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Sammendrag
I 1974 ble et større moreneprøvetakingsprogramgjennomførti Masiområdet som en hjelp til å plukke ut
de mest lovende flybårne Mag og EM anomaliene. Prøvene ble samlet med 100m avstand i profiler som
ble lagt med 500m avstand. Prøveneble tatt på ca 70cm dyp.Totalt ble ca 7000 prøversamlet.

Hver 5 av disse prøveneble analysert slik at man fikk et 500m x 500m nett med prøversom ble
spektrografisk analysert på 18 elementer ( Si, Al, Fe, Mg, Ca, Na, K, Ti, V, Cr, Co, Ni, Cu, Zn, Ag, Mo )
ved den finske geologiske undersøkelsen i Helsinki.

Factor analyse ble ufført av TuomoAlipetti ved Universitetet i Oulo som en del av egen forskning.

Rapporten er en kritisk gjennomgangav dette arbeidet hvor det hevdes at metoden med "fourfactor
scores"som er plottet på kartene trekkerut faktorersom er relatert til prøvetype ogberggrunn i stedet for
til mineraliseringer.
Faktor I: Prøvetype, for det meste jordlagstype.
Faktor II: Basiske bergarter.
Faktor III: Albitiseringsprosesser.
Faktor IV: Al innhold. Leirinnhold i morene (prøvetype) eller glimmerskifer i grunnen.
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A/S SULFIDMALM
INTER.OFFICE MEMORANDUM

Due: 16th February,1977

To; W. D. Harrison

ce: H. T. Berry, R. Jahnsen,T. Alapieti,I. Elliot,
E. Kreivi, R. B. Band

From: J. B. Gammon

Subject:

Re ort No. 415/76/17. Masi till data.

krde I

Please find attachedBands erudite commentaryon the finnish
output of a computer-runfactor analysisof spectrographic
data from Masi till samples.

I think I am correctin concludingthat the procedureapplied
has not been particularlysuccesfulin classifyingsamples
anomalousfor copper in terms of possiblesources. Band
commentsthat it would have been more interestin to run all
samplesfor more than 5 factors. PerhapsOulu University
would be interestedin pursuingthis as a researchproject?
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EVALUATIONOF FACTORANALYSIS RESULTS MASI

DATA BASE:

In 1974 a reconnaissancetill samplingprogrammewas carried
out in the Masi area as an aid in evaluatingairborne-Mag-EM
data and as one phase of a systematicprospectingprogramme.
Till sampleswere collectedfrom an averagedepth of 70 cms,
at intervalsof 100 m, along lines spaced 500 m apart.
total of ca. 7000 sampleswere collectedin this way.

At a later stage every fith sample was analysed spectro-

graphicallyfor a total of 18 elements (Si,Al, Fe, Mg, Ca,
Na, K,Ti V, Cr, Co, Ni, Cu, Zn, Ag, Mo), giving a new
500m x 500m sample net. Sampleswere analysedby direct

reading spectrographat FinnishGeologicalSurvey,Helsinki.

FACTOR ANALYSISMETHOD:

Factor analysiswas carriedout by Tuomo Alipettiat the
Universityof Oulu. Alipettirequestedpermissionto use
the data, but carriedout the computerwork at the Universityls

expense and himself decidedthe methodologyto be followed.

The spectrographicdata was availableon magnetictape, as
output from the direct reading spectrograph. The first step
in processingwas to convertvalues quoted as metal oxides
to percent or ppm metal values. This data was then listed.

The second step was to calculatemean and standarddeviation
figures. I am not sure whetherhe used a log transformfor
any or all of the metals.
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The data was also screenedfor values lying outside "acceptable
ranges" (presumabltnegativevalues, and arbitrarylimits)and
these were then replacedby the relevantmean value(Mowas
particularlyeffectedby this). Having assembleda complete
and acceptabledata set (1210 samples)he set up a correlation
matrix for all samples.

The first run at the factor analysisprogrammewas based on
selectingout sampleswith> 135 ppm Cu only. For sonm reaSon
this programmedid not work. The second attemptwas made
using all values 100 ppm Cu, which also correspondsto
exactly the upper ten percent of the copper values (121
samples).

A first-runwas made using splits into 3-factors 4-factor,
5-factor and 6-factor models, using the Varimaxsolution.
He then selectedthe 4-factormodel and re-ran the programme
calculatingfactor scores for the 121 samples.

In.essencethereforethe factor analysishas taken samples
with anomalouscopper values (>100 ppm) and attemptedto
classify them into various groups,based on spectrographic
18 element data.

3. FACTOR MODELS:

It might be interestingfirst to comparethe developmentof the
various factor models as the programmetries to account for the
variation of the data in terms of a progressivelysmaller
number of groups (see table 1). The followingcan intuitively
be said:

Factor 1 appears in this run consistentl as a bagie rock

indicator.
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Factor 2 is heavily influencedby a non-sympatheticvariation

in Fe and Si contents. Note change in sense of thie

factor between 5- and 6-factormodel and the 4- and

3-factormodels.

Factor 3 is always influencedby Na K T4 Vand Pb,comein aa

the number of factorsis reduced.

Factor 4 is not as consistentas the other factOrs,but Al

is significantin it.

Factor 5 is a Ca Mo factor - surprisinglyCr drops out when.

the number of factors is reduced.

(NB. Usually for an 18 variabledata set one would expect to

run more factorsthan this, often as many factorsas variables,

and then droppingdown until a groupingis forcedon the

variables).

4. THE FOUR FACTOR MODEL:

The four factor model was selectedto calculatefactor acores.

In the re-run interestinglythere was a reversalof the

importanceof factorsI and II, i.e. in the re-run factorg

were as follows:

Factor I + Si (Ca, Mg, Na)

- ve Fe (Pb, Cu)

Factor II Ni, Co, Mn, Mg, Cr, Cu

Factor III Na, K, Ti, Mg, Ca, V

Factor IV Al, Ag (negativefactorloadings)



This may indicatethat factors1 and 2 are of roughlyequal

importancein accountingfor the variabilityin the

121 samplesprocessed.

Factor scores for this model have been plottedup on the Masi

reconnaissancebase map.

5$ SIGNIFICANCEOF FACTORS:

To assess the significanceof the various factors14 samples

• having either high or low scores for the factors(i.e."Factor

series end-members")were compared. Table 2 shows data and

factor scores for the variousend members. Unfortunatelythe

samples are not clear-cutend members for one factoronly,

e.g. samples1241 and 5791 are high for both Factors 1 and 2;

sample 5556 is a low end-memberfor factor 1 and a high end

member for factor 2. Becauseof this it is not possibleto

isolate and identifyend members of the variousfactor series

with completeiconfidence.

Table 3 summarizesthe informationfrom Table 2, giving the

ranges of the variouselementsmaking up each factor,which

are present in low and high end-membersof the factor serieSi

For Factor I high scoreshave 25-30% Si and only 2-11% Fe.

Low scoreshave 13-17% Si and 28-32% Fe, they also have ca.

twice the Mn contentof silica rich samples. Interesting

samples with medium scores for factor I have 23-26% Si and

6-18% Fe, i.e. Si-contentis similar for medium and high

factor I samples,and it appears that variationsin Fe-content

are more significantin determiningthe actual factOr score

(NB. Fe has a negative loadingfor factor I).
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For FactorII the determiningfactor is clearlyhigh Ni (300-

800 ppm), Co (35-130ppm) and Cr (300-2000ppm) values. Mn

and Mg are •alsosignificantlyhigher.

For FactorIIIhigh factor score samplesshow Na, K, Mg and

Ca values which are 10-foldhigher than values in low-score

samples. Tiand V values are ca. double in high-scoresampleg

compared with low.

Despite the fac.6orloadingpicture Factor IV is entirelyan
Al-factor. Low factor score samples show double the Al

content of High-scoresamples (ca. 20% vs ca. 10%). Silver

on the other hand shows a minimal increase,taking into

account analyticalerror i.e. 0.9-1.0ppm Ag for low score

samples vs 0.7 ppm Ag for high (NB. both Al and Ag have

negative loadingson factor IV).

5. INTERPRETATIONOF FACTORS:

Because of the way the factor analysiswas set-up,taking only

samples with>100 ppm Cu, the samples are widely and almost

randomly scatteredover the Masi reconnaissancegrid. This

makes it difficultto interpretthe significanceof the factors,

since they are generallytoo widespreadfor any geographical

grouping to come through. Baged on the element-make-upof the
factors I would suggestthe followinginterpretation.

FactorI:

Si is relativelyconstantin most samples (ca. 25%) and it is

variation in Fe which is the determiningfactor in factor acore

values. In the low-scoreend-memberexcessivelyhigh Fe

content (ca. 30% Fe) would naturallydilute the Si content

down to lower levels (ca. 15% Si).



A plausibleinterpretationof this is that Factor I is reflect-

ing samplingdepth, or more preciselythe locationwithin the

soil profile from which individualtill sampleswere collected.

Till samples are nominallycollectedfrom a constantdepthg

70 cms, which shouldensure samplingfrom the C hOrizon. In

practise however samplesare certainlycollectedfrom varying

depths, and it is most probablethat soil profiledevelopment

and the depth of the differentsoil horizonswill vary from

location to location. This is not to imply criticismof the

sampling technique,since a) it is recognizedas compromise

between the needs for rapid samplingand a constantsampling

material and b) the Fe-enrichmentprocess in the lower B or

B/C soil horizons can progressquite far before it is obvious

on the basis of colour change.

The Fe-rich,Si-poorend member of this factor-groupingmay

well representgossanoussoils, as for instanceare developed

at Ingajokka.

FactorII:

is the classic "basicbedrock factor",characterizedby high Ni,

Co, Mg, Cr, Mn values. Low scores could indicateacid bedrockg

but more probably an excess of some other factorg

FactorIII:

Based on the element associationin this factor it could repre-

sent an albitised(Na, K, Ca) basic bedrock (Mg, Ti, V)

factor.
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This is to some extent backed up by the fact that scores for

FactorsIIandIII often seem to follow each other,to a certain

extent. Certainlythere is field evidencefor extensiVe

albitisationof the basio volcanicsin the Masi area.

Factor IV:

As alreadymentionedthis is really only reflectingvariations

in Al content. It could in this case be reflectingvariations

in clay contentof the till sample, either as a reflectionof

bedrock composition(mica schists?)or resultingfromglaCial

or post-glacialprocesses ( fluvial-sorting).

6. SUCCESSOF FACTOR MODELS:

The successof the factor Model accountingfor the variation

in metal contentsin the sample/variable mass is expressed in

the'programmeoutput by the table of communalities. This indi-

cates for each elementthe proportionof the total variability

accounted for by the factorsused.

• Most of the variationin the data is explainedby the four.

factor model for the followingelements:

Si, Al, Fe, Mg, Na, Ni, Ag, Pb.

A "moderate"portion of the variationis explainedfor: Ca, K,

Ti, Cr, Cu.

Very little of the variationis explainedfor: V, Mn, Zn, MO.
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7, APPLICATIONOF FACTOR SCORE FIGURES:

As already pointedout the pre-selectionof sampleswithb 100 ppm

Cu for the factor analysisrun gives a very irregularand

widely-spacedgrid (on average 1 sampleper 2.6 m2). Becauge

of this irregularspacingand also because of the special

nature of the samples,the factor score resultscan not be

used to map the distributionof bedrocktypes or surficial

deposits, as may have been possiblehad all the data been

inclåded.

Since only sampleswith "anomalous"copper valueswere included

in the test, it should be possibleto use the factor scores to

classify the copper anomalies,and possiblyto say something

about their origin. For example a copper anomalywith a 10W

score on factor I should be in a gossan area, and may be

related to massive pyrrhotitehorizons,as for exampleat

Ingajokka (scoreof ca. 200 on Factor I for 1 sample from

Ingajokka). Similarlya high score on Factor II would indicate

associationwith basic bedrock (eg. east shord of Suolojavrre

and SalgganEast Grid) and a high score on factor III associ-

ation with albitisedbedrock.

This is true for "end-membersamples"but high proportionof sam-

ples seem, on scanningthroughthe factor scores,to fall in the

middle ground",with medium values on all factors,indicating

of course a contributionfrom multiple sources,as would be

expected in till samples.

A furtherdraw-backis that only a "moderate"proportionof the

total copper variationhas been accountedfor by the four factors

used in this investigation(see section 6).



The part not-accountedfor is the "odd ball" part that could

'well representa mineralizationsource. This is the advantage

of runningwith more factors,because then a much higher

proportionof the total variationis accountedfor and there

is a chance of obtaininga "mineralizationfactor". In the

present investigationthe factorsused have explained"mostli

of the variationin the major elements. They are therefort

"bedrock"andSsoil/tilltype4parametersand it is possible

that this "major element"variationhas swampedthe minor

variationsdue to mineralization,sampleenvironmentetc.

8. CONCLUSIONS:

The 4-factormodel factor analysisseems to have pulled OUt

factorswhich are relatedto sample type and bedrock

geologyrather than to mineralizationtypes as such.

The factorsare interpretedas representing

FactorI: sampletype, particularlysoil horizon sampled.

Very low score probably representsgossan and

thereforepossiblyproximityto massiVesulphide

formations.

FactorII: basic bedrock

FactorIII:Albitisationprocesses

FactorIV: Al content. Low values indicatehigh clay content

in till (sampletype) or possiblymita SchiSt

bedrock.
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A similarrun includingall samplismight be a usefUl

supplementin mapping the distributionof basic and

albitisedbedrock areas.

Factor scores could be used to classifysome of the

anomalouscopper samplesas to probablebedrockassocia.

ation. A high proportionof the sampleswill be "multiple

source"however and not readily classifiable.

The 4-factormodel does not account for all of the varias

tion in Cu content in the samples. This "unexplained"

variationcould well be the most significant.
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Table 2: HETAL VALUES FOR FACTOR-SCOREEND MEMBERS WITH FACTOR SCORES,HASI TILL DATA, RUN 2.

Sample






No.IIIIIIVSiAlFeMgCaNaKCoNiCu











3306272486355 60714.6 10.8 32.0.5.8.1.219707155 208010 109114











6439234481 414 5581711.3 28.8.08.2.22510 375186 18402435594











12416321149440 41626.57.9 11.66.1.78.24.184500 188 2000 290047 771197











42166894563924633210.81.91.6 2.71.2.33800 1265694211351120











5791654710 41045828.6 11.34.63.3 2.7.7.43540 19566999534324185











5556204 1008 429 39713.46.6 10.7.2.8.7.061970 260290 2000 129 522 1130












5001428405 400 57424.79.4 18.0 1.0.3.7.52870 720272385639152












1196367406 601 29722.7 161011.51.5.314700 7002086511933113












3501454518 776 52525.68.77.4 2.9 2.75.32.07700 435622 114029 108113











 i75715534172919623.724.51.0.4.4.2.12850584502341027140












783153745430147125.513.811.6.8.6.3.05252015319017003041110












3406483530744503269.96.62.92.35.11.08000394735128033104112












757656037925126826,20.63.6.2.2.101070-12837616112












3076519532716570287.98.32.13.83.5.2609044191414302545136







Zn Pb Ag Mo
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Table 1, PROGRESSIVEMODIFICATIONTO FACTOR
MAKE-UPWITHDECREASINGNUMBEROF
FACTORSMASIDATA,RUN I.

I II III IV V NI

I EW)CFACTORS Co +Fe Na +Fe Mo Ti
Ni (V) K -veAl Cr V

I  Cu
Pb Ti Ag .

Mg Sn



Mn I

tve -m
-ve Si

 
fIVE FACTORS Co Fe Si Na -veAl Ca

li
Ni V (Ca)
Cu Pb(Na) Ti

K Ag Mo

I
Mg
Mn

Sn(Cr) V

I pUR FACTORS Mn +vd -m Na Ag
Co . Si Fe K (MoSn)
Ni
Cu

Na Ti ,
V

I  

Fe
Mg

I
•1HREEFACTORS Fe tve +ve -ve

	

Si Fe
Na

Il

Mn
Co

	

Na Al Ti

	

(Ca)Sn

K

Ni



V
Cu

11
(Cr) Pb

	

(Mg) (Sn)

Al ve

I (Ag)



• Table 3: ELEMENTRANGESFOR FACTOREND MEMBERS,
MASIDATA,RUN 2

FACTOR 1: Elementsinvolved

Si (Ca,Mg, Na)
Fe negative,(Pb,Cu)



SiCaMgNaFe.




Fe-



25-190%0.8-3.0%2-3%.2-1.2%2.41%





13-17%.1-.8%.2-.8%.1...7%2832%








23-26%..3-2.7%1-2.9%6-18%




I
I High Sooresshow:

(NB.1 samplew. 6% Mg
Il alsohas veryhigh
111 scorein Factor2)

I Low scoresshow:

(lowscoresalsohave
ca. 2 timesMn content

i of high scores)

Med. scoresshow:

I
Ni

IHigh Scores: 300-800

Low scores: 20-40

IFACTOR 3: Elementsinvolved

II
Na

•
FACTOR 2: Elementsinvolved

Ni, Co, Mn, Mg, Cr, Cu




CoMnMCrCu





35-1301000-3000.2-6.1300-2000 200-1130





6-2040-700.2-1.0130 450






KTiMCaV




IHigh scores: 3.5-5.3

Low scores: .2-.3

i
FACTOR 4: Elementsinvolved

I
Al, Ag

Al

High scores: •7.9-10.8

ILow scores: 16-25% .9-1.0

.2-2.0 6000-80002.1-2.9 2.3-3.7 400

.1 1000-3000 .2-.8 .2-.6 50-150
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Ag





.7ppm.
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