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Abstract: A Geochemieal study of the minor elements Tt, Mn, V, Co, Ni and Zn of 1en
Greek chromite samples, which were determined with the method of atomic absorption, is
made. The samples come from deposits or occurrences of the chromiferous Vermion-Vora
and Vourinos areas, which belong to the podiform type. The resulls of all analyses give
an exceptional low litanium content, below 100 p. p.m., for all sumples. This was ex-
pected, because of the podiform type of the depostts, but not in a such low level. The com-
parizon of the determined vanadium calues and the ALO; oalues, in the samples where
we have data of chemical analysis of the major clements, reveals an interesting relation
betsween them. The deercase of the vanadiwm content in p.p.m. ¥s a linear function with
the increase of the A1,0, content in wt %. This (s nowhere cited, and the daia of the ehro-
mile analyses from the Bushveld critical zone, show a rather opposite trend. However, the
generalization of this relation, as well as its inicrprelaiion, requires the publication of
more date, of analyses from all over the world. Any other relation or analogy betwcen the
vnvestigated minor elemenis does not occur. Only a trend of coincidence betoveen the mini-
mum ard maximum velues of manganese and zine exists, The fluctuation of the manga-
nese values is considerable and the chromites found in more metamerphosed rochs, show
the highest content. Finally, @ deigiled comparison s nade between the values of the deter-
inined mineor elements and the corresponding values {available from literalure) of chro-
mites coming from: podiform and straliform deposits, eruptions of lava, uliramafic zeno-
liths in kimberlites, @ progressively metamorphoscd encironment, drasn up basolts from
oeeanic crust, diamonds, meteorties and lunar samples. Alse, a comparison s made bet-
ween the delermined ealues of the minor elements and those of the same elements which
have been recenily determined in basults, eclogiles and the members of the ophiolite suile,

INTRODUCTION

Chemical analyses of chromites with data of minor elements are
very rare or missing in previous literature. Chemical analyses performed
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on mined magsive chromites or chromitic concentrates for technological
purposes, were including data of only the major elements Cr, Fe, Al, Mg,
where rarely ferrous and ferric iron were distinguished. In some analyses,
mainly on chromiktes fram big ore deposits (i.e. Bushveld), sometimes
titanium has been determined. The classification of the chromite deposits
n genetical categories became possible, on the base of a large number
of such analyses. Thus, with chemical eriterions and defining the geneti-
cal conditions, i.e. oxygen fugacity, chromite deposits are classified into
slratiform and podiform deposits (Irvine 1967, Thayer 1970, Dickey
1976).

However, as 1t 1s known, (Donath 1962, Kern 1958) the chromites
contain also minor elements in a considerable proporéion which some-
times exceeds 1% by weight. These elements, except the above mentioned
Ti are Mn, V, Co, Ni and Zn. These elements, which belong to the rare
elements of 1he rocks, are recently studied systematically with rare
earths in order to solve petrogenetic preblems (Montigny et al 1973,
Coleman 1977). During the last years a rescarch of the above mentioned
elements began, on chromite found in ultramafic rocks as an unessential
mineral (except its deposits). There are publications, including data
of chemical analyses of all or part of the above elements, on chromites
from: different known deposils (de Waal 1972, 19754, Chakraborty
1973, Hedlung et al 1974, Cameron 1975, Wazny and Substyk 1975,
Henderson 1976, Saho and v. d. Kaaden 1976), basaltic extrusions (Evans
19732), xenoliths in diatreme (Wallace 1975), xenoliths in kimberlites
{(Basu and MacGregor 1976), diamonds (Mever 1975), hasalts which
have been drawn up from oceanic crusi (Freu et al 1974) as well as on
chromites from meteorites, usually chondrites, (Bunch et al 1967, Bence
and Bornet 1969, Allen and Mason 1973, Bunch et al 1976) and lunar
samples (Nehru et al 1974). Thers are also studies on the alteration of
chromites with data of chemical analyses on the above elements (de Waal
1975h, Onyeagoha 1974) and data from analyses on chromites formed
during progressive metamorphism (Evans and Frost 1976).

In some ol the papers a relation between the values of the major
and minor elements occurs. Thus, de Waal (1975b) recognizes in the
chromites from the Bushveld stratiform deposit a decrease of MgO and
Cr,0; accompanied by an increase of FeQ, Al,O,, Fe,0,, Ti0,, V,0,, NiQ
and Zn0 in the different horizons apwards, while CaQ, MnO and CoO
remain constant. Wazny and Substyk (1975) showed that the conlent
of chromites in Ti, V and Mn is directly depended on the Fe content,
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while Ni 15 exclusively depended on Mg. Evans {1972) shows that a
decreasing lrend of Cr,0, in chromites from two eruptions of the Kilauea
voleano, Hawail s accompanied by an increase of [fe,0,, FeO, TiO, and
V03,

From all the above results that more experimental work is still
required for the solulion of many problems. The study of the minor
elements of chromites, in combination with their major elements, shows
a significant interest.

in the present work a geochemical study of the minor elements of
Greek chromites from deposits of known genetical conditions (podiform
type) is performed.

Two relative papers have been puhlished up to now concerning the
Greek chromiles. Panagos (1967) has studied semiquantilatively Lhe
minor elements Pt, Ga, V and Ir of the Vourinos chromites and Papa-
dakis (1977) studied quantitatively the minor elements Ti, Mn, V, Co,
Ni and Zn of the Triadion, Thessaloniki chromites. On the base of their
titanium content and ather geological data the last investigator classified
the Triadion chromite deposits into the podilorm type. As it is known,
{Dickey 1976, Coleman 1977) these deposils always appear in alpine-
type ophiolite complexes e.1., in ancient fragments of oceanic crust.

EXPHEARIMENTAL MATERIAL

For the research of the minor elements and the finding ol relations
between their values as well as between their values and those of the
major elements, ten samples of Greek chromites were analyzed. Seven
of themn belong Lo the relatively extensive Vermion and Vora area, and
the rest numbered 5, 6 and 7 to the known chromiferous Vourinos area.
The Vermion-Vora chromite deposits are found in serpentinized dunites
and harzburgites (Papadakis and Trontsios 1974) which are characterized
by a different grade of serpentinization, fracturing and generally meta-
morphism. They conslitute a significant number ol deposits and oceur-
rences with disseminated to massive type ore. They present a great
variety of forms bul generally belong to the podiform type. According
to Dickey (1976) and Coleman (1977) the chromites from poediform de-
posits belong Lo two dinstinct categories from whish one is richer in
chromium and the olher in magnesium, This 15 intensively observed in
the chromites of the Vermion-Vora deposils where the rich in AlLO,
group of Giannakohori hag walues ranging from 14.32%, to 15.10% AL O,
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by weight, while the group of the rest occurrences from 7.529% o 10.33%,
(Papadakis and Trontsios 1974). The Vourinos chromite deposits are
found in unaltered or slightly serpentinized duuites (Moores 1969).
Thry appear in schlieren, plates-schlieren and other forms and belong to
the podiform type of deposits too (Panagos 1965).

The chromite samples were firstly crushed in a mill up to 200 mesh,
they were screened and then they were separated from the coexisting
gangue (gerpentine or dunite) by the superspanner method. The already
pure chromitic material was analyzed in an atomic absorption apparatus
to determine the minor elements, All the experimental part of the present
study was performed in the laboratory of Mineralogy and Petrography
of the University of Heidelberg (W. Germany).

RESULTS - CONCLUSIONS

Table I shows the results of the analyses.

TABLE I

Chemical analyses of the mineor elemenis of chromites {p.p.m.}

Number of sample Ti Mn v Go NI Zn
1 <100 700 280 200 500 <100
2 <100 900 300 300 400 <100
3 <100 4.500 190 360 800 150

<100 1.400 465 300 900 740

o

<100 1.600 2215 400 900 540

(31

6 < 100 1.000 220 500G 800 460
<100 1.0G0 260 600 800 300

~3

8 <100 4.000 580 6500 800 370
9 <100 §.000 300 600 900 640
10 <100 5.400 230 200 80O 640

Loecalities: 1. Polykarpi {Edessa), 2. Koukouli (Naousa), 3. Giannakohori (Nacusa),
4. Fytia (Veria), 5. Scoumtsa {Grevena), 6, 7. Xerolivado {Grevena),
8. Kerasia (Bdessa), 9. Kremenirlsa (Edessa), 10. Lyki (Edessa)
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For the best presentation of the results and the finding of relations
or proporlions between their values, the simple values (not the loga-
rithmic, because a great confusion might oceur) were placed on the Y
axis and the elements on the X axis.

Because of the very low titanium values, which m all samples are
lower than 100 p.p.amu., this element was not included m the diagram.
Also, three values of Mn, higher than 1.000 p.p.m., lie outside of the
diagram.
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Fig. 1. Minor elements content of chromites from the Vermion - Vora and Vourinos areas
( Enumaration of samples as in table 1),

Fig. I shows that, although we generally observe maxima in the
values of Mn and Ni and minima in the values of V, Co and Zn, a cor-
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relation or a constant analogy between the values of minor elements
cannot exist with certainty.

From Table I the following conclusions result:

TITANIUM

This minor element was found in all samples in exceptionally low
values below 100 p.p.m. As it is known (Dickey 1876), low values of
Ti in chromites, below 0.3%, in Ti0, or 1,800 p.p.m. in Ti respectively,
constitute a criterion of classifying Lhe chromite deposits inte the po-
diform type. The values which were found confirm the classification of
the Vermion-Vora and Vourinos chromite deposits, into the podiform
type, after Papadakis and Trontsios (1974) and Panagos (1965) respect-
ively.

Anyway, these very low titaninm valueg were an exception because,
even in podiform deposits Ti usually appears in higher values. Thus,
the chromites from the ophiolites of Bay of Island contain 0.11 - {.561%,
in Ti0, (0.37%, in TiQ, as average of 5 analyses, e.i. 2,220 p.p.n1. in Ti)
when they are found in dunites, 0 - 0.15%, in Ti0, (0.09%, in TiO, as
average of 10 analyses, e.l. 540 p.p.m. in Ti) in harzburgites, and 0 - 0.1%,
in TiO (0.05% in Ti0, as average of 2 analyses, e.i. 300 p.p.m. in Ti) ln
lherzolites (Malpas and Strong 1976). Also, the chromites from the
alpine-type dunite of Twin Sisters, Washington contain 0.03 - 0.08%,
in Ti0, with 0.679%, in Ti0, as average of 9 analyses, e.d. 4,020 p.p.m. in
Ti {Onyeagocha 1974).

Reratively low litanium values, but anyway higher that trose of
Table 1, are observed in the chromites of the ultramafic xenoliths in
kimberlites with 0.0409, in TiO, e.d. 240 p.pan. in Ti (Basu and Mae-
Gregor 1976) and in chromites which form inclusions in diamonds with
0.18%, in TiO, as average of 2 analyses or 960 p.p.m. in Ti (Meyer 1976).
Higher values have been determined on the chromites formed during a
progressive mebamorphism with TiQ, from 0.08%, to 1.17%, and 0.26%, in
Ti0, as average of 8 analyses e.i., 1,560 p.p.m. in Ti (Evans and Frost
1976) and in chromites of drawn up basalts from oceanic crusit with
0.285%, in Ti0, as average of 2 analyses e.1., 1,770 p.p.m. in Ti (Frey et
al 1974),

In the chromites from straliform deposits, ag it is mentioned above,
the titanium values are higher. Thus, the chromites of the Marico, Bush-
veld stratiform deposit contain 0.36% in Ti0Q, e.d., 2,160 p.p.m. in Ti
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as average of 2 analyses, the chromites from Kalrangi, Origsa (India)
0.55% in Ti0, e.i., 3,000 p.p.m. in Ti (average of 4 analyses} Chakra-
borty 1973) and the chromites of the crilical zone of Bushveld from 0.439
to 2.7%, iy TiQ, with 1.08%; in Ti0, ei., 6,480 p.p.m. in Ti as average of
12 analyses (Cameron 1976). [n the chromites from Kilauea, Hawaii
lavas, the average of 4 analyses is 2.34% in Ti0Q, e.i., 14,040 p.p.m. in T
(Evans 1972Z). The titanium values of chromites from meleorites are
very high too. Thus, Lhe average valee of 7 analyses on chromites from
different meteorites gives 1.33% in Ti0, el., 7,980 p.p.an. Ti (Bunch
and Olsen 1976), the average value of 350 analyses on chromites from
chondrites gives about 29 in Ti(), e.i., 12,000 p.p.m. in T1 (Bunch et al
1967) the chromite of Guarena meteorite 13,000 p.p.m. in Ti, of Modoc
meleorite 17,000 p.p.m. in Ti (Allen and Mason 1973) and the chromite
of Kodaikanal meteorite 30,000 p.p.m. in Ti0, or 18,000 p.p.m. in Ti
(Bence and Bornett 19GY). The highest values of Ti have been determined
on chromiles from lunar samples of Apollo 15 where in 15 samples TiO,
ranges [rom 3.29, to 9%, with an average value of 5.9% in TiO, e.i. 35,400
p.p-m. in Ti (Nehru et al 1974).

MANGANE SE

This minor element, in the studied chromute samples, ranges rom
700 Lo 8,000 p.p.m. with 2,790 p.p.m. in Mn as average of 10 analyses.
Consequently, manganese shows a considerable fluctuation ol wvalues,
the highest of all the analyzed wminor elements., No one parallelism,
relation or analogy has been found with the values of the rest mnor
elements. However, it was found that the manganese content of the
chromites, depends on the grade of serpentinization and generally Lhe
grade of melamorphism of the surrounding the chromitic occurrences
rock. Thus, the Vourinos chromites show the lowest manganese valuas
while the adjacent rock is an unallered dunite, at least in the analyzed
samples. The highest values of Mn have been determined on the chromites
from Giannakohori, Kremenitsa and Lyki of the Edessa area, where the
surrounding the chrowitic cocurrences rock is intensively serpenlinized
and the ore usually appears mylonitized.

Anyway, we accept this dependence with a precaution, because
we have only determined Lhe grade of metamorphism from petrographic
observations and without dala of chemical analyses on the adjacent rock.
It is remarkable that in the chromites formed during a progressive meta-
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morphism, manganese shows about the same {luctuation in 8 analyses
from 0.11%, to 0.75%, in MnO e.i. 814 - 5,805 p.p.m. in Mn and an average
value of 4.4% in MnO e.i., 3,026 p.p.m. in Mo (Evans and Frost 1976).
Also, in the chromites from the alpine-type dunites of Twin Sisters,
Washington, manganese ranges from .23 % to 0.58% in MnO mn 2
analyses, with an average value of 0.379} in MnO e.i., 2,864 p.p.m. in Mn
(Onyeagocha 1974), a similar value with the average found in the chro-
mites of the present study.

Lower values have been determined on the chromites of the drawn
up basalts from oceaniz crust with 0.17% in MnO ei. 1,346 p.p.m. in
Mn as an average value of two analyses (Frey et al 1974), on the chro-
mites of the Kalrangi, Orissa (India) stratiform deposit with 0.177%, in
Mn or 1,370 p.p.m. in Mn as an average value of 4 analyses (Chakrahorty
1973), on the chromitic inclusions of diamonds with 0.18%; in MnO or
1,393 p.p.m. in Mn as an average of 2 analyses (Meyer 1976), on the
chromites from the lavas of two eruptions of the Kilauea, Hawait vol-
cano with 0,18%, Mn or 1,393 p.p.m. in Mn as an average of 4 analyses
(Evans 1972) and on the chromites from the Marico area of Bushveld
with 0.25% in MnO or 1,935 p.p.m. in Mn as an average of 2 analyses
(de Waal 1975a). In the chromites from lunar samples of Apollo 15,
manganese ranges from 0.26% to 0.43% in MnO with an average value
of 0.34%, in Mn or 2,632 p.p.m. in Mn (Nehra et al 1874).

Higber values appear in the chromitic concentrates of the Campo
Kormose (Brazil) stratiform deposit with 0.5%, in MnO or 3,370 p.p.m. in
Mn (Hedlund el al 1974), in the chromites from: xenoliths in diatremes
of South Westland New Zealand with (.39%, - 0.60% in MnO and 3,974
p.p.m. in Mo as an average of 3 analyses (Wallace 1975), the Guerena
meteotite with 5 - 8,000 p.p.m. in Mn and Modoc with 6,000 p.p.n. in
Mn {Allen et Mason 1973), the Kodaikanal meteorite with 8,000 p.p.m.
in MnQ or 6,208 p.p.m. in Mn (Bence and Bornett 1969) and in the chro-
mites from chondrites with 0.99 10 MnO or 6,960 p.p.m. in Mn as an
average of 350 analyses (Bunch et al 1967),

In the chromites of Triadion, Thessaloniki, manganese ranges from
1,300 to 1,700 p.p.m. with an average value of 1,483 p.p.m. in Mo (Pa-
padakis 1977), ed. it is copsiderably lower than the values of the chro-
mites from the Vermion - Vora area, It must be noted that the surround-
ing the deposits rock is a slightly serpentinized dunite. Thus, the above
mentioned dependence of the manganese content on the grade of meta-
morphism of the surrounding rock 1s confirmed.
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VANADIUM

This minor element, in the studied samples, ranges from 190 to 580
p-p-m. with an average value of 307 p.p.m. in V. Also, the fluctuation
of the vanadium values showed none correlation with the values of the
rest minor elements. HMowever, an interesting correlation with the alu-
minium values is observed, Thus, in all samples where we had also data
of chemical analyses on the major elements (e.l. samples 1, 2, 3, 4 and 7),
a linear function exiets hetween V in p.p.m. and Al,O; in weight per cent.
This is clearly shown in table II and even better in Fig. 2, where the

TABLE II

Relation belween the values of V' in p.p.m. and Al,Oy i wit 9

sample V p.p.m. AL, w9,
1 280 10.33
2 300 8.17
3 150 14,32
4 465 7.06
7 260 11.60

Source for the AlLO, valuest-3+ PAPADAKIS and TRONTSIOS {1974) 7 VOUTR-
TAKIS (1970).

values of AL,O, in wt % were placed on the X axis and the values of V
in p.p.m. on the Y axis, Vanadium in p.p.m. livearly decreases with
the increase of AlyO, in weight per cent. All the poinls on the diagram
lie almosgt on a straight line except the number 2 analysis which diverges.

This phenomenon is observed for [irst time. From the data of ithe
refered literature, as regards the analyses, a such correlation does not
result. Even, in the chromites of the stratiform deposits ol Bushveld
and Orissa, India (as resulls from Lhe published data) a rather opposite
trend exists ed. an increase in V with the ncrease in Al,O; (Cameron
Saho and V.d. Kaaden 1976). However, it is very early Lo say that this
conclusion constitutes a general feature of the chromites from podiform
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Fig. 2. Projection of V values (p.p.m.) and ALC, (wi %) of chromites from Vermion-
Vora and Vourinos areas (Enumeration as in lable II).

deposits. In this case it would be used as a criterion of distinction. The
number of the available analyses of V from podiform deposits all over
the world is still very small to make such a generalization.

Similar vanadium values have been delermined only on chromitic
concentrates from the Campo Formose (Brazil) stratiform deposit, with
0.05%, in V,0, or 340 p.p.m. in V (Hedlund et al 1974). The chromites
from the alpine-type dunite of Twin Sisters, Washington, show higher
values with 0.11 - 0.21%, in V,0, and 0.14% in V,0, or 952 p.p.m. in V
as average of 9 analyses (Onyeagocha 1974). Considerably higher values
appear in the chromites from: the Marico area of the Bushveld strati-
form deposit with 0.20% in V,0, or 1,360 p.p.m. in V as average of 2
analyses, the lavas of two eruptions of the Kilauea, Hawaii volcano with
0.20%, in V,04 or 1,360 p.p.m. in V as average of 4 analyses (Evans 1972)
and in the chromites formed during a progressive metamorphism with
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0.20%, in V,05 or 1,360 p.p.m. in V as average of 8 anafuyses (Evans and
Frost 1976).

Very high values are observed in the chromites [rom: the crifical
zone of the Bushveld stratiform deposit with 0.19-0.619 in V,0, and
0.429% in V,04 or 2,845 p.p.m. in V as average ol 12 analyses (Cameron
1976), lunar samples of Apollo 15 with 0.37-0.92%, in V,OQ; and 0.53%,
in V,05 or 3,804 p.p.m. in V as average ol 13 analyses (Nehru et al 1974),
different meteorites with 0.24-0.93% in V,0, and 0.629% in V,0; or
4216 p.p.m. In V as average of 7 analyses (Bunch and Olsen 1976),
chondrites with 0.7% in V,0, or 4,760 p.p.m. in V as average of 350 ana-
lyses (Bunch et al 1974) and in the chromites of the Modoc meteorite
with 4,000 p.p.m. in V (Allen el al 1973).

According to the recent investigations, except the chromites, vana-
dium slips in the composition of the high-alumina basalts in a rate of
257 p.p.m. (average of 20 analyses, Taylor et al 1971} and in the eclogite
ol Robert Victor Mine, South Africa with 84-461 p.p.m. in V and 240
p.p.m. in V as average ol 32 analyses (Ju-Chin - Chen 1971).

In the chromites of the Triadion, Thessaloniki podilorm deposits
vapadium ranges from 240 Lo 480 p.p.m. with 367 p.p.m. in V as average
of 6 analyses (Papadakis 1977) e.i., it shows slightly higher values than
those of the studied in the present work chromites.

COBALT

This minor element ranges from 200 1o 600 p.p.m. with an average

value of 410 p.p.m. in Co. It shows none relation with Lhe vaiues of the
rest minor elementls even with those ol the major elements in the ana-
lyzed samples. The values of Co always remain simply lower than those
of Ni.
Lower cobalt values have been determined on the chromites from
the Modoc meteorite with 28 p.p.m. in Co and the Guarena meteorite
with 45 p.p.m.1n Co (Allen and Mason 1973), in the chromitic concentra-
tes of the Campo Formose (Brazil) stratiform deposit with 0.02% in
CoO or 157 p.p.m. in Co (Hedlund et al 1974) and in the chromites of
the IFiskenasset, Greenland stratiform deposil with 250 p.p.m. in Co
{Chisler 1976).

Higher values appear in the chromites from the alpine-type dunite
of Twin Sisters, Washimgton with 0.03 - 0.11% CoO and 0.07% in CoO
or 550 p.p.m. in Co as average of 9 analyses {Onveagocha 1974).
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According to the recenl investigations, cobalt is included in the
high-alumina basalts in an amount of 0-200 p.p.m. and 41 p.p.m. as
average of 20 analyses (Taylor et al 1971) and in the eclogites of Robert
Vigtor Mine, South Africa with 43-105 p.p.m. in Co as average of 32
analyses (Ju - Chin - Chen 1971).

In the different members of the Pindos ophioiite suite cobalt ranges
upwards as follows: in the seprentinized lherzolite 83 p.p.m., in Lhe
pyroxenite dikes 40 p.p.m., in the feldspar peridotite 83 p.p.m., in the
gabbros 40 p.p.an. in the dolerites 60 p.p.m. and in the spilitic pillow
lavas from 67 to 35 p.p.m. (Montigny et al 1973).

In the chromites of the Triadion, Thessaloniki podiform deposits
coball ranges from 300 to 500 p.p.m. with 367 p.p.m. in Co as average
value of 6 analyses (Papadakis 1977), e, it shows almost similar values
with those of the chromites studied in the present work.

NICKEL

This mineor element ranges from 400 to 900 p.p.m. with an average
of 760 p.p.m. in Ni in the analvzed samples. Consequently, it shows a
moderate fluctuation. After manganese, nickel shows the highest values
but none relation with the rest nunor elements even with the major
elements.

Lower values than 20 p.p.m. in Ni have been determined in the
(Guarena meteorite, and 20 p.p.m. in Ni in the Modoe meteorite (Allen
and Mason 1973). Low values of nickel were also determined in the
chromitic concentrates of the Campo Formose (Brazil) stratiform de-
posit with 0.017%, in NiO or 134 p.p.m. in Ni (Hedlund et al 1974). The
nickel values in the chromites from the alpine-type dunite of Twin
Sisters, Washington, range from 0.09 to 0.159%, in NiO with 0.10%, in
Ni10 or 786 p.p.m. in Ni as average value of  analyses {Onyeagocha 1974)
and they are similar with the values of the chromites of the present study.
Higher values appear in the cbromites from: the Marico area of the
Bushveld straliform deposit with 0.125%, in NiO or 943 p.p.m. in Ni as
average value of 2 analyses (de Waal 1975a), the Kalrangi, Orissa {India)
stratiforrn deposit with 0.16% in NiQ or 1,258 p.p.m. in Ni as average
value of 4 analyses (Evans 1972) and in the cbromiles included in the
dunites of the Bay of Island ophiolites with 0 - 0.47% in NiQO and an
average value of 5 analyses 0.19%, in NiQ or 1,493 p.p.m. in Ni (Mal-
pas and Strung 1976),
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Very high nickel values are finally ohserved in the chromites from
the harzburgites of the Bay of Island ophiolites with 0.23 - 0.57% in
NiO and an average value of 10 analyses 0.429% in NiO or 3,301 p.p.m.
in Ni (Malpas and Strung 1976) and in the chromites formed during a
progressive metamorphism with 0.31 - 0.809% in NiO and an average
value of 8 analvses (.48% in NiQ or 3,373 p.p.m. in Ni (Evans and Forst
1076).

Recent investigations concerning the distribution of Niin the rocks,
give the following values: for the high-alumina basalts 7-200 p.p.m.
with an average value of 20 analvses 27 p.p.in. in Ni (Taylor et al 1971},
for the eclogites of Robert Victor Mine, South Alfrica 116-63% p.p.m.
with an average value of 32 analyses 279 p.p.m. in Ni {Ju - Chin - Chen
18713,

In the different members of the Pindos ophiolite suite the nickel
contenl ranges upwards as follows: in the serpentinized lherzolite 1,700
p.p.m. in the pyroxenite dikes 425 p.p.m. in the feldspar peridotite 1,120
p.p-m., in the gabbro lower 430 p.p.m., gabbro top 55 p.p.m., in the
dolerite 155 p.p.m., in the slipitic pillow lavas 43 and 35 p.p.m. (Montigny
et al 1973).

The chromites of the Triadion, Thessaloniki podiform deposits
comtain 500-1,000 p.p.m. Ni, with an average value of 6 analyses 657
p.p.m. in Ni (Papadakis 1977), e.l. they show similar to slightly lower
values in comparison with ihe chromites studied in the present work,

ZINC

The zinc content of the analyzed samples ranges from below 100
p-p.m. to 640 p.p.m. with an average value of 440 p.p.m. in Zn. In order
to find the average value we considered all the lower than 100 p.p.m.
zin¢ contents as equal to 80 p.p.m. Consequently, zinc shows a consider-
able fluctuation. The ¢omparison with the values of the rest minor ele-
ments gives an obscure correlatiou with the manganese values. The
maximum aud minimum zine values coimcide with the corresponding
of manganese, with two exceptions (Giannakohori and Fytia),

Lower zinc values werc observed only in the chromites of the Modac
meleorite with 86 p.p.m. In Zn (Allen and Mason 1973). Higher values
show the chromites from: the Guarena meteorite with Zn>500 p.p.m.
(Allen and Mason 1973), the alpine-Lype dunite of Twin Sisters, Washing-
ton with 0.03 - 0.27%) Zn0 and an average value of 9 analyses 0,019, in
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Zn( or 803 p.p.m. in Zn {Onyegocha 1974), the lavas of two eruptions of
Kilauea veolcano (Hawail), with an average of 4 analyses .11%, in Zn0O
or 883 p p.m. in Zn (Evans 1972), different meteorites with 0.02 - 1.44%,
Zn0 and an average value ol 7 analyses 0.2%; in Zn0 or 1,660 p.p.m in Zn
(Bunch and Olsen 1976) and the chromites formed during a progressive
metamorphism with 0.05 - 0.77% Zn0 and an average value of 8 analyses
0.35% in ZpO or 2,751 p.o.m. in Zn (vans and Frost 1976). Exception-
alty high zine values were observed in some chromites from the Oulo-
cumpu deposit with 2,62 - 8,529 in ZnO (Thayer et al 1964) and 9.6%,
in Zn {Weiser 1967) but in thig case 1t 18 a chromile of a B.P.G. deposit
and was [ormed in an exceptionally rich in zine environment.

In the dilferent membhers of the Pindos cphiolite suite the zinc cont-
ent ranges upwards as follows: in the serpentinized lherzolite 30 p.p.m.
in the pyroxenite dikes 35 p.p.m. in the feldspar peridotite 35 p.p.m.,
in the gabbro lower 20 p.p.m., in the gabbro top 25 p.p.m., in the dolerite
40 p.p.m., in the spilitic pillow lavas 49 and 58 p.p.m.

The chromites of the Triadion, Thessaloniki podilorm deposits
contain 200-500 p.p.m. in Zn with an average value of 6 analyses 307
p.p.an. in Zn (Papadakis 1977} e.d. they are poorer in zine.

From all the above in detail mentioned the following conclusions
result, as regards the geochemical study of the minor elements of the
chromites from the Vermion - Vora and Vourinos areas:

1. The decrease of the vanadinm content in p.p.m. is a linear [unction
with the increase of the Al,O, content in wl 9. This relation needs a
further investigalion and a confirmation on a world scale.

2. The chromite samples from more intense melamorphosed parent
rocks, shew higher manganese values. This element shows the more
intense fluctuation from the rest analyzed minor elements.

3. High zinc values generally coincide with high manganese values
and vice versa,

4. The titanium content of all the samples is exceptionally low and
below 100 p.p.m.

5. The values of titanium, manganese and vanadium in the analyzed
samples are very lower than the corresponding in the chromites from
lunar samples and chondrites. On the contrary, the values of coball,
nickel and zinc are very higher than the corresponding in the chromites
trom chondrites. For the Junar chromite samples there are not data of
values on these three elements in lterature for comparison,
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NNEPTAHYH

TEQXHMEIA EAARZONQN ZTOIXEIQN XPOMITOQN AITO TIZ
[NEPIOXELZ BEPMIOY - BOPA KAI BOTPINOY (EAAAAA]

e

s
A, ITAITAAAKIT KAT K. MIXAHAIARL

(" Egyaotiiow *Opuxroloyias - evpoypapias Havemornuiov Oeosalovi;)

o

Diveton yeoynuy perétn the mepexnindttas 10 Sewvudroy Enbnvudy

yomLtrav otk ehaacova otowyeia Ti, Mn, V, Co, Ni xai Zn, mod wposdiopi-
- - ; -

oty we ) pelodo thg atowxie ameppogrosws. Ta Selyuwta weofpyov-
To dmh xoutdouaTe T fugavicels ToV ypwptTopbowv Tesoy v Bepulou - Béoa
rel Bolpwvou molh dvixouy 8hzg ath hoBiuoppo timo. Ta dmotehdoputa thv
> I : N L ; 3y 3 v ’ \
dvaabaemy Slvouy yud Sha té Selyperta dorpeting yophy neplenTind Tt of
Tetdwo, xatw e 100 p.pamn. Adtd dvapdveto Myw 1ol JoPbépopoou Thmon
TAV HolTaGPATAY, Sy Sume kol o thoo yapnia énimedu. “H adyuoien thHv
Ty Paveedion wob Beébnuay i tig mipde wob ALO, ot bon dmd Ta deivuuTa
Dmdoyouv Sedoubve yrwwie dvailoewe oti wipla otouyzle, GrowsibnTe
pea Evdiapdpousa oydon. H Ekdtiwon TR meplewTikdTRTOG TAY YpopiToY

ot Pavddio o8 PP slven YRRUULKY ouvdpTron THE adffgsws The meplexTi-

’y
&
.
ko]

wbrntag Tovg ot Al,Og of Bdpos %,. Adtd movlsva 83y dvagiocton uéypr Tdhpu
nal T Szdopdve TOV ynuxdv dvaAloswy TOV ypowTdyY dTh TV xpiown
Cevvny ol Bushveld Selyvouy i widdov avtiotpopy tday. I vevixzuom Suewg
adthe THe avehoyiag Smwe xal 1) founveln Trg dmontel T Snpostevar ToAAGY
a4 r ~ > ‘ L ) 5 z » 1 -y
axbue dedopdviy oysTikdy dvelboswy am dho Tov xdopo. TAkky ayiorm
dvahovia petall 1év Ehucobvevy otovysioy TV ypwptdy mod Zpsuvilnuay
d&v maowlTTEL, DTy El woVo Wi TG GUUTTOOEWG pEYloTwY xal EhayioToy
Tdv TEv araryetoy peypeviow xel deudapyigon. H Bukdpavern Thv Ty
Tob M glver anuovoy wel T peyekitepn neprextikdtrnte delyvouy ol ype-
ulteg mol wpogpyovrar ¢nd fusaviseis wou Bplovovrar péow of mepiosbtepo
sropcpeopbvo TETpOUaTE. LiveTer TEAOS G ASTTOUERTS SUYKELDY TGV
Ty mol Pedlnray yid T Ehdooova stougele ovole ypwpiteg wob uzhaTi-
6 A r h) 8 ef 3 A W i 3 _’ . 1 2 4
nuay, weE Orsg Tig dwléowes amt T BuPhoypapin avileTotyes TwwEs diwo

Wnolakn BiBAI0BAkN @edppacTog - TuAua MNewAoyiag. A.lM.0.



265

yomplites: AoBbuopowy wol GTPOUATONOPPEMY HOITUOUATOY, Sxyiaeg AxBiv,
Eevortbov supmephitdy, yowuitss wob oympatiorixay of mpoodeutind pe-
Topopexd meplBdihoy, ypwultes amh Buodites mon dvaciplxoay amd dxe-
dvero @iols, ypwpltes péow of Sapdvrio xal ypwpltee dmwh petempiteg wal
GEATVIOHG BELYUATH.

Tiveror dudpo alyrpron 1év Ty mob Peébvuay yid 7d EAdooova oToL-
yela pd tic mpdg dv By arouyeloy mod #youv mpbooata mpoodlopiclsl
utoo of Pucidreg, brhoyiteg xul wéhy e deetonludis oetplic,
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