






TABLE 1. MODAL ($6) COMPOSITION OF OPHIOLITES FROM CAZANESHTI 

S. Rocks 
No. 

Plagioclase Augite Diopside Hornblende Biotite Olivine + Glass Opaque Accessories 
Serpentine minerals 

1. Porphyritic Basalt 55 19 - - - 25 1 - 

4. Peridotite - 7.6 10.6 3 48.9 2.3 %5Act.Chl. - 

TABLE 2. MODAX (%) COMPOSITION OF BANATITES FROM CAZANESHTI 

S. Rocks Plagioclase K. Feldspar Q u m  Augite Diopside Biotite Hombk.de Opaque Glass 
No. Mineral 

32 30 12 10 15 - - 1 - 
1. Granodiorites 

50 - 17 7 --. 10 15 - - 
2. Quartz Diorites 

60 4 3 25 - - 5 3 - 
3. Diorites 

4. Apli tes 3 - Melanmatic 
mineral 10 % 



sogdated under hypothermal conditions. On the basis of petrographic studies 
various rocks types have been differentiated and modal composition is given in 
Table 2. 

C. Sedimelatary Rocks 
The sedimentary formations of the area have been separated into Jurassic 

Superior and Cretaceous, and consist of recrystallized limes tones and conglomerates. 

Contact Metamorphic Formations 

Marbles are exposed in Cerboaia and Ponor Valleys on contact with 
banatites. The associated rocks have been metamorphosed into skarn and lime- 
s tone has been completely recyrs t allized to marbles. Skarns are wlite coloured 
massive rocks. At places pyrite, clialcopyrite, galena and blende mineralization is 
present. Away from banatitic bodies skarns are observed with epidote and chlorite 
formation. 

EXPERIMENTAL WORK 
Geochemical study of ophiolites from Cazaneshti was done by 

sampling of exposed rocks in the area. Most of the samples were taken from 
ophidites but banatites and metamorphic rocks were also sampled. However, trace 
elements behaviour was studied in -ophiolites only. 

Most of the samples were taken .from fresh rocks, uneffected by alteration 
phenomena, and zones altered by hydrothermal activity were ignored. However, 
where unavoidable, a systematic sampling was done from fresh rocks to hydro- 
thermally altered rocks. 

A total of 212 samples were collected out of which 103 were analysed 
(A~endix 1). Of these, 51 samples were from ophiolites, 20 from banatites, whereas 
the rest were of marble, skarn and other associated racks. The samples were 
analysed on spectrograph model PGS-2, in Institute of Geochemical Prospection, 
Bucharest, and spectrum was registered on ORWO-UVI photographic plate. The 
plates were studied on a densitometer and spectral line densities of the samples 
were compared with the prepared standards ,spectral lines (with a composition very 
similar to the rock types of the area) to determine the quantities oh elemenrs 
present. The results of spectral analyses are given in Appendix 1. 

GEOCHEMICAL CHARACTERS OF MINOR ELEMENTS 
IN THE OPHIOLITES 

Geochemical character of ophiolites from the Metalliferous Mountains have 
teen studied by many workers, e.g. Saw. (1962), Cioflica (1962), and Guisca and 
Cioflica (1965ab), and others. All the existing data in literature show that distri- 
bution of minor elements like Ni, Co, Cr, V, Ba, Sr, Cu, Pb, and Zn reflects, in 
generail, variation of major elements due to mapat ic  differentiation. In this work, 
principal character of minox elements distribution in Cazaneshti ophiolites is 
presented. 





i) Cobalt 
Being an element of siderophile character, it shows the tendency to prde- 

rential accumulation during early stages of differentiation, replacing Fe" in the 
opaque minerals, as well as within the lattices of the ferromagnesian minerals. 
Rankama and Shama (1970) mention that within pyroxenes (especially the ortho- 

ones) cobalt contents varies in paralld with the Mg content. 

By the cumulative frequency curve (Fig. 2), it is evident that this element 
is longnormally distributed with a narrow range of values (3-50 ppm), which is 
characteristic feature of ophiolites. 

ii) Nickel 
The concentration of Ni in ophiolites generally decreases with the increase 

of silica. I t  is sideroplde, chalcophile and even lithophile in the upper parts of 
lithosphere. On probability graph Ni shows a lognormal distribution but gamma 
concentration in the rocks analrsed is higher, i.e. 10-400 ppm (Fig. 3)? 

iii) Chromium 

Goldschmidt (1954) has shown that concentration of chromium in 
igneous rocks is related to the sequence of crystallization, the earlier formed rocks 
,-:,:nlg rich in cl~ronium than the later ones. The range of chromium content in the 
ultramafic and mafic rocks given by Goldschnlidt (p. 548) is 1000-44000 and 
100-4000 pprn respectively. In  case of ultramafic rocks from Cazaneshti no abnor- 
mality is seen. 

All the three elements, Co, Ni and Cr appear to be distributed by similar 
geocllemical processes during the differentiation of basic magmas. 

iv) Vanadium 
Among all the discussed elements, V has the most interesting behaviour. 

Like the other trace elements associated wit11 the ferromagnesian minerals, V 
separates especially in the early stages of the magmatic evolution. The ionic radius 
of V"' is quiet similar to that of Fe'" and, therefore, replaces it easily in the 
mineral lattice. High contents of vanadium occur within the opaque minerals 
(Dunacan & Taylor, 1968). On the other hand, dqa-ding on its ionic potential, 
V enters lattices of some ferromagnesian minerals replacing Mg and Fe" as well. 

On culnulative frequency curve this element (ranging from 30 to 300 ppm) 
does not show lognormd distribution, but the curve shows a deflection to the 
left at 120 ppm (Fig. 2). This supprts  the existence of two populations of V in 
ophiolites of the area. There are two possibilities: a) Perhaps the samples taken 
for analysis are not hoinogeneo~~s, and b) the samples analysed belong to hydro- 
thermally altered zones and V present in basic rocks may be concentrated in these 
zones. 

V) Copper 

Copper is a strong chalcophile element and shows 'a tendency of conrmtra- 





tion in the early phases of magmatic processes. Cu" may replace Fe" and Mg in 
the ferromagnesian minerals (El Hinnawi, 1972). However, WedepoM (1969) 
con~iders that the presence of disperse chalcopyrite in rocks leads to the ormrrence 
of relatively high contents of Cu. The concentration of copper in mafic igneous 
rocks is several times that in felsic igneous rocks (Goldscfimidt 1954, p. 178). 

The cumulative frequency curve (Fig. 3) shows a deflection to the left at 
250 ppm. The values of Cu in most of the analysed rocks range from 10 to 400 
ppm, however, in one sample it exceeds 3000 ppm. 

The relatively high concentration of Cu in samples is due to  the presence 
of cupriferous pyrite in rocks. It was observed in the field that cupriferous pyrite 
occurs in two modes in the rodcs of the area. In some cases it is finely disseminated 
in the rocks, while in other cases it occurs as fillings in the joints and fissures of the 
rocks. Due to this fact, two populations of copper appear on the probability graph, 

By taking average concentration of Cu = 40 ppm, the values equal to or more 
than 200 ppm are considered as anomolous for Cu distribution in the rocks of the 
area. 

vi) Lead 
The geochemical behaviour of this element depends on the K geochemistry, 

due to a high similarity of their ionic radii on the one hand, and to the chalcophile 
character of Pb which may determine its occurrence in rocks as sulphide (Gold- 

1954) on the other hand. Although it is not a characteristic element of 
ophiolites, nevertheless, it was studied. The concentration of Pb in the rocks 
analysed ranges from 3 to 150 ppm, thus indicating three populations (Fig. 3). The 
fist has values between 3 and 25 ppm, which is normal concentration of 
~b in ophiolites . In second population the value of Pb is more than 95 ppm, indi- 
cating that samples of ophiolites have been taken from a place near the hydro- 
thermal activity, while the third population indicates the presence of rich zone in 
ophiolites due to hydrothermal activity. 

vii) Zinc 
The geochemical behaviour of this element is intermediate between those 

of Cu and Pb. Its behaviour depends on the similarity of its ionic radious to that of 
Fe" (Goldschmidt, 1954). During the late stages of the differentiation, the chal- 
cophile character of zinc may determine the &curreme of disseminated sphderite 
in the rocks (Stiopol, 1963). The silicate rocks formed by daerentiation contain 
Zn in the structure of magnetite and ilmenite by replacing Fe and Mg in the crystal 
lattice. Biotite, amphiboles and tourmaline may contain small quantities of Zn but 
the high concentration of Zn is usually found in minerals of late differentiates of 
acid magmas. The cumulative frequency curve shows relatively low values, but 
with lognormal distribution (Fig. 3) concentration of this element in the rocks 
analysed varies between 30 to 350 ppm, whereas in some cases high values are also 
observed. 

The use of cumulative frequency cuwe method for interpretation of data 
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has enabled the author to calculate other important parameters of geochemical 
distribution of minor elements in the ophiolites (Table 3). The important para- 
meters are as under: 

a. Geometric deviation (Sf) which is a factor obtained by dividing threshold 
value by background. 

b. Deviation coefficient (S) of relative deviation which is logrithni (base 
10) of the geometric deviation. 

c. Coe6cient of, variation (S") expressed as lOOs/D. 

TABLE 3. PARAMETERS OF' GEOCHEMICAL DISTRIBUTION OF MISOB ELEMENTS 
IN THE OFHIOLITES, 

El BG (B) B + S  G.D. (3 D.C. (S) R.D. (S") 

Abbreviations : El, dement; BG, Background; G,.D., geometric deviation ; D .C., deviation 
coefficient ; R.D., relative deviation. 

A lognormal distribution is completely determined by two parameters, the 
geometric mean (b) and the co&cient of deviation S' or more commonly, as a 
logri thmic coefficient S (Leplter, 19 69). The coef3icient of variation is, a dispersion 
index specific for the distribution of a given element in a given environment and 
expresses the degree of homogeneity. When rocks are considered, a similarity in 
the coefficient of deviation, together with sindar average values, may indicate 
similar geochemical processes in their formation. Based on these facts, i t  is observed 
from Table 3 that for all the minor elements coefficient of deviation is low (0.15 to 
0.64), thus confirming the similar geochemical processes in the distribution of the 
mjnm elements discussed above. Moreover, coef•’icient of deviation is reilated to 
the tgpe of geochemical dispersion, i.e. mechanical or chemical, and consequently 
might give an indication about syngenetic or epigenetic conditions. I t  has been 
shown that high coefficient of deviation indicates mechanical dispersion rather than 
chemical. The coefficient of deviation for the rocks under investigation is low, 
thus indicating that all the minerals in ophiolites are epigenetic in origin. 

In case of a plymetallic mineralization, with two or more elements log- 
normally distributed, there is generally a positive correlation between them. Thus 
coefficient cf correlation gives a reliable measure of their degree of dependency. 
The coef•’icient always falls between -1 and + 1; if it is 0, it means a complete 
independence between the two elements. If the value is + 1 it indicates a perfect 
correlation, whereas -1 indicates a perfectly invariant relation between the factors, 
(Siegel, 1974, p. 277). 



Correlation coeflicient was calculated for data, for PL : Cu and for Pb : Zn, 
for possible mineralized zone in ophialites. Relative coefficient of correlation is 
calculated bv equation : 

Where : y = An estimation of correlation coefficient. 
N = The number of samples of x and y. 

X Y = The value of each x multiplied by the corresponding y .  

x. y = The sum of all the values of x multiplied by the sum of all the 
values of y. 

X2 = The square of the sum of each va1uq.d-x. 
Y2 = The square of the sum of each value of y. 

For Cu and Pb the correlation coeffikient cakdated comes to 0.418, which 
indicates a direct relation between both elements. Thus it is concluded that Cu and 
Pb are from the same magma/mineraLizing solutions. The coefficient of correlation 
for Pb and Zn is 0.716, indicating also a direct relationship between the two. 

APPENDIX 1. DISTRIBUTION OF MINOR ELEMENTS (ppm) IN OPI-IIOUTES 
BANATITES AND LTMESTONES FROM CAZANESHTI 

S. No. Sample Cu Pb Zn Ag Mo As B Ni Co Cr V 

Opliiolites 
Liines tone 
Limes tone 
Dolomitic 
Limestone 
-do- 
Banatite 
-.-do- 
Limestone 
-do- 
Ophiolite 
-do- 
Limestone 
40- 
Banatite 
Slcarn 
-do- 
40- 
Limrestone 
Ophidite 
-do- 
Banarite 
Limesronc 



S.No. Sample Cu Pb Zn Ag Mo As B Ni Co Cr V 

15 70 
25 60 
25 50 
10 30 
TO 200 
100 150 
4.0 ' 70 
15 Traces 
4.0 GO 
3 80 
10 . Traces 
3 Traces 
20 100 
10 70 
20 50 
15 50 
30 130 
5 50 
15 80 
10 60 
15 80 
10 100 
3 70 
30 30 
150 200 
35 80 
20 80 
100 80 

Banatite 
Banatite 
Ophiolite 
-do- 
4 0 -  

Skam 
Ophiolite 
Limestone 
Op hiolit e 
Limes tone 
Bmatite 
Quartzite 
Skarn 
-do- 
Op hiolite 
A&- 
-do- 
-do- 
-do- 
-do-- 
-do- 
-do- 
--do- 
Quartzite 
Ophioli te 
-do- 
--do-- 
Ophiolite 
-do- 
-do- 
-do- 

- - 
- 100 
- 100 
-- 80 

100 70 
25 

130 100 
-- 70 
320 200 
- 20 
100 10 
100 250 
-.- 50 
- 70 

1 0  20 
1.18 250 
- 20 

Traces . 50 
80 250 
- 15 
100 150 
- 200 
80 80 
100 80 
- 500 

100 50 
120 80 

- - 
35 60 

Traces 50 
15 100 
25 70 
60 130 
10 GO 
100 3000 
15 Traces 
3 100 
50 60 
20 loo 
35 100 
50 80 
30 130 
20 130 
10 120 
15 70 

-do- 
Quartzite 
-do- 
-do- - 
-do- 
-do- 
40- 

-do- 
-do- 
Ophiolite 
Ranatia 
Op hiolite 



S. No. Sample Cu l?b Zn Ag Mo As B Ni Co Cr V 

69. Quartzite 
70. Ophiollite 
71. -d* 
72. Banatite 
73. Ophiolite 
74. Ophiolite 
75. Acr- 
76. -d* 
77. A- 
78. -d+ 
79. -do- 
80. -&-- 
81. Banatite 
82. Ophiolite 
83. Banatite 
84. Ophiolite 
85. 4 0 -  

86, -do- 
87. -do- 
88. Ao- 
89. -do- 
90. -d~- 
91. -d~- 
92. -do- 
93. Banatlite 
94. Ophiolite 
95. Banatite 
96. 40- 
97. Ophiolite 
98. Banatite 
99. -do- 
100. -do- 
101. -do- 
102. -do- 
103. --do- 

80 
70 

400 
60 
50 
70 
50 

100 
60 
50 
50 
50 
- 

100 
50 
30 

130 
120 
100 
60 

100 
60 

120 
120 
60 

800 
100 
120 
100 
100 

Traces 
200 
120 
50 

- - 
- - 

2 - 
1 - 

-- --. 
-- - 
2 120 

100 
1 - 
3 100 
- 80 
2 130 
- - 
- - 
- - 
1 200 
2 - 
- - 
- - 

100 
- - 

100 -7 

- 
- - 
- - 
1 - 
- -- 

2 - 
Traces - 
- -- 
- - 

2 - 
2 - 
2 80 

45 - 
50 25 
35 500 

5 60 
25 3 
35 80 
3 - 

10 120 
- 30 
- 25 
- - 
- 200 
- 30 
- - 
- - 
10 120 
30 - 
35 100 
25 100 

Traces 100 
15 100 
15 60 
25 120 
40 120 
- - 
40 100 
20 - 

100 70 
40 40 
40 40 

3 200 
70 120 
30 300 

80 Traces Traces - - 
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