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SUMl!ARY 

This Record constitutes a chapter on statistical analysis 
to be incorporated in a BUlletin on· ~he . Proterozoio basic illeta,:", . 
volcanic sucoessions, Mount' lea - Cloncurry area. 

Multivariate statistical methods' are applied to data. for 
23 el~ments on 62 samples. of meta-basalt, met&doleri te and amphibol! t .e 
to determine relationships {IlIlong variables and among samples, 'arid in 
an attempt to diBt1rigulsb ' ~etwe~n the .rocks of .the two. formations 
(Eastern Creek' Volcanics ' and Soldiers Cap Formation) on the basia of 
their geochemistry. 

Factor analysis 1ndioate~ the various types of 'alteration, but 
is not an ideal methods for 'investigating chemioal relationships in 
these sui tee ' of rocks; nonlinear ~apping (Q-mode and R-mode). clarifies 
the rela·t!onships among the v&r.!ables. and illustrates the chief 
differences between the behaviour of elements iii the two groups of rocks~ 
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STATISTICAL STUDIES 

1 . 
Analyses of 20 elements and % H20 and C02 on 21 samples from 

the Eastern Creek Volcanics (EoCoVo) and 35 samples from the Soldiers 
Cap Formation (SoCoFo) volcanics were subjected to R-mode factor analysis 
in an attempt to determine (a) what 'are the associations 'among the 
elements anq (b) how many factors control the chemical variations 
observedo 

Lacking clear results from the factor analysiS, a 'non­
linear mapping' (Sammon, 1969) vas then performed to find the inter­
relationships among the samples, and a modification of Sammon's method 
was employed to clarify the relationships among the variableso 

10 FACTOR ANALYSIS 

Principal components analysis (to extract the maximum variance 
components of the data as orthogonal vectors) 'followed by Varimax 

, rotation to orthogonal si.D)ple structure, gave a factor matrix which 
was then rotated by the Promax method to oblique simple structureo 
By fo.lloving this ' procedure p one hopes to partition' the variables into · 
a small number of factors~ which may ' be mutually correlated, such that 
each variable appears dominantly in as few factors as possible; 
variables wi:th similar geochemical behaviour will appe~ in the same , 
factors, with the same Sign, those with strong antipathetic relationships 
will appear in, the same factors, but with opposite signs, and those 
which are ~correlated wil~ appear in different factorso 

(i) Eastern Creek Volcanics: F~ur factors account for 14% 9f the 
variance; factor ' loadi~son the variables and correlations between 
factors are listed 'm ' Table20 ' A number of points may be, extracted 
from this tablez Mg, Cr, and Ni have high negative load~gs9 as do 
Ca and· Al, while high positive loadings are found on Ti, Fe p Na, Po 
and Zn, in factor 1; this apparently represents an inverse relation­
ship between a characteristically 'early' group on one hand and a 
group of typically 'late'. elements on the othero 

" In the second factor p Cr, Nip and Zn correlate positively 
wi~h _~O" and C~, and negatively with Si, K:, and CUll suggesting perhaps 
some hydroth~rmal process in ,which the samples with higher water and 
carbonate contents tend to be enriched in Cr, Ni, and Zn and depleted 
in Cup K, and Sio 

'r 

The third factor, with MIl and V opposing P and Sp suggests an 
oxidation process; deposition of Mn oxides accompanying depletion of 
sulphides and phosphateso Factor 411 with Si, Rb, Sr, Zr, Ball and C02 
opposing Fe and Al, may represent replacement ot the feldspars, pyroxenes 
and amphiboles by , quar~z, carbonates, and biotite (wh~~h ~req~entl~ . 
con~irifj' much R~ ~ ~d Zr) ~ . ' 

1Variables studied -were S1, Ti, AI, Fe3
11 Fe2, Mop Mg, Ca, Na, K, P, 

~O, C02, S" 3V, 9r, Nip Cup Znp Rb, 'Sr, Zr, Bao Values used tor Fe 
were ob~lned by application of the transformation suggested by Irvine . 
and Baragar (1971): 1~e20, = ~i02+ 105 except when there is insufficient 
iron, when all iron is quoted ~s Fe20,. 
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(ii) Volcanics of the Soldiers Ca Formation: It takes 6 factors to 
accOlDlt for, 80 0 of the variance, the Promax' factor loadiUgs and 
correla.tions are listed in 'Table 30 . ! 

. . 
.' Th~8e , factors ,~ less' easily interpreted than those for the 

Eastern Creek VolcanicBo. ' Factor 1 contains ,positive loadings on , P, 
Zr" and S~p and negative on Mg, Cr~. Ni, :present~ a contrast between 
typically late and typically early elementso 0 ' 

, ' j 
, The second factor, with iron-related elements opposing S1, ~ 

AI, H20, and Sr~ appears to _reflect an antipathetic relationship between ! 
salle minerals and opaque mineralso ractor 3, with loadings only on 
K, Cu, Ni, ,and C02, repeats even more clearly the pattern shown ~y 
factor 2 for the ,EoCoVo 'rocks - potassium and copper, though chemically 
quite different, behave coherently, in both the EoCoVo and 'SoCoFop during 
al teration processeso " , 

Factor 4, with positive loadings on Cap CO2, and Sr and 
negative loadings on $1 and Na, ~eprese~t. carbonatisation of the 
feldspar8, ,lih11e Factor 5 contains only one 'sisn1ncant ~O&d1ng,' on Mno 

Factor 6 conta1hs very high positive loadings onZn, Rb, and , 
Ba, correlated with S and Po and evidently represents some process of 
hydrothermal alterations the ' lack of any correlation between factors 3 
~~ 6 demons,trates that" there are at least two di~tinct types of . 
hydrothermal alteration, with copper typical of one and sinc of the othero 

20 NONLINEAR MAPPING 

.' Interpretation of the results of factor analysiS is di.fficul t 
and frequently unconvinci~, and thus it is desirable to try an ' 
al ternative 'approacho Nonlinear mappingp hitherto used , in information 
retrieVal 'and:'pattern recogni tion 9 was recently applied ,to a problem 
iii thegeo~hemistry of stream sediments (Howarth, 1972) and appeared 
to be ' of great: potential value in clarifytng ·, reltiltionship. in multi-
variate geolOgical datao , The method 'was devised by Sammon (1969) and . 
has been extended by Henley (1972) to study relationships amOD« ' :variable~o 

. ~ 

'Given a triangular distanoe matrix or correlation ~trix 
derived from multi-~imensional datap the nonlinear mapping method , 
gene~tes a eatrix as close to it as pOSSible, from a tw~dimen81onal 
a~o . Plotting, the va.lU880f thia array then gives' a plane' , di~gr8m 
ahc:m1ng an ,optimum degree of structure of the data 0 ' ' 

(1) Distanoe ·matr1x: 
' .' , 
The entire data matrix of 58 samples and 23 var1ables was 

subjected to no~linear . mapping 0 and the resul tant two-dim~nsional array 
was plotted (Figo 1)0 There are a number of striking features of this : 
plot: . 

" 

, . . 
(a) the majority of analyses of both EoCoVo and SoCoFo volcanics 

c l~~' on a single straJ.ght line - they belong to the aame' 
auite ',of rocksp 

(b), the fielda of EoC~Vo and SoCoFo rocks are almost 
~o1ncident" 

(c) toll~~ from (b)p most analya~a of each' group lie 
vitbtD the field of overlap, 

'. 
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(d) ' b;y exam1n1n«, the ~lYses . J)f . a few of the rocks ' on · the 
, . ' li~ear,' trend, it 'is f ,ound that the trend represents 

variation mainly 'in Stand Ca contents, ' the SoCoFo ' rocks 
, to the ' right ~ generall;y more Ca rich ~ 8nd the ' EoCoVo' 
. . rocks to, the left more. Si ."rich (p~rbaps repl,'esent1n« . 

, ~impl;y variation in th~ content ~{ calcIc plagioc.1ase),' 

(e) ,the 'rOCks vh1ch lie off the treh( are <?~ct'erized by 
some', sort of- al teratlon, ,deuterlc, hyd,rO'thermal p or 
otherViseo '. 

(li) Corraiati6n matrixr 

'. The data (as used in the previous section) were su~jected to 
R-mode · nonlinear; mapping, and the resul tsare presented in Figso . 2, and 
;0 These are optimal' ~wo-dimen8ional . representationa of th~ relationships 
among the variables in, (a) the Soldiers Cap Forma,tiol} and (b) the Eastern 
Creek Volcai:U.csp ~ ' ~dg1ve a .much' eiearer Pict~ tharl, was ' obtained from 
factor analrai80 ' . 

. , 

(a) Soidi~rs, cap Formation (Figo' 2)0 There area number of , distinct ·' 
assooiat,ions ' of . elements .,to be seen in this diagralno ' The very close 
correlation ot Ti and Fe' i~Q of cour~e, artifiCially produced' b;y· the 
,use of the Irvine: &: Baragar (1911) transformationo 

Fe2, 'MIi, and V form a coherent group ~ the dia8ramp as do 
Mgp Cr, and Ni, olosely correlated with Cap Alp Srp' and H200 Zn p Rb, 
and Ba are very closely grouped p far from K (and indeed from a.rrr other 
elements) 0 Si and C~ lie close together p and K, CUp and Na displq 
a somew.bat 'lessdef1:niteassociationo 

These ·element associations may be assigned tentative inter­
pretations .in terms 'of the mineralogy of the rocks 0 The large Mgp Ca 
grotip ,'.~ be related to the content of Mg-rich 'amphibole, chlor! te, etc., ' 
'and Ca-rich p~agioclaBeJ the ~tive correlation between this group 
and the F~, . MnpVp :" and Na, K ·groups suggests a b~oad early ma.gu;aa.tic/ 
late JDa8lD8.tic ruiationo . 

~e ol~se Sip CO2 correlation suggests that variatio~ in Si 
content .~ be related to .sil1c1f1cation/carbonatlzation processeso The 
Rb, .Zn, .!a correlatiOn is diffi~ult to explaln,but may tentatively 
be. attributed to . bi,oUte, into whioh all three ,etemei)ts are commonly 
concentratedo ' 

(b) Eeastem creek Volcanics (Figo 3)0 Associations ,between etements 
generally ' appe~ lessclo~e than in the SoC.Fo rocks, ~uggestive of a 
tendenc;y to meta~omatic redistributiono There is still goodcQherence 
among Mg, .,Ni o, ~d C;'p and . Ca ~d., Al display ' good correlation, thoUgh. 
the Mg and Ca' groups are now distinct. The Fe, MIl p V group of · the 

. I . 
SoCoFo rocks has di~1ntegrated~p Fe ~d ·MIl now being widely separated', and 
V being closer to K, ~Op and the RQp Ba grOUPt( . 

, ' , ~, and , ~ are ' very closely oorrelated,\ indicating the probable 
presence ' of a copper-bearing sulphide phase J C~2 and., H2O lie close , 
together;" 'andRb and Ba correla~e strongly wi tt,l Sr' and ~: , the ' . 
interpretat;i.on ,of this cluster of .elements as d'te to their concentration 
in biotite is supported by: the ~sence of Zr, "blch occurs very- commonly 
in zircon inclusions in biotiteo -\ '. ' •. . . ' 
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CONCLUSIONS 

Statist'ical ' ~tudy has shown that the Easte~ Creek Volcanics , 
and -:theSold1e~B ' Cap ,Formation volcani~s are broadly 'similar and he 

' on' the ' same variation trend 0 , The differerittypes of alteration are 
indicated 1Ji the factor analyses, in' which the' chemica;L ' effect~ of 
silicification/carbonatization, and biot! tiz~tion ,are all evidento ' At 
least one ,factor iri ,each -rot:k 'group can be interpreted, as due simply 
tova.riatiem between ' earlyaild late magmatiC ,composftionso 

, 
", . 

~mode '_ nonlinear 'mapping h.8.s show that the E.CoV. and S.C .. Fo i 
rocks are essentially similar in chemistry p but the the So CS. volcanics , 
exhibi i Ii vid8r range ot compositions and t~nd , to have higher calcium ,~ 
contents 0 ,Most rockS ot , both groups fall lIi th~a: field of overlap '\! 
and lie on a ainsle lirie ofvariationo , 

Some , of the conclUliions may be co~ed .",1 th the findings of 
Smith & Walker (1971)$1 on greenfiJtones in the Mount lsa mine areao 

Smith & Walker suggested :that by the :action of hydrothermal and ,retro­
grade 'metam9rphism, ' iron-rich chlori tes were altered to magnesium-
and silicon-richchlorites, and there vas a s~taneQus loss of 'copper. 
A, t , the ' same 't1me,plag1octase vas ' converted to calci te~As a: combiried 
etfect of these processes depletion 'of Ba, ' Ca, Cu, K, Na, Si, Sr, 'Co, 
Fe, MD, 'l'U'p- and 'Ti ' took place,o . ~deposition of some of t1;lese elements 
occurred in secondar;y ca,lci te/quartz veiris whichcont8.in some chalcopyrite 
and ·other sulpbideao ' 

R-mode no~linear mapping clarifies the relationships among the 
variables and illustrates the chief differences bet.",e,en the two groups 
of rockstD. termsot element bebaviouro 

In ,both EoC.V. and S.CoFo rocks, there is a statistical 
correlation' among Mg, . Cr, and , Ni and bet\teen Ca and AI. There is 
also some correlation between Fe~ and Mn,and a close association of 
Rb and Ba together .vith other elements 'that are commonly concentrated 
in biotitep apartfram Ko 

The differences in element behaviour are exemplified by the 
correlat10n~ among Fe2,- Mnp and V: in the SoCoF;o, the thre~ elements 
are strongly ·'c.orrelated,,· whereas in the EoCo V. p '~he .correlations are 
ver;y',weako' Cli .also behaves in" markedly dlfferen:t waYs in the two 
rock groups: in ,- the_',S.CoF. 9 Cuco~g.la~es ,with lK, Na, Sip and C02, .' 
qut in . the EoCo V • . ,Cu ,correlates ver;y strongly With So , " 

, In the . present study, there is no ind;;.cation of such drastic 
alterati~n of rock compos,1tions ' by metamo:t'phismjaDd hydrotherma~ action.; 
in both rOck ,groups'o ~he original magmatic yoarifl.tions may. still :J:le 
recognized, though in .the EoCoVo , there i~ some'(\)bviOUS redistribution ' 
of elements, with Zr aQd Sr. both concentrating in biotite1 (Zr as 
inolusions- of: zlroon) , and the correia.tions u<'\.lg, for exampleo 'Fe p 

Mn" and V, b~C~m1ng1:l'eakero . j 
.1' , ' . . ,' , ' . .. ',' ,1------. ---~ 
This .. 1nterpretat~on , is uncertain owing to the parity of biot1,te in 
the rockst ' ail a1 temative ~nterpretatioh migl li ~ invoke, inter­
granular phases ' or trace element enrichment oj existing minerals ' 
(~.g. feldsParsl'o amphiboles, etc o ). " 

,.. ' . . { 
.-.. . . ~ . 

l ' 

\ ' 

P ,,' :1 
; ; 
" 
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It 'has been shQml in this study that factor analysis is not 
an .ideal statistical method for examing chemical relationships in , 
these suites , of rocks 9 and· .n~nlinear mapping appears to 'be a more 
appropriate technique: 'the slilall amount of distortion necessarily 
involved in forced , projec~lon . into a plaIie is more th&n compensated for 
by 'the ' r 'elative 'ease of 1.ll~erpre:tationo , . . " " . . . - '. 
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'l'ABLE 1. ROCK SAHPLES IjJCI,.m)r~~D IlT THE STA'rISTICAL ,AfTALYSIS, 

Eastern Creek Volcanics 
j 

Soldiers Can Formation, , 

--------------~------~--------~----------------,--~--------~------------
70201001 

70201003 

70201005 

70201007' 

70201008 

70201009 

, 70201010 

70201011 

,70201012 ' 

70201014 

70201019 

70201020 

70201021 

70201024 " 

70201025 

70201027 

70201032 

70201035 

70201036 

70201037 

70201038 

70201048 ' 

70201059 

70201067 

70201069 

,70201072 

70201075 

69200026 

69200028, 

69200030 

692000;;1 A 

69200032A 

692000:35A 

69.200039 

69200043A 

69200043B 

69200045 

69200047 

69200052 

6920005813 

69200066' , 

69200072 

69200073A 

69200086 ' 

69200090 ' 

69200091 

69200092 , 

69200096 

69200098 

69200102 

69200107 

69206:;05 

692003()rr 

69200308 

69200309 

69200310 

, 69200311 

G9200312 
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'l'ABLE 2. PROW ',FACTOR PA'Il/fERN HAI'RIX AND FACTOR CORRELATION 

MA!rRIX FOR 'l'HE EASTERN' CREEK'- VOLCANICS 

' , ELEMEN'f , ' FACTOR ' 
I II III IV 

7; , 

t 

(, 

Si '.009 . '648 .145 ' . • 653 
Ti .728 -,,339 -.202 , .200 

Al -.787 -.131 .163 -.469 
Fe(3) .809 . -.162 -.?14 .17-7 
Fe(2) , , .693 -.125 -.051 -.638 
l1n .1,9:1 .216 ..,.814 -.312 
f1f,' :-.954 -.251 -.235 -.086 
Ca -.550 .371 -.094 ' ..;..242 

Na .499 -.352 .183 -.215 
K .159 .64fl .1 ne .328 
p .700 -.228 .507 -.263 
II (H2O) .022 -.806 .077 .391 
C (CO2) .271 -.537 .,139 .520, 
S .154 .240 .504 -.070 ' 

V .024 .059 ~~817 .333 
Cr -.889 -.522 .042 .136 
Ni -.965 -.466 -.010 .002 

I , ' 

Cu .106 .445 -.095 -.088 1, , 

Zn .589 -.400 -.241 -.170 b 

Rb .027 .061 .008 .972 
Sr -.093 -.131 -.058 .944 

Zr .101 -.131 -.062 '.936 ' . 

Ba .057 -.O:~J -.OB7 .960 

, . ------------------------------------------------------------. " 

Factor 

I :... .269 .-.052 .096 
II ' .039 ' ' -.:05,3 
III -.002 

" 

, ---"-< 



:J.1ADIJE ''(. PROHAX }~HJ'l'OR t'A'.i!'l'.E~m.! HA'l'lUX kiD PAC'fun cortH;.<:IJ\.'i.'HM ic;A'I'RIX li'Ul{ 
~- ... ._-- .-' ,~ .; ~. 

THE ~OL])mIW CAP It'om::.h'lOH VOLGi\JHCS 
i 

EmhDHT 
J!'ACTOR 

I II III IV V ' . vi 

s .433 ~.678 '-.'102 -.498 .005 .006 

'I' .• 223 . .763 .064 -.008 -.160 .114 
Al -.128 -.547 -.131 .... 329 .• 205 -.055 
Fe(3) .267 .677 .121 . .043 ....271 .137 
Fe(2) -.073 .978 -~034 .• 065 .... 174 -.064 
!lin ",:,.075 . .425 -.237 .127 -.911 -.102 
·lTg -.976 .110 .061 -.10~ -.037 .085 . 
Ca .091 -.138 -.394 .799 .118 -.028 

. Na .227 .... 111 -.010 -.925: .204 .... 122 

K -.259 .... 218 .804- -.197 .... ·153 .098 
'p .520 .0~1 .117 -.105 -.315 .• 425 

H (H2O) - •. 135 -.540 .143 .377 -.109 .095 
C (CO2) .389 -.028 .559 . ·.528 ,350 -.021 
S ,,034 .107 .276 -.006 .203 .636 
V -.088 .901 -.. .• 178 -.098 -.079 -.280 
Cr -.597 -.227' .114 .299 -.164- -.01'5 
Ui -.751 -.304 '.4-20 .035 -.150 -.178 
cu -.037 ,174 .946 -.026 .420 -.072 
Zn -.002 -.033 -.114 .046 .023' .996 
Rb .011 -.041 -.110 .040 .096 .998 
Sr .• 340 -.511 . -.252 .526 -.156 -.210 
Zr .579 .011 '.367 -~183 -.212 -.447 
Ba . -.081 ':'.165 .037 .021 -.100 .972 

_._---- -----.-
Factor 

.. I .21£3 .193 -.203 -.113 .112 
II .025 -.171 ... 073 .244 
III -.0:;9 .... 277 .039 
IV· .287 -.132 . 
V -.158 . 

--.,,-~ .... -.--~ -"' 
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