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A Varimax-rotated R-mode factor analysis was performed on a 
collection of 195 whole-rock major element chemical analyses of 
granitic rocks, mainly Finnish. Factor loadings with corresponding 
eigenvalues and communalities were computed separately for 3 to 6 
factors. The rapakivis, the non-rapakivis and the combined group 
of all the granitic rocks were each studied individually. The results 
show that, in contrast to the other granites, the rapakivis form a 
fairly homogeneous group with pronouncedly high mutual correla-
tions between the components. A factor analysis, therefore, reveals 
one single factor with a very high eigenvalue. This factor is 
designated the femic factor on the basis of the most important 
participating components. In other granitic rocks three main factors 
emerge; these are termed the femic, the one-alkali and the biotite 
factor, respectively. The existence of the one-alkali factor reflects 
the even stronger negative correlation of Na20 and K 2 0 in the non-
rapakivis compared with the rapakivis. 
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Introduction 

Since its ear ly origins in psychology (see 
Koch and Link 1971, p. 121), f ac to r analysis 
has been p e r f o r m e d on collections of mul t i -
va r i a t e da t a w i th in a va r i e ty of scientif ic 
fields. In geology appl icat ions of the me thod 
a re a l ready commonplace in palaeontology 
(e.g. Gould 1967), sedimentology (e.g. K r u m -
bein and Graybi l l 1965; Imbr ie and P u r d y 
1962), minera logy (e.g. Saxena 1969) and econ-
omic geology (e.g. Koch and Link 1971), 
b u t in pet ro logy and l i thogeochemis t ry t h e 
appl icat ions to da te a re v e r y few. 

I t is the a im of any fac to r analysis to t r y 
to f ind s imple s t ruc tu r e among a mu l t i t ude 
of var iables , and consequent ly to minimize 
t h e n u m b e r of i ndependen t var iab les in t e rms 
of which the wea l th of in fo rma t ion is p r e -
sented. A fac tor analysis thus creates n e w 
»artificial» proper t ies which should cover to 
as g rea t a degree as possible the tota l va r i -
ances of the or iginal proper t ies . As a resul t 
of a successful fac to r analysis, for instance, 
in fo rmat ion can be graphica l ly d isplayed f a r 
more easily t han would o therwise be possible, 
and the comprehens ib i l i ty of the in fo rma t ion 
conta ined in the da ta collection is t he r eby 



144 Risto Piispanen and Tuomo Alapieti 

increased. On the o ther hand, the n e w a r t i -
f icial var iab les c rea ted in association wi th the 
analysis a re of ten d i f f icu l t to i n t e rp r e t empi r i -
cally in physical t e rms and the i r rea l n a t u r e 
and associated geological implicat ions o f t en 
prove to be i n t e rp re t ab l e only w i th d i f f icul ty . 

When apply ing fac to r analysis to a collec-
tion of m a j o r e lement da ta of a rock-group 
the ma in in teres t is d i rected towards a poss-
ible para l le l i sm of the mineralogical com-
posit ion and the fac tor pa t t e rn . In a s imple 
hypothe t ica l system, in which each chemical 
component would have a minera logical 
coun te rpa r t of its own, a high corre la t ion 
be tween some of the components would in-
duce a correspondingly h igh corre la t ion 
among some of the mine ra l phases and, in 
the analysis the re fore , a fac to r could be 
c rea ted which would represen t both the 
chemical components and the minera l s and 
could also be i n t e r p r e t e d in t e r m s of t h e 
mine ra l composit ion. In rea l rocks in which 
most of the chemical components occupy 
posit ions in more t han one minera l ' s la t t ice 
and, f u r t h e r m o r e , each m i n e r a l (with r a r e 
exceptions) comprises more t h a n one chemical 
component , t he s i tua t ion is m u c h more com-
plicated. High corre la t ions among the chemi-
cal components m a y exist b u t the fac to rs 
t ha t can be c rea ted on the basis of the cor re -
lat ions m a y not be easily i n t e rp re t ab l e in 
t e rms of the mine ra l composit ion. To see 
w h e t h e r the mine ra l composit ion is ref lec ted 
in the fac tor p a t t e r n is one of the in te res t ing 
points of l i thogeochemical fac to r analysis. 

The n u m b e r of fac tors t ha t can be created 
in a fac to r analysis is dependen t on t h e 
degree of corre la t ion be tween the proper t ies 
to be s tudied, in th is case the chemical com-
ponents . Similar ly , the resul t ing e igenvalues 
and the communal i t ies also re f lec t the degree 
of corre la t ion and the successfulness of the 
analysis . In a closed sys tem such as a whole-
rock chemical analysis, i.e., in a sys tem wi th 
a f ixed sum (or nea r ly so) some a p p a r e n t 

corre la t ion resul t ing f r o m ar i thmet ica l rea-
sons can be of u tmos t impor tance . This type 
of corre la t ion has been called induced cor re-
lation, and, Chayes in par t icu lar , has paid 
a t tent ion to it (Chayes 1962, Chayes and 
K r u s k a l 1966, Koch and Link 1971, p. 169). 
The re fo re one of the in teres t ing aspects of a 
fac tor analysis is also to s tudy w h e t h e r the 
induced corre la t ion wil l man i fe s t itself in the 
resul ts of a l i thogeochemical fac tor analysis. 

Material, method and results 

The collection of sil icate analyses of grani t ic 
rocks tha t have been ear l ie r described in 
detai l by one of the au thors (Pi ispanen 1977) 
was uti l ized as the basic da ta collection for 
the presen t s tudy. For the da ta sources and 
o ther detai ls the r eade r is r e f e r r e d to th is 
ear l ier publ icat ion (Pi ispanen op. cit.). The 
collection consists of 195 analyses of which 
40 represen t rapakiv is so tha t for t h e ana ly-
ses th ree g roups can be del imited, the to ta l 
f ami ly of grani t ic rocks including the r apa -
kivis, the rapak iv i s on the i r own and t h e 
to ta l f ami ly excluding the rapakivis , t he so-
called non- rapak iv i group. 

The necessary computa t ions w e r e car r ied 
out. on the Univers i ty of Oulu compute r 
system. The pr inciple and the method of 
computa t ion were based on the corre la t ion 
m a t r i x f r o m which, as a f i r s t phase, a non-
i te ra t ive pr incipal axes solution was calcu-
lated. Each of the th ree subgroups of the 
da ta collection w e r e t h e r e a f t e r indiv idual ly 
subjec ted to a V a r i m a x - r o t a t e d fac tor ana ly-
sis in which pe r t inen t loadings, e igenvalues 
and communal i t ies w e r e calculated by tu rns 
for 3 to 6 factors . The resul ts of t h e re levant 
cases a re shown in Table 1. 

In Table 2 the resul ts a re summar ized and 
conver ted into chemical components . For 
each indiv idual fac to r t h e components listed 
a re those which con t r ibu te most s t rongly to 
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Table 1. Factor loadings for individual runs covering 3 to 6 factors. A stands for the rapakivis, C 
for all granites (C = A + B) and B for the non-rapakivis (B = C — A). 

A Commu-
I II III nality 

S i0 2 —.759 —.268 —.566 .968 
TiOo .826 .210 .247 .787 
AlsOs .190 —.023 .830 .726 
F e 2 0 3 .499 .731 —.010 .784 
FeO .942 .030 .189 .924 
MnO .847 —.019 .190 .754 
MgO .554 .570 .318 .733 
CaO .842 .025 .375 .850 
N a 2 0 .314 —.662 .071 .543 
K>0 —.720 .313 .217 .663 
P2O5 .609 .351 .463 .709 
H_'0 + —.086 .768 —.008 .597 
h 2 o — .173 .640 .180 .471 

5.190 2.637 1.683 9.509 

A Commu-
I II III IV nality 

SiO-> —.748 —.292 —.581 —.002 .982 
TiOo —.795 .238 .245 .232 .803 
AI0Ö3 .176 —.011 .833 .044 .728 
Fe>03 .492 .742 .000 —.092 .801 
FeO .945 .057 .209 —.007 .940 
MnO .829 .008 .194 .190 .761 
MgO .522 .590 .314 .140 .738 
CaO .862 .047 .408 —.188 .947 
N a 2 0 .300 —.648 .061 .307 .607 
K>0 —.720 .293 .209 —.135 .667 
P2O5 .552 .378 .442 .401 .805 
HmO + —.115 .767 —.022 .062 .605 
h 2 o — .136 .648 .166 .152 .490 

5.007 2.704 1.709 .455 9.874 

Table 1. cont. 

A Commu-
nality I II III IV V 

Commu-
nality 

SiOo —.761 —.243 —.572 —.101 —.085 .982 
TiO) .767 .161 .246 .396 .020 .832 
A12Os .180 —.041 .831 .056 .046 .730 
Fe?Os .519 .725 .008 .088 —.002 .802 
FeO .948 .009 .189 .057 .097 .948 
MnO .822 —.065 .155 .091 .375 .852 
MgO .515 .533 .329 .353 —.028 .783 
CaO .883 .027 .399 —.060 —.065 .947 
N a 2 0 .246 —.701 .042 .208 .103 .607 
K ) 0 —.681 .337 .215 —.234 .084 .686 
P2O5 .523 .279 .434 .449 .253 .806 
h 2 o + —.101 .754 —.004 .171 .043 .610 
h 2 o — .157 .605 .147 .068 .400 .577 

4.922 2.518 1.663 .651 .408 10.161 
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_ Commu-
I II III IV V VI nality 

SiOä —.751 —.269 —.569 —.151 —.061 —.003 .986 
TiOo .746 .194 .240 .377 —.001 .197 .832 
AI2O3 .177 —.023 .832 .084 .034 .006 .732 
FeoOa .504 .698 —.014 .193 —.039 —.149 .802 
FeO .941 .041 .191 .089 .112 .056 .948 
MnO .798 —.029 .145 .167 .444 .055 .887 
MgO .481 .474 .281 .528 .012 —.104 .825 
CaO .887 .028 .397 .018 —.047 —.065 .952 
Na-jO .249 —.597 .080 —.004 .088 .434 .621 
K>Ö —.683 .275 .192 —.093 .100 —.324 .703 
P2O5 .489 .333 .427 .430 .216 .210 .807 
H - 0 + .112 .774 —.003 .123 —.089 .010 .635 
HoO— .143 .688 .165 —.005 .271 .074 .599 

4.748 2.440 1.620 .733 .364 .426 10.330 

Table 1. cont. 

B Commu-
I II III nali ty 

S i O —.820 .236 —.211 .772 
TiOa .678 .062 .468 .683 
AI2O3 .392 —.552 —.228 .511 
Fe=>Op, .231 .098 .718 .579 
FeÖ .802 .045 .073 .651 
MnO .102 —.085 .554 .325 
MgO .826 —.174 .162 .739 
CaO .674 —.488 —.055 .695 
Na>0 —.107 —.736 .264 .623 
k 2 o —.356 .707 —.081 .634 
P2O5 .481 —.026 .149 .255 
H2O + .664 .102 .138 .471 
HjO— .121 .231 .095 .077 

3.956 1.758 1.300 7.014 

I II III IV nality 

SiO-j —.550 .059 —.349 —.664 .868 
TiO-i .660 —.083 .469 .147 .684 
AI2O3 .052 .175 —.055 .796 .670 
Fe->0;i .226 —.083 .734 —.037 .598 
FeO .704 —.164 .112 .341 .651 
MnO .065 .061 .582 .051 .349 
MgO .769 .091 .164 .359 .755 
CaO .461 .238 .033 .661 .707 
NaoO —.098 .733 .229 .188 .635 
KJO —.387 —.707 —.012 —.300 .740 
P205 .543 .077 .093 .047 .312 
H->0 + .748 —.031 .068 .026 .566 
HjO— .058 —.286 .146 .030 .107 

3.111 1.270 1.350 1.912 7.643 
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Commu-
II III IV V nality 

S1O2 —.515 .065 —.332 —.674 217 
T i 0 2 .643 —.085 .458 .162 —.178 
AI2O3 .067 .145 —.085 .823 006 
Fe 2 0 3 .278 —.129 .707 —.000 .086 
FeO .502 —.060 .182 .256 —617 
MnO —.005 .079 .625 .018 — 131 
MgO .668 .137 .189 .337 —.378 
CaO .310 .302 .087 .609 —.416 
NaoO .002 .660 .204 .259 .343 
K 2 0 —.297 —.746 —.066 —.281 .188 
P2O0 .602 .047 .051 .100 .019 
H 2 0 + .757 —.030 .043 .055 —.145 
H20— .092 —.307 .116 .046 .024 

2.588 1.258 1.358 1.868 .976 8.047 

881 
688 
709 
602 
735 
414 
757 
738 
662 
763 
377 
601 
119 

_ Commu-
I II III IV V VI nality 

S i 0 2 —.528 —.031 —.326 —.634 —.288 —.123 .886 
T i0 2 .654 —.015 .450 .133 .172 .117 .691 
Al20.i .072 .214 —.086 .800 .142 —.054 .721 
Fe203 .270 .063 .665 —.025 —.072 .293 .611 
FeO .524 —.202 .213 .203 .580 —.022 .739 
MnO .014 .066 .639 .009 .113 —.065 .431 
MgO .665 .102 .177 .257 .455 .014 .757 
CaO .274 .274 .041 .469 .627 .098 .775 
NaoO —.035 .756 .143 .191 —.081 —.166 .663 
Koö —.240 —.679 .002 —.123 —.482 .129 .782 
Pi'Or, .581 .143 .009 .055 .054 .136 .383 
HjO + .772 —.034 .051 .050 .118 —.037 .618 
H->0— .055 —.126 .053 .000 .009 .496 .268 

2.572 1.250 1.272 1.444 1.344 .442 8.326 

Table 1. cont. 

C Commu-
I II III nality 

SiO-> —.842 .138 —.263 .797 
TiO-} .655 .093 .519 .708 
AI 2 6 3 .449 —.494 —.239 .502 
Fe2Os .240 .105 .702 .561 
F e b .739 .157 .234 .625 
MnO .136 —.096 .576 .359 
MgO .740 —.247 .155 .632 
CaO .732 —.409 .008 .703 
Na-)0 —.092 —.799 .159 .673 
KoO —.329 .728 —.047 .641 
P2O5 .521 —.021 .198 .311 
H2O+ 563 .113 .135 .348 
H2O— .173 .286 .143 .132 

3.780 1.808 1.403 6.991 
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Table 1 — continued 

C Commu-

I II III IV nality 

Si02 —.718 —.046 —.399 —.405 .841 
TiC>2 .330 .153 .568 .503 .708 
AI2O3 .672 —.306 —.119 .032 .560 
F e 2 0 3 —.041 .065 .689 .285 .562 
FeO .566 .313 .367 .349 .675 
MnO .126 —.066 .630 —.022 .417 
MgO .446 —.177 .159 .664 .696 
CaO .777 —.207 .140 .280 .745 
NaoO .095 —.809 .113 —.044 .679 
K-.O —.345 .684 —.020 —.305 .680 
P2O5 .238 .008 .194 .504 .348 
H2O+ .076 .075 .058 .762 .596 
H2O— .018 .293 .164 .139 .132 

2.408 1.514 1.628 2.091 7.640 

C Commu-
I II III IV V nality 

Si0 2 —.611 .061 —.388 —.447 —.386 .876 
TiO> .119 —.076 .521 .507 .404 .712 
AI2Ö3 .790 .183 —.069 .087 .032 .671 
Fe203 —.011 —.133 .699 .305 —.022 .600 
FeO .168 —.107 .271 .336 .741 .775 
MnO .023 .102 .610 —.023 .205 .425 
MgO .319 .220 .141 .674 .268 .696 
CaO .579 .288 .109 .296 .489 .756 
NaoO .280 .703 .179 —.030 —.285 .686 
K-O —.260 —.742 —.022 —.296 —.124 .726 
P2O5 .153 .012 .178 .514 .175 .349 
H ) 0 + .024 —.069 .046 .768 .063 .602 
H>0— .077 —.368 .175 .164 —.037 .200 

1.657 1.398 1.489 2.183 1.348 8.075 

C Commu-
I II III IV V VI nality 

SiOo —.610 .064 —.378 —.308 —.409 —.307 .876 
Ti0 2 .113 —.064 .491 .326 .418 .445 .736 
AI2O3 .789 .182 —.077 .043 .041 .084 .673 
FeoOs —.002 —.134 .723 .267 .009 .096 .621 
FeO .163 —.120 .254 .205 .752 .251 .776 
MnO .019 .107 .599 —.078 .214 .058 .426 
MgO .339 .194 .170 .631 .324 .169 .713 
CaO .588 .259 .123 .261 .527 .033 .775 
Na20 .278 .722 .157 —.042 —.269 .058 .701 
K ) 0 —.286 —.721 —.040 —.322 —.176 .029 .738 
P2O5 .139 .042 .124 .311 .171 .563 .479 
H2O + .043 —.085 .079 .725 .110 .235 .608 
HoO— .084 —.375 .200 .163 —.027 .010 .215 

1.683 1.380 1.468 1.542 1.483 .781 8.338 
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Table 2. Summary of data from Table 1 converted into symbols for the most significant chemical 
components contributing to the generation of each individual factor. For the meaning of A, B, and 
C see Table 1. Cases from 3 to 6 factors are presented. 

A B C 

I —Si, Ti, Fe 3+,Fe 2 + , 
Mn, Mg, Ca, —K,P 

—Si, Ti, (Al), Fe2+, 
Mg, Ca, P, H 2 0 + 

—Si, Ti, Al, Fe2 + , Mg, 
Ca, P, H 2 0 + 

II Fe3 + , Mg, —Na, H 2 0+, H 20~ —Na, K, AI, (—Ca) —Al, —Ca, —Na, K 
III —Si, Al, P Ti, Fe3 +, Mn Ti, Fe3+, Mn 

I —Si, Ti, Fe3 + , Fe2+, Mn, 
Mg, Ca, —K, P 

—Si, Ti, Fe2 + , Mg, (Ca), 
p, H 2 O+ 

—Si, AI, Fe2+, Mg, Ca 

II Fe3+, Mg, —Na, H 2 0+, H 2 0 - Na, —K —Na, K 
III —Si, AI, Ca, P Ti, Fe3 + , Mn Ti, Fe3+, Mn 
IV (Na), P —Si, AI, Ca Ti, Mg, P, H 2 0 + 

I —Si, Ti, Fe3+, Fe2 + , Mn, 
Mg, Ca, —K, P 

—Si, Ti, Fe2 + ,Mg, P, 
H 2 O+ 

—Si, AI, Ca 

II Fe3 + , Mg, —Na, H 20+, H20~ Na, K Na, —K 
III —Si, Al, P, (Ca) Ti, Fe3 + , Mn Ti, Fe3 + , Mn 
IV P, (Ti), (Mg) —Si, AI, Ca Ti, Mg, P, H 2 0+ 
V (Mn), H 2 0 - —Fe2+, —Ca Fe2 + , Ca 

I —Si, Ti, Fe3+, Fe2+, Mn, 
Mg, Ca, —K, P 

—Si, Ti, Fe2 + , Mg, P, H 2 0 + —Si, AI, Ca 

II Fe3 + , (Mg), —Na, H 2 0+, H20~ Na, —K Na, —K 
III —Si, AI, (Ca), P Ti, Fe3+, Mn Ti, Fe3 + ,Mn 
IV Mg, P, (Ti) —Si, AI, Ca Mg, H 2 0 + 
V Mn Fe2 + , Mg, Ca,—K Fe2+, Ca 
VI Na, (—K) H 2 O - P, (Ti) 

the genera t ion of an ind iv idua l fac tor . The 
listed components regu la r ly have loadings of 
0.4 or h igher . 

Both rapak iv i s and the total g roup of all 
t he grani t ic rocks have, as the i r f i r s t factor , 
a fac tor in which F e 2 + , Mg, Ca, Ti and nega-
t ive silica have s ignif icant loadings. On the 
basis of the most i m p o r t a n t par t ic ipa t ing 
components the fac tor could, perhaps , be 
adequa te ly called the femic fac tor . In r a p a -
kivis this fac tor has a ve ry la rge e igenvalue 
(4.748 to 5.190) implying tha t a g rea t deal of 
the var ia t ion of the chemical composit ion of 
t h e rapakiv is can be described in t e r m s of 
th is single factor . T h e fac to r score pe r t a i -

ning to this fac to r for any rapak iv i would 
revea l a g rea t deal about the re la t ionship 
of t ha t pa r t i cu la r r apak iv i to the others . 

In summary , the fac tor analysis among the 
rapak iv i s revea ls one clear and p r o m i n e n t 
fac tor and some addi t ional less clear and less 
s ignif icant factors . This s i tua t ion is obviously 
a resul t of the homogene i ty of the rock-group 
in compar ison wi th the he te rogene i ty of the 
tota l g roup of grani tes . 

In addi t ion to the f i rs t , t he femic fac tor , 
t he rapak iv i s exhib i t a second fac tor in which 
m a n y of the same components which f o r m e d 
the f i r s t f ac to r have la rge loadings. The 
most s ignif icant except ion is N a 2 0 which 
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here makes its f i r s t appearance , potass ium 
being a l ready p resen t unde r the f i r s t fac tor . 
The allocation of soda and potass ium to 
d i f f e r en t fac tors in the rapakiv is is discussed 
in association wi th the fac tors for the to ta l 
f ami ly of the grani t ic rocks. 

The th i rd fac tor for the rapak iv i s is a 
negat ive s i l ica-a lumina fac tor . In this the 
a r i thmet ica l ly induced nega t ive corre la t ion 
be tween the two largest chemical components 
is obviously the reason for the fo rma t ion of 
the fac tor . 

In cont ras t wi th t h e rapakivis , t he to ta l 
g roup of g ran i tes have a second fac tor t h a t 
carr ies l a rge loadings for both potass ium and 
soda. This f ac to r is a resul t of the s t rong 
(—0.589) nega t ive corre la t ion of the compo-
nen ts in the grani tes . Soda and potass ium 
a re also nega t ive ly corre la ted in the r a p a -
kivis, b u t t h e numer ica l va lue of the corre-

lation (— 0.521) t he r e does not seem to be 
large enough to m a k e the components fa l l 
unde r a common fac to r (in o rder to save 
space the corre la t ion mat r ices a re not r ep ro -
duced here). A geological impl icat ion of 
these re la t ionships is, perhaps , to indicate 
the abi l i ty of the r apak iv i a lkal i f e ldspar to 
ca r ry m o r e soda e i ther as pe r th i t e or an t i -
pe r th i t e or as a homogeneous solid solut ion 
t han t h a t of the o ther grani t ic rocks. 

As the th i rd fac tor the to ta l g roup of 
g ran i tes show, as a rule , a fac tor in wh ich 
Ti, f e r r i c i ron and MnO have la rge loadings. 
This fac to r does no t m a k e its appea rance 
among the rapakivis . The fac tor is mos t 
easily in t e rp re ted as a biot i te fac to r contai -
n ing the femic e lements of biot i te and exc lu-
ding CaO which fa l l s unde r the f i r s t fac tor , 
t he femic factor , w h e r e ho rnb l ende is p ro-
bably the main mine ra l represen ta t ive . 
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