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THE CHEMICAL COMPOSITION OF CHROMITE
FROM THE SKOYMTSA - XEROLIVADO CHROMITE
DEPOSITS, VOURINOS OPHIOLITIC COMPLEX,
GREECE, AS A PETROGENETIC INDICATOR.

A.A. ALEVIZOS

Abstract: The mineral composition, texture, axd field relation of chromite’
ores and their serpentinized dunite host at the Skoumtsg-Xorolivado, Minns,
Vourinos Complex, Grecce, are similar to those of podiform chromite ores
hosted hy alpinetype peridotites of ophiolitos,

An  electron microprobe  stucly in tgose deposite shovis  that the chromite
has average composition of [(Mg Fet NCr ,. .1 Fe' ¥ 1,0, 1.
) .02 LA877,75 .19 067274

Chemical characteristics, such as the high chromium content (>46 wt.%

Cr,,O,! and Cr/Fe wt. ratio > 2), total iron content ¢ 20 wt,%-, constancy of

the: Fo?+/Mg atomijc ratio, low Fe,)03 (<8 wt%), and Ti()2 < 0.3 wt.% are
in accord with those of chromite from podiform deposits in alpine perico-
tites.

A fow chromite grains are strongly zonnr%with "ferrit-chromit" margins
richer in Cr/(Cr+Al) and pgorer in Ma/(Ma+Fe™") (atomic).

Differences in Mg/(Ma+Fe™") ratios (atomic) batween disseminated and seqre-
aqated chromite grains arise from subsolidus re-equilibration after they have
crystallized and do not reflect maumatic tempsarature differences as based
on olivinespinel subsolidus relationships (Irvine 19R8),

The, olivine-spinel  ¢eothermometer (Fvans and  Frost, 1075) haser! on 'o-
Fe+2 axchange betweean t}\ﬂ two minerals, showss an average tamperature
of cessation of the Mg-Fe‘+ equilibration of 800°C which reflects the subso-

lidus stace.

Summary: An clectron microprobe study in the Skoumtsa->erolivado chromite
deposits, Vourinos Complex, Crecce shows that the chromite has a chemistry
similar to that of podiform chromite ores which occur in alpine-type perido-
tites of ophiolitic origin. Chromite grains are unzoned and rhemical hanoce-
neous Aand only a few 05,"0"" "ferrit-chromit" margins richer in Cr/(Cr+Al)
and poorer in MQ/(M(ﬁ'FeL,J)_.‘ (atomic). ‘
Differences in Mo/(Mg+~e ™) ratios (atomic) hetween disseminated and segre-
goted chromite grains are explained by olivine-spinel  subsolidus  re-equili-
brations {Irvine, 1965) and the olivine-spinel  geothermometer (Evans 'm;i
Frost, 1075), shows an average temperature of cassation of the Mg-Fe”

cquilibration of £00°C,
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General Geology and Location of the Deposits

Lltramafic igneous rocks, which are the characteristic rocks of chromite
deposits, occur. widely in Greece. The Vourinos Complex is located in the Vouri-
nos ' kountzins approximately 500 m northwest of Athens, between the cities’
of Grevena and Kozani in northern Creece. It trends gencrally northwesterly,
parallel to regional tectonic strike and dips southwesterly forming part of the
western Ralkan ultramafic belt (Moores, 1969),

The ophiolitic rocks of the Vourinos Complex were emplaced over lower
Jurassic limestone and terrigenous deposits, now mctamorphosed to marble,
phyllite and near the contact, ampibolite (Moores, 19G9), The ophiolitic sequence
includes the following units from bottom to top shown in Figure 1:

Tectonite Zone or Ultramafic 7one composed of harzburgite, dunite, pyroxeni-
te, serpentinite and chromite ore bodies.

Cumulate Rocks including two zones: the lower Cumulate Zone and Upper
Cumulate Zone composed of ultramafic rocks at the base grading to mafic
or intermediate rocks at the top.

INoncumulate Plutonic Rocks ranging from ultramafic to mafic,

Nijabase Zone composed dominantly of sheeted dikes and massive diabase.

The location of the study is at Skoumtsa-Xerolivado mining area which
occupies a part of the Tectonic Zone (Ulltramafic Zone), (rectangular area A
of Fig.1). The major igneous types of this portion of the complex are harzbur-
gite and dunite with accompanying cdeposits of chrome spinel., Fost chromite
‘deposits are confined to the dunite bodies, and give this area a significant im-
portance for underground mining.

A topographic map of the area with the associated chromite bodies namely
1-13, along with the two major fault zones F, and F, is qiven in Figure 2,
These two almost vertical fault zones separate the area into three sections:
the North, Central and South Section. All faults shown underground (ug) have
heen projected at mining level 716 (corresponding to the elevation). The chromite
bodies of Central Section are projected at mining level 915 and of South Section
at level 716, Four chromite bodies were studied, namely, Podies 2, 3, 5 and
G in the South Section of Figure 2., Samples were collected underground in a
section which is defined by the rectangular arca C of Figure 2, and along the
drifts following the ore bodies. Polished thin sections of these samples were
studied microscopically to determine mineral textures and mineral identities

prior to electron microprobe analysis.

Petrography

The dunite body which hos the chromite bodies of this study shows varying
degrees of serpentinization and =~ nowhere free of serpentine minerals, Degrees
of serpentinization range from completely serpentinized matrices to partly ser-
pentinized matrices with olivine relicts present. The serpentinized dunite is
generally lacking in pyroxenes, The proportion of chromite to silicates within
the dunite body ranges from a few percent in the disseminated ore to nearly
100 percent in the massive chromitite ore. Hand spccimens of chromite ores
show textures, namely, disseminated, schiieren or bhanded, and massive.

The disseminated texture consists of a wide percentage range of chromite
as relatively uniform, fine-grained single crystals evenly scattered in host silica-

tes.
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Figure 1, Ceologic map of the Vourinos Mphiclitic Complex, Crezace,
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Figure 2. Topooraphic map showving the chromite deposite of the Skoumtsa-Xerolivaco

mining area along with major fault zones,
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Chromite ores with alternate chromite-rich and silicate-rich rhythmic bands
are dominant in all the bodies and is the schlieren or banded texture type typi-
cal of the Vourinos Complex. Massive ore is composed of more than 80 percent
chromite as relatively coarse granular aggregates of chromite with a small
voluine of ‘silicates in the interstices. The silicate is usually serpentine, but
in places chlorite is also present,

Mineral Chemistry

All electron microprobe analyses were obtained with a JECL 733 Superprobe
initially at the Institute of Geology and Mineral Exploration (IGME)-Athens,,
and mostly at the Department of Metallurgy and tAlaterials Science, Lehigh
University., Operating conditions were: accelerating voltage 15 Kv, sample current
5 nA (IGME), and 10 and 20 nA (Lehigh Un.), takeoff angle 40°, The data were
corrected for matrix and interelement effects by the method of Rence and
Albee (1969).

' Analyses of disseminated and segregated chromite grains from Fodies 2,
3, 5§ and 6 were carried out. Compositional data of disseminated and segregated
grains appear in Table 1, iany disseminated grains were analysed from center
to rim, and most of them revealed no major changes in Mg, Al, Cr or Fe con-
centrations from core to edge. Only a few chromite grains are strongly zoned
with "ferrit-chré)mit" rims which are higher in Cr/(Cr+Al)atomic) and lower
in Mg/(r-ig+Fe+ Xatomic)., The geochemical distribution of the elements g,
Al, Cr and Fe has been studied with the electron microprobe by taking X-ray
scans of these grains for each element as shown in Figure 3 (enrichment is
shown by relatively higher concentration in white dots).

The plotting and comparison of analyses of disseminated and segregated
chromite grains is done on the picrochromite-chromite-hercynite~spinel face
of the Johnston's spinel compositional prism. In practice tll%)cqm,narison is esta-
hlished simply by plotting Cr/(Cr+Al) against Mg/(Mg+Fe” “/(cationic fractions )
as shown in Fi re 4-B. In this figure the disseminated chromites (dots) show
a consistent e enrichment and Mg depletion compared with the segregated
chromites, However, there is no sharp boundary separating the disseminated
and segregated chromites. MNo significant Cr-Al variations in either the dissemi-
nated or the segregated chromites is shown and all anal)ﬁes plot ahove 0,76
Cr/(Cr+Al) ratio. The calculated cationic fraction of Fe" is below 0,05 in
all hodies, These analyses generally plot in thc overlapping fields of chromites
from stratiform and podiform-alpine complexes after Irvine and Findlay (1972)
as shown in Figure 4 A, B. However. all of them plot in the alpine-podiform
field and only in part plot in the stratiform field,

The following chemical parameters are used to establish the resemblance
of the chromites of this study to other podiform deposits which develop in
alpine-type peridodites of ophiolites throughout the world and are from Thayer
(1964, 1969, 1970, 1973), Irvine (1967), Dickey and Yoder (1972), Dickey (1975},
Malpas and Strong (1975), Craig and Vaughan (1981):

1, They are high-chromium chromites (3 46 wt% Cr,0Q, and Cr/Fe > 2/1).
Most podiform deposits are of the high-chromium type.” The high-chromium
chromites of the Fastern Hemisphere, except for the Great Dyke, Rhodesia
(stratiform) are mostly in podiform deposits.

2. A more magnesian character, with total iron content lower than that
of stratiform chromit%s+. The total iron content is below 20 percent,

3. Constancy of the Fe™ /Mg atomic ratio in chromites from each deposit,
relative to stratiform complexes,

4. Low Fe,O, content in wt% (below 8 percent),

5. Low Tig content ranging from 0.00 to 0.24 wt° but in most analyses
below O.g percent  and lack of significant correlation between Ti and
other major elements, ‘
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Table 1
Electron microprobe analyses of disseminated "D" and segregated "S"
chromite grains

npyn ngw npyw ngn

Weight Percent: Mol Percent:
ALO, 1042 11,06 10,21 10,44
Cr,0, 58.09  60.19 38.17 38,12
Fe,0, 5.45  4.37 3.41 2.63
MgO 10.00 13,99 27.01 33.42
FeO* 19.57  15.09
FeQ 1477 1116 20,52 14,95
NiO 0.13 0.11 0.17 0.14
1IN0 0.36  0.00 0.51 0.00
Tio, 0.00 0,24 0.00 0.29
Total 99.53 100,67 100,00 100,00
Cr/Fe 2.6 3.51

Cr/(CreAl+Fe*S) 0.76  0.76

Al/(CreAi+Fe*d) 0.20  0.21

Ng/(MgeFe*2) 0.55  0.67

Cr/(Cr+Al) 0.79  0.79 * Total Fe

Number of Cations on the basis of 32(0):

Al 3.26 3,34
cr 1220 12,20
Mg 4.32 5,34
Fe 4,37 2,23
Mi 0.03 0.24
N 0.08 0.00
Ti 0.00 0.05
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Figure 3. X-ray scancing photozraphs for distriaction of agn=asium (1), Alumi-
num (2), Chromium (3), and Iron (4) from a disszminatzd chromite

grain, magnification 400X,
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Figure 4, Plot B for the dissaminated (dots) and segregated (circles) chromites
of this study compared with plct A with fields of alpine-podiform
(1) and stratiform (2) comgplaxas afesr. Irvine and Findiay (1972),
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lMoreover in Figure & showing the variation of total weight percent Fe
against Cr,0, weight percent, chromites from Vourinos generally plot in the
overlapping” fields of chromites from stratiform and podiform-alpine complexes
after Thayer (1970), but, again, most of them plot in the podiform—:ﬁ!pine field
and only a few of them plot in the stratiform field, In the Cr-Al-Fe" +Ti trian-
gular plot of Figure 6 after Pird and Clark {(1976) chromites from Vourinos
plot clearly in the alpinc-podiform field, The average moiecular composition
for the chromites, is given by the formula

+2 3+

(Mg g Fe.ga)(crjs' Al 1o Feo5)204-

The olivine relicts that were analyzed with the electron microprobe are
all highly magnesian and unzoned and their forsterite content ranges from 90.9
to 92,1 percent. An olivine analysis appears with the following weight percent
composition: Si0O, 41,00, Al 0, 0,04, Cr, 0O, 0,07, MgQ 53.42, FeO 5,69,
NiO 0,37, Ca0 0.81, MnO 0.06%afd TiO. 0.07 (thtal 100.68 and Fo 95.90),

Chlorites which occur along cihiromite crain boundarins were also analyzed.
They are rich in Mg0O, they have a high 1g/Fe ratio and are chromian., Such
a chlorite analysis has the following weight percent composition: 8502 34,55,
Al O3 9,51, Cr,0, 6.22, MgO 233,35, FeO 0,91, MiO 0.21, CaO .00, MnO 0,04 ,
Ti62 0.13 (total”84,95), :

Olivine-Spinel Geothermometry

Geothermometry based on the Mg-Fe2+ exchange between coexisting chro-
mian spinels and olivines, was applied to chromite deggsits of thi53+study. The
partitioning of Mg a%l Fe” between coexisting (Mg, Fe” )Al, Cr, Fe™ ) O4
(spinel) and (Mg, Fe“") SiOl1 (olivine) was first suggested as a potentiaf2 geother-
mometer by Irvine (19965) and later developed by many others. Mineral grains
were analysed in pairs of adjacent olivine-chromite grains which occur very
close together (50-100 P”") to avoid the possibility of disequilibrium, Olivine-
chromite grains in diregt+ contact could not he found hecause of serpentinization,
Very low values of Fe™ /(Cr+Al+Fe” ), less than 0,05 for chromites from Vouri-
nos, justify the use of this geothermometer. The results of this application
are shown in the calibration diagrams by FEvans and Frost (1975) drawn separa-
tely for olivine-disseminated chromite pairs and olivine-segregated chromite
pairs and given as Figure 7 and Figure 8§, respect%efy. These show that the
temperature of cessation of equilibration of Mg-Fe” exchange between olivine
and spinel ranged between 750° and 850°C and reflects the subsolidus stage.
The spread of equilibration temperatures for segregated chromites is greater
than that for disseminated chromites, However, linear isotherms can he drawn
in Figures 7 and 8 with a mean value of 800°C. The 1,000°C isotherm is drawn
proportional to 1/,, after Ahmed (1984). However, the original crystallization
temperatures cannoI be determined,

Discussion - Conclusions

Textures of chromite ores of this study, which are described above, are
usually regarded as magmatic (Thayer, 1964, 1969; Greenbaum, 1977)., Schliercn
or banded texture, in some cases is considered to be tectonic in origin (Dickey,
1975) and explained by shearing or granulations (Thayer, 1969; Greenbaum, 1977)
or mechanical flow,

Compositional data for the disseminated and scaregated, chromites shows
similar Cr and Al contents and differences only in Mg/(Ma+Fe“ ") ratio , suppor-
ting the view that both formed from the same magmatic licuid, DNifferences
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Figure 7. Plot of Cr/(Cr+Al) in chromite acainst lnks of ,'.1g-Fe2+ exchange
betw,een olivines and disseminated chromites, ncrmealized to the chro-

mite ferrite ratio of Q.05, and isothzrms after Evans and Frost
(1u7Rmy,

InK o

2 A x " " "
o1 a2 Q3 as 05 @6 07 08 09

Cr / (Cr+Al)
Figure &, Plot of Cr/(Cr+Al) in chromite egainst Ink of (/g-Fe” exchange
between olivines and segregeted chromites, nor~alized to the chro-

mite ferrite ratio of 0,05, and isotherms after Svans and Frost {(1975).
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in Mg/(Mg+Fc2+) ratio (bigher in the segregated chromite and lower in the dis-
seminated chromite) may be explained by the sub&lidus reequilibration model
proposed by Irvine (1965). It appears that the Mg-Fe“ variations hetween relati-
vely coarse-grained chromite of segregations and relatively fine-grained dissemi-
nated chromite reflect changes that occured just after the fractional crystal-
lization of the magma and continued down to the subsolidus stage. Subsolidus
reequilibration is suggested by temperatures obtained from olivine spinel geQ-
thermometry (Figures 7 and 8 after Evans and Frost, 1975), Thus, Mg-Fe *
differences between segregated ore-forming and . disseminated chromites do not
reflect magmatic temperature differences.,

"Ferrit-chromit" zoning of chromite grains is not intense, and, in gm few:
cases that it was found as outer margins of grains lower in Mg/(Mg+Fe“’) and
higher in Cr/(Cr+Al) is probably genetically related to the formation of chiorites
(5.07-6.22 wt% Cr,Q,) by hydrothermal alteration of the host dunitr. Chromite
appears to he the only mineral which could have contributed the Al, Cr, and
Mg necessary for the formation of the chlorites,

Chemical parameters, such as high chromiumcontent (»46wt% Cr,0O
and Cr/Fe > 2/1), total iron content below 20 percent, constancy of "Feé 2"/Mg
atomic ratio, low Fe?ﬂ (< 8wt%) and TiO_,< 0.3 wt% strongly support th%i+
alpine-podiform type ‘character. On conventional Cr/(Cr+Al) vs. Myg/(Mg+Fe”’)
and wt% total Fe vs. wt% Cr,0,, diagrams, chromites of this study generally
plot in the overlapping field of “alpine-podiform and stratifor,grl complexes but
mainly in the alpine-podiform field. lowever, the Cr-Al-Fe" +Ti plot shows
clearly their relationship with alpine-podiform types.
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