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T . A . HÄKLI 

Research Laboratory of Exploration, the Outokumpu Co., Outokumpu, Finland 

ABSTRACT 

R-mode factor analysis is applied to the analytical data of the sulphide phase from 7 751 mafic-ultramafic rock samples 
from Finland. Four factors, i.e. S-Cu, Ni, Zn-Co and Cu factors are established, to which 95 % of the total variance 
observed in Ni, Co, Cu, Zn, S, Ni/S, Co/S, Cu/S, Zn/S and Ni/Co can be attributed. The distributions of the factor 
scores on the surface of two basic intrusives are presented. The normalised distributions of positive S-Cu and Ni 
factor scores in Finland are given and discussed with the emphasis on explorational applications. 

Introduction 

The essential concepts of factor analysis were 
developed at the beginning of this century by 
Spearman (1904) and a school of investigators 
involved in psychometric research. In the 1930's 
and 1940's the method was significantly im-
proved by Thurstone (1931, 1947) as well as 
Holzinger and Harman (1941). 

Factor analysis aims at resolution in terms of 
theoretical variables. These variables cannot 
always be measured directly. However, response 
variables related to them can be measured, from 
which the theoretical variables can be deter-
mined. 

In geology there are numerous problems to 
which factor analysis can be applied. However, 
until recently only a few works had been pub-
lished related to the subject. Lonka (1967) has 
applied factor analysis to the salinity indicator 
elements in the Finnish Precambrian phyllites. 
Harris (1966) has studied mineral wealth as a 

function of geology in Arizona, New Mexico 
and Texas. A mention can also be made of the 
paper by Drew and Griffiths (1965). 

Since 1963 the Exploration Department of the 
Outokumpu Company has been actively engaged 
in studies concerning the mafic and ultramafic 
rocks in Finland, the aim being the development 
of new petrochemical methods which could be 
applied to the exploration for nickel ores. Part 
of the findings of this programme have been 
reported previously (Häkli, 1963, 1968), Häkli 
and Wright, (1967). 

Among other things attention has been 
focused on the variation in composition of the 
sulphide phase in the mafic and ultramafic rocks 
as represented by the concentration of S, Ni, Co, 
Cu and Zn. The theoretical variables which 
cause the observed variation in composition of 
the sulphide phase were determined on the basis 
of these response variables. 

The purpose of this paper is to describe the 
results of a factor analysis applied to the analy-



110 T. A. Häkli 

tical data of the sulphide phase of mafic and 
ultramafic rocks in Finland with the emphasis 
on explorational applications. 

Methods 

The sample for this study were collected 
during the years 1964—1968. The sample 
localities were chosen on the basis of the geolog-
ical maps published by the Geological Survey of 
Finland and on those produced by the geologic 
staff of the Exploration Department of the Outo-
kumpu Co. A total of 7 751 samples was accepted 
for the study ranging from quartzdiorite to 
dunite. Serpentinites were not included due to 
the fact that appreciable amounts of nickel in-
corporated in the sheet silicates go into solution 
during the dissolving procedure, thus intro-
ducing a significant error in the composition of 
the sulphide phase. 

The powdered samples were treated in hot 
concentrated nitric acid for half an hour to 
dissolve the sulphides, after which the insoluble 
matter was removed from the solution by means 
of a centrifuge. The solution was diluted im-
mediately and analysed for Ni, Co, Cu and Zn 
by atomic absorption spectroscopy. The sulphur 
was determined with a Philips vacuum X-ray 
spectrometer provided with a chromium tube 
and a penta erythriotol crystal. Factor analysis 
was carried out at the computer centre of the 
Outokumpu Co equipped with an IBM 360/40 
computer. 

R-mode factor analysis 

Factor analysis may proceed according to two 
distinct procedures known as the R- and Q-
modes. In the former, attention is focused on 
variables, and the results follow from the 
inspection of an n x n matrix of correlations 
between all the pairs of variables. In the Q-mode, 
the correlations are taken between individuals, 
across samples. 

The cumputational steps involved in a com-
plete R-mode analysis are as follows: 

1) r -matrix 
2) initial factor matrix 
3) rotated factor matrix 

Observational data are composed of numerical 
measurements of n response variables in N 
cases. The data are arranged in tabular form with 
N rows and n columns. 

The natural system of which the observations 
are a reflection is assumed to consist of m causal 
influences G (f = 1, 2, 3 . . . m) which may be 
either randomly related to each other or exhibit 
correlations due to common causes acting at a 
more remote level. 

Each variable Xj is assumed to be linearly 
determined by the m causes Ct. The relative 
importance of the cause Cr on the variable Xj is 
indicated by the coefficient Cjt. Thus, 

Xj = Cj1C1+c j 2C2+ +CjtCt 

In addition to the common factors influencing 
all the variables, a complete factor model also 
includes unique and error factors. As the term 
suggests, the unique factor influences only one 
variable. In general, factor analysis aims at 
defining only the common factors. The presence 
of the error factor has an important bearing on 
the selection of the method of factor extraction, 
factor rotation and the interpretation of the 
results. The objective of study is thus threefold: 
1) to determine the minimum number of causal 
influences needed to account for the observed 
variations; 2) to identify these causal influences 
and 3) to specify for each variable the relative 
importance of each case. 

The interpretation of the results requires that 
the initial factor matrix be rotated. The rotation 
may be either orthogonal or oblique. It is per-
formed so that most of the loadings are made 
low except those that are most important in 
defining the meaning of the factor, which are 
made high. For further details of factor analysis 
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TABLE 1. 

Correlation matrix. 7 751 samples from mafic and ultramafic rocks. 

log Cu log Zn log Ni log Co log S log Cu/S log Zn/S log Ni/S log Co/S log Ni/Co 

log Cu — 0 . 0 6 3 0 . 3 2 4 0 . 3 4 2 0 . 4 6 7 0 . 5 7 9 — 0 . 4 3 6 — 0 . 0 4 6 — 0 . 2 6 3 0 . 2 0 0 
log Zn — 0 . 0 63 — 0 . 0 79 0 . 2 7 0 0 . 0 9 4 — 0 . 1 50 0 . 5 2 9 — 0 . 1 4 8 0 . 0 9 9 — 0 . 3 2 6 
log Ni 0 . 3 2 4 — 0 . 0 7 9 0 . 7 5 1 0 . 3 5 1 0. 00 4 — 0 . 3 4 8 0 . 6 9 3 0 . 1 7 7 0 . 8 5 7 
log Co 0 . 3 4 2 0. 27 0 0 . 7 5 1 0. 4 9 2 — 0 . 1 0 7 — 0 . 2 5 6 0 . 3 4 5 0. 2 0 8 0. 3 04 
log S 0 . 4 6 7 0 . 0 9 4 0 . 3 5 2 0 . 4 9 2 — 0 . 4 5 1 — 0 . 7 9 5 — 0 . 4 3 1 — 0 . 7 4 9 0. 0 2 3 
log Cu/S . . . 0 . 5 7 9 — 0 . 1 5 0 0. 00 4 — 0 . 1 0 7 — 0 . 4 5 1 0 . 2 9 3 0.351 0 . 4 2 5 0 . 0 8 9 
log Zn/S . . . — 0 . 4 3 6 0. 5 2 9 — 0 . 3 4 9 — 0 . 2 5 6 — 0 . 7 9 5 0 . 2 9 3 0 . 2 7 7 0 . 6 9 9 — 0 . 3 0 3 
log Ni/S . . . . — 0 . 0 4 6 — 0 . 1 4 8 0 . 6 9 3 0 . 3 4 5 — 0 . 4 3 1 0.351 0 . 2 7 7 0 . 7 4 7 0 . 7 3 1 
log Co/S . . . — 0 . 2 6 3 0 . 0 9 9 0 . 1 7 7 0 . 2 0 8 — 0 . 7 4 9 0 . 4 2 5 0 . 6 9 9 0 . 7 4 7 0 . 0 9 3 
log Ni/Co . . 0 . 2 0 0 — 0 . 3 2 6 0 . 8 5 7 0 . 3 04 0 . 1 2 3 0 . 0 8 9 — 0 . 3 0 3 0 . 7 3 1 0 . 0 9 3 

the interested reader is referred e.g. to the excel-
lent paper by Imbrie (1963). 

The R-mode factor analysis of the sulphide 
phase dealt with in this study was based on the 
following response variables: Ni, Co, Cu, Zn, 
S, Ni/S, Co/S, Cu/S, Zn/S and Ni/Co. Of these, 
the latter, i.e. the Ni/Co ratio, reflects the silica 
content and the mafic index of the sample (Wil-
son, 1953; Fleisher, 1968) and thus also to some 
extent the crystallisation temperature. The metal 
to sulphur ratios were included on account of 
their simple relation to the corresponding metal 
content in the sulphide phase. 

The frequency distributions of the above 
response variables are approximately lognormal. 
Consequently, instead of the variables them-
selves, their logarithms were subjected to a cor-
relation analysis. Examination of the correlation 
matrix (Table 1) shows that cobalt correlates 
strongly with nickel whereas the other intermetal 
correlations, though positive and significant, are 
noticeably weaker. It is of interest to note the 
fairly high positive correlation between Zn/S 
and Co/S as well as between Ni/S and Ni and 
Co/S. The Ni/Co ratio strongly correlates with 
Ni and Ni/S. This is due to the fact that the 
Ni/Co increases towards the ultramafic end of the 
differentiation series (Wilson, 1953; Fleisher, 
1968) as do also the total nickel and the per-
centage of nickel in the sulphide phase. 

A factor analysis of the correlation matrix 
showed that four factors contained 95.1 % of the 
information in the ten response variables (Table 
2). Consequently, the dimensions of the space 
can be reduced 60 per cent without any signi-
ficant loss of information. 

Factor 1, which accounts for 33.4 % of the 
total variance in the response variables, has a 
high positive loading on sulphur and a moderate 
positive loading on copper. It also has a fairly 
high negative loading for Cu/S, Zn/S, Ni/S and 
Co/S. Thus, this factor may be attributed to the 

TABLE 2 . 

Rotated factors and communal ities 

1 2 3 4 
Com-

munal i-
ties 

log Cu . . 0 . 4 1 2 0 . 1 8 5 0 . 0 7 3 0 . 8 8 8 0 . 9 9 8 

Zn . . — 0 . 1 2 6 — 0 . 1 3 9 0 . 9 2 5 — 0 . 0 7 6 0 . 8 9 7 

Ni . . 0 . 1 3 7 0 . 9 8 2 0. 0 6 6 0.0 8 8 0 . 9 9 6 

Co . . 0. 2 2 0 0. 7 1 0 0 . 5 5 9 0 . 1 0 8 0 . 8 7 7 

S . . . . 0 . 9 4 4 0. 20 6 0 . 2 5 6 0 . 0 2 3 0 . 9 9 9 

Cu/S . — 0 . 4 5 4 0 . 0 0 2 — 0 . 1 6 2 0 . 8 7 5 0 . 9 9 9 
Zn/S — 0 . 8 8 1 — 0 . 2 6 0 0 . 3 4 5 — 0 . 0 6 5 0 . 9 6 8 

Ni/S . — 0 . 5 9 5 0 . 7 8 8 — 0 . 1 3 4 0.0 6 8 0 . 9 9 8 

Co/S . — 0 . 8 9 3 0 . 3 0 9 0 . 1 3 8 0.0 5 8 0 . 9 1 6 

Ni/Co 0 . 0 2 6 0 . 8 6 4 — 0 . 3 4 3 0. 0 4 2 0 . 8 6 6 

Eigen-
values . . . 3 . 3 4 3 . 1 7 1 . 6 0 1 . 4 0 
Cumula-
tive per-
centage of 
total vari-
ance 33.3 4 65.13 8 1 . 1 7 95.14 
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agent giving rise to the formation of the iron-
predominant sulphide phase in mafic-ultramafic 
rocks. Had the samples been analysed for iron, 
the iron percentage would obviously have also 
obtained a high positive loading for this factor. 
The reason why iron was not included among 
the analysed elements was, that due to the small 
amounts of sulphides present, it would have been 
very difficult to avoid the dissolving of some 
non-sulphidic iron in the acid treatment, which 
would have thus caused a serious error in the 
composition of the actual sulphide phase. More-
over, the omitting of the sulphidic iron is well 
motivated because in basic and ultrabasic rocks 
the sulphide phase can be considered as a deriv-
ative of FeS a part of the iron of which is replaced 
by Cu, Ni, Co and Zn to produce chalcopyrite, 
pentlandite and sphalerite. Thus in this simplified 
model of the sulphide phase there are only five 
independent variables and the determination of 
the sixth, — in this case iron, would not ma-
terially increase the information. 

Factor 2 exhibits strong positive loadings on 
Ni, Ni/S and Ni/Co and a moderate loading on 
Co. It may be considered to reflect the cause 
responsible for the formation of nickel minerali-
sations. 

The high positive loading for Zn and the 
moderate positive loading for Co on the third 
factor suggest that it might represent the af-
finity of Zn and Co for the acid differentiates of 
plutonic rocks, thus, among other things, 
enriching the sulphide phase of these rocks in 
Zn and Co in relation to Ni and Cu. 

The fourth factor has a strong positive loading 
on Cu and Cu/S, the rest of the loadings being 
insignificant. It reflects the agents which tend to 
segregate copper from the other metals to form 
mineralisations characterized by a copper-
predominant sulphide phase. 

The effect of these four causal influences is 
evident to anybody familiar with the types of 
sulphide mineralisations encountered in mafic-
ultramafic rocks. Chamberlain (1967) reports the 
fractionation of the sulphide phase in the Muskox 
intrusion into nickel-iron sulphide facies, copper-
iron sulphide facies and iron sulphide facies, 
which clearly correspond to the nickel, copper 
and sulphur factors of the present study. The 
segregation of copper from the other sulphide 
forming metals is characteristic of practically 
every sulphide nickel deposit described in the 
literature. In the Hardy mine (Mitchell and 
Mutch, 1956) any random mineralisation in the 
country rock of the nickel ore is usually high in 
copper. Segregation of copper has also taken 
place in the Frood mine (Hawley, 1965). The 
copper-rich sulphide phase in the Skaergaard 
massif (Wager, et al, 1957) is obviously also due 
to the effect of the copper factor. The lack of the 
nickel-rich sulphide phase in the Skaergaard 
intrusive may be only apparent since no in-
formation is available from the hidden lower 
part of the body. The sulphide mineralisations 
in the Ransko massif described by Pokorny 
(1969) also exhibit features which might be 
attributed to the factors obtained in the present 
study. 

Distribution of the factor scores in some 
basic intrusives 

The interpretation of the factors is consider-
ably facilitated if factor scores are computed for 
the samples whose analytical data are submitted 
to factor analysis. This is usually accomplished 
in accordance with the formula given by Har-
ris (1966). 

a i j (x i ;—xi) a2j (x2 i—x2) anj(xni — xn) 
P i i — c ~T o "T • • • T C 

Oj OJ 
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where Fy = the factor score of the jth factor 
for the ith individual 

ap j = the loading of the pth variable on the 
jth factor 

Xp = the mean of the pth variable 
Sp = the standard deviation of the pth 

variable 

i = 1, 2, n 
j = 1, 2, , k 
P = 1 , 2 , , m 
m = k 
n = number of individuals 
k = number of factors 
m = number of variables 

It is a common practice to plot the factor 
scores on a map and to draw the appropriate 
contours. Two cases are described briefly to 
illustrate the application of the factors to the 
studies of basic intrusives. The samples taken 
from these intrusives were included in the pool 
of the samples and thus they contributed to the 
factoring. Consequently, the factor scores for 
these bodies are directly comparable with each 
other. 

A few kilometres NE of the town of Forssa in 
SW Finland, there is a basic intrusive of a rather 
complex shape (Neuvonen, 1956). It is composed 
of rocks mainly ranging from quartzdiorite to 
pyroxene gabbro. In the southern part of the 
body, near the eastern contact, portions of 
hornblenditic rock have also been encountered. 
However, no olivine-bearing differentiates are 
known to expose. A total of 159 samples was 
collected from the intrusive. 

Fig. 1 illustrates the distribution of the positive 
factor scores on the surface of the massif. The 
pattern suggests that the sporadic iron sulphide 
mineralisation is mainly controlled by two sets 
of subperpendicular zones running in WSW— 
ENE and NNW—SSE directions, respectively. 
This mineralisation is fairly low in intensity as 
is manifested by the modest values of the S-Cu 
factor score which only exceed 2.0 twice. 

«2 

F=1 0-< 
S 3 1 - 2 

g « ->? 
S-CU NI 

Fig. 1. Distribution of the factor scores on the surface of 
the Forssa gabbro massif. Circles indicate the sample 

localities. 

An interesting ring pattern is caused by the 
nickel factor. Excluding the two hornblendite 
samples the rocks in the ring do not differ in 
mineral composition from those in the environ-
ment except that they are invariably richer in 
nickel. The information available is not suf-
ficient to establish the cause of the ring structure. 
However, since the concentration of nickel in-
creases towards the high temperature members 
of the differentiation series the pattern may 
reflect the form of the underlying feeding 
channel. 

The positive Zn—Co factor scores are mainly 
restricted in the northern part of the intrusive 
and the pattern shows the same directional 
preferences as the S—Cu-factor. 

The NNW—SSE control for the Cu—Cu/S 
factor is also clear, but in addition to it a discon-

15 5 8 1 4 — 7 0 



114 T. A. Häkli 

tinuous ring pattern appears in the same place 
as that caused by the Ni factor. 

Examination of the distribution patterns for 
the four factors reveals that to some extent the 
nickel and copper factors seem to be related to 
each other in space and perhaps also in time. The 
other two factors were probably effective at a 
somewhat later stage in the development of the 
intrusive. 

The second example deals with the Parikkala 
intrusive situated in S E Finland about 13 kilo-
metres ENE of the village of Parikkala in the 
immediate vicinity of the border with the USSR. 
The intrusive has been described by Enkovaara 
(1945) and Papunen (1962). Häkli (1968) has 
studied the distribution of nickel in its silicates 
and discussed the model crystallisation tempe-
ratures. 

A total of 136 samples collected from the 
intrusive were included in the factor analysis. 
Contrary to the Forssa massif the positive S—Cu 
factor scores cover the major part of the surface 
of the Parikkala intrusive indicating that, com-
pared with the other rocks sampled for the factor 
analysis, this massif is relatively rich in sulphur 
(Fig. 2). The distribution pattern of the high 
anomalies reflects the two subperpendicular 
fracture directions, i.e. those of SW—NE and 
WNW—ESE, respectively. 

The highest nickel factor scores are confined 
to the southern part of the massif in the area 
where the ultramafic high temperature differen-
tiates are mainly encountered. It is also note-
worthy that the intensity of the anomaly over a 
fairly extensive area exceeds that encountered in 
the Forssa intrusive. 

The distribution pattern of the positive Zn— 
Co factor scores is controlled by the two above-
mentioned sets of fracture zones. Comparison of 
the S—Cu and Zn—Co factor scores with each 
other, however, reveals that while some fracture 
zones control both factors, some others are 
manifested by only one of the factors. 

Parallel to the Forssa case the copper factor 
in Parikkala also clearly correlates in space with 

Fig. 2. Distribution of the factor scores on the present 
surface of the Parikkala gabbro massif. 

the nickel factor. This is obviously due to the 
well-known fact that nickel ores often contain 
appreciable amounts of copper which, however, 
do not closely follow the nickel mineralisation 
but tend to become enriched in the environment 
ores. Thus the Cu—Cu/S factor seems to reflect 
this tendency also here. 

If the Forssa and Parikkala cases are compared 
with each other in the light of nickel prospecting, 
the distribution and intensity of the factors pres-
ented above clearly favour the latter. In the 
Parikkala massif the nickel factor has been very 
effective, which, together with the presence of 
sulphur (high values of the S—Cu-factor), 
places the intrusive in the rank of the potential 
host rocks for the nickel ores. 
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Regional distribution of the factor scores 

Although in principle nickel ores may be found 
in association with almost any basic or ultrabasic 
rock, it is obvious that the probability of the 
occurrence of an economic nickel mineralisation 
is not equal in every intrusive but fluctuates 
within a large range. The sampling for this 
study was planned so as to reveal a preference 
in the distribution, if any, of those intrusives in 
Finland which, due to their geochemical cha-
racteristics, appear the most promising for the 
occurrence of sulphidic nickel ores. 

To study this distribution normalised distri-
butions of the mafic-ultramafic bodies with 
factor scores exceeding 1.0 were computed. 
A rectangular grid of 20 X 20 km was super-
imposed over a 1 : 1 000 000 scale map of Fin-
land and the X—Y coordinates of the sample 
localities were converted into new U—V cordi-
nates of the grid. Each 20 X 20 km square was 
further subdivided into 1 km2 squares. All the 
samples from one small square with a factor 
score exceeding 1.0 were considered to represent 
a single body. This procedure was considered 
necessary to reduce the effect of the uneven 
sampling frequency. The numbers of these 
»positive» 1 km2 squares, and thus the numbers 
of the »positive» bodies, within the 20 X 20 km 
grids were computed and divided by the total 
number of the positive 1 km2 squares in the 
country. The relative frequencies thus obtained 
were subsequently contoured with the aid of a 
computer operated plotter using 2 per mil both 
as the lowest contour and the contour interval. 

For the explorational goals the areal distri-
bution of the S—CU and NI—Co factor scores 
are of greatest interest and they only will be 
presented here. The normalised distributions of 
the mafic-ultramafic bodies with S—Cu and 
Ni—Co factor scores exceeding 1.0 are illustrated 
in Figs. 3 and 4, respectively. On account of the 
general distribution of the basic rocks in Fin-
land (e.g. Mikkola and Niini, 1968) the patterns 
in Figs. 3 and 4 have many features in common. 

Fig. 3. Normalised distribution of the S—Cu factor score 
in mafic-ultramafic rocks in Finland. The lowest contour 

and the contour-interval is 2 per mil . 

Thus, it is seen that two zones run accross the 
country, one in a NW—SE direction from Ni-
vala to Parikkala and the other in a W—E 
direction from Pori to Lappeenranta. The first 
zone which runs parallel to and in the contin-
uation of the western shore of Lake Ladoga is 
a well-known zone of economic mineralisation 
including deposits such as Parikkala, Kotalahti, 
Makola and Hitura, not to mention several 
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mafic-ultramafic rocks in Finland. The lowest contour 
and the contour-interval is 2 per mil. 

smaller ones. In essence it runs within the ore 
zone I of Mikkola and Niini (1968) being, how-
ever, narrower. The second zone, which in-
cludes the nickel mineralisations of Hyvelä, Har-
junpää, Tyrvää, Kylmäkoski and Telkkälä (Vi-
luksela, 1966), seems to intersect the first zone 
near the NW corner of Lake Ladoga. It is 
characteristic of those zones that in both of them 

iron sulphide and nickel sulphide mineralisations 
are encountered either within the same or in 
different intrusions. 

In addition to these two zones positive factor 
scores are met with in the triangle Nummi— 
Forssa—Mäntsälä in south Finland. Mafic rocks 
in Lapland and in the area of Kemi—Ranua— 
Taivalkoski—Suomussalmi also show positive 
values. 

Examination of Fig. 3 reveals that the basic 
rocks in Lapland are on the whole poorer in 
sulphur than the corresponding rocks in the rest 
of the country. On the other hand, the Lappish 
mafic-ultramafic rocks have fairly high values of 
Ni—Co factor score, which, on account of the 
scarcity of sulphur, is partly due to the high 
content of nickel in the sulphide phase but 
perhaps also to the fact that some silicate nickel 
may have biased the analytical data of these 
rocks. 

Conclusions and summary 

Factor analysis of the sulphide phase of mafic-
ultramafic rocks indicates that about 95 per cent 
of the total variance observed in the numerical 
values of Ni, Co, Cu, Zn, S, Ni/S, Co/S, Cu/S, 
Zn/S and Ni/Co can be attributed to four causal 
influences which, either alone or in combination 
cause most of the compositional variation 
observed in the sulphide mineralisations of the 
basic rocks. These factors are: S—Cu factor, 
Ni-factor, Zn—Co factor and Cu factor. 

The S—Cu factor may be considered to 
represent the cause which gives rise to the 
formation of the iron-rich sulphide phase with 
a variable but often small content of copper. 

With regard to explorational applications the 
nickel factor is the most important. It may be 
identified as the affinity of nickel for sulphur and 
early magmatic mafic silicates. Under favourable 
conditions, the factor produces economic nickel 
ores. 

The existence of the particular copper factor 
and its close spatial relationship with the nickel 
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factor reflects the agent which tends to expel 
copper from the other sulphide forming metals 
to produce copper-predominant mineralisations 
which often occur in the immediate vicinity of the 
nickel mineralisations. 

The Zn—Co factor has a causal connection 
with the affinity of Zn and Co for felsic rocks 
making them enrich in Zn and Co with a pro-
gressive differentiation in relation to Ni and Cu. 
This factor is an interesting finding since the 
magmatic origin of the Nipyrrhotite ores has 
been questioned by some authors (e.g. Desbo-
rough, 1966) because no mechanism is known 
in which Zn can be separated from Ni and Cu 
in the early magmatic stages. However, the very 
existence of the Zn—Co factor strongly sug-
gests that such a mechanism really does work in 
basic and probably also in ultrabasic rocks. 

The large number of samples and the method 
of sampling employed in this study warrant the 
general validity of the factors obtained. The 

application of the factors to studies of individual 
intrusives gives information which is of practical 
importance for the evaluation of the intrusive as 
a potential source of nickel ore. In this task the 
nickel factor is the most useful but the sulphur 
factor also offers some additional aid. 

The regional distribution of the localities of 
those samples whose nickel factor scores exhibit 
high positive values reveals zones in which 
explorational activities should be concentrated 
and in which the probability of discovering new 
ore deposits is considerably higher than in the 
areas outside them. 
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