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ABSTRACT

Geostatistical analyses were carried out on 160 rock samplesfor 24 elements from the Div­
riği iron ore region. The samples were initiaîly treated as one population. Thereafter the indivi­
dual rock types were divided into several groups and geostatistically analysed. The geostatisti­
cal methods are described shortly for T'nivariate and Bivariate analyses and, most importantly, 
the multivariate methods such as Discriminant-, Cluster-, and Factor analyses.

The results of the geostatistical analyses yield a division into different rock groups (Discri- 
minant analysis) and several elementassociation (Cluster-and Factor analyses), which reflect
the different rock types. In the individual groups the elementassociation telis ;ore about the
geological processes e.g. serpenîinization and hydrothermal aîteration. The difference between 
Cluster- and Factor analyses is seen in the Faclor analysis, which is a little more differentiated, 
enahling a more subtIe interpretation of the possible geological environment.

The interpretation of the elementassociation suggests that the iron cres are closely associ- 
ated with mafic to ultramafic rocks, their serpenîinization and aîso later haydrothermal events.

INTRODUCTION

This paper gives an
methods, which normally are

introductory review of the geostatistical
applied in the treatment of geochemical

data with examples from the Divriği iron ore field. Ali the geochemical 
data used is published in Ünlü and Stendal (1986). The various methods 
employed will be shortly described and illustrated as they are the tools 
in geochemical investigations. Before the description of the multivariate 
analyses the univariate methods (hisîogram, cumulativc, frequency 
curve) and bivariate analysis (e. g. correlation coefficients) will be 
described. The geostatistical analyses have been carried out in the SAS



362 HENRİK STENDAL AND TANER ÜNLÜ

Statistical Analysis System) (Ailen 1982, 1985) programme at the Fa- 
culty of Science, University of Copenhagen (IBM 4341).

The geology of the Divriği area ■will not be described, but only
mentioned with references, as it is not the aim here to give a detailed 
geologleal introduetion. However, results from fieldobservations and 
mieroseopie studies will be mentioned in the diseussions.

GEOCHEMICAL STATİSTİCAL METHODS

For large amounts of geochemical data geostatistieal methods may 
help in the interpretation of this data (Thompson 1983). The first require- 
ment of a geochemical population to obtain reliable results is that the 
data shows a normal distribution. The histogram shows the distribution, 
which should be beli shaped. For construetion of the histogram using 
majör elements, the analyses are used results directly, but trace elements 
are normally log-transformed. After the log transformation the data 
should be normally distribııted if sufficient numbers of analyses have 
been carried out. The second requirement is that the number of samples 
exceeds 60. Lesser amount of samples might not( ?) be normal distributed. 
The grafical construetion of the histogram is given in Tennant & White 
(1959), Lepeltier (1969), Boom (1981) and Sinclair (1983). The eumulative 
frequency eurve is constructed from the histogram and from this eurve 
information is given on 1) background, 2) threshold and 3) anomaly valu­
es (Lepeltier 1969). The background equalizes -»ith the 50 % value 
(geometric mean) on the eurve and a possible threshold is for a single 
population-97.5 % of the eurve or if the data amount contains two po­
pulations, the threshold is defined where the frequency eurve is broken. 
Ali the values över 97.5 % or över the broken line are anomalies. These 
definitions are normally used in geochemical exploration.

An example of the grafical construetion is given from the Divriği 
region, where the distribution is shown for Fe, Cr and Ni. The histogram 
for Fe (Fig. 1—1) yields two populations one with low values freni the
granitle roeks and hoşt roeks and another population with high values
representing the iron ores. These two populations give a broken line in
the eumulative fregueney eurve (Fig. 1-2). This shows a grapbical thres- 
hold of 72 % Fe2O3. The Cr distribution (Fig. 1-3, 5) in the histogram 
with the raw figures (Fig. 1—3) is skewed to the left, toward low values 
(negative skewness). The log—transformed Cr-data (Fig. 1—4) has three 
populations. The population with lowe8t values refleets the granitle 
roeks. The middle group represents the iron ores and the population with 
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the high values is the serpentinites (hoşt rocks). The cumulative frequ- 
ency curve is broken twice representing the thresholds between the popu-
lations (Fig. 1-5). The Ni distribution shows a similar pattern as (Cr
(Fig. 1-7). The high column at the left side of the histogram is due to 
the analytical deteetion limit (values below 10 ppm). The cumulative 
frequency cuıve gives a threshold value around 1200 ppm (Fig. 1-8).

The next step in the geostatistical calculation is the correlation 
coefficients, which are estimated between two elements (MeCammon 
1974). These coefficients lie between -J- 1 and —1. Plus one means a per- 
fect correlation between two elements. Minus one means a perfect nega- 
tive correlation and zero means absolutely no correlation. The correlation 
coefficient data from the Divriği region is given in Ünlü & Stendal (1986) 
and these data forms the basis for the multivariate geostatistical analyses 
in this paper. Here is only given the correlation coefficients between 
FcjOj and the other elements (Table 1, N= 160). In Table 2 is the cor­
relation coefficients in the granitle rocks (N=15) between Fe2O3 and 
Cr, Co given, where the correlation between Fe2O3 and Cr is 0.50. This
relatively high correlation value is only an expression caused of the low
variation of the Cr content in granitle rocks. The Co and Fe2O3 correla- 
tion is —0.54 but again the Co variation is low in the granitle rocks.

The mıdtivariate geostatistical analyses give the interrelation 
between ali the samples and ali the elements. In the following discriminant
analysis, cluster analysis and factor analysis are shortly deseribed.
which also can be found in the literatüre e.g. Kock & Link (1971), Davis 
(1973) and Howarth & Sinding-Larsen (1983).

Discriminant analysis

During statistical treatment of geochemical data the question of 
reasonâble group division always occur, how to divide the coUected sam­
ples? The problem might be solved with help from the discriminant
analysis. Discriminant analysis technigues are aimed at devising an op-
timum set of rules for the classification of a sample into one of a numher
of pre—defined groups based on a number of measurements (Howarth &
Sinding-Larsen (1983). In other words the discriminant analysis 
informs us if the sample is correctly or wrongly classified. Grafically it 
is shown in a K-Y diagram (Fig. 2) where similar samples should 
group together in the diagram. The individual groups should also be 
grouped in different places in the diagram, which indicate a difference 
between the respective groups.



co 
UJ

22
20
I 6
16

N = ISO

OT
12
10

O Ui 
cc

tu

100 
30
80 
TO

50
40
30
20
10

60

S 10 15 20 25’0i5 40 43 30 33 60 05 70 75 30 65 90 03 lOO

w>

o 3 iû lî tO £S 3O3Î'>O'!3S: '3 606570 •.’İCCÛSaOS! ICO
r Ke^Oj

28-
26-
24-

§ 
?Ö

lU 20
!3 •

s ıs
tn LU 60-

50-
İSO

16
14
12
10

a

3 
UJ 
o:

ın

2 
< to

30-
20-
10
o —I—io OOOOOOO“sssSsgsgsssg- ~ t ®M II rj r. rı m pî :r ppm

tf)
UJ

“1-7
50

20
10

N-|gO
IJ-İ

:UlM

% 
22- 
20 
18
16

I 2- 
10-
S
6-

î o 12 L4 IG 1.0 2.022242.C 2.fi 1.0 3214 3 5

30
70

to
70

SG

I.C 1.2 1.4 I S 1.9 2.02.2 2.4 2 G 2.8 î.032 3.4 3 8
o Uî «1 o M o «5

CZ3 H W 
’Z a
r

ppm 
ppm

OT Ui
SS V,,

90
ao 
70
60
50

VI— e> — oı4ıx — rı- 
fx<vo'^’7'f-ıi4oa> — «Itx 14 lO o U1 o»

log pptn 
ppm

> 
'i, 
ö

= L©ö:ıd=U--------~, 
Oİ5O OOOOOOOOOO o i’ oOC-OOOC.OOOOOOOOO., 4.apju>Owwme;o»o<xuıONl ppm— _rjıxNi4i4^,}^tf>^i0

İBîîHSÜB--..
1.0 1.2 L4 1.9 1.3 2.0 2.2 2.4 2 6 24 3012 3434 3.8

2 2 ş S S « g S 2; ; 2 nî lo® pp'nfXI4«>O'>l«7ail4 PPl^

10
1.0 1.2 1.4 ıs 1-3 2.02.2 
o «>. «7 O İt o

.;2£2.a3.û3.2 3.4 36 3.3
a; — o 'O IX— — fx « 13 -j v> m C’ 14 Cı o — »■ — — — (XI4^Ol£l»<-;LI»ı4

PPm

o
O

o

ö
6
6

< 4 0(,-)
O
OZ

O
9

Tf.jJI
.%

22

s • 0 o
%

®

«
o

O z

O

6

o

2
o

©

'«■ «■ o e> »

o
- o ,^1 fu -

©

c

®

H >
m

c
r
O

Fig. 1. Histogram and eumulative frequency eurve for FcjOs, Cr and Ni. Figs. 1-1, 1-3 and 
1-6 show the values of the elements. Figs. 1-4 and 1-7 show the log-transformed values for Cr 
and Ni. Figs. 1-2, 1-5 and 1-3 are the respeetive eumulative freıjueney curves (N = 160).
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I

The method used in this paper is a socalled Canonical Discriminant 
Analysis, which is one of several discriminant methods. The basic 
calcuiations for the discriminant analysis are mean and Standard devia- 
tions of the individual groups. The variation of the individual groups is 
estimated and the canonical factors given and iUustrated e.g. Fig. 2. A 
general deseription of discriminant analysis is given in Howarth &
Sinding-Larsen (1983) and 
Clausen& Harpoth (1983).

a more practical example is deseribed in

Cluster analysis

With cluster analysis it is possible to treat the samples in two ways. 
The sample Information is placed in a matrice, where a m x m matrice 
(m = sample no.) is called the Q-m.ode. The calculation of the matrice 
will cluster the sample together, in principle the way we saw in the diseri-
minant analysis. A m X n ma t fice —R—mode—is more often applied in
cluster calcuiations, wh,ere m again is the number of samples and n is
the number of analyzed elements. In the R-mode method the elements 
are clustered together.

As basis for the calcuiations the correlation coefficients are used. 
The two highest correlation coefficients vfill be clustered together, the 
procedure continues with calculation of the average of these two coef­
ficients which again cluster together with the nearest similar coefficient 
and so on. The interpretation of the clustering is visual done ’vvith the 
socalled dendrogram e.g. in Fig. 3. Cluster analysis is in the literatüre 
deseribed e.g. Davis (1973), Hesp & Rigby (1973), Obial & James (1973), 
Levinson (1974), Bell III (1976) and Howart & Sinding-Larsen (1983).

Factor analysis

Factor analysis is also a multivariate method for reducing the comp- 
lexity of a given set of intercorrelated data by accounting for the obser- 
ved correlations among the variables in terms of the fewest possible num­
ber of underiying factors (Levinson 1974). Factor analysis is very cx- 
tensively deseribed in the literatüre e.g. Davis (1973) and Howarth & 
Sinding-Larsen (1983). In a 0—mode factor analysis Information about 
the individual sample is given, but this is not used in this paper. Here R- 
mode factor analysis is used. In the R—mode factor analysis results in 
obtaining the interrelationship between the individual elements. The 
following procedure for the R-mode calculation is used: As basis the 
correlation coefficients are used and the interrelation between these
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Table 1. Correlation coefficients between and other elements (İN = 160).

1 2

Siü 2

TİO 2

ALO

MnO

MgO

CaO

NajO

K2O

P2O5

Cu

Zn

Pb

Ni

Co

V

S

Cr

İla

Sr

Zr

Ga

Rb

Granitic 
Rocks 

(N = 18)
—0.78

0.79

—0.46

0.92

0.79

0.66

— 0.82

—0.72

0.79

—0.29

0.56

—0.41

0.74

—0.08

0.88

0.23

0.80

-0.48

0.40

—0.35

—0.32

—0.66

Serpentinite 
(N = S)

—0.55

0.65

0.63

0.99

—0.81

0.17

0.00

0.38

0.71

-0.56

0.96

-0.01

—0.80

—0.41

—0.23

—0.47

—0.61

0.00

0.30

0.68

0.00

0.70

“A-Kafa” 
Hoşt Rock 
(N = 13)
—0.46

0.13

0.22

0.04

-0.18

0.10

—0.10

0.14

—0.17

—0.42

0.40

—0.46

0.10

0.17

0.54

—0.28

0.26

0.13

0.09

0.09

0.53

0.36

«1li Kafa"
Hoşt Bock 
(.N == 15)
—0.97

0.92

—0.06

0.04

—0.97

0.18

0.04

0.75

—0.55

0.10

0.73

—0.52

-0.75

0.96

0.82

0.44

II. 11

0.94

0.15

0.95

0.91

0.59

“A-Kafa” 
Ore

(N 13)
—0.97

—0.47

—0.96

—0.03

—0.91

-0.33

—0.34

—0.89

--0.33

0.10

0.35

—0.01

—0.02

0.74

0.13

0.28

0.70

—0.26

0.08

—0.42

0.36

—0.61

■BKafa' 
Ore

44'

(N == 12)
—0.60

0.24

0.06

0.41

0.43

—0.60

0.0-4

—0.03

—0,11

0.21

-0.24

—0.32

0.18

0.71

0.37

0.21

0.57

0.02

—0.51

0.21

0.80

0.03

cı —0.10 —0.83 0.25 —0.57 0.26 0.54
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3 4 5 6 İİ9 10

Otlukilise

(N = 13)

—0.98

—0.97

—0.98

0.68

—0.56

—0.56

— 0.96

—0.97

—0.38

—0.76

0.83

—0.94

—0.95

0.97

—0.60

—0.88

0.98

—0.44

—0.67

—0.94

0.54

—0.84

—0.77

Akdağ

(N = 10)

—0.58

—0.09

0.03

0.00

0.67

—0.44

0.19

—0.15

—0.14

0.110

0.37

—0.03

0.30

0.61

0.32

— 0.15

0.71

0.30

0.05

0.50

0.48

0.18

-0.50

Karahalka

(N = 11)
—0.29

0.16

0.21

-0.59

0.38

—0.7.5

0.31

0.07

0.16

—0.34

-0.53

—0.72

0.74

0.89

0.02

—0.11

0.76

—0.05

—0.27

0.26

0.64

0.03

—0.17

Biziîıişen

(N = 10)

—0.95

-0.84

— 0.78

—0.29

■0.82 [

—0.76

0.02

—0.24 i

—0.31

—0.08

0.52

0.36

—0.25

0.49

0.29

—0.28

0.62
I

0.32

—0.27

—0.78

0.81

—0.38

—0.16

Kurudeıe

(N = 10)

—1.00

—0.99

-0.99

—0.40

—0.87

—0.98

—0.71

—0.52

—0.78

—0.26

0.75

— 0.50

-0.6.5

0.56

—0.38

—0.54

0.91

0.80

—0.80

—0.05

0.96

—0.86

- 0.47

Sultannıurat 
aiid 

Akuşa^rı 
(N = 9) 
—0.90

—0.63

—0.69

—0.32

—0.17

— 0.40

0.07

—0.74

0.48

0.29

0.16

0.00

0.43

0.80

—0.08

—0.46

0.84

—0.12

—0.31

—0.55

o.n

—0.77

0.37

Attepe

(N == 13)

Attepe
Hoşt Roek 

(JN =■• 8)
—0.72 -0.54

0.71

—0.71

—0.46

—0.59

—0.64

—0.85

—0.71

—0.39

—0.41

—0.64

—0.54

—0.71

0.97

—0.12

—0.01

0.97

- 0.34

—0.29

—0.54

0.78

—0.68

—0.57

—0.64

— 0.50

0.20

—0.27

0.13

—0.54

—0.39

—0.34

0.89

0.05

0.15

0.93

0.69

—0.49

0.88

—0.40

— 0.23

-0.12

—0.51

—0.36

—0.40

0.37
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Table 2. Correlation coefficients in granîtic rocks between FcaOs and Cr, Co (N = 15).

Mili, value ]Max. value Std. deviation

Average

(N = 15)

Correlation 
coefficient 
witb ZFCgO:

S Fc,O3 % 1.66 5.27 1.'23 3.62

Cr ppm 29 16 0.50

Co pmnı 26 65 10 41 — 0.54

8 5

3

coefficients is computed. The next step is the calculation of the eigen- 
values from which the amount of factors are decided foUowed by a “Vari- 
max Rotation”. The Varimax Rotation gives the advantage that the 
individual factor values are more significant. Above the determination
of the number of factors were decided. The highest number of factors 
are equivalent to the number of elements. It is advisable with as few fac­
tors as possible, but the number of factors must represent a good proport- 
ion of the variation in the data set. The determination of factors will

2CANZ S
22 Z2

2 2 22

2
2 2

2

-2

-5

-6

—8

-9

-10

-6

444444*
44444444
44334444 
4 3 33444
443 4
443 

33 3 4

10 12

2
2

3

2

O

3

■ 9 '9 a

5

3

2

S

2

a
5 9

3 9
CAN 1

Fig, 2. Discriminant analysis given as the canonic variables Can 1 and Can 2.1 — H<st rcck 
(serpentinite). 2 = granitic rock. 3 = Divriği A-B Kafa iron ore. 4 — Other iron ores. 5=At- 
tepe hoşt rock. 45 observaticns are bidden (N =' 160).
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CORRELATİON COEFFICİENT
L

O 
J

Si

cı

Ti

Al

11
Na

Rb

Sp
Cq

Pb

Bq

Zr

Fe

Co

Zn

2 
II

ÖT 
O

K

P

Mn

Cu

S

V

Ga

Mg

Ni

Cr

Fig. 3. Dendrogram for ali the rock samples (N = 160).
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always be a subjective choice, but the factors must characterize 70— 
90 % of the variation in a given population. Practical application of 
factor analysis can be found in Garrett & Nichol (1969), Nichol, Garrett 
& Webb (1969), Conradsen et al. (1976), Rossiter (1976) and Tripathi 
(1979).

In Table 3 an example is given how to interpretate a readout of 
a factor analysis. In the example 5 factors are given for a population 
with 160 samples. The 5 factors characterize 71 % of the variation in 
the data set, where the two first factors have the greatest significance 
with a variation of 51 % . The element association is put together link-
ing the highest values (positive or negative).

RESULTS OF THE MULTİVARİATE GEOSTATİSTİCAL ANALY­
SES

Discriminant analysis

The analytical data comprises 24 elements from 160 samples. The 
predifined lithological groups are: 1) Hoşt rocks from the A and B Kafa 
iron ore of Divriği inciuding serpentinites and hydrothermal altered rocks 
(“Skarn”, N = 33); 2) Granitic rocks from Divriği (N = 18); 3) iron 
ores from A and B Kafa of Divriği region and Attepe (Feke region) —Ot-
lukilise (N = 13), Akdağ (N 11), Bizimisen10), Karahalka (N
(N = 10), Kurudere (N 10), Sultanmurat (N = 4), Akuşağı (N = 5)
and Attepe (N = 13); 5) The last group is a small group from Attepe 
inciuding hoşt rocks to the Attepe iron ore. Apart from the discriminant 
analyses this group will not be further mentioned (N = 8) (location 
of the above mentioned occurrences please conference Ünlü & Stendal, 
1986, Fig. 1).

The mathematic discriminant analysis should confirm if the pre- 
defined groups were reasonable or not. In Fig. 2 the diagram with the 
canonical variables - Can 1 versus Can 2 shows that there are 4 groups 
clearly separated. This is group 1 (serpentinites), Group 2 (granitic 
rocks), Group 5 (Attepe hoşt rocks) and the groups 3 and 4 are gathered
together, which both are iron ores and it is not surprising that they clus­
ter together.

Cluster analysis

The cluster analysis is first carried out as one population for ali 
samples and thereafter four of the defined groups are treated individualiy.
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TabJe 3. Factor coefficierıts for 5 factors, eigcn^ alues and element associations (N =-= 160).
Factor 1 Factor 2 Factor 3 .1. Factor 4 Factor 5

SİO2 0.73 — 0 57 0.09 0.00 -^-0.04

TiO 0.87 —0.01 0.22 —0.01 —0.02

AbO., 0.9,5 —0.02 0.1.5 —0.05 0.02

SFejOj —0.5,5 0.76 —0.28 — 0.02 0.07

Mn O

Mg O

Ca O

Na^O

KjO

P..O,5

Cu

Zn

Pli

Ni

Co

V

S

Cr

B.a

Sr

Zr

Ga

Sb

C1

Eigenvaînes 
Proporlion 
Cumiılative 
Element 
association

—0.23

—0.21

0.14

0.88

0.93

0.68

—0.12

- 0.35

-0.04

—0.31

—0.57

0.00

—0.18

—0.32

0.24

0.66

0.92

—0.16

0.67

0.53

8.29 
0.35 
0.35

Al, K, Zr, Na, Ti, 
Si, P, Rb, Sr 
versus Fe, Co

0.04

—0.89

- 0.12

—0.02

—0.05

—0.04

0.16

0.11

0.01

—0.25

0.71

0.56

0.16

—0.76

0.00

0.00

0.02

0.89

—0.03

—0.45

3.87 
0.16 
0.51

Ga, Fe,Co 
versus 
Mg, Cr

0.10

0.09

0.87

0.06

0.01

0.51

0.02

0.13

0.06

0.07

—0.22

0.16

0.37

—0.18

—0.15

0.47

—0.04

—0.25

—0.11

—0.15

1.95 
0.08 
0.59 
Ca

—0.71 —0.13

0.2,3

0.0.1

—0.07

—0.04

0.02

0.08

—0.11

0.06

0.70

0.17

0.57

0.35

0.27

—0.25

0.0.5

—0.10

0.17

0.09

0.20

1.61 
0.07 
0.66 
Ni, V 
versus 
Mn

—0.16

0.02

—0.12

0.00

—0.15

0.81

0.10

—0.06

—0.10

0.11

—0.17

0.48

—0.16

0.57

—0.07

0.12

0.03

0.06

0.06

1.31
0.05
0.71 
Cu, 13 a.
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The basis for the cluster analysis is the correlation analysis. In Fig. 3 
the R—mode dendrogram for ali samples is given showing three clusters. 
In Fig. 3—4, Table 4—5 and the follo'wing paragraphs only the elements 
are given — e.g. ali the majör elements are not written as oxides (AI2O3, 
SİO2, K2O a.s.o.), but only as Al, Si, K and so on. The analytical value 
used is the oxide value for majör elements. Group I (Fig. 3) represents 
Al, K, Na, Ti, Rb, P, Sr, Si, Cl, Ca, Pb, Ba, Zr, which mostly are lithop- 
hile elements from the granitic rocks and eventually granitic influence on 
some hoşt rocks. This influence might also be a hydrothermal alteration 
of the serpentinites (earlier called skarn, Klemm 1960). The second ele­
ment association is Fe, Zn, Cu, S, V, Ga, Mn representing siderophile- 
and chalcophile elements. This association reflects the iron ores and a 
typical sulphide paragenesis, which commonly is a late hydrothermal 
phase overprinting the iron ores. The third association is Mg, Ni, Cr rep­
resenting the ultrabasic rocks (serpentinites).

The cluster analysis has also been carried out on the individual rock 
units even though they represent a small amount of samples (Fig. 4 and
Table 4). The group of hoşt rocks (Fig. 4.1) has a complex element as-
sociation with Ba, Zr, Rb, Al, K, Ti, P, Ca, Sr, V, Ga and Na, vhiclı is 
influenced by hydrothermal alteration, serpentinisation or granitic over- 
printing. The second association is the typical ultramafic with Mg, Ni, 
Cr (serpentinite).

The granitic group has only 18 samples from which 3 are gabbroic
in composition. This gives two significantly divided groups. The first 
association represents the gabbroic rocks with Cr, Ni, Ca, Mg, V, P, 
Mn, Fe and Ti. The granitic rocks comprise the elements K, Rb, Si, Na, 
Ba, Ga and Zr.

The Divriği iron ore contains mostly of magnetite. The variation 
the element distribution is a question of different generations of alterat-
ion and / or remobilization of minerals and not a question of different
lithological groups. The interpretation is therefore a bit different, thus 
it is necessary to combinate field observations and microscopic studies 
of the ores together with the element association.

The first element association in the Divriği samples is Mg, K, Al, 
Si, Rb, Na and C1 representing a silicate phase, which occurs as inciusions 
in primary magnetite, but only in the first generation of magnetite (A- 
Kafa) or it might be hydrothermal alteration of the iron ore and serpen­
tinites, commonly seen in B-Kafa. Ali the other element associations
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CORRELATİON COEFFİCİENT

Fig, 4. Dendrogram for the individual groups of rocks . 1, 2, 3, 4 please cf. Fig. 2.
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Table 4. Element association and interpretation of the cluster analysis.

Group Element Âssociationen interpretation

Ali samples 
N = 160

1. Al, K, Na, Ti, Rb, P, Sr, Si, 
CI, Ca, Pb, Ba, Zr

2. Fe, C<, Zn, Cu, S, V, Ga, Mn
3. Mg, Ni, Cr

Granitic rocks and bydrothenual 
alteraıion.

Paragenesis of sulfide.
Serpentinite.

Hoşt rock 
N = 33

1. Ba,Zr, Rb,AI, K, Ti, P, Ca, Sr, 
V, Ga, Na

2. Mg, Ni, Cr

Hydrothermal aîteration of serpen­
tinite (granitic influence ?) or ser- 
pentinizaâoıı.
Serpentinite.

Granitic rock
N = 18

1. Cr,Ni,Ca,Mg,V,P,Mn,Fe,Tİ
2. K, Rb, Si, Na, Ba, Ga, Zr

Gabbroic rock.
Granitic rock.

Divriği
A 4 B Kafa
Ores
N - 25

1. Mg, K, Al, Si, Rb, Na, C1

2. Fe, Co, Cr, S

Phase cf silicates in magnetite or 
hydrothermal aîteration of the ore.
Paragenesis of sıılfide-nitra 

rock.
mafic

3. Ti, Zr, P, V, Ga, Cu, Ni, Ba
4. Ca, Pb, Sr, Zn, Mn

Paragenesis of suîfide-mafic rock. 
Paragenesis of sülfide-hy drothermal 
reaction with limestone.

Other 
iron orts
N -- 76

1. Ti, K, Zr, Rb, Si, Al, Na, C1

2. Ni, V, S, Mg, Ca
3. Fe, Co, Cr, Ga, Mn, Zn
4. P, Sr, Cu, Pb, Ba

Phase of silicate in magnetitt or hy d- 
rotlıermaî altered rock.
Paragenesis of snlfide in mafic rock.
Paragenesis of -'Itra mafic rock.
Sedimentary afi'inity in some iron
ores and /or the last hydrothermal
activity in others.

reflect sulphide paragenesis and /or hydrothermal phases. The Fe, Ca, 
Cr and S association and the Ti, Zr, P, V, Ga, Cu, Ni and Ba are both 
ultramafic to mafic elements, which give the sulphide minerals we 
know from the microscopic investigation. The last association Ca, Pb, 
Sr, Zn and Mn is an example of mobile elements from hydrothermal react­
ion ■with the îimestones. The other iron ore group has similar element 
association as the Divriği iron ore group (Table 4). The samples represent 
different iron types, which can be deduced .from the 4th element as­
sociation (P, Sr, Cu, Pb, Ba,) where the sedimentary iron ores are seen. 
The Ba content is relatively high in this type, but Ba might also reflect 
a possible late hydrothermal phase in the iron ores as 
Karahalka; Pınarbaşı—Kayseri).

baryte veius (e.g.

Factor analysis

The results of the factor analysis are given in Table 5. In the popu­
lation with ali samples the element associations reflect the different 
lithological units-granitic rock, ore and serpentinite. When a smaller 
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amount of equal samples is calculated the interpretation is different re- 
sulting in refleetion of many phases or alteration of the individual rock 
group. The hoşt rock shows hydrothermal alteration, serpentinization 
and ores in the factor analysis. The granitic roeks shows similar trend 
as the cluster analysis, namely the difference between the gabbroic 
roeks and granitic roeks. In the Divriği iron ores we have the same pic- 
ture as the cluster analysis with a silicate phase and magnetite and hydro­
thermal processes. The Zr, Tı, V association is probably mafic roeks, 
which earlier was mentioned as skarn. The mixed iron ore group has in 
the first factor a division between magnetite and silicate. The second 
association is püre magnetite ore and the third association representing 
sulphide parageneses.

Table 5. Element association and inteq)retation of the factor analysis.

Group Element Associationen (Factors) İnterpretation

Ali samples

N = 160

1. Al, K, Zr, Na, Ti, Si. P, Rb, Sr 
versus Fe, Co

2. Ga, Fe, Co versus Mg, Cr
3. Ca

Granİtic rock and magnetite ore.

Magnetite ore in serpentinite. 
Not explainable.

Hoşt rock

N = 33

1. Al, K, P, Ba, Ti, Zr, Rb, Na, V 
versus Ni, Mg, Cr

2. Fe, Ga, Co versus Si
3. cı, Cr, Mg, Ni versus Ca, Pb

Hydrotliermal alteration of serpen- 
tinite (granitic influence?) or ser- 
pentinization.
Magnetite ore.
Hydrotbermal alteration in serpen- 
tinite.

Granİtic rock

18

1. V, Mn, Ti, Fe, P, Mg, Cr, Ca, Ni 
versus Si, Na, Rb, K

2. Ga, Ba, K, Rb versvs Cr, Ni

Gabbroic rock and granitic rock

3. Al, cı, Pb versus Co

(Si, Rb, K).
Distinguishing betweeıı granitic rock 
and gabbroic rock.
Distinguishing between granitic rock 
and gabbroic rock.

Divriği
A + B Kafa
Ores 
N = 25

1. K, Mg, Al, Si versus Co, Fe, Cr
2. Zr, Ti, y

3. Sr, Ca, P, Pb versus Ga

Phase of silicates and iren ore.
Gabbroic rock or lıydrothermal al­

teration (“Skarn”).
Sulfide of lıydrothermal origiu.

N

Other 
iron ores

1. K, Ti, Zr, Al, Si, Rb, Na 
\ersus Co, Fe

2. Cr, Fe, Ga versus Mg, Ca
3. V, Ni, S versus Mn

Phase of silicates together vith 
Magnetite or lıydrothermal altered 
rock.
Magnetite ore.
Paragenesis of sulfide.

N =

DISCUSSION

The multivariate geostatistieal analyses have given us a geochemical 
interpretation of the Divriği area. Cluster-and factor -analysis have 
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grouped the data in different element associations, which can be inter- 
preted in different ways. The two methods give approximately the same 
results, thus the following covers a general interpretation contempora- 
neously with our kuowledge to the geology and the microscopic investi- 
gations.

The massive magnetite ore has one phase, where the magnetite has 
many inciusions of silicates (e.g. A—Kafa in Divriği). The next step is a
division of the silicate and magnetite to a püre magnetite. This magne-
tite is common and geochemically a division of Cr, Fe versus Si is seen 
in the geostatistically analyses.

Primary magnetite is known from serpentinized ultra—mafic rocks
(host rocks) as disseminated grains together with chromite, which also
is documented in Bayhan (1980). The division of Fe and Cr to secondary 
magnetite in serpentinites yield a negative correlation between these 
elements (Table 1). The serpentinization effect shows geostatistically a 
phase with Fe versus Mg, Cr and Ni.

The hydrothermal events cause different element associating of 
the mobile elements. The hydrothermal phases give alterations of the 
hoşt rocks and / or precipitation of sulphide minerals of Fe, Co, Ni, Cu 
ali mobilised from the mafic to ultramafic rocks. Alteration of hoşt rocks 
and ores and newly formed sulphide minerals is clearly observed in Div­
riği B-Kafa. But primary sulphides of Fe, Cu, Ni, Co have also been found 
in the ultramafic rocks.

The light mobiüzed granitic elements occur in serpentinized rocks. 
It is difficult to say what role the granitic rocks had played during the 
ore formation, but from the field relationships, the microscopic studies 
and the geochemical analyses the iron ore and the granitic rocks are clear- 
ly separated. The granitic rocks might give heat to a hydrothermal cir- 
culation system, but not as the base for the primary iron ores as postu- 
lated in Klemm (1960) and Kosal (1973) or with more simple words-
4(ıSkarn formation”. The chemistry of the iron ores are closely related 
to mafic and ultramafic rocks. Another model is given by Köprühasi 
(1985) and Tokel & Köprühasi (1986), who interpetrate the Fe—bearing 
silicates in ultramafic rocks and in the granitoids as being dissolved by 
Cl-bearing Solutions from the granitoids. However, the present investi- 
gation shows that the relationship between Fe and the chemistry of 
mafic — to ultramafic rocks are closely related to serpentinization pro- 
cesses.
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CONCLUSION

As conciuding remarks the following paragraphs summarize the 
investigations:

1) The multivariate geostatistical methods is calculated on diffe­
rent rocks (N = 160) from the Divriği region. The methods used are 
discriminant analysis, cluster analysis and factor analysis.

2) The discriminant analysis with canonical discrimination divided 
the population in different rock groups.

3) The cluster analysis gave first the element association for the 
whole population divided into granitic rocks, sulphide paragenesis and 
serpentinites . The individual rock groups were divided in different ele­
ment associations representing different processes e.g. hydrothermal al- 
teration or mineral parageneses.

4) The factor analysis gave similar results as the cluster anlaysis.
but with the factors it is possible to divide the element association in 
positive or negative factor coefficients (elements).

5) The multivariate geostatistical analysis gives an indication of 
the genesis of the iron ores in the Divriği region. The interpretation of 
the magnetite ore is a provenance from the serpenîinization of mafic to 
ultramafic rocks followed by several hydrothermal phases. However, it 
should be emphasized that the geochemistry alone is not enough to in­
terpretate the Divriği iron ores, and that the modelling of the genesis 
requires further studies of the geological relationships, inciuding mine- 
ralogical and petrographic analyses.
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