-2 

RETURN 
END 



116 

D. Discriritlnan-i.; analysis pr o.~ramnc : 

The c1D-i.;a c ards are Dunched using format F6 ~0 ; 

a 1;-iaximwti of 13 fields can be used per card. Lll the variables 

usod aro stored on disc . ,;,1th ou3ll a rilaxir11U1i1 of only 20 varinoles 

c an be used ·co coupute any Oj1 E: discriminant function , nore 

variables can bE- stored. '.[~1c nur.1ber at1d identity of t he variables 

t0 be used ru.·e t yped i ::1to t li e cor,iputer prior to eac:1 calculation. 

Directions for t ho execution of t~ii ,; p:rog:carnne 8re inc l uclGd i n th e 

lis·ci!l[; . 



DI SCR I t1 I N/\N T ANA L YS I S PRO GR/\MM E 
FORT RAN IV 

C MAIN PROGRAM DISCF FOR OB TA I NI NG DIS~ FUNC TIO NS 

DEF I NE FI LE 1( 140, 50, U, NI N) 
DEFINE Fl LE 2( 1 40, 50, U, NO UT) 
D I MENS IO N NV (35) 
D I MENSION DATA(35 ), DATC 20 ), N(10) 
EQUIVALENCE ( NVAR, H) 
\JR I TE ( 1, 3 3 3 3) 

3333 FORMAT( 1 CURRENTLY THE PROGRA11 I S SE T UP FOR - 1 
/ 

1 1 NO. OF VARI AB LES= 20, IJO. OF G~OUPS = 10, l!O. OF SA!~PLES = 150 
2 1

/
1 IF ANY OF THESE I S EXCEDED DIMENSION STATE'1EMTS MUS T GE CHANG 

3ED 1 ) 

C SUBROUT l !~ES REQD • ••• 11D I SC, Di-1/\TX, r11,~v, D I SCR 

NI tl =1 
READ (2, 1000) MX,MY 

1000 FORI-IAT( 2 I 2) 
READ ( MY, 2000 ) P~ PRl, I~ M, (N( I), I =1, K) 

2000 FORl1AT( A4, A2, 2 I 2, 1215/( 1415)) 
NSMPL=O 
DO 5 I= 1, K 

5 NSMP L =NSM PL+ N( I) 
1 DO 10 I = 1, NSMPL 

READ ( IW, 2500 ) ( DATA( J ), J =l, NVAR ) 
2500 FORMAT( 13F& 0) 

\-JR ITE (l' N I N) ( DATA(J),J=l, NVAR) 
10 CO NTINUE 

C 
C TA KE FROM TYPE\'/R I TE THE NO. OF VARl/\~LES FOR THE DI SC FUNC TI ON 
C 

2 0 \•/R I T E (1, 3 0 0 0 ) 
3000 FORMAT(' ENTER THE NO. OF VARIABLES TO RE C0t 1SIDERED I ~! THE D ISC. 

1 FUMCTIOl~1
/

1 FORMAT 12 \IITH 99 FOR EMD OF JOB ') 
R EA D ( 6, 4 0 0 0 ) tJ VAR 1 

4000 FORMAT( 12 ) 



C 
C TEST FOR NVARl) 21 
C 

IF ( NVARl-20) 30, 30, 25 
25 IF { NVARl-99)20, 26, 20 
26 CALL EXIT 
3 0 vJ R I TE (1, 5 0 0 0 ) N VAR 1 

5000 FORMAT(' ENTER THE IDENT. NO. OF', 13,' VARIABLES TO BE USED IM THE 
1 DISC~ FUNCTION (FORMAT 12) ') 

DO 40 I =1, NVARl 
READ ( 6, 4000) NV( I) 

40 CONTINUE 
\ ,JR I TE ( 3, 6 0 0 0 ) ( NV ( L) , L = 1, N VAR 1) 

6000 FORMAT( 'OIDENTITY NUMBERS OF THE VARIABLES USED ltl DISCRIMINANT AN 
.ALYSIS'//(1514)) 

C 
C TAKE ONE Sft.MPLE OFF THE DI Si:, PICK OUT DES IRED VA RIABLES MID RF.\·!RITE 
C Oi~ DISK 

C 

C 
C 
C 

C 

NOUT=l 
NIN=l 
DO 100 J = 1, NS MP L 
RE AD ( 1 1 N I N) ( DAT A ( L), L = 1, t ! VAR) 
DO 110 I =1, NVARl 
NVI =NV (I ) 
DAT( l)=DATA(NVI) 

110 CONTINUE 
~JR I TE ( 2 1 NO UT) ( DAT ( I ) , I = 1, t-J VAR 1 ) 

100 CONTINUE 
CALL MD I SC (PR, PRl, K, nVARl, N, MX, MY, NOUT) 
GO TO 20 
END 

S U B RO UT I t J E MD I S C ( PP.., PR 1, K, H, ti, 1 ,1 X, MY, NO UT) 

SAMPLE M/\IIJ PROGRA11 FOR DISCRl t-1 1t1AN T AMALYSIS - MDISC 
THE FOLLOU I NG Dlr-'iEtJS IOt l MU~ T f3 E GREATER THAM OR EQUAL TO THE 
NUMCEP- OF GROUPS, K.. . 

D I M ENS I O N N( 1 0 ) 
THE FOLLO\·/ I NG DIMEMSIOtl MUS T ~ E GREATER THAM OR EO,U/\L TO THE 

MD ISC 1 
MDISC 2 
MDISC 3 

MDISC 5 



C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 

NUMBER OF VARIABLES, 11. 
DIMENSION CMEAN(20) 

THE FOLLOWING DIMENSION MUST 9E GREATER THAN OR EQUAL TO THE 
'PRODUCT OF M*K.. 

DIMENSION XBAR( 200) 
THE FOLLOWI NG DIMENSION MUST BE GREATER THAN OR EQUAL TO THE 
PRODUCT OF ( M+ 1) *K •• I 

DIMENSION C(210) 
THE FOL L0\•/1 NG DIM Et-JS I ON MUS T BE GR EA TEP. THAN OR EQUAL TO THE 
PRODUCT OF M*l1 •. 

D I MENS I ON D( 4 0 0 ) 

MDISC 6 

MDISC 8 
MDISC 9 

MD ISC 11 
MDISC 12 

MDISC 14 
MDISC 15 

THE FOLLO WI NG DIMENSIONS 
TOTAL OF SAMPLE SIZES OF 
+N( K) ) •• . 

/,1US T P,E GREATER THAM OR E0UAL TO THE MO ISC 17 
K GqouPs COf•iBIMED, T (T = N( l)+N(2)+ •• MD ISC 18 

MD ISC 19 
DIMENSION PC150), LG( 150) 

THE FOLLO\-JING Dlt-iENSIOM HUS T BE GREATER THAN OR EOUAL TO TllE 
TOT A L DAT A PO I t ! TS Wl I CH I S E Q U /\ L TO T II E PRO D tJ CT OF T * M . • 

DIMENSION X(3000) . 

MD ISC 21 
~10 I SC 22 

C ••• .••••.••.••••.•••••••••••.•••• .••••.••••••••••.••••••.••.•• .•••••••••• t\1DSC2lt 
1 FORMAT( A4, t-.2, 2 I 2, 12 I 5 / ( 14 I 5) ) MD SC 2 5 
2 FORMAT(////27HlDISCRlf11MANT AtJALYSIS ••••.• A4, A2//19H NU~1RER OF GRMD SC 26 

lOUPS, 7X, 13/22H NUMBER OF VARIABLES, 17/17H SAMP LE SIZES •• /12X, MD SC 27 
25HGROUP) MD SC 28 

3 FORMAT(12X, 13, 8X, 14) MD SC 29 
4 FORMAT( //2X) f.10 SC 30 
5 FORMAT( 13F6. 0) MD SC 31 
6 FORMATC//6H GROUP, 13, 7H MEANS /(8Fl5. 5)) MD SC 32 
7 FORMAT{///25H POOLED DISPERSION MATRIX) MD SC 33 
8 FORMAT(//4H RmJ, 13/(8F15. 5)) MD SC 34 
9 FORMAT( ////13H CO Mif.OM 1-lEANS/( 8F15. 5)) t1D SC 35 

10 FORl'1AT(////33H GENERALIZED 1,1AHALANORIS D-SQUARE, FlS. 5//) MD sr, 36 
11 FORMA T( //22H D~SCRI Ml tlAN T FUMCTIOtJ, 13//6X, 27HCOMSTANT * COEFFI MD SC 37 

lCI ENTS/ /Fll~. 5, 7H * , 7F14. 5/( 22X, 7F14. 5)) MD SC 38 
12 FORMAT(////60H EVALUATION OF CLASSIFICATION FU NCTIONS FOR EACH O~St,10 SC 39 

lERVATION) MD SC 40 
13 FORMAT(//61-l GROUP, 13/19X, 271-:PROBABILITY ASSOCIATED \·/ITH, 11X,7HLAfH~MQ SC 41 

1EST/13H OBSERVATIOt·i, SX, 2911LJ\l~GEST DISCRlt11tlANT FlJt,JCTIO M, 8X, 12HFUW1[) SC 42 
2 CT I O N NO. ) MO S C 4 3 

14 FORMAT( 17, 20X, F8. 5, 20X, 16) MD SC 44 



15 FORMAT( 212) MD I SC 45 
C ••• .• , •.•• .•.••••.•••••••••••••••••.•••••• .••••••.••.•• .••.•••• J •••••••••••• f·1DISC 46 

NOUT=l 
C PR. •• , ••.•• PROf3LH1 NUMBER (MAY !3E ALPHAMERIC) 
C PRl. ••••• PROBLEM tWl1BER (CONTINUED) 
C K. •••••.••. NUMBER OF GROUPS 
C M •••.••••• NUMBER OF VARIABLES 
C N •••.••••.• VECTOR OF LEl~GTH K CONTAI NI !JG SAMPLE SIZES 

v!R I TE ( MX, 2) PR, PRl, K, M 
DO 110 I= 1, K 

11 0 \tJR I TE ( M X, 3 ) I, N ( I ) 
HRITE (MX, 4) 

C READ DATA 
L=O 
DO 130 I= 1, K 
Nl =N( I) 
DO 120 J=l, Nl 
READ ( 2 1 NOUT) (CMEJ\N( I J), I J=l, M) 
L=L+l 
N2=L-Nl 
DO 12 0 I J = 1, M 
N2=N2+Nl 

120 X(N2)=CMEAN(IJ) 
130 L=N2 

CALL DMATX (K, 1-1, M, X, XBAR, D, CMEAN) 
C PRINT MEANS AND POOLED DISPERSION MATRIX 

L=O 
DO 150 I =1, K 
DO 140 J=l, M 
L=L+l 

140 CMEAN( J) =XBAR( L) 
150 v!RITE (MX,6) l,(CMEAN(J),J=l,M) 

\tJR I TE ( MX, 7) 
DO 170 I =1, M 
L=I-M 
DO 160 J=l, M 
L=L+M 

160 CMEAN( J) =D( L) 
170 WRITE (MX, 8) I, ( CMEAN (J), J=l, M) 

~DSC 50 
MD SC 51 
MD SC 52 
MD SC 53 
MD SC 54 
MD SC 55 
MD SC 56 
MD SC 57 . 
MD SC 58 
MD SC 59 
MD SC 60 
MD SC 61 
MD SC 62 
MD SC 53 · 

~ID SC 65 
MD SC 66 
MD SC 67 
MD SC 68 
MD SC 69 
MD SC 70 
MD SC 71 
MD SC 72 
MD SC 73 
MD SC 74 
MD SC 75 
MD SC 76 
MD SC 77 
MD SC 78 
MD SC 79 
MD SC 80 
MD SC 81 
MD SC 82 
MD SC 83 
MD SC 84 
MD SC 85 



CALL MINV (D,M,DET,CMEAN,C) 
CALL DI SCR ( K, M, N, X, XBAR, D, CMEAN, V, C, P, LG) 

C PR I NT COMMOtJ MEANS 
WRI TE(MX, 9) (CMEAN( I), I =1, M) 

C PRINT GENERALIZED MAHALANOBIS D-SQUARE 
HRITE (MX, 10) V 

C PRINT CONSTANTS AND COEFFICIENTS OF DISCRIMl~!ANT FUNCTIONS 
Nl=l 
N2=M+l 
DO 18 0 I =1, K 
WRITE (MX, 11) I, (C( J), J=Nl, N2) 
Nl=Nl+ (M+l) 

180 N2=N2+(M+l) 
C PRINT EVALUATIOM OF CLASSIFICATION FUMCTIONS FO EACH 
C OBSERVATION 

C 

hi R I TE ( M X, 12 ) 
Nl=l 
N2 =N( 1) 
DO 210 I= 1, K 
WRITE (MX, 13) 
L=O 
DO 19 0 J =N 1, N2 
L=L+ 1 

190 \tJRITE (MX, 14) L, P(J), LG(J) 
IF( 1-K) 200, 100, 100 

200 Nl=Nl+N( I) 
N2=N2+N( 1+1) 

210 CONTINUE 
100 RETURN 

END 

SUB ROUT I NE DMATX ( K, I-~ N, X, XBAP.,, 0, CMEAN) 

Dl/.1ENSIOtJ N(l), X(l), XBAR( 1), D( 1), CMEAN(l) 
MM=M•M 
DO 10 0 I = 1, MM 

100 D( I )=O. 0 
C CALCULATE MEANS 

N4=0 

MDISC 86 
MDISC 87 
MD SC 88 
MD SC 89 
MD SC 90 
MD SC 91 
MD SC 92 
MD SC 93 
MD SC 94 
MD SC 95 
MD SC 96 
MD SC 97 
MD SC 98 
MD SC 99 
MD SClOO 
MD SC101 
MD SC102 
MD SC103 
MD SC104 
MD SC105 
~10 SC 10 6 
MD SC107 
MD SC108 
MD SC109 
MD SCllO 
MD SClll 
MD SC112 
MD SC113 

MDISC115 

D'~ATX 1 

DMATX 2 
D'-1ATX 3 
DMATX 4 
DMATX 5 
D~M TX 6 
DMATX 7 



L=O 
LM=O 
DO 160 NG=l, K 
Nl=N( NG) 
FN=Nl 
DO 130 J=l, M 
U-1=LM+ 1 
XBAR( LM) =O. 0 
DO 12 0 I = 1, N 1 
L=L+l 

120 XBAR( LM) =XBAR( LM) +X ( L) 
13 0 X BAR( LM ) = X BAR ( L M) / F N 

C CALCULATE SUMS OF CROSS-P RODUCTS OF DEVIATIONS 
LMEAN=LM-M 
DO 150 1=1, Nl 
LL=N4+1-Nl 
DO 14 0 J =1, M 
LL=LL+Nl 
N2=LMEAN+J 

140 CMEAtJ(J)=X( LL)-X BAR(N2) 
LL=O 
DO 150 J=l, M 
DO 150 JJ=l, M 
LL=LL+l 

1 5 0 D ( L L) = D( L L) + C t.1 EA N ( J ) * CM EA N ( J J ) 
160 tl4=N4+Nl•M 

C CALCULATE THE POOLED DISPE RSIO N MA TRIX 

C 

LL=-K 
DO 170 · l=l, K 

170 LL=LL+N( I) 
FN=LL 
DO 18 0 I= 1, MM • 

18 0 D( I ) = D( I ) / F N 
RETURN 
END 

SUB ROUT I NE M I NV (A, t J, D, L, M ) 

DI MENSION A(l),L(l),M(l) 

DMATX 8 
or,1ATX 9 
DMATX 10 
DMATX 11 
DMATX 12 
DMATX 13 
DMATX 14 
DMATX 15 
DMATX 16 
DMA TX 17 
DMA TX 18 
DMATX 19 
DMATX 20 
DMATX 21 
Dt·1ATX 2 2 
DMATX 23 
DMATX 24 
DMATX 25 
DMA TX 26 
D~1ATX 27 
DMATX 28 
DMATX 29 
DMATX 30 
oi·~ATX 31 
Dr~ATX 32 
DMATX 33 
D"-1ATX 34 
DMATX 35 
D~-1A TX 36 
D~vl ATX 37 
DMATX 38 
D'1ATX 39 
0/,1A TX 4 0 
D'v1 ATX 41 
Dr1ATX 42 

MINV 

MINV 

1 

2 



C SEARCH FOR LARGEST ELEMENT MINV 3 
D=l. 0 MINV 4 
NK=-N MIMV 5 
DO 8 0 K=l, N MINV 6 
NK=NK+N MINV 7 
LC K) = K MINV 8 
MC K) =K MINV 9 
KK=NK+K MINV 10 
BI GA=A( KK) ~11 NV 11 
DO 20 J=K, N MINV 12 
I Z=N*( J-1) Mlt-!V 13 
DO 20 I=~ N M MV 14 
IJ=IZ+I 1·1 NV 15 

10 IF( ABS( BI GA) - ABS( A( I J))) 15, 20, 20 M ~.IV 16 
15 BIGA=A(IJ) M MV 17 . 

LCK) =I M ~JV 18 
1,1( K) =J M l\'V 19 

20 CONTINUE M ~.IV 20 
C I MTE R CHANGE RO\·IS M NV 21 

J = LC K) M NV 22 
I F( J - K) 3 5, 3 5, 2 5 M MV 23 

25 Kl=K-N t1 t1V 24 
DO 30 I =1, N M ~'V 25 
Kl=Kl+N M t!V 26 
HOLD=-A( Kl) M NV 27 
Jl=KI-K+J M NV 28 
A( Kl )=A( JI) M tJV 29 

3 O A( J I ) =HOLD M NV 30 
C INTERCHANGE COLUMNS M NV 31 

3 5 I =M( K) M NV 32 
I F ( I -K) 4 5, 4 5, 3 8 M NV 33 

38 JP=N*( 1-1) .M NV 34 
DO 40 J=l, N M NV 35 
JK=NK+J M NV 36 
Jl=JP+J MIMV 37 
HOLD=-A( JK) MI l\1V 38 
A(JK)=A(JI) MINV 39 

40 A(JI) =HOLD MI t·1V 40 
C DIVIOE COLU1·1N BY MUJU S PIVOT (VALUE OF PIVOT ELE MENT IS Ml ~!V 41 



C CONTAINED IN BIGA) 
4 5 I F ( ABS ( B I GA) -1. E - 2 0 ) 4 6, 4 6, 4 8 
4 6 D=O. 0 

RETURN 
48 DO 55 1=1,N 

I F{ I - K) 5 0, 5 5, 5 0 
50 I K=NK+ I 

A { I K ) = A{ I K ) / { - B I GA ) 
55 CONTINUE 

C REDUCE MATRIX 
DO 6 5 I= 1, N 
IK=NK+I 
HOLD=A( I K) 
IJ=I-N 
DO 6 5 J=l, N 
IJ=IJ+N 
I F { I - K) 6 0, 6 5, 6 0 

6 0 I F ( J- K) 6 2, 6 5, 6 2 
62 KJ=IJ-l+K 

A( I J ) =HOLD* A ( K J ) + A( I J ) 
65 CO NTINUE 

C DIVIDE RO W BY PIVOT 
KJ=K-N 
DO 75 J=l, N 
KJ=KJ+N 
IF(J-K) 70,75,70 

70 A( KJ)=A( KJ)/BIGA 
75 CO NTINUE 

C PRODUCT OF PIVOTS 
D=D*BIGA 

C REPLACE PIVOT BY RECIP ROCAL 
A( KK) =1. 0/8 I GA 

80 COtlTINUE 
C FINAL RO W AND COLU MN I MTE RCH ANGE 

K=N 
100 K=(K-1) 

IF(K) 150,150,105 
10 5 I =L( K) 

IF{ 1-K) 12 0, 120, 108 

MINV 42 
MI NV M03 
MI NV 4 4 
MINV 45 
MI NV 46 
MIMV 47 
MINV 48 
MINV 49 
MINV 50 
r-~l t' V 51 
t1I NV 52 
MIMV 53 
MI NV MOl 
MINV 54 
t1 I tl V 5 5 
r:11 t!V 56 
t1I NV 57 
MINV 58 
Ml tJ V 59 
MI NV M02 
MINV 61 
MIMV 62 
~-11 MV 6 3 
MI ~IV 6 4 
M NV 65 
M NV 66 
M NV 67 
M MV 68 
M NV 69 
M NV 70 
M NV 71 
M ~! V 72 
~1 NV 7 3 
M NV 74 
M t·'V 7 5 
M MV 76 
M ~-'V 7 7 
M ~N 78 
M MV 79 



C 

108 

110 
120 

125 

130 

150 

JQ=N• ( K-1) 
JR=N*( 1-1) 
DO 110 J=l, N 
JK=JQ+J 
HO LD=A( JK} 
Jl=JR+J 
A( J K) = -A( JI } 
A(JI} =HOLD 
J=M( K} 
IF( J-K) 100, 100, 125 
Kl=K-N 
DO 130 I =l, N 
Kl =Kl+N 
HOLD=A( KI) 
Jl=KI-K+J 
A(Kl)=-A(JI} 
A( JI ) =HOLD 
GO TO 100 
RETURN 
END 

I 

SUBROUTINE DISCR ( ~ ri r~, X, XBAR, D, CMEAM, V, C, P, LG) 

DIMENSION N(l), X( 1), XBAR(l), D( 1), C11EAN(l), C(l), P(l), LG(l) 
C CALCULATE COl -111O1·! 11EAl~S 

Nl=N(l) 
DO 10 0 I =2, K 

100 Nl=Nl+N( I) 
FNT=Nl 
DO 110 I =l, K 

110 P(l)=N(I) 
DO 130 I= 1, M 
CMEAN (I )=O 
Nl=I-M 
DO 120 J =l, K 
Nl=Nl+M 

120 CMEAN ( l)=et.1EAN( l)+P(J)•X BAR (Nl) 
13 0 CM EA N( I ) =CME AN ( I ) / F NT 

C CALCULATE GENER/1,LIZED MAHA LA NOG IS D S()_UARE 

MINV 80 
MIMV 81 
MINV 82 
MINV 83 
MIMV 84 
MINV 85 
M NV 86 
M NV 87 
M NV 88 
M fl.!V 89 
M t·1V 90 
M MV 91 
M MV 92 
M NV 93 
M ~-!V 94 
M t!V 95 
M NV 96 
M MV 97 
M MV 98 
M MV 99 

DISCR 1 

D SCR 2 
D SCR 3 
D SCR 4 
D SCR 5 
D SCR 6 
D SCR 7 
D SCR 8 
D SCR 9 
D SCR 10 
D SCR 11 
D SCR 12 
D SCR 13 
D SCR 14 
D SCR 15 
D SCR 16 
D SCR 17 



L=O DISCR 18 
DO 140 I =1, K DISCR 19 
DO 140 J=l, M D SCR 20 
L=L+ 1 D SCR 21 

140 C(L)=XBAR( L)-CMEAtJ( J) D SCR 22 
V=O. 0 D SCR 23 
L=O D SCR 24 
DO 160 J=l, M D SCR 25 
DO 160 I =1, M D SCR 26 
Nl=I-M D SCR 27 
N2 =J-M D SCR 28 
S UM=O. 0 D SCR 29 
DO 150 IJ=l, K D SCR 30 
Nl=Nl+M D SCR 31 
N2=N2+M D SCR 32 

15 0 S UM= S UM+ P( I J ) * C( N 1) * C( N 2 ) D SCR 33 
L=L+l D SCR 34 

160 V=V+D( L) *SUM D SCR 35 
C CA LC U LAT E TH E CO E F F I C I ENT S OF D I S CR tr ·1 I t I A MT F U MC T I O NS D SCR 36 

N2=0 D SCR 37 
DO 190 KA=l, K D SCR 38 
DO 170 I =l, M D SCR 39 
N2 =N2+ 1 D SCR 40 

170 P( I )=XBAR( N2) D SCR 41 
IQ=(M+l)*(KA-1)+1 D SCR 42 
SUM=O. 0 D SCR 43 
DO 180 J=l, M D SCR 44 
Nl=J-r.1 D SCR 45 
DO 180 L=l, M D S CR 4 6 
Nl=Nl+M D SCR 47 

180 SUM=SUM+D( Nl)*P(J)*P(L) D SCR 48 
C( IQ)=-(SUM/2. 0) D SCR 49 
DO 190 I =1, M D SCR 50 
Nl=I-M D SCR 51 
IQ=IQ+l D SCR 52 
C( IQ) =O. 0 D SCR 53 
DO 190 J=l,M D SCR 54 
Ml=Nl+M D S CR 5 5 

190 C( IQ)=C( IQ)+D(NU*P(J) D SCR 56 



C FOR EACH CASE IN EACH GROUP, CALCUL/i.TE •• . D SCR 57 
C DISCRIMUJANT FUNCTIONS D SCR 58 

LBASE=O D SCR 59 . 
Nl=O D SCR 60 
DO 2 7 0 KG= 1, K D SCR 61 
NN=N(KG) D SCR 62 
DO 260 I =1, NN D SCR 63 
L=I-NN+LBASE D SCR 64 
DO 200 J=l, M D SCR 65 
L=L+NN D SCR 66 

2 0 0 D( J) = X( L) D SCR 67 
N2 =O D SCR 68 
DO 2 2 0 KA = 1, K D SCR 69 
N2=N2+1 D SCR 70 
SUM=C( N2) D SCR 71 
DO 210 J=l, M D SCR 72 
N2=N2+1 D SCR 73 

210 SUM=SUM+C( N2)*D( J) D SCR 74 
220 XBAR( KA)=SUM D SCR 75 

C Tl1E LARGEST DISCRl r~ l t!AMT FUNCTION D SCR 76 
L=l D SCR 77 
S UM=X BAR( 1) D SCR 78 
DO 2 40 J =2, K D SCR 79 
IF(SUM-XSAR(J)) 230, 2 4 0, 2 40 D SCR 80 

2 30 L=J D SCR 81 
SUM=XBAR(J) D SCR 82 

240 CONTINUE D SCR 83 
C PROBABILITY ASSOCIATED . \·JITH THE LARGEST DISCRlt11NANT FUNCTIOM D SCR 84 

PL=O. 0 D SCR 85 
DO 250 J=l, K D SCR 86 

250 PL=PL+ EXP( XBAR( J)-SUM) D S CR 8 7 
Nl=Nl+l D SCR 88 
LG( Nl) = L D SCR 89 

2 6 0 P( N 1) = 1. 0 / PL D SCR 90 
270 LBASE=LBASE+NN*M D SCR 91 

RETURN D SCR 92 
END D SCR 93 
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